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Preface

The “Brockhaus ABC Biochemie™ was first published in 1976 in Leipzig, the se-
cond edition followed in 1981. When we undertook to translate this book, based
on the second German edition, it was clear that our work would also involve
considerable updating of existing entries and the introduction of new material.
Such a task can, of course, never be complete. It is a rare and fortunate author
or editor in the life sciences, and particularly in biochemistry, whose material is
still completely up to date at the time of publication; progress in this field is so
rapid and shows no sign of abating. Therein, however, lies the excitement and
challenge of this venture. Already we have started collecting, classifying and re-
vising in preparation for a subsequent edition.

We have departed from the style of the German edition by quoting a few litera-
ture references. These have been included with some of the new material, and
we hope they will be useful to readers who want more information than can be
fitted into a work of this sort. Where possible, we have also given each enzyme
its EC (Enzyme Commission) Number, according to the Recommendations
(1978) of the Nomenclature Committee of the International Union of Biochemi-
stry (published in “Enzyme Nomenclature” Academic Press, 1979).

We apologize to any biochemist whose pet compound, mechanism or pathway
has been overlooked, and we should be grateful to receive suggestions for new
entries. It is also recognized that a reference work should reach into the past, de-
fining terms no longer used, but encountered when using the older literature. In
this respect, suggestions from our more “senior” readers would be most wel-

come.
Finally, thanks are due to Dr. Rudolf Weber of de Gruyter Publishers for his gu-
idance and encouragement in the preparation of the manuscript and the produc-
tion of this book.

January 1983 Mary Brewer,

Menlo Park, California, USA.
Thomas Scott,

Leeds, Yorkshire, England.




Using this book

Cross referencing is indicated by the word “see”, and the subject of the cross re-
ference starts with a high case letter, e.g. ... in the Posttranslational modifica-
tion of proteins (see), or ... see Enzyme induction. Numbers, Greek letters and
configurational letters at the beginning of names are ignored in the allocation of
alphabetical order, €. g. B-Galactosidase is listed under G; L-Histidine under H;
N-2-Hydroxyethylpiperazine . .. under H. The main entry title is printed in bold
type, followed by synonyms in bold italics. The remaining text uses only two fur-
ther types, normal and italics.

Abbreviations: (The standard biochemical abbreviations, e.g. ATP, NAD, etc.
are found as entries in the appropriate alphabetical positions).

abb. abbreviation

[¢] specific optical rotation
b.p. boiling point

¢ concentration

°C  degrees Celsius

(d.) with decomposition

p density
IP  isoelectric point
M molar

m.p. melting point

M, relative molecular mass
n refractive index

syn. synonym




A: abb. for adenine; abb. for absorbance.
: Angstrom unit.

AAR: abb. for Antigen-antibody reaction (see).

A band: a transverse dark band, consisting of
thick and thin filaments, seen in electron micro-
scope preparations of myofibrils from striated
muscle.

Abietic acid: a diterpene carboxylic acid, M;
302.46, m.p. 173 to 175 °C, b. pg 248-250
°C,lalp — 106 °C (alcohol). A.a. and the isomeric
neoabietic acid, m.p. 171 to 173 °C, [a]p + 161°
(alcohol) can easily be interconverted. These two
resin acids are the main components of rosin (up
to 90%), from which they are obtained by treat-
ment with heat or acids, possibly as products of
the rearrangement of other diterpene carboxylic
acids. Amber contains derivatives of A.a.

HoOC™~
Abietic acid

Abrln: see Ricin.

Absclsic acid, abb. ABA, abscisin, dormin: (S)-
(+)-5-(1'-hydroxy-4'-ox0-2',6' 6" trimethyl-2-cyc-
lohexen-1-yl)-3-methyl-cis, trans-2,4-pentadienoic
acid, a widely occurring, sesquiterpene plant hor-
mone. Its action is mainly inhibitory. M; 264.3,
m.p. 160 to 162 °CJlal, + 430°, Ap,,260 nm.
ABA appears to be ubiquitous in plants and acts
as antagonist to the auxins, gibberellins and cyto-
kinins. It inhibits growth and the germination of
seeds. It induces dormancy in seeds and pro-
motes the falling of leaves and fruits. It is thus
present in relatively large quantities in fruits, dor-
mant seeds, buds and wilting leaves. The B-D-glu-
cose ester of ABA has been found in the yellow
lupine (Lupinus luteus), rose (Rosa), beans
(Phaseolus) and maple (Acer pseudoplatanus). It is
assayed both spectroscopically and by biological
tests based on its growth-inhibiting properties.
The biosynthesis of ABA is still unknown. A di-
rect path from isopentenyl pyrophosphate via
geranyl and farnesyl pyrophosphate, or forma-
tion from carotenoids by photochemical cleavage
of violaxanthin via xanthoxin have both been
proposed.

It was first isolated in 1963 from cotton bolls (9
mg/75 kg dry matter) by Addicot and Lyon and
by Wareing from maple leaves (0.27 mg/27 kg

dry matter). Its structure was determined in 1965.
It exists in two stereoisomeric forms, de3pending
on the cis or trans orientation of the A2.3 double
bond. The cis-isomer is the predominant form in
all plants; small amounts of the frans-isomer are
occasionally found. The trans-isomer is active
only in bioassays performed in the light, presum-
ably because it undergoes light-induced isomeri-
zation to the cis-form. Both stereoisomers can
exist in optically active forms (asymmetric C-
atom at Cl’), but only the (+ )-form is found nat-
urally.

(S)-(+ )-Abscisic acid

Absolute oils: see Essential oils.

Absorbance, extinction, optical density: a mea-
sure of the quantity of light obsorbed by a solu-
tion. It is equal to log I,/ I, where I is the inten-
sity of the incident light, and I is the intensity of
the transmitted light.

Absorbance index: see Absorptivity.

Absorption coefficient: see Absorptivity.

Abgorptivity: the proportionality constant €, in
Beer’s law for light absorption: 4 = glc, where 4
is absorbance, /is the length of the light path, and
¢ is the concentration. If concentration is ex-
pressed on a molar basis, £ becomes the molar ab-
sorptivity, molar absorption coefficient, or molar
extinction coefficient, ie. ¢ = A/lc, where lis the
length of the light path in centimeters, and cis the
molar concentration.

Acceptor RNA: sce Transfer RNA.

Acceptor site: the ribosomal binding site for
the aminoacyl-tRNA during protein biosynthesis.

Accumulation of metabolic intermediates: see
Mutant technique.

Acetaldehyde, ethanal: CH,-CHO, important
intermediate in the degradation of carbohydrates.
m.p. — 123 °C, b.p. 20.1 °C. In its activated form
(see Thiamine pyrophosphate), it is involved in a
number of reactions (see Alcoholic fermentation).
Two molecules A. can undergo acyloin condensa-
tion to form Acetoin{see).

