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A series of compounds structurally related to adipokinetic hormone, the decapeptide neurohor-
mone < Glu-Leu-Asn-Phe-Thr-Pro-Asn-Trp-Gly-Thr-NH,, have been prepared by synthesis and by
enzymic cleavages of synthetic hormone. Their relative agonist activities in mobilising lipids over
a fixed time interval (1 h) in locusts were assessed. The similar time courses for lipid release shown
by two of the peptide analogues and adipokinetic hormone suggest that the analogues and the
hormone are transported to the receptors on the fat body cells, and are also degraded, at similar
rates. Consequently, the analogue activities can be correlated with the structural requirements of
the locust fat body hormone receptors. The requirements for activity demonstrated in this study are
as follows. Residues 1—8 from the N-terminus are necessary to elicit some activity (20%).
Residues 5 and 7 in the octapeptide can be changed without affecting activity but L-pyroglutamic
acid as the N-terminal residue is necessary for maximum activity both in the octapeptide and the
decapeptide. Full activity is achieved only by adding the dipeptide glycyl threonine amide to the
active octapeptide ‘core’. In the decapeptide, residues cannot be interchanged to the same extent
as in the octapeptide without reducing activity. The peptide probably has to be uncharged. Inactive
analogues of seven residues or less do not interfere in the hormone-receptor interaction.

Adipokinetic hormone, extracted from the corpora
cardiaca of the locust species Schistocerca gregaria
and Locusta migratoria and concerned with the regu-
lation of lipid utilisation during flight, has been identi-
fied as the blocked decapeptide, < Glu-Leu-Asn- Phe-
Thr-Pro-Asn-Trp-Gly-Thr-NH; [1]. Confirmation of
this structure has been obtained from synthesis of the
hormone. The synthetic product is chemically indis-
tinguishable from the natural hormone, as is its adipo-
kinetic activity on a molar basis when injected into
locusts [2]. Moreover, the synthetic hormone also
shows other biological activities in different assay
systems, namely red-pigment-concentrating activity
in the prawn Pandalus montagui, black pigment con-

Abbreviations. Abbreviations for amino acid derivatives and
peptides follow the recommendations of IUPAC-IUB Commission
on Biochemical Nomenclature, see Eur. J. Biochem. 74, 1—6 (1977).
With the exception of glycine, all amino acids are of the L-configura-
tion unless otherwise stated. Ac, acetyl; cyclic AMP, adenosine
3':5'-monophosphate; Boc, t-butoxycarbonyl; Cbz, benzyloxy-
carbonyl; (¢cHxN),C, N,N’-dicyclohexylcarbodiimide; dansyl chlo-
ride, S-dimethylaminonaphthalene-1-sulphonyl chloride; EDsg,
median effective dose; F3AcOH, trifluoroacetic acid; < Glu,
pyroglutamic acid; Me;NOCH, N,N'-dimethylformamide; S.E.,
standard error of the mean; Xah, xanthydryl.

centrating activity in the shrimp Crangon crangon and
hyperglycaemic activity in the cockroach Periplaneta
americana (Mordue & Stone, unpublished observa-
tions) as does the natural hormone [3,4].
Adipokinetic hormone is the only insect neuro-
hormone that is characterised at the present time,
hence studies of its mode of action may provide the
first insights into mechanisms of action of insect
peptide neurohormones in general. A knowledge of
the detailed workings of these hormone systems (e.g.
of hormone-receptor interactions, the mechanisms
of synthesis, release, transport and degradation of
hormones) may eventually lead to new approaches
to the problems of insect pest control. In the locust
investigations of the structural requirements for bio-
logical activity of adipokinetic hormone should give
some understanding of the hormone-receptor inter-
actions involved in its regulation of lipid utilisation.
It has already been shown that the hormone has
two major sites of action in locusts. It acts on the cells
of the fat body [5,6], causing specific diacylglycerols
[7] to be released from these cells into the haemo-
lymph, by a mechanism involving cyclic AMP [8,9].
It also has an effect on flight muscle tissue, which
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results in a suppression of carbohydrate oxidation
and an enhancement of lipid oxidation in the muscle
cells during flight [10,11]. The present study is con-
fined to investigation of the lipid-mobilising activity
of the hormone. Attempts have been made to deter-
mine what parts of the hormone molecule are necessary
to interact with receptors to trigger a response ulti-
mately leading to the release of diacylglycerols from
the fat body. These receptors may be located in the
membrane of the fat body cells, from analogy with
other hormone systems in which cyclic AMP acts as
‘second messenger’ [12,13].

A number of peptides structurally related to adipo-
kinetic hormone have been synthesised and their
potencies in mobilising lipids estimated. In addition,
synthetic hormone was cleaved enzymically and the
resulting fragments tested for adipokinetic activity.
This paper presents the results obtained from the
assays of biological potency of the various compounds.
Details of synthesis of the peptide analogues are also
included.

MATERIALS AND METHODS

Natural adipokinetic hormone was isolated from
the corpora cardiaca of Locusta as described earlier [1].
Synthetic red-pigment-concentrating hormone [14]
was a gift from Dr P. Fernlund.

The peptide syntheses are described in the mini-
print supplement at the end of this paper.

Fragmentation of Synthetic Adipokinetic Hormone

All chemicals were obtained from British Drug
Houses. L-Pyroglutamic acid (grade 11, approximately
95%,) and dansyl chloride were from Sigma Chemical
Co., ninhydrin ‘Puriss’ from Koch-Light Labora-
tories Ltd. Thermolysin, A grade, and bovine pancrea-
tic a-chymotrypsin, A grade, were from Calbiochem
Ltd.

Chymotryptic Cleavage

Synthetic adipokinetic hormone (100 nmol) in
0.06 M NH4HCO3 (350 ul) containing a-chymotrypsin
(2 nmol) was incubated for 5 h at 37 °C, and the mix-
ture then lyophilised. The digested peptide, redissolved
in pyridine/acetate buffer, pH 6.5 [15], was applied
to Whatman no. 1 paper and subjected to electro-
phoresis at pH 6.5 at 50 V/cm for 40 min. Staining of
a portion of the electrophoretogram by the starch/
iodide procedure after chlorination [16] revealed the
presence of two intensely-staining charged peptides
in the digest, one acidic and one basic, and minor
traces of other peptides. The major acidic peptide had
a mobility of + 0.46 relative to aspartic acid, sug-
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gesting a molecular weight of 450 from Offord’s plot
[15] (assuming a single negative charge on this pep-
tide). The peptide did not stain up with ninhydrin [17]
indicating the presence of a blocked N-terminus.
Following elution from the paper, a portion of the
peptide was hydrolysed in vacuo in 6 M HCl containing
0.1%; phenol for 20 h at 110 °C. Amino acid analysis:
aspartic acid 1.00, glutamic acid 1.02, leucine 1.02,
and phenylalanine 0.95. These data demonstrate that
this peptide is the N-terminal tetrapeptide fragment of
adipokinetic hormone < Glu-Leu-Asn-Phe (XXVII),
molecular weight 503. The basic peptide produced by
chymotryptic digestion had a mobility of — 0.35 rela-
tive to aspartic acid, indicating a molecular weight of
approximately 650 (assuming a single positive charge
on the molecule). The presence of a free amino group
at its N-terminus was demonstrated by its positive
reaction to the ninhydrin reagent. The N-terminal
amino acid residue was subsequently identified as
threonine by reaction of a portion of the peptide with
dansyl chloride [18] following elution from the paper.
Analysis of the acid hydrolysate of a further portion
of the peptide showed aspartic acid (1.28), threonine
(2.13), proline (0.61) and glycine (0.97). Hence it may
be concluded that this is the C-terminal hexapeptide
fragment of adipokinetic hormone, Thr-Pro-Asn-
Trp-Gly-Thr-NH; (XXIII), molecular weight 673.

