
General Conclusions 

T h e  trends o f  the  three processes can 
be m a p p e d  throughout t h e  heavy-element 
region, and there is reason t o  believe that  
t h e  abundance curves will b e  amenable 
t o  auantitative treatment i n  terms o f  beta 
decay rates and o f  the  cross-sections for 
t h e  neutron- and proton-capture proc-
esses. I n  t h e  past, this has not  b e e n  pos- 
sible, for  i t  was no t  realized that  the  
abundance curve represented a superposi- 
t ion  o f  contributions f r o m  several proc- 
esses. T h e  magic number peaks i n  the  
s-process and their shi f ted counterparts 
i n  t h e  r-process are no t  as pronounced 
i n  t h e  over-all abundance curve as they  
are i n  t h e  contributing curves. It is al- 
rcad) clear that  b o t h  the  slow and rapid 
neutron-capture processes operated under 
conditions o f  "steady streaming." For in-  
stance, i n  t h e  case o f  the  s-process, i t  
appears that  t h e  products obtained b y  
mult iplying the  abundances buil t  through 
the  s-process b y  t h e  appropriate ( n , ~ )  
cross sections o f  the  stable nuclei are re- 
markably constant f r o m  isotope t o  iso- 
tope,  as would b e  expected o n  t h e  basis 
o f  steady streaming. T h e r e  is one  notable 
discrepancy, i n  t h e  ease o f  the  element 
lead. Neutron-capture processes should 
terminate i n  a cycling among t h e  lead iso- 
topes at t h e  onset o f  alpha activity. I f  
steady streaming has occurred, there 
should b e  a consequent building u p  o f  
t h e  abundance o f  lead,  and w e  find that 
the  abundance as given b y  Suess and 
U r e y  ( d l )  is too  low,  b y  a factor o f  ap- 
proximately 10 t o  l o 2 ,  t o  b e  consistent 
w i t h  this, 

A consideration o f  the  building o f  t b e  
transuranic elements b y  t h e  r-process has 
enabled us t o  estimate t h e  numbers o f  
progenitors of U a 3 5  and o f  X J 2 3 8 .  U r a -

nium-235 results froni  the  alpha decay 
w h i c h  follows t h e  beta decay o f  t h e  neu- 
tron-rich nuclei produced w i t h  A = 235,  
239, 213, 24'7, 251, and 255. Beyond 
A - 259, t h e  ul t imate decay is probably 
b y  spontaneous fission rather t h a n  b y  
alpha emission. Uranium-235 results 
f r o m  production at A = 238, 242, 246, and 
250. T h u s  U Z d 5  hhils six odd A progenitors 
~ v h i l eU2J8has four even  A progenitors. 
O d d - e v e n  p'uring energy e f fec t s  becomc 
progressively less important  throughout 
t h e  heavy stable nuclei, and w e  would  
expect neutron-capture cross sections t o  
b e  very nearly equal for  o d d - A  and 
e v e n - A  elerrlents i n  the  heaviest nuclei. 
T h i s  mus t  indecd b e  t h e  case i n  t h e  rapid 
neutron-capture peak near A -. 194 (s imi -  
lar t o  t h e  peak at A = 130 i n  Fig. 1 ) ,  
where t h e  abundances o f  odd A-even  A 
are nearly equal-for example,  P t iQ5/  
Pt194= 1.03. T h u s ,  it appears tha t  t h e  
production ratio U235/11238 was probably 
about  1.5 and ,  i n  any case, was unlikely 
t o  b e  less t h a n  unity .  If w c  suppose tha t  
t h e  elements o f  w h i c h  t h e  earth is c o m -  
posed were no t  all built at one m o m e n t  
b f  t i m e  b u t  were buil t  a t  a u n i f o r m  rate, 
starting at t h e  t i m e  o f  origin o f  t h e  
galaxy and extending alnlost u p  t o  t h e  
formation o f  t h e  solar systenn some 5 x 
109 years ago, then ,  using t h e  ratio o f  
t h e  uranium isotopes f o ~ ~ n d  at present in 
t h e  earth, t h e  age o f  the  galaxy can  b e  
calculated. For t h e  case o f  a production 
ratio o f  1_1235/LJ238 equal t o  unity ,  t h e  
age is 4.5 x 10"ears, while a still greater 
age is obtained i f  a production ratio o f  
1.5 is used for 11235 relative t o  U238.  T h e  
argument for this h igh  yalue can b e  re- 
stated as follows. A t  t h e  t i m e  o f  t h e  fos- 
matiorr o f  t h e  solar system, tve can  cal- 
culate tha t  t h e  ratio Ua38/235  = 3.5 O n  
the  basis o f  production, either i n  a single 
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Spectacular developments during t h e  
last f e w  years have led t o  the  isolation in 
a soluble f o r m  o f  a number  o f  enzymes 
o f  fatty-acid metabolism i n  several in-
dependently working laboratories. T h i s  
circumstance resulted i n  the  denoting o f  
enzymes tha t  catalyze similar reactions 

