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Growth Factors and Growth Inhibitors for 
Micro-organisms 

Dr. B. C. J. G. Knight (The Wellcome Physiological Research Laboratories, 
Beckenham, Kent) 

Essential Metabolites 
We have had from Drs. Harris and Kodicek (1946) a survey of the 

substances of the vitamin B complex considered from the point of view 
of their nutritional significance in higher animals, and from Dr. Quastel 
(1946) an account of those which are known as components of enzyme 
systems. These are two of the lines of investigation which have led to  
the chemical characterization of some of those substances which are now 
seen to  contribute to  fundamental metabolic processes common to the 
widest variety of ceIIs. Of course, the observation of the wide distribu- 
tion in nature of similar enzymic reactions already provided a basis for 
a belief in the fundamental unity of all biochemistry which Kluyver, 
for example, has always stressed, and which is implicit in our conception 
of the evolution of living organisms. 

Originally the nutrient requirements of yeasts and bacteria also were 
independent fields of st,udy, but these likewise have converged in the 
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THE VITAMIN B COMPLEX 117 
study of the fundamental processes of cell metabolism. This was em- 
phasized when it was found that certain vitamins already known in 
animal nutrition (aneurin and riboflavin), and parts of the prosthetic 
groups of certain enzyme systems (pyridine-nucleotides and riboflavin), 
were growth factors for certain micro-organisms. 

The study of the nutrient requirements of micro-organisms has now 
yielded a knowledge of other substances which are important also in the 
nutrition of widely different organisms, oxtending from yeasts, bacteria, 
the lower fungi, and the protozoa, to the higher animals. Table 1 shows 

TABLE 1 

GROWTH FACTORS FOR MICRO-ORGANISMS: THEIR RELATION TO THE NUTRITION OF 
om= O R Q ~ I S M S ,  HD TEEIE FUNOTION IN ENZYME SYSTEMS 

Substance 

Aneurin (vitamin 
Bd 

Riboflavin (vitamin 

Pyridoxin (vitamin 
B?) 

Be) 

Pyridme nucleotides 

Nicotinic acid 

Biotin 

Pimelic acid 

Pantothenic acid 

8- Alanine 

p-Aminobenzoic 
acid 

Inositol 

Uracil 

Glutamine 

Species for which 
the substance was 

fist  recognized 
as an essential 

nutrient 

Higher animals 

Higher animals 

Higher animals 

Haemophilus 
infiuenzae 

Staph. aurew 

Yeasts 

C. diphtheriae 

Yeasts 

Yeasts 

Bacteria 

YBasts 

Staph. aureu8 
(anaerobic) 

Streptococci 

Species in whose 
nutrition it was 

subsequently found 
to be implicated 

Bacteria, lower 
fungi, protozoa, 
roots of higher 
plants 

Bacteria, insects, 
lower fungi 

Bacteria, insects, 
lower fungi, plan 
roots 

- 

Higher animals, in. 
sects, plant rootr 

Bacteria, higher 
animals. insects, 
lower fungi - 

Bacteria, higher 

C. diphtheriae 

Higher animals, 
lower fungi 

Kim, insects, moulc 
(Ashbyo #ossy@) 

animals, insects 

- 

Enzymes or 
substances of 
which it is a 
component 

Co-carboxylase, 
aneurin-protein 
enzymes 

Several flavoprotein 
enzymes 

Co-enzyme of tyro- 
sine decarboxy- 
lase - 

Co-enzymes I and 
11, pyridine-pm- 
tein enzymes - 

Role in biotin bio- 
synthesis 

- 

Pantothenic acid 

a list of some of the substances which have been identified as growth 
factors for one or more species of micro-organism, and their relation, 
where known, to other organisms and to  enzyme systems. It will be 
noted that some of these substances, /3-alanjne, nicotinic acid, and 
possibly pimelic acid, form parts of the structures of more complex 
substances in the same list. It is now almost a commonplace that a 
VOL. 4, 19461 
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118 PROCEEDINGS OF THE NUTRITION SOCIETY 
substance which is found to be a growth fa.ctor for one species of or- 
ganism may be important in the nutrition of quite different species. 
Complementary to this kind of observation is t,he very general finding 
that, when an organism does not need one of these substances as a 
nutrient, i t  is usually capable of synthesizing it. 

