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ABSTRACT

Of the three types of cond1t1ona] mutat1ons w1de1y studied in

- micro-organisms, namely auxotrophic, temperature sens1tive and
nonsense mutations, only the first two types have been identified in
Drosophila meZanogaster The goa: of the present study then has been:
_to 1dent1fy putat1ve nonsense mutattons in D. melanogaster X—ray

and ethy] methane sulfonate (EMS) lnduced mutants at ‘the rosy- (ry 3 52)
,]ocus thCh codes for the enzyme xanthlne dehydrogenase (XDH) have been :
examlned for the presence of XDH proteln Three new]y fnduced mutants |

were found to have substantia] XDH act1v1ty in the f]uorometrlc assay :

o and were not ana]yzed further One -EMS 1nduced mutant had ]ow activity

(<2%) as detected by ge] e]ectrophores1s and sta1n1ng “for XDH activity,n‘
but 1t retalned the ry mutant eye co]or This mutant and f1ve other :
.EMS lnduced mutatnts exhlblted 1ntera11e11c comp]ementatlon as detected
by the restorat1on of wild type or lntermedtate eye color in certain
“heterozygous . comblnatlons ~ Al of the mutants were a]so tested for :
cross- reactlng mater1a1 (CRM) to anti-XDH serum by Laure]] rocket gel |
e]ectrophore51s A]] but one of the comp]emntlng mutants and two
mutants wh1ch did. not exh1b1t comp]ementat1on were found to have -
inactive XDH proteln that is, weré CRM by th1$ test Those .mutants
whlch were 1nduced by EMS and appeared negat1ve for act1vity, COmple-
mentation, and CRM may be nonsense mutants, or p0551b1e regulatdxy
mutants. shese gan be tested for suppress1b111ty by an EMS induced

second site mutation through the use‘of\the purine lethal screen

which allows only ry* flies to survive.
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INTRODUCTION
I Descriptionbof the purpose of research

(1) Conditional mutants in -Drogophila melanogaster

vy
In prokaryotes and lower eukaryotes, several classes'of conditional
) uutants have been described, namely, temperature sen51t1ve auxotroph1c‘
and nonsense mutants. Temperature sens1t1ve mutatlons are those whose
b'mutant phenotype is expressed only at certain-temperatures (restrictivei
usual]y either colder or warmer than the optimum temperature for that
particular organism. In the past ten years,,many such mutations have
been produced in Drosophtla as well, and have been particu]ar1y
usefu] in the study of deve]opment Auxotrophic or nutr1t1ona]1y
conditlonal mutants have also been described, ma1n1y in the pur1ne
| and pyr1m1d1ne b1osynthet1c and sa1vage pathways The third class of
futants, nonsense mutants, have not yet been identified in Drosaphtla
(For a review of condit1ona] mutants, see Suzuki et aZ ,» 1976.)

A nonsense mutatton is _produced by a base subst1tut1on which
.resu]ts in a cha1n tenm1nat1on codon (UAA; uaG, or UGA) replacing a |
sense codon at any point preceding. the normal term1nat1on site of a
h structura] gene. (Garen, 1968) The result, upon trans]ation of the»mRNA__ |
is. the release of an incomplete po]ypeptlde chaln. Th1s type of mutation
can however be "suppressed" by a correspond1ng mutat1on in a transfer

RNA ant1codon such that the nonsense codon is read by that tRNA and an

"”amtno acid added to the po]ypept1de cha1n a110w1ng trans]ation to

,proceed _
There have been many genes identified in Drogophila which suppress

a mutation at another 10cus'(Linds1ey»and'6rell, 1968). Of these, most

3
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are spontaneous mutations'which mask the phenotype of particusar a]1eles,
almost all of spontaneous origin, at speciflc Toci. Many of the same
phenotypes wh1ch can be suppressed can also be enhanced by mutations

at other loci. Some mutations in fact both suppress and enhance at
different Toci, . s1mu1taneously, for example, suppressor of fbrked 8u(f7
enhances white-apricot w%.  None of the known suppressors appears to be
act1ng as an informational suppressor that is, translat1ng a nonsense -
cod0n .

The suppreseor of sable (su(a) 1-0.0) gene has been 1nvestigated
more thoroughly than all other suppressor genes in Drosophzla Mutants
at this locus suppress some alleles at the sable, 8peck purple' and -
_ vermilior loci. The vernnlton (v) locus codes for the enzyme tryptophan-'
pyrrolase (Bagl1on1, 1959) and wild type and suppressed flies produce '
similar enzype (Ba11]1e,and Chovnick 1971) Tartof (]969) suggested
that the suppression was probab]y not nonsense Suppress1on because-
su(s) a]]e]es are recessﬁve, not dom1nant as expected for nonsense
suppressors and the restored level of enzyme act1v1ty wasdtoo high .
(10-25%). It was or1ginale thought that su(s) flies lacked the second
isoaccepting form of tyrosine transfer RNA (tRNAtyr) (Twardzik et al
1971), that v tryptophan pyrrolase was 1nh1bited by tﬁ#s‘tRNA -and that,
in the absence of this tRNA, v mutant enzyme was functiona] However, .
.1t has recently been shown that tihs fonm of tyrosine tRNA is not |

mlss1ng in su(s) mutants, only a1tered such that under certain conditions

of preparation. it can be detected (Jacobson, ]975) Thus, tRNA

t

mutants have not been 1mplicated in suppression in Drosophtla at

this time.



(2) Definition of the goal of the'research

In view of the present status'of conditional mutants in Drosophila,
it wou]d be interesting to ‘identify mutants of the nonsense type and
suppressors of thes;. These would add to the knowledge of translation—
al processes i Drosophila as well as provide another too] for the
malntenance of cond1t1ona1]y mutant or lethal stocks. The ultimate
def1n1t1on of a nonsense mutant lies in its ability to be’suppressed‘
by a tRNA with an a]tered anticodon capable of reading a UAA, UAG, or UGA
codon This, however, is difficult to attain since it invo]ves the induction
of two types of mutations both requiring very specific base subst1tut1ons.
It is therefore of great 1mportance to characterize a mutants as fu]]y as
possible before attempting tosuporess the mutant

Logically, one must start. with a gene whose proteln product is
clearly established and ava11ab1e for pur1f1cat1on, thus a gene coding
for an enzyme is a good choice. Secondly, it is he]pfu] if mutations
in the gene can be easi]y-identifiéd #the basis of a visible pheno-
type. Th1rd]y, 1t is 1mportant to induce mutat1ons of the base
substitution type so that a nonsense codoh may be produced.

“Havir . Jced an array of mutations,,itcis then necessary tob
characte-ize thzm to find wh1ch woqu be Tike’, cc1d1dates for chain
terminati- mnut. tions.  The studies in prokaryotes (Hartman et al. ]971)
have 1nd1cateu that nonsense mutants are usua]]y nu]] act1v1ty mutants,
incapable of 1ntragen1c complementation, do not produce cross- -reacting |
material (CRM) to antibodies agalnst the w11d type protein, and do not

affect dimerization of wild-type prote1n in heterozygotes as detected

by altered mob1]1ty in gels or by negat1ve comp]ementat,on It should. ' o
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be noted.that a]l'of these characteristics are not sufficient to identify
a nonsense mutant, and indeed, may equally describe a mutant of a
regulatory naturé.

Using the above criteria as the best available, the‘purpose of the -

&

fo110wing work has béen to identify putatiye nonsense mutants in

Drosophila.

(3) The approach to the problem -
¢ -
There are few gene-enzyme systems in Drosophila which would be

suitab]e for such a study. For example, the Uermilion locus (v 1—33.0)

B codes for tryptophan pyrro]ase and mytants have a v1s1b]e eye phenotype,

th1s enzyme has been purified (Baillie and Chovnick, 1971) but no
lethal screen exists for reversions or second site mutations;‘ The
enzyme‘a1coho] dehydrogenase is coded for 6& the Adh gene (2-50+O 1)
and mutants at this 1ocus can be se1ected by add1tqon~o;\penteno1 to
the medla, pentenol is metabolized by aant f11es to a toxic substance,
‘such that on]y Adn~ flies surv1ve Furthermore ethano] is toxic to

Adh~ flies g1v1ng a lethal $creen for revertants or.suppressors. Thus,

thlS enzyme would be a good choice of study.

The system which was selected for study is the rosy. Tocus (ry 3?52.0)

coding for xanthine dehydrogenase (XDH), the earliest gene—enzyme system

identified in Drosophila. Null mutants at this locus have a visible

phenotype, dull red eyes, and a iethal‘sereen exists«for.picking up
revers1ons or second 51te suppress1on '

The gene product XDH, has been purified and severa] worker~ have

- successfully raised antibodies to XDH in rabbits, allowing for ‘studies



of CRM. The active XDH enzyme is a homodimer§ this means that intra-
genic complementation ~f mutants is a poss1b111ty In addition,
inactive po]ypept1des may affect d1mer1zat1on of the wild type XDH and/
or may show a protein band in sodium dodecy] sulfate gels in the region
of the w11d type pur1f1ed monomer (Schwartz and Sofer, 1976).' The rosy
]ocus and 1ts proteln product, XDH, have been fully described in the

' fo]]ow1ng parts af the Introduction.

The mutagen of choice 1in attempt1ng'to produce base substitutions
in Drosophild_is probab]y'the‘monotunctiona] a]ky}atingvagent ethyl
methane su]fonate'(EMS).‘ Lim and Snyder (1968) suggested that EMS is
unable to produce even sma1] chromosomal deletions in D. melanogaster.

This work was questioned by Lifschytz and Falk (1969) who found that

. 20% of htgh dosage EMSiinduced recessive lethals were apparent deletions.

Lim and Snyder (1974) rerexamined.this question using the EMS-feeding
method ot Lewis and Bacher‘(1968) to induce 82 recessive‘letha1s and
_found all of them to be mutat1ons 1nvo]v1ng only one cistron w1th no :
| apparent de]etlons Support for thelr hypothes1s a]so comes fran
H0chman (1971), in an ana]ys1s of EMS induced mutations on the fourth
chromosome, he found 81 point mutat1ons, one deficiency (suspected on
genetic grounds only) and one trans]ocat1on' whereas X—rays produced
30 po1nt mutat1ons, 7 deficiencies (4 conf1rmed by cyto]og1ca1 ana]ys1s)
and 4 trans]ocat1ons Additional conf1rmat1on comes from Hilliker
(1976), of 113 EMS 1nduced lethals in the heterochromat1c region of
chromosome -2, none behaved as a def1c1ency EMS was therefore used in
a]] mutagene51s exper1ments 1n this 1aboratory |

It shou1d be noted however, that several X- ray induced ry mutants

<



obta1ned from A, Chovn1ck were included in the stud1es -These mutants
map to specific sites in the ry locus and it is the belief of Dr,
»VChovnlck that most X- -ray induced mutations restricted to one gene are
N s1ng]e site mutat1ons (Chovnick et q1., 1977).  However, it 1s possible
that many of the s1ng]e site mutations are base-pair 1nsertions or
‘de]ctlons rather than subst1tut1ons Malling and de Serres (1973)
Studied 101 Xx- ray 1nduced mutat1ons at the ad-38 ?ocus in Neuroaporu
crassa(%or ab1]1ty to be reverted by specific mutagens. They 1nter-
preted 42% of the X- ray induced 1es1ons to be base subst1tut1ons 37%
v

lnsertlons or de]et1ons 6% non- revert1b1e and the rema1n1ng 15% Were

revertlble,spontaneously Thus, X-ray induced mutants shou]d probably

not be. included as putat]ve nonsense mutants even if they fulfil other

" criteria app]1ed in the study.

ry locus for the presence of an 1nact1ve protein product are. comparab]e
‘studles on at Teast two other loci, deiqd phosphatase -1 (Acph Z3-101.1)
‘and Adh. Bell et al. (1972) and Bell and MacIntyre (]973) analyzed 15

Aeph-1 null a]]eles 6 of these- proved to be Teaky mutants and a further

6 exhibited 1ntragen1c comp]ementat1on - The three rema1n1ng mutants
were tested for CRM and found to have levels 7ess than 5% of w11d type;
‘these Tevels are so Tow as ‘to be 1nd1st1ngu1shab1e from 0% or CRM™,
These mutants were thus 1nterpreted as putat1ve nonsense mutants, ‘
Schwartz and Sofer (]976) used similar methods to ana]yze mutants
at the Adn locus -in- order to d1st1ngu1sh mutants of the structura] gene
ffrom mutants of a regulatory gene. They examlned 16 EMS 1nduced mutants

for hybr1d enzyme format]on, 1ntrac1stron1c comp]ementat1on CRM (by

/
/
/

/

,/

.
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antibody precipitatton in Ouchter]ony tests), and migration 1n sodium
dodecyl sulfate (SDS) gels of a protein from a mutant to a pos1t1on
occup1ed by purified wild type ADH. They conc]uded by these methods
that 11 of the 16 mutants appeared to be structura] gene mutat1ons
~ Of these tests, hybrid enzyme format1on appeared to be the most stringent,
whereas all of the mutants produced at least fa1nt sta1n1ng in SDS gels.
The antlbody prec1p1tat10n test was fa1r]y adequate in 1dent1fy1ng ‘
prote1n -~ on]y one CRM~ mutant produced a dlstlnct band 1n the SDS
gels and qne other CRM~ mutant showed 1ntrac1stron1c comp]ementatlon
The ry locus has been studied extens1ve]y by Chovnick and his co-
workers who have mapped nu]] alleles, comp]ement1ng a]]e]es, and
e]ectrophoretlc sites within' the locus. However, no 1nformat1on,on
" CRM 1eve]s of any of. the mutants w1th the exception of ry (Karam,
1965) has been made ava1]ab]e The present study is intended to' com-

plete thlS information for a group of a]]e]es at this 1ocus

IT. The rosy system . . . .

(1) Identification of mutants

Two mutants of Drosophzla melanogaster with a reddish- brown eye

| color. were or1g1na]1y observed as reported in Br1dges and Brehme (1944).
One of these, a spontaneous mutant, mapped to the third chromosome and
was de51gnated rosy (ry); the other, marcon-like. (ma Z), was X- -ray
-induced by ‘0liver and mapped to the f1rst chromosome A second mutant
'hat the ry locus, ry » was dlscovered by Hadorn and- Schw1nk (1956a)

‘In addition to these, many other rry mutants have been induced by X-ray

and EMS. mutagenesis by screening for the eye color obta1ned in comb1nat1on

;;;;;
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uith either ry or a- de]et1on of ry (Scha]et et al., 1564 and later papers
by Chovnick and co- workers) The dull red eye color has been shown to .
be due to reduced amounts. of drosopter1ns and increased amounts of
b1opter1ne and seplapter1d1ne (Hadorn and Schwink, 1956 a,b; Hubby and
Forrest, 1960).
{2) Ident1f1cat10n of the lack of xanth1ne dehydrogenase in ry and mg-1
A paper chromatograph1c techn1que to detect f]uorescent substances
.‘in fly ertracts, particularly eye pigments, was deve]oped by Hadorn |
and Mitchell (1951) and used to test several eye and body color mutants,
ry and ma-1 not be1ng amdng ‘those tested. The f]uorescent substances
were later pur1f1ed and compared to synthetic spec1mens by Forrest and
Mltche]] (1955) and five pteridines were thus 1dent1f1ed  Two ofpthese
were found to be 2-amino-4- hydroxypter1d1ne (AHP) and isoxanthopterin'
(IXPI
A new spontaneous reddish-brown’ eye color mutant was 1so]ated and -.
found not to contain the f]uorescent spot,.]soxanthopter1n, at any |
stage during deve]opment (Hadorn and Schwink 1956 a ,b).. The mutant
mapped to 3-51:1 and fa11ed to complement Brldges ry a]]ele thus it
‘was des1gnated ry {’ The eye phenotype was observed to be non- autonomous,
that is, ry eye d1scs tranp]anted into wild type hosts produced a red
'p1gmented eye.
S1nce pterldlnes had been 1mp]1cated 1n eye p1gments and these
greatly 1ncrease in pupa] Tife, a prepardtion of young pupae was made
. and found to readily ox1d1ze Z-am1no 4- hydroxypter1d1ne to 1soxanthopter1n
by fo]]ow1ng the- 1ncrease in optical dens1ty at 340 nm. in a spectro-

photometer (Forrest and M1tche11 ]955). More‘satisfactory_assays were



. obtained when the homogenate was pretreated with charcoal (Norite-A)
' , o :

