
diet theoretically. However, by experi- 
mentally determining the temperature 
dependence of either 7 or r for a given 
material, they can be used for measuring 
temperature. 

A practical probe consists of a photo- 
luminescent material attached at the end 
of a fiber optic bundle. The bundle trans- 
mits both the input excitation signal to 
the photoluminescent material and the 
luminescent response to a photomulti- 
plier tube light detector. 

Figure 2 shows the time-integrated 
photoluminescent response from two 
prototype probes, A and B, at temper- 
atures between 20? and 50?C. These 
probes have an external diameter of 1 
mm and use different zinc-cadmium sul- 
fide phosphors as the temperature-sensi- 
tive element. The PLT probes were ex- 
cited with light pulses from a xenon 
flash. The response was detected with a 
photomultiplier. The exciting input light 
signal was separated from the lumines- 
cent output signal with appropriate spec- 
tral filters. The probe temperature was 
controlled to 0.I?C through the use of a 
calibrated water bath. Variations in the 
response for the system remained within 
+ 1 percent for measurements taken over 
several weeks. Drift in the probe calibra- 
tion, if any, remained below this noise 
level. With the present system, measure- 
ment noise of + 1 percent corresponds to 
a temperature resolution of approximate- 
ly 0.3?C for probe A and 0.4?C for probe 
B. Variations in the input light pulse in- 
tensity are a major source of fluctuations 
in the probe response. Methods to elimi- 
nate or compensate for these variations 
are being developed, and we expect that 
resolution can be improved to 0. 1C. The 
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Trypanosoma cruzi, an obligate intra- 
cellular protozoan parasite, causes 
Chagas' disease, an incurable human dis- 
ease prevalent in South and Central 
America. Attempts to produce an ef- 
fective vaccine against infection have not 
been successful; dead organisms provide 
only partial protection against sub- 
sequent challenge (1). The use of aviru- 
lent organisms as living vaccines in- 
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temperature sensitivity and resolution 
can also be improved by an optimum 
choice of photoluminescent material, as 
is demonstrated by the increased resolu- 
tion of probe A with respect to probe B 
(Fig. 2). 

Temperature probes designed for use 
in hyperthermia treatments on humans 
should be less than 1 mm in size, struc- 
turally sturdy, thermally stable, and min- 
imally perturbed in EM fields. These 
photoluminescent temperature probes 
demonstrate the potential for achieving 
the objectives. 
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volves the risk of reversion to virulence 
and subsequent low-level, chronic infec- 
tion. Selected antigens of the infectious 
agent would seem more appropriate for 
the preparation of vaccines. Unfortu- 
nately, the isolation and purification of 
selected antigens from T. cruzi as well as 
other parasites presents serious logistic 
problems. If somatic cell hybrid tech- 
nology could be used for the production 
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of parasite antigen, as it has been for the 
production of monoclonal antibodies (2), 
a major problem in antigen production 
might be overcome. In this report, we 
describe fusion between the epimasti- 
gote stage of T. cruzi and two different 
mammalian cell types and the production 
of hybrids that express parasite antigen. 

Epimastigotes of the Tulahuen strain 
of T. cruzi were grown at 23?C in liver- 
infusion tryptose (LIT) medium (3) sup- 
plemented with 10 percent fetal calf 
serum and, per milliliter, 20 ,ug of hemin, 
100 U of penicillin, and 100 ,ug of strep- 
tomycin. The vertebrate cells, BESM (4, 
5), P3-x63Ag8 (2), and hybrids were 
maintained according to routine tissue 
culture procedures. 

Two fusion methods were used to al- 
low studies of both the morphological 
aspects of the fusion of T. cruzi and ver- 
tebrate cells and the production of T. 
cruzi antigen-expressing vertebrate cell 
clones. 

