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NTCOTINÂMIDE DEAI-.ITDASE OF CTAVICEPS

by

AIBERT JCI$ SÏB4Til[S

Â3SÎBACT

Prelímlnary studies have indicated that pyridlne mono-and di-

nucleotídes fron Claviceps rnay be separatecl by an acetone nreclpítatlon

teehnique.

Nicotínamide dea¡aídase was found to be active ln the biosynthesls

of pyrÍdine nueleotldes ln Clavieeps. The enzyne was purified 6?-fold

from Clavicgps, strain SD58 by means of dialysis, sephadex-geI-

filtration, and acetone preclpit'ation. The Kn of the enzyÃe was found

to be 1.08? x 10-7io{. The deamidase demonstrated. maxinum aetlrrl.ty

at pH 7,¿t æd 50oc. The netals¡ Vrn++, Eg**, F"***, Go**, C"**,

qnd lfa+, all inhíbited. enzyme activity. Magnesíum did not affeet

enz¡rme actívity. The enzyme was specÍfic for nleotinamide and was

lnhíbited by NAD, IIADP, NMNI d.es-IfAD and nieotinLc aeld. The deaniclatíon

reaction was found. not to be reversible.
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r. TNTF,ODÜCTÏON

Since nost metabolíe proeesses in !-iving organisnns depend upon

aetÍve enzyïe systens, the dete:mínation of a eomplete bios¡mthetic

pathway requires the study of the lndivldual enz¡naes r"¡hieh cal,alyze

the stepwise reaetions of the pathway. The nicotinarnide adenine

dínueleotide (x5¿¡) ¡iosyrthetlc patbr.ray and the enø)mes which are

lnvolveil have been studied in nu¡uerous living systens (t:T rtlrrlrS).

Recently, Audette (1) aetermÍned. that cultures of gl-aviceps

lg¡¡gggr strain CPM and Clavieeps¡ strain 474 nroduced NaltlNr des-

NAD, !TAD, NADP, Nl*1ñ, and N-methylnicotìnamide from nícotj.nlc aeicl

or nieotinamide. Subsequently, his ínvestigations suggested the Nl\D

biosynthetic pathway shor,m ln Figure 1-. However, deamídatíon of

nicotinamide to fo::rn nl-cotinic aeiC was not d.efinitely estabUshed.

Therefore, this stu.dy vas undertaken in an attenpt to detev.mj-ne

r¿hether or not nieotinamlde deEnídase or nicotinanidase (a) r¿as

inyolved in the bios¡nrthesls of l{ÂD 1n 9þglggÆ,.

Sieotinie acíd
,l

I

Nicqti-nanide
i

J
N-methylnicotinanide

Flgure 1. Suggested Pathway of Ni,Ð Biosynthesis i.n Claviceps (1).

xsee list of abbreviations, page ííí.

Na¡4N d.es-NAÐ NAD

I

J
T{MN

NADP

L



À. Bi-osYnthegis-of NAÞ

In 1951 Leder and Eandler (3) reported that íncubation of wasbed

hu¡aan erythrocybes with nieotinamice produeed an 8-1C fol-d increase

in pyridine nucleotide sSm.thesis after 20 horÛs. Eor'rever, in L957

ln a nore erctensive study, Preiss and Handler (4) fouhd that huma¡

erybhrocybesr .Ð vitro, rrtilized low eoneentrations of nieotiníc acíd

ín the synt,hesis of pyrÍdine nucleotides. Níeotína¡ii'1e had' to be

present ln high coneentrations before it l¡as utilízed. A1-though

Preiss and Hándler (5) detemined that nicoti.na¡níde eould react with

FRPP in the presenee of NlSs pyrophÔsphorylase to forn NI'iN' the

reaction rate r,¡as very slow and the Krn of the enzyrne was suggested

to be too high to be physioLogÍ'ca11-y effeetive'

Subsequently, in L958t Preíss and Handler (6) found Naì4II and des-

NAD to be intermediates in the btosyrathesis of NAÐ fro¡n nicotinic

aeid j-n aeetone por,rdered erybhroeybes. Tn addítion, they d'ete:mined

that yeast autolysates could utíLize níeot{.n1e acid but not

nicotina¡nide to Produce NAÐ (?).

As a result of their investigations, Preiss and lIandler su'rgested'

the general pathr+ay of NAD biosynthesis fron nicotinic ael-d as

illustrated ín Figure 2.

The enzymes ( Z) whicb eatalyze the reactions shor'¡n in Figure 2

have been identifiedr viz':

Beaction 1: Nieotinate phosphoribosyltransferase (Nicotínatenucleotide:

pyrophosphate ptrosphoribosyl-transfe:'ase E' C' 2' /r'Z'LL) ¡
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+ P-P
c00H

NicotinÍc
AcÍd

Ribose-P
Na]4N

des-NAD

Fígure 2. Tbe

+ PRPP 1

-

+ ÀTP ---2---+.

l\-coonlrl
\)

{+
Ribose-!

NaMII

Adenine

Preiss and Hand.ler Pathway of NAÐ Bíosynthesis (6¡?).

â-cogn,.,
I íl + Élutanate + AlfP + PP
I tf
\N,/t+

Ribose-P-O-P-Ribose
I

NA¡ ,A.d.eníne

Â-coonI ll +P-PI tl
\,/

{+
Ribose-P-*t-Tå::ff"

des-ßTÀÐ

á \cooH
I lf + glutarnine 

-_3_---+\¡r/ + ArP
I

Rlbose -P-0-P-$ibose
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Reaetion 2; Nieotinatemononueleotide adenylyltransferase

(.eTP: nicotinatemononucleotide aitenylyltrânsferase EA 2.7{7.18) or

I$AD pyrophospboryl-ase (ATP: NI'fiS. ad.enylyLtransferase EC 2.7.7.I)g

Reaetion 3¡ NnÐ s¡mthetase (deamÍdo-NAD: L-glutamíne amidollgase

(AMP) Ea 6J.5.r).
The results of some additional significant invesùigations concerning

N-AD biosynthesls ín various biologícal systems are roentioned belot¡.

1. ErXrbhrocybes g vitro

InvestigatÍons (8-10) fudieated that hrman, pigeon, frog and

rabbit erybhroeybes could uti-lize both nicotinic ací<l and nicotinanide

to produce pyridine n:cleotides, although the rates of ineorporation

appeared to vary with the species.

2. tiver ancL Kidney ln vitro

Based upon the obserrration that mouse liver deanidated the nicotlnami,le

moÍ.ety of NMN and that ki.dney and llver preparations of varior:s 'l:lrds

could deamidate nieotinamirle by means of nlcotj,namlCe deamid.ase,

Sar"ma, et aI, (ff1 suggesteil the biosynthetic oathway shouv: in

Figure l.

Nicotinamíde=}TI..1N:NAn

lJl
Nicotinie acid ;.J Na¡d{ 

= 
des-NAD

Figure 3. Biosynthetie Pathway of NÁ.0 as Suggested by Sa::ma (U).

3. Mouse llver in vivo

Reports by Langan, et g! (lolr lfarodr.g[ al, (fz)r and Hayaishi,

gL aI, (t3) nave Índj-cated that the rrPreiss and llandler Pathwayn

functÍons in niee Þ g&,. However, nÍeotina¡niCe was found to be a
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more effÍcLent precursoÏ' of NAD than nícotj"nic acld at high doses

in vlvo in mou-se liver.

lr. Tumor ce11s

Ðíetrich, g! al, ç7¡rr¡5) have reported that Ehrlich-Lettre ascltes

cel1s could. incorporate both nicotj'níe acld and nicotinanlde lnto

¡T/lD.

5, MlcroorganiÊuls

The NAD biosynthetíe pathway in yeast (Z) ana in ES@

col: (Zu¿,) has been determined. to be the same as the pathway show in

Flgrre 2, uhíIe the possíble pathway in the f'r-ngus' !.I@'' is

j-ndl-cated 1n Figure 1.

6. Pl-ants

lfaIler, et alr (2?) have obsewed the fol-lowing react'ions in

B!4qss, 99sgs4b L.:

in vivo
a) Nfcotinamid.e -I-----------* Nieotjnic aeid + N-methylnÍcotínanide

in vitro
b) Nicotinfe aeid 

- 
IîÂD + N-nethylnleotinÍc acíd

in Livo
Níeotlna.nide + N-nethyl-nieotinanidec) \Tá.D

B. NicotinaniC-e Ðea¡aídase

1.

a) Mieroorgani srns

Iiughes and i{illiamson (f6) ffrst reported on deamirJase activíty

in Lactsbacllþs arabi.nosus L7-5 ín 1952. S¡mthesis of NAD fron

nicotinamide occurred ûore rapidly than from nicotinfe aeið', althought

nicotinamlde r¿as first cleamídated to nlcotínic aeid.
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fn ]-:g53 Húghes ar¡d. ì'lilllamson (t7) reported that !. eraþi.no,gs . ', ..,. .

dearnidase rapidly hydrolyzed níeoti.namíde to nicotinl-e acid and amrnoniat

but the enzyme could not catalyze tlne reverse reaetion. Ideíther

nicotinic aeid, nicotinanide, nor N.{D aJ-tered the deamid.ase activity.

T,. arabinozus dld not clegrade NÁ.D. 0f 1S other organisms studied only 
::.,:.,:.;:,,:

Staphyloeoccus albuS deaurl-dated nicoti.na¡nide signiflcantly. 
:ì::.i::::-:ì;":ì':

fn L95ty Cka (1S) separated nÍeotinamide cleanldase fro¡n the enzyme

asparagínase ín a partlally pure form fron beer yeast by autolysís 
..,,.,¡.,.,.,,,,,

laith ethyl aeetate and Subsequent açetone preeipitatlon. Chaykínt -"-,'.",'"..'.,

et al¡ (fç) fn L967 also found a hlghly aetive nicotinami.de deanidase ...,;.'.,.,,¡
:-:'- i:. _

in the yeast, Saechromvces fraeilís C 35],. The activity was found

to be associated with the celI meiqbrane.

Ha1pern and Grossotflez (ZO) t¡ave rlemonstrated high deamj.clase

activity in ceLl free exbracts of Ïrivcobaeterium .!þÞL' Three-

acetylpyrid.ine inhibited the aetivity of the enzyme eompl-etely (21).

NÍeotinarnid.e deanidase actívi.ty has also been dernonstrated in the

ínsect 1awa, Corcvra .99üg@!@ St. (22), IfeurosÞora. s.Xassg (23) t

Mycobacteríun avium (2¿), Tomla eremoris (25), and 4sperEæ, niger

_,: 
.,: : t-:.,-: , .

(26) . i-::.: .¡:'.:;::,
':_ :- . : ,i :-.

