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The Unity of Life
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The Unity of Life

Fundamentals concept of biology
Basic chemistry of life
Cells: basic unit of life

Energy and life: Biochemical reaction
and enzyme

Cellular respiration
Photosynthesis

-l U S
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Fundamental Concepts of Biology

* Biology

* Properties of Life

* The kingdoms of life
* How Science Is Done
* Theory of Evolution

Biology

* The science of life
* The study of living things

24 1 . G B

Properties of Life

. Order

Sensitivity

Growth and Development
Reproduction

Energy utilization
Homeostasis
Evolutionary adaptation

Order

Hierarchical organization
of living things




Hierarchical organization of living things

: -Ecl:syslam

Organ system - - ..Community
Macromolecule -

e
sl s

Molecule Tissue : Population

" Species

Sensitivity

G‘rowth and Development

Reproduction

Energy utilization

Homeostasis




Evolutionary Adaptation

Cells

are an organism’s basic
units of structure and
function.

Two major cell types

The kingdoms of life

1. Prokaryotic e 1. Archaebacteria
cells B~ i 2. Eubacteria
2. Eukaryotic 8. Protcia
4. Fungi
cells
/ 5. Plantae
&3 6. Animalia
—s &9
A. Prokaryote Cell ! : . A
Archaebacteria Eubacteria

* Prokaryote

* il peptidoglycan
udilsznouveanis
1A

* Prokaryote
« il peptidoglycan
Whudmlszneuvoaria

4




Protista

Fungi

» Eukaryote » Eukaryote
* Funan Cell G o fhuwanuauead ondu
vrduvon algae nan yeast
* Junmizvidaouaald » i chitin i
* oifvisiiFinviiady dnnlazneu
* ndeuihild
Plantae Animalia
« Eukaryote + Eukaryote
* fluvinnaioad *» Fuvnnaead sndu
* dunasigidionesld win yeast
v maouilyle « i chitin dlu
dwlsznau

¥ Y 2 aaa &
doaldndanunindedizia

]
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1. Archaea

Domains of life

— Archaebacteria

2. Bacteria

— Eubacteria

3. Eukarya
— Protista
— Fungi
- Plantae
—  Amimal

ia

Features of Domains of Life

Domain | Archaea Bacteria Eukarya
Feature
Amino acid Methionine Formyl Methionine
that initiates methicnine
protein
synthesis
Introns Present in Absent Present

genes

Membrane Absent Absent Present
bounded
organelles




Features of Domains of Life

omain | Archaea Bacteria Eukarya
Feature

Nuclear Absent Absent Present
envelope
Number of Several one Several

different RNA
polymerases

Peptidoglycan | Absent Present Absent
in cell wall k!

Importance of Biology

* Expanding population

» Life threatening diseases, cancer, AIDS,
avian flu

« Suitable management of world's resources

+ Improvement of our quality of lives

How Science Is Done

How Science Is Done

Theory

* In general public,

—Theory implies a lack of knowledge
or a guess.

* In scientist's sense,

—Theories are solid ground of science
that of which we are most certain.

Theory of Evolution

« |t proposes that one type of organism can
gradually evolve into another.

» Charles Robert Darwin, an English
naturalist (1809-1882)

+ Expedition around the coasts of South
America with the Beagle (1831-1836)




Darwin’s Evidence

» Fossil armadillo
(Glyptodont)

Darwin’'s Evidence

» There are progessive changes in
characteristics in rock strata
layers (fossils).

* Lands in similar climates, such as
Australia, South Africa, California,
and Chile, have unrelated plants
and animals.

Darwin’s Evidence

* The plants and animals of each
continent are distinctive.

Darwin’s Evidence

* Endemic species in
oceanic islands

+ Galapagos tortoises

Darwin’s Evidence

+ Species on oceanic
islands show strong
affinities to those on
the nearest mainland

+ Galapagos finches




Basic Chemistry of Life
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Tnseateveuiion (Outline)

» Composition of Matter

Atoms and Structure of Atoms
* Isotope

Chemical bonds

Biological Macromolecules

— Carbohydrate

— Lipid

- Protein

— Nucleic acid
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Composition of Matter

« Organic material
* Inorganic material
* 92 natural elements

* 25 elements: B C Ca Cl Co Cr Cu
FFeHIKMgMnMoNNaOPS
SeSiSnVZn

* 4 elements: CHN O

Structure of Atoms

« Atom

— Proton

— Neutron

— Electron
« Atomic mass (dalton)
+ Dalton =1.7 x 10 %41 gram
+ 6.02 x 102 dalton =1 gram
« 1 proton = 1.009 dalton
+ 1 electron = 1/1840 dalton

Atomic mass —— - 4

He

Amienumbar, "2

Cloud of

negative

charge - b
(2 electrons)

(a) (b)

Copw & Pewion E.cen. e w0-sng 08 Boyame Cammngs




|sotope

An element; the same number of protons
More neutron = different atomic forms =
isotopes of element

Example:  '2C 3C 1C

Half life:'4C = 5600 years
Many useful applications E Radioisotope

Hydrogen (H) Deuterium (?H)

