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Supplementary Results

Chemical structures of POPC and POPG lipids

1-palmitoyl-2-oleoyl-sn-glycero-3-phosphoglycerol, POPG (PG)

Supplementary Figure 1. Chemical structures of POPC (PC) and POPG (PG). The regions colored in
gray highlight the difference between neutralized and negative-charged head groups in POPC and POPG,
respectively. The phosphor atoms of the lipids are highlighted in red, the average position of which in
membrane leaflets delineates water-lipid interface. AMP atoms below this interface can be considered as
inserted in Figures 3 and Supplementary Fig. 3. Both molecules are generated from ChemDraw (ver.
20.1.1, Perkinelmer Informatics, Inc, MA, USA).
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Supplementary Figure 2. Distributions of the helical propensity and the average residue contact for
the 1.67 million helical peptides in the TP-DB. (a) Helical propensity is distributed with a mean of 0.38,
standard deviation of 0.85 and a most populated bin at 0.20 to 0.40, while the distribution of the average
residue contact (b) has a mean of 8.87 and a standard deviation of 0.96, which is most populated at 8.00 to
8.25. A Source Data of both (a) and (b) are provided as a Source Data file. (c) The Pearson correlation
between helical propensity and average residue contact is —0.082, suggesting a very weak linear relationship.
(d) The estimated helicity % for TP-DB, excluding proline-contained peptides. The estimation is based on
the relation Helicity Percentage = 0.597 -0.037 *Avg. Res. Contact + 0.076* log(HP~a), established by MD
simulation results of 23 TP-DB peptides (see Fig 6). Nearly half of the database have a helicity% > 32% in
isolation. The 1.67 million helical peptides are provided as the Supplementary Data 1
(Supplementary Data_1.zip) shared in Zenodo repository' and source data of the figure panels are provided
as a Source Data file.



Natural insertion of three AMPs into bacteria membrane
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Supplementary Figure 3. The relative position of the center of mass (COM) of AMPs to the COM of
phosphor atoms in the upper leaflet consisting of 40 POPC/POPG (3:1) lipid molecules, mimicking
bacteria membrane, is plotted against the simulation time. All the MD simulations were conducted for 1
microsecond (us) at body temperature and normal pressure (1 atm) using OpenMM? with CHARMM?36

forcefield®*. A Source Data of this figure is provided as a Source Data file.



Design of peptide inhibitor against Sgol-PP2A interaction

Below we demonstrate how TP-DB can be used to design helical blockers to prevent disease-

related protein-protein interaction.

In late-stage hepatocellular carcinoma (HCC), patients rely only on targeted therapy and
chemotherapy, which were proved generally ineffective. Novel therapeutic targets for treating
HCC are urgently needed. Researchers previously found that protein Shugoshin-1 (Sgol),
protecting the stability of centromeric cohesin at centromere and ensuring proper chromosome
separation®, was up-regulated in HCC. Notably, hepatoma cells were found more sensitive to Sgol
deficiency than normal hepatocytes®. These results could suggest that Sgol can be a potential
therapeutic target for HCC. It has been known that phosphorylated-Sgol recruits protein
phosphatase 2A (PP2A) to centromere during early mitosis’ and the Sgol-PP2A complex
sequestered SA2 subunit of cohesin from Plk1-mediated phosphorylation to maintain its stability®.
Additionally, Sgo1-PP2A complex also maintains Sororin in a hypo- phosphorylated state and
keeps the interaction of Sororin-Pds5 to counteract WAPL’. These regulations ensure centromeric
cohesin tethering sister chromatids together, until the onset of anaphase (Supplementary Fig.4).
As a result, an inhibitor (possibly a peptide) that blocks the Sgol-PP2A interaction could
potentially suppress the rapidly growing hepatoma cells, susceptible to improper Sgol-PP2A

association, in mitosis.


https://paperpile.com/c/aO1pS9/8GQf1
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Supplementary Figure 4, The overview of Sgo1-PP2A protecting centromeric cohesin. During mitosis,

phosphorylation of SA2 and Sororin cause cohesin to dissociate from the chromosome arm. Cdk1-mediated
phospho-Sgo1l recruits PP2A at centromere to counteract phosphorylation of SA2 and Sororin and
maintains centromeric cohesin to tether sister chromatids together. Image is adopted from Fig. 3 in
Marston’s review paper’ where the permission (Permission for the reuse of Supplementary Figure
4.pdf) is obtained through the Copyright Clearance Center of the publisher
(https://marketplace.copyright.com/rs-ui-web/mp).

We noted that the complex of Sgol1-PP2A has been solved by x-ray crystallography (PDB ID:
3FGA) and the two molecules bind with each other through an helix-helix interface (one helix
from each molecule)!’. To design anticancer peptides as blocker against Sgo1-PP2A interaction,
the helical stretch in PP2A (residues from 352-392 in chain B of PDB 3FGA), known to form the
helix-helix interaction with another helix in Sgol (residues from 75 to 92 in chain D of PDB 3FGA)
(Supplementary Figure 5), is chosen as the candidate target for further investigation. Evidenced
from the x-ray structure, the helix-helix interaction is visibly apparent to be the most important
essential interacting elements at the protein-protein interface. As shown in Supplementary Figure

5a, K374, G378 and Y381 in the helical stretch “KTIHGLIY” could be the anchoring residues on


https://paperpile.com/c/aO1pS9/F3mED
https://marketplace.copyright.com/rs-ui-web/mp
https://paperpile.com/c/aO1pS9/Ajq2c

PP2A to mediate the Sgo1-PP2A interaction, which is supported by our calculation of energetics

using in silico alanine scanning (Supplementary Figure 5b).
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Supplementary Figure 5. Protein-protein interaction (PPI) between Sgol and PP2A through helix-
helix interactions. Panel (a, upper) shows only the PPI interface between Sgol and PP2A, while the rest
of proteins (3FGA; '°) are hidden for clarity. Sgo1-PP2A interaction is mediated by two helices, one from
Sgol (PDB: 3FGA; Vs KEAQDIILQLRKECY YL in chain D) and the other from PP2A (PDB: 3FGA;
K36 THMNKTIHGLIYNALK g5 in chain B). Computational alanine scanning for every residue in the PP2A
helical fragment (from residue 352 to 392 of chain B) is carried out, and in panel (b) energetic contribution
for each residue mutated into alanine is assessed (from residue 369 to 385 of chain B) where a large positive
value (e.g. for K374A, G378A and Y381A) indicates the importance of the residues in binding, and a large
negative value suggests mutation into alanine favors the binding. The non-bonded energy is evaluated by
NAMD package'' using CHARMM 36 forcefield**. Here in panel (b), the mutation energy for the n-th
residue, AEn, is defined as AEn = Yn - X0 where X0 is the non-bonded energy of original complex between
Sgol and PP2A (for the 352-392 fragment), and Yn is the energy of the complex with the n-th residue in
PP2A being mutated into alanine, after a short energy minimization. A Source Data of panel (b) is provided

as a Source Data file.

To block the protein-protein interaction (PPI) between Sgol and PP2A, one could potentially
modify part of the most essential interacting element in PP2A into a peptide that interacts with

Sgol better than its template. As shown in Supplementary Figure 5b, computational alanine


https://paperpile.com/c/aO1pS9/Ajq2c
https://paperpile.com/c/aO1pS9/BsJHH

scanning helps detecting a stretch from 370 to 384 in PP2A (chain B) dominantly contributing the
affinity in the PPI of Sgol-PP2A complex, especially from K374, G378 and Y381 (i.e.
aforementioned essential interacting element in PP2A). We then used this helical stretch, or the
extended one with its flanking region from residue 364 to 388, including two energetically favored

point mutations, K369A and K385A, as the starting template.

