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(a) Animal cell
Ribosomes are protein-
synthesizing machines

Peroxisome destroys peroxides

Cytoskeleton supports cell, aids
/ in movement of organells

Lysosome degrades intracellular
ot debris

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

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

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

Nuclear envelope segregates
chromatin (DNA + protein)
from cytoplasm

Nucleolus is site of ribosomal
RNA synthesis

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

Nucleus contains the
genes (chromatin)

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

Ribosomes Cytoskeleton

Mitochondrion oxidizes fuels to
produce ATP

i Golgi
complex

Chloroplast harvests sunlight,

produces ATP and carbohydrates

Starch granule temporarily stores
carbohydrate products of
photosynthesis

Thylakoids are site of light-
driven ATP synthesis

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

Vacuole degrades and recycles

macromolecules, stores

metabolites & 7
Plasmodesma provides path Cell wall of adjacent cell
between two plant cells

Glyoxysome contains enzymes of
the glyoxylate cycle

FIGURE 1-7 Eukaryotic cell structure. Schematic illustrations of the (b) Plant cell

two major types of eukaryotic cell: (a) a representative animal cell

and (b) a representative plant cell. Plant cells are usually 10 to

100 pm in diameter—larger than animal cells, which typically

range Yom 5 to 30 wm. Structures labeled in red are unique to

either animal or plant cells.
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(a) Animal cell
Ribosomes are protein-

synthesizing machines
Peroxisome destroys peroxides

Cytoskeleton supports cell, aids
/ in movement of organells
LY
s

Lysosome degrades intracellular
debris

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

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

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

Nucleolus is site of ribogomal

Nuclear envelope segregates <

chromatin (DNA + protein) RNA synthesis

from cytoplasm £ 2 Nucleus contains the
Rough endoplasmic reticulum genes (chromatin)

(RER) is site of much protein
synthesis

Plasma membrane separates cell
from environment, regulates

movement of materials into and
out of cell

Cytoskeleton

Mitochondrion oxidizes fuels to
produce ATP

Golgi
complex

Chloroplast harvests sunlight,
prod ATP and carbohyd

Starch granule temporarily stores
carbohydrate products of
photosynthesis

Thylakoids are site of light-
driven ATP synthesis

Cell wall provides shape and
rigidity; protects cell from
osmotic swelling
Vacuole degrades and recycles
macromolecules, stores

metabolites Cell wall of adjacent cell

Plasmodesma provides path
between two plant cells
Glyoxysome contains enzymes of

the glyoxylate cycle
(b) Plant cell

FIGURE 1-7 Eukaryotic cell structure. Schematic illustrations of the
two major types of eukaryotic cell: (a) a representative animal cell
and (b) a representative plant cell. Plant cells are usually 10 to

100 pm in diameter—larger than animal cells, which typically
range from 5 to 30 pm. Structures labeled in red are unique to

either animal or plant cells.

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

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

Pili Provide
points of
adhesion to
surface of
other cells.

- Flagella

- Propel cell
through its
surroundings.

Cell envelope
Structure varies
with type of
bacteria.
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1. [Structural Biochemistry|— Biomolecules

2. Metabolic Biochemistry

3. Clinical Biochemistry
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Lipids

Nucleic Acids
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i FIGURE 1-12 Elements essential to animal
3 1 I Bulk elements PR = P 2 0 . _ _ )
Li Be — 'I‘l-ace elenlents B C N 0 F No Ile' ﬂ"d h@ﬂlth, BLI”\ E'|E'meﬂt5 |.S|]adE'L|
orange) are structural components of cells
1|12 mg/day 13 |14 |18 |18 |17 |18 g J ) b ] o
Na | Mg Al | 8| P | 8 [0 A and tissues and are required in the diet in
RN - >z EOREOEEE e = s s |6 gram quantities daily. For trace elements
K [Ca | Sc | Ti V [Cr [Mn| Fe | Co| Ni | Cu| Zn | Ga | Ge | As | Se | Br | Kr ishaded bright vellow), the requirements are
a7 |as =@ |40 |41 |42 |48 |44 |45 |46 |47 |48 |49 [m0 |52 |mz  |[ss  |ma much smaller: for humans, a few milligrams
Rb | Sr Y Zr | Nb | Mo | Te | Bu | Rh | Pd | Ag | Cd | In En | Sbh | Te 1 Xe ) . - I _ .
per day of Fe, Cu, and Zn, even less of the
D |2 e e (e e[RRI, [ |[EE, || others. The elemental requirements for
Cs | Ba Hf | Ta | W | He [ Os | Ir Pt | Au | Hg | T1 | Pb | Bi | Po | At [ Hn ) _ g o
™ plants and microorganisms are similar to
87 i) i . .
Fr | Ra ‘\\ Lanthanides those shown here; the ways in which they
Actinides ) ) ’
acquire these elements vary.
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(a) Some of the amino acids of proteins