b y  d i f f eren t  names,  either according t o  
the  substrate attacked or according t o  t h e  
favored equil ibrium o f  the  particular re-
action. T h i s  could lead t o  confusion 
among those no t  working i n  t h e  field. 

T h e  second international Conference  
o n  Biochemical Problems o f  Lipids,  at- 

cvent  or continuously, a n  additional t i m e  
interval is required t o  reach t h e  t i m e  at 
w h i c h  U238/U235 - l s  

Finally, i t  m a y  b e  remarked that ,  since 
t h e  production o f  the  heavy elenients 
( A > 6 0 )  is a by-product  o f  ordinary 
thermal cooking that  depends o n  t h e  
adulteration o f  t h e  hydrogen out  o f  w h i c h  
a star forms,  i t  is t o  b e  expected that  
these elements will b e  synthesized i n  
abundances tha t  are very l o w  compared 
n i t h  t h e  ordinary products o f  thermal 
cooking ( f o r  example ,  O I G ,  SiZ8,  and 
FejG) . T h i s  is precisely the  case, 
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tendcd b y  regresentatiles o f  20 nations 
and held be tween  27 and 30  J u l y  1955 at 
the  Universi ty  o f  G h e n t ,  Belgium, under 
t h e  presidency o f  R. Ruyssen, gave a n  o p -  
portunity t o  iron out  these difficulties. A 
special mee t ing  t o  discuss problems o f  
nomenclature was  convened at t h e  con- 
ference. A m e m o r a n d u m  b y  Priscilla 
Hele and G. PopjBk, London,  was pre- 
sented and formed t h e  basis o f  t h e  dis- 
cussions. T h e r e  was unanimous agree-
m e n t ,  and t h e  conclusions reached are 
presented here. 

Suggested Principles 

Be fore  we considered individual en-
zymes,  a n  agreement was reached con-
cerning the  broad principles tha t  should 
govern t h e  nomenclature.  

I t  is recommended  tha t  enzymes b e  
called b y  a systematic n a m e  tha t  should 
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denote the substrate or substrates acted 
ou and the over-all reaction catalyzed 
( I ) .  However, the mechanism of the 
leaction should not be implicit in the 
name of the enzyme, for further discover- 
ies lnay change present-day concepts of 
rcaction mechanisms. 

Since the systematic names may be un- 
71 ieldy in everyday use and even when re- 
ferred to several times in a publication. 
it appears highly desirable to have triviai 
names also. For the trivial name, a short- 
ened vcrsion of the svstematic name is 
grnerally rccommended. 

