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Solutions to Exercises – chapter 14 

 
14.1) What is meant by the primary, secondary, tertiary and quaternary 

structure for a protein? 

The sequence of amino acids within a protein is known as its primary 

structure. 

The three dimensional shape or folding of a polypeptide chain is known as the 

secondary structure of a protein. A helical structure is often adopted which is 

stabilised by intra-chain hydrogen bonds formed between the amide nitrogen 

of one peptide and the oxygen of a carbonyl group of another. Interchange 

hydrogen bonding between parallel extended chains via interaction of 

hydrogen and oxygen atoms can also give rise to pleated sheet structures.  

 

The tertiary structure of a protein describes the three dimensional shape of 

the protein. These three dimensional shapes are often determined by folding 

of the protein chain. 

14.2) How are whole blood, serum and plasma samples prepared and 

stored; what analyses may these be used for? 

Blood drawn directly from the body, (without any of its constituent components 

being removed) is known as whole blood and is used for many analyses. 

Sodium fluoride is normally also added to blood samples taken for blood 

glucose determinations. Sample tubes for blood glucose determinations can 
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be obtained commercially containing small pre-prepared quantities of 

potassium oxalate and sodium fluoride for blood glucose analyses - and are 

normally used within clinical settings. Whole blood samples can typically be 

refrigerated for 48 prior to analysis without deterioration and should always be 

allowed to reach room temperature prior to analysis. Whole blood samples 

unfortunately may not be frozen since this causes lysis of the cells.  

 

Blood plasma is formed by removing cellular components, (normally by 

centrifugation). Blood plasma is again normally treated with either heparin or 

sodium oxalate as an anti-coagulant preservative. Plasma should be prepared 

as soon after the blood sample has been taken. Samples may again be 

refrigerated for 48 hours prior to analysis but may, unlike whole blood 

samples be frozen for longer term storage. Care should be taken, however, to 

thoroughly mix samples upon thawing since fractionation into different layers 

may occur during the freezing process. 

 

Serum is used for a number of clinical tests including calcium magnesium and 

chloride levels. Serum is again prepared via centrifugation but at a higher 

rotation rate than that used for the preparation of plasma to remove both the 

cellular components and fibrinogen. Samples can again be frozen for later use 

and again care should be taken to mix samples upon thawing to re-distribute 

evenly the solutes and / or colloidal components. Samples are often more 

stable if prepared as a protein-free-filtrate (PFF). There are a number of 

methods for preparing PFF samples such as via the use of trichloroacetic acid 
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(TCA) that involves mixing nine volumes TCA for every volume of serum and 

then removing the proteins via filtration following their precipitation.  

 

Another approach known as the ‘tungstic acid approach’ involves adding 1 

volume of 0.33M H2SO4 together with seven volumes of water for every 

volume of serum and then allowing the mixture to turn brown (approximately 2 

minutes) before adding a further one volume of sodium tungstate. The protein 

content of the serum will again precipitate allowing it to be removed via 

filtration or centrifugation. 

 

14.3) How may blood electrolyte levels be determined? 

Blood electrolyte determinations are normally determined within blood serum 

and refer to the concentrations of Na+, K+, Cl- and CO2 (HCO3
-). A number of 

automated analysers are now marketed commercially which rely on ion 

selective potentiometric electrodes for the determination of each of these ions. 

Alternative methods for determining electrolyte levels are based upon flame 

photometry for the quantification of Na+ and K+ concentrations within blood 

serum, using modified pH electrodes.  

 

It is common practise to determine all of the electrolyte ion concentrations 

together as a suite of tests since an upset in the relative concentration of 

these ions has the more clinical significance than the absolute concentration 

in any one of the ions. 
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14.4) What is meant by and what is the significance of the ‘anion gap’ 

within serum samples? 

In practice, the measured concentration of anions within blood serum will 

always appear to be less than that of the total cation concentration. There are 

a number of reasons for this including the fact that there are a number of 

cations such as calcium and magnesium that are more difficult to determine 

via routine analysis. This measured imbalance is known as the ‘Anion gap’ 

and is expressed in terms of mM concentration with a typical value for healthy 

subjects being approximately 12mM. 

