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PART I: MULTIPLE CHOICE (40 points; two points per question)

Circle the letter next to the single correct answer.

1.
When a sudden drop in osmotic pressure occurs:


a)
aquaporins excrete polyamines, such as putrescine, into the medium


b)
aquaporins help take up potassium ions rapidly


c)
mechanosensitive channel proteins allow rapid water movement


d)
mechanosensitive channel proteins take up potassium


e)
mechanosensitive channel proteins allow the rapid exit of ions

2.
Membrane derived oligosaccharides consist of:

a)
glucosamine chains with short fatty acids attached

b)
galactose chains with phosphoglycerol side chains

c)
glucose chains with phosphoglycerol side chains

d)
glucose residues attached to bactoprenol carrier lipid

e)
glucosamine chains with attached ethanolamine groups

3.
The sugar trehalose:


a)
is an isomer of lactose that consists of glucose plus galactose


b)
is a longer analog of maltose that contains three glucose subunits


c)
cannot be made by E. coli but is taken up at high osmotic pressure


d)
is made by degrading membrane derived oligosaccharides at high osmotic pressure


e)
is found in the blood of many insects

4.
Transport of potassium into E. coli
a)
is controlled by OmpR and cyclic AMP

b)
is induced at low osmotic pressure

c)
is prevented by membrane derived oligosaccharides

d)
is due to binding of potassium by putrescine

e)
is controlled by a two component regulatory system

5.
Which solutes increase when E. coli is grown at high osmotic pressure?


a)
trehalose and polyamines


b)
glycine betaine and potassium


c)
polyamines and potassium 


d)
trehalose and membrane derived oligosaccharides


e)
membrane derived oligosaccharides and polyamines

6.
The difference between osmotic pressure and ionic strength is:

a)
high osmotic pressure damages proteins, but high ionic strength protects proteins

b)
ionic strength is proportional to the square of the charge

c)
osmotic pressure is proportional to the logarithm of the charge

d)
high ionic strength will burst the cell membrane, if uncontrolled

e)
the ionic strength equals the osmotic pressure multiplied by the number of charges

7.
By weight, cells contain more of:

a)
transfer RNA

b)
ribosomal RNA

c)
messenger RNA

d)
peptidoglycan

e)
lipopolysaccharide

8.
Selenium and molybdenum are trace metals which are needed:

a)
by many bacteria when growing anaerobically

b)
by all living cells under all conditions

c)
only by gram-negative bacteria

d)
only by eukaryotes

e)
none of the above is true

9.
Escherichia coli possesses approximately how many genes of which approximately how many are expressed at any one time?

a)
5000 genes of which 1000 are expressed at a time

b)
4000 genes of which 2000 are expressed at a time

c)
2000 genes of which 500 are expressed at a time

d)
4000 genes of which 1000 are expressed at a time

e)
3000 genes of which 1000 are expressed at a time

10.
Prokaryotic cells generally do not have:

a)
ribosomes or a nucleus

b)
peptidoglycan or mitosis

c)
sterols or circular chromosomes

d)
isoprenoids or linear chromosomes

e)
microtubules or sterols

11.
Phosphofructokinase from E. coli is regulated as follows:



activator



inhibitor


a)
ATP




Fructose diphosphate


b)
AMP




Phosphoenol pyruvate


c)
Phosphoenolpyruvate

ATP


d)
AMP




Fructose-6-phosphate


e)
Fructose-6-phosphate

ATP

12.
Bacteria use the proton motive force directly for:

a)
protein synthesis and transporting nutrients

b)
motility (by flagella) and transporting nutrients

c)
making ATP and synthesizing peptidoglycan

d)
energizing protein export and synthesizing peptidoglycan

e)
many biosynthetic reactions and motility (by flagella)

13.
Transport systems for iron uptake by E. coli

a)
Use specialized porins to get the iron across the outer membrane


b)
All rely on siderophores made by other organisms


c)
Are energized by PEP which is used by the TonB protein


d)
Consist of pairs of proteins, one in the inner membrane and one in the outer membrane


e)
Share the TonB protein, which binds iron in the periplasmic space

14.
As the temperature decreases, bacteria such as E. coli alter their lipid composition by increasing the proportion of:


a)
hydroxy fatty acids


b)
unsaturated fatty acids


c)
cyclopropane derivatives of fatty acids


d)
glycerol relative to fatty acids


e)
none of the above is correct

15.
A chemotroph uses organic molecules as:


a)
carbon source


b)
source of reducing power


c)
source of energy

d)
all of the above


e)
none of the above

16.
The function of capsular polysaccharides is to:

a)
store surplus carbohydrate

b)
anchor bacterial cells to the intestinal lining

c)
keep the periplasmic space inflated at low osmotic pressure

d)
protect against ultra violet radiation

e)
protect against dehydration

17.
The periplasmic space of E. coli contains:


a)
maltose binding protein


b)
adenylate cyclase


c)
SecB chaperonin


d)
lipopolysaccharide


e)
none of the above

18.
The phospholipids found in the cytoplasmic membrane of typical bacteria contain a phosphate group and a headgroup (or base) plus:


a)
three fatty acids


b)
three fatty acids and glycerol


c)
two fatty acids and glycerol


d)
two fatty acids, glycerol and glucosamine

19.
The average fatty acids of bacteria and eukaryotes differ as follows:


a)
bacterial fatty acids are slightly shorter


b)
eukaryotic fatty acids are branched


c)
eukaryotic fatty acids are made from five carbon units


d)
bacterial fatty acids have multiple carboxyl groups


e)
many bacterial fatty acids have two double bonds

20.
The elongation step of fatty acid synthesis uses:

a)
malonyl-ACP

b)
acetyl-ACP

c)
acetyl-CoA

d)
succinyl-CoA

e)
malonyl-CoA

21.
The OmpA protein of the gram-negative cell envelope is:


a)
covalently linked to the peptidoglycan


b)
a special porin for anionic nutrients


c)
the receptor for the sex-pilus


d)
covalently attached to lipopolysaccharide


e)
found only in the inner layer of the outer membrane

22.
The long carbohydrate chains of the peptidoglycan consist of alternating residues of:


a)
N-acetyl-heptosamine and KDO


b)
N-acetyl-glucosamine and N-acetyl-muramic acid


c)
N-acetyl-muramic acid and galactose


d)
Galactose and Glucose


e)
Galactosamine and KDO

23.
Penicillin is an analog of:

a)
Phosphoenol pyruvate
b)
N-acetyl muramic acid

c)
Diaminopimelic acid

d)
N-acetyl glucosamine

e)
D-Ala-D-Ala

24.
Penicillin binding proteins

a)
bind penicillins in order to protect bacteria

b)
open the bond between bactoprenol-P and muramic acid

c)
are involved in peptidoglycan cross-linking

d)
are found in the outer membrane of E. coli
e)
open up the beta-lactam bond of penicillin

25.
Sugars such as abequose, colitose, fucose are:


a)
found in the membrane derived oligosaccharides


b)
seven or eight carbon sugars


c)
found in the core region of lipopolysaccharide

d) found in the lipid A of lipopolysaccharide

e) deoxy derivatives of hexoses

26.
The lipid A of lipopolysaccharide contains:


a)
KDO, Heptose, phosphate and ethanolamine


b)
8 to 10 glucose in a branched structure plus glycerol phosphate


c)
N-acetyl glucosamine and N-acetyl muramic acid


d)
Glucosamine and hydroxymyristic acid


e)
None of the above

27.
Lipopolysaccharide is found


a)
only in the outer half of the inner membrane


b)
only in the inner half of the outer membrane


c)
in both halves of the outer membrane


d)
only in the outer half of the outer membrane


e)
only in gram-positive bacteria

28.
The signal sequence

a)
has a negative charge at the very end

b)
consists of mostly hydrophilic amino acids

c)
is recognized by the SecB protein

d)
is cleaved off by the leader peptidase after export

e)
is bound by bacitracin

29.
During protein export the SecA protein:


a)
uses ATP and intiates export


b)
removes the signal sequence


c)
uses the PMF to pull the newly made protein across the membrane


d)
helps exported proteins  to cross the periplasmic space


e)
attaches fatty acids to lipoproteins

30.
During protein export chaperonins act to:


a)
insert the signal sequence into the membrane


b)
guide proteins to the outer membrane


c)
carry proteins across the periplasmic space


d)
prevent premature folding of exported proteins


e)
provide energy for protein export by using the PMF directly

31.
During the transport of lactose:


a)
the proton motive force is used as an energy source


b)
ATP is used as an energy source


c)
phosphoenolpyruvate supplies energy


d)
both ATP and the proton motive force are used as energy sources at different stages of uptake

32.
During the operation of the simple version of the phosphotransferase system:


a)
High energy phosphate is transferred from ATP to HPr via enzyme I


b)
High energy phosphate is transferred from HPr to enzyme II to the sugar


c)
An ADP group is transferred from HPr to enzyme II to the sugar


d)
High energy phosphate is transferred from PEP to HPr by enzyme II


e)
A UDP group is transferred from HPr to enzyme II to the sugar

33.
The term “sodium antiport” refers to:


a)
Sodium is taken into the cell with a sugar


b)
ATP is used as an energy source to export sodium


c)
Sodium and a proton move in opposite directions


d)
Sodium is taken up at high osmotic pressure


e)
none of the above is correct

34.
Inducer exclusion is the result of:

a)
inhibition of transport proteins by enzyme III (= IIA)

b)
inhibition of adenylate cyclase by CRP protein

c)
inhibition of adenylate cyclase by HPr protein

d)
blocking of porins by enzyme III (= IIA)

e)
binding of enzyme III (= IIA) to the CRP protein

35.
When E. coli has plenty of glucose:

a)
The level of cyclic AMP rises

b)
The level of CRP protein falls

c)
The level of phosphorylated enzyme III (= IIA) falls

d)
Cyclic AMP binds to Hpr protein

e)
none of the above is correct

36.
In order to switch on the lactose operon:

a)
The level of cyclic AMP must be low

b)
CRP protein plus cyclic AMP must bind to the LacI repressor

c)
The LacI repressor must be phosphorylated

d)
CRP protein must phosphorylate RNA polymerase

e)
The LacI repressor must bind inducer

37.
The type of enzyme which adds a phosphate group to a molecule is a:


a)
racemase

b)
phosphatase


c)
mutase 


d)
kinase 

e)
phosphorylase

38.
The lipoprotein of the gram-negative cell envelope

a)
forms pores in the outer membrane

b)
carries the O-antigen

c)
is cross linked to the porins 

d)
holds the peptidoglycan and outer membrane together

e)
has covalently attached glucosamine

39.
Which of the following steps of glycolysis incorporates inorganic phosphate:


a)
triose phosphate isomerase


b)
pyruvate kinase


c)
glyceraldehyde phosphate dehydrogenase


d)
phosphoglycerate kinase


e)
enolase

40.
Arsenate is toxic because

a)
its organic derivatives hydrolyze spontaneously

b)
it inhibits pyruvate dehydrogenase

c)
it causes the breakdown of ATP

d)
it prevents the phosphorylation of sugars by the phosphotransferase system

e)
it inhibits enolase

PART II: ESSAY QUESTIONS (20 points per question)


Choose any ONE question.  Answer by notes and DIAGRAMS.  Remember that one diagram is worth a thousand words.  Write on only one side of the paper provided. 

