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> Abstract
Mass spectrometric methods were used for the fi rst time to reveal the sequences of peptide orthologs from a large number of 
insects species, focussing on cockroaches. Sequence data of CAPA peptides (three periviscerokinins, pyrokinin) were obtained 
from single specimens, which led to the reconstruction of phylogenetic trees. The results are compared with the current 
grouping of the respective species, based primarily on morphological characteristics. The effi cacy of the mass spectrometric 
analyses of peptide sequences makes it possible that the described method is suitable to complement morphological and 
genomic analyses for the reconstruction of phylogenetic relationships.
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1.   Introduction

Neuropeptides are the most structurally diverse mes-
senger molecules which infl uence a wide range of phy-
siological processes. They are present in all Metazoa 
which have developed a nervous system (see KASTIN 
2006). Multiple forms of peptides exist in many neuro-
peptide families and it is well established that the pre-
sent sequences are the result of distinct differentiation 
processes which occurred during the evolution of the 
different animal taxa. In contrast to other messenger 
molecules such as biogenic amines, steroid hormones, 
and amino acids, the primary sequences of neuropep-
tides may even be species-specifi c. Molecular biolo-
gical and biochemical methods made it possible to 
analyse neuropeptide evolution, which cannot be se-
parated from the evolution of the respective receptors. 
In recent years, the introduction of highly sensitive 
mass spectrometer paved the way for rapid screening 
of the neuropeptide profi le (neuropeptidome) even 
to the single cell level, in species as small as insects 
(LI et al. 2000; PREDEL 2001; AEBERSOLD & MANN 
2003; PREDEL et al. 2004). 
 Our approach describes the suitability of mass 
spectrometry for the comparison of related neuro-
peptides from a large number of cockroach species. 
CAPA peptides (see PREDEL & WEGENER 2006), which 

comprise periviscerokinins (CAPA-PVKs) and a 
sin gle pyrokinin (CAPA-PK), were chosen for our 
ex pe ri ments. These neuropeptides consist of 11–17 
amino acids and are coded by a single neuropeptide 
gene (capa gene). Here, we focus for the fi rst time 
on the extent to which such neuropeptide sequence 
com parisons can be used for the reconstruction of 
phylo genetic relationships. To date, only adipokinetic/
hypertrehalosemic hormones have been extensively 
compared among different insect groups (e.g. GÄDE 
1989; GÄDE & MARCO 2005). However, these peptides 
have a limited value for an analysis of phylogenetic 
relationships. Other peptide families with multiple 
forms such as allatostatins are certainly more signi-
fi cant in this context but less extensively studied, 
although some data exist (BELLES et al. 1999).

2.   Methods

CAPA peptides are typical of the abdominal neuro-
secretory system of all insects studied so far. They are 
stored in segmentally arrayed perisympathetic organs 
(PSOs), which are the major hormone release sites of 
the abdominal ventral nerve cord. This accumulation 
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of hormones provides a suffi cient source of material 
for structural analysis even if only a single specimen 
is available. Hence, PSOs were dissected from fresh or 
frozen material and subsequently analysed by matrix-
assisted laser desorption/ionization time-of-fl ight 
(MALDI-TOF) mass spectrometry, which included 
tandem mass spectrometry fragmentation techniques, 
to reveal the complete sequences of the CAPA-
PVKs and the single CAPA-PK from each cockroach 
species. Resulting ambiguities in the sequences of a 
few of the peptides were eliminated by performing 
additional fragmentations using electrospray ionization 
quadrupole time-of-fl ight (ESI-QTOF) techniques. 
Details of the mass spectrometric methods are described 
elsewere (PREDEL et al. 2000, 2003). Altogether, only a 
single (MALDI-TOF MS) or relatively few specimens 
(ESI-QTOF MS) are necessary to acquire the data. 

Resulting fragments were manually analysed and the 
resulting peptide sequences aligned. Phylogenetic ana-
lyses were performed by using distance matrices, par-
simony, maximum likelihood and Bayesian methods 
(MrBayes 2.0, PAUP*4.0, MEGA 3.1).

