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CONSOLIIATD FINAL nu.Paar

~Institute Code No, : Mlcro 11 (231)

ICAR Code No. g p;-vg}z - 1¢1- H20[0311

Neme and address of 1 Central Planiation Crops Researc
Research Instxtute/ Institute, Regional Station,
Centre._ | Krishnapuram—690 533, Kayanguleo.
Project to the | : 1, Eost—parasite intiéraction wili
- (apeecify the problems) ~ Teference to microbial enzymay

énd toxins,

2. HostQparaszte- interactions with
- reference to Polyphenols in
RN coconut yoots,
Name aﬁd':desigmtion of :\)r N.P, Jayasanker, mcrobzolos§~ st
Principal  investipgator . March 1972 ~ March 1973.

g e | ‘ , o K.V..‘Joseph" S:elenta_at 3,1)1973 - &1
Nemes and Designation s 1. VoG, Lilly, Scientist S-1 /972- 81

- of Associates and Establi~

7.

8.

bments on which borne 2, V.P, Potty, Scientist S-1

March 197_2 - ;l.fzxjch 1976

" '3. N.P. Jtyasenkar, Microbiologi~i
March 1973 - March 1976

« " h, Be Sumathykutty Amma, Scientist £-1
M&rch 1976 March 1977.-

Location of the Rescarch 3 Microbml.ogy Section'; CPCal,, Regmnal

Project with complete Station, Eayangul am, Krishnapuram -

address. . 7 690 533.

(2) Objectives (Specify) i..:fly the AIMS & GUALS of the prmect
. in mot more than 150 wordse -+ ‘
~ The involvement. of a pathogen in coconut root (wx‘t)
diaease is. undismtable although ‘the exact etiological ageunt
is still unlmcwn. .Bagic dnformation releting to metabolic
sequences An the co®onut palm and thexr alterations subsequent -
th Mhogenesm in scahty, Alterations in phenol. metabolism
due to disease is a wide spread phenemenon. -The consgnm.s on
the pattern of. the phenolic compcounds from their site of
synthesis was yet apother .reason. The objective of the present
investigations is to assess the rate of metapoliam of phenollc
compounds’ in relat:lan to: coconut root (wilt) disecase,



“‘*"31 KR '-l'he mode of indii1 3 disease syndreme jncluding - the foliar |
remd Yoot sjmptons can be attributed in nany ‘instances to enzymes
"i “4nd téxic prineiple elaborated by the p;.thogen. It wes thercfore
»ﬂe‘ﬁinthe objeotives to undertake investigatiohs on’ these agpects
- relating to verious mxcrooraanxsns found associzted with the root

. (wilt) affected palms, S e

(b) Practicel utility
S It is not uncomnon to undertgke such mvest:l.gatmna on the
unknown etmlogy. .thered metabolism of phenolic compounds often
prov:;d.e resu].ts with a practmal bias. In the lethal yellowing diseas
<of coconut the quantltat;ve detenmnatxon of phenolic coipounds
and its ondxzmg enzyues yave been maie use of for forcastlng the-
' disease before the omset of the vis1b1e symptom$, The ‘ability
of thepotential- pathogen to cause alterations in the cell leading
to defined syuptoms csm b> made use of in the process of elenin&- ‘
tl.on. ' A
() Technica.l Prnﬁmme
: 2’
1. The estiﬁaiion of total phenol in the healthy, apparwy
“hedlthy end rook (walt) atfected coconut. ;palms and’ itt
chuactier:i:se.tmn. b :

2. *Determmat:ton of peranda.aa and polyphenol oxidese in the
roots and its hﬂf‘iple form with particular reference to roat
(w:.lt) disease, Influence ‘of the' discase on the rate ot

hiosynthesm of phenoIlc conmovndso

e L 3. In vit;o aui invxco abihty of the various microorganim found

SRR assqclated with disease i.n causmg alteratxons in the reota
“, S .and,lewam‘ | | | | |
5ﬁ63f-—?&rante Interatxon wit ference to Polyphenols in éocm_ _ x otay
» | PN SEORT
In‘broductmn o ‘
)W T

TR ;he‘mglxcation of, the phenolzc compounus in the defence mechmim
b »0of ﬂ.}e hoat i.g ap a.cceptable factor, since its presence is noted at the .
hfec:t.mn and woundxng sites (Bare, 1966). The infection of the host

b 1
N
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generally assocxated with an incressed synthesis of polyphenols and
Cdts ozidatmn which easentic’ - constitute the uechanism ‘ol defense
by the host {Parkes and Kiraly, 1962) The oxddetion products are
more toxie to the: i.nvadmg pathogen anu the extent of toxicity dependsﬂ
on the stages of oxidation. (Farka.s and Ledingham, 1959).

The coecnut root (wilt) disease. is one of unknown etiology and
the involvement of a pathogeh is not ruled out. The results are
indicative that there is & deranged metabohsm in the host tissue.

- In the past, ‘no detailed studies have been carrled out in relation

to hont—para_alte interaetions with referemce to polyphenols in coconut
palus, In view of the importence of the polyphemols in the defense
wechenisn a detailed study was undertaken and the result obtained are
detailecl beiow. The'studies were restricted to the metabolism of the
phenalic compounus viz, dtp general status and the levels of the
‘oxidetive and synthesiuing enzyies. The 1nvestigations were mainly
restricted to rcot aamples except soge’ mitml studies where le..f
materml was’ also :malysed '

: 'l‘he cult:.vere selected for the studxea were Hest coant tall (m),
and the bybrids Tall x Dwarf (TxD) and Duarf x Tall (D x r). Acioug
these cultivars WCT is cultivated since centuries and over 90% of the
total coconut cultivatica was aluo WCT, the detazled studies were
restricted to WCT palus excent some i.mtial studies .where _ other

....

cultlvars were aleo mclu.eed. :

CooL MTEIALSANDMEIPDDS

T
S )
B e lasbiea

R S,

1, Selection of palms/san l_ o8

Palus wers indexed: for the incidence and increase in intensity of
coconut rook {wilt) di'eee'eé using the method described by George aad
Radha {(1973) ‘based on the foliar synptoas consisting of ' ﬂaecidity,
necrosis and intermtant yellewing, Samples collected fron cocommt
pelma cultivated in the rodt (Wilt} free tract at Kasara,goi was
classified as ‘healthy {M).  wnile samples from palos free of the .
syrptons of thé disedse from Kayangulag a disease affectod traet wes
designated, apparently healthgﬁ &.ikw:me applying the foliar indexing
systen of George and Rodha (1973) sauples were collected frou. palus in



- b .

the disease early (DE) and advanced stages (A)., Based on the obserava~

s 7__wtions wade in the preliminary experments bulk of the present investiga-

. tipns were restr;cted to the root samples in view of the cquparitively

“Cotlection of sazples oS IR A >

. bﬁterf eonsistency. .
g,

S a) Roots

Boot samples were collected fron the basal part of the palme

) _ﬂwith"in' a diameter of 1 M,  The soil was removed from the basal pexrt

 and the treshly' enrovgmg roots were located. ‘Roots shmung no

Table I

external in_]nry were used for the entire studies, bamplea were eut
within 6 to 12" in length and the applaced in '1ee cheats brought
‘to the laboratary and stored appropriately. Details of the root
samples collected- for each studiea ére given under. i I

 Details of the root sﬂre. collegted for the st!gz B

Particulars of t.he study o Vﬂiﬂ' o TxD g DxT

_ Total phenol . w2 T us . 8
(Bibydroxyphenol 58 L. -
'Polyjphenol Oxidase (PPO) ' 80 - -

- Peroxidase 80 - -

' .Fhenyla)aminé ar.x_aonia lyase =~ 57 - e -

....'...._'___...........n."...‘.'..;.'.‘-_.'......'-.."_:-_;.—'.s—.......'--‘..-.-..-.—...._.,...,_.-—
h) LeaVQa ‘ R Tf”

.

