Carbohydrates 1
Intro
· Carbohydrate (CHO): major source of energy in the human diet
· 4 kcal of body energy per gram of digestible CHO consumed
· Kcal = kilocalorie = measure of heat needed to raise temp of 1000g ( 1 Litre) of water by 1 degree Celsius
· AMDR (acceptable macronutrient distribution range): 45-65% of total kcals
· Current intakes (North America): ~1/2 CHO intake is as starch and ½ as sugars
· Limit added sugar to <25%
· Provides 40-50% of energy for most North American and Western Europe ppl
· Provides 40-80% of energy for most Asians, Africans, and Latin Americans depending on: location, cultural considerations, and economic status
· provide taste and sweetness 
· prevents breakdown of protein for energy; helps to preserve tissue protein
· limited amount can be stored as glycogen in liver and muscle tissue as quick source of energy
· by-products of CHO breakdown facilitate the breakdown of fat
· the CNS requires CHO for proper functioning 

Classification

CHOs can be divided into 2 groups:
1. simple CHOs:
· monosaccharides: made of one sugar unit: basic unit/ simplest form of CHO
can pass through wall of GI tract without being changed by digestive enzymes
cannot be hydrolyzed into smaller units through hydrolysis
seldom free in nature
nutritionally important
glucose: most important nutritionally; major sugar in blood
fructose (levulose): very sweet; naturally in fruits and honey
galactose: found bound to glucose in milk; not free in foods

· disaccharides: consists of 2 monosaccharides joined by glycosidic bond
maltose: glucose + glucose (malt sugar): formed during digestion of starch
lactose: glucose + galactose (milk sugar): in milk and milk products
sucrose: glucose + fructose = table sugar: widespread in plants, refined fro sugar cane or beets, some fruits and veggies
sucrose can be hydrolyzed into glucose and fructose by combo of enzymes sucrase and water

2. complex CHOs:

· oligosaccharides: consists of 3-10 monosaccharides bonded chemically

· trisaccharides: 
raffinose: made from glucose, galactose ad fructose: found in sugar beets

· tetrasaccharides: 
stachylose: composed of 2 galactose  + 1 glucose + 1 fructose: found in legumes and squash
stachylose is fermented by gut bacteria so gas and bloating occurs from their digestion
· polysaccharides: consist of more than 10  (up to a few thousand) chemically bound monosaccharides

· indigestible (fibres): may only be partially hydrolyzed to glucose by bacterial action in the large bowel
cellulose & hemicellulose: found in stalks and leaves of vegetables and outer covering of seeds
pectins: found in fruits
gums, mucliages: found in plant secretions and seeds
algal substances: found in seaweeds and algae
feed bacteria which produce vitamins ( i.e Vit K)

· partially digestible: digestion is incomplete and further hydrolysis may occur in large bowel
inulin: found in garlic, onions, and mushrooms: end product = fructose
galactogens: found in snails: end product = galactose
mannosans found in legumes: end product = mannose

· digestible: most important group quantitively 
starch: found in grains, veggies (especially tubers) , and legumes: end product = glucose
· polymers of glucose 
· storage form of energy in plants
· amylose: linear chain of glucose making up ~15-30% of typical starch
· amylopectin: branched chains of glucose making up ~70-85%
· resistant starch resists digestion
dextrins: found in grains, veggies (especially tubers) , and legumes: end product = glucose
glycogen: found in meat products and seafood: end product = glucose
· polymer of glucose, highly branched
· storage form of CHOs in animals/humans mainly in liver and muscles

Major Dietary Sources of CHOs

· root tubers: potato, yams, cassava, irish potato, sweet potato
· grains: wheat, rice
· pulses (legumes): cowpea, soybean
· veggies
· fruits
· milk products





Functions of CHOs

1. production of ATP
· carbs are broken down to provide energy for ATP synthesis 
 

· glucose oxidation is required to produce energy in  organisms including humans
· complete oxidation of glucose takes place in 3 steps: glycolysis + TCA cycle (citric acid cycle) + oxidative phosphorylation (ETC)
· glucose breakdown starts with glycolysis during which glucose is split into two molecules of pyruvate (3 C atoms each)
· glucose  pyruvate  aerobic ox
· glucose pyruvate  anaerobic ox
· hexoses other than glucose present in the diet (fructose, galactose, and mannose) are converted to intermediates of glycolysis and their further breakdown is identical to glucose breakdown (pyruvate x2 formation)

2. precursor of Kreb’s cycle intermediates i.e oxaloacetate
· pyruvate can be converted to acetyl-CoA of TCA cycle 
· acetyl-CoA can also be derived from some AAs and from beta ox of FAs

