Chem 226 — Problem Set #13 —
“Fundamentals of Organic Chemistry,” 4™ edition, John McMurry.

Chapter 15

Eighteen of the 19 L-amino acids have the S configuration a the a -carbon. Cysteineisthe only L-
amino acid that has an R configuration. Explan.

All of the 19 L-amino acids have four different groups atached to the a -carbon. The 20" amino acid
— glycine — has two hydrogens attached to the a-carbon and is achirdl. The four groups attached to the
a-carbon in the L-amino acids are the amino group, the carboxyl group, a hydrogen, and the R group.
The R group is, of course, different for each amino acid — it is what makes them different. For al of the
L-amino acids the amino group has the highest priority and the hydrogen has the lowest priority when
gpecifying R or S configuration. In 18 of the 19 L-amino acids the carboxyl group has the second
priority and the R groups have third priority. In the case of cysteine, however, thisis reversed because
the R group is-CH,SH and sulfur has alarger atomic number than the oxygens in the -COOH group.
The bottom lineis that eighteen of the L-amino acidsare S, but cysteineisR.

Draw L-aanine in the standard three-dimensiona format using solid, wedged, O __OH
and dashed lines ¢
. . HyN = C:2— H
o O3 -97@ CH4
Draw phenyldaninein its zwitterionic form. @
HsN=— C-- H
CH,

Write structurd formulas for the following
equations.

(a) phenyldanine + 1 equiv NaOH — >
(b) product of (a) + 1 equiv HCl — >
(c) product of (a) + 2 equiv HCl — >
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Draw the two dipeptides made from H,NCCNCCOH
leucine and cyseine. C|:H2 CH,SH
CHy(CH3),
Leu-Cys

Give the amino acid sequence of a
hexapeptide containing Arg, Gly, lle, Leu,

it
H2N(|3CNC|ZCOH

SH
CyslLeu

Pro, and Vd that produces the following fragments on partia acid hydrolysis Pro-Leu-Gly, Arg-Pro,

Gly-lleVd.
Pro-Leu-Gly

The ploy hereisto place the fragmentsin successve Arg-Pro

rows and align the amino acid residues so that the same Gly-1le-Val

resdue isin each column, as shown to the right.

Arg-Pro-Leu-Gly-1le-Vval
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Propose two structures for atripeptide that gives Leu, Ala, and Phe on hydrolysis but doesn't react
with phenyl isothiocyanate.

If the tripeptide does not react with phenyl isothiocyanate we might infer that it does not have an N-
terminus. A straight-chain polypeptide would have to have an N-terminus, but a cyclic polypeptide
would not have one. [We are talking about a polypeptide that is cyclic by virtue of the peptide bonds,
not possible disulfide bridges, which would dlow for an N-terminus)]

Leu Leu

/

Phe

Ala Ala Phe

Why is cysteine such an important amino acid for determining the tertiary structure of a protein?

Because the disulfide bridges that this amino acid makes possible will play amgor role in how the
protein backbone (helix, pleated sheet, whatever) twists and turnsin space.

The endorphins are a group of naturaly occurring compounds in the brain that act to control pain. The
active part of an endorphin is a pentapeptide caled an enkephdin, which has the structure Tyr-Gly-
Gly-Phe-Met. Draw the structure of this enkephalin.

H2NCHCN HCHCNHCHCNHCHCN HCHCOH
2 CH2CH2$H3

SIINe

Define the following terms.
(&) amphoteric, (b) isodectric point, (¢) peptide, (d) N terminus, (€) C terminus, (f) zwitterion

(&) amphoteric - acompound that can act as both an acid and a base.

(b) isoelectric point - thisis the pH at which the concentration of the anionic (deprotonated) and
cationic (protonated) forms of an amino acid or polypeptide are of equa concentration.

(¢) peptide - A peptide bond is an amide bond: the bond between the carbonyl carbon and nitrogenin
an amide. Polypeptides are sometimes called peptides.

(d) N terminus - The end of a polypeptide or protein chain that has the free amino group.

