Proteins
Protein Shape & Function – (6.2)
· Protein structure – a protein is a chain of amino acids linked together. 

· Amino acids are the building blocks of proteins.

They have three parts 
Amino Group

Acid Group

Side Group 
· The functional group 
· Backbone of all amino acids.








There are 20 different amino acids each with its own side chain.
· Non-polar Amino Acids
· Negatively charges (acidic) Polar Amino Acids
· Positively Charges (basic) Polar Amino Acids
· Uncharged Polar Amino Acids
Of these 20 different amino acids, 9 are essential and much be supplied by the diet.
1. Histidine
2. Isoleucine
3. Leucine
4. Lysine
5. Methionine
6. Phenylalanine
7. Threonine
8. Tryptophan
9. Valine
The remaining 11 can be synthesized de novo, which is from scratch in the liver. 
Tables normally sort amino acids based on polarity. 
· Non-polar amino acids are unable to hydrogen-bond due to the absence of oxygen.
· Polar amino acids are able to hydrogen bond, with 20 different building blocks.   

Hemoglobin
I. Heme, the nonprotein portion of hemoglobin, holds iron.
II. The amino acid sequence determines the shape of the polypeptide chain. 

· Proteins are high energy yielding nutrients, they are chemically similar to carbohydrates and lipids. 


· A great Chef knows how to denature protein to improve the texture and consistency of food. 
[bookmark: _Hlk527633228]Carbohydrates are composed of one, two or hundreds of monosaccharides. Most of them in the form of glucose.
· Monosaccharides are linked to make polysaccharides like starch. They are the building blocks for carbohydrates. Just as fatty acids are the building blocks for lipids.




· Collagen – Intact collagen increases the resistance to chewing. 
· Collagen is a protein that melts into ‘gelatin’ when slow-cooked.
· Collagen has the appearance of a highly woven rope.
· The older the animal, the more collagen (which is why veal is so tender).
· Intact collagen increases the resistance to chewing. 
· Protein Function
· Provide structural support and movement
· Work as enzymes
· Work as hormones
· Maintain fluid balance
· Regulate pH of fluids
· Crucial component of cell membranes
· Source of energy
· Antibodies are proteins 

· These cologne fibers are the foundation of bone, upon which calcium is deposited. 
· Muscle tissue is almost exclusively protein. 
· Muscle fibers are themselves enveloped in protein. 
· Protein provides structural support and movement. 
· Collagen and Keratin are key structural proteins.
· Next to water protein is the most common substance in the body.

· Enzymes are proteins
· The selective binding of a protein to another molecule.
· Thus, shape of an enzyme is crucial for the proper binding of compounds on to the enzymes active site. 
· Enzymes work to digest food in the mouth, stomach, and small intestine.
Some hormones are proteins.


· Insulin is injected straight into the blood with a syringe. If it was in the form of a pill the acid bath in the stomach would cause it to denature. After which it would be digested into individual amino acids.
· Because insulin is a protein, it cannot be taken orally. It must be injected directly into the blood in order to bypass the elementary canal.


· Fluid Balance
· Plasma proteins are necessary for maintain the right amount of fluids within your tissues.
· Blood capillaries leak out plasma that pools around cells and is called intercellular or interstitial fluids. 
· Plasma proteins are too large to escape from these leaky tubes. They remain inside the blood vessels inside the intravascular department.
· Proteins in the plasma function to draw fluid back into the capillaries to prevent swelling. 
· They do this through the power of hydrogen bonding. 
· Hydrogen bonding prevents the leaking water from getting back out and traps it in the blood capillary.

· When protein levels drop (During Starvation) 

· Protein as pH Regulators


· Proteins can act as buffers; they can pick up or drop hydrogen ions in a solution to maintain a near constant pH balance.
· Maintaining a pH balance is crucial.
· Blood and tissue fluids need a pH of 7.35 to 7.45.
· If too BASIC such as; 

· Plasma Protein – The hospitality department of your body
Protein as Pumps and Channels 

· From fluid balance to virus fighting, proteins are indeed jacks of all trades. To build protein, you need all 20 amino acids readily available.





Protein Synthesis in the Body – (6.3)


· Proteins are what gives cells their characteristic shape and function.
· The human body contains over a trillion cells that are different from one another in some way.
· To make a protein, you would follow directions for connecting the different amino acids in a specific order and length.
· You DNA tells your cells the sequence of amino acids to form a protein.


· The molecular working of protein synthesis.
· The point here is that if you ear poorly, the cells of your body will be lacking some of these amino acids. 
· A segment of our DNA the ‘gene’, gets copied onto an MRNA molecule. The MRNA exists the nucleus and binds to a ribosome. The ribosome is the machine that will build the protein as the MRNA molecule is read. Different amino acids are fished out from inside the cell and brought one by one to the growing polypeptide chain. The amino acids are fished out by a molecule called ‘transfer RNA’ or just (TRNA). This is the chaperone of amino acids to the protein factory the ribosome. Bit by bit the MRNA molecule is read, the TRNA’s bring the necessary amino acids and the polypeptide grows. Once this is completed the polypeptide chain is released and folds into a three-dimensional shape to form a functional protein.

