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SUPRAMOLECULAR 3-d METAL
1,10-PHENANTHROLINE TARTRATOSTANNATES(IV)
AS MODIFIERS OF a-L-RHAMNOSIDASE ACTIVITY
OF CRYPTOCOCCUS ALBIDUS, EUPENICILLIUM
ERUBESCENS, AND a-GALACTOSIDASE ACTIVITY
OF PENICILLIUM RESTRICTUM

In recent years, the particular interest of researchers is focused on such enzymes as a-L-rhamnosidase and «-galactosidase.
These enzymes are considered useful for various applications. a-L Rhamnosidases may be applied for debittering of citrus
fruit juices, due to the less bitter taste of the derhamnosylated flavonones, for rhamnose production, and for the determina-
tion of the anomeric configuration in polysaccharides, glycosides and glycolipids. These enzymes may enhance wine aroma
and flavonoid bioavailability, or assist in the synthesis of pharmaceuticals. a-Galactosidase finds application in many areas.
It is widely used in the food industry to improve the quality of soy products by hydrolyzing indigestible galactosides such as
raffinose and stachyose, in the processing of raw materials in order to increase the yield of sugar from molasses, and for the
biotransformation of human blood erythrocytes of group B (III) in universal donor erythrocytes, as well as in enzyme therapy
of some congenital disorders of sphingolipid metabolism. Eatlier, as a result of screening microorganisms of different taxo-
nomic groups, we has selected active a-L-rhamnosidase and a-galactosidase producers. One way to increase their activity is
using various effector compounds capable of modifying the enzyme activity. The study of the influence of various effectors is
one of the priority areas of modern research in biochemistry, biocoordination chemistry, and biotechnology. Recent advan-
tages in the area of biocoordination chemistry revealed high activating properties of double heterometallic mixed-ligand coor-
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dination compounds with germanium(IV)/tin(IV) tartaric complex anions and 1,10-phenanthroline/2,2 -bipyridine d-me-
tallic cations. The aim is to estimate the enzyme-effector activity of five similar tartratostannates for the a-L-rhamnosidases
of Cryptococcus albidus, Eupenicillium erubescens, and «-galactosidase of Penicillium restrictum. Methods. The activity
of a-Galactosidase was determined using p-nitrophenyl-a-D-galactopyranoside («Sigma», USA) as a substrate. The ac-
tivity of a-L-rhamnosidase was determined using the Davis method. As modifiers of enzyme activity, [Fe(phen),],[Sn,(u-
Tart) (H,Tart),]-2H,O (1), [Co(phen).] ,[Sn,(u-Tart) ,(H,Tart),]-8H,O (2), [Ni(phen) ] ,[Sn,(u-Tart) ,(H,Tart),] 2H,0 (3),
[Cu(phen),],[Sn,(u-Tart) (H,Tart),]-2H,0 (4), and [Zn(phen),],[Sn,(u-Tart) (H,Tart),]-6H,O (5) were used. Results.
The study of the effect of complexes 1—5, which are supramolecular salts consisting of the same tartrate stannate anion
(electrophilic agent) and a 1,10-phenanthroline d-metal cation (nucleophilic agent), on the Cryptococcus albidus, Eupenicil-
lium erubescens a-L-rhamnosidases, and Penicillium restrictum a-galactosidase showed that the compounds tested had
a different influence on the enzymes activity. The catalytic activity of a-L-rhamnosidase is significantly influenced by all
complexes. The effectiveness of compounds 1—5 for P. restrictum a-galactosidase was less pronounced in comparison with
C. albidus and E. erubescens a-L-rhamnosidases. It was mostly at the control level. There was observed a certain pattern in
the influence of complexes on a-L-rhamnosidases of Cryptococcus albidus and Eupenicillium erubescens. Compounds 2 and
5 turned out to be the most effective and activated enzymes by 500-900%. Conclusions. Compound 2 [Co(phen),],[Sn,(u-

Tart) (H,Tart),]-8H,O is promising for further use as an effector of the a-L-rhamnosidase activity.

Keywords: Cryptococcus albidus, Eupenicillium erubescens, Penicillium restrictum, a-L-rhamnosidase,
a-galactosidase activity, tartratostannates coordination compounds.