‘l‘and heat (50°C) for 10 minutes.’ The same extratt also oxidized
xanthopterin.to 1eutopterin,and xanthine to\urié\acid, as did a prep-
aration of xanthine oxidase from fresh cream. Thns, xanthine oxidase
| was thought to be the enzyme belng assayed. In another study
(Forrest et al.,1956), late th1rd instar -larvae of 44 eye color mutants
were tested qda]itative]y for this enzyme and only two, ma-1 and
maroon (ma), contained very little act1v1ty It shou1d be noted that
ry was not tested by these workers. Glassman and M1tche11 (]959)
later ascribed'the activity tova;xanthine'dehydrogenase nather than}
xanthine oxfdase.as methy1ene bjue or'DPN (NAD+5 was required as a toé
x'factor (EIectron acceotor)'in cont?ast to milk xanthinevoxddase which
'couid-use‘molecular oxygen as an»e]éctron acceptor. | |
They adapted the convenient f]uorometric assay for xanthtnef
dehydrogenase by Burch et aZ (1956) to Drosophzla They confirmed
that partially purlfled exiracts of both ry and ma-Z lacked XDH act1v1ty
hut failed -to confirm the ear11er observat1on that maroon had Tow
activity. The assay was 1ater mod1f1ed for use with s1ngle flies
(G]assman 1962) These workers a]so demonstrated that hypoxanth1ne

accu..1la”ed in ry and na—Z mutants, extendlng the prev1ous observat1ons

of . s ”runu1atlon of AHP in the same genotypes (M1tche11 et al.
195: ‘ ’
(3) Do. : s of XDH map to rosy

riubby st 1960) p--formed the first exneriments on the

effezts .~ . fryar’ na-l on XDH They used the mutants

ryz and mo—1 - cunt me-l/4 "ozygotes to have .67 +/+ levels,
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'ry2/4 to have .53 +/+.level, whereas the double heterozygotes maiﬁ/+
ry2/+ had .36 +/+ level,

The criticism that a leaky allele at a ]ocus may.resu]t in departure
from the classical gene dosage effect was raised.by Gre]]'(]962). He
used X-ray induced chromosoma]‘deficiencies and duplications to study
the effects of-dosage of the ry and ma-1" al]e]es He found that
fema]es with one, two, or three cop1es of the ma-1" gene and ma]es with

~one or two copies had the same. 1eve] of XDH act1v1ty -- d1ffer1ng from
the earlier report of Hubby and Forrest (1960 However, the enzyme
appeared to be sensitive to different doses of the ry+ gene, with

three doses produc1ng about 1.4X ‘the act1v1ty of two doses, and 1 dose "
' about ha]f the norma] act1v1ty " He suggested two hypotheses to explain
these observatlons one, that the ]ocat1on of the ma-1 locus on the X-
'7chromosome resu]ted in se‘ect1on for dosage 1nsens1t1v1ty S0 that
}ma]es .and fema]es would have the same activity; and two, that the amount
of product produced by ry and ma-17 differed such that the sma]]er
amount” of the ry product was rate- ]1m1t1ng

Independent]y, G]assman et at. (1962) confirmed that ry/% hetero-
'zygotes had about 70% of the normal wild type Oregon-R activity, while
ma- -7 did not. have a dosage effect They attributed the dev1at1on from .
the 50% expected va]ue for ry/+ to heterozygos1ty at other loci. The
1nterpretat10n of a rate- 11m1t1ng role for the ry product with an

eexcess of ma—Z product was also made ‘The above suggests that the
'structura] gehe’ for XDH is rosy not ma-1 as gene dosage dependency
'1s usual for structural genes in eukaryotes (0 Brien and Gethmann,o'

1973 Hodgetts, 1975).



(4) t]ectrophoretic variants of XDH map to rosy
Four e]ectrophoret1c variants of XDH were found by surveying
wild type strains of Drosophila (Yen and Glassman, 1965). The hybrids
. between stra1ns with a fast and a slow variant were shown to produce
three bands of XDH, one of each parental mobility and a darker inter-
mediate band. .Crosses of these variants to mutants at the three Toci

then known to affect XDH activity, ma- Z ry, and lzd (low zanthine

11

dehydrogenase, see discussion of this mutant in part IIT of Introuction)

showed that on]y the ry Tocus was involved w1th var1at1on in mob1]1ty
The ry locus was further 1mp]1cated by an experiment which mapped the
mobility of XDH to a region on the third chromosome between ¥ (Wrinkled
3-46.0) and‘Sb (Stubble 3-58.2) which includes the ry 10cUs.K52.0) but
not Zzd (33.0). - | | |

(5) Purine sensitivity_of fy-and-ma—l mutants

The‘Use of chemicals in the media to regulate the eye phenotype and/

or ]etha]1ty was suggested by the observation that phenocop1es of the
-Z or ry eye cu]or cou]d be produced by growing wild- type flies on"
.medla containing 4- hydroxypyrazo]o (3,4-d) pyrimidine (HPP),
1nh1b1tor of XDH (G]assman 1965). The greater sens1t1v1ty of ry t]ieab
to higher temperature (29°C) and malpighian tubule abnormalities
observed by Hadorn and Schwink (1956 a;b) were thought to be due to the
acbomuiatfon of hypoxanthine. Therefore, G]assman tested purine for.its
toxibity to ry;,ma—l, and wf]d type f1ies _He"found that both ry and
ma-1 fa1]ed to complete deve]opment at purine concentrations which did
not affect wild type flies The importance of th1s tool for studying

recombination w1th1n these Toci was empha51zed (Glassman, 1965).
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Th1s purine lethal screen has been used extensively by other workers
for fine structure mapping at both 5oc1 (see F1nnd¢ty, Baillie, and
Chovnick, 1970 and Chovnick et ai., 1970, 1971 for some examples.).
~ (6) Genet1c fine structure map df the rosy Tocus
The first attempts to 1oca]1ze the site of a given mutation within

the ry locus were made by Chovnick et al. (1962, "1964) and Chovn1ck (1966)
_ us1ng a system of closely Tinked recess1ve ]etha] markers -Lrosses
were made between heterozygous females and males such that only
chromosomes having undergone recombination would be recovered. Fema]es
bearing a chromosome with a ry a]]e]e and two left-flanking recessive
]ethals ( l l, "+ + ) &nd a chromosome with a different ry allele
and two r1ght-f1ank1ng recess1ver]etha1s ( ++ ryy 13 1y 5’were crossed
‘to males carry1ng another ry allele,. Z and Z ‘on one chromosome
( L, +ry Lz + ) and ry, 1,, and 1, on the other ( + lyry +1, ).

" Another cross was made involving females bearing Z Z ryy + + and

+ ry® 13 chromosomes to the same males. The specific lethals
used were Minute-34 (M34) and Defomed (0fd) to the left of ry and
K Stubble (5b) and U’trabzthora:x: (Ubz) to the right. Additional non- ,
'selected markers were somet1mes used, curled (cu), kazmomson (kar), and
lethal-26 (126), to further identify the position of a crossover event.
This system permitted'the-recovery of a substantial proportion of the .
recombinatior  _rents in the 2y reg1on wh11e ‘95% of the total zygotes
in the crosses were unable to reach eclosion. The 5% surv1v1ng flies
could be scored for rosy phenotype and ry recombinants tested fo&
outside markers. Use of a higher temperature (29°C) at which ry‘flies

- are sensitive increases the efficiency of the screen. In this way,
N . N ’ . :
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the order”ry] - ry26 - ry? was first established. Thirteen other X-ray
induced mutants were then tested against ry26 to give a left-right
positioning.

Further separatlon of s1tes .was attained by inter ge- crosses within

JUNES, "

the left cluster and within the rwght c]uster glyjng.rlse to*sfx
distinct sites arranged in a ]1near order w1th ry2 as the 1eft-mo_; e
- marker .and a right cluster of five a]]e]es (ry41 25, 7, 6, and 3).
ry was thought to be an intracistronic rearrangement 1nvo]v1ng the
left end of the c1stron. Later ‘studies ut1]izing'thetpurine screen'
inc]uded,more a]]é]es and gave the ry.structura] unit at 5.0 X 10'3
| map units. More deta1]ed 1nformat1on on positions of various a]]eles
was a]so g1ven - {(Gelbart et q1. , 1976 has the most recent 1nformation )
'(7) Cytological and genet1c map of the ry region | | |
. Several domlnant visibles with rece551ve lethal effects in the

region of ry had been described in Br1dges and Brehme (]944) incTuding
Defbrmed (DfdJ, Lyra CLy) Minute-34 (M34) Moiré (Me), Stubble (Sb)
Ultrabzthorax (Ubx), and Xasta (Xa).” A recessive v1s1b1e eye color
- mutat1on karmotson Ckar) was ‘also descr1bed Chovnick et al. (1962)

p separated lethal-26 (126) from ry2 , 1nduced by X-rays, and mapped it

" to the r1ght of ry Scha]et et al. (1964) exam1ned X-ray 1nduced ry

- mutants with lethal effects and found that 1n a11 cases the lethal
phenotype cou]d be attrlbuted to a def1c1ency covering more than the -
ryblocus They used two of these def1c1enc1es, ryk and ry , to uncover
non—ry visible and lTethal mutat1ons in the region ana found recessive
. semi- Ietha] messy OWes) mutants affect1ng bristles and wings 0.5 map -

un1ts to the left of ry and nine mutants 18 1ethals and 1 v151b]e) in



\
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four complementation groups to the right of ry. The visible mutant, -
‘at 0.5 map units to the right of ry, was designated piccolo (pic) and

resembles the bobbed bristle phenotype.

14

__ﬂi;“Lgfevre;(]9114—examfned Sytologically several of the ry deficiencies

and found missing bands in thg;87 D_region of _the polytene—chromosome —
Nng bands 1n ¢

e

map. One of the mutants,'ry74r appeared to be a very shoft de]etiqn

in 87 D8-12, probably involving only one of these bands , fhus delimiting

the ry Jocus to one of five bands between 87 D8-12. Other longer ry
deficiencies invariably were a1sp mjssing bandé in this region.
(8) Evidence for conversion at the ry locus

The development of the purine selective screen for ry+ recombjnanis

(G]assman, ]965} EjnﬁertyQ;Baﬁ]]ie, and Chovnick, 1970) and of compound

autosomes (Baldwin and Chanick, 1967) led, respectively, to the
ability to ana]yie-]argef numbersiof meiotic eQents’and'to the

fecoVéry of recombinant half-tetrads. Reversed metacentric compc

‘third chromosomes were used in females heterozygous for two ry alleles

.on the r{ght q?m,qf‘the éompounq third. In a cross between fgmaTes
heterozyéous‘for ry5 and ry41 and males homozygous for ryz, 21 ry+
'.,progeny wérevrecoyered. (Chovnick et ﬁl., 1970, 1971 and Ba]lantyne
and Chovnfck, ]971) Eighteen 6f these chromosomes were detached by
VX—rays and analyzed fqr-dutside harkers. Six chromosomes could bé

. interpreted as the results of single intragenic cross-over events; ten

S

resulted from the conversioniof'ry41 and two from the conversion of ry“.

(The term conversion is borrowed from the fungal geneticists and refers
to those intragenic recombinational events which are parental for out-

. side markers, suggesting that the mutant allele, in the‘case of ry,uis
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changed to the wild type allele by a mechanism other than classical
exchange. This event results in aberrant marker segregation in
tetradg, eg. 3:] instead of 2:2 from a heterozygote.) A1l of these
recombinants and com ~tants appeared 1ndistiﬁguishab}e from wild type
in terms of XDH activity. In addition, the ry det;ched arms from the
ten half-tetrads appearing by flanking marker identity to be ry41

f‘converfants were shown to carry thé ry5 a11e1e‘as ?xpected 1fAthe
event was non-reciprocai. (Ballantyne and Chbvﬁﬁcki 1971) |

The ]ater production of a series of ry nuf1 a]]é]es.on differént
e]ectrophoretic_backgrounds (See Mapping of é]ectropho::tic sites,
below), ry+0 and ry*lg allowed a further check on the origin of the
ry+ exceptionals from crosses between ry heterozygous females and ry .
.males:~ These experiments showed tﬁét all convertant'pfoducts‘(as
defined by outside mérker exchange).exhib%ted the same péreﬁta]
electrophoretic mobility, for example. conversion of.a ry8 allele
which was“indhced on a ry™’ background, gave a mobility identical to
£g+0 and conversion of ryioz, from a ry+1 background, gave a ry+1 |
mobility. This demonstrationhargqed- against a muta;iona] origin of
ex&eptional Py+ chromosomes. (McCarfon, Gelbart, and)Chdvnﬁck,']974)
(9) Mapp{ng of electrophoretic sites within the rosy locus |
The identification of XDH mq]ecu]es wfth varying e]ectrbphoretic

mobility in nafhré] populations of Drosophila (Yen and Glassman, 1965)
was 9xpahded by Cﬁovnick and his Co-wofkefs’(McCarron, Gelbart, and

‘ Chovﬁick, 1974, Gé]barf, M;Carron, Pandey, and Chbvnick, 1974; and

"Chovnick et aZ.,1975). Eight ry+ isoalleles witﬂ.ffve distinguishable

e]ectrophoretic mobilities were des-:ibed. The isoalleles ry'c +o



were subjected to mutagenesis by either X-rays or EMS and the ry null
mutants thus obtained were used for recombination studies. The basic
premise was that ry+ }ecombinants derived from females heterozygbus for
null alleles induced on differing electrophoretic backgrounds could be
tesfed for electrophoretic mobility to defermine at what sfte the two
wild type isoalleles differed. These electrophoretic sites and flanklng
markers were thus carried along 1n the cross as nonselected markers

The electrophoretic sites ioentified by the above procedure were
found to fall into two clusters at either end of the genetic map; eso7,
¢217, and 303 mapped in the region of ry® and ry® at the Teft end of
the 1ocus; whereas e508,1eé11, e302, and ¢408 mapped on the right near
ry41, This distribution indicated that all of the ry nu]f mutants were
lTocated in .the structural gene for XDH, that is, none were mutants of
a requlatory nature. The sites ¢217, e507, and es08 weré later mapped
- more precisely to p051t1on them among the ry nulls; e217 and 507

501‘ It is thought that the e]ectro-

mapped with ry 502 and e508 at ry
phoretic sites fall closely beside the null mutant sites, although to
which side js as yet unclear. |

At pregent, 12 isoa]]e]es with 7 mobilities and some differences
in amount of act1v1ty have been crarnyter1zed Some mobilities mapped
to two different s1tes, as for ry *5 which differed from ry+0 at the
e507 and e508 sites. (Gelbart et al.,1976)
(10) Comp1ementation within the rosy Tocus _

The early rosy mutants failed to show any intragenic éomp]ementation

(Schalet et aZ., 1964). However, the fact that XDH was a homodimer

: S \
(See evidence for this under XDH characterization) suggested that
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intragenic complementat1on shou]d be poss1b1e with two mutant po]y-

‘pept1des formlng a mutant dimer able to carry out some of’the functions

of wild type XDH. A test for comp]ementat1on based on the restoration
of wild type eye color in trans heterozygotes was conducted among

thirty EMS 1nduced and fdrty X-ray induced nu11 mutants. Seven EMS and

four X-ray induced mutants were-found to_comp]ement (Gelbart, McCarron,

" Collis, and Chovnick, 1974; Gelbart et al.) 1976). oo

A1l of the.comp]ementing mutants were crossed inter se and phoduced
15 (out of a possible 55) comp]ement1ng comb1nat1ons » Some of these

pairs showed an 1ntermed1ate eye color rather than the restorat1on of a

’ comp]ete wild type phenotype. These pairs were ana]yzed for XDH

;activity and levels from 0.2% to 16% of wild typenwere found. One

combination, ry®%®/my%%%, (2.5% of wild type activity) produced an XDH

with faster migration (1.02) that the wild type ry+6 enzyme (1.00).

- This 1nd1cates that at Tleast one of the nu11 a]]e]es had an amino

acid substitution resulting in a d1fferent charge from the wild type
(11) Purine sensitive ry mutants

Leaky mutants at the ry 1ocus with 1ow Tevels of XDH act1v1ty were

selected on the basis of heightened sensitivity to pun1ne. A total of

28 mutants were produced with EMS mutageneSts;’13 had the typical ry
eye co]or;another 15 had a ry+ eye color. Three of the latter were

tested more. fu]]y for recess1vtty ‘to ry , exposure by def1c1enc1es

covering the ry locus, allelism to rosy nulls, and 1eve1 of XDH activity.

