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Amino acid sequence of locust neuroparsins 
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Neuroparsins A and B were isolated from the nervous part of the corpus cardiaca of Locusta migratoria via a two-step 
purification procedure. Both consist of two polypeptide chains linked by disulfide bridges. The N-terminal sequence of 
both native neuroparsins was determined: the N-terminal end of neuroparsin B was unique while that of neuroparsin 
A showed three different sequences. These sequences were that of neuroparsin B and two others having five and two 
extra N-terminal residues. Neuroparsin B was found as a homodimer and the complete sequence of the monomer, deter- 
mined from peptide fragments generated by treatment with cyanogen bromide and endoprotease Glu-C, comprises 

78 residues. 

Amino acid sequence; Neurohormone; Insect; (Locusta migratoria) 

1. INTRODUCTION 

Neuroparsins A (NPA) and B (NPB) are two 
proteins (MT - 14000) formed by two polypeptide 
chains (A& - 7000) linked by disulfide bonds. They 
have recently been isolated [l) from nervous cor- 
pora cardiaca of Locusta migratoria using elec- 
troelution of excised electrophoretic bands. These 
two proteins are produced by the Al type of pro- 
tocerebral median neurosecretory cells [ 11. They 
are multifunctional neurohormones: they inhibit 
the effects of juvenile hormone [I], stimulate fluid 
reabsorption of isolated recta [2] and induce an in- 
crease in hemolymph lipid and trehalose levels [3]. 

Here, we report the isolation of neuroparsins us- 
ing sequentially anion-exchange and reversed- 
phase liquid chromatography, and their N- 
terminal sequencing. Neuroparsin B was shown to 
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be formed by the association of two identical 
chains which were completely sequenced. 

2. MATERIALS AND METHODS 

2.1. Materials 
Adults of both sexes of Locusta migratoria migratorioides 

were reared as in [ 11. Nervous corpora cardiaca were carefully 
separated and homogenized in 70% methanol at 4°C using an 
ultrasonic probe. The solution was centrifuged at 33000 x g for 
30 min. The supernatant was freeze-dried following evapora- 
tion of methanol under Nz and stored at -80°C. 

2.2. Purification procedures 
Freeze-dried extracts were resuspended in 25 mM Tris-HCI 

(pH 8) and chromatographed on an anion-exchange column 
(Mono Q HR5/5, Pharmacia). A linear gradient starting at 
25 mM Tris-HCI (pH 8) and ending at 0.5 M NaCl in 33 min 
was employed at a flow rate of 1 ml/min. Fractions were 
manually collected following the UV absorbance at 225 nm. 
The neuroparsin fractions were checked at this step via their 
electrophoretic mobility in 7.5% PAGE following the pro- 
cedure in [4]. Each neuroparsin fraction was desalted and 
purified on a reversed-phae C8 30 nm column (Pro RPC 
HR5/10, Pharmacia). A linear gradient from 28 to 64% of 
CH$N in 40 min at a flow rate of 0.5 ml/min. The purity of 
each neuroparsin peak was monitored by lo-20% SDS-PAGE 
[41. 

2.3. Reduction and alkylation 
Neuroparsin B was reduced and alkylated according to 151, 
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using 4-vinylpyridine as alkylating agent. The sample was 
desalted directly on the same RP column under the conditions 
described above. 

Table 1 

Edman amino acid sequencing of the monomer of 
neuroparsin B 

2.4. Cyanogen bromide cleavage 
Reduced and alkylated NPB was treated according to [6], us- 

ing 70% TFA instead of formic acid. The reaction mixture was 
diluted with water (3.5 times) and half evaporated under N2. 
The peptides were recovered using the RPLC conditions 
previously described. 

2.5. Enzymatic digestion 
Reduced and alkylated NPB was digested with endoprotease 

Glu-C as in [6] for 24 h. The reaction mixture was applied to 
an Aquapore RP 300 column (4.6 x 30 mm), and fragmented 
peptides were eluted with a 30 min gradient of O-40% CHrCN 
in 0.1% TFA at a flow rate of 0.5 ml/min. 

2.6. Sequence analysis 
Purified neuroparsins and all peptide fragments were se- 

quenced using an Applied Biosystems model 470A gas-phase 
protein sequencer [7]. Released phenylthiohydantoin amino 
acids were analyzed using an on-line analyzer (Applied 
Biosystems, model 120A). 

