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Part III
Lippincott's illustrated Reviews
Amino Acids
1
Which one of the following correctly pairs an amino acid with a valid chemical charac-eristic? 

A. Glutamine:   Contains a hyd- roxyl group in its side chain
B. Serine: Can form disulfide bonds
C. Cysteine: Contains the small- lest side chain
D. *Isoleucine: Is nearly always found buried in the center of proteins 

E. Glycine: Contains an amide group in its side chain
2 Which one of the folloing statements concerning glutami-ne is correct?  

A. Contains three titratable gro-ups 

B. Is classified as an acidic amino acid 


C. *Contains an amide group 

D. Has E as its one-letter symbol 

E. Migrates to the cathode (negative electrode) during electrophoresis at pH 7.0

Structure of Proteins

3 A peptide bond: 

A. *has a partial double-bond character. 

B. is ionized at physiologic pH. 

C. is cleaved by agents that dena-ture proteins, such as organic solvents and high concentrations of urea. 

D. is stable to heating in strong acids. 

E. occurs most commonly in the cis configuration.

4 Which one of the following statements is correct? 

A. The α-helix can be composed of more than one polypeptide chain.

B. β-sheets exist only in the antiparallel form.

C. *β-Bends often contain pro-line.
D. Motifs are a type of secondary structure.
E. The α-helix is stabilized pri-marily by ionic interactions bet-ween the side chains of amino acids.

5 Which one of the following statements about protein struc-ture is correct? 

A. Proteins consisting of one polypeptide can have quaternary structure. 

B. The formation of a disulfide bond in a protein requires that the two participating cysteine residu-es be adjacent to each other in the primary sequence of the protein. 

C. The stability of quaternary structure in proteins is mainly a result of covalent bonds among the subunits. 

D. The denaturation of proteins always leads to irreversible loss of secondary and tertiary structure. 

E. *The information required for the correct folding of a protein is contained in the specific seque-nce of amino acids along the polypeptide chain.

6 An
 80-year-old man pre-sented with impairment of hig-her intellectual function and alterations in mood and beha-vior. His family reported pro-gressive disorientation and me-mory loss over the last six months. There is no family his-tory of dementia. The patient was tentatively diagnosed with Alzeheimer disease. Which one of the following best describes the disease?

A. It is associated with β-amyloid - an abnormal protein with alte-red amino acid sequence. 

B. It results from accumulation of denatured proteins that have random conformations. 

C. It is associated with the accu-mulation of amyloid precursor protein. 

D. *It is associated with the deposition of neurotoxic amyloid peptide aggregates. 

E. It is an environmentally produced disease uninfluenced by the genetics of the individual.

Globular Proteins

7 Which one of the following statements concerning the he-moglobins is correct?

A. *Fetal blood has a higher affi-nity for oxygen than does adult blood because HbF has a decrea-sed affinity for 2,3-BPG.

B. Purified HbF (stripped of 2,3-BPG) has a higher affinity for oxygen than does purified HbA.

C. The chain composition of HbF is α2δ2.

D. HbA1c differs from HbA by a single, genetically determined amino acid substitution.

E. HbA2 appears early in fetal life.

8 Which one of the following statements concerning the abi-lity of acidosis to precipitate a crisis in sickle cell disease is correct?


A. *Acidosis decreases the solu-bility of HbS.
 

B. Acidosis increases the affinity of hemoglobin for oxygen. 

C. Acidosis favors the conversion of hemoglobin from the taut to the relaxed conformation.  

D. Acidosis shifts the oxygen-dissociation curve to the left. 

E. Acidosis decreases the ability of 2,3-BPG to bind to hemo-globin.
9 Which one of the following statements concerning the bin-ding of oxygen by hemoglobin is correct?

A. The Bohr effect results in a lo-wer affinity for oxygen at higher pH values.

B. Carbon dioxide increases the oxygen affinity of hemoglobin by binding to the amino terminal groups of the polypeptide chains.

C. *The oxygen affinity of hemo-globin increases as the percent saturation increases.

D. The hemoglobin tetramer binds four molecules of 2,3-BPG.

E. Oxyhemoglobin and deoxyhe-moglobin have the same affinity for protons (H+).

10 A 67-year-old man presen-ted to the emergency depart-ment with a one week history of angina and shortness of breath. He complained that his face and extremities had a "blue co-lor." His medical history inclu-ded chronic stable angina trea-ted with isosorbide dinitrate and nitroglycerin. Blood obtai-ned for analysis was chocolate-colored. Which one of the follo-wing is the most likely diagnosis?

A. Sickle cell disease.

B. Carboxyhemoglobinemia.

C. *Methemoglobinemia.

D. β-Thalassemia.

E. Hemoglobin SC disease

Fibrous Proteins
11 Which one of the following statements about the major collagen type found in skin or bond is correct? 

A. One third of the amino acids of collagen is hydroxyproline.

B. Glycine is found only in the C-and N-terminal extensions.

C. Synthesis occurs in the extra-cellular matrix. 

D. Collagen fibrils are held toge-ther solely by noncovalent forces.

E. *The procollagen molecule contains nonhelical C- and N-terminal extensions.

12 A thirty-year-old woman presented with progressive sho-rtness of breath. She denied the use of cigarettes. A family his-tory revealed that her sister had suffered from unexplained lung disease. Which one of the following etiologies most likely explains this patient's pulmo-nary symptoms?