It should be noted that the ‘anion gap’ is in fact a misnomer and corresponds 

to a ‘measured anion gap’, since the law of electroneutrality demands that 

within any solution, the charge carried by the anions within solution must 

always equal that carried by the cations. Changes in the concentrations of 

each of the anion or cation concentrations do, however, give rise to changes 

in the measured anion gap which has clinical significance since this is often 

indicative of a number of physiological disorders - particularly if the measure 

value falls either <5mM or >22mM. Physiological conditions that can cause 

disruption of the measured anion gap include, renal failure, raised blood 

pressure and atherosclerosis, ketoacidosis due to diabetes, alcohol poisoning, 

starvation and / or the administration of a number of illicit or ethical drugs. 
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14.5) Explain the principle of immunoassays. 

There are a number of immunoassay formats formats, however, many rely on 

the labelling or tagging of an antibody or antigen with (eg with an enzyme) 

and determining the activity of the enzyme following reaction, or incubation of 

the antibody with its antigen. Immunoassays in which antibodies are tagged 

are known as ELISHA tests (Enzyme linked immunosorbent assays). 

 

 There are a number of different approaches for determining enzyme activity 

depending on the enzyme in question, although many methods are based on 

colorometric techniques. 

 

14.6) Describe the operation of competitive and non-competative 

ELISAs. 

Non-competitive ELISAs are based on the inhibition of the enzyme activity 

upon binding of a tagged antibody with an appropriate antigen. Competitive 

ELISAs are based on determining the activity of a known quantity of enzyme 

tagged antigen following (i) incubation with the analyte sample, (containing 

the antigen / analyte), with antibody immobilised on a suitable surface and (ii) 

separation from the antibody. The enzyme activity remaining corresponds to 

the non-bound enzyme tagged antigen and so the greater the concentration of 

analyte, within a sample, the lower will be remaining enzyme activity. 
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Conversely higher enzyme activities correspond to lower analyte 

concentrations.  

 

Indirect ELISA tests are performed by first adsorbing the sample antigen 

(analyte) onto a suitable support and allowing this to incubate with a known 

quantity of an unlabelled (primary) antibody. The support is then washed and 

allowed to further incubate with a further (secondary) enzyme tagged 

antibody. The enzyme activity of the excess antibody is again determined via 

a suitable approach and so the concentration of the analyte (antigen) may be 

determined. One advantage that indirect ELISA based tests offer is that a 

common enzyme linked secondary antibody can be raised against all primary 

antibodies of the same immunoglobulin class and this in turn removes the 

need to produce a whole series of enzyme-linked antibodies against each 

antigen (analyte) to be determined. 

 

14.7) What is meant by a first generation biosensor and how does this 

differ from a second generation biosensor? 

‘First generation’ electrochemical sensors are based upon the direct 

monitoring of: either the depletion of one of the enzyme substrates – or - the 

accumulation of one of the enzyme products. The so called ‘second’ 

generation of electrochemical biosensors are those which utilise charge 

transfer mediators to facilitate charge transfer from the enzyme to a working 

electrode. 
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14.8) Why is sodium fluoride often added to whole blood? 

Sodium fluoride is normally added to blood samples taken for blood glucose 

determinations so as to act as a metabolic inhibitor. The cellular components 

within blood are living and as such continually metabolise glucose via 

respiration. Sodium fluoride in this way helps maintain the glucose levels 

rather than them gradually falling with time due to the metabolic consumption 

of glucose. Sample tubes for blood glucose determinations can be obtained 

commercially containing small pre-prepared quantities of potassium oxalate 

and sodium fluoride for blood glucose analyses and are normally used within 

clinical settings.  

 

14.9) What are the main problems associated with O2 based glucose 

sensors? 

O2 based glucose sensors are particularly susceptible to ambient fluctuations 

in O2 levels that can lead to fluctuating and so unreliable results. 

 

14.10) Why may permselective membranes not be used within second 

generation biosensors? 
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The mediator requires direct access to both the enzyme (active site) and the 

electrode surface. The introduction of a permselective barrier would act as a 

physical barrier so preventing free diffusional movement of the meditor. 

14.11) Compare and contrast the Kjeldahl, Biuret, Lowry and 

Bicinchoinic acid approaches for determining protein concentrations. 

Describe the basis for the polymerase chain reaction – how can this be 

used within forensic science? 

The Kjeldahl method is based around the determination of the nitrogen 

content within a compound and since all proteins contain nitrogen, they lend 

themselves well for Kjeldahl determinations. One of the major problems 

associated with the Kjeldahl approach is that again protein mixtures must be 

first separated since the amino acid, (and therefore the nitrogen), content of 

different proteins differ. Clearly the nitrogen content for a particular protein 

must be known for a quantitative determination to be undertaken. 

