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THE possible involvement of certain precursors in the biosynthesis of vita-
min C has been indicated in earlier reports.» 2 Sugars such as- glucose,
fructose, mannose and sucrose have been suggested as precursors by other
workers as well+7 Apparently unrelated with these findings was the
observation of King ef al.%® that various chemicals such as terpene-like
cyclic ketones, chloretone, chloral hydrate and certain barbiturates induced
increased urinary excretion of ascorbic acid in experimental rats. These
workers further observed a correlation between the metabolism of d-glu-
curonic and ascorbic acids, thus suggesting that stimulation in vitamin C
synthesis is interlinked with detoxification mechanisms. In a later report

it was shown'® that the accelerated vitamin C synthesis did not proceed

via utilization of the stimulating compound, methyl labelled chloretone,
as precursor. It would seem therefore that the effect of the nerve-depressant
may be upon the enzyme systems which control glucose oxidation.
Ganapathi!* has suggested a mechanism by which ascorbic and glucuronic
acids may be formed from two 3-carbon units. Adequate thiamine nutri-
tion has been shown to be a prerequisite to chloretone stimulation of ascorbic

acid synthesis in rats.'?

Tt was therefore of interest to study the effects of mitotoxic agents such
as chloretone and coumarin!®!*% on ascorbic acid formation during germina-
tion and in presence of the precursors' which in themselves had stimula-
tory effects. That the Krebs’ intermediates were involved in the transforma-
tion of the sugars into ascorbic acid® was further ascertained from use of

certain enzyme inhibitors.

EXPERIMENTAL

The procedures followed for seed germination and pretreatments
employed as well as for vitamin determinations were as described before.?
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Biosynthesis of Vitamin C during Germination—IV 55

Effects of Mitotoxic Agents

Some of the results obtained using different concentrations of urethane,
chloretone, barbitone and coumarin are presented in Tables I and II. In
preliminary experiments it was observed that in these concentrations there
was no marked effect on growth except a slight thickening of radicles with

. coumarin-treated seedlings. Higher concentrations resulted in stunted

growth.
TasLE |

Effects of Urethane, Chloretone and Coumarin

Day of germination : Ascorbic acid content (mgm. per cent.)
Treatment Tst E 2nd 3rd 4th 5th
Wil .- 84-6 1237 134-0 152-9 185-6
Urethane (100 p.p.m.} -- 89-2 123-7 148-2 170-5 178-8
Urethane (10 p.p.m.) -- 93-6 1211 151-5 158-8 1833
Chloretone (100 p.p.m.) 98-6 116-8 146-4 167-8 194-9
Chloretone (10 p.p.m.) -- 986 116-0 146-0 161-7 191-6
Coumarin (100 p.p.m.) - |  100-5 118-6 146-6 158-8 1026
Coumarin (10 p.p.m.) -- 104.-8 116-8 148-2 154-4 187-5

It may be seen that on the whole all the substances used had a stimula-
tory effect on ascorbic acid formation at some stage or other during germina-~
tion. The best concentration and the stage of growth when stimulatory
effect was observable varied with the mitotoxic agents. However, after
five days’ germination, all treated samples had higher vitamin values as
compared to control except in the case of barbitone where it was equal to
it. Lower concentrations of chloretone and coumarin had better effect
than the respective higher concentrations.

Effects of Supplementation of Glucose and B Vitamins to Chloretone and
Coumarin

Treatments were given as usual. Growth of seedlings was good in all
samples. Coumarin treated seedlings had a slightly retarded growth with
somewhat thickened radicles. Aliquots were taken simultaneously from
the same lot for ascorbic acid and nicotinic acid determinations (Tables III
and IV respectively). Vitamin estimations were carried out on the third,

fourth and fifth days of germination,
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Biosynthesis of Vitamin C during Germination—1IV 59

As with ascorbic acid, the influence individually of chloretone, cou-
marin, glucose and B vitamins was beneficial for nicotinic acid formation
during germination. Glucose with chloretone as well as with coumarin
induced higher stimulation after five days. Treatment with B vitamins
along with chloretone and glucose had no additional effect while that with
coumarin and glucose showed definite enhancement.

