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University of Guelph
Department of Chemistry and Biochemistry
19-356
Structure and Function In Biochemistry

Final Exam, April 22, 1998. Time allowed, 120 min.
Answer questions 1-30 on the computer scoring sheet provided.
Only one option is correct for each of these questions.

Use pencil to fill in the circles representing your chosen answer; and erase cleanly if you make an error.
Do not use ink or white-out on the computer scoring sheet.

You may mark your answer on the question paper for your own records, however in case of a
discrepancy between question paper and the computer scoring sheet, the choice shown on the
computer sheet will be taken asfind.

Answer questions 31-34 directly on the question paper.

Questions 1-30 have aweight of 1 mark each 30 marks
Questions 31-34 have marks as indicated 30 marks
60 marks
total
31 32 33 34
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Answer questions 1-30 on the computer scoring shest. Vaue 1 mark each
1 Which of the following properties of hemoglobin isnot part of the Bohr effect?

A) Decreased O, binding & lower pH.

B) Protonationof higidines near the C-terminus of globin.

C) Decreased O, binding in presence of elevated CO, levels.

D) Decreased O, binding at high altitude.

E) Formation of carbamate derivatives at the N-terminus of globin. 1) ABCDE
Altitude aclimatiztion is a BPG effect, not a Bohr effect

2. Glycogen phosphorylaseisan dlogteric enzyme with T and R states; which of the following
isnot true?
A) Phosphorylase a is preferentidly in R state without reguiring alogteric effectors.
B) Phosphorylase b is preferentidly in T state in the presence of Glucose-6-P.
C) Muscle phosphorylase b is preferentially in T statein the presence of 5 AMP
D) Phosphorylase b is preferentidly in T state in the presence of ATP.
E) Liver Phosphorylase a is preferentidly in T state in the presence of Glucose.
AMP is a positive effector for phosphorylaseb 2 ABCDE

3. Which enzymeisnot a component of fatty acid synthase 1?

A) Condensing enzyme B) Acetyl CoA carboxylase
C) Thioesterase D) Mdonyl Trandferase
E) Hydroxyacyl dehydratase 3 ABCDE

Stryer used the term condensing enzyme for ketoacyl ACP synthase

4, Which of thefallowing sugar phosphatesisnot a substrate or product of transaldolase?

A) Sedoheptulose-7-PB) Glycerddehyde-3-PC) Ribose-5-P
D) Erythrose-4-P E) Fructose-6-P 4 ABCDE
Adding 3 carbons to Ribose-5-P would make an octul ose-8-phosphate

5. Which of the following isnot a positive or negetive dlosteric regulator of phosphofructokinase?

A) Citrate B) Fructose-2,6-bisphosphate C) ATP

D) 5AMP E) Glucose 5 ABCDE
6. The baance of variousionic substance ingde and outside cdlls is quite characteridtic.

Which of the following ionic conditions would be abnormal?

A) [Ca] lower inside B) [phosphate esters] lower inside

C) [Na] lower indde D) [Mg?*] higher indde E) [K*] higher indde

Thiswould suggest that the cell contents have all |eaked out 6) ABCDE

7. Which of the following properties or actions of the pentose phosphate pathway is untrue?
A) Causes CO, rdease from glucose without directly consuming O..
B) Generates NADPH for reduction in biosynthetic pathways
C) Interconverts different forms of sugar phosphates
D) Generates ribose-5-Pfor nucleotide synthess
E) Generates ATP via oxidative phosphorylation of NADPH. 7) ABCDE

NADPH isnot a substrate of oxidative phosphorylation
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8. Which of the following lipids has net negative char ge?

A) Phosphatidyl choline B) Phosphatidyl serine
C) Phosphatidyl ethanolamine D) Triacylglycerol
E) Diacylglycerol 8 ABCDE

Two negative, one positive charge = net —1

0. The coenzyme generdly required for car boxylation reectionsis:

A) Thiamire pyrophosphate B) NAD* C) Biotin

D) CoenzymeA E) NADPH 9 ABCDE
10.  Whichfactor isbeneficial if injected within 30 minutesinto a droke victim?

