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We investigated the effects of various sulfur amino acids on the phosphorylation of proteins and the
translocation of cytosolic compounds to cell membrane in stimulus-treated human neutrophils using
specific monoclonal antibodies. D,L-homocysteine and D,L-homocysteine-thiolactone enhanced fMLP-
induced tyrosyl phosphorylation of proteins and the translocation of p47°"*, p67°", and rac to the cell
membrane in a concentration-dependent manner. L-cystathionine, NAc-L-cysteine and carboxymethyl-
cysteine suppressed the tyrosyl phophorylation and translocation of cytosolic compounds to the cell
membrane. L-cystathionine, L-cysteine and NAc-L-cysteine suppressed PMA-induced serine/threonine
phosphorylation and the translocation of cytosolic compounds to the cell membrane. L-cysteine, NAc-
L-cysteine and D,L-homocysteine enhanced AA-induced serine/threonine phosphorylation and the
translocation of cytosolic compounds to the cell membrane, but L-cystathionine had opposite effects.
These results indicated that the effects of sulfur amino acids on tyrosyl or serine/threonine phospho-
rylation and the translocation of p47°", p67°", and rac to the cell membrane in the stimulus-treated
human neutrophils were in parallel with those of the stimulus-induced superoxide generation reported
in previous paper. L-cysteine, D,L-homocysteine and L-cystathionine weakly inhibited lipid peroxida-
tion, but the other sulfur amino acids tested had no effect.
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e have reported that, among the cystathionine
metabolites found in the urine of 2 patients with
cystathioninuria as well as in rat and bovine brain
[1-5], cystathionine ketimine significantly enhanced
superoxide generation in human neutrophils.
It has been reported that NAc-L-cys reduces
superoxide generation response to N-formyl-methionyl-
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leucyl-phenylalanine (fMLLP) and phorbol 12-myristate
13-acetate (PMA) and partially protects against lipid
peroxidation in human polymorphonuclear [6].
Wada et al. [7, 8] reported that L-cystathionine
significantly scavenges the superoxide radicals derived
from the xanthine-xanthine oxidase system and pro-
tects the gastric mucosa from acute injury induced by
ischemia-reperfusion. After that, it was reported that
homocysteine enhances the oxidative stress of neutro-
phils, which underscores the potential role of phago-
cytic cells in vascular wall injury through O; release
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in hyper-homocysteinemia conditions [9].

It is known that human peripheral neutrophils play
a number of critical roles in the defense against
microorganisms [10], and that superoxide anion (Oy)
production in neutrophils is stimulated during phago-
cytosis by treatment with a variety of stimuli such as
certain chemoattractants and activators of protein
kinase [11-14]. This phenomenon relies in part on
the ability of PMN leukocytes to generate large
amounts of superoxide anion and related reactive
oxygen species; this is known as the respiratory
burst.

The respiratory burst is mediated by the activation
of the NADPH oxidase, a multi-component enzyme,
localized in the plasma membrane of phagocytic leuko-
cytes. The core enzyme consists of 5 components:
pd0Phex pd 7P p67Px p22°h* and gp91™'*. In the
resting cell, three cytosolic components remain as a
complex (p40™*, pd7™* and p67™>) and the other
components; p22™* and gp91"™* are located in the
membranes of secretory vesicles as heterodimeric
flavohemoprotein known as cytochrome bsss. When the
cell is exposed to stimuli, pd7™*, together with
p67™*  migrates to the membrane associating with
cytochrome bsss under the control of rac via a cyto-
skeletal scaffold [15-19].

It is also known that the response of neutrophils to
an activating stimulus can be potentiated sometimes by
prior exposure to a priming agent [20]. A variety of
proinflammatory stimuli have been observed to exer-
cise this effect [21-23].

We have reported that D,L.-homocysteine and D,L-
homocysteine-thiolactone enhanced f{MLP-induced
superoxide generation by the increased translocation
of p47"™* and p67"* to the cell membrane; that L-cys-
tathionine and NAc-L-cys suppressed fMLP- and
PMA-induced superoxide generation; and that
N-acetyl-L-cystathionine also had scavenging activity
against DPPH radicals and superoxide anion [24].

Recently, we reported that triterpenoid compounds
isolated from root bark of Aralia elata suppressed
tyrosyl or serine/threonine phosphorylation of pro-
teins and translocation to the plasma membrane of
pd 7 p67"* and rac in paralled with the effect of
stimulus-induced superoxide generation [25, 26].