3

. +
.»,-

‘],‘he nﬂmal, pmc.tise in vogno ia the analysis of the leaﬂotp
from the 14th lgaf of ‘the coeomrt pnlns. (Frqmnd and Lauothe 1%].
Hwever, dur.mg, the. present: ,studiea dif!icnltieu were eneountered

* to locate the t4th leaf in root (wilt) affected palms particulsrly
in the advanced stage of the Jdisease, . Consequently saupling wos

restricted to the first dully opened leaves. Bﬁ;&ed%ﬂ%ely atter the
collection the satples were traasported to the 1aboratory and

’proc_essed in the memner de:” . with earlier,

Extraction of totsl phemolsy '

LTS R ) * N 4 . : i ) .
: h? total phenol fractipns were extracted frou the roots by the

ERY



-5 - ; ‘ _
method described by Biahn et al (1968). Thé rddt.sf’ﬂ&ﬂe’ were washed
tiret in" tap water followed by distilled wé—tér'.‘ The woshed roots
were out into amall pieces, 5-0g of thé sampled material was plééed
in 100 wl EM flask containiz .: - sl of 80% methensl and biiled for 15 min,
The boiled samples were deeaiiia and the residuc was disintigrated in
another 25.0 nl of 80% elthanol and pooled with the decanted liguid
heated for 5 win, aml filtere..t !dule hot using methanol water washed
Whatnen No.l fifer pape;'. The filterate wes made up to 100 el ina
Volumtric flesk @uitable aliquoteswere teken for the estinztions.

k, Bstipation of total phenol

Total phenol content was estimated by using Fohn-Den.nis reagent
(Swain and Mills; 1959). 1-0 nl of the aliquote was nuxed thorough.ly with
5.0l of 2,8 N, sodmm carbonate in a 25,0 nl volumetnc flask., To the
 mixture 2.0 &l of diluted (1:2) Folin-Dennis reagent was added with
shaking, The vclm:;e was made upto 25.0 nl with distilled water snfl the
colom- mtens;ty was measured in a Klett Surmerson Colormetlt by using
- the ved filter {6&0—7@0 tm)s Chlorogenic acid was used as the sténdard,

e Charactermatigg of - the : alie cggm/ unda.' ’

" | The chare.cter:tsation of the phenolie eompounds was aehieved by the
nethod Biehn et al (1968), The mothanol extract was evaporated to near
dryness, suspended in dlshlled vater, acidified to p“ k5 with 0,IN.
hydroch.lonc acid and extracted three tives w1th 5.0 ml aliquete of
ethylucetate. The ethylacetate fractions ware pooled toﬂether and
evaporated. to ‘Bear dryness, The residuye wos dtasolved i athyl&cgtah

* (9.0 ml) and wesheit with aeidified distilledz water,  Tracess of weter
vas removed by the addition of 1.0g amhydrous sodim sulphote. _Thé
ethylmtnta zmemq vas evaporated to dryne-s and the residue wos
dissclved in 1,0 ml of 90% ethanol, Lll the evaporations was done unc!er
reduced preuure at lass than 40°C in a vaccun desicator.

Extraetiona from the leaf smnplea wes sn:ulur to the procedm
' describea above. ' '

.6 Chrcuatoora@ic seE_a_Eat:w

Thin layer chrcmtograi_;_;' was used for the separation with sdlica
gel G, polyanide and cellulose, (glaﬁe plates of size 20 x 20 cm).
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. Cellulose was found to he the nost sui‘taale and :turther studies was nade

with this msterinl.  In a11 ‘the experiments the slumy was prepared

~water except for polyami *e £ which chloroform was used, A known

- aliquots (0.,1 nl) was appliw m the plate with the help of a micropipette

‘amddl was kept in"a chromatographxc ‘chanber whu:h contamed the solvent
systm.

_' Te Selectxon of solven§ sny.stem= -

In all, 14 solvent® aystems suggested by iiékel (1964,) were tri°d,

anong which dilute formic acic was :tound to give the best Jgesolut:.on and

further studies were made with formic acid (2%).  The different solvents

' _;' systens used for the separation are giVen under. :

-

Table=2 : :
" Solvent systen used fpr TiC Sépérati-ons‘

- eEs . e el T o S e e e g ma e e o ey e wv WE e e e '—q-—--——-p-————— '
N Solvent systam PSR Proporatians .
_‘1.‘: Acetxc acid '_ - '. _ : ;'f' L 2_5’

P24 ‘ﬁce_t_lc ac;c_l Hy‘d.l‘ochlcr;u ead:ﬂater o o

" {Forestal scivent) 30:3:10

--—--——-—--——--————q———-————-u-—-—_———-tp——-—-u.——-—— I

3« Foruic acid : o . - 2-5%

4, Isoamylalcohol-acetxc ecm:water S L i Wglsh

5 Amylhlcohol.ﬁmmonia e S "_ 1033

'6 Bntanolmcet-ie acxd:vater‘ ’ N ' . &:1:5

7 Henzene.acetic ac1dswater U 6:7:3 .

8. . Butanol tFortiic acid h B 10:3 C R
e i e e L A

9+ Butanol srmaniaswater’ ey ,f;108_3:3. .

10.- ButancPEthmolswater S S - I 5;2;1 o

----- _....____..:__.._.—--:_——q‘d_—--—-———-—--u-——

11, Buta.nol :wqter - ’ - ' . 6:1

12, Chloroform: acetm acld.wo.&v o ' L 2:1:1

'-_-'- ———————— ”--r»‘An-“ﬁﬁ—----u__——ﬁﬁﬁ-_—w
,:j' 13« Bthanol .é«launxa:water S L _3_5':.2:_‘1‘3:._
? 1%, Ethylacetate Formc acld-water . . 73 1) § _

w
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8. &gmgn&tim of O-dikydrolyphenols . o
Be Pre@ ration of the sewple ' '
The rcot samples were washed thoroughly and kept in an oven
maintained at. 80°C for drying., Oried san.ples were powdered’* in a dry
grinder and was used for the estmation. '

b, Qua.ntrbative deteminations

Orthodihydroxyphenol content in the root was determinad by the
method of Dabek (1974) employed for its estimation in palos affected by
lethal yellowing, The prineiple of the method was based on the histoche-
nical test reported by Revee (1951) and similor to thet used by Zucker
and Lhrems (1958) in the est1matxon “of chlorogexnc acid,

1‘ gii aample was extrac-,. twice vith 50 n} quantltl.es of boiling
water each for a period of 5 min, afteﬁhieh the residul polyphenol
content wag culy neglig:.ble. The combined extracts were. filtered
tﬁrough Hhatm:m No.I filte'r p&per u.nd m;e up to 100 ml,

To 5.0 ml of the- eztract ina 25.0 nl volumetr:lc tlask 1,0 ml of
10% (“’/ ) sodina mitrate, 1.0 nl of 205 ( / ) ures and. 1.0 mx,{ 10%( / )
acotic acid were added in succession. The mixture was shala.n well and
after 3—& mine 2.0 ml of 2.0.H Sodium hydroxide wes added, - The cherry
red colour indieated the presence of O-dihydronyphenolss. 2he solour
: intenuty of the solution was masurea in a Klett Sumerson ‘oéofimetet
by msing the Green filter (500-5‘?0 m:n) Chloroginic acld was used as the
standard. ' '

