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NUCLEOSIDES & NUCLEOTIDES, 7(5&6), 571-576 (1988) 

EFFECTS ON THE ACTIVITY OF THE ENZYME PHOSPHORIBOSYL- 

PURINE NUCLEOTIDES pE NOVQ BY BI-VALENT METAL COMPLEXES OF 
THE NATURAL SUBSTR+TE 5-AMINO-I -g-D-RIBOFLJRAN~YLIMIDAZOLE- 
4-CARBOXYLIC ACID 5 -PHOSPHATE 

b C b C J.R. Chipperfielda, R.W. HLsnbleb, G. Iveson , K.Kadir , G. Mackenzie and G. Shaw . 
University of Bradford, Bradford, BD7 1DP (UK)'. 

AMINOIMIDAZOLE CARBOXYLASE, INVOLVED IN THE BIOSYNTHESIS OF 

University of Hull, Hull, HU6 7RX (UK)a; HLsnberside College of Higher 
Education, Hull, HU6 7RT (vK)b; 

Abstract: A series of bi-valent metal cmplexes of ~in~l-B-~ribofuranosylimida- 
zole-4-carboxylic acid and its 5'-phosphate derivative (CAIR), a central intemdiate 
in de novo biosynthesis of purine nucleotides have been synthesised. The nucleotide 
carplexes were found to affect the activity of the e n z p  phosphoribosylaminoimidazole 
carboxylase (EC.4.1.1.21). 

In earlier publications in this series', and elsewhere2, we have reported that 
transition mtal ions inhibit the enzyw (AIR-carboxylase; FC.4.1.1.21) catalysed 
karboxylation of ~in~l-B-D-ribofuranosylimidazoleltcarboxy1iC acid 5'-phos- 
phate (la) (CAIR) to 5-amino-l~-bribofuranosy~imidaz6~e 5'-phosphate (lb) (AIR) 
presunably by conplex Eonration. 
cmplexes of CAIR with a view to better understanding their properties and inhibition 
of the e n z p  ALR-carboxylase. In preliminary studies we isolated3 the mdel CAIR 
copper(I1) cmplex of (k) in crystalline form and analysis of this cmpound suggests 
the stoichimtry CuL2,2H$. The structure (2)  was assigned to this substance, which 
is in agreement with the earlier a~sig-nts~'~ of pK, values to the carboxylate anion 
(pS3.2) and the doubly bonded nitrogen atom N-3(pKa2.2). 

In contrast the nucleoside 5-amino-l-8-D-ribof uranosyl imidazole-karbox 1 ic acid 
(Id) prepared as a sodiun salt by hydrolysis of the corresponding ethyl ester' (le) 
with aqueous ethanolic sodiun hydroxide (0.5 ml ~ k n - ~ )  for 2h, with copper(L1) nitrate 
gave a green solution, t.1.c. examination of which showed the presence of three green 
coloured U.V. absorbing carpounds, each of which, in addition gave positive tests for 
ribose and €OK diazotisable aranatic amine7. Two of the salts were isolated by pre- 
cipitation OK by chrawtography on silica gel and elution with water : ethanol (1:l). 
Analysis of the corrpounds indicated that they had structures of stoichimtry 
cuL2,nCu(OH)2 The third carpound (probably from the t.1.c. 
behaviour ; = 0) was not isolated. In a similar mnner carplexes ML2nM(OH)2 2 = 2 
were obtained f r m  the sodiun salt with cobalt(1L) and nickel(I1) nitrates with t.1.c. 
evidence in each case for corrpounds corresponding to 2 = 0 and 1. 

In these 
experiments we have used a solution of CALR at pH 7.45 to which was added solutions 
of copper(II), cobalt(I1) and nickel(L1) salts (nitrates OK chlorides) respectively. 
The choice of this pH was mde on the basis that the non-enzymic decarboxylation is 
not significantly catalysed by hydrogen ions above pH 7.4. 

We have been interested in the synthesis of metal 

= 1 and 2 respectively. 

Similar results have been obtained using the nucleotide CAIR (la). 

With excess CAIR over 
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572 CHIPPERFIELD ET AL. 

cation concentration the colour changes in the resulting solutions wcrc identical with 
those produced fran the nucleoside and loss of the visible absorption mximm charac- 
teristic of each of the free cations was cqlete suggesting that the conplexes are 
essentially undissociated in aqueous solution. 

corresponding to The structures are based on p s  
measuremnts. 

5 nitrogen 2.2 in contrast to the singly bonded nitrogen ps 11.72 . 

Possible structures for the nucleoside complexes would be ('%a), (3h) and (3c) 
- 0, 1 and 2 respectively. 