41.
Explain how E. coli adapts itself to growing in medium of high osmotic pressure.  How is potassium transport regulated?  Explain how glutamate, trehalose and glycine betaine are involved in growth at high osmotic pressure. 

42.
Describe how a newly synthesized outer membrane protein, such as a porin is transported to its correct location in the cell.  At what stage is ATP used and at what stage is the proton motive force used?  

43.
Explain how the TonB system, outer membrane receptors and siderophores are involved in the transport of iron into Escherichia coli. 

44.
Outline the general structure of peptidoglycan. What is the major difference in the structure of peptidoglycan between gram negative and gram positive bacteria? How do antibiotics of the penicillin family affect peptidoglycan? 

45.
Explain how the phosphotransferase system controls the level of cyclic AMP and blocks inducer transport.  How is the lactose operon switched off in the presence of glucose and on in its absence?  

46.
Explain how glucose-6-phosphate is converted to pyruvate by the glycolytic pathway.  Where are ATP and NADH produced?  What are the two main controlling steps and how are they regulated?  
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PART I:  MULTIPLE CHOICE  (60 points)
Circle the letter next to the single best answer.  Two points per question.

1.
Alcohol dehydrogenase of E. coli is regulated as follows:

a)
the enzyme is activated allosterically by pyruvate

b)
the enzyme is activated under acidic conditions

c)
the gene is repressed under acidic conditions

d)
the enzyme is inactivated by alcohol

e)
the gene is induced under anaerobic conditions

2.
The most important factor in protection against oxygen toxicity is:


a)
carotenoids trapping hydroxyl radicals


b)
peroxide dismutase


c)
catalase


d)
peroxide degradation by flavoproteins


e)
superoxide dismutase

3.
The ArcAB regulatory system:

a)
induces most Krebs cycle enzymes in the presence of air

b)
represses most Krebs cycle enzymes in the absence of air

c)
induces nitrate and fumarate reductase in the absence of air

d)
represses nitrate and fumarate reductase in the presence of air

e)
induces the cytochrome d complex in the presence of air

4.
Pyruvate dehydrogenase of Escherichia coli is regulated by:


a)
repression by phosphoenolpyruvate


b)
induction by pyruvate


c)
activation by oxaloacetate


d)
inhibition by high levels of succinyl-CoA


e)
inhibition by high levels of glyoxylate

5.
Which of the following enzyme reactions releases carbon dioxide:


a)
Malate dehydrogenase


b)
Isocitrate lyase


c)
alpha-Ketoglutarate dehydrogenase


d)
Citrate synthase


e)
Aconitase

6.
In the Krebs cycle, citrate is made by condensing:


a)
Acetyl-CoA with fumarate


b)
Pyruvate with malate


c)
Acetyl-CoA with oxaloacetate


d)
Pyruvate with succinyl-CoA


e)
Acetyl-CoA with glyoxylate

7.
The pentose phosphate cycle provides precursors for the biosynthesis of:

a)
proline and nucleic acids

b)
lipopolysaccharide and aromatic amino acids

c)
aromatic amino acids and peptidoglycan

d)
heme cofactor and nucleic acids

e)
lipopolysaccharide and heme cofactor

8.
The correct equation for the reduction of FAD is:

a)
FAD + 2[H]  =  FADH2
b)
FAD+ + 2[H]  =  FADH + H+
c)
FAD+ + 2[H]  =  FADH2
d)
FAD + 2[H+]  =  FADH+ + H+
9.
Adenosine diphosphate is a high energy compound because of:

a)
isomerization between enol and keto forms

b)
the ester linkage between the phosphate groups

c)
charge repulsion due to the phosphates

d)
all of a), b) and c) are correct

e)
none of the above is correct

10.
The step which releases most energy in the electron transport chain of mitochondria is:


a)
from NAD to ubiquinone


b)
from ubiquinone to cytochrome b


c)
from cytochrome b to cytochrome c


d)
from cytochrome c to cytochrome a


e)
from cytochrome a to oxygen

11.
Oxygen release by photosystem II is due to:

a)
Cu containing plastocyanin

b)
cytochrome oxidase

c)
cytochrome f

d)
reversed electron transport in the respiratory chain

e)
Mn containing complex (S protein)

12.
The photosynthetic antenna contains:


a)
Pheophytin and retinaldehyde


b)
Chlorophyll a and carotenoids


c)
Chlorophyll b and pheophytin


d)
Bacteriorhodopsin and plastoquinone


e)
Retinaldehyde and chlorophyll a

13.
The electron transport chain of purple bacteria contains:


a)
Menaquinone and cytochrome f


b)
Plastocyanin and cytochrome b


c)
Plastoquinone and cytochrome f


d)
Bacteriopheophytin and cytochrome b


e)
Ferredoxin and ubiquinone

14.
Purple photosynthetic bacteria:


a)
release oxygen if they are provided with light energy


b)
cannot release oxygen under any circumstances


c)
generate reduced NADPH by using light energy


d)
have areas of purple membrane which contain bacteriorhodopsin


e)
release oxygen only if they are provided with both light energy and an alternative electron acceptor

