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BIOSYNTHESIS OF VITAMIN C DURING
GERMINATION

Part III. Effects of Sugars, Krebs’ Intermediates, Amino Acids
and B Vitamins and Correlation with B1ogenes1s
of Nicotinic Acid
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(Department of Chemical Technology, University of Bombay)
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IT has been reported from this laboratory that germination of legume seeds
in the dark results in a stimulation of ascorbic acid formation along with
increase in reducing sugars through enhanced amylolysis.! These observa-
tions concur with the view that hexoses are precursors in the biosynthesis
of ascorbic acid.> ® However, it has not been ascertained whether the
conversion of sugars, specifically glucose, to ascorbic acid, takes place by
a direct oxidative pathway or through mediation of the glycolytic route. In
this investigation evidence is presented to show that the oxidative break-
down steps are catalysed by certain of the B vitamins and that the acids
involved in the intermediary metabolism of glucose, particularly fumaric
and succinic acids, exert greater stimulation of vitamin C formation than
comparable quantities of glucose itself. It is also shown that there is a
remarkably close parallelism between the elaboration of ascorbic acid and
of nicotinic acid under a variety of experimental conditions. These conclu-
sions have been pursued further in the following communication which
confirms, through use of cytotoxic agents, selective enzyme inhibitors and
phosphorylation studies, that the metabolic breakdown of glucose into
smaller fragments is an essential prerequisite to the subsequent endergonic
step of ascorbic acid biogenesis.

EXPERIMENTAL

All the studies reported here have been carried out with miing (Phaseolus
radiatus) seeds. The procedures followed for seed germination, sampling
and ascorbic acid determinations, etc., were all as described before.r Treat-
ment with a substance was given by overnight soaking of 10 gm. of the
seeds in 50 c.c. of its solution in concentrations as shown. Soaked seeds were
then germinated as usual, glass-distilled water being served periodically
when needed.
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34 : SMITA P. BHARANI AND OTHERS

EFFECT OF PRETREATMENT WITH GLUCOSE AND B VITAMINS

Seeds pretreated by soaking with glucose alone in 3% concentration
gave 13-19 increase in ascorbic acid elaboration durin g four days’ germina-
iion over the corresponding value for untreated seeds of 217-1 mgm. per
100 gm. At} and 1% concentrations, glucose had only small stimulatory
effect (1-4 and 1-9% respectively) while beyond the 3% level it caused
stunted growth of seedlings with bunched short roots. In contrast to glucose,
hexose diphosphate (Schwarz Laboratories, New York) had a pronounced
enhancing effect on vitamin synthesis even in small concentrations. Thus
with 100 p.p.m., the per cent. difference over untreated four days old seed-
lings was 21-3. This effect was not attributable to the phosphate compo-

nent alone since sodium B-glycerophosphate even at 3%, concentration gave
only 4-7% stimulation.

The effect of supplementation of glucose (194) with thiamine, riboflavin
and nicotinic acid (100 p.p.m. each) which are associated with carbohydrate
metabolism as components of enzyme systems is shown in Table I for four
days’ seedlings. Phosphate (100 p.p.m.) as the trisodium salt was also
employed in these studies, phosphorylations being essential steps in glucose
breakdown. The data include values for dehydroascorbic acid and ascorbic
acid oxidase, determined by earlier procedures.%

TABLE I
Effects of Glucose Together with B Vitamins and Phosphate

Ascorbic Dehyclx_'o Total_ Ascor!)ic ‘acid
Treatment acid ascorbic ascorbic oxidase
acid acid activity
mg. per 100 g.
Nil 188.9 3567 2245 7:12
Glucose (1% ) 1924 375 229.9 6-73
Glucose (L% )+B vitamin mixtures 201-2 594 260-6 5.58
Phosphate (100 p.p.m.) 196-8 41.2 " 238.0 6-86
Glucose (1% )-Phosphate (100 p.p.m.) 193.2 39.9 233-1 5.15
Glucose (1%)+B vitamin mixtures 4 195.7 60-1 9255.8 5.47
Phosphate (100 p.p.m.)

* Consisting of 100 p.p.m. each of thiamine, riboflavin and nicotinic acid,
t Units cxpressed as in (5).
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Glucose at the concentration émployed had only a slight effect but with
added B vitamins marked stimulation was observed. Phosphate, either
alone or in combination with glucose, had an influence only in presence of
the B vitamins. Studies using the latter only as cultural additions are
reported later (Table XIV). The values for dehydroascorbic acid were also
higher in the presence of the B vitamins with or without phosphate. Oxidase
activity was lower in all cases as compared to the untreated seedlings; the
effects of cultural supplements on total ascorbic acid are not explicable solely
on this basis.

