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FUNDAMENTALS

INTERMOLECULEAR FORCE

Inter-molecular forces are forces between molecules. All following inter-molecular interactions can be considered as electrostatic
interaction with increasing strength.

1. Vander Waals Force

e Van der Waals force includes London dispersion, Induction force and Dipole-dipole interactions.

2. Hydrogen Bond
e The H-bond is similar to the dipole-dipole interaction.
e Hisdirectly attached to Oxygen (O) or Nitrogen (N) usually.
e Lone pairs can act as H-bond acceptor, and H that is attached to N or O can act as H-bond donor.

3. lonic

e The electrostatic interaction between two ions with opposite charge.

4. Hydrophobic Effect

HYDROPHOBIC EFFECT

Definition: The tendency of hydrocarbons (or of lipophilic hydrocarbon-like groups in solutes) to form intermolecular aggregates in

an aqueous medium, and analogous intramolecular interactions.

e Entropy explanation

Low Entropy Interfacial Water
Release of hydrophobic core

Interfacial Water (water is excluded)
(increase in water entropy)
Hydrocarbon ST N
uptake of
Interfacial Water
(decrease in water entropy)

m When the hydrocarbon m
aggregates the amount of
m interfacial water decreases.
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WATER

Water is the fundamental solvent in human body.

STRCUTURE
van der Waals van der Waals
envelope radius of O

=1.4A
O—H covalent

bond distance
=0.958 A

van der Waals
radius of H
=12A

Properties of water:

1. Oxygen atom in water is sp*-hybridized
and O is more electronegative than H.

2. Water is a polar molecule with a non-
zero dipole moment.

3. Water is able to form H-bond network
(act as both donor and acceptor).

4. 1H,0 molecule can potentially form 4 H-
bonds.

PROTEIN BIOCHEMISTRY

e  Proteins are made of amino acids that are linked by peptide bond.
e Proteins are the fundamental agents that exert biological functions.

e The protein sequences are encoded by genes and mutations could cause alternation of peptide sequence which leads to

protein malfunction and inherited diseases.
AMINO ACIDS
Amino acids are building blocks of proteins.

e Different amino acids have different properties.

e The sequence and the property of the amino acid can affect the structure and function of the protein.

STRUCTURE
H
Amino Group Carboxylic Acid Group
HN C, COOH
R <€— Various Side Chains
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Properties of amino acids:

1. The amino group and carboxylic acid are
attached to the same carbon.

2. The properties of amino acids are mainly
determined by the side chains.

3. They are zwitterions.
They can be linked by peptide bond
(Amide bond) through condensation
reaction.




STEREOCHEMISTRY & PEPTIDE BOND

1. L-, D- Stereochemistry

CO,H CO,H
T2 T 2 1. Most amino acids are chiral with
H2N>C<H H>C<NH2 optical activity except for Glycine.
H H 2. The L- and D- conformation
CH; CH; depends on the position of amino
Miktor group in the Fischer projection.
L-Alanine D-Alanine

a. Only L-amino acid can be incorporated into proteins.
b. D-amino acid can be found in bacterial cell wall.

2. Covalent peptide bond formation (Condensation reaction)
a. Happening at the ribosome in the cells.
b. Peptide bond is an amide bond and has double bond property.

H

C
"'H3N/ N

f

R R 0
H 2 H " H :
P B | l: -
O b N0 = NN T 1O
_ ' *H3N ? _ +H3N ﬁ lc_ o
6 (o] H "”RZ

Peptide bond

ZWITTERIONIC FORM

Zwitterion is a neutral molecule with both positive and negative charges.

H R H H
a,,c/ z "f,c/

*HNT O COOH Y N oo \ H,N~ SCoo-
H

Concentration ——

\ Zwitterionic form

Both groups

deprotonated
Both groups
protonated
| | | |
2 4 6 8 10 12 14

1. Acid dissociation constant

HA(aq) + H,0() = A'(aq) + H;0%(aq)
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a. Expression

_ [A[H,0"]
° [HA]
Ka: Acid dissociation constant.
[ ]: Concentrations.
b. Titration curve of an amino acid
goon oo oo oo Henderson-Hasselbalch Equation:
H,N*— CH PK:  HNe—CH PK:  HNe—cH PKs  uN—CH
L n n
Loon Loon foo Lo oH=pK.+ log ([A‘])
- a
[HA]
12 l
1o pH: pH value of the solution.
ph o ° ” pKa: pK, of a particular acid.
‘] ok, l
o l [A]]: Concentration of the conjugate base at equilibrium.
2
1 [HA]: Concentration of the acid at equilibrium.
05 1 15 2 25 3

Equivalents of OH

2. Isoelectric point (pl)
a. Definition: The pH at which the net charge of an amino acid is 0 and it does not migrate in an electric field.
b. Calculation:

| = pK; +pK,
P 2

pl: Isoelectric point.

pKi, pKz: pHs beside the zwitterion.