Since mitotoxic agents cannot obviously act as precursors of vitamin
C10 their effect could only be through stimulation at some phase of glucose
metabolism which directly funnels into the biosynthetic mechanism for
ascorbic acid. The following studies were undertaken to elicit further
information through use of specific enzyme inhibitors whose effect if any
would indicate whether a certain metabolite constitutes an essential inter-
mediate step or not.

Effects of Certain Enzyme Inhibitors

Although tracer work!® has shown that glucose carbon chain occurs
as such in the ascorbic acid synthesized from it by the rat, the possibility
is not precluded that vitamin C is actually derived from the products of
metabolic breakdown of glucose® followed by resynthesis of simpler carbon
units. Study of the effects of some of these intermediates has in fact
revealed a contribution by some at least to ascorbic acid formation? in
miing seedlings.

Effects of cyanide, 2:4 dinitrophenol, azide and iodoacetate

The substances selected are all inhibitors of enzymes concerned in carbo-
hydrate breakdown. Cyanide is a general enzyme inhibitor but particularly
inhibits cytochrome oxidase. Dinitrophenol and azide inhibit phospho-
rylation which precedes glucose breakdown as well as of several of its inter-
mediates. lodoacetate inhibits glycolysis. The concentrations studied
(Table V) were chosen after preliminary experiments; higher concentrations,
particularly of dinitrophenol, azide and iodoacetate affected growth. To
accentuate the effects of inhibitors, they were studied in presence of glucose
(1%4), B vitamins (thiamine, riboflavin and nicotinic acid, 100 p.p.m. each)
and phosphate (100 p.p.m.). Ascorbic acid determinations were carried
out after four dayvs’ germination (Table V).

Except iodoacetate which could not be employed at higher concentra-
tions on account of toxic effects, the other additions had definite inhibitory

effects,
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TaBLE V
Effects of Cyanide, 2:4 Dinitrophenol, Azide and Iodoacetate

1

Ascorbic acid ‘ Per cent.

Treatment™ (mgm. variation from
per cent.) control
Glucose <+ B vitamins - phosphate (control) - 269.9
Glucose + 1 vitamins -+ phosphate + cyanide (250 p.p.m.) .. 232.1 -14
Glucose -+ B vitamins -+ phosphate -+ cyanide (100 p.p.m.) .- 2471 —~ 8:85
Glucose -+ B vitamins +4 phosphate -+ dinitrophenol (45 p.pm.) - 231-1 ~14.37
Glucose + B vitamins -+ phosphate + azide (50 p.p.m.) co| L 22847 —15-26
(ilucose + B vitamins -+ phosphate -+ azide (25 p.p.m.) . 260-0 — 8.67
Glucose + B vitamins - phosphate -+ iodoacetate (10 p.p.m.) e 276-6 + 2.48

* Concentrations.—Glucose, 1% ; B vitamins contained thiamine, ribeflavin and nicotinic
acid, 100 p.p.m. each ; phosphate, 100 p.p.m.

Effects of enzyme inhibitors on germinating excised embryos

The experiment was similar to the above but excised embryos were
grown by the earlier technique.® Treatment with fluoride, another inhibitor
of glycolysis, was included. Samples were taken after germination for four
days. Growth of embryos was slightly retarded with fluoride, azide and
iodoacetate treatments. ‘

TABLE VI
Effects of Cyanide, 2: 4 Dinitrophenol, Azide, lodoacetate and Fluoride on
Excised Embryos

|
l] Ascorbic acid Per cent.

Treatment*® (mgm. variation from
per cent.) control
|

Glucose -+ phosphate (control) | . 266-3 1 ..
Glucose + phosphate -+ cyanide (80 p.p.m.) . 2583 \ -3

Glucose -+ phosphate + dinitrophenol (10 p.p.m.) ‘ ,1 2525 1{ ~5-18
Glucose -+ phosphate -+ azide (6 p.p.m.) .- 2488 ~6-57
Glucose -+ phosphate + iodoacetate (1 p.p.m.) . 2626 ~1-4
Glucose + phosphate + fluoride (10 p.p.m.) . 252-9 -5-03

* Concentrations.—Glucose, 39 ; phospbate, 0-5%,.

