












described only recently (13, 15, 57). Duncan et al. (15) reported
that cathepsin L cleaves histone H3 and proposed that this pro-
teolytic activity plays a role in the development and differenti-
ation of mouse embryonic stem cells. We have examined
whether the binding of histones to stefin B affects cathepsin L
inhibition. In vitro, high histone concentrations increased the
inhibition of cathepsin L by stefin B. Recently, it was shown that
cathepsin L is not the only protease present in the nucleus.

FIGURE 5. Met-75 cathepsin L and stefin B interact in the nucleus of living
cells. In situ analysis of the interaction between stefin B-GFP and Met-75
cathepsin L was measured by FRET. A, visualization of Met-75 cathepsin L YFP
and Arg-68 stefin B-GFP in CHO K1 cells. The plasmid constructs indicated on
top of each column were transfected in CHO K1 cells. B, visualization of FRET
and NFRET in CHO K1 cells pixel-by-pixel analysis of FRET on a cell expressing
Met-75 cathepsin L-YFP � stefin B-GFP, performed with the PixFRET plug-in
for the ImageJ software. C, NFRET in the nuclei of cells transfected with Met-75
cathepsin L YFP � stefin B compared with NFRET in cells transfected with
expression vectors for Met-75 cathepsin L/Arg-68 stefin B-GFP. NFRET plot
profiles in 25–30 cells were analyzed. Sensitized emission of YFP fusion pro-
teins due to FRET was measured in two separate experiments in the nucleus
of 25 individual CHO K1 cells transfected with the indicated combinations of
vectors expressing YFP and GFP fusion proteins.

FIGURE 6. Binding of stefin B to histone increases cathepsin L inhibition
by stefin B. A, cathepsin L is not inhibited by histones. Cathepsin L (21.5 nM)
was incubated with increasing molar concentrations of histones. The data
represent the mean of at least three independent experiments. B, addition of
histones increased the inhibitory activity of stefin B toward cathepsin L. Stefin
B (15 nM) was preincubated with increasing molar concentrations of histones
(10.8 nM to 2.15 �M), before the addition of cathepsin L (21.5 nM). The data
represent the mean of at least three independent experiments.
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Although it was proposed by Goulet et al. (13, 57) that a trun-
cated form of cathepsin F could be active in the nucleus, its
nuclear activity was reported only recently. Furthermore,
Maubach et al. (58) reported that the regulation of nuclear

cathepsin F activity by stefin B in hepatic stellate cells was
involved in the transcriptional regulation of two activation
markers. Together, these findings suggest that the regulatory
activity of stefin B in the nucleus may not be limited to its effect
on cathepsin L.
MENT, a serpin that also inhibits cathepsins L and V,

strongly blocks cell proliferation and promotes condensation of
chromatin (29). It was shown that MENT-mediated inactiva-
tion of cathepsin L, like cathepsin L deficiency, causes a global
rearrangement of chromatin structure and redistribution of
specificallymodified histones (14, 29).MENTwas also reported
to interactwithDNA (30, 59). Another cysteine protease-inhib-
iting serpin, SCCA-1 (squamous cell carcinoma antigen-1), has
also been shown to localize to the nucleus, but unlike MENT,
SCCA-1 is unable to bind to DNA (50). Similarly, we did not
observe the binding of stefin B to DNA (Fig. 8). It remains to be
tested whether cathepsin inhibitors that do not bind DNA,
SCCA-1 and stefin B, have similar effects on heterochromatin
redistribution as MENT.
Collectively our results show that stefin B interacts with his-

tones and cathepsin L in the nucleus and regulates cell cycle
progression into the S phase. Stefin B was bound to histones
preferentially during theG1 phase of the cell cycle. In vitro, high
concentrations of histones increased the inhibitory effect of
stefin B on cathepsin L activity. Interestingly, entry into S phase
is delayed similarly in the presence of the cathepsin L inhibitors
E-64d and JPM-OEt or following overexpression of stefin B
(Fig. 2) (13, 44).
In addition to the role of stefin B in preventing unwanted

cytosolic protease activity resulting from lysosomal leakage,
our results demonstrate that stefin B plays an important role in
the regulation of cathepsin L proteolytic activity in the nucleus.
Stefin B in the nucleus protects cathepsin L substrates from
proteolytic processing and consequently participates in tran-
scriptional regulation. It will be interesting to determine
whether the loss of cathepsin L inhibition by nonfunctional
mutants of stefin B in EPM1 disease is associated with the
excessive cleavage of cathepsin L nuclear substrates.
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