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Representation of quaternary stucture of a protein "ping-pong ball" model of
the apoferritin molecule. this consists of 20 subunits,each with a molecular weight
of about 20,000 daltons. The subunits are arranged to form a hollow sphere which
may become packed with iron salts forming the iron storage protein ferritin
(Courtesy of R.A.Fineberg).
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L-a-Amino acids found in proteins

HyN =& —CHy —CH—-COON
o N,

Abbre-
Trivial Name viation Chemical Name Structural Formula
With Aliphatic Side Chains T o
| Glycine® Gly Aminoucetic acid H—CH—COOH
NH,
Alanine Ala a-Aminepropionic atid CH;—(':H-COOH
NH,
HSC\
Valine Vi a-Aminoisovaleric acid ,CH _(l:u_coou
H5C NH,
N
Leucinc Leu a-Aminoisocaproic acid /CH— CH,—{':H—COOH
HaC NH,
CHy
\C{-Ia
Isoleucine e a-Aminof-methytvaleric acid ,CH —(EH-—COOH
CHy  NH,
With Side Chains Containing Hydroxylic (OH) Groups
Seri Se -Amino-§- ionic ucid
rine r a-Amino-g-hydroxypropionic uci qHz_ (':H,- coon
OH  NH,
Threonine Thr a-Amino-f-hydroxy-n-butync acid CHz—CH—CH—COOH
{ )
OH NH,
1 o
With Side Chains Containing Suifur Atoms
Cysteinet Cys a-Amino-g-mercaptopropionic acid CHy —CH—COOH
1 ]
SH NH,
Methionine h‘dcl a-Aminc-y-methylthio-n-butyric acid ?H’ —C“I—?” —~COOH
: S—CHg NH,
With Side Chains Containing Acidic Groups or Their Amides
' Aspartic acid Asp  |a-Aminosuccinic acid HOOC=CH;~CH —COOH
[ NHy
’ Asparagine Asn v-Amide of e-aminosuccinic acid
|
|

“Since glycine has no asymmetric carbon atom, there can be no D or L form.
1+The amino acid cystine. §dithio-{a-aninopropinnic acid), consists of 2 cysicine residues linked by a disulfiic

HOOC - fH'CH’ -8-5—CH, —fu-coor{

NH, NH,

Ty
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L-a-Amino acids found in proteins

acid

’ Abbre-
Trivial Name viation Chemical Name Structural Farmula
Glutamic acid Glu a-Aminoglutaric acid HOOC —CHZ—CHIG(.:H-COOH.
NH,
Glutamine Gin S-Amide of a-aminoglutaric

HyN=C—CH;—CH,—CH—COOH
o NH,

With Side Chains Containing Basic Groups

Arginine Arg a-Anuno-§-guanidina-n-valeric
acid

Lysine Lys a.¢-Diaminocaprorc acid

Hydroxylysine® Hyl a.c-Diamino-8-hydrovy-n-
caproic aad

Histidine His a-Amino-g-imidas ol propionic
and

| J—

Containing Aromatic Rings

H-N —CHz—CHz—CHz—CI M—COOH
(i;=NH NH,
NHz

CHy=CHy~CHy—CH,—CH — COOH
NH, NH,

CIH,-(I:H-CH:—CH3--$H —CQOOH

NH, OH NHy
R I:]'—CH:—(I:H-COOH
HNVN B

4-Hydroxyproline | Hyp 4-Hydroxypyrrolidine-2-
carboxylic acid

Histidine ~
(see abave)
Phenylalanine Phe a-Amino-g-phenylpropionic @—CH,—?H —COQOOQOH
acid NH:
Tyrosine Tyr a-Amino-f-(p-hydroxyphenyl) o CHy, —CH—COOH
propionic acid o : h'l H
2
Tryptophan Trp a-Amino{i-3-indnhprbpionic CH;~ CH=COOH
acid I NH
. r;: 2
L H
Imino Acids
Proline Pro Pymolidine-2-carboxylic acid

N" coomM
H

Ho
f"l COOH
H

Y
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Naturally occurring amino acids which do not occur in preteins