. -:....
b) verbebrates 

""t'''t.:'¡¡t"lAs early as a9/¡,5 Johnson, et a1, (28) reported that sone of the :ir: :r:".:

níeotinamide given or:all¡r to humans was deamídated to nieotinie aeíd'

Ín L9/+9 Ellinger¡ et g1, (29) reported that the rabbit and gu.Ì.nea p1g

deamidated nicotinarnide. ïn addÍtåo4 hr.lnans, dogs, eats ¡t lit't'

aï.td rats were shor¡n to amid.ate nieotinlc acld to forr¡ nicotinamicle.

RaJagopalan (:O) fÍrst showed that avían specíes contained nícotinamíde



dear4idase in 1958. '

fn 1961 Greengard, .g!, -4, OWz) tlernonstrated that hnnophysectomy

ar¡d. adrenalectony iu rats both increased 1íver I'TAD content on a no::rnal

diet. Concurrent adninistration of either tryptophan, nieotinic acídt

or nieotinanide increased the NI'D leve1 even more rrÍth'nicotinamide 
,,r,ur-_.,

being nost effeetive. AdministratJ-on of ÅCfH or eortisone acetate

both reversed the effeet of hypophysectony and adrenaleetony.

In A963 Petraek, g!, 4, (33) partially purified nicotÍnamíde d.eamíd,ase 
:,i,,,,,

from rat and ¡norrse 1iver. The enzyme was mainly located in the nierosomes, .-.,',

with sorae in the nítochond.ría, an,1 little in the nuclei and cel1 sap. ",',:

Thís is in contrast to !. nlser (26), ln r¡hlch the actÍvity ts localized

in the soluble cyboplasmÍe matter of the ceI1 '(ee11 sap).

subsequently, Greengard, et al, (lü shor+ed nieotj-namide deamidase

to be four tj-mes nore aetive in hypophysectonízed rats than in norma.l

rats. This aeeopnted for hÍgher levels of I'T¡\Ð ín hyrrophyseetonized

animals. Hyoophysectomy appeared to remove an inhibltor of the

deami.dase. These findíngs contradicted Sarmat s report (gS) in 1ig6t

that monse U-ver did not eontain cteamirfase activity.

Riccl, É aI, (36) frave reported that rat liver coneentrati-on ,:,.-',,

of nicotj-nie aeid increased ?0 fold eight hours after the f.njectíon 
:..,.,.,.'

of nícotinamide, agaín denonstrating the dea¡niclase activity. '"¡ri"

Chaykin, et al, (T Jg) suggested in" 1965 that at trigh l-evels

of nieotinamíd.e in the nouser the inhibitj-on of nleotinanide d'eanirlase 
¡.,,:1.,:

is Overeome and nicotinamide nay then Se1ve AS a,/preeurSor of N'AD i""''.'

vl-a nicotinie acid.
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Tn L966 fjíchi, et al, (3ç) fot:nC that, inít5-a11y, adrnínistered

nlcotinamtOe-UC was ineorporated. ínto N,AD withor.rt rrndergoì.ng deamidati.on,

but eventuall-y slguificant deami.datíon did oecuriri tbe moirse.

Thus nieoti.nantlde deamidase aetivÍty has been fo'.md in both uiero-

organisms and ln vertebrates. 
...,.:,

2. SÍEnifieanee of Nicoti-naníde Des¡riêase in NAD BÍosynthesis

the presence of nicotinamide deamida.se in a ptrysiological systen

prcvides the system wíth the trPreiss and Handler Pathr.rayrr for the 
,,,,,,ì,,

utÍlízation of nicotina.mide as a precursor ín IfÀD synthesis. If :'

the enzyne is absent ín the systen, nieotínamide may be utilized ,,':,,'

direetly via NI¡I{ to form NAÐ or nay frmction as a substrate for }fAD-ase.

These tr,ro latter pathways may also be available even íf the deanídase

is present.

NlcotÍna¡nide doamid-ase has been suggested to be the rate-

1imÍ.ti.ng step in the s¡¡nthesis of NAD from níeoti-narníde vj-a

nicotinic aciA (33). Greengard, et al, (34) nave sriggested that this

step nay be under horrnonal- eontrol in animals.

lhus the enzyme sel:I/es to utilize nicotinamj-de and eontrol

NÂD blosynthesis, and hence also the synthesis of NADP, and the '"'''r
t'

reduced forns of these two pyrÍ.dine nueleotj.des. These auêtreotideg" .',,,.,.

are essential for nunêrous oxidati-on/red.uctj-on reaetions in physiological ""'

systems.

3. ïsqlatign and CharacterÍ.zatj.on of lÏieotinarnÍ'le DeamidaFe
,,-:_1 --_:

Níeotinar"nÍcle dea¡nidase bas been parbíally purified and chavacterized -,1',"1,

from various soìrrcesr as is ånd.j-cated belor¿.



a) Nieotínanide d.eamiriase of Þíveobacterium avir:n (22')

The enzyme was relatively sensitive to tenperatrre changes. All

activity was destroyed in 15 ninutes at 5OoC. Freezíng eaused 13%

destnretion of activíty. Optimrn activity of the enzJme r.ras noted

at pH 8.J.

the enz¡me $ras sneeiflc for nicotinamíde and could not attack

t-asparagine, I-g}.:-ta¡oine or NAD.

Dear¡ídase aetl-víty r+as ínhi.bited by Cu++r Zr.!i, Fe+++r Crf+++,

ând tÏg++. I4eta1 chelating agents sueh as dihydrostreptonycin and

fsonotinic acid hyCrazide caused partial inhibjtíon.

b) Ilieotlnaníc1e Deamídase of Torula glemoris (25)

Studies indieated. that the cleamidase quíck1y lost lts activity

above 50oC. However, the presenee of srrbstrate provlded significant

protection betr.+een 40 and 50oC. The optÍnr:n aetivity of the enzyne

nas noted at pII 7.

. ThÍs enzJ¡ne was also speeifie for nieotina¡nide. It did not

attack T,-glutamine, I-asparaglne, NAD' NHN, benzarnicle, glycínan:'-'le,

N-methylni cotinanicl e, N-ethylni coti.naml-d e, o r N r N-dl ethylnicot j-nami-'.1 e .

From a Liner¡eaver and gurk (/u0) pl.ot lShe I(m of the enzyme for

nicoti.narnide was found to be 1.4 x IO-ä\'f.

Various metals producerL varyíng degrees of inhibj.ti.onr hor+ever't

Mg++ ¡"¿ no effect. Three-acetyl pyridine inbiblted the enz¡rme

competitÍvely whl1e N.&D and NADP carrsed non-coltpetitlve ínhibition

at physiologieal eoneentrations. Tn ad.di-tion, NAÐ roras found. to lnhibit

the bíosynthesis of the nicotinamíde deamidase.

: :,;":-:
;.]:j"¡
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c) Nicotlnarnide Deamidase of Asnerelllus nleer (26)

High nicotinamídase aetivity was reported at pII 7.5 at /*OoC.

The activity was d:'rectly proportíonal to substrate coneentratj.on up

to 200 ng. of nícotína¡ide. The enzyrne did not attack ¡lAD, NADP,

ÌïÏ'N, benzarnide, If-methylnicoti-na¡rid.e, L-asparagine, I-glr-rtamine,

alpha-naphthal-eneaníCe, or i-ndole-aeetamide.

The Km for nicotina¡nirLe was dete¡mined to be 6.5 x 1O-4U which

is slightly higher than the Km for the !, eremoris enz¡rme.

The nicotínarnide dea-rnidase was inhj.bited. by varíous metal chelating

agents. Mg++ 1n.t the only metal fou¡d t¿hÍeh cor,rl-d reverse the.=<r-¿-

dipyridyl inhibiti-on. Therefore, this enzyle apÞeared to be dependent

on Mg++. Again in contrast to the T. eremoris enzpe, NAD did not

inhibÍt the enz¡mne.

Ilicotinamide deamidases from other sorlrces have been eharaeterized

(t7rtïr3|rtrl). fn general the properties were símllar to those a1ready

nentioned with s,!-i.ght variations. An exeeptjon r^lhj-ch nust be'not,ed is

the high Km of 0.18I{ obtaíned wi.th the deamfdase from mouse lÍver

by Petnack, É af (t3). However, fchíyama, (/rZ) has renorted the discoverl'

of an enz)¡rûe ln the gastroì.ntestínal t::aet of the rat with a much

lower Kn.

Although the nicotinamide deamidase properbÍes varyr dependíng

upon the sorlree of the enzynte, the overalL attribu-tes are simí}ar.



A.

TT. !]XPERTMET{TAI

1 Material-s and Methods

Organísm

Claviceps, strain /+74¡ whieh was obtaj'neit as a sl-ant eultrrre

from Dr. B.C.S. Arrdette, Sehool of Pharuacy, University of Manitobat

Idlnnipeg, I'íanltoba was emoloyed in this st'tdy.

Stoek C\rltures

Stock cultures of Clavieeos , t'lÃ were maintained on sterile nodífied

Mccrea uril nutrlent agar noedium at 25oc in the dark. the stock

cultures I^Iere reneued every I to 10 weeks.

Liouid Culture I'ledir:rn

-

the NA.Ð biosynthetíe study was earried out empl-oying Clavice'os

4?A grown in a nodified Àbers nutrient medirm (1). The medirrm r'ras

inoculated aseptieally relth 15 þo 30-day old organÍ sns grown cn Mc0rea

slants (Zr5) ot wlth a homogenized suspensi-on of 30-day old organi sms

grordn on Abe t s medi rlm (l) .

Che¡nicals

Nicotinamt¿e-?-14C (S.4. ]ro.7 ne/nY:) and nj-cotj'nanlde-?-14C

(S.Á.. 7.63 ne/nY) t^tere pureha.sed from Nêur hlgland Nuclear Corp.¡

Boston, Mass., t.S.A.; NicotÍ-nic acid-?-14c (S.4. 17.9 ne/nta)

was pgrchased fron Nuclear Chicago Corp., Des Plaines, TJ-l., TI.S'4.;

N-nethylnicotinamide iodide was obtained from Calbiochem Corp.t Los

Angeles, Calif., [I.S.A.; nieotinic acid was obtained from the Matheson

Co. Incorp.¡ Nbnrood, OhÍ.o, ü.S.Â.i and Samples of des-NAO-l4C ana

11
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ç"¡m-14C ürere provided by Dr. R.C.S. Audette.

Measurement of Radioaetivi-tv

A xllnilux Liquid Seintil.l-ation system was u.sed to deteruine the

activíty of radÍoactive samples. Not more than 0.1 rnl. of rad.ioactive

solutions were dispensed into cor:nting vials of 20 nl. eapaej-ty.

