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Table 1. SH contents in NM, Proteasc K treated NM, DAM and Cysteinyl- DAM

Melanin SH content (nmol/mg melanin)
Neuromelanin 242 +0.80
Protease-K treated neuromelanin 057£0.16
Dopamine-melanin Not detected
Cysteinyl-dopamine melanin 3.77 £0.19

SH contents in 3 NM and 2 P-K NM samples from different brains were measured
fluorometrically by use of Measure-iT™ assay kit. The values are mean = S.D. of

quadruplicate measurements of each sample,
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Table 2. Total SH, GSH and GSSG contents, and GSSG/GSH ratio in the cells,

subcellular fractions and isolated mitochondria after treated with NM and DAM

Fraction Total SH GSH GSSG GSSG/GSH
(nmol/mg (nmol/mg (nmol/mg x 100
protein) protein) protein)
Cells: Control 11.9£0.2 6.90 £ 0.54 0.36+0.02 5.22
Treated with NM 142 =0.7* 9.61 +0.36* 0.88 £ 0.02*% 9.16

DAM 10204 6.77 £0.21 0.99 = 0.02* 14.62

Cytosol: Control 13.9+1.6 10215 0.018 £ 0.003 0.18
Treated with NM 15116 129219 0.019 + 0.001 0.15
DAM 134x1.7 120z 1.1 0.015 = 0.006 0.13
Mitochondria:
Control 9.1=z0.1 11.6+0.2 055=0.19 4.74
Treated with NM 11.1£0.3% 19.9 +1.2* 1.66 = 0.18* 8.34

DAM 79 £05* 1332054 1.54 £0.11* 11.58




Journal of Neurochemistry Page 46 of 60

46

Isolated

mitochondria:

Control 117213 6.13 2032 0.36£0.13 5.87

Treated with NM 17.1£1.9% 8.54 £0.19* 0.88 £ 0.07* 10.30

DAM 6.9+02* 5.78% 0.59 0.99 £0.12* 17.13

The total SH contents were measured fluorometrically by use of Measure-iT™ Thiol
Assay kit. GSH and GSSG were quantified using the enzymatic recycling method.
The values are mean and SD of quadruplicate measurements of three experiments. ¥,
Difference from control, p < 0.05.

SH-SYSY cells were treated without or with 10 ug/ml NM or DAM for 2 h at 37°C, then
subjected to subcellular fractionation according to Muyderman er al (2004). The
precipitated mitochondrial fraction was treated with the extraction medium for
GSH/GSSG and analyzed for GSH and GSSG.  Isolated mitochondria were treated with
10 pg/ml NM or DAM for 2 h at 37°C, and the total SH was measured fluorometrically,

then the rest was precipitated by centrifugation, treated as above for GSH-GSSG assay.
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Legends for Figures
Figure 1. Apoptosis induced by neuromelanin
A. Morphological observation of NM cytotoxicity, SH-SYSY cells were treated
without (I, control) or with 10 pg/ml of NM (1), DAM (III) and 100 uM dopamine (IV)
for 16 h. The cells were observed by phase contrast, or after staining with Hoechst
33342 for apoptotic cells and with PI for dead cells.
B. FACS analyses of apoptosis. The wild ells were incubated without (I, control) with
25 pg/ml NM (IT) or DAM (III) for 16 h, gathered, stained with PI with 1% Triton X-100,
and subjected to FACS. The cells with a lower DNA content showing less PI staining
than G, peak were defined to be apoptotic.
C. Quantitative analyses of apoptotic cell death by FACS. The wild and Bcl-2 cells
were treated with 5, 10 or 25 pg/ml of NM or DAM for 16 h and were subjected to FACS.
The column and bar represent the mean and SD of five experiments. * p < 0.01 from

control.

Figure 2. Effects of protein component and melanin classes on cell viability.
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SH-SYSY cells were cultured in a 6-well tissue culture flask and treated without (I), or
with 10 pg/ml NM (II), P-K NM (111), DAM (IV) or Cys-DAM (V) for 16 h at 37°C.

A:  The number of live cells. The cells were gathered, washed with PBS and the live
cells were quantitatively measured after staining with calcein. The number of live cells
was expressed as percent of control, and the column and bar represent the mean and SD
of quadruplicate measurements of three experiments. *, Difference from control, p <
0.01.

B: Morphological observation of cells. The cells were observed by fluoromicroscopy
after staining with Hoechst 33342, The cells were also treated with 100 pM dopamine

(Dopamine).

Figure 3. Activation of apoptotic cascade by NM.

A and B: Reduction of AYm by NM in mitochondria isolated from the wild (A) and
Bcl-2 cells (B). I and II, NM (25 and 10 pg/ml) was incubated with mitochondria
without or with | mM GSH (111, IV), respectively at 37C for 3h.  A¥'m was measured

by FACS after staining with DiOC¢(3).
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C: Release of cytochrome ¢ into cytosol. After treated with NM (25 pg/ml) for 6 h,
cytosol fraction was prepared from SH-SYSY cells and subjected to Western blot analysis
for cytochrome ¢ (Cyt. ¢). I, Control. II, III, IV and V, cells were treated with NM
for1,2,4and 6h. P-Action was used as control.

