
INTRODUCTION

Baeyer–Villiger monooxygenases (BVMOs) is a

family of enzymes catalyzing a large variety of oxidative

reactions that are impossible or very difficult to conduct

in classic organic synthesis. Traditional methods for per-

forming Baeyer–Villiger reactions require strong perox-

ide oxidants, such as 3-chloroperbenzoic acid or trifluo-

roperacetic acid, which conflicts with the principles of

green chemistry. Although the catalyzed reaction is oxi-

dation, BVMOs require an additional source of reducing

equivalents in a form of NADPH. High regioselectivity

and enantioselectivity make BVMOs extremely attractive

for application in biotechnological processes [1].

A disadvantage of BVMOs that hinders their practi-

cal application is a low stability of these enzymes. BVMO

from the thermophilic bacterium Thermobifida fusca,

whose gene was cloned in 2004, lacks this drawback [2].

This enzyme exhibits the highest catalytic efficiency in

the reaction of phenylacetone conversion into benzylac-

etate; hence the name phenylacetone monooxygenase

(PAMO, EC 1.14.13.92). PAMO also demonstrates high

catalytic constants in the oxidation of benzylacetone and

other structurally similar aromatic ketones and can be

used in the synthesis of flavoring substances, since the

ester formed by benzylacetone oxidation has a pro-

nounced fruity smell [2].
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Abstract—Phenylacetone monooxygenase (EC 1.14.13.92, РАМО) catalyzes oxidation of ketones with molecular oxygen

and NADPH with the formation of esters. РАМО is a promising enzyme for biotechnological processes. In this work, we

generated genetic constructs coding for PAMO from Thermobifida fusca, containing N- or C-terminal His6-tags (PAMO N

and PAMO С, respectively), as well as PAMO L with the His6-tag attached to the enzyme C-terminus via a 19-a.a. spacer.

All PAMO variants were expressed as catalytically active proteins in Escherichia coli BL21(DE3) cells; however, the expres-

sion level of PAMO N was 3 to 5 times higher than for the other two enzymes. The catalytic constants (kcat) of PAMO С and

PAMO L were similar to that published for PAMO L produced in a different expression system; the catalytic constant for

PAMO N was slightly lower (by 15%). The values of Michaelis constants with NADPH for all РАМО variants were in agree-

ment within the published data for PAMO L (within the experimental error); however, the KM for benzylacetone was sever-

al times higher. Thermal inactivation studies and differential scanning calorimetry demonstrated that the thermal stability

of PAMO N was 3 to 4 times higher compared to that of the enzymes with the C-terminal His6-tag.
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РАМО, like a majority of BVMOs, contains FAD

and uses NADPH as an additional source of energy.

PAMO is a monomeric enzyme with a molecular mass of

62 kDa. The 3D crystal structure of PAMO has been

solved in [3]. The catalytic properties of this enzyme were

described earlier [2], as well as its kinetic mechanism [4]

and effects of organic solvents [5]. An attempt to change

the coenzyme specificity from NADPH to NADH

(because of lower cost of the latter) by site-directed muta-

genesis has been undertaken in [6].

In most studies, PAMO-encoding genetic constructs

were cloned in pBAD expression vectors under control of

the arabinose promoter [7]. To obtain highly purified

enzyme preparations, the His6-tag was attached to the

protein C-terminus. To minimize the effect of His6-tag on

the РАМО properties, the tag was separated from the

enzyme C-terminus with the 19-a.a. sequence KLGPE-

QKLISEEDLNSAVD (РАМО L cloned in pBAD/myc-

HisA vector) [2].

Here, we used a robust expression system based on

the pET28a vector and Escherichia coli BL21(DE3) cells

to generate recombinant РАМО. Protein expression was

induced with lactose or its analog isopropyl β-D-1-thio-

galactopyranoside (IPTG). To simplify enzyme purifica-

tion, the expression constructs contained the pamo gene

fused with a sequence coding for the His6-tag on the N-

or C-terminus of the enzyme (PAMO N and PAMO С,

respectively). For the purpose of comparison of the novel

enzyme variants, the РАМО L construct was also cloned

and expressed in the pET28a vector.

