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The single cell alga Chlamydomonas reinhardtii is capable of importing purines as nitrogen sources. An
analysis of the annotated C. reinhardtii genome reveals at least three distinct gene families encoding for
known nucleobase transporters. In this study the solute transport and binding properties for the lone
C. reinhardtii nucleobase cation symporter 1 (CrNCS1) are determined through heterologous expression
in Saccharomyces cerevisiae. CrNCS1 acts as a transporter of adenine, guanine, uracil and allantoin,
sharing similar — but not identical — solute recognition specificity with the evolutionary distant NCS1
from Arabidopsis thaliana. The results suggest that the solute specificity for plant NCS1 occurred early in
plant evolution and are distinct from solute transport specificities of single cell fungal NCS1 proteins.

© 2013 Elsevier Masson SAS. All rights reserved.

1. Introduction

Nucleobase biochemistry serves diverse needs during a plant’s
life cycle. Purines and pyrimidines are central to nucleic acid
biochemistry, ATP synthesis, carbohydrate, glycoprotein and
phospholipid metabolism, as well as the biosynthesis of many
secondary metabolites such as cytokines and caffeine [1,2]. Nucle-
obase biochemistry is comprised of an intricate balance of de novo
synthesis, catabolism and salvage pathways. A shared aspect is the
highly compartmented nature of these pathways. In turn, a myriad
of transport systems has evolved to serve the movement of
nucleobase compounds — both within and between cells. Purine
and pyrimidine biochemistries involve plastidic and cytoplasmic
exchange [2,3]. Nucleobases are also moved between adjacent cells
as seen in the generation of ureides (purine derivatives) in soybean
nodule bacteroid-containing and nonbacteroid-containing cells [4].
Longer distance nucleobase transport involving different tissues is
key to nitrogen source—sink relationships as seen in endosperm to
cotyledons nucleobase movement in germinating castor bean
seedlings [5].
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In plants a surprising number of nucleobase transporters fill the
needs of nucleobase movement — no less than five distinct gene
families encoding nucleobase transporters are present in the Ara-
bidopsis genome. Two transporter families are unique to plants.
Arabidopsis contains 21 purine permeases (PUP) some of which
transport adenine, cytosine and cytokinins [6—8]. Of the eight
ureide permeases (UPS) in Arabidopsis, three are known to trans-
port allantoin, uracil, uric acid and xanthine [9—11]. The remaining
three nucleobase transporter families have orthologs in both pro-
karyotic and eukaryotic taxa. The nucleobase-ascorbate trans-
porters (NATs) are ubiquitous and cooperatively transport a large
array of solutes including the oxidized purines xanthine and uric
acid, uracil and ascorbate [12,13]. None of the twelve Arabidopsis
NAT loci have been functionally characterized, however, the maize
leaf permease 1 is known to transport xanthine and uric acid
[14,15]. The AzgA-like transporter family in Arabidopsis transports
adenine, guanine, and uracil [16]. The lone nucleobase cation
symporter 1 in Arabidopsis (AtNCS1) facilitates the movement of
adenine, guanine, and uracil [17]. Genes that encode for NCS1
proteins are found throughout the plant kingdom [17,18].

Most fungi contain multiple NCS1 as exemplified by the canon-
ical Saccharomyces cerevisiae FCY2-subfamily — transporting
adenine, guanine, cytosine and hypoxanthine — and the FUR4-like
subfamily — transporting uracil, uridine, allantoin and other me-
tabolites [13]. In single cell microbes, robust nucleobase transport
systems are mainly dedicated to scavenging and importing


Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
mailto:schejr02@ipfw.edu
mailto:huntka02@ipfw.edu
mailto:mintja01@students.ipfw.edu
mailto:Neil.Schultes@ct.gov
mailto:mourad@ipfw.edu
http://crossmark.dyndns.org/dialog/?doi=10.1016/j.plaphy.2013.05.015&domain=pdf
www.sciencedirect.com/science/journal/09819428
http://www.elsevier.com/locate/plaphy
http://dx.doi.org/10.1016/j.plaphy.2013.05.015
http://dx.doi.org/10.1016/j.plaphy.2013.05.015
http://dx.doi.org/10.1016/j.plaphy.2013.05.015