JVhile it appears desirable to denotc 
the enzymes according to the favoretl 
equilibrium of the reactions, this aim 
cannot be fullv realized where an unwrit- 
ten convention already exists-for ex-
ample, in the case of enzymes that cata- 
l \  re oxidations and reductions. These a r r  
llsually called "dehydrogenases," irre-
spective of whether the equilibrium of 
the ~eaction favors reduction (reductase) 
ol oxidation (dehydrogenase) . A further 
difficulty may arise in this connection 
J! ith reactions that have equilibriums 
I ~ i n g  in opposite directions at  different 
bH values. For these reasons. the use of 
the tcrm r ~ d u r t a s eis not recommended, 
at least not until the present convention 
is altered by some future international 
aqi ecmcnt. 

Since it is nolv well known that. in 
qeneral, fatty acids are not metabolized 
~rnless they are in combination with co-
enzyme A or other thiols, it is considered 
unnecessary to include coenzyme A in the 
terminology. However, in order to indi- 
cate that the substrate is not the free 
acid, it is recommended that the name 
of the acid radical be used to denote the 
substrate. For example, butyryl-dehydro-
genuse indicates an enzyme acting on 
hntyryl-coenzyme A; butyric-dehydro-
qenusc, on the other hand, would de- 
srribe an enzyme whose substrate was 
free butyric acid. 

Most of the enzymes of fatty-acid 
metabolism act on substrates derived 
from fatty acids of differing (although 
approximately the same) chain length. 
I t  is recommended that in such instances 
the enzyme be called after that chain 
length for which it shows the highest 
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affinity, or, if one optimum chain length 
cannot be defined, after the range of 
chain lengths involved. 

In  all instances where "free" coenzyme 
A may be considered to be a substrate of 
the reaction (either explicitly or implic- 
itly), the term denoting the function of 
the enzyme should be preceded by the 
prefix thio-for example, thiokinase, 
thiolase, thiophorase. 

Individual Enzymes 

of Fatty-Acid Metabolism 

Individually the enzymes concerned in 
fatty-acid metabolism were considered 
under five headings according to the re- 
actions they catalyze. These are ( i )  ac-
tivation, (ii)  condensation and cleavage, 
(iii) reduction and oxidation, (iv) hy- 
dration and dehydration, and ( v )  trans- 
fer reactions. 

Activating enzymes. The reaction cata- 
lyzed (2)  is 

Fatty acid t ATP 4-CoA = 
fatty acyl-CoA + PP t AMP 

I t  is recommended that this group of 
enzymes be called thiokinases, with a 
prefix denoting the main substrate at-
tacked. Thus, the first enzyme in the co- 
enzyme A field, that discovered by Lip- 
mann in 1945 ( 3 ) ,  would be called 
acetic-thiokinase (not acetyl-thiokinase) . 
The other two enzymes known in this 
group, one with a chain-length optimum 
at C,-C, ( 4 )  and one with an optimum 
at C,, (5) are called accordingly octa-
noic (caprylic)  -thiokinase and dodeca-
noic ( laur ic)  -thiokinase, respectively. 
These enzymes at  present are generally 
referred to as "acetate-activating en-
zyme" (AAE) and "fatty-acid-activating 
enzymes" (FAAE). 

In  the construction of the term thio-
kinase, it was considcred that, although 
fatty acyl-coenzyme A may be formed by 
a number of reactions, the primary acti- 
vation usually involves a high-energy 
phosphate group (that of ATP in the case 
of enzymes of animal origin); thus, the 
usage of the term kinase here is in accord 
with that current in biochemistry today. 
It  was further agreed that these activat- 
ing enzymes should be called thiokinases 
rrgardless of whether the split of ATP 
resulted in the production of AMP c 
pyrophosphate (PP) or in ADP + ortho-
phosphate. Thus the enzyme, discovered 
by Kaufmann ( 6 ) ,which activates suc- 
cinic acid according to the reaction 

Succinate t CoA t ATP e 
succinyl-CoA -k ADP fP 

is called succinic-thiokinase. 
Condensation and cleavage enzymes. 

