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Jlaboparopust CuHTE3a U peaKIIHOHHON CIOCOOHOCTH MeTaIONOphUPHHOB B pacTBope, MHCTHTYT XMMuH pac-
tBOpoB uM. I'.A. Kpecrora PAH, yn. Akanemuueckas, 1, iBanoBo, Poccutickas ®eneparnus, 153045
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U3 cnekmpanpsHbIX 0AHHBIX 0bLIU ONPEdeeHbl KOHCHAHMbL CKOPOCHU, NPEOIKCNOHEHUU-
anbHble PaKmopsvl U IHEPZUU AKMUBCAUUU 01 PeaKyuu Koghepmenma nupuookcanv-5'-gpocghama c
HEeKOmopbvIMuU AMUHOKUCIOMAMU U HENMUOAMU 8 600HOM Oygheprom pacmeope npu PH=7,35 u mem-
nepamypax 288, 298, 308 K. H3yuenuwlii pao0 amMuHOKUCAOM U RENMUO08 GKIIOUAEem: 2TUYUH,
L-acnapazunogyrw kucinomy, L-znymamunoeyio kuciomy, L-nusun, L-apzunun, ouznuyun, mpuziu-
yuH, 2iymamun-L-znymamunosyio kucinomy, mpunuzun. B cmpykmype ucciedyemuix amunokuciom
u nenmudoé npucymcmeosanu paziuunsie uonozennsie zpynnst (COO", NHs*) ¢ 6okoeoit uenu, a ux
MONEKYIbl OMAUYATUCH OPY2 Om Opy2a c80UM UOHHBIM cocmoanuem npu PH=7.35. Kunemuueckue
napamempeul OKa3aauch 3a8UCUMBIMU OM CHPYKMYPHBIX 0COOEHHOCHEN U UOHHO20 COCHOAHUA AMU-
HOKucaom u nenmudos. Ilpedsxcnonenyuansvivie MHOMCUMENU NPUHUMAION CAMble 8bICOKUE 3HA-
yenusn om 16,9 oo 18,6 ona peakyuu c kamuonunoii gpopmoini amunoxuciom (L-nusun, L-apeunun u
mpu-L-n1u3zun), umo yxasvieaem na 601ee 6blCOKYI0 6€POAMHOCHIL CHIOTIKHOGEHUA AHUOHA NUPUOOK-
cansy-5'-ghochpama c nonoxcumensvno 3apaxceHnvimu yacmuyamu peazenma. bonee nusxkue 3naue-
Hus om 8,5 0o 14,4 xapakxmepnul 011 NPEOIKCHOHEHUUATbHO20 (YaKmMopa 6 peakuuu ¢ AHUOHHOI
thopmoit amunoxucnom (L-acnapazunosoit, L-znymamunosoii u ecnymamun-L-2nymamunosoit kucno-
mamu) KaxK pe3yibmam CHUNCEHUA 6ePOAMHOCHU UX CHONKHOBEHUS C AHUOHOM KOepMeHma u3-3a
0anbHOOCIICMEYIoW|e20 INeKmpocmamuyecko2o ommanxkusanusa. Ilpucymemeue oononnumensvhoix
KapOOKCUIaGmHubIX 2pynn 6 OOK0GOU yenu aMUHOKUCIOMBbL YCUTIUGAEen UHOYKMUBHBLI I dhekm Ha
PEaKuUOHHYI0 AMUHOZPYRNY AMUHOKUC/IOMbL, 00ecnequsas 3HaAUUMe1bHoe CHUNCCHUE IHEPLUU aK-
museayuu peakyuu ¢ Kogpepmenmom. 3HaueHusa npedIKCNOHEHYUATLHOZ0 (PaKmopa ymeHvuiaromcs
npu nepexode om AMUHOKUCAOM K UX HERMUOAM, YMO CEA3AHO C YMEHbULEHUEM 8EPOANIHOCHIU
CMOJIKHOGEHUA KOepmenma ¢ Hoyee KPyRHbIMU YACMUUAMU.
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The rate constants, pre-exponential factors and activation energies have been determined
from spectral data for the reaction of the pyridoxal-5'-phosphate co-ferment with several amino
acids and peptides in an aqueous buffered solution at pH=7.35 and temperatures of 288, 298, 308 K.
The studied series of amino acids and peptides includes: glycine, L-aspartic acid, L-glutamic acid,
L-lysine, L-arginine, diglicine, triglycine, glutamyl-L-glutamic acid, trilysine. The structures of the
studied amino acids and peptides contained various ionogenic groups (COO", NHs") in the side
chain, and their molecules differed from one another in their ionic state at pH=7.35. Kinetic pa-
rameters exhibit dependence on structural features and ionic state of amino acids and peptides.
The values of the pre-exponential factor take the highest values from 16.9 to 18.6 for the reaction
with cationic form of amino acids (L-lysine, L-arginine, and tri-L-lysine) that indicate a higher
probability of collision of the pyridoxal-5'-phosphate anion with positively charged particles of re-
agent. Lower values from 8.5 and 14.4 are inherent in the pre-exponential factor for the reaction
with anionic form amino acids (L-aspartic, L-glutamic and glutamyl-L-glutamic acids) as a result
of the decrease in the probability of their collision with the co-ferment anion due to long-range
electrostatic repulsion. The presence of additional carboxylate groups in the side chain of the amino
acid enhances the inductive effect on the reactive amino group of the amino acid, thus providing a
significant decrease in the activation energy of the reaction with the co-ferment. The pre-exponen-
tial factor values decrease with the transition from amino acids to their peptides, which is associated

