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J NTRODUCTION 



%NTRODU~TIPN 

It. 1s now well est.ebl1sh~ that. modem ol'Op prod~lcm 

technology envisages Emtenslve but. economic plant. pl."Ot.eCldon 

measures. wMn the nemat.ol0Q1s~s eome to play tJ\e1r usef\il 

roles. Alt.hough t.be se1enoeof Nematology is fairly YO\lD9. 

1 t has· Illade e!gnlf1eent eont.I1.bUt.J.ons ~ wOl'1d-agdeul t.are 

and has made s\lff1elent. impact. on the society too eaR. Jst:e 

,own &'eCOgnlUon ana place of lmpol"taDCe as much as other 

dlsc1pl1nes 1n ~he field of crop prot.ection. 

The world-wide occurl'Once of t.be phyt.onemt8tr.odas often 

cause serious problems. weakening ow:' agrlcult.ural eccmomv. 
one such pest. of QI,'Oa" eoncem llappens t.o be t.he commonly 

I 

ktlown 'lee1cm nema~. t.he en1!op&raGit.1c: species of 

2&'a~Ylen9!!\le F111pjev. 1936. These nemat.a4es aP undoul*ed1y 

tobe pr1m9&y I Jact.ol"S in the not. ciaet.l'UCt.1an of many aU! tivated 

crops as well ae for.. trees. 

The repnsent\atJ.vee 01 ~8 Qenus QI'e COSDlOpal1f1an t." 
\ 

CJ1et. .. .t.but.io.. and have Q wide host-range. MOIre than 40 

specie. oJ! atlX&fP9b'1! GP pnaent.ly ~ 1O oocur 

--dan-Iv t.hl'OUthou_ the ~~ate ~8 aad t.be 'l'OPioa. 

They 'have be<m Il'epOfted II'OlD t.be Nethel'lands. ( De MaD. 1810 J. 

Inglend ( De Man. 1884 ). Java ( Ziamtlei'maM. 1898 ,. wen 
mdles ( Cobb. 1919 ), <lerman, ( IaCC. IDS? ). Hawail 

~ ( Godfrey. 192' ). cailiomi. ( 'ltaome. 1934 ). Nile delta 

of &urpt. 8nd U. P .• ~. C atelfa, 19J~ ). BOlivia ( tDde11. 

2lau. 1961 ) • .7apilft C Yokoo. ~62 ). Ceylon ( ltuUbinllOll 



and VyUdl1n~., 1963 )., Bra211 ( LCrdel1o. 1967 ). 

Gua~emala ( schieber., 1966 ), Spain ( TObar jimenez, 1966 ), 

New zealand ( EgUn.1ob1. 1968 )., poland ( wi1ek!. 1968 ), 

u. s. S. R. ( ROman1ko. 1960 ), XVCZ'Y coaa~ ( ouerout., 1968 ,. 

Singapore ( ChAn, 1969 )., Oftt;arl0, Caneda ( eomel1sse !So ,1 ... 
1970 ), Iraq ( Katcho and .!\llow, 1968 ). Fl"ElftCh west. IndieS 

( scott.o 1a masseee, 1969 l. cuba ( Danftovskay' and tttllOV. 1968). 

~ hoe~ range of different species of prat.ylGDdhs 

comprises of many crops like veget.ables and frult.s, sucb 88, 

PO"at-Q, Rlce. Tea, Barley, com, nanaha. 1'otteco, Cltl'US, 

Cowpea, Coffee and many ·ot.her field erops 1nclud1nQ grasses. 

DUe t.o ~helr aasoclaUcn With a bI'oad epeeto ... of plant.s 

most. of ~ an conslderet9 econOmically lq»ctant.. 

In India. 9 apeeles of ell'ftt.Xlenchg' have been reponed 

from t'lelb1.. PUn jab. Raj_ban and Hlmach81 Pradesh ( Sethi 

and StlaI'Up. 1912). They ace 2,- brFJn'!ll!l •. 2.- e!!M~H. 

£.e co,feee, It- looS, E.~ gnlee,.p., !!- aenstrani, & 

ec"'PIY.. 2.- tJ!E!nej: aDd I.- Mee., 0'*· Of w'hleh e.. emil •• 
I.- leoti. 2- nesl_us and It ~re, an new S'eeM'ds fO~'t 

%lla1s_£,. ee has also been Pponed from Me P. OIl md_ ; 

( Pall and Chand. 1911). ReCently. five new speedeo, t-
ESftlan1, iI- Um!A&', £,.- I-E. & ossaSsasu and .& tee! 
have been ... eport.ea fl'Om··nortbem India ( I(ban and Sing. 1974.}~ 

£' 

I._ go'feat? ( Uum., 18ge ). Filip_ and stekh.. 1941 le ~nt ittb_ 
, 

impoltant spec1ea r:eponed ftom south India fl'OlD 1M12e. 

eoll'Qttum. bidIarI8 et.a. 

Jft spite o. \",i8 l'0pOrt.ed clkcun:ence at these ftemetOde. 

on _ man, eCOftOl'Qie ,lant.., _by£1' '~$ dOes not .. 



toi1ave been properly appreeiat.ed 8a not muab work has be~ 

&meta reveal their host-paras1t.e hlat.lonshlp, nuulUon, 

hlochemist.ry, histochemistry., hJ.St.o-pa~holocJy. b10ncmSes and 

·,ecology. 

A sound knowleCige of ~$ free amino-aclds discharged or 

:utilised br a plen~ parasitic nematode is essentlal ~o 

lundP.rstand the biochemical bssis of ho8t.parsBl~e ~lat1Oft8hlp 

in it.e appropriat.e perspective Qf complexit.y with possJ.ble 

lmpl1ca~ion ~ cUsease "s1~anee in plant-e. and to PrrNlde . 
fU't'her inalght: into the phyeiopnt.holoqy. MOreover, t.h1s 

1mawlE!1Clge eou1cJ possibly be uUliued in nemat.ode taxonemy 

in fllt.~, as bas been ~e case with Mele1!lP9xDfi9 exlmaa. 
where 'emoles eo ll~ed from cJ1ffeJ:'ent. ana. and of di.ferent. 

pet.hopn1elt.,. to coe£ee. showed e19ftlfieant. difference in 

their: pl'ot.e!n composition ( Neto, lDrdel10 and 1Or:4el10. 1975 ), 

The aMidon of fne amino ec1d may <:a~ Pathogent-a . ," , 

a'eacnion& end pZ'OdUCe sympt.tae at. "mea. !.- d&pps& c:a\l~ 
allalfa.ftMK ~118 by injecUon of t.ryptopbaa. as it. was hi" 
found .in healt.by roots C ~~ 1961).Al!ml'PSbo&_~ 

F&'Iem&tea!t "lae 8180 fOUlld t.o add '1'- tyrOtd.ne to dfect.ed 

pU.'ts. 

AD1mi)1 paraait. dam80e hOft Uaeue by atnmODla libentea 

due to eneynwUc aGtJ.0II on tree amino ao1de. the poa9ibili/i;y 

o. whieb _y be auggeetCd fol' pIe-D. paraoi toea ( MJUte. 1917 I 

Ulougb tt 1$ yet. to he demonaUat.t~d 

Per ph,e101ogiou at.UStea oS' tM nematode" o&- fo&" 

eult.t1dq in eltUieial mect1a •• " , •• ., much _en'i81 to 

tenow the _no ~'d nt.ltd'lon !}II' ""ellf blc-.rntheele ,~ tb9 

pttyt.on"~" 
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.Besides. transead:nation and metabolic.pathways 1n 

nematodes leacUnQ to prod~lcn of dUferent. amino acid 

may have evolutionary significance. J:fence with proper 

knowledge Of this protein-bound amlno acid pa~t.ems of 

freeUvJ.ng. plant paraeJ. t.ic and anlmtal paras! tic nematodes. 

we can bet tel' understand their physiological .t.nter-relaUonsM.p. 

The ant.imetuboU tic aatJ.on of a fev amino acids on 

nematodes will en'hence the scope for cont.rol of nemat.oc!as. 

which do need t.o haVe a bJ:oad outlook Of the free amino adds 

of t.he plant parasitic nematodes. asfol1ar: spray. t.haree 

amino acids DL-alenine, DL-serine and ilL-threonine were t.ried 

aQainst. !. MC;ggniM on t.omeg. ,DL-eerJ.ne and DL-alenlne 

sigal£!Gant.ly decrea~ the develOpment end reprodUcU.on cd 

"he nema~e wl~\lt. slight-8ft affect on the bon ( KI'1shDa 

prcasad and set.ey. 19'74 ,. 

The eontent.s of fr:ee emiftO acide in the nematode 

eaeced. an,may leed us to posses a bet.tEli" lmowledQe =. :r.;~ 
1I:t1OsynU\ea1s. c:aUbollsm. OK' uUllsaUon of these·· . .•• 

by t.he pat.hogen. 

!rt!yl!DSbu! eplfeas 1. widely peevalent. and 1~8 

pe~1lo9aic:l~ haa been estabUsbed with •• tee, 'a,baIlGDa, 

a.lt.1'U8 and many other europa. ReepJ.nq 1t8 economlc bpftance 

1n " .. ew th@ neJumtode hcII:Iogentilt.e and eJGII'et1cm have been 

emslysod qUall"vel), fol' tine amino acids ~cb may be 

pnlMftt too some 01 t.be Above DJ8!It.1ODed lllW>11ca~101'1" 
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'IVISW L!. LITBRATURE 

.'fhe lit.eeat.ure em bioc'hem1eal st.udies relat.ing t.o 

phyt,o-par8sltJ.c nemat.odes and ~hell' lnt.eI'-relaUonshlp. 

in c;rerieral. have received I1t.Ue 8t~enU.on. al_~ in 

cUneOt. decad8s many scient-lst.e bave exphssed wide 

appl'ec:lat.ion for sUch invest.1vaUcns. HOw_v. some of 
" , 

t.he lmPoz't.an- lit-erat-urea available eonceming free and 
bc:M.md amino aa1ds. the.!r nquil'OmeDt.8. b1o-synt.boa1s sad 

antimet.abOllam. whiCh are lntU.spensable -. highlight. any 

possible' relaUortship to ~he preSen~ st.Udy. bave heeD 

briefly clt.ecI below~ 

A.', :. Y.II2 sRi " 
"I) D amino aalde 1p at.. eas!'!!J,on I-
I' . 

While wor:td.ng on the dlscharged materials of p1'Z&enSbw! 
: dipus" and Iftlol4!9D! .t.nsggna.!:I" Myel"8 ( 1963 , obsene4 : 

dle pl"esencee 0' 15 to 20 amino acids'" asept.ic lncubdee 

oj & ~nfOm&8. !It fIlp'. 8fld & '!Jft11gp!!!SJ9pa. 

~ C 1963 , dalysed t.he exareUcm pJrOduet.8 of 

• l!rea Lt.vSag amoat-ode e!!lOf'1!!!!tUt.1s Jad,SWe after leedl.D9 

t.bQm with t:adio active 'caPon ,,,.14e• ~ ~_ed 
t.bat; 0I11y l'ad1oact.lve alalliRe. aapanla acld. Qlutamie acid. 

glycine and ... lne were, __ ted b7 the aemat.ode. ' 

NtalYa1n9 ,he di$Clteqed oruanlc mat-erida by Bve 

plant pal'adUc nematodes. in ene p8Hent. aqueous sol.d." 

Of vlucose. My." aDd lO."\l8'beq C ~~965 ) found 8 number of 

ainlftC) _i'.. plk!9shya ~t'&!G!'!9b. d18Cbfdrged L-alenl.Be. 

8191""'6, aep8l"aCJlfte~aepeI'UC _t~ld. eyate1ft8, cyat.eS" acid, 

~_ b\lt.vfte add. Ql.~.'o .-let. Ql.~. glycine. 



hisUdJ.ne, hydroxy proline, lso-leucine, lysine, ~hionlne 

sulfoxide, ornithine. pbenyl alanine, Foline, serine, 

tlu"eOnlne, t.yr:ostne and valine. D1t.Ylench.us dlpsac& 

«U sebarged L-alanlne. arginine, asparagine, aspart.ic acia, 

cyst.eine, cyst.eic scUl, glut.amlc ocid, glu~1ne, 91ycine, 

iso-leucine, lysine, methionine, methionine s~lfox1c1e, 
~.' . . . . 

om1t-biDe. proline, serine, t.lu:eon1n~. tyrosine and valine 
.. . 

but. uaere was no UQCe of histidine, hydroxy pl'OliDea and 
, 

~s phenyl alaniDe as well 8S gamm&-amlno but.ydc aai4 

were p.Fe6en~ as indicat.ed bf' faint:. ninhydrin posit.lve epO~s. 
. . I (!o 

mecbd'CJQd mat.er.t.als of 2,- !9IJ!11opbag\l8 contained L-alaftine. 

aqin1fte •. aspal:sglne, 8~rt1e acid, C,Jl,*amt.c: acid, 91yc!De • 

.a.sc-1eucine~ lysine, metla.t.on1De. met.h101line-su1foxide. 

opit.hlrJ~, eerine,t.h&'eon1ne, ~yroslne, valine but. DO eyst. .... ne, 

cysteic acid, gamme-amlno. but.y&"le aa1d. It'stidiRe, hydroxy.-

proline, pnl.t.ne and. phenyl alanJ.fte. ID1I1!1'!!bft I9J!!VMI 
~ ..,..laninO, aspan.lc said, Q1utam1.c acid. qJlyc1ne. 

