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Summary

FAM151A is a gene that encodes a transmembrane protein that contains two domains of
unknown function DUF2181. FAM151A has direct orthologs in organisms including mam-
mals, reptiles and amphibians, bony fish, and other Eumetazoan invertebrates, but has no
orthologs in birds. The FAM151 family also includes FAM151B, which has one DUF2181
domain and no transmembrane region. The FAMI151 family has orthologs in nematodes
and arthropods from before a gene duplication event, one of which is menorin, a C. elegans
protein involved in dendrite morphogenesis. Sequence conservation analysis of hypothesized
active sites suggests that only the first DUF2181 domain of FAM151A has biochemical func-
tion. FAMI51A also contains a SNP, rs11206394, where individuals homozygous for the
minor allele were found to have a 40% reduction in the odds of developing colorectal cancer,
purportedly through the SNP’s effect on a miRNA binding site.

The mRNA transcript of FAM151A is expressed highly in kidney, small intestine, and
liver tissues, while immunohistochemical staining data indicate the FAM151A protein is only
highly expressed in proximal kidney tubules. The mRNA expression pattern is speculated
to be a result of HNF1, a transcription factor expressed in a similar pattern to FAM151A
predicted to bind to the FAM151A promoter. Protein expression is hypothesized to be a
result of competition between two proteins that bind to an unpaired conserved section of the
3’ UTR of FAM151A, ZFP36 and EIF4B, which act as a degradation signal and translation
initiation signal, respectively. FAM151A is underexpressed in carcinomic kidney tissue and
hepatitic liver tissue, but not differentially expressed under diabetic conditions.

FAM151A is strongly predicted to be localized to the cell membrane, with the two
DUF2181s residing outside of the cell. The tertiary structure of the protein is predicted
with high confidence by AlphaFold2, and agrees with experimental structure of homologous
domains. DUF2181 is part of the GDPD/PLCD superfamily, a class of enzymes that hy-
drolyze phosphodiester bonds. Other proteins, such as GDPD5 and ENPP6, are known as
transmembrane phosphodiesterases acting in the kidney and brain (in which FAM151A is
expressed), and bind to a glycerophosphocholine substrate, which we suggest as a potential
substrate of FAM151A. In C. elegans, sax-7 is a known binding partner of menorin, so its hu-
man ortholog LICAM is a potential interaction partner with proteins in the FAM151 family.
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Annotated Conceptual Translation

agagcagaccaggcccggtggagaattaggtgetgetgggagetectgectecccacagga
ttccagctgecagggagectcagggactctgggecgecacggagttgggggecattccccaga
gagcgtcgcc gtctgcagggagcagttatcaaagaatcaggtcaagtgggtgtttge

v CREQL S K NQ V K W V F A

cggcattacctgtgtgtctgtggtggtcattgeccgcaatagtccttgecatcaccctgeg
G 1 T¢€VvVvsVvVvvVvyvVvIiIAATIVLATITTLR

gcggecaggetgtgagetggaggectgecageecctgatgecgacatgetggactacctget
R P GCETVLEACSU&PDADMTLTDYTLL

gagcctgggecagatcagecggegagatgecttggaggtcacctggtaccacgeagecaa
S L GGQ I S RRDALEV TWYHAAN

cagcaagaaagccatgacagctgeccctgaacagcaacatcacagtcctggaggectgacgt
S K K AMTAALNSZSNTITUVULEATDYV

caatgtagaagggctcggcacagccaatgagacaggagttcccatcatggeacacccccce
NV EGLGTANDNZETG GV P I MAUHUPUP

cactatctacagtgacaacacactggagcagtggctggacgctgtgectgggetcttccca
T I Yy SsSDNTULEZ QWULUDAV LG S S8 Q

aaagggcatcaaactggacttcaagaacatcaaggcagtgggecccctcecctggacctect
K G I KL DVFKNTIIKAV GP S L DUL L

gcggcagctgacagaggaaggcaaagtccggeggeccatatggatcaacgetgacatcett
R Q L TEESGI KV RRPTIWTINDNADTIIL

aaagggccccaacatgctcatctcaactgaggtcaatgccacacagttcctggecctggt
K ¢ P N M LTISTEVNATIZGQVFTLATLYV

ccaggagaagtatcccaaggctaccctatctccaggetggaccaccttctacatgtecac
Q E X Y P KA TUL S P GWTT FYMSZ ST

gtccccaaacaggacgtacacccaageccatggtggagaagatgcacgagetggtgggagg
S PNRTYT QAMVEI KMHETLUV GG

agtgccccagagggtcaccttcecctgtacggtcttccatggtgegggetgectggececa
v PQRVTV F?PVRSSMUVRAAWPH

cttcagctggctgctgagccaatctgagaggtacagectgacgetgtggecaggetgectce
F S wULULSQSEH RY SILTTULWIQ A A S
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ggaccccatgtcggtggaagatctgetctacgtccgggataacactgetgtccaccaagt
Db pM SV EDT LT LYVRDIDNTAV HAQV

ctactatgacatctttgagcctctcctgtcacagttcaagcagectggecttgaatgecac
Yy Yy b I1F EPI LI LS QVFK QUL AULNA AT

acggaaaccaatgtactacacgggaggcagecctgatccctcttctccagetgectgggga
R K PMYYTSGSG SULTI?®PU LTI LG QTLUPGD

tgacggtctgaatgtggagtggctggttcctgacgtccagggecageggtaaaacagceaac
b GLNVEWTLUVPDUVQ GS GXKTAT

aatgaccctcccagacacagaaggcatgatcctgectgaacactggecctcgagggaactgt
Mm TL?PDTESGMTIU LU LNDNTGT LEGTV

ggctgaaaaccccgtgeccattgttcatactccaagtggecaacatcctgacgetggagtce
A°AE NP VP IVHTU?®PSGNTITULTTULE S

ctgcctgcagcagectggccacacatcccggacactggggcatccatttgcaaatagegga
c LQ QL ATHPGHWSGTIUHTLI QTIAE

gccegeagecctceggecateccctggecttgetggeacgectctecagecttggectett
p A A LURUPSULATLIULARTI LSS UL GUL L

gcattggecctgtgtgggttggggccaaaatctcccacgggagtttttcggtcccecggeca
HwW&PVWVGAIZKTISHGS SV FS VP GH

tgtggctggecagagagectgecttacagetgtggectgaggtcttcccccacgtgactgtggce
v A GR ETLTLTAV A EV F P HV TV A

accaggctggcctgaggaggtgctgggcagtggctacagggaacagetgetcacagatat
P GWPEEVLGSGYREZ QULTLTDM

gctagagttgtgccaggggctctggcaacctgtgtccttccagatgecaggecatgetget
L ELCQGLWQ?PVS FQMQAMTLTL

gggccacagceacagetggagecatagecaggetgetggeatccteeccecccgggecaccegt
G HSTAGATIGI RT LT LASS PIRATV

cacagtggagcacaacccagctggggocgactatgecctctgtgaggacagecattgetgge
T v EHNPAGSGTDYASVRTATLTLA

agctagggctgtggacaggacccgagtctactacaggetaccccagggetaccacaagga
AR A VDI RTU RVY Y RULUPQ G Y HKD
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317 active site
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1260 ex7|ex8
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1500
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cttgctggctcatgttggtagaaactgagecacccaggggtggtgggccageggacctcag 1920
L L AHV G R N =x 586 Stop codon

ggcggaggettcccacggggaggecaggaagaaataaaggtctttggetttcteccalaaal 1975 Poly-A signal
Poly-A tail

Key:
Bold: Conserved in all 20 orthologs
Pink: Active site as determined by Findlay et. al.
Brown: Predicted N-linked glycosylation site
: SNPs
: SNPs with associated publications
Blue: exon-exon boundaries
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DNA

Gene Structure
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Figure 1: Schematic diagram of protein FAM151A domains and important amino acids.

Homo sapiens FAM151A (NCBI Accession: NM  176782.3/NP  788954.2) is a ~14 kbp gene
located in cytogenetic band 1p32.3 that encodes a 1975 bp mRNA transcript that translates
to a 585 amino acid protein.!'> The protein contains a 20 aa long helical transmembrane
region, and two domains of unknown function DUF2181, as seen in Figure 1.® The gene has
8 exons, the last and longest of which composes roughly half the mRNA transcript.* No
alternative splicings are known.?

Overview of Orthologs and Paralogs

FAM151 Family

Figure 2 shows 20 direct orthologs of the FAM151A protein in organisms including mam-
mals (72%-98% identity), reptiles and amphibians (43%-50% identity), bony fish (41%-46%
identity), non-vertebrate chordates (28%-30% identity), and non-chordates in Eumetazoa
(21%-28% identity). The data were collected using NCBI's BLAST, TimeTree, and EM-
BOSS NEEDLE.%78 BLASTing and BLATing multiple FAM151A orthologs against all birds
returned no results, suggesting that FAM151A is no longer present in Aves.”

INCBI Protein (National Center for Biotechnology Information Protein Database) entry on FAM151A.
https://www.ncbi.nlm.nih.gov/protein/NP_ 788954.2.

2Genecards entry on FAM151A. https://www.genecards.org/cgi-bin/carddisp.pl?gene=FAM151A.

3UniProt (Universal Protein Resource) entry on FAMI151A. https:/ /www . uniprot . org / uniprot /
Q8WW52.

4NCBI Protein (National Center for Biotechnology Information Nucleotide Database) entry on FAM151A.
https://www.ncbi.nlm.nih.gov/nuccore/NM__176782.3.

AceView entry on FAM151A. https://www.ncbi.nlm.nih.gov /IEB/Research / Acembly /av.cgi?db=
human&term=fam15la&submit=Go.

SNCBI Basic Local Alignment Search Tool. https://blast.ncbinlm.nih.gov/Blast.cgi.

"TimeTree: The Timescale of Life. http://www.timetree.org/.

8EMBOSS NEEDLE. https://www.ebi.ac.uk/Tools/psa/emboss_needle/.

9Blast-like Alignment Tool. https://genome.ucsc.edu/cgi-bin/hgBlat.
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Med. Date of Seq e Seq e Seq e
Genus/species Common name Taxonomic Group Divergence (mya) Accession Number Length Identity Similarity
Primata Homo sapiens Human Hominidae 0 NP_788954.2 585 100.0% 100.0%
Pan troglodytes Chimpanzee Hominidae 6 XP_016774503.1 585 98.1% 98.8%
Papio anubis Olive baboon Cercopithecidae 29 XP_003891985.2 585 95.2% 96.9%
Mammalia Mus musculus Mouse Rodentia 89 NP_666261.1 608 68.6% 79.1%
Equus caballus Horse Perissodactyla 94 XP_001488568.4 588 75.3% 84.7%
Vicugna pacos Alpaca Artiodactyla 94 XP_006200587.1 589 72.8% 83.5%
Reptilia Chrysemys picta bellii Painted turtle Testudines 318 XP_005284924.2 590 49.5% 65.1%
Alligator sinensis Chinese alligator ~ Crocodilia 318 XP_006025880.1 585 47.5% 64.2%
Amphibia Rhinatrema bivittatum  Two-lined caecilian Gymnophiona 352 XP_029474719.1 592 46.4% 62.0%
Xenopus laevis African clawed frog Anura 352 XP_018116415.1 578 46.1% 64.0%
Bufo bufo Common toad Anura 352 XP_040262912.1 576 42.9% 60.9%
Vertabrata Cyprinus carpio Common carp Actinopterygii 433 XP_042575185.1 614 41.5% 58.4%
Danio rerio Zebrafish Actinopterygii 433 NP_001093565.1 599 41.4% 57.2%
Rhincodon typus Whale shark Chondrichthyes 465 XP_020366386.1 600 46.8% 62.1%
Chordata Styela clava Stalked sea squirt  Tunicata 603 XP_039273176.1 597 30.2% 49.0%
Ciona intestinalis Sea squirt Tunicata 603 XP_002121148.3 639 27.9% 45.5%
Branchiostoma floridae  Florida lancelet Cephalochordata 637 XP_035660277.1 646 28.2% 41.9%
Eumetazoa Lytechinus variegatus Green sea urchin Bilateria 627 XP_041464769.1 544 22.6% 39.5%
Stylophora pistillata Hood coral Cnidaria 687 PFX14114.1 557 20.7% 34.2%
Lingula anatina Brachiopod Bilateria 736 XP_013411281.1 598 27.6% 47.1%

Figure 2: 20 FAM151A orthologs and related properties.

In humans, FAM151A has a processed pseudogene on Chromosome 3, ENSG00000234805.1°

The FAM151 family also includes FAM151B, which has one DUF2181 and no transmem-
brane region, suggesting a different function from FAM151A."' In humans, FAM151B has
21%/29% sequence identity /similarity to FAM151A.'2 FAM151B has direct orthologs in all
organisms for which FAM151A has orthologs. Additionally, FAM151B has direct orthologs
in Aves, in contrast to FAM151A.

Menorin

Genes in the FAM151 family are homologs of the well-characterized C. elegans menorin
(MNR-1), a dendritic branching protein involved in the creation of higher-order branches by
forming a complex with sax-7.1%1* In addition to the FAM151 family, MNR-1 has orthologs
in Nematoda and Arthropoda that can be found using BLAST.

0GeneCards entry on ENSG00000234805. https://www.genecards.org /cgi- bin /carddisp.pl? gene =
ENSG00000234805.

HUNCBI Protein (National Center for Biotechnology Information Protein Database) entry on FAM151B.
https://www.ncbi.nlm.nih.gov /protein/NP_ 788954.2.

12EMBOSS Needle. https://www.ebi.ac.uk/Tools/psa/emboss_needle/.

BFindlay, A. S., McKie, L., Keighren, M., Clementson-Mobbs, S., Sanchez-Pulido, L., Wells, S., Cross,
S. H., & Jackson, I. J. (2020a). Fam151b, the mouse homologue of C.elegans menorin gene, is essential for
retinal function. Scientific Reports, 10(1). https://doi.org/10.1038/s41598-019-57398-4.

1Galzberg, Y., Diaz-Balzac, C. A., Ramirez-Suarez, N. J., Attreed, M., Tecle, E., Desbois, M., Kaprielian,
Z., & Bulow, H. E. (2013). Skin-derived cues control arborization of sensory dendrites in Caenorhabditis
elegans. Cell, 155(2), 308-320. https://doi.org/10.1016/j.cell.2013.08.058.
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as Evolutionary Conservation of FAM151A across 20 members of Eumetazoa
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Figure 3: Shannon information content (in bits) of each amino acid in protein FAM151A
aligned over 20 members of Eumetazoa (rolling average of 5 amino acids).

DUF2181 Domain

The defining characteristic of the FAM151/Menorin family of genes is the DUF2181, revealed
to be part of the GDPD/PLCD (glycerophosphoryldiester phosphodiesterase/PLC-like phos-
phodiesterases) superfamily through homology detection, discussed in further detail in the
section on the FAM151A protein.!®

Sequence Conservation of FAM151A Orthologs

Figure 3 displays a plot of amino acid conservation across the 20 strict FAM151A orthologs
in Figure 2 as measured by the Shannon information metric

I, =1g(20) — Zpi,b 1g i

(3

where p; ;, is the frequency of base 7 at position b.'® In this plot, we see that the first DUF2181
is far more conserved than the second, supporting researchers’ speculation that the second
DUF2181 is nonfunctional.!'” Furthermore, the transmembrane region is the least conserved
domain of the protein by this metric. However, our metric does not account for amino acid
chemistry, suggesting that the region could still function as a transmembrane domain.

