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Influence of terpenoids and acarbose on glycosyltransferases produced by strain Leuconostoc

mesenteroides URE 13
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A study of the influence of different plant terpenoids and amino sugar derivate acarbose on the activity of
glycosyltransferase complex and purified dextransucrase from Leuconostoc mesenteroides URE 13 strain was carried out.
All the tested terpenoids showed an inhibitory effect on glycosyltransferases from strain URE 13 at concentration
0.34 mmol. Out of all studied diterpenoids splendidin showed the strongest inhibitory effect decreasing the activity of both
glycosyltransferase complex and dextransucrase with 70% and 90%, respectively. The triterpenoid ursolic showed the
second strongest inhibitory effect as the enzyme complex and dextransucrase from strain URE 13 retain 27% and 13% of
their initial enzyme activity. Despite the higher degree of inhibition of purified dextransucrase, compared to the enzyme
complex, a complete inhibition of the enzyme was not observed at the highest used terpenoid concentration (3.42 mmol).
When acarbose was used as an inhibitor, a complete inhibition of dextransucrase was observed at concentration of
6.9 mmol, while the enzyme complex retained 8% of its enzyme activity. Ki values of 0.28 mmol for splendidin,
0.37 mmol for ursolic acid and 0.29 mmol for acarbose were determined from the kinetic studies of purified dextransucrase.
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Introduction

Terpenoids are a large class of natural hydrocarbons pro-

duced mainly by plants. Generally, their concentrations

are comparatively high in plant reproductive organs, leafs

and resins during and immediately after flowering.[1] Up

to now, there are more than 40,000 different terpenoid

structures found and their number rapidly continue to

increase.[2] The enormous variety of terpenoid structures

which usually contain oxygen atoms in the form of alco-

hol, ketone, aldehyde or carboxylic groups is associated

with significant differences in their physical and chemical

properties, and also with the great number of biological

activities displayed by terpenoid compounds.[3] Among

the beneficial effects of terpenoids, associated with their

application in human healthcare are as follows: prevention

and therapy of cancers [4,5]; antimicrobial and antifungal

activities [6�8]; anticariogenic activity [9]; antiviral

activity [10]; antihyperglycemic activity [11]; antinflama-

tory activity [12]; and antiparasitic activity.[13] Addition-

ally, terpenoids can found application as skin penetration

enhancers during anticancer therapy, and also in dermatol-

ogy and cosmetology.[1] The anticariogenic effect of ter-

penoids is associated with their ability to inhibit

glucosyltransferases (GTFs) secreted by plaque-forming

bacteria belonging to genera Streptococcus.[9] Such an

inhibitory effect on carbohydrase enzymes, including

a-glucosidase, a-amylase, cyclodextrin glucanotransfer-

ase and GTFs, is also known for some amino sugar deriva-

tives.[14] One of these derivatives, produced by some

strains of Actinomycetales sp. is acarbose: pseudotetrasac-

charide consisting of two glucose units, 4-amino-4,6-

dideoxy glucose unit and unsaturated cyclitol unit. The

inhibitory effect of acarbose is ascribed to cyclohexan

ring and glycosidic nitrogen linkage that mimics the tran-

sition state for cleavage of glycosidic linkages in normal

glycosidase substrates.[15,16]

While acarbose is well soluble in aqueous solutions,

the terpenoids as lipophilic compounds are soluble only in

solutions containing organic solvents and this hampers

their study and application. One promising solution for

this drawback is the modification of terpenoid molecules

by attaching carbohydrate moieties to obtain their glyco-

side forms.[17] The efficiency of this approach is well

demonstrated in plant flavonoids, which useful bioactive

properties often can be exploited only in the form of their

water soluble glycosyl derivatives. In addition, the glyco-

sides often display different pharmacokinetic properties

from these ones of non-glycosylated aglycons, e.g. better

solubility, lesser reactivity, different circulation and elimi-

nation time, and concentration in body fluids.[3,18]

According to that, enzymatic glycosylation of bioactive

substances is a perspective technique because of enzyme
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selectivity and the mildness of reaction conditions, com-

pared to chemical methods, where harsh conditions and

toxic catalysts are often used.[19] At this point of view, as

useful tools for enzymatic glycosylation of terpenoid

compounds appear so-called non-Leloir glycosyltransfer-

ases, produced by lactic acid bacteria belonging to genera

Leuconostoc, Streptococcus, Lactobacillus and Weissella.

[20,21] These enzymes are able to transfer a glycosyl resi-

due from a cheap donor such as sucrose to a growing poly-

mer chain, to water (hydrolisis), or to a suitable acceptor

(acceptor reaction), using only the energy stored in

glycosidic linkage of substrate molecule.[20] Despite the

considerable specificity of acceptor reactions which are

generally more efficient when carbohydrate acceptors

are used, a successful glycosylation of many non-

carbohydrate bioactive substances (e.g. aromatic com-

pounds, flavonoids, amino acid derivatives, alcohols) by

GTFs from L. mesenteroides strains has been achieved.

