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DNA

post genome era

proteomics

Summary

Nucleic acids are some kinds of biomacromolecules which determine the genetic characteristics
of all organisms. They contain the genetic information and are also responsible for its transmission.
Nucleic acids including DNA and RNA are linear polymers of a limited number of monomers linked by
3’ b’-phosphodiester bond and the repeating units are nucleotides. A nucleotide is composed of a
base a pentose and a phosphate. In DNA the sugar is a deoxyribose and the bases are adenine A
thymine T guanine G and cytosine C . While in RNA the sugar is a ribose and another base u-
racil U is used in place of thymine.

DNA is the molecule of heredity in all prokaryotic and eukaryotic organisms with the exception of
some RNA viruses. The genetic information is encoded in the precise sequence of four types of de-
oxynucleotides or bases. All cellular DNA consists of two very long and helical polynucleotide chains
coiled around a common axis. The two chains are held together by hydrogen bonds between pairs of
bases A is always paired with T and G is always paired with C. Hence one strand of the double helix
iIs complementary to the other. The two strands run in opposite directions. Most prokaryotic organ-
isms have circular DNA which is superhelical. By contrast the linear genomic DNA in eukaryotic or-
ganisms is compacted with a variety of proteins forming chromatin. The fundamental unit of chroma-
tin is nucleosome.

Different from DNA most RNA molecules are single stranded but many contain extensive double-
helical regions that arise from the folding of the chains intd stem-loop” of* hairpin” structures. Mes-
senger RNAs mMRNAs serve as templates for the synthesis of protein they carry information from
DNA to the cellular protein synthetic machinery. Transfer RNAs tRNAs transfer specific amino acids
to ribosomes and ensure their proper alignment. Most RNAs in a cell are ribosomal RNAs rRNAs
which together with proteins construct the ribosomes the organells for protein synthesis. Other
RNAs in the cell are important in RNA processing and in protein exportation from the cell.

One of the most important physical and chemical characteristics of nucleic acid is its denaturation
and renaturation which means the double-stranded structure of DNA can be separated under some
conditions usually by increasing the temperature and separated strands will reassociate when the fac-
tors making DNA denaturation are withdrew or the physiological temperature is achieved. As the tem-
perature increases concomitant with this denaturation of DNA molecule is an increase in the optical
absorbance at 260nm A,,, of the purine and pyrimidine bases —— a phenomenon referred to as hy-
perchromic effect. The strands of a given molecule of DNA separate over a temperature range. The
midpoint is called melting temperature Tm  which is influenced by the base composition DNA rich
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in G — C pairs has a higher Tm than that rich in A-T pairs. At given conditions a particular polynucleoti-
de strand will associate tightly with a complementary strand regardless of their origin and length. This
technigue named as hybridization has become an important basic tool of medicine and life science.

In the early 1980’ s RNA was found to be biocatalytic and so was DNA in 1990’ s. RNA and DNA
molecules which possess catalytic activities are called ribozyme and deoxyribozyme respectively.
Discovery of nucleic acid catalysis has greatly altered our concepts of biological evolution and the
range of cellular chemistry and these nucleic acid catalysts will become useful research tools and play
important roles in the therapies of some diseases such as cancer genetic disease and infective disea-
ses.

The Human Genome Project HGP s an international conspicuous research effort in the field of
life sciences. It had several goals including mapping sequencing and identifying genes storing and
analyzing data and addressing the ethical legal and social issues ELSI that may arise from availa-
bility of personal genetic information. The ultimate goal of the HGP was to obtain the DNA sequence
of the 3 billion DNA subunits present in human DNA. Technology and resources generated by the Hu-
man Genome Project and other genomics research are having a major impact on research across the
life sciences. The potential for commercial development of genomics research presents global indus-
try with a wealth of opportunities.

1.
Tm
DNA HGP
DNA ribozyme
2. DNA  RNA
3 B — DNA
4. DNA A =0.30 G =0.24
1 C T 2 A G C T
5. RNA
6.
1.
8.
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serine Ser S 2.21 9.15 13. 60 5.68
tryptophan Trp W 2.38 9.39 5.89
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proteomics

function-

al proteomics ” structural proteomics ” subcellular proteomics ”

disease proteomics ”

2 —DE 2-30
2 — DE
reference map
- coupled size — ecclusion and RP — HPLC RP — HPLC 25
C 60 C RP—HPLC RP — HPLC

Summary

Proteins essentially participate in all cellular processes and have many different biological func-
tions. All natural proteins are constructed by the same set of 20 a-amino acids with the exception of
glycine the only L —amino acid which exists in natural proteins. According to the polarity of the side
chains in these amino acids amino acids can be classified as neutral non-polar hydrophobic and polar
hydrophobic  basic and acidic amino acids.

The primary structures of proteins refer to the sequences of the amino acids. The amino acids in
a polypeptide are linked by peptide bonds. The peptide bond is planar peptide plate because the
C—N bond has partial double-bond character. Automated Edman degradation is employed to se-
quence proteins. The secondary structures of proteins refer to the conformation adopted by local re-
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gions of the polypeptide chains. The major elements of secondary structures are the a-helix the g-
strand the B-turn and the random coil. Hydrogen bonds are the major linkages for stabilizing the
structures. Motif refers to some arrangements of secondary structure elements that can occur in dif-
ferent protein structures. The tertiary structures of proteins describe the overall folding of the polypep-
tide chains including the spatial distribution of all atoms in the molecule. A long polypeptide strand of-
ten folds into multiple compact semi-independent regions domains to perform different tasks in
multifunctional proteins. The quaternary structures refer to the spatial arrangements of subunits in a
multisubunit complex linked by noncovalent bonds.

Collagen is one of the fibrous proteins which are composed of three peptides wrapping around
one another with a right-handed twist holding by covalent and noncovalent cross bonds. Each peptide
with repeating tripeptide sequence of Gly-Pro-Y or Gly-X-Hyp adopts a left-handed helical structure
with three residues per turn.

Globular proteins are hydrophilic and soluble in water according to their electrostatic charges and
hydration shells. Some physical and chemical factors can denature proteins by destroying the second-
ary bonds. The methods for separating proteins take advantage of properties such as charge size sol-
ubility and affinity for their special ligands which vary from one protein to the other.

The primary structure of a protein determines its three-dimensional structure which determines
its function. Insulin and serine proteases are good examples. The sequence comparisons cytochrome
¢ can help people to yield taxonometric insights.

Mb and Hb function in O, storage and O, transport respectively. The major secondary structure of
Mb and Hb is the a-helix. Mb is monomeric While Hb is a tetramer of 2 subunit types «,8, In
adult . Heme the prosthetic group of Mb and Hb is a planar cyclic tetrapyrrole with a central Fe’*.
The saturation curve of Mb is hyperbolic whereas that of Hb is sigmoidal as a consequence of its co-
operative O, binding. O, binding moves the Fe’* from a position of 0. 06 nm out of the heme plane to
the center of the heme and causes the conformational change from T state to R state which makes
the binding of subsequent O, to next subunit convenient. Sickle-cell anemia is a molecular disease of
individuals who have a point mutation of Glu 86 to Val. An inappnopriate conformation of a protein can
result in pathological conditions. Striking examples are prion diseases.

Proteome refers to the full complement of proteins of an organism coded by its genome or the
whole proteins in an organism. Proteomics refers to the systematic study of the complete comple-
ment of proteins of organisms. Unlike genome proteome is not a fixed characteristic of the cell.
Rather because it represents the functional expression of information it varies in different tissues di-
flerent cell types and different cell organelles and it also changes during different developmental sta-
ges and environmental conditions. Proteome is much larger than the genome because of such factors
as alternatively spliced RNA the posttranslational modification of proteins the temporal regulation of
protein synthesis and the varying protein-protein interactions. Proteome is not static.

Sl
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GM,

There are three classes of glycoconjugates glycoproteins glycolipids and proteoglycans. Like
other biomolecules glycoconjugates play important roles in the body. Glycobiology deals with the

study of the structure biosynthesis and function of glycans and glyconjugates.

Many kinds of glycans show variations in compositions structures and functions of monosaccha-
rides. Monosaccharides the structure units of the glycans are commonly joined by 1—2 153 14
or 1—6 glycosidic bonds with either a-or g-anomeric configuration. The linkage of oligosaccharide
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chain is much more complex compared with that of the polypeptide chain and polynucleotide chain.

The combination of glycan and protein makes glycoprotein. Glycoproteins are divided into three
categories according to the structure of the linkage between the glycan and the peptide chain  N-
linked O-linked and GPI-linked. Glycoproteins are widely distributed and exert many crucial functions
in the body. The oligosaccharide chain of glycoprotein is critical in maintaining the property the struc-
ture and the function of most glycoproteins. Moreover it is considered as a messenger molecule me-
diating the recognition and adhesion in cell-cell and cell-ECM interactions. The abnormalities of glyco-
sylations may result in certain diseases such as tumor and autoimmune diseases.

Cell adhesion molecules CAMs located both in ECM and on the cell surface are mostly glyco-
proteins e. g. fibronectins and laminins with RGD motifs in ECM as well as integrins on the cell sur-
face. Integrins act as bridges for the inter-and intra-cellular communications. The oligosaccharide
chains of CAMs are important for the actions of CAMs.

Proteoglycans are composed of glycosaminoglycans GAGs and core proteins. The characteris-
tics of each kind of proteoglycans such as disaccharide repeat unit composition tissue specificity are
closely related to their functions. Many membrane bound proteoglycans function as the receptors
which mediate the cell communications.

The oligosaccharide chain is linked to the ceramide moiety in glycosphingolipids which are classi-
fied into neutral and acidic ones. Different types of glycosphingolipids are involved in the physical and
pathological processes such as GM3 a receptor for cholera toxin. The changes of glycosphingolipid in
many tumors are predominant so that they can be applied as antigen markers for the treatment of
tumor.
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Summary

Vitamins the essential nutrients of the human body can be divided into two major types of the
lipid-soluble vitamins and the water-soluble vitamins. The lipid-soluble vitamins include Vitamin A Vi-
tamin D Vitamin E Vitamin K etc. They often directly participate in physiological activities in vivo. Vi-
tamin A participates in the synthesis of visual purple maintains the integrity of keratinocytes and pro-
motes the growth and development of the human body. Moreover Vitamin A is usually hypothesized
to reduce the risk of the cancer. The deficiency of it often leads to nyctalopia and xerophthalmia. The
content of Vitamin D and Vitamin A is plentiful in the liver so the cod—liver oil is also called" the pill of
Vitamin A and Vitamin D ”. In vivo Vitamin D has the activity of physiology after it finishes the reac-
tion of hydroxylation in liver and kidney respectively meanwhile it synthesizes 1 25 OH , —VD,. Its
main function is to promote the calcium and phosphoric absorption and constitutes the skeleton and
teeth. A lack of it often leads to pedo — rickets and osteomalacia. Vitamin E is a kind of valid antioxi-
dant in vivo can resist all kinds of free radicals and protect the macromolecule not to encounter the
breakage in living creature so it has functions of the anti-decrepitude anti-tumor and anti-arterioscle-
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rosis. While Vitamin K primarily participates in the process of blood coagulation.

The water-soluble vitamins include the family of Vitamin B and Vitamin C. The family of Vitamin B
primarily distributes in yeast liver and rough foods. In vivo its main function is to be used as the co-
enzyme of some enzymes. For example the thiamine is a kind of coenzyme of « -ketoacid decarboxy-
lase riboflavin and nicotinamide are the coenzymes of oxidoreductive reactions which can constitute
FAD FMN and NAD* NADP " in vivo. In the process of transfer acyl group the pantothenic acid is a
kind of coenzyme which constitutes the CoA and the ACP Vitamin By is the coenzyme of transamina-
ses and decarboxylases of amino acids Biotin is the coenzyme of carboxylases Vitamin B,, and folic
acids participate in the metabolism of one carbon unit to promote synthesis of nucleic acids. Vitamin C
acts as a donor of reducing equivalents to have many biological functions such as protection of some
important compounds with sulfhydryl group from oxidation participation of hydroxylation of proline and
lysine in collagen synthesis promotion of synthesis of the antibody and detoxification of poisons re-
sistance decrepitude and so on.

Lacking vitamins will cause some diseases however excessive intake also may result In
intoxication . In fact it is impossible that the content of diet is excessive so the supplement
of vitamins is advocated by food intake. Among the vitamins there are synergistic actions not only in
the process of absorption but also in the process of developing the physiological functions.
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Summary

Enzymes produced by living cells are proteins with high specificity and highly catalytic efficiency.
Besides enzymes ribozymes and deoxyribozymes are also biocatalysts. Enzymes include simple en-
zymes and conjugated enzymes. Components of simple enzymes are all amino acids but conjugated
enzymes require non-protein constituents for their functions in addition to the protein compo-
nents. These accessory substances are termed prosthetic group and coenzyme. The active site of an
enzyme is a region where some functional groups are contained to bind substrates and prosthetic
group if any and catalyze the substrates to form products. All groups essential for maintaining the
enzyme activity are termed essential groups. The enzyme active site is structured and many of these
weak interactions occur only in the reaction transition state thus the transition state is stablized. The
energy available from the numerous weak interactions between enzyme and substrate is substantial
and can generally account for observed rate enhancements.

Regulation of the catalytic efficiency of enzymes can be achieved by allosteric regulation and co-
valent modification. The activity of some regulatory enzymes called allosteric enzymes is adjusted by
reversible noncovalent binding of a specific modulator to a regulatory or allosteric site. Such modula-
tors may be inhibitory or stimulatory and the substrate may be either itself or some other metabolites.
The kinetic behavior of allosteric enzymes reflects cooperative interactions among the enzyme sub-
units. Other regulatory enzymes are modulated by covalent modification of a specific functional group
necessary for activity. Covalent modification of enzyme involves phosphorylation or dephosphoryla-
tion. Many proteases are secreted as biologically inactive proenzymes zymogen that must undergo
selective proteolytic cleavage to form a biologically active enzyme.

Enzyme-catalyzed reactions are characterized by the formation of a complex between substrate
and enzyme an ES complex . The binding occurs in a pocket of the enzyme which is called active
site. The function of enzymes and other catalysts is to lower the activation energy for the reaction and
thereby enhance the reaction rate. The catalytic mechanisms include proximity effect orientation ar-
range multielement catalysis general acid — base catalysis and covalent catalysis and surface
effect. Multiple forms of an enzyme that catalyze the same reaction but differ from each other in their
sequence of amino acids physicochemical properties and immuno characters are called isoenzymes.

Kinetics of enzyme-catalyzed reactions is an important method for the study of enzyme mecha-
nisms. Most enzymes have some common kinetic properties. As the concentration of substrate is in-
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creased the catalytic activity of a fixed concentration of an enzyme will increase in a hyperbolic fashion
to approach a characteristic maximum rate v, at which essentially all the enzyme is in the form of
the ES complex. The substrate concentration giving one-half v . is the Michaelis-Menten constant K
 Which is characteristic for any enzyme acting on a given substrate. The Michaelis-Menten equation
relates the initial velocity of an enzymatic reaction to the substrate concentration and v ., through the
constantK . BothK  andv ., can be measured they have different meanings for different enzymes.
Initial velocity is directly proportional to the E . Each enzyme has an optimum pH and an optimum
temperature.

Enzymes can be inhibited by irreversible modification of a functional group essential for catalytic
activity. They can also be reversibly competitively noncompetitively or uncompetitively inhibited.
Competitive inhibitors compete reversibly with the substrate for binding to the active site but not
transformed by the enzyme. Noncompetitive inhibitors bind to some other sites on the free enzyme or
to the ES complex.
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Summary

Starch in food which is the main source of energy in human bodies is hydrolyzed to glucose cata-
lyzed by enzymes in saliva and in small intestine. After being absorbed into blood glucose is transpor-
ted into cells with the help of glucose transporters on the cell membrane.

The main glucose decomposition pathway for energy supply is glucose aerobic decomposition
pathway which consumes O, and generates CO, H,O and ATP 32 or 30 ATP molecules per glu-
cose molecule for cell utilization. In this pathway glucose is first decomposed to pyruvate in cyto-
plasm which enters mitochondria and is decarboxylated to acetyl-CoA the substrate of the tricarbox-
ylic acid cycle. Anaerobic decomposition pathway in which pyruvate from glucose degradation is re-
duced to lactic acid in cytoplasm supplies ATP 2 ATP molecules per glucose molecule for lack of
oxygen. However anaerobic decomposition pathway is active in some kind of cells like red blood cells
even if enough oxygen exists.

Glucogen which is the storage form of glucose can be synthesized from glucose in human tis-
sues mainly in muscles and in liver. Liver glycogen could be broken down to glucose glycogenolysis
to help to maintain a nearly constant blood glucose concentration.

Glucose can be synthesized from noncarbohydrate precursors such as pyruvate and lactic acid in
the process of gluconeogenesis which also helps to maintain the constant blood glucose concentra-
tion when liver glycogen has been exhausted.

Glycolysis and gluconeogenesis are coordinated so that within a cell one pathway can be relatively
inactive while the other is highly active.

