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Biochemistry 20 Questions (030 to 049)

030.
A common feature of all serine proteases is:



1.
Autocatalytic activation of zymogen precursor


2.
Tight binding of pancreatic trypsin inhibitor


3.
Cleavage of protein on the carboxyl site of serine residues


4.
Presence of Ser-His-Asp catalytic triad at the active site

Answer
4. Presence of Ser-His-Asp catalytic triad at the active site
Reference:

Harper 26th Edition Page 53

Quality

Thinker

Status

New

QTDF

Harper

Discussion

· The serine proteases are a family of enzymes that cut certain peptide bonds in other proteins. 

· This activity depends on a set of amino acid residues in the active site of the enzyme - one of which is always a serine (thus accounting for their name). 

· In mammals, serine proteases perform many important functions, especially in digestion, blood clotting, and the complement system. 

· Digestive Enzymes :
· Three protein-digesting enzymes secreted by the pancreas are serine proteases: 

· chymotrypsin 

· trypsin 

· elastase

· These three share closely-similar structures (tertiary as well as primary). In fact, their active serine residue is at the same position (Ser-195) in all three. 

· Despite their similarities, they have different substrate specificities; that is, they cleave different peptide bonds during protein digestion.

· Clotting Factors

· Several activated clotting factors are serine proteases, including 

· Factor 10 (X) 

· Factor 11 (XI) 

· Thrombin 

· Plasmin 

· Complement Factors

· Several proteins involved in the complement cascade are serine proteases, including 

· C1r and C1s 

· the C3 convertases 

· C4b,2a 

· C3b,Bb
Explanation
1. As seen above the Serine proteases need not be limited to autocatalytic activation of zymogen precursor
2. Tight binding to pancreatic trypsin inhibitor is not a common feature

3. Serine protease means that the enzyme contains serine. It can cleave a variety of residues

4. Presence of Serine at position 195, histidine at position 57, and aspartate at position 102 make up what is often called the catalytic triad. The serine hydroxyl group is the essential catalytic group and is why this family is known as the serine proteases. 

a. Step 1 : Once the substrate is bound, the hydroxyl group of serine 195 nucleophilically attacks the scissile peptide's carbonyl group. The hydroxyl group is made more nucleophilic by the neighboring histidine that extracts the hydroxyl hydrogen, a process that is facilitated by the polarizing effects of aspartate 102. A covalent bond forms between the serine and the substrate to yield a complex known as the tetrahedral intermediate. The  tetrahedral intermediate, which resembles the reaction's transition state, is stabilized by two amide hydrogens that hydrogen bond to the anionic oxygen. This region is known as the "oxyanion hole" because it is occupied by the intermediate's oxyanion group.

b. Step 2 : The tetrahedral intermediate quickly decomposes back to a planar carbonyl group. This can happen in one of two ways. The bond to the serine can dissolve regenerating the original starting components (this is just the reverse of step 1), or the bond to the nitrogen can break, releasing the C-terminal portion of the substrate while forming an ester linkage to the N-terminal portion. This latter assembly is called the acyl-enzyme intermediate. Note that the hydrogen temporarily held by the histidine has now been passed on to the leaving polypeptide fragment.

c. Step 3 : Next, the ester bond of the acyl-enzyme must be broken. This is accomplished by another nucleophilic attack on the carbonyl group, this time by a water that has diffused into the active site. The water transfers one hydrogen to the histidine while forming a covalent bond to the carbonyl carbon. The result is another tetrahedral intermediate stabilized by the amide groups in the oxyanion hole.

d. Step 4 : In the last step, the tetrahedral intermediate decomposes by breaking the bond to the serine hydroxyl group. The hydrogen held by the histidine is transferred to the serine and the substrate is released with a carboxylic acid terminus. The enzyme is returned to its original state ready to bind the next protein. 

Comments

Serpins :
Serpins are Serine Protease Inhibitors. 

Here is a list of a few important serine proteases and the serpins that control them. 

	Serine Protease
	Serpin

	Chymotrypsin
	alpha-1-antichymotrypsin

	Complement factor C1s
	C1 Inhibitor (C1INH)

	Elastase (secreted by neutrophils)
	alpha-1-antitrypsin

	Clotting factor 10 (X)
	antithrombin III

	Thrombin
	antithrombin III

	Plasmin
	alpha-2-antiplasmin

	Trypsin
	pancreatic trypsin inhibitor


How Serpins Work

The serpins inhibit the action of their respective serine protease by mimicking the three-dimensional structure of the normal substrate of the protease. 

The serine protease binds the serpin instead of its normal substrate. This alone would block any further activity by the protease. But the serpin has another trick to play. 

The protease makes a cut in the serpin leading to 

the formation of a covalent bond linking the two molecules; 

a massive allosteric change in the tertiary structure of the serpin; 

which moves the attached protease to a site where it can be 

destroyed.

Importance of Serpins

Almost 20% of the proteins found in blood plasma are serpins. 

Their abundance reflects their importance: putting a stop to proteolytic activity when the need for it is over. 

This is especially important for the 

clotting and 

complement

systems where a tiny initial activating event leads to a rapidly amplifying cascade of activity. 

Serpin Deficiencies

A number of inherited human diseases are caused by a deficiency of a particular serpin. The deficiency usually results from a mutation in the gene encoding the serpin. 

Examples: 

Alpha-1-antitrypsin deficiency

Alpha-1-antitrypsin inactivates the elastase secreted by neutrophils. When the lungs become inflamed, neutrophils secrete elastase as a defensive measure. However, it is important to inactivate this elastase as soon as its job is done. That is the function of alpha-1-antitrypsin. 

(Its name, alpha-1-antitrypsin, suggests that it attacks the digestive enzyme, trypsin. In vitro, it does, but in the body, alpha-1-antitrypsin is found in the blood, not the intestine. Inactivation of trypsin in the intestine is the function of another serpin, pancreatic trypsin inhibitor.) 