[22,23] According to that, the optimization of the glyco-

syltransferase reaction, performed with potentially inhibit-

ing and non-carbohydrate acceptor molecules in the

presence of water-miscible organic solvents, is a key step

in the current enzyme study.

The aim of the present work is to evaluate the influ-

ence of different di- and triterpenoids on activity of glyco-

syltransferase complex and purified dextransucrase

produced by L. mesenteroides URE 13 strain. We also

compared the effect of the studied terpenoids and acar-

bose on the kinetic of the enzyme reaction catalysed by

purified dextransucrase.

Materials and methods

Bacterial strains and culture media

L. mesenteroides URE 13 was obtained from the bacterial

culture collection of the Department of General and

Industrial Microbiology, Sofia University (Bulgaria). The

strain was cultivated 6�8 h in culture media containing

4% (w/v) sucrose at 27 �C on a rotary shaker (200 rpm)

for the production of glycosyltransferases.[24]

Extraction and isolation of terpenoids

Triterpenoids ursolic acid and oleanolic acid were

extracted from dried and finely powdered aerial parts of

Lavandula spica L. with methanol at room temperature

for a week. The methanolic solution was concentrated by

evaporation to dryness and residue was chromatographed

on silica gel column (Merck, No 7734) as previously

described.[25] Diterpenoids scutalpin A, scutalpin E, scu-

talpin F and scutecyprol A were extracted with acetone

from dried and finely powdered stems from species of

genera Scutellaria (Labiatae), and salviarin, splendidin,

splenolide B were extracted from Salvia splendens.

Diterpenoids were isolated by column chromatography

with silica gel as previously described.[26,27,28] Chloro-

hydrin derivatives of scutalpin A and scutalpin E were

prepared by treatment of methanol solution of the com-

pounds with hydrochloric acid.[27] Acetate derivative of

ursolic acid was obtained by treatment with acetic anhy-

dride of pyridine solution of the compound, according to

Bozov and co-workers.[29] Oxidation of ursolic acid with

K2Cr2O7/H2SO4/acetone solution leads to 3-keto-ursolic

acid as described by Bozov and co-workers.[29] All terpe-

noids were dissolved in dimethyl sulfoxide (DMSO)

(Calbiochem).

Biomass measurements

Bacterial growth was measured by a turbidimetric method

at 620 nm and calibrated against cell dry-weight measure-

ments, as previously described.[30]

Concentration of glycosyltransferases

The culture medium after sucrose cultivation was first

centrifuged for 20 min at 7000 g and 4 �C for cell separa-

tion. The supernatant was then filtered with a Sartorius

membrane (0.2 mm cut-off) to ensure the total absence of

cells in the supernatant. The glycosyltransferases were

separated from the supernatants and concentrated by using

of polyethylene glycol (PEG) 1500 to final concentration

of 20% (w/v).[31] The glycosyltransferases were sepa-

rated by centrifugation at 7000 g for 20 min at 4 �C, col-
lected in the pellet, and diluted in 20 mmol/L sodium

acetate buffer, pH 5.3.

Purification of dextransucrase

An extracellular dextransucrase from L. mesenteroides

URE 13, cultivated on sucrose media, was purified by

size-exclusion chromatography with XK 16/70 column

and Sepharose CL-6B medium as previously described.

[32]

Enzyme activity assays

One unit of glycosyltransferase activity is defined as the

amount of enzyme that catalyses the formation of 1 mmol

of fructose per 1 min at 30 �C in 20 mmol/L sodium ace-

tate buffer (pH 5.3), 0.05 g/L CaCl2 and 100 g/L sucrose.

[33] Additionally, D-fructose and D-glucose were deter-

mined with hexokinase, glucose-6-phosphate dehydroge-

nase, and phosphoglucose isomerase (commercially

available kit, Cat. No. K-FRUGL, Megazyme Interna-

tional Ireland ltd, Wicklow, Ireland). All activities were

assayed at least in triplicate and average values are given.
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Determination of inhibitory effect

The inhibitory effect of DMSO on enzyme activity of the

glycosyltransferase complex and the purified dextransu-

crase from strain L. mesenteroides URE 13 was studied at

concentration from 20% to 70% (v/v) in the reaction mix-

tures. The inhibitory effect of the studied terpenoids was

determined at 0.34, 1.71 and 3.42 mmol per ml end con-

centration in the reaction mixtures. The inhibitory effect

of acarbose (Sigma) was determined at 0.3, 1.3, 2.3, 4.1

and 6.9 mmol per ml end concentration in the reaction

mixtures. The reactions were performed with 1 U/ml

enzyme in reaction mixtures containing 20 mmol/L

sodium acetate buffer (pH 5.3), 0.05 g/L CaCl2, 100 g/L

sucrose at 30 �C. D-fructose and D-glucose were deter-

mined with hexokinase, glucose-6-phosphate dehydroge-

nase and phosphoglucose isomerase (commercially

available kit, Cat. No. K-FRUGL, Megazyme Interna-

tional Ireland ltd, Wicklow, Ireland). All the reactions

were performed at least in triplicate and average values

are given.

