








for CHOp calpain). These studies suggest that SHI cells contain
a relatively small amount of normal m-calpain isozyme.
Restoration of Wild-type Growth Rate by Electroporation of

m-Calpain into SHI Cells—When SHI cells were subjected to
electroporation in the presence of 2 mg of human m-calpain/ml,
as described under “Experimental Procedures,” they accumu-
lated approximately 25 ng of m-calpain/106 cells (Fig. 6). This is
nearly the same as the content of m-calpain in wild-type CHOp

cells. The latter is estimated to be 30 ng/106 cells, based on the
specific activity of purified m-calpain (5.4 units/mg protein), and
the m-calpain activity recovered from CHOp cells after Bio-Gel
chromatography as depicted in Fig. 4 (5 units from two conflu-
ent T-75 flasks or 30 3 106 cells). The calpain was internalized
and not simply bound to the exterior of the cells, since it was
not removed by trypsin treatment (see “Experimental Proce-
dures”). Uptake of the human m-calpain sensitized the SHI
cells to the toxic effects of ZLLY-CHN2 (Fig. 8); whereas elec-
troporation in the presence of BSA produced little if any in-
crease in ZLLY-CHN2 toxicity (compare Fig. 8, BSA sample,
with Fig. 1, SHI cells).
A 24-well plate was seeded at approximately 5000 cells/cm2

with cells electroporated in the presence of 2 mg of human
m-calpain or albumin/ml. Cell counts were determined at var-
ious times after electroporation. Fig. 7 presents the results of
one of two experiments that produced essentially the same
results. Between 2 and 24 h after electroporation, there was
little or no cell growth, whether the cells were electroporated in
the presence of calpain or BSA. This presumably reflects re-
covery of the cells following electroporation. Between 24 and
48 h after electroporation in the presence of m-calpain, the
doubling time was 18 h, close to the wild-type growth rate. The
BSA-treated cells grew with a doubling time of 29 h after the
initial 24-h lag, consistent with the growth rate of untreated
SHI cells. As indicated in Fig. 7, the increased cell number for
the calpain-electroporated cells was statistically significant at
48 and 72 h. In an independent experiment, 72-h post-electro-
poration values of 317 6 8 and 199 6 64 (S.D.) cells/mm2 were
obtained for cells electroporated in the presence of m-calpain
and BSA, respectively (n 5 3 culture wells, p 5 0.033). The
increased growth rate of the calpain-treated cells was transi-
tory. In the time interval between 48 and 120 h, the apparent
population doubling time in this experiment was 34 h. This is
slightly longer than for untreated SHI cells. However, in the
repeat experiment, the doubling time during this interval was
30 h, which is nearly the same as for untreated SHI cells. After
48 h of culture, little human m-calpain was present per SHI cell
(Fig. 7, inset). There was a faint band at this position in the

protein immunoblot. However, it is not noticeable in the
photograph.

DISCUSSION

Isolation and Initial Characterization of SHI Cells—By cul-
turing CHOp cells in the presence of ZLLY-CHN2, the SHI cell
line was selected. SHI cells were resistant to the toxicity of this
cell-permeant, irreversible calpain inhibitor (Fig. 1). In other
studies, we found that the SHI cells were as sensitive as CHOp

cells to inhibition of cell growth by ZLLY-CHN2 (not shown).
Thus, it did not seem likely that SHI cells contained a form of
calpain which was insensitive to this inhibitor. Subsequently,
it was demonstrated that partially purified SHI m-calpain was
approximately as sensitive as CHOp m-calpain to inhibition by
ZLLY-CHN2. Moreover, the m-calpain present in SHI cells did
not appear to differ significantly from CHOp m-calpain in chro-
matographic properties (Figs. 4 and 5), large subunit molecular
mass (Fig. 5, panel C), Ca21-requirement, or sensitivity to
inhibition by calpastatin. These results indicate that SHI cells
express a form of m-calpain that is similar to, or identical with,
wild-type m-calpain.
The molecular mechanism of SHI cell escape from the toxic-

ity of ZLLY-CHN2 remains a matter for speculation. SHI cells
appeared to possess 50–70% less m-calpain than the parental
cell line (Figs. 4 and 5). More detailed analysis is required to
determine whether this defect is at the transcriptional, trans-
lational, or post-translational level. Whatever the mechanism
may be, the decreased content of m-calpain in these cells could
be related to their ability to survive treatment with ZLLY-
CHN2, since there are well-characterized examples of en-
hanced survival of cells which underproduce target proteins for
cytotoxic agents (41). In agreement with this notion, electropo-

FIG. 6. Accumulation of human m-calpain in electroporated
SHI cells. SHI cells were electroporated in the presence of 2 mg of
human m-calpain/ml and then analyzed for m-calpain large subunit by
Western blotting as described under “Experimental Procedures.” A
control sample of cells was treated under the same conditions but not
subjected to the electroporation step. Lane 1, 106 electroporated cells;
lane 2, 106 control cells; lane 3, 50 ng of purified human m-calpain.

FIG. 7. Introduction of human m-calpain into SHI cells in-
creased growth rate. SHI cells were electroporated in the presence of
2 mg of m-calpain/ml (filled circles) or 2 mg of BSA/ml (open circles) and
then plated in wells as described under “Experimental Procedures.” At
various times after electroporation, cell counts were taken. Error bars
indicate mean 6 S.D. for three wells. The absence of error bars means
that they are within the area of the data points. p values reported in
parentheses above data refer to comparisons of calpain and BSA cell
numbers at the same time points. Inset, m-calpain-electroporated SHI
cells were removed by trypsin treatment immediately after attaching to
wells (0 time) and 48 h after electroporation. Cell counts were taken,
and 3 3 105 cells were electrophoresed and analyzed by immunoblotting
for human m-calpain. S, 800 ng of human m-calpain large subunit.
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