I,Ihere required, radj-oactive sÐots from Þaper chromatograms were díeed

and placed into eounting vials. Radioaetive snots corresÐonding to

nicotinic acid-l40 r¡ere diced and heated ín 0.05 ml. hyarníne hyrtroxíde

(lM solutlon in methanol) plus 0.2 ml. dístfll-ed wáter at 70oC for

th5..rty mlnutes. Radjoaetive spots contai.ning eomÏrorlnds other than

nicotinÍe aeid urere heated síml1arly in 0.2 ml. dj-stílled water.

(Â series of experiments j.ndj.cated that 9Of, of the actlvlty on the

paper eorrLd. be d.etected follorring thÍs proeedu:reIT In aLl easest

after the sanples to be eo'urtetl were suítably prepared in the cor.mting

vials, l-c, nl. of scintillation fLrríd (1) of tho foll-owing eonposíti-on

r¡ere addedr

POP ( 2, 5-diphenyloxazole)

di-tule-PoP 0P n, 4-bi s-2 ( /.. -methyl-
J-phenyloxazolyl) -ben z ene ]

OB

bis-l4sBß¡ir-(o-¡lethylstyryl)-benzenq] o.oot*%

0.ry"

O.O5/"

IsopropanoL (ntsher Reagent)

Toluene (ruker Reagent) to nake

lt}.Ú"

].:OO.ú/"

The counting effiei-eney for eaeh sanple was determíneil by

enploying an internal standard of benzoic aeid-7-146 (S..4.. 6.6 x 11¡i

xNucLear-Chlcago tnllux Model 6850 Bench-top l;iquid Seintillation
Systen, Nuelear-Cbíeago, Des Plaínesr I11.
'-x'411 counting dat¿ was eorrected-based on 9(í" recoeery of aetivity.
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l?+J

d.pm/mg.; New England Nuelear Corp., Waltham, I4ass.). All radi.oaetlve

solutions for sciniiliation cor:ntiug trere measured r¡ít'h an xAgla

nicroneter and a 1.0 ml. eaÞaeity syringe.

Detection of Radioactívitrr

Radioaetive spots were l.ocated on paÐer chromatograms using a

radi.o chronatograÌn seanner*f as suggested by Audette (1) '

Nícotínamide-?-14o was dissolved 1n sterlle glass distilled water

and then sterillzed. ernploying a ;txxsr+inny filter prior to use.

ïncubatj-qn of Cultures with Nicoti-nami'ie-?-140

.& prescribed amorrnt of nicot1namlde-7-14c was admj-nistered

aseptieally to entlre 30-,åay-o1d cul-ttrres as Ðrepared' above' In a

variatíon of the proced'rrre, 3o-day-old errltnres we"e homogenized ín

a stainless steel, s¡illed¡ Waring blendor before the nlcotinamide-?-14c

was administered. The fl-asks ltere then shaken at 2doC thro'':ghorrt

the ineubation Per'j.od.

:r i,::.:

1. Baper

l,lhatnan Ño. 3MM paper was used in all chromatographic prscedures'

Chromatograns wére developed Í-n glass tanks at roon tenperature' Three

solvent systens were used for separation and purl-fícatÍon of the

radioaetive ¡oetabolites by aseending d.evelopment, narnely:

a) Isobutyrie acid.; ammonia: water (66*'7233) (raw)'

b) Pyrid.ine; r,¡ater (2:1) (Ptt).

c) Butanol satrrrated wILh 3,4 amnonia (g¡).

Èrrrroughs I¡iel'lcome and' Co'r

Montreal, P.Q¡ r Canlada.
**lduelear-Chíeago .&c'btgraoh lII (Model No. 1002), Nnelear-Chleagot
Des F,.Iai:resr Ï11.
l+**SeiÍnnex Disposable FÍlters, MíL1-inore Fil-ber Corp', Bedford, Mass'



The lsolation and prrificatlon proeedu::e

conpounds from 9le[iggpg /+7A aft'ev incubation

::iì:;r

the hR¡ values obtaíned 1n these solvent systems for the pyrlrline

eonporrnds r:nder stuily are li sted ín Table 1.

2. Thln l¿ver Chromatosraphrr (TLCI

conpounds whieh had been isolated on paper ehromatograns were

identified by thln layer ehromatograph]¡ enploying Slliea Gel G (Merek)

as indieated by.û,udette (1). Table 2 shows the hgf values of the

eompounds studied by this proeed'ure.

The follor¡ing procedrrres were emnloyed to deteet pyrfdíne-type

eompor:¡ds on paper ehronatograms:

1. ûltravi olet light (ZSi nu\ was enpl-oyed to locate ultra-

violet absorbíng eomÞorinds.

2. Paper chromatograms ttere exposed to a mixture of methyl ethyl

ketone and eoneentrated arimonia (t:f v/v), whlch was stirred constantly,

for one hour in a closed g1ass tank. After éxposure to this mixture

l{MN, ñAD and NÂDP produced a bl¡re-white fluoreseence when vieured under

longwaveultravioletllght(16ómu).However,saMNanccles-l{ADdid

not fluoresee (/+6).

3. Paper chromatograms were also exoosed to eyano€Íen bronj.de

vapours and then sprayed w'th p-aminobenzoi.c acid (l.l). I¡lcotinle

aeid prod.rrced a yel.I-ow colored. , spot while nicotinamirle prodilced a

deep yel.low-orangê eolor followÍng this treatment'

Ðetectíon of P-Eridine Compoi.mds (11

of radíoaetíve nYridine

r¡ith ni cotinarnÍ<1e-7-140



TAstE 1-

l+5

20

n
t+6

29

84

74

*bRf VALTIES oF PYRTDINE cOMPO'miÐs oN PAPER clrRcÐ4ArocRAt{s

solvent*+e

Conpound:

N}67

NaI'{N

des,.NAD

NAÐ

NÂDP

llieotinamide

Nicotiníe Aeid

N;Methyl-
nicotinamide

O - Remained at orisin

xhR¡ (Rg x 100)

**fAH - Isobut¡æic aeid:

Pl.I - Pyridinet water

B.Ê. - Bqtanol saturated

asrnonia: r'rater

( 2r1)

wiþh 3% amnonia

U

0

n

0

61

2T

(66;I.7û3)

Ð

M

62

63

81

76

i,q

l5
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*hRf VÁ.I;üES

TFIN

TABTIE 2

0F PYRIDINE COÌ'POTII{ÐS 0N STLICA GEt c

IAYER PTATES ÐEVELOPED TTV IIATER

$icotÍnic aefd

Nicotinamlde

ff-Methyl-ni c of inam i de

0 - Renained at origin

ntRf=(R¡x1OO)

76



fs su¡mmarLzed 1n

T7

Figrrre 10. Nieotinami¿e-Z-l4C (S.A.ir}.7 neftn[i 46.7 nula:

r¿as inc'.:rbated wlth shakíng for sj-x horrrs at zLoCl-.11 x fo6 apn)

t¿ith eaeh of seven, 30-day-o1d, Clavieeps 4?Á. cultures. The myeelj.rln

ltas separated from the nedir:m by fi.ltering and r^rashed wíth d1stilled
water. The filtrate, fraetion a, was di.luted volumetrically to go0

n1. r'rlth water and suitable aliqr:ots r¿ere eounted and ehronnatographed.

The mycelir:m was homogenized in a chÍlled Waring stainless steel miero-

blendor with five volunes of cold 5/, fuiehloroaeetíe acía (tc¡,) for
three mÍnutes. The resultJ.ng susoensj.on was eentrifrrged at 151000 x

g. for thirty ninutes at 0oC. The pellet obtaíned r"ras resuspended in
5/" TCA anrL reeentrifuged. The tr¡o supernatants were combj.ned and. diLrrted

volutuetrieally to 200 ml. ¡uith Sf" fU to nroduee fraction B, and aliqr:ots
were counted. Fíve volusles of acetone afr -Zaoc. rçere add_erl to the

solrrtion and the nixture r¡as stored overnight at -20oc. The

suspensj.on was centrífirged at ooc at 151000 x g. for twenty ninutes.

?he resulting pellet r¡as sueeesslvely washed r.ri th aeetone anrl peroxide-

free ether at OoC and the washings t^rere adcled to the sr_:.pernatant.

The r¡ashed pellet r.¡as rlried in vaeuo and was díssolved i-n di still-ed.

water to make 25 mr. of fraetÍon c prior to ehrornatographie analysÍs

and scintíllation eounting.

The aeetone and ether LTere renoved from the srrpematant ín vacuo

at 20oC. The resulting aqueou-s so}-r-tion was exbracted. with neroxide-

free ether. The final aqueous soJ-ution, fraetion D, and ether erbract,
fraetíon E, r.rere concentrated to 25 n].,. and l_0 nl. fracti_ons, respectively.
Suitable aliquots of the two so}rtions raere corrnted, and the radj-o-

aetive metabol-ítes lrere separated by paper chromatography. rhe dís-
tribution of radioactivíty in Fractions A-E is listed in lable 3.



:.1:.:

Filtrate
(Fraetion A.)

Superrratant

- evaporate aeetone
ar,¡d ether

- erfract wíth ether

- Aqueous
(Fra-ctlon D)

(Fraetions ArCrÐ,
ehromatography. )

Elgure /¡. Sumnary of the Isolation

RadioactÍve Pyridíne Compounds I'ro¡n

TvÍth Nicotinanide-l -l¿rC.

uith nieotina¡nide-
hours

5iÃ tct
150@x g for

Pellet-r¡ashed

acètone -20oc.

151000 x g for 20 minutes

inggbation
7-L4C, for 6

filtratÍon

- 5 volunres

- centrifuge
30 minutes

Supernatant (?0_0._ *r. )_

Pellet

- washed r,¡ith acetone and
ether.

- dried

- dissolved in distit_l_ed
irater

(Fractton C)
. Ether
(Fraetiorr E)

and E were subjeeted to paper and thÍn_layer

and Purification proeedure of

Clavice /n7A !,fter fncu.bation

l"{yceLÍun

(Fraction B)

- 5 volumes

- centrifuge

18
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PortÍons of fractions ArCrD, æd E rsere ehromatographed on

tr{hatman J M{ paper ín the rAïI solvent system. Figures 5 and 6 shor¡

radioehromatograohie scans of fraetions C and D, respectively,

developed in T.û,ÏJ. Separated radÍoaetive bands from al-1 fracti ons

were eluted uith distilled. va.ter, freeze-dried and the residues 'h¡ere

dissolved ln mÍnlmun quantitíes of disttlled water. The reJ-ative

distrÍbution of radioaetivíty in the bands was dete:mined. The

eluted bands of fraetions A and E wsre rechronatographed on sllica
ge1 plates in water and on TJhatman J HI,{ paper Ín butanol-arn-,,nonia.