Determination of Ki values

The Ki values were determined in reaction mixtures

containing between 1 and 200 mmol sucrose, terpenoids

from 0.34 to 3.42 mmol/ml or acarbose from 0.3 to

6.9 mmol/ml. The reactions were performed with 1 U/

ml dextransucrase in 20 mmol/L sodium acetate buffer

(pH 5.2) at 30 �C. D-fructose and D-glucose were deter-

mined with hexokinase, glucose-6-phosphate dehydro-

genase and phosphoglucose isomerase (commercially

available kit, Cat. No. K-FRUGL, Megazyme Interna-

tional Ireland ltd, Wicklow, Ireland). All the reactions

were performed at least in triplicate and the average

values were used for determination of Ki from Line-

weaver�Burk plots.

Protein determination

Proteins were assayed by the method of Bradford [34] by

using bovine serum albumin as a standard.

Statistical analysis

In all the cases the software Programmable scientific cal-

culation ‘CITIZEN’ SRP-45N and SigmaPlot 12.0 (Systat

Software, Inc.) were used for data analysis.

Results and discussion

Inhibitory effect of DMSO on the activity of glycosyl-

transferases from L. mesenteroides URE 13

In our previous study, we showed that strain L. mesenter-

oides URE 13 produced a glycosyltransferase complex

including 180 kDa dextransucrase, 300 kDa GTF and

120 kDa fructosyltransferase (FTF).[35] The dextransu-

crase from this complex was purified by single-step chro-

matography technique.[32] The influence of different

concentrations DMSO on the activity of the glycosyltrans-

ferase complex and purified dextransucrase was studied.

This step is important because the terpenoids have only

poor water solubility and usage of compatible organic sol-

vents such as DMSO is required. The lowest inhibitory

effect for enzyme complex and dextransucrase was

observed in the presence of 20% DMSO � 10.12% and

17.34%, respectively (Figure 1). Increasing the concentra-

tion of DMSO leads to increase of the inhibitory effect on

the enzyme activity and at the highest used concentration

of DMSO (70%) a complete inhibition was reached as for

the enzyme complex, thus for dextransucrase (Figure 1).

The inhibitory effect on the dextransucrase for all the

tested DMSO concentrations was larger than this one of

the enzyme complex, and a complete inhibition of the

purified enzyme was observed at 60% DMSO (Figure 1).

On the basis of these results, we performed the next inhib-

itory effect studies using terpenoid compounds dissolved

in DMSO with 20% final concentration in the reaction

mixtures.

In addition to their ability to synthesize polymers,

glycosyltransferases produced by lactic acid bacteria

also catalyse the transfer of glucose or fructose units

from sucrose to other carbohydrate acceptors in so-

called acceptor reactions.[36] Of great interest is the

potential application of these enzymes for acceptor

reactions using non-conventional acceptor molecules

that are usually not sugars. Most of them (alkylglyco-

sides, arylglycosides, flavonoids, terpenoids) have poor

water solubility, and because of that the use of organic

solvents, such DMSO could allow them to dissolve and

Figure 1. Inhibition of glycosyltransferases from Leuconostoc
mesenteroides URE 13 by DMSO.
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make their interaction with the enzyme more effective.

In the present study we have found that at 20% concen-

tration of DMSO, which ensures good solubility of the

studied terpenoids, glycosyltransferase complex and the

purified dextransucrase from strain URE 13 retain about

90% and 83% of their enzyme activity. In other study,

Girard and Legoy found that dextransucrase from L.

mesenteroides NRRL B-512F loses half of its enzyme

activity in the presence of 20% DMSO.[37] It appears

that the different degree of inhibition of both NRRL B-

512F dextransucrase and the enzyme from URE 13 is a

strain dependent feature. Girard and Legoy proposed

two hypotheses for the inhibitory effect of DMSO: (1)

the increase of DMSO concentration to 50% leads to a

change of pH from 5.0 to 6.0 which is above the

reported optimum for the action of these enzymes and

(2) the presence of water soluble organic solvent could

modify the nature and the number of non-covalent

interactions (Van der Waals, electrostatic, hydrophobic

or hydrogen bonds).[37]

Study of inhibitory effect of terpenoids on the activity of

glycosyltransferases from L. mesenteroides URE 13

In order to determine the inhibitory effect of terpenoides

on the activity of glycosyltransferase complex, as well as

on the purified dextransucrase from L. mesenteroides

URE 13, we tested seven diterpenoids, two triterpenoids

and also four their derivatives in three different concentra-

tions (Figure 2). In all the cases the inhibition of dextran-

sucrase was about 10%�25% larger than this of

glycosyltransferase complex. From the studied diterpe-

noids, the highest inhibitory effect was detected in the

presence of splendidin in all the tested concentrations.

