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The Histochemical Dephosphorylation of Riboflavin
Phosphate (Flavin Mono-nucleotide) and Pyridoxal

Phosphate (Co-decarboxylase)

By GEOFFREY H. BOURNE

(From the Histology Department, London Hospital Medical College, E.I.)

With four plates (figs. 1-4)

SUMMARY

1. The histochemical dephosphorylation of riboflavin phosphate and pyridoxal
phosphate has been studied at pH 9-0 and pH 50. The results have been compared
with those obtained with glycerophosphate.

2. It was concluded that these substrates are dephosphorylated by enzymes or
enzyme systems differing from each other and from that which dephosphorylates
glycerophosphate.

3. The vitamin substrates undergo some dephosphorylation by all tissues examined
at pH go. At pH 50, however, no reaction is given by any tissue with riboflavin
phosphate as a substrate, but all tissues give some reaction at this pH with pyridoxal
phosphate.

4. The reaction at both acid and alkaline pHs with pyridoxal phosphate is in some
tissues located in bodies resembling mitochondria: the sarcosomes of heart-muscle in
particular give a strong reaction. This is true at pH 90, to a lesser extent, with ribo-
flavin phosphate.

5. It is possible that the sites of dephosphorylation shown by the histochemical
tests may also be the sites of phosphorylation of these vitamins.

6. Intercalated disks of heart-muscle show an intense dephosphorylating activity
for riboflavin phosphate and glycerophosphate.

7. Pyridoxal phosphate and riboflavin phosphate are dephosphorylated at the same
sites (differentiating regions) as glycerophosphate in rat embryos.

INTRODUCTION

IT has been shown that a number of members of the vitamin B complex in
their phosphorylated condition form essential parts of enzyme systems

concerned with metabolism. Among these are riboflavin phosphate and
pyridoxal phosphate. The first of these is said to form the prosthetic group of
the mammalian amino-acid oxidase of Green, and the second is the pros-
thetic group of several, and possibly all, amino-acid decarboxylases.

In view of the metabolic importance of these substances it was thought that
a histochemical investigation of the ability of different tissues to dephosphory-
late them would be of importance in establishing (1) whether this is a function
of non-specific alkaline phosphatases, (2) if specific phosphatases are respon-
sible, where they are located both from the point of view of the distribution
in the various tissues and within the cells themselves.

[Quarterly Journal of Microscopical Science, Vol. 95, part 3, pp. 359-369, September 1954.]
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There appears to be only one paper on a related subject in the literature
and that refers to the localization in the brain of an enzyme dephosphorylating
aneurin pyrophosphate at a neutral pH (Naidoo and Pratt, 1952).

METHODS

Male and female rats were the animals used for this work. They were killed
by means of a blow on the head and small portions of the following organs
were removed and fixed for 24 hours in ice-cold acetone: cerebrum, cere-
bellum, uterus, kidney, liver, stomach, jejunum, colon, rectum, skeletal-
muscle, heart-muscle, trachea, lung, testis, epididymis, and adrenal. The
ovary was similarly treated but the results obtained with this organ will be
published separately in association with R. J. Harrison in a general account
of the histochemistry of the ovary.

After fixation the tissues were embedded in wax and sectioned. They were
then incubated in a modified 'Gomori' substrate, after the usual preliminary
treatment, as follows:

A. Distilled water . . . . . 40 ml.
2 per cent. CaCl2 . . . . . 5 ml.
20 per cent. MgCl2 . . . . . 5 drops
Sodium barbital . . . . . 0-5 grams
Sodium salt of riboflavin, 5'-phosphate . 250 mgm.

or pyridoxal phosphate or sodium /3-glycerophosphate

This gave a mixture at approximately p H 9-0.

B. Distilled water . . . . - S o ml.
Molar acetate buffer . . . . 2-5 ml.
5 per cent, lead nitrate . . . . i-o ml.
Sodium salt of riboflavin, 5'-phosphate . 250 mgm.

or pyridoxal phosphate or sodium /9-glycerophosphate

FIG. 1 (plate), A, glycerophosphatase reaction in rat heart-muscle. Only capillaries positive.
Higher magnifications show that intercalated disks are also positive.

