Chapter 3 Proteins
Outline

@ Classification of proteins

@ The basic building blocks of proteins—Amino acids
@ Structure of proteins

@ Structure and function relationships of proteins

@ Properties of proteins

@ Separation, purification and determination of

proteins



What are proteins?

Proteins are macromolecules composed
of amino acids linked together through
peptide bonds, which have a stable
conformation and a certain biological
function.

Proteins are linear polymers3%® 54 built
of monomerE.4& units called amino acids.




Section 1
Classification of proteins

1. Chemical Components of Proteins

& Major elements: C,H, O, N, S

@ Trace elements: P, Fe, Cu, Zn, Mo, 1, ...

€ The average nitrogen content in proteins is about
16%, and proteins are the major source of N in

biological systems.



Section 1
Classification of proteins

1. Chemical Components of Proteins

@ The protein quantity can be estimated---Kjeldahl
determination (F|IKERIE)

@ protein in 100g sample = N per gram X 6.25 X 100




2. Protein Classification

@ Classification based on the overall shape
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Globular protein (ERIREBR)

globular or ellipsoidal (long/short <10), soluble in
water; including enzymes, transportors, receptors,

regulators, ...

Fibrous protein (ZFZEREHR) -

highly elongated; insoluble in water; 1nclud1ng

collagen (FRJREEF
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@ Classification based on chemical compositions

Simple protein (FHEEHRK)

made up of amino acids completely, without non-
protein components

Conjugated protein (ZSHEHR)

conjugated protein = apoprotein + prosthetic groups

Prosthetic group (%§Z£) is non-protein part,
binding to protein by covalent bond. This group can
be carbohydrates, lipids, nucleic acids, phosphates,
pigments (f£%&) , or metal ions.




Category of conjugated proteins

Category (55))| Prosthetic group (%§%) | Example (Z4i)

I .
i%;éﬁ?lggtem nucleic acids Chromosome, ribosome
Glycoprotein .

CBEE) carbohydrates Immunoglobulin (Ig)
Li tei . . . o 1s .

(llﬁg,%%e)m lipids High-density lipoprotein
Phosph I

(ﬁ;;lé [(;Ip)r otein phosphates Casein (BSEEH)
Chromoprotein . .

EEE) pigments Hemoglobin (IM4LF HHb)
Metalloprotein Ferritin (k& H) ,

(ERBEH) Rt calmodulin (F51HEH)



@ Classification based on biological functions
& Enzymes — Ribonuclease (IZHE%ERES)

> Regulatory proteins — Insulin and growth hormone

& Storage proteins — ovalbumin (JFFERH)

& Defensive and protective proteins — Antibody, toxin (&)

© Transport protein — Hemoglobin

© Structural proteins — a-keratin, Collagen

& Contractile proteins — Actin (Jl3})Z

EH) , Myosin (JLERE
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Section 2
Protein architecture — Amino acids

1. General structure of common amino acid (AA)

@ The basic building blocks of proteins

@ About 300 types of AAs in nature, but only 20 types are
used for protein synthesis in biological systems.

@ A typical a-amino acid has an amino group, a carboxyl
sroup, a hydrogen atom and a side-chain (R group)
attached to the same carbon atom (C,)



_——— = g

Amino N

Carboxyl
group L_2_ Wl group

Different side-chain (R group)
Different chemical and physical properties
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COOH COOT—:—deprotonated

I
|H2N_C_H H3N+_C_H I
L_____a __________ 7/____-_a___l
R protonated R
nonionic form zwitterionic form

dipolar ion

@ Except for proline, all 19 of the common AAs are o-
amino acids; Proline is an o-imino acids.

@ The o-carbon atom is always asymmetric or chiral
center except in glycine, hence, all amino acids are

optical activity(§J& %) and have two stereoisomers
(mirror-image forms) (D or L configuration).



@ The two stereoisomers of each AA are designated
by D, L system according to the D- and L-
glyceraldehyde

](;HO CHO
HO=2C —H H~—C—OH
3éI—IQOH EHQOH
L-Glyceraldehyde p-Glyceraldehyde
900 (;OO
H,N— C—H H— C—NH,
éHS CH3

L.-Alanine D-Alanine



€ Only the L-AAs have been found in proteins

@ D-isomers have been found only in small peptides

of bacteria cell walls or in some peptide antibiotics

€ Racemate(SMHEEY)): An equimolar mixture of the

D- and L-isomers of an optically active compound.

€ A racemic mixture shows no optical activity.



