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Hydrogen sulfide generation from L-cysteine in the human
glioblastoma-astrocytoma U-87 MG and neuroblastoma SHSY5Y

cell lines*
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Hydrogen sulfide (H,S) is endogenously synthesized from
L-cysteine in reactions catalyzed by cystathionine beta-
synthase (CBS, EC 4.2.1.22) and gamma-cystathionase
(CSE, EC 4.4.1.1). The role of 3-mercaptopyruvate sulfur-
transferase (MPST, EC 2.8.1.2) in H,S generation is also
considered; it could be important for tissues with low
CTH activity, e.g. cells of the nervous system. The expres-
sion and activity of CBS, CTH, and MPST were detected
in the human glioblastoma-astrocytoma (U-87 MG) and
neuroblastoma (SHSY5Y) cell lines. In both cell lines, the
expression and activity of MPST were the highest among
the investigated enzymes, suggesting its possible role in
the generation of H,S. The RP-HPLC method was used to
determine the concentration of cystathionine and alpha-
ketobutyrate, products of the CBS- and CTH-catalyzed
reactions. The difference in cystathionine levels between
cell homogenates treated with totally CTH-inhibiting
concentrations of DL-propargylglycine and without the
inhibitor was used to evaluate the activity of CBS. The
higher expression and activity of CBS, CTH and MPST
in the neuroblastoma cells were associated with more
intensive generation of H,S in the presence of 2 mM
cysteine. A threefold higher level of sulfane sulfur, a po-
tential source of hydrogen sulfide, was detected in the
astrocytoma cells in comparison to the neuroblastoma
cells.
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INTRODUCTION

In mammalian tissues, H,S is synthesized endogenous-
ly from L-cysteine in regulated enzymatic pathways cata-
lyzed by pyridoxal phosphate-dependent enzymes: cysta-
thionine beta-synthase (CBS, EC 4.2.1.22), gamma-cysta-
thionase (CTH, EC 4.4.1.1) and cysteine aminotransfer-
ase (CAT, EC 2.6.1.3) coupled with 3-mercaptopyruvate
sulfurtransferase (MPST) (Wang, 2012) (Scheme 1A).
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Scheme 1. The enzymatic (A) and non-enzymatic (B) reactions
generating hydrogen sulfide.

Enzymatic reactions involve L-cysteine hydrolysis by
CBS to L-serine and H,S, L-cystine transformation by
CTH into thiocysteine, pyruvate (PA) and ammonia and
subsequent thiocysteine transformation into H,S and
CysSR (S-thiolane). Another pathway includes the trans-
formation of L-cysteine into 3-mercaptopyruvate (3MP)
by cysteine aminotransferase (CAT) and, subsequently,
3MP desulfuration catalyzed by MPST resulting in H,S
and pyruvate formation (Scheme 1A). H,S is formed in a
redox reaction between thiosulfate or RSSH (persulfides)
and biological thiols such as reduced glutathione (GSH)
(Scheme 1B) (Libiad e¢# 4/, 2014; Predmore e al., 2012).
An additional pathway for the production of 3-MP and
H,S from D-cysteine by D-amino acid oxidase provides
protection of cerebellar neurons from oxidative stress
(Shibuya et al., 2013).

Astrocytes secrete and store antioxidative compounds,
such as glutathione or ascorbate (Bartosz, 2006; Belanger
& Magistretti, 2009, Zablocka & Janusz, 2007). The cells
play an important role in supplying precursors neces-
sary for GSH synthesis in the neurons. GSH captured
by astrocytes from the extracellular space is degraded in
a reaction catalyzed by y-glutamyl-transpeptidase (y-GT)
to free cysteine (Zablocka & Janusz, 2007) (Scheme 2).
The main transport system for cysteine in the astrocytes
and neurons is mediated by the Na* dependent X,
and ASC (alanine-serine-cysteine) systems (Shanker et
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without the inhibitor was used
to evaluate the activity of CBS.
Differences in the expression and
activity of CBS, CTH, and MPST
point to a higher intensity of H,S
generation in the neuroblastoma
cells, which was confirmed by the
higher level of H,S in SHSY5Y
cells determined using the H,S
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Scheme 2. The possible cooperation between the astrocytes and neural cells.

