1a)  Classification of vitamins.

b)  Biochemical significance of vitamins.

Vitamins are classified as either water-soluble or fat-soluble. In humans there are 13 vitamins: 4 fat-soluble (A, D, E, and K) and 9 water-soluble (8 B vitamins and vitamin C). Water-soluble vitamins dissolve easily in water and, in general, are readily excreted from the body, to the degree that urinary output is a strong predictor of vitamin consumption.[23] Because they are not as readily stored, more consistent intake is important.[24] Fat-soluble vitamins are absorbed through the intestinal tract with the help of lipids (fats). Vitamins A and D can accumulate in the body, which can result in dangerous hypervitaminosis. Fat-soluble vitamin deficiency due to malabsorption is of particular significance in cystic fibrosis. Fat-soluble vitamins are usually absorbed passively and must be transported with dietary lipids. They tend to be found in the lipid portion of the cell, such as the membrane and lipid droplets, and are generally excreted from the body in the faeces. Water-soluble vitamins are absorbed by passive and active mechanisms, transported by carriers and are not stored in appreciable amounts in the body. Water soluble vitamins are generally excreted through the urine.

Biochemical significance of vitamins

On fetal growth and childhood development


Vitamins are essential for the normal growth and development of a multicellular organism. Using the genetic blueprint inherited from its parents, a fetus develops from the nutrients it absorbs. It requires certain vitamins and minerals to be present at certain times. These nutrients facilitate the chemical reactions that produce among other things, skin, bone, and muscle. If there is serious deficiency in one or more of these nutrients, a child may develop a deficiency disease. Even minor deficiencies may cause permanent damage.

On adult health maintenance


Once growth and development are completed, vitamins remain essential nutrients for the healthy maintenance of the cells, tissues, and organs that make up a multicellular organism; they also enable a multicellular life form to efficiently use chemical energy provided by food it eats, and to help process the proteins, carbohydrates, and fats required for cellular respiration

2.  Role of coenzymes in metabolism. 

Cobalamin (B12)

Cobalamin contains cobalt, making it the only vitamin that contains a metal ion. Cobalamin is an essential part of coenzymes. It is necessary for fat and protein catabolism, for folate coenzyme function, and for hemoglobin synthesis. An enzyme requiring cobalamin is needed by a folate-dependent enzyme to synthesize DNA. Thus, a deficiency in cobalamin has similar consequences to health as folate deficiency. In children and adults cobalamin deficiency causes macrocytic anemia, and in babies born to cobalamin-deficient mothers, there is an increased risk of neural-tube defects. In order for the human body to absorb cobalamin, the stomach, pancreas, and small intestine must be functioning properly. Cells in the stomach secrete a protein called intrinsic factor that is necessary for cobalamin absorption, which occurs in the small intestine. Impairment of secretion of this protein either caused by an autoimmune disease or by chronic inflammation of the stomach (such as that occurring in some people with H.pylori infection), can lead to the disease pernicious anemia, a type of macrocytic anemia. Vitamin B12 malabsorption is most common in the elderly, who may have impaired functioning of digestive organs, a normal consequence of aging. Pernicious anemia is treated with large oral doses of vitamin B12 or by putting the vitamin under the tongue, where it is absorbed into the blood stream without passing through the intestine. In patients that do not respond to oral or sublingual treatment, vitamin B12 is given by injection.

Pyroxidine (B6)

Pyroxidine (water-soluble vitamin) is the coenzyme involved in nitrogen transfer between amino acids and therefore plays a role in amino-acid synthesis and catabolism. Also, it functions to release glucose from glycogen in the catabolic pathway of glycogenolysis and is required by enzymes for the synthesis of multiple neurotransmitters and hemoglobin. A deficiency in vitamin B6 can cause signs and symptoms of muscle weakness, dermatitis, mouth sores, fatigue, and confusion.

Vitamin B6 is a required coenzyme for the synthesis of hemoglobin. A deficiency in vitamin B6 can cause anemia, but it is of a different type than that caused by insufficient folate, cobalamin, or iron; although the symptoms are similar. The size of red blood cells is normal or somewhat smaller but the hemoglobin content is lower. This means each red blood cell has less capacity for carrying oxygen, resulting in muscle weakness, fatigue, and shortness of breath.

3.  Nomenclature of nucleosides, nucleotides, and nucleic acid.

The presence of a 2′-deoxyribose unit in place of a ribose, as occurs in DNA, is implied by the prefixes “deoxy” or “d”. For example, the deoxynucleoside of adenine is deoxyadenosine of dA. However, for thymine-containing residues, which rarely occur in RNA, the prefix is redundant and may be dropped. The presence of a ribose unit may be explicitly implied by the prefixes “ribo” or “r”. Thus the ribonucleotide of thymine is ribothymidine or rT.

