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ABSTRACT .

Mutations at three second chromosomal ‘loci of 4Drosophi1a melanogaster have
been characterized. All are auxc;trophic for purines. Pteridine complements in. adxllt
flies were visualiz’ed chrdft'i#tographically; Ass;ys werel carried out to assess enzyme
activities which might, p;)tentially, account fg; the auxotrophic phenotypes.

Mutants at the adenosine2 locus, which is.located at map position 18.4; fequire

_supplementation with adcnosine,. inosine or adenine dixring t'heb second lar\)ai)instar.
Adult homozygotes have a dilute dull-red eye-colour which probably re'sults from their

, )
. - severely reduced drosopterin.content. [n vitro assays show that the ade2-! mutant has

~'six-fold ldwer guanine deaminase- activity than wild-type. o

The second locus, adenos;iﬁe3. also produces mutants which require adenosine, ,
inosine or adenine. The nutritional requirement persists throughout the larval stage and
has a more consistent effect on development time than on mutant viability. The ade3
locus is at map position 20.0 in the cytological interval, 26A7 to 27E1. The\adult
eye-colour and pteridihe conteni, and larval guanine deaminase activity are all wild-type.
.The' location and phenotype of ade3-1 suggest the possibility that it affects Lﬁe region
shown by Henikoff apd his co-workefs (1983) to encode GAI% transformylase.

Guanosine suppleménts mutants at the burgundy locus (55.7); this locus was
desctibed pre\viously through a pteridine eye-colour —'defect, but identified as an
auxotrophic locus after the isolation of ba new allele, bur-gua2-1I. Ho\mozygotes of
burfguaZ-I reduire supplementation unﬁl after the sgcond larval moult. In adults, the
pteridine _?ontent is lessi obviously disturbed  than expected. Guanine deaminase activity
is wild-type. o |

Ih the original isolate of bur-gua2-1, IMPdehydrogenase activity and female
‘fe'rtility were low. Althouéh reduced symhc.sis of GMP would account for the

auxotrophic phenotype, it transpired that IMP. dehydrbgcnase activity returned to

wild-type levels apparently as a concommitant of natural selection for increased fertility,

iv



A '
J thhout altering the nutritional requirement. The relanonsrp of I%dchydrlcnasc and

the bur’ locus is therefore unclear. \\
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1. INTRODUCTION

i. Auxotrophy

The class of mutants known as auxotrophs is characterized by an abnormal
requirement for compoond(s) normally synthesized eodogenouslf . The- discovery of these
mutations (Beadle and Tatum, 1941) led to significant advances in understanding
fundamental genetic mechanisms in prokaryotes. When the nutritional requirements of
Drosophila were defined (Sang, 1956) and an exceedingly effective technique for
mutagenesis becafne available (Lewis and Bacher, 1968) the stage was set for the
isolation of auxotrophs in a multicellular animal.

From the outset, the search for auxotrophxc mutants in Drosophﬂa was restncted
mainly to those deficient in nucleotide metabohsrn The nucleotide pathways are the
only extensive pathways in the orga.nism which are well-defined biochemically, known to
function, and plausibly subject to .replacement by dietary supplement. A number of

utants which are unable to survive- without exogenous purines (Vyse and Nash, 1969;
Naguxb and ‘Nash, 1976; Johnson, et al., 1977) or pyrirnidines (Nort;y 1970; Falk and
Nash, 1974;. Lastowski and Falk, 1980; Porter and Rawls, 1984) have been recovered.
Mutations affecung de novo pyrimidine biosynthesis (the ’rudimentary,rudzmenmry—lzke and
dihydroorotate dehydrogenase loci) have been characterized enzymologlcally However
none of the purine auxouoghs has yet been unambiguously assxgned.an enzymatic defect.
(See the review byt Nash and Henderson, 1982). |

.Laxgely because it is so easy to work with, most of the purine auxouophs
known in Drosophila are' located on the X-chromosome. Mutations at three of these .
loci require'an adenine source. Two are newly isoléted, and beyond their observed
mutant brown. eye-colour, and their location between vermilion (1-33.0) and forked
(1-57.6)&dittle is known of them (Nash, unpublished). The third locus, adenosinel

(1-57.0) (Falk and Nash, 1974b), is also poorly defined, primarily because the



auxotrophic phenotypé is not very strong. Homozygous adel-! individuals survive, but
they develop ve;y slowly in t.he ab”sence of an adenine source. [t is known .frorn
radioactive tracer studies (Johhsbn. et ’al., 1977) that purine metabolism is not grossly -
perturbed in this mutant. |

\\The best characterized X-linked purine auxotrophs in Drosophila a;e mutant" at
the guanosinel-purinel-raspberry complex (1-32.8) (Nash, er aI 1980). The complex
includes 3 non-allelic, but interacting, loci: purl mutants respond o0 either an A or a G-
source, and gual mutants require guanosine but ras homozygotes do not require ..
, supplgmcntation (Falk and Nash, 1974b). In addition, pur/ mutants exhibit a slight
mérphological wing defect which differs from Lhét of pyrimidine auxotr;)phs (Nash,
et al., 1980), the gual-1 auxotrophy is temperature-sensitive (Falk and Nash, 1974b)
-and ras homc;zygmes have mutant-coloured brown eyes. Lethal alleles of ras are also '
allelic with pur!/ and gual. In fact, the heterozygous combinations of gual-1 and most
ras-{ alleles ire auxotrophic at all temperatures, in contrast to the temperature-sénsitj}\/e'
phenétypes of gual-1/gual-1 and gual-1/deficiency ‘(Johnson, et al., 1979). Of the
mutant pur/ alleles, one is lethal and the other temperature-sensitive lethal against'é .
'deficiencyh on all culture media (Johnson, et al., 1979). Heterozygous puri-1/gual-1
individuals develop slowly. in the absence of guanosine. Although the biochemical nature
of these defects is unclear, purine synthesis appears normal in pur/ mutants (Johnson,
et al., 1977). Because the same work showed that catabolism is enhanced, the
suggestion has been made that the wild-type allele of purl has a role in reguiating the
rate of catabolism. | :

lFour auxotrophic loci are known on the second chromosome. T)ireé are the

subject of this work and will be discuSéed presently. The fourth, nucleoside! (approx.
2-104.), does not, éLricﬂy speaking, yield purine auxotrophs. Mutants of nuc) require

purine or pyrimidine ribonucleosides, but do not respond to deokyribonucleosides {Naguib

and Nash. 1976; Nash, unpublished). These mutants appear to suffer from a deficiency



of PRPP.

Neither of the third or fourthv chromosomes have yet been screenmed for
auxotrophs.

The work presented here addresses the characterization of three autosomal
‘reoessive porihe auxotrophs. Some, obser;'ation's were already available regarding the’
mutams under study. Two of the mutants ade2-1 (Naguib, 1976) and ade3-1 (Nash,
unpubhshed) were known to respond to supplememauon with AR or HR The third,
bu -gua2-1 (Nash, unpublished) had been shown to require GR (This mutant was
| ongmally identified as gua2-1; the designation was changed in response to results to be
presented Later.) All of the auxotrophic mutations were known 10 'be_located on the
second chromosome, two near Sternopleural (2-22.0) and the third near >purple ‘(2-54,5). ‘
The initial portion of this \;/ork confirms and extends the nutritional characterization and
provides more precise map locations.

| In vivo radioactive tracer studies (Johnsonm, et al., 1977; iohnson, 1978) provided
information aboot the metaboﬁsm of purine;:s‘in homozygous larvae. This'suggest,ed
biochemical bases for wo of the auxotropﬂic mutations. These hypotheses were tested
directly by in vitro enzyme assays

One other feature of the auxotrophs attracted attention: in two of them the
eye-colour of the homozygous adults 'is visibly mutant. Pteridines, one class of pigment
molecules found in Drosophila eyes, are derived -from purines. This knowledge prompted
an examination of the pteridine content of the mutants. )

The eye-colour phenotypes of these mutants can be used to illustrate ono of‘ the .
inherent difficulties of studying auxotrophy in a multicellular system. Based on |
nutritional studies alone, two of the mutants, ade2-I and ade3-1 ,.appear to be nearly
identical. However, only one, ade2-1, has a visibly mutant eye\-colour. On the other

‘hand, the two muiants “Which have in common visibly mutant pigmentation, ade2-I and

bur-gua2-1, are dissimilar with respect 1o supplementation patterns. The simple



correlation between the biochemical defect and the resulting phenotype which often

typifies auxotrophic mutations in prokaryotes is somewhat obscured in Drosophila.

2.De novo Punne Biosynthesis

The pathway of de novo biosynthesis of IMP is presented in Fxgure 1. The
supposition that this is the uniyersal pathway (Henderson, 1972) is certainly supported in
Drosophila; radioactivity from labelled formate (Johnson, ef al 1980b) or glycine
- (Johnson, '1978) fed to growing larvae can be found in IMP. Use of “de novo ‘
synthesis” in this text will be -understood to refer to the pathway in Figure 1.

The reaction catalyzed -by'phosphnribosylpyrophosphate (PRPP) amidotransferase
is the first step committed solely to the biosynthesis of purines. As such, it is a
probable site of regulation of the pathway. This issue is discussed in detail in
Hendevrson‘ (1972), where extensive references are to be fonnd, and will be touched upon
only briefly here. In preparations from a 'variety of microbial, avian .and mammalian -
sources, PRPP amidotrans_ferase activity nas 'been .found to be regulated by the
concentration of purine nucleotides. However, although subject to.endproduct inhibition
in vitro, it is not clear fthat this is an important control mechanism in vivo. To the
- contrary, Gordon et al (1979) showed, in intact human fibroblasts, that PRPP
amidotransferase is not endproduct inhibited.

The rate of de novo Synthesis in mammalian cell linés appears, instead, to be

regulated by the avallabxhty of PRPY the substrate of the PRPP amidotransferase

reaction (de Bausse and Buttm 19771\Bashkm and Sperling, 1978; Holland, et al., 1978;
Taylor et al., 1982). The synthems of‘ PRPP from ribose-5'-phosphate and ATP,
catalyzed by PRPP synthetase, is, itself, feedback inhibed by A and G nucleotides
in vivo (Bagnara, et al., 19;74). The amount of PRPP available for ‘de novo synthesis is
further affected in human fibroblasts (Gordon et al., 1979) and in lyrnphocvtes of five

mammalian species (Peters and Veerkamp, 1979) by its preferential utilization in



Phosphoribosyl pyrophosphate (PRPP)

| ,

Phosphoribosylamine (PRA)

|

Phosphoribosyl glycineamide (GAR).

|

Phosphoribosy] formylé]ycineamide (FGAR)

|

Phosphoribosyl formylglycineamidine (FGAM)
i

J 5

Phosphoribosyl aminoimidazole (AIR)

l 6

Phosphoribosyl aminoimidazole carboxylate (AICR)
. J _7 |
Phosphoribosy]l aminoimidazole succinocarbbxémide (SAICAR)
. _ i .
Phosphoribosy1,aminbimidazo]e carboxamide (AICAR)

|

Phosphoribosy1'formamidoimidazo]e carboxamide (FAICAR)
| A .

f J 10

Inosinate (IMP)

-

FIGURE 1: The Pathway of Inosinate Biosynthesis de novo

he pathway of the de novo biosynthesis of IMP is shoWn.
The numbers refer to the names of the enzymes responsible
for each step and are defined in Table 1.

»

The informat%on is taken from Henderson (1972).



phosphoribosyltransferase reactions. It is known that in humans, mutations which
increase the available pool of PRPP by either increasing PRPP synthetase activity or
reducing HGPRT activity (Lesch-Nyhan syndrome) (reviewed by Boss and Seegmiller,
" 1982) result in overproduction of purines.

In at least some prokaryotes, de novo synthesis is regulated by repregsion as well
as f@cdback inhibition (Koduri and Gots, 1980; Levine and Taylor, 1981). Repression
acts at the level of the nucleic ac_idé to block the production of specific enzymes.
_.}Nhethcr this mechanism is involved in the regulation of purine 'biosynthesis in
eukaryotes is not clear. H(Swever. Taylor et al. (1982) found no evidence for-a
repressor molecule involved in regulating the early steps of de novo synthesis in Chinese
hamster cells. |

 The, only biosynthetic ‘enz_vme. which has been studied in Drosophila is
phosphoribosyl-glycineamide formyltransferase (GAR transformylase) which catalyzes the
third step in the pathway. Using recombinant DNA techniques, Henikoff et aI.J (1981)
identified a segment of DNA from the left arm of Drosophila chromosome 2 which -
complements ade8 (GAR transformylase") mutants in S. cerevisiae. [In vitro assays have
sthn that the activity encoded is indeéd GAR transformylase (Kelly and HenikofT,
unpublished).

The recent work of Henikoff er al. (1983) has shown that the locus :encodin’g
GAR transformylase in Droso-hila is unexg;ectedly complex; sequence analysis suggests

that the protein product is a larg  ~esibly multifunctional, polypeptide with GAR

o

transformylase as the COOH-termir. +ain". In addition, a polyadenylation signal in
an intron allows alternative processing e RNA transcript. Thus, the locus can
encode two polypeptides whick differ iz Sre=nce or absen:: of the carboxy -terminal

region including GAR transformylase.
A multi-enzyme complex including G-  wansfo.. ‘lase ¢-~ five enzyme activities

involved in the synthesis and use of ome-carcu= ic ~ahydrofolate coractors is known in



chickens (Caperelli; et al., 1980; Smith, ef al., 1980). It is thought that proximity 10
GAR transformylase during synthesis may result in preferential uulization of fol;ge
mtcrmedrates in de novo synthesis, although tetrahydrofolale is also required in other
metabolic pathways. A multi-enzyme complex of this type has not been demonstrated in
Drosophila although the work described above (Hemkoff et al. 1983) is suggestrve

In contrast to the paucrty of such information for Drosophrla fifteen ys,ars of
work has resulted in the identification, in Chinese hamster cells, of the genes encoding
all but one of the de novo synthetic enzymes. The mutations listed in Table 1 are all
recessive auxotrophies which produce a nutritional requirement for A, H or their
ribonucieosides or ribonucleotides (See Kao and Puck (1982) for references.).
Characterizhtion of the mutational blocks has proceeded by identification of accumulated
interrnediates_. presumed to be the substrates of the blocked reactigns (for instance, |
Feldman and Taylor, 1974; Patterson, 1975), by comparison with phenocopies produced
by specifically inhibiting known reactions (Patterson, 1976a) and by in vitro enzymo
assays (Irwin, et al., 1979; Patterson, 1976b). As shown. mutations are now known
which affect every step except the sevonth, phosphoribosyl-aminoimidazole
succino-carboxamide synthetase. '

" It is possible to create hybrid cells containing both Chinese hamster and human
chromosomes. A;lthough the human chromosomes are usually‘ lost fairly quickly,
individual chromooomes will be retained if they carry thé only active copy of a gene
essential for the survival of the hybrid. Since human chromosomes can be identified in
the hybrid cells, it is possible, under the appropriate selective conditions, to determine
which human chromosome encodes the activity under. selection. Using this techniquo, it
has been shown that the human gene which complements adeA mutants, is on
chromosome 4 (Stanley and Chu, 1978), adeB (Kao, 1980) and adeE (Jones, et al.,
1981) are on chromosome 14 and adeC (Moore, et al., 1977) and adeG (Patierson,

et al.. 1981) are on chromosome 21. Although not necessarily significant, the synteny



TABLE 1: Mutants of Ch1nese Hamster Ce1ls Defect1ve in de novo Purine
B1osynthes1s

Step - Eniyme , Mutant References

1 Phosphoribosyl pyrophosphate amidotransferase ade A a h c d
EC. 2.4.2.14 :

2  Phosphoribosyl glycineamide synthetase ade C bcef

- "EC. 6.3.1.3 _

3 Phosphoribosyl glycineamide formyltransferase ade E b c g
EC. 2.1.2.2 ’ ’

4 Phosphoribosy1 formylglycineamidine ade B abchi
synthetase
EC. 6.3.5.3

5 . Phosphoribosyl aminoimidazole synthetase ade G f j
EC. 6.3.3.1 : :

6  Phosphoribosyl aminoimidazo1g carboxylase ade D bc

EC. 4.1.1.21

‘7  Phosphoribosyl aminoimidazole succino-
carboxamide synthetase

EC. 6.3.2.6 , ‘ '
8 Adeny1osucc1nate ]yase - ade Tk
EC. 4.3.2.2 ,
9 Phosphoribosyl aminoimidazole carboxamide ade F b c

formyltransferase
EC. 2.1.2.3.

10 Inosinate cyclohydrolase . ' ade F boc j
EC. 3.5.4.10 -

Y

The step numbers in this tab]e refer to the steps in the pathway of
the de novo biosynthesis of IMP presented in Figure 1. The enzyme
names are taken from Henderson (1972). The mutants named have been
isolated in Chinese hamster cells in culture. All are auxotrophic and
respond to appropriate dietary supplementation. The lower case
letters indicate which of the following list of references contain
further descriptions of each mutant.

. Kao and Puck, 1972.

Patterson, Kao and Puck, 1974.
Patterson, 1975.

Feldman and Taylor, 1975.

. Moore et al., 1977.

Irwin, Oates and Patterson, 1979.
Jones, Patterson and Kao, 1981.
Feldman and Taylor, 1974.
Kao, 1980.

Patterson, Graw and Jones, 1981,
. Patterson, 1976b.

References:
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of the adeB and adeE genes is interesting since it‘is the first time that genes encoding
’sequential' metabolic steps have been located on a single chromosome in humans.

" In Chinese hamster cells two casé.s‘of apparent ‘coordinate regulation of steps in
the de novo pathway are known, adeA and B (Qates, et al., 1980) and adeC aﬁd G
(Patterson, et al., 1981). In both cases, single mutations, adeP AB and adeP CG
respectively, simultaneously eliminate the two enzyme activities and single reversion
mutations restore the activities. |

In humans, at least, aded and adeB are on different chromosomes and

presumably encode separate polypeptide chains. The ‘activities encoded by aded (PRPP
amidotransferase) and adeB (phosphoribosylformylgl?cineamidine synthetase) both require
glutamine, which may, in some manner, be the basis of their co-regulatiog. In the
second case, adeC and adeG are syntenic in humans and coordinately regulated in
Chinese hamster cells. Thus there is a possibility that these activities,
phosphoribosylglycineamide synthetase and phosphoribosylaminoimidazole synthetase, exist
in a multifunctional polypeptide, as has been suggesed for .Qchizosacchwokzyces pombe. .
Some of the enzyrmes of purine biosynthesis partiaily 'copurify, which, combined with this
instance of coordinate regulation and synteny, suggests that hke those of pyrimidine
metabolism, the enzymes of de novo purine bxosynthesxs may e)ust in a l1m1t,ed number’

of mulm-funcuonal enzyme complexes.

3. Purine Interconversion and Catabolism

The enzymes of purine interconversion ax_ld catabolism_ (sée Figure 2) havé been
studied in greater detail than those of d. ..o syrithesis. Efforts to esfablish a defined
growth medium for Drosophila (reviewed by Sang, 1978). produced indirect evidence for
the breéence of the salvage enzymes, insofar as édditionydf'purine sources increased the
rate of developmént. The occurrence of auxotrophs requiring purine supplements

provides qualitatively similar evidence. Subsequently, verification of the activities has



FIGURE 2:

Pathways of Purine Interconyersion in Drosophila

The numbers in the Figure refer to the list of enzymes
involved in the interconversion and catabolism of purines.
References which can be consulted for further information

are indicated by the lower case letters. Additional
references are available in Nash and Henderson (1982).
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Enzyme Name o " . References
1 5' nucleotidase f a. Becker, 1974a.
2 nucleoside kinase b,f,h b. Becker, 1974b.
3 purine nucleoside ' c. Becker, 1975.
~ phosphorylase f,g d. Becker, 1978. _
4 APRT a,f e. Hodge and Glassman, 1967.
5 ' HGPRT d,f,h f. Johnson, Nash and Henderson,
6 AMPS synthetase f 1980a,b,c.
7 AMPS lyase f g. Morita, 1964.
8 IMP dehydrogenase b,f h. Wyss, 1977.
9 GMP synthetase b,f :
10 AMP deaminase b,f
11 GMP reductase b,f
12 AR deaminase b,c,f
13 XDH b,f,q
14 G deaminase b,e,f,qg
15 uricase e,f '
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cofne from in vitro enzymé assays (See Figure 2 and Nash and Henderson (1982) {or

specific references.) and from radioactive tracer studies in vivo (Johnson, et -al., 198Qa,

b, ¢).

In Drb_sophila. the conversion of IMP to AMP occurs at twice the rate of the
‘ _convérsion of IMP to GMP (Johnson, et al 1980a, b, c¢). Similar differentiali
produc;ion of the two major nucleotide species has also been observed in mammalian
systems (McFall and .Magasanik. 1960). There zvidence for the' presence, in
Drosophila, of 5'-nucleotidases’and kinases, although the importance of adenosine kinase
is qucstionablé because Lhe‘ activity of adenosine deaminase is high. Purine nucleoside
phosphofylase activity is lbw and acts preferentially in the direction of nucleoside
cleavage (Becker, 1974b). Adenine phosphoribosy1tfansferase (APRT) éictivity is high.

On the other hand, hypoxanthine-guanine phosphoribosyltransferase' (HGPRT) activity is *
very low in vivo because the catabolic erizymes, xanthine dehydrogenase (XDH) and
guanine deaminase, actively deplete the substrate pools. The adenine pool, primarily
through adenosine‘deaminase, although adenylate dein/xiﬁ’asé 1s also ‘present, can be
converted to IMP and thence to QMP. ' There is conflicting evidence rega;ding’the”
presence (Becker, 1974b) ér -absence (Hodge and Glassman, 1967a") of adenine

deaminase. Bez\:au'se the in vivo activity of GMP reductase is low, guanine nucleotides
cannot act as the sole purine source in DrosoPhila. (Refer.ences ior the abové are to be
found in Figure 2.)

Although better defined biochernic‘a-lly,v the ‘salvage and catabolic pathways in
Drosophﬂa are like the de novo pathway in being poorl'_v defined genetic;aily. The rosy
(ry; 3-52.0) locus is the only known structural gene, encoding the enzyme, XDH. XDH
1s also required inApteridine metabolism and ry was initially identified because of its
effect on the adult eyé ‘colour rather than its importaﬁce in purine metabolism. (For-a

review of the ry locus, see for instance, O'Brien and Maclntyre, 1978.) One locus has

been implicated in purine salVage; aprt (3-0.03) mutants were selected for resistance to

\ []



purine (7H- -imidazo(4,5- d)pyrimidine) and shown 10 “lack APRT activrty | Isoelectric
focussmg and gene dose response experiments suggest that aprt 1s the- structural gene for
demne phOSphonbosyltransferase (Johnson and Friedman 1983)

Genetic analysis of purine mterconversron and salvage is more complete in"
mammalian cell lines. Thus mutants in adenylosuccrnate synthetase (ade‘H Patterson
1976a), adenvlosuccinate lyase (ade] Patterson 1976b) purine nucleosrde phosphorylase
(Hoffee, 1979), APRT (Taylor: et al., 1977) and HGPRT (Pa_gterson and Jones, 1976)
are known in Chinese hamste'r cells. Additionally, the. enzyrnes. adenosine deaminase and
adenyla‘te kinase, have been examined and shown to be polymorphie while adenosine .
kinase, APRT and purine n'ueleoside* phosphorylase are known to be mono.morph.ic
(Stallings and Siciliano, 1981).