Electron Configuration and

Chemical bonds hold molecule

Chemical Properties together
briagen b + Covalent bond: e
el electronegativity 1 eren :
— Polar covalent bond
' ’ — Nonpolar covalent ) Oxvgen.
Llh:li;am B':ual:m l\:ron Cllrgw N\lr;‘pm ngon Flu:}rlm m bond
i e Ay - @ :
o ; e ; (d) Methane n. ;
Chemical bonds hold molecule (Eamians
together
: '0”(‘:‘3 bond « Same molecular formula
— Cation
~ Anion * Three types
& - * o —Structural isomer
R - ey - —Stereoisomer (geometric isomers)
. .o se —Enantiomer
N cl Na* cr
Sodium atom Chiorine atom Sedium lon Chioride ion
(a cation) (an anion)

Sodium chioride (NaCl)

o Feesn Educmon. . massning e barsamn Gumimings




Structural isomer

H H H H

| | | |
H-C-C-OH Hi= G =Gat <H

H H H H

Ethanol Dimethyl Ether

(C2Hs0) (C2Hg0)

Stereoisomer isomer

trans-2-butene cis-2-butene

The Chémical Building Blocks of Life

* Macromolecules

+» Organic molecule : Carbon
— 4 covalent bonds (C-C, C=C, C=C)
- C-H, C-N, C-0

* Hydrocarbon : C-H

Functional Group

Biological Macromolecules

+ Carbohydrate
* Lipid

* Protein

* Nucleic acid




Building Macromolecules

{0

+ Dehydration synthesis HO-’C
+ Consume energy

+ Anabolic reaction .

(a)

+ Hydrolysis
* Release energy wo s )
+ Catabolic reaction

Carbohydrates

+ Carbon : Hydrogen : Oxygen=1:2:1
(CHZO)n
» Energy storage
= Sugar are simple carbohydrates
—Monosaccharide
—Disaccharide
—Polysaccharide

Triose sugars  Pentose sugars. Hexose sugars
1€,H405) (CgH 04} {CgH 304
HY o H 0 H_ 0 H 0 M h i d
W% v v N onosaccnaride
H~C o H—C—oH u—?—nu H—%—OH
g H=6—on H—¢—oH Ho—c— Ho—o—H
H H H—C—OH H—C—oH HO—C—H
< Glyceraldehyds H—C—OH H—C—OH H—C—OH w P
" H—t—on H + OH i S S
g o e o H—c—0OH P : 7 e
Ribose ;.‘1 H il H /T G H /"i-' \ H CH,OH
HO ~*C—H \ Sy ¥ AW f H ATTO H
Glucose Galactose a A H |c\ et AT oy H ic
H—'C—oH O{I\I 1/ o O{'\‘ /1 NOH HJ
T H H H—S¢—oH :?iip ;1;* oH HO i1 OH
Hotood H—td—om M—+-—DH H—SC—OH H  OH Wi o H OH
g0 ‘—0 £ W
i H--lI:wOH H—-?—OH HO —‘G—N (a) Linear and ring forms (b) Abbreviated ring structure
3 H H—C—OH H—C—0OH COPATI B Piaeon ESUCARGR, 00 pubiiing 48 BOAMIN Cirmeings "
¥ Dihydroxyacetone H—C—0OH H—C—OH
|
H H— foH
Ribulose H
Fructose
SN € CONien £ 2 v DU 4 Do Comers
SH,0H eHOH BAOH g4 GHOH Structural isomer and Stereoisomer
H O H H H H K Siyepsiai H
H H Lo
OH H OH H OH H OH H
HO OH HO HON 2 e
Moo H,0 o Fructose Glucose Galactose
Glucose " Glucose Maltose 74 K B
(a) Dehydration synthesis of mallose He=C—0H c=0 c=0
|
L“,TO Structurai H—C‘—OH H—c‘:—QH
| isomer Sterecisomer
CH,OH cH‘OHu CH,OH SESE CHiOH HO—=C—H S HO—L",—I-\ ——— HO—GC—H
H H H 5 : T
H H 1 glycosidic Sa Norieiy
f gn H H HO | — |/H 1 'r""'v'; H—C —OH H=C—OH HO =G —H
HO "/ YOH HO A, OH H H HO /i | {
! i T ) . HO o GH,OH »-q-c_:—oH H—(?—OH H—CI~O>1
hooH G Ons H OH oH H H—C~—0H H=.C—OH H=C—OH
X ;
Glucose Fructose Sucrose J! 4 e

{b) Dehydration synthesis of sucrose
” e mbrivg




Transport Disaccharide

Glucose + Fructose
Glucose + Glucose
Glucose + Galactose

» Sucrose =
» Maltose
» Lactose

Storage Polysaccharide

& fLf=s Chioroplast  Starch
oD &OE’ 5D IE
« Starch % o

- Amylose o% S # :
- Amylopectin ‘2‘29 06@? <
Amylose Gog 24 Amyiopectin ;

