
The structure of the mammalian 
AcChR has ramifications with regard to 
human pathology. In myasthenia gravis 
the neuromuscular AcChR is destroyed 
mainly by specific autoantibodies, which 
accelerate the catabolism of AcChR 
molecules as a result of cross-linking 
(I). Since mammalian AcChR is formed 
by similar subunits, one of which is 
present in two copies, repetitive homolo- 
gous antigenic determinants should be 
present on its surface. Antibodies direct- 
ed against such determinants would be 
inefficient in accelerating the degrada- 
tion of the AcChR because, instead of 
cross-linking adjacent AcChR mole- 
cules, they should preferentially bind to 
two homologous determinants within the 
same AcChR molecule (19). In addition, 
both in myasthenia gravis (20) and in 
EAMG, its experimental model (5 ) ,  a 
significant fraction of the antibodies 
present in the serum are directed against 
antigenic determinants on the "a" sub- 
units. Such considerations would explain 
the existing lack of correlation between 
titers of antibodv to AcChR and the 
severity of symptoms both in myasthenia 
gravis and in EAMG (21, 22), because 
only particular antibody subpopulations 
(that is, those directed against nonrepeti- 
tive antigenic determinants) should be 
able to induce acceleration of AcChR 
catabolism. 

The highly conserved pentameric sub- 
unit structure of the AcChR complex 
strongly suggests that each of the sub- 
units evolved to perform discrete, cru- 
cial functions in the physiological actions 
of the AcChR. In this respect, one could 
speculate about the existence of multiple 
binding sites for cholinergic ligands on 
the homologous domains of the AcChR 
molecules, whose binding could trigger 
different functions, such as activation, 
inactivation, or desensitization. The ex- 
istence of an ancestral gene for this ace- 
tylcholine-binding protein raises the pos- 
sibility of a shared ancestry with other 
acetylcholine-binding proteins, such as 
the muscarinic AcChR and cholinester- 
ases, at least regarding the recognition 
domains of these molecules. 
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DNA Sequence of the Gene Encoding the E, 
Ia Polypeptide of the BALBIc Mouse 

Abstract. A 3.4-kilobase D N A  jiagment containing the gene coding for the E, 
ch~iin of'  an Ia (I region-associated) ~intigen from the BALBic mouse h ~ i s  been 
sequenced. It contains at least three exotzs, which correl~te lrtith the mujor structurc~l 
domains of the E, chain-the two external domains a 1  und a2 ,  ~ i n d  the transmem- 
brane-cytoplasmic domain. The coding seqirence of the moirse Em gene shows 
striking homology to its human counterpart at the D N A  crnd protein levels. The 
translated a 2  exon demonstrates sign8cant similarity to  Pz-microglobulin, to 
immunoglobulin constant region domains, and to certain domains of transplantation 
antigens. These observcitions and those of others suggest that the Ia antigen, trans- 
plantation antigen, and immunoglobulin gene fcrmilies share a common ancestor. 

The major histocompatibility complex 
(MHC) of the mouse encodes several 
families of cell-surface glycoproteins 
which regulate various aspects of im- 
mune responsiveness (1, 2). Certain 
products of the class I genes, the trans- 
plantation antigens. serve as restricting 
elements in T cell immunosurveillance. 
The products of the class I1 genes, the I 
region-associated (Ia) antigens, play a 
fundamental role in determining the ef- 

fectiveness of cell-cell interactions be- 
tween regulatory T cells, B cells, and 
macrophages. A variety of recent data 
from genetic, functional, and biochemi- 
cal studies suggest that the Ia antigens 
are the products of the Ir (immune re- 
sponse) genes, which control the ability 
of an animal to respond to synthetic and 
naturally occurring antigenic determi- 
nants (3-7). 

Two Ia antigens, I-A and I-E, have 
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been defined serologically and biochemi- 
cally [reviewed in (8)]. Each is composed 
of an a and a p polypeptide chain, denot- 
ed A, and Ap for I-A antigens and E, 
and E p  for I-E antigens. The class I1 P 
chains appear to be quite polymorphic, 
whereas their a chain counterparts are 
less so. The set of alleles at the MHC loci 
of a particular inbred strain of mouse is 

denoted its haplotype. For example, the 
BALBIc mouse, whose genes we are 
studying, is of the d haplotype, and its 
class I1 genes are denoted A:, A:, E:, 
and E$. 