The reaction catalyzed is 

Lynen ct al. ( 7 )  proposed the name 
"B-ketothiolase" for the enzyme(s) that 
catalyze(s) this reaction, and Green's 
group (4)  proposed "P-ketoacyl CoA 
cleavage enzyme." 

I t  has been agreed that, although this 
group of enzymes might also be consid- 
ered to be transacetylating enzymes, the 
term thiolase is the most appropriate 
name for this class, for it expresses the 
essentially thiolytic nature of the reac-
tion, the equilibrium of the reaction lying 
far in the direction of cleavage. The  
recomnrended systematic name is o-keto-
acyl-thiolase; examples are as follows: 
acetoacetyl-thiolase, fi-ketohexanoyl-
thiolase (or  '8-oxohexanoyl-thiolase),and 
so forth. The recommended trivial name 
is thiolase. 

Enzymes catalyzing oxidations and re- 
duction?. It has been reconnmended (see 
the foregoing discussion) that all these 
enzymes should be called dehydrogenases 
generically, irrespective of the equilib-
rium of the reactions. There are two re- 
actions considrred in this class: 

8-Hydroxyacyl-CoA -t DPN + 
8-ketoacyl-CoA d- DPNH t CP6 ( 1) 

Saturated fatty acyl-CoA f FAD e 
unsaturated fatty acyl-CoA .+ FADHI ( 2 )  

Enzymes that catalyze reaction 1 have 
been described by both Green's and 
Lynen's groups. Green ( 4 )  proposed the 
name "B-hydroxyacyl-CoA dehydrogen-
ase"; Lynen's terminology has been 
varied: "B-ketohydrase" ( 7 ) ,  "B-ketohy-
drogenase" ( 8 ), and "'8-ketoreductase9' 
( 9 ) .
\ 3 

The recommended systematic and triv- 
ial name for enzymes that catalyze re-
action 1 is @-hydroxyacyl-dehydrogenase; 
an example is fi-hydroxybutyryl-dehydro-
genase. 

Enzymes that catalyze reaction 2 have 
been described by Seubert and Lynen 
(10 )  under the name "ethylene reduc-
tase," and three enzymes have been de- 
scribed by the Madison group (4)  under 
the names "butyryl-coenzyme A dehydro-
genase" (green enzyme) and "fatty acyl 
coenzyme A dehydrogenase" (yellow en- 
zymes, Y ,  and 'Y,). 

The recommended systematic and triv- 
ial name for enzymes that catalyze re-
action 2 is acyl-dehydrogenase; examples 
are butyryl-dehydrogenase, hexanoyE 
(caproyl)  -dehydrogenase, and hexade-
canoyl (pa lmi t y l )  -dehydrogenase. 

Enzymes catalyzing hydration and de- 
hydration. The reaction catalyzed is 

Unsaturated fatty acyl-CoA t HnO FZ 
B-hydroxyacyl-CoA 

An enzyme that catalyzes this type of 
reaction has been described by Green 
( 4 )  and by Ochoa's group (11, 1 2 ) .  
Green's terminology has been "unsatu-
rated fatty acyP coenzyme A kydrase.'" 
Ochoa's group called their enzyme "cro- 
tonase" in analogy with fumarase. 



Enoyl-hydmse (or Enoyl-Hydratase in 
German) is recommended as the system- 
atic and trivial name for this group of  
enzymes; examples are c~otonyl-hydrnse 

but-2-cnoyl-hydrnse), hex-2-enoyl-hy-
dmse,  oct-2-enoyl-hyd~ase, and so forth. 

Since crotonyl-hydrase has been ob-
tained in crystalline form (13) and, al- 
though of broad specificity, is most acti\ e 
on crotonyl-Coh (14) ,  it has been agreed 
that the term crotonase be retained as 
the trivial name for this enzyme. 

