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Approxxmately 1, 800 second chronosones of D. melanogaster have been

’

mutagen1zed and screened for the existence of auxotrophic mutants, esp—

ec1a11y those produc1ng RNA-requirement on Sang s. deflned meUium
novel mutagene51s screen, enploying "cr1ss-cr0531ng" of. the second

chromosome balanced lethals Bnﬁnr and, SMS/Sp, was used

-

F1ve putatlve auxotrophs were isolated : TMO, yaaB-J and yea§-1,

found to map near fft (2- 53 2), are heat—sen51t1ve and only responsive to
- The thi.ﬂ a "true" auxotroph ade2-1, is 11nked f

yeast supplementatlon
It‘%gspbnds to elther inosine or aden051ne but not to

- to Sp (2-22. 0)
-guanosine CItdds suggested to be genetlcally 1mpa1red elther prior. to
1n051nate formatlon or, Hlth some reservatlons, in the branches‘of purlne

Two other auxo—:~ B

b;osynthe51s leadlng to de novo adenylate productlon.

,tr0phs pyrz-l and pyr2-2 are alleles and- were found to be 11ned to bw
They respond to r1bosy1ated naturally occurlng purxnes and ,

(2 104 5)
In contrast, no. response was observed w1th the correspond-

pyr1m1d1nes
1ng unrlbosylated der1Vat1ves and Hlth pyrlmldlne precursors/' Enzyme

assays showed excess orotate phosphor1bosy1—transferase act1v1ty 1n

) RS TR
It 1s suggested that pyrzel and.pyrz-z are partlarly
Alternat1ve1y,

hv.

these mutants
defectlve in phOsphor1bosy1 pyrophosphate b1osynthe51s.

they nay be regulatory~mutants affectlng the-pyr1m1d1ne blosynthe51s
pathway Td “;ﬂffi_'. S L T g" | ;
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INTRODUCTION '

(<)

'AUXOTROPHY IN DRGSOPHILA MELANOGASTER

For a number of years, a wide range of approaches has been made to-“
*wards resolv1ng the mechanlsm by whlch gene actxon is regulated in h1gher
- organisms. Auxotrophy was a major genetic tool behind the solution of

- the problem in m1croorgan1sms Development of deflned growth med1um for
r*DrosophtLa meZanogaster (Sang, 1956) opened up the theroretical p0551b-
1lity of s1m11ar studles in a mu1t1ce11u1ar animal, However whenever
'attempts were made at 1nvest1gation of auxotrophy, the phenomenon seemed
‘elusive ' In the last decade, however, several breakthroughs have been
fmade (Vyse and Nash 1969 Norby, 1970 ‘Falk and Nash 1974) and what
dseemed unattalnable is now a well establlshed research field (see,: for

| example,“Raw1s~and Frlstrom,f1975). B ' ¢ ‘
gl | . .
Although ‘some fru1t fly charaéter1st1cs were known that exh1b1ted
vnutritionally mod1flab1e morpholog1ca1 defects such as antennaeless |
(Gordon and Sang, 1941; Begg and Sang. 1945 Gordon, 1959), melanotic
-Itumor product1on and suppre551on (Burnet and Sang, 1964 Sang and Burnet,
1967 Sparrow and Sang, 1974)’, !Kﬂ]l 1954, 1955 De Marlnls, 1966
‘a and b Frlstrom, 1969) and vermtllton (Tatum and Haagen Smlt 1941'
Bag11on1, 1§60) Systematic 1nduct10n of auxotrophs was started only
:,1n 1969 (Vyse and Nash 1969) Thls 11ne of research has been extended ‘
‘-.by Falk and Nash (1974 a and b) Nagu1b and Nash (suhm;tted for pub11c~ |
,.atdon) and Nash (unpub11shed) - Four main factors were beh1nd this
‘;'success rf";.;f:_ - ’j y v'

N

- (1) The ava11ab111ty cf EMS, a chem1ca1 mutagen potent in. 1nduc1ng

p01nt mutat1ons, but ne1ther excess1Ve1y tox1c nor act1ve as a

.



dsterilent.
'(2):'The availability‘of a chemicnlly-defined medium on which
'Drosophtla could grow axenically (Sang, 1956) »
(3).JThe availability of Drosophtla meZanogaster, 1tse1f which happens
to be eaSLly ble to genetlc manipulations in addition, it is -
bécked‘up by awﬁZ:e body of lieterature touching on almost every

. aspect‘of its life cycle

(4) The choxce of nucleotide metabolism as a field for Drosophtla auxo—'

trophic studies, since the chemical interconver51ons involved are
fairly well established and 51nce de novo nucleotide biosy?:he51s
‘ 1s}operat1ve, as evidenced.by lack of" w11d-type nucle051de equire{

ments. A block in the de novo biosynthesis should lead to auxo-

"trophy,‘given the presence offsalvage pathways.

The body of this the51s concerns studies on new, autosomally 1n;
herited nucleosxde—requiring auxotrophic mutants of the fruit fly
Rev1ews and compendia on the biology, genetics and blochemistry of
Drosophila melanogaster can be found in Demerec (1950), Lindsley and
- Grell (1968), Fristron (1970), Postlethwait and Schneiderman (1973), ‘/

‘Dickinson and Sullivan (1975), Nov1tsk1 and Ashburner (in press) and

Nright and Ashburner (in preparation) ‘ ‘ . : N

‘_Nuc_uwrms METABQLLSM

il
)

The follow1ng introduction surveys the historical development of
our knowledge of the genetic ba51$ of nucleotide metabolism Nucleotides
can be lelded 1nto two main classes: purine nucleotides and pyrimidine

»

nucleotides The systematic structural chemistry of these compounds is

-

revxened in Henderson and Paterson (1973)

[ Y



' ‘-.the growth of certaln mlcroorganlsms. " For example, Mo11gr\(1939) as

Purine nucleotides

Inltlal ev1dence for ‘the occurence of de novo blosynthe51s of
pur1ne nucleotides came from growth of mammals on low purxne dxets that g
could'not in any’ way account for the observed amount of growth (Socxn‘
.'189152 Studles w1th labelled compounds (1946~ 1951) led to the determln-
. atlon of the origin of each atom w1th1n the’ purlne rlng (Chr1stman, 1952;'
; Buchanan, 1958 Hartman and Buchanan, 1959), the ba51c structure oﬁ the |
.‘purlne r1ng is shown 1n F1gure-1 v These studles Were-followed {1951-
'1959) by the 1dent1f1cat1on of ‘the enzymes of purlnes blosynthe51s de
’ novo from plgeon and ch1cken llver (Buchanan, 1959 Hartman and Buchanan,'
1959 Hartman, 1970; Henderson, 1972 Henderson and Paterson 1973)
Prior to, and along w1th the 1dent1f1cat1on of the enzymes of pur1ne
'blOSYﬂthGSlS de novo, genetlc blocks caused by auxotrophlc mutatlons is-

'olated in Enterobacterxaceae,yeast and certain other fung1 have been

: used to establish or conflrm the blosynthetzc pathways of purines.

In1t1a1 exper1ments 1nvolved the use of nuc1e1c aC1ds or their .
derlvatlves as growth substances for m1croorgan1sms It soon became

ev1dent that certain der1vat1ves were "essential or rate 11m1t1ng for

réported by Pennlngton, demonstrated thatoadenine is required for'the

| growth of Streptobactertum plantarum whllst Pappenhelmer and Hottle;¢7.
(1940]found adenine to be necessary for the growth of a straln of .

| group A hemolytin streptococci. In the-latter case, hypoxathlne, '
Dguanlne, xanfh1ne, puanvllr ac1d or adenv11c acid cnuld rﬂhlqc-
-adenlne Snell and Mitchell (1941) showed that guanlne 1s essentlala :'

for the growth of Leuconostoc mesenterozdes
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pRobans and Kavanagh (1942) dcscr1bed the requlrcmcntS'of Phycomyces ;1h
hfor guanxnc and hypoxanthlnc Pcnnxngton (1942) reporpcd the effccts
~;‘of aden1nc, gunn1nc, and hypoxanthlne on Sptrtllum serpehs with, for the -
“first _time, emph351s on the 1nh1b1tory effects of certaln\purines on
v"phy51olog1cal activity of others Along these 11nes, El1%n and Hltchlngs J
'(1950) found that Lactabactllus casez, known to be 1ncapable of carrylhg .
' out folxc ac1d blosynthe51s could grow 1n the presence of thymrne and
fany of seVeral pur1nes They concluded that 1n th1s organism guanlne =

Cod '\5.' B

could be converted to adenine and vtoe versa..

Meanwhlle, as early ‘as. 1941"Bead1e‘and Tatum were‘argu1ng'that.to'

‘{%stUdy how genes regulate "the development and functronlng of an organism,

h;WhICh essentlally cons1st of an lntegrated system of chemlcal react1ons"'.
one should 1nvest1gate when and how genes regulate known chem1ca1 re-;

i_actlons, rather than attemptlng to solve the chem1cal bas1s of known

'::}genet1c characters g In other words, one should 1nduce and use what are

| presently called auxotrophs to unravel the relat10nsh1p between genes

K and blochemlcal pathways In fact, in the same paper Beadle and Tatum,_

':;us1ng x-rayé had already 1solated tryptoPhanless para amlnoben201c -
ac1dless, n1cot1n1c-ac1dless and several other b1ochem1cal mutants . |

; (auxotrophs) in Neuraapora craesa, among wh1ch ‘one turned out to be the

_f1rst adenlneless mutant (Plerce and Lor1ng, -1945; and Mitchell and

' Houlahan, 1246)

]

B Roepke (1946) reported the~1solat1on of pur1ne-requ1r1ng mutants
in Ebchertchta oalt Fries (194§§s1048) followed Wlth the f1rst guanlne-"v:"

'Zatum The f1rst mutants U

: less mutant isolated in Ophwstoma mul','

e db nova purlne b1osynthe51s :



/
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| ~:pathway prlor to 1nos1nate (IMP) formatlon were reported 1n E coZt by

ll

' f-Dav1s (1949) and Gots (1950) Abrams (l951) 1solated an adenlne requlr-_']

‘ﬁ1ng mutant 1n Saccharamyaee cerevtstae that cduld also grow on: hypoxan-;H5
B th1ne In 1952 Ushlba and Magasan1k 1solated a guan1neless mutant |
‘1'(P14) 1n Aerobacter aerogehes which Was found later to accumulate xanth—V'
~_:1051ne (Magasanxk and BrOOke 1954) ‘ They also 1solated another mutant _'4f}a
‘

'(PD—I) in A aerogenes that they descrlbed as blocked 1n purlne b1osyn-

'thesls db novo pr1or to IMP formatlon In 1956 Wh1tfe1d (1n N crdasa)
Tand in 1957 Gots and Gollub (1n E caZt) isolated adenylosuccinate lyase (then

i

elknown.as agenylosucC1nase) defect1ve mutants w1th whlch the latter
conf1rmed the 1nvolvement of thlS enzyme 1n two of the twelve steps re-
| qulred for adenylate b1osynthe51s dé'navo. In 4957 Magasanlk et aZ
'land Moyed and Magasanlk u51ng mutant E colt, A aerogenes and Salmon—'
eZLa typhtmurtum stra1ns, confzrmed the sequent1al conver51on of 1n051n--
'ate to Xanthylate then guanylate 1n the process of guanylate b1osynthes1s
from 1n051nate In the same year, Magasanlk 1n a reV1ew article, con-
cluaed that purlne-requiring mutants 1solated so far could be c13551f1ed_
.'1nto four maln groups group l_comprises those mutants whlch can grow S
"_}on any of the four common, naturally occurrng pur1nes (adenlne, guanlne,

conslsts of those mutants that utll-’

"flze xanth1ne or guanine but not hypdxhnihlne or adenlne, group 3 is made

'g,of mutants W1th a Spec1fic requlrtﬂ’

‘ .guanylate reductase 1n E ‘col’ (Hang

mm or. guaﬂlne and" group 4 of those ‘f_

"~ With speclfic requirement for aden1ne the 1dent1f1cat10n of

AL ihpsamk, 1960) and the 1501-. |

"_hation~of GMP-reductase defective mntants. the picture of purlne nucleo—~]t7~

.‘_tlde blosynthe51s, salvage utllizationiand»i"j“_r .
the following diagram (modified from Magwmk 'and mmm, 1960), the e

'. \-‘ -




L diagran represants a survov of the state: of knowlcdqe ‘of purine bio-}

'.<‘

',synthesis in 1960 and includes all the mutant blocks known from bacz

' fterla;at that time. For a more complete plcture of the pathway,

'see Fig. 2 and'3.

S-AMP'

LI

1]
T

. - d12 »,\,

Y

;ACP“.:f[phosﬁhoribosylaminoimidazole3Carboxamide)”_‘

S-ACP (phosphorlbosylamlnoxm1dazolc

| % oe-1

succ1nocarboxam1de)

-

1utants 31 and z16 are not auxotrophlc “hey would ‘be expected to o

grow on IHP and AMP but not on ”MP 1n oxrcumstances where le nove

b105ynthesxs is blocked

A
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A year later, Lev1n and Magasanik.(1961) reported for the flrst '

tlme enzyme repre551on 1n purine blosynthes1s In thelr study, they
\

followed the spec1f1c act1v1ty of phosPhorIbosyl amlnoimidazole carbox—‘ L

| am1de formyltransferase, inos1nate cyclohydrase (1nosinicase) and inos-1

: 1nate dehydrogenase in. adenine, guanlne and pur1ne requ1r1ng mutants of -

E. colt, 5. typhuwurtum and A aerogenes,_when grown on med1a with and
w1thout “ aden1ne and guanlne at growth limlting and at excess concent—»
ratlons N1erlich and Magasanlk (1965 a, b) extended the enzyme repres-

s1on stud1es ‘to phosphor1bosy1 aM1dotransferase, phosphor1bosy1 formyl-

v glyc1neam1de synthetase and phosphoribosy1 glyC1namide synthetase of

: extended the phenomenon to adenylosucc1nate synthetase and adenylosucc-‘

‘~,_1nate lyase

: general repre551on under condltlons of pur1ne sufflclency and become

A aerogenee.f Momose et aZ (1966 1967) worklﬂg wzth B. eubtzlta, :

Clearly, the enzymes of purlne biosynthe51s dé navo are subJect t

derepressed in mutants subJected to 11m1ting supplementatlon Wlth purvnes

In 1ts 1n1t1a1 phases the use of genetlc blocks in the 1nvest1 at- .

Y

'1on of purlne metabollsm v1ed w1th the use of "1nh1bit10n analysls"

ThlS approach crystalllzed in the late 40’5 and early 50‘s as'.a result

of observatlons that substrates of genetlcally 1mpa1red enzymes tend to

¢

accumulate 1n the medlum (Horow1tz, 1946) and that analogues of i meta-

bol1te tend to 1nh1bit the enzymatic conversion of that metabollte (see S

/

Sh1ve,_1951) Inh1b1tlon ana1y51s con51sts malnly in growing a given

g organlsm in the presence of an analogue, thus blocklng the catalytlc

actlvity of a speclfic enzyme, then 1nvest1gat1ng metabollte accumulatlon

A,

\
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fft‘fby thls organisn ln the absence of genetic blocks which were not

. Neasily obtainable until the development of fairly‘sophisticated select-.'

e 1on techniques, inhibition ana1y51s proved rewarding. For example,

"T}.Shive et aZ., (1947) observed the accumulatxon of aninoimidazole carb- »

.Lu

;;oxamide in E colz sulfanilamide 1nh1b1ted cells and concluded that 1t
:‘bvis a precursor of purines._ Gots (1950) and Shive (1951) using the same;fe?

o system to. which they added one or the other purine reported that purines"v

'-relieve the accumulation of the carboxamide derivatives.i This result is - ']_L

'f'clearly 1nterpretable as a manifestation of regulation 1n the de nova

"i‘pathway, although the authors did'not view 1t as'such With 1ncreased

* ";‘1nduction of auxotrophic mutations 1n the late SO's and early 60's, 1n-

hibition analy51s as an 1ndependent approach to thé 1nvest1gation of

v

purine metabolism waned HoweVer, 1n 1957 Gots described how purine :?\}>f3~."

-end-Products specifically 1nh1b1t the sYnthe51s’%f the 1m1dazole nucleus f“ﬁ“

1-1n an E, coZt nutant blocked 1n the conversion of am1no1m1dazole carbox-l

{

’amide. In this context the tern "feedback 1nhibition" was applied for

3_“the first time to purine metabolism This f1nd1ng together w1th the

.denonstration by Wyngaarden and Ashton {1959) in pigeon liver that the :
first irreversible step in purine biosynthesis 1s the 51te of feed—back
,1nhibition by end-products, triggered the 1nvest1gat10n of end product

inhibitionby purines.. Because of the lack of mutations in punne bio--

/

,synthesxs in: aninal cells a nodification of 1nh1b1tion analysis was ap-:" -

‘A plied to the problen of regulation. Thus LePage and Jones (1961) report-.

f 14

‘ded accunulation of reduced anounts o C-fornylglycinamide in. aza-ser- R

ine-inhibited—Erlich ascites tunor cells in the presence of adenine, ‘

guanine, hypoxanthine and those purinethiols (such as 6—thio-guan1ne ”".
and 6~nercaptopurine) that could be converted to nucleotides and pre— o

e N

. .‘ ;;;é



.ff were effect1ve because they are, analogues of normal metabolltes "sor,_;3:u

"'~¥ point analogue resxstant mutants were 1ntroduced as mater1als for study

'“_1sumably,»act as feed-back thlbltors Henderson, (1962] observed the :
o samc phenomenon in vttro 1n the. presence of adenine, hypoxnnthlne, ?5‘¥_Fn

A~guanine and am1no1m1dazole carboxam1de.,5c‘;v"3”f
e ; S S o

o . Studles on bacter1ostat1c agents Ied to the conclus1on that many ' :
' ‘ ‘\o i "“\v:.f.‘._-‘.

LR . v

v:t-example, the sulphanllamldes (whose effects 1n blockxng purlne blosynthes1s fﬁ -

f:were out11ned above) were shown by Woods 61940) and Frddles (1940) to be

‘”f”epara—amlno—ben201c ac1d analogues.' Para amino benzoic ac1d 1$ a pre-fiaﬂf_ff;”b”"

cursor of folate Whleh 1s, 1n turn, necessary as’ a formyl do';r 1n purlne

vl;vb1osynthesls as well as other processes such as th1am1n brosynthe51s

,‘(see Henderson, 1972) Analogues of purlnes were studzed systematically
o " ’..“.‘a :
I;,by Kldder and Dewey (1949), who c1a551f1ed them on the ba51s of thelr

-'I -

“ﬁftab111ty to sEPPOrt growth to k1ll and when tox1c to be neutralized by |

\ s ] .

' guanlne, in: Tetnahymena geZezt. AT gelett was chosen as a test organ1sm

'.':because 1t requ1res exogenous guanlne, guan051ne or gnanylate for growth.

A"HTavlitzkl (1951) concluded that 1n S cerevietae mutants defect1ve 1n :':'

“:late de novo pur1ne blosynthes1s growth stlmulatlng purines also produce
end-product 1nhib1t1on, 1nferr1ng that only those analogues that can be,

.‘hconverted to nucleotldes can produce end-product 1nh1bition. At thlS

l of pur1ne metabol1sm An early example of such a study by Elion et aZ

d(1953) showedtxhat a d1am1nopur1ne-res1stant strain of L. eaeet lacked

n?rmal capac1ty to lncorporate adenlne lnto nuclelc acids. Law (lSSE)a(

T > R

l,\and Anderson'and Law (1960) rev1ewed thls field extens1vely and showed

that analogue resistance was commOnly correlated wrth altered enzynatic

—.:‘

actlvity For exauple, 4 -d1am1nopur1ne re51stance was comonly assocmted o

v N
R T R P



should be extremely useful for studying”relationsths bet,een end—~:-'
product 1nh1b1t1qp and repreSs1on and for assess1ng the relative role of

,‘ each process 1n the.ecgnomJ of‘the ce11" In 1965 Momose et.,alﬁ, " 'Cﬂ -

, selectlng for guan051ne resxstance, msolated "derepressed" strains of

eubtzlzs, namely GR-40 and GR--75.~ These exhib1ted a derepression

b 24

TR

- of 1n051nate transformylase, yet repre551on was observed when the mutants

" ,were grown 1n the presence of adenos1ne and guanosxne It was suggested

R

. that. the mutan;s”must be alteredfin the regulator or operl or of IMP-

- ,transformylase espec1a'1y'slnce test W1th IMP—dehydrogenase d1d not show

. &

om

ik

r

R

R4

‘é
3

any ueordxnate derepression w1th the IMP-transformylase. Heslot et.
\ . .

.,,(1966) and Nagy,, : (19709 reported on a 6-azaguanzne re51stant
2 _

mutant in S&hzzosaccharamycec panbe.- This mutant.had i regulatory

fdefect gf the f1rst enzyme 1n purlne blosynthesis (phos hor1bosy1 amxdo L
;:f transferase), such that it had lost the capaclty to be feed back-inhiba J,

*'1ted

I R .



""jpurine blosynthesis anﬁ 1ts control For a ‘more couplete reVIew of the

“f;l subject see.Henderson (1972) A series of reV1ews .and catalogues of

“hf;-erences to. the many mutants now known

1~[ﬁfect was 1ncreaséa

Thns, there have heen four majer lines of study, apart from -

wrlistraight blochemlstry, that have led ‘us’ to our: present knovledge of

3 L

"hf,purlne (and other) mutants 1n microorganlsMS is aveilable, in S.,typtha h'*

;’ﬁrtum (Gots et.'n;;fL1969 Sanderson, 1970) in E. aolz (Taylor and

| "__';urmtter 1967 Tr1tz et. aZ., 1970), in s panbe (Gutz, ot. aZ ” 1975),
'in 8. cerevzseae (Pllschke et. al . 1975) and 1n'y_jcrueea (Laksh1m1 'fb

':and Wellman. 1975) The reader is referred to these for deta11ed ref- _,'

w .
M N 4

13,

Purlne mutants 1n hlgher organxsms are less common,1n humans, Seeg--,h R

'\— 1

;13sm111er et aZ (1968) related the Lesch Nyhan syndrome to a. defxciency-.
':i;?{&iln hypoxanthine-guanlne phosphor1bosy1-trandferase Howell et dz
: i??£(1962) related gout to glucose 6-phosphatase def1c1ency, wh1ch presum-
| ”ff;ably resulted in an increase 1n the endogenous phosphoribosyl pyrophos-
'”'?*ffﬁphate 1evel 1eading to an accelerated rate of purlne blOSYﬂtheSlS db

"7jfgnovo._ Dascovery of other pases of gout 1n whlch the pr1mary mutant de-

rty of PRPP-synthetasa (Becker et aZ 1975)

-\,_.A

‘_confirmed the relatlon betweenAglucose-e-phosphatase def1c1ency and gout. '

::ff_ In Drasophtla,fShultz and Mann (1951) reported the f1rst'RNA—supp1e-iﬁ |

.‘idisubstitutedifor RNA

: tofhave a domlnant requirenent.' In 1959. Hlnton N

In the same year, Hinton et4 aZ (1951) charaCs‘;',t

,rains Wlth requxrenents for adenine. None of the ‘im»A‘




la

/

i

*!k« :

' above requirements could be ascr1bed to spec1f1c gene loci. In 1969,

Vyse and Nash undertook a systematlc search for RNA-requiring mutants

and succeeded in isolating tmgvfequ1rers, one of which, 1308, exhlblted

a double requ1rement fo; purines and pyr1m1d1nes CVyse and San 1971).
Falk (1973), modlflcd and extended Vyse and Nash's.approach (1 69), is-
olating four purine requiring mutants; two (pur]—] and pur] 2) were ,
alleles that responded to elther adenosine or- guanosine. pur1-2 exhlbit-

ed a markedly better response to adenos1ne fadel~1 d, which was slow de-

~ veloping on nuc1e051devfree medlum, responded with normal growth rate

to adenosrne and -was guan051ne sen51t1ve flnally, gua]—l required
guanosxne for 1ts growth at 29 C |
A diagram of purine biosynthesiS’defnavo‘up to IMP formation is

shown in fig. 2 . This pathway is practicailyvuniversal, although the

regulat1on of each enzyme of the pathway ‘may vary from one organlsm to
‘the other. Productlon, 1nterconver51on degradat1on and ”salvage" path--

“ways for the formatlon of adenylate and guanylate are shown in fig. 3.

i

De n&vo productlon of adenylate and guanylate is unlversal too However,

'some m1croorgan15ms 11ke E. coZz and. related Enterobacter1aceae can con— o
-vert adenylate to guanylate and vzce verea Other m1croorganisms like

,Torulopses utzlts can convert adenylate to guanylate yet the reverse

v

conver51on is not p0551b1e Other mlcroorgaanms can only convert guan-

- ylate to adenylate as for example T geZezt and L Zezchmanzz (Browu,

1953)., Anlmals generally have. been thought Only to convert adenylate to

guanyldte (see DISCUSSION) Moreover, synthesls of nucleotldes from

bases or nuc1e051des also show dlfferences from one organlsm to the other

14.



