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Diphosphopgridine nucleotide (DPN) reacts in the presence of a soluble, 

purified beef spleen DPN-ase (Alivisatoa and Woolley, 1956) with $amino-4- 

carboxamido-imidazole (Alivisatos and Woolley, 1955) or histamine (Alivisatos, 

1958) to Field displacement products in which the nicotinamide moiety of DPN 

is irreversibly replaced by the imidazole (imidazolysis; Alivisatos, 1959). 

The N-ribosyl bond of the product of the former reaction, the diphospho-(S- 

&no-4-carboxamido-imidazole) nucleotide, is identical to the I-ribosyl bond 

present in the well known precursor of purines, (!kmino-4-carboxamido-imida- 

zole)-ribonucleotide (Alivisatos et al, 1958). 1-Histidine is almost unreac- 

tive in this system, but with the aid of 2(ring)C14-labelled histidine, the 

corresponding dinucleotide was isolated in very small quantities and its pro- 

perties were studied (LaMantia and Alivisatos, 1959). 

In a survey of the reactivity of other imidazoles in this system, a num- 

ber of new dinucleotides were prepared (see table I). An interesting finding 

was that imidazoles bearing a carboxyl in the side chain attached to the & 

(or, 5) position of the nucleus (e.g., bistidine, imidazoleacetic acid) are 

extxe,mely unreactive. This observation might further contribute to the 
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TABLE I 

ANALYTICAL DATA AND pK' VALUgS FOR TRE PROTONATION OF THE: IKIDAZOLE 
NUCLEXJS OF CERTAINDIRUCIROTIDES 

Compound 

1. Diphospho-imidazole Nucleotide 

2. Diphospho-histamine Nucleotide 

3. Diphospho-acetylhistamine 
Nucleotide 

4. [Diphospho-benzimidazole Nucleotide 

5 . Diphoapho-hiatidine Rucleotlde 

6. (Diphospho-(ituidazoleacetic acid) 
Nucleotide] 

7 Diphoapho-(S-amino-&arboxmido- . 
imidazole) Nucleotide 

8 . Inoainic-adenylic pyrophosphate 

9 . Diphospho-pyridine Nucleotide 

10,~l-Adenylic Acid 
c 

pmoles Ribose 
per2patoms 

Eaterlfied Phosphorud 

Orcinel 
Method 

1.011 2.10 6.4 

1.14 1.80 5.1 

1.111 2.25 6.5 

1.05 2.07 (5.7) 

1.34 2.19 5.1 

-w-s s-..- 

1.92 1.85 

2.05 2.03 

2.08 2.04 

1.90 1.m 

w-w 

(3.8) 

m.-- 

-SW 

-- 

Periodate 
:onsmptior 

?K ’ it-a ValU86 

The isolation of compounds in brackets was not yet accomplished. However, 
analytical data in the bibliography for benzimidazole ribonucleoside (WeI&+ 
bath et al, 1959) agree with analytical data obtained from DPN-ase reaction- 
mixtures (Alivisatos,LaMantia and Matijovitch, unpublished observations), 
snd the resistance to acid hy&olysis of the imidazole-ribose bond in the 
imidazoleacetic acid ribonucleoside was already established (Tabor am3 
Hayaishi, 1955). 

* Determined as the difference between total (King,1932) and inerganic (Lowry 
and Lopez,19h6) phosphorus, For ribose determinations, s8e text. 

*Determined electrophoretically (Alivisatos et al, in press). pK'-values in 
parentheses are not to be regarded as definite. 
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knowledge (Alivisatos, 1959) Of th8 nature Of th8 active Site(S) Of the mamna- 

lian DPN-ase. 

It was also observ8d that the N-ribosyl bond of these dinucleotides is 

very resistant to acid hydrolysis, with the notable exception of the respec- 

tive bonds in diphospho-(S-pm~o-li-carboxamido-imidasole) nucleotide and in 

certain dinucleotides bearing pyrimidine-imidazoles (purines). Thus, ribose 

determinations were carried out by two alternative proceduxes~ Cne (Mejbaum, 

1939) involves preliminary hydrolysis of the N-ribosyl bond in 6N IM for 

20 minutes at 100%. The other (periodate consumption3 Dixnn and Iipkin, 

1954) is independent of such a hydroly-lAc step. Rmmlts gathered in table I 

show that the N-riboaylbond of pyridin8 and purine derivatives (Lo., in DPN 

and inosinio adenylic pyrophosphats) and the N-ribosyl bond of !%I&w-)J- 

carboxamido-imidazole ar8 allhydrolyzabl8underthe conditions oftheHejbaum 

test. In contrast to this the N-tibosyl bond of all othsr imidazole deriva- 

tipss is practically non-hydrolyzable un&r the above conditiona. 

Although the b8haviour of th8 N-ribosyl bond in a feu of these c~ounda 

und8r the above mentioned conditions of acid hydrolysis was already knoun, 

lack of similar knowledge for various substituted imidazoles prevented a 6yz3- 

tematic study of the reasons for such differences (Kenner, 1957). It Is obviou 

from the present studies that the inherent stability of the I?-ribosyl bond of 

imidazole derivatives (No. l-6, tablo I) is diminished upon addition of an 

amino-group on position 5 of the nucleus (e.g.,No. 7, table I). The N-ribosyl 

bondof puriw darivativee (No. 8 and9, table I)bohaws similarlyt~t~ 

bond in the $amin0-ka&~amidO-imida~ole dinnolootida (No. 7, tab10 I). 

This relative instabilitytO addhydrolysis ism~stpr~bablydue to 

protonationofeitherthe aadn0-group in th8+positiOnoftha imidosolo ora 

nitrogenin thepyrimidinemoiatyof the purine (po8eiblythepurina nitrogen 

numb&r 3) In th8 respective ribonucleosidee. Thin protonation would oocur in 

addition to tha protonation of the rmidine nitrogen of the imidaaole macleuu 
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in ribonucleoaides of izddazolos and of purines*. The combined inductive 

effects would lead to increased positive charge at the amidine nitrogen that 

participates in the I-ribosgl bond. The ensuing situation would be similar 

to that of the otidized form of DF'N. The permanent polarization of the 

N-ribosyl bond In the latter compouzxl affords an explanation of its relative 

lability to acid hydrolysis (aee, also, Alivisatos,19~9). Experiments with 

a number of other imidazoles, especially k(S)-methyl-imidazole, 4(5)-methyl- 

S(4)-nitroimidazole and k(5)-metbyl-~(&anino-imidazole are now in progress. 

It is hoped that knowledge gained in this field might further our under- 

standing of the mechanism of enzymic hydrolysis of DPN an3 transfer reactions 

catalyzed bytheDPN-ase, 
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