A. Deficiency of proline hydro-xylase

B. *Deficiency of α1-antitrypsin

C. Deficiency in dietary vitamin C

D Decreased elastase activity

E. Increase collaginase activity

13 A seven-month-old child "fell over" while crawling, and now presents with a swollen leg. At age one month, the infant has multiple fractures in various states of healing (right clavicle, right humerus, right radius). At age seven months, the infant has a fracture of a bowed femur, secondary to minor trauma (see x-ray be-low). The bones are thin, have few trabecula, and thin corti-ces. A careful family history ruled out nonaccidental trauma (child abuse) as a cause of the bone fractures. The child is most likely to have a defect in:

A. fibrillin.

B. *type I collagen.

C. type III collagen.

D. type IV collagen.

E. elastin.
Enzymes

14 A competitive inhibitor of an enzyme:

A. *increases Km without affect-ting Vmax.
B. decreases Km without affecting Vmax.

C. increases Vmax without affect-ting Km.

D. decreases Vmax without affect-ting Km.

E. decreases both Vmax  and Km.

15 The Michaelis constant, Km, is:

A. numerically equal to ½ Vmax.

B. dependent on the enzyme concentration.

C. independent of pH.

D. *numerically equal to the sub-strate concentration that gives half-maximal velocity.

E. increased in the presence of a noncompetitive inhibitor.

16 A 70-year-old man was ad-mitted to the emergency room with a twelve-hour history of chest pain. Serum creatine ki-nase (CK) activity was measu-red at admission (day 1) and once daily (Figure 5.24). On day 2 after admission, he expe-rienced cardiac arrhythmia, which was terminated by three cycles of electrical cardiocon-version, the latter two at maxi-mum energy. [Note: Car-dio-conversion is performed by placing two paddles, twelve cm in diameter, in firm contact with the chest wall and apply-ing a short electric voltage.] Normal cardiac rhythm was es-tablished. He had no recur-rence of arrhythmia over the next several days. His chest pain subsided and he was released on day 10. Which one of the following is most consis-tent with the data presented?

A. The patient had a myocardial infarction 48 to 64 hours prior to admission.

B. The patient had a myocardial infarction on day 2. 

C. The patient had angina prior to admission. 

D. *The patient had damage to his skeletal muscle on day 2.

E. The data do not permit any conclusion concerning myocardi-al infarction prior to, or after, admission to the hospital.

Bioenergetics and Oxidative Phosphorylation
17 Which one of the following statements concerning the com-ponents of the electron trans-port chain is correct?

A. All of the components of the electron transport chain are pre-sent in large, multisubunit protein complexes embedded in the inner mitochondrial membrane.

B. Oxygen directly oxidizes cyto-chrome c.
C. Succinate dehydrogenase di-rectly reduces cytochrome c.

D. *The electron transport chain contains some polypeptide chains coded for by the nuclear DNA and some coded for by mtDNA.

E. Cyanide inhibits electron flow, but not proton pumping or ATP synthesis.
18 A muscle biopsy from a patient with the rare disorder, Luft disease, showed abnor-mally large mitochondria that containned packed cristae when examined in the electron microscope. Basal ATPase acti-vity of the mitochodria was se-ven times greater than normal. From these and other data it was concluded that oxidation and phosphorylation were par-tially uncoupled. Which of the following statements about this patient is correct? 

A. The rate of electron transport is abnormally low. 

B. The proton gradient across the inner mitochondrial membrane is greater than normal. 

C. ATP levels in the mitochon-dria are greater than normal. 

D. Cyanide would not inhibit electron flow. 

E. *The patient shows hyperme-tabolism and elevated core temperature.

Introduction to Carbohydrates

19  A young black man entered his physician's office complain-ning of bloating and diarrhea. His eyes were sunken and the physician noted additional signs of dehydration. The pati-ent's temperature was normal. He explained that the episode had occurred following a birth-day party at which he had participated in an ice cream ea-ting contest. The patient repor-ted prior episodes of a similar nature following ingestion of a significant amount of dairy products. This clinical picture is most probably due to a deficiency in: 

A. salivary α-amylase.

B. isomaltase.

C. pancreatic α-amylase.

D. sucrase.

E. *lactase.

Glycolysis

20 Which one of the following statements concerning glycoly-sis is correct? 

A. The conversion of glucose to lactate requires the presence of oxygen. 

B. Hexokinase is important in hepatic glucose metabolism only in the absorptive period follo-wing consumption of a carbohyd-rate-containing meal. 

C. Fructose 2,6-bisphosphate is a potent inhibitor of phospho-fructokinase. 

D. *The rate-limiting reactions are also the irreversible reactions. 

E. The conversion of glucose to lactate yields two ATP and two NADH.

21 The reaction catalyzed by phosphofructokinase: 

A. is activated by high concentra-tions of ATP and citrate.

B. uses fructose 1-phosphate as substrate.

C. *is the regulated reaction of the glycolytic pathway. 

D. is near equilibrium in most tissues. 

E. is inhibited by fructose 2,6-bisphosphate.

22 Compared with the resting state, vigorously contracting muscle shows: 

A. *an increased conversion of pyruvate to lactate. 

B. decreased oxidation of pyru-vate to CO2 and water.

C. a decreased NADH/NAD+ ratio.

D. a decreased concentration of AMP. 

E. decreased levels of fructose 2,6-bisphosphate.

23 A 43-year-old man presen-ted with symptoms of weak-ness, fatigue, shortness of bre-ath, and dizziness. His hemo-globin levels were between 5 to 7 g/dl (normal for a male being greater than 13.5 g/dl). Red blood cells isolated from the patient showed abnormally low level of lactate production. A deficiency of which one of the following enzymes would be the most likely cause of this patient's anemia.
A. Phosphoglucose isomerase

B. Phosphofructokinase 

C. *Pyruvate kinase 

D. Hexokinase 

E. Lactate dehydrogenase

Tricarboxylic Acid Cycle
24 The conversion of pyruvate to acetyl CoA and CO2:

