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in Murex, strongly resemble the pris- 
matic structure in bivalves (8). Atyp- 
ical CaCO3 polymorphs are found dur- 

ing shell repair (2), but the presence 
of the well-ordered framework, as well 
as calcite, in a normally aragonitic shell 
of gastropods has not been previously 
reported. Both the spherulites and the 
abnormal calcite structures are proba- 
bly responses of the shell to pathological 
conditions. It is not yet known whether 
they persist as inclusions or are re- 
sorbed during restoration of the normal 
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Moscona (1) and Humphreys (2) 
have shown that extracts of certain 
sponges are capable of aggregating the 
dissociated cells of the same species 
of sponge. To determine the chemical 
nature of the responsible material in 
the extract, we studied a Chilian ma- 
rine sponge (Haliclona variabilis), using 
a crude extract of this sponge and its 

chemically dissociated cells, according 
to Humphreys' techniques (2). Our ob- 
ject was to make advances in this field 
which could contribute to the under- 
standing of several biological phenom- 
ena related to the cell surface in higher 
organisms, such as cell recognition 
and selective mutual attachment of 
cells (3); changes in cellular adhesive- 
ness preceding cell movement in nor- 
mal (4) and malignant tissues (5), 
which are particularly important in 
embryonic morphogenesis and tumor 
invasiveness.; and possibly adhesion of 
circulating tumor cells to the vascular 
endothelium (6). 

Preliminary studies by Moscona (1) 
indicate that the binding properties of 

14 JANUARY 1966 

Moscona (1) and Humphreys (2) 
have shown that extracts of certain 
sponges are capable of aggregating the 
dissociated cells of the same species 
of sponge. To determine the chemical 
nature of the responsible material in 
the extract, we studied a Chilian ma- 
rine sponge (Haliclona variabilis), using 
a crude extract of this sponge and its 

chemically dissociated cells, according 
to Humphreys' techniques (2). Our ob- 
ject was to make advances in this field 
which could contribute to the under- 
standing of several biological phenom- 
ena related to the cell surface in higher 
organisms, such as cell recognition 
and selective mutual attachment of 
cells (3); changes in cellular adhesive- 
ness preceding cell movement in nor- 
mal (4) and malignant tissues (5), 
which are particularly important in 
embryonic morphogenesis and tumor 
invasiveness.; and possibly adhesion of 
circulating tumor cells to the vascular 
endothelium (6). 

Preliminary studies by Moscona (1) 
indicate that the binding properties of 

14 JANUARY 1966 

References and Notes 

1. K. M. Wilbur and C. M. Yonge, Physiology 
of Mollusca (Academic Press, New York, 
1964), vol. 1. 

2. F. K. Mayer, Jena. Z. Naturw. 65, 487 (1931); 
K. G. von Levetzow, ibid. 66, 41 (1932); K. 
M. Wilbur and N. Watabe, Anni. N.Y. Acad. 
Sci. 109, 82 (1963). 

3. W. Biedermann, Z. Allgern. Physiol. 1, 154 
(1902); A. Abolins-Krogis, Acta Zool. Stock- 
holm 39, 19 (1958); N. Watabe and K. M. 
Wilbur, Nature 188, 334 (1960). 

4. A. A. Hirata, Biol. Bull. 104, 394 (1953). 
5. Dura Gloss; A. R. Winapick, Inc., New York. 
6. Continuous microscopic observation of the de- 

calcification of samples was made possible by 
mounting a sample on a glass slide and im- 
mersing it in water to which were added.por- 
tions of a 10-percent solution of ethylenedia- 
minetetraacetic acid (adjusted to pH 6.95 
with 0.1M tris buffer) until the mineral bi- 
refringence disappeared. 

7. N. Watabe, D. G. Sharp, K. M. Wilbur, J. 
Biophys. Biochein. Cytol. 4, 281 (1958). 

8. P. S. Galtsoff, "The American oyster," U.S. 
Fish Wildlife Serv. Fishery Bull. Ser. 64 (Super- 
intendent of Documents, Government Printing 
Office, Washington, D.C., 1964). 

9. Work performed at the National Institute of 
Dental Research during tenure of a PHS in- 
ternational fellowship by E.O.M. 

* Present address: Stazione Zoologica, Naples, 
Italy. 

20 October 1965 I 

References and Notes 

1. K. M. Wilbur and C. M. Yonge, Physiology 
of Mollusca (Academic Press, New York, 
1964), vol. 1. 

2. F. K. Mayer, Jena. Z. Naturw. 65, 487 (1931); 
K. G. von Levetzow, ibid. 66, 41 (1932); K. 
M. Wilbur and N. Watabe, Anni. N.Y. Acad. 
Sci. 109, 82 (1963). 