(‘3007 (FOO_ leOO_
H31<I—(‘}—H HN—C—I1 HJJ—(lj—H
CHs CH,0H (|3H2
Alanine Serine COoO
Aspartate
C‘EOO (|JOO
H31<I—(_‘7—H HN-—C—H N
CH, CH, H;N—C—H
v ¢,
I CH
HC_3f; =L
Cysteine
OH Histidine
Tyrosine

(b) The components of nucleic acids

FIGURE 1-10 The organic compounds from which most cellular
materials are constructed: the ABCs of biochemistry. Shown here are
(a) six of the 20 amino acids from which all proteins are built (the
side chains are shaded pink); (b} the five nitrogenous bases, two five-
carbon sugars, and phosphoric acid from which all nucleic acids are
built; (c) five components of membrane lipids; and (d) p-glucose, the
parent sugar from which most carbohydrates are derived. Note that
phosphoric acid is a component of both nucleic acids and membrane

lipids.

(¢) Some components of lipids
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Biomolecules
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FIGURE 1-15 Some common functional

groups of biomolecules. In this figure
and throughout the book, we use R to
represent “any substituent.” It may be as
simple as a hydrogen atom, but typically
it is a carbon-containing moiety. When
two or more substituents are shown in a
: i 1 2 -
molecule, we designate them R', R<, and

so forth, $

H
Methyl R— élj —H

H

T
Ethyl R_?_?_H

H H

H H

VAN
Phenyl R—C CH

N, 7

c—C

H H
Carbonyl R-C—H
(aldehyde) o
Carbonyl R! _(”3_32
(ketone) o
Carboxyl R-—C—0"

0
Hydroxyl R—0O—H
(alecohol)
Ether RL-0-—R?
Ester R' (”j 0O-—R2

o}
Anhydride R' (”j 0 Cl- R2
(two car- o} o

boxylic acids)

H
Vs
Amino R—N
~
H
H
V4
Amido R—C—N
[ g
H H
| /
Guanidino R —N—C—N\
L w
AN
H
Imidazole R— }F =CH
H'N\(Ij ’//N
H
Sulfhydryl E—S—H
Disulfide R'--5—S—R?
Thioester Rl—(”]—S —R?
0
o-
Phosphoryl R—0—-P—0H
(0]
(o) (o)
Phosphoanhydride R'—O —ﬁ’ —0 —]ﬁ’ —0—
(0] (0]

o-
Mixed anhydride
(carboxylic acid and %l)

phosphoric acid;
also called acyl phosphate)

shls locn,s olas s

Al Ogael £
LR SRt L W] ¥
1 gleeg S oleS
‘-DLs ‘Lf 6;‘{0 (.SLQW";‘
Jlasl  Jole  (sloog S
Sry S b

2o oo Jege

SlaS 3 led 95 g0 5
sl g5 L bog,S

R—-C—O0—P—0OH

Men eptte SLls
el slems 5 L
(Ls;_?; o |i ‘4.3 E o



sl Gl sl Gl ol oSlee sl Jisog S ole sloog,S 5 (Vs slawiny vz e
3,0 sleolall 398 Caodl ()] Slad ol o g dw sLad yo JgSUge ] sosms LSS

S dw slas yo JeSge odims LSS le.e‘.:o.}" ol folad conds

ML’LSA ugLsLm LQ‘-QJ‘ 2 ) 9959w ks’L.a.‘B uUaLu | L.SJB 09y uLAMi’ Le‘.:‘ o JL@.:‘ w).:

r N :
s \ : : Cis or Trans
Isomers Configuration
45 h) . . ES oo N g
Hsse 5 S i b Lo ) S
Ja,o)ﬂ d‘)b A_;_{ vos
) . LSA )-A-A-U .
SSs J5Slge L ) Enantiomers
ol Jg ws
. w |t \ o
) gl rContormation )
3k (Jose '\M_{ P

9 Ogwl)sSlS aod 93 4 |y bjegpl plyiee Hlai Sl
slayogil b Cuogad DS ay At Gemwle)sals
s b S By (b atuSS g &S sl ol ygmely 5548
S > 5 has RS 4 wly e GYlgeS gy
sl 095 ol o] 5l cawl Ojle (JoSge ygmslojoiisS
il alaly 4y Wl o Ngm oS el 45 o Ml

£
I-

KT

H H
Ny

HDOC/ \{‘.C}{}H

Maleic acid (cig)

¢
go

H/ \C{:H}H

Fumaric acid (trans)

