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Introduction

Reactome is open-source, open access, manually curated and peer-reviewed pathway database. Pathway annotations 
are authored by expert biologists, in collaboration with Reactome editorial staff and cross-referenced to many 
bioinformatics databases. A system of evidence tracking ensures that all assertions are backed up by the primary 
literature. Reactome is used by clinicians, geneticists, genomics researchers, and molecular biologists to interpret the 
results of high-throughput experimental studies, by bioinformaticians seeking to develop novel algorithms for mining 
knowledge from genomic studies, and by systems biologists building predictive models of normal and disease 
variant pathways. 
The development of Reactome is supported by grants from the US National Institutes of Health (P41 HG003751), 
University of Toronto (CFREF Medicine by Design), European Union (EU STRP, EMI-CD), and the European 
Molecular Biology Laboratory (EBI Industry program).
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Disorders of transmembrane transporters ↗

Stable identifier: R-HSA-5619115
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Proteins with transporting functions can be roughly classified into 3 categories: ATP hydrolysis-coupled pumps, ion 
channels, and transporters. Pumps utilize the energy released by ATP hydrolysis to power the movement of 
substrates across the membrane against their electrochemical gradient. Channels in their open state can transfer 
substrates (ions or water) down their electrochemical gradient at an extremely high efficiency (up to 108 s-1). 
Transporters facilitate the movement of a specific substrate either against or with their concentration gradient at a 
lower speed (about 102 -104 s-1); as generally believed, conformational change of the transporter protein is involved 
in the transfer process. Diseases caused by defects in these transporter proteins are detailed in this section. Disorders 
associated with ABC transporters and SLC transporters are annotated here (Dean 2005).
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ABC transporter disorders ↗

Location: Disorders of transmembrane transporters

Stable identifier: R-HSA-5619084
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DEFECTIVE ABCB11 CAUSES PFIC2 AND BRIC2

PORPHYRINS

DEFECTIVE ABCB6 CAUSES MCOPCB7

PC

DEFECTIVE ABCB4 CAUSES
PFIC3, ICP3 AND GBD1

Cl-

DEFECTIVE CFTR CAUSES CYSTIC FIBROSIS

K+DEFECTIVE ABCC9 CAUSES CMD10, ATFB12
AND CANTU SYNDROME

CHOL

DEFECTIVE ABCA1 CAUSES TGD

LIPIDS

DEFECTIVE ABCA12 CAUSES ARCI4B

PC

PG

DEFECTIVE ABCA3 CAUSES SMDP3

LCFA

DEFECTIVE ABCD1 CAUSES ALD

Cbl

DEFECTIVE ABCD4 CAUSES MAHCJ

BMG

BDG

DEFECTIVE ABCC2 CAUSES DJS

ORGANIC
ANIONS

DEFECTIVE ABCC6 CAUSES PXE

K+

K+ K+

K+

DEFECTIVE ABCC8 CAN CAUSE HYPO-
AND HYPER-GLYCEMIAS

DEFECTIVE ABCG5 CAUSES SITOSTEROLEMIA

DEFECTIVE ABCG8 CAUSES GBD4 AND SITOSTEROLEMIA

The ATP-binding cassette (ABC) transporters form a large family of transmembrane proteins that utilise the energy 
from the hydrolysis of ATP to facilitate the movement of a wide variety of substrates against a concentration 
gradient across membrane bilayers. Substrates include amino acids, lipids, inorganic ions, peptides, saccharides, 
peptides for antigen presentation, metals, drugs, and proteins. Of the 48 known ABC transporters in humans, 15 are 
associated with a defined human disease (Tarling et al. 2013, Woodward et al. 2011, Dean 2005, Kemp et al. 2011, 
Ueda 2011, Chen & Tiwari 2011).
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SLC transporter disorders ↗

Location: Disorders of transmembrane transporters

Stable identifier: R-HSA-5619102

DEFECTIVE AVP DOES NOT BIND AVPR1A,B AND CAUSES
NEUROHYPOPHYSEAL DIABETES INSIPIDUS (NDI)

DEFECTIVE AVP DOES NOT BIND AVPR2 AND CAUSES
NEUROHYPOPHYSEAL DIABETES INSIPIDUS (NDI)

DEFECTIVE CP CAUSES ACERULOPLASMINEMIA (ACERULOP)

DEFECTIVE GCK CAUSES MATURITY-ONSET
DIABETES OF THE YOUNG 2 (MODY2)

DEFECTIVE HK1 CAUSES HEXOKINASE DEFICIENCY
(HK DEFICIENCY)

DEFECTIVE RHAG CAUSES REGULATOR TYPE
RH-NULL HEMOLYTIC ANEMIA (RHN)