The Scheme is based on the scheme presented by Kimura (2013). H,S activates TRPA1 chan-
nels in the astrocytes in a similar way, but not as efficiently as polysulfides (Kimura, 2013;
Moore & Whiteman, 2005). H,S has antioxidative properties and it increases the production
of glutathione in neural cells (Kimura et al, 2010; Kimura & Kimura, 2004). TRPA1Ch, tran-
sient receptor potential cation channel; subfamily A, member 1; NMDAR, N-methyl-D-aspar-

tate receptor; Gly, Glycine; GSH, reduced glutathione

al., 2001a; Shanker ez al, 2001b). The degradation prod-
uct returns to neuron cells, where it is used as a sub-
strate for glutathione synthesis. When compared to the
neurons, astrocytes have the higher level of GSH, both
in vivo and in cell cultures (Dringen ez al, 2000). Func-
tional neuron-glial cell interrelations provide an import-
ant mechanism participating in brain functions control
(Scheme 2).

The anaerobic conversion of cysteine can lead to the
formation of hydrogen sulfide (H,S). It is known that
endogenously formed H,S acts as a neuromodulator and
neuroprotector in the brain (Panthi e/ a/, 2016; Paul &
Snyder, 2015). By means of activating NMDA receptors
and increasing the response of peripheral neurons, H,S
may play a significant role in processes associated with
memorization and learning (Ishigami ez 4/, 2009; Shibuya
et al, 2009). An increased synthesis of H,S has been
observed in patients with Down’s syndrome and septic
shock, while its decreased generation has been noted in
Alzheimer’s disease. H,S activates TRPA1 channels in
the astrocytes in a similar way, but not as efficiently as
polysulfides (Kimura, 2013; Moore & Whiteman, 2005).
H,S has antioxidative properties and it increases the
production of glutathione in neural cells (Kimura ef af.,
2010; Kimura & Kimura, 2004).

The study was conducted to determine the activity
and expression of the enzymes: CBS, CTH and MPST
involved in the production of H,S in the human glio-
blastoma-astrocytoma (U-87 MG) and neuroblastoma
(SHSY5Y) cell lines. The results of our previous stud-
ies (Jurkowska et al. 2011) showed the expression of
CTH and MPST genes in the human neoplastic cell
lines: astrocytoma U373 and neuroblastoma SH-SY5Y.
The CTH and MPST enzymes, through an increase in
sulfane sulfur levels, might increase H,S levels. The RP-
HPLC method was used to detect and determine the
amount of direct and indirect products of the CBS- and
CTH-catalyzed reactions, such as cystathionine, cysteine,
and glutathione. The difference in the cystathionine lev-
el between the cells incubated with totally CTH-inhib-
iting concentrations of DL-propargylglycine (PPG) and

trapping method of Kartha e/ al.
(2012).