2. Amino acid classification

‘Standard amino acids
(common AAs, proteinogenic AAS)

Nonstandard amino acids

-Non-protein amino acids



Standard amino acids

4 Commonly found in proteins

€ Encoded by genetic codes and directly introduced

into protein during translation
@ Differ in side chain (R group)
€20 commonly found

@2 rarely found (selenocysteine and pyrrolysine)
(AL EER, Sec, U) (AR R, Pyl, O)



Classification of the standard amino acids

By chemical structure
of R groups

A

-Aliphatic amino acids: 15
Aromatic amino acids: 3

-Heterocyclic amino acids: 3

-Neutral amino acids: 15

By acid-base properties{Acidic amino acids: 2

By the polarity of
R groups

-Basic amino acids: 3

{Non-polar amino acids: 9

Polar amino acids: 11



Non-polar R groups amino acids

() Alanine (Ala, A) (2) Valine (Vval, V)
CH,—CH—COO~ CH,—CH—CH—COO~

|
+NH,

(3)Leucine (Leu, L)

CH3—|CH—CH2—(|3H—COO—
CH, +NH,

(4)Isoleucine (Ile, I)

| |
CH,+NH,

| |
CH, +NH,

(5)Proline (Pro, P)
H2C - CH2

H,C +/CH—COO—
N
H,



(6)Phenylalanine (Phe, F)  (7)Tryptophan (Trp, W)
7 L - —
<i%cH2 (|3H COO" OL J CH, C|H CO0
A +
+NH3 N NH,

(8)Methionine (ZEER, Met, M)  (9Glycine (Gly, G)

H—CH—COO~
CH,—CH,—CH— COO~ |
| | +NH,
SCH,  +NH,



Polar, uncharged R groups amino acids

(0Serine (Ser, S)

CH,—CH—COO~
| |
OH +NH,

(12Cysteine (Cys, C)

HS—CHz—(|3H—COO—
+NH,

(DAsparagine (Asn, N)

O

|
HZN—C—CH2—$H—COO—
+NH,

(DThreonine (Thr, T)
CH,; —CH—C|3H—COO_
|
OH +NH,

) Tyrosine (Tyr, Y)

HOOCHZ C|H COO"

“"NH

3

(5)Glutamine (Gln, Q)

O

|
+NH,



Polar, negatively charged R groups amino acids
(6)Aspartic acid (Asp, D) (NGlutamic acid (Glu, E)

—OOC—CH2—|CH—COO— —OOC—CHQ—CHZ—C|H—COO—
+NH, +NH,



Polar, positively charged R groups amino acids
(9Lysine (Lys, K)

+
H3N_ CH2 T CH2 T CH2 T CH2 T (|:H T COO o

(9Arginine (Arg, R) "NH
+NH,
H,N—C—NH—CH,—CH,—CH,—CH—COO
+NH,

MHistidine (His, H)
H‘C:C—CHQ—(EH—COO—
| s
HN /NH NH;
e
H



According to whether {Essential amino acids
it can be synthesized “Nonessential amino acids

@ Essential amino acids (or indispensable AAs)

— Cannot be synthesized by the humans, must be

supplied in the diet
— 8: Val, Ile, Leu, Phe, Met, Trp, Thr, Lys
€ Semi-essential amino acids
— 2: His and Arg

— Required by infants and growing children



Essential and Nonessential Amino Acids in Humans

Essential Nonessential
Arginine* Alanine
Histidine* Asparagine
Isoleucine Aspartic acid
Leucine Cysteine
Lysine Glutamic acid
Methionine Glutamine
Phenylalanine Glycine
Threonine Proline
Tryptophan Serine
Valine Tyrosine

*Arginine and histidine are essential in the diets of juveniles, not adults.



21st & 22nd AAs

COO COO"
HSN'(]E_H Hsﬁ__lé_H _______________
&
SeH. + CH,
Seler'lz’).c'y-s:teine I (lez

(Sec, U) CH,

Pyrrolysine



Nonstandard amino acids
€ Occur only rarely in proteins
€ Amino acid derivatives found in proteins
€ formed by post-translational modification

» y-Carboxyglutamate (carboxylation of glutamate) found in the
blood-clotting protein prothrombin, allows for better binding

of calcium cations.

» collagen contain 4-hydroxyproline and and 5-hydroxylysine,

generated by hydroxylation of proline and lysine respectively.



| o i "OH =
00C—CH-—CH,—CH—C00' ; U §

i +NH3 i i ﬁ' COO_HE
L...yCarboxyglutamate E H, i

N O | |

| l L 4-Hydroxyproling!

e }r 0 CHQ—(|3H—COO“E

e *NH, fF==m 7T m e mmmonnmn oo ;

Phosphoserine i

; OH *NH,
] (|-|) -------- CH; e 5-Hydroxylysine
-0 I" 0 CH—(|3H—000*§
0 NH;
S— Phosphothreonine . ...t |
ECHg—NH—CHg—Cﬂz—CHQ—CHQ—(|3H—COOl
i “NH,

