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% + * & (quantum mechanics)
rE kA B34 BERT A R

3 i E RS - L R AR
Schrodinger Equation : HU=E W

H : Hamiltonian operator

¥ : wavefunction

E : energy

S IO =N UL P2 TR
Schrodinger Equationda ip|
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Chapter 1
Foundations of Biochemistry

What is Chemistry ?

This science that tries to understand :
(A)The properties of substances

(B)The changes that substances undergo
The realm of substances

(A)Natural substances :

e.g.water, air, element, salt...

(B)New compounds created by chemists

e.g.polymer ,nylon...

(C)Chemicals found in living creatures :

e.qg.DNAs, proterins, carbohydrates...

Biochemistry tries to understand :
(A)The properties of biomolecules
(B)The changes that biomolecules undergo

chap




The molecular logic of life

* Consider the properties of living organisms

» Describe a set of principles that characterize
all living organism

Diverseliving organisms
share common chemical
features 5

chapl.1tol

The differences between livings and inanimate objects

1. Chemicail complexity & organization

2. Living organism extract, transform,and use
“energy” from their environments, usually in the
form of chemical nutrientsor sunlight.

3. Living organisms ar e capable of “ self-assemby”
and self-replication

4. Mechanismsfor sensing and responding to
alterationsin their surrounding

5. Defined functionsfor each of their components
and regulated interaction among them.

6. A history of evolutionary change

chap1.1to 1.2 6




Biochemistry explainsdiverse forms of lifein

unifying chemical terms

2 ER S g >
Living organismsare Living organismsare
enormously diverse remarkably alike at the

animals plants

cellular and chemical levels

Biochemistry describes

1.The structures, mechanisms, and chemical processes

shared by all organismsi

n “molecular terms’

2.Provides organization pri

nciplesthat underlielife

1 i

chap1.1t0 1.2

The molecular logic of life

7

1.1 Cdlular

Foundations

Cedlls are the structural and functional units of all

Wurlous | sukaryvediog

(L TP PR WY S T B R

Comisme ponokic materiab=-L1HA sd
srriaied prof=ma Mol is

living organisms

Cdlls:

1. Plasma membrane:
definesthe periphery of the
cell, separating its contents
from the surroundings.

It iscomposed of lipid and
protein moleculesthat form
athin, tough, pliable,
hydrophobic barrier
around thecell.




Uytoplasm
1

hapavvvas ool #rjie pnl
o 1 pairiin has
1 valli
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Sagernalanls cylossl
Lamernirwied sniskien
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Pulbei: partic bes and organalles
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il b ol e, chilsrmplants, byaess ma
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2. Cytoplasm :

composed of cytosol and
suspended particles
Cytosols :

enzymes, RNA molecules,
monomeric subunits(amino
acids and nucleotides),
metabolites(small organic
molecules), coenzymes.
suspended particles :
Supramolecular,or ganelles(like
ribosomes) specialized
metabolic mechinery

Musrlous | sakeryoins

o s bl ihssrierind

Lirvipens pnctis maierink-LH & and
msintaied proisine. Muskos =
memhrane-haunded

Plossis incmbinns
upch, Deanilde Feoinl bl syar

Salerirvaly pormmlee |
s ) b

i o Drneport
= Bpnal rreeptan
N B FETTTRS

3. Nucleus or Nucleoid :

waeie - Complete set of genes (genome)

Eukaryotes (£ 2 4 ) :
Célswith nuclear envelopes
Prokaryotes (B 22 %) :
without nuclear envelopes
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Célular Dimensions Are Limited by Oxygen
Diffusion

» Animal and plant cellsare5to 100 um in diameter

* many bacteriaareonly 1to 2 um long

s the smallest cells : mycoplasnas({&?fg #]), ~300nm in
diameter, and ~10-**ml in volume

