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Introduction

All organisms
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Phototrophs Chemotrophs
{(energy from (energy from chemical
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structures, mechanl_sms, and cherr_ucal processes Autotrophe Heterotrophe —
shared by all organisms and provides organizing R (carbon from (carbon from organic
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principles that underlie life in all its diverse forms, Examples: e
principles we refer to collectively as the = scyanobacteria Lo
. . *Plants *Purple bacteria
molecular logic of life. «Green bacteria
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Ribosomes Bacterial ribosomes are smaller than

eukaryotic ribosomes, but serve the same function—
Nucleus (eukaryotes) protein synthesis from an RNA message. e

or nucleoid (bacteria)

Contains genetic material-DNA and
associated proteins. Nucleus is
membrane-bounded.

Nucleoid Contains a single,
simple, long circular DNA

constitution

Pili Provide
points of

Plasma membrane

Tough, flexible lipid bilayer. adhesion to
- Selectively permeable to surface of
4 polar substances. Includes other cells.
/{_— membrane proteins that
3 / ﬁl{xctlgn in transpprt, Flagells
in signal reception, Propel cell
, ., and as enzymes. through its
/4 _ surroundings.
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: J,' ' |
‘\k-‘ '_ Cell envelope : \
< : " Structure varies '
- with type of \
Cytoplasm bacteria. |\
Aqueous cell contents and
suspended particles \
and organelles.
1%
centrifuge at 150,000 g \
; \
Supernatant: cytosol ) : |
Concentrated solution !
of enzymes, RNA, Outer membrane Peptidoglycan layer
monomeric subunits, Inner membrane
metabolites, U : e

inorganic ions.

Pellet: particles and organelles
Ribosomes, storage granules,
mitochondria, chloroplasts, lysosomes,
endoplasmic reticulum.

Gram-negative bacteria Gram-positive bacteria
Outer membrane; No outer membrane;
peptidoglycan layer thicker peptidoglycan layer




Some chemical constituents

Some components of lipids

Some amino acids of proteins
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Some chemical constituents

The components of nucleic acids
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Nitrogenous bases

a-p-Ribose 2-Deoxy-a-n-ribose
Five-carbon sugars




Hierarchical levels

Level 4: Level 3: Level 2: Level 1:
The cell Supramolecular Macromolecules Monomeric units
and its organelles complexes

DN Nucleotldes st‘

Amino ac1_c_ls

Chromosome
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Chemistry
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| Organic chemistry

_{lj,_{j_
\C=D
e
p TABLE 1-1 Strengths of Bonds Common
—+—N\ in Biomolecules
Bond Bond
dissociation dissociation
\C=N— Type energy* Type energy
/ ofbond  (kJ/mol) ofbond  (ki/mol)
Single bonds Double bonds
| 0—H 470 c=0 712
—Cli—(|3— H—H 435 C=N 615
P—0 419 C=C 611
C—H 414 P=0 502 .
N e - Geometries of carbon
/C= c—0 352 Triple bonds
C—C 348 C=C 816
S5—H 339 N=N 930
C—N 293 . '
C=C c—s 260
N—O 222 , :
5—S§ 214 ?/”

*The greater the energy required for bond dissociation (breakage), the stronger the bond.




Common functional groups (1)

H H
é /
Methyl R—C—H Amino R—N\\
! H
i %
Ethyl R —{|]—(|]—H Amido R —(ﬁ—N\
H H H
H H
C‘/ \ L | /
Phenyl R A ’F,CH Guanidino R—N—C _Nx
c—C Il\ll H
H H AN
H
Carhonyl R—C—H Imidazole R_;F:CEH
(aldehyde) 0 I—]N\ N



Common functional groups (2)

Carbonyl R!'—C—R?
(ketone) J:l:l

Carboxyl R _{l;J_D_
O

Hydroxyl R—O0—H

(alcohol)
Ether R!'~0-—R®
Ester R!'-C—0—R?

Anhydride R'--C—0—C—R?
(two car- | él)
boxylic acids)

Sulfhydryl R—S—H
Disulfide R'--S—S-R°
Thiocester R! —(”3—5 —R?
o-
Phosphoryl R—0O -IIII‘—DH

|
Phosphoanhydride R l_0-—P-—0-P-0—R*

?_
Mixed anhydride R—C—0—P—O0OH
{carboxylic acid and
phosphoric acid;
also called acyl phosphate)
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Biomolecules

imidazole NHE

methyl phosphoanhydride N é%
thioester amido amido GHE (0 O Hd:: {”j Ig
CHg—D—S—CHE—CHZ—NH—C—CHZ—CHZ—NH—&‘)—i——i CH. D—i—[}—f")_(j CH, NHC N = H
H CH \ \
¢ / \\
jf methyl
hydroxyl
ydroxy {|3 (|j
O OH
"D—ﬁ’=0
é) phosphoryl
Acetyl-coenzyvme A H
Triggering the light detection inside our retine
CHs cH CHs CH, 0
light p ¢

W

11-cis-Retinal All-trans-Retinal 11



Original
molecule

Mirror -
image of
original
molecule

Clockwise
(R)

Chirality

‘\I Chil’al

molecule:
Rotated
molecule
cannot be
superimposed
on its mirror
image

Counterclockwise
(S)

Mirror -
image of
original
molecule

Original
molecule

CHO
HO~C—H
CH,OH

L-Glyceraldehyde

Achiral
molecule:
Rotated
molecule

can be
superimposed
on its mirror
image

CH,OH

(3)
(S)-Glyceraldehyde
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Conformation
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Energy sources and Gibb’s free energy

EEH].ZGE T Elg — EEDE T 'EHE':' + energy
(energy-yielding oxidation of glucose)

ATP
NH,
N-.. T
_ . _ r C N
0 '1|3‘ ‘|3' HC [ |
0—F—0—P—0—P—0—CH, N~ #CH
0 0 0
H H
H H
OH OH
AG=AH —-TAS P)—{P)—{P)—Ribose— Adenine

Py

14



Energy sources and Gibb’s free energy

(a) Mechanical example

(b) Chemical example

AG=>0 AG <0
Work A Q Loss of !
done ¥ s potential o Reaction 1:
l—a_l;ﬂmg '-f‘ \-‘\\\ \* EIIE'Tg}T ﬂf @ G_]ucuse + P'l. —3%
object ,* - position T glucose 6-phosphate
= =
5
@
D
i
=
AG,
B Endergonic Exergonic [l

Enzyme catalysis:

Free energy, G

Reaction 2:
ATP — ADP + P;

Reaction 3:
Glucose + ATP —
glucose 6-phosphate + ADP

AGs

r

QGS = ﬂ.Gl - L"';Gz

Reaction coordinate

Activation barrier
(transition state, )

AG
Products (B)

Reaction coordinate (A — B)
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Strand 1

Strand 2

o
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Old ew
strand 1 strand 2 strand 1 strand 2

From DNA to protein

Gene 1 Gene 2 Gene 3

. a 42
e K &
= = = = L B
= = = . =
- oa s L

Transcription of DNA sequence
into RNA sequence

RNA 3

Translation (on the ribosome) of RNA sequence
into protein sequence and folding of protein
into native conformation

Brotein'T Protein 2 Protein 3
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Formation of suprarholecular complex



The role of water

Ice structure

(a) (b)

fii=—] ~

Hydrogen bond % Giﬁ
o=
i 0.177 nm 4

Covalent bond
0.0965 nm

(e)
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