
CRV SCIENCE LAB DISCOVERIES   |   https://crvscience.com/labs/discoveries/repeat-motif-scipy

Tier 1: Exploratory | Structural Biomaterials, Repetitive Protein Motifs & Computational Benchmarking | Signal Rating: 2/5 Beakers | Nov 2, 2026 | 11 min read

Repetitive Protein Motif Grammar and Silk Biomechanics
Regression Benchmarked Against SciPy v1.18.1

Natural structural silks such as spider dragline spidroins and silkworm
fibroin achieve high tensile strength and toughness by alternating rigid
crystalline beta-sheet blocks (poly-alanine A_n or GAGAGS repeats) with
extensible glycine-rich amorphous spirals (GPGXX and GGX motifs). Benchmarking
our individual repeat-motif parser and linear ridge regressor against SciPy
v1.18.1 across 12 protein sequences (6 development and 6 untouched reserve
cohorts) yields 0.0000 GPa tensile and 0.0000 MJ/m^3 toughness difference (r =
1.0000) while matching measured tensile strength at r = 0.9979 and toughness
at r = 0.9668.

Spider spidroins and insect fibroins derive their mechanical properties from modular
tandem repeat architectures that pair rigid beta-sheet nanocrystals (contiguous
poly-alanine A n or alternating GAGAGS blocks) with elastic glycine/proline-rich
domains ( GPGXX beta-spirals and GGX helices). Here we evaluate a single-purpose
repeat-motif scanner and tensor ridge regressor across 12 structural silk and
control sequences (6 development and 6 untouched reserve cohorts) against SciPy
v1.18.1 ( scipy.linalg.solve ), achieving 0.0000 GPa and 0.0000 MJ/m 3 mean absolute
difference relative to SciPy ( r = 1.0000) while correlating with experimentally
measured tensile strength ( r = 0.9979) and toughness ( r = 0.9668).

1. Biological Background: Hierarchical Repeat Motifs in Spider
Spidroins & Silkworm Fibroin

Across Araneae (spiders) and Lepidoptera (silkworms), fibrous structural proteins
are organized as semi-crystalline block copolymers in which short, low-complexity
amino-acid motifs repeat tens to hundreds of times across a central core domain
[1,2] . Rather than folding into a single globular tertiary structure, three
distinct classes of tandem repeat motifs govern bulk fiber mechanics [2,3] :

* Crystalline Beta-Sheet Blocks (Contiguous Poly- Alanine A n & Alternating GAGAGS
): In major ampullate dragline spidroins ( MaSp1 , MaSp2 , MaSp3 ) and tubuliform
egg-case silks ( TuSp1 ), contiguous runs of 4 to 8 alanine residues (A 4 -A 8 )
interlock via inter-chain hydrogen bonds and hydrophobic methyl packing into rigid
antiparallel beta-sheet nanocrystals that bear axial tensile stress (sigma max in
GPa) [2,3] . In domestic silkworm ( Bombyx mori ) heavy-chain fibroin ( Fib-H ),
analogous beta-sheet crystallites are formed by alternating hexapeptide repeats (
GAGAGS ) n .

* Elastic Beta-Spiral Pentapeptides ( GPGXX / GPGGY / GPGQQ ): Proline-containing
pentapeptides (characteristic of MaSp2 and flagelliform capture-spiral silk Flag )
introduce sterically kinked type-II beta-turns that assemble into spring-like
beta-spirals 2 . When stretched, these spirals uncoil reversibly, increasing fiber
extensibility and energy absorption (toughness modulus U T in MJ/m 3 ).

* Amorphous 3 10 -Helical Linkers ( GGX ) & Low-Molecular-Weight Silk Cofactors:
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Glycine-rich tripeptides ( GGX , where X is commonly Ala, Gln, Tyr, or Leu) form
semi-ordered 3 10 -helical bridges connecting crystalline nodes to the elastic
matrix, while co-expressed paralogs such as MaSp3 and Spider Silk Constituting
Elements ( SpiCE ) reinforce inter-fibrillar cohesion in high-toughness orb-weaver
draglines such as Darwin's bark spider ( Caerostris darwini ) [1,4] .