·methlord.ne sulfolCide, emtt.tWle, sedne, t.h&"ean1ne but. no 

~. a&paftlgJ.ne, cyste! ... , cyat.e1c acid. ~o 

bQt.plc acid, glatamlne , hist.Wine, ~ proll.ne, ,­

le_Me. lysine, metbicmine. phenyl alanlne, pIOUne •. 

t.JI08ine and valine. Rle\fRs.n!t Mtsn&lI ~as 'Wild \0 

d,~.lI-alan1ne. dq1nine. EU •• Z'491De. a8pU't.lc acid • 

.,. •• ante eeid. 91ut.amlfte, 91ralne. bi8~d1fte. i.leucme, , 
l~e. met.hionifte sulfoxide. onl:thiBe. pbenyl e181dae, 

, 
,,"l·lRe, _tr&ne, dla'etm1ne, .. no eratoeiae, cJ'st.ele a.d, 



hydroxy proline and methionine. Cytrul1J.ne gave." vezy 

faint ninhydrin positive spott in the dlscha!'qe ~hromat.otJrems 

01 all nema~odes with "he e~ion of ,2- entrane. 1ft 

£1. ,.n9C?Q!1!u excr:eu chromatogram gamma-amlno ~yrlc: aCid. 

t.yrosine and valine QaVe V81.'y faint. ninhydrin positive· spot,s.-

lltslt. and Riggs ( 196' ) report.ed asparUc acid, ql\1temlc 

acid. serlne. glyelne. alQJI1ne and t.wo unident.ified 

nJ.nbydI."1n posS.Uve spots from the incubation solut1oD of 

Het-traders Sll£loea larvae. They also reponed aspartic a01a • 
. 

glutamic acid. serine, glycine. B;ianine. t.hJrecmine and 

glutamine end elx ot.her spots t."a~lvely ident.ified aa lysine 

~J: oml\\1t1fte. sapaJt"aglne. t.yros1ne" met.hlon~e 01' valine, 

phenyl alanine. 1euelne OZ' lso-1euelne. as the free amino aeids 
\ 
,Present 1n t.he homcgel\~t.e Of ~e eame 18"8e. 

Wl'iObt. ( 1915 ) in his expGl'iment with eliminat,loD of 

·tpnagral1YJ! Eed1vJ.vWl :e~t.ed t.be pnsene& of elgn1£lcant. 

~_ of urea an~· amino aeldo alcmgwi~ a.mmcmla as majozo 

~unde. With J.nereastng stress. el111d.natlon of e~no 

aoJ.ds lncna-.t while t.hat. of actI'llCftia deol'eased. 
, 

NO~e ,( 1'" ) found Utat. the excreted 

pept.ldes and amlQo acids of l1V1nq QftnB~odea were panty 

l'-eepOnslble for nemat.od0 tnctuced top 'omatoloa 1ft . 

~fS!!!!}x!!;FU oUft!I?O!',. Addtt.lanal fdCeet.a em uap 

fOl'mat.lon were due to volat11. fiUbnanc:.es tl'01D nematodes. 

(11) rm aud.!!9 *!lids ,19 "!!P"2'1e Jtcemml~se .-
~ ( 1961 ) had det.emned \be tUlle aminO acld ., 

,: 

contAD~ &n RAUls!!" .. P&!MS1 and ".&!m'.JJ9!SZe. ,,_,,!!II!-



~rOO~8 of 2- !?&p'aei were found ~ c:on~l'n aspaltlc acid. 

01\&t.am1a aCtd, serine. glycine, threonine, alanine, t.yroatne, 

,h1st.ld1ne. arginine, valine leUCine, iso-leucine, gamma-

amino JNtydc meid and cynelc: 6lCid, and that. of ~' r&t.IRboai 

eont.a1neci aspaEtlc acid, ~1ut.am1e seid. serine. t.l\reonlne, 

glYCine, alanine, aroinlne, valine. 9aJ11ID8-QUtino bUtyn.c acld, 

oyst.e1e 'acid, lysifte aDd methloaSne. 

smit.h and S11enby ( 196'7 , wbJ,le analysln"J t.be cont.ea~8 

~I ~D [,ol'Eb1.!!!sSe cysts cJvlft9 mat-uradem found ~ 

, ~~ee etdno aeids. _spal'~iO acid" t.hreonl.ne. serine, qlt&t.amtqo· 

aCid, proline, 91ye1ne."alaftlne, valine~' met.hlonlne. lso- ' 

leucine 'and' leudne. I 'the quan~l~y of uta! amino acids 

4eet:eased with a6Vanclng mat.w:aUon. , . 

In 1969, AUt. end RiC)gS campenred t.be f~ee amino acid 

~ont,en'~ 'n a&a1 ~ an" laft'8e of HfMmde!1 SiDhU ead !OUtlet 

"nat. on lftfenlon of soybeaft, proline .t.ncnased. 
: 

Sdvaetava ( 1969 ) ollaewe6 a £I"ee amino aetds J.n .. 

_avid £emales of .191;_ JegrplSl vbSch wen elanDe. 

IIlrQinlfte. ~ysteJ.ne. 1,alue, _-amla ac1t1. methionlne, phen71 

alenine $DeS trl"OS1ne. 

saxena ( 1912 ) anelysM t.he t~ ee amino .lds of mat.ure 

11- Javlft111 hDalq and o. the 1,ldGCUd and Dialect.. 1'00'., 
oJ Jut.. ( 

"ItO aalde 1o eIle nemat.ode, ~. and U\e healthy .. t. 

01 Jut.a 'l'8opec~i"l., __ 2~Oftal pape&" CMomatogr8pby. 

:. ", Reboia ( 1"3 , in dUdylftCJ the ·effeet of Il!d!l!bldll 
aalha&1 em the _ftC) did eont.ea~ oil ~8 .i t}X!lp,. ·1IIt 



found lower leucine .content. of seeds from 1nfect.ed plant.e 

as compared to ~hose from uh-infected plants. 

DOney, Plle and Whitney « 19'71 ) in t.heir pot. elfperiment 

with 11 varlet.1$s and sel~lon8 of suqarbeet: nemat.lsed wl~ 

!i. schacht1& ,est'ablished the &lgn~fleant. increase 1n 'th~ 

concentrat.ion of aspartic acid. 01ut.amie acid. eft4.: @l.Qhmifte 

in the fibrous EOCit.s. of sseedl1nqs. 
. I . 

Epst.e1ft and CObn .( 1973 ) analysed t.he <JaIled l"OOt. 

t.lps eaused by LonqldoZ"oUA aflrloaRM whieb ~. an increase 

In .pr6telnEh fne; 8m1noeacids. phenols end sugars but 

.decl'e&Be In cytokinin c:ont.en1ts. 

BUmbu. DeJ'd'lavina and SObet.s1tli ( 1961 , reported 

'''hat. pcn.at.o In£ec~ed tflth .u- ~suuct.or caus~ a deerease 

1n free amino ae.de 1ft t.be plant t.issue. whilst \hose were 
, 
I 

increased sign!f lcantly In cucumber infect.ed wi tb t:te&9J.4mJyne 

we;mlt.a. pertJ.eular:ly alanine. glut.am1c acid. qlut.and.ne~ 
. I· 

. serine. b1st,'161n9 and al'9inlne. 

LeWis ( 1913 :) ill his exper1nt9nt witb reai.ant. ~ 

sUsceptJ.ble varleUes of cott.onC gosdN. biI'D-.'. 
'. . .. 

ftematosed with ~ i9£Om'!'!M'V &hoWed t~et. tile suscepdble 

c:ulUve~ had a ~at.er per:c:entege inorease of £ne-eml~ eelds. 

Mldha and ~lIp C 1974 ) sWdied tbo whea, seed fa118 

caused' bF . M9u1!_' sAt.le!- 'The ebemleal Gn~lye1s of the 
I . 

gall c~nen~R -'h.-ed tJw pJ'e~ of amino aelfls _~ Suqa1"8. 

WdQ, end BeJteteSOft ( 1914 ; analysed the gaited lIfOO\a 

end .,1_ sap 01 ,~lft.ected ~to plant-a. Tbe gelled 1"00" 
I 

eaUdet.e was .feun;!j ~ eonWft . 3 8WJ8I'G, 13 _ amino acids .and 



three organic acids as ~ to 4 sugars. 15 amino acids 

a~d 4 organic aeids in heal~ coot exuda~es SUgQeet1n9 a 

reduct.1on in amino aold cont.ent.. nut. 18 and 17 amt.nc acids 

were identJ.fled in heal.y and infected plant. xylem saps 

&'e~lvely. The amino acids ~reased moderately with 

an increase In 1noc:ul-. 

Maeood and H\lsain « 19'75 ) repGfted the role of amino 

acids and proteins, In t.he res1s~ance and 8\1scept.ib111t.y of 

.... t.o varieties. - iftfectlon of & Java~lca. The 

COftCeftVaUon of amino ae14e incnased wl~h infection in 

reelatant. end ..serate1y I'eslst.ant\ ';81"1_'e& bUt. decreased 

In l\1gb1J' suscept..lble ones. PI"Ot-e1ft eont.ent. had an ingerse 

re1aUonsblp too Ule amino aclds.. 

Glebe1 and st.obt.e1ca C 19"14 ) shoved t.hat. in tile pRe_ 

.I'OOt.s lnfec:$ed wJ.tb J!e rosHSbltene&a the E'atio of proline u 
byWoay pl'oline lBel'eased slgnlliC_t.ly in s~e 

vU'1~'e. wheI'e as diet. c1eonaaed In l'esiet.ant. veri_lee. 

PoaeJ.bly this deereased .. aU. was aauee ., resistance. 

Lewis aft4 melun ( 1975 ) wodted with t,1'te susoept.tlt1e 

and I'eaiat.an" nlt.lvU's of aot.t.on \0 ~ 1lno1:. nemat.ode IJ.. . 
.t.ngotplta and found that. the sum tAtel of ffI'M amino _&ds 

was 9ftat.eJr in the ndatant. cult.lvar. Tbe concenUat.lon o! 

Glycine deClined ~1cedly over a lo.day period fol1_1nt1 
I 

iftocolatJ.on. pI"OURe lnezeaaed ." e peo~eaent. ana t.yne1ae 

atld phenyl alatl1lle varied a8 ItIIlCt.101l8 of In'ect1cm, clillti".r 

and Ume o. han'eat.. 

DlI'd .ad tCCCUu:. ( '91. )., in tkcdr chemical eMl,.,. 



of t.he bydrolysis produot.s of t.he egg shells of li- Wftn1cq­

!- renlformil!a. I.. semlpenet.rana end 2,- mlnm have revealed 

a high proline cont.ent. C upto 35% ) which is appal'eftt.ly a 

Charact.erist.ic of nematode egg shells examined so far_ 

S. SOUND AMINO ACIDS t 

'. Bid (1959 .) while analysing the hydrolysis products 

of adul~ £~le cut.ieleand eg; sac of Melo1doQxpe for 

boUnd amino &eJ.ti cont.ent.. found 15 t.o 14 amino acids to be 

pre~nt.. It'Ospectlvely. The egg sac cont.ained ~ 'h1atl'lne. 

threonine and aspartic acid t.tlen t.he cuticle and less 

peo11ne and arginine. 

N1c~lQe. DOUgheRy and liansen ( 19GO ) examined t.he 

hydrolyS8u of Caenorhabdit.ls brlmJ!!G by paper chnmmt.oorapby 

~d ncUo-autOf3l-aphy for det.erminJ.ft<J the l~e labelling 

ahility of the SlIDino acids present.. The ~otalboUDd amino 

acids det.ect.et1' were alanine, aq1a1ne. aspatt.tc acbt.eY8te1~ 

acid. Glut.amic acid, glycine, histidine, lysine, se¥'ifte. 

tbnoniDe. proJ.1fte, t.yroa1fte, valine, met.b1Oftlne.~eue1ne, 

iso-leucine end phenyl alanine. 1'he labelled amino aelds 

observC!id wee e.spaRic acid. gluumlc'eeld. alanine. proline, 

glycine, s.lne. eyst.e1ne end cyst.J.ne 8a eyst.f)lo acid. 

