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The Origin of Ribityl Side Chain of Riboflavin in Ashbya gossypii
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In order to investigate the origin of the ribityl group of riboflavin and the involvement of GTP

cyclohydrolase II in the riboflavin pathway, we studied the incorporation of *C-labeled guanosine us-
ing a well known riboflavin overproducer, Askbya gossypii. Cells were grown in a media containing
(U-14¢) guanosine and the riboflavin and GMP were isolated and purified by column chromatography.
The isolated compounds, riboflavin and GMP were labeled in the ribityl and ribosyl side chain and the
isoalloxazine and guanine moiety. By comparing the specific radioactivity of each compound we reach-
ed a conclusion that the ribose of guanosine is converted directly to the ribityl moiety of riboflavin. The

results indicate that biosynthesis of the vitamin begins at the level of a guanosine compound and also

support the involvement of GTP cyclohydrolase I1 in one of the early steps in the biosynthetic

pathway.

The isolation of 2-aminopyrimidine-type com-
pounds from riboflavin-deficient mutants of Sac-
charomyces cerevisiae suggested the specificd in-
volvement of guanine-type precursor (Bacher and
Lingens, 1970). This hypothesis was supported by
the discovery of an enzyme, named GTP cyclohy-
drolase II, which catalyzes the conversion of GTP
to  2,5-diamino-6-oxy-4-(5"-phosphoribosylamino)
pyrimidine (Foor and Brown, 1975). However, lit-
tle is known on the origin of the ribityl side chain
of riboflavin. Plaut (1971) studied the incorpora-
tion of (*C) glucose in Ashbya gossypii and obtain-
ed evidence for the mvolvement of a pentose in-
termediate. Supportive evidence was obtained by
studies of Oltmanns and Bacher (1972) in ex-
periments with Saccharomyces cerevisige, The ques-
tion remained whether the direct precursor of the
ribityl side chain is the ribose moiety of a

nucleotide or a free carbohydrate intermediate. In
the present studies, we investigated the incorpora-
tion of 1“C-labeled guanosine and showed that the
biosynthesis of riboflavin begins at the level of a
guanosine compound whose ribose moiety is
directly converted to the ribityl side chain of
riboflavin,

MATERIALS AND METHODS

Chemicals

All reagents used were of the highest quality
commercially available. (U-14C) guanosine was
purchased from New England Nuclear Corp.
Dowex 50W-X8 and Dowex 1-X8 were purchased
from Bio-Rad. Sephadex G-10, Sephadex LH-20
were purchased from Pharmacia, and florisil (ac-
tivated magnesium silicate), GMP, guanosine,
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lumichrome, and lumiflavin were the products of
Sigma Chemical Compamy.
Fungal Culture

Ashbya gossypii ATCC 10895, a well known
riboflavin overproducer strain was purchased
from American Type Culture Collection. The
organism were grown at 25°C for 96 hours with
vigorous aeration in a medium which contained,
per 300ml: glucose, 12g; peptone (Difco), 1.5g;
yeast extract (Oxoid), 0.5g; guanosine, 7mg (0.05
m{i).
Isolation of Riboflavin

Riboflavin was isolated from the culture fluid
and purified to constant specific radioactivity as
described previously (Bacher and Maildnder,
1973). Purification of riboflavin was performed in
darkness to avoid decomposition of the vitamin.
Degradation of Riboflavin

Riboflavin was dissolved in 0.1 M sodium
acetate, pH 4, and the solution was exposed to
direct sunlight for 2 hours. The solution was
evaporated to dryness. The residue was dissolved
in 0.5 ml of 95% ethanol and the material was
placed on a column of Sephadex LH-20 (0.6x
15cm). The column was developed with 95%
ethanol and fractions of 1 ml were collected. Frac-
tions containing lumichrome were combined and
concentrated by rotary evaporation.
Isolation of RNA

The fungal cells were subjected to sonication in
0.02M Tris-HCl, pH8.0 containing 0.01M MgClL,.
Following centrifugation the supernatant solution
was brought to pH 8 by careful addition of concen-
trated NH,OH. Barium acetate (2ml of a 2.5%
solution) and ethanol (150ml) were added, and the
solution was kept at 4°C overnight. The
precipitate was pelleted and dissolved in 8ml of
0.05 N HCl. Sodium sulfate (2ml of a 2.5% solu-
tion) was added and the precipitate was pelleted.
The supernatant was placed on a column of
Dowex 50W-X8 (H+* form, 1.5x50cm). The col-
umn was develpoed with 100ml of 0.05 N HCl and
subsequently with deionized water. Fractions of
10ml were collected throughout. UMP was eluted
in Fractions 3 to 6, CMP in fractions 9 to 12, AMP
and GMP in fractions 19 to 30. GMP was further
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purified by chromatography on a column of
Sephadex G-10 (1 x60cm). Elution was with
deionized water.
Degradation of GMP

GMP was dissolved in 0.5 ml of 1 N HC], and
1mg of unlabeled carrier was added. The solution
was heated on a steam bath for 1 hour. It was
subsequently passed through a column of Dowex
50W-X8 (H* form, 0.5 x 10cm). The column was
washed with 50ml of deionized water. The ef-
fluent (ribose fraction) was collected and concen-
trated. The column was washed with 50m] of 0.5
N HCI. Subsequently, guanine was eluted with 2
N HCl.
Miscellaneous Methods

Radioactivity was determined in a scintillation
counter in 0.4 % BBOT in toluene.

