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Review Questions for Exam #4  

Note: The order of topics was somewhat different in 2010 & 2011, so some of the material on last year's final is not included below. (Some was on the Review Questions for Exam #3.) Questions 1-7 are from Exam #4 of ’10;  questions 8 & 9 are from Exam #4 of ’09. You should be able to explain all your answers, whether it says to do so or not.
 

1. CMV = cytomegalovirus.  (Background on CMV is on the info page.)

A-1. Before a person is exposed to CMV, s/he should possess some B cells that produce 
(surface proteins that can recognize CMV) (secreted proteins that can recognize CMV) (both) (neither), AND


A-2. S/he should possess some T cells that produce (surface proteins that can recognize CMV) 
(secreted proteins that can recognize CMV) (both) (neither).

B. The precursors of T cells have both CD4 and CD8 on the surface. The mature T cells have only one or the other on their surface. You have two clones of T cells from the same person. One clone is CD4+ (CD8-) and the other is CD8+ (CD4-).  You isolate DNA from the two T cell clones. 


B-1. In the DNA from the clone that is CD8+ (CD4-), the sequence coding for CD4 should be (deleted) 
(rearranged relative to the DNA of the other clone) (unaltered, but not transcribed) (can’t predict).


B-2. The sequence of the DNA coding for MHC from the two clones will probably be (all different) (all the same) (overlapping – some same, some different) (can’t predict).

C. CMV normally establishes a latent infection in salivary gland cells and kidney tubule cells. 

C-1. Which of the following properties do the two cell types have in common? Both (are epithelial cells) 

(are joined with tight junctions) (secrete endocrines) (have distinct luminal and basolateral surfaces) 

(none of these). Circle all correct answers. 


C-2. In an infected person, CMV should be found in (saliva) (urine) (both) (neither). Explain your prediction.

2. CMV codes for several inhibitory proteins that reduce the amount of MHC I on the cell surface. 


A-1.  The inhibitory proteins are most likely to inhibit (endocytosis) (exocytosis) (both) (either way) 
(neither – neither should have any effect on the amount of surface MHC I). 


A-2. One of the inhibitory proteins causes MHC I to misfold, so that it is subsequently degraded. The part that misfolds is the domain that would normally be on the cell surface. This inhibitory protein is probably found (in the cytoplasm)
(in the ER) (in the lysosome) (in the proteasome) (in the lysosome or proteasome) (in the cytoplasm or ER) 
(in the ER or lysosome) (can’t predict).  Explain both parts.

B. How does the immune response prevent superinfection by mutant CMV that lacks the inhibitory proteins? 

B-1. The target of the preventive immune response is probably (infected monocytes) (free virus) 
(infected tissue cells -- salivary gland or kidney cells) (any of these – can’t predict).

B-2. The block to superinfection is most likely to be directly caused by (circulating humoral antibody) (TH cells) 
(TC cells) (either type of T cells) (TC cells or circulating Ab) (can’t predict). 

B-3. If a person is first infected with mutant CMV, and then later superinfected by normal CMV, will the superinfection be successful? (yes) (no) (can’t predict).  Explain your prediction. 
3. In Hashimoto disease, the thyroid is destroyed by an autoimmune response. 

A. While the disease is developing, and the thyroid is gradually being destroyed, the levels of TH in the blood gradually decline, but they can sometimes spike – they can be very high temporarily. These TH spikes are probably due to 
(release of preformed TH stored in vesicles) (release of TH by degradation of thyroglobulin) 
(increased synthesis of TH from free tyrosine) (increased stimulation by tropic hormone) 
(increased tubular secretion of TH). Explain the mechanism(s) behind the changes in TH levels. 

B. People with fully developed Hashimoto disease sometimes develop galactorrhea – spontaneous leakage of milk from the breasts (even though they are not pregnant or nursing). 

B-1. Once the thyroid is destroyed, you would expect people with Hashimoto to have levels of TSH that are (normal) (high) (low) (can’t predict).


B-2. Galactorrhea is most likely to be due to overproduction of (prolactin) (oxytocin) (either one) (both). 

