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Cancer and Genetic Markers

This experiment studies the Mismatch Repair gene (MMR) and K-ras oncogene in the progression of colon cancer. 
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Q1 - Vogelstein and his colleagues were able to determine the order of genetic changes since they had access to staged samples (staged macroscopically) of colon cancer. They were able to perform tests on these in order to deduce which genes were affected during the progression.
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Q6 – These are the results obtained from the assays. Note that only MMR and K-ras were actually tests.
WT = wild type, which is healthy, and M = mutated, which is unhealthy. The more mutations there are, the higher the chance of colon cancer – though colon cancer doesn’t require all the genes to be mutated in order for it to occur. 
C, E and F have high mutations rates so are likely to exhibit cancer. D seems healthy. 

Analysis of Cell Ageing 

Cellular Ageing is due to processes involving energy metabolism, oxidative stress and maintenance of DNA stability.

Genes that appear to affect cell ageing include Growth hormone receptor, IGF-1, p53, WRN and Lamin A.

Progeroid syndromes [accelerated ageing] include: 
Werner’s Syndrome [WRN gene (recessive)] – affecting adults. Involved in recombination/UV damage repair in E. coli

Hutchinson-Gilford Syndrome [Lamin A] – affecting in childhood. 
This experiment observes the effect of a WRN homologue in S. cerevisiae [SGS1] which limits their lifespan to 40%, causing slowing of cell division after 5 divisions leading to senescence & a Mn-SOD [superoxide dismutase] mutation which limits free radical scavenging and greater oxidative damage. 

· Perform the following steps for four sets of yeast types and conditions:

· Wild type in normoxia (A).

· Wild type in hyperoxia (B).

· Mn-SOD gene mutation in hyperoxia (C).

· SGS1 gene mutation in normoxia (D).

· Place innocula of yeast in growth media and allow to grow in certain conditions, removing samples at 8 various times and storing on ice.

· Pipette each of the 8 samples into a microtitre plate and read absorbance.

· Determine relationship between number of cells in a sample and absorbance:

· Mix a sample of yeast cells (of known absorbance) with Trypan Blue dye and transfer by pipette to Kova Glasstic Slide 10.

· Transfer slide to microscope stage and count number of cells within a small grid.

· Calculate cell concentration.

· By extrapolation, determine concentration of cells in each sample based on absorbance (linear relationship between absorbance and cell concentration).
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Prepare growth curve for each of four sets.
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where n, is the initial number of cells in a culture, n is the number of cells after time
tand k is a constant for that culture representing the growth rate constant (growth
rate/time).  This follows ONLY for cells that are growing exponentially.
Consequently, you must choose values for n, and n that are from the exponential
phase of your growth curve, with the appropriate time interval.

For example, if at 6 hours there are 1000 cells and at 12 hours there are 10,000
cells, then:
no =1000; n = 10,000; t =6 hours; and k can be calculated from:
in 10,000 = In 1,000 + 6k
9.2=6.9 + 6k
Therefore, k = 0.38/hr, or expressed another way, there is a 38% increase in
population density every hour.

The generation time (g) i.e. the time for the population to double, can also be
calculated, using the following:
n2/k
g .69/0.38 = 1.82 hours
So the doubling time for this strain is 1 hour and 49 mins.





Estrogen Receptor Binding
The response to estrogen depends on the affinity of the cells receptors due to the low circulating concentrations [10-8 – 10-10 M]. The receptors belong to a superfamily of intracellular receptors that bind steroids, retinoids, thyroid hormones and Vitamin D. 

Ligands bind to receptors which directly bind to specific regions of the genome which regulate the transcription of specific genes. The receptors have 3 regions – N terminus which is a transcription activating domain, then a DNA binding domain and a hormone binding at the C terminus. The hormone binding causes a conformational change, exposing the DNA binding region and promoting transport to the nucleus.
[image: image15.png]Tubes 1-6: total
binding

Tubes 7-12: accounts
~ Specific for binding to non-
- Non-Specific <pecific sites

[BOUND STEROID] (pmol)

5 10
TOTAL STEROID (nM) : Oestradiol



Ligand binding is saturable as there is a finite number of receptors and binding sites. This experiment observes binding of an estrogen ligand in a cell-free extract of lamb uterine tissue. This is done through using a labelled ligand that is measurable at low dose and doesn’t interfere with ligand-receptor binding. In cell-free extracts, there is also binding of the ligand to non-receptor sites due to a variety if components, thus non-specific binding is measured by adding a high concentration of unlabelled ligand as well as the labelled ligand, with the measurement showing how much of the labelled ligand is binding to non-receptor sites. The labelled ligand is [3H]-estrogen and the unlabelled ligand is diethylstillbesterol. 
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Analysis is through Scatchard plots to estimate the number of specific receptor sites after subtracting non-specific binding from total binding and the dissociation constant (Kd) of the ligand-receptor complex. All proteins bind ligangds with an equilibrium between free ligand and receptor ligand complex – ie. R  +  L <-----> R-L. This forms the Scatchard equation, where B = conc. of specifically bound ligand, F = conc. free ligand and Bmax is the total conc. of ligand-binding sites on receptors. The concentrations of “bound” (B) and “free” (F) ligand may be measured directly in binding experiments. The Scatchard Plot gives a straight line with a slope of –1/Kd and an x-intercept of Bmax.
The experiment involves two sets of tubes. Tubes 1-6 measure total binding and Tubes 7-12 measure non-specific binding. Tubes 1-6 contain 100μl of cell free extract, 25μl of buffer [10mM Tris/Hcl, 1.5mM EDTA, 5mM sodium molybdate, ph 7.4] and variations of 0.75, 1.5, 3, 6, 12 and 30nM of 3H-E2. Tubes 7-12 have contain the same but with 25μl of DES [1.5mM diethylstillesterol] in the same buffer. After incubation and equilibrium, 150 μL Dextran-coated charcoal was soak up any remaining 3H-E2 that was not bound. 
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1nmol= 1.36 x 108 dpm

