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Hiootinamide adenine dinuoleotide (IUD) biosyntbe8i8 iror 

niacin~nie,d.nribonucleotide andniacinadenine dim&&Leo-tide 

(deamido-IUD) haa been demonstrated in mamalian tirrsrze, yeast 

&cheriebiq a (prei88 8nd Handler 1958; Iuraade, 1961). 

Several studiee have clearly establiclhed tryptopaazl 8nd it8 

mefsbolitesaspre~rraofniacinin~s 8nd1Jeuromorq 

(Eeidelberger, Abrehcm and LepkovJcy, 1949; Partridge, Banner arid 

Y8nof8ky, 1952). In addition, evidence wa8 provided recently 

that quinolinic acid is a key intermediate in the comer&on of 

tryptophan to niacin ribonucleotide in rat liver (gliehieaka and 

Hayaiehl~ 1963). However, @mthomonag ~runi appear8 to be the 

only bacterial specie8 capable of forming niacin from tryptophan 

(DaVie, Henderson and Powell., 1951). In contract, it hae been 

concluded that In & &, trj)ptophen, qlliWU.Zlio acid aad other 
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tryptopharr-metabolites do not 8erve a8 precursor8 to niacin 

(Yanofdry, 1954; Ortega aud Brown, 1960). Radioisotope studies 

indicate that a high rate of niacin bio8ynthesis ia achieved when 

adenine, riboee, a &carbon dicarboxylia acid, e.g. mtccinio acid, 

and @lyeerolare offered to ZWetingCell8 Of& w(Ortega8nd 

Brown, 1960). Their reeults 8uggeet that in & && qyinolinic 

acid bio8yntheela occur8 and a8 demonstrated in rat liver, m8y 

8l80 8erve a8 a key intermediate in BAD SjntheSiS. 

IlhiS COmmWiiOatiOn reports the ~phO8phoribo8yl-l-pyrophom- 

phate (PEPP)-dependent conversion of quiuolinio aoid to niacin 

ribonucleotide by an ensyme preparation from & &i, K-i2. 

Cell8 were groun in a &lb-acetate medium, eupplemented with 

mono-eodium glutmmte (0.2 $) and yeast extra& (0.02 $) (8mith 

and Gunsalue, 1957), for16 hour8 at 25O with conetant aeration. 

!Che frozen cell8 (5 g) were ampended in 20 ml of 0.05 g phO8phate 

buffer, pH 6.8, dierupted by conic oscillation 8nd the preparation 

centrifuged at 20,000 x g for 30 miuutes at 2O. !lhe cell-free 

rrUperU!hut recovered wa8 U8ed after treatment either with W 

cod. (5 - 10 $ w/v) or with prot8aine sulfate and 8mmonium 8ulfate 

fractionation. 

A reaction mixture (1.0 ppl) containing 1.1 ynoles of quinoli- 

nia acid-Cl4 u (2.45 x lo5 c.p.m.), 20 pmolea of PRPP, 20 pole8 

of MgQpr 200 pole8 of phoephate buffer, pH 6.8 aud 0.5 ml of the 

charcoal-treated extract wa8 incubated for 3 hour8 at 30°. In the 

preeence of PEPP a total of Xi.,050 c.p.m. of &402 were evolved 

8nd with PRPP omitted (control), no ti402 ~88 detected. The reac- 

tion mixture wa8 re8OlVed by Dowex l-foxmate column chromatography 

and radioactive prOdUCt were located in the niacin (50,220 

c.P.P.), niacin ribonucleotide (19,700 c.p.m.), deamido-WAD 

1/ Quinolinic acid, unifornily labeled with s4 except for the 
&carboxyl carbon, was prepared a8 previouely described (Niehimka 
and Hayaishi, 1963). 
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(1,330 o.p.m.), and NAD (5,580 c.p.n.) fraotiona. Ihe productrr 

were further identified by paper ohromatogrepty, in the premuoe 

of authentic samplea, with three solvent ayetema and hi&-voltage 

paper eleotrophoreai~. 'Iheuiaoinrecovereduasalso repeatedly 

reory&allised to oonetantepecific aotivi@. 

Inmarked contrast to the reemltrr obtained with the ratliver 

syatem (~iabi5raka and Hayaiehi, 1963), e&gnificantlevelr of free 

niacin were consistently detected amon& the produota derived fkon 

quinolinic acid by the & ooli preparation. A time-coume experi- 

ment.uae conducted in which the formation of niaoin aud niacin 

nucleotidee from quinolinic acid ma de&n&rated (Fig. 1) by 

microbiolo@cal amay (&euconoetoc memnteroide~ AMC 9135)g. 

Aa &own inFie.1, ensymic Cl402 evolutionparallele the 

fommtionofniaciunuol.eotide~,lrhFle the aooumulation of free 

niaoin occura at a aomenhatlowrra tez/. 

