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Supplementary Fig. 1 Phylogenetic analysis of 18S rRNA gene from Heterolobosea showing the
position of three Percolomonas species for which transcriptome data are available. The ML tree was
calculated using IQ-TREE (substitution model TIM2+1+G4) with 1000 ultrafast bootstraps. The two taxa

currently identified as two strains (AE-1 and WS) of the s

ame species of Percolomonas cosmopolitus and

used for generating transcriptome assemblies in the context of the MMETSP project (MMETSP0758 and

MMETSPO0759, respectively; https://www.imicrobe.us/#/p

rojects/104) are in fact very different at the level

of the 18S rRNA gene sequence and apparently represent two different species. In addition, we found out
that the transcriptome assembly of the diatom Nitzschia sp. ChengR-2013 (NCBI BioProject
PRJINA243394) is massively contaminated by sequences from a heterolobosean that according to the
phylogenetic analysis of the 18S rRNA sequence present in the assembly is specifically related to P.



cosmopolitus strain WS, yet again sufficiently different at the sequence level to be considered a separate
species (provisionally denoted as Percolomonas sp. ex Nitzschia sp. ChengR-2013).



Supplementary Fig. 2 Fluorescence in situ hybridization (FISH) of selected Gsp genes in N. gruberi
nuclei. Probes specific for the NgGspE and NgGspF genes each label two loci (red) in diploid nuclei
(blue) of N. gruberi. DNA was stained with DAPI, blue dots correspond to mitochondrial DNA.
(representative images of multiple experiments are shown). Scale bar 10 pm.
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Supplementary Fig. 3A Phylogenetic relationship of the eukaryotic GspD proteins to prokaryotic
homologues. For further explanations see page 7.
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Supplementary Fig. 3B Phylogenetic relationship of the eukaryotic GSpE proteins to prokaryotic

homologues. For further explanations see page 7.
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Supplementary Fig. 3C Phylogenetic relationship of the eukaryotic GspE proteins to prokaryotic
homologues. For further explanations see page 7.
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Supplementary Fig. 3D Phylogenetic relationship of the eukaryotic GspG proteins to prokaryotic
homologues. For further explanations see page 7.



Supplementary Fig. 3 (pg. 3-6) Phylogenetic relationship of the eukaryotic GspD (panel A), GspE (panel
B, pg. 4), GspF (panel C, pg. 5), and GspG (panel D, pg. 6) proteins to prokaryotic homologues. Top part
of each panel: The monophyly of eukaryotic Gsp sequences and their relation to the prokaryotic
homologues was systematically analyzed by building phylogenetic trees (using IQ-TREE) from gradually
expanding datasets. Specifically, the different sets of sequences were defined by varying the HMMER
score cutoff (in searches using profile HMMs built for the eukaryotic Gsp families) based on the formula
SCOrecutoff = C*SCOrEhest prokaryotic hit, With the coefficient ¢ decreasing from 0.99 to 0.70 incrementally by 0.01
(X axis). The resulting trees were systematically analyzed for support of the monophyly of eukaryotic
sequences and for the taxonomic assignment of the parental prokaryotic node of the eukaryotic subtree
(details of the procedure are described in Materials and Methods). The Y axis of the plot simultaneously
denotes three variables: (i) support of the monophyly of eukaryotic sequences (black dashed line;
percentages are rescaled to values 0 to 1); (ii) the taxonomic affiliation of the parental prokaryotic node of
the eukaryotic subtree plotted as a fraction (0-1) for each prokaryotic taxonomic group (lines and shapes
of a different colour, see the graphical legend to the right); and (iii) number of leaves (individual
sequences) in the respective tree (grey dashed line; the values rescaled to their thousandth). Bottom
part of each panel: Exemplar phylogenetic trees based on datasets defined by particular HMMER score
cutoffs (dotted arrow). The trees were arbitrarily rooted between the clade of eukaryotic Gsp homologues
(highlighted by a light red background) and prokaryotic sequences. The leaves are described accordingly:
“organism name”.”’main taxon”.”sequence ID”.”system classification”. The “system classification” has been
assigned using the models of subunits of T4P superfamily of molecular machines?. Ultra-fast bootstrap
values are shown at internal branches.
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Neo.damari DL
kyrbyi DL
jakobiformis DL
okellyi DL
multiciliatum DL
cosmopolitus WS DL

vhaRm

godoyi D
americana D
jakobiformis D
okellyi D
kukwesjijk D
gruberi D

fowleri D
Neo.damariscottae D
cosmopolitus AEl D
kyrbyi D
cosmopolitus WS D
coli

cholerae
salmonicida
aeruginosa
N.meningtitis
Myxococcus
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godoyi DL
americana DL
gruberi DL

fowleri DL
cosmopolitus AE1 DL
Neo.damariscottae DL
kyrbyi DL
jakobiformis DL
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cosmopolitus WS DL
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TWVLARGL:

.LERLSRL:
FVLRIWPSLL.

RFLIHGVSAIL-
ILSVLKGIFK-

Neo.damari. D
cosmopolitus AE1 D
kyrbyi D
cosmopolitus
coli
cholerae
salmonicida
aeruginosa
N.meningtitis
Myxococcus
S.enterica
A.godoyi DL
R.americana DL
N.gruberi DL
N.fowleri DL
P.cosmopolitus AE1 DL

WS D

RSN E

KYVLLLFKKAPYTLYKLI

IFLIQIIPLTL:

P API---LRQMII

VNYD!

VHYD!

APL---LRQLND! HYD!

NVLLITGRAAV

-IQVQQSPVSELIPL---IRPLVPQYG--HLAAVP!

NALIISDRSANIARIEDVIRQL-----===

HTLPTTLORSLDVADFKTPVQKVTLKRLNND---TQLIIT

PKTFT

AAPGYFTFQVLPKKONL

RKISLDFQDVEIRTILQIL

ARLPKKFERSLDTSALDTPVKMISAFSVPGEGGKVRLVVAADGAIEEKVSQSAG-TLSWRLI T

IV,
PAYAAEGAPQQARYRGKRVSFEFKDIDIQNLLRVIAEISKKNIVVA

QKMVIPGIATAIERLLQ---==========

Neo.damari DL
P.kyrbyi DL

M. jakobiformis DL
G.okellyi DL
S.multiciliatum DL
P.cosmopolitus WS DL




RLRRGT

A.godoyi D INERSF! PVA
R.americana D WRWLLWK: PERAAE.
M. jakobiformis D IAAL ASWYIWRI] APVVQ
G.okellyi D VYFLL! AAL
H. \QWRSIVSRLL: PVASHLSSS!
N.gruberi D ISNSGDDL "ECS( SIYSDLFNQQ
N.fowleri D RRVSNTTTITT TTTDFHNTSNTNST------! TSSSLTTKQQQQHSQL- ~EINSYLFSND-
Neo.damari D "PQOKQTETOQ! TIIQRFEFSEL-----EYLSNQY¥SNR-
P.cosmopolitus AE1 D NKVLDTCILKIFNIKTIQF IPHSLHPFVDQTMKHPKKNIMIPNIIVPSKRNITNL 'SQAFRAPEQ: 100
P.kyrbyi D = ====—-= SL ----- ILPVL FPTKPH: NSSI( A 70
P.cosmopolitus WS D FSFFTWI L) DISEL----- ELLSFQYQDE-------===-== 115
E.coli —DHAGNRTEEVI PLDNASASE IARVLESLTKN---SGENQPATLKSQIVADERTNSVI 'DPATRDKMRRLI [ QVFYLKYSKAEDLVDVLKQVSGT 307
V.cholerae ~DQAGDKEIEVVELNNASAAEMVRIVEALNKT--TDAQNTPEFLKPKFVADERTNST! ISGI KRLIK: QLDVEMA VVYLKYAKAEDLVEVLKGVSEN 289
A.salmonicida ~DKAGDQEVDIIKLKY] TNLNKDGNTQGGNTSLLLA] v IIC QLDRDLOSQGNT YLKYGKAKDMVEVLKGVSTS 292
P.aeruginosa -DQKGSHDYSVINLRYGWVMDAAEVLNNAMSRGQAKGA- -AGAQVIADARTNRLI- TLAETLGQISEG 304
N.meningtitis DSVNGKMTLSLKDVPWDQALDLV: MQARNLDMRQQGNIV-
Myxococcus DDVSGKVTIRLRNVPWDQALDLV-
S.enterica
A.godoyi DL
R.americana DL TRNPSLY:
N.gruberi DL NQORNNY: GQIQPS-Y--M:
N.fowleri DL DOQQRT:! PSSYQ DMSPS-Y--L:
P.cosmopolitus AE1 DL YQQQQPPGY: YSMNPY! QTAPS-Y:
Neo.damari DL YSQYGONEPTNY( YGGSSYSGGGY YN
P.kyrbyi DL RLSRYGYDDI ATLPS-Y
M. jakobiformis DL MDNVY
G.okellyi DL -DRA
S.multiciliatum DL &
P.cosmopolitus WS DL PHQQSQYF!
660 670 680 690 710 720 730 740 750 760 770 780
Sl N P . e ol . 151 [PSUPARY [P [P [P [P I Y Ry [Py -l
A.godoyi D 60
R.americana D 59
M. jakobiformis D 69
G.okellyi D 92
H.kukwesjijk D 64
N.gruberi D 95
N.fowleri D 95
Neo.damariscottae D 57
P.cosmopolitus AE1 D 100
P.kyrbyi D 70
P.cosmopolitus WS D 115
E.coli LTAAK DAG----LMQFANGTQIPIGTLGAAISAAKPQKGSTVISE 423
V.cholerae LQAEKGTGQPTTSKRN ESG---SVIQYGN-TGASIGNVMIGLEEAKDTTQTKAVYD 404
A.salmonicida IEADK ‘NGG----GTQFTN-AGPGIGSVAIAAKDYKDN- 404
P.aeruginosa KGGMGGTKTNFAN-TGLSIGTLLQSLESNKAP- 416
N.meningtitis -ATGKK- - - -KLKNDTSAFGWGVNSGFGGDDKW- 558
Myxococcus DVLSERGSVTVDQRTNVLIVKDVRSNTERARSLVRSLDTQTPQVLIESRIVEANTSFSRSLGVQWGGQARAGQATGNS -TGLIFPNNLAVTGGVTGTGAGLPDN-— 698
S.enterica =0zl —mmemmmmmem—m-mee QNAAAGNIKIVAYPL L JVHFIEMLVKALL .LSLWIVDLNKSDLERL ITIGDKL( 206
A.godoyi DL 7
R.americana DL DT! 17
N.gruberi DL 'YNDMI 35
N.fowleri DL APYGGY( 36
P.cosmopolitus AE1 DL 24
Neo.damari DL YV 46
P.kyrbyi DL 18
M. jakobiformis DL 5
G.okellyi DL T GY 85
S.multiciliatum DL 4
P.cosmopolitus WS DL 21
790 800 810 820 830 840 850 860 870 880 890 9200 910
JS TP TR IO IO (SRR (DU (DU [DUPRRURY [DUPRRY IR [UPNUR IR (NI IR SRR INRPI IR IR IR IR IRRRPIN IR IR IR IR |
A.godoyi D 60
R.americana D TVVDSDII-TL! LA 88
M. jakobiformis D 69
G.okellyi D TANLPALRLNLG 106
H. DQQLOPQT--AGLFSQLFHDSC TSAQDLTTSREL 103
N.gruberi D IDDNHQIQSIKI INHDDKI JLMNQIDI-~---~ 126
N.fowleri D [PDIISSPSLFNTQPNV--VPLFSNHHQNHTTSVVGDDPHQLLTTFLI 'HK- YLL 161
Neo.damariscottae D SQLKMI 67
P.cosmopolitus AE1 D DHSQTADRFYQEVYETLLNPS ~HKIKSSTDTTFKFPVDKNISLKD: -SLATQHPTIGEMS 157
P.kyrbyi D TKQTINEDLENPK--LSSTNN -NEEVNV----QII 112
P.cosmopolitus WS D 'VGEPHILTDNGNN--ATVVRNANFITAFVGVRDKVHTQGNSKVL DPTSF 174
E.coli NGATTINPD' DLSTLAQLL DWMALV( VLSTPSITTLDNQE- ~QDVPVLTGS--T 'NT IMLKVT 527
V.cholerae TNNNFLRNETTTTKGDYTKLASALSSIQGAAVSIAMGDWTALINAVSN'DSSSNILSSPSITVMDNGE— ~EEVPVITGS--TAGSNNDNPFQT--~-—===- VDRKEVGIKLKVV 511
A.salmonicida TTTGIAKL TALSTNTKSDILSTPSIVTMDNKE- -QEVPVQTGK--QNSTSGDTTFST--~---~--~ IERKTVGTKLVVT 497
P.aeruginosa IPDGAIVGI ALVTALSANTKSNLLSTPSLLTLDNQK- TT DIGVSLKVT 502
N.meningtitis GAETKINLPIT AAANSISLVRAISSGALNLELSASESLSKTKTLANPRVLTQONRKE KK AVLGLTVT 651
Myxococcus ~PNFAVNLPT! TGQ LOLNLRLSA TISAPKVTTLDNNT--ARISQG---=--===~ VSIPFSQ----TSAQGVNTTFVE------=====-=--, ARLSLEVT 791
S.enterica =@ —--mmmmmmmmmomo—o——oood VSLNQS SISTLDGSRFIAAVNALEEKKQATVVSRPVLLTQENVP--ATIF: DNNRTFYTKLIGERNVALEHVTYGTMIRVL 283
A.godoyi DL YEDGRP-SLRRLDYAD LPFE DR 54
R.americana DL ALMDPQAPYVAQ-~~~~===~ Q--RDRYTNMF-DPRSRYFED FPYR ER 53
N.gruberi DL YMNSDPYY ~RGYYDNYMIGNEPLYHED LFDEDLLMY DR 87
N.fowleri DL LSTPSPPYNYSDPYYNSMONR--RGYYDNYMIGNEPLYHED LFDEDLLMY: DR 88
P.cosmopolitus AE1 DL FNRPQTRYAYQA--QPEYGGV---PYGSQYY-QQQPLYMED RLFDDETAHY- AR 71
Neo.damariscottae DL 'RRSP--YN( 'YYDEYN-NNSPQYYED IYDDEAREY- ER 95
P.kyrbyi DL FRQP-TSYDY: TGRYT TR 41
M. jakobiformis DL FG--GDYYN 'QPQWY: 23
G.okellyi DL VPR FVGP-QMYGPGPGQMPPLAGA - - PGFF 128
S.multiciliatum DL PGY: [PRY -ARATPVSD; 37
P.cosmopolitus WS DL YSWQSQYONLPSHASPYSF ASPQD QIFSNDEMQYI---==========-] NR 73
960 970 980 990 1000 1010 1020 1030 1040
. [ J TP TR AU IR IR IR TN (NN (DR (DR (DR I I I |
A.godoyi D JGMRIKKHFVT( DSQFLGSFALSTELRTVQSGP: 152
R.americana D P P YSATRIKKNFTLOTAMLLKE -NVPSYAGSFALATELRRVRRSP- 178
M. jakobiformis D ASRRSRLVSMRIRKNFALQTSVMLKE -NQATYVGAFAISNELKTIRRGP: -LI--GDLF--RRI ILVEVTC 161
G.okellyi D LALRSRLTSM'RLRKNFTLQTSLMLKE GQTTYAGSFALASELKTLKQGP -VV--GQLF--SRDEFMLIKSAVLVEVIFHKERSQAAAA 194
H.kukwesjijk D P---LVNAADCA------=~-- T IESL QTTYVGALAVGTELRTVKRSE: -FL--SRLF--TREEFMRVKSAILVFITARLOKLQPHVL 205
N.gruberi D TAL YEAMRIKK LIKEFDKPHFVGSF LKTT; -FL--SDLE--TRNEYMIVKSAILVFITASLKND----~ 221
N.fowleri D SSLSPSSSSKYQAMRIKKHPTASTNLLLMI HEV .LKAT: QFL--SQLF--SRNEYMLVKSAILVFITASLDQQQQOHDH 256
Neo.damari D TFQTNVLLKP-NQPTYVGAFSSSTELQTVKRSP- -FL--RDLF--SRKEFILIKSAILVFITAKYEDKKTNQL 157
P.cosmopolitus AE1 D PYGGLFN: TGF TVQTNMLLTP-NEPTFVGAFAVSQQLKTIKRSE: -FL--KWIF IKSAVLVFT! 252
P.kyrbyi D QTTVMLKE -] ~FKWGKALF - -SRTEFMLVKSAILVFIKCIPQRAFNVTE 205
P.cosmopolitus WS D PVGDFFSDPA----======-] NPFSPVAYGKSSIQATRLRKHFTCQTQLMVQP-NEPTYVGAFAMSTDIRTVRQ WLW--DRTEYLKIKSALLVFVICRILKPDET-- 273
E.coli P———QINEGNAVQMVIEQEV—SKV————EGQTSLD— ~VVFGERKLKTTVLAND-GELIVLGGLMDDQAGESVAKVP -LI--GNLF--KSTADKKEKRNLMVFIRPTILRDGMAAD 632
V.cholerae P---QINEGNSVQLNIEC D--VRFAKR( 'OD-GOMLVLGGLIDERALESESKVE: -LL--GQLF--RSTSSQVEKKNLMVFIKPTIIRDGVTAD 617
A.salmonicida -QINEGDSVLLTIEQEV-SSVGKQASGTEGLG--PTFDTRTVKNAVLVKS -GETVVLGGLMDEQTKEEVSKVP: ~VL--GYLF--RSTSNTTSKRNLMVFIRPTILRDANVYS 606
P.aeruginosa ~HINDGAALRLEIEQEI-SALLPNAQQRNNTD--LITSKRSIKSTILAEN-GQVIVIGGLIQDDVSQAESKVE: -LL--GRLF--RSTKDTHTKRNLMVFLRPTVVRDSAGLA 611
N.meningtitis -NITPDGQIIMTVK- ITKDSPAQCASGNQTILCI -GGTLIVGGIYEEL TKVP: -VI--GNLF--KTRGKKTDRRELLIFITPRIMGTAG--- 756
Myxococcus -HITQDGSVLMSIN- A )PL JPST DVLVKD-GDTTVIGGIY -VL--GLLF--KNNSETDTRQELLIFITPRILNRQTIAQ 899
S.enterica ~RFSADGQIEMSLDIEDGNDKTPQSDTTTSVDALPEVGRTLISTIARVPH-GKSLLVGGYTRDANTDTVQSIP-~ -~~~ FLGKLP----LI--GSLF--RYSSKNKSNVVRVFMIEPKEIVDPLTPD 395
A.godoyi DL TYVPSQLLANPDFGNFRIRRSFT--TELWLQD-GETVAVLGDGKEREFRT-HYSPMYRRPFFSGWIGRLLOQFLALDRLFGLHIDSHKKSRTRSVLLVTAKLLPLNEQRT 160
R.americana DL TYSRGSALGNPDFGNFRFRKGYS - -AELTLRD-GETAML -HYSPEYRSSFFYSWLGKLMRLLWLDRLEGLHVDTVKHVRTRSYVEVTARILPDAATAT 159
N.gruberi DL TYRPSRMIANPDFGNFNYKKGY ID-GETVVLSGL YRT-HYSPEYLRSFF IRYLWMDRLFGLHVDTVKEVKTKNY IFVTAQLLSE - 188
N.fowleri DL TYRPSRMIANPDFGNFNY] ID-GETVVLNGL 'YRT-HYSPEYI F IRYLWLDRLFGLHVDTVK
P.cosmopolitus AE1 DL Y DFGNYHFKKGYA - -TEVWLND -GETVVLAADTRKKKYRT - HY SPOFLRSFFFGWIGRLLRFLMLDRLEGLI TTKTV IFVTAHV 172
Neo.damariscottae DL ettt TYRRSKTIANPDFGNFHFKKGYT: ID-GETVVLSSL -H FFGWIGRLLRFFYLDRLEGLHVDTVKNVTIKNFIFVTAHSLPI----- 196
P.kyrbyi DL TYVRSNLAASPDFGNFGFRKGYT - -~ASVWMND -GETVVLSADRKQRTYRT-HYSPEFLRSFFYGWLGRLLRFFMLDRLEGFHMDTVKTVNKRSFVEVTAHVLDT - 142
M. jakobiformis DL - YRPSRLLANPDFGNFRYKKGFT - -AEVTLED-GETVVLAADSRVKTYRT -HYSP--FNRYSFSWLDRILRFLWLDRLLGLNIDSVKRIRTKSFIFVTAHLLPH- 120
G.okellyi DL - AYRPASLAANPDFGTYRYKKGYT--AEVTLQD-GETVVLAADSRTKSYRT-QYSP--FNRYSFSWLDRLLRFLWLDRLLGL! TKSFICVIAHLL 226
S.multiciliatum DL QPRTSVLQOGSPDFGNLHFRKGFT- ID-GETAIL -RYSPIF--SFVYGWIRRFLAFFWLDRLLGPQVDSVKTVKTKSFVMVSAHILPAV- 137
P.cosmopolitus WS DL TMHRSSLL PNLSLKHAIS--TINVTLES-GRTVALQS( FRG-RY KVLVYAF--RWLIGLNIDTVKKVKVSNMIYLTGYVLPT-- 172
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ALSGKKY - -~ SDIRVIDGTRGPE-GRPS ILPTNANQLFDGQAVDLRELMTE