3. W. Biedermann, Z. Allgern. Physiol. 1, 154 
(1902); A. Abolins-Krogis, Acta Zool. Stock- 
holm 39, 19 (1958); N. Watabe and K. M. 
Wilbur, Nature 188, 334 (1960). 

4. A. A. Hirata, Biol. Bull. 104, 394 (1953). 
5. Dura Gloss; A. R. Winapick, Inc., New York. 
6. Continuous microscopic observation of the de- 

calcification of samples was made possible by 
mounting a sample on a glass slide and im- 
mersing it in water to which were added.por- 
tions of a 10-percent solution of ethylenedia- 
minetetraacetic acid (adjusted to pH 6.95 
with 0.1M tris buffer) until the mineral bi- 
refringence disappeared. 

7. N. Watabe, D. G. Sharp, K. M. Wilbur, J. 
Biophys. Biochein. Cytol. 4, 281 (1958). 

8. P. S. Galtsoff, "The American oyster," U.S. 
Fish Wildlife Serv. Fishery Bull. Ser. 64 (Super- 
intendent of Documents, Government Printing 
Office, Washington, D.C., 1964). 

9. Work performed at the National Institute of 
Dental Research during tenure of a PHS in- 
ternational fellowship by E.O.M. 

* Present address: Stazione Zoologica, Naples, 
Italy. 

20 October 1965 I 

the intercellular material in sea sponges 
are resistant to ribonuclease, deoxy- 
ribonuclease, and collagenase but sus- 
ceptible to treatment with periodate 
and thus suggest that carbohydrates 
might play a role in aggregation of 
dissociated sea-sponge cells. However, 
because periodate is a very powerful 
oxidizing agent which may act upon 
other molecules, including proteins 
with hydroxyl groups (7), we decided 
to use milder agents to establish the 
chemical nature of the cell-binding ma- 
terial. 

For this purpose, the crude extract, 
before being used in the aggregating ex- 
periments, was treated with a variety 
of enzymes. Chemically dissociated 
cells were fixed with 25-percent glu- 
taraldehyde (7:1), washed, and sus- 
pended in normal, cold sea water. The 
crude extract was dialyzed at 2?C 
against 2 mM CaCl2 for 72 hours 
and stored at 2?C. The cell aggrega- 
tion test was performed at 2? to 4?C 
with a rotatory shaker (8). Under 
these conditions the fixed cells did not 
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aggregate unless crude extract was ad- 
ded, as reported by Moscona (1). Cal- 
cium is necessary both for stabiliza- 
tion of the specific cell-binding sub- 
stance present in the crude extract and 
for cell aggregation in the presence of 
this material (1, 2). 

Chemical analysis of our crude ex- 
tract revealed protein and sugar to be 
the two main components (Table 1). 
These results confirm those of Margo- 
liash et al. (9), who performed chemi- 
cal studies on similar but more highly 
purified material. To determine wheth- 
er one or both components were in- 
volved in cell aggregation, the crude 
extract was treated with different hy- 
drolases acting on peptide bonds (12 
enzymes), or glycoside compounds 
(seven enzymes). In addition, ribonu- 
clease and four hydrolases which split 
different kinds of ester ibonds were also 
used. Most of the enzymes were dis- 
solved in 2 mM CaC12, except for 
eight prepared with appropriate buffers. 
Usually they were used at the pH and 
concentration recommended (10). K- 
zyme, which is a filtrate from Strepto- 
myces fradiae cultures (11), and a 
purified preparation of keratinase from 
this filtrate (12) were dissolved in 
0.1M carbonate-bicarbonate buffer at 
pH 9. 

Before the enzymatic incubation, 1 
volume of the enzyme solution was 
mixed with 9 volumes of the calcium- 
stabilized crude extract. In controls, 
1 volume of the enzyme solution was 
replaced Iby the same amount of 2 mM 
CaC12, or by 1 volume of a solu- 
tion in which the enzyme was inacti- 
vated by different procedures. In each 
case the activity of the enzyme in 
2 mM CaCl2, with or without buffer, 
was tested with a suitable known bio- 
chemical or cytochemical system. Tem- 

perature and length of incubation were 
those usually recommended, and we 
began with the shortest incubation. If 
the crude extract proved to be resist- 
ant, incubation was prolonged at a 
lower temperature (30?C or 25?C), 
because of its thermosensitivity. After 
incubation, the mixture was chilled, 
and, if it contained buffer, it was 
dialyzed for 12 hours at 2?C against 
2 mM CaCl2. 

