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•  Büyük	  patlama	  
	  
•  Hidrojen	  ve	  helyum	  gibi	  basit	  elementler	  
	  
•  Evren	  soğudukça	  ve	  genişledikçe	  ,	  madde	  kütle	  çekiminin	  etkisiyle	  

yıldızları	  oluşturdu	  
	  
•  Bazı	  yıldızlar	  süpernovalar	  şeklinde	  patladı	  
	  
•  Açığa	  çıkan	  bu	  enerjiyle	  	  basit	  atomik	  parçacıklar	  kompleks	  elementler	  

içine	  yerleşmiş	  oldu	  
	  

	  Böylece	  milyarlarca	  yıl	  önce	  yeryüzünün	  kendisi	  ve	  yeryüzünde	  bulunan	  
	  kimyasal	  elementle	  roluştu	  

	  
•  4	  milyar	  yıl	  kadar	  önce	  yeryüzünde	  ilk	  canlılık	  

	  Bu	  mikroorganizmalar	  güneş	  ışığından	  ve	  organik	  bileşiklerden	  aldıkları	  
	  enerjiyi	  dünya	  üzerindeki	  basit	  elemenet	  ve	  bileşiklerden	  daha	  kompleks	  
	  biyomoleküller	  yapmak	  için	  kullandı	  



Biyokimya	  Nedir?	  
	  
Cansız	  moleküllerden	  muhteşem	  özelliklere	  sahip	  binlerce	  farklı	  
canlıorganizma	  nasıl	  meydana	  gelmiş0r?	  
	  
Canlı	   organizmalar	   oluşturmak	   üzere	   biraraya	   gelen	   cansız	  
moleküller	  topluluğu	  birbiriyle	  nasıl	  etkileşir?	  
	  

Canlı	  organizmaları	  cansız	  madde	  topluluklarından	  	  
ayırt	  eden	  özellikleri	  nelerdir?	  



1.  Canlılar	   yüksek	   düzeyde	   kimyasal	   karmaşıklığa	   ve	  
mikroskopik	  bir	  organizasyona	  sahip0r.	  

2.  Canlıların	   çevrelerinden	   enerji	   elde	   etmek,	   enerjiyi	  
dönüştürmek	  ve	  kullanmak	  için	  sistemleri	  vardır	  

3.  Canlılar	   Kendi	   kendilerini	   çoğaltabilme	   ve	   biraraya	   gelme	  
yeteneğine	  sahip0r.	  

	  
4.  Çevrelerindeki	   değişikliği	   algılama	   ve	   cevap	   verebilme	  

kapasiteleri	  vardır.	  

5.  Herbir	   komponen0nin	   fonksiyonu	   bellidir	   ve	   komponentler	  
arasındaki	  etkileşim	  düzenlidir.	  

6.  Evrimsel	  değişiklik	  de	  canlı	  organizmaların	  bir	  özelliğidir.	  



BiYOKİMYA,	  
	  
Tüm	   canlı	   organizmalar	   taragndan	   paylaşılan	   kimyasal	   prosesleri,	  
mekanizmaları	   ve	   yapı lar ı	   moleküler	   terimler	   olarak	  
tanımlamaktadır.	  
	  
Bu	   çeşitlilik	   içinde	   yaşamı	   tanımlayacak	   prensipleri	   organize	  
etmeye	  ve	  yaşamın	  moleküler	  manhğını	  anlamaya	  çalışır.	  
	  



BİYOKİMYANIN/CANLILIĞIN	  TEMELLERİ	  	  
	  

•  Hücresel	  Temeller	  

•  Kimyasal	  Temeller	  
	  
•  Fiziksel	  Temeller	  

•  Gene0k	  Temeller	  
	  
•  Evrimsel	  Temeller	  



Yaşamın	  Hücresel	  Temelleri	  



Plazma	  membran	  
Esnek	  lipid	  bilayer	  yapı,	  Seçici	  geçirgen	  özellik	  
Sinyal	  resepsiyonunda,	  transporGagörevli	  membran	  
proteinlerini	  ve	  enzimleri	  içerir	  

Nukleus	  (ökaryotlarda-‐	  membran	  ile	  çevrilidir.)	  
Nukleoid	  (prokaryotlarda-‐	  membran	  ile	  çevrili	  değil)	  
Gene$k	  materyeli	  içerir	  