The interconversion of fructose —6 — phosphate and fructose —1 6 — bisphosphate is stringently
controlled. AMP stimulates phosphofructokinase 1 whereas ATP and citrate inhibit it. Fructose —1 6
— bisphosphatase on the other hand is inhibited by AMP. Fructose —2 6 — bisphosphate strongly
stimulates phosphofructokinase 1 and inhibits fructose —1 6 — bisphosphatase in liver.

Phosphoenolpyruvate and pyruvate is also precisely regulated. High levels of ATP and alanine in-
hibit pyruvate kinase. Conversely pyruvate carboxylase is activated by acetyl-CoA and ADP. Like-
wise ADP inhibits phosphoenolpyruvate carboxykinase.

Glycogenesis and glycogenolysis are also highly regulated. cAMP activates protein kinase A the
latter further catalyzes the phosphorylation of phosphorylase b kinase to yield an active form. The ac-
tive phosphorylase b kinase then catalyzes the phosphorylation of glycogen phosphorylase b to gener-
ate the acive form of phosphorylase a. At the same time the activated protein kinase phosphorylates
glycogen synthase to an inactive state. Other second messengers such as Ca’* and diacylglycerol al-
so involve in the regulations. Under the catalysis of phosphoprotein phosphatase both glycogen phos-
phorylase and glycogen synthase can be dephosphorylated to operate the opposite effects.

The pentose phosphate pathway is an alternative route for the metabolism of glucose. It does not
generate ATP but has two major functions that is the generation of NADPH for reductive reactions
and the provision of ribose —5 — phosphate for nucleotides and nucleic acid biosynthesis.

To maintain a relatively stable concentration of blood glucose 3.9 ~5.6 mmol/L  which is im-
portant for normal functions of brain and other tissues insulin is the only hormone that can reduce
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blood glucose concentration and glucagon opposes the actions of insulin mainly by regulation of key
enzymes of glucose metabolism. Other hormones that can increase blood glucose concentration are
epinephrine glucocorticoid growth hormone ACTH and thyroid hormone.
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Summary

Biological oxidation is a process in which the nutrients are completely oxidized to CO, and water

and release a large amount of energy. The hydrogen and electrons of cytoplasmic NADHs are trans-
ported into mitochondria by the glycerol phosphate shuttle in the form of FADH, or by the malate-as-
partate shuttle as the form of NADH. The entry of ADP into the mitochondria matrix is coupled with
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the exit of ATP by ATP-ADP translocase. The respiratory chain in the inner membrane is consisted of
four complexes. Electrons and hydrogen from NADH are transferred to ubiquinone Q by complex
I NADH-Q oxidoreductase which contains FMN and Fe-S protein with Fe-S cluster as its prosthet-
ic group. The succinate dehydrogenase is a component of complex [ succinate-Q oxidoreductase

which donates electrons and hydrogen from FADH, to Q to form QH,. This highly mobile hydrophobic
carrier transfers its electrons to complex [ Q-cytochrome c¢ oxidoreductase a complex that con-
tains cytochrome b c, and Fe-S protein. The complex reduces cytochrome ¢ a water-soluble periph-
eral membrane protein. Cytochrome c¢ is a mobile carrier of electrons and then transfers these elec-
trons to complex [V cytochrome c oxidase . This complex contains cytochrome a a, and three cop-
per ions. A heme iron ion and copper ion in the oxidase convert electrons to O, to form H,O. There-
fore there are two respiratory chains NADH-linked oxidative respiratory chain and succinate-linked
oxidative respiratory chain. The flow of electrons through complex [ [I N also known as proton
pumps leads to the transfer of protons from the matrix to the intermembrane space and a membrane
potential is formed. The flow of protons back to the matrix through ATP synthase drives the synthesis
of ATP. This enzyme is a molecular motor. Proton influx provides the force for the rotation of this en-
zyme. Oxidative phosphorylation is the process in which ATP is produced as the result of the transfer
of electrons from NADH or FADH, to O,. NADH and FADH, are oxidized only if ADP is simultaneously
phosphorylated to ATP. In the NADH-linked respiratory chain there are 2. 5 ATP molecules produced

on average and in the succinate-linked respiratory chain 1.5 ATP molecules are produced on aver-
age. Some compounds can influence the oxidation phosphorylation or both. Uncouplers such as 2 4-
dinitrophenol can disrupt this coupling reaction. Uncoupling protein uncouples electron transport and
ATP synthesis for the generation of heat.

Some oxidation can occur out of mitochondria monooxygenase in microsome catalyzes one oxy-
gen atom from oxygen molecule to hydroxylate a substrate and another oxygen atom to react with
NADPH to form water. This enzyme contains cytochrome P,., NADPH-cytochrome P, reductase

and iron-sulfur protein. Reactive oxygen species including oxygen free radicals can be scavenged
by some enzymes such as superoxide dismutase catalase peroxidase and some compounds such as
vitamin C and vitamin E.

2. Co,

3. NADH +H™ ATP
4.
3.

ATP ATP
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2+
ATP Mg AMP
O
0 CH,0H 0 CH,0CR, 0 CH,OCR,
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2.
CoA CoA
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20 22 6
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anaphylaxis

1. PG TX
PG TX
Il angiotensin [I
A,
PG TX 8 —7

o

OOH
5—HPETE

H, 04
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Sf —
| OH
e e NG e N
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J
S— - S-—
- COOH — ]
| OH —~ | OH
LTD, LTE,
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2. LT
lipoxygenase 20
ic acid 5 — HPETE LTA, LTA,
LTC, LTD, LTE, 8 —8
PG TX LT
1. PG
PGE,
PGE, PGI,
PGF,,
2. TX
TXA,
PGI, TXA, PGI,
TXA, PGI,
3. LT
LTC, LTD, LTE,
PGF,, 100 ~ 1000 LTB,
20 PG TX LT
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sphingophospholipid
(0]
0 CHZO—(!—RI
RZ—(ll—OCH 0
(‘]H2O—I”’—OX
o
R, R, R,
X
cephalin phosphatidyl serine

diphosphatidyl glycerol cardiolipin

8 —1

5 — hydroperoxy eicotetraeno-

LTB,

PGE, PGA,
PGF,

sphingosine

X
lecithin
phosphatidylglycerol
phosphatidyl inositol
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X
sphingomyelin 5%
20% ~30%
1.
NADPH FAD CoASH ATP CTP
CoA 3 -
3— 3 — ketodihydrosphingosine NADPH
FAD
CoA N— CDP —

CH, CH, ,,CH=CHCH,OH

CH, O—[|’—O—CH2CH2N* CH, ,

OH
R
2.
sphingomyelinase C
N —
N — B—
1
8—-2
1.
CDP — CDP — CMP — N —
2.

cholesterol unesterified cholesterol
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cholesteryl ester

D, 140 ¢
1~1.5¢ 70% ~80%
10%
1.
CoA NADPH  ATP
1 18 CoA 36 ATP 16 NADPH
CoA  ATP NADPH
2.
1 CoA
CoA “ - :
2 CoA CoA
CoA CoA 3 — hydroxy —3 methylglutaryl CoA synthase HMG CoA synthase
1 CoA CoA 3 — hydroxy — 3 — methylglutaryl CoA
HMG CoA  HMG CoA HMG CoA HMG CoA reductase NADPH
mevalonic acid MVA  HMG CoA
2 5
30 squalene
3 27
8 —13
4 - acyl — CoA — cholesterol
acyltransferase ACAT CoA 8 —14
- lecithin — cholesterol acyltransferase LCAT 2 —
3 - 8 —
14
CO,

I1~1.5¢g

40%
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0
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CH,0—P— OCH,CH,N (CH),), i FEBECoA
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ik LCAT AT
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CH,OCR,
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! CoASH
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HMG CoA

HMG CoA 887
97 000 N C
1. HMG CoA
HMG CoA 8 — 25 —
HMG CoA

2. HMG CoA
HMG CoA cAMP

HMG CoA

HMG CoA
HMG CoA
3. HMG CoA
HMG CoA
HMG CoA
HMG CoA
HMG CoA HMG CoA
CoA ATP NADPH
HMG CoA
0. 05%
2%
70% 20% 10%
15 mg/dL
12~14 h 8—3
8§-3

mmol/L mg/dL
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400 ~700 500
0.11~1.69 1.13 10 ~150 100
2.59~6.47 5.17 100 ~250 200
1.81 ~5.17 3.75 70 ~200 145
1.03 ~1.81 1.42 40 ~70 55
48.44 ~80.73 64.58 150 ~250 200
16.1 ~64.6 32.3 50 ~200 100
16.1~42.0 22.6 50 ~130 70
4.8~13.0 6.4 15 ~35 20
5~20 15
lipoprotein
.0 e
I LAk Xl w3145
i1 kel
TR | L || T BT
1. - T
mWe-l2s L (LT IR | P
AT
a- B-PB-
chylomicron CM o~ o — =y | o0
B— B— B— II0IT0
B~ o
8 —15
2. 8§ —15
8§—4
B~ B~ o
g/mL <0.95 0.95 ~1.006 1. 006 ~ 1. 063 1.063 ~1.210
S, >400 20 ~400 0~20
o, — B~ o —
nm 80 ~ 500 25 ~80 20 ~25 7.5 ~10
0.5~2 5~10 20 ~25 50
98 ~99 90 ~95 75 ~80 50
/% 80 ~95 50 ~70 10 5
5~7 15 20 25
1 ~4 15 45 ~50 20
1~2 5~7 8 5
10 ~12 40 ~42 15 ~17
apo A | <1 — 65 ~70
apo A1l — — 20 ~25
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apo IV 10 — — —
apo B100 — 20 ~ 60 95 —
apo BAS 9 — —
/% apo C I 11 3 — 6
apo C1I 15 1
apo CII 41 40 — 4
apo E 7~15 <5 2
apo D — — — 3
very low density lipo-
protein VLDL low density lipoprotein LDL high density lipoprotein
HDL
Svedberg S;
26 °C 1.063 x10° kg/m’  NaCl S N kg
107"m 1S, 1S,=10"m/ S N kg 8
—4
8 —4
1.
1
CM VLDL tria-
cylglycerol — rich lipoprotein CM 80% ~95% <0.95
CM LDL 45% ~50% HDL
2 apolipoprotein apo 18
apopA B C D E apoA ATl ALl AV apoB B100 B48 apoC
ClI CII CIII 8—5
85
" /mg dL
mg/dL
Al 28 300 243 HDL LCAT HDL 123.8 +4.7
All 17 500 77 x2 HDL HDL HL 33 +5
ANV 46 000 371 HDL CM LPL 17 £2°
B100 512 723 4 536 VLDL LDL LDL 87.3+14.3
B48 264 000 2 152 CM CM —
ClI 6 500 57 CM VLDL HDL LCAT 7.8+2.4
CI 8 800 79 CM VLDL HDL LPL 50£1.8
CIn 8 900 79 CM VLDL HDL LPL apok 11.8+£3.6
D 22 000 169 HDL 10 £4°
E 34 000 299 CM VLDL HDL LDL 3.5+1.2



180

J 70 000 427 HDL 10%
a 500 000 4529 LP a 0~120°
* 625
A
HDL 50%
apoA ] apoAll LDL 20% ~25% apoB100 VLDL 5% ~10%
apoB100 Cl] CI ClIT E CM 0.5% ~2% apoB48
B100
8—5
2.
8 —16
apoA 1 All
ClI CII CII E
a am-
phipathic a — helix
a
CM  VLDL
DL HDL —16
CM 80% ~95%
CM 5 ~15 min
12 ~14 h CM
CM
apoB48 AT AIl AV CM CM HDL
apoC E CM CM
lipoprotein lipase LPL LPL CM
VLDL CM apoC I LPL CM 90%
CM apo Al ATl AV C HDL
CM apoB48 E CM remnant apokl
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VLDL
VLDL 50% ~70%
VLDL
apoB100 E VLDL VLDL
VLDL CM HDL apoC
LPL LPL.  VLDL VLDL VLDL apoC
HDL VILDL  apoB100 E
intermediate density lipoprotein IDL.  IDL
apoB100  E IDL apoE IDL
IDL 50% 10% LPL apok HDL
apoB100 IDL LDL 8§ —18 VLDL 6~12 h
LDL VLDL 1974 Michael Brown
Joseph Goldstein LDL  LDL LDL receptor
LDL LDL
LDL
LDL 839 160 000 LDL
apok  B100 IDL LDL apoB E
LDL
LDL LDL LDL
apoB100

@

HMG CoA

@ LDL
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rF
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7l
St ar
:
T IO REI 4 o
LML
Sl
8 —18
LDL ©) CoA ACAT
8 —19
LDL LDL LDL
45% 2/3  LDL 1/3 LDL
2d~4d
'3 )
LuLE W |
HA LT }
L%y
L ¥
LD 4 FIAM R :
L o B4 ACAT = .
e ._ ™R L = i
AL ey
2
8§—19
HDL HDL, 1.019 ~1.063 g/cm’ HDL, 1.063 ~1.125 g¢/ecm’  HDL, 1.125
~1.210 g/cm’ HDL, HDLe CM  VLDL
LPL apo A | B —HDL >
1.210 g/cm’ HDL, HDL, B — HDL

HDL
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HDL

HDL apoA |
HDL 2
HDL
CM VLDL
HDL HDL
CM VLDL
HDL, HDL 3~5d 8-20
apoCll E CM  VLDL
CM  VLDL apoC
HDL HDL
HDL
VLDL  LDL IDL.  LDL
HDL.  LCAT CETP
LDL
reverse cholesterol transport RCT
I

CMOTET &b S hd gl

hyperlipoproteinemia
12~14 h

=4. 14mmol/L. 160mg/dL

1970

=2. 26mmol/L. 200mg/dL

HDL
LCAT LCAT
3
LCAT
HDL,
apoAl Al  HDL,
HDL HDL
CM  VLDL LPL apoC II
HDL HDL apoC
HDL
cholesterol ester transfer protein CETP

=6. 21mmol/L. 240mg/dL

WHO
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8—6
8§—6
I [ 1
Ta T
b T1 t1
Il [ [ B
I\ T
Vv Tt T
LPL CM I LDL fa-
milial hypercholesterolemia FH CIl BAIT ClT E
Michael Brown  Joseph Goldstein ~ LDL LDL
LDL LDL
LDL LDL LDL
15.4 ~30.7 mmol/L. 7.8 ~10.3
mmol/L 30 ~40
Summary

The lipids are a chemically diverse group of compounds with the common and defining feature of
being relatively insoluble in water but soluble in nonpolar solvents. Biological lipids consist of triacylg-
lycerol fat phospholipids glycolipids cholesterol and its esters etc. The biological functions of the
lipids are also diverse. Triacylglycerols are the principal storage forms of energy in animals phospho-
lipids and sterols make up the major structural constituents of biomembranes other lipids and their de-
rivatives play crucial roles as emulsifying agents hormones and other physiologically active com-
pounds.

Triacylglycerol is the main storage lipids in adipose tissue. The liberation of its hydrolytic products
as the forms of free fatty acids and glycerol under the catalysis of hormone-sensitive lipase and other
lipases is termed fat mobilization. Free fatty acids are bound to serum albumins for the transportation
to the tissue where they are used as an important fuel source. The oxidation of fatty acids takes
place in mitochondrial matrix by the process of g — oxidation. Carnitine is an important compound for
transferring long chain fatty acyl CoA across the inner mitochondrial membrane. B — oxidation contains
four recurring steps dehydrogenation hydration redehydrogenation and thiolysis and two-carbon u-
nits are successively removed from the carboxyl end of the fatty acid to produce acetyl CoA. The ke-
tone bodies acetoacetate g — hydroxybutyrate and acetone are formed from acetyl-CoA in hepatic
mitochondria. Liver can produce ketones but can’ t utilize them. Ketones must be transported to ex-
trahepatic tissues for utilization. Ketones are important fuels in muscles and brain tissues especially
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when starving. Fatty acid biosynthesis occurs in the cytosol and is catalyzed by an ordered mul-
tienzyme complex including 7 enzyme activities and an acyl carrier protein. The requirements for the
synthesis of palmitic acid are acetyl-CoA reduced NADP ATP HCO,. Acetyl CoA carboxylase which
catalyzes the formation of malonyl CoA from acetyl CoA is a key enzyme for controlling fatty acid syn-
thesis.

Polyunsaturated fatty acids including linoleic acids linolenic acids and arachidonic acids are es-
sential fatty acids. Eicosanoids are formed by 20 — carbon polyunsaturated fatty acids and make up an
important group of compounds known as prostaglandines thromboxanes and leukotrienes.

There are two types of phospholipids phosphoglycerides and sphingomyelins. CTP involves the
activation of some components such as CDP-choline CDP-ethanolamine CDP-DG.

Cholesterol is the precursor of all other steroids in the body such as corticosteroids sex hor-
mones bile acids and vitamin D;. Cholesterol can be synthesized in the body entirely from acetyl-
CoA. HMG-CoA reductase is a very important enzyme for regulating the biosynthesis of cholesterol
through allosteric regulation chemical modification induction and repression of this enzyme. Hor-
mones and dietary cholesterol are also critical in controlling the level of cholesterols in vivo.