B-3. The direct cause of overproduction of these hormones (PL &/or oxytocin) is most likely due to unusual levels of 
(TH) (TRH) (TSH) (TRH & TSH) (TRH or TSH) (TSH & TH) (TRH & TH) (all 3 of these) 
(none of these – all should be low or normal). Explain how Hashimoto disease leads to galactorrhea. 
4. Some drugs like Rifampicin (Rif) increase the synthesis of liver enzymes (P450s) that oxidize many compounds, including TH. Oxidized TH is water soluble. Patients receiving Rif (used to treat TB) excrete oxidized TH in the urine. Regular TH is not found in the urine.  Neither form of TH is secreted in the kidney.

A-1. In the kidney, which of the following should be filtered (in filtrate)? (TH) (oxid. TH) (tyrosine) (none of these).


A-2. In the blood, which must be bound to protein? (TH) (oxid. TH) (both) (neither).

A-3. In the kidney, which of the following should be reabsorbed? (TH) (oxid. TH) (tyrosine) (none of these).

Circle all correct answers for each part, and explain briefly how these three substances are handled by the kidney.


B. People with normal thyroids that are treated with Rif do not get hypothyroid. However people with Hashimoto disease (see above) who are taking TH pills & Rif do often develop hypothyroid symptoms. The TH in the pills is identical to natural TH. Consider a normal person and a person with Hashimoto disease who is taking TH pills. 

B-1. When both people are treated with Rif, levels of TSH should (change if thyroid is normal) 
(change if person has Hashimoto) (change whether person has Hashimoto or not) (stay the same in either case). 


B-2. Consider person with a normal thyroid who continues to take Rif. In this person, the level of TSH should reach a steady state that is (same as normal) (higher than normal) (lower than normal) 
(none of these – the level will continue to change indefinitely) (can’t predict). 


B-3.  If the person with Hashimoto disease is treated with Rif, s/he can avoid hypothyroid symptoms by 
(injections of TSH) (adjusting the dosage of TH pills) (either way) (neither will help).  
Explain why only people with Hashimoto disease get hypothyroid from Rif. 
5. Question 5 on hot flashes was on the review questions for exam #3. 
6.  (Parts of this question were on the review questions for exam #3.) The bladder includes three types of muscle – the smooth muscle making up the bladder wall, the smooth muscle making up the internal sphincter, and the skeletal muscle of the external sphincter. Answer each part and explain briefly. 


A. The smooth muscle of the bladder (wall & sphincter) lacks gap junctions between the cells. 

Therefore the ratio of nerve endings to internal sphincter muscle cells should be (>1) (about 1) (<1). 


B. Contraction of the bladder wall should require (phosphorylation of actin) (Ca++ binding to calmodulin) (both) (neither). 


(Parts C, D & E-1 were on the review questions for exam #3.)


E-1. What should cause relaxation of the external sphincter? (NE) (AcCH) (either one) (neither). 


E-2. For relaxation to occur, Ca++ in the muscle cytosol must be (low) (bound to calmodulin) (high) 

(bound to troponin) (bound to tropomyosin) (bound to actin) (bound to myosin) (beats me). 


E-3. For relaxation to occur, ATP must be (very low) (split) (bound to actin) (bound to myosin) (bound to troponin) (bound to tropomyosin) (bound to calmodulin) (beats me). 


E-4. When a contracted sphincter muscle relaxes normally, ATP is (bound) (split) (neither) (both). 

For E, circle all correct answers to each part and explain briefly.

7 The following sentence is from a standard Immunology Text (Goldsby et al): ‘Interaction of a TH cell with Ag initiates a cascade of biochemical events that induces the resting TH cell to enter the cell cycle, proliferating, and differentiating into memory cells or effector cells.’ This is an introductory sentence that leaves a lot out.  It’s your job to fill in the holes. 

A. What does ‘Interaction of a TH cell with Ag’ mean?

A-1. It means that all or part of the Ag acts as (a paracrine signal) (part of a juxtacrine signal) (an endocrine signal) 
(a paracrine or endocrine) (any of these). 