Figure 2 . The pathway ‘ofvinosin?ate biosynthesis 3
de novo. This pathway is essentially similar
. in all species in which it has been studied.

' “Pa!
7 (From Henderson, 1972, with modification)

.
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/Fivgure. 3 . The p#éhways‘of intef.conver\sipr.\,“ degradation
~ énd ":sailvage :b‘i_qs'y‘nthésis', :of purine huCIeotiaes .
Several of the enzymes shown are absent from certain
‘vspeci_es, as d_eﬁdrib_ed in the'téxt.‘ ' (Mi;l'er and
Collins, 1972; Becker, 1974 with modification).
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For example; humans . produce hypoxanthine guanine phosphor1bosy1 transfer-
© AsAs Miller and Collins (1972) uszng Musoa domeattea ovaries, and Becker
‘_(1974) u51n2 D. melanoaaater tissue cultures suggest the absence of thls
'}enzyme from these organisms Nuc1e051de kinase also exhlbits the same
hindoofiheterogeneity,‘;In contrast, the conversion of_nucleotldeimong- “ﬂ
.;phospahtes to.triphosphatés is'absolutely uniVersal..'ﬁ |

I

" Pyrimidine Nucleotides’

The historical development of . pyr1m1dine metabol1sm followed»more

or‘less the_same pattern as purines Information concerning the genet1c

‘control and-regulation'of[pyrimidine biosynthe51s in microorganisms is

_ extensiyely reviewediby'Q!Donoyan and Neuhard (1970).

The pyr1m1d1ne pathway contains fewer steps than: the purine pathway
.- and, for the purpose of auxotrophic studies, can be con51dered "11near"'
:(as opposed to. the "bifurcated" purlne pathway) w1th the final product
V’CTP and UTP as the essent1a1 compounds formed Production of thymidy-
-jlate,_the deoxy compound, is. somewhat more complex than production of
v‘deoxycytidylate and the purine deoxyrlbotides The reactions 1nVo1ved

,%‘;n~pyrimidine_biosynthes1s are‘summarized in Fig. 4,,~;

_ Auxotrophic mutants responsive to uridylate precursors {1nc1ud1ng |
_cytidine and cytosine), to cytidine only and to thymxdine precursor!”are _:”"
known in various organisms Bacterial mutants blocked in carbamyl phos~{.
:phate synthetase (CPSase) requ1re both pyr1m1dines and arginine (see )
i'below) Mutations in UMP-kinase or UDP kinase are‘unconditionally\_ yi
iqlethal except~when leaky The 1eaky mutants do not . exhibit pyr1mid1ne-.'ﬁ'

;:jrequirement but accumulate the1r substrates in the culture medium._ They'?’b.



e

: Figure 4”7; The orotate pathway of pyrlmidine

nucleotlde biosynthesis de novo. This pathway

/ r

1s essentially 51m113r~1n a11 organxsms 1n

-

which it has been studied (Information derivedfl

from Henderson and Pateraon, 1973)
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220 .

,are reported to mimic constxtutlve regulatory mutat1ons affect1ng earller

»‘enzymes of the pathway (Ingraham and Neuhard, 1972)

The pathways of 1nterconvers1on and salvage ut111zat1on of pyr1m1d-

" ines are shown below

Some vatlatxons would be expected 1n the characterlst1cs of the ;_“
‘nutants, depend1ng*upon the capacxty of varlous organ1sms to ut1llze ex-
| ogenous pyr1m1d1ne sources For example bacter1a and yeast can convert
cyt051ne to uracil but an1ma1 cells cannot (Hahn and Lentzel 1923 .
= . | s '”- l.l and Beck et..al., 1972) Consequently, rudt-
lmentary mutants of D. meZanagaeter, wh1ch are blocked in early pyrimld-
fine b1osynthes1s do not grow ' on cyt051ne as they do on' cytid1ne
v(Norby, 1970) Equlvalent mutants 1n mlcroorganlsms grow on elther cye
v.t1dylate derlvatlve. Yeast, 1n contrast to mamma11an cells and bacterla, o
‘is not able to use exogenous thym1d1ne 51nce, 1n addltlon to the unxve\\fs L
1sa1 lack of thymlne phosphorlbosyl-transferase, 1t is devo1d of thymld-: E
“ine klnase act1v1ty (Gr1ve11 and Jackson, 1968) Thym1d1ne-requir1ng ‘
'mutants, defectlve in- thym1dylate synthetase (thy ) cannot consequently, a
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_:occur:in'yeast;;unless_as.double mutants5withﬁmutants_induced‘to incorp-
orate TMP into their nucleic acids. In bacter1a thy- mutants are report-' o

V ed (Okada at. al., 1961, 1962) They are characterlzed by elevated levels

.of thym1d1ne klnase, as can be expected Ln cases of starvation for TTP

. énzymes 1n pyrlmldine blosynthesis pr1or to UMP formatxon (see. g:ﬁlf‘i. o
;14) vary from one organlsm to the other, both with respect to the proper--u' )
vt1es of 1nd1v1dua1 enzymes and thelr regulat1on - In E. colt and S
-typhtmurtum, one type of carbamyl phosphate synthethase (CPSase), which '
~has dual substrate speC1f1c1ty for ammon1a or glutam1ne ls used in two .
}dlfferent pathways one concerned with- argxnmne product1on and the other,’
nw1th pyr1m1dine blosynthe51s (Abd El Aljé%\aal., 1969} Substrates of ;d"hv:
both pathways,‘as well as 1nos1ne, act as ster1c reghlators of the cataQ
,lytlc actzvrty of bacterlal CPSase.f In the case of fungl, 1t is, found ‘lf'
vthat two types of CPSase eX1st one spet1f1c for arg1n1ne blosynthe51s:’¥
.(CPSase I) and the other (CPSase II) for pyr1m1d1ne blosynthe51s (Dav1s,j
:1961) It was: also found that in these lower eukaryotes, CPSase II and Ny
'4the second enzyme of'pyr1m1d1ne blosynthe51s, aspartate transcarbamylase
;(ATCase) form an enzyme complex (DaV1s, 1960) In h1gher eukaryotes, the
'complex, whlch is found 1n the cytoplasm, also probably 1ncludes the
:th1rd enzyme, d1hydroorota5e (Rawls and Frlstrom .1975; Jarry and Falk
.1974) In eukaryotes CPSase is needed 1n pyr1m1d1ne b1osynthe51s, arg-
f1n1ne b1osynthe51s (except in anlmals) and 1n the urea cycle of ureote11c
_organlsms Those higher eukaryotes that b1osynthetlze argznlne .

mlghq[be expected to have two types of CPSase; one spec1fic for arg1nrne
}and the other for pyr1m1d1ne biosynthes1s Animals wh1ch have an ob11g—:
.ate dletary requirement for arg1nine, 1f they were-ureotellc, would also L

PR

fbe expected to synthet1ze two specxes of CPSase. Th;scrsx1ndeed;thevcase'f
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o

hrn mammals, uhere the’ 'ultochondrla contaln CPSase I and the cytoplasm of il.f_
h some t1ssues contalns CPSase II (Henderson and Paterson, 1973) In.iﬁlvxié@,
1ficontrast, if they were ur1cote11c they should exh1b1t only one type of ” dhé}

.j.’enzyme CPSase II Indeed 1n Dr‘bophtbz only one type CPsase II is '*ﬁf:

‘,a‘present (Jarry and Falk pers comm ) - The funct10na1 compartmental-;p

:A1‘1zat1on whlch 1s normal for the two CPSase enzyMes is not necessar;ly‘ .

> absolute, ‘since: a double mutant defective 1n CPSase II and 1n ofnithine S
. transcarbamylase (in ‘the arglnzne pathway) can be’ supplemented by argl-_-n»:"
: n1ne and _one: defec¢1ve in- CPSase I and ATCaSe can be supplemented by pyr-
h:1m1d1nes (Davls, 1967) A s1m1lar conclus1on can be drawn for exPerl-:3
f{ments on rat llver (Kesner, 1965) In higher eukaryotes, CPSase II is

‘}the farst enzyme of the pyr1m1d1ne pathway j It 1s therefore expected

: to regulate pyr:mxdlne b1osynthes1s dé navo. In contrast to PRPP am1do-: f

.fjtransferase,wh1ch regulates purlne blosynthes1s by be1ng feed back 1n~$

'_‘h1b1ted (see sectxon on purlne nucleotldes abOVe), it would seem that

; CPSase exerts 1ts regulatory effects by be1ng rate 11m1t1ng (Tatlh.na L :k}“
and Shlgesada, 1972 Jarry and Falk 1974), although 1t 1s also reported :

zthat it 1s feed back 1nh1b1ted by UTP CTat1bana and Ito, 1967) MoreoverA;-

'-‘1t has been demonstrated in. human lymphocytes that CPSase is 1nduced by |
.bphytohematoglut1nin (Ito and Uchlno, 1971) Whether thls is ‘a class-.”

' 1cal type of enzyme 1nduction rema1ns to ‘be seen. In'bacter;allon*the_ tiigxit

other hand CPSase 15 repress1b1e.~.

,() ATCase 1s the second enzyme of the pathway In E colz, S typhz—
;‘murtum and related Enterobacterlaoeae,1t is the f1rst enzyme un1que to
;ﬁpyrlmddine'bxosynthesls and mlght be expected to play a regulatory role, -

:it is feed back inhlblted by CTP (Gerhart and Pardee, 1962) In.eukar-
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: ryotes) UTP. acts as- a feedwback 1nh1b1tor However, it ;s reported that
: v ‘\.

- ATCase in these organzsms 1s not in anyway rate l1m1flhg to pyr1m1d1ne

LR S

' blosynthes1s (Hager and Jones, 1967 Tatibana and Ito, 1969) ATCase xs x-”

' reported to be represslble in bacter1a (Yates ahd Pardee, 1957)
mammalian systems ATCase is’ derepre551ble and Bbux et aZ., (1973) Te-.

ported 1nductron of the enzyme in mouse salxvarf glands

l] o . - Lo 'y
3

S . ) .
D1hydroorotase (DHOase), d1hydroorotate dehydrogenase (DHO dehase)

and. orotate phosphorlbosyl-transferase (OPRTase) are revers1ble ' DHOaseb”

i

;and DHOdehase are not reported to play any 51gnif1cant regulatory role
i1n the pathway They seem to beurepressxblt in- Enterobacter1aceae and ,t' N

.f,sequentlally 1nduc1ble 1n.yeast (Lacroute 1968) and fung1 in general o

{ e N

”(D'Donovan and Neuhard 1970) S e
,{in; OPRTase on. the other hand is more thoroughly 1nvestrgated

' yeast and bacterla it 1s spec1fic/for orotate (Dahl et aZ 1959*'

"Crawfbrd et. aZ., 1957 and L1ndsay et. al 19;2) In contrast the -f‘"
v ' .

same pyrlmidxne phosphorlbosyl-transferase (PPRTase) seems to be resp-“'\

3 onsible for. the conver51on of both orotate to orot1dy1ate and urac11 o T

' urldylate 1n mammalian systems (Reyes and Guganlg, 1975) As one: of theﬂ o

isubstrates of OPRTase 1s RRPP whlch was found to be rate 11m1t1ng 1n

‘purine biosynthe51s (Henderson 1972 Becker et. aZf’ l 75) 1t is . spec-A :

f:ulated that th1s enzyme may have regulatory effects en .YTIMIdine blO-" o

};synthe51s (Hoogenraad.and Lee,_1974) It 1s reported t;{t OPRTase 1s

a

.2rate limit1ng in pyr1m1dine biosynthes1s in Ehrllch 8S¢1tes cells -

(Shoaf and Jones, 1973) Mlcroorganisms starved for pyrlmldlnes accum_g._n, .

ﬂﬂnlate large amounts of orotate (Mltchell ét. aZ..,i; 1948 Yates and

w‘Pardee, 1956) 1mplying a pessible derepress;on of at least, the first




four enzymes of the pathway, lead1ng to rate llmltat1on by OPRTase bfn;fiff'd'f

faet Yates and Pardee (1957) showed that uraC11 starvatron results 1n

‘1ncreased synthes1s of all s1x enzymes of the dé navo pyr1mid1ne pathway.-afgil"

but Dennis and Herman (1970) showed that the synthe51s of DHO dehase is

‘not coordinate w1th synthesis g? OPRTase i In Drosophzld eIevated act-'fw'I’*

's1V1ty 1s reported for the fburth enzyme (DHQ dehase) in rudzmentary mut

ants, which are defectrve 1n the act1V1t1es of one nr more of the flrst

and Fr1strom, 1975)

;.bacterla and yeast OPRTase 1s not complexed to orotidylate decarboxylase

‘(ODCase)(b'Donovan and Neuhard 1970' Jund and Lacroute 1972) In humans o

~-and other mammalian systems, on the other'hand 1t 15 reported that OPRT—;,.'*"

'ase and ODCase form ‘an enzyme complex (Krooth 1964, Brown et aZ 1972
V‘VGrobner and Kelley, 1975 and Reyes and Guganlg, 1975) efects 1n OPRT-
‘fase are assoc1ated w1th the human disease, orot1c ac1dur1a and defects 1n

;RODCase w1th orot1dinur1a.‘ In'both bacterla and_yeast OPRTase is feed-

}back inh1b1ted by OMP (O'Donovan and Neuhard 1970 Umezu et aZ.,1971)

1_,ODCase on the other hand is 1nhrb1ted by GMP 1n yeast and CMP 1n mamdal-

{,1an systems

n mutants o

\

In 1970 Norby

requu-'_ -chetarr yrim:.dmes On the bas:.s




o

R T .'

of their response to pyrxmidine precursors, he concluded that r mutants o
N

must result from a block 1n one of the first two steps of pyrimidine

blosynthes1s,‘rW1th thefreport that d1etary pyrimidines restored female

fertlllty to r nutents whilst they had no effect on the fertility of wild

type flies fBahn “1970), 1t became definitive that the r locus 1s 1nvol-

ved in pyrimdine biosynthe51s.‘ In 1973 Norby demonstrated b1ochem1ca11y
11 that some r uutants have genetic blocks in aspartate transcarbamylase

o and suggested that carbamyl phosphate synthetaSe uight p0551b1y be 1:&01-'

ved too In 1974 Jarry and Falk prOVed the 1nvolvement of car amyl phOSﬁ” f'v

phate synthetase and suggested that r mutants may also be blocked 1n di-fﬂi"

hydroorotase.. Rawlc and Fr1strom (1975) demonstrated that r mutants are f:ﬁ

L §

defective 1n dihydroorotase 8Ct1V1ty Prior to Norby s discovery of the .
nutritional requirement of r mutants, complementation studies had been -
carried out by Fahnr and Fahny (1959), Green (1963) ‘and Carlson (1971%
The latter shoued parallel complenentation patterns with respect to W1ng
defects and fenale sterility
p?rlnidine requirement. Carlson had/concluded that the r locus is nade

of seVen conplementation units.a Jarry and ﬂiik 51mp11f1ed the situation

Bahn et. aZ (1971) extended this parallel to i T

to three nnim complementation units which map as/three contiguous genetic Q_Af_ -

reg1ons as shown 1n the following diagram fsy-'




sl

o

and leﬁs regulatdry~for the entire Incus. L

The region X contalns mutants which fail to complement with both B -

and C alleles. Falk (submltted for publlcat1on) has recently prOposed

that these mutants are in the reglon codlng for the ATCase polypept1de

whlch is necessary to stab111se CPSase 1n the enzyme comvlex

That » is 1ndeed the structural gene £pr these enzymes is su orted
PP .

by the f1nd1ng that levels of enzyme act1v1ty are. dlrectly proport10na1

to gene dosage W1th1n a glven sex (Rawls and Frlstrom, 1975) and that the»

:molecular welght of the enzyme complex is reduced substantlally 1n at

) least one presumpt1ve1y CPSase ATCase DHOase rudtmentary mutant ”j‘Y

]
"‘

'(Soderholm et al. 1975).

Clearl&, more purlne and pyr1m1d1ne-requ1r1ng mutants need be 1501-

ated and characterlzed.1f*Anuc1eot1de metab011sm in Drosophzla, as a rep5

!

L

resentatlve of hlgher organ1sms, is to be elucidated._ The present 1nves—g

wtlgatlon was undertaken in. th1s sp1r1t

LT

28.



MATERIAL AND METHODS

MATERIALS

. Stocks

The various stocks used in the present study are descr1bed in ' ,

" Table 1.

The usefulness of 1solat1ng auxotrophs in a homogeneous genet1c
background was argued by Falk and Nash (1974b) It was 1n1t1a11y deC1ded
to isolate .autosomal auxotrophs in the same "Amherst" background as .
they used. To thls end, an attempt was made to put the balanced lethal
:-system s M(2)S7 bw / dp Cy Inso pr cn - 8p.- (Abrahamson and Meyer, 1965)

'1nto’the "Amherst" genetic background by backcrossrng However, thlS
)

‘-‘comblnatlon turned ‘out to be lethal The use of Cy Xa/P, be system
k'(Fig. 5) would have ach1eved a 51m11ar effect as it would have y1e1ded
:i'flles 1sogen1c for all but the. fourth chromosome whxch presumably could‘h"
1kibe§}gnored When thls”ﬁystem was reJected, it was decided. to 1gnore the |
hibackground probl@h in order to save time Nevertheless, the. mutagenlzed

g,

‘ chromosome was to be kept 1ntact as can been seen 1n ‘the scheme f1na11y
ﬁ' P . B
o Coe e R - e

ﬂxadonted fqu 61 Th1s decxsznn wag hased on- the facts that

_“(1) TheqSecond chromosom

J/r

R

; bearing the mutants, or1g1nates from the
Amherst stock N | . R ’
5;(2) Any mutatlon 1solated coufd ea511y be put in the "Amherst" back-
ground, by substltutlng f1rst and thlrd chromosomes, as long as
the mutagenlzed chromosome ;tself was 1ntatt .

1'(5) There 1s‘hofguarantee that the ‘new balanced system would not be i

lethal 1n the "Amherst" backgronnd espec1a11y since the wa1

B ey
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Table 1: Descr1pt1on of Sto&ks '
Stock , : 4 B
0081gnaf10n. B Description* ‘ Source
1. ‘AMOr+>f_ o wild tyﬁe Amherst Oregoh ‘ 'Amherst College
o S ) , ‘ Amherst, Mass.
| 3, VI , 33k . e |
?f mr bs /bQ- ’dé ' mr ; morula (2-106.7) . Califdrnia
.b82,  blistered (2-107.3) = Institute of
wa?‘ brown-Variegated ‘“ Technology

(2-104.5), also known'
as Plum (Pm)

d333k, : .dachsous (2 0. 3)

(Cal. Tech.) .

Pasadena, Calif.

3. sp/sMs,ai’l, cy,1t”
2

sp. Sp 't Sternopleural (2-22.0) Cal. Tech.
' . SM5 ! most coﬂplete balancer A
, L for chronosome 2 :
Cy - : Curly (2- 6 1)
) a12 ¢ aristaless (2-0.01)
0w i light (2-55.)
ep° i speck (2-107.0)
] pupal L o L |
- t pu ; pupal, isolated from University of
| mutagenized stock 1 )perea (U.ofA.)
' . , Edmonﬁoh,
_ "« . Alberta
>-_al\ﬁb_b pr.c px 8p dp l I dumpy-(Z-iS.O)" i.l' Cai.iTech.
S b : black (2-48.5) '
4 pr . purple (2454.5)"'
e - : ‘curved ((2-75.5) - -
' plexus (2-100.5)
e \\\~ w” " . : brown Dominant ~  Cal. Tech.
o (2-104.8) . oo
”I" (2) 45 .' J  - 1 Jammed (2-41.0) . Cal. Terh;
.swabtt/ | BREREIE S
fooe B s I S S o
SMS al Cy u’ ap. S - : .Sta;‘(Z-I{Q)ﬁ; . Cal, Tech.
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" 10.
11.
13.
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* *For further 1nfbrnation ‘on mutants and aberrations- in stocks 2 -9
of Drosophtla melcmogaster by D.. L Lmdsley

;rpy#1ﬁ15/fk/f,'

.ZyinMl,alacy.ap?g'

- C95-11

C92-2
D15-15
D20-4

D22-7

rpyrl 1 f}/Y

Z-jlf;see "Genetic variations:
S and E H. Grell (1968) .

'f':iiﬂi.'

Tft

- SM1.. -

- Qild‘type

-rpgrl-i?'f

..-"‘

eyl

i abrupt (2-44.0)

1ight (2?56!)*

: ,Tuft (2-53.2) - . . Cal. Tech.
. Balancer . for all of S
, chromosome 2 .

1solagpd from ".f U ofiA;‘
'.mutagenized stock 1 .

w .
do.
do.

: pyr1m1dine»requ1rer. ‘ U"ef A,

(1- 54 Da

. C() RM yfyyf (Seattle)
, Ubackcrossed for ten -
 generations before
- being used to balance

ﬂ,:_.rpyrl -1

;pyr1m1dine requlrer C UL of ‘A.
- -{1-54.5) R

- .pyr1m1dine requ1rer U, of A.
a0 . (1-54.5)
- fX[Yj E

C(1) RM, y se su(w®® |

bb/y sedl s08R (Cal.

- Tech.), backcrossed .
" to stock 1. for 6. gen-. S e

erations before being

~used as a balancer for |
g ,'rpyrI-Io R -

31.



'Figure S . Protocol for an unsucchsful atteppt to
l “isolate. Drosophzla auxotroph*cxﬁﬁtgg&s on chrom-:‘
”fofomes 1, 2 and 3 simultaneously ﬁales in

S ﬂ_generation 1 were treated with- ethyl methane—

4

' .sulphonate and chromosomes marked w1th an asterisk f’;:

'-were derlved from these malesu
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L
F1gure 6 . The protocol used for J.solation of
‘ second chromosomal auxotrophs Wlld-type males
parents (from "Amherst Inbred" 11ne) 1n generr
:ffatlon 1 were treated Wlth ethyl methanesulphon-,"*‘
rf ate for 24 hours, us1ng the method of Lewis and \ 'x
" Bacher (1968) ' Chromsomes beanng potentlal '
'mtants are marked \uth Qn asterlsk SMS/Bn
(referred to as bw 1/SMS in the text) zygotes
- ",i,:producod in the second generation did not survzve e,

’ -‘facihtating collectmn of SMS/+* fhes



. /.]

.‘-

. Generation 1. 10Pm/mr9 | i Cox 5+"I+""‘d-

Generation2 . © .3SMS/Sp® - - x.  APmptd .

. Gelerstion3 . ~3SM5/#*® . - C ox . . ~SSMsAt4

: 5 : { 3 Dlscard cultures wit_hb'u'tf‘/?' iligig-(létl_ials) - l )

~ Generation 4 - T P g , ' .

| ~3SM5/+°9 x ~5SM5/+* 8 AND ' . ~3#+rQ x ~B+ TS

o e - - ) _Yea&t-su'crdse mediun

: )T (Permissive) T

‘ * — o ‘Generation5 - ' T * S

Sang's ti)edid'm (restrictive) | | "'S'tdckvcu;l'tures.' ' 'Sang's medium (restrictive)
-Score'progeny ' when - |~ 1" for'further tests | -|. .‘lnspect progeny for™ . .

- oquivalenthomozygotes '] [ . onpossible | . poor:.growth; suspect -
‘growpoorly. -~ - .| mutants.. g e ‘auxotroph .

—

" Yeast-sucrose medium '
c - (Permissive) - -




: allele 15 1nvolved A simiIar-mutant(bwu)thad,proved the'major
' stumbling block 1n the prevxous attempt to substitute the "Amherst"
background into the second chromosome balanced stock described

above.
Chemicals -

The suppliers of ﬁompounds used were as follows--
.." Fisher Sc1ent1f1c Co . Acetic ac1d glac1a1 Albumin, bOV1ne,:
‘Butanol (n butyl alcohol) CaIC1um hypochlorite, Cupric sulfate (CuSO
5 H 0) Magne51um sulfate (anhydrous), Phenol Reagent solution (Folln
'and Cxocalteau) Potassium phosphate d1ba51c (anhydrous) Pota551um '
'phosphate monoba51c (anhydrous), Propionic acid Sodium bicarbazate
(anhydrous), Sodium carbonate (anhydrous) Sodlum citrate, Sodium

jhydroxide Sodium phosphate dibasic (anhydrous) Sodium phosphate mono-

ba51c (anhydrous) Tr1s (hydroxy-methyl) amino methane (THAM)

Sigma Chemlcal Co.. Adenosine, d~ ;otin, Ca1c1um pantothenato,"

36.

Carbamyl DL aspartic ac1d Carbamyl phogphate* Cytidine, Dihydro DL-l-W'..»-

orotlc acid FOllC acid Guan051ne, N1cotinic c1d (niac1n) Orotic .
-acid (anhydrous), Pyridoxine Hcl R1bof1av1n, Ribonucleic ac1d (type,
vV sodium salt), Streptomyc1n sulfate, Thianine HCl (aneurin) Uracil

Uridine

) '( ;CN-K:and;K Laboratories Inc.: *Ethyl,methanesulfonate'(EMS); ‘ﬁf;y-_

ICN—Pharmaceuticals, Int-.; Agar_(granulated);'Breueris yeaSt'and71_'

SUCIOse.. L Lo '3‘,.: .

