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quently the establishment of a mapping 
system. Moreover, the development of Spi- 
voplasma genetics, studied in vivo or in vitro 
through recombinant DNA technology, will 
provide genetic tools to investigate prob- 
lems specific to Spivoplasma, such as helical 
morphology and pathogenicity, as well as 
the nature of genes providing the minimal 
requirements for the life of these simple 
" 
Finally, this report is a contribution to 

Morowitz's proposal (20) for a thorough 
understanding of all the functions of these 
simplest of prokaryotic cells. 
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Concerted Nonsyntenic Allelic Loss in 
Human Colorectal Carcinoma 

Familial polyposis coli (PPC) is caused by an autosomal dominant gene on chromo- 
some 5, and it has been proposed that colorectal cancer in the general population arises 
from loss or inactivation of the FPC gene, analogous to recessive tumor genes in 
retinoblastoma and Wilms' tumor. Since allelic loss can be erroneously scored in 
nonhomogeneous samples, tumor cell populations were first microdissected fiom 24 
colorectal carcinomas. an additional nine cancers were eneraf3ed in nude mice. and " 
nuclei were flow-sorted from an additional two. Of 31 cancers informativ= for 
chromosome 5 markers, only 6 (19%) showed loss of heterozygosity of chromosome 5 
alleles, compared to 19 of 34 (56%) on chromosome 17, and 17 of 33 (52%) on 
chromosome 18. Therefore, it appears that (i) FPC is a true dominant for adenomato- 
sis but not a common recessive gene for colon cancer; and (ii) simple Mendelian models 
involving loss of alleles at a single locus may be inappropriate for understanding 
common human solid tumors. 

A N IMPORTANT CLUE TO THE MECH- 

anism of human carcinogenesis is 
provided by inherited disorders that 

predispose to cancer. The paradigm for 
these tumors is the category of childhood 
malignancies that appear epidemiologically 
to arise from two successive mutations (1). 
The two mutations have been shown to be 
allelic in the case of retinoblastoma (2), and 
appear to be so in the case of Wilms' tumor 

(3). It has been generally assumed that allelic 
loss in a cancer, as detected by restriction 
fragment length polymorphisms, suggests a 
recessive mechanism of carcinogenesis in 
that tumor, the presumption being that the 
remaining allele is mutated or microdeleted. 
This assumption seems reasonable in the 
case of retinoblastoma and Wilms' tumor, 
where allelic loss occurs on the same chro- 
mosomal arm as known gerrnline, karyotyp- 

ic, interstitial deletions in patients predis- 
posed to these cancers (2, 3). 

We reported specific loss of heterozygos- 
ity of chromosome 11 alleles in 40% of 
human bladder cancers (4) ,  and thus sug- 
gested that recessive cancer genes are com- 
monly involved in adult malignancies. Simi- 
lar losses of heterozygosity have subsequent- 
ly been reported in tumors of the breast (5, 
6), kidney ( 7 ) ,  and lung (8); as well as in 
acoustic neuroma (9). However, only in the 
case of retinoblastoma has homozygous de- 
letion been proved by cloning the-gene (2). 

Recently, two laboratories have identified 
a genetic marker on chromosome 5 that is 
tightly linked to the gene for familial poly- 
posis coli (FPC), a rare autosomal dominant 
disorder that predisposes to the develop- 
ment of hundreds of premalignant colonic 
adenomas (polyps), ad even&ally to colo- 
rectal carcinoma unless the colon is removed 
(10). In addition, Solomon et al. reported 
loss of heterozygosity on the long arm of 
chromosome 5 in 20 to 40% of sporadically 
occurring colorectal carcinomas, and they 
proposed that the FPC gene, like Wilms' 
- - 

tumor and retinoblastoma. is a recessive 
tumor gene, with inactivation of this gene 
occurring in a relatively high proportion of 
sporadically occurring colorectal cancers in 
the general population (11). Okamoto et al. 
also reported loss of heterozygosity of chro- 
mosome 5 alleles in three of five colorectal 
carcinomas (12), and Wildrick and Boman 
reported the same phenomenon in 3 of 11 
carcinomas (13). 

To address the question of a putative role 
of a recessive tumor gene on chromosome 5, 
we analyzed 35 colorectal cancers, including 
two from a patient with FPC and five from 
patients with Lynch syndrome, a more com- 
mon cause of hereditary colon cancer than 
FPC. We also individually examined 42 
premalignant adenomas. ~hromosomes 5, 
17, 18, and several other chromosomes that 
have been implicated cytogenetically were 
studied with polymorphic DNA markers. 

