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BIOCHEMISTRY - CLUTCH
CH. 5 - PROTEIN TECHNIQUES
CONCEPT: PROTEIN PURIFICATION
●Protein purification: process of ___________ a protein of interest so that it’s the only batch of protein molecule in solution.
□ ___________ techniques are used for protein purification.
□ Purification techniques exploit unique differences in protein properties (ex. ______, _________, polarity, etc.).
EXAMPLE: Protein Purification.

Protein Purification

Protein _________

_________
Protein

PRACTICE: Which of the following is likely the most appropriate meaning of protein purification?
a) Literally isolating only one single protein molecule.
b) Isolating a batch of the same exact protein molecule.
c) Isolating a batch of different protein molecules.
d) Isolating all the proteins of an organism’s proteome.
Protein Purification Strategy
●A typical strategy for protein purification consists of sequential use of the following techniques:

PRACTICE: A scientist is looking to study a specific protein called mitochondrial transcription factor A (TFAM). Which of
the following is the most appropriate sequence of steps for protein purification of TFAM?

TFAM

a) Extraction → Dialysis → Salting Out → Differential Centrifugation → Chromatography.
b) Extraction → Chromatography → Differential Centrifugation → Salting Out →Dialysis.
c) Extraction → Differential Centrifugation → Salting Out → Dialysis → Chromatography.
d) Extraction → Salting Out → Dialysis → Chromatography → Differential Centrifugation.
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CONCEPT: PROTEIN EXTRACTION
1) Protein Extraction
●1st step in purifying a protein: remove _____ the proteins from the source (typically cells).
●Cell ____________________: process of breaking open cells into fragments to release all its contents into solution.
□ __________ extract (or homogenate): total released contents of the cell.
□ Crude extract includes organelles, lipids, carbohydrates, nucleic acids & ___________.
●Several techniques used for cell homogenization:
□ ________ Buffers.
□ Blender’s/__________________.
□ _______________ (sound waves).
EXAMPLE: Protein Extraction.

Protein Extraction

Cell Homogenization

Crude _________

PRACTICE: A microbiologist is looking to study a new version of beta-galactosidase (lacZ) from E. coli cells. To purify lacZ
for experimental studies, an effort is usually made to first:

lacZ

a) Perform experiments to confirm the amino acid composition of lacZ.
b) Perform experiments to confirm the amino acid sequence of lacZ.
c) Perform experiments to confirm the molecular weight of lacZ.
d) Homogenize the cells to extract lacZ for a later attempt at purification.
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CONCEPT: DIFFERENTIAL CENTRIFUGATION
●Centrifugation: process that uses _____________ & centrifugal force to separate particles in a mixed solution.
□ Insoluble particles form solids (or _______________), are pulled down faster & form a ________ at the bottom.
□ _________________: left-over solution above the pellet with more soluble unprecipitated solutes.
●Sedimentation coefficient (Svedberg = S): characterizes _________ of sedimentation & particle behavior in a centrifuge.
□ The greater the S value, the __________ the movement of the particle to the bottom to form a pellet.
□ S depends on particle & solvent properties (ex. ___________, shape & _______).
EXAMPLE: Centrifugation.

Protein with ____ S value.

Before
Spin

After
Spin
Supernatant

Protein with high S value.

Pellet

Rapidly Rotating Rotor

PRACTICE: Which of the following affects the sedimentation of a particle during centrifugation?
a) Mass.

b) Shape.

c) Density of the particle & solvent.

d) a & b.

e) a, b & c.

2) Differential Centrifugation
●After cells are homogenized, the crude extract can be subject to _________________ centrifugation.
□ Differential Centrifugation: _______-wise centrifugal separation of organelles using precise spinning velocities.
EXAMPLE: Differential Centrifugation.
Supernatant

Supernatant

Supernatant

Supernatant

________ Extract

1.

_______ Contents:

None

2.

Nuclei

3.

Mitochondria

4.

Ribosomes

5.

Soluble
Proteins

Insoluble Protein

PRACTICE: What is the main purpose of differential centrifugation?
a) To make the cells dizzy before purifying proteins.

c) To pellet all unwanted proteins.

b) To separate out fractions of cell components with similar S values.

d) To fully purify the target protein of interest.
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CONCEPT: SALTING OUT
●Salts affects protein ______________.
Insoluble protein precipitate

□ At very low [salt], most proteins form ___________ solids/precipitates.

1) Salting ____: addition of ________ salt to transition proteins ______ a dissolved/soluble state.
□ Salt competes & _____________ strength of interactions between proteins to increase solubility.
2) Salting ______: addition of _____ of salt to transition proteins _____ of a dissolved/soluble state.
□ Too much salt competes with _____ interactions, leaving little H2O to hydrate & dissolve proteins, so they clump.
EXAMPLE: Salting in vs. salting out.

______________ Proteins

+

Very Little to No Salt

Salt

Solubility

Na

Cl

-

Dissolved

Too Much Salt
Protein ________________

1) Salting in

Protein ________________

2) Salting out

Salt Concentration

PRACTICE: Which statement best explains the basis of salting out?
a) Presence of some salt ions weakens ionic interactions between proteins, leading to greater protein solubility.
b) Too few salt ions can deprive proteins of H2O solvent, leading to protein precipitation.
c) Addition of salt ions strengthens ionic interactions between proteins, leading to greater protein solubility.
d) Too many salt ions can deprive proteins of H2O solvent, leading to protein precipitation.
3) Salting Out
●After differential centrifugation, _________ out removes unwanted proteins based on ____________.
□ The [salt] at which a protein precipitates/salts-out __________ from protein to protein.
□ Salt, usually ammonium sulfate (NH4)2SO4, is slowly __________ to the protein solution.
□ Protein precipitates have increased S value & can be _____________ via centrifugation.
●Salting out does ______ perfectly purify a target-protein but can remove a significant amount of unwanted proteins.
EXAMPLE: Salting Out.

Solubility

Supernatant

_______________________
Add salt +
Centrifuge

Add salt +
Centrifuge

_____________

Salt Concentration
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CONCEPT: SALTING OUT
PRACTICE: Salting out consists of adding __________ in order to ________________________.
a) Ammonium sulfate; alter the net charge of proteins.

c) Salt; neutralize acid/base reactions of proteins.

b) Ammonium sulfate; alter the solubility of proteins.

d) Salt; perfectly purify a protein of interest.
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CONCEPT: DIALYSIS
4) Dialysis
●After salting out, it’s likely that the solution with your target protein contains a ________ [salt].
□ Many proteins can ________ their activity in the presence of a high enough [salt].
●____________: removes salt & other small molecules via diffusion through a porous ________-permeable membrane.
□ Protein-salt solution is sealed into a dialysis bag & placed in a ______ salt solution.
●___________ are large & retained in the bag (do not fit through pores).
□ Salts & small molecules diffuse out of the bag through the pores.
EXAMPLE: Dialysis.

At start of dialysis

At equilibrium
Dialysis Membrane

Dialysis
Membrane

__________
(~160Å)

Membrane pore
(24 Å)
Solvent

______( )

Proteins ( )

Small molecule
(5 Å)
Salt ion
(1 Å)

PRACTICE: Dialysis is a technique used to:
a) Remove salts from a protein solution.
b) Add salts to a protein solution.
c) Purify proteins from cell organelles.
d) Remove unwanted proteins.
PRACTICE: Which of the following is a procedure using membrane bags to separate molecules based on molecular size?
a) Salting out.
b) Gel electrophoresis.
c) Dialysis.
d) Gel filtration.
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CONCEPT: COLUMN CHROMATOGRAPHY
●Chromatography, the most effective separation technique thus far, is saved for last when the sample size is ________.
□ Materials for some types of chromatography are ___________ ($$$); the larger the sample, the more expensive.
5) Column Chromatography
●Column Chromatography: separation technique using a column to purify specific _________ molecules from a mixture.
□ _______________ phase: a solid material that is immobile (does ______ move) during chromatography.
□ ___________ phase: a liquid material that is mobile (does move) during chromatography.
□ Mobile phase _________ over the stationary phase & interacts with components in the sample mixture.
EXAMPLE: Column Chromatography.
2) ________ phase added
throughout process.
1) Protein mixture
placed at top of column.

Stationary
phase
(ex. silica)

3) Proteins
separate.

4) Each component
________ at bottom.

Protein Purification
Complete!

●Different components of the mixture have different ___________ for the mobile/stationary phases, allowing for separation.
PRACTICE: Which of the following is true regarding the stationary phase?
a) The stationary phase flows over the mobile phase to separate proteins.
b) The protein sample is placed on the stationary phase & the mobile phase flows over it.
c) The stationary phase interacts with the mobile phase as they both move through the column.
d) Proteins with the strongest affinity to the stationary phase are eluted first.
PRACTICE: Which of the following techniques directly allows for effective separation/purification of a target protein?
a) Dialysis.

c) Chromatography.

b) Salting out.

d) Homogenization.
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CONCEPT: ION EXCHANGE CHROMATOGRAPHY
●Ion Exchange Chromatography: purifies a protein based on the magnitude of its net _____________.
●There are ______ main types of ion exchange chromatography:
1) ___________ Exchange Chromatography: used to purify positively charged proteins.
2) ___________ Exchange Chromatography: used to purify negatively charged proteins.
1) Cation Exchange Chromatography
●Uses negatively charged stationary resin in the column to collect & purify ______________ charged proteins.
□ Example of negative resin: Carboxymethyl (_____) groups.
□ ___________ (Na+) are loosely bound to the resin but are _______________ with the target protein.
●Positively charged proteins bind to the negatively charged stationary resin & do ______ move through the column.
□ Neutral or ________________ charged proteins do not bind the resin & pass through the column.
□ The greater the net negative charge, the ____________ & earlier the unwanted proteins come out.
EXAMPLE: Cation Exchange Chromatography.

CM

*Positively
charged proteins
move slowly
through the
column & get
better separation.

*________________ charged proteins elute from column first.

●Positively charged target protein is later __________ from the column with addition of salt.
EXAMPLE: Which protein elutes first during cation-exchange chromatography?
a) Protein A, net charge = -4.

b) Protein B, net charge = +2.
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CONCEPT: ION EXCHANGE CHROMATOGRAPHY
PRACTICE: What is the order of elution of the following proteins from a cation-exchange chromatography column?
Net charges of Proteins: Protein A = +1
a) A → B → C → D.