A. is reversible. 

B. *involves the participation of lipoic acid. 

C. is activated when pyruvate de-hydrogenase complex is phos-phorylated by a protein kinase in the presence of ATP. 

D. occurs in the cytosol. 

E. depends on the coenzyme biotin.

25 Which one of the following conditions decreases the oxida-tion of acetyl CoA by the citric acid cycle? 

A. A low ATP/ADP ratio 

B. A low NADH due to rapid oxidization to NAD+ through the respiratory chain 

C. *A low NAD+/NADH ratio 

D. A high concentration of AMP 

E. A low GTP/GDP ratio

26 The following is the sum of three steps in the citric acid cycle:

A + B + FAD + H2O → C + FADH2 + NADH

       Reactant A
Reactant B

Reactant C

A. Succinyl CoA             GDF

 Succinate

B. *Succinate                  NAD+

Oxaloacetate

C. Fumarate

     NAD+

Oxaloacetate

D. Succinate                    NAD+

Malate
E. Fumarate

     GTP

Malate
27 A one-month-old male sho-wed abnormalities of the ner-vous system and lactic acidosis. Enzyme assay for pyruvate dehydrogenase (PDH) activity on extracts of cultured skin fibroblasts showed five percent of normal activity, with a low concentration (1 x 10"4 mM) of thiamine pyrophosphate (TPP), but eighty percent of normal activity when the assay contain-ned a high (0.4 mM) concentra-tion of TPP. Which one of the following statements concer-ning this patient is most correct?
A. Elevated levels of lactate and pyruvate in the blood reliably predict the presence of PDH deficiency. 

B. The patient is expected to show disturbances in fatty acid degradation. 

C. A diet consisting of high car-bohydrate intake would be expec-ted to be beneficial in this patient. 

D. Alanine concentration in the blood is expected to be less than normal. 

E. *Administration of thiamine is expected to reduce his serum lactate concentration and improve his clinical symptoms.
Gluconeogenesis

28 The synthesis of glucose from pyruvate by gluconeoge-nesis: 

A. occurs exclusively in the cytosol. 

B. is inhibited by an elevated level of glucagon. 

C. *requires the participation of biotin. 

D. involves lactate as an intermediate. 

E. requires the oxidation / reduc-tion of FAD.

29 Which one of the following statements concerning gluco-neogenesis is correct? 

A. it occurs in muscle. 

B. it is stimulated by fructose 2,6-bisphosphate. 

C. it is inhibited by elevated levels of acetyl CoA. 

D. *it is important in maintaining blood glucose during the normal overnight fast. 

E. it uses carbon skeletons provided by degradation of fatty acids.

30 Which one of the following reactions is unique to gluconeo-genesis? 

A. Lactate → pyruvate

B. Phosphoenolpyruvate → pyru-vate

C. *Oxaloacetate → phospho-enolpyruvate

D. Glucose 6-phosphate → fruc-tose 6-phosphate

E. 1.3-bisphosphoglycerate → 3-phosphoglycerate

31 A thirteen-year-old female was brought to your office by her mother, who was troubled by her daughter's chronic fati-gue, dizziness, and loss of wei-ght. The patient was 5 feet 5 in-ches tall and weighed 103 po-unds. Laboratory results sho-wed leukopenia, blood glucose = 50 mg/dl (normal fasting blood glucose = 70 to 90 mg/dl), and elevated ketones. Persistent questioning revealed that the young woman had been vir-tually fasting for four months, hoping to obtain a "skinny fa-ce" as a prelude to a career in modeling. Which one of the following best explains the patient hypoglycemia? 

A. Impaired secretion of insulin 

B. Enhanced secretion of gluca-gon 

C. Impaired hydrolysis of liver glycogen 

D. *Impaired conversion of amino acids to glucose 

E. Impaired mobilization of triglycerides
Glycogen Metabolism

32 A two year-old boy was brought into the emergency room, suffering from severe fasting hypoglycemia. On phy-sical examination, he was found to have hepatomegaly. Labora-tory tests indicated that he also had hyperlacticacidemia and hyperuricemia. A liver biopsy indicated that hepatocytes con-tainned greater than normal amounts of glycogen that was of normal structure. The child was subsequently found to be missing which of the following enzymes?
A. Glycogen synthase 

B. Glycogen phosphorylase

C. *Glucose 6-phosphatase

D. Amylo-α(1→6)-glucosidase

E. Amylo-α(1→4)→α(1→6)-transglucosilase

33 Epinephrine and glucagon have which one of the following effects on glycogen metabolism in the liver? 

A. The net synthesis of glycogen is increased. 

B. *Glycogen phosphorylase is activated, whereas glycogen synthase is inactivated. 

C. Both glycogen phosphorylase and glycogen synthase are active-ted but at significantly different rates. 

D. Glycogen phosphorylase is inactivated, whereas glycogen synthase is activated. 

E. cAMP-dependent protein kina-se is activated, whereas phospho-rylase kinase is inactivated.

34 In contracting skeletal muscle, a sudden elevation of the cytosolic Ca2+ concentration will result in:

A. activation of cyclic AMP-de-pendent protein kinase. 

B. dissociation of cyclic AMP-dependent protein kinase into catalytic and regulatory subunits. 

C. inactivation of phosphorylase kinase caused by the action of a protein phosphatase.

D. *activation of phosphorylase kinase. 

E. conversion of cAMP to AMP by phosphodiesterase.

Metabolism of Monosaccharides and Disaccharides

35 Following the intravenous injection of lactose into a rat, none of the lactose is metabo-lized. However, ingestion of lac-tose leads to rapid metabolism of this disaccharide. The diffe-rence in these observations is a result of:

A. the presence of lactase in the serum.

B. the absence of hepatic galactokinase.

C. the absence of maltase in the serum.

D. *the presence of lactase in the intestine.

36 A galactosemic female is able to produce lactose beca-use:

A. free (nonphosphorylated) ga-lactose is the acceptor of glucose transferred by lactose synthase in the synthesis of lactose.

