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INTRODUCTION 

INORGANIC polyphosphates find wide distriiution in the lower organiw. l Ithasbccnthe 
general opinion till recently that polyphosphates are not present in the higher plantkU In 
1961 Miyachi5 reqorki the isolation of two types of acid-insoluble polyphosphates from 
spinach leaves (Spinacia oleruw L&m), one, extra&able in very dilute potassium hydroxide 
pH 8-10) in the cold and, the other, in greater proportion, extra&d by 2 N potassium 
hydroxide at 37” during a Bhr period. The author did not examine the acid-soluble fraction 
for polyphosphates. 

InthelightoftheiweaGng metabolic importance of polyphosphates, their possible 
presuweinhigherplantsotherthanspinachcallsforinvos&ation. Itisalsoofinterestto 
show whether acid-soluble forms ofpolyphosphate are present along with the acid-insoluble 
forms. A previous report from this laboratory6 indicated the pmsencc of non-nucleii, 
acid-labile phosphate in the RNA fraction of Dodder (Cwc~ru refixa) obtained by extraction 
of the acid-insoluble lipid-free residue with 1 N sodium hydroxide. We are now reporting the 
isolation of both acid-soluble and acid-insoluble polyphosphates fkom the stem tissue of the 
parasite. 

RESULTS 

1. Ana&si.v by&bile Phosphate Content 

(a) AcWlubZepoZyp~e frcrctions: Analyticd values obtained for labile and stable 
phosphorus are reported in Table 1. 

About8percentofthephosphorusoftheT’CAextractpassedintothe“pH2~Sfraction” 
andabout4percentintotbn“pH405firtction”,to~cons~~~about8percentofthe 
phosphorus of ctsscuta tissue. otthophosphate was present in both the ikctions, but in small 

1 A. KUHL, E&J. Rid. 23,144 (196@. 

5 S. MWACHI, J. Biochm. 50,367 (1961). 
~M.S~~~,K.K.TE~ARI~~~P.S.-, hdianJ.Eaptf...1,2070. 
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proportion. The acid-labile phosphorus constituted only 16 per cent of the total phosphorus 
in the “pH 2-S fixction” and 10 per cent in the “pH 4-5 fraction”. 
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l Expd as pcrcontagp’ of tha total phosphorus in the “pH 2.5 
fmction”, or the “pH 4-5 fmction”, as the case may be. 

~l?xpmscdasperccntageofthtotalphosphateinthewhobCustxda 
thlc,whichiIKldmallforrasofph~phatcinthcgtrvtinpmatorial. 

Data reported in Table 2 show that about 70 per cent of the total phytin in Cuscutcr was 
precipitated in the “pH 2.5 fraction” and “pH 4.5 fi-action “, the greater part passing into the 
former fraction. As high a proportion as 60-70 per cent of the stable phosphorus of the two 
fractions was made up of phytin. 

TABLET. ANALYSZSOFTHB Acm-soLuBLEFIucmmspoRpwTINpER)spHoIIus 
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“pH 2.5 !hction” 69.9 68.8 53.3 41 457 

“pH 45 fmtion”- 33.4 58.7 50.2 1.96 21.8 

AtzWnduble poijphoqhte fractions. Phphak partition values in the “pH 9-O 
fraction” and “2 N potassium hydroxide fraction” are given in Table 3. 

Slightly over 1 per cent of the total phosphorus of Cuscuta was precipitated as barium 
salts at pH 2-5 from the alkaline extracts of the tissue residue resulting on extraction with cold 
trichloroacetic acid, followed by phospholipid removal with organic solvents. In terms of the 
acid-insoluble tissue residue, the total phosphorus recovered in the polyphosphate fractions 



repmscntedabout 3 perarmgthG“pH9~fraction”co~~slightlymorcphosphorusthan 
the”2Npotamiumhy&oxidefraction”. Asmuchas98percentofthecsterifkdphosphorus 
in the “2 N potassium hydroxide Won” was acid labile in 10 min. The “pH 94 fraction” 
was more contaminated, in that only 75 per cent of the Weriikd phosphate was acid labile in 
lOmin;whenthehydroly~timewaaprolongedto15mia,%percGntwasliberatedintheform 
of orthophoqhate. 

Thevalrwsforphogphanurtionpresmtedinthcabow:taMeareftomatypicaltxptri- 
ment. The analyses of the acid+xtractabk &action were csrrkd out on six batches of dodder 

stem and those of the acid-insoluble fraction on three sampks. The order of variation 
o~w~l~~lo~~t~~~t~. 

