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Protein analysis
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PART I: PROTEIN PURIFICATION



Bases of protein separation

The most common technique of purification
* Proteins can be purified using chromatography techniques on the basis of:
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Basis of charomatography P
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— Elution is carried out where an eluent (a solvent) is =
added to the column to elute (release) the proteins o= !

that are bound to the beads.

— The eluate containing the proteins of interest is
collected and analyzed further.



Type of chromatography techniques

Size exclusion chromatography
(AKA molecular sieve filtration chromatography/gel)

lon-exchange chromatography
A. Anionic exchange chromatography

B. Cationic exchange chromatography

Affinity chromatography

Reverse phase chromatography

Separation of proteins based on size
Larger proteins come out first and smaller proteins later

Separation of proteins based on isoelectric point
A. Highly negatively charged proteins with lower Pl come out later

B. Highly positively charged proteins with higher Pl come out later

Separation of proteins based on their specific interaction
Bound proteins are eluted by competitive binding of a free
competitor added to the eluent or by reducing the non-covalent
interactions

Separation of proteins based on their hydrophobicity, where non-
polar proteins come out later



PART Il: PROTEIN ANALYSIS



Gel electrophoresis

* A molecule (protein) with a net charge moves in an  Smaller proteins moves faster through pores
electric field

* The order from anode to cathode (if proteins
are similar in size):

High negative ---> low negative --->

* In gel electrophoresis, proteins are separated as they  low positive -=-> high positive
move through a gel, which serves as a molecular sieve

* This phenomenon, termed electrophoresis, offers a
powerful means of separating proteins.

_ " As a result, we can separate proteins based on
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Gels differ in the size of pores depending on the type
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The process

 The most commonly used protein electrophoresis technique is termed sodium
dodecyl sulfate (SDS) polyacrylamide gel electrophoresis (SDS-PAGE).

* |tis performed in a thin, vertical gel.

* The top of the gel consists of wells onto which samples are loaded.
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From the gel (after staining) we can know
two pieces of info:
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(don’t care about the charge see slide 12)
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Formation of the gel
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Purpose of SDS

Sodium lauryl sulfate Na~

* This technique utilizes a negatively charged detergent (sodium dodecyl SOy
sulfate) to denature and solubilize proteins (denaturing condition). o
— Otherwise, non-denaturing condition or native condition where proteins maintain
their original structure and shape and are separated based on charge, size, and
shape.

* SDS makes proteins have a uniform negative charge. Important:
For that reason, all the proteins will move It binds uniformly, so

from the cathode to the anode all proteins have similar
charge/mass ratio but

different masses indeed

BEFORE 5D5S charged

= - sodium dodecyl sulfate
(5D5)




Purpose of reducing agents

* The mixture of proteins is also treated with
reducing agents like B-mercaptoethanol or
dithiothreitol to reduce disulfide bonds
(reducing condition).

— Otherwise, non-reducing condition

protein with two
subunits, A and B,
joined by a disulfide singlo subunit
bridge protein

£g =

HEATED WITH SDS AND MERCAPTOETHANOI

= negatively
charged SDS C
~ molecules



Migration of proteins

* When an electrical voltage is
applied between the upper and
lower ends of the gel, all proteins
move in one direction towards
the anode (positive) according to
size only.
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* The direction of movement is
from top to bottom.

e Whereas smaller molecules move
readily through the gel, larger
molecules are slower.
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Then...

* Once a gel has been "run", the separated proteins are stained to
reveal their positions and they appear as bands, Eachband containalarge number of

proteins (millions or even more)
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Questions

* Describe the protein’s structure based on the following results of SDS-PAGE:

— Under non-reducing conditions, a protein exists as one 40-KDa band. Under reducing conditions,
the protein exists as a one 20-KDa band.

— Under non-reducing conditions, a protein exists as two bands, 30 KDa and 20 KDa. Under
reducing conditions, the protein also exists as two bands, 15 KDa and 10 KDa.

— Under non-reducing conditions, a protein exists as two bands, 40 KDa and 20 KDa. Under
reducing conditions, the protein exists as a one band of 20 KDa.



Under non-reducing, denaturing conditions, a protein
exists as one 40-KDa band. Under reducing
conditions, the protein exists as a one 20-KDa band.