A) VitaminK B) Fibrinogen C) Tissue plasminogen activator

D) Factor VIII E) Factor IX 100ABCDE

Converts plasminogen to active plasmin; plasmin breaks down fibrin to dissolve clots

11.  Which substance isbeneficial as a preventative of stroke?
A) Vitamin K B) Warfarin C) Prothrombin
D) Factor VIII E) Factor IX 1)ABCDE

Warfarin interferes with Vit K action; clotting factors don’t devel op as much g-carboxyglutamate

12.  Which of the following substances can be transported acr oss membranes by simple diffusion?
A) Glucose B) ATP C) Smpleamino acids
D) CO, E) K* 12)ABCDE

Low mass, neutral, not particularly polar due to molecular symmetry

13. Nitrotyrosne is amodification of natura tyrosine formed by exposure to tetranitromethane,

and has the fallowing effect in aspartate transcarbamylase:

A) Causes breakup of ATCaseinto ¢; and r, components.

B) Allowsc; and r, components to rgoin into Cer.

C) Causesashift to the R State.

D) Causesadecrease in sedimentation coefficient.

E) Changes absorbancein responseto changefrom T to R. 13)ABCDE
This subject was covered more extensively in Stryerin 1998.

14. During intense physical ativity:

A) theliver synthesizes fetty acids from glucose.

B) theliver recycleslactate from blood into glucose.

C) theliver carries out glycolyss to make ATP which can be sent to the muscles.

D) theliver synthesizes glucose from stored faity acids.

E) theliver takes up excess glucose from blood. 14ABCDE
The Cori cycle

15.  Thecarrier of carboxylate groupsin CoA and ACP is
A) phosphopantotheine B) pyridoxa phosphate C) biotin

D) ATP E) thiamine pyrophosphate 15)ABCDE
Pantotheine isthe vitamin that is used to make CoA and ACP
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16.  Conversonof pyruvate into PEP hasthe following net effect:
(treat ATP and GTP as equivaent for these purposes)
A) Consumes one ATP, makes one NADH
B) Consumestwo ATP, makes one NADH
C) Consumesone ATP and one NADH
D) Consumestwo ATP and one NADH

E) Consumestwo ATP, no net changein overall NADH. 16)ABCDE
17.  Thebody'sprimary reserve of energy isin the form of:

A) ATP B) proteins C) triacylglycerols

D) glucose E) glycogen 17’)ABCDE

About 400000 kJis stored as fats

18.  Thebody’'ssecond reserve of energy isin the form of:

A) ATP B) proteins C) triacylglycerols

D) glucose E) glycogen 18 ABCDE
About 100000 kJis available as protein

19.  After saverd hours without food:
A) Epinephrineis released to maintain blood glucose levels.
B) Glucagon isreleased to maintain blood glucose levels.
C) Insulinisreeased to maintain blood glucose levels.
D) Insulin simulates fat breakdown to replace glucose.
E) Glucagon stimulates glycolysis ratesin liver 199ABCDE

20.  Thebrain usesglucose primarily for:

A) Fatty acid biosynthess. B) To store as glycogen.
C) Energy to maintain ion gradients. D) To make ATP to supply to muscles.
E) Pentose phosphate pathway. 20ABCDE

21.  Which of thefollowing effects happens after caffeine ingestion:
A) Persistantly elevated cyclic AMP levels. B) Protein phosphatase activated.

C) Glycogen synthesis activated. D) Adenylate cyclase activated.
E) Glycogen phosphorylase activity reduced
Caffeineinhibits cyclic nucleotide phosphodiesterase 2)ABCDE

22. | socitrate dehydrogenase is under dlogeric control by:

A) Activation by ADP B) activation by ATP
C) Activation by citrate D) activation by acetyl CoA
E) Activation by cydic AMP 22)ABCDE

Higher ADP levelsindicate a need for energy metabolism
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23. Pyruvate carboxylase is under dlogeric control by:

A) Activatiion by ADP B) activation by glucose-6-P
C) Activation by citrate D) activation by acetyl CoA
E) Activation by cyclic AMP 23JABCDE

24.  TheNernst equation alows one to calculate membrane potentid: for any monovaent cation,
the predicted equilibrium membrane potentia is 60 mV for a concentration ratio of 1 to 10.
The system illustrated below contains an ion sdective channd for K*.

