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PARASITISM OF IMPERATA CYLINDRKA ON PANCRATIUM BIFLORUM 
AND THE CONCOMITANT CHEMICAL CHANGES IN THE HOST 

SPECIES+ 

SHIBNATH GHOWL, YAITNDRA KUMAR, DIUP K. CHAKRABARTI, JAWAHAR LAL and SUSHIL K. SINGH 

Pimmmauticol Chemistry Rd thomory. Dqmtaxnr of Phumaau tks, Banuas Hindu Univcrs~ty, Varanasi-22IoO5, India 

(Receid 30 Apif 1985) 

Abarract-A rare incidence of phancrogamic parasitism of lmproto cylindrico on Panrrarium bi&um and the 
concomitant changes in the chemical constituents, from the hypersensitive responses in the host species, are reported. 

IhTRODUCTlON 

Previously. tk isolation and characterization of three 
chromonc aglucones. one glucosyl and one glucosyloxy 
chromonc. three glucosyloxy alkaloids, and several proto 
and true alkaloids of the Amaryllidacau were reported 
from the different parts of Puncrohm b@wum Roxb. 
[l-3]. In this paper, a rare incidence of phancfogamic 
parasitism by ImPerata cylinrfrico Bcauv. on P. bfloraun 
and the concomitant chemical changes from the hyper- 
sensitive responses in the host species are reported. 

RCSULIF AND DlSCUSStON 

Imperora cyhdrico (synonymous with 1. arundinaceae 
Cyrill.) is a common grass widely distributed in the hotter 
parts of India from the Punjab southwards and eastwards 
to Malacca and Ceylon. Its roots arc used in traditional 
medicine as an emollient, an anti-febrik agent, in futni- 
gation of hacmorrhoids and as a restorative tonic [43. In 
the present study, I. cylindrico was found to grow 
abundantly in the vicinity of the bulbal plant. P. b&rum, 
widely distributed in the uppc~ Gangetk plain. The main 
roots of the grass were often found to penetrate the bulbs 
of P. b#‘?omm, sometiaxs two in s-ion (Fig. I). The 
penetration, mediated by an haustoria, was restricted to 
the peripheral region (&shy Raves) of the bulbs. The tip of 
the haustoria was dome-shaped with a sharply pointed 
beak. The internodes of the haustoria, below the dome, 
were closely spaced to provide strong mechanical pressure 
during the penetration. An abundant growth of 
adventitious roots of the parasite, near the points of entry 
to and emergence from the bulbs was noticed. There was 
no ramification of roots of the parasite inside the bulbs of 
the host species. A transverse saction of the invaded bulbs 
showed a dark ksion along the course of the traversing 
parasite root (Fig 2). Microscopic analysis further 
revealed that the host cells, in contact with the root, were 
nasrotic and formal a thick crust. The cells in proximity to 

*Part 20 in the S&u ‘Chaniul Consritucnts of 

Anuryllidxae”. For Pan 19 see ref. [22]. 

this region were thin-walled. inflated and filled with a red 
substana. The red substance was unevenly distributed 
downward for up to 3 to 4 cell layers and mainly 
aozumulatcd at the angular positions of the intercellular 
spaa. When a section of the red zone was placed in 
lactophenol solution, it immediately became yellow. 

The above observations and the fact that there are only 
a few seal plants (phancrogams), compared to the 
innumerable fungi, bactctia and ncrnatodes. which are 
parasitic on living plants [S], prompted us to examine the 
chanicalconstituentsofthcaITcctcd tissueand toevaluate 
their biological signiticana. In particular we sought to 
answer the following question: (i) are the chemical 
constituents in the red necrotic zone present in diffusible 
forms? (ii) do they function in disease 
development/prevention? (iii) how do they function? 
(iv) why has I. cyltirica, which is capable of independent 
txistencc, opted to become partially parasitic on 
P. bflorm? 

Trituration of the red necrotic zone with methanol 
aflbrdcd a reddish-purpk solution, which on fraction- 
ation afforded one known and one new Ravan 
unsubatitutcd in the hctcrocyclic ring [6]. one new 
cl&cone, one new quinonc methide (anhydrobase) Ilavan, 
named biIIoridin. three known Amaryllidoctae alkaloids, 
i.e. hippadine (6) [7], lycorinc (7) [7], ungmmine (10) [S] 
and two new alkaloids, 4,Sdchydroanhydrolycorine (5) 
and pancrassidinc (11) Characterization of the new 
compounds only is described here. 