Plasma lipoproteins are the transportation forms of plasma lipids and are classified according to
their densities by ultracentrifugation or rates of electrophoretic migration. Chylomicrons transport diet-
ary triacylglycerol and cholesteryl esters from the intestine to the tissues. VLDLs transport endoge-
nous triacylglycerols to extrahepatic tissues. As VLDLs travel through blood vessels they are conver-
ted to LDLs. LDLs are engulfed by cells after binding to LDL receptors on the plasma membranes.
HDL also produced in the liver scavenges cholesterol from cell membranes and other lipoproteins
and plays the role of transporting cholesterol from extrahepatic tissues to liver. Apolipoproteins consti-
tute the protein moiety of lipoproteins. They act as activators of enzymes eg. apoC [ and apoA |
or as ligands cell receptors e. g. apoB,,, apoE and apoA |

20
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nitrogen balance method

16%

= nitrogen balance

> positive nitrogen balance
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20 g

53 mg/kg
20 g
1985
0.75 ¢

30: 70
80 g

essential amino acid

8

nonessential amino acid

complementary effect

PN 60 kg
1/3 2/3

negative nitrogen balance

60 kg

20

20

8 ~10d

65 kg

140 g ~300 g
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autocatalysis

dipeptidase

pepsinogen
pH 1.5~2.5 pH®6

CaZ +
endopeptidase
exopeptidase

C— C—
enterokinase
oligopeptidase

95%

~

aminopeptidase
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putrefaction

COOH

L J—
carrier — mediated transport transporter
B J—
Na”*
Na* Na”*
ATP
1/3 ~2/5
5%
K B,
amines
R—CH—COOH —___ . R CH,—NH,
| ~
OH OH OH OH
%\ = %\ =
\J N | \J N |
| | |
(‘:H2 $H2 CH,
CHNH, CH,NH,

Na™
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2%

Z - CH2(|3HCOOH Z CH, m

N NH,
H

ammonia

R—CH—COOH —» R—CH,—COOH +NH,

NH,

HZN—CO—NH2 T()) CO2 +2NH3

2

1/4
75% ~ 80%
10 d
PEST
ATP ATP

cathepsins
autophagic vacuole
LDL

1% ~
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ATP ATP
pH 7.8
ubiquitin 76
8 500 ubiquitinization ATP 1
2 3 - C—
g — NH,
N —
N— N—
proteosome 9—-1

HS- B, HS- B, HS- B8,

(2)

2 #-COOH /\ \(1)‘ ZE-CO~S-H, B E-COo~s-H,

ATP AMP+PPi

us- B,
(5) e ©) \ (3)
SEEB (% %), -CO-NHE {3 it Ji
akileodl ey 5, AR
9—1
1 HS— 2 HS— 3
4 5
meta-
bolic pool
9-2
deamination
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o —
oxidative deamination
glutamate dehydrogenase NAD* NADP*
o —
ITHZ NAD* NADH+H® 0 1|\|IH ] H,0 (ﬁ
?H—COOH E (‘Z—COOH §<_I_> (|]—COOH +NH,
CH, ,COOH L= 0 CH, ,COOH [ CH, ,COOH
I~ .
L _
o —
GTP ATP
GDP ADP GTP ATP
1.
aminotransferase transaminase o
a— transamination
1?1 f|{z 1?1 f|{z
H—(’J—NHZ b (=0 ——— (=0 + H—(‘Z—NHZ
COOH COOH COOH COOH
o —
15
o —
a— alanine transaminase ALT
GPT a— aspartate transaminase AST

GOT
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CH, COOH CH, COOH
| | ALT | |
CHNH, + C‘H2 , —— C‘=O + C‘H2
COOH C=0 COOH CHNH,
COOH COOH
o o
COOH COOH COOH COOH
| | AST | |
CH, + (‘:H2 , — (‘:H2 + (‘:H2
CHNH, $—0 (‘JZO CHNH,
COOH COOH COOH COOH
—
ALT AST 9—-1
9—1 ALT AST
AST ALT
/g /g
156 000 7 100
142 000 44 000
99 000 4 800
91 000 19 000
28 000 2 000
14 000 1200
10 000 700
20 16
ALT AST ALT AST
2.
B6
o —
o a—
9-3
HCO
no . _A_, CH0® (CH,),COOH
R— CHCOOH | CHNH,
H,c” N |
NH, COOH
L& K B ER M 1 L-& %
R—C—COOH
H,CNH, ((I:Hz)z COOH
0 HO cH,0(®) _
a—ﬁlﬁ % | = : ? =0
H,C NZ COOH
, a-Hl % — 18
5 16 N % %2

9-3
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NH, NH;
pH>6  NH,
NH,

glutamine

NH;

60 pmol/L

dehydratase

1.
2.

1

2

NH, NH,
pH
pH <6
3.
glutaminase
H,N—CO— CH, ,—CHNH,—COOH—————H00C— CH, ,CHNH,—COOH +NH,
2
H +
pH 98.5% NH,
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Summary

Dietary proteins are hydrolyzed by endopeptidases and exopeptidases in stomach and intes-
tine. The end products amino acids are absorbed via several transporters. Nitrogen balance relates to
intake and excretion of nitrogen from proteins. In addition to the number of proteins in food essential
amino acids must be supplied in diet to maintain nitrogen balance.

Protein turnover is a physiologic process in life. There are two major pathways in which intracellu-
lar proteins are degraded ATP-independent process in lysosome and ATP ubiquitin-dependent path-
way in cytosol.

The beginning of amino acid degradation is the removal of a-amino group. The amino group of
most amino acids is transferred to a-ketoglutarate to form a-ketoacid and glutamate by transaminase
which contains pyridoxal phosphate as cofactor. Glutamate dehydrogenase catalyzes the oxidative de-
amination of glutamate into ammonium and a-ketoglutarate. The transamination reactions are reversi-
ble and can be used to synthesize amino acids from « — ketoacids. The major deamination in muscle is
purine nucleotide cycle.

Highly toxic ammonia are transported to liver by two forms alanine and glutamine. Urea is the
major end product of ammonia in human. Urea is synthesized in liver and cleared by kidney. Some
ammonium ions are transported by glutamine to kidney for excretion. The biosynthesis process of
urea is called ornithine cycle urea cycle . Condensation of CO, NH,” and ATP occurs to form car-
bamoyl phosphate first. The carbamoyl phosphate reacts with ornithine to form citrulline in mitochon-
drial matrix. In cytosol citrulline links aspartate to form arginosuccinate. Cleavage of arginosuccinate
produces arginine and fumarate. Arginine is hydrolyzed to release urea and ornithine to complete the
cycle. To synthesize 1 mol urea requires 3 mol ATP 1 mol CO, and 2 mol NH,".

a-ketoacids the carbon skeletons of amino acids can be converted to amino acids or catabolize
into metabolic intermediates to produce carbohydrate glycogenic amino acids  fat ketogenic amino
acids or both glycogenic and ketogenic . Oxidation of o —ketoacid can serve as a source of energy.

Decarboxylation of amino acids produces amines such as y — aminobutyric acid from glutamic
acid histamine from histidine 5 — hydroxytryptamine from tryptophan and polyamines from ornithine
and arginine.

One-carbon units —CH, —CH,— =CH— —CHO —CH =NH are produced by metabolism of
glycine serine histidine and tryptophan. Tetrahydrofolate is the carrier of one-carbon unit and plays
an important role in the metabolism of amino acids. The major function of one-carbon units is to partic-
ipate in biosynthesis of nucleic acids. The adenylation of methionine forms S — adenosylmethionine
key methyl group donor which is produced by methionine cycle and contributed to synthesize some
important compounds such as creatine choline and epinephrine. Storage of* high energy” phosphate
from ATP forms creatine phosphate. The amount of creatinine in urine is constant in normal individu-
als.

Tyrosine is produced by hydroxylation of phenylalanine. Catecholamines melanin and thyroid hor-
mone are derivatives of tyrosine. Metabolism of cysteine produces sulfate which can be used in the
formation of 3'— phosphoadenosine 5'— phosphosulfate  PAPS . PAPS is the source of sulfate group in
biosynthesis. Taurine is derivative of cysteine which conjugates with bile acids for excretion.
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Summary

Nucleotides with different metabolic functions are some important compounds in cells because
they are the original materials for the synthesis of nucleic acids. Nucleotides play critical and diverse
roles in many life processes. They participate in almost all biochemical metabolisms as various forms
of derivatives. They have many important metabolic functions such as constructive units of nucleic
acids energetic materials in metabolism regulation mediators of physiological functions constructive
components of coenzymes precursors of some cofactors allosteric regulators of enzymes and phos-
phate donors for covalent modifications of enzymes components of some activated intermediates of
substance metabolism.

In mammalian cells the pathways for the biosynthesis of nucleotides have two classes de novo
pathways and salvage pathways. |n the de novo pathway purine nucleotides are synthesized from the
original materials such as aspartate glycine glutamine CO, and one-carbon units and the framework
for a purine base is assembled piece by piece directly into a ribose-based structure. The de novo path-
way for purine nucleotides synthesis leading to inosine 5 — monophosphate IMP consists of eleven
metabolic steps. Afterwards AMP and GMP are synthesized from IMP. In salvage pathway pre-
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formed bases are connected to PRPP. The end product of degradation of purine nucleotides is uric
acid which is excreted into urine.

In the de novo pathway for biosynthesis of pyrimidine nucleotides the framework of pyrimidine
base is assembled first from simpler compounds such as aspartate glutamine and CO, then atta-
ched to PRPP. There is a 6 — step reaction in this pathway for the biosynthesis of pyrimidine nucleo-
tides and uridine monophosphate UMP is first synthesized. Then from the beginning of UMP CTP
and TMP are formed. The salvage synthesis of pyrimidine nucleotides has two types utilising pyrimi-
dine and PRPP and synthesizing first by the reaction of pyrimidine and 5 — PR then by the reaction of
pyrimidine nucleosides and ATP. The degradation of pyrimidine nucleotides produces first pyrimidine
and phosphate ribose. After that the pyrimidine ring is opened. Last step is to form NH, CO, g —ala-
nine or B —aminoisobutyrate.

The disorders of nucleotides synthesis and degradation can induce many kinds of diseases such
as gout Lesch —Nyhan syndrome immunodeficiency disease and so on.

At normal conditions nucleotide metabolism can be regulated very well by itself . The regulation
usually includes two types activation and inhibition.

Many nucleotide metabolic analogues such as 6 — mercaptopurine 6 —MP 5 — fluorouracil 5 —
FU methotrexate MTX etc. have been synthesized by artificial methods. They can interfere
with inhibit and block the biosynthesis of nucleotides and further nucleic acids. They are known as
antimetabolic substances which are being applied to the treatments of tumor virus and other disea-
ses.
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Summary

The chemical reactions in living cells are organized into a series of biochemical pathways. The
pathways are controlled primarily by adjusting concentrations and activities of enzymes through comp-
artmentation allosteric and covalent regulation and genetic control and through hormone and nerve —
body fluid control.
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In eukaryotic cells the biochemical pathways are segregated into different organelles. One pur-
pose for this physical separation is that opposing processes are easier to control if they occur in differ-
ent compartmentation. Cells use allosteric regulation to respond effectively to changes of enzymic
conformation at intracellular concentrations . Some enzymes are regulated by the reversible intercon-
version between their active and inactive forms. Several convalent modifications of enzyme structures
cause these changes in function. Many such enzymes have specific residues that may be phosphoryl-
ated and dephosphorylated. Hormones are molecular which usually initiate their effects in a target cell
by binding to a specific receptor that alters the activities of several enzymes and/or transportation
mechanisms. Second messenger molecules such as cAMP often mediate a hormone’ s message.
To ensure proper control of metabolism the synthesis and secretion of many mammalian hormones
are regulated by a complex cascade mechanism which is ultimately controlled by the central nervous
system.
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Summary

The central dogma of molecular biology states that* DNA makes RNA RNA makes protein”
although RNA can also make DNA .

In eukaryotes DNA is synthesized during the S phase of cell cycle. In animal cells chromosomal
DNA is bidirectionally replicated by DNA polymerase « and § from multiple origins which probably syn-
thesize the lagging and leading strands respectively. DNA is replicated in the 5'to 3’ direction by the as-
sembly of dNTP on complementary DNA templates. Replication is initiated by the generation of short
RNA primers. The DNA is then extended from the 3’end of the primers through the action of DNA poly-
merase. The leading strand at a replication fork is synthesized essentially continuously whereas the lag-
ging strand is synthesized discontinuously by the formation of Okazaki fragments.

RNA primers on newly synthesized DNA are excised and replaced by DNA polymerase. The
single-strand nicks are then sealed by DNA ligase. DNA synthesis requires the participation of many
auxiliary proteins including PCNA proliferating cell nuclear antigen  helicase topoisomerase SSB

single-strand binding protein . The great complexity of the DNA replication process apparently en-
sures the enormous fidelity which is necessary for the maintenance of genome integrity.

Tolomeric DNA is synthesizes by the RNA — containing enzyme telomerase which is active in
germ cells but not in somatic cells a phenomenon that may in part be responsible for cellular senes-
cence and aging.

Mitochondrial DNA is replicated in the D-loop mode by DNA polymerase y. Retroviruses produce
DNA on RNA templates in a reaction sequence catalyzed by reverse transcriptase.

Genetic information may be exchanged between homologous DNA sequences through general re-
combination. DNA may also be rearranged through the action of transposons. These DNA segments
carry the genes coding for the proteins that mediate the transposition process as well as other genes.

Cells have a great variety of DNA repairation mechanisms. DNA damage may be directly revised
such as in photoreactivation of UV-induced pyrimidine dimers or in the repair of O°-methylguanine le-
sions. Pyrimidine dimers as well as many other types of lesions may also be removed by excision re-
pair. DNA glycosylases specifically remove the corresponding chemically altered bases including ura-
cil to form AP sites that are eliminated by nucleotide excision repair. A lesion in a DNA strand resul-
ting from its synthesis on a damaged template may be corrected through recombination repair. Large
numbers of DNA damages induce the SOS response which involves an error-prone DNA repair sys-
tem.
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Summary

In the nuclei of eukaryotic cells RNA polymerase | [ and ]I synthesize rBRNA precursors
hnRNA tRNA and 5 S RNA respectively. Many RNA polymerase [ promoters contain a conserved
TATAATA sequence the TATA box located around position —25bp. RNA polymerase [ promoters are
located within the transcribed regions of their genes between positions of + 40 and + 80.

Eukaryotic mRNA have an enzymatically appended 5'cap and in most cases an enzymatically
generated poly A tail. Moreover the introns of eukaryotic mMRNA primary transcripts hnRNA are
precisely excised and their flanking exons are spliced together to form mature mRNA in an snRNP me-
diated process that takes place in splicosomes. Certain mRNAs are subject to RNA editing.

The eukaryotic 18 S 5.8 S and 28 S rRNA are similarly transcribed as a 45 S precucer which is
excised and modified to form the mature rRNAs.

Eukaryotic tRNA transcripts also require the excision of a short intron and enzymatic addition of a
3’—terminal -CCA to form the mature tRNA.

The holoenzyme of E. coli RNA polymerase has the subunit structure «, 88" and ¢. It initiates tran-
scription on the antisense strand of a gene at a position designated by its promoter. The most con-
served region of the promoter is centered at about the —10 position and has the consensus sequence
TATAAT. The —35 region is also conserved in efficient promoters. The holoenzyme form an“ open”
initiation complex with the promoter. After the initiation of RNA synthesis the o subunit dissociates
from the core enzyme which then autonomously catalyzes chain elongation in the 5’— 3’direction.
RNA synthesis is terminated by a segment of the transcript which forms a G + C —rich hairpin followed
by an oligo U tail that spontaneously dissociates from the DNA. Termination sites lacking these se-
quences require the assistance of rho factor for proper chain termination .

Prokaryotic mRNA transcripts require no additional processing. The primary transcript of E. Coli
rBNA contains all three rRNAs together with some tRNAs. These are excised and trimmed by specific
endonucleases and exonucleases. The rRNAs are also modified by the methylation of specific nucleo-
sides. Prokaryotic tRNA are excised from their primary transcripts and trimmed in much the same
manner as rRNAs.

1.

2. RNA

3. mRNA

4.

5.

6.

7. RNA RNA
8. RNA
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Summary

Protein biosynthesis usually termed translation is the process of polypeptide synthesis directed
by RNA. This process requires various amino acids which act as raw materials. It also demands the
mutual cooperation of all three classes of RNAs enzymes and protein factors. The mRNA works as the
template which detemines the composition and sequence of amino acids in polypeptide chain through
the genetic codes triplets . The processes leading to form a peptide bond are exceedingly com-
plex. The individual amino acids must combine with the corresponding tRNA to form the aminoacyl-tR-
NA then they are located in polypeptide chain. In the process of protein biosynthesis the important
effects of ribosome reflect two aspects (DIt can regulate protein biosynthesis since it makes mRNA
aminoacyl-tRNA and the relative protein factors to be correctly located. (2)Some of its components
catalyze parts of reactions in the process of protein biosynthesis.

