
tants (Fig. 2A). We propose that this 
occurs because these cell lines contain 
tandem duplications of plasmid se- 
quences and that such duplications are 
preferred substrates for recombinational 
excision. To  determine the optimal effi- 
ciency of the excision-rescue process, 
two such cell lines were fused to COS7 
cells, and the amount of free plasmid in 
Hirt supernatants was estimated by plas- 
mid reconstruction experiments (Fig. 
2C). Lanes a ,  b, and c in Fig. 2C con- 
tained 1.0, 0.25, and 0.05 ng of plasmid 
DNA marker; lanes d and e contained 20 
percent of the Hirt supernatant DNA 
from approximately 2 x lo6 cells of two 
independent cell lines fused to COS7 
cells. These experiments show that in 
approximately 50 percent of the cell lines 
examined, one to  several nanograms of 
the input plasmid DNA can be isolated 
from approximately lo6 fused cells. This 
is equivalent to the levels of excised 
DNA seen with bona fide SV40 transfor- 
mants and is sufficient to give rise to 
several thousand colonies when the 
DNA is used to transform E. coli HBlOl 
to ampr. 

Our results demonstrate that se- 
quences directly surrounding the SV40 
origin of replication are the only viral 
DNA sequences required in cis to medi- 
ate SV40 excision-replication after fu- 
sion to vermissive simian cells. The fol- 
lowing control experiments support this 
contention. No extrachromosomal plas- 
mid DNA is detected when human cell 
lines transformed by pBRChTK are 
fused with COS7 cells o r  when any of the 
human T K f  transformants are fused 
with permissive simian cells that do not 
produce SV40 T antigen. Plasmid se- 
quences are not supplying functions im- 
portant for excision and replication, 
since cell lines transformed by fragments 
of SV40 removed from the plasmid vec- 
tor yield detectable replicating forms af- 
ter fusion with COS7 cells (10). Finally, 
small deletions at  the Bgl I site defining 
the origin of replication, which inactivate 
neither the early promoter nor T antigen 
binding, yield SV40 molecules capable of 
integration and stable transformation, 
but inactive for excision (11). This im- 
plies that it is the replication origin itself 
within the Eco RIIG fragment that is 
important for excision. 

The patterns of excision products seen 
here (that is precise, random, or mix- 
tures) parallel that seen with virally 
transformed cell lines, where the pres- 
ence of tandem duplications was thought 
to be due to low levels of DNA replica- 
tion during viral infection. It is unlikely 
that replication is occurring in our ex- 
periments, since the recombinant plas- 

mid used contains no A gene. We con- 
clude that the tandem duplications ob- 
served here, and perhaps those seen 
during viral transformation, occur by a 
recombinational mechanism. Recombi- 
nation and "pekelasome" formation dur- 
ing DNA transfection have been report- 
ed (12). 

The small size (0.3 kb) of the sequence 
required, and the ease and efficiency 
with which the input DNA can be recov- 
ered in E. coli, will make this a useful 
"shuttle" system for the recovery of 
cloned DNA sequences from mammalian 
cells. In addition, the simplicity of the 
viral sequences required may be impor- 
tant in minimizing the effects of the vec- 
tor on the expression of a cloned gene. 
Since the origin is inactive in the absence 
of T antigen, and since the promoter 
shows only low levels of activity in the 
absence of an activator element, it is 
unlikely that the viral sequences will 
affect the expression of a linked gene. In 
some situations this may be preferable to 
other "shuttle" systems such as  that 

cloning vector so  that once a gene had 
been identified it could be easily isolated 
in E. coli. Finally, if a gene could be 
introduced into the germ line of an ani- 
mal (14, 15) its structure could be exam- 
ined in many differentiated tissues by 
SV40-mediated excision and rescue. 
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Simultaneous Expression of Globin Genes for Embryonic and 
Adult Hemoglobins During Mammalian Ontogeny 

Abstract. The dominant hemoglobin o j  the adult hamster was detected in yolk-sac 
erythroid cells, and its identity w ~ i s  conjirmed by peptide mcrpping and by analysis of 
relevantpeptides. Both the presence and active synthesis o f two embryonic hemoglo- 
bins presumed to exist only in yolk-sac erythroid cells were detected in neonatal liver 
and spleen. Thus the time span of expression of both embryonic and adult globin 
genes during mammalicin ontogeny may be considerclblj~ broader than presently 
believed. 

