METABOLIC BIOCHEMISTRY






          Winter 2004

Immo E. Scheffler 

FINAL  EXAM

All answers are to be written into the Blue Book. Leave the first inside page blank for scoring.

There are 18 questions.  Make sure that each answer is clearly identified with the question number at the top or left side of the page.

Consider the statement on the back of the Blue Book; fill it out and sign it if you want to have your exam returned in the hallway outside of 3234 Bonner Hall. 
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[image: image1.png]P ’, [t NVl ’//‘( /I' . %«\

,/ -
- Py

“What does he know, and how long will he know 142"




QUESTION 1 [12 points]

a) NADH is oxidized via the mitochondrial electron transport chain with the eventual formation of water from oxygen. What are the complexes and mobile carriers involved in this oxidation, and what is the sequence of electron flow? (A simple schematic diagram with labels is required) [8].
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the mobile carriers are ubiquinone (Q) and cytochrome c

the matrix side and intermembrane space should be labeled 

b) Describe two major structures/constituents that can make a protein a conductor of electrons [4]

1) the insertion of a heme group to create a cytochrome that can conduct electrons

2) the formation of non-heme iron-sulfur centers (e.g. [2Fe-2S] and [4Fe-4S] )

QUESTION 2  [10 points]
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The following diagram is a schematic representation of the oxygen concentration in a chamber containing mitochondria. Various substrates, inhibitors or uncouplers are added as indicated, with the result that oxygen consumption is either stimulated or arrested. For each of the substances added, rationalize the observed result.

- malate glutamate are added to stimulate NADH production inside the mitochondria, but oxidation occurs in tightly coupled mitochondria, because the  will quickly build up and stop electron transport, because the pumps cannot overcome the electrochemical gradient. DY is kept high when protons cannot return to the matrix through the operation of the ATP synthase

- when ADP is added we provide an acceptor for ATP synthesis by complex V, and protons can return to the matrix

- rotenone is an inhibitor of complex I, hence respiration from NADH oxidation will stop

- succinate can act as a substrate "downstream" from complex I, i.e. it is oxidized by complex II 

- malonate is a competitive inhibitor of complex II, and when added at sufficiently high concentration it can block the active site of complex II

QUESTION 3   [8 points]
a) Explain briefly how one can explain the experimental observation that the P/O ratio (ATP made per 1/2 O2  consumed) is not an integer (i.e. 3.0 or 2.0) [5]
Electron transport and respiration (oxygen consumption) and ATP synthesis take place in or on proteins that are physically not connected  and coupled only by the electrochemical gradient across the inner membrane. This gradient can be dissipated by protons moving across to the inside by a number of ways: non-specific leakage, antiport and symport mechanisms, and uncoupling proteins. There is no fixed stoichiometry between NADH oxidation and ATP synthesis. 

It is also possible that there is slippage at the proton pumps or at the level of complex V. 
b) Thermogenesis in brown adipose tissue is achieved by means of an uncoupling protein. What, precisely, is the function and role of this protein? [3]
This protein is a proton gate that allows protons to flow back into the matrix (down the concentration gradient). AS a result the energy from oxidations is not converted to ATP, but instead is released as heat. This is the mechanism for heat generation by brown adipose tissue in hibernating animals, and it contributes to maintaining our body temperature 
QUESTION 4   [8 points]

Cells often use the same enzyme reaction pattern for analogous metabolic conversions. The first stage in -oxidation of fatty acids follows a reaction sequence closely resembling a sequence in the citric acid (Krebs) cycle. Use structural formulae and names of compounds to illustrate the two pathways.
in the Krebs cycle: 
succinate => fumarate => malate => oxaloacetate

in b-oxidation:
  sat'd acyl =>  double bond => -hydroxy-acyl- => b-ketoacyl- 
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QUESTION 5   [4 points]

Explain, with the help of a schematic diagram, the role of carnitine in fatty acid degradation (no structural formulae required)
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fatty acid oxidation takes place inside the mitochondria; therefore FA have to be brought into the matrix, but the only transport mechanism is to make the acyl-carnitine from acyl-CoA in the cytosol. import acyl-carnitine, and reverse the reaction inside to re-generate acyl-CoA in the matrix

QUESTION 6   [6 points]

The pathway below shows a series of reaction required for the complete oxidation of a fatty acid with an uneven number of carbons.  

a) What type of reaction is reaction 1, and what co-factor is required? [3]

reaction (1) is a carboxylation requiring biotin

b) What is an essential co-factor in the last reaction and what is unusual about it.? [3]

the last reaction requires co-enzyme B12 derived from vitamin B12. It contains cobalt as a metal ion.
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QUESTION 7   [6 points]

Ubiquinone or plastoquinones play a role in electron transport in mitochondria or chloroplasts. The quinone is reduced to a semiquinone and quinol and serves as the “business end” of the co-factor. 

a) The isoprenoid side chain remains unchanged. What is its major role?

