
Reports 

Nomenciature of the Nicotmamide 

Nucleotide Coenzymes 

The nomenciature of the nicotina- 
mide nucleotide coenzymes has been a 

subject of long-standing disagreement, 
and unanimity has not yet been 
reached. Several different systems are 
in use to varying extents. 

Included with other subjects in the 
terms of reference of the Enzyme Com? 
mission of the International Union of 

Biochemistry (1) is the nomenciature 
of enzymes and of coenzymes, and 

during the past three years the com? 
mission has been giving careful and de- 
tailed consideration to the question of 
coenzyme nomenciature, in an effort 
to reach a generally acceptable solution. 
The question has also been considered 

by the Biological Chemistry Nomen? 
ciature Commission of the Internation? 
al Union of Pure and Applied Chem? 

istry. A summary of the points involved 
and the reasons for the recommenda? 
tions of the commissions may be of in? 
terest. 

Present position. The situation that 
has to be faced is that, except perhaps 
in the United States, there is no una? 

nimity about the naming of the two 

coenzymes. Four different systems are 
in use, although to very different ex? 

tents, and the special difficulty of the 

position arises from the fact that the 

system that is most used is that to 
which there are the strongest objec- 
tions from the chemical point of view. 
The four systems are (i) cozymase and 

phospho-cozymase, (ii) codehydrogen- 
ase I and codehydrogenase II (or 
codehydrase I and codehydrase II, 
terms used by some Continental writ- 
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ers), (iii) coenzyme I and coenzyme 
II (abbreviated to Col and CoII), and 
(iv) diphosphopyridine nucleotide 
(DPN) and triphosphopyridine nucleo? 
tide (TPN). The first system is proba- 
bly the least used, the fourth the most 
used, at present. None of these sys? 
tems is satisfactory, the first three be? 
cause they are uninformative, the last 
because it is incorrect, as a number 
of reviewers have pointed out (2, 3). 

There is rather more consistency 
among the journals than there is among 
authors of books and reviews. The 
Journal of Biological Chemistry, which 
had previously used both cozymase and 
coenzyme I (systems i and iii), first 
used diphosphopyridine nucleotide (sys? 
tem iv) about 1940; it has continued 
to do so, along with cozymase and co? 
enzyme I until about 1950, and as 
the sole form after that date. The Bio? 
chemical Journal used the names cozy? 
mase and coenzyme I, and did not per- 
mit use of diphosphopyridine nucleo? 
tide, until as recently as 1953, but since 
then it has used the last name almost 
entirely. The index of Chemical Ab? 
stracts, however, still uses codehydro- 
genase I (system ii) rather than DPN. 

DPN, TPN. There would be no ob- 

jection whatever to the use of the names 

diphosphopyridine nucleotide and tri? 

phosphopyridine nucleotide if they did 
not indicate chemical structures, but 
the main objection is, in brief, that not 

only do they fail to give the structure of 
the coenzymes properly, but they are 
the chemical names of other com? 

pounds. It is somewhat like using the 
name "methyl acetate" for pyruvate; 
the name indicates a structure, but it is 
the wrong structure. 

The names are derived from, though 
not the same as, names introduced by 
Warburg (4) in 1936 as convenient 

descriptions. The term "pyridine nu? 
cleotide" was used, quite legitimately, 
to distinguish this class of compounds 
from purine nucleotides such as the 
adenine nucleotides. To distinguish the 

coenzymes from each other they were 
described as "the diphospho-" and 
"the triphospho-pyridine-nucleotide," at 
first with the definite article, but this 
was almost immediately dropped and 
the terms were thereafter used as 

names, in the German forms "Di- 
phospho-Pyridinnucleotid" and "Tri- 
phospho-Pyridinnucleotid." 

