Lecture 1 (9/5/25)

* Reading for "last” lecture: ~ Chl, 1-3, 10-12 «_

Review

* Reading for today: Chl, 6-9, 13-14, 19-25¢_ of ORGO
Review of \ 466—469\—-—3

HS CELL Review of
gloLogy Ch2,43 THERMO

e Homework #1: Due Sunday midnight on Achieve.

NEXT

e Reading: Ch2,43-53;53-64

e Homework #2:
e Homework #3:

Lecture 1 (9/5/25)
OUTLINE

What is Biochemistry?

Themes throughout the Course
Molecular Components of Life
Thermodynamics review

WATER

that ushers many of the themes of biochemistry:
Animals, quantitative accuracy, teamwork, energy
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https://youtube.com/shorts/YeyaAuxyM3g?si=9cOn_SC96eJjbVMp

Biochemistry Definition

“A living cell is a self-assembling, self-adjusting,
self-perpetuating isothermal open system. This
system consists of many consecutive, linked
organic reactions that are promoted by organic
catalysts produced by the cell; it operates on the
principle of maximum economy of parts and
processes.”

Albert L. Lehninger, 1917-1986

[Source: Alan Mason Chy

Biochemistry Definition

Complementary
macromolecules dynamic
“A livine coll is o self-assembling, self-adjusting,

elf—replilca!:ing  isothermal open svstem. This
system consists of many consect B10-gnergetics

metabolism ng that are promotad by oroonic
catalysts produced by the cell; EHEYINES ) the
principle of maximum economy of parts and

Abert L Lehringer 10770 PTOCESses.” Molecular bi°|°9y

- evolution

Hopkins Medical Institutions.
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Biochemistry Is
the Chemistry of Living Matter

Living matter is characterized by:

a high degree of complexity and organization

the extraction, transformation, and systematic use of
energy to create and maintain structures and to do
work

the interactions of individual components being
dynamic and coordinated

the ability to sense and respond to changes in
surroundings

a capacity for fairly precise self-replication while
allowing enough change for evolution

In order to understand these processes, biochemists have tended
to isolate individual components and study them: reductionists

Central Themes of Biochemistry |

There are THREE repetitive themes:

1.

w N

Chemical Basis: try to explain life in terms of
equilibria, kinetics, reactivity, and thermodynamic
quantities

Complementarity: Form & Function.

. The 4 S’s:

Size
Shape
Solubility
Stability

For each of the biological components of life, we will
describe them in these terms.
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History of Biochemistry

Regardless of the
enormity of the field
of biochemistry, it is
the study of SMALL
things.

Sizes of Things

Most bacteria .
Protein % ~ S 3

Chloroplast

O)

Atoms b

*®

Small
molecules

Most plant and
animal cells

California
redwood

T4 phage
(virus)

Chipmunk

X
Light microscope Blue whale
j— ]

|
Electron microscope Unaided eye
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Scaler

http://www htwins.net/scale2/
A = Angstrom (diameter of hydrogen atom)
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Cells are complex ORGANIZED units of life

Plant cell

Smooth endoplasmic reticulum
(SER) is site of lipid synthesis

Nucleolus is site of and drug metabolism.
ribosomal RNA synthesis.

Rough endoplasmic Nucleus contains the
reticulum (RER) is site genes (chromatin).
of much protein synthesis. Nuclear
envelope

Plasma membrane separates cell
from environment, regulates
movement of materials into and
out of cell. Mitochondrion oxidizes
fuels to produce ATP.

Rib Cyf kel ]

Chloroplast harvests sunlight, L . R : Golai |
produces ATP and carbohydrates. ) i ¢ < ! olgi complex

Starch granule temporarily stores
carbohydrate products of
photosynthesis.

Thylakoids are site of light-
driven ATP synthesis.

Cell wall provides shape and
rigidity; protects cell from
osmotic swelling.
Vacuole degrades and recycles
macromolecules, stores

metabolites. Plasmodesma provides path
between two plant cells.

Cell wall of adjacent cell

Glyoxysome contains enzymes of
the glyoxylate cycle.

The Molecular Hierarchy of Structure

.The call Supramolecular Macromolecules ) Monomeric units
and its organelles complexes

NucleotidesNJ;
i3 N

\e

Proteins

i Amino acids

U g oo

Membranes phospholipids
Cellulose %

T
\ Carbohydrates W/ e
Aw \W wo o
I Sugars CHron

Q
NS

Proteins: covalent polymer of amino acids
Nucleic Acids: covalent polymer of nucleotides
Carbohydrates: covalent polymer of monosaccharides

Membranes/Lipids: non-covalent supramolecular complex of phospholipids
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Components of Life

Data from the bacteria Escherichia coli:

% by weight | Complexity*

Water 70 1
Protein 15 3000
Nucleic Acids 7 1001
Carbohydrate 3 50
Lipids 2 40
Small organics 2 500
Inorganics 1 12

*number of types
Before we discuss each component,
lets review thermodynamics that makes
these possible

Energetics of Life

The laws of thermodynamics (thermo, “energy”;
dynamics, “change”) apply to all matter and all
energy transformations in the universe.

1st & 2nd Laws of Thermodynamics:

1) Energy can never be created or destroyed,
but can be interconverted.