In recent years, the particular interest of research-
ers is focused on glycosidases, enzymes of the class
of hydrolases (O-glycoside hydrolases), capable to
catalyze the hydrolysis of O-glycosidic bonds in
glycosides, oligo-, polysaccharides, glycolipids,
and other glycoconjugates. Such enzymes are a-L-
rhamnosidase (E.C. 3.2.1.40), which hydrolyti-
cally cleaves the terminal unreduced a-1,2, a-1,4
and a-1,6 linked L-rhamnose residues in natural
products such as naringin, rutin, quercitrin, hes-
peridin, and other rhamnose-containing glyco-
sides [1], as well as a-galactosidase (E.C. 3.2.1.22)
capable to split the terminal nonreducing D-ga-
lactose residues from o-D-galactosides includ-
ing galactooligosaccharides, galactolipids, and
galactoproteins. These enzymes are considered
to be useful for various applications. a-L Rham-
nosidases may be applied for debittering of citrus
fruit juices, due to the less bitter taste of the der-
hamnosylated flavonones, for rhamnose produc-
tion, and for the determination of the anomeric
configuration in polysaccharides, glycosides, and
glycolipids. These enzymes may enhance wine
aroma and flavonoid bioavailability, or assist in
the synthesis of pharmaceuticals. a-Galactosidase
finds application in many areas. It is widely used
in the food industry to improve the quality of soy
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products by hydrolyzing indigestible galactosides
such as raffinose and stachyose [2], in the process-
ing of raw materials, in order to increase the yield
of sugar from molasses for the biotransformation
of human blood erythrocytes of group B (III) in
universal donor erythrocytes and enzyme thera-
py of some congenital disorders in sphingolipid
metabolism [3].

Earlier [4], as a result of screening microorgan-
ismsof different taxonomic groups, we have select-
ed active a-L-rhamnosidase and a-galactosidase
producers. One way to increase their activity is
using various effector compounds capable of
modifying the enzyme activity. The study of the
influence of various effectors is one of the priority
areas of modern research in biochemistry, bioco-
ordination chemistry, and biotechnology. Recent
advantages in the area of biocoordination chem-
istry revealed high activating properties of dou-
ble heterometallic mixed-ligand coordination
compounds with germanium(IV)/tin(IV) tartar-
ic complex anions and 1,10-phenanthroline/2,2'-
bipyridine d-metallic cations. The significant
influence on the a-L-rhamnosidases Penicillium
tardum IMV F-100074 and Penicillium restric-
tum IMV F-100139 has been already established
for the raw of isostructural tartratostannates
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[M(phen),],[Sn,(u-Tart),(H, Tart),] (M(II) = Fe,
Co, Ni, Cu, Zn) [5]. Computation studies of
them, insights of the intermolecular interac-
tions and crystal voids calculations have allowed
interpreting the specific patterns in the biologi-
cal activity. The present study extends the re-
search and reports the enzyme-effector activity
of the five similar tartratostannates on the a-L-
rhamnosidases of Cryptococcus albidus, Eupeni-
cillium erubescens, and also a-galactosidase of
P. restrictum.

Materials and methods. a-L-Rhamnosidases
of C. albidus, E. erubescens and a-galactosidase
of P. restrictum are investigated in the present
study. The processes of culture growing and en-
zymes production and purification have been
described by us earlier [6, 7].

As modifiers of enzyme activity, the complex-
es [Fe(phen),],[Sn,(u-Tart),(H,Tart),] - 2H,O (1),
[Co(phen),],[Sn,(u-Tart),(H,Tart),] - 8H,O (2),
[Ni(phen),],[Sn,(u-Tart),(H,Tart),] - 2H,0 (3),
[Cu(phen),],[Sn,(u-Tart),(H,Tart),] - 2H,O0 (4),
and [Zn(phen),],[Sn,(u-Tart),(H,Tart),]-6H,O
(5) were used. Synthesis of the complexes, study
of their properties by the X-Ray, IR- and MS-
analyzes have been described by us earlier [5].
Structural data were specified at the CCDC Cam-
bridge Crystallographic Data Center (CCDC)
under the numbers 1995154 (1), 1985185 (2),
1985186 (3), 1995153 (4), 1985187 (5). Complexes
1—5 were dissolved in 0.1% DMSO and used in
concentrations 0.1 and 0.01%; the duration of in-
teraction with enzymes was 1 and 24 hr.

a-L-Rhamnosidases of C. albidus, E. erubes-
cens and a-galactosidase of P. restrictum were ob-
tained by precipitation with ammonium sulfate
at a concentration of 90% in the culture liquid
supernatant. Further purification on columns
Toyopearl HW-55 («Toyo Soda», Japan) and
Fractogel DEAE-650-m («Merck», Germany) was
carried out as described by us earlier [6, 7].

