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BACTERIA OF THE BLACK SEA
ARE PRODUCERS OF a-L-RHAMNOSIDASES

The search for new producers of a-L-rhamnosidases and the study of their properties are constantly carried out, which
mabkes it possible to identify enzymes with unique properties. Thus, the a-L-rhamnosidases producers of marine species of
microorganisms can radically differ in habitat conditions from terrestrial ones. Previously, we have isolated the producers of
a-L-rhamnosidases from a number of representatives of the Black Sea microbiota. However, the results of these studies did
not allow us to isolate a strain promising for further study of the a-L-rhamnosidase synthesized by it. Therefore, the pur-
pose of this work was to further search for effective producers of a-L-rhamnosidases among the microbiota of the Black Sea
obtained from its different depths. Methods. Glycosidase activities were determined by the Romero and Davis methods. Re-
sults. The study of a-L-rhamnosidase activity in the dynamics of growth of 10 cultures isolated from the Black Sea showed
that the only glycosidase activity, which was found on the third day of cultivation in six (07, 044, 050, 052, 054, 247) of ten
cultures studied, was toward a-L-rhamnosidase. However, on the 5™ day of cultivation, an increase (and in some strains,
the appearance) of activity was noted in all tested cultures (from 0.01 to 0.12 U/mL). On the 7" day of cultivation, a-L-
rhamnosidase activity in the supernatant of the culture liquid ranged from 0.02 to 0.2 U/mL. The highest activity (0.2 U/
mL) was found in strain 052. On the 10" day of cultivation, the maximum activity (0.55 U/mL) was noted in culture 052
and slightly lower (0.35 U/mL, 0.28 U/mL, and 0.23 U/mL) in cultures 044, 050, and 054 respectively. Cultures 051, 020,
and 247, which showed the same activity (0.1 U/mL), as well as 056 (0.09 U/mL) were an order of magnitude less active.
The minimum activity was noted in culture 046 (0.03 U/mL). In the supernatant of the culture liquid of strain 07 on the
10" day of cultivation, a-L-rhamnosidase was absent at all. Since the highest a-L-rhamnosidase activity was found in the
supernatants of culture liquids of 5 strains (044, 052, 054, 056, and 247), partially purified complex preparations of those
a-L-rhamnosidases were obtained for further research. The study of the substrate specificity of complex enzyme prepara-
tions of a-L-rhamnosidases of strains 044, 051, 052, 056, and 247 on natural flavonoids, such as naringin, neohesperidin,
and rutin, indicated that a-L-rhamnosidase obtained from strain 052 showed the highest activity on three investigated
substrates: rutin, naringin (0.55 U/mL), and neohesperidin (0.52 U/mL). In addition to natural substrates, complex prepa-
rations of a-L-rhamnosidases of strains 052, 054, 056, and 247 also hydrolyzed synthetic derivatives of monosaccharides,
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such as p-nitrophenyl-a-L-rhamnopyranoside and p-nitrophenyl-B-D-glucopyranoside. The maximum activity (0.15 U/
mL) was noted in strain 052, whereas strain 044 was unable to hydrolyze synthetic substrates. Conclusions. Complex
enzyme preparations of a-L-rhamnosidase obtained from strain 052 are promising for further investigations. They showed
the highest activity both on three natural substrates, such as rutin, naringin, and neohesperidin, as well as on such synthetic
derivatives of monosaccharides as p-nitrophenyl-a-L-rhamnopyranoside and p-nitrophenyl-f3-D-glucopyranoside.

Keywords: bacteria from the Black Sea, a-L-rhamnosidase activity, substrate specificity.

Modern industrial biotechnology companies pay
considerable attention to the development of new
enzymes for the use in various fields of produc-
tion. Among such enzymes, an important place
is occupied by a-L-rhamnosidase (EC 3.2.1.40),
which is characterized by specificity towards
terminal rhamnose residues that are present in
natural glycoconjugates and synthetic glycosides.
However, despite the wide variety of natural en-
zymes, their properties are often not optimal for
technological processes [1—3]. Therefore, the
search for new producers of a-L-rhamnosidases
and the study of their properties are constantly
carried out, which makes it possible to identify
enzymes with unique properties. These may be
a-L-rhamnosidases, the producers of which are
marine species of microorganisms, radically dif-
ferent in habitat conditions from the terrestrial
ones. Previously [4, 5], we have isolated the pro-
ducers of a-L-rhamnosidases from a number
of representatives of the Black Sea microbiota.
However, the results of these studies did not al-
low us to isolate a strain promising for further
study of a-L-rhamnosidase synthesized by it.

