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Summary

It has been found that the green colour of certain
snakes is caused by a structural blue colour together
with two yellow pigments. One of these yellow pigments
has been identified as riboflavin. Other colourless
fluorescent compounds were also isolated. In one species
these were isoxanthopterin and 2-amino-4-hydroxypteridine-
6-carboxylic acid and in two other species the previous
kﬁo compounds and 2-amino-4~hydroxynteridine.

A metabolic scheme linking these substances and giving
a possible origin for them has been suggested (see facing
page).

Further evidence has been obtained for this scheme.
There were indications from the literature that folic
acid was oxidisable by xanthine oxidase. It has been
found that xanthine oxidase is Wifhout effect on pteroyl-L~
monoglutamic acid but that in the presence of methylene
blue and xanthine oxidase pteroyl-L-monoglutamic acid is
oxidised to 2-zmino~4-hydroxy pteridine-6-carboxylic acid.
Isoxanthopterin but not 2-amino-4-hydroxypteridine-6-
carboxylic acid has been isolated from normal human urine.
It is now suggested that folic acid 1is catabolised in

the mammalian body %o the inert end-product isoxanthopterin.



Recent work by other investigators has Suppdrted the
existence of a catabolic pathway for folic acid.

Albert has suggested that pteridines (e.g. xanthopterin)
would be found in higher concentration in tissues under-
going excessive rate of growth than in normal ones.

To test this hypothesis normal hamster kidneys and
tfmours arising from them (primary and transplanted) were
analysed for their pterin content. No xanthopterin could
be found. It was found'that a blue fluorescent substance,
tentatively identified as 2-amino=4-hydroxypteridine-6-
carboxylic acid was present in normal kidney tissue in much
higher concentration than in the neoplastic lssue. Previous
surveys of neoplastic tissues have shown that their folic
acid content is the same or higher than normal tissues.

The reduced content of 2-amino-4-hydroxy pteridine-6-
carboxylic acid would therefore suggest that the neoplastic
cells degraded folic acid to a much lesser extent than did
normal cells. The failure of neoplastic cells to degrade
folic acid might explain why neoplasms have a greater
growth rate thén their normal tissue of origin.

It is known that if golden hamsters are injected with
certain pteridines and a variety of other substances their
kidneys hypertrophy. When the hypertrophied kidneys

were analysed for pterin content neither xanthopterin nor



2—amino-4-hydroxy pteridine-6-carboxylic acid could be
isolated. This would suggest that an increased rate

of cell divigion is accompanied by the failure of the

cell to degrade folic acid.

It is now suggested that the catabolism of folic acid
is a means of controlling cell division;! normal cell
hyperplasia being due to a local high concentration of
folic acid caused by a temporary inhibition of folic acid
catabolism; neoplasia being accompanied by a permanent

inhibition of folic acid catabolisme.
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Part 1

The Pigments and Pterins present in Snake Skins

Tdentification of Riboflavin as a pigment in P. semivariegatus

It has been known for some time that when whole snakes
or their skins are preserved by immersion in 40% formalin
solution, a greenish yellow colour is imparted to the
solution. This effect is particularly marked with green
snakes. Krukenberg, in 1882 (1), described the extraction
with alcohol of a yellow pigment from snake skins but
he did not isclate it. No further work on this pigment has
been described in the literature.

Three species of green snakes were available locally
to use.

1. Philothemnus semivariegatus, which occurs only
as the green coloured variety.

2. Dispholidus typus, which occurs locally only as
the green coloured variety, aithough black, brown, yellow
and olive varieties are found elsevhere e.g. South Africa.

3 Dendrosaspis viridis, which occurs locally as
the green variety although a black variety is found in |
South Aftica.

D. viridis is uncommon, so experiments were started

on P. semivariegatus and D. typus.



Specimens of P. semivariegatus were killed with
chloroform, decapitated and skinned. The skin was
thoroughly cleaned, all traces of subcutaneous tissue being
removed by thorough scrubbing. The skin was then cut
into pieoes and extracted with gbsolute ethanol in the
dark in a Soxhlet apparatus. After cooling and filtering,
the ethanolic solution was yellow iﬁ colour and had a
green fluorescence. On exposure to sunlight both the
colour and the fluorescent vanished,. The colour and
fluorescence also disappeared on the addition of acid,
alkali or sodium hydrogen sulphite. These properties
suggested that the yellow pigment was riboflavin. However,
ag each skin contained only a snall quantity of the pigment
and as it was difficult to obtain more than a few snakes
per year, it was impossible to identify the pigment by a
rigorous chemical method.

Two micro methods, however, were available. The
first method used wae paper chromatography; the second
was ultraviolet spectroscopy. Paper chromatography has
proved a powerful tool in the resolution of complex
‘biological mixtures and in the identification of minute
amounts of substances, by comparing their chromstographic

behaviour with that of knomn gubstances in several



different solvent aystems. Qualitative ultraviolet
spectroscopy will not definitely identify a compound but
an inspection of the absorption curve will, in many‘
cases, indicate the type and probable identity of the
compound under investigation. |

A satisfactory combination of these two techniques is,
firstly, to separate the mixture by paper chromatography
and determine the ultraviolet absorption of each substance;
and, secondly, having determined the type and probable
identity of each substance, to confirm its identity by its
similar chromatographic behaviour with a known substance
in several different solvent systems.

After the mixture has been separated by paper
chromatography the ul+traviolet absorption spectrum of the
compounds may be determined in two ways. In the first
method, which is the more accurate, the substance is
eluted from the paper by a suitable solvent (2), e.g. water,

%O ammonium‘hydroxide solution. This method, however,
requires relatively large amounts of substance; it is
always necessafy to prepare the blank solution by eluting
a similér piece of chromatographic paper (developed with
the same solvent) with the same eluting solvent, (3), and
it is often difficult to elute from the paper (4). In

the second method the spectrum is determined directly on

the paper (4), a piece of chromatogram paper treated



similarly being used as a blank. This method allows the
determination of the spectrum on the minimum amount of
material but as the absorption of the blank is high, maxima,
especially broad ones, cannot be determined accurately and
peaks can only be placed within 5 mu to 10 mu. Spectra
obtained by this method are not strictly comparable with
spectra obtained in solution, but only with spectra obtained
in a similar way on paper. The accuracy of this method
might be improved by soaking the paper strips used in one
"of the oils now commercially available for photometric
densitometers.

Two other micro methods could have been used, but were
not available. It is possible to determine infra red
spectra directly on paper (5) or on eluates from paper (6).
The first method does not give a full infra red absorption

- spectrum because of the strong -O0H band absorpfion of
the cellulose. The second method gives a complete curve
but requires further study. |
Paper eleptrophoresis is used to separate complex
mixtures and to identify individual components, and has
been used to separate mixtures of flavine and related
compounds (7).

It was found possible to extract the yellow pigment

from the skin of P. semivariegatus using 0.5 N ammonium



hydroxide solution, 80% aqueous ethanol and pyridine-

propanol-water (3:1:1 v/v). Paper chromatographic
analysis of these solutions showed that they all contained
substances which fluoresced strongly in ultraviolet light.
One fluoresced yellow and could be detected in large
quantities as a yellow spot in daylight; one fluoresced
purple and the other bright blue.

After paper chromatography of a pyridine-propanol-
water (3:1:1 v/v) extract of P. semivariegatus in the
same solvent the ultraviolet absorption spectrum of the
yellow fluorescing spot was determined using the method
of Bradfield and Flood (4). This gave two peaks, 260mu
and 370 mu. The spectrum of riboflavin determined
under the same conditions had two peaks, 260 mu and 360 mu.
The identity of the yellow fluorescent substance as riboflavin
was confirmed by its identical chromatographic behaviour
with a known sample in three different solvent systems:
pyridine-propanol water (3:1:1 v/v) (8), butanol-acetic
avid-water (4:1:5 v/v) (9), (10), and tert.-butanol-
pyridine-water (50:15)35 v/v) (8).

Identity of Pterins in P. Semivariegatus

The two other fluorescent substances were classifiedvas
pteridines by their solubiiity in ammonium hydroxide,
their strong fluorescence in ultraviolet light and their

absorption spectra.



The spectra were determined by the method of Bradfield
and Flood (4) and showed the typical pterin pattern of
two maxima between 200 mu and 400 mu with one peak between
200 mu and 300 mu. The purple fluorescing substance had
two peaks, at 255 mu and 335 mu and the bright blue
fluorescing substance had two peaks at 250 mu and 355 mu.
Their spectra, characteristic fluorescence and Ry values in
3% aqueous ammonium chloride (11) suggested that these
substances were isoxanthopterin and 2-amino-4-hydroxy
pteridine-6-carboxylic acid. As pterins are infusible,
difficultly crystallisable substances, paper chromatography
is a convenient method of identification (12) and identity
is considered established if an unknown substance shows
identical chromatographic behaviour with a known substance
in three different solvent systems (12).

The purple fluorescing substance was identified as
isoxanthopterin by its identical chromatographic behaviour
~with a known sample in six different solvent systems viz:

3% aqueous ammonium chloride (13) 5% aqueous acetic acid (14),
butanol-acetic acid-water (4:1:5 v/v) (9), (10), (15),
pyridine-propanol-water (3:1:1 v/v) (8), tertiary butanol-
pyridine-water (50:15:35 v/v) (8), tertiary butanol-pyridine-
water (60:15:25 v/v) (8). The bright blue fluorescing
substance was similarly identified as 2-amino-4-hydroxy-
-pteridine-6-carboxylic acid by its identical chromatographic

behaviour with a known sample in the same six solvent



systems and in propanol-5% aqueous acetic acid (2:1 v/v)
(14) and in dimethyl-formamide-formic acid-water (8:1:1 v/v).

Identity of yellow pigments and Pterins in D. typus

When the skin of D. typus was extracted with pyridine-
propanol-water (3:1:1 v/v), 0.5 N ammonium hydroxide, absolute
ethanol or 80% aqueous ethanol the solution was coloured
yellow but had only a weak green fluorescence. Paper
chromatographic analysis as for the extracts of P. semi-
¥ariegatus showed the presence of riboflavin, isoxanthopterin-
2-amino-4-hydroxy-pteridine-6-carboxylic acid and another
yellow, non-fluorescent substance. As judged visually by
the spot size and intensity of fluorescence, the amount of
riboflavin present in the skin of D. typus was less than that
in the skin of P. semivariegatus. Attempts to classify
the second yellow pigment failed. Neither the use of
suitable spot tests nor its ultraviolet absorption spectrum
indicated its possible structure. It may belong to the
ill-defined and little-known class of ommatines (16).

When the ethanolic extracts of D. typus were evaporated
to dryness and the residue taken up in a small amount of
0.5 N ammonium hydroxide, chromatographic analysis showed
two more blue fluorescent substances. One of these has
been identified as 2-amino-4-hydroxy-pteridine by its

identical behaviour with an authentic sample in the eight



different solvent systems given before. The other blue
fluorescent substance has not been identified.

When the combined ethanolic extracts of P. semivariegatus
were similarly treated, the second blue fluorescent
substance was detected but not 2-amino-4-hydroxy-pteridine.
Failure to identify 2-amino-4-hydroxy-pteridine in this
extract eliminated the possibility that it arose in the
D. typus extract by decarboxylation of 2-amino-4-hydroxy-
pteridine-6-carbox¥lic acid during the working-up process.
This concentrated extract of P. semivariegatus also
revealed, on chromatographic analysis, traces of the
unidentified, yellow, non-fluorescent substance.

Identity of yellow nigments and Pterine in D. viridis

After this investigation had been completed a single
specimen of the green mamba, Dendroaspis viridis, became
available to us. The anterior and middle portions of the
body were leaf green, the posterior portion was dirty
yellow. The skin was cut into the green and yellow
portions and each separately extracted with 80% agueous
ethanol.

The extract from the yellow skin was evaporated to
dryness and the residue taken up in a small amount of 0.5 N
ammonium hydroxide solution. Riboflavin and isoxanthopterin
were detected in both extracts. 2-Amino-4-hydroxy-pteridine-

6-carboxylic acid and 2-amino-4-hydroxy pteridine were



detected in the extract of the yellow skin.» No
attempt was made to find them in the ethanolic extract;
A yellow non-fluorescent pigment was present in both
extracts.

When compared with the specimens of P. semivariegatus
and D. typus examined, D. viridis had much less riboflavin
than eigher, more yellow non-fluorescent pigment and
more 2-amino-~4-hydroxy-pteridine. In none of the
specimens examined was it possible to detect any flavin-
adenine-mono-nucleotidle nor flavin adenine-dinucleotide.
These nucleotides might have been destroyed during the
extraction procedures but later experience using similar
methods of analysis on liver and kidney has shown that it
is possible to identify flavin-adenine-dinucleotide and
flavin-adenine mononucleotide by this method.

The Blue Colouration of the Snakes P. Semivariegatus, D.

typus and D. viridis

When the skins of P. semivariegatus, D. typus and
D. viridis were extracted with 80% aqueous ethanol until
the extracts wére colourless, the residual skin was coloured
blue. It is commonly found that animals with green skin
colouration obtain this effect by superimposing a yellow
pigment on a structural blue (16) and it seemed desirable
to find whether this blue colour was a structural one or

due to a pigment.
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Refluxing the skins of P. semivariegatus and D.

typus with petroleum ether, benzene, chloroform, ether
and ethyl acetate, failed to remove any colouring matter.
When the blue skins were warmed with dilute acids or
alkalis the skin became black and the solvents yellow.

The extract obtained from the blue skins by warming
with 0.5 N ammonium hydroxide was examined by paper
chromatography and was shown to contain only the yeliow,
non-fluorescent pigment, isoxanthopterin and 2-amino-4-
hydroxy-pteridine-6-carboxylic acid.

When the skin was immersed in saturated bromine water
for 30 minutes if was bleached.

These observations suggested that the blue colour was
a structural one. Attempts to confirm this by the usual
method of bleaching the melanin and restoring the blue
colour by replacing the melanin by an artificial black
background (16) such as carbon ink, failed, however. This
failure waS~attribufed to the destruction of the colloid
system responsible for the light scattering, by the
acidity of the bromine solution. The blue skins failed to
bleach when left in extensive contsct with 30% hydrogen perox::i
ide. As all other available bleaching agents were acid
in reaction and would have caused destruction of the
colloid system no further attempts were made to bleach the

skins.
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The presence of a system capable of giving a
structural blue was finally elucidated by an histological
technique.