Polyphenolics 

Aside from a known Ilavan. 7-hydroxy-4’- 
methoxytlavan (1) [6]. three new polyphenolics 
(compounds 24) were isolated and charactcrir.cd. 

Compowd 2. This compound, Ci7HL801 (M’ and 
ckmcntal analyses), was optically active and exhibited UV 
and IR spectra characteristic of naturally occurring 
tIavans [6]. The EIMS of the compound was also typical 
of a Aavan consisting of a hydroxymcthoxy A-ring and a 
mcthoxycontaining B-ring [6]. The chemical shifts. 
coupling patterns and constants in the ‘H NMR spectrum 
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Fig 1. fmpsrcnocylbdrLopeaetnting1wobulboTP.b6fforumia -n. Note he abundant growth ofroo~r of 
1. cy/ti&o near the points of entry IO and anergata from the bulb. Note also the da& rala at he points of 

puncture of the bulb. 

Fig 2 Tru~svcrsc section of r bulb of P. bf!btm inda! with I. cyHndrlca Note tbc l bscn~~ ofraa~&Wion oftbe 
prrdtc roots inside rhc bulb. Note abo the dark rcpk (red) associaral with the trating root inride the bulb. 

of the compound suggested the W’dimcthoxy-7- established by the ‘H NMR spearal data of the 
hydroxyllavan structure (2) for this compound. compound and from its conversion into 2 and 4. 

Compowd 3. This compound, Ct,H160. (M+ and Compound 4 (6-W. This compound, C17H1.01, 
ekmmtal analysis), was obtained as a yellow powder and was obtained as a reddish-purpk powder. The spectral 
was optically in&ve. It exhibited UV and mass spectra (UV. IR, ‘H NMR, mass) properties of the compound 
characteristic of a dihydroxydimetboxychnlcone. The were typical of quittone rt~hide &vans of the nor- 
location of the hydroxy-methoxy functions (as in 3) was dracorhodin type [9]. It was unstable in solution. Its UV 
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spectrum in methanol exhibited a growing absorption 
with a maximum around 385nm irxliarting its 
transformation into a pdyoxygcnatcd chakonc [lo]. CO- 
HPLC with 3 suggestal it to be idcnticpl with this 
cl&one. Likcwisc. when a solution of the &i&one 3, in 
chloroform. was kept at ordinary temperature, a mixture 
resulted from which billoridin was obtained by prep. 
TLC. The &an 2, on oxidation with DDQ. in dioxan, 
wax converted into bitloridin which on reduction with 
sodium borohydridc in methanol, regenerated 2. Thus 
structure 4 was a&gncd to biboridin. 

That compounds 3 and 4 are not artcfacts but native in 
the necrotic tissue of P. b#iwum was established by 
anaIyticaI HPLC of a fresh wthenolic extract without 
any prooeuin~ The compkx nature of the &dish-purpk 
powder, as rcvcakd from its TLC and HPLC. suggested 
the prcsena: of other quinone wthidc bnscs in addition to 
4. Further studies to Mate and characterize these bases 
are currently in progfess. 

AlkdOidS 

4,XBchydroanhydrolyrine (5) wax known before 
only as a synthetic substana [l 1 J. This is the first report 
of its isohtion from a natural soure. We have obtained 
additional spectral data for this compound. 

Po~rouidinc(llr~compoundC,rH,,NO, (M+ 
and ekmcnlrrl anaIyzcsX was optMy rtivc. Its UV 
spectrum was closely simikr to that of narciedine [ 121. 
Ibe maxima remained unchanged on addition of sodium 
acetate and sodium mcthoxidc. The Fe’* test wax 

OH 

negative. The ptesenu of a ~thy~ioxy group and 
three akoholic hydroxyl group6 in the mokcuk was 
suggested by its IR and ‘H NMR (Da0 exchange) spectra 
‘IRK EMS of the compound exhibited, aside from the 
molaxakir ion pak at m/r 303, a sign&ant fragment-ion 
peak at RI/Z 243 [M-60]*, formal by the Ioxs of 
Cz&Oz. A simiIar fragmentation was obscrv0d in 
narckksinc, which contains three vicinal hydroxyl goups 

in the C-ring [ 131. Acetylation (AC@-pyridint) of 
panuassidinc, fonned a trincetate, CzfHlfNOI, mp 
201-204”. in which aII the acetyl functions were attached 
to the alcoholic hydroxyl groups (‘H NMR). When the 
aIkaIoid was heated above its mp, under NI. 
aromatization of the C-ring oontrrcd to give 4,5- 
dchydr~nhydroi~o~~ (5). Thus structure 11 was 
assigned to pannassidinc. 

