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Abstract 

The apparent rate constants of formation (k,) and hydrolysis (k,) of the Schiff bases formed between pyridoxal and 
poly-L-lysine has been fitted to a kinetic scheme that involves the different protonated species in the reaction medium and 
the individual rate constants of formation (kf) and hydrolysis (k;). A Brijnsted plot with (Y = 0.67 is in accord with an acid 
catalytic intramolecular process. The effects of hydrophobic medium due to the presence of the macromolecule on the 
formation and hydrolysis of Schiff bases from PL, DPL and PLP with poly-L-lysine is discussed. 

Keywords: Schiff base; Pyridoxal S-phosphate; S-Deoxypyridoxal; Pyridoxal; Poly-L-lysine 

1. Introduction 

Pyridoxal S-phosphate (PLP) and pyridoxal 
(PL) are two of the different forms of vitamin 
B-6 and are involved in different enzymatic 
process, as transaminations, deaminations, de- 
carboxylations and others. S-deoxypyridoxal 
(DPL) is a very good analog of PL and PLP as 
it possesses the three chemical groups which are 
considered to be fundamental to catalytic activ- 
ity (-CH=O, -OH, =N-) [1,2]. 

All PLP dependent enzymes bind the car- 
bony1 group of PLP through an internal Schiff 
base with a lysine residue of polypeptide chain 

* Corresponding author. E-mail: qfechevar@quifis.alcala.es; 
fax: ( + 34-l) 8854763. 

usually in more or less hydrophobic medium 
[3-51. 

In order to evaluate the influence of the 
polarity of the environment on the formation 
and hydrolysis of Schiff bases, the reaction of 
PLP and analogues with n-hexylamine has been 
carried out in several media of different polarity 
[6-161. 

Recently we reported a more realistic model 
for the binding of PLP to enzymes, based in the 
use of homopolypeptides and copolypeptides 
containing L-lysine as bearers of the NH 2 groups 
[17-201. Thus, we studied the formation and 
hydrolysis of the Schiff bases of PLP with 

poly+lysine in various degrees of polymeriza- 
tion [ 17,181, as well as those formed by PLP 
with L-lysine copolymers [18-201 and also that 
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corresponding to the formation and hydrolysis 
on poly-L-lysine with PL and DPL [21,22]. The 
dehydratation of the corresponding carbino- 
lamine has always been the rate determining 
step of the formation of these Schiff bases. 

In this work we study the effects on the 
formation and hydrolysis of Schiff bases from 
PL, DPL and PLP with poly-L-lysine, of the 
hydrophobic medium derived on the presence of 
the macromolecule, in comparison with the be- 
havior of the systems derived of the reaction 
between n-hexylamine and the same aldehydes 
[91. 

2. Experimental 

The polypeptides were purchased from Sigma 
Chemical. Pyridoxal S-phosphate, pyridoxal and 
all the other chemicals were reagent grade and 
purchased from Merck. 5’-Deoxypyridoxal was 
synthesized from pyridoxine hydrochloride [23]. 

Acetate, phosphate and carbonate buffers 
were used in appropriate pH ranges. The ionic 
strength was kept constant and equal to 0.1 
mol/l. 

PLP, PL and DPL solutions were prepared 
daily in appropriate buffers and were stored in 
the dark. Their exact concentrations were deter- 
mined by dilution [24,25] with 0.1 mol/l HCl 
(PLP, DPL) or 0.1 mol/l NaOH (PL). Polypep- 
tide solutions were also daily prepared by dilut- 
ing the appropriate amount of polymer in the 
corresponding buffer. 

The overall reaction between an aldehyde 
and an amine can be schematized as follows: 

kl 

R’-CHO + NHyR2 z R’-CH=N-R2 + Hz0 

kz 

where k, and k, are the overall rate constants 
of formation and hydrolysis of the Schiff base, 
respectively. The procedure used to calculate 

Table 1 
Best kinetics constants and pK obtained in the fitting experimen- 
tal k, and k, values 

PL-NHA a PL-Lys DPL-Lys b PLP-Lys C 

log k: 6.15 5.80 7.20 8.74 
log kj 
log k; 
log k; 
log k; ’ 
log k; 
log k; 
log k; 
log ko, 
PKIP 
PK,P 
PK,P 
PKN 
PKOB 