"Diphospho-." In 1939 F. G. Fischer 
(2), in his review of the subject, pointed 
out that these names, though concise, 
were incorrect. According to chemical 
terminology, "phospho-X" denotes X 
combined with an additional phosphate 
group; but a "nucleotide" already in? 
cludes a phosphate group; thus a "di- 
phospho-(di) nucleotide" would contain 
four phosphate groups, and not two as 
does the coenzyme. Fischer suggested 
that, especially in relation to the accept- 
ed names of the analogous flavin nucle- 
otides, the names "Pyridine-Adenine- 
Dinucleotide" and "Phospho-Pyridine- 
Adenine-Dinucleotide" would be clear- 
er. They would have the advantage of 

showing that the compounds are di- 
nucleotides containing adenine, which 
was not indicated by the earlier names. 

Probably because of the outbreak of 
war in the same year, these suggestions 
did not receive the attention they de- 
served. 

"Triphospho-." It was at first believed 
that the three phosphate groups of TPN 
were joined in line, as in ATP, so that 
the relationship between the two co? 

enzymes would be analogous to that 
between ADP and ATP. When the true 
structure of TPN was determined in 
1950 by Kornberg and Pricer (5), it 
was found to be a monophospho- 
dinucleotide, so that the prefix "tri? 

phospho-" became less appropriate. 
"Diphosphopyridine-." Perhaps the 

most serious objection arose when the 
names became Anglicized?first, I be- 

lieve, about 1940 in the United 

States. The form used by Warburg, 
namely "Diphospho-Pyridinnucleotid," 
was clearly intended to be taken in 
the sense of diphospho (pyridinenucleo- 
tide), as shown by the hyphen and the 

capital P. The introduction of a space 
before "nucleotide" gave a form with 

quite a different meaning. The name 

"diphosphopyridine nucleotide" means, 
quite unambiguously, a nucleotide of 

diphosphopyridine, that is, a substance 
of the structure diphosphopyridine?r> 
ribose?phosphate, and it is not surpris- 
ing that biochemists have often been 
criticized by the organic chemists for 

using such names. 

"Dihydrodiphospho-." For the re? 
duced or dihydro- forms, DPN and 
TPN yield names beginning with the 
undesirable prefix "dihydrodiphospho-," 
which is a further objection. 

"Pyridine-" One may properly use 
the term "purine nucleotides" for the 
whole class, but in referring to a par? 
ticular nucleotide the name of the par? 
ticular purine is used. One says "flavin- 
adenine dinucleotide" and not "flavin- 

purine dinucleotide." Correspondingly, 
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the word "pyridine" ought not to be 
used for the names of particular nu? 
cleotides unless they are in fact nucleo? 
tides of pyridine itself. "Pyridine" 
should not be used when "nicotina- 
mide" is meant. The coenzymes are 
nicotinamide compounds, and the cor? 
responding pyridine compounds are in- 
active as coenzymes (6). The DPN sys? 
tem of nomenclature causes great diffi- 
culty in the rapidly expanding work on 
analogues of the coenzymes. If the nic? 
otinamide nucleotides are called "pyri? 
dine nucleotides," what can one call the 
pyridine nucleotides? They surely can? 
not be called pyridine analogues of the 
pyridine nucleotides! The use of DPN 
forces the use in current literature of 
such terms as "pyridine-DPN" and 
APDPN (for acetyl-pyridine diphos? 
phopyridine nucleotide), in which the 
word "pyridine" occurs twice, al? 
though there is only one pyridine ring 
in the compound. This is a very real 
difficulty. 

"DNP." DNP is the accepted abbre- 
viation for dinitrophenol, a reagent 
much used in studies on the coup? 
ling of biological oxidation and phos? 
phorylation. Papers on DNP often con? 
tain many references to DPN, and the 
similarity makes them confusing and 
difficult to read. 