B. *galactose can be produced from a glucose metabolite by epimerization.

C. hexokinase can efficiently phosphorylate dietary galactose to galactose 1-phosphate.

D. the enzyme deficient in ga-lactosemia is activated by a hormone produced in the mammary gland.

E. galactose can be produced from fructose by isomerization.
37 A newborn baby experien-ced abdominal distension, seve-re bowel cramps, and diarrhea after being fed milk. A hydro-gen analysis of his exhaled bre-ath discovered an eighty-fold increase in the production of H2 ninety minutes after milk feeding. The infant most probably suffers from:

A. galactokinase deficiency. 

B. *β-galactosidase (lactase) deficiency.
C. β-glucosidase (isomaltase) deficiency.

D. sucrase deficiency. 

E. galactose 1-phosphate uridyl-transferase.

Pentose Phosphate Pathway and NADPH

38 In male patients who are homozygous for glucose 6­phos-phate dehydrogenase (G6PD) deficiency, pathophysiologic consequences are more appa-rent in erythrocytes (RBC) than in other cells, such as in the liver. Which one of the following provides a reasonable explanation for this different response by these individual tissue types? 

A. Excess glucose 6-P in the liver, but not in RBC, can be channeled to glycogen, thus averting cellular damage. 

B. *Liver cells, in contrast to RBCs, have alternative mecha-nisms for supplying the NADPH required for keeping metabolic and cellular integrity. 

C. Glucose 6-phosphatase activi-ty in RBCs removes the excess glucose 6-phosphate, thus resul-ting in cell damage. This does not happen in the hepatocyte. 

D. Because RBCs do not have mitochondria, production of ATP required to keep cell integrity de-pends exclusively on the routing of glucose 6-phosphate via the pentose phosphate pathway. 

E. The catalytic properties of the liver enzyme are significantly different than those of the RBC enzyme.

39 A G6PD A- individual was treated with primaquine from day 0 to day 120 (Figure 13.15). Hemolysis occurs immediately after initiation of drug therapy, as indicated by progressive anemia, hemoglobinuria, and reticulocytosis. However, despi-te continued administration of the drug, the hemolysis sponta-neously decreases and red cell survival improves with time. Red cell G6PD activity measu-red two months after termina-tion of therapy was ten percent of normal. Which one of the following statements about this patient is correct?

A. The patient will continue to be resistant to druginduced hemoly-sis after six months or longer. 

B. Erythrocytes in this patient exhibit a longer lifetime than in normal individuals. 

C. During the period of peak hemolysis, erythrocytes from the patient will show no G6PD activity. 

D. The intracellular concentration of NADPH in the patient's eryth-rocytes is greater than normal. 

E. *The patient shows increased bone marrow erythropoiesis.

Glycosaminoglycans and Glycoproteins

40 Mucopolysaccharidoses are inherited storage diseases. They are caused by:

A. an increased rate of synthesis of proteoglycans. 

B. the synthesis of polysac-charides with an altered structure.

C. *defects in the degradation of proteoglycans. 

D. the synthesis of abnormally small amounts of protein cores.

E. an insufficient amount of proteolytic enzymes.

41 The presence of the follo-wing compound in the urine of a patient suggests a deficiency in which one of the enzymes listed below?

     Sulfate

Sulfate

          │                               │
    GalNac ─ ClcUA ─ GalNAc─
A. Galactosidase 

B. Glucosidase 

C. Glucuronidase 

D. Mannosidase 

E. *Sulfatase

Metabolism of Dietary Lipids

42 Which one of the following statements about the absorpti-on of lipids from the intestine is correct? 

A. *Dietary triacylglycerol is par-tially hydrolyzed and absorbed as free fatty acids and mono-acylglycerol.

B. Dietary triacylglycerol must be completely hydrolyzed to free fatty acids and glycerol before absorption.

C. Release of fatty acids from triacylglycerol in the intestine is inhibited by bile salts.

D. Fatty acids that contain ten carbons or less are absorbed and enter the circulation primarily via the lymphatic system.

E. Formation of chylomicrons does not require protein synthesis in the intestinal mucosa.

43 The form in which most dietary lipids are packaged and exported from the intestinal mucosal cells is as:

A. free fatty acids. 

B. mixed micelles. 

C. free triacylglycerol.
D. 2-monoacylglycerol.

E. *chylomicrons.

Fatty Acid and Triacylglycerol Metabolism

44 Triacylglycerol molecules stored in adipose tissue repre-sent the major reserve of sub-strate providing energy during a prolonged fast. During such a fast: 

A. the stored fatty acids are re-leased from adipose tissue into the plasma as components of the serum lipoprotein particle, VLDL. 

B. free fatty acids are produced at a high rate in the plasma by the action of lipoprotein lipase on chylomicrons. 

C. glycerol produced by the degradation of triacylglycerol is an important direct source of energy for adipocytes and fibro-blasts.

D. *hormone- sensitive lipase is phosphorylated by a cyclic AMP-activated protein kinase.

45 A low level of carbon di-oxide labeled with 14C s acci-dentally released into the at-mosphere surrounding indust-rial workers as they resume work following the lunch hour. Unknowingly, they breathe the contaminated air for one hour. Which of the following compo-unds will be radioactively labeled? 

A. All of the carbon atoms of newly synthesized fatty acid. 

B. About one half of the carbon atoms of newly synthesized fatty acids. 

C. The
 carboxyl atom of newly synthesized fatty acids. 

D. *About one third of the car-bons of newly synthesized ma-lonyl CoA.

E. One half of the carbon atoms of newly synthesized acetyl CoA.

46 A teenager, concerned about his weight, attempts to maintain a fat-free diet for a period of several weeks. If his ability to synthesize various lipids were examined, he would be found to be most deficient in his ability to synthesize: 

A. triacylglycerol. 

B. phospholipids. 

C. cholesterol. 

D. sphingolipids. 

E. *prostaglandins.

Complex Lipid Metabolism

47 Autoantibodies to a lipid in the membrane of platelets are seen in the disease, systemic lupus erythematosus. Which of the following membrane lipids is most likely to be involved? 

A. *Cardiolipin.

B. Ceramide.

C. Dipalmitoylphosphatidylcho-line. 

D. Platelet-activating factor. 

E. Sphingomyelin.

48 An infant, born at 28 weeks of gestation, rapidly gave evidence of respiratory distress. Lab and x-ray results suppor-ted the diagnosis of infant respiratory distress syndrome (RDS). Which of the following statements about this syndrome is true?