Therefore, bound (total or non-specific) E2 = [image: image2.png]dpm xdilution factor
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Specific binding= total binding – non-specific binding

E.g.: specific binding for 2& 8= total binding E2 (2)- non-specific binding (8)


         =0.01516- 0.00073 = 0.01443
[image: image20.png]of specific ligand

Concentration of specifically bound ligand = x
‘moles of specific ligand

=T IR pmol/L

150 /

_ molesof specificligand 0
volume




Concentration free estradiol= [F]= [total E2 in assay]- [total bound e2 which is specific + nonspecific] 

Find Kd. Calculate the gradient which is equal to –1/Kd and an x-intercept of Bmax
First find the gradient of the Line [B] / [F]
Point-gradient formula – (0.0483, 0.652) & (0.3581, 0.078)
Gradient = -1.8528
Kd = 05.5397

X-intercept / Bmax / concentration of estradiol binding sites in the binding assays= 0.4002
100ul of Cell free extract with 0.65 mg / ml of protein = 0.065mg of protein
Hence binding sites / mg of protein = 0.4002 / .065 = 6.16
Isoenzyme Electrophoresis
Electrophoresis involves the separation of charged molecules depending on the strength of the electric field, the size shape and net charge of the molecules, and the composition of the conducting buffer.
In Polyacrylamide gel, the pH of the buffer determines the charge of the molecules. Proteins are amphoteric with many ionised side chains that contribute to their net charge at a given pH. 

This experiment looks at isoenzyme from serum proteins. Serum is plasma with fibrinogen removed, preventing clotting. Though serum is biologically inactive, its composition reflects the activity of other organs.
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Lactate dehydrogenase is a tetrameric protein consisting of monomers of two type – H [Heart] and M [Muscle]. The level of each subunit indicates the organ affected - (H after a myocardial infarction and (M in hepatitis. Though not used to diagnose heart attacks, its level indicates the amount of tissue infarcted [prognostic value].

This experiment will use PAGE[Polyacrylamide Gel Electrophoresis] to separate the isoenzymes, which will be visualised through tetrazolium salt, lactate, NAD+, and nitro blue tetrazolium. LDH catalyses oxidation of lactate and formation of NADH which the tetrazolium reduces, regenerating the NAD+ and creating a purple coloured formazan [purple bands].
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Gel loading: Uses a buffer (Gell loading buffer) containing a die to mark progress of the gel running. Glycerol/sucrose keeps the bottom dense and reduce dilation of the running buffer. 

Electrophoresis: Connected to power to provide 10nA per gel. A thin band of dye migrates from the gel overtaking the proteins migrating behind it. It is stopped with the blue die is 1-2cm from the bottom of the gel [46-60min].

Gel is fixed with methanol/acetic acid/water solution. 

Samples are: Liver extract, Muscle extract, Heart extract, CK-LDH, Normal serum and two patients.

Patient A: Similar to heart extract indicating heart attack.
Patient B: Similar to muscle extract indicating a muscle injury.

Polymerase Chain Reaction
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PCR allows the amplification of specific gene sequences in any DNA sample. This experiment uses PCR in screening for Duchenne’s muscular dystrophy to determine a family pedigree and precipitating DNA from an aqueous solution.

PCR involves thermal cycling in three different stages.

Denaturation – to separate the DNA strands (92-95°C)
Annealing – oligonucleotide primers anneal to the DNA template (50-65°C)
Extension – oligonucleotide primers are extended by Taq DNA polymerase (72°C) [Taq DNA polymerase is stable at high temperatures]

PCR exponentially amplifies a DNA sequence with million x amplification with 25 cycles. 300bp can become 1μg which can be visualised on agar.

DMD in this case involves the deletion of 500bp within the coding sequence. This can be visualised in electrophoresis. DMD is an X-linked disease, where almost all the affected individuals are male and the carriers are female.

PCR requires addition of 20μl of DNA, 4μl of PCR mix and 1μl of Taq DNA polymerase. DNA was precipitated by adding COLD isopropanol. DNA is translucent [white indicates histone proteins are attached].

Electrophoresis of DNA: DNA has a constant charge per length and on average a constant mass per length due to nature. This electrophoresis here is different from PAGE, and involves agarose gel [polysaccharides from seaweed] with an alkaline bugger. DNA fragments which are highly negatively charged migrate to the positive electrode. The % of agarose varies the pore size and the size of the DNA fragment that can pass through [0.7% allows kilo base’s; 1.5% for 100-1000bp’s]. Ethidium bromide is used to intercalate between purine-pyrimidine bases and luminesce under UV light, allowing visualisation.    
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Results: Two bands are visible -450bp = normal, 250bp [deletion] = affected, both = carrier.

A family tree can then be determined.

Phenylketonuria 
PKU mainly involves a mutation in the gene coding for phenylalanine hydroxylase which catalyses the conversion of phenylalanine to tyrosine. Inactivates causes (phenylalanine in all body tissues [20x levels] causing minor products of phenylalanine to become major such as phenylpyruvate in the urine which is sed to detect it initially [turns green with FeCl3. The Guthrie test uses a bacterial inhibition. Now we use electrospray tandem mass spectrometry which tests for many enzyme deficiencies with small amount of blood with high accuracy and speed. 

Q1 – PKU is a autosomal recessive condition.

