Biochemistry

2.1. Amino acids
and peptides
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Protein structure & function

Proteins serve crucial functions in essentially all
biological processes

1 Proteins are built from a repertoire of 21
amino acids

2 Primary structure: amino acids linked by
peptide bonds form polypeptide chains

3 Secondary structure: polypeptide chains
fold into regular structures such as alpha
helix, beta sheet, & turns & loops

4 Tertiary structure: water-soluble proteins
fold into compact structures with nonpolar
cores

5 Quaternary structure: polypeptide chains
can assemble into multisubunit structures
6 The amino acid sequence of a protein
determines its three-dimensional
structure
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Proteins - Key properties - a wide range of

functions

1.

Proteins are linear polymers built of monomer units called
amino acids - spontaneously fold into 3-dimensional structures

. Proteins contain a wide range of functional groups - alcohols,

thiols, thioethers, carboxylic acids, carboxamides, & a variety
of basic groups - eg. chemical reactivity essential to function
of enzymes

. Proteins can interact with one another, & with other biological

macromolecules to form complex assemblies -
macromolecular machines

. Some proteins are quite rigid, whereas others display limited

flexibility - structural elements in the cytoskeleton v parts that
act as hinges, springs, & levers etc
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Amino acids

Proteins: Essential for all organisms
AA
Peptide
Polypeptide
Proteins more 50 AA

Proteins are polymers of amino acids, with each amino
acid residue joined to its neighbor by a specific type of
covalent bond.

L-a-amino acids and their derivatives participate In
cellular functions as diverse as nerve transmission and
the biosynthesis of porphyrins, purines, pyrimidines,
and urea.
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Amino acids and Proteins

2.1) Amino acids
Amino acid classes
Modified AA in proteins
AA stereo isomers
Titration of AA
AA reactions

2.2) Peptides

2.3) Protein structure
Protein structure
Fibrous proteins
Globular proteins
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AA functions (300 AA)

@ Primary function (components of proteins)

@ Chemical messenger: oo
Neurotransmiters (substance released from one nerve cell HOL_ny, CH—CH e,
that influence function second nerve cell) P

GABA (g-aminobutyric acids), glycin, serotonin (tryptophan)

H O m 0 n eS (chemical messanger ....produced by one type cell and regulate function of other type of cell) _._:_c_a;)-' :—n—’h o
Thyroxine (tyrosin) J_
Indole acetic acid (plant)
Thyroine
' 'e]

Precursores for nitrogen containing molecules T
Nucleotides, heme, chlorophyl

Indala Acalle acid

O Metabolic intermediates: arginine, citruline, ornithine — urea cycle
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Amino acids 300 AA
20 AA (proteins, gene code...)

Standard AA (in proteins 21)

Nonstandard AA
(modified after incorporation to polypeptide)

Amino Acid Structure

Hydrogen
Amino 3 Carboxyl
General structure ol R
o— amino acids > I
R
CHy—CHy—CHy—CHy—CH—C00- Regrou
"NHa +NHj
Lysine
O Alpha-
N . - . .
H profine imidoaci
OH ds
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AmMino acid stereoisomers

Protein subunits: camino acids: L & D isomers

Only L amino acids found in proteins.
C, chiral, L & D isomers not symmetrical,except glycin

L isomer D isomer

Amino
group Carboxylic acid group

enantiomers

Mirror itfiatyes 'of each other



Only L amino acids in proteins

Tetrahedral
a-carbon atom, o

C, chiral center is "
S configuration. K—\ Hfe
(sinister for left) i

Counterclockwise
arrow indicates

chiral center
Is S configuration

Amino group:
highest priority
substituent
(according to
atomic #)

”."L'r' a
=

CH

D-Alaning

FiH,

10



Amino Acids May Have Positive, Negative, or
Zero Net Charge - Titration of Amino acids

= -COOH and -NH3 weak acid groups exist in solution in

protonic equilibrium:

as either an acid (proton donor):

R‘ET:EDD‘ — E—{;;:D':" +H~*
TIEH,

Fwrittarion

o a bage (proton acosptory:

R‘E-;::':'D' +H* — R‘E;EDDH
N TRy

Dawitierion

R—COOH =R— 000 +H°

R—HH;" = R—NH, + H* .
amphoteric
zwitterions (neutral,
physiological pH)

O u @ u

| O | O
HN-eC- (7 HN*-¢C- ('8

| UH | )

R K

- Full disociation COOH and NH2groups.-at physiological pH 1



http://en.wikipedia.org/wiki/File:Amino_acid_zwitterions.png
http://en.wikipedia.org/wiki/File:Amino_acid_zwitterions.png

lonization state as a function of pH

R H* R H* R
H H H
*HsN COOH » +HsN COO" i H,N COO"
\ . \Both groups
W Zwitterionic form deprotonated
S
= Both groups
©
= rotonated
: g B
(®)
e
S
| | | |
0 2 4 6 8 10 12 14

Physigiogieal pH (measure of [H*])
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pK, express the strengths of weak acids

|
TABLE 3.4 pK, values of some amino acids

pK, values (25°C)

a-COOH a-NH; ™ Side
Amino acid group group chain
Alanine 2.3 9.9
Glycine 2.4 9.8
Phenylalanine 1.8 9.1
Serine Zinl 9.2
Valine 2.3 9.6
Aspartic acid 2.0 10.0 3.9
Glutamic acid 2.2 9.7 4.3
Histidine 1.8 9.2 6.0
Cysteine 1.8 10.8 8.3
Tyrosine 2.2 9.1 10.9
Lysine 2.2 0.2 10.8
Arginine 1.8 9.0 12.5

After J. T. Edsall and J. Wyman, Biophysical Chemistry
(Academic Press, 1958), Chapter 8.




pK, of ionizable side chains

1
TABLE 3.1 Typical pK, values of ionizable groups in proteins
Group Acid Base Typical pK,”
| | 0 pPK, = pH for 50%
Terminal ot-carboxyl group _C H — /C'\ - 3.1 . . .
- S
g 0 dissociation,
Aspartic acid (”) c|)
Glutamic acid F NI S Note range
H
No N
8 e — 6.0
Histidine 4<\J\I : @ \
H H
+ H
Terminal oi-amino group _N”(“-H S —NQ*-H 8.0
H
C 3 H — =
ysteine s = —S 8.3
. /H
Tyrosine 0 = 7 10.9
H
Lysine _N(«-H _ ”N<~.H 10.8
H H
H H
Hoo+ N-
Arginine /\N—C\/ = /\N—C\// 12,5
N-H N-H
H H
*pK, values depend on temperature, ionic strength, and the microenvironment of the 14

ionizable group.
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Proteins

Nonpolar, aliphatic R groups

P
(U

coo- coo”
+
. HsN—C—H
' CH,OH

Serine

Methionine

Negatively charged R groups

(a(olo}n Co0~
. | + |
?Hz ?Hz
Co0" sz
(a(o]o
Aspartate Glutamate

(aloJon
H3N—C| —H
H—CI—OH
&,
Threonine
C00"
HsN—C—H
ha

AN
H,N (o]

Asparagine

(11

Polar, uncharged R groups

coo"
H;ﬁ—cl—H
CH,

I
SH

Cysteine
coo"