Portions of the skins were fixed in 10% neutral
formaldehyde and transverse and horizontal sections taken.
These were examined, unstained, on slides on which half the
field was blackened with carbon black. Examination with
transmitted light showed the clear part of the section
yellow. When examined with reflected light the portion

-0of the section lying over the blackened half of the slide
appeared blue.

Similar technique applied to the blue skin from
Dendrosspis viridis showed that it too was a structural
blue.

It thus appears that the green colour of the skins
of P. semivariegatus, D. typus and D. viridis is due to
the presence of a Tyndall blue in association with two
yellow pigments, one of which is riboflavin.

In P. semivariegatus, riboflavin is present in much
greater amount thas the yellow non-fluorescent piigment
while in D. viridis the unknown pigment is present in
greater amount than riboflavin. D. typus occupies an
intermediate position. The skins of all three species
also contain isoxanthopterin and 2-amino-4-hydroxy-pteridine-

6-carboxylic acid. D. typus and D. viridis also contain
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2-amino-4~-hydroxy-pteridine while D. typus and P.
semivariegatus contain another unidentified blue fluorescent
substance. This substance was not looked for in the D.
viridis extract.

It may be noted that as the riboflavin content
decreases, that of 2-amino-4-hydroxypteridine increases.
Correlations between riboflavin content and pterin content
of tissues have been noted by previous workers. Koschara
and Haug (17) found a parallel relationship between the
riboflavin and xanthopterin contents of animal tissues. In
the later stages of development of the grasshopper egg the
pterin content increases as the riboflavin content decreases
(18) (19). Prom genetic studies it appears there is a
close relationship between riboflavin, uric acid and
pteridines (20), (21). It has been suggested that there
is a commonvintermediate between riboflavin, folic acid

and biopterin (22).
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Part II

Metabolism of Folic Acid

Suggested Catabolic Scheme

These three pterins (isoxanthopterin, 2-amino-4-
hydroxypteridine-6-carboxylic acid, and 2-amino-4- |
hydroxypteridine) and riboflavin are widely distributed.

Forrest, Van Baalen and Liyers 23 found 2-amino-4-
hydroxypteridine and 2-amino-4-hydroxypteridine-~6-carboxylic
acid in the blue-green alga, Anacystis nidulans, after
cessation of photosynthesis. Xanthopterin, isoxanthopterin
and icythopterin have been isolated from the scales of
Indonesian fresh~water fishe324. Xanthopterin, iso-

" xanthopterin and unidentified fluorescent compounds have
been found in the eyes of Lepidopterazs. Viscontini et al
26, 27 have reported the presence of riboflavin, biopterin,
isoxanthopterin, 2-amino-4-hydroxypteridine-6-carboxylic
acid and 2-amino-4-hydroxypteridine in Drosophila
melanogaster.

Forrest and Mitchellgs’ 29 have described biopterin,
isoxanthopterin, 2-amino-4-hydroxypteridine-6-carboxylic
acid, 2-amino-4-hydroxypteridine and a yellow fluorescent
compound formulated as 2-amino-4-hydroxy-7:8-dihydro-8-

lactylpteridine-6-carboxylic acid in the Drosophila

mutant sepia. The formulation of the last compound



has been challenged3o. Viscontini et al have found

isoxanthopterin, 2-amino-4-hydroxypteridine and biopterin

31 and riboflavin, xanthopterin,

in Astacus fluviatilis
isoxanthopterin, 2-amino-4-hydroxypteridine and biopterin
in Ephestia kfthniella 2.

Isoxanthopterin has been detected in the eltrya of
lady beetless3, butterfly Wing834, the skin of Rana
nigromaculataBs, the larvae of Bombyx moriBS’ 36,
Drosophila melanogaster37 and the silkworm37.

38 ond

It has also been identified with mesopterin
recognised as a component of fluorescyanin36. 2-Amino-
4-hydroxypteridine-6-carboxylic acid has been found in
frog skinng, silkworm837 and Drosophila37.

Gunder has reported the presence of riboflavin in
reptile‘skins4o. She also found other fluorescing
substances, one of which was identified as 2-amino-4-
hydroxypteridine-6-carboxylic acid4l.

In describing the properties of the alleged 2-amino-
4-hydroxy-T7:8-dihydro-8-lactylpteridine, Forrest and
Mitchell said that it closely resembled riboflavin in
colour, fluorescence and chromatqgraphic behaviour but
that it could be distinguished from riboflavin by its

behaviour in paper chromatography using butanol-acetic

gcid-water (4:1:5 v/v) as developing solvent, and in its
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ultraviolet spectra, which did not have a maxima in the
region 300-400 mu4e.

Danneel and Eschri ch43 have recently reported that the
eyes of Drosophila melanogaster contain a yellow fluorescent
pigment which has a spectrum similar to that of riboflavin
and shows similar chromatographic behaviour to riboflavin.
They found that this yellow pigment was confined to the
eyes and that the yellow pigment found in the Malpighian
tubules of the same insect was riboflavin. Goodwin and
Srisukh44 also have degcribed the occurrence of a yellow
fluorescent pigment (not riboflavin) in locust eyes.
Forrest et al have reported the occurrence of a yellow

fluorescent pigment in algae23’ 45.

The three pterins, isoxanthopterin, 2-amino=-4-
hydroxypteridine-6-carboxylic acid and 2-amino-4-hydroxy-
pteridine are of widespread occurrence and it seems possible
they represent the pathway whereby folic acid is catabolised
~in the animal body. A suggested catabolic scheme is given
on the facing page.

The flavoprotein enzyme xanthine oxidase, is already
known to oxidise 2-amino-4-hydroxypteridine to isoxanthopterin
AT, 48. Since xanthine oxidase contains riboflavin it is
plausible to assume that the riboflavin content of a tissue
is a crude indication of its content of xanthine oxidase,

and it is suggestive that the amount of 2-amino-4-hydroxy-
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pteridine in the snake skins increases as fhe amount

of riboflavin decreases. Forrest, Glassmann and
Mitchel1l49 showed that extracts of Drosophila melanogaster
oxidised 2-amino-4-~-hydroxypteridine to isoxanthopterin.

As this extract also oxidised xanthopterin to leucopterin
and xanthine to uric acid they assumed that the active
entity was xanthine oxidase.

Folic acid is known to be readily oxidised by oxygen
in alkaline solution to 2-amino-4-hydroxypteridine-6-
carboxylic acidso and by sulphurous acid and light to
dihydro-Z-amino—4-hydroxypteridine—6-a1dehyde51’ 52, 53.
The latter compound can be readily oxidised to 2-amino-
4-hydroxypteridine-6-aldehyde by iodine in sodium iodide49.
The aldehyde can then be oxidised to the corresponding

54

acid by hydrogen peroxide or enzymatically by xanthine

48,55 or liver aldehyde oxidase56. 2-Amino-4-

oxidase
hydroxypteridine-6-~carboxylic acid may be decarboxylated
by heat’! or by ultra-violet 3ight°°:°%. On irradiating
folic acid in solution with ultra-violet light it is
converted into a mixture of 2-amino-4-hydroxypteridine-6-
aldehyde and the correspending acid58.

Some time after the publication of this scheme6o a
similar scheme was Suggested33. Forrest and Mitchell29

suggested that the Drosophila pterins and uric acid were

linked together in the following way.
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Uric acid ———> isoxanthopterin ———> Zfluorescyanine
———> 2-amino-4-~hydroxypteridine-6-carboxylic acid
— 2=-amino-4-hydroxypteridine. The interconversion
uric acid ———> isoxanthopterin was based on the known
conversion of some purines to pteridines6l’62. In a
1ater*paper48, however, they showed that an extract of
Drosophila melanogaster oxidised 2-amino-4-~hydroxypteridine
to isoxanthopterin and concluded that this was the origin
of isoxanthopterin in Drosophila. This extract also
oxidised xanthine to uric acid and this common enzymatic
origin explains the parallel occurrence of isoxanthopterin
and uric acid in Drosophila~mutant321.

Action of Xanthine oxidase on Pteroyl L glutamic acid

A survey of the published literature on xanthine
oxidase showed three reports claiming that xanthine oxidase
could oxidise pteroyl glutamic acid. Williams and Elvehjem
63 suggested that xanthine oxidase could oxidise pteroyl
slutemic acid. Jacobson and Good®* claimed that on
incubating xanthine oxidase and 2:6 dichlorophenolindophenol
with pteroyl glutamic acid under anaerobic conditions, the
colour of the dyestuff was discharged within 16 minutes.

The end product of this reaction had increased haemopoietic
properties compared with the original pteroyl glutamic acid.

Norris and Majnaridh65 incubated xanthine oxidase with
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pteroyl glutamic acid for 18 hours and obtéined a
product having similar properties to that of Jacobson
and Good. None of these workers identified the end
product of the enzymatic oxidation.

Unlike most enzymesxanthine oxidase is not specific
in its reactiouns. It catalyses the re-oxidation of
reduced diphosphopyridine nucleotide, all aldehydes,
xanthopterin, 2-amino-4-hydroxy-pteridine, xanthine and
hypoxanthine. As there is little resemblance between
pteroyl glutamic acid and any of these known substrates
it seemed unlikely that xanthine oxidase could oxidise it.
Support for this view was found by Kalckar et a156’66’67
- who could not detect any change in the growth promoting
properties of pteroyl glutamic acid before and after
incubation with xanthine oxidase. Slavik68 Tailed to
observe any action of xanthine oxidase on pteroyl-L-mono-
glutamic acid. Rauen et a169’7o and Yamamota59 found
that when pig liver homogenate was incubated with pteroyl
glutamic acid a bright, pale blue fluorescent compound was
obtained. Rauen't later identified it as 10-formyl
pteroyl-L-monoglutamic acid.

As liver is rich in xanthine oxidase it seemed worth

while to repeat these experiments on the oxidation of

pteroyl-L-monoglutamic acid using milk xanthine oxidase



19

at stage M5 as prepared by Avis, Bergel and Bray72' At

our request Professor Haddow kindly sent a solution of
xanthine oxidase at stage M5.

The pteroyl—L-monoglutamic acid which was used in
these experiments contained a small quantity of 2-amino-4-
hydroxy-pteridine-6-aldehyde and a trace of 2-amino-4-
hydroxypteridine-6-carboxylic acid. Attempts to remove the
former impurity failed, so it was decided to estimate it
quantitatively and to allow for its presence in all
experiments. The aldehyde was estimated by paper
chromatography using butanol-acetic acid-water (4 : 1 : 5 v/v)
as developing solvent, and the spot area technique73’74.
The amount of aldehyde was estimated to be about 3% of the
weight of pteroyl glutamic acid.

Milk xanthine oxidase can be directly oxidised by'
oxygen without the intervention of a hydrogen carrier, so
in the earlier experiments xanthine oxidase was incubated
alone with pteroyl glutamic acid in g phosphate buffer at
a pH near neutrality and at 37°C. A small amount of
‘2~amino¢4Lhydfoxypteridine-6—carboxylic acid was formed
in these experiments but this represented a yield of less
than 10% from the pteroyl glutamic acid and did not increase
after the first hour of incubation. It was therefore
concluded that this small amount of 2-amino-4-hydroxy-

pteridine-6-carboxylic acid was formed by the oxidation
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of the small amount of 2-amino-4—hydroxy—pteridine-6-aldehyde
present45'55 and that xanthine oxidase does not oxidise pter-

oyl glutamic acid.

To exclude any possibility that a hydrogen carrier
might play a part in the oxidation of pteroyl glutamic acid
by xanthine oxidase, a mixture of xanthine oxidase, pteroyl
glutamic aéid and methylene blue were incpbated in g
phosphate buffer at a pH near neutrality at'37°C. After
eighteen hours incubation the incubated solution was examined
by paper chromatography in butanol-acetic acid-water
(4 : 1 :5v/v). A large bright blue spot with Ry close
40 that of 2-amino-4-hydroxy-pteridine-6-carboxylic acid
was seen. When the incubated solution was examined by
paper chromatography in other solvent systems the RF value
of the bright blue spot was quite different from that of
2-amino-4-hydroxy-pteridine-6-carboxylic acid. The
possibility that this difference was due to protein present
in the extract was checked by adding 2-amino-4-hydroxy-

- pteridine-6-carboxylic acid to the extract and observing
its behaviour in paper chromatography. In each case the
2-amino-4-hydroxy-pteridine-6-carboxylic acid added to the
extract showed the same behaviour as that of the bright
blue fluorescent substance.

The bright blue fluorescent substance was purified by

chromatography on a column of Whatman standard grade (1"
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diam. and 143" high) with 5% by vol. aqueous acetic acid.
The eluate containing the bright blue fluorescent substance
was evaporated to dryness and the residue taken up in 0.5 N
ammonium hydroxide. Determination of the ultraviolet
spectrum of this substance in 0.1 N sodium hydroxide

showed two maxima, at 261 mu and 361 mu. Purther
purification of this substance by chromatographing part

of the ammoniacal extract on a No. 1 paper using butanol-
acetic acid water (4 : 1 : 5 v/v) and eluting the bright
blue fluorewcent band with 0.1 N sodium hydroxide gave

an ultraviolet spectrum with two maxima, at 262 mu and

363 mu. 2-Amino-4-hydroxy-pteridine-6-carboxylic acid
has two maxima at 262 mu and 365 mu’’. The identity of
the bright blue fluorescent substance as 2-amino-4-hydroxy-
pteridine-6-carboxylic acid was confirmed by comparison

of its ohromafographic behaviour with that of an authentic
sample of the acid in six different solvent systems.

(Table I).

The RF vglue of the bright blue spot in the dncubated
extract was sufficiently close to that of 2-amino-4-
hydroxy-pteridine-6-carboxylic acid to allow a semi-
quantitative determination by the spot area technique73’74.
As thus determined, the yield of 2-amino-4-hydroxy-pteridine-
6~carboxylic acid was about 60% of the theoretical yield
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from pteroyl glutamic acid. There is thus no doubt
that in the presence of xanthine oxidase and methylene
blue pteroyl-L-monoglutamic acid is oxidised.

This oxidation could have been brought about in two
WaySe Either the oxidation of pteroyl glutamic acid by
xanthine oxidase took place at an active centre of the
enzyme which was not auto-oxidisable or the methylene
blue dehydrogenated the pteroyl glutamic acid to the
corresponding anil, which then hydrolysed to the amine and
aldehyde.

The latter reaction path seemed possible as pteroyl
glutamic acid readily transfers two hydrogen stems to form
the corresponding anil; and this anil, and model compounds
related to it (e.g. I) are feadily hydrolysed by Watef‘ .