Q2 – Most common enzyme deficiency is phenylalanine hydroxylase. It can also be caused by deficiency of tetrahydrobiopterin [BH4], biopterin reductase [BH2] or the synthetic pathway for BH2. 
Q3 – Inactivation causes (phenylalanine in body tissues. The accumulation of substrate is the problem rather than the product [tyrosine] as there are many other pathways to produce tyrosine. 

Q4 – The mutated gene is the same length as the normal gene so PCR/electrophoresis would not differentiate and would require gene sequencing which is expensive and takes time. There are also multiple mutations to test for. The biochemical screen is cheaper and faster and very accurate. 

Q5 – Tandem Mass Spectrometry [MS/MS] separates and analyses molecues based on mass and structure. 

Q6 – MS/MS is able to screen for many disorders at the same time, has simple preparations, requires small amount of blood, is cheap and fast and can test a large number of samples at the same time. It can also be used for drug testing and soil testing.

Q7 – It is used to test for 20 other amino acid disorders and 10 fatty acid metabolism disorders.

Q8 – PKU treatment involves (i) restricted phenylalanine intake from diet by eliminating protein containing foods (ii) and using dietary supplements for low-phenylalanine containing proteins. It is a lifetime treatment.
Foregoing treatment results in (i) irreversible brain damage due to ketone production which uses all the transport chains in the blood brain barrier so other amino acids are not able to get it, (ii) delayed psychomotor maturation, (iii) tremors/seizures, (iv) Eczema, & (v) Hyperactivity.   
Q9 – Precautions pregnant women have to undertake include special diet prior to conception and throughout pregnancy to prevent teratogenic effects of phenylalanine which crosses the placental barrier. 

Q10 – Diet coke contains an artificial sweetener called aspartame containing phenylalanine and aspartic acid. PKU patients can only drink normal coke. 

Q11 – Phenylalanine hydroxylase has 79 288 nucleotides, of which 1 356 nucleotides and 13 exons coding for the protein

Q12 – Mutations and their effects: 

(i) Glycine to alanine – no effect, silent mutation

(ii) Cysteine to alanine – cysteine creates sulphate bridges which are needed for structure

(iii) Phenylalanine to alanine – alanine lacks the ring affecting structure

(iv) Aspartic acid to alanine – changes from charged to neutral leading to loss of positive and negative parts of the protein
(v) Leucine to isoleucine – methyl groups are rearranged so no effect
Enzymes are essential for life. Their levels can indicate organ damage – creatine phosphatase and LDH in heart attacks.

Phosphatases are a class of hydrolytic enzymes occurring in the body [kidney, bone, RBC, liver and prostate gland, mucosa and serum]. The optimal pH ranges from 4.9 to 9.2. 

Rates of reaction can be measured in a continuous essay which records initial and changes in the rate of reaction as well by observing the use of reactants and formation of products.

This experiment uses a stopped assay which stops the reaction after set times to determine the rate of reaction. It is simple but assumes that the rate of reaction is linear. Acid phosphatase is investigated using an artificial substrate p-nitrophenyl phosphate (p-NPP). It is stopped by adding NaOH, which also ionises the p-nitrophenyl causing a yellow colour which is measure by spectroscopy. 
In spectophotometry, the absorbance (A) of a solution at a particular wavelength (chosen for maximal absorption by a light-absorbing molecule) is directly proportional to the concentration (c) of the molecule, being modified by the absorption coefficient (ε) and the pathlength of the light through the solution (l): 
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A = ε c l 

Variation of Reaction Rate with Time: 
Initial rate to 10 mins is linear, after which substrate is a limiting reagent slowing down the reaction till it plateaus. This the use of 10 mins is valid for the initial rate of reaction.
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Effect of pH on the Activity of Acid Phosphatase:

Optimum pH is 5, showing how each enzyme has an optimum pH to work at. Factors important in buffering is that the buffer must not interefere with the reaction, should not be temperature sensitive nor have absorbance.
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pH indicates the level of H+ ions in solution, which affect charge, which affects folding and protein structure and how the enzyme binds the substrate.

Relationship between initial rate of reaction and enzyme concentration: 

The relationship is linea as long as substrate is in excess as more enzyme forms more product. 

Enzymes
There are 3 parts to this experiment where we look at the interaction between:
A. Casein, trypsin, pancreatic trypsin inhibitor 
B. Casein, chymotrypsin, pancreatic trypsin inhibitor
C. Casein, chymotrypsin, trypsin, pancreatic trypsin inhibitor

Casein is a milk protein whose peptide bonds are hydrolysed when incubated with pancreatic proteases (trypsin & chymotrypsin). It will be broken down into smaller peptide fragments.

Trichloroacetic acid denatures and precipitates proteases including trypsin and chymotrypsin, as well as intact casein and large casein fragments. Smaller casein fragments remain soluble in solution. Bradford reagent is added to the supernatant (some consisting of soluble casein fragments) and absorption spectrophotometry at a wavelength of 620nm is utilised to gauge the amount of casein which is proportional to the rate of activity. 
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Experiment A
There are the following types of tubes:
1. casein + trypsin + trichloroacetic acid (immediate addition) = time zero
2. casein + trypsin + trichloroacetic acid (added at different time intervals)
3. casein + trypsin + pancreatic trypsin inhibitor + trichloroacetic acid (immediate addition) = time zero 
4. casein + trypsin + pancreatic trypsin inhibitor + trichloroacetic acid (added at different time intervals) 

- For tube type 2, the greater the exposure of casein to trypsin, the greater cleavage of smaller casein fragments and thus high absorption value. However, there is a limit where active sites of trypsin are saturated and rate of activity cannot further increase. 
- Although PTI inhibits the action of trypsin in tube type 4, it is not permanent and rarely trypsin is allowed to function accounting for the slow and low rate of activity. 
- For tubes 1 & 3, the immediate addition of trichloroacetic acid (TA) leads to immediate denaturing and precipitation of trypsin (and PTI), thus no reaction occurs. 


