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Adenosine desminase (Adenosine sminohydrolase, EC 3.5.4.4) from calf 

intestinal mucosa and from rat heart muscle was found to hydrolyze 6-chlora 

purine ribonucleoside (Cory and Suhadoln.ik, 1965a) and 2-amino-6-chloropurine 

ribonucleoside (Bk et&., 1966) with formation of inosine and guanosine, 

respectively. From these observations, it seemed that the basic mechanism 

of action was not a specific aminohydrolysis but rather appeared to constitute 

the catalysis of a nucleopbilic displacement by bydroxyl at the 6-position of 

the purine system. To further test this hypothesis, additional keubstituted 

derivatives of purine ribonucleoside (PRN) were used. It was demonstrated 

that the enzyme from intestinal mucosa was, indeed, capable of hydrolysing 

other substituents including methylemino-, hydroxylamino- and methoxy- groups. 

Structural considerations of the substrates make it apparent that the broad 

specificity of the ensyme is in analogy to amide and ester splitting ensymes. 

Adenosine desminas e from calf intestinal mucosa was purchased from 

Sigma Chemical Company and dialyzed against distilled iI20 prior to use. 

Possible substrates were tested by incubating 0.1 wle of substance in 

2 ml 0.05 A4 Tris-WR buffer, pR 7.5, at roomtqrature with 0.7 units' 

*Supported by a grant from the Medical Research Council of Cenada. 

be unit is the amount of ensyme which deaminates 1 vie of adenosine 
minute at 3G", as determined with a substrate concentration of 0.67 x 1 0-E 
in 0*05 M potassium phosphate buffer, $I 6.8. 
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of the ensyme. Recording of W-spectra was performed before and after the 

addition of ensyme at suitable time intervals, using a Bausch and Lomb 

Spectronic 505 instruutent. Km and KI values were calculated from double 

reciprocal plots, and rate values were determined optically on a Decluuan 

IXJ-iustruueut. 

FtESULTS AND DISCUSSION 

Substrates of adenosine deaminase are listed in Table I. 

TAEaE 1% Substrates of Adeuosine Deaminase 
, 

Substrate Product 
PH 7.5 Relative rates 

Substrate Product of hydrolysis+ 

Adenosine inosine 259 249 100 

6-&droxylsslino-PRN inosine 266 249 17 

AAmino-&chloro-PFU? guanosine 307, 247 253 12 

2Asin&etho~-PRN guauosine 280, 248 253 9 

Met&my-PRN inosine 250 249 0.40 

N6iet&ylsdenosine inosine 267 249 0.25 

* 
As determined in 0.05 b4 Jsotassium phosphate buffer, pH 6.8, at substrate 
concentrations 0.5 x 10 Y and 300. 

Although the enzyme was not pure, it is reasonable to assumethatouly 

one activity is involved. For example, N6 -met&ylsdeuosine is a cmnpetitive 

inhibitor of adenosine de rmiuation (Gory and Suhadolnik, 1965b), which is 

evidence that the 8-e enzyme and active site are iuvolved in the hydrolysis 

of the former to inosine. Furthermore, purine ribonucleoside is a potent 

competitive inhibitor of the enzyme (Gory and Suhadolnih, 1965b), aud we 

found similar inhibitor constants for different substrates, i.e. adenosine 

(3 = 0.096 x lO"'M), 2-minoadenosine (KI = 0.11 x lO+ M), 6-hydrox~lamino- 

PBN (KI = 0.12 x lo4 M) & 2-ss&oAj+aethoxy-PRN (K, = 0.077 x lo4 M), which 

lends support to the idea that one enzyme is responsible. 

The hydrolysis of hethoxy-PRK was aocompanied by a slight spectral 
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shift of max from 250 to 249 mp with a decrease of only 4$ in intensity. 