(a) A~~~~ fmtbis. The “pH 2.5 &action” and “pH 4-5 fiaction’” 
were first concentrated by freeze drying and dissolved in a small volume of water. Using 
Ebel’s’ solve& orthophosphat6 migrated, kaving the mjor partion of the phosphate on the 
base line. on elution of the latter spot and wet digestion for total phosphate, the amount was 
foundtobc~t~~~ttothcs~oftheacidk~~~~aedphytin~~~~in 
the sample applkd on paper. Methanol-formic acid-water system, howeveq permitted a 
satisfactory separation on ascending paper chromatograms run for g-10 hr at room tem- 
peraturt;phytate~~(REvalue~7)kavinga~~~fnrctiononahebaselina, 
which corresponded to 96 and 95 per cent l-esp&Wly, of the IO-m&l labile pllqhatc of 
the ” pH 2.5 fraction*’ and ” pH 4-5 fraction”. ~~~e~orna~~~d~~~ 
7 3. P. BEs# Buu. sot. c&m. zo, 991(1953). 

23 



344 K.iLnwAluandM.slNQH 

hydrolyaing either fraction for 10 min with 1 N acid and subsequent neutralization witb am- 
monia, no spot appleaacd on the start& line, but the orthophosphorus spot was intensi&d. 

In other experiments the developed paper chromatograms were dried at 50” and sprayed 
with O-1 per cent solution of toluidine blue in O-04 N acetic acid. The material left on the 
starting line in the chromatograms of the ” pH 2.5 fraction” and “ pH 4-5 fraction” and the 
spot due to standard polyphosphate turned chamcmristically purple, and were acid fast, 
per&ting on washing the paper with 2-O per cent (v/v) acetic a&L The spot corresponding 
to phytate gave a light blue colour, which disappeared on acid washing. 

(b) Acid insohdde polyphosphate fractions. Paper chromatography of the “pH 9.0 
fraction” and “2 N potassium hydroxide fraction” using the solvent system of Ebel’ showed 
that the major part of the material remained on the base line and was stained an acid-fast 
purple with 0 1 per cent solution of toluidine blue in O-04 N acetic acid. Prior acid hydrolysis 
of the fractions resulted in the disappearance of the spots and considerable intensification of 
the spots due to orthophosphate. 

3. Aria&s& by Metachr~ 

The “pH 2.5 fraction”, “pH 4.5 fraction “, “pH 9-O fraction” and the “2 N potassium 
hydroxide fraction”, as well as the polyphosphate fractions isolated from the “pH 2.5 
fraction” and “pH 4-5 fraction” after chromatographic separation on paper, responded 
metachromatically on mixing with toluidine blue solution (6 &ml in O-04 N acetic acid), 
giving rise to a purple tinge characteristic of the reaction of synthetic polyphosphates with the 
dye. When the solutions were examined in a spectrophotometer, the absorption at 630 q 
was found to have decrea& and that at 530 q to have increased. 

DISCUSSION 

The experiments report& above unequivocally demonstrate the oouummz of poly- 
phosphates in the stem tissue of Cuscutu refixa. TJxe idfdkation was based on isolation as 
barium salts at low pH values, acid-lability, paper chromatography and metachromatic 
response with toluidine blue. If extractability in cold TCA be a rigorous criterion of classi- 
fication, both acid-soluble and acid-insoluble polyphosphates are present. Our findings 
confirm Miyachi’s 5 observation and extend it by demonstrating that the acid-soluble forms 
are present together with insoluble forms. 

Assuming that polyphosphates are completely hydrolysed in 10 min with 1 N acid at the 
temperature of boiling water, the various R-actions of polyphosphate isolated Corn Ckutu 
togethex constitute about 2 per cent of the total phosphorus of tissue, the acid-soluble forms 
constituting a slightly higher proportion than the acid-insoluble forms. That the values for 
labile phosphate in the fractions constitute a reasonably correct estimate of polyphosphate 
follows from their close correspondence to the phosphate content of the base-line spots on 
chromatograms. Considering the manipulative details involved in the isolation of the four 
polyphosphate fractions, it is reasonable to assume that the actual content in the plant tissue 
may be considerably higher. The yield reported by us for total polyphosphate falls short of 
the labile phosphate in the iMoZ&e polyphosphate fractions from spinach leave~.~ Miyachi’$ 
determinations were, however, carried out on crude alkaline extracts; it is likely that non- 
polyphosphate material might have contributed substantially to the labile phosphate. We 
find that only 6-7 per cent of the total phosphate of the crude alkaline extracts of Cuscutu 
~intothepurifiedfractionsobtainedthroughtheBariumsalts. AccordingtoWinderand 
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Demeny8 and Zaitseva, Beloxemkii and Novoxhil~va,~ a8 high a proportion a8 23-25 per 
cent of RNA phosphate is split a8 orthophosphate in 7 min by N acid at lOO”, subsequent to 
degradstion by alkali. 