ﬁ*&é_‘%

(a) Starch
3 & Fpeo? Mitochandrion  Glycagen
» Glycogen @%Qé} Sy e

RASGHEESS

(6)

[ N SR - —

‘]

granules

a-form and B-form of glucose

u\c"o
CH,OH ‘ CH,OH
H AT N Ty H O, oH
S oH H ! ] HDvﬁsz — T
OH H—C—OH HO H
H OH il H OH
I
o Glucose H —c‘:on p Glucose
H

(a) o and B glucose ring structures

Structural Carbohydrates

CH,OH CH,OH CH,OH CH,OH
Q,
1 4
HO o o o
Starch
OH OH OH OH

{b) Starch: 1-4 linkage of « glucose monomers

CH,OH OH CH,OH

OH
(o] o]
cosone Iy T

\
OH CH,OH OH CH,OH

(c) Cellulose: 1-4 linkage of B glucose monomers

e e Caenenn, = b e e

OH

CH

Structural Carbohydrates

+ Chitin
* Modified form of cellulose with nitrogen group
* Insects and Crustaceans

Lipid
* Hydrogen : Oxygen > 2 : 1
* Nonpolar molecule
+ Oil : olive oil, corn oil, coconut oil
* Wax : beewax, earwax
» Composition : 2 subunits

—0One molecule of Glycerol
—Three molecules of Fatty acid




Triacylglycerol (Triglyceride)

Fatty acid
(Palmitic acid)

Qlycerol
(a) Dehydration synthesis

Ester linkage

() Fat malecule (triacylglycerol)

Coprah © Faamon s 1, kot m Do G,

H H

N 9, H H wtow 'i' w o wlow
n—d—on :"\é/%\é/é\é/%\é/‘f\é/?\ézl é/Jf\&"
Mol L U L ot il
DR Raa ek R Rl TR
H—C—OH
M0 Fatty acid
b {Palmitic acid)
"
Glycerol

(a) Dehydration synthesis

Ester linkage

{b) Fat molecule (triacylglycerol)

Copyion © Paavsen Eaialion ' pubkarirg a5 Ranfsmes Dumengs

Saturated fatty acid

pRypRga gy
| L. 4, il W
FCwc—?—?~§-?—$w?*c—$—Q—C—?—C*C"C— -H
| [ I
HHHHEHHBHHH HHHH

]
#
No double bonds between carbon atoms

a) Saturated fat

Unsaturated fatty acid

ﬁ) r'ri Flt I? }T I‘i }-I\ -‘| H H T H H HH
| | i
HO—C—(T?—(IZﬁ(‘:vE‘_‘" —?—?—9=C~$“C?C“C—C?é—o—é—r
1 [ i
HHHHHHHH H H H H H I'rl

Double bonds present between carbon atoms fatty acig
chains do not fit close together

(b} Unsaturated fat

Fat

» > 40 Carbon
» Saturated fat
—Animal fat (except from fish)
—Higher melting point
—More calories
* Unsaturated fat
—Fat from plant (except from palm and
coconut) ;
—Lower melting point
—Less calories

Phospholipid
Polar molecule
— Polar head

— Nonpolar tail

tails

(a) Structural formuls (b) Space-filing model {e) Phospholipid aymbol

PP 8 P e, . v o RargrisExroe




Hydrophobic Reaction

{a) Micelle

HRRARRRIRIEINARIN
COL I I D

b

(b) Phosphalipid
bilayer

Other kinds of Lipids

+ Steroid
— Cholesteral
— Testosterone
— Estrogen oH, Ciis oH

+ Terpene fon Ll L ceren
- Chilorophyll ¢ "ol o, ol
— Rubber

» Prostaglandin o N
—2 Fattyacids .| - a0
-5-carbonring s ¢ e

Cholesterol

=) Ch;

_ Prostaglandin
(PGE)

Protein

« Functions
—Enzyme catalysis
—Defense
—Transport protein
—Support
—Motion
—Regulation

Building blocks of Protein

* Amino acids (20) R

» Composition H,N - 'C - COOH
—Central carbon 'H
—Amino group : -NH,

—Carboxyl group : = COOH
—Hygrogen atom : H’

g~ Ww N -

Five groups of Amino acids

. Nonpolar amino acids

. Polar and uncharged amino acids
. lonizable amino acids

. Aromatic amino acids

. Special-function amino acids

Nonpolar amino acids

Naonpolar !
i CHy CHy CHy
N |
CHy GH. CH CHg
i i) ' ]
CH, cH CH, H—C—Ch,
| ! | |
HN—G—C—OH HN—C—C—0OH HN—C—C—CH HN—C—C—0H
L) U | |° e |
H.O Hria H. O HoO
Alaning Valine Leucine Isoleucine
(ala) (val) (leu) {ile}