‘:f.b;:.u:.-y')é_.'a-a‘;.x a4

A‘v_
R L AR LY P S PR RWSE 0



ICN- Nutr1t1ona1 Biochemlcals Co f‘Casein, vitamin free;‘Chqlestrol
(scw) Lecxthln (egg).

' .BDH‘ChemiCals:* LB._Oxoid agar Noa'Su

Calbiochem' 0rot1d1ne @cyclohexylammonium salt), 5- Phosphoryl

rmbose 1~pyroph05phate "PRPP" (d1magnes1um salt dlhydrate)

Nuclear Research Chemicals Inc.. Oiotic_dﬁid-6-C14 (5}2 mc/mM)
(courtesy of Dr J. F Henderson&
J. T, Baker Chemlcals Co Magnesium chloride and mercapto-acetic

/
ac1d ST L L - L . e

R )

'-DispehSaries'thleSalesLtd;:“jPeniéillin (I,OO0,000“T.U,)e

EastMan Organ1c Chem1cals. 1»Phenyl-2-Thiourea5(eputtesy of Dr. R.

'dB Hodgetts) '€_':d¥;'ﬁ . *fv.-_fif R

v(courtesy of Dr. K.,L Roy)

m,

v

Eastman Kodak Co Kodak 11qq1d X~ray developer and rapld fixer

All compounds were of the h1ghest standard commerc1ally ava1lab1e

whenever 1mpur1t1es could 51gn1f1cant1y affect normal growth or viablllty

.

f'of the flles.:'»'

QMETHODS

\;Prnductzon of nedza

77*effMediaiasediaﬁdﬁtheif}pbmposiﬁjohfafe summarized in Table 2. .

'f%ff:Tﬁehtyefoufah6ﬁfsfbefofefﬁhe‘pfepafation'of'either yeastfsuerose‘:.t-Q

a7,



~ Agar (Oxoid. NO'S)'

<

Caseln (Vitamln Free)
Sucrose o
Cholestrol -
‘Lecithin
Th1am1ne
Riboflav1n
N1cot1n1c Ac1d

Ca Pantothenate

'; Pyridox1ne

Biotln 1,”
FOllC Ac1d :
NaHCO (anhydrous).

KHZPO (anhydrous)._.
K. HP04 (anhydrous) S
. n)lgSO (anhydrous) o

Streptomyc1n §
Penic1111n *

_ Water Lo

'Breﬁgt's Yeast

o Tabie.z:'vMedia used and their composition

o Deflned Med1um

2. 60
5.50

75000

30. 00

© 400.00
,0.2

0.1
1.2
1.6

- 0.25
- 0.016.
R T I
140.00 -
A~183'00‘
189.00
62, 00
_-Azo,op,.'
25,000
" To 100

g o

g

mg

g

mg.

"'Déad’YéasteSucrose Médium

- Sucrose

‘Granulated Agar &

»

12,5
‘10,0
2.0

g
g
g

When added:
RNA 1400.0
= Adenos1ne” 133.6
~_Guanos1ne 141.6
Inosine 134.1
* .Uridine 12201
Cytidine © 12106
.~ Adenine’ 67.6
Cuaniné' 75.6
Uracil 56.1
Carbamyl Phosphate‘_ 76.5
~ Carbamyl’ Aspartate - 88.0
"Dlhydroorotate 79}1‘
; Orotate ‘78,1
';Orqtid;nq; 192.7
1Whéhiaddea:f
 Penicillin * | 25,000
- Propibnié Acid * 1.0
  StreptohycinA 20.0.
Na HPO, 430.0
| NaHzPO 4 276.0
Water ' .90

mg -

ng

mg
mg.
ng

* %
* %
*n

* %

mg -

g
mg
mg .

mg

* %k

%

mg -
mg .

iu

_m1 

mg

mgi'

ml
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Table 2 (continued) -

ﬂ.Agﬁr_ j  

‘”Bécfdégaf

_ Dextrose o
'Bactopepthe;“

.BactoyedSt extract

Arginine - - -
Lysine -~ '

Adenine
Methionine

G

*h

5.0 X 1073 |

39;.'

. Egg laylng med1Um

1. 5 '8
' Water_

- Microbial testing medium .

2.0
2.0
. 2.0
1.0
2.0
2.0
2.0
2.0

added after autoclav{ng

or in appropriate d11ution when used at concentrat1ons other than-
o ' , _ 4

.Modlfled Drosoph11a

'H 0

" To make I X dilute

2

) Nacl ‘
Kel - -\
Cacl, ‘

2

o Uracil .
';_Histid1ne

. Threonine

Pr0p10nic Ac1d* 1.0 ml.

100 ml

2.0
2.0
2.0
3.0
35,00 ¢
2,0
2.0
"To 100

Tryptophan

- .Leucine -

Tyrosine
‘-Phenylalanlne

Water A .ml o
‘:/’k./

/

R1nger (EBR's)

'7-100 0 ml
7 5 g

.35 g

21 g

ten. times.. .




»/ .

\medlum or Sang s defined medxum, test tubes, caps and beakers (1n the
case of manual pourxng) were completely encased 1n foil and autoclaVed

2 2for 20 manutes at 121°C on' wrappéd cycle.g‘xlfdfe'.

When preparing yeast sucrose med1um, dry 1ngred1ents and the ap-

~;propriate volume of‘streptomycin were stirred into the appropriate volu ’

vume of water before autoclaving'for 60 m1nutes aq 1sotherma1 - lOO°C on

‘:llquid cycle ijf?v;:}:“’ f,rv”‘ffif7‘fﬂdfoiilkft"

With respect to'Sang's medlum preparatlon a11 components but agar,
;”cas'dn“sucrose, cholestrol and 1ecith1n were used as stock solut1ons }‘
‘[stored at 4°C Cholestrol and lecithrn were dlssolved in 95% alcohol

R then the alcohol was gradually evaporated and replaCed by double dis-

'i?tzlled water.. Nhen deal;ng with the preparatlon of varloUS concent-)-,? o

;ﬁlrations of a certaan supplement, a stock solutlon (ten t1mes the highest

»JFconcentration to be prepared)’was made and thé/varlous concentratlons

ﬁ?were prepared by serial dzlutrons from thls stock solution, except 1n
; the case of adenosine and guan051ne when used at concentrations higher"
-:than 5 x 10 SM' It uas,/then, necessary to weigh the material for

f;each concentratxon independentIy_u;;;':1__.”,

-

Microbxal testzng meddum Was kindly supplred by Dr. R. C von

:iBorstel

Matorenance of ;nsae-‘coaaizmx"j._



= _.._o‘ffthe‘;'met_hod' ijséd by"‘Fa_l‘k_’ ae73):

\“

vApproximately SOO adult f11es were left for six:hoirs ln_a halfr
p1nt bottle, coated w1th a: paste of 11ve yeast.,wThehffies'were then |
transferred to a fresh half-plnt bottle, tightly closed w1th a (60 i .
: 15 mm) plastlc petrt d1sh contain1ng egg 1ay1ng medrum (Table 2) ,A{l
scrap oﬁ lrve yeast paste was placed on uﬁe s1de pf the dlsh The‘
females were allowed to- lay eggs for a perzod of 12 = lS hours lafter
whxch the egéﬁ?ﬁere collected w1th a brush and 1ntroduced into a screw-
capped K1max culture tube (20 X 150 mm), three quarters full of freshly
prepared f11tered 3% calclum hypochlorlte. The tube was then f1lled to
‘ the top with calcxum hypochlorlte capped and shaken at ten. mlnute ‘in-
| tervals for half an hour Then the cap ‘was removed the open1ng of the
tube flamed and about three-quarters of the calc1um hYpochlorlte sol-
utlon discarded “The remain1ng quarter, containing the eggs was f11-

J '

tered through sterzle fllter paper and glven two successive r1nsings

'ﬂ;fu,ﬁp,sterlle Drosoph11a Ringer (Ephru551 and Beadle, 1936) Ster1112edi

°

embryos were then transferred to a culture tube on a. port1on of the )

. A
P

Tt

filter paper
Bstabllshed ster11e stocks were ma1nta1ned 1n shell V1als, capped
with Kaputs (Bellco Glass Inc ) For routlne malntenance, 20 - 30
i newly emerged adults were leff'ln tubes for three days then transferred
‘ to fresh tubes for one day and drscarded. Nhen large numbers of flies
from a g1ven stock were requlred newly euerged fl1es were kept 1n |
fresh v1a13 for a period of three days, after which they were trans-
ferred daily to fresh tubes for~about four days Sterlle stocks were

E grown at 25°C jn incubators kept exc1031vely £or axenic cultures



Hahdling of flres was carrled out: elthsr in UV sterllized rooms or en-

closedbhoods. To minimlze the chances of 1nfect10n, ant1bLot1cs were

-

added to the culture medlum Suspect cultures weTe checked for 1n—v j

fection’hy streak1ng onto a plastlc petri dlSh (100 X lSmm) containing'

microbial testlng med1um (Table 2) s '~,',

Mutant selection o .g: "“"IV:TH.

i

Compared W1th systematlc 1501at1on of mutatlons 1n mlcroorganlsms"

-

' and on the sex chromosome of Drosophzla meZanogaster, Wthh 1s eSSent-“"

1ally hap101d in males, 1solat10n of autosomal rece551ve mutat;ons is

'rather d1ff1cult to*carry out. This d1ff1cu1ty 1s 1noreased when ax-

—enlc cultures are requlred as is the case with - 1solat1ng nutrltlonal
,l\ -

mutat1ons The problem can be approached 1n two basrc ways

PR/ - LN B
’ . .

4 nonnaxenlc cond1t1ons, then deal1ng w1th the g1gant1c task of blow1ng
. , N

up and ster11121ng the Ahtagen1zed stocks ‘ Th1s approach places no lim-

: 1tat10n on the spectrum of balar ~d lethal systems that could be used to

carry out the screen under aXenlc cond1t1ons The alternatlve is to.

carry out the screen under axenic- cond1t1ons Although th1s second
< : : 2
f approach overcomes most of" the shortcomlngs encountered w1th the f1rst

one, 1ts prerequ151te is a mutagen1zat10n sehpme in wh1ch all stages

o

are adequately V1ab1e 1n Sterlle cultures, add1t1onally, 1t s im=

Coy .t,

pract1ca1 to use a dlsSectlng m1croscope wh11e ma1nta1n1ng axenlc

condltlons, whlch 11m1ts the spectrumfof balanced lethal systems that

C e -

-

ea511y detectable Hlth the naked eye,» Such systems are falrly rare

LS~

.

The f1rst 1nV01VeS carrylng Out the mutagenlzatlon program under ‘

“ could" be used to 1solate nutr1t10nal mutatlons to those carrylng markers

s

42,

e

B The fbllow1ng sect;on will be concerned w1th these two aspects gjiézitgh



,mutant 1solat1on The protocol in Fig. 5 was 1nit1a11y carried out jin"

43.

an attempt to 1solate under nonaxenic - conditions, autosomal COﬂdlthﬂal

o nutr1t1ona1 mutatlons on the f1rst, second and third chromosomes of

B D, melanOgaster, S1mu1taneous1y However, it soon became ev1dent that
the yleld of the system 1s‘very low (see/Table 4) for several. reasons.
"},First the genome of the Cy—Xa f11es is overloaded w1th chromosomal b

vaberratlons, which resulted 1n partial 1nVLab111ty of th1s genotype‘ |
:.Secondly, the scarc1ty of the Cy-Xa genotype, together w1th excessive ©
‘handllng of the cultures requ1red for the collect1on of - v1rgln females,
_cu1m1nated in a 51gn1f1cant loss of mutagenazed stocks owing to severe
1nfection Thtrdly, the presence of numerOUS translocatlons and in- |
"versions in the balanced lethal system resulted in several breakdowns
of the cy-xa chromosome, presumably due to 1nterchromosoma1 effects

upon recombznatzon, wh1ch made the ‘screen unsu1tab1e Hence, it was

dpc1dqd to adopt a system that would screen one, rather than three
' ’

chromosomes hoplng to avoid’ some of the p1tfalls encountered with the‘

previous screen Th1s screen is shown in F1g 6 F1rst of all,
4t'attegpt at substltutlng the balancer SMS/wa for ‘the" XX/Y Cy—Xa/P
‘ysz one was’ made This change w0u1d allow 5creen1ng under axenic con-

"drtlons, as no mlcroscope 1s needed to detect the bw phenotype ' More-

vover, ‘the absence of recomblnants among some 300 progeny resultzng from-

: hthe ¢ross .SMS/ al dp 9 pr c px 8p 2. X al dp b pr c px 8p d’ had

’-’already, conf1rmed Llndsley and Grell's (1968) descrlptlon of SMS as

/
the best second chromosome balancer. It turned oyt, however, that the .

partlcular combinatlon SMS/wa' whlch was chosen is lethal Thls draw-

vback became, nonetheless,,the focal p01nt behlnd the success ' of the -
L / v . v .
s scheme preéented 1n Flg 6

: L. //
/o



_Teble 5 Mutat1on screen 1 - Success rates in the product1on of homo-
zygous recessive lethal-free- stocks after IMS and ‘control

treatment

-~ " Treatment -

. Sex of‘Proéeny

Generation 2

Cultures set
~‘Cultures failed *

' Success

Generation 3

" Cultures set o
Cultures failed * _
Number of successfulrtube$'

: ReceSsive lethals

Number of tubes y1e1d1ng homo- -

zygotes

Number of tubes y1e1d1ng homo~_'

zygotes of .only oneé . sex

Number of homozygous strains e

establlshed
Succeseningfs-

~ Overall success **

4

?

127
St

106

o 44

47
27

EMS (9.6@),"
P

83.5% 42.6%

20
33 .5
73 15
.
29 6
5 1
12405
22.6% 25%

18.9% 10.6%

¥

Control‘(l&sudrdse)‘

¢
83 74
4 15
95.2%  79.7%
79 . 59 .
21, 31
58 . 28
2. 3
56 .25
'S6° .. 25
L 70.9% 4243
67.5%  33.8%
. 51.6%

r Cultures ‘Irm which it was not posslble to set'a- further generat1on

% cultures yielding enough fer&lle wzld-type f11es to make homo- :

zygous stocks
. R .-

44,




The detailed operation of'this‘scheme is described:in the ensuing
;section;; -
Mutagenic tredtmeﬁt and first generatian cross
| Males 24 - 48 hours old were treated w1th ethyl methanesulfonate
- (EMS) as described by Lewis and Bacher (1968) The concentratlon of

6. 4 mM (0. 06 cc EMS in 100 cc l\ sucrose) was used at f1rst WIth a.

s,

: yield of 66% recess1ve lethals as est1mated from generatlon (3) (see RESULTS

N

Table 5). The concentration was. then lowered to 4.3 mM (0. 06 cc EMS in
150 cc 1%. sucrose), g1v1ng a yield of 50% rece551ve lethals The EMS

©
treatment was carrled out 1n steril1zed half pint m11k bottles, contaln-

ing a pad made of one Kleenex t1ssue wetted w1th 10 cc of EMS solutlon
“The bottle was plugged wlth cotton wrapped in two Kleenex The bottle

and plug were topped w1th foil to exclude microorganlsms Elghty~malesj'

'_ were 1ntroduced into each bottle _ After 24 hours at 25 C they were trans-

ferred d1rect1y to an empty ster1le bottle plugged and topped as des- "_,”'

~ cribed- above "To this p01nt the flles were handled in a UV ster1112ed f‘

fume hood rather than 1n a ster1le t1ssue culture chamber After one or L

‘two hours the males were etherlzed and used to set generation (1) cul-~
tures, by mat1ng groups of f1ve males to’ ten v1rg1n bw /hr females |
The delay in- sett1ng the crosses presumably allowed the males to "dry-f,f:
out" after contact with the éﬁé‘solutaon ; W;thout the delay, they tend-~
. ed to stack to the culture medium after ether1zation Prior toimatlng,
the vrrgins were. aged about a week to ensure v1rgin1ty. Older females:
also produce progeny at a more precisely predrctable t1me after matxng
“than- do younger:ones. The parents were normally discarded after seven

days.

»



46.

The aeaond generatton oross _' \\-h“‘ | N '
Every other day, bwvj/+* males, from the’F1 progeny were selected

and crossed, 1nd1vidua11y, to three Sp/SMS virgin females. After seven

"days the parents were discarded from successful crosses. From the

. second generation onwards the orlgin and fate of each culture was re;\

-.corded .in detailr.

”_1he thirdfgeneration croea"d -
The lethality of SMS/SMS and bw /SMS genotype; reduced settlng
‘jthe third generation to selection and cr0551ng of SMS/+‘ (Cy w1nged) sibs

_or. half-51bs This was easily performed with the naked eye. Imaginal
'r_emergeliitwas roughly synchrqnized by r3151ng the second generation in 25 °c

'_incubators w1th controlled dark light cycies (12/12 hours), which allowed

'5collection of SMS progeny at 24 hour 1ntervals, about six hours after
»1,"dawn", whilst hav1ng the vast najority of the. females still v1rgin

.“Felales mated to non-SMS males produced either bw »or excess normal-
v-v 1 CJ

_'winged prdgeny About five per cent of the cultures were of -this kind,

C

:, so that. 31nce three females were used in each cross about two per cent
'hof non-virgin females are produced by this method Individual F2 pro-
_geny were collected until three SM5 females and five SMS males had been

obtained ,After five to seven days, depending on the cond1tion of. the L

"culture the. parents were discarded

The third generation progeny were inspected for recessive lethals. " - ?f'faﬁ
J ‘ . LU
- To this end ‘a criterion was set up based on the results of a control B

-

-run of the mutagenesis screen. In thxs run, it was fbund that the F3

IR

) contained a ratio of D 67 l homozygotes to—heterozygotes as opposed to' in '“%



'the,expected, ratio of 0.5:1, Using Chi-square and backncalculating
from the observed ratio, 1t was declded to- reject an F3 culture as con-
taining a recessive lethal, if 25 heterozygotes and no homozygotes were

. produced. A4 przort, this would lead to reJection of one in ten thousand

non- lethal cultures showing the control ratio, a proportion whxch is ob- .

viously 1rrat1onally low However, coﬂsxder1ng the’ poss1b111ty that
auxotrophac phenotypes m1ght exhib1t sem11etha1 character15t1cs, 1t was'

considered worthwhile to‘expend addltlonal effort at th1ststage;
The fburth_geheratidn eross -

When the present technique was originally devisedn“it was'intended}
for the third generation. to be the test generatlon However, it was
- found that SMS/** adults, when,ralsed on Sang s medlum were often dif-
ficult to d1stinguish from +*/¥* f11es, w1thout careful 1nspectlon (see
'RESULTSD To overcome thislshortcomlng, it was dec1ded to select for
‘homozygous f11es and make of these the test generatlon This also pre-

sented substantxal sav1ng on the cost of Sang's medium, s1nce recess1ve

lethal bear1ng stralns, whlch normally constltuted from 50 - 66% of the_

third generation, were not tested In add1t1on, handllng the third
V”generation on yeast .sucrose medlum helped avoid complicatlons connected:

with fewer progeny on Sang's medlum Whllst this was usually overcome

once’ the fourth generatlon was the- test generatlon It also turned out‘l-

.-that 'since maternal genotype is 1mportant to the express1on of some of
the mutants (see RESULTS), the use of the homo;ygous cultures was ‘es-
sential. o |

An attemnt to use the third aeneratlon as the test 2enerat10n was

made. A second chromosome recessive marker would allow for. the easy

differentiatlon between SM5/+* and +*/+* adults,? when _grown~ on

[P

BN a1,



< . . :
Sang's medium;’/Since, es.mentioned previously, it‘was decided to use
an intact Amherst 'second chromosomey induction of such a mutant was’
necessary. A pupal (2-51. ) mutant was soon 1solated and used for- this
'purpose.. However, 1ts use produced no nutritional mutants probably due’
to the low Viability of pu/pu when grown in the same cultures with pu/
,SMS flies, which mide it difficult to discard any culture as being non--
: nutritional To overcome the difficulty, it was decided to reJect _any.

5

_culture ShOWlng at least two pupal flies as non—nutritional ,lt was hot

'known then that heterozxgous mothers nutritional mutants could im-

prove the chances of surVival for their homozygqus progeny (see RESULTS),

~which presumably made ineffectual the very criterfon set for re;ecting

: 1
cultures as non—nutritional o N Voo,

The fourth generation, as the third was: set up under conditions

allowing "Virgin" collection, at’ 24 hour intervals After five to seven.

’ days, the freshly set- cultures were transferred from yeast sucrose to -

.;Sang's medium where they remained for three days before returning them .

o

, to fresh yeast -sucrose medium again for three more days then discarding

. them.

In cases of sterility of homozygotes first the type of sterility
'was determined then, in the case- of male sterility, the cross +*/¥* ix

X +‘/SM5 was the test generation, if on the contrary, the females -

1. A dlack (2~48 S) mutant was isolated and substituted for pupal.

-~ However, the findings reported above suggested that the test gene-":
i -ration should be non-~virgin b/b ¢ X. b/SM5 & This would ‘present the

- -advantage of generating internal control segregants, -whilst. saving.

virgin collection, Use of the black mutant, -in this way, has indeed

... proved successful in the isolation of nutritional ‘mutations (Nash
e unpublished data) but 'is not reported in this:study. -

e

£
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were sterile, then the reciprocal cross +*/6MY % % #4424 f, was the test

~

generation. o
Eetablishment of mutant amm

Prospecnve mutants were retested three ¢imes, using five rep]lcas
' ’

- -at ‘a time, before promoting them to the vamk wf putative meotrophs

Thereafter, they were kept: in two separate )ines, one howovygous when

.

possible and the ‘other hamrozmoum,,

Nhtritional_ch‘aracterization of mutan'ts

ﬂ
Standard ?ross‘ee;
Thrée czrdssés were commonly wsed to characterize the mutants:
(1) mutant/matant I X mitant /SMS on
" (2) mutant/matant 3 x matcont famatant o™
(3) mutant/SM5 gx bt Sy ot ¥
BN - The cross: "
| ‘ (4) mutant:/SMS dx it SAMG of
- was used imtm]ly. but was sbandomed becaise of the maternal effect

' descnbed in a prekus section.

| Irun most éiperimhfs crosses (1) and () weve used. Cross (1) has
-theladvantage that the hetaroty gous Segy ¢gmnt sy :ﬂ'c;w'ide an imternal control
thus ‘allowing’ quantitation of the results, s wwll as testing the adequecy
_ of a particular butch of medium. foy growth of wwsrumued wild~type flies.
.Cross" (2)- gave ‘an absolute meAsUT® mf Myt upumdu.ct‘,wm.y un a ngen medium,
‘provid'ing,an' ex_tzozmul ch;mik on the results of cross (1). (,,‘;‘Cross (2) vas

' ‘also uséd to monitor the developmental progress of a pure mutant culture -

I



_which was often usefullfor devising subsequent-experiments.' Cross'(3)
was used mainly in 1nvestigation of the maternal effect. Only crosses )

(1) and (3) could be used 1n studies on the male sterile strain A66—l7

In all crosses, groups of five males were. allowed to. mate to three
x virgin females. In general, adults, or at. least adult females, coming njr
from the same produclng tube were equally d1str1buted among the d1ffere'

types of medla involved in any experlment F1ve repllcas of each cross

were set in most eXper1ments, although this number was sometlmes reduoed

by 1nfect1ons. When deal1ng w1th rpy mutants (Falk 1973), the number -

of female parents, as well as the number of repllcas was doubled to.

overcome the low fert111tx«of these attachedfx balanced~stra1ns.

tsohedule_fbr matﬁngs_oﬁ vdriéue.media,l
" e | |
Adult flies were left to feed on yeast sucrose for three to f1ve
sdays. When data were obtained from yeast medium, the cultures estab-
llshed in these _tubes were scored The flies were then transferred tO'A
: Sang s deflned medla where/they remalned for three to four days, before
_transfer to fresh yeast sucrose tubes for three additlonal days The
latter set of yeast cultures was malnly used for testlng‘forylnfectlon
Var1at1ons in the duratlon of the tlmes allowed for ov1positlon in the.
above sequence“accommodated scor1ng previous exper1ments‘and'ava1lab111ty
:fof freshlyvpreoared Sang's'media;diThese variations-are'reported in o B
Table 3. P l‘ | » -
Collection and analysie of data’

.

The results;of.growthﬁstudies;we&e collected at daily interyals by

. 50.
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scorlng emerging progeny on the basis of sex and~phenotype,

Daily emergence was summed over all cultures grown on a given med-‘

fum and fed into an IBM/360 Model 67 computer The APPENDIX shows a'

printout of the results, exprqss5g‘f”JL ‘ of the number of f11es,

ian t1me of development.

Experimental Protocols
‘ Ihitialycharacteriaatiqn

Flve putatlve auxotrophlc strains; A66- 17 B66 3, B82-4, C2- 10 and

C42-6, were tested for supplementation by RNA at a concentrat1on of O 4% .