15.
Generation of PMF by Halobacterium living anaerobically in the light is due to:


a)
The orange membrane


b)
Photosystem I


c)
Sodium export


d)
Bacteriorhodopsin


e)
None of the above

16.
During its photochemical cycle the retinal pigment of Halobacterium:


a)
Transfers protons into the cytoplasm


b)
Alternates between cis and trans isomers


c)
Alternates between protein bound and free forms


d)
All of the above


e)
None of the above

17.
When carbon dioxide is converted to methane, reducing equivalents are transferred by:

a)
F420

b)
F430

c)
coenzyme M

d)
tetrahydromethanopterin

e)
FAD

18.
During methane synthesis the one carbon unit is carried first on:


a)
F420


b)
F430


c)
tetrahydromethanopterin


d)
methanofuran


e)
tetrahydrofolate

19.
Methane bacteria incorporate carbon dioxide into cell material by:


a)
making acetyl-CoA from two one carbon units


b)
converting it first to methane


c)
the Calvin cycle


d)
running the Krebs cycle in reverse


e)
they cannot convert carbon dioxide to cell material

20.
Consumption of hydrogen by methanogens allows:

a)
obligate anaerobes such as Clostridium to convert ethanol to acetate

b)
certain anaerobic sulfur bacteria to convert acetate to ethanol

c)
obligate anaerobes such as Clostridium to excrete acetate instead of ethanol

d)
facultative anaerobes such as E. coli to excrete acetate instead of ethanol

e)
the S-organism to convert acetate to ethanol

21.
Which is the correct order:


a)
NADH, cyt a, ubiquinone, cyt b, cyt c


b)
NADH, cyt c, cyt b, ubiquinone, cyt a


c)
NADH, ubiquinone, cyt b, cyt c, cyt a


d)
NADH, ubiquinone, cyt c, cyt b, cyt a


e)
NADH, cyt a, cyt c, ubiquinone, cyt b

22.
In cytochromes the Fe atom is surrounded by a square of:

a)
four sulfur atoms

b)
two sulfur atoms and two nitrogens

c)
four nitrogen atoms

d)
four oxygen atoms

e)
it varies between cyt a, cyt b, or cyt c

23.
The proton motive force in bacteria can be used to 


a)
make ATP


b)
energize protein secretion


c)
energize the flagella

d)
(a) and (b)


e)
(b) and (c)


f)
all of (a), (b) and (c)

24.
Uncouplers


a)
carry chloride ions across membranes


b)
inhibit the electron transport chain


c)
hydrolyse high energy phosphates


d)
carry protons across membranes


e)
block the proton channel in the F0 subunit of ATP synthase

25.
When the  (charge difference) of E. coli is measured with electrodes and a voltmeter:


a)
mecillinam is used to produce giant spherical cells


b)
oligomycin must be used to inhibit the ATP synthase


c)
TPMP is used because it is positively charged and lipophilic


d)
DMO is used because its undissociated acid form can cross the membrane


e)
the proton channels must be blocked first

26.
When ATP synthase makes ATP by using the proton motive force:


a)
protons go through a channel in the F0 subunit


b)
ADP is bound by the F0 subunit


c)
two phosphate groups are added to AMP by the  and  subunits


d)
the F1 subunit transports the protons across the membrane


e)
the F0 subunit releases the ATP on the inside of the cytoplasmic membrane

27.
Which of the following are hydrogen carriers (as opposed to electron carriers):


a)
NAD and heme


b)
FeS groups and plastoquinone


c)
Pheophytin and menaquinone


d)
Ubiquinone and FAD


e)
FeS groups and FAD

28.
TMAO reductase and nitrate reductase both require:


a)
Fnr protein for induction


b)
Cyclic AMP and Crp protein for induction


c)
Molybdenum and selenium for activity


d)
Presence of formate for induction


e)
NarL protein for induction

29.
Menaquinone is used instead of ubiquinone:


a)
during photosynthesis


b)
when the culture medium lacks phosphate


c)
at high osmotic pressure


d)
in mitochondria


e)
for anaerobic respiration

30.
Fumarate reductase:


a)
converts fumarate to water and carbon dioxide


b)
only works if nitrate reductase is present


c)
contains selenium and copper


d)
carries out the same reaction as succinate dehydrogenase, but in reverse


e)
none of the above is true

PART II:  SHORT ANSWER QUESTIONS (20 points)

31.
(10 points) Explain briefly how any FIVE of the following inhibitors or poisons work. Arsenite, chlorate, superoxide, flouroacetate, DCCD, oligomycin, malonate, valinomycin, selenium (at toxic levels).  


a)







b) 







c) 







d) 







e) 






32.
(10 points) Define or explain any FIVE of the following terms. Lethal synthesis; tetrapyrrole; photosynthetic antenna; proton wire; anaplerotic pathway; proton motive force; alternative electron acceptor; uncoupler, accessory pigment, ether-linked lipid.


a)








b) 









c) 









d) 









e) 








PART III  ESSAY QUESTION (20 points)  Choose any ONE question


Write only on one side of the paper provided.  Include DIAGRAMS.  

33.
a) Explain why ATP is a high energy molecule.  


b) Describe how ATP is synthesized from the proton motive force in bacteria such as E. coli.  (You do not need to generate the PMF).  

34.
Show by means of Mitchell's Z-scheme how the oxidation of NADH by the respiratory chain generates the proton motive force. Explain how a) quinones and b) iron sulfur groups carry reducing equivalents. 

35.
What is the difference between the metabolism of pyruvate in E. coli under aerobic versus anaerobic conditions? How are the enzymes that use pyruvate regulated? (Include both genetic and enzyme level regulation.)

36.
Describe how methane bacteria make methane and generate the proton motive force. What main role do methane bacteria play in nature?

37.
Describe how purple bacteria like Rhodobacter use light to generate the proton motive force. How is reducing power generated when these bacteria are using light as their source of energy?  

