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Fig. S1. Sequence alignment of the BLAST hits with human NEDDS8. Shown is the sequence alignment
of human NEDD8 (HsNEDD8) with the top 3 BLAST hits of the P. falciparum genome database
(XP_001349866.1, XP_001350369.1 and XP_001350526.1). XP_001350526.1 is a polyubiquitin protein
containing 5 ubiquitin domains; domains 1-4 are highlighted in different colours and the 5 domain is in
blue font. XP_001350369.1 is a ubiquitin-ribosomal protein eL40; the ubiquitin domain is in blue font and
the ribosomal protein sequence is in red font. The amino acid residues marked with asterisks differentiate
ubiquitin and NEDDS8 for being correctly recognized by their respective enzymatic machinery. Numbers on
the top of the alignment indicate the position of that amino acid residue in human NEDD8 and
XP_001349866.1. The filled arrow represents predicted cleavage sites to generate ubiquitin, and the open
arrow represents processing site to remove the C-terminal tail in ubiquitin and NEDDS.
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.mphiamblys (AOA1JS5WMY2)
ematocida (AOA177EH30)
.knowlesi (AOA384LGS4)
.vivax (AOA1G4HJQS8)

.vivax like (PVL_000121000)
.inui (C922 00503)
.fragile (AK88 00191)
.cynomolgi (PCYB 142240)
.gallinaceum (AOA1J1GYI®6)
.relictum (AOA1J1HAD2)
.falciparum (Q8IETI4)
.billcollinsi (PBILCGO1 1313400)
.blacklocki (PBLACGO1l 1311100)
.reichenowi (PRCDC_1312000)
.praefalciparum (PPRFGO1 1314900)
.adleri (PADLO1 1311900)
.gaboni (PGABGO1 1311100)
.ovale (AOA1C3L4R7)

.yoelii (AOAQ77YACS8)
.vinckei (YYE 01216)
.chabaudi (AOA077TQIO6)
.berghei (AOA509AZB5)
.malariae (AOAIC3L273)
.gondii (AOA125YX02)
.hammondi (HHA 254600)
.caninum (FOV9J4)

.parvum (A3FPR3)
.cayetanensis (AOA1D3D9Z9)
.histolytica (C4LVJ5)
.brucei (Q584D3)
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Fig. S2. Sequence alignment and phylogenetic analysis of NEDDS8 proteins. The NEDDS8 protein sequences of Plasmodium species (grey
shaded) were compared with 139 NEDD8 sequences of the indicated organisms representing metazoans, plants, fungi and protozoans. The ID of
each NEDDS protein is in the bracket. The conserved amino acid residues are in red font. The amino acid residues shared by at least 75% of the
proteins in the alignment are in green font. The consensus sequence shared by at least 75% of the proteins in the alignment is shown in purple
font, with hyphens representing variation at these positions. The C-terminal tail processing site in marked with an arrow and amino acid residues
marked with asterisk have been demonstrated to confer specificity for neddylation enzymes. Amino acid residues in the blue font are conserved
across Plasmodium NEDDS proteins, but drastically differ from the consensus in physicochemical properties.



Fig. S3. Expression and purification of recombinant PFINEDDS. It was expressed as a C-
terminal fusion of His-Sumo in E. coli. The His-Sumo-PfNEDDS8 fusion protein (SN8) was
purified by Ni-NTA chromatography under native conditions. The coomassie stained SDS-
PAGE shows lysates of uninduced (Un) and induced (In) bacteria, soluble (Sol) and insoluble
(Ins) fractions of the induced bacteria, and Ni-NTA purified SN8 (Pur). The protein size
markers are in kDa (M).
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Fig. S4. Growth comparison of wild type, rubIA and ubcI2A S. cerevisiae strains. The
rublA, ubcl2A and wild type (WT) S. cerevisiae strains were grown in YPD medium for 14
hours beginning with 0.1 ODsoo. Aliquots were collected at every two hours for the
measurement of cell density at ODsgo. The graph shows growth as ODegoo 0N y-axis versus time
on x-axis.



PFHNS-F AATTAGATCTCAAAATGTATCCATATGATGTTCCAGATTACGCTGGAAGTCAA
ATATTAGTTAAAACATTAACAGGG (HA-tag is underlined)

PfN8ex-R ATTCTCGAGTTATCCTCCTCTTAATTG
AATCTCGAGTTATGCTGCTCTTAATTG (codons for Gly75-Gly76 substitution to Ala-

PfN8ggM-R .
Ala are underlined)

SN8-F AGAGAACAGATTGGAGGCATGCAAATATTAGTTAAAACATTAACAG

SN8-R CTCGAGTGCGGCCGCAAGCTTTTATCCTCCTCTTAATTGTAAAATT

SMT3-F ATTACATATGCATCACCATCACCATCACTCGGACTCAGAAGTCAATCAA (His-
tag sequence is underlined)