This tendency was observed as for the enzyme complex,

thus for purified dextransucrase (Figure 2). Even at the

lowest used concentration of splendidin (0.34 mmol),

57% and 82% inhibition of the enzyme complex and dex-

transucrase were detected (Figure 2(A)). The second high-

est inhibitory effect was detected in the presence of

splenolide B � 47% for the enzyme complex and 63% for

dextransucrase (Figure 2(A)). The further increase of

inhibitory concentrations did not lead to linear increase of

the degree of inhibition. A complete inhibition of the

enzyme complex as well as of the dextransucrase was not

observed at the highest used concentration of splendidin

(3.42 mmol) at which about 30% and 10% of the activity

was retained (Figure 2(C)). From both studied diterpenoid

derivatives, scutalpin E HCl showed higher degree

of inhibition to glycosyltransferase complex and the

purified dextransucrase � 69% and 87%, respectively

(Figure 2(C)). As scutalpin A thus scutalpin E derivatives

showed 9%�18% higher degree of inhibition compared

to native substances (Figure 2).

Figure 2. Inhibition of glycosyltransferases from Leuconostoc
mesenteroides URE 13 by terpenoids at concentrations
0.34 mmol (A), 1.71 mmol (B) and 3.42 mmol (C).
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The analysis of the effect of the triterpenoids ursolic

acid and oleanolic acid showed that the degree of inhibi-

tion increased with their concentration. The highest per-

cent of inhibition was reached when the ursolic acid

was applied in concentration 3.42 mmol � 73% for

the enzyme complex and 87% for the dextransucrase

(Figure 2(C)). Studied derivatives of ursolic acid

showed higher inhibitory effect only at the lowest con-

centration (0.34 mmol) (Figure 2(A)). At final concen-

trations of ursolic acid set at 1.71 and 3.42 mmol in the

reaction mixtures, its inhibitory effect increased and

was larger than this of ketone and acetylated derivatives

(Figures 2(B) and 2(C)). Similar to the studied diterpe-

noids, ursolic acid and its derivatives did not show a

complete inhibition of the glycosyltransferases from L.

mesenteroides URE 13 at the highest used concentra-

tions in the assays.

In this paper, we describe for the first time the influ-

ence of terpenoids on the activity of dextransucrase pro-

duced by L. mesenteroides URE 13. Lower degree of

inhibition of the enzyme complex compared to dextransu-

crase could be explained with the presence of two types of

glycosyltransferases (GTF and FTF) in the complex. The

lack of a complete inhibition at the highest used concentra-

tion of terpenoids (3.42 mmol) gives us an opportunity for

further detail studies concerning application of glycosyl-

transferases as a useful tool for glycosylation of natural

substances with low water solubility. Several studies have

reported successful glycosylation of non-carbohydrate sub-

stances as aromatic compounds, alcohols and amino acid

derivatives in which the transferred sugar moieties

improves not only their water solubility but also their phar-

macological properties.[22] Terpenoid concentrations

larger than 3.42 mM were not tested because of their

low solubility in the reaction mixtures, containing 20%

DMSO.

Study of inhibitory effect of acarbose on the activity of

glycosyltransferases from L. mesenteroides URE 13

The inhibitory effect of the amino sugar derivative acar-

bose on the enzyme activity of glycosyltransferase com-

plex and the purified dextransucrase from L.

mesenteroides URE 13 was studied. At all the tested acar-

bose concentration the inhibitory effect on dextransucrase

activity was predominant (Figure 3). More than 30% and

40% of inhibition was observed for the enzyme complex

and the dextransucrase at the lowest tested concentration

of acarbose � 0.3 mmol. When the concentration of acar-

bose was raised to 6.9 mmol, a complete inhibition of the

dextransucrase was achieved, while the glycosyltransfer-

ase complex retained 8% of its enzyme activity (Figure 3).

Similar to the inhibition by terpenoids, at acarbose con-

centrations larger than 0.3 mmol the dose/effect relation

loses its linear dependence.

Kinetic study of the influence of splendidin, ursolic acid

and acarbose on dextransucrase from L. mesenteroides

URE 13

Km value of the studied enzyme was determined at

18.0 mmol sucrose, and also an effect of substrate inhibi-

tion is observed at sucrose concentrations larger than

200 mmol (data not shown). In order to study the influ-

ence of the terpenoids splenididin and ursolic acid, and

also of the amino sugar acarbose on velocity of the reac-

tion catalysed by dextransucrase from strain URE 13, we

determined and compared their inhibitory constants

(Figure 4). In the presence of splenididin or acarbose,

very similar values of Ki were determined � 0.28 mmol

and 0.29 mmol, respectively (Figures 4(A) and 4(C)).

When ursolic acid was applied to the reaction mixture a

Ki value of 0.37 mmol was obtained (Figure 4(B)). Based

on these results, it could be concluded that splenididin

and ursolic acid are at least as effective inhibitors of dex-

transucrase from strain URE 13 as acarbose.

The amino sugar acarbose is known as a potent inhibi-

tor of several carbohydrases, including a-amylase, cyclo-

dextrin glucanotransferase, a-glucosidase and GTFs.

