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170 Chapter 7. Covalent Structures of Proteins and Nucleic Acids

most valuable member of the arsenal of peptidases used
to fragment polypeptides. It cleaves peptide bonds on the
C-side {toward the carboxyl terminus) of the positively
charged residues Arg and Lys if the next residue is not
Pro:

+
I?IHE Lys
(|!H2 {or Arg)
g
CH, O R 0
sy |
teos —NH—CH—C—NH—CH—(C— ++
[ |

Any amino acid
residue but Pro

H,0 ﬂvtrypsin

v
CH,

CHy
CHy

e g b 9
vss =NH—CH—C—0" + HyN=CH=C== 2+

The other endopeptidases listed in Table 7-2 exhibit
broader side chain specificities than trypsin and often yield
a series of peptide fragments with overlapping sequences.
However, through limited proteolysis, that is, by adjusting
reaction conditions and limiting reaction times, these less
specific endopeptidases can yield useful peptide fragments.
This is because the complex native structure of a protein
(subunit) buries many otherwise enzymatically susceptible
peptide bonds beneath the surface of the protein molecule.
With proper conditions and reaction times, only those pep-
tide bonds in the native protein that are initially accessible
to the peptidase will be hydrolyzed. Limited proteolysis is
often employed to generate peptide fragments of useful
size from subunits that have too many or too few Arg and
Lys residues to do so with trypsin (although if too many are
present, limited proteolysis with trypsin may also yield use-
ful fragments}.

b. Cyanogen Bromide Specifically Cleaves Peptide

Bonds after Met Residues

Several chemical reagents promote peptide bond cleav-
age at specific residues. The most useful of these, cyanogen
bromide {CNBr), causes specific and quantitative cleavage

on the C-side of Met residues to form a peptidyl homoser-
ine lactone:

|,f'"_“"|l.

T
~CH, CB r
CH,
Cyanogen

|
+++—NH —Cﬂcﬁo bromide

|
NH— GH—G—:-
R O

I’\, .

R o
™ Methyl
8—C=N thiocyanate
+
CH
cH,

N— (F‘H = L|.'|‘ =
R 4]
H,O
_-CH,
CH, ™
Peptidyl [ B
homoserine *** “NH_ﬁ“‘“C/
lactone ]
0
+
e
peptide R 0]

The reaction is performed in an acidic solvent (0.1M HCIl
or 70% formic acid) that denatures most proteins so that
cleavage normally occurs at all Met residues.
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Questions with Answers- Proteins & Enzymes

A. A peptide with 12 amino acids has the following amino acid composition:
2 Met, 1 Tyr, 1 Trp, 2 Glu, 1 Lys, 1 Arg, 1 Thr, 1 Asn, 1 Ile, 1 Cys

Reaction of the intact peptide with fluoredinitrobenzene followed by acid hydrolysis creates a
derivative of Ile.
A specific cleavage of the intact peptide produces fragments with the following sequences:

Glu-Cys-Asn-Met-Lys
Met-Glu-Thr-Arg-Trp
Ile-Tyr (Questions 1-5)

1. Which reagent was used for the specific cleavage?
i) chymotrypsin
b)  trypsin
c) V8 protease
d) cyanogen bromide

2. Which amino acids would be released when the intact peptide was treated first with
V8 protease followed by treatment with cyanogen bromide?
a) Glu and Met
b) Glu and Lys
c) Met and Lys
d) Glu, Met, and Lys

3. Which treatment would result in the release of Lys and Arg from the intact peptide?
a) trypsin
b) trypsin followed by dansyl chloride
c) trypsin followed by carboxypeptidase
d) trypsin followed by mild acid

4. If this intact peptide is sequenced using the Edman degradation, which step will
be part of the procedure?

a) The Edman reagent will react with all 12 amino acids simultaneously.
b) Lithium borohydride will react with an a-carboxyl group.

c) Phenylisothiocyanate will react with an a-amine group.

d) Strong acid will be used to cleave off one modified amino acid.

