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The SLC family series in teleost fish

“““Hot” Hot” in fish in fish physiology and physiology and pathophysiology
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SLC15SLC15:
the the proton

SLC15
proton oligopeptide

SLC15:SLC15SLC15
oligopeptideoligopeptide cotransportercotransporter family

Human Human 
Gene Gene 
Name

Protein Protein 
Name

Predominant Predominant 
Substrates

Transport type Transport type 
/ Coupling / Coupling 

ions

Tissue distribution Tissue distribution 
and cellular / and cellular / 
subcellular subcellular 
expression

Human Human 
gene locus

Splice Splice 
variants and variants and 
their specific their specific 

features

SLC15A1 PEPT1 DiDi-- and tripeptides, DiDi and tripeptides, and tripeptides, and tripeptides, 
protons

Cotransporter Cotransporter 
/ H

Cotransporter Cotransporter 
/ H/ H+

Intestine, kidney Intestine, kidney 
apical, lysosomal apical, lysosomal 
membrane

13q3313q33-13q33-q34

hPEPT1hPEPT1-hPEPT1-RF hPEPT1hPEPT1hPEPT1 RF RF RF 
shift of pH shift of pH 
sensitivity sensitivity 
profile

SLC15A2 PEPT2 DiDi-- and tripeptides, DiDi and tripeptides, and tripeptides, and tripeptides, 
protons

Cotransporter Cotransporter 
/ H

Cotransporter Cotransporter 
/ H/ H+

Kidney, lung, brain, Kidney, lung, brain, 
mammary gland, mammary gland, 
bronchial bronchial 
epithelium

3q13.33q13.3-3q13.3-q21

SLC15A3 PHT2PHT2
hPTR3

Histidine, Histidine, 
di
Histidine, 
didi-
Histidine, Histidine, Histidine, 

-- and tripeptides, didi and tripeptides, and tripeptides, and tripeptides, 
protons

Cotransporter Cotransporter 
/ H

Cotransporter Cotransporter 
/ H/ H+

Lung, spleen, Lung, spleen, 
thymus (faintly in thymus (faintly in 
brain, liver, adrenal brain, liver, adrenal 
gland, heart)

11q12.1
multiple, multiple, 
features features 
unknown

SLC15A4 PHT1PHT1
PTR4

Histidine, Histidine, 
di
Histidine, 
didi-
Histidine, Histidine, Histidine, 

-- and tripeptides, didi and tripeptides, and tripeptides, and tripeptides, 
protons

Cotransporter Cotransporter 
/ H

Cotransporter Cotransporter 
/ H/ H+

Brain, retina, Brain, retina, 
placenta 12q24.32

multiple, multiple, 
features features 
unknown

Adapted from:
Daniel & Daniel & KottraKottra,Kottra, PflügersPflügers Arch.

Adapted from:
Arch. 447:610

Adapted from:
447:610447:610-

Adapted from:Adapted from:Adapted from:
447:610447:610--618 (2004)

The HUGO Solute Carrier Family Series



400 dipeptides400 dipeptides
8000 tripeptides



Not all diNot all di-- and tripeptides are good substrates!

Adapted from:
VigVig et al.,et al., J. J. J. MedMed. Med. ChemChem. 

Adapted from:
Chem. 49:3636

Adapted from:
49:363649:3636-

Adapted from:Adapted from:Adapted from:
49:363649:3636--3644 (2006)

-- Charge
-

ChargeCharge
-- Hydrophobicity
-

HydrophobicityHydrophobicity
-- Size
-

SizeSize
-- Side chain flexibility
-

Side chain flexibilitySide chain flexibility
-- Dipeptides with two positive charges or extreme bulk in Dipeptides with two positive charges or extreme bulk in Dipeptides with two positive charges or extreme bulk in 
either position 1 or 2 are not transported





ThisThis seriesseries of model of model compoundscompounds hashas been
analyzedanalyzedanalyzed with with with with respectrespectrespect to to to to to substratesubstratesubstrate affinityaffinityaffinity and 

electrogenicelectrogenicelectrogenic transporttransporttransport under under under identical
experimentalexperimentalexperimental conditionsconditionsconditionsconditions in in in in in PichiaPichiaPichia pastorispastorispastoris cells

and and and XenopusXenopusXenopus oocytesoocytesoocytes expressingexpressingexpressing PEPT1. 
ApparentApparentApparent substratesubstratesubstratesubstrate affinitiesaffinitiesaffinities are are derivedderivedderived from 

competitioncompetitioncompetition experimentsexperimentsexperimentsexperiments with the model 
compoundscompoundscompounds in in in in in P. P. P. P. P. pastorispastorispastoris cellscellscells with a 

radioactiveradioactiveradioactive dipeptide dipeptide dipeptide servingservingserving asas substratesubstratesubstrate. 
InwardInwardInward currentscurrentscurrents generatedgeneratedgenerated by the by the by the compoundscompoundscompounds in 

XenopusXenopusXenopus oocytesoocytesoocytes expressingexpressingexpressing PEPT1, 
determineddetermineddetermined by the by the by the twotwotwotwo-twotwo-voltagevoltagevoltage-voltagevoltagevoltage-clampclampclamp techniquetechniquetechnique, 
are are usedusedused to express the to express the to express the to express the maximalmaximalmaximalmaximal transporttransporttransport rate. 

