Chem 352 - Lecture 3
Part I: Amino Acids and
Protein Primary Structure

Question for the Day: Approximately how much mass is required to
make just one molecule for each of the possible polypeptides with a
length of 100 amino acid residues, which are made from the 20
naturally occurring L-amino acids?

Introduction to Proteins

Proteins are the workhorses of a living

cell.
+ Biological catalysts (enzymes)
* Storage and transport
+ Cytoskeleton
+ Cellular regulation
+ Hormones
+ Antibodies

&
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Introduction to Proteins

Proteins are polymers of amino acids (polypeptides)
that often have a complicated 3-D structures.

protein
(polypeptide)
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Introduction to Proteins

Proteins can have up tfo four different

levels of, structure:
+ Primary (I°) - th

srjiino acid sequence
(defined by c K‘?@’_ﬂii.r) :

protein
(polypeptide)
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Introduction to Proteins

Proteins have different levels of

structure:
+ Secondary (II°) - the regular arrangements
of the polypeptide backbone into
a-helices, B-sheets, ...
(features hydrogen bonding between the
backbone amide groups)
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Introduction to Proteins

Proteins have different levels of

structure:
+ Secondary (II°) - the regular arrangements
of the polypeptide backbone into
a-helices, B-sheetfs, ...
(features hydrogen bonding between the
backbone amide groups)
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Introduction to Proteins

Proteins have different levels of
structure:
+ Tertiary (III°) - the 3-dimensional fold of a
single polypeptide
(stabilized by non-covalent side chain
interactions)
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Introduction to Proteins

Proteins have different levels of

structure:
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Introduction to Proteins

Proteins have different levels of
structure:
+ Tertiary (III°) - the 3-dimensional fold of a
single polypeptide
(stabilized by non-covalent side chain
interactions)
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Introduction to Proteins

Proteins have different levels of

structure: <&
+ Quaternary (I -ﬂh-.-assembly of multiple
n y -
tertiary strie ®rcs=
(also stabilized ,v::r&ovalenf side chain

interactions)

P \
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“,‘ 4
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>

protein with two subunits
(2 polypeptides)
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The Amino Acids

‘Protfeins are made from polymers of
a-amino acids.

+ These polymers are called polypeptides.

* The monomers are the «-amino acids.

R

obL |
pKe = 9 HIN—CH—C—OH i, =2
o

The monomer

R
® |
HaN—CH—C—OH
2 1
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The Amino Acids

Problem:

Draw the titration curve (pH vs. equivalents) for glycine
between pH 0 and pH 12.

i
pe=9 HN—CHZC—OH pk.=2

a-carbon
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The Amino Acids

‘Protfeins are made from polymers of
a-amino acids.

+ These polymers are called polypeptides.

* The monomers are the «-amino acids.

R
obL |

pKe = 9 HIN—CH—C—OH  p, = 2
o

The monomer
R

® |
HgN— CH—C—OH
2 1
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The Amino Acids

For 19 out of the 20 common amino
acids, the a-carbon is chiral.

(a) (b)
c00® a-Carboxylate group
I P‘:‘
14 °
Fischer G o
Projection “'A'"""’{ OGO
group | o P4
>

7
pcabon_ @ [ Sidechain

@ c-carbon @ Nitrogen
@ carbon @ Oxygen
O Hydrogen
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The Amino Acids

FQuestion:

‘Whar does it mean to be chiral?
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The Amino Acids

For 19 out of the 20 common amino
acids, the a-carbon is chiral.

() (b)
c00® a-Carboxylate group
® —
i

°9
Fischer zo occarbon
{ ;88

Projection *group

J

J
pcarbon— :|>Side chain

@ c-carbon @ Nitrogen
@ carbon @ Oxygen
O Hydrogen
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The Amino Acids

For 19 out of the 20 common amino
acids, the a-carbon is chiral.

B

n ® ;
Mirror plane Mirror
ane
o °
o9 | @° o5 N
[ =) ° i o
“81 )3“ R He C—=NH,|
oy 0° cHi0H cH0H
" ) ST . .
° USerine  o-Serine
>
J Fischer
L-Serine o-Serine Projection
@ acarbon @ Nitrogen
@ Carbon jen
O Hydrogen
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The Amino Acids

FQuesfion:

‘Which of the 20 amino acids is not chiral?