Non-reducing Reducing

40 KDa — | ——

20 KD — |




Under non-reducing, denaturing conditions, a

protein exists as two bands, 30 KDa and 20 KDa.

Under reducing conditions, the protein exists as
two bands, 15 KDa and 10 Kda.

Non-reducing Reducing
30 KDa — | —
20Kba — | — 15 KDa —> | e
10 KDa —> | ——




Under non-reducing, denaturing conditions, a
protein exists as two bands, 40 KDa and 20 KDa.
Under reducing conditions, the protein exists as a
one band of 20 KDa.

Non-reducing Reducing

40 KDa — | —

20 KDa —> | e 20KDa — | ——




Think!!

* How would the globular proteins that we studied appear in SDS-PAGE gels under
reducing and non-reducing conditions?

Myoglobin (Monomer): Because it is a single polypeptide chain, it does not have a quaternary structure or inter-chain disulfide bonds. It will
migrate based on its standard molecular weight and appear as a single band (around 17 kDa) under both reducing and non-reducing
conditions.

Hemoglobin (Tetramer): Hemoglobin (2 alpha/2 beta) has a quaternary structure, but its four subunits are held together entirely by non-
covalent interactions (hydrophobic, ionic, and hydrogen bonds). Therefore, the SDS detergent alone is strong enough to separate the tetramer
into individual monomer subunits. Since there are no disulfide bonds connecting these subunits, Hemoglobin will look identical under both
reducing and non-reducing conditions—typically appearing as one thick band (because the \alpha and \beta subunits are nearly identical in
weight, ~16 kDa).

Immunoglobulins (e.qg., 1gG)

Unlike hemoglobin, which relies on non-covalent bonds, antibodies rely heavily on covalent intermolecular disulfide bonds. An IgG molecule is
a tetramer made of two identical heavy chains (~50 kDa each) and two identical light chains (~25 kDa each).

Non-reducing conditions: SDS destroys the non-covalent interactions and coats the protein in a negative charge, but it cannot break the
disulfide bonds holding the heavy and light chains together. Therefore, the antibody remains fully intact and migrates as a single, large band
at ~150 kDa.

Reducing conditions: Adding a reducing agent (like \beta-mercaptoethanol or DTT) cleaves all the disulfide bonds. The antibody falls apart
into its constituent chains. On the gel, you will see two distinct bands: one at ~50 kDa (representing the heavy chains) and one at ~25 kDa
(representing the light chains).



Isoelectric fOCUSing Separates proteins based on isoelectric point.
(This method helps finding the isoelectric point of proteins.)

A gel is prepared with a pH gradient. We use small charged molecules to prepare the pH gradient.

When we close the electric current (use electricity), proteins migrate through the gel, they
encounter regions of different pH, so the charge on the protein changes.

Eventually each protein reaches the point at which it has no net charge—its isoelectric point—
and no longer migrates.

Each protein remains at the position on the gel corresponding to its pl, allowing for separation
of proteins.

(A)
Proteins stop moving when - .
reaching their isoelectric point LoW pH . & " <—~- | High pH
because the become neutral, (+) & a (=)

meaning that they won’t be

attracted to the positive or

negative ends. (B)

Low pH High pH
(+) (=)




ELISA

* Enzyme-linked immunosorbent assay (ELISA)

e Same concept as immunoblotting but rapid, convenient, and sensitive (less than nanogram
(10 g) of a protein)
* http://www.genscript.com/gsfiles/flash/protein a elisa protocol.swf

This technique is used for:

1. Identify if a specific protein is found in the sample.

2. Calculate the amount of the specific specific protein
in the sample.

Indicator

_ x—-— Second antibody

Viral antigen

This technique is used in labs to calculate hormone levels A4
(eg. Estrogen) in our bodies. Pregnancy tests also rely on
antibodies and uses the same concept of ELISA. Solid SUpport

Capture antibody
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ELISA

Remember: antibodies binding is very specific!

The technique works by adding an antibody for a
specific protein to a surface, and then the sample is
added. If the sample has the specific protein that is
being looked for, it will bind to the antibody and it will
be captured, then we wash out the surface ( all other
proteins in the sample that didn’t bind to the antibodies
will be removed). After that, another antibody is added .
to bind to the protein from a different place, thissecond @ |
antibody (for the same antigen as the first one of

|

course) has an indicatior which helps us get a signal
that confirms that the protein we’re looking for is in the
sample. A stronger signal means we got more of the
antigen or the protein we’re looking for.
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of well.