People with an inherited deficiency of alpha-1-antitrypsin are prone to emphysema. An effective treatment is on the horizon now that genetic engineering has produced sheep that secrete human alpha-1-antitrypsin in their milk. [More] 

Alpha-1-antitrypsin deficiency can also lead to liver damage. Alpha-1-antitrypsin is synthesized in the liver. However, some mutant versions of the molecule form insoluble aggregates within the liver cells. This mechanism is similar to that of the prion diseases where protein aggregates destroy neurons in the brain. [Link] 

C1INH deficiency

A deficiency of C1INH produces hereditary angioneurotic edema (HANE). Patients are at risk of occasional explosive triggering of the complement system. The massive release of anaphylatoxins (C3a, C5a) may cause dangerous swelling (edema) of the airways, as well as of the skin and intestine. 

Antiplasmin deficiency

A deficiency in antiplasmin puts the person at risk of uncontrollable bleeding. 

Antithrombin deficiency

A deficiency in antithrombin puts the person at risk of spontaneous blood clots, which can lead to a heart attack or stroke. 

The Evolution of the Serine Proteases

The close sequence similarity of the various mammalian serine proteases suggests that each is the product of a gene descended by repeated gene duplication from a single ancestral gene. 

Tips:

Other Serine Proteases

Serine proteases and molecules similar to them are found elsewhere in nature. 

Subtilisin

Subtilisin is a serine protease secreted by the bacterium Bacillus subtilis. Although it has the same mechanism of action as the serine proteases of mammals, its primary structure and tertiary structure are entirely different. 

Here, then, is an example at the molecular level of convergent evolution: two molecules acquiring the same function (analogous) but having evolved from different genes. 

Acetylcholinesterase

This enzyme is built like and acts like the other serine proteases, but its substrate is the neurotransmitter acetylcholine, not a protein. 

It is found at several types of synapses as well as at the neuromuscular junction - the specialized synapse that triggers the contraction of skeletal muscle. 

The organophosphate compounds used as 

insecticides (e.g., parathion) and 

nerve gases (e.g. Sarin)

bind to the serine at the active site of acetylcholinesterase blocking its action. 

Serpinlike Molecules

Angiotensinogen

This peptide is the precursor of angiotensin II - a major factor in maintaining blood pressure. 

Chicken Ovalbumin

This is the major protein in the "white" of the egg (and a favorite antigen in immunological research). 

031.
During replication of DNA, which one of the following enzymes polymerizes the Okazaki fragments?


1.
DNA Polymerase I


2.
DNA Polymerase II


3.
DNA Polymerase III


4.
RNA Polymerase I

Answer


1.
DNA Polymerase III
Reference:
Harper 26th Edition Page 328
Lippincott 3rd Edition Page 403
Quality
Thinker and TRAP !!!
Status
Repeat, but with a slightly different stem
QTDF

Harper 
Discussion

Before proceeding with the discussion, please read the question once again !!!! And now let us see what Harper says about DNA Polymerase 
The polymerase III holoenzyme (the dnaE gene product in E.Coli) binds to template DNA as part of a multiprotein complex that consists of several polymerase accessory factors (eta, amma, elta, elta’ and heta). DNA polymerases only synthesize DNA in the 5’ to 3’ direction and only one of the several different types of polymerases is involved at the replication fork. Because the DNA Strands are antiparallel, the polymerase functions asymmetrically. On the leading (Forward) strand, the DNA is synthesized continuously. On the lagging (retrograde) strand, the DNA is systhesized in short (1-5kb) fragments, the so called Okazaki fragments.

Explanation


1.
DNA Polymerase I (pol I) completes chain synthesis between Okasaki gragments on the lagging strand.

2.
DNA Polymerase II (pol II) is mostly involved in proof reading and DNA repair

3.
DNA Polymerase III synthesizes the leading strand as well as the Okasaki fragments. 

4.
RNA Polymerase I synthesizes synthesizes the precursor of the large ribosomal RNAs(28S, 18S and 5.8S) in the nucleolus.
Comments

The main confusion seems to because of a table given in Harper

	E.Coli 
	Mammalian
	Function

	I
	
	Gap Filling and synthesis of lagging strand

	II
	
	DNA Proofreading and repair

	
	
	DNA repair

	
	
	Mitochondrial DNA synthesis

	III
	
	Processive leading strand synthesis


Tips

Please note that synthesis of lagging strand involves DNA polymerase I, but the Okasaki fragments of the lagging strands are synthesized by DNA polymerase III
032.
During phagocytosis, the metabolic process called respiratory burst involves the activation of:


1.
Oxidase


2.
Hydrolase


3.
Peroxidase


4.
Dehydrogenase

Answer


1.
Oxidase

Reference:

Chaterjee 6th Edition Page 18
Robbins 7th Edition Page 60
Quality

Spotter 

Status
Repeat

QTDF

Most books

Discussion

The pivotal role of the respiratory burst (which follows within seconds after phagocytes are activated) in the subsequent effective killing of catalase-positive microbes became evident from studies of patients with Chronic Granulomatous Disease. 
Explanation

The NADPH oxidase that catalyzes the respiratory burst is found exclusively in phagocytes and remains dormant unless activated by a variety of particulate and soluble stimuli, such as opsonized microbes and chemotactic peptides. 
Comments

These stimuli excite a transmembrane electron transport system in which NADPH on the cytoplasmic side of the membrane reduces oxygen through a series of reactions involving flavin adenine dinucleotide (FAD), several soluble cofactors, and membrane-associated cytochrome b. Oxygen is reduced through a univalent reduction to superoxide anion and is rapidly mutated to hydrogen perioxide and hydroxyl radicals.

Tips
The H2O2-MPO-Halide system is the most efficient bactericidal system in neutrophils
033.
Which one of the following is the complementary sequence of 5' TTAAGCTAC 3’?


