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ABBBEVÏATTOAIS

The follor^:'lng a"þbreviations ha.ve been used in the
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R5Pr rlbose-5-phospha.tei CP, car"bamyl phosphate; pRA,
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O-5-p and. OivlP, orotid_lne monophosphate; DHO, d"ihyclro-

orotate; U-I{P and_ UTp, mono-, and. triphosphates of
urldine; deoxy-UiiIP, monophosphate of deoxyurid_ine; GTF,
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leotide; BA.D, benziroid-azole adenine d.inucleotid,e; TLC,

ühin layer chromátographyi rs, ind-ol-ea.cetic acid-.
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å,BSTRACT

al.though the pathways of blos¡raühesis of purlae and.

pyrlmldlne nucleottd.es have been lavesülgated. la great
cietall ln anl¡oaL tlssues and. nlcroorganlsms, the coryeÊpond_

lng reactlons in prants have recelved llttle atûenülon,
untll very reeentlyo Therefore, la a stuóLy of ühe lnltlal
reactlons of purlne blosynthesls nn aütenpt was mad.e üo

d.etermlae the extent of slmllarlüy exhtblted ln these süeps

to ühose oceurulng 1n anlnar and. bacterlar systenso A

ooupârlson of the acülvlty of varlous anlöe group oonors 1á

tlre for¡oaülon of glyclnamld.e rlbonucleotld.e reveared. üha.t

ln wheaü enbryos asparaglne was the nost effleleat of the
d.onors as opposecl to the slüuatlon ln bacüerla and. anlnars.

orotld.lne nonophosphate pyrophosphoryrasen ar¡ enzyne
aataLyzrng the converslon of orotlc acld. to oroüld.lne rnorro-

phosphaüe, !ìras stud.led. la d.eüall wlth the obJecü of elucl-
d-atlng a slnllar reactlon suspected. to be und.engone by
benzlmld.azoLe, slnce orotlc acld reacts wlËh phosphorlbosyr
pyrophosphate, lt was argued. t:nat lf benzlmld.azole was arso
lnvolveil 1n a sinlrar reactlon and. a1so 1f ühe enzJmes

catalyzr:ng the üwo reactlons lirere preseaü ln the Earre pre-
paraülon, orotlc ac1d. and. benzlnld.azole would. conpete for
PP-rlbose-Po Based. on thls assunptlon an assay was clev-

lsed. for the conversloa of benzlnld.lzoLe to 1ts mononuoleo-

1v
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tid.e (BMN) and the enzpe aataLyzlng thls reastlon was

referred. to as BMN pyrophosphorylase, also 1ü ¡vas aesumed.

ühat pyrophosphate was a prod.uct of the reactlon, BMN

was lsolaüeil and. analyzed ohennlcally.

Another reactlon of benzlnLd.azole, the formatlon of

benzlnnld.azole ad.enlne illnucleot'ld.e (BAÐ) , caíaIyzed by an

erezyøe preparatlon obtalnecl fron wheat embryos was d-emon-

straüed.u A naJor part of'the enzyne was found to be

oonflned. to a parülculaüe fractlon" Almost lrured.lately

after belng formed., the illnucleotlde was broken d.own

resulülng ln benzlmld.azole rlborrucleosld.e and. ADP" The

posslble slgnlflcanoe of ühese reactlons, ln llght of Ëhe

reoenü work, has been d.lscussed..
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r" GENEB"å,L INTtsODIiCTION



I. gENEB.AL INIBOÐUCTION

The text of thls nanuscrlpt lnclud.es Lnvestlgatlons
on the lu.ltlal steps of purlne bloey:aühesls, orotlc actcl
metabollsm a¡ld. metabollsn of benzlnld.azo1e. A stud.y of
two of the reacülons of benzLnld.azole¡ 1o€. the formatlon
of benztnld.azole d.lnuc]-eotld.e and. that of benzlnld.azore
ad.enlne d-lnucreotlde was ühe naJor subJect of lnterest ln
thls lnvesülgatlono The enzymes of orotlc ac1d. metabollsn
rdene stud.led w1üh ühe chlef purpose of d.evlslag an agsay
system for the formatlon of þenzlnLil.azol.e mononucleotld.e,
The experlnenËs on the lnltlat steps of ühe blos¡mühesls of
purlne nucleotliles were perforned. slnpry as a sld.erlae aad.

a matter of curloslüy.



II. TITE INITIAI, STEPS OF PUBINE BIOS]T\ITHESIS



TNTRODUCSION

ïn blologlcal systens purlne nucleotld_es are 6Jm-

üheslzed. from small preeursor nolecures, !ülth ühe appll-
catlon of radlolsoËope nethod.orogy and. elaþoratlon of
proced.ures for the lsolaülon ancl charact,erlzaülon of
lnd.lvldual enzyne systens the pathway of purlne blosynthesls
has been establlshecl öurlng ühe last d.ecad.e or Bon The

precursors of lnd.lvlcluaL atons of the purlne rtng were

d.eternlaed by feed.lng compound-s labelred. wlth lsotopes
of earþon and. nltrogea (chargaff a¡d. Ðavlclson, 1960) " The

orlgln of the carbon and. nlürogen atoms of the purlne rlng
ls represented. 1n Flgure 1n The carboxyl oarbons and.

ühe N atons of gryclne contrlbute üo the carbons b ar'Õ, 5

and. nltrogen 7 of ühe purlne noleculeo carbon d.loxlcle

ls the precursor of the carbon 6 ar'ô, formate of carbons

2 and. 8" Further lnvesËlgatlons red. to the elarlflcaülon
sf the questlon of the lnmed.laüe precursor of ühe altro-
gen atons (Bucha¡an eü al" , Lgs?r, showlng thereby that
aspartlc acld contrlbuted. to N aü posltlon L and. ühe amld.e

group of glutamlne to N atons at posltlons 9 and 3"

The early stud.les contrlbutlng to the fornulatlon
of ühe scheme are those of Gold.thwalü et al. (I95t+), report-
lng the lsolatlon of glyclnarnld.e rlbotlde (GAR) 

"
They suþstaatlateð tb,e prevlous 1nd.lcat1on ühaü rlbonuoleo-
tld.es partlclpaüed ln the Lnttlar stages of ühe pathwayo



J

Uslag an acetone powèer extraot of plgeon l1ver ühey

further d.eraonstraüed. glyolne, glutanlne, ATP, and rlbose-

5*P to be necessary for the synËhesls of GAB' In the

followlng year Hartnan eü gI. (L955) showed. PP-rlbose-P

to be a nore lmned.late precursojr of GAB than rlbose-5-Pn

Puriflcaülon anil fractlonatlon of a soluþ].e pro-

tela exüract from avlan llver (Levenþeng et å1., L955'l

led. to ühe concLuslon ühat üwo separate enzyße prepara-

tlone were requlred. for GAB forraatlon fron glutanlne,
glyclne and, AEP, and. PP-rlbose-P¡ the reactloa sequence

belng representecl. ae;

PP-rlbose-P + glutanlne + glyelae + AIP + H20 =-
cAB + glutamtc acfä + PP + AÐP + Pl

Thls cornplex reactlon 1s now kno¡'üt to proceeð ln two

süeps (Go1d.thv¡alü g[ 4-", J_955)u Ïrr oüher word.s, l'n

anlmal tlssues the flrsf reactlon of the purlne blospa-

theülc paübway ls the anldatlon of PP-rlþose-P üo form

PBA. Thls hlghly unsÈable eonrpound. reaots lmmed.tately

wlüh glyclne ancl ATP üo glve rlse üo GAR. The two

reactlons are catal'yzeÕ by PP-rtbose-P anid.otransferase

aniL GAR klnosyathase respectively (Goldühwalt eü åt.,
L956; HarËnan and. Buohanøn, 1958) :

1, Glutanlne * PP-Flþose-P

Glutanlc acld.

amlilotransferase
PRA +
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Flgure 1. The precursors of carbon and. nltrogea

aüoms of the purlne rlngo



7
GAB klaosyathase

GAR2u PBA + glyelne + ATP

(Flgure 2')

Hartrnan et al . (Lg56) lsolateù and. purlfled. GAB and' FGAR

fornecl ln ühe preselree of glyclne ancl AfP by enzymes of

plgeon l_lver by uslng azaserlneo The laffer causes an

acoumulatl.on of GAB and trGAB by compeüf.tlvely lnhlbtülng

t|¡e enzyne oaüalyzLry the oonversLon of FGAB to FGAI{.

In thelr sysüem g}uüamlne was fo1¡nfl to be ühe only effee-

ütvo d.onor of the amld.e gror¡p ln the flrst reactlor..

ALüeraate potentlal Oonors llke asparag1.ne, anmonlu.n lon,

aspartlc and glutamlc aclcts fa11e0 üo reacü. However,

the slüuatlon 1s somewhaü d.lffereat ln bacterlal- systems'

NlerLlch and. Ìllagaeanlk (fg6f ) reporüed. the fornatloa of

GAB fron glyclne anÖ ATP Ln the preserxce of ohfoken

llver extraot or a crud.e extraet from Aeroþaster aero-

genes boüh wlth PP-rlbose-P and. glutanlae aad also from

B5P aact anmonla" The sane ls ürue of extracts fron

Esoherlchla coll-o In these systens ammotrla was d'emoa-

straüed. Ëo be a better d.onor of anl-cle group 1n ühe bac-

üerlal preparatlons used., although glutanlne lsas also

actlve"

The pathways operatlng ln the anlnal and' bacterlal'

syetens are evld-ent1y d-lf ferent. A perusaL of the exlst-

lng llterature showed. no evlcience as to whlch of these

donar/acceptor systems partf.clpateg ln ptanü materlalso



Flgure 2" The flrst steps of purlne blosy:rtheslg.
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rhe present süud.y was an attenpt üo elueld.ate ühe flrst
steps of purlne blosynthesls ln a representatlve of ühe

plant klngclom. A eomparlson of the actlvlty of four
anld.e group doaors, namely, gluüamlne, asparagLne,

carbamyl phosphate, aad. anmsnlum lon was nacle ustng

enzyne preparatlons obtalaeil from oomnerclal wheaü ge¡Ît[

and. vlable wheaü embryoso
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E]GERII-{ENTAI,

T{ATEBIALS

commerclaL wheaü germ for the enzy¡ne pneparaülons

üras purchasecl from Ivlapre Leat Mllrlng company, wlnnlpeg,
anil rsas stored. 1n a oold. roon ai loln irlheat embryos

were leo1aÈed. from the wheat varlety Selklrkn
GJ-uüanlne, asparaglne, carbamyl phosphate, ATp

and. PP-rLbose-P were purchased. oommerclally (s1gua chen-

lcal co")o GJ-yclne-lu aad. z-C14 was obüalneil from

CaIbloohem"

t4ErHOÐS

ISOLATION OF lÂllIEAT EIUBRYOS

Enbryos were lsolatod. from seed.s of wheat varlety
serklrk by a mod.lflcaËlorr of the proced.ure of Johnston

anil Süern (1957r. , T'¡ro hundreit and. flfty grans of wheat

seecls prevlously süored at -Lzoc ü¡ere ground. la a warlng

blead.or îor 28 seoond.sn lhe honogenlzed. naterlaLs were

screened. twlce through 10, 14 anè zB mesh sleves (gyler
scale). fhe portloa collectlng between 14 a¡d. 28 nesh

$ras separated. fron the bran wlth a seed. bl0wer, The

renalnlng portlon was then floated. otx a mlxtr¡re of cycro-
hexene a¡d. oarboa üetrachrorld.e {zt5; v/vlo The starchy
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end.osperm fragments eeüül,ed. aü the bottom leavlng the

whole enbryos anil parts on the surfaoen The enbryos

were plcked up fron the surfaee, alr drlerl ancl storecl at

&oC. The enbryos thus lsolated. anô separatect by organlo

solveat nlxture retalneÖ alnost conplete vlabllltyn show-

lng a hlgh gernlnatloa pereenüagen

PBEPABATION OF ENZ}T{ES

r¡azyme I: - PP-rlbos€-P amld.otransferage ürâs pre-
pared. by à sllght nod.lflcatLon of ühe neühod. of Gold.ühwalt

a¡rd- Greenberg 0955, " fen grans of aoetoae powêen of

conmerclal wheat germ rr¡as exC¡aeted. wlth 50 El of phos-

phate buffer (O.O5M)¡ pH ?o4, at OoC for 4O nlnutes" Tho

mlxüure was oerxËrlfugecl, the superna.tant d.lIuüed to twlce

the volune a¡ed. 1 I*i potassil¡m acetaüe buffer was ad.d.ed.

graduaJ.ly to Lower the pl,i to 5"5. The preclpltate was

ühen renoved. by cenürlfugatlon, and. the pH of the super-

nabant lor.¡ered agaln to 5"0 wlüh 1 N acetlc aclclo Ílhe

solutloa was d.lalysed agalnsü 0"05 I{ K2IíPO4 for 4 hours"

To l+5 nL of the supernatant Lloz nI of precooled. (-4OoC)

absoluüe ettranol r¡as ad.d.ec[ and. the teryerature lowered üo

-50oC. The preclplüaüed proüela was separatecl- by cen-

trlfugaülon aü 20rOO0 x g and. d.lssolveô la Trls - HCl

buffer (0.02 11), pH 8,0o
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r¡ezyne fI: - Flve grans of wheat enbryos $¡ere hon-

ogenlzed ln a morÈar wlüh 50 n} of 0"05 M phosphate

0"1 M cystelne buffer, pH 7"4. The honogenaüe was passed.

through four layers of cheesecloth and. centrlfuged at
L0e000 x g for 10 nl¡autes" The pH of ühe supernaüant

was ad.Justed. to 7u4 wlüh anmonlum hyd.roxld.e and. enough

ammonlum surphate was add.ed. to make lt up to o oz satura-
t1on" To the supernatant obüalnect after oentrlfugatlon
at 201000 x g for 10 mlnutes more a,mme¡11q* sulphate was

ad.d"ed to nake up to O"l+5 saturatlonu The pnotej.n pre-
elpltatlng beüween 2045Íl saüuraÈlon of ammonrum sulphaüe,

wag dLssorved. ln 50 nl waüer and refractlonateci. fron
ammonlum sulphaüe twlce" fhe preclpltaüe obtalneð after
the thlrd. fraotlonatlon was d.larysed. agalnst d.lstll1ed
waüer overnlghü. The protela was ühea d_lssolveð 1n Trle
(0"02 M), pH 8"0.

Fhazyne III:- Flfty grans of conmercLal wheat gerul

was ground. wltb 250 n1 of phosphate buffer (0.05 M) at
pH 7,0 1n a ¡nortar and. oenürlfugeô at 1Or0O0 x g for 10

nlnutes. To the superuatant 0"2 vol-ume of proeooled gïfi
ethanor was ad.d"ed. and" ühe preclpltate d^lscaröed.. To the

supernatant an ad.d.ltlonsI o "25 volume of 90% eütanol was

added. and. the preclpltaüe eollected and. dLssolved 1n 5 nl
of Trls (HCl 0oOZ M), pH 8o0.
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fuzyme ïV:- Flve grans of vlable v¡heat enbryos

u/ere honogenlzed.. v¡lth 50 nl of phosphate buffer (0"05 $),
pH 7.4, ancl centrlfugecl at 101000 x g for 10 nlnuües"

The pH of the superaetant was lowered. to 5.J wlth lN
aoeüic acld. a¡d the preclpitate ï¡aE d.Lscard.ed." A¡nmonlum

sulphate preolpltatlon was thea oarried. out and ühe

proteln fractlon preelpltated. aE a saturatlon of O.33

0.65 was coll-eeted. after centrlfugaüloa aü 2OrO00 x g
and. d.lsso1ved. ln ür1s HCI buffer (0.02 ¡rl), pH 8.0

PROTEIN DETtrBMTNATION

Proteln d.etermlnatlons $rere d.one by the mlcro-

kJed.ahl procedure throughout the stu{y, aseumLng 16

percent nltrogen"

P.âPEB ELECTtsOP¡IOBESIS

Paper electrophoresis was conclucüed. ln a Splnao

Durrum cell at 25 mL}JJ.ampereÊ, 1rr formate buffer (0"05 M),

ÞH 3.5t ln the cold roomo



Flgure 3, Ðetermlnatlon of glyclnamlcle rLbo-

nucleotlðe.
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BESULTÉI AIüD DISCUSSTqN

The reactlon was conðucted. ln three stageso The

flrsü two stages conslsteÕ ln ühe formatLon of PBA whlch

ls subsequently converted' to GAB. The thlrcl" sfage

lnvolves the proceclr¡re for estlnatlon of GAB fornecl ln

the flrst two and" ls noü d.lrectl-y parülclpatlng ln the

reactlon. Itr prlnclple ühe reacülon mlxtures conüaln-

lng the anlde d.onor ancl, accepüor systems ln approprlate

amounte were lncubaüed a¡lð the efflclency of each conbln-

atloa lqas assessed. by cleternlnatlon of ühe quantlüy of GAR

formed. The acceptors, PP-rlbose-P a¡rcl rlbose-5-P were

perniüted. to reaot separately wlth each of the four clonors,

lneo, asparaglne, glutanlne, carbamyl phosphaüe and"

ammonJ.a"

FORMATION OF GAB

Ihe ftrst stage of reactlon was lnltlaüed by lncu-

baülng the nlxture for 50 nlnutes aE 3?oC, ühe compon-

ents lrrere, Trls-HCI buffer, PH 8.5, 60¡ noles; MgCI2

&p noles ¡ glutathlone 11r nole i enzyrre I a¡rd 1I 0 nZ mL eaob

(proteln 17 a¡d 2t ng/nL respectlvely); and one of ühe

anld.e d.onors, aaparaglne, glutamlne, oarbanyl phosphate or

ammonlum chlorld.e 4¡¡ ¡qo1es; !.n a ÈotaL volu¡oe of 0.6 ml.

The reactlon was starùed. by ad.d.lng ?"68p ooles of PP-
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rfbose-P to the system at zero tlme or alternaüely 4
pnoles of rlbose-5-p ar.rd" 2 ¡rnoles of A[P"

At the end. of the flrst stage the pH of the reac-

tlon mlxture was lowered" to 7 "O by the acld.ltlon of 100

unoles of KH2PO4. The second. stage lnoubatlon was then

contlnued after ad"d.lng 4,0 Umoles of glyelne and. 2 Uuoles

of AEP and. 0"2 mI of enzyne preparatlon fII (proteln 40

ng/n]") for another 45 nlnuües" In another serles of
experlments ühe componenüs of the first and" the second.

were lncubated. slnultaneously anè the sysüem was referred.

to as the tconpJ-ete sysËemro

DETERMTNAT-ION OF GAR

A1lquots from süage 2 aad. the rcouplete! sysüen

!ìrere wlthciraurn and ühe anor¡:rt of GAB present was estlmatecl

by a sllght mod.lflcatlon of the procedure of Hartnan and

Buohana¡o (1958), GAR 1e assayed by reacttag lt wtth fMp

whloh aaüs as orse-carþon d.onor to GAR and le lüseLf
converüed to 5-an1no4-!m1d.azole carboxanld.e rlboülde
(Flgure 3)" The enzyne preparatlon cataLyzlng the react-
lon 1s a crud.e nlxture of lnoslnlcase, earboxamld.e rlbo-
tld.e tra.nsfornylase, cyclohyd.rolase and glycLnanld.e rlbo-
nuoleotid.e klnosynthase" Slnce AICAR is an anlnoånld.azo1e

lt ls capabre of und.ergolng dtazotLzatlon and. coupllng wlüh
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N-1-naphthylened.lamlne d.1hyd.rochlorld_e and. ylelðs a
plnklsh purple prod.uct whlch can be measured. speetro-

photometrLcally (Bratton and MarshalJ., Lg3gr.

After the flrst two steps the followlng were

ail.d.ed. to the neactloa mlxture: EDTA 30 ¡rnoles; sod.ium

lnoslnlcate 2.0 pnoles anil 0.2 n]. of enzyme IV (proüeln

35 ne/ùl " Afüer lncubatlon for 45 mlnuües at 3?oC

the nlxture was d.eprotelalzed. wlth 0"1 mI of 30 percent

trLohloroaceülc aclcl a¡ed. the preclpltate renoved.. The

solutloa was ühen treated. wlth aoeülc anhydrld.e for Z0

mlnutes" Thus the aromatle anines present are acetyl-
aüecl leavlng behlnd ühe a^mlnolnld.azole compounds unacetyr-
ateö" Then 0.3 nI of 1 N HZSO4; l perceat NaNOZ Oo1 nL

ancl after J mlnutes 0n1 n]. of OoJ percent of ammonlum

sulphaüe ancl 0"1 ql of 0o1 percenü solutlon of N-l-naÞh-

thalened.lanlne d.lhydrochlorlde u¡ere ad.d.ed". The coloured^

complex whLch resulted, was measured- 540 m¡r o Arr absor-

bancy of 0 .?.ol+ represents enp3.r1ca11y 0.01 pnoore of GAR"

The nolecular extlnctlon ooefflclenü for J-a;r¡;lno å¿nlcl.a-

zole carboxamid.e rlbotlde le 26rl+00.

Besults of the üwo experlnents wlth rlbose-J-p a¡rd.

PP-rlbose-P as acceptors and. varLous anld.e d.onors are

presenteil ln Table I"
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TABIE I" Effeoü of varlous amlile d.onors
on formatlon of GAB.

GAB forned. w1üh

GIutanlne

Asparaglne

NH4Cl

Carbanyl phos-
phaüe 0.00 0.00 ti^20

2.00

lo.lo
L2.30

0 oo0

1..40

9.go

7 "20
21 o00

2"1þ5

4 
'I+o

17 "00
0 .98

7 -OO

tr'rom ühese resulüs lt ls evld_ent thaü:-
a. The yleld. of GAB ls greater 1f the systens are

prelncubated. for PBA fornaü1on, luêu a three-süage (A)

lnstead- of a two-stage (B) lncubatlonn Thls ls more

pronouÌlceô 1n the case of asparaglneo

bo Asparagine ls the nost efflclent of the d.onors

testecl ln comblnatlon wlth PP-rlbos€-pc

oe Ammonlun chlorld.e ls the next ln order of
y1eIö of GAR. Tt 1s reactlve largely wlüh rlbose-5-p

as the acceptoru The amor¡¡t, of GAR formed. wlth pp-rlbose-

P 1s almost negllglble, anit that too lf ühere ls a pre*

lnoubatlon fon PBA.