The eluted bands of fraetions C and D were reehronatographed on

Whatnan i lril,l paper in pyridÍne-water and butanol-a.nmonia. The

relative dlstrÍbutj-on of radioaetivíty in the final¡ separated bands

was d.ete:rmíned.



2. Experinental Besults

a) Study lfith Jntact Cultures of Claviceps 4?A

Fol1or^ring the lnerrbatlon of -Qfgg!rc" /+7À cultures 'uith nleotínanÍde-
1t

T--*C, as previously described, the lncubation medí'ûnr fraetion L, an¿

fraction S:r rnrhieh was prorluced from the nyeelíilm¡ were analyzed for

radj-oactivi-ty. Fractions CrD, and E ¡¡ere derÍved. from fraetion B by

appropriate extraetion procedures. The di.strÍbutj-on of raclloactivíty

in the various fractions is shomr in Table 3.

Table 4 inclicates the pereentage d.i.stribution of radioaetivity

in the respectÍve bands obtained from fraetions ÂrCrD, and E l_n the

I.A.TrI. system.

Beehro¡natography of bands 3 and {, obtaíned from fractions Á"

and Er on TLC and paper in the butanol--ammonia system indieatecl. that

nlcotinic acid and nlcotina:nide were the only conpounds present in

these fracti-ons.

the results of reehromatographing I"ATil bands 1 and 2 of fractíon

c and bands r-3 of fraetj.on D on paper in the pyridine-water systenr

are listed ín ?able 5. The id,entÍty of specific eonþoimrLs r¡ith sneeifie

ÌtR¡ values is included. Aeeording to Shuster and Go1din U,8) tyaeüions

C and D sho'r1d eontai.n prÍmarily dinueleotides and mononucleotÍ"tles,

respeetf-ve1y.

The results of reehro¡aatographÍng f Atr{ bands ^{ and 5 of fr"acti on

D on nar:er Ín butanoL-ammonÍa are listed in Table 6. The possÍÌ¡le

identity of tbe eompor:nds r"¡ith sneci fic bB'. values is lneludeti.

The distributlon of rad-íoaetivÍty in the varlous pyridine eompou:rds

whÍch r*¡ere isolated from the myeel-íum by'means of paper ehromatography

20



TÁSTE 3

THE DTSTRTBUITO}] OF RÂDTOACTIVTTY T1Í VÂRTOUS FRACTIOIIS OBTATNED

¡R,OM 3O-DÂT-OLD CTILTIIRES OF CT,ArICEPS ¿74 T}TCTIBATEÐ I,..TTTT *NICOTII{A}4IDE-

1t
7-t*c.

;tEaeh eulture was incubated. r¡ith liTieotinarniA.e-?-14C (S.4. 10.?

ne/*t; ./¡6.7 mulï; 1.11 x tO6 ¿pur).

T,egend:

Fraetion Â - totaL, diluted l.neubatíon mediun (¡'iltrate).

Fraction B - supe:rratant renainíng after TCA preclpítation.

rlFtactíons CrDrE obtaj.ned from FractÍon B.

tr?aetlon C - acetone-preeipitated. dinucleotid.ee.

Fractíon Ð - aeetone-so1uble mononueleotJ.des.

Fraction E r ether exbr:act of mononucleotide fracti-on.

1Á of loüa]-
A.etivity Fed

0.867

l+.380

0.085

2I



CIrlgin bRr 27 /r3 *S.F¡
'Baãd 1 2

Rlgure 5. Radloehronatographíe sean of fractíon C, eonsisting of

climrcleotid.es, devel-oped in isobutyric acid-annonía-water.

0.5 nL. of a total 25 n]-, fraction was streaked. over 1 ineh of

lthatnan IMM paper. The Aetlgraph TTI settingÉ weres 300 cput scale;

10 second. interwal; 60 eur./hour; 1050 volts.

iri¡1r',i¡iii.i¡

Origln hRr n! ¿$ 70 80 83 S.F.
B'sficlL Z 3 lr 5

Elgure 6. Badioehromatographie sean of fraction Ðrconsisting of

mononueleotides¡ d,eveloped 1n isobutyrlc aeid-amrnonla-uater.

0.5 nl. of a total 25 ral. fraction ¡¡as streaked over I ineb of

T.fhatnan $ô{ paper. The Âetigraph III settings ureres 300 cpn scale;

10 second intezvaL; 60 en./nouri 1050 volts.

*S.F.-Solvent front.

¿¿



PF.NCEßITAGE D]ST9IBTIT ON

ITiOM FRACTTCNS ArCrD,

TABI,E 4

0F RÂÐïOÂCTTìITTY ï1T THE BÁNDS

AtrID E AS STPARÂTED TN TÅI{.

x*Fraetion

xÎhe band nunbers

x*See legend Table

Band
(rArd)

Distributíon of
Badíoactívity in
Band Ilithin Each
Fbactlon ( % )

1
<'

3
lr
5

2]-.43
78.57

to7./n9
52.5r

42.18
18.68
l_7.07
13.11-

60./+8
39.52

to speeific hRg values ln all- f::aetions.

27
/r3
70
80
83

refer

?

i.-..1'.: :ai

:...:r

23



rÁBtE 5

P,qR,CtrÍ{TAGE DTSTRTBUTTOIT OF RAD]OACTTVITY II{ THE BÁNDS FRO}.{

FRÍ,CTÏONS C AND D AS SEPÂR]II'ED TN PTf.

0
28

oxj"l'
t+1"
¿,o

83

64

21.11
3L.85
3L.93
2.6L
&.5/o
7.96

100

39.58
21n.39
23,25
7,45
Ã??

L5.W
13.00
63,36
É q<.

100

¿1

1C

28
59
77

26
2A

6T
77

'$ND
i\ï,ê.DP
ntÍr
lt!

}.ID

des-NÁD
IÍícotínamlde

NAD

ND
ND
mai!$ (NADP)
des-NAD
Nieotínie acld

NMN

ïqD

NAD
Nieotlna¡aide

Nieotina¡nidersx'*79

*l{Ð - Not identifled
¡s*Gl-bRr 37 - nay have been Sial¡{N resulting from the hyd::olysís of des-NÂD

x;txpt-¡Tli 79 - tÃas identifíed as nlcotj"nanide by caper chromatographyJL in B^ê, and TAW solvent systens and sÍliea gel TtC.
. !o¡'r.ever, nícotinamide vras also concentrated in Ð5-hRf 83 as shor,¡r
in Table 6 .

Therefore, the former eonpound may have been a nicotinamide-
containing eor¡potrnd resulting frora nucleotíde hydrolysis.

This dÍstributj.on pattern, not previously noted, (f) ¡nay have been
due to the aeetone-precípÍtatíon r:rocedure.

It{etabolite Distríbution of
Radioactivity
llitbin Band ( %)

2¿l
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PffiCH'TTAGE DTSTF-TBUTIOIT 0F RADTOACTIVITY IÌil BANDS /* AND 5 FR0M

SRACTICS D AS SE?ÂRATED I}T BTJTÂ}TOI-AÌ'fl4ONIA

etion Band
(r¡t{)

bR¡
(in Ëutanol-
a.nmonla)

I4etabolite

Nieotinie acid
Nieoti-namide

Nicotínic aeid
NÍcotinanide

Distri.butlon
of Radioactivl
Wíthin Banrt (%)

94./u/*
Ë, EA

a6.L9
â? 41

t7
4Q

xBands /* and 5 eontained predominantly níeoti-nic acicl and nicotínamidet

res'peetively. Cross contamination occurred beeause bands rn¡ere not
,;, '

entirely separated in Ï41"i.

)4
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is ind.íeated in Table 7. These compor-r-:r.ds aceounted for I.63 x 1O6

dpn of tine 7.77 x 106 dpn of nicotínamiAe-?-14C adrnÍnistered.

TAB'IE 7

THE PERCH!:TA.GE DTST]ITBUTTO}Í OF RA.DIOACTWTTY IT.T PYRIDTI{E-

COT\ÏTATN]T{G COFI?OTßTDS AF"TER T}ICUBÂTTON OF CLA\ruCEPs ¿?A

I^ITTE IfICOTTNA}4IDE-?-14C.

Nicotinamide

Nieotinlc aeid 25,56

2.a3

?c{

aÅrydes-ï{AD

I{lot-identífled

1.50

]|1-.69

Distribution of
Reeovered RadioactivfW (1,)
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b) Study r¡lith ÈIonogenized. Cul-tr'es of 0laviceps 47À

il

Instead of ineubatíng an intact eulture of glegjgçlg l+74 wít"].'

nieotinamiae-7-U}, the nyeelium r"ras first honogenized 1n a chili-edt

sterile, stainless steel llaring níero-blendor in the gror'rbh medium

and was then incubaied with shaking for six hours at 2/+oC. r'rith

nicotinar¡i¿e-?-14c (S.4. 10.? ne/nN i t+6.7mu}4;1.11 x 106 dpt).

xnal-ysis índieated that 85.5% of the inítial activity reas loeated

ín the supernatant, fraction A. NÍcotinic aeíd aecounted fo:- 9Í'

of the reeovered. radioactlvity and ni-eoti-namide aecorrnted for 81%

of the recovered- activity. Traee aÍlounts of M'iIr and NAD were

detected in fraction a, in,licating that NIN pyrophosphorylase

may firnction in NAD biosynthesis in .Qleglggpg.

aaJ

to the íncr:-bation

ATP

PBPP

MgC12.

Glueose

Glutamíne

I:r a variation of the above proeedure, the nyeelíum of a

culture of !!ggiçs!.g /¡?A was first honogenized in 2J m].0.05¡'{

phosphate (mreor-w a.fiYa¡r), pH. 7.1+t buffer (Sü , hereafter, referred

to as ltphosphate buffertt. The homogenate was then j-ncgbated t¡ith

shaking for six hours al \oC. rrith nieotj.na¡nicte-?-&C (S.4. 10.?

ne/mlt; lr6.7wfiq 1.11 x to6 apm). The follor.ring cofaetors vere adrled

medium 617.)z

(t.4 u¡lmt. )

(z ulvy'r-:-.)

(2o.5 ulaftú.)

(0,56 þr/n\.)

(zo r¡,f/d. )

0.1 ml.

0.1 mln

0.1 m1.

Q.2 ml.