There is an interesting case which is an apparent exception to this 
generalization, in the replacement of folic acid by thymine in the nutrition 
of StreptococcrLs Zactis H, (Stokes, 1944). This action of thymine was 
found to be very specific; many other purines and pyrimidines were 
ineffective, but thc amount of thymine required was at least 5000 times 
that of folic acid. With this quantity of thymine used for growth, no 
folic acid could be detected. Thc largc quantity of thymine requircd 
as substitute for folic acid was enough, if it served directly as a building- 
atone, to account for the bacterial nucleic acid synthesized. Rtoltcs 
sliggested that the normal fiinction of folic acid within the org,znisni was 
in an enzyme system responsible for the synthesis of thymine, or a 
derivative of it, which was used by the organism to form its nucleic acid, 
but that, in the presence of sufficient preformed thymine, folic acid was 
no longer necessary for growth, the synthesis of thymine becoming super- 
fluous in the presence of a sufficient extraneous supply; thc need for folic 
a.cid as a growth factor was thus obviated by supplying enough of the 
product of the synthesis in which folic acid was assumed to  function. 
This example is introduced here to empha,size the need to considcr the 
metabolic processes of the cell as a whole. Alterations in the supply of 
a growth fkctor may have wide repercussions on the metabolism of the 
(!ell, t ~ n d  niay involve considerations of metabolic adaptability and of 
the provision of alternative mctabolic pathways, problems, that is, of 
thc biological flexibilit,y of thc cell. 

With considerations of this kind as tt limitation, it may in general I)e 
said that the substances which have been discovered to bc growth fact.ors 
supplying nutritional needs are rccognized as such because the cells 
cannot synthesizc certain component.s of their essential, inctaboliu reaction 
systems, and not because those cells have unusual mct,abolic processes 
for which they require special substances not used by other organisms. 

A good case can be put forward, much cvideiice coming from com- 
parative studies with micro-organisms, that there are certain fundamental 
metabolic processes which are common to, and essential for, thc life of 
all cells, and that differences in the nutritional reqiiircmcnts of organisms 
reflect their differing abilities to  synthesize the components in these 
fundamental processes of cell mrtabolisni. I’lii~s, aneurin, riboflavin, 
the pyridine nucleot,ides and pyridoxin a.re all known as components of 
enzyme systems of t,he widest distribntion, but different organisms 
acquire these substancrs, needed for metabolic reactions which they all 
use, in different ways, either by more or less extensive synthesis, or, 
romplementarily, by taking the substances, preformed t.0 a great,er or less 
extent, from the nutrient environment. Thus it is the metabolic reactions 
in which these substances take part which are cardinal, while the ways in 
which different organisms acquire the means to  carry out these common 
reactions of cell metabolism vary according to the ability of particular 
organisms to synthesize these substances. Fildes (1940) has called these 
substances essential metabolit,es. Here the word metabolite is used in 

. 
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the wide sense of a participant, as substrate, as part of an enzyme system, 
as structural material, or in some other role, in the essential metabolic 
processes of cells. An essential metabolite becomes of nutritional im- 
portance when it is not synthesized, or is not synthesized rapidly enough, 
by a given organism; it is then recognizable as a growth factor, growth 
stimulant, vitamin, or nutrilite, depending on the observed effects pro- 
duced by a deficiency of it. 

The material which organisms take from their nutrients is used to  build 
up new, functioning cells. The cell carries out a complex interwoven 
series of reactions, which is the life of the cell, and which consists in 
taking compounds from the environment and using them, or synthesizing 
others from them, to makc new fixnctioning cells or to replace what has 
been worn away. The fundamental metabolic processes then in part 
consist of the biological mechanisms which build up the working parts 
of the cell, that is, the enzyme systcms which build enzymes and those 
which lead to the supply of energy required for these synthetic processes. 