Protein B = -2

b) D → A → B → C.

Protein C = -5
c) C → B → A → D.

Protein D = +3.
d) B → C → D → A.

PRACTICE: In a cation-exchange column at neutral pH, which peptide would elute last?
a) A peptide that contains mostly Asp and Glu residues.
b) A peptide that contains mostly Tyr and Trp residues.
c) A peptide that contains mostly Ala and Gly residues.
d) A peptide that contains mostly Lys and Arg residues.
PRACTICE: Mixtures of amino acids can be analyzed by first separating the mixture into its components through ion
exchange chromatography. Certain amino acids placed on a cation-exchange resin containing sulfonate groups (—SO3-)
flow down the column slowly because of two factors that influence their movement: (1) ionic attraction between the sulfonate
residues on the column and positively charged functional groups on the amino acids, and (2) hydrophobic interactions
between amino acid R-groups and the strongly hydrophobic backbone of the polystyrene resin. For each pair of amino acids
listed below, circle the amino acid that is eluted first from the cation-exchange column by a buffer at pH 7.
a) Asp and Lys.

b) Arg and Met.

c) Glu and Val.

d) Gly and Leu.

e) Ser and Ala.

PRACTICE: Give the order of elution of the following peptides when using cation-exchange chromatography at pH 7.2.
Peptide #1: A-D-G-H-E.

Peptide #2: K-L-M-R-A.

Peptide #3: M-D-L-I-V.

Peptide #4: I-L-R-P-M.

Order of Elution: _______________, _______________, _______________, _______________
(1st to elute)

(Last to elute)
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CONCEPT: ANION EXCHANGE CHROMATOGRAPHY
2) Anion Exchange Chromatography
●Anion exchange chromatography is the _____________ of cation exchange chromatography:
□ Uses (+) stationary resin like diethylaminoethyl (_______) in the column to collect & purify (-) proteins.
□ Neutral or (+) proteins do not bind the resin & pass quickly through the column.
□ The greater the net positive charge, the faster & ___________ the unwanted proteins come out.
EXAMPLE: Anion Exchange Chromatography.

DEAE

*Negatively
charged proteins
move slowly
through the
column & get
better separation.

*_____________ charged proteins elute from column first.

●Negatively charged target protein is later ___________ with addition of salt.
EXAMPLE: Circle the peptide below that elutes last during anion-exchange chromatography if the pH is ~7?
Peptide #1:

Gly-Ala-Asp-Lys-Glu-Ser

or

Peptide #2:

Leu-Thr-Ile-His-Gly-Arg

PRACTICE: Which amino acid elutes last from an anion-exchange column at physiological pH?
a) Lysine.

b) Alanine.

c) Glutamate.

d) Asparagine.

e) Glycine.
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CONCEPT: ANION EXCHANGE CHROMATOGRAPHY
PRACTICE: Use the chart to determine which tripeptide would elute last from an anion-exchange column at pH = 9.3.
a)

Tyr-Lys-Met.

b)

Gly-Pro-Arg.

c)

Asp-Trp-Tyr.

d)

Asp-His-Glu.

PRACTICE: Which type of ion exchange chromatography would be best to separate a mixture of histidine and arginine?
His: pK1 = 1.8, pK2 = 9.3, pKR = 6.0

Arg: pK1 = 1.8, pK2 = 9.0, pKR = 12.5

a) Anion-exchange chromatography at pH = 2.
b) Anion-exchange chromatography at pH = 4.
c) Cation-exchange chromatography at pH = 2.
d) Cation-exchange chromatography at pH = 4.
e) Cation-exchange chromatography at pH = 9.

PRACTICE: Stationary resin compounds with carboxymethyl (CM) and diethylaminoethyl (DEAE) groups are shown below.
Indicate which one is likely used in a cation exchange column and which one is likely used in an anion exchange column.
Considering the following peptide at pH 7, should DEAE or CM groups be used as the stationary resin to purify the peptide?
Peptide:

G-R-W-K-R-H

1)

Used in ___________ exchange columns.

2)

Used in ___________ exchange columns.
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CONCEPT: SIZE EXCLUSION CHROMATOGRAPHY
●Size Exclusion Chromatography: purifies a protein based on its _________.
□ Also known as _______-filtration chromatography.
●Contrary to gel electrophoresis, __________ proteins elute faster & earlier from the column than smaller proteins.
□ Stationary phase consists of very ___________ beads with cavities engineered to be a specific size.
□ Large proteins ___________ enter the cavities of the beads & take a shorter, faster route through the column.
□ Small proteins enter the cavities of the beads & are _________ down with a longer route through the column.
EXAMPLE: Size Exclusion Chromatography.

Absorbance

Chromatogram

Elution Time
*__________ proteins take
longer routes through the
beads.
*___________ proteins elute from column first.

PRACTICE: In a mixture of 5 proteins (listed below), which protein elutes 2nd in size-exclusion chromatography?
a) Cytochrome C (Mr = 13,000).
b) Immunoglobulin G (Mr = 145,000).
c) Ribonuclease A (Mr = 13,700).
d) RNA polymerase (Mr = 450,000).
e) Serum albumin (Mr = 68,500).
PRACTICE: Which of the following statements is false?
a) In ion exchange chromatography, the bound proteins are eluted using a salt solution.
b) Gel filtration chromatography can be used to determine an unknown protein’s relative molecular size/mass.
c) In gel filtration chromatography, the smallest proteins are eluted from the column last.
d) Separation of proteins in gel filtration chromatography is based on size & net charge of the proteins.
e) None of them. All above statements are true.
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PRACTICE: A new protein of unknown structure has been purified & gel filtration chromatography reveals that the native
protein has a molecular weight of 240 kDa. Chromatography in the presence of 6 M guanidine hydrochloride (GuHCl), a
chaotropic agent that has a similar effect on proteins as urea, yields a single absorbance peak corresponding to a protein of
Mr 60 kDa. Chromatography in the presence both of 6 M guanidine hydrochloride and 10 mM β-mercaptoethanol (β-ME)
yields peaks for proteins of Mr 34 kDa and 26 kDa. Using this data, which option best describes the structure of this
protein? Hint: sketch a visual of the protein after each chemical treatment.
3) Protein + 6 M GuHCl + β-ME

240 kDa

Elution Time

Absorbance

2) Protein + 6 M GuHCl

Absorbance

Absorbance

1) Native Protein

60 kDa

34 kDa

26 kDa

Elution Time

Elution Time

a) A homotetramer (4 identical 60 kDa subunits); each subunit is a heterodimer of 2 disulfide-linked chains (34 & 26 kDa).
b) A heterooctomer (8 different subunits); four subunits each of 34-kDa & 26 kDa, all held together via disulfide bonds.
c) A homodimer (2 identical 120 kDa subunits); each subunit is a a homodimer of 2 disulfide-linked chains (60 kDa each).
d) A heterotetramer (4 different subunits); each subunit is a homodimer of 2 disulfide-linked chains (60 kDa each).
PRACTICE: To answer the questions A, B & C below, use the provided chart with the properties of the four proteins.
A) What is the order of elution of the proteins from a size-exclusion chromatography column?
a) A → B → C → D.
b) D → B → A → C.
c) B → D → A → C.
d) C → A → D → B.
B) Which pH is best for separating the proteins using anion-exchange chromatography?
a)

pH = 6.

b)

pH = 7.

c)

pH = 8.

C) In what order would the proteins elute from the anion-exchange chromatography column?
a) A → C → D → B.

b) D → A → B → C.

c) B → D →C → A.

d) C→ B → D → A.
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CONCEPT: AFFINITY CHROMATOGRAPHY
●Affinity Chromatography: effectively purifies a protein based on its __________ (specific binding capabilities).
□ Stationary phase material in the chromatography column is covalently linked to a ____________.
●Ligand: a small substance that specifically _________ to a biomolecule to form a complex with it.
□ Target protein binds to the ligand that’s _______ to the stationary phase & ________ in the column.
□ All other proteins do not bind the ligand & are ___________ out of the column with the mobile phase.
EXAMPLE: Affinity Chromatography.

●Bound target protein can be later __________ from the column by adding a soluble ligand or salt to the mobile phase.
PRACTICE: In your own words, describe the principles involved in protein purification by affinity chromatography.

PRACTICE: The target protein to be purified is likely eluted from the affinity chromatography column by _______________.
Explain potential advantages & disadvantages of the elution strategies.
a) Altering the pH of the mobile phase.
b) Addition of a chaotropic agent such as urea.
c) Addition of salt and/or free ligand.
d) Raising the temperature in the column.
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CONCEPT: AFFINITY CHROMATOGRAPHY
PRACTICE: A biochemist is attempting to separate a DNA-binding protein (protein X) from other proteins in solution
(proteins A, B & C). Consider the chart & answer the questions below about what type of technique is best for separation.
Protein A
Protein B
Protein C
Protein X

pI (Isoelectric Point) Molar Mass Binds to DNA?
7.4
82,000
Yes
3.8
21,500
Yes
7.9
23,000
No
7.8
22,000
Yes

A) What type of chromatography is best for separating protein X from protein A? ___________________________
B) What type of chromatography is best for separating protein X from protein B? ___________________________
C) What type of chromatography is best for separating protein X from protein C? __________________________
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CONCEPT: SPECIFIC ACTIVITY
●___________: a quantitative measure of the function & amount of target-protein.
□ Assay: any test or _________________ that measures the presence & activity of the target protein.
□ Assay is performed on a _______ portion of the protein sample to check for target-protein activity.
□ If two different samples have the same activity, then they have ___________ amounts of target-protein.
EXAMPLE: Compare the activity of the red protein ( ) in both flasks.
Flask #1

Flask #2
Which flask has greater
activity?
a) Flask #1
b) Flask #2
c) Both flasks have equal activity.

Specific Activity Measures Protein Purity
●Question: how can biochemists tell if they have successfully purified a protein?
●Protein purity can be measured by the target-protein’s ___________ activity.
□ Specific activity: ________ of target-protein activity over the total amount of all protein present.
□ Specific activity _______________ during purification & becomes maximal/constant with a pure protein.
EXAMPLE: Compare the specific activity of the red protein ( ) in both flasks.