B, riboflavin phosphatase reaction in rat heart-muscle. Only nuclei of capillary endothelium
positive.

c, riboflavin phosphatase reaction in rat heart-muscle. Higher magnification. Note positive
intercalated disks.

D, pyridoxal phosphatase reaction in rat heart-muscle. Positive reaction in fibres.
E, pyridoxal phosphatase reaction in rat heart-muscle. Reaction is granular, indicating that

it is sarcosomal in nature.
F, glycerophosphatase reaction in cerebrum of rat. Positive reaction in capillaries,
c, riboflavin phosphatase reaction in cerebrum of rat. Positive pyramidal cells.
H, pyridoxal phosphatase reaction in cerebellum. Positive pyramidal cells.
1, glycerophosphatase reaction in cerebellum of rat. Positive reaction in capillaries.
J, pyridoxal phosphatase reaction in cerebellum of rat. Positive reaction in Purkinje cells.
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There was some precipitate when the riboflavin phosphate was added to the
buffer, so that the final concentration of substrate was less than that shown.
This gave a mixture at approximately pH 5-0.

It is extremely difficult to get completely pure pyridoxal phosphate and
the sample used was only of 80 per cent, purity.

Incubation was for %\ hours in the case of substrate A and 8 hours in the
case of substrate B.

After incubation the sections from substrate A were treated as in Gomori's
technique to visualize the results of the reaction for alkaline phosphatase and
in the case of substrate B as for Gomori's technique for acid phosphatase.

In addition, sections from the same blocks were used for the demonstration
of non-specific alkaline and acid phosphatases by Gomori's methods.

It should be mentioned that, to avoid loss and diffusion of enzyme activity,
sections were mounted by simple pressure on the slide instead of by flattening
on water. As a result, particularly intense reactions were given by some organs,
e.g. free border of the gut, with very short incubations.

RESULTS

Sections incubated at pH g-o
The results obtained with sections incubated at pH 9-0 are shown in table 1.

Sections incubated at pH 5-0

All tissues incubated with riboflavin phosphate as substrate gave uniformly
negative results. There was considerable precipitate when the substrate was
added to the buffer at this pH, which must have resulted in a much smaller
percentage of the riboflavin phosphate being left in solution. However, even
long incubation failed to give any significant result.

With pyridoxal phosphate many of the cells of the brain gave a reaction.
In the cerebrum many pyramidal and a number of other cells were positive;
in the former, in both nucleus and cytoplasm. Many fibres were also positive.
In the cerebellum all cells and some fibres gave some reaction; some Purkinje
cells were positive (both nuclei and cytoplasm), some were negative, some
were intermediate. Glycerophosphate preparations showed positive capillaries
and some cellular reaction.

FIG. 2 (plate). A, glycerophosphatase reaction in rat kidney. Strong reaction in brush
borders. Nuclei more or less negative (15 minutes' incubation).

B, riboflavin phosphatase reaction in rat kidney. Weaker reaction in brush border and
distinct positive reaction in nuclei (15 minutes' incubation).

c, pyridoxal phosphatase reaction in rat kidney. Strong reaction in brush borders and nuclei
(15 minutes' incubation).

D, glycerophosphatase in rat jejunum. Reaction in free borders, in Golgi region, and
between the epithelial cells. Very little reaction in nuclei (15 minutes' incubation).

E, riboflavin phosphatase in jejunum of rat. Reaction in free border and between epithelial
cells. Slight reaction in nuclei. Golgi region negative (15 minutes' incubation).

F, pyridoxal phosphatase in jejunum of rat. Reaction in free borders and between epithelial
cells. Very little reaction in nuclei, reaction in Golgi region in parts. Nuclei negative (15
minutes' incubation).
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TABLE I

Results obtained with sections incubated at pH g-o

Glycerophosphate
pH 90

Riboflavin phosphate
pH 9-0

Pyridoxal phosphate
pH 90

CEREBRUM
Capillaries and pia mater posi-
tive (fig. 1, F).