If the antigen is not found in the sample, there will be no color —= T

Positive Reaction —
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to fill in areas not hound
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because the second antigen won’t bind to anything and the
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Protein sequencing

* Protein sequencing is basically the process of knowing the amino sequence of a protein or a peptide.

* One technique is known as Edman Degradation.
e This procedure involves a step-by-step cleavage of the N-terminal residue of a peptide, allowing for
the identification of each cleaved residue.



Procedure Edman Degradation

* This method utilizes phenylisothiocyanate (PITC) to
react with the N-terminal residue. EDMAN DEGRADATION
* The resultant amino acid is hydrolyzed, liberated
from the peptide, and identified by chromatographic Ala Gly Phe —— Asp——Asn
procedures. ‘ labeling amino-teminal residue
D——Ala Gly——Phe Asp Asn
This technique works by adding PITC to the . .
peptide, and it reacts with the amino acid on the ‘ IR A 8 e
N-terminal and it is seperated from the peptide [>__ Aa Gl Phe—— Asp—— Asn
chain. Then we do chromatography to identify
the amino acid. This procedure is done again l lableing the 2nd residue
and again until we identify every single amino
acid in the peptide. [>—'G‘Y—P"°—ASP—A’“

l removing the 2nd residue

[>———Gly Phe —— Asp—— Asn



Advantage
* Since the remainder of the peptide is intact, the entire sequence of reactions can be repeated
over and over to obtain the sequences of the peptide.

 The Edman degradation technique does not allow peptides more than 50 residues to be
sequenced.



Cleavage methods

* |tis possible to sequence whole proteins by cleaving them into smaller peptides.
e This is facilitated by three methods:

— Chemical digestion
— Endopeptidases
— Exopeptidases



Chemical digestion

* The most commonly utilized chemical reagent that cleaves peptide bonds by
recognition of specific amino acid residues is cyanogen bromide (CNBr).

* This reagent causes specific cleavage at the C-terminal side of methionine residues.

* A protein that has 10 methionine residues will usually yield 11 peptides on
cleavage with CNBr.

CH=

Methionine Homosering
lactone



Endo pept idases cndo- cleaves peptide bonds within the peptide (example: trypsin)

* These are enzymes that cleave at specific sites within the primary sequence of proteins.

* The resultant smaller peptides can be chromatographically separated and subjected to Edman

degradation sequencing reactions. (Endopeptidases is very useful to know the sequence of an amino
acid which is longer than 50 amino acids, as it cleaves the peptides to amino acids sequences that are less
than 50 amino acids long ,which is very important to be able to use Edman Degradation. Then we use
Edman degradation on every part to know the sequence of the whole protein).



Example

* Trypsin cleaves polypeptide chains on the carboxyl side of arginine and lysine
residues.

* A protein that contains 9 lysine and 7 arginine residues will usually yield 17 peptides
on digestion with trypsin.

|.Ifg -\-\-\l-l.l
N—Asp—Ala—Gh—Arg—His—Cys—Lys—Irp—Lys—Ser—Glu—Asn—Leu—Ile—Arg—Thr—ITyr—C
An Othe I Trypsin
examp le Asp—Ala—Gly—Arg
His—Cys—Lys v
Trp—Lys

ser—Glu—Asn—Leu—Ille—Arg

Thr—TIyr
. Y




Other examples

Enzyme Specificity

peptide bond C-terminal to Arg or Lys, but not if

Trypsin next to Pro

peptide bond C-terminal to Phe, Tyr, or Trp, but not

Chymotrypsin if next to Pro

peptide bond C-terminal to Ala, Gly, Ser, or Val, but

Elastase .
not if next to Pro

peptide bond to Leu, Phe, Trp, or Tyr,
Pepsin but not if it follows Pro




EXO pe pt|d ases Exo= Cleaves amino acids from the N and C terminus

* These are enzymes that cleave amino acids starting at the end of the peptide.
* There are two types:

— Aminopeptidases that cleave at the N-terminus
— Carboxypeptidases that cleave at the C-terminus

Final notes from the prof:
1A ti ld in th hich ) h Memorize the pl from the last lecture in the mid term in case it is not
’ question .COU' . comeinine exa.m whnicn says : you have a given in the exam (at least compare them if you won’t memorize exact
penta-peptide, it was cleaved using CNBr, and we got 2 numbers)
peptides ( one of them has 3 amino acids and the other has 2),

the peptide with the 2 amino acids is positively is charged , and Here are all of them

Arg: 12.5
the other peptide is neutral for example. The question will ask L;;g,: 11
you to give the amino acid order based on these information. Tyr: 10

His: 6

2. Itis advised to revise the isolelectric point for amino acids f\‘;:’:i

concept (last lecture of midterm material but we put the pl table Glu: 4
here to help you study and memorize).