THE CENTER FOR LIBRARY RESOURCES AND EDUCATIONAL MEDIA
SURANAREE UNIVERSITY OF TECHNOLOGY




Polar and uncharged amino acids

lonizable amino acids

lonizable (charged NHy
Polar uncharged s { ged) {
Qi G =NH,"
<
Dets I o o0 Gty — Nig? NH
oH CH, [ CH; NS | |
o | i { (t 5 o Hﬁ—NH{*\ G, ?H?
H CH, H—C~0OH CH, CH, N !
! | ] i i CH, < L P CH, CH,
N —=C—C—OH H,;N—C—C—OH HN—C—C—0H HN—C—C—0OH HN—C—C—0H J i H e 7
Bty (| Jisd kil | CH, CH, CH, D CH,
H'Q H' 'O H. O H.O H D | | | bt il i
HN—C—C—0OH HiN—C—C—0OH H;N—(I?—‘CI—DH w‘N—F—F—mH -1_;\1»—.,—-;.—0.4
Glycine Serine Thireonine Asparagine Glutamine LG o i Lol
(aty) (ser) {the) L gy Mgl R Bkl HoQ Ho
Glutamic Aspartic Histidine Lysine Arginine
s acid (glu) acid (asp) (his) {lys) (arg)
\ Cemmil e S
1A H a . - . "
R
Aromatic amino acids o Special-function amino acids
A \m\m
L iy

Special structural property

o CH,
Pharylalanine  Tryptophan |
(phe) (trp} a
‘ sH
31y CH,~CH, ‘CHz L,
e CH, CH—C—OH CHl :
ohy oK I ! HN —C —C —OH
N e HzN“]C““f‘:‘“OH =
i b Giie oo
e Proline Methionine Cyéls:;e;:)ne
{pro) (met)
OH
Peptide bond &)
P ° o m Protein Structure
CHaz CHz CHz
el . . T
bl R 3 * Proteins are chains of amino acids.
H H s H o ;
® [-\‘Ho * Polypeptides
on ) * Levels of protein structure
on @mnd_l r‘ —Primary
i T"* "°|"" i —Secondary
H H )
—r‘l—:[:—i——t‘d-—ci:—i—i’-rll—l o l:::: —Tel’tlary
4 . s —Quaternary
Amino end Carboxyl end
(N-terminus} (C-terminus})
(b)

Copyrgnt © Poarsan Feaina, ine  pumissing 2% Barjamin Cummends




== Primary Structure

Aming end -

tam 10um

T e K o e Y e TR G+
3 4 8 T2 03 4 3 7
{43horms e niood el snc e primay (i) Sicked red bisad ceils and the rimary
iuciureof normal bemoriobin tructuce of sickie-cell hemaglabin
A

“o-
Carboxyl end
Copratd© Paarton Eaalion e fucesg . Bari s

Secondary Structure

SR S *

0,
z
t

a Helix P Pleated shest

‘Tertiary Structure

ophobic interactions

Hydr

(uumnnpm hydrophobic
| Foups away Irom waler)
CH and van der Waals

interactions
oy, wé omy

Polypeptide
o “=° i backpone
Hydrogen ! “ch
bond :
s
é OH
—CH,—8-S—CH,—
TNa Disulfide bridge
i
= CH,—~CH, — CH; — CH, ~NH,® “0--C—CH, ~
lonic bond

Quaternary Structure

~Polypeptide
ch

B Chain _

(a) Collagen (b} Hemaglobin
e

Frar Coeann re. srwban s s Sarmeas

AR

_ M ;11 SECR Y

) = BFIIIeﬂ sheet ‘\“
\r_-—ew w L k- R

{a) Primary 5
structure k:

@ Helix
(b) Secondary structure

(c) Tertlary structure h

(d)Quaternary structure

Coprogp & Parrson Coautalicn ine. PSR A BRRATMI Clmamings

How protein fold?
Chaperone proteins

How protein unfold?
. pH
* Temperature
» Changes in ionic concentration

Protein Denaturation




Denaturation

s

mANA in the nucleus

@ Synthesis of I

' CYTOPLASM
i N )
r P ) v J mANA
\..,.. # @ Movement of sl
, mRANA into cytoplasm Ribosome
: / via nuclear pora
Normal prolein - Denatured protein 3
Renaturation :
Copyrghl © Foorsan Educasbun, s , indinning v Borsamen Commegs. Al © Synthesis o
of protein T

P ~amino

Polypeptide: acids
Copyeqin & Prarson Eacaimn e fuesining 1 acyamne Cirmvregs

Nucleic acid

* Long polymers of repeating nucleotide
subunits
* Three components of nucleotide
— a five-carbon sugar
- a phosphate group
— a nitrogen-containing base

Structure of Nucleic acid

Pyrimidines
o o .
B 1ol 2g)
I T B B -
e L b el o
" n H

C £
iy \_}
Gyiowne  Thymine (in DNA)  Uracil (in ANA) Nitroganous

c T u base

Purines | O | & g-)
i Z |o-po—om o T |
i | o ; e <
3 ;“*ﬁ‘é‘r miﬂ“”f’ "t gvnmhm O il s O
et \::-a,‘.&w, (2= A i D

Adanine Ouiea (b) 55\‘-3 =

0 3 £y -
M:f i T § L{‘-; O

..dm 4 u@“ £ -4

Deoxyribose (in DNA]  Ribose (in RNA} {c) Polynucieotide
(a) Nucleotide components.