Early in normal mammalian ontogeny, 
the most primitive erythroid cells (yolk- 
sac cells) of the embryo synthesize an 
"embryonic" set of hemoglobins, 
whereas in ontogenically later erythroid 
organs (liver, spleen, and finally bone 
marrow) an "adult" set of hemoglobins 
is made. This temporal progression in 
globin gene expression is a well-studied 
phenomenon of developmental biology. 
However, reports conflict on whether 

embryonic and adult hemoglobins can 
coexist in cells from the same erythro- 
poietic organ. For  example, Fantoni et 
al. ( I )  and Barker (2) detected only em- 
bryonic hemoglobins in yolk-sac cells 
and only adult hemoglobins in fetal liver 
cells of mice. Similar results were ob- 
tained by Bruns and Ingram (3) and by 
Beaupain et al. (4) for avian species. On 
the other hand, there is evidence for the 
coexistence of embryonic and adult he- 
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moglobin species in yolk-sac erythroid indeed indentical, we processed hamster (Fig. IB) was eluted from the gels and 
cells of hamsters (5) and mice (6) and in embryos at day 10 of gestation to obtain cleared of nonheme proteins. Individual 
chick embryo erythroid cells (7). We a quantity of each of the two globin globins were subjected to peptide map- 
report here definitive evidence, obtained chains of the putative adult hemoglobin ping (12). Peptide maps of band 4 a- 
by peptide mapping of isolated globin sufficient for peptide mapping (4 mg). globins from yolk-sac erythroid cells and 
chains. for the presence of an adult he- Erythrocytes circulating in the embryos from adult erythrocytes were identical. 
moglobin species in hamster yolk-sac and those still in the blood islands were as were maps of the non-a-globins from 
erythroid cells. We also report that em- subjected to velocity sedimentation at the two sources. Identity was confirmed 
bryonic globin chains are synthesized in unit gravity (8)  with a STA-PUT cell by analysis of the relevant peptides, ex- 
erythroid cells from neonatal hamster separator (Johns Scientific) to separate cluding those in the trypsin-resistant 
liver and spleen. yolk-sac erythroid cells (large and nucle- core. 

Erythropoiesis in embryonic hamsters ated) from maternal erythrocytes (small Having established that yolk-sac ery- 
begins in the yolk-sac islands on day 7 of and nonnucleated) (9). However. veloci- throid cells contain an adult-type hemo- 
gestation. From day 7 to day 10 the ty sedimentation does not separate ham- globin in addition to the expected embry- 
origin of all circulating erythroid cells is ster nucleated erythroid cells of hepatic onic hemoglobins. we explored the other 
the yolk sac. for the fetal liver, itself origin from yolk-sac erythroid cells. end of the ontogenic spectrum by search- 
highly erythroid. does not appear until Therefore, unlike previous investigators. ing for embryonic hemoglobins in the 
day I I (Fig. IA). Approximately 4 per- 
cent of the total hemoglobin in yolk-sac 
erythroid cells on day 10 occupies the 
same position in isoelectric focus pat- 
terns in polyacrylamide gel as that of the 
major (85 percent) hemoglobin of adult 
hamsters (band 4 in Fig. IB). To deter- 
mine whether the two hemoglobins are 

we procured our yolk-sac erythroid cells 
before the appearance of fetal liver tis- 
sue. The various hemoglobin species 
from these cells and from erythrocytes of 
adults were isolated by isoelectric focus- 
ing on polyacrylamide gel (Fig. 1B) (10). 
a technique that also eliminates carbonic 
anhydrase (11). Each band 4 hemoglobin 

erythroid cells of neonatal (birth occurs 
at day 16) hamster spleen, liver, and 
peripheral blood. After cell suspensions 
from these three sources were incubated 
in nutrient medium containing a tritiated 
amino acid mixture, synthesis of individ- 
ual globin chains-separated by electro- 
phoresis on polyacrylamide gel contain- 
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of globins of 
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band 7 band 5 

Fig. I (left). (A )  Histological preparations o f  hamster embryos at approximately 10 and I I days in gestation. The 10-day hamster embryo is 2.22 
mm long and the I I-day embryo is 7.22 mm long. For purposes o f  comparison. however. both shown here are enlarged to the same size. Note the 
absence offetal liver at 10 days. (B) Separation of hamster hemoglobin species by isoelectric focusing in  polyacrylamide gel. Preparations shown 
are from peripheral blood before the appearance of fetal liver. from peripheral blood I day after birth. and from peripheral blood o f  the adult. 
Chain designations are those used for mice (1. 13). The globin chains of the adult hemoglobin in bands I and 2 (which appears only after the fetal 
liver has developed) remain to be identified. Fig. 2 (right). (A )  Autoradiogram of tritium-labeled globin chains from circulating yolk-sac 
erythroid cells at 10 days in gestation (prior to the appearance o f  fetal liver) and from neonatal spleen erythroid cells I day after birth. (B) Globin 
chains of hemoglobin bands 5 and 7 separated by electrophoresis in polyacrylamide gel. These bands were isolated from a mixture of yolk-sac 
erythroid cell hemoglobin (nonlabeled) and o f  spleen (I day after birth) erythroid cell hemoglobin (labeled). The globin chains o f  the mixture 
comigrate. (C) Fluorogram o f  the preparation in  (B). Radioactivity is strictly confined to the three embryonic globin chains. 
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ing urea, Triton X-100, and acetate 
(13)-was assayed by fluorography (14). 
Figure 2A shows a fluorogram compar- 
ing globins synthesized in yolk-sac ery- 
throid cells with those synthesized in 
erythroid cells of the spleen 1 day after 
birth. In accordance with the terminolo- 
gy established for mice (1, 15), we identi- 
fy the embryonic a-like globin as band x 
and the two embryonic P-like globins as 
bands y and z (16). The same pattern of 
synthesis was obtained from liver ery- 
throid cells 1 day after birth. N o  embry- 
onic chain synthesis was detected in 
peripheral blood cells from any neonatal 
sampling. Five days after birth, synthe- 
sis of two embryonic globins (x and z) 
was barely detectable in spleen erythroid 
cells only. 