Thermolysin Cleavage

Synthetic adipokinetic hormone (100 nmol) in
0.06 M NH4HCO; (350 pl) containing thermolysin
(0.86 nmol) and CaCl; (2 umol) was incubated for 5 h
at 37 °C and the incubation mixture lyophilised. The
major products of the digestion, the N-terminal acidic
tripeptide (< Glu-Leu-Asn, XXVI)and the C-terminal
basic heptapeptide (Phe-Thr-Pro-Asn-Trp-Gly-Thr-
NH;, XXIV) were separated by high-voltage electro-
phoresis on Whatman no. 1 paper at pH 6.5 and each
was subsequently eluted and identified as described
previously [1] for the natural hormone.

Assay of Adipokinetic Activity

Adult male Locusta were taken 10—20 days after
fledging from colonies maintained at 30 °C under
crowded conditions with a constant photoperiod of
14 h and fed on bran supplemented with fresh grass
or lettuce. Precise molar quantities of the peptides
to be assayed for biological activity were determined
from the amino acid contents of portions of the
peptides after acid hydrolysis under the conditions
already described. Amino acid analyses were per-
formed on a Rank Hilger Chromaspek analyser.

Samples to be tested were dissolved in simple
insect saline (20 pl, 7.5 g NaCl, 0.375 g KCl/1). Ali-
quots of haemolymph (5 pl) were withdrawn from a
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puncture in the arthroidal membrane at the base of
the hind leg immediately before and 1 h after injection
of the sample between the abdominal sterna of the
locust. The locusts were maintained at room temper-
ature during the assay. The changes in haemolymph
total lipid concentration were measured as described
previously [19], using the Boehringer Mannheim test
combination kit for total lipids. Each compound was
tested at between three and six doses on groups of
six locusts for each dose. The relative activity of each
compound was obtained from comparison with the
activity elicited by doses (1 —6 pmol) of natural adipo-
kinetic hormone assayed under identical conditions.
Standard errors of the mean activity per dose of sample
were of the order of + 109/,

In the experiments where time-response curves for
lipid mobilisation produced by peptides and the
natural hormone were compared, 5-ul aliquots of
haemolymph were taken from groups of four locusts
for each time interval immediately before, and at
several time intervals after, injection of the test
samples.

RESULTS AND DISCUSSION

The aim of the synthetic work described in the
miniprint supplement at the end of this paper was to
prepare adipokinetic hormone and a series of peptide
analogues and fragments in which the amino acid
substitutions and deletions are in the C-terminal part
of the molecule. This portion of the molecule was
chosen for an initial study of structure-activity rela-
tionships in view of the cross-activity of adipokinetic
hormone and the structurally related octapeptide,
red-pigment-concentrating hormone (XXIX). Accord-
ingly, a synthetic strategy was adopted based on cou-
pling the N-terminal hexapeptide sequence of the hor-
mone (XII), synthesised by the solid-phase method
[20], to a series of peptides related to the C-terminus
of adipokinetic hormone.

The solid-phase synthesis utilised well-established
methods apart from the use of the xanthydryl groups
for protection of the side-chain amide group of
asparagine. Although this group is removed during
N-deprotection, it successfully prevented the f-cyano-
alanine formation that tends to accompany the cou-
pling of t-butoxycarbonyl asparagine itself by means
of N,N-dicyclohexylcarbodiimide. However, the indole
ring of tryptophan reacts with xanthydrol [21] and
transxanthylation can occur during N-deprotection
of peptides containing this residue. Thus, although the
solid-phase synthesis of the hexapeptide proceeded
smoothly, in the solution-phase synthesis of C-terminal
fragments where tryptophan is adjacent to an aspara-
gine residue some problems occurred. The tetrapep-
tide III gave only a modest yield of the desired product
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on deprotection, while the dipeptide V seemed to
undergo transxanthylation almost quantitatively.

The synthesis of the decapeptide XIII correspond-
ing to the sequence of adipokinetic hormone from III
and XII using N,N'-dicyclohexylcarbodiimide and
1-hydroxybenzotriazole also went in rather low yield.
Use of the coupling reagents in 20-fold molar excess
somewhat improved the efficiency (to 38 %); the bulk
of the component peptides can be recovered un-
changed from the reaction mixture. Experiments
using XII in the preparation of analogues suggests
that use of an excess of amino component is also bene-
ficial. Although a good recovery was obtained after
chromatography on Sephadex G25 of the crude reac-
tion product, rechromatography of the purified deca-
peptide led to severe losses (e.g. 839%). However, a
single passage through the column proved sufficient to
separate completely decapeptide from other peptides.
Although closely similar to natural adipokinetic hor-
mone, particularly in its mass spectrum, and homo-
geneity by thin-layer chromatography, the product
showed only 709 of the biological activity of the
natural hormone. High-pressure liquid chromatog-
raphy resolved it into two components, the faster
running of which had the full adipokinetic activity
of the natural hormone and was indistinguishable
from it. The slower running component was of low
biological activity. The presence of the latter was
traced to the use of partly racemic pyroglutamic acid
in the synthesis of the hexapeptide XII; the impurity
is therefore the epimer [D- < Glu!ladipokinetic hor-
mone (XV). The sample of pyroglutamic acid used in
the synthesis was prepared from N-benzyloxycarbo-
nyl-L-glutamic anhydride by the method of Gibian
and Klieger [22]. This synthetic scheme is well estab-
lished and should be free of racemisation, but in this
instance racemisation seems to have occurred during
formation of the anhydride under the standard con-
ditions previously described [22]. The proportion of
[D- < Glut]adipokinetic hormone in the mixture of
decapeptides corresponds to the proportion of D-pyro-
glutamic acid in the sample of pyroglutamic acid used.
D- < Glu! analogues of peptide hormones have in
fact hitherto little been studied; the sole recorded
example is thyrotropin-releasing hormone, (< Glu-
His-ProNH;) [23], the analogue of which has little
biological activity. However, the tripeptide sequence
is too short to be able to make any valid comparisons.
The preparation of hexapeptide XII used in the hor-
mone synthesis was used also in the preparation of the
other analogues (i.e. XVI, and XVIII—XXII). In each
case the D- < Glu! isomer could be cleanly separated
from the desired epimer by high-pressure liquid chro-
matography.