The mutant ps Cpurlne senstttve) exh1b1ted 1% of the +6. activity,
ps®2% 5%, and ps®1? 24% of +2 activity; all of the mutants exhibited

virtually 100% XDH cross-reacting material as determined by Laurell

17
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rocket_ge] electrophoresis implying that these are missense mutants,
These mutants are killed at doses of purine (approximately 0.2%) wh1ch
have .almost 'no effect on ry +2 Or‘ry f11es, which exhibit 80-100%
eclosion. | '

The ps mutants have been mapped/against the ry nu11'a1ie]es using
. standard procedures including informat;on on electrophoretic sites. The
mutant p3214 was found to map between py6?6 and 507 in the ]eft‘end of

1 and 612, mapped 1in the

the rosy locus. The other two alleles, ps®?
.middle of the rosy locus distal to ryg. (Gelbart et a7 1976; Chovnick
et al., ]977) |

The present 1nformat1on from mapping of ry nulls, comp1ementers,
e]ectrophoret1c sites, and ps mutants has been summarlzed in a map by .
'Ge1bart et al. (1976) as shown in Figure 1.
(12) Evidence for a contro]1ing element adjacent tp.the rg'loeus :

A wild tyne strain, ry+4, was found to have much greater‘levels of
XDH activity (approx1mate1y 3-4 fold greater) than other wild type
stralns (Chovnlck et al., 1976) By thermo]ab111ty and enzyme,kInetic
studles (Ednards,et ai., 1977) the ry+4 XDH cou]d not be distinguished
from that of other strains. However, by 1mmuno]og1ca] cr1ter1a, it was
established that this strain had increased amounts of . protein as
:wel] as - XDH activity. These data suggested a difference in regulation
of XDH’ prote1n synthes1s rather than product1on of a more ac .ive
structura]ly changed proteln Mapping ex eriments were carrled out
us1ng null a]]e]es produced on the py background, with respect to

other ry nulls, e]ectrophoret1c var1ants, and purine sensitive alleles.

- These indicated that the stﬁe responsib]e for the high activity

) ) . " ’ -

~
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is located to the left of a]]lknown markers within the ry locus.

The site was then mapped against 1(3) S12, an X-ray induced mutant
which maps between mes and ry and is beiieved to‘be a mutant in the |
first genetic‘unit to the left of ry. Heterozygous fémales, either
ry4Q€/+ Or;ry402/+ both null alleles mapping in thenleft end of ry,
1(3) s12, and other outside markers were croSsed to males of a genotype
.“such that only recombinants ih the ry region would survive. These |

5 or ry402, were

flies, with a crossover between 7(3) 512 and ry40
'-.classified for high or Tow activity for XDH; 10 had high activ{ty; 6
had Tow activity. This indicated that themgite of difference,
designated 7409H or L, was befween 1(3) 512 and the left end of the .
'XDH structural gene element.
This intensity variant is thought not to be due to duplication of
the XDHStruiiura1 gene as. no cytological abnormalites are found and

the genotype is quite stable. Thus;,it is: thought to be a mutation

"in the control element for &DH. (Chovnick et al., 1976, 1977)

[II. Other loci affecting'XDH and related enzymes

(1) maroon-like (ma-1)

The ffrst'mutation at the marooh—like locus (ma%l,i-64;8) was
X—ray‘induced in 1935 by Oliver (Bridges and Brehme, 1944) and found to
Tack XDH activity by Forrest et al. (1956). The_eariy wdr‘k of
,\G]ésSmén andfMitche11 {1959) showed that.ry flies ]acked cross-reacting1
‘,material to anti-XDH sera whereas ma-1 flies possessed CRM. The-Work
of Grell (1962)‘on dosage effects and Yen and Glassman (1965) on’

-

.e]ectrophoretic variants of XDH indicated that ry,not ma-1, was the
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“major if ndt only structural gene for XDH. " Two other enzymes, pyridoxal
oxidase (Poy:and a]dehydé oxidése (A0), were subsequently found to be
<1acking'in ma-1 flies (Forrest et al., 1961 and Courtright,‘1967) but
not in ry mutants. The two genes were further d1st1ngu1shed by
~differences 1n maternal effect, that is, ma-1 homozygotes or hem1zygote§'
~ from ma—Z/ha—Z mothers had wild type eyes; This 1is not tkue»of ry
progeny from ry/ry+ females. (Hubby and Forrest, 1960)

An array of mutants at the ma~-1 1ocuslﬁas produéedﬁby>x—ray and
chemical mutagenesis (Schalet and Finnerty, 1968a). The ma-Z Tocus
wa§ found to show intragénic comp]ementation.(Schalet’and Finnerty,
1968b; Finnerty and Chovnick, 1970) with restoration of 5-66% of XDH
~activity and s1m1]ar restoration of aldehyde oxidase activity (F1nnerty,
1976]. ., The a1]e1es were mapped u51ng the purine selection scheme for
:@a—l+ recombinants. (F1nnerty, Duck, and Chovn1ck, 1970) Both single
.crossover events (41% ijma"+ chromosomes) and conversions (59% of
ma-1* chromosomes).were seen. The length of the locus was determ1ned
" to be 8.3 X 10° map un1ts, ‘approximately one- tenth ‘the size of the
ry locus. . | , _

The a]]e]es at the ma-1 locus fell into five complementation groups,

grouﬁs I11,,IV, and V acting as independent cistrons with comp]ementatidn

 po1ar muf nts coveying groups III, IV, and V; group II mutants were
simj1ar to gr » but covered only groups IVAand V. The genetic and
-complémentétiOn maps were colinear. The question of the ndmber of-
"cistrons involved was resolved by the use of é.trip]e mutant:

ma-17% (ILI) ma-153 ) / ma—11 (Iv). -On'a three'cistron‘mOdel this
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heterbzygote would be expected to show comp]ementation,.whereas on dyone”
cistron model complementation may or may not be'exhibitedﬁf Four double
mutants (ma-ZF4 ma-153) which.did not show complementation with ma-17
were produced,-indicating one cistron at this locus (F}nnerty and
“Chovnick, 1970). | |
This work was»1eter criticized By Duck andehovnick (1975) on the
ba51s that unequal exchanges m1ght have occurred in the production of |
the doub]e mutants such that comp]ementat1on could not take place. They
therefore tested the triple mutant F4-+ F3/+ 1 + combination for
ability to undergo converS1on of the ma-1 151te. This ability was shown,
indicating that the F¢ t Fsdchromqsome was not deficient for eny inform-
ation between the two mutant site;. jhe»argument foh,a single cistron
at the ma—l.locus as put forward by Finnerty and Chovnick (1970) was
thus accepted | | |
Two models to exp1a1n the effect of ma-1 on XDH and AQ have been

put forward: one, that ma-1 codes for a po]ypept1de subun1t common to
both XDH - and AO; two, that ma-Z+ controls a co- factor common"to both
enzymes (G]assman, 1965). . Possible co-factors are FAD, mo]ybdenum,

and iron as found in vertebrate xanth1ne oxidases. The first model
' was partia11y refuted by the findings of Yen and G]assmand(1965)'and
Gelbart, McCarron, Pandey, and'Chovnick (1974)'that no known e]ectro-
phoretlc var1ants of XDH map to the ma-7 locus. The additional

information that ma-1 mutants conta1n 100% XDH CRM further d1sfavors

this hypothes1s B
Andres (1976) has performed an elegant ser1es of experiments to
test the function of the ma-1 gene. Hevpur1f1ed XDH and AQ from wild

P
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type flies, produced separate antibody preparations to the entymes, and
bound the antibodies to sepharose columns. Andres used these immuno-
adsorption columns to purify XDH and AO CRM from ma-1 flies. The
extracts were found to contain XDH CRM but did not contain AQ CRM.

RThe XDH CRM appeared -to be identical to w11d type active XDH by immuno-
diffusion, gel electrophoresis, presence of FAD, mo]ybdenum and 1ron
Thus, it appears that the role of ma-1 is not s1mp]y the production'
of a subun1t, nor that ma-1 mutants are unable to incorporate one of
the known co- factors of XDH Other hypotheses not ruled out by these

studies include synthe51s or 1ncorporat1oh of an unknown co-factor or

activation of a co-factor.

(2] 10w xanthine dehydrogenase (lxd)

- Keller and Glassman (1964) screened 98 wild type stra1ns for
xanthine dehydrogenase with the purpose of f1nd1ng a c]ass of mutants
involved in regu]at1on of enzyme act1v1ty One stra1n an 1nbred
stock from Pennsy]van1a State UEl!EEElEXL/waS observed to have lTow
vact1v1ty -- about 25% of the average (Oregon R was used as a standard)
The genetic ana]y51s ‘of this strain showed that the gene respon51b1e
for. the difference was on the third chromosome at 3-33:. The gene
was designated Zow zanthine dehydrogenase (lzd).

’ThiS'gene was later found. to reduce'both'AO and PO (Courtright,
1967; G1assman,‘]965).' The homozygotes, lxd/lzd appeared howeuer to
produce near-normal levels of XDH CRM (Karam, 1965) but reduced AQ CRM
ggourtright, 1967). ‘Heterozygous lxd/+ flies have normalllevels of XDH -
activity but reducéd levels (60%) of Ab.activity.(Courtright, 1967).
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The lxd gene was furthermoré found to interact with'the expression of
the ma-1 and cinnamon (cin)‘phenotybes. Whereas ' m~-1 brogeny.from
ﬁa-l/+ mothers and ein progeny from cin/+ mothers hormal]y show wild
type eyes, such flies whicﬁ are also lxd/lzxd show dull red eyes
(Courtright, 1975). This effect could sometimes be-removed by the |
‘addition of certain concengrations of mé]ybdenum to the media aTthougH

‘most of the flies which emerged had the mqtant eye phenotype.

(3} cinnamon (einl

" The first mutatién at the'éinnamon (cin 1-0.0) locus was induced
by EMS 1ir a‘search fbr meiotic hutants (Bakgr, 1973). The mutant was
found fo.be(éjmilar;fn bhenotype_to ry and ma-1 muténts with érreduction
in drosopterins resulting jn dull red eyé color, and accumu]atfon of
AHP, hypoxanthine, guanosine, inosine, and xanthine.v The cin® product
(efther haterha]]y or zygoticaily) appeared to be necessary for
comp]étion of development, that ié, ein brogeny.of-cin mothers were
inviable, whereas ein’ progeny of cin mothers or cin progeny of cin®
‘mothérs were viable énd had wild type eyés. |

The ein phenotype and materna]Aeffects were Eompared to those of

ma-1 by Browder and wi]1iamson.(1976)§ They showed'that in maternally
affected ﬁa-l individuals XDH activity wgi detectable in first and
second instar larvae, reduced in third instar larvae énd pupae, and
undetectab]e in adults. Maternél]y-affeCted ein individuals, however,
'hadAmoré XDH éctivity in larval stages.anﬁ in early pbpaé but none
" detectable iﬁ aged adults. These authors also showed that cin had an
effect on AQ and PO activitiés, similar to that of ma-7. This effect

was such that low but detectable amounts of AQ were found from
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late third instar larvae to aged (7 day) adu}ts,'but no PO activity Qas
observed at any of these stages. A.second allele at this 1oeus, cfnz.
was also produced by these workers, and observed not to have the cond-
- itional fema]e ster111ty of the cin mutant. |
Padi]]a and Nash (]977) have used a]]opur{noi (HPP, described
earlier) to screen for more cin mutat1ons with the addition of a]]o-

purinol to the media, maternally-affected cin offspring are mutant in

eye color. Two new EMS induced mutants, cin® and ¢ ‘ere thus
obtained. The sensitivities to allopurinol of the t. : mutant§
were tested as defined by the concentration of allopuri. % v -1uired to

produce 50% mutantveye co]or;bthe order (from most sensitiv: .o Teast
sensitive) was found to be cin3 -- cin -~ cin4. This sensitivi~
appeared to be correlated with the fema]e sterility phenotype, that
is, ein /czn fema]es mated to ¢tn /Y males never produce progeny,
cin/cin females mated to ctn/Y males produce about 8% progeny, and

" ein /can fema]es are comp]ete]y fertile when mated to ein /Y males.

: U51ng deflclency and duplication mapping, the cin 1ocus was also

| ordered with respect to other genes in the reg1on mappIng to the left

of y at the tip of the X-chromosome.

(4)'Structura] genes for AO and PO

In the above discussion, several references have been made to the
enzymes aldehyde oxidase and pyr1doxa] oxidase. Both of these activities
~ were discovered 1nc1denta1]y dur1ng work on XDH ‘and both appear to be
1nf]uenced along with XDH by the ma-1,.lxd, and czn loci. The structura]
gene for AO was mapped to the thlrd chromosome at about 64 by analogy to

the D. simulans aldox lotus at 3-74.5 (Courtr1ght, 1967). - Dickinson

4
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(1970) discovered electrophoretic variants of aldehyde oxidase and used
these to map the aldox locus to 3-56.6. Null mutants . at the 1ocus were
also produced, in add1tion -Collins et al. (1971) reported on Zow
. aldehyde oxidase (Zao) a mutant which reduced A0 activity and mabped
to the same‘region‘as aldox. It has been'suggésted that this is a
leaky allele of the aldox Tlocus. (Dickinson and Sullivan, 1975)

The structural gene for pyridoxal oxidase is thought to be Zow
pyrmdoxal oridase (Ipo 3 57+) (Collins and Glassman, 1969). Mutants
at this locus have less than 5% of wild type PO activity, buf neither ,
_‘e]ectrophbretic variants nor dosage studies using deficiencies have
been reported. |

Thus, it appe:rs that'the structural loci for three're]eted ehzymes-
map together within five map units on the th1rd chromosome and that
their activities are 1nf1uenced by three un11nked loci scattered through-
out the rest of the genome. The further elucidation of the roles of

each locus can on]y prove this syétem to be even more interesting.

“IV. XDH Purification and Characterization

(1) XDH purification o

~ Glassman and Mitchell (1959) described a procedure for the purif-
'ication of XDH involying treatment wifh cherqoai (Norite-A), 30-50%
ammonium sulfate precipitation, a calcium phosphate gef, and a further
-ammonium su]%ate precipitation whieh'gave an XDH puriffcatipn of 10
to 50-fold. This extract was used suceessfuliy to eYicit antjbpdieS'
in rabbits. | | |

A purification scheme which proddeed e7500-fo1a pure'extéact was
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developed by Parzen and Fox (1964). An homogenate of adult flies was
treated with Norite-A; the supernatant was adjusted to pH 5.0 and:then
re-adjusted to pH 8.0; the supernatant was put through a 25-50%
.ammon1um sulfate prec1p1tat1on the re-d1sso]ved pe]]et was passed

over a DEAE ce]]u]ose column and the poo]ed fract1ons were concentrated
. wWith Sephadex G-25. The yield was about 50%.‘ No tests of the
"homogeneity_of,thelureparation were repurted. _

Karam (1965) used three methods,tq purify XDH; the method producing
the highest purification is outlined below.” A crude homogehate of
adult flies was'subjected to a pH 5.0 precipitation}lthe subernatant :
Was adjusted back to pH 8.0 and. put through an ammon;um sulfate (35-45%)
precipitation' This extract was then put through a Sephadex G- 25
column to get r1d of eye p1gments and the prote1n band was then
- chromatographed on a DEAE—ce]]ulose column. The resulting pooled
fractions of activity represented 5.20% yiejd with a 123-fo]d
| purification. | h , |

A technique which resulted in a homugeneous preparation of XDH -
was reportéd,by"Seybold (1974). He a]so-started'with an'homogenate of
,adu]t'fiies which;Was subjected to treatment witthorite-A.. The char-
‘ coal treated extract uas put through a 40-60% ammonium su1fate treat;‘
"ment; the re—d1sso]ved pe]]et was subJected toab minute heat treat-

" ment at 68°C and the supernatant dlalyzed overn1ght This d1a1yzed
preparation was then put through DEAE-ce]iu]oSe ehromatography, pooled,
and concentrated. ‘The DEAE concentrate was further chromatographed on
an hydroxyapatite column ar- the concentrate from this uas applied to

avSephadex G-200 column. The resulting preparation was approximate1y



400-fold pure with a yield of 10%; This preparation was judged.

homogeneous by ana]ytica] gel e1ectrofocusing and polyacrylamide disc

gel e]ectrophoresis. H

Both'Andresm(1976) and Edwards et azl'(1977) have used immunoaffinity
chromatography to purify XDH. For this procedure, antibodies to
-conventionally purified XDH are linked to Sepharose CL-4B. - This is
accomplished by act1vat1ng the Sepharose with cyanogen brom1de, adding
the antibodies, and shaking the mixture with g]yc1ne in sodium bicarb-
onate buffer' the gel is then ‘washed with NaCl in sodium'bicarbonate,
sodium acetate, and again w1th sodium b1carbonate, a further wash with

Tris buffer is requ1red XDH -is brepared by convent1ona1 steps up to

DEAE chromatography before be1ng app]1ed to the column and is eluted
 with either KI (Andres, 1976) or with NH SCN (Edwards et al., 1977).