Sitoplazma	  
Akışkan	  hücre	  içeriğini,	  par0külleri	  ve	  
organelleri	  içerir	  

Belirli	  farklılıkların	  dışında	  tüm	  hücreler	  biyokimyasal	  düzeyde	  gözlemlenebilen	  temel	  
özellikleri	  paylaşırlar	  

Tüm	  hücreler	  bir	  nukleus	  ya	  da	  nukleoid’e	  ,	  bir	  plasma	  membrana	  ve	  bir	  sitoplazmaya	  sahip0r.	  

150.000	  g	  de	  santrifüj	  edildiğinde	  
Süpernetant:	  enzimler,	  RNA,	  monomerik	  altüniteler,	  	  
metabolitler	  ve	  inorganik	  iyonları	  içeren	  sitosolü	  
	  
Pellet	  :	  Par0küller	  ve	  organelleri	  (mitokondri,	  	  
kloroplast,	  lizozom,	  ERT),	  depo	  granülleri	  



Hücrelerin	  çoğu	  mikroskopik0r	  
	  
Hayvan	  ve	  bitki	  hücreleri	  :	  5-‐100	  uM	  çapında	  
Bakteriler	  :	  1-‐2	  um	  uzunluğunda	  
	  
Mikoplazmalar:	  en	  küçük	  hücre	  olarak	  bilinirler	  	  

	   	   	  	  	  	  300	  nm	  çapında,	  10-‐14	  uL	  hacimde	  
	  
Bir	  hücre	  boyutunun	  üst	  limi0	  nedir?	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  



the complete set of genes, composed of DNA—is stored
and replicated. The nucleoid, in bacteria, is not sepa-
rated from the cytoplasm by a membrane; the nucleus,
in higher organisms, consists of nuclear material en-
closed within a double membrane, the nuclear envelope.
Cells with nuclear envelopes are called eukaryotes
(Greek eu, “true,” and karyon, “nucleus”); those with-
out nuclear envelopes—bacterial cells—are prokary-
otes (Greek pro, “before”). 

Cellular Dimensions Are Limited by Oxygen Diffusion

Most cells are microscopic, invisible to the unaided eye.
Animal and plant cells are typically 5 to 100 !m in di-
ameter, and many bacteria are only 1 to 2 !m long (see
the inside back cover for information on units and their
abbreviations). What limits the dimensions of a cell? The
lower limit is probably set by the minimum number of
each type of biomolecule required by the cell. The
smallest cells, certain bacteria known as mycoplasmas,
are 300 nm in diameter and have a volume of about
10!14 mL. A single bacterial ribosome is about 20 nm in
its longest dimension, so a few ribosomes take up a sub-
stantial fraction of the volume in a mycoplasmal cell.

The upper limit of cell size is probably set by the
rate of diffusion of solute molecules in aqueous systems.
For example, a bacterial cell that depends upon oxygen-
consuming reactions for energy production must obtain

molecular oxygen by diffusion from the surrounding
medium through its plasma membrane. The cell is so
small, and the ratio of its surface area to its volume is
so large, that every part of its cytoplasm is easily reached
by O2 diffusing into the cell. As cell size increases, how-
ever, surface-to-volume ratio decreases, until metabo-
lism consumes O2 faster than diffusion can supply it.
Metabolism that requires O2 thus becomes impossible
as cell size increases beyond a certain point, placing a
theoretical upper limit on the size of the cell.

There Are Three Distinct Domains of Life

All living organisms fall into one of three large groups
(kingdoms, or domains) that define three branches of
evolution from a common progenitor (Fig. 1–4). Two
large groups of prokaryotes can be distinguished on bio-
chemical grounds: archaebacteria (Greek arche-, “ori-
gin”) and eubacteria (again, from Greek eu, “true”).
Eubacteria inhabit soils, surface waters, and the tissues
of other living or decaying organisms. Most of the well-
studied bacteria, including Escherichia coli, are eu-
bacteria. The archaebacteria, more recently discovered,
are less well characterized biochemically; most inhabit
extreme environments—salt lakes, hot springs, highly
acidic bogs, and the ocean depths. The available evi-
dence suggests that the archaebacteria and eubacteria
diverged early in evolution and constitute two separate
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Purple bacteria

