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The goal of the present study was to extract and purify lysyl oxidase from rodent’s tissues by a fast,
simple, effective and inexpensive method and to develop a sensitive, time-saving lysyl oxidase specific activ-
ity assay for routine in vitro experiments. Lysyl oxidase was purified by elaborated purification procedure
which relies on negative adsorption principle, that is, an effective decrease in the concentration of ballast
components by the polar hydrophilic adsorbent and increasing the concentration of the protein of interest.
Peroxide-coupled lysyl oxidase activity quantification methods based on luminol chemiluminescence in the
presence of horseradish peroxidase as a catalyst and fluorescent detection using folic acid and Cu(ll) with
1,5-diaminopentane as the substrate, were designed. Lysyl oxidase was partially purified from urea extracts
of rodent’s tissues. Used purification procedure ensures the fast release of 93% of ballast proteins as shown
by polyacrylamide gel electrophoresis. Lysyl oxidase specific activity after purification was 10-22-fold higher
than that of the original extract. The molecular mass of murine lysyl oxidase from lung and heart was esti-
mated to be ~32 kDa. We elaborated two sensitive methods for lysyl oxidase activity quantification and fast
inexpensive procedure for partial enzyme purification useful in bulky in vitro experiments.

Keywords: lysyl oxidase, chemiluminescent method, fluorometric assay, 1,5-diaminopentane, negative ad-
sorption, kaolinite, polyacrylamide gel, densitogram.

ysyl oxidase (LOX; EC 1.4.3.13) and mem-

I bers of the LOX-like family, LOXLI1 —
LOXL4, are copper- and lysyl tyrosyl qui-
none-containing enzymes catalyzing lysine-derived
cross-links in extracellular matrix proteins [1]. In
addition to this generally assumed role required
for normal collagen and elastin biosynthesis and
maturation, different biological functions have been
described for lysyl oxidases. LOXs activity is asso-
ciated with multiple diseases including myocardial
fibrosis, chronic liver disease, and hepatic fibrosis,
metastatic cancer. LOX has complex roles in cancer
in which the lysyl oxidase propeptide (LOX-PP) do-
main has tumor-suppressor activity, while the active
enzyme promotes metastasis [2, 3]. It was found that
LOXs are linked to the development and metastatic
progression of breast cancers, whereas LOXL2 ex-

pression may serve as a clinical biomarker for breast
cancer [4]. Very recently, novel functions, such as
cellular senescence and chemotaxis, have been at-
tributed to this family of amine oxidases [5, 6]. In
connection with researchers growing interest in
these enzymes, availability of simple, effective puri-
fication method and a sensitive lysyl oxidase specific
activity assay will be significantly helpful in their
functional studies. Lysyl oxidase has been isolated
and purified from a number of sources. The methods
currently used are time-consuming and expensive.
Purification schemes mostly involved various com-
binations of ion exchange, affinity and gel filtration
chromatography [7]. The activity of lysyl oxidase
was usually measured by tritium-release assay by
Pinnel and Martin with radiolabeled substrates in-
volving laborious vacuum distillation of the released

© 2018 Gudkova O. O. et al. This is an open-access article distributed under the terms of the Creative Commons Attribution Li-
cense, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are

credited.

98



O. O. Gudkova, N. V. Latyshko, O. V. Zaitseva, S. G. Shandrenko

tritiated water [8]. In view of this, a new approach
to enzyme extraction and purification, as well as an
assay for enzyme activity for routine in vitro and in
vivo experiments, is urgent.

The goal of the present study was to extract and
partially purify LOX from rodent’s tissues by fast,
simple, effective and inexpensive method and to de-
velop a sensitive, simple, time-saving LOX specific
activity assay.

