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Table S1: List of PDB files containing one or more cis-peptides.Identifier includes the 4-letter PDB code and chain-id. Resolution is indicated in brackets
(NA indicates NMR structures).

lucsA (0.62), lgciA (0.78), 1x6zA (0.78), 1wOnA (0.80), 3uid4A (0.80), 1p9gA (0.84),
1m40A (0.85), 304pA (0.85), 4ayoA (0.85), lmuwA (0.86), 2ddxA (0.86), 1dy5aA (0.87),
4hslA (0.87), lgweA (0.88), lilwA (0.89), 3ip0A (0.89), 1ix9%A (0.90), loewA (0.90),
lvyrA (0.90), 3ks3A (0.90), 4ea%n (0.90), 4g78A (0.92), 2bt9A (0.94), 2gudA (0.94),
2uu8A (0.94), 2vhkA (0.94), Imj5A (0.95), lrtgA (0.95), 2xomA (0.95), 3dk9A (0.95),
3vlaA (0.95), 3vn3A (0.95), 4a02A (0.95), 4kgpA (0.95), 7a3hA (0.95), 1k5cA (0.96),
lu2hA (0.96), 2edtA (0.906), 3agnA (0.96), 3pucA (0.906), 1xmkA (0.97), 2bfeA (0.97),
2xfrA (0.97), 3viiA (0.97), 4acjA (0.97), 1k4in (0.98), lungA (0.98), 2pneA (0.98),
2v8tA (0.98), 3ju4d4A (0.98), 3judA (0.98), 4dawtA (0.98), 4bctA (0.98), lplxA (0.99),
3g46A (0.99), lebo6A (1.00), lga6A (1.00), lgkmA (1.00), 1jfbA (1.00), Imn8A (1.00),
lg6zA (1.00), 2chhA (1.00), 2erlA (1.00), 2ggcA (1.00), 2gkgA (1.00), 2gskA (1.00),
2r31A (1.00), 2vhaA (1.00), 318wA (1.00), 3rwnA (1.00), 3u7gA (1.00), 3u7gB (1.00),
4axoA (1.00), 4gnrA (1.00), 4nliA (1.00), 3nbcA (1.01), lcc8A (1.02), lcxgA (1.02),
lrwlA (1.02), 3nvsA (1.02), 3vz9B (1.03), 1d5tA (1.04), lwuil. (1.04), lwuisS (1.04),
3a72A (1.04), 3warA (1.04), l1fsgA (1.05), lkjgA (1.05), lkmvA (1.05), Im2dA (1.05),
lygsA (1.05), 2c71A (1.05), 2d5mA (1.05), 20izA (1.05), 2v3iA (1.05), 2wf7A (1.05),
3g5sA (1.05), 3gmxA (1.05), 3iquA (1.05), 3108A (1.05), 3pb6X (1.05), 3r2gA (1.05),
3r4l1A (1.05), 3vupA (1.05), 4i62A (1.05), 4id4n (1.05), 4ivvA (1.05), 45fiA (1.05),
4dmncA (1.05), 1n40A (1.06), 3cu%9Aa (1.00), 4d8bA (1.006), 4e9sA (1.006), 4fk9A (1.006),
3cijA (1.07), 3vgiA (1.07), ldslAa (1.08), 1jbeA (1.08), luwcA (1.08), 1w23A (1.08),
lw66A (1.08), 2y6hA (1.08), 4avrA (1.08), 4bpsA (1.08), 4m51A (1.08), 1k5nA (1.09),
In62B (1.09), lglwA (1.09), 2carA (1.09), 4gnuA (1.09), 4ngrA (1.09), litxA (1.10),
113kA (1.10), lohOA (1.10), 1rOrI (1.10), lsu8A (1.10), 1t2dA (1.10), lyfgA (1.10),
1z2uA (1.10), 2absA (1.10), 2fbaA (1.10), 2nxvA (1.10), 208xA (1.10), 2w39A (1.10),
2z72A (1.10), 3bvxA (1.10), 3e5tA (1.10), 3kweA (1.10), 31gbA (1.10), 3mvsA (1.10),
3nznB (1.10), 3rznA (1.10), 3tg2A (1.10), 4a9vA (1.10), 4ateAr (1.10), 4bt7A (1.10),
4deirA (1.10), 4ghoA (1.10), 4h7wA (1.10), 4k6bA (1.10), 4105A (1.10), 419dA (1.10),
