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ABSTRACT Pyridoxal-5’-phosphate (PLP)-dependent transaminases are highly efficient biocatalysts for the
stereoselective synthesis of chiral amines, which are key building blocks in pharmaceuticals and chemical
manufacturing. Fundamental research on enzymatic transamination includes the classical works of Alexander
Braunstein, who discovered the transamination reaction; David Metzler, who studied the spectral proper-
ties of PLP-dependent enzymes; Esmond Snell, who investigated the kinetics of PLP-dependent enzymes; as
well as studies by other Russian and international researchers. Despite extensive studies on PLP-dependent
transaminases, their practical application remains limited. In addition to the unfavorable equilibrium of the
transamination reaction and the narrow substrate specificity of transaminases, their stability under manufac-
turing conditions is a major constraint. Transaminase stability encompasses not only the structural integrity
of the protein globule, but also the enzyme’s ability to retain the PLP cofactor. PLP dissociation leads to en-
zyme inactivation and termination of the reaction. Modern biocatalytic processes are predominantly designed
for aqueous—organic media to increase the solubility of hydrophobic substrates to hundreds of grams per
liter. Under these conditions, the stability of transaminases, as with other enzymes, decreases. In the context
of these challenges, this work investigates the efficiency of PLP binding as a factor in stabilizing the active
holoenzyme of the transaminase from Desulfomonile tiedjei in various aqueous—organic media. The study
analyzes the transaminase stability and catalytic activity in the presence of methanol, DMSO, and Cyrene
(up to 20% v/v), both in incubation mode and under reaction conditions. Particular attention is paid to the
analysis of the effect of the amino acid substitution T199Q in the cofactor-binding region on the enzyme’s
resistance to organic solvents. The present study contributes to addressing the practical problem of stabilizing
transaminases in aqueous—organic media. The results also deepen our understanding of the molecular basis
of the stability of PLP-dependent enzymes.

KEYWORDS transaminases, enzyme catalysis, stability, organic solvents.

ABBREVIATIONS DMSO - dimethyl sulfoxide; PLP — pyridoxal-5’-phosphate; PMP — pyridoxamine-5’-phos-
phate; TA — transaminase; DestiTA — transaminase from Desulfomonile tiedjei; LDH — lactate dehydrogenase;
WT — wild type.

INTRODUCTION

Pyridoxal-5-phosphate (PLP)-dependent transami-
nases [EC 2.6.1.X] catalyze the stereoselective trans-
fer of an amino group from an amino acid/amine to
an a-keto acid/ketone, yielding a new amino acid/
amine and a new a-keto acid/ketone [1-3]. Enzymatic
transamination is a double-displacement reaction in-

volving transient transfer of the amino group to the
PLP cofactor during deamination of the amino acid
substrate, resulting in the formation of pyridoxam-
ine-5-phosphate (PMP). PMP then serves as an ami-
no group donor in the second half-reaction: amination
of the second keto acid substrate. Transaminases have
been studied for more than 80 years. The fundamen-
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Fig. 1. Schemes of transamination reactions

tal studies in this area were conducted by Alexander
Braunstein, who discovered the transamination reac-
tion; David Metzler, who studied the spectral proper-
ties of pyridoxal enzymes and the equilibrium of in-
dividual steps of the transamination reaction; Esmond
Snell, who investigated the kinetics of PLP-dependent
enzymes; as well as other Russian and international
researchers [3—6]. The use of transaminases for ste-
reoselective amination of keto compounds on an in-
dustrial scale was first proposed in 2010 [7]. To date, a
number of biotechnological processes using transam-
inases have already been established for industrial
application and new methods continue to be proposed
[8—14]. To create biocatalysts based on transaminas-
es, it is important to address challenges such as in-
creasing their specificity towards the target substrate,
shifting the equilibrium of the transamination reac-
tion towards product formation, and stabilizing the
enzyme under reaction conditions [10, 14, 15]. The
stability issue involves not only thermal stability, but
also the maintenance of the active conformation of
the biocatalyst under operational conditions [16, 17].
In the case of transaminases, this primarily involves
stabilization of the holoenzyme in aqueous—organic
media, since an organic solvent (up to 50% v/v) is add-
ed to increase the solubility of the keto substrate [7,
10]. In addition, cofactor dissociation from the active
site of the transaminase may occur, leading to en-
zyme inactivation [17—19]. The simplest and most ef-