Chem 352, Lecture 3 - Amino Acids and Profein Primary Structure 10

10-2

The Amino Acids

FQuesfion:

‘Which of the 20 amino acids is not chiral?

a Il
HiN—CHzC—OH

Glycine
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The Amino Acids

For 19 out of the 20 common amino
acids, the a-carbon is chiral.

@ - o
@ Mirror plane ® Mirror
plane
° °
cg | @° R Y
[ %] (52 ] i Lo
830 | oBBy i | e
@ {c] CH,0H CH,0H
@ QD i i
P4 ° L-Serine D-Serine
Fischer
L-Serine o-Serine Projection
@ acarbon @ Nitrogen
@ Carbon  ® Oxygen
O Hydrogen
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The Amino Acids

10-4

There are different ways fo designate
the stereochemistry of a chiral center:
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The Amino Acids

There are different ways fo designate

the stereochemistry of a chiral center:
+RvsS

+ Rectus versus Sinister - based on the
atomic mass of the substituents
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The Amino Acids

There are different ways fo designate

the stereochemistry of a chiral center:
+RvsS

- Rectus versus Sinister - based on the
atomic mass of the substituents

*d(+)vsl(-)

- dextrorotatory versus levorotatory - based
on the bending of plane polarized light
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The Amino Acids

There are different ways to designate

the stereochemistry of a chiral center:
+RvsS
+ Rectus versus Sinister - based on the
atomic mass of the substituents
*d(+)vsl(-)
- dextrorotatory versus levorotatory - based
on the bending of plane polarized light
*DvsL

+ Based on how glyceraldehyde bends plane
polarized light
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The Amino Acids

There are different wavs ta de gnate
the stel Oxo-" | 9" [cenfer:
é |
*Rvs H—C‘J—OH : HO-(‘:<H
* Rec | i he
H,C—OH H,C—OH
aton 8
* d (+) d-Glyceraldehyde : I-Glyceraldehyde
« dexip. o ¢ Lal = based
on t : ht
*DvslL

+ Based on how glyceraldehyde bends plane
polarized light
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The Amino Acids

There are different ways fo designate

the stereochemistry of a chiral center:
+RvsS
+ Rectus versus Sinister - based on the
atomic mass of the substituents
*d(+)vsl(-)
+ dextrorotatory versus levorotatory - based
on the bending of plane polarized light
*DvsL
+ Based on how glyceraldehyde bends plane
polarized light
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The Amino Acids

o, OH Oy M
X ?/ \(‘:/
HoNw- C=H HO—(‘)<H
|
R H,C—OH
L-Amino acid L-Glyceraldehyde
some are |- or
some are d- I-Glyceraldehyde
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The Amino Acids

All of the amino acids used to to make
proteins are L-amino acids

o o _OH OQC M
| |
HNw C~H Roscsl
|
R H,C—OH
L-Amino acid L-Glyceraldehyde
some are I- or
some are d- 1Glyceraldehyde
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The Amino Acids

There is considerable variety in the
chemical and physical properties of
the the 20 different amino acid side
chains.

+ Aliphatic (saturated hydrocarbon) (G,AV,L,1,P)

+ Aromatic (FY,W)

* Sulfur-containing (C,M)

+ Alcohols (S,T)

+ Bases (K,R,H)

+ Acids (DE)

+ Amides (N,Q)
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The Amino Acids

Amino Acid Models

©ball & stick
O spacefiling

Jmol
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The Amino Acids
-Aliphatic (saturated hydrocarbon)
(GAVLLP)

c00® c00® c00® c00® c00®
! | o | o |
HA—C—H HN—C—H  WN—C—H WN—C—H WN—C—H
H CHy H CHy Hyc—C—H
AN ] |
Hic™ cH H,
1y oy !
CHy
Glycine [G]  Alanine [A] Valine [V] Leucine [L] Isoleucine [1]
(Gly) (Ala) (val) (Leu) (1s0)
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The Amino Acids
-Aliphatic (saturated hydrocarbon)
(GAVLLP)

Proline [P]
(Pro)
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The Amino Acids
-Aromatic (FY,W)