(e) Cterminus - The end of a polypeptide or protein chain that has the free carboxyl group.
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() zwitterion - amolecule (not an ion!) in which one part has afull postive charge and another part has
afull negative charge.

Draw thefallowing amino acids in their zwitterionic forms,

(8 serine
H :O:
@ | Il ..o
H3N—C|:—C—o:
CH,OH

Which of the following amino acids are more likely to be found on the outside of a globular protein, and
which of theingde? Explan.

(&) vaine, (b) agpartic acid, (c) isoleucine, (d) lysine

Theingde of globular proteinsis likely to be somewhat hydrophobic, while the outsde isin contact with
water and should, therefore, be somewhat hydrophilic. Alkyl groups are hydrophobic because they are
nonpolar. On the other hand, a polar R-group would be hydrophilic. Consequently, we would expect
vaine and isoleucine (R group = akyl) to beinsde. Aspartic acid has a-COOH group in the R-group
and lysine has an -NH,. These groups can hydrogen bond with water and should be hydrophilic and
are, therefore, more likely to be outside.

Predict the product of the reaction of valine with the following reagents.
(8 CH;CH,OH, H*, (b) NaOH, H,0O
O: ] (&) The conditions of the Fisher
H & o |T| ﬁ esterification are acidic, <o, as

- : \
@ HN-C—-C—OCHs or HiN—C—C—0OC,Hs long asthe acid catalyst is
I I o present, we would expect some

CHa(CHa)2 CH,(CHa) of the amino acid ester to be
protonated on the amine.
H :0:
(b) H2I.\i — Cl:— g—'c')g9 (b) The base deprotonates the
CH,OH - amino acid. The counterion,

Na', is not shown.
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Draw the structure of the phenylthiohydantoin product you would expect to obtain from Edman

degradation of the following peptides.

(@ vd-Leu-Gly

W, it isthe N-termind amino acid that will show up in the phenylthiohydantoin, in thiscase it isvaine.
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Arginine, which contains a guanidino
group in its Sde chain, isthe most
basic of the 20 common amino acids.
How can you account for this
basicity?

It is possible to draw four resonance
gructures for both the guanidino
group (left sde of figure) and its
protonated form (right side).
However, the structuresin red
(guanidino) are not asfavorable as
the corresponding structuresin blue
(protonated guanidino) owing to the
charge separation in the red
dructures. So the conjugate acid
(protonated guanidino) isfavored by
resonance. The guanidino group
“wants’ to get protonated; therefore it
isastrong base.

iﬁlH
H,N—C— NH—}

O..
‘NH

® |
H,N=C—NH—}
eoo
‘NH
v @
H,N—C=NH—}

O--
:NH

e
H,N —C— NH—}
@ e

Three of the guanidino
resonance structures
above suffer from

charge separation.

®
NH,

.o 1
H,N—C—NH—}

NH,
® |
H,N=C—NH—}

NH,
.l %
H,N—C=NH—}

H,N—C—NH—}
@ -

None of the protonated
guanidino resonance
structures above suffers
from charge separation.
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Sorry, I'mtired of typing, S0 I’m not going to retype this question.
The disulfide bridge is obvioudy between the two cysteines. The problem States this.

The patid hydrolyssinformation Cys-Tyr
will give us the sequence of the

_ R e Tyr-11e-Glu
amino acid resdues. Thisis Ile-Glu
shown to the right. Glu-Asp-Cys
Asp-Cys
The problem indicates thet the Cys-Pro-Leu
side chain carboxyl groups of Leu-Gly

Glu and Asp arein amide form
(the OH of the carboxylic acid Cys-Tyr-1l1le-Glu-Asp-Cys-Pro-Leu-Gly
has been replaced by an NH,).

So, we need to replace Glu by

Glnand Asp by Asn.

Consequently, oxytocin should have the structure shown below.

S S
C¢S—Tyr—lIe—GIn—Asn—C¢s—Pro—Leu—Gly

Actudly, oxytocin has the structure shown below. McMurry neglected to mention that the C-termina
glycineisactudly present asits amide (the OH isreplaced by an NH,).

S S
C&s—Tyr—lIe—GIn—Asn—C&s—Pro—Leu—GIy—NH2