Protease digestion studies of human a 
and chains, protein sequence of a 
human p chain, as  well as  DNA se- 
quence analyses of human class I1 com- 

Fig. I .  The organization and Y 
u I, u WUE 

sequencing strategy for the E, Y 5 % 8 c a o  a > o  CI m H 
Y a w  m a - 

gene. (a) A restriction map of B ' 4 > P > V) (a \Y the 3.4-kb Sal I fragment con- a I I I I  I I  I I I I I 
taining exons of the E, gene 

I 

which hybridized to the hu- b - + + + 
man DR, probe (14, 17). The + + + --+ 
3.4-kb fragment was sub- + + + -+ - - + ----+ 
cloned into the Sal I site of * __+ + + 
pBR325 for mapping by single 

+ C t C f- 
and double digests with the t t t c c 
restriction enzymes indicated. t t t t  t 
This map was confirmed by t t t- t 

t t t t 
computer analysis of restric- 
tion enzyme sites in the DNA 
sequence of this fragment 
shown in Fig. 2. (b) Sequence 
strategy for the E: gene. Each 
Cc 

a 1 a 2 TM 

arrow represents the sequence CT 

of an M13 clone. The 3.4-kb fragment from cosmid 32.1 (14) was cloned in both orientations into 
MI3 mp8 to give two parental subclones, mp8-32.11 and mp8-32.12. Each parental subclone 
was then used to generate a series of overlapping subclones by a deoxyribonuclease deletion 
technique (16). (c) Organization of the E; gene. Exons are represented by boxes and introns by 
lines. The 3.4-kb fragment contains one exon encoding most of the first protein domain, a l  
(amino acids 3 to 84), a second exon encoding the second protein domain, a 2  (amino acids 85 to 
178), and a third exon that contains coding sequence for amino acids 179 to 230 and includes the 
transmembrane and cytoplasmic protein domains (TM-GI).  

Table I .  Homology comparisons of the a 2  exon of the E: gene with class 11, class I ,  
immunoglobulin, p2-microglobulin, and Thy- I sequences. Sequences used to determine percent 
homology with the a 2  exon of E: were a s  follows: the a 2  exon of the human DR, gene (13, 22); 
the p2 exon of the human pDR-p-1 cDNA clone (12); the p2 domain of a human DRB chain (11); 
the a 3  exons of the mouse H - ~ L ~  gene (28), H-2Kb gene (29), the Qa (27.1) pseudogene (23) and 
a human HLA gene (30); immunoglobulin constant regions (31-34); p,-microglobulin (21, 35), 
and Thy-1 (36). Percent homology is based on  alignments of the compared sequences given by 
best-fit matrix analysis (23). Alignments are based solely on amino acid sequence comparisons. 
Each percentage involves the full length of the a 2  domain or  exon of E, (94 amino acids and 282 
bases, respectively) and a comparable length sequence from the other protein or  gene being 
compared. Insertions and deletions for alignment were minimized, and percentages given are 
only the minimum values. Percentages given are statistically significant. Each was compared to 
an expected percent homology and standard deviation for any random alignment of sequence 
fragments the length of a 2  from E, and the test sequence. The expected value is the mean 
homology of all possible fragments the appropriate length from E, to all possible fragments of 
the same length from either the test sequence or some other unrelated sequence. Each 
comparison is four or  more standard deviations from the expected homology. 
- -- 

Gene name 
Percent homology 

Protein DNA 

Insertions 
and 

deletions" 

DR, 81 82 0 
pDR-P- 1 3 2 46 0 
DR, chain+ 32 N.A.$ 1 
H-2Ld 24 37 0 
H-2Kb 23 38 0 
Qa (27.1) 23 37 0 
HLA 26 3 8 0 
C , ( C H ~ )  2 1 38 I 
C , (CH~)  22 44 1 
c8?.b(C~1) 27 40 2 
c, 26 43 3 
cxl 30 40 2 
p,-microglobulin (mouse) 32 42 1 
p2-microglobulin (human) 3 1 43 I 
Thy-1 chaint 20 N.A.f 3 

-. -. 

"Indicates the fewest number of insertions, deletions, or both, needed to align sequences for compari- 
son. +These data are from protein sequences; no DNA sequences are available, $Sequence not 
available. 

plementary DNA (cDNA) clones, sug- 
gest that both the a and P polypeptides 
are divided into two external domains 
each of approximately 90 residues (a1 
and a 2  and p l  and p2), a transmembrane 
region of about 30 residues, and a cyto- 
plasmic region of about 15 residues (9- 
13). Studies on the genomic organization 
of the class I1 genes are in progress in 
several laboratories. We now report the 
DNA sequence of the E, gene of the 
BALBlc mouse. 