,using standard crOsses 2 and 4 Five other stra1n5' CQS 11 C92'2
DlS-lS, D20-4,and DZZ -7, plcked ‘at random from varlous mutagenlzat1on

runs and rejected as nutrit1onal mutants were also used 1n this test S

v‘(Table 3 16A4)

,»\

- s

The test showed a 51gn1f1cantly hlgher surv1va1 among the homo-
zygous prOgeny derlved from heterozygous parents than among those de-

r1ved from homozygous parents, when grown on Sang s deflned medlum

The genetlc bas1s of thls phenomenon was 1nvest1gated us1ng rec1procal '

crosses ‘between homozygous and heterozygous parents (crosses l and 3)

(Table 3 0384) - R I f;;géjﬂw

53,
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"’fHalf the—twenty-four-hour egg-lays were then sw1tched from the usual

. 54, -

: bempZementationfetudiee i

To test for allellsm bet&een the putative auxotroph1c mutants

:homozygous females for each of the f1ve mutants were crossed to homo-

\

zygous and heterozygous males from each of the f1ve mutants except for

. the male sterlle strain A66-l7 where only heterozygous males could be

.

S e : B .

. -}_j.u,ed (Table 3: 2204) e 8 o .. B
T?”Pemtuz'e‘sensﬁtivity 2

Falk and Nash (1974b) showed that a number of’putat1Ve auxotrophs

Tt

”are also tempe:ature-sen51t1ve lethals on permlssive medium. - The f1ve
i stra1ns were therefore tested for temperature sens1t1V1ty-- ten repllcasr'”
‘,of ho-ozygous crosses were set on yeast for f1ve days then transferred

;’to fresh yeast for an additronal day before dlscarding the parents

[

'r“25°C temperature to 20°C the other half to 29°C (Table 3 2454)

Two of the f1ve mutants showed heat sen51t1v1ty and were retested ﬁ;~
”.1n a 51m11ar manner, u51ng a11 poss1b1e standard crosses (Table 3

IOBS 1355)

'__Gbnetic mupping5'

©

‘ In order to determine the approXxmate map posrtxon of the mutants,

: all f1ve auxotrophzc stra1ns and a control stra1n (CQS ll) were crossed i

to ‘a series- of domlnant markers (Table 3 26H4l£§§14 2414 24J4) The .
. ' BN ]
- narker chroxnosomes used were S, Sp, bw J*and ‘Tft. oo
L e R ;1if

‘“h?keryhut&nt femalewaere‘baekerossed#toihomozygous mutant”malesﬁf




(except AG6- 17 where heteroZygous males were used), and the1r progenies
on both yeast sucrose and Sang's med1a were scored

. .
< Erosses involving Tf% were of low. fert111ty so that in this case

the cross was ‘repeated two or three tlmes

]

In stralns shOW1ng heat sens1t1V1ty, the parents were removed from

Sang s med1um to fresh yeast sucrose medlum where they rema1ned for two
days . The latter set of culturef was then sw1tched to. 30°C and emerg1ng .

: progenles were also scored "7”
N - : . .

Recomblnat1oﬁ”/requenc1es were calculated as follows For any

a mutant, m, and’ domlnant marker, D 1t ‘was assumed that the phenotyp1c

2 ratlo D D (= 1: s s) in the control cross with €95~ 11 can be taken as a y
R measure of the relat1ve v1abillt1es of D /D and D /D and the ratio of
SMS/m 2 m/h (- _ ; y) in. the cross SMS/m ?x m/m &” can be taken.as a
measure of the relatlve v1ab111t1es of m/m and nv%u Thus if r repre-

' sents recomblngtlon frequency between m and D, the mapping cross D m /

9 X D m/D m d‘ , shoﬁld yleld the. f0110w1ng table of genotype fre-

quenc1es L 45‘__ ,": - o *'\
. -,‘:Genotype: ‘9,,""_.:'. G - FrequenCy
Comsm o T w e
D+m/D*m"* S (1-r) sy "

-
R e [
e —

Thus the observed ratlo of dominant marker : wild-type in the mapping
: , B

I - ¢

cross, DVD 3 D'/D' TS + (1 -_r) sy

-»":-,A' o \



56.

)

This equation might be exﬁected to give fairly reliable estimates:
of r, prov1d1ng y 15 small (that is, for mutants w1th strong effects

« under restrictive conditions) given.that the relative viability of the‘
dominant mutant estimated in'the'control'cross can be transferred to the

mappiﬁg crosses. For further discussion of the complexities of this map-

§

ping technique see RESULTS.

Supplementation patterns PR

The mutants that responded to, the addition of RNA were tested for

supplementatron by :the four common ribonucleosides, as well as by pre* =

,4,;

cursors and potentfgl precursors of pyrimidine- and purines. In some éxX-

periments two or, more of these substances were tested together. /- The

coneentratlons used ranged from 1 x 10 5M to-5.0 X 10 2M‘ most tommonly,

' _1n1t1a1 tests employed 5 x 10 3M

2

Larv&lktransﬁér

Enﬁy?m

S

Eogzcal

-~

larval amct Axeruc four day old adults at a den51ty

T L *

"f appro, mately SOO/bottle, were aIIOWEd to oviposit for 24 hours on

Layiniﬁdishes coQ;ainlng Gefined media. Four days later, the larvae

qraﬂsﬁérred to a beake?‘(ZS cc. ) three fifths full of ice cold




3

one m111111tre tubes at O°C b . : ' ¥

' thlourea in the extract 1nterferes with the. method of Lowry et aZ (1951)

. m1nutes), the supernatant remobed and the tubes put up51de -down to

57.

'Drosophile Ringer (EBR) . ' The suspended larvae wC?e st1rred v1gorous1y

s
to dissolve any medium p;cked durlng the process of 1arva1 collectlon
The larvae were then removed from the su5pen51on by. p3551ng it through
a 31eve.and after rnn51ng twice, were collected and 1ntroduccd in .

tresue gr1nders (Pyrex, 11 X 80 mm. ) contalnlng O S ml 1cc cold buffer f‘j

(0 1 M THAM + 0 001 M Phenyl Th1ourea pH 7. 6) l After addxtlon of the

B larvae, the volume of buffer ﬁas ad3us§%d to one part by welght of lar-

-

vae to four parts buffer’and ground forrso seconds at 0°C A m111111tre

of ground tlssue was then centrlfuged (Lourdes Model A 2, 9 RA rotor) 1n_
tlghtly capped one m111111tre dlspofable plastlc ‘tubes for ten m1nutes

at 10 000 r.p,m. (12 000 g) - The- supernatant was transferred 1nto clean_
. o LA

I

i

\',

'*Protein determinatiOnf It was. found that the presence of phenyl-'

for proteln estlmatlon To overcome thb’problem, 100 ul of larval ex-

/
!

tract were prec1p1tated in 1.0 ml of 10% ice cold solutlon of tr1chloro- 3

>

acetlc acld The m1xture was fhen centr1fuged (12 000 g for ten

-~

dra1n Dralned proteln preC1p1taEes were dlSSOlved in 0 4 m1 0.055 N

sod1amﬂﬁyﬁv%k;9§$>before u51ng them for prote1n determ1nat10n by the o
> e~~ o I : L :

M (omclt) o - L B N A

“.5 P .3 . o : ' . Lo i : .
) e A ,
The‘Eonvers1on, at -room temperature of 6~ C1 -orotate Q
"'v P‘ .'(' .

and PRPP 1nto urldylate, ur1d1ne and urac1l was measured The follow1ng

reactlon mlxture was‘prepared B v"- ‘ e R
. f i :"'._...). - ) . C ) : y g ’ - R

i 20 w1 A - :_'ofofgte (5 ﬁci/ul}'

Al o ' C o T T




9 o 58‘-
S T S . PRPP (20mM)
f,_dj’,‘ - ﬁl S 'fe' R :M8C12 (50 mM)
. ji A o . . a K
"‘ 15 ul o THAM (o 1M+ 1 nMPTU pH 7.6)
.,'.,Z .: : »’ 'P/ 50 ul: - B Lo e larvnl »extract ' ,' -

., ‘(Y . . . . . .

y _. “&per (bas1c weight M'S‘g/m #hickness 0‘33 mm) and chromatographed

g

-‘:0 " -—¢-L ‘ iy - .' ¢
v i k& Pedn microhtres al1quo}s"’ﬂere sgotfed on- Whatman 3M chron&tography
& .

Aw u§ing A butaﬂol glagg‘l avfe'ra‘c. '&czd-yater solvent (2 :1 _: N v/v/v),
- __'ﬁor approxm‘a/t.e_ly eight Ng\;rs After drymg, the chromatograms were - e\x-

§ posed to X ray fflms (Ko}ink NS 54'1‘ no screen, 35 6 X 43 ¥y cm) for 5 -7

U‘

days.. The autoradlqgrans were then developed and label led spots were .

’7cu€out and counted by\ 11qu1d scmt111at10n in a Searle 1socap 200
»_ "counter, usmg a scmtlllatlon f1u1d made of 10 l g POPOP + 4 g PPO/

litre toluene. ' Speczfic actlvity of the enzyme was. calculated on the.

| 'assumptlon of 80% countm& effleiency

Yo
<
Ge °



|- RESULTS

N . . -
Lo .
d »

.. Two types of screen have been used in the course of thls study In

Isomn‘on‘ OF Mt‘y'rs o | | o «3

' the f1rst (Table 5! screen A), the test generatlon was the fourth gener-
ation of the mutagenlzatxon screen (Flg 6). In the second (Table S:
screen B), the test generatlon was the,th1rd generation of the screen

shown rn Fig. 6. S ‘ N

The overall rate of 1nduced second chromosome nutritional cond1t1on- ‘ o
al mutat1ons was found to be O 27€& If screen A were considered alone
(since there was no ev1dence that screen B could produce mutants), thls L |

rate would r1se to 0. 4* The number of mutagenlzed chromosomes wh1ch
K] . t

gave V1able homozygotes was sufflcrently low to preclude extensive in- -

terpretatlon of the data. However, the. results -are comparah§é§W1th the

frequency of production of simllar mutants on the X~ chromosome where ¢?uﬁ??'
. )
21/5655 or 0 37% were fbund (Halk 1963) The X chromosome is soqgghat

' smaller than the second chromosome but Falk used hlgher EMS concerntrat-

» The lack of mutatlons in Table 5: screen B has been discussed in
w\'ranm.s AND METHODS [ e
INITIAL CHA'RAC’I’ERI ZAT'IONS‘ OF nuTRI'EmNAL' coupFriouAL- MUTANTS .

Selection for RNA requiring mutants was’a main goal of this study.«
The first(step 1n characterizingfthe flve mutant stralns isolated was, ;

:therefore, to«study thggr supplementation with RNA Tablet6a.andtb

i

| 3~vﬁ« 59 T:~:, . _f?

R
W
.
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S
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< : . P
~Table S: 'Results of mutation screen 2

. , - ‘Nwﬁer

Chrom.

o : ‘ . Nutri-
Mutagenized  EMS conc. . %Rec. . tionally
‘Stock - -oinmM lethals tested

S

- Screen
o

AL anor 64 es.6 693
A2  amort 43 50.1 545

o Sérgeh A: - Total = 1283 ERatév

oA

e Bl pu a3 s e

B2y .. g 65.7 489

"

Screen B:  Total = 555 Rate

' Overall:  Total = 1793 Rate

. 60,

Number
.of
Nutri- «
tional
mutants

~ isolated

T
4 '["!5
.5/1238
~ 0.004
0

0
*.0/555
—O

' 5/1793
. .0027

]
§
i
, 4
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;I
show the responses of these strains to yeast- sucrose méd.ium, to Sang's ,

defined medium supplemented with RNA- and to unsupplemented Sang's medium.” =

‘ In Tables 6a and 6b results of type 2 crosses Qnutant/hutant ? X -
nmtant/mutant c?‘) and type. 4 crosses (mutant/SMS 9 X mutant/SMS ") are

’shown These are repeats of the crosses upon wh ‘._th\e initial mutant
e“‘l' hﬁ .
isolation was based. '

-

Two of the five strains A66- 17 and ‘B66- 3, did not respond to RNA.

X These yeast requxrers were not 1nvest1gated further w1th respect to diet-

ary characteristics The other three strains grew satisfactorily on RNA.

'The ratios of homozygous mutants segregating from heterozygous controls

"in type 4 crosses, where, a pmort, 50% is. expected were 37 8% in B82 4,

42.9% in C42-6 and 48 .3% fh ca- 10 when grown on RNA supplemented medium,
: G .
as opposed to 14,7, 22.0 and 11.3% on unsupplemented medium,_ Thus, a ° ‘p .

_"greater proportion of the mutant progeny from heterozygous parents sur-
‘vived on restrictive medium than would have been predicted from the Sure

'v1va1 of the progeny of homozygous parents

. ,

In the case of BBZ 4 and C42 6, the paradoxical beh»avmur in the dif-

" fevent crosses: vdh he s.hoyn later to be the result of a maternal effect
rn.,‘ 1";"

' (Table 6c and d), alt‘ugh ‘Some effbrs" in classification cannot be ruled
.‘out in this early, experiment (ser"MRﬂRIALS AND METHODS) It 1s also

g,

-

"nOticeable that ah’hnrage, delay of tiﬁ-eg to- six days was observed in the a

, ey N
5 ' ﬂ
. development of homozygotes fro:n type 4 orosg;“qompared with the heter-

. Jr i _‘ - - . Y
_ozygous segrg;a,,nts, when the Crosses were carried out under restrictive

6.

_conditons.. However this delay disappears w1th shpplementatii)m by RNA.

It has beex;, a«rgued by Falk and Nash (1974) that supplemental delay in

.) . .
i .

. o . . . BREA N
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"‘l‘lbl‘o 6a! - Response - of vai-léus strains to yeast-sucrose medium, San'g's

-

medium s

© medium, -

-

upplemented with RNA and Sang's ‘unsupplemented

Type 4 crosses - hctei‘o;_n@us fomales X,heterqzygous males

Number

of.

- Progeny

Yeast
A66-17

| 8863
C2-10
82-4
C42-6
€95-11

- 243

372

u
"

" 345 1355

678
399 872
400 338

794

389 1316

A66-17
B66-3
.€2-10
382-4
) C42-6
c958-11

San"s :

A66-17
"B66-3.

C2-10.

B82-4

a

C42-6
95-11

v

* Probably ﬂacluilﬁ‘uti’on,of hfﬂls"ih“an%n (See text)

- A_vor_ggo Production (pfd) : Avers
* parent per day of oviposition:

~ 4% 479
~23

. 52 182

0 1187

4 645
e
4157 859
191 S08
331
128

m
421

0 558
33 S11-

156
61 241}

"Averageé
Pro- - -

duction®

1.4
1.6
2.7
2.7

2.5

2.6

0
7
5.8

‘5,3
" 6¢1

0

0.6

-1 s

0.6

»
SMs
5.7
as
5.8
5.5

5.3

C12,0°
1.9

11.9

14,1

14,3
3.611.7

v
’

5.6
9.5
13.3“‘
» 4.3

- '13.021.4

8.9 .10.4%1.4

14.622.1

Developmental
. Time .
Mean ¢t S.D.-
» mo
- sﬁs
11.822.5
12.921.4 11.321.5
11.741.5 11.321.4
12.2$1.5 11.0£1.6

11.2:1.4 11.581.5

- . 13.522.3

I

10.821.4

]

17.043.6 11.31.6

11.881.5 11.6:i§61
',11.3:1:7 11.641.8
'11.3:!.3112.132.;~
-11,1:1.7,;2;032;0

- eafle

15.542,2
13.621.4

13.9%81.7

17.7¢3.2 14.421.8 *

1.4 5.4 19.920.9 13,421.4
1.9 6,7713.022,2.93.081.7

K}
v

‘ARel. p Developmontal
Viab. Delay -
( Days )¢
255 1.2
. 35.8 1.5
ass ¥ o
18.9 1.2
. 46.9 -0.2
29,6 -0.4
0.0 g -

0.6 éi%é;% 5.7
s ¥4,
37.6 0.2
42.9 -o.é

30.4 a0 a7
0.0 -
6.5 -0.9
11.3 0.3
14.7 R
22.0 6.5
28,6 “0.0

g.o‘ huﬂ)ér of progeny inr fomale

b\ Relative viability: (Mumber of mutant/mitant (m/m) divided by

number of mutant/SMS. (=/SMS) ‘progeny) multiplied by 100

c Difference betveen mean development time for m/SNS and w/m flies.
y 13 statistically significant at the:

In general, a delay of one da ; .
leveX of 18, Negative values indicate that m/m flies develop faster. .

62.
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Tgble 6db: Type 2 crosses - homozygous females X homwozygous males

Yeast
B66-3

" C2-10

" B82-4

C42-6
"C95-11

'éanlis
RA
B&8-3
o cgﬁxo
8824

C42-6°

€95-11

c2-10 -
na2-4
C42-6

C95-11

- 790

-

Number

of

Progeny

584

1413
1890
2207

823

1321

" 1068

-0
15

65 .

281

10

AQérago Developnent#) :

Pro- ~ Time .
duction Mean * S.D.

3.9 12,9¢1.2

o e
8.4 - 11,4%1.4 .
R P
. . ﬁgjmiJ . L
-11.8 §§§j1‘9:l.7

12,6 - 11.681.6
4.7 L 11,941.3
0.13 12.141.8
17,6 12.3t1.5
18.3° 11.8£2.0
21.0 11.6:1.9

23,7 - 11.3t1.8

0.2 "‘ 14.820.9

s T
0.3 - 22,5813

1.2 2118211

15.6 . . 14.211.8

© 613,
D
*
¢
[
, > .
)hl‘
Sa
a
iy
' A

AL e

WY
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Table 6c: Type 1 crosses fEMxygous fél;les X heterozygous males
P Nusber - Average Developmental ' ARei. Developmental
. - of Pro- . Time Viab. Delay
Progeny duction Mean -t S.D.° . " ( Days )
n om m m. com m. )
>m oSN m oSS m §us | j_. . {ii)
( A66-17 328 891 1.4 3.7 12.881.5 12125 36.8 0.7
. B66-3 301 355 2,0 2.4 12.6£1,2 11.0¢1.0° 84,8 1.6 .
€2-10 761 809 5.1 4.7 11.5$1.3 11.081.2  108.9 0.5
B82-4 539 567 4.5 4.7 133 11.281.3 951 0.1
C42-6 692 693 4.6 4.6 11.121.2 12.1:0.7  99.9 -1.0
j C95-11 523600 ' 4.4 5.0 10.5:0.9 10.861.2  87.2 w03
. .= - o : s
© A66-17 - 0 23 0 0.2 - . - 11.524.2 0.0 - "ggﬁJ
re B66-3 - 7 303 © 0.08 3.4 13.621.0 10.8:0.9 S 2.3, - 1.4
€2-10°  S75 581 6.4 6.5 11.6t1.1 11.181.0 = 99.0 0.5 :
‘ B82-4 520 651 6.4 8.0 - 11.5:1.%11.2:1.1  79.9 03 3
CA2-6 331432 3.4 4.8 113413 11,0811 76.6 o3
C95-11 755797 8.4 “BD  10.741.3 114816 94.7 -0.7
- v Y
- -_A66-17 - 1108 0.010.9 ' - - 14,0009 0.5 - . -
B66-3 4187 0.052.3 14.3:0.5 12.8:3.3 2.1 1.4
C2-10 7393 0.08 4.4 176221 14120 1.8 3.5
: . B82:4 6357 0,074.2 24.205.013.241.4 1.8 . 1.0
: | CA2-6 - 8341 0.09 3.8 22.883.5 14.935.3 2.4 7.8 -
o . - o . . - v . e
: C9S-11'° 423425 ' 4.7 4,7 12.941.6 13.081.7  99.5. - .0.1
o
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Taﬁlp 6d: Type 3 crosses - heterozygous females X homozygous males

790 954

Number Average Develnpmental
of ‘Pro~ Time
Progeny duction Mean & S.D.
mom mn L n
m SN5 m SMS m- SMS

328 454 © 2.2 3.0 ‘12.9:1.3 11.2:1.2

651 655 4.3 4.4 11.231.2 )1,081.2

572 624 4.2 4.6 11.281.3 11.3%1.4

637 681 4.3 4.5 10.9:1.2 11.121.3

391 608 3.3 5.1 10.431.1 10.621.1

4 748 0.04 8.3 13.8£0.5 . 11,0£0.9

Qe

.630 681 7.0 7.7 il.5tl.1 11.381.1

594 687

4

697.873 7.7 9.7 11.0:1.1 11.6%1.4

21 493 0.2 5.5 (14.922.7 12.8%1.8
. .22'S31 0,2 5.9 22.534.0 13.1%1.7

78 341 1,2 5,4 20,4$2.5 13.821.9
116 307 1.6 4,3 18,2:1,7 13.0¢1.6

368 419 4.5 5.2 12.7:1.3 12.9:1.3

ot

&

587106 11.421.1 11.881.6

6.6 7.6, 11.0:1.0 11,0¢1.1

SRel. Developmental

Viab. ~ Delay

( Days )

-

72.3 1.7
99.4 0.2
01,7 -0.1
93.5 0.2,
64.3 -0.2 !
Cos . 2.7
82.8 ~0.4

92.5. 0.2

86.5 . 0.0

79.8  -0.6
4.3 2.0°
4.1 9.5,

22,9 - 6.6
7.8 . 5.2

878 -0.2
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_the various mutant strains

s

Table 7a: Complementation

9 Mt‘

c2-10

C42-6

B82-4

266-3

A66-17

xlx

L

!ls

( :lg

ﬁﬁnof
Average

A66-17
T S8

OwOoo

,scu:iu

3.9
2.0

7

1
12.7

1.9

. 3
. 4
13.3 12.9

1

1.8

13.3

progeny
' production
- Mean Development

S.D.

1.4

R-R- L)

progeny

eragq. production -
. Mean Development

Nusber of T
Av

.

L £ 4

R »
1
1
2.0

.0
.5
13.8
1.9

1.9
7
1.5

.0
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. Table 7b:

- Parents.

T R66-17

-

Cbﬁplemehtétion betwéeh,the various'mutantfstréins"v:Summary

A66-17 . B66-3

I

|
| . |
. . B |

_Parents

',' C2410v , 882-4' {L’Cazgﬁ

+ + o+

%‘_




:'in'the;deve10§ment'constitutes,‘by itself;_an_auxotroﬁhicfphenotypeu.

The other RNA requirer C2 10 appeared to exhibit a. certa1n leak-.

iness (about 11%) in type 4 crosses grown on unsupplemented medlum It -

turned out that the maJorlty of qhe supposed homozygous progeny were -
the result of a: misclassrfication of mutant/SMS adults as ﬁbmozygotes

No evadent maternal effect could be shown 1n later tests (Table 6c and

- 69.

u_d)ﬁ Moreoverf 1n type 4 crosses grown under restr1ct1ve condltlons,

there was lﬁlw in the deVelopment of: the "homozygous" ~£11es when

compared wi he heterozygous segregants As soon as the poss1b111ty

c’

Of misclassif1cat10n was recognlsed, greater care was taken and it. then

became clear that fhe rare homozygous surv1vors do exhlbit cons1derably
delayed development .
“COMRLEMBNTATIONoBETQEEN MUTANT STRAINS‘.'.

] ) “ ™ | ) . :
Homozygous mutant females from allnfive stralns were crossed in all

: possible combinatlons to homozygous and heterozygous mutant males, in

v

order to ascertaln the1r complementation patterns Although 1t was -

only strlctly necessary to’ test for allellsm between the yeast re-l .

quirers and betWeen the RNA requlrers, it was chosen to invest1gate the .: e

relation between yeast and RNA requ1rers as: an extra measure of control
» .

