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SECTION I
THE BASIC MOLECULES OF LIFE




CHAPTER 1
AMINO ACIDS AND PROTEINS

Amino Acids—Structure and Functional Groups

Basic Protein Structure

Categories of Proteins

Review Questions

OVERVIEW

Amino acids are the basic building blocks of proteins and serve as biological molecules in their own right with a variety of functions. Amino acids are often categorized as essential or non-essential, depending on the ability of the body to manufacture each amino acid versus requirement for ingestion in the diet. Although several hundred amino acids exist, 20 play the predominant role in the human body. Each amino acid has a characteristic R-group that determines its chemical nature and, therefore, how it will interact with other amino acids, other molecules, and with its environment.

Amino acids link together via peptide bonds to form peptides and proteins. These peptides and proteins fold into their final three-dimensional shape as the result of hydrophobic, hydrophilic, hydrogen bonding, and ionic bonding forces (among others) that result from the amino acids in the peptide chain, including the characteristics of their R-groups. Proteins may be categorized as enzymes, structural proteins, motor proteins, and transport/channel proteins. The specific roles of amino acids and proteins in the synthesis of other molecules and in the functions of organ systems and the human bodies will be explored in detail in subsequent chapters.

AMINO ACIDS—STRUCTURE AND FUNCTIONAL GROUPS

ESSENTIAL AND NON-ESSENTIAL

Amino acids are the basic building blocks of proteins. Twenty amino acids make up proteins in living organisms; several hundred more amino acids perform specialized functions in human and non-human biology. Amino acids are often described as

[image: Image] Essential (must be obtained directly from food)

[image: Image] Non-essential (the human body is able to produce them on its own).

There is some debate about the exact definitions of these terms, but 8–10 amino acids are usually deemed essential and 10–12 are non-essential (see Table 1-1).

[image: Image][image: Image][image: Image]

TABLE 1-1. Amino Acids—R-Group Classifications


Succotash, a combination of corn and lima beans, was used by Native American hunters and warriors. Light in weight, easy to carry, and simple to prepare, succotash contains all the essential required amino acids needed by humans and kept these travelers well nourished and healthy during long trips away from their settlements.

[image: Image]



BASIC STRUCTURE

Every amino acid has four components linked together with a central carbon atom (Figure 1-1):

1. Amino group

2. Carboxylic acid group

3. Hydrogen atom

4. R-group, which varies with each amino acid

[image: Image]

Figure 1-1. Basic Structure of an Amino Acid. A central alpha (α) carbon is bonded to an amino group (NH2), a carboxyl group (COOH), and an R group. [Reproduced with permission from Naik P: Biochemistry, 3rd edition, Jaypee Brothers Medical Publishers (P) Ltd., 2009.]

CHARACTERISTICS OF R-GROUPS

As amino acids are identical except for their R-group, four R-group characteristics classify the amino acids (see also Table 1-1).

1. Hydrophobic (Water Hating) R-groups: These amino acids prefer to be inside a folded protein or covered by another part of a protein or a lipid membrane (Chapter 8) where they are hidden from the external water environment.

2. Hydrophilic (Water Loving) R-groups: With partial charges from the hydroxyl (OH−) or amino (NH3+) parts of these R-groups, these amino acids prefer to be at or near the surface of a protein where they interact with surrounding water molecules. An exception would be the surface portion of a membrane protein that interacts with the hydrophobic region of the phospholipid bilayer (Chapter 8). Hydrophilic R-groups are often important at the active site of an enzyme (Chapter 5).

3. Charged R-groups: Either positively or negatively charged, these amino acids prefer to be at the surface of a folded protein or in contact with other charged atoms/molecules.

4. Special R-groups: There are four amino acids with special quality R-groups.

• Proline has a glutamate R-group that has bonded onto itself (see Figure 1-2A) forming an “imino” acid. Proline is often found at sharp turns of folded proteins (Figure 1-2B).

[image: Image]

Figure 1-2. A–B. Proline. A. Proline forms from the amino acid glutamate when the amino group nitrogen (blue) creates a bond with carbon 2 on the R-group (red), making an amino acid that is “folded” onto itself. The carbon atoms are individually numbered to allow the reader to follow the process that takes three steps (indicated by arrows). B. Proline’s special structure allows the formation of a “hairpin” β-turn via formation of an imino bond. The amino group from proline is shaded in blue. [Adapted with permission from Naik P: Biochemistry, 3rd edition, Jaypee Brothers Medical Publishers (P) Ltd., 2009.]

• Cysteine has a sulfhydryl group that can bond with another cysteine sulfhydryl group to form a cystine “disulfide” bond (Figure 1-3). This bond can be either within one protein or between two different proteins and is important in making strong structures such as the protein keratin found in fingernails.

[image: Image]

Figure 1-3. Formation of Cystine Disulfide Bond. The sulfhydryl groups (SH) from two cysteine amino acid residues from different parts of a single or two separate amino acid sequences may lose one hydrogen atom each to become a cystine residue by the formation of a disulfide bond (S—S). [Adapted with permission from Naik P: Biochemistry, 3rd edition, Jaypee Brothers Medical Publishers (P) Ltd., 2009.]

• Methionine has a sulfur atom contained within its R-group. Although it does not make disulfide bonds, this sulfur is seen at the site of some enzyme reactions or at special areas of protein structure.

• Histidine has a unique imidazole ring containing two nitrogen atoms, which can be uncharged or positively charged. This unique characteristic makes the histidine R-group important in enzyme reactions that make or break bonds.


Hair and Cystine Double Bonding: Hair, which is composed of linear protein sequences, is curly or straight depending on the number of cystine disulfide bonds. The number and location of cysteine residues and accessory proteins specific for each person affect the number of disulfide bonds resulting in this very individualized characteristic. Chemicals that promote these disulfide bonds are used for “perms” and, alternatively, chemicals that break these bonds are used in hair straightening treatments.



BASIC PROTEIN STRUCTURE

Several factors affect basic protein structure, including the following:

[image: Image] Amino Acid Composition: Whether the R-group of each amino acid wants to be away from, near, or in contact with water at the surface of the folded protein.

[image: Image] Special Amino Acids: Proline, cysteine, and/or methionine exert effects on protein folding due to resulting bends and disulfide bonds.

[image: Image] Functional Sites: Structural proteins or proteins that catalyze a reaction (i.e., enzymes; Chapter 5) usually contain specific amino acids that are important for that protein’s particular function. The R-groups at these sites will affect the protein’s final folded shape.

[image: Image] Final Modifications: Most proteins are initially made with extra amino acids at their beginning and/or end. These extra amino acids may be modified or removed during the maturation of the protein, resulting in changes to the final structure.

[image: Image] Final Destination: Whether the protein will end up in an aqueous solution or in a membrane will also change the folding, as proteins that go to membranes will ultimately want their hydro-phobic, “water hating” R-groups on the outside in contact with the hydrophobic membrane (see below, Chapter 8).

LEVELS OF PROTEIN STRUCTURE

When describing protein structure, we use the following terms: primary (1°), secondary (2°), tertiary (3°), and/or quaternary (4°) structure.

[image: Image] Primary (1°) Structure: The particular sequence of amino acids in a protein (also called a polypeptide) is termed as primary structure. The amino acids within a polypeptide are termed residues and are linked via peptide bonds (Figure 1-4A), formed when the carboxylic acid group of one amino acid interacts with the amino group of a second amino acid. The combination produces the peptide bond and one molecule of water. Repeated peptide bonds form a chain of peptide bond linkages with the nitrogen from the amino group, the central carbon from the amino acid, and the carbon from the carboxylic acid forming the protein “backbone.” The primary structure is often shown as “beads on a string” with each bead representing an amino acid residue (Figure 1-4B).

[image: Image]

Figure 1-4. A. Formation of a Peptide Bond. A peptide bond is formed between the carboxylic acid (COOH) group and the amino nitrogen (HHN) group to form a new C—N bond. The process releases one molecule of water (OH and H as shown in pink circle). By convention a protein is always drawn starting with the N-terminus on the left. [Reproduced with permission from Barrett KE, et al.: Ganong’s Review of Medical Physiology, 23rd edition, McGraw-Hill, 2010.] B. Primary (1°) Structure. The primary structure of a protein is the chain of amino acids from the N-terminal (NH2 group of amino acid 1) to its C-terminal end (COOH group of the final amino acid). Individual amino acids are denoted as green “beads” and bonds are red “strings” in this stylized representation. Proteins vary greatly in length from a few amino acids to several hundred. [Reproduced with permission from Naik P: Biochemistry, 3rd edition, Jaypee Brothers Medical Publishers (P) Ltd., 2009.]

[image: Image] Secondary (2°) Structure: From the linear chain of amino acids, the C—N and C—C bonds rotate around the central carbon atom (see Figure 1-1). This rotation forms secondary structures (Figure 1-5A–C) called an α-helix, β-strand, or β-turn (see also Figure 1-2B above) depending on the hydrophilic and hydrophobic charge and size influences of the R-groups as well as hydrogen and ionic bonding. Parts of the peptide that do not form conventional secondary structures are referred to as “random coil.”

[image: Image]

Figure 1-5. A–C. Secondary (2°) Structure. A. The α-helix structure is stabilized by hydrogen bonds (blue dotted line) between the N—H of one amino acid and the [image: Image] of another amino acid. The hydrophobic and hydrophilic nature of the R-groups from each amino acid in the helix also plays a part in formation of the α-helix. B. The β-strands form when the one sequence of successive amino acids form hydrogen bonds between the N—H and the C═O of another group of successive amino acids. R-groups of these amino acids also influence the formation of β-strands by both charge and steric forces. β-Strands can be either parallel (left) or antiparallel (right) as noted by the arrows. C. A β-turn forms at the juncture between two antiparallel β-strands and usually involves amino acids with small R-groups, including glycine, alanine, and valine. β-turns can also form via proline’s unique structure (Figure 1-2B). [Adapted with permission from Naik P: Biochemistry, 3rd edition, Jaypee Brothers Medical Publishers (P) Ltd., 2009.]

[image: Image] Tertiary (3°) Structure: Secondary structure and the remaining amino acid sequences continue to fold and interact with other parts of the amino acid sequence to form tertiary (3°) structure. These processes again are driven by hydrophobic and hydrophilic forces of the individual parts of the sequence, as well as hydrogen bonding and ionic bonding between charged amino acid R-groups. In particular, R-groups and the partial positive charge of the nitrogen and negative charge of oxygen (OH− and C═O−) molecules often form hydrophilic and hydrophobic “sides” of the α-helix or β-strand. As a result, these secondary structures will position themselves with each other and with other similar areas of the folded protein to keep their hydrophobic areas away from and their hydrophilic areas exposed to the external water environment. Examples are shown in Figure 1-6. Additionally, tertiary structure starts to develop at active sites of proteins where critical actions and interactions will take place. These active sites will be discussed in subsequent chapters.

[image: Image]

Figure 1-6. Examples of Tertiary (3°) Structure. Secondary structures, including α-helices, β-sheets, β-turns/bends, and loop regions combine to form tertiary structure domains. Several common forms of tertiary structure have been characterized and are illustrated in the figure. [Reproduced with permission from Naik P: Biochemistry, 3rd edition, Jaypee Brothers Medical Publishers (P) Ltd., 2009.]


Globular vs. Fibrous Proteins: Proteins are often grouped into the broad categories of “globular”—having an approximately spherical three-dimensional shape—or “fibrous”—being long and fairly straight overall. A vast majority of proteins are globular, with fibrous proteins often playing structural or very specialized functional roles. Examples of fibrous proteins include actin, collagen, and keratin, which play structural roles in muscle, connective tissue, and skin/nails.



[image: Image] Quaternary (4°) Structure: Although many proteins are made of only one peptide chain (called “monomers” or “subunits”), two or more folded chains may combine together to make a final active “oligomer” protein. The subunits in a multimeric protein may have identical (homo-oligomer) or different (hetero-oligomer) amino acid sequences and interact to optimize hydrophobic and hydrophilic areas and hydrogen/ ionic bonding. The combination of the multiple protein subunits makes quaternary (4°) structure (Figure 1-7).
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Figure 1-7. Quaternary (4°) Structure. Protein monomers may join, held together by hydrogen bonding (shown) and/or hydrophobic–hydrophilic interactions, to make oligomers. Identical protein subunit monomers may join together to make a homo-oligomer. Nonidentical protein subunit monomers may join together to make a hetero-oligomer. [Reproduced with permission from Naik P: Biochemistry, 3rd edition, Jaypee Brothers Medical Publishers (P) Ltd., 2009.]

The process of protein folding is not a truly linear one; a protein never exists as a long amino acid string. Instead, protein folding is a complex interaction of these processes and secondary and tertiary structures actually form somewhat in parallel. Many more complex factors not discussed here also occur to help in determining the final protein conformation. The process of making and trafficking a protein will be explored more fully in Chapters 5 and 9.


Dystrophin and Muscular Dystrophy: Muscular dystrophies (including Duchenne and Becker muscular dystrophies) are diseases in which skeletal muscle rapidly breaks down, resulting in muscle weakness and wasting, decreased motor skills, and, eventually, the inability to walk (usually by the age of 12 years). Of approximately, 30 different types of muscular dystrophies, the Duchenne and Becker forms show X chromosome-linked inheritance and, therefore, almost always affect males at a rate of approximately one in 3500 boys worldwide. Both are caused by the absence or mutation of the protein dystrophin, which provides strength for skeletal muscle cells by anchoring the internal cell components to the extracellular matrix.
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Reproduced with permission from Kandell E, et al.: Principles of Neuroscience, 4th edition, McGraw-Hill, 2000.

The interaction of dystrophin with several other proteins involved in this structural support network is a prime example of protein–protein interactions involving the forces of their hydrophobic and hydrophilic regions. More importantly, the mutations in the dystrophin protein are believed to significantly alter one or more of these regions, resulting in breakdown of the anchoring complex and thus disease.



CATEGORIES OF PROTEINS

AMINO ACID AND PEPTIDE-DERIVED HORMONES AND NEUROTRANSMITTERS

Amino acids and the peptides/proteins that they form serve several critical roles in human biochemistry and life. The major role of amino acids is to provide the building blocks for proteins and a vast majority of the body’s amino acids are involved in this function. However, amino acids are also the major precursors of several biologically important molecules, as noted in Table 1-2.

[image: Image][image: Image]

TABLE 1-2. Amino Acids—Components of Various Biological Molecules


Quaternary (4°) Structure: Quaternary (4°) structure is exemplified in many other ways than those given above, where two secondary structural elements are simply in close proximity to each other. Many fibrous proteins expand on this concept, with two or more α-helices wound around each other for most of their amino acid sequence. Examples include F-actin and the tail section of myosin, keratin in hair, and intermediate filaments, which play an important structural role inside all cells.

[image: Image]

Reproduced with permission from Mescher AL: Junqueira’s Basic Histology Text and Atlas, 12th edition, McGraw-Hill, 2010

Collagen, another fibrous structural protein of skin and connective tissue, is composed of three intertwined helical protein sequences (see the figure on right), which differ from the α-helical structure. Unlike an α-helix where hydrogen bonding within the same protein sequence predominates, collagen utilizes hydrogen bonding between the three helical protein chains. Collagen optimizes this very unique structure by having the small amino acid glycine as every third amino acid to allow the three helices to fit very close together (see the figure below). In addition, collagen has an abundance of proline residues to promote the helical protein structure and a special form of proline (hydroxyproline) with an extra hydroxyl (OH–) to form the interprotein hydrogen bonds with the glycine NH groups. Hydroxylysine residues help to stabilize the structure as well.

[image: Image]

Adapted (left) and reproduced (right) with permission from Naik P: Biochemistry, 3rd edition, Jaypee Brothers Medical Publishers (P) Ltd., 2009.

Osteogenesis imperfecta (OI) is a genetic disease that affects collagen-containing tissues such as bone, skin, joints, eyes, ears, and teeth because of point mutations that destabilize or alter collagen’s important triple helix structure. Patients with OI often display frequent fractures and easy bruising (sometimes mistaken for child abuse); weak joints; a bluish color to the normally white part of their eyes; hearing loss due partly to abnormalities of the inner ear bones; and poorly shaped, small, blue-yellow teeth.



As a result, either the excess or deficiency of amino acids can lead directly to disease that may result in central nervous system defects, dietary and metabolism problems, liver and kidney failure, skin and eye lesions, and even death.

ENZYMES

Enzymes are specialized proteins that accelerate a chemical reaction by serving as a biological catalyst. By catalyzing these reactions, enzymes cause them to take place one million or more times faster than in their absence. Enzymes are usually identified by the ending of “ase” to their name (e.g., hexokinase, the first enzyme in the breakdown of glucose). There are exceptions for enzymes that were discovered before this naming scheme was adopted (e.g., trypsin, pepsin, and thrombin). Enzyme reactions will be discussed in greater detail in Chapter 5.

STRUCTURAL PROTEINS

Proteins also serve an important role as structural elements of cells and tissues. The best examples of these proteins are actin and tubulin, which form actin filaments and microtubules, respectively (Figure 1-8A-B). In skeletal muscle, actin filaments provide the “scaffolding” against which the motor protein myosin can generate force to produce muscle contraction. In smooth muscle and non-muscle (e.g., skin and immune system), actin filaments create the mechanical structure of the cell and are directly associated with linkages to surrounding cells allowing intercellular signaling. The actin filaments also provide tracks on which specialized myosin molecules move vesicles and organelles (see Chapter 12). Finally, actin filaments are intimately involved in cell motility, a wide array of cellular movements such as wound healing (the movement of skin cells into cuts), the immune response (the process of white blood cells contacting and recognizing each other in the highly selective process of immune reactions), and cytokinesis (the division of one cell into two during mitosis).
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Figure 1-8. A–B. A. Actin and B. Tubulin in Monomer and Filamentous Forms. [Adapted with permission from Barrett KE, et al.: Ganong’s Review of Medical Physiology, 23rd edition, McGraw-Hill, 2010.]

The structural protein tubulin creates microtubule tracks for the movement by two molecular motor proteins, dynein and kinesin, of vesicles, granules, organelles, and chromosomes. Microtubules are also the structural component in flagella and cilia involved in functions such as sperm motility, the movement of the egg down the Fallopian tubes, and the expulsion of dirt and mucus out of the lungs and trachea. Nonmotile cilia are also important in rod cells in the eye and neurons involved in olfaction (smell). Microtubules also serve a mechanical–structural role in the cell similar to actin microfilaments and are responsible for the movement and separation of chromosomes during mitosis (see Chapter 12).

MOTOR PROTEINS

“Motor” proteins transport molecules inside a cell, provide movement of certain parts of individual cells involved in specialized functions (e.g., immune responses and wound healing), generate larger scale movements of fluids and semisolids such as the circulation of blood and movement of food through the digestive tract, and finally provide movement of the human body through their roles in skeletal muscles.

Myosin is a protein with a hydrophobic tail; a head group, which can attach and detach from actin filaments; and a “hinge” section, which moves the head group back and forth resulting in movement. Two major types of myosin exist. Myosin I is composed of one molecule with an additional area on its short tail that can bind to other proteins and membranes. Myosin II (several subtypes exist) is composed of a long tail that binds via hydrophobic interactions to other myosin II molecules, resulting in a composite molecule that can shorten skeletal muscles by its interaction with actin filaments in those muscles. Kinesin and dynein are very much like myosin I in form and function (see Chapter 12).


Microtubules, Cilia, and Flagella—Roles in Disease Processes: Although usually rare, defects in cilia/flagella, known as ciliopathies, lead to several diseases/syndromes including the following:

Kartagener Syndrome/Primary Ciliary Dyskinesia—defective cilia in the respiratory tract, Eustachian tube, and Fallopian tubes leading to chronic lung infections, ear infections and hearing loss, and infertility. Possible association with “situs inversus,” a condition in which major internal organs are “flipped” left to right.

Senior–Loken Syndrome/Nephronophthisis—eye disease and formation of cysts in the kidneys leading to renal failure.

Bardet–Biedl Syndrome—dysfunction of cilia throughout the body leading to obesity due to inability to sense satiation, loss of eye pigment/visual loss and/or blindness, extra digits and/or webbing of fingers and toes, mental and growth retardation and behavioral /social problems, small and/or misshaped genitalia (male and female), enlarged and damaged heart muscle, and kidney failure.

Alstrom Syndrome—childhood obesity, breakdown of the retina leading to blindness, hearing loss, and type 2 diabetes.

Meckel–Gruber Syndrome—formation of cysts in kidneys and brain leading to renal failure and neurological deficits, extra digits and bowing/shortening of the limbs.

Increased Ectopic (Tubal) Pregnancies/Male Infertility—deficient cilia in Fallopian tubes or deficient flagella/ sperm tail motility.

Autosomal Recessive Polycystic Kidney Disease—much rarer than the autosomal dominant form, dysfunction of basal bodies and cilia in renal cells leads to alterations of the lungs and kidneys leading to a variety of secondary medical conditions and often death.

Parkinson’s and Alzheimer’s diseases—Although work is still ongoing, researchers now feel that some forms of Parkinson’s and Alzheimer’s diseases may result, in part, from damage to microtubules and associated proteins. Treatments aimed at stabilizing microtubules may help many sufferers of these maladies.



TRANSPORT/CHANNEL PROTEINS

Another group of proteins fold into a tertiary or quaternary structure that creates channels for the movement of molecules into and out of the nucleus, various cell organelles, and from cells to their outside environment such as the blood stream. The hydrophobic and hydrophilic nature of the amino acids that make up these channel proteins allows an exterior of the protein that can exist inside the extremely hydrophobic environment of a membrane bilayer and a hydrophilic interior that can allow charged molecules to move through the membrane (Chapter 8). Channels are essential for the transportation of nutrients into and out of cells as well as for nerve signals and the selective filtration of molecules in the kidneys. These specialized functions of channels will be discussed in detail in Chapter 8 and Section III.

REVIEW QUESTIONS

1. What is the meaning and significance of essential and non-essential amino acids?

2. What is the significance of each amino acid R-group (hydrophobic, hydrophilic, and charged)?

3. What are the four major types of structural elements of proteins and how are they defined?

4. What is an enzyme and how do the terms catalyst and active site relate to enzymes?

5. What is the basic structure of amino acids?

6. How do the elements peptide bond, peptides, α-helix, β-strand, β-turn, hairpin turn, and disulfide bond relate to the structure of proteins?

7. How does an amino acid sequence fold?

8. What are the roles of R-groups and primary to quaternary structure in the final conformation of proteins?

9. What are the different categories of proteins and how are they defined?




CHAPTER 2
CARBOHYDRATES

Basic Carbohydrate Structure and Function

Monosaccharides and Disaccharides

Glycogen and Starches

Glycoproteins

Glycosaminoglycans

Review Questions

OVERVIEW

Carbohydrates are vastly important in human biology, including roles as a major energy source, structural molecules when combined with other carbohydrates, proteins, and other molecules, and binding and signaling between molecules and cells. As a result of all these important functions, carbohydrate biochemistry is involved in a large number of disease states. Although multiple carbohydrates exist, only a few sugar molecules and polysaccharides are important to human physiology (e.g. only eight different carbohydrates are found as constituents of glycoproteins and glycolipids). However, a number of additional molecules created by linkages of carbohydrates to proteins play various roles in cell–cell interactions and biological structures.

BASIC CARBOHYDRATE STRUCTURE AND FUNCTION

Carbohydrates, whose names end in “-ose,” have a formula of (CH2O)x where x is a number from three to seven (giving the names of triose, tetrose, pentose, hexose, and heptose). All carbohydrates contain a ketone or an aldehyde group, as well as one or more hydroxyl groups (Figure 2-1A–B; Appendix III). The oxygen atoms of the ketone and aldehyde groups have similar reactive qualities to that of the carboxylic acid group seen in amino acids and are the sites of chemical reactions within the carbohydrate molecule, as well as with other carbohydrate, protein, or lipid molecules. Often, the ketone or aldehyde reacts with a hydroxyl group from the same sugar molecule to form a carbohydrate ring structure as shown.

[image: Image]

Figure 2-1. A–B. Basic Carbohydrate Structures. A. The reactive ketone group of carbon 2 (green carbon group) from the hexose fructose reacts with the hydroxyl group of carbon 5 to form a new bond and a five-sided (pentose) ring structure. All carbon atoms are numbered for clarity. This reaction is fully reversible as indicated by the bidirectional arrows. As a result, the linear and ring structures are constantly changing in solution. B. The reactive aldehyde group of carbon 1 (green carbon group) from the hexose glucose reacts with the hydroxyl group of carbon 5 to form a new bond and a six-sided (hexose) ring structure. All carbon atoms are numbered for clarity. This reaction is fully reversible as indicated by the bidirectional arrows. As a result, the linear and ring structures are constantly changing in solution. [Adapted with permission from Naik P: Biochemistry, 3rd edition, Jaypee Brothers Medical Publishers (P) Ltd., 2009.]

Carbohydrates play a major role in humans as energy sources and storage, and their role in diet and nutrition, although sometimes controversial, is always one of supreme importance. However, carbohydrates play other roles as noted in Table 2-1.
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TABLE 2-1. Biochemical Roles of Carbohydrates

MONOSACCHARIDES AND DISACCHARIDES

Although there are multiple trioses, pentoses, hexoses and heptoses depending on the various arrangements of hydroxyl groups and hydrogens around the central carbon backbone, only a few of these single residue sugars are commonly seen in human biology. Common single sugar groups, called monosaccharides, include the triose glyceraldehyde; the pentose ribose; and the hexoses fructose, glucose, and galactose (shown in Figure 2-2).

[image: Image]

Figure 2-2. Common Monosaccharides in Human Biology. The common monosaccharide carbohydrates found in humans are shown above, including the three-carbon triose glyceraldehyde; the five-carbon pentose ribose; and the six-carbon hexoses fructose, glucose, and galactose. Note the only structural difference between glucose and galactose is the placement of the hydrogen atom and hydroxyl group at carbon 4. Carbon atoms are numbered for clarity. [Adapted with permission from Naik P: Biochemistry, 3rd edition, Jaypee Brothers Medical Publishers (P) Ltd., 2009.]

Hydroxyl groups (OH) are often locations of enzyme reactions, especially the formation of a new bond between two carbohydrate molecules with the resulting release of a water molecule. When monosaccharides form such bonds, the resulting molecules are a disaccharide, trisaccharide, and so on. The various combinations of all the different monosaccha-rides would produce a vast mixture of these new molecules but, in fact, only a few are common in humans (Figure 2-3), namely lactose (the primary sugar found in milk), trehalose [found in plants (e.g., sunflower seeds), animals (e.g., shrimp), Baker’s yeast, and several types of mushrooms)], maltose [(found in many foods made from grains (e.g., barley)], and sucrose (found naturally in plants; usually artificially made for human consumption as common table sugar). The ring structure of monosaccharides also has reactive hydroxyl groups at each of their carbon atoms, especially at the first and sixth carbons, which can bond to other sugar molecules and amino groups and proteins (discussed below and in the following chapters).

[image: Image]

Figure 2-3. Common Disaccharides in Human Biology. The common disaccharide carbohydrates found in humans are shown above, including lactose, trehalose, maltose, and sucrose. Component monosaccharides and specific α- and β-bond configurations are indicated immediately under each disaccharide. Note that the second glucose molecule in trehalose and the fructose molecule in sucrose are flipped horizontally in the final disaccharide molecule (see carbon numbers). [Adapted with permission from Naik P: Biochemistry, 3rd edition, Jaypee Brothers Medical Publishers (P) Ltd., 2009.]


Carbohydrate Intolerance: The digestion of carbohydrates from food involves several processes relying on proteins, both enzymes and transport/channel types. Defects in any of these proteins lead to disease states in which a particular carbohydrate cannot be tolerated in the patient’s diet. One of the best known examples is lactose intolerance, which develops in adolescence or adulthood and is caused by the inability to digest the sugar lactose, the primary carbohydrate in cow’s milk. Decreased digestion increases bacterial fermentation of the excess sugar molecules producing intestinal gas, bloating, nausea, and painful cramping. The osmotic effect of the excess monosaccharide and disaccharide molecules leads to increased water retention and absorption in the large intestine, causing watery diarrhea.

In fact, historical evidence indicates that humans only recently evolved the ability to digest lactose when cow’s milk became a staple of their diet. In addition, some races of humans are less able to digest lactose, leading to increased incidence of lactose intolerance in that racial group.

Other types of carbohydrate intolerance include enzyme deficiencies in the digestion of sucrose, maltose, and trehalose—the latter seen predominately in Inuit and Greenland populations—and the absence or decreased action of transporter/channel proteins that can cause profound effects on digestion of glucose, fructose, and galactose. Some carbohydrate intolerance can lead to serious problems of failure to thrive and kidney and/or liver disease. Treatment of carbohydrate intolerances is normal by avoidance of the offending sugar or by supplementation of the affected enzyme.



GLYCOGEN AND STARCHES

Linkages of monosaccharides and disaccharides form long carbohydrate chains called polysaccharides. The common polysaccharides found in nature are glycogen and starch. In fact, over half of all the carbohydrates in the human diet are starch molecules. Although glycogen is always a branched polysaccharide molecule, starch can be either branched (called amylopectin) or unbranched (called amylose). The glycogen molecule and starch molecules are shown in Figure 2-4.
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Figure 2-4. A–B. Glycogen and the Plant Starch Forms Amylopectin and Amylose. A. Glucose molecules, bonding both linearly between the carbons 1 and 4 (green bonds) and as branches between carbons 1 and 6 (red bond) of successive glucose molecules, create glycogen (branches approximately every 10 glucose residues) or the form of plant starch called amylopectin (branches approximately every 30 glucose molecules). Glycogen and starch are usually thousands of glucose molecules long and are extremely important forms of carbohydrate storage in the human body and plants, respectively. B. Glucose molecules, bonding only linearly between the carbons 1 and 4 (green bonds) of successive glucose molecules, create the form of plant starch called amylose, which has no branching. Amylose is an important form of carbohydrate storage in plants. [Adapted with permission from Naik P: Biochemistry, 3rd edition, Jaypee Brothers Medical Publishers (P) Ltd., 2009.]


Glycogen Storage Diseases: Glycogen storage diseases include 11 classes of inborn errors in the production and breakdown of these long carbohydrate chains. The genetic errors, although rare, result in an inability of the body to respond to the increased need for glucose molecules. As a result, patients suffering from glycogen storage diseases are limited in their ability to exercise or develop low blood sugar after a relatively short period of food deprivation. These glycogen storage diseases will be explored in fuller detail in later chapters.



Cellulose, the another major plant polysaccharide besides starch, differs from amylose only in the bonds between carbons 1 and 4. Changes in the way the aldehyde and hydroxyl groups of the two glucose molecules form the bond results in either an amylose α-bond [indicated by a downward bond (Figure 2-4A)] or a cellulose β-bond [indicated by an upward bond (Figure 2-5)]. Although the difference may seem insignificant, this β-bond results in a markedly different overall structure of the polysaccharide. Although α-linkages create an overall helical structure of the chain, β-linkages create a straight chain. The α-linked helical structure is important for accessing the carbohydrate molecules for metabolism, whereas the β-linked linear chain is stronger and, therefore, well suited for cellulose-containing structures such as plant walls (e.g., wood). In addition, the β-linkages cannot be digested by humans but can be digested by animals such as cows and termites, and it is the reason humans cannot live on grass or wood, both of which are composed of β-bonded glucose molecules.

[image: Image]

Figure 2-5. Cellulose. Note the β-linkages (upward-going green bond) between carbons 1 and 4 of the two glucose molecules that differ from the α-linkages seen in glycogen and starches. Cellulose is composed of multiple repeats of this basic unit as indicated by the subscript “n.” [Adapted with permission from Naik P: Biochemistry, 3rd edition, Jaypee Brothers Medical Publishers (P) Ltd., 2009.]

GLYCOPROTEINS

Carbohydrates may also form bonds with proteins via any of the carbohydrate hydroxyl groups combining with the amino acid hydroxyl groups of serine or threonine or the amine nitrogen of asparagine. The resulting carbohydrate–protein molecules are referred to as glycoproteins, and approximately half of the proteins in the human body are estimated to be glycoproteins. The diversity of glycoproteins seen in nature and humans is immense with complex mixtures of proteins, amino acids, and sugars (monosaccharides, disaccharides, and trisaccha-rides) linked together in a vast number of linear and branched formations generically called oligosaccharides. These oligosaccharides play a diverse number of functional roles in binding, signaling, and regulation that will be more fully explored in Section III.

GLYCOSAMINOGLYCANS

Even more complex than simple oligosaccharides are the glycosaminoglycans (often referred to as “GAGs”), which contain repeating disaccharide chains of a modified glucose and/or galactose. Prior to their linkage to the GAG molecule, these carbohydrate molecules have an amine group added with an additional acetyl (e.g., NHCOCH3) or negatively charged sulfate (e.g., NHSO3−) group, producing glucosamine and galactosamine molecules. In addition, negatively charged sulfate (SO3−), via the reactive hydroxyl groups, and/or carboxylate (COO−) groups are linked to at least one of the sugars of the repeating chain (Figure 2-6). A very well known GAG is heparin, a potent inhibitor of blood clot formation, used in patients with heart attacks, strokes, and clotting diseases. Other GAGs include chondroitin and hyaluronic acid (the longest of the GAGs), which bond with a central linear core protein to create proteoglycans. These molecules are important as strong structural elements in connective tissue and cartilage (Figure 2-6C and Table 2-2).
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Figure 2-6. A–C. Examples of Glycosaminoglycans (GAGs) and of Proteoglycan Associated with Collagen. A. Heparin, a GAG and an important molecule in blood clot regulation, is composed of two carbohydrate molecules linked via a β-linkage between carbons 1 and 4 and the addition of a COO− group, as well as sulfate and nitrogen and sulfate groups at various other carbon atoms. Although multiple forms of heparin exist, depending on the particular carbon that is modified, one of the most common is shown above. B. Chondroitin, a GAG important in cartilage, tendon, and bone structure, is composed of alternating carbohydrate molecules (glucuronic acid N-acetyl-galactosamine; note COO− and nitrogen groups) linked via an α-linkage between carbons 1 and 3. Each carbohydrate molecule may be sulfated (once or twice) or left unsul-fated. The more common sulfated forms are referred to as chondroitin sulfate and are felt to be mainly responsible for the molecule’s biological activity. Chondroitin has recently become popular to ingest in pill form by some patients with knee and other joint pain in hopes of “replacing” cartilage that has been depleted by time and wear and tear. C. Collagen, the main protein in connective tissue, is strongly associated with proteoglycans composed of several GAGs. Common components include hyaluronic acid, and long, linear chains of repetitive units of uronic acids (left) and chondroitin sulfate or keratan sulfate bound together by link and core proteins. The resulting protein and carbohydrate molecules as well as interactions between the charged GAG groups and surrounding water molecules create an overall structure (right) that is both strong and rigid but also flexible and conformable. These qualities help to make collagen the perfect substance to provide structure but also allow movement in joints. [Adapted with permission from Naik P: Biochemistry, 3rd edition, Jaypee Brothers Medical Publishers (P) Ltd., 2009.]
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TABLE 2-2. Biochemical Roles of Glycosaminoglycans

Glycosaminoglycans are responsible for a vast number of functions in human biology, mostly involving structure outside the cell and/or attachment of cells to external structures. An example of this structural motif is shown in Figure 2-7.
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Figure 2-7. Example of Extracellular Matrix Structure. The role of collagen, chondroitin, proteoglycans, and link proteins in the formation of the extracellular matrix is illustrated. [Reproduced with permission from Mescher AL: Junqueira’s Basic Histology Text and Atlas, 12th edition, McGraw-Hill, 2010.]


Carbohydrates and Fertilization: The fertilization of a human egg relies on carbohydrate binding and signaling. Binding of a receptor on the sperm’s surface to a galactose molecule within an oligosaccharide on the egg’s surface signals the sperm to release molecules that allow sperm entry into the egg, resulting in fertilization.
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Adapted with permission from Kibble JD and Halsey CR: The Big Picture: Medical Physiology, 1st edition, McGraw-Hill, 2009.



The list below illustrates just a few of these molecules and their functions, which will be explored further in later chapters.

REVIEW QUESTIONS

1. What are triose, pentose, and hexose carbohydrates and their key features?

2. What are ketone and aldehyde groups and their key features?

3. What are monosaccharides and disaccharides and their key features?

4. What are the basic structures of glyceraldehyde, ribose, glucose, galactose, fructose, maltose, lactose, sucrose, glycogen, starch, amylopectin, amylase, glycoproteins, and glycosaminoglycans?

5. What are the basic roles and functions of carbohydrate molecules, including the various other types of molecules to which they may bond and the resulting structural characteristics?


CHAPTER 3
LIPIDS

Basic Lipid Functions

Basic Membrane Lipid Structure

Complex Lipids

Lipid-derived Hormones/Vitamin D

Review Questions

OVERVIEW

Lipids are the third major type of biochemical molecule found in humans. Although one of their major functions relates to the formation of biological membranes (phospholipids and cholesterol), lipid molecules are also essential for energy storage and transport (triacylglycerols), cellular binding and recognition and other biological processes (glycolipids), signaling (steroid hormones), digestion (bile salts), and metabolism (fatty acids, ketone bodies, and vitamin D). Lipid molecules are mainly hydrophobic and are, therefore, found in areas away from water molecules or are involved in mechanisms such as lipoprotein complexes that allow their movement in and through water environments. The smaller hydrophilic parts of lipids are, themselves, important in formation of biological membranes and in the several specific functions of lipids and lipid-derived molecules.

BASIC LIPID FUNCTIONS

A major role of lipid molecules is to provide the building blocks for biological membranes, including phospholipids, glycolipids, and cholesterol. However, other lipids known as triacylglycerols (also referred to as triglycerides or fats) function in the storage of biological energy and bile salts, derived in the liver from cholesterol and serve in the digestion of dietary fat. Finally, several lipid-derived molecules serve as important hormones and intracellular messengers.

It is important to note that the major part of every lipid molecule is hydrophobic in nature and, like the hydrophobic parts of proteins discussed earlier (Chapter 1), prefers to be away from and protected against interaction with water molecules. This hydrophobic character is fundamental in membrane formation, lipid transport, and in many of the functions that the various types of lipid molecules perform.

BASIC MEMBRANE LIPID STRUCTURE

A membrane lipid is composed of three basic components that are as follows:

1. Fatty acids are composed of long chains of carbon molecules with a carboxylic acid (COOH) at carbon 1 and a CH3 (methyl) group at the end of the chain (Figure 3-1A). The carboxylic acid group is involved in bonding of the fatty acid to the other components of a lipid molecule. In humans, fatty acids are usually 12–24 carbons long and most often the number of carbons in the fatty acid backbone is even. Fatty acids can contain single (C—C), double (C═C), or triple [image: Image] carbon–carbon bonds.
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Figure 3-1. A. Common Saturated and Unsaturated Fatty Acids. Palmitate (16-carbon), stearate (18-carbon), and arachidate (20-carbon), fatty acids, shown by the carbon backbone and in “stick diagram” form for arachidate often used for simplicity. The carbon atoms of fatty acids are numbered from the carboxylic acid (COOH) to the terminal methyl (CH3) group. Hydrogen atoms are not shown for clarity. B. Fatty Acid Chain Double Bonding. Detail of unsaturated fatty acid carbon chain, illustrating trans double bond (left: hydrogen atoms on opposite sides of the bond and resulting linear carbon chain) and unsaturated cis double bond (right: hydrogen atoms on the same side of the bond and resulting “kinked” carbon chain). C. Common Unsaturated Fatty Acids. (Top and middle) Two 18-carbon unsaturated acids showing a cis double bond (oleic acid) and a trans double bond (elaidic acid) both at carbon 9. Arrows illustrate different conformations of fatty acid chain that result from the two types of saturated bonds. (Bottom) An 18-carbon unsaturated fatty acids with two cis double bonds (linoleic acid) at carbons 9 and 12 (see arrows). Note how the addition of a second cis double bond creates an even more nonlinear fatty acid chain, which causes increased disorder of packing and, therefore, increased fluidity of biological membranes. [Adapted with permission from Murray RA, et al.: Harper’s Illustrated Biochemistry, 28th edition, McGraw-Hill, 2009.]