HsN—C—H
s
H,

I
C

/\
H,N \o
Glutamine

Positively charged R groups

Cco0"
+
H:N—C—H

*NH,

Coo- co0" coo-
g | + | ]/H
HsN—C—H  H3N—C—H ol
| l HoN CH,
H CH; | [
H,C CH,
Glycine Alanine Proline
coo" coo~
+ + |
H3N—CI—H H3N—CI—H
cIH2 H—cl—CH3
CH CH
e [
CH3 CH3 CH3
Leucine Isoleucine
L d
Aromatic R groups
Cco0~ c|00‘ c|00‘
+
HsN— C—H HaN— C—H H3N—(|Z—H
i
C=CH
\
NH
Phenylalanine Tyrosine Tryptophan
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Lysine

Co0~

+
H3N—(|I—H

NH,
Arginine

Histidine
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Classification of AA

= Neutral nonpolar
= Neutral polar

= Acidic

= Basic

Biochemistry-2-1_AA
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Neutral nonpolar

Interact poorly with water

H
3

ydrophobic

A

D structure of proteins
Iphatic and aromatic

Methionin
Met

Biochemistry-2-1_AA

Glycin (|300'
Gly H-C-H
NH,
Alanin c|;oo-
Ala H-C-CH,
L
NH,
Valin CO0" ch,
Val H‘?“HC\
nH, O
. o
Leucin ¢ _CH,
H-C-CH,-HC
Leu T,
NH,
Isoleucin COU cH, o,
Ile HI=C=HC
NH, O
. coo”
Prolin | o
H—(|3 2
Pro e, CH
CH,
Fenylalanin s
H-C—CH
Phe . @
MH,
(|ZOO'
H—?—CH;CH;S—CHS
NH,
Coor
Tryptofan H_C:;_CHE s
Trp NH, e



Neutral polar

Asparagin
Asn

Glutamin
Gln

Serin
Ser

Threonin
Thr

Cystein
Cys

Tyrosin
Tyr

sloley
|
H -C - CH,-CONH4

+

NH,
coo:
H -C- CH,- CH,-CONH,

| .

NH.,

COo”

H-C—CH,-OH

NH

CooT

H-C-
NH

CH

-~ 3

CH
o

* OH

CcoQ”

H-C-C

NH

COor
H-C—CH
NH

CommT

H,~SH

Amide group
is highly polar,
affect protein
stability....

18



Cysteine

Similar to Serine with sulfhydryl, or thiol (-SH) group replacing
hydroxyl (-OH) group

-SH more reactive than -OH. -SH pairs form disulfide bonds
(aka bridges), key role stabilizing proteins

SH
H/s\
e CH,
+HsN—C—CO0O"~
+H3N COO-
Cysteine H

(Cys, C)

Biochemistry-2-1_AA 19



Acidic AA

Negative charge at physiological pH

r
A rime i ma T

Aspartic acid

Asp
AN __ad

Glutamic acid
Glu

COO"
H —é—CHz-COO' A
r\llH;
COO
H —(lj-CHz—CHz—COO‘ A
r\|JH+ -

3
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Basic AA

Positive charge at physiological pH

lonic bonds with amino acids

Arginine - strong base, no function in acide/base reaction

Lysin — ammonium ion, oxidation of lysines side chain — collagen,
linkage

Histidine — weak base, ony partial disociation at ph 7, react as
buffer,

Catalytic activity of enzymes

Histidin CO0T N,
o H-C-CH,-C I,
His |, 2 % _NH B
NH, CH
Lysin T .
H-C-CH,-CH,-CH,-CH,-NH
L\.‘-S | . 2 2 2 2 2 B
- MNH,
Arginin GLo NH,
At H—tll—CHz-CHz—CH{HN—CR B
..'.: g +

NH,, NH2 = 21



Aromatic side chains

Aromatic rings have delocalized r electrons, H

; C
Absorb UV light " \ﬁH
L z \ CH
C HO C
@l Y Y
HN
HC C HC C N 226
\ﬁ/ \(‘:Hz \ﬁ/ \(‘:H2 ﬁ/ \C‘Hz
*HzN—C—CO00"~ +HzN—C—CO00~ +HzN—C—CO0O0~
H H H
Phenylalanine Tyrosine Tryptophan
(Phe, F) (Tyr, Y) (Trp, W)

Hydrophobic & Hydrophilic properties

Biochemistry-2-1_AA 22



Optical properties of AA and proteins

Aromatic K groups
CO0~ CO0~

) |
H,H—é—H H,I‘-I—':—H H—C—H

ba, é
. 5“
Pherylalanine Trrosine Tryptophan | \/\

CO0~

H,

Abgorbance

TEST

EEII:I 240 2B0 260 ZT0 2H0 E9O E-I:II:I -Elll:l
Wavelength )

FIGURE 3-8 Absorption of ultraviclet light by aromatic amino acids.
Comparison of the light absarplion spectra of the aromatic amiro acids
tryplophan and tyrosine at pH 6.0, The amino acids are pressnl in
equimolar amounts (1077 s under identical conditions. The meas-
ured absorbance of Iryptophan is as much as four imes that of tyro-
sine Mote that the maximuam light absorption for both inyprophan and
bwrosire ooours rear 4 waeelergth of 280 nme Light absorprion by the
third aromatic amino acid, phenvlalanire not shown), gererally con-
tributes littles bo the specinoscopic properlies of proteins.

Biochemistry-2-1_AA
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Absorption spectra of Trp & Tyr

Beer’s law: A = ecl. Used to estimate protein concentration

10,000 ~
L
|
E
O 8,000
T
=
N’
£ 6,000 |-
()
S
k5
O
c
5
)
)
X
Ll

0 | l

220 240 260 280 300 320
Wavelength (nm)

Biochemistry-2-1_AA 24



TEST

TABLE 18-1 Nonessential and Essential Amino
Acids for Humans and the Albino Rat

Conditionally
Nonessential essential* Essential
Alanine Arginine Histidine
Asparagine Cysteine Isoleucine
Aspartate Glutamine Leucine
Glutamate Glycine Lysine
Serine Proline Methionine
Tyrosine Phenylalanine
Threonine
Tryptophan
Valine

+HEE|LIII’E'[| to some degree In young, growing animals, and/or sometimes during lliness. 05



Amino Acid Structure

‘ Amino acid reactions Hydrogen
Amino 5 Carboxyl
- peptide bond " "\N | c//°
- disulfide bridge s | No-
R-group
Rt H RE (varant}
H,fI—E:H—-::—-c:uH + H—rII—J:H—f:c:-D-
H,0 4F H O COO0- COO-
HQITJ—iliH Hgﬁ—éH
H,fr—éﬂ—n—ﬁ—&!ﬂ—-:m- EE E Cystine
Cyeteine J;HE o {EHE
‘ CH—NH, éH—I:IHg
boo- doo-

Biochemistry-2-1_AA 26
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Primary structure: Peptide bond, between AAs

Between a-carboxyl group of one AA & a-amino group of another

R R R 0
H / ] H / 2 H / ' H I -
> 3 Z ' '
/C\ 4,0 + /C\ 4,0 — /C\ /N\ C‘\\ + H20
+HsN ¢ _ T *HsN ¢ +H3N c £ 0
OI OI (@) H ”//R2

Peptide bond

2 amino acids _ _ Loss of
Dipeptide H,0

Formation of a peptide bond by condensation. The amino group of one amino acid (with R2 group) acts as a nucleophile
to displace the hydroxyl group of another amino acid (with R1 group),forming a peptide bond (shaded in yellow). Amino groups
are good nucleophiles, but the hydroxyl group is a poor leaving group and is not readily displaced. At physiological pH, the
reaction shown does not occur to any appreciable extent.

