
Table 1. Presence of antigen related to M-PMV p27 in human breast carcinomas as determined by 
competition radioimmunoassays. The detailed histopathology of human breast tumors is as follows: 
(B-34) poorly differentiated mammary duct cell carcinoma with osteoid metaplasia, left breast; 
(B-65) infiltrating poorly differentiated duct cell carcinoma, left breast; (B-44) mammary duct cell 
carcinoma; (B-51) poorly differentiated invasive duct cell carcinoma, right breast; (B-78) poorly dif- 
ferentiated invasive duct cell carcinoma, left breast; (B-84) poorly differentiated mammary duct cell 
carcinoma, right breast; (B-85) mammary duct cell carcinoma, left breast; (B-87) infiltrating mam- 
mary duct cell carcinoma; (B-70) not available; (B-89) not available; (B-91) invasive duct cell car- 
cinoma, left breast with metastasies to lymph nodes; (B-92) invasive mammary duct cell carcinoma 
with marked desmoplasia, left breast; (B-83) poorly differentiated invasive adenocarcinoma, left 
breast; (B-63) not available; (B-79) not available; (B-77) moderately differentiated mammary duct 
cell carcinoma, right breast; (B-86) not available; (B-88) metastatic carcinoma. The 14 human non- 
breast tissues that were examined included two normal human placentas, one hepatoma, one car- 
cinoma of lung, two carcinomas of colon, one carcinoma of rectum, one carcinoma of gallbladder, 
two granulosa tumors of ovary, one adenocarcinoma of stomach, one leiomyosarcoma of uterus, one 
renal cell cancer of stomach, and one meothelioma of pleura. Ten to 15 g of each tissue was pro- 
cessed, resulting in 1 ml of protein extract containing 55 to 142 ig per milliliter'of protein. None of 
these tissues competed with M-PMV p27 in our RIA's. 

Final Final Activity 
Age Tumor r Patient Age wumor extract protein ratio 

(ml) (mg/ml) (ng/mg) 

B-34 52 8 0.5 27 0.4 
B-65 65 8 0.5 31 0.3 
B-44 48 5 0.5 33 1.2 
B-51 62 8 0.4 15 2.9 
B-78 56 13 0.8 55 2.3 
B-84 60 10 0.5 63 1.9 
B-85 45 4 0.4 13 5.6 
B-87 40 17 1.0 260 1.7 
B-70 18 1.0 230 * 
B-89 5 0.5 36 * 
B-91 58 6 0.5 26 * 
B-92 71 7 0.5 29 * 
B-83 55 8 0.7 18 * 
B-63 48 13 1.0 116 * 
B-79 16 1.0 52 * 
B-77 74 17 1.0 155 * 
B-86 8 0.5 27 * 
B-88 29 7 0.5 20 * 

*Not detectable. 
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false positive result, the RIA supernatants 
from the lowest dilutions of tumors B-87, 

B-51, and B-78 (these competed most ef- 

fectively for '2SI-labeled M-PMV p27) 
were applied onto sodium dodecyl sulfate- 

polyacrylamide gels and the positions of 

the radioactive peaks compared to those of 

protein standards (7). There was no appre- 
ciable breakdown of the 12SI-labeled p27 
since, in each case, more than 80 percent of 

the released radioactivity was found under 

the p27 peak (data not shown). 
Among the group of eight positive 

breast tumor specimens (Table 1), the 

amount of antigens detected ranged from 

0.3 to 5.7 ng per milligram of protein ex- 

tract. Since the extraction and column 

chromatography procedure achieved from 

200- to 1000-fold reduction of cellular ma- 

terial, the amount of p27-like protein in 

these breast tumors appears to be very 
small. Experiments were done to approxi- 
mate the level of recovery of p27 from tu- 

mor material by adding 100 ng of purified 

p27 to 10 g of normal placental tissue be- 

fore proceeding with the extraction and 

chromatography purification steps. The 

partially purified tissue material was quan- 

titatively tested for p27 by RIA. Almost 50 

percent of the input p27 was recovered at 
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the end of the purification procedure. This 

value of 50 percent probably represents the 

maximum amount recoverable by this pro- 
cedure because undoubtedly some intra- 

cellular antigens would have been trapped 
with the cell debris and therefore lost dur- 

ing the purification steps. Even assuming a 

10 percent recovery of the M-PMV specif- 
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ic antigens from tumor tissues, the amount 
of antigens in breast tumor tissues is far 
less than the level of SSV-1 antigens found 
by Sherr and Todaro in peripheral white 
blood cells of patients with acute leukemia 
(6). This low level of viruslike antigens in 
malignant breast tissues may be a partial 
explanation for our inability to detect such 
antigens in the other ten breast tumors ex- 
amined. 