Experiment B 
There are the following types of tubes:
1. casein + chymotrypsin + TA (immediate) = time zero
2. casein + chymotrypsin + TA (added at different time intervals)
3. casein + PTI + chymotrypsin + TA (immediate) = time zero
4. casein + PTI + chymotrypsin + TA (added at different time intervals) 


- For tubes 1 & 3, the immediate addition of TA leads to immediate denaturing and precipitation of proteases, casein, large casein fragments (no action)
- Tube types 2 & 4 activity are the same as PTI is specific for trypsin and doesn’t inhibit chymotrypsin. Thus the greater exposure of casein to chymotrypsin, the greater the rate of activity until saturation is reached.

Experiment C
There are the following types of tubes and substances are in order of addition:
1. chymotrypsinogen + trypsin + TA (immediate addition) + casein = time zero
2. chymotrypsinogen + trypsin + PTI (at different time intervals) + casein + TA (at least 1 min after addition of casein)

Trypsin converts chymotrypsinogen to its active form chymotrypsin. 
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- For tube 1, the immediate addition of PTI inactivates trypsin which means chymotrypsinogen is not activated. As both proteases are inactive, no cleavage occurs.
- For tube type 2, the addition of PTI at different time intervals means that casein is exposed to active chymotrypsin for different amounts of time. The longer the exposure to active chymotrypsin, the greater the rate of activity and production of small soluble casein fragments. That is, the greater the time allowed for trypsin to react with chymotrypsinogen to turn it to active chymotrypsin before addition of PTI, the greater the proportion of chymotrypsin in the solution and thus rate of activity. 

Questions
1. At a protein structure level, what does a trypsin inhibitor do?
Trypsin inhibitor is a competitive antagonist that binds to the active site of trypsin, inhibiting it from binding with a substrate and carrying out its function.

2. What is the normal function of trypsin in digestion?
Trypsin activates inactive digestive proteases such as chymotrypsin, elastase, and carboxypeptidase. 

3. What size molecules are they?
PTI is approximately 6kD (kD= kilodaltans). This is a small protein.

4. What is the relationship between pancreatic trypsin inhibitors and pancreatitis? 
Normally, digestive enzymes secreted by the pancreas do not become active until they reach the small intestine. However if the zymogens are activated while still within the pancreas, pancreatitis/autodigestion will occur. Trypsin inhibitor is a safety mechanism which prevents this from occurring. 

5. What foods contain trypsin inhibitor proteins, and what is the role of the inhibitors in those foods?
Some plant seeds eg. lentils etc contain a coating of trypsin inhibitor to prevent their digestion (the inhibitor tastes unpleasant to insects etc). This enables the plants to proliferate. 

Discussion
1. What can you deduce from the results from Experiments A & B?
The longer the exposure of casein to digestive proteases, the greater the rate of activity until the enzymes are saturated. Pancreatic trypsin inhibitor is only specific to trypsin. 

2. Why do the enzymes hydrolyse casein but not themselves?
There are recognition groups within the enzymes themselves and are not able to hydrolyse themselves. Also, the target peptide bonds of the enzymes are well hidden from their external surface. They are eventually hydrolysed but at a much slower rate than casein. 

3. Why are Experiments A & B important controls for Experiment C?
Exp A & B confirm the functionality of trypsin and chymotrypsin and PTI. This is important to establish that the validity of the results from Exp C regarding the interaction between trypsin, chymotrypsin and PTI. 

4. What can you deduce from the results for Exp C?
Trypsin activates chymotrypsinogen to chymotrypsin which can cleave the peptide bonds in casein. Thus the presence of PTI not only inhibits trypsin, but the other zymogens that trypsin is responsible for activating. 

Gene Therapy
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In this practical, we distinguish between a plasmid vector with no insert, a plasmid with a mutant gene, and plasmid with the correct gene. We do this with the aid of agarose gel electrophoresis.

Gene therapy is the use of genetic material to treat disease. The section of mutant DNA which causes the disease is identified. The correct/functional copy of that gene is inserted into a plasmid which is an extra chromosomal DNA molecule separate from the chromosomal DNA, capable of replicating independently from the chromosomal DNA. 
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A recombinant DNA molecule is produced and this is inserted back into the bacteria such as E. Coli. As the bacteria replicated, the recombinant DNA molecule is replicated. The products are checked for the correct gene sequence and inserted into the patient. The recombinant process is random. 
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In our experiment, the mutant gene has a single (point) mutation at a restriction enzyme site. Restriction enzymes are enzymes that cut at sequence‐specific palindromic sites within DNA. Our restriction enzyme Mse I cuts at TTAA which is located on the mutated gene, thus it will not cut the normal gene

Part 1: Plasmid isolation protocol (not done due to time constraints)
This wasn’t done during class due to time constraints, however briefly, this is necessary to separate the multiple plasmids from the single bacterial DNA. NaOH (alkali) is added to denature the DNA, reducing them to single strands. Then potassium acetate (acid) is added to neutralise it. Due to their small size, the single-stranded DNA of plasmids are able to recombine to form double stranded DNA. The large, single bacterial DNA is unable to do so in the same amount of time. The centrifuge causes the bacterial DNA to precipitate, while the plasmids remain in the solution. 
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Part 2: Identifying different plasmids
There were 3 different types of plasmids:
A: plasmid with no insertion
B: plasmid with normal gene inserted
C: plasmid with mutant gene inserted. 