5. If this peptide is normally part of a multimeric protein composed of four identical
subunits, what procedure might be needed prior to performing the Edman
degradation?

a) The four subunits should be separated and sequenced individually.

b) Two specific cleavages should be done to create two sets of fragments.
c) Peptide bonds should be broken using hydrazine.

i) Disulfide bonds should be reduced with mercaptoethanol.
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10.

A peptide has the following amino acid composition:
2 Met, 2 Phe, 2 Glu, 1 Arg, 1 Lys, 1 Val, 1 Leu, 1 Gly, 1 Ser

Reaction of the intact peptide with dansyl chloride followed by acid hydrolysis creates a
derivative of Met.

A specific cleavage of the intact peptide produces fragments with the following sequences:
Fragment A: Glu-Gly-Lys-Phe

Fragment B: Met-Ser-Leu-Arg
Fragment C: Met-Val-Glu-Phe (Questions 6-10)

Which reagent was used for the specific cleavage?

a) cyanogen bromide
b) V8 protease

c) chymotrypsin

d) trypsin

Which reagent would break only one peptide bond in the intact peptide?
a) cyanogen bromide

b) V8 protease

c) chymotrypsin

i) frypsin

Which amino acid would be released if the intact peptide was treated with a
combination of trypsin and chymotrypsin?

a) Lys
b) Phe
c) Glu
d) Met

What information do these result give about the sequence of the peptide?

a) The sequence is: Met-Val-Glu-Phe-Glu-Gly-Lys-Phe-Met-Ser-Leu-Arg
b) The sequence is: Met-Ser-Leu-Arg-Met-Val-Glu-Phe-Glu-Gly-Lys-Phe
c) The sequence 1s: Met-Val-Glu-Phe-Met-Ser-Leu-Arg-Glu-Gly-Lys-Phe
d) The sequence is: Met-Ser-Leu-Arg-Glu-Gly-Lys-Phe-Met Val-Glu-Phe

This peptide 1s one polypeptide chain of a multimeric protein that contains two
non-identical subunits. What problem might be seen when analyzing the primary
structure of the protein if the subunits were not separated?

i) Fluorodinitrobenzene might react with two different amino acids.

b) Carboxypeptidase might not react with the C-terminals.

c) Mercaptoethanol might not reduce disulfide bonds.

d) Lithium borohydride might cleave peptide bonds randomly.
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C. Protein A is an a-keratin while Protein B is a transport protein. (Questions 11-15)

11. Which characteristic could be shared by Protein A and Protein B?
a) Both could be fibrous proteins containing multiple polypeptide chains.
b) Both could be globular proteins with similar primary structures.
c) Both could contain disulfide bridges linking methionine residues.
d) Both could comtain hydrogen bonds between peptide bond atoms.
12. When comparing Protein A to a fi-keratin
a) the a-keratin has a parallel structure while the -keratin has an antiparallel
structure.
b) the a-keratin has a compact structure while the fi-keratin has a more
extended structure,
c) both have similar secondary structures that are low-energy states for the
proteins.
d) both contain hydroxyproline which functions as a prosthetic group.
13. When comparing Protein B to collagen,
a) both are stabilized by van der Waals interactions.
b) both are stabilized by extensive regions of left-handed coils.
c) both contain regions of random secondary structures.
d) both contain a-helices as well as [i-pleated sheets.
14. Which interaction is likely to occur in Protein B?
i) A hydrophobic imteraction could form between the R-groups of Val and
Len.

b) A hydrogen bond could form between the R-groups of Ser and Phe.
c) A salt bridge could form between the R-groups of Arg and His.
d) An ionic bond could form between the R-groups of Gln and Trp.

15. When comparing Protein A to Protein B,
a) both could be denatured by using heat to break amide bonds.
b) both could have primary structures that form with the help of chaperones.

c) both have conformations stabilized by numerous non-covalent bonds.,
d) both contain the same proportions of hydrophilic and hydrophobic R-
Zroups.
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