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Water

* Source of inspiration (music,
paintings).
« Thales (580, BC) .water is

Friedrich Handel Georg Friedrich Handel (center)  Hokusai (1760-1849):
Henry Cavendish (1783): (168 1759 “Water  and King George 1 (rght) on the e e ol
water is H20. music” Thames River, 17 july 1717. Kasagiwa

* Only chemical that naturall
exists in all three states (solid,
liquid, gas).

e 71% of the Earth’s surface is
covered with water (“blue
planet”).

* Water is of utmost

|m£ortance for life:
of jellyfish

94% of three-month human fetus
72% of newborn

60% of adult :
* Average daily water intake:
2.4 liters.

Hooo BEAIN MyscLny cmus

Perpetual motion of
oceans on Earth's
surface.
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If the 4.54 billion year history of the Earth took
60 minutes.
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Diversity of Life

(mostly bacterial)

‘ Bacteria

Candidate

Eukaryotes

Archaea 25
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Three Distinct Domains of Life

prokaryotes
Pre 1977
Eukarya
Animals
Gr:en"u Enta bae Slime
Bacteria :o vl Archaea molds
acteria Fungi
Gram-
positive Methanosarcina Plants
Proteobacteria pacteria Methanobacterium L S
(Purple bacteria) Thermoproteus Methanococcus
Cyanobacteria Pyrodictium \ Thermococcuy, Flagellates
obacteria
Trichomonads
Thermotogal
Microsporidia
Diplomonads
Last universal common ancestor
Figure 1-5

Lehninger Principles of Biochemistry, Seventh Edition
2017 W. H. Freeman and Company

Carl Woese lGeorge Fox
SG 5358 e )l S0 Ko 2358 0 Sy aals S50 50 « Condensation (1
il 43y SR 5 J o 00 Sole S 20 e Caely e 25 e JiSi dan iV 35S 20 g
o Ol aladl sl ¢ 2 e B 4g a3 4S 5 O pSe g 2 & e pa ke Ol 4
28 e Db asd e B4y 5 S eales gy 4l J S5
b iy 50 a5 Cipeae Ol 850 SG 33 3 5ol l S se G S 0
e a5 (S sl

Universality of Life

a) synthesis & degradation
of protein

JE—
b) synthesis & degradation
of nucleic acid

+
o= -
¢
© G
e @

©) synthesis & degradation
of polysacchraride condensation

©ron) Suom)
SR
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Universalities of Life

(molecules)

* Enzymes accelerate and control chemical reactions,

e Complex recognition and assembly is driven by self-
complementarity and coded sequences of
biopolymers,

e Information is stored, transferred and transduced,
e Energy is stored, transferred and transduced,

e Small molecules (monomers) are few in number (20
aa’s, 4+ nts etc) with universal identities,

e Monomers condense (dehydrate) to form polymers.
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Diversity of Life

(mostly bacterial)
Bacteria

Archaea

Candidate
. Phyla Radiation

Eukaryotes
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What is Life?

(= what is Biochemistry?)

NASA: Life is a self-sustaining chemical system capable of Darwinian evolution.

LDW: Life is a system that allows the persistence of complex organic molecules
far beyond their normal chemical lifetimes

LDW: Life is mutualism relationships among polymers of defined sequence (RNA
makes protein, protein makes RNA).

LDW: Life is information transduction between polymers with dissimilar
chemical characteristics (i.e., life is translation).

LDW: Anything with a ribosome is alive, anything without a ribosome is not
alive.

SP: You know life when you see it, but you can’t define it.
(this is the 1964 definition of pornography used by Supreme Court Justice Potter Stewan;}z
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Living matter is characterized by...