CopA @ femacn Eacnsn, o sunvchng m eaes: Cmmins.

Nucleotide bases in Other Molecule

* Adenosine triphosphate (ATP)  Nragenous bass

(adenine)
i
Triphosphate group (N \‘ﬁ
gL G
'O--F—O—I‘:’—O—{T"‘O*CHZ N N
o o O

s
OH OH
S-carbon sugar

Nucleotide bases in Other Molecule

* Coenzyme
—Nicotinamide-adenine dinucleotide
(NAD*)

~Flavin-adenine dinucleotide (FAD")

10



Cells: Basic unit of life

2. UIANDE INTNIH

How we study cells

* Microscope
—Light microscope: visible light, lens
—Electron microscope: electron beam,
electromagnet
* Transmission electron microscope
+ Scanning electron microscope

Microscope

* Two parameters
— Magnification = O

- Resolving power (resolution)

e

norvs and
Fuacle calls $ -
0.1
- Chickan sgg g «@Q
1
. [ e
100 ~—
+ Mosi plani and - i
i cony 5 |
10 4  Nucious R 1
= W
1 ym | Moenongrion = |=! &
i\

Do B |

10 iR
—Ribosomes =< # E
o
} Lipian
1 [ S
} Smal molacules | ]
(&) ~

0.1 nm L= Atems.

Caprngnt & Pemaon Educabon s ok as Boryamn Cummings

Cell Fractionation

o -
liy

Homogenization Differential :Inldluqlliun

e, 20
=2
20.000 g uoo.aoo g 7150000 g
1I7|Nn 15 min 60 min 3he
i |

1 5 e Pailet rich in 1
FIIll: rich In “microsames” |

¥ ";c“:‘"""‘" mitochandris " (pisces of

ria
unu :nmmm i L]
= membranes and
omccd Hmmv-n-- 5 mm;} colls” internal
membranes)

Coppman < Pearsan Fauesion, w, subining a Bename Cummengs.

Animal Cell

Chromalin —2.2
Nucleolus —32 3 NUCLEUS —2
Nuclear envelope __j 4

4 — ENDOPLASMIC
RETICULUM (ER)

4.2 —Rough ER Smooth ER —4.1
13 = Flagellum
g

45 pentrosomes. 3

8 — Peroxisome Ribesomes 3
% Golgl apparatus —5
14 — microvini* f Plasma membrane —1
10 — Microfilaments Mitochonrion; T
11 — Intermediate filaments. Notin sniinsl culis

o e, e N——
CYTOSKELETON Evh\l‘vrlﬂ S

oy Puraoe E Rt e, ity o Bnjeris i,




1. Plasma Membrane

Carbohydrate
side Ei‘lin

Qutside of cell

Hydrophilic
region

Hydrophoble —<

region
Hydrophilic —<
7 reglon
o1
1 pm Phospholipid  Proteins

(b) Structure of the plasma

(8) TEM of a red blood cell
memprane

2. Nucleus

Nucieus

Closs-up of nucienr anveiops it :

G & P B ks a2 i G

3. Ribosome

+—Endoplasmic
reticulum (ER)

Large subunit
PR
s i Small subunit
{a) TEM showing ribosomes (b) Diagram of a ribosome

Sl = Pasesca Feba e, i pulssinn a8 Seriarmt Cummiigs

4. Endoplasmic Reticulum

E
Smoath ER
Rough . Nuclear

onvelope

"~ Ribosames
Rough ER um

5. Golgi Apparatus

Golgi —
apparatus 5
cis tace
(“receiving” side of
Cisternae Golgi apparatus)

New
.~ vesicle
. forming
trans tace -~ ' 4
(“shipping™ 4
side of g VBT o Transport vesicle

Golgl apparatus) from the Golgi

Dy © P Bt o, (06, cutbnesy o B, Comeey

() Lysosomes In a while biood cell

Peroxisome  Mitachondrion
fragment  Iragment

Tum

(B) A lysosome in action

PSR




7. Mitochondria

Intermembrane space

—~Quter
‘membrane

8. Peroxisome

%, Cytoskeleton

Property 9.Microtubules 10. Micrafilament | 11. Intermediate
Filament
Structure Hollow tube, 2 intertwined Fibrous protein
Wall:13 columns of | strands of actin supercoilled into
tubulin thicker cables
Diameter 25 nm with 15-nm | 7 nm 8-12 nm
lumen
Protein Tubulin; a-tubulin | Actin One protein:
subunit and p-tubulin Keratin family
Main Cell shape Cell shape Cell shape
function Cell motility Cell motility Anchorage of
Chromosome Muscle nucleus and .....
movement contraction
Organelle movements