Transferring enzymes. Three reaction< 
are known in this group: 

Propionate (or butyrate) t 
acetyl-CoA + 

propionyl (or butyry1)-CoA tacetate (3)  

Acetoacetate tsuccinyf-CoA g 
acetoacetyl-CoA + succinate ( 1) 

Butyrate t succinyl-CoA 
butyryl-CoA t succinate ( 5 )  

T h e  first of these reactions (reaction 
3) was discovered by Stadtman in ex-
tracts of Clostridium k l u y v e ~ i  (15'). Since 
the reaction involved the transfer of Coal  
from acetyl-CoA to a n  acceptor fatt) 
acid, the name "CoA-transphorase" as 
proposed for the enzyme(s) responsible 
( 1 6 ) .  Stern, Coon, and del Campillo 
(17, see also 11)  have described e117yliie 

preparations that catalyze reaction 4, and 
Green's group ( 4 )  has reported on prcp- 
arations responsible for both reactions 4 
and 5.  

These enzymes may be considered co- 
enzyme A-transferring enzymes, and ac- 
cordingly thiophornsc is recommended 
as a systematic and trivial nnme for 
them. T h e  systematic names for the en- 
7 ~ m e s  that catalyze the three reactions 
(reactions 3, 4, and 5 )  listed in this group 
are: ( i )  propzonyl-acetic-thiophornse 
[or  generically, fatty ncyl-ncetic-thio-
phornse) , ( i i )  ncetoncctyl-succinic thio-
phornse, and (ii i)  butyryl-succznic-thzo-
pho~nse .  

The  differentiation in denoting th t  
acid substrates with the suffix -yl or -zc 
in this instance has been dictated by the 
t>cluilibriurn of thr reactions. 

We believe that these suggestions rrp- 
resent the beginning of an effort to intro- 
duce uniformity into the present, some-
!\.hat confused, terminology of enzymes 
of fatty acid metabolism and hope that 
this subject will be reconsidered in due 
course by the Commission on Enzymes of 
the International Union of Biochemistly. 

References and Xotes 

1. 	 0. Hoffman-Ostenhof, Advancer i n  E n i y r ~ ~ o l .  
13; 219 (1953). 

Andrt Mayer, Scientist, 

Soldier, Statesman 

.Andrt Mayer, who died in Paris on 
'17 May 1956, was born in that city on 9 
November 1875, the son of one of ,the 
many Alsatians ~ v h o  had ;eft their native 
province in 1871 after the German an- 
nexation. After distinguished studies a t  
the Lycte Condorcet, he cntered the 
Medical School of the Universit). of 
Paris at the age of 16, then interned with 
Charcot. After a f e ~ v  years spent as the 
senior assistant of Dastre, himself the 
closest assistant and successor of Claude 
Bernard, Mayer undertook to equip and 
staff a t  his oTvn expense a laboratory in 
an old house next to the Colltge de 
France, which he maintained until World 
War  I as an active research center. 

I-Iis first major contribution consisted 
of several classic papers (1901-05) on 

thirst. H e  demonstrated that this sen-
sation arises when oslrlotic pressure 
increases. affectinrr both the mucous 
membranes of the throat and, more im- 
portantly, central structures, or "osmo-
receptive centers." This first correlation 
bet\\ een a sensation and a physical nieas- 
urement e l i c i t~d  vivid interest, not only 
among ph>siologists and psychologists, 
but also among philosophers. 

I n  collaboration with Victor Menri, 
.Andrt Mayer established many of the 
now classic colloidal properties of living 
mattFr, including the concFpt that the 
structure of protoplasm is that of a gel. 
12'ith Schaefier and Terroine, he estab- 
lished the conccwt of "cellular con-
stants." characterizing the interrelation 
bet\\ ern various components of each ti -

2 .  	 The f o l l o ~ ~ i n g  used:abbreviario~ls are X I ' ,  
adenosine triphosphate: ADP, adenosine di-
phosphate; AMP, adenosine-5'-monopho\-
phate; CoA, coenzyme A; PP, inorganic pya-
phosphate; DPN and DPNH, oxidized and 
reduced diphosphopyridine nucleotide; FAD 
and FADH,, oxidized and seduced ilarine-
adenine dinucleotide. 