01lg0saccharides 

The methanol insolubk r&due (fraction D), a straw 
colourcd powder, soOnerted at 208215” but did not melt 
up to 300”. It was soluble in water and gave a positive 
bcnxidincwtaj&0datt test for polyolr The substance 
was strongly p&r in nature as was suggested from its 
anaIytica1 TLC. Attempts were made to purify the 
compound by fractional precipitation from its aqueous 
solution with ethanol. Its average M, was determined as 
lOxLo by Sephadcx G-SO CkI filtration chromatography 
[14]. Acid hydroIysis of the compound folIowed by the 
usurl work up [is] indicated it to be composaI of an 
0Iigomccharidcjs) (68.5%) [consisting of gIuc0sc and 
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galactosc (16:4.5)], traces of a polypeptide (co O.S%, 
consisting of the common a-amino acids), plus some 
unidcntifkd substances (co 0.8“/0). The Oligos#rharidC 
produced hypersensitive responses (HR) when 
administered IO P. b~jkwum. Thus when the substance, in 
lOfig/ml concentration. was administered IO healthy 
bulbs of P. b&mm, by a wick arrangement, a roddish- 
purple zone appeared within a few hours. The control 
bulbs, which received only the vehicle (phosphate buffered 
saline, PBS, pH 7.2). did not show any colour. 
Subsequently, compounds l-7, 10 and 11, which do not 
occur in healthy bulbs (in the fleshy leaves) were isohttcd 
from the reddish-purple zone. The toxic 
oligosaocharidc(s) was finally extracted from the roots of 
1. cylindrico by using PBS. 

HRS arc shown by plants when they encounter 
potential pathogens [ 163. In addition IO the production of 
low-M, substances (phytoalexins. e.g. Ravonoids) which 
are antagonistic IO pathogens. otkr metabolic changes 
are triggcrcd resulting in walling off and death of the 
affected tissue. The HR in P. b(/%mm, due IO infestation 
with 1. rylindrica. also exhibited this predicted pa~tcm. 
Ona contact bcrwccn the pathogen and the host species 
occurred, the host cells repulsed the invasion by 
producing and accumulating subatanccs that (a) rcsIriclod 
the invasion (compounds 14) and (b) collapsed the alls 
thereby removing the components of nutrition and/or 
multiplication of the pathogen. The following 
obsctvations are in harmony with this conclusion. 

The healthy fleshy leaves of P. b@rum bulbs containad 
lycorine- l-0/7-r@bsopyranoside (8) [ 3 1, sterylacyl- 
glucosides [IS] and lycorinc-1-0-(6’-O-palmitoyl-/l-b 
glucopyranoside) (9) [ 171 as major entities. Lycorinc itscff 
was not prcscnt II was prcscnt, in small amounts, in the 
form of a salt in the strongly acidic scapc fluid. In the 
parasite-invaded red necrotic zone. however, fret lycorine 
was present in abundant quantities (3 IO S-fold compared 
IO that present in the scapc fluid; estimated in the 
methanol extracts by UV spcctromctry and HPLC). II 
would sam likely ttta~ secretion of the toxic 
oligosaccharide(s) by 1. cylindricc resul~cd in the mctab 
olism of the normal constituents (e.g. 8 and 9) of the 
P. bijhum bulbs into !&7,10 and 11. Both 8 and 9 were 
found IO promote root growth significantly in both 
producer and non-prcduccr plants [3.17] and would 
seem to bc utilized by 1. cylindrico for the same purpose 
(Fig. 1). In countering the ingress of the pathogen. 
P. bjloonun not only produced large quantities of lycorine. 
a well d ocutncntcd cytotoxic compound, but also mctab- 
olizcd its potent growth promoters (and 9 into IWO other 
potent cytotoxk compounds 10 and 11. Lycorinc and 
ungcrcmine (10) were previously shown IO inhibit the 
growth of S-180 ascitcs tumour alls. L1210 and P-388 
systems and IO decrease their viability. They also inhibit 
the germination of seeds and growth of slcm and rools in 

both producer and non-producer plants [8, 13.18, 191. 
Pancrassidinc (ll), in lo- ’ M conanlralion. has now 
been found IO signi!%cantly inhibit the viability of S-180 
ascites tumour cells in vitro (So viability of cells: mean 
2 sd.. 44.2 f 2.8ft; control: 84.7 f 7.02; P < 0.01) 
[Ghosal, S.. unpublished]. 