Cytoskeleton

11. Intermediate
Filament

9. Microtubules

0 v ey gy YB
OO0

10. Microfilament

12. Centrosome

Centrosome

s .- Cenlriole
H pair

Centrioles
Cross section
of centriole of centriale

£ Paain Eccaion, v, i

13. Flagella

~ Plasma
membrane

- Centr

# d microlubule |
‘%u - Radial —~

spoke \

() ) Vit 1

05 um




Pair of
dynein arms

S protein cross-links
between doublets

Cosyrae & Paan Ecinta, e rubsney i B Canmag

14. Microvilli

Micravilli =

Wicrafilaments <
ctin flaments)

—
Tiamanis

Plant Cell

%
2.2 — Chromatin Raugh — 4.1
2— NUCLEUS 2.3 — Nucleolus endoplasmic

2.1 — Nuclear envelope
12 —¢entrosome

retieulum g ooin — 42

endoplasmic
reticulum

oo

_ Ribosomes —3

ey

) i Central vacuole  — 14
5 —  Golgi apparatus - Tonoplast —

Microfilaments — 10

- Intermediate

aments - 4 CYTOSKELETON
Microlubules — g

B

7 — Mitochondrion

— 8 Peroxisome
1 — Plasma membrane P
6 —Ceil wail- %
3 Not in plant ells;
Plasmodesmata Lysosomes
Centricles
Flageila (in some plant sperm)

Wall of adjacent cell

6. Cell Wall

Cytosol ————————
Plasma membrane
Plant cell wall la
Middle lameila
Primary wall —
Secondary wall ———

Comyriht  Pase Edusator. s bty as Bonyaen S

\ Primary wall

Middie lamella

CELL1

of secondary wall

13. Chloroplast

Chioroplast

f
Thylakaid

e e P 4y Ben ) e

14. Central Vacuole
15. Tonoplast

' Central vacuole




Common Shapes of Prokaryote

+ Spherical (cocci)
« Rod-shaped (bacilli)
+ Helical

{¢) Helical

Gram-positive and gram-negative bacteria

Peptidoglycan .
%

Sum

g Gram- J i (
positive - |

| cell wall Cell wall T
|

Plasma |
membrane | é‘
{a) Gram-positive Protein ;
Peptidoglycan
b Lipopolysaccharide —— k Protein /
-, Gram- ‘g
negative E £
Y Outer |
Ly celiwall et L, A
{ Cell wall ¢ L dodinl
i 5 Pariplasmic,
" ! I NN ge\p
w6
i /| Plasma membrane L
{b) Gram-naegative il STXIA_ X0

vl 2 P 4 cabin, o 15

Form and function of prokaryotic flagella

Respiratory
Membrane

Thylakoid-like
Membrane

Differences between
Prokaryote and Eukaryote
1. Multicellularity
2. Cell size
3. Chromosomes
4. Cell division and genetic recombination
5. Internal compartmentalization
6. Flagella
7. Metabolic diversity




Energy and Life: Biochemical
Reaction and Enzymes
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sanieEnuaaIAnd free energy entropy Waz enthalpy
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3. $AnlASIATIIMNAANLDY ATP UAZANNAIATYTD

ATP luau9unns metabolism 2RITRSA
: fﬁ'nuﬁjﬁu,azmsﬁ’mumm enzyme gauviailade
FNe 9 NHNARENITYNNULEY enzyme
Fangiauazn1svinaIuas enzyme inhibitor #HA
#ing 7 lun1sfiudanisinuaes enzyme

Metabolism

+ Catabolic pathway
—Complex molecule = Simple molecule
—Degradation process
—Cellular respiration
* Anabolic pathway
—Simple molecule = Complex molecule

Energy

* Energy is the capacity to do work.
—Kinetic energy
—Potential energy

» Organisms are energy transformers

Laws of Thermodynamic

* The first law: The energy of the
universe is constant. Energy can be
transferred and transformed

* The second law: Every energy
transfer or transformation increases
the entropy of the universe.

* Entropy = Disorder = Randomness

Free energy

* Free energy is the portion of a
system’s energy that can
perform work when
temperature is uniform
throughout the system




Free energy
Enthalpy
Entropy
Temperture
H-TS

1l

O 4 v Io
I

Start Final
AG = AH - TAS

.

The relationship of free energy
to stability

774 [o

+ More free energy L 0@

o ”
+ Less stable a @
+ Graatar work capacity ‘ [o-2 00 | [
] %‘ 0? o,

In a spontaneous change \
«The free energy of the system
decreases (AG<0)
* The system becomes more stable
«The releasad free energy can be
harnessed 1o do work -
‘ e .9
T 7 | - - T 5?
«More stable % ‘9’5 1®a i & J 2
« Lass work capacity A‘x, e Q pe

(a) Gravitational  (b) Diffusion (c) Chemical
mation reaction

« Less free snergy
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The change in free energy

AS =B ﬁnalstate_G

starting state

In a spontaneous reaction
AG < 0 (AG = -)

The change in free energy
(AG)

*AG =G final state — G starting state

* Exergonic reaction (AG = —)
—Spontaneous process
* Endergonic reaction (AG = +)

Exergonic reaction

L A
"
i i
-E EI Products ARy
5 3
B 5
& H
= =
£ H
£ g
e &
Progress of the reaction —» Progress of the reaction —»
(a) Exergonic reaction (b} Endergonic reaction
(energy released; AG<0). {energy required; AG>0).

