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CHAPTER-I
INTRODUCTION



NTROCDUCTION

It 15 now well establishe? that modern crop production
technology envisages extensive but ecencmic plant protection
measures, wvhere the nematologists com? to play their useful
roles. Although the soience of Nematology is fairly young,
it hes made significent centributions to world-agriculture
and has made sufficient impact on the society to earn ite
.own recognition and place of importance as much as other
' d&sciglzneé in the £i0ld of crop protection.

m vorld-wide occurrence of the phytonematodes often
cauge serious problems, weakening our agricultural eccnomy.
one such pest of groat concemn bappens to be the commonly
known ‘lesien nematotie, the endoparasitic species of
Pratylenchus Pilipjev, 1936. These nematodes are undoubtedly
the primary ‘ﬂmtem in the root deptruction of many cultivated
Ccrops as well as foregt treas.

The representatives of this genus are cosmopolitan $n

distribution, ond have a yide hoStwrange. More than 40
species of pratyie
abundantly throu

i are presently reported to coour
ghout the temperate regiocns and the tropics.
They have baeen reported grom the Netherlands ( De Man, 1880 ),
gngland ( De Man, 1884 ), Java ( Zimmermann, 1898 ), West
Indies ( Cobb, 1919 ), Germany ( ioof, 1957 ), Hawail

¢ ( codfrey, 1929 ), California ( Thorne, 1934 ), ntile delta
of Egypt and Us2eR. ( Oteifa, 1962 ), Eolivia ( tordello
et al., 1861 ), Japan { vokeo, 1962 ), Ceylen ( Hutchingon
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and vythilingam, 1963'.. ), Brazil ( Lordello, 1967 ),
Guatemala ( schieber, 1966 ), Spain ( Tobarjimenez, 1966 ),
New zealand ( Egunjobi, 1968 ), poland ( wilski, 1968 ),
U.S.S.R. ( Romaniko, 1965 ), Ivery coast ( Guerout, 1968 ),
singapore ( cfnsn. 1969 ), ontario, Canada ( cornelisse gt al.,
1970 ), Iraq ( Katcho and ~llew, 1968 ), French West Indies
( scotto la magsese, 1969 ), Cuba ( Baranovskay and Krilov, 19€8).

The host ronge of éifeerent_epedes of pratylenchs
comprises of many ereps iike vegetables and fruits, such asg,
potatq, Rice, Tea, Barley, Corn, éanané. Tobaco, Citrus,
Cowpen, Coffee and many other field crops including gracses.
tue to their association with & broad spectrum of plants
most of them are consideres economically important.

in méxa. 9 species of pratylenchus hwe baen reported
£rom Delhi, Punjab, Rajsthan end Himechal Pradegh ( Sethi
and swaxup, 1972 ). They are P. W;g{cﬁmk@,ﬁ
p- goffesq, o loost, po fealectus, p. penctrans, B
scribnery, P. thronei and P. gese, out of which Py crenatis,
Es loosi, p. neglectus and P penetrans are new records foir
India. P. zeae has also been reported from M.P. ON maeo
( pall and Chand, 1971 ). Roecently, five new species, P.
ronjani, P. similis, P. impar, P neccapltatus and P, teres
have been Ww f£rom northern Indis ( Khan end sing, 1974 ).
. P. coffese ( 7ium., 1898 ), Pilip. and Stekh., 1941 is @mfthm‘
" ;mpo;;gant specieg reported from south India €rom maige,
sorghum, banana ©€tC.

In spite of this reported q’écmenee of these nematodes
en 8o many econcnie plants, thgir importance does not scem
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to Have been properly appreciated as not much work has been

done to reveal their hosteparasite relationship, nutrition,

b&ecﬁemistry. histochemistry, histo-pathology, bicnomies and
- ecatcgy.

A sound knouwledge of the free aminowacids discharged or
‘utilised by a plant parasitic nematede 1s essential to
‘understand the bicchemical bzsis of hosteparasite relat&bn‘sh&p
in its appropriate pergpective of complexity with possible
implication to disesse resistance in plants, and to provide
further insight into the physiopathology. Moreover, this
knawledge could possibly be utiliged in nematode tasxonemy

in future, as has been the case with peloidogyne esxiqua,
where females collected from different areas and of different

pathogenicity to coffce, showed significant diffcrence in
their protein composition ( Keto, lordello and iorﬂella. 1978 ).

The adéition of freo amino acid may cause pathogenic
reactions and produce symptog at timeg. B. dipsaet causdd
alfalfa root galls by injection of '-Wn as it was mt
found in heslithy roots ( mabem. 1961 ). ms
Eitzemabosi was also found to add ﬁm@ tyrosj.ne to agfocted
partso. |

Animal parasites dsmego host tissue by ammonia libersted
due to enoymatic acticn on free amino acids, the possibiliiy

of which may be suggested for plant pasrasites ( wyuge, 1987 |
though it s yot to be demonstratd

vor physiological studies of the nematodes or for
culturing in artifieial medis, ¥t is very much essential to
xnow the amino ecid nutritien gir their bio-smthesis in the
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Besides, transamination and mctabolic pathways 4n
nematodes leading to production of different amino acid
may have @woldiienary significance. Hence with proper |
knowledge of this protein-bound aminc acid patterns of
freeliving, plant parasitic and antmal parasitic nematodes,
we can better understand their physiological intcererelationship.

The antimetabolitic sction of a fow amino acids on
nematodes will enhence the scope for eentzﬁl of nematodes,
whieh do need to have a broad outlook of the free amino acids
of the plant parasitic nematodes. As foliar spray, three
amino acids Die-alanine, Di~serine and bl-threonine were tried
against M. incognita on tomato. K Dieserine and dDi-alanine
significantly decrcased the development and reproduction of
the nematode without slightest affect on the host ( Krishna
prasad and Setty, 1974 ).

The contents of free amino acids in the nematode

biogsynthegisg, catabolism, or utilisation of these con
by the pathogen.

pratylenchus coffeae 38 widely prevalent and its
pathogenicity has been cstablished with coffece, tea, banana,
citzus and many other crops. Keeping its econcmic importance
4n view the nematode homogenate and excretion have been
enalysed qualitively for f£ree amino scids which may be
pertinent to some of the above menticned implicatiene.




CHAPTER-II
REVIEW OF LITERATURE



REVIEY OF LIT Bngziuge

The literature on biochemical studies releting to
phyto=-parasitic nematodes and then; tnger-relauonship.
in general, have received little attention, although in
current decades many scicntists have expressed wide
appreciation for such investigetions. However, some oOf
the important literatures available concerning £ree and
bound amino acids, their requircments, bicesynthesis and

antimetabolism, which are indispensable to highlight any
" possible relauonshlp to the preaeae study, have beem

bﬂ.@ﬁly e&teﬂ balow.

shile working on the diccharged materials of Ditylenchus
" dipgaci and keloldogyne incognita, tiyers ( 1963 ) observed

| the presence of 15 to 20 amino acids in aseptie incubates

of p. triformis, B dipasel and D m

‘rothstein ( 1963 ) analysed the excretion products of

a free living nematade caenor ditis b_;tgm after feeding
them with radio acctive carbon 1mpe. Co B@ reported
that only radicoctive alanine, aspartie acid, glutamie acid,

