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Reminder:
 

Structure and physico-chemical properties of 
biomacromolecules (BMM)

Human serum albumin. From He and 
Carter. ChymotrypsinDNA

Reminder 
Structure and physico-chemical properties of 

biomacromolecules (BMM):
Proteins and nucleic acids
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Références

Leh ninger,  Pr inc ip les  o f 
Biochemistry, Fourth Edition

I. Proteins
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Amino-acids
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Isoelectric pH
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Peptides and proteins
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Secondary, tertiary and quaternary structure

Secondary Structure : α Helix
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Secondary Structure : β sheet

Secondary Structure : β turns

Glycine and proline
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Tertiary structure

Kératine 

Collagène

Globular proteins
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Quaternary structure

II. Nucleic acids
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5’ End : phosphate- group               5’P

3’ End : OH- group                          3’OH
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Physicochemical properties of nucleic acids

Ø Important properties for the isolation and study of nucleic acids

Ø Stability : H bonds = specificity of base pairing : Hydrophobic and aromatic 
interactions
Ø Solubility : soluble in phenol, saline and alkaline solutions
                        Precipitated by alcohol and strong acid solutions
                        In aqueous solution, they are very acidic
Ø Viscosity : Long and thin DNA therefore very viscous solution
Ø Density : approximately 1,7 g/cm3, possible isolation on ceasium gradient 

Ø Denaturation : chemical by urea or formamide
   thermal : RNA progressive denaturation by heat
                  DNA denaturation at a precise temperature (Tm) 

dependant on the  content (property which allowed the creation of the PCR)



2/9/2025

17

Physico-chemical properties of nucleic acids

absorbance

220 260 300

l (nm)

Single strand

Double strand

Absorbance  at UV

OD DNA ds [1mg.ml-1] = 20

OD RNA or DNA ss= 25

Hyperchromic effect

Thermal denaturation

Chaleur

Advantage : Quantification of DNA and RNA

                      Purity of nucleic acid

Temperature of 
melting Denatured DNA

Tm

80° 100°

Absorbance 260nm

Temperature °C
Tm depends on :- DNA size

           - GC %

Re-naturation cooling

Quantification : Pure nucleic acid solutions can be measured by measuring their UV 
absorbance at 260nm. An OD of 1 corresponds approximately to 50μg/ml of double-
stranded DNA

DNA purity : we can also have information regarding the purity of the tested sample. 
In fact, DNA absorbs approximately 2 t imes less at 280nm than at 260nm 
(A260/A280=2). 

The presence of proteins (aromatic amino acids absorb at 280nm) in the sample 
causes a decrease in this ratio.

ØUV Absorption : The bases absorb in the UV with a maximum at 260 nm
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Chapter I : Principal steps of biomacromolecules purification

I. Introduction

• The separation of biological molecules and macromolecules is a 
fundamental step in both analytical studies and biochemical assays. 
Various separation techniques are employed in biology, each based on 
t h e  d i st in c t  p hys i co ch e m i ca l  p rop e r t i e s  a n d  b e h av i o r  o f 
macromolecules in solution.

• The primary objective of purification is to achieve a high yield and 
maximum purity while minimizing costs. Therefore, the selection of 
purification steps must be carefully optimized to reduce the number of 
processing stages without compromising efficiency.

• To accomplish this, it is essential to address the following key questions:
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1. How much do I need ?
The required quantity of a purified protein depends on its intended application. 

For instance, a comprehensive physicochemical characterization of a protein may necessitate several hundred 
milligrams of purified material, whereas a kinetic analysis of an enzyme-catalyzed reaction can often be 
conducted with only a few milligrams.

These varying quantity requirements influence both the choice of protein source and the purification strategy. 

üFor large-scale protein purification, initial steps typically employ techniques with high capacity but low 
resolution, such as salt or organic solvent precipitation. 

ü Intermediate purification steps often involve chromatographic methods with moderate capacity and resolution, 
including ion exchange chromatography and gel filtration. 

üFinally, high-resolution but lower-capacity techniques, such as affinity chromatography and isoelectric focusing, 
are utilized in the final purification stages to achieve maximal purity.