41f0A (1.10), 41gtA (1.10), 4mhpA (1.10), 4mknA (1.10), 4ng5B (1.10), dnyxA (1.10),
dmf5A (1.11), lhinA (1.12), lraOA (1.12), 2eabA (1.12), 3g5tA (1.12), 4idon (1.12),
4knkA (1.12), 1u07A (1.13), 3einA (1.13), 33g0A (1.13), 3u8lAa (1.13), 3s2rA (1.14),
lodmA (1.15), 1z70X (1.15), 2ciwA (1.15), 2d8da (1.15), 2dkjA (1.15), 2fhzA (1.15),
2fhzB (1.15), 2uuyB (1.15), 2v7fA (1.15), 2zptX (1.15), 3bfoB (1.15), 3h4tAa (1.15),
3wkgA (1.15), 3zzoA (1.15), 4eziA (1.15), 4hk8A (1.15), 45f5A (1.15), 49xrA (1.15),
4nx7A (1.15), lhbnB (1.16), 1x9iA (1.106), 3awuA (1.16), 3c6aA (1.106), 4al10A (1.106),
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3ondA
3ab5fA
1jglA
1v8hA
2blnA
2w5gA
3f0dA
30g2A
3vwnX
4gmuA
dnetA
le29A
1w7cA
3qubA
Im41A
2c60A
3chbD
3rfeA
4ieul
4cbel
4gg4A
4b97A
222 6A
lhyoA
lo2dA
1wvfA
2imfA
2vokA
3b34A
3eo0jA
3jtzA
3wdgA
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dnaxA
lgxmA
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2znrA
3gneA
30xpA
3znyA
41i3bB
4nfhA
2wnpF
3hdxA
3s70A
ImexL
2p2sA
3gveA
3sgghA
2eTzA
494zA
4dmumA
depdA
3aofA
1511A
lgddA
1z6mA
2imgX
2x5nA
3c2uA
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1lwc2A
2fkkA
3b4uA
3h5jA
3pxl1A
4dvcA
4iiyA
4nogA
3b5mA
4k1xA
4e3xA
Imf7A
2tpsA
3iixA
3u9wh
3nheA
41dcA
lrttA
4euoA
3mu7A
1jndA
lgwyA
2d5wA
2mhrA
2xhfA
3d3bJd
3fegA
3ognA
3znvA
4ht3A
dkemA
1lvmhA
2gtlA
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3hynA
3sg0A
4fglA
4k7yA
dnygA
3bmzA
luscA
4igtA
1s3cA
2wW8tA
3oyvA
3zfpA
3rl5A
3ajdAa
2dxuA
41ttA
4ihmA
1k3vyA
1sg4A
2ehpA
2nqgwA
2zwWuh
3drfA
3gadA
3pn3A
4daclX
4ht3B
41a9A
2rdgA
2ZUxA
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2f38A
1398A
1gw9A
1xdnA
2omlA
3bwzA
3mOzA
3uf7A
4fr9oA
4kvTA
dnzul
4dhgzA
2bjiA
leagA
lzmaA
2wlvA
3pplA
dattA
3ur8A
3sxxA
2pclA
lgkpA
1gk9B
lkalA
1vdoA
2gsoA
2pv2A
3aj7A
3dx1A
3hlxA
3t2cA
4dbatA
4166A
dmglA
2xqghA
4edhA
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ljetA
lryoA
1z2nX
2pgnA
3dgyA
3nl7A
3vgjA
4g10A
4dmjeA
4pg9A
loi7A
3cp5A
lgnlA
2b82A
3amrA
3gzmA
4h4iA
3zn4A
3wp4A
2yTeA
2aebA
1hdhA
11z1A
1vlyA
218tA
2vlaA
3b0tA
3e8tA
3jtmA
3wczA
4bndA
41i7TwA
4n30A
4nbpA
4dnjyA
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4gwgA
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2hoxA
29pxA
2yc3A
3glpA
30ajB
3v75A
4b6gA
4hidrA
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3mpkA
4955tA
1zghA
2vsTA
3o0apA
4f0gA
31lczA
3w8sA
3vhlA
3rl1xA
418vA
lizoA
luhvA
2a5hA
2iuyA
292rA
2zbwA
3dcpA
3ervA
3kzsA
3g3eA
3tdgA
3zhrA
4fdahA
49mfB
41ubA
4m9cA
1ttzA
4dmjbA
3o0h2A
2alvA
3nppA
4h3sA
40a8A
4bupA
3ufiA