1.
5’ GTACGCTTAA 3’


2.
5’ AATTCGCATG 3’


3.
5’ CATGCGAATT 3’


4.
5’ TTAAGCGTAC 3’

Answer


1.
5’ GTACGCTTAA 3’

Reference:

Harper 26th Edition Page 330
Quality

Thinker with trap
Status
Repeat

QTDF

Most books

Discussion

A double-stranded DNA or RNA strand consists of two complementary strands of base pairs, which are non-covalently connected via two or three hydrogen bonds. Since there is only one complementary base for any of the bases found in DNA/RNA, one can reconstruct a complementary strand for any single strand. Complementary sequence is a sequence of bases that can form a double-stranded structure by matching base pairs. The complementary sequence to G-T-A-C, for instance, is C-A-T-G.
Explanation

The complementary sequence of TTAAGCTAC is AATTCGATG and thus you may immediately jump to conclusion that Choice 2 is the answer. 
But if you see carefully the question gives the DNA as not just TTAAGCTAC, but as 5' TTAAGCTAC 3’.  When a DNA strand is noted as 5’xxxxxxxxxx3’ the complementary strand will be of 3’xxxxxxxxxx5’ So the complementary sequence of 5' TTAAGCTAC 3’ is 3’AATTCGATG5’ But if you see the choices, all the choices start with 5’ Now again you may jump into a conclusion that this is a “dummy question” or that the question setter has made a mistake ( 

Now if you analyze carefully 3’ATGC5’ can also be written as 5’CGTA3’ So the complementary sequence 3’AATTCGATG5’ can also be written as 5’GTAGCTTAA3’  Thus we choose choice 1 as the answer

Comments

Never underestimate the questions in AIPG, especially the questions that are small and that appear simple at first sight.
Tips

Genetics is the most important topic in Biochemistry in AIPG
034.
Base substitution mutations can have be following molecular consequences except:


1.
Changes one codon for an amino acid into another codon for that same amino acid


2.
Codon for one amino acid is changed into a codon of another amino acid


3.
Reading frame changes downstream to the mutant site


4.
Codon for one amino acid is changed into a translation termination codon

Answer


3.
Reading frame changes downstream to the mutant site

Reference:

Harper 26th Edition Page 361
Lippincott 3rd Edition Page 431
Chaterjee 6th Edition Page 249
Quality

Thinker

Status
New

QTDF

Most books

Discussion

Changing a single nucleotide base on the mRNA chain (a point mutation) can lead to any one of the three results.
1. Silent mutation : The codon containing the changed base may code for the same amino acid. For example, if the series codon UCA is given a different third base-U- to become UCU, it still codes for serine. There fore this is termed a “silent” mutation

2. Missense mutation : The codon containing the changed base may code for a different amino acid. For example, if the serine codon UCA is given a different first base-C-to become CCA, it will code for a different amino acid, in this acse, praline. This substitution f an incorrect amino acid is called a “missense” mutation

3. Nonsense mutation : The codon containing the changed base may become a termination codon. For example, if the serine codon UCA is given a different second base-A-to become UAA, the new codon causes termination of translation at that point. The creation of a termination codon at an inappropriate place is called a “nonsense” mutation
Explanation


1.
Silent mutation Changes one codon for an amino acid into another codon for that same amino acid


2.
Codon for one amino acid is changed into a codon of another amino acid in Missense mutation

3.
Reading frame changes downstream to the mutant site in Frameshift mutation

4.
Codon for one amino acid is changed into a translation termination codon in terminal mutation
Comments

Frameshift mutations can be of two types
1. Deletion type : 

2. Insertion type
Example of Frameshift mutation are

1. Hb Constant spring : elongation of alpha chain – extra 31 amino acids (Total 172)

2. HbWayne elongation of alpha chain total 147
Tips

The deletion (or insertion) of a single nucleotide from the coding strand of a gene results in an altered reading frame in the m-RNA (hence called as the frame shift mutation). The machinery translating the m-RNA does not recognize that a base is missing since there is no punctuation in the reading of codons. Thus a major alteration in the sequence of the amino acids in the protein molecule occur. Such an alteration in the reading frame results in a garbled translation of the m-RNA distal to the single nucleotide deletion.
035.
Vitamin B12 acts as coenzyme to which one of the following enzymes?


1.
Isocitrate dehydrogenase


2.
Homocysteine methyl transferase


3.
Glycogen synthase


4.
G-6-P dehydrogenase

Answer


2.
Homocysteine methyl transferase

Reference:

Lippincott 3rd Edition Page 373
Chaterjee 6th Edition Page 181
Quality

Spotter 

Status
 Repeat

QTDF

Most books

Discussion

The metabolic role of Caobamide Co-enzymes
1. Methyl malonyl CoA to Succinyl CoA conversion

2. Methylation of homocysteine to Methionine

3. Methylation of pyrimidine ring to form thymine

4. Conversion of Ribonucleotides (RNA) to Deoxyribonucleotides (DNA)

5. Metabolism of Diols (Ethylene Glycol to Acetaldehyde)

6. Intercovnersion of Glutamate and beta-methyl aspartate in bacteria

Explanation


1.
Co enzyme of Isocitrate dehydrogenase is NADP

2.
Co enzyme of Homocysteine methyl transferase is B12

3.
Glycogen synthase requires Glucose-6-P as an activation

4.
Co enzyme of G-6-P dehydrogenase is NADP
Comments

Daily requirements of Vitamin B12 in micrograms (g) 
	Situation
	g/day

	In normal adults
	3

	Infants
	0.3

	Children
	1 to 2

	Pregnancy and lactation
	4


Tips

Nieweg’s hypothesis postulates why B12 deficiency is associated with SCID (Subacute combined degeneration of Cord) and other neurological manifestations along with with lesions of bone marrow and GIT where as Folic acid deficiency is associated only with lesions of bone marrow and GIT and little neural involvement. 
It is because RNA Synthesis (for nervous system) requires folic acid where as DNA synthesis of for Bone Marrow and GIT requires both folic acid as well as B12
036.
The normal cellular counterparts of oncogenes are important for the following functions except:

1.
Promotion of cell cycle progression


2.
Inhibition of apoptosis


3.
Promotion of DNA repair


4.
Promotion of nuclear transcription

Answer


3.
Promotion of DNA repair

Reference:

Robbins 7th Edition Page 293, 295

Quality

Thinker

Status
New

QTDF

Most books

Discussion

An oncogene is a modified gene that increases the malignancy of a tumor cell. Some oncogenes, usually involved in early stages of cancer development, increase the chance that a normal cell develops into a tumor cell, possibly resulting in cancer. New research indicates that small RNAs 21-25 nucleotides in length called miRNAs can control expression of these genes by upregulating them.

