
present in human tissue, as has been 
suggested by Sutherland (26), concomi- 
tant PR during near-UV irradiation, in- 
teracting with efficient dark DNA repair 
systems, should reduce but not eliminate 
DNA damage from solar UV radiation. 
However, if an effective PR enzyme is 
not present in human skin or the human 
eye, stringent precautions are appropri- 
ate when the possibility exists of expo- 
sure to moderate to high fluences of 
near-UV radiation. 
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shells were boiled, and both replica and 
natural shells were handled with dispos- 
able gloves (IS) to control for additional Calcium-Bearing Objects Elicit Shell Selection chemical cues. Shell selection was exam- 
ined by binary choice tests between a 
natural and replica shell or a pair of 

Behavior in a Hermit Crab 

Abstract. Hermit crabs explore empty gastropod shells by touching, rolling, and 
probing them before choosing one for a home. This component of shell selection 
behavior was examined in Pagurus hirsutiusculus hirsutiusculus (Dana) with binary 
choice tests between natural shells and accurate replicas of the shells with different 
chemical compositions. The results show that calcium emanating from the surface of 
shells is responsible for the behavior. Sensitivity to calcium may be a factor that 
enables the hermit crab to locate partially buried shells and discriminate empty 
shells from ones housing living gastropods or from small pebbles. 

replicas of the gastropod shell Nucella 
emarginata or N .  canaliculata. Crabs 
were removed from the shells in which 
they were found and placed in an 
opaque, round test chamber with an exit 
to a larger container. Two shells 
(choices), side by side with their aper- 
tures down, were placed directly outside 
the exit. Animals were tested only once. 
Shell positions were alternated between 
trials to control for side preferences. 
Except for animals tested in complete 
darkness, crabs were scored only if they 

Many hermit crab species carefully 
select the gastropod shells they inhabit 
(1-4) and exhibit a complex behavioral 
sequence before accepting a shell (2, 5). 
Briefly, the selection process begins with 
the hermit crab grasping a shell with its 
walking legs and running its opened che- 
lae over the surface. It then rolls the 
shell over between its appendages until it 
finds the aperture and probes the open- 
ing with the chelae. If the hermit crab 
lacks a shell, aperture probing is always 
followed by rapid insertion of the crab's 
abdomen into the shell (Fig. 1). 

The specific features of shells that the 
crab examines and how each indepen- 
dently affects the choice of a shell was 
not known (6, 7). To study this, replicas 
of natural shells, including their fine tex- 
tural features, were constructed. Origi- 
nal shells served as a standard for artifi- 
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cia1 replicas of different compositions. 
Independent variation of shell parame- 
ters allowed assessment of the contribu- 
tion of each to shell selection (8). 

Using this technique, I found that cal- contacted both shells. 
To test the effects on behavior of par- 

ticular minerals, a sample was placed in 
Table 1. Results obtained from binary choice 
tests with the hermit crab P, hirsutiusculus. 

the test chamber at a fixed position just 
outside the crab's refuge (a few rocks). 
Animals were given a maximum of five Number of 

animals Nun-  
choosing be' 

Condition of 
Natu- Rep- ani- 

ral lica mals 
shell shell 

contacts with only one sample and 
scored if full exploratory behavior was 
observed (14). 

In tests of selection between plaster 
replica shells and natural shells, 26 of 26 
hermit crabs preferred replica shells. Seawater 0 26 26 

Seawater saturated 13* 9* 22 
with CaSO, 

No visual informa- 0 8 8 
tion, seawater 

Hermit crabs that were in contact with 
both shells explored the surface of the 
plaster replica shells first; further explo- 
ration was followed by acceptance of the 
plaster shells. *Not significantly different by the chi-square test. 
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A possible feature of plaster replicas 
that might have influenced the crabs was 
a greater amount of free calcium; plas- 
ter shells are made exclusively of 
CaS04 - HzO, whereas natural gastro- 
pod shells are composed primarily of 
slightly soluble CaC03. Plaster replicas 
dissolve in seawater within a few days, 
and the high solubility of CaS04 . H20 
suggested that it might be solubilized 
calcium at the shell surface that triggers 
shell exploration. When the amount of 
calcium dissociating from the plaster 
replicas was lowered by nearly saturat- 
ing the seawater with CaS04 e H20, the 
preference for plaster shells was abol- 
ished (Table 1) (15). 