The activity of a-L-rhamnosidases was mea-
sured by the Davis method [8], using naringin
as a substrate.
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The a-Galactosidase activity was determined
using p-nitrophenyl-a-D-galactopyranoside (Sig-
ma, USA) as a substrate [9]. For this, 0.1 mL of
the enzyme solution was mixed with 0.2 mL
0.1 M phosphate-citrate buffer (PCB) pH 5.2, and
0.1 mL 0.01 M substrate solution in PCB. The re-
action mixture was incubated for 10 min at 37 °C.
The reaction was stopped by adding 2 mL of 1 M
sodium bicarbonate. The amount of released ni-
trophenol after hydrolysis was determined colori-
metrically by the absorption at 400 nm. One unit
of enzyme activity was defined as the amount of
enzyme that releases 1 Mol of p-nitrophenol per
min at 37 °C in 0.1 M PCB, pH 5.2. When study-
ing the effect of various germanium-containing
compounds on the activity of enzymes, we used
concentrations of 0.1 and 0.01% and time of expo-
sure of 0.5 hr and 24 hr. The studied compounds
were dissolved in 0.1% DMSO.

All experiments were performed in no less than
3—b5 replications. Statistical processing of the re-
sults of the experimental series was carried out by
standard methods using Student’s t-test at the 5%
significance level. The results presented in graphs
were processed using Microsoft Excel 2007.

Results. The study of the effect of complexes
1—5, which are supramolecular salts consisting
of the same tartrate stannate anion (electrophilic
agent) and a 1,10-phenanthroline d-metal cation
(nucleophilic agent), showed that, depending on
the concentration and exposure time, they affect
the activity of the studied enzymes differently. So,
at a concentration of 0.01% and an exposure time
of 1 hr, compound 2 showed the greatest activat-
ing influence (43%) on the a-L-rhamnosidase ac-
tivity of C. albidus, somewhat less — compounds
1 (36.6%), 3 (20%), 4 (16%), and 5 (13%) (Fig. 1, a,
b). Similar results were obtained with an increase
in exposure time to 24 hours: at a concentration
of 0.01%, compounds 2 (36%), 5 (32%), 4 (29%), as
well as 1 and 3 (27%) show the activating effect.

An increase in the concentration of the stud-
ied compounds leads to a more significant effect
on the activity of C. albidus a-L-rhamnosidase
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Fig. 1. Influence of compounds 1—5 on the activity of C. albidus a-L-rhamnosidase:
exposure time 1 hr (a), exposure time 24 h (b)
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Fig. 2. Influence of compounds 1—5 on the activity of E. erubescens a-L-rhamnosidase:
exposure time 1 hr (a), exposure time 24 hr (b)
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Fig. 3. Influence of compounds 1—5 on the activity of P. restrictum a-galactosidase:
exposure time 1 hr (a), exposure time 24 hr (b)

(Fig. 1, a, b). At an exposure time of 1 hour,
compound 2 showed the greatest activating ef-
fect (by 9 times), compounds 5 (by 5.45 times), 3
(by 4.4 times), 1 (by 3.5 times) and 4 (more than
2 times). A similar pattern was also found with
an increase in the exposure time to 24 hours: the
greatest activation of enzyme activity occurred
under the influence of compound 2 (by 9 times),
somewhat less — by compounds 5 (by 4.5 times),

6

3 (by 3 times), 1 (by 2.54 times), and 4 (2 times).
In this case, changing the exposure time slightly
affects the enzyme activity.

In general, it can be noted that the a-L-rham-
nosidase activity of C. albidus is most affected by
the compounds at a concentration of 0.1% and
an exposure time of 1 hr.