We isolated the mouse E, gene by 
screening a cosmid library constructed 
from BALBlc sperm DNA with a human 
DR, (D-related) chain cDNA clone (14). 
A 3.4-kilobase (kb) Sal I fragment that 
hybridized to the human cDNA probe 
was isolated from cosmid 32.1 and 
cloned in both orientations into 
M13mp8; its nucleotide sequence was 
determined by the dideoxy chain termi- 
nation method. A novel sequencing 
strategy adapted from the method of 
Frischauf et a/ .  (15) was employed to 
generate an ordered series of subclones 
with increasing lengths of deletions start- 
ing at one end of the insert by deoxyribo- 
nuclease I digestion (16) (Fig. 1). The 
DBA sequence of the 3.4-kb fragment 
containing the E, gene is given in Fig. 2. 

The exons of the mouse E, gene were 
identified on the basis of their homology 
to cDNA sequences of human DR, 
clones (13, 17) as  well as to  the amino 
acid sequences of human DR, chains 
and mouse E, sequences (18). Three 
exons were identified. These exons en- 
code the a 1  domain (codons 3 to  84), the 
a 2  domain (codons 85 to 178), and a 
domain which includes both the trans- 
membrane and cytoplasmic regions (co- 
dons 179 to 230). A termination codon in 
phase with this reading frame is found at  
codon 23 1. Intervening sequences split 
the codons 3, 85, and 179 between base 
positions 1 and 2. Intervening sequences 
also split the first and second bases of 
codons in the genes encoding class I 
molecules, immunoglobulins, and &-mi- 
croglobulin (19-21). The bases GT and 
AG are found at the 5' and 3' ends of 
each intron, respectively, as in virtually 
all other eukaryotic genes. 

The three exons of the E, gene contain 
the entire coding sequence except for the 
first two amino acids and a presumed 
leader peptide. Thus the E, gene is split 
into at least four exons. Translation of 
the DNA sequence of 1480 bases 5' to 
the a 1  exon in all three reading frames 
did not reveal a hydrophobic stretch of 
amino acids beginning with a methionine 
and ending with isoleucine and lysine, 
which are the first two amino acids of the 
a 1  domain of the E, polypeptide from a 
mouse of the k haplotype (18). It appears 



that the exon encoding the leader se- 
quence and first two residues of E, is 
separated from the a 1  exon by an inter- 
vening sequence longer than - 1.5 kb. 

About 250 base pairs (bp) of DNA has 
been sequenced 3' to the third exon, and 
no polyadenylation signal has yet been 
observed. Indeed, we have compared 
the DNA sequence downstream of the 
termination codon of the E, gene to the 
sequence of the 3' untranslated region of 
the human DR, chain cDNA clone (13, 
17) using a computer homology search 
program. Except for 13 bp immediately 
adjacent to the termination codon, no 
significant homology was found for 
about 250 bp of sequence that could be 
compared up to the end of the 3.4-kb Sal 
I fragment. The gene for DR,, the human 
homolog of E,, contains at least four 
exons for the cx 1 domain, a 2  domain, the 
transmembrane together with the cyto- 

plasmic domain, and the 3' untranslated 
region. The presumptive exon encoding 
the leader peptide has not been identified 
and is located more than 0.4 kb upstream 
of the a 1  exon (22). Thus, the structure 
of the mouse E, gene is in complete 
agreement with the structure of the hu- 
man DR, gene. 

The E, gene appears, by sequence 
analysis, to  be a functional gene in that it 
lacks any obvious elements that would 
render it a pseudogene, such as  termina- 
tion codons or inappropriate reading 
frameshifts. In addition, as  mentioned, 
all of the exon-intron boundaries have 
the consensus upstream or  downstream 
RNA-splicing signals. 

