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TMPRSS2 Structure

Since there was not a structure available on the protein data bank for TMPRSS2 to use for molecular
docking, the MODELLER’ was used to generate a structure for TMPRSS2 based on the crystal structure
of TMPRSS1 (PDBID: 1Z28G?). TMPRSSI is a homologous protein of TMPRSS2.

T-Coffee’ was used to generate an alignment between TMPRSS2 and TMPRSSI. Figure 1 displays T-

Coffee’s alignment.

TMPRSS1 EPLYPUQVSSADARLMVFDKTEGTWRLLCSSRSNARVAGLSCEEMGFLRALTHSELDVRTAGAAGTSGFFCVDEGRLPHTORLLEVISVCDCP

TMPRSS2  R-LY----- GPNFILQVYSSQRKSWHPVCODDWNENYGRAACRDMGYKNNFYSSQGIVDDSGSTSFMKLNTSA-- - - - GNVDIYKKLYHSDACS
cons B e e TR o Y- : I :E e
TMPRSS1 RGRFLAAICODCG- - - -- RRKLPIVGGRDTSLGRWPWOVSLRYDGAHLCGGSLLSGDWVLTAAHCFPERNRVLSRWRVFAGAVAQAS -PHGLO
TMPRSS2 SKAVVSLRCIACGVNLNSSROQSRIVGGESALPGAWPWQVSLHYQNVHVCGGSIITPEWIVTAAHCVEKPLNNPWHWT AFAGILRQSFMFYGAG
cons _BE E EE S :*: ***:—c_.: E3 ***:—u—c:k*: :__*:Hu-c:k:k::: ::k:::-c:-c:k**_ z . :ﬂc .s-c:\k:\k z :-c: ::-c

TMPRSS1 LGVOAVVYHGGY LPFRDPNSEENSNDIALVHLSSPLPLTEYIOPVCLPAAGOALVDGKICTVTGWGNTOYYGOOAGVLOEARVP IISNDVCNG
TMPRSS2  YQVEKVISHPNY------ DSKTKNNDIALMKLQKPLTFNDLVKPVCLPNPGMMLOPEQLCWISGWGATEEKGKTSEVLNAAKVLLIETQRCNS

cons *: *: b .ﬂC :*: :.**H**::*..*# T & S 3 3 S .:\k - ::* ::*** J-t: *: 2 **: *:* :*..: J-t:\k.

TMPRSS1  ADFYGNOIKPKMFCAGYPEGGIDACOGDSGGPFVCEDSISRTPRWRLCGIVSWGTGCALAOKPGVYTKVSDFREWIFOAIKTHSEASGMVTOQL
TMPR552  RYWYDMLITPAMICAGFLQGNVDSCQGDSGGPLV- - - - TSKNNIWWLIGDTSWGSGCAKAYRPGVYGNVMVFTDWIYRQMRADG---------

cons E I B A T - T TR R S . L EE RS I AT LT E IR T

Figure S1. Alignment of TMPRSS2 and TMPRSS1 using T-Coffee.

T-Coffee’s alignment resulted in a 31.7% identity match and a 51.3% similarity between TMPRSS1 and
TMPRSS2. T-Coftee’s alignment closely matched MODELLER’s alignment.

After finding the alignment between TMPRSS2 and TMPRSS1, MODELLER’ was used to predict
the structure of TMPRSS2. Using the template TMPRSSI, five predicted TMPRSS2 structures were
created. The structure with the highest ERRAT” score can be found in Figure 2 in the main text, which

was generated by PyMol®.
Quality of Predicted Structure

After MODELLER was used to construct the structure for TMPRSS2, ERRAT’, PROCHECK? %, and
WHATCHECK'! were used to evaluate the quality of constructed structure of TMPRSS2 and compare
with those for template structure of TMPRSS1, which were shown as Table S1.



Table S1. Evaluation results for constructed TMPRSS2 structure with ERRAT, PROCHECK, and
WHATCHECK programs

ERRAT PROCHECK
(Overall
Sequence ID ) Favored _ Generously Allowed | Disallowed
Quality . Allowed Residues . .
Residues Residues Residues
Factor)
TMPRSS2 59.79% 80.7% 15.9% 2.0% 1.4%
Template
99.60% 86.5% 13.2% 0.3% 0.0%
(TMPRSS1)
WHATCHECK
Packing Ramachandran Xi/X> Rotamer Backbone
Quality Appearance Normality conformation
TMPRSS2 -2.215 -2.401 -1.057 -22.846
Template
-0.411 -1.846 -0.213 -24.189
(TMPRSS1)