Prokaryotic initiation factors IF include three types IF-1 IF-2 and IF-3. Eukaryotes have more
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than 10 initiation factors elF . The process of polypeptide synthesis translation are artificially divided
into three steps. Initiation of this process is defined as the formation of the translational initiation com-
plexes which enable initiated-tRNA and mRNA to combine with the ribosome under the effects of the
initiation factors. After initiation the peptidyl site or P-site of the ribosome is occupied by methio-
nyl-tRNAM®" and the aminoacyl site or A-site of the ribosome lies empty idle so that the next ami-
noacyl-tRNA complex can bind to the site. Elongation of translation process is also termed the riboso-
mal cycle which is divided into three steps —— entrance or registration peptide bond formation and
translocation. Termination includes a series of steps such as the recognition of termination codon the
hydrolysis of peptidyl-tRNA the separation of mMRNA from the ribosome and the dissociation of big and
small subunits. Prokaryotes have three kinds of release factors RF RF-1 RF-2 and RF-3. Only one
release factor eRF is discovered in eukaryote. The release factor RF or eRF can distinguish the ter-
mination codon of MBRNA which leads to cleavage of the last tRNA lying to the P-site of ribosome
from the polypeptide chain.

Post-translational processing is the process in which the inactive form of the polypeptide chain
can be transformed into the active one. There are lots of processing shapes 1 Modification of the
primary structure 2 Addition of carbohydrate chain 3 Formation of the advanced structure. There
are many supplementary proteins which help other proteins to fold in cells. Hsp70 and Hsp60 in cells
enable proteins to fold normally according to its primary structure. The correct location of proteins in
cells is ensured by protein targeting. The proteins produced in the ribosome combined with plasma
membrane have a signal peptide at one end of the molecule to direct their combination with the endo-
plasmic reticulum membrane.

Protein biosynthesis can be interfered by virus and many bioactive materials such as diphtheria
toxin interferon and antibiotics.

A e
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Summary

Transcription and translation is called gene expression. The process in which the gene encoding
rRNA and tRNA produces RNA is also called gene expression. There are many regulation levels in the
process of gene expression including pre-transcription transcription post-transcription translation and
post-translation and above all the transcription regulation is the most important. The regulation of gene
expression is divided into the positive regulation and the negative regulation or the inducible and the
repressible regulation. The regulation of the cis-acting elements of a special gene for the transcription
activity of the gene is the cis-acting regulation while that of the trans-acting elements is the trans-act-
ing regulation. The trans-acting elements control the gene expression only through the cis-acting ele-
ments. The gene expression shows the strict temporal and spatial specificity the former is called
stage specificity the latter is called cell or tissue specificity.

The elements related to gene expression in prokaryotes mainly include the promoter the se-
quence of transcriptional termination and the binding site of ribosome. The great majority of prokaryotic
genes are controlled by the operon model. The lac operon have three structure genes z y a one
operator gene o one regulator gene i and one promoter gene p . The control of lac operon is di-
vided into the positive and the negative. Once the repressor which is coded by the regulator gene is
bound to the operator gene DNA-dependent RNA-polymerase can not initiate the process of transcrip-
tion of the operator gene and the structure genes. There is a binding site of the catabolite gene activa-
tion protein CAP in the upstream of the promoter gene. When short of glucose the concentration of
cAMP in the cell goes up. cAMP-CAP compounds bind to the CAP site in the upstream of lac promot-
er gene thus conducting the positive regulation. The trp operon is repressible and is repressed or
closed when tryptophan accumulates in the cell and the media. Conversely the decrease of trypto-
phan can induce the expression of the trp operon. In addition there are other control mechanisms for
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gene expression such as the transcriptional attenuation. Similar to prokaryote the main control sites in
eukaryote are also at the transcriptional level. Because of the different structures there are the differ-
ences in the control mechanisms of gene expression between prokaryotes and eukaryotes. In eu-
karyotes the activation of gene alters the chromatin structure of transcriptional region. Although there
are two kinds of mechanisms the positive and the negative the former predominates over the latter in
the control of eukaryotic gene. The eukaryotic transcription occurs in the nucleus and the translation
in the cytoplasm. The gene expression in eukaryotes is controlled by the common effects of the cis-
acting elements and the trans-acting elements combined with them. These trans-acting elements can
alter the DNA conformation and affect the transcription. According to their function the cis-acting ele-
ments are divided into the promoter the enhancer and the silencer. The eukaryotic promoter is the
binding site of RNA-polymerase and its control sequence nearby. The enhancer is the control elements
which is separated from the transcriptional initiation site by 1 ~30 kb and can advance the expression
through promoter. The trans-acting factor is also called the transcriptional factor. According to their
function feature the transcriptional factors are divided into three kinds the general transcriptional fac-
tor transcriptional activator and transcriptional inhibitor. The transcriptional factor has at least two dif-
ferent kinds of domains the DNA binding domain and the activation domain or the inhibition domain.
The DNA binding domain primarily includes the helix-turn-helix the zinc finger the basic leucine zipper
motif. The control of post-transcription has splicing tailing editing and others. The translational con-
trol is primarily associated with the recognition of mMRNA the initiation and elongation of protein bio-
synthesis. The post-transcriptional modification of protein also provides a control matters for gene ex-
pression.
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Summary

The viral oncogenes v —onc are now recognized as sequences similar to normal cellular genes
that have been picked up accidentally from a previous host cell. To distinguish v —onc from their cellu-
lar counterparts they are referred to as v —onc and cellular oncogene ¢ —onc or proto-oncogene

pro —onc . The pro —oncs code for a variety of growth factors growth factor receptors enzymes or
transcription factors that have been shown to play a pivotal role in cell cycle regulation metabolism
proliferation differentiation and cell adhesion. Mutated versions or overexpression of pro —onc that
promote abnormal cell proliferation are called oncogenes. Activation of these genes can occur by sev-
eral genetic mechanisms such as DNA amplification translocation and point mutations.

Tumor suppressor genes TSG may code proteins that slow down or inhibit progression and nor-
mally inhibit cyclin —dependent protein kinase CDK through a specific stage of the cell cycle check-
point — control proteins that arrest the cell cycle if DNA is damaged or chromosomes are abnormal re-
ceptors for secreted hormones that function to inhibit cell growth proliferation and diffe-rentiation pro-
teins that promote apoptosis and DNA that repairs enzymes. Loss of TGS function can occur by dele-
tions homozygous deletion or loss of heterozygosity LOH mutations or splicing abnormalities.

In mammals and other vertebrates soluble peptide growth factors play essential roles in intercel-
lular communication. They exert their effects by signaling through surface membrane receptors that in-
teract with diverse types of intracellular second — messenger systems. The normal cells also have the
capacity to produce growth factors under conditions that can transiently activate autostimulatory path-
ways. Many growth factors have been found to subserve a wide variety of functions such as cell pro-
liferation and differentiation by acting on many cell types at different stages of development or in adult
life. The pathogenic expression of critical genes in growth factor signaling pathways can also contrib-
ute to altered cell growth associated with malignancy.
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DNA
DEAE— DNA
DNA liposome
DNA DNA
2.
17 —16
neomycin resistance G418
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Summary

Gene engineering is also called gene cloning or molecular cloning. The target genes are inserted
into the vector and the resulting recombinants are transformed to host cells for amplification and ex-
pression. The general enzymes in gene engineering are restriction enzymes and DNA ligases etc.
Vectors include plasmids phages cosmids and viruses. The target gene can be obtained by isolation
from organism reverse transcription PCR and artificial synthesis. The ligation methods between tar-
get genes and vectors include compatible cohesive terminal ligation blunt ends ligation and directed
ligation.

Molecular hybridization is the process in which double strains are produced by single strain nucleic
acid by base pairs complementation. One of DNA double strains is labelled as probe before hybridiza-
tion.

Polymerase chain reaction PCR is DNA replication in vitro. Target sequences are amplified by
the extension in the 3’end primers which is hybridized to parent DNA strand template in the test
tube.

Two methods used to determine DNA sequences are chemical modified method and chain — ter-
mination method. The latter also called Sanger Dideoxy Method is widely used and has been carried
out automatically.

Transgenic animal is produced by introducing foreign genes into oosperm. Thongh it still a
zoogamy the genome has integrated with foreign gene.

Cloned animal is produced by introducing the nucleolus of somatic cells into nucleolusless oocyte.
The whole genetic material in cloned offspring come from the nucleolus donor and the descendant is
the genetic copy of donor animal asexually.

Gene knockout relies on the process of homologous recombination. Through this process target
genes in chromosome are replaced by the foreign genes and become inactive.

Gene diagnosis is an approach for the diagnosis in some diseases by detection of abnormity in
gene structure and in gene expression.

Gene therapy is an experimental medical intervention that involves gene correction gene replace-
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ment gene compensation and gene inaction to fight disease of abnormity in gene structure and ex-
pression . So far gene therapy is limited in somatic cells. In most studies the therapy is carried out by
gene compensating in which therapeutic DNA was introduced into target cells and the cells are deliv-
ered back to the body.

DNA
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3.
4. DNA
5.
6. PCR
7.
8.
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liquid crystal state

1.
18 16 17 C
E. coli 42 C 27 C 1.6
1.0
2.
3.
4.
lamella structure model 1935 J. D. Davson J. Danielli
unit membrane mod-
el 1959 J. D. Robertson
: — — B
fluid mosaic model S.J. Singer G. L.
Nicolson 1972 ESR
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membrane attack complex MAC MAC

EGFR VEGFR

Summary

Cellular membrane system includes plasma membrane and other organelle membranes. Biomem-
branes function not only as physical barriers but also as executives of many important roles in the
body such as transportation recognition signal transduction energy exchange and so on.

Biomembranes are composed of three kinds of molecules lipid protein and carbohydrate. The
major constituent of membrane is lipid which forms the framework of membrane. All three kinds of
lipids including phospholipid cholesterol and glycolipid are amphipathic. The phospholipid molecule
has a polar head and a hydrophobic tail which contains both saturated and unsaturated fatty acid
chains. By self-assembly phospholipid molecules with the polar head facing water and the hydropho-
bic tail hiding inside build the lipid bilayer structure of membrane. The proteins of the membranes are
grouped according to their location on the membrane. They are peripheral proteins and intrinsic pro-
teins. Generally peripheral proteins are water soluble and bound loosely to the membrane. Intrinsic
proteins can either insert into the lipid bilayer partially or transverse the membrane the latter are also
called transmembrane proteins. Transmembrane proteins are anchored by « — helix formation. The
distribution of the membrane molecules cause the asymmetry of the membrane structure and func-
tion. Membrane fluidity relies on the movements of the lipid and protein molecules. Many factors
may affect membrane fluidity such as the length and the degree of saturation of fatty acid chain. Lig-
uid mosaic model is recognized in the elucidation of membrane structure.

Membrane transportation of the ions and molecules may be by passive or active transport as well
as endocytosis and exocytosis. Formation of transport vesicles and membrane fusion are involved in
both endocytosis and exocytosis. The major difference between passive and active transportation is
determined by whether it consumes energy or not. Biomembranes are closely related to the medi-
cine. The membrane of red blood cell is a good model in the study of membrane structure and func-
tion. Liposome an artificial membrane is applied as drug delivery system especially in antitumor
treatment. Many diseases result from membrane abnormality.
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Ras — MAPK
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PKC
PDE cAMP Ca** DAG
cAMP
G
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NFxB NFkB
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DNA hormone re-
19 —13 —
DNA
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PI — 3K — PKB
SH2 PLC —y
Ca’*  cAMP
PKC PKC Gs AC

AC — cAMP PI — PLC — IP,/DAG

PKA PKG PKC  TPK
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AIS

Summary

Signal transduction is the specific and sensitive process that cells receive extracellular signals by
protein receptors then the signals are transmitted through the cell membranes and mediated by the
signal transducing enzyme and protein cascades to generate cell response effects such as changes in
metabolic enzyme activities gene expressions and ion channel activities. There are diverse signal mol-
ecules in cell environment including hormones neurotransmitters growth factors cytokines even
photons odorants and tastants. The highly specific binding of signal molecules to the receptor initiates
the subsequent signal transduction pathways which amplify and integrate the signals. Secondary
messengers carry the signal inside the cell and offen use protein phosphorylation as a signaling de-
vice. The epinephrine binds the G-protein-coupled receptor with 7 transmembrane segments which
activates the G proteins and adenalate cyclase AC . The increased cAMP stimulates the protein ki-
nase A PKA PKA mediated the effect by phosphorylating the key target protein. Atrial natriuretic
factor ANF binds to receptor enzyme with guanylate cyclase activity then cGMP activates PKG.
Some serpentine receptors are coupled to phospholipase C PLC that cleaves PIP, to IP; and DAG.
As the secondary messengers |P, raises cytosolic Ca’* and activates Ca’*/calmodulin —dependent
protein kinase CaM kinase and DAG activates the PKC cooperated with Ca?* and PS. The activated
PKA PKG PKC and CaM kinase can induce the diverse cellular effects by phosphorylating the Ser/Thr
in key target proteins. The insulin and growth factor receptors have tyrosine protein kinase TPK ac-
tivity. When binding with ligands the GF receptors are dimerized activated and autophosphorylated
at its Tyr which induce Ras activation and Raf-1 — MAPKK-MAPK kinase cascades MAPK moves into
the nucleus and stimulates the key gene expression. The interferon |IFN binding can trigger its re-
ceptors dimerization then the activation of Jak kinase TPK and STAT. As an active transcription fac-
tor dimerized STAT can modulate key gene transcription. All the activated PKA PKC MAPK and Jak
kinase may trigger the phosphorylation and activation of specific nuclear transcription factors essential
for gene expression or cell division. And there are other important signal transduction pathways that
mediate the phosphatidylinositols-3-kinase-PKB PI-3-K-PKB and the nuclear factor-kappa B NFxB
in cells.

In the cell different signal transduction pathways are interacted to cross talk and to form the sig-
nal transduction network. Some defects in signaling pathways can lead to cancer and other diseases.
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blood plasma
serum
8% 5 000 mL 77% ~81% pH
7.35~7.45 1.050 ~ 1.060 g/cm’® 37 C 770 kPa 55% ~
60% 3 000 mL
Na™
Ka® Ca’" Mg** Cl” HCO, H,PO,
non — protein nitrogen NPN NPN 14. 28 ~24.99 mmol/L blood
urea nitrogen NPN  50% NPN
60 ~80 g/L
20 —1 200
o o B~
v = 20—1
@ a, —
o~ B 2 @
®
albumin 20 d 5d preal-
bumin 8h @ polymorphism

o, — o, — antitrypsin 5 pi" P’ P Pi* P
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20-1
x 10 mg/L
55 100 ~ 400
66. 3 35000 ~55 000
o
@ - 44 550 ~ 1 400
a, — 54 2 000 ~4 000
o — 220 2800 ~3 870
@ —
o — 725 1500 ~4 200
134 150 ~ 600 Fe’ "
1-1 100 1000 ~2 200
5
57 ~80 500 ~ 1 000
76 2000 ~ 3 600 Fe’ "
B— 3 000 2500 ~4 400
341 2000 ~4 500
v
IsA DE G M 160 ~950 9 000 ~ 18 000
g i
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= = S L
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20-2
L. D
2. -1
3. VI VIl XIT XTI IX X
4. IgA IgD IgE IeG IgE Cl ~9
5. o — o, — I
6.
7. C— a, —

0.4%
75%
25%
pH
pH 7.35~7.45 pH4.0~7.3
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acute phase protein fibrinogen «, — o — o, —acid
glycoprotein C— C — reactive protein
blood coagulation
hemostasis
coagulation factor
14 12 prekallikrein
PK high molecular weight kininogen HMWK v
I\ Vi Vv
20 -3
203
/
mg L™ h

| 340 000 200 ~ 700 90
Il 72 000 200 60
I 45 000 0
I\ Ca®" 330 000 40 ~50 12 ~36
\ 55 000 5.0~10 6~8
Vi 2 000 000 2.0 12
VI 57 100 10 ~20 12
X . 59 000 3~4.0 48 ~72

Christmas
X Stuart — Prower 160 000 6~8.0 48 ~ 84
XI 80 000 4.0 48 ~52
XI Hageman 300 000 30 3~5d
XI 85 000 25 35

120 000 15 ~50 6.5d
25
X1 v
IV VI VIl X Im v v
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5. Z

Z protein Z PZ

Z
Xa

5 min

20—8

—PA 530

t—PA
t—PA

tPA

90% ~95%

NAD ™
2. 23—

20 -7 C S

y —
protein Z dependent protease inhibitor ZPI
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2 3—BPG 2 3—BPG 3—
2 3—BPG 20 —9 2 3 —BPG 15%
~50% 2 3—BPG 2 3—BPG 2 3—BPG
2 3—BPG 4.5 x107 mol/L Hb
2 3—BPG 2 3 —BPG 0,
-
— — — 13— 3—- — — —
[_} l23-
23— |
2 3—BPG
20—9 2 3 —BPG
2 3 —BPG 5 101
2 B 2 3 - BPG
T 23-BPG Hb O,
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HbF @y, HbA a,8, O, HbFy 143 B 143
HbF y 2 3—DPG
HbF  HbA 2 3—DPG HbF HbAO, 0,
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10%
NADPH + H®* NADPH + H*  NADPH
0, 0,"
H,O0, OH" NADPH NADPH
b P450
A
lysozyme

Summary

Blood consists of red blood cells white blood cells and platelets suspended in a liquid medium
the plasma. Plasma consists of water inorganic chemicals and organic chemicals including proteins
lipids carbohydrates and non-protein nitrogen-containing compounds

The protein comprises the major part of the solid components in plasma. Most plasma proteins
are synthesized in liver and almost all of them are glycoproteins except albumin which is the main
protein and the principal determinant of intravascular colloid osmotic pressure. Many plasma proteins
exhibit polymorphism and each plasma protein has a specific half-life in blood circulation. The serum
protein can be separated into 5 bands designated albumin «,-globulin  «,-globulin B-globulin and ~-
globulin respectively according to their electrophoresis on cellulose acetate membrane.