Much lower concentrations of the inhibitors had to be used for satisfactory growth than
in the preceding experiments with intact seedlings (Table V) and hence, probably, the effects
though definite wexe less pronounced.

AR
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Effects of malonate and calcium™*

It was reported® that of the Krebs' intermediates, fumarate and suc-
cinate in particular, had a pronounced stimulatory effect on ascorbic acid
formation during germination. It was of interest to study the effects of
malonate, which inhibits competitively the catalytic action of the enzyme
succinic dehydrogenase and of calcium ion which is known to activate
iLm

influence of malonate and calcium ion on stimulation of ascorbic acid
formation duc to succinate was studied by soaking the seeds as usual in
different solutions of the substances singly and in combinations (Table VII).
Two concentrations of malonate were tried; one equimolar to that of suc-
cinate and the other half of it (90 and 45 p.p.m. respectively of malonate
against 100 p.p.m. of succinate). Samples for vitamin determination were
taken on the fourth day.

TasLe VI

Effects of Malonate and of Caleium'+ (as Calcium Chloride) together
with Succinate

Ascorbic acid Per cent.

Treatment (mgm. variation from
per cent.) control
s e

Nil -l 197
s inate (100 popam.) .. 9205-2 | + 41
Madomiate (46 p.pamn.) 19046 :‘ — 3.3
Malonite (90 papon) . 190-4 | — 3.4
Sucs inate b omatonate (45 ppm.) SIS U A
Suerinate b madonate (80 popem,) . 169-9 ~13-8
Caleram chloride (00 ppan) . 2005 “ + 1.7
S inate b calvinm chloride (50 p.pam.) . 1914 - 2.9

i

Treatments with malonate or calcium chloride did not result in appré?ci-
able effect on ascorbic acid formation. In view of this and the ob§ervauon
of Laties!® that inhibition due to malonate is more effective at acid pH, a
different method of treatment was tried.

The sceds after overnight soaking in distillec! water (’10 g. in 50 c.c.
per sample) were allowed to ga‘:rminatc% in separaﬁtte d}shes, ser\fmg water when
required. After three days when rapid ascorbic acid formation commences,
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succinate solution (100 p.p.m.) enough to soak the wads (45 c.c.) was served
to samples 3, 6, 7 and 9 (Table VIII) and water was served to the rest. On
the fourth day, malonate solutions in two concentrations adjusted at pH
4-5 were served; that of 45 p.p.m. to samples 4 and 6 and that of 90 p.p.m.
to samples 5 and 7 (45 c.c. in each case). A control for pH was also kept
(sample 2). Calcium chloride solution was served to samples 8 and 9.
After a further day’s germination, vitamin contents of all samples were
determined.

1
o ixeamwmw»xq?&&wg‘ b

TaBLE VIII

| Effects of Malonate (at Low pH) and of Calcium Chloride together
with Succinate

Ascorbic acid (mgm.
per cent.) Per C,f.nt' |
Day of germination Treatment variation oo
fromicontrol e
4th 5th (on 5th day) @
;
Sample:
1 Nil .. 167-9 170-8
2 pH control . | 1770 + 3-63
3  Succinate control {100 p.p.m.) . 1780 214.9 4+95.4
4 Malonate (45 p.p.m.) .. 149-6 —12-4
5 Malonate (90 p.p.m.) . 142-8 -16-4
6 Succinate + malonate (45 p.p.m.) . 167-3 - 92.05
7  Succinate + malonate (90 p.p.m.) .- 188-4 +10-3
8 Calcium chloride (50 p.p.m.) . 198-6 +16-28 i
9 Calcium chloride + succinate o 199.0 +16-5

 The effect of malonate treatment was evident at the low pH employed
here. Tt depressed ascorbic acid formation, in succinate-treated and control
samples. Calcium ion had some stimulatory effect, which was not accele-
rated in presence of succinate.