0.1 ml.
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.Analysis showed that ?5.08É of the initial aetir,'ity was recovered '

ín the superaatantr fraction A. lraces of NMN and NAD were d'etected

by paper chronatography, b:ut 67.3I% of the aetivity uas reeovered as

nicotinie acid and 3L.651' as nicotinamide. The high eoncentration

of nicotiníe acid in the phosphate med.ír:m suggested that dea¡nldation 
-,..,-.,_,1,.1..

of nicotina¡nide oeeur¡ed during the incubation. This finding

prompted an endeavour to ísoLate and purÍ fþ nicoti-namicte dearnidase

from !]s&igpg



B. Parbia

Deaníclase Fron ClavieePs

1.' Materials and l4ethods

AEeen¡.stg

The organisns used 1n this study we"e3

a) Clavieeps, straín 4?4, provided by Dr. R.C.S. 'Audette,

Unlversity of ManÍtoba.

b) Clavlceps, straln 5058, obtained. fron Dr, I{.G. Flosst

IJniversity of Purdue, tafayette, Indíana, I1.S.A.

tíouid CuLture Medi.r¡¡n

Clavieepsl strain l{.¡A,, was grol^Ir1 on a nodífied Abers (f) nutrient

nedíum u¡h1le Clavieeps, strain SD58r was grotrn on a medir.lr¡ of the

following eonposition:

Mannitol

Suerose

ffi;Fod

M9S04.7H20

FeS04.7E2O

ZnS0O.7H2O

Tèast Erbraet

Suecinic .&cid

Ðistil1ed lfater to rnake

The nedium was adjusted to

The nedia were sterillaed

previously deserÍbed.

50 Gn.

50 Gm'

O.1 Gm.

0.3 Gn.

10 ng.

/r./+ mg.

3 Gnt.

5./u Gm.

I lltre
pE 5./+ nith anmoníun hy,lroxide (52).

and the organisms were propagated as

)o
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$tudies to_Ðete:nlne Enperimental 0orditions Requiged to

DenonsLrate Hieh Nicotinemide Deanídase Actiyity

The followíng fractionatÍon proeedure ís su.mmarized in Figure

'1. All operatíons were earried out at aborrt 5oC. unless otherwise

speeífled. SÍng1e 30-day-old cultures of Claviceps 4?A were honogenized 
,.',:..,'',.r';1:i.._1.''

ín either O.25 I4,. suerose, 0.1 M. phosphate buffer, pH 7.t+t or 0.05M.

phosphate buffer, pH 7.1+t by elther of the following metho<is:

a) ïn a Potter honogenizer for 20 rnínutes. 
;-,:,:,,:,:.

b) rn a lourdes grinder for 3 mlnrrtes . '.:'::':::"1:

'. - :' ....'. .:.

c) fn a lfaring noicro-blender for 2 ¡ninrrtes. 
"',.",:'.',''"

d) Wíth a wedgewood mortar and pestle plus sand. for 5 ¡ninutes
(nyeeltu:n: sand-3 tI w/w).

The cnrde honaogenate was filtered throrrgh nylon and the fllt::ate

waseentrifugedat900xg.for6ninu-tesat0oc.Thepe11étwaswashed

t¿ith the respeetive honogenizatlon medium, described above, amd reeentrifuged.

The pe1let, eonsístíng of cellular debri, intact cel.l-s antl nuclei was

retaíned as fra.ctlon I, The supernatants were eombíned and recentrífrrged

at l-000 x g. for 12 ninutes. The pellet, eonsisting of nuelei, was

washqd, recentrífuged, and retained as fraction TI. the combÍned 
,,.,,,',-,,,_

supernatants r¡ere eentrifuged at 25rOOO x g. for 20 ninutes to sedi¡nent 
:::,1,:,,,1:

the nitochondria. The pe11et was washed, reeentrifuged, and nas ::.':'::i'

retained as fraetlon fTï. Initlally, the supernata^nt was retained

as fractíon ïV and analyzed for níeotÍnamide deamitlase aetivÍty, but

subsequently, it was eentrifuged at 1301000 x g. for 60 ml-nutes in ., 
..,,,.

order to sedinent the mícrosomal f::aetÍ.on. The nierosomal fraction

was r¡ashed, reeentrífuged, and retaÌ-ned as flaetion V while the



Claviceps 474

- LronogenÍzation

- filtration

- eentrifugation (9OO x g for 6 minutes)

:-i: ì t:::, ..

Cellular debrf

(Fractíon T)
12 minutes)

l{uclei

(Fraetion II)
Supernatant

Mitochondria

.(Fraetj.on III)

- eentrifuEation
(zSrooo i g for
20 ¡ninutes)

Supernatant

(tr'raetlon IV)

Ce1I sap

(FractÍon VI)

- eentrifugation
(t3orooo x g for
60 minutes)

Mierosones

(Fraction V)

Figure 7. Sunmary of Fractionatlon Procedure of C1avleens Å74.

Supernatant

- centrifueatiom
(rooo * ! ro"

?'l
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strperantant was kept as fraction VI.

For the determinatJ,on of nicoti.namide deamidase aetj-vity in the

fraetionsr aIíqnot portions of the pellets were suspended in 10 nI.
volurnes of homogenízation meri.j-uro containing the speeified eofactors

and nicotina¡oide-? -Ur, and the preparations r^rere incubated for sneelfic

periods of tine ranging from 15 ninutes to 6 hou-rs at 37oC. The

fraetíons fV and, VI v¡ere treated sírnilarly, except no additional

homogenization r¡ediurn r¡as added before the incubatíon. ,ê.fter the

incubati-on períod, the prenarati ons were irnmersed in boi.lÍ.ng r¿ater for

3 ninutes. The rezulting preclpitates were then removed- by

centrífugation at 2Jr000 x g. for 20 ¡nj.nutes. Aliquot portíons of

the super:latants r¡rere eounted and ehromatographed on trdhatrnan 3 I'ÍM

paper in the B.A, and TAÌ,1 solvent systens. Radioactive nícotinamid_e

and nicotinlc aeid were located, id.entified, a¡d. determined quantitatively

by the procedures prevÍously ileseribed. The amount of nj-cotinami,Ce-7-
IL 1/,'C whieh was eonverted to nicotínie acid-?--*C after incubation was

taken as a measure of nieotinanide deamidase actívity in a fracti-on.

ld i eotínamide ÐepurirLas e Prrri fi qati. on Plocedure

.) .A,ssgy-of EnzFne Aetívity

The enz¡me preparatíons obtaíned at eaeh step of the puríficatÍon

proeedure were assayed. for dea¡oidase aetivity.

the standard enzyrne assay mixtures eontained O.25 mI. of the enzpe

preparation in 0.05 M. phosphate buffer, pll 7,1*, and nicot,i.namirle-
1t.

7-nC in varying eoncentrations, viz,i 0.8 ugn; 1.6 ugn; 2,/+ ugmi

3.2 ru;gái /r.0 ugmi 4.8 ugm; 5.6 vgn. .4, bl-ank control consisted of the

buffer and. nicotinanide-7-UC (Z.lo ugm.). The preparations were
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ineubated r,rith slor¡ shaking et 37oC for 30 rninutes. The reaetíon r¡as

terrninated by inrnersing tbe inerrbation tubes j-n boiling water for

3 ninutes. The precfÐitated protein was removed by centrifugati.on

a¡rcl a 0.1 ml. aliquot of the supernatants was chromatographed on

paper in butanol:amnonia. The anrorrnt of nicotinamíde-?-14C

d.eamidated to nieotinie acid-?-I40, as dete::nined by cognting the

respeetíve radioactive spots on the cleveloped chronatogransr I¡Ias

taken to be â measure of the dearnj-cLase aetivity.

The anount of deamídation oecurring in each assay mj.xture was

determlned. The enzyrne dearnírlated nj-eotÌnamide at varyíng ratest

rlependíng upon the concentration of níeoti.nami¿e-?-14c (1.e. 0.8 ugn;

1.6 ugm; 2.!, ugn ).2 vgnS /n.0 ugm; /r.8 a$n' 5.6 r-rgm). The cleaslidase

activíty of the enz)rne wa6 ealculated on the basis of the assay mixbure

whieh denonstraterL the hígþest rate of dea.mídation. The unit of

aetivity r¡as defined as the amount of enz¡me (proteín) reqnired to

eonvert 0.Ol ugm (O.OBZ mufl) of nieotinarniae-|-L&C to nícotj.nic aeid.-

l-LLc ir 3o minutes under the glven eondi-tions. Speeiííc aetivlty

was expressed as units per ng. of protein.

b) Preliminary Purlficatíon Procedures

Initially attenpts were made to nurify nieoti.namide deamiclase

from l1avíeeps,, strain d?-4.. The 1301000 x g. supernatant, as prêrrared

above using nhosphate buffer, was employed as the crurde eÐzqe extract.

Ttre exbract uras subjected to ammoniqm sulphate preeípítation qnd

ealcium phosphate gel treatment as enployed by Joshi and Hand]er (25).

Ilowever, these proeed.r:.res corapl etel-y destroyed the en i77mu activf.ty.

Treatment of nieotínamiCe deamid-ase preparatÍons of Clavieeps,

' :,:.t.r-:t 
, ,,.:
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strain SD58, l¡ith ammonigm sulphate also d.enaturerl the enzyue.

Attempts to employ chareoal, as employed by Petrack, et all ßl),

to purify the deamidase díd not produee ari active enz¡nre. However,

tbe enz¡me was partially purified by the proeed.r-tre indícated belol¡.

c) [llegtinamide Ðeanidase PurJ.fícqtlon

Clavfeeps SDi8, which was obtafned drrring the eourse or the study,

was employed ínstead of Claviceps. Å74 as a souree of nícotinamide

d.eamidase because the forrner organism greli more rapÍdl-y than the

latter. (Claviceps SD58 dernonstrated maximum alkaloid oroduetj-on"

in l-5 d.ays while -9lavjgpg 474 requÍ"red. 37 days to attaln maximun

allcaloj.d pv'oduction. )

Â11- procedures were earcied. out at abor:t 5oC rmless othe:nrj.se

inCjeated. The nyeelírrrn of 15-day-o1¿ sç]tures of Clavice'osr strain

SÐ58, was ground Lrith sar:d (3¡l w/w) and phosohate buffer in a wedge-

r+ood. nortar. Tbe hornogenate l^ras approprÍately flltei:ed and- eentrífugedt

by the procedure previously outllned, to yield a final 1301000 x g.

supernatant r¡hich was enployed as the crude enzyrne extraet. An

aliquot portion r,¡as retained for protein analySis¡ by the method of

Lovrry (lr9), and for assay of nj-eotlnamírle deamidase activity as brevi'ously

deserlbed''(page 32).

The c¡:de erbract r,ras d.ialyzed. enpl-oylng cel.]-ochane tutring (Ceneo)

for sÍz hours at 5oC. against L2 I. of riistill.ed r¡ater. The rlía.1-ysat,e

was frozen and lyophilyzed and the residue was díssolveti in a minim':m

volume of phosphate buffer. The resulting oreoaratíon was s'tbjeeted

to SephaCex G-75-120 (Sigma) C"l .filtration. (l ZS x 2 cm. coltrmn r,¡as

previorrsly washed with 3nO rn]. pboschate bu1ifer.) The colrrmn Lras

el':ted. with phosphate brrffls¡, to produce forty 5 ml. fractj.ons.
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Eaeh fracti-on was assayed for þrotein eontent and enzpe activÍ..ty.