Several lines of evidence indicate that 
the class I1 gene we have described is the 
E, gene. First, the translated sequence 
of the E, gene is identical to the NH2- 
terminal 34 residues of the E, polypep- 

tide isolated from C3H mice except for 
one residue, which may reflect genetic 
polymorphism (18). Of course, the NH2- 
terminal two residues are missing from 
our sequence. Second, the E, coding 
region shows a 79 percent DNA se- 
quence homology and 75 percent protein 
sequence homology to its human coun- 
terpart, DR, (13, 14, 22). A comparison, 
exon by exon, indicates that the C X ~  ex- 
ons of E, and DR, are as  similar to each 
other as  are the a 2  exons to each other, 
81 percent and 82 percent, respectively, 
at the DNA level and 79 percent and 81 
percent, respectively, at the protein lev- 
el. The transmembrane cytoplasmic ex- 
ons show less homology (73 percent a t  
the DNA level and 57 percent at the 
protein level). However, a comparison at 
the level of amino acid functional types 
(nonpolar, polar, basic, and acidic) gives 
a match of 88 percent, indicating strong 
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A G C  T T T  G A G  G C T  C A G  G G T  G C A  C T G  G C T  A A T  A T A  G C T  G T G  G A C  A A A  G C T  A A C  C T G  G A T  G T C  A T G  A A A  G A G  C G T  T C C  A A C  A A C  A C T  C C A  G A T  

A l a  A s n  V  
G C C  A A C  G  G T A C C T G C C T C T C C T C C C T A T C C C C T C C T C C C A G A T G T G G G A A C G C A G C T G T A A A T A G A T A C T T T G G C G A A T T C T A T A A G G G T G T A A G G A G G T C T T G C T T G C C C T T C T A A  

G A C C T A A G G T T T G C T C A G C A C A G C A A A T C T A A T T C T C A G G C C A C A C A G G C C C A G G G A T T T T A G A A G T T T T T T C C T T T T T T T T T T T T T T T T T T T T T T T T T T G T A G T C T T G G T T T A T T C A T C  

A A T T A A C A T T T A T G A A A G C A C T G A C T T G A G T C T A T A C A G T G G G A G T G A G A A A C T G G G A T G G G G G C T T G G G T G G A A T C G C G T G A G T G G T T G G A T A C C T C A T A C C T C A A T A C T G G C T C C A A A  

A T G T C A G A T C T G G G A C T A G G G T C A C A T G G A C T G G A C T C C T C A G G G A G C C G T T T C A G A G T C C T A G G T A G C A T T G T A C C A C A G G A C A G C A T G G G C A G A G A G A A G C T G A A G G A A T G A A A G C T A  

a 1  A l a  P r o  G l u  V a l  T h r  V a l  L e u  S e r  A r g  S e r  P r o  V a l  A s n  L e u  G l y  G l u  P r o  A s n  I l e  L e u  I l e  C y s  P h e  I 
A C T T T A T G C C A T G T C C C C C A C A G  T G  G C C  C C A  G A G  G T G  A C T  G T A  C T C  T C C  A G A  A G C  C C T  G T G  A A C  C T G  G G A  G A G  C C C  P A C  A T C  C T C  A T C  T G T  T T C  A  

l e  A s p  L y s  P h e  S e r  P r o  P r o  V a l  V a l  A s n  V a l  T h r  T r p  L e u  A r g  A s n  G l y  A r g  P r o  V a l  T h r  T h r  G l y  V a l  S e r  G l u  T h r  V a l  P n e  L e u  P  
T T  G A C  A A G  T T C  T C C  C C T  C C A  G T G  G T C  P A T  G T C  A C G  T G G  C T T  C G G  A A T  G G A  A G G  C C T  G T C  A C G  A C A  GGC G T G  T C A  G A G  A C A  G T G  T T T  C T C  C  

r o  A r Q  A S P  A S P  HIS L e u  P h e  A r g  L y s  P n e  HIS T y r  L e u  T h r  P h e  L e u  P r o  S e r  T h r  A S P  A s p  P n e  T y r  A s p  C y s  G l u  V a l  A S P  HIS T r p  G  
CG A G G  G A C  G A T  C A C  C T C  T T C  C G C  A A A  T T C  C A C  T A T  C T G  A C C  T T C  C T G  C C C  T C C  A C A  G A T  G A T  T T C  T A T  G A C  T G T  G A G  G T G  G A T  C A C  T G G  G  

l y  L e u  G l u  G l u  P r o  L e u  A r g  L y s  A l a  T r p  G  1 7 7  
GC T T G  G A G  G A G  C C T  C T G  C G G  A A A  G C C  T G G  G  G T A G G G T G C A G T C A T G A C T T C A C T T G C A G G C T C C C A G A C T G C T T C A A T G C T G T A T T C T G G A C A C G T A G C A T T T A A C A G T  2 5 8 1  