SMT3-R AATCAAGCTTAAATACGTAGGCCTCCAATCTGTTCTCTGTGAGC

ScN8KO-F CGACAGAGGAATAAATAAAGGAAGGTAATTAACTTCCTTACAGCCGTAACCG
ATGCGTACGCTGCAGGTCGAC (sequence of ScRub1 locus is underlined)

ScN8KO-R TCTTTTCTAATGAACACCTTCGATAAAATTCCATAAATGACGGAAAATGGTTC
TAATCGATGAATTCGAGCTCG (sequence of ScRubl locus is underlined)

ScN8-Fcon CTTCGGGAAGGCAAACGAACAAC

ScN8-Rcon GTAGCCTTCCAAAGTCCAAGTGAAC

ScU12KO-F TACTTAGAGACATTAAAGAATCAGTTAGAGAATATAAAACAAGATAATAAAA
ATGCGTACGCTGCAGGTCGAC (sequence of ScUbc12 locus is underlined)

ScU12KO-R ATTTTATTGTTTATATATAATCAAATCAACCGAAAATTACTCTGAACTTGACTC
AATCGATGAATTCGAGCTCG (sequence of ScUbc12 locus is underlined)

ScU12-Fcon CAATCCTCTGGTAAATCTCATCT

ScU12-Rcon ACTAACAGAAGATGGCGGTAGC

ScN8-Fepi ACCGCCGGAATTCATGATTGTTAAAGTGAAGACACTG

ScN8-Repi ATGCGCGGATCCCTAGTTACCACCTCTTAGTGTTAATAC

PfN8-FScepi AAAACGGAATTCATGCAAATATTAGTTAAAACATTAACAG

PfN8-Rsp TTAAGGATCCTTATCCTCCTCTTAATTGTAAAATC

Table S1. List of the primers used in the study. The sequences are in 5'-3' direction and
restriction enzyme sites are in bold.

Data file S1. Compiled raw MS data of the pull-down of in vitro neddylation assay in the
presence or absence of ATP. The +ATP is a test reaction and -ATP is a negative control
reaction. Proteins exclusive to +ATP reaction are listed in Table 1 of the article.

Data file S2. Compiled raw MS data of the immunoprecipitates of rubIA[HA-PfN8] and wild
type S. cerevisiae strains. Proteins exclusive to rubIA[HA-PfN8] are listed in Tables 2 and 4

of the article.

Data file S3. Compiled raw MS data of the immunoprecipitates of rub/A[HA-rubl] and wild
type S. cerevisiae strains. Proteins exclusive to rubIA[HA-rubl] are listed in Tables 3 and 4

of the article.

Data file S4. Compiled raw MS data of the immunoprecipitates of HN8 and wild type P.
falciparum parasites. Proteins exclusively to HN8 are listed in Table 5 of the article.




Extended size figures (these figures have larger size cropped images)
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Fig. 2. Western blot analysis of in vitro neddylation. Conjugation of recombinant SUMO-
PfNEDDS8 (SN8) was carried out using parasite lysate and ATP at 37°C for 1 hour. The
reactions were stopped and subjected to immunoblotting using anti-His antibody. The
presence (+) or absence of reaction component is indicated. The arrow head indicates signal
corresponding to unconjugated SN8. B-actin was used as a loading control for reactions
containing the parasite lysate. The positions of proteins size markers are shown in kDa (M).
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Fig. 3. Complementation of ScRubl1 by PFNEDDS8. A. Schematic for generation of rublA
or ubc12A. The wild type locus (WT locus) was replaced with a linear kanamycin cassette
flanked by the homology regions of target locus (T cassette) via a double crossover
homologous recombination, resulting in the integration locus (Int locus). The kanamycin
coding sequence (kanR) is under the control of translation elongation factor promoter (TEF
pro) and terminator (TEF ter). The horizontal arrows indicate positions of primers used in the
analysis of knockout strains. B. Confirmation of knockout. The knockout was confirmed by
PCR of the gDNAs of wild type (WT), rub1A and ubc12A strains using locus-specific
primers (5' Int for 5" integration locus, 3' Int for 3" integration locus, WTsp for wild type locus
and Con for ScAtg18). The ethidium bromide stained agarose gel shows PCR products, with
DNA markers in kbp (M). C. Western blot analysis of complemented strains. HA-
PfNEDD8 (HA-PfN8) or HA-ScRubl (HA-rubl1) were episomally expressed in rublA and
ubcl12A strains. The lysates of wild type (WT), rublA, ubc12A, HA-PfNEDDS-
complemented rub1A or ubc12A (HA-PfN8), and HA-ScNEDD8-complemented rubl1A or
ubcl2A (HA-rubl) strains were processed for western blotting using anti-HA antibodies (ab-
HA). The lanes containing lysates of complemented strains show a free NEDD8/Rub1 protein
(marked with an asterisk), whereas the lanes with rub1A[HA-PfN8] and rublA[HA-rub1]
strains also contain a high molecular weight band (marked with an arrow head) and some
lower molecular weight conjugates, which are absent in other lanes. Phosphoglycerate kinase
(anti-PGK) was used as a loading control. The protein size markers are in kDa (M).
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Fig. 4. Immunoprecipitation of PFNEDDS8 and Rubl from complemented strains. The
lysates of rubIA[HA-PfN8], rubIA[HA-rub1] and wild type (WT) strains were
immunoprecipitated with mouse anti-HA antibody. The eluates (Eluate) along with the
extract (Input), flow through (FT) and wash (Wash) were analyzed by western blotting using
rabbit anti-HA antibodies. The eluate lanes contain the respective target protein (indicated by
an asterisk), and two prominent high molecular weight bands (indicated by arrow heads). The
sizes of protein size markers are in kDa (M).
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Fig. 5. Expression, conjugation and localization of P. falciparum NEDDS. A. Lysates of
the wild type (WT) and HA-PfTNEDD8-expressing (HN8) P. falciparum parasites were
processed for western blotting using anti-HA antibodies (ab-HA). B-actin was used as a
loading control (ab-Ac). The blot shows a prominent band close to the predicted size of HA-
PfHANEDDS (indicated with an asterisk) and two high molecular bands (indicated with
arrow heads) in the HN8 lane only. B. The HA-PfNEDD8-expressing (HN8), mutant HA-
PfNEDD8 (HN8GGm) and wild type (WT) parasites were processed for western blotting



