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Nicotinamide-(S-methylmercury-thioinosine) dinucleotide was formed by reaction of nicotin­
amide-(6-thiopurine) dinucleotide with methylmercury chloride. The compound exhibits coenzyme 
properties in the test with LDH (£ m=1.5x 10-4 M, Kmax —12500) and LADH (Km=1.7x  1i0_4m, 
^max =  27) and inactivates YADH and GAPDH. From incubations with LDH and LADH the 
mercury containing coenzyme could be regained by column chromatography. The compound seems 
to be qualified for the X-ray structure analysis of the coenzyme-enzyme complex for some dehyro- 
genases based on the proportion of the heavy metal.

Introduction

Cysteine residues frequently take part in enzymatic 

catalysis. These residues easily react with mercury 

compounds, causing total loss of the catalytic pro­

perties of the enzyme1.

The participation of SH-groups at the formation 

of the active center of NAD®-dependent dehydro­

genases was found. The natural coenzyme NAD® is 

replaceable by the analogue nicotinamide-(6 -thio- 

purine) dinucleotide, without considerable influence 

in regard to the catalytic properties of the enzyme 2.

Materials and Methods

Enzymes and coenzyme: NAD®, LADH, YADH, 
LDH and GAPDH were obtained from Boehringer 
& Soehne, Mannheim.

For the synthesis of nicotinamide-(S-methyl- 
mercury-thioinosine) dinucleotide 1 0  mg nicotin­
amide-(6 -thiopurine) dinucleotide2 were dissolved 
in 5 ml 0.2 M  potassium phosphate buffer pH 6.5 
and 5 mg methylmercury chloride, in 2 ml 90 per 
cent ethanol, were added. After 10 min the reaction 
mixture was washed twice with 10 ml ether. The 
aqueous phase was concentrated to 1 ml at 30 °C 
in vacuo, applied to a Sephadex G 10 column (130 
X l5cm ), and eluted with water. The compound 
appeared after 140 ml of effluent in a volume of 
70 ml, surplus methylmercury chloride appeared 
after 290 ml.

Requests for reprints should be sent to Prof. Dr. Dr. C. 
'Woenckhaus, Klinikum der Johann-Wolfgang Goethe- 
Universität, Gustav-Embden-Zentrum der Biologischen 
Chemie, Abteilung für Enzymologie, D-6000 Frank­
furt 70, Theodor-Stern-Kai 7.

The solvent was evaporated by lyophilisation. The 
yield was 1 2  mg.

^ m a x  = 297nm; £=19 700 (pH 6.5); reduced form: 
A m a x  = 297nm; £=19 400 (pH 9.5);
^max = 340 nm; £= 5 900 (pH 9.5) .

The phosphate 3 to the ribose4 ratio was found to 
be 2  : 1 .8 .

The enzymatic reaction was investigated in 3 ml 
0.2 M glycine/NaOH buffer pH 9.5 containing 
0.15 m M  lithium lactate at 25 °C. The coenzyme 
concentration was varied between 0.05 m M  and 
1.5 m M . The reaction was started with 5 //g LDH. 
In the test with YADH and LADH 1 m M  ethanol 
instead of lithium lactate was added.

The reaction was started by addition of 10 jug 
LADH or 3 jug YADH. As substrate for GAPDH
0.2 m M  glyceraldehyde-3-phosphate in 0.05 M tri- 
ethanolamine phosphate buffer5 were used. The 
reaction was started by addition of 5 jug GAPDH. 
The rate of the enzymatic reaction was determined 
as AE/min at 366 nm using a photometer recording. 
In the presence of nicotinamide-(S-methylmercury- 
thioinosine) dinucleotide the amounts of the en­
zymes were increased. For the analysis of the ex­
change reactions of the methylmercury residue 
40 mg enzyme were dissolved in 4 ml 0.2 M 

potassium phosphate buffer pH 6.5 containing
0.5 mg nicotinamide-(S-methylmercury-thioinosine) 
dinucleotide at 25 °C. The enzymatic activity was 
determined every 15 min. Control incubations con-

Abbreviations: LDH, lactate dehydrogenase (EC 1.1.1.27) ; 
YADH, alcohol dehydrogenase from yeast (EC 1.1.1.1.) ; 
LADH, alcohol dehydrogenase of liver (EC 1.1.1.1.) ; 
GAPDH, glyceraldehyde-3-phosphate dehydrogenase (EC 
1.2.1.12) ; NAD®, nicotinamide-adenine dinucleotide.
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tained NAD® instead of the coenzyme analogue. 
After 20 hours of incubation the test samples were 
applied to a Sephadex G 25 fine column (40 x 2  cm) 
and eluted with 0.2 M potassium phosphate buffer 
pH 6.5. The coenzyme appeared after 70 ml of ef­
fluent in a volume of 2 0  ml. For the measurement of 
the inactivator reaction 4 mg enzyme were dissolved in 
1 ml 0.2 M potassium phosphate buffer pH 6.5. The 
coenzyme concentration was increased from 1 x 

