Coevolution of URAT1 and uricase during primate evolution:

implications for serum urate homeostasis and gout

Supplemental Figures and Tables
Supplemental Fig. S1. Expression of human and rat URAT1.

Western blot of hemagglutinin (HA) epitope-tagged human and rat URAT1. (a) The HA epitope
was inserted at the same position both constructs. Plasma membrane enriched fractions from
transfected cells were blotted and probed with antibodies to HA and actin. Quantitation of the
signal showed that rat URAT1 wild type is expressed at 2.62-fold higher levels than human
URAT1. (b) Kinetic transport data of human URAT1 (red) and rat URAT1 (green), normalized to
the protein expression levels obtained from the quantitative Western blot in (a). Human URAT1
is a high affinity/low capacity transporter relative to rat URAT1. Kinetic transport data (b) of
human URAT1 (red) and rat URAT1 (green), normalized to the protein expression levels
obtained from the quantitative Western blot in (a). Human URAT1 is a high affinity/low capacity
transporter relative to rat URAT1.



G2 kD -
- Rat URATH
49 kD - Human URATA

38 kD l 44— [-actin —p  —

[

on

o
1

(]

o

o
1

100 +

50+

"C-uric acid transport (pmol min™,
normalized to hURAT1 expression)
o
o

G 1 T T T T 1
0 200 400 B00 800 1,000

[*C-uric acid] (pM)



Supplemental Fig. S2. Protein sequences of URAT1 transporters used in this study.

Human URATI1
MAFSELLDLVGGLGRFQVLQTMALMVSIMWLCTQSMLENFSAAVPSHRCWAPLLDNSTAQASILGSLSPE
ALLAISIPPGPNQRPHQCRREFRQPOWQLLDPNATATSWSEADTEPCVDGWVYDRSIFTSTIVAKWNLVCD
SHALKPMAQSIYLAGILVGAAACGPASDRFGRRLVLTWSYLOMAVMGTAAAFAPAFPVYCLFRFLLAFAV
AGVMMNTGTLLMEWTAARARPLVMTLNSLGFSFGHGLTAAVAYGVRDWTLLOQLVVSVPFFLCEFLYSWWLA
ESARWLLTTGRLDWGLOQELWRVAAINGKGAVODTLTPEVLLSAMREELSMGQPPASLGTLLRMPGLRERT
CISTLCWFAFGFTFFGLALDLOQALGSNIFLLOMEFIGVVDIPAKMGALLLLSHLGRRPTLAASLLLAGLCI
LANTLVPHEMGALRSALAVLGLGGVGAAFTCITIYSSELFPTVLRMTAVGLGOMAARGGAILGPLVRLLG
VHGPWLPLLVYGTVPVLSGLAALLLPETQSLPLPDTIQDVQONQAVKKATHGTLGNSVLKSTQF

Rat (Rattus norvegicus) URAT1
MAFPELLDRVGGRGRFQLLQAVALVTPILWVTTQONMLENFSAAVPHHRCWVPLLDNSTSQASIPGDFGRD
VLLAVSIPPGPDQRPHQCLRFRQPOQWQLIESNTTATNWSDADTEPCEDGWVYDHSTFRSTIVTTWDLVCD
SQALRPMAQSIFLAGILVGAAVCGHASDRFGRRRVLTWSYLLVSVSGTIAALMPTFPLYCLFRFLVASAV
AGVMMNTASLLMEWTSAQAGPLMMTLNALGFSFGQVLTGSVAYGVRSWRMLQLAVSAPFFLFFVYSWWLP
ESARWLITVGRLDOSLRELQRVAAVNRRKAEADTLTVEVLRSAMQEEPNGNQAGARLGTLLHTPGLRLRT
FISMLCWFAFGFTFYGLALDLOALGSNIFLLOQALIGIVDLPVKMGSLLLLSRLGRRLCQASSLVLPGLCI
LANILVPREMGILRSSLAVLGLGSLGAAFTCVTIFSSELFPTVIRMTAVGLGQVAARGGAMLGPLVRLLG
VYGSWLPLLVYGVVPVLSGLAALLLPETKNLPLPDTIQDIQKQSVKKVTHDIAGGSVLKSARL