A modification (5) of the pancake tech- 
nique of O'Malley and Davidson (6) was 
used to study the morphology of T. cruzi 
and vertebrate cell fusion. This consisted 
of centrifuging epimastigotes onto mono- 
layers of BESM cells, treating the cells 
with polyethylene glycol (PEG), and 
then observing the resultant products by 
light microscopy (7). 

In Fig. 1, A and B, the flagellum of a 
parasite is shown extending from the sur- 
face of a BESM cell at approximately 20 
minutes after treatment with the PEG so- 
lution. Flagella (one to five per hetero- 
karyon) exhibited typical, sinusoidal mo- 
tion for up to 3 to 4 hours, after which 
time they became less active and more 
difficult to observe. The anisotropic na- 
ture of the parasite's kinetoplast, an ex- 
tranuclear DNA-containing organelle, en- 
ables it to be detected by polarized light 
(8). During the early stages of fusion, the 
kinetoplast was observed in the verte- 
brate cell cytoplasm either close to or 
some distance from the proximal end of 
the flagellum (Fig. 1, C and D). Neither 
the limiting membrane nor the nucleus of 
the parasite could be visualized. 

To identify the parasite nucleus in the 
heterokaryon, we repeated the above ex- 
periments using [3H]thymidine-labeled 
epimastigotes (9). An example of such an 
epimastigote is shown in Fig. 1E. Figure 
IF shows a portion of a binucleate T. 
cruzi x BESM heterokaryon with a la- 
beled parasite nucleus and an unlabeled 
BESM nucleus. Only the nucleus of the 
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ing structures of the parasite could not 
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Heterokaryons remained viable, as in- 
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Vertebrate Cells Express Protozoan Antigen After Hybridization 

Abstract. Epimastigotes, the invertebrate host stage of Trypanosoma cruzi, the 

protozoan parasite causing Chagas' disease in man, were fused with vertebrate cells 

by using polyethylene glycol. Hybrid cells were selected on the basis of T. cruzi 
DNA complementation of biochemical deficiencies in the vertebrate cells. Some 
clones of the hybrid cells expressed T. cruzi-specific antigen. It might be possible to 
use selected antigens obtained from the hybrids as vaccines for immunodiagnosis or 

for elucidation of the pathogenesis of Chagas' disease. 
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Fig. 1. Photomicrographs of BESM x T. cruzi epimastigote hetero- 
karyons. (A and B) Phase-contrast micrographs approximately 20 
minutes after treatment with polyethylene glycol, showing the "site" 
of fusion. The parasite flagellum, which extends from the hetero- 
karyon, exhibits typical sinusoidal motion. Note the vacuolation 
around the site of fusion and the absence of an "intact" parasite. The 
arrow points to the parasite kinetoplast in the BESM cell cytoplasm. 
(C and D) Polarized light micrographs of the same heterokaryon 
showing the parasite kinetoplast (arrow). The scale bar in (D) repre- 
sents 5 /zm. (E) A [3H]thymidine-labeled epimastigote with silver 
grains over the nucleus (arrow). (F) A portion of a heterokaryon 
formed by fusing a BESM cell with a [3H]thymidine-labeled epimastigote, fixed and processed for autoradiography 24 hours after treatment with 
polyethylene glycol. The arrow indicates the labeled epimastigote nucleus adjacent to the unlabeled BESM nucleus (N). Scale bar, 10 tm. 

dicated by cellular migration, for at least 
3 days, after which time cultures were 
overgrown because of the faster growth 
rate of unfused cells. Cells infected with 
T. cruzi were not observed in any of 
these cultures. 

A second procedure for fusion, a mod- 
ification (10) of the suspension technique 
(11), was used to obtain hybrid cell lines. 
Epimastigotes were fused to P3-x63Ag8 
cells and selection for hybrids was car- 
ried out in Dulbecco's modified Eagle's 
minimal essential medium containing 
hypoxanthine, aminopterine, and thymi- 
dine (HAT) (12) at 37?C. Because of an 
enzyme deficiency, P3-x63Ag8 cells are 
HAT-sensitive (2). Epimastigotes, how- 
ever, are HAT-resistant and grow nor- 
mally at their permissive temperature of 
23?C. At 37?C, epimastigote growth is in- 
hibited (13, 14). Consequently, the pro- 
cedure of growing fusion products at 
37?C in HAT medium allows for the se- 
lection of T. cruzi x P3-x63Ag8 hybrids. 