Purther characterization of the product appeared necessary, therefore, snd wns 

carried out as follows. The ratios of absorbancies of the product were 280/260 

= 0.25 and 250/260 = 1.67 (inosine = 0.24 and 1.69) as compared to <0.05 end 

1.54 for 6-methory-PRN, and the spectral shifts after addition of small amounts 

of concentrated HCl aral KOW. were identical with those obtained with authentic 

inosine. Finally, the product co-chromatographed with inosine on thin layer 

chromatography (silica gel/acetone). !4hen 2-smino-6-metho~-PgII was tested, the 

alteration of the spectrum was mere drastic, the product showing the characteristic 

spectnmlofguanosine. No spectra.l shifts were observed when 6-mercapto- and 

6-smtbylmercapto-PI&N were incubated with adenosine deeminase. 

Phe lack of specificity of the enzyme in hydrolyzing smino-, chloro- 

and methow-groups can be explained if the catalytic action is generalized as a 

nucleophilic displacement of the substituent at C6 of PEN, The hydrolysis of 

N6-methyladenosine snd of 6-hydrorylamino-PRN are consistent with this view, 

although it must be remembered that they are close derivatives of adenosine and 

would still constitute an aminohydrolysis. The properties of the deamfnase seem 

to be related to the specificity of some esterases and proteolytic enzymes which 

are capable of hydrolyzing esters and amides, This comparison appears valid if 

one considers the lactim form of inosine as the imid0 form of a carboxylic acid, 

so that the 6-&loro, knethory and 6-smino derivatives resemble an acid chloride, 

a methyl ester and an smide, respectively. Further support of this concept is 

the fact that we observed inhibition of the enzyme with diisopropylfluorophospbate 

(64$ and 8% inhibition after 15 min and 45 min preiucubation at room temperature 

-3 with 10 bi DPP) which suggests the possible action of an active serine group as 

is the case with w esterases and proteolytic enzymes. No inhibition occurred 

with iodoacetamide and N-ethylmaleimide, but p-chloromercuribenzoate caused 

inactivation which could be reversed in part with cysteine (Ronca et al., 1965). 

No evidence has been produced, though, as to the function of the particular 

thiol groups. 

Since adenosine and &netholry-PRN are hydrolyzed at considerably different 
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rates, the hydrolysis of sn nacyl-en.symen-like intermediate cannot be rate 

limiting as observed in the case of some proteolytdc enzymes acting on esters 

and emides (Bender and K&&y, 1965). Other 2-substituted sdenosine derivatives 

like zamino- end Zfluoro-sdenosine have been reported as substrates of adenosine 

deeminase (Kornberg end Ricer, 1951; Chilson and Fisher, 1963), and we hsve 

demonstrstedthat~~olgr-andP-chloroadenosine are hy&olyzedwithfonnation 

of xanthosine and Zchloroinosine. The following order of reactivity was found 

with substrate concentrations of -4 10 M, when the 2-substituent was varied: 

H>)NH2>F)OH)) Cl. The effect of these substituents on the -1 rate of 

deemination will possibly reveal more details of the mechanism of hydrolysis. 

It is apparent that the major influence is not what would be expected from a 

nucleophilic displacement on aramatic systems, since electron withdrawing groups 

like chloro end fluoro should activate and increase the reactivity. The opposite 

effect would be expected, in fact, with respect t0 protonation of t? or 2, a 

step which then would facilitate attack at the Cd position. 

In sunmmry, adenosine deeminase might be considered as an amidase with 

regardtoits natural substrate sdenosine, since it exhibits a broad specificity 

for the group to be &ydrol.ysed. !&is hypothesis, involving the special case of 

a cyclic conjugated system, can be further explored using suitably substituted 

derivatives of purine ribonucleoside. 

We wish to thsnk Dr. R. K. Robins, University of Utah; Br. J. A. 

Mont,gasexy,SouthernResearch Institute,Birminghsm,~absms;sndBr.I.C. 

Cald~ll,~~hern~~retory,Edmonton,Alberta forrarious samples of 

nucleoside derivatives. 
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