A. It is unrelated to the baby's premature birth.

B. It s a consequence of too few type II pneumocytes.
C. The L/S ratio in the amniotic fluid is likely to be greater than two. 

D. *The concentration of dipal-mitoylphosphatidylcholine in the amniotic fluid would be expected to be lower than that of a full-term baby.

E. RDS is an easily treated disorder with low mortality.

49 A 25-year-old woman with a history that included hepato-splenomegaly with eventual removal of the spleen, bone and joint pain with several fractu-res of the femur, and a liver biopsy that showed wrinkled-looking cells with accumulate-ons of glucosylceramides was presented at Grand Rounds. The likely diagnosis for this patient is: 

A. Fabry disease. 

B. Farber disease. 

C. *Gaucher disease. 

D. Krabbe disease. 

E. Niemann-Pick disease.

Cholesterol and Steroid Metabolism

For Questions 50 and 51:

A young girl with a history of severe abdominal pain was taken to her local hospital at 5 a.m. in severe distress. Blood was drawn, and the plasma appeared milky, with the triacylglycerol level in excess of 2000 mg/dl (normal = 4-150 mg/dl). The patient was placed on a diet severely limited in fat, but supplemented with medium-chain length fatty acids.

50 Which of the following lipoprotein particles are most likely responsible for the appe-arance of the patient's plasma?

A. *Chylomicrons 

B. Very-low-density lipoproteins 

C. Intermediate-density lipopro-teins 

D. Low density-lipoproteins 

E. High density-lipoproteins

51 Medium-chain length fatty acids are given because they:

A. are more calorically dense than long-chain fatty acids.

B. *enter directly into the portal blood, and can be metabolized by the liver.

C. are activators of lipoprotein lipase.

D. are more efficiently packed into serum lipoproteins.

E. can be converted into a variety of gluconeogenic precursors.

52 A 35-year-old woman was seen in the emergency room be-cause of recurrent abdominal pain. The history revealed a two-year pattern of pain in the upper right quadrant, begin-ning several hours after the ingestion of a meal rich in fried/fatty food. Ultrasonogra-phic examination demonstrated the presence of numerous stones in the gallbladder. The patient initially elected treat-ment consisting of exogenously supplied chenodeoxycholic acid, but eventually underwent surgery for the removal of the gallblader, and had a full recovery. The rationale for the initial treatment of this patient with chenodeoxycholic acid is that this compound: 

A. interferes with the entero-hepatic circulation. 

B. inhibits cholesterol synthesis. 

C. increases de novo bile acid production. 

D. *increases cholesterol solubi-lity in bile. 

E. stimulates VLDL production by the liver.

Amino Acids: Disposal of Nitrogen

53 In the transamination re-action shown below, which of the following are the products, X and Y?

Oxaloacetate → X

Glutamate → Y
A. Alanine, α-ketoglutarate 

B. Glutamate, α-ketoglutarate 

C. *Asparate, α-ketoglutarate 

D. Pyruvate, asparate 

E. Pyruvate, alanine

54 Which one of the following statements about the urea cycle is correct?

A. The two nitrogen atoms that are incorporated into urea enter the cycle as ammonia and alanine.

B. Urea is produced directly by the hydrolysis of ornithine.

C. ATP is required for the re-action in which argininosuccinate is cleaved to form arginine.

D. *Urinary urea is increased by a diet rich in protein. 

E. The urea cycle occurs exclusively in the cytosol.

55 A female neonate did well initially until approximately 24 hours of age when she became lethargic. A sepsis workup pro-ved negative. At 56 hours, she started showing focal seizure activity. The plasma ammonia level was found to be 1100 μmol/L (normal 5 to 50 μmol/L). Quantitative plasma amino acid levels revealed a marked elevation of arginino-succinate. These results sup-ported the diagnosis of argini-nosuccinase deficiency. Which one of the following would be elevated in the serum of this patient, in addition to ammonia and argininosuccinate?

A. Asparagine 

B. *Glutamine 

C. Lysine 

D. Urea 

E. Uric acid

Amino Acid Degradation and Synthesis

56 Which one of the following statements is correct? 

A. An increase in gluconeoge-nesis from amino acids results in a decrease in urea formation.

B. All essential amino acids are glycogenic. 

C. Ornithine and citrulline are found in tissue proteins.

D. *Cysteine is an essential ami-no acid in individuals consuming a diet devoid of methionine.

E. In the presence of adequate dietary sources of tyrosine, phe-nylalanine is not an essential amino acid.

57 Which one of the following statements concerning a one-week-old male infant with undetected classic phenylketo-nuria is correct? 

A. Tyrosine is a nonessential amino acid for the infant.

B. *High levels of phenylpy-ruvate appear in his urine. 

C. Therapy must begin with in the first year of life. 

D. A diet devoid of phenylalani-ne should be initiated immedia-tely.

E. When the infant reaches adul-thood, it is recommended that diet therapy be discontinued.

58 A four-year-old boy of a first-degree consanguineous co-uple was noted by the parents to have darkening of the urine to an almost black color when it was left standing. He had a normal sibling, and there were no other medical problems. Childhood growth and develop-ment were normal. Which of the following is most likely to elevated in this patient? 