To test for the possibility that calcium 
stimulates exploratory behavior, crabs 
were presented with small and smooth 
randomly shaped pieces of calcium- and 
noncalcium-containing minerals. The 
samples lacked both the texture of shell 
surfaces and an aperture. In the presence 
of noncalcium-containing minerals, crabs 
(N = 40) did not exhibit any exploratory 
behavior. However, crabs ( N  = 30) ex- 
amined samples containing calcium and 
rolled them several times. The mineral 
celestite (SrS04) was used to test for 
possible effects of SO4 contained in plas- 
ter replicas (16). In addition, SrS04 was 
used to examine the specificity for calci- 
um since strontium mimics the effects of 
calcium in other biological systems (17). 
No crabs explored the celestite samples 
or other noncalcium-containing minerals 

Table 2. Responses of P. hirsutiusculus to 
pieces of minerals. Samples were in the same 
weight range as shells which were explored, 
between 0.8 and 2 g. Each animal was allowed 
a maximum of five contacts with each type of 
mineral. All pieces of minerals which con- 
tained calcium elicited exploratory behavior 
within two contacts. 

Number of Num- 
animals ber 

Mineral showing of 
exploratory ani- 

behavior mals 

CaCO, (calcite) 10 10 
CaC03 (aragonite) 10 10 
CaS04 2H20 10 10 

(natural gypsum) 
SrSO, (celestite) 0 10 
MnC03 0 10 

(rhodochrosite)* 
FeC03 (siderite) 0 10 
Si02 (quartz) 0 10 

*Rhodochrosite was found to elicit some surface 
examination, but the sample was not rolled over; the 
~uritv of the mineral was not analvzed with reswct 
io  caicium. 

tested (Table 2). To control for the possi- 
ble influence of size and shape of sam- 
ples, each mineral sample was replicated 
in plaster. The 40 hermit crabs that pre- 
viously ignored the minerals lacking cal- 
cium, fully explored the replicas. 

To examine the effect of calcium ema- 
nating from replica or natural shells on 
exploratory behavior, a thin layer of 
sealant was applied over the shell sur- 
faces (9). When coated shells were pre- 
sented as alternatives to uncoated ones, 

Fig. I .  The hermit crab P. hirsutiusculus given a choice between a natural shell (Nucella 
canaliculata) on the right and its plaster replica on the left. (A) Hermit crab approaching shells 
and (B) in contact with both shells, a requirement for scoring. (C) The plaster shell is explored 
and rolled until the aperture is probed. (D) The replica plaster shell is selected. 

90 hermit crabs (100 percent) selected 
uncoated natural and replica shells over 
coated ones. Although hermit crabs 
came in contact with coated shells and 
did not actively avoid them, the behav- 
iors associated with shell selection were 
not elicited (9). A final possibility was 
that a difference in color between natural 
and replica shells influenced selection. 
To control for this, crabs were tested in 
complete darkness or with paint cover- 
ing the crabs' eyes. Under these condi- 
tions animals selected replica shells. 

To further demonstrate that explor- 
atory behavior is dependent on the pres- 
ence of calcium, crabs were presented 
with a choice between a small piece of 
calcite and a natural shell of equal weight 
which had been coated with a thin Au-Pd 
film of approximately 100 A. This en- 
sured that most of the microsurface 
structure of the shell was intact but that 
little or no calcium was present at the 
shell surface. The 12 animals which had 
contact with both objects explored the 
calcite mineral but ignored the coated 
shell. 

Calcium may play a role in the shell 
selection behavior of other species of 
hermit crabs. Hertz (18) observed that 
Clibanarius misanthropus did not aban- 
don long, narrow plaster containers even 
when they could exchange them for nat- 
ural shells. Containers were explored for 
longer times than were natural shells of 
three species, and it was concluded that 
the stimulus was the shape of the plaster 
models. Sensitivity to calcium would be 
an alternative explanation. Reese (2), 
using a procedure that did not involve a 
choice, concluded that the hermit crab 
P. samuelis (Stimpson) does not rely on 
a chemical cue in selecting a shell. I 
observed that when given a choice 16 of 
16 crabs of this species preferred shells 
which had calcium at the surface (19). 

I conclude from these results that for 
P. hirsutiusculus a single inorganic sub- 
stance, calcium, is the active factor at 
the surface of a shell which triggers shell 
exploration leading to the selection of a 
shell. It has been shown that hermit 
crabs are capable of finely tuned behav- 
ior in response to chemical signals other 
than feeding attractants (20, 21), and 
small molecules (possibly peptides), re- 
leased by partially digested gastropods, 
attract hermit crabs (22). In such situa- 
tions the crabs do not generally feed but 
exhibit behaviors associated with acqui- 
sition of a newly emptied shell (20, 21). 