In 1961, I<n8beI'9 detel'ftllfted t.he prot.eJ.n bound amino 

seide of atX1ghU! dlme1 and Aph!leftFhot.dn Elt'!Y!!boe& 

em alfialfa to.lnue "tal t.UR. Jl. ~bS$Cl was iound to possee 

&epen1e acid, glutiMD.lc ~cld. serine, 91yelne. ithJ:ecmlne • 

. alanine, t.p-osJ.ne,hlastitUne. erqinlfte. v&11ne. letlf11ftEl-



isoleucine. cyst.eic acid, praUne, bydroxy proline. phenyl 

alanine and an unknown ·n1nhydr1ra positive spot.. A·lso in 

a.. rltgem.boe1 aapart.1e acid, '31utamtc acid, serine. 

t.'hreon1ne. glycine. alanine. aq1nine. valine, eyst.eie 'seid, 

lysine, methionine, prOline, hydroxy proline, phenyl 

alanine and ~wo unknown ninhydrin posiUve ~s were found. 

Clarke and bi8 associat.es ( 1967 ) invest.lgat..tng the 

chemical ecmposi~1an of the ~ shells of! Re\eFetmm 

rost.achl=ensls w1~ Teehnieon A\lt.o Analyse .. xepon.ecl 18 

amino acids. Those were proline, aspart1e acid. glycine, 

serine, glutamic acid, ~ proline, lysine. t.yrosine, 

alan1ne.cy~1De, arginine, leuc:!ne, tbS'flODlne. phenyl 

alanine. N.et.1dt.nc. valine, met.hlon1ne and iso-leUCine 

out. of which proline was mo. abundant. wlth aGpaitic acid. 

91yc1n0 and sel'ine made up aJ:Jout. 6494 by weigh" of ~e 

toot.l amino acids. 

Clane ( 1968 ) I~ mmte. a chemical analyus of 

the cyst. wdl1 of Mete,._. DIf!Hb!enell and f!ound 1~ 

to eODt.a1n .,~ ~wb1oh wos eol1agma like. en 4\old 

byd&'o1yels o! eyA wall oe eereD EJFhas!!Y:l be 81so 
. . . 

.tound, 1ft 1910. that. 91ut.amlc acid, glycine, proline ~nd 

hydI'OXJ-PlOlifte eonsUttut.ed 54" ~ Ule total "eight. of dle 

eml.no acids pxesen~. 

In the y ... 1912, ViOl1erah1.1J aM GOl't.e deteftOlnecl 

_be a~ ee1d' eompoatt.~ 01 Whole eUUele, .p0~,e~, 

fluid end npl'OducUge -Gane 01 aD'M». pbX1l$!d1 t~om 
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t.he Gpezm whale. Px-ol1ne. glycine and arg1nine OGQUrred 

abundantly In cut.lcle bydrolYHt.e while ~hat of reproductive 

organs" 62% of t.ot.al nlt.~ was given by lysine. glutamic' 

acld, Qlye1ne. valine. leucine and h1s~ld1ne. t:l!ale cut-lele 

cont.ained more serine. more proline In ~he protein of 

female <Jonads and ftIGt.hlonine in cut.icular proteln but. 

absent 1n pcrlent.erle fluid. 

SQI'D1')11off (,1973 , qel~ electron mlcroseope nut.o 

J'adlo~aphy and adult. male of ,anagJ:ellus s11uslae labelled 

with 3M leucine. obsen'ed t.ha~ prot.ein synUles1eed 1~ 
hypodesnnal e1'loftls \me inserted &nt.o the cuticle at. the 

cut.1cle basement. membrane .invaginat,lon&. 

Glebel ( 1973 ) found the lncrease6 eat,lv1 t.y of 2 de­

eminasee. phenyl alanine .ammcnlalyaee C PAL) and t.yros1ne 

ammcmla lyase ( TAL ) in the potat.o r:oot.a lnfeat.ed wlt.h H. 
. -

lIi9PWen§l.p- t.hereby increasing l'eml8tance. 

Watel'8t.on. Bpst.ein and Brenner ( 19'74 ) det.eet.ed 

paramyosin In ~be body wall and pbaryngeal muscul"ure o! 

St'"'~""'!! eleSml!e The body wall cont.alned tb18 

prot.ein in higher coneenuadon than the pbal'y.ur. 

BaI.'Oft ( 1915 , ext.l'acted pmt.eins £1"Om tJe1o&fEmIg! 

sp. on kenaf $nd tomat.~ I'OOts and by double pl cUfftidCll 

~ecbn1que 8~ ~~ t.he prot.eln extrac~s had strong 

antd.qenic C'ela_1onahlp between t.l\fi hoot. and pathqqen. He 
, , 

.1ao deb':t.eC1 t!!l9!fOUne pl'O~eln in e:xt.ract.1l of t.omat.o 

Z'OOte. 



numbQ and Mel t nlk ( 1975 ) Showed ~ha~ n1~Yl~hUS 

fl9SU'!Et.pr exuded prot.eln which gave S fracUons OIl 

elect.nphores1s. - The hydrolysis pl'Oduets of each !ract:lon 

cent-ained cellobiose as detect.ed by chromat.ography. 

LUee~ and pasternak ( 1915 ) lnyes~lga~ed that 

incubat.ion product of the whole worm of !!f!89~l!\Jp silus!. 

wit.,. 3" proliDe eont.aln$ld eol1iilgGft. The amount of collagen 

bound t.rJ.Uat.ed pl"oline and bydroxy proliDe waS meaSUJ:'eCI 

by 1COzporsUon of Ult1um 10 t.o extract-ad mat-erisls. 

SUggesting that. t.he Z'a~ of collagen synt.hesis was 

d.lSCOflt.inuoUS during ~lc development.. Non­

eoll3CJen prot.eins were also ldent.l£led be1htJ labelled with 

3H .cypt.opban 0 .. 3M leucine and t.he level oisoluble radio 

act.ive prolloe tlult. accumulat.ed 1n t.he ol'gaft.1sm. c1urln9 

ineubetion period ri'mJained ems'ant.. 

GUsttceva and Ma1tov61key$ ( 197& ) eould d1ff~rent.'at.e 

the 6 populations of u.- EP'S9S!1!!!Sl1 by e1ecuopbo1'eU.c 

mow.u.t.y and by t.he nUlllber MId densit.y of P~D 9I'OUP8 

by dlso-el~s'S. 

Revereat. in 1976. while stUdying the wen11 bio-

chemical composition oj 11- ~&1~!l!Sfl &ftd n. 9!DII juveniles 

pUt. 'on" ~, ~ eontuned 40. ~ ant.1 40.'" prot.ela by 

wetgbt. 
OJ'-- and Firth ( urn ) ~R" tb8t. t\h~ 4tlect;1'o-

9h8."!'t~le prot.~lQ peat.t4'!lI'fUB 6' femalee o. !~ cyst: nemet.odee - , 
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Reznick and Qershon In 19'r1. purJ.fied fruct.ose-l. 

6-dlpbosp1mt.e aldolase from the free I1vln9 nema~Cde 

TUrbet.d.x aseu ·tihich had pl'Ol.lne at. NHa4enninus and 

t.yrosine at. COOH-t.erm1nus end r:esembled vertebrate \ 

aldolase A. but. In amino acid composit:.ion t.his aldolase 

resembled venebrate aldolase C. 

c. 11lOSJNl!!lSIS AE N4'!O ACID UgUJRBMENTS • 
\ 

In e_2b4lUe -we!. Roths~ein and Tom11aeon 
( 1961 ) aemonsUa~ed the blosynthesis of 16 aminoaeias 

JSspanlc acid, glutamlc ac:ic!. 81an1ne, proline, glycine, 
I 

Cy8t.eUe, cVsUne C as ay~eie acid ), serine, aCQinine, 

~n1ne, ~y~1fte. valine. leucine,.iso-leuclne. 

!\ist.ldine end lysine. by adCUa(J ra.cU.o active am1no acid 

~urso.. to t.be oodlum and subsequent deteanl.ftat.lOJl of 

t.he labeUed amino acids by ebPJmat.ogl'apby and ~od1o 
, 

autOGraphy. 

In 1962, t:he same aUUtoI's again fed £. !?r&t.ame with 

We labelled emlno acldo, and obserVed t.hem _0 GJDttheslee 

ftC"4 onl,. t:.be ~ssent.lal emlno aelcie like ql.-amie aeld. 

e.~1c acid, elan1fie, glycine, eedne and arginine blat. 

81so t.hC essenUal amino ael(Ja namely t.bJteonSM, ~fJ'Oslne. 

valine, leuelne, iso-leucine, ld .• 'ldine and lyolne. 

ROdlet.ein and fUyota C 1.64 ) showed "he presence and 

utr..t11ae_lori· at an -flJlDe" 1SO-Cltl:a'e Il'ase It br s,. _ .. 
... .yftt.hesJ.88 ,lycine. 

Mill_ and ~ ( 19M ). Jl'epOl'ted '-be SYftu.eel. 

01 alanine in a. d!l'Jl!!9Izell. £rOll aape.-se _1d «lIld Qlut~ 



acid sUbs~~ea. 

Myers end K&"usberg In tJle yen!' 1965 demonstrated 

8m1no acid synthesis by Rit.Y1enchy ~rlfom1s and mixed 

populations of MBlo1demrne l!!C05m1tta and a. ,r<m@ria 

lazvae 1ncuba~ed In solutions eon~elnlftq olucose 14c or 

aceQ"e 14c by ebromat.oorapb7 aftCj aute-ra61OQ1rsphy. a.' 

. ., 
cyste1~ actd. cyst.eJ.na, gamma-amino but.yr:ic aeitl. gl~am&ne • 

. , 

glycine. serine and oml~hine , wheI:e as • Melolaome spp. . . , , ., 

synthesized L-alaDlne, aspen_ne, aspank aa1d, glut.amine; 

glyc1De. 'Serine and tzypt.apl'laa. 

aotlis'ein ( 1965 ) Z'epon.~ tolle' uandel' of 'single 

cuboD atom fl:Om iO&'lMt.e t.o sezo1ne. glubMnat.e. ospan.1de and 

alanine 1ft £ •• 'SSee. 
In 19'11. ea1esubl'amaniam end .tyerG det.ermlMd the 

amino acid requirements of 't.e1!ecbPl:4e§ sp. by lebelUntr 

afttl deletion met.hads. The absolute dietaay requl..ements 

were ld.aUcUne .. ~De. pbenyl alanine, t.yI'OSlne, 

t.hrrecmSne. lJ'alne and leueiae.1so1eucine. Al6ftl'u~. pJ:t)line. 

_1'1ne, . ulye1lle ad val1D:e weI'e of limit.eeI cec;gu1remen ... 

AS aepan..tc acid and 01Qtamk acid V0I'a toad u> be 

syntMdaed by tM nemattode, ,,~y were Rot nqldred to be 

aupplememr.GJd in the diet.. 

Yaatleteren ( 19'13 , ~,on amino acid cequiremeats 

of £ •• us_ and reponed that awg1nlne. btaldlRe, lf8J.ne. 

t~, phenyl alanine, met1\1cmlne, thl'8OJ\lne, leUCine, 



lao-leucine and valine were notL. synthesised by tohe 

nematode" and henee, ~hey were essent.lttlll t.o be eUpp1ementecBl 

In t.he med1wa for oz:owtb and reproduction. on t.he at.ber 

hand alanine. asparagine, cyst.eine. glut.amat.e, 91ut.Amlne. 

glycine. proUne, serine and t.»Toeine wel'e non-essent.lal 

emlno acids as' ~ey could 'be euf£1clent.1y synt.heslaed by 

Myet'S and Balasubraman1am ( 1913 ) In axenic c:ult."'ft9 

of A,?helem:h01dee Nt.p" demonsvat.ed that. Iso-leucine, 

, leucine, met.h1onlne. phenr1 alanine, t.bn!onine,h1sUdine. 

~ aDd lysine WEtI'e. easent-le1 for t.he reprodUctloa 

01 t.his nemat.cde. 

Jac1cSOft C 19'13 ) cult.ued Uwpleeynt SIlled on 

kidney slices and found ~hat. 1n addlt..lon ~o the 9 amino 

acids lYSine, U'JptOphaA. hist.ldlne, phenyl alanine .. 

leucine, leo-leucine, ~bdODine, methionine and v811M. 

essent.ial t.o mammals, al"qlnln0- ltJ eu.entSel to 1. Sllen 

and t.JZ'081ne is maqinal1y essent.ial. 