For the cell aggregation test, 1.5 ml 
of the incubated mixture as just de- 
scribed was mixed with 1.5 ml of the 
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For the cell aggregation test, 1.5 ml 
of the incubated mixture as just de- 
scribed was mixed with 1.5 ml of the 
sponge-cell suspension in a 25-ml erlen- 
meyer flask, and the flask was placed 
in a special rotatory shaker (New 
Brunswick Scientific Co., model S35) 
and rotated in a cold room (2? to 
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Proteins and Disulfide Groups in the Aggregation of 
Dissociated Cells of Sea Sponges 

Abstract. A sponge extract that produced specific aggregation of dissociated 
cells was treated with various enzyme preparations to determine which enzymes 
would destroy its aggregating properties. The results indicate that proteins play 
a key role in the aggregating effect of the extract on dissociated, glutaraldehyde- 
fixed sponge cells. Further studies confirm the necessity of calcium for the ag- 
gregation and indicate the necessity of intact disulfide groups. 
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Table 1. Average chemical composition of 
six crude extracts of Haliclona variabilis. 

Concen- 
Component tration Method 

(,ug/ml) 

Proteins 156 Folin-Ciocalteu (20) 
Hfexoses* 31 Cysteine-sulfate (21) 
Fucose 6 Cysteine-sulfate 
Hexosaminest 9 Elson-Morgan (22) 
Uronic acidsf 6 Dische (23) 
Sialic acids Ehrlich (direct) (24) 
Nucleic acids 6 Warburg and Chris- 

tian (25) 

: Paper chromatography of the acid hydrolyzates 
revealed the presence of glucose and mannose. 
t Unidentified. It is probably neither glucuronate 
nor galacturonate. 

4?C) at 80 rev/rmin for 72 hours; peri- 
odic observations were made with a 
Leitz inverted microscope. Since the 

enzyme used for treating the crude ex- 
tract could not be removed from the 
incubating mixture, the enzyme, incu- 
bated similarly but in the absence of 
the crude extract, was added to the 
cell suspension to determine whether 
the enzyme alone would aggregate the 
cells. 

Two types of results, summarized in 
Table 2, were obtained. One was nor- 
mal aggregation of the cells. This oc- 
curred when the crude extract had 
been first incubated with one of the 

following enzymes: ribonuclease B, 
(13), deoxyribonuclease I, wheat germ 
lipase, wheat germ acid phosphatase, 
type 1 calf intestinal mucosa alkaline 

phosphatase, alpha anmylase, egg white 
muramidase, Vibrio cholerae neuramin- 
idase, beta glucuronidase, Chalaropsis 
N-acetyl-hexosaminidase (14), Clostrid- 
ium perfringens glycosidases, leucine 
aminopeptidase, carboxypeptidase A, 
rennin, throm'bin, or Clostridium his- 
tolyticum collagenase. In the other 

type of result, cell aggregation differed 
from the normal in varying degrees. 
It did so when crude extract had been 
incubated with one of the following 
enzymes: alpha chymotrypsin, K-zyme, 
and purified preparations of keratinase, 
papain, elastase, trypsin, and fibrinoly- 
sin. These results were reproducible, 
except for those with papain, which 
were erratic. The most efficient en- 

zymes in order of their activity were 

chymotrypsin, K-zyme, keratinase, and 

papain (in positive experiments). Elas- 
tase and, particularly, trypsin were less 
effective, unless incubated for longer 
periods (5 hours instead of 40 minutes) 
or in high doses for 5 hours. Fibrin- 

olysin had weak, variable activity. 
Crude extracts froim sponges collected 
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in early spring were much more sus- 

ceptible to fibrinolysin than those ob- 
tained in summer or fall. Those ob- 
tained in summer and fall were un- 
affected by the enzyme, unless treated 
with high concentrations of fibrinolysin 
for 5 hours. When the crude extract 
was treated with heat-inactivated en- 
zymes, changes in activity of the cell- 
binding substance did not occur. The 
untreated crude extract was always 
capable of aggregating cells and incap- 
able of inhibiting the activity of the 
enzymes when the enzymes were tested 
against the proper substrate. The en- 
zymes alone did not aggregate the 
sponge cells. 

Active peptidases in our system may 
produce inactivation or destruction of 
the cell-binding substance by different 
mechanisms. They can act as esterases, 
splitting, among other linkages, ester 
glycosidic bonds. However, it is doubt- 
ful that they did so because trypsin, 
which is a powerful esterase (15), was 
less active than elastase which is con- 
sidered to be a poor esterolytic agent 
(16). Because inactivated enzymes did 
not interfere with cell aggregation, it 
is also doubtful that peptidases can 
block active centers of the cell-binding 
material. Also unlikely is the possibility 
that soluble inhibitors resulting from 
digestion of protein contaminants may 
exert such a blocking effect. Dialysis 
against 2 mM CaCl2 did not restore 
the activity of the crude extract previ- 
ously treated with chymotrypsin. 