Although the genes encoding some of the de novovsynthetic’ enzymes have been
located‘ in ans by somatic cell hybridization', the o'nly defects which manifest |
clinically involve purine salvage and catabolism. These include enhanced a"cti_vity:‘,,of\ :

PRPP synthetase (tvhich is considered a "salvage" enzym,e because of its importance (o BN oo
phosphoribosyltransferase reactions) and deficiencies of APRT, muscle adenylate

deaminase, adenosinc deaminase, purine nucleoside phosphorylase, 5'v-nucleoticlase,

xanthine oxidase and HGPRT. The symptoms associated with. these .'biochenricalhdefecﬁts

include immunodeficiencies, gout and neurological symptoms. Some _Mof the.\Various =
hypotheses as to the origins of these pleiotropic ef‘fects are diseussecl byf_, BossandA - o

Ad

Seegmiller (1982).

4. Pteridine Metabolism

The wild-type eye-colour of Drosophzla melanogaster adults arises from a
combination of two classes of compounds brown ommochromes and ‘red pterrdines The. -
pteridines are known collectively as "drosopterins although the term also refers more

specrfically to a subclass of pigments Wthh along w1th sepiapterin 1soxanthopterin and
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ptérin form the “major pteridine species in Drosophila (Evans and Howells, 1978; Fan

et al., 1976). Mtﬁough the existence of the two types of pigments has been known for
over 40 years, only the ommoéhromes are well characterized. Neither the chemistry, nor‘
the bios;'nthesis of pteridines is understood. However, recent successcs in purifying the

~ enzymes and identifying the genétic components involved (reviewed by Phillip“s énd |
Forrest, 1980; Nash and Henderson, 1982) suggest that this situatio;l may soon be -

L%

remedied.
The synthesis of pteridines is initiated with the conversion of GTP to

dihydronéopterin tripbosphate. catalyzed by the enzyme, ‘GTP cyclohydrolase (Brown,

et al., 1979). Recent work by MacKa); and O'Donnell (1983) suggests that Punch (Pu;
2197) is the'str'uctural gene encoding this enzyme in Drosophila. This claim rests on
the observation that GTP cyc]ohydrolasé activity varies in proportion to the number .of
wild-type copies of the Pu locus. This response is generallry considered vdiagnostic of
structural loéi in Drosophila (Hodgetts, -1975). A number of loci, including prune and
raspberry, have t{ssﬁe-séeéific or_gge-specific effects on GTPucyclohydrolase activity
(Evans and I-}owells, 1978; MaL‘Kay and O'Donnell, 1983) and‘are candidates for
regulatory loci. n

Dihydroneopterin triphosphate, the first intermediate, does not normally

accummulate to any extent (Phillips and Forrest, 1980). It serves és the substrate for
sepiapierin synthetase A. The product of this reaction, after non-enzymatic
Tearrangement, is converted to sepiapterin, a yellow compound,_ by sepi.apterin synthetase
B. (Fan, et al., 1975; Krivi and Brown, 1979). The first of these two enzymes is
encoded by the purple (pr; 2-54.5) locus (Yim, et al., 1977).

B Depending on its oxidized state, sepiapterin is converted to either -biopterin or
dihydrobiopterin. The latter can be converted to biopterin by the action o‘f
dihydropterip'oxidase, which non-specifically oxidizes dihydropterins to their pterin

counterparts (Fan.and Brown, 1979). The genetic basis of these reactions is unknown.



~ Only one other reaction in the synthesis of pteridines is known, although its

‘position in the sequence is not known. XDH, encoded by ry, as mentioned previously,

in addition to ‘its role in purine catabolism also catalyzes the production of
isoxanthopterin from 2-amino," 4-hydroxypteridine.' Mutants of three other genes,

‘maroon-like (X chromos.ome. map position 64.8), cinnamon (X:0.0) gmd low xanthine

- dehydrogenase (3-33.0) also have reduced XDH activity. However, since two_other

enzymes, pyridoxal oxidase and aldehyde oxidase, are similarly affected in these mutants,
the effect is most likely indirect, perhaps t_hrough a shared cofactor (Finnerty, 1976).
It is obvious from this discussion, that large gaps remain to be filled before
pteridine biosynthesis is completely understood. _'Of the major pteridine species found in
Drosophila, the synthesis of sepiapterin is quy defined and. that of isoxanthppterin |

partially defined, but the synthesis of the drosopterins (and femaining pteridines) is not

" defined at all.

A number of other aspects of pteridine metabolism are eqlially obscure. For
1nstance pteridine derivatives are important in a variety of metabolic processes, but it is
not clear if they are produced endogenously in Drosophxla. Some hke riboflavin and
folic acid, clearly are not, since they are required components of the diet. -However,
there are indications from genetic studies that some endqgenously produced pteridines are
essential metabolites (Nash and Henderson, 1982). As another example, the biological
importance ‘of isoxanthopterin remains controversial. Ribosomal RNA synthesis is
reduced in Drosophila embryos in the presence of isoxanthopterin and lethal, or
neaf-lethal. effects are .known for a number of ‘ éenes (for instance, deepiorange and
cinnamon) which alter isoxanthoéterin levels. However, ry homozygotes, which lack
XDH activity, do not normally appear to be affected by the resulting lack of
isoxanthopterin (Phllhps and Forrest, 1980).

It is also d1ff1cult in most cases, to correlate mutant eye- colours with

biochemical defects. Two examples will suffice to illustrate this problem. The mutant
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eye-colour of ry homozygotes cannot be a direct result of the absence of XDH since
neither isoxanthopterin nor 2-amino, 4-hydroxypterici.i\ne are coloured. Instead, the.
phenotype apparently results from a secondary reduction in the drcsopterins. In sepia
.(se; 3-26.0) ‘mutants, the second example, sepiapterin accumulates and ihe drosopterins
aré 'abseht. This would usually be interpreted .to mean that ise’piapterin is a direct
precursor of drosbpterins. " However, the chemistry of the drosopierins, a group of
bicyclic red-orange pteridines (Rokos and Pfleiderer, 1975) suggests that the pathway
.branches pefore sepiapterin and that the drosopterins derive instead from

“
dihydroneopterin (Phillips and Forrest, 1980; Brown, 1971).

5. The Project
uThis work examines three auxotrophic mutants in light- of the foregoing
information about the metabolism of purines and pteridines in ll)rosophila.‘ Geneticall;v,-
the loci are discrete elements on the"secc‘md ‘chromosome and appear to have their major
effects at different intervals during. ;leveldpmem. -Pheno_typi_cally-, mutations at two of
the loci, ade? and ade.3, share a requirement for an A source and bur mutants require

| G. In additliqn."adeZ and bur are each associated with defects in adult eye-colour.
Biochemically, specific lesions in purine metabolism, suggested by the nutritional

phenotype are examined in in vitro enzyme assays and the pteridine defects suggested by

the eye-colours are examined chromatographically. : ’



1. MATERIALS AND METHODS

1. Stocks
Three mutants of Drosophila melanogaster, auxotrophic for purine nucleosides,

and the stocks used for their maintenance and experimental manipulation are described in

Table 2.

2. Axenic Culture

In order to study in vivo nutritional requirements, reduce the risk of microbial
contaminants in in vitro biochemical tests, and, in the case of ade3-1 which has no
visible phenotype, identify the mutant, all stocks are maintained in axenic culture.
Axenic cultures are initiated by surfaée sterilizing 0-12 hour embryos through im_me_rsion
in a saturated calcium ﬁypochlorite solution for 20 minutes. This is followed by .
extensive washing with sterile Drosophila Ringérs solution (NaCl 7.5 gm., KCI 0.35 gm.,
CaCl?. 0.21 gm., H20 to 1000 ml., Ephrussi and Beadle, 1936) at room lemperature.
The sterili;ed_ eggs are placed in vfals containing sterile yeast-sucrose mediufn kTable 3A)
and maintained at 25°C. All operations are r}erformed in sterile chambers. = Periodically,
cultures are checkﬁed for microbial contaminants by streaking a small amount of medium

onto microbial. testing medium (Table 3B) kindly supplied by Dr. R.C. von Borstel.

3. Nutritional Characterization

Auxotrophs are fuﬁ;tionally defined by their inability to survive to adulthood on
Sang's (1956) medium as rnodified by el Kouni and Nash (1974) (see Table 3C). The
nature of the éuxouophic requirement is determined by culturing y mutants on this
medium supplemented with RNA (4.0 mg/rnl)‘ and, for more precise characterization, 2
series of the purine or ;J'yrimidine nucleosides (usually 3.2mM). These concentrations

were shown b;' Sang (1956) to optimize Drosophila development.

17 N
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TABLE 2: Description of Drosophi?a melanogaster Stocks Used

\

cyo/Df(2L)clot-7 b pr

en bw

cyo/DF(2L)clot-1 en bw
cy0/DF(2L)GdhA dpov

Df(2R) bur cn/SM5

spd: spade (2-21.9)

cyo second chromosome balancer;
Df(2L)clot-7 exposes 25D7-El;
26A7-8 .

25D7-E1; 25E6-F3

25D7-E1; 26A8-9

4281-2

Stock Description Source
Amherst Inbred derivative of Oregon-R Amherst
(see Stock 1, Amherst College, .College’
Drosophila Information Service,
(1968); wild type
ade2-1 Purine nucleoside auxotroph Naguib, 1976
' supplemented by AR and HR; ‘
eye colour diluted pink
ade3-1 Purine nucleoside auxbtr&bh - Nash,
supplemented by AR and HR; unpublished
"leaky"; no visible phenotype ’ '
bur Purine nucleosidé auxotroph cal. Tech.
: supplemented by GR; eye colour
brown '
burgua-1 Second allele of bur Nash,
' unpublished
M5/Sp IN(2LR) M5, al2 Cy 1tV en2/Sp;  Cal. Tech.
. secsnd chromosome'ba1ancer
rdo hk pr rdo: reduced ocelli (2-53); Cal. Tech.
hk: hooked (2-53.9); pr:
purple (2-54.5) o
pr con en: cinnabar (2-57.5) Cal. Tech.
el spd cl: clot (2-16.5); R. MacIntyre

R. MacIntyre

R. MaclIntyre
R. MaclIntyre

This study

Further description of stocks 4 and 6-9 ‘can be found in Lindsley and

Grell (1968).

\
1



TABLE 3:

Composition of Media

19

A.

B.

C.

Yeast-Sucrose Medium

Microbial Testing Medium

Sang's Defined Medium N

Brewer's Yeast 12.5 g
Sucrose 10.0 g
“Granulated Agar 2.0 ¢
Streptomycin* 25.0 mg
Penicillin* 25,000 I.U.
Propionic Acid* 1.0 ml
Water 100.0 ml
Agar 1.5 ¢
Yeast Extract : ‘1.0 g
Peptone ’//;x\. 2.0 g
Dextrose 2.0 g
Water 100.0 m
Agar (Oxoid No. 3) 2.50 g
Casein (vitamin-free) 5.50 g
Sucrose 0.7 g
Cholesterol 0.03 g
Lecithin 0.40 g
Thiamine 0.20 mg
Riboflavin 0.10 mg
Ca Panthothenate 1.60 mg
Pyridoxine 0.25 mg
Biotin 0.16 mg
Folic Acid 0.30 mg
NaHCO3 (anhydrous) 140.00 mg
KH2P04 (anhydrous) 183.00 mg
KoHPO4 (anhydrous) 189.00 mg
MgS04 (anhydrous) 62.00 mg
Streptomycin* 13.20 mg
Penicillin* 25,000 I.U.
Water to 100.00 ml

*Added after autoclaving
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For ‘the mutations undef consideration here, thé cross mutation/mutation female
x mutation/SMJ5 malé. and its reciprocal, were used. These crosses should generate
homozygous and heterozygous progeny, in equal numbers. Since the heterozygotes carry
the dominant wing morphology mutation, Curl}; (Cy. 2-6.1), these serve as-an internal
control of the adequacy of the defined medium, as well as giying an estimate of the
_ expected number of mutant homozygbtes. The crosses were initiated on yeast-sucrose
mcdium and the resulting cultures scored to estimate the mutant Viability under
permissive conditions. The parental flies were uangférred to LheAappropriate defined
medium. At least five replicates of each cross were set unacr all test conditions and the
..emerging‘ progeny scored daily. -All cultures weré tested for microbial contamination and

only axenic cultures retained.

4. Recombination Mapping

Preliminary mapping work‘using dominant markers (Naguib, 1976; Nash,
unpublished) had established that ade2-1 and ade3-I are both on the left arm of
‘chromosome 2, near Sternopleural (Sp, 2-22.0) and that -bur-gud]—l is_near Tuﬂ (TR,
2-53.2). The protocol used to estimate the rflap vpositions of the three mutants more
‘precisely is giw)en in Figute 3. The recessive markers used in mapping ade-/ and
ade3-1 were clot (cl, 2-16.5) and spade (spd, 2-21.9). Initial attempts to map
bur-gua2-1 used the recessive mﬁtations reduced ocelli (rdo, 2';53) hook (hk, 2;53'.9) and
purple (pr, 2-54.5). When these experiments indicated that burigz;a2-1 is to the right of

pr, the mutant was mapped using pr and cinnabar (cn, 2-57.5).

5. Complementation Tests -
Tests to determine allelism between ade2-1 and ade3-1 weré done, because of
their proximity to each other and phenotypic similarity, by crossing homozygous females

to males heterozygous for the other auxotrophy. Similar tests between bur and



FIGURE 3:

Protocd1 Used in Mapping Second Chromosome‘Auxoprophs

Recombinants between m; and my are identified among the
progeny of Generation 1. The remainder of the protocol is
devoted to identifying whether the recombinant contains the
auxotroph (*). The unknown chromosome (?) in the parents
of the second generation may thus be my#*+ Or my++ or +*mg
or ++mo. : .

Selected Fp males which contain the unknown chromosome (?)
allow confirmation, in the F3, of the original recombina-
tion event and give appropriate test individuals for the
fourth generation.

‘The progeny of the fourth generation are expected to

include ?/M5 and ?/? individuals in a 2:1 ratio. SM5/SM5
is a lethal combination. '



. . my; +mjp | m‘1 +m,
Generationy ——— 2@ X —— gd
) +*+ my +my

select recombinant g &
(either m, + or + my)

| P : ‘n ? > '
Generation 2 w Q9 X —m ¢
: Sp ( l my +my,
collecg 5-10
Sp (non-Cy) d &
T \v
m,+m '- m, +m
Generation3 — 2 QQ X ? g or 12 - 2
SM5(Cy) I Sp Sp
~ discard cdltures
with m,m, progeny
_ Generation4g —m —— 29 X - ___ od
"t Ssmsicy l SM5(Cy)

yeast-sucrose medium
(permissive)

Y

Sang’s nucleoside-free medium
' (restrictive)
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bur-gua2-1 involved heterozygous females and homozygoug males since the bur

chromosome also carries a recessive female sterility mutation (fs(2)EI, 2-57.6).

6. Gen-eration of a bur Deficiency

The protocol for generating deficiencies which expose the region of bur is
outlined in Figure 4. 0-2 day old homozygous an males'were irradiated with gamma rays
at 5000r from a Cobalt-GO source, then mass-mated to b' bur cn females. In the Fl
both male and female proger;y exhibiting the bur 'cn eye colour most probably indicated
‘either a new bur mutat.ion ’or a deficiency uncovering bur. Crossing these flies to b bur
cn/SM5 provided unmedxate confirmation of the mutant phenotype and protected the
" irradiated chromosome against recombination. However, Lhe u‘radxated chromosome from
fernales carrying a putative deficiency was not protected frorn recom_bmamon in the F1.
Crosses of .F2 progeny generated putative Df(2R)bur,cn/SM35 progeny which were
crossed to determine the viability of the putative deficiency homozygotes These were
expected to be inviable if a deficiency had been mduced In this case, SM5 progeny

were used to establish a balanced stock.

7. Deficiency Mapping

Cyt'ogenetic mapping was performed by crossing females carrying either one or
. two copies of the auxotrophic mutation to males heterozygous :for‘the deletion and a
balancer second chromosome. The absence of auxotroph/deﬂmency progeny surviving- on

Sang's defined medium indicated that the deficiency exposed the mutanon

8. Nutritional Shift Experiments
In order to determine the period of dependence on exogenously supplied purines,
nutritional shift experiments were undertaken. To do this, between 10 and 20 replicate

crosses of 10 heterozygous females and 5 homozygous males were initiated and

9



FIGURE 4:

The Protocol for Generating a bur Deficiency

The male parents in Generation 1 were treated with 5000r
gamma rays. Potential rearrangements are induced inacen
background to facilitate identification of bur mutations;
the bur cn combination is more easily identified than bur .
alone. Phenotypically bur cn progeny in the Fl carry the
treated chromosome (*) which may include new alleles of
bur, deficiencies for bur or dominant eye-colour

mutations. The remainder of the protocol 1dent1f1es

probable deficiencies.

Progeny of selected F2 males carﬁying the treated chromo-
some (*) confirm the original aberrant phenotype and

.provide the parents for Generation 4. In the F4, sv5/5M5

progeny are lethal, *en/*cn are expected to be lethal if a
deficiency is present and */SM5 can be used for stock .
maintenance and further testing.

The selected F1 progeny may be® , in which case the
reciprocal to the Generation 2 cross is used. In this
case, the treated chromosome (*) is not balanced against
recombination, but untoward effects of recombination should
become ev1dent in the F3 when related sublines behave dis-

similarly..
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maintained on sterile yeast-sucrose medium for 3 days. The rei)licates were then.
amalgarnated' in a sterile 1/2 pint milk bottle, 'capped with a 15mm petri plate containing
either sterile veast-sucrose or sterile unsupplemented Sang's medium, a£1d the flies
allowed ‘to lay egg§ for 8 hours. At the end of this period, the petri plate hwas
removed and 150-200 eggs transferred axenically with a scalpel to another petri plate
conm;ning the same médium..r At intervalé of '24 hours, the eggs or larvae were
axenically transferred with a scalpél to sterile vials containing th;a opposite medium,
where théy were allowed to complete development. A record was maintained of the
initial .numbéhr of eggs, the numbér of larvae transférred and the number and phenotype
of eclo’sing adults. The egg disheé were retained until it was clear that_ all larvae had

been transférred. All transfers were done in triplicate and any culture showing microbial

inf ection was discarded.

9. IMP dehydrogenz;sé AmsxsaysA

Axenic cultures of | vhomozy‘gous third instar larvae grown on yeast-suérose medium
were collected and washed extensively in ice cold Ringer's solu;ion and either used
immediately or maintained at -35°C until use. A crude extract was made, at 0-4°C, by
homogenizing three parts by weight of lafvae in 1 part by volume of Buffer (100mM
Tris, 100mM KCI, 1mM EDTA. 20% v/v glycerol, pH 7.5) in é élass tissue grinder.
The homogenate was centrifuged in a .Sorvall RC-2B centrifuge at 27,000x g for 20
minutes. The supernatant was removed with ‘minimal distur.bance to the overlying lipid
layer and appliéd to a 1.5x60cm column. (Pharmacia) gravity-packed with Sephadex G-50
fine, pre-equilibrated.with the Buffer. The extract was eluted at 0-4°C with the same-
Buffer and six 2 millilitre fractions collected for assay.

.Exa_minatipn_ of the column eluant showed that the protein eluted primarily in

two well-éeparated bands. The first, encdmpasse@ in about 8 ml., contained all of the

measurable enzyme activity. To ensure the inclusion of all of the activity in these
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determinations, two fractions ﬂanking the protein and activity peak “were -routinely,
collected and assayed. As seen in other systems (Anderson and " Sartorelli, 1968,
Lagerkwst 1958; Udaka and Moyed 1963), freezmg the -extract, elther before or after |
fractlonanon for short penods did not affect the measured act1v1ty v

IMP dehydrogenase actmty was assayed spectrophotometncally at 340nrn by
followmg the reductlon of NAD* as IMP is converted to XMP (Magasamk et al;,
1957). The reaction mixture consnsted of 100mM Tris, 100mM KCl, 2.5mM IMP and
0.3mM NAD* (pH 7.9) in a ‘volume of O.8ml. The reaction was initiated by addmon
of 0.2ml of the column fraction and is measured agamst a blank containing no IMP

-—

(Anderson and Sartorelli, 1968). The protein content was determined bv the method of
: oy

Lowry et al. “(1951). The results from all six fractions were pooled and specific

activity expressed as micromoles of NADH produced per minute per. milligram of

protein.

10. Estimation of Fertility

Relative fertility was estil;nated roughly by setting crosses of 5 virgin 0-3 day. old
femalé’s to 5 males of the same age. The mating was allowed to proceed for 5 days
and the progeny counted. Four types of crosses were set. |
1. homozygous female x homozygous male
2. -hornozygous female x heterozygous male
3. heterozygous female x homozygous male
4. heterozygous female x heterozygous male | - ‘ ‘ ’ .
Heterozygotes carried the SMJ5 balancer chromosome.

Where two recombinant lines show similar. stérility patterns, they were tested for-
allelism by crnssing 1ine1/iine2 females and males and counting the progeny produced.

A
i/
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11. Guanine deaminase Assays

The collection of third instar larvae was described for the IMP dehydrogenase

assay: The larvae were homogemzed 15 1 (w/v) in 0.1IM Tris (pH 7. 0) at 0-4°C. The

* homogenate was centrifuged for 20 minutes in a Sorvall RC-2B centrifuge at 27,000x g.

The supcmatant was adjusted to pH 5.1 with 1.0M acetic acid and centrifuged at
27,000x g for 5 minutes. The resulting supernatant was filtered through glasswool and

adjusted to pH 8.0 with 1.0M KOH. .Activated -charcoal was added at 50 mg/ml and

the mixture allowed to sit on ice for 1 hour with occasional stirring. The mixture was

then centrifuged twice.‘ for 10 minutes at 27,000x g and passed thfough glass wool to
' . Y
remove the charcoal, and used immediately (Hodge and Glassman, 1967a,b).