Cyanobacteria

Flavobacteria

Thermotoga

Extreme 
halophiles

Methanogens Extreme thermophiles

Microsporidia

Flagellates

Plants

Fungi
CiliatesAnimals

Archaebacteria

Gram-
positive
bacteria

Eubacteria Eukaryotes

Green
nonsulfur
bacteria

FIGURE 1–4 Phylogeny of the three domains of life. Phylogenetic relationships are often illustrated by a “family tree”
of this type. The fewer the branch points between any two organisms, the closer is their evolutionary relationship.
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domains, sometimes called Archaea and Bacteria. All eu-
karyotic organisms, which make up the third domain,
Eukarya, evolved from the same branch that gave rise
to the Archaea; archaebacteria are therefore more
closely related to eukaryotes than to eubacteria.

Within the domains of Archaea and Bacteria are sub-
groups distinguished by the habitats in which they live.
In aerobic habitats with a plentiful supply of oxygen,
some resident organisms derive energy from the trans-
fer of electrons from fuel molecules to oxygen. Other
environments are anaerobic, virtually devoid of oxy-
gen, and microorganisms adapted to these environments
obtain energy by transferring electrons to nitrate (form-
ing N2), sulfate (forming H2S), or CO2 (forming CH4).
Many organisms that have evolved in anaerobic envi-
ronments are obligate anaerobes: they die when ex-
posed to oxygen.

We can classify organisms according to how they
obtain the energy and carbon they need for synthesiz-
ing cellular material (as summarized in Fig. 1–5). There
are two broad categories based on energy sources: pho-
totrophs (Greek trophe-, “nourishment”) trap and use
sunlight, and chemotrophs derive their energy from
oxidation of a fuel. All chemotrophs require a source of
organic nutrients; they cannot fix CO2 into organic com-
pounds. The phototrophs can be further divided into
those that can obtain all needed carbon from CO2 (au-
totrophs) and those that require organic nutrients
(heterotrophs). No chemotroph can get its carbon

atoms exclusively from CO2 (that is, no chemotrophs
are autotrophs), but the chemotrophs may be further
classified according to a different criterion: whether the
fuels they oxidize are inorganic (lithotrophs) or or-
ganic (organotrophs).

Most known organisms fall within one of these four
broad categories—autotrophs or heterotrophs among the
photosynthesizers, lithotrophs or organotrophs among
the chemical oxidizers. The prokaryotes have several gen-
eral modes of obtaining carbon and energy. Escherichia
coli, for example, is a chemoorganoheterotroph; it re-
quires organic compounds from its environment as fuel
and as a source of carbon. Cyanobacteria are photo-
lithoautotrophs; they use sunlight as an energy source
and convert CO2 into biomolecules. We humans, like E.
coli, are chemoorganoheterotrophs.

Escherichia coli Is the Most-Studied Prokaryotic Cell

Bacterial cells share certain common structural fea-
tures, but also show group-specific specializations (Fig.
1–6). E. coli is a usually harmless inhabitant of the hu-
man intestinal tract. The E. coli cell is about 2 !m long
and a little less than 1 !m in diameter. It has a protec-
tive outer membrane and an inner plasma membrane
that encloses the cytoplasm and the nucleoid. Between
the inner and outer membranes is a thin but strong layer
of polymers called peptidoglycans, which gives the cell
its shape and rigidity. The plasma membrane and the
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Heterotrophs
(carbon from

organic
compounds)

Examples:
•Purple bacteria
•Green bacteria

Autotrophs
(carbon from

CO2)

Examples:
•Cyanobacteria

•Plants

Heterotrophs
(carbon from organic

compounds)

Phototrophs
(energy from

light)

Chemotrophs
(energy from chemical

compounds)

All organisms

Lithotrophs
(energy from

inorganic
compounds)

Examples:
•Sulfur bacteria

•Hydrogen bacteria
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(energy from
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compounds)

Examples:
•Most prokaryotes

•All nonphototrophic
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FIGURE 1–5 Organisms can be classified according to their source
of energy (sunlight or oxidizable chemical compounds) and their
source of carbon for the synthesis of cellular material.
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layers outside it constitute the cell envelope. In the
Archaea, rigidity is conferred by a different type of poly-
mer (pseudopeptidoglycan). The plasma membranes of
eubacteria consist of a thin bilayer of lipid molecules
penetrated by proteins. Archaebacterial membranes
have a similar architecture, although their lipids differ
strikingly from those of the eubacteria.