38.
Describe how Halobacterium generates the proton motive force using light energy.  Briefly list how this differs from normal photosynthesis.
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1.
Some bacteria possess alternative nitrogenase systems in which:


a)
iron is replaced by cobalt


b)
molybdenum is replaced by tungsten


c)
nitrogen is replaced by acetylene

d)
iron is replaced by manganese


e)
molybdenum is replaced by vanadium

2.
Klebsiella can only fix nitrogen in the: 


a)
Absence of both oxygen and ammonia



b)
Presence of oxygen and absence of ammonia


c)
Presence of both nitrogen and ammonia



d)
Presence of ammonia and absence of oxygen


e)
None of these conditions are correct

3.
In nitrogen fixing root nodules, the plant provides the bacteria with:


a)
amino acids

b)
glucose and fructose


c)
starch


d)
succinate, oxaloacetate and malate 


e)
purines and pyrimidines

4.
The enzyme nitrite reductase converts:


a)
nitrate to nitrite


b)
nitrogen to ammonia


c)
nitrite to ammonia


d)
nitrogen to nitrite


e)
nitrite to nitrate

5.
Nitrogenase consumes ATP because:


a)
ATP regulates nitrogen fixation


b)
energy is consumed to generate a more powerful redox potential


c)
conversion of nitrogen to ammonia consumes energy


d)
the above statement is untrue: nitrogenase uses GTP not ATP


e)
ATP is used to protect the cells against ammonia toxicity

6.
Nitrogenase is inhibited by:


a)
acetylene and ethylene

b
oxygen and carbon monoxide


c)
oxygen and acetylene

d)
carbon monoxide and nitrous oxide


e)
HCN and carbon monoxide

7.
The NifLA regulatory system operates as follows:  


a)
NifL switches off the nif genes in the presence of oxygen


b)
NifA responds to lack of ammonia by phosphorylating NifL


c)
NifA acts as a repressor for the nif genes


d)
NifL acts as a sensor for glutamine levels in the cell


e)
none of the above is true

8.
The photosynthetic antenna contains:

a)
chlorophyll and pheophytin

b)
chlorophyll and carotenoids 

c)
carotenoids and quinines

d)
pheophytin and plastocyanin

e)
quinones and cytochrome c or f

9.
The available energy sources on the primeval earth for synthesizing organic molecules were, in order of importance:


a)
Heat > Ultraviolet > Radioactivity > Lightning


b)
Ultraviolet > Heat > Radioactivity > Lightning


c)
Lightning > Heat > Radioactivity > Ultraviolet


d)
Ultraviolet > Lightning > Radioactivity > Heat


e)
Lightning > Radioactivity > Ultraviolet > Heat

10.
The random synthesis of sugars from formaldehyde by the formose reaction generates:


a)
mostly pentoses with some hexose


b)
equal amounts of C5, C6 and C7 sugars


c)
mostly very large sugars with 10 or more carbon atoms


d)
mostly hexoses with some C5 and C7 sugars

11.
Adenine and other purines may be synthesized from:


a)
hydrogen cyanide catalyzed by zinc


b)
heating formaldehyde and hydrogen cyanide


c)
ammonia and formic acid and UV radiation


d)
ammonia and formaldehyde in alkali


e)
heating hydrogen cyanide with a little ammonia

12.
The most ancient molecular fossils are:


a)
tetrapyrrole rings and polysaccharides



b)
hydrophobic proteins and fatty acids


c)
isoprenoids and tetrapyrroles



d)
chlorophyll derivatives and lipopolysaccharides


e)
fatty acids and purines

13.
The oxygen in the present day atmosphere of the earth is mostly due to:

a)
decomposition of carbon dioxide by methane bacteria

b)
volcanic emissions

c)
release from ancient rocks as they reacted with hydrogen
d)
photosynthesis

e)
it was present when the earth was formed

14.
The primeval synthesis of polypeptides may be accomplished by:

a)
gentle heating of a dry mixture of amino acids

b)
UV irradiation of an amino acid solution

c)
mixing formaldehyde and ammonia

d)
incubating amino acids with calcium hydroxide

e)
all of the above will work

15.
Primeval synthesis of RNA from non-enzymatic condensation of nucleotide triphosphates can be catalyzed by:

a)
calcium hydroxide and mild heat      b) any random protein containing histidine