Grey matter more positive than
white matter. Pia mater and
capillaries strongly positive.
Three types of positive cell in
the cortex: (1) medium-sized
cells in which nucleus and cyto-
plasm gave diffuse positive re-
action of equal intensity; (2)
pyramidal cells in which nu-
cleus was more positive than
cytoplasm; (3) larger cells with
positive nucleus, including a
very positive nucleolus; cyto-
plasm negative (fig. i, c).

Capillaries and pia mater posi-
tive. Pyramidal cells similar
reaction to that with riboflavin
phosphate, deeper cells more
positive. Some cells showed a
positive Golgi area (fig. 1, H).

CEREBELLUM
Capillaries and pia mater posi-
tive. Nucleoli of some Purkinje
and other cells positive (fig.

Pia mater and capillaries posi-
tive. Everything else negative
except intensely positive nu-
cleolus in Purkinje cells.

Grey matter and white matter
moderately positive. Some
Purkinje cells gave a strong
positive reaction in both cyto-
plasm and nuclei, but some
were completely negative. Only

in others reaction to one side
of cell (that directly towards the
surface) (fig. 1, j) . '

LIVER
Positive reaction in parts of bile

canaliculi and in bile ducts
and in nucleoli of liver cells.
Strongly positive cells in sinu-

Nucleoli of liver cells nuclei very
positive, other parts of cell
negative. Strongly positive
cells in sinusoids.

A few positive granules in cyto-
plasm of some liver cells.
Strongly positive cells in sinu-
soids (fig. 3, F).

KIDNEY
Strong reaction in brush borders
of proximal convoluted tubule
cells. Nuclei negative or
faintly positive (fig. 2, A).

Lateral walls of pelvis positive,
median parts negative. Large
vessels: strongly positive ad-
ventitia, negative intima. In-
tense positive reaction in
nucleus and cytoplasm in
proximal convoluted tubule
cell. Distal one-third of cell
and particularly brush borders
most positive. All nuclei in
cortex and nearly all capillaries
positive. Capillaries of glo-
meruli negative. Medulla
negative but collecting tubules
showed slight reaction (fig.
2, B).

Both brush borders and nuclei
more intensely positive than
with the other two substrates
(fig. 2, c).

OESOPHAGUS
Capillaries positive. Capillaries and lymphoid tissue

positive. All else negative.
Capillaries and lymphoid ti:
positive.
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Results obtained with sections incubated at pH g-o
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Glycerophosphate
pH 90

STOMACH
Capillaries positive.

JEJUNUM
Strongly positive distal border
to cell., particularly free border.
Golgi apparatus positive. Nu-
clei negative. Intercellular sub-
stance between epithelial cells
positive (fig. 2, D).

COLON
Capillaries, nuclei of crypt cells
(particularly nucleoli), and ad-
ventitia of large vessels posi-
tive. Contents positive.

RECTUM
Same as for colon.

HEART-MUSCLE
Positive capillaries, adventitia

of coronary vessels, and inter-
calated disks. Only capillaries
demonstrated in this figure
(fig. I, A).

TRACHEA
Similar to riboflavin phosphate.

Riboflavin phosphate
pH 90

Capillaries and lymphoid tissue
positive. All else negative.

Free borders of epithelial cells
of villi strongly positive. Re-
action decreased in crypts,
only nucleoli positive in deeper
parts of crypts. Negative Golgi
apparatus. In some cells a
positive mitochondrial reaction
was present. Intercellular sub-
stance between epithelial cells
positive (fig. 2, E).

Adventitia of small blood-vessels
positive, intima negative.
Deepest cells of crypts showed
positive cytoplasmic granules.
Connective tissue cells and
lymphocytes between crypts
showed positive nuclei and
positive cytoplasmic granules
in some cells. Cells of Meiss-
ner's nerve plexus appeared
positive. Contents positive.

Rectum negative except for
occasional positive leucocytes
and isolated patches of posi-
tive connective tissue cells.
Contents positive.

Nuclei of heart-muscle cells,
capillaries, adventitia of coro-
nary vessels, and fibres slightly
positive. This reaction was
mainly in sarcosomes, though
a strong positive reaction was
given by the intercalated disks
(fig. 1, B and C).