o Gusmste@w  MATERIAL AND METHODS

Chemicals. 1.-Glutathione re-
duced (GSH), L-cysteine, cysta-
thionine (CTN), DL-homosetine
(HSer), 1-fluoro-2,4-dinitroben-
zene (DNFB), bathophenan-
throline-disulfonic acid disodi-
um salt (BPDS), acetonitrile,
pyridoxal ~ phosphate  (PLP),
B-nicotinamide adenine  dinu-
cleotide reduced disodium salt
hydrate (NADH), L-lactic de-
hydrogenase (LDH), 3-mercap-
topyruvate acid sodium salt,
D,L-dithiothreitol, (DTT), N-eth-
ylmaleimide (NEM), DL-propargylglycine (PPG), so-
dium dihydrogen phosphate dihydrate pure, sodium
sulfite, chloroform, isopropanol, agarose, sodium hy-
drosulfide hydrate, sodium chloride, Folin-Ciocalteu’s
phenol reagent, iron (III) nitrate nonahydrate, sodium
thiosulfate pentahydrate, sodium carbonate and N,N-di-
methyl-p-phenylenediamine sulfate salt, Coomassie Blue
G250 were obtained from Sigma-Aldrich (Poznan, Po-
land). Trifluoroacetic acid (TFA), 2-mercaptoethanol
were purchased from FlukaChemie GmbH (Buchs,
Switzerland). Ethanol and 70% perchloric acid (PCA),
38% formaldehyde, 65% nitric acid, 38% hydrochloric
acid, ammonia solution 25% pure, sodium potassium ta-
rate, copper sulphate pentahydrate, potassium dihydro-
gen phosphate, ferric chloride, zinc acetate dehydrate
pure, sodium hydroxide were from Polskie Odczynni-
ki Chemiczne S.A. (Gliwice, Poland). Ne-methyllysine
was obtained from Bachem (Bubendorf, Switzerland).
DMEM/High glucose, trypsin 0.25%, fetal bovine se-
rum and penicillin-streptomycin  solution were pur-
chased from Thermo Scientific (Waltham, MA, USA).
Trizol, ethidium bromide and EDTA-disodium salt
dihydrate were obtained from Lab-Empire S.A. (Rz-
eszow, Poland). Potassium cyanide was from Merck
Sp. z o.0. (Warszawa, Poland). Reverse Transcriptase
M-MuLlV was obtained from Roche Diagnostics Pols-
ka Sp. z o.0. and Promega Poland (Warszawa, Poland).
Polymerase DNA Dream Taq™, Gene Ruler 100 bp
DNA Ladder, Oligo(dT)18 primer and dNTP Mix were
obtained from Abo Sp. z o.0. (Gdansk, Poland). RIPA
buffer was from TermoScientific (Rockford, USA).
Antibodies: anti-CBS and -CTH were from Abnova
(Taiwan), anti-MPST was from GeneTex (Taiwan),
anti-B-actin from Sigma-Aldrich (Poznan, Poland), an-
ti-alpha-tubuline, alkaline phosphatase-conjugated goat
anti-rabbit IgG antibody and anti-mouse IgG antibody
wete from Proteintech (Chicago, IL, USA). NBT/BCIP
(nitroblue tetrazolium chloride/5-bromo-4-chloro-3-in-
dolyl phosphate), toluidine was from Roche (Warszawa,
Poland). All the chemicals and HPLC solvents were
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gradient grade. Water was deionized by passing through
an EASY pure RFcompact ultrapure water system.

Cell lines. Cell culture. Human glioblastoma-astro-
cytoma (U-87 MG) and necuroblastoma (SHSY5Y) cell
lines were grown in a monolayer in Dulbecco’s Modified
Eagle Medium (DMEM) supplemented with 10% fetal
bovine serum and antibiotics (100 U/ml penicillin and
100 pg/ml streptomycin), in plastic culture dishes (100
mm in diameter), at 37°C in a humidified atmosphere
containing 5% CO,. Cell lines were purchased from the
European Collection of Cell Cultures (ECACC-SIGMA
Aldrich, Pozna, Poland).

Cytotoxicity of L-cysteine. The cells were seeded in
triplicates into 96-microwell plates at density of 20 X 10°
cells/well and incubated for 24 h with or without 2 mM
L-cysteine in DMEM medium supplemented with 10%
FBS. Colorimetric assay was performed according to the
manufacturer instructions (Cytotoxicity Detection Kit,
Roche, Thermo Fisher Scientific). Absorbance of the
colored product — formazane — was measured at 490 nm
by microreader (EPOCH, BioTEK).

Expression of MPST, CTH, CBS in cell lines.
RNA extraction. The total RNA was extracted using
TRIZOL, according to the protocol provided by the
manufacturer. The quality of RNA samples was deter-
mined by spectrophotometric analysis (A,,,/A,) and
electrophoresis in 2.5% agarose gel followed by staining
with ethidium bromide.

