Molecular Adaptations in MMP Genes Underpin Decompression Sickness

Resistance in Cetaceans

Ya Zhang!, Wenjun Lv!,Wen Yan!, Boxiong Guo?, Guang Yang', Wenhua Ren'".

! Jiangsu Key Laboratory for the Biodiversity Conservation and Sustainable Utilization
in the Middle and Lower Reaches of the Yangtze River Basin, College of Life Sciences,
Nanjing Normal University, Nanjing 210023, China.

2Institute of Entomology, College of Life Sciences, Nankai University, Tianjin, 300071
China

*Corresponding author: E-mail: 08162@njnu.edu.cn.



Gene

[] mmP3
[] mmp7

[] mmP13
[] mmp27
[] mmP26
[ ] mmP12

MMP8
[] mmP1
[] mmP20
[] mmpP2
[ mmPe

[] mvP23B
[ mwvp21
[ mmP1s
[] mmP14
[ mMmp24
B vmPis
Bl vmP2gs
B MmP19
[ mmp11

B vwvpP2s

[ mmpPa7

/?l»!

,leff,ﬂ/

Fig S1. Phylogenetic Tree of MMPs. The phylogenetic relationships among MMPs
genes were estimated using the maximum likelihood method. In the tree, different
colors represent distinct MMP genes, each forming unique evolutionary branches. The
clustering of MMPs genes reflects their classification into specific groups based on
their structure and substrate specificity, such as collagenases, gelatinases,

membrane-type MMPs, and stromelysins.
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Fig S2.The post-translational modifications of overexpressed MMP9 in T.
truncatus and B. taurus . A: The overexpressed MMP9 protein bands of T. truncatus and B.
taurus showed migration, suggesting potential post-translational modifications. B: The
overexpressed protein bands were analyzed by mass spectrometry, and the identified peptide
segments are displayed on the x-axis, with the y-axis representing the XCorr score, indicating the
confidence of peptide identification. Blue represents T. truncatus, and yellow represents B. taurus.
The peptide segments from T. truncatus not only show modification sites but also exhibit higher
matching quality and confidence in the mass spectrometry data, suggesting stronger
post-translational modifications. In contrast, most of the peptides from B. taurus lack clear
modification markers and have lower matching quality, indicating lower levels of modification at
these sites.The blots/gels displayed in the figure represent cropped versions. Full-length blots/gels

are presented in Fig S4.



B

TPy Bos 1Py

ur- 14179 Bos-AnP9 Tue 1479 BocAnrs

o

=
h - - - . -
Tu e Bos.Af1P9

- - - 3 o e - -

= Bos-MMP9
O NC

B Tur-MMP9
B8 Bos-MMP9
O NC

120

24h- - .

Fig S3. The overexpression of MMP9 in A549 cells was assessed for cell migration over a 0-24
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hour period, with the experiment being repeated three times.
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Fig S4. Full-length blots/gels of MMP9 in A549 cells (A); Collagen I, GAPDH  in A549 cells

(B) Full-length blots/gels of MMP9 in 293 Tcells (C).
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Fig S5. The frameshift mutations of MMP20 in odontocetes and mysticetes (A); the frameshift

mutations of MMP12 in mammals, which are deleted in most cetaceans (B).
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Fig S6. Map the sites of intentional amino acid mutations in cetaceans to the

three-dimensional structure of the genes.
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Fig S7. Mapping the positively selected sites of MMP3 and MMP20 onto the
three-dimensional structure of the genes.



