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8. Answer either A or B.

A, Give an account of the procedures involved in producing transgenic plants. Use the
following headings:

(@) plant production by tissue culture;
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2. Which line in the table below correctly
describes the charges on the two components

of nuclcosomes?
DNA Histone proteins
A [ negative negative
B | positive negative
C [ positive positive
D | negative positive
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3. Which line in the table below correctly
represents an allosteric enzyme binding with a
positive modulator?

Modulator “Affinity of enzyme
binding site Sor substrate

active | secondary | o, osed | decreased
site site

Al v v

B v v

c v v

D | v v
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4. The stages of muscle contraction are listed
below.

1 Phosphate ion released from myosin head.

2 ATP binds to myosin head and causes it to
detach from actin filament.

3 Myosin head swings forward and attaches
t0 actin filament.

4 Myosin head drags along actin filament.

The sequence in which these stages oceur is

A 2134
B 2314
S
D 3241
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10. The graph below shows the effect of carbon

120

with oxygen _
& &8 8 8

ETCEIINRGT SETTATON OF NsTei0bT

dioxide concentration on the  affinity
of haemoglobin for oxygen at different
concentrations of oxygen.

0 2 4 6 8 10 12 14
Oxygen concentration (kPa)

—0— carbon dioxide concentration = 27 kPa

—o— carbon dioxide concentration = 53 kPa.

—a— carbon dioxide concentration = 107 kPa

Alist of possible conelusions is given below.

1 Increasing the concentration of carbon
dioxide decreases the  affinity  of
haemoglobin for oxygen.

2 Increasing  the  concentration  of
carbon dioxide increases the affinity of
haemoglobin for oxygen.

3 Increasing the concentration of oxygen
decreases the affinity of haemoglobin for
oxygen.

4 Increasing the concentration of oxygen
increases the affinity of haemoglobin for
oxygen.
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Which conclusions are valid for the data
shown in the graph Dbetween oxygen
concentrations of 2kPa and 10 kPa?

A land3

B land4
C 2and3
D 2and4




image13.png
"Tubulin is described as a dimer because it is made of two polypeptide subunits, alpha-
tubulin and beta-tubulin. Both subunits contain GTP, a molecule that is similar to ATP
but has the base guanine instead of adenine. A representation of alpha-tubulin is shown
below.

GTP incorporated into
alpha-tubulin

(@) () Name the type of bonding that maintains the secondary structure component
labelled X.

(i) What term is used to describe a component, such as GTP, embedded in a
polypeptide?
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2. Each molecule of oxygen that binds to a
subunit of haemoglobin has the cffect of
increasing the affinity of the remaining
subunits to oxygen. This type of interaction is
known as

A cooperativity
B facilitated transport
C induced fit

D positive modulation.
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3. Temperature influences the binding and

Percentage oxygen saturation of hacmoglobin

release of oxygen in haemoglobin. The
graph below shows the percentage oxygen
saturation of haemoglobin at three different
temperatures, 34°C, 37°C and 42°C.

Partial pressure of oxygen

Which line in the table correctly identifies
these temperatures?

Curee 1 | Cure2 | Cures
NESEESEES
NESE R

R ER
p| wc | wc [ wuc
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4. In the post-translational modification of
a protein, which of the following enzymes
would remaove a phosphate?

A

B
c
D

proteinase
ATPase
phosphatase

kinase
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3.

Figure 1 below shows the structure of a histone protein molecule, histone 4 (F4).
Figure 2 represents a nucleosome showing the arrangement of the histones that make up

Figure 1

awosoapnN

Core of 8 Histones

(@) Name the type of bonding that maintains the shape of an alpha helix in a protein.
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(d) Over 20% of the amino acids in histones are lysine and arginine.

Explain why the high abundance of these positively charged amino acids is significant
in the formation of a nucleosome.
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5. The disgram below shows cotransport
(sympor) of sodium ions (Na®) and glucose

into a cell lining the gut.

outside cell

Na* Glucose

Na-binding
site

Glucose-binding

Which line in the table below represents the
relative concentrations of glucose and Na* on
the two sides of the plasma membrane when

cotransport occurs?

Sodium Glucose.
Outside | Inside | Outside | Inside
eell cell eell eell
A [ high | low low. high
B | high | low high low
C [ tow | hign Tow. high
D | low | high high low
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6. A typical cell is estimated to possess 4 X 10'!
potassium ions. Only 107 of these are used in
establishing membrane potential.

What fraction of the total potassium ions is
involved in this function?

A

B
c
D

17250
172500

1730000
1740000
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Two types of muscle, red and white, can be distinguished by their colour in samples of fresh
tissue and can be casily separated. Red muscle cells obtain energy mainly using aerobic
respiration: they have many large mitochondria and a good supply of oxygen. White muscle
cells obtain energy mainly by anaerobic respiration: they have fewer mitochondria and a
poorer oxygen supply. In both muscle types, glucose is the substrate for respiration. It is
widely thought that the mechanism of glucose transport into these cells is the step that limits
their ability to use glucose, and it
glucose transport than white muscle cells.

s considered that red muscle cells have a greater capacity for

Glucose diffuses into cells through glucose transporters (GLUTS), which are protein
molecules embedded in cell membranes. There are several types of GLUT. GLUTI is
responsible for glucose uptake in all cells; the membranes of muscle and fat cells also contain
GLUT4,

The study below investigated the contribution of these two GLUT to glucose uptake in red
and white muscle cells, before and after exposure to insulin. Figure 1 shows the effect of
insulin on glucose transport in the two types of muscle.