In the present study, to clarify the mechanisms
underlying the effects of sulfur amino acids on stimu-
lus-induced superoxide generations in human neutro-
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phils, we investigated the effects of various sulfur
amino acids on tyrosyl and serine/threonine phospho-
rylation of proteins; on the translocation of p47"",
p67"*  and rac to the cell membrane in stimulus-
treated human neutrophils; and on lipid peroxidation
of erythrocyte membrane ghost by hydroxyl radicals.

Materials and Methods

Chemicals. From Sigma Chemical (St. Louis,
MO, USA), we obtained, L-cystathionine, L-cys-
teine, N-acetyl-L-cysteine (NAc-L-cys), carboxymeth-
yleysteine (CMC), D,L-homocysteine, D,L-
homocysteine-thiolactone, NADPH, ferricytochrome
¢ (eyt. ¢), superoxide dismutase (SOD), N-formyl-
methionyl-leucyl-phenylalanine (fMLP), phorbol
12-myristate 13-acetate (PMA), and arachidonic acid
(AA). All other reagents used were of analytical grade
and were from Wako Pure Chemical Industries
(Osaka, Japan) unless otherwise noted.

Isolation of neutrophils.  Polymorphonuclear
leukocytes were isolated from human peripheral blood
of healthy volunteers by Ficoll-Hypaque (Flow Labo-
ratories, Rockville, MD, USA) density gradient
centrifugation [27] and were washed twice with
Krebs-Ringer phosphate solution [28]. The cells were
resuspended in KRP at a concentration of 1 x 10®
cells/ml.

Translocation of p47"*, p67"*, and rac to
neutrophil membrane.  The cytosolic components
to the cell membrane were translocated as reported
elsewhere [29]. Isolated PMNs were preincubated in
a phosphate-buffered saline glucose solution containing
4mM glucose, 1.2mM MgCl,, 2mM Nalj3 (for inhibi-
tion of Os consumption), and 0, 50, 100, 200,
400pM sulfur amino acid for 6min at 37°C. Then,
PMNs were stimulated by adding stimulus (12.5nM
fMLP, 1nM PMA or 10uM AA) for 3min at 37 C.
The cells were spun at 1,500 X g for 5min at 4°C and
resuspended in buffer A [100mM KCIl, 3mM NaCl,
3.5mM MgCly, and 10mM Pipes (pH7.3)] after stand-
ing on ice for 20 min.

To separate their postnuclear supernatants (PNS),
cells were first disrupted by sonication and spun at
500 X g for 5min at 4°C. PNS fractions were then
separated into membrane and cytosol at 200,000 X g
for 20min at 4°C.

The pellet was resuspended in 50ul of 109 mM
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Tris-HCl (pH7.5) containing 3.5% SDS, 0.0087%
bromophenol blue, and 17.4% glycerol, and sonicated
for 1h to obtain membrane fractions.

For immunoblot analysis, the membrane fraction
was subject to sodium dodecyl sulphate-polyacrylamide
gel electrophoresis (SDS-PAGE) with 10% gel. The
electrophoresed proteins were transferred onto
Immobilon-P membrane (Nippon Millipore, Tokyo,
Japan) using a semidry blotting apparatus for 90 min
at 20 V.

The transferred proteins were probed with a mix-
ture of pd7" p67™* rac 1 primary monoclonal
antibody (BD Biosciences, Franklin Lakes, NJ,
USA) and horseradish peroxidase-conjugated rabbit
anti-mouse immunoglobulin G antibody (E.Y. Labo-
ratories San Mateo, CA, USA) detected by the ECL
Western Blotting Detection System (GE Healthcare
Bio-Science KK, Tokyo, Japan). EB-1 lysate, as the
positive control, was the indicator for the location of
pd 7" p67"* and rac.

Detection of tyrosyl and serine/threonine
phosphorylation of neutorophils proteins.
Neutrophils (1 X 10° cells/ml) were incubated in 1ml
of KRP containing 1mM CaCl,;, 10mM glucose, and
0-400 M sulfur amino acid for 3min at 37°C, after
which they were stimulated by 12.5nM fMLP, 10uM
AA, or 1nM PMA, and incubated for 3min at 37 C.

Ice-cold 45% trichloroacetic acid of 0.5ml (final
concentration 15%) containing 1 mM sodium vanadate
and phenyl-methylsulfonylfluoride (2mM) was added to
stop the reaction. After incubation for 30min at 4 C,
the mixture was centrifuged at 10,000 X g for 20min
at 4°C. The precipitate was washed twice with dieth-
ylether-ethanol (1:1, v/v) and then dissolved in 50 ul
of 62.5mM Tris-HCI (pH6.8) containing 2% superox-
ide dismutase, 0.7M [-mercaptoethanol, and 10%
glycerol.

