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Course information

e Recommended textbooks

e Marks' Basic Medical Biochemistry: A Clinical Approach 5th Edition, by Michael
Lieberman (Author), Alisa Peet MD (Author), 2018

e Biochemistry 8th edition by Mary Campbell (Author) and Shawn Farrell (Author)

e Online:
https://themedicalbiochemistrypage.org/

e |nstructors

¢ Prof. Mamoun Ahram
e Dr. Diala Abu Hassan



Outline

Introduction
Acids and bases, pH, and buffers

Macromolecules
e Carbohydrates, lipids, and amino acids, peptides, and proteins

Protein structure-function relationship

e part l: fibrous proteins: collagen, elastin, and keratins
e part ll: globular proteins (plasma proteins, myoglobin, hemoglobin, and
immunoglobulins)

e part lll: Regulation of hemoglobin

Enzymes

e structural features and classification, kinetics, mechanisms of regulation,
cofactors

Protein purification and analysis



Biochemistry & Chemical
Composition of Living Organisms



Biochemistry = understanding life 2

such as sugars, proteins, and fats.
The structure of a biological

e Know the chemical structures of biological molecules melocule s intimately Tked to its
. . . function.
e Understand the biological function of these molecules
. . . . . For example, regarding enzymes
e Understand the interaction and organization of different  (whichstimulate reactions), each

. enzyme has a structure that is best
molecules, such as collagen or the constituents of the suitable to help it perform its
. . . . . biological function.
plasma membrane, within individual cells and whole

biological systems

e Understand bioenergetics (the study of energy flow in cells)
(1) Usage and (2) Transfer of energy

Biochemistry in medicine:

» explains all disciplines e.g., eating, digestion, absorption,
» diagnose and monitor diseases transporting via blood, supplying cells,
« design drugs (new antibiotics, chemotherapy agents) specific reactions inside the cell, etc....

» understand the molecular bases of diseases

Biochemistry, unlike anatomy or pathology, is not essential for normal physicians, but is important for elite ones!
Biochemistry is the molecular basis of diseases and is essential for developing new treatments and drugs.




Chemical elements in living creatures

The human body is composed mainly of about 30 elements.

Four primary elements: carbon, hydrogen, oxygen, and Semenor e tumen B°:" :
. ercentageo
nitrogen (96.5% of an organism's weight) Name Symbol Body Weight

Major Elements (Total 98.5%)

Then, calcium and phosphorus (that’s 98.5%). Oxygen 0 65

Carbon C 18.0
Others exist in trace amounts but are essential, elements T H 100
. .. . . Nitrogen N 3.0
(mostly metals). lodine is important for the function of the thyroid gland. .
Calcium Ca 1.5
s H ‘He Phosphorus P 1.0
rondl = Lesser Elements (Total 0.8%)
] 0 L 1 B ' . ': : B
LI qe 2 c ..N o !: Ne Sulfur S 0.25
| Lo Lo Lo e — Potassium K 0.20
Na ||d g “‘Sli' P s ||| ar Sodium Na 015
S o — I F— — F—— e e ey e e = Take a look on Chiorine cl 015
é- g__: ifi I‘i- ;!- ’c: Wi F.g c.g g-! g G2 3:3— . &: |. g those tables Magnesium Mg 0.05
o | e | o | | e | - mmiomml Cem Iron Fe 0.006
Rb Y |[Zr ||Nb Ru |[|Rh || Pd || Ag Sbi||Te |l I || Xe
- P | | | | 0 | L | R | - or il | g || || =t Trace Elements (Total 0.7%)
cs . tavol| HE ||'Ta . Re ||os [|'1r |[Pt ||Au 11 ||'Pb ||'8i || Po [['At || Rn Chromium Cr Molybdenum Mo
i o | 2 el | I | =8 | IR | = | EE- | P Cobalt Co Selenium Se
"Fr Ac||[Th||Pa || U Copper Cu Silicon Si
== Lt Fluorine F Tin Sn
lodine | Vanadium Vv
i " 4 Ma M
Bulk biological Tra;e elemept|sfbelt|)eved 3 Possibly essential trace alganess " e =
elements to be essential for bacteria, elements for some species

plants or animals




| m p O rta nt te r m S Electronegativity is the ability of an atom to attract electrons to itself.