In t.be sWn8 yeaI!' Jackson and ftatema ... t.-8I'CCkelmaft 

det.er:mlned the amIao acla ft"ult.ion oe t-wo nematodes I) 

9!'1!d and emMA". _II- 1ft both Ute case. 1p1fte, 

Uyp~" hlsUtllne, pbenyl alanine. leue1he. iaa-leuclne, 

UIntoa1fte. metblon1ne. v.liRe aad 8:&'91td1.le van e8senU..' 
fol£' a-eproducttoa. TynsloG lDc~dl t.he ftpI'Oductl._ 

pedo~e of .tir gl.ed .a iso-leUCine wae eesenti.l eOIt' 

all ~s o. 8!MWI ... " d_e1opaent.. 



ROY ( 1915 ) vhile cultur1n~ Chl1pplae:gs &~Dt.Ui on 

nutrient broths supplemented with various allpha~lc. 

aromat.ic and het.erocyclic amino acids and many mono. at and 

oligo-saCCharides. Amino acids were shown to promote 

hi;h pOPUlat.lon levels whereas Q1UC0S6_ erythrose. £~. 

raffinose. ribose. mannooe and trehalose were suitable 

eupplement.S for ~_no aeids. 

pinnock and St.o~ad 1n 19f7S observed a 20 lol~ 

lnerease in the populat.lon of Caenofb,Mltle brlggsae 

over centrOl in 1eucrl..pMnyl alanine supplement.ed medium 

wit.h haemin. Also caaBftllnaae1ds « pept.1des .. amlnc acidS ) 

st.1tnU1ated growth ~o ~ pOpUlat.lon level but 1. S t.lmes that. 

of t.he ~rol. 

LUI "1eb end utokstad ( 19'76 ) con!lmed f&"Om 

ex.pt'1'j,metlt.ol (eUlt.ur0 thot. met.h1onlft9 1s an essential amino 

acta fo~ £. lFllfJfBSe and homoeyst.e1n can aubst.lt.ute for 

methionine at. opt.lJDal level a of Vlt... 812 ana folic acl." 

therebv sawest.lng tha~£. EiSls,e poesesees fA mechamlsm 

for WoGYDtbGsls of (jl(!)~h1an1ne ·from homr;)eysteln ae &l\lb$U"at.e. 

vanf1M.e&'fm ·and Avau ( 19" ) ~"at.ed £. ))'W1_ 
w1t.1\ amf.I\OP"erln in ~ ~ln<J media wbich .ln~ 

t;hymine aef1cl~y and led U) at-erill,-y. The omlsslon 01 

essentoj.Sl amino aclds '1'Om the ftt@dium durloC3 t.bymlne 

et.a&'Va,,£M prevent.ed laPel gtr_h at. every stage. 

ft._hedCX'd, webs"1" and IlBrlow C 197' ) showed t:.bat. 

uptake of glue". ~nd _no acids br 8m. 1l.1SEaS!D1 



!!l vit.ro are t.rans-cut.lcular: precesses but. are not. energy 

requiring. 

De .r~~tiNO ACID MIl - META!\ottITES : 

~rssad ant~ webster ( 1967 , eXh1bdted ant.l~abol1~la 

e£feet.s of some amino acids on Aphelenehoides, ~cobbps 

and Het.erodera. 'they founa .that. DL-amlno-but.yr1e aold 

eiC)ftl£laantly decreased "be nwnhel:' of l'abe1encb2l4!! and. 

NapObbU@ 98110 by91% and 89% respect.ively. DL-alanine also 

s1cJnJ:f1cantly ~duced the number of 1'\JPh!lege'holdea and 

t!!t.erodera jemalee over eontaX'Ol. DL-valine and Du..met.blonibe 

were reportoo to possess ut1met.abol1ti.lc activities. 

lCC'lsbn~hJ' r-ao and Prasad ( 1969 ) demonnl'at.~ 

t.he soil application effect.s of 11 nL-foms of amino aelas 

and 8 L-forms on II ~l'9!S4s lfttee~lng tamat.o se~lqs, 

the m,.forlDfJ of ,,,rosine. senne. valine. thncnlne. proline 

amd met.hionine were found effective 18 reduoln<) the __ enatode 

populat.lon in not.s as well 8S 1n so11e. while their ~foms 

enMnc:ed the population both 1n roots and solI. t-eOftIIJ 

Of senne. lysine and ~.t.ne showed lower populat!lon 

t:haIl c:onttrol. but. wae PDP than that. ift ttL-foms. Howevel'. 

tlreaUteDts "reeet1v1ng DIt-forms of amino seide bRd 

.1CJftl£.s.ean~lr lower pcpulatloft of n~~ ~h in eoll 

aftd ~s a8 eCJl'l)a_ UJ '-bat. 'n iCOrreopolldlllQ L-..... 

Appllca_'cm o. the tootsl qUMt.lt1' oj amino &elds at. one 

ume wa_ moce eliecUve tllan aplit. appllca\lon ~ to_ ectuel 

do .... 
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In 1911. Wens and TI1I&;J1U lnvestl~ted the effects 

of aminO ec.ids on - t.he repl'Cduct,1cn o£ 11- !'Ost.SSb!mpis. 

DL-met.hlonine was found least. toxic to 'he host plant. potat.o 

"and most toxic t.o t.bP. nematOde. 

Kisiel. MJ.mmelhceh and zuekerman ( 1973 ) ftudled 

. the effect. of aminopt.erin. ~he DNA synthesis inblb1~Z'. on 

flne Gtaaot.ure of Steno~Us \'tI'lgge~ and zeported ~at 

~h1s prevent-ed l'SprCducUon of ~e nema~e and ... ed.~ 

lon~l.Y. l'eslstaoee ~ sbock et.e. Which were sympt.omaUcs 
, ~ 

01 ·aeeeler.a~ed aging. 

ulsl1n8 prasad and set~y ( 19?4 ) invest.l(fet.e4 ~he 

eifec~ of t.hree 8lD1Do acidS DL-t.b&'eon1lle. DL-Sel'lne and DL­

alanine as anU~abol1t.es on &'OOt.-1cnot. nemaUde a. !DSP9Dlb 

on' tomato. The &m1no melds 8S folle.. spray did not., beve 

on,. adverse ef feet on t.he (JI'O\ft.h end vigowr of tomat.e plant. 

bUt. sl«JDlfi1cent.ly affect.ad tl\e degelopment 61'ld ~lon 

of nemat.ode e~t. DL-~Sne. 

. t10bnsan and Shemlyeh ( 1975 " wblle st.Udylllg dle 

effect. o£ soll ~ts em hat;ehillC) of I.. ~ eas 
found tol'l8t. addit.ion of lfloIVanlc anrncmlwn ~s, aminO 
acids or pl'Ot.e1ft bydl'olysat.e t.o 8011 eont.ainin9 equivalent&. 

ccmecmtJ:.-1oft OIl that. in so11 .it.b 4. luaeltl iIIhlb1t.ed h.e\ehlnc.. 

owsenIieay ( I"' ) while toeftJ.n9 the eheJ:DOtaOUO 

nspemaes of ~ ,I •• e t.o acme ~ftO acicSs indl.'" the 

..... ....,. of DL-Uypt.ophaft by Use nemaa1de. L-t.~epball 

hael aD inhibitory alleet on \he naponee. but. no significant/I 
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reactions vere found (joe t.o the D- and L-foms of alanine • 

. leucine. met.h101l1ne. phenyl alanine. serine and valine. 

~dr:ewa. B0l01in and Tarskanov ( 19.,5 ) repoftGd 

the presence of antl~s 1n ext.raet.s of A!belenc!lu& a11enS$. 

a. slaser, and p!et.xocmu1u, 11'18r1, by immuno-elect.rophons1s 

and double diffusion Oft gel. I.. Slese£& hid , and i.e .erUae 

9 antigenic componen~8 and 1l. ,11!I:'1. hed 2 ant1qens ln 
common with the other t.~. 

. Reddy. GoVlndu enC! cat.y in 1976 st.UCUed the aatJ.cm 

of DL-methJ.cnine Oft !- 'ecogglY ln t.omato end 'ound die 

,amino acid t.o ndUoe ROt. 9811in9 end en mase pJ'Od~lon 

and a.lso t.o 4eley 11£e cycle of the nema_06e. 

N84".1. and Saxena ( 1976 , While _aGUng the amino 

acids for monali.,. of !t entferJD!1 AI!. "&"12 revealed 

~hat hiiIMst. rnonali.y ( l00~ eft .. 48 hours in 10.1 M 

eolllUOfts ) wen obt.a1ned with Gl~ and qlyelne. 

L-aqinine and L-bist.idinE! did not. have any a_hal effect. 

B. iREB 9! Vlr1B§9Y!'P SI WbA!PPms • 
calms ( 1961 ) ~ soil end pI .. " nemat.odes . 

to a 40 W8~t Ultra-eon1c pnerab)1' operat.lnq at. a I~ 

of 90.000 CtJ'CleS/seeontt. Nemat.odes suependeti in wat.et 

were killed quicrlc1J' \'.ban those in 1IIdet. eand. &mal1 81_ 

nematode. wen found too be mom "S,"lEftt. .. ulttl'aaound 

_ban 181'98 one .. 

1ft 1961. Clar:ke and hla aseoelat.ee 1ft eouse of 

thei .. It1tpSr.iolatt.8 Oft ,be emlno sOld composlt.lon O! 8ft 8he1.1 
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. prot.ein of 11. roetochiensie dis-integrat.ed the egg 

shell by an MEL 60 wat.~ ult.rasonic dls1ntegrat.or 

operaUng at. a frequency of 20 kUo cycles/sec:onCJ 

iorio-1S m1n\l~es keeping the suspension conat.antly 

in an lae-bat.h w1 t.b a v lew t.o &'9ftl'ict. t.he temperat.ure 

. below 40~. 



CHAPTER-III 

MATERIALS AND METHODS 



8\. Sio~ Of pmMA'[ORSS I 

Nith a view to ge~ a b1gb populat.1on of Ute 

expel'iment.al' nemat.ode. 55!t.rlenc'hus sp.. a pJ'811m1naay 

au:vey was made collecting SOl.! samples from c11f ferent 

locations. neanl' to the orlGSa Un1yersl~, of ,\gr1cult.ure 

and Technology. p.lnal1y a highlend area of t.he pt'O(lefty 

ozehard. 1ft close pmXlmit.7 of, t.be itbancJatJlrl hills. and 

si'lo't4nCJ a. very hlgb population of t.he t.eft cm.J&n1em. was 

sel_ed. 

'!be sotl --samples we" col1ened most.ly fram the 

mt.eoaphen of banana C we ep. ) pleMat.lon. Inlacte. 

(J'bizomee of 'banana were also ~1.nec1 whleb s't-.owed bI:awn 

or clark bI:owD c:cmepic:uoue lealons. t.he oharact.erist.1c 

symptoms of this nemat.ode attack. '!be samples weare 

~gbt, t.o t.he leborat.ol'Y for pl'flCess1ftg in polyt.bene ba98 

and ~. it necessal'y .. 1ft Ute lower most. ohamber of' u\e . 
, I . " 

nlfdgeaat.OZ' £01' not. more than t.wo days. 

a.\. ~Sl! 9! r~ , 

(Ii I!H'II!'. fl'pm e1e»". !9'!Ilea, , 1!!I:!9!'!I 1 1-

The Ilema~. ves-e exv~el: £IQD \\be banana 

,II'hiZOJJles. bJ MacuatJ.on-t.t.ltrat.1cm t.eohDlqQ8 ( Stemel'dlrig. 

1964 ). '··The 'Q'_~ "'lraanes were '11"st waahed , .... o' 
:'.Oil. '1'he 1ealoft ~Oft. '"'" ~1'8ted out. end out. Aflu) 

: -.11 pt.ecea o. 1 to 1. S am in length. . ~b:Nt 10 g. of the 

~o.ppecI _~Jr'al. wen pleoed In $ft el .. ricelly opestatett 
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.waning 'blend~~ alon9 wl~ about. 10 m1 of wat:er. 1'he 

blender was operat.ed a~ maximum speal .or 5 to 10 seccnds 

In ol'der too aof.t.en ~e ~.I._ue and liberate t.be nemat.odes 

from the .plan~ pens. 11Ien ·ttbe suspension ( ~e nematodes 

w1~h macerat.ed plant ~1ss\le ) was pound over e pieced).!· 

double layered tissue papa%' spI'Oad ovel' a saucer ebaped 

supporUng wire taauqe. The wlrei9auge..~issue paper 

assembly was then placed on en exu-aetion dish ( pet.r1dlsh 

COft~a1n1ng enough water ~ touch Uae tissue paper. l\ft.er 

t..wo aeys t.he water suspension of the extraction 41ab was 

t.:nnsien-ed to & 'beaker for eaaminet.ion as 1t. eonQined 

t.he neinet.odes vhlch bad moved t.hJ:'ough t.h~ t.issue peper 

int.o water clown below. 