I5PFAM Entry on GDPD. http://pfam.xfam.org/family /gdpd.

16Shannon, C. E. (1948). A mathematical theory of communication. The Bell System Technical Journal,
27(3), 379-423. https://doi.org/10.1002/j.1538-7305.1948.tb01338.x.

"Findlay, A. S., McKie, L., Keighren, M., Clementson-Mobbs, S., Sanchez-Pulido, L., Wells, S., Cross,
S. H., & Jackson, 1. J. (2020b). Fam151b, the mouse homologue of c.elegans menorin gene, is essential for
retinal function. Secientific Reports, 10(1). https://doi.org/10.1038/s41598-019-57398-4.


http://pfam.xfam.org/family/gdpd
https://doi.org/10.1002/j.1538-7305.1948.tb01338.x
https://doi.org/10.1038/s41598-019-57398-4

FAMI151A DNA Thomas Atkins

;
———————— /
- .y ! \es <,
2N Reptle® 2
e N /7 NN %,
/ a \ / = %
/ 2 1z N\ 5 e
\ / S B INE :’:\;; () IS
\ / | \ \ %, S
\\ i 7\ .
! >
\ 1
\\\ \ \‘?l
\
\ \ Seavase
R Horse
\, S
N\ Wy o
AN 2 L e
\ Ss C himpans
\. 2
\, /7;6/)

e
~<

Chordates

Figure 4: Unrooted phylogenetic tree displaying FAM151A ancestry.

Three multiple sequence alignments are presented in Appendix B. The first is an align-
ment of human protein FAM151A with the corresponding FAM151A proteins of all verte-
brates listed in Figure 2 (close orthologs), the second is an alignment of human protein
FAM151A with the corresponding FAM151A proteins of all invertebrates listed in Figure 2
(distant orthologs). The third is an alignment of proteins FAM151A and FAM151B in hu-
mans, mice, toads, and zebrafish, with distinguishing amino acids highlighted in red, where
we see that FAM151B’s DUF2181 corresponds with the first DUF2181 of FAM151A. All were
created using Clustal Omega.'® Long stretches of amino acid residues with no equivalent were
found in all three non-chordates, and omitted for brevity.

Evolutionary History of FAM151A

Figures 4 displays an unrooted phylogenetic tree created from a global multiple sequence
alignment of FAM151A orthologs, each containing two full DUF2181s. In general, organisms
were labelled a combination of the first letter of the genus and the first two letters of the
species name, a full table of organisms and labels can be found in Appendix A.

Figure 5 presents a wider evolutionary tree of FAM151A homologs (presented in a rectan-
gular form for ease of clade distinction in Figure 6). The tree is generated from an alignment
of only DUF2181s (the first if an ortholog has two), shown in full in Appendix C (the amino
acid coloring scheme is described later). Labels follow the format Species_type where the

18Clustal Omega. https://www.ebi.ac.uk/Tools/msa/clustalo/.
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FAM151A Amino Acid Changes vs. Time Since Divergence
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Figure 7: Graph showing mutation rate of FAM151A in comparison to mutation rates of
cytochrome ¢ and fibrinogen alpha chain.

species label can be found in Appendix A and type is an abbreviation of the name given to
the protein containing that DUF2181 by NCBI Protein.

From this alignment, we see that vertebrate FAM151A and FAM151B orthologs clus-
ter nicely, suggesting that the gene duplication event occurred before the emergence of
vertebrates. Furthermore, we see that in non-chordates who do not belong to Nematoda
or Arthoropoda, there appear to be two major groups, with organisms generally having two
copies of the protein, one in each cluster. The exception is Stylophora pistillata, whose closely
related FAM151A and FAM151B proteins provide evidence of a gene conversion event. We
also see clustering of the DUF2181s of nematodes and arthropods, so we present the likely
history of the gene as follows (using TimeTree for dating).!® A gene belonging to the FAM151
family first appeared between 700 and 800 million years ago, at the latest, when arthropods
and nematodes diverged from other members of Eumetazoa. Soon after this divergence,
FAM151 underwent a gene duplication event, splitting into FAM151A and FAM151B before
700 mya.

Figure 7 contrasts the evolution rate of FAM151A with those of fibrinogen alpha chain
and cytochrome c. FAM151A is neither evolving as quickly as fibrinogen alpha chain nor as
slowly as cytochrome c, suggesting that FAM151A is likely not under evolutionary pressure
to evolve quickly, nor part of a large complex that discourages mutations. From the chart,
we hypothesize that FAM151B, with an m-value of 1.54, diverged from FAMI151A around
900 million years ago, in the same timescale as our previous conclusion.

YTimeTree: The Timescale of Life. http://www.timetree.org/.
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miRNA Reference Energy (kCal/mol) | Variant Energy (kCal/mol)
hsa-miR-4706 -31.21 Not predicted
hsa-miR-4525 -25.72 -29.05
hsa-miR-4739 Not predicted -27.86
hsa-miR-214-5p -26.76 Not predicted

Table 1: miRNAs predicted to differentially bind to region containing rs11206394.

FAM151A Mutations

Mutation Summary

A search of dbSNP revealed 8 SNPs that encode nonsynomomous mutations, and were either
reported in ClinVar or had a minor allele frequency greater than 5%.2° These are labelled in
the annotated conceptual translation. In mice, while knocking out FAM151B was associated
with loss of retinal function, but there was no discernable retinal phenotype associated with

a full knockout of FAM151A.2!

Clinically Relevant SNP rs11206394

SNP rs11206394 is a missense mutation found in the FAM151 gene, where a guanine is
changed into a cytosine, changing a glycine into an alanine. The minor allele ocurred with
13.7% frequency in 5008 genomes sequenced from individuals during the 1000 Genomes
Project.?? In a study examining the impact of mutations to miRNA binding sites in 3’ UTRs,
individuals homozygous for the minor allele were found to have a 40% reduction of odds of
developing colorectal cancer (p = 0.011).%

As we hypothesize that the second DUF2181 that contains the SNP is nonfunctional, we
assess the impact of the mutation on miRNA binding sites. Neither TargetScan nor miRDB
found any miRNA binding sites for the FAM151A mRNA transcript.?*?> Thus, to examine
potential miRNA binding sites that could be impacted by the variant, miRanda was used
to predict potential binding sites from all Homo sapiens miRNAs in the miRBase database
in a region 28bp upstream and downstream of rs11206394 for both the reference and variant
alleles.?0>2" The results are summarized in Table 1. Because the SNP is located in the 3° UTR

20dbSNP (Single Nucleotide Polymorphism Database) search for FAM151A. https://www.ncbi.nlm.nih.
gov/snp/?term=FAMI151A.

21Findlay, A. S., McKie, L., Keighren, M., Clementson-Mobbs, S., Sanchez-Pulido, L., Wells, S., Cross,
S. H., & Jackson, I. J. (2020a). Fam151b, the mouse homologue of C.elegans menorin gene, is essential for
retinal function. Secientific Reports, 10(1). https://doi.org/10.1038/s41598-019-57398-4.

22dbSNP (Single Nucleotide Polymorphism Database) entry on rs11206394. https://www.ncbi.nlm.nih.
gov/snp/rs11206394.

ZKang, B. W., Jeon, H.-S., Chae, Y. S., Lee, S. J., Park, J. S., Choi, G. S., & Kim, J. G. (2016). Impact
of genetic variation in microrna-binding site on susceptibility to colorectal cancer. Anticancer Research,
36(7), 33563-3361. https://ar.iiarjournals.org/content/36/7/3353.

ZTargetScanHuman. http://www.targetscan.org/vert_80/.

ZmiRDB: MicroRNA Target Prediction Database. http://www.mirdb.org/.

26Enright, A. J., John, B., Gaul, U., Tuschl, T., Sander, C., & Marks, D. S. (2003). MicroRNA targets
in Drosophila. Genome Biology, 5(1), R1. https://doi.org/10.1186/gb-2003-5-1-r1.

2TKozomara, A., Birgaoanu, M., & Griffiths-Jones, S. (2018). miRBase: from microRNA sequences to
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rs2289015

C T

C 4322 1
rs11206394 G 934 401

Table 2: Table of allele frequency of in rs11206394 and rs2289015 in 5008 genomes sequenced
by the Human Genome Project.

of gene ACOT11, which overlaps the last exon of FAM151A, one potential hypothesis is the
the SNP affects ACOT11 expression (ACOT11 is known to be expressed in the colon).?®

However, the discrepancy in cancer rates could also be explained by other SNPs asso-
ciated with rs11206394 via linkage disequilibrium. rs11206394 has a linkage disequilibrium
coefficient of 0.9971 (p < 0.0001) with SNP rs2289015, located 60bp downstream, also in the
3’ UTR of FAM151A, as measured by LDlink using data from the 1000 Genomes project.?
The data are shown in Table 2. This suggests either SNP could be impacting colorectal
cancer rates. Yet GDPD5, discussed later as being similar to FAM151A, is also known to
have a 3° UTR miRNA binding site (miR-195-5p) that increases chemosensitivity and cell
apoptosis in CRC cells.?°

function. Nucleic Acids Research, 47(D1), D155-D162. https://doi.org/10.1093 /nar/gky1141.

28The Human Protein Atlas entry on ACOT11. https://www.proteinatlas.org / ENSG00000162390-
ACOT11/tissue.

29Machiela, M. J., & Chanock, S. J. (2015). LDlink: a web-based application for exploring population-
specific haplotype structure and linking correlated alleles of possible functional variants. Bioinformatics,
31(21), 3555-3557. https://doi.org/10.1093 /bioinformatics/btv402.

30Feng, C., Zhang, L., Sun, Y., Li, X., Zhan, L., Lou, Y., Wang, Y., Liu, L., & Zhang, Y. (2018). GDPD5,
a target of miR-195-5p, is associated with metastasis and chemoresistance in colorectal cancer. Biomedicine
& Pharmacotherapy, 101, 945-952. https://doi.org/10.1016/j.biopha.2018.03.028.
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Figure 8: FAM151A Expression Patterns from NCBI Gene.
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Figure 9: Expression patterns of FAM151A from NCBI GEO.

Figure 8 shows expression patterns of FAM151A in four different experiments from NCBI
Gene, and Figure 9 presents expression patterns across tissues and stages of development
from NCBI GEO.3!32 In Figures 8a, 8b, 8c, and 9a, we see that FAM151A is very highly
expressed in adult kidney tissue and expressed at a lower level in small intestine and liver

3INCBI Gene entry on FAM151A. https://www.ncbi.nlm.nih.gov/gene/338094.
32NCBI Geo Search for FAM151A. https://www.ncbi.nlm.nih.gov/geoprofiles/?term=FAMI151A.
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Figure 10: Immunnohistochemical staining of FAM151A in human kidney tissue reveals high
expression in tubules but not in glomeruli.

tissues. Figure 8d suggests that FAM151A is not highly expressed in embryonic tissues
compared to adult tissue (with reads under 2 RPKM in fetal tissues and above 15 RPKM in
adult kidney tissue), while Figure 9b shows FAM151A is first significantly expressed at the
stage of development when an embryo contains 8 cells.

In Figure 10, we see three slices of adult kidney tissue that have undergone H&E and
DAB staining with FAM151A antibodies from the Human Protein Atlas.®3 From these, we
see high expression of FAM151A in the tubules of the kidney, and low to no expression in
the glomeruli. The glomerulus is primarily responsible for blood filtration, while the tubules
are responsible for reabsorption of filtered substances and transport.3* Furthermore, there is
some evidence that FAM151A protein expression is localized specifically to the luminal side
of proximal tubule.?®36

The Human Protein Atlas also presents the data shown in Figure 11, where we see that
FAMI151A is transcribed in the small intestine, liver, and kidney, but only translated to
protein at high levels in the kidney.

Differential Expression Conditions of FAM151A

Figures 12-14 display data on differential expression of FAM151A from NCBI GEO.3" Figure
12 displays differential mRNA expression of FAM151A in normal and cancerous kidney
tissues. In the figure, we clearly see that FAM151A is more highly expressed in normal
tissue than in tumor tissue, and that low expression of FAM151A consistent across studied

33The Human Protein Atlas entry on FAM151A. https://www.proteinatlas.org / ENSG00000162391-
FAMI151A.

34Wallace, M. A. (1998). Anatomy and physiology of the kidney. AORN Journal, 68(5), 799-820. https:
//doi.org/https://doi.org/10.1016/S0001-2092(06)62377-6.

35Habuka, M., Fagerberg, L., Hallstrom, B. M., Kampf, C., Edlund, K., Sivertsson, A., Yamamoto,
T., Pontén, F., Uhlén, M., & Odeberg, J. (2015). The kidney transcriptome and proteome defined by
transcriptomics and antibody-based profiling. PLOS ONE, 9(12), 1-19. https://doi.org/10.1371/journal.
pone.0116125.

36The Human Protein Atlas entry on FAM151A. https://www.proteinatlas.org / ENSG00000162391-
FAMI151A.

3TNCBI Geo Search for FAM151A. https://www.ncbi.nlm.nih.gov/geoprofiles/?term=FAMI151A.
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Figure 11: RNA expression and protein detection of FAM151A from the Human Protein
Atlas.
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Figure 12: Expression of FAM151A in normal and renal carcinomic kidney tissue.
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Figure 13: Expression of FAM151A in normal and Type II diabetic kidney tissue.

genotypes. This potentially suggests a causal relationship, as the FAM151A protein is present
in kidney tubules.

We also investigate whether FAM151A could be associated with a prominent kidney-
related condition, type 2 diabetes. Figure 13 provides no evidence that FAM151A is corre-
lated with diabetes conditions, although it has significantly variable expression from sample
to sample.

Figure 14 presents FAM151A expression in hepatitic and non-hepatitic liver tissue, and
we measure lower expression in tissue samples with hepatitis. While the Human Protein
Atlas suggests that the FAM151A mRNA transcript is not transcribed into protein in the
liver, there still appears to be some sort of relationship between expression and alcoholic
hepatitis.

Furthermore, some research has found evidence of differential expression of FAM151A
in 3-cells between high and low fat 20 week male mice (p < 0.0001).3® However, no other
evidence was found to corroborate this finding, and so we do not further investigate this
thread.

38Miranda, M. (2021). Exploring -Cell Function and Heterogeneity in Obese SM/J Mice.
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Figure 14: Expression of FAM151A in normal and alcoholic hepatitic liver tissue.
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Figure 15: Expression pattern of HNF1 from NCBI Gene

FAM151A Promoter and 5° UTR Analysis
FAM151A Predicted Promoter TFs

FAMI151A has one promoter region predicted by Genomatix ElDorado, a portion of which
is shown in the multiple sequence alignment and TF binding site prediction annotated
sequence presented in Appendix D.?® The multiple sequence alignment was created using
Clustal Omega.*® Transcription factors binding sites were predicted using the JASPAR Core
database and Genomatix Matinspector.*!:4? Transcription factors predicted by Genomatix
were filtered based on matrix score as well as selective expression in the kidney.

