
rescence scattered from the deeper ret- 
inal layers). If the cone is treated for 
2 minutes with a hypotonic solution 
containing 50 mM NaCI, however, re- 
applying 10 uiM DDC now stains the 
mitochondrial membranes as well as the 
outer segments. Thus, the presumed 
topological difference between rod and 
cone outer segment membranes sug- 
gested by electron microscopic and 
electrical evidence is confirmed by the 
DDC staining test. 
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Centric Fusion, Satellite DNA, and DNA Polarity 
in Mouse Chromosomes 

Abstract. A fluorescent staining technique has demonstrated a contralateral 
arrangement of fluorescent spots in the centromeric region of mouse metacentric 
chromosomes which have resulted from centric fusion. The results suggest that 
centric fusion involves the maintenance of DNA polarity through the centromnere 
and that the thymidine-rich chain of satellite DNA in the centromeric region is 
associated with the same DNA chain in every mouse autosome. 
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There is a fluorometrically detectable 
lateral asymmetry in the centromeric 
region of mouse (Mus musculus) chro- 
mosomes (1). This asymmetry was 
detected through the use of a newly 
developed chromosome staining tech- 
nique based on the quenching by 5- 
bromodeoxyuridine (BrdU) of the 
fluorescence of the dye 33258 Hoechst 
(2). In the absence of BrdU treatment, 
the centromeric region of mouse chro- 
mosomes (except the Y chromosome) 
fluoresces brightly and uniformly when 
stained with 33258 Hoechst (3). In 
contrast, when the chromosomes of 
mouse cells grown for one generation in 
the presence of BrdU are stained with 
33258 Hoechst, there is a marked dif- 
ference in the fluorescence between the 
halves of the centromeres, such that 
half of the centromeric region of each 
chromosome (except the Y chromosome) 
shows a brightly fluorescent spot (1). 
The staining properties and pattern of 
segregation during cell division of this 
fluorescent spot suggest that it is asso- 
ciated with the thymidine-rich chain of 
satellite DNA in the centromeric region. 
[One chain of mouse satellite DNA con- 
tains 45 percent thymidine, and the 
other chain contains 22 percent (4).] 

The mouse cells used in the previous 
experiments involving the BrdU-Hoechst 
treatment were cells of permanent lines 
(RAG and NCTC 2472), and they 
contained a few metacentric chromo- 
somes not present in diploid mouse 
cells. After one cycle of replication in 
BrdU, two brightly fluorescent spots 
were observed in each metacentric 
chromosome. The spots were arranged 
contralaterally, one on either side of the 
centromere and located on the opposite 
arms of the chromosome (1). Although 
the results led to speculations concern- 
ing DNA polarity and the arrangement 
of satellite DNA, no firm conclusions 
could be drawn because it was not 
known whether the metacentric chro- 
mosomes in these cells had arisen by 
misdivision of the centromere or by 
Robertsonian centric fusion of telo- 
centric chromosomes. 
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We now describe the centromeric 
staining properties of metacentric chro- 
mosomes known to be the result of 
Robertsonian centric fusion of telo- 
centric chromosomes. The cells for this 
study were derived from two different 
strains of mice. One of these strains is 
the tobacco mouse (Mus poschiavinus), 
which contains seven pairs of meta- 
centric chromosomes resulting from 
centric fusion (5). The other strain is 
the 36(TW/TW TA/TA) strain which 
contains two pairs of metacentric chro- 
mosomes resulting from centric fusion 
(6) (these mice are referred to below 
as 36T mice). The tobacco mice were 
provided by Dr. Alfred Gropp, and the 
36T mice were provided by Dr. Beverly 
White. 

Male tobacco mice were bred with 
female mice of the CD-1 strain 
(Charles River), which contain no 
metacentric chromosomes. (The mice 
resulting from this cross will be referred 
to as TM/C mice.) Male and female 
36T mice were bred with each other. 
At 15 to 18 days after fertilization, the 
embryos were removed and minced 
into small fragments, which were fur- 
ther dissociated by trypsinization. The 
cells were then cultured in F10 medium 
supplemented with 15 percent fetal 
calf serum. For the chromosome anal- 
yses, the cells were grown in medium 
containing 10--M BrdU for either 17 
or 31 hours-that is, one or two cycles 
of DNA replication, respectively. The 
cells were harvested, fixed, stained with 
33258 Hoechst, and photographed (2). 
The 33258 Hoechst was generously 
provided by Dr. H. Loewe, Hoechst 
AG, Frankfurt. 