To find the helical peptides that bind the interface helix of Sgol stronger than PP2A does, we
search the TP-DB for PP2A-like helical peptides using the queries summarized in Supplementary
Table 1. As detailed below, we first used the pattern “K***G**Y” to search TP-DB and discover
69 unique PP2A-like helical peptides (Supplementary Table 1 and Supplementary Figure 6);
we then carried out molecular dynamics simulations (MD) to assess how these peptides interact
with Sgol at the helix-helix interface. Helices H60, H54, H61, H33 and H29 (Supplementary
Figure 7) are energetically promising for further experimental confirmation. Additionally, we
examined other sets of peptides that met the patterns consisting of three anchoring residues
(“AFFFKF**G” and “GF*Y***A”) or consisting of at least four residues (“A***¥K***G**Y”,
CRURREGHRAY H R AP ARK ok GRRY HHR AP g AR SRR ok ok Gtk Sy ok fkk A ) i TP-
DB. All the corresponding results obtained from the queries are illustrated in Supplementary
Figures 8 to 13. Among them only the “A***K*#**G**Y***A” pattern (according to

Supplementary Figure Sb) returns no result from TP-DB.

Supplementary Table 1. PP2A-like patterns searched against the developed helical peptide
database

Far Query bolfeis | ol nie
K *** G ** Y K3G2Y 398 69
A ¥Ex K OkEX G A3K3G 2981 391
G * Y *** A |G2Y3A 2079 225
A FEX K ¥EX G ¥ Y A3K3G2Y 15 3
K *** G ** Y *** A |K3G2Y3A 3 2
A FEX K kR G o¥x Yy ¥¥* A IAZK3G2Y3A 0 0
AFXFRERCRF AR GRR FREY R RN IA23K23G23Y2,3A 34 3




Matched Matched Positions in PDB Helical Interacting

# us Sequence (MS) Pattern Full Helix (FH) PDB ID: Chain (MS), (FH) & File Download Propensity: Contact: Partners Helicity$:
1 1 F LEY K3G2Y GESTLEKAZ LKYEDFAR 0.831 10.250 0.281
2 2 R3G2Y SRDLRLSLARAITORVILKAAQGAMY 1t3q:C 0.829 8.750 0.33¢
4 3 R3G2Y s MKNAWGERAYDOLVARATRS 3gqg:B 0.745 9.750 0.283
] 4 K3c2Y QESAVANTKS 4poo:A 0.744 72T 0.381
7 5 R3G2Y SPEMKVAWGQAYDHILVAATRAEMNLS 3zhw:B 0.624 9.625 0.288
g (3 R3G2Y TDTEVERAKRSLLKLOLGQLYE 3cxt 0.583 8.875 0.313
20 7 RK3G2Y KOELGEAYFOVORKIEAELYQLIKVSH lskv 0.564 7.500 0.3e62
24 8 R3G2Y TKEQLGEFYEATLDCT, Sapw 0.522 8.125 0.336
il |8 R3G2Y ATNKEM ShE 0.51% 8.875 0.308
34 10 KMYLGYEY RK3G2Y DAKMYIGYEYVTAIRNLRE 3fge 0.502 7.375 0.362
8 11 KTLAGQLY K3G2Y NKTTLAGOLYSELREFE 1d9z:A 0.464 9.000 0.299
94 12 KQOMGKEY R3G2Y E‘;;;\: EYRERIEAFLODICNDVLELLDRY »p 028 0.448 8.375 0.321
97 13 KLMKGQLY R3G2Y CREVKIMKGQLYIDTVAR lg4qg:H 0.443 T-3VS 0.358
3gwj:D (347, 358)
3gwj:D (359, 363)
. 74, 38
109 14 RERRGEMY RK3G2Y CNLKERRGEMYHYFYDOLLTRYYFERLTN (240,268) 0.432 9.625 3gwj:D (3N4, 385) 4 5q4
T 3gwj:D (403, 428)
3gwj:D (533, 535)
3gwj:D (595, 597)
R3G2Y s MKNAWGVAYDOLVARTRFE 3ggr:B 0.422 9.500 0.278
KMLLGATYFLPT CGFHEVLEC]
R3G2Y o YELRIVATVEIVEGEWEVLECMY | ay:z (121,128) (121,151) 0.404 11.375 0.207
. . = a1 an B (237, 249) .
7 SAG] 3 pOn: S 39 0. - 8. 0 )8
115 17 RASAGELY R3G2Y 1p0On:B (192,199) (191,202) 0.393 625 ‘m (329, 330) 0-30
:J (58, 79)
g = P 2 = = - 201 = :J (102, 122) .
119 18 RSEHGRAY K3G2Y  CVLECLKVKSEWG! 1x9f: T (13,20) (5,21) 0.381 8.625 U e 0.307
B = J (126, 143)
R (27, 47)
125 19 KHEKGREY R3G2Y LEETTLFKHERGREYG 0.355 8.250 0.31%
128 20 KEFLGDEY K3G2Y YKEFLGDEYYASVASLNTC 0.337 8.125 0.322
K3G2Y KTIHGLIYNALKLFME 8.750 0.25
K3G2Y KWGMGQOHYELGSYIRRRYGRFL 10.125 (78, 91) 0.206
R3G2Y LDSERDEARKEVEEYVKEIVGESYAKS 8.250 (58, 81) 0.273
R3G2Y SKDIT.GEVYEYFLGOFATLAFG -0.243 8.500 (2§5' f07) 0.264
(291, 305)
353 60 KSCYGRRY R3G2Y 252 7.625 0.296
354 61 KFDKGYSY R3G2Y 13.250 0.086
356 62 xacpy  SWDDWDYARKVILANSOKGTAGYIVRFLED -0.354 2.500 0.219
VSEG
N O . _ . I - (368, 383) .
368 63 KDIIGICY K3G2Y LRWLAKSFFELTVLKDIIGICY -0.462 €1.750 -1.723
(415, 434)
384 64 RKPKGRAY K3G2Y  TEKPKKPKGRAYKRL -0.492
- DTAEALATAKASLGTGYKKVSKSYTGEWKE - a (330, 345) 5
. o 8.750 0
38565 K3G2Y oien 0.496 75 (386, 361) ).236
(448, 457)
- . - , - — . an 5 5 - (461, 474)
387 66 KPEKGVQY K3G2Y DVIRKRHYRIGLNLENKKPEKGVQYLIER (416,423) (385,427) -0.676 9.250 (595, 607) 0.203
st .
(724, 757)
391 67 R3G2Y IYKTYILGPOYLTLMDN 7.625 0.263
395 68 F K3G2Y  OOKEIIEOGIDLFNKKPRRGIOYLOEQ 3.375 E;:g’ ég; 0.193
00, 7
SWDEWDYARRVATANSQOKCTSGY L.
397 69 R3G2Y VVSTD = BELAGUIYRZLED 1kho:B (213,245) -0.845% 3. E2S 0.176

Supplementary Fig_ure 6. 69 unique helical sequences obtained from the TP-DB matching the pattern
K***G**Y given the query of [K 3 G 2 Y]. All the matched patterns are colored in blue, and the residues
in bold mean the anchoring residues of matched pattern assumed to mediate the Sgo1-PP2A interaction.