Materials and Methods

Purified and lyophilized lysyl oxidase was ob-
tained in the Enzyme chemistry and biochemistry
department of Palladine Institute of Biochemistry
from the production strain of Brevibacterium sp.
grown at the Trypill Biochemical Plant (20.6 units/
mg protein, 32 kDa), 1,5-diamino-pentane (cadave-
rine) and 5-amino-2,3-dihydro-1,4-phtalazinedione
(luminol) were purchased from Fluka, catalase from
bovine liver (5.000units/mg protein) and 3-amino-
propionitrile fumarate salt were purchased from Sig-
ma. Kaolinite (A1,Si,O,(OH), and all other chemi-
cals were of the highest quality and commercially
available.

Animals. Male C57BL/6 4-week-old mice and
male guinea pigs (~400 g) were maintained under
standard conditions. All manipulations with animals
before tissues isolation were performed in accor-
dance with European Convention for the protection
of vertebrate animals used for experimental and
other scientific purposes (Strasbourg, 1986) and na-
tional requirements for the care and use of laboratory
animals.

Tissue samples. Samples of rodent’s frozen tis-
sue (lung and heart) — were prepared according to Zi-
badi et al. with modification [9, 10]. Briefly, 200 mg
of frozen tissue were homogenized with liquid ni-
trogen and then mixed with 0.4 ml of 0.01 M Tris/
HCI buffer pH 7.2 (tissue lysis/extraction reagent)
and 1 ml of 50 mM sodium borate buffer, pH 8.2
with 1.2 M urea (carbamate), (buffer #1). After ultra-
sonication for 1 min, the mixture was centrifuged at
12,000 g for 10 min. The supernatant was used for
purification steps and LOX activity determination.

Purification procedure. Negative sorption of
ballast proteins on kaolinite was applied to easy
purification of LOX from murine tissue urea ex-
tracts using two approaches: multistep procedure
and purification in one step. In the first case, sorbent
was added to the crude extract, supernatant after
homogenization and extraction in several portions

(gradual addition of 0.5, 5 and 15% of kaolinite
(w/v)), whereas in the second case, one-time kaolini-
te addition 25% was performed. The mixture was
thoroughly stirred at room temperature for 15 min
followed by centrifugation at 12,000 g for 10 min
without refrigeration. The pellet with ballast pro-
teins was removed and the supernatant was collec-
ted at each step of the purification, with stirring for
15 min, and centrifugation as above. We monitored
the procedure at each step by determining specific
activity and by performing an SDS-PAGE analysis.

Protein estimation. The protein concentration
was determined by the Bradford method [11] with
bovine serum albumin as a standard.

Gel electrophoresis. Analytical gel electropho-
resis was carried out according to Laemmli [12].

Determination of LOX activity. Lyophilized
purified lysyl oxidase from Brevibacterium sp. and
rodent’s tissues extracts were used for the enzyme
activity assay elaboration.

Chemiluminescence assay. LOX activity was
measured according to Palamakumbura and Track-
man [13] with modification (namely, released hydro-
gen peroxide was detected using enhanced chemi-
luminescence of the luminol-H O,-horseradish
peroxidase system) [14, 15]. The reaction mixture
consisted of 500 pg of protein from any source,
O,-saturated buffer #1, 10 mM 1,5-diaminopen-
tane (substrate), 0.1 mM luminol in 0.1 M sodium
borate pH 10.5, 30-50 units of horseradish peroxi-
dase (HRP) in the presence or absence of 50 units
of catalase (control #2), whereas control #1 (blank
control) contained all components except substrate.
The assay was also performed with enzyme preincu-
bated for 30 min with 0.2 mM B-aminopropionitrile,
specific LOX inhibitor, in order to ensure that we
estimated LOX specific activity. The reaction was
started by the substrate addition. Chemilumines-
cence intensity (CLI) was monitored at wavelength
460 nm for 30 min at 3 min intervals with a mi-
croplate reader FLx800 (USA). Chemiluminescence
intensity relative to blank control (A CLI) was con-
sidered as H,0,-coupled CLI. LOX activity was de-
termined as the rate of increase in H,O, specific CLI
per mg of protein. The limit of detection for H,0, is
0.05 uM according to D. Idrees et al. [16].

