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BOND TYPE LENGTH (nm)
Covalent 0.15
Noncovalent: ionic bond* 0.25
hydrogen bond 0.30
van der Waals 0.35

attraction (per atom)

STRENGTH IN kcal/mole

INVACUUM

90 (377)**
80 (335)
4(16.7)
0.1 (0.4)

IN WATER
90 (377)
3(12.6)
1(4.2)
0.1(0.4)

*An ionic bond is an electrostatic attraction between two fully charged atoms.
**Values in parentheses are kJ/mole. 1 calorie = 4.184 joules.
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the surfaces of molecules
AandB,and AandC, area
poor match and are capable
of forming only a few weak
bonds; thermal motion
rapidly breaks them apart

the surfaces of molecules A
and D match well and
therefore can form enough
weak bonds to withstand
thermal jolting; they there-
fore stay bound to each other
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TABLE 2-2 THE APPROXIMATE CHEMICAL COMPOSITION OF

A BACTERIAL CELL

PERCENTAGE OF
TOTAL CELL WEIGHT

Water 70

Inorganicions 1

Sugars and precursors 1

Amino acids and precursors 0.4

Nucleotides and precursors 0.4

Fatty acids and precursors 1

Other small molecules 0.2

Macromolecules (proteins, 26

nucleic acids, polysaccharides,
and phospholipids)
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NUMBER OF TYPES OF
EACH MOLECULE

1

20
250
100
100
50
~300
~3000

17



SUBUNIT

amipo
acid

L3

nucleotide

Figure 2-27 Essential Cell Biology (© Garland Science

MACROMOLECULE

polysaccharide

0000

protein

— -IHILIH-T | - | !

nucleic acid

18

2010)



(C)

Figure 2-16 Essential Cell Biology (© Garland Science 2010)

(D)

(B)

19



(0 (o)
+
OH HO
| | A |

monosaccharide
CONDENSATION
water expelled

\J
(0

/ 0

reactive bond

monosaccharide
HYDROLYSIS

H,0

water consumed

disaccharide

Figure 2-17 Essential Cell Biology (© Garland Science 2010)

20



(A)

Figure 2-18 Essential Cell Biology (© Garland Science 2010)

hydrophilic
carboxylic
acid head

hydrophobic
hydrocarbon tail

21



glycerol

saturated
fatty acids

(A)

Figure 2-19 Essential Cell Biology (© Garland Science 2010)

(B)

glycerol

unsaturated
fatty acids

22



hydrophilic
head

phosphate

phospholipid
bilayer,

or membrane

two

hydrophobic
fatty acid
tails
pI:osphoIipid molecule
23

Figure 2-20 Essential Cell Biology (© Garland Science 2010)



OH OH

triphosphate | ribose adenine |

adenosine
(A) (B)

|

24

Figure 2-23 Essential Cell Biology (© Garland Science 2010)



| ATP |

phosphoanhydride bonds
4140
-0 —llT—O—lll’—O—lFl’—O—CHz
(o) o (0
f energy available
ene;'.g};‘trom H,O0 for cellular work
:un lgf gl' and for chemical
rom foo synthesis
il 40
H + '0—|IT—0H + '0—|I|’—O—|IT—O—CH2
o o (0 _
inorganic "'IIR.I.BOS.E:
phosphate (P,;) .

' ADP |

25
Figure 2-24 Essential Cell Biology (© Garland Science 2010)



Figure 2-25 Essential Cell Biology (© Garland Science 2010)

26



Thymine

Adenine
5" emd o 3 e
- Pz =
7 \d»
o MHZ- \}’Zo
WA
Phosphate- oMM o
deoxyribose 0’?{ D]
backbone - “'\_!
HzN o\p{_o_
“‘;,P(o / p [—e
3 end | Cytosinea\o?z“
Guanine 5 and

27



amino carboxyl

group group
H H
| + | o
H,N—C—COOH — H;N—C—COO
| PH7 |
CH; CH;
a-carbon /
side chain (R)
non-ionized form ionized form
(A) (B) (C)

28

Figure 2-21 Essential Cell Biology (© Garland Science 2010)



AMINO ACID SIDE CHAIN AMINO ACID SIDE CHAIN

Aspartic acid Asp D negative Alanine Ala A nonpolar
Glutamicacid Glu E negative Glycine Gly G nonpolar
Arginine Arg R positive Valine Val V nonpolar
Lysine Lys K positive Leucine Leu L nonpolar
Histidine His H positive Isoleucine lle I nonpolar
Asparagine Asn N uncharged polar Proline Pro P nonpolar
Glutamine GIn Q uncharged polar Phenylalanine Phe F  nonpolar
Serine Ser S uncharged polar Methionine Met M nonpolar
Threonine Thr T uncharged polar Tryptophan Trp W nonpolar
Tyrosine Tyr Y uncharged polar Cysteine Cys C nonpolar
| POLAR AMINO ACIDS L NONPOLAR AMINO ACIDS ——
(hydrophilic) (hydrophobic)
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