. 8
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glycine and serine were exareted by the nematode,

aAnalysing the discharged organic meterials by five
plant parasitic nematodes, in ene pereent aqueous golution
of glucose, f@era and Krusberg ( (965 ) found a nugber of
aming scids. pPitylenchua m aiacharged Lealanine,
arginine, asparagine, aspartic aiid, cysteine, cysteic acid,
aamma=anino butyric seid, alutdnic aoid, glutamine, glyeine,
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hisudtne. hydroxy proline, iso-loucine, lysin@. methionine
aulﬂoxide. omithme. phenyl aslanine, proline, serine,
threonine, tyrosine and valine. Dpitylenchus dipsaci
di scharged 'L-alanine. atginme. éspatagme. aspartiec acid,
cysteine, cysteic acid, glutamic acid, glutamine, glyeine,
1m;1m;ne. 1ystn9. 'mtbionine. Mthxoﬁine sulfoxide,
omithtne. proline, 'sariné. threonine, tyrosine énd vaeline
but there was no t.race of histidine, hydroxy prounez and
perhaps phenyl alanine as weu as gamaa-am!no butyric acid
. were preaem as indiecated by faxm. ninhyérin posiuva Spotsas
maeharqed mawuals of Ds Wg contsined lealanine,
atginineo aspataweo aspartiec acid, glmsamic acid, glycine,
aw-leueine. lysme. methtcnme. met.hlonl.ne-snlfcxme.
ornithine, serine, thr@cﬂtﬂe. tyrosine, valine but no cystéine,
cysteie acid, gamma-amino butyrie acid, histidine, hydroxyw
proline, proline snd phenyl alanine, msx,' lenehus penetrans
4 Le.alanine, aspartic acdd, mutamlc acid, glycine,
methionine sulfoxide, ornithine, scrine, threonine but no
arginine, asparagine, cysteing, cysteie acid, gamma~amino
butyric acid, glutamine, histidine, hydroxy proline, isow
leueine, 'lysme?. methicnine, phenyl alanine, proline,
tyrosine and valine, ! gyne m&% vap found to
diascharge Lealanine, arginine, mwegme. aspartic acid,
glutamic scid, glutamine, glycine, hisudme. tse-leucine,
1ysine, methionine sulfoxide, m&hh&ae. phenyl alan&ae.
proline, serine, threonine, but no eratmne. cysteic acid,
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hydroxy preoline and methionine, Cytrulline gave a very
£aine ninhydrin positive gpot in the discharge chromatograms
of all nematodes with the oxcoption of P. penetrans. In
Mo incognita excreta chromatogram gamma=amino butyric acid,
tyrosine and valine gave vary faint ninhydrin positive spots,-
asit and Riggs ( 1967 ) reported aspartic acid, glutamic
acid, serine, glyeine, alanine and two unidentified
niﬁhydrin positive spots €rom the 1ncubauon soluticn of
getgmdera glycines larvae., They also report.ed amaruc aeiqd,
glutamic acid, serine, glycine, alantne. threeonine and
glutamine end six other spots tentatively identifted as lysine
or ormithine, aspaiagine. tyrosine, methionine or valine,
phenyl alanine, leucine or iso~leueine, as the free amino aéj.ds
%reaent in the homogenate of the same larvae.
wright ( 1973 ) in his expceriment with elimination of
M—lﬁﬂ redivivus reported the presence of significant
pmount of urea and amino acids alangwith ammonia as ma jor

‘oppounds. With increasing stress, elimination of amino
acids increased while that of ammonie dcereased.
tﬁordbrm@-hértz,( 1977 ) found that the excreted
peptides ané aunm acids of living nematedes were pat‘tly
Amapmmzble for nematode induced trap formation in
2rthrobotrys oligospora. Additional effects on trap
formation were due to volotile substances £rom nematodes.
(14) ¢

mmm { 1961 ) had amn@a the £ree amino acid
content in pieylenchus dipssct snd aphele
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axtmets of D. dipsac w@re found to caat.am aspartac acid,
glutamic aecid, serine, glycine, threonine, alanime, tyrosine,
_Mstidme. arginine, valine leucine, isoc=leucine, gammae

amino butyric seid and cysteic acidy and that of A. ritgemabosi
contained aagarﬁc acid, glutamic geid, serine, threonine,
glycine, alanine, arginine, valine, gammg-amino butyric acid,
aiystem acid, lysine and methionine.

' Smith and Ellenby ( 1967 ) while analysing the contents
of Heterodora rostochiensis cysts during maturation found the
£ree amino acids, aspartie aseid, ﬁhmn:.ne. serine, gmhémco‘
geid, proline, gtye!.ne,kallfanzne. valine, methienine, 150w
leucine and leucine. ' The guantity ‘aﬁ total amino acids
decreased with advanétng maturation. .

In 1969, Asit end Riggs compared the free amdno acid
content in adult and larvae of Hetorcdera glyeines and found
that on infection of soybean, proline increased,.
| srivastava ( 1969 ) observed 8 free amino aeclds in.
émvm females of W

javanica which were alaninme,
arginine, cysteine, lyaﬁ.m. gxutamw acid, methionine, phenyl
alanine snd tyrosine.
Saxena ( 1972 ) anaglysed the gree amino acids of mature

M javanica femnles and of the infocted and uninfected roots
capaularis L. )s He found 14, 13 and 9
amino acide in the nematode, root.knots and the healthy roots
Of jute respectively by 2edimensicnal paper chrematography.

~ nebois ( 1973 ) in studying the effect of Rotyl
zentiformis on the amino acid content of secds of MW,
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found lower leucine content of sceds from infected pxants
as eompared te those f£rom un-infected plants.

mney. rife and whitney ( 1971 ) 4in the!.r pbt. emr.ﬁnent
with 11 varzet..tes and selecuona of suqarbevst. nematised with
u. achacm; estabushed the aignuicam: 1ncrease in t.he
coneentration of aspartic acid, glutamie acid, and glutamine
in the f£ibrous tddt.aai secdlings.

Epstein and Cohn ( 1973 ) analysed the galled yoot
tips caused by m jiderous africanug which Meé’ an increase
M proteins, £ree émnoamtds. phenols and sugars but
dearease in cytokinin contents.

Bumbu, Derzhavina and sobetskii ( 1967 ) reported
‘that potato infected with . destructor caused a decrease
in €reec amino aegds in the plant tissue, whilst those vere
increased significantly in cucumber infeeted with Meloidogyne
incomnita, pareiculétly alanine, glutamie acid, glutém&ne,’

serine, histidine and arginine.

Lewis ( 1973 ) An his experiment with resistant and
susceptible varicties of cotton ( Gossipium hirsutum ),
nematosed with m‘ idncognita, showed that the sumpdﬂe_ :

- cultivar had a gfeater percentage increase of freceaming ecide.

| ildha and dvarup { 1974 ) studied the wheat seed galle

) caused by wggﬂ_ig tritici, The chemical analyais of @Ma

gan components dhme@ the pregence of amino aeilﬂs ané SUJAr B
wang and Beraesen { 1974 ) analysed the galled roots

and xylem sap of ';inﬂecwd' tomato plants, The galled root

exufiate was foungl to eentain 3 sugars, 12 amino acids and
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three organic acids as compared to ¢ sugars, 15 amino aeids
and 4 organic acids in healthy root exudates suggesting a
reduction in amino acid content. But 18 and 17 amino acids
vere identified in healty end infected plant xylem saps
respectively. The amino acids deereased moderately with
an increase in inoculum, |

Magcod and Kusain ( 1975 ) reported the role of amino
acids and proteins in the resistance and susceptibility of
tomato varieties, tc infection of M. javanicas The
coneentration of amino acids increased with infection in
resistant and modorately resistant varieties but deereased
in highly susceptible cnes. Protein content had an inverse
relationship to the amino acids. |

Glebel and Stobieka ( 1974 ) showed that in the potato
roots infected with H. rostechiengis the ratio ée proline to
hydroxy proline increased aigniﬂcan;ly in susceptible
varietieg where as that decreased in Aresietant varietieg.
Poseibly thig decreased ratio was cause of resistance.

Lewis and Feclure ( 1975 ) vorked with the susceptible
and resistant cultivars of cotton to root knot nematode .
incognita and found that the sum total of free amino acids
was greater in the resistant eultiver, The concentéat&on of
glycine declined markedly over a 10-day period following
gnéeuamn . proliine increased to a great extent and tyrosine
and ghenyl alanine varied as functions of infection, cultivar
and time of harvest.

nird and Meclure ( 1976 ), in their chemical analysie
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of the hydrolysis products of the eyg chells of M. javaniea,
R. renifermis, T. semipenctrang ond P. minyus have revealed

a high proline content {( upte 35% ) vwhich is apparehtly a
~ charscteristic of nematode egg shells examined so £ar.
B. BOUND AMING ACIDS ¢

" pird ( 1938 ) while analysing the hydrolysis products

of adult female cuticle and agg sac of Meloidogvne for
bound amino aeid content, found 1S to 14 amino acids to be
émegnc. respectively. The ogg sac contained more histidine,
threonine and agpartic acid than the cutiele and lm
preline end arginine, |

Nicholas, pougherty and Hansen ( 1960 ) e:amine& the
hydrolysate of Caenorhabditis briggsae by paper chromatography
ana radio-autosfaphy for dotermining the ¢ 1abelling
ability of the amino acids present, The total bound amino
aclds dotested were alanine, arginine, aspartic acid, eysteic
acid, glutamic ecid, glycine, histidine, lyeine, serine,
threonine, m;m. tyrosine, valine, methionine, leucine,
iso=1lcucine gnd phenyl alanine. The labelled amino acids
observed vere aspartic acid, glutamie acid, slanine, proline,
glycine, serine, cysteine gnd cystine as cystelce acid,

In 1961, Krusberg determined the protein bound amino
acids of pitylenchus dipsaci and Aphelencholdes ritgemaboni
en alfalfa tissue culture, D, dipsaci was found to posses
aspartic acid, glutamie acld, serine, glycine, threonine,
alanine, tyrosine, histidine, asrginine, valine, leucinece
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!.Soleucme. cysteic acid, proline, hydroxy proline, phenyl
alanine and an unknounh ninhydrin positive spot. Also in
As ritpemabogi aspartic acid, jlutamic acid, serine,
t.hreenme. glycine, alanine, arginine, veline, cysteic acid,
lysine, methionme. pmline. hydroxy proline, phenyl
alanine snd two unknown n&nhy@rm positive spots were £ound.