[14,38] As an inhibitor, acarbose is used for treatment of

non-insulin-dependent diabetes,[39] and also represent an

interest for potential application as an anticaries agent,

inhibiting the formation of insoluble glucan by glucansu-

crases from cariogenic strains of Streptococcus spp.[16]

Kim and co-workers have found that the addition of acar-

bose inhibits the formation of dextran by dextransucrase

from L. mesenteroides B-512FMCM. The authors also

defined acarbose as a non-competitive inhibitor with a Ki

of 1.35 mmol.[15] For dextransucrase produced by L.

mesenteroides URE 13, we obtained Ki of 0.29 mmol

when acarbose was used as an inhibitor. Similar value of

Ki was also obtained for the diterpenoid splendidin �
0.28 mmol. The ursolic acid was also determined as an

Figure 3. Inhibition of glycosyltransferases from Leuconostoc
mesenteroides URE 13 by acarbose.
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effective inhibitor of the studied dextransucrase with Ki of

0.37 mmol. Kim and co-workers have reported also that

acarbose influences the amount and type of the products

obtained during the acceptor reactions catalysed by dex-

transucrase.[15] In relation to that, the obtained results are

a good base for further studies of the acceptor reaction

catalysed by dextransucrase from L. mesenteroides URE

13 in the presence of terpenoids and acarbose as well. On

the other hand, studied terpenoid compounds show signifi-

cant inhibitory capabilities, which represent a potential

interest for their application as anticaries agents. Such

information is already available for triterpenoids ursolic

acid and oleanolic acid.[9]

Conclusions

Glycosyltransferase complex and dextransucrase pro-

duced by L. mesenteroides URE 13 showed a different

degree of inhibition in the presence of terpenoids and

acarbose as the purified enzyme was more sensitive. From

the studied diterpenoids, the highest inhibitory effect was

detected in the presence of splendidin � 90% inhibition

of dextransucrase, and the triterpenoid ursolic acid

showed 87% inhibition of the enzyme. The derivatives of

scutalpin A and scutalpin E showed 9%�18% higher

inhibitory effect than the native diterpenoids, while the

ketone and the acetylated derivatives of ursolic acid

caused 10%�40% higher inhibition of dextransucrase

only at the lowest tested concentrations � 0.34 mmol. At

the highest used concentration, none of the tested terpe-

noids did not show a complete inhibition of the enzyme

complex and dextransucrase. When the inhibitory effect

of acarbose was tested, a complete inhibition of dextran-

sucrase was achieved at concentration 6.9 mmol, while

the enzyme complex retained 8% of its enzyme activity.

As for terpenoids thus for acarbose the dose/effect relation

loses its linear dependence at concentrations larger than

0.3 mmol. The determination of inhibitory constant of

dextransucrase from strain URE 13 when splendidin and

ursolic acid were used as inhibitors showed that both ter-

penoids have very near Ki values � 0.28 and 0.37 mmol,

to this one of acarbose � 0.29 mmol. The obtained

results give us a good base for further investigations

directed to study the influence of terpenoids on acceptor

reactions catalysed by dextransucrase from strain URE 13

and also their glycosylation which will improve water sol-

ubility and probably biological activity of these

compounds.

Funding

This work was supported by research grants of SF of Plovdiv
University, Bulgaria [grant number NI13/BF004], [grant number
NI13/FK013].

Figure 4. Ki values of dextransucrase inhibition by splendidin
(A), ursolic acid (B) and acarbose (C).

Biotechnology & Biotechnological Equipment 347



References

[1] Paduch R, Kandefer-Szerzen M, Trytek M, Fiedurek J.
Terpenes: substances useful in human healthcare. Arch
Immunol Ther Exp. 2007;55:315�327. Available from:
http://dx.doi.org/10.1007/s00005-007-0039-1

[2] Bohlmann J, Keeling CI. Terpenoid biomaterials. Plant J.
2008;54:656�669. Available from: http://dx.doi.org/
10.1111/j.1365-313X.2008.03449.x

[3] Rivas F, Parra A, Martinez A, Garcia-Granados A. Enzy-
matic glycosylation of terpenoids. Phytochem Rev. 2013.
Available from: http://dx.doi.org/10.1007/s11101-013-
930109

[4] Carvalho CC, Fonseca MM. Carvon: Why and how should
one bother one to produce this terpene. Food Chem.
2006;95:413�422. Available from: http://dx.doi.org/
10.1016/j.foodchem.2005.01.003

[5] Reddy BS, Wang CX, Samaha H, Lubet R, Steele VE,
Kelloff GJ, Rao CV. Chemoprevention of colon carcino-
genesis by dietary perillyl alcohol. Cancer Res.
1997;57:420�425.

