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LEARNING GOALS
	Define the Role of cell
	Learn some definitions of Biochemistry
	Draw a diagram of the cell
	Tell what are the constituents of a cell
	Tell basic things about carbohydrates
	Tell basic things about lipids
	Tell basic things about proteins
	Tell basic things about  nucleic acids
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Biochemistry in Action	

	Fifteen to twenty billion years ago, the universe arose
as a cataclysmic eruption of hot, energy-rich subatomic
particles. Within seconds, the simplest elements
(hydrogen and helium) were formed. As the universe
expanded and cooled, material condensed under the influence
of gravity to form stars. Some stars became
enormous and then exploded as supernovae, releasing
the energy needed to fuse simpler atomic nuclei into the
more complex elements. Thus were produced, over billions
of years, the Earth itself and the chemical elements
found on the Earth today. About four billion years ago life arose—simple microorganisms with the ability to extract
energy from organic compounds or from sunlight,
which they used to make a vast array of more complex
biomolecules from the simple elements and compounds
on the Earth’s surface.

Biochemistry asks how the remarkable properties
of living organisms arise from the thousands of different
lifeless biomolecules. When these molecules are isolated
and examined individually, they conform to all the
physical and chemical laws that describe the behavior
of inanimate matter—as do all the processes occurring
in living organisms. The study of biochemistry shows
how the collections of inanimate molecules that constitute
living organisms interact to maintain and perpetuate
life animated solely by the physical and chemical
laws that govern the nonliving universe.
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Biochemistry describes in molecular terms the structures,mechanisms, and chemical processes shared byall organisms and provides organizing principles thatunderlie life in all its diverse forms, principles we referto collectively as the molecular logic of life. Althoughbiochemistry provides important insights and practicalapplications in medicine, agriculture, nutrition, andindustry, its ultimate concern is with the wonder of lifeitself.
In this introductory chapter, then, we describe(briefly!) the cellular, chemical, physical (thermodynamic),and genetic backgrounds to biochemistry andthe overarching principle of evolution—the developmentover generations of the properties of living cells.As you read through the book, you may find it helpfulto refer back to this chapter at intervals to refresh yourmemory of this background material.
within a common chemical framework. For the sake ofclarity, in this book we sometimes risk certain generalizations,which, though not perfect, remain useful; wealso frequently point out the exceptions that illuminatescientific generalizations.
	1.1 Cellular Foundations
The unity and diversity of organisms become apparenteven at the cellular level. The smallest organisms consistof single cells and are microscopic. Larger, multicellularorganisms contain many different types of cells, whichvary in size, shape, and specialized function. Despitethese obvious differences, all cells of the simplest andmost complex organisms share certain fundamentalproperties, which can be seen at the biochemical level.
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largest fraction (besides water) of cells. Some proteins
have catalytic activity and function as enzymes;
others serve as structural elements, signal receptors, or
transporters that carry specific substances into or out
of cells. Proteins are perhaps the most versatile of all
biomolecules. The nucleic acids, DNA and RNA, are
polymers of nucleotides. They store and transmit genetic
information, and some RNA molecules have structural and
catalytic roles in supramolecular complexes. The polysaccharides,
polymers of simple sugars such as glucose,
have two major functions: as energy-yielding fuel stores
and as extracellular structural elements with specific
binding sites for particular proteins. Shorter polymers of
sugars (oligosaccharides) attached to proteins or lipids
at the cell surface serve as specific cellular signals. The
lipids, greasy or oily hydrocarbon derivatives, serve as
structural components of membranes, energy-rich fuel
stores, pigments, and intracellular signals. In proteins,
nucleotides, polysaccharides, and lipids, the number of
monomeric subunits is very large: molecular weights in
the range of 5,000 to more than 1 million for proteins,
up to several billion for nucleic acids, and in the millions
for polysaccharides such

double bonds, around which there is no freedom of
rotation, or (2) chiral centers, around which substituent
groups are arranged in a specific sequence. The identifying
characteristic of configurational isomers is that
they cannot be interconverted without temporarily
breaking one or more covalent bonds. Figure 1–18a
shows the configurations of maleic acid and its isomer,
fumaric acid. These compounds are geometric, or cistrans,
isomers; they differ in the arrangement of their
substituent groups with respect to the nonrotating double
bond (Latin cis, “on this side”—groups on the same
side of the double bond; trans, “across”—groups on opposite
sides). Maleic acid is the cis isomer and fumaric
acid the trans isomer; each is a well-defined compound
that can be separated from the other, and each has its
own unique chemical properties. A binding site (on an
enzyme, for example) that is complementary to one of
these molecules would not be a suitable binding site for
the other, which explains why the two compounds

In the second type of configurational isomer, four
different substituents bonded to a tetrahedral carbon
atom may be arranged two different ways in space—that
is, have two configurations (Fig. 1–19)—yielding two
stereoisomers with similar or identical chemical properties
but differing in certain physical and biological properties.
A carbon atom with four different substituents
is said to be asymmetric, and asymmetric carbons are
called chiral centers (Greek chiros, “hand”; some
stereoisomers are related structurally as the right hand
is to the left). A molecule with only one chiral carbon
can have two stereoisomers; when two or more (n) chiral
carbons are present, there can be 2n stereoisomers.
Some stereoisomers are mirror images of each other;
they are called enantiomers (Fig. 1–19). Pairs of
stereoisomers that are not mirror images of each other
are called diastereomers (Fig. 1–20).
As Louis Pasteur first observed (Box