Enzyme catalyzed chemical
transformations at modest
temperatures

“Complexity” and
organization at all levels

Response to environment

Evolution
(03 o1 60 4a83) ols i,
W O )lSs s Gig)lSs 0 zmuas

(14 V5410 ) o» P el sl 02h 100 ©
Jie) adia Ly Q8 (sla b U yies 50 20 ) ) 2l Jsb & 55200 luilieg S lass o
(e sl J sl

DO 5 Olsd Asle 4k e
*&j\jm\Jml;_i_)mgm}&)zd%)sgjjhjum@@dpj\Q\Jmt;auz
Al e 35 5 (A8 W sl

Bacteria on the Head of a Pin

(a) Bacteria on a pin. magnified x 85 (b) Magnified x 425 (c) Magnified x 2100
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Prokaryotic and Eukaryotic Cells Venn Diagram

Prokaryotic Cells Eukaryotic Cells
*Small and simple Large and complex
«0.1 to 5.0 um in size 10 to 100 pm in size
*Unicellular *Unicellular or

Similarities rulticellular
*Nucleus is absent
< Clrcular DNA ::\::b?’:::o(plasma) *Nucleus is present

Single haploid (n) gElnoaciDNA
= *H t 1

chromosome SYeicyiop asm -Paired diploid (2n)

= Have ribosomes chromosome
*Lack membrane-

bound organelles « Have DNA *Has membrane-bound

* Reproduce both organelles

sexually and asexually *Mostly reproduce

se all
- Cell division by xne Y
binary fission «Cell division

*Examples are bacteria by mitoels

and archaea cells *Examples are plant
and animal cells,
including humans

PROKARYOTE CELL

Nucleoid

Pilus

Cell wall

— Flagellum Golgi apparatus

Nucleus

Plasma membrane

Lysosome  \jitochondrion

rsscience.com E U KARYOTE C E L L
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e |
Prokaryotes Eukaryotes
Us vs. Them - o ~
Eukaryotes and (s -
Prokaryotes Ee NS— \ .
in “ nucleoid” region within m%rSgreaunse-bound
Size = \ b
\" ~
usually smaller usually larger
) . k o .
Organization & = e N, St & p—
usually single-celled often multicellular
Os A= — O2 07
2 > — 3 \ = /
Metabolism 5 “ meea vion S N\ b
2 7 Y02 05 /'\ 05
may not need oxygen usually need oxygen to exist
o
ha
V4 R
Organelles ,'\__ e _‘»' 0% M o
——— i = i LR L
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An Idealized Animal Cell ===

nuclear pores
DNA.

nuclear envelope-
nucleolus

smooth endoplasmic
reticultfr)n

cytoskeleton

rough -

endoplasmic
reticulum SR y : - y

[}@ f b y 1 Golgi complex

/
mitochondria

Cr—
Eukaryotic cell Prokaryotic cell
Nucleus Capsule
Ribosomes
Ribosomes

Golgi DNA

complex
Cell wall

Endoplasmic
reticulum

Plasma Plasma

membrane

membrane

Mitochondria

Cytoplasm Cytoplasm

Lysosome
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PLANT CELL

Mitochondrion

Nucleus

Endoplasmic reticulum

Ribosome Mitochondrion

Chloroplast

Golgi apparatus

Cell wall
Plasma membrane

Cytoplasm

Centriole
Lysosome

rsscience.com AN I MAL C E LL

Solu () sal s

Lysosomes
Ribosomes
Nucleus

Smooth endoplasmic
reticulum

Rough endoplasmic
reticulum

Transport vesicles

Golgi apparatus
Cisternae
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Cellular Anatomy

GRS 4 a8 (8 — 3 gsla a0

SOl (g e asismy

SIS e (S sine

Jobes a3 485 — Jobu Qe 5 S el (structure) ClSed
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(> The Six Kingdoms of Life o
Animalia Plantae Fungi

M

&
l%rousn
Thought .

