Chapter 5: Amino Acids, Peptides & Proteins

- Amino acids share common functional groups
- Amino, Carboxyl & H bonded to G,

. Digtinct chemidry of aa’ sresult of Sde chains

. 0o’scategorized on basis of R group (side chain)
- Nonpolar, aromatic, polar, (+)-charged, (-)-charged

. aa’scan act as both weak acids & weak bases
- SomeR groupscan dsoionize (HA=~H*+A") 1

Proteins & polypeptidesare polymersof aa’s
~ Peptides < 100 residues Proteirs > 100 residues

Proteins are studied using variety of methods
- Solubility, size, shape, charge, hinding patterrs

Protein structure is defined at 4 levels

- Primary (1°) Secordary (2°) Tertiary (3°)
Quarternary (4°)

Proteins with similar functions of ten have

similar oo sequences

Amino Acids- thealphabet of protein structure
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Amino acids share common structura features
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Side Chain (“R group’) Examples
Polar, uncharged R groups
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3-letter and 1- letter amino acid abbreviations

5-1
Properties and Conventions Associated with the Standard Amino Acids
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The alpha carbon isachiral center
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Steread somerism in amino acids

Amino Acids are classified according to their R group

1(‘JHO CHO
HO—E(:j--H He— (:jd..()H
3CH,0H CH,OH
L-Glyceraldehyde D-Glyceraldehyde
QOO CO0
HyNe— C=H He Cq=NH,
CH, CH,
L-Alanine D-Alanine
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Aromaic R groups
Aromatic R groups
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Positively Charged (Basic) R groups

Positively charged R groups
?OO’ (‘]OO’ Ccoo~
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Fig S.gysine Arginine Histidine
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Nonpolar, aliphatic R groups
coo (‘300 C‘OO
Huﬁf(‘lfH Hg]\‘lf(\lfl{ H@‘J—?—H
H CH, CH
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cf1, “cH,
Glycine Alanine Valine
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Leucine Methionine Isoleucine
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Nonpolar, Aliphatic R groups 8
Polar, Uncharged R groups
Polar, uncharged R groups
(iJOO (‘300 (.‘700
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Negatively Charged (Acidic) R groups
Negatively charged R groups
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Aspartate Glutamate
Fig5.5
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Nonstandard amino acid residues

H coo
HO—G—(Hs 000 CH-—CH,—CH-—C00
Hil,\‘ _CH—COO 'NH,
H H y-Carboxyglutamate
4-Hydroxyproline
H.N_ 000
\Iﬁ
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oH NH, CH-(CHL), (©Ha),—CHt
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\]f»,
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'NH, HN 000"
6-N-Methyllysine Desmosine
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) 'NH,
Fi g 5.8 (@) Selenocysteine

Created by modification of residueswithin proteirs ;5

Amino acids can act asacids and bases
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Nonionic Zwitterionic
Fig.50 form form
Zwitterions - dipolar ions 14

Amino Acids have characteristic titration curves
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L Glycine
pK p= DK. =960

7L
, pu |SOElectric point ;5o

pK = ek =234

COOH]=[RCOO ]
0 05 1 15 2
Fig 5.10 OH (equivalents) 15

Effects of chemical environment on pK

pK, 2 4 8 8 10 12
Methyl-substituted H H
earboxyl and g + .
amino groups. CHy—CO0H < CHy—CO0 Cify Ny === CHy—NHy
W e
Acetic acid Methylamine
The nermal pK, for a The nermal pK, for an

carhoxyl group is about 4.8, amino group is about 10,6,

. ; + e
Carboxyl and NHy H NHj H NH;
amino groups | iy ya |
in glycine H*lII*COOH 5 H- (II -C00™ ‘\ = H*{II*CDO’
H " H il H
a-Amino acid iglycine) a-Amino acid (glycine)
pE, - 2,34 B, = 9,60
Repulsion between the amino Eleetronegative okygen atoms
group and the departing proton in the carboxyl group pull electrong
away from the amino group,
a lowering it p,
groups lower the pk, by stabi-
P Tizing the rwitterion
Fig5.11 i i

pK,'s of functional graups are influenced by neighbar s
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oo ’'shave atleast 2 regions of buf fering power

NH,, NH, ) NH,

o e oon oo
Iso€letric point (pl) = pH mCOOH o0 o
Where net charge onoa =0 J§ Ghrsine

NH S T=[RNHL] 2
Foraa’swith 2 ionizable L F
Groups on ISoelectric point] ;oo

pKE= bk =254

(ex: R-COOH, R-NHs*)

[RCOOH]=[RCOO ]

pl = DK1+ DKZ: 23+96 % 05 1 L5 2
2 2 Fig 5.10 OH- (equivalents)
=597 17

I soelectric point calculations(pl)

(1) determine the number of ionizable functional
groups (-COOH, -NH,*, -OH, -SH, etc.)