The position of the phosphate group in a nucleotide may be explicitly specified as in, for example, 3′-AMP and 5′-GMP.
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4.  Involvement of vitamin A in vision.

Vitamin A (all-trans-retinol) is a precursor to the formation of the photopigment rhodopsin, which is located in the rods.  In order for rhodopsin to be formed, vitamin A must be converted to 11-cis-retinal.  This can occur in one of two ways.  Vitamin A (all-trans-retinol) can be converted to 11-cis-retinol by isomerase.  This 11-cis-retinol can then be converted to 11-cis-retinal. Alternatively, vitamin A (all-trans-retinol) can be converted to all-trans-retinal which can then be converted to 11-cis-retinal.  Now that 11-cis-retinal has been formed by either method, it can combine with scotopsin to form the rhodopsin.  As rhodopsin absorbs light in the rods, a conformational change occurs in 11-cis-retinal to become all-trans-retinal.  A conformational change also occurs in the opsin fragment to form metarhodopsin II, which is the activated form of rhodopsin.  The metarhodopsin II then stimulates transducin, a G-coupled protein found on the surface of the disk within the outer membrane in the rod cell.  This activation of transducin causes an activation in cGMP phosphodiesterase, which will remove the cGMP mediated activation of cGMP-gated channels that are letting Na+ ions leak into the rod cytoplasm resulting in a hyperpolarization of that rod cell.  Thus, in the presence of light, the blockage of Na+ movement into the rod cell will result in a hyperpolarization of that rod cell which then allows messages about light being seen during night vision to be sent to the brain for final interpretation.
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5.  Response of an individual’s vision on exposure to bright light and dim light.

The pupil is an opening that lets light into your eye. Since most of the light entering your eye does not escape, your pupil appears black. In dim light, your pupil expands to allow more light to enter your eye. In bright light, it contracts. Your pupil can range in diameter from 1/16 inch (1.5 mm) to more than 1/3 inch (8 mm).

Light detected by the retina of your eye is converted to nerve impulses that travel down the optic nerve. Some of these nerve impulses go from the optic nerve to the muscles that control the size of the pupil. More light creates more impulses, causing the muscles to close the pupil. Part of the optic nerve from one eye crosses over and couples to the muscles that control the pupil size of the other eye. That’s why the pupil of one eye can change when you shine the light into your other eye.

6.  Biosynthetic pathway involving the exposure of sunlight on skin, and its relation to a named vitamin.

Vitamin D3 is produced photochemically from 7-dehydrocholesterol in the skin of most vertebrate animals, including humans. The precursor of vitamin D3, 7-dehydrocholesterol is produced in relatively large quantities. 7-Dehydrocholesterol reacts with UVB light at wavelengths of 290–315 nm. These wavelengths are present in sunlight, as well as in the light emitted by the UV lamps in tanning beds (which produce ultraviolet primarily in the UVA spectrum, but typically produce 4% to 10% of the total UV emissions as UVB). Exposure to light through windows is insufficient because glass almost completely blocks UVB light.

Adequate amounts of vitamin D can be produced with moderate sun exposure to the face, arms and legs, averaging 5–30 minutes twice per week, or approximately 25% of the time for minimal sunburn. The darker the skin, and the weaker the sunlight, the more minutes of exposure are needed. Vitamin-D overdose is impossible from UV exposure: the skin reaches an equilibrium where the vitamin degrades as fast as it is created.

Sunscreen absorbs or reflects ultraviolet light and prevents much of it from reaching the skin. Sunscreen with a sun protection factor (SPF) of 8 based on the UVB spectrum decreases vitamin D synthetic capacity by 95%, and SPF 15 decreases it by 98%.

The skin consists of two primary layers: the inner layer called the dermis, composed largely of connective tissue, and the outer, thinner epidermis. Thick epidermis in the soles and palms consists of five strata; from outer to inner, they are: the stratum corneum, stratum lucidum, stratum granulosum, stratum spinosum, and stratum basale. Vitamin D is produced in the keratinocytes of two innermost strata, the stratum basale and stratum spinosum.