Technique Average amount required Purity/activity of isolated protein

Crystallography 100 mg Very high

Enzyme kinetics 10 mg moderate

Antibody production 1 mg Low/moderate

Mutagenesis studies 1-2 mg Moderate

Multiprotein enzyme complex 1-10 µg High

2. Do I want to retain biological activity ?

If the answer is yes, meaning that maintaining the biological activity of the protein is required, this 
constraint will limit the choice of purification techniques and the conditions under which they can be 
applied.

In general, most proteins retain their biological activity when handled in neutral aqueous buffers at 
low temperatures. However, specific purification methods vary in their compatibility with active 
proteins:

üImmunoaffinity chromatography is a highly selective method, but the harsh conditions required for 
elution can compromise protein activity.

üReversed-phase chromatography relies on organic solvents for elution, making it unsuitable for active 
proteins.

üIon Exchange Chromatography (IEC) is one of the most versatile techniques for protein purification 
while preserving activity.

üSDS-PAGE can be used regardless of whether protein activity is retained.

For the purification of labile molecules, it is essential to design a purification protocol with the fewest 
possible steps and minimal buffer changes to reduce the risk of denaturation or degradation. 
Additionally, various stabilizing agents are employed to enhance protein stability, inhibit microbial 
contamination, and lower the freezing point (see table below).
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Stabilizer concentration Remarque
 

Metal-chelating agents (EDTA, 
AGTA) 0.1-1.0 mM

Chelation of heavy metals likely to inactivate 
proteins

 inactivation of certain proteases.

Bêta mercaptoethanol (BME), 
dithiothreitol (DTT)

5-20 mM (BME)
-1.0 mM (DTT) Avoid unwanted disulfide bond formation

Salts (KCl, NaCL….) Minimum 50 mM Maintain the buffer’s ionic strength near the 
physiological ionic levels.

Glycerol, saccharose 5-20 %
Not all proteins are stabilized by glycerol, some 

are destabilized,
Protein stability to freeze/thaw

Protease inhibitors (PMSF…) Variable
Depend on the type of protease. Often, they will 

only be necessary during the initial steps of 
purification

Detergents (deoxycholate) 2-6 mM Membrane proteins stabilization

Surfactants (triton X 100) Variable
 

Membrane proteins stabilization

Sodium azide 0.01%
 

Antibacterial

Common stabilizers for protein purification buffers

3. Do I need a completely pure protein?
The concept of protein purity is complex and does not simply imply the absolute absence of contaminants. 
Ideally, a pure protein sample would contain only a single population of molecules with identical covalent 
structures and three-dimensional conformations, aside from water and intentionally added components such 
as buffer ions.

However, achieving absolute purity is both unattainable and unnecessary in most cases. 

Instead, the essential criterion is that the protein preparation should be free from any contaminants that 
could interfere with the intended experiment. This is not merely a theoretical concern; as purification 
progresses, removing residual impurities becomes increasingly challenging, often necessitating additional 
purification steps that are time-consuming and result in reduced yields.

Therefore, an operational definition of purity must be established based on the specific requirements of each 
study. This definition will not only determine the purification strategy but may also influence the feasibility of 
the entire process. In cases involving labile proteins, achieving a highly purified sample may not be realistic; 
however, obtaining a preparation of sufficient purity for a particular experimental purpose may still be 
possible.

The key question remains: Does it matter whether the protein is 50%, 90%, or 99% pure? The answer depends 
on the intended application, emphasizing the need for a practical rather than an absolute approach to protein 
purification.
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The required level of protein purity depends on the specific purpose of the purification.

For example:

üA 50% pure protein may be sufficient for generating a monoclonal antibody, as long as 
the remaining contaminants do not interfere with the immune response. However, a 95% 
pure protein may be unsuitable for producing a monospecific polyclonal antibody, 
especially if the contaminants are highly immunogenic.
üA relatively impure enzyme preparation may be acceptable for kinetic studies, provided 

it does not contain other enzymatic activities that could compete with or alter the 
reaction being analyzed.
üA 95% pure protein is generally adequate for amino acid sequence analysis. In fact, an 

even lower purity may be acceptable, as long as precise quantification is performed to 
ensure that observed sequences do not originate from contaminants.

4. What source should I use?

The choice of protein source is often dictated by the specific research objective.