A. Methylmalonate

B. *Homogentisate

C. Phenylpyruvate

D. α-ketoisovalerate

E. Homocystine

Conversion of Amino Acids to Specialized Products

59 δ-Aminolevulinic acid syn-thase activity: 

A. is frequently decreased in individuals treated with drugs, such as the barbiturate phenobar-bital. 

B. *catalyzes a rate-limiting reac-tion in porphyrin biosynthesis. 

C. requires the coenzyme biotin. 

D. is strongly inhibited by heavy metal ions such as lead. 

E. occurs in the cytosol.

60 The catabolism of hemo-globin: 

A. occurs in red blood cells. 

B. *involves the oxidative clea-vage of the porphyrin ring. 

C. results in the liberation of carbon dioxide. 

D. results in the formation of protoporphyrinogen.

E. is the sole source of bilirubin.

61 A fifty-year-old man pre-sented with painful blisters on the backs of his hands. He was a golf instructor, and indicated that the blisters had erupted shortly after the golfing season began. He did not have recent exposure to poison ivy or su-mac, new soaps or detergents, or new medications. He denied having previous episodes of blistering. He had partial com-plex seizure disorder that had begun about three years earlier after a head injury. The patient had been taking phenytoin - his only medication-since the onset of the seizure disorder. He admitted to an average weekly ethanol intake of about 18 12-oz cans of beer. The patient's urine was reddish orange. Cul-tures obtained from skin lesi-ons failed to grow organisms. A 24-hour urine collection sho-wed elevated uroporphyrin (1000 μg; normal, < 27). The most likely presumptive diag-nosis is:

A. *porphyria cutanea tarda. 

B. acute intermittent porphyria. 

C. hereditary coproporphyria. 

D. congenital erythropoietic por-phyria. 

E. erythropoietic protoporphyria.

Nucleotide Metabolism

62 A 42-year-old male cancer patient undergoing radiation therapy develops severe pain in his right big toe. Laboratory analyses indicate an elevated serum uric acid level and urate crystals in his urine. This patient's pain is caused by the overproduction of the end product of which of the following metabolic pathways?

A. De novo pyrimidine biosyn-thesis 

B. Pyrimidine degradation

C. De novo purine biosynthesis 

D. Purine salvage 

E. *Purine degradation

63 A one-year-old female pa-tient is lethargic, weak, and anemic. Her height and weight are both low for her age. Her urine contains an elevated level of orotic acid. The administra-tion of which of the following compounds is most likely to alleviate her symptoms? 

A. Thymidine 

B. *Uridine 

C. Hypoxanthine 

D. Guanine 

E. Adenine

64 The rate of DNA synthesis in a culture of cells could be most accurately determined by measuring the incorporation of which of the following radio-active compounds? 

A. Phosphate 

B. Adenine

C. Guanine 

D. *Thymidine 

E. Uridine

65 After several weeks of che-motherapy in the form of me-thotrexate, a cancer patient's tumor begins to show signs of resistance to treatment. Which of the following mechanisms is most likely to explain the tumor's methotrexate resis-tance? 

A. *Overproduction of dihydro-folate reductase 

B. Overproduction of xanthine oxidase 

C. Deficiency of PRPP synthase 

D. Deficiency of thymidine kinase

E. Deficiency of thymidylate synthase.

Metabolic Effects of Insulin and Glucagon

66 In which one of the follo-wing tissues is glucose trans-port into the cell enhanced by insulin? 

A. Brain

B. Lens

C. Red blood cells

D. *Adipose tissue 

E. Liver

67 Which one of the following is characteristic of low insulin levels? 

A. Increased glycogen synthesis 

B. Decreased gluconeogenesis from lactate

C. Decreased glycogenolysis

D. *Increased formation of 3-hydroxybutyrate 

E. Decreased action of hormone-sensitive lipase

68 Which one of the following statements about glucagon is correct? 

A. High levels of blood glucose increase the release of glucagon from the a cells of the pancreas. 

B. Glucagon levels decrease following ingestion of a protein-rich meal. 

C. *Glucagon increases the intra-cellular levels of cyclic AMP in liver cells, causing an increase in glycogen breakdown. 

D. Glucagon is the only hor-mone important in combating hypoglycemia. 

E. Glucagon depresses the forma-tion of ketone bodies by the liver.

69 A 39-year-old woman is brought to the emergency room complaining of dizziness. She recalls getting up early that morning to do as much shop-ping as possible and had skipped breakfast. She drank a cup of coffee for lunch and had nothing to eat during the day. She met with friends at 8 p. m. and had a drink at the bar. She soon became weak and dizzy and was transported to the hospital. Following examinati-on, the patient was given oran-ge juice and immediately felt better. Which one the following best completes this sentence? "The patient has:"
A. blood glucose greater than 70 mg/dl.

B. elevated insulin. 

C. *elevated glucagon. 

D. elevated liver glycogen. 

E. presence of an insulinoma.

The Feed/Fast Cycle

70 Which one of the following is elevated in plasma during the absorptive period (compared with the post-absorptive state)? 