In the assay, guanine deaminase activity ‘is linked to xanthine oxidase. (Xanthine
oxidase (XO) and xanthine dehydrogenase (XDH) catalyze the same reactions, but differ
in the identity of their final oaygen receptors, a difference which is correlated with
source. XO, the enzyme used in -this assay, uses oxygen as the receptor; the endogenous '
brosophila enzyme, XDH, uses NAD" in this role (Glaasman and Mitchell, 1959).) The

amount of X produced from G, is measured by following its oxidation to uric acid
e ,

(UA). Thg@roduction Qf U.A“was measured spectrophotometrically at 290nm in a

‘

reaction mixture consisting. of 100mM Tris, pH 8.0, 62mM G, 25 mU xanthine oxidase

~(Kalckar, 1947). The reaction was started by adding extract 1o a total volurne of 10

m‘i and measured against a blank containing no extract. The(presence of endogenous X
can be checked by rneasu’rihgthe production of UA in the absence of added G.
ﬁndogenous uricasle.activity can be deterrhined by adding UA to a reactio.h mixture
1acéking xanthine oxidase and measuring the decrease in absorbance at 290nm. Although
it is a less sensitive assay (Shusier, 1955) the enzyme activity can also be measured at
270nrn followmg the production of X. Protein content was determined by the method
of Lowry et al. (1951) and the spec1f1c activity expressed as nmoles of 1678 produced

-

per minute per rmlhgram‘of protein.
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12. Pteridine Determination A /

The pteridine cpntenl of whole flies was qualitatively defermined by a
modification of the method of Fan et al. (1976). 10 parts of adult flies were
homogenized in l'part (w/v) of solvent containing equal volumes of 1% NH,OH and
chloroform in a glass tissue grinder. The homogenate was centnfuged at 27,000x g for
20 minutes in a Sorvall RC-2B centrifuge. The protein was prec1p1tated from the (
supernatant by addition of "2 cold solution of TCA to a ;oncentration of 5% followed;by ,
centrifugation at 27,000x 8 for 20 minutes at 0-4'C. The p,teridines in this extract wer.ga
separated hsing descending chromatography in the‘dark. 100 plitres of the extract was
spotted in 5 pul al-iquots on Whatmann #1 filter pape.r.. The chromatograph was
developed in n-propanol: Il% NH.OI;I: ,(2:1 v/v) for 8 hours after equilibrating overnight -
in 10% NH,OH. Standard spots of ,iso'xanthopterin, pterin ahd xanthopterin dissolved in
equal volumes of 1% NH,OH and 10% TCA were included on every chromatograph.k
Spots were visualized under ultraviolet light and photographed.

Occasionally, flies were decapitéted'and heads squashed diréctly onto the filter

paper then developed as usual.

13. Chemicals

The chemicals used in/ Lhe culture rhedia were obtained from the féllowing
sources: Dlspensanes Wholesale Ltd.: Penicillin . (1 0Q0,000 1.U.). Fisher Scientific Co.:
Magnesium sulphate (anhydrous); sodium carbonate (anhydrous); potassmm phosphate
dibasic (anhydrous) potassmm phosphate monobasxc (anhydrous) proprionic acid.
Fison: ‘Oxoid agar No. 3; casein (vitamin-free). ICN Pharmaceuticals Ltd.: Brewer's
yeast; grahulated agar. .MacDonalds Consolidated Ltd.: Sucrose. Sigma Chemicals C6.:
All nucleic acid bases, nucleosides and nucleotides; allopurinol

(4‘-hydroxypyrazole-(3,4-d)-pyrimidine); d-Biotin; calcium pantothenate; cholesterol; folic

acid: lecithin; niacin; pyridoxine HCL; riboflavin; RNA (type V sodium salt);
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streptomycin sulphate; ‘Lhiamine HCL.

Compounds used in the enzyme assays were obtained as follows: Fisher Scientific
Co.: Acetic acid (glacial); eth);lene diaminetetraacetic acid (EDT:A); glycerol; potassium
chloride; pbtassium hydroxide; Tris- (hydroxymethyl) -aminomethane (THAM). Pharmacia
Canada Ltd.: Sephadex G-50 (fine). Sigma Chemical Co.: Activated charcoal;
B-nicotinamide ad'énine dinuéleotide (B-NAD"); uric acid; xanthine oxidase (Grade 111
frpm buttermilk).

ﬁe compounds used ip protein determinations, bovine serum albumin, cupric
sulphate, Folin phenol reagent and sodium bicarbonate, were all purchased from Fisher
Scientific Company.

The supplies for pteridine determiﬁations were from the following sources:
Canlab: Whatmann #1 filter paper. Fisher Scientific Co.: Ammonium hydroxide;
chloroform; n-propanol; trichloroacetic acid. Sigma Chemicals Co.: Isoxanthopterin
(‘2-amino-4.7-dihydroxypteridine); pterin (2-amino-4-hydroxypteridine); xanthopterin

(2-amino-4,6-pteridinedione) .



III. RESULTS -
Nutritional Characterization
All three of the mutants considered in this study were initially selected as
RNA -requiring auxotrophs and 'b'had already been partially characterized. The nutritional
resﬁlts breﬁemed here confirm the origirially described mutant phenotypes and extend the

testing to include other potential supplements.

1. ade2-l

When initially characterized by Naguib (1976) (ade2-1 was then desiénated
C2-10) it was found that ade2-1/ade2-1 was aS viable as its. heterozygous siblings on
veast-sucrose medium; the relative viability of adé2-1/ade2-1 compared: to ade2-1/SM35
‘ was 108.9%. The relative viability on Sang's medium supplemented with 4mg/ml RNA .
(99%), Sang's plus 3.2mM AR (81.8%) and Sang's plus 3..2rnM HR <153%) was also
high. Since no mﬁternal effect appears to be associated with ade2-/, the survival rates
given are taken from crosses of homozygous females to heterbzygous males. Similar
results were obtained in other crosses. S

On unsupplemented Sang's only 1.8% of the expected homozygotés ’survived and
their development was delayed by 3.5 days compared to t.he heterozygous siblings.
Homozygoxés were only 3.3%_as viable as heterozygotes when supplemented. with 3.2mM
GR and had a developmental delay of 11.8 days. In all of these results, there was a
pOSSlblh[V of rmsclassxflcauon since the adel-1 eye-colour had not been recognized. This
difficulty dnd not arise in the present study since either the mutant eye- -colour, or one
of the visible markers acquired on the chromosome during the recombination mapping
was sufficient for unequivo;:al classification.

- As shown in Table 4, the results of retesting the nutritional requirements of

ade2-1/ade2-1 confirm the previous work., Table 4 includes resuits for éupplements not

31
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TABLE 4: Résponse of ade2-1 to Various Nutritional Conditions

’ Survivors - ‘

Mgdium m/m m/SM5 _Re1ative Viability '. Delay
Yeasf—sucrose 445 466 . 95.5 ‘ 0.2
Sang's + RNA 163 - 228 715 1.0
Sang's 0 263 7 0 ‘ _ R
sang's + AR 288 B2 81.8 ‘ 0.1
Sang's + HR 250 225 111;1 0
Sang's + GR g 213 28 . 5.1
sang's + IR . 7 0 311 0 -

- sang's + A o 177 43.5 1.6
Sang's + H “0 199 -0 ---
‘Sang's + G 0 | 385 : 0 ——
Sang's + C 0 - 214 0 _ .-
Sang's + U 0 253" 0 —--

The data are generated from crosses of adez—i/adez-z? X ade2-1/5M54".
Results are pooled from at least 5 replicate cultures, each containing
5 parents of each sex.

The first column gives the culture medium. RNA was present at 4.0
mg/ml, the concentration which is optimum for the survival of

D. melanogaster (Sang, 1956). Nucleosides and bases were present at
the equivalent concentration of 3.2 mM.

The second and third columns give the numher of adults eclosing under -
each nutritional condition. Homozygous mutant (ade2-1/ade2-1=m/m)
data are shown first, the control data (ade2-1/SM5=m/SM5) second.

SMs carries Cy, a dominant visible mutation.

"Relative viabi1ity“ exprésses the survival of m/m as a function of
m/Cy. The theoretical expectation is for a relative viability of
100%. _

"De1ay"'represents the difference, in days, between the mean deve]op;
mental time to eclosion of homozygous mutant and heterozygous control
flies. : '

o
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2

considered in Naguib's work. Pyrimidine bases and their ribonucleosides do .not suf)port
the .growr.h of _ade2-1 homozygotes. 'Nor do any of the purine bases with the exception
of A. It supports the survi\}al of approximately 50% of the expected homozygotes |
athough their development is delayed by 1.6 dgys.‘ Since APRT is more active in

D. melanogaster than HGPRT (Johnson, et al., 1980a,c), it is not sufprising that ‘A but

not H acts as a supplement. °?

2. ade3-1
'S
In the preliminary characterization of ade3-1 (Nash, unpublished) it was fairly

leaky with'up o 11% homoiygaus survivors developing with a 4 10 8Aday delay under
apparently restrictive conditions. Since ade3-1 has no visible p_heno;ype, and‘ the culture
conditions can affect the expressiori of Cy, the possibility of misclassifying t.his
Phenotype was high. Consequently, -further nutritional characterization was deferred until
r;combinant lines carrying visible mar_kers be;:ame alvailablel Since recombinant lines witﬁ
strong auxtrophic phenotypes were deliberately selected, the data in Table 5A, which
otherwise verify the original analysis, show few escapers. Over time, the frequency of
escapers occurring amoné the progeny of these Tecombinants tended to inc_rease to ‘Lhe
originally obse:ved levels. Although the escapers occur only as the progeny of
heterozygous motﬁers in‘ these data, suggesﬁng a maternal effect, this is not always
observed. . |
Comparison of the relative viabilities of ade3-1/ade3-2 on ,yeast—sucros,e and
RNA-supplemen'ted Sang's medium reveals one featﬁre of this auxotrophic phenotype
éommonly observed Qﬁ permissive media. On RNA, only 50-70% of the expeéted '.
Homézygotes ;urvive compared to over 90% on yeast-éucrose medium. Although the

viability of the mutant is reduced, the development time of the homozygote is similar to

that of the heterozygote.



Response of ade3 & to Various Nutritional Conditions

TABLE 5:
A
Survivors Relative - .
Cross Medium m/m . m/SM5 Viability Delay
m/m X m/SM5 Yeast-sucrose 654 718 91.1 0.3
Sang's + RNA 353 501 70.5 0.2
Sang‘s 0 413 0 -—-
m/sM5 x m/m Yeast-sucrose 250 254 98.4 -1.5
Sang's + RNA 93 185* 50.3 -0.2
Sang's 5 78% 6.4 4.2
B X
Survivors
Medium - m/m m/SM5 Relative Viability Delay
sang's + AR 306 455 67.3 0.3
Sang's + 4R 253 300 84.3 1.0
Sang's + GR -39 362 10.8 6.6
Sang's + XR 0 - 148 -
Sang's + UR Y0 229 -
Sang's + CR 139 524 26.5 7.3
Sang's + A 181 273 '66.3 0.6
Sang's + H 176 473 37.2 7.6
Sang's + G 40 849 4.7 5.4
Sang's + U 31 549 5.6 7.8
Sang's + C 27 707 3.8 6.8
C
Sang's + GR 268 322 83.2 6.0
Sang's + U 232 422 55.0 6.6
Sang's + C 179 478 37.4 8.1




TABLE 5 (continued)

The data)are generally drawn from 5 rep1idaté cultures, each cohtain-
ing 5 parents of each sex. Exceptions (*} involve 2 or 3 replicate
cultures., :

A

Results of reciprocal crosses between homozygous (m/nf) and hetero-
zygous (m/SM5) parents are shown.

Results are from crosses of homozygous (m/m)% x heterozyqous &
{(m/ SM5) ‘

The data represent unusual results of the cross used in B. The
aberrant survival of ade3-1/ade3-1 in these, and similar apparently .
restrictive conditions, does not arise from either microbial

 contamination or improperly labelled culture medium.

The data are represented as in Table 4.- The theoretical expectation
is for a relative viability of 100%. :

Negative values for "Delay" indicate that the homozygous mutant flies
developed faster than the heterozygous control flies.
Jn

~ . «
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The data in Table 5B show thai the survival of ade3-1/ade3-1 is strongly
supported by AR (67%), HR (84%) and A (66%). With these three supplements, theré
is little developmental delay. H increases relative viability considerably, to 37%, although
the intermediaté level of survivél and the developmental delay of ovejr 7 days again
suggest an effect of the low leveis of HGPRT activity. Surprisingly, CR, but not UR,
supports the survival of 26% of the homoiygotes, although development is agéin. delayed .
‘by more than 7 days. Of the other nucleosidcé and bases tested, none increases survival
spectacularly. Occasionally, ade3-1 homozygotes do survive on these other media (Table

SC) but very high dévelopmental_ delays (6-8 days) are observed.

. 3. bur-gua2-1
Initial characterization of bur-gua2-1 (Nash, unpublished) (See RESULTS section
3-2 for a_'discussién of the naming of this allele.)- shpwed that the homozygote survived
only when grown on yeast-sucrose, RNA-:supplemented Sang's or GR-supplemented
Sang's media. The data in Table 6 confirm these results. Table 6A presents the results
of reciprocall crosses between homozygous énd heterozygous parents. The homozygous
progeny are completely inviable dn ﬁnsupplememed Sang's medium and well
supplemented by 4 mg/m! -. RNA (30-50%) Qv'ir.h little developméntal delay. The reduced
productivity of homozygqus mothers, compared to the productivity of an equal number
of heterozygous mothers in ﬁhe other '-crosses, is a reflection of their low fertility rather
than a maternal effect of the mutation. As homozygous males are normally fertile, the
remainder of the nutritional tests were ca'rried’out' using homozygous males énd
‘heterozygous females as parénts.
Of the purines and pyrimidines tested, only GR supports the survival of
bW-éuéZ—I/bur-guﬂ-] (Table 6B). The relative viability' is high (120%) and the
development of the homozygote 1s not delayed in the presence of 3.2mM GR. Although

‘G.R at ImM supplements poorly (2.7%) and alldpurinol. at the same concentration, not
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TABLE 6: Response of burgua2-1 to Various Nutritional Conditions i

»

A
Survivors Relative
Cross Medium m/m  m/SM§ Viability Delay
m/m x m/SM5 Yeast-sucrose 64 82 78.0 0
L | 'Sang's + RNA 16, 55 29.1 0.5
Sang's 0 55 0 -
wWsMs x m/m Yeast-sucrose 241 356 67.7 0
- Sang's + RNA 143 271 52.8 0.8
) Sang's 0 246 0 -—-
B
Survivors
Medium m/m . m/SMS Relative Viability Delay
Sang's + AR 0 251 0 -—-
sang's + HR 2 212 0.9 4.1
Sang's + GR 350 288 121.5 -0.1
Sang's + XR 2 355 - 0.6 5.5
Sang's + UR 0 519 0 -—
Sang's + CR 0 232 0 -—-
Sang's + A 3 209 1.4 6.8
Sang's + H 0 131 0 _—
Sang's + g 0 322 0 -
Sang's + U 0 96 0 -—-
ImM GR 6 226 2.7 1.9
1mM allopurinol 0 151 0 —
1mM¢GR +
ImM allopurinol 61 72 84.7 0.4
\mM allopurinol + |
0 96 0 ——-

3.2mM G




TABLE 6 (continued)

The data are pooled from 5 replicate cultures, each containing 5
parents of each sex.

‘A The results of reciprocal crosses of burgua2-1/bupgua2-1 (m/m) and
burdgual-1/smM5 (m/SM5) parents are shown. The reduced productivity:
of crosses involving homozygous mutant mothers is discussed in the
text. : »

B The data are generated from crosses of burgua2-1/sM5% x burgua-1/
burdua2-14. Allopurinol “is a specific inhibitor of the catabolic
enzyme, xanthine dehydrogenase. At the concentration used, it is
somewhat toxic (Nash, unpublished).

The results are represented as in Table 4. The theoretical
expectation for relative viability is 100%.

Negatfve values for "Delay" indicate that the homozygous mutants
develop faster than the heterozygous controls. B
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at all, simultaﬁeous supplementation with both supports the survival of 85% of the
expected hé)mozygotes. Allopurinol does not enhance the value of G as a supplemehl.
Alldpurinol (4-hydroxypyrazole-(3,4-d) -pyrimidine) is a specific inhibitor of XDH, an
enzyme which forms part of the pathway of guanine catabolism. Again, the low
effective activity of HGPRT in vivo (Johnson, et al., 1980a,c) probablyﬁ explains why G

is an ineffective supplement.
Recombination Mapping

1. ade2-!

In mapping the auxotroph, ade2-1, relaéinve to ¢/ and spd, a total of-51 males
recombinant be—tween the two recessive markers were recovered among 1200 F, males
examined. After following the protocol putlined in Fienre 3, the recOrﬁbinants were
self -crossed as heterozygdtes and tested in duplicate on unsupplemented Sang's medium -
to determine which allele of ade2 was present. If the homozygotes are viable, they .
should theoretically represent one-third c;f the progeny of this cross. (S:MS/SM5 flies
die.) Tﬁe data in Table 7 show the viability of each homozygous recombinant relative
to its heterozygous sibling, and its relative development timq on restrictive medium.

Six of the d‘ and 12 of tﬁe Spd recombinahts are -cémplétely' inviable on Sang's
medium. In addition; only these spd recombinants express the eye colour previously
associated with ade2-1. These 6 ¢/ recombinants have an eye-colour less extreme thaﬁ
cl/cl suggesting that the ade2-1 eve-colour defect is epistatic to that of ¢/. The
remainder of the recombinants, with rtelative viabilities, as homo;ygotes. of at least 18%
and devglopmental times within 1.4 days of the. heterozygotes O:r'l Sang's medium, appear
to carry the wi]d-typé allele of ade2-1. (Although the relative viability o.ccasionallyv
seems low, the absence ofv a developmental delay $trongly suggests that these

recombinants are ade2.) These spd recombinants have wild-fype. and the ¢/ ..



TABLE 7: ade2-1 Recombination Mapping

A. Relative Viabilities of cy* Segregants

Genotype Yeast Sang's Delay
el + + - 41 55 0.8
54 34 1.0
46 i 30 0.3
48 49 n.9
45 35 1.1
56 » 48 0.9
50 50 0.3
51 Y 1.1
41 28 0.4
47 ) 55 1.4
4?2 58 . -2.5
o 45 - 46 1.0
N : 43 57 0.2
44 55 0.6
33 32 0.3
43 . 47 0.4
57 52 0.5
58 98 -1.5
41 62 n.s
45 124 -1.9
53 33 . 1.2
el ade2-1 + : 61 N -
42 0 -—
£= 0 -
0 .
bt - 0 -
48 0 4 -
+ + spd. 42 30 0.2
S 40 50 0.7
57 85 2.3
44 47 0.7
45 51 0.1
27 * 31 0.9
43 50 0.2
49 18 0.6
39 55 0
62 .40 0.2
50 32 0.6
50 68 0.4
+ ade2-1 spd 46 0 -
46 - 0 -
62 0 ——
0 _—

a4



TABLE 7. (continued)

Genotype . Yeast Sang's Delay
+ ade2-1 spd 53 0 —
60 0 ---

41 0 -—- ]
42 0 ——- §
50 0 - | -
39 . 0 -—- } “ -
39 0 —— |
56 0 _—

’ Z L b
B. Summary of Recombinants
el + + 21 : ‘ .
el ade2-1 + 6 : ‘ -
+ ade2-1 spd 12
+ + spd 12

Total 51 : ‘ Y.

The recombinants were generated by following the protocal outlined in
Figure 3 mapping ade2-1 in relation to ¢ and spd. In the final
generation, the parents of both sex are heterozygous for the
recombinant chromosome and SM5(Cy). The crosses are initiated on
yeast-sucrose medium and then transferred to nucleoside-free Sanq S
medium to determine which allele of ade2 is present.

A. . The numbers represent the relative v1ab111ty of homozygous (Py+)
recombinants. (The comparison is to the heterozygous siblings..)
The theoretical expectation is for a relative viability of 50%.

"Delay" represents the dffference in days, between the mean
developmental time to eclosion of homozygous recombinant ana
heterozygous (Cy) control flies.

Negative values indicate that the homozygotes developed faster
than the controls. S,

B. The data in A. are summarized.
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recombinants, .typically clot eyes. Gi\}én the éonsistem cosegregatior; of . the e_\fe-colour
and the auxotrophy, ei.ther the eye-c;oiour mutation is a second locus very closé, ;o the
auxotrophy or both phenotypes are products of ~a's’ingl;e'mutation. |
Standard calculation of the map position locates ade2 1.9 mu to the right of ¢l
at 2-18.4. Although the data appear to contain sutﬁé;éﬁiial ;:ymmitrieé between
theoreticaily equally frequent classes of re_cornbinants, X* analyses show that none are
'Siggificant‘. The 95% confidence interval around the m;ip position, calculated by the
method of Nash (1963) locates ade2 between 2;17.8 and 2-19.2. These results confirm
the preliminary deiermiﬁation that ade2 was close to, and probably to the left of, $p

(2-22.0) (Naguib, 1976).

2. ade3-1

Examination df 1500 F, male progeny’ yielcied 43 males recombinant bet\\;eén cl
and spd (see Figure 3) The 'resﬁlts 'of thé~dup1icate final 'generation tests of relative
v1ab11mes c;n yeast-sucrose -and unsupplemented Sang's media are presented in Table 8.
AOnce again, the expectauon is that where the hombzgyotes are viable, they should be

. H t

half  as frc;quent as the ‘heterozygotes. : o

The ‘leaky eipreésion of the ade3-I auxotrophy, which was evident in the
'_nutritibnal characterization, coupled with the aBsence of a visible phenotype, complicates
the ihterpretation of the results. Some justification is needed for the assignment of
genotypes consuieratlon of both the relauve v1ab111[y and the developmem time of [he
homozygote on Sang's medium generally gives a clear distinction between- ade3-I and its
wild -type allele. Eight of the ¢/ + and 16 of the * spd recombinan_ts with 'relat,ive
viabiljties "of 17 to1 217% and devélopmental delays of.'lgass than 0.7 days are clearly
dde3-1* ,(sée Table 8)‘:" LikéWise,’ that 11 ‘Cf + and 4 + spd recombinant lines carry
ade3-1 is ind.icatedv by the low .viability on Sang's mediﬁm '(0-9%) and high

developmental delay (1.9-10.5 days). In these designations, where the relative viabilit;'
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A. Relative Viabilities of ¢y* Segregants

~*

. ade3-1 Recombination Mapping

" Genotype Yeast Sang's
el + + 51 39 1.5%
38 0 1.8%
33 7 -1.4*
90 51 -0.6
53 26 -0.2
46 17 0.2
53 35 0.2
48 53 0.7
46 # 30 - -0.5
55 36 . 0.7
40 35 0.6
N 57 11 -0.8%
™ ol ade3-1 +. 61 0 -—
42 9 3.2
37 1 5.6
54 2 6.7
45 1 - 1.9
=52 0 -
| 60 4 5.4
, 45 1 9.1
B .. .33 4 6.7
R 48 s 1 10.5
38 0 -——-
+ + spd 41 24 -0.1
‘ 44 56 -0.1
58 34 0
56 29 0.1
41 86 -2.9
63 20 -0.1
097 3 0.4
40 3 0.2
. <41 33 0.3
t 39 22 -0.2
B 41 - 59 -0.1 .
67 29 0.3
4 29 -0.3
- 41 -0.2
3 217 -2.2
. a1 37 -0.4
+ ade3-1 spd . 34 2 8.2
| 43 0 ---
41 0 _———
0 —

583
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TABLE 8 (continued)

Summary of Recombinants

2l + + 11 ' '
2l ade3-1 + 11 '
+ ade3-1 spd 4
+ 4 gpd }é
- Total 42

The recombinants were generated by following the protocol outlined in
Figure 3 mapping ade3-1 in relation to =l and spd. In the final
generation, the parents of both sex are heterozygous for the L
recombinant chromosome and S5(”u). The crosses are initiated on
yeast-sucrose medium and then transferred to nucleoside-free Sang's
medium to determine which allele of ade? is present.

