
have not suffered a deletion of the gene is 
shown by the normal saturation hybrid- 
ization of the F4+ template inactive 
DNA with 3H-labeled globin cDNA (Fig. 
2). Thus, chromatin from a cell line 
which does not have the potential to 
transcribe globin sequences does not 
have the globin gene in a conformation 
which allows its fractionation into the 
template active chromatin fraction. 

These results have three important im- 
plications. First, they show that an ac- 
tive gene can be localized in the template 
active fraction of chromatin. Second, the 
finding that in uninduced FSD-3 cells the 
globin gene is present in a conformation 
which allows its fractionation with tem- 
plate active chromatin suggests that the 
globin gene is switched on somewhat 
early in differentiation of erythropoietic 
cells and that prior to its involvement in 
actual transcription it is activated by a 
cytoplasmic or nuclear signal. It is not 
unlikely that this would be true for any 
inducible gene, that is, a gene which can 
be turned on by some specific environ- 
mental signal such as a hormone, or oth- 
er chemical agent. This might differ from 
a differentiation process in which the 
cells in a lineage must undergo multiple 
changes in the expressed genetic pro- 
gram and which could, for example, re- 
quire a round of cell division to achieve 
these changes (17). Finally, the local- 
ization of the globin gene in the template 
active fraction of FSD-3 cell chromatin 
argues that the target cell for Friend vi- 
rus is a somewhat differentiated ery- 
throid committed precursor cell. This 
supports the earlier observation that the 
virus needs a mature precursor cell to 
express its oncogenic potency (18). 
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pr+cn male flies were crossed with 
Sco pr cn/CyO, pr cn2 females. Flies 
containing the purple mutation were se- 
lected, and stocks of the newly induced 
pr alleles were constructed. One new 
mutation, prc4, is lethal as a homozygote 
and behaves as the least functional of all 
the purple alleles, indicating that the 
product of the pr locus is required for vi- 
ability of Drosophila. White eyes are ex- 
pected if the purple mutation is extreme 
(not leaky) since cinnabar is included in 
these stocks to prevent the synthesis of 
brown ommochrome eye pigments. The 
heterozygote, pr"4/pr, is distinctly lighter 
in eye color than pr/pr. The second new 
mutant, prc5, is associated with a trans- 
location between the Y and second 
chromosome and shows a variegated po- 
sition effect. The eye color of prC5 cn/ 

pr cn is orange like that of pr cn/pr cn, 
but that of prc4 cnlprC5 cn is white with 
yellow flecks. The eye color of prC4/prc5 
tends to darken with age. 

Guanosine triphosphate cyclohydro- 
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Mechanism of Suppression in Drosophila: Control of 

Sepiapterin Synthase at the Purple Locus 

Abstract. The amounts of sepiapterin and red pteridine eye pigments (drosopter- 
ins) in Drosophila melanogaster are known to he reduced in the purple mutant and 
restored to normal by a suppressor mutation. We show here that sepiapterin syn- 
thase activity is 30 percent of normal in pr and pr'"w, two naturally occurring alleles 
of purple, and is restored to nearly normal levels by the suppressor su(s)2. A hetero- 
zygote of two newly induced alleles of pr has even lower enzyme activity (< 10 per- 
cent). The sepiapterin synthase activity is proportional to the number of wild-type pr 
alleles inflies when one and two copies of the allele are present and is higher in three- 
than in two-dose flies. We hypothesize that the purple locus may be a structural gene 
for sepiapterin synthase in Drosophila. 
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lase, the first enzyme in pteridine bio- 
synthesis, was measured in pr, prbw, and 
prC4/prc5, and in no case was the enzyme 
activity less than in the wild type (Table 
1). 