Effects of malonate and of calcium* on excised embryos

The embryos were excised as usual and allowed to grow on the semi-
solid nutrient medium containing different substances (Table IX). It was
not possible to have a pH of 4-5 found necessary to observe malonate inhibi-
tion with intact seedlings on account of difficulty in obtaining a well set
gel-medium. However, by use of malonic acid instead of its salt, a slight
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TABLE IX
Effects of Malonate and of Calciunmt+ Together with Succinate on Embryos
Ascorbic acid Per cent.
Treatment (mgm. variation from
per cent.) control
Nil ‘ .. 142-6
Succinate control (0:5%) .- 168-6 +18-23
Malonate control (0-25%) ' | 1362 — 4-49
Succinate -+ malonate .. 145-3 + 1.8
Calcium chloride (0-25);?‘5 )r .. 140-3 - 1-6
Succinate + calcium cﬁl?;;lde .. 1760 +23-42

lowering of the pH below neutral was achieved. Samples for vitamin esti-
mation were taken after four days’ germination.

Treatment with calcium chloride alone had no effect but it activated
the stimulatory effect of succinate. Although malonate control showed
only slight inhibition as compared to normal control, it reversed the enhance-
ment due to succinate. The effect of malonate may be expected to be more
pronounced at still lower pH.

Changes in Phosphatase and Pyrophosphatase Activities

On the basis of experimental results presented in the foregoing pages,
it would seem that in the biogenesis of ascorbic acid from glucose, the latter
may be degraded into smaller fragments which by further synthetic steps
would lead to the formation of ascorbic acid. The observed changes in
vitamin C as a result of cultural additions or environmental alterations and
the parallel increases in nicotinic acid also suggested that the latter may be
involved as its co-enzyme in some of the reactions concerned with ascorbic
acid elaboration. Inhibition studies on phosphorylation also pointed to
the conclusion that one of the ways in which energy was supplied to the
endergonic reaction of vitamin C elaboration may be phosphorylation.
Further proof of phosphorylation as an intermediate step in vitamin C bio-
genesis was ascertained from the following studies on phosphatase (acid)
and pyrophosphatase activities; alkaline phosphatase was absent.

10-11 g. of miing seeds were soaked separately in 50 c.c. of (i) distilled
water, (ii) fumarate solution (100 p.p.m.), (iii) solution of fumarate (100
pp-m.) and atabrine (150 p.p.m.), (iv) 2: 4 dinitrophenol solution (50 p.p.m.),
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Dinitrophenol and atabrine are inhibitors of phosphorylation mecha-
nisms.?% 2L 22 After four days’ germination, 0-5g. of seedlings were
crushed with 5c.c. of acetate buffer (pH 5-4) in a glass mortar and trans-
ferred to a 100 c.c. flat-buttom flask. Phosphatase and pyrophosphatase
activities were studied in these extracts according to the methods of
Sadasivan®® using 10% solution of sodium B-glycerophosphate and 5% solu-
tion of sodium pyrophosphate respectively. Colour for phosphate was
developed according to Koch?* and using the Fiske-Subbarow reagent, %
a Klett-Summerson photo-electric colorimeter with filter 66 being employed
for colour measurements.

Additional determinations for nicotinic acid were also carried out in
the same sample (Table X).

As a result of germination, phosphatase and pyrophosphatase activities
increased to a great extent. There was a slight favourable effect of fumarate
on phosphatase activity. Atabrine had little or no influence while dinitro-
phenol had appreciable depressing effect on phosphatase activity compared
to control. Fumarate enhanced pyrophosphatase activity to a considerable
extent. Both dinitrophenol as well as higher concentration of atabrine had
a marked depressing effect on pyrophosphatase activity as compared to
control.

Further data on the effects of fumarate and/or chloretone with and
without the phosphorylation inhibitors, atabrine and 2:4 dinitrophenol,

are given in Table XI for pyrophosphatase activity only. Results are for
five days’ seedlings.