NSLRY:

TLKQSGAWSGDD-- -~~~ LOKWVRVYLDRGQEAT - == ========- K
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(B) GspDN1

spDN1 1
DN1 1
DN1 1
DN1 1
\pDN1 1
PcoAEGspDN1 1
PkiGspDN1 1
GokGspDN1 1
SpiGspDN1 1
E.coli MFWR DMT LSIWRKKTTGLKTKKR-LLPLMLAA. -ALCSSPVWAEEATFTANFKDT 52
V.cholerae MKYWLKKSSWL: LA LLSTPL 'SASFKGT 34
A.salmonicida MINKGK! LAT-VAA. AL TEYSASFKNA 35
P.aeruginosa MSQP LLR ALFAPSSRSYVPAVLL-SLALGIQAAH FVPAGN-QQEAHWTINLKDA 60
N.meningtitis MNTK-------- LTKIISGLFVATAAFQTASAGNITDIKVSSLPNKQKIVKVSFDKEIVNPTGFVTSSPARIALDF ---EQTGISMDQQVLEYADPLLSKISAAQNSSRARLVLNL-NKPGQYNTEVRGN 118
My. ML AAA VLVGA NTLRGLDV! )VVVTGTRPPTF--TVFRLSGPERLVVDLSSADATGI VSGVVASQFSD( SVGRVLLAL-DKASQYDVRADGN 127
S.enterica TF 17
150 170 200 210 220 240 250 260
P [P I [P I | B I | o P [P o
DN1 1
\pDN1 1
pDN1 1
NfoGspDN1 1
DN1 1
PcoAEGspDN1 1
PkiGspDN1 1
DN1 1
SpiGspDN1 1
E.coli DLKSFIETVGANLNK TIIMGP VQGKVSIRTMTPLNER- QYYQLFLNLLEAQ( YAV 107
V.cholerae DIQEFINIVGRNLEK TIIVDP 'VRGKVDVRSFDTLNEE - QYYSFFLSVLEVY( FAV- 89
A.salmonicida DIEEFINTVGKNLSK: TIIIE 'VRGKINVRSYDLLNEE- QYYQFFLSVLDVY( FAV- 20
P.aeruginosa DIREFIDQISEIT TFVVD! VKGQVSVVSKAQLSL: JYQLFLSVMST TV 115
N.meningtitis KVWIFINESDDTVSA----- PAR----- PAVKAAPAA------- PAKQQAAAPSTK! PFT JQAAAPFTESVVSVSAP FSP 190
Myxococcus RVVISVDGAAQSVEAKRAEPPARTEGVTASVEVKPHSVSAAAPAKVVQAESAAVSKAALPENVVAAEADEREVSNPAQHITAMSFADDTLSIRADGD IARYEVLELADPPRLAVDLFGVGLATRAPRVKS 257
S.enterica 17
270 280 290 300 310 320 330 340 350 360 370 380 390
e e e L e L e e e e e e e e e O [ [P I |
AgoGspDN1 1
DN1 1
spDN1 1
;pDN1 1
DN1 1
PcoAEGspDN1 1
PkiGspDN1 1
spDN1 1
SpiGspDN1 1
E.coli 'VPMENDVLKVV- SSAAKVEPLPLVG----EGSDNYAGDEMVTK 147
V.cholerae 'VEMDNGVLKVI KSKDAKTSAIPVL DEVITQ' 128
A.salmonicida 'VPMDNGVLKVV 129
P.aeruginosa -VAQGDQA-RIV- Q! 148
N.meningtitis A KQOAAASAKQQ AAAPAKQOAAAPAKQTNIDFRKDGKNAGIIELAALGFAGQPDISQQOHDHIIVTLKNHTLPTT 264
4% GALRDV DKVRLVLDV YRVDRANRGLEVVL AAPAVETQAVVASVAEVEPLRQAPVKSEASPVVEVKDVRFEESSAGGRIVMKLSGTSAWKVDRPDPRSAVL-TLENARLPKK 386
S.enterica 17
400 410 420 430 440 450 460 470 480 490 500 510 520
T L L L e 1 e [ L e e e [ [ [ |
AgoGspDN1 1
DN1 1
spDN1 1
NfoGspDN1 1
\pDN1 1
PcoAEGspDN1 1
PkiGspDN1 1
DN1 1
SpiGspDN1 1
E.coli ~VPVRNVSVRELAPI---LRQMIDSAGSGN-VVNYD: NVIMLTGRASVVERLTEVIQRV-

V.cholerae
A.salmonicida

~LRQLIDI VHYD. ANIILITGRAAVVNRLAEIT! -
~LRQLND! VHYD

P.aeruginosa - -IQVQQSPVSELIPL---IRPLVPQ--YGH-LAAVP:
N.meningtitis LQRSLDVADFKTPVQKVTLKRLNND---TQLIITTAGNWE-LVNKSAAPGYFTFQVLPKKQNLESGGVNNAPKTF-~~-~~--========——~ TGRKISLDFQDVEIRTILQILAKESGMNIVASDSVNG
Myxococcus FERSLDTSALDTPVKMISAFSVPGEGGKVRLVVAADGAIEEKVSQSA--GTLSWRLDVKGVKTEE! DRTAGFTTEAPAYAAEGAPQOARYRGKRVSFEFKDIDIQONLLRVIAEISKKNIVVADDVSG 514
S.enterica YV YVDMVVNAATMMDKONDGIE---—========~ LG 46
530 540 550 560 570 580 590 600 610 620 630 640 650
O e e e [ [ o o S [Pt I IOt PO (PP I |
spDN1 YLFLOHSRLTDEVOKYVSSFVQYIASIVEPD-- 37
DN1 -M-STPPAAAAAPPSVSPPPPLVTSTEAPPPDEDSAPASAPPLRRPVGDAAEGDTREPYYIFLONTTLTRAVORY IAAFVQHVAGVLEPEPP 90
spDN1 QOTTTNTLPT-~~~~ TST-————————————————— SEDDNIREPFYIYLONSELNTNLOKYISAFVQHIASILEQD-- 57
spDN1 TNQEDLTQRP NKT DHDDDIREPFYIYLONSELNTNLOKYISAFVQHIASILEQD-- 56
DN1 MN
PcoAEGspDN1 TDSSPNPTQ(
PkiGspDN1 )FENNT! LKD
spDN1 MASAPEPYYIYLTNSVLDGNLOKYISAYVEHIAKTLEGP-- 39
SpiGspDN1 MLMDPLODRSDQPQP === === === == mm= LGSEQPSAEPFCVHLSNAVMDPQLQQFISSFVDYIASVLEPP- 57
E.coli NRTEEVIPLDNASASEIARVLESLTKNS---GENQPATLKSQIVADERTNSVIVSGDPATRDKMRRLIRRLIL QVFYLKYSKAEDLVDVLKQVSGTLTAAKEEAEGTVGSGR 323

V.cholerae
A.salmonicida
P.aeruginosa

DKEIEVVELNNASAAEMVRIVEALNKTTD--AQNTPEFLKPKFVADERTNSILISGDPKVRERLKRLIKQLDVEMAAKGNN-

-RVVYLKYAKAEDLVEVLKGVSENLQAEKGTGQPTT-SKR 304
-RVFYLKYGKAKDMVEVLKGVSTSIEADKKGGGATAGGGN 308
RVIRLRHNDAKTLAETLGQI DGGEQTGGGR 320

N.meningtitis KMTLSLKDVPWDQALDLV-
Myxococcus KVTIRLRNVPWDQALDLV: ~NLIPVNYAVAADMAARVK- 601
S.enterica RQOKIGVMRLNNTFVGDRT YNLRDQKMVIPGIATAIERLLOQGEEQPLGNIVSSEPPAMPAFSANGEKGKAANYAGGMSLQEALKQ- 136
660 670 680 690 700 710 720 730 740 760 770 780
e o T P L O e S N IPIPp [P I | P [P ol ol ol ol -
AgoGspDN1 ---TEPSRRIISFLPDRNGVVLVGFQDSTVRVIHRFLEKMDEEKRTLKFTVHLVL 101
RamGspDN1 GT--PSERRIVSFLPERNGVLFLGFRRSTVRVIYKFLTRMD TEKRNLHFEVNLVL JFSF 155
NgrGspDN1 —---APNIRRIVSFLPERNGILLFGFRRSTIKVLYSFLKSLI INFEINLVL NE 121
NfoGspDN1 ---APNVRRIVSFLPERNGVLLFGFRRSTIKVLYSFLKSLDOKKHNINFEINLVL DFNF 120
NdaGspDN1 —---ETTTKRVISFLPERNGILLLGFKSSTVKVIYHFLKKLI INFEVNLVL KE 108
PcoAEGspDN1 ---APSVKRIVSFLPERNGILLFGFQSTTIETIYRFLKGLDEKKYNIDFEVNLVI KE 119
PkiGspDN1 ---DKNSRRVVSFLPERNGILLFGFKVSTVKVIYKFLRRLL HFEVNLVI QF 135
spDN1 ----A VITYIPERNGILLFGFQPETIRVIYRLLOKLDEETFNLRFKVDLVI EF 102
SpiGspDN1 ---ESAEMRHVAFMPERGGILLFGFRPSTVQVIYRFLAKI] IRFEINLVY FEF- 121
E.coli 434
V.cholerae 418
A.salmonicida 404
P.aeruginosa --LIRADESTNALVLLA-DPDTVNALEDIVRQLDVPRAQVLVEAAIVEISGDIQDAVGVQWAIN—- 416
N.meningtitis G--SVLIDPATNTLIVTD-TRSVIEKFRKLIDELDVPAQQVMIEARIVEAADGFSRDLGVKFG-— ATG----KKKLKN-DTSAF DDK: WGAETKINLPI 568
Myxococcus G--SVTVDQRTNVLIVKD-VRSNTERARSLVRSLDTQTPQVLIESRIVEANTSFSRSLGVOWGGQARAGQOATG-NSTGLIFPN-NLAVTGGVTGTGAGLPDN-~~~-~-—~~-~ PNFAVNLPT--- 707
S.enterica --KIVAYPDTNSLLVKG-TAEQVHFIEMLVKALD LWIVDLNKSDLERL ITIGDKL( 206
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AgoGspDN1
R DN1