ErrFECTs OF SUGARS ON GERMINATING BEMBRYOS

Seeds were disinfected with 0-5% formalm solution, washed thoroughly
with sterile glass-distilled water and after overnight soaking allowed
to germinate under aseptic conditions for 24 hours. The embryos were
next separated: from the cotyledons and transplanted on to a nutrient agar
medium containing Knopp’s solution with 3% concentration of the appro-
priate sugar. The best concentration of agar that gave a gel soft enough
for the radicles to pierce through was 0-8%. The semi-solid gel was set
in a wide-mouthed, flat-bottomed flask plugged with cotton-wool.

General growth of seedlings was better in media containing added
sugars as compared to the untreated lot which on the fourth day after trans-
plantation analysed to 110-2 mgm. per cent. of vitamin C. The percentage
increases in vitamin C brought about by glucosc, mannose, fructose and
sodium B-glycerophosphate were 59-2, 56-9, 55-1 and 27-2 respectively.
The better effect due to the sugars here is due to the exclusion of the stored
reserves when intact seeds are employed (of 1, 6). The comparatively lower

~ stimulatory effect of glycerophosphate may be due to its not being an inter-

mediate in hexose metabolism.
ErFrFECT OF GLUCOSE ON GERMINATION IN THE DARK

Procedures for treatment with glucose and germination in the dark
were as described before. Necessary controls were kept. Results obtained
on the fourth day of germination are given in Table II.

Germination in absence of light resulted, as reported earlier,! in increased
ascorbic acid synthesis. However glucose treatment had a considerably
less beneficial effect inder these conditions as compared to germination
in diffused light. This was to be expected in view of the fact that
during sprouting in darkness there is enhanced sugar formation through

amylolys1s 1
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TABLE II
Effect of Glucose and Germination in Darkness
Germinated in'diffused light Germinated in the dark
Per cent. difference
Treatment )
. . . Per cent. . R

Ascorbic acid . Ascorbic acid .
differenc . r seedlings
(mg. %) ov:sr TO nttﬁ)l (mg. %) |over se.zedlmgs O;::x;?nmf
- germinated | £y ged

in the dark light

Nil . 217.0 . 232.9 e + 6:8

Glucose (1%) .o 221-3 + 1.9 242.7 - +4-0 +11-8

Glucose (3%) . 245-6 +13-1 244-4 +4-7 +12-8

EFFECT OF CoLD TREATMENT DURING STEEPING AND OF (GERMINATION
IN THE DARK ON NICOTINIC ACID BIOGENESIS

The formation of nicotinic acid during germination has been reported
by several workers?: 8 ? and has evoked interest with respect to its possible
precursors.!® In other studies!! the changes in nicotinic acid and its related
metabolites have been followed during germination. Unpublished data
have shown a close parallelism between the elaboration of vitamin C and of
nicotinic acid. In particular, cold treatment during steeping prior to germi-
nation as well as germination in absence of light which have marked stimu-
latory effect on vitamin C formation® also influence nicotinic acid synthesis.
The data for four and six days’ old seedlings are presented in Table III.

TaBLE III

Effects of Cold Treatment and Germination in the Dark on Nicotinic
Acid Formation

Fresh basis Dry basis
Day of germination micrograms per | micrograms per | micrograms per | micrograms per
100 g. 100 seedlings 100 g. 100 seedings! ¢
) 4th 6th 4th 6th 4th 6th 4th 6th

Untreated (normal steep- 726 957 242 319 6914 | 8545 2305 2848
ing and germination
Cold treated -+| 1056 1089 302 311 | 10866 8643 3104 2470

Germinated in the dark --| 990 1023 396 409 | 11000 | 12949 4400 5180
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Pre-treatment during steeping was given for 24 hours at 0-4° C.  Nicotinic
acid determinations were carried out by a cyanogen bromide procedure.!!: 2

When compared on dry basis, both treatments augment nicotinic acid
synthesis as in the case of ascorbic acid. Nicotinic acid precursor, determined
by an extraction procedure at pH 10 for 6 hours at 37° C.}! also showed
increases at almost parallel rates.