This determined the purpose of this work
to further search for effective producers of a-L-
rhamnosidases among the microbiota of the
Black Sea obtained from its different depths.

Materials and methods. Microorganisms from
the culture collection of the Department of Micro-
biology, Virology and Biotechnology of the Mech-
nikov Odesa National University were used in the
work. In total, 10 strains of bacteria isolated from
the Black Sea water were studied: 07, 020, 044, 046,
050, 051, 052, 054, 056, and 247 (Table 1).

To identify glycosidase activities, the bacteria
were cultivated under submerged conditions in
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flasks containing 100 mL of a nutrient medium of
the following composition, g/L: rhamnose — 4;
NaNO, — 2.0; KH,PO, — 1.0; MgSO, - 7H,0 —
0.5; KCl — 0.5; FeSO, - 7H20 — 0.015 at pH 6.0,
temperature 27 °C, rotation speed of 220 rpm,
and cultivation time of 10 days. At the end of
fermentation, the biomass was separated by cen-
trifugation at 5000 g for 30 min.

Enzymatic activities were determined in the
culture liquid supernatant (CLS) and complex
enzyme preparation.

To isolate the complex enzyme preparation, dry
ammonium sulfate was added to the CLS to obtain
30% saturation under pH control (~ 6.0). The mix-
ture was kept for 10—12 h at 4 °C and centrifuged
at 5000 g for 30 min. The obtained precipitate
was removed, and ammonium sulfate was added
to the supernatant to obtain 90% saturation. The
mixture was kept for 6 h at 4 °C and centrifuged
under the same conditions. The precipitate was
dialyzed and used for further research.

In determining the activity of glycosidases,
the following nitrophenyl carbohydrate deriva-
tives (Sigma-Aldrich, USA) were used as sub-
strates: p-nitrophenyl-p-D-galactopyranoside,
p-nitrophenyl-B-D-glucuronide, p-nitrophenyl-
a-D-mannopyranoside, p-nitrophenyl-a-D-xylo-
pyranoside, p-nitrophenyl-a-D-fucopyranoside,
p-nitrophenyl-B-D-xylopyranoside, p-nitrophe-
nyl-B-D-glucopyranoside, p-nitrophenyl-N-ace-
tyl-B-D-glucosaminide, p-nitrophenyl-N-ace-
tyl-a-D-glucosaminide, p-nitrophenyl-N-acetyl-
B-D-galactosaminides, p-nitrophenyl-a-D-glu-
copyranoside, and p-nitrophenyl-a-L-rhamno-
pyranoside. To determine the activity of
glycosidases, 0.1 mL of 0.1 M phosphate-citrate
buffer (PhCB) pH 5.2 and 0.1 mL of a 0.01 M solu-
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Fig. 1. a-L-Rhamnosidase activity of the bacteria from
the Black Sea

tion of the corresponding substrate in PhCB were
added to 0.1 mL of CLS.The reaction mixture was
incubated for 10 min at 37 °C and stopped by add-
ing 2 mL of 1 M sodium bicarbonate solution. The
same components were added to the control sam-
ple, however, in the reverse order. The amount of
p-nitrophenol formed as a result of hydrolysis was
determined by the absorption colorimetric meth-
od at 400 nm [6]. One unit of activity of the stud-
ied glycosidase (U) was taken as its amount that
hydrolyzes 1 pmol of the corresponding substrate
(Sigma-Aldrich, USA) for 1 min under experi-
mental conditions [6]. The Davis method was
used to determine the a-L-rhamnosidase activity
using natural substrates of naringin, neohesperi-
din, and rutin [7]. To determine the activity, 1 mL
of 0.05% natural substrate in 0.1 PhCB, pH 5.2
was added to 1 mL of enzyme preparation solu-
tion. The reaction mixture was incubated for 60
min at 37 °C. Then 0.2 mL aliquots were taken,
and 10 mL of diethylene glycol and 0.2 mL of 4M

Table 1. Depth coordinates of sampling points

Denth Coordinates
Strain Station ept
(m) Latitude Longitude
07 242 | 1499 | N 41°31.138 | E 37° 37.347
044,050,056 | 233 | 1537 |N41°32.670 | E 37° 37.460
020,046,247 | 258 | 1888 | N 44°37.243 | E 35°42.286
051,052,054 | 269 | 2080 |N44°17.329 | E 35°0.081
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NaOH were added. The mixture was kept at room
temperature for 10 min, and the staining intensity
was measured on a spectrophotometer at 420 nm.