Reverse Transcription of RNA. Total RNA from
the cell samples was reverse-transcribed using First-Stand
cDNA synthesis kit according to the manufacturer in-
structions (Promega, Company, Warszawa, Poland). For
reverse transcription (RT) 3 pg of total RNA was mixed
with 1 ul Oligo (dT),5 (0.5 pg/teaction) and nuclease-free
water and heated in a 70°C heat block for 5 minutes.
After preincubation the reverse transcription reaction
mix containing: 4 ul of GoScript™5X reaction buffer,
3 wl of MgCl, (final concentration 1.5-5.0 mM), 1 ul of
deoxyribonucleotide triphosphates (ANTPs, 10 mM), 1 pl
of Recombinant RNases Ribonuclease Inhibitor (20 U/
pl) and 1 pl of GoScript™ Reverse Transcriptase were
prepared.

cDNA Synthesis and RT-PCR analysis. Expres-
sion of MPST, CTH, CBS and B-actin was analyzed
with RT-PCR as previously described by Jurkowska ez
al. (2011) with modifications. Amplification of ¢cDNA
samples was performed in a 12.5 pl reaction volume
containing: 1 ul of synthesized cDNA, 0.2 uM of each
of gene-specific primer pair, 0.04 U/ul of DNA poly-
merase in 10 mM Tris-HCI buffer pH 8.8, 0.2 mM of
each dNTPs and nuclease-free water. The temperature
profile of RT-PCR amplification for the MPST consisted
of activation of Taq polymerase at 94°C for 5 min, de-
naturation of cDNA at 94°C for 30 s, primer annealing
at 56°C for 30 s, clongation at 72°C for 2 min for the
following 28 cycles and was finished by the extension
step for 8 min. For the CTH gene, after the initial dena-
turation for 5 min at 94°C, amplification was performed
under the following conditions: 94°C for 30 s, 51°C for
1 min and 72°C for 8 min for 28 cycles, with the fi-
nal incubation at 72°C for 10 min. For the CBS gene,
after the initial denaturation for 5 min at 94°C, ampli-
fication was performed under the following conditions:
94°C for 30 s, 60°C for 30 s and 72°C for 2 min for 38
cycles, with the final incubation at 72°C for 8 min. For
B-actin gene, after the initial denaturation for 5 min at
94°C, amplification was performed under the following
conditions: 94°C for 30 s, 54°C for 30 s and 72°C for
2 min for 28 cycles, with the final incubation at 72°C

for 8 min. The following specific primers (Oligo Com-
pany) were used:

MPST — F: 5TCTTCGACATCGACCAGTGC’ and
R: 5 TGTGAAGGGGATGTTCACGGZ

CTH - F: 5GCAAGTGGCATCTGAATTTG3 and
R: 5’CCCATTACAACATCACTGTGGZ

CBS — F: 5CGCTGCGTGGTCATTCTGCC3 and
R: 5’TCCCAGGATTACCCCCGCCT?

B-actin — F: 5’CTGTCTGTCACCACCAT3 and R:
5’GCAACTAAGTCATAGTCCGC?

B-actin was used as the internal standard to normal-
ize all samples for potential variations in mRNA content.
PCR reaction products were separated electrophoretical-
ly in a 2.5% agarose gel, stained with ethidium bromide
and directly visualized under UV light and photographed.

Western blotting analysis. The cells were suspended
in RIPA buffer, containing proteinase inhibitors cocktail,
sonicated 3 X5 s at 4°C (BandelinSonoplus GM 70) and
centrifuged at 14000 X g for 15 min — supernatants were
used for further analysis. The relative amount of CBS,
CTH, MPST was determined by Western blotting using
the appropriate antibody: anti-CBS (1:1000), anti-CTH
(1:1000), anti-MPST (1:1000). Anti-B-actin (1:5000) and
anti-alpha-tubuline (1:5000) antibodies were used to
check for equal loading. Proteins of interest were detect-
ed with alkaline phosphatase-conjugated goat anti-rabbit
IgG antibody (1:2000) or with alkaline phosphatase-con-
jugated goat anti-mouse IgG antibody (1:2000). Proteins
were visualized with NBT/BCIP staining solution.

Detection of H,S. The H,S produced during the
incubation of the cell culture with H,S-releasing com-
pounds was trapped as zinc sulfide in the zinc agarose
layer according to Kartha e a/ (2012). The standard
curve was linear at the concentration range of 0-250 uM
with correlation coefficient of 0.994.