Figure I denonstrates the protein eontent and the relative amount of

deamirlase aetivity ín each fraction. The fractions r¡ith signíficant

enzyme activity r,¡ere eonbined. Suitable aliquots of the sol-r-r-tion r.¡ere

retained for proteín and enzJrme activity analysís vhile the remaining

volume was subjeeted to aeetone preeioítatÍon at -15oC. (25). Nine

ml. of acetone at -15oC. r^¡ere added per 13 ml. of solution eontaining

1 rng. protein/nl. The míxture Ì^ras allor,¡ed to stand. for 60 minutes

with frequent stirring, and the resul_ting, oreeip:ì-tate r,ras removed

by eentrífu-gati"on at 2Jr000 x g. for 2C minr:-tes. The precinitate was

fou¡d to be inaetíve. An additional- 1Å mI. çorti.on oî acetone was

ad.ded to the supematant, the mixture v¡as allowed to stand for 120

mi-nutes wíth frequ.ent stirring, and the resulting precípítate was

removed by eentrífugatÍ.on at 2ir000 x g. for 30 minutes. The nicoti.namide

deamidase-contaÍning oreeipitate was dríed in vacuo and r¡as dissol-ved

in phosphate buffer. the protein eoneentration a¡d deamldase aetívity

of this',fraetion l¡ere detemnined. å.fter the preoaration had been frozen

for 21, hor;rsr an ínaetive preeiÞitate forrned. l¡hich was renoveci by

eentrifugatíon at 2jr000 x g. for 30 minutes.

A portion of the supernatant vas subjected to oaper eleetrophoresis,

employing ïíhatman ].04 paper in ohosphate brrffer, at,210 volts for

140 rninutes. Proteín bands ruere loeated by sorayíng etríps of the

el-eetrophoresis papers wi.lh O.3f, ninhydrín ín 951. ethanol. The bands

u¡ere índivl'{ua}ly el"uted fron the paÐer rrith ninimum volumes of ehosphate

buf,fer. the. resnlting solutíons È¡ere assayed for nieotj-nam:lde deamidase

activíty.

Slnce only minute qu.antities of active nieotinamid.e deamiclase
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eould be reeovered by neans of electroohoresis, the enzJrute solrrtion

renaining after the lrfreezíng nreeinttationtr became the object of

enzyn'e characterí zation.

The Kn of the rj.eanídase preparati-on r.tas d.eterrnined by Íneubating

a speeÍfle a¡nount of proteín .f¡ith increasing eorfcentratÍons of

nicotinarn i4e-1-Uc for i0 minutes atr 37oG and determining the amoimt

of nicoti-namicle-?-140 
"on 

r"rted to nicotinic acid-?-I4C.

The effect of pH on nieotinamide deamidase activlty was determined 
,,

by incu.bating a snecífie amorrnt of proteín i'¡tth a sceej'fi'c amount of ;'

nico-binamiae-?-14c at varying pH. The samples lrere acidífíed aopropríately ,1.,,

wil.jh I% EC1 ar¡d basified. v¡ith 1É trTa01{.

The nicotÍ.namid.e deamiclase aetívity in the incr:.batíon mi-rbure

at d.ifferent ternperatures was deterrnined.

' The effeet of the presenee of metalsr EÐTA, and cornÐor,:ndsr s''.eh

as, n5-eotì.nic acid, Nffi, NADPr M'fi{, d.es-NAD, and N-methylnlcotinami'le

on nicot,i-nanide deanidase aet5vity was cletermíned. These substanees

r¡ere Íneubated with the enzyme ÐTeparatíon in the presenee of nicotinamide-
1t,

7--*C and dearnirlati-on rrÍrs obsewed.

Fina11y the s¡ecj.fieity of the deamirlase r,¡as str:-dj.ed by i-nc'r-bating

the enzyme r^rith NAD-l4C, NAÐP, ana iU'm-UC. Ðeam-idatíon orodt:-ets of

these gompounds çrere determined. by the paper ehz'omatographic proeedr:res

r¡hích were previously reeo::ded for nyridine*eontainÍng eonpo¡:nds'

2. Expqrimental Results

a) Condítlons for t{icotinPmide Ðeamiclase Ac,tivitv

Prelininary studies indicated that most satj^sfaetory fracüions

were obtained by grind.ing the crrltures Ín a nortar r^rith sand. Ïn the

initíal experiments, before the necessary cofaetors for the enzpe
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reaetion rrere knor¡rn, the eonpo'rnds orevio'.r-sly raentioned (page 2? )

r.¡ere added to eaeh j-nc,'.batj-on raj-rture. Nicotinamí,le-?-Itr| (5.Å..'7.63

me,lrnll; 32.7 wÃtri 5.55 x fO5Apn) r¡as Íncubated v¡ith 10 m1. of the l:repared

fractions in all cases. ITnder all exnerinental condi.ti.ons investigatedt

enployíng ceLlula.r fractions, the only radioaetíve nyrirline-containing

eompounds r,¡hich r+ere rLeteeted were nícotj.nam:'ae-?-14C and. nieoti-nic
"lt

aei,i-?-'a0. That is¡ none of the fractíons stur,líed nrodu-ced any

interrnediates of the oyri.d.ine nrrcleoti-de bÍ-osynthetíe eycle even after

6 hor-rrs of fneuba.ti.on.

In all preliminary ex-oe::iments the nicotinamj de deamidase activíty

v¡as for:nd. to be eoneentrated príma.::ily ln fraction fV (í.e. 251000 x

g. supernatant) after' 105 mj.nutes of incrrbati-on a.t, 3'7oC. Later experÍ.nents

de¡nonstrated some deamid.ase activÍ.ty Ín fraetlon If (i.e. nuelei-)

whíle most of it r¡as found i.n fractj.on VI (i.e. l3OrOOO x g. supernatant),

the soluble portÍ.on of the eel1.

The effect of ciifferent honogenizatlon and íneubati-on roerLia on

the erbent of eonversion of nj.eotinamide-?-14C to nieotinie aci-d-7-
1t
'aC is shor,¡n {n Table I . The presenee of sìrerose appeared to i-nhi.bi.t

the dearnid.ase aetivity whÍ-Ie the Ì:tresenee of phosnhate was found to

be essential for sì.gnlfÍ-cant deami-r1a.ti-on to oeeuT'. ÏTo'oreverr excess

phosohate (O.W) appeared to ear-rse lnhl-bi.tÍon of enzyme aetivi-tyt

as r¡ras demonstrated by f,'actions II and TV.

The effect of possible cofactors ín the 10 nil. incu-bation medÍrm

on deamidase aetiv5-ty i-n the vari ous fractj-ons ís índicated in

Table Ç. ,The results suggested thatnone ofthe cofaetors employed

çrere reqlri-red for the enzyme reactíon to oco:r.
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TABTE 9

THE pERCFI'ITAGE coNVERSToN 0F ITrc0TTtiAt4rDE-?-14c to Nrctrrrrc

ncrn-z-uc rN THE pRESIT[cE AND aBsEt[cE 0F cor¡'crons

fncubation
l{eåiun

Fractíon

0.25 I"f Sucrose +
0.001 ra }ascþ (ro mr)

Phosnhate Buffer +

o.ooi M I'rsclâ (ro mr)

Presenee of
Gofaetors',sx

Àbsence
of

Cofaetors

Presenee of
Cofactors

Äbsenee of
Cofaetors

A-ce1ls, eellu1ar
d.ebri

B-nqc1eÍ.

C-m ltochondria

D-cell sap +
¡aÍcrosomes

E-nierosomes

F-eell sap

'n3.3

5.7

12.0

1.3

3lr.8

I+.9

0

ú;

n4

33.6

ln.2

15.2

I,3

oÃ1//aL

oÃÊ

4.9

5.L

93.a

9¿r.8

xfhe nurnbers lncluded refer to the pereentage of nieotinamt,le-7-140

(S.4. 7.63 øc/rnloti 32.7 nuIl¡ 5.55 x 105 dprn) converted to nÍcotinie

aeid-T:-LLc.

xxÎhe eofaetors errnloyed/l0 nl. incubatlon nixbure are lísted on

page 27.

---Fractions not studieê under the given eonditj.ons.

lrO



b) Nlcotina¡níde Deamidase Purificati-on

In a typical experi¡nent nieotinamj.de dea¡nidase was oartially

purified from 10 eultures of 15-day- old 9þi.æ8,¡ strain s058. The

eultures were initially hornogenized. employing sand r¡lth 65 ¡nl. of

phosohate buffer, and aÐtropriately centrifirged and washed to produce

110 nI. of crude enz)rme ertratt (Í.e. 1l0r0OO x g. super'vratant).

The díalyzed extraet tnas frozen and lyoohí1J-zed,, the resirlue was díssolved

1n 3 ml. phosphate buffer, and the sol.ution was subjeeted to sepharl'ex

filtration. Fractions seven to el,even inelusíve contaíned nost of the

enzJnne aetivíty and rnrere combined to nroduee 29 nl-. of soluti-on.

Tr+enty-síx ml. of the enz,me prepa.ratj"on ( 1 mg. nrotein/m!.) were

treated 'rith 18 ro1. of acetone at -15oC. Tbe resulti"ng nrecipitate

was inactive and the supernatant was further treated r^rith 28 ml'' of

acetone to produce an active precipitate. The precipitate v¡as dríed

and then dissolved 1n 10 rnl. of Ohosphate buffer. Freezing of this

preparatj-on for 2/e horrrs resulted in the fornati on of an j-naetlve

precipitate r¿hich ïlas renoved by eentrifugatj-on. One and a half mI'

of the fínal acti.ve solut{on were subjeeted. to paner electrophores|s'

One trrotein band mi.grated 16 mm. from the origí.n toward the ano'1e'

Three bands migrated toward the cathode at the following cListances

frorn the orÍgln: 9 mrn., 20 mm. t 39 mn.

