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table 2—-1

Comparison of Prokaryotic and Eukaryotic Cells

Characteristic Prokaryotic cell Eukaryotic cell
Size Generally small (1-10 gm) Generally large (5-100 um)
Genome DNA with nonhistone protein; DNA complexed with
genome in nucleoid, not histone and nenhistone
surrounded by membrane proteins in chromosomes;
chromesomes in nucleus
with membranous envelope
Cell division Fission or budding; no mitosis Mitosis including mitotic

Membrane-bounded
organelles

Nutrition

Energy metabolism

Cytoskeleton

Intracellular movement

Absent

Absorption; some photosynthesis

No mitochendria; oxidative
enzymes bound to plasma
membrane; great variation
in metabolic pattern

None

None

spindle; centricles in many species
Mitochendria, chloroplasts (in
plants, some algae), endoplasmic
reticulum, Golgi complexes,
lysosomes {in animals), etc.
Absorption, ingestion;
photosynthesis in some species
Oxidative enzymes packaged in
mitochendria; more unified
pattern of oxidative
metabelism

Complex, with microtubules,

intermediate filaments, actin
filaments

Cyteplasmic streaming,
endocytosis, phagocytosis,
mitosis, vesicle transport

Source: Modilied from Hickman, C.P., Roberls, LS., & Hickman, F.M. (19%0) Biology of
Amimals, 5th edn, p. 30, Mosby-Yearbook, Inc., St. Louis, MO.
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Table 2-3 Approximate Chemical Compositions of a Typical Bacterium and a
Typical Mammalian Cell

PERCENT OF TOTAL CELL WEIGHT

COMPONENT E. COLI BACTERIUM MAMMALIAN CELL
H,0 70 70
Inorganicions (Na*, K*, Mg?*, 1 1

Ca?t, Cl, etc.)
Miscellaneous small metabolites 3 3
Proteins 15 18
RNA 6 1.1
DNA 1 0.25
Phospholipids 2 3
Other lipids - 2
Polysaccharides 2 2
Total cell volume 2X 102 ¢m3 4%X10°%°cm3
Relative cell volume 1 2000

Proteins, polysaccharides, DNA, and RNA are macromolecules. Lipids are not generally
classed as macromolecules even though they share some of their features; for example,
most are synthesized as linear polymers of a smaller molecule (the acetyl group on acetyl
CoA), and they self-assemble into larger structures (membranes). Note that water and
protein comprise most of the mass of both mammalian and bacterial cells.

Table 2-3 Molecular Biology of the Cell (© Garland Science 2008)
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4-3

Solubilities of Some Gases in Water

Solubility
Gas Structure* Polarity in water (g/L)’
Nitrogen N=N Nonpolar 0.018 (40 °C)
Oxygen 0=0 Nonpolar 0.035 (50 °C)
Carbon :— —n' Nonpolar 0.97 (45 °C)
dioxide 0=C=0
Ammonia H H H Polar 900 (10 °C)
N4 \
N 5
Hydrogen H H Polar 1,860 (40 °C)
sulfide N

*The arrows represent electric dipoles; there i1s a partial negative charge (6 ) at the head of the
arrow, a partial positive charge (6 ; not shown here) at the tail.

'Note that polar molecules dissolve far better even at low temperatures than do nonpolar
molecules at relatively high temperatures.
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able 4-4

Four Types of Noncovalent (“Weak") Interactions
among Biomolecules in Aqueous Solvent

Hydrogen bonds N
Between neutral groups /C—Ol HH—~0—

N
Between peptide bends /C=Ol ' IH—N<

lonic interactions

Attraction

Repulsion

Hydrophobic interactions

?l‘lg

Van der Waals interactions Any two atoms in
close proximity




Table 2-1 Covalent and Noncovalent Chemical Bonds

Covalent 0.15 20 20
Noncovalent: ionic* 0.25 80 3
hydrogen 0.30 4 1
van der Waals attraction 0.35 0.1 0.1
(per atom)

*An ionic bond is an electrostatic attraction between two fully charged atoms.