Oxygen and nitrogen, for example, have very high, carbon has intermediate,

. . and hydrogen has weak electronegativity.
® Electronegativity yarog gativity

Covalent Bonds:

® Covalent bonds are made by sharing valence electrons Molecules
®* Polar (e.g., O-H) vs. non-polar covalent bonds (e.g., C-C) - Nonpolar S
®* Electrons “spend more time” near the nucleus of the atom Neutral

with the highest electronegativity

®occ—9

o= o*

Polar

® Because electrons “spend more time” near the atom with the
higher electronegativity, this atom acquires a partial negative
charge, and the other atom, which has a lower lonic Bonds:
electronegativity, acquires a partial positive charge. lonic Compounds

.g —
- +

® Single vs. multiple: Single, double, or triple bonds Full “Real” charges

Partial Charges

lonic bonds are generally stronger than covalent bonds due to the full transfer of electrons in ionic bonds.

However, ionic bonds (like other electrostatic interactions) are destabilized in the presence of a polar solvent such as water.

This is what the doctor meant when he said that ionic bonds are weaker (he meant in agueous solution which is the norm).
7



Non-covalent Interactions between molecules; not real bonds. They are more important.

|II

Dr. Mamoun said: between (+,-) “real” charges and that no Q in exam will be tricky about it.
Dr. Diala and the book said: between (+,-) “real”-"real”, “real”-partial, or partial-partial.

1. Electrostatic interactions:

2. Hydrogen bonds (donor and acceptor), between (+,-) partial charges
e.g., in HCl, between H (partial +) and Cl (partial -) in 2 different molecules
/—/ D —

Atoms are polarized and attract one another

Donor (must have hydrogen) Acceptor (electronegative)
3. Van der Waals interactions (2 types; see image on right)

Occurs due to electrons getting momentarily unevenly distributed in nonpolar

molecules between the atoms creating partial charges (induced dipole) which are Q) Examples of Van der Waals Forces _
always changing => this is called London dispersion forces. ) ’2' °.1‘;312;’!5‘1'.f.l’2?§?(‘.§3§"’

One is not enough, but collectively, they can make for stable strong interaction : B - ol
between large molecules such as proteins stabilizing a specific structure. " ..

The one above is mainly what is meant by VDW forces; dipole-dipole also counts.

Nonpolar molecules group
Polar molecules dissolve} together in water because

in water because they the water molecules form
form hydrogen bonds hydrogen bonds with
with water molecules.

one another.

4. Hydrophobic interactions

Occurs between nonpolar covalent molecules in aqueous solution due to () 93 V& ) \ (B
forming of hydrogen bonds between H,0 molecules excluding nonpolar ones. @Q @ ® ® &
* Hydrophilic (polar) attracting water is energy favorable (Qf&&%_ © @15
 Hydrophobic (nonpolar) attracting water is energy unfavorable 0 @ ® @

* Nucleophile (electron-rich) and electrophile (electron-poor) (%) Hydrophilic (B) Hydrophobic




Important properties of covalent bonds

Bond strength (amount of energy that must be A carbon-carbon bond is considered a strong
bond because it needs a high amount of energy

supplied to break a bond) to be broken.
Bond length: the distance between two nuclei

Bond orientation: bond angles determining the

overall geometry of atoms in space (3D not 2D)

The three-dimensional structures of molecules are
specified by the bond angles and bond lengths for

each covalent linkage.
H

Bond length (A)

(CENterto ceplep For a given pair of atoms,
118° A— The single bond is the weakest and longest while
Bond angle 1.21A the triple bond is the strongest and shortest.
| The double bond is in between.



Polarity of covalent bonds and molecules

e Covalent bonds in which the electrons are shared
unequally in this way are known as polar covalent
bonds. The bonds are known as “dipoles”.

e Oxygen and nitrogen atoms are electronegative
e (Oxygen and hydrogen

e Nitrogen and hydrogen

e Not carbon and hydrogen

In a water molecule, an O atom is
covalently bonded to 2 H atom:s.
Since the electronegativity of O is
greater than that of H, each O-H
bond is polar with O carrying a
partial (-) charge and the 2 H each
carrying a partial (+) charge.