NN NDNNONNODNNDNONNONNDNNDNODNODNDNDNODNNNDNDNDNDNDNDMNDNDNDNDNDNDNDDNDMNDNDDNDNDDN
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2yorA
417iA
1bouB
1o057A
1lvgoB
2f5jA
2xXcmE
3b7fA
3hrdC
3n0aA
3tegA
3wnulA
4dapA
4i2yA
4kfvA
4m3hA
dn6zA
doteA
4gg2A
2w2gA
4gklA
3uz24A
4kg8A
3errA
3welA
3whdA
lcrlA
1p91B
2e9xC
23 7TnA
3anzB
3hhfB
3nv1A
4clgA
4fchA
dhwtA

NN DNNDNDNDNNDNNDNNDNDNODNDNDNDNDNNDNNDNNDNDNNDNDNDNDNDNDNDNDNDMNDMNDMNDMNDNDDNDDNDDNDND

3juB
41gcA
1c9kA
lpxuA
1lvgoM
2fv2A
2ychA
3clwA
3hrzA
3nctA
3tg9Aa
3zmkA
4dckA
4ii2A
4ks1A
4m80A
4nT7bA
2gclA
49g92B
4nvrA
lei9A
3vpnB
4dmlzA
4gi0A
49je3A
4hopB
1£35A
lswvA
2ekdA
2nutA
3d19A
3ifrA
3tgoA
4c2rA
4g7nA
4iefA

NDNONDNDNDNDNNONNODNDNONNONNDNNDNODNNODNDNDNODNNNDNDNDNDNDDNDMNDNDNDNDNDNDNDDNDMNDNDDNDDNDN

3o0kyB
4dnawF
1dmuA
1gfjA
1xdyA
2gpJA
2yi9A
3cwfA
3ib6B
3059X
3vg8A
3zpeA
deilA
433bA
41nsA
dmayA
4ncsA
2yx0A
4i9fA
2i1yB
lignA
3w6gA
3d1lijB
4kggA
49jubA
4kxtA
1j6rA
1xezA
2fp8A
2031A
3ei3A
3licA
3ug9Aa
4d8mA
4gouA
4541A

NN NDNNONNODNNDNONNONNNNDNODNODNDNDNODNNNDNDNDNDNDDNDMNDNDNDNDNDNDNDNDNDNDDNDNDN
NN NDNDNNONNODNNDNONNONNDNNDNODNONNDNDNODNNNDNDNODNDNDNDMNDNDNDNDNDNDNDNDMNDNDDNDNDN
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4bx2A
4ohsA
In7vA
1lvpgA
2aamA
20ryA
3ai7A
3ealA
3kluA
3g7eA
3wb53A
4b3hB
4fybA
4959fA
41woA
4dmzuA
4nloA
3bz6A
49p8A
3rdiA
2figA
4ghkA
41ful
3k85A
3cx4A
ladlA
114dB
2d4gB
2i1sA
2v6gA
3fhkA
3mjgA
3zhcA
deach
dhceA
4jegB

NDNNONDNDNDNNONNODNNDNONNONNDNNDNODNNONNDNDNODNNNDNDNDNDNDDNDNDNDNDNDNDNDNDDNDMNDNDDNDNDN

4e6wB
1b3tA
1IngkA
1vgoA
2cc3A
290xA
3aotA
3gc3A
3mfbA
3rj2x
3wg6A
4blgA
4hbkA
49mnA
41z1iA
4n6rB
4dnlpA
3zniA
4kjdA
3zc8A
3ttyB
4icgA
2PW6HA
3otdA
3p8cB
3crkA
lnpeA
2e9xB
2in5A
2y9wA
3flpA
3n20A
4daezA
4f2dA
4hh8A
49gsA

NN NDNNONNODNNDNONNONNDNNDNODNODNDNDNODNNNDNDNDNDNDNDMNDNDNDNDNDNDNDDNDMNDNDDNDNDDN
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49jraA
41dyA
4nchA
3bjuB
1g87A
200tB
2vakA
3bywA
4bjul
1xr4A
4n01A
1p74A
210mA
2trcP
3cO0tA
3ic8A
4aipB
4h73A
41cwA
4mmsB
4oseA
3gwijA
305yA
4bifA
3skvA
4iglB
1jb0D
1xolA
23hpA
2vuhB
3floA
3safA
3zdrA
450mA
411ahA
dmsvA

NN DNNDNDNDNNDNNDNNDNDNODNDNDNDNDNNDNNDNNDNDNNDNDNDNDNDNDNDNDNDMNDMNDMNDMNDNDDNDDNDDNDND

4kbbA
41fhD
4nlgA
3ctoA
3dxpA
3cihA
41gxA
3n6xA
4bv4R
3e01B
4d3jdD
1sjiA
2mprA
2x24A
3ceaB
3io05A
4bltA
4hngA
41p4A
4dmz1A
4c20A
436tA
4ba7A
4ccOA
3vywA
4kpoA
lmspA
2alxA
2nlyA
2ylhA
3gn3A
3vmmA
3ziaA
4557A
41orA
4n3pA