The first oncogene was discovered in 1982 by Robert Weinberg, a founding member of Whitehead Institute for Biomedical Research and professor of biology at Massachusetts Institute of Technology.
Explanation

Genes involved in DNA repair are usually not associated with malignant transformation
Comments

A proto-oncogene is a normal gene that can become a oncogene, either after mutation or increased expression. They code for proteins that help to regulate cell growth and differentiation. Proto-oncogenes are often involved in signal transduction and execution of mitogenic signals, usually through its protein product. Upon activation, it (or its product) becomes a tumor inducing agent, an oncogene. The proto-oncogene can become an oncogene by a relatively small modification of its original function. There are two basic activation types:

· A mutation within a protooncogene can cause a change in the protein structure, caused by

· an increase in protein (enzyme) activity

· a loss of regulation

· the creation of a hybrid protein, through a chromosomal aberration during cell division. A distinct aberration in a dividing stem cell in the bone marrow leads to adult leukemia

· An increase in protein concentration, caused by

· an increase of protein expression (through misregulation)

· an increase of protein stability, prolonging its existence and thus its activity in the cell

· a gene duplication, resulting in an increased amount of protein in the cell
Tips

There are six known classes of protein kinases and related proteins that can become an oncogene:

1. Receptor tyrosine kinases that become constitutively (permanently) active like the epidermal growth factor receptor (EGFR), platelet-derived growth factor receptor (PDGFR), and vascular endothelial growth factor receptor (VEGFR).

2. Cytoplasmic tyrosine kinases like the Src-family, Syk-ZAP-70 family and BTK family of tyrosine kinases.

3. Regulatory GTPases, for example, the Ras protein.

4. Cytoplasmic Serine/Threonine kinases and their regulatory subunits, for example, the Raf kinase, and cyclin-dependent kinases (through overexpression).

5. Adaptor proteins in signal transduction.

6. Transcription factors.

037.
The ligand-receptor complex dissociates in the endosome because:


1.
Of its large size


2.
The vesicle looses its clathrin coat


3.
Of the acidic pH of the vesicle


4.
Of the basic pH of the vesicle

Answer


3.
Of the acidic pH of the vesicle

Reference:

Lippincott 3rd Edition Page 230
Quality

Reader

Status
New

QTDF

Lippincott
Discussion and Explanation
The pH of the endosome falls due to the protein pumping activity of endosomal ATPase and this allows separation of the ligand from the receptor. Late endosomes are formed as the pH continues to drop due to the activity of endosomal ATPase

Comments and Tips
The diagram below show the Fate of an LDL particle and its receptor after endocytosis. The same pathway is followed by other ligands, such as insulin and other protein hormones, that are internalized by receptor-mediated endocytosis and degraded in the lysosome. After an LDL particle binds to an LDL receptor on the plasma membrane, the receptor-ligand complex is internalized in a clathrin-coated pit that pinches off to become a coated vesicle. The clathrin coat then depolymerizes to triskelions, resulting in an early endosome. This endosome fuses with a sorting vesicle, known as a late endosome, where the low pH (approximately 5) causes the LDL particles to dissociate from the LDL receptors. A receptor-rich region buds off to form a separate vesicle that recycles the LDL receptors back to the plasma membrane. A vesicle containing an LDL particle may fuse with another late endosome but ultimately fuses with a lysosome to form a larger lysosome. There, the apo-B protein of the LDL particle is degraded to amino acids and the cholesterol esters are hydrolyzed to fatty acids and cholesterol. Abundant imported cholesterol inhibits synthesis by the cell of both cholesterol and LDL receptor protein.  
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038.
The amino acid which serves as a carrier of ammonia from skeletal muscle to liver is:


1.
Alanine


2.
Methionine


3.
Arginine


4.
Glutamine

Answer


1.
Alanine

Reference:

Lippincott 3rd Edition Page 248
Chaterjee 6th Edition Page 416
Quality

Reader with Trap
Status
New

QTDF

Most books

Discussion

Two mechanisms are available in humans for the transport of ammonia from the peripheral tissues to the liver for its ultimate conversion to urea. 
· The first found in most tissues, uses glutamine synthetase to combine ammonia with glutamate to form glutamine – a non toxic transport form of ammonia. This glutamine is transported in the blood to liver where it is cleaved by glutaminase to produce free ammonia and glutamate. 

· The second transport mechanism, used primarily by muscle, involves transamination of pyruvate (the end product of aerobic glycolysis) to form alanine. Alanine is transported by the blood to the liver, where it is converted to pyruvate, again by transamination. In the liver, the pathway of gluconeogenesis can use the pyruvate to synthesize glucose, which can enter the blood and be used by muscle – a pathway called the Glucose-Alanine Cycle

Explanation


1.
Alanine  serves as a carrier of ammonia from skeletal muscle to liver

2.
Methionine (Met, M. C5H11NO2S) is an essential nonpolar amino acid, and a lipotropic. 

3.
Arginine is a semiessential basic amino acid, required in urea formation and creatinine synthesis

4.
Glutamine serves as a carrier of ammonia from peripheral tissues 
Comments

Methionine and cysteine are the only sulfur-containing proteinogenic amino acids. The methionine derivative S-adenosyl methionine (SAM) serves as a methyl donor. Methionine plays a role in cysteine, carnitine and taurine synthesis by the transsulfuration pathway, lecithin production, the synthesis of phosphatidylcholine and other phospholipids. Improper conversion of methionine can lead to atherosclerosis. Methionine is a chelating agent.
Tips

Methionine is one of only two amino acids encoded by a single codon (AUG) in the standard genetic code (tryptophan, encoded by UGG, is the other).
039.
All of the following amino acids are converted to succinyl – CoA, except:


1.
Methionine


2.
Isoleucine


3.
Valine


4.
Histidine

Answer


4.
Histidine

Reference:

Harper 26th Edition Pages 249, 262
Lippincott 3rd Edition Page 261 to 263
Chaterjee 6th Edition Page 457
Quality

Spotter 

Status
Repeat

QTDF

Most books

Discussion

Amino acids that forms Succinyl CoA are 
1. Methionine through Propionyl CoA
2. Valine through L-Methyl Malonyl CoA
3. Isoleucine through Propionyl CoA
4. Threonine through Propionyl CoA (Threonine undergoes non oxidative deamination to become Propionyl CoA)
Propionyl CoA is converted to Succinyl CoA. Other sources of Propionyl CoA are