A. Glucagon 

B. Acetoacetate 

C. *Chylomicrons 

D. Free fatty acids 

E. Lactate

71 Which one of the following statements concerning the well-fed state is correct? 

A. Most enzymes that are regu-lated by covalent modification are in the phosphorylated state. 

B. *Hepatic fructose 2,6-bis-phosphate is elevated. 

C. Acetyl CoA is elevated. 

D. Insulin stimulates the transport of glucose into hepatocytes. 

E. The synthesis of glucokinase is repressed.

72 Increased formation of ketone bodies during fasting is a result of: 

A. decreased levels of circulating glucagon. 

B. decreased formation of acetyl CoA in the liver. 

C. *increased levels of free fatty acids in serum. 

D. inhibition of β-oxidation of fatty acids in the liver. 

E. a decreased activity of hormo-ne-sensitive lipase in adipose tissue.

73 Which one of the following is the most important source of blood glucose during the last hours of a 48-hour fast? 

A. Muscle glycogen 

B. Acetoacetate 

C. Liver glycogen 

D. *Amino acids 

E. Lactate

Diabetes Mellitus

74 Relative or absolute lack of insulin in humans would result in which one of the following reactions in the liver? 

A. Increased glycogen synthesis 

B. Decreased gluconeogenesis from lactate

C. Decreased glycogenolysis

D. *Increased formation of 3-hydroxybutyrate 

E. Decreased action of hormone-sensitive lipase

75 Which one of the following is most often found in untre-ated patients with type 1 and type 2 diabetes? 

A. *Hyperglycemia 

B. Extremely low levels of insulin synthesis and secretion 

C. Synthesis of an insulin with an abnormal amino acid sequence 

D. A simple pattern of genetic inheritance 

E. Ketoacidosis

76 An obese individual with type 2 diabetes: 

A. usually shows a normal glucose tolerance test. 

B. usually has a lower plasma level of insulin than a normal individual. 

C. *usually shows significant im-provement in glucose tolerance if body weight is reduced to nor-mal. 

D. usually benefits from recei-ving insulin about six hours after a meal. 

E. usually has lower plasma levels of glucagon than a normal individual.

77 An individual with insulin resistance: 

A. usually shows elevated fasting glucose levels. 

B. *usually shows elevated fasting insulin levels. 

C. will eventually become diabetic. 

D. is rarely obese. 

E. is treated by injection of insulin.

Obesity

78 A 40-year-old woman, 5 fe-et, 1 inch (155 cm) tall and wei-ghing 188 pounds (85.5 kg), seeks your advice on how to lose weight. Her waist measu-red 41 inches and hip measured 39 inches. A physical examina-tion and blood laboratory data were all within the normal range. Her only child, who is 14 years old, her sister, and both of her parents are overweight. The patient recalls being obese throughout her childhood and adolescence. Over the past fifteen years she had been on seven different diets for periods of two weeks to three months, losing from 5 to 25 pounds. On discontinuation of each diet, she regained weight, returning to 185 to 190 pounds. Which one of the following best describes this patient?

A. She is classified as over-weight. 

B. *She shows an "apple" (andro-id) pattern of fat distribution.

C. She has approximately the same number of fat cells as a normal weight individual, but each adipocyte is larger.

D. She would be expected to show lower than normal levels of circulating leptin.

E. She would be expected to show lower than normal levels of circulating triacylglycerols.

Nutrition

79 Which one of the following statements concerning dietary lipid is correct? 

A. Corn oil and soybean oil are examples of fats rich in saturated fatty acids.

B. Triacylglycerols obtained from plants generally contain less unsaturated fatty acids than those from animals.

C. Olive oil is rich in saturated fats. 

D. *Fatty acids containing double bonds in the transconfiguration, unlike the naturally occurring cis-isomers, raise plasma cholesterol levels.

E. Coconut and palm oils are rich in polyunsaturated fats.

80 Given the information that a 70-kg man is consuming a daily average of 275 g of carbo-hydrate, 75 g of protein, and 65 g of lipid, one can draw which of the following conclusions? 

A. Total energy intake per day is approximately 3000 kcal.

B. About twenty percent of the calories are derived from lipids.

C. The diet does not contain a sufficient amount of dietary fiber.

D. *The proportions of carbo-hydrate, protein, and lipid in the diet conform to the recom-mendations of academic groups and government agencies.

E. The individual is in nitrogen balance.

81 A sedentary fifty-year-old man, weighing 80 kg (176 po-unds), requests a physical exa-mination. He denies any health problems. Routine blood analy-sis is unremarkable except for plasma cholesterol of 280 mg/dl The man refuses drug therapy for his hypercholesterolemia. Analysis of a one-day dietary recall showed the following:

Kilocalories
3475 kcal
Cholesterol
 822 mg

Protein 
102 g 

Saturated Fat 
  69 g

Carbohydrate    383 g 


Total Fat
 165 g

Fiber-Crude        6 g

Changes in which one of the following dietary components would have the greatest effect in lowering plasma cholesterol? 

A. Cholesterol 

B. *Saturated fat 

C. Polyunsaturated fat 

D. Monounsaturated fat 

E. Carbohydrate

Vitamins

82 Which one of the following statements concerning vitamin B12 is correct?

A. The cofactor form is vitamin B12 it self.

B. It is involved in the transfer of amino groups.

C. *It requires a specific glycol-protein for its absorption.

D. It is present in plant products.

E. It’s deficiency is most often caused by a lack of the vitamin in the diet.

83 Retinol: 

A. can be enzymically ormed from retinoic acid. 

B. *is transported from the intes-tine to the liver in chylomicrons.

C. is the light-absorbing portion of rhodopsin. 

D. is phosphorylated and dephos-phorylated during the visual cycle.

E. mediates most of the actions of the retinoids.

84 Which one of the following statements concerning vitamin D is correct? 

A. *Chronic renal failure requires the oral administration of 1,25-dihydroxycholecalciferol.

B. It s required in the diet of individuals exposed to sunlight.

C.25-Hydroxycholecalciferol is the active form of the vitamin.

D. Vitamin D opposes the effect of parathyroid hormone.

E. A deficiency in vitamin D results in an increased secretion of calcitonin.

85 Vitamin K: 

A. plays an essential role in preventing thrombosis.

B. increases the coagulation time in newborn infants with hemor-rhagic disease.

C. is present in high concen-tration in cow or breast milk.

D. *is synthesized by intestinal bacteria. 

E. is a water-soluble vitamin.

DNA Structure and Replication

86 A ten-year-old girl is bro-ught to the dermatologist by her parents. She has many frec-kles on her face, neck, arms, and hands, and the parents report that she is unusually sensitive to sunlight. Two basal cell carcinomas are identified on her face. Which of the following processes is most like to be defective in this patient? 

A. Removal of primers from Okazaki fragments 

B. Removal of mismatched bases from the 3' end of Okazaki fragments

C. *Removal of pyrimidine di-mers from DNA

D. Removal of uracil from DNA
87 An eight-year-old girl with cystic fibrosis is treated with ciprofloxacin for a Pseudomo-nas aeruginosa infection in her lungs. Which of the following enzymatic activities is most directly affected by this drug? 

A. The synthesis of RNA primers 

B. The breaking of hydrogen bonds in front of the replication fork 

C. *The breaking and subsequent rejoining of the DNA backbone 

D. The removal of RNA primers 

E. The joining together of Okazaki fragments

88 Didanosine (dideoxyinosi-ne, ddl) is a nucleoside analog sometimes used to treat HIV infections. This drug is conver-ted metabolically to 2',3'-dide-oxyATP (ddATP), which blocks DNA chain elongation when it is incurporated into viral DNA synthesized by reverse trans-criptase. Why does DNA syn-thesis stop? 