Eubacteria Archaebacteria
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Kingdom of Protists
N
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The Nucleus _Nucleus .
V.':lh; Think of the nucleus as the cell’s
§ e control center.
Cell
nucleolus
nuclear
envelope
ngA

nuclear pore
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Rough endoplasmic
reticulum
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protein proofreading .2

protein movement trafficking .3
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. ﬁ\‘ v enzymes
Sy
9 1. Lysosome fuses
@ 7 with worn-out
= organelle

ell suicide (suicide is bad for cells,

54

:'@ 2. Organelle

< broken down.

ut good for us!) ot gt
5. Usable molecules . ~
recycled to make F ok <
new organelles. - 3. Small molecules
returned to
’ cytosol.

- o ® *r% s 4. Waste molecules
S—_ o expelled from
.

cell

unctions:
vigesting food or cellular invaders

ecycling cellular components
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The Chloroplast

Think of the chloroplast as the solar panel of the plant cell.
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Animal vs. Plant Cells — Chloroplasts Are a Big Part of the Difference

nucleus

smooth and rough ——
endoplasmic

Plant cell
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Plant cells have a cell nuclear pores

wall, chloroplasts, and a DNA rnucleus
central vacuole, while
animal cells do not.

cytoskeleton

rough endoplasmic reticulum

7 smooth endoplasmic reticulum
cell wall
free ribosomes
chloroplast Golgi complex
central vacuole m
membrane
mitochondrion
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Major classes of molecules

* What are the four major classes of molecules of life?

I Carbohydrates | | Lipids |
fHeoH 'IH_N Trighyceride Sterod
7 5 NGH \ ¢
HZ\JH\_/I]P \—/T o OF r %\n
oK " o glo o8 ;—@
glucose (a monosaccharide) HO " % ’r-" e o) o nolester
sucrose ( saccharide)
CH,OH CHOH MH CHROH
Lf,, [
e (a p ysaccha dp t ch) Phosphatidyicholine
"
I Proteins l |
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(a) Dehydration reaction: synthesizing a polymer

S’éort polymer Unlinked monomer

Dehydration removes

\
a water molecule, ~— @

forming a new bond

\J

Longer polymer

(b) Hydrolysis: breaking down a polymer

@lydrolysis adds and @
a water molecule, - =k
breaking a bond "/
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Polymeric biological molecules

How are polymers formed?

Dehydration reaction

(a) Dehydration reaction: synthesizing a polymer

)PP O - J

Short polymer Unlinked monomer

Dehydration removes

a water molecule, — @

forming a new bond

DD

Longer polymer

How are polymers broken down?
Hydrolysis
(b) Hydrolysis: breaking down a polymer
Hydrolysis adds ~ @
a w-_jtc'r molecule, | o

breaking a bond

- DD D0 >
DO ey

Ay p) = e ssa
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What is a protein?

* Large molecules or polymers consisting of amino acids
* One or more polypeptides each folded and coiled in a 3D
structure
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What types of proteins are there?

Enzymes Receptor
o

Contractile/motor Hormonal

Structural Transport
Defensive Storage
Dl sl e
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Central Dogma
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Translation: Process of synthesizing protein from messenger RNA
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Codons GAG CE€E TCA ATC AGG CAT ACC
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How does the structure links to function?

e.g. A single amino acid substitution can cause sickle-cell disease as red blood cells will
become less flexible which results in a reduced capacity to carry oxygen.

Primary Secondary and Quaternary :
Function R lood Cell Sh

Structure  Tertiary Structures Structure e ed B Cell Shape

1 & e o Norma Molecules do not associate with Normal red blood

~J hemoglobir: one another; each carmes oxygen cells are full of
£ 2P LYY ndividual
_§‘ 30 \*\\ hemoglobin
| . Q molecules, each
§ % B subur oy QQ QQ SRS
= S G cE e ™ s
= 6 @ 3 "
E . @
o 7@ q
z
g

1 Exposed hydrophobic Sickle-cell Molecules interact with one
- region hemoglobin another and crystallize into 2
3 2 : \ M-~ _ fiber; capacity to carry oxygen is »maoglobin
2 3 A\ LY s greatly reduced deform red
g S~ N Jitk blood cell into