The result page is available online at https://dyn.life.nthu.edu.tw/design/result?JobID=612ac7c3p
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Supplementary Figure 7. Interactions between Sgol helix and PP2A-like peptides. Uy, is the
interaction energy between targeted Sgol helix and each of the 69 PP2A-like peptides (from H1 to H69)
that match the pattern “K3G2Y”. In detail, the energy is calculated by replacing the residue T375, 1376,
H377,L379 and 1380 in the “K374TIHGLIY3s:” stretch of PP2A with the corresponding residues in each of
the 69 pattern-matched (K3G2Y) helical peptides returned from TP-DB. Uwr is the interaction energy
between Sgol helix and PP2A. Larger difference of interaction energies (Umu - Uwr) suggest stronger
binding of PP2A-like peptides with the Sgol helix than that between PP2A and the Sgo1 helix. Top ten

values are further labeled in the graph. The Source Data of this figure is provided as a Source Data file.
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Matched Matched Positions in PDB Helical Interacting

# UR sequence (MS) Pattern BulERHS Lo (FE) PDB ID: Chain o) * (FH) & File Download Propensity: COnTactt Partners Helicity$:
1 23K3G  DHAAFIAKAFAGVAEMARKR 3pij:B 1.389 8.889 3pij:B (326, 331) 0.374
2enx:2 (44, 54)
5 23K3G  DSDAIGSSVAFAYLEKFEWG 2enx:A (24,32) (13,32) 1.264 8.778 2enx:A (121, 132) 0.368
2enx:a (137, 153)
. - - R = e —— 2 3vsd:n (370, 373)
6 23K3c 73 2FG : 48 é .26 . .
6 3K3C  GDSGGARVKALAKKAREG 3vsd:a (348,356) (339,356) 1.264 9.444 Deecin (G0, Depy |2-2%d
A3F ad: @ luad:a (388, 390) .
10 23%3¢ luad:2 1.221 556 Tuia (237, as3y ©0-299
I I 3tyh:F (220, 223) -
12 A3K3C 3tyh:F 1.192 9.444 Jeynir (202, 306y 0-338
51 A3K3G 3j3b:c 1.153
52 R3K3C 3gl2:D 1.143 7.778 0.396
54 2dsj:B 1.132 8.889 0.354
56 21sh:a 1.113 9.111 21sh:a (70, 74) 0.344
57 3gyx:E 1.103 9.667 3gyx:G (470, 493) 0.323
63 1£76:D 1.036 54.889 -1.355
3t31:a (62, 68)
65 12 3t31:a 1.032 9.556 3t31:a (321, 340) 0.322
3t31:a (385, 405)
81 13 QLG leuz:F 1.020 9.444 leuz:F (256, 268) 0.325
83 14 ARLDRELAG 1£2e:D 1.018 8.444 1f£2e:D (175, 187) 0.362
8 D exz:E 1.013 5.000 0.341
S0 GELAFEDVVEES 1lppr:0 1.010 9.111 0.337
EL MEELOAOLEKELOGG B 1.003 8.222 0.369
102 EAEELKALIGS dysy:F 0.987 8.667 0.351
114 3plb:a 0.985 8.667 3p0b:a (154, 174) 0.351
116 3t7z:a 0.978 7.889 0.380
117 2efy:B 0.972 0.358
122 SYRPITAFARKMAVG 2fje:C 0.967 2fje:c (2447, 2471) 0.292
0
.
2801 370 A3K3C  NANV TKVLHG 2h8£:D (52, -0.50 8.7178 9) 0.232
2829 371 APAYREDTC A3K3G  TSTDNTGLLDVLAPAYKKDTG 3kn3:c -0.50 8.111 ;; 0.258
2832 372 APYLK A3K3G LIAPYLKVFLGEI B -0.514 8.888% 0.22%
2834 373 APTVE 23%3¢ A -0.518 9.444 5) 0.208
2835 374 AGUVKFKKG A3K3G A -0.521 8.667 0.237
2836 375 APED R3K3C R -0.571 9.778 8) 0.192
2837 376 ARHGEVVC 23K3c -2 -0.582 9.444 4)  0.203
2840 377 AHGVEY. A3K3C D -0.583 9.00 119)  0.220
A3K3G  SAPILKLIHGDLENOENE R -0.594 8.111 i;z; 0.252
2846 379 AVFERMMDG A3K3G DKLITDGLAVFEKMMPGYVSVLESNLT A -0.615 7.687 A 773) 0.267
Q I JA INKIKE. B
A3K3C HEPEIFRAQREITFAFNAKPRNGINKIRETIC 13t0:B _0.644 9.333 B 0.203
EQY
B
2855 381 AHHGRVVMG 23%3C  NPKVAHECKVUMGGLERATEN 3bcg:D -0.682 9.7178 ‘D (100, 119) 5 149
S SR S e LRI <q: -o8 778 D (124, 143 07
2857 382 AH A3K3G  SAQVEAEGKKV. SEARN 2zfp:n -0.683 9.556 B (95, 113) g 4y
iR (118, 136)
2858 383 ATICRVLCE A3K3C  DVVLVACTVVTVIATLGKVLGGFLGA -0.695 11.778 = gii ;25; 0.108
2859 384 APYLKTRVG A3K3G  RAPYLKTRVG A -0.695 18.222 -0.130
2861 385 ADDV. A3K3C  DEFLKKNPEKVRKFLKAIKKATDYVLADDVKAWSGYIDEK -0.710 7.66 0.259
S~ . e 4dyt:c (112, 122) .
87 86 SEMIDG A3E3G TEIRASVGKMIDGIGREYIOMCTEL :C -0.80 -
2871 386 ASVGEMID 3R3C V! v & 0.806 taytic (277, 285y O0-1%2
2933 387 AHCKKVMGE A3K3G  SPNIKAHGKKUMGGIALAVSK RE -0.88 3ng6:c (119, 138) 0.189
2966 388 ANTCE A3K3G  DONNIKOAFANTGKSCKGCHDVYE B -0.898 0.208
2570 38% RHET A3K3G AEQLNATIFRAAHSTKGGAGTE :B -0.915 0.170
T i Ga T .
2975 390 ANSQKETSG a3k3e ~ OWDEWDYRARVALANSOKGTSGYLYRFLHD N -0.943 0.139

¥SD

2577 391 APTV A3K3G  EAPTVKASCGE 3zjy:E

-1.130 9.000 0.178

Supplementary Figure 8. 391 unique helical sequences obtained from the TP-DB for the pattern

A***K***G given the query of [A 3 K 3 G]. All the matched patterns are colored in blue, and the
residues in bold mean the anchoring residues of matched pattern assumed to mediate the Sgo1-PP2A
interaction. The result page is available online at

https://dyn.life.nthu.edu.tw/design/result?JobID=612ac8blz
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Matched
¥ UR coquence (Ms)
1 1 AEIR
2 2

1947 20

GEYYFYRA

1945 208

1955 20

2006213

2018 214 GSGYR

2027 215

2045216
2046217

2068 224 GPT
207% 225 GEVYSSKA

Matched 5
e Full Helix (FH)
CIY3R B IALAAATDTE

G2Y3A  TFIAROFVLYGEQYAFLAARR

G2Y32
G2¥3a
G2Y32
G2Y3a
G2Y3R  RAETLLGMCLDVCE(
G2Y3RX  TKEDLERRGQAY.
GAVYLAEATARHSO
G2Y3A  TPEIINAWGFAYOATADIFITVEREMYEERA
G2Y3A  POYEYLVAMFIPTWSGLAYMAMAT
G2Y32  APDGEEYFALALFFESERNG
G2Y3R  VFIARQFVLYGAEVATLAERR
G2Y3A  GEKGLEYLRFAADE
G2Y3AR  DNYERDAELQQRTGAVYAELARQG
G2Y3R  GAHYVWEA
G2Y3R  GROYIOAAGVALGLEMR
YEYRAAVELGVAL EARRRDRRAS
coysa SEOE VALEVE.
2
G2¥3Aa

G2Y3R

G2Y3A  GSGYRFTADRVIEIDR

G2Y3A  YAYSGVAYSSGALN

GZY3R

GZY3R

G2¥3a CRSRCAVARLER
G2Y3A  GWGORYPVIACQMVOYH

G2Y3A  LGOEYQ) G

G2Y3A  TSDVGKGYSLGAELAFRYFNEKG

GIGDCYSTEAS
GVEEEARIRAPILEOYEHOGHPYYSSAR
GIGPTYSSEAA
GIGPVYSSKAA

Positions in PDB

EDB ID: Chain (uo, ~(ru) & File Download Propensity; contact:
0.998 $.250
3sdc:A 4529,536) (519,539) 0.997 10.000
lmdt:B 0.985 10.000
0.983 7.825
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Supplementary Figure 9. 225 unique helical sequences obtained from the TP-DB for the pattern