3. components of other molecules
· Ribose (pentose sugar - monosaccharide): vital sugar in energy transfer. 
· Ribose can be synthesize din our body from glucose, fructose, and galactose
· Ribose and its derivatives form part of:
· RNA and DNA
· ATP,ADP, and AMP
· NADH ad NADPH
· Riboflavin and its coenzyme forms – FAD and FMN
· ECM molecules often contain CHO
· Roles in maintaining ECM osmotic balance, structure, and adhesion
· Roles in regulation of cell growth and differentiation, cell migration, and locomotion 
· Glycoaminoglycans and proteoglycans – polysaccharides that may be attached to proteins. i.e chondroitin sulphate
· Glycoproteins: oligosaccharides attached to proteins. i.e collagen 
· Glycolipids: sugars and oligosaccharides attached to lipids. i.e cerebrosides
in cell membranes (especially high in brain)
roles in cell-cell communication
may play role in growth and development
4. Synthesis of triglycerides 
5. Synthesis of some AAs
· TCA cycle intermediates  asparagine, proline, glutamine, arginine
· Glycolysis intermediates  cysteine and glycine 

CHO Digestion

· Process of breaking down larger carbs into their absorbable components
· Cellular use of CHO depends on their absorption from GI tract into bloodstream, a process normally restricted to monosaccharides
· Glycosidases (carbohydrases): enzymes that break down CHOs collectively
· The ability  to digest CHOs depends on : 
· Relative availability (or resistance) of starch to the enzyme action - Resistant starch is either not or not easily digested or absorbed
· RS1: amylose in plant’s cellulose wall. i.e whole grains
· RS2: amylose that is tightly packed. i.e legumes
· *RS3: moist cooked and cooled starch i.e rice  can be fermented partially by bacteria in large intestine
· *RS4: chemically modified starch. i.e starch esters  can be fermented partially by bacteria in large intestine
· The activity of digestive enzymes, especially lactase, at the mucosal brush border
· The presence of other dietary factors such as fat that slow stomach emptying, non-absorbable oligosaccharides, and viscous dietary fibres such as pectins and gums that dilute enzyme concentrations  the pace of glucose metabolism is slowed down when diet is rich in whole foods such as fruits, veggies, legumes., and nuts are consumed 

Mouth

· Mouth has pH of 6.8 
· Salivary alpha-amylase (lingual amylase)  cleaves 1-4 glycosydic bonds in starch, glycogen, and similar oligo and polysaccharides
· Produces a mixture of maltose, maltotriose, glucose, and oligomers (isomaltose and dextrins)
· Will not cleave 1-6 or beta bonds
· Action of enzyme limited to mouth and esophagus as it is virtually inactivated by much stronger acid pH of stomach

Stomach

· Not much CHO digestion
· Acid and pepsins to unfold proteins
· Ruminants have forestomachs with extensive microbial populations to breakdown and anaerobically ferment feed


Small Intestine

· Pancreatic alpha-amylase: hydrolyzes alpha 1-4 glycosidic bonds, which is regulated by cholecystokinin
· Brush border (microvilli) sucrase/isomaltase complex hydrolyzes 1-6 glycosidic bonds 
· Brush border enzymes: breakdown oligosaccharides
· Maltase: converts maltose  glucose
· Lactase: lactose  glucose + galactose
· Sucrase: converts sucrose  glucose + fructose & also cleaves maltose
· Alpha-dextrinase (isomaltase): dextrins  glucose + maltose + triomaltose  

CHO Absorption 

· Primarily in small intestine by the presence of:
·  finger-like villi in the mucosa of the upper small intestine
· Wider and shorter villi in the lower half of the small intestine
· CHO digestion and absorption can occur along the entire length of the SI and is shifted toward the ileum when the diet contains less readily digested carbs or when intestinal glucosidase inhibitor
· *Glucosidase inhibitors may be used to treat diabetes
· Glucose (and galactose) – active transport (with Na)
 share sodium dependent glucose transporter (SGLT1): a protein complex dependent on Na/K-ATPase pump which facilitates transport of sugar through mucosal cell at the expense of ATP
glucose cannot attach to the carrier until carrier has been preloaded with Na
mutation in SGLT1 gene is associated with glucose-galactose malabsorption
· Fructose – mainly facilitated diffusion  glucose transporter 5 (GLUT5)
· Facilitated diffusion is slower than active transport
· The absorbed monosaccharides enter the portal circulation: GI tract to liver via hepatic portal vein and transported into liver by facilitated diffusion 
· Galactose and fructose converted to glucose or enter glycolytic pathway
· Glucose distributed among liver, muscle, and adipose tissue
· Glucose enters tissues by facilitated diffusion (via a glucose transporter)
· Glucose  glucose-6-phosphate (in the tissue) 
· Catalyzed by glucokinase in liver – not inhibited by G-6-P
· Catalyzed by hexokinase in muscle – inhibited by G-6-P
· This phosphorylation traps glucose in the cell as G-6-P cannot diffuse out
· Glucose transporters (GLUT) have different isoforms which are differentially regulated allowing for tissue specific regulation of glucose uptake
· Transport of glucose into muscle and adipose tissue (adipocyte, heart, and skeletal muscle) is insulin-dependent via GLUT4
· [GLUT4] in cell membrane is sensitive to hormone insulin: insulin stimulates movement of GLUT4 to the cell membrane and uptake into muscle and adipose tissue
· GLUT2 in liver and GLUT3 in brain are not insulin dependent 
· Unabsorbed oligosaccharides in legumes and veggies often cause flatulence due to metabolism to methane by intestinal flora

