Lipid Absorption

I. Introduction

a. Fatty Acid Classification

i. Long chain—12-18 C

ii. Medium Chain—8-10 C

iii. Short Chain—4-6 C

b. Importance of Fats & Lipids

i. Major source of energy (9.3 kcal/g)

ii. Absorption of H2O insoluble vitamins

iii. Signaling molecules

iv. Substrates for synthesis (essential fatty acids—linoleic (omega-6) & linolenic (omega-3))

c. Definitions

i. Fat—dietary term referring to lipidic material in diet

ii. Lipid—chemical term that includes fat, cholesterol, TG, etc

d. Hydrophobic Effect—in H2O, hydrophobic molecules arrange in such a fashion as to minimize their SA & contact w/ H2O (H2O molecules organize into clathrate around hydrophobic molecules => highly organized, energetically unfavorable structure)

e. Amphiphile—hydrophobic and hydrophilic regions on same molecule

i. In water seek to hide hydrophobic regions (away from H2O)

ii. In apolar solvent hid polar groups

iii. Can self-assemble into complex structures

f. Critical Micellar Concentration (CMC)

i. Lipids are not very soluble in H2O, but over a certain concentration (CMC) they organize into micelles

ii. Micelle—extremely soluble! Aggregate of monomers in dynamic equilibrium; hides hydrophobic groups

II. Lipid Absorption

a. Challenge: absorbing and transporting hydrophobic/amphipathic molecules in a hydrophilic environment 
b. Luminal Phase
i. EMULSIFICATION by gastric motility



- Physical event to generate small fat droplets => ↑ SA
ii. LIPOLYSIS by gastric lipase 



- Lingual lipase: cleaves short TGs, only important in infants

- Gastric Lipase: optimum pH 3-6; frees 1FA from TG; secreted from chief cells
iii. SOLUBILIZATION by bile salts

- Bile salts form mixed micelles with FFA’s and 2-MG’s
- Pancreatic lipase: active at fat/water interface only!; secreted in active form; cleaves 1 and 3 position of TG => 2FFA from TG

* pancreatic lipase is inactivated by bile salts => overproduced & “helped by co-lipase 

Pancreatic Co-lipase—facilitates pancreatic lipase binding to micelle protect lipase against bile acid inactivation

- Phospholipase A2: cleaves 2 position of phospholipids => 1 FFA + monoglyceride



- Non-specific esterases: e.g. cholesterol esterase
iv. DIFFUSION to the mucosa

- Exceptions:

* Some fatty material does not require hydrolysis but only micellar solubilization (fat soluble vitamins, cholesterol) 
* Small FA do not require solubilization (only hydrolysis, such as short/medium chain FAs); diffuse ( mucosa
- Unstirred layer—thin layer of fluid near microvilli where only way to mix is via diffusion

- Micelles facilitate diffusion to mucosa b/c they decrease friction


* flux = diffusion constant * concentration


* where diffusion constant is dependent on friction
c. Mucosal Phase
i. UPTAKE thru cell membrane
- FFA’s are in active diffusion between micelle’s and solute => some “pop off” and are dissolved in lipid bilayer = partitioning

- Long chain FA’s are taken in through transporters 

- Occurs in proximal small intestine (bile salts absorbed in ileum)
ii. TRANSPORT to the SER



- FABP (FA binding protein) may help diffusion/transport to SER 
iii. RESYNTHESIS of triglycerides

- Long chain fatty acids are resynthesized to TGs by one of three pathways: (1) most commonly directly from FA-CoA: Monoglyceride Pathway, (2) from acyl-G3P intermediate: Glycerol Phosphate Pathway, (3) from acyl-DHAP intermediate: Dihydroxyacetone phosphate (DHAP) Pathway
- Phospholipids are usually resynthesized into TGs instead of back into phospholipids

iv. CHYLOMICRON formation

· TG’s produced in smooth ER

· ApoB-48 produced in RER

· Golgi complex assembles chylomicrons (combination of TGs, phospholipids, proteins, & cholesterol

v. LYMPHATIC transport

- Chylomicrons are secreted into basolateral space and enter lacteals => enter bloodstream through thoracic duct
d. Eventually, chylomicrons reach tissues, where FA’s enter issues (in broken down form) and are resynthesized by tissues intracellularly

(Raymond has removed in image showing fat absorption and cell takeup.)
PAGE  
2