Dihydroneopterin triphosphate (1), the 
product of GTP cyclohydrolase, is con- 
verted to sepiapterin (2) by one or more 
enzymes (4) and we next examined this 
reaction. The separation of sepiapterin 
from other '4C-labeled compounds is 
shown in Fig. 1; comparison of the radio- 
activity in the sepiapterin spot shows 
that the sepiapterin synthase in two 
purple mutants, pr and prbw, is reduced 
to low levels relative to that in the wild 
type. Furthermore, the presence of 
su(s)2 restores the enzyme in homo- 
zygous prbw to near normal amounts. 
This indicates that the metabolic defect 
in purple mutants is located in one of the 
steps in the conversion of dihydro- 
neopterin triphosphate to sepiapterin, 
and that su(s)2 somehow restores this 
activity. An alternative interpretation 
could be that sepiapterin is degraded 
faster in purple mutants and the radio- 
active sepiapterin therefore failed to ac- 
cumulate. When we added sepiapterin 
prior to the reaction to protect the prod- 
uct there was no increase or decrease in 

HOH OH 
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the amount of radioactive sepiapterin 
isolated. This alternative is therefore un- 
likely. Quantitative results from com- 
parison of the sepiapterin synthase activ- 
ity in these genotypes appear in Table 1. 
All pr alleles are reduced in enzyme ac- 
tivity; and the flies containing the com- 
bined alleles prC4/prc5 have the lowest ac- 
tivity. When other mutants (brown, 
sepia, prune, Hennar3) that are defective 
in pteridine eye pigments were exam- 
ined, all had normal levels of sepiapterin 
synthase. The amount of sepiapterin 
synthase in su(s)2; prbw is usually about 
90 percent of that in the wild type, but in 
some instances may be only 50 to 60 per- 
cent. The reason for the variability is not 
known. 

Since the sepiapterin synthase activi- 
ty is associated with the purple locus, 
we asked if this locus was the struc- 
tural gene for the enzyme. For another 
enzyme, xanthine dehydrogenase of 
Drosophila, several loci are involved in 
determining the activity of the enzyme 
but only one, the rosy locus, is the struc- 
tural gene (5). Two pairs of genotypes 
were examined: one had either one or 
two wild-type alleles of purple and the 
other pair had either two or three such 
alleles. The construction of the combina- 
tions was done as illustrated in Fig. 2, 
which shows the ratio of activities from 
each pair of offspring. The ratio of activi- 
ties in flies with one wild-type pr+ to 
those with two was 0.51 with a stan- 
dard error of 0.04 in five determinations. 
The comparison of the pair involving two 
and three alleles of pr+ required the com- 
parison of males and females, because 
sex difference was used to differentiate 
the two- and three-dose flies. It was esti- 
mated that males contain 1.34 the se- 
piapterin synthase of females, so this ra- 
tio was used to adjust the ratio of 1.63 
found by comparing the flies with two 
and three alleles of pr+; a value of 1.21 
was obtained for the adjusted ratio. Four 
sets of flies were assayed in duplicate to 

a 

pr+/pr (Ore-R) 

Tft pr cn 

pr (Ore-R) 

one dose of pr 

X Tft prc4 cn/pr (Ore-R) 

and pr (Ore-R) 

+ 
pr (Ore-R) 

two doses of pr 

Ro one dose Ratio - 
two doses 

b. 

0.562, 0.640, 0.458, 0.471, 0.433 

Fig. 1 (left). Separation of sepiapterin by thin- + + + + + 
layer chromatography. Sepiapterin synthase Parents pr /pr (Ore-R) X Dp(2Y)Gpr pr pr (Ore-R) 
assays and two-dimensional chromatographic 
separation of the products are described in 
Table 1. Autoradiograms of the developed + + + 
chromatograms were made with Kodak RP/R- pr /pr (Ore-R) and Dp(2;Y)G, pr ; pr /pr (Ore-R) 
54. The spot that showed a yellow fluores- 
cence is circled to indicate the location of se- 
piapterin on the chromatogram. The following two doses of pr 