The cytoplasm of E. coli contains about 15,000 
ribosomes, thousands of copies each of about 1,000 
different enzymes, numerous metabolites and cofac-
tors, and a variety of inorganic ions. The nucleoid 
contains a single, circular molecule of DNA, and the
cytoplasm (like that of most bacteria) contains one or
more smaller, circular segments of DNA called plas-
mids. In nature, some plasmids confer resistance to
toxins and antibiotics in the environment. In the labo-
ratory, these DNA segments are especially amenable
to experimental manipulation and are extremely use-
ful to molecular geneticists.

Most bacteria (including E. coli) lead existences as
individual cells, but in some bacterial species cells tend
to associate in clusters or filaments, and a few (the
myxobacteria, for example) demonstrate simple social
behavior.

Eukaryotic Cells Have a Variety of Membranous
Organelles, Which Can Be Isolated for Study

Typical eukaryotic cells (Fig. 1–7) are much larger than
prokaryotic cells—commonly 5 to 100 !m in diameter,
with cell volumes a thousand to a million times larger than
those of bacteria. The distinguishing characteristics of 
eukaryotes are the nucleus and a variety of membrane-
bounded organelles with specific functions: mitochondria,
endoplasmic reticulum, Golgi complexes, and lysosomes.
Plant cells also contain vacuoles and chloroplasts (Fig.
1–7). Also present in the cytoplasm of many cells are
granules or droplets containing stored nutrients such as
starch and fat.

In a major advance in biochemistry, Albert Claude,
Christian de Duve, and George Palade developed meth-
ods for separating organelles from the cytosol and from
each other—an essential step in isolating biomolecules
and larger cell components and investigating their

Chapter 1 The Foundations of Biochemistry6

Ribosomes  Bacterial ribosomes are smaller than
eukaryotic ribosomes, but serve the same function—
protein synthesis from an RNA message.

Nucleoid  Contains a single,
simple, long circular DNA
molecule.

Pili  Provide
points of
adhesion to
surface of
other cells.

Flagella
Propel cell
through its
surroundings.

Cell envelope
Structure varies
with type of
bacteria.

Gram-negative bacteria
Outer membrane;
peptidoglycan layer

Outer membrane

Peptidoglycan layer

Inner membraneInner membrane

Gram-positive bacteria
No outer membrane;
thicker peptidoglycan layer

Cyanobacteria
Gram-negative; tougher
peptidoglycan layer;
extensive internal
membrane system with
photosynthetic pigments

Archaebacteria
No outer membrane;
peptidoglycan layer outside
plasma membrane

Peptidoglycan layer
Inner membrane

FIGURE 1–6 Common structural features of bacterial cells. Because
of differences in the cell envelope structure, some eubacteria (gram-
positive bacteria) retain Gram’s stain, and others (gram-negative 
bacteria) do not. E. coli is gram-negative. Cyanobacteria are also 
eubacteria but are distinguished by their extensive internal membrane
system, in which photosynthetic pigments are localized. Although the
cell envelopes of archaebacteria and gram-positive eubacteria look
similar under the electron microscope, the structures of the membrane
lipids and the polysaccharides of the cell envelope are distinctly dif-
ferent in these organisms.
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Bakteriyal	  Hücreler	  Belirli	  Yapısal	  Özellikleri	  Taşırlar	  
Bakteriyel	  ribozomlar	  ökaryotlardan	  	  
daha	  küçük	  boyuGadır	  fakat	  fonksiyonları	  aynıdır	  

Nukleoid	  tek	  bir	  basit,	  uzun	  	  
halkasal	  DNA	  molekülü	  içerir	  

Pili	  diğer	  hücre	  
	  yüzeylerine	  adezyon	  	  
noktası	  sağlar	  

Flagella	  
Hareke0	  sağlar	  

Hücre	  duvaru	  
Farklı	  hücre	  
0plerinde	  
	  farklı	  
yapılardadır.	  	  
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Ribosomes are protein-
synthesizing machines