The electrophoretie rnigration natte?n is illustrated in Fíg'rre 9 '

Ineubation of the eluted protein fv'om the bands r¿ith ni-eotínani-de-7-

1l FtaC (t.'11 x 105 dpm.) for one hor* indieated that al-l 'leamír1ase

activity \^Ias associated with't,he band whieh moved g mn' fron the origj-n'

Accu.rate protein assays corrld not be carri.ed orrt due to a lack of enzyrne

preparation. The purlflcation procedure is sunnarized in Table 10.
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Blgure 9. Separation of ProteÍn Constitgents of the 6?-Fo1d Enzyne

irjji:ì
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lJhatnarr 3

210 volts;

strips of

-Prot,ein band containing nieotínamid-e deemidase'

1fi4 paper was employed. in 0.05M phosphate buffer pH 7 '/+,

1/+0 mínutes. The bands were loeated by spraying half íneh

tlre paper w1rHh O.3/" nlnhydrin In 951Ã ethanol'

l+2



!.:¡:,:":,

TABTE 10

SUI'rü/IARY 0F PURI FTCÂTT 0I'T 0F I'II C 0TTIIA¡4I DE DEI!ì,4T D.ASE FRCM

cLAVICEPS, STRÂIN SD58

Procedure Vohme

(ml. )

Protein

(mg. )

Specifie Units
Aetl.víty
(r:nits/ms. )

Purifieation

(-rora)

1Q E)

Crlde erbract

Sepåadex
flltration
Acetone
precipitation

Freezlng
precipitation

Electrophoresis

migrated toward

330.O

28.1+2

35.3

653,6

7rr6119

r8r575

6.ot+ !777.8 to1738

3.13 236/r.I 7,l+oo

- deamidase activity detected

the anorle(Figure 9)

50.36

66.97

in a proteln band which

Specific Activity - en?ressed as units/ng. proteín.

Tlnit - defined as the anor¡¡rt of enz¡nne roqr:Íred to eonvert 0.01- ugm.

(o.o8e muM) of nieotínantae-7-l4c to nicotiníe aeíd-?-l4C *, 3O

minutes und.er the given conditions.

Total r:nits= mg. (protein) x specific aetívity

Purifíeation= speeffic aetivity of fraction i speciflc actívlty of
erude erbract.

l+3
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e) Enzrnne Characterizatíon.

The 67-fo1d pnrified enz)me preparatÍ-on r^ras eharacterized as

Índicated. belor^r.

i) K¡o

The results of ineubating 0.1 mI. or 3I.3 ugrn. of protein preparation

r¡ith íncreasing concentratj.ons of nieoti-namiae-?-14c are suilnarized

Ín Table 11

the fln of the enzJ¡'ne preparation was determÍned to be l.0g? x
to-71,t from a LÍner¡eaver and Burk (4.0) plot as is itlustrated in Figure

lG The plot is a¡ average of four trÍals. The deanj,dase activity
of the enzyme at eaeh step of purification aopeared to be inhibited

by high concentrations of nieotinamj-.-4e.

ÍÍ) !E

Figure llindicates the effect of incubating o.1 mr. or 31.3 ug:n.

of the enzJme with 2.0 ugm. of nícotinamiae-7-UC for 30 ninutes at

37oc. at varying pH. The optinwr pH was found to be aþout 'l.l+. The

deanidase aetivÍty was signíficantly ínhtblted in aeid media whil-e it
maintaÍned rel-atively hÍgh actívity over a pil range of 7.lr-i.r.

iii) Tenperature

The effeet of temperature on nJ.eotinarnide deamidase actlvity is
illustrated in Figure 1? samples of 0.1 Dl-. or 3r.j ugm. of enzyme

!¡ere ineubated Lrith 2.0 ugn, of nieotinamiAe-?-14C for 30 mi.nr¡.f,ss str

va:rying temperatr.lres. the optimrm dearnÍdase activity was noted at

about 5OoC. lihen the enz)rme prepa.ratí_on hras heated at 100oC. for
2 uÍnutas before íncrrbation r.¡ith nicotínamrd.e-T-u'c no deamidation

occurred. Freezing the enz¡nne preparatÍon for one nonth dÍ'l- not carr-se
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TABT,E 11

Sanple Nunber

1

¿

4
J

tr

5

6

7

nícotjnaniAe-7-l4C deanidated in 30 mÍ-n::tes uncler the given condÍ-tíons

(based on radioactfvíty).

lir;:

TTTE A}ÍOIßTT OF T{TCOMNåT,TTDE-?-14C PU¿¡MDÂTED BY 31"3 UGM.

OF ENZTME PEEPA.RJ.TTO}I TN 30 I'ÍTNTTTES

o(s)
Anor¡at of
Nì;ott"anide-?-l4c
.Ê.dded.

(og*, )

0.90

r.60

2.00

2./*A

3.20

/+.oo

/u.80

*S = substrate concentration in teras of ugm. nieotina¡rlð.e-7-Il*C

(S.4. 7,63 nc/rñt) added.

x:r\f = velocity of the reaction in terms of the nrnnber of ugn.

xx (V)
Anount of
Nleotínamide-Z-l4C
Ðeanidated

(ogm. )

o.l+9o

0.590

o.650

0.580

o.720

0.5CI0

o.I+60

lr5
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1.0 1.1 1.2 I.3

r$1
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rêrs1

S

ftlgure lQ. tfner.¡eaver and gr¡rk (/+0) Plot Employed to Calculate
Kn of NÍeotina¡aide Deamírlase.

= the positive reciproeal of the substrate eoneentratÍon

= the posítive reeiproeal of the substrate eoneentration

Ifu taleulation:

Slope of ertrapolated eurve, =_-Sq_ (¿oO) = O.5/og
Vnax

--I-= 
1.32 (distanee frorn (0r0) to the poirtt of intersection of the

Vnax

line and the vertíeal axis .)

ï(n = 0./+154. ugs-based on 31.3
Ttm = r3.?il2 nffi or .l.ogz x l-o-

$gm 
p¡6{,6i¡

'$.*baseil on 1 mg. protej.n

L6
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denaturatíon.

iv) Effect of Metals

Various metals were added, to the íncubation mixtures of 31.3

ugru. nrotein and 2.0 ugm. of nieotÍnamíde-?-14C in a concentratíon

of 0,005 V, (Zñ. The effects of the metals on dearnÍriation are ',',,'.:,':;',:-.,.,,.,

depicted in Table 12. The results are an average of two trials.

All the metals studied caused some inhíbitíon of enzyrne aetivítyr with
+-t-Hg" and Cu** eausing 100Ø inhlbitíon. Ì,hgnesirrm, when ernployed as a 

,,,,,
eofaetor, d.id- not alter deamidase aetivity. : : :"

a -t ,: .- 
-.' :l

v) Effeet of Metal Chelq"tine Aeent. ' ' ',

The addition of O.OO2 M (2Ð EDT.A' to the ínctrbation nfxture of

31.3 ugsl. of protein and 2.0 ugm. of nicotinamid.e-?-14C ,ti*olated

the enzyme aetÍvity. In eontrol samoles 22,Iú" of the nicotinaraicle

qras deamíd.ated r^rhÍle the presence of EDTA eau.sed 25.24" deamidatÍon.

These valr:es are averages of three trÍals.

vf) Effect of ITAÐ-Cve1e fntennediates

Mixbures of 3L,3 ugm. of enzy'me preparatíon, 2,6 u-gm. of
1)

nleotínamlde-7-'40, a:ld 0.6 ugrn or 1.2 ugm. quantitíes of sneeified 
:.: ; :

corrporrnds were ír.eubated for 30 rninutes at' 37oC. The amount of deamídati-on :::-::::':

of nicotinanide-?-140 o""rr"rinE ln the þresenee of these eompo,:nds

ls índicated in ?ab1e 13. A.1l- the pyridÍne nucleoti.des studied inhÍbited

the enzyine aetivity to some erLent, ürith NAD and NAÐP being rnost effeetive.

ñ-methylnieotj.narnide and nicotinie acid diC not eause signÍfícant

inhibi-tion.

vií) Enzyme Speeificity

Sicotínamide deamidase did not deamídate Ntr-D-I4C, W.A,Op, and
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TABTE 12

ET'f'ECT CF }ÍBTAI,S OXT NICOTTNA}1TDE DF,AMTDASE ACTT\rITY

% rnrriuition

97.33

33,37

12.lr7

7.39

2.35

Nicotj:namiAe-?-14C (S.4. 7.63 ne/nl\ Z.O ngn; 2.78 x 105 dprn).

The metals ï¡e?e added"rn û¿r ml" phosphate buffer to produce a finaL
0.005 M. eoncentration.

% Nieotinaníae-?-U0
Deanidated

Hat-'b

co**

F"*** 22.70

29.82

Control-x

33.27

34.47

xïncubation mixture consisted of the fo]-lowínE:

Proteín (?t.3 ugm. !_n 0.I nl. ,Bhospbate Buffer)

/+9
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TABT,E 13

EFFECT OF ¡ÎAD-CYCLE TI{TgâI'ÍEDTATES ON }TICOTINA},ITDE DEAI"ÍIDASE ACTIVITY

% tricotinamide-?-140 DeamÍcl-ated

20.29

2]',.39

2!.42

2I,72

20.95

'lo 40

des-l{AD

Nícotinlc Acid 2¿u.03

If-nethylnieotÍ.nanl.de ZZ.@

Controlx 22.!a 24.35

---coneentration not studied

*ïncubation mÍrbure consisted of the follor"dng:

0.1 ml. ?hosphate Buffer)Protefn (3t.3 ugm. in

Nieotinamice-7-läc (s.a.. 7.63 ne/uÚì z vgßi z.7g x to5 ap¡¡).

The conpôund.s ùere :added in O.I nl. phogphate buffer.

Gonpound Added

0.6 ugm of added
eompound

1.2 ugm of add.ed
eonporind

50
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1t
N¡4f-44C. The enzyrae preparatÍon was also ineubated with asparagÍne

and glutamine but conelusive results could not be obtained. The

enzJme did not eatalyze the anidation of nicotinic acid to forsl

nicoti.na.mide.
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ÏIÏ. DTSCÜSSIO¡{

the prelininary studies on the bíosynthesis of NAD ín .9,14ceps,

straín [7A., were rurdertaken (1) to produce radi-oactÍve pyridine-

eontai-ning conpounds l¡hich could be used in subsequent studies Ìrith

nicotinamicle deamidase; (li) to detennine whether pyridÍne mono-and

dínucleotides of Claviceps could be effeetívely separated by aeetone

preeipltation ( zo8); (iii) to detennine r¿hether nieotjnie acid-?-I40

could be prod-r:eed by ine'-rbatLng intaet and hornogenized eultures of
'tt

Calvj ceps with nieotina¡nid e-1-"+C.

