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Introduction

Recombinant versions of one of the honeybee silk proteins, Apis mellifera Fibrion 3, can be fabricated into a variety of material forms[1,2] making it of interest for the design
of functionally active protein-based materials. Unlike spider silks which typically supports a B-sheet secondary structure, honeybee silk is primarily observed as having a
tetrameric coiled-coil structure.[3] The implications of this difference is significant, leading to questions regarding how the terminal domains (GK60 and VF45) must differ in
structure and function, to facilitate aggregation of these proteins into silk fibers. This work presents a bioinformatic and molecular dynamic study of the folding of theses
regions in order to better understand how honey bee silk tetramers self-assemble. Our findings include the first detailed atomic level tertiary structure predictions in
honeybee silk terminal domains, as well as a detailed comparison of bioinformatic and molecular dynamic prediction capabilities for these terminal peptides.

GK60

T

AR AP

Method
MD simulations!4-®!
« MD Code - Gromacs 2020 * Water Model - tips3p
* Force Field - CHARMM?22*  * Clustering —0.4 nm
Bioinformatics!”-10]

° Raptor X i PairCOiI 2
e Porter5 * Marcoil = MTK matrix

Results
A(GK60) _... B (VF45)

100

— Alpha

— Coz1l

— Bend
Beta Ladder
R

Probability
o
(]
Probability

Residue Residue

Raptor X — conditional neural network

— Alpha
— Coil

0.9 0.9
— —
©0.8 ©0.8
g g
H0.7 H0.7
£0.6 20.6
H H
0.5 0.5
: ;
90.4 Q0.4
Lo.3 Lo.3
-~ -—
0.2 wWwo.2
; ;
go.1 go.1
0 10 20 30 40 50 60 0 0 20 30
Residue Residue

Porter 5 - bidirectional recurrent neural network

B

I:l Olinner . Binner
. aoutcr . PPII

Woe Y
B other | | Vien
* o-helix—24.3% * o-helix-31.7%
* B-sheet—15.0% * B-sheet-10.5%
* PPII-42.3% * PPII-34.9%

Molecular Dynamics - Ramachandran

=  MD VF45 — a-helix and PPIl/unstructured ~even

= MD GK60 — dominated by PPIl/unstructured

= Bioinformatics - similar secondary structure prediction
= Agreement in a-helix quantity in VF45

= Disagreement in a-helix quantity in GK60
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MD (left) predicted (73.6%), Bioinformatics (right) predicted tertiary structure (0.086p)
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Bioinformatics predicted tertiary structure (0.061p)

Index |1 2 3 4 5 6 7 8 9 1011 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

VF45 VAAAVGDGAI I GL GEEAGAAAQLLAQAKALAEV S S K S EN1T1 EDK K F
MD (B)
MD (B))

Raptor (Ter. Str.) .-
Beta Turn
. Beta Sheet
Common secondary structure regions Alpha Helix

Raptor (Sec..Str.)
Porta (Sec. Str)

= MD GK60 — Globular, lacking secondary structure

= MD VF45 - Rapid folding, transient helices

= Paircoil : Coiled-coil - 0% within confidence range across sequence, both terminals
=  Marcoil : Coiled-coil - ~0.3% GK60, ~24.7% VF45

Conclusions

L VF45 good correlation between MD and bioinformatics; secondary and tertiary
O GK60 significant disagreement,

O a-helix promoting AA content comparably low

O Non-neighboring intra-protein interactions are significant contributors

Contact : ATC@jpascientific.com

Software Development & Computational Modeling