Active Transport

· Solutes are transported against their concentration gradient
· Requires expenditure of energy; large portion of chemical energy provided by food is utilized for this in the form of ATP
· Primary active transport:
· Energy provided by ATP goes directly into ion transport through an ion pump (ATPase)
· Secondary active transport:
· Active transport of a compound (glucose/galactose) via a carrier (SGLT1) coupled with the passive transport of an ion (Na in this case)
Transporter consists of 665 AAs. When [Na] outside enterocyte in higher than inside, the concentration gradient drives passage of glucose across the membrane and into the enterocyte. In the absence of Na, the driving force for glucose transport is also absent 
· The electrochemical gradient into the cell (created by the Na/K ATPase at another site on the cell membrane) provides the driving force for secondary active uptake of glucose into the cell
· Co-transport: coupling of the transport of two compounds across a membrane
· Symport: two compounds (i.e. compound and driving ion) are transported across the membrane in the same direction
· Antiport (counter transport): two compounds are transported in opposite directions

Carbohydrates 2


Into
· Energy demands of body determines the metabolic fate of the monosaccharides  stimulation or repression of certain metabolic pathways
· Metabolism: the chemical changes that take place in a cell that produce energy and basic materials needed for important life processes
· Anabolism: combining molecules to form a new compound; anabolic reactions consume energy 
· Catabolism: breaking larger molecules down into smaller ones; catabolic reactions produce energy
· Metabolic pathways of glucose use and storage include: 
· Glycogenesis: glucose or galatose  glycogen
· Glycogenolysis: glycogen glucose
· Glycolysis: glucose or fructose  pyruvate
· Hexose monophosphate shunt
· Tricarboxylic acid (krebs) cycle: pyruvate  energy
· Gluconeogenesis: lactate, pyruvate, or non carbs  glucose
· Plasma [glucose] determined by level of glucose production and consumption
· Pathways do not occur in all tissues; some tissues have greater capacity for certain pathways than other or different amount of enzymes
· Regulation of pathways can also differ among tissues
· Purpose of regulation:
· Maintain homeostatis: state of the body’s internal physiological balance through constant feedback and adjustment. The operations of homeostatic mechanisms that maintain a dynamic equilibrium within the body in reaction to it’s external environment 
· Alter the reactions of metabolism to meet the nutritional or biochemical demands of the body
· Pathways regulated mainly by:
· Hormones – stimulate or inhibit key enzymes in pathways i.e insulin, glucagon, glucocorticosteroids 
· Covalent regulation – covalent bond is involved in binding of a group
phosphorylation or dephosphorylation of enzyme which results in active/inactive forms of the enzyme  
glycogen synthase inactivated by phosphorylation and activated by dephosphorylation 
· Enzyme induction – concentration of certain enzymes can increase or decrease as a result of change in conc of certain metabolites transcription of new mRNA  production of hormone (i.e glucocorticoid hormones induce gluconeogenic enzymes which stimulate gluconeogenesis)
· Allosteric enzymes – regulatory enzymes that possess and allosteric or specific “other” site beside the catalytic site – specific compounds (modulators) can bind to these sites and influence enzyme activity
· Positive modulators: increase enzyme activity
· Negative modulators: inhibit enzyme activity – end products of a sequence of reactions that, once accumulated above a certain level, can inhibit its own production by binding the allosteric enzyme 
· Modulating substances alter activity of allosteric enzymes by changing the conformation of the polypeptide chain(s) of enzyme and altering binding of catalytic site with intended substrate 
· ATP production is controlled by regulating enzyme activity at strategic points 
· Phosphofructokinase (PFK): most important reg enzyme of glycolysis
ratio of ATP to ADP or AMP reflects the energy status of the cell and PFK is sensitive to this ratio
ATP &citric acid are allosteric inhibitors of PFK so when their concs rise, glycolysis slows  krebs cycles slows as acetyl CoA supply reduced ADP and AMP are allosteric activators for PFK so when concs rise, rate of glycolysis rises increases rate of krebs cycles 
fructose-6-P + PFK + ATP  fructose-1-6-diP + ADP

· Substrate concentration – i.e glucose concentration
· Translocation of enzymes within the cell – which tissues have the enzymes

Glycolysis – stimulated by Insulin and low ATPLactate 
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Pathways of Glucose Disposal
1. Glycogenesis: glycogen synthesis
· Mainly in liver and muscle, less in adipose tissue
· Stimulated by insulin and high glucose
· In muscle, glucose uptake in insulin dependent 
· In liver, insulin stimulates conversion of glucose  glucose-6-P which then converted to glycogen in a series of other steps
2. Fatty Acid synthesis
· Mainly in liver and adipose tissue 
· Stimulated by insulin, high glucose, and high ATP
· Glucose  pyruvate acetyl CoA  Fas + glycerol  triglycerides 
· Once glycogen stores are filled, excess glucose is stores as fat

3. Hexose-monophosphate Shunt (pentose phosphate pathway)
· Converts glucose ribose
· Generates NADPH required for lipid synthesis
· Stimulated by insulin
· High in tissues involved in lipid synthesis i.e adipose tissue, liver, testies, lactating mammary glands
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