9. Enzyme Studies’

1, 'Ré'moval-"of ‘ ‘faﬁiiﬁs

D;fferent methous were . ied for the removal of tannins by the
additmn of extra._equs protein llke gelatm, Cascm, egg albuoin and the
anticnciant zmercaptoethmol in. the grinding wedivm (Panlson end Falton,
1968). The efficacy of individual protal.ns oand 2—nercaﬁtoathanol alone
and both in combination ‘were. also tried. :

2. Methaus '

-
-

Ten gn. of freshly ccllected Ieaf samples were mcerated in a
: waring blender w1th 100.0 ml of distilled water ccmtaining any of the
follow:mg. : o '



1, 1% gelatin _ ' R
2, 1% egg elbumin® T o R _ I .
3. 3% casein , .

ke 1% ‘%ercaptoethanol
5. 1% gelatin + 1% 2-mercapt . -uanol

6. 1% egg albuuin + 1% Z-mercaptoethanol ST | .

*

7« 3% caaein * 1% 2—mercaptoethanol. .

The wacerates were filtered through chese cloth dnd tc this
fllterate 50,0 wl solvent ether was added to remoVe the chior-Lbyii,
The taunin ecntent in cleex extract wos estimated by peruangen:te

titiation ueing lndige carmine as t.he i.ndmator (Howwitr, i75%),

. B etone dar at on

The. root samples collﬂted were stored in a deep i’-eezer Por 24
hours :tor freezing. About 15 g« of the frozen samples ef the roots were
* slieed.into smell bits and trantierred to a warinb bleader containding
150 ul of cold eitrate buffer (0.1M) of PH 7.0 incorporated with i%
2-mereaptosthanol, * The conteui’: vere mascex_-ated for 1 min, and the
slurry tiltered hrough chéier . ioth. The residue was reextracted with
100 wl' of the same buffer. The slurry wes filtired sizilarly el both
the filterate wore pypled in 2 2,0° lxter beaker. To the combined f11terate
double the vwolume of chilled acetone was added with gentle stirring,
The precipitate was allowed to settle for 5,0 min, and filtered with the
aid of Buchn.-,r funnel usxng Whatman No.I hlter peper. The precipitate
was renoved from the ﬁlter paper and :sept in 2 vacewm desicator overnight, '
The acetone powder- pneparat:lons were s‘bored in cold in screw caped tast
tubea for further *stu.hes. ' ' '

4y hssax oi’ Pomhegol oxX dasg (PPO)

‘ rolyy.aenol oxidase’ sctlvity was masured ugirg o noihol eimilor
to that of Ma%ia and Dimonds (1963) About 250 mg of dried acetone
powder was extract\,d in. 16.0 ml of eitrate~phosphate buffer (0.1M) of
PH 7.0 was used a8 the cru’g enzyme, The reaction mixbure consisted of
' 3,0 ul catechol (0.5%) o8 sub: te, 0475 ml eitrate—piiéspﬁatde buffer
(O.JM) 1'-‘H 7.0 and .-0.25 ol of ;h.Q enzyme_prepa.rati‘on in a cuvette. The

+
~
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L 5,0
7 .

eg e _ ‘ .

" reaftion nixture without the enzyme, prepar?tlon wog used as ‘the eontrol
The optical dens1ty of the reactmn product was masured in 2 Beclmen
DU~2 molel apectrophotometer at. 400 nm efter 5,0 nin incubatmn. The
upecifxc Qctlvxty was expressed as (B/mg of protein/_’) min. .

£

- .of Peroxidase FO) -

‘ E’erbxidase was ass;yed using the pyrogailoi test (Chanee and *
‘Maehly, 1955). 250 g of: dried acetone powder-was extracted wi%& 26,0 ot
of citrate phouphate uffer (0,1M) PH 70 and the assoy systen consisted

of 2,0.al of pyrogallol solution (&Oﬂi), 1.5 ol eitrate phesphate
buffer (0.1¥). PE 7.0, C.5 tl hydrogon percxx..m (3.0;5) and 1,0 ml of
enzyue preparation. The reaction nixture was nzeub&ted at 37°C in’
- a.water bath for 5. mn. and ohecked by the m:htion of 5.0 ml of 5.

sulphur:le aeil, The -ealonre. xpurogallin forned was extracted twwe

with 5.0 ml al;qnots of solvenu ether. "The coanbi.ned extract weg
evaproated to dryness at room temperature and the resldue was dissolved
in 5.0 ml of ethanol. The optical aepslty ot the rasultant prsd\wt uas
mﬁﬁ’md at 430 hm in 2 Becknen: D2 speetrophotometer. _ The contro,l
contuined all the mgredlenta except the enzyme preparations. ll‘he
specxﬁ’e act:wity wEs a:presaed as Ol)/mg of protei.n/S min,

8. Determmatmn of Eotein ; o
- Prota.ln was L.etermined by the methxm of Lowry et __l 1_951.Il TJ;;
reaction mixture caonsieted of 1.0 nl of the somple solutio:; eontaining
ayprcximately 5—100 g proteixg and 5,0.nl of alkaline copper sglutj.tm.
The nicture was Hept For 10 ning. and A0l of Folinncmeltean reagent.

The volume was made gpto 1040 ml and the cclom; intenaxty vas measured
a.:l'ter 30 min, in e Klett Surmerson Coloripeter unng the. red hlter.
(640-700 nm) Bovme serum s “rrin was used as the standard.

1—0.' Detem;natatmn of Q is\m

i. Part 1a1 Qu_rlf ication

Tﬂe partial purificgtion of the PI’Q was. eair:.ed out ’by the mthod.
descrﬂ)ed by Eshn (1975. 1976) with eem moq,;.hcation. -

Step-l—a&cetgne powder p_r_eparatian, ETTI

23

BT Acetone powder was prepared fron the roots saue way as deacribed

ttern of ol

-abuve,
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btep-?r- ﬂanium sulmate precipitation

The acetone powder: orepared wos auspended in cold sodium phosphate
buﬂ‘er (0, 05}4) PH 6. 5.(5ag Powier/ml) and stzrred cont.mueusly for 30 min,
_ at ﬂ..k"C. The mxture ‘was centrifuged at 15000 x g for ’33” in a

1 refugerated centni:ﬁuge. The supernatent was used as the cr enzyme

b e ——

rraction. A L

To the gnpernatant sollu ‘armoniun a,ulph&ta vaa adcfed -slowly with

) stlrring untiIl 9055 concentrat%n of amomum sulphate wag reached.

The solutl.on 'was stirred further till 21l the amboniun sulphate added

was dissolved completely and kept in o refrigerator overnight to complete
the precipitetions The suspo-2ion was centnfnges at 15000 = x g for 15 mir
and the pallet was dissolved i: cold sodiun pheaphqte-bqﬂe; -(q.osn) of
PP 6.5 (about 60,0 )y A

Step—}-Dxalzsis L , . S _ . T . .