An extract of membranes from the muscle cells was centrifuged to separate it into two
portions, plasma membrane (PM) and the internal membranes (IM) from the cytoplasm.
"The protein components of the membranes were separated by gel electrophoresis and blotted.
The blots were exposed to radioactively-labelled antibodies specific for each of the two
GLUT proteins, to allow identification and quantification.

Figure 2 shows the percentage change in total GLUT level in the two membrane fractions
following the insulin treatment. In Figure 3, the blots indicate the changing abundances of
the two GLUTS. Figure 4 shows the relative amount of GLUT4 in the two muscle types in
response to insulin. Error bars show standard error.
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Figure I: Glucose transport with and Figure 2: Effect of insulin on total

without insulin GLUT levels
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Figure 3: Blots showing the effect of insulin on the distribution of GLUTs 1 and 4
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Figure 4: Relative amounts of GLUT4 quantified from several blots
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Use data from Figure 1 to support the statement that “red muscle cells have a greater
capacity for glucose transport than white muscle cells”.

igure 2 shows that GLUT increases in the PM fraction and decreases in the IM
fraction after insulin treatment. It was concluded that both muscle types have the
same underlying GLUT response to insulin.

Explain how the error bars confirm this conelusion s valid.

Refer to Figure 3.
() Describe the distribution of GLUT in muscle cells before insulin treatment.
(i) Give one conclusion about the effect of insulin treatment on GLUT1.

(i) What evidence is there that the effect of insulin on the distribution of GLUT4,
is the same in both types of muscle?

It was hypothesised that insulin triggers the transport of additional GLUT4 to
the plasma membrane from storage on membranes in the cytoplasm, and that this
“recruitment” mechanism is greater in red muscle cells.

How do the results from Figures 3 and 4 support this hypothesis?

Explain how glucose uptake by cells is reduced in Type 2 diabetes.




image26.png
B. Discuss the movement of ions across membranes under the following headings:
() mechanism and functions of Na/KATPase;

(i) nerve transmission.
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11 The mechanism of action of the sodium-
potassium pump includes the following
events:

P membrane protein loses a phosphate
group

Q  potassium binds to membrane protein

R potassium ions are released

S membrane protein shape is restored.

The correct sequence of these events is

A PQRS
B P.QSR
C QPRS
D QPSR
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8. Which of the following is not a function of

Na/KATPase?

A Maintaining the osmotic balance in
animal cells

B Phosphorylating channel proteins

€ Generating the ion gradient for glucose
symports

D Mainwining  resting  potential  of

‘membranes.
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9. Which of the following statements about the
sodium-potassium pump is correct?

A

B

The transport protein has an affinity for
Sodium fons in the cytoplasm.

It results in a higher concentration of
Sodium fons inside the cell,

The transport protein has an affinity for
Sodium fons in the extracellular fluid.

It results in a higher concentration of
potassium ions outside the cell
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10.

The total surface area of a red blood cell is
about 136um?®. A single sodium-potassium
ATPase molecule takes up an area of
1 10 um. In total these molccules account
for 05% of the cell surface area.

Approximately how many of these molecules
are there on the surface of one red blood cell?

A 13600
B 6s00
c a0
D60
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10. Answer either A or B.
A, Discuss photoreception in animal eyes under the following headings:
(i) photoreceptor system proteins;

(i) triggering of a nerve impulse.
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7. Which line in the table below correctly
describes features of rod cells in humans?

Functionin lowe | Contain different
light intensity | _forms of opsin

A no yes

B yes yes

C no no

D yes no
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6. Which of the following describes how genes
that increase metabolic rate are activated by a
hydrophobic signalling molecule?

A Thyrosine binds to a receptor protein
on DNA and stops it inhibiting
transcription.

B Testosterone binds to a receptor
protein on DNA and stops it inhibiting
transcription.

€ Thyrosine binds to a receptor protein
in the cytosol and the complex regulates
transcription.

D Testosterone binds to a receptor protein
in the cytosol and the complex regulates
transcription.
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11 Which line in the table correctly describes the
effects of a failure to produce ADH?

Aquaporin recruitment | Urine production

A increase decrease

c decrease decrease
decrease increase
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7. () Describe how insulin stimulates the uptake of glucose into cells.
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1. The diagram below shows a hacmocytometer
counting chamber containing animal cells

The depth of the chamber is 0-01 cm.

A = olam
=

central

= 1 Square

B T enimal

-1 = el

The concentration of animal cells, based on
the cell count from the central square, is

A 2:0%10* cells per em®

B 2:0% 10° cells per em?