Ciliated and basal cells and
capillaries positive; also nuclei,
cytoplasm, cilia, and basal
granules.

Pyridoxal phosphate
pH 90

Mucous cells diffusely positive.
All other cells show some posi-
tive granules. Peptic cells fairly
strong positive. Smooth muscle
positive.

Free border and nucleoli oi
epithelial cells of villi positive.
Nuclei in crypts cells positive.
Smooth muscle positive. Some
Golgi regions positive. Inter-
cellular substance between cells
positive (fig. 2, F).

Nuclei of epithelial cells, smooth
muscle, and connective tissue
between crypts positive.

Rectum similar to colon.

Strong positive reaction by
sarcosomes. Slight reaction by
smaller vessels, but adventitia
of larger vessels positive (fig
1, D and E).

Similar to riboflavin phosphate.
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TABLE I (continued)

Results obtained with sections incubated at pH g-o

Glycerophosphate
pH9o

Riboflavin phosphate
pH 9-0

Pyridoxal phosphate
pH 90

LUNG
Similar to riboflavin phosphate. Bronchial epithelial cells (nu-

cleus and cytoplasm) positive.
Alveolar cells and capillaries
negative.

Leucocytes in vessels and al-
veolar phagocytes positive.

Similar to riboflavin phosphate,
but bronchial epithelium
stronger reaction, margins of
alveolar cells positive.

ADRENAL
All sinusoids in cortex positive.

Cytoplasm of all cells negative,
nuclei of all cortical cells posi-
tive. Medulla negative. Cap-
sule negative (fig. 3, G).

Medulla negative. In cortex,
capsule negative, zona glo-
merulosa intensely positive
(fig- 3, H).

Cells of zona glomerulosa
showed positive nuclei, diffuse
positive cytoplasm, and posi-
tive mitochondria.

In the fasciculate and reticulate
zones only the nuclei positive.
Sinusoids mostly negative.

Strong positive reaction, in
nucleus and cytoplasm. Most
intense in zona glomerulosa.
Cytoplasm—diffuse reaction,
also mitochondria appear posi-
tive.

Nucleoli, cell, and nuclear mem-
branes positive. Light and dark
reacting cells in zona reti-
cularis. Medullary cells—cyto-
plasm negative except for a
few slightly positive granules,
nuclei and nucleoli moderately
positive. Capsule negative (fig.
3,0-

TESTIS
Leydig cells negative. Capil-
laries and small blood-vessels,
basement membranes of semi-
niferous tubules and nuclei of
basal cells of tubules positive
(fig- 3, A).

Leydig cells (particularly nuclei),
capillaries, and basal cells of
tubules positive. Other sper-
mato'genetic cells slightly posi-
tive and sperms negative,
basement membranes of semi-
niferous tubules only slightly
positive (fig. 3, B).

Similar to riboflavin POd, but
all spermatogenetic cells gave
reaction in nucleus and cyto-
plasm. Latter reaction diffuse
and granular. Sperms negative
(fig. 3, D).

EPIDIDYMIS
Basement membranes of tu-
bules, small blood-vessels, and
capillaries, cilia, nuclei, and nu-
cleoli of epithelial cells positive.
Large blood-vessels showed
positive adventitia.

Negative except for a positive
reaction in some strands of
connective tissue lying be-
tween tubules.

Nuclei, cytoplasm, and cilia of
epithelial cells general diffuse
positive reaction. A few dark
granules in the cytoplasm con-
tents positive (fig. 3, c).

UTERUS
Similar to ribofla in phosphate. Capillaries, connective tissue

nuclei, and epithelial cells
(particularly nuclei and distal
edges) positive.

