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Figure S1. Multiple sequence alignment of human PGM1-1 and PGM1-2 with 96 orthologs, human
PGMS5 with 29 orthologs, as well as 18 homologs from invertebrate species
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Figure S3. The N-terminal a-helical extension of PGM1-2 has poor packing with the rest of the protein
Figure S4. Structural disorder predictions for PGM1-2

Figure S5. Sequence logos show unique conserved segments and residues in PGM1-1 and PGM1-2

Figure S6. The current structures of PGM1-2 complexes have a more closed active site compared with
recently published complex structures of Xanthomonas citri PMM/PGM

Table S1. Order of secondary structure elements in PGM1-2
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Encoded by 5’ exon Encoded by exon 2 Encoded by exons 3to 11
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NP_001166289.1-Homo_sapiens_isoform2 MSDFEEWIS-TYRKM E
NP_002624.2-Homo_sapiens_isoform1 - - - -
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XP_005337773.1-Ictidomys_tridecemlineatus
XP_008829293.1-Nannospalax_galili
XP_008829292.1-Nannospalax_galili
NP_082408.3-Mus_musculus
XP_006238504.1-Rattus_norvegicus
NP_058729.2-Rattus_norvegicus
XP_012876090.1-Dipodomys_ordii
XP_012876091.1-Dipodomys_ordii
XP_004663245.1-Jaculus_jaculus
XP_004663246.1-Jaculus_jaculus
XP_004369070.1-Trichechus_manatus
XP_004369071.1-Trichechus_manatus
XP_006879830.1-Elephantulus_edwardii
XP_006879831.1-Elephantulus_edwardii
XP_006862525.1-Chrysochloris_asiatica
XP_006862526.1-Chrysochloris_asiatica
XP_007957345.1-Orycteropus_afer_afer
XP_007957349.1-Orycteropus_afer_afer
XP_003793184.1-Otolemur_garnettii
XP_003793183.1-Otolemur_garnettii
XP_015995886.1-Rousettus_aegyptiacus
XP_015995885.1-Rousettus_aegyptiacus
XP_016063924.1-Miniopterus_natalensis
XP_016063916.1-Miniopterus_natalensis
XP_005878116.1-Myotis_brandtii
XP_014404753.1-Myotis_brandtii
XP_004413279.1-Odobenus_rosmarus
XP_004413280.1-Odobenus_rosmarus
XP_003365161.1-Equus_caballus
XP_014595593.1-Equus_caballus
XP_004431504.1-Ceratotherium_simum
XP_004431505.1-Ceratotherium_simum
XP_006181328.1-Camelus_ferus
XP_006181329.1-Camelus_ferus
XP_536684.2-Canis_familiaris
XP_865342.1-Canis_familiaris
XP_004679130.1-Condylura_cristata
XP_004679131.1-Condylura_cristata
XP_003990205.1-Felis_catus
XP_006934862.1-Felis_catus
XP_005204573.1-Bos_taurus
NP_001070371.1-Bos_taurus
XP_007127982.1-Physeter_catodon
XP_007127981.1-Physeter_catodon
XP_007164394.1-Balaenoptera_acutorostrata
XP_007164395.1-Balaenoptera_acutorostrata
XP_007464359.1-Lipotes_vexillifer
XP_007464360.1-Lipotes_vexillifer
XP_004281660.1-Orcinus_orca
XP_004281661.1-Orcinus_orca
XP_007522595.1-Erinaceus_europaeus
XP_007522596.1-Erinaceus_europaeus
XP_004699427.1-Echinops_telfairi
XP_004699428.1-Echinops_telfairi
XP_003767319.1-Sarcophilus_harrisii
XP_006125100.1-Pelodiscus_sinensis
XP_006125101.1-Pelodiscus_sinensis
XP_006035112.1-Alligator_sinensis
XP_006035113.1-Alligator_sinensis
XP_015671021.1-Protobothrops_mucrosquamatus
XP_015671022.1-Protobothrops_mucrosquamatus
XP_007421319.1-Python_bivittatus
XP_007421320.1-Python_bivittatus
XP_009087030.1-Serinus_canaria
XP_009087031.1-Serinus_canaria
XP_014726001.1-Sturnus_vulgaris
XP_014725999.1-Sturnus_vulgaris
XP_005521284.1-Pseudopodoces_humilis
XP_005521285.1-Pseudopodoces_humilis
XP_008932117.1-Manacus_vitellinus
XP_008932118.1-Manacus_vitellinus
XP_005151235.1-Melopsittacus_undulatus
XP_005151236.1-Melopsittacus_undulatus
XP_009908290. coides_pubescens
XP_009908292.1-Picoides_pubescens
XP_015146511.1-Gallus_gallus
NP_001033782.2-Gallus_gallus
XP_012816250.1-Xenopus_tropicalis
NP_001001251.1-Xenopus_tropicalis
XP_006005835.1-Latimeria_chalumnae
XP_006634914.1-Lepisosteus_oculatus
XP_006634913.2-Lepisosteus_oculatus
AFP00831.1-Callorhinchus_milii
XP_007907132.1-Callorhinchus_milii
XP_005457144.1-Oreochromis_niloticus
XP_005803940.1-Xiphophorus_maculatus
XP_004068068.1-Oryzias_latipes
XP_003974425.1-Takifugu_rubripes
XP_007248270.1-Astyanax_mexicanus
NP_957319.1-Danio_rerio
XP_017327069.1-Ictalurus_punctatus
XP_007250702.1-Astyanax_mexicanus
XP_003976143.1-Takifugu_rubripes
XP_004079038.1-Oryzias_latipes
XP_003453366.1-Oreochromis_niloticus
XP_002129975.1-Ciona_intestinalis
H2YQX6_Ciona_savignyi
XP_002591451.1-Branchiostoma_floridae
XP_002732269.1-Saccoglossus_kowalevskii
XP_395366.2-Apis_mellifera
XP_017753798.1-Eufriesea_mexicana
XP_012267628.1-Athalia_rosae
XP_015522678.1-Neodiprion_lecontei
XP_011455687.1-Crassostrea_gigas
XP_009043713.1-Lottia_gigantea
ELU03314.1-Capitella_teleta
KZS16178.1-Daphnia_magna
EFX83182.1-Daphnia_pulex
XP_014672115.1-Priapulus_caudatus
XP_013419467 ngula_anatina
XP_015783535.1-Tetranychus_urticae
KXJ15458.1-Exaiptasia_pallida
XP_001630324.1-Nematostella_vectensis
NP_068800.2-Homo_sapiens
XP_003935689.1-Saimiri_boliviensis
NP_001095805.1-Bos_taurus
XP_012592494.1-Microcebus_murinus
NP_778178.3-Mus_musculus
XP_004459454.1-Dasypus_novemcinctus
XP_015348388.1-Marmota_marmota
XP_002708236.1-Oryctolagus_cuniculus
XP_004769305.1-Mustela_putorius_furo
XP_003782974.1-Otolemur_garnettii
XP_006881390.1-Elephantulus_edwardii
XP_001365556.1-Monodelphis_domestica
XP_003216534.1-Anolis_carolinensis
XP_006261299.2-Alligator_mississippiensis
XP_009554435.1-Cuculus_canorus
XP_015281582.1-Gekko_japonicus
XP_011588697.1-Aquila_chrysaetos
XP_424802.3-Gallus_gallus
XP_015704345.1-Coturnix_japonica
XP_018114142.1-Xenopus_laevis
XP_018099320.1-Xenopus_laevis
XP_005999459.1-Latimeria_chalumnae
XP_006626931.1-Lepisosteus_oculatus
XP_007890834.1-Callorhinchus_milii
XP_003974843.1-Takifugu_rubripes
NP_001119868.1-Danio_rerio
XP_003446120.1-Oreochromis_niloticus
XP_004072275.1-Oryzias_latipes
XP_014017215.1-Salmo_salar
XP_014026530.1-Salmo_salar
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Figure S1. Multiple sequence alignment of human PGM1-1 and PGM1-2 (i.e. isoforms 1 and 2) with 96 orthologs (marked with red bar at right hand side),

