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Abstract - The polarographic behavior of cocarboxylase in the dme in a Britton-Robinson buffered media, 
with a constant ionic strength (p =OS M), along a pH range 2-12, is studied. Two diffusion cathodic waves, a 
catalytic wave and an anodic one are found. The ply and pK’ (polarographic pK) of this substance are 
calculated both polarographically and spextrophotometrically. The electron number involved in the 
reduction of cocarboxylase is calculated by coulometry with a pool mercury electrode. On the basis of the 
results obtained and its discussion a reduction mechanism in dme as a function of the pH is proposed. 

INTRODUCTlON 

Polarography has been extensively applied to the 
study of compounds with biochemical interest, so 
several vitamins have been polarographically stu- 
died[l-31. The polarographic literature about vitamin 
B, (thiamine)[4-6] is very extensive, but not one ofthe 
published papers contained a study covering all the pH 
range or reduction mechanism in the dme. On the other 
hand, regarding cocarboxylase (thiamine pyrophos- 
phate) - of great biochemical interest, as it is the 
carboxy& coenzyme - it has been studied only in 
ammoniacal cobalt buffer[7]. 

Owing to the above mentioned reasons, we find it 
very interesting to carry out a polarographic study of 
the cocarboxylase in a pH range from 2 to 12, in order 
to make clear their possible reduction mechanism, 
which will be the Fain object of the present paper. 

EXPERIMENTAL TECHNIQUE 

Polarograms were obtained by means of a Radio- 
meter PO4 polarograph using a thermostated cell 
at 25°C and a saturated calomel electrode (SW) as 
reference electrode. The dropping mercury electrode 
(dme) used, at a height of 35 cm Hg, had the following 
characteristics: m = 2.64 mg . se1 and t = 2.89 s at 
- 1.50 V (us see) in a Britton-Robinson solution (pH 
= 6.0, ionic strength 0.5 M). 

The pH values were measured with a Radiometer 
pH-meter, Model 26. 

The uu spectra were obtained in a Beckmann 
spectrophotometer, DBGT model. 

The cocarboxylase employed was from Fluka pu- 
rum grade and all other chemicals were of Merck 
reagent grade and their solutions were prepared in 
doubly-distilled water. The mercury used was first 
purified chemically and subsequently twice distilled. 

In order to maintain a constant ionic strength (p 
= 0.5 M) during all the polarographic and spect- 
rophotometric studies, KC1 was added to the solutions 
employed. The KC1 quantities were calculated taking 
into account the buffer ionic strength[8]. 

The electron number involved in the cocarboxylase 

reduction, was determined by coulometry with a pool 
mercury electrode. The coulomb number was calcu- 
lated integrating the current-time curve, obtained by a 
continuous register of the limiting current. 

The assays made with Nessler reactive, to determine 
NH, in the products of electrolysis, were done in the 
following way: the solution was heated slightly in a 
basic medium and the gases evolved were collected in a 
tube containing the Nessler reactive in 2 M NaOH. 

RESULTS AND DISCUSSION 

Cocarboxylase has polarographic activity both at 
acid and basic pH in Britton-Robinson buffered 
solutions. At the pH range studied (from 2 to 12), the 
cocarboxylase polarograms show three reduction wa- 
ves (A, B and C) and an anodic one (Fig. 1). 

The effect of Hg pressure, cocarboxylase concen- 
tration and temperature over the limiting current of 
waves A and B (i, and i,) shows that these waves are 
diffusion controlled at every pH value. 

The abnormally high intensity of the wave C (&) in 
comparison with the intensity of a normal reduction 
wave at the same concentration, the fact that the k 
variation with cocarboxylase concentration reaches a 
limit value, and the increasing in i, when the pH 
decreases in such a way that is overlapped with the 
support electrolyte current at very acid pH, show that 
the wave C is a hydrogen catalytic one. So, when the 
potential is controlled at the value of this wave, H, 
bubbles are observed. The possible mechanism of this 
catalytic wave would imply that the PyH+ pirimi- 
dinium ion of the cocarboxybdse molecule is the 
effective catalyst. 

The wave A intensity remains constant between the 
pH values: 4.0-6.5, increasing at pH -Z 4.0 and de- 
creasing at pH t 6.5 (Fig. 2). The decreasing intensity 
at pH > 6.5, has the form of a dissociation curve with a 
polarographic pK (pK’) equal to 8.0. 

At pH higher than 9.6 the anodic wave appears, 
increasing its intensity with time, disappearing simul- 
taneously with the wave B. So, in Fig. 2 the variation of 
B and anodic intensities with pH at time zero are 
shown. At pH less than 8.0, B is ill-defined. The C 
intensity increases remarkably when pH is decreasing, 
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Fig. 1. Polarograms of 6.4mM cocarboxylase in Britton-Robinson buffer (@ = 0.5 M) at various pH. 
Cathodic wave starting at - 1.0 V and anodic wave at -0.1 V. 

overlapping C with support electrolyte current at pH 
less than 4.5. 