T e solut:mn waa then tramfemd .to- dmlyaing tube, tie;l
properly ‘and kept in 500 m] - of cold xsodim: pbosphﬂte buxrea» 1 M) of
PH &5. dn 5% beaker: ‘Kept: in'a re!ﬁgerator mrmghtt wrbh chaéges ot
btiﬁea*}«andfﬁ hv. ’interva].a; T DR D g T e SRETHIEY

The dialysed enzyme preparatmn was eoncentrated by sprmkling
0.5 Ee sephadex G 200 over the dis]:'ysmg tuhe. Concentrated aample was
_applied to columm ccmminé s¥phadex G-200 gel whidh nas eduil‘ibez‘ated
vith sodivin phospliaty Buffer 10.09{) of H, 5 withaid ‘6t a"pipette.
The solution was allowed to drain’ off, but ‘Bot ‘eomﬁletel’y rendering ‘
the gel “to dry. After A" ap - ?‘a‘hf‘dn S ‘the ‘sample the Bolumn ‘was
filled thh douum phosphate Ly e;f_ ._(.0,,_(_}3{_) ot-;-th'a.‘lﬁ-- _6_*¢»§:whifchxiia. hsed
as the eluent ' T

EE {,.'p

Af’ker aliowmg the first few ml - o:l’ thé eluent to drain off 5.0 ml
frections were cullecta,d st thg 0.5 ni/min in ‘test Yubos, PPO aetiuty
wos determined. im each frae.tmn by the: method described abnva. ST

S

The fraetmns contaming PPO act:vxty were pooled together in a
500 ml befaker. Sotid amionium sulphate was added slowly with stirring

]
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till it reachod QG% saturation, The stirring was continued for 30 min,
t111 al)l the gmoniun suiphate erystolls were dissolved, The solution
was alloved to Btay overnight and centrlfuged at 15000 x g for 15 min,
in o refrigerated ‘centrifuge. The pellet was dxssohred in 10’ ml sodiun
phosphate buffer (0.0%M) of pH 6;5.

Step—6— Dialysis

The aolutmn wus trunsferred to a dmlysmg tu‘be, tied properly
' a.nd kept in 500 ml of cold sodmm phosphate buffer (0.0&4) of Eﬂ 6.5,
in a refrigerator at a temperature of - 0~4°C overmght with a ehange of
buffer 3 hour and 6 hour inntervals, After the uzalyszs the solution
was concentrnted by apnnklmg dry sephadex G200 over the dialysmg
tube,

LY
-

'AlL the operations wer ..rried out at tempersture below .10°C,
in a celd room. The partmlly purzfied enzyme wes reaolvad into its
isoenzyme pattern. : -

. 11. mnatlon cf Isoenmn‘es“ of 'pglmenol cozidase (PPO!.

-

. Isoenzyne pat.tem of the PFO was. cgrrzed out by polyacrylamide
gel aleetrophoresea (Da'n.s, 19&&) ‘Cleaned glass. tubes of the -iu
12 cn x 5 tmy were used for thi gel polymensatmn. Ta eonta:n L
polymenzed gel solut:ons, the tubes were stoppeered with polyethylene
- eups, The. tubes, were placed in & rack veritifally and kept bet.ueen two

" fluorescent tube hghts for enhaneement of pulymerisatmn. Etoek

salutions were prepared as descnbed— Nrigley (19‘71) ' ! '

Sépg_g_" . at:l._gg gel fomulatmns

Stock aolutmns 10% acrylamiae, 0.156 Bis. PHB-9.

a) IN Hel 48,0 ml. ‘

Tris” 36.3 g

 TEMED (Tetramethylethylenedierine) 0.23 at. resulting o a.a to 9.0,
o Volutie made up to 100 ml with glass distilled water.

b) .Acrylanide. 60,0 g " ' ‘
- Bis - o -6 g

water | 10¢ i:il : T
I ‘ﬁm.nonium persulphate 0.1& g, watér 100 ml. Working solutwn was

PR

L °—_
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prepared e.ccord:me, to the following conbma.tlons.
1 part (2), 1.34 parts (b); & pats (e); 1.66 parts E_D,

' utacg;gg gel formlatmns

:’:’itock solutmn‘s’

a) Tris 5.98 g
TEMED - . 0,46 ml . R -
IN Hel about 48,0 ol to pH 6.7 voluue made up to 100 il with glass
distilled. water.

b) 4crylanide .10 g .

-

,ﬁis 2.5¢g

Water 100l -~
¢) Riboflavin 4.0 mg _
- 'J'wat_;er‘ . 1900 =

d) Sucrose 40 g ‘ | _
-am&-- © 10w - T
_WOrkmg .solntzon was Qrepe.red according to the iollowmg combmt:.on.

1 part (a),, ._1 part (b), 1 part nzo, 1 part (e}, v p&rta (d).

. The vorkmg solutmn for the scparating gel wes transferred to the
tubes witﬁ “the” help of a pipette, About 8 em length of the tube was
filted Hith thé' wbrkmg selution, The top of the dolution was layered
‘with dzstﬂ:led water. Trhe tubes vere there kept for polymrmatmn in -
the fluorescent ligglt :I.'or about &0 min, = ¢

B

";-j.“ The water ,layer of. the ab&m gel‘“ﬁas removéd w:ﬁh i',he aid of a
filter paper, strip; About 0.5 e.m ‘above: the separated gel waa,":tillhd
with stack:mg solution and wes lavered wfth distilled water ané ‘again
kept for polynermation as mentioned above for about 30 min. ‘After the
pblymerisation the tubes wer: . .oved from the ‘rack and ﬁ.xeu in® the
perforation of the upper tank.

12. Eglicatmn of tggs le soluticm, -

The wuter layer present in the top of the gel was renoved w;th
the belp of filter poper strxp. "Solid sucrose was added to ‘the partially
.punfxed ensyme to get 10% concentration and was used as ‘a sanple
solntmn.. About 0ul ml of the solution wluch contains % to IOOM
of protem was transferred to the gel tubes and was then layered with
10# Mue solution, Both- the emzpartmnts of tche eleeti‘cphoretic
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apperstus were filled with Tris glyeine buffer (1C o M) of PH 8.3,
The electrophoresis was carried out at 2.5 mi per tubes. LbLromophenol

blue (0.1%) wes used es tracking dye.

13. Staining.

The gel were removed fron the tubes and stained for PO according
%o the method. deseribed by Srivastara and Ven- Huystee (1973). ~ The gels
were incubated under vigorous sreation in 0,0IM DOPA (D1h¥&roxypheny1a—
lannne) in phosphate buffer (0.05M) of FE 7,0, ifter ome and holf hours
incubation brown bandérappeareu at the site of PPO activity. ZLhe
stained gels were kept m 75; acetic ceid in test tuoes with few drop;
of benzine.
ih. Deterni ation of t‘he lalam' 2

a) € ollectiocn of sam]_.e and prepar: t:.on of ucﬂggg_pow.leg

Sampl ing and acetone. powder prepm'atmns vere snular to those
employed for PPO and 130.

b) Assay for % - o IR _
"250 ng of the acetone powder preparatxon was ext.racted in 10.0 ml
of Trxs-Hel bu:ﬁfer (0.0%2*01 M 3.8 and the assay was. carrx.ed out

by the method descrlued by ..:ubba rao and Towers (19?{}) ‘and used
aubsequently by Yamamoto et 3._1_ 1977. . '

""-'The asaay system eonsisted of 2.0 ml “of Tris.ﬂel buffer (0,0ﬂi)
of EH 8.8, 2,0 ml. of 0,01M L—phenylalamne ‘and 2.0 ml of the enzync
solutmn. The m1xture wos incunated at 37°c for 4 hr. The react.ion
wes stopped by the a.dd:.t:l.on of 1.0 ml of 1.N. Hel ancl the elnnamxc acxd
formed was’ extracted with per: .ie free cther, The ether le.yer was

' '_aeparated and evaporated to dyness tmder a Je‘t. of hot 811‘. )

The r951uue was dzssolved in 3.0 ml of O Oﬂl sadlum hydrox:.de a.nd
the a.mount of cmnamc ac;u was ‘determined spectrophotometncally at
268 nm. using Beckman DU~2 model speetrophotometer. The reaction
mixture with 1.0 ml, of 1 N, Hel was the blank, speclfic tactlvxty wes

. expressec; as f:g of cmnamic acxd/mg of protein/s hour. *

';.r»ESULES o . o -_. H

| i. Coneen.:"'atmn £ total 'Jheno s m_roots CT, T x 3 .

eoconut B_a;ms;_
. The mean total phenvlie content in the roots of WCP,’ Txl)!‘palml

A



was in the order of 128 mg, 126 ng and 88 mg per 10C g ury txssue
_reapectively, - (slg 1) : The rangeof phenclic content and numibcr of

- sambles analysed are 1nd1cated in teble 3 and Fig, __1.