P - 2 9 1
E’ , ) ne i V. & . b 3 sickle shape
= J 4 B : . 3
3 6 B subunit e 4 g . 3
-] 7 o o B 3
v u/g L a -
w

Symptoms: pain, serious infections, chronic anemia and damage to body organs.
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H OH \ H OH H OH H OH

Glucose Glucose Maltose

(a) Dehydration reaction in the synthesis of maltose

CH,OH
1-2 " o

,O_ H glycosidic _
\|1 linkage 2|7

Glucose Fructose Sucrose

(b) Dehydration reaction in the synthesis of sucrose
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(c) Cellulose: 1—4 linkage of 3 glucose monomers
e Gals) 2l i 8 ()5 o sdie o ad A8 5 s axale )3 glycogen 4G o
Cad Gl O 93 28 adiod 4in K 5 an )l Sl 630 40 B e s sl Gaad 3 e sl 4S

60




sl o)) s O 20l 25y Gaa oS 2 aS 3 )b (e jlialu aS (8 sa 0 il Yl
Gl oad JusSin o)) ) Al

4S sy g aiien SR ) 5358 535800 JSEE L8 50 Slsle aa g AGuliS o 43S0
22012 Al () (s I (61 (3 Ol sl A8 a5 il G Sl JAs
48 I a3l La (5 4080 20 53 40 5 4S )l (e 331 i1 R oy 3 ol oy 0
e G wiS pawdle b ) Gl s anil giai Le Gaed (5 40dSG a0 Jae 4350

B () pisiaad s ise 5500 ey sl b 1 (i liAL

O 50 ML 250 (550 Oisie (s 212 1 JSbe () pa b 0g) S8 Jie 10l )53 o8
Gl )55 o AS a3l AS (la (5L (5 S 35A IR s 3 sa b Gile
ol S € aa LA 3500 aa 8 ) 0 )R ol (ped (5 5 2 | iy
Glhe 84S 3 sdie el (5 2152 asm s 26 & Ol 5 (e 52 W a il ) Caines
3 gdne (e oS (S S Giely 525k 31 s A

e sl ALE Jsb o3 sk
il Juabe A o) ) 4 8 i aS a5 )5k (5 ) e JliaLs axi€ oG | aga S
ol )X}L.n &)

Cellulose

microfibrils in a
plant cell wall
A, Microfibril

1Y,
%O —

CH,OM
oM CH,OH
CH,OM on
B Glucose T, @ O G 0@7

monomer ——————1 .o« CH o1

AR Ol S bl z Jl aa s jla G 4S chitin ods

50 )i G gy o pdian 48 Gl aSae a8 4AS ol Gl pdia S g O 500 A SIS
e Sy (B ) s Sy

ol o adlial el Jii) S 4S8 i SR S ST ia laiala

aﬁ(:}g\)&m\}@g‘ud&aja&\m)ﬁaﬁjﬁﬁ

61
Jozvebama.ir




<4 The structure
) on ©of the chitin
monomer

r,

2

<4 Chitin forms the exoskeleton
of arthropods.

A Chitin is used to make a strong and flexible
surgical thread that decomposes after the
wound or incision heals.

© 2011 Pearson Tovcaron, ne.
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> Fatty acid

(in this case, palmitic acid)

Glycerol
(a) One of three dehydration reactions in the synthesis of a fat

Ester inyage
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(b) Fat molecule (triacylglycerol)
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(a) Saturated fat

Structural
formula of a
saturated fat
molecule

Space-filling
model of stearic
acid, a saturated
fatty acid

(b) Unsaturated fat
i
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Structural p
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Space-filling model
of oleic acid, an
unsaturated fatty
acid

Cis double bond
causes bending.
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Primary structure

Physics of P

(a) “ 2 | (b) “ »”
macromolecules closed open
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Dynamic

. 4

Function

Protein Dynamics

Quaternary structure
complex of protein molecules
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