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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 research-
ers, and molecular biologists to interpret the results of high-throughput experimental studies, by bioin-
formaticians 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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Digestion of dietary lipid ↗

Stable identifier: R-HSA-192456

Compartments: extracellular region

Dietary lipids such as long-chain triacylglycerols and cholesterol esters are digested in the stomach and 
small intestine to yield long-chain fatty acids, monoacylglycerols, glycerol and cholesterol through the 
action of a variety of lipases, and are then absorbed into enterocytes.

Literature references

Lombardo, D. (2001). Bile salt-dependent lipase: its pathophysiological implications. Biochim Biophys Acta, 1533, 1-28
. ↗

Lowe, ME. (2002). The triglyceride lipases of the pancreas. J Lipid Res, 43, 2007-16. ↗
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Digestion of cholesterol esters by extracellular CEL (bile salt-dependent lipase) ↗

Location: Digestion of dietary lipid

Stable identifier: R-HSA-192417

Type: transition

Compartments: extracellular region

CEL (bile salt-dependent lipase) catalyzes the hydrolysis of extracellular cholesterol esters to yield cho-
lesterol and a long-chain fatty acid. This reaction, in the lumen of the small intestine, is part of the pro-
cess of digestion of dietary fats.

While alternative splicing gives rise to two CEL isoforms, only the longer one encodes all of the residues 
that form the active site of the enzyme (Reue et al. 1991). In vitro, monomeric CEL protein is active even 
in the absence of bile salts. Its activity is greatly increased when it is complexed with two molecules of 
cholate, chenodeoxycholate, or their glycine or taurine conjugates (Lombardo and Guy 1980), and the 
predominant form of the enzyme active on lipid micelles in the gut is a dimer of two such complexes (A-
ubert-Jousset et al. 2004).

CEL is synthesized in pancreatic acinar cells and released into the small intestine. It is also synthesized in 
the mammary gland and is a constituent of breast milk. The milk CEL is thought to play a role in diges-
tion of milk fat in newborn infants, whose own pancreatic synthesis of the enzyme is low (Lombardo 
2001; Bernback et al. 1990).

Literature references

Lombardo, D., Guy, O. (1980). Studies on the substrate specificity of a carboxyl ester hydrolase from human pancre-
atic juice. II. Action on cholesterol esters and lipid-soluble vitamin esters. Biochim Biophys Acta, 611, 147-55. ↗
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Digestion of monoacylglycerols by extracellular CEL (bile salt-dependent lipase) ↗

Location: Digestion of dietary lipid

Stable identifier: R-HSA-192425

Type: transition

Compartments: extracellular region

CEL (bile salt-dependent lipase) catalyzes the hydrolysis of extracellular monoacylglycerols to yield gly-
cerol and a long-chain fatty acid. This reaction, in the lumen of the small intestine, is essential for the 
complete digestion of milk-derived triacylglycerols in the nursing infant (Bernback et al. 1990). Its im-
portance in adult fat digestion is unclear.

While alternative splicing gives rise to two CEL isoforms, only the longer one encodes all of the residues 
that form the active site of the enzyme (Reue et al. 1991). In vitro, monomeric CEL protein is active even 
in the absence of bile salts. its activity is greatly increased when it is complexed with two molecules of 
cholate, chenodeoxycholate, or their glycine or taurine conjugates (Lombardo and Guy 1980), and the 
predominant form of the enzyme active on lipid micelles in the gut is a dimer of two such complexes (A-
ubert-Jousset et al. 2004).

CEL is synthesized in pancreatic acinar cells and released into the small intestine. It is also synthesized in 
the mammary gland and is a constituent of breast milk (Lombardo 2001; Bernback et al. 1990).

Preceded by: Digestion of diacylglycerols by extracellular PTL:colipase

Literature references
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. ↗
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Digestion of triacylglycerols by extracellular CEL (bile salt-dependent lipase) ↗

Location: Digestion of dietary lipid

Stable identifier: R-HSA-192430

Type: transition

Compartments: extracellular region

CEL (bile salt-dependent lipase) catalyzes the hydrolysis of extracellular monoacylglycerols to yield gly-
cerol and a long-chain fatty acid. This reaction, in the lumen of the small intestine, is essential for the 
complete digestion of milk-derived triacylglycerols in the nursing infant (Bernback et al. 1990). Its im-
portance in adult fat digestion is unclear.

While alternative splicing gives rise to two CEL isoforms, only the longer one encodes all of the residues 
that form the active site of the enzyme (Reue et al. 1991). In vitro, monomeric CEL protein is active even 
in the absence of bile salts. its activity is greatly increased when it is complexed with two molecules of 
cholate, chenodeoxycholate, or their glycine or taurine conjugates (Lombardo and Guy 1980), and the 
predominant form of the enzyme active on lipid micelles in the gut is a dimer of two such complexes (A-
ubert-Jousset et al. 2004).