Small arteries and veins nega-
tive, capillaries, connective
tissue cells round lumen, and
epithelial cells (nuclei, nucleoli,
and general cytoplasm, parti-
cularly apical portion) positive.
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In the liver and cortex of kidney, with pyridoxal phosphate, there was a
slight diffuse reaction in both cytoplasm and nuclei and in a few small, posi-
tive, cytoplasmic granules. With glycerophosphate, liver cells and bile ducts
were strongly positive. In the cells, the nuclei and what appeared to be mito-
chondria gave a reaction. In the kidney, glomeruli (nuclei and cytoplasm),
proximal convoluted tubules (nucleus and mitochondria-like bodies), nuclei
of Henle's loop, and collecting tubule cells were positive.

Skeletal- and heart-muscle both gave a strong positive reaction with pyri-
doxal phosphate; in the former it appeared more intense in the fibrils (parti-
cularly in the A disks). In heart-muscle it was strongest in the sarcosomes.
With glycerophosphate both kinds of muscle were negative.

In the adrenal with pyridoxal phosphate the capsule and mature fat cells
associated with it were negative; immature fat cells were moderately positive,
unmyelinated nerve fibres near the gland also were positive. Medullary and
cortical cells showed positive nuclei and mitochondria. With glycerophosphate
the nuclei of both medulla and cortex were positive, the cytoplasm of all
cortical cells was negative; in the medulla, the cytoplasm of some cells was
positive.

In the trachea and lungs the two substrates gave a similar reaction. In the
former the cilia and basal granules of the ciliated cells were positive and posi-
tive granules were also found in the cytoplasm. The basal cells, however, gave
a stronger reaction than the ciliated cells and the nuclei of the connective
tissue cells were also positive. Only a slight reaction was given by the lung,
but the bronchi were similar to the trachea.

In the testis a similar reaction was also given by the two substrates. All
spermatogenic and Leydig and most Sertoli cells were positive. With pyri-
doxal phosphate, however, the inner (more mature) spermatogenic cells gave
the strongest reaction (fig. 3, E). The nuclei of the cells and cytoplasmic
granules resembling mitochondria with both substrates gave an equal reaction.
The heads of the sperms were also moderately positive. In the epididymis
dark granules were seen, particularly in the distal part of the cytoplasm of
the epithelial cells. The nuclei were also positive.

Uterus. With both substrates a slight positive reaction was given by the
epithelium and the glands, but only a moderate reaction was given by the
smooth muscle with glycerophosphate, whereas a strong one was given with
pyridoxal phosphate.

Alimentary tract. The epithelium of the oesophagus was moderately posi-
tive using pyridoxal phosphate. There was a line of positive granules and cells
at the junction with the keratinized layer. In the stomach only a very slight
reaction was given by the mucosa. The muscle layer and Auerbach's nerve
plexus gave a moderate positive reaction. In the jejunum the villi were
strongly positive, particularly the epithelial cells, where in the cytoplasm a
number of positive threads and granules resembled mitochondria. The con-
tents of the lumen were also positive. The free border was positive, but there
was an area just below it in each cell which was even more positive: this was
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probably the Golgi apparatus. The nuclei and cytoplasm of cells in the crypts
were also positive and so were the smooth muscle coats. In the large intestine
the muscle layers and Auerbach's plexus were both positive, but the muscle
nuclei were negative. The muscularis mucosae and the smooth muscle of the
blood-vessels also gave a reaction and so did the surface epithelium and crypts;
in the cells it was partly diffuse and partly granular.

With glycerophosphate the nuclei of the epithelial cells from the oesophagus
to rectum were positive, but with the exception of the jejunum the cytoplasm
of the cells was not very positive. The reaction in the epithelial cells of the
mucosa was similar to that with pyridoxal phosphate.

Embryonic tissues

Rossi and others (1951 a and b) have shown that alkaline glycerophosphatase
is present in the developing human embryo. They found that the enzyme was
associated with ontogenetic processes and was particularly active in the
developing neural tube, acoustic vesicles, optic cups, bones, epithelium of the
alimentary canal, mesonephros, metanephros, germinative area, pulmonary
rudiments, and myomeres, and also around arteries.