" This procedure also yields a homogeneous XDH preparation ”

- It should be noted that the estimates of purity and yle]d produced
by the Parzen and Fox (1964) method appear to be“suspect in light of
the f1nd1ngs of both Karam (]965) and Seybo]d (1974) The latter
workers found a purification of roughly 120-fold after DEAE chromato~

graphy of an ammon1um sulfate treated preparation.

(2) Molecular weight determinations .

The mo]ecu]ar}weight of XDH has been determined hy gei fi]tratjon'
"to be approximately 300,000. Two subunits of 130, ood-mo 000 have been
observed upon sodium dodecyl su1fate gel electrophores1s (Seybold, 1974).
The same value of 300 000 molecular weight for the nat1ve XDH enzyme
as determined by ge] filtration on Sepharose 4B was also obta1ned by

Andres (1976) with a subunit molecular wnght of 150,000.‘



b-‘(3) XDH 1is a homodimer

The determinations of the molecular weight of XDH and its subunits
lsuggest, but do not prove, that XDH‘is a dimer consisting of two
identical subunits, that 1s, a homod1mer This model has been tested
" by Gelbart, McCarron, Pandey, and Chovn1ck (]974) using two e]ectro-,‘
phoretic variants of XDH. "The isoalleles ry+0 and ry+5vdiffer at two
sites, 507 and e508; the former maps'to the.feft cluster of electro-

1phoretic sites; the latter maps“to the right. The d1stance between

- 'them spans most of the known ry structural element. If XDH is a hetero-

dimer composed of two subunits o and g and e507 maps in a, and e508

in g, then both cis and trans heterozygotes of. ry /ry Shou]d give.
three bands of XDH 1in an e]ectropherogram If, however XDH is a hano-
dimer, a cis heterozygote (e5075 e508$/9507F e508F) should be able to
produce three bands (S/S S/F, F/F) 1n a gel. whereas the trans hetero-
zygote (e5075 e508F/e507F e5085) shou]d only produce an intermediate
band. The latter “c1s ~-trans" effect was observed 1nd1cating that

XDH s a homodimer. -~ ' | - ‘

(4) Kinetic studies of XDH

The Mlchae11s Menten constants (Km s) have been-detennined for each
of the substrates of XDH and for NAD+, The determ1nat10ns made by various
workers have been conSIStent ~The Kn for AHP is 6.7 X 10 6M the Ky for
hypoxanth1ne is 2.1 X 10 M (Glassman and M1tche]1 1959), 2. 36 X 10 oy
(Parzen and Fox, 1964), ~ 2.0 X 10 5M (Edwards et aZ 1977) The Nn
of XDH for NAD+ is 4.0 X 10™M as determined by Edwards et a1 -(1977).
The Km for Xanthine is 2.5 X 10 5M (G]assman and Mitchell, 1959) 2.36
- X 10 M (Parzen and Fox, 1964), or 2.4 x 10 M (Edwards et al., 1977).

e
v
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(5) xpH requires co-factors '

A crude fly eitract.which had been subjected to charcoal treatment
to remove endogenous pteridines and purines was found to require the
addition of an electron acceptor such as NAD+, methylene blue, or
2,6—dich1oropheno] for restoration of XDH activity (Glassman and
Mitchell, 1959), - Andres (]976)‘has shown that both XDH and XDH CRM
(prepared from ma-1) contain the co-factors flavinadenine dinucleotide

(FAD), molybdenum, and fron. No other co-factors are known'at present.

(6] Heat stability
XDH has been found to be heat-labile at 50°C in the presence of 1ts

~ substrates AHP or hypokanthine (Glassman, 1966). However, other workers
vtSeybold, 1974; Edwards et al., 1977) have found that, treatment of XDH
with- heat at temperatures of 68 - 70°C for five minutes produces ]1tt]e :
' loss of act1v1ty and a significant increase in purification by gettlng

rid of more heat- lablle proteins.

- _ ’ . Y
(7) Multiple molecular forms of XDH ' S

Shinoda and Glassman (1968) have shown that partially purified
extracts of Dposophzla contain two forms of XDH whlch are separable by
DEAE chromatography or polyacry]am1de gel electrophoresis. The first
peak of XDH from DEAE chromatography, XDH-I, ‘can be converted in vztro
-II by 1ncubat1on With ry or mg—1 extracts. XDH-I appears to be

‘/
H present ¢n vivo as it is the only: form present in

to

the form of
de extracts However, flies raised on a high prote1n diet have
1ncreased levels of XDH activity without increased CRM and this appears

to be of the XDH-IT type It should be noted that none of the experiments

1
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-‘showing two peaks of XDH on DEAE chromatography used a heat step prior
to the chromatography; Seybold (1974) obtained only one fofm‘of XDH
from DEAE followina a heat treatment. The biological significance of

the two forms of XDH is unknown.
\



MATERIALS AND METHODS

Y

I. Drosophila melanogastef stocks ‘ - .,
‘ Drosoph”la stocks were rthine]y cu]tﬂred“at room temperature;
22 £ 1°C, 1in quf-piht milk bottles containing standard media. The
media consisted of 10% yeast, 10% sucrose, 1.5%~a§ar, 1% propionic
“acid, and .01%.ch10ramphenico1. Some of the crosses were cultured 1nt
vials containing the same standard media. |
Amherst was used as. thé»wi]d—type'étrain for -all e*pe;iments
Several Qasy mutants were obta1ned from A Chovn1ck s 1aboratory
) including ry , @ spontaneous mutant, and three a]]e]es, ry ry26,
and ry 1, induced by X-rays in the cu kar chromosome (L1nd§]ey and

Grell, 1968). Three other mutants, w1, %9 and my%%%

, received
from the same 1abof$tory were induced by EMS in the ry+6ve1e¢trophoretic
background (Choynick, pers. cqmmuniéattdn); A stock contéihiﬁg third
chromosomes with multiple markers was é]so obtained from'A. Chovnitk:

Tp(3) MKRS M(3) S(34) kar ry’ Sb/kar® Df(3) ry’®

(a defic%ency whfch ce
covers the pic locus; Chovniqk_et aZ;, 1576) aﬁd is hereaftér refehfea. W
to as thé MKRS'stotk (McCarronIet al., 1974):'.The;two éyé‘tplof |
mdtationé kar and~ry give an orang%’e}e co]or‘whjch is egsi}y‘
distinguished from ry alone in young flies. These Chtbhosomes

comprise a ba]anced lethal system in that Sb and. the Df(3) ry are % |
lethal in the homozygous state. Two other stocks ru lzd by (roﬁ;ﬁbid,

" low xanthine dehydrogen&sew blistery) and ma—Z were used asbcontrols

for some experiments.

32
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II. Mutagenesis

Mutants at the ry locus were obta1ned us1nq ethyl methane su]fonate
(EMS) as the mutagenic agent. The procedure used was that of Lewis and
Bacher (1968). Young_Amherst adu]t males were collected and starved in .
empty bottles for’8—12 hours . kfhey were then transferred to bottles |
conta1n1ng tissues saturated with 9- IO m] of a 0.025 M solution of EMS
(Terochem Laborator1es) in ster11e 1% sucrose The flies were allowed
to feed for ]8 20 hours’ at 22°C after which they were transferred to
new bottles containing standard medium. The bott]es and g]assware were
decontam1nated by rinsing with aﬂso]ut1on of O 5% th1og]yco1ate in
1 N NaOH. | | |

.The males were mated to virgin fema]es of the MKRS genotype and
the Fj flies were examined for eye color. All ry phenotype f]1es were
saved and mated back to MKRS flies of the appr0pr1ate sex in order to
produce a stock of the new mutant ba]anced over the Tp (3). MKRS chromo-
some. Those mutants which did not conta1n recessive lethals on the
‘ba]anced req1on of their 3rd chromosome were a]]owed to become homozygous

!

for. the new rosy allele by se]ectlng out: non—Sb flies from the mutant/

. MKRS stockg

\

ITI. Comp1ementation tests

~ Intragenic comp]ementat1on within the rosy Tocus was tested for by
making non< rec1proca1 crosses between all the rosy mutants. For all
combinations excluding rya9,a10 all, two bottles (each containing 20
virgin fema]es and 20 ma]es) were set up. Progeny from these matings

were scored for mutant versus non-mutant eye color, For crosses
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1nv01v1ng newly induced mutants ba]anced over the MKRS chromosome, only
non-Sb progeny were considered. The appropr1ate flies were co]]ected
and tested for XDH activity using the fluorometric assay. For this
assay, 200 mg of <4 day Bﬁz.1ive flies were extracted in 2 ml of
.extraction buffer (described under f]uorometric.assay) plus 50 mg.
Norite, settled 10 minutes, and centrifuged 2 X 10 minutes at 14,600 k d.

From this extract, two assays of 0.75 ml supernatant with no additional

buffer were obtained.

Crosses invo]ving'ryag’ajo’qll were done in vials with ]d females
and 10 males, and the progeny scored for eye color, but no assays for
XDH were made However, those crosses which produced flies of wild-type

or intermediate eye co1or were repeated and extracts prepared for ge1

and f1uorometr1c assays.

'IV. Xanthine dehydrogenase assays
(1) Fluorometric assay. ~ The. assayvprocedure 1s‘based upon the )

- differential fTuoreécehce'of isoxanthopterwn'(IXP) and 2-amino 4-hydroxy
pterine (AHP). ‘As XDH'catalyzes,ﬁﬁe conversion of AHR‘to IXP, its
activity can‘be measured by the 1ncrease in f]uorescenCe of -a reaction-
mixture conta1n1ng f]y extract, substrate, cofactor, and buffer ’ oL

(G]assman, 1962).

- A so]ut1on of AHP (Sigma) was made up by dissolving 3 X ]0 -3

-4

AHP in ]N NaOH and d11ut1ng this m1xture to 3 X107 Min the co]d and

dark as AHP 1s . heat and 11ght sens1t1ve A11quots of 0.5 to 1 ml were
then frozen for future use. The cofactor, 6 -nicotinamide adéenine
dinuc]eotide (NAD S1gma) was d1sso]ved in Tris buffer (10 mg/5 m])

~and such so]ut1ons were made up as requ1red
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The flies were homogenized in extraction buffer:. 1M Tris-Cl (pHv

% M EDTA and 1 mM dithiothreitol (DTT) at a

8.0) containing 2.5 X 10~
weight/volume ratio of 100.mg flies/mil guffer. After grinding, Sigha
, untreatéd activated charcoal (Norite) was added t6 the extract at a
rafio of 1 mg charcoal/4 mg adu]ts or 1 mg charcoa1/8 mg larvae. Tﬁé
mixture was stirred and é]]owéd to settle for 10 minutes,. then centrifuged
at 14,600 x g for a minimum of {O mithes, The supernatants wéré filtered
through nylon bo]tfng cloth ( 50 micron meSh) or glass wool and
centrifuged fbr a further 10 minute‘périod. At times, a third
centrifugation was réquired to geﬁ rid of all the tharéoa].

Asséys were carried out in an Aminco-Bowman spectrofluorometer
wjth an activafion Wave1ength of 338 nm and a fluorescent waQe]ength
of 405 nm. AHPHhaé‘a3minimum fluorescence level at fheéé‘setfings
whereas IXP has a peak fluorescence when.activated at 338 nm. Thg
' sen;itivity level of the photomu]tip]ier‘was originally seé,at thé
sensitivity at which a So]utfoﬁ of 1 X 10'6 M quinine sulfate in
1IN H2504-gave a.reading of 30% transmiésfon." ’

The agsays'were baséd on 1 ml of so]utioh.‘ For crude extracts,
0.5 ml of the fly extract and 0.48 ml of Tris-CI buffer wefe {jiywed
to prewarm (for 5 mihutes) in fhe‘cuvette’placed in a temp-blo;;‘modulef
heater (Sqiehtific Products) set at 30°C. After warming, 10 ul o -
of NAD ard 10-30u1 of AHP were added to the reaction mixtare. After
'shakiné, the.éuvefte'was placed in fheAfluordmeter.and the change in
% transmission was recorded on a Beckman recorder for 1 to 5 minutes.

The change in,fe]étive fluorescent intensity, ARFI, was calculated by

- multiplying the T X meter multiplier setting. The oRFI observed was



~ Converted to um of AHP oxidized per 1% f]uorescence by use of a mixed
d11ut1on Curve constructed by vary1ng the amounts of AHP and IXp 1n |
buffer so]utlon and read1ng the fluorescence obtained
(2) Gel assay Po]yacry]am1de and agarose gels were routinely
stained for XDH us1ng hypoxanthine as a substrate as given by Yen and
Glassman (1965) The stain consisted of 0.2 ‘M Trizma base, 10~ -3 M
hypoxanth1ne 4. 5 X 107 -4 M NAD, 2.6 X 10° -4 M phenaz1ne methosu]fate,
and 3.9 x 107% M nitrobluetetrazolium (a1l from Sigma). The ‘Chemicals
were preweighed and kept in the dark; they were d1ssolved in d1st111ed
water immediately pr1or to use. A mod1f1cat1on of this stain was -
used for some of the po]yacry]am1de ge]s and all of the agarose gels
using .1 M Tr1s Cl, pH 8. O buffer in p]ace of the dry Tr1s and water
This gave a staining mixture of pH 8 as compared with pH 10 for the
former m1xture and produced a better stain. | |
The substrate AHP was somet1mes subst1tuted for hypoxanthine in

these sta1ns AHP (32.64 mg) was dissolved in 1 ml of 1 N NaOH and

added to 100 ml of .1 M Tr1s C] pH 8.0 to give a final concentration ’

of 2 X 10 -3 M AHP in the’ sta1n The other components, NAD, PMS, and

NBT were then added to the m1xture

The ge]s were a]]owed to stain in the dark for 30 minutes or

1onger and then r1nsed w1th water,

V. Vertical s]ab po]yacry]am1de gel e1ectrophores1s

An 8% po]yacry]am1de runn1ng gel with a 6% stack1ng gel was
routinely used. A stock so]ut]on of acrylamide: bis (30:0;8) was
prepared by dissolving 30 g of{aery]amide (Terochem Laboratories);and

36
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0.8 g of N,N' -methy]ene bis acrylamide (Eastman Organic Chem1ca]s) in
100 ml of dlst111ed water, filtering the so]ut1on and storing it in
the dark at 4 C. The e]ectrode buffer Tris- borate EDTA pH 9.2, wask
prepared using 21. 08 g Trizma base 1.08 g boric ac1d, 1.86 g disodium
EDTA in 2-11ters of d1st111ed water (Yen and G1assman 1965)
Po]yacry]am1de ge]s were prepared between two g]ass plates

.;(14 by 16 cm) with one p]ate containing a 2 cm X 13 cm notch at the
top. Lucite strips were used as spacers between the p]ates and these
were held in place W1th large paper c]amps The str1ps were sealed to
the plates by dripping 1.5% mo]ten agar along the sides and bottom of
the gel former. For an 8% ge] 30 m] of solution was prepared by
mixing 8 ml of stock acryTamide solution, .22 ml Electrode Buffer, -

15 ul TEMEb (N'N N‘, N' Tetramethy]ethy]ened1am1ne Eastman Kodak), and
30 mg ammonium persulfate (EC Apparatus Corporat1on). This solution
was poured between the prepared glass p]ates A lucite spacer was
p]aced between the glass plates at the top of the gel to prepare a
'f]at bed for the subsequent stack1ng gel. Po]ymer1zat1on was’ carr1ed
out at room temperature for at least 30 minutes before this spacer was
removed. Then a 6% po]yacry]am1de mixture was prepared as above with
6 ml of stock so]ut1on, 24 ml e1ectrode buffer, plus TEMED and AP.
After pipetting this solution ontovthe top of the runn1ng gel, a.
Tucite comb forming 13 pockets was placed between the plates.

| After polymerization. for a mtnimum of 30 minutes, tbe c]amps,.
Comb, and bottom Tucite strip were removed and the gel c]amped to a
vertical slab ge1 e]ectrophores1s chamber (Aqueboque Mach1ne and Repair

Shop, N.Y.). The upper notch of the g]ass plate was sea]ed to the
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upper buffer chamber with 1. 5% mo]ten agar. Electrode buffer was
poured 1nto the upper chamber to a level above the ge1 pockets and
checked for leakage to the bottom chamber. Electrode buffer was then
added to the lower chamber so that the bottom of'the gel Was immersed

in buffer, The gel was then prerun for 30 minutes to 1 hour at 10 mA

. constai.i current to get rid of excess ammonium persulfate.

