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linear rise or an abrupt step, the beam was increased 
by 75 percent. There was also an increase of about 
100 percent if the voltage on the inflector electrode 
was removed immediately after injection. 

The largest beam with the bevatron aperture set 
a t  6 in. x 18 in. was 3.5 x 10-I' coulombs per pulse 
(or about 2x108 protons per pulse). The injected 
beam measured a t  the end of the inflector electrodes 
was 10-8 coulombs. The over-all particle efficiency of 
the machine then was about 2 percent. I n  the full- 
scale bevatron the losses due to gas scattering should 
be negligible because of the higher injection energy. 
I n  addition, while the tank height is scaled up by a 
factor of four the size of the inflector electrodes need 

not go up a t  all, so that ions will have a greater 
chance of missing the inflector after injection. It is 
therefore reasonable to expect a particle efficiency 
of a t  least several percent in the full-scale bevatron. 

The bevatron development at the Radiation Labora- 
tory is sponsored by the Atomic Energy Commission. 
I t  is under the direction of E. 0.Lawrence and in- 
volves the work of many people. W. M. Brobeck is 
responsible for the basic design. Major responsibili- 
ties are also carried by those listed as authors in 
references 4, 5, 8, and 9 .  R. S. Shanlrland, of the 
Case Institute, and F. I-I. Schmidt, of the University 
of Washington, carried out some of the experimental 
measurements on the %-scale model. 
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PLANNED STUDIES of comparative biochem-
istry and comparative physiology are few as  
compared with the voluminous data on com- 
parative morphology. The trend of recent 

years in the biological sciences away from the descrip- 
tive and toward the functional viewpoint, however, has 
evoked increased interest and study of the compara- 
tive approach. This has for the m ~ e t  part  centered 
around the more gross aspects of nutrition and me- 
tabolism. Simultaneously, there has &en an increased 
appreciation of the values to be gained from the study 
of some particular functional entity throughout a 
range of species, such that comparative, biochemistry 
may well dominate the next developmental phase of 
biological science. 

The history of the discovery of vitamins and elucida- 
tion of the vitamin concept has drawn heavily upon 
interspecies relationships. Williams' (6) discovery in 
1919 that the antiberiberi substance was probably 
identical with a microbiological growth factor opened 
up a point of view that has permitted rapid exploita- 

tion of the vitamin field. Parallel studies in highly 
dissimilar species have characterized much of the work 
with tho IS vitamins from their discovery until the very 
present (3, 4),  and indeed this group is characterized 
by the ubiquitous biological nature of its occurpnce 
( 2 1 ) .  Consequently, there exists in the literature a 
large amount of data of such a nature as to render 
much of it suitable for examination from the com-
parative approach. It therefore seems timely to con- 
sider what principles may be derived from a consider- 
ation of these data. 

Chemical structure, natural distribution, and pbysio- 
logical activity of the vitamins. A variety of factors 
tends to strengthen the validity of grouping the vita- 
mins into three categories: the B vitamins, the fat- 
soluble vitamins, and vitamin C. 

The B vitamins are characterized by a ubiquitous 
biological distribution, and have a wide variety of 
structures. Naturally occurring analogues essentially 
involve modifications only in functional groups. Other 
vitamins, are not ubiquitous, and if vitamin C is ex-
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eluded, those remaining-vitamins A, D, El and K-
are seen to share the common properties of being 
structurally related to isoprene polymers. Their ho- 
niologues have carbon chain modihations, and have a 
high species specificity in biological activity and oc- 
currence (10). Among the higher species in which 
these vitamins are active, B vitamin homologues gen- 
erally have little or no species specificity in activity. 
They do show a species specificity in distribution in 
a broad sense, pyridoxine and niacin predominating in 
the plant kingdom, and pyridoxal, pyridoxamine, and 
nicotinamide predominating in animals. B vitamin 
homologues frequently manifest great differences in 
biological activity among bacterial species. 

The vitamin requirements of various animal species. 
Early in the study of vitamin B, it was pointed out D'1c. 1.  Total thiamine in blood. 
that the vitamin B, requirement on a weight basis was 
larger for smaller animals (W), and this fact was 
easily associable with the fact that smaller animals 
have a higher basal metabolic rate ( I ) .  The species 
size relationship to metabolic rate is the observation 
upon which much of the present knowledge of com-
parative biochemistry is based, and it might logically 
be expected that more vitamin B, would be required 
to lubricate the more highly geared machinery of 
srnaller species. Despite the importance of this rela- 
tionship, no apparent effort has ever been made to 
apply it to the other vitamins until quite recently, 
when it was shown that the same relationship seems 
to hold, as f a r  as existing data permit its assessment, 
for the other B vitamins (9). As in all such rela- 
tionships, apparent species exceptions occur, but these 2 3 4 * s 1 

I 
are never such as to invalidate the general trend. By roc horn WEICWT (CYS) 

contrast, it has been recognized for some time that the FIG.2. Coeneyme I in blood. 