Peroxisome destroys peroxides

Lysosome degrades intracellular
debris

Transport vesicle shuttles lipids
and proteins between ER, Golgi,
and plasma membrane

Golgi complex processes,
packages, and targets proteins to
other organelles or for export

Smooth endoplasmic reticulum
(SER) is site of lipid synthesis
and drug metabolism

Nucleus contains the
genes (chromatin)

Ribosomes Cytoskeleton

Cytoskeleton supports cell, aids
in movement of organells

Golgi
complex

Nucleolus is site of ribosomal
RNA synthesis

Rough endoplasmic reticulum
(RER) is site of much protein
synthesis

Mitochondrion oxidizes fuels to
produce ATP

Plasma membrane separates cell
from environment, regulates
movement of materials into and
out of cell

Chloroplast harvests sunlight,
produces ATP and carbohydrates

Starch granule temporarily stores
carbohydrate products of
photosynthesis

Thylakoids are site of light-
driven ATP synthesis

Cell wall provides shape and
rigidity; protects cell from
osmotic swelling

Cell wall of adjacent cellPlasmodesma provides path
between two plant cells

Nuclear envelope segregates
chromatin (DNA ! protein)
from cytoplasm

Vacuole degrades and recycles
macromolecules, stores
metabolites

(a) Animal cell

(b) Plant cell

Glyoxysome contains enzymes of
the glyoxylate cycle

FIGURE 1–7 Eukaryotic cell structure. Schematic illustrations of the
two major types of eukaryotic cell: (a) a representative animal cell
and (b) a representative plant cell. Plant cells are usually 10 to
100 !m in diameter—larger than animal cells, which typically
range from 5 to 30 !m. Structures labeled in red are unique to 
either animal or plant cells.
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Ökaryo0k	  Hücreler	  
	  
Nukleus	  yapısı	  ve	  membranla	  
çevrili	  özel	  fonksiyonları	  olan	  
organelleri	  vardır.	  	  
	  
Bitki	  hücreleri	  farklı	  olarak	  
vakuol	  ve	  	  kloroplast	  
içermektedir.	  
	  
Ayrıca	  nişasta	  ve	  yağ	  gibi	  depo	  
besinleri	  içeren	  granüller	  vardır.	  
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structures and functions. In a typical cell fractionation
(Fig. 1–8), cells or tissues in solution are disrupted by
gentle homogenization. This treatment ruptures the
plasma membrane but leaves most of the organelles in-
tact. The homogenate is then centrifuged; organelles
such as nuclei, mitochondria, and lysosomes differ in
size and therefore sediment at different rates. They also
differ in specific gravity, and they “float” at different
levels in a density gradient.

Differential centrifugation results in a rough fraction-
ation of the cytoplasmic contents, which may be further
purified by isopycnic (“same density”) centrifugation. In
this procedure, organelles of different buoyant densities
(the result of different ratios of lipid and protein in each
type of organelle) are separated on a density gradient. By
carefully removing material from each region of the gra-
dient and observing it with a microscope, the biochemist
can establish the sedimentation position of each organelle
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FIGURE 1–8 Subcellular fractionation of tissue. A tissue such as liver
is first mechanically homogenized to break cells and disperse their
contents in an aqueous buffer. The sucrose medium has an osmotic
pressure similar to that in organelles, thus preventing diffusion of wa-
ter into the organelles, which would swell and burst. (a) The large and
small particles in the suspension can be separated by centrifugation
at different speeds, or (b) particles of different density can be sepa-
rated by isopycnic centrifugation. In isopycnic centrifugation, a cen-
trifuge tube is filled with a solution, the density of which increases
from top to bottom; a solute such as sucrose is dissolved at different
concentrations to produce the density gradient. When a mixture of
organelles is layered on top of the density gradient and the tube is
centrifuged at high speed, individual organelles sediment until their
buoyant density exactly matches that in the gradient. Each layer can
be collected separately.
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and obtain purified organelles for further study. For 
example, these methods were used to establish that 
lysosomes contain degradative enzymes, mitochondria
contain oxidative enzymes, and chloroplasts contain 
photosynthetic pigments. The isolation of an organelle en-
riched in a certain enzyme is often the first step in the
purification of that enzyme.