Four peptides were isolated by high-voltage electro-
phoresis after enzymic cleavages of synthetic adipo-
kinetic hormone. Chymotrypsin primarily cleaves the
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Table 1. Adipokinetic activities of adipokinetic hormone and structurally-related compounds
The activity of adipokinetic hormone is defined as 1. Other preparations were compared with hormone standard on a molar basis. EDsp of
adipokinetic hormone is 3.0--4.5 pmol per locust. Activities shown as < 0.003 indicate that the maximum dose tested (200 pmol per locust)

did not produce a significant adipokinetic response

Compound Residues Relative
agonist
1 2 3 4 5 7 8 9 10 activity
XIv Asn-Trp-Gly-Thr-NH. < 0.003
XVII Ac-Asn-Trp-Gly-Thr-NH; < 0.003
XXIII Thr-Pro-Asn-Trp-Gly-Thr-NH; < 0.003
XXV Phe-Thr-Pro-Asn-Trp-Gly-Thr-NH; < 0.003
XXV < Glu < 0.003
XXVI < Glu-Leu-Asn < 0.003
XXVII < Glu-Leu-Asn-Phe < 0.003
XII < Glu-Leu-Asn-Phe-Thr-Pro < 0.003
XVI < Glu-Leu-Asn-Phe-Thr-Pro-NH; < 0.003
XVIII < Glu-Leu-Asn-Phe-Thr-Pro-Trp-NH; < 0.003
XIX < Glu-Leu-Asn-Phe-Thr-Pro-Asn-Trp-NH, 0.2
XXVIII D- < Glu-Leu-Asn-Phe-Thr-Pro-Asn-Trp-NH, 0.08
XXIX < Glu-Leu-Asn-Phe-Ser -Pro-Gly-Trp-NH, 0.2
XX < Glu-Leu-Asn-Phe-Thr-Pro-Asn-Trp-Gly-NH» 0.07
XXI < Glu-Leu-Asn-Phe-Thr-Pro-Gly -Trp-Gly-Thr-NH» 0.3
XXI1I < Glu-Leu-Asn-Phe-Thr-Pro-Asn-Trp-Thr-Gly-NH, 0.03
XV D- < Glu-Leu-Asn-Phe-Thr-Pro-Asn-Trp-Gly-Thr-NH, 0.05
XIIT < Glu-Leu-Asn-Phe-Thr-Pro-Asn-Trp-Gly-Thr-NH, 1

molecule at the C-terminal side of the phenylalanine
residue, giving rise to the tetrapeptide XXVII and the
hexapeptide XXIII (Table 1). Thermolysin breaks the
peptide chain initially after the first asparaginyl resi-
due, liberating the tripeptide XXVI and the hepta-
peptide XXIV.

The relative potencies, with respect to mobilisation
of lipids in locusts, of the 17 peptide analogues and
fragments of adipokinetic hormone, compared with
that of the hormone itself, are shown in Table 1. It is
apparent that only larger peptides, with a minimum
of the first eight residues (starting from the N-terminus
of the molecule), possess any significant adipokinetic
activity. ,

Compounds XII, XIV, and XXIIT—XXVII, all
small fragments of the hormone containing up to
seven residues and with unblocked (and thus charged)
groups at either the N-terminus or the C-terminus, are
all inactive at the doses tested. As adipokinetic hor-
mone itself is uncharged, the fact that all of these
molecules possess some charge at neutral pH might
be thought to account for their inactivity. However,
this cannot be the sole reason. Compound XIV is
identical to compound XVII except that the free
amino group at the N-terminus is acetylated in the
latter. Similarly, compounds XII and X VI are identical
except that the free carboxyl group at the C-terminus
of compound XII is blocked with an amide in com-
pound XVI. All of the octapeptide, nonapeptide and
decapeptide analogues of adipokinetic hormone tested
are uncharged and so at this stage one cannot say
definitely that no charged analogues possess activity.

No antagonistic activity was demonstrated by any
of the inactive compounds when present in 15-fold
molar excess over the hormone, suggesting that none
of these molecules interferes or competes with the hor-
mone to any significant extent in its action on the fat
body.

Compound XIX, an octapeptide fragment of
adipokinetic hormone with an amide blocking the
C-terminal carboxyl group of tryptophan, is 209, as
active as the hormone on a molar basis, whereas a
heptapeptide analogue of this molecule, XVIII, in
which the penultimate asparagine residue is deleted,
is inactive. This suggests that the presence of trypto-
phan amide at the C-terminus in a peptide of approxi-
mately the same size as compound XIX is insufficient
to produce activity. The necessity of a minimum of
eight residues for activity is further demonstrated by
the activity (20%) of compound XXIX, the naturally
occurring analogue, red-pigment-concentrating hor-
mone from prawns [24]. Although this molecule differs
from compound XIX in possessing a serine residue
instead of threonine as residue 5 and glycine instead
of asparagine as residue 7, the fact that the two octa-
peptides are equally potent in eliciting an adipokinetic
response implies that their activities may be accounted
for by certain structural features only. These features
are presumably the particular length (eight residues)
of the peptide, also perhaps the pyroglutamic acid and
C-terminal tryptophan amide residues and possibly
certain other residues.

Evidence that for maximum biological activity the
N-terminus of the molecule must be the L-enantiomer
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of pyroglutamic acid is provided from a comparison
of the activities of compounds XIX and XXVIII and
of compounds XV and X111 (adipokinetic hormone).
For both epimer pairs, when the p-form replaces the
L-form of pyroglutamic acid the activity of the mole-
cule is greatly reduced (by 609/ in the octapeptides
and 959 in the decapeptides).

The effects of adding further residues to the par-
tially active eight-residue peptide were also investi-
gated. Addition of the ninth residue of the hormone,
glycine as an amide, to the octapeptide fragment of
the hormone (compound XX) reduces its activity to
only 359 of that of the octapeptide, whereas addition
of glycyl-threonine amide to produce the hormone
itself dramatically increases the biological activity of
the molecule to 500 % of that of the octapeptide. Com-
pound XXII, a decapeptide differing in structure
from adipokinetic hormone by the reversed order of
residues 9 and 10 (-Thr-Gly- instead of -Gly-Thr-),
has only 39 of the activity of the hormone. It would
therefore appear that if the structure of the part of the
molecule extending beyond residues 1 — 8 is not exactly
that of the hormone (i.e. -Gly-Thr-NH;) then the
biological activity is reduced to a level below that of
the octapeptide molecules.

A decapeptide analogue of the hormone, com-
pound XXI, with glycine in place of asparagine as
residue 7 (as in red-pigment-concentrating hormone)
has only 309 of the activity of the natural hormone.
This is unexpected as this substitution in position 7
does not affect the (albeit lower) biological activity
of the octapeptide molecule. The result implies that
with the decapeptide there is a much more precise
structural requirement for maximum adipokinetic
activity.

The relative activities of compounds XV, XIX to
XXII, XXVIII and XXIX shown in Table 1 demon-
strate that these peptides cause increases in haemo-
lymph lipid concentration after 1 h lower than those
produced by similar doses of adipokinetic hormone.
There are several possible explanations for the lower
activities observed. The activities may reflect the struc-
tural requirements of the receptor, hence the mole-
cules with the higher relative activities are those which
more effectively combine with the receptor to trigger
the response leading to lipid release. It is also con-
ceivable that the different activities reflect differences
in rates of transport of peptides to the fat body or in
degradation rates of the peptides and adipokinetic
hormone. Therefore the time courses for lipid mobili-
sation were investigated, to give a measure of the
speed of response and an estimate of the half-life in
the haemolymph of the various peptides compared
with the natural hormone. The lipids released into the
haemolymph reach a maximum level 1—-2h after
injection of extracts of corpora cardiaca containing
adipokinetic hormone [19]. Here the time-response

Increase in haemolymph total lipid {pg/pl)
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Fig. 1. Comparison of the time-response curves for lipid mobilisation
in Locusta elicited by hormone analogues and adipokinetic hormone.
(A) The increases in haemolymph total lipid with time after injection
of 10 pmol of the octapeptide analogue (des-Gly®, Thr'®-adipo-
kinetic hormone, XIX, O ©O) and (B) the increase from 7.4 pmol
of the decapeptide analogue ([Gly’]adipokinetic hormone, XXI,
O-——-o0) each compared to those from 2 pmol adipokinetic hor-
mone (@-- —@) assayed under identical conditions. Different
batches of locusts were used in A and B to produce the data
shown. In each case the responses from injecting saline (A—-—A)
alone are included. Samples were dissolved in 20 pl simple insect
saline. The mean response + S.E. from four locusts for each time
interval after injection is shown

curves for the octapeptide, compound XIX, and the
decapeptide analogue, compound XXI, were each
compared with that of the hormone (Fig.1). In each
case, the doses used were known to produce similar
responses 1 h after injection. All three peptides pro-
mote maximum lipid release 1—2 h after injection,
wih the lipid levels returning to the initial level after
5 h. This indicates that the analogues and adipokinetic
hormone are transported to their site of action, and
are degraded, over similar time periods. Consequently,
the relative activities in Table 1 most probably reflect
the different abilities of the analogues to activate the
receptors.

