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In earlier reports from our laboratory (Nisbi5uka and 

Heyaishi,1963 a9 b) ~hydroxyanthranilic acid was shown to be 

converted to niacin ribonucleotide in the presence of !5-phospho- 

ribosyl-l-pyrophosphate (PRPP) and a soluble emyme system 

obtained from rat and cat liver. In addition, direct evidence 

has been provided that the site of ribonucleotide formation is 

quinolinic acid and free niacin is not involved in the PDPP- 

dependent niacin ribonucleotide formation from quinolinic acid. 

In order to elucidate the detailed mechanism of this reaction as 

well as the precise nature of the enzyme concerned, the euayrne has 

been purified approximately 3,000 to 5,000 fold from beef liver 

acetone powder. AvailabLe evidence indicates that the reaction is 

catalyzed by a eingle enwe and no evidence has 80 far been 

obtained indicating that quinolinic acid ribonucleotide is a stable 

and dissociable iutenaediate in this conversion. lbie erwyme will 
be referred hereafter to as quinolinate transphosphoribosylaee. 

* lhis investigation was supported in part by research grants 
from the National Institutes of Health (C-4222), the Rockefeller 
Rmndation, the Jane Coffin Child8 Memorial Fuud for Xedioal 
Research, the Squibb Institute for Medical Research, and the 
Scientific Research Fund of the Xinistry of Education of Japan. 
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!Beee results together with several. propertiee of this enzyme will 

be deecribed here. 

The enzyme activity was aeeayed by the PRPP-dependent evolu- 

tion of s402 from quinolinic acid- $41/ a8 previously described 

(PJi&izuka and Hayaishi, 1963 a). Beef liver acetone powder (50 g) 

was extracted for 20 minutes at 2S” with 350 ml of distilled water 

and insoluble material discarded by centrifugation. All eubeequent 

manipulations were carried out in the cold (O-4O). To the crude 

extract (300 zl), 450 niL of a 0.4 $ protamine sulfate eolution were 

added and the precipitate was discarded by centrifugation. 

Ammonium sulfate, 150 g, was added to the supernataut solution 

(750 ml) with continuous stirring. After 10 zinutee, the mixture 

wa8 centrifuged and precipitate wa8 dissolved in 100 ml of 0.005 g 

Tris acetate buffer, pH 7.5. B the amonium sulfate fraction, 

20 ICI. of calcium phosphate gel (30 mg dry wei&t per zil) were added 

dropwise with stirring. After 10 minutes, the mixture ~88 centri- 

fuged and the gel was waded twice with 100 ml of cold dietilled 

water. Ibe enzyme was then elnted twice with 50 ml of 0.05 g 

potassium phosphate buffer, pH 7.5. To the eluate (100 ml.), 16 g 

of ammonium sulfate were added and the precipitate was diecarded 

by centrifugation. !the supernatant solution was further treated 

with 4gof ammonium mlfate and the resultingprecipitate was 

collected by centrifugation and diesolved in 5 ml of 0.005 ,M !kLs 
acetate buffer, pH 7.5. !&e second azunonium sulfate fraction was 

warmed rapidly to 65O with contiuuous etirrlng. After this 

temperature was maintained for 3 minutes, the solution was cooled 

to O" in au ice bath and the inactive precipitate ua8 removed by 

centrifugation. lhe eiupernataut eolution thus obtained uaa 

dialyzed for12 hours at 4O against severel liter8 of 0.005 ,M Tris 

I-J Quiuo1ini.c acid, uniformly labeled with s4 except for the 
&carboryl carbon, was prepared aa previously deecribed (Nishizuka 
and H~&.ehi, 1963 a). 
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acetate buffer, pH 7.5. The dialyzed enzyme (approximately 3 mg 

protein) was adsorbed on a DE&&cellulose column (diameter, 1 cm; 

length 2 cm). After washing the cellulose column with 30 ml of 

0.02 g potassium phosphate buffer, pH 7.5, the enzyme wae eluted 

with 15 ml of 0.10 i phosphate buffer. 5eae procedure8 repreeent 

an overall purification of about 3,000 to 5,000 fold with the 

yield of 60 - 80 $. 5e enzyme was stable and could be stored at 

-2OOC for at least one month without appreciable 108s of activity. 

The enzyme preparation thus purified wa8 essentially homoge- 

neous upon 2/ ultracentrifugation with the sedimentation constant 

%,V ) of 6.8 x lo-l3 (cm/set) , and else homogeneous upon electro- 

phoresl -8X 

Although the enzyme is supposed to catalyze the condensation 

of quinolinic acid with PRPP to produce quinolinic acid ribonucleo- 

tide a8 a primary product, all attempt8 to deIllon8tIY3te the latter 

compound have been totally unsucce88ful, and niacin ribonucleotide 

wae consistently formed a8 an only detectable product in the reac- 

tion mixture with concomitant formation of a atoichiometric 

quantityofCo2. A typical result is shown in Table I. The 

appearance of niacin ribonucleotide was matched by the disappea+ 

auce of quinolinic acid and by the amount of C1402 evolved. 