Flask #1

Flask #2

*___________ specific activity means a more purified protein.

Which flask has greater
specific activity?
a) Flask #1

b) Flask #2

c) Both flasks have equal specific activity.
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CONCEPT: SPECIFIC ACTIVITY
PRACTICE: A biochemist discovers and purifies a new enzyme and generates the purification table below.
A) Fill-in the table below with the specific activity of the enzyme after each purification procedure.

B) According to the data, which purification step was most effective to give the greatest relative increase in purity?
____________________________

C) Which purification step was least effective to give the lowest relative increase in purity?
____________________________

D) Based on the results in the table, should the biochemist be convinced that the enzyme is pure after step 6? Why?
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CONCEPT: HPLC
●________ (High Performance Liquid Chromatography): separates molecules under high pressure & resolution columns.
□ Uses automated computerized instrumentation for extremely ____________ separation of molecules.
□ ________ resolution columns create more interaction sites & greater resolving/separation power.
□ High ___________ increases the speed of the separation through the high-resolution column matrix.
Normal-Phase HPLC Purifies Polar Molecules
●__________ Phase HPLC: Stationary phase is _________ and liquid mobile phase is nonpolar.
□ Polar molecules stay in the column longer while ____________ molecules elute __________ & earlier.
EXAMPLE: Normal-phase HPLC.
________ Stationary phase
Input

Output

____________ Mobile phase
Mixed Protein
Sample

Polar
Protein

Nonpolar
Protein

*Nonpolar proteins elute from column first.

PRACTICE: What is the order of elution (first → last) of the following amino acids in normal-phase HPLC: Phe, Gly, Glu.
a) Phe → Gly → Glu.

c) Glu → Phe → Gly.

e) Gly → Phe → Glu.

b) Phe → Glu → Gly.

d) Glu → Gly → Phe.

f) Gly → Glu → Phe.

Reverse Phase HPLC Purifies Nonpolar Molecules
●Reverse Phase HPLC is the ____________ of normal phase HPLC.
□ A nonpolar stationary phase ____________ nonpolar molecules in the column via the hydrophobic effect.
□ A polar liquid _________ phase flows over the stationary phase.
□ Nonpolar molecules remain in the column longer while more ________ & soluble molecules elute faster & earlier.
EXAMPLE: Reverse-phase HPLC.
____________ Stationary phase
Input

Output

________ Mobile phase
Mixed Protein
Sample

Nonpolar
Protein

Polar
Protein

*Polar proteins elute from column first.

PRACTICE: What is the order of elution (first → last) of the following amino acids in reverse-phase HPLC: Ala, Arg, Leu.
a) Leu → Ala → Arg.

c) Arg → Leu → Ala.

e) Ala → Leu → Arg.

b) Leu → Arg → Ala.

d) Arg → Ala → Leu.

f) Ala → Arg → Leu.
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CONCEPT: HPLC
PRACTICE: What is the basis for the separation of proteins by the following techniques?
a) Gel-filtration chromatography: ____________________
b) Affinity chromatography: ______________________________
c) Ion-exchange chromatography: ____________________
d) Reverse phase HPLC: ____________________
HPLC Chromatogram
●HPLC separation results show up in a data plot called a ________________.
□ Plots elution ________ (X-axis) vs. the light _______________ (y-axis) for each separated molecule.
□ Absorbance indicates the ____________ of separated molecule.
EXAMPLE: HPLC process & chromatogram.

Input

Separated Proteins

Output

+10 minutes

Absorbance

Protein Mixture
Time Zero

Sample Injector

Elution Time

Mobile Phase
Reservoir

Mixed Protein
Sample
Pump Delivery
System of Mobile
Phase

Detector

Absorbance

PRACTICE: In the following HPLC chromatogram, which amino acid was the third substance eluted from the column?

Elution Time

a) Aspartic acid.

c) Phenylalanine.

b) Leucine.

d) Glutamic Acid.
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CONCEPT: SPECTROPHOTOMETRY
●Proteins can be quantified by measuring their _________ absorbance.
□ ________________________ acquire light absorbance values, which can be used to determine [solute].
●Lambert-Beer Law (__________ Law): expresses relationship between light absorbance & absorbing [solute].
□ A : ______________ of the solute.

□ c : _________________ of the absorbing solute.

□ I0 : __________ intensity of light (Incident light).

□ l : __________ of light path (cm).

□ I : _________________ intensity of light.

□ ε : ____________ coefficient (or absorptivity) of a solute.

EXAMPLE: Spectrophotometer & Beer’s Law.
Protein Sample
Concentration (___)

Diffractor
(Wavelength selector)

Detector

White Light
Incident Light
(____)

(____)
Transmitted
Light

l

___ (cm)
PRACTICE: What is the relationship between light absorbance (A) & the amount of light transmitted through a sample?
a) Increased transmitted light results in increased A.

c) Decreased transmitted light results in increased A.

b) Decreased transmitted light results in decreased A.

d) Transmitted light & A should always remain equal.

Extinction Coefficient or Absorptivity (ε)
●Extinction coefficient (ε): a property measuring how strongly a chemical absorbs light at a particular _______________ (λ).
□ The greater the ε, the ______________ the absorbance.
□ ε of a solute varies with wavelength of light & has units of __________.

PRACTICE: Which of the following options is false for Beer’s Law?
a) Absorbance increases as concentration increases.

c) Absorptivity is wavelength specific.

b) Absorbance decreases as path length increases.

d) Absorbance spectrums plot absorbance and wavelength.
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CONCEPT: SPECTROPHOTOMETRY
Trp & Tyr Absorb Light at 280 nm Wavelength
●Spectrophotometry data is plotted on an absorbance ____________ (absorbance values vs. wavelength of light).
●A peak light absorbance at ______ nm wavelength (λ) is a characteristic property of most proteins.
□ Trp ____________ absorbs light at a wavelength of 280 nm.
□ Tyr ____________ absorbs light at a wavelength of 280 nm.
EXAMPLE: Protein Absorbance Spectrums.

Absorbance

Absorbance

Trp

240

260

280

300

220

320

Tyr

240

260

280

300

320

Wavelength of Light (nm)

Wavelength of Light (nm)

PRACTICE: Which amino acid strongly absorbs light at 280 nm λ?
a) Y

b) W

c) T

d) Tyr

PRACTICE: A) Suppose myoglobin’s molecular weight is 17,800 g/mole and its extinction coefficient at 280 nm wavelength
is 15,000 M-1 cm-1. What is the absorbance of a myoglobin solution (concentration = 1 mg/mL) across a 1-cm path?
Hint: Use Beer’s law.
a) 0.49

b) 0.73

c) 0.36

d) 0.84

B) What is the percentage of the incident light that is transmitted through this solution?
a) 14%

b) 6%

c) 21%

d) 58%
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CONCEPT: SPECTROPHOTOMETRY
PRACTICE: A protein solution has an absorbance of 0.1 at 280 nm with a path length of 1 cm. If the protein sequence
includes 3 Trp residues but no other aromatic residues, what is the concentration of the protein? (Trp ε = 3,400 M-1 cm-1).
a) 29.4 μM

b) 5.32 μM

c) 9.8 μM

d) 0.7036 μM

PRACTICE: An unknown protein has been isolated in your laboratory and determined to have 172 amino acids but does
not have tryptophan. You have been asked to determine the possible tyrosine content of this protein. You know from your
study of this lesson that there is a relatively easy way to do this. You prepare a pure 50 μM solution of the protein, and you
place it in a sample cell with a 1-cm path length, and you measure the absorbance of this sample at 280 nm in a UV-visible
spectrophotometer. The absorbance of the solution is 0.398. How many tyrosine residues are there in this protein?
(Tyr ε ≈ 1,000 M-1 cm-1 ).
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CONCEPT: NATIVE GEL ELECTROPHORESIS
●Native gel electrophoresis: electric field separates charged proteins based on their __________ charges, shapes & sizes.
□ Also known as Native Polyacrylamide Gel Electrophoresis (Native-_________).
●An electric field generates negative & positive charges on _____________ ends of the gel.
□ Only proteins with native __________ move in electric fields ___________ their opposite charge.
□ Larger proteins travel ___________ but proteins retain native shapes & charges, which also affect gel migration.
□ Different proteins appear as different _________ on the gel & quantities indicated by band intensity/thickness.
EXAMPLE: Native-PAGE.
Power Supply

Sample
wells
- electrode

+ electrode

Direction
of movement?
Buffer
solution

Native-PAGE: migration in gel
affected by mass but also native
___________ & __________.

PRACTICE: Which advantage does native gel electrophoresis provide as a protein technique?
a)
b)
c)
d)

Allows separation of all native proteins as they migrate through the gel.
Allows separation of all native protein subunits based on their size (large proteins travel slower).
Native proteins always migrate through the electric field towards the positive end.
Separates charged proteins while allowing them to retain their native conformation.

PRACTICE: Which option below best describes the native gel electrophoresis migration for Proteins A, B, C & D (assuming
equal mass & shape) considering that the buffer solution has a pH = 6.4.
Protein A pI = 5.2, Protein B pI = 6.4, Protein C pI = 7.0, Protein D pI = 9.2
a)
b)
c)
d)

A & B will migrate to the negative pole while C & D migrate to the positive pole.
A will migrate to the positive pole, B will not migrate, while C & D migrate to the negative pole.
A & B will migrate to the positive pole while C & D migrate to the negative pole.
A will migrate to the negative pole, B will not migrate, while C & D migrate to the positive pole.
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CONCEPT: NATIVE GEL ELECTROPHORESIS
PRACTICE:
A) Consider both the peptide Gly—Pro—Ser—Glu—Thr (in a linear chain) and a cyclic peptide of the same exact sequence
Gly—Pro—Ser—Glu—Thr (with a peptide bond linking the Thr & Gly). Are these peptides chemically the same? Explain.