All were incubated with the restriction enzyme Mse I and only one type of plasmid will have been cut into 2. Electrophoresis separated the DNA fragments, as its negative terminal repels DNA (all DNA is negatively charged). Electrophoresis involves placing agarose gel into an electrophoresis tank and applying voltage. Molecules are separated by particle size. The smaller the fragment, the faster it will travel and thus the further distance it will travel in a specific time interval. 

A will produce one band as Mse I does not cleave it into 2. B will also produce one band as it doesn’t have the restriction enzyme site TTAA that they mutated gene has. However, A is smaller than B without any insertion of extra genetic material, and will thus travel a further distance. C will produce 2 bands as it is cleaved by Mse II. 

Questions
1. How does the plasmid isolation protocol separate the plasmid DNA from the bacterial DNA?
Isolation and centrifuging breaks the plasmic DNA off, and bacterial DNA which is heavier precipitates out.

2. Which plasmid has the mutant copy of the gene? What are the other two plasmids?
The one with two bands. The plasmid without an insert is the single band that travels further than the other single band which is the plasmid with the correct gene.

3. Can you determine which plasmid has the correct gene just by looking at the isolated plasmid?
No, there’s no difference in size between the good and mutant gene because the mutation is just a point mutation.

4. What do you need to do to confirm that the normal copy of the gene is ok?
We need to sequence the gene to confirm that the base pairs are correct.

5. Why does the single base change that is in this gene cause the disease?
The change to a TTAA is actually a stop codon. The rest of the DNA is not expressed and the protein is not produced.

4. Based on the information given on the next page, how is DNA used in gene therapy protocols? 
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While most gene therapy protocols are being developed to target cancer, the other obvious targets for GT are monogeny disorders where a single defect in a single gene is responsible for the development of the disease (e.g. cystic fibrosis). The DNA sequence that produces the functional protein which is absent or altered in the patient is cloned and may be inserted into a genetically disabled retrovirus. This can occur in vivo or in cells harvested from the patient and cultures in the laboratory. They are cultured for replication, checked, and administered to the patient. Can insert into stem cells to create functional cells.

Note: Plasmids can’t replicate in humans, so we must insert them into the cytoplasm of cells and put them back into humans. This means that when the cell replicates, it has a 50% chance of getting the implanted recombinant gene, and 50% of getting the mutant gene. Retroviruses can be inserted directly into the chromosomes in the nucleus, meaning that when mitosis occurs, all daughter cells will have the good gene. However, retroviruses affect oncogenes (a cancer-causing gene) and activate it, and may cause cancer. Therefore plasmids are safer. 

SCID = severe combined immunodeficiency disease results from multiple different defects. The most common form of SCID is X-linked SCID (resulting from mutation in IL-2 gamma receptor chain) which is fatal unless treated by bone marrow transplantation. Affected males have profoundly diminished numbers of peripheral blood T cells and not functional B cells.

Measurement of HDL and LDL Cholesterol

Total cholesterol should be < 5.5 mmol/L with increased risk when 5.5-6.4 mmol/L and high risk If > 6.5mmol/L.

HDL transports cholesterol back to the liver, with high levels reducing CVD risk; >1 mmol/L. 
(Triglyceride concetrations occur with (HDL and increases CVD risk; 1.5-4mmol/L increases CVD risk 25%.

LDL carries cholesterol from the liver and is the major cholesterol carrying lipoprotein. (Levels=(risk.

TC is measured through enzymatic testing. Cholesterol esterase splits cholesterol esters into cholesterol + FFA. 

Cholesterol is reacted with cholesterol oxidase producing H2O2 which is measured through spectrometry by reacting with 40aminiantioyrine and phenol. HDL is measured by precipitating out Chylomicrons, VLDL and LDL all of which are more readily precipitated out  [Lower density = (precipitation]. Triglyceride is measured through lipolysis and a coupled reaction. 

Testing Serum Lipid Levels 
Perform the following steps for each of total triglyceride (TG), total cholesterol (TC), HDL-cholesterol, and LDL-cholesterol. 
· Prepare several standard dilutions of lipid, add lipid reagent to cause a colour change, read absorbance, and create standard curve of absorbance against concentration. 

· Prepare dilutions of patient samples, add lipid reagent, read absorbance, and extrapolate lipid concentration from standard curve. 

Lipid Profiles of Certain Conditions 
Blood samples taken after 12 hour fast, as triglyceride levels are altered greatly by food consumption (as a function of fat content of meal), as are total cholesterol and LDL-cholesterol to a lesser extent (but not HDL cholesterol). 
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Case 1

TC ↑↑

TG↓

HDL ↓

LDL ↑
He thus is the 4 yo boy with xanthomas and suspected homozygous Familial Hypercholesterolemia.

· Xanthomas – cholesterol rich foam cells

· Most ppl with homozygous FH will get a heart attack by 45

· It’s a rare AD disorder which is characterised by xanthomas & usually caused by defective LDL receptors which would normally clear a person’s LDL

· Involves ↑ cholesterol, usually LDL

Case 2
TC ↑

TG ~

HDL ~

LDL ↑
She’s the 38yo female with heterezygous Familial Hypercholesterolaemia, so not as bad coz it’s only heterozygous.

· More common than homozygous – 1/500 ppl

· Only 1 defective LDL receptor

· Can be treated by cholesterol lowering drugs, eg statins

Case 3

TC↑

TG↑↑

HDL ~

LDL ↑
So this is the 43 yo male with mixed hyperlipidemia

· characterised by a high LDL/HDL ratio, high TC and high TG

Case 4

TC ~

TG ↑

HDL ↓

LDL ~↑
This is the 25 yo obese male with suspected Type II diabetes

· characterised by high cholesterol & TG levels

Case 5

TC ↓

TC ~

HDL ~

LDL ~

Normal dude/chick with normal lipid levels

Questions

For 25 yo obese male with suspected Type II diabetes, what other types of tests would u need to confirm a diagnosis of diabetes?