For a hermit crab survival is enhanced 
by having a shell (23), especially an 
adequate one (24, 25). Fecundity (26, 
23,  population densities (28, 29), and 
growth rates (27, 30) increase as the 
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number of adequate shells increases. Pa- 
gurus hirsutiusculus lives in an environ- 
ment where adequate shells are scarce 
(11, 28). Sensitivity to  calcium may en- 
able this species to locate partially bur- 
ied shells, thus increasing the number of 
shells available for habitation. Living in 
an area with a siliceous-based substrate 
and little coral, P. hirsutiusculus may be 
able to discriminate empty shells from 
those housing living gastropods (31) as  
well as  from pebbles or unsuitable 
homes. 

Calcium is one of the most important 
control and regulatory substances in 
physiological systems (32), but reports of 
the elicitation of behavior by metal ions 
such as  calcium are rare (33). Studies of 
the effects of calcium on whole animal 
systems may reveal a role for calcium 
sensitivity in other species. 

KAREN ANNE MESCE 
Department of Biology, 
University of Oregon, 
Eugene 97403 
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Monoclonal Antibody to Acetylcholine Receptor: Cell Line 
Established from Thymus of Patient with Myasthenia Gravis 

Abstract. A human B cell line producing a monoclonal antibody to an antigenic 
determinant of acetylcholine receptors was established by cloning B cells that had 
been transformed in vitro by Epstein-Burr virus. The B cells were obtained from the 
thymus of a patient with myasthenia gravis. The antibody produced by the cell line 
precipitated acetylcholine receptors from denervated and innervated rat muscle and 
from human muscle, but did not show detectable response to the acetylcholine 
receptors from the electric organs of Narke japonica. The monoclonal antibody 
showed identical binding patterns in innervated and denervated rat muscles. Passive 
transfer of the monoclonal antibody into rats induced moderate muscle weakness 
and electromyographic changes characteristic of myasthenia gravis. 

Myasthenia gravis (MG) is an autoim- 
mune disease in which neuromuscular 
transmission is impaired by autoantibod- 
ies to acetylcholine receptors (AChR). 
Monoclonal antibodies against Torpedo 
AChR produced by hybridoma cells 
have been used to identify individual 
determinants of AChR (1, 2). Only some 
of the antigenic determinants of Torpedo 
AChR proved to be shared with mamma- 
lian AChR and to induce MG (2). 

Using B cells from the thymus of a 
patient with MG, we have now estab- 
lished a human B cell line producing a 
monoclonal antibody against AChR by 
cloning the cells after their transforma- 
tion in vitro by Epstein-Barr virus. We 
chose the thymus as  a source of B cells 
sensitized with AChR because antibod- 
ies to  AChR have been found in 70 
percent of the tissue extracts and culture 
fluids of the thymus and in germinal 
centers in the thymus of patients with 
MG (3-5). 

Thymus lymphocytes from a patient 
with MG were suspended in RPMI-1640 
medium with 20 percent fetal calf serum 
(6). Eight parts of thymus lymphocyte 
suspension (2 x 10' cells per milliliter) 
were mixed with two parts of the culture 
fluid of B95-8 cells (used as a source of 
Epstein-Barr virus) (7). After incubation 
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at 37°C for 3 hours, enough culture medi- 
um was added to adjust the cell concen- 
tration to 2 x lo6 per milliliter. The lym- 
phocytes were cultured further for 1 
month in Linbro plates (76-033-05) in a 
humidified atmosphere of 5 percent C 0 2  
in air at 37°C. Half the volume of medi- 
um was changed once or twice a week. 
One month after the culture was started, 
the amount of antibody to AChR in the 
supernatant of each well of the Linbro 
plates was assessed, and the cell clusters 
producing relatively high titers of the 
antibody were dispersed to form new 
clusters. This procedure was repeated 
two times, until a cluster producing a 
reasonably high titer of the antibody was 
obtained. This cluster was used as  a 
source for cloning the antibody-produc- 
ing cells. Cells producing antibody to 
AChR were cloned twice by limiting 
dilution (0.4 cell in 0.2 ml per well) in 
Microtest I1 plates (Falcon 3040) in the 
presence of feeder cells (lo4 cells per 
well) prepared by x-ray irradiation (2000 
rads) of autologous lymphocytes that did 
not secrete antibody to AChR or  by 
treating the cells with mitomycin C a t  a 
concentration of 50 pglml for 30 minutes 
at 37°C. Feeder cells were not prolifera- 
tive under these conditions. Four weeks 
after the cells were cloned, supernatants 
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