(11) eHaet.l9p from 80,.1 pale! t-

The nematodes from t.be col1ec~ed so11 samples were 
, 

~reenea as peJr t.he 'Improved Baemann funnel teehDicyUf9 

C sch1ftdler. 1961 ). 

1ft a shallow aluminium pm aboUt 250 0 of soli was 

uken t.o wblc'h 3 11Uu of watm: was eu.~.-ed in until t.b.e 

. o lads wet" bl'Oken. 1tle soil suspension vas allowed to 

staDe! ,O~ 10 seconds t.o l@~ the sands end heavier paztlclea 

aett:le ctown. The . eupeJ:fta., so11 suspension we poqea 

~ pho~ae-w'~~ed ai_es of 60, 100 and 

ISO mesh SiseL The ~t. at:. ""he i30ttom of 'h. paD "d 

flushed wl~ va' .. wo more Umos.· allowed to. aet.tle down 

for 10 aeeonda each time and 80...". tbl'OWJl\ .. G\UIl8 ., ••• 
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\ 
The ree1due $~ ~he bott.om of the pan apparen~ly fl'ee 

from nemat.odes. was dlsea~ The nema~od('l!s co llect.ed 

on ~he 100 and 350 mesh ai-es were t.ransferred to a 

aluminium pan with a gent.le flow of wat.er: and then t.o 

250 m1 beakers 1n reduced vol\De of wa~er. 'the nematode 

suspenS10n t.hus o~lned was poured 'over a piece of 

u.ssue paper spread on t.he aupporUnq aluminium wire­

<riluge. The wlr~\lge-t;J.$sue paper assembly was placed 

on a·pe~rldlSh eon~ng sufficient amount of wa~r 80 

as to submerge alightly t.he bottom of the w1re-gauge. 

'lbe living and active nema~Odl'S wriWJled through ~e 

t.issue papal' ana wen collected at. the bot.tom of the 

pet.rldlah. 'They were ~ered aft.er 48 hours. 

Thus Ule contents of several petrld1sbes were 

pooled into one beak.er 8nd 1t wae kept. in ~Q refrltJOrat.w 

at. 4°C allowing VIe nemat.odea t.o ~t.le clown. Theft. 

disearding 'the 6upema~an' •• eonceMnt.ed ftetDGt.ode 

suspension was o~ for isolation by p.t.ckSn9. 

e. D~~m!fJe!!2N Pi' 1l1! OREI!a • 

(.l,'I!!l&ns, eel '!!IM 0& !R!S!fl .-
SOIDe 01 t.M nemat.odes W1W:b wwe collected as 

abOVe were 'k111~, fixed and pnseIVeti for future 

14eftUf.t.ee~lon. A~ S m1 of t.be nema~ sqperudon 
o I 

was taken In it SlIBl1 speclmn .ube. The tube was held 

ewe&" it .lamlng splrr'_ lamp, nt.at.inq it. for ~O aeconde. 

nulftfrJ warminq tbe nema'ode suspenslOft. t.he fttlmetod@8 

wel'e ob8erv0{j un6@1' 3t6reo~e mlcroeeope~ pe .. lodlee!ly. 



'l'he nemat.odes t.wlet.ed first. and then t;hey straightened 

ou~ sUddenly. At. this po1n~ heat riuor occurred. hen_ 

the specimen tube wae remtWeO from over t.he flame 

immooiat.ely. A fIixative ( P.A. ) was prepared by mixing 

formaldebyde and glacial acet.ic aeld In 4 al ( V/V ) 

proport.ion. flubsequently. the dead nemat'odes were 

transferred 1n~ S m1 of t.bis fJ.xat.tve solution. 

( 11 ) PJtoo&esiftg of »mnat.cde, s-

o alycel'ol-ethanol Method ( setnhorst.. 1919 al1d 1962 ) 

The nematodes from t.be fixative soluUon were 

transierrefJ to a small 9161es dish contdnJ.nCJ 0.5 III 01 

t.he f-Ol1owlftCJ od.xt.ur:e • 

EthanOl 96~ 20 par~s 

alycerol 

VlstJ.l1edwater 

The small 91a86 dish with nematodes lnae.lnhont.· s solQ\lon 

wae covered with a cover slip and was placed 1n a claeed 

glaee veasel C a dealcc:ator , eonta1nine an exees8 

C 1/10~ of itoe volume, 0' 96~ et.har101 and close6 

airtight. Then ~hls was pieced 1ft an l"cUba_or at 3.oe 

atoleast. for 12 houn. This pl"GC$dure removed water '1'OlQ 
the solu.t.1on and left the nama~ode8 1n a mixt.uzoe of 

01r-ro1 and eJt,banol. The ccnt.a1new w'_" the nemat.odee 

was ~id'11ed with ,. solUUcm 01 96" "'''01 and 01,.1'01 

( 93.7. V/V , and placed in il cloSed .,..ricU.1lh at. 40"c 

tlll the ethanol evapolI'atecL Thullf d'le nematt.odes were 
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left. in pun glyaeZ'Ol SU11table ~ be lDO\ID~ed Oft the .ellaes. 

( 111 ) f!'!P!Fa~1011 of permanent slldes t-

Glycerine method was adopt-ed for preparatlcm oe 
t.he permanent. mounts. Glycertne was fllt.ered t.hroWJh 

fllt.er paper and pnaelVed in a dropping :bot.tle inside 
I 

G desiccewr eonb1nln<r fused calCium chloride C cac1, , 
,or debydntlon. A small drop of dehycb'a~ed glycerine 

~~ Ute dropping bot."e was placed in the cen~e of a 

'~1~ aluminium slide. Nema~C8 of appECxima~e17 equal 

\&hape and 81ze were "l'analelTOd into _he drop wlt.b the 'Ff a olean llbasp 1IancJo.p&clc. 'It\eJ' - aften_ 
. 11.' v1t.h "he1X' heads pcdnUnc, to the same dlnctJ.oft 

to t.he cenU'e 01 t.he glyc:edne dnp. 'fbe'y were pnssed 

\aont.1Y wlUl a b.".., spUnt.a&" I so t.h_ Uley rest.ea 01\ the 

,t.t.toJJl euriace of t.he sUa.. 'fbI'ee. glass-rod pieaas Of 
, \ 

, AldJllOt$' equal dlamet.er to .hat. of the nanat.Gaes. 'WeS"e 

pJaced ftdial1y and peripherally. Then a clean I'QUIltI 

'Illaas cov .. eUp was Wllamed oyer: a 11ame and placed canfull,. 

, .fAr: t.be 91yefJJ.".lne dl!"Op. The cover s11p' ~et.ed __ t.be 

8Up~ft(J glees cads qulekl,. wl\hGta dinurblll9 ~he 

·nema~a lINCb.. 

*!be ewe •• lip. ''lWl •. va. fixed a' t.hne poin'. 
wit.h dJroplat.e of cU.1ut .... ( 1bomel s C8II.lGnt ,. applied 

wi"" die help Of! 8 .he brueb. ~ •• dl'Op$ we" 81101'. , . 

-. dZY and then _he cOVQ' el1p _8 zing., with a la,el' 01 

·thln ... "ret. eftd ,.t.er "I'll a COIUftCJ of Wck .... 'fbe 

pm:maft90t .,un~ .• lItus ttTepared went labelled p~rl' -
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preselV8d £01' further ldent.iflcat.ion Of t.he nematode 
. . 

speeles. .subsequent.ly ~hey WM'e identified as 

frat.y1eodhuG eoffeae ( 21mm. 11118 ) Pilip. and s,ekh. * 1941. 

D. nURFACS S"mRILl?ATlON OF l"Et4ATODES s' 
• L F 

The collected nematodes were ourface sterl11eed 

by holding t.hem in aqueous mercurochrome solution ( 1% ) 

for e pe~lcd of one hour. pirst U'\e nemat.odes were broUOht 

under t.he f .leld of 9 blnceular st.e~scope and transferred 

,"0 a .pGt.ridlah by SUCk1ng in individual nematodes t.h1"OUC}h 

$ capillary p1pet.~e. Tn . the peb'1dlsh t.he nomatodes were 

tfsahP.d 3 ~1mes with st.er11e tUstl11ecl wa:t.er. The nematode 

aUspenslOft was ""en mea~ed and an equal volume of 2'1 

~euroehrome waG ~ 1.0 1t:. -rhe nematodes were kept 
\ 
~8 sueh for one hour. They were t.hen wasb~ free of 

, 

~ochrome in 5 cheft~e of sterile distilled water 1a 

a cult.ure room. 
, 

.f!~ !BEEVATloti At'D.SOUfil1HQ OF eolJ&£!JP ~Tpne, MM!B • 
, 

, 
was \~!'lt.e~ by pouring .it over a oinqle layeJ' t.1esue-

\ 

papeJ:~1ft-p~88emblY placed over en ext.rac=lon dleb 

cont~ SUfficient. et.erlle distilled water just, to touch 

,be Usatae papGI' oDd kept for 24 houI"s. ~11 t.he li"ino 

\"na a.aU."e nemat.odG'e ( AduU~s .. lalMW) Qmaaped too the 
\ 
4ie1h \.l\erOV .epa.aUllO ell othei foareion mat-anal.. NOW 

\' '*'" pure and 01 •• ,. nema~o4O euspenelcm in the dlab -_ 

..... tlet' • bSnoed .... ~~c· microscope from wblcb 



t.he 'llf9Detodes were plckee up one by one with Ute Mlp of 

a~lally made and' alcohol trea~ed bamboo pick. They 

we~ c;o11eet.ed 1n 100 m1 st.erUe dlst.Uled waur conulned 

in .:, ftertl1eed conlci;ll flask of 250 ml capacity. During 

p1~1no the nematodes were counted to determine the t.ottal 

pojulaUon. The conical flash was kes* ln deep freeze for 

. ~equent. use ( smit.h end Ellenby., 1961 ) tol11 Ule nquized 

fnumber oi 75.000 nemat.odee was reached ( N1eholas. DOUqhen.y 

~nd ~nsen., 1960 ). 

P. SOH5TJONOF NPeT9pV 'REVO! • 

With fA view 'to get. U\e excJtet.ory mat.erials o~ of the 

nemat.Ode qulokly it was neeessazy t.o apply some physical 

stE'889. 11\e nematocJe excret,ions ere generally vater-soluble. 

Hence, t.he eon1cal flash c:cmt.ainio9 '75.,000. of the I1v.lDCJ 

specimens in 100 m1 of dlaU-lled wat.er _s put. ewer an . 
, elect.rieally ope_t.ed l'eclpJ:OCatinO abak .. opeI"at1ft(J at. 

medium speed, shaJeino it. avel" ntohL Next day ~e suspension 

was taken out. and was eent.d.fuaed at. 2.008 xpm for .. , 

minut.es ust.n~ &t.Grl11med pie_to cent.J:leuse tubes. The 

supernaunt liqUid wae collecsCld 1ft & 6U'rl1i_ apeoimea 

t.ube whiCh cont.ained t.he wat.er soluble nemic eael'&U.cme. 

'the volume of this solut.lon 'WaS ~uaed to a few ml by 

eV'apOrat.in9 oveJr ... .t.ee.-ltath by meana of a 'hot. eSJ:-'blower. 

This was presezvecJ in st._ilized' small qlass V1818 in dle 

IL'4lfrigent- fG~subseqUeDt. "se In ehcolniltooraphy •. 

'Ihe bot.t.cttt puUon of ~ cent.dlwte t.ubea retained 
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all t.he nematodes whiCh were col1~edlnto Gter111zed 

snap.t.op plast.te eon~a1nere, wlt.b d1st.l11ed va_ar and 

were kept. in freezer c:haJri)er. 

0. "6ClCysINCI. OF ~T9P!S I 

SUbsequent.ly t.he eon~ent.s Of all the plastJ.o 

containers wen poured into a 500 ml sterilised measUI"lnq 

cylinder and the cylinder was k~ 1n a Ce£zigerat.or a. 

4°C. !tIter wery 4 ho\1zos, tohe supematJm~ liquid from 

t.he cylinder was removed by aspiration leav1nq the bRtom . . 

20 m1 that. contained 811Mst. all the nematodes C Nldlola~. 

DOw;JheRY and Hansen, 1960'. In t.hie way sev~1 wssbinGs 

wel'84one too I"f.mOVe the parUc:u1ate rnat.enale ~$t. mlQh~ 

have lnadVeruDt.l,. CJot. int.o t.he sUspension. The b«*~ 

suspension was t.ben cenUJ.fusea at. 2,000' r:pm for 10 

minutes in on1tt'!1' t.o ecmcen~E'8te the neuia~es. 'the 

S\lpemat.ant woe pound doWn and the centdfUsed mat.erials 

wen· pn in a ~1ously we1;hed clean watcb 91088.. The 

watd\' g160s wi.,. t.be nematOdes was pUt. Sft an _en at 

105°«: . -Utl it. gave & oonatant, weight.' C NS.c1ho1ea, ~y 

end Ranaera. 1960'. The d&y we1"'~ of the nematode man 

W88 1.6 mg. 