Table 3: Total phenol content in the roots of hemlthy WG“‘I‘ TxD and Dx!l'
pelas (mg/lOO g dry wt.)

] : : No. of sam 193 Total enol . :
No. Coconut cnlt:.va.rs anzlyse dp. .- ecomtent mg/ioo g Mecen
_ _ .— dry wt. ] N ‘- *
. wer . 36 . 85205 - - 128
2. T . '
3o DT 33 8

20-21C 88

The incidence of the root (\ult) d:.sease, hcwever, had an impact
dn the phenolic cente'nt \uth a aecrease ;m “the roots of the palm cnltxvated
in root (wilt) affected troct comparzd o healthy. | (Fig 2) .Lilke wise
with the incrcase’ in the mtensity of the d:.sease ‘thare was a fall in the
total phenol content in the different . cnltiva.rs studled, Fgs 3, &, and 5)
and deex:eme waa more - wonounca 3 in the case o:t the HCI p&lma. S

. Percentaga valatlms m the cancentration ot total ‘phenolé wrth
the incidence and incresse in the mtenslty of coconut root (wxlt)

disease is given in table NoJks: - _
Table h: Percent"' veristion in the’ ecmc' ntration of total shenclg with
‘the incidence and increase in int.ensit _of root (wilt duease. '

-

#—--hh—_—--——ﬁ-—&-h --‘-———-h-q-—-—-—‘—-——a--——hh

3"j - 100 v 20 R ‘.-' 3% e L --61

-ﬂ—--———--—-—--—-_-». u-—-———-.—-—————-—-———-m'_

In the case of WCT and Tx.'D the. ' was madnal decrenge :.n the concentratiqg
oftotal, Pheno’ts J;mm nea.tthy to- dmea:le ad'srancad whne in nx:r the |
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the appar’entl v ‘healthy palms .were having the wmaximum concentrition.
From the apperently healthy (.4—.}1) the concentretwn of total phenels

gradually uecreased.
»
3. -Ch.roma.tooraphic studies.

Inorder to standardize the optimal conditions required for the
Chromatographic analysis of the qualitative nature of the total phenols
in cocoput root (wilt) disease mfferent solvent systems were trled
(Table 2. Materials & Methods), Yhe Chromatographis pattern of the root
extract showed three fluorescent spot under U.V. light 1rrespect1ve cf

the disease eonditions., The fluorescent sports were having the Ri

values (.28, C,42 and (.57 respect.wely. The diseased samples were also

exhibiting the seme U.V. ﬂuo ~cent gpot- but they were very faintly
seen (Fig 6. ).

The trend was not idemtical in coconut leaves,: ‘ﬁeqelthy eemplea
~contained three fluorescent spbﬁs with Rf values 0.36, 0450 ahd- 0657
(F:g 7)e Prehmina.ry observations in this di*tion indicated that one
of the compounds {R value 0.}6) was’ absent in the leaves o:f the cocomrt
palms cultuvated in the dxseased tract. Thia cnservuttcn was since then'
investigated in detuxl witﬁ leaf samples collected from different parts
of Kerals ‘Birehalli (Mysore) and Goa. The -tudy was e.lso exteuded to
other cultivars (Table 5) The presence of f.h:ts compound was -moticed in
131 WCT palms.' Out of 139, 18 TxD: palms ou‘ﬁ of 20 a.nd 18 DxT palms out
¢f 20 sariples analysed from ﬁxaease free area (Kasaragod) " The presence
of the same compound was recorded in the sawple ‘out of 20 coileﬁted £rom
Hirahalli e.nd all the three samples collected from Goa, ‘All the WCT

g sa.mpl 8 conectedr fron root (w:.lt} affedted aréa showed its’ ‘absence,

Tgble 5. Distribution:of ethr: . sxtractable phenolic: compéund in the

" cocogut leaves,

Locallty ' Nariety end. - - .Tetal No,

 source o of pﬂlms | .?reeenée‘w sze?ﬁfe .
Root. (ult) Knsaragod wer - 139 31 - . 8-
Tree tract L.om Tx}} oo w20 18-.' K ' 2‘“ -
o i " P .20 . T o182
Iiirahalli WO 26 oo 160 . b
Gon wot 'WCT‘ o e o IR 3 PO RPTE

---.--H-"-.-‘—‘-e;——"*-m-_“?—*? L N — ;- -~
. B A ; o E A R - M - PEECLY LT s



Koot (wilt) Kayangulam WCT 50 - 55
dook e . L
: Purskad ” 5 - 15
Thazava o 10 - - - 10
Mutiukulem * 8 - 8

Chatheanoor ™ 12 - TR

Thazava DxT 9 7 2

The interesting ouservation mece in this connection was the Chromatographis
pattern observed in sample collection From DxT palms in the disease
affected trécfs. Contrary to the WCT palms where the phenolic compoun.ls
was completely absent 7 bxl palms out of 9 showed 1ts presence. '

by Reactxon of ethanohc gxtract with Erllch's (19-’16)

Whlle characte 18ing the phenohc constituents :lts was. observed

‘ that an alcohohc extract of the root produced a red colour with ¥rlichts
reagent consisting of an acidi- solution of paradimethyl amino bengaldehyde
(PaiB). This finding wes furi. - investigated since FIAB has been
employed under varying conditicns for the quentitative estinat:on of
pyrogallol the result was a rapm method tor the estimetion of pepogallol
at a renge of 5-20/ ug

5. gne Hethod

41l the chemcals used vere Analytlcal reagent grade.

}andard mogallo;

50 mg pyrogallol was. dissolved in 500 il glacial acet:.r aczd
Suitable dilutions of this atoek sclution were mde with glaclal acetie
' aeid tn give working standard of varymg conceptrations. |

PMR-reagent—lO% FOAB in 99-100% glacxal acetic acid. o
Sulphuric acid -~ eoncentrated.