A.

The numbers‘represent the relative viability of homozvgous
recombinants /~u*). The theoretical expectation is for a relative

viability of 50%.

“Delay" represents the difference, in days, between the mean
developmental time to eclosion of homozvgous recombinant and |
heterozygous /Zu.! control flies.

.

-Negative values indicate that the homozygotes developed faster
“than the controls.

Ambiguous results (*) are discussed in the text.

The data in A. are summarized.
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seems extreme for the genot)'pe (high for ade3-1 or low for ade3-l'),v. the assignment is
justified- by the development time (very long for ade_.;-l"and short for ade3-17).

The 4 remaining ¢/ + recombinants are less clear cut. In twoaéases (Table &,
cl+ +. line 1 and 2), the designation ade3-1- is applied on the basis of high wviability
on Sang's medium (39 and 40% respectively). although both develop rather siowly
" (delays of 1.5 and 1.8 days) compared 10 the other recombinants wild-type for ade3-1.
In the num’tio‘nal tests, ade3-1/ade3-] escapers generaliy' developed between 4 and 8 davs
more ‘slowly than heterozvgotes on restriclive media. anq of Ll;e clearly ade3-1
recombinants recoveréd .in this analysié. only one developed with as short a delay as, 1.9
'day:s. The delay for the remainder fanged from 3.2 to 10.5 days. Consequently, the
designation of ¢/ ade3-I" + in these two cases seems approfiriate. .

The third ¢/ + recombinant requiring mention had a relative viability, on Sang's
medium, of onlv 7% (line 3) but the homozygotes developed 1.4 davs faster than the
heterozvgotes. The daLz; represent one replicate with ohly'?O total progeny (28 lty:l
Cy), Auempts to reset the ‘cro§s failed and the line was lost. In this case, with s’uéh
a low vield, the relative viability on Sang's is probably misleading and the' designation of
ade3-1- was based on the developmental time.

:f'he fiﬁal questionable ¢/ + recombinant (liﬁé 12) also had low:j'iability on
resuicti\"e medilum (11%) and developed quickly (0.8 days faster than the " trrnzvgole).
In this case., the data are pooled from two replicates which gave confl::ting resuliz. In
" one cross the- homozygote was completely in'viable on Sang's medium (5. " _y) and
in the second the relative viability of ﬁhe homozvgote was 13% (203 ACy:27 Cy ). Since
the lim;, was lost before it could be retested, the two results remain incompatible and
this reéornbinani ‘was disregarded in the mapﬁing _c';'_ilculations.

| ‘Standard calculations, based on 42 recombinants, locate ade3 at 2-20.0 in a 959 - o

confidence interval of 2-19.2 to 2-20.7. The asymmetries in the frequencies of

reciprocal recombinant classes are not significant at 5%. Although the 95% confidence



intervals meet, ade3 appears to be to the right of ade2. This agrees with the order

suggested by the preliminary mappingl with dominant markers.

3. bur-gua2-1

| bur-gua2- [ was rnapped. using the visible markers .prl( purple) and cn (cinnabar)
(see Figure 3). Table 9 gives the data from the final generation tests, done in
duplicaté. of the surviving 19 (of 25) recombinant males recovered among 2200 F, male
'progeny. The offspring are- expected in the ratio of 2 heterozygotes to 1 homozygote
where the siblings are equally Vi;ble. Of the 7 recombinants carryving bur-gual-/, 6 were

completely inviable .and 1 nearly so (0.3%)‘4ony“Sang's medium. The escapers dechOpéd

o

with a delay of 2 days. "The 12 bur recombipams survived well on restrictive medium
(i0-44%) with developmental delays of less ti:mn‘ 1 ‘da_v.'-' As usual, if the relative
.viability was low in the "wild-type” recomvb‘inants,b_ L“h;e ﬂ;mmc.zyg'o[es dévelqped with liule.
delay compared-to the heterozygotes.

The eve-colour assbciated with bur-gua?-1 'imeracts_ with cn to prodyce a
yello&goraﬁge colour which was visible in the 3 cn recdmbingnps carrving the
auxotrophy. The bur-gua2-! e_ve-cdlour 1s -not detectable in combination WiL}X pr. but
when the pr recombinants are made heterozygous with bur-gual-1.(pr). only those
carrying the auxotrophy express the associ;ued eve-colour. In tﬁe unsuccessful mapﬁing
of bur-gual-1 against rdo hk pr, the eve-colour and auxotrophy. also cosegregatved n
nearlv 40 recombinants. Hence, it appears probabile that both phenotypes result frbm a
single mutation. |

Based on the data in Table 9, which contain no significant asyvmmetres, .

tn

bur-gual-1 is located at 2-55.8 in a 95% confidence interval of 2-35.2 10 2-36.4. This

location is in agreement with the preliminary mapping work.



TABLE 9: burgua2-1 Recombination Mapping

A. Relative Viébi]ities of cy+ Segregants

Genotype Yeast Sang's Delay
+ + en - 56 ‘ 10 - -0.2
68 23 -0.5
41 32 -0.4
39 11 ' - =0.5
> .
+ bur on 30 0.3 2.0 2
' 30 0 , — .
34 ' 0 ' ---
pr + + 40 -~ 38 . 0.2
T 42 33 0.6
‘ 32 32 0.7
¥ 29 : 22 0.3
. 41 ‘ 44 0
47 36 0.3
47 35 0
39 34 0.2
or bur + 26 0 -—-
25 0 -
22 0 -———
0 —

3

B. Summary of Recombinants

A+ + o 4
+ bur on 3
pr bur + 4
o+ 8

Total 19

The recombinants were generated by following the protocol outlined.in
Figure 3 mapping burgual-1 in relation to pr and en. In the final

" generation, the parents of both sex are heterozygous for the
recqmb1nant chromosome and M5(Cy).  The crosses are initiated on
yeast-sucrpse medium and then transferred to nucleoside-free Sang's
medium to determine which allele of bur is present.

A. The numbers represent the re]ative viability of homozygous
recombinants (Cy*). The theoretical expectation is for a relative
viability of 50%.° 1
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TABLE 9’(continued)

r

"Delay" represents the difference, in days, between the mean
developmental time to eclosion of homozygous recombinant and
heterozygous (Cy) control flies.

Negative values indicate that the hombzygotes developed faster
than the contAQls. :

B. The data in A. are summarized.

wurgual-1 js abbreviated to bur.
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Complementation Tests

1. ade2-1 and ade3-1

The nutritional phenotypes of the t“./o‘ AR -requiring mutants are very similar and
as the 95% confidence intervals about their mao positions meei, ade2-1 and ade3-1 were
tested fof allelism. When homozygous adeé-] females were crossed to ade3-1/SM5
‘males, 306 C y. and 252 Cy progeny survived oo restrictive. medium. The reciorocal CIOSS
vieldéd 415 Cy and 441 Cy ﬂjes. .Heterozygous ade2-1/ade3-1 adults, which had
wild-tvpe eve-colour, developed 1.4 and 3.6 days, respegfively, faster than their Cy
sxblmgs Therefore ‘all three criteria, eye- colour v1abLluv and the developmental rate on

restrictive medmm suggest that ade2-!/ and ade3-1 are not alleles of a smszle locus.

2. bur-gual-1 |

A.rnutation called bﬁrguna’y (bur), llocated at 2‘-55.7 (Lindsley and Grell, 1968),
was descﬁbed by Mever and Edmundson in 1949 with an eve-colour similar to
bur-gua?-l . Complementation tests between bur and buf-gﬁa2-1 showed that the
eve-colours ar’e.‘ allelic. As shown in Table 10, bur/bur-gua2-1 flies are inviable on
restrictive medium in the absence of GR. Homozygous bur/bur adults also-fail to
survive on unsupplemented Sang's medium. In accordance with‘,the conventions of
 naming alleles of a sinéle locus in Drosophila melanvgaster, (Falk and Nash," 1974a) the
allele, which had previously been called gua2-/, was renamed _bur-gua,?-!‘.

i

Deficiency Mapping

1. ade2-1 and ade3-/
A series of deficiencies partially exposing the region between ¢/ at 25D7-E4 and

spd at 26E4-27E1 (Kotarski, et al., 1983) were obtained from R. Maclntvre. Females
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TABLE- 10: Complementation Between bur and burgua2-1

Medium . Cy Relative Viability Delay
Yeast- sucrose 121 267 . 45.3 0.2
Sang{; g 0 332 0 -
Sang's + RNA _;'{“"_171 w0 45.0 | 0.5
Sang's + AR o* 27 N b | R
Sang's + xx . 1 23 o 0.4 \ 1.4

‘sang's + HR 0 134 0 -
sang's + GR BT 185 42.2 n.7

Crosses of burda-1/5M5% x bur fs(2)E1/SM53 were set using 5 parents
of each sex and the results pooled from 5 replicate cultures.
Exceptions (*) involve 2 or 3 replicates.

The "+" survivors are burgia2-1/bur fs(2)E1. These flies have the
mutant bur eye color. ' .

The "Cy" survivors are either,burgua2-1/5M5 or bur fs(2)E1/SMS5.
The theoretica1‘expected relative viabi1ity'of et s 50%.

"Delay" is the difference, in days, between the mean developmental time
to eclosion of "+" and "Cy" flies.

¥

RNA -was presentAat 4.0 mg/ml and nucleosides at 3.2mM.
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homozygous for either ¢/ ade2-1 or ¢/ ade3-1 were crossed to deficiency/‘C yO males.
Table 11 gives the relative viabilities of the deficiency h-eterozygotes‘ on yeast-sucrose arid
unsupplemented Sang's media. Both of the auxotrophs have high relative viabilities and
insignificant develobmemal delays on restrictive medium when heteroz;'gou‘s with any of
the.‘ 'deficiencies In addition, the deficiencies do not expose the ade2-I eye-colour.
Smce both @de2-1 and ade3-1 are 10 the rlght of the deficiencies tested -and to the lef -
of spd, they are located in the. cytological region from 26A7 to °7E1

2. bur-gua2-1 |

The protocol. for generating a deficiency exposing bur (Figure 4, Materials and
Methods) takes advamage of the interacuon between bur and cn 1o allow easier
identification of the putative deficiencies Neaﬂy 70,000 progeny of irradiated males
were examined and 56 aberrant phenotypes observed The majority of these aberrauons'
were phenotvpxcall» b (16), Minute (14) or brown Dommant (11). Various
morphological defects were observed in 10 flies and there were [wo apparenl reversions
of cn. None ef these defects were characterized further.

Only 3 of ;Lhe §6 aberrations (5.4%) were putative bu\r‘deficiencies. Oply one
putative deficiency was successfully maintained, Df2R) MJ, It proved to be
homozygous lethal as expected of a deficiency, and exposes the bur eve-colour. In
crosses of bur- 2-1/SM5 1o Df(2)MJ/SM5, expected to yield Cy and bur/Df progeny
in a 2:1 ratio, the relauve v1ab11m of the deficiency heterozygoie was 45“' on
y'east-sucrosemediuvrvn and 0% on Sang's medium (Table 11). Thus “the d_gficienc_v
exposes the auxotrophy as well ‘as the eye-colour defect. Cytological examination of
polytene chromosomes from third instar larvae heterozygous f or the deficiency shows that

it sbans 42B1-2 at the proximal end of 2R.



TABLE 11: Deficiency Mapping the Auxotrophs

Relative Viability

Cyt Segregant Yeast-Sucrose - Sang's -~ Delay

-

ade2-1/DF(2L)Gdh A 103 58 0.2

‘ad92—7/Df(2L)c10t L7 136 195 -0.3

’/Df(ZL c1otﬁf".

-

.V

Y03 “ 313 0.5

B
e T

,vades—j/df(ZL)Gdh: _ 1023% e 0.2
ades-1/Bfla)clorr - R 107 | 118 0
bur/DF(2RIM] s 0 -

The data derive from five.rep1icate cultures each containing five
narents of each sex. Crosses are 1n1tfatea on. yeast-sucrose medium,
then transferred to nucleoside-free Sang's medium. The deficiencies
are described in Table 2. .

For ade2-1 and ade3-1, homozygous auxotrophic mutant § were crossed to
A heterozygous for the deficiency and the second chromosome
balancer, Zy0. The deficiencies expose regions of the second chromo-
some .between 27 and spd . :

The "+" survivors, heterozygous for either ade2-I and ade3-1, ‘and the
deficiency, are expected to be absent on Sang's medium if the-
deficiency exposes the auxotrophy Otherwise their expected relative
viability is 100%.

In the case of burduaz-1 (abbreviated to bur in the Table), the
reduced fertility of homozyogous $ necessitated the use of rypsual-Iv
sM5 flies as the ® parent. These were crossed to o7 heterozygous for
the deficiency and sM5. Hence, the expectec relative vwab111ty of
burgua-1 deficiency heterozygotes 1s only 50%.

"Delay" is the difference, in days, between the mean developmental
time to eclosion of "Zy*+" and "cu” flies. Negative values indicate

that the non-2u flies develop faster than ‘the cqiiro1s.



Nutritional Shift Experiments

In this series of experiments, a syrichronized populau'on of larvae is allowed to
commence development on either complete (veast-sucrose) or restrictive (unsupplemented
Sang's) medium. After defined intervals, the larvae are transferred to the other medium
where they complete development. By éx;alog_v with temperature shift experiments
involving temperature-sensitive mutations, these experiments should provide information
concerning the period during which the mutant homozygotes depend upon exogenously:
supplied purifies and yield clues as 10 the time of wild-type gene activi‘[y.

Transferring larvge after dcfine(times rather than at specific larval stages B
imposes a difficulty which must be borne in mind when interpreting the fesults: the
larvae do not develop at the same rate on yeast-sucrose and unsupplemented Sang's
media. Development is slower on unsupplemented Sang's than it is on yeast-sucrose
medium, (even for flies without unusual dietary ré?quirements). To avoizi repetition
later, the chronology of larval development under th_e eﬁpeﬂﬁmental conqitions is outlined
here. This description of larval development is based on observationé ‘of size without
refergr;-ce tb other criteria. |

Oviposition was allowed for 8 hours on a non-nutritive mediqm. The resulting |
larval populations are expected to include equal numbers of homozygous” and
heterozygous progeny deriving.from mutant/SM5 female and mutant/ mutant male
_ parents. Twenty hours‘afier' the termination of oviposition, assuming it to be uniform
in time, an ‘average individual would be one day old. After a further 24 hours, the
population is undergoing the first larval apostasis. Differences in the rate of larval
development on the two media, if they exist, are not evident at this time.

On yeast-sucrose medium, the second larval apostasis‘b'egins at 96 hours. By 144
hours, two of the experimental populations, containing either ade2-1 or bur-gua2-1

mutanis, begin to pupariate. In the ade3-1 experiment this stage is not reached until

192 hours.



On Sang's medium, all three experimental populations reach the secoﬁd larval
moult at 144 hours. After l§2 hours, the ade2-! and bur-gua2-1 ﬁopulations begin to
pupariate. This stage bégins in the ade3-1 population by 240 hours. “

The descriptions given above are Eased 6n the subpopulation of larger larvae
which becomes visible on Sang's medium after 72-96 hours. Since homozygous
’individuals of all three of the auxotrophic mutants are known to develop more slowly
thap their heterozygoﬁs siblings when cohfronted with poor nutritional conditions, it isl
probable that the larger larvae fepresem the faSIér-deveiopin'g ‘heterozvgotes. The 'ef fect
on the mutant homozygotes of the experimental manipulations will be discussed for each
aux_otroph individually and i in.addition to the developmental delay on Sang's medium
alrea_dy described.

The ade3-! populations generally develop more slowly than either of the other
mutant populations. Since tﬁe larvae derive from heterozygbus mothers, Lhié is unlikelv
to represent a maternal. but rathér a dominant effect of the ade3-1 mutation.

The experimental effects on the embryos and the larv’g[r; can Ee separated. _
lHowever, since the vseparated effects are similar for.the three mutants (m’anipuiationl is -
most traumatic for ern_bryos and very young larvae).‘ the resﬁlts considered” here are the

-

cumulative effects.
1.

)

A, lethal period for larvae raised on restrictive mediumy indicated by a decreased
. . .
suggival until ‘' the second transfer, was observed only in the. bur-gua2-] experiment.

.

Homozygous ade2-1 and ade3-1 larvae are apparently present throughout the experiment.

X

The ‘heterozvgous segregants normally represent half of the experimental

populations and thus serve as internal controls.

\
B
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1. ade2-1

a. Controls

The results of the condrtronal shift experrments jon ade2-1 are presented in Table

12. Under standard conditions, that is, wrthout transfer the relatrve viability” of

ade2-1/ade2-1 is 77% wrth no developmental delay on yeast-sucrose (complete) medrum

(Table 12, line 1) and 0% on Sang's (restrrctrve) medrum (lrne 2). Under experrmental

condrtrons 33% of eggs which were not subJected to further manrpulatron followrng

transfer to yeast-sucrose medrum yrelded ade2-1/SM5 (Cy) adults (Table 12,. Transfer

- from Sang's to Yeast at t=0, line 3) and 31% of those transferred drrectly to Sang's® . -

medium yielded Cy segregants (‘Table 12, Transfer from yeast-sucrose (0 Sang's at =0,

line 10). Thus, in 'this experiment, up to 40% of the ade2-1/SM5 heterozygotes die, as

a result either of handhng or intrinsic inviability. In comparable samples transferred a

\r",

second time at t=24 hdurs (lines 4 and 11), recovery of Cy adults decreased by a.
further 40% indicﬁtrng}f}raf the transfer is traumatic to young larvae. With increasing
Iarval aée at the time of the second transfer the trauma is somewhat reduced. The
decreased survival of heterozygotes transferred after 144 hours on veast sucrose medium
(line 16) is probablly due to darna‘ge to prepupae and pupae. When 1nrtra1 development

L7 T .
is on Sang's rnedium'z-::'«"“the,effect of larval age at transfer is less consistent.
2t ' & ' : ' , N N

s

b. Response of ade2-1/ade2-1 when transferred from Sang's to yeast-sucrose medium

33% of the embryos transferred to yeast-sucrose medium at t=0 yield Cy

(ade2-1/ade2-1) adult's“. This represents 100% relative viability (line 3) (or rather greater

than' the 77% in the untransferred controls, line 1), indicating either that thq‘s
experimental conditions favour survival of ade2-1 homozygotes compared with -standard

¥

conditions, or that homozygotes are less sub]ect to the effeci of transfer, or both

The relative viability of homozygotes which develop on Sang S medrum for 24

et hours before transfer decreased slightly, to 86% (line 4). After a further 244 hours on

.2
N

[2-
v A
* : s o



TABLE 12: Response of ade2-1 1o Nutritjpgp1 Shifts

[N

A. pre-fest Without Transfer

Medium  Relative Viability' gelay
- A : : NS !
Yeast-sucrose <+ H'_" - 77.4 -0.7
Sanglé‘ | A & 0 ——
B. Cultures In1t1ated on Sang s and Transﬁgr?ed to Yeast sucrose
after x._ Hours ‘
x o Viability of m/SMS . Relative Via>ility of m/m _ Delay
- o ign o
0 " 32.9. o 100.7 ol
24 . -~ 18.9 cy 85.9 -0.2°
a8 - 23.3 B 57 0.3
72 20.0 : - 104.4 1.3
96 22.9 o 105.0 1.6
120 . 16.1 w s . 16240 1.7
144 _, 23.1 0 37.9. 3.2
/ ’ R . . . . .
"C. Cultures Initiated}bh‘Yeast-sucrose and Transferred to Sang's
after x Hours " - . . o
K N -
I 30 7 o : ' 0 i -
a ,17 .8 # 1.3 5.6
R ; 13.8 5.8
2’ 718.9 o 78.8 o 3.9
£ 20.9- . g 103.2 i 2.4
; . 26-9 N ‘a ‘ e 86 . o il 0 .‘3 :
23.1 ' 97.3 k- -0.1
. S : ' S b :
i
IR



TABLE 12 (continued)f

. N O ' . ’ i |
Ten to 20 replicate crosses of 10 ade2-1/5M5 (m/sM5)% and 5 ade2-1/

ade?-1 (m/m) ;o were initiated on yeast-sucrose medium. Five of these
réplicates were transferred to nucleoside-free Sang's mediur and he

’ rﬁyggeny emerging in these 10 vials scored to show that the auxntrophic

L

My

f'”ﬁ$Whe crosses were ama]gaﬁétkd'ag&QOViﬁpéffﬁon allowed afpr 8 hr. Eggs

S

U were collected in. patehes oﬁr¥56:and placed on ¥ither

N

haviour was present ﬁnggr standard conditions (A).

o

§Sang's (B) .or

yeast—sucrose,Lﬁ)“medium;VTﬂeneafter, at 24 hr intervdls, the surviv-

d

ing’ larvae werer trang¥erred to trg opposite médium to complete

- develd@pment. Eachy bateh of .eggs répresents one freplicate culture (of
3, wusually): . ‘ '

“%edch jme. point.
ach. Lime, po,

, A fihéﬁﬁﬁmbéksjff;%ﬁefﬁesbnd column give the relative viability of

'm/mycompared*tﬁ'meMS when reared under standard conditions (i.e.
- neither jeggsinor larvae are manipulated). - The expectation js - for
" a relative viability.of 100%. Delay ‘1§ the.difference in days,
betweeri the developmental time to @closion of m/m compared to
‘m/SM5. A negative value indicates”that the homozygous mutants

devejoped faster than the heterozygous controls.

