
By low-loss SEM, the head (h) of the 3C 
phage appears cylindrical (Figs. 2 and 3). 
Two slightly different head configurations 
are observed in SEM, STEM, and TEM 
micrographs. Most of the phage heads 
have straight, parallel sides along the verti- 
cal (long) axis. Other heads appear swol- 
len; the length of the head remains con- 
stant, but the sides of the long axis appear 
to bulge, or seem dented or collapsed (Fig. 
2, arrow). By STEM we find that these 
bulging or collapsed heads are more trans- 
parent, suggesting that they are devoid of 
nucleic acid. The altered head morphology 
may be due to capsid fragility after nucleic 
acid expulsion. When compared to the size 
of phage heads seen by STEM, those ob- 
served by SEM appear uniformly larger. 
We attribute this fact to the metal coating 
on the surface of the SEM sample (ap- 
proximately 50 A in thickness). 

At the point of attachment of the head, 
the tail (t) narrows markedly (n), appear- 
ing one-half as thick (Figs. 1 to 3). This is 
similar to the TEM micrographs of Tikho- 
nenko (9), who reported a narrowing of the 
tail in the neck region (n) of negatively 
stained phage Polonus X of Mycobacte- 
rium tuberculosis, a similar noncontractile 
phage. When examined at high magnifica- 
tions, the end plate of the tail is found to 
consist of a number of lobular projections 
(Fig. 4), which corresponds to the postu- 
lated type III end plate found in group IV 
phages (10). To our knowledge this is the 
first time this structure has been verified. 

Low-loss SEM images of the T4 coli- 
phage clearly show the head, tail, and end 
plate (I ) (Figs. 5 to 7). At the junction be- 
tween the head and tail, there appears to be 
a band girdling the neck, corresponding to 
the "tail collar" first reported by Anderson 
(12) (Figs. 5 and 6, white arrows). In some 
instances, it seems possible in the SEM im- 
age to resolve the period of the helical tail 
sheath (Fig. 6, white arrow). At the base of 
the tail there is an enlarged region, and at 
high magnifications small projections (s) 
can be seen extending from the end plate 
(Figs. 5 to 7). In cases where the tail is up- 
permost, the sixfold symmetry of the end 
plate is clearly seen together with the cen- 
tral core (Fig. 7, black line). STEM images 
of coliphages show similar spikes project- 
ing from the lower surface of the end plate 
(13). Also in the untriggered phage, long, 
thin, threadlike structures extend from the 
end plate up along the vertical axis of the 
tail and often project onto the head (Fig. 5, 
black arrows). These may be the tail fibers 
that were not obscured by the metal coat- 
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Small globular particulates are observed 
on the surfaces of both bacteria and phages 
(particulate size, 10 to 30 A) at very high 
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magnifications (Figs. 5 to 7). These partic- 
ulates are presumed to be a product of the 
coating rather than significant biological 
ultrastructure, because they are also seen 
on the otherwise smooth surface of the 
SiO2 substrate. We have found that the 
amount of ultrastructural detail that is ob- 
scured by the coating is significantly less 
when the coating thickness is reduced. For 
example, see Fig. 6 where there is clear evi- 
dence of the period of the helical sheath 
(arrow), whereas in Fig. 5 this periodicity 
is obscured. The coating in Fig. 6 was 25 A 
compared to 50 A in Fig. 5. It should be 
possible by refinement of the evaporation 
technique to further reduce the granularity 
of the evaporated coating. It may also be 
that sufficient density can be provided to 
the specimen by surface doping with mate- 
rial of high atomic number through the use 
of a binding agent (14). Preliminary ex- 
periments in which heavy metal staining 
procedures have been used to enhance con- 
trast have proven successful (15). 

