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Introduction into Biochemistry

Prof. Mamoun Ahram



Course information

e Recommended textbooks

e Marks' Basic Medical Biochemistry: A Clinical Approach 6th Edition, by Michael
Lieberman (Author), Alisa Peet MD (Author), 2023

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

e Online:
https://themedicalbiochemistrypage.org/

e |nstructors

e Prof. Nafez Abu Tarboush
e Prof. Mamoun Ahram


https://themedicalbiochemistrypage.org/

Outline

e Introduction
« Acids and bases, pH, and buffers

» Macromolecules:
< Carbohydrates, lipids, amino acids, peptides, and proteins
e Protein structure-function relationship:

I.  Fibrous proteins: collagen, elastin, and keratins

Il.  Globular proteins (plasma proteins, myoglobin, hemoglobin, and
immunoglobulins)

IIl.  Regulation of hemoglobin
« Enzymes

\/

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

» Protein purification and analysis



Biochemistry & chemical composition
of living organisms



Biochemistry = understanding life
Biochemistry covers the chemicals that are found in living beings.

e Know the chemical structures of biological molecules
e Understand the biological function of these molecules

e Understand the interaction and organization of different molecules within
individual cells and whole biological systems

e Understand bioenergetics (the study of energy flow in cells)

* Bioenergetics focuses on the transfer and usage of energy in living cells.
* The difference between living and non living beings is the energy flow that the living

beings have.
Biochemistry in medicine: You do not have

» explains all disciplines such as anatomy, biochemistry explains for us how a certain to know
tissue or organ is built, formed , degraded and reformed. . .
« diagnose and monitor diseases, such as doing a lipid profile test which helps b lochemlstry to

diagnose a deficiency or a disease. be a physician,

» design drugs (new antibiotics, chemotherapy agents), which helped developing but it makes you
targeted therapy and precision medicine, these helped improving survival rate for ) "
diseases like leukemia (its success rate to cure 50 years ago was 40% and it’s rate an elite physician
now is 95%) if you do.

 understand the molecular bases of diseases



Chemical elements in living creatures

The human body is composed mainly of ~30 elements.
Four primary elements: carbon, hydrogen, oxygen, and

nitrogen (96.5% of an organism's weight)

Then, calcium and phosphorus (that’s 98.5%).
Others exist in trace amounts but are essential, elements

(mostly metals.)
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Bulk biological
elements

1 Trace elements believed

to be essential for bacteria,

< plants or animals

Possibly essential trace
elements for some species

TABLE 21 Elements of the Human Body

Percentage of

Name Symbol Body Weight
Major Elements (Total 98.5%)
Oxygen O 65.0
Carbon C 18.0
Hydrogen H 10.0
Nitrogen N 3.0
Calcium Ca 1.5
Phosphorus P 1.0
Lesser Elements (Total 0.8%)
Sulfur S 0.25
Potassium K 0.20
Sodium Na 015
Caand P are Chiorine c o15
mOStlU fo und in Magnesium Mg 0.05
Iron Fe 0.006
bOleS . Trace Elements (Total 0.7%)
While Fe i.S Chromium Cr Molyédenum Mo
Cobalt Co Selenium Se
mostlg found in Conper Cu Silicon si
Fluorine F Tin Sn
rbc' lodine I Vanadium Vv
Manganese Mn Zinc Zn

You don’t have to memorize the numbers but you do
have to know the major, lesser and trace elements.

You can’t survive without trace elements in your
body, even if their percentage is very low!!



® Electronegativity The ability of an element to attract
electrons easily. A

Important terms

Covalent bonds

Polar vs. non-polar covalent bonds

® Single vs. multiple

Nucleophile vs electrophile

NI

Fluorine

Covalent Bonds:
Molecules

@@

Nonpolar

lonic Bonds:
lonic Compounds
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Covalent Bonds:

How Atoms Become Best Friends

009

o= o+

Polar

Let’s talk about the bond
that's all about sharing.

Y/ HEY THAT'S |
\ MY ELECTRON! /

5 5\ Hydrogen
C?\ Carbon

Covalent bonds occurs
when 2 atoms share
valance electrons
between them .

lonic bonds



Important properties of covalent bonds

These properties of covalent bonds define the shape and characteristics of the molecule.

Bond Length Distance between nuclei of bonded atoms
Bond Angle Angle between two bonds at central atom
Bond Enthalpy Energy to break one mole of bonds in gaseous state
Bond Order Number of shared electron pairs (bonds) between atoms
Bond Polarity Unequal sharing of electrons between atoms
Bond Angle .4/ Bond Enthalpy
Electrons “spend more time” near the nucleus of 109.5° 348 kJ/mol

the atom with the highest electronegativity .
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 electronegativity, Bond Length
acquires a partial positive charge. ”‘1 09.5° 1 54n J\ /Doub,e\
— 0 Bond Order

348 kJ/mol



Polarity of covalent bonds

Depends on the electronegativity of the atoms in the covalent bonds.