Pteroyl glutamic acid may transfer its two hydrogen
atoms to oxygen or an inorganic oxidising agent, or to
the pyrazine ring of the pteridine nucleus.

When a mixture of methylene blue and pteroyl glutemic
acid was incubated in a phosphate buffer near neutrality
at 37°C. for eighteen hours, and the resulting solution
analysed by paper chromatography in butanol-acetic acid-water

(4 : 1 ¢ 5 v/v) a large blue fluorescent spot was seen, whose

Rn value corresponded to that of 2-amino-4-hydroxy-pteridine-

F
6-aldehyde. There was only a small spot corresponding
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to that of 2-amino-4-hydroxy-pteridine-6-carboxylic acid.

The major blue fluorescent spot was identified as
2-amino~4-hydroxy-pteridine-6-aldehyde by its identical
chromatographic behaviour in seven different solvent systems
with a known specimen of the aldehyde (Table I). The
amount of aldehyde in the digest was quantitatively
estimated as before. The yield of aldehyde was about 65%
of the theoretical yield from pteroyl glutamic acid.

A reaction schene for the oxidation of pteroyl glutamic\
acid by methylene blue and xanthine oxidase is given on
the facing page.

In this scheme xanthine oxidase may be replaced by
liver aldehyde oxidase.

Isolation of isoXanthopterin from Human Urine

76

The pterins Xanthopterin75 and hiopterin'~ have been

previously isolated from human urine. ZXs a method of
testing the validity of our hypotheses on the catabolism

of pteroyl-L-glutamic acid, we examined normal adult male

" urine for the presence of the pterins isoxanthopterin,
2-amino-4-hydroxypteridine and 2-amino-4-hydroxyptéridine—6-
carboxylic acid. Analysis of urine as described in the
experimental section resulted in the isolation of a small
quantity of purple fluorescent substance. On‘further

purification this substance was -shown to be isoxanthopterin
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by its similar behaviour to an authentic sample in six
solvent systems.

No 2-amino-4~hydroxypteridine-6-carboxylic acid
could be isolated from freshly voided human urine.
If however, samples were allowed to stand, or if the
analysis was unduly protracted a second bright blue
fluorescent substance could be isolated. As this
substance appeared to be an artefact no attempts were
made to purify it further. It was not separable from
added 2-amino-4-hydroxypteridine-6-carboxylic acid in
five different solvent systems. Biopterin in aqueous
solution, in light, readily decomposeé to give this acid.
It was therefore assumed that it adriginated from the
biopterin present in the urine76. bThe initial
chromatograms used to separate the pterins were very
badly streaked after the band due to riboflavin and this
made it impossible to use this method for the isolation
of 2-amino-4-hydroxypteridine. It has been suggested
by some authors77’78 that folic acid is catabolized in
the mammglian body by some yet unknown route. It is now
suggested that the catabolism of folic acid proceeds by
the route shown. Such a metabolic scheme is in harmony

with the known facts and is supported by the isolation

of isoxanthopterin.
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S1avik et a1°C

fed rats with tetrahydrofolic acid

and isolated a blue fluorescent pteridine metabolite

from their urine. This was not identified but it was

not identical with isoxanthopterin, xanthopterin, biopterin,
urothione; 2-amino-4-hydroxypteridine-6-carboxylic acid,
2-amino-4-hydroxypteridine-6-aldehyde 2-amino-4-hydroxy-6-
methyl pteridine, xanthopterin carboxylic acid, isoxanthop-
terin carboxylic acid or 10-formyl-folic acid81.

We suggested to Slavik that this compound might be
2—amino-4-hydroxypteridine. An guthentic sample was sent
for comparison but the results of this are not yet known.

Other workers have supplied evidence for the
catabolism of pteroyl-L-monoglutamic acid. Rauen82 has
shown that 2-amino-4-hydroxy pteridine-6-aldehyde is
produced when folic acid is incubated with liver mitochondria.
His suggested reaction scheme is however very elaborate.
Braganca and her coworker383’84’85 have demonstrated the
presence of an enzyme system in liver and blood cells
capable of degrading folic acid to 2-amino-4-hydroxy

pteridine-6-aldehyde.
| Xanthopterin was the first pterin to be found in

human urine and it has been assumed by some workers to be

an end-product of folic acid catabolism. Kalcker et a186,87

found that xanthopterin was not present in freshly voided



26

urine, but that a colourless non-fluorescent substance

was present, which was converted to xanthopterin by air
oxidation. Futtermen and Silverman88 found a labile
‘substance in human urine the properties of which resembled

an unformylated reduced folic acid and Blahley89 has
demonstrated that di- and tetra-hydrofolic acids are

very readily oxidised by molecular oxygen at room temperature
to xanthopterin.

Slavik et a180 found xanthopterin in the urine of rats
fed tetrahydrofolic acid but showed that the xanthopterin
was formed during the process of isolation by the non-en%?ic
oxidation of tetrahydrofolic acid.

If, however, any xanthopterin was formed within the
body by an enzymic reaction, it might be expected that it
would be oxidised by xanthine oxidase to leucopteringo’gl.
This expectation is confirmed by the occurrence of
leucopterin in the kidney tubules of golden hamsters given
injections of xanthopterin92. No leucopterin could be
'isolated from human urine. It thus appears that
xanthopterin has'no role in mammalian metabolism.

It has been suggested by Albert that xanthopterin could

be made in vivo froxm guanine, but apart from the conversion

of guanine to xanthopterin in vitro in very small yield61’62,
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no other evidence has yet been given. The only known
in vivo conversion of purines tc pteridines is the
conversion of adenine to riboflavin93 and also to an

unknown pteridine94 (apparently with unusual 2:4-
95).

22

dihydroxy pteridine structure
Nathan, Hutner and Levin demonstrated that

pteroyl-L-monoglutamic acid can be converted into biopterin

and suggested that the conversion proceeded via a simple

substituted 2-amino-4-hydroxypteridine.



28

- Analysis of Tumours and Hypertrophied Kidneys

It has recently been observed that when golden hamsters
are injected with xanthopterin and certain other compounds
their kidneys hypertrophy?®, This effect is due to an
inérease in the rate of cell division. Normally when
adult kidney sections are examined microscopically it is
difficult to find a cell in division, but when sections of
a kidney which had hypertropied under the influence of
pteridines is examined, many cells are seen undergoing
division. It has been suggested by Haddow that this hyper-
trophy is due to the inhibition of the oxidation of xanthine,
by the enzyme, xanthine oxidase, to uric acid96’97.

- Failure to oxidise this purine would presumably lead to an
excessive cellular concentration which would cause an
excessive rate of cell division.

Support for this theory has been obtained by
comparing the hypertrophing action of pteridines and other
- compounds with their inhibiting effect on the oxidation of
xanthine by xanthine oxidase. An approximate parallelism
has been obtained96. It was also thought possible that
xanthine oxidase inhibition, 0T a reduced level of activity,
was a characteristic feature of neoplastic cells as

compared with normal cells. This effect has been
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demonstrated with mouse breast tumoursgB.' Richert,

Bloom and Westerfeldt9? have shown that the xanthine

oxidase content of rat liver is very much greater

than that required for the maintenance of the pathway
xanthine —— > uric acid and so the significance of

altered levels of tissue xanthine oxidase is difficult

to assess. If this inhibition of xanthine oxidase activity
was a characteristic feature of neoplastic cells and the
proposed catabolism of folic acid did take place, then

it might be expected that tumour cells would differ in

their pterin content from normal ones.

The methods of paper chromatography which had been
developed for the study of the snake skin pterins could
be used to detect pterins such as xanthopterin and
isoxanthopterin in gquantities as small as 0.1 ug., so
it seemed possible to apply these methods of analysis
to a neoplastic growth and its normal counterpart, to see,
firstly, if there was a qualitative difference between
the pterins present in normal and malignant cells and,
secondly,.if %here was a quantitative difference.

With this end in view we approached professor
Haddow, F.R.S., for his advice and cooperation. He

very kindly supplied us with normal golden hamsters and



golden hamsters with induced kidney tumours. These
tumours were induced by implanting a pellet of stilboestrol
under the skin of a young male hamster. After an
"induction period of nine months the treated animals
develop large nodular tumours on the kidneys and shortly
afterwards die from renal failureloo. These tumours
arise from the kidney cortex and show all the characteristics
of malignancy. They are admirably suited for chemical
anglysis as they are homogeneous, do not vary in type of
neoplasm, are free from cell débrie, clearly separated
from normal tissue and are easily dissected out101.

After conducting preliminary experiments on these
tumours we used flank transplants of these tumours].'o2
These can be produced more quickly and possess the same
characteristics of easy dissection as the primary growths.
In the analysis of the kidneys of the normal male hamsters
the animals were killed with chloroform, the kidneys
dissected out and ground with quarte sand. The hombgenate
‘was extracted first with ether and then with 0.5 N ammonium
hydroxide. The ammoniacal extract vas saturated with
ammonium sulphate to remove protein, the protein centrifuged
off and any pterin-like substances extracted with phenol.

The phenol was washed several times with water or dilute

acid and then the pterin-like substances were transferred
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to solution in water by shaking the phenol solution

with water and a large excess of etherlo. The water
solution was evaporated to dryness and the residue taken up
in a small volume of 0.5 N ammonium hydroxide. This
solution was examined by paper chromatography using
propanol-5% ag. acetic acid (2 : 1 v/v) as developing
solvent.

| The analysis of normal kidney (c. lg. wet weight)
normally gave moving outwards from the origin (1) a bright
yellow fluorescent (in U.V.) spot, sometimes visible as

a yellow spot in deylight and identified as flavine
mononucleotide (2) a faint blue fluorescent snot,
provisionally identified as 2-amino-4-hydroxypteridine-6-
carboxylic acid (3) a yellow fluorescent spot, identified
as riboflavin (4) an unidentified blue fluorescent spot
and (5) a faint fluorescent spot.

The flavinemononucleotide and riboflavin were probably
formed by the decomposition of flavine adenine dinucleotide
| present in the tissue. Occasionally a small yellow
fluorescent spdt whose position corresponded to flavine
adenine dinucleotide was found on the chromatogram.

The spot identified as 2-amino-4-hydroxypteridine-6-
carboxylic acid was generally*preéent only in small amounts

(judged from fluorescence intensity ca. 0.01 ug.) and it
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so far has proved impossible to obtain more than one

chromatographic run for identification. The solvent
used for this purpose was butanol-acetic acid-water

(4 : 1 : 5 v/v upper phase), a solvent which clearly
Eeparates 2-amino-4-hydroxypteridine-6-carboxylic acid
from all other common pterins.

When these analyses were performed on neoplastic
tissues a similar chromatograrhic pattern was obtained
with the exception that 2-amino-4-hydroxypteridine-6-
carboxylic acid could not be detected in amounts of
neoplastic tissue Less than 8 grams (i.e. about 8 times
the weight of normal tissues).

Xanthopterin could not be detected in either normal
tissue or neoplastic tissue. The smallest amount of
xanthopterin which could be detected by the paper chromato-
graphic technique used was 0.1 ug.

Surveys of the folic acid content of normal and
neoplastic tissueleB’lO4 has shown that the folic acid
content of neoplastic tissues is the same as, or higher
than, that of nérmal tissue. The reduced content of
2-amino-4-hydroxypteridine-6-carboxylic acid in the
neoplastic tissues examined would therefore suggest that
the se neoplastic tissues degraded folic acid to a lesser

amount than did the corresponding normal tissues.
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To test a hypothesis that‘the increaséd'rate of
cell growths was due to a reduced degradation of folic
acid, an identical analysis was carried out with 4 g. of
bamster kidneys which had hypertrophied after an injection
of 2,4,5-triamino-6-styryl pyrimidine. The analysis
showed the presence of flavine adenine dinucleotide,
riboflavin and several other unidentified spots.
No xanthopterin or 2-amino-4-hydroxypteridine-6-carboxylic
acid was found. From this preliminary work it would
thus appear that an increased rate of cell division is

accompanied by a decreased folic acid catabolism.
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Metabolism of Pteroyl-L-glutamic acid

Pteroyl-L-glutamic acid is an important biological
compound. It has been shown to have a curative effect

105,106

on various forms of anaemis Mammalian liver

converts it by reduction and formylation to 5-formyl-

5,6,7,8-tetrahydropteroyl-L-glutamic acid -

citrovorum factor or leucovorin). Citrovorum factor

108,109,110.

is essential for cell division Pteroyl

glutamic acid is also converted to co-enzymes which

function in the interconversion of serine and glycine
1i1,112,115,114,115 and in the biosynthesis and inter-

conversion of purines;l6’ll7’118.

Despite the important biological status of pteroyl
glutamic acid, little work has been done on the metabolic
fate of the pteroyl glutamic‘acid which is not used in
these activities.

Of the normal human intake of 0.5-1 mg. per day, only
about 1% is excreted in the urine. Considerablg
'quantities are excreted in the faeces but this is due to
synthesis by the intestinal flora and fauna. When rats
are injected with massive doses of pteroyl glutamic acid
only a small percentage is recovered in the urinellg.

If, however, large doses of ascorbic acid are fed as

well, then the amount of pteroyl glutamic acid recovered
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rises to 90% of the total injectedllg. The authors

suggested that this effect was caused by ascorbic acid
preventing the oxidation of pteroyl glutamic acid. It
has also been reported that ascorbic acid increases the
amount of citrovorum factor synthegised by liver slicesao’
l07,i20. As a similar effect can be obtained by using
other powerful reducing agent882’83’121’122’123 the
effect appears to be due to the reducing power of
ascorbic acid.

The reductive condensation of amines and aldehjdes
to give secondary amines is a well established chemical
reactioni24 and it would seem that steps A and B could be
readily reve¥sed. Thé anil has been shown to be easily
reduced by anhydrous formic acid to N-lO—formylpferoyl—L—
glutamic acid125.

The reductive condensation of I and II to yield

ptefoyl glutamic acid in poor yield by catalytic hydrogen-
ation has been described by Weygand126. The low yield
wés due to accompanying hydrogenation of the pyrazine ring.
Condensation(of p-amino-benzoyl-L-glutamic acid and
Nz—acetyl-2-amino-4-hydroxy—pteridine—6-aldehyde with
thiocresol or formic acid at 70°C as the reducing agents,

has been described¥27 o trieq beacting III with IV

directly in the presence of thiocresol, but failed. We

have tried to condense III and IV in agueous solution
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in the presence of ascorbic acid but failed due either to
the high insolubility of III or to the inhibition of the
qondensation of IITI and IV by water.

