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H BACTROH TABLE 2-6 The pH Scale
*  Household bleach er+Jr (”J ,U'H .[rDH _Jr fMJ ,[J'Df'i"‘r
12 — Household ammonia 10° (1) 0 1071 14
107! 1 1074 13
11 1072 2 10712 12
i 1073 3 10~ 11
10— — 1074 4 10710 10
107° 5 107° 9
91— — Sclution of balki —6 —&
Cbedic NN 6 1078 8
10 T 10 T
B - Beawater, egg white 107 - 8 10~ 6 G
7 Neutral - Human blood, teara 107 ° 9 10 ° 5
I 1010 10 10~* 4
2 SRR IE 11 e 3
10~ 12 1072 2
5 Black coffee 10~ » 13 10~ ! 1
o 10”1 14 10° (1) 0
4 TDE:ll.atB Juice
Increasingly  Hed wine
iadin *The expression pOH is sometimes used to describe the basicity, or OH™ concentration, of
3 — Cola, vinegar a solution; pOH is defined by the expression pOH = —log [OHT], which is analogous to
the expression for pH. Mate that in all casss, pH + pOH = 14,
2 — Lemon juice
- Gastric juice
1
0 1M HCI

FIGURE 2-15 The pH of some aqueous fluids.
HCI — [H'] +[CI]
[H]=10"M
pH=-log [H']=-log 10" =1

[H']x [OH]=10"
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\\*H
(i [CHzCOOH] = [CHaCOO ]
6 -
—T— pH 5.76
S Buffering

pH region
4 e
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|
21— CH,CO0H |
1k | _
|
|
|

D |
0 0102 03 040506 07 0809 1.0
OH™ added (equivalents)

0 50 100%
Percent titrated

FIGURE 2-17 The titration curve of acetic acid. After addition of
each increment of NaOH to the acetic acid solution, the pH of the
mixture is measured. This value is plotted against the amount of NaOH
expressed as a fraction of the total NaOH required to convert all the
acetic acid to its deprotonated form, acetate. The points so obtained
vield the titration curve. Shown in the hoxes are the predominant ionic
forms at the points designated. At the midpoint of the titration, the
concentrations of the proton donor and proton acceptor are equal,
and the pH is numerically equal to the pk,. The shaded zone is the
useful region of buffering power, generally between 10% and 90%
titration of the weak acid.
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FIGURE 2-18 Comparison of the litration curves of three weak acids.
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FIGURE 2-21 The pH optima of some enzymes. Pepsin is a digestive
enzyme secreted into gastric juice; trypsin, a digestive enzyme that
acts in the small intestine; alkaline phosphatase of bone tissue, a hy-
drolytic enzyme thought to aid in bone mineralization.
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FIGURE 2-19 The acelic acid-acelale pair as a buffer system.
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FIGURE 2-20 The amino acid histidine, a component of proteins, is a
weak acid. The pK, of the protonated nitrogen of the side chain is 6.0.
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H* + HCO3
reaction 1
Aqueous phase H2,CO3
(blood in capillaries) reaction 2
H,0 —|[™ H,0
CO,(d)
reaction 3
Gas phase y
(lung air space) CO,(g)