7.  Effects of acids and alkalis on nucleic acids.

RNA and DNA are insoluble in cold acid. DNA is more sensitive to acid hydrolysis than RNA. At pH < 1, however, both DNA and RNA break down into the free bases, phosphoric acid, and (deoxy)ribose. Acid hydrolysis can be used to determine the base composition of nucleic acids (e.g., total hydrolysis can be achieved by heating DNA in 90 % formic acid at 180◦C for 30 min). The β-glycosidic linkage between the N-9 of purines and the C-1 of deoxyribose is selectively cleaved at ca. pH 4, resulting in apurinic sites. Anhydrous hydrazine cleaves the pyrimidine residues. DNA is stable at pH 13, only 0.2 of 106 phosphodiester bonds are broken per minute at 37◦C. In contrast, RNA is rapidly hydrolyzed at alkaline pH. DNA can be both specifically and nonspecifically cleaved by a variety of enzymes [deoxyribonucleases (DNases)]. RNA is cleaved by ribonucleases (RNases). Some of these cleavage reactions are exploited for sequencing RNA

8.  Contributions of Watson–Crick in the structure of DNA

The Watson-Crick Model of DNA (1953)

Deoxyribonucleic Acid (DNA) is a double-stranded, helical molecule. It consists of two sugar-phosphate backbones on the outside, held together by hydrogen bonds between pairs of nitrogenous bases on the inside. The bases are of four types (A, C, G, & T): pairing always occurs between A & T, and C & G. James Watson (1928 - ) and Francis Crick (1916 - 2004) realized that these pairing rules meant that either strand contained all the information necessary to make a new copy of the entire molecule, and that the aperiodic order of bases might provide a "genetic code".

9.  Differences between DNA and RNA.

	Sl. No.
	DNA
	RNA

	1
	Deoxyribonucleic acid
	Ribonucleic acid

	2
	Sugar molecule in DNA is Deoxyribose(the ribose sugar in DNA is deoxygenated at its 2’ position. The 2’ region possesses - H).
	Sugar molecule in RNA is Ribose (Oxygenated at its 2’ position. The 2’ region possesses – OH).

	3
	Usually DNA is double stranded structure (single stranded DNA also occurs).
	Usually RNA is single stranded (double stranded RNA do occurs).



	4
	DNA occurs as double helical conformation.
	Usually occurs as irregularly folded structures.

	5
	Helix geometry in DNA is B form (A and Z form of DNA do occur).
	The helix geometry in RNA is A form.

	6
	DNA is a highly stable molecule.
	Stability of RNA is less.

	7
	DNA acts as the carriers of genetic information.
	Usually acts as the intermediate molecule between genetic material (DNA) and its expression molecules (Proteins). In some viruses, the RNA also acts genetic materials.

	8
	Nitrogen bases of DNA are:

Purines- Adenine and Guanine

Pyrimidines: Thymine and Cytosine.
	Nitrogen bases of RNA are:

Purines: Adenine and Guanine

Pyrimidines: Uracil and Cytosine.

	9
	Base pairing in DNA: A – T and G – C.
	Base pairing in RNA: A – U and G – C .

	10
	In DNA the number of purine is always equal to the number of pyrimidine.
	Number of purine will never be equal to pyrimidine.

	11
	Purine to pyrimidine ratio in DNA is always 1 : 1.
	Purine to pyrimidine ratio highly varies.

	12
	DNA follows the Chargaff’s rule.
	RNA does not follow the Chargaff’s rule.

	13
	DNA very rarely contain unnatural or bases other than A, T, G, C.
	Some RNA contain unnatural bases such as Pseudouridine and 4-thiouridine.

	14
	DNA is usually associated with histone proteins in eukaryotes.
	RNA is not associated with histone proteins.

	15
	DNA can interact with nucleoproteins to form chromatin and chromosomes.
	Can interact with a variety of proteins, but it cannot form chromatin or chromosomes.


10.  Functions of nucleotides

· Precursors of DNA and RNA.

· Activated intermediates in many biosyntheses: e.g UDP-glucose glycogen, CDP-diacylglycerol phosphoglycerides, S-adenosylmathionine as methyl donor, etc.

· Nucleotside triphosphates, especially ATP, as the universal currency of energy in biological systems.

· Adenine nucleotides are components of the coenzymes, NAD(P)+, FAD, and CoA.
· Metabolic regulators:  (a) c-AMP is the mediator of hormonal actions; (b) ATP-dependent protein phosphorylation - activates phosphorylase and inactivates glycogen synthase; (c) adenylation of a Tyr of bacterial glutamine synthetase - more sensitive to feedback inhibition and less active; (d) allosteric regulator - glycogen phosphorylase activated by ATP and inactivated by AMP.