Mouse (Mus musculus)URAT1
MAFPELLDRVGGLGRFQLFQTVALVTPILWVTTQONMLENFSAAVPHHRCWVPLLDNSTSQASIPGDLGPD
VLLAVSIPPGPDQQPHQCLRFRQPOWQLTESNATATNWSDAATEPCEDGWVYDHSTFRSTIVTTWDLVCN
SQALRPMAQSIFLAGILVGAAVCGHASDRFGRRRVLTWSYLLVSVSGTAAAFMPTFPLYCLFRFLLASAV
AGVMMNTASLLMEWTSAQGSPLVMTLNALGFSFGQVLTGSVAYGVRSWRMLQLAVSAPFFLFFVYSWWLP
ESARWLITVGKLDQGLQELQRVAAVNRRKAEGDTLTMEVLRSAMEEEPSRDKAGASLGTLLHTPGLRHRT
IISMLCWFAFGFTFYGLALDLQALGSNIFLLQALIGIVDFPVKTGSLLLISRLGRRLCQVSFLVLPGLCI
LSNILVPHGMGVLRSALAVLGLGCLGGAFTCITIFSSELFPTVIRMTAVGLCQVAARGGAMLGPLVRLLG
VYGSWMPLLVYGVVPVLSGLAALLLPETKNLPLPDTIQDIQKQSVKKVTHDTPDGSILMSTRL

Baboon (Papio anubis)URAT1
MAFSELLDLVGGLGRFQVLQTVALMVSIMWLSTQSMLENEFSAAVPSHRCWVPLLDNSTAQAGVPGGLTPE
ALLAVSIPPGPNQGPHQCRRFROPOWQILDPNATATSWSEADTEPCVDGWVYDRSIFTSTIVAKWNLVCD
SHALKPMAQSIYLAGILVGAAACGPASDRFGRRLVLTWSYLOMAVMGTAAAFAPTFPVYCLFRFLLAFAV
AGVMMNTGTLLMEWTAAQARPLVMTLNSLGFSFGHGLTAAVAYGVRDWTLLOQLVVSVPFFLCEFLYSWWLA
ESARWLLTTGRLDWGLRELWRVAAINGKGTVRDTLTPEVLLSAMREELSMDOQAPASLGTLLRTPGLRERT
CISMLCWFAFGFTFFGLALDLOQALGSNIFLLOMEIGVVDIPAKMGALLLLSRLGRRPTQAASLLLAGLCI
LANTLVPHELGAVRSALAVLGLGGVGAAYTCITIYSSELFPTVLRMTAVGLGOMAARAGAILGPLVRLLG
VHGPWLPLLVYGTVPVLSGLAALLLPETQSLPLPDTIQDVONQVVKKTTHGTLGNSVLKSTQF

Ano6c2
MAFSELLDQVGGLGRFQVLQTVALVVPIMWLTTHNMLENESAAVPSHRCWVPLLDNSTAQASVPGALDPE
ALLAVSIPPGPNQGPHQCRREFRQPOWQLLDPNATATNWSEAATEPCVDGWVYDHSTEFTSTIVTKWDLVCD



