Zebrafish slclb5al

(peptl)




Zebrafish slcl5al (peptl):
gene, mMRNA and predicted protein structure

protein NH2

- slcl5al (peptl) gene: 37,702 bp ‘

- slc15al (peptl) mRNA: 2,746 bp (open reading frame: 2,157 bp)

- Slc15al (Peptl) protein: 718 aa (12 transmembrane domains, 6 Asn glycosylation sites, 1
PKA site, 2 PKC sites)



Expression of membrane transporters in
Xenopus laevis oocytes
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Analysis of the expressed protein
« Radioactive tracers
« Two-Electrode Voltage Clamp

« Others
Romero et al., Methods Enzymol. 296:17 (1998)




Kinetic analysis (by Two-Electrode Voltage Clamp)

I-V relationships for Gly-L-GIn (pH 7.5) Gly-L-GIn-evoked inward currents (0.5-5 mM, pH 7.5)
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Kosand I, as afunction of A¥Y and extracellular pH
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Kos and |

zebrafish Peptl

as a function of A¥ and extracellular pH

rabbit Peptl
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Intracellular pH/current ratio for zebrafish Peptl

Current (nA)

Combined TEVC and
pH measurements

—

GQpH 85 GQpH75

Substrate Currentratio | pHchangeratio | pH/current ratio
pH85/pH75 | pH85/pH75 |pH85/pH75

Gly-L-GIn  [111£009 |135 0.27 | 1.10 % 0.14 (n = 18)

GQ was applied at 20 mM concentration. All data are relative values calculated as

quotient of the values measured with GQ at pH 8.5 divided by the corresponding
value measured with GQ at pH 7.5 in the same oocyte.




Substrate/charge ratio for zebrafish peptl

Zebrafish Peptl: flux coupling
(0.1 mM Gly-Sar)

Combined TEVC and
radiolabeled Gly-Sar
measurements
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Mode of peptide transport in zebrafish enterocytes

Modulation by
extracellular pH
(allosteric site?)

ATPase

Basolateral J

peptide
transporter

Y

Peptides,

PEPT1

N

Drug
transporters

peptidomimetics

<
=

A\

Drugs

Dipeptides,
tripeptides,
B-lactams,
ACE inhibitors,
prodrugs

«

Dipeptides,
tripeptides

B-Lactams,
ACE inhibitors

Prodrugs
Hydrolysis

Amino acid
transporters

Apical
membrane

Basolateral
membrane




Peptl - Domains 1-to-3 (pH 6.5)

CLUSTAL O(l1.2.1) multiple sequence alignment

human PepTl1  ———————— MGMSKSHSFFGYPLSIFFIVVNEFCERFSYYG ILILYFTNFI-———-—-
house mouse PepTl = = = =  ———————e- MGMSKSRGCFGYPLSIFFIVVNEFCERFSYYG LVLYFRNFL=-====—-

Norway rat PepTl = ————————- MGMSKSRGCFGYPLSIFFIVVNEFCERFSYYG LVLYFRNFL=-====-
sheep PepTl = =—==—————- MGMSVPKSCFGYPLSIFFIVVNEFCERFSYYG LILYFORFL======
pig PepTl mmmm———— MGMSVPQOSCFGYPLSIFFIVVNEFCERFSYYG LILYFRILFI====—-
rabbit PepTl @ e MGMSKSLSCFGYPLSTIFFIVVNEFCERFSYYG LITLYFRNFI——————

turkey PepTl ——-MAAKSKSKGSSVPNCFGYPLSIFFIVINEFCERFSYYG
Antarctic_icefish PepTlb -MEDNDETKKPTQKTAVICGYPISIFFIVVNEFCERFSYYG VLVLYFKYFL—————-
European seabass PepTlb = =—==—=-- MADGKKSKSATACGYPISIFFIVVNEFCERFSYYG VLVLYFKYFL—-————-
Atlantic_salmon PepTlb ——--MTDIDVKKSKRKVDVCGYPLSIFFIVVNEFCERFSYYG VLVLYFRYFL—-————-
zebrafish PepTlb —-MADKEGHKQKKERASCFGYPVSIFFIVVNEFCERFSYYG VLVLYFKYFI-————-
PepTso Q8EKT7 = —————————— MTTPVDAPKWPRQIPYIIASEACERFSFYGMRNILTPFLMTALLLSIPE
common_carp PepTlb|AEX13747.: DEERNTKKAKNRPSCLGYPVSIFFIVVNEFCERFSYYGMKAVLVLYFKYFI————-- .
red crucian x common_ carp Pey NEEKNTKKAKNRPSCLGYPVSIFFIVVNEFCERFSYYGMKAVLVLYFKYFI-----.
red crucian carp PepTlb|AFI4. NEERKTKKTKNRPSCLGYPVSIFFIVVNEFCERFSYYGMKAVLVLYFKYFI---—--
red crucian x common x Japan¢ NEERKTKKTKNRPSCLGYPVSIFFIVVNEFCERFSYYGMKAVLVLYFKYFI-—-----
grass_carp PepTlb|AET36827.1 ANKEGKNAREQGPSCLGYPVSIFFIVVNEFCERFSYYGMKAVLALYFKYFI-—----
zebrafish PepTlb|AAQ65244.1 ADKEGHKQKKERASCFGYPVSIFFIVVNEFCERFSYYGMKAVLVLYFKYFI—-————-

Cyprinids

VLVLYFKYFL——————

chicken PepTl ———MAAKSKSKGRSVPNCFGYPLSIFFIVINEFCERFSYYGi%%VLVLYFKYFL ——————

 R-to-K change occurs in zebrafish TMD1



Conclusions (1)

« zebrafish Slcl15al (Peptl) is a low-affinity/nigh-capacity

system, which operates in the 0.1-10 mM range

e zebrafish Slcl15al (Peptl) is strongly affected by
transmembrane potential and extracellular pH (acidic pH
Inhibits and alkaline pH increases | .,) due to a R-to-K

substitution



Tissue distribution
...and spatial
distribution along
the gut



Tissue distribution of zebrafish slc15al (peptl) in
adult fish and embryos (RT-PCR)
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Verri et al., FEBS Lett. 549:115 (2003)




Zebrafish slcl5al (peptl)
(whole mount in situ
hybridization)
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Spatial distribution of slcl15al (peptl) mMRNA in the digestive tract (RT-PCR)

peptl as a marker of
terminal enterocyte
differentiation
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Li et al., PLOS One 6:e20974 (2011)

Liu et al., Comp. Biochem. Physiol B Biochem. Mol. Physiol. 164:194 (2013)
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... translating
findings In zebrafish

to other species




Spatial distribution of slcl5al (peptl) mMRNA in the digestive tract (RT-PCR)

Rennestad et al., J. Exp. Biol. 210:3883 (2007)

Atlantic cod
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Amberg et al., Comp. Biochem. Physiol. B Biochem. Mol. Biol. 150:177 (2008)

(in situ hybridization)

Atlantic cod = s 4 0 dph




Spatial distribution of peptl mMRNA in the digestive tract (RT-PCR)

Gongalves et al., Comp. Biochem. Physiol. Part D Genomics Proteomics 2:345 (2007)
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Asian weatherloach 1. Anterior zone of the foregut

2. Posterior zone of the foregut
3. Midgut
4. Anterior zone of the hindgut

5. Posterior zone of the hindgut

Rennestad et al., J. Nutr. 140:893 (2010)
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