Alkaline glycerophosphatase preparations of embryonic rats (7 and 15 mm.)
in the present work showed a similar distribution of activity to that recorded
by the above authors (fig. 4, A and D). When riboflavin phosphate and pyri-
doxine phosphate were used as substrates (also at pH 9/0), it was found that
the distribution of the reaction was exactly the same as for glycerophosphate
(fig. 4, B and E). The localization of phosphatases in identical sites is pre-
sumably associated with the synthesis of a wide variety of biological sub-
stances taking place there. It was of interest that when pyridoxine phosphate
was used the reaction at the above sites was more intense than with any of the
other substrates (fig. 4, c).

In the younger rat embryos phosphatase activity was found in developing

FIG. 3 (plate). A, glycerophosphatase reaction in testis of rat. Positive reaction by basal
membrane of seminiferous tubules and capillaries. Peripheral cells (spermatogonia) give a
slight reaction.

B, riboflavin phosphatase reaction in testis of rat. Virtually no reaction by basal membrane,
but nuclear reaction by spermatogonia and spermatocytes. Former more active than latter.
A positive nuclear reaction can also be seen in the interstitial cells.

c, pyridoxal phosphatase in epididymis of rat. Contents moderately positive; cells and
bunches of cilia positive.

D, pyridoxal phosphatase (alkaline) in testis of rat. Strong positive reaction by basal mem-
brane and by all sperm-producing cells and by capillaries and interstitial cells.

E, pyridoxal phosphatase (acid) in testis of rat. Positive reaction given by mature sperm-
producing elements.

F, pyridoxal phosphatase in liver. Only a slight reaction by hepatic cells. Strong reaction
by nuclei of cells in sinusoidsi which appear to be leucocytes.

G, glycerophosphatase in adrenal cortex of rat. Positive reaction in sinusoids and nuclei.
H, riboflavin phosphatase in adrenal cortex of rat. Strong nuclear reaction, particularly in

zona glomerulosa. Sinusoids negative.
1, pyridoxal phosphatase in adrenal cortex of rat. Positive nuclear and cytoplasmic reaction,

particularly in zona glomerulosa. Sinusoids negative.
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nervous system (brain, spinal cord, ganglia, and nerves), optic cup (and lens),
otic vesicle, bones, gut, muscle, and liver, kidneys, and lungs. In the older rat
embryos the developing blood-vessels, especially the capillaries, were strongly
positive with all substrates. The upper part of the gut became negative, but the
differentiating spleen, liver, and adrenal were all strongly positive. The brain
and spinal cord were still positive, but were less so than with younger embryos.
In the younger embryos the nuclei of the cells were strongly positive with all
substrates, the greatest reaction being given with pyridoxine phosphate.

DISCUSSION

The first problem to be discussed is whether non-specific phosphatases are
responsible for the dephosphorylation of these substrates. A consideration of
the results suggests that this is not so. Dealing first with the results obtained
at an alkaline pH; the brain with glycerophosphate shows negative cells,
positive capillaries, and positive pia mater. The two vitamin substrates show
a positive pia mater but either negative or only slightly positive capillaries and
some positive cells. On the other hand, liver and kidney give fairly similar
results with all the substrates used, although in the kidney a stronger reaction
was given by the nuclei with the two vitamin substrates. In the stomach
reactions were given by the epithelial cells with pyridoxal and riboflavin phos-
phates, but glycerophosphate gave positive results only in the capillaries with
everything else negative. In the small intestine the free borders were positive
with all three substrates, but whereas the Golgi apparatus was positive with
glycerophosphate it was positive with only one of the vitamin phosphates. A
difference was seen between the vitamin phosphates and glycerophosphate in
heart-muscle; with both the former the capillaries were almost completely
negative, but with pyridoxal phosphate the sarcosomes were positive. With
glycerophosphate the capillaries gave a strong positive reaction but every-
thing else was negative. In the adrenal an unequivocal difference in reaction
between the vitamin phosphates and glycerophosphate was again detectable.
With uterus and with trachea and lungs the results with the various sub-

FIG. 4 (plate). A, glycerophosphatase in 7 mm. rat embryo, showing high concentration of
enzyme activity in developing lens and optic cup. Section does not pass through developing
nervous system, but this also shows considerable enzyme activity.

B, riboflavin phosphatase activity in 7 mm. rat embryo, showing concentration of enzyme
activity in developing nervous system, optic cup, and lens.