öo OnIy a snall anou¡t of GAR Ls formed. wlth
gluüamln e/pp-r tøose-P aonblnat lon"

eo Carbanyl phosphaüe donated. the amld.e only to
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PP-rlbose*P and noü aü aII to rlbose-S-p,

fü follows fron b" a¡rd. c . tttat asparaglne ar¡d_

carbamyl-P parülclpate dlrectly Ln the flrst step of
purlne blosynthegls and. not through converslon to gluta-
nlne and'/or arnmonla. rt ls reasonabl-e to assune that
eacn. of the d.onors ls assoclaüeÕ wlth a speclfio enzyme

and acceptor. The posslbtllty of the contamlnatlon
of the enzyü¡e preparatlon by pp-rlþose-p synüheslzlng

enzyu'e ca¡not however, be overlooked.o Thls wou1d.

explaln the sllght reactlvlty of asparaglne and gruta-
mlne wlth rlbose-5-pn

fhe formatlon of GAR was also conflrned by paper

chromaüography and. paper electrophoresls" Flgure I
represerrts scan from rad.loelectropherograms of the four
reactlon nlxtures lncubated. wlth glyclne-Z-Cll+, A, Be

e, and. D represent sampres from reactlon mixtures wlth
grutamlne, asparaglae, cp a¡ad. NH¿+OI as anld.e d.onore.

B Ls the glyoine referenee. rn all ühe four oases peaks

1 and 2 represent the two lsomerlo forms of GAB (Levenberg

et aI, , L9561 " Tn thls partloula.r e4perlment the peaks

were armost ühe sane helght 1n arl the systems, and. the
fact that asparaglne was a better d.onor 1s lrot evlõ_ent

here.

The present knowleôge of lntermed.lates and. enzyni_o



Flgure 4. FormaËloa of GAR fron glutamlne, aspara-

glne, CP and. Amnonlum chlorld_e"

R ls-a scan of reference glyclne-2-
cL4

A represents scarrs fron rad"loelectrophero-
gram of a reacülon nlxture contalnlng
glyclne-2-CL+ and glutamlne as ühe
anld.e group d.onor

B the same as A wlüh asparaglne as the
anld.e d_onor

C contalns NH¿CI as the amlde d"onor
D contalns CP'as the amld.e d.onor
ï and. II are the tr,so lsomerlc forms of

GAB
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reaeüions of ihe purin.e biosynthesls pathway ls based.

nainly lf rrot entirely on investigations on aninal and

microbial- systems (Carter, 1956; Bucha-nan enð- Ha.rtmaxt,

1959; Beichard-, 1959; Chargaff and Davictson, l-96l). The

îacË tTp.b till recently very Ilttle was knov¡n concernlng

the purine blosynthesls in pla:nt has been emphaslzed.

(i{ang and. hlaygood-, 1962) " The reviewers ln this fleld
ha.ve tend.ed to present a generallzed., unlfied and. com-

poslte picture applicable Ëo a wid-e varlety of blologlcal

systems, Mechanisms of purine and- pyrlmid-ine biosyn-

thesis and- of interried-iate steps in plants have been

inferued- largely on the ba"sis of an overall simlla,rlty

to the system d.escribed in mammallan and bacterlal systens

(t'{oat a¡ed- Fried.man, l960). Even though showing a siml-

larity to animal and, mlcrobial metabollsri in a broad-

sense, plarlts, especially hf.gher pla¡ts, do have distinc-

tlve features of inüermed-iary metaboll-sm a¡rd- also d.iff-

erences of a lower ord.er as lIlustrated by the d-onor/

acceptor 1::.teruel-a.tionshlps in lnltial steps of purine

biosynthesis in wheat embryos. It is too early to draw a.

general con-cluslon with respect to all- the plants or even

to plants of one particuLar group. P1a3t tissues d.o accum-

ulate significarrt quantltles of asparagine in contrast to

loacþerj.a.rh,ence the opportunlty to utilize the source
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avallable" Beslcles, there ls very rlttle reason for
glutamlne anct not asparaglne to be abre to ilonate amld.e

group 1n ühls reactlon, The elose slmllarlüy ln the
sürucüure of ühe two Le an argumer.t agalnst any such

theory.



fIT. OROTTC ACID IIETI\BOI,ISÞÎ



INTtsOÐTÍCTION

The sequence of blos¡mthetlc reactlons lnvolvecl

1n pyrlnld.lne metaboLlsn has been establlshed. on the

basle of lnfornatlon galned. from the work wlth mlcro-

organlsms (Relchard., L959; Crosble, t96L). The

lnpllcatLon of oroülc aciil ln the sya,thesls of pyrlml-

d.lne nucleotlcles 1a bacËerla and. anlna1 ttssues energed.

as a result of several lnvestlgatlons (tlrfgnt et g!.¡
t95t; Hurlberü ancl Poüter, L9521 and. the faaþ ühat oroüIc

aclcl cou1d. replace the pyrtmld.ine requlremenü of several

þaoterla led to the asslgnment of a central role fo
orotlc acld. ln ühe pyrlmldlne blosynthetlc pathway"

Relchard. anct Lagerkvlst (1953) stud.Led. the lncor-

poratlon of u15 tauelled. ammonlu¡n chlorlËLe, cl3-urcarbon-

a1e, L-aspartate l¡15; L-asparüaüe-l r4-cl3; L-aspartate-2,

3r-Clu anil L-carbamyl aspartaüe-ul5 lnüo orotlc acLd. ln
rat llver sIlces. These resulËs, Í.n ad.dltlon to the coa-

cluslons of ühe prevlous workers conflrmecl asparttc aelÕ,

carbaoyL aspartate, anct orotate to be the precursors of

UliP ln bacterla and. a¡rlma1 tlssues, [[he flrst step Ln

the formatlon of the pyrlmlcllne rlng ls the synthesls of

carbamyl aspartate" thls conpound. was demonstrated. to

orlglnate from carbanyl phosphate whloh le synËheslzed.



25

from snall precursor noleoules or alüornately wlth an

actlve fornr of carþamyl compound- (Cohen and. Grlsola, t9l+8)

partlclpatlng ln a oonilensaülon reactlon wlÈh aspartaüe

tn the presenee of aspantate carbanyl transferase
(Relchard- and Hanschoff, L956). The enzyme eatalyzlng the

rlng closure ln the next step to glve clehyd.roorotate was

d.lscovered. by Lleberman and. Kornberg in Zynobacterü¡n

orot-loun obüalned. from solJ- ln enrichnent culture med.la,

ln the presenee of exogeir.ous supply of oroülc aclcl

(Llebernan and. Kornb€f,g¡ 1955),

Fron the same organlsm Lleberrnan and. Kornberg

(1953) lsolated. another erLzyme, d.lhyd.roorotlo d.ehyd.ro-

genase whleh cata1yzes the reiluctlon of orotlc üo d.ehyd.ro-

orotlc acld. ln ühe preseixce of red. NAD (Flgure ll).
Frlectman and. Vennesland. (L958) purtfLed. d.lhydrooro-

tic clehyd.rogenase a¡td. sho$reil the enzyne to be a flavo-
proËein. The presence of a sulphyhyd.ryl group eompound.

such as eysteine was for¡nd. neoessary for ejlzyme acülvltyo
Ehe bacterlal enzyme was d"enonstrated. to catalyze blne

red.uctlon of orotate and. also of fluoroorotate by reiL NAD,

ùhe oxld,aülon of d.lhyÖro-orotlc aetd. by NAD or acetylpyr-
ld.lne - NllD and. ühe oxid.ation of reclueed. d.ihyd.roorotaüe

anð red.uced. NAD by oxygen and- methylene blue. The erlzyme

waÊ subsequently crystalll'zed and. shoryn to conüaln FAÐ



Flgure 5n Metabollsn of orotle acldu

I " represents orotld-1ne-J-phosphate
pyrophosphorylase

2. dlhydroorotlc d.ehyd.rogenase
3 " cllhyd.roorotase
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and. Fl4N ln equal anounts along wlth lron as the netal

component ln the elozpe molecule (Frledman and. Vennes-

larrcl, L960r. Purlflcatlon of NADP speclflc d.lhydro-

orotlc d.ehyd.rogenase fron aeroblc bacterla has recently

been reported. fron the same laboratory (Ud.aka and.

Venneslanôr L96?),

The orotlc acld. Ëhus forned. both ln a¡nlnals and.

bacterlal tlssue ls converted" üo llMP through a rlbotlda-
tlon step foJ.lowed. by clecarbo4ylatlon. The renalnlng

pyrlmld.lne nucleotliles arlse from ÏIMP by lnteroonverslons;

CTP arlses by anlnatlon of TJIP and TIviP through d.eoxy-UMP"

O$iP pyrophosphorylase catalyzes ühe conversloa

of oroü1c aolcl lnto Ol[P by cond-ensatlon wlth J-phospho-

rlbosyl-l-pyrophosphate (Lleberma¡n et aI., 1955). By

a further d.eearþoxylatlon of OMP 1n ühe presence of

orotld.lne-5-phosphate decarboxylase, WP ls formedlo

Blalr, Stone and. Potter (t960) havo preseated.

evlclenee wlth stud.les oÍt a nulËlenzyme system üo d.emoa-

strate that OMP 1s an lntermed.late ln the fornatlon of UI{.P

forn orotlc acld ln rat 1lver a1so.

The present reporü enbod.les an lnvestlgatlon lnto

the orotlc aclcl metabollsm of wheat embryos" The general

patüern of netaboltsm and. ühe lntermed.lates formed. was

stud.led. by followlng the taïe of orotl 
"-6-CL4 

la honogenates
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and. purlflecl probeln exüracts of wheat embryosu A

süud.y of ühe eîzymel partlolpatlng 1n some reaoülons

of orotlc acld., namely, d.lhyclroorotlc d.ehydrogenase ar¡il

OMP pyrophosphorylase was also conctucted.o fhe last
naned. erazwe syetem was of speclar lnteresü here because

of reasons whlch w111 be obvlous laËer.



ÐcPERrMErlgAt

IIIATEBIAT,S

The wheaü embryos were lsolated. accord.lng to
proced.ure outLlned. ln part 1o

The followlng chernloals were purohased. eommer-

clally: orotlc acld and. dlhyclroorotlc aold. (Nuürlülonal

Blochenlcal corporatlon), NAÐ, red. NAD, and, pp-rlþose-p
(Stgna Chemlcal Co.)o Orotta-6-Cl4 was purchased" from

callfornla corporatlon for Btochemlcal Researcho All
compound.s were used. wlthout further purlfloatlon"

oroflo acld. and d.erlvatlves lr¡ere d.eüected. olr papor

chromatograns by neans of a¡r lrltra vloret ranp purchased.

from Ed.nunil SclentLflc Co., NoJ. euarrültatlve d.eüeotloa

of oora¡round.s eluüed. fron paper as well as of referenee
samples was accompllshecl by Becknan-DU recorölr'g spectro-
photometer.

Bad.loactlvlty was d.eËernlned by uslng a Nuclear-
chlcago semlautomatlc coureter Mod.el tg6 fltted. wlth a
wlnilowresÊ gas flow counter tube or a Nuclear-chlcago
actlgraph Model c-!008 havlng a wlnd.owrees counter üube

(contlnuous gas flow).
Kod.ak no-soreen x-ray flln vras usecl for record.lng

rad.loactive areas on paper chronatogramo

29
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METHOÐS

GeneraL - Orotlo acld. and. d.erlvatlves ürere

chromatographed. both 1n reactlon nlxtures and. for refer-
ence purposes uslng Butanol; Ettraaol-; fornlo acld.; water

(5:3:2zL) as the eolvent ln a d.escend.lng system (Flnk et

3Lu, t959\ . The lnd.lvld.uaL conpouads were d.etected- on

paper by spraylng wlüh Ehrllch reagent.

ÐIHÐBOOROTT C DEHYDROGENASE

Preparatlon of er¡zyne

Ten grams of viable wheat enbryos were honogenlzed.

1n a mortar wtth 100 nl of K2HpO4 (0"05 M)e cystelne
(0.01 M) buffero piI 7ol*. The extraot was ühen passed.

ührough four layers of cheesecloth a¡rd. resld.ue d.isoard.ed.u

The supernatant was centrlfuged, at 201000 x g for 10 nln-
utes. To the supernata¡et, solld. amrnonlum sulphaüe was

ad.Oed. grad.ually to ralse the saturatlon to 0.j3 and. ühe

proteln precf-pltate was removed_ by centrlfugatloa. The

supernatanü ¡ras now mad.e A.65 saturated wlüh regard to
ammonlum sulphaüe and. Ëhe preclpltated. proteln was öls-
solved. 1n 10 nI of phospLrate buffer (0,02 ÞÍ), ÞH 6"5.

Assay of ÐHO-Dehyc[roEeaase

Liebernan and. Konoberg (L953) d.evlsed. an assay

sysüem utlllz1ng the measurenents of Ëhe d.ecreage ln IIV

absorpülon at 280 ryr acoo¡npanylng ühe reactlon of orotate
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üo d.thydrooroËateo Izr the present stucly an asÊay sys-

ten based. on the oae used. by FrleiLnaa and" Venneelancl

(t960) was employed.

The assay systen contalned. ühe

Sod.lun phosphate buffer, pH 6.5

ltg0l2

Cyste lne hyd rochLorld.e

SoÕlun orotaËe (reorystalllzed.)

Eed lrIAÐ (3 ¡r L0-3 M)

foLlo¡clng:

200 pnoles

6 unoles

20 pnoles

0o6 unoles

0"1 nI

ancl 0.1 ml of the enzJme contalnlng approxlnately 0"5

1.0 ng proüeln la a üotal volune of 3.0 mI. fhe reactlon

was camÍecl out ln slllca euvettes of 1 cm llght path"

The reaetlon was starüecl by ühe aclclltlotr of orotate üo

the cuvettes anÖ the reactlon nate was measurecl by follow-
lng the cLecrease ln optlcaL d.enslty at 280 np a@conpanylrg

the d.lsappearanee of orotate"

Cystelne solutlon was freshly prepared. by d.lssolv-

lng cysteLne-HCl ln water a^rrd. neutrallzlng lt wlth NaOHo

SocLlun oroüate was prepared from orotlc aeLð", recrystal-
llzecL fron water,

Besulüs

Flgure 5 shows a typlcal progress curve for the

reactlon" The reacülon tabe 1s llnear approxlmately for
Ëhe flrst one mlnute after whl-ch J.t d-ecreases stead.lly
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t111 an equlllbrlun 1s aütalned-.

Effect of subslraÍe and. enzv,me conc_entratlon

The ra.te of the reactlon was süud.led. as a funcülon

of orotaüe concentratlon. Flgure 6 shows tttat concen-

tratlons above 6.5 x 10-5 are ln?rlblüory to the enzyme"

FrLedman and. VennesLau.d. {WsA) have reported. K* values

of L"3 x 10-ll for þoth orotate and. 5-fluoroorotaüeo

llhelr values for orotate are ln good. agreenenü wlth ühaü

obüalned. by Lleberman ancl Kornberg (tg53) (f ,1 x 1O-t+ M).

In the presenü stud.y the K* was for.¡nd. to be 2n5 x fO-5 M

for orotate" In the systene of Llebernan and. Kornberg

(L953) anð Frled.man and Ven¡neslanÖ (L958) there was rro

lnhlblüfon of ühe enzyme aü hlgher concentratlons of ühe

substrate"

The raüe of reacülon Ls llnear wlüh th;e enzyme con-

eentraülon (Flgure 7) "
pH optlnum

The pH optlnu.n of ühe reactlon as shovrn 1n Flgure

8 ls ln agreement wlth tbat reported. by Frled¡aan ønd.

Vennesland. (t958r, The curve shows a þroad opülnun wlüh

a peak at 6u0u



Flgure 6" Progrees curve of d.lhyd.roorotlc

dehydrogenase.
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Flgure 7" The effect of substrate concentraülon

on the rate of d.lhyd.rooroülc dehydro-

genase reacÈlono
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Flgure 8o The effecü of enz¡rme concentratlon"
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Flgure 9. [he pH optlnum of d"lhyd.roorotlc

d.ehyd.rogenase e
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h.zyme Assay

The assay of the enzyne is based. on the d.ecrease

1n optlcal d.enslty 295 rnF aeconpanylng ühe d.lsappearaÌr.oe

of orotlo acld from the med.lum. The system ls a noctl-

flcatlon of ühat used. by Lleberman, Kornberg and. Slmms

(L955) .

The test systen contalned.:-

Trls-HC} buffero pH 8.5

MgCl,

Sod.lun orotate

PP-rlbose-P

60 lrnoles

6 linoles

0"J pnoles

0 "31+ umol-es

and. 0.2 mI of enzyme preparatlon conüalnlng approxi.nately

0.5 ng of proteln 1n a totaL volume of 3.0 mf n fhe

reactlon was measured. ln a zelss spectrophotoneüer 1a

slIlca ouvettes of 1 cn J.lght path, The referenee ct¡V-

ette lacked. oroü1o acld".

å, unlt of enzyne ls deflned. as the anounü causing

a d.ecrease of 0.01 ln optlcal iLenslty ln one nlnute.
uad-er the cond.ltLons of the assay the d.ecrease ln optical
clenslüy was proportlonal to the enzyne conoentratlouo

The roacüloa rate r¡as llnear for approxlmately one mlnute.

Iso1atlqn and Purlflcatlon of the Ðazyne

Flve grans of vlaþle wheat enbryos were honogentzecl
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wlthfrâ.s-HCI buffer (0"02 I{}, pH ? "t+ contalnlng t x 10&m

P-nercaptoethanor. The honogenate rras pasEed. through
four layers of oheesecloüh and. then centrffuged" at
201000 x g for 10 nlnuteso [he resld.ue was reJected. a¡rd.

ühe pH of ühe superrnaüanü lowered. þo 5.J wlth 1 N acetlc
aeld-" The protela precr.pitatrng at the acld. pH was

removed. by eentrifugatlon (acld. preclpltatloa fractlona-
tlon).

Annonlun sulphate preclplüatlon: To the superr.a-
tant from the aclcl preelpltatlon fractloa solld. amrnonLun

sulphate was ad.d.ed tlII the saturaülon was 0.33o The

preclpltate was removed. by cenËrlfugatlon and the super-
natanþ agaJ.n was nrad.e O "65 saüurated wLüh regard. to anmo-

nlum surphate, The fractron preclplüatlng between o"33
and 0.65 saturatlon of ammonlun sulphate was collecteë
and. 5-10 ml of trls-HCl buffer (0.02 I{), pH g,0 contaln-
lng 1 x 10-& M of p-mercaptoethanor was pourecl over it
genüly and. Lt was allowed to stand. for üvqo hours at 0oc,
d.urlng whlch tlne the preclplËaüe d.lssorved. conpletely
ln ühe buffer" Any d.f.sturþance tn ühe forn of stlrylng
or oüher attenpts at d.lssolvlng the proteln red. to a

marked loss ln the aetlvlty of the enzynee

Norlü-A, treatnent; Tbe enzyne at the prevlous
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stage contalr.ed. approxlmaüely 28 ng of protein per m1.

Flfty ng of aorlt-A were ad.d.ed. to 5 mf of the soluülon

a¡ad the aorlt r{as removed. from ühe elozyme by oentrl-
fugatlon afüer keeplng for 10 mlnutes aü OoC" Norlt
treaüment d.ld. not result ln a loss 1n aotlvlüy buü the

removal of a consld.erable proportlon of IfV absorblng

naterl.al proved. to be of value ln the subsequeat purl-
f lcat1on,

Gel treatment: The enz.yúe from the prevlous stage

úras dlluted. to contaln about 3 mg of proteln per mJ.. To

the dlluted. eazyne soluülon alumlna C was acld.eô ln the

proporülon of 0o2 mI of gel/nl of the enzyme (t4ft soIld.s;

Slgna Chemloal Co") u The ge1 containlng solutlon was

stlrued" for flfüeen mlnutes aadL then centrlfugêðo At

thls sùage there üIaB no change 1n the speclflc actlvlüy

aE compared to ühe prevlous süep. More of gel was thea

ad.d.ed. a¡ad. the process repeated." There was oaly a sllght
d.ecrease ln proteln but a Large lncreaee ln the speclflc
actlvlty.

ÐEAE cellulose treatnent: To the supernatant fron
the gel treaüed. naüerlaL 50 ng of ÐEAE-cellulose was

ad.ded. for every 5 m]- of the enzyme solutlon, and. thls was

stlrred for 30 nlnutes in the cold.. After bbls tlme
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the ceIlulose had. ad.sorbed. armost al-r the aoülve enzyne

and. onry a negrLglble amouat süllr remaLned" ln ühe super-
naüant. The cellulose was separated. from the supef,Ðâ-

tant by cenürlfugatlon and. Ëhe enzyme Íras eruted. from
lt u¡lth Trls-HCl buffer (pH 8.0) at 0.05 M, 0.1 M and"

0.2 VI concentratlons suceegslvely" The eluants were

comblned" and. Iyophllllzed. ln lots of 5 El eaeh" For
euboequent stud.les one lot d.orl-ved from 5 nl ¡,ras d.lse-
olved Ln 2.0 ml of buffer and. useè ln the reaetlone
fâbre rr shows the d.eüalls of the purlfloaü1on proced.-

ure. rü ls evld.ent that a 35-fold. purlfioatlon was

achleved." The entzyme retalned. lüs aetlvlty for 3-l+
d.ays 1n the lyophlllJ.zed state.

Norlt-A treatment resurted ln the removar of
Irv-absorblng substances, nainly nuelel.c aclil fractlon
confaminatlng the preparatf.oa. Gel üreatnent ald.ed.

ln separatlon of sone protelnaceous substance lnterfer-
tng Ln the reacülono The DEAE-ceIluIose step lnvolvecl
a further purlflcaùlon,

Propertles of the &¡zyne

rn Flgure 10 typrcal progress curve of the reao-
tlon ls represented.o The rate ls 1lnear for approxi-
nately one mlnut,e after whloh the raüe d.ecreases
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progreÊslvely. Norlt-A treated. enzyße shows a sLmllar

progress curve though ln sone lnstances the rate was

a trlfle fastero

TABLE II. Purlfleatlon of OMP pyrophos-
phorylase.