Blood sugar 

· fasting glucose levels

· glucose tolerance test

Glycosylated hemoglobin test – test for glucose attached to Hb

Why were the blood samples obtained after a 12 hr fast?

Allows chylomicrons to be cleared from circulation
Which variables would be affected most if the patient had recently eaten a fatty meal?

TG’s – chylomicrons contain TG’s but little cholesterol so this would cause overestimation of this.
Glycolysis in skeletal muscle
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Glycolysis is a universal catabolic pathway for conversion of glucose to pyruvate (pyruvic acid)

· The prac uses cell-free extract of skeletal muscle from rats, which contains all the glycolytic enzymes and lactate dehydrogenase (LDH) for subsequent reduction of pyruvate to lactate

1. Incubations with skeletal muscle extract

· Rat skeletal muscle incubated for 10 mins in buffer with different cofactors [glycolytic intermediate (fructose 1,5-bisphosphate) and various combinations of NAD+, ADP and Pi (inorganic phosphate)]

· In incubations, glycolysis results in production of lactate. The amount of lactate formed is a measure of glycolytic activity, so the incubations with the most lactate produced have the highest glycolytic activity, and we can tell which cofactors are necessary for this.

· The incubations are terminated by adding perchloric acid (denatures and precipitates the enzymes and other proteins in skeletal muscle extract)
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1 mM NADH = Abs 5.5
i.e. 1 mmol NADH in 1L = Abs 5.5
1 u mole/mL NADH = 5.5
1/5.5 u mole/mL = 1
1/5.5 x 300/1000 u moles in 300 uL
1/5.5 x 0.3 u mols in 300uL
1/5.5 x 0.3 u mols in 80uL extract
Prudction was in 1000 uL
Therefore, 1/5.5 x 0.3 x 1000/80
= 1/5.5 x 0.3 x 1.08
= ΔA/5.5 x 0.3 x 1/0.08 u mols
= ΔA x 0.68

What cofactors are required for conversion of fructose 1,5-bisphosphate (F1,6BP) to lactate.
- NAD+, ADP, Pi
- Note: incubation 4 still produces lactate because the muscle itself contains some Pi. Even incubations 2, 5 and 6 should produce a small amount of lactate, because of the small presence of the cofactors in the skeletal muscle.

2. Lactate assays

· Incubation tubes from stage 1 are centrifuged to remove precipitated proteins, and the clear supernatants are assayed to measure the amount of lactate that has been formed.

· The lactate assay uses the LDH enzyme to oxidise lactate to pyruvate, with NAD+ reduced to NADH in the process. This is done because NADH absorbs light strongly at 340 nm, whereas NAD+ (and other assay components) do not absorb significantly at this wavelength. The increase in absorbance at 340 nm is proportional to the amount of NADH, which is equal to the amount of lactate present (assuming the LDH-catalysed reaction goes to completion). Hence, changes in absorbance at 340 nm can be used as an indirect method of determining the amount of lactate produced in the initial incubations
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Which enzyme appears to be the rate-limiting step in glycolysis by the skeletal muscle extract?
Phosphofructokinase.
Does this conform with your expectations?
Yes, because the biggest increase in lactate formed is between incubation 4 and 5 (see table above), which is the F6PàF1,6BP reaction, catalysed by phosphofructokinase
Why does some glycolysis occur starting from glucose and F6P, although no ATP has been added?
There is ATP in the muscle extract (myokinase produces ATP)
What is the explanation for the experimental results for lactate formation from GAP compared to 1,3BPG?
Very little lactate is formed using 1,3BPG, as this bypasses the production of NADH in glycolysis (1,3BPG is converted rapidly to pyruvate, but pyruvate will not be converted to lactate due to lack of NADH). 

1. Why is the pyruvate formed from F1,6BP (and other glycolytic intermediates) converted to lactate (the incubations are aerobic in that oxygen is present)?
Because the mitochondria in the muscle has been removed. Without mitochondria, the pyruvate cannot be further oxidised to join the Krebs cycle.

2. In the incubations in stage 1 of the exp, LDH from skeletal muscle extract converts pyruvate quantitatively to lactate. However, in the lactate assays in stage 2, the same LDH enzyme catalyses the opposite reaction, quantitatively converting lactate to pyruvate. How can this happen? Recall that you have been told that enzymes speed up rates of reaction but do NOT change equilibrium constants, but the equilibrium constant does appear to change between the incubations and assays.
In the last step of stage 2, the pH is changed (glycine/hydrazine buffer is added), which binds to the pyruvate and prevents in converting to lactate. This shifts the reaction back to producing pyruvate.
Nitrogen Metabolism
Nitrogen Sources and Excretion 
· Nitrogenous constituents of body are derived from diet: 

· Proteins largely formed from amino acids of dietary proteins. 

· Nucleic acids formed directly from dietary nucleotides, or indirectly from nucleotides synthesised in the body from dietary amino acids. 

· Creatine phoisphate is synthesised from dietary methionine and phosphate. 

· When ingested amounts of nitrogenous compounds are in excess of requirements, remainder is excreted, usually in a modified chemical form: 

· Alpha-amino groups of amino acids – urea. 

· Bases of purine nucleotides – uric acid. 

· Bases of pyrimidine nucleotides – urea. 

· Creatine phosphate – creatinine. 

Determination of Concentrations of Nitrogenous Compounds 
· Prepare standard concentrations of nitrogenous compound being examined and dilutions of patient serum, and add appropriate reagent. 