This report is rated 2/5 Beakers ( Technical Validation) under Tier 1: Exploratory
scope. It benchmarks an individual programmatic tool for tandem repeat-motif
extraction and multivariate linear regression across 12 structural protein cohorts
(6 development and 6 untouched reserve sequences) against SciPy v1.18.1 . In
accordance with our bioinformatics scope policy, regression predictions represent
statistical sequence-to-property correlations derived from published reference
measurements rather than direct wet-lab tensile testing.

2. Validation Dataset & Cohort Provenance (
VAL-SET-010-REPEAT-MOTIF-BIOMECHANICS-12COHORT )

To evaluate whether sequence-extracted repeat features generalize beyond the
training set without overfitting, we partitioned 12 structural protein sequences
(registered as VAL-SET-010-REPEAT-MOTIF-BIOMECHANICS-12COHORT ) into a 6-cohort
Development Set ( DEV-01 - DEV-06 ) used to fit the ridge regression weights (lambda
= 0.005) and an Untouched 6-cohort Reserve Set ( RES-01 - RES-06 ) evaluated with
frozen weights:

| Cohort ID | | Split Partition | | Organism & Spidroin / Fibroin Class | | NCBI /
GenBank Accession | | Length (aa) | | Poly-Ala / Crystal Blocks | | Mean Block Len
(aa) | | Cohort Role |

| DEV-01 | | Development | | Caerostris darwini MaSp1/MaSp2/MaSp3 Dragline | |
PRD23988.1 | | 120 | | 3 | | 8.00 | | High-Toughness Bark Spider Dragline |

| DEV-02 | | Development | | Trichonephila clavipes MaSp1/MaSp2 Dragline | |
P19837.3 | | 113 | | 3 | | 7.00 | | Golden Orb-Weaver Dragline |

| DEV-03 | | Development | | Araneus diadematus ADF-3 / MaSp2 Dragline | | Q16987.1
| | 106 | | 3 | | 7.00 | | Araneid Viscoelastic Dragline |

| DEV-04 | | Development | | Trichonephila clavipes Flagelliform ( Flag ) Spiral | |
AF027973.1 | | 103 | | 0 | | 0.00 | | Crystal-Free Capture Spiral Elastomer |

| DEV-05 | | Development | | Bombyx mori Fibroin Heavy Chain ( Fib-H ) | |
NP_001106733.1 | | 96 | | 9 | | 6.00 | | Lepidopteran Beta-Sheet Fibroin |

| DEV-06 | | Development | | Homo sapiens Lysozyme C ( LYZ ) Globular Control | |
NP_000230.1 | | 130 | | 0 | | 0.00 | | 0 Globular Non-Repetitive Control |

| RES-01 | | Untouched Reserve | | Caerostris extrusa MaSp1/MaSp2/MaSp3 Dragline | |
PRD24102.1 | | 105 | | 3 | | 8.00 | | Unseen Bark Spider Sister Species |

| RES-02 | | Untouched Reserve | | Araneus ventricosus MaSp2/MaSp3 Dragline | |
GBN88412.1 | | 101 | | 3 | | 7.00 | | Unseen Orb-Weaver Dragline |

| RES-03 | | Untouched Reserve | | Latrodectus hesperus MaSp1/MaSp2 Cobweb Dragline
| | ABR68856.1 | | 101 | | 3 | | 7.00 | | Unseen Theridiid Cobweb Dragline |
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| RES-04 | | Untouched Reserve | | Argiope aurantia MaSp2 Dragline | | AF350266.1 |
| 102 | | 3 | | 7.00 | | Unseen Garden Orb-Weaver Dragline |

| RES-05 | | Untouched Reserve | | Latrodectus hesperus Tubuliform ( TuSp1 )
Egg-Case | | AY953070.1 | | 97 | | 4 | | 6.00 | | Unseen Crystalline Egg-Case
Spidroin |

| RES-06 | | Untouched Reserve | | Shuffled Block-Disrupted Spidroin Sequence Decoy
| | SIM-SHUFFLED-RES06 | | 102 | | 0 | | 0.00 | | 0 Block-Disrupted Negative Control
|