The structure-activity correlations recorded here
may therefore more confidently be taken as indications
of the structural requirements of the locust fat body
adipokinetic hormone receptors. These may be sum-
marised in the following manner. The first eight resi-
dues starting from the N-terminus are necessary to
produce any activity. Two of the eight residues can
be interchanged without affecting the activity, but
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L-pyroglutamic acid is an absolute requirement as the
N-terminus. Maximum activity is achieved only by
adding both of the residues as found in the natural
hormone to this eight-residue ‘core’. In the decapep-
tide, residues cannot be interchanged to the same
extent as in the octapeptide without reducing activity.
The molecule probably has to be uncharged.

There are few structural features of the adipo-
kinetic hormone molecule which put any obvious
constraints on the configuration it might adopt in
solution, so it seems likely that the three-dimensional
shape of the hormone is a rather flexible one. How-
ever, application of the secondary structure predictive
model of Chou and Fasman [25] to the hormone
indicates a highly favoured conformation in which
residues 5—8 form a f-bend. Three of the amino
acids involved in such a f-turn of the hormone
(proline, asparagine and tryptophan) occur at the
positions in which they occur in the S-turns of proteins
with greatest frequency (2nd, 3rd and 4th positions
respectively). The averaged probability of the $-bend
occurring here (7.4x107%) is well above the value
below which the conformation is unlikely. The model
of Chou and Fasman was developed for globular
proteins, but it emphasises the importance of relati-
vely short-range interactions in the molecule and may
therefore be applied to peptides of modest lengths
such as adipokinetic hormone. Although at present
there is no direct evidence to suggest that the peptide
must adopt this conformation to bind to the receptor,
if the conformation were necessary for the hormone to
elicit a response, this might explain why a minimum
of eight residues are necessary for activity.

Considering the evolution of peptide hormones in
arthropods, it may be relevant that the active eight-
residue ‘core’ of adipokinetic hormone closely resem-
bles the structure of the other arthropod neurohor-
mone assayed here, prawn red-pigment-concentrating
hormone (XXIX). This strongly suggests that both
hormones have evolved from a common ancestral
molecule. The receptors on the target tissues of the
locust and prawn (fat body and eythrophore cells
respectively) appear to have evolved in parallel with
the hormone structure, as each is most responsive to
its own hormone [3].
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This supplemental material consists of the experimental details of the peptide
syntheses.

Matorials wnd methods

Dichloromethane was distilled from calcivm hydride. MeoMICH was punfud

shaking over anhydrous copper(II) sulphate overnight, filtering, and
fractionally distilling under vacuum from calcium hydride. Before use dry
mitrogen was bubbled through for 15 min. Xanthydrol was prepared from
xanthona [26]. All amino acid derivatives wers obtained by stendard

and their vere in accord with prennus

Teports.  Mixed anhydride couplings [27] were carried out at -15°C; 5 min
was allowed for formation of the anhydride before sddition of the e&ino-
compenent unless otherwise stated. The solutions of amino-compenents were
precooled before addition; after addition the reaction mizture was stirred
. -15°C for & further Ih hefore allowing to warm ta 20°C. m (cHxN) 2C
couplings (28] both components were dissolved in solvent (in ¢
1-hydrexybenzotriazole if used) and the solution cosled To -w'c befo,
addition of (cHxN),c. The reaction mixture was kept at -10°C for 1h before
llowing to warm to 20°C.

Meiting points are uncorrected. Optical rotations were recarded on s
Thorn Automation - NPL Automatic Polarimeter Type 243 (0.ldw path length
cell). Elememtal analyses were performed on a Carlo Erba Elewental Analyser
Model 1102 and amino-acid analyses on & Jeol JLC - SAH Amino-eci .
Peptides were hydralysed with 64 HCL in vacuo at 110°C for 13-20h. Peptide
resins were hydrolysed with 6M HC:propionic acid (1:1, v/v) in vacus at
130°C for 3 [29]. R, values refer to €.1.c. on Merck il l—r_ge Plates in
the following systems:' A, chloroform:methanol 9:1 v/v; B, Lbutanol nater:
scetic acid 3:1:1 v/v; C, propan-2-ol:water:scetic acid 25:10:1 v/v; D,
i3 v/v. Provected peptides were visualised by the’ ehlorine
ethod [16]. Peptides with free a-amino groups wers
detected by spraying with 0.3% ninhydrin in 1-butancl and heating to 100°C.
Tryptophan containing peptides were located by spraying with xanthydrol in
ethanal (100mg/90w); acidified immedistely before spraying with concentrated
HC1 until a yellow colour persisted) folloned by heating {a1]. Gl
filtration was carried out on Phermacia columns using & Varioperpex 12000
poristaltic pasp and An LK Uvicord Type 8303 A detector monitoring at 255mm,
High pressure liquid chromstography (1.p.l.c.) wns performed on u Naters
Associates ALC/GPC-301 Liquid chromstograph fitted with an MG000 Solvent
Delivery Systes using a uBondapak Cya colum (3.9mm x 30cm) fitted with a
small precolurm; sluste was monitored at 254nm.  Aqueous methanol was used
for elution; analytical samples of peptids (20-50ug) were loaded on the
column in either water or Me;NOCH (ga.SOul) while for preparative purposes

organic layer. The citric scid extract was adjusted to pH 8.5 with solid

sodium carhonate and extracted with ethyl acetate (3 x 50m1). The combined
organic Jayers were dried over magnesium sulphate, mcma solvent
evaporated in vacuo to leave an amorphous Tesidue. vas crystallised

from sthyl acetate-petroleun sther (toral volume mmx) e give the dipeptide
(195ng, 46%) as a white powder, m.p. 144.5-147°C, a3¥ = -21.6° (c = 1.74,

YeaNOGH) R 0.1500), 0.7(BY. Bor CaetisyNsOn. His0 RL7.46)caleds 56. 3HC,
6.6%, 16. found: 56.1%, 6.55W, 15.7AN.