Plasma has many functions such as maintaining normal osmotic pressure and pH transportation
immunological defense catalysis blood clotting anticoagulation and fibrinolysis.

As a result of various types of damages in blood vessel blood leaks from the blood vessel which
is called bleeding. Blood clotting in the site of damage is initiated speeds up and forms blood clot to
stop bleeding. The process of clot formation is in balance with the process of preventing clot forma-
tion and blood clot dissolution. Blood clot formation is the cascade of reactions catalyzed by a series
of proteases. As a result the fibrinogen is changed into fibrin by thrombin. There are two blood coag-
ulation pathways intrinsic pathway and extrinsic pathway. The pathways converge at factor Xa. As
soon as blood coagulates anticoagulation and fibrinolysis are activated. An important nature inhibitor
of coagulation is antithrombin [[. The fibrin is dissolved by plasmin. Plasmin exists as an inactive pre-
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cursor plasminogen which can be activated by tissue plasminogen activator t-PA

Because of mitochondria free mature red blood cell has an unique and relatively simple metabo-
lism. ATP is synthesized in glycolysis by substrate level phosphorylation. 2 3 —bisphosphoglycerate is
generated and regulates O, binding to hemoglobin. NADPH is produced in pentose phosphate path-
way and plays an important role in antioxidation. Heme is an iron-porphyrin in which four pyrrole rings
are joined by methenyl bridges. Biosynthesis of heme occurs in mitochondria and cytosol via eight en-
zymatic steps by using succinyl-CoA glycine and Fe** as original materials. In heme biosynthesis
ALA synthase the rate-limiting enzyme of the pathway can be regulated.

The major biochemical features of white blood cells are active aerobic glycolysis active pentose
phosphate pathway moderately active oxidative phosphorylation and a high content of lysosomal en-
zymes.

2 3 —-BPG

A N T O o
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24 ~48 h
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21 —1

21 -1

NADPH +H* 0, P450

NAD*

NADH+H® NADPH +H"
NADH+H* NADPH +H"

UDPGA
PAPS
GSH
CoA

NADPH — P450

RH + 0, + NADPH + H* —————— ROH + H,0 + NADP "
cytP450

D,

monoamine oxidase MAO

RCH,NH, + 0, + H,0 ————RCHO + NH, + H,0,
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NAD* alcohol dehydrogenase ADH

aldehyde dehydrogenase ALDH

RCH,0OH + NAD*———RCHO + NADH +H"

RCHO + NAD* + H,0 ——— > RCOOH + NADH +H"
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90% ~98% ADH
microsomal ethanol oxidizing system MEOS — MEOS — Py
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NADH
2H 1,0 20 H,0

N7

O

NO,

=

| 3NADH +3H*2H,0

|
HO—(|]—H
HOH, C—CH—NHCOCHCI,

2H
oo s O ™12,
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conjugation reaction

UDP — glucuronyl transferase UGT
uridine diphosphate glucuronic acid UDPGA

7 s
@COOH + UDPGA @COOGA +UDP
N N

7B7
F N
| OH + UDPGA | 0GA + UDP
N X
7B7
—5'— PAPS sulfate transferase
0 0
| |
7 | 7 ‘
\ w
HO +PAPS —— HO,S0 + PAP
acetylase
A
OCNHNH, OCNHNHCOCH,
7 7
J +CH,CO—SCoA ————— J + HSCoA
AN N
N A N A

}121\]{/:\\/;5021\1}12 +CH,CO—SCoA ——————> CH4CONH%;>—502NH2 + HSCoA

A A

S — glutathione S — transferase GSH
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105 h

bile
300 ~700 mL

bladder bhile

13.4 h

hepatic bile

21 -2

21 -2

D 860

8

10.3 h

1 h

gall-

1.009 ~1.013
7.1~8.5
96 ~97
3~4
0.2~0.9
0.1~0.9
0.2~2
0.05 ~0.17
0.1~0.5
0.05 ~0.17
0.05 ~0. 08

1.026 ~1. 032
5.5~7.7
80 ~ 86
14 ~20
0.5~1.1
1~4
1.5~10
0.2~1.5
1.8 ~4.7
0.2~0.9
0.2~0.5

bile salts 50%
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bila acid primary bile acid secondary bile acid
cholic acid chenodeoxycholic acid
glycocholic acid taurocholic acid
glycochenodeoxycholic acid taurochenodeoxycholic acid
deoxycholic acid lithocholic acid
21 —1

OH™~COOH ~_~_COOH

21 -1

free bile acid

conjugated bile acid

O oOoOo/m OO
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2.
3.
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0.2 ~0.9 mg/dL

100 mL

21 -6

CO

12 -6

20 ~25 mg

bilirubin encephalopathy
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ligandin
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ERINEY &

ERA=
[ + > E- RthED
s EixEa UDPGA
RHAL & T UDP
+ S
1fiL EER _— HPERERR L&
o F ek AL F 1 mg/dL,
g
0~0.2 mg/dL
\. [ v,
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78]
EI/\ /\4_ 3 X
JEFR IR = AEET 3% 1 ik i
7
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1 mg/dL 4/5
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1 ~2 mg/dL
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200 ~
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obstructive jaundice

hepatocellular jaundice

21 —4
21 -4

<1 mg/dL >1 mg/dL >1 mg/dL >1 mg/dL

0 ~0.8 mg/dL 1 ™

<1 mg/dL 1 1

— — + o+ + o+

1 !

1 !

Summary

The liver has complex functions because of its peculiarity in chemical components and morpholog-
ical structure. It plays an important role in the metabolism of carbohydrates lipids proteins vitamins
and hormone etc.

The liver can increase the water-solubility of the internal and external non-nutritious materials
through the biotransformation so as to make them soluble in bile and urine. Its reaction types include
oxidation reduction hydrolysis and conjugation. Normally the conjugating reagents are glucuronyl sul-
fate acetyl and methyl etc. Mono-oxygenase which can be induced is the most important oxidase
system in biotransformation.

Bile is a kind of liquid that is secreted by the liver and an important ingredient of bile is the bile
acid which can improve the digestion and assimilation of lipids. The primary free bile acids

I. e. cholic acid and chenodeoxycholic acid are synthesized from the cholesterols in the liver and
then they transform into the primary conjugated bile acids by binding the glycine and the taurine. Due
to the action of the 7-a dehydroxylation of the primary free bile acids in intestinal bacteria it is trans-
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formed into secondary free bile acids as deoxycholic and lithocholic acid. The bile acids in intestinal
tracts are mostly re-assimilated through the liver and at the same time the free bile acids are trans-
formed into conjugated bile acids and enter the intestinal tracts to form the enterohepatic circulation of
the bile acids so that the limited bile can be used repeatedly which as a result can meet the needs of
digesting and assimilating lipids. Because of its lower solubility most the lithocholic acids are excreted
with the feces.

Another important ingredient in bile is bilirubin that is the product of catabolism of heme. The
break-up of the senium red cells in reticuloendothelial system releases globin in which way heme is
produced. Heme catalyzed by the heme-oxygenase transforms into biliverdin and then it is reduced to
bilirubin.

Bilirubin is only sparingly soluble in water but its solubility is increased and is delivered in plasma
by noncovalent binding to albumin. Bilirubin on serum albumin is rapidly cleared by liver where there
is a free bi-directional flux of the bilirubin across the sinusoidal-hepatocyte interface. In hepatocytes
bilirubin is mainly bound to ligandin and is converted to bilirubin glucuronide conjugated bilirubin  a
polar form by adding glucuronic acid molecules in it. As the conjugated bilirubin enters the intestine
the glucuronides are removed by specific bacterial enzymes and bilirubin is subsequently reduced to
bilinogens. Normally most bilinogens formed in the colon are oxidized there to stercobilinogen and ex-
creted into the feces. Darkening in the air is due to the oxidation of stercobilinogen to stercobilin. In
the intestine a small fraction of bilinogen is re-absorbed and re-excreted through the liver to guts to
constitute the bilinogen enterohepatic circulation and very small bilinogen may be excreted into urine
and then oxidized to urobilin in the air.

Bilirubin can damage the central nervous system because of its toxicity. Normally the concentra-
tion of bilirubin in the blood is very low. The metabolic disturbance of bilirubin in the blood may cause
jaundice which can be classified into prehepatic hepatic and post-hepatic in clinic. The three types of
jaundice can be identified by testing blood urine and stool samples.
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glia fibrillary acidic protein GFAP

01 ~ 04 NS —1

microglial cell
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oligodendrocyte

85%
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20 5 cis w3

20 4 cis wb



405

35%

MAP, MAP,

3

crofilaments

GFAP

GABA
S —100 C
S—100 S—100a b
S —100
Purkinje
microtubules
80% tublin a B
microtubule associated protein MAP 15% ~20%
T tau protein MAP
T MAP, T MAP
G—actin B vy mi-
5 nm ~6 nm
neurofilaments NF 10 nm
25% 3

NF—H NF—M NF—L

GFAP

GFAP
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a
neuron — specific enolase NSE

NSE
3 C

2/ 3/7 73/

Cadherin

myelin basic protein MBP

Folch — Lees
50% Folch — Lees

40%

ATP

120 g

GLUT —1

30

YY
N
20% ~30%
4 MBP
proteolipid PLP
30%
P400
1/40
20% ~25%
GLUT —2

14-3—

GLUT — 1
GLUT —3
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NADPH
kg
ATP ATP
ATP
1/4 50%
23 —2
o —
w3 wb
DHAP
22 —13
GABA

BA  N-—

ATP
B —
75%
GABA

6)

8 ~300

15%

ATP/ADP
3% ~8%
3.3 mmol/
+ ADP—— +
~P
o (:23 (:25
1 a—
a— o
w3 wb
DHAP CoA
PE PE
85 h
)
GA-
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GSH
DHAP +—3—
J CoA
CH, CH, ,,CH,OH
— DHAP DHAP
CoA
CoA

CDP — CDP — / \CDP -

PE Vs N\
0 CH,—0—CH=CH CH, ;CH, J
CH, CH, ,CH=CH CH, ,C—0—CH 0 PS

CHZ—O—IT—O—CHZCHZ,N* CH,

0
22 -3
Na™
Na™

UMP uTP  CTP

DNA RNA

50 ~60
22 —4
Ca2 + K +
G 22 —5 Na”

Ach choline acetyltransferase ChAT

CoA
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22—6 Ach
GABA
2.
MR G 19 —1
3.
5 _
NE E
5— 5 —HT
80%
5 J—
I. y—
v GABA
Cl Ccl”

cl

CA

3 nmol/g

GABA

HA

GABA,

DA

GABA,
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G v —
GABA cl
2.
excitatory amino acid EAA

1.

EAA iontropic receptor

NMDA N— -D— NMDA
NMDA Na®/K*/
Ca’* NMDA
EAA

2.

EAA metabotropic receptor G

NO NO nitric oxide synthase NOS

c¢GMP — PKG NO
NO
ATP ADP
3
ATP
50
G
@ @ ®
@
Summary

Brain nervous system is the command center of the body which provides the communication net-
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work between the environment and all parts of the body. Two sorts of nervous cells exist in brain.
The neurons are responsible for collecting and transmitting messages. Each neuron consists of a cell
body dendrites and an axon. And the brain has about ten times more glial cells than neurons they oc-
cupy spaces between neurons. The chemical composition of the brain includes carbohydrates lipids
and proteins. Compared with those in other tissues the metabolisms of the three sorts of nutrients in
the brain appear specific features to fit in with the brain function. Under normal conditions the brain
derives its energy from glucose metabolism. The brain contains specialized and complex phospholipids
and sphingolipids. The brain has specific proteins system and higher proteins turnover rate.

In the brain the individual neurons can receive inhibitory and excitatory stimuli signals from a varie-
ty of different sources. A stimulus to the neuron results in the release of chemical neurotransmitters
from presynaptic membrane into synaptic cleft then the neurotransmitters bind to receptors in posts-
ynaptic membrane and induce effectors. There are two sorts of neurotransmitter receptors. In the
chemical synapses some neurotransmitters can bind directly to the ion channel-receptors and causes it
to open or to close. Other neurotransmitter can bind to G protein-coupled receptor to pass through
signal transduction pathway and to react with ion channel. Excitatory neurotransmitters include acetyl-
choline catecholamines and excitatory amino acids etc. Inhibitory neurotransmitters include y-ami-
nobutyric acid GABA glycine etc. Nitric oxide and purine nucleotide are also neurotransmitters in
brain.

GABA

A T A U o e

NO



water

4

pH 7.35 ~ 7.45
NaHCO, H,CO,
HCO; H,CO, Co, H,CO, Na®
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NaHCO, NaHCO,  H,CO,
NaHCO, H,CO, 25 mmol/L.  1.25 mmol/L 20: 1 Henderson — Hasselbalch
pH=7.4

HCO;
pH =pK +1g —0— pK =6. 11
2 3

Na® K*
HCO, NaHCO, KHCO, K"

113 ”

Na® + K7
Ca’" + Mgt + HY

Na® K* Na®/K*—
ATP

CaZ+ Mg2+ H +
CaZ+

Na* + Ca’* + OH”
o< + 2+ +
K" + Mg + H

K+
K* Na* Ca** K*

2 000 ~ 2 500 mL
12 600 kJ 3 000 kcal
300 mL

2000 ~ 2500 mL 1
1 000 ~1 500 mL
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35¢
500 mL

4 150 mL
1 200 ~1 500 mL

sodium
45% 45%
~ 145 mmol/L

potassium

70%

10 mmol

45 h

0. 15 mmol lg

H+

500 mL

K+

500 mL

1 500 mL

10%

110 ~ 130 mmol/L

0.25%

3.5 ~5.3 mmol/L

0. 45 mmol

K*

15 h

100 mL
500 mL
350 mL

5¢~9¢
135

25¢g
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ADH

u¥h=
T =Rt ATE S o M

TELE®R I
l'lw-':"l-.'.r-'
T RaE R 114

o ..\
2o
23 —1
— Il
aldosterone
Na™ Na™

antidiuretic hormone ADH

cAMP cAMP
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calcium Ca phosphorus P 1.5% ~
2% 0.8% ~1.2% 99% 86 % Ca,, PO, ¢ OH ,
CaZ+ CaZ+
10 000 Ca’* 1% Ca®*
CaZ +
Ca®* 10° ~107" mol/L
CaZ + CaZ +
CaZ+
1 Ca®" C
NO
2
Caz + CaZ +
3 Ca*” Ca’*
CaZ+
calcium messenger system
4
ADP ATP
I 1
1.
Ca®" 20% 40
10 5% ~10%
Calcium binding protein CaBP Ca’"
/ 1.5/1

70%

90%
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95%

ible calcium

35

80% 20%
10 g
20% ~ 40%
60% ~ 80%
2.2 ~2.7 mmol/L diffusible calcium
Caz +
CaZ +
pH pH Ca’"
H* HCO5
= Ca’t =—=
3 H*
46% S 47.5% 6.5%
H,PO, HPO;
1.0 ~1. 6 mmol/L 90%
mg/d Ca x P
40
D, parathormone PTH calcitonin CT
4 45 15 mg/ (kg4 E-d)
720 mg/(kg- Pk E.d) z\:;_ﬁ}
B
N H
£56 mg/(kg 4k E.d) 58 mg/ (kg 4k E.d)
W16 mg/(kg-fF E.d)
21 ol M
Hh 38 M
W A B 4
853 mg/(kg HF Eod .
e B
5150 me/ (kg4 F.d)
B 87 mg/ (kg1 E.d)
EEHH
$512 mg/(kg-#k F.-d) PRAEEH 453 mg/ (kg4 E.d)
W7 mg/(kg-fk H.d) 13 mg/(kg.f& &E.d)

23 -2

nondiffus-

35 ~40

23
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D 1 25— D, 125— OH ,—D, 7-—
Uv D, 23 —3
125— OH ,—D,
CaBP 1 25— OH ,—D,
1 25— OH , — D, PTH
NN
4
SN J
uv
)|\/CH2
- A
D3
N S
(j)—\/ LQOH i i \%OH
] —
| CH
o o8
HO OH HOJ\)
1 25— D, 25— D,
23 -3
2.
PTH 84
cAMP cAMP  PTH
PTH PTH PTH
PTH l—a—
25— OH —D, 1 25— OH , — D, PTH 1 25— OH , —
D, PTH
3.
CT C 32
CT CT PTH

23

—1
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23-1 D, PTH CT
125— OH ,—-D, 1 1 T 1 1 ! |
PTH 1 | 1 ! 1 ! 1
CT ! | | I ! T 1
23 —4

25—(0OH)—D, 25—(0OH)—Dj
l —— N\ ®__
1,25—(0H)2—% @ /
)/ \l\/ Bk /
é& HE %D:; // \\ //
/ \ /

@// \\@ @//

// \\ //
/ \

B
=
E N
—\
Ey
e
/
o ~*
NE-2

(10 mg/dL)

Sy
Ve

2.5 mmol/L @
Ay

\

A

23 —4
magnesium
0.8 ~1.2 mmol/L

1. Na*/K*— ATP
Mg2+

CEB

Mg2 +
2.
3.
Mg Na*/K*— ATP Mg’* —
ATP Mg®*
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5%

Mg2 +

Mgz +

25%

C32+

Caz + Mgz +

Na®/K*— ATP
K* K*

100 mg
50 0. 05%
14

iron 3~5¢ 4.5 ¢

ferritin hemosiderin

K*

65% ~ 80%

trace element

1%
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5%
1.
pH Fe*
C

CaZ + A13 + Mg2 +
2.
1.