the major role of the isoprenoid chain is to keep the coenzyme Q in the membrane; it provides a long aliphatic hydrophobic tail that makes Q10 insoluble in water

b) The isoprenoid chain of these molecules is derived from a precursor molecule, HMG-CoA, that also serves in the pathway for the synthesis of several other biologically important molecules. Name three of those.

other important compounds derived from this precursor are:

ketone bodies, cholesterol and steroids, dolichol, other vitamins such as vitamins E, K, A, plastoquinones
QUESTION 8   [16 points]

a) Draw a highly schematic picture of all chloroplast and mitochondrial membranes. Label/name the compartments in which the Krebs cycle and the Calvin cycle take place

[image: image20.jpg]‘malate dehydrogenase

N

o0
Ho—dn
b,
too
Malate

malate
ey

¢

i

CHts Con u
Acotyl-CoA

NAD*

o
CHibscon
Acetyl-CoA

citrate

©H,~C00

HO—(—C00
H—~C00

Citrate

aconitase

61,~C00
dn—coo

no—tn—coo

Isocitrate
isocitrate

5 o
o,_,{

Glyoxylate op,—co0-

i—coo-
Succinate




b) Label the space in each organelle that becomes acidified during electron transport

in chloroplasts the pH is lowered in the lumen of the thylakoid membrane stacks; in mitochondria the pH is lowered in the intermembrane space between the inner and outer membrane
c) Indicate schematically the orientation of the ATP synthase (F1-Fo) in the appropriate membranes. 
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QUESTION 9   [8 points]

In the light reactions of photosynthesis we have emphasized the two phenomena: exciton transfer and photo-oxidation. Define each briefly in very general terms and relate them to the terms antenna chlorophyll and reaction center
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Antenna chlorophylls and other accessory pigments absorb photons and transfer the energy by exciton transfer to a special chlorophyll at the reaction center. At the reaction center the energy is used to expel an electron, i.e. oxidize the reaction center (loss of an electron). Photooxidation is the process in which the absortion of energy of a photon is high enough to cause an electron to be expelled instead of being just raised to an excited state within the same molecule.
QUESTION 10   [12 points]
Gluconeogenesis and glycolysis are pathways with shared intermediates:

Glu ( Glu-6P ( Fru-6P ( Fru-1,6 bis-P ( DHAP/GAP  1,3-bisphosphoglycerate 

        1

  2               3                         4                        5                                          

( 3-phosphoglycerate ( 2-phosphoglycerate ( PEP ( pyruvate

 6                                    7                                    8           9

Certain key steps in glycolysis are irreversible, and different enzymes are used in gluconeogenesis.

a) One of the irreversible steps is step 3; what enzyme is used in glycolysis? (a generic name will also earn credit) [2]

b) the enzyme used in glycolysis is phosphofructokinase
c) What enzyme is needed for the reverse of step 3 in gluconeogenesis? [2]
d) the enzyme in gluconeogenesis is a fructose 1,6-bisphosphatase 
e) Name a ligand/compound that controls these two enzymes in the opposite directions [4]

f) the ligand used for controlling these enzymes is fructose 2,6-bisphosphate
g) How is this ligand concentration controlled? [4]

the fructose 2,6-bisphosphate concentration is controlled by a phosphofructokinase 2 and a fructose 2,5-bisphosphatase ; these two enzymatic activities are associated with two different domains of a single protein (polypeptide). In the phosphorylated state the kinase 2 is inactive and the FBPase-2 is active; in the de-phosphorylated state the kinase-2 is active, while the phosphatase-2 is inactive. A cAMP-dependent protein kinase is responsible for the switch.
QUESTION  11   [16 points]

When the NADPH/NADP+ ratio is high in chloroplasts, photophosphorylation is predominantly cyclic

a) Explain with a schematic diagram labeling all the relevant components [10].


Electrons are transferred from Ferredoxin to the upstream end of the cytochrome b6f complex, and from there via plastocyanin to there oxidized reaction center of photosystem I. Protons are pumped and the gradient can drive ATP synthesis.

b) Is O2 evolved during cyclic photophosphorylation? [3]
no oxygen is evolved
c) Is ATP produced during cyclic photophosphorylation? [3] 

a) Yes, ATP is produced, but no NADPH is made
QUESTION  12   [6 points]

The enzyme ribulose 1,5 bisphosphate carboxylase (“rubisco”) is unable to discriminate completely between carbon dioxide and oxygen as one of the substrates. 

b) What “useless” product is produced by the undesirable oxygenase activity of rubisco? A structural formula is required. [3] 
c) 
d) Since plants cannot excrete this product, a pathway operates that involves three subcellular organelles; what are they? (You do not have to specify any reactions or other structures) [3].

the glycolate is formed in the chloroplast; further processing occurs in peroxisomes and mitochondria to produce ultimately 3-phosphoglycerate and CO2 from two molecules of glycolate.
QUESTION 13   [8 points]

The glyoxylate cycle in germinating seeds resembles the Krebs cycle, but it also differs from it in several major reactions. With the help of structural formulae give the two reactions that are unique to the glyoxylate cycle. What is the net gain from the glyoxylate cycle?

a) 
b) in the glyoxylate cycle two molecules of acetyl-CoA are converted to succinate
QUESTION 14   [18 points]

c) Fatty acid synthesis and degradation (-oxidation) take place in different cellular compartments; acyl intermediates are attached to different molecules; slightly different co-factors (oxidizing/reducing agents) are used. Amplify and explain briefly [6].