One transcription factor, HNF1, explains much the expression pattern of FAM151A. Its
binding site is conserved in all orthologs, besides mouse and rat, and located sufficiently

39Genomatix Software Suite. https://www.genomatix.de/solutions/genomatix-software-suite.html.
40Clustal Omega. https://www.ebi.ac.uk/Tools/msa/clustalo/.

41JASPAR Core. https://jaspar.genereg.net/.

42Genomatix Software Suite. https://www.genomatix.de/solutions/genomatix-software-suite.html.
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Genomic Context of FAM151A 3' UTR
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Figure 16: Genomic context of FAM151A 3" UTR.

close to the start of transcription, while sufficiently distant from a cluster of transcription
factor binding sites downstream that could prevent proper binding. Furthermore, Figure
15 shows HNF1’s expression pattern across tissues as reported by NCBI Gene, where we
see high expression in the kidney, small intestine, and liver, consistent with the expression
patterns of FAM151A reported earlier.*3

FAMI151A 3’ UTR Analysis

The 3’ UTR of the FAM151A mRNA transcript is 87 base pairs in length, which is unusually
short. However, Figure 16 shows the region in its genomic context, where we observe that
the the 3" UTR of FAM151A completely overlaps the 3° UTR of ACOTI11 on the reverse
strand, and that the last exon of ACOT11 lies only a few base pairs after the end of the 3’
UTR of FAM151A, explaining its length.**

Appendix E presents an alignment of the 3 UTRs of 7 primates, where differences be-
tween the sequences and the consensus sequence are highlighted.*> BLAST was not able to
identify 3 UTRs outside of primates, likely due to the short length of the sequence.S

Figure 17 shows the secondary structure of the 3" UTR of FAM151A, as predicted by
mFOLD, along with protein binding sites predicted by RNAPDB.*7#® Figure 18 shows a pre-
dicted tertiary structure based on the secondary structure predicted using RNAComposer
and visualized with PyMol.#?:50 We see that the most highly conserved portion (highlighted)
of the UTR consists of a hairpin and an interior loop, which contains three important sites,
the Poly-A signal, and predicted binding sites for ZFP36 and EIF4B. ZFP36 is a zinc finger
protein that promotes degradation of the mRNA through recruitment of deadenylases and

43NCBI Gene entry on HNF1. https://www.ncbi.nlm.nih.gov/gene/6927.

44UCSC Genome Browser. https://genome.ucsc.edu/.

45Clustal Omega. https://www.ebi.ac.uk/Tools/msa/clustalo/.

46NCBI Basic Local Alignment Search Tool. https://blast.ncbi.nlm.nih.gov/Blast.cgi.

4T7uker, M. (2003). Mfold web server for nucleic acid folding and hybridization prediction. Nucleic Acids
Research, 31(13), 3406-3415. https://doi.org/10.1093/nar/gkg595.

48RBPDB: The database of RNA-binding protein specificities. http://rbpdb.ccbr.utoronto.ca/.

49popenda, M., Szachniuk, M., Antczak, M., Purzycka, K. J., Lukasiak, P., Bartol, N., Blazewicz, J., &
Adamiak, R. W. (2012). Automated 3d structure composition for large rnas. Nucleic Acids Research, 40(14),
el12—e112. https://doi.org/10.1093 /nar/gks339.

50Schrodinger, LLC. (2015). The PyMOL molecular graphics system, version 1.8.
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Figure 18: Two views of tertiary structure of FAM151A 3" UTR as predicted by RNACom-
poser. Predicted binding site of FUS shown in green, EIF4B in red, ZFP36 in blue, and the
overlap between binding sites of EIF4B and ZNF36 in purple.
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exoribonucleases, while EIF4B is a translation initiation factor (both are expressed ubiqui-
tously).?1:52 Because the ZFP and EIF4B binding sites overlap by two bases, the translation
of the transcript will be determined by relative expressions of the two factors.

Examining these two factors explains FAM151A’s differential expression in the kidney.
The Human Protein Atlas provides data on ZFP36 and EIF4B. In the glomeruli, ZFP36 is ex-
pressed while EIF4B is not, while in the tubules, EIB4B is expressed, while ZFP36 is not.?3:%*
Furthermore, the cellular location of both factors is identified as cytoplasmic/membranous,
which matches the expectation of regulation of FAM151A, a transmembrane protein.

Additionally, RBPDB predicts a FUS binding site close to the 5’ end of the 3” UTR,
which is also conserved. FUS is involved in pre-mRNA splicing and export of mRNA to the

cytoplasm, but does not provide additional information to explain differential expression of
FAM151A.%

51Rodriguez-Gomez, G., Paredes-Villa, A., Cervantes-Badillo, M. G., Gomez-Sonora, J. P., Jorge-Perez,
J. H., Cervantes-Roldan, R., & Leon-Del-Rio, A. (2021). Tristetraprolin: A cytosolic regulator of mRNA
turnover moonlighting as transcriptional corepressor of gene expression. 133(2), 137-147. https://doi.org/
10.1016/j.ymgme.2021.03.015.

P2NCBI Gene entry on EIF4B. https://www.ncbinlm.nih.gov/gene/1975.

S3Human Protein Atlas entry on ZFP36. https://www.proteinatlas.org /ENSG00000128016- ZFP36 /
tissue/kidney.

5“Human Protein Atlas entry on EIF4B. https://www.proteinatlas.org / ENSG00000063046- EIF4B /
tissue/kidney.

55NCBI Gene entry on FUS. https://www.nchi.nlm.nih.gov/gene/2521.
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Protein

Properties and Post-Translational Modifications of FAM151A
Molecular Weight of Protein FAM151A

> \%\?‘

[kDa] 5 (<®
250
130

95
72

55

36

28

oy 0000 |
Figure 19: Western Blot of FAM151A.

Expasy predicts an isoelectric point of 6.19 and a molecular weight of 64kDa, for FAM151A.%6
This does not agree with the weight of FAM151A experimentally derived from western blot
experiments from ThermoFisher, which is approximately 95kDa, as shown in Figure 19.%7
This suggests that either the antibody did not properly capture FAM151A, that FAM151A
undergoes significant post-translational modification, or that FAM151A was not properly
separated from binding partners before Western blot.

N-Linked Glycosylation Sites of FAM151A

FAM151A is predicted to undergo N-linked glycosylation in 5 sites by NetNGlyc, ELM, and
MotifScan, 4 of which are predicted by PhosphoSitePlus.?®:5%:69:61 The one site not predicted
by PhosphoSitePlus is not highly conserved, so it was not regarded as notable, while the
other four are labelled in the annotated conceptual translation and its associated schematic
diagram. This increases our confidence that the C-terminal end of FAM151A lies outside
the cell, where this glycosylation occurs. Thus, phosphorylation sites were not predicted, as
the major portion of FAM151A lies outside the cell. No other significant post-translational
modifications were found, including disulfide bonds.

56Expasy: Compute pI/Mw. https://web.expasy.org/cgi-bin/compute_pi/pi_tool.

STThermoFisher Antibodies for FAM151A. https://www.thermofisher.com /antibody /product /FAM151A-
Antibody-Polyclonal /P A5-53502.

58NetNGlyc. https://services.healthtech.dtu.dk/service.php?NetNGlyc-1.0.

S9ELM: The Eukaryotic Linear Motif resource for Functional Sites in Proteins. http://elm.eu.org/search/.

60MyHits Motif Scan. https://myhits.sib.swiss/cgi-bin/motif scan.

61 PhosphoSitePlus. https://www.phosphosite.org/homeAction.action.
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Figure 20: DeepLoc prediction graph of FAM151A subcellular localization.
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Figure 21: Protter diagram of FAM151A.

FAM151A Resides in the Cell Membrane

There exists sufficient evidence to claim that FAM151A is a transmembrane protein primarily
residing outside the cell membrane. DeepLoc predicts that FAM151A is localized to the
cell membrane with 43% probability, as shown in Figure 20.%% In Figure 21, we see that
Protter predicts one transmembrane region near the N-terminus of the peptide, and that
the rest of the protein lies outside the cell, as does SAPS (which makes no other significant
predictions).%3-% Additionally, PSORTII predicts that FAM151A has Type II membrane

52DeepLoc: Prediction of eukaryotic protein subcellular localization using deep learning. https://services.
healthtech.dtu.dk/service.php?DeepLoc-1.0.

630masits, U., Ahrens, C. H., Miiller, S., & Wollscheid, B. (2013). Protter: Interactive protein feature
visualization and integration with experimental proteomic data. Bioinformatics, 30(6), 884-886. https:
//doi.org/10.1093/bioinformatics/btt607.

64Gtatistical Analysis of Protein Sequences. https://www.ebi.ac.uk/Tools/seqstats/saps/.
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Figure 22: Antibody staining of FAM151A reveals cell membrane localization.

topology, that is, the N-terminus lies inside the membrane, and the protein is a single-
pass protein (PSORT’s subcellular localization prediction is not included as it does not
contain an option for the cell membrane).%® This is consistent with UniProtKB’s annotation
of one transmembrane region.% Finally, staining data of FAM151A in kidney tissue from
ThermoFischer antibodies shown in Figure 22 empirically confirms the presence of FAM151A
in membrane tissue.%”

Structure of FAM151A

Figure 23 shows the tertiary structure of protein FAM151A as predicted by AlphaFold2,
visualized using PyMol.%®-% The vast majority of the structure of the two DUF2181s is
predicted with very high confidence (pLDDT > 90). Furthermore, the prediction agrees
with all of the previous known information on the protein: the transmembrane alpha helix
is predicted correctly, the two DUF2181s are properly separated, and the structure of the
domains (shown in Figure 24) is correctly predicted as a TIM barrel fold, which is known
from homology between DUF2181 and bacterial glycerophosphodiester phosphodiesterases.™

[-TASSER did not correctly predict the tertiary structure of FAM151A; as it did not
predict separation of the two main protein domains, nor the TIM barrel fold structure of the
domains, as shown in Figure 25.7' Thus, its prediction is not discussed at length here. The
same reasoning applies to secondary structure prediction algorithms.

65PSORT II Prediction. https://psort.hgc.jp/form2.html.

66UniProtKB entry on FAM151A. https://www.uniprot.org/uniprot/Q8WW52.

57ThermoFisher Antibodies for FAM151A. https://www.thermofisher.com /antibody /product /FAM151A-
Antibody-Polyclonal /P A5-53502.

68 Jumper, J., Evans, R., Pritzel, A., Green, T., Figurnov, M., Ronneberger, O., Tunyasuvunakool, K.,
Bates, R., Zidek, A., Potapenko, A., Bridgland, A., Meyer, C., Kohl, S. A. A., Ballard, A. J., Cowie, A.,
Romera-Paredes, B., Nikolov, S., Jain, R., Adler, J., ... Hassabis, D. (2021). Highly accurate protein structure
prediction with AlphaFold. Nature, 596(7873), 583-589. https://doi.org/10.1038/s41586-021-03819-2.

69Schrodinger, LLC. (2015). The PyMOL molecular graphics system, version 1.8.

OFindlay, A. S., McKie, L., Keighren, M., Clementson-Mobbs, S., Sanchez-Pulido, L., Wells, S., Cross,
S. H., & Jackson, I. J. (2020a). Fam151b, the mouse homologue of C.elegans menorin gene, is essential for
retinal function. Scientific Reports, 10(1). https://doi.org/10.1038/s41598-019-57398-4.

Roy, A., Kucukural, A., & Zhang, Y. (2010). I-TASSER: A unified platform for automated protein
structure and function prediction. Nature Protocols, 5(4), 725-738. https://doi.org/10.1038 /nprot.2010.5.
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Figure 23: Tertiary structure of FAM151A as predicted by AlphaFold2. The transmembrane
domain is highlighted in purple, the first DUF2181 in blue, and the second DUF2181 in green,
while interdomain regions are shown in gray. Both ribbon and surface diagrams are shown.

24



FAMI151A Protein Thomas Atkins

Figure 24: Tertiary structure of DUF2181s of FAM151A as predicted by AlphaFold2. The
first is shown in blue on the left, the second in green on the right. Both are correctly predicted
as TIM barrel folds.

Figure 25: I-TASSER FAM151A tertiary structure prediction. Domains are colored using
the same scheme as Figure 23.

25



FAMI151A Protein Thomas Atkins

Figure 26: FAMI151A tertiary structure colored by conservation. Yellows indicate highly
conserved residues, purples indicate poorly conserved residues.
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Figure 27: Side by side views of the first DUF2181. The first diagram highlights conservation,
the second, published active site residues.

Figure 26 displays the predicted tertiary structure of FAM151A where each amino acid
is colored according to the Shannon entropy of that residue in an MSA of 20 Eumetazoan
orthologs of FAM151A (see Figures 23). This view makes it obvious that the highly conserved
portions of FAM151A are concentrated in the first DUF2181.

Function of Enzymatically Active DUF2181
Active Site Residues

Appendix C presents two alignments of DUF2181s with purported active site residues high-
lighted. The first is an alignment of DUF2181s in the FAM151/Menorin family (described
above in discussion of FAM151 phylogeny), where we see active site residues conserved in
almost all orthologs. The second is an alignment of seven DUF2181/GDPD domains, aligned
using Clustal Omega.™ Of the DUF domains, two are found in FAM151A (F151A1,F151A2),
one is found in FAM151B (F151B1), and one in menorin, a C. elegans homolog of the FAM151
family (MNR1CE). We also take a GDPD domain from humans (GPCP1H), E. coli (GDPDEC),
and O. theyensis (GDPDOI). In this alignment, active site residues in the GDPD family are
highlighted in red.™ We see from this alignment than the second DUF2181 in FAM151A does
not contain any conserved active sites, thus we predict it to be nonfunctional. Note that the
alignment contains a roughly 100 aa omission that contains no active sites for brevity.

To further validate our hypothesized FAM151A DUF2181 active sites, we plot conserva-
tion of the first domain in direct FAM151A orthologs and active site residues side by side
in Figure 27. From this we see that that active sites in FAM151A are highly conserved (all
were conserved in 19 or 20 of 20 orthologs), and all lie in the inside of the barrel, providing
further evidence of their functionality and AlphaFold2’s prediction accuracy.

"2Clustal Omega. https://www.ebi.ac.uk/Tools/msa/clustalo/.
TSNCBI Structure entry on Conserved Protein Domain Family GDPD. https://www.ncbi.nlm.nih.gov/
Structure/cdd/cd08556.
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Example Functions of GDPD/PLCD Superfamily Phosphodiesterases

Thus, to understand the enzymatic function of FAM151A, we investigate the function of
the first DUF2181 as a phosphodiesterase. As mentioned above, the DUF2181 present in
FAM151/Menorin family is a member of the GDPD/PLCD superfamily, so we know that
the substrate of FAM151A contains a phosphodiester bond, and is most likely a glycerophos-
phodiester or a phospholipid.™ " However, phosphodiesterases bind to a large variety of
substrates, so there is no obvious candidate for FAM151A’s substrate.” Currently, the exact
substrate that menorin binds to is unknown, so we cannot use this to predict the enzymatic
activity of FAM151A. Thus, we examine a few representative phosphodiesterases similar in
expression to FAM151A to hypothesize about possible substrates.