C, pyridoxal phosphatase in 7 mm. rat embryo. Very high enzyme activity is seen in
developing nervous system and eye elements, also in developing otic capsule. In lower portion
of photomicrograph the localization of the enzymes in the network of developing muscle can
be seen. All nuclei in the preparation give a very intense reaction.

D, glycerophosphatase preparation of 15 mm. rat embryo. What appears to be a fine pre-
cipitate on the preparation actually represents developing blood-vessels. The brain gives a
moderate positive reaction. Developing spleen and adrenal are strongly positive and develop-
ing liver moderately positive.

E, riboflavin phosphatase of 15 mm. rat embryo. Moderate reaction in developing nervous
system and liver. Strong reaction in developing adrenal. No special reaction given by develop-
ing blood-vessels.

2421.3 Bb
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strates were more or less the same. There were differences also with testis, e.g.
the Leydig cells were positive with the vitamin phosphates and negative with
glycerophosphate; they gave a very strong reaction with pyridoxal phosphate.
The differences in reaction in the different organs is clearly seen in the
illustrations.

It seems that, although there is some coincidence of distribution in some
organs, there are sufficient differences to justify the assumption that the
vitamin phosphates are not, in these preparations, being dephosphorylated
by non-specific phosphatases.

Another reaction which needs to be considered is whether the vitamin
phosphates are themselves dephosphorylated by a common enzyme. The
results obtained with riboflavin phosphate and pyridoxal phosphate are
similar in some organs, but, for example, the reaction of heart-muscle with the
former is very different from that obtained with the latter, so that it seems
probable that the riboflavin phosphate and pyridoxal phosphate are also
hydrolysed by different enzymes.

What is the significance of the presence in the body of enzymes capable of
dephosphorylating these vitamin phosphates ? It seems likely that we are deal-
ing here with a phosphorylating/dephosphorylating or transphosphorylating
system which may be concerned with the process of synthesis of the phosphates
of these vitamins and that under the conditions described in this paper the
system dephosphorylates.

At an acid pH (5) riboflavin is not dephosphorylated at all: with pyridoxal
phosphate, however, dephosphorylation was obtained in brain, liver, kidney,
stomach, small intestine, heart-muscle, testis, adrenal, and uterus.

In most of these organs, where a positive reaction occurred in the cytoplasm
with pyridoxal phosphate at an acid pH, it was localized in small bodies which
resemble mitochondria in a number of cells. This is particularly well shown
by the heart-muscle where the sarcosomes, which are mitochondrial in origin
and nature, gave a strong positive reaction. A similar reaction was also given
by the sarcosomes with this substrate at an alkaline pH. In addition, this
tendency for bodies resembling mitochondria to give a positive reaction is
shown in a number of organs including heart-muscle when riboflavin phos-
phate is used as a substrate, but this reaction is not so strong as with pyridoxal
phosphate. Reactions in bodies resembling mitochondria were also given by
pyridoxal phosphate in alkaline substrate mixtures in, e.g., adrenal. Nuclear
reactions are also present with both vitamin substrates: nucleoli in particular
give a strong reaction at an alkaline pH. In some organs this may be a dif-
fusion artifact, but in others, as in the cerebrum, the nuclei of some cells are
strongly positive but the cytoplasm completely negative. It seems hardly
likely in this instance that the nuclear reaction is a diffusion artifact. Nuclear
membrane reactions were also present in some organs.

The accumulation of enzymes dephosphorylating the vitamin substrates in
differentiating regions of developing embryos, which are presumably regions
where a number of chemical substances are being synthesized, is probably
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significant. It is of interest that in the embryos so far investigated the dis-
tribution of enzymes dephosphorylating riboflavin phosphate and pyridoxal
phosphate have an identical distribution with non-specific phosphatase.

I am greatly indebted to Dr. A. L. Morrison, Director of Research of
Roche Products, Ltd., Welwyn Garden City, for a generous supply of the
vitamin phosphates used in this work.

This work was facilitated by a grant for microscopical equipment provided
by the Central Research Fund of the University of London.
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