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Our efforts during the first eight months of the project

were concentrated in obtaining a genomic clone of the copper-zinc ,

superoxide dismutase (SOD) in Drosophila melanogaster and other

Drosophila species. This we have now successfully accomplished.

The D. melanogaster genomic clone was obtained by screening

a DNA library (strain Canton S, in Charon 4, obtained from Dr. T.

Maniatis' laboratory) with a cDNA probe from D. melanogaster,

strain Oregon R. The probe was obtained in pUC 13 from Dr.

Gordon Tener (University of British Columbia; see N.O.L. Seto, S.

Hayashi, and G.M Tener, Nucleic Acids Research 15(13):5483,

1987). The insert of interest was obtained by excision with Eco

RI and used for random priming with 32pdCTP labeling.

Hybridization was performed in 50% formamide, 5xSSC at 42 ° C.

Washing was done at 50°C; last one in 0.2 x SSC, 0.1% SDS. The

D. melanogaster library was amplified. The screening of 2.5 x

105 plaques yielded one strong and three weak positive signals.

These clones were confirmed and concentrated by two subsequent

steps of rescreening.

The objectives of this work are set forth in our original

application. Herein suffice it to say that we seek (i) to

understand the role of Cu,Zn Sod in radioresistence; (2) how

genetic variation for this enzyme is maintained in populations;

and (3) relevant aspects of its evolution that may contribute to

objectives (i) and (2) as well as to the understanding of

molecular evolution, in general. The steps that we are

DIST_!BU_ON OFT_IiG DOCUMENTI8 UNLIMITED

MASTER



undertaking to meet these objectives include the following.

(A). Cloning and sequencing of (at least) one F and one S

alleles of this gene in D. melanogaster. In this species, these

two alleles are polymorphic in natural populations with

frequencies of F that range from 0.85 - 0.98 depending on which

population is sampled. We have shown that the F form of the

enzyme is more thermostable, but exhibits less specific activity

in vitro than the S form (Y.M. Lee, H.P. Misra, and F.J. Ayala,

Proceedinqs National Academy o__f Sciences, U.S. 78:7052-7055,

1981). We have alE_o found that the two forms of the enzyme yield

in vivo differences and that the fitness effects of the S form

are enhanced when the flies are subject to high-dose irradiation

(T. Peng, A. Moya, and F.J. Ayala, Proceedinqs National Academy

of Sciences U.S., 83:684-687, 1986). We have also reported

earlier that the F and S enzymes differ by one amnio acid

substitution: Asn-96 in F for Lys-96 in S (Y.M. Lee and F.J.

Ayala, FEBS Letters 179:115-119, 1985). The question is whether

other differences besides the one amino acid substitution are

involved in the functional differences between the two allozymes.

We have now cloned one F gene and are in the process of preparing

a D. melanoqaster library carrying the S allele, from which we

shall clone this allele.

(B). Cloning and sequencing of the null (CA I) SOD allele

isolated by us. This allele gives the same electrophoretic

mobility as the F allele, but results in a 92-97% reduction of



the amount of enzyme protein present in the flies (J.D. Graf and

F.J. Ayala, Biochemical Genetics 24:153-168, 1986). This null

allele appears as a cis-acting regulatory mutation that we have

mapped at the locus itself (or very closely linked to it).

Individuals homozygous for the null allele are quite viable but

exhibit much lower radioresistance than homozygotes for the S or

F alleles. The nucleotide-sequence differences between the null

and the other alleles should help to elucidate their different

characteristics. More generally, these comparisons will help to

identify control sequences and other segments of functional

interest.

(C). Cloning and sequencing of the SOD gene in species more

or less distantly related to D. melanoqaster. We have obtained

genomic libraries of D. simulans, a sibling species of D.

melanoqaster and of D. virilis, which may have diverged from D.

melanogaster about 5 and 30 million years (MY) ago, respectively.