with a decrease in the probability of collision of the co-enzyme with larger particles.
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INTRODUCTION

Many metabolic processes of amino acids and
peptides are controlled by the pyridoxal-5'-phosphate
co-enzyme [1-4]. As it is known, the products of its in-
teraction with amino acids or peptides are Schiff bases
[4, 5]. The condensation reaction of an amino acid or
peptide to pyridoxal-5'-phosphate can be represented
by the following equation:

‘00C—CH—Y,
H "?2

\C/O : N\ "
AN OH C\OO -O> OH
HO/Poncfj/ +  HN=YpCH ——— fORC + HO

o CN)CH3 & © <N> Hs

Here Y stands for a fragment

gHe-

R1 O

Side radicals are designated as follows:
Ri=R,=H for glycine and its oligopeptides;
R1=R,=(CH,),COOH for glutamic acid and its oligo-
peptides; Ri1=R,=CH,COOH for aspartic acid;
R1=R,=(CH)sCNH- for lysine and its oligopeptides;
and R1=R,=(CH)sNHC(NH)NH in the case of argi-
nine; and the indices n are set to n = 0 for amino acids,
n = 1 for dipeptides and n = 2 for tripeptides.
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The progress of the reaction of the co-enzyme
with amino acids was detected by NMR [6] and UV
spectra [7-13], and calorimetrically [7, 14]. According
to the data of works [11-13], Schiff bases formed by
amino acids exhibit high stability in an agueous-alco-
holic medium at pH = 7. The electronic structure of the
resulting Schiff bases was simulated by the quantum
chemical method [15].

Previously, the thermodynamics of the reaction
of pyridoxal-5'-phosphate with various amino acids [7-9]
and peptides [10] was investigated. It was shown that
the structure of amino acids and the charges of their
ionogenic groups strongly affect the efficiency of bind-
ing by pyridoxal phosphate co-ferment. In this work,
we carried out a comparative study of the kinetics of
the reaction of the pyridoxal-5'-phosphate co-ferment
with amino acids and peptides, the ionic forms of
which have different charges in an aqueous buffer so-
lution at pH = 7.35. Analysis of the data on the con-
stants of acid dissociation of amino acids [16] and pep-
tides [17-19] shows that in a neutral aqueous solution,
the zwitterionic form dominates for glycine (Gly), ala-
nine (Ala), glycyl-glycine (Gly-Gly), and glycyl-
glycyl-glycine (Gly-Gly-Gly). The anionic form is
dominant in the case of aspartic acid (Asp), glutamic
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acid (Glu), and glutamyl-glutamic acid (Glu-Glu). The
cations are the main form of lysine (Lys), arginine
(Arg), and lysyl-lysyl-lysine (Lys-Lys-Lys) in aque-
ous solution. The aim of this work is to study the in-
fluence of the charge and size of amino acids and pep-
tides on the kinetic parameters of the reaction with the
co-enzyme.