FIGURE 1 The CO; in the air space of the lungs is in equilibrium
with the bicarbonate buffer in the blood plasma passing through the
lung capillaries. Because the concentration of dissolved CO, can
be adjusted rapidly through changes in the rate of breathing, the bi-
carbonate buffer system of the blood is in near-equilibrium with a
large potential reservoir of CO.,.
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Three carbons Four carbons Five carbons
H H H H
~ //O ™~ %0 A /0 N /0
H 0 H 0 o ¢ ¢ ¢
N N 7 l I I I
q o (I: (IJ H—(L—OH HO—(L —H H—il —OH HO—(I —H
N
?/ H—{—OH  HO—(—H H-(—OH  H-(—OH HO—(—H  HO—(—H
H—(—O0OH H—(—0H H—(—0OH H—( Jl‘—OH H—(Ii‘-—OH H—il —OH H—(I —OH
H.OH "H,0H H,0H CH:0H CH,OH CHOH CH:0H
| p-Glyceraldehyde | | p-Erythrose | D-Threose | D-Ribose ‘ | D-Arabinose | ‘ p-Xylose ‘ D-Lyxose
Six carbons
H o} H 0 H 0 H O H o} H O H 0] H 0
N # N A N A N # N A N N A
C/ (i_:/ Clj/ (Ij C/ Clj/ (i_:/ (i_:/
H—iI‘—OH HO—(I —H H—l[I —0H  HO—C i —H H—IL—OH HO—(I —H H—(I '—OH HO—{l_‘._H
H—tt—OH H—(l —OH HO—(I HO—C | —H H—(t—OH H—il HO—(I —H HO—(l_‘—H
H—(l '—OH H—(l —OH H—il —OH H—(I —OH HO—(| —H HO—(I —H HO—(I —H HO—(l_‘—H
H—(l —OH H—(l —OH H—(I —OH H—C—OH H—C—OH H—(C—0H H—(I —OH H—(i_‘.—OH
CH,OH CH,0H CH,OH CH,0H CH,OH CH,0H CH,0H CH,OH
D-Allose D-Altrose | D-Glucose | | D-Mannose | D-Gulose D-Idose D-Taloze
p-Aldoses
(a)
Three carbons Four carbons FIGURE 7-3 Aldoses and ketoses. The series of (a) p-aldoses and
CH.OH (b) p-ketoses having from three to six carbon atoms, shown as
- : projection formulas. The carbon atoms in red are chiral centers.
CH,OH C—0 N
|~ o In all these o isomers, the chiral carbon maost distant from the
G=0 H—(—OH carbonyl carbon has the same configuration as the chiral carbon
CHzOH CH,0H in p-glyceraldehyde. The sugars named in boxes are the most
[ Dihydroxyacetone | [p-Erythrulose | common in nature; you will encounter these again in this and
later chapters.
Five carbons Six carbons
CI‘.HEOH CH,0H
CH,OH
[ =0 =0
=0 | y
| H—(I —OH HO—(—H
—(C—0)
= I OH H—C—O0OH B—C—OH
H—(—OH | |
H—(I —OH H—_—OH
CH,OH
2 CH,0OH CH,0H
-Ribul
» Paicose
-L|‘1H20H CH,OH
(|3H20H (l‘.zo =0
<|3 0 H—(i_‘—OH HO—(—H
HO—fli‘—H HO—{i_‘—H HO—(C—H
H—(lj‘—OH H—(—0OH H—C—OH
CH,OH CH,0H CH,OH
D-Sorbose p-Tagatose
p-Ketoses
(b)
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FIGURE 7.4 * pFructose and r-fructose, an
enantiomeric pair. Note that changing the con-
figuration only at C; would change pfructose
to L-sorbose.
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FIGURE 7-4 Epimers. p-Glucose and two of its epimers are shown

as projection formulas. Each epimer differs from p-glucose in the con-

figuration at one chiral center (shaded red).
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FIGURE 7.7 # p-Glucose can cyclize in two
ways, forming either furanose or pyranose
structures.
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[
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Chair Boat

a = axial bond
e = equatorial bond

FIGURE 7.9 # (a) Chair and boat conformations of a pyranose sugar. (b) Two possible
chair conformations of B-p-glucose.
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(a) H o o 0
N N
0 i
H-2C—0H H—(|3—OH
HO—3(|3—H HO—(—H
4 2Cu* 2Cu*
H—-C—O0OH H—C—O0H
5 | A, |
H—C—O0OH H—(C—O0H
SCH,0H CH,0H
B-D-Glucose D-Glucose D-Gluconate

(linear form)

(a)

glucose oxidase

D-Glucose + Oy D-Glucono-8-lactone + HyO,

(b)