MATERIALS AND METHODS

Genetic constructs were produced by polymerase

chain reaction (PCR) using as a template the pamo gene

synthesized according to the AAZ55526.1 nucleotide

sequence (GenBank). The primers (Evrogen, Russia)

used to introduce the His6-tag into the gene sequence are

shown in Table 1.

PCR was carried out in a T100 Thermal Cycler (Bio-

Rad, USA); the reaction mixture (25 µl) contained 2.5 µl

of 10× PCR buffer supplied by the manufacturer along

with the enzyme, 1 µl of MgCl2 (25 mM), 2 µl of dNTP

solution (2.5 mM each), 1 µl of genomic DNA

(50 ng/µl), 0.5 µl of Phusion DNA polymerase (5 u/µl;

Thermo Fisher Scientific, USA), 1 µl of primers (20 pmol

each), and 17 µl of deionized water. PCR was carried out

in the following regime: 30 cycles (10 s at 98°C, 10 s at

72°C, 1.5 min at 72°C), followed by elongation for 10 min

at 72°C.

PCR products were purified by electrophoresis in 1%

agarose gel and digested with NcoI and HindIII endonu-

cleases (Thermo Fisher Scientific, USA) (PAMO N and

PAMO C) or NcoI and XhoI endonucleases (Thermo

Fisher Scientific) (PAMO L). DNA digestion products

were purified by electrophoresis in 1% agarose gel and li-

gated into the pET28a plasmid digested with the corre-

sponding restriction endonucleases. E. coli DH5α cells

were transformed with the ligation mixture, plated on

Petri dishes with agar medium (Difco, Germany) con-

taining kanamycin (30 µg/ml), and incubated for 16 h at

37°С. Three clones were selected from each Petri dish to

isolate the plasmids. The obtained constructs were veri-

fied by DNA sequencing at the Genome Collective Use

Center (Engelhardt Institute of Molecular Biology,

Russian Academy of Sciences).

Protein expression. E. coli BL21(DE3) cells were

transformed with the plasmid DNA. The resulting clones

were transferred to 4 ml of LB medium (Difco) contain-

ing 30 µg/ml kanamycin and incubated overnight at 37°C

in a shaker (180 rpm). The cells from the overnight cul-

ture were seeded in 200 ml of fresh TB medium [24 g/liter

yeast extract, 12 g/liter bactotriptone (Difco), 4 ml/liter

glycerol, 0.017 M KH2PO4, 0.072 M K2HPO4, pH 7.0]

with 30 µg/ml kanamycin and grown at 37°C at 120 rpm

until the optical absorbance A600 of 0.8. Protein expres-

sion was induced by adding IPTG to a final concentration

of 200 µM, and the cells were incubated for another 24 or

7 h at 120 rpm at various temperatures (30 or 37°C). The

cells were then pelleted by centrifugation in a Beckman

J21 centrifuge (Beckman, USA) for 20 min at 6000 rpm

at 4°C. The pellet was resuspended in a cold buffer

(50 mM Tris-HCl, 500 mM NaCl and 20 mM imidazole,

pH 7.5).