DEFECTIVE SLC11A2 CAUSES HYPOCHROMIC
MICROCYTIC ANEMIA,WITH IRON OVERLOAD 1 (AHMIO1)

DEFECTIVE SLC12A1 CAUSES BARTTER SYNDROME 1 (BS1)

DEFECTIVE SLC12A3 CAUSES GITELMAN SYNDROME (GS)

DEFECTIVE SLC12A6 CAUSES AGENESIS OF THE
CORPUS CALLOSUM, WITH PERIPHERAL NEUROPATHY (ACCPN)

DEFECTIVE SLC16A1 CAUSES SYMPTOMATIC DEFICIENCY
IN LACTATE TRANSPORT (SDLT)

DEFECTIVE SLC17A5 CAUSES SALLA DISEASE (SD) AND ISSD

DEFECTIVE SLC17A8 CAUSES AUTOSOMAL
DOMINANT DEAFNESS 25 (DFNA25)

DEFECTIVE SLC1A1 IS IMPLICATED IN SCHIZOPHRENIA 18
(SCZD18) AND DICARBOXYLIC AMINOACIDURIA (DCBXA)

DEFECTIVE SLC1A3 CAUSES EPISODIC ATAXIA 6 (EA6)

DEFECTIVE SLC20A2 CAUSES IDIOPATHIC BASAL
GANGLIA CALCIFICATION 1 (IBGC1)

DEFECTIVE SLC22A12 CAUSES
RENAL HYPOURICEMIA 1 (RHUC1)

DEFECTIVE SLC22A18 CAUSES LUNG CANCER (LNCR)
AND EMBRYONAL RHABDOMYOSARCOMA 1 (RMSE1)

DEFECTIVE SLC22A5 CAUSES SYSTEMIC
PRIMARY CARNITINE DEFICIENCY (CDSP)

DEFECTIVE SLC24A1 CAUSES CONGENITAL
STATIONARY NIGHT BLINDNESS 1D (CSNB1D)

DEFECTIVE SLC24A4 CAUSES HYPOMINERALIZED
AMELOGENESIS IMPERFECTA (AI)

DEFECTIVE SLC24A5 CAUSES
OCULOCUTANEOUS ALBINISM 6 (OCA6)

DEFECTIVE SLC26A2 CAUSES CHONDRODYSPLASIAS

DEFECTIVE SLC26A3 CAUSES CONGENITAL
SECRETORY CHLORIDE DIARRHEA 1 (DIAR1)

DEFECTIVE SLC26A4 CAUSES PENDRED SYNDROME (PDS)

DEFECTIVE SLC27A4 CAUSES
ICHTHYOSIS PREMATURITY SYNDROME (IPS)

DEFECTIVE SLC29A3 CAUSES HISTIOCYTOSIS
LYMPHADENOPATHY PLUS SYNDROME (HLAS)

DEFECTIVE SLC2A1 CAUSES GLUT1
DEFICIENCY SYNDROME 1 (GLUT1DS1)

DEFECTIVE SLC2A10 CAUSES
ARTERIAL TORTUOSITY SYNDROME (ATS)

DEFECTIVE SLC2A2 CAUSES
FANCONI-BICKEL SYNDROME (FBS)

DEFECTIVE SLC2A9 CAUSES
HYPOURICEMIA RENAL 2 (RHUC2)

DEFECTIVE SLC33A1 CAUSES
SPASTIC PARAPLEGIA 42 (SPG42)

DEFECTIVE SLC34A1 CAUSES HYPOPHOSPHATEMIC
NEPHROLITHIASIS/OSTEOPOROSIS 1 (NPHLOP1)

DEFECTIVE SLC34A2 CAUSES
PULMONARY ALVEOLAR MICROLITHIASIS (PALM)

DEFECTIVE SLC34A3 CAUSES HEREDITARY
HYPOPHOSPHATEMIC RICKETS WITH HYPERCALCIURIA (HHRH)

DEFECTIVE SLC35A1 CAUSES CONGENITAL
DISORDER OF GLYCOSYLATION 2F (CDG2F)

DEFECTIVE SLC35A1 CAUSES CONGENITAL
DISORDER OF GLYCOSYLATION 2F (CDG2F)

DEFECTIVE SLC35A2 CAUSES CONGENITAL
DISORDER OF GLYCOSYLATION 2M (CDG2M)

DEFECTIVE SLC35A3 CAUSES ARTHROGRYPOSIS,
MENTAL RETARDATION, AND SEIZURES (AMRS)

DEFECTIVE SLC35C1 CAUSES CONGENITAL
DISORDER OF GLYCOSYLATION 2C (CDG2C)