Data presented in Table S1 was used to evaluate the quality of the predicted TMPRSS2 structure through
three programs: ERRAT, PROCHECK, and WHATCHECK. ERRAT uses statistical information found
from real proteins to analyze the statistics of non-bonded interactions between the carbon, oxygen, and
nitrogen atoms.’? For the ERRAT test, the higher the percent value the greater the reliability of the
predicted structure. In general, the accepted range for a high quality model is greater than 50%.7% /¥ The
PROCHECK test splits all the residues in the predicted structure into four groups, favored residues,
allowed residues, generously allowed residues, and disallowed residues. The higher percentage of residues
falling in the favored and allowed regions relates to a higher structural quality. The percent for the different
groups are based off of a Ramachandran plot, and ideally a structure with a resolution of at least 2
angstroms and an R-factor less than 20% would be expected to have over 90% of the residues in the
favored residues section.”” WHATCHECK was used to analyze the packing quality, Ramachandran
appearance, X1/X> rotamer normality, and Backbone conformation. The packing quality is a control test
that tests the grade of residues as well as the molecule as a whole. A molecule with a packing quality
below -2.7 is considered wrong, a number below -2.0 may be misfolded or poorly refined, and a number

below -1.2 does not belong in a reliable structure database.’® The Ramachandran appearance expresses



well how the backbone conformations of the residues are corresponding to known allowed areas in the
Ramachandran plot as a z-score.’ The X1/X> rotamer normality compares residues X1 rotamer with an
observed rotamer distribution for residues of the same type in a similar local backbone conformation in
the database.’ The backbone conformation checks if there are fragments of 5 alpha carbon coordinates
not represented by other structures in the WHAT IF database. This is calculated as a z-score.’d The results
of these tests are shown as comparisons, with zero as average, below zero as below average, and above

zero as above average.

The predicted structure of TMPRSS2 had an ERRAT score greater than 50% and PROCHECK
displayed over 96% of the residues remained in the favored and allowed region. While TMPRSS2 had a
packing quality below -2, it was not below -2.7 and therefore there may be small problems with the
structure, but the packing quality as a whole passed. WHATCHECK did recognize two sequences with a
questionable packing environment: GLN'%* to LYS!% and MET?"! to LEU3"3. Neither of those two
sequences are in the active site of TMPRSS2. The Ramachandran appearance and X1/X> rotamer
normality both had values within the expected range for TMPRSS2 and TMPRSS1. TMPRSS2 and
TMPRSS1 both failed the backbone conformation test due to the backbone conformation comparison
with the database proteins appearing unusual. Based on the three quality tests and a comparison between

the results of TMPRSS2 and TMPRSSI, the predicted structure of TMPRSS?2 is acceptable.



Table S2. Ramachandran plot analyses of the structures of ACE2, RBD for SARS-CoV-2 and
TMPRSS2 with and without binding with 1,25(OH),D3 with PROCHECK.

PROCHECK (Ramachandran plot)

Sequence ID Favored Allowed Generously Allowed Disallowed
Residues Residues Residues Residues
ACE2 91.4% 8.0% 0.4% 0.2%
ACE?2 binding with 10,25(0OH)2D3 89.2% 10.4% 0.0% 0.4%
SARS-CoV-2 RBD 74.7% 24.7% 0.0% 0.6%
SARS-CoV-2 RBD binding with

75.3% 21.5% 2.5% 0.6%

10,25(0OH)2D3
TMPRSS2 78.7% 18.2% 2.4% 0.7%

TMPRSS2 binding with

78.7% 18.9% 1.7% 0.7%

10,25(0OH)2D3

*Based on the analyses of representative structure of each receptor from the equilibrated MD simulation
trajectories.
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Figure S2 Ramachandran plots of ACE2, RBD for SARS-Cov-2 and TMPRSS2 with and without binding
1,25(0OH)2D3 (from the representative structure from equilibrated MD simulation trajectories). Region
A& a: Right-handed alpha-helix; Region B& b: Beta-sheet; Region L& I: Left-handed alpha-helix; red,
dark yellow and yellow regions represent the favored, allowed, and generously allowed region as defined
by PROCHECK. The images were made with UCLA-DOE LAB — SAVES v6.0 web version:
https://saves.mbi.ucla.edu/)
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Secondary structure analyses of ACE2, RBD for SARS-Cov-2 and TMPRSS2 with and without
binding with 1,25(0OH),D3
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Figure S3. Secondary structure analyses of ACE2 (A), RBD for SARS-Cov-2 (B) and TMPRSS2 (C)
with and without binding 10,25(OH)2D3 (1,25(0OH)2D3)



Principal component analysis (PCA) analysis

ACE2 ACE2 binding with 1a,25(0OH),D3

Repl Rep2 Repl Rep2

Mode 1

Mode 2

Mode 3

Figure S4. The first, second and third PCA modes of ACE2 binding region for RBD of SARS-CoV-2
with and without binding 1a,25(OH)2D3 (1,25(0OH)2D3). ACE2 is shown as new cartoon in grey and its
binding region for RBD of SARS-CoV-2 is shown in red. 1,25(0OH)2D3 is shown as licorice in green.
Arrows of principal dynamic motion are shown as blue, grey and orange separately for the first, second
and third PCA modes. The images were made with VMD (v1.9.2,

http://www ks.uiuc.edu/Research/vmd/)’”



http://www.ks.uiuc.edu/Research/vmd/
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Figure S5. The first, second and third PCA modes of SARS-CoV-2 RBD binding region for ACE2.
SARS-CoV-2 RBD are shown as new cartoon in grey and its binding region for ACE2 is shown in blue.
10,25(0OH)2D3 (1,25(0H)2D3) is shown as licorice in green. Arrows of principal dynamic motion
shown are as red, grey and orange separately for the first, second and third PCA modes. The images
were made with VMD (v1.9.2, http://www.ks.uiuc.edu/Research/vmd/)’’
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