GENERAL PROPERTIES                                


[image: ]The cell is the simplest entity that can exist as an independent unit of life.

CELL THEORY:
· [bookmark: _GoBack]all organisms are made up of cells
· the cell is the fundamental unit of life
· cells come from pre-existing cells
[image: ] 
1) Inward folding or outward protrusion of the membrane to increase SA.
2) Cytoplasmic streaming in plant cells, vesicle/organelle trafficking in animal cells (microtubule highway system)
3) Compartmentalization of cellular functions in eukaryotic cells.
ENDOSYMBIOTIC THEORY: eukaryotes are thought to have evolved from one primitive cell engulfing another primitive bacterial cell
 MACROMOLECULES
[image: ][image: ]Proteins: provide structural support and act as catalysts that facilitate chemical rxns (monomers join from C terminus)
Nucleic Acids: encode and transmit genetic info (monomers join from 3’ side)
Carbohydrates: provide a source of energy and make up the cell wall (monomers join to the carbon on the right)
Lipids: make up cell membrane, store energy, act as signaling molecules 
[image: ]macromoleculer assembly= non covalent bonds
[image: ][image: ]CHEMISTRY

[image: ]Permanent dipole: large electronegativity difference between atoms = polar= partial charge on atom 


PHOSPHOLIPIDS
· 
· Amphipathic: molecule with both hydrophobic and hydrophilic regions in one molecule
· Fluid Mosaic Model: states that the lipid bilayer is a fluid structure within which molecules move laterally, and is a mosaic of lipids and proteins
[image: ]
Polar head with water: ionic-PD, PD-PD
Fatty acid tails with water: ID-PD
Polar heads with polar heads: repel
Polar head with fatty acid tail: ionic-PD, PD-ID
Fatty acid with fatty acid: ID-ID

[image: ][image: ][image: ]THERMODYNAMICS
· [image: ]major reason why lipid bilayer forms is because of increased motional freedom of water – LARGE negative delta G 
· HYDROPHOBIC EFFECT: burying non polar groups away from water increases system stability by increasing delta S of water (maximizes entropy- motional freedom of water)
· [image: ][image: ]Macromolecular assembly of proteins, DNA, and other structures are all spontaneous     processes, are driven by the hydrophobic effect, and increase motional freedom of water 
MEMBRANE TRANSPORT
· [image: ][image: ]Diffusion: random movement of molecules (continues even after reaching equilibrium)
· Facilitated diffusion: requires membrane transporter
· Osmosis: net movement of solvent across a selectively permeable membrane (can move by passive diffusion or facilitated diffusion using protein channels)
· A cell wall can help prevent osmotic lysis (resists cell expansion)
· Primary active transport: uses energy in the form of ATP to directly move molecules
· Secondary active transport: 1) active transport to pump an ion (usually proton) which generates an electrochemical gradient 2)a second channel uses the energy from the electrochemical gradient to actively move a second molecule
· Electrochemical gradient: gradient that has both charge and chemical components 
[image: ][image: ]PROTEINS
Proteins fold spontaneously based on the hydrophobic effect
PROTEIN SEQUENCE DETERMINES STRUCTURE

PROTEIN STRUCTURE DETERMINES FUNCTION

· Most transmembrane domains are alpha helices, some are beta barrels
· Hydrophilic, polar backbone of the polypeptide chain faces the interior of the helix
· Hydrophobic side chains face the fatty acid tails
· [image: ]To make a pore, need multiple helices or a beta barrel (no room in single alpha helix for anything to transport through)


[image: ]Denaturing









image6.png
ep20_Bonds, L X

tubc.ca/t

the common pol
N-C_O-H O-C

Refresher on Concept of ELECTRONEGATIVITY: explains
Polar vs. Nonpolar functional groups and bonds

Electronegativity = tendency of a covalently bonded atom
to pull the electrons (e-) of the bond toward itself.

Electronegativity scale
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(Pauiing Scale)

O >N>>|Ss=C=
High

Within a covalent bond, if there is a large electronegativity difference,
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. The polymer has two chemically distinct ends.

. The polymers have polar, electronegative
molecular groups

Terminology check: Polarity

Polarity in general means asymmetric (‘not symmetric’).
This term is used all over the place!

Polarity of a bond: Unequal charge distribution
between two atoms

bution

polymer has two
directionaliy.

chemically distinct ends, and so it has

Neterminus > C airectonaliy

Wiany others: Polarity of a whole cell, tissue, even Polarity of
the earth..