Boc-Trp-Gly-NH, (VII)

ryptophan 2,4,5-trichiorophenyl ester (1.4g, 2.8%amol} [30] and
amide hydrochloride (0.32g, 2.9 wmol) were dissolved 5n MeNOGH
Triethylamine (41011, 3.5mmol) was aided and the Teaction ixture
stirred at 20°C overnight. The solvent was romoved in vacuo to leave
colourless oil. The protected dipeptide was purified by silica gel Chrams-
tography (60g, Merck Kieselgel unter 0.08mm) using chioroformmethanol
(9:1 v/¥) to scparate it from 2,4, trichlorophenol. After removal of the
solvent in vacuo the protected dipeptide vas obtained (0.87g, 834} ss an
amorphous Solid, m.p. 97-100°C, 1717 (c = 2.48, MeaNOCH), Re 0.32(A).
For C1aHawNu0.CHiOH (360.32) cal found:"58. 354C,
6.9%, 15.9.

Boc-Asn (Xah)-Trp-Gly-Nil, (VIII)

The protected dipeptide (VII) (360mg, Immal) was deprotected with
FaAcCH and obtained as the free dipeptide amide by treatment with triethyl-
amine as described proviously. The fres dipeptide amide was coupled by the
mixed snhydride procedure to N-Boc-§Y -Xah-L-asparagine (412g, lmmol) using
isobutyl chloroformate (140ul, l—nl) and triethylamine (140ul, Lmmol) in
MeNOCH (total volume 15m1). The reaction mixture was stirred at 20°C
overnight then poured into distilled water (30ml). The agueous mixture wag
adjusted to phs with ZM potassium bicarbomate and the voluninous precipitate
filtered off and high vacuum dried over calcium chloride for 18h. The white
solid obeained was Tecrystallised from methanol (1Sul) to give the protected
tripeptide (370mg, 56%), m.p. 191-195°C {dec), al® - 15.1° (
R 0.42(A). ~ For CyshsgNeOy.CHiOH (654.74) caled: 63.00C, 6.2%, 12.3%;
found: 62.90C, 5.8%H, 11.9%.

58.15%C, 7.24H, 14.3%N;

Cbz-Thr-Gly-Nl, (IX)

hreonine pentach ester [31) (1.80g,
3.6nmal) and glycine wmide hydrochloride (0.4g, 3. enm) were dissolved in
MeuNOCH' (25 @) end triethylsmine (S10ul, 3.6mmol) w e reaction
mixture was stirred at 20°C overnight and the Sorven sesoved 1 vaces 1o
ave & paie oil. This oil was tritursted under ethyl acetate (30 al),
filtered and washed with saturated sodiu bicarbanate (25al). The aqueous
phase Was extracted with ethyl acetate (3 x 25ml) and the combined organic
Phases were dried over magnesium sulphate, filtered, and solvent removed
in vacuo to leave a pale oil, The protected dipeptide (IX) was puntud
by siilca gel column chromstography (80g, Merck Kieselgel unter 0.08am) i
chloroforn-methanol (9:1 v/v) and was wuined s an ..mu Setid
1 of the solvent i 162- R,
. For Craiam0s (305.39) earcd: SHTIVC, 824D, 13, sw Fouka:
54.4%C, 6.2%H, 13.6%N.

sanples were dissolved in the minimum volume of these solvents and injected
in 90ul aliquats.

oty A

Boc-L-asparsgine (10.0g, 43mmol) and xanthydrol (£.6g, 43mol) w
dissolvad in glacial aceric neld 200mL) and the solution eirred at 20°C for
days, The voluminous white precipitate was €iltered off and dried over

poumu.. hydroxide to give an amorphous white powder (10.9g, §2%), m.p,
170-172°C.  Recrystellisation rom ethanol (ca. 60 ml) gave the xanthydryl
deriuative 2z white foathery crystals (6.722, I8V), w.p. 183184 c,

(0] 2 +2.0° (c a6, n..uocn)n 0.11(A), 0.85(B). For c“n,.n,u. (412.45)
calbd: 66.6% C, 5.9V H, 6.8% N;¥ famd: 64.20 C, 5.7 H, 6.74 N

Cbz-Gly-Thr-N (1)

N-Benzyloxycarbonylglycine (6.275, 30mmol) and L-threonine awide
(3.54g, 30mmol) were coupled by the mixed auhydride procedure [27] using
{5cbutr) chioroformace (4.2u1, Soumol) #nd exsethylnmine (4,2nl, Sommol) in
dichloromsthane (total valume 110m1). The mixed anhydride was stirred at
-15°C for 30 min before addition of the threonine amide suspension. After
stirring at 20°C overnight the precipitate was filtered off, trmn-ud under
distilled water (651}, refilterad and recryseatlised from sthanc! ol (ca. 60m1)
o give the dipeptide (5.7g, 61%), m.p, 175.5-177°C, az® = +16.5

(c = 1,92, MesNOGH, R 0.20(A), 0.64(B).

52.94C, 6385, 13,208 found: 52.9%C, 6.3%H, 13.2

Bog-Trp-Gly-Thr-NH, (IT)

The protected dipeptide (1) (0.93g, 3.0mmol) was dissolved in methanol
(S0ml) and 5% palladium on charcoal (300mg) was sdded. Hydrogen was bubbled
through the suspension for 2.5h after which a0 protected dipeptide was
detectable by t.1c. ~The reaction mixture wes filtered through kisselgur
and solvent resoved from the filtrate in vacuo to give the free dipeptide
anide as 1 clesr oil which quickly T oldi T T0.445, 2.5mmol, S38). | This
material wis dlssoived in WesNOGH (25n1) and Boc--tryptophen 2,4,5-tri-
chgropneny] ester [30] (1105, 2.5mol) ad The solution was stirred

at 20°C overnight before removing the otvent i viGeo 40 heave pale brown
il Thic materinl precipitatod Fron cthyl acuTate-petrolown ethor

(35n1-25m) 18 an snorphous 3o1id which crystallised fron ethanol-cther
(st 2omi-50m) to give the procected tripeptide (0.64g, 0¥) m.p. 148-151°C

(c = 2, MeOH), Rp 0.15(A), 0.7(B). For Cz;Hy1Ng0y.Ha0 (461.! 51)
bua ss.uc, s.aw, 14.80F; found! S55.45%C, 6.8%H, 14.8AN

Bog-Asn (Xah)-Trp-Gly-Thr-NH; (11}
The protected tripeptide (LI) (920mg, Zmaol) was N-depratected using

75% aqueous FyACOM containing 4% mercaptoethanal (2.5ml) at 20°C for 35 min.
The excess tesgent was Teoved in vacus to latve & pale oil Which wes high
vacuum dried over potassiua hydroxide for The free tripeptide amide
(475, 1.372m01) was obtained from this u-lﬂuorol(etne by passage through
an anion exchanger (Dowex AG1 X4 in the GH form, lom x 9xm colum). This
material was then coupled to N¥-Boc-NY-Xah-L-usparagine (542mg, 1.32wmol)
n WeaNocH (15nl) using (H)C28) (S00mg, 1 .d5amo). After the resction
mixture had been stirred st 20°C overnight the precipitated ¥,N'-dicyclo-

Boc-Trp-Thr-Gly-Ni; (X)

The protected dipeptide (1X) (700ng, 2.2mm01) was N-deprotected by
l\ydrugvnolysu n nethanol (z5nl) using 5y pellediis oo  charcoal (mng) at
catalyst was Filtered off using kieselguhr and solvent
Tenoves fron the filteate in vacus.  The rosidualoil was Seken up in
Me2NOCH (zs-u and Boc-L-tTyptophan 2,4,5-trichlorophenyl ester (1.05g,
2.2mmo1) was added. The solution was stirred at 20°C overnight after which
Solvent 'vas removed in vacus to leave s Fale oil, which crysulhsed mn
ethyl acetats-pstroleum ether. Unreacted dipeptide was removed b
turation under distilled water to give the protected tripeptide (Blﬂ-x, “sy)
a.p. 200-205°C (dec), R 0.63(A). For CastyahaDs (461.52) caled: 57.5%C,
6.8\, 15.2%; found: '$7.43C, 7.1, 15.4

Boe-Asn- (Xah)-Trp-Thr-Gly-HN; (XI}

The protected tripeptide (X) (790mg, 1.7mmol) was  deprotected and
Liberated as the free base ss described previous usly. res tripeptide
smide was coupled by the mixed ashydride procedure o v Boc -NY—Xah.