*Upper limit of cell size : defined by therate of diffusion

of solute moleculesin aquaous systems

L ower limit of cell size : Set by the minimum number of

each type of biomolecule (supramolecules and organelles)

required by the cell (e.g. ribosome » ~20nm long)

chap1.1t0 1.2 11

There Are Three Distinct Domains of Life

1. Eubacteria (2 7))
inhabits soils, surface waters, tissues.
e.g. E. Cali

2. Archaebacteria (+ o 7))
inhabits mor e extreme environments (salt lakes, hot
springs...) e.g. methanococcus jannasch

3.Eukaryotes (Z 1% 4 #)

chap1.1to 1.2 12




There Are Three Distinct Domains of Life
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1. eubacteria(% i )
2. archaebacteria (= o )

Arvhaibaerinria

Or ganisms can be classified according to their
ener gy sour ce (sunlight or oxidizable chemicals)
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Escherichia coli (= % #% /) isthe most-studied
prokaryotic cell : 5uminlength; 2 um in diameter

ribosomes eclenld Catfuize s sings

chap1.1t0 1.2 15

Escherichia coli isthe most-studied
prokaryotic cell

E Coli ¢ membrane # 11 : Pili, flagella

scytoplasm : Ribosomes (15,000 ), enzymes (100074),
metabolites, and cofactors
*Nucleoid : A single, circular molecule of DNA. 1000x
length(v.s. cell) » packed =1 umz= + < -]
*Plasmid : Few smaller, circular molecule of DNA
Resistance to toxins and antibiotics. Amenable
to manipulation for molecular genetic study

chap1.1to 1.2 16




Escherichia coli isthe most-studied
prokarvyotic cell

Cell envelopes :
» Gram-negative bacteria (e.g. E. Coli, cyanobacteria ¥
7], etc)
with outer membrane
peptidoglycan layer
extemsive inner membrane system
« Gram-postive bacteria (e.g. Bacillus subbtilis 1% #,
staphylococcus aureus § % 3% ), archaebacteria, etc.)
without outer membrane
peptidoglycan layer thicker
iInner membrane

chap1.1t0 1.2 17

Cedll envelopes
Gram negative and positive bacteria

Uik e m berane I Peptideglvean laver

Peptidagleoan lapor | Inzaer reembeane

i _|I|IIl‘l"rIJ--'lI]-r_"q?n-";_ "3

Grnm-nepnbive boeteris Gram-posative bacteria
Ligter membrans Mo vgior membrana
peap iz lyenm Tavvai ihskor papdidigl v lavar

Uypmhacberia Arclmehacterio
Cram-iegalive; Cugghee Mo vulor mombii
peplidoglyeam laver; pepladog | yoam laver sutside
chap1.1t0 1.2 #x |l v mnbermo plasmme mwmlirans 18
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Eukaryotic CellsHave a Variety of Membranous
Organelles, Which Can Be | solated for Study
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Eukaryotic CellsHave a Variety of Membranous
Organelles, Which Can Be lsolated for Study
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Eukaryotic CellsHave a Variety of Membranous
Organelles, Which Can Be | solated for Study

Plasma membrane :

Lipid bilayer, containstransporter and receptors

1.Transporters : proteinsthat span the membrane and
carry nutrientsinto the cell and products out

2.Signal receptors : bind with extra-cellular signaling
molecules (ligands)

receptorsrecognize ligands (can be small molecules or
macr omolecules).
e.g. drugs — receptor
virus/bacteria/protein — receptors
chap1io12  (@Ntigens) (antibody) 21

* Higher plants have cell wall(rigid, protective shell)
formed by cellulose & carbohydrate polymers outside
the plasma membrane

Endocytosis and Exocytosis carry traffic acr oss

the plasma membrane

Endocytosis(?z 4x) :

A mechanism for transporting components of the

surrounding medium deep into the cytoplasm
Phagocytosis($ #%) :

Onekind of endocytosis » but carry cell fragment or

other smaller cells
Exocytosis (¢ «+) :

A vesiclein the cytoplasm movesto the inside surface
of the plasm membrane fuses with it, then release the

chap
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Rough ER

barcria debrs, mr e,

. Pirvesbards, o Golgi complex
cendoeytosis exocytosis z

Cellular Components of Eukaryotic Cells

Endoplasmic reticulum(ER) :