790 800 810 820 830 840 850 860 870 880 890 900 910

NgrGspDN1

spDN1
DN1

PcoAEGspDN1
PkiGspDN1

DN1
SpiGspDN1
E.coli
V.cholerae
A.salmonicida
P.aeruginosa
N.meningtitis

GDLSTLAQLLSGFSGTAVGVVKGDWMALVQAVKNDSSSNVLSTPSITTLDNQEAFFMVGQDVPVLTGS - ~T PFNTVERKKVGIMLKVTPQI OMVIEQEV-SKV---EGQT-SLD--V
GDYTKLASALSSIQGAAVSIAMGDWTALINAVSND: NILSSPSITVML IVGEEVPVITGS--TAGSNNDNPFQTVDRKEVGIKLKVVPQT! VQLNIEQEV-SNV---L D--V
GTTTGIAKLAESF AGFY( VTALSTNTKSDILSTPSIVTMDNKEASFNVGQEVPVQTGK--QNSTSGDTTFSTIERKTVGTKLVVTPQINEGDSVLLTIEQEV-SSVGKQASGTEGLG--P
--------- ESIPDGAIVGIGSSSFGALVTALSANTKSNLLSTPSLLTLDNQKAEILVGONVPFQTGSYTTNSEGSSNPFTTVERKDIGVSLKVTPHINDGAALRLEIEQEI-SALLPNAQORNNTD--L
————— TAAANSISLVRAIS--SGALNLELSASESLSKTKTLANPRVLTONRKEAKIESGYEIPFTVTSI L-----KKAVLGLTVTPNITPDGQIIMTVKITK-DSPAQCASGN-QTI--L

My.
S.enterica

GTGQ GAMGF'T! G ALQLNLRLSAAENEGSVKTISAPKVTTLDNNTARISQGVSIPFSQTS----AQGVNTTF-----VEARLSLEVTPHITQDGSVLMSINASN-NQPDPSSTGA-NGQ--P
~VSLNQSSISTLDGSRFIAAVNALEEKKQATVVSRPVLLTQENVPAIFDNNRTFYTKLI! ERNVAL TYGTMIRVLPRFSADGQIEMSLDIEDGNDKTPQSDTTTSVDALP

920 930 940 950 960 970 980 990 1000 1010 1020 1030 104

O L L e e L e e e [ [ I |
A DN1
spDN1
DN1
DN1
spDN1

PcoAEGspDN1

PkiGspDN1
DN1
SpiGspDN1

E.coli VFGERKLKTTVLANDGELIVLGGLMDDQAGESVAKVPLLGDIPLIGNLFKSTADKKEKRNLMVFIRPTILRDGMAADGVSQRKYNYMRAEQIYRDEQ-GLSLMPHTAQPILP--AQNQALPPEVRAFLNA

V.cholerae
A.salmonicida
P.aeruginosa
N.meningtitis
Myxococcus
S.enterica

AgoGspDN1
R. DN1

RFAKRQLNTSVMVQDGOMLVLGGLIDERALESESKVPLLGDIPLLGQLFRSTSSQVEKKNLMVFIKPTIIRDGVTADGITQRKYNY IRAEQLFRAEK-GLRLLDDASVPVLPKFGDDRRHSPEIQAFIEQ
TFDTRTVKNAVLVKSGETVVLGGLMDEQTKEEVSKVPLLGDIPVLGYLFRSTSNTTSKRNLMVFIRPTILRDANVYSGISSNKYTLFRAQQLEAAAQKGYATSPDRQ--VLPEYGQDVVQSPEIQKQIEL
ITSKRSIKSTILAENGQVIVIGGLIQDDVSQAESKVPLLGDIPLLGRLFRSTKDTHTKRNLMVFLRPTVVRDSAGLAALSGKKYSDIRVIDGTRGPE-GRPS------- ILPTNANQLFDGQAVDLR-EL
CISTKNLNTQAMVENGGTLIVGGIYEEDNGNTLTKVPLLGDIPVIGNLFKTRGKKTDRRELLIFITPRIMGTAG NSLRY

SIQRKEANTQVLVKDGDTTVIGGIYVRRGATQVNSVPFLSRIPVLGLLFKNNSETDTRQELLIFITPRILNRQTIAQTL:
EVGRTLISTIARVPHGKSLLVGGYTRDANTDTVQSIPFLGKLPLIGSLFRYSSKNKSNVVRVFMIEPKEIVDPLTPDA-SE. ILK( D---— KLOKWVRVYLDR

1050 1060

NgrGspDN1

NfoGspDN1
NdaGspDN1
PcoAEGspDN1
PkiGspDN1

DN1
SpiGspDN1
E.coli
V.cholerae
A.salmonicida
P.aeruginosa
N.meningtitis
Myxococcus
S.enterica

13

101
155
121
120
108
119
135
102
121
555
540
529
534
682
822
318

0

101
155
121
120
108
119
135
102
121
682
669
657
655
761
901
426



(C) GspDN2

10 20 30 40 50 100 110 120 130
ol el | | .. | ool ol ol -
AgoGspDN2 1
RamGspDN2 1
NgrGspDN2 1
NfoGspDN2 1
NdaGspDN2 1
1
1
PkiGspDN2 1
M7 DN2 1
DN2 1
SpiGspDN2 1
E.coli MFW DMT! LSIWRKKTTGLKTKKR-LLPLMLAA -ALC:! TANFKDT 52
V.cholerae YWLKKSSWL LA LLSTPL SFKGT 34
A.salmonicida I LAT-VA L SFKNA 35
P.aeruginosa  MSQP LLR ALFA PAVLL-SLALGIQAAH: VPAGN-QQEAHWTINLKDA 60
N.meningtitis MNTK-------- LTKIISGLFVATAAFQTASAGNITDIKVSSLPNKQKIVKVSFDKEIVNPTGFVTSSPARIALDF---EQTGISMDQQOVLEYADPLLSKISAAQNSSRARLVLNL-NKPGQYNTEVRGN 118
M. ML AR VL NTLRGLDV: WVVVTGTRPPTF--TVFRL LVVDLSSADATGI ASQFSDQ] VLLAL-DKASQYDVRADGN 127
S.enterica LYNKNYPLRGD NRKGTF- 17
140 150 160 170 180 190 200 210 220 230 240 250 260
F T T O S B T e I I IR R I R |
AgoGspDN2 1
RamGspDN2 1
Ne DN2 1
NfoGspDN2 1
NdaGspDN2 1
1
PCoAEGSpDN2 1
PkiGspDN2 1
MjaGspDN2 1
DN2 1
SpiGspDN2 1
E.coli DLKSFIET TII -VQGKVSIRTI QYYQLFLNLLEAQ Y] 107
V.cholerae DIQEFINT EK- IIVD! DVRSFDT -— QYYSFFLSVLEV! 89
A.salmonicida DIEEFINT K- TIII! "VRGKINVRSYDLLNEE -~ FAV- 90
P.aeruginosa DIREFIDQISET' 'FVVD] KGQVSVVSKAQLSL TV 115
N.meningtitis KVWIFINESDDT AR QQAAAPST 'TPAKQQAAAPFT 190
M. xanthus RVVISVDGAAQS TEGVTASVEVKI AA V¢ ALPENVVAAEAI DHITAM! F‘AHHTLSIRADGDIARYEVLELADPPRLAVDLFGVGLATRAPRVKS 257
S.enterica 17
270 280 290 300 310 320 330 340 350 360 370 380 390
AgoGspDN2 1
RamGspDN2 1
Ne DN2 1
NfoGspDN2 1
NdaGspDN2 1
1
PcoAEGspDN2 1
PkiGspDN2 1
Mj DN2 1
DN2 1
SpiGspDN2 1
E.coli 'PMENDVLKV' 'KSSAAKVEPLPLV( ONYAGDEMVTK? 147
V.cholerae MDNGVLKVI SKDAKTSAIPVL DEVITQ 128
A.salmonicida 'PMDNGVLKVV DAKTSAIPVV-~~~-] DETNPGIGL 129
P.aeruginosa \QGDQA-RI QSAPDRLET! 148
N.meningtitis KQQAAASAKQQ: QQ: QTNIDFRKDGKNAGIIELAALGFAGQPDISQQHDHIIVTLKNHTLPTT 264
M. GALRD VLD’ Y EVVL A 'QAV' LRQAPVK! VEVKDVRF IVMKL L-TLENARLPKK 386
S.enterica 17
400 410 420 430 440 450 460 470 480 490 500 510 520
AgoGspDN2
RamGspDN2
Ne DN2
NE DN2
NdaGspDN2
DN:
P
PkiGspDN2
M7 DN2
DN2
SpiGspDN2
E.coli LAPI---LRQMID VVNYD:! IMLTGRASVVERLTEVIQRV:
V.cholerae SPL---LRQLIDI VVHYDP: IILITGRAAVVNRLAEIIRRV:
A.salmonicida LAPL---LRQLNI VVHYD:! VLLI' [RLVEV
P.aeruginosa - ----------- IQVQQSPVSELIPL---IRPLVPQ--YGH-LAAVP: LIISDRSANIARIEDVIRQL: DQK(
N.meningtitis LQRSLDVADFKTPVQKVTLKRLNND---TQLIITTAGNWE-LVNKSAAPGYFTFQVLPKKQONL PKTF" TGRKISLDFQDVEIRTILQILAKESGMNIVASDSVNG 372
M.xanthus FERSLDTSALDTP’VKMISAFSVPGEGGKVRLWAADGAIEEKVSQSA——GTLSWRLDVKGVKTEEVAVAQRTAGFTTEAPAYAAEGAPQQARYRGKRVSFEFKDIDIQNLLRVIAEISK!CNIWADDVSG 514
S.enterica YVDMVVNAATMMDKQNDGIE -
530 540 550 560 570 580 590 600 610 620 630 640 650
AgoGspDN2 LSTPLPLLQSSVKAYVPBS 32
RamGspDN2 DGERFRSTVFSQRAPA 18
NgrGspDN2 DESK( LNRQC OF DNDKQINN-~—==== IEDGE( 'TTTAQPTLNNYQ-QVHHRSQVKTYTPPV 80
NfoGspDN2 TPPP 17
NdaGspDN2 VDEKSTVKTYRPP- 24
QPAAPTK NK TFRPPP 42
PcoAEGspDN2 TVKTYRPP- 9
PkiGSPDNZ EENESQPSPQ YKQKQQEQKQOKONOKQOKS VKTYRPE- 87
M7 DN2 TVSSFRPPE 11
DN2 DPPPAAAIDL YRTPQ 24
SpiGspDN2 1
E.coli NRTEEVIPLDNASASEIARVLESLTKNS GENQPATLKSQIVADERTNSVIVSGL IRRLL QVFYLKYSKAEDLVDVLKQVSGTLTAAKEEAEGTVGSGR 323
V.cholerae DKEIEVVELNNASAAEMVRIVEALNKTTD--AQNTPEFLKPKFVADERTNSILISGDPKVRERLKRLIKQLD RVVYLKYAKAEDLVEVL JPTT-SKR 304
A.salmonicida DQEVDIIKLKY LVTNLNKDGNTQGGNTSLLL T IQMVRQLDRDLQSQGNT FYLKYGKAKDMVEVLKGVSTSIEADKKGGGATAGGGN 308
P.aeruginosa SHDYSVINLRYGWVMDAAEVLNNAMSRGQAKGA- —~AGAQVIADARTNRLIILGPPQARAKLVQLAQSLDTP' IRL AETLGQI JGGEQTGGGR 320
N.meningtitis KMTLSLKDVPWDQALDLV- RDELLAKDKAFLQAEKDIA-D-LGALYSQNFQLKYKNVEEFRSILRLDNADTTGNRN----TLVSGR 470
M.xanthus KVTIRLRNVPWDQALDL' LRTKALGKEEFGNITRIAPLKTLEEEARLRQERKASLORQEDLMV - ~NLIPVNY; AD) DVLSER 601
S.enterica RQKIGVMRL VGD! YNLRDQKMVIPGIATAIERLLQGEEQPLGNT ANYAGGMSLQEALKQ-~-~~~-~ NAAAGN 136
660 670 680 690 700 710 720 730 740 750 760 170 780
cenl cleeead. HERERE EETY PETEY POPRY PP PRy PP PRET i B R R B Y PR e | .
AgoGspDN2 MTDGG- —SGGDEPGRPLLCIHTRPSYHICRISEV'LLRI.DTPPQI{LQLEFQLVEVAEDDLTQLRHRINEPVLNRIAGESAMQDDVFSRRAYSPMDIRAANTSGKCNVLQPQMQVQSRL— 146
R, DN2 ELAGE )AAAVVCVHTY! FLRHFDKI LEFTF VSQFRYHLOHPLLRSALRAPAPP == 117
N DN2 L I VVSIYTK QFL QOMFIDEAF )VSQFRYKLOHPILOSIYGPTVDEQL- -~~~ PLY( PSSLTPRL 183
NfoGspDN2 MSDTPH! TTPVVSIYT! OFLL )QLFIDFAF DFRYKLQHPILQSIYGPTVDEQL. LYQNE: PTSLTPRL 123
NdaGspDN2 ~  ----==—=====-] DGSTPVVCIHTKPSLMKKLMSFL( QOLFLEEVEF AQFRY] ITGGDIDSDLLNMQ--PFQQTS-NQPSTRLPSEL 120
Py GDDX TLQSSMLLIBTYPSLHQRLLQFLSBFDKPPQQMYFELLFTEMRDVDVKW‘IRWKFGDNVL QMFD - = PQELQ 135
PcoAEGSpDN2 ==DG---======== SKPMICIBTKPTLHKRLLKI’LEHFDKPPQQLYLBFSFVEVABDDVAQFRYKLDHPVLN’EIMG TDGVYS- ~SMIN-AESTP- THLPSSLQPKM* 99
PkiGspDN2 I I FLEFVFVEVAEEDAAQFRYRLEHPVIDSVYGRAADAD LSQ! PDELLPRL- 179
MjaGspDN2 —PWAIHTTPALHKKI.VAPLKHFDRPPQQVYLEFVFLEVAEDDLAEE'RYNVQHPLLYRLDGR Al PMAGSDAAAAPPPSL: 96
DN2 QOLFLEFVFLEVSEDELNEFRYNLOHPLLYRLLGR-T! 'APAPSAAS! 108
SpiGspDN2 ETP-
E.coli MQFANGTQIPIGTLGAAISAAKPQKGSTVISENGATTINPDTN---G 435

