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The Solute Carrier (SLC) 
family series



The HUGO Solute Carrier (SLC) family series

Adapted from:
Hediger et al., Pflügers Arch. 447:485 (2004) 

The SLC series includes 
passive transporters, ion-
coupled transporters and 
exchangers

Passive transport
A kind of transport by which ions or 
molecules move along a concentration 
gradient, which means movement from 
an area of higher concentration to an 
area of lower concentration. 

Coupled transport
The linked, simultaneous transport of 
two substances across a cell membrane 
(or another intracellular membrane). If 
the two substances are moving in the 
same direction (both into the cell or 
both out of the cell) it is called symport. 
If the two substances are moving in 
opposite directions (one moves into the 
cell while the other moves out) it is 
called antiport.

Ion-



Adapted from:
Fredriksson et al., FEBS Lett. 582:3811 (2008) 

SLCs classification 
based on the type of 
substrate they are 
transporting. 

The transporters were 

classified into ten major 

groups based on the 

substrate they are 

transporting according to the 

literature. Orphan transporter 

(substrate unknown) and 

other (substrate does not fit 

into any of the ten major 

categories) are also included 

as groups in the graph.

The HUGO Solute Carrier (SLC) family series



The HUGO Solute Carrier (SLC) family series

Adapted from:
Cesar-Razquin et al., Cell 162:478 (2015)

After G-protein-coupled receptors 
(GPCRs), SLCs are the second-
largest family of membrane proteins 
in the human genome. Also, SLCs are 
the most neglected group of genes in 
the human genome
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The HUGO Solute Carrier (SLC) family series

Adapted from:
www.bioparadigms.org

65 families
458 genes

http://www.bioparadigms.org/


The Solute Carrier (SLC) 
family series in teleost fish



The SLC family series in teleost fish

Genes of 

GenBank database consulting (December 2010-March 2011)

TOP 12 (85% genes)
• 2 minnows
• 2 trouts
• 2 pufferfishes
• 2 eels
• 1 catfish
• 1 tilapia
• 1 bass
• 1 smelt



Adapted from:
Near et al., PNAS 109:13698 (2012)  
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The SLC family series in teleost fish
Functional expression of SLC proteins in teleost fish

Inorganic cation/anion transport

Amino acid and oligopeptide transport

Transport of glucose and other sugars

Transport of bile salts and organic anions

Metal ion transport

Transport of urea, neurotransmitters and biogenic 
amines, ammonium and choline

GenBank database consulting (December 2010-March 2011)



The SLC family series in 
zebrafish (Danio rerio)

Adapted from:
Romano et al., J. Physiol. 592:881 (2014)  

52 families
275 genes
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Genome size of ‘model’ vertebrates’

Oreochromis 
mossambicu
s



The SLC family series in teleost fish

“Hot” in fish physiology and pathophysiology

• Digestive/absorptive system
• Sensory system/brain
• Muscle and body skeleton
• Buoyancy and swim-bladder
• Osmoregulation
• Respiration and excretion
• Neuroendocrine system
• Immune system
• Skin and pigmentation
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Peptide transport(ers) 
in teleost fish



SLC15:
the proton oligopeptide cotransporter family

Human 
Gene 
Name

Protein 
Name

Predominant 
Substrates

Transport type 
/ Coupling 

ions

Tissue distribution 
and cellular / 
subcellular 
expression

Human 
gene locus

Splice 
variants and 
their specific 

features

SLC15A1 PEPT1 Di- and tripeptides, 
protons

Cotransporter 
/ H+

Intestine, kidney 
apical, lysosomal 
membrane

13q33-q34

hPEPT1-RF 
shift of pH 
sensitivity 
profile

SLC15A2 PEPT2 Di- and tripeptides, 
protons

Cotransporter 
/ H+

Kidney, lung, brain, 
mammary gland, 
bronchial 
epithelium

3q13.3-q21

SLC15A3 PHT2
hPTR3

Histidine, 
di- and tripeptides, 
protons

Cotransporter 
/ H+

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

11q12.1
multiple, 
features 
unknown

SLC15A4 PHT1
PTR4

Histidine, 
di- and tripeptides, 
protons

Cotransporter 
/ H+

Brain, retina, 
placenta 12q24.32

multiple, 
features 
unknown

Adapted from:
Daniel & Kottra, Pflügers Arch. 447:610-618 (2004)

The HUGO Solute Carrier Family Series



400 dipeptides
8000 tripeptides



Not all di- and tripeptides are good substrates!

Adapted from:
Vig et al., J. Med. Chem. 49:3636-3644 (2006)

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





This series of model compounds has been
analyzed with respect to substrate affinity and 

electrogenic transport under identical
experimental conditions in Pichia pastoris cells

and Xenopus oocytes expressing PEPT1. 
Apparent substrate affinities are derived from 

competition experiments with the model 
compounds in P. pastoris cells with a 

radioactive dipeptide serving as substrate. 
Inward currents generated by the compounds in 

Xenopus oocytes expressing PEPT1, 
determined by the two-voltage-clamp technique, 
are used to express the maximal transport rate. 

The test compounds have been applied under 
substrate saturation conditions and maximal

transport currents are expressed as Imax in 
percent of that elicited by 10 mM Gly-L-Gln

serving as a control in the same batch of 
oocytes. The comparison shows the most

critical structural elements in substrates such as
the intramolecular distance between the centers 
of the amino- and carboxy-terminal head groups
and the central carbonyl function. Moreover, the 

stereoselective recognition of substrate side 
chains is demonstrated on basis of alanyl-

peptides with D- and L-residues at different
positions in the dipeptide.

The key structural and conformational elements in PEPT1 
substrates and how they affect substrate affinity and 

electrogenic transport



The key structural and conformational elements in PEPT1 
substrates and how they affect substrate affinity and 

electrogenic transport

Adapted from:
Gebauer et al., J. Med. Chem. 46:5725-5734 (2003)



Molecular structures of selected pharmacologically
important compounds that serve as substrates of PEPT1

β-lactam antibiotics ACE inhibitors Aminopeptidase inhibitors

Dopa derivatives

Pro-Phe-esters of 
biphosphonates

Nucleoside-based antiviral drugs 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 di- and tripeptide transport 
in epithelial cells
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Data adapted from:
Buddington & Diamond, Am. J. Physiol. 252:G65 (1987)

Uptake of nine amino acids and the dipeptide β-Ala-L-His 
(carnosine) in rainbow trout gut

Rainbow trout



Carrier-mediated transport of peptides in fish intestine

Acridine 
Orange



Peptide transport(ers) 
in the zebrafish



Zebrafish slc15a1
(pept1)
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Zebrafish slc15a1 (pept1):
gene, mRNA and predicted protein structure

- slc15a1 (pept1) gene: 37,702 bp
- slc15a1 (pept1) mRNA: 2,746 bp (open reading frame: 2,157 bp)
- Slc15a1 (Pept1) protein: 718 aa (12 transmembrane domains, 6 Asn glycosylation sites, 1 
PKA site, 2 PKC sites)

Chromosome 6



Expression of membrane transporters in 
Xenopus laevis oocytes

cytoplasmic injection

Analysis of the expressed protein
• Radioactive tracers
• Two-Electrode Voltage Clamp
• Others

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