C 2:0%10° cells per em®
D

2:0 % 107 cells per em’
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8. The figure below shows the relative DNA
content of eells from a culture.

z

¥
‘Zyv
0 1 2

Relative amount of DNA per cell

Number of cells —»

rary units)

In which two phases of the cell cycle are cells
in region Z2

A Glands
B SandG2
C GlandM
D MandGi
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9. Which of the following would not be a
substrate for caspases?

A DNa
B actin

C histone
D

tubulin
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11 Retinoblastoma protein (Rb) has a role
in regulating progress through the cell
cycle. It can be phosphorylated (Rb-P) or
unphosphorylated (Rb)

Which of the following diagrams represents
how the protein is altered to let the cycle
progress?
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3. The protein p33 plays an important role in controlling cell division. The diagram below
represents how the activation of p33 can result in arrest of the cell eycle.

(@)

&)
©

1

Mdm2

pS3 inactive

Mdm?2
Kinase
R
P53 active
production of
protein p21
activated

Cdk ) ————» (p21 ) Cdk

Cdk inhibited

Explain why binding of p21 protein to cyclin dependent kinase (CdK) prevents the cell

cycle from progressing. 2
Give one trigger that would stimulate the activation of p33. 1
Apart from arrest of the cell cycle, give one other fate of a cell that has had p53
activated. 1
Explain why it is important that the cell cycle is controlled in a multicellular
organism. 2
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12.

From which stage in the cell eycle could cells
switeh to Gg?

A

B
c
D

M
Gy
s

G
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13. During the cell cycle, sufficient phosphorylation
by G, cyelin-dependent kinases allows.

A

B
c
D

the cell to pass into M phase
53 to be activated
the cell to be held in G, phase

DNA replication to occur.
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6. Apoptosomes are large protein structures formed inside cells during the process of
apoptosis. Apoptosomes are formed in response to cell death signals.

(@)
&)

©

(@

(]
°
Diagram of apoptosome .
[
.
.
cell death formation of “ﬁ:ﬂ_ﬁm‘ of et
i I ———— proteinases involve
signals apoptosome P .
in apoptosis
Name the type of proteinase activated by apoptosomes.

Give one reason why cell death must be carefully controlled in a multicellular
organism.

Cell death signals can originate within the cell (intrinsic) or outwith the cell
(extrinsic).

() Give one example of an event that would trigger an intrinsic cell death signal

(i) Deseribe how an extrinsic cell death signal

itiates apoptosis.
Bel-2 is a protein that regulates apoptosis by binding to apoptosomes, preventing
them from activating proteinase.

Some mutations cause an increase in the level of Bel-2 protein.

Suggest why these mutations are associated with tumour growth.
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During the cell cycle, proteins called cyclins are made and destroyed in a fixed sequence.
As their concentrations change, they activate enzymes that cause the dynamic events of the
next stage to proceed.

The diagram below shows how cell cycle phases and checkpoints (1, 2 and 3) relate to
changes in the level of one type of eyclin, M-cyclin.

Me-cyclin
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() Use the diagram to suggest how M-cyclin contributes to the progress of the cell cycle.
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1

“The bacterium Escherichia coli (E. coli) can use a variety of different sugars as an energy
source during growth. The graph shows the typical growth curve obtained when E. coli is
cultured in a medium containing both glucose and lactose.

Numer of bacteria

X Tactose used

(@) Give one method that could be used to determine cell numbers in the production of a

bacterial growth curve.
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3.

Figure 1 shows steps in the production of a monoclonal antibody.

‘mouse injected

Figure 1 with antigens
spleen cells. cell type A
0000000000
l//y://
fusion
0000000000
hybridomas =< harvest
6:» * '( ‘monaclonal
s antibodies

¥

In the treatment of disease, monoclonal antibodies can be attached to toxic components
. One example of this, shown in Figure 2, uses a component that

to create “magic bulle
emits damaging radiation.

Figure 2

N ...

component
antibody

(@) () Name cell type A and explain the role of these cells in the production of

‘monoclonal antibodies.
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5. Colorimetry was used to produce the standard
curve below

0 1 2 3 4
Protein concentration (ug/em’)

In an experiment to extract soluble protein
from potato tubers, 25g tissue was ground
with S0cm’ of buffer and c
volume of extract produ
When lem' of extract was tested, the
absorbance was found to be 0-5

Which of the following is the protein content
of the potato tissue in ug/g fresh tissue?

A 39
B 90
c 17

D 135
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2. The table below shows data comparing some stages in the purification of an enzyme from a
tissue sample. Total protein and enzyme activity are measured at the end of each stage.

Stage Total protein (mg) | EnEyme activity
(units)
1| Liquidised tissue 10000 2000000
2 | Precipitation by salts 3000 1500000
3 | Iso-clectric separation. 500 500000
4+ | Atfinity chromatography 30 42000
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(5) Explain the principle of iso-electric separation.

(¢) Tn affinity chromatography, a ligand specific to the enzyme was bonded to beads in a
burette.

Explain how this method can improve purity.