Inorder to eetahliah the role ofniaoin iu the conversionof 

quiuolinio acid to NAD, i.e. chewer or not niacin is a free iutelc 

mediate, experiments were conduotedutilisingniaoinanduiacin 

ribonucleotide 88 coeubetratee of clinic acid (metabolic 

trape) and a partially purified enzyme preparation. 

Ihe datain Table1 6howthati.n thepreeence ofniacinribo- 

nucleotide (reaction 3) a significant iuoreaee in the accumulation 

of radioactive niacin ribonucleotide and concomitant deoreaae in 

2/ Ascending paper chromatographyaudhigh-voltage electro- 
phoreeis were carried out aa previou&ly described (Niahimka aud 
mehi, 1963). 

v Niacinwaa recrystallieed five times fromwateraud ethauol 
to constant epecifio activity, 175, 173, 170, 17l, 17l c.p.r./rg 
and melting point, 233O. 

4/ We are indebted to Dra. F. WnakaandM. Nakamura , Research 
Laboratories, !kkeda Chemioal Induhries, Ltd. for condu&in& ae 
--Y* 
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Pig. 1. Each reaction mixture (2.0 ml) contained: quinoll- 
nlc acid-@4 (1.6 x 104 c.p.m.), 0.4 pmole; PRPP, 4 pmolee; 
za , 10 ymolelr; phtmphate buffer, pE 6.8, ZOO pmoles; eharcoal- 

%ed extract, 0.5 dL. !Be reactions were Incubated for the 
intervals lndloatedat30° and terminated by the additlonof 
perchloric acid. One-half of each deproteiniaed reaction mixture 
uaa then hydrolyzed (in 0.1 g IhOE, lOOo, 30 minutee), the 8eoond- 
half resaineduutreated. (meniaclnpresentin eaoh ample mm 
determhed cal aaemy witb Leumnom 
Alto 9135. 
after alkaline hydrolysis; 
y$ a;rclrolm-. In a control 

2wma ~~vednorwen,nisoinnor~iP~~eotides foraped. 
lhe amount of d-402 evolved INUS calculated from the etpeoific 
aotirity of the quinolinio acid. devalues were notoorrected 
for @elf-abwrption. 

niacin wae obeerved. In contrast, the presence of niacin a8 

com0Mrate did not decrease the level of niacin ribomcleotide- 

S4 or S402. It is also evident that niacin ribonuoleo#de-$4 

waenofformedto aelgnificantextentfromniacin-~4, eitherby 

exchange (readion 4) or in the presence of PEPP (reaction 5). Eo 

radioactive deemldo-HAD or FUD was formed. 'Iheee reemlte clearly 

Indicate that niaein irr not an interplediate in the PBPP-dependent 

conversion of quinollnic aoid to niacin ribonuoleotide. It should 

also be noted, that the conversion of niaoin to the rlbonuoleotide 

by a. & ie both PRPP aud ATP dependent (Imeande, 1961) while 

nlaoin ribOnUcleOtid8 formation from qwholinlc acid ie A!l!P 

independent. 

Since niaoln is not an intermediate In the oonveraion of 

quholiaic acid to IUD In & gg&&, it 1s quite poseihle that fozma- 

tlon of a nucleotide derivative, e.g. quinoliuic acid rlbonucleo- 

tide, occurs prior to deoarborylation. 
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!talXle I. 

lbsymic Produote from @boUnic w 

(me complete reaction mixgore (1.0 nl) aontsinedr either 
quinolinio aaid-& (2.45 x10 c.P.P.), Lyle 
niaein-&4 (2.56 x105 c.p.m.), 1 pole (eerie6 B 
pho6phate bffer, pH 6.8, 200 
fraction (400 6Ojcsataration 7 

oler; MgClp, 10 poles; 
of the char-al amdprotarine 

sulfate (0.3 $)-treated extract, 0.4 nl (10.8 mg proteia), and 
where indicated, 4pmolee ofniaelnand 3pmoles ofticinribo- 
nuuleotlde. 

C14-Zabeled producte recovered (c.p.r.) 

002" rliacln niacin 
ribonuoleo- i!Z?Zbtti 

tide 

Seriee 
1 none 

2 niacin 

3 niacin 
rihonucleofide 

10,050 

9,760 

9,510 

gerlee B 
4 nlacdn - 

riboxnwleotide, 
PgpP omitted 

5 none 

9,770 36,700 169,500 

10,260 39,750 162,!300 

‘585 50,790 158,400 

246,500 m - 

249,200 50 - 

+ RadIoactive aO2wacrtrappedinalUllsndeountedaa thin 
samples. The value8 were not corrected for self-absorption. 
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