Now we do know. X-ray crystallographic
studies in 1951 confirmed that the
levorotatory and dextrorotatory forms of
tartaric acid are mirror images of each
other at the molecular level and established
the absolute configuration of each (Fig. 1).
The same approach has been used to
demonstrate that although the amino acid
alanine has two stereoisomeric forms (designated
D and L), alanine in proteins exists
exclusively in one form (the L isomer; see
Chapter 3).
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	domains, sometimes called Archaea and Bacteria. All eukaryotic
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 subgroups
distinguished by the habitats in which they live.
In aerobic habitats with a plentiful supply of oxygen,
some resident organisms derive energy from the transfer
of electrons from fuel molecules to oxygen. Other
environments are anaerobic, virtually devoid of oxygen,
and microorganisms adapted to these environments
obtain energy by transferring electrons to nitrate (forming
N2), sulfate (forming H2S), or CO2 (forming CH4).
Many organisms that have evolved in anaerobic environments
are obligate anaerobes: they die when exposed
to oxygen.
We can classify organisms according to how they
obtain the energy and carbon they need for synthesizing
cellular material (as summarized in Fig. 1–5). There
are two broad categories based on energy sources: phototrophs
(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 compounds.
The phototrophs can be further divided into
those that can obtain all needed carbon from CO2 (autotrophs)
and those that require organic nutrients
(heterotrophs). No chemotroph can get its carbon
[image: diagram]
  

	 
	
  

	





CHAPTER 2     SUMMARY                                                                                                                                                                                                                                      


Introduction to Biochemistry
■ Occasional inheritable mutations yield an
organism that is better suited for survival
in an ecological niche and progeny that are
preferentially selected. This process of mutation
and selection is the basis for the Darwinian
evolution that led from the first cell to all the
organisms that now exist, and it explains the
fundamental similarity of all living organisms.










 



Introduction to Biochemistry
■ Life originated about 3.5 billion years ago,
most likely with the formation of a
membrane-enclosed compartment containing
a self-replicating RNA molecule. The components
for the first cell were produced by the action
of lightning and high temperature on simple
atmospheric molecules such as CO2 and NH3.










 



Introduction to Biochemistry
■ The catalytic and genetic roles of the early
RNA genome were separated over time, with
DNA becoming the genomic material and
proteins the major catalytic species.










 



Introduction to Biochemistry
■ Eukaryotic cells acquired the capacity for
photosynthesis and for oxidative
phosphorylation from endosymbiotic bacteria.
In multicellular organisms, differentiated cell
types specialize in one or more of the functions
essential to the organism’s survival.










 



Introduction to Biochemistry
■ Knowledge of the complete genomic nucleotide
sequences of organisms from different branches
of the phylogenetic tree provides insights into
the evolution and function of extant organisms
and offers great opportunities in










 





  

	
	 		
	 		
		 


Despite these common properties, and the fundamentalunity of life they reveal, very few generalizationsabout living organisms are absolutely correct for everyorganism under every condition; there is enormous diversity.The range of habitats in which organisms live,from hot springs to Arctic tundra, from animal intestinesto college dormitories, is matched by a correspondinglywide range of specific biochemical adaptations, achieved	

[image: diagram]	
		A capacity for precise self-replication and
self-assembly (Fig. 1–1c). A single bacterial cell
placed in a sterile nutrient medium can give rise
to a billion identical “daughter” cells in 24 hours.
Each cell contains thousands of different molecules,
some extremely complex; yet each bacterium is
a faithful copy of the original, its construction
directed entirely from information contained
within the genetic material of the original cell.
Mechanisms for sensing and responding to
alterations in their surroundings, constantly
adjusting to these changes by adapting their
internal chemistry. 	[image: diagram]	
	

		Biochemistry describes in molecular terms the structures,
mechanisms, and chemical processes shared by
all organisms and provides organizing principles that
underlie life in all its diverse forms, principles we refer
to collectively as the molecular logic of life. Although
biochemistry provides important insights and practical
applications in medicine, agriculture, nutrition, and
industry, its ultimate concern is with the wonder of life
itself.
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	Electron microscopy reveals several types of protein filaments
crisscrossing the eukaryotic cell, forming an interlocking
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.


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 filaments
disassemble and then reassemble elsewhere. Membranous
vesicles bud from one organelle and fuse with
another. Organelles move through the cytoplasm along
protein filaments, their motion powered by energy dependent
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 secretion
of substances produced within the cell and uptake
of extracellular materials.
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[image: diagram]The picture that emerges from this brief surveyof cell structure is that of a eukaryotic cell with ameshwork of structural fibers and a complex system ofmembrane-bounded compartments (Fig. 1–7). The filamentsdisassemble and then reassemble elsewhere. Membranousvesicles bud from one organelle and fuse withanother. Organelles move through the cytoplasm alongprotein filaments, their motion powered by energy dependentmotor proteins. The endomembrane systemsegregates specific metabolic processes and providessurfaces on which certain enzyme-catalyzed reactionsoccur. Exocytosis and endocytosis, mechanisms oftransport (out of and into cells, respectively) that involvemembrane fusion and fission, provide paths between thecytoplasm and surrounding medium, allowing for secretionof substances produced within the cell and uptakeof extracellular materials.
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