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

Page 5 of 30

http://mc.manuscriptcentral.com/icbiol

Manuscripts submitted to Integrative and Comparative Biology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review






































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


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


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


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













































Page 15 of 30

http://mc.manuscriptcentral.com/icbiol

Manuscripts submitted to Integrative and Comparative Biology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review
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










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



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    
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    


















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
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
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










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


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
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




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For Peer ReviewFigure 1. All hagfishes, like this Pacific hagfish (Eptatretus stoutii) 
possess numerous slime glands from which they can release vast 
amounts of stringy slime when they are stressed or provoked.
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For Peer Review

Figure 2. Hagfish slime is an ultra-dilute assemblage of seawater, 

mucus, and fine protein threads. In this sample produced in the lab 

from slime collected from an anaesthetized hagfish, the fine web of 

entangled slime threads are visible.
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For Peer ReviewFigure 3. Results of a creep test conducted with hagfish slime reconstituted 
from fresh exudate mixed with seawater in the lab. At short times the strain 
oscillates due to inertio-elastic ringing, in which the sample elasticity couples 
with the finite instrument rotational inertia to “ring” at a resonant frequency, 
just like a mass at the end of a spring. At longer times the strain is approxi-
mately constant, γss, and this is representative of a primarily elastic material 
response.
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For Peer ReviewFigure 4. Deformation of intermediate filaments networks like the 
ones shown here result in a decrease in the entropy of the net-
work and the development of an elastic restoring force. These 
human keratinocyte cells expressing GFP-tagged keratin 14 
(green) were fixed and stained with rhodamine phalloidin, which 
highlights the cortical F-actin (red) in these cells. 

Page 28 of 30

http://mc.manuscriptcentral.com/icbiol

Manuscripts submitted to Integrative and Comparative Biology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

Figure 5. Hagfish slime threads are relatively pure 

bundles of intermediate filaments that exhibit rubberlike 

elasticity at strains up to 35%. Shown here are a num-
ber of thread cells, one of which has started to unravel. 

When fully unravelled, thread cells can reach lengths of 

15 cm,.
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For Peer Review

Figure 6. Comparison of the stress-strain curves for hydrated hagfish slime 
threads and hydrated wool fibers. In spite of the fact that wool is comprised 
primarily of aligned intermediate filaments, its initial stiffness is about 400x 
higher than the stiffness of hydrated slime threads. This dramatic differ-
ence may due to a partial dehydration of the intermediate filaments in wool 
and other hard α-keratins.
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