A C A G G G A T G G G A G C A C A G T A C T G T T A G A G T A A T G G C C G T A T A G G T G G T G G G G C T T C A A G C T C A A T T A C C A G C A T C A C A A A C T A A G A G T T C A C A G T G T T T C G T A A C A T T G A C T A C A A T A T A  2 7 0 1  

T A C A C C T T G G T T A T C T T G T A A G G C A C A T T C A T T C A T T T T T G A A A A A T T A T T A T G C A T G T G G G T G T T T T G C C A G T G T G T A T G A C T A T G C A C C A T G T A A G T G C C T G G T G C C C T C A G A G G T C A  2 8 2 1  

G A A C A A G G T G T C C T A T C C C C T G C A C C T G G A G C T G T G T G C A G T T G T C A G C T G C C A T A T G G A T A C T G G A A A T G A A A C C T A G G T T C T C T G C A A C A G C A G C C A G T G T T C T T A A C G A A T G A G T T G  2 9 4 1  

1 u  P n e  G l u  G l u  L y s  T h r  1 8 4  
T C C C T C C A G T C C C A G G A C A C A C T C T C T T T C T T A T A T T G G C T A C C C A T G T T A T T T C C T A C A A C A T C A A C T G A C A T C T C C T C T G C T T T A T T T T C C C C A G  A G  T T T  G A A  G A G  A A A  A C C  3 0 5 5  

L e u  L e u  P r o  G l u  T h r  L y s  G l u  A s n  V a l  M e t  C y s  A l a  L e u  G l y  L e u  P n e  V a l  G l y  L e u  V a l  G l y  I l e  V a l  V a l  G l y  I l e  I l e  L e u  I l e  M e t  2 1 4  
C T C  C T C  C C A  G A A  A C T  A A A  G A G  A P T  G T C  A T G  T G T  G C T  C T T  G G G  T T G  T T T  G T G  G G T  C T G  G T G  G G C  A T C  G T T  G T G  G G G  A T T  A T C  C T C  A T C  A T G  3 1 4 5  

L Y S  G I Y  I l e  L y s  L y s  A r g  A s n  V a l  V a l  G l u  A r g  A r g  G l n  G l y  A l a  L e u  T r m  2 3 0  
A A G  G G T  A T T  A A A  A A A  C G C  A A T  G T T  G T A  G A A  C G C  C G A  C A A  G G A  G C C  C T G  T G A  G A T A C C T G G A G G T G C G T T A A A T G T G C T C A G A G A C T G A C A G A T G T G T G A A T G T  3 2 4 8  

C T G A G G G A G G A A A G C A C G A G T G T G G T G C C T T T A A G A G A A G G G T A G G G G T A G T G G T G T C T C T T A A T T C C T T T T G T T G G A A A A G T T G A G C T T T G A G G T T C A G A T G C T T C C C A A A C C T T C A G G  3 3 6 8  

A T C T G T G A T C C T T C C T A G G T G T T C C T G G A C C A G T T G T G A G T C T T G G A A A T T T T C T T C A G T T C C C A A G A C T G T C G A C  3 4 4 4  

Fig. 2.  Nucleotide sequence of the 3.4-kb Sal I fragment containing the E: gene. The amino acid translation of each exon is given above the 
nucleotide sequence. Certain amino acid residues are encoded by two exons and are so indicated by splits in the three-letter amino acid code. Ab- 
breviations: A ,  adenine; C ,  cytosine; G ,  guanine; T, thymine; Arg, arginine; Asn, asparagine; Asp, aspartic acid; Cys,  cysteine; Gln, glutamine; 
Glu, glutamic acid; Gly, glycine; His, histidine; Ile, isoleucine; Leu, leucine; Lys, lysine; Met, methionine; Phe, phenylalanine; Pro, proline; Ser, 
serine; Thr,  threonine; Trp,  tryptophan; Tyr,  tyrosine; and Val, valine. 



conservation for function. The direct 
confirmation that this class I1 gene is 
indeed the E, gcne will await gene trans- 
fer and expression studies. 