PKIB 

PK,, 
PK,B 

- - 
3.80 2.98 
3.22 3.99 
- 1.00 - 1.06 
- 0.50 -0.39 
- 
- 0.95 
1.03 
4.26 

- 

- 1.15 
0.65 
4.34 

- - 

8.61 8.52 
10.75 10.03 
3.15 3.15 
6.12 6.22 

11.16 

- 

9.25 

- 
4.60 
4.50 
1.05 
- 0.75 
- 
- 0.57 
0.15 
4.14 
- 
7.98 
10.03 
3.24 
6.68 
- 
9.21 

6.13 
5.45 
3.53 

-0.17 
- 2.29 
- 0.42 
1.04 
3.46 
6.02 
8.22 
10.03 
- 

6.62 
7.74 
10.92 

a Taken from Ref. 191. 
b Taken from Ref. [22]. 
’ Taken from Ref. 1191. 
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CH=+NHR 

RNHz + -C;@H20p03: H20 
3 

Ii 

CHO 

RNHz + 

RNHJ’ &e RNH> + H’ 

Scheme 2. 

these two constants is described in detail else- 
where [7]. Table 1 gives the pK values and 
those of the microscopic rate constants, k[ and 
k;, obtained by fitting the experimental k, and 
k, values to the equations derived from Scheme 
1 [ 19,221. The table also shows the pK values 
and those of the microscopic rate constants for 
the PL-n-hexylamine (PL-NHA) and DPL- 
poly-r_-lysine (DPL-Lys) systems, which are 
conform to Scheme 1, and for the PLP-poly-L- 
lysine (PLP-Lys) system, which conforms to 
Scheme 2. In the table koH = k; + 
k&,( KW/KjR) and K, is the ionic product of 
water. 

3. Results and discussion 

Figs. 1 and 2 show the experimental results 
for the formation (k,) and hydrolysis (k,) ob- 
tained for the Schiff bases from poly-L-lysine 
and PL [21], DPL [22]. and PLP [19] and PL 
with n-hexilamine [9], PL-Lys, DPL-Lys, 

-. 
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Fig. 1. Plot of log k, vs. pH for the Schiff bases of S’-deoxypyri- 

doxal with poly-r;lysine ( A ), pyridoxal with poly-t,-lysine ( ??), 

pyridoxal Tphosphate with poly-L.-lysine (0) and pyridoxal with 

n-hexylamine (*). 

PLP-Lys and PL-NHA systems respectively, 
as a function of pH, at the same experimental 
conditions. 

For the three lysine systems (see Fig. 11, 
about pH = 8, it can be observed a discontinuity 
of log k, vs. pH curve, as the result of the 
formation of a-helix in the poly-I.-lysine. This 
conformation is more stable at basic pH [26]. 
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Fig. 2. Plot of log k? vs. pH for the Schiff bases of Tdeoxypyri- 
doxal with poly-L-lysine (A ), pyridoxal with poly-L-lysine ( ??), 
pyridoxal Cphosphate with poly-r-lysine (0) and pyridoxal with 

n-hexylamine (k). 
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From Fig. 1 it can be observed that the k, 
values for PL-Lys system always exceeded 
those for PL-NHA system. These differences 
were attributed to specific effects of the poly- 
mer such as those arising from charges on the 
side chains, the conformation of the peptide 
chain and the formation of hydrogen bonds with 
the solvent, which favor intramolecular acid 
catalysis in the intermedia carbinolamine, that is 
the rate determining step [2 11. Nevertheless from 
Table 1 it can be observed that the ky and kf 
values for the PL-NHA system are greater than 
that for PL-Lys system but for the last, the kf 
value is greater. Wherever the experimental 
conditions are those that permits an important 
population of nonprotonated PL, the contribu- 
tion of kf on k, is diminished due to apparition 
of a-helix conformation, that is less reactive 
than the statistical conformation [ 191. 

The greater reactivity of PL-Lys system since 
pH = 7.5, must be attributed to the differences 
in pK, and to the differences in hydrophobicity 
in the reaction medium. 