[6] Cantrell CL, Franzblau SG, Fischer NH. Antimycrobial
plant terpenoids. Planta Med. 2001;67:685�694. Available
from: http://dx.doi.org/10.1055/s-2001-18365

[7] Liu JJ. Pharmacology of oleanolic acid and ursolic acid.
Ethnopharmacol. 1995;49:57�68. Available from: http://
dx.doi.org/10.1016/0378-8741(95)90032-2

[8] Trombetta D, Castelli F, Sarpietro MG, Venuti V, Cristani
M, Daniele C, Saija A, Mazzanti G, Bisignano G.
Mechanism of antibacterial action of three monoterpenes.
Antimicrob Agents Chemother. 2005;49:2474�2478.
Available from: http://dx.doi.org/10.1128/AAC.49.6.2474-
2478.2005

[9] Kozai K, Miyake Y, Kohda H, Kametaka S, Yamasaki K,
Suginaka H, Nagasaka N. Inhibition of glucosyltransferase
from Streptococcus mutans by oleanolic acid and ursolic
acid. Caries Res. 1987;21:104�108. Available from:
http://dx.doi.org/10.1159/000261010

[10] Sun I, Kashiwada Y, Morris-Natschke SL, Lee K. Plant-
derived terpenoids and analogues as anti-HIV agents. Curr
Top Med Chem. 2003;3:155�169. Available from: http://
dx.doi.org/10.2174/1568026033392435

[11] Jeppesen PB, Gregersen S, Rolfsen SE, Jepsen M,
Colombo M, Agger A, Xiao J, Kruhoffer M, Orntoft T,
Hermansen K. Antihyperglycemic and blood presure-
reducing effects of stevioside in the diabetic Goto-Kaki-
zaki rat. Metabolism. 2003;52:372�378. Available from:
http://dx.doi.org/10.1053/meta.2003.50058

[12] Peana AT, D’Aquila PS, Panin F, Serra G, Pippia P, Mor-
etti MD. Anti-inflamatory activity of linalool and linalyl
acetate constituents of essential oils. Phytomedicine.
2002;9:721�726. Available from: http://dx.doi.org/
10.1078/094471102321621322

[13] Robledo S, Osorio E, Munoz D, Jaramillo LM, Restrepo A,
Arango G, Velez I. In vitro and in vivo cytotoxicities and
antileishmanial activities of thymol and hemysynthetic
derivatives. Antimicrob Agents Chemother. 2005;49:
1652�1655. Available from: http://dx.doi.org/10.1128/
AAC.49.4.1652-1655.2005

[14] Kim MJ, Lee SB, Lee HS, Lee SY, Baek JS, Kim D, Moon
TW, Robyt JF, Park KH. Comparative study of the inhibi-
tion of a-glucosidase, a-amylase, and cyclomaltodextrin
glucanosyltransferase by acarbose, isoacarbose, and acar-
viosine-glucose. Arch Biochem Biophys. 1999;371:
277�283. Available from: http://dx.doi.org/10.1006/
abbi.1999.1423

[15] Kim D, Park KH, Robyt JF. Acarbose effect for dexran
synthesis, acceptor and disproportionation reactions of leu-
conostoc mesenteroides B-512FMCM dextransucrase. J
Microbiol Biotechnol. 1998;8(3):287�290.

[16] Newbrun E, Hoover CI, Walker GJ. Inhibition by acarbose,
nojirimycin and 1-deoxynojirimycin of glucosyltransferase
produced by oral Streptococci. Arch Oral Biol.
1983;28:531�536. Available from: http://dx.doi.org/
10.1016/0003-9969(83)90186-3

[17] Desmet T, Soetaert W. Enzymatic glycosyl transfer: mech-
anisms and applications. Biocatal Biotransform. 2011;
29:1�18. Available from: http://dx.doi.org/10.3109/
10242422.2010.548557

[18] Kren V. In: Fraser-Reid B, Tatsuta K, Glycoside vs. Agly-
con: The role of glycosidic residue in biological activity.
Thiem J, editors. Glycoscience. Berlin: Springer; 2008.
p. 2589�2644. Available from: http://dx.doi.org/10.1007/
978-3-540-30429-6_67

[19] Weignerova L, Kren V. Enzymatic processing of bioactive
glycosides from natural sources. Top Curr Chem.
2010;295:121�146. Available from: http://dx.doi.org/
10.1007/128_2010_51

[20] Korakli M, Vogel RF. Structure/function relationship of
homopolysaccharide producing glycansucrases and thera-
peutic potential of their synthesised glycans. Appl Micro-
biol Biotechnol. 2006;71:790�803. Available from: http://
dx.doi.org/10.1007/s00253-006-0469-4

[21] Monsan P, Bozzonet S, Albenne C, Joucla G, Willemot R,
Remaud-Simeon M. Homopolysaccharides from lactic
acid bacteria. Int Dairy J. 2001;11(9):675�685. Available
from: http://dx.doi.org/10.1016/S0958-6946(01)00113-3

[22] Andre I, Potocki-Veronese G, Morel S, Monsan P,
Remaud-Simeon M. Sucrose-Utilizing Transglucosidases
for Biocatalysis. Top Curr Chem. 2010;294:25�48. Avail-
able from: http://dx.doi.org/10.1007/128_2010_52