• Saturated fatty acids contain only single carbon–carbon bonds, and all of the carbon molecules are bonded to the maximum number of hydrogen molecules.

• Unsaturated fatty acids have at least one double carbon–carbon bond with the potential for additional hydrogen atom bonding still existing for some of the carbon atoms in the backbone chain. If more than one double bond is present, the term polyunsaturated is used. These double bonds can exist in either a “kinked” cis double bond or a more linear trans double bond (Figure 3-1B-C).

2. Glycerol is a simple three-carbon molecule with hydroxyl groups at each carbon (Figure 3-2A). These hydroxyl groups are the reactive location where fatty acids and other components of a lipid molecule bond to form diacylglycerol (Figure 3-2A) and triacylglycerol (Figure 3-2B) molecules.
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Figure 3-2. A–B. A. Glycerol, Diacylglycerol, and Triacylglycerol. Glycerol is a simple, three-carbon chain molecule (green) with a hydroxyl group (OH) bonded to each of the carbon atoms. The hydroxyl groups at carbons 1 and 2 of glycerol bond react with the carboxylic acid groups (COO–) of the fatty acid chains, resulting in two new bonds and two water (H2O) molecules. In general, unsaturated fatty acids bond to carbon 1, whereas saturated fatty acids bond to carbon 2. The resulting molecule is called “diacylglycerol” and is involved in important signaling pathways (Chapter 8). B. Triacylglycerol is formed when a third fatty acid bonds to the third glycerol hydroxyl group. This resultant molecule is an important storage form of energy (Chapter 8). [Adapted with permission from Naik P: Biochemistry, 3rd edition, Jaypee Brothers Medical Publishers (P) Ltd., 2009.]


Double Bonds and Melting Temperatures: The number and type of double bonds in a particular lipid molecule’s fatty acid affects how that fatty acid “packs” with other fatty acids and, therefore, the temperature at which the particular lipid molecule melts. For example, the saturated fatty acids listed in Table 3-1 have melting points between 44°C and 77°C. The unsaturated fatty acids have far lower melting points, ranging from 13°C to –50°C, decreasing as the number of double bonds (polyunsaturation) increases. “Kinked” cis double bonds make the packing of fatty acids even more disorganized and lower the melting temperature even further. The effects of saturated/unsaturated/polyun-saturated and cis/trans fatty acids are readily seen in the different melting temperatures of butter, composed of a highly saturated lipids, and margarine, composed of unsaturated lipids. The linear nature of trans fatty acids makes them similar to the structure of saturated fatty acids. This structural feature, relative to the cis configuration, seems to make metabolism of trans fats difficult. Consequently, trans fats remain longer in the circulation, thereby contributing to arterial deposition and subsequent development of coronary heart disease. In general, unsaturated fats are healthier for the human body and, therefore, dietary fats composed mostly of cis double bonded, polyunsaturated fats are recommended by dieticians and clinicians to help avoid heart disease and other medical problems.
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TABLE 3-1. Common Fatty Acids Found in Humans




Essential Fatty Acids: Much like there are essential amino acids that the body can only get from dietary sources, certain fatty acids are also deemed essential. Two particular essential fatty acids, linoleate and linolenate, have double bonds at the sixth and third carbon atoms counting from the methyl end of their chains, respectively, and are needed to produce certain 20-carbon long fatty acids containing double bonds. These two fatty acids are known as omega-6 (ω-6) and omega-3 (ω-3) fatty acids. Humans do not have the ability to produce double bonds at these locations and, therefore, must obtain these two required fatty acid building blocks from vegetable oils. Arachidonate with a 20-carbon chain and four cis double bonds is also an essential fatty acid involved in several important biological functions. Recently, longer carbon chain ω-3 fatty acids have been proposed to decrease heart attacks and strokes; supplements and some food products are now available, which contain these fatty acids. Interestingly, excessive dietary intake of ω-6 fatty acids has been implicated in an increased risk of heart attacks, strokes, some cancers, and even depression.



3. Head Group The final component of a lipid molecule varies with each type of lipid and, along with the two specific fatty acids, defines each particular lipid. This third part of the lipid molecule is often called the “head group,” aptly named if one envisions the end methyl group of the fatty acid chains to be the tail of the lipid molecule (Figure 3-3A). Most lipids in a biological membrane have a phosphate group (PO4–3) attached to the third glycerol carbon and are, therefore, called phospholipids. Usually, an additional molecule (several common examples found in humans and the resulting phospholipid molecules are shown in Figure 3-3B) is attached to the phosphate molecule, resulting in the final head group of the lipid molecule. This head group is usually charged, creating a part of the lipid that is hydrophilic, and wants to be near water, a quality that is essential for the formation of biological membranes (Chapter 8) and many lipid functions.
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Figure 3-3. A. Phospholipid Components and Formation. Bonding between hydroxyl (OH) of a phosphate group with the hydroxyl (OH) of glycerol carbon 3 (green) results in a phospholipid molecule and one water molecule. The basic phospholipid illustrated above is termed phosphatidic acid and is the building block of common phospholipids found in the cell membrane (see below). Fatty acid chains are depicted in black. B. Common Phospholipids Found in Humans. Common head groups, which form phospholipids (top and middle) and are shown in blue, bonded to the hydroxyl (OH) of a phosphate group (purple), which itself is bonded to the hydroxyl (OH) of glycerol carbon 3 (green). This structure results in a phospholipid molecule that is generally found in membranes. Lipid molecules are often represented in “stick diagram” form (bottom) with the charged phosphate group and hydrophilic head group shown as a circle and oval and with the fatty acid “tails,” depicted as either straight or jagged lines, forming the hydrophobic region. [Adapted with permission from Naik P: Biochemistry, 3rd edition, Jaypee Brothers Medical Publishers (P) Ltd., 2009.]

The common fatty acids found in humans are listed in Table 3-1.

COMPLEX LIPIDS

GLYCOLIPIDS/SPHINGOLIPIDS

Just as carbohydrate and protein molecules can bind together (discussed in Chapter 2), carbohydrates can also bind to lipids to form a glycolipid. However, in a human glycolipid, the glycerol backbone is generally replaced by a backbone of sphingosine [made from the amino acid serine and the 16-carbon fatty acid palmitate (Figure 3-4A)] and is, therefore, referred to as a sphingolipid. Sphingosine can bind two other molecules with the remaining hydroxyl (OH) and amino (NH3) groups from the serine amino acid. In human sphingolipids, the amino group is always bound to another fatty acid to make the molecule ceramide. From ceramide, the particular molecule(s) attached to the remaining hydroxyl group defines both the name and the characteristics of the resulting sphingolipid. For example, the molecule sphingomyelin, which can make up to 20% of the total phospholipid in many biological membranes, is made of ceramide and a phosphoryl choline head group (Figure 3-4B).
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Figure 3-4. A-B. Ceramide and Sphingolipids. A. Ceramide is produced from the combination of the amino acid serine and the 16-carbon, fatty acid palmitate (green) with the subsequent addition of a second fatty acid (black) to the amino (NH3) group (referred to as N-acetylation). Other molecules can then bind to the ceramide hydroxyl (OH) to produce a wide range of sphingolipids important to humans, an example of which is sphingomyelin (B) shown in the right panel and discussed in the text. C. Common Cerebrosides. Cerebrosides are composed of sphingosine and a single glucose or galactose molecule attached via the hydroxyl group at carbon 4. D. A Sulfatide. Sulfatides are simply cerebrosides with the addition of a carbohydrate-linked sulfate molecule. Compare with galactocerebroside in Figure 3-4B. E. A Globoside and GalNAc Carbohydrate. Globosides are composed of ceramide bonded to a fatty acid via the NH group (green) and several carbohydrate molecules, including GalNAc (light blue square), bonded via the serine OH (upper panel). The structure of N-acetyl-galactosamine or GalNAc is shown in the lower panel with the NH attachment highlighted in green. F. A Ganglioside and NANA. The structure of N-acetylneuraminic (NANA), a type of sialic acid, is shown in the lower panel (N-acetyl group indicated in blue). [Adapted with permission from Naik P: Biochemistry, 3rd edition, Jaypee Brothers Medical Publishers (P) Ltd., 2009.]

From the base molecule of a sphingolipid (e.g., ceramide), carbohydrate molecules may also be attached to form a glycosphingolipid. In general, human glycosphingolipids are grouped into four categories.

1. Cerebrosides—Ceramide (see above) attached to only a single glucose or galactose residue, producing glucosylceramide or galactosylceramide, respectively (Figure 3-4C). Cerebrosides are important in the membranes of muscle and nerve cells and are located in myelin, which covers nerve axons and enables fast and efficient conduction of nerve impulses. Cerebrosides may also be involved in the binding of morphine and other opiates.

2. Sulfatides—Galactose-based glycosphingolipid molecules, which contain a sulfur atom-containing sulfate [image: Image] group in place of the phosphorous atom (Figure 3-4D). Sulfatides are found mainly in the brain and central and peripheral nervous systems but are seen in trace amounts in other tissues. Sulfatides are believed to be involved in the regulation of cell growth and signaling and may serve to both help form and, alternatively, break down blood clots possibly by affecting the transportation of sodium and potassium in and out of cells such as platelets. Sulfatides also may play roles as an adhesion molecule, including the recruitment of immune cells to inflamed tissue and the binding and replication of influenza viruses. Changes in the production of sulfatides have been noted as one of the earliest indicators of Alzheimer’s disease.

3. Globosides—Glycosphingolipid molecules with the carbohydrate molecule N-acetyl-galactosamine (a.k.a. GalNAc) along with two or more other carbohydrate molecules (Figure 3-4E). Globosides are found in several organs including red blood cells, serum, liver, and spleen. Although the functions of globosides are not well understood, they are believed to play an important role in cell receptors. Interestingly, the binding of Escherichia coli, a bacterium common in urinary tract infections, to cells in the urinary tract is believed to occur through globosides.

4. Gangliosides—Glycosphingolipid molecules with one or more attached sialic acid molecules, most often N-acetylneuraminic acid (a.k.a. “NANA”), a complex, nine-carbon carbohydrate molecule (Figure 3-4F). There are a large number of different gangliosides, which differ in their structure depending on the number and location of the carbohydrate and NANA molecules. Gangliosides are involved in binding, recognition, and signaling between cells. Although gangliosides are abundant in the nervous system, they are also believed to play an important role in binding immune cells. Gangliosides are also found in less abundance in other cell types. Gangliosides are also believed to play a role in the binding and entrance into cells of the influenza virus and the toxin that causes cholera.

EICOSANOIDS

Eicosanoid is the general term for molecules that are all composed of 20-carbon fatty acids and involved in signaling. The four major groups of eicosanoids include the prostaglandins (PGs), the prostacyclins (PGIs), the thromboxanes (TXs), and the leukotrienes (LTs). Functions of eicosanoids include promotion of inflammation (usually ω-6 derived), immune response, neurological signaling, regulation of blood pressure, control of platelet aggregation/ disaggregation, and modulation of levels of triacylglycerols. They also have direct/indirect effects on a variety of diseases, including cardiovascular and rheumatoid pathologies, among other roles. The signaling actions of eicosanoids are mainly transmitted via G-protein receptors (Chapter 8).

All eicosanoids are produced from either ω-6 acids (dihomo-gamma-linolenic acid (DGLA), arachidonic acid (AA), or an ω-3 acid [eicosapentaenoic acid (EPA)]. The predominant synthetic pathway for eicosanoids is via the ω-6, AA pathway whose products are denoted by the subscript “2” (Figure 3-5). LTs are produced from AA via a different pathway illustrated in the figure. Importantly, eicosanoids derived from ω-6/DGLA and the ω-3/EPA precursors are much less inflammatory/anti-inflammatory in nature. Increased intake of DGLA (dietary supplements), especially EPA (“ω-3” fish oils), results in lowered associated diseases via direct competition with the AA pathway. Medications such as aspirin, nonsteroidal anti-inflammatory drugs, and cyclooxygenase (COX)-2 inhibitors also decrease the inflammatory effects of PG, PGI, and TX (collectively known as prostanoids) by direct inhibition of COX-1 or -2, which are key enzymes in prostanoid synthesis (Figure 3-5). Corticosteroids (e.g., prednisolone) inhibit phospholipase A2 (Figure 3-5).
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Figure 3-5. Overview of Eicosanoid Synthetic Pathway. Phospholipids generated as noted above (see also Figure 3-3A) provide the basic building blocks for the formation of arachidonic acid (AA), the source of all eicosanoids. The varying synthetic pathways coming from AA are shown. See also Table 3-2 for a review of the major known eicosanoids and their functions. [Adapted with permission from Naik P: Biochemistry, 3rd edition, Jaypee Brothers Medical Publishers (P) Ltd., 2009.]
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TABLE 3-2. Overview of Eicosanoids

More specifically, PGs are eicosanoids whose major functions include regulation of inflammation, smooth muscle contraction (blood vessels, gastrointestinal, bronchial, and uterus), neurological pain, platelet function, hormone activity, and cell growth. PGIs are derived directly from a prostaglandin precursor (PGH2) and are important in decreasing platelet function and, therefore, blood clot formation as well as dilation of blood vessels. TXs are also derived from PGH2 and, opposite of PGIs, act as vasoconstrictors to promote platelet aggregation and blood clot formation. LTs, the fourth class of eicosanoids, are produced via a pathway that deviates from the other eicosanoids’ production at AA (Figure 3-5). LTs are mainly seen in inflammatory processes of the lung, including asthmatic reactions and the inflammation associated with bronchitis. Specific functions of the major eicosanoids and their role in disease and treatments are reviewed in Table 3-2 and will be covered further in Section III.


ABO Blood Groups: The human blood groups O, A, B, and AB are determined by specific glycosphingolipids found in the red cell membrane. The basic glycosphingolipid, called “H-substance,” is composed of a sphingolipid connected to three carbohydrate molecules and a membrane-bound protein. The addition of specific, extra carbohydrate molecule to a galactose residue on H-substance produces the four common blood types as follows:
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Eicosanoids and Inflammation: Inflammation is often characterized by the four signs of calor, dolor, tumor, and rubor. Each of these features results, at least in part, from the action of one or more eicosanoids. Calor (warmth) is caused by the prostaglandin PGE2. Dolor (pain) is heightened via the action of PGE2, which also increases the sensitivity of neurons. Tumor (swelling) results from the leakage of plasma from blood vessels whose permeability is increased by the leukotriene LTB4. Inflammatory rubor (redness) results from the action of thromboxane TXA2, initially released after injury, which subsequently increases the concentration and, therefore, the blood vessel dilation activity of PGE2 and LTB4, resulting in engorged vessels and reddening.



CHOLESTEROL

Cholesterol is an extremely important molecule found only in eukaryotic organisms with a variety of functions in the human body. Although humans can make cholesterol, they have to rely on a complex mechanism of binding and modifications by other molecules so that cholesterol may be eliminated from the body (see below). As a result, properly controlling the day-today amount of cholesterol in the body—a balance between production, elimination, and the external influence of dietary intake—can play a key role in health and illness. The functions of cholesterol are listed below.

1. Cholesterol is one of the essential lipid components of biological membranes where it is a modulator of the fluidity of membranes. The ability of membranes to modify their structure and/or the ability for other molecules to be able to move within the membrane is critical for cell signaling, binding, wound healing, immune response, and so on.

2. Cholesterol serves as the primary source for the production of steroid hormones (see next section below), bile salts, and even vitamin D.

3. Cholesterol metabolism is also important in the regulation of the transportation of lipids throughout the body, and disturbance of this system leads to the deposition of cholesterol in the artery wall causing atherosclerosis, which ultimately leads to heart attacks and strokes. An understanding of this regulation has led to important treatments for decreasing the risk of these diseases.

The cholesterol molecule has four rings made of carbon atoms—three rings have six sides and one has five sides—with a six-carbon ring tail (Figure 3-6A). Most of the carbons are single bonded and, therefore, have their full complement of hydrogen atoms. The three-dimensional structure of cholesterol is approximately a flat plane, exposing all of the hydrophobic parts of the cholesterol molecule to the environment. Only one hydroxyl group with its hydrophilic nature creates any charged quality to the cholesterol molecule. As a result, cholesterol does not like to be exposed to water environments, preferring to be shielded by other hydrophobic molecules such as lipids or hydrophobic parts of proteins. The impact of cholesterol’s unique structure and its role in plasma membrane structure and fluidity will be examined further in Chapter 8.
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Figure 3-6. Cholesterol Molecule (A) Unesterified and (B) Esterified. A. Unesterified cholesterol molecule with free end hydroxyl group creating a hydrophilic charge important in biological membrane packing. B. Esterified cholesterol molecule with R group bonded by ester bond to oxygen from end hydroxyl group. The R group is usually a fatty acid bonded to cholesterol by the enzyme lecithin cholesterol acyl transferase (LCAT). [Adapted with permission from Barrett KE, et al.: Ganong’s Review of Medical Physiology, 23rd edition, McGraw-Hill, 2010.]

However, some cholesterol is also found outside of biological membranes in adrenal glands, blood, and other tissues where it is often bonded via the hydroxyl group to a long fatty acid as a cholesterol ester (Figure 3-6B). These cholesterol esters are highly hydrophobic and insoluble and can form fatty lesions or “plaques” in the artery wall that can lead to heart attacks or strokes. Fortunately, the human body has developed a unique way of addressing this problem, namely by forming lipoproteins (see below and Figure 3-7).
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Figure 3-7. Basic Lipoprotein Structure. Lipoprotein complexes are composed of a central lipid core (cholesterol ester and triacylglycerol molecules), a charged lipid outer shell (phospholipid and cholesterol molecules), and surrounding apoproteins that help to transport hydrophobic lipid molecules throughout the body. [Adapted with permission from Murray RA, et al.: Harper’s Illustrated Biochemistry, 28th edition, McGraw-Hill, 2009.]


Cholesterol, Phospholipids, Gangliosides, and Cancer: Emerging research has shown that some cancer cells (e.g., meningosarcoma and certain leukemias) have significant changes in their cell membrane cholesterol, phospholipid, and ganglioside content that alters the membrane fluidity as well as lipid signaling that produces unregulated growth or carcinogenesis. These changes can also cause resistance to agents used to treat cancer. Understanding how changing membrane composition leads to these findings may help to develop new and different cancer-fighting agents with a unique mechanism of lipid attack.



LIPOPROTEINS

Lipoproteins, as the name implies, are formed from the complexes of lipid and protein molecules. Unlike glycolipids, in which simple bonds connect the principal component molecules, lipoproteins are far more complex and form large particles containing several lipid classes and protein. Their complexity emerges from the primary function of lipoproteins, namely the transportation and delivery of fatty acids, triacylglycerol, and cholesterol to and from target cells in a variety of organs (see also Chapter 7 for further discussion). Thus, although glycolipids once produced and in their final location remain there for relatively long periods of time, lipo-proteins are more transient. The bonding and structure of lipoproteins reflect this characteristic.

A simplified model of a lipoprotein includes a center core composed of cholesterol ester and triacylglycerol molecules surrounded by an outer shell of phospholipids and cholesterol molecules with their hydrophobic areas inward toward the lipid core and their charged, hydrophilic areas facing outward toward the aqueous environment (Figure 3-7). Specialized proteins, known as apoproteins, wrap around the outer shell of the lipo-protein particle also involved in interactions with external water. The composition of lipoprotein particles varies but they can be broadly categorized depending on their density as shown in Table 3-3. Lipoproteins, their components, function, metabolism, and medical implications will be discussed in much more detail in Chapters 11 and 16.
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TABLE 3-3. Basic Lipoprotein Characteristics

BILE SALTS

Bile salts, composed of bile acids conjugated with glycine or taurine (Figure 3-8A), are produced in the liver directly from cholesterol and are important in solubilizing dietary fats in the mainly watery environment of the small intestine. After production in the liver and prior to secretion into the gall bladder and/or digestive system, they are often bonded to the amino acid glycine (Chapter 1) or taurine, a derivative of the common amino acid cystine (Chapter 1), to increase their water solubility (Figure 3-8B). Glyco- and tauro-bile acids are also called as conjugated bile acids.
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Figure 3-8. A-B. Major Bile Acids and Bile Salts Found in Humans. A. Bile salts, including the primary forms cholic acid and chenodeoxycholic acid, are produced by the liver and commonly found in humans. Removal of hydroxyl groups (OH) by intestinal bacteria produces the secondary bile acids deoxycholic acid and lithocholic acid. [Adapted with permission from Kibble JD and Halsey CR: The Big Picture: Medical Physiology, 1st edition, McGraw-Hill, 2009.] B. The addition of the amino acid glycine (left) or the cystine-related taurine (bottom right) increases the solubility of the bile salts. [Adapted with permission from Murray RA, et al.: Harper’s Illustrated Biochemistry, 28th edition, McGraw-Hill, 2009.]


Bile Salt Sequestrants: Medicines that bind with or “sequester” and help excrete bile salts are sometimes used in patients with high cholesterol levels in their blood. The removal of these bile salts causes further production of replacement bile acids from the body’s cholesterol store to allow fat digestion, thereby lowering the total cholesterol in these patients. However, such treatments can interfere with normal lipid absorption affecting dietary requirements as well as resulting in the unpleasant side effect of fatty, foul-smelling bowel movements.



LIPID-DERIVED HORMONES/VITAMIN D

Steroid hormones, which are all produced from cholesterol (Figure 3-9), perform a variety of different functions in the human body as listed below.
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Figure 3-9. Major Steroid Hormones Found in Humans. Steroid hormones, derived from cholesterol (upper left corner), control several important bodily functions essential to life. Their synthesis involves multiple, interrelated steps, which occur in the adrenal cortex (mineralocorticoids and glucocorticoids), testes (androgens), and ovaries (estrogens). The synthesis of the various steroid-derived hormones can also be categorized by the specific enzyme (yellow boxes) involved and/or the number of carbon molecules in the substrate or product. Blue highlight indicates position of chemical change. Several diseases related to steroid production involve these enzymes. [Adapted with permission from Barrett KE, et al.: Ganong’s Review of Medical Physiology, 23rd edition, McGraw-Hill, 2010.]

CORTICOSTEROIDS (ADRENAL GLAND)

Mineralocorticoids. The primary mineralocorticoid in humans is aldosterone, which is produced in the outer layer of cells of the adrenal cortex. Synthesis and secretion of aldosterone is controlled by the renin–angiotensin system (see Chapter 18). In certain disease states, a minor mineralocorticoid, 11-deoxycorticosterone, may instead be produced in excess in the adrenal cortex and substitute for aldosterone. The role of the mineralocorticoids is to maintain blood volume and blood pressure by increasing the reabsorption of Na+ from the urine to the blood. The increase of Na+ reabsorption is accompanied by the excretion of K+ and protons (H+) and leads to reabsorption of water by the action of antidiuretic hormone (see Chapter 18).

Glucocorticoids. The primary glucocorticoid in humans is cortisol, which is produced in the middle and innermost layer of cells of the adrenal cortex. Glucocorticoids have a variety of unique functions. They play an important role in fuel homeostasis during starvation and other stress-related conditions by promoting the mobilization of fatty acids from triacylglycerols (Figure 3-2B) stored in fat cells, promote the breakdown of muscle protein, and increase liver glucose synthesis (gluconeogenesis) using the amino acids derived from muscle and lactic acid (see Chapter 10). Additionally, they diminish inflammatory responses by decreasing production of PGs (see Figure 3-5).

Androgens. The cells in the innermost layer of the adrenal cortex produce androgens, primarily androstenedione, as a major product. The adrenal cortex is the sole source of androgens in females but a minor source in males who produce large amounts of androgens in the testes (see Chapter 20). Adrenal androgens, particularly in females, contribute to certain secondary sexual characteristics such as the growth of axillary and pubic hair, as well as contribute to libido.

Progestogens. The primary progestogen in humans is progesterone. Progesterone produced in the adrenal cortex is primarily an intermediate in the production of the other adrenal steroid hormones. Its physiological role is implantation of a fertilized egg in the uterine lining and maintenance of pregnancy. Its primary production occurs in the corpus luteum of the ovaries and the placenta following fertilization.

ANDROGENS (TESTES) AND ESTROGENS (OVARIES)

Responsible for sexual functions such as puberty (onset, development, and changes in secondary sexual characteristics), menopause, ovulation, and sperm formation.

VITAMIN D

Vitamin D, one of the fat-soluble vitamins, is required for calcium metabolism. A small amount of vitamin D is obtained from dietary sources but a majority is produced by the conversion of cholesterol through a unique process involving sunlight and three separate organs (Figure 3-10). Cholesterol, now dehydrocholesterol, having had a second carbon–carbon double bond formed in the liver, is transported to the skin where ultraviolet rays break open the second and third rings. Traveling back to the liver, a second hydroxyl group is added to the formerly hydrophobic “tail.” Finally, the molecule travels to the kidney where another hydroxyl group is added near the site of the lone cholesterol hydroxyl group. The resulting molecule, “calcitrol,” is the active form of vitamin D whose functions will be discussed more fully in Chapters 10 and 13.
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Figure 3-10. Production of Vitamin D from Cholesterol. Active vitamin D (calcitrol) is produced from cholesterol by means of four steps taking place in the liver, skin, liver, and kidney, respectively. Dietary sources can also provide cholecalciferol directly. Small, dark arrows indicate the location where molecular change takes place in each step. Added hydroxyl groups (OH) are indicated in green. [Adapted with permission from Kibble JD and Halsey CR: The Big Picture: Medical Physiology, 1st edition, McGraw-Hill, 2009.]

REVIEW QUESTIONS

1. What are fatty acids, triacylglycerols, and phospholipids?

2. What are lipid head groups and the key characteristics of common ones found in man?

3. What are cerebrosides, sulfatides, globoside, and ganglio-sides and their key features?

4. What are lipoproteins, cholesterol, bile salt (acid), steroid hormones, and calcitrol and their key features?

5. What are the basic structures and characteristics of saturated, unsaturated, cis, trans fatty acids, glycerol, and phospholipid?

6. What are the basic structures and characteristics of the various glycolipids (i.e., cerebrosides, sulfatides, globo-sides, and gangliosides)?

7. What are the basic structures and characteristics of the lipoproteins (high-density lipoproteins, low-density lipoprotein, intermediate-density lipoproteins, and very-low-density lipoprotein)?

8. What are the basic structures and characteristics of bile salts, steroid hormones, and vitamin D?

9. What are the basic functions of the four types of glycolipids?

10. How do lipoproteins transport cholesterol and lipid molecules throughout the body?

11. What are the basic functions of bile salts, steroid hormones, and vitamin D that are produced from cholesterol?


CHAPTER 4
NUCLEOSIDES, NUCLEOTIDES, DNA, AND RNA

Nucleosides and Nucleotides

RNA and DNA—Basic Structure and Function

Review Questions

OVERVIEW

Nucleosides and nucleotides are the fourth and final major group of biochemical molecules and are essential for numerous biological functions in humans, including maintaining and transferring genetic information, playing a major role in energy storage, and acting as signaling molecules. These molecules can be divided into two major families—purines, which include adenosine and guanine, and pyrimidines, which include cyto-sine, thymidine, and uracil. The unique structures and interactions of these molecules serve as the fundamental building block of RNA and DNA molecules and allow fundamental processes of gene replication and protein synthesis to occur. Many other functions of the various nucleosides and nucleotides will be explored in later chapters.

NUCLEOSIDES AND NUCLEOTIDES

Nucleosides and nucleotides are closely involved in the preservation and transmission of the genetic information of all living creatures. In addition, they play roles in biological energy storage and transmission, signaling, regulation of various aspects of metabolism, and even an important role as an antioxidant. Mistakes or deficiencies in their synthesis usually lead to death. Overproduction or decreased elimination of nucleic acid derivates also lead directly to medical conditions.

Nucleosides have a nitrogenous base and a five-carbon carbohydrate group, usually a ribose molecule (see Chapter 2). Nucleotides are simply a nucleoside with one or more phosphate groups attached (Figure 4-1). The resulting molecule is found in ribonucleic acid or RNA. If one hydroxyl (OH) group has been removed from the ribose, the deoxy versions of the nucleoside and nucleotide form the building blocks of deoxyribonucleic acid or DNA (Figure 4-1). Each component of nucleosides and nucleotides is discussed below.
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Figure 4-1. Basic Structure of Nucleosides and Nucleotides. Five major nucleoside bases are common in human biology, including the purines (two-ring structure) adenine and guanine (top) and the pyrimidines (one-ring structure) cytosine, uracil, and thymine (middle). Nucleosides (bottom) are made of a nitrogenous base, usually either a purine or pyrimidine, and a five-carbon carbohydrate, usually ribose. A nucleotide is simply a nucleoside with an additional phosphate group or groups (blue); polynucleotides containing the carbohydrate ribose are known as ribonucleotide or RNA. If 2′ hydroxyl group (OH) is removed, the polynucleotide deoxy ribonucleic acid (DNA) results. [Adapted with permission from Naik P: Biochemistry, 3rd edition, Jaypee Brothers Medical Publishers (P) Ltd., 2009.]

COMPONENTS OF NUCLEOSIDES AND NUCLEOTIDES

1. Nitrogenous base—The nitrogenous base of a nucleoside or nucleotide (named because of the nitrogen atoms found in its structure) may be either a purine or a pyrimidine. Purines, including inosine (I), adenine (A), and guanine (G), are two-ring structures and pyrimidines, including uracil (U), cytosine (C), and thymine (T), have only one ring (Figure 4-1). Both purine and pyrimidine nitrogenous bases are made, in part, from amino acids as shown in Figures 4-2 and 4-3, respectively.

2. Carbohydrate—The carbohydrate component of nucleosides and nucleotides is usually the sugar ribose. When the hydroxyl group is removed from carbon 2 (normally removed after the addition of the nitrogenous base to the carbohydrate), deoxyribose, the sugar molecule found in DNA, results.

3. Phosphate Group—One or more phosphate groups (PO4–3) may be attached to the carbon 5 of the carbohydrate molecule. The phosphate molecules are important in energy storage and signaling functions of nucleosides and nucleotides.
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Figure 4-2. A. Constituents of the Purine Ring. The sources of carbon, nitrogen, and oxygen molecules that form the nitrogenous base of inosine are indicated. Atoms from glycine are indicated in blue shade. B. Synthesis of Adenosine and Guanosine. The nucleosides and nucleotides adenosine and guanosine are produced from the molecule IMP. Synthesis of adenosine requires one additional nitrogen molecule from the amino acid aspartate (blue shade). Guanosine synthesis utilizes one additional nitrogen molecule from the amino acid glutamine (blue shade). [Adapted with permission from Murray RA, et al.: Harper’s Illustrated Biochemistry, 28th edition, McGraw-Hill, 2009.]

SYNTHESIS OF PURINE NUCLEOSIDES AND NUCLEOTIDES

The adenosine- and guanine-based nucleosides and nucleotides are formed by first producing another nucleotide called inosine monophosphate (IMP). IMP is produced from a ribose, parts of one glycine, one aspartate, two glutamine amino acids, two tetrahydrofolate molecules (a modified form of the vitamin folate), and one carbon dioxide (CO2) molecule (Figure 4-2A). After IMP is formed, adenosine monophosphate or guanosine monophosphate may be produced depending on the body’s needs (Figure 4-2B).

The synthesis of purines starts by transference of a phosphate group from an existing adenosine triphosphate (ATP) molecule to a new ribose molecule. As a result of this requirement, the concentrations of ATP must be high for purine synthesis to proceed—a method of regulating when to produce or not produce more of these molecules. Thus, the body only produces more nucleosides and nucleotides when energy levels (from food) are high. Purines can be produced as above, or can be obtained from the diet or by breaking down and recycling existing nucleosides and nucleotides. Mammals, including humans, preferentially use the recycling pathway when appropriate starting materials are available.

SYNTHESIS OF PYRIMIDINE NUCLEOSIDES AND NUCLEOTIDES

Unlike purines, the pyrimidine nitrogenous bases, uracil and cytosine, are formed before bonding to the carbohydrate portion of the nucleotide. The process starts by producing the uracil ring (Figure 4-3A) in a three-step process utilizing one each of the amino acids glutamine and aspartate and one bicarbonate molecule (HCO3–). Next, cytidine triphosphate (CTP) is derived from the nucleotide uridine monophosphate (UMP) after the conversion of UMP to the triphosphate form (uridine triphosphate); an extra nitrogen is gained from one additional glutamine amino acid (Figure 4-3B, far right). Cytidine monophosphate (CMP) and diphosphate (CDP) can be produced from (CTP) by the subsequent loss of two or one phosphate groups, respectively. The final pyrimidine-derived nucleotide, thymidine, found only in DNA, is produced by a separate process involving the deoxy form of UMP (dUMP). This process will be discussed below.
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Figure 4-3. Synthesis of Pyrimidine-Derived Nucleosides Uridine and Cytidine. A. Constituents of the Pyrimidine Uracil Ring. The nucleoside uridine is produced from one aspartate amino acid, one glutamine amino acid, and a bicarbonate molecule from CO2 respiration. Atoms from aspartate are indicated in blue shade. B. Uridine and Cytidine Nucleoside Synthesis. Cytidine synthesis utilizes one additional nitrogen molecule from the amino acid glutamine (indicated by arrow) after the addition of two additional phosphate groups to the UMP molecule. [Adapted with permission from Murray RA, et al.: Harper’s Illustrated Biochemistry, 28th edition, McGraw-Hill, 2009.]
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Figure 4-4. Synthesis of Thymidine Deoxyribonucleotide. UMP is deoxygenated at the 2′ hydroxyl of the ribose ring (see Figure 4-1 above) and subsequently converted to dTMP (TMP) by the addition of a methyl group (indicated by arrow) from methylene tetrahydrofolate. [Adapted with permission from Murray RA, et al.: Harper’s Illustrated Biochemistry, 28th edition, McGraw-Hill, 2009.]

FORMATION OF DEOXY NUCLEOSIDES AND NUCLEOTIDES

Adenosine, guanosine, and cytidine deoxyribonucleotides found in DNA are formed directly from their corresponding, double-phosphorylated (nucleoside diphosphates) ribonucleotides by removal of the hydroxyl (OH–) group from the carbon 2 (e.g., ADP → dADP, GDP → dGDP, CDP → dCDP). Thymidine deoxyriboncleotide (dTMP), found only in DNA, is formed from dUMP (UMP → dUMP → dTMP) by the addition of a methyl (CH3) group (Figure 4-4). Because there is no oxyribo-nucleotide form of dTMP, the “d” designation is often not used (TMP). See summary in Table 4-1.
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TABLE 4-1. Summary of Nitrogenous Bases, Nucleosides, and Nucleotides


Nucleoside and Nucleotide Analogues as Chemotherapy Agents and Antibiotics: Nucleosides and/or nucleotides are essential components of genetic material and are, therefore, intimately involved in the proliferation of cells. One method of cancer treatment is to stop the reproduction of cancerous cells by inhibiting the production of nucleosides and/or nucleotides. Examples include the pyrimidine analogue of dUMP, fluorodeoxyuridine (FdUMP), which blocks the production of dTDP. Because dTDP has its own special synthetic process, no other nucleotides and nucleosides are affected by FdUMP. Another analogue, fluorocytosine, can be used as an antibiotic because it is converted into an active “nucleoside or nucleotide” only in bacteria—human cells are not affected by its presence. Aminopterin and methotrexate are also chemotherapy agents, which act by blocking folate addition to purine rings. Unlike fluorocytosine, though, these agents also affect rapidly dividing human cells such as hair and intestines, resulting in the common chemotherapy side effects of hair loss and nausea/ vomiting.



BREAKDOWN OF PURINES AND PYRIMIDINES

Nucleotides can be broken down into their purine or pyrimi-dine nitrogenous bases by removal of the phosphate groups to form the respective nucleosides and removal and transfer of the ribose carbohydrate back into carbohydrate metabolism. Once the free purine bases remain, they are changed into a slightly different purine called xanthine, which is subsequently converted into uric acid and excreted mainly in urine by the kidneys. Breakdown of pyrimidine nitrogenous bases is simply a reverse of the steps of synthesis with the resulting molecules being directed into regular metabolism.


Gout and Lesch–Nyhan Syndrome: Gout is a medical condition typified by excessive amounts of uric acid in the body. These high levels result in the formation of needle-shaped uric acid crystals, which then become lodged in soft tissues, especially joints such as those in the first toe, resulting in severe “gouty arthritis” pain. Gout is treated by several different types of medications, including allopurinol, which directly decreases the conversion of purine nitrogenous bases to xanthine and uric acid. Uloric (febuxostat) has been approved for use in the treatment of chronic hyperuricemia. This drug appears to be more effective than allopurinol in preventing acute attacks and reducing the size of the crystal deposits. Lesch–Nyhan syndrome is a genetic disease, affecting almost solely males, of excessive synthesis of purines because of defective recycling and, therefore, uric acid production from their breakdown. Lesch–Nyhan syndrome is characterized by gouty arthritis but, in addition, affects the brain, resulting in mental retardation, loss of control of arm/leg/face movements, aggressive behavior, and self-mutilation by biting and scratching. Successful treatment of this disorder is still being sought.



Nucleotide molecules are able to form RNA and DNA strands by the bonding of the phosphate group of one nucleotide and the ribose sugar molecule of the next nucleotide (Figure 4-5). This linkage is called a “phosphodiester bond” and helps to form the fundamental structure essential for the storage, maintenance, and transmission of the genetic code of living creatures. For purposes of nomenclature, RNA and DNA molecules have a 5′ and 3′ end, depending on the number of the carbon bonded to the remaining phosphate group (Figure 4-5).
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Figure 4-5. Structure of Phosphodiester Bond Found in RNA and DNA. Phosphodiester bond (bold arrows) formed in RNA and DNA between the hydroxyl on the third carbon of ribose and the hydroxyl from the fifth carbon. Successive bonds form the backbone of these molecules and link successive nucleotides to form the organism’s genetic code. Formation of the bond results in the production of one molecule of water (not shown). Both RNA and DNA are written by convention 5′ and 3′ ends (indicated). [Reproduced with permission from Naik P: Biochemistry, 3rd edition, Jaypee Brothers Medical Publishers (P) Ltd., 2009.]

RNA AND DNA—BASIC STRUCTURE AND FUNCTION

RNA

RNA molecules are single strands containing the nucleotides: adenine (A), guanine (G), cytosine (C), and uracil (U). RNA molecules often form secondary (2°) structures much like proteins and may interact with DNA, other RNA molecules, and proteins. These interactions help to define the particular function of each type of RNA.

In general, there are four distinct types of RNA molecules, each with a particular function (Table 4-2). Messenger RNA (mRNA) molecules, which can be 100s–1000s of nucleotides long, function as the transmitter of genetic information from the DNA genetic code to the resulting protein. In this task, mRNA is often bound by proteins that help to protect and regulate these important genetic messages. Transfer RNA (tRNA) molecules, normally 65–110 nucleotides long, carry individual amino acids and match them with a specific mRNA sequence during protein synthesis. tRNA molecules have a very characteristic “T” shape that is optimized for this function. Ribosomal RNA (rRNA) is associated with proteins and makes up the actual working “machinery” responsible for the synthesis of protein molecules. The exact mechanism of protein synthesis and the roles of each individual type of RNA will be discussed in more detail in Section II. A fourth type of RNA, often referred to as regulatory RNA, is involved in regulation of DNA expression, posttranscriptional mRNA processing, and the activity of the transcribed mRNA message (see Chapter 9).
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TABLE 4-2. Characteristics of mRNA, tRNA, and rRNA

DNA

DNA molecules are composed of two single strands of deoxynucleotides, adenine (A), guanine (G), thymidine (T), and cytosine (C), in which the two strands are paired to form a ladder-type molecule referred to as a double helix (Figure 4-6A). This double helix forms when atoms in the nitrogenous bases of the nucleotides form hydrogen bonds (G bonding with C and A bonding with T) (Figure 4-6B) while the hydrophilic phosphate and hydroxyl groups of the sugar “backbone” are exposed to the water environment.