RESULTS

Isotope incorporation studies were performed
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Fig. 1A Chromatography of the cell free cuiture medium
on a column of magnesium silicate (2 x 3cm). The
column was washed with 300ml of H>0. Arrow
denotes the point of elution with 50% acetone.
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Fig. 1B Purification of riboflavin on a column of Dowex
50W-X8 (1.2x30cm). Pooled peak fractions
(Fraction Nos. 26-29) of the magnesium silicate
column eluate were applied to the column which
had been previousty equilibrated with 1 N HC/.
The column was washed sequentially with 1 N
HCland 0.2 N HCI.

in Ashbya gossypit with unifomly C-labeled
guanosine. Riboflavin was isolated from the
culture medium and purified to constant specific
activity by the use of column chromatographic
techniques (Fig. 1A, 1B). The radiochemical puri-
ty of the compound was confirmed by cellulose
thin layer chromatography (data not shown).
Riboflavin was photochemically degraded to
lumichrome and purified as described under
“Materials and Methods”” (Fig 2). Cellular RNA
was hydrolyzed by dilute NaOH, and the resulting
cyclic nucleotides were isolated and purified (Fig.
3). Radioactivity was incorporated into GMP, but
UMP, AMP and CMP were practically unlabeled.
The isolated 2’,3" -cyclic GMP was then hydrolyz-
ed by acid and the material was subjected to
chromatography on a cationic exchanger (Fig. 4).
Radioactivity associated with guanine moiety was
determined and the specific radioactivities were
compared with those obtained from riboflavin,
The results are summarized in Table 1. Guanosine
compound was incorporated into nucleic acid
GMP without change in the labeling pattern as
observed by chemical degradation. Incorporation
of radioactivity into other ribonucleotides was
minimal. Lumichrome obtained from the degrada-
tion of riboflavin was radioactive in agreement
with the labeling pattern of the guanosine precur-
sor. The results indicate that the ribose moiety of
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Fig. 2 Purification of lumichrome on a column of
Sephadex LH-20. Sample (3 mi in 95% ethanol )
was loaded on the column and eluted as describ-
ed in “Materials and Methods"".
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Fig. 8 Eiution profile of 2,3 cyclic rnbonucleotides of
RNA on cation exchange chromatography. The
column was developed with 100m/ of 0.06 N HC/
and subsequently with deionized water.
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the added guanosine was directly converted to the
ribityl moiety of the vitamin. It also suggests that
the biosynthesis begins with a guanosine com-
pound and not with free guanine. However, our
experiments yield no information with respect to
the potential phosphorylation of the actual starting
material.
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Fig. 4 Chromatography of acid hydrolysate of
2',3'-cyclic GMP on a column of Dowex 50W-X8
column. The column was develped as described
in “Materials and Methods"'.

Table 1. /ncorporation of uniformly '‘C-labeled
guanosine into guanine nucleotide and

riboflavin in A. gossypii.

Concen-  Radicac- Spec. Act.
Compounds ration tivity No.of C
{(nmole/m{) (cpm/m{} (cpm/nmol)
from RNA
GMP 9.6 256 27.5 10
Guanine 18.9 255 13.5 5
from Media
Riboflavin  35.9 678 18.9 9+ (8)*
Lumichrome 27.9 232 8.3 4+ (8)*

*These carbons originate from“4C” unit of unknown source.

DISCUSSION

A considerable amount of evidence shows that
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the biosynthesis of all pteridines and related com-
pounds studied so far begins at the level of GTP
(Yim and Brown, 1976; Kim and Yim, 1982). The
initial step consists of the removal of carbon atom
8 from the imidazol ring of GTP. It has been sug-
gested that the biosynthesis of riboflavin may
follow the same general path (0ltmanns and
Bacher, 1972).

Foor and Brown (1975) recently isolated an en-
zyme designated GTP cyclohydrolase II from E.
coli. The enzyme catalyzes the release of formate
and pyrophosphate from GTP and yields a ribose
phosphate derivative of hydroxytriamino
pyrimidine. The reaction product of GTP
cyclohydrolase II reacts nonenzymatically with
diacetyl under loss of the ribose moiety with for-
mation of 2-amino-6, 7-dimethyl-4-hydroxypte-
ridine. The latter compound was isolated previ-
ously from cultures of 7ib 7 mutants of Saccharo-
myces cerevistae incubated with diacetyl. (Bacher
and Lingens, 1971). If follows that the gene
rib 7 codes for the enzyme activity subsequent to
the GTP cyclohydrolase. We propose that this en-
zyme catalyzes the Amadori rearrangement and
subsequent reduction of the ribose moiety
yielding 2,5-diamino-6-hydroxy-4-ribitylamino
pyrimidine or the corresponding monophosphate.
Although direct experimental evidence for the
role of GTP cyclohydrolase II is not available, but
the suggested involvement in the first step of
riboflavin is in full agreement with our present
data.
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