Equilibrium favors hydrolysis, hence,
biosynthesis of peptide bonds require free energy input

Peptide bonds are stable kinetically
Biochemistry-2-1_AA 27



‘ Formation of a Peptide

il o
H3ﬁ—cn—<|i—ou + H—N—CH—CO00"

(o)

HZO%F‘HZO

R’ H R?
s | ||

HsN—CH —ﬁ —N—CH—COO"
(0

Glyeylalanine
Copyright @ 2000 BenjaminCummings, an imprint of Addison Wesley Longman, Inc.
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Planarity of Peptide (Amide) Bond

r orbital

Ca

xorbital

(a) Partial deuble-bond character (b) Bond angles and lengths
of peptide bond

Copyright @ 2000 Benjamin/Cummings, an imprint of Addison Wesley Longman, Inc.

Biochemistry-2-1_AA
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T 7" ?
\C;C\I\Il/ca\é g \C;C\IS}I"'/CCV\ € ? \C;C\i‘\"/ca
I
H H H

The carbonyl oxygen has a partial negative
charge and the amide nitrogen a partial positive
charge, setting up a small electric dipole.
Virtually all peptide bonds in proteins occur in
this trans configuration .

Biochemistry-2-1_AA 31



Main chain or backbone

Constant backbone: reqularly repeating part

Distinctive side chains (R-groups): variable part

R; Rz R
O "

H] 4 TRRLY AT ?  HJ
\N/C\C/N\ /C\N/C\C/N\ /C\N/C\C/
H I N\ H I \ H |

O : @
R, H Ra H @)

AA unit in a polypeptide is called a residue, which contains,
a carbonyl group; good hydrogen-bond acceptor,
an NH group (except Pro); good hydrogen-bond donor

Biochemistry-2-1_AA 32



Polypeptide chain has direction

OH
CHs
HC//CH3
0 0 |
N- \ H H | HH H | G \ H
N cl N C 0
N \C/ \C/ \'.\'/ e \\C‘/ \'l\'/ \c
I HH H I SH O .
0] O HyC 0]
Tyr Gly Gly Phe Leu
Amino Carboxyl

terminal residue ) tcrminal residue

C-

33



‘ Examples of Oligopeptides

OH
|T|m3 CHs CH3
Ala  CH—CH; C|H
i CHOH H H H CH, H CH; H CH,
NH |-|3|<'|—cI —c—|\||—c|—c—|\||—c|—c—|\|1—c|—c—|\||—c|—c00'
Glu CIH—CHz—CHz—COO' |.|| Jl |.|| (") |.|| " |.|| g |.||
o=cI Amino- Carboxyl-
|\Iu-| terminal end terminal end
Gly CH,
0=
N

I +

Lys CIH_CHZ_CH2_CH2_CH2_NH3
COoO0"

Biochemistry-2-1_AA 34



Carboxyl
terminus

< L

N-Ca Ca-C C-N

Biochemistry-2-1_AA 35



N- and C-Termini May Be Modified
in Proteins

0 R O
\\C—N—(|3—(”3— N-Formyl
o | | group

H H H

R O

O\\C i e (l) . (! B N-Acetyl
P | | group

CHy, H H

T 0
e C// C-terminal
N amide
|
H H NH,

Copyright @ 2000 Benjamin/Cummings, an imprint of Addison Wesley Longman, Inc.

Biochemistry-2-1_AA
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‘ Cysteine oxidation

-Highly reactive SH- (sulphydryl
group of Cysteine)

- reversible oxidation — to form
disulfide

-CYSTINE (disulfide bond) —
-DISULFIDE BRIDGE

-- singe chain, 2 separate chains,

-In proteins: stability

CO0- CO0-
| + |
HyN— 1TH HQH—ﬁH
Cystei
yRleine CH, CHa
| 2H* + 2¢- |
SH ?
Cystine
S5H ; S
| 2H* + 2o - |
CH CH
Cysteine : - | . .
?H —NHg ﬁH—NHg
CO0- CO0-

FIGURE 3-T Reversible formation of a disulfide bond by the oxida-
tion of two molecules of cysteine. Disulfide bonds between Cys
residues stabilize the structures of many proteins.

Biochemistry-2-1_AA
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Cross links (disulfide bridges)

Prevalent mainly in extracellular proteins

O
i
H |
'S ]
H H2C/\H
Cysteine Oxidation 5
- — / + 2H" + 2e
H Reduction S\
N\ ks
CH, e
H / \N/ \C/
C ' I
\N/ Sy ﬁ/ H 5
H 0
Cysteine Cystine

Biochemistry-2-1_AA



TESTGlutathione —

(y-glutamyl-L-cysteinnylglycine)
(y-amide bond, y-carboxy group contributes on peptide bond)
Function:
- Protein and DNA synthesis,
drug and environmental toxin metabolism,
amino acid transport
Reducing agent
Protects cells from destructive effects oxidation
GSH/GSSG is high —normally present in cells
Important intracellular reducing agent
Glutathione peroxidase

2 L5 + Hplly — Latwals

(methemoglobin)
Biochemistry-2-1_AA
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Peptide hormones

*Vertebrate hormones: many small peptides exert their effects at very low
concentrations - small peptides.

*Hypothalamus:
Oxytocin (nine amino acid residues), which is secreted by the posterior pituitary and
stimulates uterine contractions;
Vasopressin

bradykinin (nine residues), which inhibits inflammation of tissues; and
thyrotropin-releasing factor (three residues), which is formed in the hypothalamus
and stimulates the release of another hormone, thyrotropin, from the anterior pituitary

gland.

Uxytocin 1) Cys—Tyr—Ik — Gin—Aan—CyS —Fro—La—Gly —Nri,
s |
‘.';,5()'J('\J_5>|“ = o X {c) (:"/'4* Tyr—Phe— Gin— Asn—Cys —Pro— Arg —Qly — Nhi

R ==

Met-enkephalin Tyr—Gly—Gly—FP he—Met

Levenkephalin Myr—Gly—Gly-Phe-Leu

Atrial natriuretc factor Ser! —Leu—Arg—Arg—Ser—Ser—Cys—Phe—Gly—Gly'"—Arg—Met—Asp
Arg—Ille—Gly—Ala—Gin—Ser--Gly-Leu—Gly—Cys—Asn-—Ser—Phe—Amg—Tyr2s

Substance P Arg—FPro—Lys—Pro—Gin—Phe—P he—Gly—Leu—Met—NHa

Bradykinin Arg—Pro—Pro-—Gly —Phe-—Ser—Pro-—Phe —Arg


http://www.nature.com/emboj/journal/v19/n1/thumbs/7592109f1.jpg
http://www.nature.com/emboj/journal/v19/n1/thumbs/7592109f1.jpg

Peptides

Aspartame

HaI"T—éH—H—II:II—J:II:IL;H—GEI-I:.