We first investigate GDPD5 (glycerophosphodiester phosphodiesterase domain-containing
protein 5), a transmembrane phosphodiesterase involved in neuron development.”” GDPD5
is also highly expressed in kidney tubules but not glomeruli, making it extremely similar
to the FAM151/Menorin family.™ GDPD5 (also known as GDE2) is known to cleave the
glycosylphosphatidylinositol (GPI) anchor of protein RECK, but this activity is generally
only attributed to six-transmembrane GDPDs, rendering it unlikely that FAM151A shares
this function.”™ However, GDPD5 is also known to hydrolyze glycerophosphocholine (GPC),
an organic osmolyte in the kidney, in order to maintain homeostatic sodium chloride and
urea levels in the renal inner medulla.®

Next, we turn to ENPP6 (ectonucleotide pyrophosphatase/phosphodiesterase 6), a GPI-
anchored transmembrane phosphodiesterase highly expressed in the brain and kidney proxi-
mal renal tubules.?!82 ENPP6 hydrolyzes both a-GPC (known to be involved in Alzheimer’s
pathways) and 3-GPC as part of the choline metabolism pathway.53:84

"EXPASY Enzyme Entry on Glycerophosphodiester phosphodiesterase. https://enzyme.expasy.org/
EC/3.1.4.46.

"5Kolesnikov, Y. S., Nokhrina, K. P., Kretynin, S. V., Volotovski, I. D., Martinec, J., Romanov, G. A., &
Kravets, V. S. (2012). Molecular structure of phospholipase D and regulatory mechanisms of its activity in
plant and animal cells. Biochemistry (Moscow), 77(1), 1-14. https://doi.org/10.1134/s0006297912010014.

"Corda, D., Mosca, M. G., Ohshima, N., Grauso, L., Yanaka, N., & Mariggio, S. (2014). The emerging
physiological roles of the glycerophosphodiesterase family. The FEBS Journal, 281(4), 998-1016. https:
//doi.org/https://doi.org/10.1111/febs.12699.

""UniProtKB Entry on GDPD5. https://www.uniprot.org/uniprot/Q8WTRA4.

®Human Protein Atlas Entry on GDPD5. https://www.proteinatlas.org/ENSG00000158555- GDPD5/
tissue.

™Park, S., Lee, C., Sabharwal, P., Zhang, M., Meyers, C. L. F., & Sockanathan, S. (2013). GDE2
Promotes Neurogenesis by Glycosylphosphatidylinositol-Anchor Cleavage of RECK. Science, 339(6117), 324—
328. https://doi.org/10.1126 /science.1231921.

80Gallazzini, M., Ferraris, J. D., & Burg, M. B. (2008). GDPD?5 is a glycerophosphocholine phosphodi-
esterase that osmotically regulates the osmoprotective organic osmolyte GPC. Proceedings of the National
Academy of Sciences, 105(31), 11026-11031. https://doi.org/10.1073/pnas.0805496105.

81UniProtKB Entry on ENPP6. https://www.uniprot.org/uniprot/Q6UWRT.

82Human Protein Atlas Entry on ENPP6. https://www.proteinatlas.org/ENSG00000164303- ENPP6 /
tissue.

83Morita, J., Kano, K., Kato, K., Takita, H., Sakagami, H., Yamamoto, Y., Mihara, E., Ueda, H., Sato,
T., Tokuyama, H., Arai, H., Asou, H., Takagi, J., Ishitani, R., Nishimasu, H., Nureki, O., & Aoki, J. (2016).
Structure and biological function of ENPPG6, a choline-specific glycerophosphodiester-phosphodiesterase. Sci-
entific Reports, 6(1). https://doi.org/10.1038/srep20995.

84Parnetti, L., Mignini, F., Tomassoni, D., Traini, E., & Amenta, F. (2007). Cholinergic precursors in
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Finally, although the substrate of menorin is not known, we note experiments conducted
in which knockouts of sax-7, known to act as a coligand with menorin, were exposed to
cholinesterase inhibitors provide data consistent with sax-7 being involved in acetylcholine
reception, along with gtl-2 (human orthologs TRMP1/3/7).85-8 Thus, given all the evidence
above, we present the most likely substrate of the biochemically active DUF2181 of FAM151A
as a glycerophosphocholine, especially given its double role as neurotransmitter precursor and
osmolyte.

FAM151A Interacting Proteins
Binding Partners in Orthologs

In C. elegans, menorin is observed to work in similar pathways as sax-7, the C. elegans ho-
molog of LICAM (L1 cell adhesion molecule) through double knockout experiments.®” Fur-
thermore, additional experiments have coimmunoprecipitated menorin and sax-7, stronger
in the presence of DMA-1 (also involved in neuron branching), all but confirming physical
interaction of menorin and sax-7, with DMA-1 potentially being a third member of the
complex.88:8% This suggests that L1ICAM could have a potential interaction with FAM151A,
although FAM151B’s expression in the brain and more direct relationship to menorin sug-
gests that FAM151B is a more likely candidate for interaction with LICAM.

Predicted by Existing Databases

Two binding partners of FAM151A have been obtained by co-immunoprecipitation, CD81
(Cluster of Differentiation 81) and APP (amyloid beta precursor protein).”®:?! However, it
is unlikely that either represents a meaningful interaction. While the fact that CDS81 is a
transmembrane protein with a ubiquitously expressed mRNA would suggest a that it is a

the treatment of cognitive impairment of vascular origin: Ineffective approaches or need for re-evaluation?
Journal of the Neurological Sciences, 257(1-2), 264-269. https://doi.org/10.1016/j.jns.2007.01.043.

8Dong, X., Liu, O. W., Howell, A. S., & Shen, K. (2013). An extracellular adhesion molecule complex
patterns dendritic branching and morphogenesis. Cell, 155(2), 296-307.

86Qpperman, K., Moseley-Alldredge, M., Yochem, J., Bell, L., Kanayinkal, T., & Chen, L. (2014). A novel
nondevelopmental role of the SAX-7/11cam cell adhesion molecule in synaptic regulation in caenorhabditis
elegans. Genetics, 199(2), 497-509. https://doi.org/10.1534/genetics.114.169581.

87Ziegenfuss, J. S., & Grueber, W. B. (2013). SAX-7 and menorin light the path for dendrite morphogen-
esis. Cell, 155(2), 269-271. https://doi.org/10.1016/j.cell.2013.09.029.

88Salzberg, Y., Diaz-Balzac, C. A., Ramirez-Suarez, N. J., Attreed, M., Tecle, E., Desbois, M., Kaprielian,
Z., & Biilow, H. E. (2013). Skin-derived cues control arborization of sensory dendrites in caenorhabditis
elegans. Cell, 155(2), 308-320. https://doi.org/10.1016/j.cell.2013.08.058.

89Liu, O. W., & Shen, K. (2011). The transmembrane LRR protein DMA-1 promotes dendrite branching
and growth in c. elegans. Nature Neuroscience, 15(1), 57-63. https://doi.org/10.1038/1n.2978.

9Palor, M., Stejskal, L., Mandal, P., Lenman, A., Alberione, M. P., Kirui, J., Moeller, R., Ebner, S.,
Meissner, F., Gerold, G., Shepherd, A. J., & Grove, J. (2020). Cholesterol sensing by CD81 is important for
hepatitis C virus entry. Journal of Biological Chemistry, 295(50), 16931-16948. https://doi.org/10.1074/
jbc.ral20.014761.

910lah, J., Vincze, O., Virék, D., Simon, D., Bozsé, Z., Tékési, N., Horvéath, 1., Hlavanda, E., Kovics,
J., Magyar, A., Sziics, M., Orosz, F., Penke, B., & Ovadi, J. (2011). Interactions of pathological hallmark
proteins. Journal of Biological Chemistry, 286(39), 34088-34100. https://doi.org/10.1074/jbc.m111.243907.
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strong candidate for potential interaction, the Human Protein Atlas reports no CD81 protein
expression in kidney tissue.”?% Examining APP, it is also a transmembrane protein, yet not
expressed in the kidney.”* However, APP is highly expressed in the brain, and known to
play a key role in Alzheimer’s pathways, suggesting that it could be an interaction partner
of FAM151B.%

Similarly Expressed Phosphodiesterases

As GDPD5 and ENPP6 both share similar functions to FAM151A and are expressed in
similar patterns, both are plausible candidates for interaction.

92NCBI Gene entry on CD81. https://www.ncbinlm.nih.gov/gene/975.

93Human Protein Atlas entry on CD81. https://www.proteinatlas.org/ENSG00000110651-CD81.

94Human Protein Atlas entry on APP. https://www.proteinatlas.org/ENSG00000142192- APP.

9(Q’Brien, R. J., & Wong, P. C. (2011). Amyloid precursor protein processing and Alzheimer’s disease.
Annual Review of Neuroscience, 34(1), 185-204. https://doi.org/10.1146 /annurev-neuro-061010-113613.
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Future Work

FAM151A Substrate Determination

To understand the function of FAM151A, the most critical piece of information that is yet
undetermined is the phosphodiester bond-containing substrate to which FAM151A binds.
This, the experimental procedure which should be most highly prioritized is one that would
determine this substrate. Above, we postulate that the substrate of FAM151A is a glyc-
erophosphocholine. Evidence of this function could be found by comparing the glycerophos-
phocholine content of urine of FAM151A knockout mice (used by Findlay et. al.) with the
urine of wildtype mice.”® Additionally, FAM151A could be purified and tested against an
assay of glycerophosphocholines to determine substrate preference.

FAM151A /B Interacting Protein Experiments

Determining if members of the FAM151 family interact with other proteins to form a com-
plex is also of significant importance. We can detect these interacting proteins through a
variety of methods. To do this, we propose testing via co-immunoprecipitation. Because
the interaction between menorin and sax-7 has been verified via this technique, and there
exists a discrepancy between the predicted molecular weight of FAM151A and the weight of
FAM151A as measured by Western blot with anti-FAM151A antibodies, it is very plausible
that co-immunoprecipitation could identify a binding partner of FAM151A, if one exists.

FAM151A miRNA Binding Site Evaluation

Earlier, we described SNP rs11206394, which may impact occurrence of colorectal cancer via
impact on an 3’ UTR miRNA binding site, and identified a few candidate interactions. To
fully determine this interaction, which could be of clinical relevance, we must experimentally
verify any mRNA /miRNA interactions. This can be done by using a luciferase miRNA
assay, which involves inserting the 3-UTR of FAM151A (or ACOT11) after a luciferase or
GFP, and then measuring luciferase activity (compared to a control).”” This assay can be
used to measure expression for both genotypes of the 3’ UTR under many target miRNAs,
potentially providing evidence of miRNA binding sites affected by the SNP.

9 Findlay, A. S., McKie, L., Keighren, M., Clementson-Mobbs, S., Sanchez-Pulido, L., Wells, S., Cross,
S. H., & Jackson, I. J. (2020a). Fam151b, the mouse homologue of C.elegans menorin gene, is essential for
retinal function. Scientific Reports, 10(1). https://doi.org/10.1038/s41598-019-57398-4.

9Jin, Y., Chen, Z., Liu, X., & Zhou, X. (2013). Evaluating the microrna targeting sites by luciferase
reporter gene assay. In S.-Y. Ying (Ed.), Microrna protocols (pp. 117-127). Humana Press. https://doi.org/
10.1007/978-1-62703-083-0_ 10.
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Appendix A: Organism Key and Accession Numbers

Key | Organism Common Name FAM151 Copies
Aag | Aricia agestis Brown argus 1
Ace | Ancylostoma ceylanicum Parasitic roundworm 1
Aja | Anneissia japonica Crinoid 2
Asi | Alligator sinensis Chinese alligator 2
Bbu | Bufo bufo Toad 2
Bf1l | Branchiostoma floridae Florida lanclet 2
Cecn | Chrysoperla carnea Green lacewing 1
Ccp | Cyprinus carpio Common carp 2
Cel | Caenorhabditis elegans Nematode 1
Cin | Cona intestinalis Sea squirt 1
Cpi | Chrysemys picta bellii Painted turtle 2
Cse | Coccinella septempunctata | Seven-spot ladybird 1
Cte | Capitella teleta Annelid worm 2
Dme | Drosophila melanogaster Fruit fly 1
Dpa | Diploscapter pachys Nematode 1
Dre | Danio rerio Zebrafish 2
Eca | Fquus caballus Horse 2
Gae | Gigantopelta aegis Deep sea snail 2
Gga | Gallus gallus Chicken 1
Hsa | Homo sapiens Human 2
Lan | Lingula anatina Brachiopod 2
Lva | Lytechinus variegatus Green sea urchin 2
Mmu | Mus musculus Mouse 2
Obi | Octopus bimaculoides California two-spot octopus 1
0fu | Qwenia fusiformis Polychaete worm 2
Pan | Papio anubis Olive baboon 2
Pma | Papilio machaon Old World swallowtail 1
Ptr | Pan troglodytes Chimpanzee 2
Rbi | Rhinatrema bivittatum Two-lined caecilian 2
Rty | Rhincodon typus Whale shark 2
Scl | Styela clava Stalked sea squirt 1
Sph | Sepia pharaonis Pharaoh cuttlefish 1
Spi | Stylophora pistillata Hood coral 2
Sra | Strongyloides ratti Nematode parasite 1
Vpa | Vicugna pacos Alpaca 2
Vpe | Vespula pensylvanica Western yellowjacket 1
Xla | Xenopus laevis African clawed frog 2

Table Al: Key of organism abbreviations in following diagrams.
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Accession number 2 (FAM151B/Menorin)

Aag
Ace
Aja
Asi
Bbu
Bf1l
Ccn
Ccp
Cel
Cin
Cpi
Cse
Cte
Dme
Dpa
Dre
Eca
Gae
Gga
Hsa
Lan
Lva
Mmu
Obi
Ofu
Pan
Pma
Ptr
Rbi
Rty
Scl
Sph
Spi
Sra
Vpa
Vpe
Xla

XP_033116333.1
XP_006025880.1
XP_040262912.1
XP_035660277.1
XP_042575185.1

XP_005284924.2

ELT90991.1

NP_001093565.1
XP_001488568.4
XP_041378357.1

NP_788954.2
XP_013411281.1
XP_041464769.1

NP_666261.1

CAC9668553.1
XP_003891985.2

XP 016774503.1
XP_029474719.1
XP 020366386.1

PFX14114.1

XP_006200587.1

Table A2: Accession numbers of proteins found in orthologs.
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XP_041984464.1
EYB95295.1
XP_033108640.1
XP_025070544.1
XP_040277425.1
XP_035660473.1
XP 044733010.1
XP_042579844.1
NP_507991.1
XP_002121148.3
XP_008165715.1
XP_044747787.1
ELT88790.1
NP_001245933.1
PAV58873.1
NP_001003531.1
XP_023473854.1
XP_041358246.1
XP_003643128.1
NP_991111.2
XP_013399869.1
XP_041484609.1
NP_001157099.1
XP_014778013.1
CAC9569733.1
XP_017815193.1
XP_014369256.1
XP 016808561.1
XP_029430098.1
XP_020386473.1
XP_039273176.1
CAE1178732.1
XP 022808211.1
XP_024503321.1
XP_031530378.1
XP_043676237.1
XP_018116415.1
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Appendix B: Multiple Sequence Alignments of FAM151A
Orthologs

Global Alignments of FAM151A Orthologs
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LgQS-[REDLLADVER-------------------
LgaG-FREDLLADVER-------------------
LJgaD-[RNSFHDDVE TS -—--——-——-—-—-—--—-