The Cytoplasm Is Organized by the Cytoskeleton 
and Is Highly Dynamic

Electron microscopy reveals several types of protein fila-
ments crisscrossing the eukaryotic cell, forming an inter-
locking three-dimensional meshwork, the cytoskeleton.
There are three general types of cytoplasmic filaments—
actin filaments, microtubules, and intermediate filaments
(Fig. 1–9)—differing in width (from about 6 to 22 nm),
composition, and specific function. All types provide
structure and organization to the cytoplasm and shape
to the cell. Actin filaments and microtubules also help to
produce the motion of organelles or of the whole cell.

Each type of cytoskeletal component is composed
of simple protein subunits that polymerize to form fila-
ments of uniform thickness. These filaments are not per-
manent structures; they undergo constant disassembly

into their protein subunits and reassembly into fila-
ments. Their locations in cells are not rigidly fixed but
may change dramatically with mitosis, cytokinesis,
amoeboid motion, or changes in cell shape. The assem-
bly, disassembly, and location of all types of filaments
are regulated by other proteins, which serve to link or
bundle the filaments or to move cytoplasmic organelles
along the filaments.

The picture that emerges from this brief survey 
of cell structure is that of a eukaryotic cell with a 
meshwork of structural fibers and a complex system of
membrane-bounded compartments (Fig. 1–7). The fila-
ments disassemble and then reassemble elsewhere. Mem-
branous vesicles bud from one organelle and fuse with
another. Organelles move through the cytoplasm along
protein filaments, their motion powered by energy de-
pendent motor proteins. The endomembrane system
segregates specific metabolic processes and provides
surfaces on which certain enzyme-catalyzed reactions
occur. Exocytosis and endocytosis, mechanisms of
transport (out of and into cells, respectively) that involve
membrane fusion and fission, provide paths between the
cytoplasm and surrounding medium, allowing for secre-
tion of substances produced within the cell and uptake
of extracellular materials.

1.1 Cellular Foundations 9

Actin stress fibers
(a)

Microtubules
(b)

Intermediate filaments
(c)

FIGURE 1–9 The three types of cytoskeletal filaments. The upper pan-
els show epithelial cells photographed after treatment with antibodies
that bind to and specifically stain (a) actin filaments bundled together
to form “stress fibers,” (b) microtubules radiating from the cell center,
and (c) intermediate filaments extending throughout the cytoplasm. For
these experiments, antibodies that specifically recognize actin, tubu-

lin, or intermediate filament proteins are covalently attached to a 
fluorescent compound. When the cell is viewed with a fluorescence
microscope, only the stained structures are visible. The lower panels
show each type of filament as visualized by (a, b) transmission or 
(c) scanning electron microscopy.
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Hücre	  iskele0	  çeşitli	  protein	  filamentlerinin	  çapraz	  bağlarla	  oluşturduğu	  
3	  boyutlu	  bir	  ağ	  yapısıdır.	  
	  
3	  Tip	  Sitoplazmik	  Filament	  mevcuGur	  
	  	  	  	  	  	  	  	  	  	  Ak0n	  filamentleri	  

	  	  	  Mikrotubuller	  
	  	  	  	  	  	  	  	  	  	  Ara	  Fİlamentler	  

Hücreye	  şeklini	  verirler	  
Sitoplazmaya	  yapı	  ve	  	  organizasyon	  kazandırırlar	  
Ak0n	  filamantleri	  ve	  mikrotubuller	  tüm	  hücrenin	  	  
ya	  da	  organellerin	  hareke0ni	  sağlar	  



Although complex, this organization of the cyto-
plasm is far from random. The motion and the position-
ing of organelles and cytoskeletal elements are under
tight regulation, and at certain stages in a eukaryotic
cell’s life, dramatic, finely orchestrated reorganizations,
such as the events of mitosis, occur. The interactions be-
tween the cytoskeleton and organelles are noncovalent,

reversible, and subject to regulation in response to var-
ious intracellular and extracellular signals.