PROPERTY OF 20 AMINO ACIDS

Property of 20 amino acids is determined by their side chains.

1. Nonpolar, aliphatic side chain

Nonpolar, aliphatic R groups
COO (‘IOO (‘JOO’ COO~
H
HN—C—H HN—C—H e H,N—C—H
| | H,N CHY |
H CH; | | /Cg
H,C CH, CH, CHj
Glycine Alanine Proline Valine
(|IOO ?OO COO~
H;gI{I—(lj—H H;;N—(ll—H H;;l\‘I—?fH
(|JH2 H—(E—CHa (|3H2
H
/C\ (|3H2 (lng
CH; CHj3 CH, S
|
CH;
Leucine Isoleucine Methionine
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Aromatic side chain

Aromatic R groups

(li‘,OO_ COO~ (ll‘OO_

Hgﬁ—(lj—H Hgﬁ—c|—H Hgﬁ—(lj—H

CH, CH, (leZ
C=CH

\
NH

OH
Phenylalanine Tyrosine Tryptophan

Aromatic side chains primarily absorb
UV light at wavelength of 280 nm.
Spectroscopic property can be used to
determine protein concentration

Positively charged (Basic) side chain

Positively charged R groups

COO~ COO~ COO~
HA—CoH  HN-C-H  HN—C-H

CH, (|3H2 (|3H2

(:3H2 (:}H2 —N\

CH, CH, H /CH

(|3H2 1er '

*1111{3 N,
N,
Lysine Arginine Histidine

Negatively charged (Acidic) side chain

Negatively charged R groups
COO~ COO™
H31<I—(|3—H HN—O—H
o, o,
(|300_ (|3H2
(|300_
Aspartate Glutamate
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5. Polar uncharged side chain

Polar, uncharged R groups 1. Two cysteine can form disulfide bond.
(IDOO" COO~ (IJOO"
Hsﬁ—(I:—H H,N—C—H Hsﬁ—(lj—H . oo , goor
H;N—CH H;N—CH
CH, H—C—OH CH, Cysteine ’ | ’ |
| | I CH, CH,
OH CH;3 SH &l‘;H 2H" + 2 lS
Serine Threonine Cysteine —L‘ | Cystine
SH
| 2H" + 2¢ l
Cysteine C|:I_12 . (|JH2 +
CcO0~ CcO0O~ CH—NH;3 CH—NH;
Hgﬂl—(ﬁ—H Hgﬁ_(l:_H COO- COO-
(|3H2 (|3H2 2. Disulfide bond can be reduced.
. N/C\O ?Hz e  B-mercaptoethanol (BME)
2 /C e Dithiothreitol (DTT)
HN O e  Alkylation of -SH prevents disulfide bond
Asparagine Glutamine formation.

20 AMINO ACIDS & PROPERTIES

A GUIDETO THE TWENTY COMMON AMINO ACIDS

AMINO ACIDS ARE THE BUILDING BLOCKS OF PROTEINS IN LIVING ORGANISMS. THERE ARE OVER 500 AMINO ACIDS FOUND IN NATURE - HOWEVER, THE HUMAN GENETIC CODE
ONLY DIRECTLY ENCODES 20. ‘ESSENTIAL AMINO ACIDS MUST BE OBTAINED FROM THE DIET, WHILST NON-ESSENTIAL AMINO ACIDS CAN BE SYNTHESISED IN THE BODY.