°©
c00® c00® 5 §°°
®
H;N—T—H H,u—tl:—u H;N—C—H
CH, CH,

zz /]>‘§—

OH

Phenylalanine [F] Tyrosine [Y]

Tryptophan [W]
Phe) (Tyr) (Tr

p)
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The Amino Acids
-Aromatic (FY,W)

°©
c00® c00® coo
® ® o |
H;N—T—H HsN—C—H HBN_T_"
CH, CH, CH2
N
N
H
OH PpKa=10.5
Phenylalanine [F]  Tyrosine[Y]  Tryptophan [W]
(Phe) (Tyr) (Trp)
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The Amino Acids
-Aromatic (FY,W)

Absorption coefficient
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The Amino Acids
-Aromatic (EY,W)

1ok
Protein UV/Visible Absorption

os]
£ os
H
2
2 o4

02|

ook —

240 20 %0 200 a0 0
Wavelength (nm)
17
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The Amino Acids
-Aromatic (FY,W)

Absorption coefficient
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The Amino Acids
-Aromatic (FY,W)

5}
c00® c00® o
®
H;N—T—H H,N—tl:—ﬂ H;N—C—H
CH, CH, CH2
N
N
H
OH PpKa=10.5
Phenylalanine [F]  Tyrosine[Y]  Tryptophan [W]
Phe) (Tyr) (Trp)
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The Amino Acids
-Sulfur-containing (C,M)

coo® coo®
® | [}
H,N—tl:—u H;N—T—H
iy "
Klin SH
S
|
CH3
Methionine [M] Cysteine [C]
(Met) (Cys)
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The Amino Acids
-Sulfur-containing (C,M)

coo® coo®
o | [}
H,N—:l:—u H;N—T—H
iy "
CH, SH
L pKa=8.4
|
CH;
Methionine [M] Cysteine [C]
(Met) (Cys)
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The Amino Acids
-Sulfur-containing (C,M)

©NH,
©00c —CH—CH,—SH + Hs—CH,— CH—Cc00®
@r‘m,
Cysteine Cysteine
Oxidation
@NH,
So0c —cn—cu,—s—s—cn,—ln—cooe
ONH,
Cystine
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The Amino Acids
-Alcohols (S,T)

c00® c00®

® ® |
H;N—(IZ—H H;N—C—H

cIMZ H— T —OH
OH CH3
Serine [S] Threonine [T]
(Ser) (Thr)
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The Amino Acids
-Bases (H,K,R)

c00® c00® c00®
@ © | @
H,N—T—N H;N—T—H H;N—f—ﬂ
CH, TH, THz
7N THz ‘Iiﬁz
J
! 42 §Ha
i 1"
@NH3 /c\\e
HN NH,
Histidine [H] Lysine [K] Arginine [R]
(His) (Lys) (Arg)
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The Amino Acids
-Bases (H,K,R)

c00® Tooe c00®
H,N—T—N H;N—T—H H;N—f—ﬂ
CH, TH, THz
g Tﬂz KIZH1
J
=Y pkase THZ KIZH1
i 1"
pKa=12.5
@NH3 /c\\e
pKa=10.5 HoN. ONH,
Histidine [H] Lysine [K] Arginine [R]
(His) (Lys) (Arg)
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The Amino Acids
-Acids (D,E)

coo®
@

H3N— f —H
i
c00®

Aspartate [D]

(Asp)

c00®
o |
N—T—H
i
i
c00®

H3

Glutamate [E]
(Glu)
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The Amino Acids
-Acids (D,E)

Aspartate [D]
(Asp)

c00®

o |
HHN—T—
i
i
c00®
pKaz4.1

Glutamate [E]
(Glu)
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The Amino Acids
-Amides (N,Q)

c00®

]
H;N—C—H

Aspargine [N]
(Asn)

Glutamine [Q]
(GIn)
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The Amino Acids

-Can also group the amino acids based

on their solubility in water.
+ Highly hydrophobic (I, P, V, L, M)
* Less hydrophobic (W, A, G, C,Y, P, T, S)
+ Highly hydrophilic (H, E, N, Q, D, K, R)

