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Figure S1 | Sequence variations in the catalytic and tRNA-binding domains of microsporidian aminoacyl-
tRNA synthetases. (A-C) Crystal structures of eukaryotic aminoacyl-tRNA synthetases in complex with cognate
tRNAs: TyrRS/ARNA™" from yeast S. cerevisiae (pdb id 2dlc) (A), GlyRSARNA®Y from human (pdb id 5e6m) (B),
and TrpRS ARNA™™ from human (pdb id 2ake) (C). Below each structure, multiple sequence alignments highlight
residues (in red) that are predicted to form direct contacts with cogante tRNAs. The figure illustrates that, despite
close evolutionary relationships between microsporidian species, microsporidian synthetases carry potentially
deleterious mutations within tRNA-binding and catalytic domains, suggesting altered tRNA affinity or specificity

of tRNA recognition by microsporidian synthetases.
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Acceptor stem

Anticodon
TrpRS residues that directly contact tRNA

L2GSV8_VAVCU 282  sQFEBsEsSNLGK-MESS-RDK RK & 339
SYW_ENCCU 256 VS KGVNR DPNSS RK i 315
AOADB2UIN1 9MICR 256 VS DONSS RKIME 315
C4V9E6_NOSCE 261 VS DTTSS : ‘ 320
EOSAB3_ENCIT 256 Vs DPNSS g i 315
L2GKT2_VITCO 256 LG DQKS KETVEEHE 315
B7XK60_ ENTBH 256 VD DATTS 315
L7JY70_TRAHO 290 SQ ~KDK RK 347
AOAL177EF74_9MICR 251  TY SSVSS g i 310
S7XLV7_SPRLO 254 ST g R 312
L2GSV8_VAVCU 340 399
SYW_ENCCU 316 375
AOAOB2UIN1_9MICR 316 375
CAV9E6_NOSCE 321 380
EOSAB3_ENCIT 316 375
L2GKT2_VITCO 316 375
B7XK60_ENTBH 316 375
L7JY70_TRAHO 348 407
AOAl77EF74_9MICR 311 370
S7XLV7_SPRLO 313 372




Figure S2 | Multiple sequence alignments reveal degeneration of the editing domain in LeuRS from
microsporidian parasites. Position of the editing domain in the primary structure of microsporidian LeuRS (from
E. cuniculi) is highlighted in yellow. To illustrate conservation of the editing domain across eukaryotic species, the
sequences are shown for cytosolic LeuRS from S. cerevisiae (YEAST), S. pombe (SCHPO), N. crassa (NEUCR),

A. thaliana (ARATH), M. musculus (MOUSE), H. sapiens (HUMAN).
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Figure S3 | The “rudimentary” editing domain of microsporidian LeuRS is poorly conserved even across
microsporidian species. The multiple sequence alignment shows a fragment of LeuRS sequence from five
microsporidian families: Encephalitozoonidea (E. cuniculi), Pleistophoridea (T. hominis), Nosematidea (N.
bombycus), Ordosporidae (O. colligata) and Spraguidae (S. lophii). Position of the editing domain in the LeuRS
primary structure is highlighted in yellow.
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Figure S4 | Purification, active site titration of E. cuniculi LeuRS. (a) E. cuniculi LeuRS recombinantly
expressed and purified from E. coli (Img). (b) Active site titration to determine the active fraction of E. cuniculi
LeuRS. (c¢) Side-by-side comparison of acid activation by E. cuniculi LeuRS (1 uM E. cuniculi LeuRS in 150 mM
Tris-HCI (pH 7.5), 10 mM MgCl,, 10 mM KF, 2.5 mM DTT, 0.05% BSA (w/v), 1 mM sodium pyrophosphate, 10

ATP mM, y—[32P]—ATP (1000 cpu/ul final) and 2 mM amino acid after 1 minute at 37°C).
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Figure S5 | High conservation of the editing domains in microsporidian IleRS and ValRS synthetases.

Multiple sequence alignments illustrate that IleRS (A) and ValRS (B) have conserved editing domains. Active site

residues that are involved in recognition of near-cognate amino acids are outlined in red.
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Anncaliia algerae PRA109 17.53 5330

Anncaliia algerae PRA339 12.16 3661
Anncaliia algerae Undeen 13.82

Edhazardia aedis USNM 41457 51.35 4262
Encephalitozoon cuniculi EC1 2.24 1898
Encephalitozoon cuniculi EC2 2.24 1902
Encephalitozoon cuniculi EC3 2.24 1898
Encephalitozoon cuniculi GB-M1 2.5 2126
Encephalitozoon hellem ATCC 50504 2.25 2006
Encephalitozoon hellem Swiss 2.18 1864
Encephalitozoon intestinalis ATCC 50506 2.22 2011
Encephalitozoon romaleae SJ-2008 2.19 1883
Enterocytozoon bieneusi H348 3.86 3806
Hamiltosporidium tvaerminnensis OER-3-3 13.27

Mitosporidium daphniae UGP3 5.64 3428
Nematocida ausubeli ERTm2 4.7 2831
Nematocida ausubeli ERTm6 4.27 2544
Nematocida parisii ERTml 4.07 2724
Nematocida parisii ERTm3 4.15 2788
Nosema bombycis CQl1 15.69 4643
Nosema ceranae BRLO1 7.86 2678
Ordospora colligata 0oC4 2.29 1879
Pseudoloma neurophilia MK1 5.25 3676
Spraguea lophii 42 110 4.98 2596
Trachipleistophora hominis Unknown strain 8.5 3253
Vavraia culicissubsp. floridensis 6.12 2875
Vittaforma corneae ATCC 50505 3.21 2340

Table S1 | Microsporidian species with known genome sequences. The table summarizes microsporidian species with
known genome sequences, according to Microsporidia Data Bank (http://microsporidiadb.org/).



AlaRS 876 870 982 967
ArgRS 571 613 607 661
AsnRS 465 451 492 552
AspRS 590 457 557 501
CysRS 461 485 767 748
GInRS 550 697 809 775
GIuRS 471 656 708 1714*
GlyRS 689+303 565 687 739
HisRS 424 486 526 509
IleRS 939 1021 1073 1266
LeuRS 860 832 1090 1176
LysRS 505 508 591 597
MetRS 677 532 751 900
PheRS 795+327 501+557 595+503 508+589
ProRS 572 497 688 1714*
SerRS 430 445 462 505
ThrRS 642 640 734 724
TrpRS 334 411 432 475
TyrRS 424 337 394 528
ValRS 951 917 1058 1265

Table S2 | Size of aminoacyl-tRNA synthetases in microsporidia compared to other species. In H. sapiens, GIluRS
and ProRS are fused in one protein (marked with asterisk).



Table S3 | Steady-state parameters for amino acid activation by LeuRS from yeast S. cerevisiae and
microsporidium E. cuniculi. The values represent the best fit value of three independent experiments in which a

synthetase variant was freshly purified before the measurements. N/D stands for Not Detected due to insufficient
activity.

Km (mM) Vmax Km (mM) Vmax (s'1)
0.05 £ 0.01 96 + 8 0.11 £ 0.02 9.8+1.2
2,6+0.3 89+9 2,3+0.2 8.7+1.1
57+7 22+3 78+ 12 29+04

26 + 3.4 3.7+0.3 36+4.8 0.35+ 0.05

47 +9 58+0.6 66 + 6 0.23 +£0.03

N/D N/D N/D N/D