Further confirmation of the synthesis 
of embryonic globin chains in neonatal 
erythroid cells was provided by coelec- 
trophoresis. Tritiated hemoglobin from 
erythroid cells of the spleen 1 day after 
birth was mixed with unlabeled hemoglo- 
bin solution from yolk-sac erythroid 
cells. Bands 5 and 7 (Fig. 1B) were 
isolated and their globins were separated 
by electrophoresis in polyacrylamide gel 
(Fig. 2B). Each band resolved only into 
the two globin chains characteristic of 
that embryonic hemoglobin (Fig. 2B), 
and fluorography demonstrated syn- 
thesis of each of the three globins (Fig. 
2C). 

There are similarities between these 
findings for hamsters and observations in 
humans. Human adult-type P-globin 
chains first appear at a time in gestation 
(6 weeks) when yolk-sac erythropoiesis 
is being replaced by hepatic erythropoie- 
sis, but the earliest site of synthesis has 
not been defined. Trace amounts of a 
hemoglobin whose a-like globin is em- 
bryonic have been detected in cord 
erythrocytes from human neonates (1 7). 
Our findings demonstrate conclusively 
the coexistence of embryonic and adult 
globin gene expression over a range of 
developmental stages from prehepatic to 
early postnatal (18). The currently ac- 
cepted time span for the normal se- 
quence of globin gene expression during 
mammalian ontogeny may be too nar- 
row. 
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Mammalian Muscle Acetylcholine Receptor: 
A Supramolecular Structure Formed by Four Related Proteins 

Abstract. The nicotinic acetylcholine receptor has been pur$ed from fetal calf 
muscle. Amino terminal amino acid sequence data indicate that the mammalian 
receptor is formed from closely related but distinct subunits. A cytoskeletal compo- 
nent, actin, may be associated with the receptor. 

A human paralytic syndrome, myas- 
thenia gravis (MG), is due to an autoim- 
mune reaction against the nicotinic ace- 
tylcholine receptor (AcChR) (I).  Eluci- 
dation of its structure is therefore cru- 
cial. So far, AcChR's from the electric 
organs of fish (Torpedo, Narcine, and 
Electrophorus) have been well charac- 
terized (2). Studies of mammalian 
AcChR have been less sophisticated; its 
subunit complement has been widely de- 
bated; subunit patterns containing from 
one to six polypeptides have been re- 
ported (2). 

There are indications that mammalian 
muscle and piscine AcChR's are similar. 
Experimental autoimmune myasthenia 
gravis (EAMG) can be induced in mam- 
mals with the use of AcChR purified 
from electric fish (3), and polyclonal and 
monoclonal antibodies to Torpedo 
AcChR may precipitate mammalian 
muscle AcChR (4, 5). 

We now report evidence that the mam- 

malian AcChR is a complex of four ho- 
mologous peptides, and that a fifth pep- 
tide that copurifies with the receptor is 
actin. 

The AcChR was purified from fetal 
calf muscle (6) and upon sodium dodecyl 
sulfate (SDS) gel electrophoresis re- 
solved into five polypeptides having mo- 
lecular weights (M,) of 42, 44, 49 ,55 ,  and 
58 K (6) (Fig. 1A, lane 3). A sixth poly- 
peptide of M, 53 K was present in some 
preparations (6). The polypeptides were 
characterized by different methods: the 
presence of carbohydrate was assessed 
by binding of 125~-labeled conconavalin 
A (Con A) ( 7 )  which consistently labeled 
the peptides of M, 42, 49, and 55 K .  
When the polypeptide of M, 53 K was 
present it was consistently labeled while 
those of M, 58 K and 44 K were consist- 
ently unlabeled. The amino acid compo- 
sition of the latter is similar to that of 
actin (6), including the presence of 3- 
methylhistidine (8). We confirmed that 

/right % 1982 AAAS 1227 