FIGURE 7-10 Sugars as reducing agents. (a) Oxidation of the
anomeric carbon of glucose and other sugars is the basis for
Fehling’s reaction. The cuprous ion (Cu*) produced under alkaline
conditions forms a red cuprous oxide precipitate. In the hemi-
acetal (ring) form, C-1 of glucose cannot be oxidized by Cu®™.
However, the open-chain form is in equilibrium with the ring
form, and eventually the oxidation reaction goes to completion.
The reaction with Cu** is not as simple as the equation here
implies; in addition to p-gluconate, a number of shorter-chain
acids are produced by the fragmentation of glucose. (b) Blood
glucose concentration is commonly determined by measuring the
amount of H,O, produced in the reaction catalyzed by glucose
oxidase. In the reaction mixture, a second enzyme, peroxidase,
catalyzes reaction of the H,0, with a colorless compound to
produce a colored compound, the amount of which is then
measured spectrophotometrically.
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H OH H NH, H IT-H
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CHs
B-D-Glucose 6-phosphate Muramic acid N-Acetylmuramic acid B-1-Fucose a-L-Rhamnose

vé




B-D-Glucuronate p-Gluconate

0o 0 CH, 0. 0
C CH,OH CH,OH i R=
" Uon m OH 0 I
Ll H <’ o H—C—OH
OH H OH H /. OH H -
HO H HO 0  HO H—C—OH
OH OH H OH OH H CH-0H

D-Glucono-5-lactone

Acidic sugars

N-Acetylneuraminic acid
(a sialic acid)

FIGURE 7-9 Some hexose derivatives important in biology. In amino
sugars, an —NH; group replaces one of the —OH groups in the par-
ent hexose. Substitution of —H for —OH produces a deoxy sugar;
note that the deoxy sugars shown here occur in nature as the v iso-

mers. The acidic sugars contain a carboxylate group, which confers a
negative charge at neutral pH. p-Glucono-8-lactone results from for-
mation of an ester linkage between the C-1 carboxylate group and the
C-5 (also known as the & carbon) hydroxyl group of p-gluconate.
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FIGURE 7-11 Formation of maltose.
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Lactoze (B form)
B-D-galactopyranosyl-(1—4)-8-D-glucopyranose
Gal(f1—4)Gle

6CH,0H )
HOCH,

Sucrose

a-D-glucopyranosyl g-D-fructofuranoside
Glel@1<28)Fru

6CH,0H

Trehalose
a-D-glucopyranosyl a-D-glucopyranoside
Glelales1a)Gle

FIGURE 7-12 Some common disaccharides.
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TABLE 7-1 Abbreviations for Common Monosaccharides

and Some of Their Derivatives

Abequose
Arabinose
Fructose
Fucose
Galactose
Glucose
Mannose
Rhamnose
Ribose
Xylose

Abe
Ara
Fru
Fuc
Gal
Glc
Man
Rha
Rib
Xyl

Glucuronic acid GlcA
Galactosamine GalN
Glucosamine GlcN
N-Acetylgalactosamine GalNAc
N-Acetylglucosamine GlcNAc
|duronic acid |doA
Muramic acid Mur
N-Acetylmuramic acid Mur2Ac
N-Acetylneuraminic acid NeubAc

(a sialic acid)
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Homopolysaccharides

Unbranched Branched

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.
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Nonreducing
end

OH

N 0 S (@1—6)
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FIGURE 7-15 Amylose and amylopectin, the polysaccharides of
starch. (a) A short segment of amylose, a linear polymer of p-glucose
residues in (a1—4) linkage. A single chain can contain several thou-
sand glucose residues. Amylopectin has stretches of similarly linked
residues between branch points. (b) An (@1—6) branch point of amy-
lopectin. (c) A cluster of amylose and amylopectin like that believed
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OH H OH H end
0 o— N
OH OH
(a) amylose
( Amyloze
\ T }
Reducing
( ends
Nonreducing B J
ends
Amylopectin