EXPEREMENTAL PART

Pyridoxal-5'-phosphate with a purity of 0.98
from Aldrich was used in the experiments. Amino ac-
ids and peptides from Merck had a purity of 0.99. Be-
fore use, the reagents were dried in a vacuum at 50 °C to
constant weight. The progress of the reaction was mon-
itored at temperatures of 288, 298 and 308 K in the
wavelength range 250-520 nm using an Agilent 8453
UV-Vis spectrophotometer equipped with Kkinetics
control system Pro-K.2000 for fast reactions. The
measurements were conducted in the cells with a thick-
ness of 1 cm placed in a special thermostated chamber
of the spectrophotometer. The uncertainty in the solu-
tion temperature was 0.1 K. Changes in optical density
for a series of solutions at a constant concentration of
co-ferment (0.4-10° mol dm) with the addition of an
excess of amino acid or peptide (2.0-10° mol dm?)
were recorded immediately after mixing the reagents.
The reactions were carried out in an aqueous buffer so-
lution containing monobasic sodium phosphate
(0.18793 mol dm?®) and dibasic sodium phosphate
(0.25488 mol dm®), at pH = 7.35. The spectra of the
reaction mixture were monitored in subtraction mode
using the spectrum of the pyridoxal-5'-phosphate of the
same concentration as in the stock solution as a zero
line. The time resolution was 0.1 s, and the uncertainty
in the absorbance measurement was 0.001 in size.

RESULTS AND DISCUTION

The spectral characteristics of Schiff bases
formed in the reaction of pyridoxal-5'-phosphate with
amino acids and peptides have been studied and de-
scribed by us earlier [3, 5]. A typical view of changes
in optical density with time at the maxima of absorp-
tion bands is shown in Figure for the reaction of the co-
ferment with L-lysine. With the accumulation of the
reaction product, a decrease in the absorption intensity
at 375 nm and the appearance of absorption bands of
the Schiff base at 275-280 nm and 430-440 nm are ob-
served in the spectra. The appearance of new bands is
caused by a change in the state of the aromatic pyridine
ring during the formation of Schiff bases. The conju-
gation of an aromatic electronic system with a double
bond between carbon and nitrogen atoms leads to a no-
ticeable shift of the initial absorption band of the co-
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ferment. In the case of the fastest of the studied reac-
tions with the participation of L-lysine, changes in the
spectrum of the solution were observed not earlier than
1.5 s after mixing the reagents. Achievement of con-
stant optical density values indicates the completion of
the reaction of the co-ferment with amino acids and
peptides within 600 s.
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Fig. Changes in absorbance over time during the reaction of pyri-
doxal-5'-phosphate (0.04 mM) with L-lysine (2 mM) measured at
308 K in the maxima of absorption bands: (1) 278 nm; (2) 375nm;
and (3) 438 nm
Puc. I3meHeHre NorIomeHus co BpEMEHEM B XOZI€ PEAKIUU MTH-
punokcaib-5'-ocdara (0,04 mM) ¢ L-muzurom (2 mM), uzme-
pernbie pu 308 K B Makcumymax nonoc rormnormierust: (1) 278 Hw;
(2) 375 uM™; (3) 438 HM

Application of the kinetic equation for the for-
mal first order gives the most accurate description of
the experimental data for this reaction
1. A-A
“In
o ACA, @