Enzymes assay. Cell homogenization. U-87 MG
and SHSY5Y cells (3.5-5X%10¢ cells) were suspended in
0.1 M phosphate buffer pH 7.5, in the proportion of
1 mln cells/0.07 ml of the buffer, sonicated 3X5 s at
4°C (BandelinSonoplus GM 70). After centrifugation at
1600 X g for 10 min, the supernatant was used for the
determination of protein concentration, sulfane sulfur
levels and the activity of MPST and CTH. For RP-
HPLC analyses cells were suspended in 0.1 ml 0.9%
NaC/1 70% PCA/1 mM BPDS. The sediment was sepa-
rated by centrifugation at 1400 X g for 10 min, and su-
pernatant was stored at —80°C until analysis.

MPST activity. MPST activity was assayed according
to the method of Valentine and Frankelfeld, (1974) fol-
lowing a procedure described in our eatlier paper (Wro-
bel et al. 2004). The incubation mixture contained: 250
pl of 0.12 M sodium phosphate buffer, pH 8.0, 50 pl
of 0.5M sodium sulfite, 50 ul of 0.15 M dithiothreitol,
50 upl of homogenates, 50 pl of H,O and 50 pl of 0.1 M
3-mercaptopyruvate acid sodium salt in a final volume of
500 ul. Mixture was incubated for 15 min. To stop the
reaction 250 ul of 1.2 M PCA was added. Samples were
centrifuged at 1600 X g for 5 min, and 100 pl of super-
natant was transferred to 1350 pl of mixture that con-
tained: 1200 pl of 0.12 M sodium phosphate buffer, pH
8.0, 100 ul of 0.1 M N-ethylmaleimide, 50 ul of NADH
5 mg/ml. After equilibration at 37°C, 2.5 ul of lactate
dehydrogenase (7 IU) was added, and the decrease in ab-
sorbance was measured at 340 nm. The enzyme activity
was expressed as nmoles of pyruvate produced during 1
min incubation at 37°C per 1 mg of protein.

CTH activity. Cystathionase activity was determined
using Matsuo and Greenberg’s method (1958) with
modifications described by Czubak ez al (2002). The
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incubation mixture contained: 25 upl of 1.3 mM PLP,
25 wl of 0.02 mM EDTA, 250 ul of 45 mM cystathi-
onine solution in 0.1 M phosphate buffer, pH 7.5 (2.5
mg of cystathionine per sample) and 75 ul of homog-
enate and 0.1 M phosphate buffer, pH 7.5 containing
0.05 mM 2-mercaptoethanolin in the final volume of
650 wpl. The reaction was stopped after 15 min of in-
cubation at 37°C by placing 125 ul of the incubation
mixture in 25 pl of 10% PCA. Samples were centri-
fuged at 1600 X g for 10 min, and 25 ul of supernatant
was transferred to 625 ul of 0.194 mM NADH solu-
tion and kept at 37°C. Control samples, without 45
mM cystathionine, were prepared in the same way as
the examined samples. After 10 s of the measurement
(absorbance at 340 nm), 25 ul (9.06 IU) of lactate de-
hydrogenase (LDH) was added and measurement was
continued up to 180 s. The difference between the ini-
tial value of absorbance (before adding LDH) and the
lowest value (after adding LDH) corresponded to the
amount of alpha—ketobutyrate formed in the course of
the cystathionase reaction. Cystathionase activity was
expressed as nmoles of a-ketobutyrate formed during
1min incubation at 37°C per 1 mg of protein.

CBS activity. The activity of CBS was ex-
amined in cells homogenates in the presence of
DL-homoserine as substrate after 15 minutes incuba-
tion at 37°C according to the desctiption in Bronow-
icka-Adamska ez a/. (2011). PPG, in the concentration
of 0.7 mM, was used to completely inhibit the activity
of CTH in both cell lines. The level of cystathionine
was determined using the HPLC method described by
Bronowicka-Adamska e a/. (2015). The CBS activity
was expressed as pmoles of cystathionine formed during
Imin incubation at 37°C per 1 mg of protein.

Sulfane sulfur. Sulfane sulfur was determined by the
method of Wood, (1987), based on cold cyanolysis and
colorimetric detection of ferric thiocyanate complex ion.
Incubation mixtutres in a final volume 880 ul contained:
20 ul of 1 M ammonia solution, 20 ul of homogenate,
740 ul of H,0O and 100 ul of 0.5 M sodium cyanide. In-
cubation was performed for 45 min at room tempera-
ture. After incubation, thiocyanate was estimated calori-
metrically at 460 nm after the addition of 20 pl of 38%
formaldehyde and 40 pl of ferric nitrate reagent. Sulfane
sulfur level was expressed as nmoles of SCN-produced
per 1 mg of protein.