AtNCS1
CrNCS1
ScFUR4
ScDAL4
ScFUIl
AnFURA
AnFURD
AnFCYB
ScFCY2
MHP1

AtNCS1
CrNCS1
ScFUR4
ScDAL4
ScFUIl
AnFURA
AnFURD
AnFCYB
ScFCY2
MHP1

AtNCS1
CrNCS1
ScFUR4
ScDAL4
ScFUILl
AnFURA
AnFURD
AnFCYB
ScFCY2
MHP1

AtNCS1
CrNCS1
ScFUR4
ScDAL4
ScFUIl
AnFURA
AnFURD
AnFCYB
ScFCY2
MHP1

AtNCS1
CrNCs1
ScFUR4
ScDAL4
ScFUIl
AnFURA
AnFURD
AnFCYB
ScFCY2
MHP1

AENCS1
CrNCS1
ScFUR4
ScDAL4
ScFUIl
AnFURA
AnFURD
AnFCYB
ScFCY2
MHP1

AtNCS1
CrNCS1
ScFUR4
ScDAL4
ScFUIl
AnFURA
AnFURD
AnFCYB
ScFCY2
MHP1

J.R. Schein et al. / Plant Physiology and Biochemistry 70 (2013) 52—60

] v [ W)
MVSNCLSLSLHLNLHPHKHNRHSLSSLRSRTKAKLYQHVSFTDSSHKSSYTSCVSTFDIQRKSSKHYELGKHSFSPILPGDNLVLSRSGVIRPRLSAMTG
MQOQQLR-STSIRAAAAAPGARPVPGLVRPAPCGP--RRAPFTS—-—-—-=—=————————————— PCFTPLPSAP---FTR-GPAPAGLMGMFS

MPDNLSLHLSGSSKRLNSRQLMESSNETFAPNNVDLEKEYKSSQSNITTEVY-—
MANDALSAIFSNPSRKGVQPSTSIVSYTNNEDDIIDVENGKEFNKNKNINTNVYV-

-EASSFEEKVSSEK--PQYSSFWKKIYYEYVV
DNSSIEESEVVPL--PETKSIWSKIYYDFIV

MPVSDSGFDNSSKTMKDDTIPTEDYEEITKESEMGDATKITSKIDANVIEKK--—-——-—————-—--— DTDSENNITIAQD--DEKVSWLQRVVEFFEV
MSAIKRWIKKLEV
MRFGRFHLRV
————————————————————— ETFTYG~————~~=~~DSTYAK~——
—————————————————————— ETFTATSE----D----DQQYIVESS
MNSTP
k II

YDESQFDPSLTNDDLKPTTPSQRT-[FSWLDMSSLEGI GLVVEVPTY YLAGS-LVDLGMAWWQGIATVVTANLILLVPLV]
$ITTYYLIAAS—LVDLGMSIWWQGILTVFFGNLITLLPMVL

INTWQIAAT-GLOLGLNWWQCWITIWIGYGEVGAFVV]
E\leTWQIAGT—GLqLG{m
%VNTWQI SAT-GLOLGLNWWQTWICIWVGYTFVAFFLIL
L INTWMISSS-MIVDGLSWWQSWLCVWEGYFLAACEVCY

TWQFASS—IIAWGLSWRESLGIVALSFFIISFVIAA
————————————————————— IQRLAAELNIEQRGIERVPAAEQTDTS|VENIGS ELAAN VSSFAIGVLGKSWYSLqFVDAILTVLFFNLLGIMTVCF

EATKLSW-——-—————————— FHKFFASLNAETKGVEPVTEDEKTDDSILNAASM FSANzg ASYALGALGPMVFGLWFGQSVLVIIFFNIMGLIFVAF
IEEAR-—————————————————————— SLL—NPSNAPTRYAERS—VFPFSLAAINFAMA éVAIFIAAGQ——MTSﬂFqVWQVIVAIAAGCTIAVILLFF

VY % 1II v
[MAQPGTLYGISFPVLARSSFGIRGAHI PTLLRALVGCGLYGIETWIGGEAI FLLLEGHIK-----KSALSHTLPWLGTS PLEFSCFIVFWLAQLCIVIWRG
NAHPGTKYGVPFPVLARASFGIQGANLPSLSRAIVACGLFGISTWIGGSSI FOMLMAVTG---~~ GAVAAAPTAWLGISLPELLCFLGEWAAQUWIVVRG
[RSRVGSAYHLSFPISSRASEGIFESLWPVINRVVMALV, YS|VeAYIAATPVSLMLKS I FG--KDLODKI PDHFGSPNATTYEFMCEFI FWAASLPFLLV]P
NSRFGSAYHLSFPITVRAS[FGIFFSMWPIINRVVMAIVYAVSAWLGATPVALMLKSIFG--KNLEDRIPNHFGSPN[STTFEFMCFFIEWVVSIPEVLY.
GSKVGNNYHISFPIQSRVSFGIYFSIWIVINRVVMNCVENSTEAYIGSQCVQLMLKAIFG——TNLMTRIKDTIKNPNLTNFEFMCFMVFWVACLPFLWFP