3'-Acetamido-3'-deoxyadenosine: see 3'-Am-
ino-3'-deoxyadenosine.

Acetate kinase, acetokinase (EC 2.7.2.1): see
Acetyl phosphate and Phosphoroclastic pyruvate
cleavage.

Acetic acid, ethanoic acid: CH;COOH, a very
common monocarboxylic acid. m.p. 16.7 °C, b.p.
118 °C. A.a. occurs in the free form as the end




Acetogenins

product of fermentation and oxidation reactions
in some organisms. Acetate is formed metaboli-
catly by dehydrogenation of acetaldehyde, cata-
lysed either by aldehyde oxidase (EC 1.2.3.1)or a
NAD(P)*-dependent aldehyde dehydrogenase
(EC 1.2.1.3). The activated form of A.a., Acetylco-
enzyme A (see) is a key substance in intermediary
metabolism.

Acetogenins: see Polyketides.

Acetoin, 3-hydroxy-2-butanone, acetyl methyl
carbinol: CH,-CO-CHOH-CH,;, a reduction pro-
duct of diacetyl which arises under certain condi-
tions as a side product of the pyruvate decarboxy-
lase (EC 4.1.1.1) reaction. A. is also formed by de-
carboxylation of acetolactate by acetolactate de-
carboxylase (EC 4.1.1.5). It is oxidized in a
reversible reaction to diacetyl by acetoin dehy-
drogenase (EC 1.1.1.5), and in some microorgan-
isms it is converted to 2,3-butanediol by D(-)-
butanediol dehydrogenase (EC 1.1.1.4).

Acetylcarnitine: see Carnitine.

Acetylcholine: a biogenic amine which is bio-

logically highly active, M, 163.2. Phylogeneti-
cally, A. is a very ancient hormone which appears
even in protists. It could be a predecessor of the
neurohormones.
A. acts as a cholinergic neurotransmitter in
nerves and neuromuscular synapses; it induces a
muscle contraction by changing the permeability
of the sarcolemma. It is degraded by acetylcholin-
esterase (EC 3.1.1.7). Drugs which block the ace-
tylcholine receptors (succinoylbischoline) cause
muscles to relax (muscle relaxant for surgical op-
erations). A. is found at the synapses in the cen-
tral nervous system. It dilates blood vessels,
causes a drop in blood pressure, and induces con-
tractions in the smooth musculature of the bron-
chia and the gastrointestinal tract. It therefore
promotes peristalsis in the latter.

o

CH,
I I

CHyN®—=CH, —CH, ~0—C—CH,
|

CHy
Acetylcholine

Acetylcholinesterase (EC 3.1.1.7): “true cho-
linesterase”, catalyses the hydrolysis of acetyl-
choline into choline and acetate. Due to the high
turnover number of A. (0.5 to 3.0.10° molecules
substrate per molecule enzyme per min), the ace-
tylcholine released at a synapse is hydrolysed
within 0.1 ms. This enzyme is found in the central
nervous system, particularly in the postsynaptic
membranes of the striated muscles, the parasym-
pathetic ganglia, the erythrocytes and the electric
organs of fish. Crystalline A. (M, 330000) has
been isolated from the electric organ of the elec-
tric eel ( Electrophorus electricus). 1t consists of 4
identical inactive subunits of M, 82500; the half-
molecules consisting of 2 covalently bound sub-
units (M, 165000) are enzymatically active. Prote-
olytic attack on the subunits produces two frag-
ments of M, 60000 and 22 500.

The active center of A. has two parts, the anionic
binding site for the quaternary nitrogen, which is

Acid plants

responsible for the alcohol specificity, and the es-
terase center, where a catalytic serine and histi-
dine lyse the ester bond. The enzyme is inacti-
vated by blockage of either the serine hydroxyl
(by organic phosphate esters, such as diisopropyl-
fluorophosphate or diethyl p-nitrophenylphos-
phate), or the anionic center by trimethylammo-
nium derivatives. If the enzyme has been blocked
by organophosphates, it can be reactivated by
pralidoxime salts, which are therefore used as an-
tidotes to organophosphate poisoning.

Acetyl-coenzyme A, acetyl-CoA, active acetate:
CH,CO~SCoA, a derivative of acetic acid in
which the acetyl residue is bound by a high-en-
ergy bond to the free SH-group of coenzyme A.
M_809.6, A, = 260 nm. The very reactive thio-
ester has a high potential for transfer of the acetyl
group, and is therefore a universal intermediate
which provides the C, fragment for numerous
syntheses. The free energy of the bond (34.3 kJ/
mol = 8.2 kcal/mol), however, has no signifi-
cance as a form of energy storage. In the transfer
reactions mediated by acetyl-CoA, cither the car-
boxyl group (electrophilic reaction) or the methyl
group (nucleophilic reaction) can react.

By far the most important pathways for the syn-
thesis of acetyl-CoA (Table) are 1) the oxidative
decarboxylation of pyruvate, 2) the degradation
of fatty acids and 3) the degradation of certain
amino acids. The formation of acetyl-CoA in-
volves either 1) the transfer of an acetyl residue
from a suitable donor, such as pyruvate, and si-
multaneous reduction of NAD*, or 2)the activa-
tion of free acetate in a one or two-step process
which requires ATP and free coenzyme A.
Acetyl-CoA is the hub of carbohydrate metabo-
lism and has a central position in overall metabo-
lism. The products of carbohydrate, fat and pro-
tein metabolism are channeled via acetyl-CoA
into oxidative degradation in the tricarboxylic
acid cycle. The acetyl residue is used in the syn-
thesis of esters and amides (e.g. acetylcholine, N-
acetylglucosamine, N-acetylglutamate). Acetyl-
CoA is also the starting point for isoprenoid syn-
thesis via mevalonic acid and for fatty acid
synthesis. The latter path is especially important
in the transformation of carbohydrates into fat,
and was elucidated in 1951 by Lynen and Lip-
man.

N-Acetylglutamic acid, N-acetylglutamate, abb.
Ac-Ghu: HOOC-CH(NHCOCH;)-CH,-CH,
COOH, the acetylated form of glutamic acid, is
the cofactor of carbamoyl phosphate synthetase
(ammonia) (EC 6.3.4.16) and allosterically acti-
vates this enzyme. See Carbamoyl phosphate.

Acetyl methyl carbinol: see Acetoin.

Acetyl phosphate: CH,-COOPO(CH),, an en-
ergy-rich acyl phosphate. It is the product of ace-
tate activation in some organisms: Acetate +
ATP = A.p. + ADP; the reaction is catalysed by
acetate kinase (EC 2.7.2.1). The back reaction can
be used for ATP synthesis, for example in the
phosphoroclastic cleavage of pyruvate.

Acid amides: see Carboxylic acids.

Acidic aj-glycoprotein: see Orosomucoid.

Acid plants, ammonium plants; plants which ac-




Aconitate hydratase

Actinomycins

Table. Reactions in which acetyl-coenzyme A is synthesized.