+ 
three doses of p+ (mes) 

genotypes of Drosophila melanogaster were 
the source of extracts: (A) Oregon-R, (B) 
su(s)2; prbw, (C) prbw, and (D) pr. Fig. 2 three doses 
(right). Sepiapeterin synthase levels in flies with Ratio 1.658, 1.919, 1.714, 1.214 
one, two, and three doses ofpr+. (a) Genotypes two doses 
of Drosophila and amounts of sepiapterin synthase in flies with one and two doses ofpr+. The mutant allele prc4 was chosen because it appears to 
have little or nopr+ function. The dominant mutation, Tft (Tuft), is used to follow pr4 to which it is linked. The chromosomes were introduced into 
an Oregon-R (Ore-R) background. The one- and two-dose flies are sibs and hence were grown in the same culture bottles. (b) Genotypes of Dro- 
sophila and amounts of sepiapterin synthase in flies with two and three doses ofpr+. The extra dose ofpr+ beyond the normal diploid number of two 
is inserted in the Y chromosome. The duplication is one part of the insertional translocation, T(Y;2)G. Sex serves as a marker in that males have 
three doses ofpr+ and females have two. The measured ratios of sepiapterin synthase activities are shown for each pair. 
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obtain the male to female ratio and the 
three pr+ to two pr+ ratio. Statistical 
analysis indicated that the standard error 
for the final adjusted ratio was 0.11 and 
that the 95 percent confidence limits 
were 0.86 and 1.57. The expected value 
of 1.5 was not obtained, so the data were 
examined to determine the probability 
that the ratio of 1.21 was significantly 
greater than 1.0. If one assumes a t distri- 
bution with 3 degrees of freedom, the 
probability was only .075 that a ratio of 
1.21 would be obtained if 1.0 were the 
actual mean ratio. Therefore, we con- 
clude that pr+ causes more sepiapterin 
synthase to be present in flies with three 
alleles of pr+ than with two, but we do 
not find 1.5 times as much as might be 
expected. A recent report by Kiger and 
Golanty (6) indicates a relation between 
guanosine 3',5'-monophosphate phos- 
phodiesterase activity and gene dose 
in that the presence of a large dupli- 
cation resulted in 1.5 times the activity of 
the diploid, but smaller duplications 
showed much less of an increase. The 
use of chromosomal duplication to de- 

fine a structural gene is not always 
straightforward. In the case of sepiapter- 
in synthase the ratio of enzyme activity 
in flies with one dose of pr+ to two doses 
of pr+ was quite close to that predicted 
for the structural gene, and since the 
three pr+ to two pr' dose ratio is greater 
than one, we suggest that the pr+ locus 
may be the site for a structural gene for 
sepiapterin synthase. Further informa- 
tion, such as the finding of a mutation at 
pr locus that results in an amino acid 
substitution of the enzyme, might con- 
firm this suggestion. 

We repeated the measurements of dro- 
sopterin contents (2) and compared them 
to the sepiapterin synthase levels in 
purple, suppressed purple, and wild-type 
flies. Table I indicates that there is a 
close correlation between the drosopter- 
in pool in the head and the total amount 
of sepiapterin synthase in these flies. The 
decrease in drosopterins in pr and pr"', 
agrees well with earlier results (2). Sup- 
pression of pr"'' by su(s)2 restores the 

pteridine pools and the sepiapterin syn- 
thase to normal levels. Although the bio- 