TGRIGA YHIsFPVVCRSSFGVWGGLWPVLNRTVMAIIEYGVEGYIGGQCITLMIRAIMPSYESLPNGIPE———SSGVDTKmFLsFELFWLLSLPALWFP
GAVG[SIYHIPFPVIARAS[WGFWGSYIAIISRVILAIFFAI[NVNGANAVKAMISAIWPSFLSMKNTIPQ---DQGIETNTMIAYMIFWIVOMPFLCIH
FSCFG-PFGLROMVFSRLWFGWYV[TKGFAVLNI LACLGUSAANATIVGAQMLHAVNSD|-————==—----=—-==————— VPGFAA[ILIISICTLLVTHAG
FSVFGAELGLRQMILSRYLVGNVTNRIFSLINVIACVG’GIVTTSVSMQLLNMVNEGSGH —————————————————— VC[PIWAGCLIIIGGTVLVTFFG
TOSAAIRWGINFTVAARMPFGI[RGSLIPITLKALLSLEFGFOTWLGALALDEITRLLT|G-~—-~=-=-—=======-= FTNLPLWIVIFGAIQVVTTFY|G
v VI v
MDGIRKLEK|YSAPILISLTSCLLAWSYLKAGGFGHMLSLSSKLTS-—---- AQEWTLFFPSLTANISFLATLALNIPBFSRFAKSQTDOI IGQ-VGLEVEY
MESIRILEKY[S APILIGLSLALMGWAVTTAGGEGPMLSTPSQFGVGMPKEGQHWSVFWPAVTANVGYHATLSLNIPDFTRYAKSQKDQVMGQAIQLPLF
PHKIRHLFTVKAVLVPFASFGFLIWAIRRAHGRIALGSLTDVQ————PH@SAFSWAFLRSLMGCMANJSTMVI APBFSRFSKNPNSALWSQLVCIPFLH
PHKIRHLFTVKAALIPFAAFGFLIWALKKSHGKIELGTLNDYS-~~~PHG|SEFSWIFVRSLMACVANSAALI INAPBFGRFAKNPQASLWPQLVAIPLFH

PDKLRHIFALKSAITPFAAFGFLIWTLCKAKGHLALGSLNDNGGA--ISKTVLAWSVIRAIMSALDNSSTLILNAPNFTRFGKTYKSSVYSQLIALPVCY]
VHQIRHLWTVKSIYSPIAAIAFFAWAISRANG———LGPIVHQSHH——VHGSTLAWAVVKALMSCLGNEEALIMNDHIFSRFARKPKD LWAQLLTIPIGH
PNKVRWLFATKSWLVPAAWIAILIWAFVAEGK————GALHEQRAT——VSGSQYSMVWLASMTSVLGNEATLSWNQS'FSRYSRVSAKEQLLYIPLLPVIF
—[YRVVHLYEYWSWIPTFIVEMIILGTFAHSGD---FQONIPMGVG---TSEMGSVLS[FGSAVYGFATG TS YAADYTVYQPANRSKRKI HLSTWLGLIVPL]

-YSVIHAYE SWVPNFAVFLVIIAQLSRSGK———EKGGEWVGG———ATTAGSVLSFGSSIFGFAAG TTYAADYTVYMPKSTNKYKIFFSLVAGLAFPIL)
|ITFIRWMNVFASPVLLAMGVYMVYLMLDGADNS-—LGEVMSMG ------ GENPGMPHSTAIMIFVGGWIAVVVSIHW!NKECKVDPNAS [EGQTKADARY]

VII VIII VV*V
GLFTFVGVAVTSSTSIIHg------ RVISNPIELLGQIGGL------- AT[TLLAIVGISLATLTTIIAALVVA]-PANALVNLN

ALFTFLGLAVTSATVVIY[e-——-—- EAIIDPVQLLGRMEGL-—--—-— VP[ICISLFGLMWATLT: - PANAFVNC.
SITCLIGILVTAAEYEIY —————— INY‘SPLDVLEKFLQTTYNKGhRAGVFLISFVFAVAQLG ISALSLS-CGTDMSAI
AITCLIGIIVTAAGYHLYE-—--—— VNYuSPLDVLGQFLETTYTRGTRAQVFLISFVFALAQLG —-CGADMTAL
AIISLIGILSVSAAY|TLYE----—- VNYUSPLDILNRYLDN—YTSGWRAGVFLISFIFAFDQL SIP-AGTDLTALL)}
GITSFIGIIAS|SSSAVI —-AGTDMTALL)

————— DAIuNPLDLLGRFLEG—ASSAE|RFGVFIIALGFALAQLG
TFISFIGIAASSAGWTRYNTP----SIPEDPIELISHWDSR-—----- AAR[FFGAFSFALASLGV.ISALSIS-AANDLMAL
LFVEMLGVAVMTATDIK ESKY———DVG?ATS]GNGGLIAAVLQP——LGGFGIDFCLVILALSI ITN‘C—P!FYSVALTV]QVLSRYAQRVPRFIW@
FFTMILGAASAMAA- LNDPTW————KAYYDKNAMG|GVIYAILVPNSLNGFGQFCCVLLIALST’#