Fatty acid synthesis takes place in the cytosol, while -oxidation takes place in the matrix of mitochondria. For synthesis the acyl chain is attached to the acyl carrier protein (ACP); during b-oxidation the acyl chain is attached to coenzyme A. Reducing power for biosynthesis is provided by NADPH, while -oxidation requires FAD (first step), and NAD+ in the second reduction.
d) Fatty acid biosynthesis requires energy that is derived from ATP hydrolysis. At which step is ATP involved? Show the reactions with the help of structural formulae (not required for ATP). How many ATPs are required to make myristic acid (14 carbons)? [8]


to make myristic acid (14 carbons) requires 6 malonyl-CoAs and therefore 6 ATPs
e) The enzyme citrate lyase is one of the key enzymes controlling the rate of fatty acid biosynthesis. What is its relationship to fatty acid synthesis? Name the substrates and products, but no structural formulae required. [6]

citrate is exported from mitochondria to the cytosol where it is split by citrate lyase to form acetyl-CoA and oxaloacetate; the reaction also requires ATP and CoASH. The acetyl CoA can then be used in fatty acid biosynthesis
QUESTION 15    [10 points]

A mixture of alanine and -ketoglurate is incubated with an enzyme named transaminase (including the co-factor). After some time the mixture is re-annalyzed, and two additional compounds are found to be present. 

a) What are these compounds? Write the reaction with the inclusion of structural formulae [6].

the final mixture after transamination reactions have taken place are alanine, -ketoglutarate, pyruvate and glutamate

b) What is the essential co-factor (give name only) [2].

the essential co-factor is pyridoxal phosphate
c) What is an important “named” intermediate in the reaction mechanism?  [2]

the intermediate structure is a Schiff base
QUESTION  16   [14 points]

The pentose phosphate pathway includes four reactions starting with glucose-6 phosphate.

a) Give a generic name to each of the four reactions (oxidation/reduction, group transfer, carboxylation, decarboxylation, ligation, phosphorylation, dephosphorylation, hydrolysis, phosphorolysis, esterification, hydration, ….) [6]

(1) oxidation to form glucono lactone 

(2) hydrolysis of an intramolecular ester

(3) an oxidation and decarboxylation to form a pentose 5-phosphate (ribulose 5-phosphate)

(4) an isomerase reaction to form ribose 5-phosphate

b) What is the final carbon compound in the series? (No structure required) [2]

c) ribose 5-phosphate

d) What are the cofactors needed? [2]

NADP/NADPH
QUESTION 17 [10 points]

Consider the complete oxidation of glucose, C6H12O6, and a short chain fatty acid (hexanoic acid, C6H12O 2, CH3CH2CH2CH2CH2COOH) to carbon dioxide. Assume that there is no leakage of protons, and that the P/O ratio is 3 for NADH and 2 for FADH2. Calculate the number of ATP molecules that can be made from the complete oxidation of each carbon source to carbon dioxide. A brief series of comments/explanations should accompany your answer. In other words, the way in which you arrive at your final answer should be apparent to the grader.
oxidation of glucose:

glucose => 2 pyruvate yields 2 ATP and 2 NADH

2 pyruvate => 2 acetyl-CoA yields 2 NADH

the Krebs cycle with 2 acetyl-CoA yields 2x3 NADH, 2 FADH2, 2 GTP

assume that NADH is transferred to the mitochondrial matrix by a shuttle

hence we have 10 NADH to make 30 ATPs



  2 FADH2 to make 4 ATPs



  2 GTPs equivalent to 2 ATPs


  2 ATPs from glycolysis

TOTAL: 

38 ATPs

oxidation of hexanoic acid:

two cycles of -oxidation yield 2 FADH2 and 2 NADH and 3 acetyl-CoA in the matrix

hence we have 
11 NADH to make 33 ATPs




5 FADH2 to make 10 ATPs




3 GTPs equivalent to 3 ATPs

TOAL:

46 ATPs

The actual yield of ATP will be less because the P/O ratios given are too high, and some protons may be needed for transporting Pi into the matrix, etc.

QUESTION 18 [10 points]

The following page shows a series of compounds that are relevant for the urea cycle. They are labeled A, B, C, ….etc.

The diagram below shows two cycles and ten circles identified by numbers.  Write down a column of numbers (1 – 10) and identify by letter and name the compounds corresponding to each numbered circle
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chloroplasts have three membranes, mitochondria have two;


the Krebs cycle reactions take place in the matrix of mitochondria; the Calvin cycle reactions take place in the stroma of chloroplasts
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