EXPUIMFJVTAL 

The gmral procedures was the LIOC ar those reported for the 
isolation of the chcoxial constituents from halthy bulbs of 

P. &bum [3]. For analytial HPLC the following conditions 
were usat: r-Bondapak c,, anaJytical c&mn (3oan x 4 mm 
i.d.). M&H-H,0 (4: I) I ml/mitt, 44Oi2m run. T?tc R,s cd the 

individual ccmpounds were raordcd in mm. 
Isoolmion poredwe. Bulbs of P. b@rnm invaded with I. 

cylindricq were coltatad on scvcral OCCUiOns from the Banaras 
Hindu University Campus in I& periods Mcy-July (8owcring 
time of the Amuyuidua?u spaiak Au8tJstGctobcr and 
February- March for 3 consautive yars. On analytical TLC the 
McGH cxtr~s of the red necrotic tones from the different 
collations 8ave similu rauhs. In x typial cxpaiasent. the thin 
slimoltherrd~oticzone(l4g),collacledinF~-~ 
1982. were trituratal with MeGH and the combined reddish- 
purpk soIn (IOOmJ) wxs evqxl k DQYO. The &duc was 
trituratal in suaasion with petrol (6WW) (frxction A), CHCI, 
(fraction B) and MeGH (fraction Ck the MeOH-insdubk solii 
wxs also examined (fraction D). 

Treafnunf o/frorfron A. This frrtion was umal (co 50 mt) & 
kept overnight at room temp. when a reddish-brown solid 
(fraction a,. 68 mg) sqxrrrted. This was collated by 8Jtration 
and the mother l@or wxs further coned (IO ml, fmction J,) 

Separarion o/olk&idsjromfiorrioa a,. The fraction gxw two 
mxjor xnd several minor Dngcndorff-positive spots on 
analytia) TLC, RI 0.35 (aujor), 0.45 (major) (solvent IL It was 
dissolved in CIH,CHCi, (tnca) and chromatognphed on a 
silia~lcohunn. Ehrtion wxsarried out with petrol-CIHI (1: I. 
1.2L),C~H,(I l.)ar~ICs~,CHCl,(l:l. I LLFru%ons(l00ml) 
were collected and monitored by arulytial TLC. 

Hippadhc (6). Fmions I2 20 were combined and coned 
when this alkaloid was obtained as colourkss Rxka (I 8 mp), mp 
and mmp with hippudine [20] 207-208”; R, 7.8 (CO-TLC HPLC, 
MS) 

4.SDehydronnhpfro/pwint (3). Fractions 25-30 xlTorxkd I 
solid which was further purified by prep. TLC (silia pl G. 
CHCl,-MeOH. 9: I). The R, zone - 0.3 alTodd 5 as miue 

ayrub(II~mpPndmmp(withrrdaarcpeprrad~x 
published peoadure [Ill) I54lW; R, 8.3; UViEHam 
(lo8 rk 225 sh (4.488). 235 (4.3Jk 285 rh (3.723 305 sit (3.6Ok 335 
(3.95k 355 (39Ok MS m/r (rcl. int.) 249 [M] l (55), 248 (loOk 221 
(14). 220 (II). 192 (7). I75 (5). (POWid: C, 77.2; H, 4.7; N. 5.4. 
C,eHr, NOs tequila C. 77.1; H. 4.4; N. 5.4Y,.) The physial and 
UV data are indistin8uishaMc from tbosc reported for 43 
dehydroanhydrolycorine [I I]. 

Sep~arkm o/pocwvufr0mfi0~rioa or. TIK petrol concentrate 
was pased through a column of ahrmiru (&c&mum neutraL 
actinty grrde IV. 24 x 2 cm) Elution was carried out with pctroL 
(I I.). C&H, (I I.). C*H,-CHCI, (I : I. I.5 I.)ud CHCl, (500 ml). 
Frrrtions (100 ml) were collated and monitored by analytiul 
TLC. 

7-Hp+roxv-4’-mtrhox&mn (I). TIE middk C,HeCHCl, 
dwta were uxnbinsd and mpd and the residue crystallized 
from n-hexaneC,H, to give 1 as cohntrlas nccdks (9 mp), mp 
I I8 ,120”; [a]g - 14.7” (0.34. CHCl,k UV izH nm (lop cl 
227 sh (4.08). 277 (3.04k MS m/z (rd. inc.): 256 [M] l (la)), I35 
(24). I34 (72). I23 (24k I22 (28), 91 (9). The physial and spectral 
properties of this compound were indistinguuhxbk from those 
reportal for 7-hydroxy4’methoxyUxvan [6]. 