For instance, if the goal is to study the enzyme ribulose-1,5-bisphosphate carboxylase (RuBisCO), it 
must necessarily be isolated from a plant source. However, the selection of the plant species can be 
optimized based on factors such as its availability, high enzyme content, ease of protein extraction, and 
low levels of interfering polyphenolic compounds.

In cases where the protein of interest is widely distributed across different organisms and species-
specific differences are not relevant, plants are generally not the preferred source. Instead, microbial 
and fungal sources may be more advantageous, as they can be cultivated under controlled conditions, 
ensuring a consistent and reproducible supply of starting material. Additionally, in some cases, the 
expression levels of the target protein can be manipulated by adjusting growth media and 
environmental conditions.

However, microbial and fungal sources also present certain challenges. Their rigid cell walls make cell 
disruption more difficult, requiring specialized equipment for efficient large-scale extraction. As a result, 
unless a laboratory is equipped with appropriate mechanical or enzymatic disruption technologies, 
microorganisms may not always be the ideal choice for large-scale protein isolation.
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In some cases, animal tissues such as the heart and liver serve as the most convenient protein sources.

For large-scale protein purification, these tissues are typically sourced from commercial abattoirs, whereas 
laboratory animals may be used for smaller-scale studies.

If the target protein is located in a soluble form within a subcellular organelle (e.g., mitochondria or chloroplasts), 
an additional decision must be made regarding tissue disruption. The choice depends on whether to:

üCompletely disrupt the tissue under conditions that lead to organelle lysis, releasing their contents into the 
cytoplasmic extract.

üPreserve intact organelles through controlled homogenization, allowing their isolation via differential 
centrifugation or other fractionation techniques.

For animal tissues, the decision largely depends on the scale of purification:

Subcellular fractionation of a few hundred grams of tissue is a feasible approach and may simplify protein 
purification.

However, for large-scale work involving kilograms of tissue, the time and effort required for organelle isolation 
may become impractical, making purification from a total cellular extract the more efficient option.

In contrast, subcellular fractionation in plants is significantly more challenging due to cell wall rigidity and complex 
cellular structures, making it a less common approach in most purification workflows.
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For membrane proteins, it is highly advantageous to first isolate a pure 
membrane fraction before initiating protein purification. The feasibility of 
achieving this depends on the organism and the specific membrane system being 
targeted. Efficient membrane isolation facilitates subsequent purification steps by 
reducing contamination from non-membrane-associated proteins.

For proteins present in very low abundance or sourced from organisms that are 
difficult to work with, an alternative approach is gene cloning and heterologous 
expression in a suitable host. This method allows for the production of 
recombinant proteins in larger quantities under controlled conditions. However, 
gene cloning and expression represent a major undertaking and are typically 
pursued only when conventional purification methods fail.

Once the recombinant protein has been expressed and extracted from the host 
cells, its purification follows the same principles and techniques as those applied 
to proteins derived from conventional sources.

5. Has it been done before?
It is common to require the purification of a protein that has been previously isolated and characterized, either for 
use as an analytical tool or for conducting novel investigations. In such cases, the initial approach is typically to 
replicate the previously reported purification protocol. However, in practice, the procedure may not work exactly as 
described due to variations in starting material, experimental conditions, and laboratory techniques, all of which 
can significantly influence protein behavior during purification. These discrepancies are usually manageable, as 
minor adjustments can be made once experience with the specific protein’s properties is gained.

If the exact protein of interest has not been previously purified, it is often beneficial to refer to purification 
protocols for closely related proteins. For example:

• If the same protein from a different organism has been isolated, particularly from a phylogenetically related 
species, its purification properties should be similar, requiring only minor modifications, such as adjustments to 
pH in an ion-exchange chromatography step.

• Even if the protein belongs to a more distantly related family, available literature may still provide valuable 
insights. For instance, if the target protein is a glycoprotein, this characteristic suggests specific purification 
strategies, such as lectin affinity chromatography.

• By leveraging existing literature and prior research, significant time and effort can be saved, preventing 
unnecessary trial-and-error approaches and streamlining the purification process.
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II. Exploiting Differences
Protein purification involves the isolation of a specific protein from a complex mixture 
containing potentially thousands of other proteins with similar general properties. In many 
cases, the target protein may constitute less than 1% of the total protein content. 
Therefore, an effective purification strategy must fully exploit the distinguishing 
physicochemical properties of proteins to achieve efficient separation.