G**Y***A given the query of [G 2 Y 3 A]. All the matched patterns are colored in blue, and the

residues in bold mean the anchoring residues of matched pattern assumed to mediate the Sgo1-PP2A

interaction. The result page is available online at

https://dyn.life.nthu.edu.tw/design/result?JobID=612acb53t

Matched
Sequence (MS)
FOQR Iy

# Ul

Matched
Pattern
A3K3G2Y DANKLKOAVGDIYN

i AK SOKGTAGYT H
e ‘SIECPEDWDYADFVTLALT C YIVRFLHD ; ..o

Full Helix (FH)

WDEWD'
VsD

ARVALANSOKGTSGYIYRFLHD

A3R3E2Y lkho:A

PDB ID:

Chain Positions in EDB

(Ms), (FH) & File Download Propensity:

L 7). (365, ) 0.507
—0.225
-0.720

Helical

Contact:
8.667
10.000

10.000

Interacting L N
e Helicity%;
4nzt:M (406, 420) 0.315
0.210
0.172

Supplementary Figure 10. Results obtained from the TP-DB for pattern A***K***G**Y with

query [A 3 K3 G 2 Y]. All the matched patterns are colored in blue, and the residues in bold mean the

anchoring residues of matched pattern assumed to mediate the Sgo1-PP2A interaction. The result page is

available online at https://dyn.life.nthu.edu.tw/design/result?JobID=612acd1di
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Matched Matched Positions in FDB Helical _ Interacting

#Uk Sequence (MS) Pattern TullRES LcpURE iy EDERTD R0 (MS), (FH) & File Download Propensity: Esntacts Partners EONAEEA
11 KAAFCLEYEDFA K3CG2Y3R CESLEKAAFGLEYEDFAX lexe:’ (87,98) (82,99) 1.264 10.000 0.323
2 2 FEREIGRSYRFIA K3G2Y3A KEEIGRSYRFIARN lais:B (1183,1194) (1183,1196) .230 9.167 0.275

Supplementary Figure 11. Results obtained from the TP-DB for pattern K***G**Y***A with
query [K3 G 2Y 3 A]. All the matched patterns are colored in blue, and the residues in bold mean the

anchoring residues of matched pattern assumed to mediate the Sgo1-PP2A interaction. The result page is

available online at https://dyn.life.nthu.edu.tw/design/result?JobID=612acd771

Matched Matched Positions in PDB Helical Interacting Helicity%|

# Ut Sequence (MS) Pattern EULIRHELIXQFE)| PDERIDCRCha D (MS) , (FH) & File Download Propensity: contacty Partners

Supplementary Figure 12. Results obtained from the TP-DB for pattern A***K***G**Y***A with
query [A3 K3 G2Y 3 A]. No peptide found. The result page is available online at
https://dyn.life.nthu.edu.tw/design/result?JobID=612ace02p

Matched Matched - . Positions in PDB Helical . Interacting
# U“Sequence (MS) Pattern EuLIgeTL:Cu(ER) ECERTDEgCha s (MS) (FH) & File Download Propensity gontacty Partners

1 1 ADEKKFWGKYL A3K2GZ2A EPDTLCAFFRADFKKFWGKYLYEVARRH 41uf:a 0.835 8.182 4luf:a (172, 222) 0.358
2A DRRMENLVAYAKKVEGDMYESAN 21xt: 0.703 8.727 21xt:B 6, 856) 0.328
A3R2G2A DLAAEARFRKDRGALYREAE Awiy:B 0.646 9.364 lwiy:B (207, 238) 0.300

Supplementary Figure 13. Results obtalned from the TP DB for pattern
AFF[FERXCRx [RRRGRE[RRAY*RF%A with query [A 2,3 K 2,3 G 2,3Y 2,3 A]. All the matched patterns

Helicity%:

are colored in blue, and the residues in bold mean the anchoring residues of matched pattern assumed to
mediate the Sgo1-PP2A interaction. The result page is available online at

https://dyn.life.nthu.edu.tw/design/result?JobID=612ace6bu

We selected the helical PP2A-like peptides found from queries [A 3 K 3 G 2 Y] (Supplementary
Figure 10), [K 3 G 2 Y 3 A] (Supplementary Figure 11), [A 2,3 K 23 G 23 Y 2,3 A]
(Supplementary Figure 13), as well as the wide-type PP2A helix as control, for further
investigations through all-atom MD-based binding free energy change (AG) evaluation by
MM/PBSA (see Supporting Methods). The results (Supplementary Table 2) showed that seven
of the newly found helixes have a binding AAG < 0.0 kcal/mol, indicating their stronger bonding
with Sgol than the wide-type PP2A. Among them, the number one peptide “AYAKKVEGDMY”,
having a binding affinity ~10 kcal/mol stronger than the wild-type peptide, can be a promising
peptide subject to further experimental validation (e.g. by calorimetry (ITC) assays and/or single
molecule experiments). It can be noted that helical propensity does provide a suggestion of helicity
percentage to PP2A mutants. Taking the peptides in Supplementary Table 2 for example, 500 ns
simulations showed that the sequence ARFRKDRGALYREA (1wiy:B) had a higher helicity than
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ANSQKGTSGYIY (1kho:A) (Supplementary Figure 14). Both peptides were derived from the
wide type PP2A, KTIHGLIY, where the substituted consecutive residues “TIH” and “LI”, having
a helical propensity of -0.139 and 0.153 respectively, were replaced by “DR” and “AL”, having
alog(HPna) 0f 0.016 and 0.452, for 1wiy:B and replaced by “GTS” and “Y1”, having a log(HP~a)
value of -0.735 and 0.1, for 1kho:A. Compared with PP2A (KTIHGLIY), 1wiy:B that has a higher
log(HPna) of the helical substituents showed a higher helicity percentage than 1kho:A that has a
lower log(HPna) of helical substituents, demonstrated by MD simulations (Supplementary
Figure 14). Peptide design is an elaborated miniature of protein design, and we expect that herein

proposed methodologies can be applied for the design of therapeutic a-helical peptides for other

medicinal purposes.

Supplementary Table 2. Seven of the newly found helixes, with binding AAG less than 0.0
kcal/mol, have the potentials of binding stronger to SGO1's helix than the control

Candidate Helix Helix Source, Pﬂle)gg;lty Contact |Binding AAG| In which Figure

(Matched Pattern) PDB ID: Chain Score Number | (kcal/mol) above* (U#)
ZZYQ;(E\;E?%YY) 21xt:A 0.703 8.545 | -10.11+0.43 SF“fg’f’llree“Bngr)"/
g(KfIGG?f{‘;REA lais:B 0.230 9.167 | -920+032 S;‘il’igfﬁfemflmé‘;y
g??gg%{;{ il)) FA lexe:A 1.264 10.000 | -8.04+0.29 S;‘gﬁfgelmgr)y
aYQfEZE%D%Y‘E% A 2xt:A 0.703 8727 | -6.64+045 S;‘gﬁfg%mg)y
&Ngggcgz’*g;w 1qmd:B 0225 | 10000 | -5.63+033 S;‘gﬁfgeg“g)y
&RZI;II((D;;G@IQ;I;EZ, A Iwiy:B 0.646 9364 | -1.96:+046 S;‘gﬁfg%mg)y
&Ril;llil)zljfég v) Iwiy:B 0.957 8500 | -1.14+038 S;Zﬂﬁ“ﬁ“g‘f)y
gﬁgufz)m PPIA 3fga:B -0.200 9.250 0.00
aNfggGGT;(gIY 1kho:A -0.720 10.000 1.38 +0.39 S%lif:gfl’llfemfomg)y
3D2§1§2¥%KZ;¥) 4lufA 0.957 8500 | 431+0.29 S;g’ff@“i‘;“;?f)}’
é&%ﬁi‘g%ﬁ;ﬁgﬁi) 4luf:A 0.835 8182 | 4.66+0.86 S;’ﬁglﬁfg%m(%y
éi“ﬁ;';%ﬁv %D 1Y 4nzt:M 0.507 8.667 511+0.32 S;’gﬁfﬁ%“ggy