[image: Image]

Figure 4-6. Basic Structure of DNA. A. Double helix model (left figure), illustrating the winding “ladder” structure with the inside “rungs” created by nucleotide pairing and the outside “runners” created by charged phosphate groups. B. Detail (top) of how the double helix structure protects the inner hydrophobic area and allows hydrogen bonding between paired G–C and A–T nucleotides while exposing the outer hydrophilic deoxyribose and phosphate groups to the water environment. Bonding (bottom) in DNA only between T and A and G and C, which helps to dictate the genetic code and fidelity in its replication and expression. [Reproduced with permission from Naik P: Biochemistry, 3rd edition, Jaypee Brothers Medical Publishers (P) Ltd., 2009.] Detail (bottom) of hydrogen bonding (arrows) between purine and pyrimdine pairs. C. Mechanism of DNA Replication. Unwinding of DNA to allow access to new nucleotides during DNA replication. [Reproduced with permission from Murray RA, et al.: Harper’s Illustrated Biochemistry, 28th edition, McGraw-Hill, 2009.]

The double-helix structure of DNA is essential for its function because these two bonded strands can temporarily separate at specific parts of the DNA molecule to allow for DNA replication (shown in Figure 4-6C). mRNAs and associated proteins can also access the DNA strands to copy the contained genetic sequence as the first step, leading to protein synthesis (see Chapter 9). This process is discussed in more detail in Section II. The unique double helix can then rebond to again protect the vital DNA message. A separate type of DNA is found in mitochondria. This mitochondrial DNA (mtDNA) codes for only a few proteins (13 total proteins in human mitochondria) involved in the production of energy within the mitochondria. Unlike DNA found in the nucleus, mtDNA forms a small circular structure with the same bonding and strand separation seen in linear double-helix DNA molecules.

The specific sequence of A, G, C, and T nucleotides or “genome” defines all the functional molecules of a living creature and, as such, DNA is the blueprint of life. The genome of humans is estimated to contain approximately 20,000–25,000 different genes. Contained within the chromosomes (Figure 4-7) are the nucleotide strands, which contain the message or “code” for every single protein. The sequences of A’s, G’s, C’s, and T’s or “genes” that code for mRNA molecules and, subsequently, these proteins are referred to as “expressed sequences” or “exons.” Sequences that do not code for a protein are called “intervening sequences” or “introns.” In fact, introns comprise over 90% of the total DNA sequence found in humans and are believed to be leftover, nonfunctional remnants of evolutionary changes or, perhaps, important regulatory sequences whose functions are yet to be determined. Introns are removed or “spliced” from the sequence during the early stages of protein synthesis (see Section II).
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Figure 4-7. Relationship between Chromosomes (right) and a Gene. Each human chromosome (far left, whose DNA content is graphically illustrated as far left bar) contains approximately 1000–2000 genes arranged in clusters of approximately 20 genes. Within the gene are “expressed sequences” (exons, dark orange) and “intervening sequences” (introns, light orange). The intervening sequences are removed during expression of the primary mRNA transcript and processing to the final mRNA product. Introns do not appear to code for any protein and their role, if any, is still unknown. Length of molecules is indicated as bp (base pairs) or nt (nucleotides). [(Left part) Reproduced with permission from Mescher AL: Junqueira’s Basic Histology Text and Atlas, 12th edition, McGraw-Hill, 2010. (Right part) Adapted with permission from Murray RA, et al.: Harper’s Illustrated Biochemistry, 28th edition, McGraw-Hill, 2009.]


Ribozymes: Ribozymes (ribonucleic acid enzymes) represent a unique departure from the original thought that enzymes can only be proteins. Like their protein counterparts, particular RNA sequences possess secondary or tertiary structure that enables them to catalyze a reaction. Most ribozymes act on either themselves or another RNA molecule. However, some ribozymes, including those in ribosomes (see Chapter 9), catalyze the transfer of amino groups to a growing protein sequence and assist new proteins to fold into their appropriate conformation. The development of potential scientific and medical applications of ribozymes is ongoing, including possible treatments against initial HIV infection. Theories suggesting that RNA, not DNA, molecules were the original genetic code molecules also infer that ribozymes may have been some of the initial enzymatic molecules that allowed propagation of early life.



Knowing the exact sequence of an organism’s DNA genome would allow one to duplicate or “clone” that organism exactly. “Cloning” is simply the ability to copy the DNA sequence and replicate it to form the particular organism. Isolating specific sequences that are the code for a particular protein allows researchers to study and manipulate these proteins (see Appendix II), and is vital for scientific and medical purposes.


Adenosine Deaminase Deficiency and Gene Therapy: Deficiencies in the breakdown of nucleotides and nucleosides lead to often fatal diseases early in life in which the immune response is markedly decreased. Severe combined immunodeficiency syndromes encompass several examples of these diseases but almost half of patients have a deficiency in the breakdown of adenosine by adenosine deaminase. Patients have been treated by bone marrow transplant but also by the emerging technology of gene therapy with some success. Gene therapy offers the potential for producing a “good” copy of a gene and uses it to replace the defective copy. The implications of this treatment are vast.



REVIEW QUESTIONS

1. What are nucleosides, nucleotides, deoxynucleotides, purines, and pyrimidines, their key features and basic structure?

2. How do you distinguish between adenine, guanine, cytosine, thymidine, and uracil structure?

3. What are ribonucleic acid (RNA) and deoxyribonucleic acid (DNA), their basic structure, and their roles in human biology?

4. What are genes, exons, and introns and their key features?

5. What is the relationship between amino acids and the nitrogenous bases of purines and pyrimidines?

6. What is the role of folate in the synthesis of nitrogenous bases of purines?

7. What is the overall pathway of synthesis of the five major nucleosides and nucleotides including the deoxy forms?




SECTION I
INTEGRATED USMLE-STYLE QUESTIONS AND ANSWERS

QUESTIONS

I-1. Several families were studied whose affected individuals have nephrogenic diabetes insipidus. This disease causes childhood symptoms of polyuria (frequent urination), polydipsia (constant thirst and frequent drinking), poor growth, and hypernatremia (increased serum sodium concentration). Administration of antidiuretic hormone was not curative, focusing attention on a renal water loss due to a transport defect. A gene named aquaporin-2 was cloned from renal tubular epithelium, its amino acid sequence derived, and structural domains hypothesized to facilitate separation of mutations from benign variants. The hypothesized structure contained several transmembrane domains demarcated by β-turns, and these potential water channels were found to be mutated in affected individuals. Which of the following amino acids is most suggestive of β-turns?

A. Arginine and lysine

B. Aspartic acid and glutamic acid

C. Glycine and proline

D. Leucine and valine

E. Tryptophan and tyrosine

I-2. A 7-year-old female presents with dehydration after 3 days of explosive diarrhea after consuming a large amount of ice cream. Analysis of her fecal matter reveals a large amount of lactose. Which of the following sugar pairs would be found in this disaccharide?

A. Fructose and glucose joined by a α-1, 2 bond

B. Galactose and fructose joined by a β-1, 2 bond

C. Galactose and glucose joined by a β-1, 4 bond

D. Two molecules of glucose joined by a α-1, 1 bond

E. Two molecules of glucose joined by a α-1, 4 bond

I-3. A deficiency of which of the following vitamins would alter metabolism of calcium?

A. A

B. C

C. D

D. E

E. K

I-4. Which of the following characteristics distinguish most RNA molecules from DNA?

A. 3′-phosphate group linked to a pentose sugar

B. 5′-phosphate group linked to a pentose sugar

C. Adenine base on RNA, whereas a uracil base on DNA

D. Purine or pyrimidine base linked to a pentose sugar

E. Uridine base on RNA, whereas a thymidine base on DNA

I-5. A severe form of osteogenesis imperfecta (OI) was noted, in which newborn infants have extremely deformed limbs and chest, causing them to die shortly after birth because their chest wall was not adequate for respiration. This “type II” severe form was initially thought to be autosomal recessive, but was later shown to involve mutations in type I collagen like other forms of OI. Collagen is a fibrous protein consisting of three peptide chains entwined in a triple helix, formed by a repeating amino acid motif (where X or Y can be any amino acid). Which of the following shows that the repeating 3-amino acid motif is most compatible with collagen triple helix formation and the mutation most likely to cause severe OI?

A. Ala–X–Y mutated to Gly–X–Y in one repeat

B. Ala–X–Y mutated to Leu–X–Y in one repeat

C. Gly–X–Y mutated to Ala–X–Y in one repeat

D. Gly–X–Y mutated to Pro–X–Y in one repeat

E. Pro-X-Y mutated to Gly-X-Y in one repeat

I-6. A 60-year-old man is brought to his physician from an institution for severe mental deficiency. The physician reviews his family history and finds he has an older sister in the same institution. Their parents are deceased but reportedly had normal intelligence and no chronic diseases. The man sits in an odd position as though he was sewing, prompting the physician to obtain a ferric chloride test on the man’s urine. This test turns color with aromatic (ring) compounds, including certain amino acids, and a green color confirms the physician’s diagnosis. Which of the following amino acids was most likely detected in the man’s urine?

A. Glutamine

B. Glycine

C. Methionine

D. Phenylalanine

E. Serine

I-7. Children with severe vitamin A deficiency develop accumulation of a glycosaminoglycan on the corneal epithelium and is accompanied by “dry eye.” Which of the following types of glycosaminoglycan would you expect to find accumulated on the surface of the cornea?

A. Chondroitin

B. Heparan

C. Heparin

D. Keratin

E. Perlecan

I-8. Which of the following is an essential fatty acid?

A. Arachidonic acid (C-20:4-Δ5,8,11,14)

B. Eicosatetraenoic acid (C-20:3-Δ8,11,14)

C. Linoleic acid (C-18:2-Δ9,12)

D. Oleic acid (C-18:1-Δ9)

E. Palmitic acid (C-16:0)

I-9. A 47-year-old man complains of pain in the joints of his left big toe, which are obviously swollen and tender. The pain has been chronic but became intolerable the day after Thanksgiving when he had a large meal and several glasses of red wine. He is obese, and his past medical history is significant for removal of kidney stones. Which of the following is involved in the pathophysiology of this patient’s condition?

A. Deficiency of folic acid

B. Elevated orotic acid

C. Elevated uric acid

D. Loss of red blood cells

E. Low blood glucose

I-10. A child presents with severe vomiting, dehydration, and fever. Initial blood studies show acidosis with low bicarbonate. Preliminary results from the blood amino acid screen show two elevated amino acids, both with nonpolar side chains. A titration curve performed on one of the elevated species shows only two ionizable groups: one that is acidic and the other that is basic (i.e., no charged side chain). Which of the following pairs of elevated amino acids is most likely elevated?

A. Arginine and isoleucine

B. Aspartic acid and glutamine

C. Glutamic acid and threonine

D. Histidine and valine

E. Leucine and isoleucine

I-11. Certain amino acids are not part of the primary structure of proteins but are modified after translation. In scurvy, which of the following amino acids that is normally part of collagen cannot be hydroxylated after translation?

A. Alanine

B. Histidine

C. Proline

D. Tryptophan

E. Tyrosine

I-12. A woman returns from a year long trip abroad with her 2-week-old infant, whom she is breastfeeding. The child soon starts to exhibit lethargy, diarrhea, vomiting, jaundice, and an enlarged liver. The pediatrician prescribed a switch from breast milk to infant formula containing sucrose as the sole carbohydrate. The baby’s symptoms resolve within a few days. Which of the following was the most likely diagnosis?

A. Deficiency of an enzyme in the metabolism of pentose sugars

B. Deficiency of an enzyme in the pathway that metabolizes glucose

C. Galactosemia

D. Intolerance to dietary fructose

E. Intolerance to lactase

I-13. Despite the fact that trans fatty acids are unsaturated, their contributions to atherosclerosis are similar to those of saturated fats. This similarity in physiological action can be attributed to which of the following?

A. Relatively linear structures

B. Similar rates of metabolism

C. Similar tissue distributions

D. Solubilities in water

E. Tendency to form triglycerides

I-14. Methotrexate is a potent anticancer agent that starves dividing cells of deoxyribonucleotides through direct inhibition of which of the following processes?

A. Degradation of purine bases to uric acid

B. Deoxygenation of the ribose ring to produce deoxyri-bose for DNA

C. Metabolism of folic acid

D. Synthesis of purine bases

E. Synthesis of thymidine

I-15. An infant is normal at birth but becomes lethargic after several feedings; the medical student describes an unusual smell to the urine but is ignored. Infection (sepsis) is suspected, and blood tests show normal white blood cell counts with a serum pH of 7.0. Evaluation for an inborn error of metabolism shows an abnormal amino acid screen. The report states that branch-chain amino acids are strikingly elevated. Which of the following amino acids does the report refer to?

A. Arginine

B. Aspartic acid

C. Isoleucine

D. Lysine

E. Threonine

I-16. A 10-month-old white boy is being evaluated for weakness, pallor, hemorrhages under the fingernails, and bleeding gums. Radiographs indicate that bone near the growth plates shows reduced osteoid formation and grossly defective collagen structure. What would be the most effective treatment for this patient’s condition?

A. Exclusion of dairy products from the diet

B. Growth hormone treatment

C. Oral iron supplementation

D. Oral vitamin A

E. Oral vitamin C

I-17. A 9-month-old girl is suffering from vomiting, lethargy, and poor feeding behavior. Her mother reports that the symptoms began shortly after the baby was given a portion of a popsicle and mashed bananas by her grandparents. The baby’s discomfort seemed to resolve after breastfeeding was resumed. Which of the following is the most likely diagnosis?

A. Deficiency of an enzyme in the metabolism of pentose sugars

B. Deficiency of an enzyme in the pathway that metabolizes glucose

C. Galactosemia

D. Intolerance to dietary fructose

I-18. During starvation glucagon, a peptide hormone, is important for activating glucose synthesis and mobilizing fats. Besides glucagon, which of the following is a lipid-derived hormone that regulates sugar and fat metabolism in starvation and other stress states?

A. Glucocorticoids

B. Mineralocorticoids

C. Prostagens

D. Vitamin A

E. Vitamin D

I-19. A 2-year-old boy’s mother is concerned about his tendency to bite himself to the point of bleeding. The boy’s fingers show scarring and several scabs, and his lips are swollen and bruised. He exhibits poor coordination, poor muscle tone, and frequent jerking movements of his arms and legs. He is significantly delayed in speech. His urine is orange in color and “gritty.” Which of the following is the most likely diagnosis?

A. Adenosine deaminase deficiency

B. Cerebral palsy

C. Gout

D. Lesch–Nyhan syndrome

E. Tay–Sachs disease

ANSWERS

I-1. The answer is C. A β-turn structure consists of four amino acids in which the first residue is hydrogen bonded to the fourth residue of the turn (see Figure 1-5C). Glycine residues are small and flexible, whereas proline residues assume a cis or flattened conformation, making these residues amenable to tight turns. Transport proteins often have several membrane-spanning domains demarcated by β-turns that allow them to exit and return back into the membrane. These transmembrane domains form channels that regulate transport of ions and water in organs such as lung, gut, and kidney. Nephrogenic diabetes insipidus results when the kidney is less responsive to antidiuretic hormone excreted by the posterior pituitary, causing abnormal water excretion, dehydration, and electrolyte disturbances.

I-2. The answer is C. Disaccharides are carbohydrates composed of two sugar molecules. Lactose in this case is composed of galactose and glucose joined by a β-1,4 glycosidic bond. Sucrose is a disaccharide of a fructose and a glucose molecule joined by a α-1,2 glycosidic bond. Maltose is a disaccharide of two glucose molecules joined by a α-1,4 glycosidic bond. There is no disaccharide composed of fructose and galactose (see Figure 2-3).

I-3. The answer is C. Vitamin D is a fat-soluble vitamin essential for the absorption of dietary calcium and the reabsorption of calcium by the kidney. Vitamin A is also a fat-soluble vitamin essential for vision, reproduction, and development but does not specifically affect any minerals. Vitamin C is a water-soluble vitamin important in two enzymes in collagen formation and as an antioxidant. Vitamin E is a fat-soluble vitamin important as an anti-oxidant. Vitamin K is fat-soluble and important in blood clotting.

I-4. The answer is E. RNA and DNA are composed of nucleoside units where a purine or pyrimidine base is linked to a pentose sugar. The 1′ carbon of the pentose is linked to the nitrogen of the base. In DNA, 2′-deoxyribose sugars are used; in RNA, ribose sugars are used that contain 2′-and 3′-hydroxyls. The nitrogenous bases are adenine, thymine, guanine, and cytosine in DNA, with thymine replaced by uridine in RNA. Nucleotide polymers are chains of nucleotides with single phosphate groups, joined by bonds between the 3′-hydroxyl of the preceding pentose and the 5′-phosphate of the next pentose. Polymerization requires high-energy nucleotide triphosphate precursors that liberate pyrophosphate (broken down to phosphate) during joining. The polymerization reaction is given specificity by complementary RNA or DNA templates and rapidity by enzyme catalysts called polymerases.

I-5. The answer is D. Collagen is the most abundant fibrous protein found in connective tissue, bone, cartilage, skin, ligaments, and tendons as well as other tissues. Collagen consists of two strands of α1 and one strand of α2 collagen intertwined in a triple helix. The triple helix has 3.3 residues per turn. The triple helix is stabilized by hydrogen bonds between residues in different strands. The presence of glycine in every third residue allows for very tight packing of each strand in the triple helix because glycine residues are small and confer flexibility. Mutations substituting a larger or differently configured amino acid for the glycine of one repeat would disrupt the tight packing at that position of the collagen strand and alter triple helix conformation; proline substitutions for glycine (answer D) would alter chain direction and be more disruptive than those with alanine (answer C). Substitutions of amino acids at the X–Y positions of a repeat would have less influence on packing, better preserving the triple helix structure. Mutations at positions in the α1 chain would also be more severe because two of these strands are incorporated with each triple helix. Milder mutations alter bone collagen to decrease bone thickness and cause susceptibility to fractures. More severe mutations interfere with bone formation during development, causing severe deformities of limbs and chest wall that are incompatible with life. These mutations also inhibit collagen synthesis in the sclerae (whites of the eyes), causing them to be thinner so the underlying blue choroid shows through.

I-6. The answer is D. Before phenylketonuria was recognized and before the advent of routine newborn metabolic screening, children with this autosomal recessive disorder developed severe mental retardation without other identifying symptoms. Although few children with developmental disability are being placed in institutions today, the movement for release into home or halfway house care in the 1960s and 1970s was complicated by long-term residents who had not developed life skills. Thus, some older individuals in institutions have disorders that could have been detected by modern screening and would never have prompted institutionalization with modern care. Phenylalanine, with its benzene ring, is an essential amino acid that is converted to tyrosine by phenylalanine hydroxylase, the enzyme that is deficient in phenylketonuria. This disease can also be caused by a deficiency of the enzyme’s cofactor, biopterin.

I-7. The answer is D. Keratin is a component of cartilage and cornea of the eye. In vitamin A deficiency, keratinization of the skin and of the mucous membranes in the respiratory, GI, and urinary tracts can also occur. Drying, scaling, and follicular thickening of the skin and respiratory infections can result from this deficiency. Chondroitin is a structural component and attachment point to collagen. Heparan is found attached to collagen for various cells, including liver cells. Heparin regulates the immune response and blood clot formation. Perlecan is a structural component of the kidney membrane.

I-8. The answer is C. The essential fatty acid linoleic acid (C-18:2-Δ9,12), with 18 carbons and two double bonds at carbons 9 and 18, is desaturated to form β-linolenic acid (C-18:3-Δ6,9,12), which is sequentially elongated and desaturated to form eicosatrienoic acid (C-20:3-Δ8,11,14) and arachidonic acid (C-20:4-Δ5,8,11,14). Many of the eicosanoids (20-carbon compounds)—prostaglandins, thromboxanes, and leukotrienes—are derived from arachidonic acid. Arachidonic acid can only be synthesized from essential fatty acids obtained from the diet. Palmitic acid (C-16:0) and oleic acid (C-18:1-Δ9) can be synthesized by the tissues (Table 3-1).

I-9. The answer is C. This patient shows many symptoms consistent with an episode of gout. His joint pain is due to gouty arthritis, an inflammatory condition arising from deposition of sodium urate crystals. The swelling in the joints of his big toe (tophaceous gout) is also a manifestation of this phenomenon. In his case, the episode seems to have been triggered by excessive eating at Thanksgiving dinner along with alcohol consumption, leading to degradation of large quantities of purine nucleotides and consequent increased flux through the pathway that produces uric acid. Whether his gout arises from impaired excretion of uric acid or is due to a mutation of phosphoribosylpyrophosphate synthetase cannot be determined from the data. Analysis of his blood may confirm the gout if high concentrations of uric acid (hyperuricemia) are present.

I-10. The answer is E. Leucine and isoleucine have nonpolar methyl groups as side chains. As for any amino acid, titration curves obtained by noting the change in pH would show an acidic ionizable group for the primary carboxyl group and a basic ionizable group 5 for the primary amino group; there would be no additional ionizable side chain. Aspartic and glutamic acids (second carboxyl group), histidine (basic imino group), glutamine (second amino group), and threonine (hydroxyl group) all have ionizable side chains that would show an additional group on the titration curve. The likely diagnosis here is maple syrup urine disease, which involves elevated isoleucine, leucine, and valine together with their ketoacid derivatives. The ketoacid derivatives cause the acidosis, and the fever suggests that the metabolic imbalance was worsened by an infection.

I-11. The answer is C. Proline and lysine are hydroxylated after the synthesis of new collagen molecules. The hydroxylation of proline and lysine residues occurs in reactions catalyzed by prolyl and lysyl hydroxylase enzymes that require the reducing agent ascorbic acid (vitamin C). In scurvy, which results from a deficiency of vitamin C, insufficient hydroxylation of collagen causes abnormal collagen fibrils. The weakened collagen in teeth, bone, and blood vessels causes tooth loss, brittle bones with fractures, and bleeding tendencies with bruising and bleeding gums.

I-12. The answer is C. The patient’s symptoms and course in response to a lactose-containing formula are consistent with a diagnosis of galactosemia. Because the child can consume sucrose, that contains glucose and fructose, the problem cannot be in pathways that metabolize either glucose or pentose sugars. Additionally, the child can tolerate dietary fructose as evidenced by the ability to consume sucrose. Finally, while one can be intolerant to lactose, the sugar, the same is not true regarding lactase, the enzyme. Although genetic screening tests required in most states identify newborns with galactosemia, these tests may not have been performed on a child born outside the United States.

I-13. The answer is A. Saturated fatty acids and trans fatty acids are structurally similar; their hydrocarbon tails are relatively linear. This allows them to pack tightly together in semicrystalline arrays such as the membrane bilayer. Such arrays have similar biochemical properties in terms of melting temperature (fluidity). Although some of the other properties listed are also shared by saturated and trans fats, they are not thought to account for the tendency of these fats to contribute to atherosclerosis (Figure 3-1B).

I-14. The answer is C. Methotrexate is an analog of folic acid that binds with very high affinity to the substrate-binding site of dihydrofolate reductase, the enzyme that catalyzes conversion of dihydrofolate to tetrahydrofolate, which is used in various forms by enzymes of both the purine and pyrimidine de novo synthetic pathways. Thus, synthesis of deoxythymidine monophosphate from deoxyuridine monophosphate catalyzed by thymidylate synthetase and several steps in purine synthesis catalyzed by formyltransferase are indirectly blocked by the action of methotrexate because both those enzymes require tetrahydrofuran coenzymes. Xanthine oxidase that catalyzes degradation of purine bases to uric acid is unaffected.

I-15. The answer is C. Amino acids are classified as acidic, neutral hydrophobic, neutral hydrophilic, or basic, depending on the charge or partial charge on the R-group at pH 7. Hydrophobic (water-hating) groups are carbon–hydrogen chains like those of leucine, isoleucine, glycine, or valine. Basic R-groups, such as those of lysine and arginine, carry a positive charge at physiologic pH owing to protonated amide groups, whereas acidic R-groups, such as glutamic acid, carry a negative charge owing to ionized carboxyl groups. Threonine with its hydroxyl side chain is neutral at physiologic pH. Leucine, isoleucine, and valine are amino acids with branched side groups, and they share a pathway for degradation that is deficient in children with maple syrup urine disease. Their amino groups can be removed, but the resulting carboxylic acids accumulate with resulting acidosis, coma, and death unless a diet free of branch-chained amino acids is instituted.

I-16. The answer is E. The patient shows many signs of vitamin C deficiency or scurvy, which is seen most frequently in infants, the elderly, and in alcoholic patients. Particularly indicative of vitamin C deficiency are the multiple small hemorrhages that occur under the skin (petechiae) and nails and surrounding hair follicles. Bleeding gums are a classic indicator of scurvy.

I-17. The answer is D. The main sugar in mother’s milk is lactose. When the baby was given the fruit and the artificially sweetened popsicle, she was exposed to fructose for the first time and apparently is intolerant to dietary fructose. Because the child can consume lactose, which contains glucose and galactose, the problem cannot be in pathways that metabolize either glucose or pentose sugars. The symptoms are also consistent with galactosemia, but would be expected as a reaction to lactose intake. This diagnosis of fructose intolerance should be confirmed by genetic testing. Essential fructosuria is a benign condition that would not have produced such severe symptoms.

I-18. The answer is A. Glucocorticoids are made in the adrenal cortex, the principal one being cortisol in humans. Cortisol promotes breakdown of proteins in starvation to provide precursors for the synthesis of glucose (blood sugar) and also promotes the breakdown of stored lipids (triglycerides) to provide the energy for this process. Cortisol performs a similar function in chronic stress. Mineralocorticoids, the principal one being aldosterone, controls sodium reuptake by the kidney in exchange for potassium and thereby regulates and changes blood volume and pressure. Prostagens are required for implantation of a fertilized egg in the uterine lining and maintenance of a pregnancy. Vitamin A is not a lipid-derived hormone. It is involved in vision, reproduction, and tissue development. Vitamin D controls the blood calcium–phosphate matrix and thereby promotes bone formation.

I-19. The answer is D. This patient’s self-mutilation behavior, neurologic symptoms, and developmental delay are consistent with diagnosis of Lesch–Nyhan syndrome. This disorder is due to the deficiency of hypoxanthine–guanine phosphoribosyl transferase, which prevents salvage of hypoxanthine and guanine to their respective nucleotides, inosine monophosphate and guanosine monophosphate. This leads in turn to hyperactivity of the purine synthesis pathway, excessive purine degradation, and overproduction of uric acid. The gritty substance and orange color of the patient’s urine are because of excretion of both dissolved uric acid and precipitated sodium urate. Gout might account for the excessive uric acid production but not the neurologic symptoms. Self-mutilation is not characteristic of Tay–Sachs disease, cerebral palsy, or adenosine deaminase deficiency.
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deydrogenase  3-phosphoglycerate serine, the major source of  supplementation

defciency dehydrogenase, 11 one-carbon groups for the  with serine and

OMIM 4601815 €nzyme responsivie for the new synthesis of purine  glycine.

first step in the synthesis of
serine.

nucleotides and
deorythymidine
monophosphate, eads to
severe neurological
consequences, ncludinga
Severely undersized brain
(congenital microcephaly)
and delay in neurological
functions, seizures, failure
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WIGHSRIESIN.  UGRChOF SR SR . SRon Bnokime couses. | 0 S -
OMIM #210900  RecQ protein-like-3,leading _ gronth deficency both  treatment has
fostructural alterations.  before and afer bith. Low  been found.
birth weightand failure to Avoidance of sun
thive are common. Itis  exposure and
associated with abnormal  prompt diagnosis
and sun-sensitve skin  and lreatment of
pigmentation and malignancies is
“spidery” blood vessels.  essential. Surval
Chomosomes are fragle  into adult years is
in ths condition with the exception as
frequent fragmentation  the resultof
and an assaciated malignancies.
Increased risk of
malignancies (see also AT).
Children are ot
Considerablerisk for
leukemia,
Cockayne Delicit of either of two DNA  Palients develop Thereis no known  Cockayne
syndrome. repai proteins, namely,  symploms early in the first  cure and treatment ~ syndrome, type B
OMIM #216400,  DNA excision repai protein  decade vith growth failre 5 only supportive.  (involving ERCC-
$133540 ERCC8 (type B) or ERCC-8  (short sature, small head,  Death s usually  6)1is seen
(type A). ERCC61is thin and iy hai, poor  wel before: prominently in
Sokei ik daly | deioreaittl e adulthood, il
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[Released matrix vesicles
and collagen fibers.

Secretory vesicles
in osteoblasts
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transcription. ERCC-8 is a
subunit partof RNA
polymerase I transciption
factor IH. The deficitleads.
to poor repair of DNA le g,
ulravilet (UV) radiation],
leading over time to cellular
malfunction/death.

nervous system including.
mental etardation,
ncreased sensitiy to
sunlightUV radiation, eye.
and hearing problems,
marked dental decay, and
accelerated aging.

Both types A and
Bare inherted as
autosomal
recessive.

Fanconi anemia
ONIM 4227650

Delicitinany of a number
of proteins, which form a
monoubiquitination
complex,responsibi for
DNA repair during the
S-phase of mitosis and after
ermoneous cross-lnking.
“The defcit has wide-
ranging effects on al blood
cells fom the bone marrow
as well as hear, kidney,

Skin, and limbs.

Palients have low red and
white blood cells and
plateets; changes in skin
pigment; tructural defects
ofthe hear, kidneys, and
bones of the imbs and
hands; and often develop
leukemia, which may lead
to death,

Treatment is by
temporary blood
transfusions,
potentialy curative
bone marrow
transpiantation, a5
well 3 varied
medical methods
toatemptto
stimulate marrow
production of
deficient celltypes.
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Abetalipoproteinemia
(Bassen-Komzweig
syndrome)

OMIM #200100

Mechanism

Deficiency of
‘apolipoprotein (apo) 848
and BI0O, Defect results
in decreased production
and transport of
chylomicrons and very-
low-densit lipoprotein
(VLDL) s wellas poor
absorplion of fatsoluble
itamins.

Patients exnibit
‘symptoms in early
infancy (due o inactive
pancreatc ipase),
including poor feeding
and growth, darthes,
and fat-laden and foul-
smeling stoos. Red
blood cell shape and
nerves/muscles may
also be affected with
mental retardation and
developmental
problems as wellas
effects on coordination,
balance, and

movement, Fat-soluble
vitamin deficiencies add
fo these problems,
ncluding gradual
breakdown of the etina
ue 1o lack of vitamin A.

Treatment

Treatment is
usually by close
control o diet,
marked increases
in vitamin E inake,
and supportive
care for symptoms.
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Endothelial cell
Thrombomodulin
Thrombin

Ca?* | Phospholipids
Protein C ——— Activated protein C + protein S

Va — Inactive Va Vllla — Inactive Vllla

v
Inactivates inhibitor of
tissue-type plasminogen activator (t-PA)

. v
Plasminogen ——— Plasmin

Thrombin t-PA, u-PA

Lyses fibrin
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Py Defect of the POV compiex, Uefectsof FUriand  There I no cure. Usually X-linked

Dehydrogenase (PDH)  composed of three main  increased levels of Diets that produce  with more
defciency enzymmes (E1, E2, and E3)  pyruvale resultinthe  kelones (high protein  severe effects
ONIM #312170 each made of mliple  buildup of large amountsand low carbohydrate)  seen in some

protein subunits. The  of lactic acid n the have been used with  heterozygous

complex catahyzes the  bioad. Chronically, high  variable success. females.

eaction, which converts levelsof lactic acid have  Lactic acidosis must  Autosomal

pyruvats intoacelylCoA  adverse effectson the  be treated acutely, ecessive.

and links gycolysiswith  brain, nerves, and other  although some variants are also.

the circ acid cycle. The  tissues, leading to medications (e.g.,  known.

most common deficiency  developmental dicholorcaceic acid)

s due 1o mutations ofthe  problems, spasmsof  may help. Gene

asubunit of E1. muscles, and, often,  therapy for this

earty death. condition is being.
developed.
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Protein solution

Mixture of proteins

Small molecules
pass through slowly

Gel polymer bead

Large molecules pass
through quickly

Gel Filtration Chromatography
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KV (one sublype)

ibriassociated collagens” wilh regulary
‘appearing gobular domains giing a “beaded
flament” appearance. Often associated wit types |
and Il in extracelular malrix of smooth muscles and
amniotic sac membrane (amnion). Also found in
fbroblasts and keratinocytes.

Unknown

KVII (one sudtype)

Unlike most collagens, appears o be a plasma
membiane-bound form, playing an important part
in the tructure of hemidesmosomes, adhering,
epidermal keratinocyles to the underiying basement
membrane. Reportediy binds to keratin, acactinin,
and dystonin among olhers.

Dysfuncion leads to conditon of junctional
epidermolyss bulosa with easy skin bistering,
skin, mucus membrane and rai breakdown,
hairloss, and adverse changes i teeth
structure. May also cause bullous pemphigoid
with intermitienty formed bisers (bulae) of skin
and mucus membranes.

KVl (one
sublype)

Unlike most collagens, contains collagen-ke and
non-collagenrlike domains. Found in extracelular
matrix. Cleavage of the protein toa 20 kDa,
Cerminal fragment produces the protein
endostatin, which i a strong inhibitr of the
migration and prolferaton of endothelial cels for
the growth of new blood vessels. Mechanism may
b b nkibiion of seowth facios.

Knobloch syndrome with refinal and nevral ube.
structural abnormalies. Endostatin dervative
has shown marked effectiveness in cancer
treatments (e.g. endocrine, carcinoid, and non-
small elllung Carcinoma.
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and eariobe, vireous humor, and nucleus pulposus
of vertebral discs.

IRIURI AU, AP S MO
collagenopathies (see a ul st under type I,
and Marshal syndrome.

Xi (one subtype)

*Fibriassociated collagens” with regularly
‘appearing gobular domains giving a “beaded
flament” appearance. Often associated vith type |.
Found in extracelular matri of intersial issues,
embryonic tissue, skin, and growth plate

May play a ol i the development of
atherogenesis

Xil(one subtype)

Found in low levels in various connecive tissues.
and, uniike most collagens, appears o be a plasima
membiane-bound form. Function unknown, but
binds with integrins, fibonectin, and basement.
membrane (basal amina).

Unknown

XIV (one sublype)

*Fibrikassociated collagens” wih regularly
‘appearing gobular domains giing a “beaded
flament” appearance. Believed to be associated
with the extracellular mari.

Unknown

XV (one subtype)

Fibrl-associted collagens” with reguiarly
‘appearing gobular domains giing a “beaded
flament” appearance. Found in mulile isues,
but mainy agheres basement membrane (basal
lamina) to underlying structures (stroma).

Defects may cause breakdonn of muscle and/or
smal blood vessels.






ops/f0138-01.jpg
© Glucose
GLUT2 carrier

Prvons

Mitochondrion HATP.

ATP-sensitive K* channel

Endoplasmic reticulum

Depolarization

i

Secretory
T g
@B\

Voltage-gated Ca?* channel
Ca2+

Exooytosis

Insulin

B-Cell





ops/t0397-02.jpg
Amine group (NH,)

Site of hydrogen bonding,
molecule-to-molecule covalent
bonding, and location of
transfer of hydrogen bonds

Phosphate group
(PO,)

Energy storage via phosphate—
phosphate bond. Breaking this
bond also creates a variety of
molecules important in cellular
signaling.

Sulfur—sulfur bond
(S—S)

Important covalent bond in
biological structures.

Aldehyde (COH)

Important structural and
functional groups.

Ketone (C=0)

Important structural and
functional groups.
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Hydrogen ion (H*)

Transferable charge that assists
in many biological reactions.
May exist in solution or
associated with a larger
biological molecule.

Hydroxyl group (OH~)

Site of hydrogen bonding,
molecule-to-molecule covalent
bonding, and location of
transfer of hydrogen bonds.

Carboxyl group
(COOH/CO07)

Site of hydrogen bonding,
molecule-to-molecule covalent
bonding, and location of
transfer of hydrogen bonds.
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Protein solution

Beads with positive
charge (anion
exchanger)

Binding of anion
exchanger (o
negatively
changed protein

Positively
charged protein
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Red blood cells
within pulmonary
capillaries

Blood-gas interface

Pulmonary capillary
endothelium

Endothelial cell

Type Il Cell ~<'\“\/
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Interstitial fluid

Red blood cell in Alveolar epithelium
lumen of pulmonary
capillary Type | Cell
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Type Il tyrosinemia  Defici of tyrosine Symptoms usually in early ~ Treated with low- —
OMIM #276600  transaminase, the enzyme  childhood including mental  protein det,

required forthe firststep in _retardation (~50%), growth  especially

tyrosine degradation retardation, eye problems  decreased tyosine

Deiciency leads to urnary  (excessive tearing, and phenylalanine.

excreton oftyosine and  abrormal sesitiviy 1o light,

the intermediates between pain, and redness), and

‘phenyialanine and tyrosine. skin problems (painful

lesions on the palmssales).

Type Il tyrosinemia  Deficit of 4-hydroxy Mild mental retardation, Treated with low- Very rare.
OMIN 5276710 Bhenylyrwvat donygenase,  perioic oss of e, proten del Heteraaygous
required for the second step and coordination and ‘especially mutation in the
in yosine degracaton.  seizurs decreased yrosine  same gene can
Deficiency leads to elevated and phenylalanine.  cause
el ofrosie n he biood Hanknsiura
and marked excretion of
‘degradation byproducts.
o ure.

L e e e e e P e e s
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SmRh-Magemis  Defect in serine [Patents have facial No cure. Treatment Mulation occurs

syndrone (SMS)  hydroxymethyltransierase,  abrormales, abnormal s supporlive and is  during egg/sperm
OMIM 4182200 kadingto decreased or  skep cyckes (possiblydue o  focused on oreary ftal
OMIM 4182144 absertconversionof  altered meonin), behaveral  controling development.
serine oghcine. Exact  problems, selnjuny, short  symploms,
mechanism unknown, but  Staure, abromalspine inclucing
association wih the NMDA _ cunvature, educed senstiy ~ supplementation
receptor involved in 10 painand temperature,  and regulaton of
learing and memory as  haarse voice, hearingand  melatonin, seep
wellas giycine's olein  vison problems, and heart  aic, and behavioral
ransmisson of nerve and Kdney defect. Ptients  modifers.
signals may explain ofen display the unique
disease symptoms characieristics ofrepeiive
sefthugaing and “ck and
ip” actity—icking of
fingers and fipping of bock
and magazine poges.
Type I tyrosinemia  Deect in Symptoms usually appear  Only treatmentis  Type I s the most
trosioss) fumarylacetaacetase. This i th frst few months of  diet ow in severe form f he
OMIM #276700  enayme is requited for the e, including poor growth/  phenyalanine,  tyosinemias,
last step n tyrosine weight gain; cabbage-lke  methionine, and  impacting muliple
degradation. Deficiency odor ntestinalobstruction fyosine. Liver  organ systems,
fesults inbuidup ofall  andlor bleeding: diarthea;  transplantation s Much more
intermediates of tyosine  vomitig; elargement and  common. common in
degradation as wellas  discase of hear, lver, and/ Guebec, Canada

phenylalanine byproducts. or spleen with associted
disease; kidney and
pancreatic failure; abiormal
blood coting leading to
increased tendency to
bleed (e.g, nose); chonic:
muscle weakness, rckels;
and intermittent parabysis
and loss of fecling.
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OH

In some.
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Few Brunners’ glands

Jejunum pH is usually
78, negating need for
further alkalnization and
allowing ullactvty of
enzymes.

Glucose and galactose
Isodium/glucose transparter
T(SGLTD)

Fructose (GLUTS)

Contnued digestion
of carbenyarsies by
Bancreatc anzymes
(o, amyssey
indsinarenzynes
o, dexrngse.
Elssamjse,
Matase, sucrsse,
and scase) and
ol sl

SGLT1 provides active
transpor va Na* gradient,

Faciltated transport of
fructose from high
concentration in intestine

Giucose or galactose are
ransported from the
enterocytes (basal sde)
1o blood siream via
GLUT2.