Protein purification. Aqueous FAD solution was

added to the cell suspension to a final concentration of

10 µM and the cells were disintegrated by sonication with

Primer

PAMO_His For

PAMO_For

PAMO_rev

PAMO_Myc_Rev

PAMO_His_Rev

Table 1. Primers used in the work

Sequence

5′-GCATATAGCCATGGGTCACCACCACCACCACCATTCGGGTGCCGGGCAGACGACTG-3′

5′-GCATATAGCCATGGCCGGGCAGACGACTGTCG-3′

5′-GGCCCAAGCTTTTACTAGGTGAGGACGAAACCTTCGTAGCC-3′

5′-CCGCCTCGAGTTATCAATGATGATGATGATGATGGTCGACGGCGCTATTCAGATCCTC-3′

5′-CCGCAAGCTTTTATCAATGATGATGATGATGATGCGAACCGGTGAGGACGAAACCTTC-3′
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a Branson Sonifier 250 ultrasonic disintegrator (Thermo

Fisher Scientific, USA) in 4-5 cycles of 90 s on ice with

interruptions for cooling. The lysate was incubated at

55°C for 10 min; the cell debris was removed by centrifu-

gation in a Beckman J21 centrifuge (Beckman, USA)

(40 min, 10,000 rpm, 4°C). The resulting cell-free

extract was applied onto a 1-ml HisTrap HP column (GE

Healthcare Life Science, USA) equilibrated with 50 mM

Tris-HCl buffer (pH 7.5) containing 500 mM NaCl and

20 mM imidazole, and proteins were eluted with a 20-

500 mM linear gradient of imidazole concentration.

Fractions containing the target protein were transferred

to 50 mM sodium phosphate buffer (pH 7.5) by gel fil-

tration on a Sephadex G-25 column (Pharmacia

Biotech, Sweden). The efficiency of purification was

monitored by denaturing electrophoresis using a Mini

Protean 2 device (BioRad, Austria) according to the

manufacturer’s protocol.

PAMO tryptic digestion in polyacrylamide gel. After

Coomassie Brilliant Blue staining, a piece of the gel con-

taining the enzyme (3-4 mm3) was cut out, washed twice

with 100 µl of 40% acetonitrile in 0.1 M NH4HCO3 for

20 min at 37°C to remove the dye, and transferred to

100 µl of acetonitrile for dehydration. After dehydration,

the gel piece was dried to remove acetonitrile and 3.5 µl of

modified trypsin solution (Promega, USA) in 0.05 M

NH4HCO3 was added. Hydrolysis was carried out for 20 h

at 37°C; next, 5.25 µl of 0.5% trifluoroacetic acid (TFA) in

50% aqueous acetonitrile solution was added tom the reac-

tion mixture and thoroughly mixed. The resulting super-

natant was used for MALDI mass spectroscopy analysis.

MALDI mass spectrometry analysis was performed

using equipment of the Industrial Biotechnologies Center

for Collective Use of the Fundamentals of Biotechnology

Federal Research Center, Russian Academy of Sciences.

The samples for mass spectrometry were prepared by

mixing 1.5 µl of the tryptic hydrolysate with 0.5 µl of 2,5-

dihydroxybenzoic acid (10 mg/ml in 20% aqueous ace-

tonitrile, 0.5% TFA; Sigma, Germany). The resulting

mixture was air-dried.

Mass spectra were recorded with an Ultraflextreme

MALDI-TOF/TOF mass spectrometer (Bruker,

Germany) equipped with a positive-ion UV laser (Nd)

and a reflectron. The accuracy of measurement of

monoisotopic masses after recalibration with the peaks

for trypsin autolysate was 0.002-0.011% (20-110 ppm).

The spectra were obtained within the mass range of 500-

6500 m/z; laser power was selected to achieve the best

resolution.

Proteins were identified using the Mascot software

(www.matrixscience.com). Mass spectra were processed

with the FlexAnalysis 3.3 software package (Bruker

Daltonics, Germany). Using the Mascot program (“pep-

tide fingerprint” option), we searched a local database

with the above accuracy, taking into account the follow-

ing possible modifications: acetylation (protein N-termi-

nus), Gln pyroGlu (N-terminal Q), oxidation (M), pro-

pionamide (C). Candidate proteins with the confidence

score >42 in the NCBI database were considered as reli-

ably identified (p < 0.05).