. elarke and his associates ( 1967 ) investigating the
chemical cemposition of the egy shells of Heterodera
rogtechiensisg with Technicon Auto Analyser reported 19
aknmo acids. Those were proline, aspartic acid, glyeine,
a@:itna. glutamie acid, hydroxy proline, lysine, tyrosine,
alanine, cystine, arginine, leucine, théeoniue. phenyl
alanine, histidine, valine, methionine and iso-leucine
out of which proline was most abundant with agpartie acm.
glycine and gerine made up about €4% by weight of the
.Mal amino acidse.

Clarke ( 1968 ) further made a chemical analysis of
the eyst wsll of Hoterodera rostochieneis and found it
to contain 72% protein vhich wos collagen 1ike. on acid
hydrolysis of cyst wall of Heterodera schachtii ho also
found, in 1970, that glutemic aecid, glyecino, pmiine an@ '
hyéroxy=-proline constituted 54% of the total weight of the
amino acids preosent.
In the yesr 8&9“?2. vigliorochio and Gortz determined

tho am&ne aeid composition of whole cuticle, pmﬂg\ erig
£ludd ané reproductive organe of 3
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the sperm whale. Proline, glycine and srginine occurred
sbundantly in cuticle hydrolysaste while that of reproductive
organs, 62% of total nitregen wee given by lysine, glutamie
acid, glycine, valine, leucine and histidine. Male cuticle
contained more scrine, more proline in the protein of

female gonads and mothionine in cuticular péoteln but
absent in peorienteric £luid.

samoilof€ ( 1973 ) using electron microscope auto
radtog;:aphy and adult male of Panagrellus silusiae labelled
with 3&«! leucine, observed that protein synthesised s.ﬁ
hypodermal chords wasg inserted into the cuticle at the
cuticle basement membrane invaginations.

Giebel ¢ 19?3 ) ﬁouﬁa the increased activity of 2 do=
aminases, phenyl alanine ammonialyase ( PAL ) and tyrosine
ammonia lyase { TAL ) in the potato roots mfeetea with He
rostechiengis, thercby increasing xeaistance,

Waterston, Epstein and Brenner ( 1974 ) detected
paramyosin in the bady wall and pharyngeal musculature of
W elegans, ‘The body wall contained thie
protein in higher concentration than the pharyni.

' pagen { 1978 ) extracted proteins frem Melotdogyne
epe ON kenaf and tomato roots and by double gel diffusion
technique showed that the protein extracts had strong
~antigenic relationghip between the host and pathogen. He

also detcted feloidogyne protein in extracts of tomato
roots.
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Bumbu and Mel'nik ( 1975 ) chewed that Dieylenchus
destructor exuded protein vhich gave 8 fractions on
electrophoresis. - The hydrolysig products of each frsetion
contained cellobiose a8 detected by chromategraphy.

Lueshner and pasternak ( 1975 ) investigated that
incubation preduct of the whole worm of Panagrellus gilusiae
with 3:{ proline contained collagen. The amount of collagen
bound tritiated proline end hydroxy proline was measured
by icorporation of tritium in to extracted materials,
sumécing that the rate of collagen synthegis was
discontinuous during postecmbryonie doevelopment. Nehe
collagen proteins were also identified being labelled with
34 tryptophan or 34 leucine and the level of soluble radio
asetive proline thet asccumilated in the organism, during
incubation peried remained constants

cus*keva and Makovekaya ( 1976 ) could differcntiate

mobility and by the numbor and density of protein groups

reversat in 1976, while studying the overall bioe-

chemical composition of i, javanics and He oxyzae juveniles
put forth that they eontained 40.9% and 40.7% protein by
wed ghte

arest and Firth ( 1977 ) reported that the electrow
phoretic protein patterns of females of round cyst nematodes
varies according to the host plant, they are cultured on. V




reznick and Gershon in 1977, purified fructoses},
é=diphogphate aldolase from the free lilving nematode
Turbetrix m which had proline at NH,-tezrminus and
tyrosine at COCHeterminus and resembled vertebrate:

aldolase A, but in amino acid composition this aldolase
resembled vertebrate aldolase C.

ACID REQUIRBMERTS @

In QW_Q bricgsae, Rothstein and Tomlinson
( 1961 ) demonstrated the biogsynthesis of 16 amino acids
‘asm::uc acid, glutamic acid, alanine, proline, glyeine,
éyate&né. cysme ( as eysteic acid ), serine, aryinine,
't.hreonzne. eymeme. vanne. leucine, iso=-leucine,
ﬁ.lem!.dine and lysine, by ad@ing radio active amino acid
procursor to the modium and subgecuent determination of
the labelled amino acids by chmﬁography and radio
auﬁa@raphy.

In 1962, the samz authors again fed C. briggsae with
14, labelled amino aclids, and observed them to aynt.heglze
not only the noneosscntial amino acids like glutamie acid,
aspartic acid, alanine, glycine, serine and arginine but
also the essential amino acids namely threonine, tyrooine,
valine, leucine, fso=lcucine, histidine and lysine,

rothstein and Moyoh {( 1964 ) showed the presence and
utilisation of an encyme “ iso=cytrate lyase ° by C. briagsae
to synthesize glycine. |

Miller and Roberts ( 1964 ) reported the synthesis
of alonine in A,

from aspartic acid and glutamic
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acid substrates. |

Myers and Krusberg in the year 1965 eemstramd
amino acid synihesis by ﬁez}eﬁchg_g triformis and mixed
populations of mmoxm@ incognita and M. arensria
larvae incubated in solutions containing glucose 1ac or
a@e&aﬁé “c by chromategraphy and aute-mdiography. D
. triformis synthesized Lealanine, aspargine, aspartic scid,
cysteic acld, eysteine, gamma-anino butyric acid, glutamine,
glycin@.' serine and ornithine :: vhere as , melggﬁém' e SPPe
synthesized lralan&ne. asparagme. amnlc ae&é. glutamme.
¢lycine, ‘serine and tryptophan. |

Rothstein ( 1965 ) reportec the transfer of single
carbon atem £rom formate to serine, glutamate, aspartate and
alanine in Cs briggsae.

In 1971, Balasubramaniam and Myers dotcormined the
amino acid reguirements of Aphelencholdes sp. by lebolling
end deletion methods. The absolute dietary reguirements
wore histidine, methionine, phenyl alanine, tyrosine,
threonine, lyecine and muelmﬁoleucme. Alanine, proline,
serine, glycine and valine were of iimited .mqutrmems. '

artic acid and glutamic acid were found ®© be
synthesized by the nematode, they were not reguired to be
supplemented 4n the diet.

vanfleteren ( 1973 ) worked on amino @td requirements
of ¢+ brigasae and reported thae. arginine, histidine, lyszine,
tryptophan, phenyl alanine, methionine, threonine, leucine,
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iso=loucine and valine not synthesized by the

nematode, and hence, they were essential to be supplemented

in the medium for growth and reproéwct,mr}, on the other

hand slanine, asparagine, cysteine, glutamate, glutamine,

glycine, proline, serine and tyrosine were noneessential

amino acids as they could be sufficiently synthesized by

the nematodc. | ,
nyees anéd Balasubramaniam ( 1973 ) in axenie czi!tmr&nq

of )\E.helencmtées rutgersi demonstrated that isoeleucine,

- leueine, methionine, phenyl alanine, ehzeongne. higtidine,

tryptophan and lysine vere essentisl for the reproduction
of this nematedo,

Jacksen ( 1973 ) cultured Neoaplectana glaseri on
kidney sliees and found that in addition to the 9 amino
acids lysine, tryptophan, histidine, phenyl slanine,
leueine, iso=lcoucine, threonine, methionine and valine,
osgential to mammals, srginine i. essential to W, glaseri
ond tyrosine is marginally ecssential,

In the came year Jackson and RatanarateBbBrockelman
determine’ the amino aeid nutrition of two nematodes N,
glaseri and Rhobéitis maupasi, In both the cases lysine,
tryptophan, histidine, phenyl alanine, leucine, iso-leucine,
threonine, methienine, valine and arginine were essénetal
for reproduation. Tyrosine Aincreased the reproduction

performance of N, glageri and Aso=leucine was essential for




roy ( 1975 ) while culturing chiloplacusg lentug on
nuggmng broths supplemented with various aliphatie,
aromatic and haterdcyclac amino acids and many moneo, 91 and
oligo=-paccharides. Aminé acids vere ghown to promote |
high population levels vhereas glucose, erythrose, fructose,
raffinose, Tibose, mannose and trehalose were suitable
supplements for amino acids.

pinnock and Stoksted in 1975 observed a 20 fold
i{nerease iR the population of Caenorhabditis briaqgsse
over coentrol in leucylephenyl alanine supplamented medium
with haemife Also cagaminoacids ( Peptides + amino acids )
gtimulaecd growth te a population level but 1.5 times that
of the control.