Fructose s ransported
from the enterocyles
(basal sde) to blood

bactera (over 500 o low concenlration inside  sirearn via GLUT2
different species).  intestinal absorplive cells
via GLUTS (enterocytes,
apical side).
Amino acids ‘Continued digestion  Cotransport with Nt using
by pancreatic the Na' gradient.
enzymes (e
chymotoypsin,
typsin, and
carbogypeplidase)
‘and intestinal
enzymes (e
pepsin, ipepiidase,
and aminopepiidase)
‘amino acid products.
Lipids. Continued Free faty acids and

Solubilzation and
digestion by bilfbie
salts and pancreatic
iipase.

monoglycerides (glycerol)
are absorbed either by
passive diffusion or by
protein-dependent
ransport. Trglycerides are
resynthesized inside the
cels from monoglycerides.
and packaged into
chylomicrons, which are
hen secreted int lacteals
(ymphatc capillries).

Continued digestion
of carbonydrates,
pepiides, and lipid
maleculés by
digesive enzymes
a1 the fejunum.

Absorption of viamin B,/
intrinsic factor and bie
salts, which enter
enterohepalic Grculation
‘Conlinued absorption of
carbohydrates, amino
acids, and ipds as in
Jejunum.

Peyers patches
containing concentrated
numbers of
macrophages, B- and
Fhymphocytes, dendiitic
cells and specialized
anigen sensing/
presenting cels (e.g,
M cels). Gffer immuno-
logical protection o the
intestine from the
expostre o ingested
microorganisms.





ops/f0276-02.jpg
HN

Hooc

ANP

BNP





ops/f0265-01.jpg





ops/f0009-02.jpg
[ n

Laminin2,

> Funcionaly important
sarcoglycan carbohycrate side chains

> Dystroglycans.

Factn





ops/t0279-02.jpg
Calcium phosphate

Hyperparathyroidism leads to
overproduction of PTH and,
therefore, increased calcium and
phosphate levels in the blood
and urine. Increased levels and
an associate increased acidity of
the urine lead to stone formation.

Cystine

Defective transport channel in
proximal convoluted tubule leads
to accumulation of cystine in and
acidification of the urine, leading
to formation of cystine stones.
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can form from UV light  of benign skin tumors and  years.

absorplon. The protein  growtns and have a 1000-
binds 10 DNA viaa zinc- o chance of developing.
finger mot. skin cancer (basal el

carcinoma) compared with
unaffected individuals,
even without sun
exposre. The frstskin
cancers appear by the age.
of 10 0r 20 years. Sunlight
also affects exposed parts
ofthe eye and make bright
Tight painful. Some patients
will aiso have nerve and
sensory degeneration
including deafness, loss of
some reflxes, and
progressive mental
retardation.

R i
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of Stone Cause

Calcium oxalate Calcium is believed to bind to
dietary oxalate and makes it
unavailable for filtration by the
renal corpuscle. Decreased
calcium in the diet may increase
the concentration of oxalate in
the urine, which readily
precipitates with urinary calcium,
leading to stone formation.

Uric acid Increased uric acid levels in the
urine (e.g., gout; Chapter 3) and
any disorder, which increases
urine acidity, can lead to uric

acid stones.
Struvite Urea-splitting bacteria (e.g.,
Ammonium Proteus mirabilis, Serratia, and
magnesium Providencia species) produce
phosphate [(NH,) increased NH;, which decreases
MgPO,-6H,0] urinary acid level, leading to

precipitation and formation of
struvite stones.
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Spmobulbar
muscular atrophy
(SBMA)
(Kennedy's
discase)

OMIM #313200

Defect of the
dihydrotestosterone
androgen receptor
secondary 10 CAG repeats
of the DA, producing an
ermoneous, lenghy stretch
of gltamine amino acid
residues. This
polyglutamine ract appears
to markedly increase
receplor function, leading
tothe disease symptoms.

Falionts Usuaiy present in
early-to-mid adulthood
(205-405) and show
progressive nerve and
muscle degeneration
affecting imbs and cranial
nerves (seen asfacial and
ip drooping, dificulties in
speaking and swallowing,
and tongue twitching).
Androgen receptor effects
may be seen including
shrinking of the testes,
male breast enlargement,
and steriy.

e I3 no cure or-
reatment,

SN 16 AinRec
recessive and,
therefore, usually
affects only males.
Females wih the.
same defect show
only mid
symptoms and
may refectthe.
impact of higher
androgens in
males versus
females, It has

2 similar
mechanismto
Huntinglon's
disease.

Keroderma
pigmentosum (XP)
OMIM #278700

XPis a group of reated
mutatons in which a
component or components
of a nucleotide excision
repair complex for
Gamaged DNA s defective
“This repai mechanism is
particuiarly important for
the replacement of
paidine dheiies: wich

Pationts exhibit markedly
increased skin sensiiy to
sun (e.g, severe sunburn/
bisteringiredness), dry
skin, areas of promminent
superficial biood vessels
(telngectasias), and
areas of varying skin
pigmentaton. In addiion,
they experience a number

Treatment is
supportive and
includes avoidance
of suniight and
constant
sunveillance and
treatment of skin
manifestations
Death i usually by
the age of 20

More severe
forms of XP result
from mutations in
the DNA-binding
region of the
excision repair.
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Glucose ATP

Phosphorylation

Glucose-6-phosphate: ADP
Fructose-6-P ATP
Fructose-1,6-bisphosphate ADP

)
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v
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py

| ]
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|
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v
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—

Energy
production






ops/f0032-02.jpg
Peripheral apoprotein
(eg, apo C)

Free

( ) Phospholipid
cholesterol \/x\ o

Cholesteryl

Core of mainly
nonpolar ipids

Integral
apoprotein

(eg. apo B)

Monolayer of mainly
amphipathic lipids





ops/f0094-02.jpg
s~  rearhsadgroup
% Apolar, hydrocarbon tails
S S

S U





ops/f0094-01.jpg
Aqueous phase

TR AR AR RN RARRRRRN ARy crophic eaion

Hydrophobic region

JUBBBBRRRLLLLULURUURURBBEBIRE vyyorophit rogion

Aqueous phase






ops/f0264-01.jpg
Cortex

Medulla

Papila

Renal vein
E— Renal artery

~— Ureter





ops/f0194-01.jpg
TNINTNININ

Altered gene activity






ops/t0362-01.jpg
. KIFUSLLIR AT REETOICIG . PEUSIS IV SRS BENBEIE: B LRANES B
syndrome. protein (fagile X mental levels of mental supportive only.  X-linked dominant
(FRAXA) retardation protein FMRP)  retardation, speech and disorder affecting
OMIM #300624  that s part of he. behaviora problems, eye: males

ribonucieoprotein- 2nd visual isorders, and. approxmately

polyribosome complex, in some cases, 2:1.1tis the most

expressed at the highest  degeneration of nerves. common form of

level in eary fetal tissue  Patients may ako inherited mental

and testicular cells perseverate (repeat a retardation.

Geveloping new sperm. The  phrase or perform a task

Gefect stops the profein-  over and over). Females.

RNA binding and disrupts  may develop ovarian

DNA repication leading o failure. Patiens may also

the disease. FMRP is found  have altered physical trais,

in bolh the cytoplasmand  includinga long narrow

nucleus. Several RNAsare  face with lrge ears, highly

affected, including those  flexible joints, and

involved i nerve-muscle  enlarged testces.

signal transimission (6.8,

glutamate receptor),

maturation of nerves, and

the structure of the

intracellular cytoskeleton
Fredreich ataxia  Defect n the protein Frataxin s found in several ~ Symptomatic =
OMIM #229300  frataxin found in the tissues but prominertly in  reatment for

mitochondrial membrane  the dorsalroot ganglon/  neuromuscular,

and believed to be involved  cerebellum as well as the heart, and diabeles

in oxidation-reduction heart and pancreas. compicatins.

reactions via ron binding  Symptoms resultflom  Some newer

and assocationwith the disease of these organs,  medicines may.

iron-sulfur cluster found in  including frequent falls,  offer additional

complexes -l lack of coordination, treatments.

‘speech abnormalities,

Patients usually die
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muscle weakness and
visual problems, as wel as
heart problems and
diabeles.

in their 30s or 40s.

Myotonic.
dystrophy (OM)
OMIM #160900

Defect in the dystrophia
myotonica protein kinase
(OMPK) & cAMP-dependent.
Serine-threorine protein
Kinase found mainly at
neuromuscular junctons
and points of connection
points for muscles and
tendons. CTG repeats in
DNA leads to RNA CUG
repeats and eroneous
postranscriptional spicing
of other RNAS (OMPK is
spiiced normally)

Patents present as nfants,
children, or adults and
suffer from muscle spasms.
and involuntary
contractions as well a5
degeneraton of muscles of
the imbs (from distal to
prosma), neck, eyes, and
Jaw. Insuii resistance,
precursor of dabetes
melitus, is often seen
along with heart disorders,
cataracts, and sleeping.
problems. Chidren vill
often manifest varying
degrees of mental
retarcation.

DM is autosomal
dominant in
inheriance 2nd is
the most common
type of adut
muscular
dystrophy (-1 in
8000). There is no
cure and treatment
is only supportve,
including
monitoring/reating
heart, eye, sieep,
and altered sugar
metabolism. The
infant form is often
quickly fatal.

Altered RNAS
include an insulin
receptor, cardiac
troponin'T, a
chioride channel,
a cardiac Ca™-
ATPase and other
muscle-related
proteins. These:
RNAs correspond
with symptoms.
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Histamine

Prostagiandin D2

Leukatrienes (C4, D4,
and E4) comprise the
slow-reacting substance
of anaphyiaxis secreted
fom mast cells and
pasophis.

Platelet-actvating factor

Function

Bronchial smooth muscle
contraction/constricton and
diation and increased

permeabilty of lung blocd.
vessels.

Mechanism

G.proten activation of adeny! cyclase forming CAMP, which
activates proten kinase A, phosphoryation of myosin iht.chain
Kinase, and smoath muscle conlracton

‘Same as above.

Undetermined signaling pathwiay, possibly mimicking the Wit
G-protein mechanism. Also licits an inflammatory response and
ong-term contracton of bronchi smooth musce,

Muliple G-protein-actiated patrays.

Neutral proteases.

Dilation and increased
permeabilty of lung biood
vessels.

Protease enzymes

Bronchial wal “remodeling”

Enzymatic degradation of bronchial wall prateins.
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Tissue-type plasminogen Urokinase-type
activator- Streptokinase plasminogen activator
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CR )
Plasminogen —YX¥_5 Plasmin - Free plasmin
is bound in
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e,

prolonged constricton of bronchi

basophils

anaphylaxis (SRS-A)






ops/t0257-02.jpg
Cytokines (L-1, L4, Various actons. Janus-associated kinasesfyrosine kinase activation
119, and iL-13)

TNF Actvation of immune Binds to immune cell-specifc receptor (TNF receptor type 2)
response via muliple and activates NF-xB, leading to nuclear transcription of multiple
mechanisms. proteins invoking a full immune response via separate mitogen-

activated protein kinases activatng c-Jun N-terminal Kinases.
invalved i, among other things, T-cel diferentiation

Leuketriene B4 Atracts neutrophis G, proten activaton of adenylcyclase forming CAMP, which
activtes protein kinase A, protein kinase C, and PIP, kinase:
activiy leading 1o muliple extracellulr signals

Attractants for neutrophis Muliple mechanisms dependent on a specic atractant,
and eosinophils

Lt S WA THV Ao SO Sttt
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Core of eight histone molecule: H1 histone
H2A, H28B, H3, and H4

Central DNA
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Molecule

cation Produced

Cholecystokinin  Peptide hormone Main efect i the contraction of smooth muscie of the gall biadder and
(CCK) produced by cells i the  simulianeous secretion of pancrealic enzymes o increase digestion.
duodenum However, empiying of the stomach and gastic acid secretion is also
decreased by CCK as digeslion progresses beyond the stomach.
Enteroglucagon  Mainy in terminalleum  Decreasss the production f gastric acid by parieta cels and smoath
and colon from the. muscle contraction (molilty) of the stomach, thereby decreasing gastric
pronormone empying.
preprogiucagon
Gastrin Produced by Gecellsin  Inhibited by pH <4 and by the hormone somalostatin (see below. Gastrin
fesponse to presence of  stmulates hydrochiorc acid, pepsinogen, and intrinsi factor secretion
undigested proteins  from parietalcels, pepsinogen/rennin by Chief cels, a5 well as histamine
andior distension ofthe  release from enterochromaffin-ike cels. Smooth muscle contraction (.,
antrum of the stomach  matity)of the stomach s also enhanced by gastrin
Gastric inhibitory  Peptde hormone Decreases gastric acid release by parieta cels s wel as smoath muscle
pepide (GIP) produced in the. contraction (moliity) of the stomach. GIP may also increase insulin
duodenumfejunum  secretion and fatty acid metabolism (e.g. milk digestion) by activating
ipoprotein ipase.
Motilin Poglids howntwe mede  oreates Smooth musdle oonkvaction trkdus; anirm, and gill tisdded.
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Antibod) tructure Source Function

gt (¢t Bimhcees e mucoss g Poides ol mmuncogilotcin
i) A 0 oftear and salva ducts, lungs, against invading organisms found in
o, intestines, genito-urinary iact, and_ these sites, Breast milk IgA provides
e prostate. Also secrfed in breast milk  important immunologial protection for
. and i newborns.
subunt equiedfor
secreton.
i Proguced by B ymphocytes (plsma  Reguiation of B ymphocyte actation.
cells). Usually coexpressed on plasma  May also activate basophis and mast
membrane wih . Can be secreted.  cels

cells). “allergic” reactions and response o

e Produced by B lymphocytes (plasia  Involved in type 1 hypersensitvty
parasitc worms and protozoan.
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cells). Most abundant (-75%)of al 1o vral, bacteia, fungal, and cther

1gs in human body: pathogen invasions. Invoved in types I1
and Il ypersensitvty reactions and
helps induce phagocylosis. Only g
crossing placenta or passive immunity.

6 Y Produced by B lymphocytes (plasma  Major Ig of secondary immune response

igM Produced by B lymphocytes (plasma  Invalved in initial response to new.
cels). Because o fs large size, most  antigen and, thus, serves as a marker for
ofitis found in the blood serum. First  recent inection. Also actvates

1g produced by fetus. ‘complemment. Main antibody for blood
type determination and blood transfusion
ok a3 ek incompatbiiy.
subunit required for
secretion

o et momiiaion o Kiesciher Al Soxmsiers Hesic Misions Tt mad Alite. £56radibin: Sicihon it 3000
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XUV (one Found in developing bone and eye usually with  Unknown
sublype) type I Function unknown, but may be involved in
collagen expression during fetaldevelopment.
X0V (one subtype)  Unlike most collagens, is found inthe piasma Found in senile plaques in Alzheimer disease
membrane of brain. Function unknown, but may
reguiate collagen fbril elongation.
X0l e Found in myoid and pre-theca cellsintestisand  Unknown
sublype) ovary. Function unknown.
KV (one Found in cartiage in eye and ear and developing  Unknown
sublype) Skeltons (e.., growth plate). May be involved in
calcification of cartage during bone growth and
development.
Vil (one: Fibrikassociated colagens” wit regularly appearing.  Unknown
sublype) ‘gobular domains giving 2 “beaded flament”
appearance. Appears o be present n dorsal oot
ganglia, sciali nerve, and peripheral nerves, aitough
ithas mainy been stuced in mouse models
KX (one. Found i skin, lungs, and inestines. Appearsfo Atopic dermatis
sublype) function n cell adhesion, but also may be associated

with the development of alergic respanses.
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NI (one subtype)

'ION-BBS0CIBISG CORAGRNS " WIS reguierly
‘appearing gobulr domains giving a “beaded
flament” appearance. Function unknown, but
Knoun 10 associate wilh types | and 1 as part of
extracellular maix structure,

HROWT

X (one sublype)

Function unknown, but believed to be involved in
adhesion in the extracelluar matix.

Unknown

X (one subiype)

bri-associated colagens” wit regulry appearing
‘gobular domains giving 2 “beaded fiament”
appearance. May asst in assembly of extracellar
matrxof smooth musce cels in heart (rightsce > eft
side), bood vessels (e, aora), trachea, stomach,
Jejunum, colon, iver,pancreas, kidney, tests, utenus
and placenta, and ymph nodes.

Unknown

Kl (one
sublype)

Found in skeletal muscle and heart, where it

appears to pay a yet unknown functon in junctions
between heart calls and betvieen muscles and
tendons.

Unknown

Xl Gone.
subtype)

Unlike most collagens, is found in the piasma
membrane of lungs, cormea, bran, skin, tendons,
and kidney, and contains collagen-ike and nor-
colageniike domains. Appears o be involved in
binding of epithelil el to basement membrane
(basal lamina) possiby via type IV.

Unknown
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Glycogenesis

Lipogenesis

Lipolysis

Active transport of glucose in
muscle and adipose cells

Gluconeogenesis Protein catabolism

Glycolysis

Glycogenolysis
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Oxygen Specialized Often develops

0) functional partial charge
structures (two involved in
bonds) hydrogen bonding,

component of high-
energy phosphate
bonds for biological
energy storage.

Phosphate  High energy and Biological energy

(P) special molecular storage, essential
structures (four to component of DNA
six bonds) and RNA structure

and function.

Sulfur (S) Strong structural Reversible bonding
bonds (two bonds) of important
structural biological
molecules.
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Item Structural Role Functional Role
Carbon (C)  Molecular Multiple functional
“backbone” (four groups.
bonds)
Hydrogen “Accessory” Transferring from
(H) structural (one one molecule to
bond) another or in
solution as H*.
Nitrogen Forms specialized Specialized bonds
(N) functional entities (amino acids/

such as amines and
ammonia molecules
(three or four
bonds)

proteins), hydrogen
bonding in DNA/
RNA, and special
functions.
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mainly in the
Guodenumiejunum

Also, stimulates secretion of somatostatin, pancrealic peptide, and
pepsinogen.

Secretin Produced n the. Several effects including increased secretion of water and bicarbonate s
duodenum well s insulin (following glucose intake) from the pancreas and bile from
the iver. In the stomach, secretin inibits G-cel production of gastin,
thereby reducing the acidity (pH) o digested food leaving the stomach and
entering the duodenum. Lowered pH allows maximal activation of
pancreatic enzymes being secreted info tis part of the smal intstine
Secretin also enhances secreton of pepsin 3s well as the hormones.
glucagon, pancreatic polypeplide, and somatosiatin
Somatostatin/ Produced n the Decreases release of gasirn, CCK, secretin, motiin, vasoactive ntestinal
growth infibiting  stomach, intestines, and  peplide (VIP), GIP, and entefoglucagon, decreasing stomach secretion and
normone. pancreas contracton.
P Peptide hormone. Causes relaxaton of smaoth muscle (lower esophageal sphincter,stomach,
produced in digestive  and gallbadden), stimuiates pepsinogen secreton, dilutes bile and
tract and brain pancreatic juice, ncreases bicarbonate production in the pancreas,

decreases gastin-induced gastic acid secretion, and increases water
secreton in intestine.
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‘many of which are essential. movements (nystagmus),  intake of diarrhea,

One important example 5 and ncreased sun nicoinamice A dementid, and
tplophan, requiredlo sensiiy Psychiaic  periodof poor  death

make nicolnic acd,a problems aniety. moog  nutio usualy

Bviamin, needed (o changes, delusons, and  precedes

produce the same transport  hallucinations) mayalso  symptom

protin. Low nicotiic acid  occur. outbreaks ang

levels cause transport atacks

protein levels 0 drop,
making the problem worse.

Hyperammonemia-  Defect n the mitochondrial  Symploms vary widely.  Infantie ilness Stress, iiness,
nyperomithinemia~ orrifhine ransporter Infantie form is usually  may coincide with  andlor asting
nomocitrullinuria 5 3 resul, ammonia more severe and may the Inroduction of  can aiso bing on
(HHH syndrome)  accumulates n the blood.  include lethargy, poor high-protein symptoms.
OMIM #238970 feecing and temperature  formuas or solid

control,seizures, coma,  foads intothe

and even death. Later  die, Later forms

forms have symptoms of  may only show

lethargy, corfusion symptoms with

blurred vison, poor nigh inake of

coordination, and vomiting.  protein, which

ammonia levels.






ops/f0231-01.jpg
Alefacept

Antigen-
presenting cell

ksl





ops/f0298-01.jpg
ER S MY S

Paramosonephiic

(Mullerian) duct S—
Mesonephric
Wolffia) duct
Urogenital sinus

Metanephros. (doveloping biadder)

Uterovaginal
primordum

Maie Female
e (o)
(er‘n Ma M T)

Uretor





ops/t0340-01.jpg
Cystinuria Defectinthe aminoacid  Precipitation of cystine and  Treatment is Oneof the four,
OMIM #220100  transporter for basic or the formation of stones in  directed at original inborn.
posiively charged amino the urinary tactarethe preventionof errors of
acids (hstdine, ysine, primary medical problems.  stone formation  metabolism
omithine, arginine, and  Repetiive stone formation  through high fluid  described in
cysteine),leading 02 can lead fo obstruction of  intakeand the 1908 and one.
defectn the transportof  urine flow that rases the.  use of of the most
these aminoacidsinthe risk of urinary nfections  penicilamine.  common
Kidney and the igestve  and kidney falue. (-1in7,000).
tract.
Drunimond's Oefect in T4ype amino acid ~ Symptoms include. Treatment Autosomal or
syndrome (blue  transporter-1. This transport  digestive problems, fever,  involvesalow  Xlinked
diaper syndrome)  proten s required for intabiy, viual diffculies,  tryptophan diet.  recessive
‘absorption of ryptophan  and sometimes kidney
OMIM #211000  from the intestine. It may disease. Breakdown of
also lead 10 ncreased urine  excess tryptophan leads to
calcium levels and kidney  formation of indigo blue
stones composed of excreted in urine, causing
calcium. a bluish discoloration of
the diaper.
Hartnup disease  Defect i sodium (Na*)-  Symploms usually startin  Treatmentis Low nicatinic
(neutral dependent transport protein  infancy, afecting mainly  usually vaadiet  acid also cavses.
smingaciduria)  for uncharged aminoacids  the brain and skin o high in neutal  the disease
OMIM #234500  inthe kidneys and intestine,  include filure lo thitve,  amino acids, pelagra, which
fesultingin poor absorption  mental fetardation, short  sunblock andior  causes the *four
in the intestine and Stture, headeches, allered  sun avoidance  Ds'—skin
increased loss n the urine  gait (aaxia), tremr, and, when inflammation
Suntharked aalio sciie. | T kveclsr e needed. Gl (cenalie).





ops/t0164-01.jpg
‘Section __Molecule/Gland or Transporter

Mucusialkaline solution Alkalinization allows  Actiation of enzymes aids  Protects and lubricates
(Brunner's glands) actiity ofintestinal  cigeston of food and uodenal wal by caating
enzymes absorplon of the products.  mucosa and neutralizing
However, deactivation of the acid soution from
pepsin ai pH > 5.0. the stomach.
Prosecretinisecretin (S cells in  Increases Increased and activated
the crypts of Licberkinn) bicarbonate ion by acidic (pH 4-4.5)
producton by secretions from the
Brunners gands stomach. Inhibited by H,
and the pancreas blockers, which ncreass
(GjcAMP recepton) PH abave these levels.
toneutralize

stomach acid and
activae intestinal

enzymes.
Stimulates release Along with
of the enzyme cholecystokinin (CCK),
pepsin n the. reguiates rate of
stomach as wellas stomach emptying and

2 insulin, gucagon, inhibils gastin release

g8 pancrealic flom G cells n the
polypeptide, and stomach.
‘Somalostatin by the
pancreas.
Increases bilebie Presence of bile and
salt secretion from fatty acids increases
the iverigal level of secretin.

5 bladder.

72 Increases ron absorplon (active)  Increased by fats and

L productionisecretion proteins entering the

- of pancrealic juces duodenum. Release

H and enzymes. inhibited by

E somatostatin.
Increased Along with secretn,
production of bile/ rogulates rae of
bile sats and stomach emptying and
release from gall inhibits gastin release
bladder by flom G cells n the
Stimulating smoath stomach,

musce contraction
and relaxation of
Sphincter of Odd.
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Glucose

: Pentose phosphate
Giycogenesis I ol dess

Glycogen*—— | Glucose-6-phosphate | ————» Ribulose-5-phosphate,
Giycogen: NADPH

Glycolysis
olysis. /" lyc er /me

Oxaloacetate +—— Pyruvate ——

Gluconeogenesis \
Alanine

Ketone body synthesis ¥
+————————— Acetyl-Co) \

Ketone
bodies
Citric acid cycle Fatty acid «—» Triacylglycerol

Oxidative phosphorylation Fatty acid synthesis/degradation
€O, +H0






ops/f0375-02.jpg
Example of a 2D Polyacrylamide Gel





ops/f0214-01.jpg
P —

l‘“,

cates manytos
and mgnocyies

ot o lesse ncrasod bopsisn
o aryavopoain iness by wor
—_— —
Lver
ey

i Intestnes
oot o o ncresses phagocyoss
roducion ol edoadents
by macropnages :
Docrsassd |
vt ]
I o ransport o bona!

| gt
| [ Oecrssedsorton
—_— o roman
B
Destucn of o oo
e,
Nty (omatineportiotioosty
(less avaslable to organisms) ferroportin blocked by hepcidin)

e il





ops/t0370-01.jpg
Mechanism Description Treatment Note:

ters's syndrome  Gitelman syndrome  This condition causes  Vigorous electolte

(@itelman variant)  resultsfrom a deficit  periodic il paralysis,  monitoring and westment
oMM #263800  ©f te thiazide- faigue, muscle cramps,  with potassium
sensitive Na—C1 and rarely conwulsions replacement s suffcient

cotransporter. from severe loss of toallviate most
potassium and electrolte  symploms.
imbalance. Bload leves of
magnesium are often low.
a5 well. Low potassium
may lead o irregularty of
the heart beat. Kidney
Gamage can result and
blood volume sometimes.
is low contributing [0 the.
weakness. Unsteadiness,
dizziness, and blurred
vison can also occur.
Severe lness or vigorous
exercise may worsen al of
these symptoms.
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defciency
(multiple
carbonylase
deficiency)
OMIM #253260

Biotin s an essential
cofactor inall
carboxase
reactions. Biotin
deficiency may be
caused by a defcit
in biotinidase,
causinga ate-onset
multpe carboxylase
deficiency. There s
also an early-onset
form resulting from
2 mutation in
holocarboxyiase
synthetase resulting
in failue 1o uiize:
bitin,

Patients with this disorder
have skin rashes, loss of
hair, weak muscles, and
Gevelopmental delays
Seizures, hearing loss,
vision los, and
unsteadiness may also
occur. Onset can be as
earlyas the first month of
Hfe but not al patients
have al signs. Adults
without symptoms have
also boen identiied. Early
diagnosis is important
because treatment with
oral bicin can be highly
effective. High levels of
3hyoronyisovaleric acid,
Pmethycrotonyglycine,
and 3-hydroxypropionic
acid may be presentin
the urine.

Oralbiotn can lead to
dramatic improvement in
both clinical symptoms.
and metabolic
imbalances. Treatment is
recommended for all
patiets with biotn activity
below 10%. Prompt
reatment of infectionsis
recommended.
Permanent neurologic
damage needs 1o be:
managed with support
and physical therapy.

Newborn
screening
programs are
available.
Untreated
asymptomatic
adults have been
reported.
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Chemical/Biochemical Basis for Assay

Total RBCs

Partof automated counter that werks via messurement of lctrcal mpedance
between two lectrodes a5 cels pas Trough a Gefined aperture. The fecton
impedance (measured as either voltage or current changes) is caused by the
iplacement of i by each cell proporonal 1 s voume and mass. As normal
RBCs have an average volume of 90 fL. they can be differentiated from other cell
ypes in 2 bicod sampl. Th tofal REC.coun s Smpy the number of 90
partcles  a vriance eror n a e of fd. Oter otcal mthods are sometimes
Used,but provide the same informaton. When abnormal RBCS ae present,
icroscapic eamination using ahemytometer s reqred {0 cvalate and
descrie their numbers and morphacey

Measurement can be underestimated because of clumping of RECS resuling n two

o more cels being counted as one. The presence of precipitated ImMuNogIobuinS
o fibrinogen can also affect the RBC count.

Hemoglotini (Ho)

“The amount of Hb in blood s measured in g/dl by an automated analyzer in which
all Hib is changed to cyanomethemoglobin, whose color can be quantiated. EDTA
tubes are required to prevent coagulatio. High levels of ipids, serum proten,
immunoglobulins, fbrinogen, bilrubin, or WBCs can cause erroneaus elevations
For atered Hbs (either amounts or subiypes), electrophoresisis used to separate:
and characterize the Hb subunits (e.g. sickle cell anemia, thlassemias).

Hematocrit (Hct)

The proportion of iood volume taken up by the RBCs; determined manually by
placing a blood sample n a capilay tube and centriuging. The helght of the.
packed RBCs and of the colurmn of blood are measured and Het is calculated as
Height of packed RBCs
Height o column of biood

Automated analyzers determine Hot by multplying the ttal RBCs count by the mean
corpuscular volume (MCY). Alered by factors affecting RBC count andor MCV.

Enthrocyte

sedimentation rate
(ESR)

A nonspecifc measurement of nflammation that eflects the balance between
factors promoting th sedimentation (rouleau) of RBC (e.g, fibrinogen) and those.
0pposing (e.g., e negalive charge on RBCS known as the zeta potentia). ESR can
bealtered ina number of dsorders, but can also be heightened in norma siuations
such as pregnancy.

The manual Westergren method i il often employed, in which a fxed volume of
blood is Grawn intoa specialy marked tube containing 3 small amount of sodium
citate. The tube i eft n a vertical posiion or an hour and the distance of REC
sedimentation is measured and expressed in muhr. A newer method empoys a
‘pecial contrifuge and takes only 5 min. Automated machines can lso determine
ESR va various means

Moy

“The average RBC volume calculated from the automatically determined RBC court,
deined n fium’ as

Volume of packed red cells/1000 mi
RBC count in millions/m!

Can be overestimated because of clumping of RBCs, resulting in two or more cells
being counted a5 one. High glucose can also cause arifcial swelling of RBCs,
causing the MCV 10 be erroneously ncreased. lmmunoglobuiins or fibrinogen can
artficially elevate MCV.
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Name of Structure Functic

Single srand of ribonucleotides with some
secondary structures (e.g. 100ps as shawn
below)

S

Cartes genetc code to

Messenger | oo 5006000 produce a profein from
RNA nucleotides. a specific DNA|
sequence

Single srand of ribonucleotdes form
“cloverieal” structure as shown below

. ‘Transports specific amino
s S0 oyt
T e
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Vhiocysnale (SUN)- {Reaclive suffur-containing molecule

Mucus Secretion ofering lubrication and protection to teeth, tongue, and epithelial cels of the.
gumsinner mouth as wella the remainder o the digestive ract

Mucopolysaccharides Long and unbranched palysaccharides consistng of  repeating disaccharide it often
refered o as Glycosaminoglycans. See Chapter 2.

Glycoprotein Proteins with large, atached carbohydrate chains. See Chapter 2.

cells 8 milion human/m; ~500 million bacterialm. Bacerial metabalism leads to production o

this, amines, and organic acids causing bad breath (haliosi).
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N-Acetyl glutamate synthase (activtor of carbamoy

phosphate synthetase |

Inactive carbamoy phosphate synthetase |,
hyperammonemiz

Carbamoyl phosphate synthetase |

Hyperammonemia

Ormithine transcarbamylase:

Hyperorithinemia-hyperammanemia-homocitrulinuria
syndrome; increased orotc acid in the urine.

Argninosucinate synthetase

Citralinenia (wo types).

Argininosuccinate lyase

Argininosuccinic acidemia

Arginase 1

Argiineria.

Propionic acidemia

‘Accumulation o propiony-CoA, propionic acid, ketones,
and secondary hyperammonernia

Metnylmalonic acidemia

‘Accumulation of methyimalonyl-CoA and secondary
hyperammonemiz

Lysinuric protein intolerance (hyperdibasic
aminoaciduria type 2)

Increased lysine, arginine, omithine, and orotc acid in
the urine and secondary hyperammoneia,
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dehydrogenase). Defects
inany of these enzymes
lead 1o increased gycine
levels n blood, urine, and
cerebrospinal fluid.

control seizures and

(3) Atypical mild form
s behavioral changes.

childhood): muscle and
nerve symptoms (low
muscle tone, abnormal
movements, and
seizures), mental
retardation,
developmental delay.
behaviora and speech
problems, and frequent
infections.

Histdinemia
OMIM #235800

Deectve histidine
ammonia-lyase, required
for the removal of an
amino group during
histidine degradation
(histidine o trans-
urocanic aci),

The defect resuls in high
levels of histine, histamine,

Most patents are
asymptomatic and

and imidazole in urine, oot require
blood, and cerebrospinal  treatment. A low
i, Usually clinically nistiine diet lowers
insignificant but may lend to _levels ofthe.
Gevelopmentaldisorders  metaboles but has.
(eg., mentalretardation,  never been

leaming disabilty,
hyperactivty, and speech
deficis) in neonates,infants,
and small chidren

conclusively shown
to3affect symptoms.

This inborn error
of metabolismis
the most common
disorder in
persons of
Japanese descent.
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SRUHEUISS (Y. SUNCLIR B ORRR RN ATEMRCGEN NN, 90 So8ohee DEDRTANG W
utine disease)  homogentisi acid oxidase. (usuall fist detected ina  treatment method  the fistinneited
OMIM 4203500  Breakdown of babys diapen) higher has been found,  disease inobing.
phenyllanine and tyosine _incidence of Kidneyand  although reduction  an errorin
isinhibied, leadinglo  prostale stones, Deposiion  in phenyialanine  metabolis that
increase of the of homogentisicacidin  and tyrsine in the  was characterized
intermediate cartiage can darmage joins dietis common,  (1859)
homogentsic acig (e8.. spine, hip, and Added vtamin Cto
(2,5-itydroyphenyiacetic shoulder). Heart valves may ~the diethelps to
acia), aiso known as also be affected and reduce cartiage
alkaplon, Excessive cororary artery disease may - damage. Other
alkapton i excreted in the  be problematic. Pignent  novel treatment
urine and, when exposed  may akso depositin ki methods are being.
toair, tumsinfoa brown-  (e.g, af sweat gands), ear  developed.
black, melanin ke wax, and in the eye (sclra)
mokecule.
Giycine Defectin mitochondrial  Presents n three forms:  Only known -
encephalopatty  glycine cleavage enzyme (1) Neonatalform (frst days Ueatment s early
(nonketotc system responside for offe): decreased use of
nypergycinemia)  ghycine degradalion. TS muscie and nerve destomethorphan
OMIM #605899  System includes (2) function, which can leag O ketamine to
P-protein (pyridcral o cessation of reathing_Teplace Giycine's
phosphate-dependent and dealh seiures, | 10l n the A-metnyl
gycine decarbonase). () and marked mental  d-aspartate
Heprotein (a lpoic acid- Ttardation (NMDA) receplor
containing protein). € (2) nfante form (symplom. 152€ Sih-
T-protin (etiahydrofolte  freq up 10 6 monthes | Magenis syndrome
requiing enzyme), and seizuresand mertal  (SMS) below] and
L-protein (ipoamide v 800ium benzoste 10
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Medication Form (Acid or Base)
para-Aminohippurate, furosemide, Acid
glucuronic acid, indomethacin,
methotrexate, penicillin, probenicid,
sulphates, thiazide diuretics, uric acid

Amiloride, ammonium compounds Base
(4°), cimetidine, dopamine,

histamine, mepacrine, morphine,

pethdine, quinine,

5-hydroxytryptamine, triamterene

Acetozolamide, atenolol, atropine, Neither
chlorothiazide, chlorpromazine,

digoxin, gentamycin, paraquat,

procainamide, saccharin, salicylate,

tetracycline
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Hareditary Defect in fructose-1, Thedeficitleadstoan  Treatment is by Vertebrates
ructose 6-bisphosphate aldolase b increase i fructose ‘complete avoidance of  have A, 8, and
intolerance enzyme, responsible for  phosphate levels, which s fructose, sucrose, and  C aldolase
(ldolase B the conversion during damaging tocellsand  sorbitol n the det, isozymes.
ceficiency) gycolsisof fructose-1,  tssuesandalsotraps  Afernative Als primary.
OMIM #220600  6-bisphosphate to phosphate from normal  carbohydrates can be  expressed in
gyceraidenyde regenerating pathways.  melabolized by other  the embryo,
3phosphate and The lack of ~PIATP leads  tissues to provide for  muscles, and
dinydroxyacetone toa marked decreasein  the body's needs. ed blood cells
phosphate. The enzyme s v gluconeogenesis and Bis the main
also involved in the. causes low glucose levels: formin adult
cleavage of fructose. (hypogycemia), which iiver, kidney,
Lphosphate into can be fata. Low glucose and intestine.
glyceraldenyde and and ATP also leads to Cisthe
dinydroxyacetone lowered prolein synthesis, primary form
phosphate during and function in the fiver found in brain
gluconeogenesis. and kidneys v glycolysis and nenvous
leads to nauseahvomiting tissue,
and abdominal pain.
Hyperglyceralemia  Deficiency of glycerol Three forms exist, The only known Elevated levels
Ghowolkinass  Kssonpwm which Inchuding infarile, Saimetsviialon  of ghowdin
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Enzyme Def

Symptoms Treatment

65D ype0 Giycogen synthase (afectsFastingow sugar, lactle and danie asvellas  Ditchanges o vid low and high bood
onlylver) igh ketones an fatyacds, During feeing. igh _ sugar el avid processes
sugarand lctate, Can have Muscle crampng, | Carbohyates o preent gcose.
conversion o acite, incude g
prten mealsanc nghtme
consumptionof uncocked corstreh
st r0easaform of el
Von Grke'sdsease  Glucose-6phosphatase  Low sugar,enlrged Iver and Keey (e o Dl changes o avod lw and hgh boad
(GSD pe ) ycogen accumulation) and er prodems,  suga levels.Frequen igh gocoseor
Incressed lchtohuric acdNghcerdes, and  comstach eeds every 3.4 hwith
rowh e and deveopmartal delay. approxmaelyone i f ol Gy
carbanydates 3t g, Aroid high
lacae,urc acd, an ighcerce levels
Pompe's isease  Acid maase asoafecs  Glcogen accumlatoneads 1 progressive  Enzyme replacement using myozyme
(GSD tpe —ntart, ysozymes) muscle weakness(fecing prmarly heartang  (algicosidaseala). Gen repscament
jven,and adu skaletal muscles) and enlrged hrtand ver.  herapy 5 30 bong developed.
orsetforms Enlrged ongue may cause svalowing problers.
frtreated, nant o can ead 1 deah sy
by theage 2 yeas.
ColsorFabes  Gycogen debranching  Ghcogen accumuaton n e, seltal muscle  High pren it o romete
Disse enayme andior heat, eaing o associted medcal  guconcoganess.
(GSD Type 1) probems.Fasing low sugr

cersen'sDissse
(GSD pe 1

Giycogen branching
enzyme

Accumuaton of ong and unbranched ghcogen  Symptomat treaiment of er and heart
molocuia (1. amyose), wich recptate i the_faure. Transpliaton a5 requred.

ner and ear, leading 1 falur an ot usvaly

by the age f 1y
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deficiency) catalyzes the juvenile, and adult. The  fat diet, whichcan  the blood and
OMIM 4307030 phosphorylation o giycerol  infantie form has severe  provide dramatic urine can be
oy ATP to ADP and developmental delays,  improvement in mistaken for
lycerol-3-phosphate vomiting, and seizures.  symptoms/ iglycerides.
Other forms are normally  development.
asymplomaic
Pyruvate kinase  Deficiency of the red blood  Without pyruvate kinase,  Blood transfusions can  Most common
defciency cell pyruvate Kinase red biood cellshave no temporarly cortect the  Cause of
OMIM 4266200 enzyme, whichis the last  means o produce energy  anemia, and removal  inherited
reaction ofthe glycolyic and breakdown easily, o the spleen slows the  nonspherocylc
pathway, catalyzesthe  leading o hemolytic breakdown of thered.  hemoiyic
conversion of anemia, Symptoms. blood cells. Severe,  anemia, Amish
phosphoenolpyruateto  include pale skin unlreated cases may  have a higher
pytuvate with the jaundice, yellowing of the  lead to death as early  incidence of
formation of ATP. white of he eyes (cterus), as the neonatal period.  the disease

fatigue, and recurrent
birubin gallstones.