All experiments were performed in no less than
3—>5 replications. Statistical processing of the re-
sults of was carried out by standard methods us-
ing Student’s t-test at the 5% significance level [8].

Results. The study of a-L-rhamnosidase ac-
tivity in the dynamics of growth of 10 cultures
isolated from the Black Sea showed that, re-
gardless of the cultivation time, CLS of all the
studied strains did not show B-D-galactosidase,
B-D-glucuronidase, a-D-mannosidase, a-D-xy-
losidase, a-D-fucosidase, B-D-xylosidase, N-ace-
tyl-B-D-glucosaminidase, N-acetyl-a-D-glucosa-
minidase, N-acetyl-p-D-galactosaminidase, and
a-D-glucosidase activity. The only activity, which
was found on the third day of cultivation only in
six (07, 044, 050, 052, 054, 247) of ten cultures
studied was related to a-L-rhamnosidase (Fig. 1).
However, on the 5% day of cultivation, an increase
(and in some strains, the appearance) of activity
was noted, which ranged from 0.01 to 0.12 U/mL.

With an increase in cultivation time, an in-
crease in a-L-rhamnosidase activity in the CLS of
all studied cultures was noted. So, on the 7" day of
cultivation, a-L-rhamnosidase activity in the CLS
ranged from 0.02 to 0.2 U/mL (Fig. 1). The highest
activity (0.2 U/mL) was found in strain 052. Some-
what lower (0.135 U/mL, 0.12 U/mL, 0.08 U/mL,
0.075 U/mL, 0.075 U/mL, and 0.06 U/mL) was
activity in cultures 051, 052, 044, 050, 247, and
056, respectively. The minimum activity in CLS
was found in strains 020 and 046 (0.02 U/mL). On
the 10'" day of cultivation, the maximum activ-
ity (0.55 U/mL) was noted in culture 052, slightly
lower (0.35 U/mL, 0.28 U/mL, and 0.23 U/mL) in
cultures 044, 050, and 054, respectively. Cultures
051 (0, 20, and 247 (the strains showed the same
activity, which amounted to 0.1 U/mL), as well as
056 (0.09 U/mL) were an order of magnitude less
active. The minimum activity was noted in cul-
ture 046 (0.03 U/mL). In the CLS of strain 07 on
the 10" day of cultivation, a-L-rhamnosidase was
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Fig. 2. Substrate specificity of a-L-rhamnosidase of
bacteria from the Black Sea

absent at all. Since the highest a-L-rhamnosidase
activity was found in the CLS of 5 strains (044,
052, 054, 056, and 247), partially purified com-
plex preparations of a-L-rhamnosidases were ob-
tained for further studies. The substrate specific-
ity of complex enzyme preparations of a-L-rham-
nosidases of strains 044, 051, 052, 056, and 247
was studied both on natural flavonoids, such as
naringin, neohesperidin, and rutin, and on syn-
thetic p-nitrophenyl derivatives of monosaccha-
rides. a-L Rhamnosidase obtained from strain
052 showed the highest activity on three natural
substrates: rutin, naringin (0.55 U/mL), and neo-
hesperidin (0.52 U/mL).

The complex preparation of a-L-rhamnosidase
of strain 044 showed the highest activity on nar-
ingin (0.35 U/mL) and neohesperidin (0.28 U/
mL) and lower — on rutin (0.18 U/mL), while
strain 056 hydrolyzed neohesperidin (0.5 U/mL)
and rutin (0.38 U/mL) more efficiently than nar-
ingin (0.28 U/mL). Similar results were noted for
the complex preparation of a-L-rhamnosidase
strain 054, which showed higher activity on
neohesperidin (0.54 U/mL) than on naringin
(0.28 U/mL), but was unable to hydrolyze rutin.
The complex preparation of L-rhamnosidases of
strain 247 hydrolyzed neohesperidin (0.45 U/mL)
and rutin (0.2 U/mL) more efficiently than narin-
gin (0.1 U/mL). In addition to natural, complex
preparations of a-L-rhamnosidases of strains
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Fig. 3. a-L-Rhamnonosidase activity of bacteria from
the Black Sea
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Fig. 4. B-D-Glucosidase activity of bacteria from the
Black Sea

052, 054, 056, and 247 also hydrolyzed syn-
thetic derivatives of monosaccharides such as
p-nitrophenyl-a-L-rhamnopyranoside and p-nit-
rophenyl-B-D-glucopyranoside. Strain 044 was
unable to hydrolyze synthetic substrates.