(c)

to occur in starch granules. Strands of amylopectin (red) form double-
helical structures with each other or with amylose strands (blue).
Glucose residues at the nonreducing ends of the outer branches are
removed enzymatically during the mobilization of starch for energy
production. Glycogen has a similar structure but is more highly
branched and more compact.
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(Bl—4)-linked p-glucose units
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0,
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Starch and Glycogen
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Figure 11.14. Glycosidic Bonds Determine Polysaccharide Structure. The §-1.4 linkages favor straight chains, which
are optimal for structural purposes. The «-1,4 linkages favor bent structures, which are more suitable for storage.
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(a)

FIGURE 7-18 Chitin. (a) A short segment of chitin,
a homopolymer of N-acetyl-p-glucosamine units in
(B1—4) linkage. (b) A spotted June beetle (Pellidnota
punetatia), showing its surface armor (exoskeleton)
of chitin.
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FIGURE 7-24 Repeating units of some common glycosaminoglycans
of extracellular matrix. The molecules are copolymers of alternating
uronic acid and amino sugar residues, with sulfate esters in any of
several positions. The ionized carboxylate and sulfate groups (red) give
these polymers their characteristic high negative charge. Heparin con-
tains primarily iduronic acid (IdoA) and a smaller proportion of glu-
curonic acid {GlcA), and is generally highly sulfated and heteroge-
neous in length. Heparan sulfate (not shown) is similar to heparin but
has a higher proportion of GlcA and fewer sulfate groups, arranged
in a less regular pattern.
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Table 14-1. Saturated fatty acids.

Common | Number of

Name C Atoms

Acetic 2 Major end product of carbohy-
drate fermentation by rumen
organisms'

Propicnic 3 An end product of carbohydrate
fermentation by rumen
organisms'

Butyric 4 In certain fats in small amounts

Valeric (especially butter). An end product
of carbohydrate fermentation by

Caproic 6 rumen organisms'

Lauric 12 Spermaceti, cinnamon, palm ker-
nel, coconut oils, laurels, butter

Myristic 14 Nutmeg, palm kernel, coconut ails,
myrtles, butter

Palmitic 16 Common in all animal and plant

Stearic 18 fats

'Also formed in the cecum of herbivores and to a lesser extent in
the colon of humans.




Table 14-2. Unsaturated fatty acids of physiologic and nutritional significance.

Number of C
Atoms and Number

and Position of Common
Double Bonds Family Name Systematic Name Occurrence
Monoenoic acids (one double bond)
16:1;9 @7 ! Palmitoleic ! cis-9-Hexadecenoic In nearly all fats.
18:1;9 ®9 Oleic cis-9-Octadecenoic Possibly the most common fatty acid in
natural fats.
18:1;9 ®9 ! Elaidic trans-9-Octadecenoic Hydrogenated and ruminant fats.
Dienoic acids (two double bonds)
18:2;9,12 6 | Linoleic | all-cis-9,12-Octadecadienoic | Corn, peanut, cottonseed, soybean,
' ' tand many plant oils.
Trienoic acids (three double bonds)
18:3:6,9,12 @6 {vyLinolenic | all-cis-6,9,12-Octadecatrienoic Some plants, eg, oil of evening prim-
rose, borage oil; minor fatty acid in
animals.
18:3;9,12,15 ®3 |o-Linolenic | all-cis-9,12,15-Octadecatrienoic Frequently found with linoleic acid but
tparticularly in linseed oil.
Tetraenoic acids (four double bonds)
20:4;5,8,11,14 @6 | Arachidonic | all-cis-5,8,11,14-Eicosatetraenoic Found in animal fats and in peanut oil;

important component of phospho-
lipids in animals.
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Figure 14-6. Triacylglycerol.
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0
! Hz—O—C\/\/\/\/\/\/\/\ Saturated fatty acid
0 (e.g., palmitic acid)
Glycerophospholipid
J PAOSPHOMD Ungaturated fatty acid