For immunoblot analysis, the sample was subject
to SDS-PAGE with a 12% gel. The electrophoresed
proteins were transferred onto Immobilon-P mem-
brane (Nippon Millipore) using a semidry blotting
apparatus for 90min at 20 V. Tyrosyl phosphorylated
proteins were probed with phosphotyrosine-specific
monoclonal antibody (PY-20; ICN Biochemicals) or
phosphoserine/threonine-specific monoclonal antibody
(BD Biosciences), respectively, then probed with
horseradish peroxidase-conjugated rabbit anti-mouse
immunoglobulin G antibody (E.Y. Laboratories) and
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detected by the ECL Western Blotting Detection
System (GE Healthcare Bio-Science KK) [30]. The
molecular masses of the proteins were determined
using prestained molecular weight standards (14,300~
200, 000 molecular weight range; Gibco BRL).

Determination of lipid peroxidation of eryth-
rocyte membrane ghosts by hydroxyl radicals.
Venous blood from human healthy volunteers was col-
lected in sodium citrate. Erythrocytes were pelleted
by centrifugation and washed 3 times in saline. White
ghosts were prepared by repeated washing and lysis at
4°C in 5mM phosphate buffer [31]. Erythrocyte
membrane ghosts were then diluted with saline to
obtain a final concentration of 1mg protein/ml.

Hydrogen peroxide (3mM) and FeSO, (5 mM) were
added to erythrocyte membrane ghost suspensions
(I ml) with each of the sulfur amino acids (0-600 M)
in 5 separate experiments. The suspensions were
incubated for 30min at 37°C. Hydroxyl radical-
induced lipid peroxidation of erythrocyte membrane
ghosts was determined by measuring thiobarbituric
acid-reactive substances [32].

Results

In the present study, we examined the effect of
sulfur amino acids on tyrosyl or serine/threonine
phosphorylation of proteins and the translocation of
pd7"* p67"*, and rac to the cell membrane in
stimulus-induced human neutrophils.

Effects of sulfur amino acids on tyrosyl phos-
phorylation and cystosolic compounds in fMLP-
induced human neutrophils.  When neutrophils
were incubated with fMLP, tyrosyl phosphorylation
of 99.5, 77.6, and 70.7 -kDa proteins was induced.
D,L-homocysteine and D,l.-homocysteine-thiolactone
increased tyrosyl phosphorylation in a dose-dependent
manner (Fig. 1A-B). Conversely, L-cystathionine sup-
pressed tyrosyl phosphorylation in a dose-dependent
manner (Fig. 1C).

D,L-homocysteine or D,L.-homocysteine-thiolactone
increased the translocation of p47"™*, p67""* and rac
to the cell membrane in a concentration-dependent
manner, as shown in Fig. 2A and B. On the other
hand, L-cystathionine and NAc-L-cys decreased the
translocation of cytosolic p47™*, p67"™*, and rac in a
concentration-dependent manner (Fig. 2C and D).
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Fig. 1 Effects of D,L-homocysteine, D,L-homocysteine-thiolactone, and L-cystathionine on fMLP-induced tyrosyl phosphorylation of
human neutrophil proteins. The tyrosyl-phosphorylated-proteins were detected by immunoblotting using phosphotyrosine-specific monoclo-
nal antibodies. Lane 1, without compound; lane 2, 12.5nM fMLP; lanes 3-6, 12.5nM fMLP and 50, 100, 200, 400uM compound. (A)
D,L-homocysteine, (B) D,L-homocysteine-thiolactone, (C) L-cystathionine.
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Fig. 2  Effects of D,L-homocysteine, D,L-homocysteine-thiolactone, L-cystathionine, and NAc-L-cysteine on translocation to the cell
membrane of p47°", p67°™ and rac in fMLP-stimulated neutrophils. The translocation to the cell membrane of p47*™, p67°™*, and rac
was detected by immunoblotting using p47°™, p67™* and rac1-specific monoclonal antibodies as described in Materials and Methods.
Lane 1, without compound; lane 2, 12.5nM fMLP; lanes 3-6, 12.5nM fMLP and 50, 100, 200, 400uM compound. (A) D,L-
homocysteine, (B) D,L-homocysteine-thiolactone, (C) L-cystathionine, and (D) NAc-L-cysteine.