Table 2-1 Molecular Biology of the Cell (© Garland Science 2008)
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table 11-1
Some Naturally Occurring Fatty Acids
Solubility at 30 °C
(mg/g solvent)
Carbon Commen name Melting
skeleten Structure® Systematic name' {derivation) point (°C) Water  Benzene
12:.0 CH,(CH.),,COOH n-Dadecansic acid Lauric acwd 442 0.063 2600
(Latin laurus,
“laurel plant™)
14:0 CH,(CH,),,CO0H n-Tetradecanoic acxd Myristic acid 539 0.024 8/4
{Latin Myristica,
nutmeg genus)
16:0 CH,(CH.),,COOH n-Hexadecansic acid Palmiti acxd 63.1 0.0083 348
(Latin paima,
“palm tree")
18:0 CH;(CH,),:.COOH n-Octadecanoic acid Stearx acwd 696 00034 124
(Greek stear,
"hard fat™)
20:0 CH3(CH;),,COOH n-Eicosanoic acid Arachidic acid 765
(Latin Arachis,
legume genus)
24:0 CH3(CH;);.CO0H n-Tetracosanoic acid Lignoceric acid 86.0
{Latin Jignum,
“wood” + cera, “wax")
16:1(a% CH:(CH;);CH=CH(CH,);CO0H cis-9-Hexadecenoic acid Palmitoleic acid -0.5
18:1(a% CH3(CH;),CH=CHICH,),COOH cis-9-Octadecencic acid Cleic acid 13.4
{Latin oleum,
ll°i|ll]
18:2(a%4%) CH3(CH;),CH=CHCH,CH= cis-,cis-9,12-Octadecadiencic  Linoleic acid -5
CHI(CH,),COOH acid (Greek finon, “flax")
18:3(a%121%)  CHCH.CH=CHCH,CH=— cis-,cis-,¢i89,12,15- a-Linolenic acid ~11
CHCH,CH=CHICH,),CO0H Cctadecatrienoic acid
20:4(a%4159) CHL(CH ) CH=CHCH,CH=— Cis- cis-,cis-,cis5,8,11,14-  Arachidonic acid ~-49.5
CHCH,CH=CHCH.CH=— lcosatetraensic acid
CHI(CH,);CO0H

“All acids are shown in their nonionized form. At pH 7, all free fatly acids have an ionized carboxylate. Note that numbering of carbon
atoms begins at the carboxyl carbon.

‘The prefix n- indicates the “normal" unbranched structure, For instance, “dodecanoic” simply indicates 12 carbon atoms, which could
be arranged in a vanety of branched lorms; “n-dodecanoic” sfpcculics the linear, unbranched form. For unsaturated fatly acids, the
configuration of each double bond s indicated; in biclogical fatty acids the configuration is almost always cis.
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FIGURE 7-13 Homo- and heteropolysaccharides. Polysaccharides
may be composed of one, two, or several different monosaccharides,
in straight or branched chains of varying length.



TABLE 7-2 Structures and Roles of Some Polysaccharides

Size (number of

monosacchande
Polymer Type* Repeating unitt units) Roles/significance
Starch Energy storage: in plants
Amylose Homo- (a1—4)Glc, linear 50-5,000
Amylopectin Homo- (a1—4)Glc, with Up to 10°
(1—6)Glc
branches every
24-30 residues
Glycogen Homo- (a1—4)Glc, with Up to 50,000 Energy storage: in bacteria and animal cells
(1—6)Glc
branches every
8-12 residues
Cellulose Homo- (B1—4)Glc Up to 15,000 Structural: in plants, gives rigidity and
strength to cell walls
Chitin Homo- (B1—4)GlcNAc Very large Structural: in insects, spiders, crustaceans,
gives rigidity and strength to exoskeletons
Dextran Homo- (a1—6)Glc, with Wide range Structural: in bacteria, extracellular adhesive
(x1—3) branches
Peptidoglycan Hetero-; 4)Mur2Ac(B1—4) Very large Structural: in bacteria, gives rigidity and
peptides GlcNAc(B1 strength to cell envelope
attached
Agarose Hetero- 3)o-Gal(B1—4)3,6- 1,000 Structural: in algae, cell wall material
anhydro-1-Gal(a 1
Hyaluronate (a Hetero-; 4)GIcA(B1—3) Up to 100,000 Structural: in vertebrates, extracellular matrix
glycosamino- acidic GlcNAc(B1 of skin and connective tissue; viscosity
glycan) and lubrication in joints




Starch granules




Glycogen granules



FIGURE 7-17 Cellulose breakdown by wood fungi. A wood fungus
growing on an oak log. All wood fungi have the enzyme cellulase,
which breaks the (B1—4) glycosidic bonds in cellulose, such that
wood is a source of metabolizable sugar (glucose) for the fungus. The
only vertebrates able to use cellulose as food are cattle and other ru-
minants (sheep, goats, camels, giraffes). The extra stomach compart-
ment (rumen) of a ruminant teems with bacteria and protists that
secrete cellulase.
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The carbonyl oxygen has a partial negative
charge and the amide nitrogen a partial positive
charge, setting up a small electric dipole.
Virtually all peptide bonds in proteins occur in
this trans configuration; an exception is noted in

Figure 6-8b.
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