O e e e
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McArdie's dsease  Muscle gycogen Inabilty o perform glycogenolysis leads to muscie  Limited exercise 1o avoid muscle
GOV phospnyace crampingand breakdoun fom exercis, Can  breakcoun. Treatment of Kaney dease
esull n e e e o muscle reakiown 35 roqured
prodct.
Her disease (65D Liver gheogen Glogen accumulationn e, eadng o Usualy i affcton overal health,Dit
YPeSVL VIl and ) phosphryase entrgement. Groweh rtrciaton. Low blod suga, managemen! 35 requred.
gh keones, choesterl,and iy cis are.
possile.
Toruis diseaso (650 Musclo ity 0 perorm gycogenolyss eads o muscle Often wors affcton healhthan GSD V.
pe VD phosphfrucokinase  crampig and reakdown fom exrcise Lowred L eercis 03w muscle
blod cllJvesGue 0 breakdown.Can esulin _ breakcoun. Traatment of Kney dsease
Ky falure due o breakdiomn products. a5 roqured.
6sD Type X Prosphoryase kinase  Gheogen accumlaton nIer, muscle, and rarely Symplomale estment.Del charges o
ear lading o enlagement and isease. Grouth avsi low and igh bcod sugar ves,
eladation and delayed muscle development/  ircluding g nake of sarches and
uncon.Low bood sugar, ngh keones, prtein and avodanca o fstg,
cholstral and faty acds ar psite.
Fancori-Bickel  Glucosa ransporer Low sugar, emrged er and kiey due o Regult guse nake and avoid low
syndrome (65D (GLUT2,primary ansoort_ghcogen accumulaton)and fver prodems,  and hgh Hd sugar eels. Frequert
pe X) proten forgucose envance increased octatorc acNrighcendes, and foods igh i gcose o orstarch,

ocell)

Browt i and ceveopmerta delay.

occuting evry 3-8 it approxmately
one-id of o daly carbonyates a-
gt o hgh actte ric acd, and
rgcerce eves.
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Glycolysis. 1 Phosphofructokinase-1, decreased F2,6-bisphosphate
Ghoognomness 1 Ghoogen oytase
B Giconcopenesis T Pyruvate kinase, fuctose 1,6-bisphosphatase, ructose 2,6-bisphosphatase
| — 11 Ghoogen phosphoryase
Fatty acid synthesis 13 Acetyl-CoA carboxylase, citrate lyase, and malate dehydrogenase
Lipolysis. " Hormone-sensitive lipase
Triglyceride uptake 13 Lipoprotein lipase
from Ipoprotens
Glycolysis. 11 Changes concentration of fructose 6-phosphate
Glycogen synthesis pas Glycogen synthase
Glycogenolysis 1T Giycogen phosphorylase
Triglyceride uptake T Lipoprotein lipase

from lipoproteins

Dk i e e
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in Human

Mucins (“mucus glycoproteins®) Lungs, saliva digestive tract,

connective tissue

Lubrication (lung, connective tissue) and protection from
bacterialinvasion (digestive tract). Increased in cancers.
ofthe pancreas, lung, breast, ovary, and colon and lung,
diseases such as asthma, bronchiis, chronic obsiructive
pulmonary disease, and cystic fibrosis. Decreased levels
may cause development o ulcerative cols.

Antibodies, major
histocompatabilty complex

White blood cells (immune
system)

Specific glycosylated proteins serve as recognton/
acivation molecules for various cells of the immune.

system.

Giycopratein Il

Platelets

Platelet aggregation and clot formation. Deficient or
alered gycoprotein I1la can lead to serous bruising/
bleeding problers (Glanzmann's thrombasthena,
idiopathic thrombocytopenic purpura).
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Glycogen storage
disease (650;
ype la) (Von
Gierke disease)

OMIM #232200

Type la disease is
eliciency of glucose-
-phosphatase that
catalyzes the conversion of
‘gucose-6-phosphate to
glucose in ver and kdney.

Present n infants with
enlarged liver
(hepatomegaly)that may
‘evelop into benign iver
cancer (adenoma),
usually in the teen years
(75% of patients) that
rarely (10%) become
maignant. Liver and
pancreas effects plus
Kidney stones may cause
‘abdominal pain. Fasting
low sugar (hypogycemia)
can lead to serous.
complications (seizures to
‘coma o death. High uric
acid (90% of patients)
leads o gouty arthrits.
Blood lactc acid may also
be high causing the.
hyperuricemia. Patients
almostabways eshibit
dysiidenia with high
rigycerides (>95%) and
moderatey increased
VLDL, LDL, and cholesterol
(755%). Blevated lpds.
manifest as xanthomas.

“To maintain blood
glucose in young.
infants, nasogastric
tube feedings are
used. Older children
can be given taw
comstarch (sce GSO
type 0) Diet s closely
monitored and balance
is maintained befwoen
blood glucose and
hepatic gycogen
stores. Bxcess
carbohydrate ntake
must be avoided;
caloric intake
monitored 1o keep it
minimal but adequate.
Because of the
hyperlipidemia, high
intake of saturated fats
and cholesterol s
avoided. For hepatic
adenomas, surgical
removal may be
requited.

The rarer type
b disease 53
deficiency of
the glucose-
6-phosphate
ransporter that
moves glucose-
6-phosphate
into the lumen
ofthe
endoplasmic
reticulum.
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Treatment

Giycogen storage
gisease (GSD; type
0)Giver giycogen
synthase
deficiency)

ONIM #240600

Deficiency of iver
glycogen synthase ha
Catalyzes the adition of
gucose unis o glycogen
Vi transfe from uridine
diphosphate glucose.

Patients present in nfancy
1o early chidhood with
fastig low sugar
(hypoglycemia) and biood
kelones. Often present
wih morning fatigue that
responds 1o feeding.
Fasting may cause low
blood alanine
(hypoalaninemia) and
lactate. Dieary glucose
‘cannol be readily stored
as gycogen, leading to
high sugar
(hyperglycemia) and even
lactic acid after meals.

Avoid fasting. Infants/
chidren must recelve
frequent feedings
especially of protein-
rich meals. Avoid
excess carbohydrate
intake that would
excerdate
lacticacidemia. Lack of
reatment in these
patients may lead o
short stature and
osteapenia (2bnomaly
low bone mineral
density). Neurological
damage may occur
because of
dependency of nervous
tissue on glucose as
fuel.

Once
pancreatic
amylase
actiiy is igh
enough, a child
can be gven
uncodked
comstarch in
the evening o
Sleep through
the night. Raw
comstarch fs a
complex
gucose
polymer acted
on oy by
pancrealic
amylase over
about a6
period.
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Hormones.

Various tissues and functions.

Follicle-stimulating hormone, luteinizing hormone,
thyroid-stimulating hormone. human chorionic
‘gonadotropin, alpha-fetoprotein, erythropoetin

Transferrin, ceruloplasmin

Bio0d.

Iron and copper transport throughout the body.

Calnexin and calretculin

Endoplasmic reticulum

Ensure proper folding and giycosylaton of newly
synthesized glycoproteins

Notch glycoproteins (receptors)

Nerve, arteries, eart,
pancreas, ntestines, bone,
mammary gands, and
cytoskeleton

Involved in cell development and differentation ina
variety o tsues. Altered Notch actiity may lead to
certain leukemias, multipe scleross, Tetralogy of Fallot,
Alagile syndrome, and other diseases.

Various gycoprotein receplors
and membrane-bound
molecules.

Sperm-ega, vius (e.g, HIV)
and bacterial coats, lctis,
Selectins, hormones, drugs

Involved in celrecognition, atachment, and intiation of
biological processes via signaling.
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Myosin heads.

Tropomyosin Geactin “Troponi complex
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B Thick filament

“Thick myofilament

C Comparison of thick and thin flaments
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Enzyme Activity

Gycolsis 0 Phosphofuctokinase L, pyrvatekinase, phosphafrucikinase-2
Gluconeogenesis 1 Phosphoenalpyruvate carborykinase, fructose 1.6-bisphosphalase,
ucose 6 phosphatase,and fuctose 26-bisphosphatase
Giycogen synthesis 0 Giycogen synthase
Bl Gicoenonsis B Glycogen phosphoryiase
Faltyacid synthess D Acetyl.Coh carboryiase
Fatty acid oidation 1 Expresson of camitine paimitytransierase 1

S —
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Test gene Reporter gene

[——

v

Plasmid containing
Test gene + reporter
gene, which drives
transcription but also
contains CAT gene

Transfected cells
using precipiated DNA

\

Divide and re-plate

Cells

Harvest 24 h laer and
‘assay for GAT activity

v
Identification

Use of Reporter Gene to Confirm the Presence of a Test Gene
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Cells sample

Sheath fluid Sheath fluid

Fluorescence detector
(only labeled cells are detected)

Forward and side-scattered light
(all cells are detected)

Principles of Flow Cytometry

See text for further de
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Orotc aciduria
(type ) (uricine
monophosphate.
(UMP) synthase
deficiencyl

OMIM #258900

Defictof two enzymes:

and orotidine-5'-phosphate
decarboxylase. The funcions
of these two enzymes are part
of he UMP syathase complex.
and are responsibe for the
formation of UMP from
orotate, the laststep in
pyrimidine nucleotide
Synthesis. The two enzymes.
form orotdine.
5"monophosphate (OMP)
from orotate and
phosphoribosylpyrophosphate
(PRPP) and the subsequent
removal of a carbosy| goup
from OMP to form UM,
respectivel.

Patients with orolc:
aciduria have an
inhibition of RNA and
DNA synthesis due to
the decreased
availabilty of
pytimidines (UMP) with
associated mental
impaitment and
eardation. They also
have increased levels of
orotic acid in the urine,
which can lead to
stones and kidney
damage. Patiens
usually have chronic
anemia (megaloblastic),
which does not respond
o conventional
reatments.

Treatment i with
uridine (converted
10 UMP 10 bypass
the enzyme block)
as wellas
Scyidylc acid
and 5"-uridylc acid
toreduce bath the.
levels of orotc acid
and the chroric
anermia.

Asecond form of
orotc aciduria,
termed type I,
results from the
isolted deficit of
orotdine-5'-
phosphate
decarborylase.
Ithas only been
seen in one
patient.
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Lesch-Nyhan_ Defcit of hypoxanthine-guanine
syndrome (LNS)  phosphoribosyltransferase.
uvenie gow  (HGPRT), which converts

OMIM #300322  hyposanthine to IMP and
guanine to GMP as partof the.

purine salvage pathway.

LNS patients have
profound newrological
problems, delayed
development of muscle
function, abnormal
posturing and
movements (e.g. hands
and feet), severe
behavioraltrais (e5.,
involuntary sef-
mutiation, including
harmfulfinge, ongue,
and lip biing), and
varying degrees of
mental etardation
Because of the
involvement n the
purine pathway, uric
acid levels are high and
esult n associated
Kidhey stones, gouty
arthrits, and symptoms
of classic gout

Treatment is
‘symplomatic and
is focused on
lowering uric acid
levels 0 reduce
nerve, kidney, and
oint darmage,
attempts at
controling.
movement and
behavioral
problems and
protection against
selfinjury (often
including restaints
and even
extraction o teeth
toavoid biting
injures). Further
medical treatments
are being
researched

Xlinked
and, thus,
predominately in
males. A less.
Severe form of
HGPRT deficiency
is known as
Kelley-Steegriler
syndrome in
which
neurological and
movement
problems are.
absen,
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Measured by a variety of methods, including RIA and chromatography.

Uric acid

Measured by the reduction by uric aci of a molecule such as sodiurm tungstate, which
produces a colored product. Comparison with standards provdes a urc acid level,
although ths test also relects the presence of other reducing substances (e.g., ascorbic:
acid). A more expensive but accurate method involvs the oxidation reacton of uric acid
by the enzyme urcase, producing the molecule allatoin. Absorbance at 293 nm and
comparison with known standards ofers a measured level,

Uric acid + 24,0+ 0, < allantoin + K,0, + CO,
ot 31283 om) (doe ot s t 293 )

B-Natrvretc pepide
(BNP)

Normally measured utiizing immuncassays (e.8., ELISA), although other techniques are
being devised. BNP levelsreflect the activityof the related protein aral atriuretic
peptide (ANP) and are easier to measure than ANP because of a onger biological half-
I Increased levels result from excess heart muscle iretching, which reflcts the biood
volume and the output of the heart. The diagnasiic use of BNP and ANP in congestive
hear faiure, eft ventricular dysfunction, and/or aculte coronary syndromes s emerging.

Human choronic
gonadatropin (hCG)
(urine and plasma),
folicie smulating
hormone (FSH), or
uteinizing hormone (LH)

Measured ulizing immuncassays (e.g., ELISA, RIA, or paper-based) using a
‘monocional antibody to the B subunit of the molecue in queston to avoid cross-
reactiviy with the identical a-subunit of other related hormones (hCG, FSH, and LSH).
Qualiative 1CG determination is done on urine samples, whereas quantiative
measurement is done on blood samples.

Fecal occult blood

‘Sample is smeared on a paper impregrated with the molecule guaiac, 3 phenoic
compaund obtained from Guaiacum lrees. Hydrogen peroxide or similar solutions oxide.
guaiac fom a cololess compound t0.2 blue quinine molecule. The reaction normaly
takes several minutes but only a few seconds inthe presence of heme. The production
of blue colr from the guaiac, therefore, defermines the presence of b0ad i the stool.
Various substances i the stoo, including vegetable-derived peroxidises and heme or
myoglobin from red meat, can Cause false-positive resuls. Other methods that may
eliminate these errors are n development. An older benzidine-based reaction i o
longer used because of eroneous results from excessive sensitvy.

pH

Determined by the voltage diference between a sample electrode with a H'-permeable
membrane and a reference electrode with a known pH. Excess heparin n the sample
an aler this value. pH s always reported at 37°C.

20

Determined by measurement o the reduction of oxygen that difuses across
semipermeabie Cark electrode membvane. The p,0, level is proportional t the resultant
current,Inaccurate measurements can result from ar bubbs, an excess of hegarin, o
delay in sample analysis without cooing on ce (alers p,0; due o continued respiraton by
leukocytes and plateles). p,0; i nomally reported at 37°C as gas soubilty and, therefore,
measurement is affected by temperature (iower above 37°C and higher below 37°C).

.00,

The pH change is measured as carbon dioxde (CO) n the sample crosses a permeable
Severinghaus electrode membrane and reacts with bicarbonate fons on the other side,
with generation of H". CO, leve s determined by tis change n pH. Inaccurate
measurements can result ffom air bubbles or an excess of heparin. p,CO s always
reported at 37°C s gas solubiity and, therefore, measurement i affected by
temperature (lower above 37°C and higher below 37°C).

Bicarbonate (HCO;)

Calculated fom the Henderson-Hasselbach equation using pH and 50, determined as above.
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SNLTVNTINIG,.
growth factor B

N YNNG, d
monocytes.

NGES FEMNTSUSINY SUNROTHE; PO T DU CR e
of egulatory T lymphocyles, by generally inhibitng immune cell growth
and prolferaton. Inhibit activaion, antibody production, chemoiaxis,
‘and phagocytosis of ymphocytes, NK cells, monocytes and
macrophages, mast cells, and granulocytes. This regulaton is
important i the control of safinon-selfresponse. Upreguiates:
‘components of wound healing respanses including fbrobiast
activaton.

Tumor necrosis
fctor, aso
nown as
cachexin or
cachecin.

Mainly macrophages but also
ymphacytes, NK, and DCs,
mast cels, fibrobiasts,
endothelial cells,cardiac, at,
and neurona cels

Involved in inflammaion response both acute and ongaing, including
increased cytokine and cell adhesion molecule expression. Also,
inhibits repication of viruses and promotes cell death of tumor cels.

P L e
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syndrome (esticuar
feminization)
OMIM #300068

FAHEREEN) LA Emuiny
‘syndrome s an X-linked
disorder as a resultof
mutations in the androgen
teceptor gene. Multiple
mutations have been
found, which may help
explan the wide clnical
spectrum

S SIVING TR
anomalies is wide and in
some the genialia e S0
characteritically female
that the diagnosis s not
considered unil
suspected inguinal
hernias are found to
Contain testicular tssue.
Vet others may escape:
detection unti
amenorthea o infertiity
become evident. The
vagina, when present,
ends biindl, and the
uterus and ovaries are
absent. The citors s
often enlarged and there
are various degrees of
fusion of abioscrotal
folds. AL puberty, these
geneic males may
Gevelop all of the
secondary sexual
characteristcs of normal
females. Pubic and
axilery hair may be
absent after puberty
because of androgen
resistance.

T BTN,
the primary
genetic defectis
possible.
Exogenous
androgen is
neffective at any
stage because of
the lack of end-
organ response.
Undiagnosed
individuals may
live normal ives as.
females except for
inferiity and
amenorrhea.
Gender
assignment and
psychological
issues may arse f
phenolypic
fermales are found
o have XY
karyotypes as
young indiiduals.
No associated
systernic disease.
is known.

NG SO
“testicular
feminization” has.
been replaced by
“androgen
insensilvy
syndrome” because
the latter more
accurately portrays
the biochemical
mechanism. The
disorder affects only
genetic (XY) males
because tis the
lack of testicular
response to
androgens that
leads o
feminization and
anomalies of the:
genialia
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Choline:
Receptors __Nicotinic Muscarinic

Location Autonomic ganglia  Glands—lacrimal,
salivary, and gastric

Sympathetic ganglia  gmooth muscle—

Parasympathetic bronchial, GI, and
ganglia blood vessels
Skeletal muscle Heart—AV node and
sinoatrial node
Agonists Ach Ach
Nicotine Muscarine

Ach, acetylcholine; AV, atrioventricular; GI, gastrointestinal.
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ATIII - Heparin (>18) + Thrombin — Thrombin inhil
ATIII - Heparin (5) + Factor Xa — Xa inhibition
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Neuratransmitter

Location

B oonaine Brain and ANS synapses Generally excitatory
Norepinephrinefepinephrine  CNS; sympathelic ANS synapses: nearly  Excitatoryor infibiory
allother tisues
B serotonin s Generally infibitory
Acetylcholine. NS, newromuscular junction, many  Exciatory orinhibilory
ANS synapses
+Aninobutyric a Most neurons of CNS. Majority of postsynaptic nhibiton of
the brain
Giycine Spinal cord Most postsynaptic inhibtion of spinal
cord
Glutamate and aspartate  Brain and spinal cord Excatory

Endorphins and enkephalins

Widely distrbuted in CNSIPNS

Generally nfibitory

Substance P

Spinal cord, brain, sensory neurons, and
Gltract

Generally excitaory

A i s e
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majority of mutations are
truncating with a minority
being missense.

System s compromised
and reduced resistance 1o
infection may be present.
Appearance of “spider”
type blood vessels
(telangiectasis) between
the ages of 3and 5 are
diagnostic when combined
with the unsteadiness,
although notal patents
have these. These usually
appear on the cheeks,
eyelids, ears, and the.
forearms. Blood vessels
over the whites of the eyes.
may appear especially
prominent. They are.
usually seen on the
pinnae, the forearms, the:
eyelids, and the buterlly
areas of the face.
Individuals are at risk for
cancer, and there is an
Increased risk of the same
in sibings, especally
breast cancer.

rays. Itis strongly 10 treatment.
Suggested that
mammograms
should be avoided,
Exposure tothe
common upper
respiratory vial
infections should
e limited and
chidhood
vaceinations are
tisky.
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Maxia
elangiectasia
(AT (Border—
Sedaquick
syndrome, Lovis-
Bar syndrome)

OMIM #208300

Mutations affect the AT
mutated (AT protein, a
Serinefthreonine kinase
responsiole for actvation of
DNA damage checkpoint
proteins. The resulting
defectinthe repair of
ionizing radiation (e.g,
Xays) damage to DNA
leads o the disease state.
Afected individuals have.
mutations in the ATM gene
localed on chromosorme 11
(11622.3) but the gene s
large (66 exons) and over
400 mutatons have been
reported. Offspring of
consanguineous matings
are usually homozygous,
whereas prodcts of
nonconsanguineous unions
usualy e compound
heterozygotes. The vast

ATis 3 complex disorder
involving multipl systems.
Chidren wih this disorder
often are noticeably
unsteady as soon as they
begin o walk (ataxi).
Balance dificulties
become so severe that
most require a wheel chair
oy second decade o fe.
Other neurologic signs are
siow, involuntary, wrthing
‘movements of the arms
and fingers. Head turning
upon nitation of oluntary.
eye movements, especially
lateral gaze, known as.
oculomotor apraxia, s
‘common. Speech i often
severely siurred, and
muscle wasting i the
hands and arms is
prominent, The immune

No treatment is
Known. Many
patients die n the.
first decade of Ife,
possibly as a resut
of nasopharyngeal
and pulmonary
infections,
although cancer is
 major isk. There.
have aiso been
reports of patients
who ived into the
fourth and fith
decades.

Radation therapy
must be avoided
and both patients
and their
heterozygous sibs
must avoid all
ionizing radiation
e e

The risk o
‘malignancies
cannot be.
overemphasized.
Lymphomas and
leukemia can
precede the onset
of ataxia and,
whil irradiation
forthese tumors.
can be “curative,
the treatment
tsef can incite:
newtumor
formation. Itis
recommended
that young,
chidren with
these
malignancies
undergo thorough
neuralogical
evaluations prior
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Chyloricrons Ditry tiacygycerls (90%) and choesterol  75-1.200
Very-ow-densitypoprotein Endogenous tracylghcerols and choesters  30-80
intermedte densiy poproteins  1006-1019  Tiacylghcerols and chalesterol 2
Lowcensity poproteins. 10191063 Choester 1825
High-densil poproteins. 10631210 Phospholiid and protein 512
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Mean corpuscular (cell)
Ho (MCH)

‘The average mass of Hb in a RBC calculated from the automatically determined Hb.
and RBC count and defined in pe/cell as

Hb (g1000 mi of blood
RBC countin millions/ml

Mean corpuscular
hemoglobin
concentration (MCHC)

“The concentiation of Hb within a certain volume of REC. Calculated from the
automaically determined Hb and RBC count and defined in gl or % as.

Hb (g(100 m of blood x 100)
Volume of packed RBCS/100 ml of biood

RBC distribution width
(ROW)

A measurement of the variance of the widih of REC. Width i directyreated to the
volume. ROW is defined as

MGV standard deviation/100 mi of blood_
Average MOV

Influenced by factors that alter MCV.

Total white blood cells
(WBCs)

Counted et by hand on a Neubaur side chamber using Wright or Giemsa stains.
or by automated machine using the same technique described abave or total
REC. Expressed s either number per e or a percentage. Manual counting is
essential if WBC morphology or disease-based alterations are expected. Special
stains, immunological, andior other surface marker can be used to dentfy tolal
WBC a5 wel as particular subset populatins.

Neutrophils Determined by automated counting or manual examination as escribed above.
Lymphocytes. Determined by automated counting or manual examination as described above.
Monocytes Determined by automated counting or manual examination as described above.
Eosinophis Determined by automated counting or manual examination as described above.
Basophils Determined by automated counting or manual examination as described above.
Platelets Automatically determined with partcie counting techiques based on proprietary

electrcal impedance or optical methods. Addilional measurement of mean pltelet
volume i also possible by comparison with known sampies. EDTA in samples.

can often cause aggregation of plateles and/or platelet sweling, which leads

1o ermoneous measurement, The older methad of manual counting on a
hemocytometeris used for special rcumstance or patelet appearance, and
‘morphology is required.
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Glutathione transferase:

Detoxifies several types of molecules containing the sulur-containing, ripeptde glutathione,
produced from the cysteine, glutamic acid, and gycine amino acids, via reducton and
conjugation.

Aldehyde denydrogenase
(class 3)

Catalyzes the oxidation (dehydrogenation) reaction
RCHO + NAD" + H,0 — RCOOH + NADH + H"

Glucose-6-phosphate.

Changes glucose-6-phosphate into fuctose 6-phosphate.

HO;

Highy reactive oxygen-Containing molecule

immunoglobulin A

Main immunoglobuin n saiia; piays a citca role in mucosal immuniy.

Antimicrobial Enzymes.

Lactoferrin

Produces small peptdes, called actoferiin and kaliocin-1, which, coupled wih ion,
inhibit bacterial and vial binding 1o cell membranes. Also exhibits antfungal propertes.

Lactoperosidase (salvary)

Kils bacteria via formation of eactive bromine and iodine species.

Lysozyme

Hydroyzes peptdoglycan component of bacterial cell wallat 14-flinkages between
e mieio acks snd M acalilo-ehooasries rekises
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Item

Water

98%-99% of tolal

Electrolytes: 1%-2% of tota: Sodium (2-21 mM), potassium (35 mM), calcium (1.2-2.8 mM)
magnesium (0.08-0.5 mM), chioride (5-40 mM), bicarbonate (25 mM), and phosphate
(14-39 mM)

Major Digestive Enzymes.

wamyase Initates random oigestion of amylose and amylopectin chains, producing maltotriose,

maltose, amyose, glucose, and oligosaccharides.

Lingual ipase (secreted by
tongue)

Initates hydrolyss o long-chain triglycerides into diacylglycerol and free fatty acids, which
continues into and through stomach. Optimal actvation requires aciic (~pH 4)
environment, s0 vast majority o activi s in stomach.

r Digestive Enzymes

Salivary acid phosphatases
A+B

Removes phosphate group from proteins by reaction orthophasphoric monoester + H,0 -
alconol + H.PO,

Neacetyimuramoyi--alanine
amidase

Removes M-acetyimuramoy from amino acid residue in certain glycoproteins.

NAD(P)H deycrogenase  Catalyzes the folowing reacton:
(quinone) NAD(P)H + H* + a quinone = NADIP)* + a hydroquinone
Supercxide dismutase. Changes highly reactive superoxide molecules into xygen and hydrogen peroxide (H0,)

by oxidation of 2 et ion (e.g., copper, zinc, manganese, iron, or nickel).
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Name

Type | allergy o
anaphyiactic)

Mediator

Immunoglobuin

(RE

lnvolved

Inital response
by mast cells
or basophis
with ampii-
ficaton by
eosinophil,
neutrophits,
and plateets

Time Course
15-30 min

lechanism les
Repeat exposure to Utticaria, eczema,
certain allergens leads 1o conjunciivts,
binding of IgE to ts hinits, asthma,
receptor on mastcells or  and some forms of
basophils. Binding gastoentertts.

releases fistamine
(causes mucus secretion,
diation, and increased
permeabilty of blood
vessels and constricton of
bronchi: leukotrenes B4,
4, and D4 (atract more
basophils, ampified
histamine response);
prostaglandin D2 (causes
pain and swelling):
platelet; eosinophil; and
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‘neutrophil factors (activate
and aticact partcular cell
types causing aggregation,
heparin release, and a
varity of enzymes that
Gamage tissues)

Type H antivody
dependent or
cytotoxic)

1gMor lgG
antibodies and
complement

Phagocytesor  Minutesto

Kupller el
Neutrophils
contribute.

hours.

Antigens promote the
production of antbodies,
which attach to patients
cell membraes. These
celis are now recognized
as foreign and tagged with
g6 or lgM antibadies and
altacked by NK or
macrophage cells or elicit
B cellanibody
response. Attached
antibodies create a lnear
pattern on staining,

hemolyic anemia,
Goodpasture’s,
thrombocylopenia,
enythroblastosis
fetals, and
emphigus vigais.
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RTINS DENC DN, - NIGRNG AN O NN P DAL TROBROCYMRES X
OMIM 1236200 Bsyntiase, required  homocysteineand doses ol viamin B, (aso known 3.
for conversion of methioine areseen inthe  norma dose offoc_ pyridosine
homocystine to wine. Excessivelylong mbs.acid, andior esponsive) esuls
cystthionine, partof the and fingrs, disacaton o additon ofcysteine from a defect of
breakdown pattway of lens of eye, newroogcal  or rimethyghcine  the synthase
methionine. Defectresus  prolems (seizurs, mental  to it If apoenzyme
in accumuation of etardation, and psychitrc  uniesponsive o Causing defective
homocystine in bood/ ilnss), and increased i of - these tealments, a _colactor binding.
wine, bockageofvensand  decrease of
arers esufing nheart  metronine in diet
aftacks and srokes. isrequired
Myperalinemia  Defect i valine Presents i nfants wilhpoor  Trealed with el =
OMIM #277100  transaminase, resuling i appetie and feecing, poor  festriction ofvaline.

increased leves of valine
in blood and urine (no
increase o leucine o
soleucire).

‘growth and weight gain
(aiure o thrive),
drowsiness, diarthea and
vomiting, dehydration, poor
muscle one, rapid
involuntary muscle and eye
movements, poor
concentration, and mental
retardation.
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sovaleric acidemia Defectn the enzyme  Acute (ata)form sirkes  Treated with Hallmark swealy
(swealy feet isovaleryl coenzyme A newborns Causing marked  reduction of leucine _feet odor results
disease) dehydrogenase. This acidifcation of the biood, in diet and from increased
OMIM #243500  enzyme is responsible for  convuisions, lethargy, administratinof  butyric and
the third step n the dehydration, moderately  gycine lohelp  hexanoic acids.
degradation ofleucine.  increased lver size, remove toric from unrelated but
Deliciency results in decreased pltelets and  isovalerc acid possibly linked
Increased levels of white blood celk, and an ertorin faty acig
isovaleric acid in blood and  unusual urinary odor ke metabolism.
urine, which s oxic tothe  that of sweaty feet, Rapid
central nervous system.  death follows. Chonic:
Tosic molecules canbe  intermittent (nonfatal) form
alterntively broken down results in periodic atacks of
and excreted via ghcine  acidiication of biood
degradation possibly resolving by glycine
detonfication pathuay.
Ketotic: Defectin propionylCoA  Defectlads foincreased  Treatmentis by Propiony-CoA with
nyperglycinemia  carboxylase is an essential  ghycine, propiony-CoA,  careful restiction of _ oxaloacetate also
(propionic enzyme in the breakdown  propionic acid, ketones,  dietary protein.  forms
scidema) of propionyi-CoA, a ‘ammonia, and acid kevel i Frequent infections  methylciate,
OMIM #606054  Product of the melabolism  bioodiurine. Presents i are somefimes seen which inhibits the

of several amino acids.
(aline, isoleucine,
threonine, and methionine)
and the oxidation of odd-
numbered faty acids.

Infants vith damage t0 brain,
heartand lver, vomiting,
fatigue, low muscle tone,
owered evels or absent
neutrophi andior platekets
‘andior biood proten,
soizures, dovelopmental
delay,and poor tlerance of
dietary protein

because of
decrease of white
blood cels.

citric acid cycle.
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Elastase Cleaves carbowy side of pepide bond when first aming acid is:a small, hydrophabic:
amino acid (e.g. alanine, gycine, andior valine).

Trypsinogenfrypsin Cleaves lysine-arginine peptide bond in the middle of a peplide chain when arginine is
on the carboxy ferminal side.

Chymotrypsinagenichymotrypsin  Cleaves carboxy side of pepide bond when first amino acid is tyrosine, trtophan, or
phenylaanine.

Pancreatic carboxypeptidases  Remove one amino acid from carbory terminus of a peptide chain
AL A2, and B

Pancreatc ipase Cleaves racylglycerol “fat” molecules into gyceral,two free faty acids, and monoglyceride.
Pancreatic amylase Cleaves starches at a-1,4-glycosidic bonds.
Phospholipase A2 Cleaves phosphalipid molecules (e.g., phosphatidylethanolamine, phosphatidyicholine,

‘and phosphalidylinositides) a the second glycerol carbon to release the signaiing
molecules arachidonic acid (Chapter 3) and lysophasphoiipds.

Lysophospholipase Cleaves 2-ysophosphatidyicholine (one of the family of phosphatidyicholines) o produce
glycerophosphocholine and a carboylate malecule. Glycerophosphocholine is a
precursor fo choline production, an essential nutrient and precursor of the
neurolransmiter acetyicholine.

Cholesterol esterase Cleaves the faty acid, R-group from a cholesterol ester molecule.
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Cell ype P

Alpha Glucagon ‘When biood sugar levels are low, promotes production of glucose from gycogen and
from gluconeogenic precursors i the liver; moderatel increases insulin release.

reatic Hormone _Function

Beta Insulin Promotes uptake and storage of glucose by iver and muscle, and uptake of glucose for
fatty acid production in fat cells. Inhibits conversion of ligkd molecules to energy:
inhibits glucagon secretion.

Amyin ‘Works in cooperation with nsulin at the brain tem level 0 control glucose levels by
slowing stomach emptying, inhbiting secretion of stomach and pancreatic dgestive
‘enzymes as wel as gall bladder bile, and Inhibitng the secretion o glucagon. Afects
calcium turnover in bones.

Detla ‘Somatostatin Inhiits anterio pitutay gand release of growth hormone and thyroi-stimulating
hormone. Suppresses secretion of gastrin, CCK, secretin, molin, VIP, GIP,
enteroglucagon (see Table 11-2 above), and the pancreatc hormones, especial insulin
‘and glucagon. Decreases stomach emptying and ntestinal peristasis by reducing smoath
muscle contracton. Inhibts adenyl cyciase actiity in parietal cels of the stomach.

Epsion Ghelin “Hunger hormone” that activates various parts o the hypothalamus to encaurage
increased food and fatinake,

Pancreatic  Pancreatic Regulates pancreatic secretion (endocrine and exccrine). Increased levels are seen

polypeplide  polypeptide wih protein intake, fasing, and exercise. Decreased levels are caused by somatostatin

cells and increased glucose.

O A B ity s VI i B e,
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/Metabolite Altered

Glucose phosphorylation Glucokinase

Giolsis Phosphofructokinase-1 (ncreases concentration of ructose
2,6-bisphosphate), pyruvate kinase, phospholructokinase-2

Gluconeogenesis Phosphoenolpyruvate carbaykinase, fructose 16-bisphosphatase,
glucose-6-phosphatase, rucose 2,6-bisphosphatase

Giycogen synthesis Giycogen synthase

Giycogenalysis Giycogen phosphoryiase

Fatty acid synthesis

Acetyl-CoA carboxlase, citrate yase, and malic enzyme

Pentose phosphate pathway

Glucose-6-phosphate (G6-P) dehydrogenase
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Glucose uptake (@ 10 wU/mi)

GLuTar

Giycolsis

Phosphofructokinase-1

Pentose phosphate pathway

G6-P dehydrogenase

Pyruvate oxdation

Pyruiate denydrogenase

Tglyceride lipolysis

Upoprotein ipase

Fatty acidfrigyceride synthesis

Acetyl-CoA carboxyase

Lipolysis

Hormone-sensitve lipase:
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Gicolsis T Phosphofructokinase-1 (increses concentration of
fructose 6-phosphate)

Giycogen synthesis 1 Giycogen synthase

Giycogenalysis L Giycogen prosphoryase

Protein synthesis 1 Transiation (nonselective)
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e Sy Wine
disease
(branched-chain
aminoaciduria)
OMIM #248600

Deficit of Sranched-chain
ocketo acid dehydrogenase
complex (tree enzyme
subunts),required for
oxidative decarborylation
of the acketoacios
produced by the removal
ofthe amino group during.
degradation of branched-
chain amino acids
Gleucine, isoleucine, and
valine). Ketoacidosis
esults from the branched.
chein aketoacid
accumulation. The urine
has a characterstc maple
syrup odor.

Delect results n
‘accumuiation of these
‘amino acids and branched-
chain a-ketoacids in

blood and urine.

Newbors are istess, have
feeding difcultes,

seizures, periods of
interrupted breathing,
‘lobal developmental delay,
and growth deficency.
General muscle tone may
e poor. Symptoms in acute.
episodes nclude: sezures,
‘abdominal pain, muscle
weakness, unsteadiness,
and someimes.
hallucinations, Left
unlreated, can lead to coma
‘and death within the frst
months of fe. Early and
prompt treatment can
prevent many of the
neurological damage.

reatment consists I certain
of restricting e~ Mennonites:
dietary inlake of  populations,
branched-chain  incidence can be
aminoacidstothe as highas 1in
minimum that s 175. Studies have
needed for shown that tis
growth. These possible o transfer
include dietary  subunis of the
leucine restricton,  enzyme complex
igh calore into cells using a
branched-chain  retrovitus 35
aminoacid-free  possible cure.
formuas, and

frequent monitoring

of piasma amino

acid concentratons.

‘Additonal thiamine

pyrophosphate

(vtamin B,),a

cofactor for the

enzyme, s also

gen. Treatment

usually lowers levels

of branched-chain

amino acids and

disease

progression.
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Methyimaloric
acidemia (MMA)

OMIM #251000

Defect in methylmalonyl-
CoA mutase, responsivie
for the breakdown of
branched-chain amino
acids isoleucine, vline,
and threonine) and
methionine. The enzyme is
also involved in ipid and
cholesterol metabolism via
the conversion of
methylmalony’-CoA info
succinyl-CoA.
Methylmalony!-CoA
requires vitamin
deficiencies of ths
vitamin's melabolism can
ead 1o the same disease.
state. Defects in two other
gene products (MMAA ang
MMBB) involved in the
production o an active
form of vitamin By,
adenosylcobalamin, and,
therefore, the final enzyme
can also cause disease.

thus,

Deficiency o this enzyme's
activy from any cause
leads to the inabilty to
metabolize certin amino
acids and lipdsicholesterol
Patents present with
nauseatomiting and
denydration, poor growth,
decreased muscie tone.
(hypotonia), and reduced
energy (lethargy). Without
treatment, varying mental
deficit, kidney, Iver and
pancreatic disease, and
comadeath may resul.

Acute treatment  Muliple forms
involves stabifzation e, including an

ofciicaly il infarie, non-
petlents, which  vitamin B,
includes marked  responsive,
eductionor intermediate,
elminaton of dieary  vitamin By,
poeinsand responsive, early

replacementby  childhood, and
‘smple carbohyorates _ benigradult

tolimitipid forms. The severity
metatolsm. of the disease
Longerterm generally lessens

eatmentincludesa f1om the infantie
et of high calories. 10 the adul forms.
butlow protein

(incluging estictions

of soleucie, vaine,

theonine, and

methionine),

supplementation of

viamin By, and

camiine (o promote:

fatty acd ransport

and metabolsm).
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PRI SN : PRI U .. SRR VTN DT . B AL S
disease (6SD;  maltase (a-glucosidase)  accumuates i the body  (neuroiogist, deiciency
ype Il (Pompe  enzyme that degrades  but especially in muscle  cardiologis, and leads to onset
disease) gycogentoglucosein  and hearl Symploms in  espialory therapist) o in juvenies or
OMIM 4232300 ysosomes. infancy include feeding  monitor treatment.  adults with
problems, muscle Enzyme repiacement  muscle
weakness, head lag, and  therapy has been weakness and
poor weightgain. Lung  eveloped. respiatory
infection complcates Alglucosidase-alpha problems that
respitaory problems and g s approved. can lead fo
heartis enlarged either of death. Heart
which can le2d o death ot as affected.
Glycogen storage  Deficiency of the glycogen  Diagnosed in nfancy o Patients need to avoid -
disease (65D;  debrancher enzyme that s early chilonood. Enlrged  hyperglycemia. This is
ype I (Corior  responsivle for moving  Iver (hepatomegaly) and  ss of an issue than in
Forbes disease)  three glucose residues low sugar (hypoglycemia)  type GSD type | 50
OMIM #232400  from a branch of four are characteristc with  monioring is easir
glucose residues fothe  possible ketoacidosi. High protein et may
end of alonger chain. The  Some patients have high  be useful to provide:
enzyme then removes the  lipids and growh amino acids for
lost glucose residue, thus  retarcation but nottothe  gluconeogeness.