[23] Bertrand A, Morel S, Lefoulon F, Rolland Y, Monsan P,
Remaud-Simeon M. Leuconostoc mesenteroides glucansu-
crase synthesis of flavonoid glucosides by acceptor reactions
in aqueous-organic solvents. Carbohydr Res. 2006;341:
855�863. Available from: http://dx.doi.org/10.1016/j.
carres.2006.02.008

[24] Iliev I, Vasileva T, Ignatova C, Ivanova I, Haertle T, Cho-
bert J-M. Gluco-oligosaccharides synthesized by glucosyl-
transferases from constitutive mutants of Leuconostoc
mesenteroides strain Lm 28. Avalable from: DOI:
10.1111/j.1365-2672.2007.03555.x. J Appl Microbiol.
2008;104:243�250.

[25] Papanov G, Bozov P, Malakov P. Triterpenoids from lav-
andula spica. Phytochemistry. 1992;31:1424�1426. Avail-
able from: http://dx.doi.org/10.1016/0031-9422(92)80309-3

[26] Bozov P, Malakov P, Papanov G, De La Torre M,
Rodrigues TB, Perales A. Scutalpin a, a neo-clerodane
diterpene from Scutellaria alpina. Phytochemistry. 1993;34
(2):453�456. Available from: http://dx.doi.org/10.1016/
0031-9422(93)80029-R

[27] Bozov P, Papanov G, Malakov P. Neo-clerodane diterpe-
noids from Scutellaria alpina. Phytochemistry. 1994;34
(5):1285�1288. Available from: http://dx.doi.org/10.1016/
S0031-9422(00)94838-6

[28] Merkova S, Bozov P, Iliev I. Chemical constituens of the
aerial parts of Salvia splendenes. Annuaire de L`Universite
de Sofia “St. Kliment Ohridski”, Faculte de Chimie.
2011;102/103:279�284.

[29] Bozov P, Papanov G, Malakov P, Tomova K. Triterpe-
noids, with ursane and lupane skeleton, from Lavandula

348 V. Bivolarski et al.

http://dx.doi.org/10.1007/s00005-007-0039-1
http://dx.doi.org/10.1111/j.1365-313X.2008.03449.x
http://dx.doi.org/10.1111/j.1365-313X.2008.03449.x
http://dx.doi.org/10.1007/s11101-013-930109
http://dx.doi.org/10.1007/s11101-013-930109
http://dx.doi.org/10.1016/j.foodchem.2005.01.003
http://dx.doi.org/10.1016/j.foodchem.2005.01.003
http://dx.doi.org/10.1055/s-2001-18365
http://dx.doi.org/10.1016/0378-8741(95)90032-2
http://dx.doi.org/10.1016/0378-8741(95)90032-2
http://dx.doi.org/10.1128/AAC.49.6.2474-2478.2005
http://dx.doi.org/10.1128/AAC.49.6.2474-2478.2005
http://dx.doi.org/10.1159/000261010
http://dx.doi.org/10.2174/1568026033392435
http://dx.doi.org/10.2174/1568026033392435
http://dx.doi.org/10.1053/meta.2003.50058
http://dx.doi.org/10.1078/094471102321621322
http://dx.doi.org/10.1078/094471102321621322
http://dx.doi.org/10.1128/AAC.49.4.1652-1655.2005
http://dx.doi.org/10.1128/AAC.49.4.1652-1655.2005
http://dx.doi.org/10.1006/abbi.1999.1423
http://dx.doi.org/10.1006/abbi.1999.1423
http://dx.doi.org/10.1016/0003-9969(83)90186-3
http://dx.doi.org/10.1016/0003-9969(83)90186-3
http://dx.doi.org/10.3109/10242422.2010.548557
http://dx.doi.org/10.3109/10242422.2010.548557
http://dx.doi.org/10.1007/978-3-540-30429-6_67
http://dx.doi.org/10.1007/978-3-540-30429-6_67
http://dx.doi.org/10.1007/128_2010_51
http://dx.doi.org/10.1007/128_2010_51
http://dx.doi.org/10.1007/s00253-006-0469-4
http://dx.doi.org/10.1007/s00253-006-0469-4
http://dx.doi.org/10.1016/S0958-6946(01)00113-3
http://dx.doi.org/10.1007/128_2010_52
http://dx.doi.org/10.1016/j.carres.2006.02.008
http://dx.doi.org/10.1016/j.carres.2006.02.008
http://dx.doi.org/10.1016/0031-9422(92)80309-3
http://dx.doi.org/10.1016/0031-9422(93)80029-R
http://dx.doi.org/10.1016/0031-9422(93)80029-R
http://dx.doi.org/10.1016/S0031-9422(00)94838-6
http://dx.doi.org/10.1016/S0031-9422(00)94838-6


spica L. University de Plovdiv “Paissi Hilendarski”, Trav-
aux Scientifiques, 28, FASC 5, Chimie. 1990;69�80.