NN NDNNONNODNNDNNNONNDNNDNODNNODNNDNDNONNNNDNDNNDNDNDDNDNDNDNDNDMNDNDNDDNDMNDNDDNDDNDN

4dkryA
41fhG
4dnlvA
3eT7eA
4dkw2A
3kjxA
lpn4B
3slsA
4dbxjA
3kotA
4n0gA
1t77A
205nA
2x27TX
3cs3A
31kbA
4ccgA
4ig4A
4m52B
4nx3B
4fyeA
lyabT
4h71B
4dh2rA
3wlcA
1bt3A
lpoiC
2b81A
20ggA
3ajlA
3klyA
3vxmD
3zigA
495 6UA
4m3cA
4n8vG

NN DNDNDNDNNONNODNNDNONNONNDNNDNODNNONNDNDNONNNNDNDNODNDNDDNDNDNDNDNDNDNDNDDNDMNDNDDNDDNDND

4154A
41gvA
dnlyA
3zetA
41rzE
4bw0B
lrtwA
3wd7A
4iclA
4dguA
3wbzA
2ahmEk
20ajA
2z86A
3cx3A
31luaA
4fwvA
4iz6A
4dm66A
4nx3D
Im4uA
4fv1A
41neB
412xE
4binA
1bwOA
lrcwA
2bm8A
20piA
3ayfA
3kfwX
3vxmE
4c50A
4123B
dmd4n
dne7A
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4179A
4106B
4024A
4jedA
41vpA
4g2aA
1xksA
3zleA
4518A
4956A
dnarA
2bh1X
2ph7A
3agbA
3h7mA
3m62A
4g8aA
4k71B
4mb8A
40l1zA
4im4A
4g59A
2arhA
dmafA
4g4s0
1h21A
1sj7A
2ffshA
2ph5A
3eatX
3mtlA
3w2wA
4icnA
418nA
dm8rA
dnfahA

NDNNONDNDNDNNONNODNNDNONNONNDNNDNODNNONNDNDNODNNNDNDNDNDNDDNDNDNDNDNDNDNDNDDNDMNDNDDNDNDN

41adA
dmg2A
4ocaA
49e4dB
lo65A
4ggvA
2fppB
4a01A
40c9A
41moA
1b35B
2gekA
2ptiG
3axyB
3hgoA
3mydA
4h0oA
4k94cC
4mhcA
4007jA
2CxX6A
4n20A
3wd8A
2fpnA
4iglA
1iw8B
luunA
212xA
2glzB
3f3bA
3s6n2
3wajA
4issA
41dgA
dmp4dA
4dnltA

NN NDNNONNODNNDNONNONNDNNDNODNODNDNDNODNNNDNDNDNDNDNDMNDNDNDNDNDNDNDDNDMNDNDDNDNDDN
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Fig S1: GO directed acyclic graph for PDB: 1m56 (Cytochrome c¢ oxidase) showing function
representation at different GO levels. Each node represents a GO MF term. The level of each GO
term is indicated beside the arrow. The terms span from general descriptions (level 1) to very
specific ones (deeper levels represented by larger numbers). The same GO term can have multiple
levels depending on how the path is traced to the root GO term. The term depicted in bold is
annotated for the PDB; PDBs are annotated at the deepest possible level. (GO:0003674 — molecular
function; GO:0003824 — catalytic activity; GO:0016491 — oxidoreductase activity; GO:0015002 —
heme-copper terminal oxidase activity; GO:0004129 - cytochrome-c oxidase activity;
GO:0016675 — oxidoreductase activity, acting on heme group of donors; GO:0016676 —
oxidoreductase activity, acting on heme group of donors, oxygen as receptor; GO:0005215 —
transporter activity; GO:0022891 — substrate-specific transmembrane transporter activity;
GO:0015075 — ion transmembrane transporter activity; GO:0008324 — cation transmembrane
transporter activity; GO:0022890 — inorganic cation transmembrane transporter activity;
GO:0015077 — monovalent inorganic cation transmembrane transporter activity; GO:0015078 —

hydrogen ion transporter activity).

Ontology GO: 0003674

level 1 / \1

deeih GO: 0003824  GO: 0005215 2> GO: 0022891
2 3|

GO: 0016491 GO: 0008324 <4— GO: 0015075
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N

GO: 0016675  GO: 0015002  GO: 0022890 > |G

4] 4
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Table S2: Examples of proteins from PDB (resolution < 2.5A) which have functionally important fragments- (propensity >20, p-value <0.05) from the
FO dataset. ED values are indicated where less than 50% CC values were >0.9 and less than 25% CC values were >0.95.