Proteins. Protein concentration was determined with
the method of Lowrty e al. (1951) using crystalline bo-
vine serum albumin as a standard. Protein concentra-
tion measurement with Bradford assay was used for the
determination of protein in Western blotting analysis
(Bradford, 1970).

RP-HPLC (Reverse Phase High Performance
Liquid Chromatography). The level of cystathionine,
alpha-ketobutyrate and the reduced glutathione (GSH)
in the incubation mixtures were determined using the
RP-HPLC method of Dominick ef /. (2001) with modi-
fications (Bronowicka-Adamska ez a/., 2015; Bronowicka-
Adamska ez al., 2011; Wrobel ez al., 2009).

Table 1. The mean value of MPST, CTH, CBS activity, and sulfane sulfur level in

U-87 MG and SHSY5Y cell.

% of control

SHSYSY usT™MG

Figure 1. The level of hydrogen sulfide in homogenates of
U-87 MG and SHSY5Y cells after 24 h incubation with 2 mM
L-cysteine.

The experiments were carried out for control homogenates of
U-87 MG, SHSY5Y cells with 2 mM L-cysteine as the main endog-
enous substrate for the hydrogen sulfide producing enzymes. The
data represent the mean value from three independent experi-
ments. Statistical analysis was performed using the Student’s t-test
(*P<0.05).

RT-PCR
SHSYSY24h | US7MG24h | SHSYSY48h | US7TMG48h

MPST — 227 bp
B-actin | s - | 280 DD
CBS - 300bp
pactin - - 280bp
CTH 300 bp
p-actin 280bp

Figure 2. RT-PCR analysis of MPST, CBS and CTH expression in
SHSY5Y and U-87 MG cell lines.

One set of representative results is shown. -actin was used as the
internal control. The length of the products: MPST, 227 bp; CBS,
300 bp; CTH, 300 bp; B-actin, 280 bp. Specific primers and tem-
perature profiles for particular proteins are given in Material and
Methods.

Statistical analysis. All results were expressed as
means TS.D. The significance of the differences be-
tween controls and investigated samples were calculated
using Student’s Test (P<0.05). Each experiment was re-
peated minimum three times.

RESULTS AND DISCUSSION

The studies showed U-87 MG and SHSY5Y cells
capacity of hydrogen sulfide formation from L-cysteine
and an increased level of hydrogen sulfide in the neu-
roblastoma — SHSY5Y cells (Fig. 1) by about 20%, as
compared to the control cells without L-cysteine, and
only by about 5% in the glioblastoma-astrocytoma (U-87
MG cells) after 24 h of incubation with 2 mM L-cysteine
(Fig. 1). The cytotoxic effect on the SHSY5Y and U-87
MG cell lines after 24 hours of incubation with 2 mM L-
cysteine was lower than 10% for both cell lines.

Table 1 shows the activity of CTH, MPST, CBS and
the level of sulfane sulfur in the SHSY5Y and U-87
MG cells. One can summarize that all the enzymatic
pathways (Scheme 1) generating H,S can occur in the
investigated cell lines. CBS is regarded as the principal
enzyme responsible for H,S synthesis in the brain, while
CTH plays a similar role in the circulatory system (Abe
& Kimura, 1996). More than tenfold higher CBS activ-
ity and three fold higher MPST activ-
ity were estimated in the neuroblastoma

cells, as compared to the astrocytoma

Cell line MPST CTH CBS Sulfane Sulfur cells. Theref_ore, the neuroblagtoma cells

nmol-mg-! min-" pmol-mg-min-'  nmol-mg protein-’ have pptentlally hlgheg capacity of H,S
SHSYSY  674+93 5154146  17.3+27 41415 generation from cysteine than astrocy-
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, toma. In the neuroblastoma cells, spe-
US7MG  196+23 3.29+0.83  1.34+0.2 139+47 cific activity of MPST being the highest

Values are the mean of four to five measurements from three independent experiments.

among the investigated enzymes and the
highest expression of MPST (Fig. 2 and
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Figure 3. Western blotting analysis of MPST, CBS, CTH proteins
in SHSY5Y and U-87 MG cell lines.