VoIune
Fracülon (n1)

UnLts/
nI Total
enzvme a-a^ Ilnlts

Mg
proüeln/
nl

(NHi+) 
eSO¿r

0"33 - 0.65 saÈ.

Norlt-üreated
enzyme

.Alunlna C
üreafed.
( supernaüant)

Supernatanü
after DEAE-
CelLulose
treatnenü

Eluate
(comblned)

t5

l+l+

L2.3 L37 "5 tI"2 2055

11.0

1 o81

L35"0 L2,3 1890

40 "o zzoz t76o

4o 0,96 l+ t+.L6 t60

32 0.1 4o.o 400 1280

Substrate concentratlon: The rate of Oivlp pyro-

phosphorylase was süudled. aE a funotlon of the substrate

concentratlono As seen ln Flgure 11 ooncentratlons of

orotate hlgher tha¡. 1 x 10-3 M were lnlrlbltory" The

enzy¡ne stud.led. by tleberman, Kornberg and. Slnms (1955)

ln yeasü ls noü lnhlblted by the hlgher conceaüratlons

of the subsÈrate. The K, for the wheat enbryos ertzyße



Flgure 10. The progresÊ curve of oMp pyrophosphory-

lasen

PRpp was ad.ded at 2"5 mjrnutes.
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Flgure 11" Effeeü of substrate concentratlon on

the rate of OMP pyrophospborylase

reactlo13"

K, = 2.6 x tO-5 V"
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Flgure \2" The

Two

optlna of OMP

optlna at 8.5

pyrophosphorylase n

a:rÕ p"f are seeno

pH
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was 216 x 10*5 M as compared. to t,,at of yeast enzyßet
?"5 x 1o-5 M reported. by Ltebernan, g!. 4, $gjil.

pH optimun: orvrp pyrophosphorylase l'orated-
from wheaü embryos has a pH opttmum at g.s (Flgure Lz) 

"
The reaction raþe d.ecreases rapiùLy at pH 9.e arrd 9,5
but a second. peak ls sometlmes seen üo appear at 9"g.
Thi-s second. peak has beea observed. 1n two experlnents
and. 1s d.lfflcult to lnterpretu

Ef fecü of ¡n_etal lons: MgCl2 appears üo be

essentlal for enzyme actlvlüy, althoug]n a sLow reacülon
d.oes occur 1n lüs absence aIso, Opùtcrurn concentra_
tlon of Þrgc12 ls 2 x. to'3 14 (Flgure til above thls level
the rate of the reactlon farrs off consld.erabryo lhe
reacülon was also perforned. 1n the absence of IIg and. ln
the presence of chlorld.es of r{n, cr, and Nl lnstead. at
ühe same concentratlon" As seen ln Flgure Iþ, the
enzyu¡e ls only srlght3.y lnhlblted ln the presence of cu
and. Itþn whereas Nl reèuces the reactlon rate to about 5o
percent of Ëhe nornal. In Sone experlmenüs Cll, l{n and.

Mg appeared. to be equally effecülve.

Effect of inrrrbiüors: soi[un azLùe, arsenate,

fluor1d.er4r4r-d.lpyrtd.y1 (f x 10-5 M) and/-6¡loromer-
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curlbenz oate (5 x ro-4 m) vrere used. l-n the reactloa
mixture and, the rate followed.. The conversion of
orotate to oMP ls red.uced. to Ì+2,& per cent ln the
presence of .c, rt-d.lpyriÕyl at 1 x 10-3 M. Inhlbl-
ülon wlüh sod"lum azLd.e, arser:ate and. ftuorld.e at 1 x 10-3

M ls 7I, 67, and 6? per cent respectively, (Flgure lt+);
The lnlüLal reactlon rate, however, ls not affecteel very
muoh but the equillbrlum ls shlfted by the ad.cLltloa of
lnhlb1Ëors. Inhlbltloa by {t 4 r-d.lpyrldyl, a che}atlng
agent ls suggestlve of the lnvolvenent of a netalllc
group.

rü ls lnterestlng that pclrB causes an acceleratlon
rather tha¡r an 1r¡hlbLtlon at a coïrcentratron of 5 x 10-¿l

M. The reactlon rate ls Lncreased by abouü z) per cent 1n

the presence of thls Lnhlblüor. Thls increase, lf Ërue,
could- possl'bly be d.ue to inhlbltlorr of a sld.e reaotlon
whleh wouId" nornally utlllze pp-rlbose-p or perhaps Eorile

enzyme üo responslble for iüs brealrd.oroa. fn such a
sltuatlon POI\,IB would provld.e a protectlon mecha¡alsm for
the phospþorlbosyl d-onor of the reactlon.



Flgure t3" The effect of MgCI2 coacentratloa.
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Flgure t4. The effeot of metal 1ons,

Cu, Mg and lvl¡r were equatly effectlveo
I{1 was lnhlblüory"
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tr'lgure L5. Effecü of lnt¡lbltors"
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III. BENZTMTDAZOLE IITETABOLTSM -
BIVIN AND BAD FORIVIATTON



A" BENZïMI_DAZ_OLE. SOiqE BIIOLOGICAL_IMPI,ICAT-IONS

The processes of eeII d.lvlslon, enlargement,

tlssue naturatlon and. cel]-ular se reseence are nutually
complementary" Growbh and. d.lfferentlatlon of tlssues
and. organs both ln plants and. anlnals, a?e conürollecl

by a complex lnterplay of physlologlcal a¡ed. blochemleal

facüors and. are lnvarlably sueeeecLecl by the onseü of
senescelxceo Arqr one of these phases cOu1d. be ercperL-

inentally prolonged. or onJ.üted. enülreJ-y. Aü the tlne
of transltton from a nature tlssue to a grad.ually Eenes-

clng stage a rrswltchrr occurs ln the netabollc pattern"

Durlng growth there ls a prepond.eranoe of biosynthetlc
reactlons as opposed. to d.egrad,atlve ones, fo blologl-
ca1 systens a subtle balance operates þetween the syn-

thetlc and. d.egrad.atlve proeesses and. wheüher an orgaalsm

w111 enüer lnto a phase of growth, qulescence or sê$€s-

cence ls d.eternlned. by the exlstlng metabollc balanee

nanlfesüed. at the tissue, eel-Iu1ar and. perhaps nolecular
level t

Although the subJect of growth and. d.lfferentlatloa
has provoked a consld.erable auount of researart, the prob-

len of senescence ancl aglng has receLved 1lttle aüten-

tlon. The neËabollsm of aglng tlssues and. cells 18,

nevertheless, grad.ually belng J.nvestlgated. lnüo by an

5L
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lncreasing number of Lnd.lvlduals and. research schools,

especlal3.y vrlth regard. bo hlgher planËs (Varner, tg6t) .
Exclsed. plant parts, nore frequently 1eaves, have pro-
vliled. exeellent nocl.el systems for a süud.y of senescetrce

at the netabollc 1evel, It nusü be und.erstooil, how-

ever, thaf monoootyleilons and d.lcotyled.ons dlffer ln
¡netaboLlsn and. growth processes ln a strlklng and yeü

lnconpletely explored. malarrero The stud.les eond.ueted.

on these prooesses ln plants are lilnlteè to one or two

specles only and. exüreme cautlon should. be exerclsed.

before maklng any generallzatlons"

fü has repeateilly been d.enonstrateil thØt ln a

maüure leaf the phase of serregcenee can be lnltLated.
arülfLclally by exclslng lt fron the pLantn For

thls very reason d.eüached. leaves provlile an extreme]y
sultable nod.el system for the süud.y of senescencee rtr
such a staüe, three ohlef chemtcaL changes are notlce-
able t

(a) îhe proüeln levels unilergo a raplcl d.eollne

wlth a ooncurrenü d.ecrease ln (b) ehlorophyll oontent

and. consoquenüly (c) the llfe span of the ]eaf is red.uced.

(Mltchael, L935; Chlbnalt and Wtltshtre, tg54) ln pro-
portlon resulülng Ln eventual d.eath" If a d.etaehed.

leaf ls floated. on ¡rrater an exactly ld.entlcal paütern
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of behavlour ls encounüered. Thls metabolLe sequence

ls lnterrupted. Lf the leaf rooüs at the cut end.o In
the event of rootlng of ühe petlole or any other part
of the leafn a bloohemlcal ancl metabollc reJuve.natlon

ls evlcLent a¡il the leaf reverts back to a süaüe of
normar pbotosynühetlc aetlvlty ancL proteln sy:rËhesls

(Gregory and. SanantraLo L95O) 
"

Stud.les of Vlckery eü al" (L9l+6) and. those of
l{othes and Engel-breeht (tg56l have d.enonstrated. ty,e;t

the clecIlne ln proteln coatent of reaves ls not caused.

by a breakd.or,v:e of oarbohydrate netabollsm or a,n lnavalr-
ablIlty of nutrlents. Ðetached. Ieaves, o[ the contrary
retaln the capaclty to lncorporate Iabelleð nltrogen
and. carbon lnto protelns (chLbnall and. wJ.ltshlre, tg54i
Bacusen ancl Aronoff, L95I+), but ühey appear üo Lose the
capaclty to syntheslze certain amlno acld-s, cor.Eequently

shlfülng the ratlo of syathesls üo breakclormn. ln favour
of the J-atËer. Slnce 1n ühe evenü of rootlngr the
leaf can s¡nrtheslze all ühe anÍno acld.s and. lncorporaüe

then lnüo protelns, a rooü factor (a substance or sub-
stances syntheslzed. by ühe rooË and. transported. elsewhere

ln the plant) has þeen lnvoked. to explaln the phenonenonc

The factors lnvolvecl ln senescence a¡rd. the accom-

panylng d.eterl0ratLon of neüabo1Lc nachlnery are not
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und.erstood. very well. Durlng ühe last ileoad.e several

atüenpts have been nad.e to retard. the onseË of senes-

cence ln leaves and. several chenlcals have beea tested.

for thelr effect" Growth regulators, chlefJ.yu IAA ancL

clerlvatlves someülmes retard.ed. proteln clegradaülon ln
Xanüh ¡ leaves but the effeet was rat}rrer erratlc (Blch-

mond. anÕ lang o t9571 . Klnetln (6-furfuryl-antnopurlne),

however, was d.emonstraËed. by ühe same authore to lnhlblü
profeln d.egrad.atlon conslstently. Fully etçanclecl leaves

of Xq¡nthlun pennsylva4lcun ürere exclsed. and. the petloLe

pì¡t ln water or d.llute klnetln solutlorrso The leaves

floated. on water lost proteln ar¡cl chlorophytl but those

floated. on klnetln retalned. the greer. coLor a¡od. malntaLned.

a stead.y protein levef for a co:rslderable length of tlme"

fn ühe Eame year Person et al" (Lgj|) condueted.

extensLve experlments on excleed. wheat leaves and. eËuctlecl

ùhe effeoË of purlne and. pyrJ.nld.lae ilerlvatlves" llhey

d.emonstrateil the d.ramatlc effect of benzlmld.azo]-e (a

growth antagoalst, Gll1esple gj[ 4.., tgst+, la ühe reüea-

tLon of green color a¡rcl- 1ts capaclty to supporü the

growth of leaf ancl also süem rust on ühe leaf up to a

perlocl of one no¡rth. In a comparaülve stud.y of effecü

of floatlng leaves on water and- benzlnlÖazole solutlons

they came to the concluslon thaü 1) whereas Ln waüer
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floated. leaves anr lncrease ln resplratory rate uias seen,

the benzlmld.azole üreated. leaves remalned. nornar; 11) ühe

waüer floaüed. leaves reveared. a nueh hlgher lever of free
amlno acld. a¡ed benztml.dazole Ëreated. ones showed. no

lncrease ln slze of free amlno aold. poor over ühe coã-

üroIs; 111) on transferrlng ühe water floated. reaves to
benzlnld.azole sorutlons a synthests of proüelns ocoumed.l

The effects of benzlnLd.azole on the d.etached.

leaves enumerated- above are more or less paralrer to those

of klnetln reported. for Xa¡.bhlun leaveso Itr ad.d_ltloa

benzlmld.azoLe al-so malntalns ühe property of reslsüance

to rust ln d.etaehed. leaves of a wheat varleüyn Khap1l

(Sanborskl .gþ.9Lo, t958). Khapll leaves are normally

reslstant to race tí-g sf süen rust but on d.etachnenü

ancl floatlr^e* on waüer they succurnb üo lnfeetlon. By

beazlnlclazol-e treatnenü, on the other hand., ühe reavee

exhlblt ühe property of reslstance Just as ln the aormal

attaohed" leaves.

EFFECT OF BENZIMIÐAZOLE ON $ETABOLTSM

PBOTEIN

The stud.les of Sanborskl É alu ng57) on the
effect of benzl¡old.azoLe on metabollsn of d.etacheð leaves

led. üo ühe concluslon that 1n waËer ftoated. leaves there
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ls a progresslve lncrease ln ühe l-evel of soluble

nltrogen and. a êeorease ln the lneoIuþle nltrogen but

on beazl¡aldazole treated. leaves there was pracülcaIly

Ìro ehange 1n these two fractlons" The progresslve

d,ecrease la lnso]-uble N ln water floateeL leaves was

lnterrupted on transferrlng them üo benzlnlcLazsLe soLu-

ülon and. a neur equlllbrlun was establlshed.. It 1s

qulte clear here that benzlnld.azole ls d.lreotly or ln-
d.lrecüIy causlng ühe nswlüchn from the netabollo ürend.

exhlþlted by the water floated leaves to the nornûå.3- onese

Thus benzlnld.azoLe ls capable of not only retard"lng

proteln breakd.own but also of reverslng the d-egradatlon

al.ready lnltlateö"

CARBOHYDRATE

An accunulaüLon of waüer-soluble oarbohydrates,

espeelal3.y glucose ancl fructose and. suorose ln water

floated þut noü ln benzlnlðazoLe treated leaves rias also

reported by Samborski et aI" (t9581. Iü ls noü unreason-

able üo aÊsume thaü thls ls lnd.LcatLve of nonutlllzaülon

of sugar for polysaccharLde synühesls ln water floaüed

l-eaves. PoJ.ysaccharld.e blosynthesls Ls also malntalned.

by benzlnLd.azole treaünent,
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CHTQEOPSYLL

Benzlnld.azole aot only stlnulates chtorophyll
blosy:eühes1s but also protects lt frorn d.estrucùlon
(l{ang ano l,Iaygoocl,, t95gl " Whea excrsed- etlola.tecl leaves
ïiere subJected. to lllunlnatlon and. treated ¡çlth benzlnl-
dazole, the ehlorophyll concentratlon lnoreased rapld"ly
d.urlng the flrst two d.ays, The benzlmld.azole'treated.

leaves, however, syntheslzed_ tar nore chlonophyll- than
the eonürols o Orr transferrk¡g ühe 1eaves to clark,

benzlml-d-azole treatment agala shlerded. chlorophyrl from

clestructlon 
"

[he effeot of benzlsrld.azole on the lncorporatlon
of glyelne-2-Ct4, succlnf.c-Zc 3-CI&, glutamate-C1& ana

urea-Cl& was lnvesülgated. by wang et a1o ß96L) agaln

uslng the exclsed. wheat leavesn Iü was conclud.ed. from

thelr experlments thaü benzlurldazole caused. an enhance-

ment ln the rate of lncorporation of gryelne ar¡d. suecln-

ate lnto chlorophyJ-l whereas there Ìras rlo effeoü on the
lncorporatlon of grutamate and. urea, rrr waüer-floated.

leaves a gradual, progresslve ilnpalrment of ühe capaclüy

to lncorporate glyclne was observed. but benzlnld.azore

treaümenü malntaineil the normal level of lncorporatlon
for as long ¿s four days.
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TNHIBIIIOILéÌCD pEoiviolIION OF TirE BENZIMIÐAZoI,E EFFECÎ

The er¡rresslon of the benzlmld.4zaLa effect appearË

to be effectecl by the pretserxce of other totally unrelaüecl

compound.s ln the test system, Effect of 60 ppn of ben-

zlnld.azole oa ruet reslstance courd. be cor¡nteracüed. by

provldlrg 1 per cent glucose (Sanborskl .gjE,9I., tgjg)"
rn ad.d.1ülon üo thls Ëhe same concentraülon of gluooee

could G¿üse an lnoreage ln level of soluble Nltrogea,
Ad.d,ltloa of one per cent glueose mad.e the benzlmld.azole

treated. leaves nlnlc the water floated. sanple" The

benzl¡ald-azole effect could., nevertheless, þ€ restored"

by applylag a hlgher benzlmld.azole conoenüre.üLon.

5r6-ôtmethyJ-benzlmlðazole appears to be a potent

lnhtbltor of benzl-mldazole" Due to a elose slurllarlty
ln ehemlcal structure lt could. be suspected. of belng

lnvolved. ln compeü1tlve lnhlbltlon of sone reacülon or
a complex formatloa.

A somewhat conpllcated sltuaülon wlth regard. to
lnhlbltlon of benzlnldazore effect and. lts reversal by

varlous metal lons was el1c1teÕ by Wang (tgsÐ. These

stud.les 1nd,1cated. that 1 ppn of eobalt ion could" co¡ø-

pletely reverse ühe glucose lnterferenee ln the benzlnld.a-

zoleo N1*+ e ?Å,++, Mo# ar¡d Cu++ were also tested for
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effocts lf any on lnhlbltlon and. reversal of the ben-

zlmldazole effeet and also to agcertain 1f the Co#

requlremenü was speclfloo N1** was for¡nd- to be effectlve

consl-stently ln reverslng both glucose anÕ. 216-d.lurethyl

benzlrald-azole lnhlbitlon. fhe effect of Nl øay,

however, be conrpleüely unrelated to þlnat of benzlmldazole,

because lt ls knowlx üo prevent rust lnfecülon of leaves

qulüe lnd.epend-ently of any other factor (Wang gL gÅ",

t9581. A slnpllfled" verslon of the sltuatlon ls presenfed

ln Tab1e III.
Ia splte of ühe fact that Co** could- effectlvely

renove the gLucose ard d.lnethylbenzlmld.azole l.nhlbl-

ü1on, lt proved üo be toxlc aü coneentratlons of 6 ppn

and hlgher" It ls Lnterestlng to note here tbøt rlbose

relleved the toxlclty caüEêd by Coba1t 1f used. ln the

presence of benzlnld.azoleo BX ltself rlbose was lnd.lf-

ferent toward. rusü d.evelopmenüo

A large number of oüher corpound.s were also testecl

by Wang É 4,. (L96t) la comblnatlon wlth benzlnld.azole

to stud.y ühelr lnteracülono Here a d.lstlnctlon musü be

nad.e beüween ühe effeeü of these conpound.s on benzlnlcla-

zole effecü wlth regard" to ühe rust reactlon and that ful

ehloropþIl Oevelopment. AÖenlne, Z-chlorobenzothJ.azoleu

benzoürlazole o Xanthlneo 8*chLoroxanthlne, 8*â'zàxanthlne
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anð, azagaa¡¡lne were antagonlstlc toward.s beazlmlÕazoLe

ln lts effect on rust d.evelopnent but lnd.lfferetrü to-
wards lts effect on chlorophyll d.evelopnent. Evld.ently

rust reactlon and chlorophyll blosynthesls are lnflu-
enoed through separaüe mechanlsms.

TABLE III. Inhj.blülon ancl reversal of
the benzfunldazole effect"

Systen Treatmeaü Sltuatlotr

Ðetachecl leaves

Co

N1

S

S

N

S

N

N

N

N

?laf er

BenzlnlÕazoIe

Benzu Glucose

Benz " d.lnethyLbenz 
"

Benz. Glucose Co

Benz. Dlmeühylbenz.