V.cholerae
A.salmonicida
P.aeruginosa
N.meningtitis
M.xanthus
S.enterica

VLTAPQDI! EVIGQLDIRRAQVLIEALT
-ASIGGGKLAISAI VITAQED! JVVAKLD IRRAQVLVEAT IVETADGDGLNLGVQWANT

IQYGN-TGASIGNVMIGLEEAKDTTQTKAVYDTNNNFLRNETTTTKG 419
-NGG----GTQFTN-AGPGIGSVAIAAKDYKDN- -G 405
—KGGMGGTKTNFAN TGLSIGTLLQSLESNKAP-

~KKKLKN-DT DDK-
G —SVTVDQRTNVLIVKDVRSNTERARSLVRSLDTQTPQVLIESRIVEANTSFSRSLGVQWGGQARAGQATG ‘NSTGLIFPN-NLAVTGGVTGTGAGLPDN
~KIVAYPL L DVHFIEMLVKAL LWIVDLNKSDLER: ITIGDKL(
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790 800 810 820 830 840 850 860 870 880 890 900 910

DN2 146

DN2 117

spDN2 183

DN2 123

DN2 120

DN2 135
PcoAEGspDN2 99

PkiGspDN2 179
MjaGspDN2 96

GokGspDN2 108
SpiGspDN2 81

E.coli DLSTLAQLLSGFSGTAVGVVKGDWMALVQAVKNDSSSNVLSTPSITTLDNQEAFFMVGQDVPVLTGS--T FNTVERKKVGIMLKVTPQI. OMVIEQEV-SKV---EGQT-SLD--VV 556

V.cholerae
A.salmonicida
P.aeruginosa
N.meningtitis
M.xanthus
S.enterica

DYTKLASALSSIQGAAVSIAMGDWTALINAVSNDSSSNILSSPSITVMDNGEASFIVGEEVPVITGS--TAGSNNDNPFQTVDRKEVGIKLKVVPQINEGNSVQLNIEQEV-SNV---LGANGAVD--VR 541
TTTGIAKLAESFNGMAAGFYQGNWAMLVTALSTNTKSDILSTPSIVTMDNKEASFNVGQEVPVQTGK--QNSTSGDTTFSTIERKTVGTKLVVTPQINEGDSVLLTIEQEV-SSVGKQASGTEGLG--PT 530
———————— ESIPDGAIVGIG! FGALVTALSANTKSNLLSTPSLLTLDNQKAEILVGQONVPFQTGSYT FTTV DIGVSLKVTPHINDGAALRLEIEQEI-SALLPNAQQORNNTD--LI 535
----TAAANSISLVRAIS--SGALNLELSASESLSKTKTLANPRVLTQNRKEAKIESGYEIPFTVTSI TNTEL-----KKAVLGLTVTPNITPDGQIIMTVKITK-DSPAQCASGN-QTI--LC 683
TGQ TFGSA( ALQLNLRLSA VKTISAPKVTTLDNNTARISQGVSIPFSQTS -AQGVNTTF- 'VEARLSLEVTPHITQDGSVLMSINASN-NQPDPSSTGA-NGQ--PS 823
-VSLNQSSISTLDGSRFIAAVNALEEKKQATVVSRPVLLTQENVPAIFDNNRTFYTKLIG ~ERNVAL---EHVTYGTMIRVLPRFSADGQIEMSLDIEDGNDKTPQSDTTTSVDALPE 319

920 930 940 950 960 970 980 990 1000 1010 1020 1030 1040
P O e o e T I I |
spDN2 146
spDN2 117
DN2 183
pDN2 123
NdaGspDN2 120
P, spDN2 135
PcoAEGspDN2 99
PkiGspDN2 179
MjaGspDN2 96
DN2 108
SpiGspDN2 81
E.coli FGERKLKTTVLANDGELIVLGGLMDDQAGESVAKVPLLGDIPLIGNLFKSTADKKEKRNLMVFIRPTILRDGMAADGVSQRKYNYMRAEQIYRDEQ-GLSLMPHTAQPILP--AQNQALPPEVRAFLNAG 683
V.cholerae FAKRQLNTSVMVQDGOMLVLGGLIDERALESESKVPLLGDIPLLGQLFRSTSSQVEKKNLMVFIKPTIIRDGVTADGITQRKYNY IRAEQLFRAEK-GLRLLDDASVPVLPKFGDDRRHSPEIQAFIEQM 670
A.salmonicida FDTRTVKNAVLVKSGETVVLGGLMDEQTKEEVSKVPLLGDIPVLGYLFRSTSNTTSKRNLMVFIRPTILRDANVYSGISSNKYTLFRAQQLEAAAQKGYATSPDRQ--VLPEYGODVVQSPEIQKQIELM 658
P.aeruginosa TSKRSIKSTILAENGQVIVIGGLIQDDVSQAESKVPLLGDIPLLGRLFRSTKDTHTKRNLMVFLRPTVVRDSAGLAALSGKKYSDIRVIDGTRGPE-GRPS------~ ILPTNANQLFDGQAVDLR-ELM 656
N.meningtitis ISTKNLNTQAMVENGGTLIVGGIYEEDNGNTLTKVPLLGDIPVIGNLFKTRGKKTDRRELLIFITPRIMGTA NSLRY: 761
M.xanthus IQRKEANTQVLVKDGDTTVIGGIYVRRGATQVNSVPFLSRIPVLGLLFKNNSETDTRQELLIFITPRILNRQTIAQTL 901
S.enterica VGRTLISTIARVPHGKSLLVGGYTRDANTDTVQSIPFLGKLPLIGSLFRYSSKNKSNVVRVFMIEPKEIVDPLTPDA-SESVNNILK( )D-----— KLQKWVRVYLDRG 427
1050
| [
A DN2 146
RamGspDN2 = = =—============-—————— 117
NgrGspDN2 183
NfoGspDN2 123
spDN2 120
P DN2 135
PcoAEGspDN2
PkiGspDN2
MjaGspDN2
GokGspDN2
SpiGspDN2
E.coli

V.cholerae
A.salmonicida
P.aeruginosa
N.meningtitis
M. xanthus
S.enterica

901
432
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(D) GspDN3

10 20 30 40 50 60 70 80 90 100 110 120 130
. | | | B L | B N I | | B R I L R RN P el
AgoDN3 1
RamDN3 1
NgrDN3 1
NfoDN3 1
PcoAEDN3 1
PcoWSDN3 1
NdaDN3 1
PkiDN3 1
MjaDN3 1
GokDN3 1
E.coli MFWR----==-~-] DMT LSIWRKKTTGLKTKKR-LLPLMLAA. -ALCSSP EEATFTANFKDT 52
V.cholerae MKYWLKKSSWL: LA LLSTPL. 'SASFKGT 34
A.salmonicida I LAT-VAA ALMMAGS-AWATEYSASFKNA 35
P.aeruginosa MSQP LLR: ALFAPSSRSYVPAVLL-SLALGIQAAH A FVPAGN-QQEAHWTINLKDA 60
N.meningtitis MNTK-------- LTKIISGLFVATAAFQTASAGNITDIKVSSLPNKQKIVKVSFDKEIVNPTGFVTSSPARIALDF---EQTGISMDQQOVLEYADPLLSKISAAQNSSRARLVLNL-NKPGQYNTEVRGN 118
ML AAAWAVVLVGARVHGAELNTLRGLDVSRTGSGAQVVVTGTRPPTF--TVFRLSGPERLVVDLSSADATGI VASQFSDQ] VLLAL-DKASQYDVRADGN 127
S.enterica LYNKNYPLRGD! NRKGTF 17
140 150 160 170 180 190 200 210 220 230 240 250 260
S T I O [N O (A O (DA U (AN IS (DU ORI [PAAURY EOU (SRR IO [DAAPARN ISR SRR IO (PR ISR IR |
AgoDN3 1
RamDN3 1
NgrDN3 1
NfoDN3 1
PcoAEDN3 1
PcoWSDN3 1
NdaDN3 1
PkiDN3 1
MjaDN3 1
GokDN3 1
E.coli DLKSFIETVGANLNK: TIIMGP( 'VQGKVSIRTMTPLNER--~-~-=——======—===— QYYQLFLNLLEAQ( AV- 107
V.cholerae DIQEFINIVGRNLEK: TIIVDP! 'VRGKVDVRSFDTLNEE—- -QYYSFFLSVLEVY( FAV- 89
A.salmonicida DIEEFINTVGKNLSK: TIIIEP: 'VRGKINVRSYDLLNEE- -QYYQFFLSVLDVY( FAV- 90
P.aeruginosa DIREFIDQISEITGE TFVVD! 'VKGQVSVVSKAQLSL! EVYQLFLSVMST FTV- 115
N.meningtitis KVWIFINESDDTVSA----- PAR----~-. PAVKAAPAA------= PAKQQOAAAPSTKSAVSVSE-~~=====~ PFTPAKQQAAAPFTESVVSVSAP: FSP 190
M. xanthus RVVISVDGAAQSVEAKRA TEGVTASVEVK! AAPAKVVQAESAAVSKAALPENVVAAEADEREVSNPAQHITAMSFADDTLSIRADGDIARYEVLELADPPRLAVDLFGVGLATRAPRVKS 257
S.enterica 17
270 280 290 300 310 320 330 340 350 360 370 380 390
B B B B R B B I R I B R I I B R I e e B B R R |
AgoDN3 1
RamDN3 1
NgrDN3 1
NfoDN3 1
PcoAEDN3 1
PcoWSDN3 1
NdaDN3 1
PkiDN3 1
MjaDN3 1
GokDN3 1
E.coli 'VPMENDVLKVV- KSSAAKVEPLPLV( DNYAGDEMVTK' 147
V.cholerae EMDNGVLKVI KDAKTSAIPVL DEVITQ 128
A.salmonicida 'VPMDNGVLKVV DAKTSAIPVV DETNPGIGL T. 129
P.aeruginosa 'VAQGDQA-RIV- Pl QSAPDRLETRV- 148
N.meningtitis A KQQAAASAKQQ-——----=---~— AAAPAKQQAAAPAKQTNIDFRKDGKNAGI IELAALGFAGQPDISQQHDHIIVTLKNHTLPTT 264
M. GALRD! ADKVRLVLDV. . YRVDRANRGLEVVLGRAVARKAAPAVETQAVVASVAEVEPLRQAPVKSEASPVVEVKDVRF IVMKL VDRPDPRSAVL-TLENARLPKK 386
S.enterica 17
400 410 420 430 440 450 460 470 480 490 500 510 520

AgoDN3

PcoWSDN3
NdaDN3
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P.aeruginosa  PSNI-----LIRADESTNALVLLADPDTVNALEDIVRQLDVPRAQVLVEAAIVEISGDIQDAVGVQWAIN-----KGGMGGTKTNFAN-TGLSIGTLLQSLESNKAP--~=-========-=——== - 416
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S.enterica QEATK--———————————— 432

Supplementary Fig. 4A-D Multiple sequence alignments of eukaryotic GspD, GspDN1, GspDN2 and
GspDN3 with bacterial GspD proteins. For further details see page 23.