1. Beta oxidation of odd chain fatty acids

2. Oxidative decarboxylation of alpha keto glutarate

3. Activation of Succinic Acid
Explanation

Histidine metabolism yield
1. Urocanic acid
2. 4-imidazolone-5-propionate

3. Formiminoglutamic acid (Fliglu)

4. Glutamate

Comments

Histidine also forms
1. Ergothioneine

2. Carnosine

3. Anserine

Tips

Carnosine is a dipeptide of histidine with eta-alanine (-alanyl histidine). It is present in skeletal muscle
040.
The specialized mammalian tissue/organ in which fuel oxidation serves not to produce ATP but to generate heat is:


1.
Adrenal gland


2.
Skeletal muscle


3.
Brown adipose tissue


4.
Heart

Answer


3.
Brown adipose tissue

Reference:

Harper 26th Edition Page 217
Chaterjee 6th Edition Page 342
Quality

Reader

Status
 Repeat

QTDF

Most books

Discussion

Thermogenesis is the process by which the body generates heat, or energy, by increasing the metabolic rate above normal. This rise in metabolic rate is referred to as the thermogenic effect, thermogenic response, or specific dynamic action (SDA). Thermogenesis is activated by a few different mechanisms, including supplements, nutrition, exercise, and exposure to cold.
Explanation

Thermogenesis is the process of heat production. Non-shivering thermogenesis usually occurs in brown adipose tissue (brown fat) that is present in newborn and hibernating mammals and in human infants.
Comments

Features of Brown adipose tissue (BAT) 
1. a well developed blood supply and 
2. a high content of mitochondria and 
3. a high content of cytochromes 
4. low activity of ATP Synthase. 
5. rich in carnitine

6. has the enzyme glycerokinae

Thus the energy obtained by oxidation is not “captured” by ATP, but is dissipated as heat.
Tips

The brown colour of the fat is due to the high content of cytochrome
041.
The human plasma lipoprotein containing the highest percentage of triacylglycerol by weight is:


1.
VLDL


2.
Chylomicrons


3.
HDL


4.
LDL

Answer


2.
Chylomicrons

Reference:

Harper 26th Edition Page 206 Table 25.1
Lippincott 3rd Edition Page 227
Chaterjee 6th Edition Page 338 Table 21.2
Quality

Reader
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 Repeat

QTDF

Most books

Discussion

Chylomicrons are large lipoprotein particles (having a diameter of 75 to 1,200nm) that are created by the absorptive cells of the small intestine. Chylomicrons transport lipids to adipose tissue where they are broken down by lipoprotein lipase. 
Explanation


1.
VLDL has 90 to 93 percent of lipids, mostly Triacyl Glycerol

2.
Chylomicrons have 98 to 99 percent of lipids, mostly Triacyl Glycerol

3.
HDL1 has just 68 % of lipids 

4.
LDL has 79 percent of lipids, mostly cholesterol

Comments

The chylomicrons are released by exocytosis from enterocytes into lacteals, lymphatic vessels originating in the villi of the small intestine, and are then secreted into the bloodstream, at the place where the lymphatic system falls into the blood stream, at the thoracic duct's connection with the left subclavian vein.
Tips

The following table has been adapted from Harper

	Lipoprotein
	Source
	Diameter (nm)
	Density (g/ml)
	Composition
	Main Lipid Components
	Apolipoproteins

	
	
	
	
	Protein (%)
	Lipids(%)
	
	

	Chylomicrons
	Intestine
	90-1000
	<0.95
	1-2
	98-99
	Tricacylglycerol
	A-I, A-II, A-IV, B-48, C-I, C-II, C-III, E

	Chylomicron remnant
	Chylomicrons
	45-150
	<1.006
	6-8
	92-94
	Tricacylglycerol, Phospholipids, Cholesterol
	B-48, E

	VLDL
	Liver (intestine)
	30-90
	0.95 – 1.006
	7-10
	90-93
	Tricacylglycerol
	B-100, C-I, C-II, C-III

	IDL
	VLDL
	25-35
	1.006 – 1.019
	11
	89
	Tricacylglycerol, Cholesterol
	B-100, E

	LDL
	VLDL
	20-25
	1.019 – 1.063
	21
	79
	Cholesterol
	B-100

	HDL
	HDL1
	Liver, Intestine, VLDL, Chylomicrons
	20-25
	1.019 – 1.063
	32
	68
	Phospholipids, Cholesterol
	A-I, A-II, A-IV, C-I, C-II, C-III, D, E

	
	HDL2
	
	10-20
	1.063-1.125
	33
	67
	
	

	
	HDL3
	
	5-10
	1.125-1.210
	57
	43
	
	

	
	Pre HDL
	
	<5
	>1.210
	
	
	
	A-I

	Albumin/free faty acids
	
	
	>1.281
	99
	1
	Free fatty acids
	

	HDL : High Density lipoproteins

IDL : Intermediate Density lipoproteins

LDL : Low Density lipoproteins

VLDL : Very Low Density lipoproteins


042.
All of the following enzymes are regulated by calcium or calmodulin, except:


1.
Adenylate cyclase


2.
Glycogen synthase


3.
Guanylyl cyclase


4.
Hexokinase
Answer


4.
Hexokinase

Reference:

Harper 26th Edition Page 458
Lippincott 3rd Edition Page 130
Ganong 22nd Edition page 43

Chaterjee 6th Edition Page 271
Quality

Thinker

Status
New

QTDF

Most books

Discussion
Enzymes and proteins regulated by Calcium and Calmodulin are (Harper)
1. Adenylyl cyclase

2. Ca2+-depended protein kinases

3. Ca2+- Mg2+ ATPase

4. Ca2+-phospholipid-dependent protein kinase

5. Cyclic nucleotide phosphodiesterase

6. Some cytoskeletal proteins

7. Some ion channels (eg L-type Calcium channels)

8. Nitric Oxide synthase

9. Phosphorylase kinase

10. Phosphoprotein phosphatase 2B

11. Some receptors (eg NMDA-type glutamate receptors)
Explanation

1. Several of the isoforms of the adenyl cyclase are stimulated by Calmodulin (Ganong)
2. Active Glycogen synthase (GS-a) is converted to inactive Glycogen synthase (GS-b) by phosphorylation, which is modulated by cAMP dependent protein kinase (Chaterjee)
3. Guanylyl cyclase is activated by Atriopeptins and Nitric Oxide, nitroprusside, nitroglycerin, sodium nitrate and sodium azide.(Harper). Nitric Oxide Synthase is activated by Calcium or Calmodulin. Hence we can assume that Calcium or Calmodulin regulate Guanylyl cyclase