The study of the influence of coordination
compounds on the activity of E. erubescens a-L-
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rhamnosidase (Fig. 2, a, b) showed that their ef-
fect was different depending on the concentra-
tion used. So, at a concentration of 0.01%, the
activity indexes did not differ from the control
ones, regardless of the exposure time. The ef-
fect of the compounds on the activity of E. eru-
bescens a-L-rhamnosidase at a concentration of
0.1% was more diverse. With an exposure time
of 1 hr (Fig. 2, a), the activating effect of all the
studied compounds was noticeable: the largest
(by 7.38 and 6.19 times) was for 2 and 5, respec-
tively, and somewhat less — for 3, 1, and 4 (3.3,
3.07, and 6.19, respectively). With an increase in
the exposure time to 24 hours, a decrease in the
activating effect of all compounds tested was ob-
served at a given concentration.

The effect of compounds 1—5 on P. restrictum
a-galactosidase was less pronounced in com-
parison with C. albidus and E. erubescens a-L-
rhamnosidases

Activity was mostly at the control level. Only
compounds 1, 3 and 5 at a concentration of 0.1%
with an exposure time of 1 hr inhibited the ac-
tivity of P. restrictum a-galactosidase by 3—10%,
while compounds 2 and 4 in both concentra-
tions increased activity by only 3—5%. With an
increase in the exposure time to 24 hr, the activ-
ity was increased for compounds 1 (3%), 3 (7%),
and 4 (5%) at a concentration of 0.1% and com-
pound 5 (5%) at a concentration of 0.01%.

Discussion. In the last few years, enzymes of
the microbial origin have been widely studied
as catalysts in the various biotechnological pro-
cesses such as food preservation, development of
medicines, diagnostics and other environmen-
tal processes. Their advantages over plant and
animal ones (easy, cost-effective, and consistent
production) stimulate growing request for the
discovery of novel highly-productive strains of
microorganisms and obtaining enzymes from
them. Today, preparations of a-L-rhamnosidase
and a-galactosidase are not available in Ukraine,
and the high price of foreign (USA) commercial
enzyme products significantly impedes their
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use in industrial technologies in Ukraine. With
this in mind, we searched for effective produc-
ers of highly specific a-L-rhamnosidases and
a-galactosidases among the strains of microor-
ganisms of various taxonomic groups — bacteria,
micromycetes, and yeast from the depositary of
IMV, NAS of Ukraine. We selected the most ac-
tive strains as producers of a-L-rhamnosidase
(P. tardum, E. erubescens [7] and C. albidus
[6]) and a-L-galactosidase (P. restrictum). At
the same time, one more important research
strategy to increase enzyme activity is the use
of cheap, biocompatible and effective enzyme
modifiers. According to the current hypothesis,
the high conformation mobility of a specific
enzyme allows formation of temporary bonds
with an effector that stabilize the structure
and make reaction thermodynamically more
profitable. Earlier [5], we have established that
complexes [M(phen),],[Sn,(u-Tart),(H,Tart),]
(M=Fe(I), Co(II), Ni(II), Cu(Il), Zn(II)) are
perspective enzyme effectors for P. tardum and
P. restrictum a-L-rhamnosidase. Since the effect
of various effectors differ from the strain and
type of microorganism producing the enzyme,
in this work we studied the effect of substances
1—5 on the activity of E. erubescens, C. albidus
a-L-rhamnosidases, and P. restrictum a-L-ga-
lactosidase.