17

161
115
112
120
68

101
85

130
122
138
556
541
530
535
683
823
319

0

161
115
112
120
68

101
85

130
122
138
683
670
658
656
761
901
427



(E) GspE

AgGspE
RaGspE
NgGspE
NfGspE
NdGspE
MjGspE
GoGspE
PkGspE
E.coli
K.pneumoniae

AgGspE
RaGspE
NgGspE
NfGspE
NdGspE
MjGspE
GoGspE
PkGspE
E.coli
K.pneumoniae

AgGspE
RaGspE
NgGspE
NfGspE
NdGspE
MjGspE
GoGspE
PkGspE
E.coli
K.pneumoniae

AgGspE
RaGspE
NgGspE
NfGspE
NdGspE
MjGspE
GoGspE
PkGspE
E.coli
K.pneumoniae

AgGspE
RaGspE
NgGspE
NfGspE
NdGspE
MjGspE
GoGspE
PkGspE
E.coli
K.pneumoniae

10 20 30 40 50 60 70 80 90 100 110 120 130
O e S T O S T B O e L T T T e T I I |
MYOQPP ASLEHSQSERIL---DRDQSPEHRVYRLLSHIS 35
MEE DAVAADS! -QRAGRARSRITRLLSHMFPRATLLTRLLRSPHDAQP SATNAH ERV 57
MLO ENGAGQQSL--- EKQRSRLTTLLRHLSPNVFKVKESINNLQQSSN SLNTS ESS 58
MMKRK WAGKRQ--DQSEDNNNNITT 'STILRHLMPNVFKVQODSFTNVKAHSEAPNKDRDEEQDTKRKQFSSSLRTKDQEPIMNEELKONNNOWINFEAN 119
M DKTKNRLDILLKQT \ I 28
M EIDGKVHSRIQRLLSHLGPVSSE 24
MNL EID-STFKRVQRRIEAL 20
MSYNK KLHSLDLOSNTN-QYPTKLARRLSILANHVCPRIISTHEQISSLANIEK QLNRKH: 000 62
-YPASWALAQRIGYLYSEG---EIIYLADTPFERLLDIQRQVGQCQTMTSLSQADFEARLEAVFHONTGESQQIAQD D QSV 84
MTPAAERRPLLPFAWARAHHL-VLLSDGERCEALCRSDTAARALLEARRLADGPMSVSRLAPDAFEKVLVLSYQRDSAEAHRMMAD IG NEL 90
140 150 160 170 180 190 200 210 220 230 240 250 260
e e e I |
PKTTLTASV FS 46
E EEGLITLOKALQQS----TASEATPKVVDRRLIGFPRTVANATL FS 115
EDIM-LPVKALFHSMKN —-— QONFEESF LSKEEINKKONKWNIGFPATDVKATL: FS 139
NRENAVENFVNQQSLSADDVNDENII-LPVKALFHAMKNPONRKSS-———-! ESFSKSFQSSYQTM----SHAEELNRKONKWKIGFPDTDVKATL: FS 206
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ELRHKVDFETATSIALSGVQVISTGHASSPIDLLERLKSMNIDLKTQFRAFKCIMGVKRVPILCPHCKRNMVIYGR-TDNRALKLLTMYRVVTTEKVNRRKEVPVVCMPPEPSNSKGQTCPHCVN-GYIS 393
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ELRTRSDFETATSTAL Is DLL 305
391
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MjaGspEL IAPKPSGIASF------AADSGSSADLGPKPSKLVSKR-KIKRGADVV- - -SVLKKEDE - 59
GokGspEL FMGPELSNLPNV------SIREDFSS--GTKAPKELPER-QLKRGADTV- - -SLLER-— 94
HKuGSpEL ILPRPSAISRAITAAVQRTSTTLTPMP -- 97
SpiGspEL QLEQPPQQQHQQLDYTPISERVLSSETEENAFQKRG THTD TPTNMD SRLDKPTGM-VG EASGBSLDVQWDERERLQRFLR 162
PkiGspEL LSPRLAPFTQHDSSFISTAQSAINRTIA-———————-—~- RPGANQDVLLQFSPMIRGKI-——--——---- 66
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NgrGspEL KQAQVTYISPHSAS-ESADSTSMOAGVLLVA ADI IERLCOQA LVYSIATQOGGVNVSTDGVYKLSTHPTLSRRAILNALLRHGAHLLVFGTIST 267
NfoGspEL RHSQVTYISPHSAS-ESADSTSLOAGILLVASTRAD' IERLCQA LVYSIATQGGVNVSTDGVYKLSTHPTLSRRAILNALLRHGAHLLVFGTIST 281
Nd. EL KKSKVSYLSPT---- TTETLQAGILLVASTRA INKLCEAAIEKSLLVYSIAPEGGTNVETNGVYKLSTHPTLSRRGILSALLRHGAHVLIFGVINT 166
MjaGspEL QTLVTYITKH----EALTDETLOAGVILVCSP] INRLCEAAVARSALVYATAPSGGVNVTAQGVYRLYTHPTLSRRATILSAMLRHGAHLLVFGEIAT 160
kGspEL GMLLTYIAPH----EALSQETLOAGVVL AD' INRLCEAAVARAALVYAIAPSGGVPVQTEGVYKLTSHPTLSRRAILSAMLRHGAHVLVFGEVST 195
HkuGspEL RTRVIRIAPE----ETLSSVILOAGILIVASTRPE IDSLCEAATEKSSLIYAL TTNGVYRLTTHPTLSRRAILSALLRHGAQLLVFGILST 197
SpiGspEL ENSETASSSSAVEPPSRAASPPRCYSPSSVTVISPR: EL IDMLCEAATEKSAIVYAISPSGGASVTTNGVFRLTTHPTLSRRALLSALLRHGCOMLIFGVINT 288
PkiGspEL KRSLVTYLSPH----EAFTVET: NV IDRLCAA LVYPIAPSGGVSVSTPGVYRLTTHPTFSRRDILGALLRHGAHLLVFGLMST 167
E.coli KN LQLSLNNLGMTAADKQDLENLIQLPHGIILVT TTLYAILSALNTPGRNILTVEDPVEYELEGIGQTQVNTRVDMSFARGLRAILRQDPDVVMVGEIRD 322
K.p iae KNS "'NLDLLTLGMPPALLDRVDALIA.KEH!;LJ.l..VJ._ TGSGKST TLYAALSRLDARERNIMTIEDPVEYELEGIGQTQVNAKVEMTFARGLRAILRODPDVVLVGEIRD 328
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RamGspEL REDIMOLTEAVYTGYHCI. DVLSRL DASTLPONLRIVV PA )} PT 261
NgrGspEL RDDVMSLMDAAYTGYHCVAEIYGESAHDVLSRLEATIGVDVSMLPONLRIVV-- --PANTTSSLT 327
NfoGspEL RDDVMSLMDAAYTGYHCVAEIYGESAHDVLSRLEATIGVDVSMLPONLRIVV-- --PAIPSVATASTQ 344
NdaGspEL RDDIMSLLDAVYTGYHVVAEIYGENANDVLSRLEAVGVDTSIFPKNLRIII PA 2217
MjaGspEL RDDVAQLLDAVYTGYHVIAEIYGESAHDALARLEAIGVDTSTLPSNLRI. PAAED 216
GokGspEL RDDISALMDAVYTGYHVVAEIFGESAHDVLARLEATGVDTSMLPONLRIVV PAVE 250
HkuGspEL RDDVMSLLEAAYTGYHCIAEMYAESAEDVLSRLESIGVDTSMLPSNLRIAV-----—-——-—-—-——-——————— PSTITPPEPTKT-TP 262
SpiGspEL RDDAMALFEAAYTGYHCVAEMFAESANDVLARLESIGVDVAMLPSNLRIVV- PFPMQS 345
PkiGspEL RNDVMAL-ESLFSLPSISKMCFGIT LDTLG GFS 199
E.coli TETAQIAVOASLTGHLVLSTLHTNSASGAVTRLRDMGFESFLLSSSLAGITAQRLVRRLCPQCRQFTPVSPQOOAQOMFKYHQLAVTT - -~ IGTPVGCPHCHQOSGYQGRMATHEMMVVTPELRAATHENVDE 449
K.pneumoniae GETAQIAVQASLTGHLVLSTLHTNSALGAISRLODMGVEPFLLSTSLLAVMSQRLVRQLCPHCRQ-—--— BTQADADTARQMAVPVGARLWQPKGCPECNFIGYRGRTGIHELLLVDDRVRAAIHRGENE 453
530 540 550 560
o e o I
A PEL 222
TTASST 267
NgrGspEL 327
NfoGspEL 344
daGspEL 227
MjaGspEL 216
GokGspEL 250
Hk 262
SpiGspEL 345
PkiGspEL 199
E.coli QALERLVRQOHKALIKNGLOKVISGDTSWDEVMRVA-SATLESEA 493

K.pneumoniae ITLIQQLGPAWQTLRHAGRDKALAGITSWEEVMRVTEQQTTESV- 497
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(G) GspEN2A

10 20 30 40 50 60 70 80 90 100 110 120 130
| | | | | | | | | | | | | ol | | | | | | | | | | | |
Ag PEN2A 1
R EN2A M. 1
Ngr YHHEHQVITPIIGSKVYHRLOKIIQHLIPSELNINH------~ > DNHHE YQSFGETQ- ILVDNSIDFDELEKAFRQFK--IPSPKI QIVETLPTF 99
22 MIP HTFHRLQKLIHHLAPQTSLPSHPLQHDAKPSSQIHHLASSNYDFSSSPEEAI IMVDNERDFHDLSKAFREVSSLIPSPKI IMGDLTQFLKSVQNETNDKINNKRNENETL 114
PkiGSpEN2A Ms 2
sPEN2A 1
MjaGspEN2A ! 2
X | 5
2A 1
Spi Ms 2
E.coli MR IHSP 6
y: iae  MTPAA ERRP 9
140 150 160 170 180 190 200 210 220 230 240 250 260
T I IR P T T O o I So o I e P I IR IR I I IS P IrY IPSPIPIre) (PSP re) (PO PR IS |
A 22 MEFKSLTRLSALFSHLREPSIASE PSVDHKDLDSEHGL P 91
22 LSSSTVKRVRVLLSHIFTPATAASTST TT 69
NgrGspEN2A DNDRTISEFRKLDTTIDVNETNGKIIEHF SKSNVAGDAAEDELDVLVKRAEDMRIQEELTEKG----TIKKSSG 169
NfoGspEN2A DHNTTAAYVFNGSSIAQNYTSSSNDNKQTLESNHHDHRKELSSTFGMKIQGTPHF: TGISISADAAEDELDILV IQEELIEKG----TLKHASG 211
PkiGspEN2A SSSRSLRRIQTLLRHLAPHRV: DTSRSDAADDELDILVRQAEETRIS RPKKHRRS 63
Nd. ISNLAKQISPKTE QVTSKFEIEDELEQLIDRAEEIKTEKKQEKYE----EKK---- 58
Mj 22 IKDLVFRRAAKLVSHILPSQR: QPVSV AEDEPDLYLRI 64
PEN2A GTVRRAAQRLANLVQQINPPHA: STASTAAAAAEDELDVYIRAAEEQRLKDEHANAG 65
HkuGspEN2A MOSRALERANRLVAQLR GTVSK )DLDRI 56
SpiGspEN2A ALQ ERVORLLGHFKSPSS TSPQAESKDELERF EASFNAP----PPPPPPP 60
E.coli YPASWALAQRIGYLYSE EIIYLADTPFERLLDIQRQVGQCQTMTSLSQ 55
K. iae LLPFAWARAHHL-VLLSD ERCEALCRSDTAARALLEARRLADGPMSVSRLAP 61
270 280 290 300 310 320 330 340 350 360 370 380 390
P P O O P I IO Lo OO SO IO IO [P (PR (PR [PURPR RPR UA (PDR (UPDR AP AP IR |
AgoGspEN2A DSFDVDGGE:! QSRL TBYLVVETE KSGL RVSILYDVS TSRAGOPVHLDVSVDDPKTEKAFGIIRTVLLAAEARNA 189
VEYE KLRFMPYVIVPSEVEESARAGAESRLRRRORVRILYDVOQQ GAGAGSSTVAKKEASEGVSAVTLDVSQDDPKTPLAFRYIRTVLLAAEARRA 182
NgrGspEN2A --VVKYMPHLIVPTY ORIKILYDVQ TTRAQTPAFLDVSQDDPKTPLAFRYIRIILTTAEARRA 250
NfoGspEN2A KIYE VVKYIPHLIVETY ORIKILYDVQ TTRAQTPAFLDVSQDDPKTPLAFRYIRIILTTAEARRA 292
PkiGSpEN2A AQGE QINYTPHLIVETE AGR( RVNILFDVQ TSKGQTPAFLDVSQDDPQTPLAFRYIRITILLAGEARRA 144
PEN2A EFKYLPYLMVESF AGEN( TLYDVN TARAQTPAFLDVSQDDPKTPLAFRYIRITILLTATARKA 135
MjaGspEN2A KDSK--====m=mmmmmmmmm POKFFPHLIVPTYVEDSVKSGEEVLARRRKRVAITYD! SARARTPENLDVTQDDAATPLAFRLIRIILLTAEARRA 145
22 ALEP PKPYIPYAIVPAYKEVAALSADEARQRR--RFKITYDV ONLDVSTDDAGTPLAFRLIRIFLLTAEARRA 144
HkuGspEN2A TTRAQLPTHLDVSLDDPKTPLAFRFIRIILLTGEARRA 137
SpiGspEN2A TPRAQMPTHLDVSLDDANTPLAFRFIRIILLTAEARRA 141
E.coli ARLEAVEHQNTGES-- SL )LLNEDSAAPV- IRLINAILSEATKETA 124
K.x iae DAFE KVLVLSYQRDSAEA- - - - -HRMMADIGNELDLY TLAEELPDTDDLLDSEDDAPI - IRLINAMLTEATKEKA 130
400 410 420 430 440 450 460 470 480 490 500 510 520
S P I I [Py [Py [y [y (PR [ (P (PO [P (PO (PRt (PR (PRI PRI [ A |
Ag 22 QODVHWDY TETTPLEITKRVVIK GPVVQSIIYYLGFHDLV VR- - - -DYALKTKLRTHDLVHGTHHLYRV - - -NCIRTN-HELGFY 282
RamGspEN2A ODVHWDQHSARVLSVVEATOLGVTGRLVIR- -~~~ GAVAQSIVYYLAFYDLLVRGKGMPGPVR- - - -DYTLS IKVRTHDFLGGTHKIYRV- - -NSIRTN-HELGFY. 275
NgrGspEN2A 343
NfoGspEN2A 385
PkiGSpEN2A ODIHLDQHSRRCLSIVFATQMGVTGRLVLR- 237
NdaGspEN2A ODIHLDQYSRSCMSITETTQLGISGRLVIK- 228
MjaGspEN2A ODIHLDQY VETTQLGMTQPLFIR-- - --GSVVQAIISYLAHYEQI TQGKPMPGPVH- 238
GokGspEN2A ODIHLDQLSSTSMSVLETTQLGMTGRLMIQ- - - - -GAVVQDVINYLAHYEQLVTGKPLPGEVH- 237
HkuGSpEN2A ODIHLDQYSSRAMSVTEVIQLGVTKRLVIR-- - - -GSVVQDIISYIAHYESLVTGKPLPGAVH- 230
SpiGspEN2A ODIHFDQYSSNAMSVTEVIQHGITKRIVVK-- -~ GSVVQDIIGYLAHYESLISGKPLPGBIH- - --DFALSIKVRPTEYLHGTHRHYRV- - -NSIRTN-HELGYY. 234
E.coli SDIHIETYE-KTMSIRFRID-GVL-RTILOPNKKLAALLISRIKVMARLDIAEKRIPODGRISLRIGRRNIDVRVSTLPSIYGERAVLRLLDKNSLOLSLNNLGMTAADKQDLENLIQLPHGIILVTGPT 251

K.pneumoniae

SDIHIETYE-RHLQIRFRVD-GVL-REILRPQRRLAALLISRIKVMASLDIAEKRIPODGRMALRIGGRAIDVRVSTLPSSHGERVVLRLLDKNSVNLDLLTLGMPPALLDRVDALIARPHGIILVTGPT 257

530 540 550 560 570 580 590 600 610 620 630 640 650
T e P e e e O o S e o O I I |

A HIVMRLLON: 291
2A HIVMRTLON: 284
NgrGspEN2A HIVMRTLON 352
NfoGspEN2A 394
PkiGsSpEN2A 246
Nd. 237
Mj 24 247
PEN2A 246
HkuGspEN2A 239
SpiGspEN2A HIVMRVLOS 243

E.coli GSGKSTTLYAILSALNTPGRNILTVEDPVEYELEGIGQTQVNTRVDMSFARGLRAILRQDPDVVMVGEIRDTETAQIAVQASLTGHLVLSTLHTNSASGAVTRLRDMGFESFLLSSSLAGITAQRLVRRL 381

K.pneumoniae

GSGKSTTLYAALSRLDARERNIMTIEDPVEYELEGIGQTQVNAKVEMTFARGLRAILRQDPDVVLVGEIRDGETAQIAVQASLTGHLVLSTLHTNSALGAISRLODMGVEPFLLSTSLLAVMSQRLVRQL 387

660 670 680 690 700 710 720 730 740 750 760
L e e e I e
AgoGspEN2A 291
R 284
2A 352
NfoGspEN2A 394
PkiGspEN2A 246
sPEN2A 237
M EN2A 247
246
2A 239
SpiGspEN2A 243
E.coli CPQCRQFTPVSPQOAQMFKYHQLAVTT---IGTPVGCPHCHQSGYQGRMATIHEMMVVTPELRAAIHENVDEQALERLVRQQHKALIKNGLOKVISGDTSWDEVMRVA-SATLESEA 493
K.pneumoniae CPHCRQ----~ PTQADADTARQMAVPVGARLWQPKGCPECNFIGYRGRTGIHELLLVDDRVRAAI ITLIQQLGPAWQTLRHAGRDKALAGITSWEEVMRVTEQQTTESV- 497
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(H) GspEN2B