Use of homozygous females c1rcumvents any poss1ble maternal effects

'.:f" ‘.'e.‘
~1« LT

The results 1n Table 7 show complementation in. all but 13 of the

e

et

53 crosses analyzed These 13 were ezther 1ntra—stra1n crosses or wﬁ;"

\ A
crosses between 882-4 and C42 6 It was therefore concluded that 882~

aﬂd Cd%\G are allelic.. The two mutant strains showed p!rallel behav-;‘

v




iour in the course of the previous characterization. They both exhibited
.a certain degree of leakiness accompanied by a pronounced delay in the
development-of leaky progeny, when grown on Sang's unsupplemented medlum

Lethal1ty and- developmental delay were substant1ally suppressed by RNA iﬁh

i

supplﬁﬁentatlon The results also‘showed that, in general, productivity

was correlated w1th maternal genotype : ‘ L EQH

it -~ .
« . oy
. ]

. . i ‘ . . X ' . v . ) \
+ It is noticeable that any complementary combination-of two é%tants

had-a better surviyal than the equlvalent mutant/SMS Segregants. This

observat1on cannot be due to m15c1a551f1tat10n of adult phenotypesf since

the product1on of. mutant/SMS offsprlng rs not consplcuously d1fferent in
crosses show1ng the.effect and ' 1n the crosses in whlch a genetlcally

sim1lar hmthershad been»used but the father was taken from the same _ G

' strain, in such crosses few f11es were cla551f1ed as mutant/mutant and _
, .
_it is therefore 1mposs1b1e that a substant1al level of mlsclassaflcatlon

,@9ducing the'mutant/SMS class occurrid This observat1on 1nd1cates

that the effect must be due to overall 1mproved v1ab111ts.of the comp-

lementary comb1nat10ns. This is supported by the fact that the ratio
R N [ ° , .
\« of homozygous to heterozygous progeny from ‘¢ontrol strain CQS ll when

ﬁgrown on Sang s def1ned medium or from the mutant‘stralns when grown on

" RNA supplemented medzum is as expected thus ru11ng out any speculatlon

involving 1nv1ab111ty speclflcalhy assoc1ated wlth the SMS chromosome

' . i

R <«
ey ~ -

It 1s notgclear, however, why the heterozygous mutantl/mutant

. ,uld bJ more vrable than the heterOZygous mutant
mutantg/SMS comb1nat10ns. The effect cannot be 51mp1y attrlbuted to 3 ; o

hybrld‘vigour, s1nce the pred1ct10n that males should show a lesser

eifect because they possdss a srngle x-chromosome 1s not fulfilled 3 _ ‘f; i




. SRR g
(See APPENDIX for results).
THE YEAST REQUIRERS - S ; \

. " w"‘;. v ’ ¥ . B . BN

. Strain A66:17 (jeas-1)

.o .
. ¥
“ &'

-‘57’“ C o ,4—"; ' . ' . ! . . [
'In"tiddi«tion to its re'quirsfment,"for' yeast, ‘strain A66-17 was founj?

f tOube male sterile, with reduced V1ab111ty in homozygotes (Table 6a and

£ '

S c) Moréover, viability of homozygous females ‘was approximately half _
" @, that of the homogygous males (Table 8) Homzygous females were also

[
& noticeably less productive than the equlvalent heterozygotes
w . u ! . L . - T . 3 ) . ;‘_"1’.
T " Strain A66 l7 was found to be lethal -at 2¢’C ('I‘able 8) Howp “r, S
from SOt& 65% of the progeny of type 1 crosses and froﬁ 38 - 43’6 of A -
“ g o .
. type & crosses di 1mmed1atel after em , tho ding> //’!
’ ype &, \/}d mme Yy erging "without. sprea 1ng‘ -

,their wings, SO that it is’ p0551b1e ‘that the l&tharity was. 1magihal ‘ o

.J 4

Heterozygous flies were produced with rel%\;low fmquency,mt 29°C;
S

o particularly, thé 1stortion of sex: ratlo chara eristic of homozygotes , | . .
at 25 C (less female than males) was foun?amongst heterozygotes at o
' 29°C More males than females wére found amongst the dead 1magos, :n |
observation that can be mterpreted in two \ways. A If the dead flies were .‘

mutant homozygotes this might reflect differential pre 1mag1nal death

-~

o amongst the female homozygotes, such as was found at 25°C However, 1f

they were heterozygotes, the actual severity of sex d-ifferential mort- \;v"'“

*

‘ ality amongst this class at 29°C must, in actuality, ‘be even more ext- - |

Teme than is suggested by the data in Table 8. o : ' L

i . £ [ . . . .. - E ‘.\
I ) AR ) ' o RS ' - . LY

'l'he mapping technique described in MATERIAL%AND ME’I‘}DDS gives

rather unreliable recopbi’nation frequencies (r) when mapping senti-;

: . ! I / . L : . v . .
[ Ve R . . L. . . DR o ) s .
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s Table 8: Tolpeutuu sensitlvi&y of A66-17 (Mas-1) . ©

- : o 57 A66-17 L -
Cross _ . %&H ch'

* '4
. . g .. B ¢ ‘Number . AVerlao
o - of Oy Pro- = -
s Progeny . duction
B ’ .,.‘, N .

A« o

-Tell_pgrp;uros" ' mosMs ¥ m SM5
' « L amate’ s 1Ly
(F:lvo Jl) fupositlon) ‘

: '197.481. 0.8 2.0
A K L -+« dead S

. _~ . images © . 0. ' 0
. . e a,".,"~ . .
; . & : K . Y . v . \

v ,1: 2%  ° 10 ”° L83

. N K% ? 3 g SIS . T .

“ . (Ome dif*ovipositigm)s 207320 0 . 1.1
o Lo "‘e“@ dead * > % o ,_
W, _ imagos - 78 - 2.4

! . r . L . - : v ) '4

i o Wi o 0 18 0 4.3
(Two days oﬁgng\on)- 058 0 1.0
' imagos - 'v"7_7 D I )

. Oviposition NAs at 25°C
"Dead . uuos"diod prior to wing ozpanuon a0

N -
. -
.
. : . ’
2 L SN 14
\ ’ 2
-
N
{
.
» a. .
s K3
K g’ .
. —
i
) -
i
> : .
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lethal mu{ants tﬂFor example, it was gfound in. A66 17 that the survsval

73,

of homozygotes relative to heterozygous segregants on permissive mediwn o o

K

was 56 6%, Attempts ‘to map .the viabuity gene mvolved showed both 5
hegative vames and values abové the theoretical upper limit of 0. 50 - E
for r ("l'ables 9 anLl YO) If noﬁetheleé tge absqlute value of r 1s

R4

t the V1ability

taken as ap indication of linkagerg« ~i; would then Je‘gth

1.‘

gene maps near Tft .the value r = -*0-:‘39 be:mg the

heﬂce indicating th& strongest linkage ‘Both 1 --,' ; !
o v Q ?‘i"‘ : e

: pnd heat sensitivity also seemto qg:p near Tft (Table 10) \Differences e - F

in R between heat sensi&v%y and nuti‘itional r&uirement are ,not 'sig- by :

,3’ T . .r"‘}?‘v : . [ 1

nificant (comin'gbncgcm ,,,square tests), soathat it is quite lil(gly

that allW thuee effd!:ts described 8o, far were caused by the same mzt’a‘lti‘on :

’l‘his o'bservatiqn is ﬂi&mportant'in 50 ‘?ﬁ as under such ca.rcmnstances the

] T e o s

semi- lethaIity, in permisswe conditions, would not affect the. mapping %

of conditi&nal lethality (see discussion of B66- 3 below] _@either the B

*gene& causing male sterility nor thé differencgal mort%of. the. two

s
sexes have tp‘n mpped ato be notéd thoqgh, that differential
e

‘sex mortality is ggat sensitive so that it is possible that it is also -
.nnvpxpression of the same mutation as heat sensitivity and hence the nut-,

ritional requir%ment and semi- lethality in perﬁissive cbnditions R
" ‘ ‘ _ Sk . o

Whether or not, the A66-17 mutat:l.on fs related tg abo and .da which o

-

..

map close to the sane region and h’ve sex- f.ferentiai effects (Sandler,
1970 1972' Parry and Sandler. 1974 l(:ider and Levi‘ne 1975) and also

Qxhib:lt temperature eemitivic;r (Cliae. 1975) temains to be seen. - :
). v . bl ’ : ‘ ‘ b‘. B . . ‘ f“




-~ [ 4 A ] = R *u
K
-
a
’ I ..,.-M,, . ’
. - , RN 2

o o 5 L i w.nn/ : mo..,s.,. L. 171 (dueBioms - ¢
. ) ' oL .. , , ‘ B ,.%4 s S . . . o 4, v - Lo ﬂ*a gﬁwu
SR ‘ ; n e . @ AT | - 81T. 10z :6yZ = (95ualaomo [v303)
P T : %ﬂe »:5:235 s "W S T (os2) s, dueg
. : : . . ~ 2 e D - . 9 . L i .
, onnu.i.:v:. ss010 ayg ,, S - LI S e Gcaﬁ un.é». . :

28399355

. . .. .A. . . ,v ... » .
m-&wha' a3 uo 0 - - Ly - 19t ..Nm conr mooeuhd O’uu -
3 UOTISUTGRONRI 3Y1 JO UOTIRANOD S U pasn £ ov iwA G T o , : top. i
v.nuou Jusurmop nuﬁuouuon odi3-prIa 3o o«uﬁ L sTe.. ) ssc e s sz noo vodiows _— uu S
0 ; \.4 w:.r R R .. .4 o . . a“ . . G@ﬂNv Haﬂ o ,

e L
CUR ] . o - L T S mied,
60 8zs st SR S 08T Sv ) 80°T BN © 6T .65'0 6T :w.

>

. .- - .. . . . [ .. . -
. : S W ey sty s e e gt ety gsz nv,.w TUvs - 198 zoot cwq :

. EOLENE L I R R Y e S ) 99T L eaml R ......
L60 . @r | wz o - e ot “pLre gt . -zor 9670 6zz .wmh: zs: c 2» © 991
- . N - -~ - - . e B " .

99°0 €05  65L | === -we oo . _mn.\o, 692 B Mﬂ ?46°0 sty a@y:, .;, § 8».
I VP
. . . . , B 0‘_. . s @ﬁ . o . . N ..

v . % - .
. v.M..u, R . . - _ - « Y
/. e - - , ,
. . . i . . -
, R s ] S
" - " . .
* . i -8

e - P . & v .\\ s
5 v v -

- . -



75.

. - .. Ised #5 u 49 ‘» 3 uon € cuuuaua‘ adX . o un.- 9 i -Iﬂm,
4 . [l ue H - "
o > ] . ( 32 «Too< 2.3& Juesaz v.tw 3 3 3« mo ¥ 5 sy

. 1
v _ - % Ca - :: oS.h s98) ‘¢ : uauo Jex -5 T 8

iuu&nn.ou uo_xB Iagavw uglov olonolouﬁ.veouou ..ﬂ:o oSy g ouona gy

S Am .
R S “.ﬂ hh ?TQ * Q\@ ﬂ aﬂlé *Q\e Dyl

ﬂ s ankd TG 8&3.283

¥ . ‘ |
e . L s P SIL " < Juewszpmbey
St _ , SR %05 reooraaam
.:& . . Ce LU 80T 4l e 09 F T Lapariyemeg

L6h0 . 6YT a1 . %0°0 T sz 60 v . ur osz'o it wer . §8°0 SOt wamerpmbey -+,

, : _ , : SR A e TwoRII -
. bﬁﬁ«.ﬂm,,,. Y
. Pﬁ,u;h ST
b:lao:lm

v _ ireo .@ 00 0. o - .o1°0 -dsz ger . - oo - SE .-

£L°0 3~ 2». %o-.._

B A

TA, R Cim ~




A

segregations, was 85% when the ;E%her was. homozygous (type 1 crosses) »1 o L

:'and 72% when the mother was heterozygous (types 3. angp43crosses). How- : LI ~:i
> . - R -'-’; . R "

ever, homozygous mothers less ductive;than the heterozygous ones v ;

g (E N kS o 2 2y

'heterozygotes id more crowded cultureah5

~medium, was an average delay of one and a half days in the development

~of homozygotes compared with the heterozygous segregants (Table 6a, c,

l(Table 6e < and d) so that the. observed materpai efféct on Viability may,

'in fact be- a rgsult of greatep competitio

anda:ij Strain B66 3 ‘Wgs - also found to be a heat- sensitive lethal. .

very low in uil six different strains involved 1n thé’mapping experiments Lo

- A e
due to a severe reducgign4¢n ﬁL sp progeny grow"

g
,tween S and the right portioqgof the “Nhﬂ%rst" second chromosome.. In-'

76.

N '}5‘ 1
Strain B66-3 .(yeag_f)’;u_ . - ” ' ' C . o
. . " N ) . - | - : . '/
Besides its requ1rement for. yeast, stitin 866 3 was characxerized ' | d#&:ﬁ

by a reduction in viability on permissive medium (Table ba, c, and d)

Moreover viability seemed to be maternally 1nf1uenced The relative .if Y
; 'n-‘v‘:’\bl ’

viability of homozygotes based upon. an expectation of normal Mendelian*'

i

] between homozygotesyand‘~ 1’ T

»

T R ;ﬂf'. gE?"p d;u

Another characteristic of - ;train 366 3 when grown on permissive

°

\

muts (Table 111 In contrast to A66 17 866 3 heterozygotes seem to ‘.

e N

-

grow normally at 29°C | »
L Py . 3 - . “:' ) ‘."

The v1ability factor 1n 'B66-3 seems to map near Sp (Tab;Z;IZ) I .

1s trua that r for .1s niiative hqyever the\f class of progeny is

€.’

_astbsudrose medium '

& 3

(the S’andASp data-were a)! obtained from crosSes to Sp) Therefore,.

it Nas assumed that this abnormplity may be due to: som' interaction be-

W'

spection of the data for the first two da?s of emergence shows the

3
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factor responsible for the delay in development to map near Sp (Table
A ‘
12) so that both reduced V1abi11ty and developmental delay W y be“ ‘
~—

' caused by the same genetic determinant Heat sensitiv1ty and nutritional

: requirement on the other hand, seem to map around Tft CTable 12) ' Since

. the difference between them is statistically ‘non- srgnificant they pro-

“f be . linked”mere strongly to- the dominant“

‘cenditional mutation.l Thus, the nutr‘

,since éhs derived, sex-1link

)1‘4’,v

.‘.«'

*
lethal is associated with a conditional lethal but maps at some other

.bably m1§ 4% the same position It is ta-dye: noted that whenever ‘a semi-

"vlocation, excess dominant segregants are expected exegpt in the case .

L3

where the v1ability factor is located biﬁgﬁpn the dominant marker and the--
¥ .
' ;requirement would appear to

'

,1s, in fact the case,

n" E

Thus when several dominants are used the nutritional requ1rement may

v

seem to be linked to thumber”%f them In %he case of 866 3, thlS ex-

pectation is clearly fulfiiled.‘ - S “.‘ 3

,"t\

In both yeast requirers the nuxritional requirement and heat sen-

. sitivity appear to be two aspects of the same mutationﬁﬁgA similar rel-'

ationship has been reported by Falk (§§73) It wa% arguéﬁ by Falk thatv‘

_ﬁemperature-sensitive mutations are 6. 2%~

[as common as sex- linked recessive lethal mutations and sxnce, ‘gontrary

. €
.exanple, Falk suggests that grouing organisms at high temperatures may

.to- the expectations based onhthssewresults, all yeast-requiring mutants

’turn out to be temperature sen51tive, the p0551b111ty arises that tem-

perature sensitivity of yeast requirers may have a different basts than

thernolability (Suzuki, 1970 and Canfleld- and Suzuki 1972), s an

i

increase their demands for\pa(\icul’r metabolites, so fhat if ‘these 1_p
metabelites were just sufficient to al ow growth-u.dor pernissive con-.‘

. . . . - . . O - - "‘v e—-.,t e i

: ST - . . . A -, Voo
. . - PO . A . R P O X ‘( -,, B

Lo e T At S . -':v'A ke - :
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‘s

- membrane! are likely candidates fbr causing ;?b'

;fSO»far described ] e .

ditions, inCreaSing the need for them, by reising the temperature of

growth, would”!lmply result in lethality

IR . L
Since the newly isolated yeast requirers are also found to be ‘tem-
perature sensi%}ve with the temperature sen51tivity once again mapping
.at the same location as the nutritional requ1rement, it may well be. that
the relationship between these tWQ effects is indeed highly specific dnd,
perhaps, has a more definitive root ‘cause ‘than was suggested by Falk
~Since membranes .are semi- f1u1d structures that could p0551hly modify

their phases in response to temperature chang-

» it would g pear that

v
had £

: ture s 'E:ve

.lethality. Q Therefore it is possible’ that );auir.ing mutants may .

.80,

*

fbe deficient in metabolite(s) required 1n general metabolism as welf as‘”r"

‘membrane formation.' The requirement can be met by, feeding on yeast—

sucrose at 25 C However, this does not mean that the deficient met-

'ﬂabolite(s) is totally substituted by exogenous yeast so_that. at altered

<

. steroids, and carbohydrates are gll constituents of some membrane o

systems,4a11 are basically derived from diet -and all are. metabolically ¢

4
_'modified'to-some extent.: Mutants disrupting their metabolism might well

-
[ NN - . -

‘a

Falk has disbussed Various approaches to the solution of. the yeast

\ l\

requirement prbbleh;r Additional approaches would be the investigation ';
apf the tesponses to sPecific inhibitors in eultured cells of- the. yeast

reeuirinu ﬂutants.; For example, their resnonse to polyenes may lead to
a cIuo;as to whether or not the yeast requirers are deficient in |

a

:’temperatures the membra?e/might not.. respond normally..’Fatt@iaéidQ;E§ o

‘:yield the doublg'phenetype aSSBEiategagith all yeast requiring strains s;:‘ -



" cholestrol metebolism (Molzahn and Woods, 1972)}

t

%

Yesst-redyiring mutants:could slso.berfed ‘with yeast- sucrose . medium,

1n which the yeast is replaced by yeast from cells defiCient in metabols ‘

&

isms~of vital Metabolites, e.g. as ole ] and erg 1 (Plischke et ali,

.f 19'6) Development of the flies on various deficient cells cbuld be"J

¥ v

.il;}

used to monitor the specific requirement of the tested flies.

THE RNA REQUIRERS
" Deterimination of ribonucleoside requirements L g&i,f;l
e LS 'i'kss? o .« o~ W ~m“? 5/‘{37*’" .

. h i

medﬂum were tested for their ribonucleosxde requirements. The dose of 5i~

S X,ib 3M was used sinpe it1forresponds approximately to the optimum RNA\

Ty B C

cOncentration for w11d type‘flies (Sang,‘1956) v - ~x;\
) ' - . “\"g;,)

[l

.of the,flies which survived in early exﬁeﬂameﬂts on both guanosine (GRﬁ
X S A |
and uridine (UR) and weie classified as homozygous mutants ar kely to,

haVe been misclassifications since they were. more common and had exhib-

Strain C2-10 was found to require aden051ne (AR) (Table l3af3 Most ,‘

itdggfar less deVel‘?mental delay thsh those found 1n subsequent exper-,f'"

_:" S ?\ T fa
iments.’ A ,.' s =,
. S A ,
"~y .'.\‘Q L ' B B o ) . . [ .
<4 f . = . -« .
b A

S!rain 882 4 exhibited a complex response. to the various ribonuc-
»leosides. Ih crosses where. the fbmalg\paﬁents were homozygous whilst

\
\thd,male wererhpterozygous (type 1 crosses), 1t appsrently responded

*wm -

well to both pyrimidini
LA '
eviabilities of_ \

tent offspring were 108 2% on uridinev 88 3% .on Cy-sf.

itidine (CR) undz 52 5‘ on guanosine., The response to adenosine seemed
: O e T

pribonucleosides and to guanosine. Relative 'i.lj}ggpﬁﬁq
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'duct16n

less adequate, fhe relatlye v1ab111ty of homozygotes was only 18, 7%

L 4

: Cons1der1ng thlS cr1ter1on alone, guan051ne gave the best reqnnncn Hnw,p

ever, the internal controls are incongruous in the purlne nuc1e051de

. tests; whilst the average productlon of mutant/SMS offsprlng on’ res-

tr1ct1ve medlum was’ 7 1 per: female per day (pfd] ‘on guan051ne th1s fig- f.

' ure dr0pped to l 7 pfd and on adenos1ne 1t was l 3 pfd Larval transfer -

\\

' exper1ments w1th both C95 11 and "Amherst" control stralns (el Koun1,

unpubl;:hed) show adenosine and guan051ne to be tox1c 'so ‘that th1s re-

product1v1ty probably represents sens1t1v1ty of developlng

f11es to. the two. purzne r1bonucleos1des. Tt would thus appear that the '

number of fIles produced on e1ther guan051ne or adenos1ne supplemented .

-medla is a resultant of the 1nterplay between supplementat1on by a r1b- ‘

.onucleos1de and res1stance to its tox1c1ty-. S1nce the contr1but1on -of

:A'vival sz, 5%) of

\

: guanosine. Clearly, surv1”al of relatlvely more homozygotes cannot

" each of these two components 1s not known, results may be mlslead1ng.

pThe mst anomalous result for example, is- the excess1ve relat1ve sur-

-4 homozygotes derlved from type 1 crosses on

‘represent creatlon of neW’mutant f11es by guanosine. The response to

:guanosine must then be a reflect1on of h1gher guanosine sen51t1v1ty

bamongst mutant/SMS f11es than amongst mutant/hutant flies. Thls not

only casts doubts on the conclus10n that guanos1ne is a better supple-

-

ment than the pyr1m1d1ne nucleos1des, but also Ieaves Open the poss1b—
b

111ty that guanosxne may turn out to be qu1te 1nadequate as a supple-

~men I% is paradox1cal that this result is spec1fic to the partlcular

cross and\mmtant the relative v1ab111ty of homozygotes from the Te- -

'ciprocal cross involv1ng heterozygous mothers and homozygous fathersv~

R - -

(tvne 3 crn tnc\ wo e Avﬂu An :l. PO S
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,‘homozygotes from type 3 ‘crosses on both ur1d1ne and cyt1d1ne were, on-
the other hand, only a little lower (82, 9 vs 108 2% on UR and 83 9 vs -
88 3% on CR). These small differences in v1abillty are probably trlvral

dthey might for example, be accounted for by greater compet1t1on between
homOZygous and heterozygous segregants in sllghtly more crowded cultures
produced by heterozygous mothers o |

Strain C42- 6,-sh0wn by complementatlon to be an allele of B82-4;

:exh1b1ted a behav1our parallel to. that of 882 4 except for. the response .

';:of progenles from type 1 crosses to guan051ne In this case relatlve

v1ab111ty of homozygotes was only 46. 1% in. contrast to the 152.2% fig-

ure obtalned w1th 882 4 - This fact casts further doubts concernlng the S .

1nterpretzt10n of supplementatlon by guan051ne since .a TedUCtIOH in
Azthe sens1t1v1ty expreSSed as ‘an 1chease in the number of C42 6/SM5 sur-
i,v1vors (2 8 pfd) relatlve %o the B82- 4/SM5 surv1vors (1 7 pfd) is a
major factor Ain: lowerlng ﬂhe apparent "response" to guan051ne to less

-than one th1rd its value w1th 882 4 (46 4/152 5= 0;30)._'
: : S . N S

It is concluded that among the three RNA requ1rers, €2-10 is an
~1aden051ne requlrer, whllst B82-4 -and C42 6 respond to some éxtent to
”all four ribonucleos1des, w1th a suggest1on that the1r best response is

' to pyr1m1d1ne r1bonuc1eos1des

' The‘adenosine requirer,”C2&16"{(adé2?1j
In’ contrast to the other mutants reported in th1s study, straln
.C2-10 was both of high V1ab111ty on the permlssive yeast- sucrose med1um

7and was s1ngu1ar1y 1nv1ab1e on the restr1ct1ve medlum. It 1s,‘therefore,

.expected ‘that its. mapplng would not show any of the comp11cat1ons en-



.o
. ,\)‘1

éounteredlwith the‘other mut;nts CPable”l4). Applying'the‘two—point'

cress method ‘that has been used in fhis study S0 far, resulted in the

values r = 0 04 between the mutant nnd Sp and r = 0 28 between the

.
1J

mutant and S, which places the genetlc determ1nant for the nutr1t1ona1

requirement of c2- 10 Just to the rmght of Sp However, analy51s of a L 7‘-,-”. o

+ . (
three-point cross 1nvolv1ng the domlnant markers S and Sp and ad;usting

the figure w1th respect to the 1nformat1on from L1ndsley and Grell '\~ o
(1968), showed t?e nutr1t1ona1 requ1rement of C2 lO to be located at

some S 0 map unafs to- the left of Sp (Table 14)

&

1f should be noted however that the penetrance of both Sp, J and

cy is reported to be less than 100% espeC1a11y at tempenatures lower 'ﬂ .
than 25 °c (Llndsley and Grell 1968)) Cy also overlaps w11d type when
grown on Sang 5. deflned medlum. Thus, 1t 1s posszble that both Sp and

J also exh1b1t such an Qverlap on Sang s. medlum Indeed the results

: N .
- l

from strarn CQS 11 w1th Sp and J on re trict1ve med1um showed excess

w1ldetype progeny relat1ve to emtherlsp or J. Under such c1rcumstances, f'~ 5iﬂ1- i

Py » ' S ?
ST A

penetrance of Sp and J may 1nf1uence the recomb1nat10n values Calculated

wrth these markers, so that the nutr1t1ona1 requ1rement of C2 10 may b%

nearer to Sp than actually Tound 7 3t_f'71‘_1 *i)'l:' iﬂf},iﬁ;fAfﬁtiﬁf%'.:fff.'ih]

1;t The data also show the nutrxtional reqU1rement of C2 10 to be |
linked to Tf% (Table 14) Thss raases the possibllxty that C2—10 is a
gouble mutant HoweVer, thxs would 1mply tha; all u11d—type segregants'
in the test with J‘should be double recombinants., Therefore, there
should be vety few relative ‘to’ the J segreeants, wh1chfis QUrte incom-;}:o;f
natibre wrth the~observed results,.although the posszbility that J over-“?fpv

laps wild-typé weakens this conclusion._ Lt is also possxble that thd




Table 14: 'Mgpping ‘_thcj: du{titioﬂil, fcq;lirelignt. ‘of c2- 10 (ad'dlz-l) '

(a) Single dpninmt,‘-gr):éri

| Marker(s) . Segregimts . = .

s " uu.berof g_eirgiin&_ '. -438 - '1'35 " B 0.28 -
Sp N Nu.berof segregnnts, : 564
DO e st
R I'ft Nu.b"of '“gr."g;'mﬁts ne . S w o..;'g.