using anti-HA antibodies (ab-HA), and B-actin was used as a loading control (ab-Ac). Note
that the prominent high molecular bands (indicated with arrow heads) are present in HN8
lane only, whereas a band of the predicted size of HA-PfTHANEDDS or mutant HA-
PfNEDDS (indicated with an asterisk) is present in both HN8 and HN8GGm lanes. C. A
synchronized culture of HA-PfTNEDD8-expressing P. falciparum parasites was harvested at
ring (R), early trophozoite (ET), late trophozoite (LT) and schizont/ring (SR) stages, and the
parasites (1x108 parasites/lane) were processed for western blotting using anti-HA antibodies
(ab-HA). B-actin was used as a loading control (ab-Ac). The blot shows two prominent high
molecular weight bands (indicated by arrow heads) along with the free HA-NEDD8
(indicated by an asterisk), indicating neddylation throughout the erythrocytic cycle. The
double line in the top panel marks two different blots, which were developed separately to
minimize over saturation of the blot due to the band around 12 kDa. The protein size markers
in A, B and C are in kDa (M). D. Fixed HA-NEDD8-expressing P. falciparum parasites of
the indicated stages were evaluated for localization of HA-NEDDS8 using anti-HA antibodies.
The images show HA-NEDDS specific signal (HN8), nucleic acid staining (DAPI), the
parasite and the erythrocyte boundaries (DIC), and the merged of all three images (Merged).
The HA-NEDDS signal is present throughout the parasite in all the stages shown, except the
food vacuole. The scale bar shown is identical for all the images.
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Fig. 6. The effect of MLN4924 on neddylation. A. Wild type P. falciparum D10 ring stage
parasites were incubated with various concentrations of MLN4924 for 48-50 hours, and the
% growth (y-axis) at different MLN4924 concentrations (x-axis) was plotted to determine
50% inhibitory concentration (ICso) as described in the method section. The graph shows data
from three independent experiments, with each point representing mean of two replicates.
The ICsp value is average of three experiments with SD. B. The HA-PfNEDD8-expressing P.
falciparum trophozoite stage parasites were grown with MLN4924 (+) or DMSO (-) for 4 or
8 hours, and then processed for western blotting using anti-HA antibodies (ab-HA). p-actin
was used as a loading control (ab-Ac), and untreated wild type parasite lysate (WT) was used
as another control for cross-reactivity of anti-HA antibodies. The wild type lane is not shown
in Fig. 6 of the article. The blot shows multiple high molecular weight bands along a band of
the predicted size of free HA-PfNEDDS (indicated with an asterisk). The intensity of high
molecular weight bands in MNL4924-treated parasites for both the time points appears to be
comparable to that of DMSO-treated ones. The protein size markers are in kDa (M).
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Fig. 7. Western blot of parasite immunoprecipitates. The lysates of HA-PfNEDDS8-
expressing (HN8) and wild type (WT) parasites were immunoprecipitated with rabbit anti-HA
antibodies. The eluates (Eluate) along with the extract (Input), flow through (FT) and wash
(Wash) were analyzed by western blotting using mouse anti-HA antibodies. The HN8 blot
shows bands corresponding to free HA-PfNEDDS8 (indicated with an asterisk) and high
molecular weight conjugates (indicated with arrows). The arrow heads indicate non-specific
signal in both the blots. The protein size markers are in kDa (M).