B) Can you expect to separate the peptides above by Native-PAGE? Why or why not?
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CONCEPT: SDS-PAGE
●SDS-PAGE (Sodium Dodecyl Sulfate-PolyAcrylamide Gel Electrophoresis): separates proteins _______ based on mass.
□ SDS: a highly ___________ detergent with a negative charge that denatures proteins.
□ _________________ gel matrices are commonly used to separate proteins.
□ Recall: Larger proteins travel __________ through the gel.
●Ladder/Marker: control reference proteins of __________ molecular size & quantity.
□ Size & ______________ of unknown proteins can be approximated by comparisons to the ladder.
□ A plot of log Mr (molecular weight) vs. relative-migration in the SDS-PAGE gel is a _________ relationship.
EXAMPLE: SDS-PAGE.
1

2
y = mx + b

200,000

45,000

Unknown
Protein

31,000

Unknown
Protein

Log Mr

Ladder
(g/mole)

116,250
97,400
66,200

Unknown Protein Mr ≈ ________________

21,500
14,400

Relative Migration in Gel

PRACTICE: By adding SDS to a protein and performing gel electrophoresis, it is possible to:
a) Determine a protein’s isoelectric point.

c) Separate proteins exclusively based on molecular weight.

b) Determine the amino acid composition of the protein.

d) Preserve a protein’s native structure and biological activity.

How SDS Works
●SDS binds to proteins approximately _________________ to molecular weight (~1 SDS per amino acid residue).
□ Nonpolar, negatively charged SDS ___________ proteins & _______________ any native charges on a protein.
□ Results in all proteins having unfolded shapes & very ___________ charge-to-mass ratios.
□ SDS denatures _______________ structure as well, but it does not cleave ___________ bonds linking subunits.
EXAMPLE: SDS.

Sodium Dodecyl Sulfate (_____)

__________ Protein
(with native charges/shape)

________________ Protein
(with unfolded shape & negative charge
proportional to mass)

PRACTICE: True or false: Protein subunits linked via disulfide bonds appear as separate bands on an SDS-PAGE gel.
a) True.

b) False.
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CONCEPT: SDS-PAGE
PRACTICE: Which of the following statements are true regarding the treatment of proteins with SDS?
i) Only proteins with native net charges acquire an overall net negative charge.
ii) Proteins denature due to a disruption of the hydrophobic interactions stabilizing the core of their structures.
iii) All protein subunits can be separated via SDS-PAGE.
a) i, ii, iii.

b) i, ii.

c) ii, iii.

d) i, iii.

e) ii.

Visualizing Protein Purification on SDS-PAGE
●Unlike chromatography, SDS-PAGE allows numbers/quantities of proteins to be ______________ on the gel.
EXAMPLE: Visualizing effectiveness of purification techniques with SDS-PAGE.

1

2

3

4

5

6

97,400
66,200
45,000

Ladder
(g/mole)

31,000

21,500
14,400

PRACTICE: Suppose you purify a protein from liver cells and the SDS-PAGE results after different purification steps are
shown. You then take the affinity purified sample and run it through a cation exchange column. The 2nd SDS-PAGE shows
the results for the flow through and eluate from the cation exchanger. Based on this data, what conclusions can you draw
from the results in lanes #5, 7 & 8?
Lane #5:

Lane #7:

1

2

3

4

5

6

7

8

Lane #8:
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CONCEPT: SDS-PAGE STRATEGIES
●Unlike Native-PAGE, SDS-PAGE separates protein __________ that are not covalently linked.
□ Recall: β-mercaptoethanol (β-ME) can be used to __________ covalent disulfide bonds.
EXAMPLE: Label each protein band in the gels below with the appropriate protein subunits.
Native-PAGE

SDS-PAGE

ABCD

SDS-PAGE
+
β-ME

____ +____
____
____

____
____

____

____

PRACTICE: Compare the Native & SDS PAGE gels to indicate if each sample is a monomer, dimer, trimer or tetramer.
a) Sample 1: ________________

Sample
Sample
1 Sample 3 Sample
2
4

kDa

b) Sample 2: ________________
c) Sample 3: ________________
d) Sample 4: ________________

Sample
Sample
1 Sample 3 Sample
2
4

kDa

180

180

135

135

100

100

75

75

63

63

48

48

35

35

25

25

17

17

11

Native-PAGE

11

SDS-PAGE

PRACTICE: “Protein X” has a molecular mass of 400 kDa when measured by size-exclusion chromatography. When
subjected to SDS-PAGE, Protein X gives 3 bands with molecular masses of 180, 160, & 60 kDa. When SDS-PAGE is
conducted a second time but in the presence of β-mercaptoethanol (β-ME), 3 bands form again, but this time with molecular
masses of 160, 90, and 60 kDa. What is the subunit composition of Protein X? (Hint: draw both SDS-PAGE gels).
SDS-PAGE
1
2

a) Protein X has 3 subunits with masses of 160, 90 & 60 kDa.
b) Protein X has 4 subunits with masses of 160, 90, 90 & 60 kDa.
c) Protein X has 3 subunits with masses of 180, 160, & 60 kDa.
d) Protein X has 4 subunits with masses of 180, 160, 90 & 60 kDa.

Ladder
(kDa)

SDS-PAGE + β-ME
1

450

450

200

200

170

170

80
50

80
50

2

Page 28

BIOCHEMISTRY - CLUTCH
CH. 5 - PROTEIN TECHNIQUES
CONCEPT: ISOELECTRIC FOCUSING
●Isoelectric Focusing (IEF): electrophoresis technique separating proteins only based on _______________ points (pI).
□ Recall: pI is the pH where the net charge of the protein is _______.
●A stable/immobile _____ gradient is established into the gel.
□ Proteins alter their ________ as they migrate through different regions of the gel with different pH.
□ Proteins continue to migrate until they reach the portion of the gel that has a pH __________ to its pI.
□ When the pH = pI of a protein, it has a neutral net charge of zero & does ______ migrate in an electric field.
EXAMPLE: Isoelectric focusing (IEF).
Loading protein
mixture.
pH 9
High _____

Linearly
Decreasing pH

*Proteins migrate until they reach region of
the gel where the pH = pI.

_______ pI
pH 3

PRACTICE: At some point during isoelectric focusing, proteins stop moving through the gel because:
a) The proteins do not have ionized groups at that pH.
b) The proteins have a net charge of zero at that pH.
c) The proteins have a net positive or net negative charge at that pH.
d) Their mass is too large to be moved at that position in the gel.
PRACTICE: Electrophoretic separation at pH 6 of a sample mixture with Peptide #1 (MW 100) Peptide #2 (MW 200) and
Peptide #3 (MW 400) would result in which of the following? (Note: the pI of each peptide occurs at pH 6).
a) Peptide #1 would move the farthest.

c) Peptide #3 would move the farthest.

b) Peptide #2 would move the farthest.

d) None of the peptides would move.

PRACTICE: Mark the approximate final position of the following tripeptide on the isoelectric focusing gel: Glu-Met-Asp.
Hint: calculate the isoelectric point of the peptide.
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CONCEPT: 2D-ELECTROPHORESIS
●2D-Electrophoresis: a combination of ______________ focusing followed by ______-PAGE in the perpendicular direction.
□ 2D-Electrophoresis accomplishes ______ tasks that either technique fails to do on their own:
1) Separates proteins with identical ____, but different molecular weight.
2) Separates proteins with identical molecular _________, but different pI.
EXAMPLE: 2D-Electrophoresis.
1) ________.
pH 9
High pI

Turn IEF gel sideways (90˚)
& use SDS-PAGE.

Linearly
Decreasing pH

High pI

Low pI

Decreasing
MW

High MW

Low pI
pH 3

2) _______-__________.
Low MW

Decreasing
pI

PRACTICE: Use the results of the two-dimensional electrophoresis gel below to answer the following questions.
A) Which protein or proteins have the highest pI value?

Isoelectric Focusing

a) Protein a.
b) Proteins b & c.
c) Proteins d & e.
B) Which protein or proteins have the highest molecular weight?
c) Protein c.

b) Protein b.

d) Proteins d & e.

C) Which protein or proteins have identical molecular weights?

SDS-PAGE

a) Protein a.

a) Proteins a & d.
b) Proteins b & c.
c) Proteins d & e.
d) None. Each has a unique weight.
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CONCEPT: 2D-ELECTROPHORESIS
PRACTICE: Which of the following is true in 2D-electrophoresis?
a) Spots on the gel corresponds to protein subunits.

c) SDS is necessary to separate proteins by pI.

b) The 1st step involves separating proteins by MW.

d) Proteins with identical pI but different MW separate.

PRACTICE: An average protein will not be denatured by:
a) A detergent such as sodium dodecyl sulfate (SDS).
b) Heating to 100˚C.
c) Iodoacetic acid.
d) A sudden change from pH 7 to pH 13.
e) Urea + β-mercaptoethanol.
PRACTICE: The first step in two-dimensional gel electrophoresis generates a series of protein bands by isoelectric
focusing. In a second step, a strip of this gel is turned 90 degrees, placed on another gel containing SDS, and electric
current is again applied. In this second step:
a) proteins with similar isoelectric points become further separated according to their molecular weights.
b) the individual bands become stained so that the isoelectric focus pattern can be visualized.
c) the individual bands become visualized by interacting with protein-specific antibodies in the second gel.
d) the individual bands undergo a second, more intense isoelectric focusing.
e) proteins in the bands separate further because the 2nd electric current has the opposite polarity of the 1st current.
PRACTICE: Sketch the result of 2D gel electrophoresis on the following four proteins (see chart) & label them clearly.
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CONCEPT: DIAGONAL ELECTROPHORESIS
●__________ Electrophoresis: isolates disulfide-linked proteins to determine the positions of original ________ bonds.
□ Recall: Disulfide bonds covalently link R-groups of any two cysteines on the same chain or separate chains.
●Results: peptides without disulfide bonds will ________ diagonally due to ____________ mobility.
□ Peptides with disulfide bonds will lie _____ the diagonal line due to ___________ mobility.
□ Peptides found to be disulfide-linked can be isolated & sequenced to determine disulfide bond _____________.
EXAMPLE: Diagonal Electrophoresis.