Thus, the carboxylate anion has a pl<, 3.2 and the doubly bonded 

(1) a; R'= t-B-0-riboluranoryl S-PIIOIPIWIC, R 2 =  CO2H 
b; R ' =  1-l-D-ribofursnoryl S'-pholphale. R 2 =  H 

C; R 1 ~ c y c l o h e X Y I ,  R2-  CO2H 

d :  R1= i-l?-O-r#bofuranoSyl, R2= COzn 

e .  R1= I-B-D-r#bofuranoryl. R2= C02El 

0 

(J)a;XbY.!blont , M-Cu,Co,Ni 
b;X=M(OH),,Y,mbrsnt 
c; x = Y = M(OH): 

The carboxylate group and imidazole nitrogen atan, especially N3, of the nucleo- 
tide CATR (la) can act as electron pair donors. At the ptl where enzyme activity was 
measured (pH 7.45) neither of these groups will be protonated as their pK, values are 
both less than 3.55, 
chelating ligand. 
CAIR it m y  be reasonably conpared with pyridire-2-carboxylic acid, for which complex 
formtion constants have been measured with mny mtal ions8l9. 
that complexes with up to three pyridincl-2-carboxylatc: ligands m y  be formed. Accor- 
dingly we can write equations (1) - (3) €or ccnplex fomtion by CAIR with a divalent 
wtal ion: 

Thus under the conditions of the assay, CAIR can act as a 
Although no ccnplex fomtion constants have been measured tor 

Measurements show 

(1)  

(2) 

K1 
M t CAIR M(CA1R) 

M(CATR) + CATR K'2_ M(CAZR) 
M(CAIK)2 + CALR K'- M(CA1RI3 ( 3 )  

Fomtion constants are quoted for fomtion according to equations (4) and (5). 

M + 2 CAIR M(CAIR)~ 

M + 3 C A ~ R  M(CALR):, 

( 4 )  

The values of K1, K2and K3 used €OK the calculations were based on values for 
pyridine-2-carboxylic acid. As enzyw assays wre carried out in a 0.1 ml h-3 
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PHOSPHORIBOSYLAMINOIMIDAZOLE CARBOXYLASE 573 

phosphate buffer, c-lex fomtion by HPJ?- and H2FO4- with wtal ions must be taken 
into account, equations ( 6 )  and (7). 

M2' + W : - - L  M.m4 (6) 

(7) 
K '  

M2+ + H2FOc , '-M.H Po + 2 4  
Inspection of values of I@ and K'p in tabulated data' " shows that the fomtion by 
H H) - can be neglected in carparison to that of HH):-. 

ccnplex with fomtion constant 100 times greater than that of the corrplex with H2FOG. 
At pH 7.45 hydrolysis of metal ions must be considered, equations (8) and (9). 

With Cu2+, Hp0b2- € o m  a 2 4  

(8)  M2+ + OH a KOH [M OH]+ 

M t 20H-%M(OH)2 (9) 

A t  the concentrations of Eta1 ions errployed, and in the presence of phosphate and 
CAIR, only Fe3+ will preci.pitate as insoluble Fe(OH)3. 

Equilibriun concentrations m y  be calculated as follows. 
fet C, and CL be the total concentration of M2+ and CAIR added to the system 

Equations (10) and (11) describe the mss balance. 
respectively and let LM) and b] be the concentration of 'free' uncarplexed mctal and 
CAIR at equilibrium. 

c = [M(W4)] + [M(OH)] + [M(OH12] + p(CAIR)] + [M(CAIR)2] 
M 

+[M(CAIRl3] + [ M I  (10) 

CL = [M(CAIR)] + 2 [M(CAIRl2] + 3[ M(CAIR13 ] + [ L]  (11) 
Substitution of the appropriate equilibrium constants gives equations (12) and (13). 

2 $ =  % M I  [m: 1 + 5 # l [ O H - l  ' K'" [OK-] + % [ M I  [ L I  

+ 5" b12 + q M 1  PJ3 + [ M I  (12) 

(13) CL = 5 [ M I  [ L I  + 2 5 [ M I  [ L I 2  c 35[MI [ L ?  + [ L I  

These m y  be rearranged to give equations (14) and (15). 

This gives a 4th order equation in [ L ] ,  equation (16). 
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574 CHIPPERFIELD ET AL. 

t.bl. C.Iou1atad cmeentr.tlm. oC .pel.. l o r u d  when CIII 1. m i n d  with wpp.rIz1) IO~. 

I5 x 10-5 D I  6m-31 a t  pH 7.45. 