2.7. Predictions of structure 
The hydropathy profile was determined using the algorithm 

a 

b 

Fig. 1. Purification of neuroparsins. (a) Anion-exchange LC of 
nervous corpus cardiaca extracts. (-) Absorbance at 
225 nm; (-- -) NaCl gradient. Numbers indicate fractions 
containing neuroparsins. (b) 7.5% PAGE of fraction 4-6. 
Fractions 4,5 contain a major protein with the electrophoretic 
mobility of NPA. Fraction 6 contains a major protein with the 

electrophoretic mobility of NPB. 
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S(329) S(538) D(415) G(145) S(145) 
- C(382) C(437) G(-47) C(58) 

E(379) E(414) R(159) L(96) E(82) 
G(144) G(307) C(377) P(96) G(72) 
A(406) A(391) G(356) Sf75) A(66) 
N(341) N(363) L(436) S(- 13) N(52) 

- C(377) C(415) C(13) C(41) 
V(47) V(283) v(319j s(279j 

V(95) V(56) G(248) 
D(225) D(365) C(237) 
L(164) L(290) S(158) 
T(63) T(291) L(138) 
R(82) R(293) H(56) 

- C(241) N(153) 
E(115) E(226) L(121) 
Y(109) Y(201) Q(108) 
G(83) G(159) C(96) 
D(83) D(189) F(76) 
V(106) V(143) F(ll) 
T(37) T(128) F( -9) 
D(36) D(118) E(52) 
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F(48) F(43) G(11) 
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V(5 1) V(73) S(2) 
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32.5 

Y(131) 
G(113) 
D(lO1) 
V(132) 
T(143) 
D(79) 
F(117) 
F(l0) 

N-term, sequencing of the N-terminal end of the native 
(dimeric) NPB. Values in parentheses indicate the differential 
amount (pmol) of phenylthiohydantoin amino acids determined 
at each step vs the former. Amino acids are indicated using the 

single-letter code 
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of Kyte and Doolittle [8], with a window width of 7. Secondary 
structure prediction was carried out with the GOR algorithm, 
version III [9]. 

3. RESULTS 

Crude extracts of nervous corpus cardiaca were 
separated on Mono Q column into 20 fractions 
(fig.la). Electrophoresis revealed that NPA was 
mainly found in fraction 4 and somehow in frac- 
tion 5, whereas NPB was eluted in fraction 6 
(fig.lb). Fractions 4 and 6 gave two peaks after 
reversed-phase chromatography, with the same 
retention time whatever the fraction used. Only the 
major peak eluting at 35% CH&N corresponded 
to the 14 kDa NPA or NPB, as determined 
through lo-20% PAGE. Sequencing of native 
NPB yielded a single sequence up to 44 residues 
(table l), suggesting that both chains were iden- 
tical. In contrast to NPB, NPA, sequenced up to 
29 residues, appeared to be composed of three 
polypeptide chains. One of the chains, accounting 
for 30%, was identical to NPB, while the other 
two, representing 50 and 20070, had respectively 
five (Asn-Pro-Ile-Ser-Arg) and two (Ile-Arg) extra 
N-terminal residues. 

The major peak of fraction 6 was 
rechromatographed on a reversed-phase system, 
after reduction and alkylation to purify NPB. Only 

one peak (W - 7000) was obtained, consisting of 
the NPB monomer. As shown in table 1, it was 
cleaved by CNBr and separated into two peptides 
(Bl,B2) which were sequenced. Using en- 
doprotease Glu-C, three peptides were obtained 
(Sl-S3) overlapping with the native N-terminus 
and Bl and B2 (table 1 and fig.2). No 
microheterogeneity was found at any step during 
the sequencing of these peptides and the C- 
terminus was free. The NPB monomer is 
characterized by the absence of Trp and Ile and by 
the very high frequency of Cys (12 out of 78 
residues) regularly distributed along the sequence. 
These residues were usually preceded by a positive- 
ly charged amino acid and followed by Gly or Glu. 
The calculated pHi was found to be 5.98, in agree- 
ment with previous experimental determination 
1101. 