Type of FO PDB (ref.) FO Fragment and its PDB from test Test Fragment and its Overall % Match in CC
match GO MF, propensity, function- dataset (ref.) function- sequence ——o 567495 ED
p-value identity
2bo9Bq(1) 122: IPDNFG IwnhA(2) 122: TIPDNFG 83.6 100 98 -
5 Human latexin IPDXXG with cis-Pro is Mouse latexin The fragment is a conserved
=85 (carboxypeptidase  a conserved motif in the motif involved in protein-
o € 2 A . : S .
ERA g inhibitor) latexin family of protein interaction
§ E o F0008201, proteins. The fragment is
T EO F0008191 part of the protein
=y 53.2,0.02 interaction surface with
carboxypeptidase.
. 4klxA(3) 54: VRPLPG 2w3wA 58: VRPLPG 62.3 83 35 -
= Mycobacterium The fragment is part of Mycobacterium The fragment is part of the
f,) = £ tuberculosis the folate binding site. avium folate binding site which
g 8 g dihydrofolate The cis conformation of dihydrofolate contains a bound lipophilic
% % 8 reductase (DHFR) P56 is conserved in reductase anti-folate.
g, F0004146 other DHFRs.
© 51.3,0.001
3r41AY(4) 36: LLHGFP lehyA(5) 34: LLHGWP 23.6 65 32 -
Fluoroacetate The fragment is part of ~ Epoxide hydrolase =~ HGXP is a conserved motif
. dehalogenase from the active site. Backbone from found in epoxide hydrolase
= = photosynthetic amide of F40 is part of Agrobacterium and other o/p hydrolase-fold
o g 2 bacterium oxyanion hole that radiobacter enzymes, and is part of the
g 8 & Rhodopseudomonas stabilizes transient active site. W38 is suggested
4 g 8 palustris negative charge in to be part of an oxyanion
° _S, F0016787 intermediate reaction hole. The motif has been

214.1, 0.00006

step. F40A mutant
disrupts dehalogenation
activity.

additionally suggested to
stabilize the putative
hydrolytic water molecule.
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4ew1AY(6) 108: HPSLLP 1s31A(7) 106: HPSLLP 16.6
human glycinamide = The fragment is part of N-terminal His106 is a key active site
= ribonucleotide the active site. It hydrolase domain  residue, residues 104-108 are
= transformylase transfers formyl group of 10- part of the active site
S E g F0016742 from 10- formyltetrahydrofo structure. It converts 10-
g S E 59.7, 0.0000006 Formyltetrahydrofolate  late dehydrogenase Formyltetrahydrofolate to
é % 8 to B-glycinamide from rat tetrahydrofolate. A fme
g ribonucleotide. His108 is molecule close to the
FO involved in formyl fragment mimics formate
transfer. (product from first step of the
reaction).
1kmvA(8) 112: VWIVGG* 3jtwA 112: VWIVGG* 19.1
Human V115 interacts with the Putative The fragment is part of the
dihydrofolate antifolate inhibitor while dihydrofolate ligand-binding pocket which
reductase V115, G116 and G117 reductase from contains electron density for
F0004146 interact with the Pediococcuspentos  some unknown ligand. It has
32.9, 0.000002 coenzyme NADP via aceus high structural similarity to
hydrogen bond and other dihydrofolate reductases
vander Waals contacts. (e.g. 2xw7, DALI(9) z-score:
§ = The cis conformation of 20.6, rmsd: 2.4A, sequence
5 g IS G117 is conserved in identity: 28%) and riboflavin
S w § other DHFR structures. biosynthesis proteins(e.g.
- 3ky8, DALI z-score: 21.7,
T S0 rmsd: 2.1A, sequence
20 identity: 28%), both of which

contain the DHFR domain.

This protein has been

assigned a GO of 5-amino-6-

(5-

phosphoribosylamino)uracil
reductase activity in

Uniprot(10), which may be a

mis-annotation
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2jdcA(11) 131: DTPPVG 2omzB(12) 44: DTPPVG 15.1 79 54 -
Glyphosate N- The fragment is part of ~ Human epithelial- The fragment is part of the
acetyltransferase  the substrate-binding site cadherin binding interface between
§ = from Bacillus and precedes the epithelial-cadherin and
=l g = licheniformis catalytic residue H138. bacterial invasion protein
S w § F0016746 The side chain of V135 internalin from Listeria
§ é k= 72.8,0.013 is involved in van der monocytogenes.
T 20 Waals interactions with
2O the competitive inhibitor
3-phosphoglyerate in the
ligand-bound structure
(PDB: 2jdd).
4c6eA(13) 1475: REPGGT 2pbrA 35: REPGGT 12.2 55 10 15.8
Dihydro-orotase The fragment is part of Thymidylate Comparison with PDB: 4edh
domain of human the active site. R1475 kinase from (holo-structure of homolog)
§ CAD side chain interacts with  Aquifex Aeolicus shows that this fragment
R § f,) F0016812 dihydroorotic acid and forms the base of the TMP-
f,) 2 g 32.4,0.0000005 the product N- binding pocket, where TMP is
g E & carbamoyl-L-aspartate. the phosphate group acceptor.
&2 8 The closed conformation
° § 8 of the flexible loop
z (involved in catalysis) is