SQALKPMAQSIYLAGILVGAAVCGHASDRFGRRLVLTWSYLOMAVSGTAAAFAPTFPVYCLFRFLVAFAV
AGVMMNTGTLLMEWTSAQARPLAMTLNSLGESFGOVLMAAVAYGVRDWALLQLAVSAPFFLCEVYSWWLA
ESARWLLITGRLERGLOQELQRVAAINGKRAVGDTLTIEVLLSAMOEELSVGQOAPASLGTLLRTPGLRLRT
CVSTLCWFAFGFTFYGLALDLQALGSNIFLLQVLIGVVDIPAKMGTLLLLSRLGRRPTQAASTVLAGLCI
LANTLVPHEMGALRSALAVLGLGGVGAAFTCITIYSGELFPTVLRMTAVGLGOMAARGGAILGPLVRLLG
VHGPSLPLLVYGTVPVLSGLAALLLPETQSLPLPDTIQDVONQAVKKATHSTQGHSVLKSTRL

Ano63
MAFSELLDQVGGLGRFQVLQTVALVVPIMWLTTHNMLENEFSAAVPSHRCWVPLLDNSTAQASVPGALDPE
ALLAVSIPLGPNQQPHQCRRFROQPOWQLLDPNATATNWSEAATEPCVDGWVYDHSTEFTSTIVTKWDLVCD
SQALKPMAQSIYLAGILVGAAVCGHASDRFGRRLVLTWSYLOMAVSGTAAAFAPTFPLYCLFRFLVAFAV
AGVMMNTGTLLMEWTSAQARPLMMTLNSLGEFSFGQVLMAAVAYGVRDWALLQLAVSAPFFLCFVYSWWLP
ESARWLLITGKLERGLOQELQRVAAINGKRAAGDTLTMEVLLSAMQEELSGGQAPASLGTLLRTPGLRLRT
CVSMLCWFAFGFTEFYGLALDLOQALGSNIFLLOQVLIGVVDLPAKMGTLLLLSRLGRRPSQAASLVLPGLCI
LANTLVPHEMGALRSALAVLGLGSVGAAFTCITIYSGELFPTVLRMTAVGLGOMAARGGATILGPLVRLLG
VHGPSLPLLVYGTVPVLSGLAALLLPETONLPLPDTIQDVQONQAVKKATHSTPGHSVLKSTRL

An74
MAFSELLDQVGGLGRFQVLQTVALVVPIMWLTTHNMLENFSAAVPSHRCWVPLLDNSTAQASVPGALDPE
ALLAVSIPPGPNQGPHQCRRFROPOQWQLLDPNATATNWSEAATEPCVDGWVYDHSTEFTSTIVTKWDLVCD
SQALKPMAQSIYLAGILVGAAVCGPASDRFGRRLVLTWSYLOMAVSGTAAAFAPTFPVYCLFRFLLAFAV
AGVMMNTGTLLMEWTSAQARPLVMTLNSLGFSFGQVLMAAVAYGVRDWALLQLAVSAPFFLCEVYSWWLA
ESARWLLTTGRLERGLOQELOQRVAAINGKRAVGDTLTIEVLLSAMQEELSVGQAPASLGTLLRTPGLRLRT
CVSTLCWFAFGFTFYGLALDLQALGSNIFLLQVLIGVVDIPAKMGTLLLLSRLGRRPTQAASLVLAGLCI
LANTLVPHEMGALRSALAVLGLGGVGAAFTCITIYSGELFPTVLRMTAVGLGOMAARGGAILGPLVRLLG
VHGPSLPLLVYGTVPVLSGLAALLLPETQSLPLPDTIQDVQONQAVKKATHSTQGHSVLKSTRL