We have successfully shown that surface 
and internal ultrastructure of phages can 
be studied at useful magnifications as high 
as 500,000x and point-to-point resolution 
approaching 20 A (7-A resolution using the 
"width of the dark space" criterion) by 
SEM using the low-loss method (2), and by 
STEM operation of the same instrument 
at resolution similar to TEM. The clarity 
of the micrographs, superior resolution, 
lack of sample charging effects, and versa- 
tility of examination of SEM and STEM 
make this a superior tool for biological ul- 
trastructural research. The technology 
used in the microscope is quite similar to 
that used in today's commercial electron 
microscopes. The limiting factor in high- 
resolution SEM is not only the instrument, 
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Plant lectins, which bind to specific cell 
surface carbohydrate residues, have been 
used in recent years to explore many as- 
pects of the structure and function of cell 
surfaces. One such lectin, concanavalin A 
(Con A) causes agglutination of trans- 
formed cells and embryonic cells, but not 
their normal or adult counterparts without 
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but equally the specimen preparation, and 
as with most advances in microscopy, im- 
proved methods of specimen preparation 
are just as important as improvements to 
the microscope itself. 
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previous trypsinization (1). Concanavalin 
A is capable of binding to nonagglutinable 
cell types. However, it seems to induce a 
clustering of Con A binding sites only in 
the membranes of cell types that are ag- 
glutinable (2, 3). 

It has been proposed that during mor- 

phogenesis the orderly shifts of individual 
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Distribution of Concanavalin A Receptor Sites on Specific 
Populations of Embryonic Cells 

Abstract. The early 32- to 64-cell stage of the sea urchin embryo consists of three cell 
types, easily distinguishable by size: micromeres, mesomeres, and macromeres. Only the 
micromeres are migratory. Treatment of dissociated sea urchin embryo cells with fluo- 
rescein-labeled concanavalin A (Con A) revealed a Con A-induced highly clustered or 
capped distribution of receptor sites on the micromeres. Concanavalin A did not induce 
significant clustering or capping of receptor sites on the mesomeres or macromeres. The 
results indicate that Con A receptor sites are more mobile on specific populations of ma- 
lignant-like migratory embryonic cells. 
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Fig 1. Concanavalin A receptor site distribution on the surface of a micromere, mesomere, and a 
macromere. Gametes of the sea urchin Strongylcentrotus purpuratus were obtained by injection of 
0.55M KCI. The egg suspensions were treated and fertilized as described (8). The zygotes were dis- 
tributed into beakers and allowed to develop at 17?C until the 32- to 64-cell stage was reached. Zy- 
gotes were collected and washed three times in CMF-SW with 1 percent Ficoll. Each 3 ml of packed 
cells was incubated for 10 minutes in 2 ml of 0.01M EGTA [ethylene-bis-(oxyethylenenitrilo)tet- 
raacetate] in CMF-SW with 1 percent Ficoll and gently aspirated to complete dissociation. This 
cell suspension was diluted with 10 ml of CMF-SW with 1 percent Ficoll and layered over a 5 to 15 
percent Ficoll discontinuous gradient made in a beaker. The beaker was placed in a 17?C incubator 
for 3 hours in order to separate out any cell debris, unfertilized eggs, or undissociated embryos. Cells 
were removed from the gradient, washed twice, and treated with FITC-Con A (750 tg/ml; Miles- 
Yeda) for 10 minutes in a rotating suspension at 17?C and washed in CMF-SW with 1 percent Ficoll. 
The cells were then fixed with 4 percent formaldehyde in CMF-SW with 1 percent Ficoll for 20 min- 
utes, washed twice, and mounted on slides. (a) Micromere; (b) mesomere; (c) macromere. The ex- 

periment was repeated four times with different batches of cells. In all cases 95 percent of the micro- 
meres appeared capped or highly clustered under the above conditions, while the mesomeres and 
macromeres displayed random site distributions. 
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cells and cell complexes may be due to dif- 
ferential cell surface properties (4). These 

morphogenetic movements, especially dur- 

ing gastrulation, of migratory embryonic 
cells represent a behavior pattern that is 
similar to invasiveness characteristic of 

malignant cells. Moscona has suggested 
that the Con A receptor sites may be asso- 
ciated with the capacity of malignant and 

embryonic cells to migrate and infiltrate 

(5). Dissociated sea urchin embryo cells 
and chick embryo cells are more aggluti- 
nable with Con A at early stages of devel- 

opment than at later stages (6). The de- 
crease in Con A agglutinability occurs at a 
time when there is also a decrease in mi- 

gratory activity. 
By the use of a quantitative agglutina- 

tion assay (7) we have shown that the mi- 
cromere is the only cell type at the 32- to 
64-cell stage of the sea urchin embryo that 
is agglutinable with Con A (8). Macro- 
meres and mesomeres, the other cell types 
present, are not significantly agglutinable 
with Con A (8). 