favored by interactions
between F1563 and
R1475.
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1bx7A(14) 42: NGCEYP 3bgdD(15) 48: NGCEYP 47.5 93 68
Hirustasin (serine This fragment is part of ~ Guamerin (serine This fragment is part of the
protease inhibitor) the secondary binding  protease inhibitor) binding interface to
from the leech loop. The binding of from Hirudo chymotrypsin. C50 forms
Hirudo medicinalis hirustasin to tissue nipponia leech disulfide bridge with C30,
F0030414, kallikrein (serine which is one among the
= § F0004867 protease) is accompanied bridges that impart structural
285 47.9,0.02 by a change in the rigidity.
s & 2 . . .
£ o g relative orientation of the
EE o sub-domains in
2 20 hirustasin changes and
vz the cis to trans
isomerisation of Pro47.
C44 forms disulfide
bridge with C24, which
is one among the bridges
that impart structural
rigidity.
20ctAq(16) 69: VFQSLP 3kseD 69: VFKSLP 53.1 83 64
Human cystatin B The trans-to-cis Human cystatin A P74 is observed in the trans
F0004869, isomerization of P74 form in monomers (this PDB)
F0030414 (conserved throughout and domain-swapped
. 41.9, 0.02 the cystatin superfamily) dimmers (PDB: 1n9j)(17). In
52 4 results in the formation this PDB, the fragment from
‘g = = of a tetramer from two cystatin A (a thiol proteinase
Z2 8 E domain-swapped dimers inhibitor) is at the binding
g % 8 (these higher oligomers interface with cathepsin L
2 _g, lead to amyloid fibrils). (thiol proteinase).

P74 is found in trans-

conformation in other

reported structures in

monomeric or dimeric
form.
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2uu8AY(18) 207: ADGIAF* 2kucA 3: ADGIAF 10.5 87 28 -
Ni, Ca concanavalin ~ **’AD*® is part of the putative The selected fragment is
A from Canavalia  monosaccharide binding disulphide- located on the protein surface
= ensiformis(Jack site (19). The ligation of  isomerase from but is away from the putative
5 2 f,) bean) metal ion to metal-free Bacteroides active site (*°CGPC™) motif
= 8 g F0005537 concanavalin A causes thetaiotaomicron  in disulfide isomerases (12.3A
% 89 108.5, 0.009 trans-to-cis between the Ca atoms of A7
EEE isomerization of D208, and C39 (21).
2 5 8 which leads to the proper
~ binding orientation of
D208 and the
carbohydrate specificity
determining loop (20).
2ciwA(22) 3: GSGIGY(P) luxxX(23) 29: GSGIGY(I) 13.0 22 11 31.3
< Chloroperoxidase The enzyme is Xylanase U from The fragment is part of the
o ‘é = from fungus extensively glycosylated. Ruminiclostridium binding site. Y34 is a
278 Caldariomyces The above fragment is thermocellum conserved residue and
£ g § fumago close to N12, which has interacts with the bound
ERS = F0004601 N-glycosylation. The xylopentaose.
2 E0O 31.2,0.03 carbonyl of cis-P9 is
b § © involved in hydrogen
o bond with N-
acetylglucosamine.
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4mk3A 47: GKVPCL loe8A(25) 130: GKVPVL 18.8 0 0 55.9

Glutathione S- The fragment is part of Glutathione S- This fragment is away from
transferase from the glutathione transferase from  the active site but close to the
Cupriavidus (enzyme’s reactant) Schistosoma dimer interface. The fragment

metallidurans binding site. Residues haematobium S!\GRLPAV?®, equivalent to
F0004364 47-50 are involved in the fragment from 4mk3, does

26.8, 4.5¢-9 non-bonded contacts and not get selected because the
hydrogen bonds with the sequences differ by more than

bound glutathione
sulfinate.The cis-Pro
bend is essential for

correct backbone
conformation at the

cis-mismatch,
dynamics mis-match
GO match

one residue.