To 5.0 ol aliquots of s=iple contam:ng 5-20/ug of pyrogellol
woa added to 1,0 ‘ml of Puid so ..ion and the mixture was kept in an jce
bath, This wae followed by the addition of 1,0 ml of concentrated
mlpt:unc ‘aeid and the eolour intensrty was neasured in a Klett Surnerscu
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photoelectrlc Colormmeter—-us:l.nn the green flltn,r No.54 (52 80 n'm).
The absorption mexma of the - . wr complex was recorded in 2 Seckasn

BU-2 model spectrophotometer.
PDAB
"I'he absorptlon spectrun of the pyrogallol and "qu‘-s in ‘the presence

of B,50, showed in absorption meximam at 405, 485 nu (F.g 8). Vhen
colorimeter filter No.42 (400-450. om) used the roadings word - exhorbitantly
high end its was nct used further. The main basis of the procedure .
"depends on the use of Bl under contrelled conditions. The intensity of
the colomr complex incressces with the increase in the concentration of
Piag, An'y increase beyond 10% wes not significantly veneficial to the
col: cur fomwtz.on. FoiB is used for the chromatographic detection of a

) va.riety of phenolie conpounds (Shaw and Trevarthan 1958) ‘but_has not been

Sy

+

" #ompounds thet are likely -to be present in a bmloglcal systeu can

. :f

~used for the quantitative estimation of pyrogellol. There is linearity
between the concemtraticn of pyrogallol and intensity of the coJ.our in
the renge of 5—-20/ng (Fxg 9}. '

4nongst the compounus'ﬁs&.al rescremol, phlcroglucmol s m=cresol
and catecnol regpanded to, the Wd,n varying degrees {Table 6)s: Their
interferences on the est;matlon of pyrogallol has also been mdxca‘bed
table 6. A(onatm ~aiings were known to mteract with Fu!ui &nd the .

- results revealed their: poss.ible mterference on ‘the curomogenzc react:wn
. at hl_ghex‘ com:eﬁtratmm Hnt ‘the interferenne “cavged” by e.ny oF thése

‘avgided Uy chrmnatagraphy prior to ‘estirmition, : L
Pable 63 Specificity of the. colour mac"tion and f.he effact 01’ mﬁerferigg

' suhsta.ncea on the develop nt of the c Iog;

™ .‘...'& S

A'——-———.-d-u—-.—-_-__—-n—;-:a--—.'-—— ———-—-——‘uﬁ-——-&-—.—-—.——

Kleﬁ: reading using green filter

No. Subgtances added S AR Colowr reaction fyrogallor with *
) . with individeal inte,rfer:mg Coupounds
L ;- scapounds : pomimEEE g
—--*ﬁ- ----------- --—‘—““---—_'-1‘ —————
i. Pyrogallol (control) . 160 . .. .. 160
' 2. Ca.tQChOl RV ! . FE— "; - .-.- . e 15 T o Lo, 175,_
3. Resorc;_ncl ' N S 133 220"
"4, Thloroglucinol - 50 S 210
5¢ M-cresol . o T - A 185

.

-

—---———qn-d-ph-—————.---——-q--l—_—.—-u‘-——-d-q‘——-

* 4 5.0 nl sqlution eontaming 20 ug of pyrogallol and 2 /ug of each
cmpoum. veis used in the development oi’ the colour. ‘ Contrel contm.neu

nnl; a)lug of p”ogalla!‘. ' | .y -
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Tatle 73 Effect of arcmatic aminos on the reaction *

No. Substance added No.54

————————— -‘—n———-——m.-.-——-—————---—-.».-——-———-—-—-~—
1. Pyrogallol (control) B 160

2. 4nthranilic acid ‘ ' 176

3. iniline | 184

L. Napthylasine . | e 192

5. Sulphomilie acid . ° S 19s

6. _O-i’smino Phencl o : - 176 -

* A 5.0 il | solu’bzon contamxng 20 /ug of’ pyrogallol ‘and 60 /ug of each
amine wes used in the de velopment of colour. Conirol eontained only

20 fug of pyrogallecl, .. ' R -,

6. Concentratlon of i.)rir.hom.h_v,rdrc:g@ew:ml.aas=

The oean O—medroxoyphenol content in the roots of coconut palma
cultivated in the healthy and dxseage a;t‘iectea tract is g:.ven in f1g 10.
_It is clear from the flgure the concentratmn cf O—medronyphenol is

h;gher in the d;aeaaed Sanples ‘when conpa.ned to the healthy. It is
abserved that the apparently heal thy smaplea showed the mxtmm econcentra~
tlon when compared to the othey catogories studied, '.l'he concentration
of O-Gmydroxyphenol degrease:. vith the advancement of the ldisease (Fig 11)
In Fig 11 the mean cencentration of the O-dlhyﬂroxyﬂnenol as well as the
‘renge ere p):esented. The apparently healthy samples showed a wider range
in the concentration of G-dihydroxyphenol 1595 with a nmean value of
13.0. While ia di.seaaed early the range vas 10-50 with a’ mean value of o
20&0. rhe -healthy semples lhoued a narrqw range 11.30 when com'pared to
other samples with ween value of 18,0, The. values expressecd mg/loo g
'dry thaua. :

7; Stuu,es on the enm related to the netaboliam of Phenols.

_ Hh:l.le gf,andﬂrdlzing the asaay of enzymea related to the metaboli.sm
n:{ phenoliec eompounds in coconnt palns with partzcular reference to root

(wilt) dlsease a.n easential prerequiute was an sppropriate procedure for
the elimmatian of tamu.ns which mtertered w:th the assay, Conseqnently
a method ‘was standard).zed for the eliminotion of tennins using leaf
saoples, The method ineluded lhe addition of extraneous protein, and
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aidition of an- antiéxida.nt ani combination of both at different combinations
percentage removel of tamnin - ierms of water extract with different
treatment coubination is give. .u table 8, Maxirum eliminction in tamnin
was achieved with addition of 13 Gelation and 1% nmercaptoethanol conmbi~
netion which removed 90% of tannins, Followed by this treatuent 1%'.-
ﬁercaptoethanol and 3% casein and 1% me’r;:aptqethanol were found to remove
68% tennin, Since no extranccus proteims were ueod in 1% mescaptoethanol
syston and also it removed considerably godd apountt of tennins it wes
used for further studies, |

Table 81 Percentage of -taxming retoved in terus of water extract

e v v vafer e Em mm e = e Ew Em G Ew G e En mm R e W= e em e W e R e e e e = e -

rercentsge of tannin

Nos Treatment romoyel
1. 1% Gelatin - S I
2, 1% Bgg albunin B S 0.

. 3« 3p Casein , _ - 37.2
4. 1% wercaptoethancl - : ‘ o 68,6
5. 1% Gelatin + 1% Meyospt@ethenal 0.0
6. 1% Egg albumin + lﬁ; ‘Megeapt@ethanocl - 60,8

" 7. 1% rcavsein. ) 1% lercapt.: ethanol S 63,6 .

8. Levels of Polyphenol oxidage activity (1F0).

Levels of polyphenol exidase (¥r0) éétivity in bealthy and
diseased tract are given in Fig 12, Specific hctnrlt.y of P00 in the
healfhy sacple was very low when compared to the palus in the dlseased
tract, Fig 13 showed the mean activity end range of P0G in lLe roots of
et;conut palms under varying disease conditions. W:Ltn the m:nmz% of
the disease 1nten51t-y the activity was also mcreased. Highest activity
was reccrded in the diseased advanced palms wh1le both healthy and
apparestly healthy palns showed neghgible dl.fferefnces. There was no
significant difference in the Livitips of Pr0 between disease early and
c_iisease a:lva.nc'ed. The range varied from 0,61 to 8.0 in healthy, 1.3. to
'8 in apparently bealthy, 9.5 to 19.7 in discased early end 10-20 in -

;. disemse advanceds The total number of sauples -assayed; the meen value
. and range were given in.table:No.9.