Since stéps A and B are chemically, and probably
biologically, reversible, step C i.e. the enzymic
oxidation of the aldehyde, is the step which determines
the rate at which pteroyl glutamic acid is removed.

Direct evidence for this metabolic cycle is as yet
limited to the demonstration of the oxidation of pteroyl
glutamic acid by xanthine oxidase and methylene blue to
2-amino-4-hydroxy-pteridine-6-carboxylic acid; the
igolation of what probably is this acid in small guantities
from hamster kidneys; dits occurrence in other animal
tissues and the isolation of isoxanthopterin from human
urine. But to assume this metabolic cycle, allows an
explanation of a number of previously unrelated facts.

2-Amino-4-hydroxy-pteridine-6-aldehyde is a most
powerful inhibitor of the oxidation of xanthine by
ianthine oxidase; yet repeated experiments to show
depression of 1i§er xanthine oxidase activity by injecting
test animals with massive doses of 2-amino-4-hydroxy-
pteridine—6-aldehyde have zlways Pailedr28:129,130,131,132
Haddow failed to produce kidney hypertrophy in hamsters
using 2—amino—4-hydroxy—pteridine-6—a1dehyde96 despite
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the successful use of other related pteridines.

On this assumed metabolic cycle 2-amino-4-hydroxy-
pteridine-6-aldehyde could be transformed into pteroyl
glutamic acid, provided adequate amounts of p-amino-
benzoyl-L-glutamic acid and reducing agents were available;
and it need not necessarily be effected by xanthine
oxidase.

Analyses of rat liver show that ohly 6% of the
folic acid and its derivatives is present as folic acid,
and that the remaining approximate 94% occurs as the
citrovorum factor. It would thus appear likely that
little or no degradation of pteroyl glutamic acid, by any
route, tekes place in the liver. Injected 2-amino-4-
hydroxy-pteridine-6-aldehyde would therefore be quickly
transformed into pteroyl glutamic acid. It may also be
remembéred that liver aldehyde oxidase can carry out the
required oxidation.

The protective action of ascorbic acid on injected
pteroyl glutamic acid cen readily be accommodated, as it
could provide hydrogen atoms for the reduction of the anil
to pteroyl glutamic acid.

Xanthine oxidase has two active centres, one used
for the oxidation of reduced diphosphopyridine nucleotide

and the other used for the oxidation of aldehydes and
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xanthine. It has been known for some time that
xanthopterin and other pteridines will competitively
inhibit the oxidation of xanthine by xanthine oxidaseg6‘
As the same active centrel?® is used for the oxidation of
aldehydes and xanthine, inhibitors of the oxidation of
xanthine will also inhibit the oxidation of 2-amino-4-
hydroxy-pteridine-6-aldehyde.

The injection of xanthopterin and other pteridines
into test animals should thus prevent the degfadation of
pteroyl glutamic acid and increase its cellular concentration.
This inhibition of the catabolism of pteroyl glutamic acid
thus explains the anti-anaemic effect of xanthopterin when
given to anaemic test anima13134’135’156’137’138.
Xanthopterin, however, is ineffective in human pernicious
139,140,106.

anaemia and in chicks

Pteridines have also been shown to lhave a beneficial
effect on the growth of chicks fed sub-optimal amounts of
folic acidl39. |

| It has been Suggestedl4m that the kidney hypertrophy
of hamsters, when injected with pteridines, was due to
the inhibition of the oxidation of pteroyl glutamic acid
by xanthine oxidase. This would seem likely as the
approximate parallelism observed between the kidney

hypertrophy and the inhibition of xanthine oxidase
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oxidation of xanthine would also hold for the inhibition
of pteroyl glutamic acid catabolism.

Inhibition of xanthine oxidase would thus not only
give an increased concentration of xanthine due to failure
to oxidise it, but an increased concentration of citrovorum
factor, an increased rate of synthesis of purines from
4-amino-5-imidazole-carboxyamide ribotide, and an increased
rate of synthesis of serine and other amino acids from
glycine,

Thus, inhibition of the oxidative functions of
xanthine oxidase would give rise to a series of anabolic
reactions conducive to tissue hypertrophy.

Millerlm’143 has shown that a variety of rapidly
growing tissues (e.g. embryonic tissues, transplantable
ﬁalignant tumours) utilise 4-amino-5-imidazole carboxamide
at a much higher rate than do the corresponding normal
tissues. As a folic acid coenzyme is necessary to supply
the one carbon fragment to convert 4-amino-5~imidazole
carboxamide to purine these results would imply an

enhanced utilisation of folic acid.
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Experimental

Part I

Riboflavin as a pigment of Philothamnus semivariegetus and

Dispholidus typus

The organ-free skin of a specimen of P. semivariegatus
was extracted in the dark, with absolute ethanol in a
soxhlet extractor; the solution was then cooled and filtered
from insoluble matter. Although no pigment could be
isolated from this solution, its yellow colour, strong,
green fluorescence in daylight and the ready loss of both
colour and fluorescence on irradiation in sunlight or on
addition of dilute acid, dilute alkali or I\TaHSO3 suggested -
that the pigment present was riboflavin.

The organ-free skin of a specimen of P. semivariegatus
was extracted in the dark with a mixture of water: pyridine:
n-propanol (1 : 3 : 1 v/v throughout) (50 ml.) on a
steam-bath (45 min.), cooled, and filtered from insoluble
‘material. The solution was yellow with a green fluorescence
in daylight.

Similar extraction of the skin of a specimen of D.
typus gave a yellow solution with only a faint green
fluorescence in daylight. Paper chromatography of these

extracts and of a saturated solution of riboflavin in the
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water-pyridine-n-propanol solvent on descending
chromatograms of Whatman No. 1 paper irrigated with

this solvent showed that each extract gave a number of
colourless spots which fluoresced in ultraviolet light,
and a yellow spot which travelled at the same speed& as the
riboflavin spot.

To show that none of the other substances found in the
snake-skin extracts was a decomposition product of
riboflavin due to irradiation or chemical treatment of
the extract, solutions of authentic riboflavin solutions
were treated as follows:

A saturated solution of riboflavin in water:
pyridine: nspropanol was irradiated in tropical sunlight
(4.5 hours). Half of this solution was retained
(solution 1); the remainder was warmed on a steam bath in
the dark (45 min.) (solution 2). A saturated solution of
riboflavin in distilled water was irradiated in tropical
sunlight (4.5 hours). Pyridine (6 ml.) and n-propanol
(2 ml.) were added to this solution (2 ml.). Half of
it was kept (solution 7); the remainder was warmed on a
steam bath in the dark (45 min.) (solution 6).

Paper chromatography of these four solutions, the
two snake-skin extracts, and a saturated solution of

riboflavin in water : pyridine : n-propanol (0.02 ml.
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of each solution) by the descending method on Whatman

No. 1 paper gave a chromatogram which showed that none of
the substances obtained from the snake-skin extracts was
derived from riboflavin by decomposition, and that both «
- snake-skin extracts contained a substance, the behaviour
of which in the solvent system, was identical with that
of riboflavin.

It was noticed that the yellow spot in the extract
of b. tvpus did not lose its colour on exposure to light,
as did the riboflavin spot. Use of other solvent systews
showed that this spot could Be resolved into riboflavin and
a second, non-fluorescent, yellow pigment.

Paper chromatography of the gnake-skin extracts and a
saturated solution of riboflavin in water : pyridine : n-
propanol (0.02 ml. of each solution spotted on paper and
air-dried) by the descending method on Whatman No. 1 paper
using n-butanol : acetic acid : water (50 ¢ 15 : 35 v/v)
as developing solvents gave chromatograms which showed that
thé extract of P. semivariegatus contained only one yellow
pigment which was identical with riboflavin, and that the
extract of D. typus contained two yellow piements, one of
which was identical with riboflavin.

A paper chromatogram of the extract of P. semivariegatus
and a saturated solution of riboflavin in water : pyridine :

n-propanol was developed with this solvent and the paper was
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air-dried (1 m.) and then dried at 100°C (45 min.). The
riboflavin and yellow-pigment spots were cut off the
paper and their ultraviolet absorption spectra were
determined on the paper by the method of Bradfield and
Flood. The absorption maxima were for the yellow pigment
260 and 370 mu ; and for riboflavin 260 and 360 mu.

Pterins in Philothamnus semivariegatus and Dispholidus typus

Immediately after killing each specimen, it was skinned
and the skin freed from any subcutaneous tissue. The whole
skin was then extracted on a steam bath with successive
50 ml. portions of 80% agueous ethanol until a colourless
extract was obtained (8 to 10 portions). The ethanolic
extracts were compbined. What remained of the tissue was
warmed with 50 ml. 0.5 N ammonium hydroxide for 30 minutes.

The ethanolic extracts and the ammoniacal extracts were
used without any further preparation for the paper chromato~
grams.

‘ Whatman No. 1 filter paper was used, all solvents were
redistilled and solvent systems were allowed to stand for
three days at room‘temperature (25—28°C( before use. Spots
of 5 ul. size were used.

Chromatograms were developed at room temperature using

the ascending technique. The criteria of identity were
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(1) the parallel behaviour of a known substance and
the substance in the extract, and

(II) the failure of the known substance to separate
- from a mixed chromatogram of the knovn and extract substance.

A1l experimental procedures were undertaken in the dark.

Both the ethanolic and ammoniacal extracts of the skins
contained two colourless fluorescing compounds when chromato-
graphed and viewed in ulteaviolet light at 3,6008 Z. One
of these fluoresced purple and the other bright blue.

The substances in the ammoniacal extract were shown to
be the same as those in the wthanolic extract by their
ddentical behaviour in paper chromatography using six
different solvent systems, viz: 3% aqueous ammonium chloride;
5% aqueous acetic acid; butanol-acetic acid-water (4 : 1 : 5
v/¥ upper phase); pyridine—propan014water (3 ¢ 1 :1 v/v);
tertiary butanol-pyridine-water (50 : 15 : 35 v/v); tertiary
butanol-pyridine-water (60 : 15 : 25 v/v).

The two fluorescing substances extracted with pyridine-
prbﬁanol-water (3 : 1 ¢+ 1L v/v) weré also shown to be
identical with the ébove by the same method.

The se substances were identified as pterins by their
‘solubility in ammonium hydroxide, by their strong
Tluorescence in ultraviolet light and by their ultfaviolet

spectra. Tre se were determined by the method of Bradfield
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and Flood after paper chromatography using butanol-acetic
acid-water (4 ¢ 1 : 5 v/v). The spectra showed the
typical pterin pattern of two or more maxima in the range
2,000-4,000 &, with one peak between 3,000-4,000 £. The
purple fluorescing compound gave peaks at 2,5503 and

3,350 & and the bright blue fluorescing compound gave peaks
at 2,500 & and 3,550 R.

Individual pterins may be identified by comparing their
chromatographic behaviour with that of a known pterin using
at least three different solvent systems.

The purple fluorescing substance was thus identified as
isoxanthopterin by its identical chromatographic behaviour
with that of an authentic sample using the previous six
different solvent systems.

The bright blue fluorescing substance was similarly
idenfified as 2-amino-4-hydroxy-pteridine-6-carboxylic acid,
by its identical chromatogrsphic behaviour with that.of an
authentic sample in the same six solvent systems and in
proﬁ&nol—S% acetic acid (2 : 1 v/v) and in dimethyl formamide-
formic acid-water (8; 1:1 v/v).

When the combined ethanolic extracts from D. typus were
evaporated to dryness and the residue taken up in 10 ml.

0.5 N ammonium hydroxide, and paper chromatogram showed two

new spots fluorescing bright blue in ultraviolet light.
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One of these substances has been identified as 2-amino-4-
hydroxy-pteridine by its identical behaviour with that of
an authentic sample in the eight solvent systems quoted
above. The other blue fluorescing substances has not
been identified. When the combined ethanolic extracts
from P. semivariegatus were similarly treated no 2-amino-4-
hydroxy-pteridine could be detected. The second blue
fluorescing substance was present.

This concentrated extract of P. semivariegatus also
showed a yellow pon~fluorescent spot in butanol-acetic
acid-water. Similar to the yellow pigment in D. typus.

Yellow Pigment and Pterinsg of Dendroaspis viridis

A male specimen of the green mamba, Dendroaspis viridis,
was killed and skinned. The skin was freed from any
subcutaneous tissue and divided into two portions, a green
anterior portion and a dirty yellow posterior portion.

Each was extracted separately.

The Yellow Portion. This was extracted with 10

portions of 50 ml. each of 80% aqueous ethanol, in the dark.
The fingl extract was colourless. The combined extracts
were evaporated to dryness and taken up in 50 ml. 0.25 N
ammonium hydroxide solution. The insoluble residue was

filtered off.

This solution was used for the paper chromatographic
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enalysis. Conditions were the same as those used for

the pterins of P. serivariegatus and D. typus.

On paper chromatography of this solution four fluorescent

spots could be seen; one yellow, one purple, one bright
blue and one blue.

The yellow fluorescent substance was identified as
riboflavin by its identical chromatographic behaviour with
that of a specimen in six solvent systems, viz: 3% aqueous
ammonium chloride; 5% aqueous acetic acid; butanol-acetic
acid-water (4 = 1 : 5 v/v), pyridine-propanol-water
(3 :1 :1v/v); tertiary-butanol-pyridine-water (60 : 15 :
25 v/v); and tertiary-butanol-pyridine-water (50 : 15 : 35
v/v). The amount of riboflavin present was much smaller
than that in P. semivariegatus and D. typus.

The purple fluoréscent spot was similarly identified as
isoxanthopterin; the bright blue fluorescent spot as
2-amino-4-hydroxy-pteridine-6-carboxylic acid; and the
blue fluorescent spot as 2-amino-4-hydroxy-pteridine.

This extract also contained a large amount of a yellow
non-fluorescent pigment which on paper chromatography in
butanol-acetic acid-water (4 : 1 : 5 v/v) behaved similarly
to the unknown yellow pigment of D. fypus.

The Green Portion. The green skin was extracted with

six portions of 80% aqueous ethanol. The final extract
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was colourless. The extracts were combined and used for
paper chromatography.

On paper chromatography the extract was shown to contain
three fluoréscent substances; one yellow, one purple and one
blue. The yellow fluorescent substance was identified, as

previously, as riboflavin and the purple one as isoxanthopterin.
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Oxidation of Pteroyl-L-Glutamic Acid

Incubation of PGA with xanthine oxidase

As PGA is readily decomposed by light, this and all
other incubations were performed in darkness. Blank
incubations were done where necessary to eliminate any
possible side-effectg,

PGA (0e3 ml. of a solution of 0.3 mg./ml. in 0.15 M.
phosphate buffer pH 7.7) and xanthine oxidase solution
0.1 ml.) were heated at 36-37° under aerobic conditions
for 18 hr.