LQQD-JJLNMFLENVFTS-~~=-—=--=====-=-——-
LgPD-YYSLMTSIYST--——————----—----—~
LgKD-JRQAFMMNIFTS -~ ————---=——----——~
IRQ-CRNALMADVLTS-——--======---——--~
KAIQKCFHGR---CLTT------———————-----~
LPQG-YREDLLADVGRN---=========---==—-

Distant Orthologs

Lva_FAM151A
Spi_FAM151A
Lan_FAM151A
Scl_FAM151A
Cin_FAM151A
Hsa_FAM151A
Bf1l_FAM151A
Consensus

Lva_FAM151A
Spi_FAM151A
Lan_FAM151A
Scl_FAM151A
Cin_FAM151A
Hsa_FAM151A
Bf1l_FAM151A
Consensus

Lva_FAM151A
Spi_FAM151A
Lan_FAM151A
Scl_FAM151A
Cin_FAM151A
Hsa_FAM151A
Bf1l_FAM151A
Consensus

Lva_FAM151A
Spi_FAM151A
Lan_FAM151A
Scl_FAM151A
Cin_FAM151A
Hsa_FAM151A

Bf1l_FAM151A
Consensus

1

3
52
45
32
40
27
31
21
24
73
72
68
98
46
50
36
87

131
126
132
161
113

113
99
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E1{iGEDHARY - - -VDANDRERYSF VEEINE T S EMEKINAS DS TDJIRNoN 1Ay VgL ENGRT E
LIGGEGMFR}§g - - - - KDKNIERYTKFSEA TG Y TEVDEIF A AN - K N ARSI TilQ I DENHQEEFIiE T
CSPDADMIBJILLSLGQISRRYAREIFVFEAINMEKK AMT AINEN SN - T TVl VI VEEL A NERGVIFT
FPEDESPFEN- - - -KFDRQEAT QU SEETNISK AQRAK[NEA S VRN IIE (e ARFDIRY]
THTGGDILDYF----KDTNNDGLNVTWYHGANSKAQLEEALASD-TMMLEADITLRGIGTENQTGIPV
AP PR S DT LT N TH R GIT KL DF K YRl P S B Mer s ST (PR TNAD]]
QA VDL 80 TFIBSKEP T -~ - P NGO THQ VMK V TL.GQQY TN G LT
ETTV[gSVARDRNIQEEMINTED ANLNGRKZEVIRENMEHDK VI G TIGVEQ AM - - K DS TV T SN
R FERERANE BN VTP - -~ S KGR IRV EE VI PH ARREQL - REBM ORI v
RN VR YD ED VLA -~ -~ S DRARESRN TET TEVIPY ARE TR - GPTRHOGUEIRIN Y
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FAM151A

Lva_FAM151A
Spi_FAM151A
Lan_FAM151A
Scl_FAM151A
Cin_FAM151A
Hsa_FAM151A
Bf1l_FAM151A
Consensus

Lva_FAM151A
Spi_FAM151A
Lan_FAM151A
Scl_FAM151A
Cin_FAM151A
Hsa_FAM151A
Bf1l_FAM151A
Consensus

Lva_FAM151A
Spi_FAM151A
Lan_FAM151A
Scl_FAM151A
Cin_FAM151A
Hsa_FAM151A
Bfl_FAM151A
Consensus

Lva_FAM151A
Spi_FAM151A
Lan_FAM151A
Scl_FAM151A
Cin_FAM151A
Hsa_FAM151A
Bf1l_FAM151A
Consensus

Lva_FAM151A
Spi_FAM151A
Lan_FAM151A
Scl_FAM151A
Cin_FAM151A
Hsa_FAM151A
Bf1l_FAM151A
Consensus

Lva_FAM151A
Spi_FAM151A
Lan_FAM151A
Scl_FAM151A
Cin_FAM151A
Hsa_FAM151A

Bf1l_FAM151A
Consensus

Thomas Atkins

149 VIGgYSP-RD--FPEQPFIDTANR YigDK THNESREFINAWGP - MMADK LgYW T TFEINLY YSYPLDP[
195 BPEECYD-KVCVIgiDHERGAST.CKSY YigN AFEST SKIEENM -TASKN YENWEQEL PIGKL-VSQI AN
192 BUEEGHR-KT--MINGMQLFSQIDQI YigA VRS VAFASDSS --—-- QTSEEYQEMBEYYEL - TKNKE
193 IQEIL §T--FIDGD YFVHNEYQ VigaN VIS K RERNNE YR T - AL Y EEfSWESMDRYILRL - ASS TN
222 VKEINY-§D--§IDSN TP EIS KiggN VSRS RERIgE Y RNV GPPEKF{SWDAMEKTILSL. - SRPENE
177 IEZML IFT- - EVATQRA LQEK YigK ARESPERFNIF YMS - TS PR TERQARISKTHEL - VGGVP
174 BREGHRIV-NP--GINAREHID TIRR 1[ggF RS T{EIIgNEr v Y - DR EYE GYgIR QRIS EHEY - CGDRTH
161 LKGPNTN-ST--PVDPQQFLDLVNRYFPNVTLSLGWTTGYRP-TMENELYTWSMVEDMLSL-VSLLPQ
213 IERERAVNCK TSP K VIACL RS ST S -~~~ DIIRNjc R LR THORRA TP L
260 1figFRANBIQREND QL GIAIDL SET VAT S -~ ~DKIEPLIRJALEMNVSR ERi Y EEPPD
251 [QYSTTVIHAARIKNAWPNLKRRSENSNFI§RYWNPSGVTDKEGTRL YL YRV WY TEKIRgN#PG T
256 RIPIFPIIAAMARQE]W YK [IR#ANDK R F Sl WS ASV - ---DPSLERK]Y TDN YRR SV TDPN
286 LIfYGAZAABLROSWDRGL [TARGEN YA TS - -~ -DViJSTERMEF [ VR T STERAED A
241 REFEFFVESSMRAAWPHFSEIRBSEEER Y SIILWQAAS - - - - DPMS|ERIL YJJIDN T AVHQV YR IFEP
237 RN SHLSLNES Y LKRENENT YI§RIL SEGQE - - - - S - INP VLK TR W SEVEFINI TTE

224 PVTFPIRAALVRQSWPKFKWLLEQSDSFTLTVWSSTT----DPVDVEDLVYVRNNFDTSRIFYDLPDL

277 QEEAFLTALDDPERTP-——--- SP-—---———m-mm——o PEDTARDREQW--TAFE-NQ---DGRNFA
324 QEKAGKDALKSSNDIF------ KK-=========-—— KEAFAFK ASJV--KJCQEVV---VGQNSV
319 KFK---------- EFQELSVEAEPENES- - - -DVKDERATD I AINGS T ABMEVINE- - -KS-DifjM

320 FVEDIRMEVEGDRTVEKVFY[EENAMDEY----RIP G K RNV K ADJRSAINR - - ~KDES IM
350 LTDPLI-EAINANIYPKNFYREENVEDC----KiPNGENBKEEHR/AYT D IPQPNE- -~ NDSNLY

305 LLSQEKQLALN-ATRKPMYYREESLIPLL----QLPGDECENERLVPDVQGSGKTATMTLPDTEGMI

300 KATELL---------- RMTERNEEST VNFQAS YKEY GINGIES TRIAD GVIYSREA TEEIIMGA YR~ EffjT
288 QKEAFL-AL---NTTP---YTGGS-L-FF----- IPGRDALDVTWAHRAN--ADLEEAL---DG-NVM
318 FESTEGLGISGNASRAAIVHSKRQHMPGTDGPMAVRERJJQFVHRYDSTSTATVDIF IJSKNLVDDART
366 J--—--—---——--———-—m-— - FSGEGGT|jVS-EKTL----YKV-SNGAFSEFMGNISFINLDEA
369 MW IL-LRG---—---—---—---—- Q-GTAS-QEDI[JAHPRAT -——---—-~- D---SENEFQN
381 [IBINYR-TRP--——--——--———==————————] EDGIRVYAHTAD---—---—- IR DNTL
410 BIWR-LYG---—---—---—=--—= E-GTSQINESLIgVJISHDgPA-——-----~- LN--YRYj§lsEA
368 LINTGLE-G-—--—---——--——--——--—- Ti-AENPJRIVHT - - - - ——--——-~ PSG-NILjg#as
356 QEIN---—---——--——--——--——--—- DI-RED SDDASV---—----~ AGS-DVISHEE
336 MLEADVL---G---—-======—==-———~ GTV--STRVPIMHHYPS----—---—- RS--LDNTLEA
386 RENIMAGNTDPSELKYSISENEK|j-AFNGTHF--E--SBPAAECYNVQILDHLNGSMQDFIVKTCS
404 --—--- SNS GV THKHVEDETGJAVLS G-~ ——~~——--——--—~ QIVSLLLHSNGDFQF--------

405 [FTNVV--QTKKELK MG IOATERCROEINESRG - - SERAGIEIMNADI L - -~ VGPJAAG------ S
414 [EQRVS-NVTTREGKMEVFTTDTLEK]JF TH I AK--E--SPVVIEIRNSDVL---RGPYSf------- S
448 [IIQEILSRNVEKELKEFELEALKASHDVECKMKS - -ERTVIgIIANSDIL ---MGPSI-----—- T

398 CIHQQE@ATHPGHWERHEQIAEPAALRGSIMALMARLSSLGLIHWIRVGAKIS -~ -HGSFSf-——---- P
388 [[#pVAK--MRQQEEMIEHEVESHVIZNSEVFQRRSE - - DR S MK ——————---- AKI-----—- P
368 WLQILA-NTGSKGIKLDFKSDGAVEPALGILAS--E--SLRVPVWLNVDIL---NGPNSV------- S
449 DALEDDPNAERIMSIFEEKEMDHEQEYY-~VIVMKTESGKDVILEDLH-HESQDFEVLYTTPTYTTD
B4 m e SAESN

460 KigfiDAAESVIQQNFEONRES IEK TAWNNSR TNEGEMIEEETA G 1NN TEEgNg - - - PRA- 1
467 IRNINATIRFSKAEEI|GEHNNISEENT TFYNVIGENEES QMVEETY S Y§K S SR ARG - - - PIJRA-S
504 REGINATERFRLTQSIIFEESEISIENTTTYRQIGENE IEGNRIAVEETY SHESSVR SNy - - - PfJRA-S
456 GHJJJAGRELLTAAFIggHVVAREIPEE - - -~ VLGSGREQLL TDIIL ELGEIWRNE VS - - - QUQE-M
435 GLFSKETDPIVNVggHVSIVFAMRPV----SPLIEGISRIAEQISRMEANBIRVVEEg---SPV-R

421 GPVNATEFISQVQEVFPHATLSPGWTTY---IVENEGYTQAMVEEMLSVCEGLTQPITF---PVRA-S
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FAM151A

Lva_FAM151A
Spi_FAM151A
Lan_FAM151A
Scl_FAM151A
Cin_FAM151A
Hsa_FAM151A
Bf1l_FAM151A
Consensus

Lva_FAM151A

Spi_FAM151A
Lan_FAM151A
Scl_FAM151A

Cin_FAM151A
Hsa_FAM151A

Bf1l_FAM151A
Consensus

Dre_FAM151B
Bbu_FAM151B
Hsa_FAM151B
Mmu_FAM151B
Dre_FAM151A
Bbu_FAM151A
Hsa_FAM151A
Mmu_FAM151A
Consensus

Dre_FAM151B
Bbu_FAM151B
Hsa_FAM151B
Mmu_FAM151B
Dre_FAM151A
Bbu_FAM151A
Hsa_FAM151A
Mmu_FAM151A
Consensus

Dre_FAM151B
Bbu_FAM151B
Hsa FAM151B
Mmu_FAM151B
Dre_FAM151A
Bbu_FAM151A
Hsa FAM151A
Mmu_FAM151A
Consensus

40

63
35
38
41

57
108
67
67
130
102
104
108
69

Thomas Atkins

SRGEELLEATGF-—--------- SLVEZVEVHFA--—-V[EBEL AGCSSLECCFRIFS LG AlGSEiS
MKNERJJK SENGEF ———---- SFRESEHS[VEVHF A-——-VINRZELAGCSSLJCCFRIFS LIGUL ASEIS
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LLGHSTAGAIGRBIASEPRATV-TVEHNAGGDYAS-VRTIMLAARAVDRTY]Y YRBPQGYHKDLLAH
QVREEWD - NESREN QA LB YIRHA GWigEQET Y S VTLVE VRN NgDH TIF Y DlP R VJIKIIGKK A
LVRGSVP-ALGWLL--S-RYSLTIWEHIPEE---AV---DALPGLAGFSSLRVYFRLISLFMLEFSHA
BLs--——--
Bis————--
BESR-----
IENQKNLYS
VGRN-----
IEET-----
LES------

==MKR-----=====———————-—— RLQCGRS---WLRI-ACTGTVLVIYHLVLIJY---HLLCCDV
MEVKEEKSCSIGEGEEAEGKEAKTVLGIFTREQFI----- ML§VGLGLIAL-LLIILTSVFVIAKSD
————————————————————————— MKRFTLSDLR-TVA-GV[VFLGVCV-ATAALCL------TLGQ
—————— MVC----------------REQLSKNQVKWVFAGIT[§VSVVVIAATVLAIfL---------R
—————— MSC-~-==~==---——---KKWCSSSQAKWILAGSVTVTLVLAISLILGLHL-~----HQGT
—————————————————————————————————————————— CV-===========TL-=—==-———~

------------ MSEQTEEFENKETHRRKEA DI ETN NS K LM E[NIR G S AQEEETYL #READ
PPgLAMDKSRDPSES TIN{SRK KD LK ARV [EETVREIAE KLR QRS DI N FREAG
—-MAASAGGEGSESEN TR ERRN ST A FREA FIRTREIYNHEA O TN ENRKS T AL P SDG
~~MAACAGGGSISEN TRKESR N NS T A FRE A FRL [ SEEVATHESS QN FINAK S A AL PP SDG
ASV-DVDMEgFPSDGDIRF L0 TEERE EXRER Y ATTRETVAEIS FiYS KNS DI LRGN v QgHN
PRK-KDSKPALSSGGDIRNL KL QEERA TR VSESECININGS o T QENEciv L FXNN VEGHL
RPg-CELE-ACSPDADIRN L S L[S R ATE VG TVAEIaK AT AININSN T TV L NN VEELG
QP{E- CENDATCGPD DI MG TS HRERT VIR TN« FllA AN v g TVEEFN

—-G-AEDK-PGSWSEDMLDYFLRKGQITARDGLEITWYHAANSKSQMNEALKSDVHMIEADVLLEGAG

" | HPPIYSDUTL Q1L 3 VI FGWR G TKLDFKSLIA VERSHSL L SRR KEP VY
SRRALL” TV A PP SDIETT ) 1 38 VISESKC KL DFKSLEAV PSS N TV
Lk TV ARP PRSIV L QEN U8V SR TKC TR DFKS LIV PSSl [ ST KREVY
R P TV AP S SO T QENT R V[ (SR TG TRLDFRSLIAVTSHATT VSR RREVY
Vg N R 0 - RSV TSN DR A Q- TC TG
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A B Vg TR O QTS VRSN N DD QL TEECKVAGG ]
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T--ETGEPIMAHPPATYSDNTLQEWLDEVLKS-SKGIKLDFKSLAAVGPSMDLLRAMK--DHLKRPVW
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FAM151A