Fluorometric assay. The method is based on
the formation of an intense fluorophore between folic
acid and the hydrogen peroxide released during the
oxidation of the substrate 1,5-diaminopentane (ca-
daverine) [17]. The reaction medium contained the
enzyme sample (15-500 ug of protein), the substrate
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(13 mM 1,5-diaminopentane), 1 mM NaN, and buffer
#1, in a final volume of 260 pl. The assay was also
performed with enzyme preincubated for 30 min
with 0.2 mM B-aminopropionitrile. Following the in-
cubation for 30 min under aeration at 37 °C the reac-
tion was terminated by addition of 30% ZnSO,. After
centrifugation at 12,000 g for 10 min, the superna-
tants were used for detection of H,O, released during
the enzymatic reaction. Samples were aliquoted to
a 96-well black plate. Folic acid (1-10° M) and CuCl,
(2-105 M) solutions were prepared and added to each
of the wells. After incubation for 60 min at 37 °C in
the dark, fluorescence was measured (A, =360 nm,
A, = 460 nm) and H,O, production was calibrated
with H,0, (e,,, = 43.6 M'cm™), and corrected for the
background noise. The limit of detection for H,O, is
0.5 uM. The developed fluorescence intensity was
measured in a microplate fluorometer (FLx800, ‘Bio-
tek’, USA). The relative fluorescence unit obtained
in test samples was expressed as specific activity of
LOX — (uM H,0O,/min/mg protein).

Data analysis. Data were analyzed by Student's
t-test using Excel. All results are expressed as mean
+ SEM. A value of P < 0.05 was considered signifi-
cant.

Results and Discussion

Two novel biochemical assays to detect LOX
enzyme activity have been developed. We used the
principle that amine oxidases, including LOX, cata-
lyze amine substrates decomposition with hydrogen
peroxide formation. H,O,, in turn, can be accurately
quantified either by luminol chemiluminescence in
the presence of horseradish peroxidase (HRP) as a
catalyst or another system, in particular, fluorescent
detection using folic acid plus Cu(Il). Cadaverine
serves as a substrate for all members of the LOX
family. These chemiluminescence- and fluorescent-

600
500

= 400 -
G300
T 200
100 |

0

0 10 20 30 40
Time, min

Fig. 2. H,0, formation by 30 ug of lysyl oxidase from
Brevibacterium sp. assayed by fluorescent method
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Fig. 1. H,0, formation by 50 ug of lysyl oxidase from
guinea pig lungs assayed by chemiluminescence-
based method

based assays are sensitive enough for the present re-
search.

Fig. 1 shows a typical time response curve of
LOX from guinea pig lungs assayed by a chemilu-
minescence-based method. Fixed amounts of guinea
pigs lung crude extract (8 mg protein/ml) were added
to the reaction mixture and the reaction was run fol-
lowing the assay protocol as described in the Mate-
rials and Methods section. H,O,-dependent chemi-
luminescence was measured for 30 min at 3 min
intervals. As seen, 25-30 min period is enough to
assess LOX activity by this method. The method is
sensitive and time-saving, however, some additional
conditions must be observed, for example, required
use of deionized water.

Data on time and dose dependence of lysyl
oxidase from Brevibacterium sp. specific activ-
ity assayed by the fluorescent method are given in
Fig. 2 and Fig. 3, respectively. Fixed amounts of
LOX (1 mg/ml) were added to the reaction mixture
and fluorescence was measured after 10, 20, 30 and
40 min. As seen from Fig. 2, 30 min is enough to
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Fig. 3. Dependence of Brevibacterium sp lysyl oxi-

dase activity on protein concentration
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LOX activity assay by this method. The method is
simple, sensitive, and time-saving,.