While much is known about the intermediate stages of carbohydrate 
metabolism by means of which organisms of so many different kinds 
obtain the energy needed for the synthesis of their living substancc, 
much less is known about the ways in which the cnzyme systems re- 
sponsible for the carbohydrate metabolism are themselves synthesized. 
It is hcrc, however, that it seems possible that studies of essential meta- 
bolites by means of micro-organisms may prove illuminating. There are 
cases where partial structures of growth factors recognized for certain 
species can act as sufficient growth factors for other species. For example, 
micro-organisms are known which, respectively, can build up the pyridine- 
nucleotide co-enzymes I and I1 from ammonia, nicotinic acid, nicotina- 
mide or nicotinamide riboside. There are similar series able to  use 
p-alanine, pantoic acid and pantothenic acid, and again, pimelic acid, 
the diamino-carboxylic acid dcrived from biotin by opening the urea ring, 
and biotin. Such series may be indications of the routes of biosynthesis 
of the corresponding essential metabolites, co-enzymes I and 11, panto- 
thenic acid and biotin. This kind of comparative study can be extended 
by observations of the abilities of different cells to utilize possible pre- 
cursors instead of the recognized growth factors. The work of Bonner 
and Buchman (1938), using isolated pea roots to study the biosynthesis 
of the thiazole moicty of aneurin, is a good example of this. 

A nti-metabolites 
The use of growth inhibitors modelled on the structures of known 

essential metabolitcs gives a direct approach for investigating the routes 
of biosynthesis of these substances. Already a sufficiently large number 
of anti-metabolites inhibiting growth has been prepared to show the value 
of this mode of approach. As is known, this work received a new impulse 
when Woods (1940) found that p-aminobenzoic acid was a naturally 
occurring and very specific antagonist of the growth inhibition exercised 
by sulphanilamide. The conclusion which was drawn that p-amino- 
benzoic acid would prove to be an essential metabolite was soon sub- 
stantiated; several species of micro-organisms are now known for which 
p-aminobenzoic acid is an essential growth factor. The generalization 
about the modelling of growth inhibitors on the structure of essential 
VOL. 4, 19461 
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120 PROCEEDINGS OF THE NUTRITION SOCIETY 
metabolites was put forward by Fildes (1940). The high structural 
specificity of the essential metabolites themselves forms the framework 
for this kind of study, and is part of the evidence supporting the con- 
ception of common and fundamental reactions in cell metabolism with 
which these anti-metabolite growth inhibitors interfere. This work is now 
being developed so rapidly that only a few examples can be given here. 

Inhibitors of p-Aminobenzoic Acid 

p-aminobenzoic acid, and which are antagonized by it. 
Figure 1 shows some growth inhibitors modelled on the structure of 

It is not possible 

N H 2 0 . -  - 1- AMlNOBENZOlC ACID 

N Hz / \ 5 9  NHz SULPHANILAMIDE 0 
NHZ 5% N-R SULPHANILYL DRUGS 

NH2 a C m H  CvAMINOI-CARBOXY. 

PVRIDINE 

5-NITRO fHIOPHENE-2- 

NOz aCo NYr 
CAR BOX AMIDE 

FIGURE 1. SOME GROWTH INHIBITORS HAVING 
STRUCTLZ~ES MODELLED ON THAT OF 
~-AMINOBENZOIC ACID AND INHIBITED 
BY IT. 

here to give details of the numerous other compounds used which bear 
on the specificity of the p-aminobenzoic acid structure as regards both 
metabolites and anti-metabolites, and on the abilities of different micro- 
organisms to utilize or detoxicate some closely related derivatives. In  
general, to be inhibitors, all anti-metabolites have to be sufficiently like 
the metabolite in shape, sizc, dissociation constants and so forth, and yet 
to be sufficiently different to be non-utilizable (Woods, 1940; Johnson, 
Green and Pauli, 1944). 