13, Hich and ctoketad { 1976 ) confirmed from
Wrmml culture that meth&on&né is an eseential amino
acid for G briggsae and hamacystein can substitute for
mothionin@ at optimel levels of Vit. B,, and folic acid,
thereby sugacsting thet Cs brigqgsae possesses e mechamism
for blosynthesis of methionine from homooystein as auhwaee.

vanfleteren and Aveu { 1977 ) treated Co Eﬂm
with aminopterin in growth promoting media which induced
thymine deficiency and led to sterility. The omission of
ecsentisl amino acids from the medium during thymine
ggawaﬁim prmt;@d larval grmh at every stagee.

putherford, wWebster and Barlow { 1977 ) showed that
uptake of glucose and amino acids by m' nigrescens
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in vitro are trans-cuticular processes but are not cneragy
reqguiring.

Do HMINO ACID ANTI « METAROLITES @

Prasad and webster ( 1967 ) exhibited anti-metabolitic
effects of some amino acids on Aphelenchoides, Nacobbus
and Heteredera. They found thaot Dl=amino-butyric aeid
significantly decreased the number of Aphelenchoidesg and
Nacobbus galls by9l% and 89% respectively. DiL-a2lanine also
significantly reduced the number of  phelenchoideg ard
Heterogera females over control. Disvaline and DL-methionine
were reported to possese antimetabolitic activitiecs,

Krishnamurthy Rao and pPrasad ( 1969 ) demonstrated
the goll application effects of 11 DL-forms of amino ascids
and 8 l-forms on Re reniformio mﬁestx;:g tomato secdlings,
the Dleforms of tyrosine, serine, valine, threonine, proline
and methionine vere found effective in reducing the nematode
population in roots as well as in soils, while their l-forms
enhanced the population both in roots and soll, I~forms
of serine, lysine and mothicnine showed lower population
that contrel, but vas more than that in Di-~forms. However,
creatments receiving Dleforms of amino acids had
significantly lower population of nematodes both in eoil
and roots ap compared to that in corresponding lL-formas
application of the total guantity of amine acids at one
time was more effective than eplit application in two equal
dosages.
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In 1971, Evaens and Trudgill investigated the effectes
of amino acids on the reproduction of H. rostochiensis.
gmzmmme was found lcagt toxic to the host plant potato
an@ most toxic to the nematode. |

gisiel, Himmelhoch and zuckerman ( 1973 ) ‘atudxed
the effcct of aminopterin, the DNA synthesis inhibiter, on
fiﬂe structure of Caenorhabditis brigasae and reported that
this prevented repreductien of the nematode and reduced
mngevuy; resistonce o gheck ete. which were symptomatics
of accelerated aging. | o

grishna Prasad and setty ( 1974 ) investigoted the
effect of three amine acids Die-threonine, Dimserine and ple
alanine aé anti-meteobolites on root-knot nematode i, incognita
on tomato. The amino acids as foliar spray did not have
any adverge effect on the growth and vigour of temato plant,
but significently affected the development and roproduction
of nematode extept Dl-threecnine.

. gohneon and shamiyeh ( 1975 ) while studying the

effect of soil ammendments on hatching of M. incognita eggs
found that addition of inorgenic amronium compe

pounds, amino

acide or protein hydrolysate to so;l, containing eguivalent

concentration of that in goil with 4% lucern inhibited hatching.
pusenbery ( 1975 ) while testing the chemotactic

responses of . @legans to same anino acids indicated the

avoldance of Dl~tryptophan by the nematode, —Letryptophan

nad an Anhibitory effect on the response, but no significant.
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reactions were found due to the D= and i~forms of alanine,
 leucine, methionine, phenyl alanine, serine and valine,

Andreeva, Ermolin and Tarakanov ( 1975 ) reported
the Presénee of antigens in extracts of Aphelenchus avense,
Q?;o glaserd snd pictyocaulus filaria by immuno-elcctrophoresis
and double diffusion on gel. N. glaseri had 7 and A guenae
o antiqenté components and D. filaria had 3 antiqens in
common with the other two.

. Redgy, @v&ndu and setty 4in 1976 studied the action

of pl-methionine on l4 incognita in tomato 2nd found the
.amino acid to reduce reot galling and egg mass production
and also to delay life cycle of the nemstode.

Naqvi and Saxena ( 1976 ) while testing the amino
goids for mortality of B, reniformie in m revealed
that highest mortality ( 100% after 48 hours in 107} n
solutions ) were abtained with glutamine and glycine,
1=arginine and i=histidine 418 not have any lothal effect,
£. A  ere e . .

Cairns ( 1961 ) exposed soil and plant nematodes
to a 40 watt ultraesonic gonerator eperating ot a freguency
sf 50,000 cycles/secend. Nematodes suspended in water
were killed quickly than those in meist sand., Small sige
nematodes were found to be more resistant to ultragound
than large ones.

n 1967, Clarke and his assoeiates in eourse of
their experimente on the amino acid composition of egg shell
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protein of H, xoetochiensis dis-integrated the egg
shell by an MEL 60 watt ultrasonic disintegrator
operating at a freguency of 20 kilo cycles/second
for 10-15 minutes keeping the suspension conatantly

in an ice«~bath with a view to restrict the taméramre
‘below 40°F. | |



CHAPTER-IlI
MATERIALS AND METHODS



MATERIALS AND METHODS

with a viev to get a high population of the
experimental nematode, Pratylenchus sp., a preliminary
survey was made collecting soil samples from different
locations, nearer to the Orissa University of Agriculture
and Technologye 'Fxn&lly a ﬁtfghland area of the progeny
oxrchard, in close proximity of the ithanfagiri hills, and
showing a very high population of the test organiem, was
selected, |

The soil semples were collected mostly from the

zogphere of banana ( jusa sp. ) plentatiocn. Infected
'rﬁtzemea of banana were also obtained which showed brown
or dark brown conspicuous lesions, the characteristic
gymptoms of this ncmatode attack. The samples were
brought to the laboratory for precessing in paly:hehe bage
and stored, if necessary, in the lower most chambor of the.
refrigerator for not more than two days.

nizomes ) te

| 'me nematodes were extracte’ from the banana
;mj.'mm. by maceratien-filtration techaique ( Stemerding,
1064 ). ~The infested rhizomes were £iret washed free of
3@11. the lesion portions were scparated auS and cut into
1. m::, pieces of 1 to 1.5 em in length. "bout 10 g of the
materials were placed in an electrically operated
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warring blender aleong with about 10 ml of water. The
‘blender was operated at maximum speed for 5 to 10 secenés
in order to soften the tigsue ana liberate the hema&:ées
from the plant parts. 7Then the suspension ( the nematodes
with mseerated plant tissue ) was poured over a plece: of -
double Xayeted ussue paper spread over a saucer ahaped
supporting wire gauge. The wiregauge-tissue paper
assembly was then pleced on an extraction dish ( petridish
containing enough water to touch the tissue paper. Mtér
two days the water suspension of the extraction dish was
tronsferred to 2 beaker for examination as it contained
the nematodes which had moved through the tissue paper
into water down below,. }
(i) Extraction f£rem soi leg te

The nematodes from the collected soil samples were
wegmscreened as per the Improved Baexmann funne} eeahn&qﬁe
{ schindler, 1961 ).

