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Overview (نًحت(

• For a recombinant protein 
to become a human 
therapeutic, its 
biophysical and 
biochemical characteristics 
must be well understood.

• يجت فهى انخصبئص انكيًيبئيخ 

انجيىنىجيخ و انفيشيبئيخ انجيىنىجيخ 

نهجزوتين انًؤشت نيصجح ثزوتين 

علاجي جبهش نلإستخذاو انجشزي 

• A number of techniques 
can be used to determine 
the biophysical properties 
of proteins and to examine 
their biochemical and 
biological integrity.
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Protein structure )ٍٍبٍُت انبروت( 
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Protein folding )ٍٍطً انبروت( 
• Proteins become functional only when they

assume a distinct tertiary structure and
biological integrity.

•  و ثبثتخ ثبنثيخ ثنيخ يأخذ عنذيب وظيفي انجزوتنين يصجح
 انجيىنىجيخ اننبحيخ ين سهيًخ

• When recombinant proteins are produced
in Escherichia coli, they often form
inclusion bodies (إشتًبنيخ اجسبو)  into which
they are deposited as insoluble
proteins. (ينحهخ عيز كجزوتينبد تتزست)

• Formation of such insoluble states does not
naturally occur in cells where they are
normally synthesized and transported.

• Unfolded  (ينتشز او يًتذ) states of proteins 
are usually highly stable and soluble in the 
presence of denaturing agents ثىجىد عبيم ) 
(يحىل نهصفبد انطجيعيخ .
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Protein folding   

• Therefore, an in vitro (انحي انجسى خبرج) process is required to refold (طي اعبدح) insoluble
recombinant proteins into their native , (انطجيعيخ انحبنخ)  physiologically active state 

. (فيشيىنىجيب انفعبنخ او انطجيعيخ انحبنخ)

• This is usually accomplished by solubilizing the insoluble proteins with detergents or
denaturants, followed by the purification and removal of these reagents concurrent
with refolding the proteins . (انجزوتين طي إعبدح يع يتشاين يشكم انعىايم هذه وإسانخ ثتنقيخ يتجىعخ) 

• Refolding of the protein could be achieved by :

o Dilution of the denaturants with aqueous buffer (يبئي وقبء)  reduced its concentration.

o Dialysis or (انغشبئي انًيش)  the diafiltration of protein in the denaturant against an
aqueous buffer.

o First binding the protein in denaturants to a solid phase to a column matrix  انطىر) 

(انتنقيخ عًىد نًبدح انصهت , and then equilibrating it with an aqueous buffer
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Protein stability )ٍٍثببتٍت انبروت(

• Proteins are neither chemically or physically stable because have surface that
chemically highly heterogeneous and (انًنشب يتغبيزح)  contains reactive groups.

• The long term exposure to the environmental stress could make a various chemical
alteration which could be (انكيًيبئيخ انتغيزاد) :

o Oxidation and (اكسذح) disulfide exchange of the cysteine residues (انسيستئين ثًبلاد) present
in many proteins like growth factors and cytokines.

o Hydrolysis (حهًهخ)  can occur on peptide bonds and on amides of asparagine and
glutamine residues.

• Physical stability of the protein is the difference in free energy  (انطبقخ انحزح) , ΔGu, 
between the native and denatured states. 
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Common reactions affecting the stability of the proteins 

)تفبعلاث شبئعت تؤثر عهى ثببتٍت انبروتٍٍ(
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Protein stability 
• In general the unfolding is reversible (عكىص)  but in some cases like heating the

denaturation is irreversible by forming subsequent aggregation . (تكذص) 

• Therefore, any stress that decreases ΔGu and increases k will cause the accumulation
of irreversibly inactivated forms of the protein.

• This stress could be a chemical like oxidation and hydrolysis.

• And could be physical parameters like PH, temperature, ionic strength and protein
concentration.

• The human use protein have to be in a forms provide prolonged shelf life  طىٌهت يذة)

(انصلاحٍت يٍ   .
• Protein stabilizing agents increase (نهجزوتين يثجتخ عىايم) ΔGu and could also increase k.
• Lyophilisation (انتجفيذ)  is the process of choice for therapeutic proteins
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Stabilizing agents & mechanism of action انعىايم انًثبتت( 

نهبروتٍُبث وآنٍت عًههب(
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Summary of the lyophilisation steps  

• Freezing ( تجًٍذ)  of the product at (-60C°) with (1000mbar). 

• Primary drying (تجفيف)  at (+5 C°) (1-0.1mbar).

• Secondary drying (+20C°) (0.03mbar). 