fective way to enhance holoenzyme stability is to add
an excess of the PLP cofactor into the reaction medi-
um [7, 10, 19]. However, this approach does not fully
address the issue of cofactor release in the form of
pyridoxamine-5-phosphate (PMP), which is an inter-
mediate cofactor form generated after amino group
transfer from the amino acid substrate [1]. Under re-
action conditions, stabilization can be achieved either
by increasing the concentration of the second sub-
strate (keto compound, or the amino group acceptor)
or by introducing amino acid substitutions in the co-
factor-binding region [17, 19].

We have previously characterized the transami-
nase DestiTA from the Gram-negative bacterium
Desulfomonile tiedjei. DestiTA efficiently catalyzes the
transfer of an amino group from both D-amino ac-
ids and (R)-phenylethylamine to a-ketoglutarate and
other keto acids (Fig. 1) [20]. DestiTA also functions
effectively in a three-enzyme system for the stereose-
lective amination of a-keto acids, producing D-amino
acids with up to 99% yield and an enantiomeric excess
exceeding 99% (Fig. 2) [20].

At the same time, instability of the DestiTA holo-
enzyme has been observed. In other words, the apo-
enzyme predominates in the reaction buffer and ef-
ficient enzyme functioning requires the addition of
excess PLP into the reaction mixture. To stabilize the
holoenzyme, we substituted individual amino acid res-
idues in the second coordination sphere of the PLP-
binding site in the DestiTA active site. The T199Q
substitution was found to be the most effective, since
it enabled the formation of a hydrogen bond between
GIn199 and the conserved Glul94, which coordinates
the N1 atom of the PLP molecule (Fig. 3). The T199Q
substitution resulted in a five-fold decrease in the ho-
loenzyme dissociation constant (from 11 = 1 uM for
the wild-type (WT) enzyme to 2.2 = 0.4 uM for the
T199Q variant) and a slight increase in the Vmax of
the transamination reaction between D-alanine and
a-ketoglutarate [20]. The thermal denaturation mid-
point (T,,) increased by 1°C for the T199Q holoen-
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Fig. 3. Cofactor binding in the DestiTA active site. The
amino acid substitution T199Q that potentially leads to the
formation of a hydrogen bond Q199 /NE2—-E194 /OE2 is
shown. Distances are presented in Angstroms.

zyme and decreased by 5°C for the apoenzyme. We
further investigated the effect of the T199Q substitu-
tion on DestiTA functioning and analyzed the stabil-
ity and catalytic efficiency of the holoenzyme in aque-
ous—organic solutions.

EXPERIMENTAL

Preparation of recombinant DestiTA

and its T199Q variant

Purified, active recombinant WT DestiTA and the
T199Q variant were obtained as previously described
[20]. The purity and homogeneity of the enzymes
were assessed by denaturing polyacrylamide gel elec-
trophoresis. Protein concentration was determined
spectrophotometrically by measuring the absorbance
at 280 nm.

Standard reaction

The standard transamination reaction between
D-alanine and oa-ketoglutarate was performed
in 50 mM K-phosphate buffer (pH 8.0), at 40°C,
D-alanine and a-ketoglutarate concentrations were
25 and 10 mM, respectively, in the presence of 30 uM
PLP, 330 uM NADH, and 2 U/mL rabbit lactate de-
hydrogenase (LDH) (Sigma, USA). The reaction was
initiated by adding a DestiTA aliquot (0.004 mg/mL)
after equilibrating the reaction mixture to 40°C. The
reaction progress was monitored using a coupled en-
zymatic reaction catalyzed by LDH, in which pyruvate
formed during the transamination reaction serves as
a substrate. LDH catalyzes the conversion of pyruvate
to lactate in the presence of NADH. NADH oxidation

was monitored at 340 nm (g, = 6.22 mM'cm™).