Typically, loss of heterozygosity is deter- 
mined by the loss of one of the two gerrnline 
alleles of a polymorphic locus, as detected by 
loss of a band on a DNA blot. However, this 
analysis is complicated by the fact that the 

D. J. Law and A. P. Feinberg, Howard Hughes Medical 
Institute and the Departments of Internal Medicine and 
Human Genetics, University of Michigan Medical 
School, Ann Arbor, MI 48109. 
S. Olschwang, J.-P. Monpezat, G. Thomas, Laboratoire 
de GknCtique Moleculaire des Tumeurs, Institut Curie, 
75231 Paris, Cedex 05, France. 
D. Lefransois, Laboratoire de Smctui-e et Mutagenbe 
Chromosomiques, Institut Curie, Paris, France. 
D. Ja elman, Department of Colorectal Surgery, Cleve- 
land elinic, Fort Lauderdale, FL 33309. 
N. J. Petrelli, Surgical Developmental Oncology, Ros- 
well Park Memorial Institute. Buffalo. NY 14263. 

*To whom correspondence should be addressed. 

REPORTS 961 I9 AUGUST 1988 



Fig. 1. Allelic losses in human colorectal carcine 5 17 1s b 5 17 18 
mas. DNA was prepared (28) from normal colon- * C W *  c 1 0  m c r  w c o  * ' C  0 
ic mucosa (N), from cryostat-sectioned primary 
colon cancers (C), and ftom colon tumors after LI - -  1 - 
engraftment onto nude mice (G). The sizes of the 

* 1-q 

polymorphic restriction fragments are as de- is z 2-w 
2- 

I 
scribed (29). Multidelic systems are numbered 1 -  - 
arbitrarily with dele 1 representing the larger of 
the two alleles in a given patient. All unnumbered :it bands comspond to constant fragments. (a and 
b) Concerted nonsyntenic allelic losses on chro- 
mosomes 5, 17, and 18. (a) Patient 25; chromo- 
some 5 probe pCl lPl l  (D5S71), Taq I poly- " J d 17 18 

morphism; chromosome 17 probe pYNZ22.1 , o, (D17S5), Taq I; chromosome 18 probe OL- N C Cl  C t  W C Q  W C  C 
I.-- 

w C" 

VIIElO (D18S8), Msp I. (b) Patient 34; chro- 
mosome 5 probe pCllP11, Taq I; chromosome 
17 probe pYNZ22.1, Msp I; duomosome 18 
probe OS-4 (D18S5), Taq I. (c) Tumors h m  lm=@lL P 

I*-- ** C1 
patient 19, with familial polyposis cob. The polyp 2 - 0 1 ,  
(P) is representative of six analyzed. The cancers b I *- .~r Y 
(Cl, C2) arose independently. Chromosome 5 
probe pC11P11, Taq I; chromosome 17 probe 14 

pYNZ22.1, Barn HI; chromosome 18 probe OLVIIE10, Msp I. (d) Tumors from patient 22, with Lynch syndrome. The polyp (P) and cancer (C) arose in- 
dependently. Chromosome 5 probe CRI-L45, Msp I (allele 2 is comprised of two fragments, marked a and b); chromosome 17 probe pYNZ22.1, Taq I; 
chromosome 18 prok OLVIIEIO, Msp I. 

Table 1. Allelic zygosity in human colorectal tumors-cryostat sections. For headings under locus, the top, middle, and bottom lines represent the locus name, 
its location, and the probe used to idenutjl it, respectively. Filters revealing allelic loss were rehybridized with a nonsyntenic probe, and autoradiographs of 
both filters were densitometrically scanned (Hocfer GS-300) in the linear range of the film, in order to score changes at each allele independently. Probes have 
been dexribed (29). P, polyp, studied individually; C, cancer (CllC2 = concurrent, anatomically distinct); -, homozygous, not mformative; 1, normal 
mucosal DNA heterozygous, 270% loss of dele 2 in tumor with >70% nudear homogeneity of tumor sample; (I), normal mucosal DNA heterozygous, 40 
to 70% loss of allele 2 in tumor with >70% nudear homogeneity of tumor sample; 11, normal mucosal DNA hderozygous, loss of allele 2 with duplication 
of dele 1 in tumor; 12, tumor heterozygous; 2, loss of dele 1; (2), partial loss of dele 1; 22, loss of dele 1 with duplication of allele 2. 