Plotting El,, of A us pH (Fig. 3) gives four straight 
lines with three intersection points, corresponding 
with three pK values: 5.1, 6.8 and 7.9; the last one 
coincides with the pK’ (8.0) above mentioned. Si- 
milarly plotting E,,, of B us pH gives two straight lines 
with one intersection point at pH = 8.8 

To verify these pK values, a spectrophotometric 
study of this compound was done. Plotting absorp 
tions US pH (at 270,249 and 237 mp), the pK values 
shown in Table 1 were obtained, which correlate well 
with the others reached polarographically. pK, and 
pK, correspond to the third and fourth pyrophos- 
phoric acid pK’s[9, lo] ; the second pyrophosphoric 
acid pK which is less than 2.0, was not found as our 

Fig. 2. pH-Dependence of A, B, C and anodic limiting current of 0.4mM cocarboxylase in Britton- 
Robinson buffer. 
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Fig. 3. pH-Dependence of A, B, C and anodic half-wave potentials of 0.4 mM cocarboxylase in Britton- 
Robinson buffer. 

study begins at pH 2.0. The pK1 obtained is adscript to 
the pyrimidine ring, as it is very similar to that of 4- 
aminopyrimidine (5.7)[11]. 

The electron number obtained by coulometry is 
given in Table 2. As waves A and B are separated in less 
than 80 mV, the potential is controlled at the value of 
wave A. At pH between 4.5 and 7.0 one molecule takes 
up 6 electrons, but the electron number at pH < 4.5 
increases and at pH > 7.0 decreases. This variation in 
the electron number with pH is the same of those met 
for the variation of TA with pH. 

Coulometry at a potential on the crest of wave B 
gives an n of 2, which is in agreement with the variation 
of B intensity with time at pH S= 9.6. The increase of 
the anodic wave intensity with time is half the decrease 
of B intensity with time (Fig. 4). Anodic wave cor- 
responds to the reaction between Hg and 
cocarboxylase-thiol formed at pH > 9.6[12]. As the 
number of electrons transferred in the anodic oxid- 
ation is one, the number of electrons transferred in the 
cathodic reduction (wave B) must be 2. 

The waves A and B have an irreversible character, as 
shown by the plots of log[q(t - 21 US E, the value for 
the slope not being in agreement with the theoretical 
value. 

At pH between 2.0 and 7.0, plots of log k,,, (wave A) 
US E show bent lines (Fig. 5) indicating that the 
reduction process does not take place through only 
one rate-determining step. The electrode process main- 

Table 1. pK and pK’ (polarographic pK) values. 25°C 
0.4 mM cocarboxylase, r~ =0.5 M (KC]) 

Spectrophotometry : pK, = 5.05 pK, =6.8 pK, =9.6 

Polarography : pK, = 5.1* pK, =6.8* pK, =8.8* 
pK; = 1.V 
pK; = 8.07 

* From El,2 us pH plots. 
t From i vs pH plots. 

PH 
Mmoles x 10’ -E 
electrolyzed (V) 

2.10 

2.70 

3.50 

4.50 

5.00 

6.00 

7.00 

7.00 

8.10 

8.50 

9.cKl 

Waves (A + B) 

8.00 -1.15 

8.32 -1.17 

8.00 - 1.25 

8.00 - 1.30 

7.92 - 1.34 

8.02 -1.40 

8.02 - 1.45 

8.02 - 1.45 

8.00 - 1.50 

8.00 - 1.54 

Wave B 

6.52 - 1.43 

Table 2. Coulometric determination of the number of elec- 
trons involved in the reduction of cocarboxylase 

n 

7.97 
7.95 
8.06 

7.10 
7.11 
7.28 
7.04 
6.90 
7.08 

5.94 
6.05 
6.08 

5.96 
5.95 
6.07 

6.00 
5.81 
6.09 

6.07 
6.06 
6.13 

6.07 
6.06 
6.13 

4.91 
5.17 
5.12 
3.85 
4.33 
4.02 

2.00 
2.20 
1.78 
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Fig. 4. Variation of the intensity of the anodic wave (O), 
wave B (0) and the sum ((r&_,. + l/2&) (A) with time. 
0.4 mM cocarboxylase in Britton--Robinson buffer (pH 

= 9.9). 
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Fig. 5. Plof oflog k,,, (wave A) vs Eat various pH values.O.4 mM cocarboxytasc in Britton-Robinson buffer. 

ly involves two consecutive rate-determining re- 
actions[13]. However, at pH higher (8.1 and 8.5), plots 
of log kf,, (wave A) us E yield straight lines, thus 
showing that under these conditions there is only one 
process that determines the rate of the reduction. Plots 
of log k,,, (wave B) us E, also yield straight lines. 

The number of protons participating in the elec- 
trode process, at those pH in which the log k,,, vs E 
plots yield straight lines, has been calculated from the 
slopes of E,,, vs pH plots and wave slopes. For the 
wave A, E 1 ,z vs pH slope is 95 mV and the wave slope is 
46 mV. For the wave B, E,,, us pH slope is 156 mV and 
the wave slope is 80 mV. So, in both cases, the number 
of protons participating is two. 

The products of electrolysis, at every pH value, at a 
potential on the wave A crest give positive Nessler tests 
for ammonia. Similar ammonia formation has been 

observed in the electrolysis products of 2-aminopyr- 
imidine and some related compounds[l&l~]. How- 
ever, the wave B products give negative the above 
named tests. So, wave A is adscript to the reduction of 
the pyrimidine ring of cocarboxylase, and wave B 
would then seem to result from thiazol ring reduction 
involving the -C=N- double bond. 

Association of the wave B with the -C=N- bond 
reduction is supported by the following: (a) the 
cleavage of thiazol ring carries out the formation of 
thiol group and the transformation of the -C=N- 

double bond 
-C-N- 

b3 
single bond[16], (b) the anodic 

wave increases with simultaneous decreasing of wave 
B, (c)the wave 3 products do not give anodic wave. So, 
points(b) and (c) eliminate the possibility of the -C=C- 
and -C-S- bond reduction respectively. 
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On the basis of the results obtained and its discussion, the following mechanism is proposed: 
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pH: 4.5-7.0 
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