Chem 352, Lecture 3 - Amino Acids and Profein Primary Structure 24

24-1

The Amina_Acids

Amino

«Can alsq =

on their
+ Highly
* Less hy|
+ Highly

TABLE1 Hydropathy scae for ami

Freeener
chunge for transter” (kjmol™)

cids based

P T, S)
K, R)
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The Amino Acids

-Can also group the amino acids based
on their solubility in water.
+ Highly hydrophobic (I, P, V, L, M)

* Less hydrophobic (W, A, G, C, Y, P, T, S)
+ Highly hydrophilic (H, E, N, Q, D, K, R)
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The Amino Acids
‘Many important biological molecules
are derived from amino acids, e.g.,

* histamine (derived from His) (triggers allergic
response)

*+ epinephrine (derived from Tyr) (hormone that
triggers “flight or fight” response)

* thyroxine (derived from Tyr) (thyroid
hormone) (one of the few uses for iodine)

* GABA (derived from Glu) (neurotransmitter)
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The Amino Acids

‘Many important biological molecules
are derived from amino acids, e.g.,

@ (b) Py
CH,— CH,—NH,
o, [

00C — CH,— CH,— CH,— NH, —

Ny NH
y-Aminobutyrate Histamine

(C] (d)

[}
HO, oH ! ! NH,
| @ ! ©
HO CH—CH,—NH,—CH,  HO o CH,— CH—C00'

Epinephrine
(Adrenaline) Thyroxine / Triiodothyronine
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The Amino Acids
‘Many important biological molecules
are derived from amino acids, e.g.,

* histamine (derived from His) (triggers allergic
response)

*+ epinephrine (derived from Tyr) (hormone that
triggers “flight or fight” response)

* thyroxine (derived from Tyr) (thyroid
hormone) (one of the few uses for iodine)

* GABA (derived from Glu) (neurotransmitter)
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The Amino Acids as Acids & Bases

cHy
121 pK, —— H;N—CH—C00®
\ (anion)
L S !
e
o] h
Plaa H T"’
F ! )
G 6 " H;N—cH—c00®
1 ' (zwitterion)
o) h H
: ' HOJ| 1@
H H
21 ) i CHs
B T N |
o T H;N—CH—COOH
o o5 10 15 20 (cation)

Equivalents of OH ©
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. | TABLE3.2  pK, values of acidic and basic
T h e Am [ consituentsoffree amino acidsat 5. & B ases
Aminoacid pavalue
Carboxyl Amino  Side CH;
124 arous group  chain ] °
IN—CH — CO0'
Gyne 24 sa o)
104 | mene 24 s
vaine B e CRIP)
<l
8- lsoleucine 2.3 s
z Methionine 2.1 03 b T"J
Z 6] fole 20 108 B li—coo®
e 2293 F terion)
wiophan 25 54
41 PRy sene 22 2 @(\“ O
Tweonine 21 a1
24 222 oseine 19 w07 sa
C Trosie 22 92 108 b CIH)
ol puagine 21 87 B & —coon
. Guumine 22 1 (cation)
patcadd 20 99 39
E Guamicad 21 ss  ar
Lsine 2 sa s
wanne 18 0 s
vsidne 18 93 60 botei primary structure 26
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The Amino Acids as Acids & Bases

Hy
121 pK, —— H;N—CH—C00®
! (anion)
| [ i —— '
H HG}«\”‘(HQ
ed h
Pla, ! T"’
T ! ®
. 64 " H;N—cH—c00®
1 ' (zwitterion)
R | i o) ®
: bl
' 1
21 H ' CH,
D e S R |
04— : : H3N— CH— COOH
o o5 10 15 20 (cation)
Equivalents of OH ©
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The Peptide Bond

Amino acids are joined fogether by
peptide (amide) bonds.

+ A peptide bond is formed from the
condensation of an a-amino group from one
amino acid with the «-carboxyl group of
another amino acid.
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The Peptide Bond

CH; CH,OH
@ [©]
H;N—CH—c00® + Hy;N—CH—c00®

o]

fIZH3 c"> CH,OH

@ )
N-terminus H3N— CH—C-—N—CH—CO0 C-terminus

Ya

Peptide bond
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The Peptide Bond

Amino acids are joined fogether by
peptide (amide) bonds.