The test The test The test compoundscompoundscompounds havehavehave beenbeenbeen appliedappliedapplied under 
substratesubstratesubstratesubstrate saturationsaturationsaturation conditionsconditionsconditions and and and maximal

transporttransporttransport currentscurrentscurrentscurrents are are expressedexpressedexpressedexpressed asas IIImaxmax in 
percentpercentpercent of of of of of thatthatthat elicitedelicitedelicitedelicited by 10 by 10 by 10 mMmMmM GlyGlyGlyGlyGly-GlyGly-L

max

-LLL-
maxmaxmaxmaxmaxmaxmax

LLLLLLL--Gln
servingservingservingservingserving asas a control in the a control in the a control in the a control in the samesame batch of 

oocytesoocytesoocytesoocytes. The . The . The comparisoncomparisoncomparison shows the shows the shows the most
criticalcriticalcritical structuralstructuralstructuralstructural elementselementselements in in in in in substratessubstratessubstrates suchsuchsuchsuch as
the the the intramolecularintramolecularintramolecular distancedistancedistance betweenbetweenbetween the centers 
of the aminoof the aminoof the amino-of the aminoof the amino- and and and and carboxycarboxycarboxy-carboxycarboxy-terminal head terminal head terminal head groups
and the and the and the centralcentralcentralcentral carbonylcarbonylcarbonyl functionfunctionfunction. functionfunction. MoreoverMoreoverMoreoverMoreover, the 

stereoselectivestereoselectivestereoselective recognitionrecognitionrecognition of of of of of of substratesubstratesubstrate side 
chainschainschains isisisisis demonstrateddemonstrateddemonstrated on on basisbasisbasis of of of of of alanylalanylalanyl-

peptidespeptidespeptides with Dwith Dwith D-- and Land Land L-and Land L-residuesresiduesresidues atatatatat different
positions in the dipeptide.
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Adapted from:
GebauerGebauer et al.,et al., J. J. J. MedMed. Med. ChemChem. 

Adapted from:
Chem. 46:5725

Adapted from:
46:572546:5725-

Adapted from:Adapted from:Adapted from:
46:572546:5725--5734 (2003)



MolecularMolecular structuresstructures of of selectedselected pharmacologicallyMolecular
important

MolecularMolecular structuresstructuresMolecular
importantimportant compounds

of of of structuresstructures
compoundscompounds that

selectedof selectedselected
thatthat serve 

selectedselectedselected
serve serve as

pharmacologicallypharmacologicallypharmacologically
asas substrates

pharmacologicallypharmacologically
substratessubstrates of PEPT1

βββ-ββ-lactam antibiotics ACE inhibitors Aminopeptidase inhibitors

Dopa derivatives

ProPro-Pro-PhePhe-Phe-esters of ProProPro PhePhePhePhePhe esters of esters of esters of 
biphosphonates

NucleosideNucleoside-Nucleoside-based antiviral drugs Porphyrin synthesis Porphyrin synthesis 
precursor



p, proteins; AT, amino acid transporter(s)

Adapted from:
Daniel & Rubio-Aliaga, Am. J. Physiol. Renal Physiol. 284:F885 (2003)

A simplified model for diA simplified model for di-- and and tripeptidetripeptide transport A simplified model for diA simplified model for di and and and and tripeptidetripeptide
in epithelial cells
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Data adapted from:
BuddingtonBuddington & Diamond,& Diamond, AmAm. Am. J. J. 

Data adapted from:
JJ. Physiol

Data adapted from:Data adapted from:
PhysiolPhysiol. 252:G65 (1987)

UptakeUptake of of ninenine amino amino acidsacids and the dipeptide and the dipeptide ββ-β--AlaAla-Ala-L-L-LL--His 
(((carnosinecarnosinecarnosine) in 

and the dipeptide and the dipeptide and the dipeptide 
) in ) in rainbow

and the dipeptide and the dipeptide 
rainbowrainbow trout
and the dipeptide and the dipeptide and the dipeptide 

trouttrout gut
Rainbow trout



CarrierCarrier-Carrier-mediatedmediated transporttransport of of peptidespeptides in in fishfish intestine
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Peptide transport(transport(transport(ersersersPeptide Peptide 
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