D: Caspase 3 activity in the wild and Bcl-2 cells after treated for 16 h at 37°C. I,
Control. IL, III and IV, cells treated with 10 pg/ml NM and DAM, and 100 pM
dopamine, respectively. Caspase 3 activity was measured fluorometrically using
Ac-DEVD-MCA as a substrate. The column and bar represent the mean and SD of

triplicate measurements of 4 experiments, *, Difference from control, p < 0.01.

Figure 4. Effects of melanin on SH Jevels in mitochondria.

A: Effects of NM on the mitochondrial SH contents. Mitochondria prepared from the
wild (filled circle) and Bel-2 cells (hollow circle) were incubated with NM (25 pg/ml) at
37°C, for 0.5, 1, 2and 3 h, Mitochondria were treated without NM also in a similar way
(filled and hollow square for mitochondria from wild and Bel-2 cells, respectively). SH

levels were quantified fluorometrically with the Thiol Assay Kit. The values were
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represented as % of SH levels at O time. The point and bar represent the mean and SD
of quadruplicate measurements,

B: Effects of DAM and dopamine on SH levels in mitochondria prepared from the wild
cells. Mitochondria were incubated with DAM (25 pg/ml) (triangle) and dopamine (100
uM) (square). Control, circle.

C: Effects of melanin species on mitochondrial SH levels. Mitochondria were treated
without (I, control) or with 25 pg/ml NM (II), P-K NM (III) and DAM (IV) for 2 h at
37°C. SH residues were quantified by the fluorometric assay with Thiol Assay Kit.
The column and bar represent the mean and SD of quadruplicate measurements of 2
experiments.  *, Difference from control, p < 0.05.

D: GSH was quantitatively measured by HPLC. Mitochondria were treated without (I,
control) or with 25 pg/ml NM (II), P-K NM (TIT) and DAM (IV) for 2 h at 37°C.  The
column and bar represent the mean and SD of triplicate measurements of 2 experiments.

* Difference from control, p < 0.05,

Figure 5. Effects of NM and DAM on SH levels in mitochondria and subcellular
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fractions.

A: Effects of melanin species on SH levels in the soluble and precipitate fraction of
mitochondria. Mitochondria prepared from SH-SY5Y cells were incubated without (I)
or with 25 pg/ml NM (II), P-K NM (III), DAM (IV), Cys-DAM (V) and 250 uM
dopamine (VI) for 2 h at 37°C, then subjected to fractionation into the supernatant
fraction and the sediment. SH levels were measured with Thiol Assay Kit and expressed
as nmol/fraction. The column and bar represent the mean and SD of the quadruplicate
measurements of two experiments.  *, Difference from control, P < 0.01.

B: Effects of melanin on SH levels in cytosol and mitochondria fractions. The wild
cells were treated with 25 pg/ml of NM and DAM at 37°C for 2 h and subjected to
subcellular fractionation. Mitochondrial and cytosol fraction were prepared for GSH
analysis by GSH reductase-dependent recycle method. I, Control. II and III, cells
treated with NM and DAM. The column and bar represent the mean and SD of the
quadruplicate measurements of two experiments. *, Difference from control, P < 0.01

from control.



Journal of Neurochemistry

52

Figure 6. Effects of anti-oxidants and NADPH on the NM-induced apoptosis and SH

increase.

A: Effects of antioxidants on cell death induced by NM. The wild cells were treated

without (I, control) or with NM alone (II) or NM in the presence of DFX (II1, 1 uM),

SOD (IV, 100 unit/ml), catalase (V, 300 w/ml) and EGCG (VI, 10 M) for 16 h at 37°C.

Live cells were quantified using calcein staining. The column and bar represent the

mean and SD of the quadruplicate measurements of two experiments. *, Difference

from control, P < 005 from control. #, Difference from NM-treated cells, p < 0.05.

B: Effects of antioxidants on SH levels in mitochondria, Mitochondria were treated

without or with NM in the absence (I, control) or presence of DFX (II, 1 pM), SOD (111,

100 unit/ml), catalase (V, 300 unit/ml) and EGCG (VI, 10 uM) for 2 h at 37°C. SH

contents were measured fluorometrically using the Thiol Assay Kit. The column and

bar represent the mean and SD of the quadruplicate measurements of two experiments.

*_ Difference from control, P < 0.05. #, Difference from NM-treated cells, p < 0.05.

C: Effects of NADPH on SH contents in melanin-treated mitochondria. Mitochondria

were treated without (Control) or with 25 pg/ml NM or DAM at 37°C for 2 h, in the
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absence (-) or presence (+) of 1 mM NADPH. SH was quantified with the Thiol Assay
Kit The column and bar represent the mean and SD of the quadruplicate measurements
of two experiments. *, Difference from control, P < 0.01. #, Difference from

NM-treated cells, p < 0.05.

Figure 7. Effects of NM on S-glutathionylated protein in mitochondria. Mitochondria

were prepared from the wild cells and treated without (I, control), or with 10 pg/ml NM

(1), P-K NM (I11), DAM (IV), Cys-DAM (V) or 100 uM dopamine (VI), at 37°C for 2 h.

The samples were washed with PBS, and subjected to SDS-PAGE under non-reducing
(A) and reducing conditions (B). S-Glutathionylated protein (PrS-SG) was visualized
by use of polyclonal anti-GSH antibody. Complex I and III were detected with the
antibody against complex I and I, respectively. The left line of each gel represents the
protein markers with molecular mass with 250, 150, 100, 75, 50, 37, 20, 15 and 10 kDa

from the top,
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