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three times; yield 40 to 55 mg. on different runs, dried 16
hours at 115°, [a]®¥p —52° (0.1 N HCI, ¢, .54); solubility:
in mg./ml. water, 90°,3; 4°,0.5; 1 NHCland 1 N NaOH,
more than 25 at 25°; ether, acetone and alcohol less than
0.1; biological activity, 0.05 millimicrogram per ml. re-
quired for one-half maximum growth of C. fasciculata in 144
hiours.

Anal. Caled. for CHyN;O3: C, 45.6; H, 4.64; N,
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29.5. Found: C, 46.0;
H, 4.83; N, 30.3.
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The Isolation and Characterization of a Pteridine Required for the Growth of Crithidia
fasciculata!
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Procedures are described for the isolation from human urine of a compound named biopterin required for the growth of the

protozodn Crithidia fasciculata.

or ammonia were in the reaction mixtures.
tion.

Previous observations indicated that the proto-
zodn Crithidia fasciculata required an unknown fac-
tor for growth which was present in a number of
natural materials.? A preliminary report was made
on the isolation of this factor which was named biop-
terin and was identified as 2-amino-4-hydroxy-6-
(1,2-dihydroxypropyl)-pteridine.3 Forrest and
Mitchell* have since reported the isolation of 2-
amino-4-hydroxy-6-(1,2- dihydroxypropyl) - pteri-
dine from Drosophila. It was identified from degra-
dation studies and by comparison with a synthetic
specimen. However, the optical configuration
was not determined. Some of the properties of
one of the pteridines isolated from Drosophila by
Viscontini, et al.,’ are similar to those of biopterin,
but these authors have not yet established beyond
doubt the structure of their compound.5” This pa-
per describes the isolation and characterization of
biopterin in detail.

Isolation.—For the isolation of biopterin, human
adult male urine was chosen as a starting material
because of its availability and relatively constant
potenicy. The bioassay previously described? was
used to develop the isolation procedures. Batches
of 200 liters of normal adult male urine were puri-
fied by the procedures outlined in Table I.

Adsorption on charcoal was used as a first step to
separate biopterin from the large volumes of urine.
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These involve adsorption on charcoal, counter-current solvent distribution and partition
chromatography. Pure biopterin crystallized from water in pale yellow spheres.
as a 2-amino-4-hydroxyalkylpteridine from its ultraviolet absorption spectra.
from the elemental analyses, and 1.7 periodate oxidation equivalents per mole were consumed at pH 2.
fragment was 2-amino-4-hydroxy-6-formylpteridine identified by ultraviolet absorption.

Biopterin was tentatively characterized
Alkyl substituents of C;H;O; were indicated
The pteridine
No formaldehyde, formic acid

The presence of a methyl group in biopterin was established by infrared absorp-
From these data it was concluded that biopterin is 2-amino-4-hydroxy-6-(1,2-dihydroxypropyl)-pteridine.

TABLE 1

THE SCHEME FOR THE ISOLATION OF BIOPTERIN FROM
HuMAN ApuLT MALE URINE

Bioactivity,
mg. Solids,
Procedure Biopterin g.
1. Five 200-liter batches of urine 314 11,850

2. 1 kilo charcoal/100 liters urine. Eluate,
NHOH :ethanol:water, 10:50:50 113 1,715

3. Counter-current solvent distribution
n-butyl ale./water, pH 5; 40 tubes,
40 transfers, one liter per phase 115
4. Partition chromatography #n-butyl
alc./0.05 M phosphate, pH 4.5 80

5. Partition chromatography on com-
posite of 5 batches
(a) n-butyl ale./0.01 M phosphate,
pH 8.2 46
(b) n-butyl alc./0.01 A sulfate, pH
2.3 39
(c¢) m-butyl alec.:ethyl acetate 15:85/
0.01 M sulfate, pH 2.2 64 1.
(d) m-butyl alc.:ethyl acetate 25:75/
0.01 M phosphate, pH 5 26

6. Chromatographic adsorption on Mag-
nesol® and developed with 0.05 N
aqueous ammonia; fractions col-
lected by fluorescence and evapo-
rated to dryness

7. Residue extracted with 5 ml. 0.5 M
HCI; soln. was adjusted to pH 6,
and the ppt. crystallized from 12
and 7 ml. hot water; washed twice
with alcohol, ether and dried at
115° over P,Os for 16 hr.; weight
13 mg.
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There was a considerable loss in activity, but the
results were reproducible from batch to batch and
gave a twofold to threefold purification of biological
activity per unit of solids which was not found to be
the case with other adsorbents. The charcoal elu-
ates after counter-current solvent distribution were
nearly free of salts and highly solvent soluble ma-
terials and were thick brown sirups.