4. Hexokinase is inhibited by Glucocorticoids and GH and Glucose-6-Phosphate. Insulin does not have effect on hexokinase 
Comments

Cyclic AMP was the first intracellular signal identified in mammalian cells
Tips

Guanylate cyclase (EC 4.6.1.2, also known as guanylyl cyclase or GC) is a lyase, an enzyme that catalyzes the conversion of guanosine triphosphate (GTP) to 3',5'-cyclic guanosine monophosphate (cGMP) and pyrophosphate. There are soluble and membrane-bound forms of guanylyl cyclases. Soluble GC (sGC) is activated by nitric oxide, most notably involved in vasodilation. Membrane-bound forms are receptors: GC-A & GC-B for natriuretic factors such as atrial natriuretic factor (ANF), and GC-C for guanylin.
043.
The sigma (() subunit of prokaryotic RNA Polymerase:


1.
Binds the antibiotic Rifampicin


2.
Is inhibited by (-amanitin


3.
Specifically recognizes the promoter site


4.
Is part of the core enzyme

Answer


3.
Specifically recognizes the promoter site

Reference:

Harper 26th Edition Page 343
Lippincott 3rd Edition Page 415
Chaterjee 6th Edition Page 233
Quality

Thinker

Status
New

QTDF

Most books

Discussion

Transcription by prokaryotic RNA Polymerase involves a core enzyme and several auxiliary proteins
1. Core Enzyme : Four of the enzymes subunits, 2 , 1  and 1’ are responsible for the 5’-3’ RNA polymerase activity and are referred to as the core enzyme. However this enzyme lacks specificity, that is, ti cannot recognize the promoter region on the DNA template
2. Holoenzyme : The sigma (() subunit (Sigma factor) enables RNA polymerase to recognize promoter regions of the DNA. The sigma (() subunit plus the core enzyme makes up the holoenzyme. Different sigma (() factors recognize different groups of genes  

3. Termination factor : Some regions on the DNA that signal the termination of transcription are recognized by the RNA polymerase itself. Others are recognized by specific termination factors, an example of which is the rho () factor of E.coli
Explanation

1. Rifampicin and Streptovaricin bind with the beta subunit of RNA Polymerase to block the initiation of trascription
2. RNA Polymerase II (of eukaryotic RNA synthesis) is inhibited by (-amanitin 

3. With the assistance of sigma (() factor, the core enzyme recognizes a promoter
4. The (() factor is not a part of the core enzyme
Comments

· Action of Drugs :

· Actinomycin D forms a complex with double stranded DNA and prevents the movement of core enzyme and as a result inhibit the process of chain elongation
· Streptoglydigin bnds with the beta subunit of prokaryotic polymerase and this inhibits elongation

· Heparin binds to the beta’ subunit

· Eukaryotic Gene Transcription
· Nuclear RNA polymerases

· RNA Polymerase I: synthesizes the precursor of the large ribosomal RNAs(28S, 18S and 5.8S) in the nucleolus. Please note that mRNA and tRNA are synthesized in the nucleoplasm.

· RNA Polymerase II: synthesizes the precursor of messenger RNA that are subsequently translated to produce proteins. Polymerase II also synthesizes certain small nuclear RNAs (snRNA) and is used by some viruses to produce viral RNA
· RNA Polymerase III: produces small RNAs including small tRNAs, the small 5S ribosomal RNA and some snRNA

· Mitochondrial RNA Polymerases

· Mitochondria contain a single RNA polymerase that resembles bacterial RNA polymerase more closely that it does the eukaryotic enzyme
Tips

Do you know that the following medical terminologies originated from Greek Alphabets 

· Delta () like
· Deltoid(Muscle), 
· Delta Peptide (Sleep Inducing Peptide)
· Delta Rhythm (EEG), 
· Delta Virus (Hepatitis D Virus), 

· Lambda () like
· Lambdoid (Suture Defect), 
· Lambda Phage (Bacteriophage)
· Lambda Sign (Small Ascending Aorta)

· Sigma () like


· Sigmoid (Colon) 

· Sigma Factor (86 kD-binds RNA Polymerase.)


· Upsilon () like
 

· Hyoid
(Bone)

· Chiazo () like


· Chiasma(in Chromosomes)
· Optic Chiasma
044.
Which type of RNA has the highest percentage of modified base:


1.
mRNA


2.
tRNA


3.
rRNA


4.
snRNA

Answer


3.
rRNA

Reference:

Harper 26th Edition Page 356
Chaterjee 6th Edition Page 222 Table 16.3
Quality

Reader

Status
New

QTDF

Most books

Discussion

· The tRNAs contain many modifications of the standard bases A,U,G and C, including methyaltion, reduction, deamination and rearranged glycosidic bonds. 

· Further modification of the tRNA molecules includes nucleotide alkylations and the attachment of the characteristic CpCpAOH terminal at the 3’ end of the molecule by the enzyme nucleotidyl transferase

Explanation

Self Explanatory
Comments

Though it is given in books that tRNA has more number of modified bases than mRNA or rRNA, we have no specific information about bases in the snRNA
Tips

Consider this answer with the proverbial “pinch of salt”
045.
There are more than 300 variants of human hemoglobin gene.  Among these only a few are fatal.  Hence, the most important factor to be conserved in a protein for its function is the:



1.
Amino acid sequence


2.
Ligand binding residues


3.
Structure


4.
Environment

Answer


2.
Ligand binding residues

Reference:

· Harper 26th Edition Page 46 http://globin.cse.psu.edu/ 
· Genome Research 15:978-986, 2005 , Physicochemical constraint violation by missense substitutions mediates impairment of protein function and disease severity
· MBE Advance Access originally published online on June 27, 2003, Mol. Biol. Evol. 20(11):1754-1759. 2003
Lippincott 3rd Edition Page