Determination of catalytic parameters. The concen-

tration of the enzyme active sites was determined spec-

trophotometrically with a Shimadzu 1800PC spectropho-

tometer (Shimadzu GmbH, Germany) from FAD

absorbance at 441 nm (ε = 12.4 mM−1 cm−1). PAMO solu-

tion was incubated at 55°C for 10 min before the assay; the

reaction was carried out at 30°C and monitored by

NADPH consumption that was measured by the

absorbance decrease at 340 nm. The total reaction volume

was 1 ml; the reaction mixture contained 50 mM sodium

phosphate buffer (pH 7.5), 50 µM NADPH, and 10 mM

benzylacetone. To determine KM, the concentrations of

NADPH and benzylacetone were varied in the 5-500 µM

and 0.25-15 mM concentration ranges, respectively.

Kinetics of thermal inactivation. The thermal stabili-

ty of the PAMO enzymes was studied in 0.05 M sodium

phosphate buffer (pH 7.5) at varied temperatures. For

each experiment, a series of 0.5 ml plastic tubes with

100 µl of enzyme solution (0.2 mg/ml) was prepared. The

tubes were placed in a water bath (Waters, USA) preheat-

ed to the required temperature (thermostat accuracy,

± 0.1°C). At certain time points, the tubes were removed

from the water bath and placed on ice for 5 min, followed

by centrifugation for 3 min at 12,000 rpm in an

Eppendorf 5415D centrifuge (Eppendorf, Germany).

The supernatant was assayed for the PAMO residual

activity as described above. The thermal inactivation rate

constant (kin) was determined as a slope of the linear

regression plot in the semi-logarithmic coordinates

ln(A/A0) versus time using the Origin Pro 8.5 software

(OriginLab Corporation, USA).

Differential scanning calorimetry (DSC). The

dependence of PAMO heat capacity on temperature was

studied using a MicroCal VP DSC differential adiabatic

scanning microcalorimeter (Malvern Panalytical Ltd,

Great Britain). The working volume of tantalum capillary

cells was 140 µl. To prevent bubble formation and solu-

tion boiling with a temperature increase, excessive pres-

sure (3 atm) was maintained in the calorimeter cells; cal-

ibration was carried out by applying a fixed power

(25 µW) per cell. The instrumental baseline was deter-

mined prior to the experiment. The working cell was filled

with the PAMO solution and the control cell was filled

with a buffer. The enzyme concentration was 1 mg/ml;

the heating rate was 1°C/min.

RESULTS

PAMO expression and purification. Metal-affinity

chromatography is one of the most efficient and com-

monly used protein purification methods. This purifica-
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tion procedure requires the presence of 6 to 12 histidine

residues (His-tag) at the N- or С-terminus of a protein

[8]. Although His-tag makes purification much easier, its

introduction may also cause significant changes (and

sometimes worsening) of protein properties, as it has been

demonstrated for various enzymes [9-12]. Therefore, the

effect of His-tag on the enzyme catalytic properties and

stability must be studied empirically. The goal of this work

was to generate PAMO constructs with the His-tag locat-

ed at the N- and С-termini of the enzyme (PAMO N and

PAMO С, respectively) and to compare the properties of

the modified enzymes. For more comprehensive compar-

ison, we also reproduced previously described PAMO L

construct with the His-tag distanced from the enzyme

С-terminus with an additional 19-a.a. sequence [2].

Expression vectors for the three PAMO variants were gen-

erated by inserting nucleotides encoding the His6-tag into

the pamo gene sequence by PCR. Sequencing of the

resulted plasmids confirmed the absence of undesired

nucleotide replacements in the generated sequences.