glutathione binding
site(24).
4gxzA(26) 154: QGTPAT 1gh2A(28) 65: QGTAAT 16.1 2 1 53.7
Suppression of Comparison with other Human This fragment precedes the
copper sensitivity proteins containing the thioredoxin-like ~ fragment *SATPTF’”’, which
§ protein ( DSBA-like same domain shows that protein is equivalent to the fragment
5 § = thioredoxin the fragment is close to from 4gxzA but is not
‘g 2 2 domain) from the active site *CXXC detected because the
2 E &  Salmonella enteric ~ motif and is part of the sequences differ by more than
g .2 8 serovar substrate-binding cleft. one residue.
3 § Typhimurium Cis-Pro157 is important
= F0015035 for the function and
24.6, 1.6e-9 stability of both oxidised
and reduced forms of
DsbA(27).

PDB fragments marked with * contain Xaa-Xnp cis-bond.

LResidues in cis conformation are in bold, and in parentheses when they occur just after the selected fragment.

Fragments marked with 9§ are either from PDBs which have no PROSITE pattern, or the fragment is outside the PROSITE pattern.

S-24
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Table S3: Suitability of coarse-grained forcefield in reproducing actual protein dynamics:
comparison of full protein RMSF,m, curves and ACV profiles of cis-peptide fragment in structures

with cis-peptides from the non-redundant dataset.

PDB  Correlation Coefficient % of Correlation Coefficient values >N between cis-peptide
ID  (Full protein RMSF0rm) fragment ACV profiles from CGMM & NMR frames
CGMM  Martini 2.2 vs N=0.90 N=0.95
vs NMR NMR
laiw 0.75 0.74 89 50
la7m 0.94 0.61 45 28
lapj 0.91 0.58 91 76
law6 0.97 0.77 85 18
1c01 0.48 0.53 76 43
lex1 0.76 0.46 53 26
ldcj 0.90 0.45 100 91
1g91 0.89 0.62 47 15
1h3z 0.75 0.48 81 29
lils 0.91 0.62 100 73
lie5 0.82 0.28 91 53
1j7m 0.92 0.59 59 15
Imvz  0.93 0.50 65 40
1p8b 0.90 0.72 83 49
Irmj 0.90 - 65 22
Isjg 0.77 0.36 76 60
IwOr 0.96 0.69 61 30
lwh2  0.94 0.60 71 32
lwic 0.93 0.48 59 20
1x3a 0.72 0.60 100 26
lyua 0.88 0.66 91 54
2aiv 0.76 0.39 100 40
2dky  0.95 0.7 64 29
2ffw 0.89 0.69 64 36
2kpu 0.96 0.59 74 49
2kxj 0.84 0.54 98 43
2la7 0.98 0.56 58 31
2lah 0.82 0.57 70 45

‘---” means 1us long trajectory is not available
CC: Correlation Coefficient; CC value > 0.90 are in bold.
RMSF,orm = (RMSF — <RMSF>)/6(RMSF) (29)

Cis-peptide fragment is of length six residues centered on the cis-bond. Fragments were said to
have matching dynamics if at least 50% CC values were >0.9 and at least 25% CC values were

>0.95.
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Table S4: Numbers of hits in different classes when searching for FO fragments in the test dataset

using match in cis-peptide and dynamics

GO MF Cis-peptide match No cis-peptide (trans match)
Dynamics Dynamics
Match Mismatch Match Mismatch
Match 94 0 31 6
Mismatch 5 3 32 33
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Table S5: Annotation of the PDBs with unknown function containing fragments from the FO dataset with matching cis-peptide- and dynamics.

FO PDB (ref.) FO Fragment and its PDB from UF UF Fragment and its possible % sequence % Match in CC
GO MF, propensity, function- dataset [ref.] function- identity of UF 090 >095 ED
p-value to FO PDB | )
4iedAY 146: LEGPLK 3ix7A 164: LEGPLW 12 77 40 -
Class D beta- Beta-lactamase provides Uncharacterized A short segment KALS is
lactamase from resistance to beta-lactam protein from present within 12A of the
Fusobacterium antibiotics. The structurally Thermus matching cis-fragment.
nucleatum equivalent fragment in a thermophilus=|= Comparing the dynamics of
F0008658 homolog from Klebsiella this second fragment and the
61.4,0.000002 pneumoniae(PDB: 4s2n) is SXXK motif in 4ied yields
part of the binding site of 55% CC values above 0.90
the inhibitor avibactam (30). but all below 0.95. These two
Close to this fragment segments are adjacent to a
(<12A) is the conserved shallow groove (See Figure
motif SXXK. Ser is required marked J,'f below). Hence this
for acylation, while the protein may have a similar
carboxylated Lys is function (FO008658:
involved in Ser activation penicillin binding).
during acylation and
activation of the catalytic
water during hydrolytic
deacylation.
117aAY 216: VALEQP Iwv8A 54: VALELP 13 69 34
Cephalosporin C The active site is inside the ~ Hypothetical protein ~ Although the dynamics of the
from Thermus detected fragments match, we

tunnel of a hexameric

deacetylase from
did not find any additional

Bacillus subtilis assembly (PDB: 1ods) thermophilus
F0047739 which can bind to different, active site residues/ motifs
203.4, 0.0049 small acetylated molecules from 117aA in 1wv8A. Hence
we annotate this as the