The fluorescent staining patterns of 
the chromosomes of TM/C cells are 
shown in Fig. 1. These cells are heter- 
ozygous for each of the seven meta- 
centric chromosomes of the tobacco 
mouse. After one cycle of replication 
in BrdU, the centromeric region of 
each metacentric chromosome exhibits 
two brightly fluorescent spots, arranged 
one on either side of the centromere 
and on opposite arms of the chromo- 
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some. After two cycles of replication 
in BrdU, there is only one brightly 
fluorescent spot in the centromeric 
region of each metacentric chromosome. 
Also, after two cycles of replication in 
BrdU, there is a difference in fluores- 
cence between the sister chromatids, 
as previously described for both mouse 
and human cells (1, 2). In these chro- 
mosomes the fluorescent centromeric 
spot is always associated with one of 
the brightly fluorescent chromatids. 

The fluorescent staining patterns of 
the metacentric chromosomes of 36T 
cells are shown in Fig. 2. These cells 
are homozygous for each of two meta- 
centric chromosomes. The arrangement 
of the fluorescent spots in the chromo- 
somes of 36T cells grown for one or 
two generations in BrdU is identical to 
the arrangement in the TM/C cells. 

The arrangement of the fluorescent 
centromeric spots in the metacentric 
chromosomes of TM/C and 36T cells 

grown in BrdU is the same as the 
arrangement of the centromeric spots 
in the metacentric chromosomes of the 
mouse cells of permanent lines already 
analyzed (1). However, in contrast to 
the uncertain origin of the metacentric 
chromosomes in the cells of the per- 
manent lines, it is known that the meta- 
centric chromosomes in the TM/C and 
36T cells resulted from Robertsonian 
centric fusion between telocentric chro- 
mosomes. This permits us to make sev- 
eral suggestions concerning chromo- 
some structure. 

As was proposed (1), the brightly 
fluorescent spot in the centromeric re- 
gion after replication in BrdU is prob- 
ably associated with the thymidine-rich 
chain of satellite DNA. (The unequal 
content of thymidine in the two chains 
would lead to an unequal incorporation 
of BrdU into new chains, and therefore 
an unequal quenching of fluorescence 
after replication in BrdU.) The fluores- 

Fig. 1 (left). Fluorescent 
staining of TM/C chromo- 
somes. (A) Complete meta- 
phase of TM/C cell grown 
for one cycle of replication in 
10-lM BrdU. Metacentric 
chromosomes of cells grown 
for: (B) no, (C) one, and 
(D) two cycles of replication 
in lOM BrdU. Fig. 2 
(above). Fluorescent stain- 
ing patterns of 36T chromo- 
somes. Metacentric chromo- 
somes of 36T cells grown 
for: (A) no, (B) one, and 
(C) two cycles of replication 
in 104M BrdU. 
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cent spot therefore provides a marker 
for the "old" thymidine-rich DNA 
chain in the centromeric region after 1 
and 2 cycles of replication in BrdU. 
Furthermore, the difference in fluores- 
cence between the sister chromatids 
after two cycles of replication in BrdU 
provides a marker for the "old" DNA 
chain in the noncentromeric region. In 
the metacentric chromosomes of cells 
grown for two generations in BrdU the 
two brightly fluorescent nonsister chro- 
matids and the fluorescent centromeric 
spot are all located on the same side 
(except where sister chromatid ex- 
change has occurred). This indicates 
that the "old" DNtA chains in the 
chromatids on both sides of the centro- 
mere and the "old" chain of satellite 
DNA in the centromeric region segre- 
gate together. 