5.4’-Dimerlroxy-7-hydroxyPmva (2). The combined CHQ, 
eluxta was evapd and the raidue cqsmllixcd from Cl& to give 
2ascdourk.sslea8cts(l6trqkmp IOI-lOY;[o]g -6.g’(cO.47; 
CHCl,k UV1p nm (log ck 232sh (4.3Ok 278 (3.24). 282 
(3.2003; IR vz cm r: 34tXt (broudk 1610, IWO. 995; MS m/r (rd. 

inc.): 286 [Ml’ (100). 165 (22). 153 (17), 152 (42). I34 (88). 119 
(14k91 (Ilk’H NMR (CDCl,k67.01 (4H,AsBs.H-2. S.5.61 
6.)8(lH,d.J - 3Hx.H-Sk6.@3(1H.d.l - 3 HzH-6).4.9(lH.X 
of ABX. H-2). 3.80 (3H. s. OMck 3.77 (3H. J, OMcL 262 (2H. m 
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Hs4), 21 (2H. m, H,-3). (Found: C, 71.2 H, 6.0. C,rH,,O. 
requira c 71.3; M 6.2%) 

7kamelu olfrocrti B. The radw from this frrtion showed 

IWO mnjor ~)positiveand three Fe” (Doegative) 
~tivtrpocsonlrulrialTU3.+bcmixlwwrcrrit~tsdwith 

her MQCO ud the McsCO-soluble (fractnm b,) and -insoluble 
(fraction b,) hations were squated by Bltntion. Processing of 

frrcrionb,intherrturlwry~orded~funhau~ofhippdinc 

(6.7 mg) and lycorine (7.55 mg), R, I I .7; mp and mmp 256258’ 
@TLC, cctHPLC, UV. IR) [7]. 

Treamm ofjhcriom b2. This f&ion laordsd a pink residue 

which showed several yellow and purpk spars on exposure IO air. 
on analytical TLC (CHCl,-MeOH. 9: II Prep. TLC of the 
residue on sib gel G (E Mad). using the surbc solvent system 
gave the yellow cluhnc 3 ud the reddish-purpk biaoridin (4). 

2.CDUydroxyaQ’dbncflx)&dc~ (3). This compound 
WYU obuimd as a yellow powda (6 mo). R, 7.55; UV 1%” nm 
(log c): 388 (4. I I k MS m/r (rd inc.) 300 [M ] l (65). I53 (22). 152 
(I1),135(100&I20(7).107(14).77(9k’HNMR(CD,0D~68.32 

(lH.d.J- l6Hr.a~H),7.92(lH.d,I- 16HzB_H),7.32(4H. 
A1BI.H-T.3’.~.6~~18(lH,d.I = 25Hz.H-3).6.lO(lH.d.J 

= 25Hz. H-5). 3.92 (6H. OMe) (Found: C. 68.1; H. 5.3. 
C,,H,,O, rbquncs C. 68.4 H. 5.3Y”) 

B(&dk (4). The lower R, zone of the pp. TLC soaping 
a5orded this compound as a raMi+purpk poda (27 me). R, 
8.2; W AEH nm (lo8 c): 240 (4.0). 265 (3.82). 3tXI sh (3.08), 315 
(3.36).332(3.24).388(3.02k1Rv~cm-’:I705.1658.l612~). 
1595; MS m/r (rcL int.h 282 [M] ’ (2). 255 (7). 254 (6), 225 (5). 224 
(7), 167 (II). ISI (8). I35 (17). 107 (9k ‘HNMR (CD,OD) 

67.87.3(5H.m,Ar-H),6.84(lH,d.1 - EHzH4).6.25(lH.d.l 

- 25 Hz_ H-8), 6.02 (IH, d. J - 25 Hz H-6). 3.8 (6H. OMe) 

(Fou1~i:C.7l.70.7l.51;H.5.3.5.0.C,,H,.O.requircsC,723;H. 

4.9 “..) 

Treu.rmrnc ojfitrkm C. This fraction on prep. TLC. using 
CHCl,-MeOH (19:3). a!Tordai a further crop of bilbridin 
(I1 mg)fromtheR,zone0.4.ThelowaR,xone,0.l8.showad~ 

bright yellow auoruzna un&r short-wave UV light. MeOH 
ehmtc of the PLC scraping afforded ungawnine. 