: bwDNuwbor of 'sggregériis 21y L 291
B [b) _Three point :gx;6s_s_ with &sp

= .8Sp. . Nusber of segregants S0  .176- .. . i ~— 3ss.

i% " Numbef -ini ngei:_thé;is represents equivaientﬂdu CLY
O U U T : ’ RPN SOy
. ** "These values 6f T were calculated by an entirely different method s

“'the: 'ﬂpuble-gréchnbimﬁ_t’ class-in the three-poiht cross would be: - ..
.. 85p* whereas it-sppears to be ST9p*." Thus,

A r

[ ’ R .o

L@ (727)
R 56 - | 0.04 ' .

(6&9}' o (565) o . S

13 . 0 Y137 : ,

. “ : Lo | > ) Y
e am.

CTeen T ey |

-
1

sopt - - S'sp. - shsp

R a7 ey ey
= e s (sp_m) L 1682(3_”)

' reast sicrose -

. fm thos‘q shown.above, which tendtqindicate ‘that the I'ltitﬁ‘ht_,
1s outside the 5 - Sp interval. ‘However, if\this were the tase -

Thus, assuzing the ‘mutant -

" te be within the S < Sp region, the published map distance, 22.0
.+ {bindsley and Grell, 1968) has been partitioned in ‘the:ratio-of ~ -
. ‘presimed recombinants between S and: mutant (176+6%182) 'to the. . - "

Presumed recombinants between Sp and: the mutant. (50v6=56). .-




discrepancy associated w1th the Tft : +”segregation'is the result of an
r .

: interaction in #hich the combination of the left portion of Tft and the

', right portion of cz-1o chromOsomes is ;emi lethal on restrictive medium,.

.This is similar to the previeusly suggested semi lethality of ‘the com-_vl_,' h

bination~between the left pqrtion of ssp and the right portion of
7 -"Amherst" chromosome on perm1ssive medium It 1s equa!ly possible that

' -the nutr1t1ona1 requirement of CZ 10 maps around Tft WhllSt the linkage

with Sp could be'ﬂue to the creation of a synthetic 1etha1 arising from S

~ the combination rfght portion of "Amherst" and left portion of ssp The

strongest ev1dence suggests the ex1stence of a locus close to Sp, which
'?1y101d5 nutr1t10na1 conditional mutants w1th lowered v1ability ‘on restric- .
‘tive medium and restored viab111ty on aden051ne supplemented medium

"f»This locus has’been deszgnated adbz and strain’ CZ 10 carries the mutant

allele adbz- i _g?;:~

The dose of S x 10 M used to def1ne the ribonucleoszde require-
'ff-;ments of adbz-z need not be optimal. This dose represents a conversion

"A;from the Optlmal concentration of RNA for stimulation of development "

=frate in uild type flies: Sang,1956) In thzs study 1t has been found
;Lthat supplementation w1t' purines was accompanied by a strbng reduction
?;, in the number of mutant/SMS adults produced Therefore, the dose re-

N fsponse of adez-l to adenosxne and guanosine as uel!g‘ﬁ to 1n051ne (HR& :

fi;.Vwas invastigated The results are summarized in lele 15.

The mutant seems to respond to both adenosine'and 1nos1ne 'However;

df.fno significant~response to guan051ne was observed at any of the concent- gAg,"‘

AN

75;€rations,tested The concentrations of 10 zu was optinal for both aden- pft;;_i

“;?ostne and<1nosine, toth adult production and developmental rate were at ~:v

.‘.‘ Co N . .\o

e
eI e L R iyt e
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" their best at this dose, At lower;and'higher'doses, both dxop off con-

'siderably. It seems, however that the effect of the higher dose is a

: result of toxicity rather than lack of supplementation since controls

".show-a similar effect.

In general female product1V1ty on inosine was higher. than on aden- )

osine, with a two fold difference at the optimum concentration This-

" could ‘be accounted'for by differences in egg production, egg hatchability

- and postembryonic mortality. It is to be noted that egg production and
egg hatchability represent the effects of the medium on the mothers
whereas postembryonic mortality is presumably the response of offspring
to the medium. In order to distinguish between these ‘two elements,l

| :‘postembryonic mortalityTWas'meaSured For this purpose, f1rst 1nstar
homoiygous ade2-1 and C95- 11 larvae were transferred from non-nutrient

.medium to 1nosine, adenosine and guan051ne supplemented media: as well _d
as ‘to unsupplemented medium, using the technique described by el Kouni

bvand Nash (1974) Results (Table 16) W1th 1n051ne showed the larval and .

pupal stages to survive best at a concentraﬂaon of 10 M and appreciable'

‘ survival was observed at 3.2 X 10-3M, quite 1n-agreement w1th the re;/tl
.sults1Obtainqd‘When females:uere allowed'to ouiposit on theinutrient
'media.‘~With‘adenosine; howeuer,_the'besthsurvi?al;was atfthe'concent-'b

ration of 3. 2‘X;10'3M whilst at a cOncentration'of‘lO;zM 'the surviVald

’_dropped to half 1ts value for . the former dose. This is in contradlction
“to the results obtained in the earlier experiments where the best pro-«

"t.ductitity was found at 10 ZM aden051ne One should remember, though, -

‘E‘that the" survival of mutants is a resultant of suppienentation by and ,':‘é}

sensitivity to purine ribonuc1e051des. Therefore the discrepancy be- .fe"



Table 16: Growth of transplanted

Sﬁppie-
© ment

None

©3.2X10

" 3,2 X 10]
3.2 X 10

. 3.2 %10

i.ox300? o
s 2 (120) .
20
ST

S

3.2X10
1.0 X

1,0 X 107

- L0 X110

3,2X10°

Concent -
-Tation

" (Molar)

1.0 X 10

1.0 X 10

1.0 X 10

-3

 s2xi07?

(20

Number

. ‘of |

‘180
180

"300

- (120)

330

- (180)

300

.. (150)

o

(120)
180
180

270

. (120)

300

ade2-1
aded-1

Number

of
pupae
formed

1

(80) .

(34)
112
“n

75 -
(30)

't

30

S azn .

110
(25)

11
(s6)
69
(14)

larvae on purine ribosides o

" . Number ' - 2N
of Survive} = .. .S

. (20)

(8

'8s 41,2

Ly

—

adults
emerged

'R 1.6
(7s) '
17 ' 32,7 -

31) - : -

79 . 42.1
(34)

61 . .46.5

‘18 - 13.7

‘58 - 30.9
(20) :
(40) |

3 18,7
an - :

""" ‘Musbers in parenthesis represent equivalent data for the control.C95511




‘f balance between these two elements, created by differences in culture

' acsurv1val of.fewer larvae, whlch in turn results in a m1nima1 expdsure of

.7fhfin the exposure )

N

L 1. v

tween the tuo results might be accounted for by:a slight shift in the

a

'conditions that were generated in the two kinds of experiments. For mc..~] N

rd

example, in the case when mothers OV1posit on supplemented Sang s med-
_ ium large numbers of larvae are present ahd, in type 1 crosses, heter- .
S

- ozZygous - and homozygous mutants coex1st This may expose the supplement

so that it becomes accessljle to the mutants In the case of larval

g s
: transfer experiments 0 l 30 homozygous larvae are 1ntroduced to each

tube 'S0 that the supplement may not be as read11y available When sup-.v
plement1ng with aden051ne, the tox1c1ty of the compound results in the 'éﬁ
fthe supplement S0 that. an add1t1ona1 cduse of mortallty ar1ses.' Supple— i
?menting with thezggss toxic 1n031ne allows more surv1vors and resultsv

more supplement \ so that most of the observed mort- ) )/3

»jbality is probably due to ‘toxic effect of 1nos1ne alone " An analogOus

'2,examp1e of a probable effect of culture cond1t10ns 1s ‘found 1n the ob-

'.vtservation that escapees (homozygous survrvors on unsupplemented medium)

“hproduced by homozygous mothers develop at d1fferent rates dependlng on -

‘fﬁﬁ'the paternal genotype. “When homozygous fathers are used the cultures S

. - -
- .contain very ‘few viable progeny and these progen} develop slowly (27 T

~'&%;days) On the other hand when heterozygous fathers are- used the dev-
x37elopment period 1s reduced to 20 days.m The latter cultures are, Of

:course, relatively crowded due to the presence of heterozygous segregants,.;»{'

Despite the fact that there is no" absolute correspondence between ;.}%"‘

”'flarval transfer experinents and ovipositzon experrments it may nontheless:;_;_

5ed;be concluded that post elbryonic mortality can account for a great deal



© .96,

.- £

-

of the varlat1on 1n female product;vity on - the var1ous medla, 51nce,_.

under Optimum COnditions, more than 50% of the xmplanted adez—l/adeZ~ :

larvae never reach adultﬁood (Table l6)

adé2-1 exhibited a certa1n resistance to the tox1e1ty of adenosine . ;
' and - 1nos1ne relative to the internal controls adeZ-J/SMS For example,- '
at thewconce;!ration of 1 0 X 10 2M adenosineu the average product1on of -
adeZ-l/hdeZ-l was 5.0 ﬁgd and that of adéz-I/SMS was 3 9 pfd Slmilarlyf-
at the concentratlon of 3 2 x 1073 inosine, the average production was-i';- T'n
5'3 pfd and 3.5 pfd respectlvely Mbreover the heterOZygotes, adé2—1/ -
SMS were also apparently re51stant when compared w1th the1r counter- -
parts 882 ¢/SM5 or C42 6/SMS At 1 0 X 10 3M the average productlon
" of adé2:>¥SH5 was 4. 1 pfd and 3.0 pfd On aden051ne and guan051ne res-tv, Zi'.dlég_
pect1ve1y, that of B82-4 and c42 6/SM5 was 1 4 pfd and 2, 1 pfd (adeno-.. N
-'sine) and 0 .8 pfd abd 4,4 pfd (guan051ne) Although the last figure o

4.4) is: probably not d1£ferent from 4 1 the other three (1 4 2 1 and }tl

0 8) are clearly low.“ FUrthermore, the average product1on of adb2-1/ ,

SMS is ralsed from 2 5 pfd on Sang's umsupplemented med1um to 5 S pfd

on l 1 X 10 2M guan051ne, desp1te the fact that guan051ne does not sup- :*l"fA}
plement the ade2~1/adez-3 mutant G1ven that, in. general_ non- tox1c s |

additives Improve the average product1on of heterozygotes (see reSponses :

of pyrzal and pyr2—2 tolpyr1m1d1ne precursors, below) and that guanosxnej

1s 1ndeed toxic to Wle-type f11es (el Koun;, unpubllshed) 1t does not
o aeem unreasonable to suggest that adb2-1/SMS are re515tant nof only toi

ad 051ne or. 1nos1ne buﬁ to purlne nucleosxdes 1nygenera1

i .
ERI

Inspection of the average productlon on Sang's unsupplemented med-“
|

‘7_ ium also shows a rise in adbz-J/SMS heterozygotes from 2.5 pfd to 3 9

e



| ) o

| - o
pfdvand to 6.7 pfd on-lZO X“lO"ZM adenosine and inosine respectively.

This may be an.indication that not only the resistance to purines but

also the nutritlonal requ1rement of ade2 1 mutant is sem1dominant In-
[

deed,. the product1on of ade2-1 heterozygotes on Sang s unsupplemented r
' med1um 15 IOWer than that of C95 11 on the same med1um Average. pro-
_ductlon 1n type 1 crosses were 2:2 pfd for ade2 1 and 4.2 pfd for C95- 11

.In contrast, on yeast-sucrose med1um, the equ1valent f1gures were 4.7 pfd
» Lok ! '
and 5.0 pfdt o *‘;{

adeZ—l was tested for temperature sens1t1V1ty and was found to grow

)
I + \f' 13

well,at both 29"" and zo c

N e n

‘Mghe pyrlnldine}reoddt;gs B?é;d,(vyrz—ll‘and>C42-6 (pyr2-2) .
dehe maternqi;éffect ;y@ SIS

The condltlonal lethalltles of 882 4 and C42 d are maternallv ln- th
fluenced ~ When grown on restrlctlve medxum (Table 6c and d), the rel-
1at1:e V1ab111t1es of- homozygotes from type l crosses (homozygous 9,3x
'heterozygous d‘%as 1.«896 for B82- 4 and 2.4 for Cc42- 6. . In 'typ.'e‘ 3 -

. *
' crasses (heterozygous 9 X hom02ygous J') these f1gures rose to 22. 9% andg‘

37. 8% respect1vely The delay in deVelopme:tu1n unsupplemented med1dm f
wa& also. maternally affected. B82 4 homozxgotes were. delayed (relat1ve 3';4
- to the heterozygous segregants) by 11 0 days in type 1 crosses,vhut by |
6 6 days 1n*type 3 croSses. In C42 6, the correspondlng delays were

7.8 days compared to 5.2- days

| In general the matermal effect is enhanced whenever metabolltes
added to Sang's defined medlum seemed not to supplement Sat1sfactory

supplements; on the other hand mask the maternal effect



Map position.
»

Because crossing over -in Drosophila ‘has to be observed in female gameuf-

‘ togenes1s and since B82-4 and C42-6 exhibit a high level of 1eak1ness in -
heterozygous mothers, d1ff1cu1t1es m1ght be expected w1th the mapplng of

these two mutants (see A66- 17 above) Indeed us1ng COtal progeny, both

B82-4 and C42 6 give negat1ve values for recomb1nat10n w1th bw . 'The re-

combination frequenc1es were, re5pect1ve1y, T --0 04 and r =-0. 79 g o
(Table 17). However, expefience showed both B82- 4 and C42 6 homozygotes
from . heterozygous mothers f1rst -appear f1ve days later than the heter—
ozygous segregants and 1t was.p0551b1e to explo1t ‘this: characterlstlc to
map the two mutants | Usrng progeny emerg1ng dur1ng the first flve days
of ec1051on,_1t was' found that the nutr1t1ona1 requlrement of B82-4 maps

' at approx1mate1y l 5 units from bw (r = 0 02) wh1lst that of C42 6 maps

at w 2 6 un1ts from by (r = 0 03) CTable 17) leen the vagarles of
[

the method these two locatlons are qulte 11kc1y to represent mutatlons :

close enough together to affect the same gene locus, in accord w1th the

conclus1on derlved from the complementatlon test. Slnce the best nutr1—1,

t10na1 response of these two mutants seemed to be w1th pyr1m1d1ne r1bo~‘"

98.

nuc1e051des, thls locus has been des1gnated pyrz with two mutant alleles R

pyr2—1 (B82- 4) and pyrZ 2 (C42—6) o ","?-’-;f\i ]ffﬁ*'.rif e

B Doée:responsé_tq'puringlpibbhchédéfdeehandjto'uridinévv

[

Supplementat1on of pyr2—1 and pyr2—2 by the four common r1bonuc1eo- ;

s1des d1d not g1ve clear cut results as to whether they were pur1ne or

T “e

pyr1m1d1ne requlrers In an . attempt to solve th1s problem the dose re- ﬁ[ ;']"

_' sponse of these two mutants to purisf r1bonuc1eos1des and to ur1d1ne

v were 1nvest1gated Cytidlne was 1gnored s1nce 1ts ear11er effect paral-gu

e
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‘ “Jdose for supplementatlon of adez-l by aden051ne and 1nv

lelled that of uridiheefxthe resultsfare:presented in Table 38. v

" The most striking result of the dOSe response study 1s perhaps the

lffact that urld1ne at . a relat1ve1y low concentratlon, 1s still a more or -

_:less adequate supplement whilst aden051ne and ta a lesser extent guan051ne ;

“seem to be quite inadequate even at doses h1gher than the lowest ur1dine
.1

concentratlon ‘ For example, 1n type 2 croSses, the average product1on of

\ 'v/pyrz-l dropped from 11 0 pfd.on 5.0 X 10 M ur1d1ne to 6.4 pfd on
5. O X 0 4M ur1d1ne (table 18c1) whllst on guan051ne, 1t dropped from~10 3
pfd on 5. 0 x 10 3M to. 0 9 pfd on. 1.0 X 10 3M and 0.4 pfd on -5. 0 X 10 4M f'
h(table 18b ) Equlvalent f1gures are exh1b1ted by pyr2 2/pyr2‘2 (table‘kl
"18b and 18c ) The developmental t1me, on the other hand, seemed to be

partxcularly sen51t1ve to any decrease in. the concentratlon of e1ther

o urldane or purlne r1bonuc1e051des.> In type 1 crosses, a 51m11ar but

-less extreme pattern was exhlblted (see dlSCUSSlOﬂ of the effect of co—_
'ex1stence w1th heterozygous segregants above) The maternally 1nf1uenced
":res1stance of pyr2—1 hodozygotes to guanos1ne pers1sted at the lower

”.,concentrat;on of 2.5 X 10 3M

| Another str1k1ng character1st1c‘of the dose response study 1s the
,._fact that the average product1on of heterozygous mutants, thh 1ncreas-"k
'-1ng concentrat1ons of elther aden051ne or guanos1ne,_rough1y fbllowedL
”’lan 1nverted be11 shape.. Thls, together w1th the fact that the Optzmal

1ne was 1 0 i’

h;leosides. The results are presented 1n Table 19

iThe.eontentration of:S.OfquszM adenosine;orfguanosinefwas;high{y'

100,
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o 51des supplement better than either guan051ne or adenosine. At this

, itoxic to pyr2~1 and even more so: to pyr2A On 1 0 x 10 M adenosine
.:itype l crosses exhibited a relative viability of 102 9% for pyr2-1 and
:.;56 9% for pyr2~ The deVelopmental delay for pyr?—] ‘was 1 2 days and

| for pyr2~2 2 S days On 1 0 X 10 2M guan051ne. in contrast the relative

| viability of pyr2-1 was 17 8* that of pyr2—2 was. 36 9% and the devel-

- . opmental delay 4 0. days and S 0 days respectively 753 ;tf?qi f:Jfrf;a*;fuaﬁﬁ L

The results suggest that supplementation by both adenosine and guan-ﬁerQKs.h‘°
uosine is roughly equivalent howéVer, 1t seems that the 0pt1mum concentm.::‘:‘,}'f.f»'-""""T
_rations for aden051ne is 1 0 X 10 M ahereas that for guanosine 1s 5 0 o
X 10 M' However, the dosage studles do not unequlvocally alter the
) earller cOnclusion\that ur1d1ne 15 ‘a more adequate suppipment than elther -
i'purlne nuc1e051de _ ‘ o ‘ T

Faepqnee'to intermediates in db5novd.pyrimid£nerbioeynthéaéa',#f'

Dose response of both pyr2-1 and pyr2-2 to the purlno r1bonuc1e051des -

and to .xridine confirmed the conclusmn that the p)*rimidme r1bonuc1eo-

point, 1t was decided that 1nvestigat10n of the response~of the two

'alleles to pyrimidlne precursors from the orotate pathway might g1ve a’

-p clue as to the primary 1e51on 1n pyr2-1 and pyr2“2 The results are

presented in Table 20

«
°

None of the precursors supplemented well In type 1 crosses the - xffy;i'h

;;relative v1ability of homozygotes was 4 S% on Sang s, unsupplemented med- 'f“~f ;l:{f

d‘fli The range of results on precurSor supplemented medla was from

"u10 9% on carbamyl phosphate to 16 9% on carbamyl aspartate w1th pyrz-

o With pyr2-2 the equivalent fxgures were 6 0% on Sang's medium and from
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21 8% to 35% on the precursors. The developmental delay on most precur-

' sors was approximately ten days for both pyr2~1 and pyr2- In type 3

crosses, the relative viability of homozygotes TOSe to 28.8% on Sang's

a

medlum and ranged from 25 1% on carbamyl phosphate to 49. S% on orotate '

for pyr2-1 H 51m1lar results were found for pyr2— . These results show

.

.that a strong maternal effect pers1sts on precursors supplemented med1a,

except on carbamyl phosphate, where a smaller developmental delay and a -
lack of maternal effect are, apparently, a result of a delay in the dev-

“_elopment of heterozygous segregants

¢

None of the precursors exh1b1ted a tox1c effect as measured by the

product1on of mutant/SMS offspr1ng._ For example, in type 1 crosses, the

ff.product1on of pyr3-1 heterozygotes was 3 0 pfd on Sang s unsupplemented

‘17pmedium and ranged from 4 1 pfd on’ carbamyl phosphate to 6. S pfd on d1—

. hydroorotate Wlth more or less equ1va1ent f1gures for pyr2-2 and the
. ( S .

""recxprocal cross (type 3 crosses)

Most precursors were not much dlfferent from ur1d1ne in" the1r effect

“fl,’upon the development tlme of controls,- ur1d1ne 1tself however, 1n-v‘

”_;creases the developmental time of mutant/SMS f11es approx1mately a day

| relative to the1r dEvelopment on. Sang s unsupplemented medxum Pro~.

- ductlon of heterozygous mutants, on. the other hand shows a sllght im- p‘

113.

_ :provement on urxdine relat1Ve ‘to Sang 's unsupplemented med1um (5 5 pfd :hi7‘

’fjvs 3, 0 pfd and S l pfd vs 3 6 pfd for pyr2—1 ahd.pypz-z respect1vely)
“With adb2-1 a similar but stronger effect on aden051ne has been taken as’ ”;;7::}jﬁ

”fwfian indication of a possible semi-domanant nntrit1onal requzrement Nith

.‘ﬁpyr2~1 and pyrz-z this speculation is not favauredb srncezn.add;tion to~id£?fﬁfjf°

'furldine pyr1m1d1ne precursors, whxch do'not supplement homozygotes do




o grown on Sang s unsupplemented med1um must be caused by a: slowing down

« - 114.

1ncrease production of‘heterozvgous mutants._ Moreover the average S et L
: productlon of e1ther pyr2-1 or pyr2 -2 heterozygotes from type 1 crosses | |
.on Sang s unsupplemented med1um is equlvalent to that, of C95-11 heter- ..
ozvqotes !enerated under the same cond1t10ns (5 2 pfd and §. 2 pfd vs 5.3
pfd) It 1s speculated that the 1ncrease in mutant/SMS product1on 1n the.
.case of supplementatlon w1th the pyr1m1d1ne precursors results from

overrldxng the rate l1m1t1ng propertles of carbamyl phosphate synthetase

(CPSase) (Jarry and Falk, 1974)

=
' Carbamyl phosphate is exceptional, in so far as it delays both mut- . o
ant and heterozygous development regardless of whether the female é}
parents were homozygous or heterozygous Carbamyl phosphate 15 negat- o g
X
ively charged and would not be expected to permeate cell membranes !
v i

' ea511y. Moreover, 1t is’ unstable. ”Thus 1ts~adequacy as,a‘potent1a1

supplement is quest1onable However, its.capacity to‘delay development

R At

" of control’ segregants or to 1ncrease the1r product1on 1nd1cates that 1t
.
(or its derlvatlves) has some pharmacolog1ca1 effect
\ . .

A In type 2 crosses (homozygous ?x homozygous d‘) partlcularly, the
product1on of mutant/hutant f11es on orotate supplemented medlum is less

vu‘;thanathat1on;earbamyl~aspartatevor d1hydroorotate.

In contrast“to supplementatlon Wlth elther pyr1m1d1ne or pur1ne
'Vfrabonuc1e051des wh1ch shortened the developmental tlme of the homo-
fﬁ zygous mutants most precursors seem to cause at least ‘a8 further 24 hours_v

) l;delay over the consaderable delay observed w1th f11es grown on. Sang s un-it:

lxsupplemented medium., Undoubtedly, the delay observed in- the mutants when.

.;of growth processes



- .. is not cr1t1ca1. '

IlSL'.

: Wlth the pyrim1d1ne precursors, the questlon arxses as to whether therl
small changes 1dent1f1ed as alteratlons of deve10pmental rate, actually |
- represent changes in the average behav1our of f11es or result from .
changes in the spectrum of 8urv1v1ng f11es, for instance, whenwa delay _~,_f ‘
~in. development 1s found, 15 thls hecausé all the flies developed more
slowly or because a number of slower developing flies.Were able to- sur-‘
v1ve under the altered condxtlons? Mutant larvae wh1ch are dest1ned to
d1e on unsupplemented cultures rema1n small but a11ve for a week or more
Addlthﬂ bf the precursors prolongs th1s phenomenon., If thls delay in"
the onset of morta11ty were throughout the populatlon of the larvae, an f
effect of th1s latter k1nd mlght result The effect is not necessarlly; A -.f.g 5.'%‘

- supplementatlon s1nce 1arva1 growth 15 st111 radlcally d1sturberd but

might also represent a. non spec1f1c amellorat1on of the developmental

env1ronment‘ If such an effect were occurr1ng, there should be a p051t-

1ve correlatlon between the gelatlve v1ability of homozygous mutants and p‘;_‘ B fé
th. T developmental time on the various precursors Such correlat1on}
ex1sts for type 2 crosses but is. absent 1n type 1 and type 3 crosses,.
: 1n whzch control segregants coexist w1th the mutant. Clearly these seg:fl'

regants modlfy the culture condltéons, so that the absence of correlatxon

N
Y

It is concluded that desplte the fact that the average productlon L
of.homozygous mutants on some pyrlmrdine precursors 1s equ1valent to
' that on adenosine, the least effect1ve r1bos1de, the precursors are 1n;.y
adequate supplements because they do not 1mprove the developmental ratef“:
E which seems to indicate that they fa11 to prov1de the metabollte whichii":~“-h.:

~is requlred by the mutants.,‘}

f




o production of homozygous mutants (from 0 03 pfd on- unsupplemented med-

A ,'accompanied the growth of heterozygous mutants Homozygous surv1vors,5j

. ‘It was concluded that orotidine 1s not utilizable for db novo bio-~

"i Orotidine is a by—product of the de nouo pyrimidine biosynthesis

-

‘:.Although the enzyme orotidine kinase is not mentioned in. the literature,; f . ‘f' .
in vttro preparation of orotidylate from orotidine is reported (Lieber- .
_man;:f et. aZ g 1955) Therefore, an attempt was made at using L Iy

' orotidine as’ a supplement. The results are’ reported in Table 21.