Chaterjee 6th Edition Page

Quality

Thinker

Status
New

QTDF

Most books

Discussion

Missense mutations that impair protein function may result in disease. For diseases caused by such deleterious mutations, a simple but plausible model presents itself: The type of disease is dependent on when and where the protein's function is required in the organism. Given the type of disease, its severity is likely determined by at least three parameters: (1) the degree to which the function of the protein is impaired by the missense mutation; (2) variants of other genes that modulate the effect of the major locus, also referred to as genetic background; and (3) the environment.
Explanation

In the article 3rd cited, there is clear proof that ligand binding residues are conserved in a protein for its function. The key findings of the study are given here
· The significance of these findings was investigated further by observing the structural distribution of the 40 H positions identified in mammalian paralogous comparisons. These positions appeared evenly dispersed all over the structure, both at internal and external locations. Within the pool of H positions there were some likely to hold high functional significance, as they presented strong constraints in one subunit and much higher variability in the other. Consistently, the function of such residues was critical to only one chain. This was the case of six positions lying at inter-subunit contact surfaces. 
· For example, leucine lpha 40 presented no substitutions over the whole mammalian tree, whereas its ß39 homolog was much more variable. This site is crucial in the alpha chain as it interacts with histidine ß146 at the sliding interface. Instead, we found no functional indication for residue ß39. 
· Similarly, position ß60 displayed a remarkably conserved valine over the whole mammalian tree, whereas its alpha homolog switched to variable amino acids on different branches. A valine to glutamate mutation at this site is reported to lead to a highly unstable ß globin responsible for a severe form of thalassemia (Podda et al. 1991), whereas the alpha 55 homolog does not appear to be involved in any essential interaction.
· As an alternative, we focused on those residues showing highly constrained states in two sequence groups, but different in each group, and we named them CBD (for "constant but different"). As opposed to heterotachous positions, CBD sites were markedly overrepresented in paralogous ({alpha}/ß) comparisons, as opposed to orthologous ones ({alpha}/{alpha}, ß/ß), identifying them as likely signatures of functional specialization between the two subunits. When superimposed onto the three-dimensional structure of hemoglobin, CBD positions consistently appeared to cluster preferentially on inter-subunit surfaces, two contact areas crucial to function in vertebrate tetrameric hemoglobin.
· To confirm this prediction, we studied the distribution of CBD sites onto the hemoglobin quaternary structure. When superimposed onto the 3D structure of human adult hemoglobin, the 13 CBD sites identified in mammalian paralogous comparisons were concentrated at non-exposed locations. This concentration was confirmed by the fact that almost all of them (10/13) were indeed reported to occupy contact surfaces, such as central cavity, ligand binding pockets, and inter-subunit contacts. In particular, six CBD sites were directly involved in both {alpha}1ß2 (sliding) and {alpha}1ß1 (packing) interfaces (Perutz 1970; Shionyu, Takahashi, and Go 2001). For example, tyrosine {alpha}41 and its homolog arginine ß40 were identified as a highly constrained CBD couple in mammals. These sites interact with each other at the sliding surface in the oxy state. Another case is that of arginine {alpha}141 and its homolog histidine ß146, both of which presented no substitutions over the whole mammalian tree. These sites are involved in crucial interactions with different residues in the deoxy state. The high proportion of CBD positions at inter-subunit surfaces supports their role as potential indicators of functional divergence, because the refinement of interactions at these interfaces played a fundamental role in the evolution of critical functions such as modulation of oxygen affinity and cooperative binding (Perutz 1970).
Comments

I must confess that I do not find a satisfying evidence from a standard text book for this question, and hence have to go for the journal. But we have already had enough questions asked in AIPG and AIIMS that were not from textbooks, but from research papers just published or in some cases, papers that were not even published (but were researched in AIIMS). Once we had question on B Cell Acute Lymphoblastic Leukemia (ALL) with hypereosinophilia in AIIMS Nov 2004 and also in AIPG Jan 2005. More details are given in RxPG TargetPG Series  AIPG 2005. Question 166 
Tips

In aggregate, these studies suggest that mutations in evolutionarily conserved sites tend to impair protein function and lead to disease. There is also weak evidence that protein impairment and disease severity are somewhat correlated with the physicochemical difference between the original amino acid and the missense variant. 

046.
Proteins are linear polymers of amino acids.  They fold into compact structures.  Sometimes, these folded structures associate to form homo – or hetero-dimers. Which one of the following refers to this associated form?


1.
Denatured state


2.
Molecular aggregation


3.
Precipitation


4.
Quaternary structure

Answer


4.
Quaternary structure

Reference:

Harper 26th Edition Page 34
Lippincott 3rd Edition Page 20
Chaterjee 6th Edition Page 86
Quality

Spotter 

Status
Repeat

QTDF

Most books

Discussion

When a protein consists of two or more peptide chains held together by non covalent cross links it is referred to as the quaternary structure The quaternary structure complex is often called as the oligomer and each constituent peptide as monomer or subunit. The noncovalent association of a molecule of beta-2 microglobulin with the heavy chain of each class I histocompatibility molecule is an example

Explanation


1.
Denaturation is Destruction of the natural three-dimensional structure of large biological molecules (proteins or DNA), eg through heat. In the case of DNA in particular, denaturation means the dissolution of the double strand into single strands

2.
Molecular aggregation


3.
Precipitation is the formation of a solid in a solution during a chemical reaction. This can occur when an insoluble substance is formed in the solution due to a reaction or when the solution has been supersaturated by a compound. In most situations, the solid forms ("falls") out of the solute phase, and sinks to the bottom of the solution (though it will float if it is less dense than the solvent, or form a suspension).

4.
Quaternary structure are Complexes of 2 or more polypeptide chains held together by noncovalent forces but in precise ratios and with a precise 3-D configuration. 
Comments

· The primary structure of a protein is its linear sequence of amino acids and the location of any disulfide (-S-S-) bridges.

· Secondary Structure : Most proteins contain one or more stretches of amino acids that take on a characteristic structure in 3-D space. The most common of these are the alpha helix and the beta conformation.

· Alpha Helix

· The R groups of the amino acids all extend to the outside.