In summary, we detected the presence of 
an antigen similar to the M-PMV major 
structural protein in 8 out of 18 human 
malignant breast tumors. Such antigen 
was not detected in malignant or normal 
human tissues not of breast origin. 
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Guanidinium-CsCI Density Gradients for Isopycnic 

Analysis of Nucleic Acids 

Abstract. The addition of guanidinium chloride to CsCI gradients lowers the apparent 
density of RNA, DNA, and hybrid polymers in such a way that all three can be banded, 

fractionated, and analyzed in one gradient with essentially no damage to their chemical 

integrity or to their biological activity. 
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CsCl density gradients (1) are widely 
used for isopycnic analysis of DNA be 
cause of their simplicity and flexibility (2). 
However, CsCl, is not useful for the analy- 
sis of RNA. Several attempts (3) to design 
density gradients adequate for banding of 
RNA have met with incomplete success. It 
would be useful to have available a simple 
analytical procedure that would permit si- 
multaneous isopycnic analysis of DNA, 
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RNA, and DNA-RNA hybrids. In the 

course of some experiments with guanidi- 
nium chloride to dissociate nucleoproteins 
into their two moieties, it was noted that, 
in the presence of guanidinium chloride, 
DNA had a lower buoyant density in CsCl. 

Therefore we set out to determine whether 

this was also true for RNA so that it would 

band at a density within the range normal- 

ly produced by CsCl gradients. After some 
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Table 1. Banding positions of various nucleic 
acids. The relative densities are expressed as the 
percentage of the distance from the top of the 
centrifuge tube, with the top-to-bottom distance 
equal to 100 units. The various nucleic acids 
were centrifuged individually and in com- 
binations in 4.5-ml gradients in the SW 50.1 ro- 
tor (Beckman) at 35,000 rev/min and 15?C for 
65 to 72 hours. The gradients contained 12.88 g 
of CsCI and 2.4 g of guanidinium chloride per 10 
ml of 10 mM tris (pH 7.4). Sources of the speci- 
mens were as follows: fl single-stranded DNA 
and T7 double-stranded DNA were obtained 
from purified virions by extraction with neutral- 
ized phenol in 0.1 percent SDS and subsequent 
ethanol precipitation of the aqueous phase. 
Poly(rA). poly(dT), poly(rC)- poly(dG), and 
poly(rU) ? poly(rA) were purchased from Gibco. 
Escherichia coli RNA was extracted from K12 
cells that had been labeled with [3H]uracil 
(100 uc/ml) for 90 minutes and the reaction was 
halted by the addition of unlabeled uracil (20 
minutes) in the presence of rifampin (200 ug/ 
ml) (Calbiochem). The extraction was carried 
out as described by Blumberg et al. (6). Ab- 
breviations: rA, riboadenylate; dT, deoxyribo- 
thymidylate; rC, ribocytidylate; dG, deoxyribo- 
guanylate; rU, ribouridylate; ss, single-stranded; 
and ds, double-stranded. 

Nucleic Relative 
acid density 

fl DNA (ss) 20.2 
T7 DNA (ds) 22.5 
Poly(rA). poly(dT) 57.0 
Poly(rC). poly(dG) 61.1 
Poly(rU). poly(rA) 83.1 
E. coli RNA 85.0 
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Fig. 1 (left). '4C-Labeled total RNA of Esche- 50 
richia coli, 3H-labeled fl DNA, and unlabeled 
poly(rA) poly(dT) were centrifuged in 4.8-ml 