The material was then purified by partition chro-
matography. Celite 545° supporting the immobile
aqueous phase (50 ml./100 g. of support) was packed
into a 4 X 36 inch column. The sample was intro-
duced in the aqueous phase on the top 3-inch segment
of the column. The mobile phase was run through
under 2 p.s.i. at a flow rate of oneliter per hour. The
distribution coefficient of biopterin between n-butyl
alcohol and water was 0.25 over the range of pH 2 to
8. Advantage was taken of this by running two
partition columns using the same solvent system
at different pH values which further separated biop-
terin from the impurities in the sample. Examina-
tion of the columns with an ultraviolet light re-
vealed the presence of several fluorescent bands, and
the biological activity was closely correlated with
one of these. This relationship was used in the
later stagestoselect the desired fractions rather than
waiting for the biological assay which took 5 to 7
days. Ultimately, it was shown that this band
was a mixture of fluorescent materials but that pure
biopterin itself exhibited a very strong blue fluores-
cence. For quantitative measurements the fluo-
rescence of the fractions was read with a Pfaltz and
Bauer fluorophotometer. The samples were diluted
in 0.1 M borate, pH 9, for reading since the fluores-
cence of biopterin showed a change with pH and a
maximum at pH 9.

The sample from the last partition column was
adsorbed on a 3 X 12 inch column of Magnesol®-
Celite 545° 1:2 and developed with 0.05 IV aqueous
ammonia. Biopterin was extracted into 0.5 NV HCl
from the residue obtained on evaporation of the
developer. The solution was neutralized, and the
pale yellow precipitate of biopterin crystallized
from hot water as small spheres. From 5 to 15 mg.
of biopterin were finally isolated from 1000 1. of
fresh urine with a recovery of 3 to 59 based on bio-
assay. The biological activity was not destroyed
by acid and alkali or during storage in solution.
The activity was lost during treatment with oxidiz-
ing agents and upon exposure to strong sunlight.

Structure.—The ultraviolet absorption curves of
biopterin were very similar to those of 2-amino-
4-hydroxyalkylpteridines with maxima at 253 and
363 mu in 0.1 N NaOH and at 322 and 247 myu in 0.1
N HCl. The EZ% at 253 mu in 0.1 N NaOH
was 935. These data suggested biopterin was a 2-
amino-4-hydroxypteridine bearing simple substitu-
ents. This was substantiated by the observation
that the alkaline permanganate oxidation product of
biopterin was 2-amino-4-hydroxy-6-carboxypteri-
dine as identified by its ultraviolet absorption spec-
tra and chromatographic behavior on paper.

The analytical data, which were not entirely
satisfactory due to a scarcity of material, suggested
an empirical formula of CyHuN;O;. By subtract-
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ing the empirical formula of the pteridine moiety
an alkyl side chain of C3H;O; which was fully satu-
rated was indicated, The side chain contained at
least one optical center since biopterin was opti-
cally active. When biopterin was subjected to pe-
riodate oxidation® it consumed 1.7 and 4.5 oxida-
tion equivalents at pH 2 and 8.5, respectively, per
molecular weight 237. About two equivalents
were taken up very rapidly in both titrations. The
additional equivalents consumed at pH 8.5 were
taken up quite slowly (Fig. 1). The pteridine frag-
ments were optically inactive, and from their ultra-
violet absorption spectra they were identified as 2-
amino-4-hydroxy-6-formylpteridine from the pH 2
oxidation and 2-amino-4-hydroxy-6-carboxypteri-
dine from the pH 8.5 oxidation (Fig. 2). When
synthetic 2-amino-4-hydroxy-6-formylpteridine was
titrated with periodate, about 2.5 oxidation equiva-
lents per mole were consumed at pH 8.5 and essen-
tially none at pH 2 (Fig. 1). The uptake at the
higher pH was quite slow and similar in rate to that
of the second two equivalents by biopterin at this
pH, and the oxidation product was 2-amino-4-hy-
droxy-6-carboxypteridine.  Synthetic 2-amino-4-
hydroxypteridine and 2-amino-4-hydroxy-6-car-
hoxypteridine consumed no periodate at either pH.
Therefore, the true periodate titration was two
oxidation equivalents per molecular weight of 237.
An additional two equivalents were slowly con-
sumed at the alkaline pH in the oxidation of 2-
amino-4-hydroxy-6-formylpteridine to 2-amino-
4-hydroxy-6-carboxypteridine. No formaldehyde,
formic acid nor ammonia was found in the periodate
oxidation reaction mixtures of biopterin.
Conclusions from these data about the structure
of biopterin can be summarized as follows. Biop-
terin is a 2-amino-4-hydroxypteridine bearing only
one alkyl group, and this is in the 6-position. The
alkyl group has an empirical formula of C;H-0, and
at least one optical center. It contains two adja-
cent hydroxyl groups. Neither alcohol group is
primary and one is secondary and adjacent to the
pyrazine ring. Biopterin is then 2-amino-4-hy-
droxy-6-(1,2-dihydroxypropyl)-pteridine.
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0
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The presence of the terminal alkyl methyl group
was confirmed by infrared analysis which showed
characteristic C-CHj absorption at a frequency of
2975 cm.—'. The configuration about the two
asymmetric carbon atoms in the side chain cannot
be assigned from these data. A comparison of the
properties of biopterin with those of synthetic 2-
amino - 4 - hydroxy - 6 - [1,2 - dihydroxypropyl - (L-
erythro) -pteridine,! indicated they are the same.