Dre_FAM151B
Bbu_FAM151B
Hsa_FAM151B
Mmu_FAM151B
Dre_FAM151A
Bbu_FAM151A
Hsa_FAM151A
Mmu_FAM151A
Consensus

Dre_FAM151B
Bbu_FAM151B
Hsa_FAM151B
Mmu_FAM151B
Dre FAM151A
Bbu_FAM151A
Hsa_ FAM151A
Mmu_FAM151A
Consensus

Dre_FAM151B
Bbu_FAM151B
Hsa_FAM151B
Mmu_FAM151B
Dre_FAM151A
Bbu_FAM151A
Hsa_FAM151A
Mmu_FAM151A
Consensus

Dre_FAM151B
Bbu_FAM151B
Hsa_FAM151B
Mmu_FAM151B
Dre_FAM151A
Bbu_FAM151A
Hsa_FAM151A
Mmu_ FAM151A
Consensus

Dre_FAM151B
Bbu_FAM151B
Hsa_FAM151B
Mmu_FAM151B
Dre_FAM151A
Bbu_FAM151A
Hsa_FAM151A
Mmu_FAM151A
Consensus
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118 HYNIIPERCETAT--PDPHVIFRQETAQRSEND VIS HeIgNe  TAN - VDP GRS WEHQEFCRP
169 UNNRPERClESY- -~ PR A0t S S AET R A (gD - < SE GRS R EEK TCKN
130 [TANRPEREN s~V IDRK P T SEF R F S AeTe = K VIE G T ERE Y ICNE
130 TP ERES s -VPEk AgR0 T T SFF RO F S eI /= K VIE GRS ST ERDYICSE
196 YNIPEIYVPEFWP VNAS HyF R IR K gD IE PEK VL Y LS I - gV T TR SEEQEY STIRH
169 LYNIAGIIVNHET - GNAT QEEVRIRERFED IR IS PEVRL Y LigP I TSER TS HIK KT Y NBVKG
172 [EUEREL 15T~ T QA=K Y AR P F 145 T - SR T TQ AR KRRV GG
176 EYDIEREIVPISI-EINATQERTINEK YigK ARTE FEFTIL v Vigo - LGS THTQARNE TIHQEBVG A

132 INADILPGPNGSSK--VVDATQFLQLVQSFFPDVTLSLGWTTGWHPE-KPNEGYSWEMVKEMEELCRE

183 IKEPIBTRERSEL PV S Hy g O RERERSEILH- ——————————— === === == === === - ===
D SV TFDVRAA LR AR PRIV LITISDRY SL11J/ GG DIagaVEDL LI RS AR 1 YD\ GEPY
503 TF PV AAL |G L SRS LTy C DS VEDL| TR VD [ §EP Y
Ol 0 VTPV AAL YR A kS Y SLT i DS TED L TR e YD TSPy
Dl o TPV I 1S T SUSRRYSLTLNGC Sa PRERRIDL LG TRDNS SAR T YD1 P
Do TR AL e TV G5 DRYSLTLHGC 3D P ey DLLGTRDNS s T YD TPl
235 VPSSV A R NI < B EXTER TV [ .
Oy 4LV TP VR AR RSSO RYSLTLHGC RDPSVEDLLG RDNS RAZG 1\ VORgePl

197 LPQPVTFPVRAALVRQSWPQFSWLLSQSDRYSLTLWQGKSDPYSVEDLLYIRDNSNAHQIYYDIFEPQ

NGELEMAVKRKQQAK—— === === === = === = o oo
NHEAT G TKVNL ~— === === = — - mm o oo

NHEZEALGIRGHS LRI = === === === === === — o
LSQEREMIK IKDFPRRFYPGGDIVDYFRPADSDGLNIQWDTVNDKDSLLS -~LLEDSPGGMLVIPVKS
LSHEQQMIN TSERKLFYTGGSLQMYFHPDDHDG I SVKWFDAEEN I STVQN--LLASSFGMLTLHVEV
LSQEEULINN A TIIKPMY YTGGSLIPLLQLPGDDGLNVEWLVPDVQGSGKTATMTLPDTEGMILLNTGL
LSQELNN T TIKRTY YTGGSLIPLLQQPKGDGLEVEWLVLEVNGSGRRAATTVPDREGMILLDIGL
LSEFKQAALTKTRK— === === === — = m oo

301
263
263
330
304
306
310
265

218
316
277
280
396
370
374
378
279

SD--GH---PNIPIIDGSEMPLKDCLDLILASTKPWGIYLQIKSQNQLSLSLELLRQAYDIDLLHHPT
QS---RSPVV-IFAKSSAAFPLEDLLKLINSNKNLWGVFLKPKDHVSLNETLHALKRLNDQKSLYLPV
EGTVAENPVPIVHTPSGNILTLESCLQQLATHPGHWGIHLQIAEPAALRPSLALLARLSSLGLLHWPV
QEPEAGNPVPILHTPGGPALTLESCLLRLAVHPRRWGIHVNIVEPEALRPSLATLAHLSTLGHLPWPV

218
316
277
280
459
434
442
446

WVNMDISHGAVHIQGYMTGEEFLRTVDRIFPHVTLAPSWPKEALVEGYTPEMLEPMVQLFHRAWQDVS
WIGMDVSYKSFSTPGYIYGEDFIGSINAIFSAVTIAPGWPIERLDGGYTELMVQDMLQLCEGVMQEVS
WVGAKISHGSFSVPGHVAGRELLTAVAEVFPHVTVAPGWPEEVLGSGYREQLLTDMLELCQGLWQPVS
WVGSTVSHGSFVVPGHIAGRELLTAVAEVFPHVTVAPGWPEEMLDSGYQEQMVTDMLELCQGLRQPVS
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FAM151A

Dre_FAM151B
Bbu_FAM151B
Hsa_FAM151B
Mmu_FAM151B
Dre_FAM151A
Bbu_FAM151A
Hsa_FAM151A
Mmu_FAM151A
Consensus

Dre_FAM151B
Bbu_FAM151B
Hsa_FAM151B
Mmu_FAM151B
Dre_FAM151A
Bbu_FAM151A
Hsa_FAM151A
Mmu_FAM151A
Consensus

218
316
277
280
592
569
578
582
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LQLQAEALDRSE---TWRLVLVQPRFSLTVEHQTENKDINAGIESLMATIRAANRQRSFYNIPKMYREH
FQLQAVILGKAWLNTVN-LMKVSRMYTLTVEHTAEQGTFMDGYHGLMAIRTHTENGVYYKLPPDYYYS
FQMQAMLLGHSTAGAIGRLLASSPRATVTVEHNPAGGDYASVRTALLAARAVDRTRVYYRLPQGYHKD
FQLQAGPLSQSPANTVARLLASSPRATVTVYHSTAGNSHVDLWAGLWAARAVDRTRVYYRISQEYWKD

TTDLSVRK--—-—-=======-===-=
LMTSIYST-------=-=-===—==--
LLAHVGRN----—--———=———=————-
LQADVSSNRPSSRIGPSSVEGFPGESR
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Appendix C: Alignments of DUF2181 Domains

Alignment of DUF2181 Domain in All Orthologs

Sra_DUF2181
Ace_HypProt
Cel_Menorin
Dpa_HypProt
Lva_UnCharil
Aja_UnChar2
Cse_FAM151B
VpeFAM151AB
Ccn_FAM151B
Dme_UnCharil
Aag_FAM151A
Pma_FAM151A
Cte_HypProil
Lan_FAM151A
Spi_FAM151A
Spi_FAM151B
Cte_HypProt
0fu_UnCharl
Gae_UnCharl
Sph_FAM151B
Obi_FAM151A
Scl_FAM151A
Cin_FAM151A
Aja_UnCharl
Lva_FAM151A
0fu_UnChar2

NNKDLIDH-SKIAEZGHJLIEFK TRK-FRHRAIJHIKN TS YPDHLRF - ~-NDALFKE{J#KE
~REFNERVAZGVIEWPD@VDQEHEPFLNK - SMLIEGRFBQ TVRR-PRHRA TRVERAN -~~~ ART--ADRIQFKEIIRE
BBV AZGVIHPDRVD G
~REINERVAZGVIEWP D@V DQEHEPFLNK - SMITEGRFQAHRR - PRHRA TRVERAD- -~~~ TKL--ADRIQFKEIIRE
-REMERTES SEVITSR SLIBFLIMQ - - - ~-DYMLMUVEIBRVKWSDTKKKNNGSVLIRPT - -~ ETKLNEDSVPIQRYRYF
~REToETEL RN T TRGLAQQEED - - - -DYKLMIVEVRVAENDK S -~ TQNL TAVVIPS - -~ -~ DTN-VEYNLKBESFRTY
~NPAKTS[JAEGVDR AF#KS S~~~ GD-VDJIRANY T VMGRL TD-GKENELiZIiINGIg-— - - BKQ-- IERLSIMEFRTV
~NLTKEVJAERVITSQ ANBTKEIN -~ A-DD- TMUI#SGRYMI GNL TN - SNNTN I giliINz g~ -~ DL -ESNLSDEFESS
~NLTKELEAERVIDKKK#S DS - -5 - ND- VDM viG VL IDNP T SKPFglyGLilg -~~~ ENF -~ IELSPEKFRLT
~NLTARTAERVESQQLEDEVIRTE - T~ S G- IDF IR TVBGKLNG - ~DGED MR g -~~~ FAn--VERLEASEFENG
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Xla_UnCharl 112 AfpIKEFTHTML YiggriiidSRaigewNe-G---—- QDYEGHSWEMQEJEKIC----~ TSR0 VTFPVRAALIRIN]
Rty_FAM151B 114 ----KDgRCITSYLGHIINEREIKEDELY-N-~--~ QTYI VERWEMEKEEQIC—--—~ N TSR0 VTFPVRAAL VAR
Rbi_FAM151B 116 FLDEKREFREVTSFgSDIERIg{EVHP-Q----- KU GRSWEMKEJIEHIC-—-~~ Y SR VTFPVRAAL VNS
Mmu_FAM151B 116 VDEKAGEDTTSFiggrirEEewHP-E---—~ KVEGHSWSMKEIDYIC----~ 1311 Qi VTFPVRAAL VNS
Pan_FAM151B 116 VIDEKPEDTTFFiggpirRRepyewHP-E-~-—~ KVYEGHSWTMIKEYEYIC-—-~~- T SEQVTFPVRAAL VIR
Hsa _FAM151B 116 VIDKPFRDTISFFnirRRigigvHP-E----- KVEGHSWTMKEJEYIC----~ USSR Qs VTFPVRAAL VY]
Ptr_FAM151B 116 VIDEKPERDTITSFEDFERepeHP-E-~~~~ KVIEGHSWTMIKEJEYIC---~~ UL SR 0y VTFPVRAALJIENS]
Eca_FAM151B 116 VDIKPFIDTTSFnidXiigigvHP-E----- KVEGHSWTMKEJEYIC-—--- UL AR Qs VTFPVRAAL VY]
Vpa_FAM151B 116 VjDAKPRIDTTSFgEDIlFEEe¥eWHP-E KVIEG

Gga_FAM151B 116 VDREGEREIfTSFEniitReIg{eHP -E-——-~ QHEGESWTMKHEAQIC----- I LSR0 3 VTFPVRAALVENS
Asi_FAM151B 100 VpEKFg#p IfTSFiggp INESReIECcqL-Q--—-~ RCKEGHSWAMJKEJIAEIC----~ WL i I TFPVRAAL VNS
Cpi_FAN151E 116 VPOKRGEDTTSFCRDIRIETRNEH 0P -0~ -~~~ QK SWAMIKEZAQTC———~-DeliT AP RIVINO0S

Consensus 117 PVDAKRFLDLVQSKFPDVTLSLGWTTGYHP-D----- KPNEGYTWEMVEEMLELC------- LP-QPVTFPVRAALVRQS
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Sra_DUF2181 182 ---SDQILEMGQ-N--RPFYVIYEKP-EEPIN----NINVEQNFLSFARHNGNVIFIPPEYR----

Ace_HypProt 198 ---KDQEL[W#GM-D--KATF DK -DREET -~ --DWASVAEIRV - ATKNRVL YRBEPRHR -~~~
Cel_Menorin 144 ---KEQELER#GM-D--QS IGRLLEEDA-ERHVT----NWTPIVELJRS - TTKNRIL YDDPKHR -~~~
Dpa_HypProt 198 -—-KEQELEMIGM-D--QSVERIIEDE-ERKID--~--DWNSIVQLERS - TTKNRIL YT PKHR -~
Lva_UnCharl 191 ---IRQERFRESL-T--SRFFEVITDV-YRIMP----~ LPIVHFIKNMD-PKRVHY NBPENFM--~~
Aja_UnChar2 190 ---VRQIK{ERSL-§--SRFFAVLELAE-HRVVS---- {is AMVYFIKQTD~KKKHF Y TP -~ -—-—-~
Cse_FAM151B 196 ---QDQMTLIEERN----NNHTIRREGVQDEGFD-~-- {iGKBNERLDK VE-KGRIY VIVPQKLR~~~~

VpeFAM151AB 192 ---ISAMKTEMDRSESFGNVIMEIESH-GRQUD----- TKKBSELIKTIG-VGKVYVEVPEDVH----
Ccn_FAM151B 196 ---FKEILKWBIEK---INGSTRNIESE-NEPVN---- {JERRRKLIFAVG-LDRTYVVPEDLR----
Dme_UnCharl 201 ---EEQEHRBVAAVNETNESTIRERIESA-GRYVD----- {IPKRKLIFSFG-LDRVYLJVPEELA---~

Aag_FAM151A 197 ---QPVILDERETE-FLNSEMAVESE-SEHVE-—-- {UDRBRALILTVG-LERTYLVPHELA-~~~
Pma_FAM151A 194 ---QPVILDRERETA-SLNSEMVEESE-GRAVE----- {PRBRALILTVG-LERTYLYVPDDL-~~~~
Cte_HypProl 206 ———IQQWMQM————TNTWLNS KNLTP----~ AV TAMPKQFP-KNRLYYIGLSDVLSKVR
Lan_FAM151A 182 -—-[JPNIBK[RESQ-N--SNFIEIVINPS-GVT-DKEGTDL YRIBRYVEINNWY - T EKIF YRBPGTKF -~~~
Spi_FAM151A 188 ---pQEQEEIDL-§--ETFTVEIEST-TRKVD----- PLIVALINNVS-RERIY YRJ#PPDQE----
Spi_FAM151B 186 ---IEQIIEMIGL-§--EEYTIREEAD-SHAPN--—-~ MKDIVALHNRVSDKKREEF Yp#P—-—-----
Cte_HypProt 182 ---[JEHFK{IMBEQNP--ESYTIRVTPS-GA-EDWEGTDI YRJRRYVEINDCD-KTLIY YDRPGE-—--~-~
Ofu_UnCharl 182 ---[THFKIRAGK-§--NGYTIAFTPA-SAEVSWEGADP YIIRRY VEINDCD-KKKEY YDIRKGPKY -~~~