Highly convoluted, three-dimensional network of

membr ane-enclosed spaces throughout the cytoplasm

and enclosing a subcellular compartment(the lumen of

the ER)

Rough ER :

Granular appearance (because ribosomes attached)

Smooth ER :

1. thesitefor lipid synthesis

2. metabolism of certain drugsand toxic compound

3. In sometissues(e.g skeletal muscle), storage and
release Cat?

chap1.1to 1.2 24




Golgi complex :

* Cisside: facerough ER

* Medial element

* Transside : face plasma membrane

* Proteins will be modified (e.g. adding sulfate, lipid,
car bohydrate groups)

chap1.1t0 1.2 25

1.Targeted for intracellular

=, | organelles(e.g. lysosomes)
w | 2.Released from the cell by

exocytosis

3.Incor por ateinto plasma

membrane {y

Move to the Golgi complex
(Proteins will be modified e.g.
adding sulfate, lipid,

car bohydr ateﬁ groups)

Bud

T
Small membrane vesicles
(Transport vesicles)

T
Inserted into rough ER lumen

T
Proteins(during the synthesis,,,
on ribosomes on rough ER)




Study of Cellular Components
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Eukaryotic CellsHave a Variety of Membranous
Organelles, Which Can Be I solated for Study

Ribosome :
» Synthesis of proteins

* Ribosomes attached ER synthesis protein that will be :
1.Released from the cell(secretory proteins)
2.Targeted for intracellular organelle(e.g. lysosome)
3.Inserted into nuclear or plasma membranes

» Cytoplasmic ribosomes synthesize proteins that will
remain and function in cytosol
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L ysosomes(;3 f#4#) : (Only in animal cells)

e contain enzymes, capable of digesting proteins,
polysaccharides, nucleic acids, and lipids.

e act asrecycling centers
4 % : complex molecules carried from endocytosis
foreign cell fragment carried from phagocytosis
organelles carried from cell’s cytoplasm
4 %= a.a, monosaccharides, fatty acids.
 pH of lysosomal compartment <5
enzymesinside are more activein acidic pH

chap1.1t0 1.2 29

Peroxisomes(:§ ¥ i & f#=42) : contain catalase
2H.0, 2H.,0 +0O,

catalase
Glyoxysomes(z FEps 7% 48)

* specialized per oxisomesin certain plant cells
« contain high conc. of enzymes of glyoxylate cycle

fats

Carbohydrates
enzymes

L ysosomes, per oxisomes, and glyoxysomes
# % microbodies

chap1.1to 1.2 30




Vacuoles of plant cells

* plant cells have no lysosomes.
e vacuoles carry similar “degradative” rx

*Tonoplast (the membrane surrounding the vacuole):
regulate the entry of ions, metabolites etc. for
degradation.

*Vacuole (at acidic pH) : degrade and recycle
biomolecules senzymes

*VVacuoles also provide physical support to the plant
cell.(Flsalt 7 & v cytosol 8 » A 2 osmotic pressure or
call turgor pressure #-cell##4=)

Maouoles § kL 0 € Tk F g o
B i
Lramss rigibod of Nuclear Pore

Misclear s mitedsmal BhA o LlSrmentin—
Mol e pures— = —
apwcilic brezapert | S rgbs corlen
ol BNA mnd probaizs |

™

DA End histos:
s ins

Hzogh
smbyleme
fshasamea b - ; et bem
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Nucleus : containsthe genome
*Nuclear pores(~90 nm in diameter) associated with
nuclear pore complexes specific transporters

to nucl eoplasry \t‘o cytoplasm

enzymes for MRNA precursors
DNA replication and associated proteins
DNA repair
transcription
RNA processing

Chromatin(% ¢ %) : contain DNA and proteins (histones)
bound tightly together

Nucleolus : #nucleus® » % many copies of the genes

coding ribosomal RNAs (3 #x# transcribeinto ribosomal

RNA'9Y & 4 »c & 4 3 % ribosomes | .