Experimental
Properties of Biopterin.—Pale yellow microcrystalline

spheres from water, charring without melting at 250-280°;
solubility in mg./ml. water: at90°, 4; 20°,0.7; 1 ¥ NaOH
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Fig. 1.—The periodate oxidation of biopterin and 2-
amino-4-hydroxy-6-formylpteridine; biopterin, pH 2, ©;
pH 8.5, O; 2-amino-4-hydroxy-6-formylpteridine, pH 2, X;
pH 8.5, A.

and 1 N HCI, more than 25; alcohol, ether, acetone, ben-
zene, less than 0.1; [a]%D —50° (0.1 N HCl, ¢ 0.4); biologi-
cal activity: 0.05 mug./ml. required for one-half maximum
growth of C. fasciculata in 144 hours.

Anal. Caled. for CgHuN;O;: C, 45.5; H, 4.64; N,
29.5. Found: C, 43.7; H, 4.86; N, 29.3; S, neg. qual.
test.

Permanganate Oxidation.—Two mg. of biopterin was
dissolved in 0.1 ml. of 1 N NaOH. Saturated potassium
permanganate (ca. 0.08 ml.) was added until a permanent
purple color persisted. The sample was heated on the
steam-bath for 30 minutes. The excess permanganate was
destroyed with ethanol (ce. 0.005 ml.), and the manganese
dioxide was removed by centrifugation and washed twice
with 0.10 ml. of water. The combined centrifugates were
acidified with sulfuric acid to ca. pH 2. The buff colored pre-
cipitate was centrifuged down and washed once with water.
A portion of the precipitate was dissolved in cyclohexyla-
mine:water 50: 50, and a volume of thissolution containing ca.
5y of pteridine was put on a 0.5” wide No. 1 Whatman paper
strip and developed by the descending technique with 5%
cyclohexylamine in z-butyl alecohol saturated with water.
The R; of the one fluorescent spot was 0.15 compared to 0.14
and 0.07 for authentic samples of 2-amino-4-hydroxy-6-
carboxy- and 7-carboxypteridines, respectively, run as con-
trols.

Periodate Oxidation.—Three- to four-mg. samples were
dissolved in either 0.05 M sodium bisulfate, pH 2, or 0.1 M/
sodium carbonate, pH 8.5, at concentrations of 0.85 mg./
ml. Standard sodium metaperiodate (0.176 N) was added
to a concentration of 25 to 30 microsxidation equivalents per
mg. of pteridine, A precipitate formed within a minute
after the periodate was added in all the samples. These and
appropriate blanks were kept at room temperature and pro-
tected from sunlight, At intervals 0.5-ml. aliquots were
withdrawn and quenched in 2.0 ml. of 0.1 M sodium bicar-
bonate containing 20.0 microsxidation equivalents of stand-
ard sodiuin arsenite (0.1000 N) and 10 mg. of potassium io-
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Fig. 2.—The ultraviolet absorption in 0.1 N NaOH of
2-amino-4-hydroxy-6-carboxypteridine - - -, 2-amino-4-
hydroxy-6-formylpteridine ------ ; the pH 2 periodate oxida-
tion product of biopterin

dide. After 15 minutes the samples and blanks were titrated
with standard potassium iodide—iodine (0.0900 N) to a
starch end-point. The oxidation equivalents per mole were
then calculated as

ox. eq./mole = (eq. I sample — eq. I; blank) X
g. of pteridine in sample/mol. wt. of pteridine

The periodate oxidation of the other pteridines was carried
out by the same procedure modifying the amount of perio-
date so that there was 50 to 1009, excess.

Determination of Formic Acid, Formaldehyde and Ammo-
nia in the Periodate Oxidation Mixtures.—After the final
aliquot for periodate titration was removed the precipitated
pteridines were recovered by centrifugation, and the excess
periodate was destroyed with the calculated amount of so-
dium arsenite. The pH 2 reaction mixtures were adjusted to
pH 9 with sodium carbonate. Each reaction mixture was
then sublimed by the procedure of Grant.!? Aliquots of the
distillates were then used for the determination of formalde-
hyde using chromatropic acid!® and for the determination of
ammonia with Nessler reagent. The residues from the sub-
limations were acidified with sulfuric acid and again sub-
limed as before. Aliquots of the distillates were used for the
determination of formic acid by the procedure of Grant.}4
Since it was difficult to obtain reproducible results with this
procedure, the determinations were repeated on all the test
samples.
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