A-2.  It means that the TCR on the TH cell binds to (complete Ag made inside the TH cell) 
(a piece of Ag that was digested in the TH cell) (a piece of Ag that was digested in the ECF) 
(a piece of Ag that was digested inside another cell) (complete Ag made inside another cell). 


A-3. In order for the interaction to initiate activation, the TH cell needs to make or have
(MHC I) (MHC II) (surface bound antibody) (CD4) (CD8) (none of these). Circle all correct answers for A-3, and then explain or show what ‘Interaction of a TH cell with Ag’ really involves. (Ignore cytokines.) 
Question 7, cont.

B. The ‘interaction etc.’ described above leads to the activation of a cytoplasmic tyrosine kinase domain in the TCR complex. Activation of the kinase domain leads (through the TK cascade) to activation of PLC. (You don't need to know the TK cascade.) 

B-1. Activation of PLC is likely to lead to 


a. Higher cytosolic levels of (IP3) (cAMP) (both) (neither), AND



b. Higher levels of active (PKA) (calmodulin) (both) (neither).  Briefly list the order of events leading from the adaptor proteins to your answer to b. 

B-2. Ras is a (small) G protein. The interaction etc. leads to activation of ras. The interaction is likely to lead to an increase in (phosphorylation of ras-GDP) (dephosphorylation of ras-GTP) (phosphorylation of ras) 
(replacement of GDP with GTP) (replacement of GTP with GDP). Explain B-2 in one sentence.
The remainder of this question was about control of cell growth in normal and cancerous cells. This material will not be on the final, so the questions about it have been omitted.  The following two questions are from Exam #4 of ’09. 

8. The two receptors for cortisol and aldosterone have a common evolutionary origin. 

            GR = glucocorticoid receptor = binds cortisol much more tightly than aldosterone.

            MR = mineralocorticoid receptor = binds both hormones equally well. 

 

For both parts of A, circle all answers that apply.
   
A.    i. The 2 hormones -- aldosterone & cortisol -- are both (related to acetyl choline)
(peptides) (steroids) (catecholamines) (amino acid derivatives) (lipid soluble) (water soluble) 
(none of these – the two hormones are not of the same chemical class) (beats me).  

            ii. The 2 receptors -- MR & GR – are both (adrenergic) (cholinergic) (coupled to G proteins) 
(protein kinases or coupled to protein kinases) (activators of adenyl cyclase) (activators of PLC) 
(proteins that bind to DNA) (proteins that bind to mRNA) (none of these – they don’t act the same way).  


For parts B & C, pick the best answer and explain briefly.

    B.     i. If you have very high levels of cortisol, you can develop high blood pressure. This is probably caused by cortisol binding to (MR) (GR)  (either one) (neither – must happen some other way). 

            ii. The raised blood pressure should be caused by direct changes in the body’s handling of (glucose) (water) (Na+) (glucose or water) (glucose or Na+) (Na+ or water) (any of these) (none of these). 

 

    C. In normal blood, the concentration of cortisol is much higher than the concentration of aldosterone. Cells that are targets of aldosterone contain enzyme L that converts cortisol to cortisone. Cortisone does not bind to either receptor.  

            i. Enzyme L is required to prevent (cortisol from binding to the GR) (cortisol from binding to the MR) 
(aldosterone from binding to the GR) (aldosterone from binding to the MR) (either hormone from binding to the GR) 
(none of these – the enzyme must do something else). 

            ii. Licorice contains an inhibitor of enzyme L. (I am not making this up. However it takes a lot of licorice to have an effect.) Which of the following is most likely to give you high blood pressure? (eating licorice) (going on spring break) (studying for finals) (eating licorice while studying for finals)  (eating licorice on spring break) 
(either eating licorice or studying for finals) (beats me). 

 

9. Be sure to read info below for background information on control of acid base balance. 

    A.      i. If you retain too much CO2 in the body, you increase your breathing rate and increase the rate of CO2 exhalation. A physiologist would describe this as an example of (negative feedback) (positive feedback) (either type of feedback) (anticipation) feed forward) (adjustment of the set point). 

            ii. When the respiratory pacemaker neurons fire, you expect the major muscles of breathing to (relax) (contract) (respond either way – some will relax & some contract) (can’t predict). Base your answer on the background information given.

            iii. Suppose the H+ level is low in the arteries. In the pacemaker cells of the brain, which of the following is most likely to increase? (threshold) (slope of pacemaker potential) (time it takes pacemaker potential to reach threshold)  
(effect once threshold is reached) (none of these). On the exam, you only had to explain iii. 
 