FGZ +
Fe'* transferrin
80000
Fez +
180 000
2.
Fez +
4
1250

WHO

30%
10 ~ 15 mg

Fe’* Fe®* Fe’* 2~3
Fe3 + F€2 +
Cu2+ Zn2+ Mn2+ CO3+

0.5 ~1 mg
0.5 mg
FeS +
678

Fe3 +

1~2
24
900 000 5000
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copper Cu 100 mg ~ 150 mg
50% 10% 1.5 mg/kg ~2.0 mg/kg
ceruloplasmin
1 8
FGZ + Fe3 +
C B
B
e —
o —
SOD
Wilson
Menke
zinc 7Zn 2~3¢
0.5% 15 ~20 mg
1 200
DNA
2 DNA
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DNA

0.1~0.3 mg

MIT
DIT

113 ” 4 A
A
5
6
7 T
iodine 1| 25 mg ~ 50 mg
I 100%
1 h
173 1/5
ATP
CN™
90% 10%
670 000 115
113 ” 13 12 ”
H,0, +2H" +21" +2NADPH ——* 1,” +2H,0 +2NADP" +H,
DIT DIT T, MIT
T, 23 -5 80% T, T,
T, T, T, T, T, T, 3-~5
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manganese Mn

selenium Se

OH
I ™ +H,0,
|
i
Pr
23 —5
RNA

glutathione peroxidase GSH —Px

- w
Pr (|:Hz
~ Pr

I
Pr
3%
DNA
14 mg ~21 mg

RNA

phospholipid hydrogen peroxide glutathi-
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one peroxidase PHGSH — Px

GSH — Px

Pb2 + ng +

72%

fluorine F

80%

molybdenum Mo

3
Fe’*

chromium Cr

G

PHGSH — Px

GSH — Px
GSH

GSH — Px

90%

40 ~50 pg/d

cAMP
>2 mg/L

2
Fe "

glucose tolerance facter GTF
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Summary

The inorganic substances include water and inorganic salts. They are the main compositions of
body fluid which constitutes the internal environment of human bodies. In the process of a normal life
activity it is necessary to maintain their dynamic equilibrium of contents constituents and distribu-
tions. In vivo the inorganic salts play a decisive role in the maintenance of the fluid volume the os-
motic pressure of the body fluid and the acid-base balance. It also maintains the excitability of nerves
and muscles. In addition inorganic salts especially metal ions usually participate in the processes of
material metabolisms through the pattern of prosthetic group coenzyme or the activator of en-
zymes.

As the main cation of the extracellular fluid the concentration of Na™ in the blood is tightly regula-
ted by the kidney. Potassium is the main cation of the intracellular fluid and it enters the cell at an ex-
tremely low rate. Although the kidney can eliminate K* its function does not decelerate along with
the lack of K*. The equilibrium of K* in blood is also affected by the metabolism of some substances
and the pH of the plasma. The metabolism of K* Na® and water is primarily regulated by the central
nervous system.

The formation of the bones and teeth of the human bodies depends on Ca and P. Besides Ca’*
also participates in the regulation of the normal activities of muscles nerves and the heart. Ca** as an
important regulator of the calcium signal transduction system is one of the general mechanisms to
regulate the cell function. The equilibrium of the blood calcium and blood phosphorus is also regulated
by active VitD, PHT and CT.

Mg®* is the activator of numerous enzymes and synergistic action exists among Mg>* Ca’** and
K*.

Although the contents of the trace elements are minimum only accounting for less than one ten
thousandth of the total body weight they are indispensable. Combined with proteins enzymes hor-
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mones vitamins and others they either constitute the active center of enzymes or coenzymes or par-
ticipate in the formation of the active structure of hormones or vitamins.

For example the Iron constitutes hemoglobin Hb  myoglobin Mb  and enzymes whose coen-
zymes are sidero-porphyrins. Lacking in iron will cause anemia which is one of the four greatest nutri-
tional deficiency diseases in the world. Copper not only makes up the coenzyme of cytochrome oxi-
dase and the dopamine g — hydroxylase but also constitutes the copper orchid protein and participates
in the ferrous transportation. Zinc is not only involved in the constitution of many metal enzymes but
also closely related to the growth of the human body the regeneration of the tissues the gustatory
sensation the sexual function and the immune response. lodine participates in the synthesis of thy-
roxin and proteins and promotes the catabolism and the growth and development of the human body.
A lack of iodine will lead to struma and cretinism. Selenium the coenzyme of glutathione peroxidase
can prevent the body from peroxide damage. There is a synergism between selenium and VitE. As
trace elements primarily exist in the soil and water the obviously uneven regional distribution is a main
reason for their deficiency.

AN



alpha
beta
gamma
delta
epsilon
zeta
eta
theta
iota
kappa

lambda

nu
X1
omicron
pi
rho
sigma
tau
upsilon
phi
chi
psi

omega
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System International Units SI

107" atto 10 deca da
1077 femto 10 hecto h
107" pico 10° kilo k
107 nano 10° mega M
107° micro 10° giga G
107 milli 10" tera T
107 centi 10" peta P
107 deci 10" exa E
12 hemi 21 heneicosa
1 mono 22 docosa
1 12 sesqui 23 tricosa
2 di bi 24 tetracosa
3 tri 25 pentacosa
4 tetra 26 hexacosa
5 penta 27 heptacosa
6 hexa 28 octacosa
7 hepta 29 nonacosa
8 octa 30 triconta
9 ennca 40 tetraconta
10 deca 50 pentaconta
11 hendeca undeca 60 hexaconta
12 dodeca 70 heptoconta
13 trideca 80 octaconta
14 tetradeca 90 nonaconta
15 pentadeca 100 hecta
16 hexadeca 101 henhecta
17 heptadeca 102 dohecta
18 octadeca 110 decahecta
19 nonadeca 120 eicosahecta
20 eicosa 200 dicta




ACP
ACTH
ADH
ADP
A/G
ALA
Ala
ALT
AMP

Arg

Asn

Asp

AST

ATP
ATPase

2 3 —BPG

cAMP

CAP

CDhPp

cGMP

Ch
ChE

CM
CMP

adenine

adenosine

albumin

alanine

acyl carrier protein

adrenocorticotropic hormone

antidiuretic hormone

adenosine diphosphate

albumine-globulin ratio -
8 — aminolevulinic acid 0~ v
alanine

alanine aminotransferase

adenosine monophosphate

adenylic acid

arginine

asparagine

aspartic acid

aspartate aminotransferase

adenosine triphosphate

adenosine triphosphatase ATP
2 3 — bisphosphoglyceric acid 23—
cytosine

cytidine

cyclic adenosine monophosphate
3" 5'= cyclic adenylic acid
catabolite gene activation protein
cytidine diphosphate

cyclic guanosine monophosphate
3" 5’ cyclic guanylic acid
cholesterol

cholesterol ester

choline esterase

chylomicron

cytidine monophosphate

cytidylic acid
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Col coenzyme | I
Coll coenzyme [[ I
CoA CoASH coenzyme A A
CoQ coenzyme () ubiquinone Q
CP C~P creatine phosphate
CTP cytidine triphosphate
Cys cysteine
Cysa a; b ¢ Py, Cytochrome a a; b ¢ Py, aa; bc Py
D aspartic acid
dATP deoxyadenosine triphosphate
dCTP deoxycytidine triphosphate
dGTP deoxyguanosine triphosphate
dTTP deoxythymidine triphosphate
DNA deoxyribonucleic acid
DNase deoxyribonuclease DNA
DOPA 3 4 — dihydroxyphenylalanine 34~
E glutamic acid
EF elongation factor
elF eukaryotic initiation factor
F phenylalanine
FA fatty acid
FAD flavin adenine dinucleotide
FADH, reduced form
FH, dihydrofolic acid
FH, THFA tetrahydrofolic acid
H histidine
HMG — CoA B — hydroxy 8 — methyl glutaryl B— B~
coenzyme A A
FMN flavin mononucleotide
Fp flavoprotein
G glycine
globulin
guanine
guanosine
GABA v — aminobutyric acid v—
Gal galactose
GDP guanosine diphosphate
Gle glucose
Gln glutamine
Glu glutamic acid
Gly glycine
GMP guanosine monophosphate

guanylic acid

GOT glutamic-oxaloacetic transaminase
GPT glutamic-pyruvic transaminase
GSH glutathione reduced form

GSSG glutathione oxidized form
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v—GT
GTP

Hb
HbO,
HDL
His
hnRNA
5 —HT

IDL
IgA
Ile
IMP

K

LDH
LDL
Leu
LPL
LT

Lys

M Met
MAO
mRNA
MVA

NAD*
NADH

NADP*
NADPH

NPN

Orn

PAPS

Phe
PG

pl

Pi
PPi
PRPP
Pro
PTH

v — glutamyl transpeptidase v =

guanosine triphosphate

histidine

hemoglobin

oxyhemoglobin

high density lipoprotein

histidine

heterogeneous nuclear RNA

5 — hydroxytryptamine 5—

isoleucine

inosine

intermediate density lipoprotein

immunoglobulin A

isoleucine

inosine monophosphate
inosinic acid

lysine

Michaelis constant

leucine

lactate dehydrogenase

low density lipoprotein

leucine

lipoprotein lipase

leukotriene

lysine

methionine

monoamine oxidase

messenger RNA

mevalonic acid

asparagine

nicotinamide adenine dinucleotide
reduced form

Nicotinamide adenine dinucleotide phosphate
reduced form

non-protein nitrogen

ornithine

proline

3'— phosphoadenosine 5'— phos — 3=

phosulfate

phenylalanine

prostaglandin

isoelectric point

inorganic phosphate

inorganic pyrophosphate

5 — phosphoribosyl 1 — pyrophosphate 5—
proline

parathormone

RNA

5'—
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RF

RNA
RNase
rRNA

SAM
Ser

UDP
UDPG
UDPGA
ump

UTP
V Val
VLDL

glutamine
arginine
releasing factor

termination factor
ribonucleic acid
ribonuclease
ribosomal RNA
serine
S — adenosyl methionine
serine
threonine
thymine
thymidine
triiodothyronine
thyroxine tetraiodothyronine
triacylglycerol triglyceride
tricarboxylic acid cycle
threonine
thiamine pyrophosphate
transfer RNA
tryptophan
thymidine triphosphate
tyrosine
uracil
uridine
uridine diphosphate
uridine diphosphate glucose
uridine diphosphate glucuronic acid
uridine monophosphate

uridylic acid
uridine triphosphate
valine
very low density lipoprotein
tryptophan

tyrosine
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—tRNA

oncogene 305

Edman degradation 33

ammonia 196

aminopterin 225

§-amino 7y -levulinic acid ALA 382
vy-aminobutyric acid GABA 81 202 413
carbamoyl phosphate synthetase I CPS—1 198
carbamoyl phosphate synthetase I CPS—1 200 219
amino acid 28 192

amino acid metabolism 192

amino acid sequencing 33

aminoacyl-tRNA 277

aminoacyl site 281

amine 190

amine oxidase 202

albinism 209

Interleukin 369

leukotriene 167 169
leukocyte 384

dot blotting 303
semiconservative replication 243
semicontinuous replication 249
cysteine 29 31 84 206
galactose Gal 61

cytosine 9

passive transport 346
phenylalanine 29 31 207
allopurinol 224

pyridoxine 81

essential amino acid 188
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essential group 90
essential fatty acid 167
editing 267 302
coding strand 264
allosteric enzyme 92 93 232
allosteric effect 49 92 93 232
denaturation 19 50
expression vector 322
epidermal growth factor EGF 307 366
alanine 29 31

- alanine-glucose cycle 197
alanine transaminase ALT 194

CoA malonyl CoA 163

pyruvate 118
pyruvate kinase 117
pyruvate carboxylase 125
pyruvate dehydrogenase 118
virus oncogene v —onc 306
salvage pathway 217 221
irreversible inhibition 104

RNA heterogeneous nuclear RNA hnRNA 302

operator 296
operon 296
ultrafiltration 54
laminin 66
insertion 309
dolichol 266
enterohepatic circulation 395
superoxide dismutase SOD 153
silencer 300
de novo synthesis 214

DNA DNA repeat sequence 22
rearrangement 309
recombination 254

DNA recombinant DNA 317

recombination repair 256
primary bile acid 384
initial velocity 100
tandem enzyme 90
hammerhead structure 20
inosine monophosphate IMP 195 215
secondary bile acid 384
catalytic group 90

mismatch repair 255
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catabolite gene activator protein 296
monoamine oxidase MAO 389
monooxygenase 151 389
cholesterol 80 85 175 178
bilirubin 397
choline 171
choline esterase 390
biliverdin 397
bile pigment 397
bilinogen 382 397
cholic acid 394
bile acid 177 394
simple enzyme 88
single-strand conformation
polymorphism SSCP 331
DNA single-stranded DNA binding protein 246
monocistron 295
methionine 30 31 83 203
methionine cycle 205
protein C 379
S protein S 379
A protein kinase A 92 360
cAMP- A cAMP-protein kinase A signaling pathway 134 360
C protein kinase C 364
G protein kinase G 363
proteoglycan 68 ~70
protease 94
proteosome 192
G G protein coupled receptor 357
p rtho p rtho protein factor 272
protein 28 187 275
proteome 56
proteomics 25 57
nitrogen balance 187 188
low density lipoprotein 179 182
hypoglycemia 134
substrate 97
substrate cycle 125 231
second messenger 356
transversion 255
iodine 427
voltage gated channel 347
electrophoresis 55
isoelectric point 30 50

isoelectric focusing 55
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point mutation 308
electron transfer chain 146
apoptosis 305

telomere 249

telomerase 249

polyamine 202

dopamine 208
multifunctional enzyme 230 90
multienzyme system 90 230
polycistron 275
polymorphism 332
polypeptide 33 202

E
chenodeoxycholic acid 394
catecholamine 413
secondary structure 11 36 42

23— 2 3 — bisphosphoglycerate 380

1 25— D, 1 25 — dihydroxyvitamin D, 76 422
diacylglycerol 157 166

—PKC diacylglycerol-PKC signaling pathway 364
F

translation 275
post-translatonal processing 284
uncompetitive inhibition 107
feedback inhibition 231
anticodon 17 276
trans-acting factor 294
inverted repeat sequence 22
antisense nucleic acid 333
antisense strand 264
ubiquinone 141
- ubiquinone-cytochrome oxidoreductase 142

NADH — NADH-ubiquinone oxidoreductase 141
ubiquitin 192
pantothenic acid 81
aromatic amino acids 85
noncompetitive inhibition 106 107
branching enzyme 123
chaperon 286
molecular cloning 317
molecular biology 1
molecular hybridization 323
stercobilinogen 400

mad cow disease 49

phorbol ester 265
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fluorine F 429

proline 29 31 141 142
complex | 140 141
complex [ 142
complex I 142
complex [V 144

= =5 =2 ~

renaturation 19 50
replication 242
replication fork 247
replication bubble 248
replicon 247
prosthetic group 89
coenzyme 89

A coenzyme A 81 89

Q coenzyme Q 141
cofactor 88

putrefaction 190

calcium 420

Ca** — Ca’ " -calmodulin kinase signaling pathway 363
cadherin 409
calmodulin 128 364
interferon IFN 290
glycocholic acid 394
glycine 29 31 42 203 382 414
glycerol 158
glycerophospholipid 407
heparin 68 69 70
competence cell 322
Okazaki fragment 248
High-density lipoprotein 179 183
high performance liquid chromatography
HPLC 34 57
hyperglycemia 134
hyperlipoproteinemia 184
donor site 281
covalent modification 93 233
consensus sequence 270
conformational change 36 92 232
glutamic acid 30 31 32 193 377 414
glutamate dehydrogenase 193 195
glutamine 30 31 196 413
glutathione 32 84 207
cobalamin 83
immobilized enzyme 110

citrulline 198
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ATP

RNA

NF«B
Pribnow

TATA

CoA
DNA

HMG-CoA

oligoenzyme 90
housekeeping gene 306
photoreactivation 256
fructose 132

transition state 99 110
peroxidase 139 153
catalase 139 153

sulfur amino acids 205
synthetase 96
ATP synthase 148

nuclear magnetic resonance NMR 41

nucleotide 78 213
riboflavin = 79 89
ribozyme 20 89
nucleolar organizer 266
nucleic acid 7

nuclear receptor 369
ribosomal cycle 281
ribonucleic acid 14
ribosome 275
ribosomal RNA 17 279
nucleosome 13 299

core enzyme 270

nuclear factor-kappa B NFxB 368

Pribnow box 271
TATA box 264

red blood cell 351 384
lagging strand 249
respiratory chain 140

succinate-ubiquinone oxidoreductase 142

succinyl CoA 113

complementary DNA ¢cDNA 23 36 253

arachidonic acid 168
sliding clamp 247
clamp loading factor 247

chemical modification 93 127 233

HMG -CoA reductase 176
jaundice 402
xanthine 218

flavin mononucleotide FMN 79 89 141

flavin adenine dinucleotide FAD
mixed-function oxidase 151
activation energy 97

active site 90

active oxygen species 152

79 89 142
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Rb

starvation 237

myoglobin 46

creatine 206

creatine kinase 95 206
hormone response element 369
hormone sensitive lipase HSL 157
gene 7