c)
heme or other tetrapyrrole derivatives       d) molybdenum or vanadium ions

e)
zinc or lead ions

16.
Methanogenic bacteria generate energy:


a)
during each of the four stages of methane synthesis


b)
mostly as high energy phosphate 


c)
only during the final stage of methane synthesis


d)
during the steps that incorporate hydrogen gas


e)
by converting methane to formate

17.
Coacervate droplets can be made to illustrate growth by adding the following components:

a)
glycogen phosphorylase, glucose and ATP

b)
glycogen phosphorylase and glucose-1-phosphate

c)
amylase, starch and glucose-1-phosphate

d)
amylase, maltose and ATP

e)
glycogen phosphorylase, maltose and GTP

18.
Halobacteria generate the PMF from light energy as follows:


a)
they run part of their respiratory chain in reverse


b)
light is absorbed by carotenoids

c)
bacteriorhodopsin pumps protons out


d)
halopheophytin pumps chloride ions out
e)
none of the above is true

19.  Diphtheria toxin kills its target cell by:

a)
destroying the cyclic AMP

b)    acting as a nuclease

c)
damaging the cytoplasmic membrane
d)     inactivating elongation factor EF2

e)
none of the above is true

20.
Cholera toxin and diphtheria toxin both act by inactivating:


a)
a GTP binding protein by adding ADP-ribose


b)
a UTP binding protein by adding GDP-ribose


c)
a CTP binding protein by removing AMP


d)
a CTP binding protein by adding ADP-ribose


e)
a GTP binding protein by removing AMP

21.
Bacteria which produce cholera toxin do not kill themselves because:


a)
they have no adenylate cyclase


b)
they manufacture and secrete the toxin in an inactive form 


c)
they produce an immunity protein


d)
they have no G-protein in their cell membrane


e)
only a few make the toxin and these do in fact die as a result

22.
Colicins of the E family are grouped together because:


a)
all share the same mechanism of action


b)
all share the same immunity protein


c)
all share the same receptor on the cell surface


d)
all use NAD but act on different targets


e)
all use TonB for energy but use different transport systems

23.
Antibiotic resistance plasmids:


a)
usually exist in multiple copies


b)
only encode enzymes which are secreted into the periplasmic space


c)
can only be transferred from cell to cell by certain bacteriophages


d)
can often transfer themselves from cell to cell


e)
are induced by UV light

24.
Some stony meteorites contain organic material from outer space.  This generally includes traces of:

a)
RNA containing L-ribose


b)
a mixture of D- and L-amino acids

c)
derivatives of DNA with unusual bases

d)
L-glucose-phosphate

e)
silicon analogs of amino acids

25.
The two anthrax toxins:

a)
act by degrading cyclic AMP and cyclic GMP

b)
are both proteases that cleave different regulatory proteins in the target cells

c)
both use the same recognition/delivery subunit, the PA protein

d)
inactivate elongation factor EF2 and cleave ribosomal RNA

e)
are encoded by genes on a lysogenic phage that only infects a few strains of Bacillus
26.
Pathogenicity islands:

a)
often have a different percentage GC from the rest of the chromosome


b)
contain the genes for cholera toxin and diphtheria toxin

c)
are zones on the host cell membrane involved in attaching pathogenic bacteria to host cells


d)
contain the genes for colicins and immunity proteins

e)
are regions of specialized lipopolysaccharide on the bacterial cell surface involved in attaching pathogenic bacteria to their host cells

27.
Mobilizable plasmids are those which can:


a)
transfer themselves from one bacterial cell to another


b)
mobilize the host cell chromosome


c)
mobilize transposons to jump from chromosome to plasmid


d)
move toxic proteins from bacterial cells to animal cells


e)
move from cell to cell if helped by a transferable plasmid

28.
Chromosomal mutations for resistance to streptomycin and other aminoglycoside antibiotics often result in: 


a)
alteration of the ribosome


b)
inhibition of antibiotic uptake


c)
adding a phosphate group to the antibiotic


d)
cleavage of bonds in the antibiotic molecule


e)
any of the above - depending on the mutation

29.
During concerted acid base catalysis by an enzyme:

a)
the enzyme has two subunits, one with an acidic optimum pH the other with an alkaline optimum pH

b)
two acidic groups on the enzyme simultaneously attack two basic groups on the substrate

c)
two substrate molecules, one acidic and one basic are bound at the same active site

d)
the enzyme simultaneously removes a proton from the substrate and gives back another proton at a different site