Since the preparations of a-L-rhamnosidases
from a number of producers are also capable of
exhibiting -D-glucosidase activity, complex en-
zyme preparations of four strains were tested
for their ability to hydrolyze p-nitrophenyl-p-D-
glucopyranoside (Fig. 4). The maximum activity
was noted for strain 052 (0.15 U/mL). Slightly lower
results were obtained for strain 056 (0.12 U/mL)
as well as for strains 054 and 247 (0.1 U/mL).

Discussion. Industrial enzymology is a funda-
mental direction of current biotechnology. It con-
tributes to the intensification of many branches of
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industry and medicine. As known, in recent years,
researchers have focused on enzyme preparations
of microbial origin, since biotechnological pro-
cesses with their participation have a number of
significant advantages over the use of plant or ani-
mal raw materials. This stimulated the efforts of
researchers to search for highly productive strains
of microorganisms to solve technological issues
in obtaining enzyme preparations with various
action spectra. Among them, an important place
is occupied by a-L-rhamnosidase, which is widely
used in the food, pharmaceutical, and chemical
industries. Scientific interest in a-L-rhamnosidase
is going on expanding, which is associated with
the development of a new era of drugs, where
rhamnose-free bioflavonoids are used.

The high biotechnological potential of marine
microorganisms has recently stimulated the active
screening of glycosidases among marine bacteria
[9—13]. Previously, we have shown [5] that a-L-
rhamnosidase of a representative of actinobacteria
isolated from the Black Sea, namely strain Acty 5,
is more active toward such natural substrates as
rutin, naringin, and neohesperidin than toward
synthetic substrates. Similar specificity was also
found in other bacterial a-L-rhamnosidases [1—
3]. With regard to synthetic derivatives of mono-
saccharides, a-L-rhamnosidase Acty 5 hydrolyzed
only p-nitrophenyl-a-L-rhamnopyranoside. A
similar result was obtained by us in the study of
the complex preparation of a-L-rhamnosidase of
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2 OmechKMiT HAI[iOHATBHMIT yHiBepcureT imeHi I.I. MeudnikoBa,
By/L. JIBOpAHCEKA, 2, Oneca, 65029, Ykpaina