B.& The first column 1ists the time of transfer. -The second . :
C. expresses, as-a percentage, the number of m/SM5 adults -as a o
" function of the number of eggs initiating the culture. The
", expectation is for a viability of 50%. The third column gives the
viability of. m/m compared to m/SM5 adults. The theoretically
~ expected relative viability is 100%. The last column gives the
developmental. delay of m/m. - » : o

o4
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restrictive medium, the relative viability again decreased. to 60% (line 5). - At all of
these transfer times, the homozvgous flies developed marginally faster than the

heterozygotes. Although the relative viab:uty of ‘he -homozygotes increased following

transfe: ing second 1nstar (inés 6-8). - ~ent is slowed cor‘lsiderabl)y ' : ,,>

K7

Prior to 72 hours, Lhe range of sizes among the larvae 1s consment with their: ?@@ it

age range. By 96 hours, some of the larvae are apprecxaol\ smaller-and this difference -

.

persms Lhrough the remainder of the expenmem Smce the first appearance of the

+

smaller. larvae coincides with the onset of the dela\ed developmem of adez 1/ade-].” 1

seems likelv that thev are the homozygotes.

3

After 144 hours, when the iarger larvae, presumabl adél-1/SMS, are entering

third instar on restrictive medium. the relative viability- of the homazvgote drops below /
. v ' f '
40% and their developme_mai“fi(’?iay doubles (line 9).

These data show that dietary restriction for up to 120 hours ha< little effect on = .

[ 7 - . AR
. . e

subsequent survival of the homozygote. By the ume the presumed heterozygotes are
entering 3rd instar.-a large proportion of the homozvgotes can no longer be rescuec.

.

c. ReSpon\ of ade: Uade’] ‘when transferred from \east sucrose. 10 restrictive, medlum

. Sy
. Embryos -transferred 10 Sang's at 1=0 (Tabte 2 ime 103, ‘1eiﬁ€u no - a
L]
adeZ-1/ade2-1 ¥dulis. Even when deveiovment on corr'*leue 'r.edlurn 15 allowed for parl

S

or all of 1st instar (up (R hours) very few homozvgous adults survive and those

v -

) C ' " PR . o
eclose almost & davs after their heterozvgous siblings {iines 1: and il). “Extending the
supplementation inlo-2nc instar improves the relatve viabiiity of the homorzvgoles 0
equal the siandard conditions. However. the deveiopmen: remains delaved (lines 1} and

14). ~Or11y when the adel-i‘adel-] larvae receive a compiete diel 1niu 3rd insiar (hines

15 and 16). do the relative wiability anc "the development ume doth faii withn the
. .
ranges commoniy observed under standard supplemenimg condiuons.

& e

G-
'
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d. Summary

Homoeygous ade2-1 larvae are not affected by either_; supplementation or
resrriction ofﬁ their diet during first instar. Restriction of their diet during early to
mid - second mstar whlle not reducmg the relatrve viability of the homozygotes slows

their developrnem Supplementation durmg the same. perrod. 1mproves the survrval of the

~

homozygot¢. Homozygous: larvae whrch do not recelve exogenous purrnes b» late second

instar can no longer reach adulthood xalthough they are still allve at the transfer lime

Those which continue to be supplernemed into third instar. are unaffected by later R
dietary restrictions. d

Supplemematron dunng second mstar is necessary for the survival of
ade2-1‘/ade2—1 and may indeed be sufficient. However, the latter statement cannot be
made with confidence on the basis of these data alone. It mrght be confrrmed in a

srmllar experiment which, offered each nutrmonal condition for timed pulses *(mroughout

o

-, development. : ' .

3. ade3-l ) - o :

a. Controls

A

Under standard conditions (without rffgnipulation) ‘the relative viabiﬁty of
homozwgous ade3-1 adults was 95% on yeast sucrose medium. (complete) and 22% on
unsupplemented Sang's medium (restrictive) ('l'able 13, lines 1 and 2). The frequency

3

of homozygous escapers under reé-’uictive conditions, while high, was not excessive for

ade3-1 (see Nutritional Charactenzauon) and the developrn?ntal dela\ of more than 6
davs was consistent WILh previous observauons , : o
The vield of ade3-1/SM5 C y adults from embryos rransferred [0 veast- sucrose

medium to complete development was 33% (line 3). Eggs similarly tnansferred’[o. Sang's



” TABLE 13: Response of zZgi-I to Nutritional Shifts

A. Pre-test Without Transfer Q0
Medium Relative Viability . pelay
Yeast-sucrose : .. 94.8 : D2
Sang"s | 6.4
B. Cultures Initiated-on Sang's and-Transferred to Yeast-sucrose
after x Hours

X - Yiability of m/SM5 Relative Viability of m/m Jelay

0 ' .9 L 9%6.6 0.3

24 T 27.2° : 100.0° -0.1
43 A 29.3 . 81.1 - . -0.1

72 . 30.0 o 82.2 ' 0.8
96 A - 28.9 94 .6 0.9
120 - 32.1 87.4 z 1.4
144% 31.3 o o 76 .6 2.0¢
168* 23.1 - . ) g 136.0 1.7

c. - yTtures Initiated on Yeast-sucrose and Transferred to Sang's
-after x Hours ' :

0 _.s#i - 29.3 71.2 5.0

2 S R kI | o « 93,1 3.0
48° T o 4. - s . 65.3. 3.8
72 L SR 28,9 n et 75.0- . 4.2
96 . 2587 , 73.9 2.8
1200 ..o 32067 TRt 84.3 . 2.2
148 TR 335 gh. L L o 0 T8L5 1.2
168%. > - 35,0 e T 82'.9 n.4

VAN
A
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TABLE 13 (continued):

' The cﬁ1£ure conditions and representation éf'the data are defined in
Table 12. . | f

The cross was ade3-1/M5% x ade3-1/ade3-14 .

The relative viability of m/m fs'expécted fo be 100%.

Viability of m/SM5 is expected to be 50%.

"« jndicates that only 1 or 2 replicates were done.



"

medium ;yielded,29% Cy adults (line 11). Thus, as in the ade2-1 experiment, nearly-‘
40% of the heterozygotes died-as a result of handling or intrinsic inviabilitf. When tfi‘% |
‘ developing populations were transferred a second time after 24 hours, the viability of
ade3 '/SMS5 decreased a further 20-50% (lines 4 and 12).

The effect of the second transfer remamed fairly constant regardless of larval
age, when the populations were transferred to veast -sucrose medium (lines 4 to 10)
When the transfer was to restrictive medium the ‘reduction in heterozwgote v1abilm was
greatest for very young larvae and decreased with. mcreasmg larval age (lmes 12 o l8)
Why the initial growth medium should affect the response to experimental mampulationf
is pot Sear. It is unlikely to. represent an auxotroph‘ic .reSponse since, with the possible
exception of t—168 (lrne 10). deyelo'prnent on Sang's medium prior to transfer did not
o v ' o PR R ' '

decrease heterozvgote viability.

14

N . AN

W
il

o

b. Response ‘of ‘ade3-1/ade3-1 when transferred from Sang's o veast-sucrose medium.

The 97%‘r_elative viability of ade3-1/ade3-1 embryos which developed entirely on

& . . ' )
complete medium’ (line 3), matched the control result (line 1).- Although, somewhat

variable, t‘he‘relative viability of the ade3-1‘ hom‘ozﬂ'gotes which commenced development
-.on purin_e.-f_ree rnediur:. .emained high ;r‘egardless-"of when the larvae were transferr'ed 1o
complete. medium (lines 4 to 10). |

| Development of hornozvgotes transferred to_veast-sucrose medium after either 24

or 48 hours was as fast as the heterozvgmes However, after the elapse of 2 hours or,
‘:,— ~a
Er

more before transfer to yeast-sucrose medium, development of the homozygore was

increasingly delayed. At the same time, it was observed that the larvae could be

classified into two discrete srze classes The size drfferential continued 1o be vrsxble al:

2 R

least until “the’ l_ast transfer at 168 h'ours.

c. Response of ade3-1/ade3-1 10 transfer from yeast-sucrose to Sang’'s medium



The relative viability of homozygous ade3-/ adults developing from cggs

transferred to Sang's medium was 7~1% (line 11). Although survival was unusually. high,
the homozygotes developed almost as slowly as under standard conditions (compare lines
11 and 2). It was Qbserved duﬁng the nutritional characterization of ade3-1. that the
'hombzvgotes occasionally survived well under conditions known to be resm'cu've, bm in
these cases, 'Lhexr slower development appeared () be a reliable indicator of the adequacy
- of . 'he nutritional conditions. Th'e) rclauve viability of ade3- 1/ade31 adults 1ncreased
somewhal after the populauon rernamed on complete medium for 24 hours.

Incrcasj;ng ume spem on complete medium prior to transfer had little effect on
the Telative v1ab111[_\j of the homozygote. However, the same. conditions re@d in
mcreasmgl\ fast development, untl after spendmg 168 hours on complete medium, the

“homozygote developed almost as fast under expenmemal conditions as under standard

co}nditionsl (lines 18 'and 1).

2d) ‘:Sd‘rnmavry

~  Considering only the relative viability data, it seems that ade3-/ homozveotes
é’urvive if their diet is supplemented anytime during larval development. How&é‘l" since
the relative viability of ade3-1/ade3-1 was so high after ‘transfer to restrictive medmm as
embrvos it is apparem that the reliatility -of this conclusxon is suspect.

The time required’ (’p" the homozygote to complete development a phenotype

" which more consistently reflects the nutritional condmons did depend on the duration of
dietary supplernentauon. Homozwgotes which developed on Sang's medium for 48 hoursb

until the beginning of 2nd instar, developed as faSI as their heterozygous siblings.

However, when the diet was restricted for more than 48 hours, development of ade3-I

adults was increasingly delayed.

In the reciprocal transfers, individuals which received a coin_plete diet for the .

first 72 hours (rn'id'2nd instar) or 1&55‘,'developed only slightly faster than -comp’letely
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unsupplemented larvae. Longer periods of supplementation resulted in significantly faster
dévelopmem. Homozvgotes developed as fast as heterozygotes onlv when the |
supplememauon extended into 3rd instar. | ’

Wxth the exception of the lst larval instar dunng which the diet 15 unimportant,

it appears that ,ade3-1 homozygotes require continuous supplementation to completely

. . . }
satisfy the auxotrophic requirements.

3. bur-gua.’-]

a. Controls

-

The results of nutritional shift experiments involving bur-ghal-1 are presented in

Table 14. The relative viability of homozygotes which developed under standard

-

" conditions (without transfer) on veast-sucrose medium (complete) was 43% (line 1)
‘The relative viability _of bur-gual-1 homozygotes is commonly lower than lthé theore.  .lv
expected 100% (see Nutnitional Characterization). However, de?elopmem of the
homozyvgote is not delaved in these cases. No homozygous progeny survivedb under
@andard conditions on unsupplemented Sang's medium (restrictive) (line 2).

Under normal condmons heteroz»gotes ‘of ade2-1 and ade31 were equally viable
on veast-sSucrose and- Sang s media, but,this does not appear to be true of

bur-gua2- I/SM5 (Cy “ Only 62% as many heterozygotes surnved on Sang's medxum .as

6
on complete medium despite equalénumbers of parents and equal oviposition time. This
will be discussed below. |

When transferred eggs were allowed to compiete development on »east-sucrose
m;dium (line 3), the viability of the heterozygote was only 23%. Embryos similarly
‘Lransferred [oSéng"s‘medium vielded oply' 13% heterozygptes (line 10). Thus, under
conditions which are generally found to \be satisfactor;v, 50‘?-0 of bur-gua2-! hererozygoles
die as a res'u'{é of expenimental conditions 'a.ndvinm'nsic inviability. On Sang’s medium.

‘ths figure approaches 75%. Heterozygotes of both adel-/ and ade3-/ were equally



~ TABLE 14: Response of burgua2-2 to Nutritional Shifts

A. Pre-test Without Transfef

Medium - Relative Viability - ~ Delay
Yeast-sucrose 42.6 . ’ 0.1
sang's 0 ——

B. Cultures Lqitiated on Sang's'and Transferred to Yeast-sucrose
after x Hotrs

X Viability of m/SM5 Relative Viability of m/m Delay

0 ' 22.9 56.3 0.6
24 12.1. 61.4 n.4
48 17.1 27.3 .. ‘ 1.0
72 23.1 ° 0 ¥ -—-
96 15.3 0 -—-
120 ‘ 15.8 0 -——-
144% - 12.0 0 -——-

C. Cultures Initiated on Yeastssucrose and Transferred to Sang's
after x Hours TR

0 12.9 0 -
24 6.7 0 -
48 8.5 0 -
72 14 .4 12.3 4.0
36 o 11.6 5.8 4.3
120 22.2 44 .0 0.5

4 75.0 N

144 20.




TABLE .14 (continued):

The culture conditions and representation of the data are defined in
Table 12. -

The cross was bumdua®=1 '3Me%  x bymgual-l /byngual-Ilp s
The relative viability of h/m ié exbeﬁted to  be 100%. !
Viability of m/SMSlis expected to be 50%.

"«" indicates that only ! or 2 replicates were done.
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viable on yeast-sucrose and Sang's media under these conditions.

The viability of the heterozygote was further decreased by aimosm 50% following
a second transfer after 24 hours to either veast-sucrose (line 4; or Sang's medium (line
11). Thereafter, the viability of the he[erozygote increased with increasing time on
complete medlum until the final transfer (lmes 12 to 16). This accords with the
prev1oug experiments in Wthh increasing larval age mitigated the apparent trauma due to
transfer. l

When develobmem began on Sang's medium, the viability of Cy adults also
increased with increasing larval age, ;ut only until 72 hours (lines 4 to 6). Later

-

transfers to complete mediﬁm (lines 7 to 9) supported increasingly “-wer hetero::gote
untj] their wiability matched that Qf heterozyéotes which develope. ~~-irely on “ing'<
medium (compare lines 9 and 10). The fluctuations in the heterozygotc slability may
-represent varxau‘ons around a constant _viabilit-y. However, as will be seen, nutritional
deprivation for the length of time which began 10 redu’ce. heterozvgote viability was lethél

to the homozvgotes. This. coupled with the generally reduced viability of the

heterozygote on restrictive medium, suggests that bur-gual-/ s parually domjinant.

5. Response of bur-gual-1/bur-gual-/ 1o transfer from' Sang's to veast-sucrose medium

~

When eggs were transferred to veast-sucrose medium io complete development

joy
2
(a]
s
—
o

he reiative viability of bur-gual-1/bur-gual-1 was 56.3%. Since this is higher
‘han the control result on complete medium (iine 1), 1t appears that the expenmental

cdnditions favour the homozygote almouah therr development was siightly delaved (0.6
t“ L

R

Ja\ A sifmiar ;esult was obtained with transfers made after 24 hours (line 1l).
By 48'hours.v when the lgrvae weré beginming to enter 2nd instar on Sang's

medium ?I.inle 5')_ the relative viability after transfer decreased to half and the

developrﬁental delay doubied. Deveiopment for TZ'V:hours or more on Sang's méﬁiﬁm

(lines 6 to 9) was lethal to the homozygote. %

v



Between 72 and 120 hours. there were two discernible sizes among the larvz‘fg.

I

Although the larger larvae continued to develop normally. the smaller larvae appeared (0

remain in lst instar until their disappearance at 120 hours. The proportion of the

larvae which were abie to survive on Sang's medium until the time of transfer decreased
somewhat while these size sub-populations were visible, and decreased ..cr :urther after
120 hours. Hence, it is probable that the smaller larvae, which are mo .. hkely

bur-gual-1 homozvgotes, are actually dying during this interval.

"

v

¢ Response of bur-gual-I:bur-gual-! to transfer {rom veast-sucrose to Sang's medium.
. & :

Homozygous bur-gual-/ embryos transferred to.Saggs medium- do not complete

development (line 10). Indeed prior to ~2 hours (line 13). no homozygotes survived

transfer to Sang's medium. ‘
4 :

o _When transfer took place at "2 hours. the relative viability of
O WL ‘

..‘u@ s : .
%ﬁ%g-guqf-l/bur'-gua}! increased to 12% (1in¢ 13). After larvae were transferred at 9
‘hc')urs, the relative viability va‘hombz_vgotes' was 6% (line 14). Iﬁ both cases ‘

de»'elo’p@ent of the homozvgote was aelayed by 4 days.
After 120 hours on complete medium prior to transfer. the relative viability of

N homozygous individuals increased to 4% and the developmental delay decreased to 0.2

.

davs (line 15). The felative viability of bur-gual-7 adults ‘was further increased 10 5%

and the developmenta! delav decreased to O.if th¢ larvae developed on complete medium

for 144 hours before their diet was restricted (line 16). The'results obtained after 120

A . -

hours on complete medium are comparable to the results obtained when development was

entirelv on veast-sucrose medium (compare lines 13 and 3).

d. Summary
2

The:high relative viability and nearly normal developmental rate of homozygotes
- which spent their first 24 hours on' Sang's medium argue that bur-gual-1/bur-gua2-1 do
. . - / 0

4



69

s not require supplementation during the earliest part of the lst larval instar. By 48

hours, when the larvae normally begin 2nd instar,-the lack of supplementation reduces

-

the survival of Lhe homozygotes. The restricted diet is lethal to the homozygotes “by 72
15 :

hours.
J ) v ' .
Between 72 and 120 hours, an exceptional sublpopulation of the larvae

developing on Sang's medium retains the appearance of st instar larvae. The total

»

survival of larvae until transfer from ;restrictive medium is high until '72 hours, at which
time it begins to drop. After 120 hours the unusual larvae disappear and la-rval

_ survival decreases markedly. Because of the corncrdence of the onset of lethalrty and

the appearance of the sub populauon of larvae it seems reasonable 0 conclude that the w

developmentally sralled larvae are bur-gual-1/bur-gua2-1 individuals. If so, it is possrble
that the mutant larvae are unable to moult in the absence of a source”of gudnosine.

Larvae Wthh developed on yeast sucrose medium entered 2nd instar after 48

<

Hours and 3rd instar after 96 hours. Homozygotes sufpplemented only durmg lst instar

were inviable and those supplemented during 2nd instar nearly so. Only hOmozygotes
. C,
~ which emoﬁ'ed ord msrar in the presence of - guanosine survived. a

a

These results can be mterpreted in two ways. Either,” bur-gua2-1 requlres

v

supplementari,on continuously from -the middle of 1st instar until 3rd instar, &5‘; the-

EEE o

“

homozygotes, require guanosrne to undergo the larval moults. .'l?hc..r possibilities can be ' "

‘va
i ’

. S .
vdrstmgmshed “in a similar experiment in which the larvae are, retu m‘ed _t_o‘,-fhe“original,

- n

medium after defmed mtervals If the purines are not necessary contmuow ly such an’

expenment could ‘define the mterval .Qr mtervals when supplémenrauon is critical.

&y

v

IMP Dehydrogenase Assays -
- . ) o
The dierary requirements of bur-gua2—1 homozygotes are satisfied only by GR.
e
Classically, this supplementatron pattern would be mterpreted to mean that one of the

’ 2

- (WO enzymatic steps uniquely involved ir1j the production of GMP is affected by-the bur »



D

: expected to accumulate Thrs was not observed in radroacuve tracer studres 2 on

3

_h o .. ) . ) . L . .
; , . C o g . ey
E . S
.‘

rnutatron Although the meffecuvene‘ 5 of ‘(R as a supplemem would usually 1ndrcate a

:' defect in the conversron of X‘le t0 GMP bv GMP sanhetase n has been suggested

-

" that XR cannot be utrllzed by larvae of D melanogaster (el Kqum and Nash, 1977).

As well 1f, GMP synthefase acuvrty is ‘absent iri. bur-gua2 ) homOZygotes XMP is .

EEE R

homozygous frrst instar lavae (Johnson 1978) suggesung that - bur- gua21 ;sfh‘locked in -

w

the previous enzymaue step catalyzed bv IMP dehydrogenase

The procedures used to extract and assay IMP dehydrogenase activity were' |

[Nl

descrrbed in Matenals and Methods The' degree of punfrcauon achleved cannot be -

"

srated accurately smce as in other systerns (Anderson and Sartorelli, ° Artl(rnson

L wa Q
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§

et al., 1963) IMP dehydrogenase acuvrty could not. be measured in - ¢ A_e:i_r‘tract;.v o

However since the fracuons used for enzvmatlc measuremems contameu _U . 0%, more,
»‘ . R
w . I w

of the total protem in thex\crude extract,, the purrfrcauon was ,less Lgan 5- f old

e

The actrvrty analyzed in shrs work “was- heat denaturable The observed

9 v [\ L . - &
of NAD‘ was dependent on the presenc\e\5 of IMP Nether H nor HR were acuve as”

PR SN . ot ’ LR
asubstrates The measurable acuvrty was no : fecred by prerncubauon wrth 6 chIorolMP

")w-.

%‘hrch is a powerful inhibitor of IN??’ d&hydrogenase in sorne svstems (Hampton 1963 _--

i~

Brox and Hampton 1968 Sartorellr et al., 1968) * Glutathrone whici. is sometimes’
‘4

added to enhance the enzyme activity (Magasanrk 1963 Wernbaurn and Suhadolmk

1964) ‘was nonetheless found to promore inhibition by 6 chloroIMP (Hampton 1963)

Its. absence in Lhe assays reported here may have been demsxve in preventmg a’

' demonstrauon of 1nh1bmon. However Y@ dehydrogenase of Dr:osophrla has not ‘been

. shown to be 1nh1blted by 6 chloroIMP e L,

T »

- . - '...,,:

' The results of enzyme assays on wild - type and hornozygous bur-gua’] larvae are..