+ A peptide bond is formed from the
condensation of an a-amino group from one
amino acid with the «-carboxyl group of
another amino acid.
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Peptides

Some small peptide have important

biological activities.
+ peptide hormones
* foxins
+ sweetfeners
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Peptides

Some small peptide have important

biological act
+ peptide horm

|
4 H—C—CH,—C00®
* toxins

+ sweeteners T=°
rlm
e

c=0
|
CI’ Aspartame

CH,
T
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Peptides

Some small peptide have important

biological activities.
+ peptide hormones
* foxins
+ sweetfeners
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Peptides

Problem:
Sketch the titration curve for the dipeptide
cysteinylaspartic acid and draw the structures of the
predominant species that exists at each of the endpoints.
Confirm your answers using Marvinsketch.
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Isolation of Peptides and Proteins
-Cell disruption
-Centrifugation
-Ammonium sulfate precipitation
-Liquid chromatography
* ion exchange
+ size exclusion (gel filtration)

+ affinity chromatography
+ reverse phase.
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Isolation of Peptides and Proteins
-Cell disruption

Endoplasmic Nucleus
reticulum

S

el Cytosol

A Cytoskeleton
A Nucear <
envelope"/‘@— \

N

———Lysosome

L o
Plasma &)
| membrane . N6
. Peroxisome
4 Golgi
J|  apparatus
. Mitochondrion
+ Vesicles'
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Isolation of Peptides and Proteins
-Cell disruption
-Centrifugation
-Ammonium sulfate precipitation
-Liquid chromatography
* ion exchange
+ size exclusion (gel filtration)

+ affinity chromatography
+ reverse phase.
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IsoIquon of Peptides and Proteins

Protein Steady flow of solvent

Ce mile

Fractions collected sequentially
* 4w

Azso N N

Fraction number

Structure 30
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Isolation of Peptides and Proteins
-Cell disruption
-Centrifugation
-Ammonium sulfate precipitation
-Liquid chromatography
* ion exchange
+ size exclusion (gel filtration)

+ affinity chromatography
+ reverse phase.
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Protein Isolation and Analysis

-SDS-PAGE (SDS-polyacrylamide gel
electrophoresis)

Buffer

SDS- treated samples.
loaded in wells

[Stained polyacrylamide gel
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Protein Isolation and Analysis

-SDS-PAGE (SDS-polyacrylamide gel
electrophoresis)

7] Mixture of
macro-
| molecules

Electrophoresis
Direction
of electro-
phoresis

A Porousgel
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Protein Isolation and Analysis

SDS-PAGE (SDS-polyacrylamide gel
electrophoresis)

Womegerte it leveidnge Cofivatin Ay
facionstion  dromatoqaphy romstagaphy GromatogIY
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Protein Isolation and Analysis
-SDS-PAGE (SDS-polyacrylamide gel

electrophoresis)
,.,
“
|
N
———- i
»
bisiod | %57 04 06 08 19
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Protein Characterization

‘Mass spectroscopy

o

MALDI
Tonization

Time of flight
tube

Electric
field
generator
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Protein Characterization

‘Mass spectroscopy

Ionization
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Protein Characterization

‘Mass spectroscopy

ESI
Tonization

John 8. Fenn (1917-)

MALDI
Tonization

Nobel Prize in Chemistry, 2002
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Protein Characterization

‘Mass spectroscopy

ESI
Tonization

John 8. Fenn (1917- 2010)

MALDI
Tonization

Nobel Prize in Chemistry, 2002
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Ser’  Cyst  Met”
o G HoH
O )

0
i

N
|
i
T
&
cHe

i
Sy

m/z = 1215.2
(M - 2H 4 s2Cu)?
(M = CasHsg016NsSs)

Relatlve Abundanfe

O
1214 1216 1218 1220 1222 1224
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Protein Primary Structure

A peptide bond is formed from the
condensation of an «-amino group
from one amino acid with the
a-carboxyl group of another amino
acid.
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Protein Primary Structure

a PEE— ' ~ ‘e "

CH; CH,OH

@ (©]
H;N—CH—Cc00® + H;N—CH—co0®

H,o%

TH; o CH,OH

@ )
N-terminus H3N—CH—C-—N—CH—COO0 C-terminus

Va

Peptide bond
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Protein Primary Structure

a PEE— e e ‘e "