Gae_UnCharl 191 ---VPQEKERTDV-I--SHSAIMIIHAD-GEMPN----- YENEMYVSYRFP-PNELFFBDHNDL -~~~
Sph_FAM151B 188 ---IPQEKEACDT-T--Q-AFJBLVNDN-QEKPV----~ LERITFPPAAS-VQLPSFLKRTCRCTCP-
Obi_FAM151A 188 ---IPQEKECDT-L--Q-ASBLVNDN-ERKPV----~ LERVMYVAYRFP-PEKAFFFQD-EYL--~

Sc1_FAM151A 187 ---KFLA#EQ-D--KRFMVIEAS-VRPVS-—--- LENKVYRIDNYD-TSRVFYTDPNFV--~~
Cin_FAM151A 187 ---QDRFLMIEQ-F--NSYTREEST-TRVVS---- {[ERMVFVEIDNFD- I SREF YRJAEDALT -~~~
Aja_UnCharl 189 ---[JQKEVIERGL-T--NRFSVEEKA-TPLN -~~~ TF TGREELEINNGD-KRRIF YDIRAPQHL -~~~
Lva_FAM151A 188 ---[JPKFVIREGL-R--DSFEIRVERSG-SPIVD---- fiGGRVDLPTHGD - TRREF YRIPDLQK -~~~
Ofu_UnChar2 189 ---IPQEKITDM----TGAFRILIEHE-SHLVQ-—--- LARTRY TQYKFP-KNKLYFRAQNHL -~~~
Dre_FAM151A 189 -—-[jPHESENESQ-§--SRYFPMLEQGK-ENP-T-—--~ LNDRRFEIDNSN-PQREY YT YEPVL -~~~
Ccp_FAM151A 189 ---[PHESEMESQ-§--PRFFBILIAGK-ENP-T-~~~ AR IEIDN SN -PLREY YT YEPVL -~~~
Hsa_FAM151A 190 ---[JPHFS[IM#SQ-§--ERYSMILEQAA-SEPMS-—-—- {jERIERY VRIDNTA-VHQVY YN IFEPLL -~~~
Ptr_FAM151A 190 ---[JPHFS[RESQ-§--ERYEIRLQAA-SEPMS--—- {[ERIRARY VDN TA-VHQVY YT FEPLL -~~~
Pan_FAMi151A 190 ---[JPHFS{IM#SQ-§--ERYSMLEQAA-SEPMS———- {jERIRRY VEIDNTA-VHQVY YN IFEPLL -~~~
Vpa_FAM151A 190 ---[JPHFS[RRGQ-§--ERYEILEQAT-SESVS--—- {iPRARYIEIDNTA-PHQVY Y TFEPVL -~~~
Mmu_FAM151A 190 ---[JPHFS{IR#SQ-§--ERYSMILEQGA-SEPVS---- {jERIARFIEIDN S A~ AHQEY YRIIFEPVL - - -~
Eca_FAM151A 190 -—-[JPHFSEIRIGQ-§--ERYFPMLIQGA-SHPVS-—-- {DRRYIEIDNSA-THQVY YDRFEPVL -~~~
Bbu_FAM151A 190 ---[JQNFY[R#KQ-§--DRYFPHILEAGS-SPPLQ--—~~ LDRBFISIDNSR - PEERY YRT YDPLL -~~~
Xla_FAM151A 190 -—-[JPHENEIR#QQ-§--ERYTIRLEQGK-SHPLT-—--~ LERRRFEIDSSN-PEEY Y TFEPLL-~~~
Rty_FAM151A 190 ---[JPHFS[R#SQ-§--PRYFHILEQGS-IPPVT---- {ERIRRF FigDN SN - VEQEY YT YEPVL -~~~
Rbi_FAM151A 187 ---[QYFS{IM#AQ-§--DRYSMLEQGE-TRPIT---- {jERIERY VRIDN SR - AEERY YT YDPVL-—~~
Asi_FAM151A 190 ---[JPHFS[RENQ-§--ERYERILEQGK-TPVT---- {[ERRRFEIDN SR - AEQEY YT YDPVL---~
Cpi_FAM151A 190 ---[PHFSERAQ-§--DRYSRILEQGK-MEPIR-—~- {jERARFEIDN SR -PEQEY YT YDPVL -~~~
Gae_FAM151A 189 ---[KE@DIRIKQ-§--RGYTIREITHAS-SPIVS——-—~ LDEMKFiJAHSE-SSRIJYFRJBPAALMPL -~

Bf1_FAM151A 186 GTLENYK{IAREQ-F--DTYTBILSEGQ-TSIDP------ VIRREEINDFD-WSRVF Y I TTEKA---~
Dre_FAM151B 182 ---FPQFQEMREQ-§--DRSEILH

Ccp_FAM151B 182 ---FPQEQIARKQ-{--DRYEEVETGK-HEVLT----- {FRRE. vQNFS-KTREY YRRLESQI----
Bbu_FAM151B 181 ---[JPQEQIIAEQT-§--DRYERVEEGK-DYIYP----- {ERRRVI0HS G- ADQEF YRVFEPQN----
Xla_UnCharl 180 ---[PQFQEEBKT-A--DRFEIMVIJAGK-DRTYP----- {jERMAFEIDN SE-KCRIEY YRFEPQN - - -~
Rty_FAM151B 178 ---{[PQRSHMEEQ-F--ERVERVTAR-ERLYT----- {ERMBVEENVD-KSREY FRBFEPQN----
Rbi_FAMI51B 184 ---{JSERLIIMRQS-§--VRYEEEITGK-DRVYS----- LENRSFIJEKFD-KSRV YFIRLEPRS - - -

Mmu_FAM151B 184 ---CPQEL{ERTK---NRYEERVETGK-DYIYS----- TERRRVEID YFN-KTQUF YT SEPQN----

Pan_FAM151B 184 ---CSQELEMIKQ-§--SRYFGEIITCK-NENYS-—--- TERRRYIEIDHFD-KKQVF YR ILEPQN--—~
Hsa_FAM151B 184 ---CSQIL[MIKK-§--NRYFEEITGK-NENYS----- {ERARYIEIDHFD-KKQVF Y TLEPQN -~~~
Ptr_FAM151B 184 ---CSQELEMIKK-§--NRYSREITGK-NENYS—--- {jERERYIIDHFD-KKQVF YR ILEPQN-—~~
Eca_FAM151B 184 ---CSQEL[MIKK-§--HRYFREITGK-NENYS-~~-~ TERRIFIBIDHFD-KKQVF Y TLEPQN-—~~
Vpa_FAM151B 152
Gga_FAM151B 184 ---VSERCIEIDQ-§--DRYFHIVTGK-EFAYS--—- AR EIENFD-KSRVY YT SEPQN -~~~
Asi_FAM151B 168 ---KSERL{MNQQ-§--ERYSMVETGK-QEQYS----- TENRBHIIENFD-KS -~~~ ~=--------
Cpi_FAM151B 184 ---TSERL[IBIQK-§--NRYFBIVETGR-HYEYS---—~ TEBIYIIENLD-KK~~-—-~==-——--—~

Consensus 183 ---WPQLLWLLGQ-S--ERYSLTIWSGK-SDPVS----- VEDLLYIRDNFD-KERIYYDLPEPLL----
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Alignment of DUF2181 with Other Members of GDPD/PLCD Su-
perfamily

F151A2 DGLNVEWLVPDVQGSGKTA--——----——- TMTLP--DTEGMILLNT--GLEGTVAENPV 45
F151A1 DALEVTWYHAANSKK-------—-————--- AMTAALNSNITVLEADVNVEGLGTANETGV 45
F151B1 DGAEITWYHAANHKA-—-————————————- QTNEALKSTAHMIEADVLLPSDG--SEHSQ 43
MNR1CE DGLNVRVAHGVNSWPDLVD-—————-————- QLHEPFLNKSMMIEGDVFMQAHRRPRHRAV 49
GDPDEC SNEKIVIAHRGASGYL-----——- PEHTLPAKAMAYAQGADYLEQDLVM------ TKDDN 46
GPCPIH  -————- DVGHRGAGNSTTTAQLAKVQENTIASLRNAASHGAAFVEFDVHL-—---- SKDFV 49
GDPDOI --MTKIIAHRGASKYA--—————- PENTRASFELAHQMNADGIETDVQL------ SKDGI 44
F151A2 PIVHTPSG--NILTLESCL-—————-——————————- QQLAT--HPGHWGIHLQIAEPAAL 84
F151A1 PIMAHPPTIYSDNTLEQWL-———---—————————- DAVLG---SSQKGIKLDFKNIKAV 85
F151B1 PIMAHPPETNSDNTLQEWL--—----————-—————- TEVMK----SNKGIKLDFKSLAVV 82
MNR1CE PVMKADTKLADRITFKEWL-——----—————————- REVAT----MNKAIKINFRSNEVV 88
GDPDEC LVVLHDHYLDRVTDVADRFPDRARKDGRYYAIDFTLDEIKSLKFTEGFDIENGKKVQT-- 104
GPCP1H PVVYHDLTCCLTMKKK--FDADPVELFEIPVKELTFDQLOLLKLTHVTALKSKDRKESVV 107
GDPDOI PILFHDEKIKRIMRRK--GFLQ---—————-- DYTYNELKSMDIGSWFG--SNFIGETI- 89
F151A2  @--—r————— SPRATVTVEHNPAGGDYASV-RTAL-———- LAARAVD 225
Fi51A1 - SERYSLTLWQ--AASDPMSV-EDLL----- YVRDNTA 228
F151B1 ~ - SNRYSLTIWT--GKNDNYSV-EDLL----- YIRDHFD 222
MNRICE ~ - DQSISLLLWS--DAEDHVINWTPIV----- ELRRSTT 237
GDPDEC HMLIEETSQPGNIKLTGMVQDAQQNKLVVHPYT--VRSDKLPEYTPDVNQLYDALYNKAG 312
GPCP1H V- HTEDLLRNPSYIQEAKAKGLVIFCWG--DDTNDP————-———- ENRRKLKELG 283
GDPDOI I--——- HIKHRLLQOPKLVQQAKTENMPLRVYT--VN--KP-———-———- KQLELCFKYN 222
F151A2 RTRVYYRLPQGYH--—---- 238

F151A1 VHQVYYDIFEPLL------- 241

F151B1 KKQVFYDILEPQN-————-- 235

MNR1CE KNRILYDLDPKHR-———--- 250

GDPDEC VNGLFTDFPDKAVKFLN--- 329

GPCP1H VNGL----——---- IYDR-- 291

GDPDOI CDSVFTDVPDIAKTAYQTYL 242
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Appendix D: FAM151A Promoter Analysis

FAM151A Promoter Diagram with Highlighted Predicted TF Bind-
ing Sites

Only the core of each transcription factor is highlighted for clarity. A full guide to each
transcription factor is given in Table A3.

GATA1
CTTACGCAGATYNEIGIGTCTTTGTCACCACCCTTGCCTGATAATGCAGGATTCCCTGAGGGCAGGGCAGAAAGCCTGG
GAATGCGTCTAGATTAGACAGAAACAGTGGIEEAACGGACTATTACGTCCTAAGGGAEECGTCCCGTCTTTCGGACC

LKLF MIZ1

AGTTAGAAAGGGAAAGAACAGAATGTTCGGGATCACCCAGTCTAGTGCCTCCTTTTACACGGAAGGAAATGATGCCCAGA
TCAATCTTTCCCTTTEEEETCTTACAAGCCCTAGTGGGTCAGATCACGGAGGAAAATGTGCCTTCCTTTACTACGGGTCT
GREF

ZBTB26
GACCGGCAGACACTTGCTCCAGGACINE&X/NAAAGCAACAGGGGCTGGGATTGGTCTCCTGACTCCCAAGCAGGGGCAGA
CTGGCCGTCTGTGAACGAGGTCCTGAGGTCTTTTCGTTGTCCCCGACCCTAACCAGAGGACTGAGGGTTCGTCCCCGEEE

SMAD

ZF11 NR2F NBRE
CAWGGGTCGGGGCTCGGTCCAACATTCTCTGCTGCCTCTTACTGTGCTCAAAMT TTTAGATATGGTAGATAT
ETCGGTCCCCAGCCCCGAGCCAGGTTGTAAGAGACGACGGAGAATGACACGAGTTTCCAGTAAAATCTATACCATCTATA

HNF1 ZTRE KLFS MZF1 SP1F MZF1 ZNF263

TCTGEE¥AGCCTGTTAAGATCCTCERNEGG TERHEEEAAGAGGA T TG HE e ALMINITIGGGGCTTCAGGGGTTAT

AGACCAATCGGACAATTCTAGGACCCTESJIINECCCTTCTCCTAACCCCGCCHGRNHGAGIECCGAAGTCCCCAATA
KLF9 ZF37 ZNF148

TSR txn. st.

CTCCAGAGGGGATATTACAGGGCTGCAGAGCAGACCAGGCCCGGTGGAGAATTAGGTGCTGCTGGG
GAGGTCTCCCCTATAATGTCCCGACGTCTCGTCTGGTCCGGGCCACCTCTTAATCCACGACGACCC
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Label Description/Full Name

GATA1 GATA binding protein 1

LKLF Krueppel like transcription factors (Krueppel-like factor 2 (lung))

MIZ1 Myc-interacting Zn finger protein 1 (Myc-interacting Zn finger protein 1,
zinc finger and BTB domain containing 17 (ZBTB17))

GREF Glucocorticoid responsive and related elements (Androgen receptor bind-
ing site, IR3 sites)

/ZBTDB26 Zinc finger and BTB domain containing 26

SMAD Vertebrate SMAD family of transcription factors (Sma- and Mad-related
proteins)

ZF11 C2H2 zinc finger transcription factors 11 (Zinc finger and BTB domain
containing 3)

NR2F Nuclear receptor subfamily 2 factors (Chicken ovalbumin upstream pro-
moter transcription factor 2, NR2F2 homodimer, DRI sites)

NBRE NGFI-B response elements, nur subfamily of nuclear receptors (Nuclear
hormone receptor NUR77 (NR4A1))

HNF1 Hepatic Nuclear Factor 1 (Homeobox containing 1)

ZTRE Zinc transcriptional regulatory element (3’ half site of ZTRE motif)

KLF9 Kruppel like factor 9

KLFS Krueppel like transcription factors (Gut-enriched Krueppel-like factor /
KLF4)

MZF1 Myeloid zinc finger 1 factors (Myeloid zinc finger protein MZF1)

SP1F GC-Box factors SP1/GC (Sp2 transcription factor)

ZF37 C2H2 zinc finger transcription factors 37 (Zinc finger protein 37 alpha
(KOX21))

ZNF263 Zinc Finger Protein 263

ZNF'148 Zinc Finger Protein 148

Table A3: Description of transcription factors predicted to bind to FAM151A promoter.