Benz" Glucose Nl

Benz. d.lmeühylbenzn

S stand"s for seneseeace and. N for the normal state 
"Dlmethylbenzu 1s used. for 2r6-dlurethytbenzlnld.a-

zole"

BENZIT{TDAZOIE IN .TON UPTAKE

Apart from mod.ifylng the host-paraslte relatlon-
shlp 1n the rusü d"evelopnent ar¡d. lnfluenclng chlorophyll
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a^Bd. proteln metabollsm¡ benzlmld.azole ls kaown to

lnfluence a varlety of other apparently physlcâI proces-

seÊ, too; l"êou uptake of lons by ühe plant roots.
Hl1]man (t955) d.enonstraüed" ty,p:t benzl¡nld.azole treatment

led to a d.ecreaseal actlvlüy of Copper conüalnlng enzymes

ln Lemaa mlnor plants. A blndf.rrg of the Copper lons

by benzlnld-azole was suggesteå by the observatlon that
the anount of Copper remalned. r¡nchanged ln the planto

Kllugensmlth (L96t) enploylng d.etachecl Hord_eum

vulgare roots d.emonstrated. that benzothlazol.e, ohloro-
benzlmld.azole and. benzotrlazole repressed. the uptake of
potasslum lono Benzlnld.azole, on ühe contrary, stlmu-

lated the uptake of poüasslun and. sod.lun by 50 per cent

when used. at a concentratlon of 1 x 1O-3 M" The enhanco-

ment of the uptake of potasslr¡m lon has, now been for¡nd_

to be d.ue to the bufferlng actlon of benzlnldazole (parr
and- Norman, L962)" In the course of the potasslum up-

take fro¡a a solutlon of K2SO4 the pH of the soluü1on

progresslvely clecreasecl resultlng la a lower raüe of
absorptlon" Thls d"ecrease 1n pH was checked" ln solu-
tlons contalnlng benzlml-dazoLe and. also benzlmLd.azoJ.e

pretreated roots" The ablllty of benzlmld.azole to act
as an effecülve buffer 1s d.ue to lts anphoterlc nature;

the 1mlno hyd.rogen of the ln1d.azole rlng belng responslble
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for the acld.le propertles and. the pyrld.lne nltrogen for
baslc properüles"

STRUCTUR.AÍ, RESUIRE1UENTS FOB THE BENZTMIÐAZOL$ EF¡ECT

Studles of Waag eü 41" (L96L) euggesü tha.t both

the lmld.azo1e and. benzlne rlng are essentlal for the

conplete nanlfestatlon of ühe benzlmld.azole effecüo Íhe

lntroducülon of a methyln a.mlno or other group lnto the

benzlmldazole molecule results Ln a change lrr acülvltyu

Iü,ATUBAL OCCUBBENGE OF BENZIMIDAUOLE AIS-D DEÌMTIVES

It has been polnted out repeated"ly tlnat benzlnLd.-

azole appears to substlüute for a root faotor, perhaps

requlred. contlnuously by the plant, Although 1ü has

not been shorns yet ültaü benzlmldazoLe ls a natural fac--

tor ln plantsn benzlmld.azoLe and_ relaüed conpound.s occur

ln anlmal, bacterlal, and. planü systens as a pronlnent

portlon of the vltamlns a:rcL coenzynes of the group BlZn

Vltanln BlZo a nolecule unlque among naturally
occurrlng conpound.s ln the 812 serles, 1n belng a Cobalü-

coord.lnatLon oonplex (Rlkes, g!. 4" 19¿lÐ was character-

lzecL chenlcally, mleroblol-oglcalJ-y arrd cl1nloally and.

lsolated ln 19&8 (Rttes et a1., 1948b)" Becauee of

the lm.olm physloLog1ca1 relatlonshlp of the conpound- to
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pernlclous anemla lt was suspected. to contaln a cobalt
conqglex of a poly¡lyrrole, resenbllng a porphyrln. In
addltlon to cobalü, neobaramlnn molecure yleld.ed. 516-
d.Lmethyrbenzlml-d.azole on acict hydrolysls. shortly
thereafüer, L-< -D-rlbofuranosyr-5-6-cllmethyrbenzlnlda-
zore rcas id.entifLed. as a vlüar parÈ of the ocobalamlnn

nolecule (Kacz]ra eü aL., tgíZ'). Another class of com_

pound.s referred to as pseucl.ovtta¡aln F'72 ]nave ad.enine,

lnstead. s¡ 5r6-d.Lmethylbenzlnld.azole, bullt ln ühe1r

molecule 
"

Vltamfn 81, 1s knor,¡n to be syntheslzed. by or
necessary for the growth anil metabollsm of bacüerla,
brown, red. and. blue-green algae (tio1n-tta'sen eü åL.,
t95I+) but not by green algae (Robbtns et â1., 1953)"

The posslblllty of the oecurrence of vitamln Br2 ln
green plaats has been d.ebaüed. aü rength (Darken, Lg53r.
Bobblns and. coworkers (tgíz) d.eüecüecl traces of vlüanln
Btz ln plant roots by the Euff.lena üest but these were

atËrlbuted. to nlcrobial- contamlrratlon" The susplclon
that green plants do, lnd.eecl, contaln 812-rlke factors
would. be subsüantlatect by a posltlve requlrenent for co-
bart. The root nodules of regunlnous planüs are knom
to excrete vltanLn Br, (Burton and Lockhead., tg5L) buü

Ëh1s rrras more llkely to be a prod.ucü of the synblotlc



64

bacterlao Irr the absence of a posltlve requlrement
for cobal-t by hlgher plants the orrly avalrabre lnform-
atLon on the effect of viüanln 812 on seed. plants ls
the d.aüa of Belnerü and. whlte (tgí6) on tumor tlssue of
Plce slauca" Reoenüly, Frtes (t962) has sucoeed.ed. ln
leolatlng vltamln 812 fron pea planüs, nalntalned ln
asepftc culüure cond-tülons, by eharcoar ad.sorptlon" I{e

employed. a mlcrobloroglcal assay uslng a F,12-l.ess muüant

of E.-eo11. (straln Lt3-3)" vlüan1n 812-llke factors were

also d.etected- 1a wheat and- ruplns by the same üechnlque,

coenzymes of B,1, group were recognlzed. d.urLng

stud.les on g'rutamate fermentatlon by cþsterld.lun tet-
anonsrrpht¡n (Barker et al. , \959) 

" Coenzynee conüaln-
rreg 5 n6-d.lnethylbenzlmrdazol'e or alüer:rately varlously
substltuteil benzlnldazole or purlne ln lts prace, are
anarogous to vltanlns of the group Blzn propertles of
the coenzynee B12 are slnltar üo those of vltanln B1z

but they dlffer sharply ln spectral characters and. also
chemlcally by havlng an exüra ad.enlne and. a sugar moleüy

probably ln ühe form of a aueleoeld.e (T¡IeLssbach gg 3Å,,
7960) whleh are read.lly d.fssoclaüed. by exposure to llght.
coenzymes arso conËaln d.lvarent eobarü (Bernhauer et 4u,
Lg6t).

T}re B1" coenzymes caüalyze tttree reaotlonso The
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flrst 1s the glutanate lsomerase reacü1on observed., 1¿

C1o_st_r.1d.1un tetanonrorphum¡ (Barker eË 4.0 tgíOal ancl

Rhlzoblun meltlotl (Kllewer and. Evans, tg6T). The

ertzyne required. for the converslon of glutanate to p-
nethylasperate was purlfled. from C. tetanoqorphum

(Barker et al" , L960al. " fhe sane group of workers crys-
talllzecl benzlmld.azole cobalamlcte and. 5, 6-d.1neühy1-

benzlnld.azole eobalamld.e from Proplonlbacterluq shernanll
(Barker eË aL., 1960b)"

The reactlon ls as follows:
gooH

ICHNH^ glutarnate
\,
CHct-

cooH
I

lHZ lsomerase COOH
I

cooH

CHNH^
It

cH3-sH

Glutanaüe p- methylaspartate

p-nethyl aspartate ls subsequently converted to Eesâc-

onate by d.eanlÍêtle11,

The second. reacülon, the succlnyl-methylnalonyl

CoA lsonerase occurs both ln an1mal and. bacterlal systems

($taAt¡nan, g! 4", 1,960i Ðe Hertogh and. Fvans, L96Z)z-
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CO-SCoA
I

'r*'
'r*'
cooH

Suce1nyl Co A

lsomerase
C0-SCoA
I

cooH

Piethylmalonyl CoA

ald.ehycle.

CHaOHt-
CHOH

I

cH3
ï*,
cH3

Proplonald.ehyd.e

CHo
I

Propaned.lol

These reacÈlons have not, so tat, been lnvestl-
gated. ln plant ülssues but lt wou1d. be lllu¡nlnatlng üo

k¡r.ow exaetly how the eonverslon of gLu.Ëanate üo üêsâ-

conate proceeils 1n hlgher plants,

cH3-cH

The lsomerase enzJme of 3" shermanll ean be easlly

separated. from the coenzyne by charcoaL treatnnent and.

the system can be reactlvated. by add.lng baek the benzl-

nid.azole conüalnlng ar:alogues o

A thlrd. B* coenzyme reactlon catalyseð by exüracfs

of Ae_loþAEEer aerogeqeg was d.emonstrated by AbeLs ancl

Lee (L96t). In thls reacË1on a glycol is eonverted. to

the coruespond.f.ng 2-itloxyald.ehyd.e" The enzyne sysüem

süud.led. here converts 1, Z-propaned.lo1 to proplon-
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l'ILth regard_ to ühe blosyathesls of vitarnln B*
two conüroverslal vlew polnüs exlst. Dellweg .gþ. gt"
(t956) supported. the vlew that 1n E. coll_ 5r6-dtnethyl-
benzlmld.azole Ls lnoorporaüed. lnto B!2, aÊ a free baseo

Bernhauer g[ g!" (L959)- al-so came to slnllar concluslons

from work wlth Bu shermânll" Rec¡enüIy Frled.nan and.

Harrls (tl6Z¡ have presenüed. eviilence to the effeet tìnat

rlbonucleosld.es of benzlmid.azole an;õ, 5, 6-d.lnethy1ben-

zlmldazole ned.Late the blosynühesls pathway rather þlran

the correspond.f4g free bases.

Anoüher noleoule of blologlcal lnterest, nanely,

flrefly luclferlno coatalns a 6-nyaroxybenzothlazole

compounds, closely related to benzlntd.azole (l'rhlte g!.4,o
Lg6t) 

"
Very l1ttle ls know:r about the reactlons benzl-

mld.azole cou1d. posslbly be und.ergolng atter belng

ad.nlnlstered. to a blologlcal (espec1aI1y on pla¡rt) sys-

tems " Mzymaülcal1y catalyzed, reactLoirs betweea ben*

zl'ml-dazole and. NAD have recently been d.lseovered. (Aff-
vlsatos g[ 4. , t96?) and. thelr slgnlflcarrce w111 be

d.lscusseil. Iaüer,
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INTLODUCTTON

A survey of the llterature as presenteiL ln the

prevlous pages revealed. that a1ühough consld.eraþIe atüen-

tloa had. been paÍ.d. üo the norphologlcal and. the d.escrlp-

tlve aspecü of the benzlnld.azoLe effect as ln mocllfled.

rusË reactlon, malnüenÐJtce of proËeln and. chlorophyll
blosynthesls, the mechanlsn of lts actlon was very

poorly und.erstood., lf at aIlo Ðrn DnTnT. i,{ar¡g ln our

laboratory ln1tlated. e4perlnents d.eslgned. at locatlng
the slte anð elucld.atlon of ühe mod"e of actlor¡ of bea-

zl,mldazole. A reasoreable approach was to lnvestlgate
lnfo chenlcal changes und.ergone by benzl¡nld.azole uBorr

entry into a plant oelln The reallzatlon ¡what d.oes

the plant d.o üo benzlmlclazoler, ls a more vltal quest-

lon thaar,aJcd. d.eservlng prlorlty over twhat d.oes ben-

zLmLdazole d.o to the planü I , broughü f orth a shlft 1n

the d.eslgn of experlmeate,

The lnitlal experlnenüs were alned. at slmply

followlng the fate of benzlnld.azole -z-CIv feil to the

exelsed. leaves aü the cut end.so O!1 extractlon a¡ril

fraetlonatlon of the leaf extracüs lt appeared tkrat all
the rad-ioaotivlty was ooaflned. to the so called nnuclelc

acld. fracülonn whlch also contalned. proteln la the

nethocl belng used., Subsequent paper chromatography of

68
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the fractLon ln acld.lc solvenÈs separated- out two com-

pounos on pâ,per. One of these compou:ad.B was id.enti-
fled. to be beazlnld.azole on the basls of Rf value and. a

eoqparlson w1üh genulne samples, The oüher, however,

d.lc[ not nl.graüe from ühe polnt of apprlcatlon and. shor¡red.

properüles characterlstlc of a nucleoüld.e or -sleleo 0lr

lryd.rolysls, thls eompor.md. yleld.ed. benzlmld.azoLe provlng

thereby tþrat. lt was a d.erlvatlve of benztmld.azole. On

adnlnlsterlng rad.loactlve rlbose a^nd. benzlnld.azole the
aane compounil was d.etected. 1n very smalr quaatltlesu

These results lncLlcated. strong'ry the formatlon sf â ¡norro-

nucleoüld.e or a rlboslcle of benzlmldazoLe, when the

latter came 1n contact wlüh the plaat enzyneso

Wlth thLs baekg:round., ln ühe presenü lnvestlga-
tlon a search was mad.e for a reactlon or reactloas whlch

courd. posslbly Iead. to the s¡mthesls of beazlnld.azole

mosronucLeoüld.e fron free benzlmlclazole. In the purine
and. pyrlnld.lne blosyntheülc pathways the utlllzatlon of
preforueil bases ls accon¡pllshed. through the formatlon of
mononucleotld.es or rlbosld.es 1a one of the foLlowlng
reactlons:

1. Rlbonueleosld.e phosphorylase:

Base + rlbose -1- phosphaüe -- rlbonuoleosld.e +

orthophosphaÈe
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2, Blbonucleot ld.e -pyTopho sphorylag_s :

Base + PP - rlbose - P --------------- mou.omi.elootlcle

pyrophosphaüe

3 n B.lbonucleosld.e phosphqklnase :

Blbonueleoelcle + ATP - -Blbonucleotld.e + AÐP

It ls clear tlnat In a slngle step reactlon 2 can achleve

the product of co¡ablnecl effecü of both reaotlons 1a¡rtl 3.
Therefore, the seconcl reactlon was enployed. for the con-

verslon of benzlntilazole to BMN by a¡r enzyme system lso-
laüecL from wheat embryos, The forrnatLon of OI{P from

orottc acld" also ut1llzes the same reactlon (Lleberman

eü- alo, 1955) " The orotlo-Ol{.P system was enployed, for
the neasurement of benzlnlclazole-BMN reaetlono
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ÛTATERI4I, AND ivEiTHODS

Vlaþle wheaü enbryos, lsoIaüed. accordü:g to the

proced.ure öescrlbeÖ ln parü T were used at a souroe of
er;,'zyne preparaËlons throughout thls stud-y,

Benzlmldazole (Eastnaa Kodak Co, Bochestero N.J.)

PP-rlbose-P¡ NÐ, (OplU), NADP (TPN), aceüyl pyrld.lne-NtD

(¿p-Op¡l) (Slgna¡ were comrrs¡-elally obtalned. . Benzlmlda-
.zole-2-C14 *." obtalned. fron Calblocben,

ASSAY OF BENZIMIDAZOI,E I{ONONUCLEOTIDE

Slnoe the formatlon of OMP fron orotlc acld. pro-

ceed.s by a pyrophosphorylase reactLon lnvolvlng PP-

rlbose-P lt was assumed. ühat the fornatloa of BMN would.

also proceed. by a slnlIar reactlon cataLyzed by a d.lf-
ferent el;:zyne which may be present Ln the partlally
purifled preparatlon of OMP pyrophosphorylase. If thls
aesunptlon was eorrect lt was argued. that a glven e'nzgnê

preparatlon would. catalyze boüh OttiP formatlon and BMN

formatlon, Slnee both the reactlons requlre PP-rlbose-P

there wL11 be a corpetltlon between the two for thLs

reactant" Therefore 1n a systen contalnlng both orotlo
acld. anð, benzlmld.azole, the anor¡nü of Oflp formed. would

be less tha¡n t}l.at forned. ln übe dcsence of benzlnld.azole.

In other word.so the converslon of orotlc acld_ to OMp

woulö deorease ln proportlon üo the anount of benzlnld.azole
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converted. to BMN, d.ue to the lnavallablllty of a por-

tLon of PP-rlbose-P for OMP fornatlonu The assay

enzyne preparatlon used. for BivIN reacülon was the same

as thaü for OIvIP fornaülon" The reactlon nlrture colr-

talned the followlng:

Trls-HCl buffer, pE 8"5

UI9CL,

Orotate¡ pH ?"0

Benzlnld.azole

PP-rlbose-P

60 unoles

4 pnoles

0"3 Unolee

0oJ pnol-es

0 "34 ¡-rnoLes

and. 0u1 ml of the enzyme preparatloa ln a total volune

of 2.8 mlo The reaetlon was lnltiated by ad.d.lng PP-

rlbose-P to the reaetlon nlxture aaÖ measurlng the

Oecreaee ln the absorptlon at 295 ny (acconpaayk¡g ühe

d.lsappearance of orotate) 1n the preserxce and. absenoe

of benzlmld.azo1e. The ôlfferenoe beüweea the two

egulllbrlun values was used as an. lnd.ex of übe aetlvlüy
of BMN pyrophosphorylaseu

Preparatlon of embryo honogenates

Flve grans of wheaù enbryos was homogenlzed. wlth

50 nI of 0o5 Iil K2I{PO4 - 0.01 M cysteln (pH |.Lt), The

coarse materlal was flltered, through four layers of



73

oheesecloth arrd. ühe flIürate centrlfuged at 101000 x g
for 5 mlnuteso The resld.ue was cl.1scard.ed. and the super-

nabant at thls stage, was used. 1n experlnents wlüb the

whole homogenaÈeu

fnoubaü1on

To 20 n01 batchee of the whole homogenate ln Erlen-

oeyer flasks benzlmldazo]:e-Z-CLE (approxlmatel"y 2OOr000

cpn) was ad.ded wltb and wlühout orotate and. PP-rlbose-P

a¡rd the nlxture lncubaüed. at 3OoC for 2 hot¡rso The

reactlon was termlnated. by boilJ.ng ühe nlxture for J nlnu-

tes and. addtng 95% ethanolo The proteln thus preclpl-
tated" was eenürlfuged. off, washed. twlce wlth water and. ühe

washlngs, and. supernatanb were combtned-o The poolecl

supernaÈant was clrled. und.er a Jet of cold. alr, d.lssolved.

ln a known volune of water, and. lts radloactlvlÈy record.ecl.

The sanples vÍere eubsequenüly subJected to chromaüography

and. elecürophoresls whlch w111 be d-escrlbed. preeeatly.

BuIk preparatlon

A bulk preparatlon for lsolaËlon and. charaoter-

1zatl-on of the reactlon prod.uct lncubated" for 2 hours

at àOoC contalned ühe foLlowlng components:

Trls-HCl þuffer pH 8.5

t*lgcle

2OOO ¡rmoles

6o ¡.rnoles
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Benzlmldazole

PP-rlbose-P

BenzlmlcL azoke-}-Clþ

25 umoles

25 Þnoles

approxlmately
200r000 cpm as
a marker

and, 50 nI of wheat enbryo protela preclpltatlng between

0"33 - 0.65 saturatlon of ammonlun sulphate (oþüalnect

from 5 gns of wheat embryos)'" After lncubaËlon the

mlxüure was d.eproÈelni.zed. wlth 3% perelhlorlc acld. whloh

vüas renoved. by aeutralJ,zaËIon wlth 5 N KOH. The vol-
une (approxlmately 150 ml) was redueed. to 50 mf o

SEE:AR4.T¿ON !F _ÞElrZIMrp_åAOL-E ANÐ Tr{E pROÐUCq

Electroohqresls

The reactlon nixture ar¡d ühe concentraüed. hono-

genate was subJected. to electrophoresls 1n a Splnco

Duruum ceII ln fornate (0.05 M) buffer at pH 3"5. A

0"02 nl sanple was appllecl on to the fllter paper strlps
by means of a speclal applicaüor after the paper had.

equl}lbratecl for one hour agalnst the sane buffer, the

current was conÊtayrt a.t 25 mlIllalnperes. Each seü vras

acconpanled- by a reference sample contalnlng benzlml,f,a-

zo1e-}-CLh " The paper strips were scanned. on a Nuclear

Chlcago automatlc eaþe meter {aetlgraph; contLnuous gas

flolu) u
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Chromatography

Paper qhromatoAraphy: The reactlon nlxÈures and"

samples from the homogenates lncubated. wlth labellecl

benzlnld.azole were ehromatographed. oa i¡lhaünan No.1 and-

4 fllter paper by appllcatlon Ln the form of spoËs or
streakso The chronatograms were d.eveloped. uslng the

followlng solvent systerns ln an aecend.lng naruler for 18

hours:

1. N-buta.nol: acetlc aclcl: HZO (Z:I:1, V/V/VI .
2, Isopropanol: HzQ (70:303 v/v) ln an atmos-

phere of A¡nnonla (0.35 ml conc, NH4OII per

llter of alr) 
"

3 n propanol z H20 (Zo 230 i v /v) "
l+o n-Butanol: acetone: aceülc acld_: 5fi Wnrz

Hzo (3'522"5!I.5:1n5:1) .

5. Tertlary amyl alcohol: fornlc:H20

(3tZtt¡ v/vfv).

Thln layer chronatos'raþhl: lFhln layer chromato-

graphy (TtC) waÊ used" as an alternatlve üo paper chromat-

ography. G1ass plates 20 cn x 20 cm and 20 on x 5 en

were used. as a support for layer of absorbents" Slllelo
acld. (tlaltnkrod.ü; chromaüography graÕe) e 200 nesh and

Al-um1n1un oxld.e wlüh 600 mg of Ca1clr¡n phosplrate as a blnder,
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were enployedl as absorþents, The d_eveloplng solvent

systems used. are 1lsted. belovr:

I, Butanol:acetone:acetlc aold.: NHr:l*¡ater

(3,5i2.52l_.52l..5:1).

Propanol tHrO (7 z3 t V/V) .
Methanol: chJ-oroform (9z?i V/V)"

Tertlary amyl alcohol: fornlc..HrA (3.,22ti

v/v/v),

Column ohronatograpÏ¡.v: Coluuns of catlonlc and.

anlonlc excha;ege reslns, Dowex-J0 Ht forn and. Dowex-l,

AG, formate form (0.7 c¡o x 10 cn) were enployed. for
separatlon of snall samples of reaoülon mlxtureso

ÐEAE-cellulose colunns ïrere prepared. as follows:-
ten grans of DEAE cellulose r{ere equlllbrated agalnst

Trls (0.02 M) buffer (pH 8.0) by excesslve washlng ln
the Bame buffero The slurry was then poured. lnto a

oolumn 1"1 cm x 20 @rno Flve rol- of ühe bulk preparatlon

were then load.ecl. on the coluuur. The oolunn wae wasbed.

wlüh üen bed. vorumes of the orlglnal buffer (trts, oooz M,

pH 8.0). The eluate was oolleeted ln ten nL fraeülons.

The fractlons ü¡ere d.rf-ecl, d.lssorved. rn 1 nr water a¡ad-

ühelr radloactlvlty was d.etermlned.o They were also
checked. for ühe presence of benzlnldazole or BMN by meam.s

of TLC,

2u

3"

lþ"
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DETECTÏON ANÐ ELUTTON

Benzlnld-azole and d.erlvatlves appear as fluores-
cent spots on thln layer ehromatograns when vlewed r¡nd.er

ItV. Fluoresceace ls not easlly detected. on paper, and.

also wlth some absorbent. solvent sysüensu but lt was

very pronounced. on s1Ilclc aclcl plates. The fluores-
oent zones obeerved. und.er w llIunlaatlon were clellneateo
wlth a pencll and. the dry power ln the absorblng reglon
was scraped. off by means of a flatËened. spa.ËuJ-a and" trans-
ferred. to a funnel fltted wlth a slntered. grass fllüer"
The developlng solvent was layerecl on top of the absor-
bent powd.er ln the fr¡¡neI and. alLoned- to seep through

the powd.er over a perlod. of a few hourso Eruants from

three suecesslve elutlons were conblnecl, evaporateil to
d.ryness, d.lssolved. ln waüer and. d.lIuted. as requlred. after
ad.jusülng ühe pH to neutrallËy" 0o1 n]. sanples were

wlühd"raum for rad.loactlvlty counts and_ obtalalng the

ultra vlolet absorptlon spectra. The sanples wêrê f,@-

cbromatographed. 1n the sane maJar.er and. record.ed. on trac-.
lng paper and. the Bf values were oal-culated.n

The plate was photographed under lrlu¡nlnatlon fron
üvqo w lamps plaeecl on elther sld,e uslng a yellow fllter
a^nd. en erposure of 90 mlnuües o
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Ai\iAï,ysïs oF THE PRODUCI

Spectral

Ultra vlol-et absorptlon

separated by fLC were obtained.