Non polar covalent bonds = equal sharing of electrons between atoms.

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 H . O
. | |12 |7 .00
Both water and CO, contain O C)y—t—{)
polar bonds, but only water H / ey ;;; 0“8; /?C?\
is a polar molecule. Why? ¥ 1.0m | | M B o

032 0.32
Because of the bond ang les 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
with a net partial (-) charge, the molecule is
polar. Otherwise, it is nonpolar.



Non-covalent interactions

» These interactions are the major player in

biochemistry. Vou'said
* They are reversible and generally weak. we'd bond forever...
4
|.Electrostatic interaction Turns out it was just a

weak interaction.

Il.Hydrogen bonds
I1l.Van der Waals
IV.Hydrophobic interactions

& attraction

Not strong enough to hold on,
just close enough to feel it.




Electrostatic interactions An interaction between a molecule with a positive
charge and a molecule with a negative charge.

* Also called, charge-charge interactions:

* They are formed between two charged
particles.

* These forces are quite strong in the absence
of water.

There is a difference between a bond and an interaction
, you can think of a bond like 2 people who are walking
together holding each other hands , while an interaction
would be like 2 people who walk together and have
some interaction between them like a chat but not
holding each others hands.

[ Electrostatic Force]

Like charges repel

—Q@ 00—
—Q@ O—

Opposite charges attract
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i Suvace facks




Hydrogen bonds R R
They’re called “bonds” But NI;H
they’re actually interactions. R ' R

V/ater

* A hydrogen bond is a strong, non-covalent dipole-dipole
attraction between a hydrogen atom (called a donor, has a
partial positive charge) that is covalently bonded to a highly -
electronegative atom, and another electronegative atom (called
an acceptor, has a partial negative charge ) with a lone pair | water-ammoniz

of electrons.
B4
* These bonds typically form with the elements nitrogen, ‘ ) “

oxygen, or fluorine.

&+

‘ Hydrogen fluorige
/ F
Creen square =
donor

Purple square =
acceptor

* Hydrogen bonds are an example of
dipole-dipole interactions.




van der Waals attractions

* Very weak and transient interactions ( changes all the time). i '
* Could be either an attraction or repulsion interaction.

* Unequal distribution of electronic charge
around an atom at any time resulting in
attractive and repulsive forces.

* The strength of the attraction is affected by = -
distance. fluctuation of electron cloud ( ' ‘ )
O« Spding
When you have a lot of van der waals

(b) Attraction

(d) Repulsion

interactions acting together, they will
be very significant in determining the
structure of the molecules.




Note others:

* Dipole - dipole interactions occurs between 2 polar molecules that has partial positive and negative charges.
* Hydrogen bonds are dipole-dipole interactions.
* Dipole-charge interactions happens when a partial charge interacts with a REAL charge ( not partial charge).

Dipole-dipole interaction

5"
- H o Cl 6+ 6- ° ° °
5l H - Cl Dipole-charge interaction
(A l(.m-clip()lvinl('r.u'liuu\ 8%y o xsd? 2=
64"__1 - C-! H - CI l';+- Cél- with water. 5+H 52- l15+ 5‘”/()\”6'
2 dipole-dipole ~o” 'l'd.
© scienceaid.co.uk interaction g 8‘“/()61
5— 6+ @ 6¢
H—_ 5% 5 ~—H
() O O
Attraction IEI-I:[__]:ﬂ-""-- H“Hﬁ-l_ \ /
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Hydrophobic interactions
the most important force in determining the structure of molecules.

e Self-association (cluster) of nonpolar compounds in an agueous
environment to minimize the unfavorable interaction with water
molecules. (Non polar compounds are hydrophobic).

e [tis notthat nonpolar molecules are attracted to each other; it is driven by
water molecules naturally bonding with one another, excluding the
nonpolar substances.

3 $ i

Example: when you put 2 et P
. ¢ Nonpolar W » o°
drops of oil in water, they molecule ¢ Nonpolar
will move until they cluster & . molecule
together so they have the — NOTPO'?r
least interaction with © & i el
water Nonpolar g
' ¥ molecule & %
» 5
: » v




Properties of noncovalent interactions

Reversible

Relatively weak

Can be either attractive or repulsive
Molecules interact and bind specifically.

Noncovalent forces significantly contribute to the structure, stability, and
functional competence of macromolecules in living cells.