human PGMS5 with 29 orthologs (blue bar), as well as 18 homologs from invertebrate species (green bar). The PGM1 sequences are marked according to
vertebrate classes and main groups at the right. The yellow bar above the figure shows the segment encoded by the 5’ exons in human PGM1 and PGM5, that is,
exon 1-1in PGM1-1, exon 1-2 in PGM1-2, and exon 1 in PGM5. The orange bar highlights the segment encoded by exon 2 in PGM1/5. The location of the four
structural domains, D1 to D4, is shown above the alignment. The five boxes highlights the four previously described active site loops and the new active site loop
discussed in the manuscript. The figure was prepared with Jalview (http://www.jalview.org).
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Figure S2. Secondary structure elements of PGM1-2. Human PGM1-2 is shown with identical
orientation and coloring as in Fig. 2a (top), and annotated secondary structure elements, 3-strands
and a-helices (> 3 residues), are shown for the separated domains (bottom). The secondary structure
elements and the corresponding residue ranges are given in Supplementary Table S1. Elements D1a.0
to D1a3 are encoded by PGM1 exon 1-1 (light orange, residues 1 to 100), unique to PGM1-2. Catalytic
residue Ser135, located in the loop between D1B5 and D1fB6, is shown with ball-and-stick
representation.
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Figure S3. The N-terminal a-helical extension of PGM1-2 has poor packing with the rest of the
protein. The PGM1-2 free protein is shown as a space-filling CPK calotte model with identical coloring
as in Fig. 2a. Domains D4, D3, and D2 are shown in red, pink, and green, respectively. The PGM1-2
isoform specific exon 1-2 encoded segment is shown in light orange, while the rest of D1 is colored
blue. The contact surface between the N-terminal helix (residues 5 to 16) and the rest of D1 is
roughly 175 A?, calculated with the get_area command after addition of hydrogen atoms in PyMOL
2.2.2 from Schrédinger, LLC. In the crystal, the N-terminal helix interacts with two other nearby
protein chains, with contact surfaces of approximately 475 A% and 70 A% There are no indications
that these interactions between PGM1-2 chains occur in solution.
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Figure S4. Structural disorder predictions for PGM1-2. The N-terminus of human PGM1-2 is predicted
to be natively disordered by prediction software DISOPRED3 (residues 1 to 17) and PrDOS (residues 1
to 16), given a cutoff/threshold at 0.5 (green line). PrDOS also predicts the C-terminus to be disordered
(residues 572 to 580), but with quite low probability.
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PGM1-2, residues 1 to 14 (placentals only)
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PGM1-2, residues 15 to 57 (bony vertebrates, no teleost fish) 5th conserved
active site loop
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PGM1-1, residues 40 to 82 (bony vertebrates, no teleost fish)
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PGM1-2, residues 58 to 100 (bony vertebrates, no teleost fish)