U-m (lg) This compound cqstalhxed from EtOH u a 
hght yellow clwa of needles (I8 mg), softening _ 278-282 
(deck R, 27.0. UV ,I%” nm (log t): 262 (4.28). 285 sh (4.07) 

300 sh (3.74). 418 (3.883; lEH”‘M HcI 261, 275. 368. 380 nm; 

iEu.oe’ M wH 265.275. 323.422 nm: MS m/r (rcL int.k 266 

[M + I]’ (ICO), 265 (88). 238 (28). 224 (16). 211 (14), 192 (12) 

Diracr cornprison with a synthetic sample of 2_oxyphenan- 

thridinium bemine. obtained from lycorine according to a 

published procedure [ 121. a&lisha! rhar the IWO compounds 

were idmtical. 

The residue obtained from the prep. TLC scraping of the 
remaining layer was dissolved in AcGH (4 % 20 ml) The chrilkd 

aq. soln was &&cl (NH.OH) and exttatbd with EtOAc (3 

x 50 ml-portions). Theeombmal EtOAc extrwzts was worked up 

m the usual way to gwe pncrassidinc. 

PanrrPuidine (11). Thus compound crystallixed from MeOH 

as suaw coloural mrrocrystals (26 mg) mp 206 2OS’; R, 7.R 
[%I:* -28.2” (c 0.51; MeOHk UV i.znnm (log c): 228 

(3.W). 284 (3.53k IR v= cm - ‘: 3500 (br. OH) 935 (OCHsOL 

825.792 (>C-CH-); MS m/z (rcL int.): 303 [Ml’ (14). 285 (9). 
267 (7). 243 (IOO), 242 (24). 214 (22), I85 (7). m* 195.5 (243’/3033; 

‘HNMR(DMSO-d~):66.84(1H.s.H-7).6.75(1H.s.H-10~6.04 
(2H, s, OCHsO). 5.75 (IH, m(b). H4). 5.u.6 (3H. br. ex- 

change&k wirh DrO), 4.32.28 (9H. mk acetykrion with 

Acr(lC,HsN aRordcd tri~-uxcylparassidinc. mp 201-m; 

MSm/t:429[M]’ (42),243(100k’H NMR(CDCls).66.87(IH. 

I, H-7). 6.70 (IH, J. H-IO), 6.02 (2H, s. OCH,OA 202-1.98 (PH. 
OAc). (Found: C. 61.3; H. 5.1; N. 3.1. CssHs,NO, requires C. 

615; H, 5.3; N, 3.2%) 
7himtni ojjmcfbr! D. This fract& a straw ahured 

amoq&uspow&r(O.I2O),w&h&talodat208-215”batdid 

nocmd1upto~.ru~inHxO(2ml)~prscipi~ted 
*rilhEtOH.lhepooarwUrrpaledthrectimaud~REiduC 

was washed with absolute EtOH, dried in rmo. md Bnrlly 

diuotvalinasmdl amountofH,Oandlyc+lixedrogivethe 

ollooacFhridc=epowda@ml) 
AcLI hydrolysis ofrk d&wacchmide. A samll anoun (I4 mg) 

of he lyophilizd residue was dissolval in 2 M HCI (0.5 ml) and 

hydrdysal in a sealed tube l l IO& IOY (i-bated) for 6 hr. The 
sugars present in the aq. hydrolysatc were identi8ad nod & 

umated, as their abdird aet~ta by GLC following a pubhshed 
pocsdure[IS].Glu~wud~orc(l6:4.~)wacidentidsdu 

ttbc only two sugar m&ties in the obgo=&u& The amino 

acids praenl in the 4 hydrolymtc were sepuated by peesing 

over a column of Dowex 5&X8. The klentities of the amino acids 

in the d&rent were csrabhshai by PC. using l ulbmuc uxxrkes$ as 

before [2l]. Asputic ac+4 alxnine. ghrtamic acid, serirz and 

threonine were detactad. 

Fresh roots d I. cylimfrira were maamtodinrhigh-speed 
Mcndcr using Pi bufferal saline (PBS pH 7.2) as the extrwrting 

sotvent. The extrr( was antrifugal and the supernalan was 
procasad as before IO give the toxrc oligoswceharidc as an 

amorphous solid (yidd. co 0.3 ?J 

~c&mnvbdgnrmr~We arc mdetxed to the Direaor. CDRI. 

Ludlow. for analytical frilities. DKC, JL and SKS thank the 

university GrMts co mmission, New Delhi, for Raarch 

Associxtahip and FeUowships. 
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