10~ 4 M to 5 x  10-4 M. The decrease of the enzymatic 
activity was determined at 37 °C in an interval of 
3 min. In case of the inactivation of YADH ethanol 
until to a concentration of 3 mM was added to the
0.2 M potassium phosphate buffer pH 6.5 to deter­
mine the influence of the substrate. UV-spectra of 
the coenzyme fraction were measured with a Cary 14 
spectrophotometer. The ratio of nicotinamide-(S- 
methylmercury-thioinosine) dinucleotide to nicotin­
amide-(6 -thiopurine) dinucleotide was estimated 
from the extinction at 320 nm and 290 nm at 
pH 6.5.

Results and Discussion

The thiol group in the coenzyme analogue nicotin- 

amide-(6 -thiopurine) dinucleotide reacts with me- 

thylmercury chloride to nicotinamide-(S-methyl- 

mercury-thioinosine) dinucleotide. Substitution at 

the position 6  of the purine moiety does not affect 

the formation of the coenzyme-enzyme complex. The 

coenzyme analogue should have biological activity. 

The mercury residue localized in the nonfunctional 

part of the coenzyme analogue can easily be trans­

ferred to other sulfhydryl residues. Specific inacti­

vation could be expected, if an essential sulfhydryl 

group of the enzyme is in the neighbourhood of the 

coenzyme binding site. Nicotinamide-(S-methylmer- 

cury-thioinosine) dinucleotide shows in electro- 

phoretical analysis one uniform band and appears

in a single UV-ahsorbing fraction after gel chro­

matography on Sephadex G 10.

CH-13-Hg-S

^N^-N CH2V
■NH,

OH

HO OH

The properties of the coenzyme analogue mea­

sured in the presence of LDH, YADH, LADH and 

GAPDH and the corresponding substrates are shown 

in Table I.

The results are compared with those of nicotin- 

amide-(6 -thiopurine) dinucleotide. In the test with 

LDH there is no difference between the coenzyme 

function of nicotinamide-(6 -thiopurine) dinucleotide 

and nicotinamide-(S-methylmercury-thioinosine) di­

nucleotide. In case of LADH the turnover number 

is reduced by the factor 10. The mercury contain­

ing coenzyme shows no activity in the presence of 

YADH and GAPDH. In all cases the coenzyme ana­

logue is used in excess with regard to the enzyme.

The investigation of the inactivation reaction was 

carried out by trealtment of 1 //mol enzyme subunit 

with 0.5 //mol of the coenzyme analogue. The in­

cubation is followed by separation and characteriza­

tion of the coenzyme. The activities of YADH and 

GAPDH decrease to 50%. In the case of LDH no 

loss and with LADH 20% loss of catalytic activity 

takes place. Under the same conditiones LADH and 

LDH are inactivated by methylmercury chloride 

without delay. In the presence of various inactivator 

concentrations a quick inactivation reaction of 

YADH and GAPDH is observed at first. The amount 

of this inactivation depends on the concentration of 

the added inactivator. It is followed by a slow reac­

tion whereby protein precipitates. An exact state-

Table I. Properties of nicotinamide-(S-methylmercury-thioinosine) dinucleotide compared to nicotinamide-(6-thiopurine)di­
nucleotide.

Enzyme YADH LADH LDH GAPDH

KynXlO4 M V max XttcXIO4 M V max K ttjX IO 4 M V max .Km X lO4 M V max

Nicotinamide- (S-methyl- 
mercury-thioinosine) 
dinucleotide 
Nicotinamide- (6-thio-

inactivated 1.7 27 1.5 12500 inactivated

purine) dinucleotide 5.8 11000 1.7 220 4.5 13000 1.5 12500

Fmax =  //mol substrate///mol enzyme -x min.
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ment concerning an intra- or intermolecular mecha­

nism is not possible. In the presence of the cor­

responding substrate the rate of inactivation is un­

changed.

It is shown that the methylmercury residue of the 

coenzyme analogue is completely split off in the 

presence of GAPDH and YADH whereby nicotin­

amide-(6 -thiopurine) dinucleotide originates. The 

sulfhydryl residues of YADH and GAPDH are 

easily accessible to the methylmercury group of the 

coenzyme analogue. After incubation of the 

mercury containing coenzyme analogue with 

LDH, 70% of the analogue remains unchanged. In­

cubation with LADH leads to a mixture containing 

equal amounts of nicotinamide-(6 -thiopurine) di­

nucleotide and nicotinamide- (S-mdthylmercury-thio- 

inosine) dinudeotide. The loss of the methylmercu­

ry residue in case of the latter enzymes can be ex­

plained by a slow reaction between nonessential 

sulfhydryl groups and the mercury group.
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