DEFECTIVE SLC36A2 CAUSES
IMINOGLYCINURIA (IG) AND HYPERGLYCINURIA (HG)

DEFECTIVE SLC39A4 CAUSES ACRODERMATITIS
ENTEROPATHICA, ZINC-DEFICIENCY TYPE (AEZ)

DEFECTIVE SLC3A1 CAUSES
CYSTINURIA (CSNU)

DEFECTIVE SLC40A1 CAUSES
HEMOCHROMATOSIS 4 (HFE4) (MACROPHAGES)

DEFECTIVE SLC40A1 CAUSES
HEMOCHROMATOSIS 4 (HFE4) (DUODENUM)

DEFECTIVE SLC4A1 CAUSES HEREDITARY SPHEROCYTOSIS
TYPE 4 (HSP4),DISTAL RENAL TUBULAR ACIDOSIS (DRTA)

AND DRTA WITH HEMOLYTIC ANEMIA (DRTA-HA)

DEFECTIVE SLC4A4 CAUSES RENAL TUBULAR ACIDOSIS,
PROXIMAL, WITH OCULAR ABNORMALITIES

AND MENTAL RETARDATION (PRTA-OA)

DEFECTIVE SLC5A1 CAUSES CONGENITAL
GLUCOSE/GALACTOSE MALABSORPTION (GGM)

DEFECTIVE SLC5A2 CAUSES
RENAL GLUCOSURIA (GLYS1)

DEFECTIVE SLC5A5 CAUSES
THYROID DYSHORMONOGENESIS 1 (TDH1)

DEFECTIVE SLC5A7 CAUSES DISTAL HEREDITARY
MOTOR NEURONOPATHY 7A (HMN7A)

DEFECTIVE SLC5A7 CAUSES DISTAL HEREDITARY
MOTOR NEURONOPATHY 7A (HMN7A)

VARIANT SLC6A14 MAY CONFER
SUSCEPTIBILITY TOWARDS OBESITY

DEFECTIVE SLC6A18 MAY CONFER SUSCEPTIBILITY
TO IMINOGLYCINURIA AND/OR HYPERGLYCINURIA

DEFECTIVE SLC6A18 MAY CONFER SUSCEPTIBILITY
TO IMINOGLYCINURIA AND/OR HYPERGLYCINURIA

DEFECTIVE SLC6A19 CAUSES
HARTNUP DISORDER (HND)

DEFECTIVE SLC6A19 CAUSES HARTNUP DISORDER (HND)

DEFECTIVE SLC6A2 CAUSES ORTHOSTATIC INTOLERANCE (OI)

VARIANT SLC6A20 CONTRIBUTES TOWARDS
HYPERGLYCINURIA (HG) AND IMINOGLYCINURIA (IG)

VARIANT SLC6A20 CONTRIBUTES TOWARDS
HYPERGLYCINURIA (HG) AND IMINOGLYCINURIA (IG)

DEFECTIVE SLC6A3 CAUSES
PARKINSONISM-DYSTONIA INFANTILE (PKDYS)

DEFECTIVE SLC6A3 CAUSES
PARKINSONISM-DYSTONIA INFANTILE (PKDYS)

DEFECTIVE SLC6A5 CAUSES HYPEREKPLEXIA 3 (HKPX3)

DEFECTIVE SLC7A7 CAUSES
LYSINURIC PROTEIN INTOLERANCE (LPI)

DEFECTIVE SLC7A9 CAUSES CYSTINURIA (CSNU)

DEFECTIVE SLC9A6 CAUSES X-LINKED,
SYNDROMICMENTAL RETARDATION, CHRISTIANSON TYPE (MRXSCH)

DEFECTIVE SLC9A9 CAUSES AUTISM 16 (AUTS16)

DEFECTIVE SLCO1B1 CAUSES
HYPERBILIRUBINEMIA, ROTOR TYPE (HBLRR)

DEFECTIVE SLCO1B3 CAUSES
HYPERBILIRUBINEMIA, ROTOR TYPE (HBLRR)

DEFECTIVE SLCO2A1 CAUSES PRIMARY, AUTOSOMAL
RECESSIVE HYPERTROPHIC OSTEOARTHROPATHY 2 (PHOAR2)

DEFECTIVE TPR MAY CONFER SUSCEPTIBILITY
TOWARDS THYROID PAPILLARY CARCINOMA (TPC)

The solute-carrier gene (SLC) superfamily encodes membrane-bound transporters comprising 55 gene families with 
at least 362 putatively functional protein-coding genes. The gene products include passive transporters, symporters 
and antiporters and are located in all cellular and organelle membranes. Curated here is a list of SLCs, where 
mutations within them can result in disease (Hediger et al. 2013).
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