______________ acid
*Protein bands that lie off the diagonal were disulfide-linked.

PRACTICE: Which of the following techniques is used specifically to help determine the site of a disulfide bond?
a) Edman degradation.
b) Affinity chromatography.
c) SDS-PAGE.
d) Diagonal electrophoresis.
e) MALDI-TOF Mass spectrometry.
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CONCEPT: DIAGONAL ELECTROPHORESIS
Interchain vs. Intrachain Disulfides
●Diagonal electrophoresis results differ for ______-chain (separate chain) & ______-chain (same chain) disulfide bonds.
□ Upon cleavage of only interchain disulfides, peptide fragments get smaller & travel ____________ in the gel.
□ Upon cleavage of only intrachain disulfides, peptide fragments change shape & travel ____________ in the gel.
EXAMPLE: Interchain vs. Intrachain Disulfides.
First Direction of Electrophoresis
P1

P4
P3

s
s

s
s

P5

P2

P6
s s

P7

Second Direction of Electrophoresis
(After Disulfide Cleavage)

P3
P1
P6
P2

P4
P5
P7

Electrophoresis after
Performic Acid Exposure

PRACTICE: In the plot below, circle the point(s) representing peptides with intrachain disulfides.

First Direction of Electrophoresis

PRACTICE: A gene encoding a protein with a single disulfide bond undergoes a mutation that changes a serine residue
into a cysteine residue. You want to find out whether the disulfide pairing in this mutant is the same as in the original protein.
Briefly layout a diagonal electrophoresis experiment to determine the answer.
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CONCEPT: MASS SPECTROMETRY
●Mass Spectrometry (MS): ionizes, quantifies, & separates molecules based on their _______-to-__________ ratio (m/z).
□ m/z: __________ property used to identify molecules & get structural/chemical information.
□ Since z is almost always equal to ____, m/z is often considered to be the ________.
●Mass spectrometers typically operate in the following order:
1) Purified peptide first converted to a _______ & _____________ in a vacuum.
□ Ionization occurs via controlled bombardment with _____________ or a noble gas (ex. He).
□ Leads to random ________________ of most peptide molecules (usually breaks at peptide bonds).
2) Ionized gas peptide fragments are exposed to an _________ or magnetic field.
□ Electric field ___________ the ionized gas fragments & the _________ they take are a result of their m/z.
□ Fragments with __________ m/z ratios are deflected ______ than those with larger m/z ratios.
3) A detector measures the relative _____________ & m/z of each ionized gas peptide fragment.
Fragmented
Gas Ions

1)

Small Purified
Peptide

Electrons

2)

Vacuum
Mass filter
(electric/magnetic field)

3)

Relative Abundance (%)

EXAMPLE: Mass Spectrometry.

430
570
290

200

400

600

m/z

800

1000

1400

1200

290 430 570

Detector

PRACTICE: Considering the mass of each residue (shown below) and the fact that not every peptide bond will break in
mass spectrometry of a protein, answer the following questions.
A) If cleavage between two Gly residues does not occur, which amino acid would be identified in place of the two glycines?
a) Gly.

c) Asp.

b) Asn.

d) Ser.
16

B) What amino acid would be identified if a bond between Ser and Val did not break?
a) Trp.

c) Thr.

b) Tyr.

d) Val.

4

16
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CONCEPT: MASS SPECTRUM
●Mass ____________: plots mass spec data (relative _____________ on y-axis & ______ ratio on x-axis).
□ Most peaks represent fragments resulting from cleavage of original peptide at only _____ peptide bond.
□ Can reveal __________ protein structure: amino acids identified by m/z _______________ between peaks.
EXAMPLE: Use the mass spectrum to reveal the amino acid composition.

_______
_______
_______
114.08

ΔMass

71.08
ΔMass

137.18

ΔMass

_______
99.08

ΔMass

ΔMass
57.08

_______

●Mass spectra are typically analyzed from right to ________ to reveal the peptide sequence.
□ MS struggles to differentiate Leu from _______.
PRACTICE: Use the mass spectrum below to determine the sequence of the peptide.
N-terminal

C-terminal

_____-_____-_____-_____-_____-_____-_____-_____-_____-_____-_____-_____-_____-_____-_____-_____-_____-_____-_____-_____

Relative Abundance (%)

100

75

50

25

Mass (m/z)
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B & Y Ions Contribute to MS Spectra
●MS ionization fragments most protein molecules only once at a _________ bond; leads to ______ prominent sets of ions.
1) ____ ions (always contain the ____-terminal amino acid residue) & peaks read from left to right.
2) ____ ions (always contain the ____-terminal amino acid residue) & peaks read from right to left.
EXAMPLE:

*In most cases, its safe to assume mass spectrum is
___
___

___

analyzed with y ions & read from right to __________.

___

___

___

___

___

___

___

___

●Intermixed b & y ions can show up on a mass spectrum, but y ions are more _________ than b ions.
□ y ion intensity/abundance will often be the most prominent peaks in the spectrum.
PRACTICE: Upon fragmentation of a peptide bond during mass spectrometry, what ions can be detected on the spectrum?
a) b ions.
b) y ions.
c) b & y ions.
d) Ions are deflected but not detected.
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PRACTICE: Use the mass spectrum below & the indicated y-ion peaks (red) to reveal the sequence of the peptide.

Peptide sequence:

____-____-____-____-____-____-____-____-____-____-____
1199.52

4

880.18
979.26
54

1142.44

650.02
273.62

420.8

1298.60

765.1

548.94

87.08

PRACTICE: In your mass-spectrometry of a pure protein with an m/z of 1,582, you found peaks of y ions with the following
m/z ratios of 1,582, 1396 and 1283. The mass in Daltons for the possible relevant amino acids are provided: Y (163), N
(114), W (186), D (115), G (57), L (113) and M (131). From this data, it is obvious that the C-terminal amino acid residue of
the 1,582 fragment is:
a) G.
b) L.
c) N.
d) W.
e) Can’t be determined.
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PRACTICE: Use the mass spectrum below & the provided chart with amino acid masses to determine the sequence of a
hexapeptide (6 amino acid residues). In the mass spectrum, y ion peaks are indicated with “y” while b ion peaks are
indicated with “b.” The N-terminal residue is given as Leu and the C-terminal residue is given as Lys. Determine the
remaining amino acid sequence using either the y ions or the b ions.

Peptide sequence:

N-terminus

C-terminus

L-_____-_____-_____-_____-K
y4
470.52

Relative Abundance (%)

100

y5
584.6

4

50

b3
326.34
0

y2

185.26

b2

b5

569.6

y3
371.44

b4

227.26

512.52

m/z
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●Tandem MS (or MS/MS): ______ mass spectrometers are hooked up in tandem.
□ It’s the ________ standard for sequencing proteins & can analyze purified protein or a single protein in a mixture.
□ Allows for _______________ of unwanted ions to obtain a much cleaner/simpler mass spectrum.
●Tandem MS consists of the following ____ steps:
1) Purified protein is first _________________ with a chemical or a protease.
2) Protein fragments are ionized & subjected to ______ so one fragment is filtered/selected to emerge at the end.
□ Selected protein fragment enters a ____________ cell vacuum chamber.
3) A ________ gas (ex. He or Ar) further fragments the selected protein (usually breaks at peptide bonds).
4) Generated protein fragments enter a _________ mass spectrometer, which measures all the m/z ratios.
EXAMPLE: Tandem Mass Spectrometry of a Purified Protein & a Single Protein in a Mixture.
Purified
Protein

1)

P1
P2
P3
P4
P5

MS1
Collision
chamber

MS1

Fragmented

MS2

3) Collision chamber
He
gas

4) MS2
F1 F2 F3 F4 F5

2) Ionization
Fragments

Ionization

2)

Selected
peptide

Detector
3) Further

4) Mass analysis

fragmented

P1

P3

P2

P4

Protein Mixture

P5

PRACTICE: Tandem mass spectrometry combines which of the following devices?
a) Mass spectrometer with HPLC.
b) Mass spectrometer with chromatography.
c) Mass spectrometer with a PMF database.
d) Mass spectrometer with a mass spectrometer.

PRACTICE: In your tandem mass-spectrometry of a pure protein, you focused a fragment with an m/z of 1,268 through the
process & into the second mass-spec and found y-ion peaks of 1,137 and 1,022. The mass in Daltons for the possible
relevant amino acids are provided: Y (163), N (114), W (186), D (115), G (57), L (113) and M (131). What is the order of the
first two amino acid residues in the 1,268 fragment from N-terminal to C-terminal?
a) N-M.

b) N-Y.

c) M-D.

d) M-L.

e) D-N.
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●Peptide Mass Fingerprinting (PMF): uses MS spectrums from databases to identify ____________ proteins.
□ Actual spectrum of unknown protein is compared to spectrums of all known proteins until a match is found.
□ Usually only necessary to analyze _________ portions of an unknown protein to identify it.
□ _______________: the database must already include the protein to identify it.
EXAMPLE: Peptide mass fingerprinting.

MS

m/z

SIYDGK

Abundance

Fragment

Abundance

Unknown Protein

FWSEFR
TLLHPYK
m/z
MS/MS

Search Computer
Database

Subunit #1
Identified
Subunit #2
Identified

Spectrum
matched to
sequence

__________ Mass Spectrometry

Peptide Mass Fingerprinting (______)

PRACTICE: Peptide mass fingerprinting (PMF) is a method used to determine the sequence of an unknown peptide. In the
sequencing of peptides by PMF, tandem mass spectrometry fragments peptides into smaller molecules to obtain the mass
spectrum, which acts like a fingerprint & can be compared to theoretical spectrums in a database to derive the amino acid
sequence. Mainly which types of bonds are broken to fragment the peptide & generate tandem mass spectra data?
a) Carbon-carbon bonds within the amino acid R-groups.
b) Disulfide bonds.
c) Omega bonds.
d) Phi bonds.
e) Psi bonds.
PRACTICE: Explain how a 5-residue amino acid sequence could uniquely identify a 200-residue protein via PMF.
Hint #1: Compare the number of pentapeptides in a 200-residue protein to the total number of all possible pentapeptide sequences.
Hint #2:

Hint #3:
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●Recall: ______________ level of structure of a protein dictates all other levels of structure & functions.