In view of the heavy contamination with phytin, mere analy8i8 of the total phosphorus of 
the barium salts formed at low pH values alsO doe8 not yield reliable data on the acid-soluble 
polypho8phate content of ti88ue. The claim of Klein lo to have found soluble metapho8phate 
in tomato is, therefore, not well-founded. The u8e of chromatography with Ebel’s 8olvent 
system and estimation of the total phosphate of the material eluted from the 8tart line may 
al8o lead to erroneou8 concltion a8 to the occumnce and quantity of acid-8oluble poly- 
phosphate, since phytin ha8 very low R/value8 in thi8 sy8tems 

According-to Hoffmann-oStenhof,4 pOlyPhO8phate and phytate are mutually exclu8ive. 
The present data disprove thi8 hypothe8i8, since both are present in Cuscutu. The exact 
8ignikance of the occurrence of polyphosphate8 in Cwcuta re$exa is umxtain. It i8 not 

knownw~theseoompoundsareelaboratedrJenow,bytheparasite,oraredtrivedfrom 
the ti88ue8 of the host plant8 through the hau8toria. The recent demon8Wtion by Lynn and 
Brown l1 that (insoluble) polyphosphate i8 formed during the oxidation Of 8Ub8trate8 by liver 
mitochondriaisindicativeofamorecentralroleforpo~~~~thanhithtrto~~. 

MATERIALS AND METHODS 
Sources of Plimt iUaterial 

The tender stem of Cuscuta rq¶exa Roxb. wa8 harve8ted from hedge8 of Pithecolobiwn 
duke Bed. growing on the U&e&y campus. 

hbaction and Isoliation of AciHoluble Polyphosphates 
Fresh Cuscuta stem (75 g) was extracted exhaustively employing 10 ml of 20 % followed by 

3Omlof1O%coldtrMloroaceticacidforthefir8textraction,and1!iOmlof5%coldtri- 
chloroacetic acid in three sub8equent extraction8. The Wkhloroacetic acid wa8 removed by 
8hakingwithether. Theresultingaqueou8extracthadapHofabout3. Smallsamplesofthe 
extractwereu8ed for the estimation of orthopho8phoru8 (PJ, 10 m.in acid labile pho8phoru8 
~A~o),1Ominacidstablep~~~~~,totalpho~~~andph~~~p~. 
Thebulkoftheextract(210mI)wasadj~~topH2.5~~aceticacidandmixedwith3-4ml 
saturated solution (4.6 N) of barium acetate previou8ly adjusted to pH 29 with glacial acetic 
acid. After 8torage overnight at about 2”, the precipitate wa8 collected by centrifugation in 
thewldand~o~withl~%solutionofbariumacetate. ‘I’he8upema&ntwasrakd 
to pH 4.5 with NaOH, whereupon additional material 8eparated and afker adding 1 ml (4.6 N) 
barium acetate at pH 45 the 8u8pen8ion wa8 lefi for 10 hr in the cold. The precipitate was 
collected a8 above. The two precipitate8 were 8eparately treated with knberlite IR-124) 
(Na+ form) to replace barium with 8odium by contact exchange, giving rise to the “pH 2.5 
fraction” and “pH 4.5 fraction”. 
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The residue left after extraction of acid-soluble material was washed free of TCA with 
water, dried at 60-70” and powdered. Phospholipids_were removed by the method of Rrgle 
and Guinn,‘l using petroleum ether @.p. 40-600), followed by ethanolbenxent axeotrope 
(324~67.6 x by wt., b.p. 68.2”) in a Soxhlet extractor. 

The acid-insoluble, lipid-free material was extracted at pH 94 in the cold, by suspending 
in water and adding a few drops of dilute potassium hydroxide (final concentration approxi- 
mately 0*0004 N). The extract was separated by centrifugation and treated for isolation of 
polyphosphate as described below. The residue was treated with 2 N potassium hydroxide 
at 37”. The extract so obtained was freed from DNA and u&graded protein by acidigcation 
with 5 N perchloric acid. The resulting clear solution also was treated for the isolation of 
polyphosphate. The two solutions were brought to pH 2.5, using 1 N hydrochloric acid for the 
former and 1 N sodium hydroxide for the latter. They were now mixed with a saturated 
solution(46N) ofbariumaceta~(adj~todtopH~5withaceticacid)andthetwosusptnaions 
were I& overnight in the cold. The precipitates were collected by centrifugation in the cold. 
(The supernatant solutions were raised to pH 4.5 with 1 N sodium hydroxide, but no further 
precipitate appeared even on adding more barium acetate.) The precipitates were separately 
treatcdwithAmberliteIR-12o(Na+fo~)to~~bariumwithsodiumbycontacttxchange, 
yielding the “pH 9a fraction’” and “2 N potassium hydroxide fraction”. 