Since the geometry of the water
molecule is asymmetric, the overall
molecule is polar because the 2
polar bonds do not cancel each
other.

We can decide if a molecule is polar or not

by trying to divide it by an imaginary line. /

If there is a line which divides it into a part /

with net partial (+) charge and another part H O

with a net partial (-) charge, the molecule is +

polar. Otherwise, itis nonpolar. | l 1.22 || IO 89
Both water and CO, contain polar bonds, s N ¢+ +— C

but only water is a polar molecule. H/ 0.89 0.80 H /@ &\
The 2 C=0 bonds cancel out in CO,. 1.22 032 032 H




What are non-covalent interactions?

e They are reversible and relatively weak.

Electrostatic interactions (charge-charge interactions):

 They are formed between two charged particles.
 These forces are quite strong in the absence of water.

Hydrogen- Hydrogen-
bond donor bond acceptor

L N Hydrogen bonds
v 9 0 A hydrogen atom is partly shared
A between two relatively electronegative
O—H-+-=-=-N atoms (adonor and an acceptor).
O—H--==--- 0

S| .

F— A1 Unequal distribution of electronic
charge around an atom changes
with time.

F__Af_ 3 The strength of the attraction is

affected by distance.
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vdrophobic interactions

e They determine the whole structure of molecules (as we will see later).

e Self-association of nonpolar compounds in an agueous environment
e Minimize unfavorable interactions between nonpolar groups and water

When nonpolar (hydrophobic)
molecules are in aqueous
solution, they come close
together because they share
the trait of “hydrophobicity”.

They prefer the interaction
with another similar nonpolar
molecule over the interaction
with water, which is polar.

o 9@

¢ Nonpolar
molecule

$ @

¥

v &
Nonpolar
molecule

P ¥

g)

ve Gl
Nonpolar
molecule

X
Nonpolar

molecule

s

P

%

S X
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Properties of noncovalent interactions

Reversible (at any moment, it can be broken and another one formed)
Relatively weak

Electrostatic interactions in aqueous solution are considerably less stable than covalent bonds due to the
competition of water molecules which try to form a hydration shell around each charged particle, separating
them from each other. Covalent bonds do not exhibit such phenomenon and are thus more stable.

. . . Interactions between charged particles are not
Molecules interact and bind specifically random but are governed by many factors.
Noncovalent forces (attraction and repulsion) significantly contribute to the
structure, stability, and functional competence of macromolecules in living

cells.
. ) . The structure forms based on that (+,+ or -,-) repels
Can be either attractive or repuIS|ve each other and that (+,-) attracts each other.

Involve interactions both within the biomolecule and between it and the
water of the surrounding environment 13




Carbon

The road to diversity and stability

Carbon -2 Diversity = Life

14



Properties of carbon (1)

* |t can form four bonds, which can |

be single, double, or triple o
bond CHq4 CH,0 CoHz
onas. (methane) (formaldehyde) (acetylene)

e Each bond is very stable.

e Strength of bonds: oo S
, : | .

e triple > double > single H::;E:ZH \ /$ 0\ o

e They link C atoms together in ol - / \2”_ C/ N

chains and rings. H—C—0n hoom
e These serve as a backbones. " Bothare glucose forms
_ _ Here, H and O;
Side Chains I (") "'i l;' l;' ';l ';' '? ";' ';' ':' "" I';I ';' ';l ';' ';' I different = diversity!
acoore N =
HHHHHMHMH H H HHHHMHMH

15




Properties of carbon (2)

Carbon bonds have angles giving molecules
three-dimensional structures.

Diversity here is due to different special
arrangement of atoms governed by the surrounding
environment (e.g., water, oil, or alcohol).