L)

. Crude fly extracts were prepared by homogenizing 100 mg/j'ml in
electrode buffer + 1 M sucrose. The extracts were centrifuged for

10 minutes at 14,600 X g. ‘Samples from XDH purification steps were

brought to 10% glycerol for use in gels. Samples were loaded into

the pockets with a Ham11ton syr1nge and 3-5 ul of'.OOZ% bromphenol
b]ue was added to one pocket as a tracking dye The gels were run
for a minimum of 3 hours at a constant current of 10 mA. They were

then removed from the apparatus.and placed in a tray containing 100 ml

of stain (see Gel assay). After a minfﬁom of 30 minutes, the gels

were destained with water.

VI. XDH porificatiOn | _

| . XDH was part1a]1y purified from Amherst th1rd instar 1arvae using
a mod1f1cat1on of the procedure of Seybold 1974) Large quantities
of Amherst larvae were obtained from,p}astic'trays,vcontajning standard
media plus live yeast, which had been placed in a population'cage .
containing aduTts Females were allowed to. lay eggs on the food for up
te’] day; trays were removed and left at room temperature unt11 mature
th1rd 1nstar ]arvae had crawled up the sides of the trays. These were

collected in an ice bucket by running 'a stream of tap water over the



sides of the trays: The larvae were'rinsed several times with tap
water until no more pupae floated in”the bucket. They were collected
- in a sieve and left to dry on paper toWe]s; when dry, they were either
- used immediately or froienvat -70°C.

A1l ‘extraction steps were carried out in the cold, at approxi-
mate]y 4°C. A crude extract of the larvae. was prepared by grinding
up to 200 g wet weight of 1arvae with a mortar and pestle 1n extraction
buffer as described under XDH assays. The ratio of larvae to buffer
was 100 g/]OOO ml in ear]1er exper1ments and increased two- fold in
later exper1ments (see Results for details). In later experiments, -
larvae were homogenized more efficient]y by use of a War1ng b]ender.
Or1g1na]]y, the crude extract was centr1fuged for ]5 20 minutes at
14,600 X g and the supernatant was subjected to Norite tr ~ in
order to remove endogenous pur1nes and pter1d1nes Later - first
centr1fugat1on was omitted and- the entire extract treated with Nor1te
In both cases the rat1o of Norite/larvae was 1 g/8 9. The charcoal
was added to the mixture and st1rred w:th a glass rod The mixture
was a]]owed to settle for 10 m1nutes was fi]tered through a nylon
mesh into centr1fugat10n bott]es, and <sun at 14,600 g for 15 minutes.
The supernatants were poured through nylon mesh and recentrifuged.
When necessary, this f11trat1on and centrifugation was repeated a

th1rd time.

.

. After remov1ng an a11quot of crude extract for samp]es the

remainder was subJected to an ammonium sulfate precipitation. A 43- -58%

-cut was routinely used; this was a narrower range than that described

by Seybo]d So11d ammonium su]fate (J T. Baker Co.) was added s]owly
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to a stirring prepara;ion at 23;9 g/100 m]-egtract. The mixture was
stirred for at least 30 minutes, then centrifuged for 15 minutes at
]4,600 X¥g. The pellets were:discarded and the supernafants poo]éd
‘and brought to 58% saturation,with‘the addition of 9.6 g/100 ml

_solution. After stirrﬁng and centrifugation as before, the super-

natants were discarded an%?the'pellets redissolved in kxtraction

- buffer.

The ammonium sulfate was then removed from tHe preparation by -
diaTysis against 2‘chaﬁges Qf 2700 ml of .1 M Tris-C], pH 8.0 over
a 4 hour pefiod. The dia1yzed'extract was then put through a heat
treatment. Not more. than 100 ml of extract were p]ate& in a
preheated 250 m1'béaker and set in a water bath at 60°C for 3 minutes
wi th swirling at:30 second intervals. The preparation'was cooled in
'1ce and 1mmed1ate]y poured 1nto cold centr1fuge tubes for centr1fugat1on
at 14,600 X g for 15 m1nutes. The supernatants were collected and
brought to 16% polyethylene glycol (PEG, ave m.w. 6000-7500, MC/B) by
the slow addftion‘of 40% wt./vol. PEG in Tris-Cl. The mixture Qas
allowed to stir in the cold for at 1e§st 20 minutes and centrifuged
“for 15 minutes. ,Thé 16% PEG éupernatint was collected and eithér
" used immeqiatgly for'further purificatién or frozenlat -70°C. The,
enzyme was found to be quite stab]e;in PEG either frozen, or when“
left overnight in an ice bucket in the cold room.

The PEG supernatant was further pur1f1ed by column chrOmatography
- A co]umn of diameter 2.5 cm and 25 cm he1ght was poured to a height of
20 cm with DEAE;ce11u1ose (Sigma, coarse mesh) prepared by washin§

with HC1, NaOH, and NaCl prior to use. T : column was washed with
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.IM Tris-C1, pH 8.0 plus 1 mM DTT and equilibrated with .05 M NaCl
in the_same buffer. The PEG supernatant was then pumped onto the
column at a speed of approximately 1 m]/minuté and washed on wifh én
equal volume of starting buffer. The co]umn_was then eluted wiph a
500 m1.gradient of .05 M - .5 M NaCl in the same buffer. Fractions
of approximately 5 ml vo]umes,ﬁereﬂﬁollected and every fifth fraction
assayed for XDH activity and ébsorbante dt A280 in é Beckman' DB-G
_spéctrophdtometer. Additional fractions around the XDH peak were
assayed and the.peak fractfons pooled, Brdught to 10% g]ycerb],'and
concentrated. For concéntration; an Amicon ultrafiltration cell’

| model 202 was used for large volumes and a model 10-PA withma PM10
membrane was used for volumes Tess than TS_m].

The DEAE concentrate was further purifiéd by application to an
hydroxyapat%te column.  Bio-Gel HTP (Biorad) was prepared in 1 mM
sodium phosphate buffer, pH 6.7 and.1 mM DTT andgpoured into a column
of diameter 1.5 cm to-a height of 40 cm. aIf was equi]ibrated'wiih a
lérge amount of the same buffer (approximatejy 10 column volumes).
The DEAE.Concentfate was pumped on:o the column-and washéd on with a
volume twice that of the samp]é; both steps‘wére done at a flow rate
of about 4 ml/min, The'co1umﬁ,was then e]ute&'at a Tower speed with
a 500 m1 linear gradienf of 1 mM- 250 mM sodium phosphatebbuffer,
pH 6.7 + 1 mM DTT. Fractidns'weré co]]etted, assayed, And‘concentrated

in 10% glycerol as described for the DEAE step.
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"VII. Protein determination

. Protein_was determined.by a modification of'the procedure of
Lowry ef al. (1951). Reagenfs used were 12.5% sodium carbonate,
0.1% anhydrous cupric sulfate, and 2 N Folin-Ciocalteau reagent
di]utéd 1:2 immediately prior to use (all from'Fisher Sdigntific |
Co.). The f]y,extractsddere'dia]yzed overnight against HéO td_get
rid of dithiothreitol which was found to be Lowry-positive. A volume
of 0.2 ml of appropr1ate dilutions of the samples was added to test
tubes conta1n1ng 2.0 m] of Na CO3 and 0.5 m]'of CuS_O4 and vortexed.
. After letting the m1xture stand for 10 minutes at room temperature,
O.SAmllﬁ? the Folin reagent was added, while vortexing, to the tubes. -
The color was allowed to dev..op for d further 20 minutes before the
absorbance.at 660 nm was read on a Beckman DB-G sgedtrophotometer.
Bovine serum—albumin (BSA, Sigma) diluted with water was used as a

standard and the blank contained H20 plus the réagents.

VIII, Disé‘gel e]ectrophbresis

Disc ge1:e1ectropﬁoresis with a cdntinudds buffer system was
'performed‘on the partially purified XDH preparationé. Glass cylinders
..of 10 cm Tength and 6 mm diameter were sea1ed,wfth parafilm at one end
and placed in holders (ﬁdbber stoppers‘p]aced upside down). An:§%
solution of acry]amide-bis as uséd for vertica1 slab geT e1ectrophoresis
| was prepared and p1petted to a he1ght of 7.5 cm in. the cylinders. A
layer. of d1st11]ed water was carefully added to the top of the gel ‘and
po]ymer1zat10n allowed to take place for 30 m1nuﬁes. The water ]ayer‘
‘was then remdved and a 6%.stacking gel pipetted on top to a'fuillheight

. of'§y2 cm for the complete gel. MWater wds carefully layered on top of

3
|



this gel in order to a]]qw complete po]ymerization’of the stacking gel.
After 30 minutes the water and parafilm were removed;

The cvlinders were placed in a diec gei apparatus (Buchler
Instruments) and electrode buffer added to the top and bottom chambers.
‘.'The ge]s’were‘prerun_at 1.5 mA constant current/tube for 30 minutes
to- get rid of excess ammonfum.bersulfate. The buffer was then changed
and, 100-200 .1 of sample was app]1ed to each tube with a Hamiltén
syringe' The ge]s were run for & hours at 1. 5 mA per tube, removed

and sta1ned for prote1n or XDH activity

IX. Gel stain for protein -

Acry]am1de and agarose ge]s were sta1ned for prote1n using .05%
Coomass1e brilliant b]ue (Sigma) in 25% isopropyl alcohol and 10%
acetic acid. Ge]s were covered with- this sta1n1ng so]ut1on and left
at»room temperature for 1 hour (agarose ge]s) or overn1ght (acry]amide

gels). They were ‘then destained with several changes of 7% acetic

acid.

“

X. Preparation of rabbit anti-XDH serum

fwo female San Juah_IsIand wild type rabbiis.were immunized
.ﬂ\against XDHepreparetions' Before 1mmun1zat1on, control sera were _
obta1ned from both rabbits by bleeding them from thn m1dd1e ear artery
us1ng a ]0 ml syr1nge equ1pped w1th a #23 gauge need1e The b]ood was
a11owed to c]ot at 4°C for 24 hours and the sera drawn off. Additiona]
sera were obtained by centrifugat1on at 14 600Xg for 15 m1nutes, the

sera were then frozen

43



Rabbit 5GJ6 was.immunized with 2 m] of DEAE—step XDH preparation
mixed with an equa].volume of rreund'sﬁbomplete adjuvant (Difco
Laboratories)'injected ba]f 1ntramuscu]arly and ba]f subcutaneously.
The 1mmun1;at1on was repeated at week1y 1nterva1s for 3"weeks using’

1 ml of DEAE preparat1on and 1 mi of Freund S 1ncomp]ete adJuvant
(Difco). O » two, and three weeks after.the last 1mmun1zat10n
" the rabbit was bled for immuoe serum.v

Rabbit 5HE3 was originally immunized with 1.8 ml of HAP
preparation mixed with 2 m1 of Freund's comp]ete'adju:ant injecteo
intramuscu1ar1y and subciutaneously. | -Three booster shots of 1 ml HAP
preparations in incomplete adJuvant were given at weekly 1ntervals,
ano serum was obtained 8 and 16 days after the final boost.

Both rabb1ts were later boosted with HAP-step XDH preparations
and b]ed by card1ac puncture to obtain about 40 ml of serum per rabbit.
The sera were prepared for use in Laurell rocket gel electrophoresis
by an ammonium su]fate prec1p1tation Five m] of sera were brought to )
45% saturation by the addition of 1 29 g of ammon1um sulfate, vortexed,

and centr1fuged _ The pe]]et was re- d1sso]ved in 5 ml of extraction

buffer and frozen for future use.
S

XI. Laurell rocket gel e]ectrophoresis . o

1% we1ght/vo1ume S1gma Agarose Type I, Low EEO, was d1sso]ved in
. 25 m] of Camag High Reso]ut1on e]ectrophores1s buffer (Tr1s -barbijturate,
pH 8. 8 1 pkg/1800 m1) by heating in a bo1]1ng water bath. After
me]t1ng, the liquid agzrose was a1lowed to cool to 15°C at which
c temperaturé 25 ul of ammonium su]fate treated rabb1t ant1 XDH sera was

<

added to the agarose and stirred The 1iquid was immediately pipetted
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with a orewarmed pipette into a gel former,prepared as described
previously for vertical slab po]&acr&]amide'gel e]ectrophoresis;
“ The gel was allowed to coOi in a vertical position for a minimum

- of one hour after which time one of the g]ass plates and the lucite
strtps were removed. With the gel laid on'a flat surface, 12 holes
were punched in the gel in a row approximately 2 cm from the bottom
of the gel and 1.1 cm apart w1th a #2 cork borer (5 mm d1ameter)

| The gel and support1ng glass plate were then placed on a Camag
Un1versa1 E]ectrophores1s Chamber and Tris- barb1turate buffer added
to the chambers . The ge1 was connected to the chambers by. us1ng
buffer- soaked 1 mm th1ck filter papers as wicks between the gel and
the buffer. Samples of wild-type’ (Amherst) and mutant flies or buffer‘
were loaded #nto the ho]eslusing alo u1‘Hami]ton‘s;ringe. These

extracts were preoared in Trisgborate-EDTA—sucrose butfer, pH 9.2
(Electrode Buffer and 1 M sucrose) as for po]yacry]amide gel W
e]ectrophoresis | ' |

. The gel was e]ectrophoresed at g constant voltage of 120 volts

(10-15 mA) for a minimum of 9 hours. The gel was then removed and -
stained -in theadarkfforKXDH for at least two‘hours. The XDH stain is
'described’under Ge1 assay »The héights.of the - XDH rockets Were
measured from the top edge of the hole ‘to the top of the rocket and a
standard curve of wild type.extract versus height of rocket was p]otted
for each. ge] The he1ghts of the rockets conta1n1ng both mutant and -
wild type extracts were compared to the height- obtained by wild type
alone. From this 1nformat1on determinations of the amount of

cross-reacting mater1a1 to anti-XDH sera, if any, were obta1ned for

1zd ma-1 and for each of the ry mutants.
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- RESULTS AND' DISCUSSION
s

[. Mutagenesis

Several putative ry hutants were recovered in the F].generation
after EMS mutagenes1s of males fo]]ow1ng the mating scheme shown 1n
F1gure‘2. These mutants were identified on the bas1s of dul] red eye
-color and were estab11shed as stocks over the MXRS chromosome Some
-mutants segregated out other eye colors such as whzte and were not
further analyzed. Those which segregated as ry alleles were assayed
for XDH activity invthe fluorometer. The results of these ‘assays ﬁre
given in Table 1. A]] of the mutants except for ry R ryC, and ryF.f
aopeared to' have nQ act1v1ty The values for ry and ry are around
the 50% 1eve1 expected for heterozygotes at the ry locus as the ry
a11e1e does not eXhlblt act1v1ty These f11es appear to be‘rosykjn
eye co]or at ec]oSIOn but become more wild type with age. It has been
suggested that these may be purine- sens1t1;e alleles at the ry locus
(A. H1]11ker, persona] commun1cat1on), as the phenotype»is simi]ar to
: that_of somé of the ps fy mutants found in Chovhjck's laboratory
(Gelbart et al.,1976). The third mutant, ryF/MkﬁS has s]ight]y ]éSSg
activity than expected for a heterozygote but was not forther analyzed.
A fourth mutant, ry /MKRS was not. 1nc]uded 1n 1ater studies due to _
its re]at1ve 1nv1ab111ty A control strawn, Zxd, gave ¢ arable _
activity to that found by Kellervand Glassman (1964) of .. of
Oregon-R wild type activity when compared to.either Amherst or Cantbh-
S wild * ve strain. . - |

se 'tants-which'appeéred as ‘nulls in the test tube assay were
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EMSx
et S X VQo Tp(3)MKRS M(3) 534 kar 7 b
| | kar® DF(3) 'S

wild type eyes, - orange eyes, stubbled bristles
wild type bristles J/

 kar® DF(3) w8

Tp(3)MKRS M(3) 534 kar vy° sb

rosy eyes, wild type rosy eyes, stubbled bristles
bristles

Fig. 2. MutagehesiS-Scheme for the Induction Of‘ry Mutants

The ry* represents a newly-induced mutant allele in the
F] progeny which cah be distinguished from non—Virgin progeny
by eye color; the MkrRS stock has two eye color mutations 'QL
which results in an orangegeye'phenotype. Both S and non-sp
flies were crossed back to flies of the MKRS genotype to

.establish a'stock over the Mxrs balancer chromosome.
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Table 1. XDH Activity of Newly Induced Mutants in the Fluorometric