Homework

Chymotrypsin I—IH]‘E—L.Eu Asn— Asp—FPhe

+
Cyanogen bromide HsN—Leu—Asn— Asp—FPhe— His—Met
Chymotrypsin His—Met— Thr—Met—Ala—Trp

en bromide Thr— Met
Cyanog

Cyanogen bromide Ala—Trp—Val—Lys—COO"

Chymotrypsin Val —Lys—COO™

Owerall sequence I—I:lf:-.'—I.-r:u Asn— Asp—Phe—His—Met— Thr—Met—Ala—Trp —Val —Lys— COO"



A sample of an unknown peptide was divided into two aliquots. One aliquot was treated
with trypsin; the other was treated with cyanogen bromide. Given the following sequences

(N-terminal to C-terminal) of the resulting fragments, deduce the sequence of the original
peptide.

Trypsin treatment
Asn—Thr—Trp—Met—Ile—Lys
Gly—Tyr—Met—GIn—Phe
Val—Leu—Gly—Met—Ser—Arg
Cyanogen bromide treatment
GIn—Phe
Val—Leu—Gly—Met
lle—Lys—Gly—Tyr—Met
Ser—Arg—Asn—Thr—Trp—Met



How to solue the previous question:

1. List and Analyze Your Fragments

First, write out your fragments and remember the rules for each cleavage method:
Trypsin cuts after Arginine (Arg) and Lysine (Lys).
Cyanogen Bromide (CNBr) cuts after Methionine (Met).
Trypsin fragments:

1. Asn—Thr—Trp—Met—Ille—Lys (Ends in Lys - expected)
2. Gly—Tyr—Met—Giln—Phe (Ends in Phe - unexpected)

3. Val-Leu—-Gly—Met—Ser—Arg (Ends in Arg - expected)
Cyanogen Bromide fragments:

1. GIn—Phe (Ends in Phe - unexpected)

2. Val-Leu—Gly—Met (Ends in Met - expected)

3. lle—Lys—Gly—Tyr—Met (Ends in Met - expected)

4. Ser—Arg—Asn—Thr—Trp—Met (Ends in Met - expected)

2. Identify the C-Terminus (The End)

Look for fragments that do not end in the expected amino acid for their specific enzyme/chemical.

Trypsin fragment 2 ends in Phe. Trypsin does not cut after Phenylalanine.

CNBr fragment 1 ends in Phe. CNBr does not cut after Phenylalanine.

Because neither agent cuts after Phe, ...GlIn—Phe must be the absolute tail end (C-terminus) of the entire original peptide.

3. Identify the N-Terminus (The Start)
Look for fragments that share a sequence but differ in where they were cut.
Notice Trypsin fragment 3 (Val-Leu—Gly—Met—Ser—Arg) and CNBr fragment 2 (Val—-Leu—Gly—Met).

Because the CNBr fragment perfectly matches the beginning of the Trypsin fragment, we can confidently place Val-Leu... at the very beginning (N-
terminus) of the peptide.

4. Build the Sequence via Overlaps
Now, piece it together like a puzzle, starting from the N-terminus and using the overlapping ends.



A sample of a peptide of unknown sequence was treated with trypsin; another sample of the
same peptide was treated with chymotrypsin. The sequences (N-terminal to C-terminal) of the
smaller peptides produced by trypsin digestion were as follows:

Met—Val—Ser—Thr—Lys
Val—Ille—Trp—Thr—Leu—Met—Ille
Leu—Phe—Asn—Glu—Ser—Arg
The sequences of the smaller peptides produced by chymotrypsin digestion were as follows:
Asn—Glu—Ser—Arg—Val—Ille—Trp
Thr—Leu—Met—Ille
Met—Val—Ser—Thr—Lys—Leu—Phe
Deduce the sequence of the original peptide.
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