At about 3 weeks after fusion, stocks 
of hybrid cells were pooled and cloned 
by the limiting dilution technique. The 
cloning procedure was repeated twice 
more and clones were grown at 37?C. 
The resultant hybrid cell cultures were 
tested for the expression of T. cruzi-spe- 
cific antigen by an indirect immuno- 
fluorescent antibody assay (15). Three 
hybrid cultures expressed T. cruzi anti- 
gen even after 14 weeks of serial cultiva- 
tion after fusion. A demonstration of ex- 
pression of T. cruzi antigen by one of 
these hybrids is shown in Fig. 2. None of 
the hybrid clones were infected with T. 
cruzi. 
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The mechanism by which the genetic 
material of T. cruzi is incorporated into 
the vertebrate cell nucleus is unknown. 
The fusion of vertebrate cells results in 
binucleate heterokaryons in which ad- 
mixing of genetic material occurs during 
the first mitotic division after fusion (16). 
Hybridization can then be demonstrated 
by karyotypic analysis (17-19). How- 
ever, the nuclear DNA of T. cruzi is not 
organized into chromosomes typical of 
eukaryotic cells, and the nuclear mem- 
brane remains intact during mitosis (20). 
As karyotypic analysis is not possible 
with this organism, it is proposed that 
the expression of T. cruzi antigen by the 
hybrid cells after 14 weeks of continuous 
culture demonstrates the presence of 
functional parasite DNA. 

The antigen or antigens expressed by 
the T. cruzi x P3-x63Ag8 hybrid clones 
have not been characterized. However, 
a variety of selected antigens produced 
by the hybrid clones may be used for 
studies on vaccination, immunodiagno- 
sis, or immunopathogenesis of Chagas' 
disease. Serums or antibodies from pa- 
tients with Chagas' disease enhance the 
penetration of vertebrate cells by T. 
cruzi in vitro (21). Identification of the 
antigens responsible for the induction of 
the antibodies that mediate this enhance- 
ment is important especially for studies 
concerning vaccine production. Ulti- 
mately, it may be possible to use anti- 
gens from T. cruzi x vertebrate cell hy- 
brids as noninfectious vaccines. In this 
respect, selection of antigens with pro- 

Fig. 2. Immunofluorescent staining of T. cruzi antigen. The cells were air-dried, fixed (1.5 per- 
cent formaldehyde in PBS for 15 minutes at 0?C), incubated with rabbit antiserum to T. cruzi, 
and stained with FITC-conjugated goat antiserum to rabbit globulin. (A) Epimastigotes of T. 
cruzi showing a positive reaction to antiserum to T. cruzi. (B) P3-x63Ag8 cells showing a nega- 
tive reaction to antiserum to T. cruzi serum. (C) A hybrid of T. cruzi x P3-x63Ag8 showing a 
positive reaction to antiserum to T. cruzi. Scale bar, 10 gm. 
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tective activity and elimination of anti- 
gens with harmful effects should be pos- 
sible. 

To our knowledge, this is the first de- 
scription of successful fusion and hybrid 
formation between invertebrate and ver- 
tebrate cells. However, the ability of T. 
cruzi to fuse with mammalian cells may 
not be unique; it may be possible to fuse 
other invertebrate cells, such as pro- 
tozoans or cells from metazoan para- 
sites, to vertebrate cells and obtain hy- 
brid cell lines that could be beneficial in 
improving our general understanding of 
parasite-induced infectious diseases. 