ErrecTS OF INTERMEDIATES IN THE KREBS' CYCLE

The established involvement of hexoses as precursors of ascorbic acid
suggested a study of the influence of the tricarboxylic acids resulting from
the oxidative breakdown after glycolysis by the Embden-Parnas-Meyerhof
route. The acids (Table IV and Table V) were used as sodium salts in a
concentration of 100 p.p.m. Aspartate has been included in place of its
deamination product oxalacetic acid which is highly unstable. Values for
ascorbic acid and nicotinic acid (total) are given separately (Table IV and
Table V respectively).

It may be seen that all the intermediates in general have varying degrees
of stimulatory effect on formation of both the vitamins; fumarate influence
is especially noteworthy. The metabolic importance of nicotinamide is as
co-enzymes (Diphosphopyridine nucleotide or DPN and Triphosphopyri-
dine nucleotide or TPN) in various dehydrogenation systems; it is co-
dehydrogenase in the oxidation of iso-citric acid (TPN) and of malic acid
(DPN). Evidently, therefore, conditions influencing oxidation of the
Krebs’ acids would also involve increased formation of nicotinamide. The
distribution of the nicotinamide synthesized during germination in terms of
its various forms requires to be studied.

Higher concentrations (250 p.p.m.) of the foregoing metabolite inter-
mediates had somewhat inhibitory effect on growth and hence on bio-
synthesis of the vitamins (Tables VI and VII).

It should be stated here that under normal conditions of germination
and assuming the formation of these intermediates as a prerequisite to vitamin
elaboration, their concentrations will at no time reach high values on
account of rapid and continuous mobilisation.

Errects oF KREBS INTERMEDIATES ON EXCISED EMPBRYOS

The foregoing studies were extended by growing excised miing embryos
on semi-solid nutrient media containing the sodium salts of the different
metabolites, Glucose was wused at 3%, concentration and other salts
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TABLE VI {
Effects of Higher Concentrations of Krebs’' Intermediates : ;
Ascorbic Acid

E Fresh basis Dry basis
Dd}.'I?feii::)};xnt?"tmn ! mg. per 100 g. m:'rwl()ﬁ:nigo mg. per 100 g. mg’eegﬁn;go

] 3rd } Ath 3rd i 5th 3rd 5th 3rd 5th

| ’ '

Nil -+| 22.86 18:48 | 3.97 [ 4.69 125-9 193-6 21-95 | 49.4
Citrate <+ 26.73 18.62 5-08 4-92 1395 184.3 26-45 | 48-7
Succinate <ol 27417 2001 | 4-76 5.25 1386 174:0 23-4 45+65
Fumarate -+ 26-96 19.42 442 176 135-5 188-5 22.2 46-3
Malate -+| 25.69 20.22 4-92 4-76 138.8 1905 26-6 4499
Aspartate «op 23.33 2040 424 500 130-3 191.0 | "23.72 | 46.7

* Concentrations : 250 p.p.m. each.

TaBLE VII

Effects of higher- concentrations of Krebs’ Intermediates :
Nicotinic Acid

Fresh basis Dry basis
Da%‘?ia%;xgiﬁaﬁon micrograms per | micrograms per micrograms micrograms
100 g. 100 seedlings per 100 g, per 100 seedlings
3rd 5th 3rd 5th 3rd 5th 3rd 5th
Nil . 500 475 90 140 2759 5010 496 1471
Citrate . 450 375 95 120 2347 3702 495 1189
Succinate <ol 425 326 82 89 2097 2829 402 776
Fumarate <ol 475 338 96 101 2392 3273 1 483 982
Malate . 375 275 78 83 2091 2596 421 779
Aspartate << 450 413 90 121 2511 3875 500 1131

* Concentrations : 250 p.p.m. each.

in equimolar proportions of their respective acids to this glucose con-
centration. Thus calculated, the percentage concentrations of the acids
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were citric, 3-2; succinic, 1-96; fumaric, 1-93; malic, 2-23; pyruvic, 1-5;
and aspartic, 2-21. Seedlings were sampled for vitamin C determination on

fourth day (Table VILI).
TapLgE VIII

Effects of Krebs' Intermediates on Biosynthesis of Ascorbic Acid
by Embryos

Nil C e 126-5

Glucose (3%) . 1926 +52.3
Citrate (3:2% - 134.2 4 61
Succinate (1-96% | . 143-8 +13.7
Fumarate (1-93%) ol 155-6 --23.0
Malate (2-23% ) . 140-9 +11-4
Pyruvate (1+5%) . 243-8 +92-7
Aspartate (2:21%) .o 160-0 | +26-5

With most salts, there was retardation in growth of embryos to some
extent; this was especially so with citrate, malate and aspartate. Never-
theless, a favourable influence on ascorbic acid formation was noticeable in
all cases, being pronounced with pyruvate which had also less deleterious
effect on growth.