L-Aspartrl-L-phanrlalanine methz] ester
lagpariame |

L-aspartyl-L-phenylalanine methyl
ester, the artificial sweetener better
known as aspartame or NutraSweet.

Biochemistry-2-1_AA
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TE‘ST NN promac Amino Acid Subway Ma

Trp -C; : This is NOT a metabolic pathway

Basic | Arg &

'C@O_I"i -C-CONH, -C-C-CONH,

I

AVAY K y Asn |\ GIln [® Amide
C-C-C-C-NH,’ Y0

Asp b Glu |8 Acidic

-C-COOH -C-C-COOH

_C_l\(CF‘\l+ H Phe

Aliphatic
Gly [ Al [ N—val Y m | L
H -CH, C\/C ¢
CCC C-C-C
Cor - Circular line @
South line HN—@-COOH
3
| Non-polar | (J,H Thr Met i -c-c-sC PrOE -
Circular,,

| Polar | Hydroxy — SLUfLLG, 21 aa




Classification of Amino Acids by Polarity

Acidic Neutral

ASp

Gyr Cys

Glu GIn

Ala
Val

Polar or non-polar, it is the bases of the amino acid properties.
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Primary Structure of Bovine Insulin

R First protein to be fully sequenced (by
ln = Fred Sanger in 1953). For this, he won his
EII : first Nobel Prize (his second was for the

N Sanger dideoxy method of DNA
IL: R sequencing).
| |
o a
| |
I "
éln Il.eu
| |
L i
Il\sn \Ilal
‘I’yr S—éys
20 Clys—S/ 20 ély
| |
b o
|
%
25 the
|
ig
| r
ll’ro
— s .
|
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JJ953, Fred Sanger determined aa sequence of insulin, landmark!

Showed for 1st time, protein has precisely defined aa sequence
Also showed that only L-amino acids were present, linked by
peptide bonds

Now, aa sequence of > 100,000 proteins are known

A chain > ?
Gly-lle-Val-Glu-GIn-Cys-Cys-Ala-Ser-Val-Cys-Ser-Leu-Tyr-GIn-Leu-Glu-Asn-Tyr-Cys-Asn
5 | 10 15 | 21
S S
; s/
B chain |
Phe-Val-Asn-GlIn-His-Leu-Cys-Gly-Ser-His-Leu-Val-Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-Glu-Arg-Gly-Phe-Phe-Tyr-Thr-Pro-Lys-Ala
5 10 15 20 25 30

1950s-1960s studies showed aa sequence genetically determined

Each of 20 aa encoded by one or more specific sequences of

3 nucleotides. Biochemistry2-1_AA 45



Peptid

Some extremely toxic mushroom poisons, such as
amanitin,

are also small peptides, as are many antibiotics
(neomycin, kanamycin).

Biochemistry-2-1_AA
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http://www.google.cz/imgres?imgurl=http://www.emsb.qc.ca/laurenhill/science/amanitin_files/image004.jpg&imgrefurl=http://www.emsb.qc.ca/laurenhill/science/amanitin.htm&usg=__OHMfngetQwnUFbkYteZ8fZ4mhJA=&h=405&w=231&sz=14&hl=cs&start=6&zoom=1&itbs=1&tbnid=BTIKdUlhfnE5VM:&tbnh=124&tbnw=71&prev=/images?q%3Damanitin%26hl%3Dcs%26sa%3DG%26gbv%3D2%26tbs%3Disch:1
http://www.nature.com/emboj/journal/v19/n1/thumbs/7592109f1.jpg
http://www.nature.com/emboj/journal/v19/n1/thumbs/7592109f1.jpg

TABLE 3-2 Molecular Data on Some Proteins

Molecular Number of Number of
weight residues polypeptide chains
Cytochrome ¢ (human) 13,000 104 1
Ribonuclease A (bovine pancreas) 13,700 124 1
Lysozyme (chicken egg white) 13,930 129 1
Myoglobin (equine heart) 16,890 155 1
Chymotrypsin (bovine pancreas) 21,600 241 3
Chymotrypsinogen (bovine) 22,000 245 1
Hemoglobin (human) 64,500 574 4
Serum albumin (human) 68,500 609 1
Hexokinase (yeast) 102,000 972 2
RNA polymerase (E. coli) 450,000 4,158 5
Apolipoprotein B (human) 513,000 4,536 1
Glutamine synthetase (E. coli) 619,000 5,628 12
Titin (human) 2,993,000 26,926 1
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TABLE 3-3 Amino Acid Composition of
Two Proteins
Number of residues
per molecule of protein*

Amino Bovine Bovine
acid cytochrome ¢ chymotrypsinogen
Ala 6 22
Arg 2 4
Asn 5 15
Asp 3 8
Cys 2 10
Gln 3 10
Glu 9 5
Gly 14 23
His 3 2
lle 6 10
Leu 6 19
Lys 18 14
Met 2 2
Phe 4 6
Pro 4 9
Ser 1 28
Thr 8 23
Trp 1 8
Tyr 4 4
Val 3 23
Total 104 245

*In some common analyses, such as acid hydrolysis, Asp and Asn are not
readily distinguished from each other and are together designated Asx (or
B). Similarly, when Glu and GIn cannot be distinguished, they are together
designated Glx (or Z). In addition, Trp is destroyed. Additional procedures
must be employed to obtain an accurate assessment of complete amino
acid content.

Biochemistry-2-1_AA




TABLE 3-4 Conjugated Proteins

Class Prosthetic group Example
Lipoproteins Lipids [3,-Lipoprotein
of blood
Glycoproteins Carbohydrates Immunoglobulin G
Phosphoproteins ~ Phosphate groups Casein of milk
Hemoproteins Heme (iron porphyrin)  Hemoglobin
Flavoproteins Flavin nucleotides Succinate
dehydrogenase
Metalloproteins lron Ferritin
Zinc Alcohol
dehydrogenase
Calcium Calmodulin
Molybdenum Dinitrogenase
Copper Plastocyanin

Biochemistry-2-1_AA
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Evolution and Conservation of

Protein Sequences

Halobacterium halobium

Archaebacteria Sulfolobus solfataricus

Saccharomyces cerevisiae
Eukaryotes Homo sapiens
Gram-positive bacterium Bacillus subtilis
Gram-negative bacterium Escherichia coli

IGHVDSGKSTTTG
IGHVDSGKSTTTG
IGHVDHGKSTMVGR
IGHVDHGKTTLTAA

Key
Identical aming acids

Conservative substitutions
Nonconservative substitutions

Signature sequence

IGHVDHGKSTMVGRLLYETGSVPEHV|IIEQH
IGHVDHGKSTLVGRLLMDRGFIDEKT|VKEA
HLIYKCGGIDKRT|IIEKF

ILIYKCGGIDKRTIIEKF
ITTV
ITTV

Translation elongation factor Tu/la

Copyrigh® 2000 Benjamin/Cummings, an impnnt of Addison Wesley Longman, Inc.