Locus 

D17S1 D17S5 D18S7 D18S8 IGLC IGLV PDGFB D22S10 D22S10 
Pa- Tumor 5q21-22 
tient 

D5S71 5qta 5qta 17p13 17p13.3 18qll 18q21.3 22qll 2311-2 22ql2-13 2% 22q 
pCl lPl l  CRI-L45 CRI-L1265 pHF12-2 pYNZ22.1 OLVIIA8 OLVIIElO Ck V4A SisR12 22~1-18 22c1-18 

Taq I Msp I Taq I Msp I Bam HI Msp I Msp I Em RI Taq I Hind 111 Pst I Taq I 

*Patients with L ch syndrome. tPatients with FPC. $Cryastat sectioning was not paformed on polyps. §This nunor ww only 50% homogcnmus and showed 50% 
allclic loss. IIEq I digcst, which detects the same polymorphwn w Bun HI. 
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tumors themselves are heterogeneous and " 
usually contain a substantial number of nor- 
mal cells. Therefore, studies of loss of het- 
erozygosity comparing tumor and normal 
samples assign a threshold of allelic intensi- 
ty, below which the tumor is scored as 
having lost an allele. It is usually assumed 
that ikcom~lete loss of an allele. is due to 
infiltration bf normal cellular elements (6, 8, 
9, 11-13). Rather than make this assump- 
tion, we histologically microdissected rela- 
tively homogeneous islands of malignancy 
from 24 of the colorectal cancers. In most 
cryostat-sectioned preparations, we could 
find tumor islands that were >90% homo- 
geneous, while in some, 70 to 90% was the 
maximum obtainable purity. As an addition- 
al approach to purifying &or cell popula- 
tions, we explanted nine tumors into nude 
mice, and flow-sorted hyperdiploid nuclei . -  - 
from an additional two. 

With this strategy, of the 35 colorectal 
adenocarcinomas studied, 3 1 were informa- 
tive for at least one of three chromosome 5q 
probes. Only six of these tumors (19%) 
showed loss of heterozygosity on 5q (Fig. 1 
and Tables 1 and 2). We also examined 
several other chromosomes implicated by 

cytogenetic studies of colorectal carcinomas, 
including chromosomes 1 (14, IS), 12 (16), 
13 (IS), 17 (17), and 18 (17). In addition, 
we examined chromosome 22 because of 
reported allelic losses (12) and chromosome 
11. A total of 19 of 34 (56%) informative 
colorectal cancers showed loss of chromo- 
some 17 alleles as determined with polymor- 
phic probes, and 17 of 33 (52%) cancers 
showed loss of chromosome 18 alleles (Fig. 
1 and Tables 1 and 2'1. The other chromo- 
somal markers showed alterations infre- 
quently (Tables 1 and 2) (18). 

As a whole. these data are in marked 
contrast with those of Solomon et al .  (11) 
and Okamoto et al .  (12), who observed loss 
of heterozygosity of chromosome 5 alleles in 
20 to 40% and 60% of colorectal cancers. 
respectively, and loss of chromosome 17 
(11, 12) and 18 (12) alleles in none. Oka- 
mot0 et al .  also reported frequent allelic loss 
on chromosome 22 (12), but we saw such 
alterations in none of 33 informative can- 
cers. The ~recise chromosomal localization 
of the probes does not account for these 
differences, since both D17S1 and D18S1 
were used in those studies, and comparable 
markers were used on 5q and 22q. Howev- 

er, our data for chromosomes 17 and 18 are 
consistent with those of Monpezat et a l .  (19) 
and Fearon et al .  (20). The latter two studies, 
like ours, involved physical or biological 
purification of tumor samples, which can 
prevent both underscoring and overscoring 
of apparent allelic losses; however, those 
studies did not examine chromosome 5. 