We now report a striking difference be- 
tween the visual display patterns of the 
Con A receptor sites of the micromere and 
those of the nonmigratory embryonic cell 

types (macromeres and mesomeres). 
Embryos were prepared and dissociated 

as described (8). The dissociated sea urchin 

embryo cells were fixed for 20 minutes in 4 

percent formaldehyde in calcium-magne- 
sium-free seawater (CMF-SW) with 1 per- 
cent Ficoll. Fluorescein isothiocyanate 
conjugated Con A (FITC-Con A, Miles- 
Yeda) was added to cell suspensions at a 
concentration of 750 ,g/ml. Suspensions 
were rotated for 10 minutes at 17?C and 
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washed twice in CMF-SW with 1 percent 
Ficoll before mounting on slides. When 
these cells were examined under the Leitz 

Orthoplan phase contrast fluorescence mi- 

croscope (with incident illumination from 
a xenon lamp) the distribution of Con A 

receptor sites appeared to be random on all 

three embryonic cell populations. How- 
ever, if the cells were treated with FITC- 
Con A before fixation the receptor sites on 
the micromeres were capped or highly 
clustered on about 95 percent of the cells 

(Fig. 1). The distribution of Con A recep- 
tor sites on the mesomeres and macro- 
meres remained random under these pro- 
cedures (Fig. 1). The fluorescence observed 
did not appear to be due to the uptake of 
FITC-Con A by the cells because at least 
95 percent of the fluorescence was removed 
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by incubating the FITC-Con A treated 
cells in 0.4M a-methyl-D-glucoside solu- 
tion for 20 minutes. No fluorescence was 
visible to the eye, in the latter experiment. 

The Con A-induced clustering and cap- 
ping of the receptor sites on the micro- 
meres indicates that the lateral mobility of 
these sites is similar to that observed in 
malignant cell types (2, 3). The greater lat- 
eral mobility of the Con A receptor sites 
on migratory cell types such as embryonic 
cells, lymphocytes, and neoplastic cells 
may be due to (i) a greater intrinsic fluidity 
of the lipid bilayer; (ii) a structural modifi- 
cation of the Con A receptor sites; or (iii) 
alterations in the structure of microtubules 
and microfilaments attached to the inner 
membrane surface, which might effect the 
mobility of membrane proteins and glyco- 
proteins. These possibilities and others 
have been discussed by Nicolson (3). 
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may be due to (i) a greater intrinsic fluidity 
of the lipid bilayer; (ii) a structural modifi- 
cation of the Con A receptor sites; or (iii) 
alterations in the structure of microtubules 
and microfilaments attached to the inner 
membrane surface, which might effect the 
mobility of membrane proteins and glyco- 
proteins. These possibilities and others 
have been discussed by Nicolson (3). 
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Juvenile Hormone Analogs: Detrimental Effects 

on the Development of an Endoparasitoid 

Abstract. A high incidence of mortality of the endoparasitoid Aphidius nigripes was 
observed when its host, Macrosiphum euphorbiae, was treated with juvenile hormone 

analogs. Larval and pupal stages of the parasitoid were susceptible. Off-target effects on 
natural enemies may seriously limit the use of juvenile hormone analogs, especially in in- 

tegrated control programs. 
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logs, the so-called "third generation" in- 
secticides, as a means of controlling insect 

pests has been well documented. Observed 

effects include increased mortality (1), re- 

duced fecundity (2), altered mating behav- 
ior (3), inhibition of dispersal due to abnor- 

mal wing development (4), and termi- 
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nation of diapause during periods of ad- 
verse climatic conditions (5). However, I 
believe that far too little consideration has 
been given to the possible undesirable ef- 
fects on natural enemies, especially en- 

doparasitoids. Two studies (6) of host- 

parasitoid complexes indicate that para- 
sitoid development and fecundity are unaf- 
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