Number
Human
Whals

Number
Human
Whale

Number
Human
Whale

Number
Human
Whala

Number
Human
Whale

Number

Human
Whale

Number
Human
Whale

Number
Human
Whale

Number
Human
Whale

Number
Human
Whale

1

[VIL]

16 17 18 1

a
(4]

| o

[GTETW]

6 7

10 11 12 13 14 15
CINTV

8
O] Q)
E[GIEIW[O]
23

20

9

LV
[CIVILCIH
21 22 24 25 26 27 28 26 30

A

};_ [GIH][G[GIEIVIL]T]

)l

32

(RTC]

&

33 34

36 37 38 39 40 471 42 43 44
H

[LTETKTF]

==

PIELT]

46 49

35
G
S
50

51 52 53 54 55

&
&
8

KITIE[A[E[MIKIA

61 62 63 64

L LIK|K[H
ILIKIK][F

85

66 67 68 69 70 M1

A 8
S

TCIT

76 77 78 72 80

[L]

v

]

KIK[K[G

[KTK]G

83 B4 BS 86 87 &8

82
HIH[ETATETT
HIETA

|z

a1

106

22

93 94
A

EREEE

96 97 98 99 100101102103 104

A

1PV

TP

107

108109110111 112113 114115116 117 118115120

CIFTTH[Q[V

£

ALLII[HIVILI[H]S IS

121

122

123124125126 127 128129130 131132133134 135

L

DIATQ[GTAMINTK

K<)

FIG)

- | .

L]
BIAIGIGLAIMINIKIALL]

136

137

L |

F

MIAISIN

TTATA

138 139140 141 142143 144145 146 147 1468 149 150 151 152153

(G F[Q[G]

Biochemistry-2-1_AA

Myoglobin

50



The Genetic Code

Second position
u C A G
uuy ucu | UAU uGU U
Phe Tyr Cys
uuc uce UAC UGC C
U » Ser
UUA UCA UAA  Stop UGA Stop A
Leu
uuG UCGJ UAG Stop UGG Trp G
-~ =
cuL ccu CAU = cau
-3
~ CuUC cCC CAC CGC C
e >Leu ?PTO Afg
CUA CCA CAA CGA
§ Gin s
cuG cCcG CAG cGG =
3 - § 2
n -
¥ AW ACU AAU AGU uE
g Asn Sat =
AUC 2lle ACC AAC AGC C
A > The
ALA ACA AAA AGA A
7 Lys Arg
AUG Metstant ACG_‘ ALG AGG G
GUU GCu | GAU}A GGU u
Sp
GUC GCC GAC GGC C
G Val >Ala Gly
GUA GCA GAA o GGA A
U
Gua GCG‘ GAG GGa G

Copyright @ 2000 Benjamin/Cummings, an imprint of Addison Wesley Longman, Inc.

Amino acid
sequence (protein) GIn -Tyr-Pro-Thr -lle-Trp

I I
DNA sequence (gene) CAGTATCCTACGATTTCG




DNA RNA Protein

DNA strand that has the same sequence as mRNA

K mes
: TG |
DNA
..l]GACGGGTACCCCGAGTCGCTGCCCCTTACCGTGAACCAC....
Lo e o
S DNA strand that is complementary to mRNA
1) The mRNA is synthesized by copying this strand
mRNA O AU ""3
I l Ll J
Untranslated Initiation Codons Messenger RNA
section signal
\J
Protein .; Gly - Leu - Ser - Asp - Gly - Glu - Trp - His - Leu - Val ---
Methionine is
cleaved during N-terminus of finished protein

or after translation
in this protein
Copyright ® 2000 Benjamin/Cummings, an imprint of Addison Wesley Longman, Inc.
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Initiating Amino Acid in Translation

CHg
> N-Formylmethionine in
O O prokaryotes
H
H)J\N/KH/N\)ké
H o R

CH
S
y O Just methionine In
N N I karvot
HaN : ; eukaryotes
O R

Biochemistry-2-1_AA
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‘ Charging ot tRNAs with Specific
Amino Acids

® g ® g

F Vi A Y 4
H3N—?—-—C\ e H:,N—(I:—C\
H O AMP = PP H O

Amino acid \f / s '

2 Aminoacyl-tRNA synthetase Adenosine
Adenosine 3'—0OH
RN
% Aminoacyl
tRNA
B
Anticodon

Copyright @ 2000 Benjamin/Cummings, an imprint of Addison Wesley Longman, Inc.
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Translation of mMRNA into Protein

fﬁc GAU AGL ULC CGA AAA L INSsENg&r
Asp Ser Fha Arg Lys Skp ANA)

et —Val

e Papide bond

AGL ULg
Mot _Nal="Gly Asp Ser Fha

CGA AAA
Arg Lyz Siop

CGA AAA UGA
g Lys Skp

Cleavage and rolease

Palypaptde chain of
B aming aclds

AUG GUU GGC GAU AGU UUC
MMet Val Gly Asp Ser Pha  Arg —Lys—5Skp

Copyright @ 2000 Benjamin/Cummings, an imprint of Addison Wesley Longman, Inc.
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‘ Ribosomal Peptidyl Transterase
Activity

P site A site P site A site
!
II\IH
R, CH
0=C
NH I\IIH
R,I_l(‘JH R,—CH
\ —>
O0=C g—C
lll H :NH, NH
R, C}ﬂ (|3H R,,; CH
0=C 0= (|3 0=C
S iy :
tRNA tRNA(,,,1) tRNA tRNA (,.,1)
Peptidyl-tRNA Aminoacyl-tRNA Uncharged tRNA Peptidyl-tRNA

“Note: the catalytic component of the ribosome’s peptidyl transferase activity is
RNA,; it's an example of a catalytig:RNA.Q% fikezyme. 56



Disulfide Bond Formation in

Insulin

@ Preproinsulin is synthesized as a random
coil on membrane-asscciated riboscmes

Connecting
ssquence \
" Beoan )
g )
S\ g H =
¢ M chain N
\
SH Leader sequence aids in

Prepfolnsuﬂn transporting the polypeptice
chain through the membrane

@ Afer membrane transport, the leader
saquence is cleaved and the resultng
proinsulin folds into a stable conformation

© Disulfide bonds form

’

(‘ ;;.,—s\ : C\‘
4 S

h ‘l
N u
Proinsulin

@ The connecting sequence is cleaved
to form the mature Insulin molecule

[S—S\ /C— A chain
N

Cc

N N&:_EAB chain

Insulin

Copyright © 2000 Benjamin/Cummings, an imprint of Addison Wesley Longman, Inc.
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Methods in Protein Biochemistry
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Gel Electrophoresis

Sample
©

Well

® © ® ® @ ©

\ If
uuuwuuuuuu/

e o0 0 0 o o)

1

Direction
of
migration

\ ¢

f““'._\

logM,

]

LR B ER R

Unknown
protein

)

Relative migration

Myosin

3-Galactosidase
Glycogen phosphorylase b

Bovine serum albumin
Ovalbumin

Carbonic anhydrase

Soybean trypsin inhibitor
Lysozyme

©

200,000

116,250
97,400

66,200
45,000

31,000

21,500
14,400

®

1 2
[ 1_f]
-

M,  Unknown
standards protein
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Polyampholyte Character of a
Tetrapeptide and Isoelectric Points

