between nestlings and their food (UK
Meteorological Office, Oxford station; early
period, 1 March—15 April; late period, 16
April-15 May; 0.08 °C increase per year,
F, ;3=9.92, P=0.003; period X year interac-
tion, F,,,=0.02 n.s.). If temperature acts as
a cue to anticipate caterpillar emergence,
selection may refine the use of this and
other cues to resynchronize chicks with
their food. This cannot happen, however, if
temperature per se constrains laying date
and egg size.

Our results indicate that important
fitness trade-offs can operate during egg
laying, but many questions remain. Under
poor breeding conditions in 1998, for
example, we found that the relation
between energy expenditure and egg size
was reversed (Fig. 1d). This negative rela-
tion cannot be causal, and we suggest that it
is confounded by territory or phenotypic
quality, or by changing resource allocation
patterns under poor conditions. Although
we demonstrate this remarkable switch in
response between years, we cannot yet
explain it, which calls for detailed investiga-
tion of this phase of breeding.

Our results highlight the potential
importance of the egg-laying phase in
determining the timing of avian breeding,
and the relations we have identified must
be explained if we are to understand
responses to climate change. The use of
coarse climate-change indices, such as
spring temperature sum’ or North Atlantic
Oscillation’, can be inappropriate in such
studies. Whereas analysis of temperature
changes at this scale suggests that many
populations can advance their timing
without adverse effect’, our results caution
that complex changes in temperature
patterns within seasons can disrupt breed-
ing phenology.
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Signalling pathways

Kinase regulation in
inflammatory response

he transcription factor NF-«kB is a

pivotal regulator of innate immune

responses, whose activity is rapidly
induced by proinflammatory stimuli, most
notably the tumour-necrosis factor TNFa
and interleukin-1, viruses, and components
of bacterial cell walls'. In addition, NF-kB
protects cells from the induction of pro-
grammed cell death by pro-apoptotic stim-
uli such as TNFa (refs 2,3). Another
important anti-apoptotic signal-transduc-
ing protein is the protein kinase Akt (also
known as protein kinase B), whose activity
is strongly stimulated by growth factors®.
Ozes et al’ have suggested that Akt is
involved in the TNFa-mediated activation
of NF-kB’, implying that some of the anti-
apoptotic activity of Akt may be mediated
through NF-«kB. However, we have failed
to detect any involvement of Akt in the
signalling pathway through which TNFa
leads to NF-kB activation.

NE-kB activation requires the degrada-
tion of IkB proteins, which otherwise keep
NE-kB inactive in the cytoplasm of non-
stimulated cells'. IkB degradation and NF-
kB activation rely on the IkB kinase (IKK),
which consists of two catalytic subunits,
IKKa and IKKR, and a regulatory subunit,
IKKy/NEMO'. In vitro, both IKKa and
IKKB phosphorylate IkBs at the sites that
mediate their phosphorylation-dependent
degradation'. However, in vivo only IKK,
and not IKKq, is required for IkB degrada-
tion in response to proinflammatory stim-
uli, including TNFa (refs 6-8). IKK is also
essential for preventing TNFa-induced
apoptosis’. Furthermore, phosphorylation
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of IKKB is required for activation of the
entire IKK complex by proinflammatory
stimuli, whereas phosphorylation of IKK«
is not essential’.

Although the mechanism of IKK activa-
tion by proinflammatory stimuli is relatively
well understood, the identity of physiologi-
cal IKK kinases that mediate its activation in
response to different stimuli is the subject of
intense investigation'’. We were therefore
interested in the report by Ozes et al.’ that
TNFa treatment of HEK293 or HeLa cells
results in activation of Akt which subse-
quently phosphorylates IKKa at a threonine
residue at position 23 (T23), a site claimed
to be essential for IKK and NF-kB
activation®. Furthermore, an inhibitor of
phosphatidylinositol-3-OH kinase (PI(3)K)
that prevents Akt activation* was shown to
diminish NF-kB activation by TNFa (ref. 5).
As Ozes et al. did not directly examine
changes in IKK activity’, we have investigat-
ed whether Akt could be a regulator of IKK
catalytic activity.

Stimulation of HeLa cells with insulin-
like growth factor (IGF)-1 results in phos-
phorylation of Akt at serine 473 (5473), an
indicator of its activation’. No increase
in Akt S473 phosphorylation was detected
in cells incubated with TNFa for up to 30
min (Fig. la), a period sufficient for full
IKK activation’. Whereas TNFa stimulated
NEF-kB DNA-binding activity, IkBa phos-
phorylation and degradation, and IKK
activity, IGF-1 did not elicit any of these
responses (Fig. 1a).

Activation of Akt by IGF-1 can be
blocked by PI(3)K inhibitors such as
LY294002 or wortmannin®. Neither wort-
mannin nor LY294002 inhibited activation
of IKK by TNFa (Fig. 1b). Thus if PI(3)K
and Akt are involved in stimulation of NF-
KB activity, they most probably act after

Figure Akt is not involved in IKK activation. a, HeLa cells were
serum-starved for 24 h then either left untreated or stimulated
with TNFe (20 ng mi™%) or IGF-1 (50 ng ml™*) for the indicated
times, then lysed. Top two panels, Akt activation was analysed by
immunoblotting (1B) with antibody specific to phospho-Akt (S473).
Total Akt was also determined. Third panel, NF-xB DNA-binding
activity was measured by electrophoretic mobility-shift assay.
Fourth and fifth panels, IkBa degradation was analysed by
immunoblotting. IkBe phosphorylation is indicated by the appear-
ance of a slower-migrating species, denoted P-lkBa. IKKa
expression was determined by immunoblotting. Bottom panel, IKK
activation measured by an immunecomplex (with GST, glu-
tathione- S-transferase) kinase assay (KA). b, Inhibition of Akt acti-
vation does not interfere with activation of IKK. Serum-starved
HeLa cells were pretreated for 30 min with dimethylsulphoxide
(DMSO0), wortmannin (WM; 100 nM or 1 wM) or LY294002 (10
wM). Cells were left untreated or stimulated with TNFe or IGF-1.
At the indicated time points, activation of Akt, phosphorylation and
degradation of IkBe and activation of IKK were measured as in a
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