. 1I\e ~ of t.be _~ glas8 wue washed cantull" 

pte _ SO m1 st.edl1zed beakeI' with 80S ethanol. The 

.,.1.lft. of ... lIanol did not ftecea ... l1v _meed I rol. 
I 

tf.'.!SDf»! A!mllo_'leUSB or "!flU · 
,.iHa ...... IPqUenc, 8O\IIld wave. wel'8 -.a to dlaln.qr:a,. 



the ~lS8ue of nemat:.odes ~o Hlease t.he free amino aoic1s. 

They "'ere aon!ea~ed witl'l an ul"rasonlc di.aintegl'a~r of 

1,,000 volta (80 mlll1mpere ) wlU. a stainless _eel· 

prObS of 5 lID 4lameter openting at 28 kilocycles per 

second ior 15 mlm1tes ( Clane..1968). BUt t.his quantum 

enerw fa11~ t.o dla1nt.eprat.e the ~lssues ·Ccmiplet.elY . but 

sof~eJlerl the tissue t.hat. facilitated easy bomogenlsation •. 

latUfl' sonioaUon t.he nemat.ades tfttn homogenized by aft 

el~J:lcally opezoated .issue homogenlser ( monu and 

pestle type ) 'fOZ"10 minutes. All t.bese operat.ions were 

canted _ at "'GrJ low t.emperat.u.re. keeping t:Iae matc1al 

acmstant,.ly In ice-lIaUl ( CleS'ke" 1968 ). 

The bc:IIIIDgen1sed maR waa aem.&'1ft.taed at 3,,000 I'pJD 

for: 15 mintaea. 9he aupomat.ant, Ii_a va. poured 'ato 

a clean vat;eb 918 .. When J. __ S W8POht.8d to free it 

IntO alcohol.. TO I'educe t.be volume of ext.l'aot. the wat.er 

~as allowed U eV'apGhte by ~e help of· llR-dx- blow81". 

1t1e v, ... Uqtdd "'as t,.')keq. t11sao1ved in 1 m1 of 101'& 

lso-pi'opanol end u:anaiorred into _11. cled olees 
vial. fol' ~t use In paper cbftmX)togr:apbr. .".,.~ 

ws pres.,.ea in \be .roe .. c:ompInment. ot • ",11...-•• 
_,,1 fWrther· ... 

I. :.rJfR.ti.IQD B. p~uaoret9!B':fll • 
Whatman No.1 Cbl'oma~npblo paper of 81_ 21.5 .. 

• 21·.1 COl va .•. used for paper ChI'CID!at.ocJl'apby. I" •• 

appCOpJ'iately mar1ter~ emt spott.eeI with \bEt toeft ampl. 

whieb had be8D prepal'at earl'ee. PO.. ~Ung 01 'be 



test. sample on the pnper very fine capillary gless t.ube \ 

was "a~. The size of the ,spot. was restrict.ed to 9IM11eft 

pOm11ble area On t.be origin. wbleb wes falcl11tated by 

mea'ris o£a hot:. dr-blower' durlnasample IApplication on 

TwO dimenaional. a_ending peper' cbJ:Omat.ography 

t~lque was lW~The two solvents used were, n­

b~~1-aeet1C'! aC1d-w~tu ~ and phenol-tiater-ammc:m1a in 
I 

~e 'pi'OpOJ:aUQft' of 16t.h4IOI40 and 180.20,1, respect.ively 

( ~mt.th. 1960 ,. , 

The D";butanol~_.t.c ae1~a~er wes \tsed as first 

solYlent. whereas, ph~l",ult.eZ'-ammon1a a$ tile seecnd 

j,o,lvent. 
, i 

i\ft.eJ: spo't~ w1t'h the t.est. sample. the papel:' waG 
I, 

COlded so 88 to fOl'lD tM ehape of a cylinder, 1 ts adoe. 

~~h ;fast.eJled '«Jet.het' eaniu11y evoJ.d1ng overleppiftge 

rrm~s poper cylinder we. placed .sn an Upright pas1tlO1l in 

a ~J.disb ( 15 em (U,#t- ) eonta1ntftg SO m1 of n- . 

iblft.an~l"'cetJ.c ac1d-wat,el', the lust. solvent. Tbe 

p~~e.e was plaeed!.Oft a glae8 sheet and these were 
I' 

cov~~ w1\.h • 91aew bell jar: ( 32. & em K 30 em ). Which 
! i . 

's."., t.be ~ of,~a ~~lraphi. ~. -rhe 

bel'Ji/~ was ratacie au ~tght 'by sealing ita E'1m w11:h vaseline 

"'''4'flt.act. wlUt the ,I ... sheeL 'fbls cm9\ll:t1d a _t.urat-ad 

8~en if.ullde thel:bellju GO as t.o provide at-un.'_ 
II, 

of /~ stationary pM. of the paper. 



The itest. sample spOt was at. ~ 1.01" end of ~hG 

paper just. above the solvent. but. not in cU.~ conuet. 

The bell jar chamber wae made airtight. as before. The 

papsr cylinder was left. as such for about. 10 hours When 

the first. solvent re.nched the close proximit.y of the Upper 

edge of t.he paper. Aft.er Ute flow of the f1C"~ solyen~ 

was eompl~ed. thG paper was carefully taken out. of ~ 

chamber and drleci fol:' about 2 hours in zoom .. e~l'8t.un 

to allow Ute arapo&'aUon of n-'butanol-eceU.c acid-wet.er 

solvent. subsequentl". the paper was &'Un .in SO m1 of . 

phenol-wat.er-amrn.cm1&. the cecond so1VGft~ The dIrled 

ChrometcgZ'8m Wae again folded .1n the fom of $ cylinder 

in pe!'peDd!culerly apposit.e d1J:~.lOL It. was plaeed 1n 

SO m1 Of t.be second solvent in tobe pot.rlplat.e C 15 em 

diameter ) and I'UD in t.he same manner foE' about. 10 bowre 

as for the first &olvera. inelde tohe all' tight. cham'ber. 

8y tt.he end of this pedod the eee0n4 solvent. reached 9eJ:y 

close "0 ttbe upper eckJe of t.he pBper. Again t.he Chromatogrdl 

waa carGiul1y u1cen out of t.he b811jar. unfaatr.ened and 

4i1"1ec1 in eh'. 

l\tt.el' the ehr:ommtoQl'lII!I8 wen eompletelv dr-d1."14ld 

by' haDQintJ with ~ cUps inil1de t.he laboratory'It 100m 

'eIIlJlGI"atu1'8 ( lOGe , _. 12 hou's ( _SI" ftJ.qht. ). and ... 

phenOl-W8'''~8 _lvent7. QD't _e~ted. t.hey were 

developed with o. ~ nJ.nby .. tn 8OluUon d1uolved 1ft 

seeune. The ehl"omo\O(JJratns worG cr1evelopea by .i,pt.ng 
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~hem in an enamel toray con.aln1nq t.be reagent.. SUfficient. 

amount. of freshly prepal'ed ninhydrin color reagent. was 

poured. tnt.o the t.ray and the ehromatognmG ware individually 

inmersed int.o it.. TO prOV'lde uniform flow of tlae colour 

reagen~. one edge of tlle paper was first. immersed in ,~ 

and fJ:Oli1 the other edge the chromat.Ggram was briskly pulled 

out.. aft.er allowing It too remain In cont.actt wJ.t.h ~be 

ninhydrin solut.1on tor few seconds. Acetone vas allowed t.o 

_a~at.o ,fl'Om the chftmlatt~am aQsln by han91nq t.hafl~t. 

room-t.emperat.ure ( lOGe). ~fter 1t. was, air-dJ'ied. t.he 

cb.l'Olllatognm was pllt. in an wen. maint.dn@Ci at. 7S0e. for 

IS m1nutes when U\e eoloured spt*s of various amlfto aeids 

beCame cU.st.lnet,ly visible en ~e chromat.otJnms. tmmedlat.~ly 

aft.el" det.~lft(J t.he colo\U'eCJ apot.s Oft chromatop*ams. Uley 

were o~11ned w1 dl (it pencil so as to I'et.alo tlteir ot.t.9iRel 

l_otlan. 1be cent.ral po1n~s. the *a1ce~ points of the 

spot,s were also marked e£multaneously eft calCN18t.l~ AI 

values la_er on. 

"the ldeftU.lcat.1on of e.-eel amino acids wee ene ,by 

prepding etandd'4 ebl'Omat.~ wiUt pUe amino ae'''' 

'lVent.y one molno aeids ( iRe lw.Uq b10 amide 'orma' ) wen 

used to&" the PUpOse of' p~intJ sundal'd maps. Thoae 

were- &apeftJ.a acid. 91\ltUml1c acid, ~.lIle. DL-t.~e. 

z,..,(-)tyl'OSi'ne. bi.~J.dlne. ~N.0l'l.f.ne. L-leu.c.t.ne" L-proli.e. 

glycd.ne. L-al'\J,lnine. L-(.)eyet.eine. ~retlfte, L-phenyl 

alonine. L-t.QptopbaD, 'l;-81_1oe •• aline, lye1ne, lao-le,.1M, 



L-aaparaglne and L-g1utamine. The standard solution of 

each amino ac16 was made by dissolving 10 II1CJ of each into 

20 m1 of 1«* lso-p~nol. Four amino acids namely, eysU.ne. 

glutem1c acld. phenyl alanine and t.rypt.ophan could not be 

dissolved very, eass11y requizing addltion oj Sew dz:ops of 

100% bydRchloric: acid t.o dissolve t.hem. wi ~ a view t.o 

concent.rat.e the solut,lons, Ule volwne of each was reduced 

from 20 m1 t.O ,10 m1 by evaporating the 1so-propanol. 'ft) 

prepare a ml&ure of t.he ateftty one amino aclds 0.2 m1 from 

eacb st.oclc solut.lon was pJ.pett.ett out. and m1Jced in a emall 

glass viel. Each of these t.went.y one amino acids was 

.indivldually SPOt.~ on' 'Alfhatman No.1 chrcmatoqraphle paper 

by t.he procedure prescribed above. on a second sheet. of 

paper t.he mJ.xt.ure of all the 21 amino aeids wae . spott.ed. The 

former paper was I'W 1ft single dJ.t8ension by n-~l-aoetJ.o 

aoid-wa~er: ( 'larst. solveRt. ) and ~e la_tel" pap91" ( Gp01tt.ed 

witJ\ mld.UI"e ) was also siml1arly I'Un t.wo tUmens.tona11y, aa 

described eaI'11eS', wlt.b n-INt.enol-aoeuc aeld-water ·fili. aDd 

t.hen wlt.h phenol wa~er-alll1.\OD1a solven-. These we ... also 

clweloperl wlt.h o. 2~ n.lnhycIrin eolo\1l" zoeagent. solution in 

ac~ aftel!' prropeJ' drying. r.lffel"ent.17 colo~ spol!s 

of amino acids on the e~ Wet'O ~l1neo with a 

peDe!.l and t.btdZ' cent.l'el pointe maRed. -rhose st.8ndard mapa 

were u.sed to identify tbe£.ree am1rto acids dfNeloped on 

the e~a1D8 wltJl unknown MllIIlt.Ode Ilomopnate and 

........ ect samples. 
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. I 

proportion and 9J:'ade Of solvent. chemicals and ~be colour 

Z'eligent,s were used for each ~reatment. with III view m . ~-.. ~- -. 
maintain ma_mum possible uniformlt.y in Vse experimental 

procedures. 



CHAPTER-IV 

EXPERIMENTAL FINDINGS 



ttae free amino aeid.a of ~he neDlat.ode ~.e 

. aDd exe&'e~icm wh1eh. on otddaUve cJeemlnaUon with 

nliahydJ:'ln. gave ninhydrin positJ.ve ( colouz-ed ) spots 

Oft "he ehroma~ were identified ma1aly em ~be _els 

'of t.he.tr posiUons em t.be papers. t;he colour rea.ionG 

wit.h tobe spl'ay reaQent.s and the Rf values In comparlslcm 
',' .. : . 

vlt.h the _ended cbJ:cmatograms drawn using knowlI amlnoactds. 

U VAMS' 
When the solvent il'ODt. is not. allowed to _ravel 

olf ~ paper, t.he Ai value 1& defined as a 

distance ~e subatanae haa t.l"avelled fram origin , 
Pt • ,.. I. I' 

dinanee the ~lvent fl'ODt. has ~lrwelled '&'Om ""gin 
AS the ~f value. thus obtained. 1s a fraet.lcm. it. _s 

COftVenient.ly expJ'essed 8S {It percentage. FUl"ther. the at 

value is an ad.l1'nzy 9alue, hence for ictefttlfieaUon tbe· 

bas.ta ccm£igU"atlcm and c:oleu&' Of the amino acid spots on 

chmma~ wen alao ccmsldel'ed giving due empbaaS.. 