In this work, we avoided the use of expression sys-

tems with the arabinose promoter because of high costs of

L-arabinose (expression inducer). Instead, we used a

robust system based on the pET28a expression vector and

E. coli BL21(DE3) cells to produce recombinant PAMO

variants. In this case, expression of the target gene is

induced with IPTG or lactose, which is significantly

cheaper. To optimize the expression conditions for

PAMO, we varied the growth medium composition,

IPTG concentration, temperature, and duration of culti-

vation. The highest yield was achieved for 24-h expression

after induction with 0.2 mM IPTG in TB medium at

30°С. Early cell lysis was observed at 37°С, while shorten-

ing of the protein synthesis time to 8 h or switching to

2YT medium resulted in lower protein yields. It should be

noted that even if changes in the growth conditions equal-

ly affected the expression levels of all three PAMO vari-

ants, the level of РАМО N expression was always 3 to 5

times higher (Fig. 1, line 1) than the expression levels of

PAMO C and РАМО L under the same conditions

(Fig. 1, lines 2 and 3, respectively). As seen from Fig.1,

the presence of additional 19 a.a. residues in PAMO L

(lane 3) slightly increased its molecular mass in compari-

son to РАМО N and РАМО С (lanes 1 and 2).

His6-tagged РАМО proteins were purified by metal-

affinity chromatography. Figure 2 shows the results of

analytical denaturing electrophoresis of РАМО N prepa-

rations at different purification stages (lanes 1-4) and

purified preparations of РАМО N, РАМО C, and РАМО

L (lanes 5-7, respectively). All three variants of recombi-

nant His6-tagged РАМО were purified to near-homo-

geneity in one step. To confirm the authenticity of the

purified proteins, the obtained preparations were purified

from the gel and analyzed by MALDI-TOF/TOF. Mass

spectrometry analysis revealed no post-translational

modification in the PAMO proteins expressed in E. coli

cells and confirmed correct positioning of the His6-tag.

All three variants of recombinant PAMO lost some

FAD during purification, however, their activity was

restored by incubation with free FAD. Successful replen-

ishment with FAD was confirmed by the enzyme spectrum

after desalting used to remove unbound FAD (Fig. 3).

Kinetic properties. Table 2 shows kinetic parameters

of PAMO proteins with different position of the His6-tag,

which proves that position of the His6-tag has no signifi-

Fig. 1. Analytical denaturing electrophoresis of E. coli cells after

induction of PAMO expression: (1-3) cells expressing PAMO N,

PAMO C and PAMO L, respectively; M, molecular weight mark-

ers. (Colored versions of Figs. 1-6 are available in electronic ver-

sion of the article on the site http://sciencejournals.ru/journal/

biokhsm/)

Fig. 2. Analytical denaturing electrophoresis of enzyme prepara-

tions at different stages of purification. Stages of PAMO N purifi-

cation: (1) cell lysate, (2) thermal treatment of cell lysate,

(3) metal-affinity chromatography, and (4) desalting. Purified

PAMO preparations: (5) PAMO N, (6) PAMO С, and (7) PAMO

L; M, molecular weight markers.
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cant effect on the enzyme catalytic parameters. The cat-

alytic constant for PAMO N was slightly lower, but the

difference was within the limits of experimental error.

The Michaelis constants of the obtained enzymes with

NADPH were similar to that for PAMO L produced in a

different expression system [2] (within the experimental

error), However, for all the three enzymes, the KM value

with benzylacetone was several times higher than the one

published in [2]. The activities of all three enzymes lin-

early depended on the enzyme concentration.

Thermal stability. Figure 4 shows the time course of

PAMO inactivation in semi-logarithmic coordinates upon

incubation at 59°С. The linear character of the observed

dependencies indicates the first-order kinetics of the

enzyme thermal inactivation. The apparent rate constants

of enzyme inactivation (kin) were calculated from the lin-

ear dependence slope. The apparent inactivation rate con-

stant of PAMO N was 3 to 4 times lower compared to

those for the enzymes with the С-terminal His6-tag. 

The results on the enzyme inactivation kinetics were

in agreement with the data generated by DSC (Fig. 5).