(2) Draw theseries of proton lossesfrom low to
high pH

(3) Deter mine which specieshas a net charge of 0

(4) Average the pK’ swhich bracket that ionization
18




aa’swi thi anizableR graups have more complex titration aurves

COOH Co0 Co0 CO0
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pH
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Histidine - Biological Proton donor/Acceptor

COOH €00
HN—CH HN—CH HN—CH HN—CH

0 1.0 2.0 3.0
OH~ (equivalents)

Fig5.12 b (b)

Only aa with R group pK, near physiologica pH (7.4) 20

=32 i 0 01]—?’ (equivalzlﬁs) =
Fig5.12 a (a) Glutamate
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Peptides and Proteins
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Fig5.13
oa’sare covalently joined through amide linkages

Activation of -COOH by tRNA

3" end of tRNA

Peptide & Protein Terminology
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. Oligopeptide- few aa’s

. Polypeptide- >20 aa’s

. Peptides, proteins have amino terminal (N-termiral)
and carboxyl-terminal (C-termiral) ends

. Peptides & proteirs also have I scelectric goints(plz’sg

H
-0—C (ltfR
(”) “NH;
Aminoacyl
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D
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Biologically Active Peptides
. Asapartame (N utrasweet) 2a0's
. Oxytocin (uterine contractions) 9aa’s

. Bradykinin (inflammation inhibitor)  9aad’'s
- Insulin (ugar uptake) 30/21aa’s

Compareto proteins
. Cytochrome C (energy metabolism) 104 aa’s
. Titin (muscle protein) 27000 aa’s
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Proteins can have sngle or multiple pdypeptide chains

. Multiple subunits = Multimeric proteins

- Subunitscan be same or dif ferent
- Ex: actin (identical subunits)
- Ex: Hemoglobing (different subunits)

. Dimers, trimers, tetramers, etc. refer to.
number of subunits in multimeric proteins

- Subunitsheld together by noncovalent and
covalent (disulfide bonds) linkages
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Disulfide bonds

CO0~ Co0~
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Polypeptides have characteristic oo compostion

- Hydrolysisyields characteristic proportion of aa’s

. The standard 20 aa’s almog never occur in equal
proportions

. Proteinswith diff erent functions will differ
significantly in their r egpective proportiors

. Crude yet powerful method of pratein identification

Chemical modification of proteins

Conjugated Proteins
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Levelsof structure in Proteins
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Class Prosthetic group(s) Example
Lipoproteins Lipids B,-Lipoprotein of blood
Glycoproteins Carbohydrates Immunoglobulin G
Phosphoproteins Phosphate groups Casein of milk
Hemoproteins Heme (iron porphyrin) Hemoglobin
Flavoproteins Flavin nucleotides Succinate dehydrogenase
Metalloproteins Iron Ferritin

Zinc Alcohol dehydrogenase

Calcium Calmodulin

Molybdenum Dinitrogenase

Copper Plastocyanin
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Working with proteins

Proteins must be purified before they can be
characterized

- Knowledge o structure and function

Proteins are purified based on their physical and
chemical properties
- Size (fractionation)
- Solubility (function of pH, temperature, salt)
- Charge (binding to oppositely charged compounds)

- Binding properties (ligands) 0




Chromatography

Takes advantage of
differencesin:

- Charge _

. Size :E,‘_‘E ) :

. Binding affinity

Mobile (liquid) and ¥

Stationary (matrix) -
phases '

. Fig5.18
S1

Proteins can bepurified ssveral thousand fold
via combination of chromatography steps

5-5
A Purification Table for a Hypothetical Enzyme*
Fraction Total

Procedure volume protein Activity Specific activity
or step (mi) (mg) {units) {units/mg)
1. Crude cellular

extract 1,400 10,000 100,000 10
2. Precipitation with

ammonium sulfate 280 3,000 96,000 32
3. lon-exchange

chromatography 90 400 80,000 200
4. Size-exclusion

chromatography 80 100 60,000 600
5. Affinity chromatog-

raphy 6 3 45,000 15,000

“All data represent the status of the sample after the designated procedure has been carried
out. Activity and specific activity are defined on page 137