. shown in Table 15 Companson of - hnes 1 and 2 shows that in the orrgmal 1solate of

e

‘ﬁ .
bur-gua21 the actrvxty of IMP. dehydrogenase \was only 8% of the wild-type acuvity.

t"

. The -apparen{ fertility of horrg/ ozygous females ‘of this hne ‘was orrglnallv very low but

Iy
»- ¥

-

W
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A, TABLE,’lS; IMPY;_.giehydroqehasg?ftActivities in vitro -

A Al s

. ) “'&" . o “.» ) ’ ) [
toa Extract ™y - _ - Specific Activity
o wi‘kd:.f»;'ypéz : 40.0 (t 4.5) .
S burguaavf or1gma1 g T R 3,3 (1.5
bu,,guaz 1 sf&ﬂ@ L T a5 (£10.3)
: , . Coow Ty o '
. e i RS h ¢ 5 : ‘_- Lo “a‘”‘
bur’tfuaz -1 frozen ot B <1 st g o
wﬂd tyﬂpe Grozen R S
burgua2 H n e
e e N ’v,_ S E\
byr-g‘ua-? -1 se]ected 3 months TR ’_ P
. ‘Q “," B 1
%urguazﬂ se1ected 8 months
¢ . » ‘ . : .
burguaz -1 se1ected 18 months . ERR
‘ %peaﬁc act1v1ty‘ is . expressed as umo1esjpo€,;,; NBH produced/mm/mq N
" 3;; protem It.ds ca'lcu]gted as’ awlzfunctﬁo e total- change in j v ,
' _",absovﬁ)ah)cé at” 340nm -afitew 10 ‘min.and the ;tqt ; protem . The reactmn
usually remains Tinear for at 1east 10 mf?r"’/The extinction e
co‘f1c1ent for NADH at pH. 8.0 i€ 6.22 x. 103»(Ander'son and Qargcore‘f% .
19687, o - v

~
Va1ues are the a erage of at 1east 2 1ndependent determwa&ons;

except where marked (*) .o
’ Y] .. e . ,"% o
: The extr‘acts are descmbed in the text L o 5iﬁ . -
. ; ) S N ) L Q-
. ’ ' # . o
. - ./t‘ . n:'z hal
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3

(<3

e

’ -

. . L ‘,',‘ ..‘:d ) . ) . .-_\“.;', \
was observed 10 incréase Over 'lhe:generations of cotlectrnghrrge ampunts of ussue

RE o,

\

needed 10 assav tne enzve. \Vhen larvae from the rerule line were. assa»ed (rline RETER

was shown ‘hat the IMP dehvdrogenase, act '\u\ was wilc- g\pe athougn ooth the mutan

D ) r.. . s ¥

eve- colour and the au\otrophxc r"équrrement for guanosme were sttll exnresseu r_'

larvae which had. been co"{fe

Lt

Two - expenments were done 10, deterrntne fhe vahdlt\ of ‘the 1n1ttal obser»attor of

reduced IMP deh»drogenase actlvm In‘vt.he ftrst a sample of homOZ\gous bur gua- /.
2 e v o

~ s\ o

eh ann preserved af "‘ﬂO'C for. several mon,ths was assaved.

. t

R . E . ,“Q

and shows that pro]onged Freezm.g of the trssue dld not deszrox the enzvme actm\;‘\‘
R O,dw . -~ )
’ The secon@e&pemment wﬁs a deterrr&gantron of the IMP deh\drogenase ac’txvmom
‘ S "«",J L s
an. mdepggr@;ntlw marntamed line Qf bur;.guaz 1 hornozngtes Wth};i)S[I] exhrbrted
o et €58 : &

relatrvelv i"low fertrltt\ The result m ling 6 Shows that the enzxrne actrvm was ‘nearl\ !

“.{ . . . - y
_ ‘f,. » N »~Q {‘yky ke
an ordendgf magnrtude lqbwer than the w11d tvpe acnvm + When [hlS stock was
@ ‘,’«’ > ; : - o " e ,;:} .
marntarned for several generattons under the condmons which. had prevrou@lx resulted ‘in "‘";‘3},
T a” - r
mcreased fernlm and IMP- dehydrogenase acuvm it. w%agatn found that both the
RSN - o { L-“' ‘ 2 )
femhtwand the enz e actlvm (compare lmes 6 mcreased “ .
i . o {‘g" ! 4
4 }"“- mcreases in relatiye feruhty (Th1s w11 be drscussed in the next-

~

)

~

“Section. ) and IMP dehydrogenase actlvm suggest that the» may ‘be reIated 'Exther a .

srngle reverse mutatlon or an accurnulatlon of modifiers, keach affectmg a sma}l change

!

could have been responsrble for the alteratlon "of both phenotypes The probability rof

-~

the forrner 1dea a srngle reversron 1s hmrted 'bv at least two consrderatlons It requires

¢

the presence in the orrgmal 1solate Of bur-gua2 1 of - two -mutatipns which were ' .

A

comcrden.tally capable of producmg the same, phenotype furthermore ‘the progressrve N

s —

increase‘rn IMP- deh‘y"drogenase is an unlikely response to a single mutation.-

-

Nonetheless, -since a variety of recombinants, generated when bur-gua2-/ was mapped .

' _genetically, wer_e_available, they were- examined for the,presence of a segregating

L %%
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’ : . o
mutation affectmg the enryvme acuvm (Tab.le 16) None of the recombinants express
s

-)»

“'Tevels of -dctivity as low s orrgmally seen, regardless of either relatrve fertrlu) (discussed

in thé next chapter’ genotype. with respecr 10’ bur'. a2y Trus argues agamst but

A. fumber of ger. uuonsmlapsed between the I of the. IMP deh\drogenase defect and

the generauon of Lhe recombmams durmg which, the postulated reversion, -if it exists,
(=] “- . - . ‘
g could‘ have been fixéed in.the bur-gua2-1 line used in the mapping experrmem.\ : )
! + “ . .

0oy
0 v P
- La
. .

F

N

T Femlltv Tests Lo ; o L

o As already rnenuorred the 1n1ual 1solate of bur gua’ 1s was semi-sterile. This
' : « Kt :
, defec[ -was noted bm ‘not mvesugated unul later results. auggeg that ferulm and IMP ,
‘J, o 1 s L 5
\-V - _
_dehy drogenase acuvxty were. assocra[ed with e:fch other, but nor wuh the auxo[rophv . \%y .

;~¢

\ l}number of rela[ed sLocks WEre, g generated during the recombrg.auon mappmg of i

‘a’v.

bur gua21 Representauves of six of these genétypes were exammed b procn (stocks R

o

AlO A4, &\;6) and b bur—gua2 1 (Bl B2 B4 B5) are non- recombmam in the region” -

adJacem o QU]‘, . pr + + (D3,D4.D5.D6; DE, DI0, D12, DI3) aga SR /
b + bur-gua21 cn (C5 C7, C8) are recombrnant to the rrght of bur, o o |

=+ pr bur- gua21 -+ (D" D7, D9, Dll) and b + % en (Cl, C2, C3 C4, C6) are

recombmam in the regron to the left of bur

\—\ll’he ferulrty patterns were deterrnmed in four crosses set with each of these 26
N K

stocks. Comparrson of Type 1 (homozygoue female x homozygous male) and Type 2

(homozygous female. and heterozygous : ale) crosses o Type 3/(heterozygous fernale X

"homozygous male) and 4 (heterozygous f ale X heterozvgous male) grves the ferulrty of

homozygous females relauve o heterozygous fem les The fernhty of homozygous males R
- @ ’ oo
- is similarly 1nd1cated by eomparmg CTosses 1 and 3 to 2 and 4, The effect, if any, of .

‘male ge’ngtype on‘female fertility is mdrcated by comparmg crossés 1 an_d"'2,.‘or' 3 and 4.

N

The rtesults of these crosses,, expressed as the number of progeny produced per female-
4 . h . . . < . \

| _ ' " o oy \\l/
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TABLE 16: IMP dehydrogenase Activities in Recombinants

Jd H ! . . 13

Extract ~ Relative Fertility. 5_Spec1fic Activity
Lo high . - 20.9 (t6.5)
1ot o L opigh 19.3(% 0.1)

DL+ LE. high % 8.7 %
D13+ high . : 14.3 (£ 1.9)
ﬁg& D8}° , ' . _quekatet » ’ 12.9 (t 3.7)
pet - tv - 4 moderate . /A *
moderate 1201 (£3.8) -
b ‘?mm e . - ) R C
o mderate - . 23,8 (f 1.5)
P2 M .p00;§¥5 o : 415;14i6 (£ 0.8)
L poor R E T 321.4v(£ 8.3)

LT v

The relative fertq11ty and IMP dehydrogenaSe act1vaty of homozyqous
recombinants are shown. The recombinants were recovered during the
recombination mapping- .of burgua2-1 and are” included in Table 9 except
I1-8. This stock was generated dur1§t)an ear11erlunsuccessfu1 attempt"
to map burd¥s 2-1 against rdo, ik and pr.
ﬁw '
The est1mat1on of ?Ert111ty is d1scussed in more.deta11 in the next.-
chapter. For the purposes of this. table, "hiqh" relative fertility
means that the recombinants are equally fertile” as homozygotes or
heterozygotes. "Moderate" meaps the homozygous recombinants are less
than half as fertile as the heterozygotes, but the’line can. be ma1n-
tained easily in homozygous condition. Recombinants with the "poor"
fertility rat1ng are nearly sterile. Tissue for the enzyme ‘assays of
_these stocks was accumu]ated over a period of time- before a sufficient
_ amount was ‘available. -The two "poor" fertility stocks -included.in
. }(%w th1s tab1e eventua11y became comp1ete1y Ster11e as homozygotes
BRI S e A g
,f( pec1§1c activity,. expressed 3s. pmoJes *of NADH produced/m1n/mg
protein, was ca]cu1ated as descr1bed in Table 15. Except where noted.
(*), values are the average of at lTeast two independent determ1na—
: t1ons ' .
| /

ST "b .,-; s



.‘a

per- da\’/ are presented in Table 17

,,4

._‘_Il
Almost half of the 26 stocks were sterile” as homozygotes and” among these there

- i
'l'

Were three patterns of sterility. Homozygous females were sﬁterrle in snt stocks (A10-,

Y

Ald-, A26 . D2, D7 and C2°). (lm%hese stock destgnatt,ons the superscrlpted "

~ ‘,

three stocks (C1l, C6 and DI11°) both females and males ;were homozvgous sterile. -

\Homozygotes of 3 stocks (D9 Bl- and B2") were sterrle when they were)the, onl\

£

parents but the sterility was rescued if etther parent was heterozygous

Table 18 presents the results of complementauom tests among these nomozvgous o

sterile . stocks As shown "}Sgte stertlmes fall mto Ll least four ‘complementatron gr;oups

e», : w »

C‘l"'.i;'_;.C6l and 11 whrch are sterrle as bofh° male ind feﬂaale homozygotes fail to

i

complement each other and have been assrgned 1€0] complementauon group A Dll also

" bfallS to complement groume wht' T ludes the six . female sterrle stocks 'l‘wo members

i ,‘:able homozygous sterrle stock

'A”‘

’ 'of vroup ﬁ D2 and D7, farltto complement D%,

'- -

{‘\. + EEEPR N
“(group C). Among the rescuable sterile stocks D9 and Bl complement as do Bl

u

and B2-. Since B2 was not tested for complemer tauon with D9 1t rs« not known
whether there are two (C and D) or three (C D and E) complementauon groups

governing the rescuable stenhty pattern.
k1 . . ) e
The simplest, but not the only, interpretation of the complementation patterns

requires one locus conferring both male-andi 'female fertility (complem%ntation group A),

. a

one Wthh confefs female fertllrty (B) and tWwo, or three whrch confer a rescuable

. sterrhty (C, D and p0551bly4 E) \\In thrs .mterpretatton D11 must carry defeCts in both

B

the male and female feruhty (A) and the female fertllrty (B) complernentauon groups

L3 'a 22

D2 and D7 y must be defectrve m the female fertrhty (B) and the rescuable group C

e Op ‘\ff & ‘ u%?’
fastors. Th% remammg stocks need carry only 1n&e sterlhty mutauon : .

-

If there is ‘any relauonsh1p between the bur locus and fertthty in these
recombina_nts, it is obscyre. Neither a_llele of: bur is correlated with any specific fertility’
: i T ' ‘ o ) o

I .
-

B v
and e 1nd1cate respecttvely that a wild-type or mutant allele of bur is present.) It

<
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TABLE 17: Fertility Estimations

v

- o " ' . .,
~Stock ., . .anpxype,- oL 1 2 3 4
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B2 b ¥ bur' s
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" The stocks discussed here are recombinants recovered during the
genetic. mapping of ‘burg4a2-1 against pr and cn (see Table 9). . The
numbers give the -number of-progeny produced per % per day from crosse
involving 5 pargnts. of each sex. Crosses. were done at least in"

sduplicate anduo!ippgitiongwas5a}1owed for 5 days. :

- . : PR AR m .

Y
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TABLE 17 (continued) ¥
.+ _.The cross numbers indica'te which of théfoﬂowing, crosses was set:
) .‘_Crfo's's 1:" homozygous ¢ x homozygous » s L 4
.-Cross 2: homozygous ¢ X heterozygous L .
Cross 3: heterozygous ¢ x homozygous »
Cross 4: heterozygoust x heterozygous
ND - not-determined D o p
. burquai-l is abb.revfate,d as bum R
o o ‘ el
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o

gy
W

i

g2 e

v

: Np - notvdetermtned.

Complementation Tests. Involving Sterile Stocks

. e
St

TABLE 18:
et oot AlO% Al4+ A26* C2* D2 D7 D9 Bl 82
cet '; C + + v + B - + ND

o1+ - N . - fkj S T
D11 . - '> - - - % + ND

- ALO* ) B} _ _ PR .+;‘};f

ALa* ST e

A6+ - - .S+ o ND
co S
02 2?? o e w
p7 . - - - '+ ND

Yo Y -+ e
;BL," ' - A & -+
g , +

gy

The ‘stocks are homozygous sterile recombinant 11nes descr1bed in Ta%le

17.

chromosomes and crossed,
Oviposition was allowed for 5 days and the resu1t1ng proge

counted

"-" indictes that the parents were sterile;
The fertile crosses usually produced 3 or more -

fert11e
progeny/i/day

in duplicate,

-

"t

Parents were made heterozygous for two of the recombinant

using 5 parents of each sex.

"t that they were/

B‘E if any,
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e ) ! i . ef\‘i "*
‘stocks (C47, D3°, DI0", D12- and D13 ) @whf&h are bur’ the. homozygotes and

' . {
-heterozygotes’ were equally fertile. Homozygotes of the frnal nrne stock‘s were 1ess fertrl'e

&

sterile C recombman.t lines share the same defect. Fmally, although all of the D lines

‘\a.

“are homozygous sterile, three complementation groups are represented and the situation 18
further comphcated bv the appearance of multlple lesions in,some of these recombinants.

Only .the non- recombmant A* stocks, which all fall into complementauon group

B, fnd the C' and 'D- recombinant lines, all of which are “homozygous fertile, "behave

consrstently Since C and D° are the rec1pro<:al genotypes generated by crossovers 10

& s .

thé rrght of bur, the’w would normally be expected to express different fertility’

phenotypes if a locus affecting fertrhtv were ! 1ocated in thrs _region. However, this-_;i-s

a

not the case and the allele ‘present at the bur locus. appears to be largely 1rrelevant t%

the degree of fertility in these recombrn%}‘o

i N O g
The degree of Feftility among the

vt

stocks varied. In f1ve

2B

than their heterozygous siblings. Comparing the productivity .of the four CTOSSES revealed -

patterns of fertility reminiscent of the prevrously described sterrhty patterns

Homozygous Dg-, B4  and BS- were moderately fertile when self - crossed (cross 1) Like‘

ll

the rescuable ‘sterile “lines. the productmty of the cross' gc’reased?rf*”élther parent was
- / .
heterozygous (crosses 2 ‘and *3) and was greatest when both parents were heterozygous

{cross 4) Female homozygotes of six stocks D4‘ Pe6-, C5 C7 and’ C8 were

moderately fertile, and, like the female sterile stocks therr fertrhty was unaffected by
- <),.(ﬁ h Y
the genotype of the male pf@it In the final stock DS‘ whrch is suggesttve of the

male and female sterrle hnes the fertrhty of homozygous fernales was extremely low
$ . ) , - Toe :
and homozygous males were poorly fertile.” - ' .

e e
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moderately‘“’fcrtile stocks suggests that the latter carry less™ vextrerne_ alleles of the aiready

. described fertility mutations. = However, Lhe notion remains largely unconfirmec. since the
appropriate complementation tests were onl_v done with D3, the 1east ferme of tHe
fertile stocks.” If the h_;'pothesis is correct, D5 1s expected to.complement all of the

£ants except the homozygous male and female sterile (complementation. group A)

lines. Heterozygokes of D5 and representatives of complementation group B (female .

sterile) are fertile (# progeny per female per day: D& /A =45 D5 /C2=3.0). D& ™

S

also corn"'plements with group C (D5 /D2 =1.3, D5/D7 =1.1, 'D5:7D9 =1.5) and group

3 5 o . o)

D »‘(DS‘/B1‘=1.3) '(both Tescuable sterile). He[erozy‘gotes of J é\nd group A (male;

unenhghtemng because so 11ttle of Lhe genetlc constitution of these f‘lles was comrolled

“»:.;

The stocx,s were 1sogemzed only w1th respect to thexr second chromosomes In t\yo ofd s

=3

the + pr bur-gua? I°+ stocks (D2 and Dll ) it was clear that the fe

Tl factors (a.

¢ 4 : )
tot_al»of three factors with only one common o both stocks) waere noy on_' chromosome

2: hom'ozygmes of “these stocks were"originally fertile, but became sterile after several
QO

- months of routme mamten%nce inégeterozygous forrn ' T

- , . The dlfflCUlIV of localizing the femhty factors is enhanced, because Lhe second

S .

chromosome 1tself was not deflned genetlcally except in the pr - cn reglon Fertility .

LN iih LA

2 .-‘“k &0

fattors located near the ends . of, t/llc; second Chromosome (as well as those on other

‘ 'chrornqsornes) could assort mdependently ‘during - fhe recombmauon mappmg ‘ This could -

account for the varxety of femhty phenotypes assoc1ated thh a single genotype. (For
exarnple Bl and.'B2" are complementing rescuable sterxle stocks and B4- and B5 are

"'.femle ) 'I‘here was only one con51stently obServed association of genotype and fertility



phenotype. Homozygotes were fully fertile pniy in the presence of bur

[t appears “that the fertility in these 26 stocks is governed by a number of
T ' S

factors. at least some of ‘which are not on the second chromosome dnd none of which

_are closelv linked to bur. Interesungly. such a variety of ferulity phenotvpes remains

’ . - .
unique. among the purine auxotrophs included in this work, to the bur stocks. Al

stocks related to either adel-/ or adej-'l.'y"?including the orrgmal isolates and all -of the

sublines generated in the recombination mapping experiments. were equally fertile as oL

. ’ e .
- homozygotes and heterozvgotes. Thus, the possibility sull remains. that pur-gua’-/ either

L

reduces fertility, or interacts with other factors to reduce, fertility. T _ .
4 .'H
- !
Guanine Deaminase ,Assays ‘ o L S -
Guanme deaminase is the first enzyme mvolved in tHe catabohsm of G. Bv s

action G is converted o ‘( wmch 1S further catabouzed tq LA b\ \DH L'A_.‘Qcan be

. "

. converted to, «ﬁllantom by uricase, aIthounh It 1s, 115811 a rnaJor e\cretron prOeucr n

o

' nucleoude pool could increase to Loxrc levels. Srnce the toxrcrty of GR, to cultured

' Drosophﬂa cells can be coun[eracted by A, AR and HR (iwyss 1977) and these are . the

'adults (Hodge and Glassman; 1967a).. Guarune deammase has beemashown s ¢ grade

84% of G fed to wild-type larvae (Johnson 19"8) ' ' \

As orrszrnallx h\potheSIZed (Naguxb 19, 6) the _nutrmonal pnenot\pe of ade’]

N
> L B

'suggests that it is defec[ive in de novo-biosynthesis of purines. However, radioactive

: . o ‘ - f

tracer studies on homozygous ‘ade2-1 larvae (Johnson, 1978) showed that de novo
a . ,fv . g\’! 3 ) . N _‘ . s B v . ,.

svnthesrs 1S normal in thxs mutant. = Instead, the data suOgesLed that guanine deaminase .’

o a.

‘acnvn,y was ureduced in ade2 1/ade2 1. If so, the concentﬁuon of thg guanine

4 . ' o’ b

'\, .
substrates which support ade2 1 homozygotes reduced guanme deammase acnvrty 1s a

e ”

: potentral explananon of the observed auxotrophlc phenotype Since ade3 ! homozyaotes

ate nutrmonally very srrmlar to ade2- 1/ade21 Lhe safne explananon ‘could account for

this auxotrophy, as Kl L '

‘4



Radioactive tracer. studies on bur-gua.’-{n/bui-gua.?-l larvae (Johnson, 1978)

showed that catabolism of HV, HR‘and" GR was increased over' wild-t_vpe, _carabolis'm‘ Al

Y

that ume, since the bulk of the endence supported .the noton that the auxotrophy

results from defective s\nthesrs of GMP the increased carabohsm Was simply consndered

' another aspect of the ‘generally unhealthy phenotyp‘e of the hornozygo’Les. When it

beeame clear that IMP deh\drogenase one of 'rhe WO enzxmes solel\ committed 10
J .

$o

oo GMP sxnthesrs is not responsrble for Lhe au\orrOphrc phenotv’pe Lhe data from the
v -
radibacuve -lracer Studies were re-exami . These S[lelES, now, appear to ,suggest that

rzuanme deamu&ase acuvm m{zhr be en nced The resulung 1ncrease i carabolrsm
(,J -. @ - .
- ‘ : , :

e uquL&v'resut in a ‘mutant requxrement for - exogenousa GR I ‘;
v, . j~ T - » _\ . @ ) - . »
_'.'};’%_;“‘ The exrracudn and assa\ procedures for determmauon of guan)ne deamlnase
(Sg}lé:\ J* i . ) . ""f u)) [ ‘. .

;ﬁ&yac'u.viry ‘ha\'/e ‘been described. rhe exrracr e\ uded urlease acnvm but) sdmeumes :

" . N . . - “
retained low levels of xanthine ox1dase (XO)'aguvm'. The~ guanine de’ammase, ac_uyivt_\‘

Lhermolabrle and as found by Hodsze and Glassrnan (l96/b) the-

A

"eamrnated G but not GR These WOTrkers also found that presumed

! J

P

5

ity rosmase acu u‘,\mretamed in the extract g@hrbrted guamne dearnrnase acuvm The
o - .

exrracts used rn ths study. all e\hrblted L?ﬁs activity, 1nd1cared b\ blackemne of Lhe

extract, and lost acuviry prqgressively, when hed aboye freezmg for prolongedv m,rervals.
R R B2 .0 ; ’ . u’“ . ’ CE . '
The ,as'say de[e.cr'ed guanine -dea‘minaSe activity, by, measuring the -produc[ion ofr

AN k]

; ‘DA in a mked reactron rnedra[ed‘bw XO The acuvm could be detecred more dérectlx

.

Fa ‘Aibm with reduced sensitivity (Shusrer 1955), by measurmg the degradauon <af G at

245nm or the smthesrs of X at ’70nrn Observauons at these wavelenzths showed the .
’;_. W [ . L B

expected drsappearancel ,of G and appearance of X.

)

T The reacuon was" rouunely rneasured for 10 minutes durrng Wthh it rernamed

hnear After this perrod the mgease in absorbance at 290nm generall» ceased,

1nd1caung that the produc[?can of UA probably stopped. Further svnthesrs could be

sumulated by the addmon of G bur not bv additional ahquots of either XO or the

f -‘J b. ! . \ s *

[ [
LI
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larval extract. \

- —

o The amount of actrvrty observed was proportlonal 10 the amount of protein in

<

'J
the assay if the protem concentratron was refatxvelv low. High protern levels (more.