‘completing the branch
removal

extent seen intype |
Muscle involvement in
type il eads to low
muscle tone hypotonia
and muscle wasting, more
Tikely seen in aduls than
chilcren. Adult patients
‘may also present with

Amino acids tigger
release of intestinal
glucagon-like peptide
o enhance conversion
of ietary amino acids
toglucose.
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heart problems

(cardiomyopathy). Female
adults may exniit
polycystic ovaries

Glycogen storage
disease (6S0;
ype IV) (Andersen
disease;
amylopectinosis)
OMIM 4232500

Defciency of the glycogen
branching enzyme Uat
catalyzes the additon of a
glucose residue asa
branch o a glucose chain
of gycogen using an a-16
gycosidic bond.

Patients present in early
infancy with poor feeding.
and develop severe lver
disease and enlargement
(hepatomegaly)that can
lead o termina lver
failurefscarring (cirthosis)
by the age of 5 years.
Liver damage leads to
portal hypertension
resulting in esophageal
varices, encephalopathy,
spieen enlargement
(splenomegaly), ascies,
andlor diminished renal
function. Liver biopsy
shows excessive
accumulation of glycogen.
No muscle symploms are
detected.

Treatment options are.
minimal. There are.
serious medical
probems associated
with hepaticfalure due:
tocintosis and
hepatosplenomegaly
Except for er
transplant, e can be
one, Diet therapy may
limit hepatomegaly,
Iypoghcemb, and
lessen symploms but
with only partally
successful outcome.
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OFtis Sarame W)
OMIM #219700

SO SUG R
mutations, of which
there are many, in
the CF gene. These
mutations disrupt a
protein called cystic
fbrosis
transmembrane
conductance
regulator (CFTR) that
impacts on channel
(primarily chioride)
gating specific to
epithelal cels.

S5 S CETEN! -,
disease that affects
mutiple organs in the
body. especially the ungs,
Iiver, pancreas, itestinal
ract, and sweat gands.
‘Symptoms usually appear
in the frs year of e,
although milder cases
may not develop problems
untl midife. Clinical
symploms vary widely. In
the lungs, thick bronchial
mucus production,
together with a less
competent immune
system, results in
respiatory diffculies ang
frequent lung ifections.
In the intestines, the same
probiern leads to
obstructions. The
digestion problems are
compounded by
decreased secretions of
enzymes from the
pancreas, leading to
pancreailts, faty darrhea
(steatorthea), and a
deficiency in some
vitamins. Poor growth s 3
hallmark of CF. Puberty
may be delayed while
abnorma cenvical mucous.
contributes to female
infetiiy, and absence of
the vas deferens leads o
the same resul in males

(SRVIE: U5 (N0 HNIRUNF Lt
Treatments are aimed at
control o symptoms.
High-energy foods,
enzyme supplements, and
vitamin and mineral
supplements may be used
in an attempt o provide
the required nutrents.
Daly pulmonary hygiene
and breathing exercises
Telp 10 prevent excessive
mucus accumulation n
the lungs. Antibiotcs and
other medicines are used
to control lung infections.
and inflammaion. In most
cases, average lfe
expectancy is around
37.8 years according to
the Cystic Fibrosis
Foundation, although
improvements in
reatments mean a baby
born today could expect
tolive longer.

AVECORNTON a5y
forchikdren and
young adults is
the electrolyle
sweat test, which
measures
electrolytes
(sodium,
potassium, and
chioride) in
perspiration
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Minimal change gomerulonephis

Fusion of podocytes.

Focal segmental glomeruloscleros's

Isolated areas of gomerular destruction and scarring
(fibrosis, increased mesangial cel, collagen deposits)
along wilh deposion of plasma protein (hyaline) n the
afferent ateioies.

Hereditary glomerulonephits (e.8., see Alports
syndrome above)

Tickening of basal lamina with depositon of
immunoglobulin (Ig) G moecules

1A nephropathy (Berger's disease)

Increased number of mesangial cells and basal lamina
with depositon of Igh.

Henoch-Schoriein purpura

Inflammation of glomerular blood vessels and
glomeruius vith deposition of igA.

Membranoprolerative glomerulonephiis

Increased number of mesangia cells and basal lamina.

Rapidly progressive (crescentic) gomerulonephrits
(2.2, see Goodpasture's syndrome above and
Wegener's granulomatosis)

Breakdown and decreased ftring of basal lamina
allows fibin into glomerulus, leading to iboss and
increasing Bowman capsules celk, an influx of
monocytes and formation of crescent-shaped scarrng,

Postnfectious glomerulonephrts (e.g., skin of lung
infection by Streptococcus pyogenes)

Depositon of immune complexes in the glomerulus.
leads to increased numbers of endothelial and
mesangalcells and nflux of monocytes and
neutrophils. May mimic crescents.

Thin basal lamina (autosomal dorminant, genetic
disorden)

Allows red blood cels o pass (hematuria).

Diabetic nephropatny.

Progressive thickening of glomerular structure with
subsequent destruction of glomerul via nodular
‘gomeruloscierosis. Results in increasing protein (€.,
albumin) excreton in the urine (albuminuria), and may
progress to renal aiure and need for dialyss.
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RORN WRisole  LORCROTAPWT, anenzyme Atleastthres SANean; s ewiec. o
fadenine that catayzes the formation of  specically at lowering DHA
phosphoribosyl-  AMP from adenine and PRPP ~ characterized types  levels and stone
ransferase as part o the recycling have been reported.  formation and
(APRT) palhway to tun adenine into Pafients suffer fom includes the use of
deficency] AMP. The deficit (fullor repetiive episodes of  alopurinol
OMIM 102600 Partial results in ncreased  gouty artrits and
levels of the purine. Kidney stones formed
2.8-dinydronyadenine (DHA).  from DHA. Kidney
functon can be
progressively impaired
unti falure results.
Severe combined  Deficit of ADA that emoves an  SCID presents thinthe  Treatment s SCID de to ADA
immunodeficiency  amino group from adenosine frs morth of fe. supportive with  deficiency was
disease (SCID) 1o form ingsine or from Symptoms include prevention of the fistdisease
(adenosine deowyadenosine o form decreased focding, infections, approved for gene
deaminase (ADA)  2-deoryinosine. Athough  chroric diarthea, ossof  approprialeand  transfer therapy.
deficency] found in alltissues, ADAIS  flids, poor growthand  immediate These effots
OMIM #102700  highestin lymph tissues (e.g,  development, and anibiotic bave notyet
the thymus) and, therefore,  numercus infectons due intervention, and  surpassed
affects ymphocytes. The 1o decreased lymphocyte  close monitoring of  enzyme.
Geficitresults i increased  actity. Most concering _ the immune replacement
levels of GATP in the blood and  of hese infections |5 Systemn. therapes but
urine, which infibits ONA  preumonia from Repacementof  have encouraged
replcation and causes DA Preumocystis carininormal ADA Using  fture research in
Gamage, especiall in orfroma DNAor ADA-positive red gene therapy for
lymphocytes responding toan  RNAvins (e, blood cel ths and other
infection. cytomegalois, transfusions can  diseases.
varkila. and be temporarily
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parainfiuenze). Mot beneficial. Longer
patiets die within Survval s possible
1-2 years becauseof  with bore martow
these infoctons. ADA  ransplantation or
deficency asolowers  gene therapy.
ransmethyltion

reactions mportant in

the synthesis of several

amino acids and peptide

hormones.
Kanthanuria Defici of XOH enzyme thatis  Defics resultinhigh  Treatmentis The enzymes rely
banthine easily converted o the levels of xanthine inthe  supportive butalso  on molybdenum
dehydrogenase  enzyme XO. XDH forms urate, urine, which can form  includes avaidance  as a cofactor.
(XOHYsanihine  which is proposed toserve @ xanthine stones. Chonic. of foods containing  Therefore,
oxidase (X0)  powerful antoxidant functin.  stone formation can  purines as well a5 deficiencies of
deficiency] XO produces some of these  lead to eventual kidney ~ high flud intake to  this element can
OMIM 4607633 Same reactive, oxygen-derved  impairment and falure.  reduce xanthine  also lead toan
species (e, superoxide and  Uric acid levels are low. stone formation.  acquired form of
hycrogen peroxde), which  The exact roles of these. santhanur.

may play a ole in cellinjury.  enzyme producis and
the change between
XDH and X are il
being investigated.

AP, adocsine monophsptate TP, Geonadencine ghosphals DA, deonrionuci < GV, uanine monphospate:

= fhsorhapivdinscmssior sy—r gl dbors. arry
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Prednisolone
(a steroid drug)

Aspitin (from cell membrane)
(rreversible inhibitor)

ibuprofen and Phospholipase A, -
Indomethacin 1 \sﬂwma

(competitive inhibitor) ©

Thrombin
Angiotensin - 1
o 5-Lipooxygenase
5-HPETE
268H (5- Hydroperoxyeicosatetraenoic acid)
Peroxidase
GSSG + 2H,0 H0
Leukotriene Ay

Leukotriene Cy
Glutamic acic

[Py ot Leukotriene D
Glycine
PGE-9-kelo |
Reductase Leukolriene E

Leukotriene B
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Angiotensinogen  Asp-Arg-Val-Tyr-lle-His-Pro-Phe-His-Leu-Leu (-400 more amino acids)

M
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_ «——@—— AcEmnbiors
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M
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Niemann-Pick
disease.

OMIM #257200

Types Aand 8 are due to
defects in
sphingomyelinase, wnich
cleaves sphingomyelin
into ceramice and
phosphocholine. Both
types are due to single
amino acid changos,
which result in no actvy
(A) or some residual
actiity (B). Foamy, lipid-
filled “Niemann-Pick"
cells are seen on
pathological examination.

Patients with type A
present vithin 4-6
months and have rapis
breakdown of nerves.
with poor muscle tone
and feeding as wellas
liver enlargement. A
cherry-red spot s seen
on the retina (see
Tay-Sachs below).
Progressive weakness.
leads to death usually
by the age of 18 montns.
103 years. Type B
patients show variable:
‘symploms mainly
involing the internal
organs (e.g, lver
enlargement and lung.
involvemen). Type B
patients can e Into
their teens or eary
aduithocd.

Treatments have
ot proven
successful but may
include organ and
bone transpant,
although success
is limited.
Treatment is:
otherwise
supportve. Gene,
replacement
therapy and
medications are
being developed
and may offer
hope for affected
individuals.

Atype C disease
also exsts with a
deect in transport
of cholesterol and
other ipids across
membranes by a
st unknown
‘mechanism. Type
C patients folow a
similar course as
type 8.
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SOPRRUSEOIE
leukodystrophy (MLD)
fryisulfatase A
(ARSA) deficiency,
sufatde lipodosis]
OMIM #250100

Deiects In the ysosomet
hydrolase, ARSA, which
cleaves.
30sulogalactosyl
esidues from gycolipids.
The defect results i the
accumuiation o these
glycolipids, mainly found
in myelin sheaths of
central and peripheral
nerves.

AL N Y .
infantie (<2 years od),
early juvenielate
juvenile (3-10 years.
old), and adutt forms
(16 years o). Al
patients have nerve cell
disease including loss of
feeling, walking
probiems, visual and
‘speech problems,
paralysis, coma, and
seizures. The disease
gradually progresses
until complete biindness
occurs and patients do
ot respond 1o any
surroundings.

ARSI I0F M)
is only supportve.
The infantie form
is more severe with
death about 5
years afte disease
onset, Juvenile and
adultforms often
proggess more
‘slowy but usually
die before the age
of 20 years. Bone
martow
transpiantation,
enzyme and gene
replacement
therapy, and
various.
medications are
being developed
and may offer
ope for affected
individuals.
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Period of no cell replicationdivision, usually ntered from G, restriction checkpoint, Cel cycle
progression s halted by an inhibitory protein cycln-dependent kinase inibitor 2A that blocks the
interaction of COK4 with cyclin D. Gy cel lose celcycle protein, including cyciins and CDKs.

Period of high rate of cell growth/protein production in preparation for DNA synthesis. Entry into G,
relles on the G, resticton checkpoint in which binding of COKA to cyclin D leads to phospharytation
of the tumor suppressor retinablastoma (Rb) protein. Phosphoryated Rl dissociates from the E2F
transcripton promoter, eadin 1o the expression of cycli E. Cyclin € activates CDK2, allowing.
progression inlo S-phase. These checks prepare the cellfor DNA synthesis and cell cycle
confinuation.

Synthesis phase during which DNA replication occurs. RNA transcription s very low except for that
involved in histone production.

Second period of cell growih between DNA synthesis and cell division (mitosis), mainly involving
synthesis o micratubules for the mitatic spindle and chromosome condensation. The G,
checkpoint prepares the cell for celldivision and cell cycle continuation. This process is controlled
by dephosphorylation of tyrosine residues in the maturation/mitosis-promoting factor complex,
made of cyclin B (or A) and CDKL. CDKI is activated, causing irreversible progression to miosis
When the cell is unprepared for milosis, Cdc25 can be inactivated by phosphorylation by a protein
Kinase.

No cell growth. Algnment of the repiicated chromosomes and the tension created by the profein
attachment ofthe mifotic spindie to the centromeres and the mitotc pate niiate mitosis. When the
fension i sufficient,cycin B is degraded, alowing actit of the anaphase-promoting complex (APC).
Activated APC leads 1o degradation of the Kinelchore structural protein securin,releasing s inibiton
on segarase, the protein that leads to the separation of the sister chromads.

O e i
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Gamma-GT (GGT)

Measured va the reaction between para-nitroanilde, a GGT dervative, and
glycylgycine, which produces para-nitroaniine proportonal o the GGT amount.
Absorbance of the para-nitcaniline product at 405 nim nd comparison with known
standards provides the GGT level. Hb in the sample may affect the 405-nm absorbance
measurement and heparin, cilate, or oxalte contained in some blood sample tubes
can nterfere with the reaction.

Albumin

Measured by colorimetic determination of alburnin binding to bromocresol green dye
with resuling absorption ata specifc light wavelength. Comparison with standards
allows the defermination of albumin concenlraton. This method may overestimate.
albumin because of binding of dye by other seru proteins

Alaline phosphatase

Normally measured by production of yellow-colored 4-itrophenoside from colrless
4niophenol phosphate substrate by alkaline phosphatase

4nitrophenyl phosphate - 4-nitiophenoxide

@0 colon Goton)

Serum or heparinized plasma samples are used. EDTA and/or Hb from hemolyzed
Samples wilinerfere with the reaction.

Amylase Normally measured by utilzing starch substrates vith changing absorbance at 620 .

Lipase Messured by colorimetric determination using a vriety of digyceride and newer
nondighceride substrates, which when cleaved by lipase, produce a product with a
particular absorbance.

Total birutin Determined by an azo dye that produces a red-vilet azobiirubin when joined with

bilirubin. Ethanol s added t the test sample prio t the dye 5o that both conjugated
(diec) and unconjugated (inirect bilirubins react to provide the total bilrubin value.

Bilrubin (directindirect)

Conjugated (direct) blirubin s detected using an azo dye that produces a red-iolet
azobilrubin compound. Unconjugated (indirect) bilrubin is calculated by subtracting
conjugated (direct) bilrubin from toal bilrubin (see above)

Urobiinogen Measured by para-dimethylamincbenzaldehyde, which turns a dark pinkired
proportioal to the urobilinogen in the sample.
Lactate dehydrogenase  Measured by monitoring the absorbance at 340 nm of NADH produced by LDH as per
(LoH) the following reaction
Lactate + NAD' < pyruvate + NADH"
Ao 3400
Total protein Measured by calrimetric determination o binding of copper sulfate in sodium

hydrodde to serum proteins (“biuret” reaction), including the predominant protein
albumin. Binding resuls n a viole color whose inensiy is compared with standards to
determine the protein concenlration. A subset of Getermination is the determination of
total giobulin, which is calulated by Sublracting alburin (see above) from the toal
protein amount. Further analysis of globulins ay be made by electrophoresi (see.
above), with antibody bloting techniques similar to western bloting (see above) f
Specifc immunoglobulin dentiication i required.
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Hgb “Barts" Al four ocglobin genes are mutated. This
‘condition is not compatibl with e, and resuts in
hyckops fetals and inrauterine death (a-globin fs
equired for normal fetal development).

B-Thalassemia—underproduced
ot st becase o
mitatons n the pgobin genes.

BThalassemia trait—One )-giobin gene is mutated.
Like o thalassemia ra, p-thalassemia trait causes a
milg microcyfic anema that must be distinguished flom
iron deficiency.

B-Thalassemia major and pthalassemia intermedia—
Both f-globin genes are mutated. Patients requiring
chronic blood transfusions are classified as majo; those:
who d not requie are classifed as intermediae.

ron deficiency anemia
inadequae ron suppy to
sustain erythropoiesi.

NA

Believed to affect one billon people. Symptoms include.
pallr weakness, and lethargy. Severe and prolonged
iron deficiency can resultin neuropsychological
problems. Treatment is by addition of iron to th diet via
tablets.

“Tne ety curateeatment o s & 1 compeey epce e boe o (bone o makes o h el components of o). B
o Uancganaon ol IV i LAag Ay Totenad o, T urs ot 1 e pents rmune st ot tck th dnee
S . e EH N
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Condition/Cause

Porphyrias—inabilty o NA
eficienty synthesize the.
protoporphyrin rng.

Clinical Manifestations

‘These rare diseases display a spectrum of manifestations:
acute abdominal pain, skin and tooth discoloration, and
hemolysis (estructon of red blood cels (RBC). An
inciting agent such as an enronmental exposure (e.g.
sunlight) or drug (e.g., barbiturate) often precipitates
clinical manifestatons.

Thalassemias® —defect in
the amount of globin chains a:globin subunit because of
that are synthesized. There  mutated ccglobin genes.

are our a:gobin genes and

two -gobin genes.

o Thalassemia—underproduced

Carrer state— single oglobin gene is mutated. No.
clinical manifestations.

-Thalassemia trait—Two a globin genes are mutated
There is  mid microcytic anemia (small RBCS). This
anemia is usually notclinically relevant but must be:
distinguished from iron deficiency, discussed below. In
contras to iron deficiency, in e thalassema rat, biood
iron studies are normal.

Hemoglobin (Hgb) H—Three of four a-globin genes are.
mutated. There is not enough a-globin made o match
the demands o the body. This s reated either with
chvonic RBC transusions or by bone marow.
transplantation.
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rarely needed.

17-cHydronylase
defciency
(acrenal
nyperplasia V)
OMIM #202110

Deficit of 17-cchydronylase  Patient can suffer from.

or combined 17, 20-yase
defiiency. Prodlicton of
cortcosterone and DOC is
excessive.

severe imbalances in
electroyes,
hypertension, and often
genial

‘abnormaities. Gender
assignment may be
dificult a b, Females
do not menstruate (ack
ofestragen synthesis)
and some males develop
female secondary sexual
characteristics (lack of
‘androgen production).

Attempts to
normalize adrenal
hormones might
be of benefit for
metabolic
stabilzation but
the genital
abrormalites are
likely o persit

Karyotypes are
usefulto determine

gender. Patients
canlivelo
aduithood but
sexual maturation
remains a problem.
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Yip-rymaeee | Leicit of

dehyrogenase type
2 defciency

OMIM #202010

11--hydronysteroid
dehydrogenase, type 2,
enzyme found in kidhey,
placenta, tests, saiia
and sweat giands, kidney,
and parts of the brainstem
converts cortsol fo
cortsone. A deficitresults
in low aldosterone and
plasma renin activi.

ECTERREG SEoVIlt S
enzyme leads to
significant high blood
pressure and low
potassium
(hypokaleria, primriy
in juveniles. The atio of
urinaryfree cortisol to
free cortisone correlates
with the activiy of renal
TLpHSD and s not
only uselul or the
diagnoss ofths
deficiency, but alsoasa
risk factor for
hypertension. Low bith
weights and falure to
thive have been
reported.

btk
diet andlor
sprirondlactone
(mineralcorticoid
receptor
antagonist) can be
helpfulin
managing the
hypotalemic.
alkalosis and.
hypertension.
These symptoms
may respond toa
ow-sodium diet
andior sodium-
depleting drugs.
Early dagnosis is
important for
unireated patients
who may become
comatose and
even die. High
blood pressure
Ol

PECRHCIENGY
11-p-hydrorysteroid
dehydrogenase,
type 1 (found in
Iiver, at, and some
nerve cels) leads to
a decreased rate of
conversion of
cortisone to cortsol
Adeicit of the type
1isoenyzme leads
toobesity and
insulin resistance.
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Flanking region g region

Double-stranded DNA

Segment to be amplified

Denaturation of DNA lHeal at 94°C for 1 min to separate strands

Mixture of single-
stranded DNA

) ) Add primers and
Annealing of primers | Goo) at 45°C for 1 min to anneal

Primer-1 Single-stranded DNA
with attached primer

Primer-2
5 g —>

Polymerization lAdd Taq polymerase, heat at 72°C for 1 min

N I " Double-stranded DNA
products

5 3

3 5'

Recycle the DNA products of the PCR
Overview of PCR Steps
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Thyroxin Thyroid hormone: Tyrosine

Sphingosine Procuror for impertant sphingolids Serne
Melanin Skin pgment Tyosine

NAD® Coenayme Typtophan, ghcine
Suathione Antoxdant (suf) Glutamate, cystine, gycine

Nitrous oxide (NO) Signaling molecule: Arginine.
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DNA, RNA Genetic material Giycine, gutamine, aspartate
Doparmine, norepinephrine,  Neurotransiters Tyrosine

epinephrine

Serotonin Neurotransmitter Tryptophan

Histamine Bl00d vessel diaton, allergic response Histiine

Hemelporphyrins Hemoglobin/myoglobin, several metabolic  Gycine

molecules
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IV acinternexin—Found in neural cels and involved mairly in lnear nerve axon growth

Neurofiaments—Found in nerve axons and resporsibie fo determining the diameter of an axon and, therefore, ts
Speed of nerve signal ansduction.

‘Synemin (Desmusliny—Found in il cel types, although it only function as yet determined islinking contracting
actin-myosin fibers to the 2-disk of skeletal muscle cel, thereby helping to transmi the force generated.

Syncoiin—Coupled with desmin, plays an unknown role in the Z-disk siructure of muscle cells

V. Nuclear Lamins—Part of the nucear lamin on the inner surface of the nuclear membrane and provide general
structure o the nucleus. Are phosphorylated by milosis promoling factor and broken down during mitosis/dissoluton
ofthe nucleus and nuclear membrane.

VI Nexin—Found mainly in nerve cells but aiso in ofher cel types, where it plays a tll lusve roe in the changing
structure and organization of these cels. This function appears to be modified by phosphoryiaion. May form two
(dimen) o four (telramer) protin structures

B
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Acidic Keralins—Form a variety oftssue-specific keratin laments. Each type | IF protein pars with a type I
proteins (heterodimers) in the cyloplasm of epithelia cels, providing srength t skin, hair, and nals.

Basic Keratins—Form a variey oftissue-specific keratin flaments. Each type I IF protein pairs with a type | proteins
heterodimers) in the cytopiasi of epithelalcels, providing srength to skin, har, and nals.

Desmin—Full function(s) nat uly identified. Contrbutes to Z-isk sructure in muscle cels as well s cel-cell adhesion.

Gl Fbvillary Acidic Protein—Found in central nervous system cells a5 well 2s numerous other tissue types where it
helps the mechanical strength o the cytoskeletal siructure and helps determine cell shape. For four protein
Getramen structures.

Peripherin—Found in neurons where it may function n cell growth and development as well as regeneration.

Vimentin—Found in skin cels (fbroblast), white blood cels (feukocytes), and cells lining blood vessels. Plays a
structurabianchoring ol for the cytoskeleton as well2s the nucleus, endoplasmic feticulum, and mitochondria
Made offour proteins (teramer).
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11--Hydroxylase
defciency (acrenal
nyperplasia V)
OMIM #202010

A deective
11-B-hydronylase causes
this form of adrenal
hyperplasia. This
defciency results in an
excess of steroid
precursors such as
11-dearycortisol, and
11-deonycorticosterone
(00C).

Deficiency of Theamauntof  Karytyping may be
11-p-hydroxylase virilization and necessary in cases.
causing ol clention by blood pressure  with abnormal
tekidneysandhigh | levelsarenat  geniliand

blood pressure. Low necessarily certainly in
polassum (o) corelted. newborn ofspring
Satveat Thare saiso  Hormonal of familes n which
decreased synthesis of regulation is key to  the gene is known
cortol anc managng sgns o segregate. Ths
cocosterone. Asaand symptoms.  conditon s

resut, emals fen Drimary found n
ave genila resemiing Jevish and rabic
thatof males iiizatn) familes throughout
due o excessive and the Midde East and
unconiroled producton in the Amsh of

of ancrostenedione and Pennsyhana

as manyas ol are

ertoneousy reared a5

such. Puberty occurs
earlyand rapidly in
males and they are often
very aggressive. Patients
may also be excessively
tal. The early onset o
high blood pressure due
1o retention ofsaf can be
a serious threat o health,
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5 8-Hydronsterod  Deficiency of
dehytiogenase  3-hydronystero
deficiency (adrenal  dehydrogenase, which
perplasa ) convets pregnenclone
OMIM 4201810 1o progestrone,
17-hydroxypregnenolone
10 17-hydrory
progesterone, andior
dehydroepiandrosterone
(OHEA to
andiostenedione. The
molecular geneics s less
clar s several HSDB
genes can be invoved but
autesomal ecessive
appears tobe the
inhertance patern. The
Gefct resuls in ncreased
levels of pregnenolone,

This increase of these.
hormones leads to
patentialy fatal loss of
sal through the kidrney
(due o efects on
aldosterone and on
cortsol ynthesis).
Severe electrolyte
imbalance “adrenal
crisis” with salt loss can
occur and be so severe
a5 to cause death. This
disorderis also a cause
of abrormal gentalia,
and in males, an
incorrecty placed
urethval opening called

hypospadias. In females,

there may be viization
(masculization) of
genialia due to
excessive and
uncontrolled production
of DHEA.

Hormonal and
electrayte
replacement
therapy. Treatment
with medications,
teg.
hydrocortisone:
and
fludrocortisone)
can also be used,
Chromosomal
studies should be:
used to accurately
determine gender
in chidren.
Unclear gender is
reated with a
combination of
geneic testing,
parent (patient)
counseling, and
surgery i eqired.

Abnormal genitalia
n both genders is
due to markedly
lowered
testosterone
production from the
liver (enough to
produce same male
Characteriticsin
females but not
enough 1o produce
nomal genitaia in
maes).
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Glucose

‘The conversion of glucose, water, and oxygen to gluconic acid and hydrogen peroxide
Vi the enzyme glucose oxdase forms the basis for mast modern clinical laboratory and
home-based determinations of glucose level Further oxidation and colo change of
reporter molecule by hydrogen peroside of measurement of oygen consumplion allons.
quaniization of the glucose concentration. AScorbic acid and high levels of uric acid wil
aler the results for hydrogen peroxide oxdation. Whole blood values will be lower than
Serum o plasma. Older methods of glucose determination include the measurement of
reducton of meta ons by the adehyde group (affeted by reducing groups on nonglucose
molecules) or reaction of the aidehyde group with o-tludine (highly corrsive)to form
an intensey green-colored glucosamine molecule whose intensiy is measured and
compared with known standards.

Calcium (serumvionized)

Normally measured with autoanalyzer utizing colorimelric of other proprietary methods.
Difficul to measure accurately because of aise elevaton in patients with ver or kidney
failue, samples with hemolysi or hgh ipds, changes in piasma protein concentration

due to isease, engthy application o tourniquet during blood collection, change in the

positon of patient ffom Iying down to standing, exercise just prio to sample acquistion
and varying dietary intake of cakcium, and even seasonal varations (summer v, winter)
among others.

Magnesium

Measured in an autoanalyzer. Votage 's measured between an in-specific electrode
that s permeatie o magnesium and a constant reference electrode. The voltage 15
directy relted 0 the magnesium concentration. Measurement of serum magnesium
does not accuratelyreflect ntracelular values and can be altered by bone magnesium.

Phosphorus (serum)

Measured i an autoanalyzer by the formation of phosphomolybdic acid with
subsequent reduction by stannous chloride to malybdenum blue, with absorbance at
660 nm. Comparison with standards provides level. Measurement may be affected by.
the presence of proteins, bilirubin, r organic phosphiates.

Aspariate
aminotranslerase (AST)

e AST reaction cannot be monitored directly.
Aspartate + c-ketoglutarate <> oxaloacetate + glutamate

‘Therefore, aboratories monitor the production of glutamate or oxaloacefate via a
oupled, reporter enzyme reaction tha results i  proportional colored of other
measurable product Serum samples are used o avoid flse measurement of RBC
aminotransferase activit. Plasma or heparanized, ethylenediaminetelraacelic acid
(EDTA),cirated or oxalated biood tubes may cause erroneous results depending on
Speciic laboratory system.

Aanine.
aminotranserase (ALT)

The ALT reaction cannot be monilored directy.
Alarine + o ketoglutarate < pyruvate + glutamate.

Therefore, aboratoies monitor the production of glutamate or pyruvate via a coupled,
feporter enzyme reaction tht result i a proportonal colored of other measurable
product. Serum samples are used 1o avoid false measurement of RBC aminotransierase
activiy. Plasma or heparinzed, EDTA, citrated or oxalated blood tubes may cause
‘eroneous resulls depending on specific laboratory svstem.
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Sympathetic Parasympathetic
Organ Response Response

Cardiac muscle  Increased rate Decreased rate
(to baseline)

Bronchioles Dilation Constriction
Pupils Dilation Constriction
Stomach/ Decreased Increased
intestines secretion/ secretion/
peristalsis peristalsis
Liver Converts None
glycogen to
glucose
Pancreas Secretes Secretes insulin

glucagon
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Sweat glands Increase None
secretion

Skin/visceral Constrict None

blood vessels

Skeletal muscle  Dilate None

blood vessels

Adrenal glands  Increase None
epinephrine and
norepinephrine

Internal anal Contracts Relaxes

sphincter

Urinary bladder ~ Relaxes Contracts

Internal urethral ~ Contracts Relaxes

sphincter
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Name(s)/0F

Fructosuria

(hepatic
fuctokinase
deficiency)

OMIM #229800

Mechanism

Defect in liver
fructokinase, which
metabolizes he frst tep
in fructose metabolsm
(fructose to fructose-1-
phosphate)

Patients are often
‘asymptomatic although
epsodes of low sugar
(hypogiycemia), nausea/
vomitig, seizures, and
unconsciousness can
occur, especially in
chidren

Treatment

Treatment i by
‘avoidance of ructose
in the diet with
teplacement by
glucose sources.

Note
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NN Defect in the extraceliular
syndrome. glycoprotein fbillin, which

OMIM #154700  affects cystine-rich,
tetiary sructural domains.

‘Mutations in Ronkn
weaken connective tissue
structure and also disupt
binding to TGF-§ profein.
Altered binding adversely
affects the stucture of
smoalh muscle and
extracelluar mais,
especialy in lungs, blood
vessels (6.2, aorta), and
heart vaives.

‘There s no cure for
Marfan syndrome.
Treatment involves
monitoring of effects
on heart, blood
vessels, muscle,lungs,
and eyes. B-blockers
and angiotensin |
receplor blockers
(ARBS) aiso reduce
levels of TGF- and are.
Sometimes used to
control cardiovasculr
manifestations

Autosomal
dominant
disorder.

Osteogenesis  Defects in structure and

imperfecta (0 function of collagen, ype |

OMIM 4166200  Muliple mutations are all
categorized under the
syndrome of OI.

O Sanaormiad S Bckor

O causes marked fragiity
of bones, abnorma teeth,
hearing, and soft-tissue
disorders. Some types
cause shortstature and
changes in the sclera of the.
eye (e.g. light gray,or blue
coloring). An infant form
can cause premaure bith,
structural defects of the
face and skul, and usually
death in minutes to months
because of heart o lung.
defects.

There is no cure for O
Trealment is supportive:
and has included
attempts o increase.
bone mass by
bisphosphonates

Four types of
Ol are curently
Known.
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80S initiation complex

Peptidyl transferase
(ribozyme)

Empty tRNA Dipeptidyl tRNA

Translocation @

N

Empty tRNA

5 —-— 3 +(@EFD)+COP +Pi

Elongation steps are repeated until nonsense
codon appears in A site on ribosome

A" site now ready for next
aminoacyl IRNA

N-terminal end of polypeptide

C-terminal end of polypeptide-

S—mm—aUG

- e ——H—H—H—H—H 3y +408 + 60S + eRF + GDP + P

+ IRNA

@EREOEE®

Newly synthesized polypeptide
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e oo o hch v I i, g Jresiment s by Galsclooemia
(classic) -phosphate urdy! mechanismisstllnol  avoidance of galaclose  may also affect
(loctosemia ) transterase, which understood, accumulation and lactose in the det  inosicl
OMIM #230400  catayzes the ofgilactose and alacose- (e, soy milk for metabolism
interconversion of I-prosphate s beleved to  infants). AS galactose  and, therefore,
galactose-1-phosphate  cause he detrmental is generated by other essential
and gucose-1-phosphate  effects. Patients with pelhways, avoidance  signaling
vatianster of uridine  classic gaactosemia of al efects may pattways.
monophosphate. develop cataracs, enlarged be dificul
fvers (hepatomegab),
speech and larning
problems, and, sometimes,
mental etardaton.
Galactokinase  Deficiency of Patients mainly develop  Treatment is by —
geiciency galactokinase enzyme,  cataracts due 1o the avoidance ofdietary
(@lactosemia ) which catalyzes the fist  increased osmotc galactose and lactose.
OMIM #230200  Slep in gaactose pressure caused by the I a galctose-ree et
metabolism, the accumuation of is started earl,
phosphoraton of galactose-derived cataracts wil egress
glactose to galactose-1- molecules (e gaactto)  without complicatons;

phosphate.

in the lens. Mental
etardation is also seen.

hawever, neurological
damage is permanent.
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Galactose As in other galactosernias,  Treatment is by Botha milg
epimerase galactose-4-epimerase  galactose and galactose-  avoidance of gaactose form affecting
defciency enzyme, which calalyzes  1-phospha levels and lactose in the diet  red blood cells
(galactosemia ) the fnal step of galactose  increase. Symptoms e:g, soy mik for and a severe
OMIM #606953  Melabolism involving the  include many of classic  inants). As galactose form affecting
nterconversion of UDP-  galactosemia plus poor is generated by otner the fver exis,
galactose and UDP- growth, nerve deaness,  palhways, avoidance
glucose. and Iverkidney fallre.  of al effects may
be difficul.
Glucose-6- Defects of GGPDH, the first  The absence of the. paients are ofien Most
phosphate enzymatic step of the pentose phosphate: asymptomatic, commonty
dehydrogenase  pentose phosphate. pattway limis the although acute: inherited
defciency patway. Over 400 vaiants  avalabily of icotinamide episodes of ed blood  enzyme.
(G6PDH) existwih the enzymalic  adenine dinucleotide  cell destruction disorder inthe
OMIM #138090  actity of GGPDH being  phosphate and, therefore,  (hemolysis), caused by  world,affecting
variabiy afected. reduced gutathione. efther infection or almost 25% of
Reduced glutathione is  certain medications or  the world's
the only protection for red  foods, can cause population.
blood cells against medical probiemms. Considered to
oxidation by free radicals. be Xiinked,
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Elevated plasma cholesterol

Normal arterial wall > Lipid deposits ——» Atherosclerotic plaque
Tissue ischemia 4—— Thrombosis < Rupture of plaque < Narrowing of arterial lumen
l ‘which can cause angina

Infarction
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Hormone Action

Estrogen Milk duct growth.

Progesterone Alveoli and lobe growth. Inhibits
milk production during pregnancy.
Drop at birth starts milk
production.

Prolactin Alveoli growth. Maintains milk
production after pregnancy by
continued stimulation of alveoli.
Induces o-lactalbumin that
increases galactosyl transferase
affinity for glucose. Negative
feedback on GnRH suppresses
FSH and LH secretion and,
thereby, menstruation and
ovulation.

Oxytocin Contracts smooth muscle around
milk duct alveoli to squeeze milk
into ducts and out of areolae.

Maintains milk production after

pregnancy.
Human placental Augments growth of breasts,
lactogen nipples, and areolae.

FSH, follcle-stimulating hormone; GnRH, gonadatropin-releasing
hormone; LH, luteinizing hormone.
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Stte of cleavage Site of cleavage

A
Plasmid *:' i
(vector) . ¥

Human DNA to be cloned

[Same restriction endonuclease|

‘Anneal and igate —_—

(@) —

DNA fragment of
Cleaved plasmid interest

l

Chimeric plasmid (recombinant DNA contains
plasmid DNA and human DNA of interest)

Chromosome

Transformation

Transformed bacterial cell

Host bacterial cell

Bacteria are grown to amplify recombinant DNA

To obtain DNA To obtain protein

Grow under conditions permitting

Isolate plasmids expression of cloned gene

000

lCleave with restriction

endonuclease

l\so!a\e protein

l Isolate cloned human DNA

—— — [r— R
— — — Protein

Cloned human DNA
Overview of Cloning
See text for further explanation of steps.
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SIS
defciency
(corticosterone
methyloxdase, type:
| defciency)

OMIM #203400

e it e
(als0 known as
cortiosterone
methylosdase) enzyme,
which catalyzes one o the
steps of akdosterone
biosynthess, the

18 hydroiaton of
cortisone 1o

18 hydrorycorticosterone.
Areducton in the levelof
aldosterone resuls

18 DEGIERER o1
aldosterone can lead to
inital lossof salt by the
Kidneys and high
potassium
(hyperkalemia), ow
sodium (hyponatrernia),
and metaboli acidosis
resultng in poor growth
beginning a5 carly a5
several weeks of age.
Over time, the excess.
production of DOC.
provides the needed
mineralocortcoid
activity. Severe.
‘dehydration and
intermitint fever may
also occur, There may.
be increased
susceplibiy to
infection.

i
mineralcoricoid
supplements have
been reported to
be helplul.
Electroyte
monitoring also
assists in patient
care. Prognosis is
variable as a result
of variatons i the
mutatons.





ops/t0368-02.jpg
21-Hydroxylase
(saltlosing type)
OMIM #201910

Defect i the 21-hydroslase
that converts
17-hydroryprogesterone to
11.deorycortisol (precursor
1o cortiso) and
progesterone to DOC.
‘Complete loss o actvty
‘and amost no production
of cortisol cause an
17-cchydroxyprogesterone,
which also leads 10
increased producton of
androgens.

Loss of aldosterone
results ina marked loss.
of salls via the kidneys
wih high potassium
(hyperkalemia), ow
sodium (nyponatremia),
low chioride, and
metabolic acidosis Poor
growth, vomiting, and
dehydration can also
oceur by 2 or 3weeks of
age. These changes can
be e threatening.
Increased androgen
synthesis leads to
changes of the female:
gentalia that can
include labial fusion to
form a structure similar
1o the urethra of the
penis as well a5 changes.
o the labia and cltors

Acue reatment is
via V saline and
dextrose (sugar)
aswellas
hydrocorisone:
andlor
fludrocortisone.
Unclear gender is
reated with a
‘combination of
geneic testing,
parent (patient)
counseling, and
surgery i desired
to produce
geniala for he
chosen gender.
Hormone
replacement (to
reduce androgen
production) may
also play a ole
once the gender
choice has been
made.

Mider forms of
2L-hydroxylase
deficiency also exist
where enough
activiy is preserved
and saltwasting s
‘minimalized
(compensated by
increased
aldosterone) but
changes n genialia
iriization) stil
oceur.
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Contraction o afferenteferent arterioes and
medullary vasa recta.

Increased Na* and, 35  result, water reabsorption.

Increased biood pressure.

Contraction o intraglomerular mesangial cels.