Unseparated proteins can be quantified by
measuring catalytic activity

Fig5.23 “rj

Activity = total units of enzyme in solution
Specific Activity = number of units of enzyme
per milligram of protein

Electrophoress: Seperation & Characterization

1 2
ofLf L
Myosin 200,000 |
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Ovalbumin 45,000 || es—
-
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Fig 5.19
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Covalent Structure of Proteins

Purified proteins
_ Size (electrophoresis)
- Charge (dectrophoress or chromatography)
- Catalytic activity (enzyme assays)
- Binding properties (ligands)

Detailed Biochemical analysis (Structure/Function)
- 1° - amino acid sequence
- 2°-Circular dichrasm
_ 3°- X-ray crystallography, NMR
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1° providesimportant Biochemical Information

. Insightsinto 3D structure
- a-helix, B-sheet, etc

. Cdlular location of protein
_ Cytosol, plasma membrane, nucleus, etc.

. Evolutionary relationships

. Genetic disease
37

Determining the 1°

(1) Purification of protein

(2) Breakdisulfide (-S-S-) bonds

(3) Cleave proteininto smaller peptide fragments
- Enzymatic digegtion

(4) Chemical modification & hydrolysis

(5) Identificationof individual amino acids
- ldectric paint, etc.
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1° providesinformation on structure & function

. Cellular location or chemical modification

- N-terminal sequences - 9gnasfor export to
nucleus, etc.

- Ser, Thr, Tyr context - phosphorylation sgnals
- Asn, Ser, Thr context - glycosylation signals

- Comparison to sequencesw/known structure
- Functional smilarity
- Evdutionary relationship
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1°sequence information (contd.)

. Structural domains

- Catalytic Sites: KTGGL (glucose pocket)

— LxooooxLxxoxxxL : “leucine zi pper”

- NNRKN (Basic (+) reddues): DNA binding domain
- Etc.

. Genetic disease

_ Sickle cell anemia, Cystic Fibross, MD
- Comparison to hedthy individuals
- Single amino acid changesin many cases 20

Protd n homdogy & Polymorphism
- Homologous proteins share a significant
amount of sequence identity (>25%)

- Evolutionarily related

- Usually perform the same function in different
species

. Most proteins are polymorphic - exhibit

variation in aa sequencewithin species "

Positionswhich vary in aa sequence are called
variableresidues

S<e

=
EZOHCE® opome e
=g .

Box52Fig1l cytochromeC

Gradationin variation:;
- Conservative (hydrophobic for hydrophobic aa)
- Nonconservative (Polar for hydrophobic, efc.)
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Biomedical & related benefits

. Evolutionary relationships

- Anthropology
- Forensic Science

- ldentification of individuds, populations
. Proteomics

- Examination of the expresson of al proteinsin a
cell

- Comparison of healthy/diseased states - what
proteins are (not) expressed?

- Provide targetsfor drug developmert

Chapter 5 - Summary

. 20 Standard ao’s found in proteins
- 0-COOH group
- a-NH, group
- Didinctive side chan (R group)

. a-carbon (central carbon) isasymmetricin all

oa’s(except glycine)
- 2 dereoisomeric forms (D- and L -)
- Only L- form in proteins

Summary (contd.)
. oa’sclassified onthe basis of polarity & charge
- Nonpolar aliphatic
- Aromdic

- Pdar uncharged

- Acidic (-) charged
- Badc (+) charged

. aa’sionize in aqueous saution
- a-COOH -~ a-COO + H*
- CX-NH3+ -— G-NH2+H+

. aa’sare often characterized by their isoelectric

. aa’sare covalently joined through peptide bonds

. Proteins are often conjugated to other molecules

- R Group ionization 45

Summary (contd.)
. 4levelsof protein structure
- Primary, secondary, tertiary & quartemary

. Protein structural & functional analysis

- Solubility (Predpitation with salts)

- Chromatagraphy (Size, Charge, Binding affinity)
- Electrophoresis (Size and cherge)

- 1° providesimportant Biochemical Information
- 3D dructure, active sites targeting signals, efc.
- Pratein homology and polymorphism 47

Summary (contd.)

point (pl) - pH where they have no net charge

- Amino (N-) ard Carboxy (C-) terminal ends

- Metal ions

_ Lipids

- Carbohydrates
- Etc.




