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PREFACE

Biochemistry is the most common course for medical students embarking on study in medical sci-
ences. The authors of this textbook are very pleased to present the Biochemistry: a textbook for
medical students. The purposes of this textbook are to present a precise and concise teaching materi-
al of biochemistry to the abroad students and the Chinese students who are being educated with
double languages, as well as the teachers who are teaching biochemistry to those students in the
medical universities or colleges of China. Despite the ever-increasing complexity of biochemical
knowledge and ever-increasing importance of biochemistry for the medical sciences, as a teaching
material, we could not match the increased volume of knowledge in this field by an increased size of
the textbook. We designed the textbook by selecting the contents sufficiently covering most of the
important topics in a medical biochemistry course, It is clear and concise enough for students to mas-
ter the basic biochemical theories, rudimentary knowledge, and fundamental skills in biochemistry.

The textbook is organized and written so that the sequences of chapters are most appropriate for
keeping their inherent regularity and connections, and for the students to read from the easy to the
difficult and complicated. In this textbook, the twenty one chapters can be divided into four parts.
The first part includes the first three chapters dealing with the structure and function of proteins,
nucleic acids, and enzymes. Nucleic acids are related to the storage and transmission of genetic infor-
mation. The function of proteins is the embodiment of the life. Enzymes catalyze almost all of the
chemical reactions in cells, It is vital to understand these properties of the macrobiomolecules before
studying the following chapters. The second part explains how the organism metabolizes carbohy-
drates, lipids, and amino acids for releasing and utilizing energy, or providing the building blocks.
The third part describes the transmission of genetic information including DNA replication and re-
pair, RNA transcription and modification, protein synthesis, regulation of gene expression, and
DNA technology. The last part discusses seven special topics dealing with extracellular and intrace-
llular communication (membrane, glycoconjugates, signal transduction, oncogenes, tumor suppres-
sor genes and growth factors), blood and liver biochemistry, and vitamins and minerals. Glossary
and appendix provide the students and teachers with very useful basic knowledge to facilitate the
learning and teaching. :

The authors thank the Medical College of Qing Dao University, the International Education Coll-
ege of Dalian Medical University, and the universities and colleges where they are teaching for the
enthusiastic supports. We are grateful to Li Yue, the editor in Sciences Press, and Li Gang, the
professor in Medical Libratory of Beijing University for their friendly help. During the writing and
editing, suggestions from colleagues and students have been helpful in the formulation of this book.
We look forward to receiving more suggestions and comments in the future.

Zhao Baochang
Yan Qiu
Gao Ying
Dalian Medical University, Dalian, China
February 2009
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Introduction

The thousands of different lifeless and lives on the Earth are made from the simple elements and
compounds. Life is one of the motive patterns of materials. The remarkable common properties of
living organisms distinguishing from nonliving materials are the capacity for precise self-renewal
(metabolism), and self-replication and self-assembly (expression and transmission of genetic infor-
mation) , although they maintain and perpetuate themselves to conform to all the physical and chemi-
cal laws that govern the nonliving universe. Biochemistry is the chemistry of life, the aim is to de-
scribe and explain, in molecular terms, all chemical processes in living cells,

Biochemistry seeks to explain life at the molecular level, its knowledge is essential to all life sci-
ences. Biochemistry of nucleic acids locates at the heart of genetics. Biochemistry overlaps with
physiology, the study of body functions. Pharmacology, pharmacy, and toxicology lie at the basic
knowledge of biochemistry; in particular, most drugs and poisons rely on the biochemical processes
for their function and are metabolized and biotransformed by enzymatic reactions. Most subjects of
life sciences employ biochemical approaches almost exclusively to break down their technical barriers
and biochemical theory to explain various phenomena at molecular level. Biochemistry is increasingly
becoming the common language of those subjects.

The reciprocal relationship between biochemistry and medicine has promoted their mutual ad-
vances. The normal biochemical processes are the basis of body health, and all diseases have a bio-
chemical basis. Biochemical studies have been enormously accelerating the development of both of
the understanding and maintenance of health, and the understanding and effective treatment of dis-
eases. The study of various aspects of medicine has been opening up new areas of biochemistry,

The achievements of biochemical investigation catalyze the birth of several new disciplines,
Bioinformatics, for example, represents a new growing area of science that employs computational
approaches to answer biological questions, and efficiently guides experimental design in laboratories.

Biochemistry describes the following contents.

1. The chemical constituents of living organisms, and the structures and functions of biomolecules
(Static Biochemistry). About 30 of the more than 90 naturally occurring chemical elements are es-
sential to the living organisms, and most of the 30 elements are lighter elements including the four
most abundant elements: hydrogen, oxygen, nitrogen, and carbon, which together make up more
than 99% of the mass of most cells. The organic compounds, which constitute humane body and/or
play important roles for maintaining normal living activities, are named biomolecules, :

Proteins, nucleic acids, and polysaccharides with the molecular weight of mostly more than 10 000
Da are termed biomacromolecules which are polymers constructed by their own basic units. Proteins
consist of hundreds to thousands of linked amino acid residues by peptide bonds; 3',5'-phosphodi-
ester bonds linked nucleotides and deoxynucleotides are the basic units of RNA and DNA, respec-
tively. Most enzymes are proteins with catalytic activities. The primary structure of biomacromole-
cule is the basis of their spatial structures, and the latter are the basis of their functions. The struc-
ture and function of proteins are the material bases and embodiment of living activities; nucleic acids
store and transmit genetic informations. The normal structure and function of these macromolecules
are essential for maintenance of body under control.

