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purify and fold the proteins produced.

We have been producing Arg 52-BPTI,
with methionine 52 replaced by arginine,
as a fusion protein, releasing the BPTI
moiety by cyanogen bromide cleavage at a
preceding methionine residue, and purify-
ing it in the reduced unfolded form. Our
initial product appeared to be authentic
and nearly pure, but precipitated in condi-
tions conducive to disulphide bond forma-
tion and folding. At lower concentrations,
the protein remained soluble but formed
intermolecular mixed disulphide bonds
rather than the correct intramolecular
protein disulphide bonds. This behaviour
was surprising; the folding behaviour of
normal BPTI is well characterized® and
we used conditions that normally produce
quantitative refolding. The substitution of
methionine 52 by arginine seemed an
unlikely explanation.

A more plausible explanation is that the
recombinant BPTIisisolated as a complex
with some other tightly-bound substance
that markedly affects it solubility and
folding properties. BPTI is a very basic
protein, whereas most intracellular macro-
molecules are acidic, so that the most
likely candidate for a complexing partner
would be a polyanion. Such an electro-
static complex might be most readily
resolved by ion-exchange chromatography
at extremes of pH, where the net charge
on one component would be minimal. In
accordance with this expectation, recom-
binant BPTI purified on a cation exchange
resin at pH 2 was found to have the solu-
bility and folding properties of normal
BPTI. Our treatment seems to have
removed an acidic component not yet
identified. Another recent study’ has
also demonstrated that the treatment of
recombinant proteins with ion-exchange
resins improves their solubility, but does
not propose an explanation.

These observations suggest that inclu-
sion body formation may sometimes occur
because the newly synthesized polypep-
tide chain forms a tight complex with a
component of the foreign cell in which it is
synthesized, with unfavourable conse-
quences for its solubility and folding
properties. A variety of interactions
may stabilize such complexes, so that
there can be no general rules for dis-
sociating them. Nevertheless, awareness
of the possible presence of complexes
should suggest ways of resolving them as
well as the stage in the purification process
at which refolding of the protein should
be attempted.
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Swallowtail performance

SIR—The claim' that genes for oviposition
preference and genes for larval perform-
ance are not linked in the host specific
swallowtail butterflies Papilio zelicaon
and P. oregonius would have important
implications for the evolution of phyto-
phagous insects. But the conclusion seems
to be premature.

Oviposition preference in these species
is controlled by genes on the X chromo-
some’, which is why Thompson et al.’
sought evidence that larval performance is
also sex-linked. Since females are hetero-
gametic in butterflies, sex linkage predicts
that female F1 hybrid larvae should per-
form like their male parents. There is clear
evidence from survivorship of larvae that
P. zelicaon and P. oregonius perform
better on their own host plants, but sur-
vival could not be used to test sex linkage
because male and female larvae could not
be distinguished. Two other measures of
larval performance were used instead —
development time and pupal mass of sur-
viving larvae — that could be measured on

the two sexes separately. No evidence for
sex linkage was found.

The problem with these two measures
of performance is that they do not appear
to be good indicators of adaptation to the
host plants. For both measures, P. zeli-
caon has a lower score than P. oregonius
on both hosts. The difference is somewhat
greater on the natural host of P. orego-
nius, but this effect is slight and no signifi-
cant host/species interaction is quoted by
the authors. If the characters scored are
not good measures of adaptation to alter-
native hosts, then the absence of sex link-
age is irrelevant to the question of genetic
linkage between oviposition preference
and larval performance.
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Glucose in glucagon release

SIR —We read with interest the contribu-
tion to Scientific Correspondence by
Gylfe' concerning our recent Letter’. The
concept that glucose lowers [Ca®™], has
recently been proposed by Gylfe and
co-workers to be the mechanism by which
the sugar inhibits glucagon release™.
Although we cannot disregard such a
mechanism, the existing experimental
support is insufficient. First, all experi-
ments were performed on cells at a basal
glucose concentration of 0 mM, suggest-
ing that the alpha, cells were deprived of
fuel. Consequently, when the glucose con-
centration was restored to physiological
resting levels (about 5 mM) the ATP-
dependent Ca’* pumps can be expected to
be activated with a resultant lowering in
[Ca’]. Second, Gylfe and co-workers
have not shown that glucagon is present in
the cells subjected to [Ca’™), measure-
ments. Finally, in their studies, changes in
[Ca®™], were not correlated to glucagon
release.

For the neurotransmitter GABA co-
secreted with insulin to be an effective
regulator of glucagon release, it should
have a pronounced effect already in the
early phase of insulin release. Gerich
et al.’ found an increase in insulin and
thereby GABA release at about 2.5 mM
glucose, consistent with the idea that
GABA inhibits glucagon release. Further,
as we pointed out’, the GABA ,-receptor
antagonist bicuculline counteracts the
inhibitory effect of glucose on glucagon
release. These data, together with the
observation of glucagon hypersecretion in
non-insulin-dependent diabetes mellitus,
support our hypothesis’.

Although our hypothesis does not
exclude other mechanisms by which
glucose may inhibit or modulate glucagon
release, it is probably the chief mode of
action of the sugar. Indeed, it is of interest
that a second level of glucose control of
glucagon release may be possible by direct
metabolic modulation of the GABA,
receptor, as has been recently demon-
strated’ in dissociated mouse neurons.

With respect to citation, we did not
state that Okada et al.” were the first to
demonstrate GABA within the pancreatic
islets. That GABA is present in the endo-
crine part of the pancreas at concen-
trations comparable to those encountered
in the central nervous system, however, is
highly relevant to the credibility of our
hypothesis.
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