· Protein Synthesis in Action
· When your diet is missing essential amino acids 
· Protein synthesis is stopped. 
· This is usually due to an unhealthy diet. 
· Partially made polypeptides are dismantles and returned to the pool.
· Consequently, your cells lack the proteins necessary to carry out their work.
· We need all 20 amino acids.

Protein Digestion & Absorption (6.4)

· Protein digestion and absorption is very efficient
· Very little dietary protein escapes digestion and is eliminated in feces.  


Protein Turnover & Nitrogen Balance (6.5)
· Given the importance of protein in the body, the human body is very good at recycling protein to repurpose it. This process is known as ‘protein turnover’, without which we would need enormous amounts of protein from our food in our daily diet.
· Hemoglobin
· Hemoglobin is the protein found inside red blood cells (RBCs)
· Hemoglobin delivers oxygen to the cells of the body. 
· 280,000,000 hemoglobin molecules per RBC virtually nothing else inside them.
· Once the RBSs are destroyed, hemoglobin is recycled.  

· Nitrogen Balance
· The recycling of protein is important as well because protein contains nitrogen.
· Nitrogen is a crucial element for the synthesis of many other compounds in the body.  
· Protein is 16% nitrogen.
· The Nitrogen Equilibrium is the intake from food (dietary protein) plus the retention of protein turnover (recycling amino acids). Which equals the nitrogen losses in urine (from break down of amino acids), in feces and sweat. 
· These people, a healthy college student and a young retiree, are in nitrogen equilibrium.

· A Positive Nitrogen Balance is these people; a growing child, a person building muscle, and a pregnant woman, are all retaining more nitrogen than they are excreting.
· Pregnancy
· Lactation
· Resistance exercise
· Recovery from illness
· Growing children
Positive Nitrogen Balance = Intake + Retention > Losses

· A Negative Nitrogen Balance is these people; an astronaut and a surgery patient, are losing more nitrogen than they are taking in. 
· Occurs during;
· Starvation
· Trauma emotional and other
· Astronauts suffer muscle wasting because the muscles are not being used. They must exercise at least 2 hours per day.
Negative Nitrogen Balance = Intake + Retention < Losses


· Protein as an energy source.
· Deamination: the removal of the amino group.
· The body uses carbohydrates and fat for energy.
· But protein can also be used through deamination.
· The carbon skeleton of a deaminated amino acid can be used to make glucose or lipids.

Protein & Disease (6.6)
· Unlike carbohydrates and lipids, proteins can adversely affect health even when trace amounts are ingested.
· Food allergies and Celiac disease occur when the immune system responds to protein in food as though it was some harmful pathogen. 

Allergies
· Allergies are hypersensitive responses to substances.
Pollen Allergies
· Pollen allergies are caused by an immune hyper-sensitive response to protein on the surface of pollen grains.
· When the air is saturated with more than 100 pollen grains per cubic meter these enter into the nasal passages and cause allergies
Food Allergies 
· Food allergies are caused when the body mistakenly reacts to a protein in food as though it were a harmful invader. The immune system launches an attack against the foreign proteins.
· Theoretically the protein in any food can trigger an allergic reaction. 
· Most allergic reactions are mild but for many the reaction can be severe.
· Generic and food preparations seem to play a major role in food allergies. 
· Most children out grow their food allergies by the age of 5. 
Non-Celiac Gluten Sensitivity (NCGS)
· NCGS – Non-Celiac Gluten Sensitivity is a new phenomenon and is poorly understood. The Canadian Celiac Association defines NCGS as; “The clinical state of individuals who develop symptoms when they consume gluten containing foods and feel better on a gluten-free (GF) diet but do NOT have celiac disease.”
· The amount of gluten in wheat has increased through selective breeding of agricultural crops during the last 10,000 years.
· Grains with higher amounts of gluten are selected.
· NCGS lacks a diagnostic test but is currently researched.  
Celiac Disease
· An autoimmune disorder that affects the small intestine.
· Autoimmune disorders are caused when the immune system attacks the cells of the body for destruction. 
· Damage to the villi is caused by a hyper-sensitive immune response to gluten. A protein found in wheat and related grains.
· Damages villi, called villi atrophy, lead to malabsorption of nutrients.
· About 1 in 133 Canadians have celiac disease.
· The treatment is to eliminate all gluten from one’s diet.