CH; CH,OH
@ @
H;N—CH—c00® + H;N—CH—co0®

Hzo% H:0

TH; ﬁ CH,O0H

N-terminus H3N—CH—C —lll— CH—c00® C-terminus

H

Peptide bond
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Protein Prlmary Structure

a PEE— ' ~ ‘e "

CH; CH,OH
@ @
H;N—CH—c00® + H;N—CH—co0®

H,0 % Acid (H+) or Base (OH-)

: H0 catalyzed
TH; c"> CH,OH
N-terminus H3N—CH—C-—N—CH— c00® C-terminus

/

Peptide bond
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Protein Primary Structure

-Amino acid composition

CHj CH,O0H

@ | ®
H;N—CH—Cc00® + H;N—CH—Cc00®

6M HCL
24hr at 100°C
H,0

CH, CH,0H

e | II °
N-terminus H3N— CH —C-—N—CH—COO0 C-terminus|

/i

Peptide bond
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Protein Primary Structure

Label amino

-Amino acids with

colored label

Amino
/ acid

H H R

PTC-amino acid n Primary Structure 35
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Protein Primary Structure

-Amino acid composition

liquid chromatography
Y VM ILF K

Absorbance

T T
0 5 10 15 20 25 30 35
Time (min)
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Protein Primary Structure

Fredrick Sanger was the
first person fo sequence

a complete protein
+ Insulin (1953)

—

owsachvcsquaw]—N A chain (21 amino acids)

FVNQHLCGSHLVE, '‘GERGFFYTPK/ 1956 Nobel Prize in Chemistry

Fiure 1.—The structure of bovine insulin

Perspectives on Genetics: Antony Stretton, “The First Sequence: Fred
Sanger and Insulin”, Genetics 2002, 162, 527-532.
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Protein Primary Structure

-Sanger’s Reagent
+ (DNFB, 2,4-dinitrofluorobenzene)
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Protein Primary Structure

-Cleavage of disulfide bonds with
B-mercaptoenthanol.

()

" 0
| Il | I
NG N CH— e
HiC HiC
f 2HSCH,CH,0H SH . $—CH,CH,0H
) o S—CH.CH,O0H
HC HiC
N —CH—C e wrN—CH—C e
| [l | i
o H °
T P
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Protein Primary Structure

-Amino acid sequence
+ Edman Degradation
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Protein Primary Structure

-Amino acid sequence
+ Edman Degradation

o
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Protein Primary Structure

Amino acid sequence
+ Edman Degradation

+ Can only sequence up to around 30 amino
acids at a time, therefore, for larger proteins,
the polypeptide is cleaved into smaller
segments.

* CNBr (cyanogen bromide) cleaves at Met
* Trypsin protease cleaves at Lys & Arg (+)

* Chymotrypsin cleaves at Phe, Tyr & Trp
(aromatic)
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Protein Primary Structure

Amino acid sequence
+ Edman Degradation

N!G) ly S ! P- °

wentonol |

® HoH ®© ° PR
H,N—Gly —Arg—Phe—Ala—Lys —N—C__ + HN—Tp—Val—c002 + HycscN + HO + B
HiC

X
\ 7
Hc—0
Peptidyl homoserine lactone

. |rypsm profease cleaves ar Lys & Arg (+)

* Chymotrypsin cleaves at Phe, Tyr & Trp
(aromatic)

—0
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Proteit

Amino ¢, .
|
+ Edman

®
H,N—Gly—Arg—Phe: N+ HO 4O

Peptidyl ho
©Try| O
* Chyl rp

(arot

iry Structure 40
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Protein Primary Structure

Amino acid sequence
+ Edman Degradation

N!G) ly S ! P- °
wentonol |
® 0 o
HR—Gy—arg—phe—a—tys—H=€ ¢ WR—Tm—vai—co0® + mescn + HO + 80
H,C =0
\ 7
we—a

Peptidyl homoserine lactone

. |rypsm profease cleaves ar Lys & Arg (+)

* Chymotrypsin cleaves at Phe, Tyr & Trp
(aromatic)
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Protein Primary Structure

Amino acid sequence

© t t
(@ HN—Gly—Arg ys—Trp: °
[rovpsin
® ® ®
H © 4w y © 4 MR T °
® t t
() " » °
| chymotrypsin
it & © + wi—ay yr—p—c00® + Wi °
@ [Gly=Arg][Ala—Ser—Phe—Gly— Asn—Lys][Trp—Giu—Val]

[Gly—Arg — Ala — Ser—Phe][Gly —Asn—Lys—Trp] [Glu—Val
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Protein Primary Structure

Question:

You have isolated a decapeptide called FP, which has anticancer activity.
Determine the sequence of the peptide using the following information:
a. One cycle of Edman degradation of intact FP yields 2 mol of PTH-
aspartate per mole of FP.