A. The analog becomes covalen-tly bound to reverse transcriptase, thus inactivating the enzyme. 

B. *There is no 3'-hydroxyl gro-up to form the next phosphor-diester bond. 

C. Proofreading is inhibited. 

D. The analog cannot hydrogen bond to the RNA template. 

E. Incorporation of the analog initiates rapid degradation of the newly synthesized strand.

89 While studying the struc-ture of a small gene that was recently sequenced during the Human Genome Project, an investigator notices that one strand of the DNA molecule contains 20 A's, 25 G's, 30 C's, and 22 T's. How many of each base is found in the complete double-stranded molecule?

A. A = 40, G = 50, C = 60, 
T = 44

B. A = 44, G = 60, C = 50, 
T = 40

C. A = 45, G = 45, C = 52, 
T = 52

D. A = 50, G = 47, C = 50, 
T = 47

E. *A = 42, G = 55, C = 55, 
T = 42

RNA Structure and Synthesis

100 A one-year-old male with chronic anemia is found to have β-thalassemia. Genetic analysis shows that one of his β-globin genes has a G to A mutation that creates a new splice accep-tor site nineteen nucleotides upstream from the normal splice acceptor site of the first intron. Which of the following best describes the new messen-ger RNA molecule that can be produced from this mutant gene? 

A. Exon 1 will be too short. 

B. Exon 1 will be too long. 

C. Exon 2 will be too short. 

D. *Exon 2 will be too long. 

E. Exon 2 will be missing.
101 A culture of E. coli that has been growing in medium containing lactose as its only source of energy is suddenly supplemented by the addition of a large amount of glucose. What change occurs in these bacteria to cause the rate of β-galactosidase synthesis to dramatically decrease? 

A. *The CAP protein dissociates from its DNA binding site. 

B. The CAP protein becomes bound to its DNA binding site. 

C. The inducer dissociates from the repressor. 

D. The repressor dissocates from the operator. 

E. The repressor becomes bound to the operator.
102 The base sequence of the strand of DNA used as the template for transcription has the base sequence GATCTAC. What is the base sequence of the RNA product? (All sequen-ces are written according to standard convention.)
A. CTAGATG

B. GTAGATC

C. GAUCUAC

D. CUAGAUG

E. *GUAGAUC

103 A four-year-old child who becomes easily tired and has trouble walking is diagnosed with Duchenne muscular dyst-rophy, an X-linked recessive di-sorder. Genetic analysis shows that the patient's gene for the muscle protein dystrophin contains a mutation in its promoter region. What would be the most likely effect of this mutation? 

A. *Initiation of dystrophin transcription will be deficient. 

B. Termination of dystrophin transcription will be deficient.

C. Capping of dystrophin mRNA will be defective.

D. Splicing of dystrophin mRNA will be defective. 

E. Tailing of dystrophin mRNA will be defective.

Protein Synthesis

104 A 20-year-old anemic man is found to have an abnormal form of β-globin (Hemoglobin Constant Spring) that is 172 amino acids long, rather than the 141 found in the normal protein. Which of the following point mutations is consistent with this abnormality?

A. *UAA → CAA

B. UAA → UAG

C. CGA → UGA

D. GAU → GAC

E. GCA → GAA

105 A pharmaceutical compa-ny is studying a new antibiotic that inhibits bacterial protein synthesis. When this antibiotic is added to an in vitro protein synthesis system that is translating the mRNA sequence AUGUUUUU-UUAG, the only product formed is the dipeptide fMet-Phe. What step in protein synthesis is most likely inhibi-ted by the antibiotic?

A. Initiation 

B. Binding of charged tRNA to the ribosomal A site

C. Peptidyltransferase activity 

D. *Ribosomal translocation 

E. Termination

106 A tRNA molecule that is supposed to carry cysteine (tRNAcys) s mischarged, so that it actually carries alanine (ala-tRNAcys). What will be the fate of this alanine residue during protein synthesis?

A. It will be incorporated into a protein in response to an alanine codon.

B. *It will be incorporated into a protein in response to a cysteine codon.

C. It will remain attached to the tRNA, as it cannot be used for protein synthesis.

D. It will be incorporated randomly at any codon.

E. It will be chemically converted to cysteine by cellular enzymes.

107 In a patient with cystic fibrosis, the mutant cystic fib-rosis transmembrane conduc-tance regulator (CFTR) protein folds incorrectly. The patient's cells modify this abnormal protein by attaching ubiquitin molecules to it. What is the fate of this modified CFTR protein?

A. It performs its normal func-tion, as the ubiquitin largely cor-rects for the effect of the mutation.

B. It is secreted from the cell.

C. It is placed into storage vesicles.

D. *It is degraded by the protea-some.

E. It s repaired by cellular enzy-mes.

Biotechnology and Human Disease

108 Hind is a restriction endo-nuclease commonly used to cut human DNA into pieces before inserting it into a plasmid. Which of the following is most likely to be the recognition sequence for this enzyme? 

A. AAGGAA

B. AAGAAG

C. AAGTTC

D. *AAGCTT

E. AAGAGA

109 A physician would like to determine the global patterns of gene expression in two different types of tumor cells in order to develop the most appropriate form of chemothe-rapy for each patient. Which of the following techniques would be most appropriate for this purpose? 

A. Southern blot 

B. Northern blot

C. Western blot

D. ELISA

E. *Microarray

110 A pharmaceutical compa-ny wants to produce a transge-nic goat that will secrete human growth hormone into its milk. Which of the following tests would be most appropriate to apply to milk samples in order to identify a goat meeting this requirement?

A. *ELISA

B. Northern blot

C. Southern blot

D. Dot blot using allele specific oligonucleotide probes 

E. RFLP analysis