"FMN, FAD, NMN,?T9 Finally, 
the name diphosphopyridine nucleotide 
obscures the close and important an- 
alogy with the corresponding flavin 
compounds, shown in Table 1. Flavin- 
adenine dinucleotide (FAD) is the 
same substance, with the nicotinamide 
end changed into the flavin structure. 
Flavin mononucleotide (FMN) is the 
same without the adenylic acid half of 

the molecule. Nicotinamide mono- 
nucleotide (NMN) is the coenzyme 
without the adenylic acid. These three 
names and the corresponding abbrevia- 
tions are quite generally accepted, and 
there is no suggestion that they should 
be changed. To complete the scheme 
we should expect NAD for nicotina- 
mide-adenine dinucleotide, thus: 

FMN NMN 
FAD NAD 

The use of DPN instead of NAD 
breaks the logic of the nomenciature. 

Summary of objections. To recapitu- 
late, the main objections to the name 
diphosphopyridine nucleotide are (i) 
the coenzyme is not a nucleotide of 
diphosphopyridine as the name indi? 
cates; (ii) the name indicates the pres? 
ence of four phosphate groups instead 
of two; (iii) it does not indicate that 
the coenzyme is a dinucleotide or that 
it contains adenine; (iv) the coenzyme 
is not a nucleotide of pyridine but 
of nicotinamide; (v) the pyridine nucle- 
otides, to which the name properly ap- 
plies, are inactive as coenzymes; (vi) 
the use of the name for the nicotina? 
mide compound makes it impossible to 
name the pyridine analogues satisfac- 
torily; (vii) the combination "dihydro- 
diphospho-" in the name of the re? 
duced form is undesirable; (viii) the 
name is out of line with the FMN, 
FAD, NMN sequence and obscures the 
close chemical analogy with the flavin 
compounds; (ix) the corresponding 
name triphosphopyridine nucleotide 
suggests a triphosphate structure rather 
than the actual monophospho-dinucleo- 
tide structure. 

In view of the strong chemical objec- 

Table 1. Structures of nicotinamide and flavin nucleotides. 
Name and abbreviation 

Nicotinamide 
mononucleotide (NMN) 

Xozymase 
Coenzyme I (Col) 

Diphosphopyridine 
nucleotide (DPN) 

Nicotinamide-adenine 
dinucleotide (NAD) 

Flavin 
mononucleotide (FMN) 

Nicotinamide- 

Adenine- 

Nicotinamide- 

isoalloxazine- 
-flavin- 

Structure 

-D-ribose- 

-D-ribose- 

-D-ribose- 

-ribitol- 

isoalloxazine- 

Flavin-adenine Adenine- 
dinucleotide (FAD) 

Phospho-cozymase 

Coenzyme II (CoII) Adenine- 

Triphosphopyridine 
nucleotide (TPN) 

Nicotinamide-adenine 
dinucleotide phosphate (NADP) 

Nicotinamide- 
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-D-ribose- 

-ribitol- 

Phosphate 

?D-ribose? 

-D-ribose- 

tions, the Enzyme Commission felt it? 
self unable to recommend the continued 
use of the DPN system of nomencla- 
ture, particularly as a satisfactory al- 
ternative is available. The difficulty is 
not a chemical one, for there is no 
doubt about what the substance is: it 
is nicotinamide-adenine dinucleotide. It 
is a psychological difficulty?that of 
bringing the correct name into use when 
an incorrect name has become well es? 
tablished. The commission fully realizes 
that it is taking a serious step in recom- 
mending a change, and that there is 
likely to be some opposition, perhaps 
especially in America, as there was in 
Britain when the form DPN replaced 
Col. However, this moment, when a 
real effort is being made to bring the 
terminology of enzymology into order, 
is the right one for putting the co? 
enzyme nomenclature right also. This is 
probably the last opportunity there will 
be for doing so; if it is not done now, 
there is not likely to be another chance. 

Some workers feel that the whole 
matter should be left optional, so that 
authors should be free to use any sys? 
tem they wish. The difficulty facing 
the commission, however, was that, 
apart from the fact that they were given 
the task of dealing with coenzyme no? 
menclature, they also had to deal with 
the nomenclature of enzymes, and the 
names of a large number of enzymes 
depend on those of the coenzymes. They 
were therefore obliged to make a 

choice, in order to avoid the necessity 
for more than one systematic name for 
each of these enzymes. 