. Treatment of a solution of FP with 2-mercaptoethanol followed by
addition of trypsin yields three peptides with the composition (Ala,
Cys,Phe), (Arg,Asp), and (Asp,Cys,Gly,Met,Phe). The intact (Ala,Cys,
Phe) peptide yields PTH-cysteine in the first cycle of Edman
degradation.

3

o

Treatment of 1 mol of FP with carboxypeptidase (which cleave the
C-terminal residue from peptides) yields 2 mol of phenylalanine.
Treatment of the intact pentapeptide (Asp,Cys,Gly,Met,Phe) with CNBr
yields two peptides with the composition (homoserine lactone, Asp)
and (Cys,Gly,Phe). The (Cys,Gly,Phe) peptide yields PTH-glycine in the
first cycle of Edman degradation.

o8

41

Protein Primary Structure

1 111
DNA wA~AAGAGTGAACCTGT Chnnnr

Chem 352, Lecture 3 - Amino Acids and Profein Primary Structure 42

42-1

Protein Primary Structure

1 111
DNA nA~AAGAGTGAACCTGT Crhnnnr

1956 Nobel Prize in Chemistry
1980 Nobel Prize in Chemistry
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Protein Primary Structure

-Amino acid sequence
+ Reverse translating a DNA sequence

1111
DNA wA~AAGAGTGAACCTGT Chnnnr

Protein ~~~~~~ Lys — Ser— Glu — Pro— Val
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Protein Primary Structure

-Amino acid sequence
+ Reverse translating a DNA sequence

u _Jc Ta Te
UfPhe sSer Tyr  Cys

Phe Ser Tyr Cys
Leu Ser STOP STOP D
DNA Al [Lleu  Ser  STOP T TGTC~rnn
Clleu Po  Hs Aw
leu P Hs Ag
H Leu Pro  Gn Ag —
PrOteIn Leu Pro GIn Arg val
A

le  Thr  Asn  Ser
le  Thr  Asn  Ser
le  Thr Llys Ag
Met Thr lys Amg
Val  Aa  Asp Gl
val  Aa Asp Gl
val  Aa Gl Gl
val__Aa__Glu__Gl

Q)

o‘» olc oHnlc ol> n‘c oHnl:
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Protein Primary Structure

-Amino acid sequence
+ Reverse translating a DNA sequence

1111
DNA wA~AAGAGTGAACCTGT Chnnnr

Protein ~~~~~~ Lys — Ser— Glu — Pro— Val
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Protein Primary Structure

Question:

The functional diversity of proteins results from the
large number of possible polypeptides that can be
built using the 20 different amino acids

Question: What is the minimum mass it would take
to construct one molecule each of all of the possible
polypeptides that contain 100 amino acids?
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Protein Primary Structure

Question:

The functional diversity of proteins results from the
large number of possible polypeptides that can be
built using the 20 different amino acids

Question: What is the minimum mass it would take
to construct one molecule each of all of the possible
polypeptides that contain 100 amino acids?
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Protein Primary Structure

[Aacss

1

Number of polypeptides (201°0)

126 X 101°

Avg. Mass of each polypeptide

.83 x 1022 g

Total mass needed

232 X 10°8g

Number of Earths

3.9 x 108

Number of Suns

1.2 X 107

Number of Galaxies

9.7 X 10%
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Protein Primary Structure

Question:

The functional diversity of proteins results from the
large number of possible polypeptides that can be
built using the 20 different amino acids

Question: What is the minimum mass it would take
to construct one molecule each of all of the possible
polypeptides that contain 100 amino acids?
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Next up

Lecture 3, Part II - Protein Structure

and Function

+ Read Chapter 4 of Moran et al.
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