Enzyme Reaction

Occurrence/
Significance

Acetyl-CoA synthetase (EC
6.2.1.1)

Acyl-CoA synthetase
(GDP-forming) (EC 6.2.1.10)

Acctate kinase

CH,CO0~ +ATP + CoA
< CH,CO-CoA + AMP + PP,

CH;CO0~ + GTP + CoA
= CH,CO-CoA + GDP + P,

CH,COO~ + ATP

Yeasts, Animals, Higher
plants

Liver

Microorganisms

<= CH,C0-0-PO;H, + ADP

(Acetyl phosphate)
CH,C0-0-POH, + CoA

Phosphate acetyltransferase

Microorganisms

OQutside the mitochondria

Mitochondrial particles

(EC23.1.8) = CH,;CO-CoA + P,

ATP citrate (pro-3S)-lyase Citrate + ATP +CoA

(EC 4.1.3.8) — CH,CO-CoA + oxaloacetate
+ ADP + P,

Pyruvate dehydrogenase CH,COCOO0~ + NAD* + CoA

complex (Pyruvate)

(EC 1.2.4.1,2.3.1.12and e —

1.6.4.3) TPP, LipS,

Acetyl-CoA transacetylase
(EC 2.3.1.9)
= 2CH,CO-CoA

CH,-CO-CoA +CO,+NADH+H*

CH,COCH,CO-CoA + CoA
(Acetoacetyl-CoA)

Fatty acid degradation

Abb. TPP = thiamine pyrophosphate; LipS,= Lipoamide

curnulate organic acids in their leaf cells, which
are neutralized by ammonium ions.

Aconitate hydratase, aconitase, (EC 4.2.1.3): a
hydratase which catalyses one stage of the tricar-
boxylic acid cycle, the reversible interconversion
of citrate and isocitrate. The reaction proceeds
via the enzyme-bound intermediate, cis-aconitate.
At equilibrium, the relative abundances are 90%
citrate, 4% cis-aconitate and 6% isocitrate. Thus
citrate is favored at equilibrium, but in respiring
tissues the reaction proceeds from citrate to isoci-
trate, as isocitrate is oxidized by isocitrate dehy-
drogenase. The enzyme contains Fe(Il) and re-
quires a thiol such as cysteine or reduced gluta-
thione. The Fe(l11) ion forms a stable chelate with
citric acid. X-ray analysis of Fe(II) complexes of
tricarboxylic acids suggested the “ferrous wheel”
hypothesis of aconitase action. According to this
mechanism, three points on the cis-aconitate
molecule are bound at separate sites on the en-
zyme surface; in addition the molecule is also
complexed with the Fe(II) atom at the active cen-
ter. The stereospecific trans addition of water to
cis-aconitate to form either citrate or isocitrate is
achieved by rotation of the ferrous wheel, which
can add OH to either side of the molecule. Aconi-
tase is inhibited by fluorocitrate. Two isoenzymes
are present in animal tissues, one in the cytosol
and one in the mitochondria.

Ref: Glusker, J. P., in Boyer, P. D. (ed.), The En-
zymes, 8, 434, Academic Press Inc., 1971,

Aconitic acld: an unsaturated tricarboxylic
acid, usually occurring in the cis form, but some-
times in the trans. cis-A.a., m.p. 130 °C., trans-
A.a., m.p. 194 to 195 °C. A.a. was discovered in
free form in aconite, Aconitum napellus. The an-
ionic form of cis-A.a. (propen-cis-1,23-trioic
acid) is important as an intermediate in the isom-

i

erization of citrate to isocitrate in the Tricarbox-
ylic acid cycle (see).

Aconitine: an Aconitumalkaloid (see Terpene al-
kaloids) from the roots of aconite (Aconitum napel-
Ius) and other Aconitum and Delphinium species.
m.p. 197 to 198 °C [a],20 —36° (benzene).A. is an
esterified alkaloid. It is extremely poisonous and
can cause death in adults at a dose of I to 2 mg by
paralysing the heart and respiration. Its hydrolysis
products are only slightly toxic. In spite of useful
physiological properties, A. is rarely used in medi-
cine, due to its toxicity. It is sometimes used inter-
nally as tincture for heumatism and neuralgias and
externally as a pain-killingsalve.

In antiquity, aconitine preparations were used as
arrow poisons by the Greeks and (East) Indians.

Aconltum alkaloids: a group of terpene alka-
loids, some of them very poisonous, from various
aconite (Aconitum) species. The best-known re-
presentative is aconitine.

ACP: abb. for acyl carrier protein.

ACTH: abb. for adrenocorticotropic hormone.
See Corticotropin.

Actin: see Muscle proteins.

Actinidine: a widely occurring terpene alka-
loid. See Valeriana alkaloids.

Actinomycins: a large group of peptide lactone
antibiotics produced by various strains of Strepto-
myces. These highly toxic red compounds contain
a chromophore, 2-amino-4,6-dimethyl-3-keto-
phenoxazine-1,9-dioic acid (actinocin), which is
linked to two S-membered peptide lactones by
the amino groups of two threonine residues. The
various A. differ only in the amino acid sequence
of the lactone rings. In vivo, A. inhibit the DNA-
dependent RNA synthesis at the level of tran-
scription by interacting with the DNA.The con-
centration required for inhibition depends on the



Activated amino acids

base composition of the DNA; more is required
for DNA with a low guanine content. A. are phar-
macologically very important due to their bacteri-
ostatic and cytostatic effect,

Actinomycin D (Fig.) is one of the most wide-
spread A. Its spatial structure has been elucidated
by NMR studies, and the specificity of its interac-
tion with deoxyguanosine was demonstrated by
X-ray analysis. Actinomycin D is used as a cyto-
static, e.g. in the treatment of Hodgkin’s disease.

! _I
HC CO—NH—Thr —D-Vol—Pro—Sar—MeVal

HL CO—NH—Thr—D-Val—Pro —Sar —MeVal
L ]

0 NH,
Actinomycin D

Activated amino acids: see Aminoacyl adeny-
late.

Actlvated carbon dioxide: see Biotin enzymes.

Activated carboxylic acids: derivatives of car-
boxylic acids which are very reactive, and thus
capable of reactions which the free acids do not
undergo. The biochemically important A.c.a. are
either anhydrides or thioesters.

Activated choline: see Cytidine diphosphocho-
line.

