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Abstract N

Copper is an essential trace element important in numerous

biological processes. Its small electrochemical half cell potential
makes it a flexible tool in enzymatic reactions but also creates a
potential hazard: unprotected 'free' Cu in any biological matrixed

Cellular Viability

10Oregon Health & Science University, Portland, Oregon, USA

The CellulaRedoxStatus Is Altered iMenkes

A

Argonne

NATIONAL LABORATORY

Cellular Copper

Cellular copper concentrations for MomS (black) and YS (grey),

Increasing media copper for (a) 4 hrs and (b) 48.hrs
Cellular copper concentrations are expressed ia Data are means SD from at least
three biological replicates.

experiments we utilized two immortalized human fibroblast cell | | 190 4
lines derived from a Menkes disease patient (lacking Atp7a, YS e
and the patients mother (controls, MomS cells). Since the YS c4qlls
are lacking a copper export system they can serve as a model for

WD. Cells were exposed to copper under conditions representinTg
acute and chronic copper overload. As expected, we found an
increase in total GSH under 'chronic' copper exposure for both YS
and MomS cells. This was further confirmed byAR analysis of
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X-ray Fluorescence Microscopy

XFM images for MomS and YS cells grown under basal conditions.

Visible light microscope images and elemental maps for phosphorus and copper for(&and Y b).
Two different sets of cells are shown for each cell line (resolution 750 nm/pixel, dwell time 1 sec/pixel).

elemental maps were created from full spectra, after applying a 3x3 rectangular smoothing filter on the

scale bar is 20 nm.

promotes the formation reactive oxygen species (ROS). To prevent a)

SR € o [evels o RO, CElls e elzvelond & Sojplsiic: tol Viability assays for MomS (black) and YS cells (grey) relative to basal

system with tight regulation in which Cu is bound by chaperoneg or L

target proteins from the moment of cell entry until secretion. To conditions. 600 - ; I\\(Agms
date, the only known proteins in humans involved in Cu excretiop MomS and YS percent cell viabilitiegat4 hrs and’b) 48 hrs are normalized by their

are Atp7a and Atp7b, two Cu transportingype ATPasewith >40%| respective viabilities under basal conditions. Values are me&abs of at least three 5

sequence identity. Most tissues express one or the other with replicates. Significance is indicated between pairs by *. Both cell lines show high viability Eh

notably exception of brain and kidney. Heptatocytes exclusively even for prolonged high copper exposures. ©

express Atp7b and as such Wilson disease (WD, mutations in A[p7b) 200 | T
presents with Cu accumulation in the liver. The central focus of ¢ur

research is to further elucidate the specific role of Cu in WD an% i
here we present our recent results showing how Cu exposure afffe § 0 - -
the cellular redox state as seen by the GSH/GSSG couple. In odr @) 140 - | t , b) 140 - | | » Basal

5

Cu exposure [uM]

100

b)
= MomS [

3000 { | === YS
Z. 2000 |
-
&

1000 1 -

0 _<—‘il—-, T
Basal 5 100

Cu exposure [uM]

Copper content of MomS (black) and YS (grey) cells with increasing

media copper for 4 hrs (a) and 48 hrs (b)

Copper is expressed as pg/cell, yielding more comparable MomS and YS results thal
copper expressed in pM (see above). Data are me&hxsfrom at least three biological
replicates. Significant differences compared to basal levels are indicated by *,

Approximate positions of nuclei are indicated by white circles and white arrows point to Cu in the TGN. All

dataset. The relative elemental concentration is presented as false coloring (red temperature scale bar), the

Total GSH and GSSG for MomS (black) and YS (grey) cells as a

response to copper exposure at 4 and 48 hr
(a) GSH levels imM for acute (4 hr) copper exposure at lowX53) and high
(100> @) copper for MomS and Y@,) GSH levels for chronic (48 hr) exposures,
(c) GSSG levels mM for the same conditions as in 4l) GSSG levels mM for
the same conditions as in b). All data represent means of at least three biological
replicatestSD.

Glutathione
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gRFPCR results for MomS and YS cells

Average fold changesSD for each gene (glutamatgsteineligase

subunits GCLC and GCLM and metallothioneins MT1a and MT2a) and
condition shown relative to the housekeeping GAPDH. Data from at
least 2 biological replicates and 2 independent measurements each.

Glutathione synthesis results do not demonstrate the total
glutathione dip for YS at 4 hrs, MT increases slightly.

EéE":[mr]e GCLC  GCLM MT1a MT2a
4 hr, MomS

5 14405 12+03 19+073 12406

100 12:04 12:01 45+47 27416
4hr YS

5 12:04 1103 2217 18406

100 12+07 21+15 20:05 21407
48 hr, MomS

5 15:03 10:01 14:05 15:04

100 14+02 20+01 13+11 42408
48 hr. YS

5 16+01 19:10 10:01 12407

100 26+05 38+13 29+05 77+16

) ) 20 = 20 - . Moms . . pu . . . *k
the mRNA levels of glutamatgysteineligase For short term, low ; -:L‘ = YS significant differences to 3 aexposures are indicated by **.
- \ - 0 -
copper exposure, however, we observed a drop in GSH !evels fqQr Basal  5uMCu 100 uM Cu 100 uM Cd 100 uM Zn Gacal 5 uM Cu 100 UM Cu 100 UM Cd 100 uM Zr ) b)
cells with no apparent effect in MomS cells. To our surprisd? GH Exposure - 0.06 0.5
data did not suggest any changes in GSH levels for YS cells. THis Xposure . | ot
apparent discrepancy could not be explained by differences in 0.05 1| — 5,"3”“3 0.20 - — :\(ngms .
protein-bound GSH which remained ~ 5% of total GSH for all 004 w
conditions. The implications of these results as well as others sych S = 515 .
as glutaredoxirl activity and copper measurements will be “§ 003 ( =
discussed in this contribution further outlining the complex role qf 3 S 0.10 =3
copper in WD. 0.02 - | ©
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GSH/GSSEdox potentials for MomS (black) and YS (grey) cells determined

from respective concentrations
Redoxpotentials §,.) were calculated from GSH and GSSG concentrations for MomS and °
cells under acut¢a) and chronidb) copper exposures at pH 7.4. Values (in mV) are means
+SDs of three sets of triplicate samples. Single split results for &oed @) chronic
exposures, results are normalized by the respective reduction potential values for basal cor
exposures. The values for the single splits are me&¥s of a duplicated single split replicate.

Normalized total GSH and GSSG levels for MomS (black) and Y
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a) b) (grey) from single split experiments
2 oS 12 Moms (a) single split GSH levels for acute, 4 hr, copper exposures for MomS and YS. |
10 | === YS 10 4 | e YS better visualization, GSH levels were normalized to basal levels. Values are 270 .
. means of duplicated measurements from the same experim@iGSH levels Basal
’EE‘ for chronic, 48 hr, exposures and GSSG concentrations for @ated chronic
T 61 (d) exposures, all single splits, normalized to basal levels. Data are H8Bns ) oo
o, from at least three biological replicates. Significant differences in levels or ratios g
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Percentages are calculated as fractions of total cellular GSH. Changes are tog 1.;,
small to completely account for glutathione differences. 5 107 g 107
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