The observation that the fluorescent 
centromeric spots are always on the 
opposite arms of the metacentric chro- 
mosomes after one cycle of replication 
in BrdU indicates that the centric fusion 
resulting in the formation of the meta- 
centric chromosomes in these cells oc- 
curs with a definite polarity. Such po- 
larity of centric fusion could result if 
the orientation of the chromosomes 
during centric fusion were dependent 
either on the maintenance of the polari- 
ty of the DNA through the centromere 
or on the differing base composition 
between the two chains of satellite DNA. 
The fact that the "old" chains of DNA 
in the chromatids and in the centro- 
meric region segregate together in the 
fused chromosomes favors the hypoth- 
esis that the polarity of the DNA is 
maintained through the centromere; 
that is, that the DNA is continuous 
through the centromere, and that DNA 
polarity determines the orientation of 
centric fusion. It has been suggested 
that DNA polarity also is involved in 
determining the orientation of rejoining 
of sister chromatids after damage in- 
duced by x-rays (7). Continuity of the 
DNA through the centromere has been 
recently suggested also for Drosophila 
chromosomes (8) on the basis of bio- 
chemical experiments, and for a human 
translocation (9) on the basis of cyto- 
logical experiments similar to those 
described above. 

If it is correct that the polarity of 
the DNA is maintained through the 
centromere in the fused chromosomes, 
then the contralateral arrangement of 
'the fluorescent centromeric spots in the 
metacentric chromosomes after one 
cycle of replication in BrdU suggests 
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that the thymidine-rich chain of satel- 
lite DNA is associated with the DNA 
chain of the same polarity in each pair 
of telocentric chromosomes which fuse. 
Since this arrangement was observed 
for nine different metacentric chromo- 
somes, involving 15 of the 19 auto- 
somes, it is likely that this is the general 
rule for centric fusion in the mouse. 

The published data for the associa- 
tion of telocentric into metacentric 
chromosomes in the mouse allow the 
construction of a "chain" of centric 
fusions which links 18 of the 19 auto- 
somes (6, 10). (No centric fusion with 
chromosome number 18 was reported.) 
For example, chromosome 15 has been 
observed to fuse with chromosomes 5 
and 6, which have been observed to 
fuse with chromosomes 4 and 19. If 
it is assumed, as suggested above, that 
the thymidine-rich chain of satellite 
DNA is associated with the DNA chain 
of the same polarity in every pair of 
telocentric chromosomes that fuse to 
form a metacentric chromosome, then 
these results suggest that the thymi- 
dine-rich chain of satellite DNA is as- 
sociated with the same DNA chain (in 
terms of polarity) in every mouse auto- 
some. This finding may be relevant to 
the evolution of the chromosome com- 
plement in the mouse. 

M. S. LIN 
R. L. DAVIDSON 

Clinical Genetics Division, Children's 
Hospital Medical Center, and 
Department of Microbiology and 
Molecular Genetics, Harvard 
Medical School, Boston. 
Massachusetts 02115 
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Pulmonary Alveolar Hypoxia: 
Release of Prostaglandins and Other Humoral Mediators 

Abstract. Hypoxic ventilation of isolated perfused cat lungs caused the frequent 
appearance in pulmonary perfusates of biologically active substances, which 
included prostaglandins or prostaglandin-like compounds. In anesthetized cats, 
inhibition of prostaglandin biosynthesis with infusions of aspirin (more than 50 
milligrams per kilogram) reduced the pulmonary vasoconstrictor and bronchocon- 
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Release of Prostaglandins and Other Humoral Mediators 

Abstract. Hypoxic ventilation of isolated perfused cat lungs caused the frequent 
appearance in pulmonary perfusates of biologically active substances, which 
included prostaglandins or prostaglandin-like compounds. In anesthetized cats, 
inhibition of prostaglandin biosynthesis with infusions of aspirin (more than 50 
milligrams per kilogram) reduced the pulmonary vasoconstrictor and bronchocon- 
strictor responses to hypoxic breathing. 