Inhibitors of Nicotinic Acid 
For certain organisms NcIlwain (1940) found that pyridine-3-sulphonic 

acid was more effective against growt,h pronioted by the acid, and the 
sulphonaniide against growth promoted by the amide. Woolley (1945) 
observed symptoms of nicotinic acid deficiency in mice given 3-acetyl- 
pyridine, but it mas not an effective bacterial inhibitor (Figure 2). 
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Inhibitom of Pantothenic Acid 
Figure 3 shows a number of compounds related to pantothenic acid 

which are inhibitory to, and antagonized by, pantothenic acid (McIlwain, 

PANTOTHCNIC ACID 

PYRlDlNE -3-CARBOXVLIC ACID 

N I C O T \ N I C  ACID 

P - A L A N I N E  

PWDINE-3-SULPHONIC ACID 

:"3 P c n o n c .  c n o H  c NH N H  '' PANTOYL 'HYDPIZI DE 

NlCOllNAMlDE 

,$-AM!NOBUTRYlC ACID 

NH C H  CH2 C O C H  

!.$ 

3- K E l Y L  PIRlDlNE 

FIQURE 2. NICOTINIC ACID - AND SOME INHIBITORS. 

1942; Barnett, 1944; Madinaveitia, Martin, Rose and Swain, 1945; 
Pollack, 1943). 

The respiration and growth of yeasts which were promoted by the 
presence of /3-alanine were inhibited by presence of a-methyl-p-alanine, 

Y 3  R 
C H  OH $ .  CHOH C NHCH CH 5 - 

2 2  1 NH2CHZCH COOH 

j b n  
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122 PROCEEDINGS OF THE NUTRITION SOCIETY 
inhibitory effect was exercised when pantothenate was used to  promote 
growth. It seems probable that these substances were interfering with 
the use of p-alanine in the biosynthesis of pantothenic acid. 

Inhibitors o j  Ribojucith 
Numerous compounds related in structure to riboflavin, have been 

found more or less specifically inhibitory, and to  be antagonized by 
riboflavin (Figure 4). Iso-riboflavin produced symptoms of riboflavin 

FIGURE 4. COMPOUNDS RELATED IN STRUCTURE TO 
RIBOFLAVIN AND ANTAGONISTIC TO IT. 

defiuiency in rats (Emerson and Tishler, 1944). Certain phenaziiic? 
analogues of riboflavin inhibited various bacteria and caused mild 
deficiency symptoms in mice, the effects again being antagonized by use 
of riboflavin (Woolley, 1944, 1,  2) .  Bacterial inhibition by mepacriiic 
and methylene blue, which have a formal similarity of structure with 
riboflavin, was abolished by the presence of riboflavin, and so also was 
the inhibition caused by the other anti-malarial substances, quinine and 
propamidine, whereas the action of a number of other bactericidal 
substances was not abolished in the same conditions (Madinavcitia, 1944). 
The possible relation of riboflavin to the inhibition exercised by rnopacrine 
and methylene blue is intriguing, but does not appear to be so simple 
an effect as may exist in the case of other inhibitions of metabolites by 
anti-metabolites, especially since bacterial inhibitions by propamidine 
and mepacrine can bc reversed by polyamines (Snell, 1944; Silvcrman 
and Evans, 1944), and inhibitions due to quinine have been related to 
eo-zymase by Johnson and Lewin (1945). In the last case there was 
evidence that quinine formed a loose complex with the protein of the 
enzyme system. The dichloro-analogue of riboflavin provided another 
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way of altering the riboflavin molecule to produce an inhibitor reversible 
by riboflavin (Kuhn, Weygand and Moller, 1943). 

Inhibitors of Aneurivh 
Administration of pyrithiamin produced symptoms of aneurin 

deficiency in mice and inhibited the growth of micro-organisms which 
require intact aneurin for growth (Woolley and White, 1943, 1, 2) 
(Figure 5) .  