Activated fatty aclds: fatty acyl coenzyme A
thioesters which, as high energy compounds,
have a large potential for group transfer. They are
formed during fatty acid biosynthesis, or by the
activation of free fatty acids. Acyl CoA synthe-
tases catalyse formation of the CoA derivatives
according to the reaction:

CH4(CH,),CO0O~ +ATP + HS-CoA —
CH,(CH,),CO ~SCoA + AMP + PP;

The reaction involves acyladenylate as an inter-
mediate, which is cleaved by coenzyme A to form
acyl-CoA and AMP. Several such enzymes are
known, and they are named according to the
length of carbon chain that shows optimal activ-
ity, e.g. acetyl CoA synthetase converts C, and C,
fatty acids, octanoyl CoA synthetase (C, to C},)
and dodecanoy! CoA synthetase (C, to Cyq). Mi-
tochondria also contain an acyl CoA synthetase
that cleaves GTP to GDP and P, Acyl CoA deriv-
atives of short chain fatty acids may also be
formed in a transfer reaction involving succinyl-
CoA, catalysed by thiophorases:

SuccinylSCoA + R-COOH — succinic acid +
R-COSCoA

Activated fatty acids are in equilibrium with acyl-
carnitine in the organism. They are the starting
point for fatty acid degradation.

Activated glucose: see Nucleoside diphos.
phate sugars.

Activated glycol aldehyde: 2-(1,2-dihydroxye-
thyl)-thiamine pyraphosphate, abb. DETPP, gly-
col aldehyde bound to the C-2 atom of the thia-
zole ring of thiamine pyrophosphate. It is formed
in carbohydrate metabolism by cleavage of a ke-

Active formate

tose and is transferred as C-2 group to an aldose
in a transketolation reaction.

Activated amino acids: see Aminoacyl adeny-
late.

Activated fatty aclds: derivatives of carboxylic
acids which are very reactive, and thus capable of
reactions that free acids do not undergo. Bio-
chemically important A.f.a. are either anhydrides
or thioesters; see, e.g. Acetyl-coenzyme A.

Activation hormone: see Insect hormones.

Activator protein: see Calmodulin.

Active acetaldehyde: a-hydroxyethylthiamine
pyrophosphate, abb. HETPP, the activated form
of acetaldehyde formed by decarboxylation of ac-
tive pyruvate. The aldehyde is bound to the C-2
atom of the thiazole ring of thiamine pyrophos-
phate. HETPP is an intermediate in alcoholic fer-
mentation.

Active acetate: see Acetyl-coenzyme A.

Active aldehyde: see Thiamine pyrophosphate.

Active center: that part of an enzyme or other

protein which binds the specific substrate and
converts it to product (enzymes) or otherwise in-
teracts with it (heme proteins, various carrier and
receptor proteins). The A.c. of an enzyme thus
consists of the actual catalytic center, which is re-
latively unspecific, and the substrate-binding site,
which is responsible for the specificity of the en-
zyme. The A.c. may lie on the surface (in chymo-
trypsin, for example) or in a cleft (in lysozyme,
papain, carboanhydrase or ribonuclease) in the
enzyme molecule. It involves only a limited num-
ber of amino acid residues. The A.c. must be par-
ticularly flexible in order to bind its substrate and
carry out catalysis. 1t therefore lacks regular
structures, such as o-helix. The amino acids in-
volved in catalysis may lie at a considerable dis-
tance from each other in the absence of a sub-
strate; they are brought into play by conforma-
tional changes induced by the substrate when it
binds (induced fit model suggested by Koshland)
(see Chymotrypsin and Serine proteases). For ex-
ample, the amino acids involved in the catalysis
step in the serine proteases (including trypsin,
chymotrypsin and elastase) are serine 195, histi-
dine 57 and aspartate 102. The amino acids re-
sponsible for binding the substrate are serine 189
and glycine 216 in chymotrypsin, aspartate 189
and glycine 216 in trypsin, and serine 189 and va-
line 216 in elastase.
Information on the amino acids involved in the
A.c. is obtained by specific marking with coen-
zyme, inhibitors or reagents specific for particu-
lar side chains. Some widely used irreversible in-
hibitors for the catalytic center of the serine pro-
teases are tosyllysine chloromethyl ketone
(TLCK), which selectively blocks the imidazole
group of the histidine 57 in trypsin, diisopropyl-
fluorophosphate (DFP), and phenylmethane sulf-
onyl fluoride (PMSF), which form stable esters
with serine 195 of all serine proteases and many
carboxyesterases.

Active CO,: see Biotin enzymes.

Active formaldehyde: see Active one-carbon
units; Thiamine pyrophosphate.

Active formate: see Active one-carbon units.




Active glucose

Active glucose: see Nucleoside diphosphate
sugars.

Active glycolaldehyde: 2-(1,2-dihydroxye-
thyl)-thiamine pyrophosphate, abb DETPP, gly-
colaldehyde bound to C-2 of the thiazole ring of
thiamine pyrophosphate. It is formed in carbohy-
drate metabolism by cleavage of a ketose, and is
transferred as a 2C group to an aldose in a trans-
ketolation reaction.

_Active methionine: sce S-Adenosyl-L-methio-
nine.

Active methyl groups: see S-Adenosyl-L-me-
thionine.

Active one-carbon units, abb. C, units: C, frag-
ments which are activated by binding to tetrahyd-
rofolic acid, or less commonly, to thiamine pyro-
phosphate. The active ethylenediamine group of

Table. Formation and uses of active one-carbon unilts.

Active transport

succinyl-coenzyme A. It is important as an inter-
mediate in the tricarboxylic acid cycle.

Active sulfate: see Phosphoadenosine phos-
phosulfate.

Active transport: a process in which solute
molecules or ions move across a biomembrane
from lower to higher concentration, i.e. against
the concentration gradient. Since thermodynamic
work is involved, At. must be coupled to an exer-
gonic reaction. In primary A.t., the coupling is di-
rect. The transport of Na™ and K+ ions across a
cell membrane by the Nat K+-ATPase system,
for example, requires the simultaneous hydrolysis
of ATP. Secondary A.t. utilizes the energy of an
electrochemical gradient established for a second
solute to transport the first. One form of secon-
dary A.t. is cotransport, in which the transport of

Type of C, unit Biogenesis

Use

N10-Formyl-THF
6.3.4.3); from

N5 10.methylene-THF
From L-serine and THF by

N510.methylene-THF
serine

hydroxymethyltransferase (EC
2.1.2.1); from glycine and THF

From formate + ATP by
formyl-THF synthetase (EC

Purine synthesis after
conversion to
N5-10.methylenyl-THF and
N510-methylene-THF

Purine synthesis; formation of
the 5-methyl group of thymine
and the methoxyl group of
hydroxymethyl cytosine

directly or via glyoxylate and

formate
NS-Formimino-THF

By anaerobic purine

After conversion to

degradation via
formiminoglycine; by histidine
degradation via
formiminoglutamate

From N510-methylene-THF

N510.methylenyl-THF and
N510-methylene-THF

Methionine synthesis.