· The helix makes a complete turn every 3.6 amino acids.

· The helix is right-handed; it twists in a clockwise direction.

· The carbonyl group (-C=O) of each peptide bond extends parallel to the axis of the helix and points directly at the -N-H group of the peptide bond 4 amino acids below it in the helix. A hydrogen bond forms between them [-N-H·····O=C-] .

· Beta Conformation

· consists of pairs of chains lying side-by-side and

· stabilized by hydrogen bonds between the carbonyl oxygen atom on one chain and the -NH group on the adjacent chain.

· The chains are often "anti-parallel"; the N-terminal to C-terminal direction of one being the reverse of the other.
· Tertiary structure refers to the three-dimensional structure of the entire polypeptide chain.
Tips

The number of sub units may vary
· 2 subunits (dimmer) – CPK

· 4 subunits (tetramer) – Hemoglobin and lactate dehydrogenase

· 24 subunits – Apoferritin

· 72 subunits – Aspartate transcarboxylase
047.
Which one of the following can be a homologous substitution for isoleucine in a protein sequence?


1.
Methionine


2.
Aspartic acid


3.
Valine


4.
Arginine
Answer


3.
Valine

Reference:

Harper 26th Edition Page 15
Quality

Thinker
Status
Repeat

QTDF

Most books

Discussion
Homologous substitutions are those which don’t affect the function. Valine is an amino acid with aliphatic side chain and isoleucine also has aliphatic side chain
Explanation


1.
Methionine is a sulphur containing aminoacid and will not be a homologous substitution for isoleucine

2.
Aspartic acid has a acidic side chain and will not be a homologous substitution for isoleucine

3.
Valine has aliphatic side chain and will be a homologous substitution for isoleucine


4.
Arginine has a basic side chain and will not be a homologous substitution for isoleucine
Comments

Some time back we used to have questions directly from the Classification of Amino Acids such as “The basic amino acid is” All of the following has aliphatic side chains except” Now questions gyrating around the same topic are asked in an indirect way.

Tips

Hemoglobinopathies as well as classification of proteins are important topics. For an overview about the Hemoglobinopathies, refer to Q.No 30 in RxPG AIPG 2003 book 

048.
The comparison of the amino acid sequence of Cytochrome C from different species shows many variations.  Most of these variations are found:


1.
Randomly


2.
Only in helical regions


3.
Only in strand regions


4.
Mainly in loop regions

Answer

??
Reference:

Dayhoff Atlas of Protein Structure and Function Matrix 

Bioinformatics for Beginners, Mani and Vijayaraj, 1st Edition Page  165
“Creative Evolution?!” by John H Campbell Page 10

Quality

Reader

Status
Repeat, but different stems
QTDF

No Idea
Discussion

After waddling through intricacies of cytochrome structure and finding nothing of much use in Harper, Lippincott, Chaterjee or Vasudevan, I was forced to take a sojourn to the myriad world of cyberspace and grasped the following point. 
Explanation

Proteins are made up of sequences of amino acids. Amino acids are like letters, and proteins are like words. Just as there are 26 different letters in the modern English alphabet, there are about 20 different amino acids. A protein is constructed from a sequence of its amino acids, just like a word is constructed from a sequence of letters. There are a lot more amino acids in a protein than there are letters in a word, however.

Cytochrome C is about one hundred amino acids long. Imagine a word that is one hundred letters long. You could change one or two of the letters to a similar letter (you could replace a C with a K, for instance) and it would not change the pronunciation of the word noticeably. In the same way, you could change a few of the amino acids in cytochrome C with similar amino acids without affecting the function of the protein very much.

It happens that the cytochrome C in humans is slightly different from the cytochrome C in bacteria, but it still functions the same way. As a matter of fact, there are slight differences in the amino acid sequences of cytochrome C in most living creatures. 
Cytochrome C in bacteria is 64% different from horses and pigeons, 65% different from tuna and silkmoths, 66% different from wheat, and 69% different from yeast 

Comments
Till we see a exact word in a UG text (like that for Ubiquitin where it is clearly given), we are not sure of the answer 

Tips

In AIPG 2004,we had the following question
Cytochrome C of the bacteria has 50% identity of amino acid sequence with that of human. Which of the following is the most conserved parameter in these two proteins? 

1. Quaternary structure. 

2. Tertiary structure. 

3. Amino acid sequence. 

4. Loop and turn segments. 

049.
The structural proteins are involved in maintaining the shape of a cell or in the formation of matrices in the body.  The shape of these proteins is:


1.
Globular


2.
Fibrous

3.
Stretch of beads


4.
Planar

Answer


2.
Fibrous
Reference:

Harper 26th Edition Page 38
Lippincott 3rd Edition Page 43
Chaterjee 6th Edition Page 79
Quality

Spotter 

Status
Repeat

QTDF

Most books

Discussion

When the axial ratio of length: width of a protein molecule is more than 10, it is called a fibrous protein. Examples are alpha keratin from hair and collagen

When axial ratio of length: width of a protein molecule is less than 10, it is called a globular protein. Examples are Myoglobin, hemoglobin, Ribonuclease etc
Explanation

Collagen is the most abundant of fibrous proteins that constitute more than 25% of the protein mass in the human body. Other prominent fibrous proteins include keratin and myosin. These proteins represent a primary source of structural strength for cells (ie the cytoskeleton) and tissues.
Comments

There can be some confusion as to whether the shape of the collagen in “planar” due to the pleated structure we often talk about. But many books (including Gray’s Anatomy) just give the shape as fibrous and there is no mention of planar structure of structural proteins in standard books
Tips

In the early 1990’s, premier cell biologist Olga Marko began investigating the use of technology for stimulating a patient’s own cells to produce collagen. Research of this nature was then not yet regulated by the FDA. Through her research, Ms. Marko developed a process of extracting a patient’s own collagen-producing cells (dermal fibroblasts), growing and expanding those cells in a controlled environment, and then re-introducing the fibroblasts by injection into the skin of the patient’s face. Once injected, it was believed that the fibroblasts produced collagen which might prove to be beneficial in the repair of dermal defects. This research lead to the development of the Isolagen Process (ACS - Autologous Cellular System). At this time, the ACS process could be legally marketed.