Assay
Genotype % wild type aptivity‘
ryal 0
rya%ﬂ%KES 0.
ryaS. 0
: ry /%HG%? -0
ry /UXRS 0
ry /MJG?S" L0
ry /MXRS 0
. ry /%HG%T -0
ryag/MKRS ) 0
™ ks 0
1 s 0
oy /uikRS | 0 55.3

1y " /KRS o 52.6

ey /KRS . 37.8+
vy Loms 0

ru Zxd‘by (control) - 27.0

ru lxd by (contro1) 26.1 *

A1l mutants were assayed as adults with Amh. .. ‘s the control

étkain except as noted (*) where Canton-S was usec as the control.
The f]ies were‘ground in extraction'buffer (100 »:/m1), treated
with Norite, centrifuged, and the sdpernatanto were assayed in
the fluorometer as in Materials and Methods. For each genotype

the average of three replicates is represented



- then tested for XDH activity.in gel assays. Thé gel assay was found
to be morebsensitivé,thah therfluofometrfc assay Tn_one instante,
that is, rya4/MKRS.showed,activity in the gels but_not in tHe fluoro-
meter. The resuits of the gels are shown in Table é. The mutant ry?4
produced a faint band of activity which was e]ectrophbretiqa]]y‘
distinguishab1e'from the Amherst band (Figure 3). Thfs mutant, rya4,
va]So'gave‘a band in combihétion with Df(3)ry75 and must therefore be
considered a "leaky" mutant at the ry locus which,,however, retains the
I.typica] ;osy.phénotype. A mutafion which simultanedUs]y affects both
.acpi&jty and electrophoretic mObflity has been observed previously

in the ry locus: the complementing pair, ryaas/ryBOQ, frgm Chovnick's
1ab6ratory was oSServed to have a mobilityldifferentﬁfrom that of the
ry+6 isoallele (Gelbart et al., 1976). HoweQer, this is the first

»

Instance of a mutant phenotype associated with a detectable level of

XDH activity. Preyjous]y, it has been considered that only a "modicum"
(less than 1%) of XDH activity is required to produce a wi]d‘type ygye

o
color (Gelbart et al., 1976). : ' \

II. Compfeméntation test§ .
The ry null'mutants plus the collection from Chovnick'sflaborétohy

' were tested for interallelic comp]ementafidn aé_aepictéd in the

comp]ementatioh matrix, Table 3. This table is.based on a phenotypic

expression of'cqm[‘ementation'-- the production'of an eye color which |

"is more wild type than the parental eye co]br.» Five in;tahces of such

- complementation were detected involving only those mUtants‘induced in

this laboratory. Two of the‘heterozygous-pairs, ryas/?yq4 and rya?/ryaS,
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Table 2. XDH Activity of ry Mutants in
. .Polyacrylamide Gel Assays '

| Genotype % wild type

rygzl’ i | . | 0
ry "/MKRS ' 2.4 . \
rya4/DfC32ry75 o 0.4 - ‘ .
*ryaz, as, aéb, q?, as, . 0 ,

a9, al0, all '
MKRS o o 0
ry2,8,26,41,60116033604 0

_* assayed as heterozygotes with MRS
Adult flies were homogenized in electrode buffer + sucrose
(100 mg/m1) and centrifuged 10 min at'14,600-x~g>\\The ’
supérnatants were loaded into the pockets of an 8% poly-
acrylamide gel (6% stacking gel) using 30ul volumes for
mutant extracts and 5ul for wild type. The gels were
electrophoresed for 3-4 hours, then stained for XDH
using either-hypoxanthine or AHP as the substrate as
~in Materials and Methods. The bands were quaqtitated by .
densitometry. ' ’ B
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Fig..3. Polyacrylamide Gel Stained for XDH Activity Using

Hypoxanthine as Substrate , /*;’//,;,//

~ From 1eft to r1ght the slots conta1n MKRS Amherst ry /Df(s)ry ,
ry® puxmS, zy / a3, ry Sy, o ps)my”, o mars,
ey ®8 |y /Df(3)ry 5, ™ /mxrs, and tracking dye. For all ,
mutant genotypes, 30ﬂ[of‘crude supernatant were applied; for wild

type, 5ul of extract were used. The gel was run and stained as
described in Materla]s and Methods.



Tab]e' 3. Interallelic Comp]ementation.at the rosy Locus

woi |- |- |-
603 | = |- |- | —
604 [~ 1 -|—-|-1|-
al |=|-[-|=-I-|- o _
a2 |=|-|-|-[-|-[-]- -

33 |~ |- |=|—|-|-]-]|-

84| -|-|-1-1=|-1-|-|#-
85-’—-—-——_.{7_—4

LN

a6 |- |-1—-|=|=-|-]-{=|=|={=

87 ||~ =|= ~|=|-|-|-|-

68/"“—“‘—'—.—,'"'—...-"1"

a? |- |-l {-1=]~]-1-
|~ o)==l -l ===

all | -f=-f-f=]=]=]=|=|=]=1=

rvtone] & 26|41 |60t |6cdeovlar |aalaz|adlas o0 |27 l0g a9laslar]

= rosy eye color/- | N

/- intermediate eye color

+ wild tybe eye color

-The presence or absence of comp]ementatl‘oh is
based on the phenotype of the heterozygote, that is,

mutant versus :non-mutant eye color. -
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exh1b1ted an intermediate eye color, that 1s, some of the f]1es were
c]ass1f1ed as “rosy" and others as w11d type. Three palrs, ad/al0,a5/q8,
and a9/a10 gave eye colors 1nd1st1ngulshab1e from wild type.

Al intera]]e]ic‘combinatjons of the matrﬁx.excluding those
invo]v{no a9, ald, and g11 were individua]]y assayed in the fluorometer
for XDH activity regard}ess of eye color. No further‘instances of
activity were uncovered by this'test'in fact, some of the comp]ement1ng
ry pa1rs fa11ed to show XDH act1v1ty by this assay (Table 4). This
may be due to 1ncreased 1ab111ty of mutant XDH compared to wild type
XDH under the cond1t1ons of extraction. Attempts 'were made to show
XDH act1v1ty under potentlally more favorable conditions by 1ncreas1ng
.the concentration of substrate, add1t1on of g]ycero] to the extraction
buffer, and assaying at room tenperature instead of 30°C One mutant
, comb]nat1on ry /ry , which fa11ed to show act1VIty at the norma]
substrate concentratlon showed Tow activity (1. 6%) at a‘higher concen-
tration of substrate The in vivo test appears to be the most sen51tive
v1nd1cator of XDH act1v1ty in most cases.

A1l combinations which gave 1ntermed1ate or wild type eyes were
'-then produced from rec1proca] crosses, again scored for eye color, and
assayed in both f]uorometr1c and ge] assays. On]y comblnat1ons including.
the ry a]]e]e showed act1v1ty in the ge]s Dup]1cates of each gel were run
and one stained u51ng AHP as substrate, the other using Hx as substrate.
as 1t was thought or1glna11y that ry m1ght be a substrate specific
mutant. For examp]e if a4 could ox1dlze Hx but not AHP this would
account for the mutant eye phenotype However, w1th the deyelopment

- of a good sta1n1ng procedure using AHP, it was found that ry /MKRS
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t
Table 4. XDH Activity of Complementing Mutant Pair/s/

v . o -
Genotype Eye Color . XDH Activity- XDH Activity
, ‘ ’////////ﬁﬁglzﬁs§ay) (Fluorometric Assay) -
T ooz - |
ryas/rya§ +/- . - - 6.5%
ryqs/ryag + _ - - 1.6% *
ry® /oy o+ o -
o : (not guantitated)
ad, al0 . : : L _ o
ry /ryv + - . : = — =

4

* requires 50a AHP (3 X 107°M) instead of 3Qul(usua1 asséy)

The eye color is described as +/- (intermediate) if some flies |
- appeared more mutant than wild type, and + (wild type) if all flies l$5$m
appeared non-mutant. -Gel and fluorometric assays are based on
extracts of 100 hg/m] as'described in the text under Materials and
Methods - ' '
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rya4/Df(3)ry75, ryaé/rya4, and rya4/rya10

» that is, all combinations
of rya4 tested, produced a band us{ng either substrate. An attempt
nas made to quantitate by densitometry the levels of XDH activity
represented by the bands in Figure 3. The combination'ryas/rya4 rep-

res entpg RCHE Bynherst; vy /D (3)my7% 0.4% of Amherst; % /uxas

lzfl% o ‘ he d1fferences between these genotypes may be
‘ H'don sta1n1ng d1fferences in the ge], ideally,
_::severd1 Y tes of edch genotype should have been estimated. However,‘
it wou]d appear that the level of XDH act1v1ty observed in vitro does
not’necc:sarily follow the eye color observed ¢n vivo as the comblnat1on
w1th the Teast act1v1ty (a3/ag 1n F1gure 3) "is the only one with a
,'non-mutant eye color.

The pattern of complementation observed appears to be random, as.

. expected for intragenic comp]ementat1on involving a homod1mer For -

a heterodimer, it is expected that all non- polar mutat1ons in the

gene coding for one subunit wou]d comp]ement all such mutat1ons in the
other subunit. However, for a homodlmer ~both po]ypept1des will a]ways

be mutant and the Tevel of activity restored in a heterozygote is
unpred1ctab]e The level of restored act1v1ty in these results is low,

in agreement w1th the resu]ts of Gelbart et aZ.,(1976) who observed

" levels of XDHéactivity from 0.2%-16% in comp]ementing pairs of ry

alleles. They also found the. comp]ementation map to be non-linear,

~ and in fact ‘produced a c1rcu]ar map of comp]ementatlon

The comp]ementat1on tests confirmed the results of Gelbart et aZ.

(]976) and prov1ded a. usefu] tool in screenIng for p0551b]e nonsense



mutations in that it is assumed that all alleles exhibiting complement-

ation are likely to be of the missense variety.

2

ITI. XDH purification
Several initial experiments were conducted in order _to detennine
‘a suitab]e procedure for purificatiOn of XDH in this laboratory Some
mOd]flcat10nS of the Seybold (1974) procedure were based on these
experlments ’ '
Ammonium sulfate cuts were done on a crude extract of frozen
larvae. In a 30-40-50-60% series of saturations, the re-dissolved

‘pellets were found to contaln 0.38, 0.81, 11.25, and 16.8 ARFI/min/ml

) activity respectively with the 60% supernatant having little activity

(0;]5 ARFI/min/ml). This indicated that Seybo]dfs,choice of a 40—60%
cut was” adequate. However, in view of azsecond serieé of 35-45-55%
saturations which gave 0 36, 2. 25 and 20.0 ARFI/min/ml act1v1t1es
in the- re—disso]ved pellets and 0.51 ARFI/min/ml in the 55% super- |
natant, it was ev1dent that most of the act1v1ty prec1p1tated between
45-55% saturation. A 43- 58% ammonium sulfate cut was therefore chosen
for the purification scheme _ | | ‘

The next step, heat treatment , posed more difficu]tiesi-}At no .
time was a pur1f1catlon of 5 6 fo]d as obtained by Seybold attained.
The XDH appeared to be much more heat- sen51t1ve than observed by
Seybold. An attempt to stabilized the enzyme by addition of its co~,
factor,,NAD+;;and/or its substrate, AHP, before Heating,yielded no
better result. In fact, AHP made the XDH much more heat~]abi1e/énd

NAD+_produced.no difference. These_resu]ts are simf]ar to those found

c
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by Glassman (1966).

A heat tréatment of 4 minutes at 68°C produced better results .
(1.25 fold purification) than the same tempenature for 5 or 6 minutes -
(1.08 fold). Later the temperature was neduced'to 60°C which gave.
somewhat better results. The heat’treatment remained one of the most
variab1e steps ‘in the purification.procedur;:as may be Seennjn.Table 9,
The step was,retained in order that one peak.of XDH would be recovered
from DEAE chromatography (see Introductlon under mu1t1p1e molecular"
forms of XDH) ‘ ' L

| A further purification step was added to the protoco] taking
advantage of the d1fferent1a] solubility of prote1ns in po]yethylene
g]yco] (PEG) Tab]e 5 shows the resd]ts of success1ve additions of
40% PEG to a heat-treated extract and centr1fugat10n of the extract.
The pellets obtained with O 4%, 4 8%, and 8- 12% wt/vo] PEG were
. negligible, w1th a]] of the XDH activity rema1n1ng in the supernatants.
An apprec1ab]e pellet was obtalned w1th a 16% treatment with some loss
of act1v1ty to the pe]]et; at 18% and 20% even more,XDH activity#
precipitated- At 16%, 83% of the activity'(los 4 ARFI/128.9 ARFI) was
retained in the supernatant and 17% in the pellet thus a 16% PEG
: prec1p1tatlon was 1ncorporated into the‘pur1f1cat1on scheme

No accurate estlmate of the purification gained by this treatment
has been made‘due“to_the‘diffieu]ty in‘obtaining an accurate protein1‘
estimate'$23%§e presence of PEG which is strong]y»Lowry -positive. Thev
presumpt1on ‘of pur1f1cat1on achieyed w1th "PEG is based -on obta1n1ng

a fairly large pe]let and a good yield of XDH in the supernatant An

~ additional advantage of the use of PEG comes from the increased

¢
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Table 5. PEG Treatment of a Heat-treated Extract of XDH

B Sahple , | ' A RFI/m1n/m] * 4 e
0% PEG ‘(heat- treated extract) 15.3 . ’ .
4% PEG supernatant , - 18.0 A 0
8% . PEG supernatant o 16.2 . 4 .
2%, PEG supernatant 17,9 e .
16%.PEG.supernatant : 12.7 3 ,
18% PEG supernatant . - <= 11.7

20% PEG supernatant - , 7.6

* corrected for dilution factor
- Polyethylene glycol in.Tris-buffer (40% wt/vo]) was added
siow]y to an XDH extract, stirred, and centr1fuged the super-

%natants were assayed for XDH act1v1ty in the f]uorometer.



*cstabi]ity of the enzyme‘in 1ts presence.
| An attempt was made to use affinity chromatography for the
_purification of XDH taki‘rlg advantage of its requirement for NAD+.
Eﬁgarose—hexane—nicotinamide adenine dinuc]eotide (Agnad-Type 1, P-L
Biochemicals) was used as described in the purificatfon of pork
.:/)Jdver fuconate oxidoreductase (Nwokpro and Schacter, 1975). The XDH
extract was prepared’through the first steps of conventional purification
and applied to the Agnad cojumn. Figore 4" shows that XDH is not bound
‘to the column-but elutes with the bu]h protefn. Thus, XDH does not
~appear to have high afffnity for its co-factor, NAD+, and thisistep
was not incorporated into the purification scheme. D. Baillig
| (personal conmunication) also found that the Agnad coﬁumn‘wasdnot
usefut in purify{ng XDH.
| The other steps as outline above, plus DEAE- ce]]u]ose chromatography@“:

and hydroxyapat1te chromatograpn/ wee used to pur1ff)(DH - The results ”
of the final XbH extract1on used for productlon of ant1sera are '.
deta1]ed in Table 6. The Norite treated extract is used as the.base-
line for measurfng'purificatipn because this extract exhibits‘more” |
* XDH ‘activity than a crude extract(due to the removal of endogenous
purines and‘pteridines‘which compete with AHP_for XDH. " The amnoniun'
SUlfate creatment here shows a purification of 2.5 foﬁd which is.a |
- -typ1ca1 resu]t(Seybo1d 1974). The dialysis does not affect pur1f1cat1on
"but 1s necessary to get rid of the ammonium su]fate before 'DEAE
chromatography The ch01ce of dialysis before or-after heat and PEG

'~ ftreatment % optlona] but it was rou;yne]y done before these treatments.

The heat step in this particu]ar_eXémp]e gave a fair yield (81%, fableu7)i



. Fig. 4. Elution Profile from NAD+-Agarose Column
° represénts XDH activity; a represents A280

XDH was eluted from thevco1umn with the bulk protein

indicating that it does not have a high affinity for

- 1ts co-factor NAD+.