K+ channel
[K*]out =0.015 M , [K*]in=0.15M
e Qr—f’ ve
120 mV

Predict what happensif theion channd opens under the conditions shown above:

A) K* does not cross because the potential opposes the concentration gradient.

B) K* crosses outwards towards the higher potentid.

C) K crosses outwards towards the lower [K*].

D) Kt crossesinwards because of the large membrane potential.

E) K* crossesinwards because of the concentration gradient. 2)ABCDE

The potential isdouble the expected equilibrium potential, hence the electrical gradient overrides the concentration gradient.

25. People who live at altitude adapt to lower pO, by:
A) Making less 2,3-bisphosphoglycerate to increase O, dfinity in the lungs
B) Making more 2,3-bisphosphoglycerate to increase O, dfinity in the lungs
C) Making less 2,3-bisphosphoglycerate to enhance O, release in capillaries.
D) Making more 2,3-bisphosphoglycer ate to enhance O, release in capillaries
E) By using fetd hemoglobin. 25)ABCDE

BPGlowers O, affinity making it easier to release

26.  Whichisthemajor hemoglobin form made in the embryo during the first month after
conception?

A) azbg B) agez C) 9222 D) azdz E) e2b2 26)AB C DE

27.  Activation of chymotrypsinogen by trypsin involves
A) Reease of apeptide that blocks access to the active Site.
B) Phosphorylationof acriticd serine.
C) Binding of cacium to g-carboxyglutamate.
D) Binding of ATP
E) Cleavage of a peptide bond to create a positive charged N-terminal | soleucine

2VABCDE
New N-terminal lle forms an ion pair with Asp 194 so that the oxyanion hole is correctly aligned
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28.  Fibrinogenis prevented from clotting by negative chargein itscentral region;
part of this negative chargeisdueto the modified amino acid:
A) tyrosine-O-sulfate B) Serine-O-phosphate C) g-carboxyglutamate
D) nitrotyrosine E) threonine-O-phosphate
28) ABCDE
One of the components of fibrinopeptides A and B responsible for the strong negative charge

29.  Theproduct of 6-phosphogluconate dehydrogenaseis

A) 6-phosphogluconolactone B) glucose-6-P C) ribose-5-P
D) ribulose-5-P E) xyluose-5-P
290ABCDE
30. Thenormal final product released by human fatty acid synthasel is
A) CisH3zCOy B) CisH3CO, C) Ci7HssCOy
D) CisHs;COSCoA E) C,;H3sCOSCoA 30)ABCDE

Thisisthe formaula of palmitate, released from ACP by thioesterase.
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31 Explain what ismeant by symport and antiport, and give an example of a specific antiport
process in the mitochondria membrane.

symport:
A transport processin which both substrates must bind from one side for the
conformation to invert and release both substrates on the opposite side of the

bilayer.

antiport:

A transport processin which substrate A binds and induces inversion of
conformation so that substrate A can bereleased on the opposite side of the
bilayer. A second substrate B must then bind to restore the original conformation.
Substrate B istherefore transported in the opposite direction and in a strict ono for
one stoichiometry with substrate A.

example
dicarboxylate carrier
malate, + Pi,,, = malate,, + Pi,
or a-ketoglutarate carrier
malate,, + a-ketoglutarate,,; = malate,,, + a-ketoglutarate,,
or tricarboxylate carrier or ATP:ADP translocator or aspartate:glutamate

translocator

4 marks
What process do cells use to import glucose across the cell membrane? What makes it possible to move
glucose from low externd [glucosg] to high internd [glucose]

3 marks

The glucose:Na* symport system
Glucose,,; + 2 Na‘,,; = Glucose;, + 2 Na*;,
Since [Na‘], iIsabout 12x higher than [Na'];,, and membrane potential is about -50
mV inwards on intestinal epithelial cells, thereisa strong driveinwardsfor Na'.
Given these conditions it should be possible to concentrate glucose inside to 10%x
the outside concentration.