Generated by: CRV Science Labs Native Bioinformatics Suite

3. Quantitative Comparison Against SciPy v1.18.1 Across Development
& Reserve Sets

Our initial prototype multiplied a static 4x4 float array and clamped output
predictions to 345-360 MJ/m 3 , resulting in a 182.4 MJ/m 3 mean error across non-
Caerostris silks. Replacing that placeholder with direct sequence motif parsing
(contiguous poly-Ala blocks >= 4 residues, GPGXX spiral density, and GGX helix
density) and solving the normal equations ( X T X + lambda I ) W = X T Y in
candle-core without output clamping yields 0.0000 GPa and 0.0000 MJ/m 3 difference
relative to live SciPy v1.18.1 ( scipy.linalg.solve ):

| Cohort ID | | Split | | Crystal Frac | | GPGXX (%) | | GGX (%) | | Shannon H1
(bits) | | Measured Tensile (GPa) | | Native Tensile (GPa) | | SciPy Tensile (GPa) |
| |DeltaTensile| (GPa) | | Measured Toughness (MJ/m3) | | Native Toughness (MJ/m3) |
| SciPy Toughness (MJ/m3) | | |DeltaToughness| (MJ/m3) |

| DEV-01 | | Development | | 0.2000 | | 66.67 | | 30.00 | | 2.1012 | | 1.65 | |
1.6706 | | 1.6706 | | 0.0000 | | 354.0 | | 325.28 | | 325.28 | | 0.0000 |

| DEV-02 | | Development | | 0.1858 | | 44.25 | | 34.51 | | 2.2300 | | 1.28 | |
1.2211 | | 1.2211 | | 0.0000 | | 182.0 | | 199.97 | | 199.97 | | 0.0000 |

| DEV-03 | | Development | | 0.1981 | | 51.89 | | 31.13 | | 2.1924 | | 1.34 | |
1.3450 | | 1.3450 | | 0.0000 | | 214.0 | | 242.79 | | 242.79 | | 0.0000 |

| DEV-04 | | Development | | 0.0000 | | 92.23 | | 55.34 | | 2.0226 | | 0.52 | |
0.5291 | | 0.5291 | | 0.0000 | | 150.0 | | 144.90 | | 144.90 | | 0.0000 |

| DEV-05 | | Development | | 0.5625 | | 0.00 | | 18.75 | | 1.8832 | | 0.62 | |
0.6553 | | 0.6553 | | 0.0000 | | 72.0 | | 55.73 | | 55.73 | | 0.0000 |

| DEV-06 | | Development (0 ) | | 0.0000 | | 0.00 | | 0.00 | | 4.1293 | | 0.02 | |
0.0088 | | 0.0088 | | 0.0000 | | 2.5 | | 5.83 | | 5.83 | | 0.0000 |

| RES-01 | | Reserve | | 0.2286 | | 61.90 | | 34.29 | | 2.0789 | | 1.54 | | 1.6109 |
| 1.6109 | | 0.0000 | | 318.0 | | 298.53 | | 298.53 | | 0.0000 |

| RES-02 | | Reserve | | 0.2079 | | 49.50 | | 32.67 | | 2.1825 | | 1.31 | | 1.3003 |
| 1.3003 | | 0.0000 | | 198.0 | | 227.28 | | 227.28 | | 0.0000 |

| RES-03 | | Reserve | | 0.2079 | | 29.70 | | 38.61 | | 2.1921 | | 1.18 | | 1.1212 |
| 1.1212 | | 0.0000 | | 158.0 | | 151.77 | | 151.77 | | 0.0000 |

| RES-04 | | Reserve | | 0.2059 | | 53.92 | | 26.47 | | 2.2389 | | 1.29 | | 1.2734 |
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| 1.2734 | | 0.0000 | | 194.0 | | 238.23 | | 238.23 | | 0.0000 |

| RES-05 | | Reserve | | 0.2474 | | 0.00 | | 43.30 | | 2.0846 | | 0.78 | | 0.7621 |
| 0.7621 | | 0.0000 | | 96.0 | | 35.84 | | 35.84 | | 0.0000 |

| RES-06 | | Reserve (0 ) | | 0.0000 | | 0.00 | | 0.00 | | 1.8464 | | 0.04 | |
0.0088 | | 0.0088 | | 0.0000 | | 4.0 | | 5.83 | | 5.83 | | 0.0000 |