R
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but did not resuTt in a purification. The PEG step gave comparable
results to those described above.

| . The DEAE—ceTTuToSe chromatography gave a narrow peak of XDH
activity against a background of relatively h1gh absorbance (Fiyure 5),
Some of the earTy A280 (fractlons 1 34) is due to the PEG in the o
extract. The XDH actlvlty was eTuted from the coTumn with NaCl at

- 190-230 mM NaC] the peak fract1ons were pooled and concentrated as

e
.wlvw' b

described in MaterlaTs End Methods

The DEAE concentrate was appT1ed to an hydroxyapatlte coTumn and
flfound to elute in a reTatlveTy narrow peak at-about 160 mM sodlum
phosphate The absorbance A280’ 1n these fract1ons was very low as
shown in the eTut1on profile, F1gure 6 The pooTed fractions were
assayed, concentrated, and frozen in TO% glycerol for use in -
Jpreparat1on of ant1sera | v
a . The yield at each step, TabTe 7, was caTcuTated‘taking into
account the tota] activity put into each step and .that rega1ned from
the step The cumuTat1ve yield was ca]cuTated as the product of the-
- y1e1d at that step and the ‘previous step. ~ Thus the y1er‘does_not
consider the volumes used for sampTes | :

The activity as expressed in fTuorescence units, ARFI/m1n/mT
 was® transTated into units of activity by use of a m1xed d1]ut1on
curve, The curve was pTotted from the data in Tab]e 8 and is shown
4 in. F1gd;é 2/' The change in fluorescence units was divided by the

ZZTope of the curve to g1ve the uM of AHP ox1d1zed/m1n/mT This
actlvlty was then EXpressed as spec1f1c activity by d1v1d1ng by - the

number of mg prote1n/mT as obtained from the Lowry proteLn test.



F1g 5. E]utlon Profile from DEAE- ce]]u]ose Co]umn

d”represents Arggs © represents XDH activity (ARFI/m1n/m1) )
The NaCl gradient was started at fraction #34, and XDH was
eluted from the column at apprdxﬁmately 200 mM of NaC1.
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Fig. 6. E]ution Profile from Hydroxyapatite Column

A reuresents A280’ © represents XDH activity (aRFI/min/ml)

The sodium phosphate gradient was started at fraction #12
and the XDH was eluted from the co]umn at approx1mate1y
160 mM of sodium phosphate. :
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~* Table 8. Mixed Dilution Curve of AHP and IXP

*ul AHP

100

- 90

80

70

50

40

30

20
10
0

*pl IXP

0
10
20
30
40
50
60

70
80
- 90
100

0
- v'o.
.6

0

C

1.
1.

1

2.
2.
2.
.0

-3

WM AP “oxidized"
3

9

Z

5

.8

1
4

7

**Ave. RFI

3.6
8.0
1.1

:

23.4

S 1.7

33.8
37.5
20.5
43.4

* represents}iof stock so]ut1ons of 3 X 10”% AHP and IXP:
pH8.0; T ml samples were

added to 9.9 m1 0. ]M Tris-C1,
used for determlnatlons of RFI in the fluorometer.
*o represents the average of 3 determinations
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Fig. 7. Mixed Dilution Curve of AP and IXP

® represents relative f]doféscent ihténsit} (RFI)
% Transmission X Meter MuTtiplier. The RFI observed in

1. ml samples of various mixtures of AHP and fXPv(see Table
.8 for detai]s) were recorded. The-sensitivity of the fluoro- .
meter was set at 45.5; wavelengths of 338 nm (activation) and
405 nm (fluorescent) were used. The slope of. this curve,
13.87, was used to convert ARFI to uM of AHP .oxidized.
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The five_partiallx purified XDH prenarations'dsed fdr 1iting
antibodies have been summarized in Table 9.1 The first prebaration
was taken only through DEAE—eellr’ose_chrdmatdgraphy; the remainder
were purified through HAP chromato@ranhy."uone of the nreparat;ons
-were fu11y puriffed,‘ This can'he seen in Figure 8 which shows disc_
. gels contain?ngfzoo ul of HAPAeoneentrate samples-from each of the
finai three XDH preparattons.\ A1l contain four to five distinet
: bands of protein. |
}he phrification resuits ohtained'agree fair]y well with those{of
Seybo]d (]974) with the except10n of the heat treatment One possible
exp]anat1on for the d1fferences encountered 1n thls step is Seybon S
. use.of adu]ts as mater1a1 and the use here1n of 1arva1'mater1a1

fA]though adu]ts have more XDH act1v1ty (Sayles et az s 1973-and

thlS laboratory) the collection of large quant1t1es'(up to 200g/extract)

of adu]ts poses considerable problems cc . red with.the co]]ection of
'Targe amounts of larvae. | Singh et al.. (1976) haye suggested that XDH
Cin o]der flies (D.. pseudoobscura) i§ 1ess heat sens1t1ve than XDH

from young f]1es and that e]ectrophoret1ca11y ind1st1ngu1shab]e XDH

from different wild type stocks varles greatly in heat sensitivity.;

If these observations extend to D. melanogaster, the d1ff1cu]t1es
"encountered in the heat tngatment may be due to the cho1ce of W11d type

stra1n and/or the use of ]arva] XDH. }

Iv. Preparat1on and testing of XDH antisera

| ‘The two immunized rabbits:werevb1edvon several;décasioné for
vinmune sera as described in hateria]s and Methods. - A11 of this sera
was tested for titre of antibody to XDH, however only the results é%%

:/("

the final bleeding are shown here‘aS’anly this sera was used for the

12 .
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: Fpom left to 1ght, Zﬂayé?of HAP cqnceatrated preparat1ons
were ¥oaded as fo1]ows"preﬁ/#3 (.007 mg. prot.);. prep #4 (.030

mg. prot.); and prep #5 (.008 mg. prot.). Thé gels Were run- for

'4 5 hours at 1.5 mA per tube and stained for protein. overnight
using Coomass1e blue. The sharp ]lne at the bottom of each gel
represents the tracklng dye: | '_, - ."ﬁ,

Y

/74



~ 45% supernatant, was omltﬁ’y

t 75

|

{
o

CRM. studies / Table 10 shows the resu]ts for ant1sera from the two

rabb1ts w1th 1ncubat1on against both ]arva] and adult Amherst extracts

The crude. sEra was prec1p1tated by 45% ammonium sulfate and the pe11ets S

|
re- d1sso]ved in a vo1ume of extract1on buffer equivalent to the ‘original

vo]ume of - crude sera. ’JThe 5HE3 serum-was able to comﬁ@ete]y Anhibit
an equa] vo]ume of . 1arva1 extract at d11ut10ns up. to 1:100 and adult ,
extracts at d11ut10nw‘up to 1: 40, The SGJ6 t1tre was ‘much ]owerp

The supernatant from the 457 prec1p1tat10n appeared to have some

Al

1nh1b1tory e?fect howcver%;fhe appnpprlate contro], control sera

by s“tgts 1nh1b1t1on may be due to the

presence of the ammoniun su1fate rather than ant1bodié§ . .;ﬁi“

f‘ e

’ ‘*v The t]tre curves fan SHES serum are p]otted in F]gure 9 .. From
?¥the tab]e and flgure 1t is obvious . that 5HE3 serum sgputd be chosen
lfor further experlments and that adu]t f]g;preparat1ons shou]d be used _b i

&

. @S the 1e¥e1cgf XDH CRM 1s h1gher than n larval preparat1onst‘ It a]so

' appears that there is a narrow range from wh1ch 1nh1b1t10n ggez)from v

‘3comp1ete to very ]ow Thls ma,
retﬁmg "XDH act1v1ty (conﬁrm
diF

1
Hue' to XDH ant1gen ant1body comp]exes

ed by ge] e]ectrophores1s) and the
' a

-l

u]ty 1n.exc]ud1hg-by centr1fugat1on these comp]exes from the test
tube assay The var1ab111ty encountered suggested that the test tube

1ncubat10n and assay mlght not be very sat1sfactory

—3

| Lo - | : . .5".’ N
V. CRM results - . ‘ : . l. )
It was dec1ded to test for cross—reactlng materla] to ant1 XDH

sera in the ry mutants by” the method of Laure]] ‘rocket ged—electro-

phore51s (Laure]] 1966; Weeke, 1973; Gav1n,u]975),as 1E/ts_a
quant1tat1ve procedure for measuring CRM. This ‘method emp]bys an
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'Te 10. Titre Curves ‘of Rabink Anti - ~sera, Final B]eedlng

, o _

XDH - Serum ' /Serum 7 Act1v1ty Rema1n1ng % Inh1b1t1on
Preparation yPreparatlon D]]utlon : 5HE3 : 5GJ6 SHE3 5GJ6
Atherst 457 Amm. Sulf. 1:50 0 . 0 100 100 .
“larvae pellet in A 1:75 0 4Q.6 100 -, 59.4

extraction ™ 1:100 0 60.9 100 39.1°
buffer’ 1:150°  40.2 75.4° 59.8 256
13200", 59.8 79.7  40.2 204"
JER B
Amherst “  '45¢ Amm. ww ‘e 0 0 Yoo 100 .
© adults pellet in = 1:20 0 1.7 7100 88.3 -
. extraction - 1:40° 0~ g8 100 15.2
RN © buffer 1:50 94.4 8.8 56 172 »
: TT>- v 1:75 70.6 72.4 294 2756 .
- ) ; 1:100 81.1. 73.1 18.9  26.9
S 1:150 %846 655  15.4 '34.5
Amhers t ~45% Amm. Sulf. 1:10 0.9 89.6 % 39.1 " 10.4
]?rvae ~ supernatant S 1500 0 75,9 - g7.0 24.1 - 13,0
Wt | 1:100 7509 . 81z 4.7 L?-S '

N,
\,

- . \XDH\@xtracts of 1arvae and adults wefe ‘prepared fo]]oqug standard .
proé’ ures&for f]uorometrlc assays and 0.3 .ml of extract added\po 0.3 ml
of 'serum dilutions. The mlxtures were 1ncubgted at 4°C for 18 hours, )

f centr1fuged 15 minutes .2t 14,600xg,. and " the supg;natants ai/ayed for Xﬁﬂv?f
activity. - The .4 ‘remaining act1v1ty is based en actlvlty/f' a1n1ng affer» ’
incubation with contro] sera which had a]so been treated with ammon jum :

‘sulfate, | p S R A SN

S “/

.



e . ' _ N
w Fig. 9. Titre Curves from Final Bleeding of SHE3. Rabbit

e 'repreéents Amherst 1arvai eXtract’(]OO mg/m1) incubated

with re-dissolved and di7

Uted.45% ammonium sulfate pellet of
~—x" SHE3 immune serum, - ' '

O represents AmherstZadylt extract (100 mg/m1)
with rg~disso]yeg'and
SHE3 immuneqserum,

‘diluted 45% ammonium sulfate pellet of
s -

:Aﬂi'extraqts_were incubatéi'wifhﬁserum for 18 hours-at 42

centrifuged

RaRT N

'fncubated -

» and the supernatants assayed for XDH activity.
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"'restr1cted by the 51ze of the ho]es punched 1n the ge] thus an

. ; (‘:/L
. ‘ * .

of 1. 00 The f0110w1ng flgure F1gure 12, shows the 1mportance of .

790

o
VAR Y

‘agarose gel: conta1n1nn wntlserum through which ant1gen is eTectrophor-

esed. whereas froe ntigen may move readx]y through the ge] the anti-

body . ant1gen comp 'exc .qrate slowly, 1f at a]], and form a precipitate

in the shape of a rocket; these are v1sua]12ed by sta1n1ng Idea]]y,‘a mono—
spec1f1c antlserum is used S0 that the geT can be sta1ned for total , ';,
prote1n The CRM of qny g1ven samp]e is est]mated by the d1stante ’

trave]]ed by the: t1p of the rocket from the pocket that is, the

~height of ‘the rocket The accuracy of th1s measutement re]1es upon

N

*"unlform1ty 1n the w1dth of the rocket and the thlckness of the g

',w1th un1form1ty, volume can be expressed ash helght onTy and the area

18
under the rocket does not need to be measured

,..., a ‘\'

‘The amount of extract WhTCh cou]d be app11ed to the ge] s @

| ant1serum concentratxon was chosen (25 u1/25 mT) which a]]owed the

rockets to reach a he1ght of approx1mate]y 2 to 3 cm It has been

shown that the best range for quant1tat1ve work is 1- 5 cm in wh1ch |
there is an error of 0.4-2% (weeke f§73) {Fﬁgure 10 shows a gel . -
to which 0 5 17. 5_p] of Amherst adu]t extracts were app11ed and run | |
for 11 hours The heights of the rockets observed are tabu]ated in

TabTe 11. The next figure, Figure 11, shows a p?ot of the standard

curve derlved from thlS data. The best f1tt1ng Tlne 1s plotted with 4;.

a sTope of 4. .66 and 1ntercept of 3 10 and r2 ( regress1on co- eff1c1ent)

length of runn1ng time to obtaining a sat1sfactory standard curve.

.Runn1ng times of-7. 5 and 9 hours proved 1nsuff1c1ent to aTTow the

hlgher volumes to reach thelr peak he1ght 10.5 hours prov1ded Tinearity



':‘:
D

Fig; 10 Standard Curve Laure]] Rocket Ge] E]ectrophores1s
¢

From left to rlght the wells conta1ned 1 0, 2.5, 4. O 5.5,
7. 0 8.5, 10.0, 11.5, 13.0, 14 5, 16.0, and 17 Sylof Amherst crude
extract "Electrode buffer p]usﬁsucrose ‘was added to eachwelT to
give a final volume of: 17 Qﬂlfor each sample. The gel was

e]ectrophoresed at a constant vo}tage of 120 v for 1] hours, A‘f

removed and stained for XDH act1v1ty

80
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‘several proteins, severa] rockets were observed over ch. we]] when

81

throughout the range of vo]umes to 16 p]“ All gels were therefore
run ]O 11 hours, and the standard curves from each gel were found to ‘Rd
fit a ]1near regress10n curve with regression co- efficients of 0.99 1??%%%
1.00. Some curves were nod linéar in the range of 16 ul ‘even though’ \’ ﬁ
they were run for the s*andard t1me for:these ge]s the higher
vo]umes of Amherst were not 1nc]uded in the ca1cu1at10nSrg§ythe helght
of the rocket from 8 ul of Amherst was the only one of 1nterest and
the curves were a]ways 11near in that range. |

It should be noted that the 1ntercepts (F1gures ]1 12) consist-
ently fail to go through zero. - This is probab]y because the ant1gen-
antibody complexes are able to migrate, a]though much more slowly than

free ant1gen The conditions of e]ectrophores1s (buffer system, pH)

are such that free antibody m]grates very\]Itt]e in the ge] (Weeke,

]973) However, it would be, difflcu]t to fu]f1] cond1t10ns of non-

| m1gra+1on of both free ant1body and the complexes s1mu1taneous]y

Due to the presence of contamlnants in the original XDH

preparat]ons whlch resu]ted in the productlon of a“+1bod1es to

-

‘a proteIn sta1n was u%gd Therefore, it was dec1ded to sta1n spec- . -

1f1ca]1y for XDH act1v1ty s1nce other antlgen ant1body comp]exes Were[ |
known to reta1n act1v1ty, and indeed "XDH also (McCarron et al., 1976*_
and: th1s laboratory)' this neceSSItated the presence of w1]d type

cract in all pockets Both mutant and active enzyme preparat1ons
ere thus p]aced 1n the same we]], it was thought that if the

mutant extract conta1ned any XDH CRM the w11d.ﬁype peak shou]d be -
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Tab]e-]i.‘Laure]]Ochket Gel E]ectrophoresis:

Standard Curve : “
Slot # albuffer . al Amherst height of XDH rocket
| ‘ ~ (mm) '
1 16.5 - 1.0 L 4.5
2. 15.0 . 2.5 . 8.0
3 13.5 4.0 1000
3 12.0 5.5 75
SR | . 14.5
6 ’ 17.25
7 19.0
8 22.0
9 24,5
10 - 27.75
11 . 29.75
12 0 175 32:0

The WOCkets in -the gel deé?cted41n F1g 10. were measured
to the nearest .25 mm from the top of the pocket to the tip. 5

of the rocket . R _ S e,i}‘&
- | | S
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Fig. T1. Laure]] Rocket Ge] E]ectropharekfs. Sﬁahﬂard Curve ¢

o . h
e R L Tt

©of crude Amherst éxtract. The gel was run for 11 hours and
Exsta1ned for XDH activity. The best- f1tt1ng 1}@3 descr1b1ng
'the set of points is drawn Tn according to*gﬁ% formu]a

310+]66x(7‘ =1.00. ¥ |

_
m represents the dlstance trave]]ed (1n mm) by var1ous volumes
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Fig.. ]2 Laure]1 ‘Rogket Ge] E]ectrophores1s Standard
' Curﬁbs from Gels Run D1fferent Lengths of Tlme .