Fumarate as well as chloretone stimulated pyrophosphatase activity
and atabrine depressed it; the inhibition due to the latter was not observable
when fumarate and chloretone were used together. However, the inhibition
due to dinitrophenol was practically not influenced by fumarate or chloretone
when its concentration was 50 p-p-m. At a lower concentration results

similar to those with atabrine were obtained (Table XII) for five days’ seed-
lings.

The stimulation in ascorbic acid and nicotinjc acid biogeneses due to
succinate and fumarate and the inhibition due to malonate reported earlier,3
(also ¢f. Table VIII) were further studied with respect to phosphatase and

pyrophosphatase activities and nicotinic acid synthesis (Table XIII). Values
- are for four days’ seedlings. :

B3

|



TapLe X1

Effects of Fumarate, Chloretone and Inhibitors on Pyrophosphatase Activity
Fresh basis Dry basis
Treatment

‘ per 100 g. ifdlliggs per 100 g. iaiﬁli?x?g?s

” Pyrophosphata;g;:rt-{vity expressed as g, of T‘
!\ Nil ««f 0-488 0-141 5-603 1-615
‘ : Fumarate (100 p.p.m.) .| 0.811 | 0-214 |10-130 | 2-676
' Chloretone (500 p.p.m.) .| 0-666 | 0-186 | 7-750 | 2.156
Fumarate + chloretone .| o.832 | 0-321 | 10-140 | 2.819
Atabrine (150 p.p.m.) - 0-264:‘ 0-063 | 2-869 0682
Fumarate + atabrine --| 0396 0-113 4-356 1-235
Chloretone + atabrine <+l 0-354 0-082 3-978 0-928
Fumarate + chloretone + atabrine -+| 0-540 0-140 6-208 1-601
Dinitrophenol (50 p.p.m.) .| 0-408 | 0-109 | 4-080 | 1-090
Fumarate + dinitrophenol cof 0-377 0-100 3-919 1.040
Chloretone 4+ dinitrophenol -+ 0-316 0-077 3225 0-777
Fumarate + chloretone < dinitrophenol | 0-445 0-117 4542 1-200

: TasLE XII
Effects of Fumarate, Chloretone and 2:4 Dinitrophenol on Pyrophosphatase
Activity
Fresh basis Dry basis
Treatment

pe 100 25,190 e 100 | 2,100

Pyrophosphatase activity expressed as g. of P
i Nil .| 0-616 | 0-166 | 6-046 | 1.631
Fumarate (100 p.p.m.) » -~ 1-059 0-260 | 10-524 2580
Chloretone (500 p.p.m.) -«| 0-609 0-134 6-143 1-351
iR Fumarate + chloretone -+l 1-083 0-284 | 10-939 2-859
i Dinitrophenol (20 p.p.m.) ! 0-g52 | 0-127 | &720 | 1.111
| \  Fumarate + dinitrophenol «-] 0-698 0-168 6-591 1.-584
Chloretone - dinitrophenol -+l 0.672 0-143 6-106 1-300
i Fumarate + chloretone + dinitrophenol «o] 0-824 0:199 7-546 1-822
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As may be expected fumarate or succinate stimulated biogenssis of
nicotinic acid as well as' phosphatase and pyrophosphatase activities.
Malonate showed some inhibition both by itself and in presence of fumarate

or succinate. The results were similar to those obtained with ascorblc
acid (Table V[H)

Discussion

That hexoses act as primary precursors in the biogenesis of ascorbic
acid has been confirmed® ® working with both intact seedlings and excised
embryos of miing. It would seem that this conversion might be taking place
via compounds having smaller carbon chains although admittedly, the fact

that short chain compounds stimulate ascorbic acid formation cannot alone
lead conclusively to this view.

‘The investigations of King and co-workers with chloretonized rats

probably provide the first indications of a biosynthetic mechanism. Treat-

ment with chloretone stimulated ascorbic acid formation in vivo along with
glucuronic acid in rats.®® From these data®*16:26 Ganapathi'® has suggested
that ascorbic and glucuronic acids may be formed from two 3-carbon units
by aldol condensation similar to that in the formation of fructose and sorbose
from two molecules of glyceraldehyde, the two 3-carbon units in this. case
being glyceraldehyde and hydroxy puruvic acid or their tautomeric forms;

the reactions can proceed in two directions vielding in one case ascorblc
‘acid and in the other glucuronic acid.