3.  Results

About 50 cockroach species were studied in this ap-
proach. Out of the fi ve commonly listed families (Poly-
phagidae, Cryptocercidae, Blattellidae, Blabe ridae, 
Blattidae), the Blattidae (subfamilies Blattinae and 
Polyzosteriinae [only Eurycotis]) and Blaberidae (8 
of 11 subfamilies) were included in our study. Before 
starting the sequence elucidations, it was verifi ed 

Fig. 1. Bootstrap consensus (majority-rule) tree inferred from a parsimony analysis of peptide sequences (CAPA-PVK1–3, CAPA-
PK) of 45 cockroach species (only bootstrap values ≥50 are shown). Species marked by an arrow are placed in a group not identical 
with conclusions drawn from the analysis of morphological characters of Perisphaeriinae (GRANDCOLAS 1997).
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that the neuropeptide profi le (PVKs, PK) of different 
specimens of the same species did not show any 
qualitative sex- or development-specifi c differences. 
The subsequent analysis of the fragmentation pattern 
of the neuropeptides from abdominal PSO pre para tions 
resulted in the complete sequences of the CAPA peptides 
in all species investigated. Amino acid sub stitutions 
are clearly restricted to certain amino acid positions. 
Whereas in CAPA-PVKs these substi tu tions can not 
be assigned to any particular part of the sequence, all 
substitutions of the CAPA-PK orthologs were exclu-
sively found in the N-terminal portion. Three species 
(A. fusca, Elliptorrhina sp., G. porten tosa) possess 
an additional fourth CAPA-PVK and a single species 
(P. surinamensis) expresses two CAPA-PKs. 
 Sequences of CAPA peptide orthologs were com-
bined for each species and aligned. Altogether, 50 
characters (amino acid positions) could be unambi-
guously aligned. A cladogram based on a preliminary 
parsimony analysis is shown in Fig. 1. The tree was 
rooted between the Blaberidae- and the Blattidae 
branches, the basal dichotomy between the Blaberidae 
and Blattidae is well established (e.g. GRANDCOLAS 
1996; LO et al. 2000, 2003; KLASS & MEIER 2006).  
 Members of the Blaberinae, Oxyhaloinae and 
Pan chlorinae were grouped in three clades identical 
to their current grouping in subfamilies. In contrast, 
mono phyly was not found for Epilamprinae (with 
the genera Blepharodera and Aptera in Fig. 1) and 
Peris phaeriinae (genera Laxta and Derocalymma as 
well as “Perisphaeriinae” except for Blepharodera 
in Fig. 1). The subfamily Perisphaeriinae, which in-
cludes 18 genera, is particularly well represented in 
Southern Africa and monophyly was supported by 
synapo morphies in head morphology and in genitalia 
of both sexes (GRANDCOLAS 1997). Our data did not 
support the suggested removal of Blepharodera from 
this subfamily. On the other hand, the Australian 
genus Laxta, placed in the Perisphaeriinae, did not 
show a close relationship with the other genera of 
this subfamily. The most striking difference, however, 
was seen with species of Derocalymma, which for 
our taxon sample appear as the sister group of the 
remaining Blaberidae. These results obtained from 
short peptide sequences were corroborated by the 
analysis of the respective mitochondrial cytochrome 
oxidase II (COII) genes (S. Roth unpubl. data). 
 Concerning the Blattidae our results suggest that 
the polyzosteriinae Eurycotis has a deeply subordinate 
position in the Blattinae, to which all our other sampled 
blattid species belong. Furthermore, the genera 
Periplaneta, Deropeltis, and Pseudoderopeltis appear 
as para- or polyphyletic. While our analysis must be 
considered preliminary, this may yet indicate that the 
generic classifi cation of Blattidae needs extensive 
revision. 

4.  Conclusions

For the fi rst time, mass spectrometric methods were 
exclusively used for a large scale, comparative pepti-
domic approach. Out of the approximately 100 neuro-
peptides expressed in insects like cockroaches, pro-
ducts of a single neuropeptide gene (capa gene) were 
analy sed. As shown, the short sequences can be used 
for the reconstruction of phylogenetic relationships. 
The inclusion of additional neuropeptides will en hance 
the stability and reliability of the phylogenetic trees. 
On the other hand, a minimalistic approach using only 
two peptides (a single CAPA-PVK and CAPA-PK 
each), which included members of other insect orders 
(Or thop  tera, Manto phasmatodea, Diptera) as well, re-
sulted in nearly identical (e.g. with a basal dichotomy 
bet ween the Blaberidae and Blattidae) although less 
robust cladograms (PREDEL & ROTH unpubl. data). The 
suitability of neuropeptide sequences for the study of 
interordinal relationships in insects is currently under 
investigation.