Rb gene 310

gene expression 293

gene polymorphism 332
genetic engineering 317
gene correct 333

gene cloning 317

gene knock-out 330

gene inactivation 333

gene chips 324

gene augmentation 333

gene diagnosis 331

gene therapy 333

gene replacement 333
genetic recombination 317
gene transfer 334

genome 22

genomics 22

genomic library 320

very low density lipoprotein VLDL 179 181
acute phase protein APP 376
hexokinase 116

processive process 267
potassium 418

methylation 309

mevalonic acid 176
parathyroid hormone 421
false neurotransmitter 209
zwitterions ions

splicing enzyme 267
spliceosome 267

degeneracy 276

calcitonin 421

thiamin pyriphosphate TPP 78 89
uncoupler 150

helicase 246

metal activated enzyme 89

metalloenzyme 89

collagen 41 ~44
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DNA

DNA
RNA

DNA

glia fibrillary acidic protein GFAP
proofreading 249 252

structure gene 296

domain 39 301

conjugated bile acid 394
conjugation reaction 391
binding group 90

conjugated enzyme 88

DNA binding domain 301
stem-loop structure 272
arginine 30 31 198

spermine 203

competitive inhibition 105
polyacrylamide gel electrophoresis
DNA polymerase 245

RNA polymerase 262

407

54

polymerase chain reaction PCR 325

rectangular hyperbola 100 101
absolute specificity 98

open reading frame ORF 275
anticancer agent 226
antimetabolite 224
anticoagulant factor 379
antithrombin [l 379
antibiotics 290

abzyme 110

antioxidant 77 153
reversible inhibition 105
cloning animal 329
cloning vector 319
transmembrane domain 349

mineral 416

lysine 30 31 42 43
lecithin 170 340
lecithin cholesterol acyltransferase

eicosanoids 167

176

ion-exchange chromatography 54 55

centrifugation 52 53
stereospecificity 98
immediate-early gene 364
sickle cell anemia 45
ligase 96 246

DNA ligase 246 318
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45—

adaptor protein 356

leucine 30 31 209

leucine zipper motif 301

lyase 96

Lineweaver-Burk plot 103

phosphorus P 420

pyridoxal phosphate 81 194 202
phosphodiesterase 116 360
glycerophosphate shuttle 140
phosphofructokinase 116 231

5'— phosphoribosyl — 1 — pyrophosphate PRPP 215
phosphorylase 81 123 234
phosphocreatine 150

pentose phosphate pathway 130
phosphoenolpyruvate 117 125
phosphoenolpyruvate carboxykinase 125
3'— phospho adenosine 5'— phosphosulfate
PAPS 207

P/0 ratio 147

phospholipid 170

phosphatidyl inositol 4 5 — bisphosphate 363
phosphatidylinositol-specifie phospholipase C
PI-PLC 363

thiolysis 159 162

keratan sulfate 69

heparan sulfate 69

dermatan sulfate 69

chondroitin sulfate 69

lipoic acid 86 118

o — helix 37

helix-turn-helix motif 38 301

chromium Cr 429

tyrosine 29 31 207

tyrosine-protein kinase TPK 358

cap-site binding protein CBP 303

enzyme 88

kinetics of enzymatic reactions 100 ~ 108

apoenzyme 88

active center of enzyme 90

enzyme specificity 97

enzyme engineering 111

enzyme linked immunosorbent assay
ELISA 110

zymogen 93

Magnesium 423
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- Michaelis-Menten equation 101
michaelis constant 101
pyrimidine 8
pyrimidine nucleotide metabolism 218 ~221
codon 275
immunoglobulin 375
template 265
template strand 265
motif 38
manganese 428

molybdenum 429

sodium 418
— ATP Na’*/K*-ATPase 116 348
- Na’* -glucose transporter 115 349
brain biochemistry 407
endocrine 313 356
intron 267
endopeptidase 189
intrinsic pathway 377
intrinsic protein 342
nicotinic acid 79
- nicotinamide adenine dinucleotide 80 89 141
- nicotinamide adenine dinucleotide phosphate 80 89 130
reverse transcription 253
reverse transcriptase 253 318
mucopolysaccharide 70
ornithine cycle 198
guanylate cyclase GC 359 363
guanylate binding protein G — protein 358
guanine nucleotide exchange factor GEF 366
guanine 8
urobilinogen 400
uridine 9
uridine diphosphate glucose 123
uridine diphosphate glucuronic acid 391
uracil 8
uroporphyrinogen 382
urea 197
urea cycle 198
uric acid 217
citrate 118
- citrate-pyruvate cycle 163
gel filtration 54
thrombin 40 70 377

coagulation factor 376
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Klenow

taurine 206

taurocholic acid 394

D — loop replication 251
paracrine 313 356

bypass synthesis 258
endocytosis 346 350
pinocytosis 346 350
exocytosis 350

ligand 357

ligandin 399

ligand-gated channels 347
matchmaker protein 252
Klenow fragment 318
malate-asparate shuttle 140
purine 8

purine ribonucleotide melabolism 214 ~218
purine nucleotide cycle 195
glucuronic acid 391
bilirubin glucuronide 399
glucokinase 116
gluconeogenesis 124
glucose 61 116

glucose transporter 116 134 347 349

leading strand 249

leader peptide signal peptide 288
prekallikrein 376

prostacyclin 168

prostaglandin 167

pre-initiation complex PIC 266 280
promoter 26 300

initiation complex 279

initiation factor 279

B — hydroxybutyric acid 161
hydroxylase 151 389
hydroxyproline 42

5 — hydroxytryptamine 202
excision repar 256

albumin 374

hydrogen bond 12 39 408
sphingomyelin 174 408
sphingoglycolipid 70 71 175 408
sphingolipid 172 174

globulin 374
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norepinephrine 209
holoenzyme 88 270

deletion mutation 255

chromosome 13

chromatin 13

human genome project HGP 23
heat shock protein 286
carnitine 158

chylomicron 157 179 181
lactic acid 120 126

lactate dehydrogenase 94 95 120 126
lactate cycle 126

lac operon 296

palmitic acid 163

triiodothyronine 209 427
tertiary structure 39

triplet code 17 276
tricarboxylic acid cycle 118
triacylglycerols 156 157 162 165
tryptophan 29 31 203 209
trp operon 297

serpentine receptor 357
neurotransmitter 356
ganglioside 71 174 408
ceramide 71 174 408

neuron 406

epinephrine 134 157 166
glucogenic amino acid 201
glucogenic and ketogenic amino acid 201
ketogenic amino acid 201
biochemistry 1

biologic active peptide 32
biomembrane 339

biotin 81

bioinformatics 24

biological oxidation 137
biotransformation 388
tocopherol 77

growth factor 307

retinol binding protein RBP 75
retinal 75

release factor 283

bacteriophage 319
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receptor 357
receptor tyrosine protein kinase RTPK 358 365
acceptor site 281
hydrophobic bond 39
attenuator 297
double reciprocal plot 103 106 107
two dimensional electrophoresis 56
bidirectional replication 252
water 416
hydrolase 96
water soluble vitamin 78 ~ 85
v — carboxyglutamate 77 377
cistron 296
cis-acting element 294
serine 29 31 44 203
serine protease 44
/ serine/threonine protein kinase 234 307

Quaternary structure 40
tetrahydrobiopterin 207
tetrahydrofolate 83 203
threonine 30 31

DNA DNA damage 256

peptide 31

peptide unit 36

peptidyl site 281

probe 323
glycosaminoglycan 68 69
glycobiology 60
glycoprotein 62 ~68 76
carbohydrate metabolism 115
glycoconjugate 60
glycosylation 285
glycosyl transferase 67 68
glycophosphoinositol GPl 651
glycolysis 120

diabetes mellitus 134 238
gluconeogenesis 124
glycogen 122
glycogenesis 123
glycogenolysis 123
glycogen synthase 123
glycolipid 70 ~72
glycomics 60

asparagine 30 31 197

aspartate transaminase AST 194
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aspartic acid 30 31 44

SOS SOS regulon 259
iron 424
ferritin - 289 424
iron-sulfur protein 141
docking protein 366
copper 426
isoenzyme isozyme 94 230
homocysteine 205
homologous recombination 254
ketone body 161 237

o~ o — ketoglutarate 193
hyaluronic acid 68 69
dialysis 54
mutation 254
synapsic secreted signal 355
topoisomerase 245
deamination 193
decarboxylation 202
deoxycholic acid 394
deoxyribozyme 21 89
deoxyribonucleic acid 11 243
debranching enzyme 123

exon 267

extrinsic pathway 378

peripheral extrinsic protein 342
microtubule associated protein MAP 408

trace element 424

A vitamin A 74

B, vitamin B, 78

B, vitamin B, 79

B vitamin By 81

B,, vitamin B, 83

C vitamin C 83

D vitamin D 76 422
E vitamin E 77

K vitamin K 77

pepsinogen 189
cDNA ¢DNA library 321
steady atate 101
random coil 38
inorganic biochemistry 416

nonsense mutation 255

selenium 428
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rare base 8
cellular-oncogene ¢ —onc 306

intracellular receptor 359

c cytochrome ¢ 144
c cytochorome ¢ oxidase 144
P450 cytochrome P450 389

extracellular matrix 355
cytokine 313 356
cell cycle 310
fibronectin 66 76
fibrinolysis 380
plasminogen 380
fibrinogen 376
acyl carrier protein 81 164
X X —ray crystallography 40
mitochondria 139
DNA mitochondrial DNA 14
rate limiting enzyme 230
restriction endonuclease 317
restriction fragment length polymorphism RFLP 331
adenosine 8
S— S — adenosyl methionine 205
adenosine triphosphate ATP 150
adenylate cyclase 128 157 177 358
adenine 8
relative specificity 98
digestion 115 156
G small G protein 306 366
RNA small nuclear RNA 267
small nuclear ribonucleoprotein snRNP 267
mini chromosome maintenance protein MCM 248
valine 30 31 209
cooperativity 47 92
cardiolipin 170
zinc 426
zine finger motif 38 301
signal peptide 288
signal recognition particle SRP 288
c¢GMP — PKG c¢GMP-protein kinase G signaling pathway 363
signal transduction 355

signal transducer and activator of

transcription STAT 314 368

RNA messenger RNA mRNA 15 265
excitatory amino acid EAA 414
thymine 8
DNA DNA repairing 256

DNA DNA sequencing 327
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Y
B J—
cAMP
A CoA
CoA
N —

selectin

hemoglobin 40 45 47 ~49 382

66

heme 46 —48 81 382

heme oxygenase 3

97

plasma protein 373

thromboxane 167

blood coagulation 376
blood biochemistry 373

spermidine 203

linolenic

acid 167

linoleic acid 167
salt bond 48
salting out 52

elongation factor EF 281

saturation curve
B — oxidation

oxidoreductases

47
159
96

oxidative phosphorylation 146

fluid mosaic model

folic acid 82 203

primary structure

one-carbon unit

nitric oxide

carbon monooxide

345

11 33 42 44 62

83 203
200 363 414

363

frame shift mutation 255

c¢AMP dependent protein kinase

trypsin

glucagon

acetyl CoA

360

35 44 90 91 93 98 189
insulin 33 44 134 157 164 166 177 236
127 134 157 164 166 177 236
chymotrypsin 35 44 90 91 93 189
acetylcholine 411

119 159 163 176

acetyl CoA carboxylase 163

N — Acetylglutamate 198

acetoacetate

isomerase 96

isoleucine 30 31
allolactose 296

aerobic oxidation

sence strand 264

facilitated diffusion 347

161 162

209

116

anti-oncogene Tumor suppressor gene

inhibitor
primase

primer

104
245
245

305 309
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Northern Northern blotting 325

Southern Southern blotting 324

Western Western blotting 325
stress 236

fusion protein 309

melting temperature 19
lysosomal enzymes 65 191
mitogen-activated protein kinase MAPK 366
induction 235

Induced fit hypothesis 99
protooncogene pro-onc 306
prokaryote 13 250 271 279 296
tropocollagen 41

protoporphyrin 382

In situ hybridization 324

prion protein 49

transferrin = 65 375 425

hybridization 19 323
vector 319
apolipoprotein Apo 180
eukaryote 13
branched-chain amino acid 209
plasmid 13 319
enhancer 300
hyperchromic effect 19
proliferation 305
proliferating cell nuclear antigen PCNA 247
integrin 66

B B — pleated sheet 37
Intermediate density lipoprotein 181
central dogma 242
active transport 346
transamination 193 145
transaminase 193
transglutaminase 379
transformation 307 321
transition 254
turnover number 102
transgenic animal 328

B B—turn 38
transcription 242 262
post-transcriptional modification 270
transcription factor 263
transfection 321

translocation 309
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transferase 96

RNA transfer RNA 16 269 277
transporter 109
transposition 254
terminal repeat sequence 272
termination codon 276
repression 235 294
histamine 202
histidine 30 31 44 202 203
histone 14
tissue plasminogen activator t — PA 380
tissue factor 379
maximum velocity 101
optimum temperature 104
lipoprotein 178 ~ 185
lipid metabolism 156
fat 156 157
fat mobilization 157
fatty acid 158

B— fatty acid 8 — oxidation 159

fatty acid synthesis 163
lipase 157 390
lipid-soluble vitamin 74 ~78
liposome 335

DNA DNA DNA directed DNA polymerase. DDDP 245
DNA RNA DNA directed RNA polymerase DDRP 262
RNA RNA RNA directed RNA polymerase RDRP 273

autocrine 307

free radical 77 152

A

absolute specificity 98
abzyme 110

acceptor site 281

acetoacetate 161 162
acetylcholine 411

acetyl CoA A 119 159 163 176
acetyl CoA carboxylase CoA 163
activation energy 97

active oxygen species 152

acute phase protein APP 376
active site 90

active transport 346

adaptor protein 356
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acyl carrier protein ACP
adenine

adenosine

adenosine triphosphate
s-adenosylmethionine
adenylate cyclase
aerobic oxidation
albumin

albinism

alanine
alanine-glucose cycle
alanine transaminase ALT
allolactose

allopurinol

allosteric enzyme
amine

amino acid

amino acid metabolism
amino acid sequencing
aminoacyl site
aminoacyl-tRNA

v — aminobutyric acid

8 — aminoy — levulinic acid ALA

aminotransferase
ammonia

antibiotics
anticancer agent
anticoagulant factor
anticodon
antimetabolite
anti-oncogene
antioxidant
antisense strand
antisense nucleic arid
antithrombin I
apoenzyme
apolipoprotein
apoptosis
arachidonic acid
arginine

aromatic amino acid
asparagine

aspartate

aspartate transaminase AST
ATP synthase
attenuator

autocrine

,yf
87

ATP

81 164

8

150
205

116
374
209
29 31

296
224

128 157 177 358

194

92 93 232

190
28 192

192

281

33

—tRNA 277

81 202 413
382

y -

193

196
290
226

379
17 276

224

305 309
77 153
264

333

m 379

88
180
305

168
30 31 198

85

30 31 197
30 31 44

147
297
307

194

197
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B

bacteriophage 319

bidirectional replication 252

bile acid 177 394

bile pigment 397

bilinogen 382 397

bilirubin 397

biliverdin 397

binding group 90

bioinformatics 24

biological oxidation 137

biologically active peptide 32

biomembrane 339

biotin 81

biotransformation 388

2 3 — bisphosphoglycerate 23— 380
blood biochemistry 373

blood coagulation 376

brain biochemistry 407
branched-chain amino acid 209

branching enzyme 123

bypass synthesis 258

C

Ca’* -calmodulin kinase signal transduction pathway Ca**— 363
cadherin 409

calcitonin 421

calcium 420

calmodulin 128 364
c¢AMP-dependent protein kinase cAMP — 360
cAMP phosphodiesterase cAMP 116
c¢AMP-protein kinase A signal transduction pathway cAMP — A 134 360
cap-site binding protein CBP 303

carbamoyl phosphate synthetase [ I 198
carbamoyl phosphate synthetase [I I 200 219
carbohydrate metabolism 115

carbon monooxide 363

v — carboxyglutamate v 77 377
carboxypeptidase 98 189

cardiolipin 170

carnitine 158

catabolite gene activator protein 296
catalase 139 153
catalytic group 90

catecholamine 413

¢DNA library cDNA 321
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cell cycle 310