!I!he niacin ribonucleotide produced waa isolated from a large 

scale incubation mixture by Dowex l-x 8 (formate form; 200 to 400 

meeh; diameter, 0.5 cm; length 30 cm) column chromatography and 

identified by paper chromatography in three different solvent 

system8 and hi& Voltage paper electrophoreeis in the same manner 

as described earlier (Nishisuka and Heyaiahi, 1963 a). 

21 Ultracentrifugation wa8 carried out for1 hour with the aid 
of spin00 centrifuge, Model 1 at 52,640 x g at 20°. 

J/ Zone electrophoreaie use done on a oyanogum 41 gel for 24 
hour8 at pH 8.5 (Raymond and Weintraub, 1959). 
migrated to the anode (4.5 cm). 

Ihe enzyme protein 

287 



Vol. 13, No. 4, 1963 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Table I. 

!&e Stoichiometq of the Reaction 

lb3 complete reaction mixture (1.2 ml) containing 92 nprmolee 
of quinolinic acid-@-4 (227,000 c.p.m. per vole), 0.4 pm016 of 
PRPP (Mg free), 1.0 pmole of %gQ2, 300 pmoleer of Tris acetate 
buffer, pH 7.5, and 10 pg of the purified enme protein use 
incubated for 60 minutes at 3?O. C$40 produced was trapped in 
NaOH, then Na2CO3 wae plated on steel z iaks as infinitely thin 
sample and the radioactivity waa counted. Ihe reaction product 
and qtinolinic acid remained were determined a8 described previ- 
ously (Nishizuka and Hayaishi, 1963 a). 

System Niacin 
ribonucleotide 

$40, 
Y2Y" 

Complete 

MinusPRPP 

Minus M&L2 

Complete with 
boiled enzyme* 

+44.0 +47.1 -45.5 

0 0 0 

0 0 0 

0 0 0 

Rumbers are expreseed in Iqsmoles. 
* Heated in a boiling water bat& for10 rairrutes. 

'Ihew results strongly suggest that a i&&Le protein is 

responsible forboth the condensationof quinolinic: acidwithP3PP 

And the enrbsequent decarboxylation to yield niacin ribonucleotide. 

tme decarbox@alzAon reaction , howewm, txmld be due to nonenmo 

react&on since the formation of the ribonucleot%de makes the 

pyridine rIngnitrogen quate~nitrogen. YBIiepo8itlrely 

chrgednitrogenwotidraise the electronegativity at ihepoaitioa- 

2 (Koaower and Skoroe, 1960) and elimWate CO2 from the noleoale. 

PRPP ) o-g> 

P 0 
Riboae-5'-P 
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It is noteworthy that the reaction does not require extra 

AP, whereas the formation of niacin ribonucleotide from niacin 

and PRPP requires AP as au essential cofactor (Preiae aud 

Handler, 1958). !Jhe purified enzyme described here does not 

catalyze the reaction of niacin with PEPP even in the presence of 

Al!P* !J.he I& value for quinolinic acid was calculated to be 7 x 

1O-6 && A maximum activity of the enzyme was obtained at pH 7.0 

and in the presence of 5 x10M4 g MgCl2. The enzyme, however, was 

markedly inhibited by MgCl2 at a higher concentration (90 - 95 $ 

inhibition at 2 x10B2 g MgC12). Other divalent metals were more 

or less inhibitory. Hg*, Co+', Cu*, Ba*, Mn* and Ca++ 

inhibited the enzyme by almost 100 $ at1 z 10m3 4; Zu* end Fe* 

by 40 to 70 $ at 5 x low2 E. 

Ihe enzsyme was found only in the liver and kidney of rat and 

mouse and could not be detected in other tissues and organs 80 far 

tested, including brain, lung, heart, spleen, testicle, intestine, 

skeletsl muscle and blood. On the other hand, niacin ribonucleo- 

tide pyrophosphorylase (Preiss and Handler, 1958) was &own to be 

distributed in all these tissues and or&am. The enzyme described 

in this report, quinolinate trausphosphoribosvlase, appears to 

enjoy a wide distribution in several microorganisms, molds and 

plants, including Pseudomonas fluorescence, Escherichia coli 

(Andreoli, et al., 1963), N~UXWDOZ-~ crasaaI yeast and cucumber. 

'lheee results suggest that quinolinic acid is a common intermediate 

of NAD biosynthesis both from tryptophan and from succinate and 

glycerol (Ortega and Brown, 1960), and that free niacin is a 

degradation product of NAD rather than an obligate intermediate of 

NAD biosynthesis from the precursors mentioned above. 
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