(31). The selected fragment
is at the binding interface of
the adjacent monomers. In

putative binding site of the
protein.
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the holo structure (PDB:
lodt), the cis-Pro is in
contact with the bound
acetate ion.
4123B(32) 392: FSDPLT 3k6oA 223:FSYPLT 16.8 67 31
Phosphatidylinositol The protein has been co- Uncharacterized In the absence of additional
3-kinase regulatory  crystallized with its binding protein from active site residues/ motifs
subunit alpha from  partner phosphatidylinositol Bacteroides vulgatus from 4123B in 3k60A, we
human 4,5-bisphosphate 3-kinase annotate this as the putative
F0035014 catalytic subunit alpha binding site of the protein.
32.5,0.03 isoform. The selected
fragment is at the interface
of the two protein chains.
2q88AY(33) 19: ANEPPF 1vhoA(34) 229: ASEPPF 23 63 33
EhuB, ABC The protein helps in Putative peptidase/ No additional active site
transporter from theuptake of compatible endoglucanase from  residues/ motifs from 2q88A
Sinorhizobium solutes ectoine and Thermotoga were found in 1vhoA. The
meliloti hydroxyectoine. The maritima fragment loop in 1vhoA
F0033294 fragment is at the moves towards the other
227.6, 0.004 interface of 2 domains and domain during MD
part of the substrate-binding simulations. Based on the
site. The conserved cis- match of cis-peptide and
peptide positions F24 in a dynamics, the fragment
proper conformation to appears to be part of a
interact with the substrate putative binding site at the
(ectoine/ hydroxyectoine) interface.
via cation-m interactions.
3vwwA (35) 97: VQGFPT 3h79A 90: VSGFPT 21 75 66
Protein disulfide The fragment is involved in Thioredoxin-like The 2 proteins share a high
isomerise (PDI) functional interaction with ~ hypothetical protein  structural similarity (DALI z-
family protein P5 its receptor Peroxiredoxin-4  from Trypanosoma score: 17.6, rmsd: 1.2A).
from Human (Prx4), as seen from the cruzi However, the CXXC motif is
F0015035 structure with a bound C- absent in this protein. Hence
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75.6, 3.5e-7 terminal peptide of Prx4
(PDB: 3w&gj) and is close to

we label the cis-fragment as
the putative binding site for

the active site motif 3h79A.
(C'CXXOQ).
3n10A(36) 72: LWIVKG(P) 2acaA 74: LWIVKG(P) 43 46 22
Class IV Adenylyl ~ The fragment is part of the putative adenylate The two proteins share a
Cyclase from substrate binding site. cyclase from Vibrio similar overall structure
Yersinia pestis Residues L.73, 174 and K76~ parahaemolyticus (DALI z-score: 27, rmsd:
F0004016 are found to interact with 1A). The selected fragment is
58.3,0.017 the bound product molecule. part of the binding site, with
E12 and E136 bind to Mn*"

ion and stabilize it, while

K14, R63, K76, K111 and
R113 interact with the

triphosphate-Mn2+ moiety.

two phosphate groups close
to K78. Moreover, the
aforementioned residues
interacting with triphosphate
and Mn”'in 3n10A are
conserved in 2acaA.

Lresidues in cis conformation are in bold, and in parentheses when they occur just after the selected fragment.

=|= GO MF present in the UNIPROT database (10), and evidence code given as IEA.

Fragments marked with q are either from PDBs which have no PROSITE pattern, or the fragment is outside the PROSITE pattern.

J,'f Figure legend (for the figure below): comparison of the cis-fragment (pink) in the FO protein 4iedA and UF protein 3ix7A. (A) The FO fragment is
part of the binding site and close to the catalytic motif SXXK (green). Inset depicts the motifs and the bound avibactam inhibitor (ball-and-stick model)
in ahomolog (PDB: 4s2n). (B) ACVmatrix depicting matching dynamics between the selected fragments. (C) The cis-fragment in the UF protein is

within 12A of a stretch with sequence 23K ALS™. These two segments line a shallow groove, which is a putative binding site.
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