(general structure) 2CH—O—C — o
\/\N\/_\/\/\/\/ (e.g., oleic acid)

0
*CHo—0—P—0—X

0~ Head-group
substituent
Name of Net charge
glycerophospholipid Name of X Formula of X (at pH 7)
Phosphatidic acid — —H -1
Phosphatidylethanolamine Ethanolamine —_ CHQ—CHz—ﬁHg 0
+
Phosphatidylcholine Choline — CHy—CHy—N(CHa), 0
Phosphatidylserine Serine —_ CHg—(llH—Itng -1
CO0~
Phosphatidylglycerol Glycerol — CH;—CH—CH;—OH -1
H
Phosphatidylinositol myo-Inositol 4,5- —4
4,5-bisphosphate bigphosphate
Cardiolipin Phosphatidyl- — CH; —2
glycerol CHOH ﬁ'
CHz—O—Il’—O—CHg
v ||
CH—0—C—R!
Il
CHy—0—C—FR?

FIGURE 10-8 Glycerophospholipids. The common glycerophospho-
lipids are diacylglycerols linked to head-group alcohols through a
phosphodiester bond. Phosphatidic acid, a phosphomonoester, is the

parent compound. Each derivative is named for the head-group alco-
hol (X}, with the prefix “phosphatidyl-" In cardiolipin, two phospha-
tidic acids share a single glycerol.
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Sphingosine
HO—*CH—CH=CH—(CH,);,—CH, Fatty acid
O
Sphingolipid ‘ I
{general ZCH—N—C
structure) | \/\/\/\/\/\/\/\/\/\/\/\
H
10H,—0—X
Name of sphingolipid Name of X Formula of X
Ceramide — —H
0
Sphingomyelin Phosphocholine — F—O—CHQ—GHQ—ItItﬁCHG_:S
O-
CH,OH
0
Neutral glycolipids H x
Glucosylcerebroside Glucose H
H
OH
H OH
Lactosylceramide Di-, t':i'* o Gle Gal
(a globoside) tetrasaccharide
Ganglioside GM2 Complex
oligosaccharide
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Fatty acid
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FIGURE 10-14 Glycosphingolipids as determinants of blood
i groups. The human blood groups (O, A, B are determined in

part by the oligosaccharide head groups iblue] of these glycosphin-
golipids. The same three oligosaccharides are also found attached to
certain blood proteins of individuals of blood types O, A, and B, re-
spectively. (Fuc represents the sugar fucose.)
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nonionic form does not occur in significant amounts in aqueous so-
lutions. The zwitterion predominates at neutral pH.
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FIGURE 3-13 Formation of a peptide bond by condensation.
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Enzyme example(s)

Group Reaction catalyzed Typical reaction . .
with trivial name
EC 1 To catalyze oxidation/reduction reactions; transfer of H and AH + B — A + BH (reduced) )
. Dehydrogenase, oxidase
Oxidoreductases | O atoms or electrons from one substance to another A+ 0 — AO (oxidized)
EC 2 Transfer of a functional group from one substance to
another. The group may be methyl-, acyl-, amino- or AB+C - A+BC Transaminase, kinase
Transferases
phosphate group
EC3 . . Lipase, amylase,
Formation of two products from a substrate by hydrolysis |AB + HoO — ACH + BH i
Hydrolases peptidase
EC 4 Non-hydrolytic addition or removal of groups from RCOCOOH — RCOH + CO2 Decarboxviase
Lyases substrates. C-C, C-N, C-0 or C-S bonds may be cleaved | or [x-A-B-Y] — [A=B + X-Y] v
EC5H Intframolecule rearrangement, i.e. isomerization changes
o i AB — BA Isomerase, mutase
Isomerases | within a single molecule
EC 6 Join together two molecules by synthesis of new C-0, C-S, | X + Y+ ATP — XY + ADP +
Synthetase