Trivial Name Formula Occurrence or Significace

B-Alanine CHy —CH, —COOH| Part of pantetheine and of coen-
’I‘Hl zyme A

Taurine ?N;- CHy—S803H | Free in cells; combined with bile

acids (eg, taurocholate)

a-Aminobutyric acid

CH;—CH,—?H —-COOH

Animal and plant tissues

v-Aminobutyric acid

§Ha—CH,—CH,—COOH
NH,

Brain tissue

B-Aminoisobutyric acid

HaN—CH; —CH—COOH

End product in pyrimidine metabo-

CHj lism; found in urine of patients wilii
an inherited metabolic disease
(sce p 358)
Homocysteine t‘:H,—CH.—?H—COOH Methionine biosynthesis
SH NH;
Homoserine CHa—~CHy3—CH —COOH | Threonine, aspartate, and nmethio-
(IDH "]H'. nine metabolism
Cysteinesulfinic acid C“z—?H —COOH | Rat brain tissue
O,H NH,
Cysteic acid CHz—(iH =—COQH | Wool
O3H NH,
CH;
Felinine HO—CH,—CH,—&— ] —CH,.-C'H—COOH Cat urine
Hs NH,
CIOOH
[sovaithine CHy~CH=CH—-S~CH,—CH—COOH | Urine of cats and ol certain hyno-
‘I:Hl ‘IH, thyroid patients

2,3-Diaminosuccinic acid

HOOC —CH—CH—COOH
NH; NH,

Excreted by Streptomyces rimosus,
which produces oxytetracycline

y-Hydroxyglutamic acid

HOOC—CH ~CH,—CH—COOH
OH NH,y

Catabolism of 4-hydroxyproline

a-Amlnoadiplo sold

HOOO=OHy=CHy=CHy—FH—GCOOH
NH,

Intermediate of lysine biosynthesis
by yeast

a,c-Diaminopimelic acid

HOOC —CH —CH,~CH;=CHy~CH—COOH
NH, NH,

Bacterial cell walls; intermediate ot
lysine biosynthesis by bacteria

e fi-Diaminopropionic acid

¢H,—CH—COOH
NH, NH,

In the antibiotic viemy :in

Y¢
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Naturally occurring amine

acids which do not occur in proteins

Trivial Name Formula Occurrence or Significance
a,y-Diaminobutyric acid (EH,—CH,-(EH =COO0H In polymyxin antibiotics
NH, NH,
Ornithine ‘EH:—CHx"CH:"'?H =COOH Urea cycle intermediare
’ NH, NH,
Citrulline ?H,—CH;— CH,— ?H —COoH Urea cycle intermediate
NH NH,
1
¢=o
NH,

Homocitrulline

CHy — CHy—CHy—CH,—CH —COOH

Urine of normal children

|
NH NH,
?:o *
NH,
Sacchatopine H COOH Intermediate of lysine biosynthesis
Hy € _,:‘ —C:H by yeast and Neurospora
CHa  CH,
(Ha  GHy
?H; COOH
CHNH,
COOKN
Azetidine-2-carboxylic CQA Lilies
aod HyQ  jeH—coon
N/
|
H
3-Hydroxyproline OH Achilles tendon of cattle; in Lhe
E_IA./ antibiotic Telomycin
'l‘ COOH
H
Pipecolic acid In certain antibiotics: metabolic
product of D-lysine breakdown in
':‘ COOH mammals.
H
S-Hydroxytryptophan HO o T Prec

mcul—ﬁ:u—coon
N NH,

|

H

Precursor of serotonin
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Weak acid groups of amino acids
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Essential amino asids
Iso Leucine
Leucine
Lysine
Methionine+ Cysteine
Phenyl alanine + Tyrosine
Threonine
Tryptophan

Valine

Non- essential amino acids
Alanine
Arginine
Asparagine
Aspartic acid
Cysteine
Glutamic acid
Glutamine
Glycine
Proline
Serine
Tyrosine

Histidine

tiaial) oles ! il (6 51 Ay o Wyt St 5 W3

B ot b il b AU ALl O3 Y plesY1

Amino acids with nonpolar uncharged side chain

el — bl — G g s Y1 — s el — B — WY G L e
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Glycine, alanine, Valine, leucin, Isoleucine, proline, Phenylalaine

Tryptophan and Methionine.
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Amino acids with uncharged, polar side chain
g a1 — gl — el = 52l — et
serine, threonine, Cysteine, tyrosine, asparagine and glutamine
G el Ag U ALt 013 LYY e - 7
Amino acids with charged side chain
KPR B UNPENSUP RS DR EIN E X BN IS U3 WAV N Iy £
¥
Aspartic acid, glutamic acid, histidine, lysine and arginine
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(HAWORTH FORMULAS)