Since the standard dose of 5. O X 10 3M proved completely lethal to -
f:both homozygous and heterozygous mutants, lower doses were tested 'They'»‘ ' d»' Vﬁ

3M was still very tox1c for both pyr2-1 and' :r'V :'vf;

v‘concentration of 3 2 X 10
‘,‘pyra-z heterozygotes.r However, with pyr2—1 lower concentrations, 1 0
V X 10 3M and particularly 1 0 x 10 M 1mproved the 1nternal controls 1.'~(

(mutant/SMS), the former also allowed a slight 1ncrease 1n the averagea;‘

ium to 0. 3 pfd on orotidine) Th1s 1ncrease 1s also obvious in type 2} _ii -

~_Crosses where ‘the equivalent figures were 0 3 pfd and 1 2 pfd Except:_

. at. the doses that proved partially lethal to the heterozygotes, no delay*~j'};

~on the other hand were extemely delayed (9 2 - 13 4 days) With pyrz- f:"ﬂx ﬂgf}f%ﬁh

: the same pattern was’ exhiblted w1th higher sen51t1v1ty to orotidine a- ,'{a"“
;mong the heterozngus mutants, low Ievel "supplementation" at the con-

"centration of 1 O x 10 M for homozygous mutants and an. even more ex-. . ..
| r

"treme delay in the developmeqt of the. homozygotes (14 1 - 16 7 days)
, -As’a’ control orotldine was tested as a supplement for three dlf-‘”_ _—
‘Z‘ferent rudimentary stocks, namely rpyrl- ' rpyrl 10 rpyrl lgifTable Zlc}

. N /[ . ,’! '\..i.--v-
~~synthesis of pyrimidines in D melanogaater, since 1t failed to. supple--iw-/

.cfment these mmtants, whose primary 1e51on is known to be in the early
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Table 21c: Response of yP¥TI~1, (PYrI=0, \pq PYrI=19 oo o eigine

Supple~ ‘
&% 10730

" None

R

‘OR

OR. -

None ' °

None

Pheno-

r/f

.my
YAl

&y

/Y

j fk/x g

Ry

/v

S
By
.ik/y

' r/Y’fg
R %N
By
/Y

of
- Progeny

'.:31 .
364

120

400

555

491 -

360
182
" 203
‘194;-

188

. 196

43

:‘3 o

Ipyr]-]

- ‘Average

. Pro-
duction

0.1
1.5
0.5
1.7~
2.3
S 2.1

Fyri-10

LS

o
0.8
_0.’9::'

08

Pyr1-19.

0

0.8 . -

0
0.8
0.2
1.1 -

DeVelqpmentaL
. Time
Mean 't S.D.

17,412.0
. 15.021.5
19.422.2
16.912.4
17.521.7
15.621.5

16,021,6
19.0:1.8
16.01.6

16,2217 .

14.841.4 -

16.421.9
16.221.1
14.921.2

i

" %Rel.

Viab..

8.5

- 30.0 . .

113.0

0.0

0.0 -

104.6

'16.4




- mentation by purine nuc1e051des was speculated to be a result of the1r

120.

steps of pyrimidine‘biosynthesis.

‘None of the pyrimidine precursors supplemented well, and since pyr-
":1m1d1ne r1bonuc1e051des showed appreciable supplementation, it was con- - »
,cluded that if they are defect1ve 1n pyr1m1dine b1osynthe51s, pyrZ—

and. pyr2-3 must be def1c1ent in e1ther or both orotate ph03phoribosy1—
T

transferase (OPRTase) and orot1dy1ate decarboxylase (ODCase) Supple—.'

acting as r1bose 1- Pdonors, whlch would recycle urac11 1nto ur1dy1ate,
thus, if not completely subst1tut1ng for db novo pyrlmldine blosynthe51s,
. at least reliev1ng some of the ill effects of a 11m1ted b1osynthet1c‘ S .

capac1ty.
'-'Enzymology |

The conver51on of C14-orotate to ur1d1ne S'monophosphate (UMP),

o uridlne (UR) and urac11 (U) was . used as an assay for the activities of

both OPRTase and ODCase : 0rot1d1ne S monophosphate (OMP), an 1nter-

mediate in productlon of Uridylate from orotate, 1s apparently converted

1mmediate1y to ur1dy1ate, s1nce it could not be chromatograph1ca11y i-

dentified. The results are shown in Table 22 and fig. 7.

f The two.mutants exhlblted apprec1ab1e levels of act1v1ty whlch are _-_
quite incompatible with the hypothes1s that the ~Pyrimidine requlrement (
h'is caused by a def1c1enqy in either or both OPRTase and ODCase More- |
over, the aqﬁivitxes of these two enzymes seem to be 2 - 3 tlmes hlgher
"than the activ1ties in ‘the control strain C95 11 when the enzyme ex-
‘tract is t_;en fron larvae groun on Sang's unsupplemented and guanosine

) -snpplelented media.. However, it would seen that the enzyme act1vit1es

. 3 14
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"..Figﬁfe ‘7 . ”Cdn§er$idﬁ”6f 14C orotate to orotldylate‘-

by'extracts from larvae grown on Sang s\deflned:7f}f”A“

N

.medlum The activ1ty of orotate thSphOtlbOS{lv‘. |

t;transferase was estlma;ed from the total pro-,
‘_ductlon of ur1dylate, ur1d1ne and urac11 lNd'

' orot1dy1ate was observed presumably because

afOMP—decarboxylase act1V1ty 1s present in excess.VT“"

'in the crude extracts._,

N

Tt T e e i
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w"ﬂxn larvae grOwn on uridlne are about the same as that of the control

"-C95~11 The control stra1n showsiafszmllar level of act1V1t1es whether S

\q’the extract 15 taken from larvae grown on ur1dine guanosine or Sang s f-

.TuunsuPplemented medium. o

"ol and larval survxval Alternatlvely, the mut-;

vUSe the elevated enzyme act1V1ty Exogenous uridlﬁe by Aif: _
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uraC1l does not seem to supplement. elther pyr2-1 or pyr2—2 mutants
vThe relatlve v1ab111ties of homozygous mutants from type 1 crosses were.
;respectlvely 6.2% and 8.6% as 0pposed to 0. 9% and O 3% on Sang's un-
‘.supplemented med1um The developmental delay was 8.2 days and 10 1 days

compared w1th 6. 3 days on Sang s unsupplemented medium.
: : P

An anomolous result was found w1th pyra-2 homozygotes from type 2

'crosses where the average productlon was 6.9 on uraC11 as opposed to O 5

» A

on restr1ct1ve med1um. Thls 1ncongru1ty has not yet been explalned sat-

-

'

1sfactor11y It may be erroneous ' However, the cultures were tested for
‘p0551bIe 1nfect1on and were found to be axenic. Moreover, the mutants

‘ d1d show an extreme delay characterlst1c of 1nadequate supplementatlon

K

The. fallure of urac1l to support the growth of e1ther pyr2 -1 or pyr2-

”flfmutants was taken as eV1dence of the ex1stence of a low pool of phos-

'jpiéphorlbosyf pyrophosPhakF

f; Supplementatzon by purznes

AP

B

g o - - . 'f:jl- L

S1noe the exper1ments w1th ura;al wererperformed Reyes and

',f~Guganxg (1975) have reported ev1dence that 1n anlmal cells, the same

'venzyme,,pyr1m1d1ne phosphor1bosy1-tragsferase catalyses the reactlons

. PRPP * brotate PPRTase ODCase ‘_f -UMP
y - : } —— -
R and PRPP + uracxl : PPRTase jUMP" U

~—)-”"': -

thus weakenlng the support that 1nadequate supplementatlon by urac11 has j_:ﬁrzfx
-‘glven to. the hypothesis of lou phosphor1bosy1 pyrophosphate pools
Therefore, 1t.was deciﬁed to 1nvest1gate the supplementat1on pattern by .{"

, phrlne bases whlch 11k6’urac11 are unrlbosylated Lack of supple—

- -

vmentatlon by these compounds would reinforce the low PRPP pool hypothe51s. .

. RN , ¥
o ey Lo
B o . SV




“Adenine, shown tejbe'Qtiliiable by ~various auxotrophs (Johnson, unpub- :;"

lished) andvguanine haye been tested as pOtential’supplements. The A .
latterﬁmay not be‘ﬁtilizablevby aUxotrophs'(Nash; unpublisned), . The |

" results are pesented in Table 24. VSupplementatien_by inosine was used

- ~

as a novel .control, since it is ribosylated, had not previously been

tested and can be used by;Droaopkiba (see ade2-1, for example).

Neither‘adenine;nor“éuanine,seemsfto:sapplenent. Inttype 1 crosses

the relative viability of pyra-1 on 1.0 X 1073M adenine was 0%, ,.Qn 5.0
X 10°3M adenine, it beeame l9.4%,‘ lt’lsftO‘be neted;.hoaeVet;'tnat the;.
: latter'concenttatien'ef adenine'is euitejtoaici‘ The ayefagevprodUCtion _ ” \'_:{i-
"of heterozygous‘nutants was'2;2 btd and 0'7vpfdifesneetiVelyias'opposed | o
vtoQS 3 pfd on Sang s unsupplemented med1um, so that - the comparatively .
high relat1ve v1ab111ty is qu1te possxbly a functlon of the sensit1v1ty~
' l"of the heterozygotes (see 1nterpretat10n of supplementat1on by nucleo—
.\s1des, above) On 1. 0 X 10° -3 guanine the relative v1ab111ty was 0. S%

Tand on 5 0 X 10 3M guan1ne, it was 1. 6% the average productlon of het-.;
l erozygous mutants be;ng 8. 3 pfd and 6.7 pfd reSpectively The develop-
imental delay on 5 0X 10 3M adenlne was . 7 7 days and on’ 1 0X 10 M and B
“5.0.X 10 3M guan1ne, 1t was 6. 4 days and 8 9 days, respect1ve1y The e
ebehav1our of pyr2-1 on type 2 crosses parallels 1ts behaviour on type i;"

‘7

1 crosses

In contrast the supplementatlon by 1nos1ne is equ1va1ent to aden-
.l}051ne at"the same qoncentratlon (S 0 X 107 M) The relatlve v1ab111ty
of pyr2-1 was 49 li the developmental delay l 4 days and the average ‘

productlon 1 9 pfd




128.

“.

, S
: ' . L
| I | W01 X'0°S = q
< Y - : R, 01 X0'T =
9°130°51 90 gz - vz K £58 o TEy Uz ISt 60 §0 s st a«:
R E2 40 | SR A R s 00 w2 g 0 89T 0 : au.
Covosstos poto z. R ) TTECST - #2200 g1t 1 - o
£7275°9C . 90°0. ot - S emEyt - 90200 0 gz g - q
RO £ Y L R 00 BT39°ET - 60 0 - ¥ o e
- 0 o _ T A 2 A S LSS 0 ouON geguAd
R G 4 S SR {2 YU e pM 5SSt 61 6 .Y es :

H

ORI A X NP 1 O R T SRS SR 19 10 1z s : aau.
gz st s vy s nre v IS ze €800 965 2 9
C0ess'St w00z B AL S 8 VR B T I 9. '
B e (N : R 2 AR 25 € A7 S ST 00 - st 0 R
8B - y0 61 . =T o Lgotst L £ 0. ez o ouoN - g-gand

e D S SR ;-.damam uu-u»m
R SR - L Co L CSMS. - MW oGS W . S w :
: o SRR e : o w o m w W w.
a's 3 uwe (uoRamp | AueBory - - (skeg) 'a's 3 e . uoyanp - Auedoxg _ :
: s:a _omoxg Jo. . 4mreg o eqepA . . Compr . Sl yo
:u:ﬂ&oﬂgon efwzoay - . Toquny . t®3usmdoraneg o ..ao.za . ?u:o!—oﬁgon L oun.uo><... - uon!..z.. e
. 3w »:Si. ‘ .A R . o Cuppmw L
PR 3iopm X m o : P Jivgna m quoama ..mum..
oa«nocﬁ :m oﬂ X 0°s puw ocﬂcqau pus. ocﬂcov- :n o1 x 0’ m.ec- xn oa u o i o1 n.nnam na. H.agau Jo o.:on..x ,.u o~‘-h




+

‘Results with pyéé-z'were in agreement.withspyrZ-l.

129,

‘-.It istconciuded~that both“pyrimidine requirers can only be'supple?fy o

,mented by the r1bosy1ated nuc1e051des wh1ch 1n turn, suggests a low

‘_phOSphormbosyl pyr0phosphate pool 1n the mutants

| Re'a'po’n_sea to _double. -auppzém'ri-téztian '“with ar'a;«at,i:, .guano'eine and uridine -

A number of tests were run, ut11121ng double supplements . These

g tests were germane to hypotheses whlch have 51nce been dlscarded -How- -

ever, more recent hypotheses suggest an explanat1on for ‘an unexpected

outcome of some of these tests, 50 that the results are. reported here in
‘Table zs 5

8 ‘ . o _'._I -

The "delet%rlous" effects of guanosine on homozygotés are not over-_‘

.‘:.come by urldlne the AVerage—productlon of mutant/hutant flles in. type 1
crosses was 2.3 pfd on guan051ne, 2 1 pfd on guan051ne and ur1d1ne and
.8 4 pfd on ur1d1ne for pyr2- . For pyr2-2 the equ1Va1ent figures were
2.5 pfd 1 7 pfd and 6 4 pfd respectlvely S1m11ar1y, the develop- _

| mental times for pyr2-1 were 18 l days,_18 1 days and 16 8 days '.For:
pyr2-2 yhese fzgures were 17 4 days, 19 5 days and 16 3 days Heter-
vozygous segregants from type 1 crosses, both segregants in type 3.

crosses and' the progeny in type 2 crosses exh1b1t somewhat s:mllar pat-

_terns of behav1our Considerlng guanosine overrides the effect of uri-

. “dine, 1t s not unreasonable to suspect that guan051ne m1ght be as ade-*'

'fQuate a supplement as ur1d1ne xere it ot for its tox1c effect

More SUIptlSlngly, the presence of orotate w1th guan051ne seemed

to cause a. str1k1ng delay in the development of homozygous mutants

e e g e

e



130

. ?emmo.nu € 2!& nmo..o _uuo.::uou oyl uom auwv u:o:::co o1 nunogu-m 5 .uoi:z
S . 2 e (e ::n zz i _:.e;s..s . (sss)(909)
10°231°§1 88T an L'z 0'ss 6'1FS°ET 2TEsgn 9'8 'v'9 STS "98g’ - . wp
- L (1'2) W (s o:a 8D . (0 (v D) (081)(rg.) "o -
6°2¥9°L1 LEL LSRR T 6z = 2Ls T'S¥9°91 8°Z35°61 9'v. LT ¥Z Z01 un s w9
£°238°91 Ty 144 gs N X 7 0'ZFL ST K LT r's s ~ £07 . z81 . W
L1300z Lo se L1 S T 2 S$'130°ST 1* ~ﬁ 92 - 6's.z'0" s ot ouoN - gegaAd
‘ L _ ' (b*39) (s*15s°50) (9 132°51) .G.s:..e sgs)oos) . T T
0°232°91 L ¢ SO 625 . v'g. 0'ss 8 ITY'SE Z'238°91 6°6 #'9 sy oy un
. ‘ (0's) (9:8¢5) (s:z32° 9D (1°z51 61) L9 (9'T) (ror) (os1)” .
PO A 22 4 1 s's Loy 827 s'of . S'TIST 0'zIBT L's .1z CMTT T W+ ¥
L £'z30°9T z's .06t STy, . o'sr L' T156°ST 0°Z31'81 £ sz £9 601 . w .
r'238°22 ro 0z 1 A Y130°ST 9'950°9z 7'9 v0°'0’ 962 ¢ - SUON - - ppuAd
' o : o o T ot X0'8)
o - U—i. ’ A”r. .
‘ o L . ~otddng " upeisg
- - SHS | wm SHS m SHS W S -
s o o ] ] W oow - R B
‘a's 3 UseH - uotaomp . AueBorg ( shsg )’ : ‘a‘'s i uwoy . uOF3anp . AueBoxg
.. eWRY <0Id . 3o . Aereq | . -qupy v oWy e R 30
m-uio?»on nu-.n..g( Joquny Te3uemdoronag - 8 LY o ~3i0~0>on e3nzoay uoii Do
gn« prr ' o v uﬁu.lx m ) Ju.omu., .
. Sﬁnog.vr.- SuTpTan £q uoyIwjuswerddns 0353 03 &ln&am v:- n..«&& uo onn&-on .“wn .An..ﬂju. g //

T ——— ———— . ., Ve s e — Tk



CTable 26) For example,‘invtype llcrosses, pyrzel/pyrZAI developmental

't1me was 16 5. days on guan051ne, 24.3. days on guan051ne and orotate and
"'25 1 days on orotate. It should be noted that the Behavxour of pyr2-1
on guan051ne in th1s partxcular exper1ment is somewhat d1fferent from

‘1ts usual behav1our and looks as if the dose used may haVe been slightly

-3

'higher than the usual 5. 0 X 10~ M However, a compar1son between the
- results on guan051ne and orotate in th1s experiment and those on guano-

";51ne pooled over a11 experlments st111 exh1b1ts the same trend, s1nce‘ '

developmental time on guan051ne becomes 17. 8 days Not only were effects

. of orotate ev1dent wzth homozygotes but also w1th the heterozygous seg-

1

regants, 51nce growth of the latter was substantially 1mproved when or--
'fotate was added to the guanosrne medmum, to a level characterlstlc of
d-orotate alone (5 4 pfd on guanOSLne and orotate, 6. 4 pfd on orotate. and
f2 0 pfd on guanoslne alone) Moreover, the1r developmental time was S
: also character1st1c of orotate rather than zuan051ne (16 2 days on: guan—
h51ne and orotate, 14 9 days on orotate and ;5 '5: days on: guanos1ne)
” ,,contrast the effect of orotate w1th ur1d1ne can be dps€r1bed as: tr1v1al..‘

-The developmental t1me of homozygous mutants on- urid1ne was l7 5 days on A

.orotate and ur1d1ne 18 7 days and on orotate 22.7 days. That of heter-"

ozgyotes was: 15 3 days, 15 2 days and 14 6 days The average productlon -

of heterozygotes was 6 4 pfd 4.9 pfd and 3 8 pfd W1th.pyr2-2, a sim-

’ .11ar pattern of behavxour was also observed

These fxndings together wlth the previous observat1on that of allf »

. _the unphosphorylated pyr1m1dine precursors,‘orotate is the 1east sup- »

"i:portlve, may indicatg that orotate has an actlve tox1c effect upon the £

. pyr2-1 and pyrg-2 mutants.
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Differential sex response ofvthe“byrimidine‘requirere

It has been noted throughout the var1ous exper1ments that mutant
.males respond better to varlous additlves than mutant females. /| ThlS
effect was generally more pronounced 1n cases where supplementatlon was
. less adequate. Data support1ng th1s p01nt are: reported in ‘Table 27
Since; in general females are known to develop faster than males, one
wonders whether slow development is 'in some way related to better sur-

vival of the pyrz,mutants.

134,




135,

v 8If - 2 SR ) S to . moum e .._ _NoA. . L o
v sy gt . beg ot ez . .,m«on“ o e
L T S S T veoowr 8 L W a
A T T R S vt ouz ﬂ o . wm_ S m

o Twr U e 0 e9s g0 . et . - 0¥
80 8 - . TT - v . g v - g0 . . oot - - . dpewn -
e T 298 - B ot sz Ll 12018
A% SURNA 73 ¢4 <0t £921. .. 60 - 788l 60 -~ o9ssT - oW
P T sov. - . - - ettt e o 0
T 2 G 1} | 60. vz . z1 e oty
I SRR : R O e (k0T X 9)
. . L o . o . E N C T u_.onogmm:m_
cTiry Awodoxg - omivy - Aud¥oxy ) S oraey - Auofoag orzey  Auodoag )

735 3o B xo8 . 30 U <1~ U R x0§ N..3,._... C . o o T
Joquny - T 1aqumy 2o B ) Jaqumy - . 1 qumy :

g-gahd’ . p-gahd . g-gafd r-gafd . j-gaRd NS .. regafd : .
.\ﬂm;dﬂm ..KNI.N%:JNJ;& lem;TIi& suﬂﬁumg. ©. . ssen
, . wumxmm Ja-gafd | o ..,«., uwama\aamnmm , T Tupeasg
. . ) S munoaﬁmm:n a:o:g 03 mucaua N.S.m uo omcomuou X9% ﬁﬁu:ouo.«uwn Ku.ﬂnﬁ.

— \\y. ’



136.

Lt
91
o't
rt

oty
167

9L

LT

s01

oy

¥51

ve.

L'i4

81

oW

. .m..oh._-.lou... 30.2aqunit 4q pop

TATP sojve ,«.ouu,ons-_ = OF3wx X0 - .

e S o ,
' . - < K .
N a .
st . o
o o ..o.s .
9 _ .,ouu»uq.n@ glqg
A o...u.!a._oﬁ_ i.aaﬁu



e

The-d15tussxon w111 be lim1ted to the RNA requlrers, ade2~1 pyr2-1

Efétand pyrz— In summary, the results wmth these mutants are as‘follows' f"

~ - _v*‘, : b " " NG T _"‘
adé2-1 1s supplementable by eather adenos1ne Or 1n051ne but not by

‘urldine) relat1ve to the w1ld-tipe straxn In the same assay substantial 71 “

purlne blosynthesis.db novo., Under such czr—




"*enzymes 1n the gudn051ne salvage pathways have been reported m1551ng in

Mil?er,and Colllns (1972) suggeéted

5'f11es In Muaaa dbmestzaa ovar1 1

uL?the absence of GMP-reductase and guanxne phosphoribosyl—transferase.

;ﬁ,tBecker (1974) could not identlfy GMP—reductase, zuanlne Ph°SPh°r1b°5Y1'

";ftransferase and gUan651ne klnase, 1n frult fly tlssue culture cells If.v

"’f’guan051ne could not be utgllzed as a GMP precursor or 1f GMP could not be

'wfconverted to AMP, then the apparently eccentrlc behaV1our of ade2-1 would

"this sat1sfy1ng resolutlonfu She has shown that GMP reductase exlsts 1n

'fﬂconvertad tOfadénylate It 15 p0551ble, howeverilthatfuroaophzza s-AMP,:3

A

wutants.
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»
dlscu551on, thlS behaviour now appears paradoxxcal It has been suggested —

rbby Tohnson and Nash (1975) that«some level of purine blosynthe51s de novo

2

vis a prerequ1sitg for survival in D melanogaster probably because Dros— -
ophtla is uricotelic and as. such .would requlre purlne blOSYﬂthGSlS de ,

nov as a principal_means of nitrogenous exctetion (Hendersonfj1972).
Consequentiy,‘it.is reasonabie to suggest‘that;feeding guanoeine to‘ené
zYmologically "leaky mutants" night_diVert detnobo IMP.bfoduction to‘thetb
AMP" branch of the pathway. fhe questionvarises as to ﬁhy.a similat:div;_

érsion of de novo inosinate does not seem to occur in adé2- 1 mutants.
o

g

a

‘ There‘are several possibilities* ade2-1 glves far fewer escapees .on Sang s

unsupplemented medlum when compared W1th pupl 1 and purl -2. ThlS may be

.