In a carbon backbone, some carbon atoms rotate B

around a single covalent bond producing @) ) Egvr;?;'tar
molecules of different shapes. |

The electronegativity of carbon is between paritisl PR Bartia -
other atoms (intermediate, polar bonds with O, and \ I

nonpolar bonds with H). <~ Polar Covalent
e It can form polar and non-polar molecules. ——

Pure carbon is not water soluble, but when carbon Q."

forms covalent bonds with other elements like O or T Q i

N, the molecule that makes carbon compounds is _—.

soluble. 16



Water

17



Properties of water (1)

Water is a polar molecule as a
whole because of:

e the different electronegativities
between Hydrogen and oxygen

e [tis angular (asymmetrical).
Water is highly cohesive.

A water molecule can form H-bonds with 4
molecules. This cohesive trait enables water to
resist the gravity force in plants for example.

Water molecules produce a
network.

Water is an excellent solvent
because It is small, and it weakens
electrostatic forces and hydrogen

bonding between polar molecules.

I ‘Hydrogen bond” ‘

H/ \ \ / \H
\donor

* o.""' .

H g Dlssokvlng

G &
B -t —
nonpolar compound

o R

polar compound

lonic salt Water molecules

O\ H Solute Solvent
/ Forces of attraction
betweenion and polar
molecule «---

Solution

Water can make electrostatic

forces with opposite “real” or

partial charges on solute

molecules. 18



Note

Dipole-dipole interaction
2 opposite partial charges

5-
5* H - Cl 5" 3
H - Cl H - Cl
JH-Cle=H-Cl"H-Cl
5 . 0
dipole-dipole
© scienceaid.co.uk interaction
0
o oH-
H™ TH
S+ “~
H . 5
Hﬂﬁ- O
r.»'f ______ HE‘"‘ HIE]-'-
Hsy

A hydrogen bond is a dipole-dipole interaction
between (1; donor) an electronegative atom
covalently bonded to H atom and (2; acceptor)
another very electronegative atom with lone pairs.

= The doctor here considered the H......Cl (intermolecular)
bond to be a hydrogen bond. We learned in previous
classes that it works with (N, O, F), but Cl is also very
electronegative and works fine as well.

Dipole-charge interaction
Partial with “real” charge

0 lon-dipole interactions ks o ey 32
with water. O
A 5+H 2 HS+ R Y
\O/ He
|
@ S ey
+ +
6 H\Oal" 5?-‘0/H8
A o
) H HS

19




Properties of water (3)

e [tis reactive because it is a nucleophile.

® A nucleophile is an electron-rich molecule that is attracted to positively-
charged or electron-deficient species (electrophiles).

'>

H—Cl: + H—O: —> :ClT + H—O—H
\/ o ‘ oo |

The reaction above is favorable because (1) the water molecule is a nucleophile due to the presence of lone
pairs (partial negative charge) on the oxygen atom and (2) the hydrogen has a partial positive charge.

This is why enzymes bind to their substrates inside the 3D structure (in the active site) such that
surrounding water (reactive nucleophile) does not interfere in the catalyzed reaction. 20




Properties of water (4)

e \Water molecules are ionized to become a positively-charged
hydronium ion (or proton), and a hydroxide ion:

H,0 4+ H,0 «— H;0° + OH®

Water we drink is a mixture of mainly H,0 Note: H3O*=H*
molecules and some H* (H,0*) and OH" ions.

21



For any feedback,

Corrections from previous versions:

scan the code or click on it.

Versions Slide #; Place of Error Before Correction After Correction
&8 | e Added the texts in dark red
8; Electrostatic interactions Only between full “real” charges Is much broader (see slide)
8; Van der Waals Only being in induced dipoles Has 2 types (see slide)
V1 -> V2 | 10; The text in the top right O - partial (+); H = partial (-) O - partial (-); H = partial (+)
(7 changes)

13; Text under “relatively weak”
19; The text in italic format

19; Top right of the slide

Text rephrased
“H......Cl (intermolecular)”

Added the text in purple



https://forms.gle/1aenUoAoZwLD2Du97

Additional Resources: (sl (3 3l (e Al

1. Campbell textbook: -
sec. 2.1 (Water and Polarity) 2 Jead 4l
sec. 2.2 (Hydrogen Bonds) daly ASY) Sy a8
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