NAD. They have therefore decided 
to recommend that both forms Col 
and DPN be dropped, and that the co? 

enzyme be known by its actual chemi? 
cal name, nicotinamide-adenine dinucle? 
otide, which may be abbreviated to 
NAD. It will be seen that this name 
avoids all the objections mentioned 
above, it indicates the structure of the 

compound, it brings out the analogy 
with FAD, and it makes it possible to 
name the analogues satisfactorily. The 
reduced form would be named dihy- 
dronicotinamide-adenine dinucleotide, 
which indicates correctly the part of 
the molecule that becomes reduced. 

NADP. TPN (CoII) might be named 

phospho-nicotinamide-adenine dinucle? 
otide, but this is undesirable, for "phos- 
pho-nicotinamide" is as incorrect as 

"diphosphopyridine," and the reduced 
form would again have the "dihydro- 
phospho-" prefix. The recommended 
form "nicotinamide-adenine dinucleo? 
tide phosphate" (NADP) avoids both 
these objections, and the extra P clearly 
indicates the formation from NAD by 
the addition of a phosphate group. 

Coenzyme analogues. With the NAD 
system, the naming of the analogues be- 
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comes relatively simple and straight- 
forward. For example, the pyridine 
analogue would be called pyridine-ad- 
enine dinucleotide, which might be ab- 
breviated to PAD if desired. The de- 
aminated form is at present called 

"desamino-diphosphopyridine nucleo? 
tide," but this term gives little idea of 
its nature, since the part of the mole- 
cule which is deaminated (the adenine) 
is not mentioned in the name. The ob- 
vious name for it is nicotinamide-hy- 
poxanthine dinucleotide (NHD). The 
analogue of TPN in which the phos- 
pho- group is attached to the 3'-posi? 
tion instead of the normal 2'-po- 
sition is at present called "3'-tri- 

phosphopyridine nucleotide," a name 
which surely cannot be taken as in? 

dicating only one phosphate group 
attached to the 3'-position. The new 

system would give the natural name 
nicotinamide-adenine dinucleotide 3'- 

phosphate, perhaps abbreviated to 
NAD3P. Other analogues should cause 
no great difficulty. Abbreviations for 
the analogues are not being officially 
suggested; these are merely given as 

personal suggestions to illustrate the 

great advantages of the NAD system. 
Possible objections. It remains to con- 

sider whether the names now pro? 
posed for the coenzymes are in strict 
accordance with chemical terminology. 

"Nucleotide." Can NMN and FMN 

strictly be termed nucleotides? If the 
definition of a nucleotide is restricted to 
substances that can be obtained from 
nucleic acids (that is, to purine and 

pyrimidine nucleotides), they cannot, 
because of the different bases present. 
Probably, however, nobody would wish 
to narrow the definition in this way, 
and it is much more reasonable to use 
the term to denote the chemical struc? 
ture: 

base?pentose?phosphate 

Clearly NMN qualifies as a nucleotide. 
The case of FMN is not so clear, 

for two reasons. In the first place, it 
contains not ribose but ribitol, so that 
the ?CHOH? group in position 1 of 
the ribose is represented by a ?CHs? 

group in the flavin. However, the term 
"nucleotide" is also applied to the 

deoxyribonucleotides, in which the 
?CHOH? group in position 2 of the 
ribose is replaced by a ?CH2? group. 
It is not unreasonable, therefore, to 
make the term cover both modifica- 

tions, although the change in the 1- 

position is the more important, since 
it prevents ring formation. In actual 
fact, the flavin compounds have been 

universally called nucleotides for well 
over 20 years, and there is no sug- 
gestion that their nomenciature should 
be changed. 

In the second place, the term 
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"flavin" includes not only the base 
but the ribitol as well. Therefore the 
term "flavin nucleotide" must be un- 
derstood as referring to a nucleo? 
tide containing flavin, rather than a 
nucleotide "of" flavin in the sense in 
which NMN is a nucleotide of nico? 
tinamide. 