The catalytic activity of a-L-rhamnosidase
is significantly influenced by all complex com-
pounds 1—5 owing to their unique structure.
The complex cation [M(phen)3]2Jr and anion
[Sn,(p-Tart),(H,Tart),]** in their composi-
tion contain different charges and therefore
can bind to the corresponding sites of enzyme
and increase the rate of enzymatic reactions.
Furthermore, according to the mechanism of
multimetallic catalysis, two metal centers can
act in a synergy to activate and transform the
substrate when one of them performs as an
«assisting» metal and reinforces the other «ac-
tive» one [10—12]. Due to this mechanism, the
higher activity of compounds 1—5 rather for
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a-L-rhamnosidase than for a-galactosidase is
explained by the synergetic action, complemen-
tarity of components, and specific steric, com-
positional properties of the substrate. Neverthe-
less, there is observed a certain pattern in the
influence of complexes on a-L-rhamnosidases
of C. albidus and E. erubescens. Compounds
2 [Co(phen),],[Sn,(u-Tart),(H,Tart),] - 8H,O
and 5 [Zn(phen),],[Sn,(u-Tart),(H, Tart),]-6H,0
turned out to be the most effective and activat-
ed enzymes by 500—900%. Previous studies of
their crystal structures [5] have revealed that all
of them have low percent of crystal voids and big
number of water molecules. The presence of 8/6
H,O in their composition together with the spe-
cial activity of Co(2)/Zn(5) becomes crucial for
the activation properties and leads to the forma-
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HAIOMOJIEKVJISIPHI 3-d METAJIIYHI 1,10-OEHAHTPOJIIH
TAPTPATOCTAHATU (IV) 4K MOIOV®IKATOPY a-L-PAMHO3UA3HOI
AKTVBHOCTI CRYPTOCOCCUS ALBIDUS, EUPENICILLIUM ERUBESCENS
TA a-TAJTAKTO3UAA3HOI AKTUBHOCTI PENICILLIUM RESTRICTUM