December 2009

Effect of sulfur amino acids on serine/threo-
nine phosphorylation and cystolic compounds in
PMA-induced human neutrophils.  When neu-
trophils were incubated with PMA, serine/threonine
phosphorylation of 63.5 and 37.3kDa was increased.
L-cysteine, NAc-L-cys and L-cystathionine sup-
pressed serine/threonine phosphorylation in a concen-
tration-dependent manner. (Fig. 3A-C).

However, serine/threonine phosphorylation did not
decreased in the presence of D,I.-homocysteine (data
not shown).

The translocation of p47"™*, p67"", and rac to the
cell membrane decreased slightly in a dose-dependent
manner in the presence of L-cysteine, NAc-L-cys and
L-cystathionine, but D, L-homocysteine did not
decreased (Fig. 4A-D).

Effect of sulfur amino acids on tyrosyl phos-
phorylation and cystolic compounds in
AA-induced human neutrophils.  When neutro-
phils were incubated with AA, tyrosyl phosphoryla-
tion of 31.1 and 29.3kDa was induced. The tyrosyl
phosphorylation increased in the presence of L-cys-
teine, NAc-L-cys and D,L.-homocysteine (Fig. 5A-C).

Conversely, tyrosyl phosphorylation was sup-
pressed in the presence of L-cystathionine in a con-
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centration-dependent manner (Fig. 5D), but serine/
threonine phosphorylation did not decrease in the
presence of L-cystathionine (data not shown).

The translocation of p47"™*, p67"™, and rac to the
cell membrane increased dose-dependently in the pres-
ence of L-cysteine, NAc-L-cys or D,L.-homocysteine
(Fig. 6A-C).

L-cystathionine decreased the translocation of
cytosolic compounds to the cell membrane, as shown
in Fig. 6D.

Effect of sulfur amino acids on lipid peroxi-
dation. The effects of sulfur amino acids on lipid
peroxidation were also investigated. The effect of
sulfur amino acids on hydroxy radical-induced lipid
peroxidation of erythrocyte membrane ghosts are
shown in Fig. 7.

L-cysteine, D,L.-homocysteine, and L-cystathionine
reduced weakly the lipid peroxidation level (thiobar-
bituric acid-reactive substances) of erythrocyte mem-
brane ghosts at a concentration of 600mM, but NAc-
L-cys, CMC, and D,l.-homocysteine-thiolactone did
not reduce lipid peroxidation levels.
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Effects of L-cysteine, NAc-L-cysteine, and L-cystathionine on PMA-induced serine/threonine phosphorylation of human neutro-

phil proteins. The serine/threonine phosphorylation proteins were detected by immunoblotting using phosphoserine/threonine-specific
monoclonal antibodies. Lane 1, without compound; lane 2, 1nM PMA; lanes 3-6, 1nM PMA and 50, 100, 200, 400uM compound. (A)

L-cysteine, (B) NAc-L-cysteine, and (C) L-cystathionine.
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Discussion tathionine, D,I.-homocysteine, and D,I.-homocysteine-

thiolactone on superoxide generation in stimulus-

A previous paper investigated the effects of sulfur  induced human neutrophils and on the scavenging of
amino acids, L-cysteine, NAc-L-cys, CMC, L-cys- free radicals [24].
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Fig. 4  Effects of D,L.-homocysteine, L-cysteine, NAc-L-cysteine, and L-cystathionine on translocation to the cell membrane of p47°™,
p67°* and rac in PMA-stimulated neutrophils. The translocation to the cell membrane of p47™, p67°™ and rac was detected by immu-
noblotting using p47™™, pP67., and raci-specific monoclonal antibodies, as described in Materials and Methods. Lane 1, without
compound; lane 2, 1nM PMA; lanes 3-6, 1nM PMA and 50, 100, 200, 400uM compound. (A) D,L-homocysteine, (B) L-cysteine, (C)
NAc-L-cysteine, and (D) L-cystathionine.

(A) (B)
lane 1 2 3 4 5 6 lane 1 2 3 4 5 6
i i " “” . <+— 31.3 kDa
<+— 31.3kDa
— — .
3 . 3 a f———
AA -+ + + + + AA — + + + + +
0 50 100 200 400 uM 0 50 100 200 400 uM
D,L-homocysteine L-cysteine
(C) (D)
1 2 3 4 5 6 1 2 3 4 5 6
lane ! “ . <«— 313 kDa lane o ;
: : <+— 31.3kDa
“ = W «—203kDa - ‘ ‘ ‘ L Dl 293 kDa
AA — + + + + + AA — + + + + +
0 50 100 200 400 uM 0 50 100 200 400 uM
NAc-L-cysteine L-cystathionine