Reduce the area of filration through the glomeruius,
leading to ncreased pressure.

Increase in size of cels of the nephron.

Increased Na* and, as  result, water reabsorption.

Increased synthesis and secreton of adosterone.
by the adrenal corte.

Increased Na* and, a5 a result, water reabsorption.

Increased secretion o K" n the urin.

Contraction (constrction) of blood vessels.

Increased biood pressure.

Increased contractityof heart.

Increased biood pressure.

Increased size and numbers of heart cels.

Cardiac hypertrophy secondary to hypertension and
atherosclerosis.

Increased adhesion and aggregation o platelets.

Increased clotting and potenta for nfarcts.

Increased production and secreton of vasopressin
(ADH) by hypothalamus and pituitary giand.

Increased reabsorption of water by collecting ducts.

Constriction of bood vessels leading to increased
blood pressure.

Increased secretion of Adrenocarticatropic hormone
by pituitary giand.

Inhibits loss of Na* from intestine.
Increases loss of K* rom kidney.
Decreases loss of water from Kidrey.

Decreased loss of water,raises blood pressure.

Activaton of osmolic recepors of subfornical organ
located in brain atfornix and forarmen of Monroe)

Increased desire for water (., thirs).

Increased craving for salt (secondary to tirst
sensation)

Decreased response of baroceptor eflex.

Maintains high blood pressure by decreasing body's
normal respanse.

Increased release of norepinephine by postganglionic
‘sympathelic nerve fbers.

Constrition of bood vessels.

Increased biood pressure.

ADH. B Sie Rk
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Insulin ‘The majorty ofinsulin s degraded in Iver colls. Other celsare also able to
breakdown insulin as wel as other hormones.

1GF-1 Polypepide hormone mainy responsibie for growth n early childhood. Also
produced as an autocrine hormone in several target tissues (see binding protein
above).

Fetal ed blood Siteof production of fetal red blood cels erythrocytes), containing hemoglobin F

cellerythrocyte)  (Chaper 14). T liver i the sole sie of production during the first trimester and is

production gradually replaced by the developing bone marrow.

Kupfer cells Monocyte/macrophage-type cels of the reticuloendothelial system, which serve as.

(reliculendothelal  antigen monitors samping circulting antigens to determine whether an immune

system) response should be mounted.

Thrombopoietin  Glycoprotein hormone that promoes the production of platelts by bane marrow

from precursor megakaryocyte cels. Also produced in the Kidney.
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S

NENSpOMS MYRoKne (142 A0 ROCUCEG 1 The COAKS PHES BNG Felingt pgment:
epithelium.

Vitamin D-binding Transports vitamin D totissues in the bady. Ak, has actin binding activy that may
protein serve as a scavenger rol fo actin monomers released from injured cells or tssues.
Miscelaneous  Angiotensinogen  Peptide hormone that, when converted to angiotensin | by the enzyme renin (and

subsequenty to angiotensin Il by angiotensin-converting enzyme),raises bood
pressure via 2 number of mechanisms (see Chapter 18)

Creactive protein
(CRP)

Protein whose live production is increased because of inflammation, specifically the
release ofinerleukin 6 (1L:6) by macrophages and adipocytes. CRP binds (o
phosphocholine molecules on degenerating cels 0 actiate the complement system
(see above and Chapter 14),leading to thir phagocyosis by macrophages; CRP.
may play other roles in the immune system. CRP is used as a marker for
inflammation. I use fo risk assessment for heart atack, high blood pressure, high
cholesterollpids, and diabetes is still bing investigated but has been shown not 1o
e as useful as once thought,Investigatons of CRP measurement for cancer
Screening are also ongoing.

Complement
proteins

Synthesis of complement proteins C 1-9, including the complement component 3
utiized in both the classical and altemative complement pathways (Chapter 15).
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Glycosaminoglycan ___Location in Human Body ____Function(s)
Hluronicacid  loints Component of proteoglycan binding o collagen
Eye Extracelluar matrx in oints

Binding of collagen n the corea

Chondroitin Joints and bone Structural component and attachment point o collagen
Dermatan Skin Structural component of skin

e Binding of collgen in the cornea

Circulatory system Bindingof proteins

Regulation of clot formation (blood vessel walls and heart valve surfaces)

Heparan Outersurface o cells  Atachment to ollagen for various cell includin iver cells
Heparin Mast cels Regulates immune response

Liver cells: Regulates blood clot formation
Keratin Cartiage Component of cariage

Eye Cornea of the eye
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RUSHER osnsn

efect in the enzyme,

Symploms are ususily

EIUIG e B

P HRBITEE M.

(lassic oradul)  phytanoyl-CoA hydrorylase  seen at birth and mainlyinday  exsiswitha
(defective (PhyH), from by ccoxdation  include decreased products, meat,  disinct
woxdation) that produces prisanc  muscle one, and fish. Dietsfow ~ mechanism.
OMIM #266500 acid (a 19-carbon fatty  developmental delay,  in phytanicacid  Patients manifest
i) from phytanic acid.  mental retardation, gait  have been tred for  simiar symptoms.
Pristanic acid i then widening, poor gt treatment but to adult Refsum
oxdized by the fatty acid  vision and hearing,Iver  complance i butalso have &
Boddation pathway. The  enlargement dificutt marked orange-
defctleads o poorly  (hepatomegaly) and yellow color of the:
formed myelinsheaths  scaly skin teetn
that affect nerves/
muscles,
Sandhoffdisease  Defectin the B-subunitof  Patiens usuallyshow  Treatment is GM2-
Uatzkewitz-Piz hexosaminidase, the symploms in the frst ~ curently only gangosidosis, AB
syndrome: enzyme responsible for few months o e, Supportve. Infants  varan (aso
nexcsamindase B the femoval oftheend  including muscle usually die bythe  known as GM2
deficiency) Neacetyio-hexosamine  weakness, a markedly  ageof years activator
OMIM #268300 (GalNAC)residues flom  increased startle because of geiciency
GM2 ganglosides as part  response butalsoa  infections ofthe  diseases) invoves:

o Aol of oalhilsr

progressive

Jungs secondary 1o

i Ohalinlined of &
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recognition, receptors,
and signaling, As a resul,
‘ganglosides accumuiate.

nonresponsiveness to
people and muscle/
nerve regression, and
increasingly requent
and severe seizures. A
notable cherry-red spot
of the retina may be
seen in some patients
(see Tay-Sachs disease
below). The disease.
progresses over a year
o two to.an almost
‘completely
unresporsie state with
eath folowing, usually
due to lung infections or
other problems.

the progresshe
muscle weakness
Gnabilty to swallow
properly or cough)
Enzyme and gene.
replacement
treatments are:
being researched.

‘small glycolipid
transport protein,
which s a
cofactor for
hexosamiidase
a-and
Bsubunis.
Symptoms and
treatment aro as
for Tay-Sachs
and Sandholf
diseases.
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Medulla

Spinal cord

Voluntary molor e

Parasympathetic
Cardiac and smooth muscies,
gland cels, nerve terminals

Sympathotic
Sweat glands

‘Sympathetic
Cardiac and smooth muscles,
gland cells, nerve terminals

‘Sympathetic
Renal vascular smooth muscle

Somatic
‘Skeletal muscle
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Acyl-CoA

Acyl-CoA

‘Shortened Acyl-CoA

FAD.
Acetyl-CoA

FADH,

2,3 Enoyl-CoA

LCHAD deficiency

3-Ketoacyl-CoA
NAD!

3-Hydroxyacyl-CoA

NADH

ifunctional
mitochondrial
Protein

(loondngee
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Stimuli to renin

Liver
Kidney.
Angiotensinogen
(453 aa)
Renin (enzyme)
I
Angiotensin |
(10 aa)
Angiotensin-converting “Angiotensin-converting
enzyme enzyme
(endothelium) (endothelium)

Adrenal
cortex

T
Aldosterone

Pa—

Brain/Nerves Kidney

Vasoconstriction Osmotic receptors. Saltand
" 4 Baroceptor reflex, mu;‘o
l—’ “Norepinephrine [—:

Cardiovascular
system
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Hemopexin Tansports free heme parphyrin molecule released from degrading hemaglobin. n
doing 5o, tpreserves iron and profects the body from the damaging oxidative effects
ofthe free heme group.

Insulin-fike growth  Transports IGF-1 (see below).

factor 1 (GF-1)-

binding protein

Relinol-binding
protein

Binds to de-esteiied, alconol form o retnol (itamin A) released from storage in the
liver (see above) and lranspors o tissues in the body.

Sex hormone-
binding protein

Transports testosterone and estradiol. Also produced in the placenta, testes, uerus,
and brain

Thyroxin-binding
gobuiin

Transports thyroxine (T,) and 35,

iodothyronine (7).

Transcortin

‘Transpors cortisol, adosterone, and progesterone.

Transterrin

Impertant carer proein of ron (Fe:) s wellas th primary toe o on n the
body. Transerin s compose o wo, enlical monomes, ke by disuide bonds,
each o which can bind and carr one or two Fe®* ions. Primariy produced inver
ot aleo inde i ohs Besises (6.8 biestri
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IR Prp
(cobalamin)

SROFRR OF VIBITEN e VPRIOINTININN =117 Of DOGY'S: . BECEUNS Of WIS SIRCAE:
ecirculation and restorage by the fver, years worth of vitamin B, can be stored.

Vitamin D (as
cacidio)

Vitamin D i the er is converted by carbon 25-hydronation of vtarin Dy
(cholecalifro by chokecalcierol 25-hydroxase ino a pronormone form caled
“calcidial (25 hyroe viamin D.). When rleased for use,calidal s then
converted 1o s active form by a second hydroxyaton at the 1 posion to orm
“calcirol” (1, 25-dihydroxy vtamin D) by the kidney. The ver can sioe up to
4-month suppy.

Vitamin £

Ingested vitamin € is taken up by the iver but only the o tocopherol formis stored.
Other forms (B, -, and &-tocopherols and ar, B, 1, and &-tocotrenols) are
metabolized and excreted.

Transport/
“carrer”
proteins

afetoprotein

Binds o calcium ions affecting the total, available calcium concentration (Chaper
13.and Appendix ). Serves s a pH buffer and as an osmotic molecue to maintain
collid asmotic pressure (oncolic pressure) tha influences the movement of water
from and 1 the blood. Serves a simiar role in the developing fetus and, as such, is
used s partof  prenatalscreen for Down syndrome, neural tube defects, and
abdominal wal defects (omphalocoele). Serves as a tumor marker for cancer of ver
cells and some germ cell and testicular cancers.

Ceruloplasmin

Enzyme that contains six copper atoms and i responside for carrying approximately
90% of the body's total copper (addtional 10% is contained in albumin).

Haptoglobulin

Transports ree hemoglobin molecules released from degenerating red blood cels.
Aiso produced by several other tissues, including kidney, skin, and lung.
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produce cholesterol

Maternal

= o
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16-OH-DHEAS | Liver
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the fetus
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Glucose + 2 ADP + 2 NAD" + 2 P; — 2 Pyruvate
+ 2 ATP + 2 NADH + 2 H*

2 Pyruvate + 8 NAD' + 2 FAD + 2 ADP + 2 P, = 6CO,
+ 8 NADH + 2 FADH, + 2 ATP + 8 H*
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Intracellular
environment

Extracellular
environment

ERSBEE

\

B ROOE B

Coltagen moleculos

t
Procollagen
pepidases

+
Procoliagen
peptidases

Microtubule arrays

Synthosis of procollagen a chains wih propeptides.
at both ends. Ciipping of signal peptide:

Hydroxylation of specifc proly and Iysy residues.
in the endoplasmic retculum. Vitamin C dependent)

‘Attachment of soluble galactosyl and
glucosyl sugars to specifi hydroxylysy residues.

‘Assembly of procollagen molecules (triple heli):

Nonhelcal propeptides.

Transport of soluble procolagen to Golgi complex.

!

‘Packaging of souble procollagen
in secretory vesicles.

‘Secretory vesicles assisted by microtubules and
microfilaments transport soluble procollagen
‘molecules o cellsurface.

‘Exocytosis of procollagen molocules 1o oxtracoluir
space. Procollagen peplidases deave most of e
nonhelicalterminal peptides, transforming
procollagen into insoluble collagen molecules,
Which aggregate to form collagen fbris.

I

|

Fibrillar structure is reinforoed by the formation of
covalent cross-lnks botweon colagen molecules
Gatalyzed by the enzyme Iysyl oxidase.
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recognition, receptors,  and swallowing

and signaling. As aresull,  dificultes. The juverile

‘ganglosides accumuiate.  form i rare with onset
between 2 and 10 years
with similar nerve and
muscle symptoms. The.
adultform occurs in the
205 and 305 and has
mild nerve and muscle
affects,

CoA. comntyme A HOL. it denally Sooasoteine YLDL. very-iom-denslly Sooprckein.

form is usually not
fatal. Enzyme and
gene replacement
reatments are

being researched.

sometimes seen
in Tay-Sachs and
reated diseases
(Gaucher's
Niemann-Pick).
The spotis
caused byan
increase in the
amount of
gangiosides in
the ganglion cells
around the foves,
resulting in 2
reative, milky
white
ransparency of
the reina. The
centerof e
fovea, which has
o ganglon cell,
then appears
orightred in
comparison.
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Tangier iseass Defectin ATP-binding  Patients usually develop  Treatment i 1he disesse &
OMIM #205400 casette (ABC) transporter  early blockages of problematicand  very rare and has
also known as cholesterol _ arteres. varies between  only been
efflx regulatory protein),  (atherosclerosi), have  patients but dentifed in
which transports mid increase of blood  usually ncludes  approximately
cholesterol and trigycerides, enlarged  medication (eg, 50 people
phospholipds into apo-  lver and spieen fbrates and
AL-and apof-containing  (hepatosplenomegaly),  nicofinic acid) to
vesicles 10 from high clouding ofthe comea,  increase HOL
densiy ipoproleins and some decreases in  levels i order
(HDLS). In addiion, ABC ~ nerve function. The  to.avoid
ransports iids between  tonsits are cardiovascular
the cell membraneand  characeristically disease.
the Golgi body. The defect  orange-yellow and
esults in accumulation of  enlrged.
cholestero in tissues such
as tonsis, lymph nodes,
spleen, thymus, and bone
martow.
Tay-Sachs Disea Defect in the a-subunitof  Tay-Sachs presents as  Treatmentis “Tay-Sachs
(hexosaminidase A hexosaminidase, the infantie-, juovenie-, and  currently only disease” i
deficiency) enzyme responsible for  adultonsel forms. The  Supportive. Infants  normally used for
OMIM 4272800 the removal oftheend  infantle form isvery  usuallydie by the  the infantie form
Neacelylo-hexosamine  severe with delerioraion  age of 2-4 years.  ofthe disease. A
(GalNAC) residues flom  of nerveand muscle  Juveniles usually  classic “cherry-
GM2 ganglosides as part  functions with die between 5and  red” 5potof the.
ofthefuncionof cellutar  biindness, deafness, 15 years. Theadult  retina is
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Prothrombin time (PT)/
Inernational
Normalized Reference
(INR)

Afactor VIl activating agent (e.g., thromboplastin) plus calcium are added to patient's
plasma, previously drawn into a cirate-containing lube at 37°C. Citrte stops any
coagulation by binding al availatie calcium. Upon addition of the actvating agents,
including excess calcium, the time for formaion of fbrin/clumping via extrinsic:
coagulation pathway as well as the common pathway offactors, VI, V, X, prothrombin,
and fbrinogen is measured and reported. A proper amount of blood sample must be
drawn into th citrate tube to achieve proper citate/caicium rato. Owing 1 variance in
thromboplastin batches, results are normalized based on International Sersitvy Index
(151 value) determined fo each batch. An INR value is then reported based on the
following equation:

INR = (T P

Activated partal
thromboplastintime
@D

Citic acid,  factor Xl activating agent, and phospholipid (source of required piatelet
factors) are added to patient’s plasma along with calcium. The time fo the formation of
fibrinclumping via infinsic coagulaton pathway is measured and reparted. The
technique for PTT measurement relies on the less reiable activation ofthe pathway by
contact wih the glass est tube.

Thrombin time

Citic acid s added 10 plasma at 37°C, to which thrombin is added. Time is reported
when thrombin flaments form as an indicator of the activiy of the conversion of
fibrinogen to fitin

Fibrinsplt products.
(FSPs) (e.g. D-dimers)

Serialdilutons are prepared to which atex particles ih attached antivodies 1o FSPs.
are added. The presence of FSPS results in the precipitation of the latex partcis. The
dilution at which this occurs s reported as a marker offorin cleavage (fbrinolysis)

Total cholesterol

‘Automated test based on the addiion of eiher acetic anfydride or ferric chioride
Substrates plus suluric acid 1o blood samples. Reaction with the hydrox/ group (~OH)
of cholesterol resuls n a colored product, which can be measured by absorbance and

comparison with standards. EDTA tubes are used and serum tolal cholesterol levels can
e 35 much as 3% higher than in plasma.

High-density lioprotein
(HDL)

Lipoproteins containing low-densty lipoprotein (LDL) and very-low-density lipoprotein
are precipitated by a heparin-manganese chloride reagent, and HDL is measured by
the same method as used for tota cholesterol (see above),

s

Normally not measured directly, but rather calculated as LDLcholesterol (LDLC) from
total cholesterol (TC), HDL, and trigyceride (T) values using the Friedewald equation,
£~ TC - HDL - AT, where k= 0.20. I trglyceride levels are above 400 mgl, LDL-C
cannot be determined accurately. f TC.and trighycerides are both high, kis changed to
0.16. Direct measurement involves separation by ulracentfugation and selected
precipiation techniques fllowed by immuncassays (e.g., RIA, ELISA). Paper
electrophoresis i aiso sometimes employed.

Triglycerides

Various methods involving separation o phospholpids rom gycerol (chemical or
enzymatic method) usually in the presence of choroform o detergent 102 the.
reaction. The gycerol level s then determined by chemical oxidation or by coupled
enzymatic processes, which form a product with absorbance at 2 particular wavelength
(e:g. 340, 505, or 510 nm). Absorbiance is compared with known standards. pH can
affect some reactions.
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toki Producing

Interteukin-l o Monocytes, macrophages 8
and ymphacytes, dendriic cells
(DCs), and fibroblasts.

Function(s}

Costimulation of helper T (Th) ymphocytes. Maturation and
prolferation of B ymphocytes. Actvaton of natural Kiler (NK) cels
Increases inflammalory response, ncluding elcting fever.

iterteui

T cells.

Growth,profferation, and further actvation of T and B lymphocytes
and NK calt.

interekind Th cels, some APCs. Initial
production may be basophis

Prolferation and diferentiation of Th cels to Th? cels, which secrete
further IL4. Plays a key rol in activation and prolferation of mast el
and of B lymphocytes s well as secretion of immunoglobuli (1g) G
‘and IgE antibadies. Increases the production of MHC Class I
molecules.

iteriuir Th2 cells and mast el

Stimulates growth and diferentiation o actvated B cells and
eosinophis o increase Ig secretion, especially 1gG and IgA.

inteieukin®  Monocytesimacrophages, Th2
cels, endothela cels,
osteabiasts, and fatand
smooth muscle cells.

Increases diferentation of activated B lymphocytes into plasma cells
and promotes the producton of antibodies, especally 186 and IgA.
Increases differentation of T ymphocytes nto Th2 cell as well as laer
activaton of T ymphocytes and NK cell. Induces fever and acute
inflammation, especiall n the case of trauma, burns, or muscle
overuse.

inerleukin8  Macrophages, epithell, and
(neutrophi endothelialcell.
chemotactic

facton)

Promotes chemotactic movement of neulrophis o a site ofinfection
and inflammation as well 25 ntracellular Signaling, increased
metabolism, and histamine release by neulrophis. Also promotes.
chemotaxis of macrophages, mast cels, keratinocytes, and endothelal
cells.
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Monacytes, Th? cells, B
ymphacytes, mast cells, and
cyotovic T cells,

Inhibits antigen presentation, cytokine production by macrophages,
and ThL cell. Stimulates maturation and growth of T lymphocytes and
mast cels, growth of B lymphocytes, and plasma cell antibody.
production. Decreases cel-mediated response by inhtiting APC:
functions and Thi cytokine production

Monocytes, macrophages,
endotheial cells, and
fibroblasts,

Stimulate granulocyte precursor celsin bore martow o produce more
neutrophils, basophis, and eosinophils. Also, stimulates growth,
prolferation, and function of neutrophis

Granulocyte-
macrophage

stmulating factor

Macrophages, T cells, mast
cels, endothelal cells, and
fibroblasts.

Targels stem cells i the bone marrow. Stimulates growth and
difterentiation in white blood cels, incuding granulocyles (neulrophils,
eosinophis, and basophis) as well s monocyles and DCs i the bone
marrow. Function produces a large increase in these celltypes (o fight
infection.

Type | inteferons

IFN-a—White blood cells:

IFN-a—Promoes the development of ever by release of

(FNs) (FN- (leukocytes), especially a prostagandin-E,. Stimuiates macrophages and NK cells to kil viruses.
and IFN-B) sublype of DC. Increases MHC Class | expression.
IFN-B: Predominately IFN-B—Stimulates macrophages and NK cells fo kil viruses. Increases
fibroblasts. MHC Cless | expression.
PNy NK, cytotoxic T cels, and Thl Stimulates proiferation of Th2 cels, MHC expression, and

cell,

phagocytosis by macrophages and IgG antibody producton by 8
lymphacytes. Can diectly inhibit vira replication
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Pi
Fructose-1,6-bisphosphatase
HO
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Glucose-6-phosphatase

Hexokinase
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Gyoogen e————— 1 I
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Fructose-1, 6-bisphosphate’ AP
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t

NADH + H
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NAD*
Phosphoglycerale Loy 3 e
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Glycerol kinase
————————» Phosphoenolpyruvate AP
ADP Glycerol

Pyruvate kinase

ATP
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carboxykinase

TP
Pyruvate ————» Acetyl-CoA
CO,, ATP, Biotin

Pyruvate carboxylase |Mg?
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Fluoride (F) Role in strengthening o teeth and bone and, a5 Fluoride deficiency—Possibie connecton to
such, used for prevention of avites and weakened teeth and bones.
treatment of osteoporosis Fluoride excess—Neuromuscuar and other
‘symptoms that can esult n death

Selenium (Se)  Essential cofactor forcertan antioxidant enzymes  Selenium deficiency—Rarely seen but may

(. gulaione peroncase), which remove - contibut o estuction o heartor connective
23cive Orygen species, belued o e cofactor  ssue 150 Sct thyrid hrmne synness
in thyrod ormone comersion o Ty 10 Ts Selenium oxces (elenosis)—Afects er and
lungs:potentaly fatl
Mopbdenum  Cofactor nseveral cnzymes,incluing osdzing _ Afects enzymes requting cofacor, neurologcl
(MO, ) enzymes (e.g., xanthine oxidase) ‘symptoms may result; possible association with

evelopment of esophageal cancer.

o TSP s e s
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SUSUF (S, Usuasy

A8 part of cystene anda mewnioning aming acids,

ined wih H, 0. plays an essential ol n component of prmary

ondlor ©) and fertary proein stucture va iside bond
a5 well s ol in sulphur-contaiing enzymes
(e.g., cytochrome c oxidase, coenzyme A (CoA);
ediction of reactv species via gathions

Cobalt (Co™) Component of cobalt-containing cofactors/ Cobalt excess—Potentially fatal.
enzymes,the mostprominent of Whih s VIamin okt defc perncious anemia.
8.

Nickel (Ni**) Important cofactor in some enzymes (e.g., Nickel deficiency—Potential impact on involved
urease), especialy hose invoed i redution  enzymes, although not manested a5 Symplos.
eactons Nickel excess—Skin irfant and poentia cancer-

causing agent.

Chromium (Cr**  Possible role in carbohydrate andor lipid Chromium deficiency (extremely rare; effects

and C/*) metabolism Controversia

Chromium excess (Cr*—damage to DNA; CF*—
can act as a cancer-causing agent and damages
internal organs).
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melanocortins (e.g., ACTH
and MSH) also reguiate

the production and type of
‘melanin produced in type.

2albinsm.
Type 3: Defect in Type 31s less understood
tyrosinase-selated protein-1 but resuls in reddish hair,
(TRP-1), involved in red-brown skin, and blue/
melanin synthesis but also  gray eyes.

possivly affecting and

reguiatig tyrosinase
activiy and melanocyte
prolferation and deah

Type 4: Defect in Type 4 s usually ound only

membrane-associated in Japan, athough a small
transporter protein (ATP), German popuiation has also
regulating melanin een dentifed. Patints.
synthesis and melanocyte  have white 0 ellow 10 even
diferentation. orown hair light blue/gray

1o brown eyes, and visual
problers.
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Treatment

(oculocutaneous.
binism)

OMIM #203100,
4203200,
203290, and
4606574

Atleast four variations.
exist, al of which impact
the producton of the
pigment melanin.

Type 1: Defiitin
tyrosinase, e frst enzyme
n the melanin synthetic
pathway. Variations of type
Texist

Type 2. Defect in the

Type 2 (ihe most common

P-protein, which regulates
melanccyte pH and affects
pigment production. The.
melanocortn 1 receptor o1
melanocytes, which binds
pituitary hormones called

The varying types of
albinism affect hair and

skin pigments as wel as
vison to varying degrees.

Type 1 albinism patients.
can have no, some, o even
temperature dependent
(increased in cooler body
parts) pigment ormation.
Avariaton affects
predominately Amish/
Mennonite peoples.

type) has some pigment
production (e.g, males,
freckies, and ight hair
color) and less problems
with vison.

There s no cure for
albinism. Treatment
is supportive,
including any
necessary visuall
eye care as well as
preventatie care to
prevent sunburn
and skin cancers,

Variations that only
affectthe eyes.
(ocular albinism)
are aiso known,
which are all
Xlinked
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Condition ossible Cause(s) hanism
Dermatomyosis  Viuses, cancers. Actvation ofthe complement-mediated immune response.
Desquamative ‘Smaking. Marked increase in pigmented macrophages, ymphocytes, plasma.

nterstital preumonia

cels, and some edsinophis in the aveolar connective ssue.

Goodpasture’s Genetc,chemicalexposure (e, Production o antbodies by 8 cels o type IV colagen via
syndrome. paraquat weed kilers. macrophage andior dendrtic cell presentation of antgen [ype I
Iysiecabon soben),and vl (ciloxc) ypersensiiy)
infections,
Lymphed intersital  Infections (HI, Epstein-Barr  Excessive production of ymphocytes due to an unregulated
preumonia virus, and e viuses) autoimmune reacton, which leads o nlammaton and ibotic:

scartng oflung tssue.

Nonspecifcintersttal
preumonia

Usually unknown. A relatonstip
may exist wih connective tissue
disaases andior Grunduced
ung injris.

Initaly uniform inflammaion and ibosis o nfestital L fissue.
Furiher progression of the csease usuall resuls n fociofGisease.

Cryptogenic:
organizng pneumonia

May result from chvonic
inflammatory cisease, infectons,
or due to use of certain
medications.

Obstructon ofaleol and associated ducts by granulaton isue with
chonic infammalory celspresent in adjacent aveoli Formerly
Known as Bronchiols obiteans organizing preumonia.

Polymycsits

Geneti, viruses, Lyme disease,
and toxoplasmoss.

Actated CDA', T helper cels produce IFN-yhat stimulates
macrophages & produce IL-L and TNF-a. CDB", T cylotoxc cells are
a0 actvated by atermative processes

Respiatory
bronchiols-
associated nterstial
lung isease.

‘Smoking, some mineraldust
‘exposures, and reactions to some.
Virus infections and crugs.

Inflammation by tan-brown pignented (ion depositon) macrophages
and changes in the epitheium of the smalker bronchicles and alveol
with subsequent fibxotc scarrng,
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Rheumatod arthrtis  Genetic nfections (bacteral andt/
or vira) and allergie.

Initial anset appears to involve abnorma B- and T-celinteractions.
with relase of TNF-ot and IL-15, 116, and L-17. Once established,
Bl derived piasma cels produce RF and IgG and IgM antiodes,
which bind 1o macrophage F. receptors activating T cells andr the
complement system. Dendriiccell immune responses may also play.
ark.

Sarcoidosis Genelc, environmentalor Monocytesimacrophages and T cels secrete TNF-a, IFN-,1L2, and
occupational exposure, and IL12 aclating T helper cels and infiatig inflammaton/graniosa
infecton formaton.

Systemic upus Genetic, environmental Abnormalincrease i programmed celldeath (apoptosis) of

cryinematous (SLE)  exposures, infections (val and
bacterial, and medications.
(Grugindiced SLE).

monocytes and keratinocytes as well 3. impaired phagocylc
clearance of dead celldebrs leads to auloactivation of B and C cells
with anibody production o self” prseins (autoimmunity)

Systemic scerosis  Genetic, cytomegalowius, organic
Solvents, and beomycin

T e, stmubted by cytokines produce TGFP and CTGF stimulation of
fibroasts,via  serneAfveonine kinase, leading o collagen depositon.

idiopathic pulmonary  Colagen vascular diseases, drugs,
fbrosis envitnmentaligeneli factors, or
infectons may play 2 roe.

Most common form of opathic ntrsttal poeumonias wth
unregulated prolferation and actity (collgen depositon and
fibrosis) by ixobiasts with some infammation by hymghocyles,
plasma cells, and histiocyes

TG copece e gonh o HY. i iy s . o, . g L. e . st o, 67, (rrstorn)

IR A B s o
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Dietary lipid
Lipoprotein lipase
(present on blood capillary)

Exogenous lipoprotein
metabolic cycle

Synthesis

Endogenous lipoprotein
metabolic cycle

Lipoprotein lipase
(especially adipose tissue)
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Calcium (Ca™)

Required for bone formation and remodeling
important cofactor for several enzymes and
signal for sgnaling patways (., diacylghycerol/
1P, including biood cloting and musce
contraction; neurotransmiter for some neuron
signals and plays a prominent role in maintaining
a potental diference across membranes

Hypocalcemia—Neurological symploms; may be
followed by potentialy fata spasms of arynx and
abnormal heart hythin.
Hypercacemia—Constipation (groans), psychotic
episodes (moans), pain in bones, kidney stones,
and depression, lc. (psychiatic overtones),
abnormal heart hythm can also develop.

Magnesium Magnesium stabilzes phosphate groups, Hypomagnesemia—Muscle weakness, nerve
(M) including those in ATP; cofactor in several problemsremors, psychiatric episodeslepiieptic
enzymatic processes it may lead to heart failure.

Hypermagnesemia—Weakness, breathing
problems, and polentialy fatal heart hyths.
Phosphorous (P, Essental structural and functonal element for  Hypophosphatema—Nerve, bone, red and white
usually found in nucieic acids, bonefleetn, and phosphalipid blood cels, membrane, and muscie functonal
ihe form of ‘component of membranes; addition of removal  problems.
PO,%) of phosphate toffrom 3 prolein/enzyme serves 35 yperphosphatemia—(interference with other

a key regulator of enzymes

mineras, promotes calcfication of sof-issue
organs).

fon (Fe* or
Fes)

Essential cofactor in numerous enzymes and
proteins (e.g., heme; essential for oxidation
processes or oxygen transport

Iron ceficiency (anemia).
Iron excess (hemachromatosis).






ops/t0364-02.jpg
bilirubin conjugated to
glucuronate outof ver

often turns black because.
of the deposition of

cells and into the bie duct ~ byproduct pigments.
system. An isaform of this
enzyme is able o
transport the conjugated
bilirubin nto the biood for
eventual excretion.
Gilbert Mutaton in the TATA Patients have yellow Treatment i usually not. Gilbert syncrome
syndrome. box for UDP- discoloration of the eyes  requred and isonly  symploms are
OMIM #143500 _ glucuronosyliransferase,  and skin (aundice) and  symptomaic/ more commonly
reducing production of  sometimes faigueand  supportie. seen in men
ths enzyme required for  abdominal pain. Blood because they
birubin-glucuronate  vessel blockage produce more
conjugation (see above).  (atheroscleross) also bilirubin,

Unconjugated birubin
levels subsequentlyrise in
the biood.

appears to be ncreased
in Gilbert syndrome.

T e e s
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Activity

' Chalesterol-derived  Steroids—androgens (testosterone), 8ind intemal transcription
e hormones estrogens, glucocortcaids (cortsol), factorsnitates DNA synthesis
mineralocortcoids (aldosterone),
progesterone; non-steroid—vitamin ;

1 Small, hydrophobic,  Retinoic aci, thyroxine (T4), 8ind to specific protein
signaling molecules  triodothyronine (T3) factors that intate synthesis
of specific genes; increase
various metabolic funcions

= lon channel Some neurotransmiters, ons, and Various efects
nucleotides
A Polypeptide Adrenocortcotropic hormone, antiiuretic  Increased CAMP (adenyl
(stimulatory)  hormones (G, hormone (ADH of vesopressin) (in kidney), ~ cyclase)
receptor) corticalrophin-releasing hormone,

calcitonin, epinephrine (p-adrenergic),
folicie-stimulating hormone, glucagon,
Iuteinizing hormone, parathyroid hormone,
prostaglandins, thyroid-stimuating hormone

m Polypeptide hormones. Epinephine (a;- adrenergic), somatostatin  Decreased cAMP (adeny!

(inhivitory) (G, receptor) cyclase)

8 Polypeptde Epinephine (a-adrenergic), angiotensin I, Increased IP,/Ca®” and
hormones (G, ADH (arterioes), gonadotropin-releasing  diacylghycero (phospholipase C)
receptor) hormone, thyrotropin-releasing hormone.

e Integal receptor  Epidermal growth factor,fixoblast growth  Autophosphorylation of
tyrosine kinase factor, insulin, insulin-fike growth factor I, specifc residues on receptor

activity (some rely on _ platelet-derived growth factor, and other  leads to activaton ofother
Gy receptor) cylokines and growth factors signal pathways (e.8.
phospholipase C, MAP kinase)

e Soluble receptor-  Colony:stimulating factor, growth hormone,  Autophosphorylation of
associated byrosine  leptin, prolactn, many cytokines, receplor feads to
Kinase (e g, Janus  (nterferon-1) phosphorylation/activation of
Kinase) actity ranscription factors

o Integal guany! Atial natriureic peptide Increased cGMP (guanyl
cyclase actity cyclase)

A Gomiomcic stk chie cactio wisiie et honsaber AN e ot b
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Argininosuccinate ~ Defectve ASS, the enzyme

synthetase (ASS)
defciency
cirulinemia,
ypes 1and Il)
OMIM #215700,
#603471, and
4605814

involved inthe thid step.
in the urea cycle that
synthesizes
argininosuccinate from
citruline and aspartate.
‘The mutation decreases
production o the protein
cittin, a mitochondrial
aspartate/gltamate
carrier andfor malate/
aspartate shutle.
Deficiency affects
molecules that are
involved in the urea cycle
and synihesis of proteins
and nucleotides.

Type | patents have
ncreased lovels of
‘ammonia n the blood
within the firs few days of
Ife that leads o poor
feeding and growth,
seizures, and vomiling.
Death can occur.

Type I usually appears in
adult patients because of
the buidup of ammonia
and impacts the nervous
system, including
‘confusion, personality
disturoances, and seizures/
‘coma. Signs are sometimes
tiggered by alcohol use or
in patients with neonatal
ntranepatic cholestasi.

Same as arginase
deficiency.

Cytosolic
protein
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Crgler-Majjar
syndromes.
OMIM #191740

Deict of UDP-
glucuronosylransferase,
‘which attaches birubin
Gestined forexcretion to
the carbohydrate
glucuronate n the iver
Glucuronate ncreases the
Solubilty of biliubin for
subsequent efmination in
the feces. Loss of this
function leads to an
increase in bilirubin n the
blood,

Patients have severe.
jaundice from elevated
birubin
(nyperbiliubinernia).
Symptoms begin n the
first days o ife and
persist unless treated,
unilke the usual newborn
jaundice. The whites of
the eyes and the skin are
deeply yellow. The.
circulaing bilirubin is
toxic to brain cells and
can cause severe brain
Gamage if ot treated
promptly. Lver
ransplantaton s usually
necessary o keep
bilirubin at a safe level.

Vigorous and early
lowering of bilirubin s
essentil o prevent
nerve damage. Prompt
phototherapy can avoid
the need for exchange
transfusions along with
albumin and dextrose
infusions. However, it
needs o be used for
1012 s on 35%-50%
of exposed skin and
radually loses its
effectiveness as
children mature.
Ursodiol and a fpid-rich
diet can increase
clearance of hepatic
excretons of the
birubin,

Unfortunately,
phototherapy
loses some of s
effectiveness.
overtime and
many patients
eventually

need liver
transpiantaton.

Dubin-Johnson
syndrome.
OMIM #237500

Defiitof an ATP-
dependent, organic anion
transparter in the bile

ducts. This transporter is
‘sesaniia) for secrslion of

Most patents have no
exteral symptoms,

although same may have.
yellowing of the eyes and
‘skin (jaundice). The liver

Treatment i usually ot
necessary and i only
supportive when
needed. Lifespan s
usually normal,
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vtilionine Defectin the protein(s)  Symptoms include Because of o

malabsorption  essentia for ntestinal strkingly white hairand  extremey rare
syndrome. absorption of methioni blue eyes, increased rate  cases, no
(Smith-Strang  (and other amino acids).  of breathing, Garthea,  established
diseaselOasthouse  Unabsorbed methionine s seizures, mental reatment but
urine disease)  converted by intestinal relardation, generalized  dieary restricion
OMIM #250900  bacteria lothe chemical  sweling, and characteritic ~ of methionine s
a-hydroxybutyric acid, urine odor. impled.

which produces an urine:
odor of an “casthouse”
(ouilding for drying hops).
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Dietary proteins

Body proteins degradation ‘Synthesis of non-essential amino acids

v v
Amino acid pool

» Biosynthesis of non-protein nitrogenous

Body proteins synthesis <
tissue consitutents, e.g.,

Catabolism

« Porphyrin

« Creatine

« Hormones

« Neurotransitiers
Glusose, Urea,  Ketonebodies,  « Purine
Ghycogen €O, H,0  Fattyacids « Pyrimidines.

« Niacin
«Thyroxine
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membrane
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u
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‘matrix
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Name(s) Mechanism Description Treatment Notes
prginase Defectin arginase, the  The delict blocks the urea  Treatment s by ow- Cytosolic
defciency fith and final enzyme of  cycle and leads to protein diet (o reduce  protein.
(argininemia)  the urea cycle, which  increased concentrations in - ammonia production)
OMIM #207800  femoves nirogen from  ammonia n the blood.  balanced with amino acid

arginine to produce a urea  Symptoms include poor  supplementation to allow

molecule. Guanidino  feeding and growth, continuation ofthe urea

metabolies are also found ~ developmental delay, cyce as welto maintain

toincrease i argininemia. - menal retardatin, lethargy,  cell growth (e.g

The accumuation of vomiting, confusion, arginine, cituline, valine,

guanidino metaboltes  personalty disturbances,  leucine, and isaleucine).

contrbute to the seizures, and coma. Death  Phenylacelate may be

neurotosicity of the ‘can occur without proper  given 1o help remove

disease. medical care. accumulated glutamine.

via the kidneys. Vitamin
and calcium supplements
are aiso often given. Liver
transplant i sometimes,
required.
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lodine (1,

Essential element for thyroid hormones; can act
as anioxidant outside of thyroid, may piay a role
in the development o breast andor stomach
cancer, and afects immune system and saliary
gland bealth

lodine deficiency (goier cretnism)

Zine (207) Cofactor in almost 100 enzymes, sering a Zinc deficiency—Ditecly impacts the enzymatic
mulitude of roles in metabolism, transcripion  processes that rely o i nifalsigns may be seen in
and translaton, acid-base balance, immune  skin, har and rais.
function, and protein synthesis; partof UNIGUE,  Zinc. excess—Can impair the absorption of other
tertary protin struclures (e, zinc fngers); part ions (e.g.,iron and copper); corrosive damage to
of nerve response of glutamate and essentia 0 sof issugs.
leaming

Manganese Essential colactor forseveral types of enzymes  Manganese deficency—Possible association with

(M) involved in numerous biologicalfunctions as well  inflammatory diseases, diabetes, and some:
as severalspecfic types of peptides. neurclogical and psychiatric problems.