*The earlier Tables that listed the matched sequences (in blue) are denoted at the rightmost column. The
residues in bold mean the anchoring residues of matched pattern assumed to mediate the Sgol-PP2A
interaction, and the number in the parenthesis is the serial number for the unique (U#) sequence in the
corresponding Table of interest. A prime following a U#, such as 2, indicates that the sequence in that
row of this table is a subsequence of the original sequence presented in the earlier Tables.
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ARFRKDRGALYREA ANSQKGTSGYIY

Supplementary Figure 14. Helicity of two TP-DB-suggested PP2A mutants. In Supplementary Table
2, ARFRKDRGALYREA (1wiy:B) are found by 500 ns simulations to have a higher helicity%
than ANSQKGTSGYTY (1kho:A) where the pattern-matched substituent residues in 1wiy:B have
a higher log(HPna) than corresponding ones in 1kho:A. The bold-faced letters are the anchoring
residues in the patterns while Lys, Gly and Tyr residues shown as licorice in the figures are underlined.

15



Supplementary Methods

Production of recombinant Helicobacter pylori (H. pylori) neutrophil-activating protein (HP-NAP)
and maltose-binding protein (MBP)

Recombinant H. pylori neutrophil-activating protein (HP-NAP) was expressed in E. coli
BL21(DE3) cells harboring the expression plasmid pET42a-NAP and purified by either two
consecutive gel-filtration chromatography as previously described'? or a small-scale DEAE
Sephadex negative mode batch chromatography as previously described!®. Maltose-binding
protein (MBP) was prepared the same as the procedure for production of MBP fused with the
polypeptide containing residues Arg77 to Glul16 of HP-NAP as described below except that E.
coli BL21(DE23) cells harboring the pMALc2g expression vector was used for expression.

Cloning of HP-NAPRr77.£116 into a MBP fusion protein expression vector

The plasmid DNA pET42a-NAP encoding a napA gene [GenBank:AE000543.1, Gene: HP0243]
from H. pylori strain 26695 was prepared as previously described'?. The DNA fragment coding
for polypeptide containing residues Arg77 to Glull6 of HP-NAP (HP-NAPr77-E116), Which
contains the D-Y-K-x-x-[DE] motif, was amplified by PCR from the plasmid pET42a-NAP using
the forward and reverse primers containing BamHI and HindlIII site, respectively. The forward
primer is 5~ ATAAGGATCCCGTGTTAAAGAAGAAACTAAAAC-3’ and the reversed primer
is 5-TTAATAAGCTTTAATTCTTTTTCAGCGGTGTTAGAG-3’. The PCR reaction was
carried out with 10 ng plasmid DNA pET42a-NAP as a template and KAPA HiFi PCR Kit (Kapa
Biosystems, Inc.) in a Mastercycler Gradient 5331 (Eppendorf, Germany). An initial denaturing
phase of 95 °C for 5 min was followed by 39 cycles of 98 °C for 20 sec, 67 °C for 15 sec, and 72
°C for 15 sec. A final elongation phase of 72 °C for 2 min was also included. The amplified DNA
fragments encoding HP-NAPr77.e116 were then cloned into pJET1.2/blunt vectors using the
CloneJET PCR Cloning Kit (Thermo Fisher Scientific Inc.). The resulting plasmid was designated
as pJET1.2/blunt-HP-NAPRr77-£116. The insert was sequenced to confirm the correct DNA sequence.
The correct insert was digested from pJET1.2/blunt-HP-NAPr77.g116 with BamHI and HindIII and
then cloned into the pMALc2g expression vector'. The resulting plasmid was designated as

pMALc2g-HP-NAPRr77-E116.
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Production of MBP-tagged HP-NAPRr77-E116

E. coli BL21(DE3) cells harboring pMALc2g-HP-NAPRr77-E116 Were streaked on a lysogeny broth
(LB) agar plate containing 100 pg/ml ampicillin and incubated at 37 °C for 16 hr. A single colony
was picked and inoculated into 4 ml of LB containing 100 pg/ml ampicillin and the culture was
incubated at 37 °C with shaking at 170 rpm for 16 hr. A volume of 2 ml of the overnight culture
was inoculated into 200 ml LB containing 100 pg/ml ampicillin and the inoculated culture was
incubated at 37 °C with shaking at 170 rpm for 2 hr until the ODegoo reached 0.5. The expression
of MBP-tagged HP-NApr77.E116 was induced by the addition of isopropyl B-D-1-
thiogalactopyranoside (IPTG) to a final concentration of 0.3 mM and the culture was incubated at
37 °C with shaking at 180 rpm for 3 h until the ODsoo reached 1.7. Then, the cells were centrifuged
at 6,000 x g at 4 °C for 15 minutes to remove the supernatant and the cell pellets were stored at -

70 °C.

The cell pellet from a 200 ml culture of E. coli expressing recombinant MBP-tagged HP-NAPRr77.
E116 were re-suspended in 20 ml of ice-cold buffer containing 20 mM Tris-HCI, pH 7.4, 200 mM
NaCl, 1 mM ethylenediaminetetraacetic acid (EDTA), and 1 mM dithiothreitol (DTT), plus 0.1%
(v/v) protease inhibitor mixture (PI mix). The PI mix contained 0.13 M phenylmethylsulfonyl
fluoride (PMSF), 0.03 M N-alpha-tosyl-L-lysyl-chloromethyl ketone (TLCK), and 0.03 M N-
tosyl-L-phenylalanyl-chloromethyl ketone (TPCK). The bacterial suspensions were disrupted by
Emulsiflex C3 high-pressure homogenizer (Avestin) operated at a range of 15,000-20,000 psi for
7 times at 4 °C. The lysates were centrifuged at 30,000 x g at 4 °C for 1 hr to separate insoluble
and soluble proteins by using a Hitachi himac CP8OWX ultracentrifuge (Hitachi Koki Co. Ltd.,
Tokyo, Japan). Then, 5 mL supernatant containing the soluble proteins were loaded onto a 1-ml
MBPTrap HP column (GE Healthcare Bio-Sciences), which was pre-equilibrated with 20 mM
Tris-HCI, pH 7.4, 200 mM NaCl, ]| mM EDTA, and 1 mM DTT, at a flow rate of 0.5 ml/min at 4
°C by AKTA Purifier. The column was eluted with 20 mM Tris-HCI, pH 7.4, 200 mM NaCl, 1
mM EDTA, 1 mM DTT, and 10 mM maltose at a flow rate of 1 ml/min at 4 °C by AKTA Purifier.
The flow-through and elution fractions were analyzed by SDS-PAGE on a 12% gel. The elution
fractions containing recombinant MBP-tagged HP-NAPRr77.g116 were collected and concentrated to

a concentration higher than 1 mg/ml.
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Recombinant HP-NAP-based enzyme linked immunosorbent assay (ELISA)