Becknan ÐK automatlc record.lng

spectra of the prod.uot

by uslng a Zelss or a
spectrophotomeüern

Chenlca1

I(norma er¡a¡ntltles (Z to 3 ng) of the prod-uct Íüere

hydrolysed ln 6lU ¡iCt at 1o0oC lor 6 hours. Both free
and. esterlfled. phosphate vÍere d"etermlned" by the nethod.

of l,rlaygoocl (Lgll8) whleh ls a mod.lflcatlon of the pro-

ceöure of Lowry and. f,opez (t9lt6) 
"

Bibose was d.eüermlned. after hyd.rolysls by MeJ-

baum¡s orclnaL proeed.ure (L939) o Ind.lrect evld.ence

for ühe presence of rlboee was also obtalned. by the

furfuryl spoü test for carbohyd.rates (Felgl , tg6}), as

follows: -
One to two mg of the sample was placed. in a

cruslbIe. One d.rop of syrupy phosphorlc acld. was ad.d.ed.,

and" the cruclbl"e was covered. wlth flrter paper, nolsteaed.

wlth anlllne acetate solutlon (10 per cenË solutlon of
anlIlne ln 10 per cenü acettc aeld.) u A watch glass i{as

used to hold the fllter paper ln placeo. The oruclble
was ühen heated. genüIy for 20 to 3A second.s. A plnk

color appeared. on the fllter paper sholv:tng Ëhe presence
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of oarbohyd.rate ê

ivlolecular welght d.eterninaülons

A wid.e varleüy of method.s are avallable for mlcro

determlnatlon of molecular welght (Mlllard, tg?,L) whlch

aîe chlefly ad.aptatlons of nethod.s useil at a macro sca1e.

These lnclud-e ebull-loscoplc, cryoscoplc and. vaporlmetrlc

meühod.s. EbulJ-loscoplc nethod.s take lnüo account ühe

elevaülon of bolllrg polnts of the solvent, Cryoscoplc

nethoôs the d.epresslon of the freezlng and" melting polnts

arrd. the vaporlnetrlc neühocls are based on vaporLzatlon

of ühe substance ln a closed. system" trwo of the mosü

comnonly used. are the Rast method., (cryoecoplc) and. the

Slgner method. (Steyermark, I96L) " The latter 1s baseil

on the prlnclp1e of Lsothermal d.lstlllatlono Ðue to

the convonLence and. ühe short d.uraü1on of bhe experlnen-

ta1 perLocl the Rast neühod. was enployecl for the mlcrod.eter-

nlnaülon of the prod.ucü of benzlnld.azole - PP-rlbose-P

reactlorl. Thls methocl lnvolves ühe prlnclple tinat the

meltlng aad- freezLng polnt of a solvent 1s d-epressed. ln
proporülon to the nolar fractlon of ühe solute preseaün

The solvent enployecl was camphor (BDH: mlcroanalytlcal

reagent, resublf.med. ln vacuun). Both (Lg5S) has eompllecl.

a llsü of ühe Eolvents ühat sen be used.o fwo luportant
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properties of a solvenü are that lt should. not react

wl-th Èhe saraple and. the solute shoulcl not d.ecompose at

the meltlng tenperature of the solvenù" These two

crlterla lmpose llnltatlons on the solvent to be used.,

The proced.ure was as follows:-

A nlcro caplllary was welgheiL, elosecl and. packed-

with the solld solvent through the open enct and. welgheiL

agaln. In a second. tube a snalI anor¡nt of ühe samp).e

was ta]aer- an(L Ëhe solvent lnserted. on topn The welght

of the caplllary tube sanple and- solvent was record.ed..

Tbe two tubes were ühen sea1eÖ r¡nd.er vacuum and. heateit

ln aa assenbly capable of nalntalnlng a constant temper-

ature grad.lent (melt1ng polnt apparaüus; Selentlfle
Glass Co.) to a temperaüure ad-equate to nelt the conüents

completely, The tenperaüure at whlch Èhe lasü crystal
dlsappeared- lrras taken as ühe meltlrig polnt. The bath

was cooled. tlII ùhe contents of the capl}lary tubes

resolld.lfled and. then reheated.. The process üras repeaüed.

untll a reasonable agreemenü between conseoutlve values

was obtalned." fhe freezlng polnts were recoröed on the

sane samples by allowlng the solutlon to cool grad.ually

and notlng d.olvn the ufogglRgtr temperature. The nole-

cular welghü of the sanple was caloulateil fron the follow-
lng equaülon {mtltar¿ u LOZL) z
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Mouno = 
-ä-ffi

Kf represents the molar meltlng polnt depresslon

g = welght of ühe sanple

G = weight of canphor

t = ühe d.epresslon of the freezlng polut of
camphor.

The value Kf for canphor was obtalned., þy uslng

benzli¡ld.azoLe ae a stanclard., fron the equatlon

K* : 11goll xGxtÁL¿ 
@

(118 .L3"= molecular welght of benzlnld.azole) o

Caloul-atlons for Kf :

llef.ght of benzlmidazole = 0"9 ng

I^ielght of canphor = g.O mgn

Melti.ng polnt of caryhor = t73 
"2

Irielùlng polnü of nlxtur€ = 141,0

t = jZ|Z

Hence Kf = ffi
= 38n0
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E}(PEBIFIENTAÍ, EESIILTS

Evld.ence for the formatlon of benzlmlctazol.e

nononucleotid.e was obtalned. from varlous sources; flrsü}y,
cornpeüttlon wlth the OIvIP pyrophosphorylase reactlon by

benzlmlclazole for PP-rLbose-P; second.ly the oonverslon

of orotate-6-cl4 üo rabelled. oivip by enzyne preparatlons

from wheat enbryos aniL flnally the resolutlon of the

reactlon nlxture lnto beazlmld.azole and- ühe prod.uot by

chromatography and. chenlcal analysls of the prod.ucüu

OMP pyrophosphorylase reactlon was useil for ühe

assay of the enzyme catalyzl.ng the reactlon of benzlolÖ-

azole and. PP-rlbose-P slnce lt 1s assumed. üLrat PP ls a¡r

enil prod.uct u

A comparison of the progress of OMP pyrophosphory-

Iase reactlon wlth orotaÈe and. benzlmldazale (0 + A) and.

orotaüe a1one (Fi.gure L6) showeÖ that only 50 per cent

of tho orotate was metabollsed. ln the presence of benzl-

nldazole, Slnce klnetin ls knolue to effect proÈe1n

ancl chlorophyll synthesls ln a nanner closely resenbllng

the benzlmld.azole effeet, lt was also tesüed ln ühe sy€-

üemo In the presence of klnetln also the converslon of
oroËate to OMP was d.ecreased. (O + i<). Thls lnd.lcated.

l-" ETÏTÏON BETWEEN



83

ühat klnetln also reacts wiËh PP-rf.bose-P, whlch ls
qulüe posslble consld.erlng that lt Lras an lntact purlne

r1n8. Uslng the same prlnclple Z-nethyl benzlmld.azoAe

and. 2-amlno benzfunld.azole were al-so tested. ln the same

sysüem, These tr¡o d-erlvatlves of benzlmld"azole and.

klnetln are nucb less reactlve (Iable IV),
Flgure t7 shows ultravlolet absorptlon speotra of

klnetln and. the prod.uct of the klnetla, PP-rlbose-P reec-

tloi¡" Klnetin has an absorptlon peak of 260 my and. a

should.er 1n the vlclnlüy of 280 mir . The prod.uct shows

ühe maxlmum absorptlon aü 266 ny and. another hunp at

26) wy n The absorptlon maxlma of the klnettn a¡rd. the

prod-uct are noË far removed. from each, otheru but the

prod.uct shows a lower extlncülon ühan klnetln. These

specüra provld.e a useful assay for the reactlon 1ea01ng

to fornatlon of kinetln nononucleotld.e. Iü can be

measured. speoürophotomeürlcalIy by follovülng the Oecrease

1n optlcal d.enslüy aü 2lO ny assoclated. wlth the d.lsap-

pearance of klnetln, At present, further stuilles were

nof carrlecl out on the reactlon of klnetln, although

thls ls of lnterest, 1n vlevu of the d.ranaüJ.c effect of
klnetln on nuclear anil celI d.lvlslon"



Flgure L6. Effect of benzlmid.azole and. klnetLn onühe OMP pyrophosphorylase reactlon"
O stand.s for orotic acld-
B stand.s for benzlnld.azoíe and.K for kinetln.
Each curve was obtalned. fron a reactlonnlxture in a cuveüte coiltaLnlng 0,4noles of orotlo acld. and. the ðane amou¡rtof benzlmld.azole and. klnetln wherever
lnd.1caüed."
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Flgure t7. Illtravlolet absorpülon spectrun of üheprod.uct of reactlon þetween kinetln and.PP-rlboss-P. Klnetln ls shown to havethe naxlmum absorptlon aü 268 n and.the prod.ucü at 266 n 6
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TABLE IV. Effect sf benzlnldazole, lts
il.erlvatlves a¡rd. klnetln on
OMP formatlon.

Decrease ln OoDo
Decrease ln ühe
amount of OlvlP

No ad.d"ltlons

Benzlmld.azoLe

Z-am lno benz i nl- da z ole

2-nethylbenz lnld.azoLe

KlneËln

o.4o

0.15

o "25
0 "30
0.20

62"5

37 "5
25"OA

50"00

A consld.eratlon of the assay for BMN pyrophos-

phorylase revealed. a serlous Orawbaok ln thls nethoilu

AJ.though competltlon for PP-r'lbose-P provld.ed. a ooovenlent,

and. accurate method., lts appllcatlon was llnited. to
preparaülons oontalnlng OI{P pyrophosphorylase. For

preparatlons d.evold. of thls enzyme alternate procedures

had. to be employect. In ühe lnlülaL experlnents the

presence of BMN-fornlng enzyne Ln the proteln prepãîà-
tlons, appeared. very variable " It was laüer evld.ent

thaË some factor, lnfluenclng the BlvlN pyrophosphorylase

has been overlooked. early. The d.uraüloa of contact

between anmonlum sulphate and. the preparaülon d.urlng

fracülonatlon proced.ures was for.¡¡rd. to be a very lnport-
ant factor ln thlsu After the ad.d.ltlon of ammonlum
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sulphaËe 1n ühe second step (0.33 - O.65 saturatlon) r

lf the preclpttated. proteln was colleoted. wlthln one

hour, there was practlcal3_y no BMN pyrophosphorylase

actlvlty 1"e.¡ Do lnhlbltlon1 of OIvtP pyrophosphorylase

reactlon wlth benzlmld.azolen Increaslng thls ülne to
& hours caused. only a sllght or no increase ln OMp

pyrophosphorylase actlvlty, but a 10-15 percenü lnr¡l-
bltlon by benzlnld.azole courd. now be d.etecüecL. A 60-

B0 percent lnhlbltlon was d.etected" when the solutlon
was permlfted. to stlr overnlght and. the preclpltate
colLected the next morn.lng (faU1e V). Iü seens 1ogl-
cal- to conclud.e thaü BMN pyrophosphorylase preclpltates
out gradual-}y over a perlod. of Lz þo L3 hours. ra ar1
subsequent preparatlons ammonlun sulfa.te preclpltatlon
(a 35 to Q.65 saüuratlon) was allowed. üo proceed. ovêF-

nlght.
In [ab1e V relatlve values for Ollp pyrophosphory-

lase and lnhlbltlon by benzlnld.azole are rlsted" Theee

values are averages for three lndlvid_ual fractlonatlonsn

There ls a competltlon between oMp pyrophosphorylase
and BivlN pyrophosphorylase reaetlons-,- tue -tern 1nh1-bltlo!, has b_een usect here and" ln the followlng pages,to lnd.lcate ühe d.eerease i.n olvlp formation an¿ ãot ln '

the tech¿leal sense of Èhe word,
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TA.BLE V, Effect of duratlon of
ammonlum sulphate treatnent.

Bela.tive activlüy for 5 OUp Inhlblüton byTlme pvrophosphorvlase (percentì benzrnidazole

t hour

I+ h.ours

overnlght

90 üo 100

100

100

0to 5

10 to LJ

6o to 80

On cold, storage at-l.ZoC, OIip pyrophosphorylase

actlvlty starteil to d.ecllne after two dayso The rela-
ülve values for the aotlvtty on ühe thlrd, fourth, and.

flfth day of storage were 60, 50 an¿ 20 pereent. Almosü

no aetlvlty was d.eteeted. after the flfüh day (TabLe vr),
rnhlbitlon by benzlmld.azole on ühe other hand d.lsappearecl

at a faster rateo conrpared. to a rerative Lnhlbltlon of
6O-7 5 pereent on the f lrst d.ay¡ by the thtrd, d.ay on-ly

about 20 pereent rerualned."

TABLE \f[. Effect of d.uratlon of süorage.

Age o
tloa (Days 1n

prepara- Belatlve actlvlüy fLve Inhl-of OMP pyrophos- bltlon by ben-st zole

6o 75

5o

20

1

2

3

I+

100

95 90

6o

5o

- 
5_ zo



[hese two experlnents strongly
and. BMN pyrophosphorylase are dlsÈlncü

8g

suggest that OIVIP

proÈelns,

Thls experlment was performed. 1n ord.er üo neasure

the actuar d.lfferences ln the levers of ol{p forned. la
the presence and. absence of benzlmld.azole, lD buffereö
wheat enbryo homogenatesu Two grams of vlable wheat

embryos were honogenlzed. wtth Z0 ml of 0"05 M K2HpO4

at pH 7u4. The exËæacü was flltered through four
layers of cheesecloth, resld.ue d.Lscarded. anð the super-
natant centrlfuged. aü 1_51000 x g for 1.0 mlnutes. The

supernatanü obtalned. at thls stage was used. as ühe nerude

homogenaten o

Flve mI samples of ühe crud.e homogenate were

lncubated. wlth the foJ.Iowlng:

Ao orotlc-6-c]þ
Bn orotlc-6-C1& + pp-ribose-p, 1 pnoIe,

Cu orotlc-6 -C]q + red NÐ, 2 ;-rno1es,

Ðu orotle-6-C14 + coLd- benzlnld.azole, 2 pmoles,

E, benzlnld.azole-?-CLþ

F" þenzlmld.azoLe-Z-C14 * pp-rLbose-p, L ¡rnnole,

for one hour aü 30o0o At the end" of lncuþatlon the nlx-
üures were d.eprotelnlzed., and. evaporated" üo d.ryness"

Each sanple was d.lssolved. ln LoO mr of waüer a¡.il 0.5 nI

2u
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of each was chromatographed on paper ln n-butanor.:
ethanol:formlc acld.: water (S$zZzL) fn a d.escendlng
rl¡aJLner o

The radlochronatograns from thls experrnenü
revealed. four zor'es contalnlng rad.loacttve materiar Ln

samples A, B, c a'd. D a¡.d. only tr¡o 1n E and. F. zo,.e L

coffespond.s üo the orlgln ln atl c ases and" the SHGG€B-

slve zones are nunbered. fI, III, IV" In case of
sampLe E and tr' slnce there are only ti^ro zoixes, nu¡nbers

ï and- rr, are used. for the orrgln anil second. zonen

Approxlmatery 250 ¡000 cpm of oroüate were fed" rn ühe

flreü four sampres and z00rooo cpn of benztmrdazol,a

1n E and" F. Strtps cut fron rad.ioehromatograms of
sanples B, C, and. D are shown ln Flgure 1g. Materlal
from thls zone lrras eluted. in hot water a¡rd. the counüs
per mlnute were record.ed. (Table VII) 

"
on erutlon of ühese zoneÊ wrth hot watero üherr

urtraviolet absorptron spectra were obtarned. and. ühese
conpound-s were ld.entLfled. as oMp (r)a Ïrl,ip (rr¡, orotlc
acld- (rrr) aad uracil (rv¡ on basrs of üheir specüra.
Thls was further conflrneÕ by eoohronatography of knor¡rn

sanples of Ulvip, orotlc acld and. uracLlo

The d-ata presented. in Tabre \i-J showed that ühe

formatlon of oivip and uFIp was enhaaced. ln the presence of
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ad.d.ed. PP-ribos€-P. Urac1l appeared_ ln A and B ln
consld-erable anounË but ln C and. Ð lt was d.eËected. oaly
ln traces. Sanple D ls the nosü lnËeresttng of all
because ln thls sanple ncoldn benzlnld.azole was lnclud.ed.

1n add.ltlon to orotlo-2-C14 anct pp-rlbose-pu The con-

verslon of orotlc and. to Oi{P wae very poor, as antlcl-
pateè, and" oonsequenü}y only a negllglbLe quantlty of
TIMP was encounteredo The accumuratlon of orotlc acla
seen 1n sample D was antlelpated. on basls of lnhlbltlon
by benzlmld.azo1e, As also seen ln Flgure 18 for sone

u¡nex¡lIalnaþle reasorx ln samplê D, orotlc ac1d. fallecl to
nlgraùe üo the positlon 1ü d.ld. ln A, B and. C" The

same also Ërue for uracll.

TABLE VfI. Rad,loactlvlty of sarnples þefore
and. after chromatography.

fal counts Total cowrts per zone
ï V

orot].c uracll
A
B

Ð
E
F

ztr9,600
201,800
226,000
zlþz|QOO
18¿1r700
tg3,?50

25,570
29,300
t9,350
t,61+0
I+ r500
5 u970

200,180
t66,450
1þ8,390
2116;3,oa

tt,59t+
7 ,5oo

790
468

2r3OO
25,5OO
Lt+ r230

580
207,ttOO
tgt,360

The evld-ence oþtalned- fron sanple D was, however,

noü fully substa¡ntlated. ln E and. F, The substance ühat

remalaed. aü the polnt of orlgln 1n E was ln very sna1l



Ff.gure 18. The converslon of orotlc acld. to OIIpln the presence anÖ absence of ioenzí.
¡qldazolec
(Seotors cuü from rad.loautograms are
showa here).

1, lq " secËor from rad"lochronatogram
9î,,a homogenate contaLnlng oroElc-6-
Cr+ + PP-ribose-pr'1 molõ

contalns oroü1c-6-clþ +

contalns orottc-6-c1& +
+ cold. benzlnldazole,

2e homogenate
red NAD

3, honogenate
PP-rlbose-P
2 moles"

t has been ld.entlfled. as OMp; II, as Ulvip;ïII as orotlc acld.; a¡d IV aá uráct1n
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quantlüles both ln the presence and. absence of ad.d.ed. PP-

rlbose-P" Thls d-ecrepency was attrlbuted to tbe facü

that tlne benzlnld.azole a¡xd. BMN were noü betrg separated.

effectlvely by the solvent used, Use of solvents 1 to

5 as 1lsüed. ln Method.s also proved. unsaülsfaotory"

3 " EI,ECIBOPHORETIC. SEPARATTON AND HYÐBOLYSTS
OF BMN

Sanples fro¡n reactlon mlxtures conüaln1ng benzl-

mld.azole -2-CL4 anil PP-rlbose-P vrere subjected. to eleetro-
phoresis ln fornate buffer (0"05) pH 3.5 for J hours"

fn Flgure L9 scalrs from selected" portlons of rad-loe1ecüro-

pherograns are red.rar'mc fhe peak aü the polnt of
app]lcatlon on extreme left 1s BMN and. the other peak

approxlnately an- lneh away fron orlgln towariLs ühe

cathod-e ioas ld.entlfled. to be benzimld.azole.

Iü was argued. that lf the peak at orlgln was BMN

lt should. ylelcl benzlmlilazole on hyd.rolysls n The sub-

stance aü the orlgln was then eluted. ln hot water ancl

hydrolyzed. ln 6iV HCf for 6 hoursu eoncentrated. and. was

re-eleetrophoresed.. On the rlght hand. slde a portlon
of a scan frorn the electropherogran of the hydrolysed.

prod.uet (HP) 1s d.rawn, The product llberated on hydro-

Iysls, d.ld", 1nd.eed, move to the posltlon correspondlng

üo thaü occupled. by benzlmld.azole, Ir the hyd.rolyzed.
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prod-uct there was nothlng resembllng the substance

remalnlng at orlgln. Beeovery of benzlmid.azoLe from

the producü agaln conflrned, tl1Ð.t, lt was a d.erlvatlve of
benzlnld.azole 

"

ïn some e4perinenüal mlxtures three compound.s were

d.etected. at the orlglno The soans represented. la Flg-
ure 20, show one peak at the posltlon to whlch benzlmlcla-
zole nornally mlgraües ancl three peaks at ühe orlglnu
These add.ltlonal peaks are probably due üo a partlal
hyd.roryses of BMN and. one of then nay represent a rlbo-
sld.1c d-erivatlven The group of peaks labe1led. nBH and.
ttbrr seen fn ühe scan ln ühe nld.dle of Figure z0 were d.ls-
òerned. on lncreaslng the sensltlvlty of the ratemeter
(aetlgraph) Eo a ma,xlmum, Both ühese peaks vüero 1n the
benzlmidazole reglon. One of them was benzlmld.azoLe acrit

the other posslbly a d.egrad.atlon produet or an tnpurlüy
present 1n the eonmercial sampJ_e. the scan on the
extrene rlght ls a benzl"mlÖazote referenoeo A}üogethern
four compound.E urere deteeted, three d-erlved_ fron ühe

product of the reactlon and. one from benzlmldazo].e lüserf"

t+ o rsoLATroN oF BrytN

The evld.ence obüalned. from ex¡lerlnents ctescrlbed.

ln the preced.lng sectlons provliled. anpro ground.s for con*



Flgure t9. Tho elecürophoreülc separatlon of
benzimidazole and. BMN ln fornate
(0.05 tI) bufferu pH 3"5, 25 na for
1.5 hours,

B represents benzlmldazole ln the
reactlon mlxture ln d.lagran 1. BBls the prod.ucü, BMN

In d.lagram 2, HP stands for ühe prod.uot
of hyd.rolysls of BivlN eluted. forn the
prevlous electrophergran"

Be benzLmLd.azole was the prod.uoü of
hyd.rolysls"



HP

B

- ve. origin
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Flgure ZOu The elecürophoreülc separaülon of benz-
lmld.azole and BMN coatlnued.o
The scaÐ. oa the extreme rlght shows the
benzlmld.azole (B) reference, (Z lnn from
the polnt of appllcatlon) 

"The scan ln the mld.d.Ie shows a further
resolutlon of benztmidazoJ-e componenü
lso1ated. from a reacËlon mlxture, lntorBn axld. abtl 

n

fhe sean on the extreme ]eft shows an
elecbropherogram of the reactlon rnixture
BB l-s BMN (resolved 1n this case lnüo
three peaks; and'B ls benzlnlclazoleln
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sld.erlng the reaetlon between benzlmid-azole and. PP-

rlbose-P as establlshed-, and. Bl{N pyrophosphate Ëo be

the evazyrae responslble for the reactLon ae d.eflaite,

But 60 far Iþ had- not appeared- feaelþIe to separate BliN

from the nLxture satisfactorlly by ühe nethod.s enployeö,

Paper chromatography and- electrophoresls d.ld. not ylelcl

BMN 1a a quanË1ty suffLclent for a chemLcal analysls,

The feasibl]lty of appllcatlon of thln layers

chronatography (TtC) 1n separaÈlrrs* purlne and. pyrlmLdlne

bases, and. nucleotLdes was reeently d.emonstraüed.