NS'-methyl- THF

tetrahydrofolic acid serves as a carrier for the
metabolic transfer of a formyl or methyl group.
Fig. 1 shows the active forms of tetrahydrofolic
acid (THF). The various C, units can be intercon-
verted while attached to THF (Fig. 2). The main
source of C, units is the hydroxymethyl group of
serine, which is transferred to THF by serine hy-
droxymethyltransferase (EC 2.1.2.1), forming hy-
droxymethyl-THF (activated formaldehyde). The
formation of C, units in the course of histidine
catabolism or the anaerobic degradation of pu-
rines is of particular importance. C, units are
used in purine biosynthesis and as the donors of
the S-methyl group of thymine. The formation
and uses of the C, units are given on the table.
The most important are 1) active formaldehyde
(N510.methylene-THF, hydroxymethyl-TMF), 2)
active formate (N19-formyl-THF), 3) N°-methyl-
THF (see L-Methionine).

Acllve pyruvate: o-lactyl-thiamine pyrophos-
phate. The lactyl is bound to the C-2 atom: of the
thiazole ring of the thiamine pyrophosphate. A.P.
is an intermediate in the oxidative decarboxyla-
tion of pyruvate to acetyl-coenzyme A and in its
decarboxylation to acetaldehyde in alcoholic fer-
mentation.

Active succinate: the high-energy thioester

one solute drives that of the other. An example is
the Na~-dependent transpott of certain sugars
and amino acids in animal cells: the concentra-
tion of Na™ in the cell is maintained at a level far
below the intercellular concentration by the
Na+ K+ pump. A specific transport protein (car-
rier) binds both glucose and Na ™+ outside the cell
and releases them on the inside. The process is
energetically favorable because the Nat is mov-
ing from a region of higher concentration to
lower concentration. In other cases, the mem-
brane potential generated by electron flow along
the respiratory chain drives the active transport
of sugars or amino acids. A third form of A.t. is
called group translocation because the solute is
changed in the course of transport. An example is
the phosphotransferase system in some bacteria, in
which sugars are phosphorylated in the course of
transport. An interesting feature of this system is
that phosphoenalpyruvate rather than ATP is the
phosphate donor.

Al. processes are highly specific, and they are
saturable. This implies that enzyme-like proteins,
or carriers, mediate the transport. (The term “car-
riers” also applies to the mechanism of Facili-
tated diffusion [see]).

The bacterial transport systems called permeases
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a Formyl-FH, synthetase (EC 6.3.4.3)
b Formyl-FH, deformylase (EC 3.5.1.10)
¢5,10-Methylene-FH, synthetase (EC 6.3.3.2)
d Methylene-FH, dehydrogenase (NADP+) (EC 1.5.1.5)
€ 5,10-Methylene-FH, reductase (FADH,) (EC 1.1.99.15)
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have been extensively studied by genetic and
other means. The protein product of the lactose
permease (y) gene has been isolated, as have a
number of membrane proteins which bind the
substrates of other permeases. These proteins are
probably components of the respective per-
meases.

Actomyosin: see Muscle proteins.

Acylcarnitine: see Carnitine.

Acyl carrter protein, abb. ACP: a small, acidic,

heat-stable globular protein which is part of the
fatty-acid synthesizing complex in Escherichia
celi and other bacteria, yeasts and plants. It is the
carrier of the fatty acid chain during its biosyn-
thesis. The primary structure of the ACP from E.
coli has been determined: it contains 77 amino ac-
ids and has M, 8847. The protein itself contains
no sulfur; but it carries a molecule of phospho-
pantetheine (which possesses-SH) linked via a
phosphate ester to the hydroxyl of serine 36. All
acyl residues formed during fatty acid biosynthe-
sis are bound as thioesters to the SH-group of this
prosthetic group. The M, of the ACP isolated so
far lie between 8600 (Clostridium butyricum) and
16 000 (yeast).
Synthetic apo-ACP protein, a polypeptide repre-
senting amino acids 2 to 74 of the E. coli protein,
functions as substrate for the holo-acyl-carrier-
protein synthase (EC 2.7.8.7); the product is bio-
logically as active as natural holo-ACP.

Acylmercaptan: see Thioester.

Adair-Koshland-Nemethy-Filmer
Cooperativity model

Adaptive enzymes: see Regulation of enzyme
synthesis.

Adaptor hypothesis: a suggestion made by
Crick to explain the translation of the genetic
code. He proposed that there must be an adaptor
between the information-carrying nucleic acid
and the protein being synthesized which was able
to “recognize” both kinds of molecules. The dis-
covery of tRNA and the corresponding amino
acyl-tRNA synthetases confirmed his hypothesis.

Addictive drugs, psychotropic drugs: drugs
which create a sense of euphoria, and which have
a strong potential for addiction. Addiction leads
to physical dependence and is usually accompan-
ied by increased tolerance, so that increasing
quantities of the drug must be administered to
achieve the desired effect, and doses can be sur-
vived that would otherwise be fatal. Painful with-
drawal symptoms occur in the absence of the
drug. Most Narcotics (see) are A.d., e.g. mor-
phine, cocaine, barbiturates, alcohol. Specific
Opiate receptors (see) have been demonstrated in
the central nervous system, which bind morphine
and structurally related addictive narcotics like
heroin.

Addison’s disease: see Adrenal corticoste-
roids.

Adenine, abb. A or Ade: 6-aminopurine, one of
the common nucleic acid bases. M, 135.13, m.p.
365 °C (d.),sublimes above 220 °C. A. is also part
of the adenosine phosphates and other physiclog-
ically active substances, including various nucleo-
side antibiotics. A. is found in free form in var-

model: see

Adenosine phosphates

ious plants, espectally in yeasts. It is synthesized
de novo from adenosine monophosphate, or is
formed by degradation of nucleic acids. Adenine
deaminase (EC 3.5.4.2) removes the 6-amino
group to give hypoxanthine.

NH, NH

N N HN N

(A= L
N N N N
H H

Amino form Imino form

Taut ic forms of ad

Adenine arabinoside: sece Arabinosides.

Adenine deaminase, adenase (EC 3.5.4.2): see
Purine degradation.

Adenine xyloside: see Xylosylnucieosides.

Adenosine, abb. Ade: 9-B-D-ribofuranosylade-
nine, M, 26724, m.p. 229 to 231 °C, [a]p20
—61.7° (e= 0.7, water). Phosphorylated deriva-
tives of Ado are metabolically important. See Nu-
cleosides.

Adenosine deaminase (EC 3.5.4.4): see Taka
amylase.

Adenosine 3'-phosphate 5'-phosphosulifate:
see Phosphoadenosine-phosphosulfate.