Not only were chromosome 5 allelic 
losses less frequent than those on chromo- 
somes 17 and 18 in our samples, but in the 
six cases of chromosome 5 allelic loss, chro- 
mosomes 17 and 18 were also involved 
(Tables 1 and 2). Coexisting allelic losses on 
chromosomes 5, 17, and 18 did not appear 
to represent generalized losses, however, 
since only one of the six tumors (patient 33) 
showed loss of an allele on another chromo- 
some (Table 2) (18). Thus, a simple reces- 
sive model of chromosome 5 allelic loss does 
not appear to apply to colon carcinogenesis. 
The region of overlap of allelic losses on 
chromosome 17 was the distal short arm. 
Chromosome 18 allelic losses appeared to 
involve an entire chromosome. 

We could infer the timing of allelic loss in 
three cases. In patient 11, there was com- 
plete loss of chromosome 5 and 17 alleles, 

Table 2. Allelic zygosity in human colorectal tumors-xenografted and flow-sorted carcinomas. Locus and tumor designations are as in Table 1. 

Locus 

Pa- D5S71 5qter 5qter D17S5 D17S28 D17S1 MYH2 TK1 GH2 D18S1 
1 7 ~  uent p C l l P l l  5q21-22 CRI-L45 CRI-L1265 p&phi:l pmH37-3 1 7 ~ 1 3  17~13 .1  17q21 17q22-24 18~13 .2  

pHF12-2 p10-5 pHTK9 pGH800 pHF12-62 

Taq I Msp I Taq I Msp I Taq I Msp I Msp I Msp I Taq I Msp I Taq I 

D18S3 D18S5 D18S6 D18S7 D18S8 D18S10 MBP D22S9 IGLV 

Pa- 18~11 .3  18q21.3 18pter-pll 18ql l  18q21.3 18 18q22 22qll  22ql l  
tient B74 0 s - 4  L2.7 OLVIIAS OLVIIElO Fr8-12 pHBP-2 p2234 V4A - 

Taq I Msp I Taq I Pst I Taq I Pst I Msp I Msp I Pst I Pst I Taq I Taq I 

27 - - - - - - - 12 - 
- - - 

12 
28 12 12 12 12 12 12 - 

- - - 
12 12 

29 12 - - - - 12 - - 
- - - 

12 
30 - 12 - 12 12 12 - 12 12 

- 3 1 12 12 - - - - - 12 - 
- - 

12 
- - 

12 
32 12 12 - 12 12 - - 

- - - 
12 

33 2 - - - 2 2 - - 
- - 

12 
34 2 '2 1 - 2 1 2 

- 
12 

35* - 11 11 - 11 22 - - 12 - 
36t - - - 

- 
2 

- 
12 

37t - 1 12 

*Patients with Lynch syndrome, ?Flow-sorted nuclei. 
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but only partial loss of chromosome 18 
alleles (Table l ) ,  suggesting that the chro- 
mosome 18 loss occurred relatively late in 
this tumor (and was thus present in only 
some of the cells). Similarly, in patient 37, 
there was complete loss of chromosome 5 
and 18 alleles, but only partial loss of chro- 
mosome 17  alleles (Table 2); and in patient 
25, there was complete loss of chromosome 
5 alleles, but only partial loss on chromo- 
somes 17  and 18. That the tumors were not 
substantially contaminated by normal cells 
was confirmed molecularly by demonstrat- 
ing complete allelic loss at other loci. Thus, 
both chromosomes 17 and 18 appear to be 
able to play a relatively late role in tumor 
progression, and may augment events at 
other loci. 

Even in hereditarv colon cancer. chromo- 
some 5 did not appear to play an indepen- 
dent role in progression to malignancy. Sep- 
arate sigmoid and transverse colon carcino- 
mas from a patient with FPC (patient 19, 
Table 1) lost chromosome 18 alleles, and 
one of the carcinomas also lost chromosome 
17 alleles, but neither cancer lost chromo- 
some 5 alleles (Fig. lc). This includes 
D5S71, which is linked to the FPC gene 
(10). Five patients developed cancer in the 
setting of Lynch syndrome, an autosomal 
dominant that is much more frequent than 
FPC, and that accounts for up to 10% of 
colon cancer in the general population (21). 
The only allelic loss on chromosome 5 
among the 42 polyps we examined occurred 
in a Lynch syndrome patient (patient 22, 
Table 1, and Fig. Id). The separately arising 
cancer from this patient showed allelic loss 
on chromosome 18 and not on chromosome 
5 (Table 1 and Fig. Id). 