The melting temperature of the PAMO N protein globule

was 1°C higher compared to the other two enzymes

(Fig. 5). Considering that the rate constant for the pro-

tein thermal inactivation increases 10-fold on average

with the temperature rise by 3°C, the observed 1°C differ-

ence in the melting temperature of РАМО variants agrees

with the observed difference in the apparent rate con-

stants of thermal inactivation for these enzymes.

DISCUSSION

NAD(P)+-dependent oxidoreductases are highly

efficient enzymes that can be used for a high-yield syn-

thesis of >99% optically pure products that cannot be

obtained using the methods of traditional organic chem-

istry. However, to make enzymatic catalysis cost-effec-

tive, one has to reduce the cost of the coenzyme

NAD(P)H. This can be achieved by coupling the main

reaction with the NAD(P)H regeneration system that

would convert its oxidized form, NAD(P)+, back into

Fig. 3. Absorbance spectra of free FAD (1) and PAMO before (3)

and after (2) FAD addition in 0.05 M Na-phosphate buffer,

pH 7.5.

Enzyme

PAMO N

PAMO C

PAMO L

PAMO L (pBAD)

Table 2. Kinetic parameters for three PAMO enzymes with different position of the His6-tag (50 mM Tris-HCl,

pH 7.5, 30°C)*

Source

this work

this work

this work

[2]

kcat, s
−1

1.5 ± 0.2

1.8 ± 0.2

1.9 ± 0.2

1.8

KM
benzylacetone, mM

7.1 ± 0.6

5.5 ± 0.6

6.4 ± 0.5

0.36

KM
NADPH, µM

3.2 ± 0.4

4.2 ± 0.7

4.4 ± 0.9

3.0

* The data are mean values from triple independent experiments.

Fig. 4. Residual activity of three PAMO variants upon incubation

at 59°С (0.05 M Na-phosphate, pH 7.5).
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NADPH. One of the enzymes widely used for the coen-

zyme regeneration is formate dehydrogenase (FDH).

The first biocatalytic process for the production of

ε-caprolactones in the Baeyer–Villiger reaction with the

use of cyclohexanone monooxygenase and enzymatic

regeneration of the reduced coenzyme was described in

1997 [13, 14]. To reduce NADP+ to NADPH, mutant

FDH from Pseudomonas sp.101 (NP-PseFDH) was

used, after its coenzyme specificity had been altered

from NAD+ to NADP+ by site-directed mutagenesis

[15-17].

The production capacity of a system involving two

separate soluble biocatalysts is determined by the catalyt-

ic properties of individual enzymes. Creation of fusion

proteins that combine enzymes catalyzing coupled reac-

tions into a single polypeptide chain has become a popu-

lar approach for enhancing the efficiency of biocatalysis.

Bringing two active sites in a close proximity in the same

protein globule often results in a multiple increase in the

catalytic efficiency compared to a mixture of two individ-

ual enzymes. This study was conducted within a frame-

work of the project on constructing chimeric biocatalysts,

in particular, a fusion enzyme combining mutant

NADP+-specific FDH from Pseudomonas sp. 101

(PseFDH) and РАМО. We have demonstrated that the

optimal arrangement for PseFDH included an additional

polypeptide attached to the enzyme N-terminus [18].

Therefore, placing PAMO before PseFDH in the fusion

enzyme seemed as a logical development. To purify this

hybrid enzyme, His-tag has to be attached to the РАМО

N-terminus. Since no information had been available on

PAMO N, we produced and characterized this enzyme. It

was also interesting to elucidate the need for a spacer pep-

tide between the РАМО С-terminus and His6-tag, intro-

duced earlier by others researchers in [2].