vitamin A requirement is approximately the same on 
a weight basis for all species studied (ii),and the 
limited data available on the requirements for vitamins 
C, D, E, and K suggest strongly that a similar con- 
sideration holds for them. These facts seem to indi- 
cate that, whereas the B vitamins function in funda- 
mental roles in metabolism, as we now know that they 
do in most cases, the other vitamins have specialized 
functions not critically related to the basal metabolism. 
This conclusion is strongly supported by the apparent 
absence of these other vitamins from most microbial 
forms. The classigcation of both groups of substances 
under the single generic term of vitamin may fre- 
quently be misleading, because of the implication that I I II 

they constitute a single fundamental functional group. 2 1 4 5 6 7 
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From the purely biochemical standpoint, the groups 
Fro. 3. Free folic add In blood. 

have little or nothing in common. 
Blood levels of vitamins in various species. At high which it leaves via exeretory channeh. At more mod- 

levels of vitamin intake, the blood level seems to indi- erate dietaly levela, howevw, the blood level ie prob- 
cate little more than the Pifferential between the rate ably an indication of the amount neoesaary fkdk.min-
at  which the vitamin enters the blood and the rate at  tain an equilibrium with the reqbired amounts in the 
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tissues. If  animals that have higher requirements also 
have higher tissue levels, it  might be expected then 
that they would have higher blood levels. Sufficient 
data are available for thiamine, niacin, and folic acid 
to indicate that this is so (Figs. 1-3). A limited 
amount of data for the other B vitamins suggests sim- 
ilarly that smaller species have higher blood levels. 
Although considerable data are available for vitamins 
A, C, D, and El they show little relationship to species 
size or to ecological factors. It would thus seem again 
that .the. B*vitamins .%fiedistinguishd-from the other 
vitamins by the fact that smaller animal species tend 
to have higher blood levels. Moreover, the B vitainins 
and'vitarriin C in blood are most generally present in 
highest amounts in the cellular elements, whereas vita- 
mins A, Dl and E are predominantly in the plasma. 

Tissue levels of v i tamiw in various species. It has 
been recognized for some time that the tissues of 
smaller animals tend to have higher B vitamin levels 
than the tissues of larger animals (7) .  Whereas the 
voluminous data available are adequate to insure the 
validity of this generalization, the concept is consid-
erably hampered by the existence of numerous devia- 
tions from this trend, which are a t  present unexplain- 
able. From a theoretical standpoint it seems entirely 
reasonable to expect that animals having a higher 
metabolic rate would require higher tissue levels of 
vitamins than animab having a lower metabolic rate. 
Moreover, if the logarithm of the oxygen consumption 
per gram of tissue is plotted against the thiamine (or 
other I3 vitamin) content of that tissue for even such 
diverse things as vertebrates, tissues of vertebrates, 
invertebrates, green plants, and bacteria, it is appar- 
ent that there is a definite correlation between the two 
factors. I t  is also apparent that when these factors 
are considered, the species fall into three major eate- 
gories; the cold-blooded animals and green plants, 
which contain about 10 micrograms of thiamine per 
gram &f wet tissue fox every milliliter of oxygen con- 
sumed per gram of tissue per hour; the warm-blooded 
animals and their tissues, which contain about 1micro-
gram, and the aerobic bacteria, which contain from 0.1 
to 0.001 microgram per gram of packed cells. Using 
even such roqgh conversiols fa&olrs as these, it is pos- 
sible to calculate the thiamine content of the diverse 
members of the first two groups from the oxygen con- 
sumption within about 50 percent of their actual 

values. The difierences in these groups may be al- 
most entirely attributed to the temperature effect in 
the cold-blooded animals and to the greater surface 
area of the bacteria. 

This same tendency may be examined from another 
standpoint-that of the time taken f o r  a species to 
reach maturity. Williams et al. ( 8 )  have shown that 
the protein level of milk varies among species in an 
inverse manner with the time required to reach ma- 
turity, and that the B vitamin levels in milk from 
v;~r*iaurs.speaies-vary in a similar mailaer. T-his ~ e l a -  
tionship is of considerable interest in that it would 
seemingly be in~possible were the trends previously 
considered not also true. 

A final consideration in regard to tissue levels is 
the &&that in any given spcies, the B vitarnin*i~vels 
in specific organs and tissues follow closely the re-
spiratory rates of these tissues. Exceptions occur in 
this case, which ean generally be explained on the 
basis of specialized functions of the tissue or organ, 
but the B vitamin content is a fair indication of the 
over-all metabolic activity of the material in question. 

The tissue arid rriilk levels of vitamins A, C, D, El 
and K vary among aninla1 species largely in relation 
to dietary habit. Moreover, in the tissues of any 
given species, concentrations follow almost entirely 
the specialized furictions and the storage abilities of 
the tissues. While data are somewhat limited in this 
regard, it is readily apparent that relationships de- 
pending upon species size and: rnetabolk rates do net 
exist. 

C~n~clusio~zs.On the basis of nutritional require- 
ruei~ts, distribution, and relationship to the metabolic 
rate, the vitamins fall into two distinct groups. One 
group includes those vitamins which have been classed 
as R vitamins, and which show themselves in a variety 
of ways to be intimately associated with the funda- 
mental n~ctabolic apparatus of living cells. A con- 
sideration of nutritional requirements, b!ood levels, 
tissue levels, and metabolic rates shows that these 
vitamins are associated in increased amounts with 
smaller sp.c.cies, whereas the remainder of the vitamins 
manifest no such relationships and appear to have 
only highly spmialieed: functions for c e r ~ n  tissues 
and cell groups. A further comparative biochenlical 
study of this group may do much to elucidate the 
specific functions of its members. 
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