The following section outlines the key properties that differentiate proteins and describes 
the purification techniques based on these properties, along with practical considerations 
for their application.

A- Solubility
Proteins differ in their surface composition of charged, polar, and hydrophobic 
amino acids, which affects their solubility under specific conditions. This 
property allows for differential precipitation using neutral salts or organic 
solvents, providing a basic method for protein separation. However, this approach 
lacks precision, as precipitation occurs over overlapping concentration ranges, 
limiting its purification efficiency.

Despite its low resolution, fractional precipitation is widely used in early 
purification steps, particularly after extraction, due to its high yield, ease of large-
scale application, and compatibility with centrifugation. 
Additionally, it serves as a concentration step, reducing the water content of the 
protein solution, which is a significant practical advantage.
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B- Charge

• Proteins vary in their content of charged amino acids (aspartic 
acid, glutamic acid, lysine, arginine, and histidine), leading to 
differences in their net charge at a given pH and their isoelectric 
point (pI)—the pH at which their net charge is zero.

• These charge differences are the basis  of ion-exchange 
chromatography (IEC), one of the most powerful techniques in 
protein purification. 

• In IEC, proteins with a net charge bind to a charged solid matrix 
of the opposite charge, with the strength of binding depending 
on the magnitude of the protein’s charge. 

• Proteins are then eluted by increasing the concentration of 
counter-ions, which compete for binding sites and displace the 
proteins from the matrix.

• Ion-exchange chromatography (IEC) offers moderate to high resolution, 
depending on the materials and conditions used.

• For large-scale purification (~100 g of protein), cellulose-based resins are 
preferred due to their high flow rates and suitability for large bed volumes, 
though they provide lower resolution. This makes them ideal for early 
purification steps.

• For higher resolution, Sepharose-based resins are commonly used, but due to 
their smaller scale, they are typically employed in later purification stages for 
final product refinement.

• It is important to note that proteins with the same charge at one pH may differ 
in charge at another pH. Therefore, purification protocols often include multiple 
IEC steps, either by adjusting pH with the same resin or using both anion- and 
cation-exchange resins to enhance separation efficiency.
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Differences in isoelectric points (pI) between proteins can be 
exploited using two main techniques: 

• Ch romatofocus i ng  (CF)  i s  a  va r iant  of  io n - exc hange 
chromatography, where proteins bind to an anion-exchange 
resin and are eluted by gradually decreasing the buffer pH. 
Proteins elute in order of their isoelectric points, allowing for 
moderately high resolution and capacity. This technique is most 
effective for refining partially purified protein mixtures.

• Isoelectric focusing (IEF) involves applying an electric field 
within a stable pH gradient, causing proteins to migrate until 
they reach their isoelectric point (pI), where their net charge is 
zero and migration stops. If a protein diffuses away, it regains 
charge and moves back, leading to extremely high resolution. 
Despite its low capacity, IEF is valuable for separating proteins 
that are difficult to fractionate by other methods.

C-Size
Differences in molecular size can be exploited using size-
exclusion chromatography (SEC-GF) and ultrafiltration (UF).

• Size-exclusion chromatography (SEC-GF) uses porous 
beads to separate proteins based on size: large proteins 
remain in the mobile phase and elute first, while smaller 
proteins enter the pores and elute later. Although it has 
limited resolution and low capacity (due to the need for 
small sample volumes), it is useful when the target 
protein is at an extreme size range.

• Ultrafiltration (UF) involves passing a solution through a 
membrane with controlled pore sizes, allowing small 
molecules to pass while retaining larger proteins. This 
technique can be used for size-based separation and 
concentration of protein solutions. Unlike SEC-GF, UF is 
not limited by scale, making it suitable for large-volume 
applications.
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A distinct approach to size-based protein separation 
i s  S D S - PA G E  ( s o d i u m  d o d e c y l  s u l f a t e -
polyacrylamide gel electrophoresis).

• In this technique, proteins are denatured and 
coated with SDS detergent, giving them a uniform 
negative charge. 