a-L-PAMHO3UJTIA3HA AKTVUBHICTb BAKTEPIV, BUTUIEHVX 13 YOPHOTI'O MOPS

Jloc/migHMKaMu MOCTIfIHO BENEThCA MOUIYK HOBMX IIPOAYLIEHTIB a-L-paMHO3MIa3 Ta BUBYAIOTbCA IXHi B/IaCTUMBOCTI,
IO fia€ 3MOTY ifeHTu}iKyBaTy epMEHTH 3 YHIKQ/IBHUMU XapakTepuctukamu. ToMy mpopyLeHT! a-L-pamMHO3nzas
MOPCBKMX BUJIiB MiKpPOOPraHi3MiB MOXYTb Kap[yHa/JIbHO BiJpi3SHATICSA 32 yMOBaMI IIPO>KMBaHHA Bifi Ha3eMHuX. Pa-
Hillle MV BUFIUIMIY TIPOAYLIEHTH o-L-paMHO31/a3 i3 psAfy mpefcTaBHMKIB Mikpobiotn YopHoro Mopsi. [Tpore pesynb-
TaTy LYX OCTi/[KEHb He JO3BOIN/IN BUNIIATHA IITaM, IePCIIeKTUBHII J/1 IOfja/IbIIOr0 BYUBYEHHA CHTE30BaHOI HUM
a-L-pamuosnpasu. Tomy MeToro gaHoi po60TH OyB IOfA/IbIINIT HONIYK eeKTUBHIX IPORYLEHTIB a-L-paMHO3Ia3
ceper; Mikpo6iotu HopHOTO MOpsI, OTPMMAHOI 3 pisHMX itoro rnbuH. MeTomn. AKTUBHICTD ITiKO3Ma3 BU3HAYAIN
metofamu Pomepo i Jlesica. Pesynpraru. JlocnmikeHHsA aKTUBHOCTI a-L-paMHo3uasy B JuHaMini pocty 10 KynbTyp,
Bupinenyx 3 YopHoro Mops, IoKasajo, o €AVHA aKTUBHICTD [IKO3M/IaslL, AKa Oy/Ia BIUAB/ICHA BXKe Ha TPETill leHb
KynbTyBYBaHHsA y ectu (07, 044, 050, 052, 054, 247) 3 fecaTit OCTIKEHNX KYIbTYP, Oy/a a-L-paMHO3Ia3Ha aKTIB-
HicTb. [TpoTe BXe Ha 5-J1 IeHb KY/IbTMBYBAHHA Y BCIX OC/II/PKYBaHMX KY/IbTYPax BiIMiueHO IiIBUIIEHHS (2 Y AeSKIX
mtamiB i mosiBa) aktusHOCTI (Bif 0,01 1o 0,12 on/mir). Ha 7-it meHb Ky/IbTMBYBaHHS aKTUBHICTD a-L-paMHO3uzasu B
CyIlepHATaHTi Ky/IbTypalbHOI pinyHy craHoBwIa Biff 0,02 1o 0,2 op/m. HatiBumty akTusHicTb (0,2 0f/MIT) BUABIEHO Y
mwramy 052. Ha 10-Ty o0y Ky/IbTUBYBaHHA MaKCHMajIbHa aKTUBHICTb Bifl3Ha4eHa TAKOX y KynbTypi 052 (0,55 opy/min),
memro Hyk4a (0,35 op/mi, 0,28 op/mi Ta 0,23 op/mi) - y Kynbrypax 044, 050 ta 054 BinnosigHo. Ha mopsjox MeHm ak-
TUBHUMY Oy Ky/IbTypu mrtaMiB 051, 020 Ta 247 (1uTaMy BMABUIN OfHAKOBY aKTUBHICTD, AKa cTaHoBmIa 0,1 op/m),
a Takox 056 (0,09 ox/mi1). MiHiMasbHa aKTUBHICTD Big3HadeHa B Ky/IbTypi 046 (0,03 on/mi). Y cynepHaTaHTi Ky/IbTy-
paybHOI pinuny mramy 07 Ha 10-Ty 00y Ky/IbTMBYBaHHA o-L-paMHO3ua3a Oyna BifcyTHA. OCKiIbKY HAMBUILY aK-
TUBHICTD a-L-paMHO31Ia3M BUSBIEHO B CyIIepHATAHTAX KY/IbTYPaIbHUX PifyH sty mtamis (044, 052, 054, 056, 247),
T/ TOJA/IBIINX JOCTIPKEHD 3 HMX OTPYMAHO YaCTKOBO OUMIIIE€Hi KOMIUIEKCHI IIpenapaTu a-L-paMHo3nzas. BupyenHA
cy6cTpaTHOI crielnivHOCTI KOMIUIEKCHYX (DepMeHTHYX IIperaparis a-L-pamuosnzas mramis 044, 051, 052, 056 i 247
Ha IIpUPOAHYMX (IaBOHOINAX, TAKMX K HAPMHTIH, HeOTeCIepUAMH Ta PyTHUH, I0Ka3ajo, o a-L-paMHo3Kzasa, oTpu-
MaHa 3i mmramy 052, BUsABMIA HAIBUIY aKTUBHICTD Ha TPhOX JOCIIPKYBaHUX CyOCTpaTax: pyTuHi, HapuHriui (0,55
on/mn) Ta HeorecnepuayHi (0,52 op/mn). Kpim npupopumx, koMIiekcHi mpenapatn a-L-pamHo3nzas mramis 052,
054, 056, 247 TaKOX TifpoMi3yBa/M CUHTETUYHI TOXiAHI MOHOCAXapIAiB, a caMe n-HiTpodenin-a-L-paMHonipaHosus,
i n-nirpodenin-p-D-rmoxonipanosu. MakcumManbHa aKTUBHICTb BifjsHadeHa y mramy 052 (0,15 op/mim). Illtam 044
He 3Mir Tiffpori3yBaTi CMHTeTUYHI cyOcTpaTn. BucHoBKYM. KOMIUIEKCHMIT eHSMMHMIT IpemapaT o-L-pamMHOo3upasy,
oTpuMaHmit 3i mrramy 052, € IepCreKTUBHUM JiIs1 IOfIaNbIINX JOCTiIKeHb. HallBUIlly aKTMBHICTb BiH ITPOSABUB SK Ha
TPHOX IIPUPOIHUX CYOCTpaTax, a caMe PyTUHi, HAPMHTIHI 1 HeoreCIepyANHI, TaK 1 Ha CMHTETMYHMX ITOXIJHMX MOHO-
caxapupiB, a came n-HiTpo¢eHin-a-L-pamuonipanosuy i n-Hirpodenin-B-D-rokonipanosupi.

Kntouosi cnoea: 6axmepii 3 Yoprozo mopsi, a-L-pamHo3udasna axmusHicmo, cybcmpamna cheyugiunicmeo.
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