EFrecTS OF KREBS INTERMEDIATES SUPPLEMENTED WITH B VITAMINS

Seeds were soaked in solutions containing appropriate salts (100 p.p.m.
cach) and/or a mixture of vitamins (100 p.p.m. each) as detailed in Table IX
prior to germination as usual. Dehydroascorbic acid, total ascorbic acid
and ascorbic acid oxidase activities were also followed. Determinations
were carried out on fourth day.

The B vitamins in themselves had a small stimulatory effect but did not
appreciably add to the influence of the salts of the organic acids employed.
Oxidase activities were somewhat higher in presence of the salts and were
not again influenced by the vitamin addition.

ErreECTS OF CERTAIN AMINO ACIDS

A number of amino acids could serve as sources of glycogen or in gluco-
neogenesis in the animal organism. They also form keto acids by deamination
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TasLe IX
Effects of Citrate, Succinate and Fumarate together with B Vitamins

(mg. per 100 g.)

Nil . ! 172-1 i 22.2 ]{ 194-3 386
B vitamin mixtures . 198-0 | 20-1 ’ 218-1 374
Citrate (100 p.p.m.) . 188-7 o2 | 200.9 4.26
Citrate (100 p.p.m.)+ B vitamin mixture* 195-4 12.7 ‘; 208-1 3.66
Succinate (100 p.p.m.) | 1875 19-8 ‘ 207-3 4-12
Succinate (100 p.p.m.) -+ B vitamin mixture 215-1 7.3 ‘1 222-4 3.-62
Fumarate (100 p.p.m.) 292.9 367 2596 5 4-46
Fumarate (100 p.p.m.)+ B vitamin l

mixture® 202-1 < 607 262-8 \ 4-73

* B vitamin mixture contained thiamine, riboflavin and nicotinic acid (100 p.p.m. each).
+ Units expressed as in (5).

in plant metabolism. Several amino acids such as glycine, serine, glutamic
acid and aspartic acid are known to be good glucose formers; glutamic and
aspartic acids readily funnel into the Krebs’ cycle by deamination. Hence,
certain amino acids were studied for their influence on biosynthesis of
ascorbic acid by seedlings. Effect of aspartate has been referred to earlier
(Table IV) and was also studied by Mapson and Cruickshank®® on cress
seedlings. Tryptophane was tried because of its established relationship to
‘picotinic acid.} 3% Glycine participates as precursor for formate!® 17 and
in porphyrin!® and nucleic acid synthesis.!® Serine on deamination could
form hydroxy pyruvic acid and on decarboxylation will yield ethanolamine.
Tyrosine was included as a non-specific general type amino acid. The
values for ascorbic acid (Table X) and nicotinic acid (Table XI to XII})
are presented separately.

Considering the vitamin values on dry basis, the amino acids employed
had a general accelerating effect on vitamin C formation, especially on the
fourth day of germination. On the other hand, the responses to nicotinic
acid synthesis were rather varied and were positive only in a few cases,
namely, glutamic acid (500 p.p.m.) on the fourth day and serine (500 p.p.m.)
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as well as ornithine (1000 p.p.m.) on the fifth day. Lower concentrations
of amino acids generally gave better results than higher concentrations.

The absence of any stimulatory effect due to tryptophane merited further
study with lower concentrations of this amino acid; it was felt that this
amino acid liberated free as a result of proteolysis during germination might
have masked any effect due to further addition. In fact, low concentrations
of tryptophane (Table XII) do exert a definite enhancing effect on nicotinic
acid synthesis; fumarate which itself had a favourable effect (Table V) did
not have much of an additive effect with tryptophane. This suggested
the use of still lower concentrations of these two metabolites. From
Table XIII, it may be seen that fumarate or tryptophane when used alone
give higher values for nicotinic acid with increasing concentrations at earlier
stages of germination; the effects are reversed at higher concentrations.
When used together, they give lower values with increasing concentrations
at all stages. With 100 p.p.m. of the two metabolites together, biogenesis
of nicotinic acid is optimum; higher concentrations are evidently toxic.'
When derived metabolically, these precursors will be utilized as and when
they are formed.