Char[ %ey: . ALIPHATIC AROMATIC ‘ ACIDIC . BASIC HYDROXYLIC SULFUR-CONTAINING . AMIDIC O NON-ESSENTIAL l:::l ESSENTIAL
- N - N - N
’ \ V4 \ V4 \
Chemical 1= 9\ ’ o\ ’ A
Structure 1 on IW%H 1 | on 1
single letter \ NH, 7 \ NH, ] \ NH, ]
code \ 4 \ 4 \ 4
N~ L N~
NAME ALANINE @) 6LYCINE @ ISOLEUCINE @) LEucine @@ PROLINE @ vune @
three letter code Ala Gly Ile Leu Pro Val
DNA codons GCT, GCC, GCA, GCG GGT, GGC, GGA, GGG ATT, ATC, ATA CTT, CTC, CTA, CTG, TTA, TTG CCT, CCC, CCA, CCG GTT, GTC, GTA, GTG
- N
; Ve AN
o ’; o [o} ° o o l o \
OH NH, r oH %\H/\I)I\OH OJ\/YLOH 1 (NNOHI
NH, on HO' : O NH, NH, \HN NH g
° \ Ve
S
PHENYLALANINE TRYPTOPHAN TYROSINE ASPARTIC ACID (1) GLUTAMIC ACID @ ARGININE ) HISTIDINE )
Phe Trp Tyr Asp Glu Arg His
TTT, TTC TGG TAT, TAC GAT, GAC GAA, GAG CGT, CGC, CGA, CGG, AGA, AGG CAT, CAC
- N
4 \
, o \ [e} OH O [¢] o
@
I “*”V\/ﬁ)\ou 1 HO/\HKOH /'ﬁ/U\OH HS/\HJ\OH /SMOH
\ NH, Vi NH, NH, NH, NH,
\ 4
~
LYSINE @ SERINE THREONINE CYSTEINE METHIONINE ASPARAGINE () GLUTAMINE @)
Lys Ser Thr Cys Met Asn GIn
AAA, AAG TCT, TCC, TCA, TCG, AGT, AGC ACT, ACC, ACA, ACG TGT, TGC ATG AAT, AAC CAA, CAG

Note: This chart only shows those amino acids for which the human genetic code directly codes for. Selenocysteine is often referred to as the 21st amino acid, but is encoded in a special manner.
In some cases, distinguishing between asparagine/aspartic acid and glutamine/glutamic acid is difficult. In these cases, the codes asx (B) and glx (Z) are respectively used.

@ © COMPOUND INTEREST 2014 - WWW.COMPOUNDCHEM.COM | Twitter: @compoundchem | Facebook: www.facebook.com/compoundchem @@@@
Shared under a Creative Commons Attribution-NonCommercial-NoDerivatives licence. > NN
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e There are 2 additional amino acids can be incorporated into proteins: selenocysteine and pyrrolysine and they are encoded

by stop codon.
e There are other amino acids that cannot be incorporated into proteins, but they are found in metabolic pathways.

PKA VALUES OF IONIZABLE GROUPS

Group Acid = Base Typical pKj
Terminal a-carboxyl group @ — i - 3.1
=~ .H “Ng
o 1
Aspartic acid g . -
Glutamic acid ~ \O/H “"Xo 4.1
H
Ne_ N
Histidine +i - 6.0
H H
+ H
Terminal a-amino group —NJ, I —N, 8.0
Wi T o
H H
Cysteine —S/H —_— s 83
H
Tyrosine OO — @—0“ 10.9
+ H
Lysine —Nuy — —N \H 10.8
H
H H
N- N
Arginine |-I\N-:rc/ " N C// 12.5
gini N=¢ s — ) \ !
N-H N-H
H H

POST-TRANSLATIONAL MODIFICATIONS

After proteins are synthesized in the ribosomes, amino acid in the protein can be further modified transiently or permanently.

1. Common modification
a. Acetylation
Methylation
Hydroxylation
Carboxylation
Glycosylation = Important for cell signaling and adhesion.
Ubiquitination -> Target proteins for degradation in proteasome.

e

Phosphorylation - Activate or deactivate enzymes.
2. Formation of disulfide bond.
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FUNCTION OF PROTEINS
Proteins are the fundamental working molecule in a living organism.

1. Common function
a. Signaling
b. Transporting
c. Structural
d. Motility
e. Etc.
2. Cofactors & Coenzyme
a. Cofactors are usually non-protein molecules and metal ions that assist with their structure and/or function.
b. Coenzyme is usually a partner of a protein serving as a shuttle for common functional groups.
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