 

The protein must normally be precipitated to remove any nitrogen containing 

interferents that otherwise could lead to erroneous results. The precipitate is 

collected and then heated with concentrated sulphuric acid under reflux 

together with a catalyst, (eg via the addition of cupric or mercuric ions), for the 

oxidation (digestion) of all of the nitrogen containing compounds. This 

procedure takes several hours during which sulphur dioxide fumes will be 

given of - and therefore care should be taken to always perform this reaction 

within a fume cupboard. The solution will first turn brown or black before 
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turning clear, although the heating process should be continued for a further 

two hours or so.  

 

Upon cooling the mixture should be made basic via the addition of an excess 

of sodium hydroxide and then transferred to a steam distillation flask. The 

mixture should then be distilled and collected into a receiver flask to collect 

the ammonia which may be trapped by bubbling into a solution of boric acid. 

The ammonium ion content can then be quantified via titration with 

hydrochloric acid. The calculation for the nitrogen content is simple, since one 

mol of nitrogen will give rise to one mole of ammonia and this in turn will 

require one mol of HCl for the end point reaction,  

 

The Kjeldahl method although being clearly labour intensive is, however, still 

recognised as one of the standard reference methods for the determination of 

proteins since it offers extremely reproducible and accurate determinations if 

due experimental care is taken. 

 

The Biuret method is a simple and robust method for quantification that is 

based upon the formation of a purple coloured complex, formed between the 

protein and copper when a protein is introduced to a basic solution of copper 

sulphate. Potassium tartrate or sodium citrate are often added to prevent the 

precipitation of cupric ions as the hydroxide. 

 

The naming of the Biuret method is historical and now rather mis-leading in 

nature; the test was named following the discovery that Biuret reacts with 
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copper sulphate in alkaline solution to yield a purple coloured complex. 

Similar complexes are in fact formed with any compound containing –CONH2, 

–CH2NH2, C(HN)NH2 or CSNH2 groupings (linked through C or N atoms), and 

this explains why this technique can be used for the quantification of proteins. 

 

Complexes of this type exhibit max at approximately 545nm and hence the 

absorption at this wavelength can be followed spectrophometrically, used for 

quantification with reference to a calibration plot. The Beer-Lambert law 

(Chapter 4) is typically followed up to concentrations of 2gdm-3. The reaction 

should be allowed to proceed for approximately fifteen minutes prior to 

quantification although the complex should remain stable for a number of 

hours to allow plenty of time for the spectrophometric determination. The 

single biggest drawback associated with the Biuret method is its lack of both 

sensitivity and specificity. All proteins react in a similar manner with Biuret so 

quantification of individual proteins requires prior separation. 

 

The Lowry method again is based upon a spectrophotometric determination 

and offers greater sensitivity than the Biuret approach with a working 

analytical concentration range of approximately 20mg through to 2gdm-3. The 

reaction is based on the formation of  the copper-protein complex (via use of 

the Biuret reaction), which in turn reduces phosphotungstic and 

phosphomolyic acids to tungsten blue and molybdenum blue respectively, and 

this may then be determined spectrophotometrically within the wavelength 

range of 600-800nm - since these two compounds give rise to broad and 

overlapping absorption peaks. 
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The reagent is difficult to prepare but may, however, be readily purchased 

which simplifies the experimental procedure greatly. The reaction does not 

obey the Beer-Lambert law well and for this reason a pre-determined 

calibration curve will always be needed for quantification.    

 

Bicinchoininic acid based methods are based upon the Biuret and Lowry 

methods although in this instance the copper-protein complex is chelated by 

bicinchoninic acid to form very stable complexes with max at around 562nm. 

This approach offers the further advantage of offering several orders of 

magnitude greater sensitivity in comparison to the Biuret and Lowry 

approaches. Again commercial reagents can be purchased which greatly 

simplify experimental protocols and hence ease of use. 

 

Polymerase chain reaction (PCR) techniques use a particular polymerase 

enzyme in conjunction with synthetic primers, that together initiate a chain 

reaction that produces a rapidly growing population of specific DNA 

molecules. The development of this technique lead to the award of a Nobel 

prize for Kary Mullis for the huge impact this had on molecular biology 

analytical science and forensic science. In order to perform a PCR reaction, it 

is normally necessary to know some of the base sequences of the DNA 

segment and for a particular organism these are normally readily available. 

