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Insect flight  muscles

Rabbit 
psoas

Libellula Lethocerus Apis Drosophila

Relaxed 
stiffness

3.5 22 98-120 82 35

Active
stiffness

329 213 147-177 233 53

Rigor 
stiffness

318 230 581 NA NA

Muscle stiffness in various insects. Stiffness was measured as pN/ A filament/ % 
length change under various conditions

 structure
 physiology



Myofibril stiffness and C-filaments

From Bullard et al 2005

 3rd elastic filament in all muscles, named C-filament 
in insects

 Titin in vertebrates
 Kettin and projectin in arthropods

QUESTION:
Is there a correlation between variation in the structure
of projectin and variation in muscle stiffness?



Sequence retrieval and annotation

Mining genome projects 
to retrieve either: 
a) annotated genes
b) assembled genomic

sequences
c) traces

Cloning and sequencing 
cDNA



Highly conserved

Highly divergent
Dmelano Agam Nvit Amel Tcas Api

gene size (bp) 51,073 >31,00
0 48,634 66,952 37,040 >70,000

cDNA size (bp) 27,154 23,809 26,547 26,012 26,184 26,132

# exons 46 >27 71 97 64 144

largest exon 9462 10046 4371 2325 2670 1054

smallest exon 22 22 15 22 22
average exon 

size (bp) 590 na 373 271 409 181

Amino acids # 8,923 na 8,912 8,730 8,379 8,607
Calculated MW 998292 na 995868 995346 933354 960331

PEVK



PEVK is divergent in its sequence

Except for last ~ 
100 amino acids



Alternative splicing in the PEVK region



Molecular identification in 
insects with no genome data

Design battery of 
degenerated primers from 
conserved sequences

 cDNA sequencing, 
assembly, and annotation. 



Titin PEVK under stretch and release regimen adopts 
multiple, alternative, equivalent  conformations.

Forbes et al, 2005

PEVK and resting stiffness: can PEVK 
be a multi-conformational domain 
responding to stretch-release?



PEVK mechanical behavior under 
stretch and release test (AFM)



Cloning and expression of PEVK 
fusion peptides

species

Drosophila Short
~ 300 bp

Long 
~1, 200  bp

Libellula Short
~350 bp

Long 
~ 700 bp



PEVK splice variants and flight 
muscle output



Each individual 
L. pulchella has 
a specific 
pattern of PEVK 
isoforms.

PEVK splice variants and flight 
muscle output

RT-PCR analysis of individual L. pulchella
flight muscles
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PEVK splice variants and flight muscle 
output

Is there a linear relation between the ratio of certain 
PEVK isoforms and the power output of individual 
flight muscles? Alternative Fragment Length Analysis 
and Bivariate fit.
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Evolution of intron position: 
example of the NH2-terminal Ig region 

The number and position of the splice sites indicate that  Hymenoptera  
might be more basal than in current phylogenies



Revised phylogeny for insect orders 
based on projectin data
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