1.3 Physical Foundations

Living cells and or ganisms must perform work to stay
alive and to reproduce themselves

Living Organisms Exist in a Dynamic Steady State,
Never at Equilibrium with Their Surroundings

Precursors =) Hemoglobin =) Breakdown products

(amino acid) I, I, (amino acid)
When'o =1,
[hemoglobin]=const
Steady State Equilibrium!
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Organisms Transform Energy and

Matter from Their Surroundings
System

Universe :
Surroundings
closed system :  the system exchanges energy but not
matter
open system exchanges ener gy and matter
Isolated system  exchanges neither energy nor matter

Living organism is an open system
L iving organismscreat and maintain their complex,
orderly structure using energy extracted from fuelsor
sunlight.
In any physical or chemical change, the total amount of
energyin the univer seremains const. 2




The Flow of Electrons Provides Energy for Organisms

= Murrismis in saviFrmssant Heat
Tobential snsrg :::}:ﬁ“ﬂ;ﬂb‘m“hhup}' =
: ; el
= Sanlight
(h I sl Farslim e
leptropy | in the surroursdings
Chaemienl transformntions Metaboliem produces comprands
witEin colle simipler tham the indtinl

fuel meodernles OOy, NH,
Eoniergy | Hgll‘. HF"('.Ii

eransduetians Celluillar work:

nccomeplish = ghemnical synihesis lalh
waark = mechanical work
= gamotic and clectrical grodiesis Deereazed Fardomnass
= Jight o et enirepyl in the aystem

= genetse Informatien transfor

Bimple compounds polymerize
to form information-rich
macromalecales: DNA, RNA,
profcins

ik

Heat (absorbed or emitted)

el
cnap L.310 1.5 3

Energy Coupling Links Reactionsin Biology
AG AH TAS

Freeenergy (G) & Freeenergy change (AG)
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Energy Coupling Links Reactionsin Biology

(1) Glucose  Pi ——>> Glucose 6-phosphate
(phosphate) NG, O
(2) ATP _ ———> ADP Pi
Adenosine triphosphate
(major carrier of
chemical energy in all cells)
(3)Glucose =~ ATP=———=> Glucose 6-phosphate

AG, O

ADP
Jeesctiva 2 AGs=4G, £G, 0
ATH = AL = Henation 8
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Enzymes Promote Sequences of Chemical Reactions

Enzymes catalyze
reactions by lowering

Activation harrvier

the activation energy( A6 -

collision frequency
D g
k =zpe

V.
% steric factor
rate const.

Al
Proucts (B

Reaction coordinate (4 — B

~*& fraction of collisionswith sufficient
energy to produce a reaction

Each enzymeprotan catalyzes a specificreaction, |

and each reaction in a cell is catalyzed by a ,

chap 1.

different enzyme

emultiplicity
egpecificity

}of the enzymes
esusceptibility to regulation
give cellsthe capacity to

lower activation barrier selectivity
4

Effctiveregulation of
cellular processes

AlgBlgldyD
1 3

E2
reaction pathway
enzyme
Feedback inhibition .
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M etabolism: Catabolism and Anabolism

Nutrients Céllular works
Foods Complex biomolecules
Solar M echanical works
photons Osmotic work
_ ADP ADP
catabollsm@ o sl 5 anabolism
: CO, ;
“ NH3 I'
el H,O  ___-- ‘
precursors
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Summary of 1.3

1.4 Genetic Foundations
DNA (deoxyribonucleic acid)

A. Genetic continuity isvested in DNA molecule

v
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v
DNA

reproduce themselves with
nearly perfect fidelity for

countless generations
]

|
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B. The structure of DNA allowsfor itsrepair
and replication with near-perfect fidelity

DNA(double helix )
*Complementarity between the two
strands accountsfor the accurate
replication essentials for genetic —

continuity
Genetic information is encoded in the = o
linear sequence of four kinds of A ) o
sununits of DNA ‘ : e
i T "1.!. . T ..k-"-"‘\
*The double-helical DNA molecule e g T g
contains an internal template for its : -
own replication and repair e = -
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Thelinear sequencein DNA encodes proteins with
3-dimensional structures
DNA
Transcription of DNA sequence
into RNA sequence Trancriptiem ol DR wpr
RNA
RN | R, 3 e R =
l Translation of RNA sequence :'?':' r """' —
into protein sequence . A o
[} T ud felding of prodair
Linear amino acid sequence
l Noncovalent interactions
=T ’ | e -’_.--_;
- i s o

Protein with native conformation =%

The structure and function of proteins gi?