Known amounts of LOX were added to the re-
action mixture and reaction was run following assay
protocol. The enzyme activity can be detected af-
ter 30 min of incubation at LOX protein concentra-
tion in incubation mixture as low as 1 pg/mL. High
concentration of lysyl oxidase in incubation mixture
(more than 2 mg/ml) may cause reduced fluores-
cence signal due to the non-fluorescent product for-
mation (Fig. 3).

Results obtained by two mentioned methods of
LOX activity quantification were comparable (data
are not provided). At the same time, the chemilu-
minescent method was more laborious and complex
than fluorometric one because of the need to comply
with additional conditions. Therefore, the fluoromet-
ric method has been used in further studies.

Lysyl oxidase purification from rodents tissues
extracts involved negative adsorption based on the
principle where the enzyme molecules in incubation
mixture cannot bind to the adsorbent and stay in so-
lution (after the procedure) while separating from
ballast proteins adsorbed on the polar sorbent. The
factors affecting this separation process include a
number of physical factors and chemical interactions
that depend on adsorbent characteristics, nature of
the adsorbate, its concentration, surface to volume
ratio, incubation time as well as the characteristics of
the background solution (pH, temperature). For this
reason, the optimal conditions of the effective ad-
sorption process were selected experimentally. Some
of the major driving forces of protein adsorption in-
clude: surface energy, intermolecular forces (van der
Waals dispersion forces, dipole-dipole interactions,
and hydrogen bonding), hydrophobic interaction
and ionic or electrostatic interaction. Electrostatic
interactions play a major role in the adsorption of
proteins at hydrophilic/charged surfaces [15]. Pro-
teins can be purified by their adsorption to the polar
adsorbent taking advantage of properties, such as
total charge and the medium pH. It is well known
that maximal protein adsorption occurs at medium
pH equal to protein pl. Specifically, at a negatively
charged surface such as kaolinite, only proteins with
a net positive charge can be adsorbed, i.e., proteins
with an isoelectric point pl higher than the pH of the
solution (8.2 in our case). Thus, LOX with pl 6.2 re-
mains in solution. The advantage of this purification
method is that the adsorption does not require the

sorbent activation and proceeds very quickly (15 min
at room temperature).

Multistep kaolinite addition (0.5, 5, and 15%
w/v) to crude extract and to active fractions obtained
from previous purification steps have been used to
determine the effective dose of the sorbent. The final
kaolinite/protein ratio 1/4 used during the multistep
procedure was applied to the one-stage purifica-
tion protocol. The purification profiles of the lysyl
oxidase from mouse heart and lung are shown in
Table 1. The highest specific activity was obtained
after the last step of the multistep procedure as well
as one-stage purification protocol. LOX from mouse
heart was purified 23.2-26.8 fold with an 80-78%
yield, while the enzyme from mouse lung was puri-
fied 11.2-10.2 fold with a 43-46% yield. Crude ex-
tract and protein fractions containing LOX activity
were subjected to electrophoresis according to Lae-
mmli (Fig. 4). When the fractions enzyme activities
were assessed by SDS-PAGE, bands at ~32 kDa were
observed.

Fig. 4 shows a typical SDS-PAGE electrophore-
gram of mice lung and heart tissue preparations on
purification steps. Lanes 1-5 correspond to prepara-
tions of mice lung LOX: lane 1 — crude extract, lanes
2-4 represent the samples after crude extract purifi-
cation with 0.5, 5, and 15% of sorbent, respectively
under the multistep procedure, lane 5 — one-step
purification of the crude extract with 25% sorbent.
Lanes 6-9, in turn, correspond to preparations of
mice heart LOX: 6 — crude extract, lanes 7, 8 rep-
resent samples after purification with 5 and 15% of
sorbent, respectively under the multistep procedure,
lane 9 — one-step purification of the crude extract
with 25% of sorbent. For these preparations, only the
32 kDa form of LOX is observed. Protein purity and
relative quantitation values were calculated by Den-
sital software from the gel densitograms of the ini-
tial extracts and purified samples. Fig. 5 and Table 2
show densitogram and an example of calculation of
lysyl oxidase content in C57BIl/6 mice lung sample.