Adenosine phosphates, adenine ribonucleo-
tides: important as components of nucleic acids
and as the major form in which chemical free en-
ergy is stored and transferred. They are also im-
portant metabolic regulators, for example in gly-
colysis and the tricarboxylic acid cycle. The
biologically significant derivatives, including cyc-
lic adenosine 3’,5-monophosphate, carry the
phosphate ester on the C-5 of the ribose.
1. Adenosine 5-monophosphate, abb. AMP, M,
347.22, m.p. 196 to 200 °C (d.), [a]p20 —26 ° (¢
=1.0, 10% HCI), —47.5 ° (¢ =2.0, 2% NaOH), is
synthesized de novo from inosinic acid (see Pu-
rine biosynthesis) and also arises by cleavage of
pyrophosphate from adenosine triphosphate.
2. Adenosine 5-diphosphate, abb. ADP, M, 427.22
[a],25 —25.7 °, is formed either by adding a se-
cond phosphate to AMP (see Adenylate kinase),
or by removal of a phosphate from ATP; the lat-
ter conversion may be catalysed by one of the ad-
enosine triphosphatases (EC 3.6.1.3), or by an en-
zyme which transfers the phosphate to another
organic molecule (kinase). The energy stored in
the anhydride bond of ADP can be made avai-
lable by the enzyme adenylate kinase, which cata-
lyses the reaction 2 ADP —~ ATP + AMP. ADPis
the phosphate acceptor in substrate and oxidative
phosphorylation and photophosphorylation, in
which it is converted into ATP.
3. Adenosine 5-triphosphate, abb. ATP, M, 507.19,
[o]p22 —26.7 ° (¢ = 3.095), was discovered in
1929 by Lohmann. It is extremely important as
the universal energy “currency” of every living
cell. The energy is stored in the two high-energy
phosphate bonds.
Biosynthesis of ATP. ATP is the immediate pro-
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duct of all processes in the cell leading to the
chemical storage of energy. It is biosynthesized
by phosphorylation of ADP in the course of sub-
strate phosphorylation, oxidative phosphoryla-
tion and cyclic and non-cyclic photophosphoryla-
tion in plants. Another source of energy for ATP
formation is other high-energy phosphates and
the reaction catalysed by adenylate kinase.
Cleavage of ATP. ATP has a high potential for
group transfer. Several groups can be removed
(Fig. 1, Table 1).

Table 1. Free energy of hydrolysis of ATP in kJ/
mol (kcal/mol)

Removal of orthophosphate:

ATP— ADP + P, 29.4(7.0)
Removal of pryrophosphate:

ATP - AMP + PP, 36.12 (3.6)
PP~ P+ P 28.14 (6.7)

Adenosine phosphates

pyrophosphate may be hydrolysed by inorganic
pyrophosphatase (EC 3.6.1.1), which makes the
transfer reaction essentially irreversible.

d) Transfer of the adenosyl residue and release of
both orthophosphate and pyrophosphate, for ex-
ample in the synthesis of S-adenosyl-L-methio-
nine.

Uses of ATP. The chemical energy stored in ATP
is used in chemical reactions, including the syn-
thesis of specific macromolecules from the corre-
sponding monomeric components and the syn-
thesis of activated compounds. Often an ender-
gonic reaction is driven forward by enzymatic
coupling to the hydrolysis of ATP. Many meta-
bolic pathways, including the biosynthesis and p-
oxidation of fatty acids, degradation of glucose,
urea synthesis, nucleotide synthesis and the trans-
formations of sugars require ATP.

ATP provides energy for the contraction of mus-
cles and the motion of cilia and flagella. In some

b c
A .
R—0—@~® + AMP R—C%0~(@ Ribose- Adenine+ &~ @
R—OH R—CO0™ NH;,
f N N
| i (\ | J
| t R
Qi 01 0 ! N N
! I I ! Adenosine tri-
0—PF+O0—R+0—p—0-CH 0 phosphate [A"P)
l_{ 1_: i_ i H H
[¢) ! 0 : Q E H H
| ! ! OH OH
R—OH R—S—CHs
@
r—o—® + ADP R—?—Rrbose—Adeninw@ + P~@
CH;

Fig. 1. Possible cleavages of adenosine 5’-triphosphate.

a) Transfer of orthophosphate to alcoholic hy-
droxyl groups, acid groups or amide groups and
release of ADP. The enzymes which catalyse
these reactions are the kinases, which can also
catalyse the synthesis of ATP from ADP.

b) Transfer of the pyrophosphate residue and re-
lease of AMP, for example in the synthesis of 5-
phosphoribosyl-1-pyrophosphate from ribose 5-
phosphate in the course of purine biosynthesis.

¢) Transfer of the AMP residue and release of
pyrophosphate. The receiving group is given a
higher group-transfer potential in this process,
which occurs in the activation of fatty acids and
amino acids in synthetic pathways. The released

organisms, ATP can provide the energy for biolu-
minescence. Electric fish can generate electric
current by hydrolysing ATP. Active transport of
many substances across membranes depends on a
source of ATP.

Other nucleoside triphosphates, which are ener-
getically equivalent to ATP, are important in
some metabolic reactions: cytidine triphosphate
in phosphatide biosynthesis, guanosine triphos-
phate in protein synthesis and oxidative decar-
boxylation of 2-oxoacids (see Tricarboxylic acid
¢cycle), inosine triphosphate in some carboxyla-
tions, uridine triphosphate in polysaccharide syn-
thesis.

In the living organism, the adenosine phosphates
are in equilibrium and are regarded collectively
as the adenylic acid system. The physiological
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concentrations for ADP and ATP are around
10—3 mol/lL. The ratio of the forms is called the
energy charge and is given by the equation

EC = [ATP] + 0.5[ADP]
[ATP] + [ADP] + [AMP]
brackets indicate molar concentrations. If all A.
is in the form of ATP, the energy charge is 1;
otherwise it is smaller than 1.

The square

?fcelgyme 3,5'-Phaspho-
se H
ATP diesterase e
\ﬂgh
PP, H,0
NHR'
NZ I N
NP
N N
/O—CHZ 0
H H
0=P.
T
0 OR"'

R'=R"=H Cyclic adenosine 3,5-monophosphate {cAMP)
Rim RUm0—(CH),—Cly  NLO?Dibutyryl-cAMP

Fig. 2. Synthesis of cyelic adenosine 3',5"-mono-
phosphate; and the structure of cyclic N°, O%-dib-
utyryladenosine 3',5'-monophosphate.

4. Cyclic ad 3,5" phosphate, abb.
3,5-AMP, cyclo-AMP, cAMP, M, 329.2. cAMP
was discovered by Sutherland in 1956 as a heat-
stable factor in the liver. It is generated from ad-
enosine triphosphate (Fig. 2) by adenylate cyclase
(EC 4.6.1.1), and is degraded to AMP by 3":5" cyc-
lic-nucleotide phosphodiesterase (EC 3.1.4.17),
which is specific for cyclic nucleotides. The
activities of these two enzymes determine the in-
tracellular level of CAMP. Physiological amounts
of various substances, for example pyridoxal
phosphate in Escherichia coli, can reduce the ac-
tivity of the adenylate cyclase. The phosphodies-

Adenosine phosphates

terase of mammals is inhibited by nucleoside tri-
phosphates, pyrophosphate, citrate and methy-
lated xanthines (especially theophylline) and sti-
mulated by nicotinic acid. The adenylate cyclase
is activated by a number of hormones, which
leads to increased formation of cAMP, but only
in the target cells of those hormones. In this way
cAMP serves as a “second messenger” for a num-
ber of different hormones. In addition, it affects
the initiation of production of hormones and
their release, e.g. acetylcholine, glucagon, insulin,
melanotropin, parathyrin, vasopressin and corti-
cotropin. CAMP has a central function in the hor-
monal regulation of animals and microorganisms,
and possibly also of higher plants.