Measurements were performed in a quartz cuvette
with a 0.5 cm optical pathlength using an Evolution
300 UV-Vis spectrophotometer (Thermo Fisher
Scientific, USA). DestiTA specific activity was ex-
pressed as U/mg of the enzyme, where 1 U corre-
sponds to the conversion of 1 umol of the substrate
per minute.

Determination of C (PLP) for WT

DestiTA and the T199Q variant

PLP binding was studied by kinetic analysis in a re-
action mixture with LDH similar to that described
above, but with substrate concentrations of 100 mM
D-alanine and 10 mM a-ketoglutarate. PLP concen-
trations ranged from 0 to 30 uM. The reaction was
initiated by adding the apo form of DestiTA to a final
concentration of 0.01 mg/mL (0.3 pM).

Determination of the kinetic parameters of the
half-reaction between DestiTA and D-valine

The interaction of the DestiTA holoenzyme
(PLP form) (0.72 mg/mL (20 uM)) with D-valine
(0-50 mM) was analyzed spectrophotometrically us-
ing a SPECTROstar Omega microplate reader. The
half-reaction was monitored at 410 nm in 50 mM
K-phosphate buffer (pH 8.0) at 40°C.

Under substrate excess conditions, the half-reac-
tion was assumed to follow first-order kinetics. The
observed half-reaction rate constant k ,_ was deter-
mined by fitting the absorbance data over time using
equation (1):

A=A+ (A, — A X exp(—k,1), (1)

where A is the absorbance at time t, A is the initial
absorbance, and A_ is the final absorbance.

The kinetic parameters of the half-reaction were
calculated using equation (2):

—_— kmax [S]
o~ K, +[S]

k + k., (2)
where [S] is the substrate concentration, k__ is the
maximum half-reaction rate constant, K, is the en-
zyme-substrate complex dissociation constant, k_ is
the rate constant showing the reverse reaction contri-
bution, and k__ /K is the specificity constant.

Effect of organic solvents on enzyme specific
activity in the transamination reaction

The effect of organic solvents on DestiTA activity
was analyzed using the standard transamination reac-
tion between D-alanine and oa-ketoglutarate. For this,
10-20% (v/v) DMSO, methanol, or Cyrene was added
into the reaction mixture.
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Due to the high optical density of Cyrene
at 340 nm and the denaturation of LDH in the pres-
ence of 20% (v/v) methanol, aliquots were taken from
the reaction mixture at set time intervals to assay en-
zymatic activity. The reaction was stopped by heat-
ing at 98°C for 5 min. The concentration of pyruvate
formed in each aliquot was then determined using
LDH at 25°C in 50 mM K-phosphate buffer (pH 8.0)
from a linear calibration curve of LDH activity as
a function of pyruvate concentration.

Determination of the observed rate constant

of dissociation of the DestiTA holoenzyme

during incubation in buffer and under reaction
conditions in the presence of organic solvents

The rate constant of dissociation of the DestiTA ho-
loenzyme was determined spectrophotometrical-
ly by monitoring the absorbance decay at 430 nm,
which corresponds to the loss of the holo form; the
extinction coefficient was 0.2 mLXmg'cm™. For this,
0.2-0.6 mg/mL DestiTA was incubated in 50 mM
K-phosphate buffer, either without substrates or
in the presence of 100 mM D-alanine and 10 mM
a-ketoglutarate, at 40°C. To evaluate the effect of
organic solvents, 10-20% (v/v) DMSO, methanol, or
Cyrene was added into reaction mixtures. Precipitate
formation was monitored at A = 500-550 nm. The ob-
served rate constant of holoenzyme dissociation was
calculated using equation (3):