Fig. 5  Effects of D,L.-homocysteine, L-cysteine, NAc-L-cysteine, and L-cystathionine on AA-induced tyrosyl phosphorylation of human
neutrophil proteins. The tyrosyl-phosphorylated proteins were detected by immunoblotting using phosphotyrosine-specific monoclonal anti-
bodies. Lane 1, without compound; lane 2, 10uM AA; lanes 3-6, 10uM AA and 50, 100, 200, 400uM compound. (A) D,L-
homocysteine, (B) L-cysteine, (C) NAc-L-cysteine, and (D) L-cystathionine.
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Effects of D,L-homocysteine, L-cysteine, NAc-L-cysteine, and L-cystathionine on translocation to the cell membrane of p47°,

p67°°, and rac in AA-stimulated neutrophils. The translocation to the cell membrane of p47°", p67°"*, and rac was detected by immuno-
blotting using p47™>, p67™*, and rac1-specific monoclonal antibodies as described in Materials and Methods. Lane 1, without
compound; lane 2, 10uM AA; lanes 3-6, 10uM AA and 50, 100, 200, 400uM compound. (A) D,L-homocysteine, (B) L-cysteine, (C)

NAc-cysteine, and (D) L-cystathionine.

12+
114
— 101
§ o
=)
€ 8- + L-cysteine
X 74 m D,L-homocys-
S 6 teine
§ 51 4 L-cystathionine
i’ 44 w NAc-L-cys
o 34 x CMC
o
= 24 » D,L-homocysteine-
thiolactone

0 150 300 450 600
Concentration (uM)

Fig. 7 Effects of the sulfur-amino acids on hydroxyl radical-
derived lipid peroxidation of erythrocyte membrane ghosts were
determined by measuring thiobarbituric acid-reactive substances as
described in Materials and Methods. Results are expressed as
means + SD (n = 3) of the inhibition of lipid peroxidation.

In the present study, D,L.-homocysteine and D,L-
homocysteine-thiolactone enhanced fMLP- and AA-
induced superoxide generation in a concentration

dependent manner, but had no effect on PMA-induced
superoxide generation. In the previous paper, on the
other hand, L-cystathionine inhibited fMLP-, AA-
and PMA-induced superoxide generation. L.-cysteine
and NAc-L-cys enhanced AA-induced superoxide gen-
eration, but inhibited fMLP- and PMA-induced
superoxide generation.

In our studies on superoxide generation and inflam-
mation, we found that the various compounds affected
tyrosyl or serine/threonine phosphorylation, and the
phosphorylation of neutrophil proteins occurred in
parallel with stimulus-induced superoxide generation
in PMN [32, 34]. Therefore, we proposed that these
compounds affect stimulus-induced superoxide genera-
tion by affecting the tyrosyl or serine/threonine
phosphorylation of PMN proteins.

To gain insights into the mechanism underlying the
suppression or enhancement of stimulus-induced super-
oxide generation by the sulfur amino acids, we here
investigated the effects of these sulfur amino acids on
tyrosyl or serine/threonine phosporylation of proteins,
as well as the translocation of p47™*, p67"™*, and rac
to the cell membrane in human neutrophils using
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fMLP, AA, and PMA as the stimuli.

FMLP, AA, and PMA were used as, the inducer
of receptor-mediated activation, a membrane per-
turber, and an activator of Ca®'- and phospholipids-
dependent protein kinase C, respectively.

L-cystathionine suppressed the tyrosyl phosphory-
lation of proteins induced by fMLP and AA, as well
as the serine/threonine phosphorylation of proteins
with PMA in a concentration-dependent manner, as
shown in Fig. 1, 3, 5. D,L.-homocysteine increased
the tyrosyl phosphorylation of proteins induced by
fMLP and AA in a concentration-dependent manner,
but had no effect on PMA-induced serine/threonine
phosphorylation. L-cysteine and NAc-L-cys dose-
dependently suppressed the serine/threonine phospho-
rylation of proteins induced by PMA. L-cysteine and
NAc-L-cys enhanced the tyrosyl phosphorylation of
proteins induced by AA.

These results for sulfur amino acids on the tyrosyl
or serine/threonine phosphorylation of proteins in
stimulus-induced human neutrophils well coincided
with the sulfur amino acid-mediated suppression or
enhancement of superoxide generation in stimulus-
treated human neutrophils, as reported in a previous
paper [24].