□ Protein sequence: order of amino acids from the ____-terminal to the ____-terminal end of a protein.
□ Sequence of a protein could be used to _________ the 3D-structure & functions of that protein.
●Proteins in nature are ________ & need to be cleaved/fragmented down into smaller pieces prior to sequencing them.
EXAMPLE: Use the diagram as a map to overview steps to sequence a protein.

Tandem MS/MS
&
Peptide Mass Fingerprinting
(PMF)
You are
here!

Protein
Extraction

Protein Purification
(Chromatography, etc.)

Step #1

Step #2

Protein Mixture

Cell Lysis
Sample #1:

Sequenced

No access to mass spec?

Split into “X” Samples
Step #3

Isolated/Purified
Protein

Sample #2:

Sample #3:

*FDNB
1) Amino acid
____________
_

Free Amino Acids
2) Chemical
____________
_

_________ to Determine
Amino Acid
Composition

3) _____________

: Peptide Fragments:

Separate Peptide Fragments (HPLC, etc.)

Sequence Peptide Fragments: 4) _______ Degradation

End Result:
Sequenced
PRACTICE: Which of the following is a protein sequencing technique?
a) HPLC.

b) Amino acid hydrolysis.

c) Edman Degradation.

d) Peptidase/chemical cleavage.
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Overview of Techniques to Sequence a Protein
●Several techniques are used to determine the sequence of a protein, including the following:

PRACTICE: Appropriately match each option to each description. Options may be used more than once.
a) Cyanogen bromide (CNBr).

_____ An enzyme that cleaves specific peptide bonds.

b) Edman Degradation.

_____ Nonspecifically cleaves all peptide bonds.

c) Elastase.

_____ A chemical that breaks specific peptide bonds.

d) 6M HCl.

_____ Used as an N-terminal protein sequencing technique.
_____ Used as a peptide cleavage technique.
_____ Results in smaller peptide fragments.
_____ Results in free amino acids.

PRACTICE: Appropriately match each option to each reagent. Options may be used more than once.
a) Amino acid hydrolysis.

_____ Hydrazine.

b) Chemical cleavage.

_____ Trypsin.

c) Peptidase.

_____ 6M Hydrochloric acid.
______ β-mercaptoethanol + iodoacetate.
______ Chymotrypsin.
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●Recall: ____________ is a reaction in which bonds are cleaved with the treatment of water.
EXAMPLE: Hydrolysis of a Peptide Bond.

●Complete acid hydrolysis with 6M Hydrochloric Acid (HCl) __________________ cleaves all peptide bonds in a protein.
□ Releases all constituent amino acids from a protein so they are ________ amino acids.
□ Ninhydrin reacts with amino acids to produce a ________ for quantification via light absorbance.
□ Resulting free amino acids can be analyzed to determine protein ______________, but not sequence.
EXAMPLE: Amino Acid Hydrolysis.

PRACTICE: What is the function of ninhydrin?
a) Cleavage of proteins into free amino acids.

c) Agent to carboxymethylate cysteines.

b) Colorimetric agent to detect amino acids.

d) Serves as the mobile phase in HPLC.

PRACTICE: Amino acid hydrolysis via 6M HCl cleaves all the amide/peptide bonds of a protein. What do you suppose
happens to the amide bonds in the R-groups of Asn & Gln residues upon treatment with 6M HCl?
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●1-fluoro-2,4-dinitrobenzene (________) covalently labels all free ____-terminal aa-residues on all polypeptide chains.
□ Also known as ____________ reagent since Frederick Sanger first used it to identify the N-terminal residue.
EXAMPLE: Effect of FDNB on proteins.

Purified Protein
(2 subunits)

FDNB labels all
___-terminal residues.

FDNB + Amino Acid Hydrolysis
●FDNB treatment followed by amino acid hydrolysis results in free amino acids & dinitrophenyl (______) derivatives.
□ DNPs are easily analyzed via HPLC or mass spectrometry to ___________ all N-terminal amino acids.
□ Amount/types of DNPs detected indicates the number of ___________.
EXAMPLE: FDNB Reveals N-terminal Residues & Number of Subunits.
______
Result: DNP + Amino acid
___________________

Purified Protein
(2 subunits)

FDNB labels all
___-terminal residues.

_______ Amino acids
+
DNPs

Conclusion:
- Two DNPs indicates ____ subunits.
- N-terminal Residues of Subunits = ____ & ____

●Dansyl chloride & dabsyl chloride are used in a similar way to FDNB.
●Amino acid composition can be used to _______________ protein fragmentation prior to sequencing.
PRACTICE: The peptide Lys-Leu-Leu-Arg-Phe is incubated with FDNB. After exposure to 6M HCl, the solution contains:
a) A free Lys labeled by FDNB & an unlabeled tetrapeptide.

c) 5 free amino acids with Lys & Arg labeled by FDNB.

b) 5 free amino acids labeled by FDNB.

d) Options a, b & c are all incorrect.
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PRACTICE: After purifying a protein, you react the protein with 1-fluoro-2,4-dinitrobenzene (FDNB or Sanger’s reagent)
then with 6M HCl. You obtain DNP-Arg and DNP-Asp. Which of the following is an appropriate conclusion of the results?
a) The protein’s N-terminal residue is Arg & its C-terminal residue is Asp.
b) The protein’s N-terminal residue is Asp & its C-terminal residue is Arg.
c) The protein has two subunits; one with an Arg N-terminal residue and one with an Asp N-terminal residue.
d) Perhaps the protein has not been completely purified after all.
e) c and d.
PRACTICE: A tetrapeptide of unknown sequence, containing 2 moles of glycine (Gly) and 1 mole each of leucine (Leu) &
alanine (Ala), gives a dinitrophenyl derivative of Gly (DNP-Gly) after treatment with 1-fluoro-2,4-dinitrobenzene (FDNB) and
then 6M HCl for complete hydrolysis. Partial hydrolysis of the tetrapeptide gives Gly-Ala and Gly-Gly fragments. What is
the amino acid sequence of the original tetrapeptide?
a) Ala-Gly-Gly-Leu.
b) Gly-Ala-Gly-Leu.
c) Leu-Gly-Gly-Ala.
d) Gly-Gly-Ala-Leu.
PRACTICE: A 660 mg sample of a protein with quaternary structure (MW=132,000 g/mol) was treated with excess 1fluoro-2,4-dinitrobenzene (FDNB) under slightly alkaline conditions until the reaction was complete. After FDNB treatment,
the peptide bonds of the protein were then completely hydrolyzed by heating it with concentrated 6M HCl. The resulting
solution was found to contain 5.5 mg of DNP-Val (shown in the figure below):

2,4-Dinitrophenyl derivatives of the α-amino groups of the other amino acids were not detected. Assuming 100% yield for
the reaction of FDNB with the protein, determine the number of subunits in this protein.
a) 1.

b) 2.

c) 3.

d) 4.

e) 5.

Page 45

BIOCHEMISTRY - CLUTCH
CH. 5 - PROTEIN TECHNIQUES
CONCEPT: CHEMICAL CLEAVAGE OF BONDS
●Many different chemicals are used to cleave bonds within proteins; we will cover the more common ones.
●Cyanogen Bromide (_______) cleaves peptide bonds on the _____________ side of Met amino acid residues.
EXAMPLE: Where will CNBr cleave the peptide?

PRACTICE: What fragments result from treating the following peptide with CNBr?
Asp-Met-Leu-Phe-Met-Arg-Ala-Tyr-Gly-Asn

CNBr

Hydrazinolysis for C-terminal Residues
●Hydrazinolysis: uses the chemical agent hydrazine to identify the ___-terminal amino acid residue of a peptide.
□ Hydrazine: forms aminoacyl hydrazides with every amino acid residue __________ for the C-terminal residue.
□ Free C-terminal amino acid can be distinguished from other residues & identified.
EXAMPLE: Hydrazinolysis.
“Z” is the last letter of the alphabet &
hydrazine identifies the _______ residue
(C-terminal residue) of a peptide.

PRACTICE: Sketch the approximate result of the following reaction.
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β-mercaptoethanol + Iodoacetate
● Disulfide Bonds ___________ with the sequencing procedure and must be broken prior to Edman Degradation Seq.
□ β-mercaptoethanol + iodoacetate permanently break the ___________ bonds of cystine amino acid residues.
□ Iodoacetate: carboxymethylates cysteine sulfhydryl groups, which __________ reformation of disulfides.
EXAMPLE:

PRACTICE: Which of the following statements about cystine is correct?
a) Cystine is formed through a peptide linkage between two cysteines.
b) Cystine forms when the -CH2-SH group is oxidized to form a -CH2-S-S-CH2- disulfide bridge between 2 cysteines.
c) Cystine is formed by the oxidation of the carboxylic acid groups on two cysteines.
d) Two cystines are released when a -CH2-S-S-CH2- disulfide bridge is reduced to -CH2-SH.
Recap of Chemical Bond Cleavage
EXAMPLE: Fill-in the blanks to recap the effects of the chemicals on proteins.

Page 47

BIOCHEMISTRY - CLUTCH
CH. 5 - PROTEIN TECHNIQUES
CONCEPT: CHEMICAL CLEAVAGE OF BONDS
PRACTICE: Given the amino acid sequence DAHGHFLKAGMT, what reagent would cleave the last residue, T, from the
peptide? That is, one of the products after treatment will be the free amino acid: T.
a) Trypsin.
b) Phenyl isothiocyanate.
c) Cyanogen bromide.
d) Iodoacetate.
e) Chymotrypsin.

PRACTICE: One method to prevent disulfide bond interference with protein sequencing procedures is:
a) Cleaving proteins with proteases that specifically recognize disulfide bonds.
b) Protecting the disulfide bridge against spontaneous reduction to cysteinyl sulfhydryl groups.
c) Reducing disulfide bridges and preventing their reformation by further modifying the -SH groups.
d) Removing cystines by proteolytic cleavage.
e) Sequencing proteins that do not contain cysteine residues.
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●_____________: enzymes that selectively catalyze the hydrolysis of specific peptide bonds.
●Trypsin & Chymotrypsin are biologically relevant peptidases of our ___________ systems.
□ __________: only cleaves peptide bonds on the carboxyl side of both ____ & ____ amino acids.
□ Cleavage is typically blocked/inhibited for many peptidases if ______ is involved in the peptide bond.
EXAMPLE: Where will trypsin do its peptide bond splittin’?