ErrecTts oF CERTAIN B VITAMINS

Thiamine, riboflavin, biotin and nicotinic acid were studied for any
possible effects they may have on vitamin C synthesis. The values obtained
with the vitamins (100 p.p.m. cach) when used singly are given in Table XIV
and in certain combinations in Table XV ; the latter data refer to the fourth
day of germination. |

In general, all the B vitamins tried here accelerated the formation of
ascorbic acid during germination and especially up to five days. There was
no appreciable cflect on ascorbic acid formation as a result of treating the
seeds with the B vitamins in combination, with the exception of thiamine
and nicotinic acid.

In the foregoing studies, stimulation of ascorbic acid formation was
noted with certain metabolites, especially glucose, citrate, succinate and
fumarate. The effects due to combinations of these with the B vitamin
mixture consisting of thiamine, riboflavin and nicotinic acid (100 p.p.m.
each) were studied and the values. obtained for four days’ old seedlings are
given in Table XVI.

There was no appreciable additive effect due to metabolites (¢f. Table
XVI) and B vitamins. The enhancement with fumarate addition was essen-
tially due to the effect of fumarate as observed earlier. '
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TABLE XV
Effects of B Vitamins in Certain Combinations

Dehydro- Total l{Ascorbic acid
Treatment® Ascorbic acid asc?_rbic ascorbic 1 oxidase ]
| acid ; acid | activityt
! | |
(mg. per 100 g.)
Nil : ‘. 1619 | 110 172-9 2.52
Thiamine .. 1635 14-3 1778 2-27
Riboflavin . 159-9 210 180-9 2.22
Nicotinic acid e 149 -4 | 24.7 174-1 2.29
Thiamine + Nicotinic acid . 1656-2 ' 259 101-0 2:39
Riboflavin+ Nicotinic acid | 1630 208 183-8 2.87
Thiamine Riboflavin -+ Nicotinic acid -- 17243 9.6 1819 238

* Concentrations : 100 p.p.m. of each of the vitamins.
1 Expressed as in (5).

TABLE XVI

Effects of Supplementation of Glucose or Its Intermediates with the B Vitamins
Ascorbic
Treatment* Ascorbic acid asgggggi?:-i 4 asc;git?;ci a aci,élﬂt‘)fgl*ase
(mg. per 100 g.)

T ’
Nil ‘e 172-1 22.2 { 194-3 386
B vitamin mixture | 1980 201 | 2181 3.7¢
B vitamins + glucose - 180-9 41-4 ‘ 2223 4-34
B vitamins -+ glucose < phosphate ‘e 1695 59.1 ! 2918 2.97
B vitamins + citrate el 1054 12.7 ' 208-1 3-66

, ;

B vitaming 4 succinate " 216+1 7.3 i‘ 2224 3-62
B vitamins + ftx;naratc .- 202-1 60-7 |il 262-8 473

* Concentrations : glucose, 1% ; B vitamins consisting of thiamine, riboflavin and
nicotinic acid, 100 p.p.m. each ; other salts, 100 p.p.m. ezch.

+ Expressed as in (5).

B2
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Discussion

Stimuylation in ascorbic acid elaboration in plants by various cultural
factors such as trace elements, fertilizers and sugars as well as environmental
modifications such as germination in the dark and steeping in the cold have
been observed and various hypotheses suggested as to the mode of synthesis
of the vitamin. Observations such as those relating to the influence of
manganese, magnesium, boron, copper, zinc, salts of potassium, nitrogen
and phosphorus, light, etc., are often divergent and it is not clear in which
way these factors are involved in ascorbic acid synthesis. The influence of

sugars is, however, established unequivocally. Thus, in germinating pulses,

glucose and mannose act as precursors. Germination in the dark stimulates
vitamin C formation, also on account of the increased amounts of reducing
sugars resulting from enhanced amylolysis.! The present work carried out
with intact seedlings as well as excised embryos confirms the precursorial
role of glucose and mannose (p. 34).

The favourable effect of phosphate suggests that phosphorylation may
be involved during ascorbic acid formation by seedlings. It has since been
ascertained that selective inhibition of phosphorylation reactions affects
adversely the biogenesis of ascorbic acid (next paper).

Glucose supplemented with factors like phosphate and B vitamins has
enhanced stimulatory effect on the formation of ascorbic acid: the additions,
therefore, influence glucose metabolism in such a way as would result in
its utilization for ascorbic acid formation to a larger degree.