. -

) than 3mg/ml) were shghtly mhrbttory *possibly due o the concommitghtly high levels of

However the nature of the mhxbrtor(s)" was not mvestlgated

-~

tvrosmase (see above)

.

Instead, the results presented in'Table 19 were generated in experrments ¢dn which the .

protein concentrauons were adJusted prior- 1o assay to ensure that .the,y fell well_below

the mhtbxtorv levels. Thrs proceddre has 1 gradded advantage of ensurmg that the

9 protein levels are similar in all of the extra'c s— Hence - the guanme deaminase acuvrties_

< The results of f‘ nine de'amin'ase" assays on. w'ild&“;type', ade3¥1 spd, ade2-1 -spd, * &

‘and b bur- gua2 I are presented in Table 19. WHorr;‘ozygotes Qf both ade:? 1 and

bur-gu@,? 1 have levels of guanine dearmhase actlvrtv wluch fall w1thm the ranoe of Y RS

wild - type act1v1tL§ The guanme deamrnase activity: detected in ade21 extracts is only .
[ - v) i . . "

la% of the wrld tfpe or 19% of ade3- 1 and bur- gua21 act1v1t1es

9

Cl"hese assays showed that ade31 and contrary to expéctauons bur*gua.? [ ¢have B

’ o

B “
v

w1ld type levels of guanlne deammase actrvrty 'l'he approx1mately 6x reductlon in- the

activity measured in’ homozygous ade2-1 larvae Supports the hvpothesrs rhat its

i auxotrophy may be a result of reduced catabolrsm of G. - : 3 o ﬁ

\"- §

Pltendme Determmatlon

N

‘ Hornozygotes of two of the mutants included in thrs study (ade21 and .- t
b} .
bur gua2 1) have visiblys altered eye -colours. Smce pterrdmes are dertved from purmes )
7 S

pterrdrne content of all three mutants was surveyed

- The ptendrnes were- examined by comparrng the 1ntensrt1es of spots on the

chromptographs. Since the accuracy of visual _cornparisons is‘ likel;y-(to suffer at low

Yo



. 84
TABLE 19: Guanine Deaminase Activities in vitro

B

Extract - - : specific Activity
\ wild-type 6.87 (£1.94)
b burgua2-1 - 5.20 (£0.24)
o ' o ,
ade3-1 spd - : - 5.37 (+0.56)
ade2-1 spd™ 1.00 (£0.15)

» :
Guanine deaminase activities were measured in extracts of homozygous
third instar larvae. The preparation of the extracts, and the assay
procedures are described in Materials and Methods.

Specific activity is expressed as nanomoles of UA produced/min/mg
protein.

The extinction co-efficient of UA at pH'BIO is 12.15 x 106. AN
values are the average of at Teast 3 determinations.

X0 was. present at approximately 30 mU/assay.

The proteih concentrqtion'(exc1uding X0) was from 0.1 to 0.7 mg/ml.

N\
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intensities, minor plendme components were ignored and the drosopterms were considered
as a unit. Standard solutions mcluded on every chromatograph allowed the 1denuf1cauon
of ’isoxamhoplerin, pterin and- xanthopterin. Sepiapterin. was identified by its presence at
Eigh concentrations in extracts of ¢/ homozygotes (Hadorn and Mitohell, 1951; No'c,
1954). In addition, identifications werc aided by the characteristic colours of e
pteridines. The drosop;tcrins fluoresce red, isoxanthopterin deep violet, pterin ©. ‘e
xanthopterin green-blue and sepiaptcﬁn ‘ye‘llow when visualized under ultravioiet light
The colours are panicufarly' valuable in discriminating iéoxanthopterin and xanthopterin,
and sepiapterin and ptcn)n which do not separate well in this system. Rfs were not
calculated because the extraction procedure was modified from the literature making it
unlik_ely that' the Rfs would co.nform with pul-alished values. |
The results are prcsemed in' figures comprised of 3 eclements. Representative .
chromatographs were “visualized under ultraviolet light and photographed. Unfo?tunate_ly.
the photographs are not completely accurate oonrayals of the chromatographs. Io
particular, Lhe‘ resoloiion based on fluorescent colours is lost, and the photographic
representation of intensities is sometimes misleading. The rcmainihg elements of the
figures serve 10 roitigate these difficulties (which will be mentioned, whero appropriate.
Ain the te;(t), Trace outlines; presented to the right of the photographs, show the actual
resolutiox_l of the spots visible under U.V. light. The problem of intensity is dealt with
in the third part of the figure which pfcsems a numerical eszirpate of the relauve
intonsit)' of each spot. This is, of course, highly subjective and is only intended to be

consistent within each chromatograph. ’ \

1. ade2- - ' x ,
Extracts of adel-1, ¢l ade2-1. ¢/ and "Amherst” (wild-type) adults are compared
in the four leftmost lanes of the chromatograph in Figure 3. The three lanes 10 the

right carry the standards, isoxanthopterin. pterin and xanthoptenn and illustrate an



E>

FIGURE 5: Pterﬁdine Analysis o 'ddéz-z - ‘ ' | ~\\\0J/

Adu1ts homozyqous for the eye colour aberrat1ons g1ven 1n
the figure (C) were collected and aged for ten days.

" Pteridine extracts were prepared and éxamined ‘using
descending: chromatography. The nrotoco]s are descr1bed in
detail in Materials and Methods. : .

. A. :The chromatograph ‘Was 'visualized w1th u.v. 1igﬁt,and

, photographed ‘

B. Because equally intense, but differently coloured spots
are indistinguishable in A, \\Qrace outline of the
" spots visible under "U.V. 11ght was prepared.

€. .The relative intensities of the spots under U.V. 1ight
were estimated on a sca]e from 1 to 8. :

The . spots are 1dent1f1ed in the centre between A and 8.
PT = pterin - SP sepiapterin  XP xanthopterin
IXP = isoxanthopterin DP = drosopterins 0 = origin

Lanes a, b, ¢ and d contain the experimental extracts
1dent1f1ed in C and- d1scussed in the text. :

+ .is the wild-type.

Lanes e, f and g contain the standards. :

e = isoxanthopter1n f = pterin g = xanthopterin



2
8
4
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t

important feature of the figures in this secLion.h Although all "o‘f the stanc&i"ards‘ zlire
spotted in similar quantities, their fluoréscem inte;lsities are quite disparate. This can be
important to an mterpretanon of the figures. As an example, 1soxanth0pterm and
xamhopterm which are dlsungmshable on the basis of colour, can have a »

@

disproportionate effect on the apparcm intensity, in the photograph, of the "spot” which |

includes both ptendmes ‘l
The extract m lane a, cl/cl is 1nclgdcd both as a standaid, te identify

sepiapterin, and as an expenmcmal lane, to examine the interaction observed between the
¢!/ and ade2-1 eye-colours As illustrated (lane a), cl/c! accumulates sepiapterin and has
reduced amounts of drosopterins and isoxanthopterin. (Note that neither of thgse
reductions are very obvipus in the figure.) The remaining pteridines are present in
quantities similar to wild-type (1anc 'Zi) | |

| The ptendme content of adult ade2-! homozygotes is shown in lane b. The
drosoptenﬁs are strongly reduced and xanthopterm is sornewhat reduced’ (see first
paragraph for comment on the intensity of this spot). With the possible excépuox'l of
isoxanthopterin, whxch may be slightly méreased the remaining pteridines in
ade2-1/ade2-1 are comparable to wild-type. The combined ¢/ and ade2-1 effects are
depi.cted in lane ¢. The amounts of pteridines present in the double mutant are |
generally intermediate between the two parent mu{ants, put moderated in the direction ofh
ade2-1. Thus, the accumulation of sepiap\yerir\l and reduction of isoxant/hopterin ‘
characteristic of cl/cl is largely blocked in ¢/ ade2-1/cl ade2-1. The exception is the

drosopterin group which is even more severly reduced in the double muntant than in

either parent mutant.

1. ade3-1
The re‘sultsvof chromatographing c/, ¢/ ade3-1, ade3-1 and "Ambherst” (wild-type)

are presented in Figure 6. The threé standards are present in' the righthand lanes. The



FIGURE 6:

.
Pter1d1ne Ana1ys1s of ade3-1
The figure is- descr1bed in the 1egend to Figure 5.

PT
IXP

pterin Sp

: sepiapterin  XP
isoxanthopterin DP°

drosopterins 0

xanthopterin
origin

Lanes a, b, ¢ and d.contain the experimental extracts
1dent1f1ed in. C and discussed in the text.

+ is the wild-type.

Lanes e, f and g contain the standard so1ut1ons

e = isoxanthopter1n f = pterin g = xanthopterin
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ptendme composmon of cl/cl is described in the previeus section.

"The ade3-1/ade3-1 extract appears in lane c. In [hlS figure, it appears deﬁcxcnt
in all ptendmes’ Hewever, this is an unusual observation, and since all of the .
ptendmes are affected cqually it is probably an artifact of this extraction. The results
in part C of Figure 6 reflect those commonly obtained. The ptendme content of ade3-1
homozygotes is directly comparable to the wild-ltype ‘content (lane d). Whuen cl
ade3 1/7¢l ade3-1 flies are constructed the adult eye-colour 15 indistinguishable from cl/¢!
alone. This is reﬂected in the ptendme content of ¢/ ade3-1 (lane b) and c/ (lane a)
~ homozygotes which are identical within the limits of the technique. In keeping with the

observable eye-colour, then, the pteridine content of ade3-1/ade3-1 appears to be

wild-type. , : .

3. bur-gua2-1 | -

The chromatographic analysis of the pteridines in bur-gua2-1 homozygotes is
‘ pfesentgd in 'Figure'7. The. standard solutions and-an extract of cl/c/ (previousiy
described) are included in the four righthand Ianés for thé usual purpose of
identification. '

An examination of the pteridine content of bur-gual-1/bur-gua2-1 adults (lane b)
shows no obvious changes from the wild-type pattern (lane_va). In view of the visibly -
mutant eye-colour in these adults, this is an unéxpected result. However, it has been
confiﬁm in numerous ref)etitions. Occasionally, the amount of the drosopterins or
~sepiapterin appears reduced, but neither change is consistemly observed.

When bur-gua2-1 and cn are présem together, the adult eye-colour in the
resulting' homozygote is light yellow. Since cn blocks/ommochfome synthesis, and bur
was assumed to affect pteridine biosynthesis, the eye-colour of the double mutant |
indicating deficiencies of both ofrlmochromes and pteridines, was not surprising.

¥

However, the apparently wild-type pteridine composition of bur-gua2-1 throws éoubt on



.FIGURE 7:

Pteridine Analysis of burguad-l
The figure is described in the legend-:to Figure 5.
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identified in C and discussed in the text.
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burgua2-1 is abbreviated to bur .
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this interpretation. Examinati'on of bur-gua2-1 cn/bur-gua2-1 cn does not clarify the
~ situation. The ptéridine content of cn/cn (lane d), as expected, is similar to" Wild-type.
The extract from the double mutant homozygote (lane c) is virtually identical to ¢én/en.
(In Flgure 1, the exu'acts in lanes ¢ and d, both appear unusually intense. This is
probably an a.mfact arising out of slight errors of concentrauon during preparation.)

The bur/bur eye- colour defect is more striking in newly eclosed f'hcs than in the
older adults included in the extracts kdlscussed so far. The head§ of young ﬂlCS were
examined to see whether this wa‘§ ;eflected _in the pteridine composition. Heads of
bur—gua.?-l/bur-gué‘?'-l adults exarninéd within 2-4 hours of eclosion, are severely .deficiem '
in the d;osopt'erins ?.nd slightly deficient in sepiapterin. These defiéiencies are reduced
over time, until by 30 hours post-eclosion, sepiapterin is present in wild-type amounts.
The amount of drosopterin present increases as well, but even in 10 day-old flies
remains somewhat below‘wild%ype when only heads are examined. In this procedure,
the comparisons are between the pteridines present in similar numbers of heads. The
eyes of bur-gua2-1 homozygotes are sometimes small and deformed which may be
responsible for the” apparent reduction in drosopterin contentb. Herver, such an effect
should also be seen in the_ extracts. On the other hand, the mutant eye-colour and the
strong intéraction between cn arid bur-gua2-1 would be in accordance with a redu;tion in
drosopterins. ‘

The differences between the observations from whole-body exqacts and head-only
squashes might ordinarily suggest that bur-gua2-1 flies have a tissue-specific pteridine
defect. However, the results so far are not completely satisfying. While the
simultaneous, though unequal, reducuon in sepiapterin and the drosop erins in young
‘flies is perplexing (As mentioned in the INTRODUCTION, although the biosynthesis of
pteridines is not known in detail, sepiapterin and the drosopterins do not appear to be

direct chemical relatives.) the apparent reduction in the drosopterin levels in older flies

seems insufficient to account for the mutant eye-colour. Although Gregg and Smucker |



-

(1965) found that there was often little correlation between eve-colour and pteridine
content. it seems likely that changes not detectable in this system must be present in the

pteridine composition of bur-gua2-1 homozygotcs.



v, DISCUSSION'“\ R

Because the same series of experiments was usuaily done w1th each mhtant in

& n.

o

®

this Study the results. of each experunent have ‘been presented for the three auxotrophs

K

sequenually This facilitates compansons among the mutants biit does hot encourage

formatron of an mtegrated picture of each mutant mdrvrdually This chapten commences . ﬂl
'y

- ! ‘ &

with an attempt to remedy this situation . and concludes With more general comments o G

arising from consideration \fthe mutants. E . : . o ‘

1. ade2-1 : \fk' , ' }
ade2 1 is an auxotroph which’ reSponds,. to AR HR or A, but not to H, GR or
G. The utilization of AR and HR requires the activity of gither adenosme kmase or
inosine l:inase, or both. Known. levels of activity. of APRT (high) compared with -
HGP’R'l' (low) are sufficient to explam why A, but not H, can satisfy the requirement
for an exogenous purine source (J ohnson, et al., 1980a' ¢). Because GMP reductase
activity is very low in Drosophila neither GR nor G can act as the sole’ purme source
. (Johnson, et al., 1980c). These conmderatrons (see lNTRODUCTlON for other
references) led to the proposal that the mutant defect in ade2-1 prolqa_bly lies in de novo '
IMP biosynthesis (Naguib, 1976). | o
Tracer studies in which homoiygous larvae Ofv ade2-1 were fed radioactxive .p.urines
or purme precursors (Johnson, 1978) showed unexpectedly % that de novo synthesrs
appears normal in this mutant. However, radioactmty is accumulated in the guamne
and guanosine poo‘ls suggesting that guanme deaminase activity is reduced. She suggested
that the accumulation on one side of the purine pathway could, through a regulatory
effect on de novo' synthesrs create an 1mbalance in the nucleotide pools. In the absence
of GMP reductase actmty this 1mbalar.tce could only be redressed by, feedmg an
adenosme source, re.s‘t;ltmg.in the observed auxotrophy Support for this hypothesis

derives from the studies of Wyss (1977"\. The, present ‘Study su’pports,lohhson_ s

96 o
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hypothesis by dire_ct enzyme assay. However, the enzyrﬁe studies meet none of the
criteria for suggesting that the ade2-I locus is the structural gene fdr guanine c{gaminase:
given “that the ‘reduction in activity is quantitative rather théh absolute, while Lﬁe mutant
ade2-1 is a rather "clegn" aﬁxotroph, there remains a real possibility til_iat the guanine
deaminase defféiency is a secondary mutanf defect.

The interpretation of experiments such as fhose in which I?rvae are transferred

. between media at various times is never easy. It is all the less so when the ‘molecular
basis of the phenotype being studied ié unknown, but suspected of being complex and
perhaps indirectly related to immediate gene -action. -

The nutritional definition‘of the situation with ade2-/ is clear. Sﬁpplememation
is reqﬁired in the second instar. An ambiguity remains; either it is not required at
other times, or additional supplementation either in first .or_ in third instar serve equally
well to support normal development.

Althqugh the peﬁod of nutritional dependency is early in development, the 1eti‘1al.
effect of the ade2-1 mutation is not felt until much later. Unsupplemented ade2-/

homozygotesl die during third instar after slow, but otherwise normal, léryal development.
| It is the biochemical; interpretation ol the results which gives cause for thought.
Even if we accept the Johnso‘n (1978) hy-othesis, the v‘questic;n rema&ns as 1o whether
the nutritionally s‘ensitjve: period represents z ‘ime for example, when (a) guanine
deaminase is ~critic:%ll)f active, (b) the %ccumulg}%gsn' of guanine derivatives becomes
: cﬁticai, (c) supplies of adeniﬁe derivAatwives beégme depleted or (d) .demand for adenine
derivatives becomes unusually high. This list By no means exhausts the poséibilities and
merelyiéerves as a reminder that experimen'.ts of this sort cannot, of themselves, define
the biochemical basis of a mutant phenotype.

The ade2-1 phenotype includes, in addition to the nutritional requirement, a

defect in adult eye-colour which is visible whenever ade2-] homozygotes survive. It

seems unlikely that two closely linked lesions, affecting two such closely related areas of
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rﬁétabolism, would be coincidentally isolated in a single mutant strain. However, the
eye-cdlpur phenotype appears anomalous,in the context of the accumulation of guanine
derivatives: GTP is the direct precursor of the pteridines, so it might be expected that
some of this excess would be channeled into pigment formation. Nqne-the-less. ‘
ade2-1/ade2-1 adults have significantly reduced levels 6f “drosomen’n, and adez‘.-l. even
blocks pteridine accumulation in cl/cl eyes. This result is consistent with the eye-colour
of ade2-1/ade2-1 but incongruent with the postulated elevated level of pteridine
p.recursor. | *@&

Given the currently incomplete Linderstand.ing of drosopterin synthesis and its
regulation, the resolution of this paradox can only be speculative. The pteridine content
of ‘ade2-1 and cl ade2-1 homozygotes suggests that either the availability of GTP or its
access (o the pteridine pathways is limited. The first possibiliiy is opposed by the
accumulation of G and GR observed in ade2-1 larv‘ae (Johnson..1978).

Given that Lheré is probably only one mutation in ade2-1, the second possibility
implies Lﬁat the pteridine pathways leading to eve-pigmentation are metabolically
»sequeSIéred from the general . purine pools. This could be a sim;};le geographic isolation
witilin the deAveIOping adult, or temporal isolation, since pigment formatioﬁ occurs largely
At the end of ‘the nutritionally-closed pupal phase. By that time, the nutritionally
derived nucleotides could have been depleted.

Either hypotl\lesis, spatial or temporal isolation implies that purine bic;synthesis. de
novo is a prerequisite for eye~pteri;iiné formation. Then, if elevated levels of & do
sug{press de novo synthesis; the accumulated G in ade2-/ larvae may have the
| paradoxical effect of reducing the levels of GTP available for pigment formation. Note
that, by citing ,G as the antagonist of purine biosynthesis, it is possible to avoid the
objection gat it could, itself, a;:; as a precursor, there being little HGPRT activity.

However, other, less eiegant, hypotheses can be generated which would allow, GR, for

example, to operate in the same manner.
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2. ade3-1

The auxotroOphic requireméms of ade3-] homozygotes are best satisfied by either
* AR or HR. Adenine‘, 100, is an adequate supplement for ade3-I/ade3-I and, as
expected (see INTRODUCTTON), supports. the survival of a significantly greater
proportion of the muta\ﬁt homozygotes than hypoxanthine. Both basgs promote the
survival of ade3-1 better t.han they do ade2-1. However, the severe developmerital delav
with H places it in doubt as a compound .which g;nuinel)' remedies the c.iefect in ade3-1.
« Indeed, the énly compounds which promote survival accompanied by near normal
devel,opment‘rates are thqse which rescus ade2-/ suggesting in this case too, that the
‘mutant may be defective in the de novo biosynthesis of - purines.

= There are. a number of compounds other than H which promote survival of the
mutant without supporting a normal rate of development. Naguib and Nash, (197.6)‘ ‘
have argued that survival under such conditions results from the generally im{:rgved
nutri't(ioﬁnal conditioﬁs which reduce other, unrelated, barriers to survival without‘
spedfically addressing the cause of the auxotrophy.

One curious feature of the auxotrophic phenotype is the response of
ade3-1/ade3-1 to'SUpplementation with RNA.‘ RNA was tested at a concentration which
provides each of -itS component bases at a concentration of approximately 3 mM. This
amount ‘of either AR or HR alone, supports the survival of a greater proportion of the
mutant homozygotes.ma'n the equivalent amount of RNA. Sirnilar behaviour is observed
with both ade2-1 and bur-gua2-1. However, because the RNA used is not of the |
highest purity, it iS possible, and perhaps even 1ikély. thgt this behaviour is a response
to toxic contaminants in the RNA. l

The auxotrophic phe 3type of 'ade3-1 is not very stringently expressed. The
same conditions which usually do n'ot peﬁnit the'survival of ade3-1 homozygotes, |

sometimes support Significant numbers of these individuals. For instance, GR, U and C

usually support fewer than 10% of the ade3-I homozygotes, but in rare cases, as many
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as 80% eclosed.

Attempts to establish cultures in which the auxotrophy was mor.e.strictly ‘observed
were unsuccessful. The data presented in the nutritional cha.racterizati’or‘l of ade3-1
~derive from an early gcnera[ipn of one such line. [Initially, fewer than 6% of the
homozygotes survived to adulthood on Sang's medium,‘ but by the time of the transfer -
experiments, which\ usc;d the same line, the proportion had increased to 6ver 20%. Tphe.
inability to permanently reduce the occurrence of escapers, suggests the presence of a
modifier-or modifiers in the original isolate of ade3-/. A mutation which .could reduce
the individual's reliance on exogenous purines would have an obvious advantage in some
conditions. Since the requirement for supplementation seems to be marginal in ade3-1, .
the effect of the modifier(s) néed not be large. Such a mutation, segregating in the
ade3-1 lines, might quickly become common.

These problems are offset by the discovery that the rate of deveIOpmeni of the
homozygotes is strongly dependent on diet. .'Génerally, if the nutritional conditions
always support the survival of large numbers of 'homozygoécs, these individuals develop
as fast as their heterozyéous siblir;gs. On the other hand,"‘Jin conditio‘ns which usually
: supp.on only a few homozygotes, thé homozygous ad_ults eclose several days later than
the héterozygotes. Then, even in circumstances where unexplained improvemem in
survival occurred, the deveiopment rate remained low.. It has been suggested (Falk and
Nash, 1974b) that slow devéiopmem can, itself, be considered an a'uxotrophic phenotype,
and certainly in the case of Aade3-1 , the mutant phenotype cannot be reliably
distinguished without reference to the development time. In all, the requirement of
ade3-1 for supplementation with an adenine source appears marginal, so that one might

suspect a somewhat "leaky"” mutation at the enzyme level.