• During gel electrophoresis, proteins migrate based 
solely on size, with smaller proteins moving faster 
due to the sieving effect of the gel.

• SDS-PAGE has exceptionally high resolution and is a 
fundamental tool in analytical protein chemistry.

• While primarily used for analysis, methods have 
been developed to extract proteins from gels, 
enabling small-scale purification from complex 
mixtures. 

D- Specific Binding
Many proteins perform their biological functions by binding to 
specific molecules, such as substrates, receptors, or antigens. 
This property is exploited in affinity chromatography, where a 
ligand specific to the target protein is attached to a solid support 
and used as a chromatographic medium.

A protein extract or partially purified sample is passed through 
the column, where the target protein binds to the ligand due to 
its high specificity. 
Elution is  achieved by modifying solvent  condit ions  or 
introducing a competitive solute that displaces the protein.

Among affinity-based methods, immunoaffinity chromatography 
is particularly powerful due to the high specificity of antibody-
antigen interactions, enabling highly selective purification of 
target proteins.
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• Lectin-affinity chromatography utilizes the specific binding between 
plant lectins and carbohydrates, making it particularly useful for 
isolating glycoproteins or removing glycoprotein contaminants with 
high specificity.

• However, affinity methods using low-molecular-weight ligands (e.g., 
enzyme-substrate interactions) tend to be less specific, as the ligand 
may bind to multiple proteins. 

• For example, immobilized NAD binds to various dehydrogenases, and 
benzamidine interacts with most serine proteases, enabling the 
isolation of protein families rather than individual species.

• In summary, affinity chromatography offers a range of selectivity levels, from 
moderate to very high, and in optimal cases, it enables single-step purification 
of a protein from a crude extract.

• However, affinity media often have limited capacity and can be cost-
prohibitive, making large-scale applications impractical. As a result, affinity 
methods are typically reserved for the final stages of a purification protocol to 
achieve high purity.



2/9/2025

29

E- Special properties

• Certain proteins exhibit exceptional stability under specific conditions, such as 
elevated temperatures or extreme pH values, which can be exploited for 
purification. 

• For instance, heat-stable proteins can be selectively retained by heating a crude 
extract, causing denaturation and precipitation of contaminants while 
preserving the target protein.

•  Similarly, proteins that remain stable at highly acidic or basic pH may be 
purified by selective precipitation of less stable impurities. However, this 
approach is ineffective for thermophilic organisms, where most proteins share 
thermostability. Preliminary stability tests are recommended to determine 
whether such properties can facilitate purification.

• In cases where conventional purification methods prove insufficient, genetic 
engineering can be employed to introduce specific properties that facilitate 
protein purification. 

• For example, the addition of polyarginine or polylysine tails can enhance 
separation by ion-exchange chromatography, while polyhistidine tags enable 
purification via immobilized metal affinity chromatography (IMAC). 

• However, these modifications are typically considered a last resort, unless 
recombinant DNA technology has already been chosen as the primary method 
for protein production and purification.
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Ordering the Purification Steps

• Most purification strategies begin with homogenization, followed by 
precipitation, ion-exchange chromatography, affinity chromatography, and a 
final gel permeation step. 

• This sequence is logical, as each technique exploits different protein properties.

•  Precipitation handles large volumes, ion exchange removes contaminants 
before the expensive affinity step, and gel permeation provides final cleanup.

•  The strategy should minimize steps and ensure compatibility between 
techniques. 

• A universal approach is not possible, as purification depends on available 
materials and specific application requirements.
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Documenting the Purification (Construction of a Purification Table)

• Maintaining an inventory during purification is essential to track volume, total 
protein content, and target protein yield. 

• This prevents unexpected losses and ensures the protein remains active under 
purification conditions. 

• Protein quantification at early stages can be done via 280 nm absorbance, while 
more accurate methods like Bradford assay are needed later. 

• Enzymes can often be assayed spectrophotometrically, while other proteins 
may require bioassays, immunoassays, or gel quantification. 

• Combining total protein assays with specific activity measurements helps 
evaluate purification efficiency, typically summarized in a purification table.

                       Total activity at any step (U)
Yield purification = --------------------------------------------x100

                         Total activity at initial step (U)