MARK ST. J. CRANE 
JAMES A. DVORAK 

Laboratory of Parasitic Diseases, 
National Institute of Allergy and 
Infectious Diseases, 
National Institutes of Health, 
Bethesda, Maryland 20205 

References and Notes 

1. F. C. Goble, in Immunity to Parasitif Diseases, 
G. J. Jackson, R. Herman, I. Singer- Eds. (Ap- 
pleton-Century-Crofts, New York, 19/0), vol. 2, 
p. 597. 

2. G. Kohler and C. Milstein, Nature (London) 
256, 495 (1975). 

3. G. J. Bone and M. Steinert, ibid. 178, 308 
(1956). 

4. J. A. Dvorak and T. P. Hyde, Exp. Parasitol. 
34, 268 (1973). 

5. The BESM (bovine embryo skeletal muscle) 
cells (2.5 x 104 per milliliter) were grown on 
round cover glasses ('5 mm in diameter), and 
then 3 x 107 to 4 x 1:' epimastigotes in phos- 
pbh te-buffered saline 6^BS) were added on top 
of :he BESM cover gl, i3s culture supported by a 
Dc:-in plug in a centrifuge tube and centri- 
fuged at 600g for 10 minutes. The supernatant 
fluid was removed and the cover glass placed for 
1 minute into a PEG solution [50 percent PEG 
(molecular weight 1540) in PBS], rinsed, and 
placed in a Dvorak-Stotler culture chamber (7) 
for observation. 

6. K. A. O'Malley and R. L. Davidson, Somatic 
Cell Genet. 3, 441 (1977). 

7. J. A. Dvorak and W. F. Stotler, Exp. Cell Res. 
68, 144 (1971). 

8. J. A. Dvorak, unpublished data. 
9. An epimastigote culture, in the exponential 

phase of growth, was labeled with 10 AuCi of 
[methyl-3H]thymidine per milliliter (Amersham; 
specific activity, 5.0 Ci/mmole) for 1 hour, 
washed twice by centrifugation, reincubated at 
23?C for 9 hours, and exposed to [methyl- 
3H]thymidine ,;,ain for 1 hour. This procedure 
labeled approxinately 100 percent of the para- 
site population. 

10. A pellet of 6 x 106 P3-x63Ag8 cells and 7 x 107 
epimastigotes was resuspended in 0.5 ml of a 50 
percent (weight to volume in PBS) solution of 
PEG 1540, mixed for 1 minute, and then diluted 
with Dulbecco's modified Eagle's minimal es- 
sential medium supplemented with 10 percent 
fetal calf serum. After overnight incubation, the 
medium was supplemented with 10-4M hypo- 
xanthine, 4 x 10-7M aminopterine, 1.6 x 
10-5M thymidine, and 3 x 10-6M glycine (12). 

11. R. L. Davidson and P. S. Gerald, Somatic Cell 
Genet. 2, 165 (1976). 

12. J. W. Littlefield, Science 145, 709 (1964). 
13. At 23?C there is a 20-fold increase in the number 

of epimastigotes grown over a period of 8 days 
in either normal or HAT medium. At 37?C, there 
is only a twofold increase in the number of epi- 
mastigotes, grown over a period of 6 days. 

14. J. F. Fernandes and 0. Castellani, Exp. Para- 
sitol. 18, 195 (1966). 

15. Rabbits were inoculated subcutaneously (mul- 

tective activity and elimination of anti- 
gens with harmful effects should be pos- 
sible. 

To our knowledge, this is the first de- 
scription of successful fusion and hybrid 
formation between invertebrate and ver- 
tebrate cells. However, the ability of T. 
cruzi to fuse with mammalian cells may 
not be unique; it may be possible to fuse 
other invertebrate cells, such as pro- 
tozoans or cells from metazoan para- 
sites, to vertebrate cells and obtain hy- 
brid cell lines that could be beneficial in 
improving our general understanding of 
parasite-induced infectious diseases. 