It is generally accepted that upon activation of the
respiratory burst oxidase in stimulated human neutro-
phils, cytosolic p47™™, p67"™*, and rac move to the
cell membrane and associate with cytochrome bsss,
forming an electron-transport chain responsible for the
reduction of molecular oxygen to superoxide. There-
fore, we also investigated the effect of these sulfur
amino acids on the translocation of p47°*, p67**™, and
rac to the cell membrane in IMLLP-, AA-, and PMA-
stimulated human neutrophils.

When neutrophils were incubated with IMLP, AA,
or PMA, the translocation of p47™*, p67""* and rac
to the cell membrane was increased.

L-cystathionine suppressed the translocation of
pd7" p67"*  and rac to the cell membrane in
fMLP-, AA-, and PMA-stimulated human neutro-
phils; NAc-L-cys suppressed the translocation of
pd7"* p67""  and rac in fMLP-, and PMA-
stimulated human neutrophils, but increased the
translocation of cytosolic compounds to the cell mem-
brane in AA-stimulated human neutrophils. D,L-
homocysteine increased the translocation of cytosolic
compounds to the cell membrane in fMLP-, and
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AA-stimulated neutrophils, but PMA-induced neutro-
phils did not affect the translocation of cytosolic
compounds to the cell membrane. L-cysteine and NAc-
L-cys enhanced the translocation of cytosolic com-
pounds to the cell membrane in AA-stimulated human
neutrophils.

These results well coincided with the effects of
these sulfur amino acids on tyrosyl phophorylation
induced by fMLP and AA or on serine/threonine
phosphorylation induced by PMA.

The effects of the sulfur amino acids on tyrosyl or
serine/threonine phosphorylation and translocation of
cytosolic p47™™*, p67"™*  and rac to the cell membrane
also well coincided with the effects of these sulfur
amino acids on stimulus-induced superoxide genera-
tion.

It has also been noted that NAc-L-cys reduced
superoxide anion generation of proteins and phorbol
myristate in a concentration-dependent manner [6].

The effect of these sulfur amino acids on serine/
threonine phosphorylation of protein and the translo-
cation of p47™*, p67"* and rac to the cell membrane
paralleled that of PMA-induced superoxide generation
reported previously by us and Villagrase et al. in
previous papers. ©he same parallel effect was found
in two other compounds; CMC, and D,L-homocys-
teine-thiolactone (data not shown).

We also investigated the effects of sulfur amino
acids on tyrosyl phosphorylation and translocation of
pd7"* p67"™*  and rac to the cell membrane in AA-
stimulated human neutrophils. These results coincided
well with the effect of sulfur amino acids on stimulus-
induced superoxide generation.

These data indicated that the process involves the
migration of cytosolic compounds p47™*, p67"'*, and
rac to the cell membrane and the tyrosyl or serine/
threonine phosphorylations of some neutrophil proteins
by affecting tyrosine kinase or protein kinase C.

Wada et al. [7, 8] reported that L-cystathionine
significantly scavenged superoxide radicals derived
from the xanthine-xanthine system and protected the
gastric mucosa from acute injury-induced ischemia-
reperfusion.

It was reported that NAc-L-cys reduced superox-
ide generation of the response to fMLLP and PMA, and
partially protected against lipid peroxidation in human
neutrophils [6].

Thereafter, it was reported that homocysteine
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enhanced the oxidative stress of neutrophils. This
underscores the potential role of phagocytic cells in
vascular wall injury through O, release in hyperho-
mocystinemic conditions [9].

Previous results [6-9] well coincided with the
effects of sulfur amino acids on tyrosyl or serine/
threonine phosphorylation and the translocation of
cytosolic compounds to the cell membrane in stimulus-
treated neutrophils.

It is well known that the sulfur amino acids,
L-cystathionine and NAc-L-cys exhibit scavenging
functions against superoxide radicals and hypochlo-
rous. Therefore, in the present study, the effects of
the sulfur amino acids on lipid peroxidation were also
investigated. L-cysteine, D,L.-homocysteine, and
L-cystathionine reduced weakly the lipid peroxidation
level (thiobarbituric acid - reactive substances) of
erythrocyte membrane ghosts at the concentration of
600mM, but NAc-L-cys, CMC, and D,L.-homocys-
teine-thiolactone did not reduce lipid peroxidation
levels.

These results suggest that sulfur amino acids sup-
press superoxide generation induced by stimulus-
treated neutrophils rather than scavenging the gener-
ated superoxide anions.

Our present results demonstrate clearly that sulfur
amino acids involve superoxide generation mainly via
tyrosyl or serine/tyreonine phosphorylation, and the
translocation of p47"™™, p67"™™, and rac to the cell
membrane.