In-a recent communication'® King and co-workers reported the results

of experiments with labelled glucose. C* glucose labelled uniformly in

all the six positions was used for in vivo study with chloretonized rats. = Partial
degradation of the biosynthetic ascorbic acid and the measurement of radio-

-activity at all the positions indicated that conversion of. glucose to-ascorbic
Aac1d proceeded without appreciable differential .dilution of -radio - activity

‘in positions 1 and 2 as compared to the remaining carbon atoms.of the mole-

“cule. Distribution of radio activity in the six carbon atoms of the. bio-

synthetic ascorbic acid was essentially identical with that in the initial glucose
molecule. It was therefore suggested that the carbon chain of glucose may
not be broken before being converted to ascorbic acid; however, the possi-
bility of recombination of the fragments without a major dilution effect
could not be ruled out and would seem the probable route from King’s
own earlier observations on the stlmulatory effects of glyceraldehyde -and
pyruvate in in vitro studies with liver slices of chloretone-treated rats1e dnd
from the data obtained by the present authors.

I3
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Furthermore, the depression in ascorbic acid production during germina-
tion by certain inhibitors of enzymes concerned in the Krebs' oxidative
cycle also lends support to this view. The inhibitors for glveolysis, such
as fluoride, depressed the formation of ascorbic acid indicating that break-
down of glucose into smaller fragments is a prerequisite to the subsequent
endergonic step of ascorbic acid formation. The depressing eflects on
ascorbic acid synthesis of selective inhibitors of phosphorylation such as
azide, 2: 4 dinitrophenol and atabrine indicate that phosphorylation of inter-
mediates i1s a necessary link in ascorbic acid elaboration. This is further
supported from the concomitant changes observed in phosphatase and pyro-
phosphatase activities. A more specific demonstration of the involvement
of at least one of the Krebs’ intermediates in ascorbic acid genesis is the
depressing effect of malonate.

Chloretone stimulates ascorbic acid production in animal tissues'¢ and
its action is indirect.!® It is now shown that this as well as other cytotoxic
agents like coumarin and urethane in appropriate concentrations stimulate
ascorbic acid production by germinating seeds as well. Supplementation
of glucose and B vitamins enhances this effect.

The effects of these substances may only be stimulatory, the mechanism
being unknown. It has been reported that nerve depressants affect the
enzyme systems concerned with oxidation of glucose in animal tissues.”
A similar effect may be inferred in plant tissues as well. If, for instance,
fumarate or pyruvate or any defined intermediate in glucose oxidation is
involved in ascorbic acid elaboration, it seems possible that the mitotoxic
agent inhibits oxidation in the Krebs® cycle at this point and thus helps to
shunt the metabolism of this intermediate away from its normal pathway
and towards steps leading to formation of ascorbic acid.

‘The parallelism between ascorbic acid and nicotinic acid changes
reported earlier’® is again observable in the foregoing studies with mito-
toxic agents as well as selective inhibitors. A direct approach to the elucida-
tion of these relationships through spectrophotometric determinations of
diphosphopyridine nucleotide (DPN) and triphosphopyridine nucleotide
(TPN) is currently in progress in this laboratory.

SUMMARY

»

(1) Further studies on the changes in ascorbic acid elaboration by
germinating miing with various cultural additions have been carried out with
a view to elucidate the postulated role of intermediaries of glucose meta-
bolism. :
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(2) Selective inhibitors of certain enzymes concerned in glucose break-
down and in phosphorylation, such as azide, fluoride and 2: 4 dinitrophenol
adversely affect ascorbic acid formation.

(3) Malonate, a competitive inhibitor of succinic dehydrogenase, de-
presses ascorbic acid elaboration. Involvement of fumarate in reactions
leading to synthesis of ascorbic acid is thus inferable.

