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Introduction 5| &

iochemistry, sometimes called biologicalchemistry, is the
B study of chemical processes in living organisms (4= 4

), including, but not limited to, living matter.
Biochemistry governs all living organisms and living processes.
By controlling information flow ({§ J&.3fi) through biochemical
signalling(4: ¥4k 2-{55) and the {low of chemical energy(fk2%
BRI through metabolism({{if}) , biochemical processes give
rise to( B0 the incredible complexity (M L4 B (5 # & 2424) of
life. Much of biochemistry deals with the structures and
functions of cellular components such as proteins (2§ [ &),
carbohydrates (§) , lipids(J§ i) . nucleic acids(#% &) and other
biomolecules(4:4#)4rF) although increasingly processes rather
than individual molecules are the main focus. Over the last 40
years biochemistry has become so successful at explaining living
processes that now almost all areas of the life sciences(4: iyt
2 [rom botany (4§ #)) to medicine (&£ %) are engaged in
biochemical research. Today the main focus of pure
biochemistry (A4 #1{k2%) is in understanding how biological
molecules give rise to the processes that occur within living cells
which in turn relates greatly to the study and understanding of

whole organisms,

Among the vast number of different biomolecules, many
are complex (& 4%)) and large molecules (called biopolymers
YRS T Y E S Y, which are composed of similar
repeating subunits (V. 8 {if) (called monomers #{&). Each
class of polymeric biomolecule has a different set of subunit
types. For example, a protein is a polymer whose subunits are
selected from a set of 20 or more amino acids ( & 3& g ).
Biochemistry studies the chemical properties (k22 i) of
important biological molecules, like proteins, and in particular

the chemistry of enzyme-catalyzed reactions ({52 i).
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The biochemistry of cell metabolism (7 {4 #f) and the
endocrine system( N 43 b & 4t) has been extensively ({2 #b)
described. Other areas of biochemistry include the genetic code
(DNA, RNA) GR{&E#®15) , protein synthesis (2 [ 4 ) s cell
membrane transport ( 4 g B % iZ %) . cell membrane transfer
and signal transduction({£5-4555).

It once was generally believed that life and its materials had
some essential property (4= Jfi J& #4) or substance distinct [rom
(AN[@)F) any found in non-living matter (JEA:= i) ffi) » and it
was thought that only living beings (& #lL{&, 4 %) could
produce the molecules of life. Then, in 1828, Friedrich Wohler
published a paper on the synthesis of urea(jR % & i), proving
that organic compounds(FHL{LE4)) can be created artificially

(AT HD.

The dawn of biochemistry (4 #4k2% #) FF %) may have been
the discovery of the first enzyme(§§), diastase(JE¥I{LEE) (today
called amylase JE #3 fiff), in 1833 by Anselme Payen. Eduard
Buchner contributed ( {H iit) the first demonstration (i iF) of a
complex biochemical process(%& 424 {b ) outside of a cell in
1896 alcoholic fermentation(Z, % % B%) in cell extracts ( £ i %% Bt
) of yeast (BEf}). Although the term “biochemistry” seems to
have been first used in 1882, it is generally accepted that the
[ormal coinage(JEZ,{# i) of biochemistry occurred in 1903 by
Carl Neuberg, a German chemist. Previously, this area would
have been referred to as(##5 &) physiological chemistry(4: 3
fk2). Since then, biochemistry has advanced, especially since
the mid-20th century. with the development of new techniques
such as chromatography ({43 #7#:) , X - ray diffraction(X &
L4591, dual polarisation interferometry ( 34 #i T #F &),
NMR spectroscopy (% 3E4R %1% ) + radioisotopic labeling (if
S @) 2 Z B #530) s electron microscopy (B B i 8%) and
molecular dynamics simulations (43 ¥ 3 /7 % ##1). These
techniques allowed for the discovery and detailed analysis of
many molecules and metabolic pathways({Ci§H&42) of the cell,
such as glycolysis (4 BEf#) and the Krebs cycle (citric acid cycle

=REBIER).
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Another significant historic event (g [ # & X EH /) in
biochemistry is the discovery of the gene(F[H) and its role in
the transfer of information in the cell (ZE 40 M5 B %3 5 T )
fE ). This part ol biochemistry is often called molecular
biology (4 F4:42%). In the 1950s, James D. Watson, Francis
Crick, Rosalind Franklin, and Maurice Wilkins were
instrumental (4 #¥ B1f#)) in solving DNA structure(DNA £5#3)
and suggesting its relationship with genetic transfer of
information (it & {5 B £ #). In 1958, George Beadle and
Edward Tatum received the Nobel Prize for work in fungi( &
i) showing that one gene(Jt[H) produces one enzyme(fif). In
1988, Colin Pitchlork was the first person convicted of murder
(RSB 4 57 with DNA evidence(DNA jE4#), which led to
growth of forensic science (7] % 5% ). More recently, Andrew
Z. Fire and Craig C. Mello received the 2006 Nobel Prize for
discovering the role of RNA interference (RNAi) (RNA F4) ,
in the silencing(JTEX) of gene expression(FFH FEik).