     B. Most of the chemoreceptors involved in this system actually monitor the CO2 in the blood, not the actual pH. 

            i. If the CO2 in the blood is too low, the rate of H+ secretion in the kidney should (increase) (decrease) 
(stay the same) (stay the same at zero) (can’t predict). 

            ii. If a person suffers kidney failure, she is most likely to have (acidosis) (alkalosis) (either way), AND 

            iii. If the kidney failure is not treated, her urine is likely to be (more acidic than usual) (more basic than usual) 
(can’t predict).  Explain all 3 parts. 

   Note: It isn’t enough to get the right answers to question 9 (or any other question) – you also have to be able to explain how you got the answer. When this was an exam question, many students knew the answers (from studying for MCATs) but could not explain the rationales.
INFO PAGE

List of Acronyms, Definitions

Ab = antibody

Ag = antigen

cAMP = cyclic adenosine monophosphate

CDK = cyclin dependent kinase

CMV = cytomegalovirus

ECF = extracellular fluid

GR = glucocorticoid receptor

IP3 = inositol triphosphate

MHC = major histocompatibility complex

MR = mineralocorticoid receptor

NE = norepinephrine

PKA = protein kinase A 

PLC = phospholipase C

Ras  = G protein 
TCR = T cell receptor

TH = CTL = cytotoxic T cell

TH = thyroid hormone

TRH = TSH releasing hormone

TSH = corticotropin = thyroid stimulating hormone

Background on CMV infection

60-90% of people are infected with CMV (cytomegalovirus). In people with a normal immune system, the virus establishes a lifelong latent infection which produces no symptoms. In immunocompromised adults, reactivation of the latent virus can cause a serious, even fatal infection. Therefore active CMV infection is a big problem in people with HIV, or in transplant patients who have been treated with drugs to suppress the immune system.  


People who are infected with CMV have a normal immune response, both humoral and cell-mediated. However the virus is able to establish a latent infection anyway, in spite of the immune response. In addition, the virus can re-infect people (‘superinfection’) even though there was a robust immune response. This has made it very difficult to develop a vaccine against CMV.  


During infection, virus particles bud off from infected cells without destroying the cells. Assume that during latent infection, the particles can bud off the luminal side of epithelial cells. 

Normal CMV codes for several inhibitory proteins that reduce the amount of MHC I on the infected cell surface. There is a mutant that lacks the DNA coding for these inhibitory proteins. The mutant can establish a latent infection and induce a normal immune response just as well as the normal virus. However it has just been discovered that the mutant virus cannot superinfect people. 

When CMV infects a person, it probably infects a type of WBC (monocytes) in the blood stream. These cells then leave the blood and enter the tissues. In the tissues, the infected cells release progeny virus particles that infect tissue cells and establish a latent infection.

Information on control of acid/base balance
             Acid base balance is controlled by breathing and by secretion of H+ in the kidney. In all cases, CO2 and acid are considered equivalent because of the reversible carbonic anhydrase reaction:  
            CO2 + H2O ↔ H+ + HCO3-. 
That is, losing CO2 is equivalent to losing H+ and vice versa. 
The terms acidosis (low pH) and alkalosis (high pH) refer to the state of the blood, not to the state of the urine. 
            Breathing is controlled by a special area in the brain that contains respiratory pacemaker cells. These pacemaker cells control the firing of motor neurons, which control the major muscles responsible for breathing. When the pacemakers fire, the motor neurons fire, the major muscles respond, the lungs expand, and you breathe in. (Breathing out is normally passive, and follows automatically.)
            There are chemoreceptors for H+ in the arteries and the brain ECF. These send afferent information to the brain.
            If improper breathing leads to improper CO2 levels, the kidney can compensate. The kidney can secrete protons but cannot reabsorb them. A normal kidney secretes large amounts of H+ per day.