• Sealing and capping (ختى و تعبئت) .  
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Analytical techniques for proteins )انطرائق انتحهٍهت نهبروتٍُبث( 

• Blotting )انتهطٍخ( 

• Blotting is a technique used to detect a low level of molecules like proteins , nucleic
acid.

• protein samples first subject to type of fractionation (تجشئخ) , such as PAGE
(polyacrilamide gel electrophoresis كهرببئً رحلاٌ ), prior to the blotting step .

• Western blots involve the use of labeled antibodies to (واصًت أضذاد)  detect specific
proteins.

• Blotting called southern for DNA and northern for RNA.

• Biomolecules are transferred to a membrane (blotting) by application of electric field .

• Then the membrane probed (انغشبء يسجز)  with specific reagent or specific primary anti
body (أونيخ أضذاد)  for a proteins.

• The membrane used are made from nitrocellulose or PVDF (polyvinylidine
difluoride).

• Then the proteins being detected by x ray film or by chemilumenecence  كًٍبوٌت ضٍبئت) 

(تىهج أو .
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Blotting & SDS PAGE    
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Dot blot )ًانتهطٍخ انُقط( 

• A solution containing the
biomolecules of interest is filtered
through a membrane which
captures the biomolecule.

• then the membrane will probe with
specific primary antibody then with
secondary marked antibody for
detection.

• This technique used for detection
of known molecular weight of
protein . (انجسٌئً انىزٌ يعهىو بروتٍٍ) 

• And could be used to determine the
concentration of the primary and
the secondary antibody used.
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Transfer of protein )ٍٍَقم انبروت( 

• After SDS PAGE, the transfer of  the protein from the gel to the membrane could be 
achieved by different ways:

o Capillary action ( انفعم انشعزي)  where the membrane is placed between the gel and 
absorbent paper.

o Electroblotting (انتهطيخ انكهزثبئي)  where electric field is applied and the maximum 
distance the protein needs to migrate is only the thickness of the gel. Hence the 
transfer of proteins can occur very rapidly. 
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Major steps in protein blotting )ٍٍانخطىاث الأضبضٍت فً تهطٍخ انبروت( 
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Detection system )َظبو انتحري( 

• Means identification of the desired protein 
by immunoblotting (انتهطيخ انًنبعي)  using  
primary antibody  (ًضذ أون) specific to the 
protein. 

• The detection system is depending on the 
labelling of the primary or the secondary 
antibody using (ChemiDoc™ XRS)
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Immunoassays (ELISA)      

• Enzyme-linked immunosorbent
assay (ELISA) provides a means to 
quantitatively measure extremely 
small amounts of proteins in 
biological fluids.

• A number of enzymes can be used 
in ELISAs. However, the most 
common ones are HRP   ) horse 
radish peroxidaseثيىكسيذاس انفجم انحبر) 
and AP(alkaline phosphatase).

• Plate readers, instruments which
rapidly measure the absorbance of
the colored product in all 96 wells
of the microtitration plate
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Electrophoresis )ًانرحلاٌ انكهرببئ)       

• PAGE (polyacrylamide gel electrophoresis) In this assay, proteins, being
amphoteric (يذثذة)  molecules with both positive and negative charge groups in their
primary structure, are separated according to their net electrical charge.

• The mass (انكتهت)  of the protein is the second factor responsible for the protein
separation.

• Thus, one can consider more precisely that the charge to mass ratio of proteins
determines how they are separated in an electrical field
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Electrophoresis       
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Native gel electrophoresis SDS PAGE electrophoresis  



Native PAGE        

• In this PAGE,  the charge of the protein can be controlled by the pH of the solution 
in which the protein is separated. 

• The direction and speed of migration of the protein depend on the pH of the gel.

• If the pH of the gel is above its pI (  َقطت انتعبدل انكهرببئً)  value, then the protein is 
negatively charged, thus migrates toward the anode.

• The higher the PH the gel the faster the migration.
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SDS PAGE       

• The addition of a detergent, sodium 
dodecyl sulfate (SDS), to the 
electrophoretic separation system 
allows for the separation to take place 
primarily as a function of the size of 
the protein.

• Dodecyl sulfate ions form complexes 
with proteins, resulting in an 
unfolding of the proteins.

• Dodecyl sulfate is a negatively 
charged ion. When proteins are in a 
solution of SDS, the net effect is that 
the own charge of the protein is 
overwhelmed by that of the dodecyl
sulfate complexed with it, so that the 
proteins take on a net negative 
charge (شحُت ضهبٍت إجًبنٍت)  proportional 
to their mass ( يتنبسجخ يع كتهخ انجزوتين)  .
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Native PAGE Vs SDS PAGE )ٌالإختلافبث يببٍٍ َىعٍٍ انرحلا(  
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Chromatography )الإضتشراة( 

• Chromatography techniques are used extensively in biotechnology not only in
protein purification procedures , but also in assessing the integrity of the product.