3. 	 F. Lipmann, J. Biol. Chens. 160, 173 (1945). 
4. 	 D. E. Green, Biol. Reus. Cambridge Phil. Soc. 


29, 330 (1954). 

5 .  	A. Rornberg and W. E. Pricer, 1. Biol. Ghe111. 

204, 329 (1953). 
6. 	 S. Kaufmann, in Phosphorus Metaboli~nz,  \V. 

D. McElroy and R. Glass, Eds. (Johns Hopkins 
Press, Baltimore, 1951), vol. 1, p. 370. 

7. 	 F. Lynen, et al., Angetu. Chern. 24, 687 

(1952). 


8. 	 F. Lynen, Bull. soc. chim. biol. 35, 11161 

(1953); 0. Wieland, Klin. Wochschr. 32. 305 

(1954). 


9. 	 F. Lynen, Federation Proc. 12, 683 (1973);  

Nature 174. 962 119511. 


10. 	 W. Seubert and F. Lynen. J .  Anz. Clie, ,~.Soc. 
75, 2717 (1953). 

11. 	 F. Lynen and S. Ochoa, Biorliiin. et li'iolilil~. 
Acta 12, 299 (1953). 

12. 	 J. R .  Stern and A. del Campillo, J .  ,4111.Cheri~.  
Soc. 75, 2277 (1953). 

13. 	 J. R. Stern, A. del Campillo, I. Ran., .I. Uiol. 
Chem.  218. 971 (1956).  

14. 	 J. R. Stern and A. del Campillo, ibid. 218, 
985 (1956). 

15. 	 E. R. Stadtman, J. Cellular CornD. Pl~siiiii. 
41, sugpl. 1, 89 (1953); E. R. Stadtman a n d  
'T. C. Stadtman, Ann.  Rev.  Mirlobioi. 7. 1113 
(1953). 

16. 	 H. A. Barker, in PhosDhorus .Wetaboliiii~, T2'. 
D. McElroy and B. Glass, Eds. (Johns IIop-
kins Press, Baltimore, 1951). vol. 1, p. 2O.i. 

17. 	 J. R. Stern, X4. J. Coon, .ii del Campillii, 
.t70tule, 171, 28 (1953).  

sue. For example, he ciemonstratrd t11c 
rclationship betrveen the "lipocytic ra-
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strated that "physical" propertieh-for 
exailiple, osmosis, capillarity, and difTu- 
5ion-are not adequate to interpret uriil- 
ary excretion but that tubular r e a l ~ i o ~ p -  
tion must involve specific chcnl~ta l  
transport and active secretion. Hi, pel -
sonal friendship with Pierre Curie led 
Mayer to the first observations of thc 
effects of radioactivity on biological ma- 
terials. Curie had come to consult him 
on a skin sore just above the waist, ~vhich 
Mayer correctly surmised to be due to 
Curie's habit of carrying a small radio- 
active sample in his right vest pocket. 
This led him to the first demon strati or^ 
of the destructive efiect of radiation on 
c.olloids, cells, and small ma~nmali:!nc. 
lllith Armand Delile, Mayer deviscd in 
1913 the first "synthetic" medium for ~ l i c  
culture of microorganisms. IIis field 
investigation during that period exte~ltlcd 
to many other topics, in particular to the 
stud) of d iab~ tes :  for example, he \ \a5 
the first to examine thc effect of super- 
imposing the removal of other rndo-
crines, in particular the adrenals. on 
pancreatectomy. 

Came l\forld War I .  Andrt  M a ~ e r  
volunteered immediately and ser\ed a? 
rpcimental surceon on the l'erdun flont. 
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