O 40 gradients containing 12.88 g of CsCI, 2.4 g of 
guanidinium chloride per 10 ml of 10 mM tris- 
HC1, pH 7.4; centrifugation was performed at (: 
38,000 rev/min and at 15?C in the SW 50.1 ro- 30 
tor (Spinco) for 72 hours. Fractions were col- 
lected from the bottom, their absorbance at 260 
nm was recorded, and their radioactivity was 20 
measured by drying 20-ul1 portions on filter pa- 
per and counting in a toluene-based scintillation 
fluid. Fig. 2. (a) Long-term labeled [14C] 10 
RNA of Escherichia coli was centrifuged in a 
guanidinium-CsCI gradient as for Fig. 1. Frac- 
tions were collected from the bottom. The frac- 0 I I 

tions containing the radioactivity were pooled, 10 20 30 40 
diluted threefold with 10 mM tris, pH 7.0, and precipitated with 2.5 volumes of absolute ethanol 
overnight at -200C. The precipitate was resuspended in 0.2 ml of O.1M NaCl, containing 10 mM 
tris, pH 7.2, and 0.1 percent sodium dodecyl sulfate (SDS), and layered on the top of a sucrose 
gradient (5 to 20 percent) in 0.1M NaCl, 10 mM tris, pH 7.2, and 0.1 percent SDS. Centrifugation 
was performed at 45,000 rev/min and 15?C for 150 minutes in the SW 50.1 rotor (Beckman). (b) 
The control was a sample of the same RNA preparation not banded in guanidinium-CsCI gradients. 
Fractions were collected from the bottom on filter paper, dried, and counted in a toluene-based 
scintillation fluid. 

trials, we found that a solution containing 
12.88 g of CsCl, and 2.4 g of guanidinium 
chloride, 10 ml of 10 mM tris, pH 7.4, was 

satisfactory. 
The relative banding position of DNA, 

RNA, and DNA-RNA hybrids expressed 
as percentage of the distance from the top 
of the gradient is shown in Table 1. All 
these components band in the same gradi- 
ent and at well-separated positions. This 

provides a convenient method for the total 

analysis of nucleic acid mixtures. In partic- 
ular it should prove useful for DNA-RNA 

hybridization studies, in that it provides a 

simple way to evaluate three critical pa- 
rameters: (i) extent of hybridization, (ii) re- 

covery, and (iii) class distribution of vari- 
ous hybrids in terms of DNA: RNA 
ratios. 

Despite the denaturing properties of 
guanidinium chloride, no denaturation of 
the nucleic acids occurred (4). This fact has 
been proved directly with poly(rA) poly- 
(dT) duplexes, which band as a unique 
component between DNA and RNA (Fig. 
1). Denaturation would have given rise to 
two peaks banding at the positions of the 
ribo- and deoxyribo- polymers. The ab- 
sence of denaturation is probably due to 
the protective effect of the high concen- 
tration of CsCl. On the other hand, these 
conditions still promote stripping of pro- 
teins from nucleoprotein complexes (5). 
7 NOVEMBER 1975 

Therefore the method can be used advan- 
tageously to prepare pure nucleic acids 
from nucleoproteins without the need for 
extensive phenol or chloroform -extrac- 
tions, thereby potentially increasing the 
yields and the integrity of the nucleic acids. 
The integrity of nucleic acids in such gradi- 
ents was studied as follows. The DNA of 
coliphage fl, both in its viral single- 
stranded state and in its double-stranded 
covalently closed replicative form (RFI), 
were run in guanidinium-CsCl density gra- 
dients and then checked for biological ac- 
tivity in a transfection system. Both sam- 
ples were found to be nearly as infectious 

Table 2. Biological activity of bacteriophage fl 
DNA's before and after banding in guanidi- 
nium-CsCI gradients. Viral, single-stranded 
DNA (ss DNA) and the double-stranded re- 
plicative form of fl DNA (RFI) were tested for 
their infectivity in a transfection assay (7) before 
and after centrifugation to equilibrium in guani- 
dinium-CsCl gradients. The infectivity is ex- 
pressed as plaque-forming units (PFU) per 0.05 
ag of DNA. 

Infectivity (PFU) 
Sample Control Gradient 

ssDNA 1.3 x 103 1.0 x 103 
RFI 1.2 x 104 1.1 x 104 
No DNA 0 0 

as the controls (Table 2). Similarly, the 
chemical integrity of RNA subjected to 
guanidinium-CsCl density gradient was in- 
vestigated. Long-term labeled RNA from 
Escherichia coli was run for 65 hours at 

18?C, collected from the gradient, and ana- 
lyzed in a 5 to 20 percent sucrose gradient. 
Little degradation of 23S, 16S, and 4S ma- 
terials occurred (Fig. 2). 