An’75
MAFSELLDLVGGLGRFQVLQTVALMVSIMWLCTOQNMLENFSAAVPSHRCWVPLLDNSTAQAGVPGGLSPE
ALLAVSIPPGPNQRPHQCRRFROQPOWQLLDPNATATSWSEADTEPCVDGWVYDRSTEFTSTIVTKWDLVCD
SHALKPMAQSIYLAGILVGAAACGPASDREFGRRLVLTWSYLOMAVMGTAAAFAPTFPVYCLFREFLLAFAV
AGVMMNTGTLLMEWTAAQARPLVMTLNSLGEFSFGHGLTAAVAYGVRDWTLLOLAVSVPFFLCFLYSWWLA
ESARWLLTTGRLDRGLOQELWRVAAINGKGAVQODTLTPEVLLSAMOQEELSMGQAPASLGTLLRTPGLRLRT
CISTLCWFAFGFTFFGLALDLQALGSNIFLLOMLIGVVDIPAKMGTLLLLSRLGRRPTQAASLLLAGLCI
LANTLVPHEMGALRSALAVLGLGGVGAAFTCITIYSGELFPTVLRMTAVGLGOMAARGGAILGPLVRLLG
VHGPWLPLLVYGTVPVLSGLAALLLPETQSLPLPDTIQDVQONQAVKKATHGTLGNSVLKSTRF

An76
MAFSELLDLVGGLGRFQVLQTVALMVSIMWLCTQSMLENFSAAVPSHRCWVPLLDNSTAQAGVPGGLSPE
ALLAVSIPPGPNQRPHQCRREFRQPOWQLLDPNATATSWSEADTEPCVDGWVYDRSIFTSTIVAKWNLVCD
SHALKPMAQSIYLAGILVGAAACGPASDRFGRRLVLTWSYLOMAVMGTAAAFAPTFPVYCLFRFLLAFAV
AGVMMNTGTLLMEWTAAQARPLVMTLNSLGFSFGHGLTAAVAYGVRDWTLLOQLVVSVPFFLCEFLYSWWLA
ESARWLLTTGRLDRGLOQELWRVAAINGKGAVODTLTPEVLLSAMREELSMGOQAPASLGTLLRTPGLRERT
CISTLCWFAFGFTFFGLALDLOQALGSNIFLLOMEFIGVVDIPAKMGALLLLSRLGRRPTQAASLLLAGLCI
LANTLVPHEMGALRSALAVLGLGGVGAAFTCITIYSSELFPTVLRMTAVGLGOMAARGGAILGPLVRLLG
VHGPWLPLLVYGTVPVLSGLAALLLPETQSLPLPDTIQDVONQAVKKATHGTLGNSVLKSTQF



An79
MAFSELLDLVGGLGRFQVLQTVALMVSIMWLCTQSMLENEFSAAVPSHRCWAPLLDNSTAQAGVLGGLSPE
ALLAISIPPGPNQRPHQCRREFRQPOWQLLDPNATATSWSEADTEPCVDGWVYDRSIFTSTIVAKWNLVCD
SHALKPMAQSIYLAGILVGAAACGPASDRFGRRLVLTWSYLOMAVMGTAAAFAPAFPVYCLFRFLLAFAV
AGVMMNTGTLLMEWTAARARPLVMTLNSLGFSFGHGLTAAVAYGVRDWTLLQLVVSVPFFLCFLYSWWLA
ESARWLLTTGRLDRGLOQELWRVAAINGKGAVODTLTPEVLLSAMREELSMGQAPASLGTLLRMPGLRFERT
CISTLCWFAFGFTFFGLALDLOQALGSNIFLLOMEFIGVVDIPAKMGALLLLSRLGRRPTLAASLLLAGLCI
LANTLVPHEMGALRSALAVLGLGGVGAAFTCITIYSSELFPTVLRMTAVGLGOMAARGGAILGPLVRLLG
VHGPWLPLLVYGTVPVLSGLAALLLPETQSLPLPDTIQDVONQAVKKATHGTLGNSVLKSTQF



Supplemental Fig. S3. Phylogram of URAT1s based on amino acid analysis. Internal nodes
are labeled with the posterior probability for each ancestral URAT1 sequence inferred. The
scale bar represents 0.04 amino acid replacements per unit evolutionary time (except for the
branches leading to Myotis and Monodelphia which have been shortened for display purposes).
GenBank Identifier (Gl) numbers are provided after each species name.