i

1§ Fearasn 0w afon. . pubtening am anamin Cummings,

Endogonic reaction

Equilibrium
A =10




‘ts- e
b
i) LT ~
(b) An open hydroelectric system

{a) A closed hydroelectric system

{c) A multistep open hydroslectric
sysiem

Metabolic disequilibrium

Cellular work

+ Mechanical work

— The beating of cilia

— The contraction of muscle cell
« Transport work

— The pumping of substances across
membrane

» Chemical work
— The pushing endergonic reaction

ATP

+ Adenosine triphosphate

« ATP powers cellular work by
coupling exergonic reactions to
endergonic reaction

The structure and hydrolysis of ATP

Adenine NH,
|
"‘-c/c‘“*N
' o H (] |
] ‘ N—C 9":“
.O—‘T—O—P‘—O—Pl—o—(‘:ﬂz 2 N
|l |
s 2 o KH H> Ribose
Phosphate groups H o
OH OH ‘ATP + H,0 » ADP +(®, ‘
(a) of iph ATP AG =-7.3 Kcal/mol

HZO
® + ‘M +  Energy

Adenosine triphosphate (ATP) Inorganic  Adenosine diphosphate (ADP)
phosphate

(b) Hydrolysis of ATP

How ATP performs work

sy i
Fas \/ — 4 AG=+ddkcalmol

Glutamic Ammonia Glutamine
acid

(a) Without ATP /——\
(1] LN —_— c'”t-@ + ADP Phospherylated Glutamic acid
[t Y G

{Phospharylation reaction)

oV — e

(b) With ATP
Glu + NH, —— Glu— NH, 4G = +3.4 kealimol
ATP ———= ADP +(®, 4G =-7.3 kealimol

Net AG = -3.9 kcal/mol
(c) Free energy change with ATP

The generation of ATP

Energy from

Energy for
catabolism

cellular work

ADP + @)

Camiegs Fasenn Sucaon v , i 3 bersann Commons




Energy profile of an Exergonic reaction

Transition state

Free energy — =
it

Reactants

Products
5

Progress of the reaction —

o € Pewnon Pavcaion . uisrieg s e o

Enzyme lower the barrier of activation energy

EA
without
enzyme

Reactants
AG

Free energy ——

Products

Progress of the reaction —»

Enzyme

« Catalyst

« Catalytic protein

« Activation energy U
'AG

* Rate of reaction !

The catalytic cycle of an enzyme

Effects of Temperature and pH

Optimal tsmperature for  Optimal temparature for

4 | typical human enayme  enzyme of thermaphilic
| (heat-tolerant)
§ bacterla
k]
H
&
0 20 a0 60 80 100

Temperature (°C) —»
{a) Optimal temperalure for two enzymes

Optimal pH Optimal pH

for pepsin 7\

L O
pH——»
{b) Optimal pH for twe enzymes

Rate of reaction —»

oo 8 Fogeyen R, b b o BT o

Cofactors

* Inorganic matter
— Zinc (Zn?*)
— Iron (Fe?*, Fe3*)
— Copper (Cu?*)
— Magnesium (Mg?*)
* Organic matter (Coenzyme )
— NAD*
- FAD




Enzyme Inhibitors

Subsuraie

Active site.

v/

a1
the active site of an

#Y
_—
Inhioior

CD‘? Competitive inhibitor

(8) A subauate can normail
bind to I
enzyma.

.

Non\competitive inhibitors

{e} A noncompatitive Innibitor  Moncompeitive inhiblior

Gt e s ran Etanen w0 Y 84 et Camm

Control of Metabolism

» Regulatory molecule
* Allosteric site
* Allosteric regulatory

Allosteric site Aclivator Inhibitor
: | z/ Active site Q/
o’& - %

Active form Inactive form Active form Inactive form
siabilized by stabilized by
an allosteric an allosteric

activator inhibitor

molecule malecule

{a) Conformational changes in an allosteric anzyme  (b) Allasteric regulation of the enzyme's activity
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' Feedback Inhibition

o, il subatie
7¢ Wracmine]

1 hreonine
1 in'active ste
Enzyme 1

S| rhrwonine
Active st no™ |, Geaminase)
langer binds.
thraonine

End product
- Y 1-:.-’::?»;

Came € Perya Eoxs 62 s ared AR Canm g

Cooperativity

Substrate

Active form stabilized

Inactive form
of enzyme by a substrate molecule

oD PV EQIN 1 BTG 88 BYBRE Cummin

The localization of Enzymes




Cellular Respiration
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Energy flow and chemical recycling in ecosystem

«Autotroph "
‘Heterotroph %%ﬁ

| ECOSYSTEM

f" Photes .
in chioroplasts
€040 4,0 Organic.
i chan i e e &
% in mitochondrin %
Y
AR

powers mast cellular work

Hoat snergy

gy

Degradation of Glucose

CeH:,04 + 60, —— 6CO, +H,0 + Energy
(ATP + heat)

Redox (Oxidation-Reduction)