We also have a genomic library of the Mediterranean fruitfly

(Ceratitis capitata, obtained from the laboratory of Dr. Fotis

Kafatos) and are preparing libraries of Chymomyza amoena and of

Scatella stagnalis. The divergence times of these three species

from D. melanogaster are respectively 80MY, 40MY, and 60MY. The

five species mentioned will, hence, give us a fair spread of

evolutionary times of divergence from D. melanogaster. As of

this writing, we have SOD clones from D. virilis and C. capitata

and we anticipate having the other three within several weeks.



Sequence comparisons of the five species with D. melanogaster and

with each other will also help to identify control and other

functionally important sequences on the grounds of their

evolutionary conservation. In addition these sequences will

allow us to examine rates of evolution of this gene. The amnio

acid sequences known of SOD suggest that this enzyme evolves in a

very erratic fashion (F.J. Ayala, Journal o_ffHeredity 77:226-235,

1986). The genomic DNA sequences have, of course, considerably

more information than the protein sequences in that they include,

in addition, differences between synonymous codons, as well as

between the intronic and flanking sequences. (The SOD genomic

sequence of D. melanoqaster contains only one intron, 725 bp-

long, separating the triplets for amino acids 21 and 22 and,

therefore, in the same position as the first intron of the human

Cu,Zn SOD, as given in D. Levanon, et al., The EMBO Journal

4:77-84, 1985). It deserves attention that the enormous

variation that we have shown in the rates of evolution of the SOD

enzyme depends largely on an apparently great acceleration in

mammal lineages. The Drosophila and other diptera that we have

selected for analysis of the SOD gene diverged from each other

contemporaneoulsy with the mammal lineages -- which should make

possible to ascertain whether the mammalian acceleration was

distinctive for the mammals or rather occurred also in other

groups of organisms contemporaneous with the mammals over the

last few scores of millions of years.



(D). Cloning and "sequencing" of the SOD gene from several

independently sampled S and F alleles in D. melanogaster. The

purpose would be in this case to ascertain the amount of

variation at the DNA level within a single species. Very few

sets of data exist for any organism that provide information on

this matter. The question is of fundamental interest in

population genetics; and will also provide some insight into the

general problem of identifying biochemical markers for

characterizing genetic variation in populations. Given the

enormous effort that would be required to sequence a sizeable

number of SOD clones, we plan to approach this problem through

intensive restriction enzyme analysis using endonucleases with

four-nucleotide targets.

We also have, over the last few months, prepared the

materials to test the radioprotective effects of SOD. We

reported in the original grant application some conflicting

results concerning this issue; they need not be repeated here.

Resolution of the issue requires new samples of genetically 4

independent lineages carrying the F, S, and null alleles in

homozygous condition. We have obtained large samples of D.

melanogaster from a natural population and have over the

generations isolated a total of more than 30 homozygous lines

decended from separate wild females. At the time of this

writing, we are accumulating data to determine the LD50 radiation
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dosage. Other tests will follow the plans put forward in the

original application.

Two final notes. One is that the DNA cloning and sequencing

effort herein reported has been largely conducted by (i) Dr. Jan

Kwiatowski, a postdoctoral scientist with considerable training

in molecular biology (and protein chemistry) and who has worked

(and published) on SOD previous to his arrival in my laboratory

and (2) Mrs. Mayur Patel, who has an M.S. in Biochemistry

(University College, London, 1979) plus eight years experience in

DNA cloning and sequencing at Columbia University (leading to

several publications, three of them in Science, of which she is a

co-author) previous to her incorporation to my laboratory. Half

of Mrs. Patel's salary is paid from University funds.

The final note is that I intend to participate in the XVI

International Congress of Genetics in Toronto, August 20-28,

1988, where I have been invited to speak at a Symposium on

population genetics of Drosophila. I am including in the budget

a request for $i,000 to attend this congress_

STATEMENT OF CURRENT AND PENDING SUPPORT

None.
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