(A) Western blotting analysis. Western blot analysis of MPST, CBS
and CTH was performed for the cell lines using a mixture of rab-
bit- (MPST) and mouse-derived (CBS, CTH, B-actin and alpha-tubu-
line) primary antibodies with the appropriate mixture of alkaline
phosphatase-conjugated secondary antibodies. One set of repre-
sentative results is shown. B-Actin and alpha-tubuline were used
as the internal control of protein loading; 20 pg of protein was
added to each lane. For details see Material and Methods. (B) The
relative intensity normalized to -actin and alpha-tubulin. Analysis
of protein bands imaged with the ChemiDoc™ MP. The relative in-
tensity value is the average from three independent experiments.
The relative intensity was normalized using B-actin and alpha-
tubulin signals, the average of which was taken as one.

3) can both suggest that this enzyme plays a role in the
generation of H,S.

On the other hand, the sulfane sulfur level was more
than threefold higher in the astrocytoma cells, which can
suggest that a nonenzymatic release of H,S from sul-
fane sulfur-containing compounds (Scheme 2) is possi-
ble. It seems probable that in the neuroblastoma cells,
H,S, functioning as a neurotransmitter, is synthesized
in response to the signal-to-date. The astrocytoma cells,
in turn, can release H,S from sulfane sulfur reserves to
transmit a signal within the astrocyte network (Perea &
Araque, 2003; Zabtocka & Janusz, 2007). The conditions
under which physiological signals mobilize H,S from sul-
fane sulfur stores have not been clucidated so far (Paul
& Snyder, 2015).

The U-87 MG astrocytoma cells had the higher lev-
el of GSH in comparison to the neuroblastoma cells,
which confirms the differences in glutathione content
between the astrocytes and neurons (Dringen ef a/. 2000)
(Fig. 4).The high levels of glutathione in the astrocytes
seem to be essential for neurons protection e.g.: against
the toxicity of reactive oxygen species. In the control
cultures and cultures with PPG (inhibitor of CTH) add-
ed in the concentration of 0.7 mM, both the level of
a-ketobutyrate and the level of cysteine were undetect-
able. The inhibition of CTH with PPG in the astrocy-
toma cells resulted in a diminished level of GSH after
15 min of incubation, but no such effect was seen in the
neuroblastoma cells (Fig. 4). This may suggest that the
pathway of cysteine generation through CTH-catalyzed
reaction is important in the U-87 MG cells, while the
SHSY5Y cells depend to a great extent on an exoge-
nous source of cysteine. The importance of the trans-
sulfuration pathway in astrocytes and glioblastoma/as-
trocytoma cells as a reserve pathway when the demand
for glutathione is high was recently discussed by Mc-
Bean (2012). Changes in cystathionine levels were not

CTH in concentration of 0.7 mM for both cells lines. The homoge-
nates were incubated with PPG for 15 minutes. The data represent
the mean value from three independent experiments.

observed in either of the cell lines in response to PPG
after 15 min of incubation (Fig. 4).

CONCLUSIONS

In the glioblastoma-astrocytoma (U-87 MG) and neu-
roblastoma (SHSY5Y) cells, the pathway catalyzed by
enzymatic tandem CAT/MPST can play a role in the
generation of hydrogen sulfide from cysteine. In the
neuroblastoma cells, the pathway from methionine to
cysteine through the CBS and CTH reactions seems to
play a more significant role as compared to the astro-
cytoma cells. The higher activity and expression of en-
zymes involved in H,S generation from cysteine, in the
neuroblastoma cells, provide an opportunity for more
rapid response in H,S production than in the astrocy-
toma cells. However, in the astrocytoma cells, the eleva-
tion of H,S seems to be possible by releasing it from
the pool of sulfane sulfur. Panthi ez a/ (2016) reviewed
possible physiological roles of H,S in neurons protec-
tion from oxidative stress or in the upregulation of the
GABA B-receptors at pre- and postsynaptic sites along
with astrocytes roles in the regulation of neurotransmit-
ter levels or neuronal excitability.
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