Nunc MaxiSorp ninety-six-well enzyme linked immunosorbent assay (ELISA) plates (Nunc,
Rochester, NY, USA) were coated with 0.3 pg of recombinant HP-NAP in 100 pl of carbonate-
bicarbonate buffer, pH 9.6, for each well at room temperature for 16 hr. Each well was washed
three times with 300 pl of phosphate buffered saline (PBS), pH 7.4, containing 20 mM Na;HPO4,
1.47 mM KH2POs, 137 mM NaCl, and 2.7 mM KCI, with the addition of 0.1% tween-20 (PBS-T)
for 10 min each time. The wells were blocked with 250 pl PBS with 1% bovine serum albumin
(BSA) for 2 hr and then washed three times with 300 pl of PBS-T buffer for 10 min each time.
The anti-FLAG M2 antibody (Sigma-Aldrich, Cat# F-3165) and its corresponding mouse IgG
antibody (Sigma-Aldrich, Cat# 15381) at a concentration of 600 ng/ml and the hybridoma culture
supernatant containing mouse monoclonal antibody MAb 16F4!> against HP-NAP at a dilution of
1:5000 in 100 pl of PBS-T buffer containing 1% BSA were added into each well. The plate was
incubated at room temperature for 1 hr and then the wells were washed three times with 300 pl of
PBS-T buffer for 10 min each time. The horseradish peroxidase-conjugated goat anti-mouse
secondary antibody (Jackson ImmunoResearch, Cat#115-035-003) at a dilution of 1:10000 in 100
ul of PBS-T buffer containing 1% BSA was loaded into each well. The plate was incubated at
room temperature for 1 hr and then the wells were washed three times with 300 pl of PBS-T buffer
for 10 min each time. The color was developed using 3,3°,5,5 -tetramethylbenzidine (TMB)
peroxidase substrate (Thermo Scientific). The reaction was terminated by the addition of 2 N
H>SOy4, and the absorbance at 450 nm was measured by an iMark microplate absorbance reader

(Bio-rad, Hercules, CA).

Western blot analysis

Western blotting was performed essentially the same as previously described'®. The membrane
was probed with either anti-FLAG M2 antibody (Sigma-Aldrich, Cat# F-3165) at a concentration
of 1 pg/ml or the hybridoma culture supernatant containing mouse monoclonal antibody MAb

16F4!3 against HP-NAP at a dilution of 1:2000.
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Secondary structure determined by circular dichroism (CD) spectra

Circular Dichroism (CD) spectra'’ measurement over the wavelength 190 to 260 nm was
conducted for the peptides in Table 3 to understand their helicity percentage in isolation. All the
peptides of 60 uM were prepared in a 20 mM phosphate buffer (pH 7.4) containing 25 mM DPC
loaded to a 1 mm quartz cuvette for the detection of CD spectrometer (Model MOS500, BioLogic,
Seyssinet-Pariset, France). The spectra of CM15 and a cell penetrating peptide, Tat, in the same
concentration were also measured as the helical control and the random coil control, respectively.
The far-UV CD spectra from 190 to 260 nm were recorded at 37°C in the interval of 0.5 nm. Data
averages were taken from 3 scans by baseline subtraction of buffer blank. The mean residue

ellipticity (MRE) in deg cm? dmol™! was obtained as

[0] molar ellipticity (deg cm? dmol™) = Ogps/ (1 XC X npb) (1)

where ‘Oobs’ 1s average ellipticity from CD spectra in millidegrees, ‘C’ is peptide concentration in
molarity, ‘I’ is path length of cuvette in centimeter, and ‘npy’ is the number of peptide bonds

(peptide length -1).

Selection of the helical AMPs in isolation from the PDB (Isolated Peptide Set)

On the foundation of our previously published iGNM 2.0 server'® to survey the PDB files
containing peptides (<20 amino acids) with low contact (<7.5 amino acids in average using a 7.3A
Ca-Ca cutoff'® of which the helical stretches can also be found in TP-DB, we notice that almost
all the isolated (low-contact bearing) peptides, having a high portion of helical stretches, are
antimicrobial peptides, many of which are solved by NMR. We therefore searched the PDB using
its Advanced Search function, setting the Description/Structure Title attribute to be "Antimicrobial
Peptide" and experimental method attribute to be "Solution NMR" or "Solid-State NMR". NMR
instead of x-ray crystallography was chosen as a preferred method because we want to avoid the
possibility of secondary structures in some isolated peptides being stabilized by crystal contacts.
According to the procedure, we obtained 80 peptides with unique PDB IDs, where 54 of them
contain helical stretches. Their PDB IDs are 2124, 6vla, 2131, 5ykk, 2n8d, 2gdl, 2hfr, 21g4, 5ki0,
Ixkm, 2kus, 2mjq, 211q, 2mlv, 2mlu, 6;9p, 2mxh, 215r, 2m6a, 2nlc, 6fs4, 6fs5, 2knj, 2rlh, 2rlg,
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2amn, 1mm0, 2nls, 2pco, Sykl, 6twg, 5x31, 6wpb, 6wpd, 6wpo, 6t33, 2dd6, 2g9p, 1og7, 1ohn,
2igr, 2n9r, 1ry3, 1t51, 1t55, 1t52, 2k98, 1d6x, 2291, 212r, 6¢t4, 10t0, 1p0g, 6n68.

From the literature survey for each of these published AMPs, we further removed those structurally
solved in the presence of nanoparticles and those whose helical portion can be stabilized by
disulfide bonds, leaving a set of 37 peptides whose helicity percentage is listed in Supplementary
Table 3. Here, helicity % is defined as the number of amino acids in their helical forms over the
length of the entire sequence. We coin this set in Supplementary Table 3 as the “isolated peptide”

set.

Selection of TP-DB peptides with specific ranges of helical propensity and average residue
contacts (TP-DB peptide set) for MD simulations that reveal their helicity percentage

As shown in Supplementary Figure 2, the distributions of the helical propensity, log (HPna), and
the average contact number for all the TP-DB helices reveal an average helical propensity and
contact of 0.38 and 8.87, respectively, with the most populated bins being 0.2 to 0.4 for the helical
propensity and 8.00 to 8.25 for the average contact. With that, we took 15 TP-DB peptides having
helical propensity of 0.2 to 0.4 with a range of average residue contact from 7 to 11; in parallel,
we also took another 8 peptides having a contact of approximately 8.1 with a range of helical
propensity from -0.5 to 2.0. We term the collection of these 23 peptides as the TP-DB peptide set
(listed in Supplementary Table 4). We also noticed in relevant MD simulations that the presence
of proline tends to break the helices due to its special backbone/side-chain connectivity, which
aggravates particularly for peptides in isolation when the 3D contact no longer supports the integral
local environment for proline residues in the protein helices. Therefore, we do not include any
peptides containing a proline in our TP-DB set. According to our statistics, proline-contained TP-

DB peptides comprise less than 4 of the entire database.

Least-squares fitting to find helicity% as functions of helical propensity, concentration and tertiary

contact

Letx, = [1, xi, xé] where x1 is the helical propensity and x> is either concentration or tertiary

contact, where i is the index for individual peptides. The helicity percentage y; can be expressed
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as a dot product of the independent variable x, and their parameters B = [Bo, b1, B2], where piis

the coefficient of x; and /2 is the coefficient of xo. We can write

i~ LBy x xf= B %, 2
such that the experimentally observed or MD-determined helicity% on the left of the equal sign
can be approximated by the dot product on the right. Here, i =1 to 37 or 41 for the AMP case and
i =1 to 23 for isolated TP-DB peptides and therefore the » in the equation (2) below is 37, 41 or
23.

In the least-squares fitting'®, the optimum parameters § can be obtained from the minimized sum
of mean squared loss Z?=1(,§ - X, — yi)? such that

B = argsmin¥L (B % — y)* = X"X)7X"Y (3)
where X is a nx3 matrix constituted with the helical propensity and concentration (or tertiary
contact) of n peptides and Y is a nx1 matrix comprising n data points of experimentally observed
or MD-determined helicity%. The matrix calculations were carried out using the programming

language MATLAB.