4 ) . -
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Teble 9 Details ofs the enzyme siudics

X K o lgz;:fe;wples ’ .hct1v1ty of sach enzyme
Noe Enzymes studxed 4 — T e
_‘ Hi8 0B e g ‘ PR J'E Db
1.’ ?olyphnclexldz'se* 2% 30 18 10 h.k 5ok z‘ S bt
: (0.61—8.0)(1 3-8..,}(% ;5.7 {ong0)
2, Peroxidase * 24 30 . 10 A4 4,8 3 1
S S (J.58-8 0)(1.u—7. e ,,U, \\;.;'J-ZJ.C‘:)
_ Phonylalanine ** 0.90 203 el 8.5
" egmonia lyase (Ca62-1.2)( 90577 3 (R, 305,337 6. 1-15)

e e e G e e e A - e ey o s P rae oa owe W o s e Ten wmm e mm

* Act;vlty expressed in Ci}/mg protein/ 5 min.

* Letivity expressed in /ug cinnapic acid produced/mg of protein/
4 hour,

9. Peroxidase O activit o

1he levels of peroxiuase (20) activity in héal-thﬁr and diseased
tract are given in Fig.i4., The activily was very high in “the' disgaséd
tract when compared to hezlthy.. On Figure 15 is prescnted the mean .
aetivity and range of PO in the roots of coconut palus under varying
disease conditions. With the ‘rorease in discase mtenmty the actlnty
was also increesed, It is cle . from-the dats that there was not ruch
ditferences Ibetween the hea.lthy and apperent v ncal*hrr. cineasn carly and
A.diseased advanced samples. The range variod fr-wr_ Ca'i3 to 8,0 in healthy,
1.0 o 7,0 in dpparcitly healthy, S to 18.3. fn liserge ensly nd 8.6 |
- tp 25,0 in disease advonceds The t-tal number of saples oo Fel; Team
'value and range were given in table i

L;evels of phenylalanine Amonla lyase (_PAL)

7 Levels of phenylalanme armonia lyase ar-tw;lty in healtithy and”
diseased troct is given in Figl.§6. . The result indicsted the activity
of PH- in wheal tuy aa.mples was very low 1. 0 while in sanples from diseased
tract it aras very h1gh. F;gure 17 showe\.x the nean PAL activity and range
¢ W in«the roots of eoconut polns under rarymg d1sease conditions. Frm:: the -
1!‘tg:l:‘e it wes clear thet the’ Pl actnnty in apparently healthy palms was

e
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very high whencompared to otho- catopories studieds With the inerease in
intensity of tie disease the ¢ .1vity wes decr‘ea‘sed. There wos signifi-
cant difference in the activity between each catagories 6!7 the samples
studied, The renge varied from 9.62 to 1,2-in healthy, 9.3 to 59.8 in
apparently healthy, 8.1 to 48,3 in diseased early and 6.1 to 15,0 in
"disea.se advanced, The nunmber of samples assayed, mesn activity and the

range a.re given in table 9.

11. Correlation’ between engme eetivities and diéease iﬁdex.

The correlatmn between phenol exiaizing enzynes (PEC) and (P0)
“ana disease index are given in Figures 18 and 19, With regard to theae
twp enzyme activities, a perfect positive correlatmn was recorded a8 the
- disease index increased, The correlation . eoe:l.'fic:tent worked cut for
© PPO and PO were T = GJ51 and 0,613 respectively. Contrary to these two
_“enzzmes the PAL showed clean negatin correlation vith the increase of
. the disease index (Fig 20) and the correlation eoefficient worked oub for
PAL was r = - 0.51, '

12, Relation between the enzyne activities and total phen ; cm .
the roots of healthy and root {wilt) affected palos,

, As the disease index increased the activities of tha phenol
oxidizing enzynes increased with a fall in the toétal phenol contenﬁ, ,
-(Pig, 21 and 22),But in the case of RAL a perfect positive relation
exist between PAL activity and concentration of total phemol content in
the roots of coconut palus at different 'stag-e's of the disease (Fig.23)
FiL aetivity was increased from hezlthy to appareutly healthy ‘and then
showed decreasmg trend,

13, Rela.tion between the enzyme activities and Eihxdroﬂeggl eanten
in the roots of healthy apd ind root {wilt) affected palus,

‘ The ralation bgt\éeen the phenoc)} oxidizing enzymes:-and.r»o—dihydr;xy-
phencl content .are given in i’i:ures 2% and 25, is the_ activity of the
phenol -oxidizing enzymes inerc. .s( with the increase in.the int:ensity,

of the disease the U-dihydroxyphencl content was decreasing. (I'gﬁ 2% and
25)s The relation between concentration of O-dihydroxypheﬁol and PAL
activity is presented in figure 26, The highest activity of PilL and the
highest concentration of O-dihydroxyphenol was observed in.the case.of
apprarently healthy palms, Both Pal, activity and concentration of



- 22-
O—d;lbydroxyphenol decreaseq with’ the advancement of the dlsease. It
- sbhowed thot a relatmnsmp exists vetween the il actxnty ani the
concentrution of O—dlhy.lrcxyp encl..

) 1&,;__ rart1al Qun.flc(vtmn and aetemm&tmn of Iscenzyrie pattern of
Eolmhenoloxluase. ‘ :

‘ The zetivity of the ¢... : enzyme prepered (acetone powder) was
.-very low to enanle for the uetormns_tmn of the isoenzyme patier of
IT0.” It wae therefore necessary to pzurﬂy the enzyme further, 20
fron ‘the supernatent was precrntated at 94;?- ermondun sulphate

concentraticn,

~ The pr_ecipitaté wes dissolved in sodiuvg phosphate buffer {0,0%M)
of M 6.5. The protein content end specific activity of iP0 were deter-
riined, The solution was then dio.ly_sed end the value was further reduced
witﬁ sephadex G=2C0. The comcentrnted saople was subjected to gel
filteration using sephadex G-200. ~The onzyne was eluted with sodiwa
phosphate buffer (0,0%M) of PE 6.5 and 5.G nl fractions were -collected,
The froctions showed YPO activity were pooled together (Fig 27) and the |
enzyne was against precipitated with 90% assroniun sulphate, The pellets - l
were dissolved in soc'gim‘phosphate buffer €O-05M P 6,5, dialysed and
concentrated, The Frotein éor%nt and specific activity in each step was f
Jeternmined and is given in t: o 10, _ r

The partially purified enzyue wos resolved for its iscenzyme pattern
by acrylamide gel eletrophoresis, The electrophoresis was qurie(! out with
purified samples froa healthy, apparently healthy .and'diseaﬁe_d. The
iscenzyme pattern is given on figure 28, In case of healthy sacplew only

‘ome bend, three in apparently healthy senple and five in diseases sauples

were obtained,

15. " henol metabolizm in relation to root {wilt) disecase,

' Figure 29 suus up the whole study in concerning phenol nmetabolism
in relation to root (wilt) diséase. There was a gradual fall in total
phencl content from healthy to disease, Orthidihydiozyphenol concentra-
tion Jdecreased with the inecrease in the intensity of the disease. Both
FPC and PO activities were incressed with the increase in the intemsity
of the disease,” Apperently honlthy sauplee had, the maximun Pk activity
which was further deercased w... the inereasé in intensity of the dieease, |
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~ The healthy samples showfd very low Pili activity, Cox
TAHE 10 Prrification of r’o]vphenol oxldase.