In a shallow sluminium pan about 250 g of soil was
taken to which 3 litres of woter was stizrred in until the
. elods wore broken. The seil suspension wasl allowed to
stend for 10 seconds to lot the sands and heavier particles
gettle down., The supernatant soil suspension was poured
ehrough phogphoroebrongesvire-netted sieves of 60, 100 and
350 mesh sizes. 7The sediment at -the bottom of the pan was
flushed with water two more times, allowed to settle down
for 10 seconds each time and screened through the game sieves,
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The residue at the bott.&n of the pan appsrently free
from nematodes, was discarded. The nematodeg collected
on the 100 and 350 megh sieves were traneferred to a
aluminium pan with a gentle flow of water and then to
250 ml beakers in reduced volume of water. The nematede
suspension thug obtained was poured cver a piecec of
tissue paper spread on the supporting aluminium viree
gauge. The wire-gouge-tissue paper assembly vas placed
on a petridish contailning sufficient amount of water so
as to submerge slightly the bottom of the wirewgauge,
The living and active nematodes wriggled through t;hé
tissue papar and vere collected at the bottem of the
petridish. They vere recovered after 48 hours.

Thus the contentas of several petridishes were
pooled into one beoaker and 'M; was kept in the refrigerator
at 4°¢ allowing the nematodes to settle down. Then,
discarding the supernatant, a cencentrated nematode
suspengicn was obtained fer igolation by picking,

seme of the nematedes which were collected as
above were killes, fixed ond preserved for future
jdentification. About 5 ml of the nematode suspenaion
was taken in a small specimen tube. The tubc was held
over a flaming spirit lamp, rotating it for 510 seconds.
nuring warming the nematode suspension, the nematodes

seopic microscope pericdically.

wore observed under stared
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The nematodes twisted €irst and then they straightened
out suddenly. At this point heat rigor eceurred, hence
the speeimen tube was removed f£rom over the flame
imnediately. A £ixative ( P.A. ) was prepared by mixing
formaldehyde and glacial acetie acid in a1 (vw/v)
proportion, sSubseguently, the dead nematedes were
transferred into 5 ml of this fixative solution,
( i1 ) Processing of Nematodes se
. Glycerol=cthanol Mcthod { Seinhorst, 1959 and 1862 )

The ncmatodes €rom the fixative golution were
transferred to a smsll glags dish containing 0.5 m} of
the following mixture s
Ethanol 96% 20 parts

glycerol 1 part

pistilled water 79 parte.
The amall glass dish 1;1@-.!\ nematodes in seinhorst's soluticn
wag covered with a ecover glip and wag placed in a closed
glass vessel ( a desiccator ) containing an execess
{ 1/10th of its volumo ) of 96% ethanol and closed
air uqm- Then this was placed in an incubator at 36°c
atleast for 12 hours. This procedure removed water from
the solution and left the nemstodes in a mixture of
giycerol and ethanol. The container with the nematodes
was refilled with a solution of 96% ethanol and glycerol
( 9337, V/V ) and placed in & closed petridish at 40°%
~ t1ll the ethanol evaporated. Thus the nematodes were



left in pure glycerol suitable to be mounted on the slides.
( 114 ) preparstion of permanent slides te
3lycerine method was adopted for preparation of

the permenent mounts. Glyeerine wvas f£iltered through
£ilter paper and pregserxved in 8 dropping bottle‘insiae
a desiccstor containing fused calcium chloride ( €aCl, )
- for dehydration. A small drop of dehydrated glycerine
\ﬁrom the dropping bottle was placed in the cmﬁ:e of a
| ;5fm.eap aluminium slide, Nemsatodcs of approximately equal
\shepe and size were transferred inte the drop with the
help of 8 clean sharp hand-piek.,. They were arranged
broperly with their heads pointing to the same éirection
it the centre of the glycerine drop. They were pressed
\gently with a bamboo splinter,so that they rested on the
,mgumm surface of the slide. Three glass«-rod pleces of
,f\\amesé egual diameter to that of the nmat;aea. were
placed :adtany and peripherally. Then a clean round
:@\Xaes cover slip was warmed over a £lame agné placed carefully

. owéx the glycerine drop. The cover slip rosted over the
m;pﬁpztmg glaes rods quickly without disturbing the
.nmggaea much.

, the cover alip, then, was £ixzed at three points
with droplets of diluted mut ( Thorne's cement ), applied

with the help of s fine brush. Thege drops were allowed

w.-.o dry and then the cover slip was ringed with a layer of
V.Mn zm; £4rst and later with a coating of thick sut. 7The

permanent mounts thus prepared were mmxm properly and



presexved for further identification of the nematode
species. Subséguently they were identified as

gratz;enchué coffcae ( zimm, 1898 ) Filip. and Stekh., 1941.
De SURFACE STERILIZATION OF MNEMATODES 3.

The collected nematodes were surface steriliged
by holding them in ecueous mercurcchrome solution {( 1% )
for a petiod& of one hour. First the nematodes were brought
under the £ield of a binocculer stereoscope and transferred
to a petridish by sucking in individual nematodes through
a capillary pipette. In the petridish the ncmatodes were
washed 3 times with sterile distilled water, The ncmatode
suspension was then measured and an equal volume of 2%
marcurochrome wag added to it. The nematodes were kept
;s such for one hour. They were then washed free of ‘
mnrechrome in S changes of sterile distilled water in
'fm culture rooms

| Afeer surfacee.gterilization, the nematode suapension
m\mﬁnwﬁeﬂ by pouring it over a single layer tissuew
papeéwm@msamwxy placed over an extraction dish
containing sufficient sterile distilled water just to touch
the tissue paper gnd kept for 24 hours. 211 the living
and active nematodes [ Adults & laxvae } eccaped to the
iuam thereby scparating all ot.rmf' foreign materials. Wow
a;m pure and clear nematode suspeneion in the dish wos
put under a binocular stereostopic microscope from which
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the nematodes were picked up one by one with the help of

a cpecially made and alcchol treated bamboo pick. They
were gollected in 160 ml sterile @istilled water contained
in 4 sterflized conical flask of 250 ml capacity. During
picking the nematodes were counted to determine the total
population. The conical £lagh was kept in deep freegze for
 gubseguent uge ( Smith and Ellenby, 1967 ) till the required
inmmer of 75,000 namotodes was roached ( Nicholas, bougherty
and Hansen, 1960 ).

with a view to get the excretory materials out of the
nematode guickly it was nccessary to apply some physical
stress, The nematode excretions are generally water=soluble.
Henoe, the conical £lash containing 75,000 of the living
specimens in 100 ml of distilled water was put over an
' electrically operated rec&pméaunq ghaker operating at
medium speed, ghaking it ever night. Kext day the suspension
was taken out and was eentrifused at 2,000 rpm for 5«7
minutes using steriligzed plastic centrifuse tubes. The
supernatant liquid was collected in a storiligzed specimen
tube which contained the water soluble nemic excretions.
ghe volume of this golution was reduced to a £e}v ml by
evaporating over an ice-bath by means of a hot air-blower.
This was prescrved in steriliged small glass vials in the
refrigerator for subgeguent use in chromatographye.
The bottem portion of the centrifuse tubes retained
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all the nematedes which were confecﬁed into sterilized
asnap=tcp plastic containers, with distilled water and
were kept in freegzexr chamber. '
G. -PROCESSING OF NEMATODES ¢

subgequently the contents of all the plasgic
containers were poured into a 500 ml gterilized measuring
cylinder and the cylinder was kept in a refrigerater at
4%. nfeer every 4 honw. the supernatant liguid from
the cylinder was removga by aspiration 1eavs.ng the lﬁrattom
20 ml that containcd almost sll the nematodes ( Nicholas,
pougherty and Hansen, 1960 ). In this way several washings
wm done to remove the mm::ulaae materials that might
have inadvertently got into the suspension. The bottom
suspension was then centrifused at 2,000 rpm for 10
minutes in order to concentrate the nematodes. The
gupernatant was poured down and the centrifused materials
were 9&% in s previously weighed clean watch glags. The
wat.eh glags with the nematodes was put in an aven at
105%¢ until it gave a conatant weight { Micholes, Dougherty
and Hansen, 1960 ) The dry weilght of the nematode mags
wos Te6 mge |

e gemnents Of the watch glass were washed carefully
into a 50 ml sterilized bsgker with 80X ethanol. The
amount of ethsnol @id not necessarily oxceed 5 ml.
13 ICATION AND HORCGENISATION OF NEMATOIES ¢



the tissue of nematodes to release the free amino acids.
They were sonicated with an ultrasonic disintegrator of
1,000 volte ( 80 millimpere ) with a stainless ‘st'.e@el -
prébie of 5 mm diagmeter operating at 28 kilacycles per
second for 1% minutes { Clarke, 1968 }. But this guantum
energy faile’ to disintegrate the tissues completely but
softened the tigsue that facilitated casy homogenisation.
After conication the namatodes were homogenized by an
electricelly operated tissue homogeniser ( mortar and
pestle type ) for 10 minutes. All these operations were
carried on at very low tamperature, keeping the material
constantly in ice-bath { Clarke, 1968 ),