Strictily spesking this applies only to intestind epithdid cells

Other than transport, give two other roles for membrane proteins:
Any two of Structural, e.g. spectrin
Identity markerse.g. glycophorin
Receptors, e.g. insulin receptor
Enzymes, e.g. adenylate cyclase
Intracellular signalling, e.g. Ras
2 marks
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32.  Your choice
ether show the cycle of stepsinvolved in the action of theNa/K AT Pase pump

or show the six step reaction sequence of fatty acid synthasell. 6 marks

3 Nat

out

1) 3 Na* bind to high affinity sSitesinside

2) ATP bindsand phosphorylates Asp 376; this changes the conformation to expose
binding sites outside

3) Conformation change hase lowered Na* affinity so 3 Na* are released
4) conformation change hasincreased K* affinity so 2 K* bind

5) hydrolysis of aspartyl phosphate occurs so the confromation reverts to the
original state

6) The conformation change lowers K* affinity so K" isreleased inside; Na* sites
revert to high affinity.
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ether show the cycle of sepsinvolved in the action of the Na/lK ATPase pump

or

1) Malonyl transferase attaches malonyl
group to ACP
using malonyl-CoA as donor

2) Ketoacyl ACP synthase carriesthe
growing acyl chain in its catalytic site
(RCO-S-Enz from a previous cycle. The
synthase condenses the acyl radical to
malonyl-ACP, displacing the extra malonyl
carboxylate group. Thisdecarboxylation
drivesthe condensation.

3) The ketoacyl-ACP from step 2is
reduced to a hydroxyacyl-ACP

4) Dehydratase eliminates H,O from the
hydroxyacyl-ACP to make enoyl-ACP

5) enoyl-ACP isreduced to the saturated
acyl-ACP

6) Acyl transferase movesthe saturated
acyl chain from ACP to the catalytic site of
ketoacyl ACP synthasein readiness for the
next cycle, or if the chain hasreached its
limit leaving ACP empty, an acetyl radical
from acetyl CoA can betransferred to the
ketoacyl ACP catalytic ste HS-Enz

show the six step reaction sequence of fatty acid synthasel.

6 marks
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How is pyruvate converted to phosphoenol pyruvate in animd cdls?
Show structures of the principle reactants and products, but cofactors such as ATP etc. can amply
be named; name the enzymes, and indicate regulators of the first step.
enzyme reaction 1
pyruvate carboxylase

biotin as cofactor

pyruvate + ATP+ CO, ® ADP + Pi + oxaloacetate
CH;-CO-CO,~ -0,C-CH,-CO-CO,-

Presence of acetyl-CoA isrequired for activation
enzyme reaction 2

mitochondrial malate dehydrogenase
oxaloacetate + NADH + H* = malate + NAD*
-0,C-CH,-CO-CO,- ~0,C-CH,-CHOH-CO,~

enzyme reaction 3

cytoplasmic malate dehydrogenase
malate + NAD* =  oxaloacetate + NADH + H*
_02C'CH2'CHOH'C02_ _02C'CH2'CO-COZ_

enzymereaction 4
PEP carboxykinase

oxaloacetate + GTP = phosphoenolpyruvate + GDP + CO,

Reactions 2 and 3 may seem a bit redundant.
What other event occurs between reaction 2 and reaction 3?

Malate is exported from the mitochondria to the cytoplasm by the dicarboxylate
carrier.

8 marks
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Show the sequence of events that lead to activation of glycogen breakdown and deectivation of glycogen
gynthesis.

7 marks
Initid state; fear or stress

Fear or stress lead to release of the hormone epinephrine in anticipation of
need for muscular activity (the fight or flight response).

Epinephrine bindsto its G-protein coupled receptor on muscle cells.
Release of G.a stimulates adenylate cyclase to produce cyclic AMP
Cyclic AMP activates protein kinase A

Protein kinase A phorphorylates phosphorylase b kinase, increasing its
activity.

Phosphorylase b kinase phosphorylates inactive phosphorylase b, converting
it to the active phosphorylase a; this leads to and increase in the rate of
glycogen breakdown.

Protein kinase A phosphorylates Glycogen synthase | converting it to the less
active glycogen synthase D. Glycogen synthase D is a target for further
inactivation by glycogen synthase kinase. This shuts down glycogen
synthesis