Paper chromatography of 10 ul of the.digest with
butanol-acetic acid water (4:1:5 by vol.) as solvent
showed a faint pale-blue spot with RF value close to
that of 2-amino-4-hydroxy-pteridine-6-carboxylic-acid.

- As judged by the size of the spot formed on paper
chromatograms with butanol-acetic acid water (4:1:5 by vol.)
the amoulrt of acid formed did not appreciably increase
after the first hour of incubation and represented less
than 10% of the theoretical yield of carboxylic acid from
PGA.

Incubation of PGA with xanthine oxidase and methylene blue

A solution (3 ml.) of 0.15 M phosphate buffer (pH 7.7)
containing 1.56 mg. PGA and 0.54 mg. methylene blue was

mixed with xanthine oxidase solution (1 ml.) and
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incubated at 36-37° under aerobic conditions for 18 hr.
Paper chromatography of 10 ul of this digest on No. 1
Whatman paper with butanol acetic acid water (4:1:5 by vol.)
showed on examination in ultraviolet light a large, bright,
pale-blue spot with an RF value close to that of 2-amino-4-
hydroxy-pteridine-6-carboxylic acid, and a small, faint,
blue spot corresponding to that of 2-amino-4-hydroxy-pteridine-
6-aldehyde. The protein present in the digest seriously inte:
interfered with the chromatographic behaviour of the
2—amino-4-hydroxy-pteridine—6—carboxylic acid in other
solvents. The bright blue fluorescent substance was
purified by chromatography on a column of cellulose powder
(Whatman standard grade, column 1 in diam. x 14% in. high)
with 5% by vol. aqueous acetic acid. The eluate containing
the bright blue fluorescent substancevwas evaporated to
dryness and the residue teken up in 1 ml. of 0.5 N NH4OH
Determination of the ultrpaviolet spectrum of this
fluorescent substance in 0.1 N NaOH showed two maxime,
at 261 mu and 361 mu. 2-Amino-4~hydroxy-pteridine-6-
carboxylic acid has two maxime, at 262 mu and 365 mu
(Mowat et al 1948). The identity of the bright blue
fluorescent substance as 2-amino-4-hydroxy-pteridine-6-

carboxylic acid was confirmed by comparison of its



Table 1

o : |
" Bright 1light blue
fluorescent substance
Butanol acetic acid water
(4:1:5 by vol.) 0.12

Propanol (5% ag. acetic acid

(2:1 by vol.) ’ 0.23

5% ag. acetic acid | 0.49
2

3% aq. ammonium chloride , - 0.59

tert-Butanol pyridine water

(60:15:25 by vol.) _ 0.09
tert-Butanol pyridine water

(50:15:35 by vol.) 0,22
Pyridine propanol water

(3:1:1 by vol.) , 0.26



By
2-amine-4-hydroxy
pteridine-6-carb-
oxylic acid

-Q;IQ
10.23
. ©.59
0.89

Q022

0.26

_RF
Blue fluorescent

substance
0.33

0.46
0.52
-0Qed3

0.27%

.54

0.55

; RE
2-amino-4-hydroxy
pteridine-6-aldehyde

0.33

0.46
0.52
0.43
0.28

0.54

0.55

1. Blue spot in digest coincided with methylene

blue spot.
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chromatographic behaviour with that of an authentic sample
of the agcid (Table 1).

Quantitative estimation of the acid was carried out
as follows. 10 ul of the digest and 10 ul of a solution
of 2-amino-4-hydroxy-pteridine-6-carboxylic acid
(0.l mg./ml. of 0.5 N NH4OH) were placed on Whatman No. 1
paper, air-dried and éeveloped with butanol-acetic acid
water (4:1:5 by vol.) (ascending). The paper was air-dried,
viewed in ultraviolet light and the bright, pale-blue
spots cut out and weighed. The yield of acid was
about 60% of the theoretical yield from PGA.

Incubation of methylene blue and PGA

A solution (4 ml.) of 0.15 M phosphate buffer (pH 7.4)
containing 1.84 mg. PGA and 1.04 mg. methylene blue was
incubated at 36-37° under aerobic conditiond for 18 hr.
Paper chromatographic analysis of 10 ul of the digest using
butanol-acetic acid water (4:1:5 by vol.) showed only a
small spot corresponding to 2-amino-4-hydroxy-pteridine-6-
carboxylic acid (RF value 0.12) but a large blue fluorescent
gpot of RF 0.33. 'Thas blue fluorescent substance was
identified as 2-amino-4-hydroxy-pteridine-6-aldehyde by
its identical chromatographic behaviour in seven different
solvent systems with a known specimen of the aldehyde (Table

I).
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The amount of aldehyde in the digest was quantitatively
estimated as before. The yield of aldehyde was about 65%
of the theoretical yield from. PGA.

Isolation of Isoxanthopterin from Humsn Urine

Conc. HC1 (25 ml.) was added to adult male urine (250 ml.)
which had been freshly voided into a flask containing a
trace of phenol. The urine was then extracted with liquid
phenol (50 ml.) and the phenol layer shaken up with water
(25 ml.) and ether (100 ml.). The aqueous layer was
washed twice with ether (100 ml. portions) and then
evaporated to dryness under reduced pressure.

The residue was dissolved in water (5 ml.) and a few
drops of aqg. NH3 were added until the solution was alkaline.
The solution was filtered and evaporated to dryness under
reduced pressure and the residue dissolved in aq. 0.5 N-—NH3
(0.5 ml.).

The dark-brown, syrupy liquid was spotted on Whatman
No. 3 MM paper so that it filled a rectangle % in. x 1 in.
Tﬁe paper was then developed (descending, overnight, in
darkness) with proﬁanol -5% acetic acid (2:1, v/v), air-
dried and viewed in 365 mu light.

Three fluorescent areas could be seen: nearest the
origin, a well-defined purple-blue band (1); next, a

bright-yellow band (2); finally, a smaller yellow band (3).



Table 2

| unknown .
Butanol-acetic
acid-water .
(4:1:5 vol. by vol.) 0423
Propanol-5% aq.
acetic acid
(2:1 by vol.) 0433
tert-Butanol~
pyridine-water
(50:15:35 vol. by vol.) 0.35
Propanol-1% aq. NH,
(2:1 by vol.) : 0.19

Propancl-1N HCL
(2:1 by vol.) . 0.33

Ry

isoxanthopterin

0.23

0.33.

0.35
0.19

Q.33
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After the third yellow band the chromatogram was badly

streaked. The first band was cut out and eluted with
aqe O;SN-NH3. Fur ther purification by chromatography,
with No. 3MM paper and tert.-butyl alcohol-pyridine-water
(50:15:35, hy vol.), resolved this into three subsidiary
bands. The eluate of the middle band (RF 0.3=-0.4) was
chromatographed on No. 1 Whatman paper with propanol-aq. 1%
NH (2:1, v/v). TFinally the eluate from this last
chfomatogram was evaporated to dryness under reduced
pressure and the residue dissolved in aq. 0.5N-NH; (0.05 ml.).
This solution was used for identification.

The purple fluorescent substance showed identical
chromatographic behaviour on Whatman No. 1 paper with
that of an authentic sample of isoxanthopterin,
in butanol-acetic acid-water (4:1:5, by vol.); propanol-
5% acetic acid (2:1 v/v); propanol-l% aq. NH; (2B1, v/¥);
propanol-N-HCL (2:1, v/v); and tert.<blit¥l glzchol=
pyridine-water (50:15:35 by vol.); (Table 2)..
" With tert.-butyl alcohol-pyridine-water (60:15:25, by
vol.) a differencé of 0.06 was found in the Rp values of
the unknown and isoxanthopterin. A mixture of the unknown
and isoxanthopterin, however, did not separate into two
spots and had a similar RF to the unknown. This
difference in Ry values of the unknown and isoxanthopterin was

therefore due to the presence of impurities.
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An additional amount of isoxanthopterin could be
obtained by eluting band (2) and purifying it as before.

‘In one experiment band (1) did not appear and isoxanthopterin
was isolated from band (2).

For eéch identification 5 ul. of solution was used and
the dried papers were viewed in 365 mu light. Papers were
also viewed in 254 mu light. This was less satisfactory as
these pterins do not fluoresce so brilliantly as in 365 mu
light.

If the samples of urine were allowed to stand, of if
the preliminary stages of the analysis were protracted, an
additional bright blue band was found between band (1)
and the origin. This band was eluted with ag. 0.5 N-NHj.
It was not separable from authentic 2-amino-4-hydroxy-
pteridine-6-carboxylic acid in five solvent systems. It
was probably, therefore, 2-amino-4fhydroxypteridine—G—
carboxylic acid formed from the decomposition of biopterin.
Ko leucopterin could be obtained. ‘If-present it would

ha%e-been seen between the origin and isoxanthopterin.
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Analysis of Normal Golden Hamster Kidney, Neoplaét;g

tissue derived from it and Hypertrophied Kidney

The analytical methods used were based on that of

CrammeriC.

Analysis of Normal Kidney.

The animal was killed with chloroform, kidneys
dissected out, weighed (ca. 1 g. per animal) and ground
to é fine paste with the minimum amount of quartz powder.
The mass was then extracted with refluxing peroxide-free
anhydrous ether (100 ml. : 1 hr in total darkness). The
ether was decahted off and the solid mass extracted with
% aqueous ammonia (20 ml. : 1 hr. : in total darkness on
a boiling water-bath). The solid and liquid mixture was
then transferred to a centrifuge . tube, the extraction
flask rinsed out with 3 aqueous ammonia (5 ml.), the
washings added to the contents of the centrifuge tube and
this solution was saturated with excess solid ammonium
sulphate. The protein precipate was centrifuged off and
thevclear supernatant liquid was filtered off. The
protein residue waslwashed with % aqueous ammonia (10 ml.),
this solution saturated with excess solid ammonium sulphate
and the protein preéipitate centrifuged off. The clear
supernatant 1liquid was filtered off and added to the

first solution.. The pH of the combined solutions was
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ad justed to about 3 by the cautious addition of dilute
hydrochloric acid. The acidified solution was
extracted with liquid phenol (10 ml.) and the phenol
washed six times with 3, hydrochloric acid (30 ml.
portions). Small quantities of phenol were added from
time to time to keep the volume of phenol constant at
10 ml. The phenol solution was then extracted with
anhydrous peroxide - free ether (50 ml.) and water (1-2 ml.).
Thefaqueous layer was washed once with ether (50 ml.) and
evaporated ‘o drynesé in vacuo at room temperature. The
minute quantity of solid obtained was dissolved in g
aqueous ammonia and transferred to No. 1 Whatman filter
paper by alternate spotting and drying so as to fill a
spot of approximately 10 ul size. The paper was then
developed with propanol - 5% agueous acetic acid (2:1 by
volume) (ascending; overnight; total darkness),
-air-dried and viewed in 365 mu ultraviolet light. A
number of fluoresceht Sp0Ts were seen.
(1) nearest the origin, a large bright-yellow fluorescent
8pot, identified as flavine -~ adenine - mononikcleotide
(2) next a faint blue fluorescent spot, provisionaliy
identified as 2-amino-4-hydroxy pteridine-6-carboxylic

acid
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(3) next a yellow fluorescent spot, identified as
riboflavin

(4) mnext a blue fluorescent spot, unidentified

(5) <finally a faint fluorescent spot, unidentified.

Analyses were carried out on pairs of normal kidneys |

taken from male animals (10 animals) older than sixteen

‘weeks. The smallest weight of kidney used was 0.5 g.;

most pairs weighed 0.9 - 1.0 g. A bulk experiment in which

5 pairs of kidneys (total weight 4.35 g.) was also done.

Identification of Substances on Chromatograms

1. The bright yellow spot was eluted from the chromatogram
with % agqueous ammonia and identified gs flavine -~ adenine -
mononucleotide by its similar behaviour to a known sample

in 3 solvent systems [butanol-acetic acid-water (4:1:5 vol.
by vol); tert.-butanol-pyridine-water (60:15:25 vol. by vol.)
tert.-butanol-pyridine-water (50:15:35 vol. by vol.)].

2. The blue fluorescent spot was eluted with g aqueous
ammonia. The amount of material was too small to allow
comparison in more than one solvent system. When
chromatographed in Eutanol-acetic acid-water (4:1:5 vol. by
vol.) it showed similar beheviour to a known sample of
2-amino-4-hydroxypteridine-6-carboxylic acid. The solvent
system clearly distinguishes betweén 2-amino-4-~-hydroxy

pteridine-6-carboxylic acid and the other known pterins.



58

3. The yellow fluorescent spot was eluted with N

aqueous ammonia. It was identified as riboflavig by

paper éhromatography with a known sample in 3 solvent

systems [tert.-butanol-pyridine-water (60:15:25 vol. by vol.);
tert.~-butanol-pyridine-water (50:15:35 vol. by vol.);
propanol-1% aqueous ammonia (2:1 by vol)]. Xanthopterin

and riboflavin are not separated in the initial propanol-

5% aqueous acetic acid (2:1 vol. by vol.) used. Riboflavin
and xanthaépterin are readily distinguished by chromatography
in propanol-l% agqueous NH3 (2:1 vol. by vol.). Their

R

F
fluoresces bright blue while riboflavin fluoresces bright

values differ by ca. 0.2 units and xanghopterin

yellow. Pgper chromatography of the second yellow spot
after elution showed no spot corresponding to xanthopterin.

Analyses of Neoplastic Tissues

Preliminary analyses were done on primary neoplasms
but most of the analyses were carried out on transplanted
kidney tumours.

. The animal was killed with chloroform. the neoplastic
tissues dissected out and carefully separated from normal
tissue and necrotic tissue. The analysis was then
‘carried out as for normal tissue. The results were

similar, in that flavine-adenine-mononucleotide and



59

riboflavin were isolated and identified as for normal
tissues and xanthopterin was found to be absent. The
blue spot corresponding to 2-amino-4-hydroxypteridine-6-
carboxylic, however, was not visible on the chromatograms

from tissue masses of less than 8 grams .

Results. {With tramsplanted neoplasms).