The homogenised mass was ceptrifused at 3,000 rpm
for 15 minutes. The supornatant liquid was poured into
a clean watch glass where it was evaporated to free it
from aleohol. 7o reduge the volume of extract, the water
vas allowed to evaporate by the help of hot-air blower,
The viscous 1iquid was taken, dissolveé in 1 ml of 10%
iso=propanol and transforred into small, clean glass
vials for subsequent uge in paper chromotography. This
wis preserved in the freege compartment of a mfrigefawr
until further use,

X 27.5 em wap used for paper chranatography. It was
appropriately marke: end epotted with the test sample
wvhich had been prepared earlier. For npotuag of the
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test sample en the paper very fime capillary glass tube |
wag limaf". The size of the spot was restricted to smallest
mesible area on the origin, which was facilitated by
medns of a hot air-blover during sample application en
the) paper.

Twe dimensional amencnng paper chromatography
teghnicue was used, 'x'he twa solvents used werey ne
bytanioleacetic ac:ld-watmt and phenol-water-ammonia in
¥he properation of xeméomo and 180:20:1, respectively
( s.mli'eh. 1960 ).

The nebutanol-geetic acid-water wos used as £irst
solvient, wheress, phenolewater-ammonia as the secend
hqlvmt.

After spotting w&th the teat sample, the paper was

foléed so as to ferm t}\s ghape of a cylinder; its adges
yére fastened together carefully aveiding overlepping.
Fhis Paper cylindeg Qaaf placed in an upright position in
a pet!gﬁdiﬂ: ( 25 em emw ) containing 50 ml of nw .
butanel-acetic ecid-uater, the first solvent. The
pmipiete vas placed: an a glass cheet and these were
cavm;éﬂ with & glass baiz.ja: ( 32.5 co % 30 em ), which
servéd the purpose of ‘a chrometographic chomber. The
bellJdx was made alr tight by sealing its rim with vaseline
in q:onmt with the glage ghect. This encured a saturated

here inside the bell far se ae to provide seturation

@fmmummmafmm
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The test sample spot was at the lower end of the
paper just sbove the solvent, but not in dircet contact,
The bell jaxr chamber was made airtight as before. The
paper cylindsr vas left ags such for about 10 hours when
thoe flmi: solvent reache? the close prostimity of the upper
edge ©f the paper. After the flow of the vﬂ:’se selvent
was ecompleted, the paper was carefully taken out of the
chamber and driec for about 2 hours in room temperature
to allow the evaporation of n-butanol-acetic acid-uwater
3@1\;@% subgeguently, the paper wae run in 5p ml of
phenol-vater-amronia, the gecond sclvent. The dried
ehromatogram was again £o0lded in the form of & cylinder
in perpendicularly apposite direction. It was placed in
50 ml Of thoe second golvent in the petriplate { 1S em
diameter ) and run in the same manner for about 10 hours
aa for the £irst solvent inside the air tight chamber,
gy the cnd of this peried the seea
cloge to the upper edge of the paper. Again the chromatogram
was carcfully taken cut of the bellfar, unfastencd and
éried in air, |

rgeer the chromatograms were completely alredried
by hanging with wooden clips inaide the laboratory at room
temperature ( 36°C ) for 12 hours ( over night ), and when
phmxgwawt«-ammia solvent got evaporated, they were

sped with ©,25% ninhydrin solution dissolved 4in
acetene. The ehromotograms were developed by dipping

4 solvent reached very
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them in on enamel tray containing the reagent. Suf€icient
amount of f£reshly propared ninhydrin color reagent was |
poured into the tray and the chromatograms were individually
immersed into it, To provide umiforin flow of the colour
reagent, one edge of the paper was f£irst immersed in it

and from the other edge the chromatogram wag briskly pulled
out, after allowing it to remain in eontact with the
ninhydrin solution for few seconds., Acetohe was allowed to
evaporate £rom the chromatogram again by hanging them at
room-temperature ( 30°C ). After it was air-dricd, mé
chromatogram was put in on oven, maintained at 75%, for

15 minutes when the coloured gpots of various amino acids
beeame distinctly visible on the chromatograms, Immediately
after deteeting the coloured spots on chromategrams, they
wore outlined with a pencil so as to retain thelir original

| 1ocotion. fhe central points, the drakest points of the
gpots were also marked simultaneously for calculating RE
values loter on.

The identification of free amino acids wao done by
preparing standexd chromatograms with pure amino acids.
Juwenty one amino acids ( including two amide forms ) wsaz;e
used for the purpose of preparing standard maps. Those
were aspartic acid, glutamic acid, L=-serine, Disthreonine,
1-({=)tyrosine, histidine, i~mctRicnine, t-leucine, Leproline,
glycine, Isarginine, L-(s)oysteine, L-gystine, isphenyl
alanine, i=tryptophan, i-alanine, valine, lysine, 1soeleucine,
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t~asperagine and Leglutamine., The standard solution of

each amino aecid was made by dissolving 10 mg of cach into

20 ml of 10% iso-propsnol. Four amino acids namoly, cystine,
‘glutamdc acid, phenyl alenine and tryptophan could not be
diesolved very enssily requiring addition of few drops of
100% hydrochlorie acid to disselve thems With a viey to
concentrate the solutions, the volume of each was reduced
from 20 ml to 10 ml by evaporating the iso-propancl. To
prepare a2 mixture of the twe‘néy one amino acids 0.2 m}l fyrom
eacho steck solution was pipetted out and mixed in a small
glass vial. Bach of these twenty one amino acids was
individually spotted on whatman No.1l chromatographic psper
by the procedure presaribed above, ©On a second sheet of
poper the mixture of all the 21 amino acids was spotted, The
former paper was run in single dimension by n-butanol-acetic
acidwwater ( first solvent ) end the latter papor ( spotted
with mixture ) was algo similarly run two dimensicnally, as
described earlier, with nebutanoleacetiec acidewater first and
then with phenol wat.éé-am@nia solvent. These weye also
developed with 0.25% ninhydrin colour reagent solution in
acetone after proper drying. rifferently coloured spots

of amino acids on the chromstograms were outlined with a
pencil and their central points marked. These standard maps
were uged to identify the free amino scids developed on

the chromategrams with unknown nematode h




Throughout the chromatographie technique, same
proportion and grade of solvent chemicals and the colour
reagents were uged for each treatment with a view to
maintain maximum possible uniformity in the é:tperxmnzel
procedures,



CHAPTER-IV
EXPERIMENTAL FINDINGS



.and exeretion which, on oxidative deamination with
ninhydrin, gave ninhydrin positive ( coloured ) spots
on the chromategrams were identified mainly on the has’is
of t.m.tt pocitions on the papers, the colour reactions
with th@ spray reagents and the RE Vames in comparision
w.u.h the standard chromatogramg drawn t&s&ng knoun aﬂnmﬁ&
RE_VALUES ¢

when the solvent £ront 4s not allowed to travel
off the paper, the R value is de€ined as ¢

ng distance the substanee has travelled from or&gm‘ ,
- _

distance the solvent front has travelled from origin

A3 the rE€ value, At.hns obtained, As a fractien, it was
conveniently expraessed ag a percentages Further, the Rf
value 18 an arbitrary value, hence for identification the
basic cenfiguration and coleur of the amino mm‘ spots on
chrematograms were algo considered giving due emphagis.

A1l the twentyone amino miae; of known strength were
gpotted individuslly and run in n-butancl-acetic aclid-water
solvent onasdimensionally. 2after developing them with
ninhydrin solution in acetone the central pointa of the
ninhydrin positive gpots were msrked and measured £rom the
bage line ( x-axis )}, which gave the distance the substance
has travelled from the origin. It was Givided by the
distance solvent front has travelled and the Rf values were
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caleulated 4n pareentag@. as presented in Table 1.
Table 1: The rRf values of gtondard amino acids
- { 1~D, chrematography ).