Mitosis : Nuclear division 3 &4 %
Cytokinesis : ¥z & 4, #2 F & % (cell division)

Double helix

Nucleosomes (DNA + histones) 1: 1ratio(£ & +*)
*—% # + R proten
Chromatin fiber

4

Chromatid

1067

I+ femitosispF » mitotic chromosome
(# two identical chromatid)
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Somatic cells(%g s ¥e) :
have two copies of each chromosome (diploid, # & )

Gametes(fiz + ) (egg, sperm 2 78 w2 ).
*have only one copy of each chromosome (haploid, ¥ & 1)
*F A RS i & < zygate (& )

DNA of asinglediploid human cell

FEPF L ~2m .
packedp& : ~200 m 1002 %

chap1.1t0 1.2 35

Mitochondria are the power plants of
Aerobic Eukaryotic cells
lyuminsize
«#icp ~10001% mitochondria/ eukaryotic cell
* 2 two membrane :
outer membrane
inner membrane (called cristae) :
Rz # (matrix) : enzymesinvolving in the energy-
yielding metabolism.

f1* oxidation of organic nutrients
| 22 g
#WEATP

chap1.1to 1.2 36




Mitochondria arethe power plants of
Aerobic Eukaryotic cells

» mitochondria are produced only by division of
previoudy existing mitochondria.

* mitochondria containsitsown DNA, RNA, and
ribosomes.

» mitochondria DNA codesfor certain proteins specific
the mitochondria inner membrane.

chap1.1t0 1.2 37

Chloroplast(# % %4) : power plantsof plant cells

Pigment molecules (chlorophyll, £ % %)
#chloroplast sinner membranes (thylakoid#g #%8)

adsorb solar light

|

make ATP

U

reduce CO, to carbohydrates :

Mitochondria and chloroplast probably evolved from

- . Vo
erclhgp()lslyforpzblotlc bateria (p & 2 #)).
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The Cytoplasm is organized by the
cytoskeleton and is highly dynamic
Cytoskeleton :

1. actin filaments 6nm
(= *?microfilament #v# F-v 3:)

2. microtubules 22nm
()

3. intermediate filaments 6-22nm

Cytoskeletal components

l T constantly disassemble & reassemble
Simple protein subunitsthat polymerize
(location in cells, not rigidly fixed, change during
mitosis, cytokinesis....)

chap1.1t0 1.2
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(1) Actin(3v#: ¥-v ) filament (or microfilament): 6-7nm
Actin sununits

T
actin thin filament
| +filamin +Fordin

parallelly-linked(by fordin)

cross-linked(by filamin) actin filament

Actin filament

+ head(bindsto actin filament)
Myosin tail(bindsto the membrane of a
+ ATPJ cytoplasmic organelle)

move cytoplasmic organelle or vesicle along the actin
filament (called cytoplasmic streaming)

chap1.1t0 1.2 41

*muscle contraction 7= #p i

Actin filament
My"(')sin
+
ATP

muscle contraction
(Seefigure 5-33)
(2)microtubles (22nm)
subunits : a- & B- tubulin
(throughout the cell, but concentrated around nucleus)
mitosisg¥, microtubules ¢ highly organized & help
the separation of chromosomes (¥ it provide motive

force)
chap1.1to 1.2 42




Microtubules
Kinesin eg. cilia | |
dynesin flagella } beating motion
+
ATP

move or ganelle along microtubules (14 1 u m/s# )

e.g. reason :

scontraction of muscle myosin, kinesin,dynesin
propelling action of cilia !

and flagella splitting “ATP”

e intracellular transport |

of organelles driving sliding motion along

microtubules and

chap1.1t0 1.2 43

micr ofilaments

(3)Intermediate filaments (8-10nm) :
provide internal mechanical support for the cell and
to position itsorganelles
subunit : vimentin, keratin,desmin%

e.g. teendothelial cells(p A sn%2), vimentin
fibersanchor nucleusand fat dropletsin
the specific location

» The cytoplasm is crowded, highly organize and dynamic!!
» Cytoplasm :
meshwork of structural fibers (protein fibers)
membrane-bound organelleslocate 2 ¢
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Célls Build Supramolecular Structures
(A)Protein :