Group pKa
1a |- 2 o-NH;* 9.7
N C-
" 1~ Glu y-COOH 4.2
Lys e-NH;* 10.0
T g0 | a-COOH 2.2
S 8 " C\ \ri c
N Ce 2 Tetrapeptide: . .
45 S W Gl , Isoelectric Point (pl), pH at
N B oy i which molecule has net zero
. 1 1 ;o charge, determined using
. ’ 2 g 4 computer program for known
Moles OH™ added per mole tetrapeptide . .
Copyight ©2000 Benjamin/ismmings, sn imprint f Adcison Wesley Longman, Inc sequence or empirically (by

Isoelectric focusing).
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TABLE 3-6 The Isoelectric Points
of Some Proteins

Protein pl
Pepsin <1.0
Egg albumin 4.6
Serum albumin 4.9
Urease 5.0
[3-Lactoglobulin 5.2
Hemoglobin 6.8
Myoglobin 7.0
Chymotrypsinogen 9.5
Cytochrome ¢ 10.7

Lysozyme 11.0

Biochemistry-2-1_AA



j[soelectric Focusing

Electrophoresis through polyacrylamide gel in
which there is a pH gradient.

8.0
/ pH of the gel
pl7.46 pl7.36 pl7.23
7.6 _ l
- Accumulation
Q of protein
7.4
! pl 7.44  pl7.30
7.0
. ' Position in gel s
Cathode Anode

Copyright ® 2000 Benjamin/Cummings, an imprint of Addison Wesley Longman, Inc.
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Isoelectric Focusing

Cathode -

Cathode -

Cathode -

€ @
s @ @ @
g @ ® @ @
< @
® ® - ®
I I I I I I
3 4 5 i) 7 i) g
pH Gradient
Isoelectric Focusing
= ® ®
+ @ @
§ ~ @ (5 &) @
5 @ % 5 ® @
@
@ ©
I I I I I I
3 5 6 7 i) g
pH Gradient
Isoelectric Focusing
® ® ® g _
@ @
HIE ® o ¢ ®
g @
@ @ © ¢ © ®
s 4 s s 1 8 s

pH Gradient
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Two-Dimensional Gel
Electrophoresis

Separate proteins based on isolectric point
In 1st dimension

Separate proteins based on molecular
wininhtin 2nd dimension

=i
=t — -
: o il Decreasing Isoelectric focusing ‘ D)) D) )))) ‘
dimsnsla | pl gel is placed on SDS
! > lectric /SRR 1 polyacrylamide gel.
uuuuuu - I
~:/
\" l
|
[0 D) IN [ | l [ |
Isoelectric focusing ; g o
gel is placed on SDS =3 -
pol;acrylamide gel. di Secqnd S Decreasing
imension = - M
‘ SDS polyacrylamide G A '
gel electrophoresis .

Decreasing — '
pl
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Precipitation in Protein

Fractionation

protein

Copyright 1999 John Witey and Sons, Inc. Al rights reserved.

Supernatant

ko..o’ - Precipitate

Log of solubility (g mL™1)

Biochemistry-2-1_AA

0.50 -

-0.50

-1.00 }

\ Fibrinogen

Serum
albumin

Hemoglobin

Myogiobin

2

Molarity of (NH,),SO,
Copyright @ 2000 Benjamin/Cummings, an imprint of Addison Wesley Longman, Inc.
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Centrifugation

el

Low-speed, high-speed, or
ultracentrifugation: different
spin speeds and g forces

Centrifugation Methods

Differential (Pelletting) — simple method
for pelleting large particles using fixed-
angle rotor (pellet at bottom of tube vs.
supernatant solution above)

«Zonal ultracentrifugation (e.g., sucrose-
gradient) — swinging-bucket rotor

*Equilibrium-density gradient
ultracentrifugation (e.g., CsClI) —
swinging-bucket or fixed-angle rotor

Copyright @ 2000 Benjamin'Cummings, an imptint of Addison Wesley Longman, Inc.
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Gradient Preparative
Ultracentritugation

ﬂPrcparc density gradient, QThe tube is placed in a “swinging bucket” rotor. r
Dense When the rotor revolves, the tube moves to |
Less dense a horizontal position. The macromolecule

sucrose 3 el
layer sediments, resolving into -

solution , SLGRSA N
\ solution ™% components. | -
% ? o Wa o B

\
9 The macromolecular

Gradi \ solution is layered on T
Fadient top. ltis less dense : : 5

mixer %, than the sucrose. ’
Sucrpse N
gradient O The bottom of the celluloid tube is
pierced by a hypodermic needle,

and fractions are allowed 1o drip
inlo a series of lubes. These can
then be analyzed.

T

Copyright @ 2000 Benjamin/Cummings, an imprint of Addison Wesley Longman, Inc.

E I ; . oy

(determined by sizg and.shape of solutes)
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‘ Sucrose-Gradient Preparative
Ultracentritugation

— Sample
— Slow-sedimenting
! component fractionation

-~

—

— Stabilizing
sucrose
gradient

— Fast-sedimenting
component

-
;
-

S|
— 1

®@-—--9----@

——
i)
M

—

(_(JJ—

- _—_)
C
C

C
&
C

Copyright 1958 Jobn Wiley and Sons, Inc. All rights reserved.
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Equilibrium Density Gradient
Ultracentrifugation

Used in Meselsen-Stahl experiment.
Separates based on densities of solutes.
Does not require premade gradient.

Pour dense solution of rapidly diffusing
substance Iin tube (usually CsCl).

Density gradient forms during centrifugation
(“self-generating gradient”).

Solutes migrate according to their buoyant
density (where density of solute = density of
CsCl solution).
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‘ Column Chromatography

Reservoir

Protein sample L
(mobile phase)

Solid porous matrix |-
(stationary phase)

Porous support /Eﬁ

1)
Effluent /

4

S o

Later time Later time
—_— — ’
° ! ' 0
Proteins AVAYAYAYANRWAVAVAYAYANENNY 1 VAVAVAVAY
l A 18:2: 314 5 12345 1 23 4°5
Copyright ® 2000 Benjamin/Cummings, an imprint of Addison Wasley Longman, Inc.
B
I Flow-through Eluate

(& 2
o o=-5l
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Ditterent Types ot Chromatography

Gel filtration/size exclusion/molecular sieve -
separates by size (molecular weight) of proteins

lon exchange (cation exchange and anion
exchange) - separates by surface charge on
proteins

o Cation exchange: separates based on positive charges of
solutes/proteins, matrix is negatively charged

o Anion exchange: separates based on negative charges of

solutes/proteins, matrix is positively charged
Hydrophobic interaction - separates by
hydrophobicity of proteins

Affinity - separates b%/ some unigue binding

igchemistry-2-1_AA

characteristic of nrotein of interest for affinity matrix

1



lon-Exchange Chromatography

@ Large net positive charge
© Net positive charge

© Net negative charge

@ Large net negative charge

Polymer beads with |\
negatively charged |\
functional groups

cn-
Protein mixture is added ®
o

to column containing [l
cation exchangers. | || ||.[/o
Qe

123456
Proteins move through the column at rates determined by their
net charge at the pH being used. With cation exchangers, proteins
with a more negative net charge move faster and elute earlier.