areencoded in itslinear a.a. sequence
chap 1.3t0 1.5

Summary of 1.4 S




1.5 Evolutionary Foundations
Changesin the Hereditary Instructions Allow Evolution

Timer
wild type —» AT Fig. 1-32 Role of mutation in
u #,/l“xh evolution The gradual
i wwnews | accumulation of mutations over
P long periods of timeresultsin
T new biological species, each with
R aunique DNA sequence.
P T )
J !.Ii::-‘;‘-.__.- -\.;\.—%;
P x5 - . :.H-. aJ\
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Biomolecules First Arose by Chemical Evolution

In 1922, Oparin proposed
early in the history of the earth at a reducing
atmospj ere(rich in methane, ammonia, and water)

electrical energy (from lightning discharge or heat
ener gy from volcanoes

forming simple or ganic compounds
dissolved in the ancient seas
millions of years
simple or ganic molecules associate into larger complexs

v millions of years
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form membrane and catalysts(enzymes)




Chemical Evolution Can Be Simulated in the L aboratory
In 1953, Stanley Muller’sexpt’l: —

""-\. .-'-..
. @ xx__ f,-’f
Electrical sparksfor aweak N S
or more [l ok ’

analyzed the contents:

amino acids

hydr oxy acids Conderer B

aldehydes |\ produced |

hydr ogen cyanid s
Even, polypeptides and RNA-

likemvolecules!! (later expt’l) Figure 1-33

In conclusion,

many biomolecules, under prebiotic condition can be
formed including

polypeptides and RNA-like molecules (as catalyst)

v

Proten

Whether life also arose on the planets of other solar systems?

RNA or Related Precursors May Have Been the First
Genesand Catalysts

RNA can act as catalysts om their own formation

v
RNA:may have been thefirst catalyst and first gene 4
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Evolution of eukaryotesthrough endosymbiosis
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Comparison of prokaryotic and eukaryotic cells

TABLE 1-3 Compassan of Prokaryofic asd Eukarpotic Cells
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Molecular anatomy reveals evolutionary
relationships

» Relatedness of species:
— 18 cenury, anatomic similarities and differences among
organisms (Linnaeus)
— 19 century, phylogeny of moder m organisms (Darwin)

— 20 century, ‘molecular anatomy’-sequences and 3-
dimensional structure of nucleic acids and proteins

* Genome (the complete endowment of an or ganism)

» Some organisms whose genomes have been completely
sequenced: (seetable 1.4)
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TABLE 1-4 Some Ovganisms Whose Genomes Have Been Completely Sequenced

Genoma size {milinns

Organism af puckeodicle paire) BiHngyeal e
Mycoplasms MNesmorGe LB Calses. neamonia
Treponema paidum 1.1 Caumess Syphils
Rornefia burgdorfen 1.3 (s Lymn disease
HaNcahscier pahor 1.7 Caipsesy pasisie ulcers
Malfanoooctus s ol L7 Griws &1 85 !
Hammophius influenzas 1.8 Causes hactarial miluenza
Methanobacienum thamo- 18 Membar of the Archaea
sutalrmpdanim
Arctaeogiotus fagidus p High-tempesatum
methanagan
Fmecfiocysis 5o 1B Cyanobacierium
Bacithys subhilis 4.2 Common sl Bactariium
Eschanchiz ool 4.6 Siome SiFainG CHUSA ok
shock sy neme
Sxcchammyces ferepisine 121 Unicelular puiarmots
Plasmodkm I3\zipanym &3 Latpses huamam malana
Casnarhabaditls siBans L | MuRkcabilar muniwEm
Anophieles gambioe 278 Malaria vecior
Mus musculus domesfious 2951 lLaborafinry mouss

Homo sapkers 28 « 100 Humzm




Molecular phylogeny isderived from gene

sequences
* When two genes DNA or protein share detectable
sequence similarities, their sequencesare
‘homologous’ and the proteinsthey encode are
‘homologs'.

» Two homologous genes occur in the same species, they
are‘'paralogous and the proteinsare ‘paralogs’. (see
page 37)

« Two homologous genes occur in the different species,
they are ‘orthologous and the proteinsare ‘orthologs .
(see page 37)

« Annotated genomeincludes (1) DNA sequence, and (2)
adescription of thelikely function of each gene
product (deduced from comparisons with other

genomics sequences and established protein function).
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Molecular phylogeny isderived from gene
sequences

» The sequence deffer ences between two
homologous genes may be taken as a measur e of
the degreeto which the two species have diver ged
during evolution.

» Thelarger the number of sequence differences, the
earlier the divergencein evolutionary history.

» Phylogeny (family tree) (seefig. 1-4)
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