The behaviour of ade3-/ homozygotes after nutritional transfers further illustrates

/

Lhe importance of deve'lopment time as a measure Of the auxotrophic phenotype; whether

the cultures were initiated on complete or restrictive medium, as long as access 10 a
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purine source was allowed at some time-(minimum 24 hours) dllring larval development,
homozygoug and heterozygous ade3-1 adults were equally viable. This again suggests
that survwal Ede.i [/ade3-1 individuals is only margmally dependem on exogenous .
purines. In contrast “the time required to complete development varies commuously
being measurably reduced by even limited sup};lementauon but remaining longer than
wild-type unless supplement is received for the durauon of the second and third 1arval
instars.’ kae ade2-1, it appears that ade3-17ade3-1 embryos contain a source of purines
. thch is sufficient for the needs of first instar, as measured by both survival and rate
of dévelopmer}t. | . |

" The nutritional shift experiments in which absolute, rather than relative, rates of
.‘devel.opmem ‘were measured, indicated a possible dominant effect of ade3-I on the rate
of ‘develop;nent. Even on complete medium, the developmem of ade3-1/SMS is delayed
by two days compared to ade2-1/SM5 or bur-gual2-1/SMS5. .On nucleoside-free Sang's
medium, the delay is .four days. In ne_ither case is the survival of the heterozygotes

affected.

-t

It is characteristic of ade3-1/ade3-1 ‘that under many nutritional conditions,
survival and rate of dévelopmem appear 10 be largely unrelated. _Since these aspects oé
the phenotype cannot logically be cons::ered as éeparate, the lack of correlation ié
interesting. It suggests that_the availability of purines functions in two ways as a
critica.lldetermipam of c}evélopment; first, a certain threshold supply is necessary for
survival, and second, development 1s ;k;\ced by purine availability.

- Compounds \;/hich support survi\‘)%l, but not .normal development rates: (H, CR
etc.) are apparently abie, eithé'r'directly ;)r indirectly, to free a supply of purines
sufficient only to meet the minimum threshold requirement. Whether these are wo
aspects of a single process or two .distihct' processes is not yet.known.

The question arises as 10 whether the dual nature of the purine requirement is

limited to ade3-1. Although, being l¥s ‘"leaky" than ade3-1, ade2-! and bur-gua2-1
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provide fewer instances fo; comparison, Lhe answer is that it seems to be a fairly
general phenomenon. Indeed, wild-type flies raised oo, purine-free medium survive ‘
elthough their development time is extended (Sang, 1956). This has been taken to
suggest Lhat endogenous de novo IMP biosynthesis is limiting even io wild-type (Nash
~and Henderson, 1982). If so, it accords with the contention that attainment of optimal
rate of development is numiionélly more demanding than simple survival.

None of the reported results conflict with the a priori ‘proposal th;at the ade3-!
defect lies in de novo purine biosynthesis. Unfortunately, the appropriate radioactive
tracer studies have not been done. The occurrence of homozygoué escapers suggests that
ade3-1 reduces the amount of purine biosynthesis without producing a complete block.
This assumes that homoiygotes cultured on. restrictive medium would be unlikely 10
survwe the complete absence of purines resulting if ade3-1 produces a complete block.
On the other hand if svnthe515 is merely reduced, slow -growing excapers are not
inconceivable, by analogy with wild-type larvae cultured without purines (Sang, 1956).
In view of their auxotrophic phenotypes, the absence, in ade3-/ homozygotes, of an
eye-colour defect, is consistent with the ade2-I mutant eye-colour only 1f the qde2-1
Qefect is presumed to have a much more severe effect on the pteridine pathways.

In light of this interpretation of the mutant bepaviom, the -cytological location of
ade3-1 becomes interesting. Henikoff et al. (1983) have examined a plasmid from
Drosophila whxch includes the gene, for phosphorlbosylglymnearmde formvltransferase the

enzyme catalyzmg the third step o ‘de novo punne biosynthesis. The plasmid is known

to hybridizé, as a unique sequence, to 27C on the Drosophila cytological chromosome
map (Henikoff, er al., 1981). Recent results (Kennison and Nash, unpublished) have
localized ade3-1 to a small region including 27C and preliminary experiments (Henikoff

and Nash, unpublished) have shown ade3-I homozygotes to have lit;le

GAR -transformylase activity.
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3. bur-gua2-1

The auxotrophic phenotype of bur-gua2-1 is the "strongest” of .tQ‘e three mutants
described in’ ths study; there is an absolute requirement for GR Unlxke ade3-1, and "
-even ade2-1, bur-gua2-1 is effectively non- leaky . The concentration of GR requxred is
high; at 1lmM neither the viability nor the' rate of developmem of bur-gyaZ-I/bur-guaZ-I
compare t0 bur-gua2-1/SMS5. »

Cosupplementatlon with allopurmol an mhlbltor of XDH and hence of
catabolism, does ~educe the concentration of GR required by bur-gua]-l/bur-gua.?-l.,' .
Tlns indicates first; that the GR pool per se does appea; to be deficient, and second '
that in the presence of such a defect, catabollsm is not suppressed suffxmentlv 1o -
compensate. Thus, it is not exclusively a barrier o em.ry Wthh regulates the level of
supplementation necessary. In fact, it: is possible that a high rate of catabolism ié the
sole cause of the strict requirement. | o

The survival of bur-gua2-I horpozygotes is not promoted by G at eny
ccncentration even in the presence of allopurinol. Presumably, the low HGPRT and v
high guanine deaminase activities (see’ INTRODUCTION) combine to block’ the
| utilization of the base. | | )
| The stringency of the bur-gua2-1 nutritional requxrement is also evident in the
larval shift experiments; the mutant homozygotes are completely mvxable unless an
€xogenous purine supply becomes available before the end of the first larval instar (prior

to which, the maternally derived su - sufficient) and remains available until the

beginning of the third instar.

It was not poésible, because f serimental design, to determine whether
bur-gua2-1 homozygotes require suppler. ~=:  continuously until third instar, or ohly
during the larval moults. The developmeri © . gua2-] adults reflects the extent

of the supplementation.
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The initial response to dietary restriction .takes the form; of delayed‘moult.
Following continued restriction, t’hev bomozygoﬁs larvae die, a.pparently without moulting.
This is the only instance, in this work, of mutant tarvae dying during the interval
”encompassed by the transfers .

Hoemozygous burgua2 1 individuals survive to adulthood if GR is supplied until
the’early part of third instar. Supplementauon need not be cont_mued unul puparla}non.

It appears ‘that the auxotrophic requirement for GR may be dominant; the same
initial number of eggs yieldé less than 60% as many hgte}oiygotes on Sang's medium as
on yeast-sSucrose mediﬁm. Their viability varies with nutritional conditions in the same

AY

way, ‘although to a lesser extent, as the homozygote viability. ‘What effect the. ' -«
: , a3

. nutritional conditions may have on the rate of development is not known since the

¥

heterozygotes form the basis of comparison in this calculation. ’

Homjzygous bur-gua2-1 adults have a deep red mutant eye-coiour. JIn
recombination mapping expcnments both the eye-colour defect and the auxotrophic
requirement for GR- were shown to be located at 2 55.8 on the genetic map. This.
location is shared by the prevxously known mutation, burgundy (bur), named for its
eye-colour. When the two mutations were shown to be allelic, the allele which unul
then had been identified as gua2-I becausevof the guanosine requirement was
redesignated bur-gua2-/. In addition to the mutant eye-colour, bur and bur-gua2-! also
share the auxotrophic requirement for guanosine.

A single chromosome deficient for bur was recovered éfter‘ irradialionyof
wild-type m’alés. ‘The deficiency, in which the C);tological interval 42B1-2 is deleted,
exﬁoses both the mutant eye-colour and the nutritional reqhiremem characteristic of
bur-gua2-1 hor_hozyéotes. Since the two phenotypes are associated with both known bur
alleles, ‘they cbscgregated consistently in a substantial number of recombination .

experiments and are uncovered by a single small deficiency, there can be little doubt that-

both the eye colour and the auxotrophy are governed by a single lesion.
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In view of the limited availability of GTP implied by the éuxotrophic
requirement, a pleiotropic effect on pteridine metabolism might be predicted. However,
despite the visibly mutant eye-colour the effect of the mutation on pteridine content is
not very obvious; in both bur-gua2-1 and bur-guaz I ¢n adults, the pteridine defect
detectable in the chromatographic studles seems msuffmently severe 10 accoum for the
visible eye-colour.

The major period of )pteridine synthesis in the head occurs toward thel end of
the pupal phase (Phillips and Forfest. 19805. ’As judged b& the transfer experiments,
the auxotrophic requirement for GR in bur-gua2-1 homozygotes. is satisfied before the
end of the third larval instar. Hence, the nutritionally closed pﬁparia must ha\./e a large
enough store of G, possibly inlthe form of nucleic acids in potentially dead cellls. 1o
support survival. However, the G store is éither insufficient for, or depleted before,s
pngmem formation.

The nutritional requirement of bur homozygotes is sausfled only by GR, a
pheriotype which suggests, a pfiori, that the mutant defect lies in one of the termin.al'
steps of GMP synthesis, either IMP dehydrogenase or GMP synihetase. In radioactive
tracer studies on homozygous bur-gua2-1 larvae (Johnson, 1978), it appeared that GMP
synthesis might be reduced. Since the intermediaie product, XMP, was not accumulated,
Lhe.data were compatible wi;h reduced levels of the first activity, IMP dehydrogénase.

In ;»aro enzyme assays showed that in third instar larvae of the original isolate
of bur-gua2-1, Lhe'activity of IMP dehydrogenase ‘was an order of magnitude lower than
in wild-type. This defect could explain the aﬁxotrophic and, if the need for de novo
GTP synthesis in pigmentation is assumed, the eye-colour phegotype.' However, it was
found that Lhe enzyme éctivity could increase to wild-type levels in sublines of‘ the
mutant, wuhout affecting either of these mutant phcnotypes

The probability of isolating- a single mutant carrying two lesions, both capable of

-producing the same phenotype seems, to say the 1east, verv low. Hence, the obvious
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explanation is that the transient reduction in IMP dehydrogenase activity was an artifact.
Satisfying as this would be, however, the idea is not really tenable. The observations
were too repeatable and the reduced activity too consistently associated only with
bur-gua2-1 sublines to be artifactual. i

One element of the original mqtant"phendtype. female fertility, was .correlated
with the IMP dehydrog’enase activity. Initially semi-sterile, the apparent fertility of
homozygous bur-gua2-1 females in.creasedf during the intérvalv in which IMP
dehydrogenase activity increased. The fertiiity of a number of ”indepe-ndent sublines of
. bur-gua2-1 was examined and it was found that defects at at least four loci

O .
(complementation'groups) could produce sterility. The varying degrees of fertility of the
remaining sublines may also be governed by the same loci.

It would not be surprising if females with reduced ability to synthesize GMP
were less able to satisfactorily provision the egg and hence were less fertile than normal.
In such flies, any increase in GMP synthesis would likely improve their fertility. In
this particular case, fertility and IMf’ dehydrogenase activity increased concommitantly.
It is suggested that ‘the enzyme activity, in fact, increased in response to selection for
higher” fertility levels. Since the enzyme activity increaéed gradkually‘, it is probably
affected by a number of factofs, possibly eve;x the same elemeﬁts involved in fertility. -
However, although a correlation was observed between IMP dehydrégenase activity and
fertility, a causal relationship has not been demonstrated. ' -

In addition .to a possible defect in GMP synthesis, the radioactive tracer studies
also showed that purine catabolism Qas‘ enhanced in bur-gua2-1 homozygotes (Johnson,
1978). As long as a defect in biosynthes:: wcS assumed to cause fhe requirement -for
GR, the high levels of catabolism were not considefed si'gxﬁfic,;ant. Hdwever, elevated

: w
guanine ‘deaminase activity, a defect which is compatible w1th all of the data, might
produce a dependeﬂce on exogenous GR by effectively depléting the in vivo pool 'of G

nucleotides. When guanine deaminase was assayed in extracts of third instar larvae, the
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activity found in bur-gual-/ homozygotes was similar to wild-type. ‘Unless the
expicssion of the biochemical defect, like the auxotrophic requirement for GR, does not
- y
persist until the laté third instar and thus’ would not be detected in these assays, guanine
~deammase activity does not appear to be hxgh in bur-gua2-1/bur-gua2-1. |
_ In biochemical terms, the sxmplest explanation of the bur auxotroph\ is still a
defect in one of Lhe enzymes directly involved in either the catabolism or biosynthesis of
guanine nucleotides. Two such enzymes, guamne deaminase and IMP dehvdrogenase,
.now seem to be_eliminaled fro_m consideration. . The enzymes which remain as
possiﬁilitjes are XDH, in catabolism, and GMP synthetase, in biosynthesis. Neither
possibilit'y is pamcuiarly" satisfying.

If the bur mutation enhances the activity of XDH, thé auxotrophic requirement
for GR can be explained, but the mutant eye-colour cannot. The difficulty here, is
that rosy mutants, which lack XDH activity, have an eye-colbur similar to bur
homozygotes. It is unlikely that both hfgh and low levels of Lhé same activity would
.result inl such similar eye-colours. However, it is worth r?membéring that despite the
fact that the involvement of XDH in both purine and pteridine metabolism is
well -defined, the relationship between the biochemical lesion and the adult eve-colour in
rosy homozygotes is not clear. |

On the diher hand, if the bur defect biocks, or reduces, GMP synthetase
" activity, then the substrate, XMP, should accumulate. However, the radxoacuve tracer
studies found only the usual amounts (Johnson, 1978). Unless the XMP is catabolized
witl}out reaching detectably increased levels, this defect in biosynthesis seems unlikel'y.‘
Tpus far, the simple enzymatic explanations of the bur auxoLroph'y have proven
unsatisfac\;ory. This leaves the 'possibility that bur is, instead, involved in‘ ‘the regulation

of purine metabolism. Because it is such an important area, the regulation of purine

metabolism is likely to be extremely subtie and complex.



V. CONCLUSIONS -

In the early work with auxotrophy in prokaryotes, it was often possible to
extrapolate from the observed mutant nutritional requirement directly to the biochemical
lesion. As the mutants included in this stﬁdy show, the problem is often not as simple
in Drosophila. On the basis of nutritional needs alor;e; it would be predicted that both
ade2-1 and ade3-1 ha;'e mu{ant defects in the de novo biosynthesis of pun’nes. and that
bur-gﬁaZ-] is defective in the synthesis of GMP from IMP. The .weight‘ of the evidence
favoﬁrs the a priori hypothesis only in.the case of ade3-1. Catabolism, rathef than
biosy‘nthesis. seems to be reduced in ade2-/ mutants. However, there is a discrepancy
between thev non- "leaky " nutritional behaviour of ade2-/ honﬁozygotes and the only
partial reduction in guanine deaminase activity which leaves this conclusion open to
‘ chaﬁge. The evidence is so far insufficient to identify the cause of the bur auxotrophy.

Despite being largely inconclusive in defining the biochemistry of the mutant -
defects, this study did shed some light on purine nﬁcleoside auxotrophy in Drosophila.
Whether this information will be applicable to fruit fly aﬁxouophs in general remains to
be &¥n. |

In genetic terms, the situation is fairly straight-forward; three au?(otrophic
mutants have been unambiguously mapped to distinct locations on the second
chromosome. The guanosine-requirer, bur-gug2-1 , has proven to be an allele'. of a
previously described mutation and ade2-/ and ade3-I1 are, each, the only. known alleles
of their respectivg loci. There is no reason, at present, to su’ppose that these loci are
genetically complex. The proximity of the two adenosine-requirers is interesting in this
context, but at a distance of 2 map units, the appearance of proximity is probably
illusory.

The lack of "simple” success in the analysis of pﬁrine auxotréphy in Drosophila
may be characteristic of eukaryotes in general. Auxotrophic mutations of purine

biosynthetic genes known in mammalian cell cultures (see Puck and Kao, 1982),
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demonstrate the existence and mutability 'of the relevant genes in higher eukaryotes.
Despite Lheir,auﬁtotrophic behaviour in cell culture, such mutations have not been
identified in man. Instead.'mutations' of purine metaboiism are limited to either
géalvage“ or catabolic venzymes (Boss and Seegmillér', 1982). .

This disparity be:weefi the cellular and organismal identification of mutations may
stem from the complex organization of 'animais. The same features‘ of higher eukaryotes
which may be acting to limit the range of viable mu.ations, multicellularity, size,
specialized tissues and organs, intefactive deyelopmental processes, may.also be acting to
reduce the ease with which such mutants can be analyzed.

The nutritional shift experiments were the first ever performed with Drosqphila
auxotrophs and helped define both the genes, anci the dynamics df purine synthesis,
accurnulation and utilization. .

Comrary to expectations, the three mutants have dissimilar tempo}ral patterns of
nutritional requiremcnt.. If. as has been suggested on other grounds, de novo purine
biosynthesis is already lin'fiLing (Nash and Henderson, 1982), it would _be expected that
any reduction would result in a continu_oﬁs reduiremeht for exogenéus purines.
However, vs}ithin the limits of the metrics employed (survival aﬁd development time)
only ade3-1 requires .cominuous subplernentation. The other two mutants each reqﬁire
only temporary subplei’nentation. Their periods of dependence overlap, but ar.e quite
distinct. - | | |

There are various explanations of a Lernpo.rary requirement for supplementation.
These genérally involve tissue or stage-specific nutritional needs or gene activities.

In addition to their periods of dependency, these auxotrophs ;lso differ on the
basis of aésociated dominant effects. Heterozygotes of bur-gua2-1 suffe'r" from reduced
viability, and ade3-1/SMS individuals develop élowly when cultured .without purines.

The third auxotroph, ade2-I, behaves as a standard recessive mutation.

~—
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Auxotrophic mutations producmg a dommant requlrement for pyrtmtdmes affect

carbamyl phosphate synthetase the rate- llmltmg enzyme of pynmtdme blosynthe51s (Falk

W

and Nash 1974a). By analogy, auxctrophic mutatlons resultlng in a dommant

requirement for purines might also be expected to affect the rate llmmng enzymes of (/ (\D
-
purine metabohsm However, this appears not to be true . of .ade3-1 whtch is defectlve '

i

in GAR transformylase an acttvxty not thought to be’ rate- hmmng m purme btosynthe51s
de novo (see INTRODUCTION)‘. The bur defect has not been"«.,defmed, and

consequently -cannot be discusged in this context.

~J¢.should be remembered that dominant effects are posslble in other ways than

-

hlS Regulatory defects, for""instance are frequently 'dominant. While the regulation of
de novo purme biosynthesis is not known in detail, the importance of thls arca of

metabolism suggests it will be complex. Hence the possible range of mutational lesions

may be larg

—

"An additional consideration }S that any step of a pathway may become hmlttng if
it is sufficiently reduced. Any time that a single wild-type allele cannot supply enough
enzyme activity to maintain the overall rate of the pathway, that gene may be expected

to have dominant mutant alleles.” The dominant effects, in such cases, may be

allele- spec1f ic.
In contrast to these differences, a feature common to these auxotrophs is the

. sensitivity of development rate to nutritional’ condmons Culture condmons suff1c1ent R

for mutant survwal are often completely madequate to support a norrnal rate of
development. Since development is a gomplex and interactlve process, its rate will be

paced by the most nutritionally demanding steps. When any of these three auxotmphs

are cultured in sub- -optimal, but not completely restncnve CODdlthl’lS development seems

1o "stall” temporanly Presumably, this allows the mdmdual to accumulate the

\ 8

nutnents required to proceed Thus, survival is ensured, but smce development occurs

P

in "fits and starts”, it is slower than usual.. -
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, Improverﬁents in the understanding of pteridiné bmbetabolism arising from this
stﬁdy are largely l{f)"pothetical.. On the one hand, the detailed biochemical relationship
between purine and pteridine mgtaboli_sm remains obscure. On the other hand, it is
abundantly clear, that gerietically the two are inextricable. With f_cw ‘exceptions, ade3-1
being one, purine auxotrophs in Drosophila are associated with defective eye-colours.
Within an overall theoretical framework linking purine auxotrophy and pteridine synthesis
to the maintenance of' balar:cbed purine f)oqls the ‘eye-colours of these mutants can now
t;e explained.

Despite a certain amount of progress in some areas, purine nucleoside .auxotrophy

in Drosophila still presents a fruitful area for future investigations.
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APPENDIX 1: Preliminary Mapping Data

I ade2-1 (from Naguib, 1976)

" Cross: S Sp + - + + ade2-1
+ ade?-1 + + ade2-1

Results: - S Genotype
: s st StSp StSpt S Sp

*# segregants surviving on 50 176 6 388
Sang's medium ' ‘ '

From the double recombinant class, S*Sp*, ade2-1 is Tocated
between S and Sp. The number of recombination events between S
‘and ade2-1 (176+6) is 3x greater than between ade2-1 and Sp-
(50+6). Hence ade’-1 is much closer to Sp.

11, ade3-1 |
Cross: S Sg + % + + ade3-1
+ + ade3-1" +_+ ade3-1
Results: . "~ Genotype
. s spt StSp St Sp S Sp
*4 segregants surviving on 103 99 - 394 290

Sang's medium
Average Development Time 19.3. 14.0 18.9 13.6

The frequency of the recomhinant classes must be considered in
conjunction with the development time since alone, the,
frequencies suggest the genes are not linked. The s Sp* and S*
sp* classes, develop on average 5 days more slowly and probably
include many homozygous escapers. In order to reconcile the
frequencies of recombinant classes, the gene order is determined
as S Sp ade3-1. Distance calculations are extremely unreliable
because of the escapers. ’

*Recombinants homozygous for the auxotrophy. are not expected to be
represented among the survivors.



130
APPENDIX 1 (continued): Preliminary Mapping Data’

111 burgua2-l

Cross: + + Tft % b bur +
b bur + b bur +
: . , _ o
Results: . Genotype S
: b Tftt bt Tft bFTftt DbIft
*# segregants’surviving on 1 316 0 5

Sang's medium

' The low frequency of recombinants makes it difficult to reliably
' decide the gene order. However, it is clear that bur is close

to Tft.

IV purgual-1

Cross: rdo hk pr + + + + bur
. +++bur x} + + + bur
Results: p ' Genotype ,
rdo hk + rdo + + + hk pr + + pr
bur + bur + bur 4 bur +
Recombfnants recovered | 6 d 8 0 0 4 0 7

The recovery of no pr bur recombinants suggests that burgual-1 is to
- the right of pr.

Map locations: S 2-1.3 rdo 2-53
. Sp  2-22.0 hk 2-53.9
b 2-48.5 pr 2-54.5
Tft 2-53.2

burdual-1 is abbreviated to bur.
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