(Band.erath, t96L). " The superlorlty of the tectrnlque

over paper chromaüography ls l}Iusüraüed. by the facb

that a mlxture of four lsomerlc 2s and 3 s purlne ïrü.c-

leoüLd.es was resolved. ln 90 mlnuües on cellulose layers
chronatogran oonpared. to Zl+ to ll8 hours wlth the paper

(Rand-eraüh, L9621 " lhe posslbLttty of separatl.ng BMN

¿niL benzlmld.azole on TLC was henee er4pJ-ored.,

Thlq layer chromatography

Thln layer chromatography Ls a rapld. üechnlque

ad.apted. for microchromaüography on a glass plate coated.

wlth a layer of ad-sorbent whlch comespond.s to a paper

chronatogran, Alühough flrst d.escrlbed. as early as L93B

by Ismallov arrd. Schraiber, lt was used. extenslvely by

Klrchner, MlÌler and KeIIer {rL95I) ln thelr work on sepa-
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ratlon and. resolutlon of essentlal olIs" It was, how-

ever noü untll Stahl (L956) devised_ a practtcal equipment

ancl stand.ard.lzed- the technique, that lt was avallab1e for
use ln a varleüy of fleld.s of appllcatlonu

The absorbant layer of a hrown unlform thi-ckness

ls appJ.led. on üo glass plates of a stancl.ard. slze,
aþsorbenüs ühat can be used are Sl1lca @ln Alunlnil¡n

Oxld.e, Kleselguh G, aeetylated. ancl lon exchange cellu-
lqses, accoriLlng to the requlremenüs of the corponents

fo be separated.. Before appltcatlon a sultable bLncleru

usually caLclum sulphate ls nlxed wlth the absorbent to
rend.er the layer ad.heslven

A serles of glass plates (ZO x ZO cn) are nounüeiL

on. a plasülc allgnlng plate, wlth a ralseil edge on one

long and, one short sld.e (ZZ x 113 cn), A.t etüher end.

two short (J x 10 cn) startlng plates are kepü, The

stanoartl apptlcator (sultable for applieaËl-on of a layer
?50 to 21000 7t ElnJe1x) ts noür posltloned. on ühe flrst
startlng plate" Meatrwhlle the absorbant ts nad.e lnto
a slurry wlth water and. snal.l quantltles of ad.hes3.ve.

Tbe slumy ls poured. lnto ühe applloator and. the 1attêr
ls drar¡rn across the serles of plateso manuallyo The

whole serles of operatlonsn etartlng from the preparatlon

of the slumy to the preparaülon of the absorþanü layer
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should. noü üake more Èhan two mlnutes, otherwlse the
blnd-er beglns to set, Ehe coated. prates are next
aIlowed. üo dry at room tenperature for 10 nlnutes foll-
owed. by heatlng ln an oven at 1100 for 40 nlnuteso 1rr

a d.ryLng rack. Thls process ls referyed. to as sacül-

vatlont o The aoülvatecl pr-ates are now read.¡r for use

afüer coollng, They can be stored. ln a d.esleator and.

lf aeoessary reaetlvateil before uÉre.

K:eoyrn quantlüles of the sampre anä the reference
solutloa are applleci on the pJ-ate wlth the ald. of a

nlcropippette, tbe positlolr of ühe spots belng deter-
nlned. by referetxee üo a plasülo üemplate. The plates
are thea d.eveloped. ln glass tanks containlng 1.0 to 2"0

cn of ühe approprlaüe solvent. The solvenË ls allowed.
to ascend. for a d.lsËance of 10 to lJ cm, The d.etecülon
of the substance on the ehromatograr can be achJ.eved. by
spraylng wlth a reagent or examinaülon r¡nd.er the w or
exposure to 10d.1ne or bromlne vapors (for l0eatton of
colored. complexes forneil clue to the prese]rce of double

boncl ln the orgenls matertals) o

The selecËron of the sor-vent systen for Ëhr.n

Layer chronraüsgraphy should. be based. uporx the ehenlcal
nature of the substa¡rce or substaJeces to þe chromato-
graphed." stahl {t958) ?ras proposed. the fo110w1ng ord.er
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of solvents:

Hexane

Carbon d.Lsu].fld.e

Carbon tetrachlorld.e

Ethylene trlchlorld"e
Benzene

MetÏ¡y1ene chlorld.e

Chloroforn

Ether

Ethyl aeetate

Methyl acetate

Aceüone

Propanol

Ethanol

Methanol

Solvents are enployed 1n nlxtures gerlerallyo

For ürlal runs snalJ- (5 x 20 cn) glass plaües are useil

wlth a varlety of solvents t111 a satlsfactory solvent

systen ls obtalned.. Large plates are then useil wlth a
solvent thus seleoted.n lws d.lnenslonal separatlons ean

also be achleveil on uslng a d.lfferent solvent for eaoh

cLlrecülonn

The technlque of thln layer cbromatography has been

wld.eLy enployed. ln resolublon of natural anê syathetlo
mlxtures as well as for preparatlve purposes (Rltter and.

Meyer, t96?)u A suceessful separaËlon of mlxtures of
amLno acld.s (Mutsehler a¡ed. Rochelmeyer, Ig59; Nurnberg,

L959) fractlonatlon and. resolutlon of 11pld. components

a¡d. chenlcal groups (i{a:eeold. a¡d. Tr¡¡a, L96t) phosphollpld.s

(Voge1 g! aI. ,L9621 sugars and. alkalold.s has been achleveilu

Becently Band.erath (tg6t) explored. the posstblliüy of
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applylr¡g the technJ.que of chronatography on a thln absorbanü
layer to the separatlon of nuclelc acld. d.erlvatlveso
Band-erath (Lg6?l usecl EcrEoLA cerlurose plates for separa-
üloa of purlne and. pyrlntdlne bases, rrboslir.es and. nuc-
leoüldes aad conparecl rt wrth paper chromatography cond.uo-
ted. und.er ld.eatlcal cond.ltlons uslng the sare solvent
systense

The prates for ührn rayer chromatography were
prepared. as follows:

A slurry of slllcle acld- was prepared. by mlxlng
J0 gms wtth 60 nl of a solutlon of 1 per cent calclun sul-
phaüe. rhe suspenslon was poured. lnto an apprlcator and.

spread. over thoroughly clean gJ.ass plates (5 x zg cm) o

The reaotlon mixture and. benzinrdazore were apprled. on
the actlvaüecl. p].ates ano the prates d.eveloped. o¡r the
solvents llsted. ln nMethodsrro Table VIII summarlzes the
propertles of the solventr/ad.sorbenü conblnatrons used.o

of alr the sorvent,/ad.sorbenü systems üested. Nlec'/
slrlclc acld- was fowrd. to be the nost d.eslrabre eomblna_
tlon. The tr.ne requlred. for the solvent üo traver a
d-lstance of 10 cm üras the shortest and. Mech was very easy
to renove by evaporatlon" fn ad.d.ltlon MeCh ls an lnert
soLvenü and- hence would. be r¡nIlkely to cause aay hyd.roly-
sls or þreakd.own of any other klnd ln ühe suþstanoes
chromatographed..
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The Rf varue of ühe procluct la Mech was about
harf of thaù of benzlnidazore (raure vrrr) arrd a remark_
abre separatron was achieved. r¡r a perlod. of 2J mrnutes,
lhls prooed'ure, 1n ühe present work, proved. üo be far
superior to paper ohromaüographyo

A good. separatlon was arso obtalned. by the use of
other solvent systems (raule rx) but d.ue to the reasons
menÈloned. earrler Mech was used. r-n arr- experrments,

fn Flgure Zl, a UV photograph of a thln layer
chronatogran of a sanple from the bur.k preparatl0n, ls
showr3'. fhe reactlon mrxture hail been applled üo ühe
prates coated- wlth slllclo aold., 1n the forn of a süreak.
A benzlmidazole spot was incLud.ed. for reference" The
chromatogra' was d.evel0ped. ln llech for 20 mlnutes, Arr
lntense BMN zone conpared. üo an extrenely rlght benzr-
nld.azole oae ls seeno Although tho benzlnlda zoIe
zolle d'ld. not ehow up very well 0n the chromatogran lt
ls nevertheless, sharply separaüed. frou BMN. A hfgh
rate of converslon ls apparent from the plctureo fhe
Mechr/slllclc systen was subsequenüly used. as a conven-
lenü guld'e aad" a qulck check for fractrons corleeted.
from colwnns a¡rd. after reactlon nlxtures

After standard.lzlng the systen for chromatographlc
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TABLE VIII" Bf values of benzLnld.a-
zo]-e and. BMN 1n the
solvents employed..

Bf value
zo

MeCh Methanol 80
o "51+ o o24Chloroforn 20

Pï¡i Propanol 70 0.69 0"83
!.Iaüer 30

AnF Tert-amyl
alcohol 30

Fornle aold. 20 0,65 0"¿14

tr{aüer 10

BUAAI'I BuËanol 35

Acetone 25

Acetlc aclcl L5 0.5? O 
"?3

xn3( 5./.) L5

Water 10



Flgure ZLo lIltravlol,et photograph of a thtn la.yer
chromaüogram of the roactlon urlxture,
uslng a slllclc acLd,ft{eCh systemu

The bright band. (p) represents BMN, thefaf.nt bancl on top (B) ls benzlmld.aáo]e
and. the spot ls a benzlnld.azole reference 

"O ls orlgLn"
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1u MeCh

TABLE IX" The propertles of solvent sysüens used. for TLC

2" PrCh

Methanol 80

ChLoroforn 20

3" PrW

4, amF

Propanol 80
Chloroform 2O

Tlme for 10 cn
Preparatlon rlse of solvenü Remarks

Propanol 70
Water 30

Contents shaken 25 mln.

vlgorously

Good. for 4 runs

5, BUAAÌú

Terü-amyl
aloohoJ. JO

Fornlc acíð,2O
Water 10

Good.n for 2
runs

Good- for I run
only

n-butanol 35
aceüone 25
acetlo actð.25
\r#3 (5./ ") t5l¡iater 10

Prepared fresh
before use

45 mln"

I hour
(on alunlnlun

oxLde )

Separatlon good.
on s111c1c acld.
Plates dry up
easlly

1.30 hours

No separatlon
aþ all

Separa.tlon
falrly
good.

50 nln"

Separatlon goo0
wlüh aluralnlun
oxld.e

Spots d-o not
show up on
alunlnlum oxlde"
Sultable only
wlth sll1olo
aold.

'Fo
túl
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separatlon and èetectlon of benzlnld.azoLe e&.d, BlttN, 1 nl

allquots were wlühd.rau-n fron ühe bulk prepara.tlon and.

experlnents were conducüed. üo seleot a sultable colunn

for a large scale separatlono For ühle Dowex-50, H*

and. Ðowex-l AG, formate column were useö. the trlal
run revealeÖ a very poor separatlon. In each cage

elther of the üwo substances tend-eð to sülck tenaclously

to the colun¡¡r a¡rd the elutlng buffer proved. to be elther

too coneentrated. or too weak to effect a satrsfaltory
separatlon. A sultaþIe value for the lonlc eürength

of the elutlng buffer, Just adequate for a resolutlon

of the two components, could- noü þe achleved"

The next ln the serles of lon exchanger used.

was ÐEAE-celluLose, One nI al1c1uots from the bulk

prepa?at1on are load.ed on to a DEAE-celluJ-oee columvr

whlch had. prevlously been equlllbraüeô agalnst Trls-
HCI buffer (0,02 M), pH 8,0o Flve beö volumes of the

same buffer were usecl for elutlon and. slx 10 nI frac-
tlons lltere coLlected anô thelr rad.loaeülvlüy d.etermlneö,

Actlvlty üras cotlcentrated. ln two fractlons (Tab1e X),

The fractlons lrlere also checked. on [LC"

The fractlons eontainlrq; the naJor parü of rad.lo-

actlve naterlal were 01stlncül-y separated by fractlon
number 3" Fractlone 1 and. 2 wlth the naJor portlo¡c of
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courltg were demonstrated üo conüaln BIvlhI aad. no benzl-
nld.azoLe (by TLC) whereas ln 4u5 and- 6 al1 the
benzinldazole had. appeareðo

TABLE X. DEAE-cellulose chromatography
of the bulk preparatlon.

Fracü1on
nlrmber ToüaL com/ml

Compouncl(ldent1fled. bv TLc)

3

4

5

6

14, Boo

1r800

6oo

950

BMN

None

Benzlnld.azoLe

Alühough DEAE-cerlurose coluua aLrou¡eô a d.lstlnct
and- a very skrarp separatlon of ühe two conpor:nd.s the
systen had. to be aband,oned. d.ue to an uncomfortably long
üime requlred for d.rylng the fracüÍons eompletelyo

Er¡lerlence had. shown that Ttc conslstentry ylelded.

excerlent separatlon on slrlole acld. henoe the feasl-
blllty of uslng a sllielc aclcl corumn was exploreo on

a snall scale. A slurry of slllclc acLd. was prepared

ln a nlxture of nethanol and" chloroform (4:1), paekecl

lnto a column of approprlate d.Lmenslons aad. aIlowed. to
settle d.ow¡. grad.ually. one m1 of reactlon nlxËure vras

load.ed, on ühe colunn and- eluted. wlth 5 bed. vorumes of
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nethanol:ehloroforn (4:1) followed by two bed volumes

of chloroforno Flve nl fractlons were collecËed,

evaporaüed to d.r¡mess and scanned. by neans of TLO. A
suceessful separatlon was achleved, as antlclpated..

The renalnd.er of the bulk preparatlon was then

subJecüed- to chromatography on a larger (2"5 cü x Z5 cn)-

colu¡rn of slIlelc acld. and. the proced"ure used. for the
pllot run was repeated. exacüIyo Forty 10 nL fractlons
üiere colleoüed and scanned on fLC as usua1. In Table

lC[ a summary of the elutlon proeed.ure ls presenüeÕ.

Fractlons f üo t were found. üo conüal.n a subsüance whleh

on superflcLal observaülon appeared to mlgrate to the

þenzlnldazole poslülon on Ëhe thln 1ayer p1abe, buü or1

crystalllzatlon with methanol thls suþstance (81) resor-
ved. lnto two compou,ents, a crysüa1llne substance (p3)

a¡rd the supernatal¡:to Ehe symbol P3 tras been used.

arblürarlry to lnd.lcate that thls eompound. was thlrd üo

be d.eteeüed- and travelled beyond. the þenzlnLd"azole

posltlon on ühe chrouatogram; ln fluoresoenoe, however,

1t resembled. benzlmldazole" Fracülons 9 to 11 could

also be resolvecl. further by crystallrzatlon lnüo 81 and.

BZ.. B2 behaved. exactly llke benzlmld.azole on Tf,Cu

The succeed.lng four fracülons tz to t6 oontalned. all the
maJor producü, referred to as p1 (assu¡ned. üo be BLvIN fron
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the Bf value). Irr ohromatographlo behavlour P1

resembled. the prod.uct obtalned- on tLC before fractLon-

atlng ühe reactlon m1xüure on the colunrt" P, was also

orysüallízed by nethanol, from am aqu.eous solutlon. In
Èhe last flve fractlons small quantltles of a substancet

wlth ühe same Bf value as P1 but vülth a blue fluores-
cenoe, were ôetectedu

The confuslng array of compound.s thaü appeareð

after fracülonatlon on slllclc acld. colunn 1e explalnecl

by ühe occuruence of hyd.rolysls on the colunn anö also

during the proceõses of elutlon and- ðrylng, EIUülon

waÊ a comparatlvely slow process extendlng over a

perlod. of 30 hours" DurÍng thls tlme probably a par-

ûlaI hyd.rolysls of the naJor product P1 occurred. resuLt-

1ng 1n a small amount oî P2 and" P3. P, cou1d. aLso

ba.ve been present as an lmpurlty ln the benzLnld-azole

used and. nlghü have escaped. cletectlon on the plate d.ue

to a lack of resolutLon. Oa the column a rnore effle-
lent separatlon coul-d- have possibly led to the appeara$oe

of thls compouad..

Flgure 2?, Is a traclng from a thln layer chromaüo-

gram wh.ereln the situatlon, before aniL after the column

fractlonatlon, ls outllned.. Thls chronatogram was

prepa.red. prlor to crystallLza.þLon of the compound.so



Figure 22" fhe separa.tlon of BlttN and. benzlmlda-
zole by colunue chromatography on
s il-icLc aclclo

Thls is a tracín6^ flom a thin layer
chromatogram ( sillcic acld./IvleCfr) 

"B, benzlnid.azoLe reference
RH, reacülon mlxbure before column

chromatography
1, a sample from fractions 7 to I2, fractions 10 to 12
3n fraetions 12 to L6
4, fractions 16 to 22.
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TABLÐ XI" Analysls of fracülons eluüed.
from slllcle acld. colunn.

Fractlon
num

1bo6

fr8 and. p

10 and 11

tz to L6

Resolutfon on
Cornpound. rechromatography Fluorescence

B1 81 (crystals) vlolet
blue

B1

r'"Tå"
producü)

P2

B,
Bä

B3 (ln supernatant)

(snall quantlty) vlolet
(crystale) vlo1et

P1 (crysüaIs) vlolet

t? to 22 Pz (crystals) vlolet

B ls t}re benzlnld.azore reference spot. At posltlons 1,

2r3 ar:d 4 samples from fra.ctlone ? to ge and. l1u 12 and.

L6, anô, t? to 2? were applled.n RM 1s the reactlon mlx-
ture before colr¡mn fractlonatlon.

5" IDENTT¡'TCATTON OF gHE COMPOUNDS

For the purpose of ld.entlfylng the compound.s iss-
Iaüed. from the column as d.escrlbed 1n the preceðing

sectlon, some of thelr physlcar a¡rd. chenloal properüles
r{ere stuclled", rlr Table xrr the molecular welghüs of
P1u 81, P, and B, are llsted-" Motrecular welght
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d.eüermlnatlons were performed by the Rast method. (L/ZZ)

based. on the freezlng polnt ilepressLon of camphoro p1

and. 81 were for¡nd. to be the same eonpouncl (molecurar

welghts 392"8 and- 393,6 respeetlvely)o These values

for norecular welghüs are accnrate onry withln an error
of 5 per cent,

Chenlcal analLgls

[he conpound.s P1, 81, p, aJad. 82 were analyzed. for
Ëhe presence of free and. esüerlfled. phosphate and. rlbose,
The sampres were hyd.rolyzed. ln 6trt Hct tor 3 to 6 hours.
The analytlcal cLata suggested. that ln p1 and. B1 one

noleoule of esterlfled. phosphaüe comespond.s to one

molecular of phosphate. Very snaLl a^nounüs of rlbose
IÂIere detected. by the o.rclnol tesü (MeJbaum, Lg3g'l even

after hyd.rolysis tn 6u Ï{clu lfowevsp, ühe presence of
carbohyd.rate was comprlsed by a posltlve furfural test
( Felgl , ]-960) . Slnce the only carbohyd.rate lncIud.ed. 1n

the reacülon was rlbose 1ü seems reasonabre to aesumê

tlrat the carboþd.raüe ln questlon, lnd.eed", vras rlbose.
P2 also contalned rlbose but no phosphaüe. No free
phosphate was d.etecËed. 1n any of the compounds, presum-

ably lt had. been absorbed. on the columno

The aþove analysls revealed. tlnaÞ the prod.ucü of
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Pl

P2

TABLE Xfï. lvlolecular weight oeterniinatlon: Rast liethoô.

