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+  —— Thysanura
—— Ocdonata dragonfly
—— Orthoptera grasshopper
| Phasmida
Blattaria
’:’ Structure o _ Hemiptera —:eteroptera water bug
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Rabbit | Libellula | Lethocerus | Apis | Drosophila
psoas
Relaxed |3.5 22 98-120 82 35
stiffness
Active 329 213 147-177 233 53
stiffness
Rigor 318 230 581 NA NA
stiffness

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



Myofibril stiffness and C-filaments
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From Bullard et al 2005

QUESTION:

Is there a correlation between variation in the structure
of projectin and variation in muscle stiffness?
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Mining genome projects
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annotated genes
assembled genomic
sequences
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Cloning and sequencing
cDNA



PEVK

N-8lg l
ig1to8

Highly conserved
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f Highly divergent

Dmelano |Agam | Nvit Amel Tcas Api
gene size (bp) 51,073 >310’00 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 590 | na 373| 271 409 181

size (bp)
Amino acids # 8,923 [ na 8,912 | 8,730 8,379 8,607
Calculated MW 998292 | na 995868 | 995346 | 933354 | 960331
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12 14 15 17 18 21 22 24
D. melanogasterfll 1 110 [ 1 [1 []] | T 1001 % 1100 [Tl
11 13 16 17 20 21 23
D. virilis E | 01 | 1 [ 11 | [ 1101 | [ % ] | 00 [
12 14 17 20 22 23 25
T. castaneum H I N N s [ [ %] | 00 [ Tl
15 17 19 21 23 25 26 28 30
A mellifera [ 1 [ [MNMOMIT101 M 111 | | M1 1 00 A
14 18 21 23 26 28 30 32
N. vitripennis [ 10000 1000 0 10 01 [1 [ | | 1 100 A
16 18 21 23 25 28 31 33
A. pisum A 0 117 O] 1 1 1 O] F—100 il
I. pulchella N [ ] [ ] [ ] [ ] C 1000Mm
[ Flanking Ig domain [] conserved sequence %~ YERP — 100 basepairs

starting at K/RP--K/RVPE-

alternative exon # | longest variant shortest variant
splice aa % PEVK| aa %PEVK
D. melanogaster ﬁ?;ﬁt shortest| 15 655 44.5 | 131 | 46.5
T. castaneum ﬁ?;ﬁt shortest | 16 464 59.6 93 | 63.4
A. mellifera ﬁ?gﬁl'.ut shortest 16 482 62.8 39 32
L. puichelia ﬁ?;,;t shortest atilgaat >313 56 129 | 54




Molecular identification In

Insects with no genome data
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40:96 68:107 28:35
:21 B62:87 76:51 6:11 13:23 31:86

(b)

Extension

High persistence length Low persistence length
Forbes et al, 2005
Titin PEVK under stretch and release regimen adopts

multiple, alternative, equivalent conformations.

7:21 28B:31 B67:90 21:23 31:34 33:63 3:105 28:35 3B:39
63:97 BT7:104 35:76 39:41 13:23 31:96 90:95



PEVK mechanical behavior under

stretch and release test (AFM)

Streptavidin attached t Slgd-Slg6
o : M
stretch 20 o
t
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£ill<

Nickel-modified
substrate

protein%
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# events

Klg34/25

3{:|_

204

104

0

0 100 200 200 400
Unfolding Forces (ph}

ATG @PBam] | SakxholIHII = 01927 handle
aTc @PBam{ | sa - xho M =1 1627 handie

. 6X His tag [ | projectin domain [ c-terminal titin Ig 27 [J] biotinylation seq.




Cloning and expression of PEVK

fusion peptides

species
C-Ig27 Drosophila | Short Long

Bam-Bglll-Smal-Kpnl-Sal Sal-Xho-HIll Bam-Bglll-Smal-Kpnl-Sal-Xhol

N ~300bp |~1,200 bp
Libellula Short Long

~350bp |~ 700 bp
C-lg27
Bam-Bglll-Smal-Kpnl-Sal Sal-Xho JHIII

12345678 98t

A

lac -RBS—ATG-- -Sa
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PEVK splice variants and flight

muscle output

RT-PCR analysis of individual L. pulchella

flight muscles
=

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

I [ | I [ [ [ ] [ 1 769

B constitutive Bl alternate [ leg-specific




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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9 10 11 12 13 14
M1 [T 7T 1 T

A. pisum

removal of 1 intron within 1g13
9 10 M

|1 INENEE| [Ininl §iW

Intermediate 1

B and [ ] alternative Ig domains

[l partial "PEVK" domain
[ |FRAM

12 13 14

loss of 1 intron between Ig10-11
and 2 introns within 1g12

10 11 12 13 14 10
Intermediate? _J EC[] CENCUMNIF]

] 1st Fn domain of the core

11 12 13 14
A. mellifera J_-|_||_| CHRC (T

new intron in 1g11

loss of 1 intron between 1g12-13 N. vitripennis I I CT [T (701 (701 (]
and 1 intron within Ig14 loss 1 intron within 1g12

10 11 12 13 14
TcaslaneumJ...D_D_I-:l:[

The number and position of the splice sites indicate that Hymenoptera

10 11 12 13 14
D.melanogaster l-_l RN B |

D. virilis i1 HEEEE Bl 1}
A. aegyptii Bl ENIEE B IEEeE

might be more basal than in current phylogenies




Revised phylogeny for insect orders

based on projectin data

A) P. clarkii (crayfish)
A. pisum (aphid) Hemiptera
T. castaneum (flour beetle) Coleoptera
1643 et
5000 N. wtnper.'lnls (wasp) Hymenoptera
5000 A. mellifera (honeybee)
D. ananassae
2000 D. melanogaster
i Diptera
1%5?? D. virilis b
B) D. pseudoobscura 0.1
i~~~ Crustacea ;--- Crustacea
+ —— Thysanura + —— Thysanura
E | Odonata N Odonata
' —— Orthoptera = —— Orthoptera
[ L Phasmida —— Phasmida
Blattaria Blattaria OriHioptam
—— Heteroptera Hemopom
—— Homoptera Homoptera Hymenoptera
Coleoptera Coloopiora Coleoptera
Hymenoptera Hymenoptera Lepidoptera
Lepidoptera Lepidoptera .
Diptera Diptera Diptera
Phylogenetic tree of insect orders, Phylogenetic tree of insect orders Phylogenetic tree of insect orders
after Wheeler et al. 2001 based on projectin data after Savard et al. 2006
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