N 1 da
k ppdiss_ - [TA]Xg ><d']:‘ ’ (3)

where k*® is the rate constant of holoenzyme dis-
sociation, [TA] is the transaminase concentration,
¢ is the extinction coefficient of the holoenzyme at
430 nm, and dA/dT is the experimental curve slope.
The Origin 8.0 software (OriginLab, USA) was used to
process the experimental curves

Determination of the thermal denaturation
midpoint for WT DestiTA and the T199Q variant
Differential scanning fluorimetry was used to deter-
mine the thermal denaturation midpoint (T,) of the
apoenzyme and holoenzyme of DestiTA in 50 mM
K-phosphate buffer, pH 8.0. The apoenzyme was ob-
tained by incubating the enzyme with 2 mM phe-
nylhydrazine for 20 min at room temperature, fol-
lowed by buffer exchange using a desalting column
(Cytiva, USA). The holoenzyme was obtained by in-
cubating the enzyme with 300 uM PLP for 1 h at
room temperature. The holoenzymes at a final con-
centration of 0.07 mg/mL (2 uM) were mixed with
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25%xProteOrange Protein Gel Stain (Lumiprobe,
USA). The effect of organic solvents was analyzed
by adding 10-20% (v/v) methanol, DMSO, or Cyrene
into the samples. Measurements were conducted at
515-530 nm excitation and 560-580 nm emission
wavelengths using a CFX96 RT-PCR system (Bio-Rad,
USA) with temperature increments of 0.2°C, followed
by sample equilibration for 10 s over a temperature
range of 25-90°C. Three experimental curves were
obtained for each sample. Data were processed us-
ing the CFX Manager software (Bio-Rad) and further
analyzed in OriginPro 8.0. The thermal denaturation
midpoint (T,,) was determined as the maximum of the
first derivative of the fluorescence-temperature curve.

Analysis of the operational stability of WT DestiTA
and T199Q in the presence of organic solvents

The operational stability of DestiTA was analyz-
ed by incubating the enzyme at a concentration
of 0.2 mg/mL in 50 mM K-phosphate buffer, pH 8.0,
supplemented with 50 mM D-glutamate, 50 mM
3-methyl-2-oxobutyrate, 300 uM PLP, and either
10-20% (v/v) DMSO or 10% (v/v) methanol at 40°C.
To assess DestiTA activity, aliquots were collected im-
mediately after preparation and after 1, 2, and 5 days
of incubation. Enzyme activity was measured using
the standard transamination reaction with D-alanine
and a-ketoglutarate.

RESULTS AND DISCUSSION

Stability of the DestiTA holoenzyme under reaction
conditions: the effect of the T199Q substitution

We have previously compared the properties of WT
DestiTA and the T199Q variant and observed a de-
crease in the dissociation constant of the DestiTA ho-
loenzyme upon introduction of the T199Q substitution;
this, based on modeling results, is associated with the
formation of an additional hydrogen bond between
GIn199 and Glul94 in the cofactor-binding region [20].
In this work, we analyzed the stability of the WT and
T199Q holoenzymes under reaction conditions. For
this, we assessed the efficiency of holoenzyme forma-
tion from the DestiTA apoenzyme and free PLP un-
der reaction conditions using the C, (PLP) parameter
(Fig. 4). The obtained C,; values were 0.29 * 0.07 and
0.8 = 0.1 uM for WT DestiTA and T199Q, respective-
ly, indication that the T199Q substitution destabilizes
the holoenzyme under reaction conditions. To fur-
ther clarify this observation, we analyzed substrate
binding to the wild-type and variant enzymes in the
first half-reaction of deamination [1] in the absence
of the second substrate. The kinetic parameters of
the half-reaction of the WT holoenzyme and T199Q
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Fig. 4. Dependence of the specific activities of WT DestiTA
and T199Q on the PLP concentration in the transamina-
tion reaction between 100 mM D-alanine and 10 mM
a-ketoglutarate (saturating concentrations) in 50 mM
K-phosphate buffer (pH 8.0) at 40°C