A NL UR IN (THIAMi I1 ,) 

PYR!THIAMINI 

CGCARBOXYLASE ANEURIN PYROPHOSPHATE 

F1a-E 8. ANEVRIN, ITS INHIBITOR, PYRITHIAMIN, AND RELATED COMPOUNDS, 

It inhibited also almost as effectively those micro-organisms which require 
only the pyrimidine moiety of aneurin as a nutrient, but was less effective 
against those organisms which require both the thiazole and pyrimidine 
constituents of aneurin together, and was almost without effect on those 
organisms which synthesize aneurin. In  the last case, however, it was 
concluded that the resistance to  pyrithiamin was not due to the syn- 
thesis of amounts of aneurin large enough to antagonize the inhibitor. 
A deliberately developed strain of Endomyces vernalis, resistant to  
pyrithiamin, still required aneurin or its pyrimidine moiety for growth, 
and was apparently better equipped than the normal strain to destroy 
pyrithiamin, but even this did not entirely account for the ability 
of the resistant strain to  protect itself against the inhibitor (Woolley, 
1944, 3). 

The inhibition of carboxylase activity by the presence of the pyrophos- 
phate of the thiazole moiety of aneurin is an interesting example of the 
VOL 4, 19461 

https://doi.org/10.1079/PNS19460024 Published online by Cambridge University Press

https://doi.org/10.1079/PNS19460024


124 PROCEEDINGS OF THE NUTRITION SOCIETY 
use of an intermediate structure in studying the physiological role of a 
vitamin (Buchman, Heegard and Bonner, 1940). The results suggest 
a compctition between co-carboxylasc (aneurin pyrophosphate) and the 
“thiazole” pyrophosphate for the specific carboxylase protein, the 
thiazole pyrophosphate making the corresponding inactive “enzyme 
analogue”. The obscrvations of Sarett and Cheldelin (1944) on the 
relations between thc inhibition of growth of certain micro-organisms by 
pyrithiumin, and their utilization of aneurin, monophospho-aneurin 
and diphospho-aneurin show the usc of an anti-metabolite inhibitor to 
study the utilization of a growth factor. Lactobacillus fermenti requires 
the intact aneurin molecule for growth, and diphospho-aneurin (co- 
carboxylase) is about 30 per cent. more active. It is usually assumed 
that those organisms which require the whole or part of the aneurin 
molecule use it, a t  least in part, to make co-carboxylase. It was found 
that pyrithiamin and some 6-aminopyrimidincs inhibited the utilization 
of diphospho-aneurin by L. jermenti, more than they inhibited the utiliza- 
tion of aneurin. The results were interpreted as indicating that the 
carboxylase formed from aneurin is a more firmly bound enzyme than 
that formed when diphospho-aneurin is used as growth factor, and as 
suggesting that aneurin is attached to the apo-enzyme before phosphory- 
lation for normal growth requiring aneurin as a growth factor. 

Inhibitors of Biotin 
Examination of degradation products of biotin has shown that certain 

yeasts could utilize some of them to a greater or less extent, while Lacto- 
bacillus casei required the complete biotin molecule (Figure 6). E’or a 
yeast strain examined the following comparative activities expressed 
as percentages were found: biotin 100, desthiobiotin 100, di-amino-acid 
obtained by opening the urea ring 10, and di-aminopelargonic acid 10 
(Dittmer and du Vigneaud, 1944). The suggestion is that this yeast 
could use these degradation products for the synthesis of biotin which 
was the active metabolite really required.. Possibly the utilization of 
pimelic acid as a growth factor by certain strains of C .  diphtheriae is an 
example of a still earlier stage in the biosynthesis of biotin (Mueller, 1937). 
Pinielic acid, suberic acid and azelaic acid all increased the synthesis of 
biotin by Aspergillus niger, while the homologous dicarboxylic acids below 
pimelic acid did not (Eakin and Eakin, 1942). 

Biotin sulphone 
was vcry active in inhibiting L. cnsei, L. arabinosus and tS’hph. aureus, 
but it was able to some extent to replace biotin as a growth stimulant 
for a yeast, being 0.1 per cent. as effective as biotin a t  a concentration 
equivalent to the maximum effect of biotin (Dittmer and du Vigneaud, 
1944). Imidazolidone derivatives (Dittmer and du Vigneaud, 1944), 
and ureylene-benzene and ureylcne-cyclohexane derivativcs (English, 
Clapp, Cole, Halverstadt, Lampen and Roblin, 1945), modelled on the 
biotin structure, inhibited L. cnsei, the inhibition being reversed in presence 
of biotin. The most active imidazolidone derivatives were those where 
the fatty acid side chain was -(CH,),COOH, i.e., corresponding to  pimelic 
acid, if this were incorporated in the biotin structure (Dittmer and 
du Vigneaud, 1944). With the ureylene-benzene and ureylene-cyclo- 
hexane inhibitors the effectiveness was greatest with the cyclohexane 