6-N-Methyllysine



Non-protein amino acids

@ Present in living organisms, but Not found in

proteins
€ some are B-AA, y-AA, or D-AA, etc

@ Never directly introduced into proteins during

translation

€ Can be naturally-occurring or chemical

modifications of standard AAs



+NH, NH,

B-Alanine B- aminobutyric acid

HO—CH,—CH,~CH—COOH  HS—CH,~CH,~CH—COOH
|

N.H2 NH,
Homoserine Homocysteine

Hgﬂr—CHg—CHQCHzﬁJHCOO—

"NH,
Ornithine

_ Orn and Cit:
H,N (ﬁ ITT CHz_CHz_CHz_(ﬁH_COO Intermediates in

O H "NH, AA metabolism
Citrulline




3. Acid-base properties of Amino acids and pl

€ Amino acids has both a basic amine group and an

acidic carboxylic acid group

€ 1n neutral solution (pH7.0), the amino acid
contains a negative charge and a positive charge. It
is called a zwitterions(F& £ F) or dipolar ions ({8

R T).
H H
R—é—COOH R—(‘)—COO
NII-IQ +N‘H3

Nonionic form Zwitterionic form



€ Substances having this dual (acid-base) nature are
amphoteric PSPE£H] and are often called

ampholytes (P54 B &K

€ Amino acid zwitterions are amphoteric. They can

react as either acids or bases.

i i
R—(|3—000— —= R—(lj—COO— + H*
+NH, NH,

Zwitterion
as acid

; ]

R—(lj—COO— +HY — R—(Ij—COOH
+NH, +NH,

Zwitterion
as base



@ AAs are all weak polyprotic acids %5 G595

€ Amino acids have characteristic titration curves

(R 5E FIT7 7€ H £8)

S S

R—(—COOH N R—(—C00" , R—(—C00"
Net "NH,; “"NH; NH,
charge: +1 0 -1

Fully protonated form Zwitterion deprotonated



€ AAs ionize to various states depending on pH
values

@ Isoclectric Point (pl, 2 H /) is the characteristic
pH at which an amino acid has equal positive and

negative charge (the net electric charge is zero)

€ AAs in solution at pI are predominantly in dipolar
form

@ pl is determined by pK (K: dissociation constant of
the ionizable groups)



R

|
H,N—CH—COOH

H

R R R
Hj\I—(':H—COOH Oli_ H3I+\I—(|3H—COO— Oli_ H2N—(|3H—COO—
pH<pl pH = pl pH>pl
cation Zwitterion anion
Move toward the Do not move Move toward the
negative electrode positive electrode

»> At any pH below its pI, AA has a net positive charge and will
move toward the negative electrode (the cathode).

»> At any pH above its pI, AA has a net negative charge and will
move toward the positive electrode (the anode).

» The farther the pH of a AA solution is from its pl, the greater
the net electric charge of the population of AA molecules.



Calculation of Isoelectric Point

S A
R—C—COOH —Z»> R—C—C00~ -2 R—C—C00~
| Ky | K |
“NH, “NH, NH,
AA+ AA0 AA-
H+] [AAP? H*] [AA?
Ki= gy 1A= R A
H*] [AA- K, JAA?
K2:[ [Iiio] ]i[AA']: : [[H"']]
[H'] [AAY] _K,* [AA)

'.'pIHTJ‘, [AA+]=[AA], .. %[H+]2=K10K2

K, [H*]

FaE s, B pH=(pK,+pK,)/2, MHElpI



|
J
1.0 = 0 > 1.0

Equivalents of H* Equivalents of OH™
l | J
0 1.0 2.0
Equivalents of OH™ added—»
l | J
2.0 1.0 0

<-— Equivalents of H" added



€ Amino acids with nonionizable R group (REZEA H &)

with similar titration curves as that of Gly

€ Amino acids with ionizable R group (REH &)

with more complex titration curves

€ Only His provides buffering power near neutral pH
because of the R group (pKz=6.0) (R B His7E+ £pH
i i)




Titration Curve for Glutamic Acid and Histidine
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4. Spectrophotometric properties of Amino acids
Absorbance of ultraviolet light 000

20,000

by aromatic amino acids 10,000

w 5,000
2,000
1,000
500

200

Trp 280nm 5.6 X103
100
Tyr 275nm 1.4X103 o

20
10

Phe 257nm 2.0X102 200 220 240 260 280 300 320

Wavelength (nm)

Molar absorptivity

They are jointly responsible for the light absorption of

proteins at 280nm

» Proteins in solution absorb UV light with absorbance
maximum at 280nm

» Measuring protein content by photospectrometry



Absorption of light by molecules: The Lambert-Beer Law

A=1lgl)/I=1g1/T = &cl
The expression Ig(Z,/1]) is called the absorbance, designated A
1, is the intensity of the incident light
I is the intensity of the transmitted light
I/l (the inverse of the ratio in the equation) is the transmittance, 7’
¢ is the molar extinction coefficient (in units of liters per mole-centimeter)
c is the concentration of the absorbing species (in moles per liter)
[ is the path length of the light-absorbing sample (in centimeters)

Intensity of Intensity of
incident transmitted
light - light
I, I

N\ uﬂ'uﬂu'ﬂ“ avava¥a” '™ P
e [

Lamp Monochromator Detector

Sample cuvette
with c moles/liter
of absorbing
species

Figure The principal components of a spectrophotometer 43676 i1