) No. of animals : Wt. of tumour : Results
Experiment 1. 2 6.08 g No 2-amino-4-
~ hydroxypteridine-
6-carboxylic acid
- present.
2Ao" - l . 2.5 g. "
I 1 ' _ 2.7 ge. ‘ n
. - : hydroxypteridine-
6-carboxylic acid
present.
5 1 1.2 g. No acid present.
6. ‘ l 3.6 Ee "
Te 1 3.2 g. "
8. 1 3.0 g. "
90 I 4.5 e "
1 5.1 e ; "

10.

Analysis of Hypertrophied Kidney

3 Adult male hamsters were injected with 2:4:5-
triamino-6-styryl pyrmidine (20 mg. in 0.5 ml. arachis
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0il each) 55 hours later they were killed with chloroform
and the kidneys dissected out. Total weight of kidneys
was 4.3 g. (approx. 30-40% increase in weight over
controls). The analysis wag conducted as for normal
kidneys but the final chromatogram was run on Whatman

No. 3 MM paper using the same solvent system as before.
On air-drying and viewing the chromatogram in 365 mu light
the following spots were seen.

(1) Bright yellow fluorescent spot, shown by subsequent
elution and paper chromatography to be flavine-adenine-
mononucleotide.

(2) A blue fluorescent spot; this could not be eluted
from the paper chromatogram by large amounts of g
agueous ammonia and was therefore not identical with
2-amino-4-hydroxypteridine-6-carboxylic acid which is
readily eluted.

(3) A yellow fluorescent spot which could not be eluted
with g aqueous ammonium hydroxide.

(4) A yellow fluorescent spot, which was shown to be
riboflavin by elution and subsequent paper chromatography.
No xanthopterin was present. (differentiation between
xenthopterin and riboflavin in propanol 1% aqueous

ammonia (2:1 vol. by vol.)).
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(5) An unidentified blue fluorescent spot.

(6) An unidentified yellow fluorescent spot.

(7) A large yellow fluorescent spot identical (paper
chromatogranhy) with the product of warming 2:4:5-triamino-
6-styryl pyrimidine with g aqueous ammonia solution.

Since it was possible that spots 2 and 3 could have
‘concealed a 2-amino-4-hydroxypteridine-6-carboxylic

acid spot the eluates were carefully examined by paper

chromatography for traces of this acid. Rone could be

detected.
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Experimental Ahimals

The normal golden hamsters used were bred from a stock
given by the Chester Beatty Research Institute.  They
were kepf in an air-conditioned room (22°-24° C.) and
were free from external and internal parasites. Diet
consisted of milk powder,Bemax, rat nut-cake, grain
(whole rice, maize and sorghum) green vegetables and
carrot. Animals with tumours (primary and transplanted)
were supplied from the Chester Beatty Research .Institute.

They were kept under the same conditions as the normal

animals.
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(Reprinted from Nature, Vol. 179, pp. 489-490, March 2, 1957)

¥

Photo-reduction of Pteridines

THE recent communication by Prof. A. Albert! on
the photo-reduction - of pteridines prompts me to
record another example. In the preparation of
2 - amino - 4-hydroxy - pteridine-6 - aldehyde by the
method of Waller et al.? it was found that if the
initial decomposition of pteroyl-L-glutamic acid to
dihydro-2-amino-4-hydroxy-pteridine-6-aldehyde was
done in the dark only a poor yield was obtained
(as judged by the amount of 2-amino-4-hydroxy-
pteridine-6-aldehyde formed on subsequent oxida-
tion). If the reacting solution was irradiated with
light from a 100-W. bulb then a good yield was
obtained. It thus seems that the decomposition of
pteroyl-L-glutamic acid to the dihydro aldehyde
is a light-catalysed intramolecular hydrogen transfer
from the 9:10 position followed by hydrolysis of

the resulting anil. It has been previously reported that .. )

pteroyl-L-glutamic acid is decomposed by ultra-violet
light to 2-amino - 4-hydroxy - pteridine - 6-aldehyde?®.
The position of the hydrogen atoms of the dihydro
2-amino-4-hydroxy-pteridine-6-aldehyde in the pyra-
zine ring has not been established ; but this aldehyde
would seem to be a possible intermediate in the
biological synthesis of the yellow fluorescent eye

pigment? of Drosophila and possibly also of the red - -

pteridine pigments*. The primary step in the de-
gradation of pteroyl-v-glutamic acid would seem to
be hydrogen transfer intramolecularly to the pyrazine
ring or intermolecularly to a suitable hydrogen
acceptor (for example oxygen® or methylene blue®).
J. A. Brair
Umvermty College of the Gold Coast,
Achimota, Gold Coast.
Deec. 12.
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(Reprinted from Nature, Vol. 180, p. 1371 only, Dec. 14, 1957)

Pigments and Pterins in the Skin of the
Green Mamba, Dendroaspis viridis

It has previously been reported that the skins of
the green snakes Philothamnus semivariegatus and
Dispholidus typus contain riboflavin, ¢soxanthopterin
and 2-amino-4-hydroxpteridine-6-carboxylic acid2.
D. typus also contains 2-amino-4-hydroxypteridine?
and an unknown yellow pigment!.
After this investigation had been completed, a
single male specimen of the green mamba, Dendroaspis
viridis, became available to us. The anterior and
middle portions were leaf green, and the posterior
portion dull yellow.
The animal was skinned and the skin cut into the
green and yellow portions. .
The yellow skin was extracted with 50 ml. portions
of boiling 80 per cent aqueous ethanol, in the dark,
until the extract was colourless. The combined
extracts were evaporated to dryness, the residue
dissolved in 50 ml. of N/4 aqueous ammonia and the
solution filtered from insoluble material. Analysis of
this solution by paper chromatography showed the
presence of a yellow non-fluorescent pigment ; and,
on viewing in 365 my light, an additional yellow
fluorescent substance, a purple fluorescent substance,
a bright blue fluorescent substance and a blue | .
fluorescent substance. .
The yellow fluorescent substance was identified as .
riboflavin by its similar behaviour to an authentic
sample in three solvent systems ; pyridine/propanol/
water (3:1:1 by vol.); tert-butanol/pyridine/water
(60 : 15 : 35 by vol.) ; and tert-butanol/pyridine/water
(60: 15 : 25 by vol.).
The purple fluorescent substance was identified as
isoxanthopterin, the bright blue fluorescent substance
as 2-amino-4-hydroxypteridine-6-carboxylic acid, and
the blue fluorescent substance as 2-amino-4-hydrox-
pteridine. This was done by comparing their beha-
viour with that of authentic samples in the three
previous solvent systems and in butanel/acetic acid/
water (4:1:5 by vol.); 5 per cent aqueous acetic o
acid. (by vol.); and 3 per cent aqueous ammonium o
chloride. : S
The yellow non-fluorescent substance could not be
identified. Its chromatographic behaviour in butanol/
acetic acid/water (4 : 1 : 5 by vol.) was similar to that C
of the unknown yellow pigment in D. typus'. o



The green portion of the skin was extracted with
50 ml. portions of boiling 80 per cent aqueous ethanol
until the extract was colourless. The extracts were
combined, and the presence of riboflavin and 4so-
xanthopterin was shown by paper chromatography,
as before. No attempt was made to identify 2-amino-
4-hydroxypteridine-6-carboxylic acid nor 2-amino-4-
hydroxypteridine in the ethanolic extract. The
yellow non-fluorescent substance was present. -

I am grateful to Mr. A. H. Booth of the Zoology
Department of this College for supplying the specimen
of D. viridis ; and to the Chemical Society for a grant
in aid of this investigation. o
J. A. Bramr

University College of Ghana,
Achimota, Ghana, West Africa.

1 Blair, J. A., and Graham, J., Biockem. J., 58, 286 (1954).
2B]aix:, J. A., and Graham, J., Chem. and Ind., 1158 (1955).
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(Reprinted from Nature, Vol. 181, p. 996 only, April 5,' 1958)

Metabolic Role of Xanthopterin

ALBERT! has suggested that xanthopterin® would
be found in higher amounts in neoplastic tissues than
in normal. In anticipation of confirming.this by
direct experiment, we have analysed for their pterin
content, normal kidney tissue of the golden hamster
and transplantable neoplasms in the golden hamster,
derived from stilboestrol-induced renal tumours?.

No xanthopterin could be found. The largest amount

of tissue used was 1 gm. of normal tissue and 8 gm.

of neoplastic’ tissue, and the smallest amount of )
xanthopterin that could be detected by the paper ) .
chromatographic technique used was 0-1 pygm. :

Xanthopterin has been isolated from human
urine®. If, however, xanthopterin is present as a
tissue metabolite, some of it should be oxidized to
leucopterin by xanthine oxidase*. This expectation is
borne out by the occurrence of leucopterin in the
kidney tubules of golden hamsters given massive
doses of xanthopterin®. An analysis of human urine
failed to reveal leucopterin (which would have been
found between the origin and 2-amino-4-hydroxy-
pteridine-6-carboxylic acid in the propanol-5 per
cent aqueous acetic acid (2:1 v/v) solvent system
used)®.

Kalckar et al.?” found that xanthopterin was not
present in freshly voided urine, but that a colourless
non-fluorescent substance was present which was
converted to xanthopterin by air oxidation. Futter-
man and Silverman® found a labile substance in
human urine the properties of which resembled an
unformylated reduced folic acid, and Blakley® has
demonstrated that di- and tetra-hydrofolic acids are
readily oxidized to xanthopterin.

Slavik et al.l® found xanthopterin in the urine of
rats fed tetrahydrofolic acid but showed that the
xanthopterin was formed during isolation by the
non-enzymic oxidation of tetrahydrofolic acid.

The present burden of evidence is therefore that

xanthopterin is absent from mammalian tissues.
The biological effects of xanthopterin in mammals
should therefore be attributed only to the disturbance
of a normal metabolic pathway by an artificially
introduced. substance.

A fuller account of this work will be pubhshed
elsewhere in due course:

We wish to thank the Chemical Society for a grant v .
in aid of this investigation, and Prof. A. C. Haddow : B



and the Chester Beatty Research Institute for the
supply of normal hamsters and hamsters with tumours,

. B ) J. A, Bramr
. ' Universiby College of Ghana,

Achimota, Ghana.
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Some Observations on the Oxidative Degradation
of Pteroyl-L-glutamic Acid

By J. A. BLAIR
University College of the Qold Coast

(Recetved 14 May 1956)

Several workers have studied the action of xanthine
oxidase on pteroyl-L-glutamic acid (PGA). Jacob-
son & Good (1952) claimed that xanthine oxidase
oxidized PGA and that the product had increased
haemopoietic properties. Norris & Majnarich
(1949) reported that incubation of xanthine oxidase
with PGA gave material of increased haemopoietic
power. On investigating a claim that PGA in-
hibited the oxidation of xanthine by =xanthine
oxidase, Kalckar & Klenow (1948) and Kalckar,
Kjeldgaard & Klenow (1948, 1950) found that this
inhibition was due to traces of 2-amino-4-hydroxy-
pteridine-6-aldehyde usually present in PGA, and
that this effect could be eliminated by incubating the
PGA with xanthine oxidase. This was shown to be
due to the oxidation of the aldehyde to 2-amino-4-
hydroxypteridine-6-carboxylic acid by the enzyme.
They found no change in the growth-promoting
properties of PGA before and after incubation with
‘'xanthine oxidase. Rauen & Waldman (1950),
Rauen, Waldman & Buchka (1951) and Yamamoto
(1954) found that on incubating pig-liver homo-
genate with PGA, a bright, pale-blue fluorescent
compound was formed. This was not identified.

It seemed desirable to repeat this work on the
oxidation of PGA, with milk xanthine oxidase at
stage M 5 as prepared by Avis, Bergel & Bray (1955).
It has been confirmed that xanthine oxidase has
no action on PGA; but when xanthine oxidase,
methylene blue and PGA are incubated at 36-37° at
a pH near neutrality, PGA is oxidized to 2-amino-4-
hydroxypteridine-6-carboxylic acid. This oxidation
proceeds by the intermediate formation of 2-amino-
4-hydroxypteridine-6-aldehyde, which is then oxi-
dized by the xanthine oxidase to 2-amino-4-hydroxy-
pteridine-6-carboxylic acid (Lowry, Bessel &
Crawford, 1949 ; Klenow, 1951). This is shown by the
isolation of the aldehyde as the major product of the
incubation of PGA with methylene blue.

MATERIALS

Pteroyl-L-glutamic acid. This was obtained commercially.
By paper chromatography, with butanol-acetic acid-water
(4:1:5, by vol.) as solvent, it was shown to be contaminated
with 2-amino-4-hydroxypteridine-6-aldehyde and a trace
of 2-amino-4-hydroxypteridine-6-carboxylic acid. The
quantitative estimation of the aldehyde was made by the

il

spot-area technique of Fisher, Parsons & Morrison (1948)
and Fisher, Parsons & Holmes (1949). A portion (10 ul.) of a
standard solution of the aldehyde (0-116 mg. in 1 ml. of
0-5N-NH, soln.) and 10 pl. of a solution of PGA (3-73 mg. in
1 ml. of 0-58-NH, soln.) were placed on no. 1 Whatman
paper, air-dried and developed with butanol-acetic acid—
water (4:1:5, by vol.; ascending). After air-drying, the
paper was viewed in ultraviolet light (365 my.) and the blue
fluorescent spots of aldehyde were cut out and weighed. The
amount of aldehyde present was estimated to be about 3 9,
of the weight of PGA.

Xanthine oxidase. This was provided by the Chester
Beatty Research Institute at stage M5 of purification
(Avis et al. 1955), in a solution of M phosphate, pH 6,
containing 4 mg. of xanthine oxidase/ml. Tt was used
without further purification.

2-Amino-4-hydroxypteridine-6-aldehyde. This was pre-
pared by the method of Waller ef al. (1950) with the modifi-
cation that it was found necessary to irradiate the reacting
solution with light from a 100 w lamp.

EXPERIMENTAL AND RESULTS

Incubation of PGA with xanthine oxidase

As PGA is readily decomposed by light, this and all
other incubations were performed in darkness.
Blank incubations were done where necessary to
eliminate any possible side effects.

PGA (0-3ml. of a solution of 0-3mg./ml. in
0-15M phosphate buffer, pH 7-7) and xanthine
oxidase solution (0-1 ml.) were heated at 36-37°
under aerobic conditions for 18 hr.

Paper chromatography of 10 pl. of the digest with
butanol-acetic acid—water (4:1:5, by vol.) as
solvent showed a faint pale-blue spot with R, value
close to that of 2-amino-4-hydroxypteridine-6-
carboxylic acid. As judged by the size of the spot

+ formed on the paper, the amount of acid formed did

not appreciably increase after the first hour of
incubation and represented less than 109, of the
theoretical yield of carboxylic acid from PGA.