Terminology check: Polarity

Polarity in general means asymmetric (‘not symmetric’).
This term is used all over the place!
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Thermodynamics review for Biology:

+ Mathematically, the total difference in stability (AG) between
two states of a chemical system s given by:

= AH + (-TAS)
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Enthalpy Entropy
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Difference in entropic (motional freedom) stability

The term is the name for the observation
that burying nonpolar groups away from water increases the
system stability by increasing TAS of water

Freedom to movel!

Nature uses the to build and stabilize not
only lipid bilayers, but also to build and stabilize the 30
structure of proteins and DNA (more on this later in the
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Next day ...
+ We will start with the activity on the next page..

+ Have a look and think about your responses for Thursday...

[DJEHQ@'.EO&

.A@a,

ENG
us

s32pM
w6100 B




image13.png
@ Lecture 7 B 5-sep22_Thermodynam % £

tubc.ca/t

Study Slides_cellwalls_c | &

Enthalpy = Bonding in the system
Entropy = Motional freedom in the system
Enthalpy:

Of water — net fewer number of bonds (out the bonds are more strong)
Of lipids — net higher number of bonds (but bonds are less strong)
Entropy:

Of water —more free
Of lipids — less free

During the reaction....

Enthalpy:
Of water— goes from many weaker bonds (primarily PD-ID)
to likely fewer bonds (but slightly stronger PDPD)

Oflipids— goes from bonding with water (primarily PD-ID)
to many many ID-ID bonds

Entropy:
Of water— goes from being less motionally free to far more
motionally free

Oflipids—  goes from more motionally free to less
motionally free
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Summary of the types of Membrane Transport

Materials can move across the cell membrane
in different ways

Active Transport

Passive Transport
(Diffusion across the bilayer)
¥ Transport along a

v Tre against a

concentration gradient concentration gradient

v Does not require an v Requires an input of
energy.

input of energy.

facilitated Primary Secondary
Active Active
Transport  Transport

simple
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Case study:
Glucose transport across the cell membrane.
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(don't have an example for this one in the
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Learning Objectives:
Proteins - Structure an

« List the roles of proteins in cellular activities

+ Draw the generic structure of an amino acid and identify the v
functional groups on it

+ Recognize a peptide bond between amino acyl residues ina
polypeptide (be able to circle it on a structure).

#” Classify amino acids on the basis of the hydrophilic/ hydrophobic ™\
properties of their side groups - same as Recognize which amino acid
side chains is polarjnon-polar, neutraljcharged, hydrophilic/
hydrophobic.

« Distinguish between primary, secondary and tertiary structure of
polypeptides and the molecular interactions that give rise to them.

« Describe the secondary structures a-helix and B-sheet.

+ Recognize the 4 levels of protein structure (primary, secondary,
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Summary slide:

Four levels of organization in protein structure

iary structure: linear amino acid of peptide-bonded
‘amino acids; This sequence determines the protein's 3D structure

Secondary structure: local 3-D structure stabilized by backbon:
H-bonding of the peptide; examples include alpha-helices and
ets

Tertiary structure: ov (fold!) of enti
polypeptide; stabilized by side-chain interactions (non-
Il s interactions between side chains

Quatemary structure: ent polypeptides
interacting to form a protein complex composed of multiple
subunits; similar stabilization as tertiary

Okay, so we know proteins fold.
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Brainstorm possible ways how you could
change these non-covalent interactions.

PH: affects the ionization states of ionic amino acids

Temperature: Heat energy can break non-covalent
bonds. Stronger the interactions, more

heat is needed to break the bonds.
emperature needed to denature a protein s called the T,

Detergents: Binds to proteins and destabilizes the non-
covalent interactions.

Mutation / Amino acid substi

If there is an amino acid substitution in a protein,
can we predict what happens to protein stability?

To discuss this, we will use an example
protein: Glucosidase-1

This protein is an enzyme that breaks do
a trisaccharide (three glucoses in a row)
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So what’s the issue here?

As humans we like to classify everything.
We define cells as the smallest entity of life capable of:

1. Self-replication.

2. Storing and transmitting information
(DNA > RNA - protein).

3. Maintaining a selectively separate internal environment
compared to the external environment.

4. Harness and transform energy.

The Tree of Life domains
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Factors to control Cell Size o vs.

Three important factors that can limit cell size are:

1.Surface area to volume ratio related problems:
Can't transport enough material inside the cell (or export waste) across

the membrane to sustain a cell volume that is too large.

.Diffusion related problems:

Molecules, cell components are not in the right place to undergo
reactions, cell can’t perform function.

.Dilution related problems:

Molecules need to be at an appropriate concentration, if too low,
reactions can’t take place and the cell can’t perform its function.

1. Surface area to volume ratio related problems:
increasing cell size, the volume of the cell increases more
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