"a reflectlon of a lesser leak in the blocked enzyme, in thCh case feedlng _J
A\ . .

on guan051ne may divert ‘the IMP iato AMP but “the amount of 1n051nate pro-

_ duced would still be below the threshold requlred to generate enough ad- ;‘
enylate Alternatlvely, the block mlght be 1n adenylosucc1nate synthetase‘”
so .that de5p1te the, tact that guan051ne is allev1at1ng the burden on IMP
st111 not enough adenylate could be produced, espec1a11y if guan051ne

. does not generate IMP (see. reference to Johnson above) When(feedrng on
’,1n051ne, on the otherAhand the h1gh concentratlon of IMP would somehow
joverrlde the genet;c block:tn S—AMP«synthetese More pIau51b1y the mutant h
";block could bebin edenylosuccinate 1yase; This enzyme-catalyses both

- -

the ‘conversion -of phosphorlbosyl amlno 1m1dazole succ1nocarboxam1de to

."phosphorlbosyl amino- 1m1dazole carboxamlde and the conver51on of adeny—

.losucc1nate (S- AMP) to’ adenylate (AMP), steps whlch occur before and

after IMP in the prodnctlon of AMP The double requlrement for thls en—‘ » :
- -

zyme mlght magn1fy a quantltatlve (rather than absolute) reductlon of its & ,

;_catalytlc act1v1ty, y1e1d1ng extremely 10u numbers of adeZ-l escapees on ™ .
. R E'»‘ + . . . ) . o .\ ; " L 3 . . K .—’: .



l‘

' f-sence of the presumably optlmal concentratlon of l 0 X 10

iy '

- The fate of radloactlve glyc1ne should be followed as. well as radloact1Ve-

addltlve—free medium, yet aIIOW1ng 1nosxne, after conver510n to IMP, to

supplement At the same tlme the eXCretory functlon of the pathway would

\

.only be 1nterrupted once, at the esrller stage at which the lyase is

?'usedm

Obviously, if‘odeE—Z were blocked in the_terminsl steps of AMP pro-
4uction,-1ethelitylon Sang's unsupplemghted medium-uould'be the result of
adenylate deficiency.” If, on the other hand, the block: were prior to

IMP format1on the lethallty would result from lack of both adenylate

v\

-vand guanylate.' More 1n51ght into the problem may be galned by studying

“ithe supplementatlon pattern of 1ncre351ng doses of adenos1ne in the pre- ‘

2M guan051ne

‘aden051ne and guan051neff51nce the mapplng showed a p0551b1e double block.

¢

e,

In all'the'aboVé»mentioned hypotheses,'it was.sssumed that‘guanosine'

'could be converted to guanylate (elther d1rect1y 0T 1nd1rectly via

guan1ne) but not to adenylate

' As mentloned above, Becker (1974) reported the absence of guan051ne
.’klnase and guan1ne phosphorlbosyl-transferase, in wh1ch case the specul—

.ation concennlng the d1ver51on of 1n051nate into adenylate, in the pre— S

e -

- sence’ of exogenous guan051ne would not “hold. However, in addltlon to -
Johnson s unpubllshed results, Six guan051ne-requ1r1ng mutants, fa111ng

[,1n at least three complementatlon groups, have been 1solated so far

' '(Falk and Nash 19743, Naguib and Nash (submitted for publication)

: and Nash (unpublished)) It does not seem plausible to assume ‘that

|
e ,‘.

”.all these mutants utilize guanosine for some other functions than

v -
s

e

140
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generating guanylate It 13, therefore, 11ke1y that Becker s results

cannot, for some reason, be extrapolated to this system.

~ The pyrimidine reauirers, pur2-1 and nyr2—2

These mutants respond well to- pyrmldlne nuc1e051des and rather less
well to purlne nucleosides. Thus, “two optlons are  available to explaln

thelr phenotype:

The f1rst is that they must be defectlve in the - productlon of a
-‘metabollte common to both- purlne and pyrlmidlne biosynthesis de novo..
Phosphor1bosyl pyrophosphate seemed to be a 11§e1y candldate as can be
seen in fig. 8 . However no mutants defectlve in PRPP°b1osynthe51s have
‘been reported in other organisms (Escherzchza coZz, Taylor,

31970 SaZmoneZZa typhzmurzum, Sanderson, 1970 Saccharomyces cerevzsczae,
Plischke et al. 1975 and other systems 1nc1ud1ng mammallan cells in
_culture, Henderson, pers comm. ). Furtherﬁore, the absence of such mut-
ants could be accounted for by the fact that PRPP is so central t0‘met4 '
abdlism. Indeed Henderson, (1972) reports PRPP to be directly involved
1n the blosynthe51s of such bas1c metabolltes as purlne pyrlmldlne,
"n1cot1nate n1cot1nam1de, qu1n011nate and other r1bonuc1eot1des In

| addltlon, except for'ire terminal step in PRPP blosynthesls, which is
concerned w1th the conversion of riboses-F to PRPP by PRPP—synthetase,
several alternatlve blosynthetxc pathways exist. A mutatlon in PRPP—
synthetase, on the other hand seenms 1ncompat1b1e w1th the concept of
cond1t10na1 lethallty, as thls is the only “known way of synthesizing PRPP.
. Under such C1rcumstances it was assumed that, whether the precursors of ,de>'

rlboseSJP, were taken from Sang' s.medium or yeast-sucrose medium, no'PRPP

s

el .
e -



Figure 8. Probable interconversions in ribonucleotide

and phosphoribosyl -pyrophosphate pfoduction.

]

Many steps, pafticulafly reverse reactions and

alternative pathways, have been omitted. The
L . !

cy ‘s ' / .
nucleosides can be utilized as nucleotide pre-
cursors or phosﬁhorblysed‘to yield ribosél-phos~
phate, which can, in turn; be converted to.

PRPP and used in dé novo nucleptide production.

Information gathered princiﬁally from Henderson

and Patterson,(1973).<
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cooid.he made,}which'shonld'result in.uneonditional'iethality;
A second alternative iS‘thatothe better response to'pyrimidine ribo-

| sides relative to purine.ribosrdes indicates'a.deficiency in pyrimidine
..‘fbiosrnthesds. As thls ‘option seemed most probable, 1t was dec1ded that‘

' ‘it would-oe:worthyhlle 1nvest1gat1ng The ‘lack of response to pyr1m1d1ne
precursors, when these‘have been.found to,suPplement‘rudimentary mutants
V(Norhy, 1970 and Faik andeNash, 1974b),‘suggests that, -ﬁere‘pyrlei and:
pyr2-2 deficient inﬁpyrinidine bidsYnthesis the def1c1ency must be con1 .
nected w1th either orotate phosphorlbosyl-transferase or orot1d1ne decary.;
boxylase (see f1g ; ). -The supplementatlon by purine r1b051des could ‘
..then be explalned as’ thelr belng r1bose—1 P donors, wh1ch would take
'aurac11 to make ur1d1ne by means of reverse phosphoroly51s Ur1d1ne 1s
then converted into ﬁsadylate by ur1d1ne k1nase Under such~cireumstances "
no new uracal is made, whlch could account for the more or less 1nadequate
.supplementation by pur1ne nucleosides0' Alternat1ve1y, r1bose& -P - could
convert orotate to orotxdlne, although»neither-orotidine phosphorylaSe

nor orot1d1ne klnase 1is- reported in, the 11terature (Henderson and Patter~'
--sen, 1973) ThlS p0551b111ty has not been 1nvest1gated in the spec1f1c
'.rcase ‘of insects so that this conJecture, at least seemed reasonable as ‘a.
last resort' However, the lack of- supplementatlon by orot1d1ne w1th
’oiboth pyr2—1 mutants and rudimentary mutants apparently confirmed the ab-
“sence of both enzymes in Droeophtla. Th1s finding did not, nevertheless,
Adlsprove the p0551b111ty that the’ pyrZ mutants ‘were def1c1ent in OPRT-
ase and that supplementatlon by purlne r1bonuc1e051des resulted from the
’ ;recycllng of uracil Therefore, 1t was dec1ded to assay the act1v1ty of

;OPRTase (Shoaf and Jones, 1973) Thls test showed beyond any/doubt the

N
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- presence of both OPRTase and ODCase in pyr2 larval extracts.

'These results could still have been obtained if the mutation decre-
:aSed the affinity of OPRTase to PRPP so that under'physioIOgiCal conditions
~the normal PRPP concentratlon in the mutants is below the concentrat1on ‘
.requwred for OPRTase activation; the hlgh PRPP concentrptlon in the as-

says may st111 have exceeded the level requxred by the mutant enzyme,

Y

-“resultlng in the detect1on of enzyme act1v1ty The pur1ne r1b051de sup—

,plementatlon would remain poss1b1e because they are used d1rect1y in

.purine blosynthes1s, thus more or less allev1at1ng the burden on PRPP

“and allowlng 1t to reach the level of concentration requ1red for OPRTase'
act1vat10n Furthermore, pur1ne nuc1e051des can’ generate r1bose1 P

_ whlch can be’ converted by phosphor1bomutase then PRPP—synthetase to PRPP

:‘thus agaln boost1ng the PRPP pool 51ze to the level requlred for OPRTase o
actlvatlon HoweVer pre11m1nary results 1nvest1gat1ng the dose response

of OPRTase to PRPP did not support thlS suggestlon (Nash pers comm ) 'ji 2

' Ironlcally, enzymologlcal character1zatlon exh1b1ted a relatlvely
_hlgh act1v1ty of 0PRTase~1n extracts from mutant 1arvae grown on elther.
dSang s unsupplemented ‘or guan051ne supplemented med1a when compared w1th |
”those from wild- type larvae grown under the ‘same condltlons or when o
vcompared w1th those from w11d-type or mutant 1arvae grown on ur1d1ne
These reSults could be obtalned if the mutation affected the regulatlon
-.of OPRTase so that a hlgher than normal act1V1ty would result in a de-

Lpletlon of PRPP pooI 51ze, cau51ng a shortage 1n purlne r1bot1de synthe51s B

or. key cofactors such as. n1cot1nam1de rlbonucleotide.t In the presence of
'}ur1dineg OPRTase act1V1ty goes back to normal thus restor1ng the w11d—

itype phenotype to the pyr2 mutante. Guanoeing,pr«adenoeine, on -
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: the other hand, are -sources of r1bose-1 P that could be utlllzed d1rect-"'

\

ly to synthesxze any requ1red r1bonucleot1de vta reverse phosphorllysis
or, 1nd1rectly, to make PRPP However the fact that they do not afiect
'OPRTase activ1ty may explaln their 1nadequacy as a supplement when com-

: pared ‘with ur1d1ne

Orotate may be the least adequate supplement among the pyr1mid1ne ;
precursors because 1t is a PRPP receptor, thus, if anythlng,‘contrlbutlng

to the depletlon of the PRPP pocl Thls is.- further 1llustrated by the
A

fact that double supplementat1on by orotate and guan051ne is parallel to ' .

the supplementat1on by orotate alone rather than guan051ne alone, wh1lst
the double supplementatlon by orotate and um1d1ne is parallel to the
lsupplementatxon by ur1d1ne rather than orotate alone. In the latter case,
although orotate is a receptor of PRPP ur1d1ne overcomes, whether dlrec-
tly or. indrrectly, the hlgh act1V1ty of OPRTase, thus neutraliflng the
_effect of orotate Supplementatlon by both pur1ne bases and urac11 was'5

lnadequate as would be expected 1f the hypothe51s that PRPP level 1s low

' 5, were correct 11ke orotate, they are unrlbosylated and act as’ PRPP receptors

.,)4
The same results could be also obtalned if the prlmary lesion in

. ths pyrZ mutants were a defect in PRPP b1osynthes1s As argued above, '

va total block is’ unth1nkable because PRPP is. requlred in. the blosynthe51s

‘of numerous key metabol1tes Thxs is probably why no mutants defect1Ve
(.

: in PRPP synthesls are known in bacter1a,~yeast or an1ma1 cell cultures

| HqueVer, 1t 15 concelvable that a’ part1a1 defect in PRPP productlon AK

lcould go undetected 1n un1cells. In contrast 1n multlcellular organlsms, a

”because they requlre highly organlzed spat1al and temporal blosynthe51s,

-8 s1m11ar defect in’ a certaln metabol1te may be so magn1fied going



from one neﬁ»process’to the other that it could lead to conditional leth-

‘ality.

If .1ndeed the pr1mary lesion 1n.pyr2 mutants were defectlve PRPP -
‘blosynthes1s, 1t would be expected and is 1ndeed found that, in contrast
to unrlbosylated compounds,vmost r1b051des should supplement Under .
these circumstances, 1ncreased OPRTase act1v1ty is a response to, rather. |
than a cause of a ‘decreased. PRPP pool 51ze as argued above _The '
‘?d7quest1on arlses as to how such a response could be generated boes a
E decreasedAendogenous-PRF? concentratron act dlrectly;on.OPRTase oriis‘it )
: _that other metabolites are affected“that in'turn'affeCt'OPRTase? Is the
effect whether dlrect or 1nd1rect carrled at the transcr1pt10na1 trans-
1at10na1 or enzyme 1eve1° ’Indeed in bacterla starved for pyr1m1d1nes,.
‘811 the enzymes of pyr1m1d1ne blosynthes1s are derepressed (Yates and
Pardee, 1957) In Droeaphtla Rawls and Frlstrom (1975) reported an in-
creased actiV1ty of DHO dehase in rudtmentary mutants. Extracts from
xpyr2 mutants and w11d type f11es grown on Sang s unsuppleme-med medlum
showed no 51gn1frcant alteratron/ln_QPRTase_actlylty when 5.0 X 10~ M
h'uridine.waS'added'to the reaction”nixture,QSuggestrng'control at'the '
level of transcr1ptzon or translatxon :Is'the elevation of OPRTase syn-.

. the51s in the pyrz mutants equlvalent to the derepress1on found in micro-
organlsms? 0r is it, perhaps, 1nduc1b1e by -an accumulation of its sub-

X

' strate, orotate?

0bv1ously, more b1ochem1ca1 and dletary studles are needed before a
f;nal conc1u51on can be reached with respect to the primary and secondary
ffects 1n the pyr2 mutants At the nutr1t1ona1 level non—toxlc ribo-

sylated.analogues such as 6 thloguanosine, that could supply rlbose but
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not nnCleic acid bases should be tested for supplementation. Deoxribo-

51des, that could Supply nuclelc ac1d bases but not r1boses, should be

‘tested. Double supplementat1on 1nVOIV1ng parallel and ant1paralle1 dose

response to a specific’ 1nh1b1tor of OPRTase, such as allopurlnol (Fox,

1 et. al. 1971) and a pyr1m1d1ne souree, “such as cyt1d1ne, might help re-
K

solve the_qﬂestion as to whether the excess enzyme level is cruc1a1.

Double sﬁpplementation with adenosine.and'either orotate or uridine has

148.

not been studied, perhaps: they should be, in order td complete the dossier’

‘of results on responses to purine nuc1e051des - At the genetlc level, n

~ double mUtants for pyr2 and auppressor of rudtmentqry, su(f), shouid be
made and their supplementat1on pattern studied. The éu(r)-mutent was
demonstrated by Bahn (1973) to be defectlve in d1hydrourac11 dehydrogenase
and as such would accumulate urac11 The double mutant could by accum-
. ulating uracll, generate a s1tuat10n where the mutants are no longer o
stetved fof‘pyrinidines Under euch(circumStances conhined studies:of
d1etary supplementatlon, enzymes of the pathway and pool size. mee;ure-

ments may lead to an understandlng of the regulatlon of pyr1m1d1ne

‘b;osynthe51s in Drosophzla.

At the b1ochem1cal level, a thorough'lnvest1gat10n of O§RTase in-
cludlng its response to aden051ne both in vivo and in vztro should be
 made. Act1v1t1es of the other enzymes of the de novo pyr1m1d1ne bio=
synthesls should also be.meéggied. If‘a positive correlat1on.1s found ‘

between the latter and OPRTase, activities of some of the enzymes 1n—

volved in'pur1ne.b1osynthesis de novo should be measured. The fate of

the ribose moiety in dietary nucleosides should be traced. Pool size

measurements could be undertaken, although the instability of.PRPP_in.
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solution‘ﬁakes'tgis approach difficult. . ﬁqwever,,nucleoside,pool sizes
are amenabie to invespigatibn and mightvgive some insight into  the situ;
efion. If, as in bacteria,.stafvation for'pyrimidine resuits in accum-
ulation.of orotate, then the orotate pool in pyr2 and pyr2, eu(r) may //

throw some llght on the 51tuat10n

AN

" Rudtmentary mutants show two plelotrOplc effects in addltlon to the1r

’ nutritional requ1;ement. They‘are genetlcally rescuable female sterile
and have reduceé wings. The maternal'effect exhibited in pyre mutants
1s 1n a sense analogous to female ster111ty in rudzmentary in so far as
it 1ndicated that the homzygous mutant females: lay eggs whlch are def—_
ect1ve The pyrlmldxne mutants have normal wings, however not all |

',erudunentary mutants show reduced wings. '

-In the-context‘of'theABiochemistry and.genetics of nucleotiﬂe'met-
abolism, although not in the context of the organlzatlon of. development,

.these effects are clearly to be con51dered eplphenomena
. . ; Y )

N



. 1nduct10n and " character1zat10n of genetlc ,3. ' \.'th purine and,pyri-

" GENERAL CONCLUSIONS

In this work, we have been conCerned‘with gene expreSsion and its

regulation in higher euharyotes.. 0ur approach to the problem has been

"1n 1tse1f a scientific event of semtng-L" o Lt is expected to

'parallel and extend auxotrophy in baéter1aﬁan-

5 .

~

umce‘l% to multi-

.

cellular organlsms.' From a b1ochem1cal v1ewp01nt nucleot1de metabollsm

can presently be 1nvest1gated at the level of a whole live multlcellular o

organlSm. In this context D melanogaster 15, for all practical purposes

, 8 moJ!ksu1tab1e material s1nce it is the best blologlcally character1zed

hlgher eukaryote. It also happens to be inexpen51ve and eas11y amenable o

to either genetlc or biochemical. analys1s As a consequence we may have

v

"enzymes and gene c1uster1ng encountered in mlcroorgénisms ,has also been :

e - S L o#

-

vprov1ded a partlcularly useful system for the e1uc1dat10n of nueleot1de

metabolism in hlgher organxsms

-
S

From a genetic v1ewpo1nt organlzatlon of the genome’ of hlghe_ organ- .

1sms as’ well -as the1r gene structure can eas;ly be analysed 1n/§h15

‘.//.

system In fact, the close connectlon exlst1ng between aggregatxon of

i

observed 1n ‘the rudtmentary locus of D .mgzdhogaster.‘ On the other

hand because auxotrophs are conditonal lethals, they const1tute a: mat- '

_er1a1 of ch01ce for the study of f1ne structure ahaly51s of genetlc loc1.

Nith regard to the present 1nvestlgat10n, a novel tauggique for- the

]

&

1solat10n of second chromosome cond1t10na1 nutrltional lethals, that can '/

7

R

'eas11y be’ extended to the thtrd chromosome, has been descrlbed Among

]
’

'd/ 150 db-
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the mutants isolated adeZ-I w1th 1ts unorthodox response to guanosrne
has generated a better understanding of_purine metabolxsm in Droaophtha
Moreover, the unrque phenotype of the p 2 mutants, stronglw suggests :

that auxotrophy in higher ori'nisms may lead to discoverres uhparalleled

rl 1" microorganrsms The'pyrz mutants are of particular interest 1n so far IR

as they can be an 1mportant tool 1n the study of the regulatzon of nuc-. -

S

leotide metabolism If they were defective 1n the regulation of pyrim—

ot . o

‘*ne biosynthe51s, they w111 be the flrst true regulatory mutants 1n ;

3 this brosynthetie pathway._ If on the contrary, they were defrcrent 1n

PRPP biosynthe51s they can be manipulated so as to be used in the study

of the regulation of either‘purine or pYT1Mld1ﬂe blosynthe51s.v For ex-:a _f_‘flf

ample, enzymologrcal and pool level_studles 1n double mutants of pyrz

and pur mutants should lead to‘m relins1ght 1n the regulation of nucleo- o

oA

f-vtide metabolrsm 1n particular, and perhaps, by extrapelation, to gene

5 regulation in higher eukaryotes in general v:"*,-fé"fu_;‘ ﬁif;ifﬁffﬂgth

Flnally, two aspects of thrs study, one concerned w1th nucleotlde‘f

metabollsm,and the other W1th control of gene actiV1ty are closely ass- 1]_f""’

oc1ated with cancer therapy On the other hand nucleotldes are the

building blocks of nucleic acids 1n whose absence cell multipllcation

and conseQuently, tumor production cannqt occur Cancerous cells, on

Y

regulataon. ,Whether through further development of nucleotide metabolxsm

the othervhand are described as haV1ng lost the capacity of self~g;;}:V:ﬁ\'

as a field of study or elucrdation of the general mechan1sm by which o

genes tnd hence the cells of higher organisms are rpgd&%ted, 1t 1s

hoped that this field of study w111 ultlmately contribute to cancer
S

I X —

prophylaxis. : ;.'” *bi § vj_’ _ o f";f‘~jif;At*3'-

. . Lo X TP AN C : S X co . . . .. . . .
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"fron experimental data produced in nutritional tests carried out. In

t»'(:luntrast to the date presented in the preceding thesrs, all flies

' produced under a given nutritional regime are. collapsed into a single‘

'set of statistics. Dnta presented in any given table in the thesis

“.proper was generally obtained from Crosses reared simultaneously on ac

Ed

- ~ variety of media derived from the same stock mediums:

The information presented in the appendix has been d1v1ded into
E 'the ten parts listed ‘below. For the sake of completeness some 1tems
f' vare repeated in several parts' ' |
B Part l Tests of a11 stra.ms on. yeast-sucrose, unsupplemented Sang s

qnedim and Sang s medim supplemented with RNA

"d'with riboSides at S x 1'0 3! concentration

Part 4 Tests of ade?,—l on various concentrations of purine ribosrdes.’"

_ _.‘_""Part 5 Tests of pyra-I and pyrz-z on various concentrations of
- j‘adenosine, guanosing and ur%.dine. ' . ‘
- _' Part 6 Tests of pyr2—1 and pyrzl-z on pyrimidine precursors at § x »

e -

'10 3)4 concentration.

Part 7 Tests of pyrz- R pyrz-z and rudmentary nutants on orotidine.

_Part 8 Tests of pyr2-1 and pyr2-8 on uracil

_..Part 9. Tests of pyra-l and pyrz-z on. coubinations of orotate,
i P FUALE

Lo
.

":guanosine and uridine, ' B S :,x‘?.',:'f
_Part 10 Tests °f Py’ 8"1 and Py"&“g on vdnous concentrations of
~"’adenosine, zulnosine. inosin&' adenine and guanine. e

. [ CI . L Vl B . . - ."__.‘4. . Ct X . L B
_:"' RN Lo B N : ED e EE N

This appendix contains computer printouts of statistics denved A
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| KEY T0 THE APPF.NDIX , |
- Each data block 1s identified on the left—hand sxde by a series.

'.of symbols ;. reading frou left to right these represent.

‘ 'l'he type of cross . enployed (single letter)

A= Heterozygous fe-ele x heterozygous male
B = Heterozygous fe-ele x hbhozygous uale
Honozygous feule x heterozygous male

‘ ,_D - _Ho-ozygous f-“'.‘l".-’f_ hono_zygous ne'le |

to yeaa-l, yaashl, yr3-1 ade8-1 and pyr8-2 as described in tests.
F“_‘_Other syﬂ:ols with one letter and three nunbers .are non-nutant eontrols
‘_ | In the conplenentation tests (part 2) the first and second |
-,elelemts of these syi:ols are usecJ (1 e.,. A6 86, BB CZ. Cd) - The o
.}first pair represents the feule part, the second 'pair the .male S
*_,'pmnt. L | ] g R
N In part 7, rudtmentary mutants are ebded as: follows (p)pyr 1-1
© 0101, rpyrl -10. 0110 and rpyr! 19 0119 me..-cross 1n thisease “
as shown m the uin text L : \ .
ug_ (two letters) | - | e = B | ; {
| .,_Yeest-sucrose nediul YN L e A
Suppluentﬁ Sens s lediun = S- s where - indicates the nature of the
8 f-f_;jffrfsxppxm as follows R B R 1 '.
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3 Yla . X
‘A andenosine ' "B guanosine T C= u}idihefi
5ﬁ”§ﬁ%," VE:A+§TC+DA F=mmmﬂwmwue
\G’ bl cd.‘rbamylaspart‘até "‘H,_s dih‘_ydroor_ot‘:;ite | 1= 'erotate' o '_‘u , )} ,
> ’ J ='orotidi:ne . ( K,=. guanosine + orotate l..= u.ridine + orotate’ .
' M= gluanosin‘é':_',f_uridine N = no sxipplemeqt- o P =RNA ; ' {;“
Q - uracil - ~R= inosine - _ s - adehlne |
T =‘guanine‘ R 'el} R ch R
Supplemént;concentrdtidn éthree nunbers)_ I S . L .
“The s;mbol can be transfbrmed to a molar concentration as
fbllows.v ."1ff‘/4- | ' .
' 1 Symbellg»ydz ' Molarvconcenfrat%on = X.y X 10' E R v
_ 503~ 'f,‘g‘SOxIO | | - )
Number'of days of oviposition (two or three numbers)
e Read dlrectly ' N | S | — o
Ger?é\ype of proLny (one mmber) " ‘ ' '
. 0 = homozygote - o . __— .
- > i,' heterongOte "'-‘ - | S 7 ,;' o C T .
Sex pf Pp Jeny {one nunber) e | |
: O- male ‘ | : .
L AR ; . ‘

Y ‘ The statisucs giveh in order from. left to right are:
K ’Qulber ef flies produced. . Lo | v .
o Mean nmber of flies produced per day of oviposition
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