As regards the secondary structure of NPB, no 
periodic structure (either a-helix or &sheet) was 
ever predicted all along the sequence. The 
hydropathy profile confirmed the general 
hydrophobicity of the molecule (fig.3) which is ex- 
tractable in 70% methanol. Only the central region 
of the sequence, from residue 30 to 45, appears to 
be hydrophilic and can be expected to be an an- 
tigenic determinant. Another could involve the 
region around Arg 13. The NPB sequence, com- 
pared with those of the NBRF data bank (release 
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Ser Cys Glu Gly Ala Asn Cys Val Val Asp Lou Thr Arg Cys Glu Tyr Gly Asp Val Thr 
-_- ___W -%-- 

w 
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--- --- 

Bl 
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Glu Lou His Gly Lys Cys Gly Val Gly Met Asp Cys Arg Cys Gly Lou Cys Ser Gly Cys 

) 
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65 70 75 70 

Ser Lou His Asn Lou Gln Cys Phe Phe Phe Glu Gly Gly leu Pro Ser Ser Cys 

AA.2 

+-_._ _- SC---+ 
Fig.2. Complete amino acid sequence of the monomer of neuroparsin B of Locusta migratoria. ( -) N-terminus of the native 

protein. ( -) Cleaved peptides (B, cyanogen bromide peptides; S, endoprotease Glu-C peptides). Dashed lines indicate 
undetermined residues. 
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Residue Number 

Fig.3. Hydropathy profile of neuroparsin B monomer. 

16) and with the translations of the open reading 
frames of Genbank (release 54), appeared as an 
original protein. Nevertheless, some partial 
homologies were found between some NPB 
regions and several vertebrate hormones, mainly 
the hypothalamic pituitary hormones and insulin 
(to be published). 

4. DISCUSSION 

Neuroparsins were obtained in a purity grade 
permitting their sequencing after two steps of li- 
quid chromatography. Purified using the same 
procedure, they were previously demonstrated to 
have antidiuretic [2], hyperglycemic and 
hyperlipemic [3] and antigonadotropic [l l] ac- 
tions. We demonstrate that all these activities are 
triggered by a single molecule; the neuroparsins are 
obviously polytropic locust neurohormones as it is 
of common occurrence with most neuropeptides of 
both invertebrates and vertebrates. 

The absence of microheterogeneity all along the 
NPB sequence establishes that NPB is composed 
of two identical chains originating in a single gene. 
Nevertheless, the NPB sequence is found not only 
as the major part of the two NPA typical se- 
quences, but also as a component of native NPA, 
so NPB appears to be a post-translational product 
of the maturation of the other two chains. The 
processing of these polypeptides involves several 
steps to reach the final NPB homodimeric 
molecule, as suggested by the N-terminal 
heterogeneity of NPA. This sequence homology 
between NPB and NPA N-termini corroborates 
that NPB originates from NPA by enzymatic 
cleavage as has been previously demonstrated [ 121. 

In both cases, it occurs after an arginyl residue. 
The occurrence of extra arginyl residues at the N- 
terminus of NPA is in agreement with the clear 
separation of both neuroparsins under ion- 
exchange chromatography and native elec- 
trophoresis. 

The calculated M, of the NPB monomer is 8 188, 
in agreement with the two previous estimations of 
Mr 9000 [lo] and M, 7000 [4]. It is worth noting 
that with 12 Cys per monomer, NPB is currently 
the insect neurohormone that is highest in sulfur 
content. This high cysteine content is in agreement 
with the strong in vitro labelling of neuroparsins 
following injection of [35S]cysteine [ 131. It is likely 
that numerous and frequent intrachain putative 
disulfide bridges only allow the occurrence of 
loops and turns beside aperiodic arrangements and 
prevent the formation of a periodic structure. As 
deduced from the hydropathy profile of NPB, 
both termini are hydrophobic. They could well be 
involved in the oligomeric association of the native 
protein. 

A comparison of the NPB sequence with the in- 
complete N-terminal sequence of the locust corpus 
cardiacurn peptide [14] reveals a clear homology, 
suggesting the identity of the two molecules. 
Moreover, the partial homology of neuroparsins 
with vertebrate hormones is in favor of a common 
ancestral origin of neuroparsins. Whether the 
neuroparsins originate from a single precursor 
such as insulin remains a questionable point. 
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