(4) In proper concentrations, certain mitotoxic agents like chloretone,
urethane and coumarin favour synthesis of ascorbic acid.

(5) Phosphorylation inhibitors such as atabrine and 2:4 dinitrophenol
adversely affect phosphatase and, more particularly, pyrophosphatase activi-
ties which are stimulated by fumarate or succinate and by mitotoxic agents
like chloretone in suitable concentrations. Phosphorylation of intermediates
seems therefore a necessary step in ascorbic acid elaboration.

~ (6) In general, changes in nicotinic acid are parallel to those in ascorbic
acid.

(7) The related observations have been discussed and it is concluded
that metabolic breakdown of glucose is a probable prerequisite to its trans-
formation into ascorbic acid.

ACKNOWLEDGMENTS *

Our thanks are due to Chas. Pfizer and Co., Inc., New York, and Hoff-
man-La Roche, Basle, for generous gifts of chemicals. One of us (S.P.B.)
is also indebted to the Lady Tata Memorial Trust, Bombay, for the award
of a Fellowship. '

REFERENCES
|. Sreenivasan, A. and Wandrekar, S. D. .. Proc. Ind. Acad. Sci., 1950, 32 B, 143.
I .. Ibid., 1950, 32 B, 231.
3. Bharani, S. P., Shah, Y. S. and lbid., Previous paper.
, Sreenivasan, A. ‘
4. Ahmad, B., Qureshi, A. A., Babbar, 1. Ann. Biochem. and Exptl. Med. (India), 1946,
and Sawhney, P. C. 6, 29. ‘
5. De, H.N. and Barai, S. C. .. Ind. J. Med. Res., 1949, 37, 101.
6. Ray, S. N. .. Biochem. J., 1934, 28, 996.
7. Fukumoto, J. and Shimomura, H. .. J. Agri. Chem. Soc. (Japan), 1937, 13, 613.
8. Longenecker, H. E., Fricke, H. H. and J. Biol. Chem., 1940, 135, 497.
King, C. G.
9, ———, Musulin, R. R., Tully, R. H. Ibid., 1939, 129, 445.
(3rd), and King, C. G.
10. Jackel, S.S., Mosbach, E. H., Ibid., 1950, 186, 569.

~ Burns, J. J. and King, C. G.
11. Ganapathi, K. .. Curr. Sci., 1950, 19, 381.




Biosynthesis of Vitamin C during Germination—IV 71

Roy, S. C., Roy, S. K. and Guha, B. C.
Audus, A. J. and Quastel, J. H.
Guyer, M. F. and Claus, P. E.
Bucher, O.
Smythe, C. V. and King, C. G.
Quastel, J. H. and Wheatley, A. H. M. ..
Axelrod, A. E., Swingle, K. F. and
Elvehjem, C. A.
Laties, G. G. ..
Ross, R.J., Taggart, J. V., Covo, G. A.
and Green, D. F.
Teply, L. J.
Fiuenekens, F. M., Mazahler, H. R.
and Nordmann, J. R.

Sadasivan, V.

Koch, F. C. and Hanke, M. E.

Fiske, C. H. and Subbarow, Y.

Musulin, R. R,, Tully, R. H. (3rd),
Longenecker, H. E. and King, C. G.

Quastel, J. H.

Narure, 1946, 158, 238.

1bid., 1947, 159, 320.

Proc. Soc. Exptl. Biol. Med., 1947, 64, 3.
Helv, Physiol. Pharmacol. Acta, 1949, T 317.
J. Biol. Chem., 1942, 142, 529.

Biochem. J., 1931, 25, 117.

J. Biol, Chem., 1941, 140, 931.

Arch. Biochem., 1949, 20, 284.
J. Biol. Chem., 1949, 177,‘655.

Arch. Biochem,, 1949, 24, 283.
Ibid., 1951, 30, 71.

Ibid., 1950, 28, 100.

Practical Methods in Biochemistry, 1943, 195,
J. Biol. Chem., 1925, 66, 375.

Ibid., 1939, 129, 437

Trans, Faraday Soc., 1943, 39, 348.