Incubation of PGA with xanthine oxidase
and methylene blue

A solution (3 ml.) of 0-15M phosphate buffer,
pH 77, containing 1-56 mg. of PGA and 0-54 mg. of
methylene blue was mixed with xanthine oxidase
solution (1 ml.) and incubated at 36-37° under
aerobic conditions for 18 hr.
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Paper chromatography of 10 pl. of this digest on
no. 1 Whatman paper with butanol-acetic acid—
water (4:1:5, by vol.) showed on examination in
ultraviolet light a large, bright, pale-blue spot with
an R, value close to that of 2-amino-4-hydroxy-
pteridine-6-carboxylic acid, and a small, faint-blue
spot corresponding to that of 2-amino-4-hydroxy-
pteridine-6-aldehyde. The protein present in the
digest seriously interfered with the chromato-
graphic behaviour of the 2-amino-4-hydroxy-
pteridine-6-carboxylic acid in other solvents. The
bright-blue fluorescent substance was purified by
chromatography on a column of cellulose powder
(Whatman standard grade, column 1in. diam.,

J. A. BLAIR
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141 in. high) with 5 9, (by vol.) aqueous acetic acid.
The eluate containing the bright-blue fluorescent

"substance was evaporated to dryness and the

residue taken up in 1 ml. of 0-58-NH, soln. Deter-
mination of the ultraviolet spectrum of this fluor-
escent substance in 0-IN-NaOH showed two
maxima, at 261 and 361 myu. 2-Amino-4-hydroxy-
pteridine-6-carboxylic acid has two maxima, at
262 and 365 mpu. (Mowat et al. 1948). The identity of
the bright-blue fluorescent substance as 2-amino-4-
hydroxypteridine-6-carboxylic acid was confirmed
by comparison of its chromatographic behaviour
with that of an authentic sample of the acid
(Table 1).

Table 1. Identification of oxidation products of PGA by means of paper chromatography

A volume (5pul.) of the solution of the unknown and of the standard were run on the same chromatogram. Temp.

25-28°. Spots were viewed in ultraviolet light (365 mpu.).

By

2-Amino- Ry

) R » 4-hydroxy- 2-Amino-

Bright light-blue pteridine- F 4-hydroxy-

fluorescent 6-carboxylic =~ Blue fluorescent pteridine-

substance acid substance 6-aldehyde
Butanol-acetic acid-water (4:1:5, by vol.)® 0-12% 0-12 0-33 0-33
Propanol-59, acetic acid (2:1, v/v)? 0-23 0-23 0-46 0-46
59, acetic acid® 0-49 0-49 0-52 0-52
39, ammonium chloride® 0-59 ® 0-59 0-43 0-43

tert.-Butanol—pyridine-water (60:15:25, by vol.)¢ 0-09 0-09 0-27% 0-28+

tert.-Butanol-pyridine-water (50:15:35, by vol.)4 0-22 0-22 0-54 0-54
Pyridine-propanol-water (3:1:1, by vol.)¢ 0-26 0-26 0-55 055

* Ry values in this solvent are much affected by the time of equilibration. The value given is for solvent whi
equilibrated with the aqueous phase for 1 month. An B, value of 0-22 is obtained if 1;heg solvent is : Ougl?ﬁ ol e D
t C pha: ! q rated for 3 days.
+ Blue spot in the digest coincided with methylene blue spot.
@ Good & Johnson (1949) ? Forrest & Mitchell (1954). ¢ Renfrew & Platt (1950) ¢ Forrest & Todd (1950).

OH
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Quantitative estimation of the acid was carried
out as follows. A portion (10 ul.) of the digest and
10 pl. of a solution of 2-amino-4-hydroxypteridine-
6-carboxylic acid (0-1 mg./ml. of 0-55-NH, soln.)
were placed on Whatman no. 1 paper, air-dried and
developed with butanol-acetic acid—water (4:1:5,
by vol.; ascending). The paper was air-dried, viewed
in ultraviolet light and the bright, pale-blue spots
were cut out and weighed (Fisher ef al. 1948, 1949).
The yield of acid was about 60 9, of the theoretical
yield from PGA.

Incubation of methylene blue and PGA

A solution (4ml.) of 0-156M phosphate buffer,
pH 7-4, containing 1-84 mg. of PGA and 1-04 mg. of
methylene blue, was incubated at 36-37° under
aerobic conditions for 18 hr. Paper chromato-
graphic analysis of 10 ul. of the digest with butanol—
acetic acid—water (4:1:5, by vol.) showed only a
small spot corresponding to 2-amino-4-hydroxy-
pteridine-6-carboxylic acid (R, value 0-12), but a
large blue fluorescent spot of R, 0-33. This blue
fluorescent substance was identified as 2-amino-4-
hydroxypteridine-6-aldehyde by its identical chro-
matographic behaviour in seven different solvent
systems with a known specimen of the aldehyde
(Table 1). The yield of aldehyde, estimated as
before, was about 65 9, of the theoretical yield from
PGA.

DISCUSSION

A reaction scheme for the oxidation of PGA (I) to
2-amino-4-hydroxypteridine-6-carboxylic acid (V)
by xanthine oxidase and methylene blue is given
on p. 210.

[R represents HO,C.[CH,],. CH(CO,H).NH-.]

Compounds of the type (I) readily transfer
hydrogen to suitable hydrogen acceptors and form
anils {corresponding to (II)] which are readily
hydrolysed by water to the corresponding amine
and aldehyde (Mowat et al. 1948). Such dehydro-
genation and hydrolysis explains the aerobic
alkaline hydrolysis of PGA to 2-amino-4-hydroxy-
pteridine-6-carboxylic acid (Mowat et al. 1948) and
the sulphurous acid cleavage of PGA to the dihydro- -
2-amino-4-hydroxypteridine-6-aldehyde (Waller et
al. 1950). 2-Amino-4-hydroxypteridine-6-aldehyde
(IV)is then oxidized to the corresponding carboxylic
acid (V) by xanthine oxidase (Lowry et al. 1949;
Klenow, 1951). This oxidation may also be effected
by liver aldehyde oxidase (Kalckar et al. 1950).

OXIDATION OF PTEROYL-.-GLUTAMIC ACID
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As the incubation of PGA with xanthine oxidase
shows, the enzyme is without effect on PGA. The
small amount of carboxylic acid formed in this
experiment was derived from the aldehyde present
as an impurity in the PGA.

SUMMARY

When pteroyl-L-glutamic acid is incubated with
xanthine oxidase and methylene blue it is oxidized
to 2-amino-4-hydroxypteridine-6-carboxylic acid.
This reaction proceeds by the dehydrogenation and
hydrolysis of pteroyl-L-glutamic acid to 2-amino-4-
hydroxypteridine-6-aldehyde which is then oxidized
by the enzyme to 2-amino-4-hydroxypteridine-6-
carboxylic acid.

We wish to thank Professor A. Haddow and Mr R. C. Bray
for the gift of xanthine oxidase, and the Chemical Society
for a grant.

REFERENCES

Avis, P. G., Bergel, F. & Bray, R. C. (1955). J. chem. Soc.
p. 1100.

Fisher, R. B., Parsons, D. S. & Holmes, R. (1949). Nature,
Lond., 164, 183.

Fisher, R. B., Parsons, D. 8. & Morrison, C. A. (1948).
Nature, Lond., 161, 764.

Forrest, H. S. & Mitchell, H. K. (1954). J. Amer. chem. Soc.
76, 5656. i

Forrest, H. S. & Todd, A. R. (1950). J. chem. Soc. p. 3295.

Good, P. M. & Johnson, A. W. (1949). Nature, Lond., 163,
31.

Jacobson, W. & Good, P. M. (1952). Quart. J. Med. 21, 1.

Kalckar, H: M., Kjeldgaard, N. O. & Klenow, H. (1948).
J. biol. Chem. 174, 771.

Kalckar, H. M., Kjeldgaard, N. O. & Klenow, H. (1950).
Biochim. biophys. Acta, 5, 586.

Kalckar, H. M. & Klenow, H. (1948). J. biol. Chem. 172,
351.

Klenow, H. (1951). Biol. Medd., Kbh., 18, 14.

Lowry, O., Bessel, O. & Crawford, E. (1949). J. biol. Chem.
180, 399.

Mowat, J. H., Boothe, J. H., Hutchings, B. L., Stokstad,
E. L. R., Waller, C. W., Angier, R. B., Semb, J., Cosulich,
D. B. & Subbarow, Y. (1948). J. Amer. chem. Soc. 70, 14.

Norris, E. R. & Majnarich, J. J. (1949). Science, 109, 32.

Rauen, H. M. & Waldman, H. (1950). Experientia, 6, 387.

Rauen, H. M., Waldman, H. & Buchka, M. (1951). Hoppe-
Seyl. Z. 288, 10.

Renfrew, A. G. & Platt, P. C. (1950). J. Amer. pharm. Ass.
39, 657.

Waller, C. W., Goldman, A. A., Angier, R. B., Boothe, J. H.,
Hutchings, B. L., Mowat, J. H. & Semb, J. (1950).
J. Amer. chem. Soc. 72, 4630.

Yamamoto, K. (1954). Vitamins (Japan), 7, 398.




[From THE BIOCHEMICAL JOURNAL, Vor. 68, No. 3, pp. 385-387, 1958}

[ AU rights reserved]

PRINTED IN GREAT BRITAIN

Isolation of isoXanthopterin from Human Urine

By J. A. BLAIR
University College of Ghana, Ghana, West Africa

(Recetved 20 August 1957)

The pterins xanthopterin (2-amino-4:6-dihydroxy-
pteridine) (Koschara, 1936) and biopterin (2-
amino - 4 -hydroxy-6-[1:2-dihydroxypropyl - (1-ery-
thro)]-pteridine) (Patterson, Saltza & Stokstad,
1956) have been isolated from human urine. It has
been suggested that the pterins 2-amino-4-hydroxy-
pteridine-6-carboxylic acid, 2-amino-4-hydroxy-
pteridine and isoxanthopterin (2-amino-4:7-di-
hydroxypteridine) are products of catabolism of
pteroyl-L-glutamic acid (Blair & Graham, 1955). It
has also been shown that pteroyl-L-glutamic acid is
converted by methylene blue and xanthine oxidase
into 2-amino-4-hydroxypteridine-6-carboxylic acid
(Blair, 1957). It seemed desirable, therefore, to
examine human urine further.

When freshly voided adult male urine was
analysed, as described below, a small quantity of a
purple fluorescent substance could be isolated. On
further purification this substance was shown to be
isoxanthopterin, by its similar behaviour to an
authentic sample in six solvent systems.

No 2-amino-4-hydroxypteridine-6-carboxylic acid
could be isolated from freshly voided human
urine. If, however, samples were allowed to stand,
or if the analysis was unduly protracted, a bright-
blue fluorescent substance could be isolated. This
was not separable from 2-amino-4-hydroxypterid-
ine-6-carboxylic acid in five different solvent
systems. It was assumed that this acid was
derived from the decomposition of biopterin in
the urine.

The method used was not suitable for the isola-
tion of 2-amino-4-hydroxypteridine.

EXPERIMENTAL

Cone. HCL (25 ml) was added to adult male urine

(250 ml.) which had been freshly voided into a flask con-
taining a trace of phenol. The urine was then extracted
with liquid phenol (50 ml.; Cranmer, 1948) and the phenol
layer shaken up with water (25 ml) and ether (100 ml).
The aqueous layer was washed twice with ether (100 ml
portions) and then evaporated to dryness under reduced
pressure.

The residue was dissolved in water (5 ml.) and a few
drops of aq. NH; were added until the solution was alkaline.
The solution was filtered and evaporated to dryness
under reduced pressure and the residue dissolved in aq.
0-58-NH, (0-5 mL.).

The dark-brown, syrupy liquid was spotted on Whatman
no. 3MM paper so that it filled a rectangle 3 in. x 1 in. The
paper was then developed (descending, overnight, in dark-
ness) with propanol-59%, acetic acid (2:1, v/v), air-dried
and viewed in 365 mp light.

Three fluorescent areas could be seen: nearest the origin,
a well-defined purple-blue band (1); next, a bright-yellow
band (2); finally, a smaller yellow band (3). After the third
yellow band the chromatogram was badly streaked. The
first band was cut out and eluted with aq. 0-58-NH;.
Further purification by chromatography, with no. 3MM
paper and ferf.-butyl alcohol-pyridine-water (50:15:35,
by vol.), resolved this into three subsidiary bands. The
eluate of the middle band (Rp 0-3-0-4) was chromato-
graphed on no. 1 Whatman paper with propanol-aq. 19,
NH; (2:1, v/v). Finally the eluate from this last chromato-
gram was evaporated to dryness under reduced pressure
and the residue dissolved in aq. 0-5N-NH, (0-05 ml.). This
solution was used for identification.

The purple fluorescent substance showed identical
chromatographic behaviour on Whatman no. 1 paper with
that of an authentic sample of soxanthopterin, in butanol-
acetic acid—water (4:1:5, by vol.; Good & Johnson, 1949),
propanol-59%, acetic acid (2:1, v/v; Forrest & Mitchell,
1954a), propanol-19%, aq. NH, (2:1, v/v; Hadorn &
Mitchell, 1951), propanol-~x-HCl (2:1, v/v; Forrest &
Mitchell, 1954b), and tert.-butyl alcohol-pyridine—water
(50:15:35, by vol.; Forrest & Todd, 1950).

With fert.-butyl alcohol-pyridine-water (60:15:25, by
vol.; Forrest & Todd, 1950) a difference of 0-06 was found
in the R, values of the unknown and isoxanthopterin.
A mixture of the unknown and ¢soxanthopterin, however,
did not separate into two spots and had a similar R, to the
unknown. This difference in Ry values of the unknown and
isoxanthopterin is therefore due to the presence of im-
purities.

An additional amount of isoxanthopterin could be ob-
tained by eluting band (2) and purifying it as before. In
one experiment band (1) did not appear and ¢soxantho-
pterin was isolated from band (2).

For each identification 5ul. of solution was used and the
dried papers were viewed in 365 mu light. Papers were
also viewed in 254 my light. This was less satisfactory as
these pterins do not fluoresce so brilliantly as in 365 mu
light.