B2 0.8 6"8 L5Ll"6 18.6 ?þ0"5 Turned brovna
þut remalned

IvIol-aI freezing point consüant - 38.0

TABLE XTTA

Wt. of Wt. of i{p of
soluf e camphor mLxture r lfW

BI

o .6 7 "L+ L65.1þ ? .B 392 "8 cf ear
solution

1.2 8.2 L53 .2 20 ,2 z?Lt "8 Sllght1y
d-econposed.r.4 B. o t56 .3 t6.9 393 .6 Såiiir"*

äi
DD2

1"2
1"5
1"1
1u1

Remarks

43 "5
4o

40 .8

37 "Ll

F
H\,



Flgure 23. The W
at pH
pH 11

absorptlon spectrun of
2 (conülnuous llne) a¿¿
(interrupüed l1ne).
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Flgure 2L+. A schematlc representatlon of thereacülon between benzinld.azoLe ar.¡d-pp-rlbos€-po
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t}re reacülon beûween be¡rzlnld.azoLe aad. pp-ribose-p

yleldlng one molecule eadn of phosplnate and. rlbose for
every molecure of a partlal hyorolysle on the slrlclc
acLd. corumn glvlng a snarl but measurabre quantiüy of
a rlbosld.e,

The nolecular welght of BivlN in vlew of ühe ãrtà-

lyÈlcal d.ata should. be approxlmately 366" The value

actually obtalnecl ls sllghtry hlgher burt stllr falls
wlühln the 5 per eent }ln1t of error, The value of Z?4

obtalned. for P2 approaches very crosely that expected

for benzlmld.azole rlbosLiLeo Moleeular welght of Zl+O

for B2 whlch ls supposed. bo be benzinld.s¿zorê ls dlffl-
culü to lnterpreto Benzlmld.azole and" d.erlvablves

are knor¡m to und-ergo polynerlzatlon to prod.uce blmol-
ecular specles through N-N llntcage (Hoffnann, Lg|j)"
Though polynerlzatLo:n ls a cleflnite posslblllüy, the

suggestlon ls entlrely speoulatlve at thls polntn

The absorptlon specürum of BMN (p1) (Frgure 23)

was slnlrar to, ühough noË ld.enticar wlth that of free
benzlnld.azole. Aü pH 11 three maJor absorpülon peaks

appearecl at 242.5 ry, Zlt np and" ZIB my, a should.er at
249 anA a mlnor peak at Z6J mp" At pE 2.0 ln place of
the peak arr¡und. 2I+0 mp, a broad. should.er was seen, the
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peak' Ln the ronger wave leqgth regrons were arso
d.lsplaced. to Z6T nlt anA Z?2,5 n'¡ accompanled. by the
appearance of an add.ltlonal nlnor peak at Z6L m¡t. The
rel-aülve absorbancles of the maJor peaks ln the 260-
280 np reglon rirere also d.rfferent at acld. and. alkarlne
pHn The conparlson of the absorptlon speetra wtth
that of a sanple of 1- p -D-rlbofuranosyr benzrmrd.azole
synthestzed- by Davoll and. Brovrn (tgjt) showed. no stgn-
lfLcant d.lfferenceso The ratlos obtalned. Ln the
presenf stud.y were also ln falr agreement wlth those
reported. for a rlbofura¡rosld.e of benzlmlctazole by
tr'rled.nan and. Harrls (t962) whlch l¡ad. been lsolated. from
med'la and- extracËs of @ shernar¡rl
{7 

"O 
55 , L .?t+ a^nd. 1 .0¿l ) .

The spectral ar¡d- anarytlcal d.ata provld.e ample
supporÚ for the occuruence of a reaetl0n between benzl_
mld.azole and. pp-rlbose-p restrlting 1n the formatlon of
BI{N (Flgure zl+) " fhe reactlon ls catal;yzed. by an
erezyme, referreo üo as benzfunlilazore mononueleotld.e
pyrophosphorylase by anal0gy wlth orotld_lne-st-phosphate
pyrophosphorylase 

u



c " BENZTMIDAZOLE A.DENTNE DïNUCLEOTTDq

IiVI-RODUCTTON

Attempts to establlsh ühe essenÈ1al1ty snd non-

essentlallty of the eonponent groups of NAD (DPN ls
ngmed. NAD ln thls lnvestlgatlon aocord.lng to ühe pêcon-

mend.atlon of the enzyne commlsslon of Ëhe Inüernatloaal

Unlon of Blocbenletry; Eeport of the commiselon e¿ enzytnes

of the lnüernatlonal Unlon of Blochemf.süry t96t; Dlxon,

t960) have resulteè ln preparatlon of NAD analogues,

enzymatlcally and- chemlcally" In the enzynle methoÖ

ühe exclrange betweea ühe nleotLnamlile molety of I{AD and.

compound.s süructurally relateiL to nlooËlna¡nld.e 1s aaþa-

Ilzed. by DPNase (Zatman eL aI" o t957; Kaplan eË aln,

1956; and Kaplan and. SüolzemJoactt, L9571 , In the chenl-

cal method. the ad.enlne molety of NAD was modlfied. by

a process of d.eanlnaülon (l(aptaa et gt. , 19521 .

The use of NAD analogues ln the stud.y of the role

of lüs funcü1onal groups, 1rr eluold.atlon of enzymlc

meck¡anlsms (Kaplarx gg g!. , L956; Van Eys and- Kap1an,

t957) and. eîzyne d.lfferenülatlon (Kaplan et aI", L96Ol-

ls a stand.ard. approach. As a result o a l-atge number

of NAD analogue have been prepared.o trbwcett and. i{ap-

Ian (t962) reeently prepareil some aew nlcotlnanlcle

d.lnucleotld.es by the replacenent of 51-.åMP rnolety by

118
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d.eoxy-ad.eny11c, ur1öyl1c acld., thymldyllc eeld. and.

ADP. The actlvlüy of these analogues was assessed.

by conparlson wlth ühe raaüural coenzyøe'

The d.lsplacenent of the nicotfnamld_e nolety by

5-amlno-l+-LmLùazole carboxamld.e (Allvlsaüos eË 4o,
L955t 1956) hlsËanlne (A1lvtsaros gL gÅu, tg6}) amlcla-

zore, hlstld.lne ar¡d. amld.aza\e acebrc ac1d. (Allvlsatos
et {" , t)62a) have also been lnvestlgateCl"

The reporü by tbe same workers (A1lvlsatoe g[ ¿!",
t962]o) of the occurrence of a reactlon between NAÐ and.

cerüaln benzlnLdazole d.erlvatlves was of greaü lnterest
and- slgnLflcance ln conneetloa wlth the present worko

slnce benzinld-azole is kno¡¡-n to lnfluenee d.lverse

netaborlc pathways and. thereby retard. blochemloal
changes ln a senesclng reaf, lt wourd. be antlclpaüed. to
parülclpate ln ühese reactlons at the level of a eorurron

d.enomlnatorn Sucb an lnfluenoe woul_d. be exerted. lf
benzlmld.azole were to replace a functlonal group 1n

NAÐo The latter belng a unlversal red.uclng agent Lt
reaots wlth a large number of unrelated. compouncls whLch

bralrch off to ur¡coruxected. metabollc sequenceso

Allvlsatos et g! enployed. anlmal tlssue N-ADase

(beef epleen and. p1g brala) ln all thelr tnvestlgations
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anil 1È was llecessary to ascerlaLn whether or not o ãL

erxzyme systen eapable of caüalyzlng ühe substlüuüloa

of benzLnld.azore for nlcoülnantd.e nolety of NAD, courd.

be lsolated. fron plant materlalu Another polnt of
lnterest was üo lnvesülgate whether the NAÐ/NADase

systen of prants was sirnllar üo ühaü 1a anlmal tlssues"
Detalled. süud.les have been cond.ueüed on the

Õlphosphopyrld.lne nucleotld.ase of anln¿1I orlgln (beef

spreen aad. plg braln) ano a number of NAD-analogues hav€

been s¡rntheslzed. vslth the help of these systems" The

beef spleen DPNase 1s a glyoosLd.ase catalyzlng the

reactlon representeÖ below:

N+RppBA+X=:X+BppRA +N
(tne errzyme ls assoclated. wlth a partlcul-ate

fractlon obtalned. after centrlfugatlon of the tlesue
homogezrate at 16000 x g (Kap1an, t9S?). Allvlsatos
and. lfoolley (L956) succeed.ed. ln sorublll zrry the enzyuae

by treaËmeat wlüh sorutlone of ÐN-A and. f.soanyr al-cohoI,

fhey purlfled. lt eor.slclerably by treaüment wiöh alum-

Lna C7 and. Annonlum sulphate fractlonatlono

The spleen NAÐase ls speclflcally lnhlblted by

nlootLnamld-e anil the lrrhlbltlon ls of a competltlve
type. By use of cl4-labelted. nlcotlaamld.e Ãaïman et al
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ft953) have shown the 1nhlblü1on to lnvolve an exchange

reaotlon between free and. boi¡¡d. n1cotlnanl.d.e. Both

plg braln a¡d. beef spleen NAÐases attack t}lte oxld.lzed.

forms of NAD anô NADP. Nlcotlnanld.e mononucleotld.e

and. nLcotlnanld.e ribosld.e are nob hyd.roJ-yzed. by themu

Both enz¡rmes hyd.rolyze acetylpyrld.lne-NAD alsoo

. Nason g[ aI (t95t) purlfled. a NAÐaEe fron

Neurospora grovún, ln a zLne ci.eflclenü mecLlum, Tt¡e

NeqrospoJa enzyne ls soluble anil ls recovered- from the

supernatant of the nyeeLlal nat homogenate. Thls

enzyne also d.lffers from the anlnal enzyme by belng

relaflvely lnseaslülve üo nlcotLnanLd.eo fhe Iaüter
ls lnhlbltory otrly at very hlgh concentratlons (0"I M).

The Nel¡r.ospgra enzyme cleaves NAD a^rrê NADp but

d.oes not catalyze the fornatlon of analogues of NAÐ,

tn contrast to the a¡rlnal enzymeo

Informatlon regard.f.ng ühe irr-ADase ln plant nat-
erlal ls meagre. Boberts (t959) demonstrated. an

enzyme fron the crud.e extracts of wheat 1eaves ¡r-hlah

caüalyzes the cleavage of ll-AÐ" He classlfled. thls
eu.zyme as a pyrophosphatase rather than a NADase due

to the absence of lnhlbltlon by nlcoülnanld.e and. lsonl-
eoËlnlc hydrazld.e (INH). Irr ühls case the posslblllty
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of the occurrence of boËh a pyrophosphatase a¡rd. a

NAÐAse car¡aot be exclud.ed. altogether, bec¿use Neuroepora

NADase ls also lnsensltlve to nlcotlnamlileo

EICPERïI'IENTAL iliETH OpS

PBEPA.RATION OF TI{E ENZ]3{E

2.5 gß of wheat embryos were soakeit ln 5 mI of

0"05 M phosphaüe buffer, pH 7"2c and. honogenlzecl wlth
an aild.ltlonal 45 ml of the Êame buffern fhe coarse

materlal was screened" through four layers of cheese-

cloth and. the supernata:rt was centrl.fuged" at 31000

rpm for 5 nlnubes. The preclpltate was d.lscard.ed" and.

the supernatant centrlfuged agaln at 201000 rpn for
1J mlnuües, The preclpltate contalned. a maJor por-

tlon of the actlvlty.

ASSAY

Two meühod.s were used.

eleavage of NAÐ. One method.

spllttlng 1n NAÐ by aesaylrìg

genase sysüen" The second.

for süud.ylng the rate of

consists of followlng the

lt wlth a sultable d.ehyd.ro-

method. ls basect on ühe

reaets wlth Nl-substlüutedcyanf-cle reactlon" Cyanlde

nlcotlna¡ald.e ooqgouncLs to f orn a d.l ssoclable conplex

showlng absorptlon l-n ühe regLon of 340 n¡r (Co1ow1ck
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g!. 4.. , t95ll " Cyanld.e complexes vElth analogues

of NAD at the cl.ouble bond. ad.Jaoent to the pyrld.1nlun

aitrogen, thue abollshlng ühe peak e.t ?'6A mp, Ultra-
vlo1eü absorpËlon spectra for the cyanld.e ad.dltlon

conrpound.s of NAÐ and. analogues are avallabIo (Slege1

The cyanld.e reaeülon ls speclflo for ühe pres-

ence of tntact N-rlbosyl bonil and. ls not glven by free

nlcotlnanld.e. trrlhen itlAÐ and. N-AXPare useÖ as substrates

1n a NAD/{ADase reactlon 1ü ls posslb1e, of course, üo

follow the cIe¿vage of the molecr¡le by coupllng wlth
an approprlate d.ehydrogen^a.se system and" measurlng

renalnlng pyrld"lne nucleotld-e by Ëhe total lncrease

ln optlcal d.enslüy at 340 n¡r" By uslng a dehydrogen-

ase, however, lt fs not posslble to ascertaln the slüe

of ühe cle¿vage on the moleculeo A comblnatlon of the

üwo proceduresr 1oo. clekryd.rogenaee and. oyanld.e reaoüion,

can be used oonvenlently to d.lsülngulsh between the
anour¡t of pyrld.lne nucleotld_e cleaved. by NA,Dase, spl1ü

by breaksge ai ühe N-glycoslclf.c llnkage a¡.d ühat at
ühe pyrophosphate grouplng"

In the cyanld.e reaetlon a mlxture conta.ining

0,25 nI phosphate buffer, pH ?"28 0.5 /¡mo1e of pyrld.f.ne
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rxì¡oleotlde and. 0.15 nl of an- en:zpe preparatlon, wae

lncubaüed- for 20 nl.nutes at 3?o1u At the end of ühe

lncubatlon perloð.3"0 nI of KCN (II4) was ad.cled. and. OoD,

at 325 ryt was record.ed" after 10 mlnuteso A reference

control whlch lacked. NAÐ was also ma1ntalned.. The

quantlüy of pyrld.lne nucleotlde cleaved. 1n any partlc-
ular reactlon was calculated by reference to a standard.

curve prepared from known NAÐ, NAÐP and. acetylpyrld.lne-

NAD concentraËlons.

DESERMINAjT,ION OF RIBOSyI, cROUpS

The cleavage of pyrlölne nucleotld.es at the

nlootlnanld-o rlbose llnkage was also denonsürated

by d.eternlnatlon of free rlbose groups before and. after
the oleavage" Moülfled Barfoed.ts reagenüo prepared,

aecord.lng üo the proced"ure of Colowlck eü {. {L95L\

showed. negllglble red.uctlon on reactlon wlth NAD but

on d.lsrupflon of nlcotlnamld.e rlbose llnkage, showed.

as nuoh reðuatlon as an equlvalent quantlty of rlbosen

The rlþose groups were ileternlned. ln the foll-owlng

Ittâfi1lêF ! -

A 0"5 nl allquot fron reactlon mlxture contaln-

lng approxlnately 0"5 ¡¡no1e red.uclng sugar was mlxed wlth
0"5 nl of Barfoeclts reagent (Hawk, Oser and. Sunnersou,,

L96L) and heaüed. at 1O0oC for 3 nlnutes. Afüer coollng
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0.5 nl of Nelsonts arsenomolybdate reagent (Nelson,

Lgl+t+) was ad-d.ed. lnned.lately followed. by 0 .5 ml of 1.0

Ivl trlsod.lun cltrate (whteh helped. üo dlssolve any

preclpltaüe for¡oed. by NAÐ and. arsonomolybdate). The

samples were then d.lluted. a¡aÖ read. ln a Colernan Speo-

tronlc Colorlmeter at 660 m¡r. The quentlüy of rlbose
present ln any one sample was calculaüeÖ by reference

üo a stand.ard" curr¡eo

BENZ IIVITÐAZOLE_ AÐENU$E DINUCLEOTIÐE FORTIATIoN

The NAD/NAÐ nucleotld,ase reactlon was used. ln
experlments d.eslgned. to üest the posslbllity of the
replacement of benzlmldazole o àE the nlcoülnamld.e

posltlon 1n the NAD noleeu1e" It woulÖ be reasonable

to expect t]naþ rf a suþstltutlon reactlon occurred. less
of the red.uoLng sugar woulo be avall-abre for ôetermln-

atlon by ühe Barfoed. reagenü ln the preÊence of benzl-
nldazore than lts absence. Thls crlterlon üias used. to
evaluate ühe exüent of BAD formatlon lu any glven systery.

EXPEBÏI./IEIITAJ, REJSULT S

As menüloned. earller, a naJor port1.on of the
IiAÐ nucleotld.ase ln the wheat embryos was asÊocl_ated. wlüh

the partlcllate fractlon obtained. afþer centrlfugatlon
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at 201000 ppgl" No aüüenpt was nade to solublllze
and. purlfy the enzyme preparatlon arad. arso a d.etalred
sfud.y of the eilzy¡ae klnetlcs and. the factors effecü-
lng ühe rate of the reactlsn was not carrred- outn

The partlcurate fraetlon from the crud.e homog-

enate contafnlng pyrlolne nucreotidase wae capable of
cleavlng l{aÐe aeetyrpyrld-lne-NA^D ari.d. to a snalr extenü
I{ADP" rrr [able mrr data are presenüed. from a ü¡>1eal
experlnent" Tt 1s Eeen that approxlmaüeIy g0 per oenü

of ItfAD, 53 per cent of acetylpyrld.tne-NaÐ and zL per
cent IVADP ls spllt by ühe enzyu¡eo

TABLE )C[II, lhe cleavage of pyrld_1ne
nygleotLð_es by wheaü enbryo
NAD nucleoüldase

NAÐ

NADP

Acetylpyrldlne-
NAD

o "73
0.87

o.60

0"080

O o?L

o e32O

o"4o

0.105

0 "265

rn general a hlgh rate of creavage of NAD conpared" üo

a small quanüLty of NAÐp was encounüeredu Blbose

values of the spliü prod.uct correspond.ed- very closely
to those obtaLned. by ühe eyanld.e reacülonn

The pH optlnun for both NAD a¡rd. NAÐp cleavage
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was 7 "3 uslng phosphate buffer" The curves showeô

broacl maxima wlüh a poorly d.eflned. peak at Z ,j "

Substltutlon of benzlnld_azo1e for the nlcotLn-
anlcle molety of NAD, NADP and. acetylpyrld-1ne-NA-D as

measured. by d.etermlnatlon of free rlbose groups before
and- after the reactlon, ls lnd.lcated_ ln Table XIV.

These values are averages of three experlments" There

úras no d.eteetable free rlbose in ühe presence of ben-
zrml-dazole when NAD was spIlt by NtÐase. !'ilth acetyr-
pyrloine and- IVADP the presellce of benzlmld.azore prod.uced.

no d.lfference"

e benzLnld.az

TABLE XIV. Reactlon of benztnld.azole wlüh
pyrld.lne nucleotld.es, 

_

- 1"0 r"¡Pyrld.lne pmoles

NAD

NAÐP

Aceüylpyrldlne
NAÐ

o.t+5

o "777

0.209

0 
"l+03

0 .801+

o.Lg6

"079

O.?'L

În ord,er to lsorate BAD ln sufflclent quantitles
and. characterrze 1ü chernicarly, a burk reacülon mlxture
contalnlag phospbate buffer (pH 2,3); NAD, Z0 ¡.rno1es;
alo,d. z0 mI of an snzf,rne preparatlon, vüa8 lncubaüed_ at
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3?oC for tLrree hours. The mlxüure was d.eprotelnl:zed

and. lyophllllzed.n The lyophll}lzed power !{a6 dlssolved.

ln water and. chromatographed. on slIlclc acld. thln layer
using propanol: chloroform (80:20) as the d.eveloplng

solvenü o

Flgure 25 ls an ultravi.oleü photograph of the

chromatogran, Both benzlnld.azole a^nd. the prod.uct

appeared- as fluorescent zones on the plaüe. Benzl-

nld.azole referenee spot ls also Lnclud.ed. on the rlght,
ït i-s of lnùerest þlnat there was vlrtually no separa-

tlon when nethanol:chloroform (80:20) was used as ühe

developing solvent. It ls lnüerestlng to recall that
benzlmld.azole and. BMN had separated. remarkaþIy we1L or3.

thls solvent, but had. falled. to separate ln propanol:

chloroform" Thls ln lüself ls a good_ lnd.lcatLon that
BMN and. the proctuct of benzlnl.d.azore-NAD reacülon were

noü ld.enülcal,

The zones contalnlng the prod.uct were scraped. off
aþout 10 chromatograms and. eluted. wlth the d.eveloplng

solvent as d-escrlþed. for BI{N, U1ùravlo}et absorptlon

speotra were oþtalned. aE pH 2"Q and. pH 11"0 by a pro-

ced.ure ld.entical to that used. for BMN (Flgure 26) " The

spectrum at pH 2"0 showed. peaks at Z4O, 26Z and, Z?3 n)t

arrd at pif 11 "0 aE 25Q e 27O arrd 280 ryt" On chemlca].
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analysls the compo¡.¡¡rd. was fou¡ed. to contaln no free
phosphate. It gave a poslülve spot tests for carbo-

hydraüe (Felgl e L96O), conflr¡¡ed. to þe rlþose by the

orclnol test.
The prod.uct of bhe reactLon beüween benzinld.a-

zoLe and. NAD was antlclpated_ to be BAÐ but lnstead.

benzLmld.azole rlbosl-d.e (BB) was lsolated" fron the

chromatogram€ The only explanatton for the forma-

tlon of BB ls the hyd.rolysls of BAD by a pyrophosplra-

tase contamlnatlng the ÐpNase preparatlon. Thls
pyrophosphatase !{as, however, unable to aütack NAD.

ïf thls explanatlon was correct then a second- prod.uct,

.åDP, would. have also been present on the chromaüograr[o

For locatlng ADP the ehromatogram was d.lvld.ed. lnto four
one lnch sectors, then the ad.sorbent was eorlecteil from

each of ühese sectors ancl eluted.. Illtravlolet ad.sorp-

tlon spectra $rere obtalned. for each of the forrr sectors o

ADP was, lnd.eed., located. tn the flrst sector, a naJor
porËlon of 1Ë remalnlng very close to the polnt of
appllcatlon (Flgure ZT) 

"

fhe sequenoe of reactrons cataryzeo by the wheat

embryo DPNase prepâratlon has been summarlzed. ln Flgure
28. BAD forned" by the reacblon ls lmneillaüely broken

d.own by a pyrophosphatase yleld.ing BB ano ADp as corl-
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trasted. üo ühat oaËalyzeÖ by beef spleen etazymeø In
the wheat enbryo preparatLons a phosphataeeu whlch is
speclflc for BAÐ, appoarÊ to be presento Slnce lt
d.oes not aþþack NÁ.D, lts preseiLce øay have some lnport-
ant metabollc 1npIlcaËLonso



Figure 25" The chronatographle separatlon of
benzlnld.azole and" BAÐ"

The falnt band. at the bottom is BÐ,
and. the band. on top ls benzlmlilazoläo

The spot ls a benzimid.azoLe referenco.
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Flgure 26. The UV absorptlon spectra of þenzl-
nld.azo1e rlbosld.e at pH Z (conülnuous
l1ne) and. pH 11 (lnterrupted. Ilne),
BR was one of the prod.ucts obtained.
from BAD,
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Flgure 27" IIV absorptlon spectrum of
product obtalned. fron BAD
as ADP)

the second.
( ld.enü1f 1ed.
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Flgure 28. A schematlc. representatlon of the
reacülon þetween NAD artd ]ognzlnlda-
zole.
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Ð. D.ISCUSSTON

Numerous theorles have been ad.vanced. to account

for the changes occurlng ilurlng Eenescence, a natural

and unlversal pheaonenon, ranglng all the way from

eaolly recognLzable alËeratlons 1n the gross physlcal

processes and. a host of more subül-e and. less easlly

itlscennlble ones. A comparatlve stud.y of the metaþollsn

of normal, growlng and. aglng tlssues ln both plant ancl

anlnal klngd.om has suggested. ühe occurrence of a grad.ual

shlfË ln a number of netabolle sequences, durlng ühe

süage of translülon from a growlng to a senesclng tlssueo

Explanatlons of thls shlft have been provlded. both ln
üerms of accu.mulation of lnfrlblüory subsüances anô

equally frequently, by nore speoulatlve and. phllosoph-

lcal ld.eas.