After incubatíng 30-day -o1d -ÊIeglceæ, 474 with nicotinamide-?-
1t
'aC for six hours, 1-¿o% of the adrninistered aetivity was located in

the ineubation medírun while 761" was in the mycelÍ.um. The radioactivity

in the medign eonsisted. of nieotinic acid-Z-l4C (zlf") and nieotinanide-

7-4C (79/"). The pyri-d.ine nueleotídes lrere confi.ned to the myeelir:m,

In a sinllar study Audette (1) emplo¡ing 28-day-o1d- Clavieeps 474,

reported t.lnaí 5ffi of the aetivity renained in the incubatrlon medir:m

and t¿r/" ín the rnyeelium. Ilicotina¡n1¿e-?-14c r¡as the only conpound

deteeted ín the medium. The 2-day age differenee between the cultures

in the tr,¡o studi.es nay have aecounted. for these variations. Audette

(t) reported that alkaloid and iÍA.D eontent of !@!ggpg 4?A varied

signífieantly with the age of the eultures.

Fyridine-containing eompounds reported by Âud.ette (f) to ¡e

ilwolved. ln irIAD bÍ-osynthesis in Clavi.eeps were identi fíed and isolated

.chrornatographically as indi cated in Tablee /+-6. the lsolated NAD-UC,

and M{ñ-14C r""" enployed subsequently, in the determination of

Ã,2
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nicotinamlde deamid-ase specifícity. N-metbylnieotinamide raas not

deteeted.

The acetone preeipitati.on proeedure of Sh,¡ster and Goldln (48)

eoneentrated NÀop-l40 
"ou 

iq¡¡-14c into the precipitated fz'action and

m¡Of-l4C tnto the aeetone-soluble fraetion. The acetone-solubIe fractíon

was contaminated with rel-atively high eoncentrati-ons of NAÐP-Ur,

trl'¡O-l4C, and des-NAD-l4C. therefore, the acetone nreeipitation of

dinucleotides d.oes not aopear to have been eonplete. No evídence

of nicoti-narníde mononueleotide contasrÍnatfon, however, eould be

for:nd in the dínueleotide fraeti-on.

Stndies indica.ted that the entíre, intaet culture of Clarrleeps

was required in order for the NnD biosynthesís eycle to proeeed.

Phosphate aopeared to be essential for dea¡níclation of nieotj.namiåe-
1i.

7-'*C to oecur in honogenízed. cultures. Sínce no signifícant arno,-rnts

of nueleotídes eould be identi.fied after ineubaÈion of homosenJ.zed

cultures with nicotÍnamide-7-l4C *a si,nee a high conversion to

nieotinic aeid-l-U0 l¡as deteeted, it is suggested that nicoti.namide

deanidase funeti-ons in lfavicepq,. (No evidenee r+as obtaj.necL to índicate

that Ni{D glycohydrol-ase r¡as active}y Þresent Ín Claviceps to catalyze

an exchange reaction betr"¡een nicotlnamid.e and NAD).

PrelimÍnary studies indieated that nieotinasrj.d.e deanidase of

Clavieeps lras reeovered in the solu.ble portÍ on of the ee1l t^rhen ei-ther

0.05 M phosphate buffer or 0.25 }i suerose was used to homogenize the

cultrrres. â,lthough the former med,íum may have dísrupted sone of the

subcellular organelles and thus released any enclosed nicotina¡níde

d.earnitiase ínto the cytoplasrn, the latter medi-r:m shoul-d not readily
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damage these struetures. A porbion of the aetivity di-d appear to

be assoeíated with the nuelei. Sa:ma, et al, (26) reported that the

nicotinamide deamj.dase of Aspergíllus niser was also confined to the

soluble portion of the eell.

Nieotinamí<Le deamidase of Cl-avj çeps ap,oeared to reqrrire the presenee

of phosrhate for optimun actÍvíty. Other compor.::rds whieh r,rere examined

as cofaetors üter.e not essential. Teehníques of sephadex fíItratíon

and acetone precipitation resulted in a 67-fold pu.ri.fÍed enzyne

preparation fron Claviceps SD5B.

Sephadex filtratíon of the e:rrde dialyzed enz¡ñne preparatíon

eaused a significant j-nerease Ín the total rrnits of enzyme aetÍvity.

Thís could have been due to the renoval- of enzyne inhibÍ.tors as Lias

also reported by EÍnura (21*).

The aeetone-precipitated prodilet was separated into four Ðroteín

bands by eI-ectrophoresis¡ a.nd the deamíCase aetivity r¡as found to be

concentrated ín one protein band r,¡hích migr:ated toward the cathode.

However, the specÍfíc aeti.vity of this preo¡¡.ratíon could not be d.etersrined

due to the mÍnute quantity reeovered.

Llthough a linear cu-nre eould not be definltely detennined on a

Líner,reaver and Burk (/+0) plot, the Krn of the Cj-Avieens nicotínamíd.e

deamidase was ealoulated to be 1.08? * fO-?tt. This value is significantly

lower than 1./+ x 1O-5M, deternined for the enzyrne of 14þ.ggg6q3ísr
(25) an¿ 6.5 x to-4u detemined. for the enzyme of !. níser (26).

Therefore, it is sr:ç¡gested that the nicotj-namide deamidase of CLavåceps

could fuletíon efficiently at very 1ow eoneentrations of nicotinamide.

The tineweaver and Burk (40) plot indíeated that the enz¡me was
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lnhibited by relatively higb concentrations of nieotinamide.

Thus nícotinamíde d.eamídase could be a rate-l-inaiting enz¡me in

N.åD biosynthesis from nj.coti.na¡níde ín Claviceps. Upon exeessive

hydrol-ysis of NAD to fonn rela-tively large a.aounts of nicotinanide,

the dearnÍdase may be Ínhi.bited. Therefore, the Preiss and Handler

(6.7) II.A.D bíosynthetic eycle wo:rld be j-nhi-bited. DurÍ-ng periods

r.¡hen the organisrn r¿ould reqni-re large anounts of NAD, hydrolysis of

I{AD would be retarded, the nÍcotinamíde eoneentratrÒn v¡ould deel-i-ne,

the rate of dea¡rídation r¡ould Í-nerease, and, accordíngly, the Preiss

and Handlerpathr+ay co,rld fr¡¡eti.on. Petraek, et al, (¡:) suggested

that nieotinamide deamidase Ìras a rate-1j.¡níti-ng enzyme in pyricline

nueleotide bi osym.thesis ln rat liver.

Highest deamidase activity vas noted'at pll ?.4.. This iþ similar

to the optínrurn pH of the enzy'ne from other sources (Z+-26). Aeid

conditions inhibited the enzyme and, therefore, it j.s sr.rggested that

the enzynre cor-rId not be ¡rurified by means of annonj-r:m sul-phate

preeipitation because of the resultíng 1or,r pli. ?he enzy:ne retaíned

relatively high activity from pH 7.lr to 11.

The deamidase aetivì-ty was Ínhibited. significantly at lotu

temperatures and denonstrated maxirnun actíi;ity at abou-t 50oC.

Denaturation occur::ed very rapirily at tenneratures above 50oC. The

dea¡ridases from other sources (2/1126) ulderwent denatrration at

tenperatures above 40oC. The cieamiri.ase of ,T." crenorís (25) also

showed. optimal activity at 50oC.

Various metals

inhibítÍonn similar

0.005 M eoneentratíon earrsed. significant' enzyne

that reported for d.earnidases of other sorrees

at

to



: : : t : : : : : : : i : - : : - : - : : ,. : : : : _ : ; l , . j - - - :-: :.:1::

56

(ZJrrzil. The Eg++ and C,r** iotts, whieh produced complete inhibíti-on,

precipÍfated the protein of the enzJrme d.uring lneubatÍon. Sínee

I{a+ prorlueed.2.35/, inhibiti,on, it is lí.ke1y that the enzJnne was also

inhi.bited by the Na+ which was Ðresent in the O.O5ï phosohate buffer

whieh was u.sed. throughout the study. This is surrported by the faet

that 0.C02 14 EDT.A, stínulated enzyme acti-r'ity in the 0.05 l.{ pho-"ohate

bu-ffer inerrbati.on ¡nixbr¡.re.

The EDTA-stinulation oî deamid.ase aetivity ís in'contrast to

the inhibitory effect of netal ehelating agents on nicotÍ.namid.ê

deamldase of I'lyeobacterium aviu¡n (Zlå ana 4. gigg Q6). Joshí and

Iïandler (25) reported that EDTA hait no effect on nieotínamide

deamidase activity of 3. eremorís.

As indi.cated in Table 13, ITAD, NADP, Ces-NÁD, NMITI, and nicotinlc

acid all caused inhibj-tj-on of nicotj-namide d-eamidase actívÍ.ty. NÁ-D

and NADP r¡ere the most effeetive ínhibitors¡ indicating that coneentratíons

of these dinucleotldes in Claviceps may to sone erbent control the

anount of nícotínamide utilized'in NAÐ bÍosynthesis via níeotinie aeid.

Nieotinie a.ci<1r the ínmediate end.-orodr:et of the dearní:Jati-on clid. not

appear to inhíbi-t the reaetí.on significantly Ín the coneent::ati-ons

sturli. ed.

Nicotj namlrl.e dea¡idase of Claviçeps dld, not rleamídate UAn-14C,

1t
NADP, or NI4N-aC, and, th.ereforee âÞpeared to be speeifie for

nÍcotj-namj.de under the experinental condi.tions. Tn addi.ti on, the

deaqidation reaetion r¡râs found not to be reversible.
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The follor,ring procedures eould possì-b]y be employed to obtain

a more highly purified enz)¡ne preparation:

1) Sephadex G-15c-/+0 (sfgrna) gel filtration.

- A higher grade of sephadex may yíeld a more efeicj.ent

protein separatíon than Sephadex G-75-12O vhich was used

in thís study.

2) fsoelectric focu-sing (53).

- Could be employed. after aeetone nreeipitation to yíe1d

proteÍn separatÍ-on based on isoelectric values.

3) Large scaIe, high voltage eleetroohoresis.

ü Recrystallizatío¡.



IT. STN1YÁRY

Studíes have indíacted that nieoti.namÍde deanidase ls aetive

in the blosynthesís of pyridiae nueleotÍdes in claviceps. The

enuJ¡me was partially purified and eharacterízed. The enzyme appeared

to be assoeÍated. pnimarily wÍth the soluble portion of the eell and

was depend.ent rrpon the presence of phosphate. The Km of the enzyme

r¿as d.etermined. to be 1.08? x ro-?M. The enzyae d.emonstrated maximum

activ5-ty at pH 7.1* elrrd 5OoC. Various ¡netal ions inhiblted eïlzyae

activity while EÐTA stünul-ated deanidation. pyridine-containing

compor.mds, other than nfeotinamide, assoeiated îdth the pyridíne

nucleoti-de bios¡rnthetíe eyele, tnhibíted enzJilne activíty. The enzyrne

did not d.eanídate mRn-%c, lfADP, o" l¡¡ûv-14o and d.íd not aßÍdate nicotinic
acíd to fonn nicotinanide.
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