: - .. iP0 activity
Voluame Total rrote;m : . Percent
SeNo. Enzyme nl. ng. | ;::1 5 mlnro- parific
. . ' *  tion
1. hcetone powder e m2 . o8t e
2. (nHo) 80, Prec1p1tate i . 15 . 2.5 3.8
3. Lfter u_l&].)'ﬁls o 53 129 2.7 4,0
4, After concentration _ . B a .
 with Sephadex G 200 - 18 . 1120 13.7 = 17.0
5. (NH4),50, Precipitabe o g \
after“gel filteration ‘11 15 - 19.0 25,0
6. After dialysis o1 12 - 23 28,0

iI IHVOIVement of assocxated fﬂgi o
,}.’_’gct:.golxhc pro]ger’txea of Rhigoctonia ‘solari BJ.Eolaru halodes

inlri————————

and gestolotm Elmarum the casual organisme of root rot, legf '
ret and b__ght—respeﬁtively were studied,. - ‘

A1l the orgsnimma could utilize pectin as sole source of carbon.
The extend of degradation of pectm wes studied by egtimating the
myceb1a1 dry weights at fi-: mtemLEJ' The orgenisms could eleborate
_ pectin methyl esterace (=E,. Polygaturanase (PG) and Pectin trana .
eliminase (PTIJ) Maximm iME activity vas in B: halodes PIT was more
o Palmarun followed by B, halodes and R.coloni,

2, Stuthes on fung:. 1aolated from gmrarently healthy roots.

Followlng stuthen vere conducted with (_‘:111ndrg£argon effuaum,
gz drocarp__ lucidum, Fusa.rium ggu;settl ‘and two nmnbers of sterile

1"%&& &s voh the ability uf- the above fungi te elaberate rT0 activity

in medaum cOntainmg phenolic compounds wvere carried out. .
" :

- rhenolie compounds of the ‘coconut roots were extra.cted 80%

alcohol after mascerating ‘the tissue and flltered under vaccum, evaporated
and the residue wes 1n—corporﬂted with Czenak's Dex‘s agar as well as
11qu1d medium without sgor, Orgmlsms were grown in the medmm. Radial

'api‘éad of the mycéliin_n was - >d in the case of the flmgus grown in
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ager medium, The optical density of thje‘ liquid mediu: was noted and as
~ given in: teble 11, In solid ager medium a clear brown zine was ncted
.,around the mycélial growth cné this isclate No.2, Which showed a spread of
0.4 om radius from the margin as compered to other cultures having only
0.3 cm' ant 9.2 cm, The resuivs were 1nd1cat1ve for the elaboretion of the

-

phenol oxlmzxng enzymes.

Table 11: ggtz. dens;ty of the lzqmd medius after the mocgation of
the fungi 1solated from the roots,

o o e e M e e . AR v me e em ek e ER GER M G M e e e MR MR M W W A e S G e e

Period Optical Jemsity of the .
No, Fungal Isolation Days 11qu1d medium-at 400 nn
1, Ci effusum o ) 2% 6.9
2, E. equisgeti - " _ 8.0
3¢ Ci Leusidum , Lo 6.0 ' :
4, Sterile isclate Non2 =~ " A %
5. Sterile isolate No.l . - U
' bs Studies were slso eondic: :in Czenak‘s Dox' agar ‘ang hquid med:.um

in vh1ch 0.1% caffe;c e.cld was mcorpcrated. '

A cleer brown zone develqped around the mycehal growth a8 An thef
case of previous experiment and this was prominent in 1aolat9 No.2
culture. o

-

Gulture hlterate of the fucgel orgenisms was taken after 1% days
of growth. The optical density at 400 pm was noted in S Spectropse 20,
- Colorimeter., Positive indications for the enzymic activities was obtained
in (Teble 12), |
Table 12. Opticabd density of the culture filterste after Inoculation of
the fungus isglated from the roots in Czepaks Dox's medium.

incorporated with Caffeic scids L,
N T T T T T T T Teriod '_'oiy'ti'cal"d'én?i‘t'y' -7
No, Fungol isoletes ___. o deys _ __ _etho0mm _ _ _ . _ _ _

. . B . [ ]
i, C. effusum ' o . 0.21
2. F. equiseti . 1,05
3, Ce luciduz " 075
4, Sterile isolntes No,2 : n ' - 1,00
5,  Sterile isolates Ne.4 " 0.8
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C. In yive Studies S .

In vive' study was com “voted by jinoculsting the fuﬁgual' isolates
in the rocts of potted see. 3, BSeed nuts were brought fro@ & disease
froe area (I (asaragod) germnnted in plastic bags u'rigeted with sterile
" water and transplanted in cement potse Lfter the seedhng got establi-
shed, fungi like €, effusum, C. lucmum, P, equi uwiseti and two number nf‘
gterile 1solates were mult:tphed in sterilized coconut root bits and
1nocu1ateu gt root zone. 20 replicates were. maintained keeping equel
m.nnber of control seedlings, which was 1ncorporated only wlth steoxliged
- root bits, Total phenol content was eatimeted from the rdcts after cne
year and two year imbervals. Total: phenol content was found to reduce in

the inoculated as coopared te that of un-moculat.ud. It was also observad :
" thot reduction 'of total phenol content was increased &s the infection
period prolonged.. Thas results were indicating the ab:l:.ty of the fungus
to cause deplection of total phenol in diseesed coconut roots,
Table 13: Total phenol conteni:. in the roots of secedlings ocula.ted
with fungul iscl- + Ag

Nos Fungal_ isolates mg/glgsgr;ezissue mg/'g :'3 iizue
1, F. equiseti - : 6.9 | 2.2
2. €, effusum - 7.6 | : 1.0
'3, Cs lucidum ' .7 5.8 | | 2.0
&_,~ Sterile isclate Nol.2 : 7.5 . - 1.7
5.. Sterile isolate NoJk 648 \ 1.3
5'. Control | 7.8 ' : _— 6.5

%ﬁuslon
L The em;*h*s;s '~% this investigntion was o undarstend the mechmisi::
on the alteraticn of the phenol:.e £ IToTNGS and 11:3 relo tlon, if nny, in
- the root (w11t) syndrome of the cocoput palms Lack of adequate informe-
tion on the host—pathogen imf@raction in the root (wilt) d;seaae of
coconut,. has been & lxm.tmg .uctor in restricting the studies on "the role
of phenollc. Studies re1°t1ng to the metabolimm of the phenolic corpounds
confined to WET palms only. Nopovailability or lmlt-.d availability of
equzl number of samples both hualthy and diseased palums et dif.f\.re.nt

-
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stages of the discase compellad to restrict the intestigations mxiﬁy
on SCT palms. However, the‘_vailable data on othersvarieties were incorpo—
rated into this investigations to the maximum eitend. Detailed studies
were carried out only with root -axaples as the root samples of the samne
length from the root tip assures un:.formty in age and other physmloglcal

I

- econditi 1ons. .

The reaults obtaiped are mdmehve of on altered phenol emtabolism
in the roots of eoconut palm affected with coconut root (wilt) disease.
Chenges in total phenol ‘and orthodmdrcxyphenol concentratl.on,r increased
activities of phensl odixizir cnzymee (both FPO and P0) and & fall in
the phenol s;mthesmg enzyi-${PAL) are characteristics of plant diseases.

. The veriation is very lugh between the mdwxﬂual ‘samples of thd same
_catogory is l;ttle puzzllng. It may due to the heterogenous nature of the 7
_palm, The uoat mteresting result obtained are: the act1v1ty of PAL and
the 1soenzyme pa tte rn of 2P0, These two stud1es can be elahorated

. further and may be possible to arnve at a suitabln ost fov' the early
diagnosfs of th root (w:.lt) diaease. ' o '
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