—Bhe1T00 me of the amine g . RE value in 100 %
~©f gpots i aeid ‘ i -
1. Aspartic acid 4,8/24.0 © 0,20 % 180 & 20
2. glutamic acié 6,0/24.0 = 0,25 % 100 = 25
3, ~ L=serine 4.5/24,0 © 0.19 x 100 = 19
4. Glycine 5.1/24.0 © 0,21 % 100 = 21
Se plLe=threcnine €.4/23.0 = 0.27 % 100 o 27
&0 valine 12.9/24.0e 0,54 x 100 o 54
Z?" teo~leucine 15.6/28.0 w 0,68 x 100 = 65
8. I~}eucine 16.5/24.6 = 0,70 x 100 = 70

. Ge 1=histidine 2,6/24,0 « G.11 % 100 « 11
10. tysine 2,8/24,0 © 0,12 % 100 e 12
11. L=azrginine 3.8/24.0 = D.16 x 100 w 16
12. l=phenyl alanine 14.4/24.0 w 0.60 x 100 = €0
13. I={=)tyrosine 10.1/24.0 = 0,42 x 100 = 42
14. =tryptophan 12,7/26.0 = 0.53 x 100 = 53
15. 1~proline 8.6/20.0 © 0.36 % 100 « 36
16, 1~(4) cysteine 167/20.0 » 0,07 % 100 « 7
17. . 1meystine 1.2/26,0 « 0,05 2 100 » S
18, temethionine 12.0/24.0 = 0,50 % 100 = 50
19. i=alanine 75/24.0 « 031 x 100 » 3}
20, I=aoparagine 3,6/24.0 = 8,15 x 10D = 15
21. I=glutamine 5.0/24.0 = 0,21 % 100 » 2}
Be & DARD AMING RS IN MIXTURE &

A mixture of the 21 amino acids was spotted and
separated by two-dimensional ehi‘«mﬁmphy. The Rf values
of single amino acid spots were calculated agsinst nebutanol
acetic acidwwater front. Subsequently the amino acids were
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identificd by ccm,pa:ing- their colour reaction and RE values
with the colour end RE values of individual amino acid.
‘The RE valucs of the separated ninhydrin positive spots
Whe mixture ( FPige 1 ) are tabulated below,

?able 2 ¢ The Rf values of gpots separated from standard
amine aeid mixture ( 2«-D ghromatography ).

serial No. Of spots g‘_ | RE values &n 100 %
1. 3.6/22.2 = 0,16 % 100 & 16
2, 5.3/22.2 = 0,23 x 100 = 23
3. ©1/2242 © 027 x 100 = 27
4. 5.6/22.2 © 0,25 x 100 = 25
9. 4,6/22.2 = 0,20 % 100 o 20
6. 5.0/22.2 © 0.22 % 100 = 22
7. . 6.3/22.2 = 0,28 X 100 = 20
8. 6,7/32.2 « 0,30 & 100 v 30
Be 145/22,2 w 0.06 8 100 ¢ &
16, 200/2203 w 0,09 2 100 = 9
il. 3.2/22,2 « 0,14 2 10D = 14
12, 2.5/22.2 = 0011 x 100 = 11
13. 2,6/22,2 « 0,11 x 100 = 11
14. 8.2/22.2 = 0,36 x 100 36
1S. 10.0/22,2 @ 0.45 x 100 = 45
16. 11.1/22.2 2 0,50 2 100 = S0
17. 12.1/22.2 w 0,54 2 100 o 54
18, 12,7/22.2 « 0,57 % 100 w 57
19. 15,0/22.2 » 0.67 % 100 » &7
20, 16,0/22.2 » .72 % 100 » T2
21 1442/22:.2 » 0,63 X 106 » 63

o

compering the Rf valueg of the above ninhydrin
posicive gpots an the chromstogram of the mixture with
that of the Rf velues and colour of single amino acid



ehmmat@gma. the relative p@sitiens of the amino acids
on mixture chromatogram were found. out. They were
Ldeneiﬁed as fauewa corresponding to their respect&ve
"sefial aumbers g

.1. -’ 1=agparagine
2. : wlneammé

3. Db-thfeanine
Q. slycine

5. i~gorine _.
6, Agpartic acid
7. Glutamic acid
8. i~alanine

9. i~cystine

10 i=({+) cysteine
11. 1-arginine
12, L=-histidine
13. Lysine

14. lgproune |
18. L-{=)tyrosine
16, t=methionine
17. I=tryptophan
18. Valine

19, Igow-leucine
20. i~leucine

21, L-phenyl alanine



. The calculated Rf values of ninhydrin positive W

oen the chromatogram of tho homogenate {( ¥ig.2 ) have been
iﬂ&ﬁ@atea in Table 3 .

Tablg 3 ¢ RE values ( 4in porcentage ) of ninhydrin positive

chromatogcraphy Je

spots on homogenate chromatogram ( 2eD

fer%al HNo. Of gpots J{ RE values
1. 3.5/20.1 © 0.17 % 100 = 17
2¢ Se 1/2001 ®De25 %X 100 & 235
3. 3.7/20.1 = 0.18 % 100 « 18 |
4. 4,3/20s1 = 0.2) % 100 w 21
Se 3.3/20.) = 0.26 x 160 v 26
6. 6e8/20e1 = 0.33 % 166 = 33
Te 3.1/20,1 = 0.15 x 100 » 15
Be 1.6/20e] = 0.07 x 100 = 7
9. L 3@

609/2001 o 0,34 x 100

comparing the Rf values, colour offered by the
reahdnt and coenfiguration of ninhydrin positive spots on
. eafiple chromatogram with that of the mixture chromstogram,
thie Eenwxn;g free omino aclds, arranged aceerding’ -

t$ the serial number of the spots, were identifies to be

e

1.
2.
3.
4,
Se
=N
Te
8.
9

eaent in the homogenate of pPratylenchus
‘1~serine

pi~threonine
Agpartic aeid
olycine
olutamie acid
i~alanine
j~azginine
i~ (4 Joysteine
i=-proline

ffese @
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The Rf values "o&é tm'ninhyérm pos’iﬁve spots on

the chromatogram prepared with nematode excretion ( Fig. 3 )
have been indicated in Table 4. o

Table 4 s The R€ values { in percentage ) of ninhydrin
positive spots on excretion chromatogram
{ 2«D chromstagraphy Je.

~ Serial wo. of spots } » RE v'alu‘eq‘.;
1. 6.6/26,0 = 0,19 X 100 » 19
2, 2.8/28.,0 = 0.11 % 100 e 11
3. 4,4/26.0 = 0.18 x 100 = 18
4. 8s3/24.0 v 034 x 100 © W
S. 8:.9/24,0 « 0.37 % 100 » 37
6. 12.,0/24.0 » 0.50 % 100 = 50

7. 16.5/24.0 = 0,70 ® 100 = 70

comparing the colour given by the reagent, Rf values,
the configuraction and relative position of the ninhydrin ‘
p?ss.uve spote on saemple chromatogram with that of the
mixture chrematogram the following £rée amino acids were
identified to be present in the exaretory producte of Ds
coffese, 'They have been arranged below serially.

1. i=gorine
2. lLysine

=R 1=arginine
4. i=~alanine
S  ieproline
G, t~methionine
T t=leucine
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. Thus, four amino acids, namely, i~-serine,
1ealanine, I=-arginine and :;-pmune were found to be
common to both the nematode homogenate and excreticn.
In addition to these, the homogenate contained rie |
threonine, aspartic acid, glycine, glutamic scid and
1.{+) cysteine; and the excretory materials contained

lysine, L-methionine and Lelsucine. ‘tn t.ot the

homogenate end the excrotion choved the 2
9 and 7 £ree amino acids, respectively.