"Dinucleotide." Finally, can NAD 
and FAD be strictly termed dinucleo- 
tides? A purist might hold that the 
term implies that the two mononucleo- 
tides are linked in the same way as 
the nucleotides in nucleic acid, by a 
3'-5'-linked phosphate group. However, 
it would seem reasonable to consider a 

compound formed by the simple union 
of two mononucleotides to be a dinu? 
cleotide, particularly since the two 
classes of dinucleotides differ only in 
the point of attachment of a single 
bond. 

"Dipeptide" has been cited as an 

analogy where the term implies a 
definite point of linkage, but the analogy 
is not a valid one. A dipeptide is not 
formed by the union of two monopep- 
tides, and the name is clearly based 
on different principles. A truer analogy 
would be "disaccharide," which is used 
for a compound formed by joining two 
monosaccharides, without respect to 
the point of attachment. 

Substances of the FAD type have 
been called dinucleotides ever since 
their first discovery, and it is the only 
name available. It has probably ap- 
peared far more often in the literature 
in this sense than in the sense of the 
3'-5'-linked compounds, and it would 
be unreasonable now to restrict its use 
to the latter type. 

Conclusion. Such are the reasons 
which have led the Enzyme Commis? 
sion of the International Union of 

Biochemistry to recommend the use of 
NAD and NADP. The Biological 
Chemistry Nomenclature Commission 
of the International Union of Pure and 

Applied Chemistry has also decided, 
after considering the possible alterna- 

tives, to recommend these names in 

place of the existing systems. Prelim? 

inary experience has shown that, even 

by those whose first reaction is to ex- 

press a preference for the retention of 

DPN, the new names are very quickly 
found to be attractive and satisfactory. 
It is hoped that when they become the 
official recommendations of both inter? 
national unions, journals will give a 
lead in their adoption. 

Malcolm Dixon 

Department of Biochemistry, Cam- 

bridge University, Cambridge, England 
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11 October 1960 

Sustained Swimming 

Speeds of Dolphins 

Abstract. Observations of four large 
groups of dolphins suggest that they are 
able to swim at a sustained speed of 14 to 
18 knots. The blackfish are able to main- 
tain speeds of about 22 knots, and one 
killer whale seemed able to swim some? 
what faster. This implies that the apparent 
coefficient of surface friction remains ap? 
proximately constant for dolphins from 6 
to 22 ft long, as is the case for rigid 
bodies. 

Since Gray (1) called attention to 
the anomalously high speed of dolphins 
(or porpoises) in 1936 and presented 
the case of a dolphin clocked at 33 
ft/sec (about 19.7 knots), there have 
been a number of reports of similar 

high speeds of swimming. However, 
very little information on the sustained 

speeds of which these animals are 

capable has been published. On the 
basis of the various assumptions made, 
the speeds reported indicate a work 
rate per pound of muscle between 5 
and 10 times that measured for ter? 
restrial mammals, including man and 
the horse. However, data for terrestrial 
mammals (2) show that such mammals, 
by going into oxygen debt, can sustain 
work rates up to 100 times the basal 
metabolic rate for very short periods 
of time, and there seems to be a good 
possibility that many of the observations 

reported were of dolphins doing the 

equivalent of a 100-yard dash. 
The lack of information in the scien? 

tific literature on the sustained speed 
capability of dolphins prompted us to 
have observations made through the 

cooperation of the Matson Navigation 
Company and Alexander Anderson, 
navigating officer of the S.S. Monterey. 
Printed forms were provided the ob? 
servers for recording the time and 
location of observations, the speeds and 
relative positions of ships and dolphins, 
and the duration of sightings. Also in? 
cluded were seven sketches of species 
likely to be encountered on the trip 
from California to Australia, together 
with common names and lengths at 

maturity. 
Most of the observations were made 

in the Southern Hemisphere while the 
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