The loss of cellular vlüallty evld.enü ln senes-

cenee ls ternlnated. by a conplete loss of the capaclty

to perforn enzyraþIc reacËlons anct synthesls" The

perlod.s of transltlon and" tÏLaf of lnltlatlon of the pro-
cess of aglng have often been used. for a stud.y of meta-

þo}lc processeso Iso1ated" leaves of pJ-antsu malaly,

Wheat and. Xa¡nthlun have been the obJecü of such lnvestl-
gatlonso As ls shown by comnon experlence the changes

t35



t36

lead.lug to aglng of cells and. organs are lrreverslble
and. lnternally regulaËeil (ltaU1e to nod.lfJ-oatlon by

envlron¡oenüal changes, of couree) o Regulatory nech-

anlsms operatlng ln a ceII manlfesü thenselves at all
levels of organLzablon ¡nd" coilrplexity" In a broad.

sense two general leve1s ca¡a be recognlzed., ühe opera-

tlona1 or the metabollc level and. the genetlc or the

molecular level, Regulatlon at the operational leve1

ls exenpllfled. by the conürol of enzymati-c reacËlon

rates by lnhlbltors or feeilbaek, and. at ühe noleoular

leve1 by the speclflc consüructloa s¡ snzymlc sltes,
and. lnduoülon and. represslon of proteln synËheslËo

The control neoha¡rlsrns at the genetlc level operate

by regulatlng þh.e aetlvlty of the structural gene, It
ls generally agreed. upo3r. tlnat DNA carrles ühe necessary

lnformatlon for the synthesls anct regulatlon of enzyües

controlLLng the performance of varlous metabollc cycles

and. consequenüly, the proportlonlng of these pathways

at d.lfferent süages ln the Ilfe hletory of anr organlem.

ït must be nacle clear at the very outseto however, ttraü

regulatory problems posed. to a;ed. by d.lfferentlated.

systens are of an ord.er of complexlty, far removed. from

and. of a greater magnltud-e tha¡r those ln mlcroorganlsms"

Probably they are il.lfferenü and. 1n hlgher organlsne nay
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conslst of mechanlsms aot lcno¡rr.r to exLst ln the nlcro-
organlsms. One era,mple of such. a regulatory neokranlsm

ls the hornonal ooatrol of growth processes 1n hlgher
plants and. a¡elnals whlch ls noü knoima to exlst ln the

bacüerla"

The procees of seraeecence ea¡a be stud.led. ln
lsolaüed. sysËens both ln plants aü.d. anlnalso lrt
p1a¡ts¡ âE has been mentloned. before, exolsecl Leaves

have provlcled a very flexlble nod.el system wht oh a].lows

both for experlnentaL aocvracy and. convenleuce ln hand.-

11o9" Ðue to these aiLvaÐtages offered. by d.etaehed.

leaves , a large nr¡mber of external regulators have

been exploreit d.urlng the last few years for ùherr effeet
on meüaborlc sequences wlthln the oelIs, Benzlnld.azore

ls one of the regulators lnvorved. ln the aglng sf reavee

whleh has aütracted. a falr amor¡nt of attentlon and. is of
maJor lnüeresË ln the present sÈud.y. A.lthough lte
nechanlsm of actLon ls not very weLr unoerstood., benzl-
nlclazore ls knorrn to exert a profound. lnfluence on ühe

proteln synthesls ¡ ilegrad.atloa, chlorophyll e¡mthesls

and. ln tbe exclsed. Ieaves of certaln wheaü varleËles oa

ühe expresslon of the properüy of rust reslstanee. In
an attenpt üo lnvestlgate iato the netabollsn of benzl-
nidazole, some speclflc reaoülons were stud.led.o phos-
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phorlbosyl pyrophosphate has been sho¡nr üo react aûzgÐe

aülcally wlüh naturally occurrtng purlnes (Beny .gL 4.,
t955), pyrlmlcllnes (Lleberma¡:n et åLo, Lg55), pyrldtaes

(Prelss ancl Ha:eôIer, L957) and. a].so r,rrith precursors

lnvolved. ln the d.e novo paÈhuray of purlne blosynthesls
(Go1dühwalt eü gL., L957; and. Hartna¡r et a1", t956).

In ühe present süud.y lt lras þeen d.emonsüratecl that ühls
phosphorlbosyl d.onor reacts wlth benzlnLd.azole, a purlne

anüagonlst wlth a non-pürlne structureu The sane

reactlon has also þeea shor,ur to oecun wlth the anlno a^nd.

nethyl- d.erlvatlves of þenzlnldazole at the Z-pos1ülon

and. also wlth klnetln, whlch has a purlae strucüure w1üh

a substltutlon at 6-posltlon. The faet the:b klrretln
a¡c.d. benzløldazale exert a slnllar control on clrJ"orophyll

and. profeln metabollsn too, would. suggest tlnat thls
control nay be through compeültlon wlüh the natural sub-

sürates for the pyrophosphorylases ln the celLeo KlneÉtn

ls known to stlnulate nuclear and. eell d.lvislons ln
Ëlssue eultures ¡ 1ü ls qulüe Ilkely that a phosph,orlbosyJ,

d.erlvatlve of kllreË1n rather than klnetln lüself, med.-

lates a step leadlng ùo lncreased. mlüotlc aotlvlüy of the

nucleus. Hanclersolr eU a1_. (1962\ have proposed. thaü

tbe reguLaüory effeeü of klnetln ls exerclsed ührough

lnterferenee uilth purlne degrad.atlon, nore speolflcall.y
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through 1ahlblülon of x¡tr¡Ëblne oxldase actlvtüy.
It d.oes not appear plauslble blnat such a broact

spectrun of effecüs (aü least in the case of bøttzl-
mlÕazore) lead.lng up üo the naintenanee of arr Lntrleaüe
relatloashlp betweea d.lfferent netaborlc pathways eouLd.

bo exigralned. on þasls of tntrlbltlon oî a speolfle reaeü-

loa oeeurulng la one paühway. fü 1s perhaps more

Ilkely ühat suþstances llke klnetln ancl benzlnld.azole

naalfest themselves ührough partlolpaËion ln or nod.l-

flcatlon of netabollc Bequences at the 1evel- of a

common d.enonlnatoro Ono exanple of effects aË the level
of a co¡nmon d.enomlnator ls lnterference at the level
or a red.ox system, 1.e" NAD/red.ucei[ NAÐ, tüaÐp/red. iqAÐp,

or a flavoproteln/red. flavoproteln. fnterferenee or
control at thls lever ls one way of explalnlrÀg coavLac-

lngly the lnfluenee on d.lverse pathwaysn lü has been

ctemonsürated. by the work of allvrsatos eL alo g962) aE

well as ln the present work that beazlnld.azoLe reaots
wlth NAÐ aed. to a sma11 extelrt r,rrlth NADP (but noÈ red.

NAÐ and. thereby replaces the aleotlranld.e molety of
the pyrld-Lne nueleotld.e noleeuLe. rt woulcl þe of
great lnterest and slgnlflcanoe to liorow whether lt wouLd.

aleo react wLth FAÐ and. replace the Lsoalloxazlne rlng
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ln the nolecule. Reaetlon at suoh a 1evel as thls
also, oould. lead. to two d_lstlneË, posslble eonsequen-

ees !

a) a physlologleal mod.lflcatlon, or

b) a chenlcaL a¡cit molecular rnod.lfleaülon

a ohemlcal moiLlflcaËlolr wlth attend.ant netaborlc 1np11-

eaülons ls lllustraüed by the coenzymlo effielenoy
of NAD-analogues la oataryzlng the d.ehycLrogeeraso reâo-
tlons and. ln ad.d.ltlon (and. rxecessarlly preced.lng thls),
ln actlvatlon of übe blnd.lng sltes on the snzf,tnê sur-
face. Up-to-d.aüe a large number of NAÐ analogues have

been syntheslzed. chemical-Iy and. by means of enzymaülc

reactlons, by lntrod.uolng substiüuent groups lnto the
adenlne molety or else ln place of the ad.enlne moleüy

ltself o the sane belng true of the nleotlna¡ald.e portion
of the pyrld.lne nucleotld.e molecule"

ïnvestlgatlons lnto the role of functional groups

of I'ÍAD moleeule have resulted in the postulatlon tl¡at
the AEPPB noleüy of NAÐ ls responstble for fu1fl11lng
the structural requlremer¡ts of the ooenzyme whereas

the ribose of the quaternary rlbosld.e pred-lspoees the
d.lnucl-eoüld.o toward. nucreophllLe ad.d.ltlone at ühe posl-
tlon 4 of the pyrld-lne rlng (I"anborg et a1u , tg5?).
No deflnite funcËlon had. been attrlbuted. to the ad.enlae
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rlbonucleotld.e portlon. From the stuÕ1es of i¡Ilnd.-

muelÌer anil Kaplan (t96t) uslng N-6 alky]-aüed adenlne,

1t turned ouü tlnat the ad.enlae amlno group d.oes aot

aBpear to be essentlal, although lt ls belleveð that
üh1s portLon acts aÊ a Ilnt{ to ühe enzynoo Genera\Iz-

aüioas ca¡rnot be nad"e regard"lng the essentlaltüy and.

nonessentlallty of the lnctlvlêua1 groups of iriAD mole-

cule for all the d"ehydrogenases. An lllustratlon of
lnd.lvld-ual d-lfferenoes betweea enzyÍ¡es ls provlded. by

the observatlon that a mod.lflcatlon ln the purlne moleüy

of NAD (by substltutlon wlth ültP or h¡rpoxanthlae)

red.uoes the eoenzymla actlvlty of the analogue la yeast

alcohol d.ehyd.rogenase system but the llver alcohol

dehyd.rogeaase 1e lnsensltlve to thls substLüuülon

(Fawcett anct Kap1an, L962)n The d.ata of Fawcett and.

Kap1e,:r further suggesü lnterferenoe by ADP and. rlbo-
syJ-nicotlnanld.e Õlphosphorlbose (NRPPB) ln horse llver
aleohol d.ebyd.rogetxaseo Íhese üwo fragments of NAD

compete to a s&alI extenü wlth NAÐ for üh.e actlve sltes
on the enzyne surface. 3'or the blnd.lng üo the enz¡rne

surface, however, a eonplete molecule of NAD appears to
be essentlal" It ls not elearly r¡nd.erstood. whether

ühls ls öue to each of the heterocyella rlngs contrlbut-
ing J-nd.lvldually üo the llnks wtth the enzyne or because
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lt ls the overall conflguratloa of the lüAD noleoule

that 1s essentlal for a conoplete system of lllrks wiüh

the enzyne surface" The replaeemont of benzlmldazole

for nlcotLnamld-e would- lnürod.uce a d"lfferenoe of charges

ln the nolecule and" also alÈer the configuratlonaL re-
I-atlonshlps of the molecuJ.e to the enzyme surfa.oeo

Ünfortunately, BAÐ has not been tested. for coerxzyne

aetlvlty Ln eLther of the alcohor d.ekryd.rogenase systems"

rhe lnformaülon eoncernlng the effect of this substltu-
tlon of ühe actlvlty ln a red.ox sysüen would. al-so be

of slgnlflcanceo

Aü the physlologfoal leve1 a reactLon wlth NAD

brlngs about alüeratlons Ln the iüAÐr/reð NAÐ ratlo and.

hence mod.lfles the netabollc patterrns" A nanipulaülon

of NADr/rocL N.AÐ, NADP/red. NADP and. flavoprotela,/red.

flavoprotela raüLos can be very easlJ.y affeeted. by elther
eupplylng one of then exüernally or else wlÈhd.rawlng

one of the menbers of a couple, fron the sysüen. The

flrst ls extrenely slnp1e and. can be achleved. by ad.d.-

lng the requlrecl subsüance to the system u¡rd.er stud.y,

ln the for"s of a solutionn rn stud.les vilth lsolaÈed.

leaves the reaves Gan rnerery be froateô on a. d.lIute sor-
utlon of one of the substances. The renoval of ühese

compound.s nlghü requlre a sl1ghüLy more lnvolved. but
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nevertheleÉB a slep1e proeed.ureo Goupllng wlüb a sys-
ten whleh wouId. uüi.rlze the conpor:nd. of interest
usually d.oes the trlck (unress sld.e reacülons corpLi-
cate the ploüure) o

rn ühls eonnectton 1ü ls of interest üo recall
that a hlgh ATp/AÐp can lead. þo a reversar of glycory-
els a¡rd. cause a net lncrease tn glycogen synthesls
(Ðavies , I96L'). ivfalntenanoe of a low Afpr/AÐp ratlo
ls essentlar üo d.rlve the glycorytle Êequonoe forward.o

A potentral regulaÈory nechanlsm 1n resplratory rates
1s thus avalrable, slnce a conpetltion exlsts between
glycolysis a¡rd the oxidatlve pathway for ADp (Beevers,

L962). SlmLlar1y, NfrDr/red. NAD ra.ülo d.etermlnes

slgnlf'lcantly the extenü to whleh a partl.curar pathway

could. d.omlnate over a¡rother, A conslêeratlon of ühe

reacü1on:

Pyruvaüe + Afp + recl NAÐp + NAD --. 

- 
phosphopyruvaüe

+ AÐp + NADP + recl NAD,

ln the converslon of pyruvaüe ühe phosphopyruvate shows

thaË 1ir übe presence of a IrIAD generatlng system the
natlo NAÐ/red. NA.D would be hlgh a¡ad. übe reactlon wLIl
proceed. toward.s ùhe formatl0n of phosphopyruvate. The

regulaüory effecü of NåDr/red NAÐ ratlo is evj_d-ent noü

onry at ühe lever of ind.lvlduar reactlons but also lt ls
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lmportanü ln deternlnlng whleh pathway would. operate
aþ a parLÍ.cular stage,

Experlnents wlth rlpenr'*g bananas have provid-ed.

evld.ence for a shlft from the pentose-phosphaüe to the
Enbd.ea-Meyerhoff-parnas pat]'way (Tager and. Brale, Lg5?) .
on the other hand. Glbbs and- Beevers (L95il denonstrateÕ
th,at ln enbryonrc rooü tlssue the EMF paühway 1s ühe

d.onlnant glucose d"egrad.lrrs* mechaïlsn but 1n progrec¡s-
1vely old-er ütssue Lts importanee d.ecrlnes and. lt ls
gradually replaeed- by ühe penüoss-phoÊphate pathway.
A sln1Iar shift ln ühe netabollc paühway of ühe pea

root ls suggested by cha,.ges 1n actr.vltres of ald.o-
laee, 6-phosphoglucose d.ehydrogenase, rlbose_J_
phosphatase and. fructose-l¡ 6-atpnosphatase. Glbbs
arrd. Earl (Lgsg) have expla.lned. the relatlve d.lstrlbutlon
of these pathways on baÈls of the controrllng NAD/red.

NAD ratloe.

The possrblllüy that NaÐr/reô NAÐ raüio mlght
eause a shlft ln netabollsn d.urlng senescence ln urheaü

leaves 1s strengthened. þy the actual demonstraüloa of
hlgher NAÐ levels ln water froated. reaves tha¡ 1n be,nzL-
mld-azole treated ones (Mrshra, Ilnpubrrshed. d.ata). The

experlments of sanrborskl et alo ß95Ð showed. a hlgher
rate of respLratlon Ln water floated wheat reaves as com-
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pared. to those treaüed" wlüh benzlnld.azoleo Hlgher pos-

plratory rates encountered. here could- safely be con-

sld"eretl üo be a consequence of hlgher NAD levelsn

The relatlon of Nf¡D to lnlülatlon of the pro-

cess of senescence as evlilenceö by chlorophyll d.egra-

claüton has been d-emonsËrated. ln a very elegarrt nanner

by Yoshld-a (t96L) , uslng exclsecl Elod.ea leaves as a

mod.el syÊten. The leaves were plasnolysecl ln O.? yI

calelum chlorld.e soluülon, thls treatment resulted. ln
the d.lvlslon of ühe protoptasm of Êome of the cells
lnto two halves, one half contalnlng the nucleus and ühe

other lacklng it. Tü was found. tlnat chlorophytL break-

il-own occurred much earller ln the nucleateo Lralves con-

pared. to the enucleated. oaes. Iü was further showrr

that ln lnstances where the two halves were Jolned. by

a eytoplas¡nlc brldge, ser.escence started" ln both ühe

halves at the same ülne. On testlng the effeot of
varlous suþstances on the lnd-uctlon of senescence

ïoshi.d-a cane to the ooncluslon thaü NAD was the naln

factor responsi.ble for Lnltlatlon of chlorosls" He

postulaüed. that NAD was syntheslzeä ln the nucleus and.

transported. outsld"e, where lt brought about d.egradaülon

of chl¿orophyll 1n the ehloroplastsu
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If the above *oostulatlon i,ras coruecto lt was

argued. that it should. be posslble to prevent the onseü

of ehlorosls by removlng NAD fron the system. fhe

NAÐ-removlng mechanlsms of the oel1 lnc1ud.e, d.lphos-

phopyrld-lne nucleotldase, PN pyrophosphatase systen

ancl franshydrogenase reacülons. In ad.dltloa to all
these benzl¡nldazole ls now knor'nr to remove NAD from

the systen by formatlon of BAD" Heneen if lnd.eed.

NAÐ was responslble for chlloroels, benzlnld-azo1e wou1cl

be antlclpated to courrteract ühls effeet by rlnacül-

vaü1ng I NAÐo Thls acüually was clemonsürateð by true

not only la Elod.ea bnü also ln wheat leaves, NAÐ-

lnd.ueed. senescence waÊ shoura to be'arrested. on ]oenzl -
mld.azole treatment 

"

Altbough 1t has been show:r Etr;aþ both anlnal
(gltvlsaÈos et 4", L96?l acrd. wheaü enbryo enzyrnes

(the presenü stud.y) are capable of caüal'yzf-lrg' the sub-

stltutlon of nlcotlnamld-e molety of hfAD by benzlnld.a-

zo1e, the reactLon lead-s üo the formatlon of d.lffereat
prod-ueüs ln arrlnal and. ¡¡lant tlssueo lrlhereas BAD

formed. ln the presence of beef spleen enzymes 1s stabJ-e,

that for¡ned. by wheat embryo preparatlons ls lmmectlateS-y

acted. upo¡l by a pyrophosphatase resultlng ln the forna-

tlon of ADP and BB, Ad.enoslne dlphosphate fornatlon
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nay have some metabollc lnplleatlons of the klnd.

alread.y illscussed., but at present there ls no d.eflnlte
evld.enee for the E¡ameo

The seeond. prod.uct of BAÐ hydrolysls, namely BB

could. be lncorporatect lato factors resenbllng vltamlns
or coenzymes of group BtZ by araalogy wlüh baeterlal
systens (Frled.inan and. Harrls, tg6?), It has been

proved. tinat vitamln 812-11ke factors exlst ln plants,
at least ln pean wheat and. Luplns (Frles, Lg6?) o ArI

lnvestlgaüLon into Èhe mechanism of blosy:ethesls of
812 coenzynes 1n plants wou1d. clarlfy whether benzl-
mLd.azole 1s lncorporaùed. ln the form of ühe free base,

the rlbonucleoeid,e or aB a mononuoleotld.e,
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some reactlons, partlclpatlng ln the s¡mthesls of
nucLeotld.es of purines, pyrlmf-d.Lnes aad. benzlmld.a-

zole 1n vlable wheat embryos, h¿ve þeen lnvesttgaüed.,

rn the lnltiar reactlons of the blosynthetlc pathway

for purlnes, 1.ê., formation of GAR, asparaglne

was found. üo be the nosü effeetive d.onor of the
amld.e groÌrp as eompared. to glutamlne, carbamyl

phosphate and. ammonlum chlorld.e.

Ðlhyd.roorotlc d.ehyd.rogenase and. OMp pyrophosphory-

lase, two enzymes of orotlc acld. metabollsn were

d.emoastraüed. ln wheaü embryo preparations,
ÐHO d.ehyd.rogenase and_ OI[p pyrophosphorylase were

shou¡n to dlffer from ühe se,me eoz¡rmes ln bacüertal
and. yeasü preparatlons by belng lnhlblted by orotabe
at hlgher conceatratlons,

Evld-ence has been obtatned for a reaetlon between

benziniilazore and. Pp-rlbose-p resulüing ia the forn-
atl.on of benzlmld.azole mononueleottd.eo The eztzyme

cataLyzLng ühls reactlon has been referred. to as

BMITI pyrophosphorylase by analogy wlth OMp pyrophos_

phorylaseo

Benzlmld.azore and. BMN have been successfulry sepa-

rateit by ühln layer chromaüography on stllelc aclclo

The molecular welght of BlviN was for¡nd. to be 392 and.

6.

,7
la

tt+g
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on hyd.rolysLs 1ü yleld.ed benzlmld.azole, phos-

phate a¡d. rlbose in the ratlo, 1:l:I.
a reactlon betv¡een NAD and- benzLnlclazore read.ing

to ühe fornaülon of BAÐ, has also been showlr to
occur" BAD thus formecl, however, üras acüed. uporx

by a phosphatage üo yleld. BB and. ADp" The

posslble slgaiflcance of the above reactlons is
ctl seus s eilo
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