cellular oncogene c-onc 306

central dogma 242
centrifugation 52 53

ceramide 71 174 408
¢GMP-protein kinase G signal c¢GMP — PKG 363
transduction pathway

chaperonin 286

chemical modification 93 127 233
chenodeoxycholic acid 394
cholesterol 80 85 175 ~178
cholic acid 194

choline 171

choline esterase 190
chondroitin sulfate 69
chromatin 13

chromium 429

chromosome 13

chylomicron 157 179 181
chymotrypsin 35 44 90 93 189
cis-acting element 294
citrate 118
citrate-pyruvate cycle - 163
citrulline 198

clamp loading factor 247
cloning vector 319

cloning animal 329
coagulation factor 376
cobalamine 83

coding strand 264

codon 275

coenzyme 89

coenzyme A A 81 89

coenzyme Q 141

collagen 40 ~41

competence cell 322
competitive inhibition 105
complementary DNA ¢DNA DNA 23 36 253
complex | I 140 141
complex ]I o 142

complex Il m 142

complex [V IV 144
conformational change 36 92 232
conjugated bile acid 394
conjugated enzyme 88

conjugation reaction 391

consensus sequence 270
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cooperativity

copper

core enzyme

Cori cycle

covalent modification
creatine

creatine kinase
cysteine

cytochrome C
cytochorome ¢ oxidase
cytochrome P450
cytokine

cytosine

D

DNA damage
deamination
debranching enzyme
decarboxylation
degeneracy

deletion mutation

D — loop replication
denaturation

de novo synthesis
deoxycholic acid
deoxyribonucleic acid
deoxyribozyme
dermatan sulfate
diabetes mellitus
diacylglycerol
diacylglycerol — protein kinase C signal
transduction pathway
dialysis

digestion

1 25 — dihydroxy vitamin D,

DNA directed DNA polymerase DDDP
DNA directed RNA polymerase DDRP
docking protein

dolichol

domain

donor site

dopamine

dot blot hybridization

double reciprocal plot
E

editing

47 92
426
270
126
93 233
206
95 206
29 31 84 206
C 144
C 144
P450 389
313 356

DNA 256
193
123
202
276
255
D 251
19 50
214
394
11 243
21 89
69
134 238
157 166
—PKC 364

54
115 156
1 25— D, 76 422
125— OH ,—D, 422
DNA DNA 245
DNA RNA 262
366
266
39 301
281
208
303
103 106 107

267 302
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Edman degradation Edman 33
eicosanoid 167
electron transport chain 146
electrophoresis 55

elongation factor EF 281
endocrine 313 356
endocytosis 346 350
enhancer 300
enterohepatic circulation 395
enzyme 88

enzyme engineering 111

enzyme linked immunosorbent assay ELISA 110
epidermal growth factor EGF 307 366
epinephrine 134 157 166
essential amino acid 188
essential fatty acid 167
essential group 90
eukaryotic cell 13

excision repair 256
excitatory amino acid EAA 414
exocytosis 350

exon 267
expression vector 322
extracellular matrix 66 355
extrinsic pathway 378

F

facilitated diffusion 347

false neurotransmitter 209

fat 156 157

fat mobilization 157

fatty acid 158

fatty acid 8 — oxidation B~ 159
fatty acid synthesis 163
feedback inhibition 231

ferritin 289 424
fibrinogen 376
fibrinolysis 380
fibronectin 66 76
flavin adenine dinucleotide 79 89 142
flavin mononucleotide 79 89 141
fluid mosaic model 345
fluorine F 429

folic acid 82 203

frame shift mutation 255

free radical 77 152

fructose 132
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fusion protein 309

G

galactose 61

gangliosides 71 174 408
gel filtration 54

gene 7

gene augmentation 333

gene chips 324

gene cloning 317

gene correct 333

gene diagnosis 331

gene expression 293

gene inactivation 333

gene knock-out 330
gene polymorphism 332

gene replacement 333

gene therapy 333

gene transfer 334

genetic engineering 317

genetic recombination 317

genome 22

genomic library 320

genomics 22

glia fibrillary acidic protein GFAP 407
globulin 374

glucagon 127 134 157 164 166 177 236
glucogenic amino acid 201
glucogenic and ketogenic amino acid 201
glucokinase 116
gluconeogenesis 124

glucose 61 116

glucose transporter 116 134 347 349
glucuronic acid 391

glutamate 30 31 193 377 414
glutamate dehydrogenase 193 195
glutamine 30 31 196 413
glutathione 32 84 207
glycerophosphate shuttle 140
glycerol 158
glycerophospholipid 407

glycine 29 31 42 203 382 414
glycobiology 60

glycocholic acid 394
glycoconjugate 60

glycogen 122

glycogen synthase 123
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glycogenesis

glycogenolysis

glycolipid

glycolysis

glycomics

glycophosphatidylinositol GPI
glycoprotein

glycosaminoglycan

glycosylation

glycosyl transferase

growth factor GF

guanine

guanine nucleotide exchange factor GEF
guanylate binding protein G — protein

guanylate cyclase GC
H

hammerhead structure

heat shock protein

helicase

a — helix

helix — turn — helix motif

heme

heme oxygenase

hemoglobin

heparin

heterogeneous nuclear RNA hnRNA
hexokinase

high-density lipoprotein

high performance liquid chromatography HPLC
hyperlipoproteinemia

histamine

histidine

histone

HMG CoA reductase
holoenzyme

homocysteine

homologous recombination
hormone response element HRE
hormone-sensitive lipase
housekeeping gene

human genome project
hybridization

hyperchromic effect

hydrogen bond

hydrolase

hydrophobic bond

123
123
70 ~72
120
60
65
62 ~68 76
68 69
285
67 68
307

366
G 358
359 363

20
286
246
o~ 37
— — 38 301
46 ~48 81 382
397
40 45 47 ~49 382
68 69 70
RNA 302
116
179 183
34 57
184
202
30 31 44 202 203
14
HMG CoA 176
88 270
205
254
369
157
306
23
19 323
19
12 39 408
96
39
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B — hydroxybutyrate B~ 161
hydroxyproline 42

5 — hydroxytryptamine 5 —HT 5— 202
hyperglycemia 134
hyperlipoproteinemia 184
hypoglycemia 134

I

immediate-early gene 364
immobilized enzyme 110
immunoglobulin 375
induced fit hypothesis 99
inhibitor 104

initial velocity 100

initiation complex 279
initiation factor 279
inorganic biochemistry 416
inosine monophosphate 195 215
in situ hybridization 324
insulin 33 44 134 157 164 166 177 236
integrin 66
interferon IFN 290
interleukin 369
intermediate density lipoprotein 181
intracellular receptor 359
intrinsic pathway 377
intrinsic protein 342
inverted repeat sequence 22
intron 267

iodine 427

ion exchange chromatography 54 55
iron 424

iron-sulfur protein - 54 55
irreversible inhibition 424
isoelectric focusing 55
isoelectric point 30 50
isoenzyme isozyme 94 230
isoleucine 30 31 209
isomerase 96

J

jaundice 402

K

keratan sulfate 69
ketogenic amino acid 201

o — ketoglutarate a— 193
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ketone bodies
kinetics of enzyme-catalyzed reaction

Klenow fragment
L

lac operon

lactate

lactate dehydrogenase LDH
leader peptide

leading strand

lecithin

lecithin cholesterol acyltransferase
leucine

leucine zipper motif
leukocyte

leukotriene

ligand

ligand-gated channel
ligandin

ligases

DNA ligase
Lineweaver-Burk plot
linoleic acid

linolenic acid

lipase

lipid metabolism

lipid soluble vitamin
lipoic acid
lipoproteins

liposome

low density lipoprotein
lyase

lysine

lysosomal enzyme
M

mad cow disease
magnesium Mg
matate-aspartate shuttle
malonyl CoA
manganese

matchmaker protein
maximum velocity
melting temperature
messenger RNA mRNA
metalloenzyme

metal activated enzyme

161 237
100 ~ 108
Klenow 318

296
120 126
94 95 120 126
288
249
170 340
176
30 31 209
301
384
167 169
357
347
399
96 246
DNA 246
- 103
167
167
157 390
156
74 ~78
86 118
178 ~ 185
335
179 182
96
30 31 42 43
65 191

49
423
- 140
A 163
428
252
101
19
RNA 15 265
&9
89
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methionine

methylation

Mevalonic acid

Michaelis constant
Michaelis-Menten equation
microtubule associated protein MAP
mineral

mini chromosome maintenance protein MCM

mismatch repair
mitochondria
mitochondrial DNA
mitogen-activated protein kinase MAPK
mixed function oxidase
molecular biology
molecular cloning
molecular hybridization
molybdenum
monoamine oxidase
monocistron
monooxygenase

motif
mucopolysaccharide
multienzyme system
multifunctional enzyme
mutation

myelin

myoglobin
N

Na®/K" -ATPase

NADH — ubiquinone oxidoreductase
neuron

neurotransmitter

nicotinamide adenine dinucleotide NAD *
nicotinamide adenine dinucleotide phosphate NADP *
nicotinic acid

nitric oxide

nitrogen balance

noncompetitive inhibition

nonsense mutation

norepinephrine

Northern blotting

nuclear factor-kappa B NFxB

nuclear magnetic resonance NMR
Nuclear receptor

nucleic acid

nucleolar organizer

nucleosome

30 31 83
309
176
101
101
408
416
248

255
139

DNA 14

429

203

366

151
1
317
323

389
295
151 389
30
70
90 230
90 230

254

174 407
46

Na®/K*-ATP 116 348

NADH —

Northern

140

406
356

79
200 363 414
187 188
106 107
255
209
325
NF«kB 368
41
369

266
13 299

80 89 141
80 89 130
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nucleotide

o

Okazaki fragment
oligomeric enzyme
oncogene

one-carbon unit

open reading frame ORF
operator

operon

optimum temperature
ornithine cycle

B — oxidation

oxidative phosphorylation

oxidoreductase

P

P53

palmitate

pantothenic acid

paracrine

parathyroid hormone

passive transport

pentose phosphate pathway
pepsinogen

peptide

peptide unit

peptidyl site

peripheral extrinsic  protein
peroxidase

pH

phenylalanine

phorbol ester

phosphatidyl inositol 4 5 — bisphosphate
phosphatidylinositol-specific
phospholipase C PI-PLC

3'— phospho-adenosine 5'— phosphosulfate PAPS

phosphocreatine

phosphodiesterase
phosphoenolpyruvate
phosphoenolpyruvate carboxykinase
phosphofructokinase

phospholipid

5'— phosphoribosyl — 1 — pyrophosphate PRPP
phosphorus P

phosphorylase

photoreactivation

pinocytosis

plasma protein

P53 311

81

31

78 213

248
90
305
83 203
275
296
296
104
198
159
146
96

163

313 356
421
346
130
189

36

281

pH 103

3'—

342
139 153

29 31 207
365
45—

5'—
150
116 360

363
C 363

207

117 125

116 231

170

420

215

81 123 234
256

346 350

373

125
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plasmid 13 319
plasminogen 380

B — pleated sheet B B 37

point mutation 308
polyacrylamide gel electrophoresis 54
polyamine 202

polycistron 275

DNA polymerase DNA 245

RNA polymerase RNA 262
polymerase chain reaction 325
polymophism 332

polypeptide 33 202

P/0 ratio / 147
porphobilinogen 400
post-transcriptional modification 270
post-translation processing 284
potassium 418

prekallikrein 376
pre-initiation complex PIC 260 280
primary bile acid 384
primary structure 11 33 42 44 62
primase 245

primer 245

prion protein 49

probe 323

processive process 267
prokaryote 13 250 271 279 296
proliferating cell nuclear antigen PCNA 247
proliferation 305

proline 29 31 141 142
promoter 264 300
proofreading 249 252
prostacyclin 168
prostaglandin 167
prosthetic group 89

protease 194

proteosome 192

protein 28 187 275
protein C C 379

G — protein — coupled receptor GPCR G 357
protein kinase A A 92 360
protein kinase C C 364
protein kinase G G 363
protein S S 379
proteoglycan 68 ~70
proteome 56
proteomics 25 ~57
protooncogene 306

protoporphyrin 382
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P site ribosomal

purine

purine nucleotide cycle

purine ribonucleotide metabolism
putrefaction

pyridoxal phosphate

pyridoxine

pyrimidine

pyrimidine nucleotide metabolism
pyruvate

pyruvate carboxylase

pyruvate dehydrogenase

pyruvate kinase

Q

quaternary structure
R

random coil

rare base

rate limiling enzyme

X —ray crystallography
Rb gene

reactive oxygen species
receptor

receptor tyrosine protein kinase RTPK
recombinant DNA
rectangular hyperbola

red blood cell

relative specificity

release factor

renaturation

DNA repairing

replication

replication bubble
replication fork

replicon

repression

respiratory chain
restriction endonuclease
restriction fragment length
polymorphism RFLP
retinal

retinol binding protein RBP
reverse transcriptase
reverse transcription
reversible inhibition

p rho protein factor

riboflavin

Rb

DNA

p rho

P 281

195
214 ~218
190

81 194 202
81

218 ~221
118
125
118
117

40

38
8
230

40

310

152
357
358 365

DNA 317

100 101
351 384
98
283
19 50
256
242
248
247
247
235 294
140
317
331

75
75
253 318
253
105
272
79 89
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ribonucleic acid

ribosomal cycle

ribosomal RNA

ribosome

ribozyme

RNA directed RNA polymerase
RNA processing

S

salt linkage

salting out

salvage pathway

saturation curve oxygen hemoglobin
secondary bile acid

secondary structure

second messenger

selectin

selenium

semiconservative replication
semicontinuous replication
sence strand

DNA sequencing

serine

serine protease
serine/threonine protein kinase
serpentine receptor

sickle cell anemia

signal peptide

signal recognition particle SRP
signal transducer and activator of
transcription STAT

signal transduction

silencer

simple enzyme

single strand conformation polymorphism SSCP

single-stranded DNA binding protein
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small nuclear ribonucleoprotein snRNP
small G protein

small nuclear RNA

sodium

sodium glucose transporter

sodium potassium Na’/K* ATPase
SOS regulon
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specificity enzyme

spermidine

spermine

sphingoglycolipid

14
281
RNA 17 279
275
20 89
RNA RNA 272
RNA 267 269

48
52
217 221
47
384
11 36 42
356
66
428
243
249
264
DNA 327
29 31 44 203
44
/ 234 307
357
45
288
288
314 288
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300
88
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DNA 246
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267
G 306 366
RNA 267
418
- 115 349
/  ATP 116 348
SOS 259
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203
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sphingolipid
sphingomyelin
spliceosome

splicing enzyme
starvation

steady state
stem-loop structure
stereospecificity
stress

structure gene
substrate

substrate cycle
succinate — ubiquinone oxidoreductase
succinyl CoA

sulfur amino acid
superoxide dismutase

synthetase
T

tandem enzyme

TATA box

taurine

taurocholic acid
telomerase

telomere

template

template strand

terminal repeat sequence
termination codon
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tetrahydrobiopterin
tetrahydrofolate

thiamine pyrophosphate TPP
thiolysis

threonine

thrombin

thromboxane

thymine

tissue factor

tissue plasminogen activator t — PA
tocopherol

topoisomerase

trace mineral
trans-acting factor
transaminase
transcription
transcription factor
transfection

transferase

172 174
174 408
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267
237
101
- 272
98
236
296
97
125 231
- 142
A 113
205
153
96

90
TATA 264
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394
249
249
265
265
272
276
39
207
83 203
78 89
159 162
30 31
44 70 377
167
8
379
380
77
245
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193 195
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263
321
96
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transferrin

transfer RNA
transformation
transgenic animal
transglutaminase
transition

transition state
translation
translocation
transmembrane domain
transporter
transposition
transversion
triacylglycerol
tricarboxylic acid cycle
triiodothyronine

triplet code
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trypsin
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tryptophan

tumor suppressor gene
B — turn

turnover number
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tyrosine

tyrosine-specific protein kinase TPK
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ubiquinone

ubiquinone-cytochrome oxidoreductase
ubiquitin

ultrafiltration

uncompetitive inhibition

uncoupler

uracil

urea

urea cycle

uric acid

uridine

uridine diphosphate glucose

uridine diphosphate glucuronic acid
urobilinogen

uroporphyrinogen
\Y%

valine
vector

very low density lipoprotein

65 375 425
RNA 16 269 277
307 321
328
379
254
99 110
275
309
349
109
254
255
156 157 162 165
118
209 427
17 276
41
35 44 90 98 189
297
29 31 203 209
305 309
38
102
56
29 31 207
358

141

- 142

192
54
107
150

197
198
217

123
391
400
382

30 31 209
39
179 181
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viral oncogene v — onc
vitamin A

vitamin B,

vitamin B,

vitamin By

vitamin B,

vitamin C

vitamin D

vitamin E

vitamin K

voltage gated channel
W

water
water soluble vitamin

Western blot
X
xanthine

V/

zine
zine finger motif
zwitterions ion

zymogen
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A 74
B, 78
B, 79
B, 81
B, 83
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D 76 422
E 77
K 77
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416
78 ~ 85
Western 325
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426
38 301
50
93
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