Further studies on the relationships between phar-
maceutical function and their effects on stimulus-
induced superoxide generation may be helpful in the
development of clinical applications.

References

1. Kodama H, Ohmori S, Suzuki M and Mizuhara S: New sulfur-con-
taining amino acids in the urine of cystathioninuric patients:
supplementary data. Physiol Chem Phys (1970) 2: 287-292.

2. Costa M, Pensa B, DiCostanzo B, Coccia R and Cavallini D:
Transamination of L-cystathionine and related compounds by
bovine brain glutamine transaminase. Neurochem Int (1987) 10:
377-382.

3. Ricci G, Vesci L, Matarese RM, Antonucci A, Maggio A, Pecci L
and Cavallini D: Detection of cystathionine ketimine in bovine cer-
ebellum. J Neurochem (1990) 55: 1599-1602.

4. Nardini M, Ricci G, Caccuri AM, Solinas SP, Vesci L and
Cavallini D: Purification and characterization of a ketimime-reduc-
ing enzyme. Eur J Biochem (1988) 173: 689-694.

5. Matarese RM, Pecci L, Ricci G, Nardini M, Antonucci A and

10.
1.

20.

21.

22.

Sulfur Amino Acids on Superoxide Generation 347

Cavallini D: Hexahydro-1, 4-thiazepine-3, 5-dicarboxylic acid and
thiomorpholine-3, 5-dicarboxylic acid are present in normal human
urine. Proc Natl Acad Sci USA (1987) 84: 5111-5114.

Villagrasa V, Cortijo J, Marti-Cabrera M, Ortiz JL, Berto L and
Esteras A: Inhibtory effects of N-actylcysteine on superoxide anion
generation in human polymorphonuclear leukocytes. J Pharm Phar-
macol (1997) 49: 525-529.

Wada K, Kamisaki Y, Kitano M, Nakamoto K and Itoh T: Effect
of cysteathionine as a scavenger of superoxide generated from
human leukocytes or derived from xanthine oxidase in vitro. Eur J
Pharmacol (1996) 296: 335-340.

Wada K, Kamisaki Y, Kitano M, Nakamoto K and Itoh T: Protective
effect of cystathionine on acute gastric mucosal injury induced by
ischemia-reperfusion in rats. Eur J Pharmacol (1995) 294: 377-
382.

Alvarez-Maqueda M, Bekay EIR, Monteseirin J, Alba G, Chacon P,
Vega A, Maria SC, Tejedo RJ, Martin-Nieto J, Bedoya JF,
Pintado E and Sobrino F: Homocysteine enhances superoxide
anion release and NADPH oxidase assembly by human neutrophils.
Effect on MAPK activation and neutrophil migration. Atheroscle-
rosis (2004) 172: 229-238.

Stossel TP: Phagocytosis. N Engl J Med (1974) 290: 717-727.
Goldstein IM, Roos D, Kaplan HB and Weissmann G: Complement
and immuno-globulins stimulate superoxide production by human
leukocytes independently of phagocytosis. J Clin Invest (1975) 56:
1155-1163.

Rossi F: The O, forming NADPH oxidase of the phagocytes:
nature, mechanisms of activation and function. Biochem Biophys
Acta (1986) 853: 65-89.

Takahashi R, Edashige K, Sato EF, Inoue M, Matsuno T and
Utsumi K: Luminol chemiluminescence and active oxygen genera-
tion by activated neutrophils. Arch Biochem Biophys (1991) 285:
325-330.

McCall CE, Bass DA, DeChatelet LR, Link AS Jr and Mann M: In
vitro response of human neutrophils to N-formyl-methionyl-leucyl-
phenylalanine: correlation with effects of acute bacterial infection.
J Infect Dis (1979) 140: 277-286.

Chanock SJ, Benma El, Simith RM and Babior BM: The respira-
tory burst oxidase. J Biol Chem (1994) 269: 24519-24522.

Deleo FR and Quim MT: Assembly of phagocyte NADPH oxidase:
molecular interaction of oxidase proteins. J Leukoc Biol (1996) 60:
677-691.

Henderson LM and Clappel JB: NADPH oxidase of neutrophils.
Biochim Biophys Acta (1996) 1273: 87-107.

Leusen JH, Verhoeven AJ and Roos D: Interractions between the
components of human NADPH oxidase: intrigues in the phox fam-
ily. J Lab Clin Med (1996) 128: 461-476.

Babior BM: NADPH oxidase: an update Blood (1999) 93: 1464-
1476.