Here, Ao, A:, A are the optical densities of the
reaction mixture at the beginning of the process, at time
T and at the end of the reaction for the selected operat-
ing wavelength. The use of data for two different bands
at 278 or 430-440 nm leads to the same calculated val-
ues of the rate constant, but in the first case, the values
are determined with a smaller error. For example, for
the reaction with lysine, the values of ke are deter-
mined to be (0.0071+0.0001) s at 278 nm and
(0.0075+0.0003) st at 430 nmy; for trilysine, the ker val-
ues are (0.0189+0.0001) st at 278 nm and
(0.0184+0.0004) s at 433 nm. Therefore, the rate con-
stants were calculated from the data for the operating
wavelength of 278 nm for all the reactions studied. The
obtained values of the rate constant are shown in Table 1.
The given values indicate a moderately fast course of
the reaction, which is typical for many biochemical
processes. Rate constants exhibit dependence on temper-
ature and structural features of amino acids and peptides.

I(ef =
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Table 1

Effective rate constants of the reaction of pyridoxal-5'-

phosphate with amino acids and peptides in an aqueous
buffer solution at pH=7.35 and various temperature

Tabnuya 1. dPpdeKTHBHBIE KOHCTAHTHI CKOPOCTH pPeak-
HHU MHPHAOKCAIb-5"-(ocdaTa c aMMHOKHCTIOTAMH U

NenTHAAMH B BOAHOM OydepHOM pacTBope npu
pH=7,35 u pa3au4Hoii Temneparype

. . . Ke ><103, st
Amino acid / peptide 288 K 203 K 08 K
Gly 6.8+0.3 9.1+0.3 17.0+0.5
Gly-Gly 8.3+0.3 12.9+0.3
Gly-Gly-Gly 10.74£0.4 | 14.9+0.4 | 24.6:0.4
L-Ala 2.3£0.3 5.0+0.3 | 10.0+0.3
L-Asp 3.6+0.4 7.0£0.5 13.2+1.2
L-Glu 6.2+1.5 10.6+1.8
L-Glu-L-Glu 7.1£0.4 11.5£0.4 | 17.0+0.4
L-Lys 3.3+0.1 7.1£0.1 14.6+0.2
L-Lys-L-Lys-L-Lys | 9.1+0.2 | 18.9+0.2 | 36.0+0.2
L-Arg 3.3+0.3 7.8+0.3 | 16.0+0.3

The temperature dependence of the effective
rate constants allows to calculate the values of the pre-
exponential factor, Inko, and the activation energy of
the reaction, E*, according to equation (2)

E*
Inkgs =Inkg — —
ef 0 RT (2)

where R is the universal gas constant, and T is a the

temperature. The obtained values of k and E for the
studied reactions are given in Table 2.

Table 2
Values of pre-exponential factor, In ko, and activation
energy, E*, for the reaction of pyridoxal-5'-phosphate
with amino acids and peptides in an aqueous buffer so-
lution at pH=7.35
Tabnuya 2. 3na4eHus1 NpeIIKCIOHEHIUATBHOIO KO3 (-
¢unmenra, In Ko, u IJHepruu akruBauuu, E*, nas peax-
MM MHPUAOKCcATb-5'-dochaTa c aAMUHOKHCIOTAMHU U
NenTHIAMM B BOHOM Oy(depHOM pacTBOpe npu

pH=7,35
Amino acid / peptide In ko E”, ki mol!