· Read absorbances, and plot standard curve of absorbance against concentration. 

· Extrapolate concentration of compound in patient samples using standard curve.

Problems

Creatinine Clearance:

= VU/B

= {(1200/24*60)*6.2}/0.1

= 51.67 ml/min

24 hr uric acid production 

= 1.2 * 3.24

=3.888mmols
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Glucose Tolerance Testing
Diagnosing Diabetes Mellitus 
Biochemical tests that may assist in diagnosing diabetes mellitus: 

· Serum and/or urinary glucose. 

· Serum insulin. 

· Serum and/or urinary ketone bodies. 

Method of glucose tolerance test: 

· Patient given large single dose of glucose. 

· Degree and duration of hyperglycaemia that follows is compared to normal subject. 

· Relaxed and supine position, as exercise and excitement increased adrenaline secretion, which affects blood glucose. 

Preparation for glucose tolerance test: 

· Fasting overnight, as normal range for fasting blood glucose is very narrow, and any recent carbohydrate consumption will affect result. 

· No consumption of tea or coffee, as they contain compounds that inhibit cAMP breakdown. 

· No consumption of alcohol, as it causes an increase in adrenaline secretion 

· No consumption of nicotine, as it mimics the action of adrenaline. 

Rationale of glucose tolerance test: 

· After ingestion of glucose, blood glucose concentration arises as glucose is absorbed in small intestine. 

· In normal subjects, this causes insulin secretion by pancreas to increase, causing increase glucose uptake and storage and/or metabolism, resulting in the postprandial rise in blood glucose concentration to last for <2 hours. 

· In subjects with diabetes mellutius, decreased ability to remove excess glucose from the blood after ingestin due to low insulin secretion (type 1) or failure of insulin response (type 2) results in longer postprandial rise in blood glucose concentration. 

Determination of Glucose Concentration 
· Prepare standard concentrations of glucose and dilutions of patient serum, add glucose reagent (including hexokinase and glucose-6-phosphate dehydrogenase), and incubate at room temperature for >15 minutes. 

· Read absorbances, and plot standard curve of absorbance against glucose concentration. 

· Extrapolate concentration of glucose in patient serum samples using standard curve. 
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Drug Metabolism
This experiment shows how the pH affects urinary excretion of different drugs depending on their acidic or basic nature. In this prac we use salicylic acid (in aspirin) which is weakly acidic.

The salicylic acid is administered in the form of aspirin (acetylsalicylic acid) and urine pH is made either more acidic or more basic by the ingestion of either ammonium chloride (weak acid) or sodium bicarbonate (weak base), respectively.

The diffusion of a drug across a cell membrane depends on how readily it can go from its water soluble state to its lipid soluble state. This in turn depends on whether the drug is charged, with charged substances being more polar and hence less able to diffuse through the lipid bi-layer.

Salicylic acid, like any weak acid, can exist in a charged/ionised form and an uncharged/unionised form according to the equation:
H+ + Ionised Drug (A-) ↔ Unionised Drug (A)
Hence the concentration of H+ (pH) will affect the concentration of unionised drug that can diffuse across a cell membrane
Method:
1) Using known concentrations of salicylic acid in solution and measuring their absorbance, you plot a standard curve of absorbance.
2) You give: - one person aspirin
- one person aspirin + sodium bicarbonate (base)
- one person aspirin + ammonium chloride (acid)
- one person just water (control)
3) Get them to pee immediately after taking their dose to obtain a control sample.
4) Get them to pee again after like 60-80 min to obtain test sample.
5) Use pH strip to test pH of both samples and get absorbance for test sample.
6) Compare absorbance with standard curve to work out salicylic acid concentration.


Results:
- person with aspirin has middle/normal salicylic acid clearance
- person with aspirin + base (sodium bicarb) has high clearance
- person with aspirin + acid (ammonium chloride) has low clearance
- person with no aspirin should have 0 clearance.

Questions:
1) What effect does urine pH have on salicylate clearance?

High urine pH (basic) causes more clearance because more aspirin is ionised in nephrons and cannot pass back through membrane into blood.
Low urine pH (acidic) causes less clearance because less aspirin ionised and therefore can more easily pass back through membrane into blood.

2) What are the advantages and disadvantages of increasing rate of clearance?

Advantages: - retained in body for less time = less long term adverse effects
- less likely to overdose or cause toxicity
Disadvantages: - lower dose retained in body therefore may not reach therapeutic effect
- may need to repeatedly administer to maintain therapeutic effect

3) 35 y.o women diagnosed with acute salicylate intoxication. Stomach doesn’t have drug since time of ingestion >2hrs. What could be done to increase excretion?

Alkalise urine to increase excretion eg: by giving sodium bicarb by infusion (because acute therefore needs immediate IV) 

1) List some weak acids.

Penicillin, fenoprofren, ibuprofen, naproxyn, phenoburbital.

2) What factors can alter urine pH? Describe how you would modulate dose of a drop if it was a weak acid.

High protein diet = more acidic
Diabetic à ketoacidosis = more acidic
Prolonged exercise à lactic acid = more acidic
UTIs, obstruction and renal tubular disease = more alkaline
Metabolic alkalosis = more alkaline
Drugs eg: acetazolamides (diuretic) = more alkaline 
More vegies = more alkaline

Basically for stuff that makes urine more acidic give lower dose or less frequent because less cleared.
For stuff that makes more basic give dose more frequent because more cleared.

Haemoglobin and the Red Cell
In spectophotometry, the absorbance (A) of a solution at a particular wavelength (chosen for maximal absorption by a light-absorbing molecule) is directly proportional to the concentration (c) of the molecule, being modified by the absorption coefficient (ε) and the pathlength of the light through the solution (l): 

A = ε c l 
Method:
Create standard dilutions and then measure absorbance to plot a standard curve.