10 20 30 40 50 60 70 80 90 100 110 120 130
| | | | | | | | | | | | B | | | | | | | | | | | |
AgoGspEN2B 1
2B M ST-AVRRVRRLLOHLS 16
GokGsg 1
SpiGspEN2B MNHRLAHLAAHLD 13
HkuGspEN2B M DD’ HRVSLLLOHLSPPSPSTKSSLDFLSSSINPPY FSSFPASPSYSYFEHSSLPTRDISSCSSPSFSTTTSFSSFPAPLFPPSSLC 95
MjaGspEN2B HRVTRLLRQLV 12
NgrGspEN2B MVISSSNN: NNTTTVDSLLNSK-HLNRIKTIINHLN 34
NfoGspEN2B Ms( RHFLTSR-HVSRLHSVINHLT 26
NdaGspEN2B M EEFVVSN KRIKNLVNQIT 21
PkiGspEN2B M LSR-PARRLRVLLSHVQ 17
E.coli MRIHSP----YPASWALAQRIGYLYSEG---EIIYLADTPFERLLDIQRQVGQ-----—-==--=————————| CQTMTSLSQADFEA- 60
K.pneumoniae MTPAAERRPLLPFAWARAHHL-VLLSDGERCEALCRSDTAARALLEARRLAD! PM. RLAPDAFEK 66
140 150 160 170 180 190 200 210 220 230 240 250 260
F e e O T e R o T I T I (TSI I [P ISP [PUPIRIPY ISP [P I I I I
AgoGspEN2B MTSEKPFRTLHVGLLGEHENVVLPVARPSRLDLRSEYFRQ: NPS 43
j: PSTAD. PPPA PP LAHH-SDTVATASRFFRTLDTGIVNDPDSTIVEKRRIVKLDLRESRFDD! DPT 90
GokGspEN2B MATRSFARVLD! JHTALLSDRRKPLRLDTREERFKH DQT 43
SpiGspEN2B PSC HGIFLSGRDVVADAPTVPSPPRM----- LVPPS-AGTISGGLAAFRTLHTGT--RPLALGYERKRPIVLDLRQETYES DRS 96
HkuGspEN2B SSTTTT FVSPIPNSSLELPLSAS---ANSFACTDPSLA----- VVSPQ-LLASHECIAAFRTVHTGT--RPLTVGYERRKPLILDLRPSTYEA- DRT 191
Mj j: 2B OE. LSQQ QH-T RPFRTLHTGTETTKLPLPTEQRRQLVLDAREKR-DR: DRS 69
B LSDKSSSSTL [HHGNDEMIQDDIH---NNNLSMYHAHFPNSVSMKPFRTLHTGI IHDPDAV-FERKKPLRLELRKSHYTTTTTIQKEENSPP T )I 137
NfoGsSpEN2B ~  -—------ -MNSPS] ISDDSHSQSNNNYFQSH-QFTNTTLSRPFRTLHTGI INDPDAVHLERKKPLRLELRKSFY. F VTESTNSTTPQ--TST 114
NdaGspEN2B PH-VSKPSIALRPFTTLHTGITVDPDAAKFEFKKPILLDIRKRTYEN DKD 70
PkiGspEN2B PHLHRQPSNR ADHTGNLPQAYGTPT --PHPS-HRYPAHSESAFRTLHTGIVEEGEGAATERQRPVRLDLRQOAYFDR NPD 93
E.coli --RLEAVFHONTGESQQIAQDIDQ-- --SVDLLSL NEDLLNE 102
K.pneumoniae --VLVLSYQRDSAEAHRMMADIGN-- --ELDLYTLAEELPDTDDLLDS 108
270 280 290 300 310 320 330 340 350 360 370 380

P P P Y I I (PP [P (PP I (PO IR ISP OO [P [P [P PSPPI IPUPIPP (RSP ) [PRPOS PR IPOPPIN (PPN
VPFPSTSIMLLRHVFQVSAELNALHIHIKYVVRSGESVVMFRTPKGLVFHSTIVNSHWIPYVVLFATKKEA--LEDVE- RIEIISENGL--HGEFTCGLLHLHDGIKLTLTPIS-

AgoGspEN2B 156
RamGspEN2B LVRPHTTLLLLRHILHATRLLAALHVHLKYVEETGDCFIMFRTPRGLVPYSTINNRHWIRYLLMHAVGRED--VENAG- EGEFRLDAVTDADG--AMELTCNVVYIQGGVKLTLSPLE - 203
GokGspEN2B LLRPTTTLLIINHVFHEAKQVQALHIHLKYGEESGDTHVMYRTKAGLMRGTTINNSHWIRYVMMHAVGTED - -VETAG- -EGEFRLEVVTDKDG--EMHFTCNIVYLHDGVKLTLSPIHMS -~ 158
SpiGspEN2B KVYPATTLMITIRHVFHRAHELEALNIHLKYITHLGDCYIMFRLRAGLLPFSTINNTHWIRYLMMHAVGRED--VEQAG- -EGEFRLLIHSDLDG--KLEYTCNVLYIHDGIKLTLAPLA- -~ 209
HkuGspEN2B KPYPYTSLLITRHVLHQACLLKALNIHLKYQSKQEDTYVLFRTPTGLVPYSTIHNNHWIRHLLMHAVGRED - -VEAAG- 304
MjaGspEN2B APYPYTSLLVIRHVFKTAREMOALHIHLKYTIAQSGETRLMFRTKQGLMSGGVIENKHWIKYLLMHAVGTED--YESAG- 184
NgrGspEN2B TSYPYTSILILDHVFHIAKLLNARHVHLKYVEQSGDTYIMFRTDQGLVPYSTIONKHWIKYLLMHATGKEE--YEKAG- 250
NfoGspEN2B QSYPYTSILILDHVFHIAKLLOARHIHLKYVEQSGDTYIMFRTDQGLVPYSTIONKHWIKYLLMHATGKEE - - YEKAG- -EGEFRLEVMTERDG--RLDFTVNIVYIQGGVKLTLSFIN--- 227
NdaGspEN2B SSKPITTFLIIEHVFHVANTLKARNIHLKYVEDSGDTYVMIRTQOHGLVPYSTINNRHWIKYLLMYATGSET--PEKIG-----; EGEFRLEIISDLDG--RMEFTVNIIYIQGGIKLTLAPVS--- - 183
PkiGspEN2B VMFPYTTVLILRHVLHVGQQOLRVLNIHLKYVMESGDTYIMFRTRHGLVSYCTVONRHWIHYLLVHATANEEPFDDTHG- - —A( YRLEVVSDEDG--RQEYSCNVVYIQGGVKLTLAPIS--- - 210

E.coli -DSAAPVIRLINAILSEAIKETASDIHIETYE--KTMSIRFRIDGVLRTILQOP-NKKLAALLISRIKVMAR--LDIAEKRIPQDGRISLRI----~- GRRNIDVRVSTLPSIYGERAVLRLLDKNSLOLSL 221

K.pneumoniae -EDDAPITIRLINAMLTEAIKEKASDIHIETYE--RHLQIRFRVDGVLREILRP-QRRLAALLISRIKVMAS--LDIAEKRIPQDGRMALRI -——-~ GGRAIDVRVSTLPSSHGERVVLRLLDKNSVNLDL 227

400 410 420 430 440 450 460 470 480 490 500 510 520
D e e e e e L I I |

A PEN2B 156
RamGspEN2B 203
GokGspEN2B 158
SpiGspEN2B 209
2B 304
MjaGspEN2B 184
NgrGspEN2B 250
NfoGspEN2B 227
SPEN2B 183
PkiGsSpEN2B 210

E.coli NNLGMTAADKQDLENLIQLPHGIILVTGPTGSGKSTTLYAILSALNTPGR- -NILTVEDPVEYELEGIGQTQVNTRVDMSFARGLRAILRQDPDVVMVGEIRDTETAQIAVQASLTGHLVLSTLHTN 346

K.pneumoniae

LTLGMPPALLDRVDALIARPHGIILVTGPTGSGKSTTLYAALSRLDARER- -NIMTIEDPVEYELEGIGQTQVNAKVEMTFARGLRAILRQDPDVVLVGEIRDGETAQIAVQASLTGHLVLSTLHTN 352

530 540 550 560 570 580 590 600 610 620 630 640 650
T e e I |
AgoGst 156
2B 203
PEN2B 158
SpiGspEN2B 209
L 304
Mj 184
NgrGspEN2B 250
NfoGspEN2B 227
PEN2B 183
PkiGsSpEN2B 210
E.coli SASGAVTRLRDMGFESFLLSSSLAGITIAQRLVRRLCPQCRQFTPVSPQOAQMFKYHQLAVTT---IGTPVGCPHCHQSGYQGRMAIHEMMVVTPELRAATHENVDEQALERLVRQQHKALIKNGLOKVIS 473
K.pneumoniae SALGAISRLODMGVEPFLLSTSLLAVMSQRLVRQLCPHCRQ----~ PTQADADTARQMAVPVGARLWQPKGCPECNFIGYRGRTGIHELLLVDDRVRAATHRGENEITLIQQLGPAWQTLRHAGRDKALA 477
660 670

AgoGspEN2B ---- 156
2B 203
GokGspEN2B 158
SpiGSpEN2B ~  -———------------------ 209
E 304
M3 B 184
NgrGspEN2B 250
;PEN2B 227
E 183
PkiGspEN2B - -- 210
E.coli GDTSWDEVMRVA-SATLESEA 493

K.pneumoniae

GITSWEEVMRVTEQQTTES-V 497

Supplementary Fig. 4E-H Protein sequence alignments of eukaryotic GspE, GSpEL, GSpEN2A and
GspEN2B with reference bacterial GspE proteins. For further details see page 23.
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RaGspF
AgGspF
MjiGspF
GoGspF
NgGspF
NfGspF
NdGspF
PkGspF
KpGspF
EcGspF

RaGspF
AgGspF
MjGspF
GoGspF
NgGspF
NfGspF
NdGspF
PkGspF
KpGspF
EcGspF

RaGspF
AgGspF
MjGspF
GoGspF
NgGspF
NfGspF
NdGspF
PkGspF
KpGspF
EcGspF

Smmmmmmmmsmemssmmsmmsmmsmsmmmmmsemssssmssssmss=sssss=s===================--MLSPQHISRMDRIADHLFPKNNTTTIQCDDDNKQHGQTSGQTMNENNKQKTKSLKL
MKRRMNHDECTTTTTTAASHHHE MAHLFPSL PSCDRYVVDHENHSISRKSLAQISSSNNHHHFNHCDKTSRESSKSTWSTLSSVLKYLLNSHLLFRACEIDSEKHFKIQDANDKNT

140 150 160 170 180 190 200 210 220 230 240 250 260

T O 1 [ [P I leveels
-MPPARGDDEAS TGARPRRRVRALLQHVFPRVLAVAQAA u.;.mp“' DGPSASWLS
TIHBMAEEGWHLRRWPLVRBINVPEWQAPMTGMSSIDEDQIADSRSBBSI‘L
---------------- MADKRATERLKRLMDQMQPRMLSAT TPHLAQSATGRQVNFIY|
IDASPITPGALAHSLISVRADSDQRAVEHAAATI TASRQSKPSLLM

NTPEDTISKIHHHDSIIGNTNKLFVHHFADDEKKGLVTAAGRTSSNSPKHANNTATTTTATPVATTSRSDPTSHPGIIN|
MNDETTKKISNRRLKILTQQISPINKQKNNQKNDTKKPTKS PLSTISFILNNFLS POKKVMD IVKFARQSKPNLLD
~8IFNNNL LKIKDLN

FTRQLATLVQA

270 280 290 300 310 320 330 340 350 360 370 380 390

----- EGHSLAEAMRGY PACFDGLFCAMV] H
----- VSEQSEKLHVKSLGMALRSRIQEGYTLSDSLREHPRVFDSLFCEMV]

DY TEQRQRLKSRLL(

400 410 420 430 440 450 460 470 480 490 500 510 520

442

(RYMIASGEQ AM R MA b LMEM: 404
MLYMIASGEQ] MLEQ! ! h ALVVMM g NMV G 407

Supplementary Fig. 4l Protein sequence alignments of eukaryotic and reference bacterial GspF
proteins. For further details see page 23.
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30 40 50 60 70 g0 50 100 110 120 130
| e I [ I P

RaGspG
MjGspG1
GoGspG1
NgGspG1 -

NdGspG1
PkGspG1

elevsalocanlonaclosns
fMSLSKESMﬂTERIKAILSMPVPLARBVIATATS'I.'ASIPELsTIAGEEWPLVLALSDMEKHLYAQKDKEGREGSMBLFFPL
- MSLVRVIGRSALSLT

140
o

~MMHNSKTQPF RREKYRRMEQIIKH
NfGspG1 MISQHHPLLMGHSHRVS. HDANQKNNNNL LMQGRRWSLPSNEKQEQRIYKIANHLFPDRFENSKNQY! NINHYTFNDF IHEHLTEKNHNISDLWRERIRLMVYTIQNF

MjGspG2
GoGspG2

NgGspG2
NfGspG2
NdGspG2
PkGspG2

KoGspG
EcGspG

150 160 170 180 190 200 210 220 0 240 250 260
B R PR B R LR PR PR PP NP PR IR [P P el SRR
AgoGspG SNMFRWMTALYGHMSWPSEWCSLLI5LISI.IWYLNGSAGSTEI‘RIRLMGMI.NTWTHIGQQLLELPSASIDN“IJ.KV'EVKMQRMLHDGPNSAKLFGKHSRIFNSDKKNQKST R
RaGspG RMTALAEADTFIF']'YIADFFNKHLLPEGGSVSAVAQGVVAQVLMPHLGDSLTKHGAIAI.RHAI.‘M‘SWREAQWILEK.'DEQDLMGILVPPGLPRPIQ,RLFLAFVIRSAQLLERLQ’TKYRHLLIMGGR!

MjGspG1 - ——— B ittt MSLMRRVSVLMRHLSTVDHPLIASMVPAVRRGLONPALVKQTSRILLSLFGKE
GoGspG1l - —-—— - --MNQQIQHRIATLLRHIGNGQMNQIVSGHLVPLSLAAAPLSHIRYQLNGFGTRLRPVFKSVIHQLLLA
NgGspG1 LIPFATIKSSSSIEENNYCTT ILQFLIRHILVT DSINQLNI ILQKYIQQTNGDFKKYLPIGI IAGLICANKYNQNNSTISNRFNIVENIFSNSAGILEDNNIAVT]
NfGspG1 LIHQTQQOQOQQPIGEHFTKRSPSKFKRFTHRKPQPRWIQFLKLYWRVAQQOKLLONPTSYYTKILLPYLPVISVTGMALSDMKDPSSS ILRELLGTYLSSISNVLEHTKGNIGLLNNHEDLEISIPQISY
NdGspG1 - MKRLEILINQINPERFIETIQLKTVNKISY IKLHLEKILKTKRLPIFLEYYIQMFLIKE
PkGspG1l ~MNNTQLTQKRISILLNHILPLNISYYNKRLTSSLSKLNHNY SNNNYNYVARLNSLSPNNLTKI INISPSSSSFSNLSLHYLISANRHLOQKIAAQVRRRWMHLLFTITNRE
MIGSPG2  mm e e e e e e e e e e e e e e e e e ] MRTSFVRLERIVAHLRPVSATNLFPVASLOENIAKFIPRMLTLASVFLGRRSSRTLLVEWK
GoGspG2 --MSTPVRRHRIVVLLOPFFTQRATSFSSGAVIRHES IVRVAONAIRFLLLLPGAQQIVSRALTILGKLONRVR'
NgGspG2 - ==-NNNNE ILTHPLELKQDIKNSLSNINNTYLNYYKSINNINGNNNNNNIKNRRLNILLSHLNI IKNNKY IKNTFHY INNNNNNLENNLNKLKITILIIFILIT IKIKFKNENTH

NEGspG2 NEIYREYYKKKTYDESQQQQQQQPSPPLESKRRRRRMDMI IKHF IGHSKIHHHSHKS I LHQQQQQQQLFRSSLTKLLNVQKF IRNSKKPILLLLFVVSLYTYYYYYFRFNHSKNKISENI ISMKK IR

NdGspG2 --—--MNNIKVKKRIQQLFNQLNFQEKEHNFE INKENSS I SYNKIIYLISILLSPIILKNKNRRT IQLI FFLFRI SKDTRNEQTNFYKFLRILS YNLNMNSKENL I IKYLENLIS I YQSKLNSMNR]
PkGspG2 = TI KHECINIHYNVKKIHNFNQLEQKQRQRRLSI ILQHLNLGSSCYPLPFPNSSYSISGQFSSPLKKIFFVVIRVFQNMIQRORT PNMEY
KoGspG -~ -MQR
EcGspG MNSLSRTQKPRA

AgoGspG MWLmnmmmmrnsuv:nsmsnnm
P v TRQLEESKISNAKIDIHTIQQSLTI¥YARNSRYPRK- - - LEDLT-
MjGspGl  [IVIFSSIA
GoGspG1 [ IVLFSSLY
NgGspG1 [ IVTFSGLTGH
NfGspGl [IVIFSGLTGAVLAQVYEESRVSNALLDLAKLQEGLVLYY TRHGKYPLA---LEDLL- -
NdGspG1 [IVTFSGLTGYWMARKYEESKEAYAKIDLIKIQEGLIMYFTKNSKYPLD-~ - LEQLL-

LKKLEESKLSKAKIDINTIANSLIMYYTRTSRYPRQ- - - LENL

EGGELNKVPKDPWGTDYLYVPHLDWNRLNRILLTTSSGGSG---AGSSSSISQQL--
~ENGDLSKIPLDPWGSSYLYFPHIDWVRLTRVLN--

PkGspG1 [ IVIFSGVVGAVYVOKLEE TRVNKTKLD I HOMDNSLVYYY SRHSRYPTR- - -VDELV- ¥IYIPQLDWTLIGRAAQ-
MjGspG2 [AVMISTLS SMYVREKIQESKESSAVLDLNAIRQALITYY FRTDSYPQS---LEQLL. I¥ VLQLCQS- SNPEADPRF-
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Supplementary Fig. 4J Protein sequence alignments of eukaryotic and reference bacterial GspG
proteins. For further details see page 23.