The dlstances run by various- vo]umes of crude Amher§t
’ extracts in gels- electrophore§ed for varying t1mes

‘w represents heights in gel run 10.5 hours.

o} represents helghts 1n ge] run .9 hours.
@5 repreSents helght§ 1n ge] run 7.5 hours
A1] ge]s were run’at ‘a constant vo]tage of 120 v. and
stalned for XDH act1vaty 1mmed1ate]y after runn1ng

3
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" higher than‘with Wild type alone. ;It was therefore expedient to
. ascertain the validity of this method For this purpose the_mutant
lxd was useful. This mutant has lower levels of activity (Keller
and Glassman, 1964 a,b) than CRM (Karam, 1965). FigureiIBFis a
photograph of a gel in which a standare curre of Amherst (wells #
‘1i3,5;7,11) is interspersed with wells contatning 6 ul of'Amherst,
G:uf of Lxd(#Z,G,]Q) and wells with 16 u1 of Zzd alone (#4,8,12).
The he;ghts of the rockets were measured (Tab]e 12). and the A
"equivalent u] Amherst" determ1ned that is the he1ghts are equ1va]ent
to the he1ghts obta1ned with "x g p] ‘of Amherst. Th1s determ1nat1on
was made by ca]cu]atlng the best f1tt1ng formu]a for the standard -
curve and deriving the correspond1ng ul of Amherst to each height |
observed over we]]s contalnlng mutant extracts S]ots #2 6,10 gave
an average of 9.35 equ1va1ent ul Amherst whereas only 6 ul .of Amherst
was actua]]y p]aced in the we]] Thus the 6 nl of lzd must have
contrlbuted 3.35 equ1va1ent u1 Amherst or 55.8% as much as the w1]d
type. In s]ots #4,8,12, an average of 8.52 pl Amherst with 16 ul of .
Lod was attained, or (8.52/16) 53.3% of. the wild type Tevel. Thus both
methods gave similar results and. the comb1nat1on of ‘mutant and wild
type appears va11d | |
Using the above methhds of gel preparation, rur-ing, and calculat-
ions, -all ry mutants 1in this‘Jaboratery were tested for CRM; Standard
preparations of antiserum and wild type extract (froien.fn a]iquots)
' were used.in'a]‘ eceriments. No ca]cU]ations of proteinl1e9els in
crude extracts were madehhowever. Each mutant was run in 3 replicates\’

in at least one geT (two mutants/ge]) with a standard curve interspersed.{‘__

.)l



'Figu 13. Lquren Rocket Gel Containing Zzd Extracts

‘ From’left to right,’thé wei]s contained: (1) 1 u]_Amherst;
(2) % ul Amherst, 6 11 Zzd: (3) 4 1 Anhers_t;‘(4) 16.,41 led; (5) 7 o]
Amherst; (6) 6x£1-Amherst,b6 p]AZxd;\(7) 10 ul Amherst; (8) ]6‘uT)Zxd;
(9) 13 4l Anhe;;t;'(10) 6 ul Amherst,x6 ul “tzd; (T])llé'ul Amherét; and
(12 16 Wl Zud. -
‘ The:ge] wag e]e;trophoresed and stained for XDH'aétivity. Tﬁe rockets
‘rockets above the wells containing only Zxd extracts are much‘]ighter'

staining due to the,]owervactivity of the Zzd mutant.



Table 12. CRM Level of Zzd (low zanthine dehydrogenase)

4

Slot 4 }d Amherst  yl 1zd “ ht. of rocket | equivalent
: : (mm) ©oul Amherst
| 1 - 9.75 | -
2 6 6 26.25 8.5
3 4 - o170 -
4 ) - 16 - - 25.25 ~ 8.05
5 .. 7 - 23,0 -
6 6 6 275 . 9.11
7 \{‘ 100 R T £
& . - 16 225 . 8.52
9 13 - 3525 -
10 6 6. 30.25 £ 10.42
(L [ - a5 - R

12 a-"r 16 21025 8.9

From the gel in Fig. 12, the he1ghts of .the rockets have been-
measured to the nearest .25 mm and the rockets containing Zxd extracts
have been compared to the standard: curve to determ1ne what volume of

\Amherst that height represented (equ1Va1ent;d Amherst) From the
sTots conta1n1ng both Amherst and 7xd (#2,6,10), the average is 9. 35
M Amherst. Only 6gf Amherst were apphed thus 6 Ixd added 3.35 > ul
to the height of the rocket for (3.35/6) 55.8% CRM. Similarly from
slots containing only lxd extracts (#4,8, 12), the average is 8. 52;4
Amherst from 164 7zd app]1ed for (8 52/16) 53.3% CRM



The 1ntersper510n of the standard curve was to minimize local
n,d1fferences, if any, in the gel. F1gure 14 shows a gel containing the
mutants ry?s and ryag from which CRM 1nformation was derived. All of
the gets were similar to this one. Table 13 showsvthe mean proportion

of the height of the Amherst rocket reached by.each\mutant} Two
“controls are included, ma-1 and lxzd;ma-1 shows a height twice that of
Amherst a]one as it is ry+ and-produces‘an inactive XDH protein. '
Note that manylof the mutant and wild type combinations.do not
reach theiexpected hetght of wild type atone. No explanation for
- this consistent observation has been found | A oOSSibility, that.
XDH substrates present in the11/f11es (non charcoa] treated) are

competing with the antibody for b1nd1ng sites on XDH wou]d exp]ain
the phenomenon. This seems un11ke1y howeven since XDH' bound to ant1bodies

reta1ns act1v1ty, suggest1ng that the substrate and -antibody b1nd1ng
s1tes are d1fferent ThlS quest1ons remains unreso]ved Those mutants‘
_-wh1ch gave helghts 1ess than or equa] to Amhers t a]one were cons1dered
to be CRM.. Table 14 gives the values of CRM determined for each
mutant as derived from'Table 13. The positive values for those |
'mutants 'which were tested as heterozygotes with the MKRS chromosome
were multiplied. by a factor of 2 under the assumpt1on that ry d1d not
produce any CRMQLMKRS ry /Df(S)ry and ry -homozygotes fa11ed to
produce CRM) however, "comp]ement1ng" CRM cannot be. ru]ed out Ihe‘
contro]s ma-l, lzd, and ry /Df£3)ry75 (one dose of the ry gene),
gave resu}ts cons1stent with other obse{vatlonsurma—l has been shown
to have 100% CRM (Andres, 1076) Lxd was shown to have: 85% of Oregon-R
" CRM_ (Karam, 1965). Any quantltatlvevdlfferenees between published

-

and observed resuTts may be due to differences in method of determin-
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' F1g 14, Laure]] Rocket Gel Conta1n1ng ry /MKRS ‘and ryag/MXRS Extracts

From left to right the slots contained: (1) 1 4l Amherst (5.0 mm),
(2) 8 u1 Amherst, 8 ul. ryas/MJQ?S (20.0 mm); (3) 4 uT Amherst (10.0 mm);
(4) 8 ul1 Amherst, 8 ul ry /MKRS (17.0 mm); (5) 7 w1 Amherst- (17.5 mn);
(6) 8 ul Amherst, 8 ul ry /MKRS (20.75 mm), (7) 10 u1 Amherst (23. 25 mm),
(8) 8 ul Amherst, 8 uT ry /MKRS (18.75 mm); (9) 13 u1 Amherst (28.0 mm);
(10)- 8 u1 Amherst, 8 ul m%®/mxms (20.5 mm); (11) 16. 11 Amherst (29.25 mm);
and (12) 8 uT Amherst, 8 »1 r®®/mxrs (1.0 m).
| The gel was run and stained for XDH following standard procedures.
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- ~Table 13. Proportion pfifhé Hefght of"the 5mHerst’Rocket Reached
/ By Equal Volumes of Mutant and Amherst Extracts ’
\ . ! . . _‘ i .
. _ ‘. - ) ’ o i ':‘ ‘ ‘;. ‘Standard -
. '@ mutant mean propqition . .deviation.
Toomal T o736 | 023 ..
Laz*.’ - g
ry . 0.813 SALL
33 ‘ 1062 0 090 - -
* . <, ’
.1y?? O I T
oL a8 * B o . .
. iy 30 | 1.097 ©.103
. * a “ .
.y ©1.169 - .027'
\ a’ * . - .
ry 0.759 . - . .020
-ag * . B - ‘
ry 0.928 - .063-
Cme * L oL ) ]
ry-" oL S ].248- ' .099
Lalg * : : T
ry T, 388 .072
* ’ - -
T 0.726 - 090
Tt - 08100 g0
L mE . 0.780. 045
y % '\ o0.828 .035
ry?l o 1.378 .. .086
S ST 0.841 -~ .os7
- T 0.778 o .082
- R E
MKRS (ry%/Df(3)ry” ) 0.872 fos0
Lxd o 1.533 029, .
ma~l oy 21711 .20 |

*Tested as heterozygote(with rég'
 The height of each'rocket was campared-to the height of the
rocket containing,Amherst-a}one (from the standard curvé of each gel).
Mutants which fncreased the height of the Amherst rocket (prpportidnv>l)
are considered to by CRM+.'The stahdérd deviation.t%kes into account 
the variation Between fhe three replicates of ea¢h mutapf run per gel.



,Z%bTe 14, % Crossfreactinngaterial to Anti-XDR Serum

Mutant(s) %XDH CRM
a2;af,a8,a1i * _ ' | .O
a1, 2,8, 26,601, 603,604 0

MKRS (ry°/Df(3)ry’ %) 0
rya3 D o ‘ 6.2
rya4 * o Lo 18.2
rya5 ¥ S | : 19.4
e 33.8
eyt B : 49.6
0T . | 71.0
it ... 316
vy’ /DF(3)ry”° .49.3
led | 55.8
ma-1 : / ‘ 117.1
led ry’jizd ryt DR | 32.2

~* assayed as hetefozygo}e with ry2 

N



ation of CRM as well as‘differéncés én the wild type standard straﬁﬁs
used. By gene-dosage theory (Grell, 1962), ryf/pf(35ry75 should show
50% TﬁM and 4939 was'obsehved. | - i |
The CRM studies have proved to be a usefu]?too]lin detecting
inactivelXDH polypeptides in that two non-complementing mutants as
well as most of the complementing mﬁtants appeared to have CRM. Thus,

fy41 and fyaa as well as the complementing mutants may be of the

missense variety rather than nonsense mutants.

v
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" CONCLUSIONS

The results of the XDH assays, complementation tests, and CRM
stu@ies have been summarized in Table 15. These tests have screened
~ for the presence of inactive XDH protein in mutant strains and haue
" detected evidence of such in n1ne of eighteen strains exam1ned Of the
fourteen EMS induced mutants seven appear to be of the missense |
variety. Inactlve protein was also observed in one of the three X-ray
induced mutants and in the only spontaneouslmutant examinea.

Those mutants which are non-comp]ementing and non-CRM are Tikely
candidates fornnonsense mutants. Mutants induced by EMS are preferable
" to X-ray induced‘mutantS'as approximately one-half of the latter may
'}be base-pair deletions or .insertions (Malling and de Serres, 1973)
rather than base- palr subst1tut1ons EMS s be]1eved to cause pr1mar11y
mutations of the subst1tut1on type in D meZanogaster (Lim and Snyder,
1974). | | | o

These strains can now be subjected to further EMS mutagenesis’
with se]ect1on for ry flies among the progeny. A large number of
mutagen1zed chromosmes can be tested us1ng the purine screen which
‘a110ws only ry flies. to survive. -Purine-resistance may, however,
resu]t from mutations "at other loci, perhaps coding for permeases,
wh1ch a]]ow the f]y to develop on med1a contajping purine; these f]1es
;vwou]d stlllchave ry eyes. Some true revertants may a]so be picked up
in thlS test; these woqu have hlgh levels of XDH ,activity.

The purine screen is a very important tool in such.experiments

95
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&
D Lo
R
Table 15. Summary of rosy Mutpnti LR
UOSTe . o )

ry mutant 'orfgin .xmgctivity ?ﬁ&r;comp1ementati‘n - CRM
spontaneous . . ° N o b
8 . X-ray ] - ‘ - -

26 _ X-ray : - - -

41 X-ray' PR - . +

601** EMS . . .
603%+ ;Ms - - -
0 o | .

a1 L - .

Lzt g - | . -
a3 - EMS . o+ +
ad EMS _ +(ge]s) o+ +
as " EMS . + +.
ab - EMS - - +
e - | - - -
a8 . EMs . + i

' 4 b
ag . EMs - . oL 4
alo - ¢ EMS - + Cs
alr* - EMS ' e - -

Yo
v

* complements ry406 (Gelbart et dZ., 1976)
aked non-complementing, non-CRM, EMS induced
"~ null allele

)

N
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as some minimum number of mutagenized'chromosomgs of each putative
nonsense allele must be tested beforevit is conc]uded that the
a]]eie-cannot‘be suppressed. It is crucial to choose a level of
purine which allows flies with low levels of XDH to survive, ' The
complementing pa1r ry? /rya5 (6.5% act1vity) fails to complete
development at the 1eve1 of purine used in Chovnick's labokatory
for recomblnathn studles It may be necessary to use a level of
purine which allows some ry f]]&s to survive (escapers) in order
to obtaln flies with low 1evels of XDH.

Interest1ng flies com1ng out of the ‘purine screen would be
expected to have w11d type eyes and fairly low levels of XDH act1v1ty
.Any viable tRNA suppressor would have to be "leaky", that IS, fairly
1neff1c1ent in sunpress1on of a nonsense mutant Greater eff1c1ency
would 1nterfere w1th norma] term1nat1on s?gnals and result 1n letha]ity.
A corre]atlon bet&een eff1c1ency of suppress1on and Tethality has
_been observed in yeast (Capecch1 et aZ , 1975; Geste]and et al., 1976)
S1nce only low 1evels of XDH act1v1ty are necessary for w11d typé eye
: co]or, the f11es would exh1b1t a non-mutant phenotype
a The putation should also be domqnant rather than recessive s%nce‘
' only one utan gene is necessary to produce a mutant tRhA; indeed{'
two mutant copies of any ¢RNA might‘be_lethai.' The mutation Must
also map outside the ry 1ocus; reversions or intra- Tocus suppression
.by a second lesion (for examp]e a hase-palr insertion which restores
.the read1ng frame of an earlier de}et1on) would not be bf- 1nterest

These would probab]y have hlgh 1evels of XDH act1v1ty and could be



eTiminated by that criterion.
L
A further genet1c test could be emp]o ed: the 51mu1taneous
SuppreSSIOn of putative nonsense alleles at more .han one locus.
Good choices of—a]]e]es to examine are the AcpA-1 null mutants already

determined to be CRM~ and comp]enentation'negative'(Be]l and '

MacIntyre, 1973) and the adh a]]eTes screened in simifar manner

(Schwartz “and Sofer, 1976). The 1atter could a]so He mutagenized in
attempts to obtain a tRNA suppressor mutation since A lethal screen

_ exists for Adh sinilar to that for ry: flies of the (adn™ genotype

are sen51t1ve to ethanol in the media. . E , "

Those mutants whlch met the above genetic criteria should be
further analyzed for the presence of mutant tRNA. _This might be
acccmp]]shed by mapp1ng of "the lesion to a known tRNA 'cus (see
Grigliatti et al., 1977). Those tRNA's whose anticodons could be
mutated byiavsing]e base to read a'nonsense codon woulg be~the first -
cand1dates for such examlnatlon However, in order for a suppressor
mutation te, be v;;ble and thus observable, there may be a need for
~ several 1soaccept}ng forms of tRNA for a given amino acid (that is,

: redundoncy),in.that speties. In yeast, eight loci can mutate to-

produce efficient suppresston; a1]”ot these loof'code‘for tRNAFyr

sinpe tyrosine is the amino aoid fnserted into the po]ypeptiQe chain.
Several other 1oci can.produce inefficient suppression; these suppressors

1nsert serine and are recessive 1etha1 mutatlons (Hawthorne and Mortimer,

_1963 Gl]more and Mortlmer 1966; Hawthorne and Leupo]d ]974 Brandlss

et al., 1975). - : ‘



%

Those tRNA's which ane likely candidates for suppresson
molecules cou]d be examineq, directly for tne presence of a_base‘
change. In af least some cases, a single base Change may‘fesolt ﬁ
in a diffenent'e]ution profile from the nild type on reVersed-pnase

chromatography.

“~ The detection of a mutant tRNA thch is able to suppress alieles o

at loci coding for protelns in non-related pathways would be- good
evidence for the existence of tRNA suppression in D melanogaeter)
The final proof might be the ability of th]S tRNA to translate knowh
'nonsense codons of yeast or bacteria in an in vitro protein synthes1s
system such as has been done w1th yeast.tRNA to f1na11y prove that_eA
tRNA is the vehicle of 1nfonnationa1 suppress1on 1n that organism ’

(Capecchl et al., 1975 Gesteland et al., 1976)
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