PRACTICE: Draw out each of the peptide fragments that would be generated if the peptide is treated with trypsin.

Ala-Phe-Lys-Pro-Met-Tyr-Gly-Arg-Ser-Trp-Leu-His

Trypsin

?

●________________: prefers breaking peptide bonds on the carboxyl side of ____________ amino acids (F, Y, W).
□ Unlike trypsin’s specific cleavage, over time chymotrypsin also cleaves slowly after L & M residues.
*For practice problems, unless otherwise
indicated, first assume Chymotrypsin only
cleaves its preferred residues (__, __, __). *

PRACTICE: Draw out the resulting peptide fragments that would be generated if the peptide is treated with chymotrypsin.

Ala-Lys-Phe-Pro-Met-Tyr-Gly-Arg-Ser-Trp-Leu-His

Chymotrypsin

?
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Other Relevant Peptidases
●Below are a list of peptidases and the specific peptide bonds that they hydrolyze.
□ Recall: Peptidase bond cleavage can be inhibited if Proline participates in the peptide bond.
EXAMPLE:

PRACTICE: What would the resulting peptide fragments be if the following peptide were treated with excess Pepsin?
H—E—L—P—M—E—P—L—E—A—S—E
a) H—E—L—P—M—E—P—L & E—A—S—E
b) H—E—L—P, M—E—P, & L—E—A—S—E
c) H—E, L—P—M—E—P—L—E—A—S—E
d) H—E, L—P—M—E, P—L—E, A—S—E

PRACTICE: Which is the expected result of chymotrypsin cleavage of the following peptide?
Lys—Gly—Phe—Thr—Tyr—Pro—Asn—Trp—Ser—Tyr—Phe
a) Lys—Gly—Phe, Thr—Tyr—Pro—Asn—Trp, Ser—Tyr, & Phe
b) Lys—Gly—Phe, & Thr—Tyr—Pro—Asn—Trp—Ser—Tyr—Phe
c) Lys—Gly—Phe, Thr—Tyr—Pro—Asn—Trp, Ser, & Tyr—Phe
d) Lys—Gly—Phe—Thr—Tyr—Pro—Asn—Trp, Ser, & Tyr—Phe
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PRACTICE: You perform multiple tests to derive the amino acid sequence of a purified peptide (see results below). Which
of the following peptides listed best represents the sequence of the unknown peptide?
a) Trp—Tyr—Ala—Ala—His.
b) Ala—His—Trp—Tyr—Ala.
c) His—Ala—Trp—Tyr—Ala.
d) Ala—His—Tyr—Trp—His.
e) His—Ala—Tyr—Trp—Ala.

*Elastase cleaves C-terminal peptide bond of G, A, V, L, I & S.

PRACTICE: A) The octapeptide AVGWRVKS was digested with the enzyme trypsin. Would ion exchange or size-exclusion
chromatography be most appropriate for separating the fragments? Explain.
a) Ion-Exchange chromatography.
b) Size-exclusion chromatography.

B) Suppose the same peptide was digested with chymotrypsin. Which would be the optimal separation technique? Explain.
a) Ion-Exchange chromatography.
b) Size-exclusion chromatography.

Page 51

BIOCHEMISTRY - CLUTCH
CH. 5 - PROTEIN TECHNIQUES
CONCEPT: PEPTIDASES
PRACTICE: A nonapeptide was determined to have the following amino acid composition: (Lys)2, (Gly)2, (Phe)2, His, Thr,
Met. The native peptide was incubated with 1-fluoro-2,4-dinitrobenzene (FDNB) and then hydrolyzed; 2,4dinitrophenylhistidine was identified by HPLC. When the native peptide was exposed to cyanogen bromide (CNBr), an
octapeptide and free glycine were recovered. Incubation of the native peptide with trypsin gave a pentapeptide, a tripeptide,
and free Lys. 2,4-Dinitrophenyl-histidine was recovered from the pentapeptide, and 2,4-dinitrophenylphenylalanine
was recovered from the tripeptide. Digestion with the enzyme pepsin produced a dipeptide, a tripeptide, and a
tetrapeptide. The tetrapeptide was composed of (Lys)2, Phe, and Gly. The native sequence was determined to be:
a) Gly—Phe—Lys—Lys—Gly—Thr—Met—Phe—His.

*Recall: Pepsin cleaves N-terminal peptide bond

b) His—Thr—Gly—Lys—Lys—Phe—Phe—Gly—Met.

of F, Y, W & L residues.*

c) His—Thr—Phe—Gly—Lys—Lys—Phe—Met—Gly.
d) His—Phe—Thr—Gly—Lys—Lys—Phe—Met—Gly.
e) Met—Thr—Phe—Lys—Phe—Gly—Gly—Lys—His.

PRACTICE: The following reagents are often used in protein chemistry. Match the reagent with the purpose for which it is
best suited. Some answers may be used more than once or not at all and more than one reagent may be suitable for a given
purpose.
a) CNBr (Cyanogen bromide).

_______ Hydrolysis of peptide bonds on C-terminal side of Lys & Arg.

b) Carboxypeptidase A.

_______ Cleavage of peptide bonds on C-terminal side of Met.

c) FDNB.

_______ Breakage of disulfide bonds (-S-S-).

d) Performic acid.

_______ Carboxymethylation of cysteines to prevent disulfide reformation.

e) Chymotrypsin.

_______ Determining the N-terminal amino acid in a polypeptide.

f) Trypsin.

_______ Determining the C-terminal amino acid in a polypeptide.

g) Iodoactetate.

_______ Determination of the amino acid sequence of a peptide.

h) β-mercaptoethanol.
i) Hydrazine.
j) Phenylisothiocyanate (PITC).
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●Edman _______________ Procedure: protein sequencing technique developed by Pehr ________ in the 1960’s:
□ Used on one ____________ small peptide chain at a time.
□ Cycle of 3 reactions removes one ___-terminal amino acid residue at a time & identifies it upon removal.
□ Peptide sequenced from the ____-terminal towards the ____-terminal end.
●Peptide is sequentially treated with:
Phenyl isothiocyanate (__________ or Edman Reagent).
Trifluoroacetic acid (__________).
Released N-terminal amino acid derivative is treated with aqueous acid (_______) prior to being identified.
EXAMPLE: Edman Degradation.

__

(______)

Remainder of peptide returned to step
to begin next _________.
First Edman cycle complete!

●_______-amino acid is the _________ product that is analyzed to identify the N-terminal amino acid.
□ The entire Edman Degradation process is repeated as a ________ until the full peptide is sequenced.
PRACTICE: The peptide Leu—Cys—Arg—Ser—Gln is subject to Edman degradation. Products of the 1st cycle include:
a) PTH—Leu, PTH—Cys, PTH—Arg, PTH—Ser, and PTH—Gln
b) PTH—Leu—Cys—Arg—Ser—Gln
c) PTH—Gln and Leu—Cys—Arg—Ser
d) PTH—Leu and Cys—Arg—Ser—Gln
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PRACTICE: 1-1) Suppose you isolated a nonapeptide (9 amino acid residues) from a patient’s blood. Reaction of the
nonapeptide with FDNB followed by acid hydrolysis produces a DNP-product with a sulfhydryl R-group, indicating that:
a) C-terminal residue of the nonapeptide is Cysteine.
b) N-terminal residue of the nonapeptide is Cysteine.
c) N-terminal residue of the nonapeptide is Tyrosine.
d) C-terminal residue of the nonapeptide is Threonine
e) C-terminal residue of the nonapeptide is Tyrosine or Glycine.
PRACTICE: 1-2) Treatment of the nonapeptide from the previous problem (1-1) with CNBr produces a tetrapeptide
containing the N-terminal amino acid and a pentapeptide. After one round of Edman degradation on the pentapeptide, a
product is produced that contained a nonpolar, aliphatic R group, meaning that the pentapeptide has:
a) N-terminal I.
b) N-terminal S.
c) C-terminal E.
d) N-terminal H.
e) N-terminal M.
PRACTICE: 1-3) The second and third rounds of Edman degradation on the same pentapeptide from the problem above
(1-2) produced products with aliphatic alcohol groups, meaning that the pentapeptide had:
a) S and H.
b) I and Y.
c) M and C.
d) T and S.
e) M and Y.
PRACTICE: 1-4) Hydrazinolysis of the same pentapeptide from the problems above produced modified amino acids & a
free α-amino acid with an aromatic-alcohol group. Combining the info from these problems, the pentapeptide is most likely:
a) STIRY.
b) HTSMY.
c) TISMY.
d) ISTRY.
e) ISMRY.
Page 54

BIOCHEMISTRY - CLUTCH
CH. 5 - PROTEIN TECHNIQUES
CONCEPT: EDMAN DEGRADATION
PRACTICE: 1-5) Deduce the entire sequence of the original nonapeptide using the following hint and the information from
the previous four practice problems (1-1 through 1-4). Hint: The sequence of the nonapeptide using the one-letter amino
acid codes reveals a relevant academic subject.

PRACTICE: A group of peptides that influence nerve transmission in certain parts of the brain has been isolated from
normal brain tissue. These peptides are known as opioids, because they bind to specific receptors that also bind opiate
drugs, such as morphine and naloxone. Opioids thus mimic some of the properties of opiates. Some researchers consider
these peptides to be the brain’s own painkillers. Using the information below, determine the amino acid sequence of the
pentapeptide opioid leucine enkephalin. Explain how your structure is consistent with each piece of information below.
● Complete hydrolysis by 6 M HCl at 110 ˚C followed by amino acid analysis indicated the presence of Gly, Leu, Phe, and
Tyr, in a 2:1:1:1 molar ratio.
● Treatment of the peptide with 1-fluoro-2,4-dinitrobenzene (FDNB) followed by complete hydrolysis and chromatography
indicated the presence of the 2,4-dinitrophenyl (DNP) derivative of tyrosine.
● Complete digestion of the peptide with chymotrypsin followed by chromatography yielded free tyrosine and leucine, plus a
tripeptide containing Phe and Gly in a 1:2 ratio.
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●Edman Degradation Procedure is automated & carried out in a machine called a ____________.
□ Sequenator mixes reagents, separates/identifies products, and records data.
□ As little as ___ nanogram (or 10 pmoles) of an amino acid can be detected.