23

SNNQQGVTSIMNQITELNARIKNILNVTRQASGGGE
PSKIDVDVSRERIRY TASLMKMAMERS SVASSVSQQGSSSQQOTSVMNQIAELNARIKNILNIARSSAGSGG

87
15
1

1
34
140

347
259
167
186
284
392
175
225
176
214
226
284
234
231
116
123

453
sz
260
276
394
504

314
280
304

316
140
151



Supplementary Fig. 4 (pg. 8-22) Multiple sequence alignments of eukaryotic GspD (panel A-D, pg. 8-
16), GspE (panel E-H, pg. 17-20), GspF (panel |, pg. 21) and GspG (panel J, pg. 22) proteins with their
prokaryotic homologues. The alignments illustrate the presence of N-terminal sequence extensions in the
eukaryotic proteins, with targeting sequences recognized by MitoFates predictor? underlined in green.
Identical and similar residues are highlighted in turquoise and yellow, respectively (using 50%
conservation of the position as the threshold). A. In addition to the initially identified eukaryotic GspD
proteins, representative sequences of GspDL, a more divergent paralogue identified by phylogenetic
profiling, are included in the alignment together with reference bacterial GspD sequences. B-D. Three
eukaryotic proteins homologous to the N-domain of bacterial secretins. While GspDNL1 corresponds to a
full single N-domain, GspDN2 and GspDN3 relate to its C-terminal and the N-terminal halves.

E-H. In addition to GspE proteins, three additional eukaryotic proteins GspEL, GSpEN2A and GspEN2B
were identified. While the bacterial GspE proteins contain four domains referred to as N1E, N2E, C1E
and C2E, all four eukaryotic GspE proteins (GspE, GspEL, GspN2A and GspN2B) contain different
domain variants. GspE proteins (E) carry C1E and C2E domains, GspEL proteins (F) contain C1E
domain and GsSpEN2A and GsSpEN2B (G and H) contain N-domains. Only eukaryotic GSpE proteins carry
GxxxGK[ST] motif (also called the Walker A motif or the P-loop) functionally critical for the ATPase
function of the protein. I. Transmembrane domains of GspF are highlighted by red rectangles. J. A
conserved polar anchor of GspG is highlighted by the magenta rectangle and the transmembrane domain
by a black rectangle, while the absolutely conserved glutamic acid residue at the +5 position relative to
the pseudopilin processing site is highlighted in red.

Species abbreviations: Mj — Malawimonas jakobiformis, Go — Gefionella okellyi, Ra — Reclinomonas
americana, Ag — Andalucia godoyi, Nd — Neovahlkampfia damariscottae, Pk — Pharyngomonas kirbyi, Ng
— Naegleria gruberi, Nf — Naegleria fowleri, Ko - Klebsiella oxytoca, Kp — Klebsiella pneumoniae, Ec —
Escherichia coli.
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A NgGspG1-V5

mitotracker merge

B NgGspG. ._-mNeonGreen-

1-159

mNeonGreen

Supplementary Figure 5. NgGspG1 expressed in T. brucei. The expression of NgGspG1 (A) and the N-
terminal part of the protein (residues 1-159) fused with mNeonGreen (B) shows the mitochondrial localization of
the constructs. In the case of full-length NgGspG1 with the C-terminal V5 tag, only very weak expression upon
high contrasting could be detected. (representative images of three experiments are shown). Scale bar 10 ym.
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Supplementary Fig. 6. A. Example of western blot
analysis using specific polyclonal antibodies raised
against GspG1, GSpEN2A, hemerythrin and TatC
of N. gruberi and human alternative oxidase AOX.
L -lysate, C — cytosol, Opt1015, Opt1520, Opt2030
— sub-fractions of high-speed pellet fraction
obtained by gradient centrifugation. B. the protein
import assays of synthetic SU9DHFR construct and
N. gruberi GspD into isolated yeast mitochondria,
L- loading control, the asterisk denotes cleavage
product of NgGspD by trypsin shaving
(representative image are shown)
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Supplementary Fig. 7. Additional images of immunofluorescence microscopy detection of NgGspG1
and NgGspEL2. Scale bar 10um. (representative images of three experiments are shown)



Mitochondrial proteome

I T2SS (Gsp & Gep)

[] proteins of unknown function

I peroxisomal proteins

[] genome maintenance

[ transcription

m translation

[] respiratory chain

1 TCA

I other energy metabolism

[ protein translocation

protein folding and degradation
W peptidases

1 morphology, fusion, fission

[ signalling, oxygen defence

[ transport of metabolites
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Supplementary Fig. 8 Functional annotation of the putative mitochondrial proteome of N. gruberi. A. N.
gruberi cell lysate was further separated into three fractions on Optiprep gradient and proteins extracted
from these fractions were then digested with trypsin and peptides were separated by nanoflow liquid
chromatography and analyzed by tandem mass spectrometry. B. In total 946 putative mitochondrial
proteins were identified, which were sorted into functional categories using BLAST and HHpred. The
number of proteins in each category is indicated within the respective segment of the pie chart.
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Supplementary Fig. 9 Phylogenetic analysis of the WD40 superfamily including the novel members Gep1,
Gcep2, and Gep3. The ML tree (IQ-TREE, LG+C60+G, 1000 ultrafast bootstraps, bnni) demonstrates the
monophyly of each novel paralogue and suggests that they are specifically related to the peroxisome import
protein Pex7. Note that the species possessing Gepl to Gep3 contain also Pex7 itself (in bold).

29



Vahlkampfia sp. ex Bryum
Neovahlkampfia damariscottae

Pharyngomonas kirbyi

Andalucia godoyi

Naegleria rubsn

Naegleria

alaw:monas Jakobiformis

Reclinomonas americana

64l

NEDD8 Homo sapiens Q15843

RUB3 Arabidopsis thaliana 065381

RUB1Saccharomyces cerevisiae Q03919
rosophila melanogaster Q9VNB2

ZFAND4 l):(ﬁnapus tropicalis BO| LTB

lomo sapiens P355. I FUBI
rps30 Caenorhabditis elegans Q18231
UBQB Arabldops:s thaliana Q39256 (81-152)
4HTF5 Arabidopsis thaliana Q9SYF2

uBQ8 AIabIdOpSIS thaliana Q39256 (240-316 o e
UBQB Arabidopsis thaliana Q39256 (471-549) Ubiquitin

UBQ8 Arabidopsis thaliana Q39256 (395-466)
UBQ8 Arabidopsis thaliana Q39256 (157-235)

NEDDS (=RUB1)

Hol
OASL Ga(/us gallus HILOX6
1ISG15 H by 6%":56‘?15648
lomo sapiens
= 1SG15 Bos taurus 002741 | 1ISG15
91 1ISG15 Mus musculus Q64339

UPL5 Arabidopsis thaliana Q9SU29
Unchar. protein Caenorhabditis elegans P91050

“F UHRF1 Mus musculus Q8VDF2
Ubiquitin-like protein Arab/dopsrs (hallana 098V28

Unchar. protein s P34256
HERPUD1 Homo sapiens 0150
Unchar. protein Scmzosacchammyces pombe 042967
UBQL1 Caenorhabditis elegans G5EG66
UBQL1 Homo sapiens QOUMX0
UBQL1 Drosophila melanogaster Q9VWD9
DSK2A Arabidopsis thaliana Q9SII9
DSK2A Schizosaccharomyces pombe Q10169
DSK2 Saccharomyces cerevisiae P48510
Unchar. protein Droﬁaphr!a melanogaster QQVSBZ

XF9
—] PRKN2 Musg QOWVSE
SUMO Caenorhabditis elegans P55853
SUMO1 Mus musculus P63166
7 SMT3 Saccharomyces cerevisiae Q12306 SUMO
173 SMT3 Schizosaccharomyces pombe 013351
UMO1 Arabidopsis lha/rana P55852
Ubiquitin-like protein Drasophr!a melanogaster Q9VEC8
UBL4A Mus musculus P211
RAD: 154LV1

RHP23 Scmzosaccharamyces pombe 074803
RAD23 Droso hila melanogaster QOV3W9
D23 Caenorhabditis elegans Q23451
Unchar. protein Drosophrla melanogaster Q9VCD5

RAD23A Mus musculus P54726
Unchar. protein Caenorhabditis elegans Q20899
Ubiquitin-like protein Arabidopsis thaliana Q9ZQZ5
Ublgumn -like protein Arabrdops:s lhahana Q9z2Qz4
ol L1 Arabidopsis thaliana Q

MDY 235

82 ‘— Ublqumn like protein Schizos. pambe 094580
Unchar. protein Arabidopsis thaliana POC895

. o i %%%%1 h % 5é10m be Q92353
o g jomo sapiens 014! .
A R o B P Tree scale: 0.1
. L . -

00

Ubiquitin-related proteins (PF00240)

Supplementary Fig. 10 Gcp4 proteins and their relationship to other members of the clan Ubiquitin
(CLO072) as defined in Pfam v.31 database (https://pfam.xfam.org). A. Cluster analysis of ubiquitin fold of
4764 representative sequences (seed alignments) of the clan Ubiquitin containing members of all 59
defined families. This analysis was computed using the cluster analysis implemented in the CLANS
(CLuster ANalysis of Sequences) program with following parameters: BLOSUM62 scoring matrix; extract
BLAST HSPs up to E-value of 1e-4; 10,000 rounds. The analysis shows that Gcp4 sequences constitute
a novel separate group with a weak affinity to the cloud containing proteins from ubiquitin family
(PF00240) and Rad60 SUMO-like family (PF11976). Gcp4 proteins are marked in purple, four proteins
directly connected to the Gep4 cluster and situated in a cloud composed from ubiquitin and Rad60
SUMO-like families are marked in red (R5RDZ3_9PROT, NEDD8_HUMAN, RUB3_ARATH,
A8BJ08_GIAIC). Connections between sequences are coloured by edge “frustration” (red=too long;
blue=too short). B. Phylogenetic analysis of Gcp4 and ubiquitin-related proteins. Gep4 sequences were
added to the seed alignment of the ubiquitin domain as defined in the Pfam v.31 database (PF00240) and
the ML tree was calculated using 1Q-TREE multicore version 1.5.5 under the LG+G4 model with 10,000
ultrafast bootstraps. The tree is arbitrarily rooted between Gcp4 proteins and the remaining sequences
included in the analysis. Sequences assigned to named clades correspond to different type | ubiquitin-like
proteins (i.e. those that are conjugated to substrate proteins), the remaining sequences correspond to
Type Il ubiquitin-like proteins (i.e., larger proteins including a ubiquitin-like domain within a more complex
domain architecture.
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Supplementary Fig. 11 (pg. 30 and 31) Multiple sequence alignments of Gep5, Gep7, Gepll, and

Gcpl5 proteins. Regions including predicted transmembrane domains are framed by red rectangles.
Identical and similar residues are highlighted in turquoise and yellow, respectively (using 50%
conservation of the position as the threshold). Species abbreviations: Mj — Malawimonas jakobiformis, Go

— Gefionella okellyi, Ra — Reclinomonas americana, Ag — Andalucia godoyi, Nd — Neovahlkampfia

damariscottae, Pk — Pharyngomonas kirbyi, Ng — Naegleria gruberi, Nf — Naegleria fowleri, PcCWS —
Percolomonas cosmopolitus strain WS, PCAE — Percolomonas cosmopolitus strain AE-1, Ni—
Percolomonas sp. contaminating a transcriptome assembly from Nitzschia sp. ChengR-2013. Trit —

Naegleria sp. contaminating a transcriptome assembly from Triticum polonicum
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Supplementary Fig. 11 cont. For further details see page 30.
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Supplementary Fig. 12 Multiple sequence alignments of Gcp6 and Gepl2 proteins. Absolutely
conserved histidine and cysteine residues (indicative of possible binding of a prosthetic group by the
proteins) are framed by red rectangles. Identical and similar residues are highlighted in turquoise and
yellow, respectively (using 50% conservation of the position as the threshold). Species abbreviations: Mj
— Malawimonas jakobiformis, Go — Gefionella okellyi, Ra — Reclinomonas americana, Ag — Andalucia
godoyi, Nd — Neovahlkampfia damariscottae, Pk — Pharyngomonas kirbyi, Ng — Naegleria gruberi, Nf —
Naegleria fowleri, JI — Jakoba libera.
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Supplementary Fig. 13 Multiple sequence alignment of the eukaryotic Gcpl6 proteins and selected
bacterial homologues. Regions including predicted transmembrane domains are framed by red
rectangles. Metallopeptidase motifs HEXXH and EXXA are highlighted by the black rectangle. Putative
mitochondrial targeting presequences predicted by MitoFates are underlined. Identical and similar
residues are highlighted in turquoise and yellow, respectively (using 50% conservation of the position as
the threshold). Species abbreviations: Mj — Malawimonas jakobiformis, Go — Gefionella okellyi, Ra —
Reclinomonas americana, Ag — Andalucia godoyi, Nd — Neovahlkampfia damariscottae, Pk —
Pharyngomonas kirbyi, Ng — Naegleria gruberi, Nf — Naegleria fowleri.
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Reclinomonas americana