Laparagine (Ting, 1.7emal) using ivobutyl chieroformate (2451, 1.7n-ml) and
tristhylanine (24511, 1.7mmol} in Me;NOCH (total volune ISml). The reaction

mixture was stirred at 20°C overnight, the volume reduced to ca. 7ml in vacuo

and the resulting clear liquid poured into distilled water (50ml). The

voluminous precipitate was £iltered off, high vacum dried over calelus
chloride overnight and recrystallised from -emnu (e zoom to give the
Brotocced totrapeptide (20mg, 474) a3 3 white p. 210-214.5°C
(dec, snd founs), ul T3 (e 2 1168 meanoTH R To7aR).  Far
CagHyaNs0s. un,n (1?5 35) caeds 0. 84¢, 6.2u, 12'5W; found: 60.0%,
6.0M,

hormone 1-6; XII)

Solid phass resin (chloromethylsted Bio-Beads 5X2, 200-400 mesh,
0.9wm01 C1/g) was esterifiod with Boc-L-proline by refluxing in ethyl
acetate in the preseuce of tricthylamine (0.9 equiv) for 60h [32]. After
shrink-swell wshing with Me;NOCK and ethanal [33], smino-acid analysis
indicated u loading of 0.5 mol of proline par g of resin. After removal
of the resin fines by ch 2.0g
were placed in & 30114 phase synthesis vessel (Fol-F body bith sinteres
glass end pieces; 1.B x 12.Scm internal dimensions). Additien of
solutions and solvents and their removal were carried out by spplication of
@ partisl vacoum (water punp). Solution volumes of 20ml were used, and the

aratus was shaken as in the original Merrifield method [25]. After each
filtration step, the vassel was inverted for further liquid sddition. Fine
bore PTPE tubing was attached to each end of the vessel for liquid transfer.
The cycle of operutions used is outlined in Table 2. For couplings.

1 (2.5 squiv.) of Boc-amino aclds were used. couplings were

Eonmy nocessary before an scceptable degree of incorpuunon was indicated
by the ninhydrin test of Kaizer [34],

For c..H,,N,O; #H20 (309.33) caled:
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hexylures was flltered off and the solution concentrated to 2-3ml in vacuo

then poured into distilled water (50ml). The gelutinous prect

Flltered off, drisd and reprecipitated fron squsous HeyKOCH to
trapeptide (393mg, 39%, m.p. 210-214°C, a’

0-29(K). 0.84(8).

6.18H, 12.3%; found

Boe-Gly-Trp-Gly-Thr-NHy (1V)

-3.5% (e =2,
For Cnﬂulhol 241,07 (755..85) caled:sh. 9,
58.8%C, 5.9%, 11.8%N.

The protected tripeptide (II) (230mg, 0.5meol) was deprotected with
FsAcO 35 previously described for 11 and the tripeptide amide liberated as
its free base by treatment with triethylamine in methanol, The tripeptide
anide was coupled by the mixed anhydride procedurs to Boc-glycine (8Bmg,
0.5mmol) using isobutyl chloroformate (70u), 0.55mol) and triethylamine
(70ul, O.5mmol} in MeNOCH (total volume Sml). The resction mixture was
tirred overnight at 20°C, then cooled to 0°C and filtered. The solvent
was Temoved in vacuo to leave a pale 0il which was taken up in ethyl acetate
(15n1) and water (ISml}. The aqueous lsyar was adjusted to pH 10 with
saturated sodium carbanate solution and extracted with athyl acetate
(3 x 10ml + 3 x 50m1). The combined nr;-ni: phases were washed with water
(25m1) and dried over magnesium sulphat solution wes £iltersd, and
the solvent removed in vacuo to leave an amo solid which was T
crystallised from etByl dcetate to give the pmtuctcd letrlpeptxda (o7ng,24%)
45’4 white powder, m.p. 190-191.5%C, R 0.12(A), 0
CauHiwNs07H0 (518.57) caled: 53.7%C, .83, 1S, 7\N, quml . 34C, 6.6%H,

2W.

Boc-Asn(Xsh)-Trp-NH; (V)

Tryptophen amide hydrochloride (240mg, lamol) was dissolved in MasNOCH
{sm) wnc 1iberated as the free biss by wiition of trithylusine (14031,
This base ves coupled by the azed procedure to
M- Boc NT-Xah- e f412eg, 100mo1) nsing fsobutyl chioroforaate
APt tori ot o M Tmmol) in besNOCH (10m1).  The
reaction mixture was stirred ovemight at 20°C then poursd into water
(100ml). The aqueous mixture was adjusted to pH 8 with 2M potassium
bicacbumace befare the feathery white precipiiie was fiitersd off and chen
high vacuum dried over calcium chloride for 1 e amorphous s
Dhtaimd was vecrystallised from methasel to ’m the progectsd mp.pua.
(470mg, 79%) s a whits powder, m.p. alt e 123 ocH)
Fip el ot o S R il SR o
66.2C, 5.7W, 11.4W.

Boc-Asn-Trp-MH; (VI)

Boc-L-aspazagine (230mg, lmmol) and L-tryptophen amide (libersted from
240mg(immol) of the hydrachloride by the vz ety (imol) of tri.
ethylamine) were coupled using (cHxi);C (210ng, lasol) and 1-hydroxybento-
After the reaction mixture had
ipitated N, N'dicyclohexylurea was
Filtered off and solvent removed from the filtrate in vacuo to lesve a pale
oil.  This was dissolved in ethyl acetate (SOWL) wnd washed with equal
portions (40ml) of water, saturated sodium bicarbonate, water, 2M citric
acid and water. T.l.c. indicated that the product (VL) had been extracted
into the citric acid whereas Boc-8-cyancalanyl-Trp-NH; had remained in the

TABLE 2.  Sequence of Steps used for solid-phase synthesis
Reagent® Duration Operation
1 FyAcOH/CHC1; 131 2x 2+ 30 min Depratection
2 CHyCl, 3x5mn wash
3 3ixs an Wash
4 CHCly 3x5 Yash
$ HELy/CKCLy 1:10 75510 nin Neutralisation
6 CHCly 35 mia
7 CHiCly 3 x5 min Wash
3 Me,NOCH . 1 x5 min Wash
9 AAOH/ coupling solventS Lx2min P‘rev.qullllhntum
1 [:Hx.N);E/couphng solvent® 1x 120 min Coupli
1 x5 min Wash
lZ CH;C); 3 x5 min Wash
EtOH 3 x5 min Wash
u CHClz 3 x5 min Wash

8 ; Solvent yolume norsally 20al; b - not included unless coupling solvent is
MEINOCH; ¢ - Boc.AA, OH added in 1Sn1 coupling solvent; ¢ - (cliN)sC sdded in
Sml coupling solvent - coupling selvent: CHyClp normally, but MeoNOCH for
Boc.Aem.CH ind pyrogiutemic acid.