Figure S5. Sequence logos show unique conserved segments and residues in PGM1-1 and PGM1-2. (a)
Logo generated from an alignment of the N-termini of 28 placental PGM1-2 orthologs (See
Supplementary Fig. S1 for the sequences) shows overrepresentation of charged and aromatic residues
and a complete conservation of human PGM1-2 Trp7. (b) Logo for PGM1-1 residues 1 to 39 (top) and
the paralogous segment of PGM1-2 (bottom) generated from an alighment of 42 and 43 vertebrate
homologs, respectively (See Supplementary Fig. S1 for the sequences). All Euteleostomi homologs in
Supplementary Fig. S1 were included, except teleost fish, due to the gene duplication in these species.
Black lines connect highly conserved paralogous residues. Red boxes highlight residues that are highly
conserved in one isoform, but where this variant is very rare, or not found at all, in the other. (c) Logo
for PGM1-1 residues 40 to 82 (top) and the paralogous segment of PGM1-2 residues 58 to 100 (bottom)
generated in the same fashion and with the same annotation as in panel (b).

There are no insertions or deletions in the multiple sequence alignment of 85 vertebrate PGM1
sequences used for generating the panels (a) to (c). Consequently, stack numbering also corresponds
directly to residue numbering in human PGM1-1 and PGM1-2. Stack heights indicate sequence
conservation measured in bits, and the symbol heights reflect the relative frequency of the
corresponding residues. An equiprobable background composition was used for logo generation.
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Figure S6. The current structures of PGM1-2 complexes have a more closed active site compared with
recently published complex structures of Xanthomonas citri PMM/PGM. The phosphate-binding loops
are interacting with the phosphate group of G1P (top panels) and G6P (bottom panels) with close to
identical conformations for the two conserved Arg residues in human PGM1-2 (pale cyan, left hand
panels, structures from current study, see also Fig. 5) and X. citri PMM/PGM (white, right hand panels,
structures from PDB identifiers 6NNO and 6NNS (Stiers et al., Struct. Dyn. 6, 1 (2019)). The G1P and
G6P hydroxyl groups involved in nucleophilic attack on active site phosphoserine (p-Ser) are located
approximately 3.5 A (green dotted line) from the P atoms of the phosphoryl groups in the PGM1-2
complexes (See also Figs. 5a and 5b). The corresponding distances in the X. citri PMM/PGM structures
are longer than 6.5 A, reflecting the much more open active site in these structures. The X. citri enzyme
appears to belong to the PMM/PGM subgroup of PHMs although only PGM activity have been
investigated experimentally (Stiers et al., Struct. Dyn. 6, 1 (2019)). The 6NNO and 6NNS structures have
two alternative, but very similar, p-Ser conformations in the PDB files.



Table S1. Order of secondary structure elements in PGM1-2. See Supplementary Fig. S2 for location of
secondary structure elements in the tertiary structure.

Secondary structure Residue range
element* in PGM1-2**

Domain D1 (residues 1 — 209):

D1a0 7-17
D11 23-26
D1p2 40-43
Dlal 44 - 48
Dlo2 53 -64
D1p3 74-79
Dlo3 85-98
D1p4 103 - 107
Dlo4 114-124
D1p5 128 - 132
D1p6 144 - 150
Dla5 159-171
D1p7 174 -177
D1B8 189 -193
D1p9 202 - 207
Domain D2 (210 —322):
D2al 211-220
D202 223-230
D2p1 238-241
D203 247 - 253
D204 288 — 296
D232 301-305
D2p3 312-316
D2p4 320-322
Domain D3 (323 —439):
D3al 324 -333
D302 339-344
D31 349 - 352
D3a3 358 — 365
D3p2 370-373
D304 377 -385
D33 391-394
D3p4 398 — 401
D3a5 409 -423
D3a6 427 - 438
Domain D4 (440 —580):
D41 440 - 448
D4oal 453 — 468
D42 486 — 491
D4p3 508 — 512
D44 517 -522
D4B5 532 — 540
D4a2 550 - 565
D4o3 567 -571
D4p6 578 — 580

*Only a-helices longer than 3 residues have been annotated
**Subtract 18 to get PGM1-1 residue ranges