20faamino acids as building blocks

LE R IR )
H,H——H H.A—C—H H,5——H
'H LHAH CH
H E ful sy Fariip LR
H;N—CH—C—0H + H—N—CH—C00 At
|:f . R ) [N .
i H,H—_—H H.N—C—H .
; Al s CH. O, H.W—4—H
i I - . NH CH,
3 I aH i zF 1
---------- HyN—CH—0—N—CH—00y Histialims
‘l-l‘ I Trrsin
a
Cells Build Supramolecular Structures
. - ape g, ' ! ]
(B)DNA : 4 possibilities 0 w0
n L 1
I H nl!l 1:"
o 'H ] xlll
" 183 L H
N ! Purine oF
I..'hlllrrrru-ll.l:-:-.- F"-':I'I.I'l.'lldil:ll.-
, 'Iln'a!ﬁu
5 c——>3 o
=P
i i i T i 1
0 Pentose
& End ) i' Fxd
I-'_x [P} | LR I-'_. i . il I::]H :I.:-?I
chap1.1to 1.2 Phaosphate
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(C)Lipids o o (on
’ 'L -I'..'_ U HAH
| Glycerol I'H, o, eon
H _rl:_ OH H, .Il:z_ Lreeral
'H 'H
_ i | l,, o
H—C — OH + Fatty acids o ¢ SN R p——
eg Oleate L'H CH dn
H— '|: — OH palmitate H. -:::_ Ehallng
H H VL
!
i @i "H, I:EE_
H_:!_D_:'_!_Rl |-|| |I'u' i Thee parent smgnr
H H
o LH -:II CHH
= 7 A 3 | il
Ho= —D—E—Rz ] F zl/_:’\' rH .|”' H H
Lipid bilayer . LI
] ::: H OH
1]
H_'-I._D_E_Rs et R [The Ty
H
(D)Polysaccharides

Most abundant polysaccharides : starches, glycogen and

cellulose
Monomeric subunit : i & % glucose

chap1.1to 1.2
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Structural hierarchy in the molecular organization of
cells

Lavel 4 Lav+l Lavel & Level 1
The celll P L |ﬂ|r JSlacromulicules Slosoma ne unris
anil s organelles oo loye

3 ; hx

¥ - A A P R : 1

" W . 5
! - i . [ F |

£, I'I'd- '\._ A }
'I I- - "'\-d.l.-‘ ﬂ'.\';l ."Il.l"ri. ‘3 =
Wy ._ o, ——— el
. . Loy
::t~ H 15 I n -
|
o Flasma membrane
o i
\ A NS B
Som
Tl wrw ¥
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Structural hierarchy in the molecular organization of cells

Cdll

Nucleus
Mitochondria
Organelles ) Golgi body

A E.R
) Membranes
Supramolecular assemblies | Ribosomes
Non-covalent interactions A Chromatin
Hydrogen bond Microtubules
|onic interaction
Hydrophobic interaction
Van der Waalsforces Proteins
M acr omolecules gm
A Polysaccharides
Covalent bonds Amino acids

Building blocks { Nucleotides
Sugars
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1.2 Chemical Foundations
Complexity of life«——— Simplicity of “element” world

H e
= 1 Hul k | I rks 3
Li i —1 T (1]} Il 5 M L1 ] I i
! 15 1 14 La & 17 ]
N | g Al sl P 5 | ‘ur
- = | {
a o] 1 1 e 5 . T 13 = ¥ 1 ] 1 ]
E Ca LT Ti w iy | M Fe | ©a b1 ] i | En i i s S b Ki
! — 4 X —
T 1 &l ] i ] L 15 i i 14 1 T L
TH =T T Fi 1l i 7] T IEi h Pl Lp 4l In B Bh | Te 1 | Xe
= = = = = oz |
4 - 4 L ] il a i an
| Ha - Hi T W | IE+ k= Ir Fi A 1 n Fh i % 31 =
- b ! 1 1
. L] & Larsharnides
Fr | Ba I
= Artimde