Chung CK and Jung ME: Ethanol fraction of Aralia elata Seemann
enhances antioxidant activity and lowers serum lipids in rats when
administered with benzo(a)pyrene. Biol PharmPull (2003) 26:
1502-1504.

Zhang J, Sugahara K, Sagara Y, Fontana M, Dupre S and
Kodama H: Effect of cystathionine ketimine on the stimulus cou-
pled responses of neutrophils and their modulation by various pro-
tein kinase inhibitors. Biochem Biophys Res Commun (1996) 218:
371-376.

Zhang J, Sagara Y, Fontana M, Dupre S, Cavallini D and
Kodama H: Effect of cystathionine and cystathionine metabolites
on the phosphorylation of tyrosine residues in human neutrophils.



348 Abeetal

23.

24,

25.

26.

27.

28.

Biochem Biophys Res Commun (1996) 224: 849-854.

Shimazaki Y, Zhang J, Wakiguchi H, Kurashige T, Sagara Y,
Masuoka N, Ohta J, Ubuka T and Kodama H: Different effect of
diastereoisomers of L-cystathionine sulfoxide on the stimulus cou-
pled responses of human neutrophils. Biochem Biophys Res
Commun (1998) 247: 387-391.

Kitaoka N, Liu G, Masuoka N, Yamashita K, Manabe M and
Kodama H: Effect of sulfur amino acids on stimulus-induced
superoxide generation and translocation of p47°™ and p67™™ to
cell membrane in human neutrophils and the scavenging of free
radical. Clin Chim Acta (2005) 353: 109-116.

Yagi-Chaves S, Liu G, Yamashita K, Manabe M, Song SJ and
Kodama H: Effect of five triterpenoid compounds isolated from root
bark of Aralia elata on stimulus-induced superoxide generation,
tyrosyl or serine/threonine phosphorylation and translocation of
p47°* and p67° and rac to cell membrane in human neutrophils.
Arch Biochem Biophys (2006) 446: 84-90.

He W, Liu G, Chen X, Lu J, Abe H, Huang K, Manabe M and
Kodama H: Inhibitory effects of ginsenoside from the root of Panax
ginseng on stimulus-induced superoxide generation, tyrosyl or ser-
ine/threonine phosphorylation, and translocation of cytosolic com-
pounds to plasma membrane in human neutrophils. J Agric Food
Chem (2008) 56: 1921-1927.

Weiss SJ, Klein R, Slivka A and Wei M: Chlorination of taurine
by human neutrophils. Evidence for hypochlorous and generation.
J Clin Invest (1982) 70: 598-607.

Yamamoto M, Saeki K and Utsumi K: Isolation of human salivary

29.

30.

31.

32.

33.

34.

Acta Med. Okayama Vol. 63, No. 6

polymorpho-nuclear leukocytes and their stimulation-coupled
responses. Arch Biochem Biophys (1991) 289: 76-82.

Nauseef WM, Volpp BD, McCormick S, Leidal KG and Clark
RA: Assembly of the neutrophil respiratory burst oxidase. Protein
kinase C promotes cytoskeletal and membrane association of cyto-
solic oxidase components. J Biol Chem (1991) 266: 5911-5917.
Bolis MS: Antioxidant determinations by the use of a stable free
radical. Nature (1958) 181: 1199-1200.

Nishikimi M, Appaji N and Yagi K: The occurrence of superoxide
anion in the reaction of reduced phenazine methosulfate and
molecular oxygen. Biochem Biophys Res Commun (1972) 46:
849-854.

Watanabe Y, Sagara Y, Sugahara K and Kodama H: Iminodipeptides
containing proline with C-terminal and N-terminal residues prime
the stimulation of human neutrophil superoxide generation by
fMLP. Biochem Biophys Res Commun (1994) 205: 758-764.

Chen G, Lu H, Wang C, Yamashita K, Manabe M, Meng Z, Xu
S and Kodama H: Effect of five flavonoid compounds isolated from
leaves of Diospyros kaki on stimulus-induced superoxide genera-
tion and tyrosyl phosphorylation of proteins in human neutrophils.
Clin Chim Acta (2002) 336: 169-175.

Wang Z, Song S, LuH, Chen G, Xu S, Sagara Y, Kitaoka N and
Kodama H: Effect of three triterpenoid compounds isolated from
root bark of Aralia elata on stimulus-induced superoxide generation
and tyrosyl phosphorylation and translocation of p47°™ and p67°™
to cell membrane in human neutrophil. Clin Chim Acta (2003) 336:
65-72.