Table 1. Quantitative comparison of GTP cyclohydrolase, sepiapterin synthase, and drosopter- 
in (in the head) in purple mutants of D. melanogaster. Young adult flies (0 to 3 days old) were 
homogenized in 50 mM piperazine-N,N'-bis(2-ethanesulfonic acid) (PIPES) buffer (pH 7.0) con- 
taining 20 percent glycerol in a glass tube and pestle homogenizer at a ratio of 4 ml of buffer to 1 
g of flies. The homogenate was centrifuged at 7000g for 10 minutes. The resulting supernatant 
was filtered through Miracloth, and the filtrate was centrifuged at 100,000g for 60 minutes. The 
supernatant was stored at -850C until used. In some experiments the supernatant obtained at 
high speed was subjected to fractionation with 40 to 60 percent ammonium sulfate to remove 
pteridines and low-molecular-weight compounds from the enzyme fraction. The resulting pro- 
tein precipitate was redissolved in 50 mM PIPES, 20 percent glycerol buffer (pH 7.0), and used 
as a source of enzyme. Activity of GTP cyclohydrolase was determined by the method devel- 
oped by Burg and Brown (12). In principle, the determination depends on the measurement of 
the production of radioactive formate from [8-14C]GTP. Radioactive dihydroneopterin triphos- 
phate was prepared enzymatically by incubation of 100 fM [U-14C]GTP (2.5 /kc/25 nmole), 100 
mM tris-HCl (pH 8.3), 100 mM NaCI, 10 mM EDTA (pH 8.0), and pure GTP cyclohydrolase I 
isolated from Escherichia coli (13). The incubation was carried out in the dark at 420C for 60 
minutes to achieve conversion of GTP to dihydroneopterin triphosphate. The amount of di- 
hydroneopterin triphosphate produced was determined by the measurement of radioactive for- 
mate liberated (12). Sepiapterin synthase activity was measured in reaction mixtures having a 
total volume of 50 dl; 70 mM PIPES buffer (pH 7.5), 20 mM MgCl2, 3.3 mM, reduced nicotinam- 
ide adenine dinucleotide phosphate, 30 /~M [U-14C]dihydroneopterin triphosphate, and Dro- 
sophila extract. The,mixture was incubated in the dark at 42?C for 30 minutes, and then heat- 
treated at 1000C for 5 minutes with 5 nmole of carrier sepiapterin in each reaction mixture. 
Next, 0.5 unit of alkaline phosphatase was added to each mixture and incubation was continued 
at 42?C for 20 minutes. After centrifugation, 40 k1l of the resulting supernatant was subjected to 
thin-layer chromatography. The chromatograms were developed as described (14). The se- 
piapterin spot was punched out (1.1 cm in diameter) and the amount of radioactive material was 
determined in a scintillation counter in 0.4 percent 2,5-bis-2(5-t-butylbenzoxazolyl)-thiophene 
(BBOT) in toluene. Pteridines from Drosophila heads were quantitatively determined fluoro- 
metrically as described (14). 

GTP Sepiapterin Drosopterin 
Genotypes cyclohydrolase* synthaset (fluorescence 

(units) (units) unit) 

Wild type (Oregon-R) 58 2.53 43 
Purple mutants 

pr bw 65 0.78 10 
pr 67 0.81 15 
prc4 lprc' 70 0.22 2 

Suppressed purple 
su(s)2; prbW 72 2.43 44 

*One unit of enzyme produces 1 pmole of ["4C]formate per 30 minutes per milligram (fresh weight). tOne 
unit of enzyme produces 1 pmole of [U-14C]sepiapterin per 30 minutes per milligram (fresh weight) under the 
standard conditions of assay. 
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synthetic pathway for drosopterins is not 
yet understood, these results, along with 
those of Wilson and Jacobson (2), sug- 
gest that the compound synthesized from 
dihydroneopterin triphosphate by the 
gene product ofpr+ is a key intermediate 
in the biosynthesis of drosopterins. 

Since the transformation of dihydro- 
neopterin triphosphate to sepiapterin in- 
volves removal of three phosphate 
groups as well as oxidation and reduc- 
tion of the three-carbon side chain it will 
be of interest to determine which step is 
affected by the purple mutation. 

The suppressor mutant su(s)2 has four 
target genes whose mutations it sup- 
presses: vermilion, purple, speck, and 
sable. A change in tyrosine transfer 
RNA was detected in su(s)2 (7) and this 
change seemed to be related to the 
reappearance of tryptophan oxygenase 
activity in su(s)2 v (8). This tryptophan 
oxygenase system has been particularly 
difficult to resolve (9, 10). The speck mu- 
tation was shown to be deficient in one of 
three electrophoretic forms of phenol 
oxidase and this was restored to normal 
in su(s)2; sp (11). From the results in this 
report we suggest that the sepiapterin 
synthase is controlled by the purple 
locus and that it will be useful in eluci- 
dating the mechanism of suppression by 
st(s)2. 
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