I Oxidation |

CBH1206 * 602 6002 #* HZO

’

| Reduction |

NAD* as an electron shuttle

NAD" NADH
' Dehydrogenase &
0 Ho H
1 Reductio
_ ‘!: NH, + o2 e, Praisy | - NH, .
L {trom faod) Oxidation |
Po—— Oxidized form of | Reduced form of
b O | nicotinamida nicotinamide
[ ¢
ombo w0 Ow
1 3
o

u..< f )
]

| o
| Adenine

" ¢

WO oM
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Electron transport chain

H, %0, 2H %0,
(from food via NADH)

{JL\' Controlled

release of

2H* + 2¢ energy for

synthesis of
Explosive ATP
release
of heat
energy
2o
H,0 H,0

(a) Unconirolled reaction (b} Cellular respiration




Cellular Respiration

1. Glycolysis
2. Krebs Cycle

3. Electron transport chain and
oxidative phosphorylation

Cellular Respiration

[

Electrons ! Electrons carried

carried ‘via NADH and

via NADH W FADH,
GLYCOLYSIS K(REES

Glucosel L7 >Pyruvate [

Cytosel |

HlmchnﬂdrlnnH

Substrate-level Substrale-level Oxidative
phospharylation phosphorylation phosphorylation

Glycolysis

Glycolysis

%
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GHOH
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CHOH

CHy—0— B
3.Phosphoglycerate

Phosphoglycercmutase
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e S
I
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C
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CH,OM
2-Phosphoglycerate
Silg Enolase 9
2 ﬁ’
c=0

«;—v—e

phuphumlpymnl-

2409 -
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L

C=0

CHy
Pyruvate

ENERGY INVESTMENT PHASE
Glucose —
2 ADP < %EEE

ENERGY PAYOFF PHASE

4 ADP 4 ATP

NET
Glucose ——» 2 Pyruvate + 2H,0

2 ADP + 2, ——= 2 ATP
2 NAD* ————» 2 NADH + 2H*

Energy input and output of glycolysis

Substrate-level phosphorylation

Substrate
(PEP)

Product
(pyruvate)
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Junction b/w glycolysis and the Krebs cycle

CYTOSOL
Transport protein /

MITOCHONDRION

NAD* +H*

Pyruvate %

N

Isocitrate
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Electron transport chain

Frea energy relative ko O, (kealimol)

frdvem e (0
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Protein complax
Intermembrane)  of slsctron

space

membrane
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L ATP
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matrix
port chain y

|
|
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Chemiosmosis

« ms14 H* gradient w3e proton
motive force Tumsufsundsaman
U5 redox inldidanu deludiiie
msas1s ATP

» Chemiosmosis couples the electron
transport chain to ATP synthesis

CYTOSOL MITCHONDRION
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Control of cellular respiration

Glucase

M |
Stimuintas

Catabolism of various food molecule
S
Fruclase--phospnale.
1 ‘_—!

AMP

Fats
Phosphofruciokinass

[Proteine] [ Carbohyarates |
s o
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Photosynthesis
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Leaf cross section
Mesophyll | Vein|
I
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it | stomats G, 6, |
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- Intermembrane space

Outer membrane

e \
Grara Thylakoid * Thylakoid space

- Inner membrane

Tracking atoms through photosythesis
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Py N
/ e / \\
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Pathway of photasynthesis
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Pathway of photosynthesis

Chioroplast

L LT S —

Pathway of photosynthesis

Chioroplast
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Interaction of light with chloroplast

Light Reflectad

Chloroplast

Transmitted |
light

Location and structure of chlorophyll molecules in plants
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Absorbance of light by
chleroplast pigments




How a photosystem harvests light

Primary )
electron
acceptor

Electron transfer

Photon
Reaction

Reaction- | center

center

chlorophyll

Transfer Anterina
of energy plgment
* molecules

Photosystem

Noncyclic electron flow during the light reaction

Energy of electrons

Photosystem Il
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Noncyclic electron flow during the light reaction
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Noncyclic electron flow during the light reaction
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Noncyclic electron flow during the light reaction
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LGHT REACTIONS

CALVIN CYCLE

» Light reaction:
— Thylakoid membrane
- Light = ATP, NADPH
-H,0=0,

+ Calvin cycle reaction:

— Stroma
ATP, NADPH

— ADP, P;, NADP*(
,
light react@

- GO, =—=—————=—=sugar

C, leaf anatomy and the C, pathway

7 Mesophyll cell
Photosynihetic

cells of C, plant { Bundle- -
beaf

Pyruvata (3 C)
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Vain ! il
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The C, pathway
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C,1 and CAM photosyntheS|s compared

CAM
co, co,
Mosophyll  F © CO, incorporated Night
call Organic scid inid lour-carbon  Organic acid
B organic acids
(carbon fixation)
Uh\""':' €0, co, Day
sheat < 2,
u 7 @ Organic scids 7
k_f release CO, 1o 1
Caivin cycle
Sugar Sugar

{a} Spatial separation of steps {b) Temporal separation of steps
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