I041CAflltot.l IO'"2AII~cr .~  101011311tlf~.. I0'CEulCIII)I 1 0 5 ~ C h l U I ~ l ~ J  lOe[ChlHro~l] 

1-1 4.4 IWL am-)  1-1 a d  1-1 4.4 1-1 d.-a /.01 dm-3 

1.00 0.31 75.00 18.00 4.10 71.00 

1.10 1.07 7.20 5.60 4.90 6.80 

1.10 2.01 1.00 3.00 5.00 1.90 

1.30 J.01 O.*l 1.00 5.00 0 . 8 6  

1.40 4.02 0.51 1.10 I.00 0.49 

1.50 s.01 0 . 3 3  1.20 5.00 0.11 

1.60 b.01 0.13 1.00 5.00  0.11 

1.80 0.01 0.11 0.77 5.00 0.11 

1.90 9.01 0.10 0.bO 5 . 0 0  0.10 

2.00  10.00 0.Ob 0.61 5.00  0.011 

7.01 0.17 0.00 5 .00  0.16 1.70 

For any known mixture of initial concentrations of CAM and M of CL and $ respec- 
tively all concentrations apart from [L] are known, and equation (16) can be solved by 
Newton's method to give 11.1. 
equation (15) and consequently this leads to values for concentrations of all other 
cqlcxes present. 

were obtained, (e.g. for copper(I1) in Table 
Fe(OH)3 precipitates at pH 7.45. 
no CAIR is ccnplexed. 
with HFO42-, the [mining fifth is uncqlexed. 
iron(II1) at ptl 7.45 by traces of oxygen so no work was carried out with this mtal. 

The calculations show that the concentration of cqlexes varied with CAIR COR- 
centration (LCAIR]). 
phosphates, M(HF04) were the predaninant species. However, in the fomtion of the 
copper(I1) and cobalt(I1) carplexes, a constant concentration of CU(CAIR)~ and 
Co(CA1R)z was achieved on addition of excess CAIR. 
exarrple (TARE 1, the calculations showed that on adding cxcess CALK ([CAIRIf,,,), 
over that required for CU(CAIR)~ carplex fomtion, a direct proportional relationship 
resulted with increase in non-ccnplexed CAIR ( [CAIRIfree). These results enabled 
enzyme kinetic studies [for copper(II), cobalt(I1) and nickel(II)] to be established 
in which the concentration of mtal ccnplex ([inhibitor]) was kept constant whilst the 
substrate concentration ([CAIR]free) was varied, against initial velocity (Vo). 
results for the enzym: kinetics involving Cu(CA1R)z are given in Fig.1. 
tration on non-ccnplexed copper(LI), cobalt(I1) OK nickel(I1) (given as C U ~ ~ ~ ~ ~ *  
Table ) were considerably ( s a w  10,ooO times) less than the respective M(cAIR)~ 
ccnplcxcs and were therefore considcred to  be insignificant with respect to enzyme 
inhibition. 

the metal copper(II), cobalt(I1) and nickel(I1) conplexes ( W I R )  on AIR-carboxylase 
activity are shown in Figs. 1 ,  2 and 3: 
sistency in the results. It was also found that the increased substrate 
concentration produced an enhancemnt in activity in the experiments involving 
copper(1I) and nickel(l1) cmplexes respectively but not with the cobaltuI) ccnplex. 

changes in cnzyrre activity, at least in the backwards reaction (CAIK --+ AIR) of 
enzyme EC.4.1.1.21., and that our observations are not merely heavy mtal inhibition, 

The concentration of M can then be calculated fran 

Data for copper(II), nickel(II), zinc(II), mnganese(I1) and cobalt(I1) carplexes 
1. Iron(II1) c a m t  be used since 

When calciwn(I1) and mgnesiun(T1) ions are added 
Four fifths of the added calcium(1T) or mgnesiun(I1) carplex 

Iron(I1) is readily oxidised t o  

Also, with mgnesium(Il), mnganese(I1) and zinc(I1) the metal 

Thus, taking copper as our 

The 

Plots of initial velocity versus substrate concentration for effects of each of 

repetition of the experimnts revealed con- 

It appears f r m  our results, therefore, that the mtal ccnplexes are mdulating 
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PHOSPHORIBOSYLAMINOIMIDAZOLE CARBOXYLASE 575 

1.00 I 
a75 1 

Fiy 3 Ellect of Ni(CAIR) complexes on AIR carboiylas. activity 

OK sinply changes in equilibrim of the enzym catalyzed reaction brought about by 
cqlex fomtion with the substrate ligand (CAIR). 

We have previously10 reported evidence to suggest that AIR-carboxylase is a 
branch point allosteric enzyme which involves both the de novo pathway to purine 
nucleotides and thiamine biosynthesis. OX results could indicate therefore that 
metal CAIR cqlexes m y  modify the enzyw's allosteric properties. 
tions could have irrplications in explaining some of the less wel l  understood biological 
effects of transition metalsll. 

Such modifica- 
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