Involve interactions both within the biomolecule and between it and the
water of the surrounding environment. ( the surrounding atmosphere and
solution that surrounds the molecule are important in determining the stability and
structure of the molucule) , (example : in a glucose molecule, you are going to find :
Interactions between oxygen, hydrogen and carbon within the glucose molecule itself.
And if you dissolve the glucose in water, there will be interactions between water and

glucose molecules aswell).
16



Carbon

The road to diversity and stability

Carbon is very important to life to the point that scientists
consider it the best indicator of life in the outer space, then
comes water as the 2nd indicator of life.




Properties of carbon (1)

H H
e |t can form four covalent bonds (it could form H—C—H  H— é —0 H—C=C—H
these bounds with the same molecules or
different ones), which can be single, double, or &

. . . op e CHy4 CHZO CZHZ
triple bon(;ls (chgngeable for diversity). (silicone Fathadl  neldahiie) aters)
also has this ability to make 4 covalent bonds but
carbon is the best.) H=c=o

e Each bond is very stable.(requires a lot of energy to H—C—OH e
HO —:C—H H ¢ ‘3'\ H
be broken) o N\ ..:/
OH H
e strength of bonds: triple > double > 1= C—on wo” NE__.L” Non
Slngle) H—f'.'IJ—DH Ill IilfJH
H
e They link C atoms together in chains and
rings.(chains and rings can have
branches which also increase the
diversity of C atom) aranches
e These serve as a backbones. [ / Backbone
The three points above explain how L,?—*,'—'?—M—"*—'f—",'—",'ﬂé—'f—",'—’,‘—’,u?—ﬁu
diverse a carbon atom can be in life. e e i i S G e s S S
HHHHHHMH H H H HHHMHMH



Properties of carbon (2)

Carbon bonds have angles giving molecules three-
dimensional structures.

In a carbon backbone, some carbon atoms rotate
around a single covalent bond (flexibility)
producing molecules of different shapes.

The electronegativity of carbon is between

other atoms. (it is intermediate)

e |t can form polar and non-polar(C-C or C-H)
molecules.

Pure carbon is not water soluble, but when carbon
forms covalent bonds with other elements like O or
N, the molecule that makes carbon compounds is
soluble.

An example of diversity of carbon is coal and diamond

points mentioned above explain how diverse a carbon atom
can be (in addition to the ones in the previous slide)

U

propane (CH,.CH,-CH,)

}jxx = electron{i
‘Nonpolar
' Covalent

_xx_j

Partial + . \Partial -

[ xx

Polar Covalent

C N

Nonpolar covalent bongd Potar covalent bond



Water

(o eod US elall (e Ulaa 5) 1l J&

 Allliving beings need water to live ( water has to be
present in order to find life).



Properties of water (1) CO

re

-— -
Water is a polar molecule as a whole because of: Fh
nonpolar compound

e the different electronegativities between Hydrogen and oxygen

e Itisangular. H50 ‘%/k\;

It can form dipole-dipole interactions and dipole-charge interactions.

polar compound

“Hydrogen bond”

Water is highly cohesive because every water molecule can form 4 55
hydrogen bonds . (the reason for water defying gravity inside  ,— °\H \ / ~n

plants is that water is highly cohesive. When the water in the " [doner

leaves evaporates, all of the water molecules in the plants will H/O\'E acceptor

go up against gravity). H/‘b(' o

Water molecules produce a network.(Waters boiling point is high ’ Hlomm N

because it can form networks of 4 hydrogen bonds which

requires a lot of energy to break it apart) m ‘\

Water is an excellent solvent because It is: small and it weakens o mmm ™ e ot o

electrostatic forces and hydrogen (and ionic) bonding between polar :stf'liT?nGDO'ar

molecules. ' l ‘
Enzymes catalyze reactions on an area inside the molecule away ' i Q

from water (called an active site) to prevent water molecules to get
in because they are highly reactive because of the partial positive ‘

and negative charges it has

Solutlon



Properties of water (2)
Water can act as an acid or a base (dual nature).

e [tisreactive because it is a nucleophile (base) and an electrophile (acid).
(it has two pairs of electrons which makes molecules more reactive)

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

generic acd \
EN S .2 '
/‘~—5A.. H .ﬁ. ..‘ (QO H : ""'\\
S ( ! H P ” - —— e -~ o O
i ~ ~ O M+ "H -~ O,) -
0 e generic O ,, H
s | conjugate base acid acid base

base conjugate base

acid




Properties of water (3)

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

These are real charges
H,0 4+ H,0 «—— H;0® + OH®

Note: H;0*=H*

For simplicity, you can write :

H20 =———= H"+ OH"



Good luck!!


https://forms.gle/f5HE3ThMvZriMnkd9

For any feedback, scan the code or click on it.
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