We therefore propose the following mod- 
el of allelic loss in colon carcinogenesis. 
Mutation of the FPC gene causes-benign 
adenomatosis, but not carcinoma per se. 
While alteration of a gene on chromosome 5 
is not sufficient to cause cancer, it may 
cooperate with genetic alterations at other 
loci in tumor progression. The gene on 
chromosome 5 need not necessarily be at the 
FPC locus. The karyotypic finding of 5q- is 
common to many leukemias and myelodys- 
plastic syndromes, particularly in the ad- 
vanced stages (22). A family of growth 
factors is present on 5q, distal to the FPC 
gene, and structural alterations in the vicini- 
ty of these genes is one postulated mecha- 
nism by which 5q- is involved in tumor 
progression (23). 

Allelic losses on chromosomes 1 7  and 18 
occur much more frequently in colorectal 
cancer than losses on chromosome 5, sug- 
gesting that recessive colon cancer genes 
reside on these chromosomes. Thus, colon 
cancer appears to arise from multiple alter- 

ations at nonsyntenic loci. This model does 
not preclude involvement of additional loci 
on other chromosomes, and the loci on 
chromosomes 17  and 18 might play an 
additive role with other events that have 
been described in colon cancer, such as 
oncogene mutations (24) or alterations in 
DNA methylation (25). 

A classic Mendelian model of dominant 
or recessive genes may be an oversimpli- 
fication in the case of multistep carcinoaene- 

w 

sis in a clonal somatic cell lineage. It is 
important to note that the most frequent 
chromosomal alteration in solid tumors is a 
change in chromosome number (26). Colon 
cancers, like most solid tumors, are fre- 
quently hyperdiploid (27) and the cumula- 
tive effect of altered gene dosage at multiple 
loci may be an important determinant of the 
transformed phenotype. 
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(1984). 
References describing the probes used are as fol- 
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pHTK9, D. M. Durnam, D. Myerson, J. K. 
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G. A. Geitvik et al., Int. Cong. Hum. Genet. 7, 687 
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chik, G. Scherer, Ninth International Workshop on 
Human Gene Mapping, Paris (1987); probe pHBP-2, 
J. Kamholz et a l . ,  A m .  J .  Hum.  Genet.  40, 365 
(1987); and probe p2234, H. McDermid et a l . ,  
Cytogenet. Cell Genet.  40, 695 (1985). 

30. We thank R. Petras and R. J. Salmon for providing 
samples; T. M. Ayres, D. Barker, E. Boncinelli, D. 
Ginsburg, J. C. Kaplan, L. Leinwand, M. Litt, P. 
Liu, J. Martial, C. Mizenda, J. P. Molson, Y. 
Nakamura, P. O'Connell, G. Sherer, N. K. Spurr, 

H. Tateishi, L.-C. Tsui, Y. Tsujimoto, R. White, R. 
Wiamson, and Collaborative Research, Inc., for 
providing probes; R. J. Lloyd and X. Sastre for 
histological analysis; S. Sih for technical assistance; 
B. Dutrillaux, M. Muleris, I. L. Horon, and B. 
Weiffenbach for helpful discussions; and A. Bran- 
cheau for preparing the manuscript. Supported in 
part by the Comite de Paris de Ligue Nationale 
Francaise contre de Cancer. 

6 May 1988; accepted 5 July 1988 

Mammalian Glucocorticoid Receptor Derivatives 
Enhance Transcription in Yeast 

In mammalian cells, the glucocorticoid receptor binds specifically to glucocorticoid 
response element (GRE) DNA sequences and enhances transcription from linked 
promoters. It is shown here that derivatives of the glucocorticoid receptor also enhance 
transcription when expressed in yeast. Receptor-mediated enhancement in yeast was 
observed in hsions of GRE sequences to the yeast cytochrome CI (CYCI) promoter; 
the CYCl upstream activator sequences were not essential, since enhancement was 
observed in hsions of GREs to mutant CYCl promoters retaining only the TATA 
region and transcription startpoints. It is concluded that the receptor operates by a 
common, highly conserved mechanism in yeast and mammalian cells. 