(a)

Low-salt
elution
buffer

Sample mixture

Chromatography —__
column

Copyright 1329 John Wikey and Sons, Inc. Al rights reserved.

High-salt
elution
buffer

(d)

Protein concentration

Lowsalt  Highsalt

\ Fraction number or volume of eluent

Fractions sequentially collected

Biochemistry-2-1_AA
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Gel Filtration Chromatography

(e}

Amount of solute

Volume of effluent

molecules

/—— Large
molecules

Porous
polymer beads

" o

Protein mixture is added
to column containing
cross-linked polymer.

Protein molecules separate
by size; larger molecules
pass more freely, appearing
in the earlier fractions.
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Attinity Chromatography

e

Mixture
of proteins

Protein mixture is
added to column
containing a
polymer-bound
ligand specific for
protein of interest.

Unwanted proteins

I

Protein of
interest

Ligand

¢

Solution
of ligand

—

Protein of interest

are washed through is eluted by ligand
column. 1 34 solution.
Biochemist

" S Solid resin
s'_ e matrix
e = : Specific binding
) Iy i ue of molecule to
) c / H matrix ligand
, i n : Matrix-anchored
13 [ C 2N ligand
\ E o ;3 ) Macromolecules
N with differing
‘\ (T / ligand-binding
\ /it sites
A B
( h | 0
N/ 1 ~
L
Coppic 199 e Wy S, o, AR s esaves
(a)
o= 4
—— Absorbance
£ z
§ 2k Nuclease —— T "é
= activity P (b)
8 S 0
- 41 2 [
£ Z 0= }"’ —0—CH, Thymine
@a " " _
240 Acetic acid i 0 H H
pH3.1 H H
l 7 =
H,N Q 0
0 1 ye 4
10 20 50 60
Effluent (mL)

Copyright 1299 John Wiley and Sons, Inc. All rights reserved.



Cleavage ot Polypeptides for Analysis

Strong acid (e.g., 6 M HCI) - not sequence
specific

Sequence-specific proteolytic enzymes
(proteases)

Sequence-specific chemical cleavage (e.g.,
cyanogen bromide cleavage at methionine
residues)

Biochemistry-2-1_AA
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Protease Speciticities

TABLE 3-7 The Specificity of Some Common
Methods for Fragmenting Polypeptide Chains

Reagent (biological source)*

Cleavage points®

Trypsin

(bovine pancreas)
Submaxillarus protease

(mouse submaxillary gland)
Chymotrypsin

(bovine pancreas)
Staphylococcus aureus V8 protease

(bacterium S. aureus)
Asp-N-protease

(bacterium Pseudomonas fragi)
Pepsin

(porcine stomach)
Endoproteinase Lys C

(bacterium Lysobacter

enzymogenes)
Cyanogen bromide

Lys, Arg (C)
Arg (C)

Phe, Trp, Tyr (C)
Asp, Glu (C)
Asp, Glu (N)
Phe, Trp, Tyr (N)

Lys (C)

Met (C)

*All reagents except cyanogen bromide are proteases. All are available

from commercial sources.

TResidues furnishing the primary recognition point for the protease or
reagent; peptide bond cleavage occurs on either the carbonyl (C) or the
amino (N) side of the indicated amino acid residues.
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‘ Cyanogen Bromide Cleavage at
Methionine Residues

Methionine
residue
—_— ——
T! ? O Rz O
! | I
—-tI\I—CH—C—N- CH—=C=N—CH—C—
b i1
H H CH; H
CH,
-
S
|
CH,
H.0.
N=C - Br
c \ B0
yanogen \_,. N o
bromide V=g
Methy!
! thiocyanate
g R
—T-—-CH—C—N (';H—-C + H.N—CH—C—
‘ ‘ |
H H CH, O
N
CH,
— e
Homoserine
lactone

Copyright @ 2000 Benjamin/Cummings, an imprint of Addison Wesley Longman, Inc.
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CNBr
fragments
- > = >

CNBr CNBr

Phe —Trp — MEt=SGly —Ala — 8B Leu—Pro— Met™ Asp —Gly— Aig Cys —Ala —GIn

T T

Y

Trypsin trypsin trypsin
fragments ’ ‘
-t > - > - >

Copyright 1989 Join Wiley and Sons, Inc, All rights reserved.
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rotein Sequencing: Edman Degradation

£ ONE g o Bg w9

>N=C=S + H,N—CH—C—NH—CH—C—NH—CH—C— -+ <+—

Phenylisothiocyanate Polypeptide

(PITC)
i or-

R 0 R, O R 0]
Fy. [ 160G 1F i R
C—NH—-CH—C—NH—CH—C—NH—CH—C
— |~
S T S i - :
PTC polypeptide PTC = phenylthiocarbamyl
anhydrous
F,CCOOH
R, 0 F;CCOOH = trifluoroacetic acid
HE—¢, R, O Ry O
£ T | I Il
+ H,N—CH—C—NH—CH—C— +++ —J
Mi: 8
( p Original polypeptide less
- its N-terminal residue
N—(
H O\

Thiazolinone derivative

e

R 0
HE—C
H\ _N
e PTH = phenylthiohydantion
S

PTH-amino acid
Copynight 1999 John Wiley and Sons, Inc. All rights reserved



ResiAdne

Polypeptide | = NO, NO,
FDNB NO, NO,
NO; NH
L W 8 R‘—CIH 6m HC s —CIH P :::ieno Identify amino-terminal
(a) | acids  Fesidue of polypeptide.
CI=O (o]0
2,4-Dinitro- HN 2,4-Dinitrophenyl
phenyl R —CIH derivative
derivative I of amino-terminal
of polypeptide C=0 residue
N; Phenylisothio- '\|"'I NH
I cyanate S>C | N > = 2
C Plo A Identify amino-terminal
Il HN: s N S=C c=0 idue: burtivand |
s I CF.COOH \ / H* i i residue; purify and recycle
(b) > R'—CH 3 C—CH HN CH  remaining peptide fragment
"4 OH CI=0 0// R r|{1 through Edman process.
I
1 GNH2 Anilinothiazolinone  Phenylthiohydantoin
: 2 derivative of amino derivative of amino
! R>—CH - g
i | acid residue acid residue
1 Cc=0
: '?2 Ta
] +
1 H;N —C—C—N—C—C .~ N\ Sho:?dened
\ PTC adduct H Il H HI peptiae
1 0 0
\ 1
b3 /

Note: Identification of C-terminal residue done by hydrazinolysis (reaction with anhydrous hydrazine in presence of mildly
acidic ion exchange resin) or with a C-termmus—specgig C(?l)é%g%l_ggls_eAggarboxypeptldase). 30
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Protein Identitication by Mass