hydroxide and made acidic by the addition of 1 ml of @l N IICl. 2 ml acid ferric chloride 
reagentwasaddedand~suspensionhaatedinaboiling-waterbathfor15minwith~oal 
stirring. After cooling in cold-water bath for 20 min the precipitated ferric phytate was col- 
lected by centrifugation and washed thrice with dilute hydrochloric acid (O-6 ya. The super- 
natantandwashingswerediscarded. Theferricphytatewaslsuspendadin4mlofhot~~~ 
waterand2mloflNsodiumhydroxideadded. Thissuspensionwasheatedinaboiling- 
water bath for 15 min with occasional stirring and centrifuged. The residue (ferric hydroxide) 
~~~thricewith5mlofhotdi~watereachtimeandthe~mixedwith~e 
&ginal supematant to give a solution of sodium phytate. Aliquots of this solution were 
digested for total phosphorus. 

cohi-metric lzmhdms 

C)rthophosphorus was &mated by the method of Fiske and Subbarow13 and phytin by 
the method of Pons, Stansbury and H~flpauir.~~ 

The following two solvent systems were used for auwending chromatograms on Whatman 
No. 1 @her paper: 

MeOH:50% v/vHCOOH:HsO, 16:3:1 v/v, 

following Randurski and Axehod15 and Rerr and ICflo~ry’~ and 

‘2 D. R. Euora aud C3. ovlpm, P&w Phyaid. 34,476 (1959). 
1’C.H.RIQandY.SITBBAUIW,.Wld.~66,375(19a5). 
~‘W.A.PON&M.F.ST -Y and C. L. HOFTF-AUIR, J. hec. Q#fc. &. clsrnrwa 36,492 (1953). 
‘5R.S.~~andB.~J.Blol.C~193,405(1951)~YOlt 
us.B.KgRR~O.A.ICPL(HR~,,Arrft..BiqpAyr3..96,7C1W2). 
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Detection of spots was by the method of Runecklcs and Krotk0v.l’ We have used tolui- 
dine blw for tbe selective stainiug of polyphosphates on paper cbromat~grams.~* In some 
experiment8 the areas on the start line were cut out subsequent to developmenk but without 
spraying and digested with conceutrated sulphuric acid for total phosphorus deten&~tiou. 
Tn some other experiments solutions of “pH 2.5 fraction” and “pH 4.5 &action” ware 
a~~~~~~on~~No* 1 ~~~d~c~~~~io~~~o~ 
formic acid-water system for 8 hr. The material left on the start& lkie was eh&ed with water 
and lyophiii&. T&e residue was taken up in a small volume of water, the material ccntri- 
fuged and the supernatant solution anaQsed. 

~~h~~ are kuowuto react with ~1~~ blue my, that is, 
isah~~effaet~colourshiftinthedyewbicbis~~ttothanakedh~cye. 
Absorption spectrum studies reveal that the absorption paak of toluidine blue at 630 w 
w and a uew peak appears at 530 w on the addition of polyphosphate. Under 
mtro~ conditions this reaction has been shown to be s~.1P-2L 

M-was mcasumd according to Damle and Kri&~.‘~ To l-ml portious of 
tohkiine blue solutiou (30 m&l) 1 ml of@2 N acetic acid was added, followed by soh~tious of 
~~~~~ fkom the diffemnt fractions equivaleut to 10-30 pg of labile paper. The 
vol~was~upk,5mliaoachwithwrrteraadm~ ~of~~~a~~ 
tion at 630 rnp aud increase at 330 nq~ made using Unicam spactrophotometer. 

‘~V.CR~sndO. -,Afch.~~.70,4420957). 
1) c. slrueq J. sd. k zIltwr. Riw. l8B# 249 (1959). 
“S.P.DAt4I‘BaIldP.S. -, Arch. J?iochL Btqdjw. a, 58 (1954. 
~P.S.~,SS.P.DAMIlarmdV.Bnw,A~~Bdqpkys.6f,35(19m. 
=lJ.R.~btPrlncfplasf~~~~tseAniquc,p.12A3,Bdited&yJ~WihydtSons~Nau 

York(1958). 