Table 1. Specific activity of WT DestiTA and its variant
T199Q in the transamination reaction between D-alanine

and o-ketoglutarate (unsaturating concentrations) in a
50 mM K-phosphate buffer (pH 8.0) at 40°C

. Specific activity, U/mg
Organic solvent, %
WT T199Q
no solvent 34 £ 0.2 2.8 £ 0.3
10 3.7+ 0.1 29 £ 0.2
Cyrene
20 23 0.3 2.0 £ 0.2
10 2.7 +0.1 28 0.1
DMSO
20 2.1 +£0.2 3.0x0.1
10 24+ 0.3 1.8 £0.2
Cyrene .
20 2.0 £ 0.2 No activity

Table 2. Effect of organic solvents on the thermal denatur-
ation midpoint (T, ;) of WT DestiTA and T199Q in 50 mM
K-phosphate buffer (pH 8.0) with the addition of organic
solvents

. T C
Organic solvent, % -
WT T199Q
no solvent 64.4 £ 0.2 65.7 £ 0.1
Methanol, 10 59.9 £ 0.3 61.2 £ 0.4
Methanol, 20 49.5 = 0.6 53.0 = 0.2
DMSO, 20 57.7 £ 0.5 58.1 £ 0.2
Cyrene, 20 40.6 £ 0.8 42.7 £ 0.8

variant with D-valine were k___ = 0.068 * 0.004 s
and K, = 0.5 £ 0.1 mM, and k . = 0.019 £ 0.001 s
and K =10 £ 2 mM, respectlvely. Apparently, the
substitution at the PLP cofactor-binding site reduced
the substrate-binding affinity, which affected C_(PLP)
and the kinetic stability of DestiTA.

DestiTA activity in aqueous-organic media

To study DestiTA stability in aqueous-organic me-
dia, DMSO and methanol were selected as solvents
commonly used in biocatalytic processes involving
transaminases [8—10]. This choice was based on the
differences in the key physicochemical properties of
DMSO and methanol: hydrophobicity (logP = —1.35
and —0.74 for DMSO and methanol, respectively), the
dipole moment (3.96 and 1.70 D for DMSO and meth-
anol, respectively), and the interaction with water
molecules. Methanol acts as a hydrogen bond donor,
whereas DMSO is a hydrogen bond acceptor. This al-
lows for a comprehensive assessment of the effects
of different types of solvents on enzyme stability. We
also tested the Cyrene solvent (logP = —1.52; 0.93 D;
hydrogen bond acceptor), which is promoted as a bi-
odegradable, non-mutagenic, and non-toxic alterna-
tive to traditional dipolar aprotic solvents such as
DMSO, N,N-dimethylformamide (DMF), dioxane, and
tetrahydrofuran (THF) [21, 22]. The effect of organic
solvents on enzyme activity was assessed by meas-
uring the specific activity of DestiTA in the transam-
ination reaction with D-alanine and a-ketoglutarate
as substrates (F'ig. 1) in 50 mM K-phosphate buff-
er (pH 8.0) at 40°C (Table 1). A positive effect of the
T199Q@ substitution on DestiTA activity was observed
in DMSO, whereas the variant exhibited lower activi-
ty in 10—20% (v/v) Cyrene.