Using this information, short single stranded DNA primers are chemically 

synthesised and typically range from 20-50 nucleotides in length. DNA 

polymerase is then added to catalyse the synthesis of the production of 
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complementary DNA strands using primers as starting points. The DNA 

polymerase routinely used for the PCR technique was first isolated from the 

bacterium Thermus Aquaticus and may withstand temperatures up to 95oC 

and in fact operates at an optimal turnover rate at a temperature of 72oC 

which as we shall see is important for the PCR technique. 

 

The DNA is first heated at 95oC to denature the DNA double helix into its two 

strands. The DNA is then cooled to allow primers to bind to complementary 

DNA strands. The temperature is then raised to 72oC (the optimal 

temperature for DNA polymerase). Nucleotides attach to the 3’ end of the 

primer.  

 

The specificity of the primers will ensure selective copying of DNA lengths. In 

a few minutes an entirely complementary copy of the targeted DNA sequence 

will be produced thereby doubling the original quantity of DNA originally 

started with. The reaction mixture is then heated again to denature the two 

new helices, more primer is added and this binds to the DNA and in this way 

the cycle is repeated again to double the quantity of DNA. This process is 

repeated many times until sufficient quantity of DNA is produced. With each 

process the DNA quantity is doubled and in the majority of situations, 20-30 

reaction cycles is sufficient to produce sufficient DNA for analysis. PCR 

techniques therefore make it possible to identify an individual person from the 

minuscule amount of DNA present - or indeed identify the source of any 

biological sample.  
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14.12) Compare and contrast two approaches for performing amino acid 

analyses. 

 

For simple qualitative analyses, paper or thin layer chromotographic 

approaches often suffice, although quantitative determinations for the 

resolution of more complex mixtures often require the use of electrophoresis, 

gas-chromatography, HPLC or a dedicated amino acid analyser. Within this 

model answer we shall compare Paper & Thin Layer Chromatographic 

approaches with electrophorectic methods, although any of the other 

approaches could have been chosen. 

 

Paper and Thin Layer Chromatogaphy: 

 

Paper and thin layer chromatography may be chosen for simplicity when only 

a qualitative identification is needed for components within a mixture via 

reference to known standards via comparison of Rf values (see chapter 8). 

 

Some samples may require the removal of interferents such as 

carbohydrates, proteins or salts via the use of an ion-exchange resin column 

prior to running a chromatograph.  

 

There are many solvent systems that may be chosen depending on the 

composition of the mixture being analysed. 
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The choice of the solvent mixture is often largely a case of trial and error 

especially if little is known concerning the components within the sample - 

although a few guidelines can often help. Increasing the proportion of water 

generally leads to the increase in all Rf values, for example, while the 

inclusion of ammonia will increase the Rf for basic amino acids. Further 

resolution may again sometimes be achieved via the use of two dimensional 

chromatographic runs at 90o to each other with different solvent systems (see 

Chapter 8). 

 

Locating reagents are often applied either by spraying or dipping to help 

visualise the amino acid components following separation. A 2 g dm-3 solution 

of Ninhydrin in acetone is the most popularly used locating reagent 

sometimes with the addition of acetic acid and 2,4,6-collidine (both 5-10% v/v) 

so as to form intensely coloured bands of different colours with different amino 

acids. All amino acids will form coloured bands within a few hours at room 

temperature. This process can often be accelerated if the TLC strip or paper 

strip is heated within an oven although this can cause the formation of further 

coloured bands if any other compounds possessing a primary or secondary 

amino group are present. Again this reaction chemistry may provide further 

information since if an analyte fails to form coloured bands unless the strip is 

heated, it is almost certain that it is not an amino acid.  

 

Electrophoresis for the Separation of Amino Acids: 

Amino acid mixtures may often be separated and subsequently identified by 

electrophoresis. Different amino acids carry different charges at a given pH 
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and so can be induced to travel along a thin layer support medium such as 

paper, silica gel or cellulose under the influence of an electric field. 

Identification of components within a mixture is again achieved with reference 

to known samples and via the use of visualisation reagents, as already 

described for paper chromatographic and TLC analyses. The use of higher 

voltages will help accelerate the rate of separations as well as sometimes 

helping separating amino acids from possible interferents such as salts, 

carbohydrates or proteins. 

 

Electrophoretic separations are normally performed at pH 2.0 or 5.3, since at 

pH 2.0, all amino acids will carry a positive charge and the basic amino acids 

will migrate towards the cathode at the fastest rate. In contrast at pH 5.3, 

migration will occur towards either electrode depending on the charge carried 

on an amino acid. This process is extremely useful for the determination of 

the acidic or basic nature of an unknown amino acid or dipeptide. 

 

 