.1 -PAMYTVALSAQALWARLAKI PRVVNTMAGNAA
ATAOWLGMVPASTIFGFIBAASMVLVGEENPVIAITEVVGG----VS I[PMAILFQVEVLLATWST PAA LLS- PAYTLCST]FZRVETFKTIEVIVSAVVG

X XI
[IVFQIRARLIKSSESFVYTWLIGYSALLGPIGEL I LVisddY LI[KKMKLNIGDLYSLSPSGENMY[F--SKEYRVARNWVALVAGI I P--VVPGFLHKIS-ALSKI
SSTHGFVNTQRQLDI DSLYSKGDKSIMiY --KGeWNPARLWATLIGVLP--TLPGFLSTIG-VL|SGL
ATSSKET-M RGYIKLTHIYSHOKGS F}4MYGNR[H] RINLAAYLCGVAP--CLPGFIJAEVGAPAIKV
L@Pwm - SSSKFT—SRGYVKLTHLFLAQKGS FGN AFVAYICGIAP--NLPGFI|GDVGAPKITV
MATCIZADLL|SSSSKEFT-TJR KGYVNTFHCYTDKPGS Y§MY -NKYETWRI\VVAY T FGIAP--NFAGFLGSVG---V5V]
MAMClRINLV|SDSNQFT-TY[LSAYSTFLSAIINEVMI Cisd4v VVIRKGYLIVKDLY SGEKDSAMRF -~ N Y[eF SWOIYASYLSGLLI --NIVGFAGAVG---RDV
WALV)aaK I LE[SASNFL-NFMSAYAI FLGP IA IMLWFWL I[KNRKYDTVALYQPDTPI -jRFN-AWLVRWRIVVAFLVGVIP--SLPGLSN|SVN--SRIQ
[SIAIAlIPGYSHFETVLENEMNFIAYWLAIYSAIAIMMHIGV[FKRG---~-FSGYVVENFDKREK--—[LPVGIART IAFGFGVAG--MIT|GMSQPWY-V[GPIA]

TLGISIPATYYFDGHMENFMD[SIGYYLAIYIAISCSEHJFY] Rs~~~—FSAYNIDDWDNgEH LPIGIAGTAALIVGAFG--VAILJGMCQTYW-VGEIG
WL MMEOFAGV[LNT FL- ~NLLASAL--GPLINS LM SpP43LVIRRR I SLHDLYRTKG I Y THWR —E\?@LAVYAVALAVSE‘L|TPD|LMFVTGLIAALL|
XII
SNGFVVVYDNALFFSFIIAGFVYWIIMS-RLGRKQSSLSSSSHPL
PPIFGQLYDLAWFVGVAVSSVVYCLLMRGAPGAYKSGGDPSFNGVGGGGARPGGATI
SDGAMK[LYYLSYWVGYGLSFSSYTALCYFFPVE[GCP--VNNIIKDKGWFQR--WANVDDFEEEWKDT IERDDLVDDNISVYEHEHEKTFI
SEGAMRLYY[LGYPVGFFISAVIYLILCYFFPVEGTP--VINFLTEKGWFQR--WAYVEDFEQDWKNELRRDDLCDDTVSIYDGTEEKIVY
PIGAMKVYYLINYFVGYLLAALSYCILVYFYPI|KGIP--GDAKITDRKWLEE--WVEVEEFGTER------— EAFEEYGGVSTGYEKIRYI
QYIYNVNYLSGFIVSFVMYFIITRLCPIAATSDTWNEVNTDLELDTEGHDIDAEDIHTGKPIGFETSEPREDYKGAKAGSASYV
VGVGIHP[YQFGWLLGFVGTSLVYIALSYGFPVREAL-IERAVLSDEVYEGR--EVEGEGVEEGRE---ELGESKREGVGKEKGFAVY
[RHA=-AGGDVGFELGFAFAAFSYLCLRP -FEIKFFGR

RLIGKYGGDIGFELGASWAFIIYNILRP---—-—-————————— LELKYFGR
[LHIPAMRWVAKT|FPLFSEAESRNEDYLR--PIGPVAPADESATANTKEQNQPAGGRGSHHHHHH

53



Download English Version:

https://daneshyari.com/en/article/8355466

Download Persian Version:

https://daneshyari.com/article/8355466

Daneshyari.com


https://daneshyari.com/en/article/8355466
https://daneshyari.com/article/8355466
https://daneshyari.com