[30] Iliev I, Ivanova I, Remaud-Simeon M, Monsan P. Pro-
duction and use of glycosyltransferases from new
strains Leuconostoc mesenteroides for the synthesis of
glucooligosaccharides. Curr Stud Biotechnol. 2003;3:
167�175.

[31] Goyal A., Katiyar, SS. Fractionation of Leuconostoc mes-
enteroides NRRL B-512F dextran sucrase by polyethylene
glycol: A simple and effective method purification. J
Microbiol Methods. 1994; 20:225�231. Available from:
http://dx.doi.org/10.1016/0167-7012(94)90007-8

[32] Bivolarski V, Vasileva T, Dzhambazov B, Momchilova A,
Chobert J-M, Ivanova I, Iliev I. Characteriazation of glu-
cansucrase and fructansucrase produced by wild strains
Leuconostoc mesenteroides URE 13 and Leuconostoc mes-
enteroides Lm 17 grown on glucose or fructose medium as
sole carbon source. Biotechnol Biotechnol Equipment.
2013;27(3):3811�3820. Available from: http://dx.doi.org/
10.5504/bbeq.2013.0017

[33] Dols M, Remaud-Simeon M, Willemot R, Vignon M,
Monsan P. Characterization of the different dextransu-
crase activities excreted in glucose, fructose, or sucrose
medium by Leuconostoc mesenteroides NRRL B-1299.
Appl Environ Microbiol. 1998;64:1298�1302.

[34] Bradford M. A rapid and sensitive method for the quan-
titation of microgram quantities of protein utilizing the
principle of protein-dye binding. Anal Biochem. 1976;

72:248�254. Available from: http://dx.doi.org/10.1016/
0003-2697(76)90527-3

[35] Vasileva T, Iliev I, Amari M, Bivolarski V, Bounaix M.-S,
Robert H, Morel S, Rabier P, Ivanova I, Gabriel B,
Fontagn�e-Faucher C, Gabriel V. Characterization of glyco-
syltransferase activity of wild-type Leuconostoc mesenter-
oides Strains from Bulgarian fermented vegetables. Appl
Biochem Biotechnol. 2012;168(3):718�730. Available
from: http://dx.doi.org/10.1007/s12010-012-9812-7

[36] Robyt JF, Eklund SH. Relative, quantitative effects of
acceptors in the reaction of Leuconostoc mesenteroides B-
512F dextransucrase. Carbohydr Res. 1983;121:279�286.
Available from: http://dx.doi.org/10.1016/0008-6215(83)
84024-5

[37] Girard E, Legoy M.-D. Activity and stability of dextransu-
crase from Leuconostoc mesenteroides NRRL B-512F in
the presence of organic solvents. Enzym Microb Technol.
1999;24:425�432. Available from: http://dx.doi.org/
10.1016/S0141-0229(98)00166-5

[38] Strokopytov B, Penninga D, Rozeboom HJ, Kalk KH,
Dijkhuizen L, Dijkstra BW. X-ray structure of cyclodextrin
glycosyltransferase complexed with acarbose. Implications
for the catalytic mechanism of glycosidases. Biochemistry.
1995;34:2234�2240. Available from: http://dx.doi.org/
10.1021/bi00007a018

[39] Welbom TA. Acarbose, an alpha-glucosidase inhibitor for
non-insulin-dependent diabetes. Med J Aust. 1998;168:
76�78.

Biotechnology & Biotechnological Equipment 349

http://dx.doi.org/10.5504/bbeq.2013.0017
http://dx.doi.org/10.5504/bbeq.2013.0017
http://dx.doi.org/10.1016/0003-2697(76)90527-3
http://dx.doi.org/10.1016/0003-2697(76)90527-3
http://dx.doi.org/10.1007/s12010-012-9812-7
http://dx.doi.org/10.1016/0008-6215(83)84024-5
http://dx.doi.org/10.1016/0008-6215(83)84024-5
http://dx.doi.org/10.1016/S0141-0229(98)00166-5
http://dx.doi.org/10.1016/S0141-0229(98)00166-5
http://dx.doi.org/10.1021/bi00007a018
http://dx.doi.org/10.1021/bi00007a018

	Abstract
	Introduction
	Materials and methods
	Bacterial strains and culture media
	Extraction and isolation of terpenoids
	Biomass measurements
	Concentration of glycosyltransferases
	Purification of dextransucrase
	Enzyme activity assays
	Determination of inhibitory effect
	Determination of Ki values
	Protein determination
	Statistical analysis

	Results and discussion
	Inhibitory effect of DMSO on the activity of glycosyltransferases from L. mesenteroides URE 13
	Study of inhibitory effect of terpenoids on the activity of glycosyltransferases from L. mesenteroides URE 13
	Study of inhibitory effect of acarbose on the activity of glycosyltransferases from L. mesenteroides URE 13
	Kinetic study of the influence of splendidin, ursolic acid and acarbose on dextransucrase from L. mesenteroides URE 13

	Conclusions
	Funding
	References