Extrapolate the Hb levels in the blood sample using the standard curve.

Questions:
Why were the “standards” and “unknowns” diluted x10 before continuing with the rest of the experiment?

Dilutions reduce the absorbance value and the spectrometer is most reliable when the absorbance is less than 2.

Why were two separate dilutions performed on samples of the “unknown” and why were all the additions made to the microtitre plate in row “A” repeated in row “B”?

Reliability is improved as it reduces anomalies. By taking average values, we improve accuracy.

How similar (or different!) were the replicates in your experiment and how could the accuracy of the determination of your “unknown” haemoglobin sample be improved?

To improve the experiment, ideally, three or more replicates should be used.
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Why were both the “standard” and “unknown” haemoglobin solutions converted to methemoglobin cyanide by addition of potassium ferricyanide/cyanide? After discussion with your demonstrator you should understand the difference between “oxidation” and “oxygenation” of haemoglobin. The information below may help you with your answer.


The air has oxygen as well which may oxygenated the unoxygenated Hb ( hence we convert it into methemoglobin which no longer binds oxygen. 

We are measuring at 530nm wavelength. At this level, Hb and Hb-oxygenated both have similar absorbance values. Converting also helps differentiate the two types of Hb.

Oxygenation = addition of oxygen. Oxidation = loss of electrons.

The absorption coefficient of a molecule (the “ε” in A=εcl) is commonly expressed in units of L.mol-1.cm-1. What additional information would you need to be able to calculate the absorption coefficient (ε) for methemoglobin cyanide from your experimental data?

Molecular mass of the molecule and the path length, 
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How does the structure of Haemoglobin facilitate cooperative binding of oxygen and why is this important?
When one O2 binds, it alters the shape of the Hb molecule allowing easier binding of further O2. 

Chromosome Analysis and Diagnostics I & II
Part A: Karyotyping – involving treating dividing leukocytes with colchicine arresting cell division, adding a hypotonic solution to swell the cells and separate the chromosomes, fixing to kill and permeabilise the cells and staining with a chromatin staining dye. 
There are different types of banding – G-banding, Q- banding and R-banding [different stains]

Karyotypes are arranged in descending order of length. We can detect chromosomal abnormalities such as abnormal numbers, or large changes in chromosomal structure [deletions, inversions and translocations].

Part B: PCR

We use PCR to determine sex – X chromosome has 487 bp sequence and Y chromosome 340 bp sequence.

Hence females will appear as a single band, and males will have both a X and a Y band in electrophoreses.

Barr bodies – appear on the periphery and are the result of X chromosome inactivation [as females have 2 X chromosomes, only one is needed. But note that as Turner’s / Klinefelter’s Syndromes show, extra X chromosomes still result in abnormalities due to a pseudoautosomal region which still encodes proteins on the inactive X chromosome. 
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Iron, Iron Storage and Iron Metabolism
Iron distribution in Adults
Use a top pan balance to weigh microcentrifuge tubes to calculate mass of iron in each tube.
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Measuring Plasma Iron Concentrations
Iron is present in blood in many forms, e.g. in haemoglobin in red blood cells, in ferritin, bound to the transport protein transferrin, etc. The concentration of free Fe3+ is very low because of the tight binding to transferrin, and measurements of "Plasma Iron" are actually measurements of the iron bound to transferrin.
Treat plasma with hydroxylamine hydrochloride in sodium acetate buffer to release iron from transferring and centrifuge to get supernatant. Create standards, and use spectrometry and a standard curve to find original plasma concentration.

Calculating Plasma Transferrin from Experimental Data

Transferrin is synthesised in the liver and is the primary protein for inter‐organ transport of nonhaem iron. It is a serum glycoprotein of ~80 kDa and binds two iron atoms per protein molecule. Transferrin binds to membrane‐bound transferrin receptors and is taken up by the process of endocytosis. The iron is released from the receptor, within acidic endosomes, into the cytoplasm of the cell.
Use Enzyme-linked immunosorbent assay [ELISA] uses antibodies to bind to transferrin which are coated into microtiter plates. The plasma is added and washed off, leaving behind transferring bound to the bottom of the plate. A second antibody is used which binds to a different site and fluoresces / assays spectrophotometrically. A substrate is added with the product formed directly proportional to the amount of transferrin in the serum sample. We used horse radish peroxidase, at 450nm.

How would you calculate the % saturation (with iron) of the transferrin in the patient's plasma? Remember that each transferrin molecule can bind two iron atoms, and that others in the group are measuring the plasma iron concentration. 

Since we calculated the plasma iron (iron bound to transferrin) and know the amount of transferring, plasma iron / transferrin will provide us with transferring saturation, taking into account that two plasma irons bound to each transferrin.

Calculating Plasma Ferritin Concentrations from Experimental data. 

Ferritin is the major storage form of iron, found in liver and other tissues. Plasma Ferritin concentrations may be measured using a radioimmunoassay. Mix ferritin with antibody that binds ferritin tightly and a fixed known amount of radioactively labelled ferritin. It will come to equilibrium binding both radiolabelled and normal ferritin, at a proportion to how much normal ferritin is there. The antibody is separated an radioactivity measure. The lower the radioactivity, the more normal ferritin that is bound to the antibody and hence more ferritin in the plasma. 
How and why does ferritin occur in plasma?

Ferritin is normally a cell storage protein – but it leaks out of the cell. The more ferritin in the cell the more leakage and hence plasma levels are indicative of cellular levels. 

What problems would be associated with determining ferritin by this method in a "wet" practical

experiment?
Wet prac would be expensive, time consuming and unsafe (radioactivity).
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