MARK ST. J. CRANE 
JAMES A. DVORAK 

Laboratory of Parasitic Diseases, 
National Institute of Allergy and 
Infectious Diseases, 
National Institutes of Health, 
Bethesda, Maryland 20205 

References and Notes 

1. F. C. Goble, in Immunity to Parasitif Diseases, 
G. J. Jackson, R. Herman, I. Singer- Eds. (Ap- 
pleton-Century-Crofts, New York, 19/0), vol. 2, 
p. 597. 

2. G. Kohler and C. Milstein, Nature (London) 
256, 495 (1975). 

3. G. J. Bone and M. Steinert, ibid. 178, 308 
(1956). 

4. J. A. Dvorak and T. P. Hyde, Exp. Parasitol. 
34, 268 (1973). 

5. The BESM (bovine embryo skeletal muscle) 
cells (2.5 x 104 per milliliter) were grown on 
round cover glasses ('5 mm in diameter), and 
then 3 x 107 to 4 x 1:' epimastigotes in phos- 
pbh te-buffered saline 6^BS) were added on top 
of :he BESM cover gl, i3s culture supported by a 
Dc:-in plug in a centrifuge tube and centri- 
fuged at 600g for 10 minutes. The supernatant 
fluid was removed and the cover glass placed for 
1 minute into a PEG solution [50 percent PEG 
(molecular weight 1540) in PBS], rinsed, and 
placed in a Dvorak-Stotler culture chamber (7) 
for observation. 

6. K. A. O'Malley and R. L. Davidson, Somatic 
Cell Genet. 3, 441 (1977). 

7. J. A. Dvorak and W. F. Stotler, Exp. Cell Res. 
68, 144 (1971). 

8. J. A. Dvorak, unpublished data. 
9. An epimastigote culture, in the exponential 

phase of growth, was labeled with 10 AuCi of 
[methyl-3H]thymidine per milliliter (Amersham; 
specific activity, 5.0 Ci/mmole) for 1 hour, 
washed twice by centrifugation, reincubated at 
23?C for 9 hours, and exposed to [methyl- 
3H]thymidine ,;,ain for 1 hour. This procedure 
labeled approxinately 100 percent of the para- 
site population. 

10. A pellet of 6 x 106 P3-x63Ag8 cells and 7 x 107 
epimastigotes was resuspended in 0.5 ml of a 50 
percent (weight to volume in PBS) solution of 
PEG 1540, mixed for 1 minute, and then diluted 
with Dulbecco's modified Eagle's minimal es- 
sential medium supplemented with 10 percent 
fetal calf serum. After overnight incubation, the 
medium was supplemented with 10-4M hypo- 
xanthine, 4 x 10-7M aminopterine, 1.6 x 
10-5M thymidine, and 3 x 10-6M glycine (12). 

11. R. L. Davidson and P. S. Gerald, Somatic Cell 
Genet. 2, 165 (1976). 

12. J. W. Littlefield, Science 145, 709 (1964). 
13. At 23?C there is a 20-fold increase in the number 

of epimastigotes grown over a period of 8 days 
in either normal or HAT medium. At 37?C, there 
is only a twofold increase in the number of epi- 
mastigotes, grown over a period of 6 days. 

14. J. F. Fernandes and 0. Castellani, Exp. Para- 
sitol. 18, 195 (1966). 

15. Rabbits were inoculated subcutaneously (mul- 
tiple sites) with 1 ml of a mixture containing 0.5 
mg of protein (disrupted epimastigotes) and 0.5 
ml of complete Freund's adjuvant on days 1 and 
14. Rabbit antiserum to T. cruzi and normal 
rabbit serum were absorbed with lyophilized P3- 
x63Ag8 cells. Fluorescein isothiocyanate- 

tiple sites) with 1 ml of a mixture containing 0.5 
mg of protein (disrupted epimastigotes) and 0.5 
ml of complete Freund's adjuvant on days 1 and 
14. Rabbit antiserum to T. cruzi and normal 
rabbit serum were absorbed with lyophilized P3- 
x63Ag8 cells. Fluorescein isothiocyanate- 

(fITC)-conjugated goat antiserum to rabbit 
globulin (Gibco) was absorbed with lyophilized 
epimastigotes and P3-x63Ag8 cells. 