To save time and reduce workload, a one-step
protocol of the enzyme purification was used in sub-
sequent experiments since both protocols have the
same efficiency with respect to yield and degree of
purification.

Two sensitive methods for LOX activity quanti-
fication in biological samples from different sources
were represented. Lysyl oxidase was extracted from
murine tissues by a method similar to that of other
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Table 1. Purification of lysyl oxidase from mice tissues

Purification | Purification Total Total Sp§s1‘ﬁc . Purification
type step protein, mg | activity, U activity, Yield, % (fold)
’ ’ U/mg
Heart*
Multistep HO 5.32 34.5 6.50 100 1.0
H1 1.39 30.2 21.7 87 33
H2 0.18 27.7 151 80 23.2
One-step HO 3.13 34.5 11.0 100 1.0
H3 0.09 27.0 296 78 26.8
Lung**
Multistep LO 5.66 55.3 9.77 100 1.0
LI 4.10 42.6 10.4 77 1.1
L2 1.76 22.5 12.8 41 1.3
L3 0.22 23.6 109 43 11.2
One-step LO 3.90 553 14.2 100 1.0
L4 0.18 257 145 46 10.2

*HO — crude extract of heart; H1 (1% step of multistep purification procedure) — supernatant HO plus 5% caolinite (w/v);
H2 (2™ step of multistep purification procedure) — supernatant H1 plus 15% caolinite (w/v); H3(one-step purification
procedure) — supernatant HO plus 25% caolinite (w/v). **L0 — crude extract of lung; L1 (1% step of multistep purification
procedure) — supernatant LO plus 0.5% caolinite (w/v); L2 (2™ step of multistep purification procedure) — supernatant L1
plus 5% caolinite (w/v); L3 (3" step of multistep purification procedure) — supernatant L2 plus 15% caolinite (w/v); L4
(one-step purification procedure of lung) — crude extract LO plus 25% caolinite (w/v).
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Fig. 4. SDS/PAGE analysis of partially purified lysyl oxidase from C57Bl/6 mice lung (lanes 1-5) and heart
(lanes 6-9). 1 — crude extract of lung (L0), 2-4 — multistep purification procedure, 2 — supernatant L0 plus
0.5% caolinite (w/v) (L1), 3 — supernatant L1 plus 5% caolinite (w/v) (L2), 4 — supernatant L2 plus 15% cao-
linite (w/v) (L3), 5 — one-step purification procedure of lung crude extract L0 plus 25% caolinite (w/v) (L4),
6 — crude extract of heart (H0), 7,8 — multistep purification procedure of heart crude extract, 7 — supernatant
HO plus 5% caolinite (w/v) (L1), 7 — supernatant L1 plus 15% caolinite (w/v) (L2), 9 — one-step purification
procedure of heart crude extract, supernatant H0 plus 25% caolinite (w/v) (H3), lane to the right contains
molecular mass standard
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Fig. 5. PAGE densitograms of lysyl oxidase content
in C57Bl/6 mice lung crude extract (1a, and 1b) and
purified preparation (2a, and 2b)
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Table 2. Purification of lysyl oxidase from
C57B1/6 mice lung by one-step procedure calculated
by Densital software analysis of SDS/PAGE electro-
phoresis data (Fig. 5)

Density (Q)
Kind of Purifi
the peak Crl(llcilzee?gact prel;l)araficcl)n
(line 2a)
Total 1798 190
LOX protein 78 109
Yield, % 43 575

researchers, whereas the enzyme purification proto-
col was designed. LOX was purified from murine
lung and heart tissues in multistep and one-step pro-
tocol (scheme) using hydrophilic sorbent kaolinite
with 11.2-26.8 fold purification.