Thermodynamic and kinetic stability of

DestiTA in water-organic solvent media:

effect of the T199Q substitution

The thermodynamic stability of the holoenzyme in-
creased upon introduction of the T199Q substitution
not only in the buffer alone [20] but also in buff-
er supplemented with organic solvents (Table 2).
To analyze the stability of DestiTA, the enzyme’s
thermal denaturation midpoint (T,) was determined
by differential scanning fluorimetry. Substitution
T199Q appeared to stabilize the enzyme, whereas
cyrene was the most destructive for DestiTA, de-
creasing T,, by more than 20°C. The effects of meth-
anol and DMSO were less pronounced. The observed
effects were different than the solvent’s effects on
activity (Table 1). Apparently, these effects are de-
termined by the ability of solvents to form hydrogen
bonds, as well as the hydrophobicity, the dipole mo-
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ment (u), etc., to varying degrees depending on the
experimental conditions.

The kinetic stability of WT DestiTA and T199Q
was evaluated via the rate of cofactor dissociation
from the active site, leading to enzyme inactivation.
The dissociation was assessed by monitoring chang-
es in the holoenzyme absorption spectrum (Fig. 5).
The experiment was performed both in buffer and
under reaction conditions; i.e., in the presence of
the two substrates D-alanine and a-ketoglutarate,
the latter implying the presence of the cofactor in
both the PLP and intermediate PMP forms. The ob-
served holoenzyme dissociation rate constant (k** )
in 50 mM K-phosphate buffer (pH 8.0) in the ab-
sence of substrates was comparable for WT DestiTA
and T199Q and equal to (12.2 £ 0.4) X 10 and
(20 = 4) x 102 min! at 40°C, respectively. Under reac-
tion conditions, the observed T199Q rate constant of
dissociation (k** . ) was almost an order of magnitude
higher, indicating its lower kinetic stability compared
to the WT enzyme (Table 3).

Whereas the thermal denaturation midpoint (T,)
can be considered with caution as an indicator of pro-
tein thermodynamic stability (this is true only for re-
versible unfolding of the protein; DestiTA undergoes
aggregation upon heating), the holoenzyme dissocia-
tion constant represents a more objective measure of
holoenzyme thermodynamic stability [20]. Evidently,
the holoenzyme variant is more stable than the WT
holoenzyme. However, its kinetic stability, as reflected
by kP, which determines the rate of inactivation,
is lower for T199Q. It is possible that changes in ki-
netic parameters due to the substitution in the active
holoenzyme (see section above) also affect the kinetic
stability. In the case of DestiTA, the WT enzyme ap-
pears to be more stable than T199Q, particularly un-
der reaction conditions. This may be associated with
the reduced stability of the T199Q apoenzyme, which
accumulates during catalysis, especially in the absence
of free PLP [19].

As for the solvent effects, DMSO stabilizes the WT
holoenzyme but has little effect on the T199Q vari-
ant under reaction conditions in the presence of sub-
strates. The WT enzyme’s specific activity decreases
in DMSO (Table 1). This observation suggests that the
organic solvent may access the enzyme’s active site
and interfere with the rates of individual reaction
steps [23, 24].

Operational stability of DestiTA in aqueous-

organic solutions: effect of the T199Q substitution
The operational stability of a biocatalyst is an impor-
tant factor determining enzyme performance under
specific reaction conditions. It is typically assessed by
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Fig. 5. Scheme of DestiTA inactivation in buffer and under
reaction conditions (A). Absorption spectra of the PLP
(black) and PMP (blue) forms of the holoenzyme and apo-
enzyme (red) (B). The spectra are normalized to absorb-
ance at 280 nm

Table 3. Holoenzyme dissociation under reaction con-
ditions (saturating substrate concentrations) with the
addition of organic solvents in 50 mM K-phosphate buffer
(pH 8.0) at 40°C

. Feeee . % 10°, min™!
Organic solvent, % =
WT T199Q
no solvent 12.8 = 0.3 100 = 20
10 27 =1 280 + 15
Methanol
20 precipitate precipitate
10 12.7 = 0.4 110 = 15
DMSO
20 71+ 0.4 120 = 10
Cyrene 10 precipitate precipitate

residual enzyme activity under reaction conditions;
ie. in the presence of substrates, excess PLP, and oth-
er additives [18]. The PLP excess fundamentally dis-
tinguishes this experiment from the kinetic stability
analysis, which is typically conducted with the holo-
enzyme without excess PLP.