e)
none of the above is correct

30.
Plasmid encoded resistance to tetracycline is due to:


a)
pumping antibiotic out


b)
acetylation of ribosomal proteins


c)
acetylation of the antibiotic

d)
phosphorylation of the antibiotic


e)
hydrolysis of tetracycline into two fragments

31.
Plasmid encoded resistance to chloramphenicol is due to:


a)
alteration of the ribosome

b)
adding an acetyl group


c)
inhibition of antibiotic uptake

d)
adding ADP-ribose


e)
any of the above - depending on which plasmid

32.
Clavulanic acid and sulbactam are beta-lactam derivatives that:


a)
are resistant to degradation by the beta-lactamases of gram-positive bacteria


b)
enter gram-negative cells more efficiently


c)
are not degraded by stomach acid and so can be given by mouth


d)
inhibit beta-lactamases


e)
are more hydrophobic

33.
Iron sulfur proteins function by:


a)
Acting as electron carriers


b)
Acting as proton transporters


c)
Protecting cells against oxygen toxicity


d)
Helping to bind oxygen in cytochrome oxidase


e)
They are involved in all of the above

34.
The enzyme neomycin phosphotransferase:


a)
removes a phosphate group from neomycin


b)
adds a phosphate group to several related aminoglycosides


c)
exports neomycin from the cell in exchange for phosphate ions


d)
transfers a phosphate group from neomycin to Hpr protein


e)
transfers a phosphate group from neomycin to G protein

35.
Tertiary structure in proteins is largely maintained by:


a)
disulfide bonds


b)
ionic bonds


c)
hydrophobic interactions
d)
hydrogen bonds


e)
van der Waal's forces

36.
The bonds which form protein secondary structure are:


a)
hydrogen bonds


b)
covalent bonds


c)
ionic bonds


d)
disulfide bonds


e)
hydrophobic interactions

37.
Allosteric enzymes are those which:


a)
obey Michaelis Menten kinetics


b)
possess multiple identical subunits


c)
can use both the D- and the L-form of their substrate


d)
are only stable inside a cell, away from molecular oxygen


e)
change shape upon binding a small molecule

38.
TMAO reductase and nitrate reductase both require:


a)
NarL protein for induction
b)
Cyclic AMP and Crp protein for induction


c)
Presence of formate for induction
d)
Selenocysteine for activity


e)
Molybdopterin cofactor for activity

39.
A kinase is an enzyme that:


a)
interconverts cis and trans isomers


b)
obeys Michaelis Menten kinetics


c)
adds a phosphate group to the substrate


d)
acts by concerted acid base catalysis


e)
uses a histidine residue at the active site

40.
The maximum velocity of an enzyme is:


a)  the rate when all of the active sites are saturated with substrate


b)  the rate when the substrate concentration is half the Km


c)  the rate when the enzyme is working at its optimum pH


d)  the rate when the reaction has reached a steady state


e)  none of the above

41.
Metal ions in the active sites of enzymes are sometimes used to:

a)
increase the entropy of the substrate

b)
withdraw electrons and polarize bonds 
c)
carry phosphate groups

d)
remove protons from the substrate 

e)
none of the above is correct

42.
A major factor in the unfolding of a polypeptide chain by urea is:


a)
urea neutralises the charges on ionized groups


b)
urea splits disulfide bonds


c)
urea binds to the hydrophobic side chains


d)
urea disrupts hydrogen bonding


e)
none of the above is correct

43.
Penicillin is an analog of:

a)
D-Ala-D-Ala


b)
N-acetyl muramic acid

c)
Diaminopimelic acid

d)
Phosphoenol pyruvate

e)
N-acetyl glucosamine

44.
The porin proteins of E. coli
a)
are found in the perilasmic space

b)
are energized by the proton motive force

c)
form phosphorylated intermediates

d)
exclude molecules greater than about 100 in molecular weight

e)
form trimers

45.
The O-antigen:


a)
is actually one of the components of the flagellum


b)
is only made at low osmotic pressure


c)
often contains deoxysugar derivatives


d)
is attached to the peptidoglycan


e)
acts as the receptor for several bacterial toxins

46.
Proteins that are going to be exported:


a)
begin with proline instead of methionine


b)
have fatty acids attached to the N-terminus before export


c)
are known as chaperonins


d)
have a stretch of hydrophobic amino acids at the N-terminus


e)
none of the above is correct

47.
The membrane lipids of exponentially growing Esherichia coli consist of approximately:

a)
75% phosphatidyl ethanolamine and 25% phosphatidyl glycerol

b)
25% phosphatidyl serine and 75% phosphatidyl glycerol

a)
75% phosphatidyl ethanolamine and 25% cardiolipin

a)
40% phosphatidyl glycerol 35% phosphatidyl ethanolamine and 25% isoprenoids

a)
50% phosphatidyl glycerol, 25% cardiolipin and 25% carotenoids

48.
Which of the following act as osmoprotectants or “compatible solutes”?


a)
trehalose, guanidine and proline


b)
trehalose, glycine betaine and proline


c)
polyamines, trehalose and potassium


d)
polyamines, glycine betaine and glutamic acid


e)
polyamines, potassium and proline

49.
Which two component regulatory system is described correctly?

a)
the ArcAB system regulates the Krebs cycle

b)
the NtrBC system regulates neomycin transport

c)
the OmpR/EnvZ system regulates potassium transport

d)
the NarXL system regulates nitrogen fixation

e)
the KdpDE system regulates the phosphotransferase system

50.
During anaerobic growth of E. coli pyruvate is split into:


a)
carbon dioxide and acetaldehyde by pyruvate dehydrogenase


b)
carbon dioxide and acetyl-CoA by pyruvate dehydrogenase


c)
acetyl-CoA and formate by pyruvate formate lyase


d)
acetate and formate by pyruvate formate lyase


e)
acetyl-CoA and carbon dioxide by pyruvate decarboxylase

51.
During active transport using ATP as energy source:


a)
the sugar enters the cell with a phosphate group attached


b)
a proton enters the cell when the ATP is split


c)
a phosphate group is transferred via Hpr protein


d)
TonB protein uses the ATP and supplies energy to the transporter


e)
none of the above

52.
In the Krebs cycle, bacteria differ from animals as follows:


a)
Bacteria use NADP instead of NAD with ketoglutarate dehydrogenase


b)
Bacteria use FMN instead of FAD with malate dehydrogenase


c)
Bacteria make ATP instead of GTP with succinyl CoA synthestase


d)
Bacteria make UTP instead of ATP with succinate dehydrogenase


e)
Bacteria use coenzyme A instead of pantothenic acid with citrate synthase

53.
The role of glutathione is to:


a)
protect against high osmotic pressure


b)
protect against oxidative damage


c)
carry electrons during generation of the PMF in methane bacteria


d)
carry hydrogen atoms in the photosynthetic ETC of purple bacteria


e)
none of the above

54.
When the ATP synthase makes ATP by using the proton motive force:


a)
protons go through a channel in the F0 subunit


b)
ADP is bound by the F0 subunit


c)
two phosphate groups are added to AMP by the alpha and beta subunits