Monodelphia domestica (Gl: 334349599)

Trichechus manatus latirostris (Gl: 471402878)
Loxodonta Africana (Gl: 344295583)
Elephantulus edwardii (Gl: 685716824)
Echinops telfairi (Gl: 507694428)

— Vicugna pacos (Gl: 560989114)
L Camelus ferus (Gl: 560922795)

Sus scrofa (Gl: 311247383)

Bos taurus (Gl: 368418724)

Equus caballus (Gl: 338712376)
Ceratotherium simum simum (Gl: 478526864)
| Feliz catus (Gl: 587003372)

Canis lupus familiaris (Gl: 548823784)

Mustela putorius furo (Gl: 511901362)
Ailuropoda melanoleuca (Gl: 301762638)

Odobenus rosmarus divergens (Gl: 472348673)
Leptonychotes weddellii (Gl: 585187301)

Myotis davidii (Gl: 584054108)

Sorex araneus (Gl: 505850234)
Ochotona princeps (Gl: 504174720)
Jaculus jaculus (Gl: 507545435)

AnE3 (98.6%) Mus musculus (Gl: 165377218)
’—|jﬂatus norvegicus (Gl: 77917584)
Cricetulus griseus (Gl: 364487292)
Microtus ochrogaster (Gl: £32016232)
lctidomys tridecemlineatus (Gl: 532095744)
Heterocephalus glaber (Gl: 512981048)

AnB2 (99.2%) Chinchilla lanigera (Gl: 533130834)
4,—,7 Oectodon degus (Gl: 6076983 18)
Cavia porcellus (Gl: 348584818)
Tupaia chinensis (Gl: 56284 1635)
Otolemur garnettii (Gl: 395852584)
L Saimiri boliviensis (Gl: 4032934 14)
AnT4 (98.9%) [ Papio anubis (GI: 402892914)
An75 (98.6%) |_|_Maca.ca mulatta (Gl: 410442532}
Macaca fascicularis (Gl: 5456877 16)
AnTE (99.6%) Nomascus leucogenys (Gl: 332260137)
Pongo abelii (Gl: 287688271)
An79 (29.9%)

Gorilla gorilla (Gl: 426369029)

Pan paniscus (Gl: 387516830)
Pan troglodytes (Gl: 114638327)
Homo sapiens (Gl: 24497 485)
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Supplemental Table S1. Mutagenic primers used in this study.

Name Sequence Purpose
CCTTTGGCTTCACCTTCTAC . ,
h-F365Y | GGGCTAGCCCTGGACCTGC | ' roduction of hURATI-F385Y; marked
with Nhel site
AGGCC
GTTCCAGGTTCTCCAGACCA .
h-M25V | TGGCTCTGGTGGTCTCCATC |  Froduction of URATT-M25V, marked
with site Ncol and Xcml sites
ATGTGG
h-S27P CGATGGCTCTGATGGTACCC | Production of hURAT1-S27P, marked with
ATCATGTGGCTGTG Kpnl site
CAGAGCCCCGCCAGCACCA .
Production of hURAT1-L414V, marked
h-L1414V | AGCTTGCGGCCAGCGTGGG o Ll site
CCTTTGGCTTCACCTTCTTT . _
Y365F | GGGCTAGCCCTTGACCTGC | - roduction of rURAT1-Y365F; marked
with Nhel site
AAGC
AAGGCAACACATGGCTATCC . —
CTACGCTGGGGAACTCTGTC g
GAAAGTGACACATGACTATC . -
r-HA CCTACGACGTCCCTGATTAT Pr"d‘;‘:‘?Jgﬁi:ﬁ:‘:;r;'?r?o(;”;grgj?)"f HA
GCTATAGCAGGCGGCTCCG g :

Residues in bold are modified from wild type sequences. Primers for insertion of the HA epitope

tag all carry the sequence TATCCCTACGACGTCCCTGATTATGCT, encoding the peptide

sequence YPYDVPDYA.