Bulk elements : required in gram(only H, C, N, O, Na,
P, S Cl, K, Ca) i
'Cl'hgrglcl%(lelements required much less (colored in yellgyv)
4rMg, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Se, Mo, |

Covalent bonding <«—— ‘= = biomolecules# 2¢

O-H H H O-H
H N H*(‘Z*H §,H 0o=P-0O-H
H H H H O-H

Geometry of ™ A =
Carbon Bonding Y

c—C AT @@= @
Bond length sl |

1.54A bz

(el ‘3{_ ]
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Biomolecules Are Compounds of Carbon
with a Variety of Functional Groups

Some common functional
groups of biomolecules

e.g. glycing(R=H
Many biomolecules =) Multi-functional g-gy ‘m )

“reactivity (chemical properties) of C—H
biomolecules determined by: (1) functional
groups, (2) 3-dimensional structure t R C rngyl
chap1.1to 1.2 B 5
amino

M acromolecules Arethe Major Constituents of Cells

TABLE 1-2 Molecular Componants af an
E. coli Cell
Apprximate
number of
Perrentage of et
fofal weight maderular
ol sl Lot
Waber fili] |
Prolens 15 2,000
Neckis acids
[N |
A [ =3 (N0
Poiysacchandes ] [
Lipids b i
Mhorsmianes subimiis
and intermediates ¥ B0
Inceganic ions i 0

hap 1110 I;—’zr oteins and nucleic acids ar e infor mational
macr omolecules




Three-Dimensional Structure|s Described
by Configuration and Conformation

Three waysto represent the structure of Biomolecules :

i CH M
C

H, N =H
H—{—H L
H 4 e

w

@l il

(a) Structure Formula
(b) Ball-and-stick model (showsrelative bond length and
bond angles
(c) §Bac?fil!ging model (showscorrect & + % & 3bond length) e

pllto

Configuration —changed only by bond-breaking

Configuration : fixed spatial arrangement of atomsin a
molecule 3

In the presence of (1) double bonds (2) chiral center

chap1.1t01.2 . . . 56
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geometric

double bond E}{ isomers

or cistrans
R/Sform

chiral centers =) Stereo'somers{ DIL form
{ enantiomers (mirror images)

respected to

diaster eomer s(non-mirror images)
n % Chiral carbons =) 2"i§ stereocisomers

Configurational isomers can beisolated (if use proper

separ ating methods)

% chiral center » 2 = % I thatom > Céhz R FIE + R & 7
B3 > REBAL B

* Enantiomerswill notate the plane of plane-polarized light

» Racemic mixtures(equimolar mixture of two enantiomers)
il Rakrotate the plane-polarized light 57

Molecular Conformation is Changed by Rotation
about Single Bonds

Molecular conformation =
The spatial arrangement ‘ YN /MN\/ /
of substituent groupscan - "\\_/KLI'\/ \_U;’f
be changed by “free " :

rotation” (w/o any bond
breaking) R
%eflgure 1_21 Tarsion sk | digrsss
Potential ener gy differences of

many confor mations of ethane

Energy differencesaretwo
smaII conformational isomers 3 Cannot be Separatsd

chay
Be |nter converted




Configuration and confor mation define biomolecular
Structures

Molecular recognition : related to their three-dimensional
structures (B # 1 13 # |+, complementarity)

e.g. Hormonemolecule with receptor
Antigen with  a specific antibody
Substrate with the catalytic site of an enzyme

Examlple: F&JEZZ

L

TAR region of HIV
genome w/arginine
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| nter actions between Biomolecules ar e ster eospecific

In vivo, biomolecules are usually present in only one
of their chiral forms,

e.g. Amino acids=) Only L isomers
Glucose = Only D form

Enzymes have the ability to distinguish between
isomers. (Enzymes ar e ster eospecific | )
Example: Fig. 1-23
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g (a)Carvone:
B, b, Smell as spearmint (R form)
o caraway 4 ¥ (Sform)
Smell sensory receptor can
distinguish !

(b) aspartame:
Taste sweet —) aspartame
taste receptor can distinguish !
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