Protein in Food & DRIs (6.7)
· The EAR for protein is set at 0.66g of protein/kg of body weight.
· The RDA for protein is set at 0.8g of protein/kg of body weight.
· The intake amount increases during such things as; pregnancy, breast-feeding, infancy and childhood, recovery from serious illnesses, blood losses, burns.
· [bookmark: _Hlk530485375]Only 9 of the 20 amino acids are essential. Foods may be high in protein but low in the essential amino acids.
· The RDA (mg/kg/day) for all 9 essential amino acids are based on maintaining nitrogen balance in adults and maintaining positive nitrogen balance for children age 10-12.

High-quality Protein
· Influenced by two factors
· Amino acid composition: contains all essential amino acids in adequate amounts.
· Protein Digestibility: a measure of the amount of amino acids absorbed from a given food. 
· High-quality complete protein has all essential amino acids and is well absorbed.
· Low-quality incomplete protein lacks one or more essential amino acids and is poorly absorbed.
· Animal protein is generally regarded as high-quality protein. 
· Eggs in particular are interesting because the include all essential amino acids and are an excellent and inexpensive source of protein. 
· As for plants the best sources of proteins are legumes but they lack at least two essential amino acids.
Protein complementation proteins for vegetarians/vegans
· The process of mixing incomplete plant-based protein sources to provide all essential amino acids without adding animal proteins. 
· Grains are a good source of tryptophan and methionine but low in lysine and isolysin. Legumes are low in tryptophan and methionine but high in lysine and isolysin. Paired together you have a complete protein meal. 
· Protein bars are generally very high in sugar.
Nutritional Labels
· Packaged food products list the amount of protein (in grams) but no % daily value (%DV).
· One would have to take into account the amino acid composition and the digestibility of the protein.
· [bookmark: _GoBack]But you can judge protein quality by looking at the ingredient list and looking for high quality sources like eggs and milk.
 













Amino Acids


3. Side Group


2. Acid Group


1. Amino Group



Protein Shape


The protein shape is determined by the sequence of amino acids along the chain. 





Changes To The Environment


Changes to the environment of a protein may break apart hydrogen bonds causing the protein to unfold. 





A Denatured Protein


Unfolded protein is denatured and no longer functional.


A change in temperature or pH can cause protein to denature.


Denatured protein changes the texture and consistency.


In the body a denatured protein is no longer functional.


The effects of pH on protein – “Milk is a solution of fat, proteins and water. Lemon juice is acidic, when added to milk the drop in pH causes the casing protein bundles to fall apart. The individual casing protein then aggregate into hurdle.” This is simply the protein changing shape. 


Slow-cooking denatures collagen.
Denaturing muscle protein is an important part of cooking.
Muscle tissue is made of protein - collagen is a protein.
Muscle fibred are arranged in bundles.
The bundles are held together by collagen. 
Insulin


Stomach acid denatures insulin.


Denatured insulin is digested


Amino acids


The level of protein in the blood decreases. 


Some escapes out of the blood capillaries.


Escaped plasma proteins hydrogen bond with water molecules in the interstitial fluid. 


This hydrogen bonded water is not drawn back into the capillaries.


The result is an accumulation of fluid and tissues, called edema.



If Too BASIC


If the pH level is > (greater than) 7.45 (alkalosis) plasma protein drop hydrogen ions to lower the ph. 





If Too ACISIC


If the pH level is < (less than) 7.35 (acidosis), plasma protein pick up hydrgen ions to raise pH.






The cell membrane is a lipid bilayer. This lipid bilayer is studded with protein 


Proteins are gateways for substances to cross the lipid bilayer. Proteins also defend the body against disease.


These proteins function as channels or pumps for substances to go into or out of the cell. 


Proteins are ideal candidates to serve as antibodies. Proteins act as antibodies and bind to pathogens and flag them for destruction.


They must bind to an endless number of pathogens, each with its own shape. Proteins are shape shifters and can assume nearly any shape. 


(e.g. bacteria or virus infected cells)



We consume protein.


Digestion breaks the proteins down into amino acids.


Amino acids are then stored and delivered to cells of the body.


Now cells have all the material required to build specific proteins.


Our DNA contains the information on how to link the amino acids to form functional protein.


90% of our genes are code for protein. With roughly 20,000 genes. That means 18,000 genes give instruction to make protein. 


Inside each cell is a nucleus.


Inside the nucleus is the DNA.


Each nucleus contains the same exact copy of DNA but different genes are turned on.


Different proteins are being built. Proteins then give cells their characteristic shape and function. 


The covalent bonds that link the amino acids are called peptide bonds.


A long chain of amino acids is called a polypeptide.


A completed polypeptide is called a protein.


A Hemoglobin is a set of 4 polypetides.



Stomach
- HCI denatures food protein.
- HCI also activated pepsin.


Small Intesine
- Pancreas secretes more protein-splitting enzymes.
- Amino acids are the end products of protein digestion.


Hypadic Portal Vein
- After being absobed, amino acids enter the hypadic portal vein.
- They then travel to the liver first and then to the rest of the body. 