METOIHN OYUCTKHU TA
BU3HAYEHHS EH3UMATHAYHOI
AKTHUBHOCTIJIIBUJIOKCUJA3HU

O. O. I'yoxosa, H. B. Jlamuwxo,
O. B. 3auiyesa, C. I [llanopenko

IncruryT Gioximii im. O. B. [Tannanina
HAH VYkpainu, Kuis;
e-mail: gudkovahelga@gmail.com

MeToto poOoTH OyJI0 eKCTparyBaHHS Ta 4acT-
KOBa OYHCTKa JI3WUJIOKCHJA3H, OJICP)KaHOI i3 TKa-
HUH TPU3YHIB, TPOCTUM Ta €PEKTHBHIM METOIOM,
a TaKoXX po3poOKa YyTJIMBOrO METOAY BU3HAYCHHS
MOro akTHBHOCTI, AKHH IMAXOIMTH IS MaciuTal-
HHUX JTa0OPAaTOPHHUX EKCIIEPUMEHTIB in Vvivo Ta in
vitro. Po3po0nenuit meTos 6a3yeTbcs Ha TTPUHIIHIIL
HEraTuBHOI copOIlii MOJSIPHOTO T1APOdiTHHOTO ajI-
COpOeHTY KaoJjiHy. AKTHBHICTH JTi3HJIOKCH/Ia3U
OIIIHIOBAIIM JBOMa pPO3POOJICHMMH METOJaMH 3a
KiJTBKICTIO TIEPOKCUAY BOIHIO, SKUW YTBOPIOETHCS
B Xomi peakmii 3 1,5-miamiHONIEHTaHOM SIK CyO-
crparom. H O, nmerekryBanu abo 3a JOMOMOror
XEMIJIIOMIHECLEHIII] TIOMiHOIY B IPUCYTHOCTI Iep-
OKCHJIa3u XpOHY, abo (IyopOMETpUYHO 3 BHUKO-
puctanHAM (oJieBOi KUCIOTH B mpucyTHocTi Cu
(II). 3acTocoBaHMI METON OUHUCTKH JII3HIIOKCHIA3H
i3 TKaHWH TPU3YHIB JIO3BOJIUB TO30aBHTHCH BiJ
93% OanacTHUX HPOTEIHIB, IO HOKA3aHO 3a J0-
momoroto  enekrpodopesy B ITAAILL Ilutoma
AKTHBHICTB JII3UIOKCUIA3H TICIS POy PH YacT-
KOBOTO o4HIIeHHs Oyna y 10-24 pa3u BuIna, HIX y
BHXIJIHOMY €KCTpakTi. MoyekymspHa Maca eH3UMY
3 TKaHWH MUIIeH cTaHoBWiIa mpubauzHo 32 k/la.
3anponoHOBaHI METOAM JO03BOJISIOTH EKOHOMHTH
yac Ta MaTepiaid y pas3i MacmTabHuX JabopaTop-
HUX JOCIIIKEHbB.

Knouosi CIIOBa: JI3UIIOKCHIa3a,
1,5-miaMiHOMEHTAH, XEMITIOMIHECIIEHTHUH METO/I,
(hbIyopOMETpUUHUNM METOJl, HEraTWBHa COpPOIIis,
KaOJIiH, MOJIiaKPUJIaMiTHUH T'€JIb.
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METOJAbI OYUCTKH

N OIIPEAEJEHUA
SH3UMATHYECKOM AKTUBHOCTH
JIN3NJIOKCHU I A3bI

O. A. I'yokosa, H. B. Jlamviuixo,
O. B. 3aiiyesa, C. I [llanopernko

WucTuTyT Onoxumuu um. A. B. [Tannaguna
HAH Vkpaunsi, Kues;
e-mail: gudkovahelga@gmail.com