A. ... Y6um 911 ShARMB HII! ea •• 
. , 

~11 the t.went.yone am.tfto acids Of tcnmm stJrengU\ we.e 

spOtted indiViduall, and RD in ft-but.aftOl-aaeUc acld-Wat-u 

eol.ent. Gft~siaull,. Mt._ dWelopiD" "hem with 

ftiftbydrlo _1"'08 1ft acewne Ule oentJral point.8oe "'. 

"'nhJ*'I" pod"ve 8J'OU •• mapad and mea .... c .. om u.e 

ba_ 1&_ C .. Xi. ). Wblob gave the "'Ra". t.he ~. 

baa ViNe11., 11"01) "be orlgin. It, " •• divided _ the 

distance eolgeftt. 'IOnt .. a "r ... l1ed and the AI valu •• V_ 



-.. 
C$loulet~ in pel"ceDtage, as pz-eaent.ed in 'fable 1. 

'table 11 The at values of standard amino acids 

1. 
2. 
l. 
4. 
s. 
60 

-,. 
~ 
8. 
e. 
10. 
11. 
12. 
13. 
14. 
II. 
16. 
1'_ 
18. 
19. .. 
21. 
__ , F 

Aspartio aald 
Oluumle ae1d 
L-seriRG 
Olycine 

DL-t.hI'eontrae 

Valine 
leo-leucine 
b-leuc1ne 
L-h1 _leUae 
~ys1ae 

L-arginine 

L-phenvl aleotne 
L-( - ) tyrosine 

L-~ 
·L-proline 
L-C.) ey.elne 
L-Gyst.1ne 
L-metblontM 
t".alenifte 
l,,-a0p8ngme 

~ltl'amtne 

It 1 1 

( I-D. ahrcmntegg'aphy ,. 

Rf value In 100 ~ 

I I II LF 

4.8/24.0 11\1 0.20 It· 100 e 20 
6.0/24.0 at 0.25 x 10.0 • as 
4.5/24.0 a 0.19 JC 100 e 19 
5.1/24.0 • 0.21 X 100 e 21 
6.4/24.0 • 0.27 III 100 .2f'1 
12.9/24.0. 0.54 • 100 • 54 

15.6/24.0 • 0.65 X 100 • 65 

16.9/24.0 .0.'0 X 100 .'0 
2.6/24.0 • 0.11 • 100 • 11 
2.8/24.0 ., 0.12 a 100 • 12 
L8/24.0 • 0.1& •. 100 • 16 

14.4124.0.0.60 x ~.eo 
10.1/24.0 ., 0.42 a 100 It 42 
12.7124.0.0.13 .100.53 
8.6/24.0 .0.36 a 100 • 36 
1. '/H.O • 0.01 • 100. ? 
1.3124.0 • O.OS • 100. 5 

12.0/24.0 • o. SO I: 100 • 50 
7.5/24.0 • 0.31 II 100 • 31 
3.6/24.0 • 0.15 a 100 • 11 
5.0/24.0 • 0.21 • 100 • 21 

''!:!is".· bJ. liEF, 1 
., r 

Be 1# DYa. R .&mZau.MII9 KIJ)S U MJIl1!II # 

A ml.UI'e o. *0 21 .... no aoida was 8pOt.tted and 
o 

aepal'8t.ed .. t.wo-dlu.neional ~h7. the R' vel,*" 

of 8lnQle aminoac:1ct. LiJpOt,8 .... alculat.d SQalnn n-bftanel 

sceUe ac1d-wa' •• 1Oft'- 'U\tMq,1J81'lU, the amino acide .... 



ldent.lfled by cOID,Par1ng t.heir cclour I'esct.1an ana Be values 

with t.he colour ana Ai Yfllues of lncti.viduai _no acld. 

. The Ia£ values o£ ~he eeparaU!d ninhydrin positive spo1lS 

~e mlat.wre ( Fig. 1 ) ace t.abulated below • 
. , 
_~e 2 • The Rf values of spot-a sepanted '1'Om st.endal'd 

amiae actd mixt.ure ( 2-D abl'cnat.ogtQphy ). _. 
II I ~1al NO. Of spote ft£ value8 in 100 ~ ! L 

1. 3.6/22.2 = 0.16 x loo e 16 
2. S. 3/22.2, at 0.23 x 100 ., 23 
3. 6.1/32.2 0 0.2'1 x 100 0 %7 

4. 5.6/22.2 • 0.25,_ ~OO = 25 
5. 4.6/22.2 = 0.20 x 100 G 30 
6. &'0/22.2 c 0.22 x 100 • 22 
7. 6.3/22.2 0 0.28 x 100 • 29 
8. 6.7/22.2 .0.30'. lOO e 30 
9. 1.5/22.2 e 0.06 • 100 • 6 

10. 2.0/22.2 • 0.09 • 100 III 9 

11. 3.~22.2 • 0.14 • 100 • 14 
12. 2.5/22.3 • 0.11 • 100 • 11 
13- 2.6/22.2 • 0.11 K 100 • 11 
14. 8.2/22.2 .0.36 s 100 • 36 . 
15. 10.0/22.2.0.45.100 .45 
16. 11.~a2.a .0.50 x 100. SO 
17_ 12.1/12.3 .0.54 K 100 • 54 
10. 12. '/22.2 .. 0.11 B 100 • 57 
19. 15.0/22.2 .0.6' • 100 • '7 
20. 16.0/22.2 • 0.12 • 100 • '2 
21 14.2/22. 2 • 0 •• ' • 10C • 63 

• j I T r f • J 

• 

~rJ.no 'be Rt values of t.be ~e m.nbydrln 

positiv. spots em tbG cMoJ.uti2Qnm 01 ~he ml.at.un with 

t,bs' of \be itS values end colou of _ngle iiIdfto acid 



chromatograms, the relative positions of the am.tno acids 

Oft m1~_e ehromat.ogJ:am were found .out.. They were 

1.c:itmtt..fled as follows ccrX'esponcU.aq. to their respeet.1ve 

-sarial numbers ; 

1. L-aepal:'ag1ne 

2. t.-gluflam.l.ne 

3. PL-t.1u:'eonlne . 

4. 31rc1ne 

s. L-sedne 

6}" Ptepal't.lc acid· 

7. GlutLamic acid 

8. L-alaniDe 

9. ~et.1ne 

10. 1.-( +) cyE*eJ.ne 

11. L-aqift1ne 

12. L-'hlst1dln" 

13. l4'sifte 

14. !'-proline 

15. x.-(-)~yros1ne 

16. L-met.h1onme 

.1,'. t-t.ryptophan 

18. ValJ.De 

19. lao-leuclne 

20. L-leuclne 

21. L-pben,l alanine 



1m §TIEICADRN 2l MQI!O ACJRS IN HOMOOENA'm, cmtDJe:IY\H • 

" '1'h$ Otillaulated AI vslues of n1nhy~r!n posit.lvE! epoU 

OIl' ,tQle chmma~am of t.h~ homoc)enate ( Pig. 2 ) haVe been 

4~at.ed in Table 3 • 

'Tabl.' 3 • R£ vslues ( 1n porcent.age ) oS ninhydrin pos1~lve 
spot-a on llOmoqenat.e chEOmQ~E'am ( 2-D 
e1u"omat.ography ). 

+.~. of ~e I : : Rf val;mS :: : 
1. 3.5/30.1 c 0.1? • 100 e 11 
2. S.1/Z0.1 • 0.25 x 100 c 25 
3. 3.'/20.1 c 0.18 K 100 • 18 \ 
4. 4.3/20.1 CI 0.31 x 100 .. 21 
s. 5.3/20.1 • 0.26 x 100 • 26 
6. 6.8/20.1 • 0.33 x 1 • ., 33 
7. 3.1/20.1 • 0.15 • 100 e 15 
e. 1.6/20.1 .0.01 x 100 e ., 
9 • 6.9/20.1 .. 0.34 x 100 ., 34 

- • f I I . ~ '!II .. • ~ 

ComparinC) the Ai values. colour offered by ~he 

zeatJ_tt and eonflCJUl'ilUem of nlnhydJ:Sn posit.ive spot.s on 

s~le a~ wSt.h t.hat. of the mt.xt:.UI"e ebromatoaram. 

t.h/e' following free amlno aetas. ananged 8eco&"dlnq" " 

t+, ~e serial number of t.he spot.s, were lClen'lBled to be 

G'resEmt!. ill ''he homo~JeruJl'e of' 6at.xlenehu! a'fese • 

1. ' t-se%'.itle 

2. DL-thnonine 

3. Aspanie aCid 

4. Olyeine 
5. olR.amio add 

e. L-alaDino 
,. L-a~g1nin. 

o. ~C. )cyete.lM 

9. IPpnUfte 
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The Rf values 'Of ~'ninhydrin poet""ve ~s 'on 

the ehftmatogram prepared with nemat04Q excretion ( Fig. 3 ) 

have been lncUaat.ed in Table 4. 

Table 4 • 11\e Ai Values ( in,perCentaoe , of ninhydrin 
posit.ive spot.s on .excreUon ,Chron1a~ram 
( 2cD chramat.Qgraphy ,. 

. , II 

'Sedal NO. ot ~s 
nil Uij 

, i . ,I • "·,d . '. ~Va1;~· 
, 4.6/24.0 a 0.),9 " 100 • 19 

, . 
2.8/24.0 .0.11 X 100 • 11 

4.4/24.0 • 0.18 x 100 = 18 
e. 3/24.0 III 0.34 X 10011:1 34 
9.9/24.0 &\I 0.31 X 100 ., 37, 

, 12.0/24.0 • 0.50 X 100 • 50 
16.9/34.0 • O.?o X 100 III 70 

T _ 

campaX'ing t.he c:olO1U' 9iven tv the zrealJMt.. Il' values. 

~e eoaji9Uration and rela~lye position of the ninhydrin 

positive spots on sample c1WcnBt.ogram with t.bat. of -.be 
/ , 

mixt.ure cbr:cmat,ogram ~e fol1owift9 fcee am1no acids WeJe 

1dent,lE.t.ed ~ be presen~ in ~E! exo'-oqr product$ of r,. 
s,gfta" They have been Bl'I'an~ below eerel1y_ 

1. L-eeJ't.ne 
2. LY~ 

, 3. L-arginine 
4. L-alan1ne 
5. ~Une .. ~"ionj.ne 

7. .r,.lellClne 



Thus. foUr ~no acids, name17. L-SU'ine" 

L-alanine. L-arginine an6 L-prol1ne were found ~o be 

common ~ bot.h the nemet.ode hontcgenate and eXci-et.1on. 

In addit.ion to these, t.he homOgenate contained rL­

t.hreonine" aspan.ic eCid, glycine, glotam.ic aeld and' 
, I 

L-(+) cysteine, and t.he m=l"etory mat.eda~e, COflUSned 
, ," ' , If 

lysine. :t-met.h1cn1ne and 'L-leue1ne. !nt.o~j1. ~ 

bOlllOgenat.e ana the e~on showed t.he _senCG of 
I ' 

,9 and , ine amJ,no ac.t.ds, nspectlvel".· 



CHAPTER-V 

DISCUSSION 



DIS C U S S I cttl 

Although therehae not been much p~ess in 

et.udles relating to pathogEmlc: assocd.atlon of nem1e 

phyt.o.peE'asit.es •. yet. .i~ is qenerally believed tha.t. 

infection brany causal agent usual1ytnduces a series 

. of biochemical changes in t.he host... In, this respect.. 

respOnses produced by the pl<1.lnt cells eppeart.o be 

equally active as t.hat. of tbs animal cel1s.LThus •. 1n 

any such event. involv1ng plmnt paras1t.l0 nematodes •. ~he 

. poet-lnfeet1on physiology const,ltutes temarkable 

. alt.erat,ions in the met.ilboli~ .. _~ only of t.he host. celIe 

( Kenan, 1968 IEp5~en and' ROhn. 1971 , Epstein. 1912 ) 

but. aleo of t.he pathot;jen ( 1\e.tt. ana Rigqe. 1969). 'Saeb 

lntecact1cns Q~e generally res.ponelble for the production 

of profound end canspJ.euous ehanges particularly ift t:he 

pl'Ote1n synthesis end eneyme act,ivlt.y of t.'he host. cella. 