In order to appreciate the magnitude of polar- 
ity of environment originated by the macro- 
molecule in the site where of Schiff base is 
formed, we compare the log kf and log k: dif- 
ferences in DPL-NHA system, in different re- 
action media. These differences are 0.88 in 
water [9], 0.62 in 50%/50% dioxane/water 
(v/v> 1111. and 0.28 in 70%/30% 
dioxane/water (v/v> [ll]. Taking in the ac- 
count that the difference in the DPL-Lys sys- 
tem it is only 0.1, it is possible to conclude that 
the polypeptide chain provide a less polar 
medium (more hydrophobic) than 70%/30% 
dioxane/water (v/v>. 

The results for the PL-Lys system (Table 1) 
show that kf > kf. This is the opposite that the 
obtained for all the systems studied for us, and 
it can be explained considering the above dis- 
cussion relative to the hydrophobicity that leads 
to similar values for both constants and also to 
the presence of the hemiacetal form in PL, 
because the experimental k, included the equi- 
librium constant of hemiacetal formation [21], 

and this equilibrium constant could be different 
in front of the different polarity of reaction 
media. 

From the pK, and ki values for PL-Lys 
system (Table 1) it is possible to observed an 
intramolecular acid catalysis process, in fact, 
drawing a Briinsted plot, a slope of Q = 0.67 is 
obtained, close similar to those for the other 
systems IY = 0.69 for DPL-Lys [22], 0.77 for 
PLP-Lys [19] and 0.54 for PL-NHA [9]. 

Fig. 2 show that in the range of pH = 8.0- 
10.5, the PL-Lys system exhibits greater k, 
values than the PL-NHA system. On the other 
hand, the Schiff base of poly+lysine is more 
readily hydrolyzable. A comparison of micro- 
scopic rate constants (Table 1) show very simi- 
lar values for both systems, therefore it is not 
possible to attribute the behavior previously ex- 
pound to a greater reactivity of Schiff bases 
with poly-L-lysine; moreover the k,, value for 
PL-NHA system is about twice than that of 
PL-Lys system. The behavior consigned in Fig. 
2 can be attributed to the more hydrophobic 
environment provided by the macromolecule 
that decrease the pK of the imino group of 
PL-Lys system giving a greater population of 
nonprotonated Schiff bases at more acidic pH 
values, increasing k,. 

The minor pK,, values obtained for the 
poly+lysine systems with DPL and PLP, re- 
ferred to the corresponding n-hexylamine sys- 
tems, it is also attributed to the hydrophobic 
environment provides by poly-L-lysine chain 
[22]. In order to give an idea of the magnitude 
of hydrophobic environment provided by poly- 
L-lysine we can compare the effects on p K of 
imine group (p KsB) of Schiff base in DPL-NHA 
system in different media; in water the value is 
11.69 and decreased to 11.38 and 11.31 in 
50%/50% and 70%/30% dioxane/water (v/v> 
respectively [I 11; for the Schiff base of DPL- 
Lys the pK,, value decrease to 9.21 [22]. 

It is also remarkable that the pK,, differ- 
ences, obtained by comparison of the values of 
NHA systems [9] with those of poly+lysine 
systems are 0.3, 1.9 and 2.4 for PLP, PL and 
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DPL respectively, suggesting environments of 
different hydrophobicity for each Schiff base, 
probably due to the different C-5 substitution in 
each substrate. The difference in PLP systems 
[19] has been compared with that of PLP-NHA 
system in going from water to a 30%/70% 
ethanol/water (w/w> media [ 101, nevertheless 
the difference in DPL systems suggest a more 
hydrophobic environment than that of 
70%/30% dioxane/water (v/v>. For PL-Lys 
system the hydrophobicity could be minor than 
DPL-Lys system due to the interaction with the 
hydroxylic group in PL. 

The differences found in ko, for PL systems 
(Table 1) are related to the hydrophobicity of 
media. The values of log ko, = 1.03 for PL- 
NHA and log k,, = 0.65 for PL-Lys are in the 
line of our discussion. From Schiff bases de- 
rived of n-hexylamine with PLP, PL and DPL, 
the less hydrolizables (the smallest k,, value 
[9]) are from PLP. Nevertheless the Schiff bases 
derived from poly-~-1~s and PLP show the 
greatest k,,, probably due to the greater polar- 
ity of PLP-Lys system. 

The hydrophobicity derived from the pres- 
ence of the polypeptide chain is localized in the 
environments of the C-4 carbon atom because 
no significant differences were founded in pK,,, 

or PK,,. 
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