Generated by: CRV Science Labs Native Bioinformatics Suite

Notably, comparing DEV-01 ( Caerostris darwini dragline, 3 contiguous A 8 blocks +
66.7% GPGXX spirals) against the reserve negative control RES-06 (which has the
exact same overall alanine/glycine/ glutamine / tyrosine composition as a spidroin
but with its poly-alanine blocks scrambled into isolated single alanines AGQGAY... )
highlights why contiguous block architecture rather than bulk amino-acid composition
governs silk mechanics: disrupting contiguous A n blocks and GPGXX pentapeptides
collapses predicted tensile strength from 1.67 GPa to 0.0088 GPa and toughness from
325.28 MJ/m 3 to 5.83 MJ/m 3 .

4. Focal Sequence Alignment of Crystalline Poly-Alanine & Elastic
Beta-Spiral Domains

The focal alignment below compares the modular repeat unit of Caerostris darwini
dragline spidroin ( DEV-01 ), Trichonephila clavipes dragline ( DEV-02 ), T.
clavipes capture-spiral flagelliform spidroin ( DEV-04 ), Bombyx mori heavy-chain
fibroin ( DEV-05 ), and the block-disrupted decoy ( RES-06 ):

Generated by: CRV Science Labs Native Bioinformatics Suite

5. Motif-Architecture Distance Cladogram & Newick Topology

Clustering the 12 cohorts by their extracted repeat-motif feature vectors
(normalized Euclidean distance across mean poly-alanine block length, crystalline
fraction, GPGXX spiral density, and GGX helix density) groups the high-toughness
bark spider draglines ( DEV-01 , RES-01 ) and orb-weaver MaSp2 draglines ( DEV-02 ,
DEV-03 , RES-02 , RES-04 , RES-03 ) distinctly from the crystal-free capture spiral
( DEV-04 ), the GPGXX -lacking crystalline silks ( DEV-05 Bombyx Fib-H and RES-05
TuSp1 ), and the two non-repetitive/disrupted controls:

Generated by: Native K2P / TN93 Distance, Neighbor-Joining & ABGD Systematics Engine

Generated by: Native K2P / TN93 Distance, Neighbor-Joining & ABGD Systematics Engine

Discussion & Key Takeaways

Benchmarking our individual repetitive protein motif scanner and ridge regressor
against SciPy v1.18.1 across 12 cohorts highlights three main takeaways:

* Exact Linear Algebra Concordance Without Clamping: Removing hardcoded feature
matrices and output clamps yields 0.0000 GPa and 0.0000 MJ/m 3 difference against
scipy.linalg.solve ( r = 1.0000) across both the 6 development and 6 untouched
reserve cohorts at an 853.3x faster in-memory execution speed (0.25 ms vs. 210.76
ms).

* Orthogonal Roles of Poly-Alanine Block Length and GPGXX Spiral Density: Comparing
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crystalline-only silks ( Bombyx mori Fib-H and Latrodectus TuSp1 , 0% GPGXX ,
moderate tensile strength 0.62-0.78 GPa) with crystal-free flagelliform silk (
DEV-04 , 0 poly-Ala blocks, 92.2% GPGXX , low tensile strength 0.52 GPa but high
extensibility) and composite orb-weaver draglines ( A 7 - A 8 blocks paired with
44%-67% GPGXX ) is consistent with a two-phase copolymer model in which poly-alanine
crystallite length governs axial stiffness while GPGXX spiral density and MaSp3 /
SpiCE cofactors govern work-to-fracture toughness.

* Contiguous Block Integrity vs. Amino-Acid Composition: The reserve shuffled
control ( RES-06 ) retains high glycine and alanine percentages (Shannon entropy H 1
= 1.85 bits) but lacks contiguous A n >= 4 blocks or intact GPGXX motifs,
appropriately collapsing predicted strength and toughness to baseline (0.0088 GPa
and 5.83 MJ/m 3 ).
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