These observations suggest that such 
gradients could be used routinely for puri- 
fication of phenol-extracted RNA, usually 
heavily contaminated with DNA, instead 
of a somewhat risky deoxyribonuclease di- 
gestion. For this purpose the use of the 
Beckman type-40 rotor is most satis- 
factory with regard to both the separation 
of RNA from DNA and loading capacity. 
The following formula: 14.82 g of CsCl, 
2.73 g of guanidinium chloride, 10 ml of 10 
mM tris, pH 7.4 (10-ml gradients), pro- 
duces a shallow gradient in which DNA 
bands near the top and RNA near the bot- 
tom of the tube. Milligram quantities of 
nucleic acids can be loaded and banded per 
tube. Similar gradients may be effective for 
the fractionation of single-stranded and 
double-stranded RNA mixtures. 

VINCENZO ENEA 
NORTON D. ZINDER 

Rockefeller University, New York 10021 

585 



References and Notes 

1. M. Meselson, W. Stahl, J. Vinograd, Proc. Natl. 
Acad. Sci. U.S.A. 43, 581 (1957). 

2. W. Szybalski and E. H. Szybalski, Procedures in 
Nucleic Acid Research (Harper and Row, New 
York, 1971), vol. 2, p. 311. 

3. R. Bruner and J. Vinograd, Biochim. Biophys. 
Acta 108, 18 (1965); R. B. Kelly, J. L. Gould, R. L. 
Sinsheimer, J. Mol. Biol. 11, 562 (1965); H. A. 
Lozeron and W. Szybalski, Biochem. Biophys. 
Res. Commun. 23, 612 (1965); R. L. Erikson, J. 
Mol. Biol. 18, 372 (1966); A. E. Williams and J. 
Vinograd, Biochim. Biophys. Acta 228, 423 (1971); 
C. I. Davern and M. Meselson, J. Mol. Biol. 
2, 153 (1960); L. Zolotor and R. Engler, Bio- 
chim. Biophys. Acta 145, 52 (1967); S. R. de 

References and Notes 

1. M. Meselson, W. Stahl, J. Vinograd, Proc. Natl. 
Acad. Sci. U.S.A. 43, 581 (1957). 

2. W. Szybalski and E. H. Szybalski, Procedures in 
Nucleic Acid Research (Harper and Row, New 
York, 1971), vol. 2, p. 311. 

3. R. Bruner and J. Vinograd, Biochim. Biophys. 
Acta 108, 18 (1965); R. B. Kelly, J. L. Gould, R. L. 
Sinsheimer, J. Mol. Biol. 11, 562 (1965); H. A. 
Lozeron and W. Szybalski, Biochem. Biophys. 
Res. Commun. 23, 612 (1965); R. L. Erikson, J. 
Mol. Biol. 18, 372 (1966); A. E. Williams and J. 
Vinograd, Biochim. Biophys. Acta 228, 423 (1971); 
C. I. Davern and M. Meselson, J. Mol. Biol. 
2, 153 (1960); L. Zolotor and R. Engler, Bio- 
chim. Biophys. Acta 145, 52 (1967); S. R. de 

calcium causes ciliary arrest. 

Although once beating the ciliary ax- 
oneme is an autonomous motor organelle 
that operates via a sliding microtubule 
mechanism (1), cells can often turn their 

ciliary beat on and off. The cellular control 
of ciliary activity is perhaps best analyzed 
in the protozoan Paramecium where Ca2+ 
entry into the cell causes beat stoppage and 
reversal (2). In metazoan epithelia, such as 
the gill tissue of lamellibranch mollusks, 
mechanical or nervous stimuli can some- 
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times be shown to cause ciliary arrest (3). 
Satir et al. (4) have found that local le- 