Ligases C-N or C-C bonds with simultaneous breakdown of ATP Pi

EC = enzyme commission number
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FIGURE 14-1 Major pathways of glucose utilization. Although not
the only possible fates for glucose, these three pathways are the most
significant in terms of the amount of glucose that flows through them

in most cells.
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FIGURE 14-3 Three possible catabolic fates of the pyruvate formed
in glycolysis. Pyruvate also serves as a precursor in many anabolic re-
actions, not shown here.
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FIGURE 14-19 Alternative paths from pyruvate to phospho-
enolpyruvate.
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FIGURE 17-3 Mobilization of triacylglycerols stored in adipose tis-
sue. When low levels of glucose in the bload trigger the release of
glucagon, @ the hormone binds its receptor in the adipocyte mem-
brane and thus CZ) stimulates adenylyl cyclase, via a G protein, to
produce cAMP. This activates PKA, which phosphorylates @) the
hormone-sensitive lipase and @) perilipin molecules on the surface
of the lipid droplet. Phosphorylation of perilipin permits hormone-
sensitive lipase access to the surface of the lipid droplet, where @) it
hydrolyzes triacylglycerols to free fatty acids. @) Fatty acids leave the
adipocyte, bind serum albumin in the blood, and are carried in the
blood; they are released from the albumin and Q enter a myocyte
via a specific fatty acid transporter. ( In the myocyte, fatty acids are
oxidized to CO,, and the energy of OXIddlIOI’] is conserved in ATP,
which fuels muscle contraction and other energy requiring metabo-
lism in the myocyte.
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FIGURE 21-9 Production of NADPH. Two routes to NADPH, cat-
alyzed by (a) malic enzyme and (b) the pentose phosphate pathway.
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FIGURE 21-5 Sequence of events during synthesis of a
fatty acid. The fatty acid synthase complex is shown
schematically. Each segment of the disk represents one of
the six enzymatic activities of the complex. At the center is
acyl carrier protein (ACP), with its phosphopantetheine arm
ending in an —SH. The enzyme shown in blue is the one
that will act in the next step. As in Figure 21-3, the initial
acetyl group is shaded yellow, C-1 and C-2 of malonate
are shaded pink, and the carbon released as CO; is
shaded green. Steps (D to I@ are described in the text.
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FIGURE 21-17 Biosynthesis of phosphatidic acid.
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FIGURE 18-1 Overview of amino acid catabolism in mammals. The

Glucose
amino groups and the carbon skeleton take separate but intercon- (synthesized in
nected pathways. gluconeogenesis)
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Amino acids from

FIGURE 18-2 Amino group catabolism. (a) Overview of catabolism

ingested protein of amino groups (shaded) in vertebrate liver. (b) Excretory forms of ni-
trogen. Excess NHJ is excreted as ammonia (microbes, bony fishes),
Callular Liver urea (most terrestrial vertebrates), or uric acid (birds and terrestrial rep-
protein tiles). Notice that the carbon atoms of urea and uric acid are highly
l oxidized; the organism discards carbon only after extracting most of
] its available energy of oxidation.
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FIGURE 18-4 Enzyme-catalyzed transaminations.
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Figure 29-5. The L-glutamate dehydrogenase reac-
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Figure 29-2. Overall flow of nitrogen in amino acid
catabolism.
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Figure 30-1. Amphibolic intermediates formed from the carbon skeletons
of amino acids.
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Figure 28-3. Formation of alanine by transamina-
tion of pyruvate. The amino donor may be glutamate or
aspartate. The other product thus is a-ketoglutarate or
oxaloacetate.
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Figure 29-5. The L-glutamate dehydrogenase reac-

tion.
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Figure 28-2. The glutamine synthetase reaction.
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Figure 28-4. The asparagine synthetase reaction.
Note similarities to and differences from the glutamine
synthetase reaction (Figure 28-2).
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Figure 28-5. Serine biosynthesis. (a-AA, ¢i-amino
acids; o-KA, a-keto acids.)
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