Inhibitors modelled on biotin have been prepared. 
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derivatives. With A. casei the position of the side chain with respect 
to the ureylene ring seemed less important than the length of the chain; 
with yeast the position of the side chain was more important than its 
length. When the side chain was decreased to  a simple carboxyl 
group the inhibition was negligible. 

B I O T I N  BIOTIN SULPHONE UREYLENE-DENZENE DERIV.UREYLENE CICLOWCNE -0ERIV. 

DESTHIO 8 1011 N DI AMINO CAR BOXYLIC 4 -  ( I M I D A Z O L I  D O N E - 2 )  AC1DS 
ACID FROM B I O T I N  

0 0 
II II 

HN'C'Nt4 

tic-cu f'i. 'I H c -Cn i' ti2 C-CH(Cl$)4cOOH l l  --VALERIC ACID 

-(cs)5cmn --CAPROIC ACID H3C l l  C ~ ( C n z ~ o o n  HzC 

DI AMINO PELARGONIC PIMELIC ACID 

COOH 
I 

'1 1% AClO 
HC-CH 

I I  

+$ c L2 (. HJ, COOU 

FIGURE 6. BIOTIN, ITS DEGFWIATION ~ ~ O D U C T S  AND hHIBITORS. 

Inhibitors of Purines 
Various purines and pyrimidines found in nucleic acids are essential 

growth factors or growth stimulants for different species of micro- 
organisms; in some cases these effects are related to the need for other 
growth factors. Thus, micro-organisms show examples of deficiency in 
purine and pyrimidine synthesis. Inhibitors modelled as direct purine 
antagonists hevc been prepared (Figure 7)  ; these wero tri-azolopyrimidines 
corresponding to adenine, hypoxanthine, guanine and xanthine (Roblin, 
Lampen, English, Cole and Vaughan, 1945). Inhibition of growth of Bact. 
coli and Staph. uureus was effectively antagonized only by the most closely 
related purines. Benzimidazole inhibited certain yeasts and bacteria, 
the inhibition being annulled by the corresponding adenine and guanine 
(Woolley, 1944, 1). 
VOL. 4, 19461 
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Inhibition in General 

In  some instances the anti-metabolites inhibit best those organisms 
which do not synthesize the corresponding metabolite and which, there- 
fore, require it as a growth factor. In  these cases it is possible that the 
inhibitor acts by competition in an enzyme system which would normally 

ADENINE 

GUANINE 

HIPOXAN1H;NE TRIAZOLO PYRIMIDINES 

-NHt 

C-OH 

Ny \c-.-: 

XANTHINE 

BEN2 I MI DAZOLE 

H 
N $. 
N 

FIGURE 7. INHIBITION OF PURINES. 

utilize the metabolite €or some higher stage of biosynthesis, but this is 
not always the case. The sulphanilyl inhibitors inhibit also organisms 
which synthesize p-aminobenzoic acid, and benzimidazole inhibits 
organisms which synthesize adenine and guanine. It may be that these 
differences are related to  the amounts of the metabolite which the 
synthesizing organisms can make. Some strains resistant to inhibitors 
ar0 apparently resistant because they have become able to produce 
abnormally large amounts of the metabolite (Landy, Larkum, Oswald and 
Streightoff, 1043), but this again, as in the case of resistance to  pyrithia- 
min (Woolley, 1944, 3), is not always the explanation of resistance. The 
effectiveness of an inhibitor may be related to its capacity for interfering 
with the actual steps in a chain of synthetic reactions. Observations of 
this kind raise a whole series of questions relating to the mode of action 
of the inhibitors, on the one hand, and to the routes of biosynthesis or 
utilization of growth factors on the other. 