The variety of effects of cAMP (Tables 2 and 3)
implies a similarity in the basic molecular me-
chanisms of these effects, It might lie, for exam-
ple, in cAMP-sensitive enzymes, the specific pro-
tein kinases. CAMP also affects the equilibrium
among various metabolic pathways, e.g. glycogen
metabolism.

In many cases, the physiological effects of cAMP
are only seen in the presence of calcium ions.
The exogenous “artificial” control of the intracel-
lular cAMP level is becoming medically impor-
tant. Substances which raise this level have been
successfully used in treatment; for example, treat-
ment of psoriasis with the alkaloid papaverine,
which inhibits the cyclic nucleotide phosphodies-
terase; and with the tissue hormone dopamine,
which stimulates the formation of cAMP in the
epidermis. cCAMP also inhibits the growth of cer-
tain tumors.

Because it is very polar, CAMP penetrates the cell
membrane only in very small quantities. Its syn-
thetic derivatives have better permeability be-
cause they have been made more lipophilic by
substitution with organic acids. The most com-
monly used is N®,0% dibutyroyladenosine 3,5
monophosphate, abb. DBcAMP. A number of
other cyclic 3',5"-nucleotides with special func-
tions have been found to occur naturally.

Table 2. Occurrence and effect of cyclic adenosine 3,5'-monophosphate (according to Hardeland)

Organisms Effect

1) Protozoa
Paramecium

Activation of the protein kinase

2) Bacteria

Escherichia coli
repression)

Release of glucose inhibition of enzyme induction (see Catabolite

Initiation of messenger RNA synthesis mediated by a specific
cAMP receptor protein (catabolite gene activator protein)
Inhibition of the degradation of messenger RNA bound to
ribosomes. Stimulation of the synthesis of many enzymes.

Serratioa marcescens
Salmonella typhimurium
Proteus inconstans
Aerobacter aerogenes
Brevibacterium liquefaciens

Release of catabolite repression and stimulation of the synthesis of

B-galactosidase .
(Brevibacterium liquefaciens excretes cAMP into the medium)

Photobacterium fischerei

Release of catabolite repression and production of
bioluminescence.

Table 2 (continued on page 10)
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Table 2. Occurrence and effect of cyclic adenosine 3',5" phosphate (according to Hardeland) (cont.)
Organisms Effect
3) Fungi
Slime molds
Dictyostelium discoideum . Extracellular signal transmitter. Cell aggregation as response to
chemotactical stimuli.
golysphondy!ium pallidium Does not respond to cAMP, has a different akrasin
easts
Saccharomyces Affects the oscillation and the redox equilibrium in the course of
cereviseae glycolysis. Affects sporulation
4) Invertebrates Activation of protein kinases

e.g. annelids

{Golgingia, Nereis)

starfish

Liver fluke Transmission of the effect of serotonin
(Fasciola)

Blowfly

(Calliphora)

5) Vertebrates
Frog, toad, turkey, pigeon, rat, “Second messenger” in the transmission of hormone stimuli

mouse, guinea pig, rabbit,
human

6) Higher plants

Barley (endosperm) Enzyme induction during germination
Stimulation of the synthesis of amylase

Peas, lettuce

Weeds Effects on germination

Table 3. Metabolic processes regulated by cyclic ad ine 3',5"-monophosphate (after Nelboek)

Process Tissue/Organism Stimulation +
Inhibition —

Effect on enzyme activity:

Fructose-bisphosphatase Kidney +
(EC3.1.3.11)

Glycogen synthase Mauscle, liver -
(EC2.4.1.11)

Phosphorylase kinase Muscle +
(EC 2.7.1.38)

Phosphorylase phosphatase Adrenals -
(EC3.1.3.17)

Protein kinase Various +
(EC 2.7.1.70)

Enzyme induction:
B-Galactosidase
(EC 3.2.1.23)
Lactose permease
Galactokinase
(EC 2.7.1.6)
Glycerol kinase
(EC2.7.1.30)
Glycerophosphate permease
L-Arabinose permease Escherichia coli
Fructokinase
(EC2.7.1.4)
Tryptophanase
(EC 4.1.99.1)
D-Serine dehydratase
(EC4.2.1.14)
Thymidine phosphorylase
(EC 24.2.4)
Glucose-6-phosphatase
(EC3.1.3.9)

Table 3 (continued on page 1)
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S-Adenosyl-L-homocysteine

11

Adenylylsulfate reductases

Table 3. Metabolic processes regulated by cyclic adenosine 3',5-monophosphate (after Nelboek) (cont.)

Process Tissue/Organism Stimulation +
Inhibition —
Phosphoenolpyruvate +
carboxykinase (ATP) Liver
(EC 4.1.1.49)
L-Serine dehydratase +
(EC 4.2.1.13)
Tyrosine aminotransferase +
(EC 2.6.1.5)
Physiological effects:
Amylase secretion Salivary glands, +
pancreas
Calcium resorption Bones +
DNA synthesis Thymocytes +
Fat synthesis Liver -
Gluconeogenesis Liver +
Glycogenolysis Liver +
Urea synthesis Liver +
Secretion of hormones Various glands +
Ketogenesis Liver +
Contractility Heart muscle +
Fat degradation Fat tissue +
Permeability Kidneys +
Protein synthesis Liver -
HCl secretion Stomach epithelium +
Cell aggregation Thrombocytes +
Slime mold -

Cell aggregation

S Adenosyl-L-homocysteine: see S-Adenosyl-
L-methionine.

S-Adenosyl-L-methionine,  S-(5-deoxyadeno-
sine-5)-methionine, active methionine, active me-
thyl, abb. S-Ado-Met, SAM: a reactive sulfonium
compound which is the most important methylat-
ing agent in cellular metabolism (see transmethy-
lation.) M, of the free cation 398.4. The natural
form is the L-(+ )-isomer. [0],24 of SAM *Cl— =
+48.5 (c=1.8 in 5N HCI). Due to the asymmetry
of the sulfonium group, there are 4 stereoisomers.
SAM is unstable at room temperature, both as the
solid, and in aqueous solution. It is formed by ac-
tivation of L-methionine with ATP: Met + ATP
- SAM + PP + P. The adenosine residue of
the ATP is transferred to the methionine.