2) The universe tends toward more

disorder (randomness) [When energy is
converted from one form to another, some of that energy
becomes unavailable to do work.]
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Energetics of Life

Q) Energy
The First Law of Thermodynamics transformation
The total amount of energy before a ———————
transformation equals the total amount after Energy

a transformation. No new energy is created, before
and no energy is lost.

(B)

The Second Law of Thermodynamics
Although a transformation does not
change the total amount of energy within a
closed system (one that is not exchanging
matter or energy with the surroundings),
after any transformation the amount of
energy available to do work is always less
than the original amount of energy.

S; entropy

ASuniverse> 0 (i.e., @)

Organisms Work Against the Second Law Big-
Time to Build the Cell

Complexity and Organization

Take as the system, the reactions
creating the cell:

Chaos = Cell

ASsystem = Scell = Schaos

(small) (large)
ASsystem =

ASuniverse > 0 (@) (2nd Law)

ASuniverse = ASsystem + ASsurroundings . .
Entropy of surroundings can increase by
release of heat by the system: First Law
to the rescue!!!

9/5/25



Organisms Use the First Law Big-Time
(perform energy transformations) to Stay Alive

» Creating and maintaining order requires work
and energy. The entropy* of the universe
must increase (2"9 Law)

+ Living organisms exist in a dynamic steady
state and are never at equilibrium with their
surroundings.

» Energy coupling allows living organisms to
transform energy.

*Entropy is a measure of the disorder in a system.

It takes energy to impose order on a system. Unless energy is applied to a
system, it will be arranged randomly or “disordered.”

Equilibrium and AG° Measure
Favorability of a Reaction

Not all biochemical reactions are favorable in the
direction that the cell needs.

Recall from gen-chem, for a given reaction:
-~
aA+bB —Z cC+dD

_ [C1&4[D1E,

“ [A]4,[B1,
And

AG° = —RTaneq
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Organisms Use the First Law Big-Time
(perform energy transformations) to Stay Alive

(@) . Nutrients in environment
such as

ial energy sugars, fats)
« Sunlight

Favorable and Unfavorable Reactions

: (b) Chemical transformations

s i el +  The breakdown of some metabolites

wransductions  Cellularwork: releases a significant amount of energy
work e et etients (exe rgon iC) .

Sl pindus SRS — Their cellular concentration is far higher

- than their equilibrium concentration.

AS>0 Heat — Metabolites, such as ATP, NADH, NADPH,
can be synthesized using the energy from
ey domnecs sunlight and fuels.....

(entropy) in the surroundings

) metsbolismprocuces compounts + Synthesis of complex molecules and many

AG°<0 e other metabolic reactions requires energy
catabofism S (endergonic).
Conarop intha spetems — A reaction might be thermodynamically
o. 1 ' EE— unfavorable (AG°> 0).
AG®> O\ otomintomusonscs - Creating order requires work and energy.

anabolism | proteins

Quantifying Thermodynamics
In any system:

Total energy = usable energy + unusable energy
enthalpy (H)* = free energy (G) + entropy (S)
or H=G + TS (T = absolute temperature)

*equal to the system's internal energy plus the product of its

G = H — TS pressure and volume. In a closed system at constant pressure, the
heat absorbed or released equals the change in enthalpy.

Now consider the differences in energy states
between substrates and products in a
reaction:

S=P

Change in energy can be measured in calories or joules.

Change in free energy (AG) in a reaction is the difference in free energy of the
products and the reactants: AG = AH — TAS
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Quantifying Thermodynamics

For Total Energy (Enthalpy), what is magnitude
of AH? Look at each side of the reaction:

s=pP
[f bondg here are to be / > Erf) %)Qgs Srf\ebeﬂn’r% Zr((i)gen
broken, ite at alower  \__ energy (,() ie more

enerqy state, H ig lesg
H

product (more heat, less bonds) - Hreactam (less heat, more bonds) = +AH

Heat energy is added or adsorbed

Ice =Water atT>0°C
More bonds Less bonds

If the other way around, with product having more bonds,
its at a lower energy state, then —AH (energy is released):

Quantifying Thermodynamics
For Entropy, what is magnitude of AS?

Look at each side of the reaction

(f more organized,
NQEN J [f more digordered,
Sig more.

product (more) Sreactant (lCSS) = +AS

Ice = Water atT>0°C
Less disorder, More +AS adds to

Don't forget that a +AS : :
more organized d o
will contribute to a 9 isorder favorability

favorable reaction due
to the —TAS term being N —-AS makes
| Amino acids — Protein P
a negative value. More disorder Less disorder /€ss favorable
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Quantifying Thermodynamics
For Free Energy, AG:

Magnitude of AG depends on:
AG = AH - TAS

» AH—total energy added (AH > 0) or
released (AH < 0)

= AS—change in entropy, more
randomness (AS > 0) or more order (AS
< 0); Positive changes in entropy make
AG more negative. Negative changes in
entropy make AG more positive.

Quantifying Thermodynamics

The interplay of enthalpy and entropy in the simple
ice/water reaction, as a function of the temperature:

=1 2 = -1 40

Ice = Water

AAAAAAAAAA
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