Gly 9.0+3.1 33.2+5

Gly-Gly 8.4 315"
Gly-Gly-Gly 7.6+1.3 29.1+3.3
L-Ala 16.6+0.3 54.0+0.7
L-Asp 14.4+0.1 47.8+0.2

L-Glu 10.7* 37.7*
L-Glu-L-Glu 8.5+0.5 32.2+1.3
L-Lys 17.2+0.05 54.8+0.1
L-Lys-L-Lys- L-Lys 16.9+0.1 51.6+1.1
L-Arg 18.6+0.7 58.1 £1.7

Note: *approximate estimation
IIpumevanue: * npuONIU3UTENIBHAS OILIEHKA
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Analysis of the data makes it possible to clarify
the effect of the charge and size of amino acids and
peptides on the kinetic parameters of their interaction
with the co-ferment. As it can be seen, in the series of
the studied systems the values of the pre-exponential
factor Inko take the highest values from 16.9 to 18.6 for
the reaction with L-lysine, L-arginine, and tri-L-lysine,
which exist in solution at pH = 7.35 in a cationic form
due to the presence of one or more side protonated
amino groups. It is known that pyridoxal-5'-phosphate
in neutral aqueous solution exists in anionic form [20].
An increase in Inko values indicate a higher probability
of collision of the pyridoxal-5'-phosphate anion with
cations of amino acids and peptides. However, high
values of activation energy, which change from 51.6 to
58.1 kJ mol™, lead to a decrease in the rate constants
for the reaction of the co-ferment with these amino
acids.

The presence on amino acid molecules of an
excess negative charge, which is induced by the side
ionized carboxylate group, reduces the chance of their
collisions with the co-ferment anion as a result of long-
range electrostatic repulsion. Thus, lower values from
8.5 and 14.4 are inherent in the pre-exponential factor
Inko for the reaction with L-aspartic, L-glutamic and di-
L-glutamic acids. The presence of additional carbox-
ylate groups in the side chain of the amino acid en-
hances the inductive effect on the reactive amino group
of the amino acid, thus providing a significant decrease
in the activation energy of the reaction with the co-fer-
ment up to 32.2 kJ mol™. As a result of this effect, the
reaction rate constants increase significantly, espe-
cially noticeable for di-L-glutamic acid.

Comparison of the data for amino acids (gly-
cine, L-glutamic acid, L-lysine) with the same data for
their peptides (diglycine, triglycine, di-L-glutamic
acid, tri-L-lysine) shows a decrease in Inko values when
going from amino acids to their peptides. This is asso-
ciated with a decrease in the probability of collision of
the co-ferment with larger peptide particles, and this
effect rises as the length of the peptide chain increases.
On the other hand, the replacement of the carboxyl
group, which is bound to the C, atom in the amino acid
molecule, by the amide fragment, which is located near
the reactive amino group in the peptide molecule,
causes a decrease in the activation energy of the reac-
tion. As a result of these two effects, the rate constant
of the reaction of the co-ferment with a peptide de-
pends in a complex way on the length of its molecule.

CONCLUSIONS

We have studied the kinetics of the reaction of
pyridoxal-5'-phosphate co-enzyme with a series of
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amino acids and peptides in an aqueous solution at
pH = 7.35 and temperature of 288, 298, 308 K. The
structures of the studied amino acids and peptides con-
tained various ionogenic groups (COO-, NH%**) in the
side chain, and their molecules differed from one an-
other in their ionic state at pH = 7.35. The rate con-
stants, pre-exponential factors and activation energies
of the reaction have been determined from spectral data.

The reaction rate constants vary within a lim-
ited range of values in the series of amino acids and
peptides studied at a constant temperature (from 0.010
to 0.036 st at 308 K), indicating that the reaction
mechanism remains the same for the entire series. It
has been established that the rate constants vary signif-
icantly with temperature.
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The data obtained show that the ionic state of
amino acid molecules strongly affects the probability
of their collision with a negatively charged co-ferment.
This is confirmed by an underestimation of the pre-ex-
ponential factor for the reaction with anionic forms of
amino acids (aspartic and glutamic acids), and an in-
crease in its values in the case of cationic forms (lysine,
arginine). The introduction of an additional carboxyl
group into the side chain of an amino acid is accompa-
nied by a decrease in the activation energy of the reac-
tion due to the enhancement of the inductive effect on
the reaction amino group. Comparison of the data for
amino acids and their peptides shows a decrease in the
pre-exponential factor for the latter, indicating a reduc-
tion in the probability of collisions with larger particles.
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