16. T. Yamanaka and Y. Okada, Exp. Cell Res. 49, 
461 (1968). 

17. G. Barski, S. Sorieul, F. Cornefert, J. Natl. 
Cancer Inst. 26, 1269 (1961). 

18. S. Sorieul and B. Ephrussi, Nature (London) 
190, 653 (1961). 

(fITC)-conjugated goat antiserum to rabbit 
globulin (Gibco) was absorbed with lyophilized 
epimastigotes and P3-x63Ag8 cells. 

16. T. Yamanaka and Y. Okada, Exp. Cell Res. 49, 
461 (1968). 

17. G. Barski, S. Sorieul, F. Cornefert, J. Natl. 
Cancer Inst. 26, 1269 (1961). 

18. S. Sorieul and B. Ephrussi, Nature (London) 
190, 653 (1961). 

Maternal inheritance of chloroplasts 
and mitochondria is probably one of the 
least understood phenomena in higher 
plant genetics. The generally accepted 
model (1) involves simple physical ex- 
clusion of the paternal organelles due to 
the small size of the male generative cell. 
Physical exclusion rather than alteration 
of the chloroplasts and mitochondria was 
also indicated by the fact that apparently 
normal green haploid plants, supposedly 
with normal plastids, were obtained from 
tissue culture of uninucleate pollen in a 
number of different species (2). 

However, in Oryza, Hordeum, and 
Triticum (3), white haploid plantlets from 
uninucleate pollen are frequently ob- 
tained, indicating that the chloroplast 
may be altered prior to the formation of 
vegetative and generative cells. To in- 
vestigate this apparent alteration, we did 
an ultrastructural study of a collection of 
albino rice plantlets and of developing 
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pollen grains of Hosta and rice. From 
these we hoped to obtain information 
concerning the mechanism of maternal 
inheritance. 

Materials were fixed for electron mi- 
croscopy by the standard glutaralde- 
hyde-osmium technique, although for 
tissue culture plantlets 0.3M ribonu- 
clease-free sucrose and 0.5 percent 
(weight to volume) caffeine were added 
to buffered glutaraldehyde. Specimens 
were subsequently handled as described 
by Travis et al. (4). Plant materials used 
were a rice albino from U.S. Department 
of Agriculture (USDA) stocks, eight rice 
albinos from S.-C. Woo in Taiwan (all al- 
bino plantlets were obtained from uni- 
nucleate pollen), and developing pollen 
grains of rice and Hosta. 

The leaves of white rice plantlets de- 
rived from uninucleate pollen grains 
show structures that are recognizable as 
plastids by several criteria. Observed 
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Fig. 1. Ultrastructural aspects of some albino plantlets of rice. (A) Plastid from albino obtained 
from the USDA (x25,000). (B) Plastid from one of the albino strains obtained from S.-C. Woo, show- 
ing a distinct fibrillar area (arrow) (x 18,000). (C) Group of cells from an albino rice strain where 
the mesophyll cells accumulate starch in the plastids (x4,500). (D) Mitochondrial aggregate 
from an albino rice strain obtained from Woo (x 25,000). 
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Organelle Alteration as a Mechanism for Maternal Inheritance 

Abstract. An ultrastructural study of pollen-derived plants and normal microspore 
development indicates that chloroplasts and mitochondria are physically altered dur- 
ing microsporogenesis. These changes appear to debilitate the organelle so that only 
chloroplasts and mitochondria of the female parent are contributed to the offspring. 

Organelle Alteration as a Mechanism for Maternal Inheritance 

Abstract. An ultrastructural study of pollen-derived plants and normal microspore 
development indicates that chloroplasts and mitochondria are physically altered dur- 
ing microsporogenesis. These changes appear to debilitate the organelle so that only 
chloroplasts and mitochondria of the female parent are contributed to the offspring. 