Spectrometty

Mass
Glass Sample spectrometer
capillary solution
+t.+ L dlar o
+ S+ + +
_— 10 — 10!
/ \ TR e W
+
High
voltage
L J
Vacuum
interface
Collision
MS-1 cell MS-2  Detector
< H— @
y N | | ]
Electrospray Separation Breakage
ionization
b
R' R O RS
[ H Ho| H H | _o
HN—C—C—N—C—C—N—C—CH+N—C—C—N—C—C_
H H | Il H H | Il H [om
R R* O
y
R R O RS
E— [ H oLl Hol 20
HN—C—C—N—C—C—N—C—C- *N—C—C—N—C—C_
H HoT H Ho i H o-
R2 O R O
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Relative intensity (%)

100 |

100, 37342
50+ 50k
100 | l
0
75 b 40+ 47,000 48,000
l e
50 - 30+
25 |
ST \
0 1 1 I I I 1 1 I
800 1,000 1,200 1,400 1,600
m/z
200 400 600 800 1,000
m/z
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Protein Identification by Mass
Spectrometty

Two main approaches:

1. Peptide mass fingerprinting: Proteolytic digestion of protein,
then determination m/z of peptides by MS (e.g., MALDI-TOF
or ESI-TOF), search “fingerprint” against database. Success
of ID depends on quality/ completeness of database for
specific proteome.

2. Tandem MS (MS/MS - e.g., nanoLC-ESI-MS/MS):.
Proteolytic digestion of protein, separation and determination
of m/z of each (MS-1), then determination of collision-induced
dissociation fragment spectrum for each peptide (MS-2).
Gives context/sequence-dependent information, so more of a
do novo sequencing method.

Biochemistry-2-1_AA
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Locating Disulfide Bonds

Disulfide bond

‘\-) (cystine) _IJ
CH,SH - o=c
(lfHOH HCI -—C HZ—'S—S—CHz—CIH
€=0 HN
CHOH ﬁﬁ
CH,SH
Dithiothreitol (OTT) | 0% ;.‘;Z{lcu.,,, B,
exfo [Othre; oy

I

0=C

HN

N

—Ll

H ﬁ 0 o0=C NH 0=C
—CHz"‘ﬁ—‘o' -0 _ﬁ_cHz—CIH HC —CH,—SH HS—CHz—ClH
=0 O o HN c=0 HN
Cysteic acid —H ',f' acetylation _H
residues I by
iodoacetate
i ]
HCI—CHz—S—CH;—COO‘ 'OOC—CHI—S—CHz—CIH
C=0
r_!" Acetylated
cysteine
residues

O
I
o
iodoacetate
A chain: §
S S
@ ® |
i i
B chain: FYNQHLCGSHLVEALYLVCGERGFFYTPKA
Step 1: Test for free —SH with radioactive
iodoacetate or other
sulfhydryl-reacting reagents
oN Unchanged insulin molecule ., no free —SH groups
1
,s Step 2: Cleavage of Step 3: Mild acid hydrolysis
s enlire molecule of entire molecule
\ with chymotrypsin
LVCGERGFF
CA CAS (A e
Identification of
bond (3) as A20 - B19 S S S Gel s
i o+ IR+ A + +
| =
|
I C  LeG, GVEQC SVC
Identification of Identification of
bond (2) as A7 - B7 bond (1) as A6 - A11

Copyright @ 2000 Benjamin/Cummings, an imprint of Addison Wesley Longman, Inc.
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Determing Primary Structure

Entire Protein

Procedure Result
hydrolyze; separate A 5 H 2 R 1
__amino acids c 2 I 3 S 2
D 4 K 2 T 1
L \& E2 L 2 Vi1
. F 1 M 2 Y 2
Polypeptide G 3 P 3

react with FDNB; hydrolyze;
separate amino acids

2,4-Dinitrophenylglutamate
reduce

detected
disulfide
bonds (if present)
HS S,
ane
.‘.‘ 77)
cleave with trypsin; @ GASMALIK
separate fragments; sequence
\by Edman degradation @ EGAAYHDFEPIDPR
(3) DCVHSD
YLIACGPMTK

cleave with cyanogen
bromide; separate fragments;
\sequence by Edman degradation

TKDCVHSD
ALIKYLIACGPM

®

OO

establish @

EGAAYHDFEPIDPRGASM

of an

Conclusion
Polypeptide has 38
amino acid residues. Tryp-
sin will cleave three times
(atone R (Arg) and two
K (Lys)) to give four frag-
ments. Cyanogen bromide
will cleave at two
M (Met) to give three
fragments.

E (Glu) is amino-
terminal residue.

@ placed at amino terminus

because it begins with E (Glu).

placed at carboxyl terminus
because it does not end with
R (Arg) or K (Lys).

@overlaps with

@and,allowing

them to be ordered.

sequence .
e Awiiie I

terminus |

EGAAYHDFEPIDPRIEASMALII&LIACGPMTIJBCVHSD
Il —y—

1 Carboxyl

| terminus

© ©® @
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eactions in Solid-Phase Peptide

ynthesis

Amino acid 1 with R 0 )

-amino aroup protactad | [ e Attachment of carboxyl-terminal
;; E groupp Fmoc _'T e — @ amino acid to reactive
y Fmocgroup H group on resin.
NS o
T g
Fmoc —N —cn—c-—o—cu;—@—_ - -~
] - \
R2 0O i
1
Fmoc —N —éH—g—Oz Protecting group is removed :
| by flushing with solution i
H containing a mild organic base. |
Amino acid 2 with :
N=C=N protected ) 0 !
«-amino group is + i - 1
Dicyclohexylcarbodiimide activated at HBN—C“—C—O—C"Z_O’\ y |
carboxyl group - 1
(DCO) by DCC. !
i
1
a-Amino group of amino !
acid 1 attacks activated 1
2

T % TH w @ carboxyl group of amino acid :
Fmoc —I\Il —CH—C —O—ﬁ 2 to form peptide bond. !
H N o i
- I i
N—C—N 1
| | !
H H :
Dicyclohexylurea byproduct E
1
]
U

2 R' 0O Reactions @ to @

RZ O
| I | 1 S repeated as necessary
Fmoc i Ce e (e G e et
H H
Completed peptide is
HE deprotected as in
@ reaction @ ; HF cleaves
ester linkage between

peptide and resin.
RZ O R!

[o}
+ | Il )
H;N—CH—C—I‘:—CH—C-—O' + F—CHy -
H
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TABLE 3-8 Effect of Stepwise Yield on Overall
Yield in Peptide Synthesis

Number of residues in

Overall yield of final peptide (%)
when the yield of each step is:

the final polypeptide 96.0% 99.8%
11 66 98
21 44 96
31 29 94
51 13 90
100 1.7 82
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Summary

1) Amino acids can be joined covalently through peptide bonds to form
peptides and proteins. Cells generally contain thousands of different
proteins, each with a different biological activity.

2. Proteins can be very long polypeptide chains of 100 to several
thousand amino acid residues. However, some naturally occurring
peptides have only a few amino acid residues. Some proteins are
composed of several no covalently associated polypeptide chains,
called subunits. Simple proteins yield only amino acids on
hydrolysis; conjugated proteins contain in addition some other
component, such as a metal or organic prosthetic group.

3. The sequence of amino acids in a protein is characteristic of that
protein and Is called its primary structure. This is one of four
generally recognized levels of protein structure.
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