sions 30 um in diameter produced by laser 
irradiation of lateral (L) cells of freshwater 
mussel gill (Elliptio and related genera) 
placed in 5 to 15 mM CaCl2 or NaCI, but 
not in KC1 or NH4C1, initiate ciliary ar- 
rest, which spreads for distances greater 
than 1 mm to either side of the lesion. 
Motokawa and Satir (5) have shown that 
for Mytilus gill similar arrest responses oc- 
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Fig. 1. Phase contrast micrographs of gill filaments embedded in Epon, showing positions of L-cilia 
(arrowheads) after quick fixation (9). (a) Tissue in 12.5 mM Ca2+ and 10-5M A23187; L-cilia are ar- 
rested. Nearly all L-cilia have a basal bend. The distal parts of the axonemes lie straight, parallel to 
the epithelium, with the tips pointing in a frontal (R) direction. Abfrontal direction is indicated by E. 
(b) Portion of the same gill. The arrested cilia were placed in 20 mM KC1 so that metachronism was 
resumed before fixation. The L-cilia are fixed in various metachronal wave positions, pointing in 
both abfrontal and frontal directions. 
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cur in normal, but not in Ca2+-free, seawa- 
ter. We postulate that in such cases, just as 
in Paramecium, the cause of arrest is a lo- 
cal rise in Ca2+ concentration in the cy- 
toplasm which inhibits ciliary beat at sensi- 
tive points in the stroke cycle. The L-cells 
are only a few micrometers wide and intra- 
cellular microelectrode recording is diffi- 
cult with this system (6), so that my test of 
this hypothesis relies on an alternate meth- 
od. The calcium ionophore A23187 (7) of- 
fers an experimental tool for controlling 
Ca2+ entry into the cell cytoplasm. For ex- 
ample, in concentrations of 10-6 or 10-5M, 
this ionophore induces secretion of ATP in 
platelets, histamine release from mast 
cells, contraction of frog eggs and muscle, 
and so forth (8)-phenomena that depend 
on Ca2+ entry from either external or inter- 
nal stores into the cytoplasm proper. In the 
experiments described here we were able to 
show that in the presence of Ca2+ and iono- 
phore, beat of mussel gill L-cilia is ar- 
rested, but that arrest does not occur in ei- 
ther Ca2+ or ionophore alone. 

Pieces of gill tissue, excised from healthy 
mussels usually into 12.5 mM CaC12 or 20 
mM NaCl, are stripped to give an undam- 
aged piece of gill lamella and placed in a 
small perfusion chamber, as described pre- 
viously (9). Flow through the chamber is 
continuous except for brief intervals (< 30 
seconds) when solutions are changed. Low- 
power fields containing about 15 filaments 
whose L-cilia are beating with well-defined 
metachronism are selected for subsequent 
experimentation. Each filament bears two 
rows of L-cells that are measured indepen- 
dently with respect to metachronal activi- 
ty; the number of active rows that pass me- 
tachronal waves across the entire field is 
used to determine percentage of meta- 
chronism in the tissue at appropriate inter- 
vals. In rows that are not active, L-cilia 
are usually stopped in a characteristic 
position shown in Fig. 1. The laterofrontal 
cirri and terminal and frontal cilia general- 
ly continue to beat, even when the L-cilia 
are stopped. 

The gill is initially perfused with CaCl2, 
NaCI, or a mixture of the two salts adjust- 
ed to approximately equal osmotic 
strengths. Greater than 60 percent meta- 
chronism (Fig. 2) is normally obtained in 
these solutions; serotonin (5-hydroxy- 
tryptamine) can initially be used to in- 
crease metachronal activity if necessary, 
but is always removed by perfusion for > 5 
minutes before experimentation is begun. 
Figure 2, a and b, compares the effect of 
adding 10-SM A23187 to initial perfusates 
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of Ca2+ against Na+. In the former in- 
stance (Fig. 2a) metachronism is affected 
almost, immediately and completely abol- 
ished within less than 10 minutes of addi- 
tion; in the latter case (Fig. 2b) addition 
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Ionophore-Mediated Calcium Entry Induces Mussel Gill 

Ciliary Arrest 

Abstract. Lateral cilia of freshwater mussel gills, which normally beat with meta- 
chronal rhythm, are arrested pointing frontally by perfusion with 6.25 to 12.5 millimo- 
lar calcium and 10-5 molar A23187, a calcium ionophore. Arrest does not occur in either 
calcium or ionophore and monovalent cations alone. Activity returns with continuedper- 
fusion in potassium chloride or calcium chloride, and more slowly in sodium chloride, af- 
ter removal of ionophore. These results support the hypothesis that a local rise in internal 
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