FAM151A Promoter Multiple Sequence Alignment

MmulFAM151A_prom
Hsa_FAM151A_prom
Ptr_FAM151A_prom
Cfa_FAM151A_prom
Ssc_FAM151A_prom
Bta_FAM151A_prom
Ocu_FAM151A_prom
MmusFAM151A_prom

Rno_FAM151A_prom
Consensus

41 CAGATCTANTCTGTOTTGTCACCASCORT SO RETINTICAGGATTCCCTGA
s LJ$CCACATCTARTCTCTC TTCTCACCARCONT St YN T AGGATTCCCTCH
L CC I CATCTARTCTC T TTCTCACCARCONT S M T CAOGATTCCCTC
oo GCACATITAATCTGTCCTTCTCAJCAACIMTTECSTGACCTRECTGASTCOTCR
T VOIS e e R TG TCACOgACCC T TGACCTRCCRGARTCCCTOR
R T TERCCH A TCTAKTCGT IO ICTCACEACCOTTECTCAICTHCIGARTCCTCE
S 1s CCCATCTARTCTCTCC T TTCACYAACCCTTRCATRCORe YTy

1 —=—=-———— GCAGATCTAATCTIXSNCTTGTCACCAACCCTTHCITGACETINEGG I TECCINEGA]
1 ——==mmmmo GCAGATCTAATCTG@NCTTGTCACCAACCCTTHCINTGACCTEXEGGGHTECCIYEGA|
1 -——-- CTTA-GCAGATCTAATCTGTCCTTGTCACCAACCCTTGCTTGACCTACGGGATTCCCTGA
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MmulFAM151A_prom
Hsa_FAM151A_prom
Ptr_FAM151A_prom
Cfa_FAM151A_prom
Ssc_FAM151A_prom
Bta_FAM151A_prom
Ocu_FAM151A_prom
MmusFAM151A_prom
Rno_FAM151A_prom
Consensus

MmulFAM151A_prom
Hsa_FAM151A_prom
Ptr_FAM151A_prom
Cfa_FAM151A_prom
Ssc_FAM151A_prom
Bta_FAM151A_prom
Ocu_FAM151A_prom
MmusFAM151A_prom
Rno_FAM151A_prom
Consensus

MmulFAM151A_prom
Hsa_FAM151A_prom
Ptr_FAM151A_prom
Cfa_FAM151A_prom
Ssc_FAM151A_prom
Bta_FAM151A_prom
Ocu_FAM151A_prom
MmusFAM151A_prom
Rno_FAM151A_prom
Consensus

MmulFAM151A_prom
Hsa_FAM151A_prom
Ptr_FAM151A_prom
Cfa_FAM151A_prom
Ssc_FAM151A_prom
Bta_FAM151A_prom
Ocu_FAM151A_prom
MmusFAM151A_prom
Rno_FAM151A_prom
Consensus

MmulFAM151A_prom
Hsa_FAM151A_prom
Ptr_FAM151A_prom
Cfa_FAM151A_prom
Ssc_FAM151A_prom
Bta_FAM151A_prom
Ocu_FAM151A_prom
MmusFAM151A_prom

Rno_FAM151A_prom
Consensus

Thomas Atkins

61 EccAgEocA BRSO AccG- fIcAACAG ARE T EENEINTIES R TAC
61 EEccAggocA RSO EA ACeIAGAACACAJRE T TRECEINIOESCoRETAC
61 EeCAgA0CACNECEAEMGHTIIEA A GG ARG ACACATRET TRECEINC S TR AC

56 EECONERBE - CAGEIA g R
66 EECIOERBIE -~~~ AgacgeAdeooTiTCR -
61 ATIGERBIE o o cE g coliETgicE

S LI g gTEC e AT e GOSN A TR ACCE A CEC
56 gofjo NGSEINNIGE TS CToeoeT Aol SIS cAGH
ol

56 -Egdic AGTAAIGR--- --- I EECEANA Ti- - - CACH
60 GGCAAGGCAGAAAAGCCTGGAGTTAGAAAGGGAAA-—-—-- AATGGTCGAGATCACCCAGTCAGG
T GlICTCOT T TAGACAG TG G A N LG o CCAGAGAREGGCAGAGCTT]
126 ECSSRUSIGNEEA NEOMAT G- -~ CCAGAGHRRCCCAGARNCTT]
126 ESSRASIGNECEA NEOMATOAEC- -~ CCAGAGARRCCCAGARNCTT]
e CCICCTTTTECACACGGO e A e S LR ICECIGGEAMC@CI
95 ESSS RO CGEEEEN G - - - - - -~~~

3. SISO A JO ----~~——--===——-———-—==— ie
R TCCORCCTTIe CACRGG R EREete G TNttt VNI eleleCCA G AG AIEGGCAGAINECTT]
TGO CCTTTRACACAGGOGRANA Ne c cCCaaaETOCoATRENTTCASE]
L TGO TCCTTT 8 ACACEG GGG ARAASANIG  — CCTGGGAGEACTCT-——- TG
119 TGCCTCCTTTTACACAGGGGAAAAAGAGGG-—-—-—-———————- CCAGAGAGGGGCAGACACTT

R GCTCCAGGICTCOAGAAAAGCA NI RN TGGTCTCCTEAITCCCAGGOA
176 (ESROdE A GIOVYVIGGINCAGG - I TCCTCTCCTEACTCCCATIGN
176 SRANNENSROTIVYVIGORCACG -~ e TCCTCTCCTgACTCCCAGOON
e CCTCCAG YOO AR e T R GO Sie A GATCRCRCCTCTOOgAACTCCCAGOCN
126 CTCSACETSTRSA CEINNIGEANE A IEA G TC1{ICINe SEEE s I ERTIeeT)
DT Il cH O AR C i Rt K ATCRCTIICTCRCCRAACT CCAGACR
EPg G CCACGCCTOCACEAA AR CA S e e A ATCYCT GCTC T CCRNECTCCCRCORA
161 (g9 EEE0 TOREC (VNG CEte (8N T G- T 1R8CTRASCISRICSC T TCCACK
157 (oo EEREARSTCIVVGSCIEASNE T oA - IS BB IR OSCTTCCACK-

169 GCTCCAGGCCTCCAGAAAACCAAGACGAGCTG---CGAGATCCCTGGTCTCCTAACTCCCAGGCA

232 ERCERIASIIGIE - ---- K COECGGCTIGGTHOASCATTCTGOTGOCTCTT AR
233 EECERIENSITGIE: - - - GO RCCGCTCGOTCORACK TR TCTGOTGOCTCTTAR
233 EECESINSITGIE - ------ R CTUE CGOCTCTTTCCAACATR CTGOTGOCTCTTAg
204 [EEAEIXECTAA GRINECCCATAGGGGCT T~~~ e A T TCTRRECCCTCTTAN
191 8GO GG TBOCCCTG-— K CGGCTCRGTCRASOAT CRTCRGCTGOCTOTgAN

186 [EEAGSIENGECEIECAGOCGACAGCARTCCTESESeC ARE VNS CSASE S
246 GG CA OG- S0 A AR [ S B S B

R — AEoTCGBCOTE KB - ol
T AEEGGTEEGCTETATANATCRIC-C
231 GGGGCAGACAGGCAG-——————————- AGGTGGGGGCTCGGTCCAACATCTTCTGCTGCCTCTTAC

B GTGCTCARAGGTCATT T THGGGARGRERERG NG TTTCTGETTAGOCTGTTAAGATGCTGGGAG
DGO TC GG TCATTT I A CRiGA TN TCTC R TTAGOCTTTARGATCCTCGGAG
B OO TR CaTCATTTTCCOANC g CAT T TTCTCRTTAGCCTGTTAAGATCCTAGEAG
D@ CTCCTC ARG TCAT T TG AGC T oGRS TTTCTCCTTINGTCTTAAGATCCTGEAG
D TGTGOTC ARG GTOATTT EGGQEOCTOCCAGGA TTTICTCCTTCCTCTTAAGATCCIGEAG
Bl CTGCTC A ACaTCATT T SRmGAGCTGCCAGGATTTICTCTTCCTCTTAAGATCCTCGRAG
R o oGSO CIGATTTICTCCTTOCTCTTAAGATCCTCGGAG
DR LM g ACYTCAT RN GGAGTTGCCAGGATTTICTCCTTAGG T TAAGATCCICRENG
el 1T GCTCA LG TCA T oqlCGGAGCTCCCAGGATTTICTCCTTAGCCTCRTAAGATCC TG

285 TGTGCTCAAAGGTCATTTTAGGGAGGTGGCAGGATTTTCTGCTTAGCCTGTTAAGATCCTGGGAG
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MmulFAM151A_prom
Hsa_FAM151A_prom
Ptr_FAM151A_prom
Cfa_FAM151A_prom
Ssc_FAM151A_prom
Bta_FAM151A_prom
Ocu_FAM151A_prom
MmusFAM151A_prom
Rno_FAM151A_prom
Consensus

MmulFAM151A_prom
Hsa_FAM151A_prom
Ptr_FAM151A_prom
Cfa_FAM151A_prom
Ssc_FAM151A_prom
Bta_FAM151A_prom
Ocu_FAM151A_prom
MmusFAM151A_prom

Rno_FAM151A_prom
Consensus

Thomas Atkins

GGGy GGONAAGAGGAGYGGGGNGGGCAGORAGGAGGGGORTORGEECATATCT SOGNSRGHG
BT TGy GO0 A A ACCA I GG0y00CCACRACCAGGOOCR TORC R TATCTSeE A CRCCaH
TGy GO0 A AC ACC A gICGGOR00CCACORACCAGGOOCY TORC R TATCT SeeAGRaCCH
320 [EEEETEEA TG AN CEASERTCSeAEC CEEEENES RS\ | BRI TECTET TEAC
511 AEHENERE [ -GG —EOeERGHS s IS AL 1 —— (IS
314 AGNGNENSOICEERINEC T - |G (e CEEEES A CA A AT
367 lCGEG@AGGGGWA@A@A@CTTCA@GGGATTTA@GAGAAGGGECETTC@G
321, EAEG—{gAACJIEG ABCECTEREASCASCECA GEETTTCTGAGETCTCTRCMOECAGE e e
321 (EEIONEESA NG ABIECTAGENEEE(EC AGEETTTCTCAGETCTCTRCCECA CEofEC (e
350 GGTGTGGGAAAGAGGAGTGGGGAGGGGAGGGAGGAGGGGCTTCAGGAGCTATCTCCGCAG-GGGA
TR 111 e TGN ARG CCG OGO TG AGAATTAGGTGOTGCTEGG S
413 TAfjASIECOSISC NEER BTSN S S SREE VN ISR -——-
413 TATASIECOSREC T EA TSNS TSRV SR ———-
384 GC.W@TGCAGAGTEC@TCEGEAWAECA@GGCTCCTG—
a5 CAEACECEAICRIABEE: 1.\ -0 R SHIGRA -
372 ATOEAGEOST GRS (S A - AT YRGSy -~~~
432 —TﬂGﬁAG@CGWCATCCECCA@C————CATCCC.CTGCNCCAGCCACA@GGCTCTGGG
R TIRCARECCAGTICCTGAG g S —— AAAETTECTGAY-~~~—~ =~~~ ===
386 GTGOYNEAGPINGTT-——-—-——-——- AAARECTECTCAR

414 TATTCCAGCCCTGAGGAGCAGACCAG-CCTGGTGGAGAATTAGGTGCTGCTGGG—————————
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FAMI151A
Appendix E:
ment
Pab_FAM151A_3UTR 1
Mmu_FAM151A_3UTR 1
Mne FAM151A 3UTR 1
Hsa_FAM151A_3UTR 1
Tfr_FAM151A_3UTR 1
Pte_FAM151A_3UTR 1
Can_FAM151A_3UTR 1
Consensus 1
Pab_FAM151A_3UTR 65
Mmu_FAM151A_3UTR 65
Mne_FAM151A_3UTR 65
Hsa_FAM151A_3UTR 65
Tfr_FAM151A_3UTR 65
Pte_FAM151A 3UTR 65
Can_FAM151A_3UTR 65
Consensus 65

Thomas Atkins

FAM151A 3’ UTR Multiple Sequence Align-

GCACCCAGGGGTGGTGGGCCAGCGGACIICAGGGCIGAGGCTTCCCACGGGGAGGCAGIIAAGAA FUS Binding Site
GCACC8GGGGTGGTGGYCCAGCGGYCTCCAGGGCGGAGGCTTCCCACGGGGAGGCAGGAAGAA Hairpin loop
GCACCCEGGGGTGGTGGECCAGCGGECTCCAGEGCGGAGGCTTCCCACGGGGAGGCAGGAAGAA Interior loop
GCACCCAGGGGTGGTGGGCCAGCGGAC@ECAGGGCGGAGGCTTCCCACGGGGAGGCAGGAAGAA
GCACCCAGGGGTGGTGGGCCAGCGGACTCCAGGGCGGAGGCTTCCCACGGGGAGGCAGGAAGAA
GCACCCAGGEGTGGTGGGCCAGCGGACTCCAGGGCEGAGGCTTCCCACGGGGAGGCAGGAAGAA
GCACCCAGGEGTGGTGGGCCAGCHGACTCCAGGGCGGAGGCTTCCCACGGGGAGGCAGGAAGAA
GCACCCAGGGGTGGTGGGCCAGCGGACTCCAGGGCGGAGGCTTCCCACGGGGAGGCAGGAAGAA

ATAAAGGRCTTECSH T TSRS
ATAAAGGCCTTTGGCTTTCTCCA
ATAAAGGCCTTTGGCTTTCTCCA
ATAAAGGECTTTGGCTTTCTCCA
ATAAAGGCCTTTGGCTTTCTCCA
ATAAAGGCCTTTGGCTTTCTCCA
ATAAAGGCCTTTGGCTTTCTCCA
ATAAAGGCCTTTGGCTTTCTCCA

o1



	Annotated Conceptual Translation
	DNA
	Gene Structure
	Overview of Orthologs and Paralogs
	FAM151 Family
	Menorin
	DUF2181 Domain

	Sequence Conservation of FAM151A Orthologs
	Evolutionary History of FAM151A
	FAM151A Mutations
	Mutation Summary
	Clinically Relevant SNP rs11206394


	RNA
	Expression Patterns of FAM151A
	Differential Expression Conditions of FAM151A
	FAM151A Promoter and 5' UTR Analysis
	FAM151A Predicted Promoter TFs

	FAM151A 3' UTR Analysis

	Protein
	Properties and Post-Translational Modifications of FAM151A
	Molecular Weight of Protein FAM151A
	N-Linked Glycosylation Sites of FAM151A

	FAM151A Resides in the Cell Membrane
	Structure of FAM151A
	Function of Enzymatically Active DUF2181
	Active Site Residues
	Example Functions of GDPD/PLCD Superfamily Phosphodiesterases

	FAM151A Interacting Proteins
	Binding Partners in Orthologs
	Predicted by Existing Databases
	Similarly Expressed Phosphodiesterases


	Future Work
	FAM151A Substrate Determination
	FAM151A/B Interacting Protein Experiments
	FAM151A miRNA Binding Site Evaluation

	Appendix A: Organism Key and Accession Numbers
	Appendix B: Multiple Sequence Alignments of FAM151A Orthologs
	Global Alignments of FAM151A Orthologs
	Strict Orthologs
	Distant Orthologs

	Alignment of FAM151A and FAM151B Orthologs

	Appendix C: Alignments of DUF2181 Domains
	Alignment of DUF2181 Domain in All Orthologs
	Alignment of DUF2181 with Other Members of GDPD/PLCD Superfamily

	Appendix D: FAM151A Promoter Analysis
	FAM151A Promoter Diagram with Highlighted Predicted TF Binding Sites
	FAM151A Promoter Multiple Sequence Alignment

	Appendix E: FAM151A 3' UTR Multiple Sequence Alignment