‘?H,OH 1CH,OH

L TN VN )
uo ZH l/ I__ _I\H l/éu,ou

W L

{~a-D-Glucopyranosido-f-D-fructo furanocide
ecn,ou scn,ou
° H
H /I \H H /H \; '
OH Hp
uo\n |__ __]\ W/ou

H OH‘

4-a-D-Glucopyranosido-a-D-glucopyranoside

MALTOSE(aFORM)
L 4 *
H—?—OH . ’_—H—(l:LI
H—?—OH Ol O H CI OHO
HO—CI:—H HO — (l: H
H-C H- ? -0OH
hd - $_J
H—(IZ—OH H-~ Cl -OH
H H
Two a-D-glucopyranose components .
= R
SUCROSE H—G=-OH | O H-C-OH
HO—C—H L——(I:
H—‘:.'r-OH ' HO—(I:—H A
H—'C ‘ H-(':—OH
H—?—OH H-(IZ
H H—(E—OH
H

a-D-Glucopyranose  f-D-Fructofuranose
component component

tt
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Fatty acid
Glycerol Fatty acid
Fatty acid

Saturated Fatty ia i £y dnte plast Jiaddl plasi s,

.Unsaturated ia.2s £, acids
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HCL sccretion by parietal cells in the stomach. Active transport by ATPase is indicated
by arrows in circles. H" is secreted into the lumen of the canallcui in exchange for K* by H*
Kt ATPase. HCO3- is exchanged for CI in the interstitial fluid by an antiport, and Na+ i
K* ATPase keeps intracellular Nat low. Dashed arrows indicate diffusion.
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Diagram of glands in the mucosa of the body of the human stomach,
From Belt GH, Davidson N, Scarbrough G: Text - book of Physiology and Biochemistry,
6th ed. Living stone, 1965).
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Antrum
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Anatomy of the stomach. The principal secretions
are listed in parentheses under the labels indicating the
locations where they are produced. In addition, mucus
is secreted in all parts of the stomach. The dashed Iine
marks the border between the body and the antrum.
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Mechanism for glucose transport across intestinal gpi-
thelium. Glucose transport into the intestinal cell is
coupled to Na® transport, Utilizing a common carrier pro-
tein. Na® is then actively transported out of the cell, and
glucose enters the interstitium by facilitated diffusion
(FD) via GLUT 2. From there, it diffuses into the blood.
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Lipid absorption. Triglycerides are formed in the mucosal cells from monoglycerides
and fatty acids. Some of the glycerides also come from glucosc via phosphatidic acid. The
triglycerides are then converted to chylomicrons and released by exocytosis. From the
extracellular space. they enter the lymph. Heavy arrows indicate major pathways. * reaction
inhibited by monoglyceride; MGT. monoacylglycerol acyltransferase; DGT; diacylglycerrol
acyltransferase.

In: Disturbances in Lipid and Lipoprotein Metabolism. Dietschy JM. Gotto AM Jr, Ont-
ko JA (editors). American Physiological Society, 1978).
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Diagrammatic representation of the proposed mechanism
by which myosin heads produce sliding of actin on myosin. The
ATP-binding site in the head is an open cleft. When ATP is
bound and hydrolyzed, the cleft closes, distorting the head. and
the head binds firmly to actin. The head then overcomes the
distortion, creating the power stroke that moves actin on myo-
sin (Modified from Rayment 1 et al: Structure of the actin
myosin complex and its implications for muscle contraction.
Science 1993; 261 : 58).
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Myosin

Myosin head

Initiation of muscle contraction by Caz"' When C32+ binds
to troponin C, tropomyosin is displaced laterally, exposing the
binding site for myosin on actin (striped area). Hydrolysis of
ATP then changes the conformation of the myosin head and
fosters its binding to the exposed site, For simplicity, only one

of the 2 heads of the myosin-ll molecule is shown..
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Diagram of the struture of a nephron (after Smith):

1 - glomerulus; 2 - proximal convoluted tubule; 3 - descend-
ing limb of Henle's loop; 4 - ascending limb of Henle's loop; 5 -
distal convoluted tubule; 6 - collecting tubules. The structure of
the epithelium in the different portions of the nephron is shown

in the cricles.
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