Cells Build Supramolecular Structures

Macromolecules and their monomeric subunits differ
greatly in size (Fig. 1–10). A molecule of alanine is less
than 0.5 nm long. Hemoglobin, the oxygen-carrying pro-
tein of erythrocytes (red blood cells), consists of nearly
600 amino acid subunits in four long chains, folded into
globular shapes and associated in a structure 5.5 nm in
diameter. In turn, proteins are much smaller than ribo-
somes (about 20 nm in diameter), which are in turn
much smaller than organelles such as mitochondria, typ-
ically 1,000 nm in diameter. It is a long jump from sim-
ple biomolecules to cellular structures that can be seen

Chapter 1 The Foundations of Biochemistry10

Uracil Thymine

  -D-Ribose 2-Deoxy-  -D-ribose

O

H

OH

NH2

HOCH2

Cytosine

H

HH
OH

H

O

H

OH

HOCH2 H

HH
OH

OH

Adenine Guanine

COO!

Oleate

Palmitate

H

CH2OH
O

HO
OH

  -D-Glucose

H H
H

OH

OH

H

(b)  The components of nucleic acids (c)  Some components of lipids 

(d)  The parent sugar 

HO P

O!

O

OH

Phosphoric acid

N

Choline

"
CH2CH2OH

CH3

CH3

CH3

Glycerol

CH2OH

CHOH

CH2OH

CH2

CH3

CH2

CH2

CH2

CH2

CH2

CH2

CH2

CH2 CH2

CH2 CH3

CH2

CH2

CH2

CH2

CH2

CH2

COO!

CH2

CH2

CH2

CH2

CH2

CH2

CH2

CH2

CH2

CH2

CH2

CH

CH

#

#

#

C

NH2

C

C
CH

HC

N

N N
H

N C

O

C

C
CH

C

HN

N N
H

N

C

O

O
CH

CH

C

HN

N
H

O
CH

CH

C

N

N
H

C

O

O
CH

C

C

HN

N
H

H2N

CH3

Nitrogenous bases

Five-carbon sugars

H3

"

N

H3

"

N H3

"

"

N
H3

"

N

OC
A
COO!

COO! COO!

COO!

H3

"

N

COO!

H3

"

N

COO!

COO!

A
CH3

OH OC
A

A
CH2OH

OH OC
A

A
C
A

H2

OH

Alanine Serine

Aspartate

OC
A

A
C
A
SH

H2

OH

Cysteine
Histidine

C
A

OC
A
OH

H2

OH

Tyrosine

OC
A

A
C
A

H2

OH

C H
CH

HC

N

NH
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FIGURE 1–10 The organic compounds from which most cellular
materials are constructed: the ABCs of biochemistry. Shown here are
(a) six of the 20 amino acids from which all proteins are built (the
side chains are shaded pink); (b) the five nitrogenous bases, two five-
carbon sugars, and phosphoric acid from which all nucleic acids are
built; (c) five components of membrane lipids; and (d) D-glucose, the
parent sugar from which most carbohydrates are derived. Note that
phosphoric acid is a component of both nucleic acids and membrane
lipids.
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Although complex, this organization of the cyto-
plasm is far from random. The motion and the position-
ing of organelles and cytoskeletal elements are under
tight regulation, and at certain stages in a eukaryotic
cell’s life, dramatic, finely orchestrated reorganizations,
such as the events of mitosis, occur. The interactions be-
tween the cytoskeleton and organelles are noncovalent,

reversible, and subject to regulation in response to var-
ious intracellular and extracellular signals.

Cells Build Supramolecular Structures

Macromolecules and their monomeric subunits differ
greatly in size (Fig. 1–10). A molecule of alanine is less
than 0.5 nm long. Hemoglobin, the oxygen-carrying pro-
tein of erythrocytes (red blood cells), consists of nearly
600 amino acid subunits in four long chains, folded into
globular shapes and associated in a structure 5.5 nm in
diameter. In turn, proteins are much smaller than ribo-
somes (about 20 nm in diameter), which are in turn
much smaller than organelles such as mitochondria, typ-
ically 1,000 nm in diameter. It is a long jump from sim-
ple biomolecules to cellular structures that can be seen
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FIGURE 1–10 The organic compounds from which most cellular
materials are constructed: the ABCs of biochemistry. Shown here are
(a) six of the 20 amino acids from which all proteins are built (the
side chains are shaded pink); (b) the five nitrogenous bases, two five-
carbon sugars, and phosphoric acid from which all nucleic acids are
built; (c) five components of membrane lipids; and (d) D-glucose, the
parent sugar from which most carbohydrates are derived. Note that
phosphoric acid is a component of both nucleic acids and membrane
lipids.
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tight regulation, and at certain stages in a eukaryotic
cell’s life, dramatic, finely orchestrated reorganizations,
such as the events of mitosis, occur. The interactions be-
tween the cytoskeleton and organelles are noncovalent,