Inter-relations of Metabolites and Anti-metabolites 
The intricacies of the relations between different chains of metabolic 

reactions are well illustrated in this field of metabolite and anti-metabolite 
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studies, and emphasize the need to consider cell metabolism as a whole. 
Thus, Harris and Kohn (1941) showed that I(-)methionine was a 
relatively spccific antagonist of the inhibition of the growth of Baot. 
coli caused by sulphanilyl compounds although less effcctive than p- 
aminobenzoic acid. They suggested that methionine wits effective as an 
antagonist of the sulphanilyl compounds becausc these acted primarily 
by inhibiting the synthesis of methionine, and that it was this synthesis 
which was dependent on the presence of p-aminobenzoic acid. Their 
extremely interesting finding that methionine could be made an essential 
growth factor for a strain of Bact. coli by cultivation in the presence of 
methionine and sulphanilamide supports their conception of the inter- 
relation of methionine and p-aminobenzoic acid in metabolism (Kohn 
and Harris, 1942). 

Snell and Guirard (1943) found that alanine in sufficient concentration 
could completely replace pyridoxin for the growth of Streptococcus lactie; 
no other amino-acid did this. In  the conditions of tho test, glycine and 
threonine and, a t  higher concentrations, serinc and p-alanine inhibited 
growth. This inhibition was abolished by pyridoxin but by no other 
vitamin, and by alanine. Examples of inhibitions by certain amino-acids 
and their antagonization by other amino-acids, at very low concentrations, 
were first carefully studied by Gladstone (1939) but, in the case studied by 
Snell and Guirard (1943), there is the furthcr relation with pyridoxin 
metabolism. Thus both the examples mentioned here are cases where, 
presumably, metabolic reactions involving the essential metabolites, 
p-aminobenzoic acid and pyridoxin, are linked with reactions involving 
amino-acids. It is clear that the further study of these and similar inter- 
relationships between metabolites and anti-metabolites, in which use 
is made of possible intermediates or precursors and corresponding 
inhibitors modelled on their structures, can be a valuable technique for 
investigating routes of biosynthesis. 

In  conclusion it may be said that the stage of discovering essential 
metabolites by characterizing growth factors is now passing to  a higher 
stage. More growth factors will be found, but in a sense this is becoming 
a routine search. Emphasis can now be placed on the purposeful study 
of the physiological functions of the essential metabolites. It seems 
probable that the use of inhibitors modelled on the structures or partial 
structures of essential metabolites will be a valuable tool for investigating 
the biogenesis of the functioning mechanisms of cell metabolism. 
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Discussion 
Dr. F. Bergel (Roche Products, Ltd., Broadwater Road, Welwyn 

Garden City, Herts.), opener: It is proposed to touch only on one point, 
namely, the speci$city of chemical constitution and activity of the B 
group of vitamins, especially for mammals. I should like to draw attcn- 
tion to differences which exist in this respect between the major B 
vitamins, vitamin B, and B, and nicotinic acid, and the minor ones such 
as pantothenic acid and pyridoxin, which might explain why only three 
vitamin B deficiency diseases are so far known in man. This division 
into major and minor vitamins was first suggested by R. J. Williams 
(1942) and R. R. Williams (1942). 

In  a recent paper Ruchman 
and Richardson (1945) showed that any change of the hydroxyethyl 
group in the thiazole ring went hand in hand with loss of activity. Bergel 
and Todd (1937) demonstrated several years ago that, in addition to this 
group, the 4-amino-group in the pyrimidinc nucleus, and the 2-hydrogen 
in the thiazole, and the methylcne group connecting the two rings, are 
essential. 

Karrer (1939) 
showed that even slight alterations in the molecular structure of riboflavin 
caused loss of vitamin activit>y. It seems that the 6:7-methyl groups, 
the ribityl side chain, and a free hydrogen in the alloxan part, are 
essential. 

Even the simple molecule of nicotinic acid appears to  possess specificity 
at least in the 3-carboxyl group and the nitrogen containing ring system. 
A second carboxyl group as in quinolinic acid and the change of the 

Vitamin B, is chemically highly specific. 

A similar state of affairs is found with the B, vitamins. 
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