• Chromatographic systems offer a multitude of different strategies for successfully
separating (فصم)  protein mixtures and for quantifying (كًٍت تحذٌذ)  individual protein
components.
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Chromatography  
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Components of typical chromatography station 



Chromatography  
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Chromatography  
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Chromatography  
• Size exclusion chromatography )الإضتشراة ببضتبعبد انحجى(:

• this procedure separates proteins based on their size or 
molecular weight or shape.

• The matrix consists of very fine beads containing cavities 
and pores accessible to molecules of a certain size or 
smaller, but inaccessible to larger molecules.

• The principle of this technique is the distribution of 
molecules between the volume of solution within the 
beads  versus the volume of solution surrounding the 
beads.

• Smaller molecules can reside within the pores for a finite 
period of time whereas larger molecules, unable to 
enter these spaces, continue along in the fluid stream.

• Intermediate-sized molecules spend an intermediate 
amount of time within the pores.
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Size exclusion chromatography of a recombinant 
protein which, on storage, yields aggregates and 
smaller peptides. The peak at 22 minutes represents
the native protein. The peak at 15 minutes is
aggregated protein and that at 28 minutes depicts
degraded protein yielding smaller polypeptide
chains



Chromatography  

• Ion exchange :)الإضتشراة ببنتببدل انشبردي(

• Some of the amino acyl residues are negatively
charged and others are positively charged. The net
charge of the protein can be modulated by the pH of its
environment relative to the pI value of the protein.

• At a pH value lower than the pI, the protein has a net
positive charge, whereas at a pH value greater than the
pI, the protein has a net negative charge.

• The resins in this procedure can contain functional
groups with positive or negative charges Proteins are
displaced from the resin by increasing salt, e.g.,
sodium chloride, concentrations.
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Chromatography  
• Affinity chromatography )الإضتشراة ببلإنفت(  :
o These affinity methodologies, however, are more often 

used in the manufacturing process than in analytical 
techniques. For example, conventional affinity 
purification schemes of antibodies use Protein-A or -G 
columns.

o Protein-A or -G specifically binds antibodies in the 
constant region ( انًُطقت انثببتت)  . 
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Peptide map of pepsin digest of recombinant human b-secretase.
Each peptide is labeled by elution time in HPLC.



Mass spectrometry)يطٍبف انكتهت( 

• Is an analytical technique that 
measures the mass to charge 
ration of ions. The results are typically 
presented as a mass spectrum, a plot of 
intensity as a function of the mass-to-
charge ratio.

• could be used to analyze small and 
high molecular weight of charged 
protein over 100KDa.

• Very precise ( دقٍقت جذا)  method even 
the post translation modification like 
acetylation or glycosylation can be 
detected. 
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MALDI TOF  
• changing three basic components 

of the mass spectrometer, the ion
source, the analyzer and the 
detector. typical ion sources 
which volatilize the proteins are 
electrospray ionization  ٌٍتأ
 , (EI)شبردي بطرٌقت انبخ انكهرببئً
fast atom bombardment and 
liquid secondary ion.

• analyzers include quadrupole, 
magnetic sector, and time of 
flight instruments يقٍبش زيٍ  
 to separate ,هجرة انجسٌئبث انًتأٌُت
the ionized biomolecules based 
on their mass to charge ratio.

• The detector measures a 
current whenever impinged 
upon by charged particles.
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Time of flight 



MALDI TOF  
• El and matrix-assisted laser desorption ببنًبترٌكص انًطبعذ انهٍسري الإيتساز (MALDI) are two

sources that can generate high molecular weight volatile ( .proteins(متطايره

• droplets are generated by spraying or nebulizing انكتروٍَت غًٍت تشكٍم  the protein solution into
the source of the mass spectrometer. As the solvent evaporates, the protein remains behind in
the gas phase and passes through the analyzer to the detector.
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MALDI TOF  
• In MALDI, proteins are mixed with a matrix which vaporizes  (تبخر) when exposed to laser

light, thus carrying the protein into the gas phase.

• For example: singly charged ion (116118 Dalton) and the doubly charged ion (58036.2) for a
purified protein.

• proteins are multi-charge compounds, a number of components are observed representing
mass to charge forms, each differing from the next by one charge.

• By imputing ( إسناد ) various charges to the mass to charge values, a molecular mass of the
protein can be estimated.
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MALDI mass analysis of a purified recombinant human b-
secretase. Numbers correspond to the singly charged and 
doubly charged ions.



Thank you   
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