Llenbto paboTHl OBIJIO SKCTPArnpoOBaHUE U Ya-
CTHUYHAs OYHUCTKA JIM3UIOKCUAA3BI, TOJIYUYEHHON U3
TKaHEH I'PbI3yHOB MPOCTHIM U 3(PPEKTUBHBIM METO-
JI0M, a TaKKe pa3paboTKa 4yBCTBUTEIBHOIO METOAA
OIIpEeAEIICHHS €r0 aKTUBHOCTH, KOTOPBIA MOAXOAUT
JUIsl MAacIITaOHBIX JTaOOPAaTOPHBIX IKCIEPHUMEHTOB
in vivo ¥ in vitro. JIU3UI0KCHAa3y OYUILIAIN pa3pa-
00TaHHBIM METOAOM, OCHOBAHHOM Ha IPUHIIUIIE OT-
pHULaTEeIbHON COPOLUH MOISPHOTO THAPO(YUIBLHOTO
azcopOeHTa KaoNMHA. AKTUBHOCTb JIN3UJIOKCUAA3bI
OLICHUBAIM JBYMSI Pa3padOTaHHBIMH METOAAMH:
[0 KOJMYECTBY MEPOKCHIA BOIOPOAA, 00pa30BaH-
HOTO B XOJ€ peakuuu ¢ 1,5-1MaMHHONEHTAHOM B
kayecTtBe cyOctpara. H O, merekruposanu nu6o
C TIOMOIIBI0 XEMHJIIOMHUHECIIEHIIMH JIIOMHHOJA B
MPUCYTCTBUM TEPOKCUAA3Bl XpeHa, Jnbo (iayopo-
METPUUYECKH C HCIIOJIb30BaHUEM (DOJTMEBON KHUCIIO-
To1 B ipucyTctBun Cu(ll). PaspabGoranusiii MeTox
YaCTUYHON OYMCTKH JIM3UIIOKCH/IA3bl, TOJTyYEHHON
13 TKaHEH rpbI3yHOB, IO3BOJINI H30aBUTHCS OT 93%
0aNIacTHBIX IPOTENHOB, YTO ITOKA3aHO C IIOMOILBIO
anektpodope3a B ITAAIL. YaenbHas akTHBHOCTH
JIM3UIIOKCHIA3bl TIOCJIE MPOLEAYPhl OYUCTKU Oblia
B 10—24 pasza BbllIe, YEM B HCXOAHOM HKCTPAKTE.
MonexynsapHas Macca 3H3MMa M3 TKaHEH MBIIMIEH
cocrasisina okoso 32 x/la. IlpenmoxkeHHsle MeTo-
JIbI TIO3BOJISIFOT DKOHOMUTB BpEMSI U MaTe€pHaIIbl TPH
MacIITaOHBIX JIAOOPATOPHBIX UCCIICIOBAHUSIX.

Knouesnie cCaoBa: JIM3UIIOKCHJA3A,
1,5-1uaMUHOIICHTAH, XCMHUJIIOMMHECICHTHBIM Me-
TOH, (PIYOPOMETPUUCCKUM METOM, OTpHUIIaTeIbHAs
copOITrsi, KAOJIHUH, MOJIMAKPUIAMUTHBINA TCITb.

References

1. Rucker RB, Kosonen T, Clegg MS, Mitchell AE,
Rucker BR, Uriu-Hare JY, Keen CL. Copper,
lysyl oxidase, and extracellular matrix protein
cross-linking. A4m J Clin Nutr. 1998; 67(5 Suppl):
996S-1002S.

104

2. Bais MV, Ozdener GB, Sonenshein GE,
Trackman PC. Effects of tumor-suppressor lysyl
oxidase propeptide on prostate cancer xenograft
growth and its direct interactions with DNA
repair pathways. Oncogene. 2015; 34(15): 1928-
1937.

3.lkenaga N, Peng ZW, Vaid KA, Liu SB, Yoshida S,
Sverdlov DY, Mikels-Vigdal A, Smith V,
Schuppan D, Popov YV. Selective targeting of
lysyl oxidase-like 2 (LOXL2) suppresses hepatic
fibrosis progression and accelerates its reversal.
Gut. 2017; 66(9): 1697-1708.