reversible, and subject to regulation in response to var-
ious intracellular and extracellular signals.

Cells Build Supramolecular Structures

Macromolecules and their monomeric subunits differ
greatly in size (Fig. 1–10). A molecule of alanine is less
than 0.5 nm long. Hemoglobin, the oxygen-carrying pro-
tein of erythrocytes (red blood cells), consists of nearly
600 amino acid subunits in four long chains, folded into
globular shapes and associated in a structure 5.5 nm in
diameter. In turn, proteins are much smaller than ribo-
somes (about 20 nm in diameter), which are in turn
much smaller than organelles such as mitochondria, typ-
ically 1,000 nm in diameter. It is a long jump from sim-
ple biomolecules to cellular structures that can be seen
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with the light microscope. Figure 1–11 illustrates the
structural hierarchy in cellular organization.

The monomeric subunits in proteins, nucleic acids,
and polysaccharides are joined by covalent bonds. In
supramolecular complexes, however, macromolecules
are held together by noncovalent interactions—much
weaker, individually, than covalent bonds. Among these
noncovalent interactions are hydrogen bonds (between
polar groups), ionic interactions (between charged
groups), hydrophobic interactions (among nonpolar
groups in aqueous solution), and van der Waals inter-
actions—all of which have energies substantially smaller
than those of covalent bonds (Table 1–1). The nature
of these noncovalent interactions is described in Chap-
ter 2. The large numbers of weak interactions between
macromolecules in supramolecular complexes stabilize
these assemblies, producing their unique structures.

In Vitro Studies May Overlook Important Interactions
among Molecules

One approach to understanding a biological process is
to study purified molecules in vitro (“in glass”—in the
test tube), without interference from other molecules
present in the intact cell—that is, in vivo (“in the liv-
ing”). Although this approach has been remarkably re-
vealing, we must keep in mind that the inside of a cell
is quite different from the inside of a test tube. The “in-
terfering” components eliminated by purification may
be critical to the biological function or regulation of the
molecule purified. For example, in vitro studies of pure
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FIGURE 1–11 Structural hierarchy in the molecular organization of
cells. In this plant cell, the nucleus is an organelle containing several
types of supramolecular complexes, including chromosomes. Chro-

mosomes consist of macromolecules of DNA and many different pro-
teins. Each type of macromolecule is made up of simple subunits—
DNA of nucleotides (deoxyribonucleotides), for example.

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

TABLE 1–1 Strengths of Bonds Common 
in Biomolecules

Bond Bond 
dissociation dissociation 

Type energy* Type energy 
of bond (kJ/mol) of bond (kJ/mol)

Single bonds Double bonds
OOH 470 CPO 712
HOH 435 CPN 615
POO 419 CPC 611
COH 414 PPO 502
NOH 389
COO 352 Triple bonds
COC 348 CmC 816
SOH 339 NmN 930
CON 293
COS 260
NOO 222
SOS 214

enzymes are commonly done at very low enzyme con-
centrations in thoroughly stirred aqueous solutions. In
the cell, an enzyme is dissolved or suspended in a gel-
like cytosol with thousands of other proteins, some of
which bind to that enzyme and influence its activity.
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Biyomoleküllerde	  en	  yaygın	  görülen	  bağlar	  
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ter 2. The large numbers of weak interactions between
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enzymes are commonly done at very low enzyme con-
centrations in thoroughly stirred aqueous solutions. In
the cell, an enzyme is dissolved or suspended in a gel-
like cytosol with thousands of other proteins, some of
which bind to that enzyme and influence its activity.
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