Andalucia godoyi
Spironema cf. multiciliatum

Malawimonas jakobiformis
Gefionella okellyi Eukaryota (ch1 6)
Pharyngomonas kirbyi
Neovahlkampfia dammariscottae
Naegleria gruberi XP_002678252.1 predicted protein
100 Naegleria fowleri
Planctomycetes bacterium PCJ57282.1 hypothetical protein Planctomycetes
Lentisphaera araneosa EDM27470.1-corrected
Lentisphaeria bacterium HBJ97431.1 hypothetical pi
Lentisphaerae bacterium RMD76708.1 hypothetical protein
Lentisphaeria bacterium HARE67401.1 hypothetical protein
Lentisphaerae bacterium OGV18074.1 hypothetical protein
Victivallales bacterium WP_106053672.1 hypothetical protein
Victivallis vadensis WP_116883721.1 hypothetical protein
Lentisphaerae bacterium PWM86034.1 hypothetical protein
Lentisphaerae bacterium OGV39414.1 hypothetical protein
Lentisphaeria bacterium HCG27459.1 hypothetical protein
Lentisphaerae bacterium OGV56968.1 hypothetical protein
Lentisphaerae bacterium OGV40527.1 hypothetical protein
Lentisphaerae bacterium OGV51793.1 hypothetical protein
Lentisphaerae bacterium OGV49262.1 hypothetical protein
Candidatus Rubidus massiliensis CDZ79725.1 hypothetical protein
Estrella lausannensis WP_098038662.1 hypothetical protein
Criblamydia sequanensis WP 041017867.1 hypothetical protein
Neochlamydia sp. TUME1 KIC72320.1 N-acyl-phosphatidylethanolamine-hydrolyzing phospholipase D
Neochlamydia sp. EPS4 KIC75587.1 N-acyl-phosphatidylethanolamine-hydrolyzing phospholipase D
93! Neochlamydia sp. S13 WP 079979829.1 hypothetical protein
Waddlia chondrophila WP_013181290.1 hypothetical protein
Parachlamydiaceae bacterium WP_052469684.1 hypothetical protein
Parachlamydia sp. PJD96310.1 hypothetical protein
Parachlamydia acanthamoebae WP_013925561.1 hypothetical protein
100 | Parachlamydia acanthamoebae WP_006341445.1 hypothetical protein
Parachlamydia sp. WP_068468662.1 hypothetical protein
E|:| Candidatus Protochlamydia naegleriophila WP_059059684.1 hypothetical protein
100 ! Candidatus Protochlamydia massiliensis WP_032124814.1 hypothetical protein
100 Candidatus Protochlamydia amoebophila WP_011174706.1 hypothetical protein
100 Candidatus Protochlamydia sp. WP_075882962.1 hypothetical protein
89 Candidatus Protochlamydia sp. WP_042280312.1 hypothetical protein
so| Candidatus Protochlamydia amoebophila WP_052236238.1 hypothetical protein
100! Candidatus Protochlamydia amoebophila KIC74164.1 hypothetical protein
Waddliaceae bacterium MBB64269.1 hypothetical protein
Chlamydiae bacterium OGN71146.1 hypothetical protein
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Candidatus Similichlamydia epinepheii WP_108623946.1 hypothetical protein
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100 Candidatus Similichlamydia laticola WP_114544644.1 hypothetical protein
100! Candidatus Similichlamydia laticola RDB31141.1 hypothetical protein

Chlamydiae bacterium PIS00781.1 hypothetical protein
Chlamydiae bacterium SM23 39 KPK33738.1 hypothetical protein
Chlamydiae bacterium OGN85097.1 hypothetical protein
Chlamydiae bacterium OGN63768.1 hypothetical protein
Chlamydiae bacterium P1S02101.1 hypothetical protein
97 Chlamydiae bacterium OGN55979.1 hypothetical protein

—I_ Simkania negevensis WP_013944617.1 hypothetical protein

73 Candidatus Aerophobetes bacterium PCI75294.1 hypothetical protein
Candidatus Aerophobetes bacterium PCI95856.1 hypothetical protein
Chlamydiae bacterium OGN62454.1 hypothetical protein
Chlamydia muridarum AID37563.1 hypothetical protein BB17 00060

Chlamydia suis WP_080126756.1 hypothetical protein
Chlamydia trachomatis ROT50926.1 hypothetical protein
Chlamydia pecorum WP_013712361.1 hypothetical protein
100" Chlamydia pecorum WP_058787455.1 hypothetical protein
Chlamydia sp. WP_066481938.1 hypothetical protein

Chiamydia sp. WP_108896827.1 hypothetical protein

Candidatus Chlamydia corallus WP_100934381.1 hypothetical protein

Chlamydia pneumoniae WP_014518288.1 hypothetical protein
100! Chlamydia pneumoniae WP_010883407.1 hypothetical protein

Chlamydia ibidis EQM63050.1 hypothetical protein

Chilamydia sp. WP_020355681.1 hypothetical protein
Chlamydia galiinacea WP_021828752.1 hypothetical protein
Bacteroides fragilis EYEB0638.1 hypothetical protein
Chlamydia sp. $15-834C WP_117274722.1 hypothetical protein

Chlamydia felis WP_011457583.1 hypothetical protein

Chlamydia caviae WP_011006939.1 hypothetical protein

Chlamydia sp. WP_131743874 .1 hypothetical protein
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Supplementary Fig. 14 Phylogenetic analysis of the Gcpl6 protein. The ML tree (IQ-TREE, substitution
model LG+R4, 1000 ultrafast bootstraps) includes all Gep16 homologues identified in databases (using
an exhaustive psi-blast search of the NCBI nr protein database and targeted blast searches of genomic
and transcriptomic data from other repositories). The three sequences highlighted in red come from
apparently misidentified taxa or contaminated genome assemblies. The sequence EYE60638.1 is
encoded by a gene on a >800 kbp contig attributed to Bacteroides fragilis str. S6L5, i.e. a member of the
phylum Bacteroidetes, but blast searches with proteins encoded by randomly picked genes from different
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regions of the contig all give as identical hits sequences from Chlamydia gallinacea. The two sequences
attributed to two different isolates of an “Candidatus Aerophobetes bacterium” (i.e. members of the
phylum Candidatus Aerophobetes) are located on contigs encoding proteins that exclusively (in case of
PCI75294.1) or predominantly (PCI95856.1) retrieve sequences from the phylum Chlamydiae as best
non-self hits, hence are most likely derived from unidentified representatives of the latter phylum.

Supplementary Figure 15.
Full scan of size exclusion
e chromatography of NgGspD
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Supplementary Methods

Sequencing and assembly of Neovahlkampfia damariscottae and “Malawimonas californiana”
genomes

Neovahlkampfia damariscottae CCAP 1588/7 (obtained from the Culture Collection of Algae and
Protozoa; https://www.ccap.ac.uk/) was grown for 5 days in 20 Corning® cell culture flasks (surface area
25 cm2) with 10 ml of ATCC 1525 medium. Since the culture contained various bacteria, we incubated
cells overnight in 10 ml of fresh ATCC 1525 medium with 166 pl of antibiotics prepared as a mixture of
ampicillin (100 pl), streptomycin (500 pl), penicillin (250 yl), and kanamycin (50 pl). Genome DNA was
extracted using Qiagen DNeasy Blood & Tissue Kit following the manufacturer’s instructions. Genomic
DNA was sequenced on lllumina Miseq 2x250bp platform. The total of 27,972,096 reads were trimmed by
Trimmomatic 3. An initial assembly was built with Spades 3.10.1 4 and the scaffolds were clustered into
different bins by MaxBin 5. Because the average GC content of the N. damariscottae genome is low
(27.4% in the final assembly), bins with a relatively high GC content (> 40%) were inspected manually
and after confirmation of their bacterial origin, they were removed from the assembly. Trimmed reads
were mapped back to the cleaned assembly with Bowtie2 (--very-sensitive-local settings; ¢ and
14,663,323 mapped reads were used for the final assembly, which was built with Spades 3.10.1 using the
"careful" option. The final assembly consists of 1,865 scaffolds with the cumulative length of 21.5 Mb, and
the N50 value of 95,418 bp. It was deposited at GenBank with the accession number
JABLTGO000000000.

“Malawimonas californiana” (ATTC 50740) is a formally undescribed malawimonad that is
cultivated with live Enterobacter aerogenes (ATCC 13048) as a food source (detailed recipes for the
media are described at http://megasun.bch.umontreal.ca/People/lang/FMGP/methods.html). The large
variety of food bacteria that was present in the original strain was reduced by repeated dilutions in 100
mL growth medium plus live E. aerogenes, so as to retain only a few malawimonad cells, and grown to
the early stationary phase. The final isolate with less bacterial contaminants (after five growth cycles) is
being kept for long-term storage under liquid nitrogen. For DNA purification, aliquots of the stock culture
were added to fresh medium (500 mL, 2.5 L Erlenmeyer flasks) containing ~200 mg pre-cultured live E.
aerogenes cells. Cultures were gently shaken at 22°C and daily supplemented with live bacteria, provided
that most bacterial cells were consumed. Cells were harvested by centrifugation in the early stationary
growth phase (after 2-5 days), at a point when most food bacteria were consumed. Harvested cells were
lysed in a Tris-EDTA buffer containing 0.2 % SDS plus 100 pyg/ml proteinase K, dialyzed for 24 hr against
the same buffer, and then further purified by CsCl-bisbenzimide equilibrium gradient centrifugation 7. GS
FLX Library Preparation Method protocols (Roche) were used to prepare shotgun and paired-end (3 Kb
and 8 Kb) libraries for sequencing with the 454 method on the Titanium platform. Altogether, 2,955,688
shotgun reads, 1,082,625 reads from the 3 Kb paired-end libraries, and 1,100,119 reads from the 8 Kb
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paired-end libraries were generated and assembled using Newbler 2.8 (Roche), yielding a draft genome
assembly consisting of 1,123 scaffolds with the cumulative length of 51.4 Mb, and the N50 value of
399,050 bp. The assembly was annotated by using Augustus 8, yielding 13,534 predicted protein
sequences. The assembly and the predicted protein sequence set are available at
http://megasun.bch.umontreal.ca/Malawimonas_californiana. Note that the assembly is not bacterial
contamination-free and is expected to be to a certain degree inaccurate in homopolymeric regions, owing
to the known limitation of the 454 sequencing method. Work on a more accurate assembly and
annotation is underway and the outcomes will be published elsewhere.

Sequence curation

Existing Gsp and Gcp gene models (public for the N. gruberi genome and private for A. godoyi and the
two malawimonads) were evaluated by considering transcriptome data and sequence conservation within
the respective gene families, and modified if necessary. One of the N. gruberi genes proved to be
affected by an assembly error in the existing genome assembly; this was corrected by consulting the
original Sanger sequencing reads. For genes without existing gene models (i.e. genes missed by
automated annotation programs or residing in as-yet unannotated genome assemblies), the respective
gene models were built manually de novo using the same source of supporting information. For R.
americana only three alternative fragmented genome assemblies, often with redundant highly similar
contigs presumably representing alternative allele variants, were available; hence, transcriptome data
were used to link separate contigs containing different parts (exons) of the genes. The resulting gene
assemblies may thus be chimeras of different alleles.

Only transcriptomic data were available for P. kirbyi and the three Percolomonas spp., so the Gsp
and Gcp protein sequences were deduced by conceptual translation from the appropriate reading frames
of the relevant transcript contigs. In several cases the original contigs from transcriptome assemblies
proved to include a truncated coding sequence (CDS); in most of these cases a complete CDS could be
obtained by manual iterative extension of the truncated ends by using raw Illlumina reads identified by
blastn searches and considering linking information provided by paired-end reads. Note that for one of
the Percolomonas strains, the transcriptomic data are available only as contamination in the
transcriptome assembly attributed to the diatom Nitzschia sp. ChengR-2013 (GenBank accession number
GBCF00000000.1). The taxonomic assignment of the respective Gsp/Gcp sequences to Percolomonas
rather than Nitzschia is based on the presence in the assembly of a 18S rRNA sequence phylogenetically
close to a sequence from Percolomonas cosmopolitus strain WS (Supplementary fig. 1) and considering
the fact that homologues are absent from all other diatom (even stramenopile) transcriptomic and
genomic assemblies.

In case of Gep4 a homologue was found in a transcriptome assembly attributed to the moss
Bryum argenteum (GenBank accession number GCZP00000000.1), i.e. an organism lacking other Gsp
and Gcp homologues. The sequence is most likely a contaminant coming from a heterolobosean,
specifically a Vahlkampfia sp., based on the presence in the assembly of a partial 18S rRNA sequence
(accession number GCZP01036684.1) exhibiting 99% identity to the 18S rRNA sequence from
Vahlkampfia avara strain 4171L. It is likely that Vahlkampfia, like many other heteroloboseans, exhibits a
full set of Gsp/Gcp homologues, which are not represented in the assembly GCZP00000000.1 due to an
insufficient coverage of the contaminating organism.

Defining orthogroups for phylogenetic profiling

In order to classify eukaryotic genes into putative groups of orthologous genes (orthogroups) for the
purpose of identification of genes co-occurring with initially identified Gsp homologues in eukaryotes
(phylogenetic profiling), two slightly different rounds analyses were performed. They differed in taxon
sampling (Supplementary Table 6; the first round lacking protein sequences from G. okellyi and
Monocercomonoides exilis), sequence similarity thresholds (see step p1 below) and the way how week
connections between sequence clusters were dealt with (see step n3 below).

The analysis included two main phases. In the first, orthologous relationships of each protein to all others
were inferred using the following custom bioinformatics pipeline (steps p1 to p4 were repeated for each
protein):

_ (p1) the protein was blasted (BlastP) against the entire set of proteins using a threshold e-value < 1e-8
and the BlastP alignment overlapping at least 35 % of the query (first analysis) or minimal e-value
threshold of 1e-5 and a the BlastP alignment overlapping at least 25 % of the query (second analysis).

_ (p2) the seven best BlastP hits of each proteome were retrieved, aligned with Clustal Omega ° under
default parameters, and the resulting alignment was trimmed using trimAl 1° by removing columns with
gaps in more than 50% of sequences.

_ (p3) a phylogenetic tree was built from the trimmed alignment using FastTree 1! under default
parameters.
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_ (p4) orthologous relationships were inferred from the mid-point rooted phylogenetic tree using the
specie-overlap method implemented in ETE 12,

All orthologous relationships obtained from these phylogenetic analyses were combined to build an
undirected graph in which vertices represent proteins, edges represent observed orthologous
relationships between the two connected proteins, and connected components represent orthologous
groups. This complex and dense network was then simplified using these successive steps:

_ (n1) edges connecting two proteins that have been found orthologous only once were discarded.

_(n2) for each edge, we calculated the ratio “number of times the two proteins have been found
orthologous) / (number of times the two proteins have been found paralogous”. Edges with the ratio lower
than 0.5 were discarded.

_ (n3) bridges, identified as edges connecting two vertices that have at least four neighbours and that do
not share a connected vertex, were discarded. This step was applied only in the second analysis.

_ (n4) within each orthologous group, gene-fusions were identified and the orthologous group was
corrected as follows: if the removal of a vertex led to the formation of two isolated connected components
of at least three vertices, the vertex was considered as a gene fusion (genuine or artificial) and was
added to each of the two newly formed connected components. To validate the approach, we then
inspected 30 randomly chosen orthologous groups (including some belonging to complex gene families)
and found rare false positive and false negative cases. Additionally, 20 randomly chosen proteins
identified by our pipeline as gene fusions (an average of 31 gene fusions were inferred per proteome)
were all confirmed by manual BlastP analyses.
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