HOOC
™



pobal oS 35 18 byl 93 b wlsis laog,S cul esbioe JLail (Y 9 X BLA) cslisie (Ml 09,5 Jlaz )8 ol St a0 (B
29 (g0 030l JInl S 50 b JInlS )8 g 039 o)l ()" iz 228U (00 S0 (yeguill) Ll LBt (ol i
295 IRl 3SThe by el glo (328 5 Al 0)liels ()87 A3l oglisie SMwl Jlog shls &7 ()8 w3l 2 ldel o )S

S~ Chiral ————=—o Achiral
Mirror ("' A molecule: Mirror + - molecule:
image of & f/ Rotated image of Rotated
original molecule original molecule
molecule cannot be molecule can be
superposed s superposed
A) on its mirror f\ A 4 on its mirror
@ image “'| image
Ongmal Original
molecule - molecule Vg,
\ ) A
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FIGURE 1-20 Molecular asymmetry: chiral and achiral molecules. (a) only three dissimilar groups (i.e,, the same group occurs twice), only one
When a carbon atom has four different substituent groups (A, B, X, Y), configuration is possible and the molecule is symmetric, or achiral. In
they can be arranged in two ways that represent nonsuperposable mir- this case the molecule is superposable on its mirror image: the molecule
ror images of each other (enantiomers). This asymmetric carbon atomis on the left can be rotated counterclockwise (when looking down the
called a chiral atom or chiral center. (b) When a tetrahedral carbon has vertical bond from A to C) to create the molecule in the mirror.




Enantiomers (mirror images) Enantiomers (mirror images)

CH, CH, CH, CH,
X"‘C?"'H f:} F?o H"-(?-"X K'—(?"'H rxj H"‘(?"'X
CH, ) ) CH, CH, N CH,
Diastereomers (non—mirror images)
FIGURE 1-20 Two types of stereoisomers. There are four different view all the groups. Some pairs of stereoisomers are mirror images of
2,3-disubstituted butanes (n =2 asymmetric carbons, hence 2" = 4 each other, or enantiomers. Other pairs are not mirror images; these

stereoisomers). Each is shown in a box as a perspective formula and are diastereomers.
a ball-and-stick model, which has been rotated to allow the reader to
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FIGURE 1-23 Stereoisomers distinguishable by smell CH,

and taste in humans. (a) Two stereoisomers of carvone: 0 (!\
- . . ; . . e, o
(R)-carvone |_|5_o|ated from spearmint oil) has the =7 ScH
characteristic fragrance of spearmint; (5)-carvone (from J\
caraway seed oil) smells like caraway. (b) Aspartame, H, "HH.F ~ H,
the artificial sweetener sold under the trade name CH.—C" H
NutraSweet, is easily distinguishable by taste receptors 0
from its bitter-tasting sterenisomer, although the two CH.
differ only in the configuration at one of the two chiral &L.au (R)-Carvone
carbon atoms. (spearmint)
+
NH
. - oo £ 3j[-I H 0
9 uJLM u‘.y.a9..a.> Lu).o.) lm).owbl _OOCH !_,C::' /Nx _#C:H‘
, CH C C_ OCH
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..)L”)LQ*’9JML;Q<’~ ui")"g O CH, H
5 b GSly G (N Cpogad N
. = -
Ak Gglaie (SHAS6 Lo g, M HC CH
)9 oo c).os.o..uu 9.) cl)m dLQJslm )9 x_c,‘_.;«

. L-Aspartyl-L-phenylalanine methyl ester
9° Oi‘ )\19‘ «.55‘ sl J?b“’ uJ9 (aspartame) (sweet)
She 386 LSy (Spawsly byl

(a)

(b)

.
0 C
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FIGURE 1-21 Conformations. Many conformations of ethane are pos-
sible because of freedom of rotation around the C—C bond. In the
ball-and-stick model, when the front carbon atom (as viewed by the
reader) with its three attached hydrogens is rotated relative to the rear
carbon atom, the potential energy of the molecule rises to a maximum
in the fully eclipsed conformation (torsion angle 0°, 120°, etc.), then
falls to a minimum in the fully staggered conformation (torsion angle
60°, 180° etc.). Because the energy differences are small enough to
allow rapid interconversion of the two forms (millions of times per sec-
ond), the eclipsed and staggered forms cannot be separately isolated.
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Level 4: Level 3: Level 2: Level 1:
The cell Supramolecular Macromolecules =~ Monomeric units
and its organelles complexes

: DNA Nucleotldes Oj\ﬁ

_—— 0_# —0—C

6

OH H

Chromosome

Amino acids

Cell wall
FIGURE 1-11 Structural hierarchy in the molecular organization of mosomes consist of macromolecules of DNA and many different pro-
cells. In this plant cell, the nucleus is an organelle containing several teins. Each type of macromolecule is made up of simple subunits—
types of supramolecular complexes, including chromosomes. Chro- DNA of nucleotides (deoxyribonucleotides), for example.
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