d)
the F1 subunit transports the protons across the membrane


e)
the F0 subunit releases ATP on the inside of the cytoplasmic membrane

55.
Uncouplers:


a)
Carry potassium ions across membranes


b)
Inhibit the electron transport chain 
c)
Block proton channels



d)
Inhibit the ATP synthase
e)
None of the above

56.
Bacteria carrying the ColE3 plasmid are not killed by colicin E3 because:


a)
they do not express the colicin E receptor on the surface


b)
they contain an immunity protein


c)
they inactivate colicin E3 by acetylation


d)
they re-export the colicin into the medium


e)
they inactivate colicin E3 by adding an ADP-ribose group

57.
Many genes involved in nitrogen metabolism are controlled as follows:  


a)
They are switched off by a repressor that binds ammonia


b)
They are switched on by an activator that binds ketoglutarate


c)
They are regulated via NtrBC in response to glutamine levels


d)
They are switched off in the presence of oxygen


e)
none of the above is true

58.
A racemase is an enzyme that:


a)
interconverts cis and trans isomers


b)
possesses multiple identical subunits


c)
opens or closes the ring of a sugar


d)
can use both the D- and the L-form of the substrate


e)
interconverts the D- and the L-form of the substrate

59.
The main reason for producing fermentation products is to:


a)
neutralize acid in the medium

b)
protect against oxygen


c)
generate ATP



d)
recycle reduced NADH


e)
none of the above

60.
Examples of tetrapyrrole cofactors include:


a)
heme and coenzyme A


b)
coenzyme B12 and FAD


c)
chlorophyll and pheophytin

d)
FAD and coenzyme M


e)
chlorophyll and methanopterin

61.
Proline residues:


a)
stabilize alpha-helical structures


b)
are good nucleophiles


c)
take part in acid/base catalysis



d)
take part in the formation of Schiff's bases


e)
cause sharp bends in the polypeptide chain

62.
Colicin resistant mutants:


a)
have lost the receptor for the colicin


b)
possess an immunity protein


c)
are defective in energizing uptake of the colicin


d)
inactivate colicin by adding ADP-ribose


e)
inactivate the colicin by adding an acetyl group

63.
Gram negative and gram positive bacteria differ as follows:


a)
Gram negative bacteria have many layers of peptidoglycan whereas gram positive bacteria have only one or two layers


b)
Gram negative bacteria have no lipolysaccharide


c)
Gram negative bacteria cannot make toxins unlike gram positive bacteria 


d)
Gram negative bacteria are relatively resistant to many penicillin derivatives because they possess an outer membrane


e)
Gram negative bacteria have normal phospholipids whereas gram positive bacteria use ether linked isoprenoid derivatives

64.
The metabolism of maltose is less efficient than lactose because:


a)
lactose is a disaccharide and maltose is not


b)
the bond energy between the sugars is lost in the case of lactose


c)
proton symport uses more energy than ATP driven transport


d)
maltose is taken up by the phosphotransferase system


e)
the above statement is wrong, in fact, lactose metabolism is less efficient than maltose

65.
During oxygen producing photosynthesis electrons are passed from chlorophyll to:


a)
pheophytin


a)
phylloquinone


b)
bacteriorhodopsin

d)
cytochrome f


e)
plastoquinone

SECTION II  SHORT ANSWER QUESTIONS  (50 POINTS)

66.
(10 points)  Choose any amino acid found in proteins that has four or more carbon atoms. Give the correct name for your chosen amino acid and draw the complete chemical structure (every atom!).  Note: you are not required to draw 3-D structures or distinguish between optical isomers.  Label the alpha carbon atom.  


Amino acid name = ________________________ :

67.
(4 points)  Cross out the TWO WRONG alternatives in each line:


Lysine is an acidic/basic/neutral amino acid:


As part of its R group tyrosine has an aromatic ring/amino group/sulfur


Serine has two/three/four carbon atoms


Histidine has one/two/three nitrogen atoms

68.
(18 points)  Choose any SIX of the following metals and in each case explain briefly the role it plays in bacterial biochemistry (one example per metal is sufficient): copper, cobalt, nickel, manganese, magnesium, molybdenum, vanadium, tungsten, sodium, potassium, selenium.  


1. ________________________ :
2. ________________________ :


3. ________________________ :
4. ________________________ :


5. ________________________ :
6. ________________________ :

69.
(18 points)  Choose any SIX of the following proteins and in each case explain briefly the role it plays in bacterial biochemistry (one example per protein is sufficient): cytochrome b, ferredoxin, TonB protein, OmpA protein, CRP protein, Fnr protein, NtrA (=RpoN), leghemoglobin, BtuB (=Bfe), OmpF protein, colicin E1, plastocyanin.  


1. ________________________ :
2. ________________________ :


3. ________________________ :
4. ________________________ :


5. ________________________ :
6. ________________________ :

SECTION III   ESSAY QUESTION (20 POINTS)


Choose any ONE question.  Answer by notes and draw diagrams where appropriate.  Remember that one diagram is worth a thousand words.  Use only one side of the paper provided.  

70.
Describe the composition of the (a) primary, (b) secondary, and (c) tertiary atmospheres of the earth.  Where did each come from?  What happens when an artificial primeval atmosphere is subjected to an electric discharge or ultraviolet radiation?  What small molecules would accumulate and dissolve in the primeval ocean and why do they survive?  [Do not include synthesis of macromolecules, just their precursors.]

71.
Explain how you can derive random "proteinoids" and random "primeval-RNA" under "primitive earth" conditions.  Explain in what ways these primeval macromolecules resemble genuine biological proteins and RNA and in what ways they differ.  

72.
Explain how a nitrogen fixing root nodule works.  How do the bacteria enter and produce the nodule? What is provided by the plant and what is provided by the symbiotic bacteria?  What role does leghemoglobin play? 

73.
Explain how any FOUR of the following factors affect the operation of enzymes: a) proximity  b) orientation  c) concerted acid-base catalysis  d) metal ions  e) bond distortion  f) covalent intermediates.  

74.
Explain how resistance plasmids protect bacteria against antibiotics.   What are the major mechanisms of resistance found on plasmids?  Give examples for two classes of antibiotic.  How do the plasmid-specified resistance mechanisms differ (in a general way) from those observed for chromosomal mutants?  

75.
Discuss the similarities and differences between choleratoxin and diphtheria toxin.  Include in your discussion the mechanism of entry into the target cell, the mechanism of toxicity, and the characteristics of the gene encoding the toxin. 
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