Today, there are three main types of biochemistry. Plant
biochemistry (& ¥ 4 % 1k 2% ) involves the study of the
biochemistry of autotrophic organisms ( @ 35 & #L{&) such as
photosynthesis(Jt5fEF]) and other plant specific biochemical
processes (& M4 Ak L), General biochemistry (3 4: ¥11k
2#) encompasses (f2 75 ) both plant and animal biochemistry.
Human/medical/medicinal biochemistry ( A& /B ¥7 /& 25 4 #)
1£%:) focuses on the biochemistry of humans and medical

illnesses CEEFH).

The four main classes of molecules in biochemistry are
carbohydrates, lipids, proteins, and nucleic acids. Many
biological molecules are polymers (&4 T8 &4 ). in this
terminology( AR i), monomers ( 84} ) are relatively small
micromolecules(/N73F) that are linked together to create large
macromolecules( X 43§) . which are known as polymers. When
monomers are linked together to synthesize (4 /) a biological

polymer, they undergo a process called dehydration synthesis

(K486,
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Part | Structural Biochemistry &84 8105

Chapter 1 Carbohydrates §§2J%

arbohydrate (pronounced/ka: ba'haidreit/) is an organic
C compound (G Hl1LE %)) with the empirical formula G@

) C,(H,0),(where m could be different [rom n); that
is, consists only of carbon, hydrogen. and oxygen({{fi C.H.,
O 4, with a hydrogen: oxygen atom ratio (&R FH) of
2 : 1 (as in water), Carbohydrates can be viewed as hydrates
(/K& of carbon, hence their name, Structurally however, it

is more accurate to view them as polyhydroxy aldehydes and

ketones( 2533 3 (I REFER)D .

The term is most common in biochemistry, where it is a
synonym ( [d] ¥ ii]) ol saccharide (¥#). The carbohydrates
(saccharides ) are divided into four chemical groupings:
monosaccharides( BL85) , disaccharides( —##) , oligosaccharides
(¥ ¥§), and polysaccharides ( & ¥ ). In general, the
monosaccharides and disaccharides, which are smaller (lower
molecular weight) carbohydrates, are commonly referred to as
sugars. The word saccharide comes [rom the Greek word
oékyapov (sikkharon), meaning “sugar”, While the scientific
nomenclature(AR{%) of carbohydrates is complex, the names of
the monosaccharides and disaccharides very often end in the
suffix-ose (BB, — 938 % LA G Bose 45 ). For example,
blood sugar is the monosaccharide glucose, table sugar(BERH) is
the disaccharide sucrose, and milk sugar is the disaccharide

lactose (see illustration I &) ).

HO _OH OH
0
0
HO%S/ ?,OéS/OH
OH OH

Lactose is a disaccharide found in milk. It consists of a molecule of D -
galactose and a molecule of D - glucose bonded by beta — 1 - 4 glycosidic
llnkage. It has a formula of Clz szOn .
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Carbohydrates perform numerous roles(ZFf %) in living
things. Polysaccharides serve for the storage ol energy (It HE
) (e g, starch (J€ #) and glycogen (i ii)), and as
structural components(Z5f il 43) (e. g. » cellulose in plants (4
P £F 4E &) and chitin in arthropods (i B sh ¥ 1 JL T
Jfi)). The 5 — carbon monosaccharide ribose (4% ) is an
important component of coenzymes (4fifif) (e. g. . ATP, FAD,
and NAD) and the backbone (F%#) of the genetic molecule(j8
&4y +F) known as RNA.

The related deoxyribose ( fii % #% ¥ ) is a component of
DNA., Saccharides and their derivatives (fff44)) include many
other important biomolecules that play key roles(FE ) in
the immune system (%8 & 4t) , [ertilization (5% %) » preventing
pathogenesis (#[ # 5L /&), blood clotting  |fil & #E [& ), and
development(Z % ). In food science (& i F}%) and in many
informal contexts( H % 4 1% #), the term carbohydrate often
means any food that is particularly rich in the complex
carbohydrate starch (such as cereals, bread, and pasta) (FE}§
EMEASYPEREE, FlNG L WA, HE) or simple

carbohydrates, such as sugar (found in candy, jams(# ), and
desserts (FHf ).

1.1 Structure & #

Formerly (LA Rl) the name “carbohydrate” was used in
chemistry for any compound ({4 & %) with the [ormula
C,.(H,0),. Following this definition ({1 F X I~ X ), some
chemists considered formaldehyde ( ! i) CH,O to be the
simplest carbohydrate, while others claimed that title for
glycolaldehyde ( ¥ &£ [ ). Today the term is generally
understood in the biochemistry sense (4 ¥ % & X ), which

excludes(J& T ) compounds with only one or two carbons.

Natural( HSR ) saccharides are generally built of (fesee-+
ZH %) simple carbohydrates called monosaccharides with general
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