If the samples of urine were allowed to stand, or if the
preliminary stages of the analysis were protracted, an
additional bright blue band was found between band (1)
and the origin. This band was eluted with aq. 0-55-NH;.
It was not separable from authentic 2-amino-4-hydroxy-
pteridine-6-carboxylic acid in five solvent systems. It was
probably, therefore, 2-amino-4-hydroxypteridine-6-carb-
oxylic acid formed from the decomposition of biopterin.
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Fig. 1. Catabolism of pteroyl-L-glutamic acid. R represents HO,C+[CH,],-CH(CO,H)-NH-,

DISCUSSION

It has been suggested that pteroyl-L-glutamic acid
is catabolized in the body by some yet unknown
route (Williams, Eakin, Beerstecher & Shive, 1950).
It is now suggested that the catabolism of pteroyl-
L-glutamic acid proceeds as in Fig. 1.

Evidence for the conversion of pteroyl-L-glutamic
acid into 2-amino-4-hydroxypteridine-6-carboxylic
acid by processes of dehydrogenation, hydrolysis
and enzymic oxidation has been described in a
previous paper (Blair, 1957).

The ptering 2-amino-4-hydroxypteridine-8-carb-
oxylic acid, 2-amino-4-hydroxypteridine and iso-
xanthopterin are widely distributed in Nature
(Forrest, Van Baalen & Myers, 1957; Viscontini,
Kuhn & Egelhaaf, 1956 ; Forrest & Mitchell, 1955;
Viscontini, Schmid & Hadorn, 1955; Viscontini,
Loeser, Karrer & Hadorn, 1955; Nawa & Taira,
1954; Hama, 1953; Busnel & Drilhon, 1949; for
earlier references see Blair & Graham, 1955).

2-Amino-4-hydroxypteridine-6-carboxylic acid
can be decarboxylated by heat (Forrest & Mitchell,
1954b) or by ultraviolet light (Lowry, Bessey &
Crawford, 1949a; Viscontini, Loeser & KEgelhaaf,
19586) to 2-amino-4-hydroxypteridine; and this can
be oxidized by xanthine oxidase to isoxanthopterin
(Lowry, Bessey & Crawford, 1949b).

It is therefore reasonable to suppose that these
three pterins are intermediate in the biological
degradation of pteroyl-L-glutamic acid. The isola-

E

tion of isoxanthopterin from human urine éupports
this scheme. Further work is in progress.

SUMMARY

1. 4soXanthopterin has been
human urine.

2. 2-Amino - 4 - hydroxypteridine - 6 - carboxylic
acid could not be isolated from freshly voided
human urine.

3. A scheme for the catabolism of pteroyl-L-
glutamic acid is suggested.

isolated from

We wish to thank the Chemical Society for a grant and
Professor D. H. R. Barton, F.R.S., for accommodation
during the long vacations in 1956 and 1957.
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The Pigments of Snake Skins

1. THE ISOLATION OF RIBOFLAVIN AS A PIGMENT OF THE SKINS OF THE
GREEN SNAKES PHILOTHAMNUS SEMIVARIEGATUS
AND DISPHOLIDUS TYPUS

By J. A. BLAIR anp J. GRAHAM
University College of the Gold Coast

(Recetved 14 August 1953)

It is frequently noted that when whole snakes or
- their skins are preserved by immersion in 409,
formalin solution, a greenish yellow colour is im-
partea to the solution, and that this effect is
particularly marked with green snakes. A survey of
the literature showed that no previous work had
been done on snake-skin pigments.

" Extraction with absolute ethanol of the skins,
freed from organs, of specimens of the green snakes
Philothamnus semivariegatus and Dispholidus typus
gave yellow solutions which had a greenish fluor-
escence in daylight. The amount of pigment ob-
tained was too little for a rigorous, chemical identi-
fication, but the general chemical properties of the
extract from P. semivariegatus suggested that
riboflavin was present. Methods for the identifica-
tion of riboflavin by paper chromatography have
been published (Forrest & Todd, 1950; Crammer,
1948), and use on the snake-skin extracts of the
developing solvents described by these authors
showed that riboflavin was the only pigment
present in the extract from P. semivariegatus, and
that riboflavin and another, unidentified, yellow
pigment were present in the extract from D. typus.
Comparison of the ultraviolet absorption spectra on
paper (Bradfield & Flood, 1952) of the yellow pig-
ment from P. semavariegaius and of riboflavin
showed that they were identical.

The skin of both specimens after extraction was
bluish grey and this residual colouring matter could
only be obtained by warming with 0-01N sodium
hydroxide solution, when the extracted skin
turned black. Investigations on this pigment and
on the yellow pigment from D. typus are proceeding.

EXPERIMENTAL

The organ-free skin of a specimen of P. semivariegatus was
extracted in the dark with absolute ethanol in a Soxhlet
extractor, the solution was then cooled and filtered from
insoluble matter. Although no pigment could be isolated
from this solution, its yellow colour, strong, green fluor-
escence in daylight, and the ready loss of both colour and
fluorescence on irradiation in sunlight or on addition of
dilute acid, dilute alkali, or. NaHSO; suggested that the
pigment present was riboflavin.

The organ-free skin of a specimen of P. semivariegatus was
extracted in the dark with a mixture of water:pyridine:n-
propanol (1:3:1, v/v throughout) (50 ml.) on a steam bath
(45 min.), cooled, and filtered from insoluble material. The
solution was yellow with a green fluorescence in daylight.
Similar extraction of the skin of a specimen of D. typus gave
a yellow solution with only a faint green fluorescence in day-
light. Paper chromatography of these extracts and of a

P. semivariegatus

- Solution 1 (see text)
Extract of

- Solution 2 (see text)
= Excract of D. typus

- Solution 6 (see text)
4 Solution 7 (see text)

- Riboflavin

>
o
o
[

EO HO

XQa XO

8O O
e O
Yo ® @)
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Fig. 1. Paper chromatogram developed with water:
pyridine:n-propanol (1:3:1, v/v) and solvent allowed to
drip off lower edge of paper. Spots A-C, E-I and X, were
colourless, showing the following fluorescences in u.v.
light: A, G, X, yellow; B, grey; C, bluish grey; E, H,
light-blue; F, I, bluish violet. R and Y were yellow in
daylight, fluorescing yellow in u.v. light. R and Y (fifth
column) faded on exposure to daylight, Y in third column
did not. No spots were visible in daylight or in u.v. light
in the sixth and seventh columns.
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saturated solution of riboflavin in the water:pyridine:n-
propanol solvent on descending chromatograms of Whatman
no. 1 paper irrigated with this solvent (Forrest & Todd,
1950) showed that each extract gave a number of colourless
spots which fluoresced in ultraviolet light and a yellow spot
which travelled at the same speed as the riboflavin spot.

To show that none of the other substances found in the
snake-skin extracts was a decomposition product of ribo-
flavin due toirradiation or chemical treatment of the extract,
solutions of authentic riboflavin solutions were treated as
follows.

A saturated solution of riboflavin in water: pyridine:n-
propanol was irradiated in tropical sunlight (45 hr.). Half

. 2
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Fig. 2. Paper chromatogram developed with n-butanol:
acetic acid:water (Crammer, 1948) for 20 hr. Solvent
front marked by dotted line. Spots A—J were colourless,
showing the following fluorescences in u.v. light: A, D,
F, H, bluish violet; B, yellow; C, G, I, light-blue; E,
yellow, becoming greyish yellow; J, yellow, becoming
greyish, then light-blue. K was yellow, did not fade in
daylight, nor did it fluoresce. R was yellow, fluorescing
yellow, and becoming greyish yellow on prolonged u.v.
irradiation.

Fig. 3. Paper chromatogram developed with ferf.-butanol:
pyridine: water (50:15:35, v/v) for 34 hr. Solvent front
marked by dotted line. Spots A-D, G-I were colourless,
showing the following fluorescences in u.v. light: A,
yellow; B, D, G, I, light-blue; C, H, bluish violet. E,Jand
R had the properties of R in Fig. 1, F of spot K in Fig. 2.
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of this solution was retained (solution 1); the remainder was
warmed on a steam bath in the dark (45 min.) (solution 2).
A saturated solution of riboflavin in distilled water was
irradiated in tropical sunshine (4-5 hr.). Pyridine (6 ml.)
and n-propanol (2 ml.) were added to this solution (2 ml.).
Half of it was kept (solution 7); the remainder was warmed
on a steam bath in the dark (45 min.) (solution 6).

Paper chromatography of these four solutions, the two
snake-skin extracts, and a saturated solution of riboflavin
in'water: pyridine : n-propanol (0-02 ml. of each solution) by
the descending method on Whatman no. 1 paper gave the
chromatogram in Fig. 1 which shows that none of the sub-
stances obtained from the snake-skin extracts wasderived
from riboflavin by decomposition (spot G appeared only
after the extract had been kept for several days), and that
both snake-skin extracts contained a substance, the be-
haviour of which in the solvent system was identical with
that of riboflavin. It was noted that the spot Y in column 3
(extract of D. typus) did not lose its yellow colour on ex-
posure to light as did the riboflavin spot. Use of other
solvent systems showed that this spot could be resolved into
riboflavin and a second, non-fluorescent, yellow pigment.

Paper chromatography of the snake-skin extracts and a
saturated solution of riboflavin in water:pyridine:n-
propanol (0-02 ml. of each solution spotted on paper and
air-dried) by the descending method on Whatman no. 1
paper using n-butanol:acetic acid:water (Crammer, 1948)
and tert.-butanol : pyridine: water (50:15:35, v/v; Forrest &
Todd, 1950) as developing solvents gave chromatograms,
Figs. 2 and 3, which show that the extract of P. semivarie-
gatus contains only one yellow pigment, which is identical
with riboflavin, and that the extract of D. fypus contains
two yellow pigments, one of which is identical with ribo-
flavin.

A paper chromatogram of the extract of P. semivariegatus
and a saturated solution of riboflavin in water: pyridine:n-
propanol was developed with this solvent and the paper was
air-dried (1 hr.) and then dried at 100° (45 min.). The ribo-
flavin and yellow-pigment spots were cut off the paper and
their ultraviolet absorption spectra were determined on the
paper by the method of Bradfield & Flood (1952). The
absorption maxima were for the yellow pigment, 260 and
370 mu.; and for riboflavin, 260 and 360 mu.

SUMMARY

1. Riboflavin occurs as a yellow pigment in the
skins of the green snakes Philothamnus semivarie-
gatus and Dispholidus typus.

2. Another yellow pigment occurs in the skin of
D. typus.

3. Both skins also contain a pigment which is
extractable by 0-01x sodium hydroxide solution.

The authors wish to thank Mr A. H. Booth of the Zoology
Department of the University College of the Gold Coast for
bringing this problem to their notice, and for assistance in
supplying and identifying the snakes.

REFERENCES

Bradfield, A. E. & Flood, A. E. (1952). J. ckem. Soc. p. 4740.
Crammer, J. L. (1948). Nature, Lond., 161, 349,
Forrest, H. S. & Todd, A. R. (1950). J. ckem. Soc. p. 3295.



Reprinted from Chemistry and Industry, 1955, pp. 1158-1159

IDENTITY OF PTERINS PRESENT IN SNAKE
SKINS

By J. A. Blair and J. Graham

Chemistry Department, University College of the Gold Coast,
Achimota, Gold Coast

When the organ- and fat-free skins of the green
snakes, Philothamnus semivariegatus and Dispholidus
typus (Boomslang), are extracted with portions of 80%,
aqueous ethanol and the combined extracts chromato~
graphed on Whatman No. 1 Paper, three distinct spots
are seen when the chromatogram is viewed in ultra-
violet light. One fluoresces yellow, one purple and the
third a bright sky-blue. In daylight none of these is
visible but when a more concentrated solution is used
the spot which fluoresces yellow is visibly yellow. This
has previously been identified as riboflavin.!

The purple fluorescing substance has now been
identified as isoxanthopterin by its similarity in chro-
matographic behaviour in six different solvent systems
to an authentic specimen (3%, aqueous ammonium
chloride,? 59, aqueous acetic acid,® #-butanol-acetic
acid-water (4 :1:5 v/v upper phase),® pyridine-n-
propanol-water (3 : 1 :1 v/v),5 tert.-butanol-pyridine-
water (50 : 15 :35 V/v),® tert.-butanol-pyridine-water
(60 : 15 : 25 v/v)® and the bright sky-blue fluorescing
substance as 2-amino-4-hydroxypteridine-6-carboxylic
acid by comparison with an authentic specimen in the
same six solvent systems and in n-propanol-5%, acetic
acid (2 : 1 v/v)® and dimethylformamide-formic acid-
water (8 : I : 1 v/v).

When the combined extracts from Dispholidus typus
are evaporated to dryness and the residue taken up in
0-5N-NH,"OH, a paper chromatogram of this solution
shows another spot fluorescing light blue in ultra-violet
light. This substance has been identified as 2-amino-
4-hydroxypteridine by comparison with an authentic
sample in the eight solvent systems listed above.

Subsequent to the time when these observations
were made, Karreér reported the presence of riboflavin,
isoxanthopterin, 2-amino - 4-hydroxypteridine-6-car-
boxylic acid and 2-amino-4-hydroxypteridine in Droso-
phila® Previously, dsoxanthopterin has been detected
in butterfly wings,’ the skin of Rana nigromaculata ®
the larvae of Bombyx mori® ® identified with meso-
pterin,!® and recognised as a component of fluores-
cyanin.?

It is conceivable that 2-amino-4-hydroxy pteridine-
6-carboxylic acid (I) and 2-amino-4-hydroxypteridine
(IT) are intermediates in the biological degradation of
pterins, e.g. folic acid, to the relatively inert end-
product of metabolism, isoxanthopteﬁn (III). Also

e ]@ @QW s QQ

since the flavoprotein enzyme xanthine oxidase will
convert 2-amino-4-hydroxypteridine to 7soxanthopterin
in vitro,! it may exercise the same function iz vivo in
addition to its réle as remover of xanthine and hypo-
xanthine from the general metabolic pool of purines.
If so, inhibition of xanthine oxidase!? would bring about
an abnormal increase in cellular concentration of
2-amino-4-hydroxypteridine, as well as of xanthine and
hypoxanthine. Further, since it is known that 2-amino-
4-hydroxypteridine stimulates mitosis and cell division
in the epitheluim of the renal tubes, it is possible that
this substance is concerned in the gencral process of
mitosis and cell division.

We are very grateful to Prof. R. Tschesche for gifts
of isoxanthopterin and 2-amino-4-hydroxypteridine-6-
carboxylic acid and to Prof. A. Albert and Dr. D. Brown
for the gift of 2-amino-4-hydroxypteridine.

_ Recerved Fuly 18, 1955
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