196 196 SCIENCE, VOL. 208, 11 APRIL 1980 SCIENCE, VOL. 208, 11 APRIL 1980 


	Article Contents
	p. 194
	p. 195
	p. 196

	Issue Table of Contents
	Science, Vol. 208, No. 4440, Apr. 11, 1980, pp. 93-224
	Front Matter [pp. 93-136]
	Letters
	Occupational Lead Exposure: What are the Risks? [pp. 129-131]
	Is Evacuation the Best Policy? [pp. 131-132]
	Scanner Development [p. 132]

	Erratum: Saturnian Trapped Radiation and its Absorption by Satellites and Rings: The First Results from Pioneer I1 [p. 132]
	Energy Policies of the United States and U.S.S.R. [p. 135]
	Breeder Reactors in France [pp. 137-144]
	Blue Light and Bilirubin Excretion [pp. 145-151]
	International Politics and Science: Frank Press in Venezuela [pp. 151-153]
	News and Comment
	Latest Saccharin Tests Kill FDA Proposal [pp. 154-156]
	MX on Land or Sea? [p. 155]
	Texas Puts Together Winning Fusion Team [pp. 158-160]
	East Coast Maps to Alert Industry to Ecology Conflict [p. 159]
	R & D Will Share in Budget Cuts [p. 160]

	Briefing
	Controversial Scientist Considers Leaving NCI [p. 156]
	Proxmire Reenters the Ring after Scientist Lands a Hit [pp. 156-157]
	SST Supporters Fly above the Economic Fray [p. 157]

	Research News
	The 1980 Pittsburgh Conference: A Special Instrumentation Report [p. 161]
	Options for Preparative and Analytical HPLC [pp. 161-163]
	Portable Elemental Analyzers Pushed [pp. 163-164]
	IC Versatility Promotes Competition [pp. 164-168]
	Instrument Highlights [pp. 165-167]

	Book Reviews
	O-Type Stars [p. 169]
	Antecedents in Meteorology [pp. 169-170]
	A Plant Family [pp. 170-171]
	Binocularity [p. 171]

	Reports
	Convection in a Rotating Layer: A Simple Case of Turbulence [pp. 173-175]
	Evolutionary Implications of Pliocene Hominid Footprints [pp. 175-176]
	Silicone Rubber Substrata: A New Wrinkle in the Study of Cell Locomotion [pp. 177-179]
	``Transdifferentiation'' of C6 Glial Cells in Culture [pp. 179-181]
	Differential Avoidance of Mimetic Salamanders by Free-Ranging Birds [pp. 181-182]
	High-Molecular-Weight Immunoreactive β-Endorphin in Extracts of Human Placenta is a Fragment of Immunoglobulin G [pp. 183-185]
	A Nonadrenergic Vagal Inhibitory Pathway to Feline Airways [pp. 185-188]
	Inhibition of Cell Division and Growth by a Redox Series of Cyanine Dyes [pp. 188-191]
	Phorbol Ester Action is Independent of Viral and Cellular src Kinase Levels [pp. 191-193]
	Photoluminescent Thermometer Probes: Temperature Measurements in Microwave Fields [pp. 193-194]
	Vertebrate Cells Express Protozoan Antigen after Hybridization [pp. 194-196]
	Organelle Alteration as a Mechanism for Maternal Inheritance [pp. 196-198]
	Magnesium Deficiency Produces Spasms of Coronary Arteries: Relationship to Etiology of Sudden Death Ischemic Heart Disease [pp. 198-200]
	Faster Cholinergic REM Sleep Induction in Euthymic Patients with Primary Affective Illness [pp. 200-202]
	Preschool Programs and Later School Competence of Children from Low-Income Families [pp. 202-204]

	Back Matter [pp. 171-224]