Finding PP2A-like peptides

Knowing that the K374, G378, and Y381 of PP2A plays important roles in PP2A's favourable
interactions with Sgol (see Supplementary Fig. S5), we set out to search for a peptide with a
similar amino acid pattern and which may interact better than with Sgol and thereby out
compete/displace PP2A and bind to Sgol. Therefore, we searched the developed TP-DB for the
following queries: [K3 G2 Y],[A3K3G],[G2Y3A]LIA3K3G2Y],[IK3G2Y3A][A
3K3G2Y3A],and [A 2,3K2,3G2,3Y 2,3 A]. The resulting peptides from each query are

ranked based on their helical propensity score and contact number.

Minimization and MD simulations of Martini Coarse-Grained (CG) models in vacuum and

assessing the stability of complexes
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To search for PP2A-like helical peptides to block the interaction between Sgol and PP2A, 69
sequences (https://dyn.life.nthu.edu.tw/design/result?JobID=602bae01v) that matched the pattern
“K***G**Y” in PP2A helix (see Supplementary Fig. S5; the three anchoring residues of PP2A
helix K374T3751376H377G378L3791380 Y381 that interacts with Sgol are K374, G378 and Y381) were

chosen for affinity assessment. Methodologically, it was equivalent to computationally modify
(mutate) the five spacing residues T375, 1376, H377, L379 and 1380 in PP2A helix “KTIHGLIY”
into corresponding residues in every of these 69 sequences. In other words, we only replaced the
alpha-helical segment “K374TIHGLIY381” in PP2A [PDB:3FGA; chain B] by every of the 69
helical stretches that matched the pattern “K***G**Y” and the segment was shown to interact
with the helix “V7sKEAQDIILQLRKECYYLo,;” in Sgol [PDB:3FGA; chain D]. Subsequently,
all 69 complexes comprising the Sgo1 helix and mutated PP2A helix were converted into coarse-
grained (CG) models by the web service CHARMM-GUI?°. The 69 CG models of complexes
containing PP2A mutants and the CG model for the wide-type complex were energy-minimized
and then briefly equilibrated for 1 ps at 20 fs time step by MD simulations where the backbone
nodes were restrained at whole time (spring constant = 2.5 kcal/mol/A?). The MD simulations
were run with GROMACS package?! using MARTINI forcefield?>?**. The pressure and
temperature were maintained at 1 bar and 310K, respectively. The cutoff distances for both
Coulomb and Van der Waal were set to be 12A. The potential energies at the final step were

recorded to represent the binding stability between Sgol and mutated (or wild-type) PP2A.

Besides the top-ranked peptides by Martini forcefield from the aforementioned 69 complexes, we
also searched potential helical binders from TP-DB using at least 4 anchoring residues in the search
pattern (Supplementary Figures 10 to 13). We carried out all-atom molecular dynamics
simulations for these peptides to assess their interactions with the targeted helix of Sgol using
MM/PBSA?*% (see below). The top 11 identified helices (Supplementary Table 2), searched
from the queries [ A3 K3 G2 Y], [K3G2Y3A]land[A23K23G23Y 23 A], were first
superimposed onto the template helix of the PP2A [PDB: 3FGA; chain B; residue 372 to 383] with
their common residues K374, G378, and Y381 (as shown in Supplementary Figure 5), before

the simulations.
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We carried out the all-atom molecular dynamics simulations by AMBER 162627

package, using
ff14SB forcefield?® for protein and ionsjc_tip3p for ions? in explicit solvent. Each molecular
system to be simulated was placed in a periodic box and solvated with TIP3P water. All the input

files for MD simulations were prepared using tLeap?® from AmberTools16.

Energy minimization was performed in three stages - first, with weak harmonic positional
restraints (spring constant = 0.5 kcal/mol/A?) on all atoms except for the water/solvent atoms;
second, with weak harmonic restraints on the CA atoms of amino acids; lastly, without restraints.
Each of the first two stages of energy minimization is composed of 5,000 steps, with the first 2500
steps (for each energy minimization stage) carried out using steepest descent algorithm and the

remaining 2,500 steps carried out using conjugate gradient algorithm.

Following the energy minimization, each simulation system was slowly heated to 310K while
applying weak harmonic positional restraints on the CA atoms. Each system was then equilibrated
at the temperature reached without any positional restraints prior to production MD simulations.
Each production MD simulation ran for 500 ns at 2 fs time step. Non-bonded interactions were
evaluated up to a cut-off distance of 10 A where it was switched off with a cubic spline switch
function. Particle Mesh Ewald method®® was used to calculate full electrostatic interactions
energies. All temperature regulations were done using Langevin thermostat (with a collision
frequency, v, of 2 ps!) and all pressure control was done with Berendsen barostat®!. Binding free
energy change (binding AG) was calculated from the MD simulation trajectories using
AMBER16’s implementation of Molecular Mechanics/Poisson-Boltzmann Surface Area

(MM/PBSA)**.

Supplementary Table 3. The helical propensities and observed helicity percentage of the 37
isolated NMR-resolved peptides

PDB Full . Helical Helicity Concentration Literat
Uil sequence propensity §  percentage (mM) § flerature
KTKLTEEEKNRLNFLKKISQRYQK 34/39
OFS3 FALPQYLKTVYQHQK 2.137 (87.18%) 095 32
TKLTEEEKNRLNFLKKISQRYQKF 18 /31 12
6FS4 ALPQYLK 1775 (58.06%) ' 32
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7/13

2DD6  ALWKTLLKKVLKA 1.695 (53.85%) 2.2 3
KWKVFKKIEKKWKVFKKIEKAGP 31/33
2GR K WKVFKKIEK 1.448 (93.94%) 3 3
SMWSGMWRRKLKKIRNALKKKL 18 /26
2PCO KGEK 1.44 (69.23%) 2 35
10TO AKKVFKRLEKLFSKI 16/19 1
QNWK 1.426 (84.21%) 3%
2RLH  ALYKKFKKKLLKSLKRLG 1.339 16/18 1.5
: (88.89%) ' 37
2RLG  ALYKKFKKKLLKSLKRLG 1.339 15/18 1.5
: (83.33%) ' 37
6J9P RRLIRLILRLLR 1.156 11/12 1.5
— : (91.67%) ' 38
1POG AKKVFKRLEKLFSKI 13/19 1
QNDK 1.127 (68.42%) 3%
LA GIRCPKSWKCKAFKQRVLKRLLA 0.951 17 /30 1 .
MLRQHAF (56.67%)
13/19
6CT4 PMKKLKLALRLAAKIAPVW 0.834 (68.42%) 1 0
6WPD  GILDAIKAIAKAAG 0.773 13 /14 1
: (92.86%) 4
2N9R  PKILNKILGKILRLAAAFK 0.587 17/19 1
: (89.47%) 42
12 /20
2N8D  WDPYFAGVKKLTKAILAVRA 0.56 (60%) 0.0089 “
RVKRVWPLVIRTVIAGYNLYRAIK 17 /26
2AMN KK 0.167 (65.38%) 4 4
6TWG  FLPKILRKIVRAL 0.149 12/13 0.86 45
: (92.31%)
6VLA  LMGLFNRIIRKVVKLEN 0.076 16/17 1.28
: (94.12%) : 46
GLFGKLIKKFGRKAISYAVKKARG 22 /26
2G9P KH -0.054 (84.62%) 1.7 o
21.24 IFGAIAGFIKNIW 0.149 11713 2
E— e (84.6%) 48
1T51 ILGKIWEGIKSLF 0.152 11/13 1
— - (84.62%) 4
2L5R GLKEIFKAGLGSLVKGIAAHVAS 0.319 22/23 1.5
e (95.65%) ' %0
1T55 ILGKIWKPIKKLF 0.343 6/13 1
— e (46.15%) 49
KRFWPLVPVAINTVAAGINLYKAI 11727
2HER  pRrk T -0.35 (40.74%) 4 d
6N68 ILGTILGLLKGL 0.453 6/12 1
B e (50%) 32
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5/13