B octaHHi poku 0cobnMBuMil iHTEpec JOCTIHNKIB 30CcepelKeHNnit Ha Takux pepmeHTax, K a-L-pamHO3Mzasa ta
a-ramakrosupasa. i ¢pepMeHTM BBaXKAIOTbCA KOPUCHUMU /IS Pi3HUX 3acTOCyBaHb. a-L PamMHO3upmasyu MoxyTb
OyTV BUKOPNCTaHI /I 3MEHIIeHHs TipKOTY IMTPYCOBUX COKIB (Yepe3 MeHII TipKuii CMaK JiepaMHO3M/IbOBaHUX
(1aBOHOHIB), U1 BUPOOHMIITBA paMHO3M, a TAKOXK [ BU3HAYeHHA aHOMepHOI KoH(irypalil B nomicaxapupjax,
rriko3upgax i rmikominifax. i ¢pepMeHTH MOXYTb IIOCHIUTK apoMar BYHA Ta 0iOfOCTYIHICTb (raBOHOIAIB abo
CIIPMATU CUHTe3y (papMalleBTMYHMX IIperapaTiB. a-lamakro3ngasa 3HAXOOUTD 3aCTOCYBaHHA B 6ararbox obmac-
TAX. PepMEHT IMPOKO BUKOPUCTOBYETHCA B XapYOBill IPOMMCIOBOCTI [ MiIBUILEHHA AKOCTI COEBUX MPOJYKTiB
IUIAXOM TifpOJIi3y HellepeTpaBIIOBaHNX Ta/IaKTO3U/iB, TAKUX SIK padiHo3a i cTaxiosa, Ipu mepepoObIli CPOBUHU
3 MeTOI0 30i/IblIeHHsI BUXOAY LYKPY 3 Memsicu, A 6ioTpancdopmarii eputporutis Kposi rpynu B (III) B yHi-
BepCasbHi JOHOPCHKI epUTPOLIUTU Ta B €H3UMOTepaii AesKMUX BPOMKEeHNX IOpPYIIeHb CiHrOMinigHOro 0OMiHy.
PaniIe B pe3y/ipTaTi CKpMHIHTY MIKpOOpPraHi3MiB pi3HUX TaKCOHOMIYHMX IPYII MU BiffiOpay aKTUBHI IPORYLIEHTH
a-L-pamHOo3uasu ta a-ramakro3ugasu. OGHNUM i3 Cr1oco6iB MiBUILEHHS IX aKTUBHOCTI € BUKOPUCTAHHSI Pi3HO-
MaHITHIX e(eKTOPHMX CIONYK, 3JaTHUX MOAM]ikyBaTy aKTUBHICTh GepMeHTy. BUBYeHHA BIIMBY pisHMUX edek-
TOPIB € OFfHUM i3 IIPIOPUTETHNX HAIPSIMKIB CYJaCHUX JOCTIKEHD y ramxysi 6ioximii, 6iokoopauHariitHoI ximii Ta
6iorexnosorii. OcTaHHi JOCIPKeHHA B Tamy3i 6i0KOOPAMHALIITHOI XiMil BUSBUIN BUCOKI aKTUBYIOYi BIaCTUBOCTI
HOBITHIUX reTepoMeTa/IiYHNX 3MIIIIaHO JTiraHAHUX KOOpAMHaLitHuX cronyk Kationis Fe(II)/Co(II)/Ni(II)/Cu(II)/
Zn(11)1,10-penantponiny Ta mMomgibHMX KOMITIEKCHUX aHiOHIB TaprpatocTaHHaTy(IV). Meta — orinutu dep-
MEHTATVBHY aKTUBHICTD ITSITU MOAIOHUX TapTPaTOCTaHHATIB Ha a-L-pamuosupasu Cryptococcus albidus, Eupeni-
cillium erubescens ta a-ramakrosunasy Penicillium restrictum. MeTogu. AKTUBHICTb Q-IaJlaKTO3MAa3) BU3HAYAN,
BUKOPUCTOBYIOUM fAK CyOcTpaT I-HiTpodeHin-a-D-ramakromnipanosun («Sigma» CIIA). AxTuBHicTh a-L-pam-
HO3MJa3) BU3HAYa/IM 3a JOIOMOrow Metony Hesica. SIx Mopgudikaropu pepMeHTaTUBHOI aKTUBHOCTI 6y/Iu BUKO-
pucrani komiutekcu [Fe(phen)3]2[Sn2(pu-Tart)2(H2Tart)2]-2H20 (1), [Co(phen)3]2[Sn2(pu-Tart)2(H2Tart) )2] x
x8H20 (2), [Ni(phen)3]2[Sn2(pu-Tart)2(H2Tart)2] - 2H20 (3), [Cu(phen)3]2[Sn2(pu-Tart) 2(H2Tart)2]-2H20 (4),
[Zn(phen)3]2[Sn2(pu-Tart)2(H2Tart)2]-6H20 (5). Pe3ynmbratu. BuBueHHs BIVIMBY KOMIUIEKCiB 1—5, siki siBjis-
I0Th CO00I0 HAZIMOJIEKY/IAPHI COJI, 110 CK/IAfIAI0THCS 3 TOTO 5K aHIOHA TapTPaTOCTAHHATY (eeKTPOdiIbHMIT aTeHT)
ta KarioHa d-merany 1,10-denanTtponin (HykaeodinbHuit arent), Ha ao-L-pamHosupasu Cryptococcus albidus i
Eupenicillium erubescens Ta a-ranakrosupnasy Penicillium restrictu, mokasao, 1[0 BUIPOOYBaHi CIIOMTYKI Mau pis-
HIIT BIIMB Ha IX aKTMBHICTb. YCi KOMIIJIEKCH CYTTEBO BIUIMBAIOTh Ha KaTa/liTUYHY aKTUBHICTD a-L-paMHO3Mmasu.
EcdextuBHicTh criomyk 1—5 mjofo a-rajmakrosupasu P restrictum Oyna MeHII BMPaKeHOIO IOPIBHAHO 3 a-L-
pamuosnpaszamu C. albidus Ta E. erubescens. Bona 6yna nepepaxHo Ha piBHI KoHTpom0. CHOCTepiraeTbcs IeBHA
3aKOHOMIPHICTb BIUIMBY KOMIUIEKCIB Ha a-L-pamuosupgasu Cryptococcus albidus ta Eupenicillium erubescens. Crio-
7yKy 2 Ta 5 BUABWINCS HaiOIbII e(peKTUBHUMY 1 MiABUIYBa/IM aKTUBHICTD (pepmenTiB Ha 500—900%. BucHoB-
ku. Crionyka 2 [Co(phen)3]2[Sn2(p-Tart)2(H2Tart)2] - 8H20 € mepcrneKTUBHOI ISl OJAMBIIOTO BUKOPUCTAHHS
AK epeKTOpa aKTUBHOCTI a-L-paMHO3Masm.

Kniouoei cnosa: Cryptococcus albidus, Eupenicillium erubescens, Penicillium restrictum, a-L-pamnosudasa, a-eanax-
Mo3u0A3Ha AKMUEHICMb, KOOPOUHAYITIHI CNOTYKU MAPMPAMOCAHHAMIE.

ISSN 1028-0987. Microbiological Journal. 2022. (5) 9