Synthesis of ascorbic acid by chloretonized rats increases in presence
of three-carbon compounds like glyceraldehyde and dihydroxy acetone.20
Enhanced ascorbic acid formation in cress seedlings when treated with sodium
and- potassium salts of acetic, succinic, malic and aspartic acids has also
been reported.'® Working with germinating miing seedlings, it is observed
that some of the Krebs’ intermediates, particularly, fumarate and succinate,
increase ascorbic acid elaboration. A stimulation in ascorbic acid forma-
tion by any substance would suggest that the substance acts as a precursor
or as component or activator of the mechanism of conversion of the pre-
cursor into the product or it may act as an inhibitor of destructive mecha-
nism: Considering the metabolic importance of the Krebs’ intermediates
in normal tissue metabolism; their role would seem to be as precursors rather
than as activators of biosynthetic processes or as protective agents. It may,
therefore, be stated that hexose transformation to vitamin C proceeds via
these intermediates which in themselves initiate these reactions. Studies with
selective inhibitors reported in the next paper also support this view.
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It is interesting to note the close parallelism between the elaboration
of ascorbic and nicotinic acids under a variety of experimental conditions.
A similar observation, in a limited way, had also been reported earlier.’
The role of pyridinoprotein enzymes in dehydrogenation mechanisms asso-
ciated with metabolism of sugars and Krebs® intermediates suggests that a
supply of the latter necessitates the formation of these enzymes for speeding
up their metabolic disposal.

Treatment of sceds during soaking with certain amino acids, namely,
serine, tryptophane, tyrosine, glycine and aspartic acid accelerates ascorbic
acid formation during germination. These amino acids cannot obviously
act as direct precursors. Their influence can only be indirect. Thus, some
of the amino acids may be acting as precursors after conversion into the
corresponding keto acids by deamination. Certain amino acids are glucose
formers. some may also be taken up in building up the apoenzyme portions
of the enzyme systems concerned in the formation of ascorbic acid. Another
possibility is that amino acids may act as precursors of the coenzyme
moieties of these enzyme systems; such a relation is established between
tryptophane and nicotinic acid.'»** Thus, the effect of tryptophane in
appropriate concentrations may be through enhanced formation of nicotinic
acid which may be concerned more directly in the biosynthetic processes
leading to ascorbic acid.

The B group of vitamins are generally known to take part in carbo-
hydrate metabolism. Thiamine as cocarboxylase, nicotinic acid as a compo-
nent of DPN and TPN which are codehydrogenases and riboflavin as flavin-
adenine dinucleotide concerned in oxygen transfer processes are all necessary
in glucose oxidation. Biotin is concerned in the conversion of pyruvic to
oxalacetic acid through carbon dioxide fixation. Pantothenic acid functions
in the formation of citric acid from acctate and oxalacetate. The stimula-
tion by B vitamins in ascorbic acid formation is therefore possibly ascribable
to their involvement in the oxidative breakdown of glucose prior to vitamin
C synthesis. It is known that lack of B vitamins in experimental diets
decreases vitamin C concentrations in the lens of rats.* Deficiency of ribo-
flavin and thiamine results in reduced storage of ascorbic acid in various
tissues and endocrines®? as also in the livers of mice.?* Further proof that
vitamin C biosynthesis is preceded by glucose oxidation to smaller fragments
is presented in the next communication.

SUMMARY

(1) Further observations on the effects of certain cultural and environ-
mental factors on biosynthesis of ascorbic acid in germinating seeds of miing
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(Phaseolus radiatus) are reported. Seed embryos separated from the
reserve food store in cotyledons and grown on a semi-solid nutrient medium
have been employed in some of these studies. Concomitant changes in
nicotinic acid have been also followed.

(2) In confirmation of earlier work, hexoses, particularly, glucose and
mannose, have a pronounced enhancing effect on ascorbic acid formation.

(3) Certain intermediates of carbohydrate metabolism such as citrate,
succinate, fumarate and malate, induce increased synthesis of vitamin C ;
the effects of succinate and fumarate are noteworthy.

(4) Thiamine, riboflavin, nicotinic acid and biotin stimulate ascorbic
acid elaboration.

(5) Accelerating effects are also noted with tryptophane, tyrosine, serine
and glycine.

(6) A parallelism between the biogeneses of ascorbic and nicotinic acids,
under various cultural treatments is observed.

(7) The possible implications of these observations have been discussed
indicating probable involvement of hexose intermediates in ascorbic acid
synthesis.
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