NH,

NF I N
ek I
| Y N
®S— CH,

0
CH,

CH;
| OH OH
H— C—NH,
COOH
S-Adenosyl-L-methionine

The transmethylation reaction produces, in addi-

tion to the methylated product, S-adenosyl-L-
homocysteine: systematic name S-(5'-deoxyaden-
osine-5')-homocysteine. It may be reconverted to
SAM after cleavage into adenosine and L-homo-
cysteine. L-Homocysteine is the substrate of
dimethylthetin-homocysteine  methyltransferase
(EC 2.1.1.3). See Methionine.

Adenylate cyclase (EC 4.6.1.1): see Adenosine
phosphates.

Adenylate kinase, myokinase (EC 2.7.4.3): a tri-
meric enzyme found in the mitochondria of mus-
cles and other tissues. It is resistant to heat and
acid. M, 68000, subunit M, 23 000. It catalyses the
conversion of two molecules of ADP into ATP +
AMP, thus making available the energy of the
ADP. At equilibrium, the concentrations of the
three adenosine phosphates are nearly equal. In
many energy-requiring reactions ATP is con-
verted into pyrophosphate and AMP (see Adeno-
sine phosphates). A k. is important because it cat-
alyses the first stage (AMPto ADP) in the conver-
sion of this AMP into ATP.

Adenylic acld: see Adenosine phosphates.

Adenylosuccinate, N-succinyladenylate, abb.
SAMP: 5-aminoimidazole-4- N-succinocarboxa-
mide ribonucleotide, an intermediate in purine
biosynthesis. M, 463.31.

Adenylylsulfate reductases: enzymes of sulfur
metabolism which reduce either phosphoadeny-
lylsulfate (APS reductase) or adenylylsulfate. Ad-
enylylsulfate reductase (EC 1.8.99.2) is identical
with one component of the sulfate reductase in
sulfate assimilation, since adenylylsulfate is the
donor of the sulfate group. The table shows the
properties of some of these reductases. The re-
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ductase 1s in every case a complex of three com-
ponents, an adenylylsulfate transferase (see sul-
fate assimilation, Fig. 1), a low-molecular-weight
carrier and the actual adenylylsulfate reductase.

g 12

Adrenal corticosteroids

Phosphoadenylylsulfate reductase from Sacchar-

omyces cerevisiae requires NADPH and has been
partly purified and fractionated.

Table. Properties of adenylylsulfate reductases from various organisms

Organism pH optimum M, Comments

Desulfovibrio! 7.4 220000 Contains I molecule FAD and 6 to § atoms
nonheme iron

Thiobacillus thioparus! 7.4 170000 Contains | molecule FAD and 8 to [0 atoms
nonheme iron

Thiocapsa roseopersi- 8.0 180000  Contains [ molecule FAD, 4 atoms non-heme

cina! iron and 2 atoms heme iron
60 to 80 fold enrichment to a homogeneous pre-
paration in the ultracentrifuge

Chlorella pyrenoidesa® 330000 Partly purified enzyme

1. With Fe(CN)63* ; 2. a thiol as electron donor; the enzyme from Chlorellais active with phosphoade-

nylylsulfate only in the presence of 3'-nucleotidase.

Adermine: vitamin B,. See Vitamins.

ADH: abb. for Antidiuretic hormone. See Vaso-
pressin.

Adiuretin: see Vasopressin.

Adjuvant: a mixture of oils, emulsifiers, killed
bacteria and other components which serves to
intensify unspecifically the immune response.
The A., which is not (supposed to be) itself anti-
genic, is injected several times, intramuscularly or
subcutaneously, together with an antigen into an
animal to produce the maximal amount of anti-
bodies. In experimental immunology, Freund’s
incomplete A., an emulsion of paraffin oils which
protects the antigen from too rapid degradation,
and Freaund’s.complete A., which contains in ad-
dition k‘illed mygobacteria or tuberculosis bacte-
ria, are mjost commonly used. A used in the pro-
duction ofryacéines are aluminum hydroxide and
calcium phosphate gels. They are thought to acti-
vate the phospholipase A of the macrophages, so
that more lecithin is converted to lysolecithin.
The latter can itself act as an A., and this may be
the reason that it sometimes leads (o oversensitiv-
ity (allergy).

Ado: abb. for Adenosine.

ADP: abb. for Adenosine 5'-diphosphate.

ADP-ribosylation of proteins: attachment of
monomeric or polymeric ADP-ribosyl groupsto a
protein by transfer from NAD*:

Adenine Nicotinamide

! b+

(ribose-()-(P-ribose) , + Protein —
Adenine

|
Protein-(ribose-()-()-ribose}, + Nicotinamide
+ H+, where n can vary from I to 50. Poly
ADP-ribosyl groups represent a novel homopo-
lymer of repeating ADP-ribose units linked 1'-2'
between respective ribose moieties:

'

21
Adenine-ribose-({®)-(®)-ribose

2 v
Adenine-ribose-(F-(P)-ribose
l

The free energy of hydrolysis of the B-N-glyco-
sidic linkage of NAD* is —34.35 kloules (~8.2
kcal)/mole at pH 7 and 25 °C; it is therefore a
so-called high energy bond, and NAD™* can act
as an ADP-ribosyl transferring agent. The trans-
fer of one ADP-ribosyl group (n= 1 in above
equation) is catalysed by ADP-ribosyl transfer-
ase. Formation and concomitant transfer of poly
ADP-ribose to an acceptor is catalysed by
poly(ADP-ribose) synthetase (n is greater than
one in the above equation).
Diphtheria toxin, produced by strains of Cory-
nebacterium diphtheriae that carry p-phage, inhi-
bits protein synthesis in eukaryotic cells by cata-
lysing the transfer of an ADP-ribose moiety from
NAD+ to elongation factor 2. Pseudomonas
toxin catalyses a similar reaction. T4 phage cata-
lyses the monomeric ADP-ribesylation of RNA
polymerase and other proteins in Escherichia coli.
Choleragen activates adenylate cyclase by cata-
lysing transfer of ADP-ribose from NAD to the
enzyme.
Poly ADP-ribese groups are found in eukaryotic
chromosomal proteins, mitochondrial protein
and histones.
The biological function of the ADP-ribosylation
of proteins in eukaryotic cells is not known, but
the occurrence of poly ADP-ribosyl groups in
nuclear proteins, particularly in association with
chromatin, suggests a regulatory role in nuclear
function.
The nature of the linkage to protein is not known,
but it appears to involve attachment to basic
amino acids. In the choleragen-activated ADP-
ribosylation of adenylate cyclase, an arginine res-
idue appears to be the chief receptot for ADP-ri-
bose.
Ref: Hayaishi, O. and Ueda, K. Ann. Rev. Bio-
chem. (1977) 46, 95-116. “ADP-ribosylation of
nuclear proteins” by Purnell, M.R., Stone, P.R.
and Whish, W.J.D., Biockemical Society Transac-
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Adrenal corticosterolds, adrenocorticoids, cor-
ticosteroids, corticoids, cortins: an important