We have used a graphically displayed 
computer routine termed the best-fit ma- 
trix analysis (23) to  analyze possible sim- 
ilarities between the DNA and protein 
sequences of the E, gene exons and 
between these exons and other class I1 
genes, class I genes. immunoglobulin 
genes, and Thy-1 antigen. Such analyses 
showed no significant similarities be- 
tween the different domains of E, or 
between the a1 and transmembrane-cy- 
toplasmic domains of E, and anything 
other than the same regions of the DR, 
cDNA. However, similarity alignment 
was possible between an area of each o f  
the tested sequences and the a 2  domain 
of E,. Table 1 lists the sequences com- 
pared and the percent homology of the 
aligned regions to  the a 2  domain of E, at 
both the protein and DNA levels. 

The a 2  domain of E, has significant 
similarity to "homology unit" (9 )  se- 
quences of the genes listed, a sequence 
associated with the "antibody fold" ter- 
tiary structure of antibody domains (Ta- 
ble 1 ) .  This observation has been made 
by several other groups analyzing cDNA 
(13, 17) or genomic (22) clones. Of the 
comparisons made, perhaps the most 
interesting is that to Pz-microglobuljn. 
Not only is f32-microglobulin as  similar in 
sequence to any of the class I1 a 2  and p2 
domains 8s these are to each other, but it 
is strikingly similar in genomic organiza- 
tion to  the E, and DR, genes. Like these 
two genes, p2-microglobulin has its lead- 
e r  peptidc and lirst two codons separated 
from the main protein coding sequence 
by a very large intervening sequence (2.8 
kb). Of the non-class IT exons compared 
in Table I ,  only those of p2-m~croglob- 
d i n  align precisely end t o  end with those 
of E,, employing the same split codon 
rule. The p2-microglobulin gcne also has 
the bulk of its 3 '  untranslated sequence 
isolated as  a distinct exon some distance 
3' to the last coding sequence ( 1  . I  kb for 
p2-microglobulin, 0.8 kb for DR,). 

Though Table 1 suggests that the do- 
mains compared diverged from a com- 
mon anecestor, the evolutionary rela- 
tionships between the entire genes is 
unclear. Non-(12-like sequences might 
have been under much different selective 
constraints and simply have diverged 
beyond recognition. It is also conceiv- 
able that the a2-like domain has been 
placed in different gcnomic contexts 
through the evolutionary process of cxon 
shuffling (24-27). The organizational 
similarities between E ,  and pz-micro- 
globulin suggest a more direct evolution- 

ary relationship. Regardless, there ap- 14. M. Steinmetz et rrl., N ~ f ~ i r e  (Lor~don) 300. 35 
(1982). pear to be fundamental evolutionary re- 15. A. M. Fri5chauf. H .  Garoff. H. Lchrach. Nucle- 

lationships among the three classes of 
genes that regulate and mediate immune 
responsiveness-Ia antigens, transplan- 
tation antigens, and immunoglobul~ns. 
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Ban of DDT and Subsequent Recovery of 

Reproduction in Bald Eagles 

Abstract. Reproduction qf' bald eagles in northwe.stern Ont~rrio declincd,fi.om 1.26 
yorrngper breeding areir in 1966 to a low qf'0.46 in 1974 and then incwrtsed to 1.12 in 
1981. Residues o f  DDE in addled eggs slrowrd a significant inverse reltrtion, con- 
,firming the eff'ects qf this toxicant on bald etrglr reproduction at the population Irvrl 
and the effectiveness of the ban on DDT. The recnver.y from DDE contamination in 
bald eagles uppears to  he occurring much more rapidly than predicted. 

Imw rates of reproduction In bald ea- 
gle (Haliaectus leucocephalus) popula- 
tions have caused concern for many 
years (1, 2)  and led, in part, to declaring 
the species endangered. A variety of 
tox~cants ,  particularly dichlorodiphenyl- 
dichlorocthylene (DDE), have been im- 
plicated in the lowered productivity (2 ,  
3). DUE and dichlorodiphcnyld~chlo- 
roethane (DDD) are metabolites of the 
insecticide dichlorodiphenyltrichloroeth- 

ane (DDT). 01 the three, DDE poses the 
greatest physiological threat to b ~ r d s  of 
prey and IS the most perslstent contami- 
nant in the environment (4,  5 )  and In the 
bodies of birds (6). DDE is $0 stable In 
the environment that, in a controlled 1 1 -  
year study, Reyer and Gish (4) were 
unable to calculate a half-life for the 
chemical. Evidence of the  env~ronmental 
problems associated with DDT and its 
metabolites Icd the Environmental Pro- 
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