Manganese excess (manganism)—Progressive
neurologicalipsychiatric symptoms.

Copper (Cu™)  Cofactor in several enzymes involved in electron ~ Copper deficiency (anemia symptoms, decreased

transport or oxdation-reduction reactions (e.8.
cytochrome ¢ oxidase). Also, used for electron
St

metabolism, and psychiatrc manifestatons).
‘Copper excessWilson's disease (neuroiogical and
o nf gl o'y
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g st
dehydrogenase
defciencies.
OMIM #201475,
201460, 201450,
606835

ORI NSNS NI ——
acyl-Cof dehydrogenase,
long-chain acyl-Co
dehydrogenase, mediun-
chain acyl-CoA'
dehydrogenase, and
short-chain acyl-Coa
dehydrogenase cnzymes,
which are involved in the
initial breakdown in
mitochondria of faty acids
of varying lengh so they
may enter the ipid
Boddation pathway.
Defects in these enzymes
esultin the buiup o ts
particular Substate ipd

b iAo daad
denydrogenase
deficiencies share
‘common symptoms,
ncluding potentall
Serious Iiver and heart
problems (including
cardiac artest),low
blood sugar with the
production of ketores
and resuling low
energy, poor feeding
and growth/
‘development, poor
muscie tone and
possibl seizures, and/
or coma. Symptoms can
be exacerbated by
stress, lness, infecton,
prolonged exercise,
andlor fasting/
Starvaton.

JHNE 15 T G
forthese disorders
Intravenous.
glucose i used to
treat acute
proberms.
However,lov-fat
diet, the addition
of camitine to
reduce toxic
buidup offaty
acids (excreted in
the urine as acy-
camitine), and
avoidance of
alconol and of
fasting periods
Tonger than 10 he
help to reduce
symptoms and
dangerous Iver or
eart disease.
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Carnitine
palmitoyluansferase
(CPT)  defciency

ONIM #601987

Defect in CPT 1 hat
prevents formation of
palmitoyicaritine and
hence leads to 2 lack of
transport oflong-chain
faty acios from the
cytosol o the
mitochondrial matix.
s a resul, these long-
chain fatty acids cannot
e oxdized for energy
producton.

Symptoms usually
present n young
chidrenteens with
muscle aches and
breakdown
(rhabdomyolys's with
myogobin in the urine),
especily during
fasting, cod exposure,
or sressful situations.
The lver is often
enlarged with
progressive damage.
Laboratory
measurements show
high carnitie, iver
wansaminase, free faty
acids, and ammonia.
Blo0d sugar s low and
can lead tolistessness
and progress to coma
and even death f
untreated,

Itis possible to
treat his disorcer
wih the proper
dietand patients
can live a normal
ife i proper
treatment is
iniated before:
brain damage
occurs. Avaidance
of fasting and
administraton of
medium-chain
iglycerides with a
Tow-fat diet seems,
tohelp avoid the
Severe metabolic
consequences.

Early dagnosis
and treatment of
this disorder s
successfulin
aviding ong-
term neurological
damage. The
disorder tends 1o
become mider
with age.
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Inorganic pyrophosphoric acid

Etidronate: ethane-1-hydroxy-1,
1-bisphosphonate

Pamidronate: 3-Amino-1-hydroxy-
propyidene bisphosphonate

Alendronate: 4-Amino-1-hydroxy-butylidene
bisphosphonate
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Name

ONA Binding

'/
r—— St o s e Ok g el

binds o an “E-box” nucleotide sequence of
C-AKX-T-G, where *X" is any nucleotce.

Leucine zipper

Protein dimer that binds at muliple eucine residues and
nserts into and binds with the major groove of DNAvia
hydrogen bonding and hydrophobic orces.
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zinc inger Combination of o-helices and fsheets stabilized by
Gysteine and histdine A binding of zinc. Usually two to

four repeated zinc fingers bind 10 the major grooves of
DNA via the . helices.

s

m——

Ny

Reproduced wih permission from Muray RA, et ol
Harper's llusrated Biochemisty, 28ih cditon,
MG, 2005
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bt
palmitoylransferase
(CPT) I deficiency.

OMIM #255110

Deiectin 651 §, 'eecing
a lack of conversion of
palmitoyicaritine back to
paimiloyl-Coh, thus
impairing transport of
long:chan fatty acids into
the mitochondril matix.

Same as L1 | above.

‘ame as
CPT I above.
Benzafibrate, a
drug used for low
tipids may increase:
expression of the
deectve proteins.
and restore
function.

HERhERt AnG:
infant forms of
this disease are
atal,

Carnitne translocase
defciency
OMIM #212138

Defect o cannitine-
acylcantine tanslocase,
one of a family of
membrane carrier
proteins tht transports
faty acios/ipids between
the cytosol and
mitochondrial matix.

During fasting/
stanvation, patients
display low blood sugar
and ketones as wel as
high ammonia that can
lead 1o seizures and.
coma, Carritine lovels
are also low. Skeletal
muscles may be poorly
eveloped and weak.
Hear problems.
(cardiomyopathies and

irregular heartoeats) are

Acute treatment
may include
providing gluccse.

Mitochondrial
oxidation offaty
acids i especially
imporant in
skeltal and.
cardiac muscle as
woll s lver
during periods of
low food intake.
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Fabry disease
OMIM #301500

Defect n a-galactosidase
A, which removes the
terminal a-galactosy
tesidues from glycolpids.
and giycoproteins. As a
esull, these:
glycosphingoliids.
accumuiate (eg.,
globotriasocylceramide).

Symptoms appear in
chidhood or
adolescence and
include intestinal, heart,
Kidney, vision, and skin
disorders as wellas
pain i the limbs and
extremities because of
the accumulation of the
slycolpids!
glycoproteins.

Treatmentis
curenty only
Supportie. nfants
usually e by the
ageof 3years
because o
infections of the
lungs secondary to
the progressie
muscle weakness
inabily to swalow
properly or cough).
Onsetin
adolscence usualy
resuls i death in
early adulthood fom
eart ancior kidhey
‘compications.
Enzyme and gene
repiacement
reatments are being
researched.
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cenSpesmn

SErING PIOMSaZS WNINOL, WINCH WACIVBASS JRESIN SN0, Brerely, Iiilits Sorinolysss,
the breakdown ofthe inital fbin clt formed upon injury.

Bil synthesis  Bile

Utiized in small ntestine for digestion and absorgtion oflpids. Includes water, bile
acids (normally conjugated o taurine o glycine), bie pigments, including bilrubin,
from breakdown of hemoglobin porphyrin molecules, cholester, phospholipids, and
bicarbonae.

Breakdown of  Bilrubin
nemoglobin

Breakdonn of heme from egeneraling red blood cels stars n the spleen with
reduction ofthe heme by reduced nicatinamide adenine dinucleotide phosphate
(NADPH) to biiverdin/ree Fe>* ion and then a further reduction with NADPH to
bilirubin. This form is known a5 unconjugated bilirubin. 8irubin i ransported by
alburmin (see below) tothe fver where it s conjugated to glucuronic aci by the
enzyme UDP-glucuronosyltans’erase,  process that makes the molecule more
soluble. This form s known 25 conjugated bilirubin and is excreted in bile into the
intestine where it is converted by bacteria nto urobilinogen. Urobilinogens are partly
absorbed in the intestine and finall excreted in urine as urablin or are converted to
stercabiln for excretion in feces. Urabilinogens are respansibie for the yellow colorof
urine; stercobiin is responsibi for the brown color of feces.

Urea
cycle

Main ste of conversion of amino acid itrogen 10 urea va the urea cycle (Chapter 18).
Urea synthesis also occurs, athough {0 alesser extent, in the kidney.

Detoxfcation  Various toxns,
drugs, and
alcohol

Breakdown and elimination of a variety of toxic substances, including toxins,
medications, and alcohal. Many toxc molecules are normaly mezbolized i two overall
steps (phases | and ID. Drug detoxifcation aiso oceurs 1 a lesser extent in the digestve
System, ungs, Kidneys, and sin. Phase I normaly occurs prior to phase  reactions
and ususily involves reactions that increase the polar ature of the moleculs (e,
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‘Feduciion/oddation, hydrolysis, and cyckzationiecyciization). Many drugs are designed
o be aciivated, inactivated, or magified for elmination n urne or feces (via bile
conjugation) by phase | reactons. Phase | enzymes inthe fiver inciude the cytochrome
450 system (cxidaton and reduction reactons) and alcofol dehydrogenase (converts
alconol o acetaldehyde) and acetaidehyde dehydrogenase (convets acetakiehyde to
acelic acid). Acohol metabols can also occur in other tissues, ncluding stomach
epithelum (men only) and the bran. Phase Il eactions noxmally invove the addition of
biachemica groups (e.g, glucuronic acid, sulfonates, gutathione, methyaton,
acetylation, andior aming acid residues) o pola groups added in phase | ncluding
arbooyl (COOH), hydroxyt (OH), amino (NHL), and sulftydry (SH) groups. Phise Il
reactions nomally permanently inactate th toxin or drug.

Storage

Abumin

Important carrier protein of multple molecules in the biood, including thyroid hormanes
and other fat-solubl hormones (see additonal hormone ransport proteins beiow). Also,
ransports aty acids on thei way o the Iver for torage, o oxdation for energy
generaton, unconjugaled bilrubin (see above), and several medications. Other giobulins
produced by the v senve the same ol(s) atnough 10 aleser extnt than aloumin,

Giycogen

e lver stores glucose in the form of glycogen (Chapler 6).

Vitamin A (retino)

Stores vitamin A ransported from the inestine esterfied with palmiate via
Chylomicrons. The liver can store up to 2 2-year supply of itamin A. See below for
ek Nesicat: ard sk,
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Class Name Signaling Effects

G, CcAMP production via adenyl cyclase and
protein kinase A signaling (multiple targets)

G Inhibits cAMP production; minor role in
stimulation of phospholipase C

Gy Stimulates phospholipase C

Giona Activation leads to changes in the actin
cytoskeleton and, therefore, regulation of cell
cycle and motility

G, “Transducin” molecules found in rods and
cones couple visual signals between
rhodopsin and cGMP phosphodiesterase

cAMP, cyciic adenosine monophosphate; cCGMP, cyclic guanosine
monophosphate,
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Binding of product can either inhibit
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Organ __PTH Effect lcitonin Effect

intestine PTH increases levels of 1,25(0H); vitamin Dy Inhibits inestinal absorption of calcium. Mechanism
(calcitrol), which increases the levels of the poorly understood, but blieved to involve inibiton of
intestinal protein calbindin. As a result increased  vitamin D effects.

‘amounts of dietary calcium are absorbed.

Kidney  PTH directy ncreases reabsorption of calcium i the  Increases calcium reabsorption n the 1oop of Henle.
disal tubules and thick ascending limb, while aso  Decreases phosphate reabsorption, primariy in the
educing reabsorplion of phosphate in the proximal  proximal convoluted tubule; decreased phosphate:
tubule, thereby increasing the excretion of phosphate  increases free calcium levels.
and, thus, the amount of availabie free calcium. PTH
also'increases the actvy of the enzyme 25(0H)
vitamin D, 1-a-hydronylase in the kidney, leading.

1o higher levels of actve 1,25(0H); vitamin Dy
(calition.
Bone  PTH binds to osteoblast and increases RANK Inhibitsthe activiy of osteoclasts and, therefore,

receptor numbers. Increased RANK stimulation leads.
1o growth of osteaclasts, eading to bone resorption
and the release of calcium.

breakdown/reabsorption of bones. Exact mechanism not
‘completely undersiood.

P ——y
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DNA double helix
20m
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form of chromatin
11 nm

Chromatin fiber of
packed nucleosomes
(solenoid) 30 nm
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Smooth Muscle Type

Function

Blood vessels (ontrol of vessel dameter and Directy affects blood pressure and controls backflow of

resistance. Forms capilary sphincters.  biood in capilary beds.

Lymph vessels  Movement of ymph Propels lymph throughout ymphaics.

Digestive tract Control of movement of food Rhythmic and coordinated contraction (perisaiis)
serves to move digesting food through the digestve.
tract

Respiratory tact  Controlof Giameter of bronchial irways  Spasms can cause asthmatic reactionsiwneezing,

Urinary tract Urinary bladder contracton, renin Coordinated contraction moves and expels rine.

production, mesangial cells in kidney
gomerui

Sense changes in blood to regulate excreton of erin,
Aiso affects glomerular filration ate.

Reproductive tract

Uterine contraction, vaginal and peris.
(urethral) contractions.

Forms the myometrium and bith canal, Rhythiic:
contractons are part of female and male orgasms.

Skin Artector pili that cause hairto stand Part o involuntary thermal regulation (although fear
vertcally can also cause contraction), the efficacy in humans is
limited.
Eye Cillary muscles and irs, optimization of  Chanes lens focus and irs diameter.

Connective tissue

Secretion o collagen, elastin, and other
connective tisue proteins and
gycoproteins

Interact with extracelllar marix s part of
viscoelasticty oftissues.
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clot formation
and breakdonn

Fibronectin
(soluble)

Soluble fibonectin, which difes from the insoluble, extracellular maixform,is a
Blycoprotein, which, along with trin, helps to form the nial bood ciot olowing
injury. The soluble ibrn/ibronectn clot is replaced by other malrx proteins,
including the insoluble form of fbronectin, as partof the process of wound healing.

a2-macrogiobulin

Functons as an infibitor of thrombin coaguation and plasminKallkrein irinolysis
(Chapter 14),

al-antirypsin

Serine protease inhibior, which covelenty binds to rypsin and inactivates s unction,
including cleavage of lung elastase. Deficient ul-anitrypsin leads 0.2 variety of
diseases in the lungs, including cystic fibrosis, and congenital, panacinar emphysema/
Chronic obstructive pulmonary disease (COPD).

Antthrombin Il

Giycoprotein serine protease in biood, which inactvates thrombin (coagulation
factor 12 as well 25 Kallkrein and plasmin molecules, thereby inhibitig clot
formation. Anttrombin Il activty i increased by the binding of heparin. Anttrombin
13l inactaes trypsin and other serne protease enzymes o th classical
complement pathway (Chapter 15).

Plasminogen’
plasmin

Serne peas, produced s plasminagen i e e and ety converd o
‘plasmin in the biood by coagulation factor Xil (Hageman), tissue plasminogen activator, anc
o rokinase plasminogen actvaor. Actcte s ek Gon r o ronccin Cots
(fibrinolysis). Plasmin activates parts of the complement system and collagen-cleaving
‘enzymes known as collagenases (Chapter 13). Self-cleavage of plasminogen produces the.
moeee angisain, potet o of ne formaton o rew bced vessls, Pasrin 350
i sy ot g Rt sl ny
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Function Molecule( Description

Aminoacid/  Aminoacid Uiver enzymes are responsible for most of amino acid synthesis (Chapters 5 and 10)
protein synthesis
metabolism
Protein Liver enzymes are responsible for most of potein degradation (Chapters 5 and 10).
egradation

Carbohydrate  Gluconeogenesis  Liverenzymes account for a signficant amount of gluconeogenes’s (Chapters 6 and 10)
metaboism

Giycogenesis  Liver enzymes account for a signfcant amount of gycogen synthesis (Chaplers 6
and 10)
Giycogenolysis  Liver enzymes account for a sgnificant amount of glycogen breakdown (Chapters 6
and 10).
Lipid Lipogenesis Uiver enzymes are responsibe for much of iid (righyceride) synthesis (Chapters 7
metabolism and 10).
Cholesterol/ Liver enzymes are responsible for endogenous cholesterollipoprotein metabolism.
lipoproteins These reactions and pathways are discussed in detail n the text below.

Apolpoproteins  Major e of apolipoprotein synthesis proteins responsiol for increasing the.
solubilty and transporting dietary fas i the blood, lipoproteins components invoived
in cholesterol metabolism. Apolipoproteins can also serve 25 cofactors and can bind
1o receplors as partof thei funclion.

Coaguiation  Coagulation Synthesis of coagulation factors | (brinogen), I (Prothrombin), V, Vi, IX, X, and XI
factor synthesis/  factors (Chapter 14),
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Dietary proteins

Body proteins degradation Synthesis of non-essential amino acids
v v
Anino acid pool
T " » Biosynthesis of non-protein nittogenous
tissue consttutents, 0.,
Cataolism 150
« Porphyrin
~Creatine
« Hormones
« Neurotransitters
Glucosa, Urea,  Ketone bodies,  « Purino
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ling Acid(s) Di

arine Alanine transaminase deficiency

larine, serine, threonine, valie, Neutral aminaaciduria (Hartnup's isease)
leucine, isoleucine, phenylalanine,
tyrosine, ryptophan, and histidine

Arginine Citrlinemia (ype 1), argininosuccinic acidurialacidemia

Giutamine Glutamine synthetase deficiency

Giycine, Smith-Magenis syndrome, kelotic hypergycinemialpropionic acidemia, nonketotc
hypergiycinemiafglycine encephalopatny

Giycine, proline, hydroxyproline Iminogiycinuria 1 and Il

Histidine Histainemia

Leucine Isovalerc acidemia
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Leucine, Isoleucine, and Valine
(branched-chain amino acids)

Maple syrup urine disease (branched chain ketoaciduria)

Methionine

Homocystinuria | and Il methionine malabsorption syndrome (Smith-Strang/
oasthouse urine disease)

Phenylalanine, tyrosine

Phenylketonuria, akaptonuria (black urine disease)

Proine Hyperprolinemia type I and Il, &™-pyrroline 5-carboxylate synthase deficiency

Serine 3-Phosphoglycerate dehydrogenase deficiency, phosphoserine aminotransferase
deficiency, phosphoserine phosphatase deficiency, serine dehydratase deficiency

Trreonine Threonine denydratase deficiency

Tryptophan Drummond’s (blue diaper) syndrome

Tyrosine, phenyiaanine

Albinism, tyrosinemia, types I-IIl; hawkinsinuria

Valine

Hypenalinemianvalinemia
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Competitive

& —$4

Competitive inhibitor

Binding of competitive inhibitor to active site
of enzyme and prevents substrate binding

Noncompetitive

:o—~' 4

Ncncompemwe

Binding of noncompetitive inhibitor to other than
active site does not prevent substrate binding
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Blood Type Glycosphingolipid Carbohydrate

A N-acetygalactosamine (GalNAc)
B Galactose
AB GalNAc and Galactose

0 No additional sugar residues
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Inner
‘mitochondrial
membrane
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Farmer’s lung Hay, mold, and other
agricultural dusts

Labrador lung Mixed dust (iron, silica,
and anthophyllite)

Siderosis Iron dust

Silicosis Silica dust

Silicosiderosis Mixed dust (silica and iron)
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Disease Causative As

Anthracosis Coal dust
Asbestosis Asbestos fibers
Baritosis Barium dust
Bauxite fibrosis Bauxite dust
Berylliosis Beryllium dust
Byssinosis Cotton dust
Chalicosis (flint or Stone dust

Stonecutters’ disease)

Coal worker's pneumoconiosis ~ Coal dust
(“black lung”)
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Small B—'AS

ntestine Lymphatics
Chylomicron

Chylomicron ~ Glycerol
remnant
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WAcetylgiutamate  Defict of NAGS, the Same as arginase: Same as arginase: Mitochondrial
synthase (NAGS)  enzyme responsivle for  deficincy. deficiency. protein
defciency the production of
OMIM #237310  N-acelylgitamate from
acety-CoA and glutamate.
NAGS i the activator of
carbamoyl phosphate
synthase | (see above).
Omithine Deficit of OTC, the second  The deficit blocks the urea ~Same as arginase Mitochondrial
wanscarbamylase  urea cycle enzyme. cycle and leads to deficiency. Some protein. Uniike:
(OTC) deficiency  producing citrline fom  increased concentrations of - childbitth deaths may be  the otner urea
OMIM #311250  Carbamoyl phosphate and  ammonia nthe blood.  dueto an unknown OTC  cycle disorders,
omithine. This i the most  Excess carbamoyl deficiency carrier state,  listed OTC
common urea cycle phosphate s also converted which is unmasked by defciency is
disorder. 1o orotic acid via pyrimidine  the siress of cildbirth.  X-linked.

synthesis pathwiays.
Symptoms are the same as
arginase deficiency.

D ot SRS Bk SR
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PRI Dy SR 06 e SRS 15 SN Cytosaic
mia  argininosuccinate lyase,  deficiency. deficiency. protein

OMIM 4207900 the fourth enzyme of the

urea cycl that cleaves

argininosuccinate into

arginine and fumarate.
Carbamoy! Deficit of CPS1, the Same as arginase Same as arginase Mitochondrial
phosphate enzyme responible for  deficiency. deficiency. protein
synthetase | the transfer of ammonia to
(OPS-1) deficiency bicarbonate to produce
OMIM #237300  Carbamae using one ATP.

Asecond ATP is used to
produce carbamoyl
phosphate. This s the first
eaction of the urea cycle.
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Intestines absorb about 1-2mgs of
iron a day from the diet.

Transferrin transports iron
Loss of iron from
—’ epithelial cells

s 15%
10. zo%
omer cellular processes
requiring iron
Production of red blood
cells in bone marrow Storage by feritin in

liver and heart
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Diabetes mellitus

Insulin deficiency and glucagon excess

——

Decreased glucose uptake Increased protein Increased lipolysis
muscle and other issues catabolism
Increased free fatty
Hyperglycemia Increased plasma acids oddation
i ‘amino acids }
Gluci)suvia / \ Increased ielagenssls
Osmotic dwesls | croesea nimgen i Inaesed Ketosis
(elecuoylo and water 10581 U e ghconsagenes's
s form of urea
Diabetic
Dehydration  keoacidosis

L]

Death
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e OCNERG S, NIDIRON D NSICUNTE. SNy SORIWN .
collagenbone, carmitine, and norepinephrine
Synthesis as well as tyrosine and peptide
hormone function, blood vessel function, and
wound healing

DRGRNGH=EEY 1NN ORI MR, 5
deective and weak bone and connective tissue
formation). Poor wound heaiing.

Excess—Skin flushing and rashes, headache,
diarthea, nauseaivomitng, indigestion.

D (calcifero) Importantin bone growth and remodeling a5 well
as absorplon/regulation of blood calcium and
phosphate concentration

Deficiency—Rickets (children) and osteomalacia
(aduls).

Acute overdose—Symptoms due to resulting high
calcium level include nauseaivomiting weakness,

increased urination and fluid intake, and possible,
ineversible kidney damage.

€ (ocopherols/  Important antioxidant tha protects lpidsicll
tocotrienols) membranes. Possible role in protecting neurons
and reducing cholesterol

Delficiency—Possibie neurological problems.
(ataxia), increase in cardiovascular disease,
anemia, congenital heart isease, and prosiate

Excess—May increase chance of death.

K (phyloquinone,  Cofactorfor arbolation of giutamate, required

menaquinone)  for several blood coagulation factors, osteacalcin
actiity (bone metabolism), and blood vessel
health

Deiciency—Bleeding and poar clot formation.

S0k ot AL THEEC. St At it
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Sodium

Chemical/Biochemical Basis for Assa)

Measured in an autoanalyzer. Voltage is measured between an on-specific electrode
that s permeatie to sodium and a constant reference electrode, The voltage i directly
related to the sadium concentration. Measurement o serum sodium can be influenced
by other molecules that affectthe plasma osmoalty, including high levels of glucose.

Potassium

Measured in an autoanalyzer. Votage 's measured between an on-specific electrode
that s permeatie to polassium and a constant eference electrode. The voltage s
directy relted o the potassium concentration. Measurement of serum polassium can
e affected by unwanted intracelulr potassium in the sample because of (a) hemalysis
Vi agaressive tourniquet use or Shaking of sample tube, (b) exercie of the exremity
prior to blood draving, and (c) platelet count greater than 600,000 or white blood cell
count greater than 250,000

Chloride

Normally performed in hospitalstlinics via an autoanalyzer in which chioride ons (Cr)
feact with mercuric thiocyanate 1o dispiace the thiocyanate molecue. The thiocyanate
then reacts with feric fons o form a compound whose concentration can be measured
at 480-nm wavelength, alowing quantitative determination from known standards.
HR(SCN); +2.CI" 5 HECl, + 2 SN
3SCN" + Fe(NO,); <> Fe(SON)," + 3 N0y
Aot t 460

Messurement of CI can be affected by the presence of other halogen ions n the.
sample, including bromide (Br) and sulfhydryl (SH" ions.

Bicarbonate/CO;

Normally measured as total CO,, which includes ~95% bicarbonate plus ~5% dissolved
CO, plus carbonic acid. Measurement uses an autoanalyzer by acid ieration of CO;
with diffusion across  dialysis membrane. The CO, then reacts with 2 bicarbonate-
carbonate bulfer vith an indicatordye, calibated with a known standard (see also
artrial bioad gas CO; below)

Blood urea nitrogen

Normally measured in an autoanalyzer by production of a yelow product from diacetyl
subsirate or, for more specific measurement, by producton of ammonia and carbonic
acid from urea by the enzyme urease. Subsequent reaction of ammonia with
a-keloglutaric acid via glutamate dehydrogenase resulting in a decreased absorbance of
NADH at 340 nm allows quantiation. Inteference wih the diacety! eaction by
hemoglobin (Hb) or sulfonylurea drugs is problemati; terefore, serum or plasma
sampls are highly recommended. Blood tubes vith sodium fluorde intrfere with the
urease measurement system.

Creatinine

Usually measured by Jafe reaction with the formation of & red-colored complex between
crestine and alkaline picrate soluton. Comparison of color o standards allows
determination ofcreatine concentraton. Minor modifications to reduce the iferference
of acetone, acetoacetate, pyruvate, ascorbic acid, glucose, proteins, cephalosporin and
barbiurate drugs, and pH and temperature are common. Plasma or serum samples
must be used to elminate the noncreatine chromogen contibution ofred blood cells:
(RBCS).
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Mineral Function Diseasel

Sodium (Na")  Involvd in maintenance of fluid volume and  Hyponatremia—Neurological symptoms secondary.
osmotic pressure per the kidneys and associated o cell sweling and electroite mbalance;
ormones (e.. renin,aldosterone, antdiuretic  potentialy fatal.
hormone,atil natriuretc peptide). Essentalor  4ypernatremia—Defct n free iter in the bady.
generation and mainenance of eectic o Variable symptoms,incluing neurclogical,
wansport potential across membanes (e.g. potentialy fatal,
nerve conduction, muscle contraction, and
membrane pumps)

Potassium (K')  Usually the partner tosodium, essential for Hypokalemia and hyperkalemia—Muscle and
‘generation and maintenance of lectric and neurological symploms; both may lead to fatal
transport potential across membranes (e.g. nerve abnormal heart hyth, especially hyperkalernia
‘conduction, muscle contracton, and membrane.
umps), as ellas polassium-specific pumps.

Chiorde (€I Involved in conjunction with sodium in Hypochloremia and hyperchioremia—Ofien
maintenance of flid volume and osmotic: secondary 1o vomiting and/or iarthea; usually
pressure per the kidney. Essential ole in ‘asymptomatic but may have respiratory symptoms.

neurological functons (e.g. gycine and GABA
neurolransmiters) and acid-base balance via
Teniiooet of Bicetbonats.
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Saturated fatty ~ Monounsaturated fatty
acyl-CoA acyl-CoA

0, H,0

NADH + H* NAD*®
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Palmitoyl-CoA (C1¢)
+ Stearyl-CoA (C1q)
Malonyl-CoA

0, CoASH +CO; + H,0

SNADPH + H* 2 NADP*
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CO, + H,OS H,CO, S H' + HCO;
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hyperelastica)
OMIM #130000

mutations are all classified
in the group of EDS.

scarring, overly flexible
jonts, heart vaive defects,
werine and bowel upure,
andior gum problems,

cardiovascularand  that cross-links.
internal organs. collagen.
Cortective surgery is

‘Somelimes undertaken.

Cutis lasa: A group of
related disorders with
varying inheritance
patterns:

Dominant OMIM 123700,
defects n elastivibulin

Recessive OMIV #219200:
Gefects n ibulin

Xelinked (occipital horn
Syndrome) OMIM #304150:
efects in Cu™-transparting
ATPase, a-polypeptide.

Elastictyof the skin s
distupled and i wrinkled
and hangs loose. Efects on
tendons and igaments may
make joints loose. Severe
disease can involve the.
structure of internal organs,
including heart and blood
vessels (e.g, areries),
lungs, intestines, and
bladder. Herrias can also
develop, Easy bruising, low
copper and ceruloplasmin,
skeletaldefects, and the
namesake bone outgromths
from the back of the head
(occiput) are seen n the
Xinked form.

No known cure. —
Treatment s mainly

supportive including

monitoing of affected

organs and medical/

surgical eatments as.

required.
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Mechanism

The defective anti-elastase  The association of Intiavenous Smoking
allows degradation of emphysema and AAT concentrates of AT cessation and
extracellar fbris such as  defiiency (known tobe a  combined wit lfetime  avoidance of
elastin with gradual loss of  protease nfibior) has  avoidance of smoking  contaminated

OMIM #107400  pulmoriary function, for been recognized fora long has been airis the key to
example time. The disease results  recommended but  patient health

from the loss of anti- igorous studies have  However,recent
elastase actiityand thus ot been dore. stucdos show
the lungs and liver Progrosis s dependent  that AAT
especially are damaged by upon the severityof  defcency s
progressive proteolytc pumonary and liver  probablycnly
damage. Smoking causes  disease, which can be  responsiblefora
oxidation of the methionine _ highly variable. Many  minorty of
residue n the AAT patients succumbin  emphysema
molecule, which imits the fith decade. cases. Additonal
its binding o serine contributing
protease and reduces. factorsare

its inactwation function curenty being
even further, sought.

Ehlers-Danlos  Defects invohing the. EDS-affected collagen There s nocure for  Type X involves

syndrome (EDS)  connective lssue prolein  Causes easy bruisingand  EDS. Treatment’s 3 mutation of

(cutis collages. Multiple woundswith pigmented  supportive for

The glycoprotein
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Fatty acid
synthase
Acetyl-CoA + 7 Malonyl-CoA + 14 NADPH + HY ——————» Palmitate + 7 CO, + 14 NADP* + 8 CoA
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8. (pantothenic
acid)

Required fo synthesis of coenzyme A (CoR), an
important molecule in carbohycrate, protein, and
liid metabolism and biosynthes's

Deliciency—"Pins and needles” nerve sensations
(parathesias).

8, (pyridoxine,
pyridonal,
pyridoamine)

‘Converted to pyridoxal-5-phosphate, required for
aspects of amino acid, carbonydrate, and fatty
acid metabolism as well a5 producton of the
itamin nicotinic 2cid (niacin) and catecholamine
neurotransmitters (dopamine, norepinephrine,
and epinephiine) and serotoni

Deliciency—Sideroblastic (atypical nucieated
enythrocytes) anemia, kin and mouth sores, and
peripheral nerve dysfunction (neuropathy)

8; (biotin)

Required coenzyme for enzymes that add a
carboylgroup i degradatio of leucine and fatty
acid metabolism as well as gluconeogenesis

Deliciency—Hair loss; chronic inflammation of the:
eye (conjunctiva), skin, and smal intestine; and
nerve dysfuncton.

8, (folc acid)

Required coenzyme for nucleosidesinuclectide:
synthesis and repair of DNA and methylation
reactions (e.g., DNA) as well s repication and
growth of red blood cells; formation of metry+8,,

Deliciency—Felal birth defects, especially
neurdlogical (*neural tube defects"), megalobiastic
(enlarged red blood cells) anermia.

B,
(cyanocobalamin)

Required fo synthesis of amino acid methionine,
important in methylaton reactions (e.¢., DNA)
Ao, important n synthesis of hemoglobin,
protein and fat metabolism, and maintenance of
g g

Deficiency—Megaloblastc (enarged red bood
cells) anemia and pernicious (due o 8,
malabsorption) anemia; increased homocysteine
(homocystinuria) that may lead to cardiovascular
Oniie: Iileinalonicackin.
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Primary Etfect(s) Medical Use

Amodipine,  Diation of blood vessels, smooth muscle Predominately used for bood pressure control.

felodipine,  dilation, and decreased vascular resistance.  Less favored for angina because of reflex

and tachycarda.

nifedipine

Verapamil  Decreased rate and force of cardiac. Bio0d pressure control in patients suffering with
contraction; als effectve for coronary artery  angina, Prinzmetal’s angina,rate control n airal
spasi (Prinzmetal's angina). fibilation.

Diiazem  Decreased rate and force of cardiac Blood pressure contro in patients with o without
contraction and dilation of blood vessels, angina

decreasing vasclar resisance.
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Function

Disease

A tetinol) Forms visual pigment (reina) for reception of  Deficiency—Night blindness, oy eyesicomea
ightimpuses in the eye; possible antioxidant  (keratomalacia). Excess—Usualyfrom vitamin
ol supplements. Skin discoloation and dryness

(e.g. at angle of mouth), hai loss, bone thinning
and abnormal growth, birth defects. Acute signs.
include headache, vision biurring, and nausea/
vorniting.

B, iamine)  Forms thiamine. Essentil cofactor for Deliciency—Wet beriberi (cardiovasculan), dry
enydrogenase, decarbonyation, and beriberi (neurological), and Wernicke-Korsakoff
transketolase reactions syndrome.

B, (iboflavin)  Required for electron ransfer 1o and from Deficiency—Sore, red thrcat and mouth, dry and
FAD(H,)in carbohydrate and fatty acid cracked lips, mouth wih inflamed tongue, scaly
metabolism: flavin manonuciealide n the. skin (e.g, scrotum, labia and edges of nose, and
respiratory chain anemia).

8; (niacin) ‘Converted to nicotinamide, required for electron  Delficiency—Pellagra (the four Ds—diarthea,

ranster to and from NAD(H) or NADP(H) in
carbohycrate, and lipid metabolism

dermatit, dementia, and death), Other symptoms.
include sunlight sensithiy, cardiowascular, and
neurological disorders.

Excess—Flushing/itching of skin, stomach upset,
and lver problems up to fulfilre, retinal damage
that may result i biindness, and worsening of
dianetes or gout,
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Tryptophan

Tryptophan hydroxylase ‘

HO. CHy

5-Hydroxytryptophan

5-Hydroxytryptophan -
decarboxylase I\ coo

HO CH,

N
H

_NHg

“coo”

_NH

“coo

NHg
cHy”

5-Hydroxytryptamine (Serotonin)
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bleeding disorders,
usually e o lowered
pltelet numbers

krabbe disease
OMIM #245200

Defect o Iysosomal
hydrolase,
galactosylceramidase
(galactocerebrosidase),
which removes galactose
esidues from ceramide,
The defect leads to
accumuiation of
galactosylceramides found
predominantly in myelin
sheaths of nerve cels. As
a result ofpid
accumuiation,
characteristc "globoid
cells” with multiple nuclel
are seen in brain white
matter on pathological
examination.

Infant, juvene, and
adiuitforms have been
characterized. The.
aisease affects only the
nervous system with
severe mental, nerve,
and muscle
developmental
probiems and
egeneration, eating
problems, biindness,
eafhess,iitabilty.
seizures, vomiting, and
nonresponse to
surroundings. Juvenie
and adult forms have.
similar but slower
progressing symptoms.

Treatment is only
supportive,
although bone.
marrow
transplantation can
cure patients who
display nerve
invalvement.
Infants usually
die by the age of
2years.

Krabbe discase
an be confused
with cerebral
palsy on niial
presentation.
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Gtyaca. Tedelect  sympoms can ncluce  tan suppore.  dsease
leads o sccumuation f ot pain wih
ceramdes inssues, | deormaton, voice
Spcicalyin Changes due 1
mactophages, especally  laryngeol disase,
soen nthe Rar, contral  proressve nenve and
Rervous system, r, and  muscledegeneraton,
oty and deposs e
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Ve bess cou e e nenes: e ongerthan | Gaueher cels and
glucocerebrosides (mainly  types 2 and 3 involve. type 2. appear as
found inred andwhite e nerves. Al lrms rinkied s
oo cels) Thedefct  ave e enlargement paperon
‘causes accumulation of (hepatomegaly) as well pathological
Blucocerebrosde (eg, 25 some speen Euaminaton.
Bucoceamidel . enrgement

‘macrophages.

(splenomegaly) and
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Nutritional

Central pontine myelinolysis (may also

deficiencies be caused by Na* fluxes),
demyelination of the corpus callosum
(Marchiafava-Bignami disease), and
Vitamin By, deficiency.

Direct viral Progressive multifocal

invasion of leukoencephalopathy, subacute

CNS sclerosing panencephalitis, and tropical
spastic paraparesis/HTLV-1-associated
myelopathy.

Primary Recurrent, progressive disorders

demyelinating (multiple sclerosis and its variants),

disorders monophasic disorders such as optic

neuritis, acute transverse myelitis,
acute disseminated encephalomyelitis,
and acute hemorrhagic.
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Disorder

Hereditary Phenylketonuria/other aminoacidurias,
Tay-Sachs disease, Niemann-Pick
disease, Gaucher's disease, Hurler's
syndrome, Krabbe's disease/other
adrenoleukodystrophies,
adrenomyeloneuropathy, Leber’s
hereditary optic atrophy, and related
mitochondrial disorders.

Hypoxia and ~ Carbon monoxide toxicity and other

Ischemia syndromes of delayed hypoxic cerebral
demyelination, and progressive
subcortical ischemic demyelination.
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Treatment

Hemoptilia A, B,
and 0

OMIM #306700,
+306900, and
612416

Hemophilia A (classic)
resuls rom defects in
factor Vil of the.
cloting cascade,
which serves as a
cofactor forfactor IX/
Xa toactivate factor X
t0Xa. Hemophila B
resuls from defects in
factor X. Hemophiia
C oceurs when factor
Xis deficient and fals
toactiate factor IX.

Patients with hemophilia
exhibit easy bruising and
bleeding, especially of
muscles, soft tissue, and
Joints (e.2. weight-bearing.
Joints including hips,
Knees, ankles, and
eloows). Platelets are
normal so smallcuts do
ot resul in severe.
bleecing. Hemophilia 8
patients most ofen die
from bleeding insice the
brain. Hemophiia C
patients usually do not
have joint bleeding

Treatment is by
intravenous replacement
of the missing cloting
factoror by fresh frozen
plasma infusion.

Both hemophilas.
have varying.
severty from
‘moderate to
severe, depending
onthe level of the.
affected clotting
factor Because
hemophila A and
Bare Xinked,
most, but not all,
patients are male.

Factor V Leiden
OMIM #188055

Mutation in factor V of
the clotting cascade,
which activates.
thrombin. The
mutation decreases
the natural breakown
by activated protein C,
resultng in excessive
clotformation

Patients are at an
approximately twofold
increased isk for deep
vein thrombosis clfs in
the legs and associated
puimonary embolsm.
Females may develop
clots during pregnancy or
while taking estrogen-
containing contraception
or hormone repiacement

Patients do not require
reatment unless
excessive cltting occurs.
Treatment i then via
anlicltting medications
(e.g, heparin and
wartarin)

von Willebrand
disease

OMIM #193400

Defect of the proten
von Wilebrand factor
(W) found in the.
plateets and
endothela tissue,
which increases inifial
platelet adhesion to
the st of an injury
and stabilzes factor
Vil

‘Symptoms vary with
severly (quantiative
deficiency) but include
bleeding from skin, gurms,
and other mucus
membranes. The bleeding
can be serous in severe.
disease sates.

Bleeding can be:
controed by infusion of
factor VIl o fresh frozen
plasma infusion (which
contains functional WF).
Unresponsive patients.
Sometimes receive platelet
ransfusions in addition to
the above treatmens

Like the
hemophilas,
varying leves of
WF can remain,
resulting i levels
of severty of the.
disease. Usually,
autosomal
dominant
inhertance.
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