Image of an advanced protein sequenator.

Analyzing PTH-Amino Acids with HPLC
●Edman Degradation is used in conjunction with High-Performance Liquid Chromatography (_________).
●Unknown PTH-amino acids are identified by their elution positions relative to __________ amino acid controls.
□ Edman degradation can more easily differentiate amino acids of the same mass (ex. Leu & Ile).
□ Amino acid sequence revealed from _______ to _______ in order from the ___-terminal to the ___-terminal end.

Milli-Absorbance Units (mAU)

EXAMPLE: HPLC Chromatogram of PTH-Amino Acids.

Elution Time (minutes)

*HPLC chromatogram reveals peptide sequence from left to right (N-terminal to C-terminal):
N-terminal ___-___-___-___-___-___-___-___-___-___-___-___-___-___-___-___-___-___-___ C-terminal
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PRACTICE: Separately determine the peptide sequences indicated by the HPLC chromatogram & mass spectrum below.
A) What is the peptide sequence indicated by the HPLC chromatogram?
_____-_____-_____-_____-_____

Absorbance

Peptide sequence:

B) What is the peptide sequence indicated by the mass spectrum (assuming prominent peaks correspond to y ions)?
Peptide sequence:

_____-_____-_____-_____-_____-_____-_____-_____-_____
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●Edman degradation: only practical for small peptides with ______ than ~50 amino acid residues…but why?
□ Reaction efficiency per cycle for most modern Edman Degradation Sequenators is about ____%.
□ So, in each cycle, about ____% of the peptides fail to release their amino acid in the correct cycle.
EXAMPLE: Edman degradation reaction efficiency.

●Unwanted PTH-amino acid _______-products accumulate with each cycle & obscure the results.
□ ______________ proteins mean more Edman cycles needed & more side-products accumulating.
□ Most naturally existing proteins are long; therefore, solution is to _________ proteins before Edman Degradation.
Calculating Cumulative Yield
●________________ yield is calculated from the reaction efficiency.
□ Cumulative yield: relative __________ of a specific product (ex. PTH-amino acid) obtained in a chemical reaction.
●Equation below expresses the relationship between 1) reaction efficiency, 2) # of Edman cycles, & 3) cumulative yield.
(𝑅𝑒𝑎𝑐𝑡𝑖𝑜𝑛 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝑃𝑒𝑟 𝐶𝑦𝑐𝑙𝑒)# 𝑜𝑓 𝐶𝑦𝑐𝑙𝑒𝑠 = 𝐶𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑣𝑒 𝑌𝑖𝑒𝑙𝑑
●Accurate protein sequencing requires a high cumulative yield usually ____________ than 60%.
□ 60% of the products of the Edman cycle are the correct PTH-amino acid.
EXAMPLE: Let’s say each reaction cycle of the Edman Degradation procedure has a reaction efficiency of 99%, where 1%
of each reaction cycle produces unwanted PTH-amino acid side-products. Calculate the total cumulative yield of the correct
PTH-amino acid immediately after the 50th Edman degradation cycle.
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PRACTICE: Assuming 98% reaction efficiency, calculate the total cumulative yield of the correct PTH-amino acid at the
50th Edman degradation cycle.

PRACTICE: A) A peptide with the primary structure Lys-Arg-Pro-Leu-Ile-Asp-Gly-Ala is sequenced by the Edman
degradation procedure. If each Edman cycle is 93% efficient, what percentage of the PTH-amino acids in the fourth Edman
cycle will be PTH-Leu?

B) What percentage of the PTH-amino acids in the eighth Edman cycle will be PTH-Ala?
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●Recall: after fragmenting a protein, we separate peptide fragments & sequence each separately via _______ degradation.
□ Question: How do we determine the order of the fragments in the original protein sequence?

●Problem: by cleaving a protein with only _____ cleavage method, proper ordering of fragments may not be possible.
2+ Cleavage Methods Needed to Order Fragments
●Typically, a minimum of _____ different cleavage methods required to properly order the fragments.
●Treating the same protein ____________ with different reagents generates different peptide fragments.
□ Aligning overlapping peptide fragment reveals the original order & _______________ of the protein.
EXAMPLE: Overlapping/ordering cleaved fragments.

PRACTICE: Overlap, align & order the following peptide fragments to reveal the sequence of the original protein.
Fragments from cleavage method #1: Lys—Leu—Trp , Gly—Ile—Arg , & Gly—Met—Phe.
Fragments from cleavage method #2: Leu—Trp—Gly—Ile—Arg & Gly—Met—Phe—Lys.
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●There are multiple strategies to order cleaved fragments, but here’s a solid strategy involving just ____ steps!
Step #1: Scan problem for helpful _________ that reveal composition/sequence info (ex. use of FDNB, hydrazine, etc.).
Step #2: Recall which specific peptide bonds the reagent ___________.
EXAMPLE: A peptide with 17 amino acids is treated with trypsin to give three fragments and separately treated with
chymotrypsin to give four fragments. Identify the sequence of the 17 amino acid residues in the original/starting peptide.

Step #3: Identify ___-terminal or ___-terminal fragments.
□ These fragments usually do NOT have terminal amino acids that the reagent ________________ for cleavage.
□ Check if identified terminal fragments from different cleavage reagents _________.
EXAMPLE:

Step #4: Overlap terminal fragments from step #3 with other fragments from _______________ cleavage techniques.
Step #5: If you get stuck, use the longest peptide fragment for overlapping. If there’s a tie, pick one & continue to overlap.
□ If you get stuck again, use the next largest fragment & overlap until the original sequence is revealed.
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PRACTICE: 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 of the resulting peptide fragments, deduce the
sequence of the original peptide.
Trypsin treatment:

Cyanogen bromide treatment:

Asn—Thr—Trp—Met—Ile—Lys

Gln—Phe

Gly—Tyr—Met—Gln—Phe

Val—Leu—Gly—Met

Val—Leu—Gly—Met—Ser—Arg

Ile—Lys—Gly—Tyr—Met
Ser—Arg—Asn—Thr—Trp—Met

Sequence: ____-____-____-____-____-____-____-____-____-____-____-____-____-____-____-____-____

PRACTICE: A peptide with 31 amino acid residues is independently treated with trypsin to give four fragments and
separately treated with chymotrypsin to give six fragments (see chart below). FDNB treatment followed by amino acid
hydrolysis resulted in DNP-Met and free amino acids. Identify the sequence of the 31 amino acid residues in the original
unfragmented protein using one-letter amino acid codes.
Trypsin Fragments

Chymotrypsin Fragments

W-H-I-F-M-A-C-R
M-A-F-V-I-A-V-Y-K
C-V-A-I-L-V-R

K-C-V-A-I-L-V-R-W
V-I-A-V-Y
M-A-C-R-G-I-P-F
H-I-F
A-I-V
M-A-F

G-I-P-F-A-I-V

Sequence:

__-__-__-__-__-__-__-__-__-__-__-__-__-__-__-__-__-__-__-__-__-__-__-__-__-__-__-__-__-__-__
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PRACTICE: The sequence of kassinin, a tachykinin dodecapeptide from the African frog Kassina senegalensis, was
determined. A single round of Edman degradation identifies Asp as the N-terminus. A 2nd sample of the peptide is treated
with chymotrypsin, releasing two fragments with the following amino acid compositions: fragment 1 (G, T, M, V) and
fragment 2 (D2, Q, K, F, P, S, V). Next, a 3rd sample of peptide is treated with trypsin, which results in two fragments with
the following amino acid compositions: fragment 3 (D, P, K, V) and fragment 4 (D, Q, G, T, M, F, S, V). A 4th sample was
treated with CNBr, but the dodecapeptide was not cleaved. A 5th sample treated with elastase yields a single Gly residue &
three fragments—fragment 5 (T, M), fragment 6 (D, K, P, S, V), and fragment 7, which was sequenced as: D—Q—F—V.
What is the sequence of the dodecapeptide?
Hint: Elastase cleaves C-terminal side of small neutral residues: G, A, V, L, I & S.
Sequence: _____-_____-_____-_____-_____-_____-_____-_____-_____-_____-_____-_____
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●________ protein sequencing (via Tandem MS or Edman degradation), is used on already extracted/isolated proteins.
□ Directly identifies sequence of __________ proteins in a sample; HOWEVER.…
●Most protein sequencing data is derived indirectly from _________ analyses (translating nucleotide sequences of genes).
Why Obtain Protein Sequences via Genomic Analyses?
●It saves a lot of time! Working with DNA is easier than working with proteins.
□ DNA sequencing is significantly _________, cheaper & more efficient/informative than direct protein sequencing.
□ Allows us to collect more protein sequencing data faster!
So Why Do We Even Need Direct Protein Sequencing?
●We can’t just scrap direct protein sequencing because it has its own advantages!
□ Genomic analyses cannot identify an unknown protein sample on its own.
□ Unlike genomic analyses, Tandem MS can reveal chemically _______________ residues (ex. lipoproteins, etc.).
Genetic Code
●Recall: __________ code reveals the connection between codons of nucleic acids & amino acids of proteins.
EXAMPLE: Use the Genetic Code to reveal the peptide sequence.
___________ Base of Codon

First Base of Codon

Third Base of Codon

*Amino Acid Sequence of Peptide
Revealed via Genomic Analysis*

PRACTICE: Use the genetic code above & the coding DNA sequence below to determine the protein sequence.
5’-ATGGCCTGCGTTCTCAAG-3’
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BIOCHEMISTRY - CLUTCH
CH. 5 - PROTEIN TECHNIQUES
CONCEPT: INDIRECT PROTEIN SEQUENCING VIA GENOMIC ANALYSES
PRACTICE: Suppose the sequence below is a template DNA sequence. What is the corresponding protein sequence?
5’-ATGGCCTGCGTTCTCAAG-3’

PRACTICE: Even when the sequence of nucleotides for a gene is available and genomic analyses can be performed,
direct chemical techniques on the physical protein are still required to determine:
a) The molecular weight of a simple protein.
b) The N-terminal amino acid residue.
c) The total number of amino acid residues in the protein.
d) The location of disulfide bonds.
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