CHAPTER-V
DISCUSSION



DI SCUSSION

- Although there hes not been much progress in
studica relating to pathbgm&e asscgliation of nemie
phytoparasites, yet it is gencrally belicved that
4dnfection by any causal agent ‘usuany induces a series
~of biechemical changes in the ‘h@stgi In this respect .
reasponses produced by the plant cells appear to be
eguélly active as that of the animal eelis.’,#’mus. 4in

any such event invelving plant pa:asuxé i'i’emam&es. the

- post-infection physielegy constitutes remarkable
alterstions in the metabold .5t only of the host cells
( xenan, 1968 3 Cpsten and nohn, 1971 ; Epstein, 1972 )
but algo of the pathogen ( nsit and Riggs, 1969 Je Sueh
interactions afe gencrally responsible for the production
of profound and censpicuous changes particularly in the
protein synthesis and enzyme activity of the host cells,
As resistant hosts show a greater rate of change in
protein synthesis, this is often considercd as an useful
paravcter to measure resistance or susceptibility of the
hosts to the patheq?ms. Conversely, the synthesis of
parasite=protein, as effecte” by the host, may be accepted
for the determination of different pathegenic roces. Thus
the ability of a parasite in effecting a disease or that

of the hoat in expressing repishance Or susCer |
largely depends upon the neture of the protein gyntheeis
mechanion, and influence of their metsbolism on the
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complicated host-parasite interaectionsg. ‘

In order to cstablich the existence of such
& bicchemical mechonism in the host-parasite relationship,
a preliminary study has been made h_!ere t@ detmt the
free amlﬁo -aedd contents of the heﬂb@emee and éte@harges
geffeao,
vigely prevalent in lecal soils as 8 men;{;.ax pathogen of

of a migratory endoparasitic neuiatéﬂ@"'i?’éﬁfé' chug

many cconomic pmnt.s. mmh as, c&hms. banana coffee ete,

The results obtaeined by cmploying the conventional
peper chromatography techniqycy: Smith, 1960 ) revealed
the prescnee of the eonétdﬁg free amine acids in the
nematode homogenate: Imserine, bDL-threonine, aspartic acid,
glycine, glutazm acid, 1~alanine, l=arginine, I~(+)oysteine
and l-~proline, ‘

In the recent past, many investigaters ( Krusberg,
1061 3 syers, 1963 and others summerised by rusberg, 1971 )
have chowed the presence of as many as 8 to 26 amino acids
and amides in different plent paranitic nematedes. The
aminocacids detectes above have also been included in them,
Hovever, in this study, only 9 amincacids have boen
identified and the presence of others could not be
ascertained, probably due to their presence in very small
quentities. It is also poseible’ that the expax;zmul
procedure followed wae not sophisticated and precige
enough to detect their presence.

n general, the endoparasites are belicved to be
better adepted to paragitiem. Bogides, thé occurrence
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of froe amino acids is also a very characteristic feature
of tho nematode species, According to Myers and Krusherg
( 1865 ), the higher plant parasitiec nematodes possess and
disehrarge greater cuantities of amino acids. It is , .
therefore, obvious, that with only 9 amino acids, P.
coffese cccupies a much lower position in pathogenicity
seale than poloidogyne, Dtylenchus and Aph

some amino acids like appartic aem.,ﬁmmm acid,
- serine, threcnine, alanine and arginine are m common in
many phytophagous nemtaém s whereas, other 14ke proline,
methionine, lysim and lucin \ﬁi

arz less frequently

- encountercd. But 4n the r&émé@nat@ chromatogram of the
tost organism, the intensity of the spot indicated the
'pmtsence of proline in greater quantity.

én the excrotion chromatogram of P. coffeae only
seven amino seids were elearly found to be present. They
were Imgerine, lysine, i=arginine, l=-alanine, Le-proline,
i~methionine and t-leucine, itere also proline appearcd
to be abundant. and the uncommon ones observed waere leucine
and methicnine, There were also soie more faine coloured
patches and gtrips which could be detected on the
chraratogran but eould not be identified with certainty.
R is poooikle that they indicated the gmmca of som®e
more amino acids or thelr compounds but were present
perhaps in very minute cuantities.

Roth the homogenate and excretion hed four amino
acids in comnan, namely, i-serine, l=alanine, Imarginine
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and i=proline, The presence of ot'.hc—azf £ive 4in the
hemegenate and their abeem:e in the excretion suasest
that they may bo ess@ﬁtiei and uséd up in biesynthesis,
It 1o also -iikely that they were f:ot available in execess
50 vaa f.el;b:e excreted out of the neﬂlatéae body. But the
three moxje amino acids'"ob&&méd gérom the cxeretion
ehrmtogrém; ﬁémly tnme&hiqt;&napf ylmzne And lysine
vere perhaps incidentslly released émran@ﬁ’usly from
sene bound fmms to mect cpecific requirements of this
@nﬂ@phyué epecies. They may be helping the neamatede
species dn neutralising the toxic plant metabolites or
in stabilizing the osmoregulatory mechaniem inside their
' host tissue ( pusa epe ). ‘These are, however, enly
speculations as it could not be eonfirmed here through
actual experimentation and as detalls regarding amdno
acdd contents of the host root are not available,

The pi~forms of amino acids, such as, Plealanine,
and “l-serine have shown antimetabolitic astivitics
( Kristma prasad and Setty, 1974 ) against rooteknot
nemstodes but Not Disthreonine. Here t-forms of serine
and alongne were detected alongwith Disform of threonine,
Hence, as An the caese of i, incognita en temato, Iie
threonine pechaps has no antimetabolitic effect en the
tost orgsnism, P« coffeas and t{ might be essential for
the nematode specics. The high conecentration of proline
suggest that either this amino seld 1s abundantly procent.



in the host root as a part of the defence mechanicm of
‘the hést or it is profusely synthesised inside the body
| of the nematode and the excess unused amount i.s exereted,
~ presence of these free amino aclds "may also pré«:iee

some‘cmes on the nutritional requtrement. as well as ehe
nature of protein synthesis of the parasu:e. Hewever.
can uot‘deﬂnitely say, which are ewepual. non-essential
or which have ;ﬁxpncauons in pathdgen;sts;/ on the basis
of this study we can only speculme'. but not cenclude also,
if ehese amino acids were directly arawn €rom the heet. or
synehesl.sed by the nematodes

Anothor possibility relat.mg to the extstenee and
functicn of these amtno acids is to dm:dfy the emeas
amnonia aeemu;aung in the nematodc tissues thus exereting
a non=toxic excretory product ( Myers and mm 1865 ).
In this acpect,aspartic acid and glutamic acid are
thought to be nelpful, particularly in dry soil or in
decomposing host tissue where the environment may also.
be rich with ammonia and the nematode has to neutralise
m“ﬂMbymMﬁaMmm&dsmﬁMoﬂlw
materials.

gahu and Das ( 1974 ) and Mohanty and Das ( 1976 )
" pave qualitatively determined the free amino acid contents
in the ring nematode Hacropogthoiis grnata homogenate and
in ragi roots ‘muﬁea with the same nematode species,
reapectively. Thelr work indicated the presence of 6
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amino acids namely aspartie acid, glutamic acid, serine,
alanine, valine and Le-loucine common te the nematode ané
the host. But 3 others, such as, glyeine, l=proline and
Di=phenyl alanine were produeed by the host, but not found
in the nematode., There were three more, like L-glutamine,
1~cysteine and possibly tyrosine which wore present in

the nematode homogenste, but verc sbeent in the infected
or un-infected ragi root extracts. The pognibility of
this type of a system may hold goeﬁ for onr test organism
Ps coffene and its prime host, banana, and the situation
undoubtedly offers ample scope for further study on
protein synthesis mechaniem as related to pathogenicity

and physiology Of parasitism.
tn spite of the difficultics encountered in course

of thig study, such as, in obtaining a large number of
nematodes in uninform populaticn at one time, homogenization
under aseptic and lovw temperature cenditions, extreamly

jow concentration of the aminoacids, extreme day and night
temperatures and other errors which might have inadvertently
affected the regults, thig preliminary £4inding provides
gome useful informstion which may heve important
implications for a better understanding of the pathogenisis
and hosteparasite interactions of this endoparasite.
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SUMMARY
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A qualitative detection of free amino acids in
the homagenate and excretions oﬁ a surface sterilised
migratory endoparasitic nematode species, Pratylenchug
- coffeae ( Zimm., 1898 ) Pilip. and stekh., 1941 ; hes
been deomonstrated by paper ehmmato{;raphy.

In the nematode hemogenate, the following amino
acids were found to be present ) Leserine, T'l-threonine,
aspartic acid, glycine, glutamie acid, i~alanine, i=arginine,
1~(s)cysteine and L-proline having RE véluea of 17, 25, 18,
21, 26, 33, 15, 7 and 34, respectively. The nemie
excretions showed the progenee of Im=sgerine, lysine,
i=arginine, imalanine, L=proline, L-methionine and
i=leucine with °f values of 19, 11, 18, 34, 37; 50 and
70, respectively. Thus 4 amine acids were common to
both the nematode homogenate sné excretion,
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