CEL is synthesized in pancreatic acinar cells and released into the small intestine. It is also synthesized in 
the mammary gland and is a constituent of breast milk (Lombardo 2001; Bernback et al. 1990).

Followed by: Digestion of diacylglycerols by extracellular PTL:colipase

Literature references

Lombardo, D., Fauvel, J., Guy, O. (1980). Studies on the substrate specificity of a carboxyl ester hydrolase from hu-
man pancreatic juice. I. Action on carboxyl esters, glycerides and phospholipids. Biochim Biophys Acta, 611, 136-
46. ↗
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Digestion of triacylglycerols by extracellular PTL:colipase ↗

Location: Digestion of dietary lipid

Stable identifier: R-HSA-192422

Type: transition

Compartments: extracellular region

Pancreatic lipase catalyzes the hydrolysis of extracellular triacylglycerols to yield diacylglycerols and 
long-chain fatty acids. The enzyme is active only when complexed with colipase protein and plays a ma-
jor role in the digestion of dietary triacylglycerols in the small intestine (Carriere et al. 2000; Giller et al. 
1992).

Followed by: Digestion of diacylglycerols by extracellular PTL:colipase

Literature references

Carriere, F., Renou, C., Lopez, V., De Caro, J., Ferrato, F., Lengsfeld, H. et al. (2000). The specific activities of human 
digestive lipases measured from the in vivo and in vitro lipolysis of test meals. Gastroenterology, 119, 949-60. ↗

Giller, T., Buchwald, P., Blum-Kaelin, D., Hunziker, W. (1992). Two novel human pancreatic lipase related proteins, 
hPLRP1 and hPLRP2. Differences in colipase dependence and in lipase activity. J Biol Chem, 267, 16509-16. ↗
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Digestion of diacylglycerols by extracellular PTL:colipase ↗

Location: Digestion of dietary lipid

Stable identifier: R-HSA-192434

Type: transition

Compartments: extracellular region

Pancreatic lipase catalyzes the hydrolysis of extracellular dicylglycerols to yield monoacylglycerols and 
long-chain fatty acids. The enzyme is active only when complexed with colipase protein and plays a ma-
jor role in the digestion of dietary diacylglycerols in the small intestine (Carriere et al. 2000; Giller et al. 
1992).

Preceded by: Digestion of triacylglycerols by extracellular CEL (bile salt-dependent lipase), Digestion of 
triacylglycerols by extracellular PTL:colipase

Followed by: Digestion of monoacylglycerols by extracellular CEL (bile salt-dependent lipase)

Literature references
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Digestion of triacylglycerols by extracellular pancreatic lipase-related protein 2 ↗

Location: Digestion of dietary lipid

Stable identifier: R-HSA-192475

Type: transition

Compartments: extracellular region

Pancreatic lipase-related protein 2 catalyzes the hydrolysis of extracellular triacylglycerols to yield di-
acylglycerols and free long-chain fatty acids. This enzyme, unlike the closely related pancreatic lipase 
protein, does not require colipase protein for activity. The protein is synthesized in the pancreas, but its 
role in the digestion of dietary fat has not been established (Giller et al. 1992).

Literature references

Giller, T., Buchwald, P., Blum-Kaelin, D., Hunziker, W. (1992). Two novel human pancreatic lipase related proteins, 
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PNLIP:CLPS hydrolyses RPALM to atROL and PALM ↗

Location: Digestion of dietary lipid

Stable identifier: R-HSA-975593

Type: transition

Compartments: extracellular region, plasma membrane

Part of nutritional vitamin A is in the form of retinyl esters (REs). The main fatty acids which can form es-
ters with  retinol are palmitate, oleate, stearate and linoleate. REs are digested together with other lipids, 
and by the same enzymes. Pancreatic lipase catalyses the hydrolysis of RE to all-trans-retinol (atROL) and 
fatty acid which are then both taken up by enterocytic cell membranes (Bennekum et al. 2000).

Literature references

van Bennekum, AM., Fisher, EA., Blaner, WS., Harrison, EH. (2000). Hydrolysis of retinyl esters by pancreatic trigly-
ceride lipase. Biochemistry, 39, 4900-6. ↗
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LIPs hydrolyze TG to DAG and LCFA ↗

Location: Digestion of dietary lipid

Stable identifier: R-HSA-8979996

Type: transition

Compartments: extracellular region

Lipases are enzymes that hydrolyse dietary lipids such as fats, oils and triglycerides. The majority of hu-
man lipases are secreted by the pancreas and function mainly in the digestive system. Humans not only 
digest fat with pancreatic lipases but also with gastric lipase (LIPF) (Roussel et al. 1999). The pancreatic 
lipase-related protein 3 (PNLIPRP3) is another candidate lipase included here.

Literature references

Roussel, A., Canaan, S., Egloff, MP., Rivière, M., Dupuis, L., Verger, R. et al. (1999). Crystal structure of human gast-
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7002. ↗
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