It has long been recognized that hy- 
poxia induces constriction of pulmo- 
nary vessels, but the mechanisms of 
this reaction have remained incom- 
pletely understood (1). Recent evi- 
dence has suggested the possibility that 
the pulmonary vascular response to 
hypoxia may be mediated by chemical 
substances released from the lung. 
Such evidence includes: (i) the pres- 
ence of lung tissue is required for the 
pressor response; pulmonary vessels 
stripped of lung tissue fail to constrict 
when exposed to low Po2 (2); (ii) 
hypoxic pulmonary hypertension is re- 
duced or abolished by cooling (3); 
and (iii) hypoxic ventilation is accom- 
panied by morphologic signs of sec- 
retory activity in certain cells of the 
lung (4). We now report that alveolar 
hypoxia may provoke the synthesis and 
release of prostaglandin-like compounds 
and other mediators from isolated cat 
lungs, and that inhibition of prosta- 
glandin biosynthesis in intact cats re- 
duces the pulmonary vasoconstrictor 
and bronchoconstrictor responses to 
hypoxia. 

We used two experimental ap- 
proaches. (i) We perfused isolated cat 
lungs, allowing the perfusate from the 
lung to superfuse isolated smooth- 
muscle organs, for continuous detec- 
tion and assay of any released bio- 
logically active material. (ii) We as- 
sessed the effect of metabolic inhibition 
of prostaglandin (PG) biosynthesis on 
the pulmonary vascular (and airway) 
reactions to hypoxia in the intact cat. 

Perfusion of isolated cat lungs was 
carried out in 32 experiments. The 
lungs were perfused in situ (5) with 
5 percent dextran in Krebs solution 
(19 experiments) or with a 1 : 1 mix- 
ture of this solution with the cat's own 
blood (13 experiments). The perfusing 
fluid was prewarmed to 37 ?C and 
pumped at a constant flow rate of 10 
ml/min. Pulmonary venous pressure 
was maintained at 3 mm-Hg, and the 
outgoing perfusate constantly super- 
fused (6) a series of up to four isolated 
smooth-muscle organs, selected from: 
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trachea, ileum, and gallbladder of 
guinea pig; stomach and colon of rat: 
and chick rectum. The specificity of 
the responses of isolated organs was 
enhanced by pretreating them, in 22 
instances, with agents which blocked 
the effects of histamine, serotonin, 
catecholamines, and acetylcholine (a 
solution containing 10-7 g of mepyra- 
mine maleate per milliliter, 2 X 10-7 

g of methysergide bimaleate per milli- 
liter, 2 X 10-6 g of propranolol HCI 
per milliliter, 10-7 g of phenoxyben- 
zamine HCI per milliliter, and 10-7 g 
of hyoscine HBr per milliliter). The tis- 
sue responses were measured with Har- 
vard isotonic transducers and continual- 
ly recorded by a Beckman Dynograph. 
Perfusion (pulmonary arterial) pres- 
sure also was continually recorded. 
Samples of outflow perfusate also were 
collected during the experiment for 
subsequent assay and confirmation of 
the "on line" results. The lungs were 
ventilated with 21 percent 02, 5 per- 
cent CO,, in N2, or with 2 percent 0>, 
5 percent CO2 in N2, at predicted nor- 
mal tidal volume and frequency. Hy- 
poxic breathing was maintained for at 
least 10 minutes, and was repeated after 
the vascular and isolated tissue re- 
sponses had returned to control range, 
or had stabilized at new levels. 

A pressor response (mean pulmo- 
nary arterial pressure increase of at least 
1 mm-Hg) was observed during hy- 
poxia in 24 of the 32 experiments and 
averaged 31.6 percent for Krebs- 
dextran perfusions, or 38.7 percent for 
perfusions where blood was added. 
Whenever pulmonary hypertension oc- 
curred, it was accompanied by contrac- 
tion of one or more of the assay or- 
gans (Fig. 1) in all but four cases. The 
contractions were independent of the 
presence of blood in the perfusate, and 
occurred in the following percentages 
of times in which the respective tissue 
was used: guinea pig trachea, 71; 
guinea pig gallbladder, 54; rat stomach 
strip, 38; rat colon, 31; guinea pig ile- 
um, 29; chick rectum, 19. In 21 of 
these 24 experiments, the responses 
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