AS reailSt-ant. ho~tte allow a great.er I'a~ of change in 

prott.e1n synt.h<lslG., this Is oft.en eonelderoo as an useful 

pa .. amet.er t.o measure neiftance or suseept1bl11', of Ute 

hoe~o to t.b~ pat.tt.otJEmG. conversely. the syn_heele 0' 

p8l:esite-prot.e.in. as eft!~~ by t.he M:Bt.. d? be accept-ad 

fo. t.he eet.er:miQation Of diffel"ent. pat.hCt;Joo1e rae.. . 'ltlua 

U\o ab111~y of a pat:aait.e 10 effecting e dis8aae or ~&t. 

of t.he boat. ift 9)(J>Z'89$1ftq E'e&isr..anee or 8u8COpt1b11,i ty 

larqely depends upen t.be nature of tl1e prot,e1n synthesis 

~n'mu, and inliluenae of t.heiJr metabolism on the 



c:orqpl1eated host..pareel toe int.ft'actions. 

In order ~ establish ~ exlst.eneeof. sudi 

8 ttlCOhemic.1 mechanism'1n t.lle host-perasit.ereleUonshlp. 

a preliminary etuayhas been lIlade here to det:ec~ the 

free amino 'seid cont.ents of Ule ~tLe: and- dlSOh&I'Q8e 

of a mlgJ:'a~ory endoparasi tie fteniat(~I~~(!~t'~.ftebw! ~f.l. 

widely prevalent 1n local S011S~'a' poUm~l pathOGen at . 

~r econOmic plan~s. ouch 6e., el~l'W!I~ banarta, coffee ae. 
The z-esult.a obtained b)!. employino ~. CODVeat.lonal 

~ 

paper ehnmatOtFaphy t.eaM$.q'i9 \ 'smith, 1960 , nvealed 

Ule presence of! U'ae fol1ow1nq free amino oclds In the 

nema~e homogenat.e. t.-serlne, DL-t.1'lI.'eon.tne. aspartic acid, 

qlycine. gl\1t.am1a acid. L-al&nlne, L-ar(Jlnlne, t...(+)eyst.e1ne 

aftd lI-prollne. 

1ft ~e noent past. maay-tnvenioat.ore ( KrUebeI'O. 

1961 , Myere. 1963 and otbere SUIm1M"1eed by lU'usbel'q. 1971 1 

have SI'\o1!f8C1 "he presence Of as IBM)" as 8 t.o 26 amino .eWa 

and _dea in dlfferent pl...- pal'sdUe nemat.odea. nae 
8l1tin08Cld8 dfteeted above haVe also been inclUded in t ... 

ROW--. in th18 at.uctv. only 9 am1noaelda '*ve bt!eD , 

I.deftU'led and the pruenee of otbe ... eoutd ftM be 

.~1ft~ #I pI'Obabl, due U) thei!' p ..... ce in .eay Ell'l811 . 
quart"l"'.. 1- 's 81so poaeiblW1 ~at the expedmencal 

~. fol1OWett va8 not sopl'l1nloated and precise 

enough to dfteO, thell' pnsence. 

JD uen.al. tvM ___ r88Ites 81'e 'bel1~ to be 

b8t..tel' aclepted to parae"'.. "sides. 'bd ~enc:. 



of £ne amino aa.16s 1s also a ver:y ehanct.er1st.lc fea~un 

of ~he nema~ode S,PeCies. ~o~lnq ~o ~ers and ~Sbe~ 

C 1965 ). die higher plant paz-Qsltle nematodes possess aDd 

dlscl"'Al"ge gr~.ter ~ant.1tles of om1no aeAas. It. 1s • 

t.herefore. obv,t.oos. that. with only 9 amino acids. £.. 

coffeae occupies a mueh lowel' posit.lOll 1n pat.hagf:niclt.y - . . 

Seale t.baft Mel!&d9J1ltt!. pltxlena'hll, and £\Pb01pho.ltM. 

some ams.no 801GS like aspartic aet~.A~~ actd • 

. serine. ~lU'eOD!l'le. alanine and ~rl':J1nlDCD are more eammcm in 

many p~s nematod~m J. 'whereas,' Other like proline, 

methionine. lysine 3fld lUq.~ less fnquen~ly 

eneount.ered. _to 1n the ~~a\e ehromat.03ram of the 

t.est 0lVSnism. t.he lnt.ene1t.y of ~he spot. lndl.ca~ed ~ 

pz-eeence of p:oline in greater quan~lt.y. 

on the ~lon chzamat.cgl'atn of ,t- cot!!!! only 

seven am1no &elds wen cleer1y found ~o be pl'@sent. They 

wen L-ael'tne. lysine. L-itl'ginlne. L-alanlne. t-proliDe. 

L-meebionine and Weue1ne. i·lere alao pZ'ol1ne appeand 

to be ElbUlldant mnd the unconmon ones obse"ed wete let&Clne 

and methlOD1ne. Then wen al00 some IICl"e 'ain~ c:olOUft!d 

pat.chee and ftl'ipe which could be dftecte4 on the 

c~togl'am but. eou1d not 'be identified with cenaint.y. 

it. i. po!ulJIJ,le t.bat. ther .tndica'ees ~e presence o! seme 

man amino aoJ.da or the.i&" ~d8 bUt. wen pres.' 

perhapa in v~ minute cw.afttlt1ea. 

BOth 'be 1'lcxoo;enate ancI exua'ftUoft had four amlno 

aeide in eollDClA. na.l" t--..nne. x.-.lanlne. L-swolnl.ne 



and L-prol1ne. The presence of ot.h9r :five In the 

hOlDQgenat.e ana t.heir absence in ~e excretion suaae~ 

t.hat t.haY lMly be easentlal and used up!n biosynUles1e. 

It. is also likely t.hat. they were not-available in excess 

so as to . be e~X'eted out. of the netll$tode body. nut. the 

t.hz'eemore amino aeldsobtaineri f~, ttle CtJtel'et.lon 

ehroma~ram. namely L-met.h1onln,e,: ,L-l~1ne ~ lysine 

were p€i!rhape 1nclcicmtal1y released ext.ran~lyf&'OJD 

some boUDdfroms too ~ specific nquiFemenU of .hie 

endophyUc: species. They may be ,helping the nemat.otge 

species in neu~r~l!s1ng ~M tOJdc plant mettebolites or 

.in nab11.lBinq t.he osmoretJUlat.orY mecdlanJ.sm Inside t.hell' 

host. .issue ( MUM ep. ). These u:e. hewever. only 

speculat.ions 8S it. could no_ l1e conflrmed here t.hrough 
, 

aet.Wll eXpeZ'imentatiGft and as debi1. nKjJa."tU.ft9 amino 

aoid ccnt.eftt.e of the host no, an ~ available. 

The D.fOl'm8 0' amlflo acids. sucb ao, DL-alan1ne, 

and C",L-seJ:.t.ne haVe shoWn ant..lmetabolit.1e ~'vlt1es 

( *tlShna Prasad and set.t:.". ,1974 ) illgainn ftlOt.-~ 

nema~Cdes bUf& nca DL4b&"6Oft1ne. Here Worms 0" serine 

a11d eltinjne welre de~ed alcmgv1th OL-icmn of t..'hl'Qlmine. 

Hence, 8S ,in ~e ease Of tift InepgnlH on tomato. [,!,s,.. 

~lne ~hap8 has no anu.ta'boU~'e' effect. Oft the 
Ii' 

~\9. oqafllsm. &. £9!ft!.e and t, mt9bt. b@ essent-tal lor 

tbO n8l8~ode ~1~L 'l"he high ~r&.lon o. P1'0110. 

d~. t.hat elUt@l' t~lfS 8Idno did '8 ab\md~tl, PI''t'GeJ)t. 



in U\e 110ft Z'OOt. as a pan of ~he defenee mechanl,_ of 

t.he 'host or ,. is profusely syn~aised lnsldft the body 

of the nema~e and the excess unused sOlOUftto is excreted. 

Presenc:re of t.hese free amino aclds'may also provide 
, " 

Same clues on t.he nut.dt.iOnal requil'8t1leftt. as well as the 

nat-un ~f prote1n synthesis ':'f 'the pane1t.e. HoweYer. we 

ean not. definitely say. which a&"e essentlal. l}on-eseenUal 

or whiCh have'implicatJ.cns 1n, pa~enlsi8yJ ~ t.he basts 

of t.h1s st.Udy we can only specula_e. but. not conclude also, 

If these amlno acids wen directly drawn .r:om ~he host.' _ 

synthesised by the nematode. 

Anotlte .. posdbl11t.y relat.1Dg ~ the eld.nence 'and 

fun_ien of these omIno acids is to, det.oxify ~e eJD9as 
, I , 

ammonia aaeumulaUnfJ In t.be nema~ tissues t.hu eJentJ.ng 

a ~c eJezet.ozY pz'Od\lft ( Mfers ena~. IMS ,. 

1ft ~9 aepeat.,aspea1:.iC e.cI4 and 01\&ami0 acid an 

~ to be helpful, paRicularly In dry soil 01' in 

I deC«l1P8siD9 hoSt U&fiue whet'e tbe eiwlmnment. mar dae., 

be deb Wltb ..... ,. and the aema\ode has \0 neut.r:-dlae 

dte cde ... bJ' eJfCntI.oft of abd.ao ac1ds and HOb ot.ba 

_...-.lat .. 

Sa1\u and DaG ( lfYI4 ) and MGbam.y and Da8 ( 1916 , 

have qUalJ.t.e&lve1y dettmdned the .ree amino acdd .. ~eat.. 

in t.be .. iD9 .... ttode ~l!. PRHIM 'tloaDJenaw and 

in 1'4 &'OOtS a.au.8ed wiUl Ute -- lleID6tode ape.d.es, 

ceapecU.V81r. 'I'Iw1. work indleatoed Vie, pnaeMe of! 6 



amino aelds namely aspartic acid. 01utamic acid. serine. 

alanine. valine and waucine common U) t.he nema~e and 

the he.. BUt. 3 others, such as, glycine. L-pl"o11ne and 

nL-phenyl elanine were produCed by i:he hoft, bu~ not. found 

In the nematode. 'J!lez'e were three more. like L-glut.am1ne. 

L-eyst.eine and possibly t.yrosine which were present. 1n 

t.he nema~e homogenat.e. but. were absent. in t.he infect.ed 
j( . 

or un-1nfee~ rag1 zoot exuaets. . 'the ~.ablltt.y of 
• L-

• 
)!e s:pffeae and ita pr1me host.. baMna~ and the situat.1OD 

tmdoUbUdly offers ample eeope fol' fut.her t*udy on 

prot.e.f.n synt'hesJ. s mechanism as &'elat.ed t.o pathogenic! ty 

and physiology of parasUtlsm. 

In sp1t.e of tthe difficu1~le8 enoountLerea in COUl'se 

of t.hi8 study. sueh as. '8 o~nJ.ng a large· num1'Je1: of 

nemat.odes .in un1nfol'lD populat.J.on at one timiJ. hOJ!lfJQen1zaUon 

under aseptic end low t.el11perat.uJ,'e ecmd1Uons. ext.namly 

lOW c:oncent.J:'at.,tOfl of t.be eminoaeids. e~ day and night 

.emgerat.ues and other eft'Ors whiCh mi<Jh- haVe ina4\1en.ent.1J' 

af'ec~ the resUlt.s. t.his preli~nary findino pJl"OVldee 

same u8~11D£oJ:mat."on which may have .tmpo~t 

imPlies"iOfts fer a bet.t.er underPandlftg Of the pa~al. 

ana host.-pep81te in_eracti01'IS oJ thl. endopenstte. 



CHAPTER-VI 

SUMMARY 



lUMBAR! 

A qualitative d8tee_lon of free amino aelds In 

t.be homotJen8_e ana exczet.lons Of a surface nw111seti 

mignt.ory endOpera&1t.lc nemat.ode species, !Z'At.r,JenchV' 

- coifeao ( 2imm •• lS98 ) Pilip. and 6tr.elch., 1941 , has 

been denIonsU'at.ed by papK' chlOlllatoQrapby. 

1ft ~ nemaaJcie ~_e, t.be fol1owjn9 amino 

acids were found" be preasntr. , L-serlne~ l'L-thl'eODine, 

aspen-1e aold, glycine, glQUm1c acid, L-alanJ,ne. L-erglnlne • 
• 

L-(.)eyst.olfte and L-prollne' havlnq Ed value. of 1'7, 2S, 19, 

21 ••• 33, 15. , GIld 34, I'~speeilvely. The nem1e 

excJtet.lons ~d .11e pl."eamee of L-aerine. lysine, 

L-aJ:CJ1nlne, z,.alenlne, !.-proline, L-m8~lonlne anti 

L-leueJ.ne wit.h r.a values of 19, II, 18, 34, 37. SO and 

10, pspeadvely. ThUs. amino Hide were coamon t.o 

bot.h t.be nematode bomogenat.e and .. rM.J. ... 
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