The results of our experiments prove one more time

that there the effects of His-tag introduced at the N- or С-

termini of an enzyme require a separate study. In the case

of РАМО, addition of the His6-tag for affinity purifica-

tion had almost no effect on the enzyme catalytic proper-

ties (the values of catalytic constants were similar within

the experimental error). The absence of His6-tag posi-

tional effect on РАМО properties is in agreement with the

data of X-ray structural analysis [3]. Figure 6a shows the

crystal structure of the enzyme (PDB 1W4X) with indi-

cated N- and С-termini. It is clearly seen that PAMO N-

and С-termini are located equally far from the substrate-

binding site and binding site for NADPH and FAD isoal-

loxazine moiety. The reason for the difference in the KM

values with benzylacetone for the enzyme variants pro-

duced in this study and PAMO L expressed in a different

system is not clear. It is possible that expression system

can affect protein folding and conformation; however,

worsening of one catalytic parameter only and not the

others is difficult to explain. Additional research on the

Fig. 5. Melting curves for three PAMO enzymes with different

position of the His6-tag (0.05 M Na-phosphate buffer, pH 7.5;

enzyme concentration, 0.7-1.0 mg/ml; scan rate, 1°C/min).

a b c

Fig. 6. a) 3D structure of PAMO (PDB 1W4X) indicating location of the N- and С-termini. b) PAMO N model with the addition of missing

10 a.a. residues and N-terminal His6-tag. c) Space orientation of FAD adenine group and the fifth residue of the His6-tag.

N-terminus

N-terminus

C-terminus

C-terminus
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PAMO reaction with benzylacetone using gas chro-

matography may be necessary.

Unexpectedly, introduction of the His6-tag at the N-

terminus of PAMO increased 3 to 5 times both the

enzyme expression level and thermal stability. One of the

reasons for a higher expression level in E. coli cells could

be the optimal codon usage for the His6-tag histidine

residues compared to the codons used for amino acid

residues at the N-terminal sequence of the enzyme itself.

A 3- to 5-fold increase in the enzyme expression level is

an important factor for the practical applications of

PAMO.

The higher thermal stability of PAMO N in compar-

ison with the enzymes with the С-terminal His6-tag may

result from the conformational changes induced by the

N-terminal His6-tag. X-ray analysis indicated a very high

flexibility of the N-terminus in the wild-type PAMO,

since the resolved crystal structure lacked the first ten

residues of the polypeptide chain [3], whereas the С-ter-

minus was well structured (Fig. 6а). Our results and pub-

lished data [2] suggest the presence of a comparatively

loosely bound FAD in the active site. Hence, the most

likely mechanism of РАМО thermal inactivation is FAD

dissociation from the active site. Such mechanism is

highly plausible because adenine moiety of FAD is

exposed to the solvent (Fig. 6). We created a structural

model of PAMO N by adding ten amino acid residues

lacking in the crystal structure at the enzyme N-terminus

and the His6-tag itself (Fig. 6b). Modeling and structural

optimization were performed as described in detail in our

study of His6-tagged PseFDH [18]. Analysis of the

PAMO N model (Fig. 6b) demonstrated that the N-ter-

minus of PAMO N containing positively charged His6-tag

can come in close proximity to the adenine moiety of

FAD. Modeling data support a possibility of hydrogen

bond formation between the fifth residue of His6-tag and

3′-OH group and, to some extent, 2′-OH group of adeno-

sine ribose (Fig. 6c), whereas electrostatic interaction

between imidazoles in the His6-tag and negatively

charged pyrophosphate of FAD are spatially restricted.

The hydrogen bond suggested by the model may explain

an increase in the enzyme thermal stability by the N-ter-

minus structuring, which strengthens the binding of FAD

ribose and ensures additional cofactor screening from the

solvent. The stabilization effect corresponds to the energy

of a newly formed hydrogen bond. On the contrary, the

presence of a long spacer between the PAMO С-terminus

and His6-tag in РАМО L compromises C-terminus struc-

turing and results in a lower thermal stability of PAMO L

vs. PAMO C (Fig. 4).

Based on the discovered positive effects of the intro-

duced N-terminal His6-tag in PAMO N, we have started

experiments on the construction and characterization of

a fusion protein composed of PAMO and NP-PseFDH.

The results of this ongoing work will be published in the

nearest future.
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