2. Metabolism and its regulation (Dynamic Biochemistry). Living organisms have the ability to
construct and renew themselves by extracting and digesting nutrients from and excreting the end
products to their environments. Many consecutive chemical reactions catalyzed by a series of en-
zymes responsible for a certain function constitute metabolic pathways. Metabolism is the sum of all
the chemical transformations or the net of pathways taking place in a cell or organism. Metabolism,
one of the very important characteristics of life, can be divided into two major phases: catabolism
(degradation) and anabolism (biosynthesis). The energy required by anabolism (an endergonic
process) is provided by catabolism (exergonic process). Metabolic pathways are regulated at several
levels. The disorder of metabolism may cause various diseases.

3. Storage, expression, and transmission of genetic information (Molecular Biology). Self-repli-
cation and transmission of genetic information are another one of the basic characteristics of living
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organisms. As the repository of the genetic information, DNA is the most material basis of the he-
redity, while genes are the functional segments of DNA. The central dogma of molecular biology
comprises the three major processes in the cellular utilization of genetic information: replication,
transcription, and translation. Reverse transcription is a profitable replenishment of the dogma. The
expression of genes is strictly regulated at many points. Cells have the ability to respond the sur-
rounding signals, which are detected by specific receptors and converted to a cellular response. Sig-
nal transduction is a universal property of living cells. Many signal transductive pathways constitute
crosstalk to control growth, proliferation, differentiation, and aging of the living organisms. Any
abnormality of both the transmission and regulation of genetic information, and signal transduction
can cause various diseases.

4. Biochemistry of tissues and organs (Functional Biochemistry). In addition to the common types
of metabolic pathways, organs or tissues have their own metabolic patterns for their distinguish
functions. It is very important for medical students to get the knowledge of some medically impor-
tant organs and tissues such as the liver, blood, and so on. The liver locates in the center of carbo-
hydrate, lipid, and protein metabolism, and also metabolizes xenobiotics and bile pigments, The
liver is also the largest exocrine organ for excreting bile acids and other metabolites. Impaired liver
function compromises many metabolic processes leading to serious pathology. Blood circulation is
the traffic line for nutrients, metabolites, regulators, end products, as well as oxygen and carbon
dioxide. Blood circulation connects tissues and organs for crosstalking. Plasma components and
blood cells are important for carrying out their specific functions. Blood samples can provide critical
information about body functions and help physicians to diagnose some diseases.

The modern biochemistry is a young but fast growing field of investigation. The term “biochemistry”
seems to be first used in 1882, it was generally accepted in 1903, In the 19" and early 20* centuries bio-
chemistry dealt more with extracellular chemistry, such as the discovery of glycerol, citrate, malate, lactate
and uric acid, the chemistry of digestion and of body fluids. In the first fifty year period of the 20% century,
biochemistry discussed more with the constituents of the body, metabolism and its regulation, and biochemi-
cal nutrition, The research achievements about the structures and functions of vitamins, coenzymes and
hormones, the kinetics of enzymatic reactions, metabolic pathways of carbohydrate, B-oxidation of fatty
acids, ornithine cycle and citric acid cycle , and so on were the major contributions in this period. The basic
framework of biochemistry was established. »

Since the middle of 20* century, biochemistry was growing fast to a golden age, and ushered in a
new era of molecular biology. This was epitomized by the discovery of the double-helical structure of
DNA, postulated by James Watson and Francis Crick in 1953, Recombinant DNA technology paved
the way to the modern field of genomics and proteomics, the study of genes and proteins on the scale
of whole cells and organisms. The development of practical DNA sequencing methods inspired the
confidence in scientists for sequencing the entire 3 billion base pairs of the human genome. The Hu-
man Genome Project started in 1990, and the completed sequence of the human genome was pub-
lished in April 2003. The effort eventually included significant contributions from 20 sequencing cen-
ters in six nations: the United States, Great Britain, Japan, France, China, and Germany. Human
Genome Project marked the culmination of 20" century biology, and promised a vastly changed sci-
entific landscape for the new century. The artificially alterations of genome from animals or plants
by biotechnology may produce new species. Detection of individual genome can facilitate the diagno-
sis of some diseases, and design the strategy of gene therapy. Recombinant DNA technology can
yield new products and challenges, discover new pharmaceuticals.

Now the post-genomics era has been placed on the agenda. The investigation on proteome, the
complement of proteins expressed by a genome is called proteomics. Other fields are transcriptom-
ics, an investigation on entire mRNA expressed in organism and its responses to environmental
changes; metabonomics, quantitative understandings of the metabolite complement in organism and
its responses to environmental changes; glycomics, the investigation on the structure and function of
glycans. There are some derivatives from those omicses, such as pharmacometabonomics, medico-
metabonomics, and so on. Achievements in these investigations inevitably arouse revolutional
changes in many fields. Once the mystery of the nature of life is uncovered, it will give much great
influences on the understanding of nature of life, pathogenesis, prevention, and therapy of diseases,
anti-aging, and development of new medicines and so on. :

(Zhao Baochang)
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