In the coupling of Boc-Phe-OH, (cHxN)sC was added before the protected
stino scid to minimise 2,5-dioxopiperazine formation [35].
the synthesis the peptlde was cleaved from the resin with HBr - FiAcOH in
dichloromethane for 105 min at room temperature. The Tesin suspension was
flltered and the resin wlshed with FyAcOH. Evaporation of the
filtrates lof: a pale brown oil. This was subjected to gel m:r,uon @s
its ammonium salt) on sup.rfme 625 Sephadex (2.5 x 8Scw; 3Sml h ') using
0.05M amnmonium bicarbonate as eluant. The major peak in the elution trace
(248-33581) was evaporated in vacun and buffer salt removed (0.lmn Hg at 60°C
o constant weight) to give the hexapsptide amwonium salt (466mg) as an
amorphous solid. This Raterial was :unvenod to the free acid by percolation
of an aqueous solution through Dowex AGSON X 4 (H' form, 1 x 8cm).

Evaporation gave th. hexapeptide (X11) (379mg, 563 based on Boc-Pro-resin),
0.7(C), amino- Proline 1.08, threonine 0.99, phenylalanine
0193, aspartic aeid 1. 02, leucins 1.00, glutamic acid 0,97.

<GL, Thr-P; Th

p-Gly M (XEIL;

adipokinetic hormone)

Bac-Asn- (Xah)-Trp-Gly-Thr-Miz (I11; 11Sag, 154kmol) was treated with

75% aquecus FjAcOH containing 4% mruptul(hlnol (1nl) at 20°C for 35 min

during which the solution went deep purp. The solvent was removed in vacuo

to leave a purple-brown oil which was tnzunud wnder distilled uater T‘ 13
ing o white emulsion. This esulsion was loaded onto a column

Dowex AGL x 4 in the OH form (1 x 9cm, distilled water as eluting so)vem)

The free totrapeptide (XIV) eluted as an unretarded peek &nd was obtained as

8 colourless oil (34mg, 47%) after Temoval of the solvent in vecuo.

The free n 00 5 x L 1o0ut)
to a flask containiog sdipokinetic vm-me-(x 6 Froe acid (XI1;
73umol) and 1-hydroxybenzotriazole (22mg, 1ddumol). The sorution war
cooled to -5°C and (cHXN)2C (29mg, 144umol) in MeaNOCH (200u1) was sdded.
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After 5 min a white precipitate was evident. The reaction wes allowed to
come to 20°C slowly (1.5h) then stirped overnight. The reaction mixture
was transferred to anothor flask using MesNOCH (5 x 500u1) wfter which the
solvent was resoved in vacuo to leave hous white solid. This was
triturated with 0.05M W03 (L0m1), filtered, and the aqueous selution
extracted with sther (10ml), degassed for 5 min (lémm lig) and loaded onto s
625 Sephadex column (2.5 X 85em). The fractions comprising the 3 major
components were pooled and salvent and buffer salt removed
amorphaus solids: 245-270ml, 23.0ng (unreacted hexapeptide
14.0mg_(decapeptide, 403 based on tetrapeptide added less that recovored
420-475a1, 23.5ag eluates
after 490ml). The i i
on G25 Sephadex znd eluted a5 & single pcnk Subscqucnt *romovel of the
solvent und buffer salt i yacuo peve the decapeptide (2.dng, 74 based on
zecovered tecrapaptide), Ry 0.35(5), 0.7(), elotion volume 325-380ml, amina
acid analysis: aspartic afid 1.60, threomine 1.90, glutamic acid L. 0,
proline 1.03, glycine 1.00, leucine I.22, phenylalanine 1,12, This peptide
was found to heve approximstely 70% of the biological activity of natural
adipokinetic hornone. Repstition Of this coupling using a larger excess of
{cHixN)»C and L-hydroxybenzotriazole (20 equiv. of each) gave the d

overnight.  Removal of the solvent in vacuo left e pale yellow solid which
was trituratod under distilled water (aml). The aqueous solutian was
filtered, loaded onto & Sephadex ccllunn (1.6 x 85 cm, superfine G25) and
eluted with distilled water (1lml h '). The protected tetrapeptide (ea.
4ng, 80%) was eluted separately fron p nitrophenol and was obtained as a
white powder ufter lyophilisation of the pooled column fractions 174-200ml,
Ry 0.28(B) (frec tetrapeptide amide Ry 0.14(B}}.

<Glu-Leu-Asp-Phe-Thr-Pro.Trp-NHy  (XVIil)

Tryptophan amide was liberated from the hydrochloride (20mg, 88umol)
by treatment with rriethylamine (11.7ul, 88umol) in Me,NOCH (Iml) and
coupled to adipokinetic hormome (1-8) free acid (X17T; 3lmg, 44umol) using
(cHxN),C (180mg, B8umol) end 1- hydroxybcnzu!nnnla (134ng, 880umol}. The
resction mixture was stirred at 20°C overnight and the solvent removed in
vacuo to leave 3 white amorphous residue. This was titurated under colwan
buffer (0.0SM NU,HCD;; 10m1) and the aqueous mixture filtered, extracted
with ether (15ml) degassed for Smin and loaded onto the superfine G25
Sephldex column.  The fractions contwining heptapoptide contaminated with

in 364 yleid (874 based on tetrapeptide sdied less that recovered) afier one
hadex coluxn (41.2ag from Séymol of tetrspeptide) Ry

(B) 035, Ry (C) n 69.  H.p.l.c. (47% aqueous methanol, tml min ') showed
this materikl to contain two components, clution times 30 min (608) end 36,5
min (404). Alchough both components were of closely similar emino acid

composition and mass spectrum, ter running component showed the full
biological activity of adipokinetic horsone while the slower component (now
known to be [0-<Glu'] adipokinetic hormone; X¥) had only a low rvity (59).
The €astet running component could not be further resolved on extended
hep.l.c., cither alone or whan mixed with natural hormone. Its mass
spectrun {afrer permethylution) was &lso closely similar to thet of naturel
adipokinetic hormone

Thermolysin digestion of natural and synthetic hormeme produced peptides
with the following electrophoretic mobilities:~ pH 6.5, relative to aspartic
acid, natural hormone: +0,56, 0, -0,29, -0.83; synthetic hormone: +0.56, O,
Z0.23, -0.84; pH 2.1, relative to dansyl arginine, natural hormone:
+0.68, +0.96; synthetic hormone: 0, +0.39, +0.72, +0.96.

<Glu-leu-Asn-Phe-Thr-Pro-Nily (XVI)

Adipokinetic homone (1-6) free acid (XIL; 1lomg, 15umol) was dissolved
in ME,NOCH (S00u1) and the solution cooled to -10°C before eddition of
isobutyl chioroformate (2ul, 15unol) and triethylumine (241, 15wmol). The
reaction mixture was stirred at -10°C for 10 win them a solution of ammonia
in chloroform (I.5M, 0.Swl, 750umol) was added. The Teaction wixture vas
stirred at -10°C for 1h, then overnight at 20°C and the sclvent was removed
in vacuo, The residual ol was dissolved in distilled water (4m1) and
sluted with water from & Dowex AGL X 4 (ON™ form, 1 x 8 cn) column.
Evaporation of the cluate gave the hexapeptide amide (1.3mg, 13%) as an
amorphous solid, R 0.5 (£).

