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EAN32476.1 is a 391 aa protein with 5 DeepTMHMM helices. The AFDB structure had a low average pLDDT score of 64.7. It has OrthoMCL orthologues in Babesia of sizes ranging from 320 aa to 452 aa, annotated as “Major facilitator protein, putative”, “Na+/galactose cotransporter”, “CCR4-NOT transcription complex subunit 1, putative”, and “chemotaxis protein”. FoldSeek did not return any informative results. It remains unclear if this protein is a transporter or not, but the low number of TM helices make it unlikely to be an MFS protein, as it is believed that both 6-helix domains are important for transporter activity (Lee et al., 2016).
EAN33420.1 is a 251 aa protein with 6 DeepTMHMM helices (and an AFDB structure with an average pLDDT score of 76.1), with EggNOG orthologues to “H(+)-exporting diphosphatase” and “Bax inhibitor 1”, in Theileria equi and T. orientalis for the former, and Plasmodium berghei for the latter. These orthologues were of comparable length to the T. parva protein. The FoldSeek results were not informative, with the best characterized hit in afdb-proteome being to the much larger Schizosaccharomyces pombe 972h- “Glucose receptor protein git3” (UniProt O94744, 466 aa) with a sequence identity of 10.7 and probability of 0.978. As there was no consensus between the data, the function of this protein remains unknown.
EAN33761.1 is a 69 aa protein with no DeepTMHMM helices, though TMHMM2 and Phobius from InterProScan reported 1 helix. The AFDB structure had an average pLDDT score of 75.3. OrthoMCL detected similarly sized orthologues in various Babesia and Plasmodium species annotated as “Twin-arginine translocation pathway related protein”, “Mitochondrial respiratory chain complex II subunit”, and “Cache domain methyl-accepting chemotaxis signaling domain multi-domain-containing protein”. FoldSeek was not able to detect any informative hits. Thus, the function of this protein remains unknown. But the short length and maximum of 1 TM helix, and orthologues that are not related to transmembrane transport make it unlikely that this protein is a transporter. It could, however, be part of a transporter complex.
EAN32765.1 is a 125 aa protein with 1 DeepTMHMM TM helix. The AFDB structure had a low average pLDDT score of 68.8. OrthoMCL detected Babesia orthologues of similar size annotated as “binding- -dependent transport systems inner membrane protein”, “valine-tRNA ligase”, and “valyl-tRNA synthetase”. There were no informative structural hits using FoldSeek. The single DeepTMHMM helix makes it unlikely that EAN32765.1 is a transporter.
EAN31968.1 is a 126 aa protein with 4 predicted DeepTMHMM domains. One of its OrthoMCL orthologues was annotated as “Transmembrane 14C”. The DALI and FoldSeek pdb100 did not return anything useful (despite the AFDB structure having an average pLDDT score of 77.0), but some of the top FoldSeek afdb-proteome hits were to “Transmembrane protein 14 A” and “Protein FATTY ACID EXPORT 7”. Another fatty acid export protein, FAX1, is a member of the Transmembrane 14 superfamily (Li et al., 2015). Though not very convincing, there is some orthology and structural data to suggest that EAN31968.1 is a Transmembrane 14 family protein.
EAN33934.2 is a 220 aa protein with 4 predicted DeepTMHMM helices. Its predecessor was annotated as “Ion transport domain-containing protein”, which was supported by various Theileria and Plasmodium orthologues detected by EggNOG6. However, the P. falciparum orthologue (UniProt Q8ILG4, ORF PF3D7_1430000) was not found among the list of known and putative transporters for the species (Wunderlich, 2022).  FoldSeek hits against the afdb-proteome dataset returned two characterized proteins with a probability of 1, annotated as “Transmembrane phosphatase with tensin homology” and “Cation channel, sperm-associated 1”. However, these proteins were around 600 aa long, thus it is unlikely that EAN33934.2 would be a functional version of them. While there was orthology data to support the previous annotation of “ion transport domain-containing protein”, there was no convincing structural data. It did however get a TooT-SC score of 0.71 for the inorganic cation classification.
EAN34131.2 is an 84 aa protein with 1 DeepTMHMM helix, with an annotation of “Protein transport protein Sec61 subunit beta” having been assigned to its predecessor on UniProt. On NCBI, the protein had a region labelled as “Sec61beta family”. EggNOG and OrthoMCL detected orthologues across various Theileria, Babesia and Plasmodium species with annotations related to Sec61 subunit beta. FoldSeek analysis returned some Sec61 subunit beta hits in the afdb-swissprot and afdb50 datasets, but none had a probability of 1 (observed only in 3 uncharacterized proteins). Thus, this protein had orthology data to support its previous annotation of Sec61 subunit beta. 
EAN33749.1 is a 145 aa protein with 4 DeepTMHMM predicted TM helices and the AFDB predicted structure had an average pLDDT of 72.9. It was found to be orthologous to Babesia proteins annotated as “Vesicle transport protein” and “COPI associated protein”. When the FoldSeek results against the afdb-proteome database were examined, the first characterized hit was to Leishmania infantum “COPI associated protein - putative” with a sequence identity of 24.3% and a probability of 1. COPI is involved in the transport of protein-coated vesicles from Golgi to the ER (Taylor et al., 2023). The Golgi localization prediction by Light Attention was consistent with this hypothesis, while DeepLoc and CELLO predicted “lysosome/vacuole” and “plasma membrane” respectively. Thus, EAN33749.1 may be involved in vesicle transport, while not being a transmembrane transporter.
EAN33155.1 is an 862 aa protein with no DeepTMHMM TM helices, and the AFDB predicted structure had a low average pLDDT of 53.8. EggNOG orthologues included 2 hits to “Nucleoporin Nup159/Nup146 N-terminal domain-containing protein” and one to “Liver stage protein 3 like protein”, while OrthoMCL hits were very diverse and did not include Nucleoporins. In terms of structural support, the best DALI hit was to human Nup214, while FoldSeek did not have a hit in the pdb100 database. However, in the afdb-proteome database, the first characterized hit was to Glycine max “WD_REPEATS_REGION domain-containing protein”, with sequence identity of 9.8% and probability of 1. The WD40 domain contains WD40 repeats, which are 4-stranded antiparallel β-sheets, and fold into a β-propeller architecture (Xu and Min, 2011). WD40 domain-containing proteins typically serve as scaffolds for protein-protein interactions, and are involved in various activities (Xu and Min, 2011). They are among the most abundant domains in eukaryotic genomes, though they exhibit low sequence conservation (Xu and Min, 2011). EAN33155 shares the β-propeller domain with Nup214, with substantial overlap. Additionally, the important 6D7A loop is positioned similarly and even has some important conserved residues that human Nup214 uses to interact with Ddx19 (Nup214’s Glu350 and Asp359 were found as Glu316 and Gly321 [but next to Asp322]) (Napetschnig et al., 2009). Furthermore, EAN33155.1 was predicted to localize to the nucleus by Light Attention, which is consistent with Nup function. While the above data are not conclusive, the most supported annotation for EAN33155.1 is a Nup214-like protein.
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