4. Janyasupab M, Lee YH, Zhang Y, Liu CW, Cai J,
Popa A, Samia AC, Wang KW, Xu J, Hu CC,
Wendt MK, Schiemann BJ, Thompson CL,
Yen Y, Schiemann WP, Liu CC.Detection of
Lysyl Oxidase-Like 2 (LOXL2), a Biomarker of
Metastasis from Breast Cancers Using Human
Blood Samples. Recent Pat Biomark. 2015; 5(2):
93-100.

5. Kim S, Park S, Kim Y. Alternative promoter
activation leads to the expression of a novel
human lysyl oxidase variant that functions as an
amine oxidase. Int J Mol Med. 2014; 34(3): 894-
899.

6. Trackman PC. Enzymatic and non-enzymatic
functions of the lysyl oxidase family in bone.
Matrix Biol. 2016; 52-54: 7-18.

7. Romero-Chapman N, Lee J, Tinker D, Uriu-
Hare JY, Keen CL, Rucker RR. Purification,
properties and influence of dietary copper on
accumulation and functional activity of lysyl
oxidase in rat skin. Biochem J. 1991; 275(Pt 3):
657-662.

8. Pinnell SR, Martin GR. The cross-linking of
collagen and elastin: enzymatic conversion of
lysine in peptide linkage to alpha-aminoadipic-
delta-semialdehyde (allysine) by an extract from
bone. Proc Natl Acad Sci USA. 1968; 61(2): 708-
716.

9. Zibadi S, Vazquez R, Moore D, Larson DF,
Watson RR. Myocardial lysyl oxidase regulation
of cardiac remodeling in a murine model of diet-
induced metabolic syndrome. Am J Physiol
Heart Circ Physiol. 2009; 297(3): H976-H982.

10. Li S, Yang X, Li W, Li J, Su X, Chen L, Yan G.
N-acetylcysteine  downregulation of lysyl
oxidase activity alleviating bleomycin-induced
pulmonary fibrosis in rats. Respiration. 2012;
84(6): 509-517.



O. O. Gudkova, N. V. Latyshko, O. V. Zaitseva, S. G. Shandrenko

11.

12.

13.

14.

15.

Bradford MM. A rapid and sensitive method
for the quantitation of microgram quantities of
protein utilizing the principle of protein-dye
binding. Anal Biochem. 1976; 72: 248-254.
Laemmli UK. Cleavage of structural proteins
during the assembly of the head of bacteriophage
T4. Nature. 1970; 227(5259): 680-685.
Palamakumbura AH, Trackman PC. A
fluorometric assay for detection of lysyl oxidase
enzyme activity in biological samples. Anal
Biochem. 2002; 300(2): 245-251.

Diaz AN, Sanchez FG, Garcia JAG.
Hydrogen peroxide assay by using enhanced
chemiluminescence of luminal-H,O,-horse-
radish peroxidase system: comparative studies.
Anal Chim Acta. 1996; 327(2): 161-165.

Perez FJ, Rubio S. An improved chemilu-
minescence method for hydrogen peroxidase

16.

determination in plant tissues. Plat Growth
Regul. 20006; 48(1): 89-95.

Khan P, Idrees D, Moxley MA, Corbett JA,
Ahmad F, von Figura G, Sly WS, Waheed A,
Hassan MI. Luminol-based chemiluminescent
signals: clinical and non-clinical application and
future uses. Appl Biochem Biotechnol. 2014;
173(2): 333-355.

17. Hirakawa K. Fluorometry of hydrogen peroxide

18.

using oxidative decomposition of folic acid. Anal
Bioanal Chem. 2006; 386(2): 244-248.
Meissner J, Prause A, Bharti B, Findenegg GH.
Characterization of protein adsorption onto
silica nanoparticles: influence of pH and ionic
strength. Colloid Polym Sci. 2015; 293(11): 3381-
3391.

Received 26.12.2017

105