Ac-Asn-Trp-Gly-Thr-Nlfa (V1)

H-Asn-Trp=Gly-Thr-NH (5mg), 10umol) and p-nitrophenyl mcstate (Bmg,
44umol) were dissolved in MeoNOCH (20011} and the solution kept at 20°C

0, 40,39,

were pooled and lyophilised to give & white powder.
'rh,s was_dissplved in volumn) buffcr (10m1) and 1oaded onto a G0 Sephadex
column (2.5 « 135cm, 60m) b | ¢ hept apeptide-containing fractions,
still heavily with re pooled a
Tyophilised 10 give a white powder.  This was diseolved in column buffer
{2m1) and loaded onto a G25 Sephadex column (2.5 x 85cm).  After 1lh
(v400n1) the column was recycled for 1lh. The heprapeptide finally eluted
was free of 1-hydroxybenzotriazole and was obtained as a white fluffy powder
after_lyophilisation of the pooled fractions. The buffer salt was removed
&t 60°C/0.lon Hg to constant weight to give the heptapeptide (1Zng, 31%),
R, 0.61{8), 0.77(C)

<Gly-Leu-Asn-Phe-Thr -Pro-Asn-Trp-NH;  (XIX)

val of the N-protecting group From Boc-Asa(Xah)-Trp-Ml; (V)
with 75% aqueous F,ATOH was accompinied by quantitative transxanthylation.
Boc-Asn-Trp-Nifz, however, is cleanly deprotected under thess conditions i
the presence of 4% mercaptoethanol; the free dipsptide amide was obtained
from the trifluoroacetate salt by flushing with oxcess triethylanine in
methanol.  Adipokinetic hormone-(1-6) acid (x11; 10.5mg, 1Sumol) and
asparagiayIcryptaghan saide (Sag, Simol) wore couplod uhing (cHbN)C (cong:
umol) and l-hydroxybengotriazole {SOmg, 320pmol) in MeaNOCH (600u1);
(hu reaction mixturc was Stirred at 20°C overnight and the solvent removed
in vacuo to Ieuve an smorphous white solid. This was triturated under
GoTunn buffer (0.05M NI,HCO:; 10ml) ond the agueous mixture was filtered,
Satracted wieh cther (1001 tnd depaesed for  min before loaging onto 2
675 Sephadex colum 2.5 x sscn. =lutlan rate 35 h ). The octapeptide
(603, 40%) eluted 2o anh was. sprsined
us 8 white fluffy solid after 1yﬂphilisat1m\ of the pooied colum fractions
340-395m1, R 0.77(C).  Anino acid analysis: sspartic acid 1.5
threonine 0, EL lutunic acid 0.91, proline 1.0 leucine 1.01, pheny]
alanine 0.91

<Glu-Leu-Asn-Phe-Thr-Pro-Asn-Trp-Gly-NH, (XX; [des-Thr'®) adipokinetic
hormone)

Boc-Asn (Xah)-Trp-Cly-NHz {V1II) was deprotected with 75% aqueous

thrconine 1.81, gluramic acid 0.95, proline 1.05, glycine 0.98, leucine 1.00,

phenylalanine 0.97.

Peptides XVI and XVIII to XKIT were all prepared from peptide XI(
containing partly racemic pyroglutamic acid.
separated by h.p.1.c. before bioassay, and showed two mejor peaks in the
characteristic ratio as described for XIII.
permethylation, mass spectra in accord with the required sequences
popeides containing tryptophan gave V.. spectra in solution in accord e
the molar proportion of this amino aci
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PyAcOH containing 4% mercaptasthanc] (Lgnl) at room tempersture for 40 min.
Lvaporation gave a purple oil. This oil was teken up in distilled water
(15al) and the frec trxpupnde anide was obtained by jon exchange chroma-
tography (Dowe: x 4 in the O form) as previously described. This
cripeptide e € (33-:;. 88unol) was coupled to adipokinetic hormone-(1-6)
free acid (XII; 4lmg, S%umol) using (cHXN):C (243mg, 1180umol) and
1-hydroxybenzotriazole {177pg, 1180urol) in MeaNOCH (RCOu1), The reaction
mixture was stirred overnight at 20°C and the solvent removed in vacuo to

i This was triturated under column huFfer (0.05M
KIHHCO;~  15m1) and the aqueous mixture was Fileered, exeracted with cther
(i5a1) degassed for Smin and loaded onto a super Sephadex column
(2.5 x 85 cm, eluted at 35m1 h™'). The ncni};!pude [Aﬂmg, 66%) eluted
separately from the starting materials was obtained as a flufty nite pcwdav
by Iyophilisetlon of the appropriate fractions (335-40Sml), R: 0.42
0.73(C), Amino acid amalysis: sspartic acid 1,71, threonine b.97, gzu:mc
acid 0.98, proline 1.00, glycine 0.96, leucine 1.00, phenylalanine 0.93.

<Glu-Leu-Asn-Phe-Thr-Pro-Gly-Trp-Gly-Thr-Ni, (XXT;

[61y” ] -adtpokinetic
thormone}

Protected tetrapeptide (11) (50mg, 100umol) was deprotected and the
free base liberated as before. The free tetrapeptide amide was coupled to
adipokinetic horwone—(1-6) free scid (KI1; 35ng, S0umol) using (cHxN):C
210mg, lmmol) snd 1-hydroxybenzotriazole (150mg, lmwol) in MezNOCH (7001).
The reaction mixture was stirved at 20°C avernight and the aolvent removed
in vacuo to loave an amorphous white 501id which was triturated under coluwwn
Bulfer (15n1). The aqueous mixture was filtered, extracted with cther
(15m1), degassed for 5 min and loaded onto & G25 Sephadex colum (2.5 x d5ca,
¢luted with cojunn buffer at S6ml h '), The decapeptide (35.8mg, 68%)
eluted separutely from sterting materials end 1-hydroxybenzotriazole
(320-395m1) and was ohtained as a white powder by lyophilisation, R
0.72(C), amino=acid analysis: aspartic acid 1.03, threonine 1.83,
zl;h ic acid 1.07, proline 1.00, glycine 1.89, leucine 1.16, phenylalanine
.97,

 0-16(B)

$C1u-Leu-Asn-Phe-Thr-Pro-Asn-Trp-Thr-Gly-Nils (xxn. (Thr’, G1y'°]-
Gipokinetic hormone)

The protected tetrapeptide (XI) (200mg, 264umol) was treated uith
FaAcOi and the free tetrapeptide amide ohtained by ion exchange c!
tograrky ms previously described.  The tecrapeptide anide Qizunony vas
upled to adipokinetic hormone-(1-6) free acid (XIT; 3Smg, 50umol) using
(o) 3C. (210mpy 000umal) and 1 -hydroxybenzotriazole (155mg, 1o0unai) fn
MeoNOCH (65u1). The reaction mixture was stirred overnight at 20°C
the solvent rewoved in vacuo to leave an amorphons white solid which was
triturated under colwm buffer (1Sml). The aqueous mixture was filtered,
extracted with ether (ISml), degassed and loaded_onto 2 G25 Sephadex colum
(2.5 x 85cm, eluted with column buffer at 38ml h™'). The decapeptide (56mg)
(265-330m1) contaminated with some unreacted  hexapeptide (subssquently shown
by h.p.1.c.) was obtained as a xbite powder by lyophilisation of the pooled
fractions. R 0.42(B), 0.73(C); amino-acid analysis: aspartic acid 1.66,