5.  References

AEBERSOLD, R. & M. MANN 2003. Mass spectrometry-based 
proteomics. – Nature 422: 198–207.

BELLES, X., L.A. GRAHAM, W.G. BENDENA, Q.I. DING, J.P. 
EDWARDS, R.J. WEAVER & S.S. TOBE 1999. The mole-
cular evolution of the allatostatin precursor in cock-
roaches. – Peptides 20: 11–22.

GÄDE, G. 1989. The hypertrehalosaemic peptides of cock-
roaches: a phylogenetic study. – General and Compa-
rative Endocrinology 75: 287–300.

GÄDE, G. & H.G. MARCO 2005. The adipokinetic hormones 
of Odonata: a phylogenetic approach. – Journal of In-
sect Physiology 51: 333–341.

GRANDCOLAS, P. 1996. The phylogeny of cockroach families: 
a cladistic appraisal of morpho-anatomical data. – Cana-
dian Journal of Zoology 74: 508–527.

GRANDCOLAS, P. 1997. The monophyly of the subfamily Pe-
ris phaeriinae (Dictyoptera: Blattaria: Blaberidae). – 
Syste  matic Entomology 22: 123–130.

KASTIN, A.J. (ed.) 2006. Handbook of Biologically Active 
Peptides. – Elsevier, San Diego.

KLASS, K.-D. & R. MEIER 2006. A phylogenetic analysis of 
Dictyoptera (Insecta) based on morphological charac-
ters. – Entomologische Abhandlungen 63: 3–50.

LI, L., R.W. GARDEN & J.V. SWEEDLER 2000. Single-cell 
MALDI: a new tool for direct peptide profi ling. – Trends
Biotechnology 18: 151–160.

LO, N., C. BANDI, H. WATANABE, C. NALEPA & T. BENINATI 
2003: Evidence for cocladogenesis between diverse 
dictyopteran lineages and their intracellular endo-
sym bionts. – Molecular Biology and Evolution 20: 
907–913.



PREDEL & ROTH: Neuropeptides and phylogeny of Blattaria 6

LO, N., G. TOKUDA, H. WATANABE, H. ROSE, M. SLAYTOR, 
K. MAEKAWA, C. BANDI & H. NODA 2000: Evidence 
from multiple gene sequences indicates that termites 
evol ved from wood-feeding cockroaches. – Current 
Bio logy 10: 801–804.

PREDEL, R., R. KELLNER, G. BAGGERMAN, T. STEINMETZER & 
L. SCHOOFS 2000. Identifi cation of novel periviscero-
kinins from single neurohaemal release sites in insects. 
MS/MS fragmentation complemented by Edman 
degradation. – European Journal of Biochemistry 267: 
3869–3874.

PREDEL, R. 2001. Peptidergic neurohemal system of an in-
sect: mass spectrometric morphology. – Journal of Com-
parative Neurology 436: 363–375.

PREDEL, R., W.K. RUSSELL, S.E. TICHY, D.H. RUSSELL & 
R.J. NACHMAN 2003. Capa-gene products in Musca 
domestica and Neobellieria bullata. – Peptides 24: 
1487–1491.

PREDEL, R., S. NEUPERT, D. WICHER, M. GUNDEL, S. ROTH & 
C. DERST 2004. Unique accumulation of neuropeptides 
in an insect: FMRFamide related peptides in the 
cockroach, Periplaneta americana. – European Journal 
of Neuroscience 20: 1499–1513.

PREDEL, R. & C. WEGENER 2006. Periviscerokinins/CAPA gene 
related peptides in arthropods (Review). – Cellular and 
Molecular Life Sciences 63: 2477–2490.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 450
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 450
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName <FEFF0068007400740070003a002f002f007700770077002e0063006f006c006f0072002e006f00720067ffff>
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <FEFF>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [1162.205 1672.441]
>> setpagedevice