. 3
1ID6X  VRRFPWWWPFLRR 0.57 (38.46%) 5
MKTILRFVAGYDIASHKKKTGGYP 15/30
- 1
MLV R GKA 0.766 (50%) s
MKTILREVAGYDIASHKKKTGGYP 16 /30
- 1
MLU - WERGKA 0.766 (53.33%) s
22 /24
2K98 GIGKFLKKAKKGIGAVLKVLTTGL -0.769 ) 0.5 55
(91.67%)
LVQRGRFGRFLRKIRRFRPKVTITI 17 /31
D — - 3
2GDL GSARF 1222 (54.84%) s
2N1C  FEDLPNFGHIQVKVFNHGEHIHH 1.461 15723 3.5
Q o (65.22%) ' 37
12/16
2MXH  VARGWKRKCPLFGKGG -1.668 (75%) 0.5 N/A ¥
0
9 /20
5X3L GLGSVEGRLARILGRVIPKV -2.029 45%) 1.5 s
0
10G7  KYYGNGVHCGKHSCTVDWGTAL 2501 16 /43 1
GNIGNNAAANWATGGNAGWNK ' (37.21%) >
jogn  KYYGNGVHCGKHSCTVDWGTAI 2,501 19 /43 1
GNIGNNAAANWATGGNAGWNK ' (44.19%) >
5KI0 RAIGGGLSSVGGGSSTIKY 2.957 10719 3.4
- (52.63%) ' 60
MNSVKELNVKEMKQLHGGVNYG 32 /64
IRY3 NGVSCSKTKCSVNWGQAFQERYT -3.94 (50%) 1 ol
AGINSFVSGVASGAGSIGR 0

Correlation between helical propensity and helicity

percentage 0.50

All the isolated peptides were found to be structurally solved in the presence of micelles or TFE. Here, helicity

percentage is defined as the number of amino acids in helical stretches (the number shown in bold face indicate the

total number of residues underlined) divided by the length of the full sequence containing these stretches.

* : The underlined stretches are the helical parts of peptides stored in the TP-DB.

4| : The helical propensities are calculated based on the entire sequence, instead of just the helical parts, of the
peptides, summing the log (HPna) values (see Table 1) for all the amino acids in a peptide.

§ : The concentrations of AMPs used in NMR-based structure determination.

¥ : No relevant publication.

Supplementary Table 4. The MD-sampled helicity percentage for the 23 TP-DB-stored
peptides in a range of helical percentage and average residue contact
Avg. Res Helical Helicity%

TP-DB Seq. Identifier Seq Contact  Propensity Max_sum4 (50-100ns Avg.)
3da9 B 1 276 288 LKKWIQKVIDQFG 7.000 0.339 0.615 0.601
3rmg B 1 31 44 ALLDSVITHIRKRN 7.000 0.256 0.578 0.647
3tix D 1 195 207 VLKKRITVFKSET 7.846 0.310 0.43 0.533
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4buc B 1 433 445 KRGEHFREIFKRH 7.856 0.277 0.277 0.673
3los A 1 147 159 KEILTKIAMTSIT 9.000 0.396 0.468 0.288
Inds H 1 21 33 LRDRHVRFFQRCL 9.000 0.399 0.256 0.64
Irx0 C 1 79 92 SRLDTSVIFEALAT 11.000 0.393 0.949 0
4114 J 1 32 44 NSTDLTLLKRYVL 11.000 0.376 0.51 0.609
2zzd K 1 3 16 SSIREEVHRHLGTV 8.100 -0.498 0.483 0.498
3e2r A 1 140 152 NASGRAGMVQGLL 8.200 -0.499 0.054 0.006
3oka B 1 19 31 GGIQSYLRDFIAT 8.200 -0.500 0.313 0.017
3i6s_ A 1 445 458 NKKEGKQVINYVKN 8.200 0.001 0.344 0.027
1x8k A 1 131 144 DMERYLGLLEYSSR 8.000 0.501 0.692 0.188
3ist A 1 240 253 STQIFKDIAKDWIN 8.000 0.501 0.573 0.017
3n0x A 1 199 211 FTAVGQRLFDALK 8.100 0.501 0.498 0.149
2fw2 E 1 190 203 TFTQEVMIQIKELA 8.000 1.000 0.767 0.464
3g6w B 1 146 159 ASTMLKVLEEVVKA 8.200 1.000 0.512 0
3p3q A 1 184 196 GEALIALERERFA 8.200 1.504 0.737 0.029
1gh8 B 1 396 408 KRWOQKAMNKMLDA 8.100 1.502 0.757 0.048
Isus B 1 43 55 HEAMKELREVTAK 8.200 1.501 0.68 0.647
2p6f D 1 6 19 KAKKLENLLKLLOQL 8.100 1.999 0.66 0.551
1t9m B 1 150 163 DIHALRAEARRLAE 8.000 1.992 0.839 0.619
1smq B 1 93 105 YHEIWQAYKRAEA 8.200 2.009 0.839 0.538
Correlation -0.573 0.510 0.549

Ismq_B_1 93 105 Mutants

Random_shuffled 1 EKHRIAAYQWYEE 2.009 0.812 0.366
Random_shuffled 2 YEQAWAHYKAEII 2.009 0.939 0.705
Random_shuffled 3 AAQYYWERHAKEE 2.009 0.812 0
Random_shuffled 4 AAEQAWRYYEKHH 2.009 0.909 0.639
Random_shuffled 5 WAARQYYIHAKEE 2.009 0.869 0.019

Correlation 0.631

Residues underlined in bold are the location of folding cores, having the highest sum of log(HPna) values
(Max_sum4) among all the 4-residue windows in that peptide. All the correlation coefficients in the Table
are the correlation between the parameters in the same column as where the coefficient is listed and the
corresponding helicity percentage (Helicity%) of the peptides. However, the correlation (in bold) for Avg.
Res. Contact takes account only the top 8 peptides (in dark red), while Helical Propensity and Max_sumé4
consider all the peptides having an Avg. Res. Contact of 8.0 to 8.2 (the 9th to the 23rd peptide in cyan and
violet, respectively). The five mutants of 1smq B 1 93 105, YHEIWQAYKRAEA, are listed at the
bottom of the Table, shaded by a lemon green color. Together with the “wild type”, the Max _sum4 values
for all the 6 peptides, shaded in light gray, are found to correlate with Helicity% with a 0.63 correlation
coefficient with the relation Helicity% = 3.70 Max_sum4 - 2.82.
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Supplementary Table 5. Validation of regression-model-predicted helicity percentage using
newly published NMR-solved isolated peptides

. . . Conc. Observed Predicted
il
PDB Full sequence Helical propensity (mM) § helicity % helicity % ¥

IWLTALKFLGKNL 23 /25 o

MMM K HILAKQOLAKL 1.968 2.0 (92.00%) 81.19%
GILDIKNKVSNLFK 17 /20 o

TM67 KIKGEK -0.306 1.0 (85.00%) 69.41%
Estimated error * 13.4%

* : The underlined stretches are the helical parts of peptides shown in the PDB, and the lengths of stretches
are divided by their full length to obtain the observed helicity% shown in bold

q : The helical propensities are calculated based on the entire sequence, instead of just the helical parts, of
the peptides, summing the log (HP~a) values (see Table 1) for all the amino acids in a peptide.

§ : The concentrations of AMPs used in the NMR-based structure determination.

¥ : As shown in Fig 6, Predicted helicity % = 0.744 - 0.03 concentration (in mM) + 0.065 helical _propensity

£: The root mean square deviation (r.m.s.d.) between experimental and predicted helicity % are calculated
as the estimated error, where the difference between experimental and predicted helicity % for each data
point is squared and the quantity for all the data points are summed, divided by the number of data points
and eventually taking square root.
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