The operational stability of DestiTA is shown
in Fig. 6. Notably, excess PLP effectively stabilizes
the wild-type (WT) enzyme and, to a lesser extent,
the T199Q variant. The effects of solvents on the ho-
loenzyme dissociation rate constant are consistent
with those previously observed (Table 3). However,
the addition of free PLP does not compensate for the
kinetic instability of the variant. In addition, excess
PLP significantly stabilizes the active holoenzyme
form, maintaining catalytic activity for several days.



RESEARCH ARTICLES

B W1
T199Q

lr
7 T
5

Bl w1
5 T199Q
100
80

[

120

100

Residual activity, %

1l

Time, days

Residual activity, %

60
40
20

~

Tlme days

Residual activity, %

Residual activity, %

B . W

120 T199Q

o]

80

60

40

20

0 1 ] ) L T ll I
0 1 2 5
Time, days
0 . W1
T199Q

100

Il

0

Time, days

Fig. 6. Residual activity of WT DestiTA (0.25 mg/mL) and T199Q incubated in 50 mM K-phosphate buffer (pH 8.0),
containing 50 mM D-glutamate, 50 mM 3-methyl-2-oxobutyrate, 300 uM PLP, and supplemented with 10% (v/v)
DMSO (A), 20% (v/v) DMSO (B), 10% (v/v) methanol (C), and in the absence of organic solvents (D). A value of 100%
specific activity corresponds to 3.4 = 0.2 U/mg for WT DestiTA and 2.8 = 0.2 U/mg for T199Q

Under comparable conditions, but without excess PLP,
the inactivation half-lives for the WT holoenzyme and
T199Q are approximately 50 min and 7 min, respec-
tively (Table 3).

Thus, the experimental results indicate that
DestiTA stability decreases in the following solvent
series: DMSO > methanol > Cyrene. Introduction of
the T199Q substitution results in a slight increase in
DestiTA thermal stability in both the buffer and wa-
ter-organic solvent media and promotes holoenzyme
stabilization in buffer. However, this effect is not re-
tained under reaction conditions. Kinetic stability is
a complex parameter that includes the stability of
both the holoenzyme and apoenzyme, as well as the
substrate-binding and cofactor-binding efficiencies.
A relatively small (within one order of magnitude)
increase in PLP-binding affinity is insufficient to reli-
ably predict a change in the transaminase kinetic and
operational stability.

CONCLUSION

Despite the long history of studying PLP-dependent
enzymes, the development of stable transami-
nase-based biocatalysts for industrial application re-
mains a elusive in modern enzymatic catalysis. PLP
binding in the active site of transaminases, in par-
ticular DestiTA, determines not only the enzyme’s
catalytic properties but also its stability. Altering the
PLP-binding site has a complex effect on a wide
range of enzyme parameters; namely, catalytic effi-
ciency, thermal stability, operational stability, and the
stability in water-organic solvent solutions. In this
context, DestiTA, as a moderately thermally stable
enzyme, retains stability in buffers containing up
to 20% of the organic solvent. The T199Q substitu-
tion enhances thermal stability and retention of en-
zyme activity in the reaction between D-alanine and
a-ketoglutarate in water-organic solvent media, but
it reduces its kinetic and operational stability. The
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introduction of the T199Q substitution stabilizes the
holoenzyme but destabilizes the DestiTA apoenzyme
and reduces the catalytic efficiency of the half-reac-
tion of D-amino acid deamination. It can be conclud-
ed that increasing the stability of the protein globule
(apoenzyme) is preferable for DestiTA stabilization in
biotechnological processes, since holoenzyme stability

can be achieved by increasing the PLP concentration
in the reactor. The conducted studies further confirm
the effectiveness of transaminase stabilization when
there is an excess of free PLP. @
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