T HE GLUCOCORTICOID RECEPTOR 
selectively regulates gene transcrip- 
tion in animal cells by binding in a 

steroid-dependent manner to specific DNA 
sequences termed GREs (1,2). Those GREs 
associated with the mouse mammary tumor 
virus (MTV) promoter and with other 
genes that are regulated positively by gluco- 
corticoids are transcriptional enhancer ele- 
ments that function only in the presence of 
bound receptor (2-4). Discrete segments of 
the 795-amino acid rat glucocorticoid re- 
ceptor have been defined that mediate nucle- 
ar translocation, hormone binding, GRE 
recognition, and transcriptional regulation 
(5-9). These studies also revealed that recep- 
tor derivatives lacking the hormone binding 
domain confer constitutive GRE-dependent 
enhancement (7); moreover, the DNA bind- 
ing domain is sufficient for enhancer activa- 
tion, although its apparent specific activity is 
low relative to the intact receptor (8, 9). 

The phenomenon of transcriptional en- 
hancement has now been documented in 
organisms ranging from bacteria to mam- 
mals (lo). This widespread distribution in- 
dicates that enhancement may operate by a 
common mechanism and that its molecular 
determinants may have been conserved dur- 
ing evolution. Given the relatively simple 
physiology and genetic manipulability of 
Sacchavomyces cerevisiae, we tested whether 
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the rat glucocorticoid receptor expressed in 
yeast could enhance transcription from yeast 
promoters linked to GREs. 

We first expressed in veast a series of 
receptor derivkves bearini a deletion of the 
hormone binding domain, amino acids 557 
to 795. Studies 6 tissue culture cells showed 
that receptor derivatives lacking this region 
confer high-level constitutive GRE-mediat- 
ed enhancement. The receptor derivatives 
were expressed from the yeast glycerol-3- 
phosphate dehydrogenase promoter in par- 
ent plasmid pGPD-2 (11) (Fig. 1). All spe- 
cies except X556b, which contains receptor 
amino acids 407 to 556, are translated from 
the normal receptor initiation codon, and 
each terminates translation in downstream 
linker or vector sequences, resulting in addi- 
tion of 4 to 13 nonreceptor amino acids. 
Comparison of receptor derivatives differing 
only in these COOH-terminal amino acids 
(for example, see N556a and N556b in Fig. 
1) revealed no systematic effects of the short 
nonreceptor "tails." 

Expression and integrity of the various 
receptor derivatives were assessed by imrnu- 
noblotting of extracts from strains trans- 
formed stably with the receptor expression 
plasmids. For example, Fig. 2A (lanes 1 and 
2) shows accumulation of the predicted 18- 
and 65-kD proteins, X556b and N556a, 
respectively, to steady-state levels of about 
2500 molecules per cell; these intracellular 
concentrations are comparable to those in 
mammalian cells. Similar results were ob- 

tained with the other receptor constructs 
shown in Fig. 1. 

As an initial test of DNA binding by 
receptor derivatives in vivo in yeast, we 
inserted GRE sequences between functional 
elements of the yeast cytochrome cl (CYCl) 
promoter. As shown in Fig. 3A, pLGA312S 
is a plasmid containing the intact CYCl 
promoter fused to the Eschevichia coli P- 
galactosidase ( lad)  coding sequences (12); 
two different GRE-containing fragments 
were inserted at position - 178 between the 
UAS and TATA elements of the promoter 
(see legend to Fig. 3A). Others have shown 
that insertions of nonspecific DNA frag- 
ments as large as 350 bp at this site have 
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Fig. 1. Yeast plasmids containing rat glucocorti- 
coid receptor sequences. (A) The 795-amino acid 
rat glucocorticoid receptor, denoting the DNA 
binding domain (amino acids 440 to 525) and the 
hormone binding domain (amino acids 540 to 
795) (5, 8). Receptor segments cloned into yeast 
plasmids are indicated below the diagram. (6) 
Receptor sequences were inserted as Bam HI 
fragments (5, 7) into the unique Bam HI site 15 
bp downstream of the glycerol-3-phosphate dehy- 
drogenase transcription start site in plasmid 
pGPD-2 (11). The resultant expression plasrnid 
and receptor derivatives are indicated, together 
with the precise receptor amino acids contained in 
each derivative and the COOH-terminal amino 
acids contributed by the polylinker (see text). In 
each case, translation initiates at the normal recep- 
tor NH2 terminus, except for X556b, which uses a 
seven-amino acid leader sequence (Met-Ala-Ser- 
Trp-Gly-Ser-Pro) from herpes simplex virus thy- 
midine kinase (23). The pGPD-2 vector contains 
the replication origin and ampicillin resistance 
gene of pBR322, and the TRPl selectable marker 
and 2p replication origin from yeast. 
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