Peptidases may disorganize the cell- 

binding protein by altering its primary 
structure through true proteolysis or 

by denaturation of other protein struc- 
tures. Proteolysis may also liberate 

sugars attached to the resulting poly- 
peptides; this possibility should be con- 
sidered in interpreting results obtained 
with peptidases. Although there is a 
good correlation 'between the quantities 
of certain amino acids in the cell-bind- 
ing substance found by other authors, 
chemical analyses (9) and the fact that 
our peptidases attack certain peptide 
bonds preferentially (17), it seems 
more probable that changes in cell ag- 
gregation are produced by denaturing 
effects than by enzymatic hydrolysis of 

peptide bonds in the cell-binding sub- 
stance. Chymotrypsin and elastase may 
act by removing calcium from the cell- 

binding substance, in that a moderate 
increase of this cation (contained in 
20,mM CaC!.,) renders the substance 
less susceptible to the enzymes but 
does not impair the peptidase ac- 

Table 2. Degree of cell aggregation by en- 
zyme-treated crude extracts. - + +, Most 
cells aggregate to form large, compact, 
smooth-surfaced masses; --+, fewer cells 
aggregate, producing loose, irregular, me- 
dium-sized clusters; +, smaller aggregates; 
+/-, loose clusters are very small and free 
cells abundant; -, only free cells are present. 
Results were obtained with 12 different crude 
extracts. 

Degree of cell 
Enzyme aggregation at 

3 hr 24 hr 48 hr 

50 usg/ml (40 minutes) 
Chymotrypsin - - - 
K-zyme 
Papain +/- +/- +/- 
Elastase - +- ++ 
Trypsin -- ++- ++ 
Fibrinolysin + + - ++ + ++ 

50 /g/ml (3 hours) 
Keratinase - - 

50 gIg/ml (5 hours) 
Elastase - +/- 
Trypsin - + 

200 Ilg/ml (3 hours) 
Keratinase - - 

200 tg/7ml (5 hours) 
Elastase - - - 
Trypsin - - 

Fibrinolysin + + +- + + 
None +++ +++ + +- 
* Dialysis of the mixture did not change this re- 
sult. 

tivity of the enzymes. Other enzymes 
that have reductase activity (K-zyme 
and keratinase) (11, 12) or that had 
been incubated with a reducing activa- 
tor (cysteine in papain preparations) 
seem to produce their effect by split- 
ting disulfide bridges. 

It is possible that the known disul- 
fide-reducing activity of keratinase 
preparations reduced disulfide groups in 
the crude-extract protein. To determine 
whether or not such reduction would 
affect the aggregation, the crude ex- 
tract was treated with the known re- 
ducing agents sodium thioglycolate 
(0.25M) and KCN (0.15M). Both were 
capable of destroying the aggregating 
activity in the extract, while salts with- 
out reducing properties were not. To 
exclude the possibility that these chemi- 
cals might act iby removing calcium, 
the crude extract was dialyzed against 
distilled water at 2?C for 24 hours; 
then it was incubated for 48 hours at 
this low temperature in the presence 
of 0.25M sodium thioglycolate at pH 
8.8, or with distilled water. After in- 
cubation, both mixtures were dialyzed 
at 2?C for 24 hours against 2 mM 
CaCL,. The untreated crude extract 
was active, whereas no cell aggrega- 
tion was observed when the thioglyco- 
late-treated crude extract was added to 
the cell suspension. 
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These experiments indicate that cel- 
lular aggregation of the dissociated, 

glutaraldehyde-fixed, sponge cells de- 

pends primarily on the presence of in- 
tact disulfide groups and on protein in- 

tegrity. The importance of the dithiol 

groups in the process suggests the need 
for an investigation of cysteine and 
disulfide linkages in the cell-binding 
protein. It is suggestive that our amino- 
acid analysis of acid hydrolyzates of 
six sponge extracts revealed the pres- 
ence of cysteic acid and cysteine (18). 
Margoliash et al. (9) found that each 
molecule of glycoprotein in their puri- 
fied aggregating principle contained 3 
moles of sulfate. However, presence of 

cysteine was not determined. 

Although none of the glycosidases 
destroyed the activity of the crude ex- 

tract, the participation of sugars in the 
mechanism of the cell aggregation can- 
not be ruled out definitively because 
release of sugars has not been shown 
to occur without impairing the aggre- 
gating activity of the extract. How- 

ever, because one of the enzyme mix- 
tures (clostridial glycosidases) used is 

very active in removing sugars in 
other related cell-surface systems (14, 
19), one could assume that such a re- 

moval, complete or incomplete, took 

place in our material. 
GABRIEL J. GASIC* 

NORBEL L. GALANTI 

Department of Oncology, 
University of Chile School of 
Medicine, Santiago, and 
Department of Pathology, 
University of Pennsylvania School of 
Medicine, Philadelphia, 19104 
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dom changes induced by germinal mu- 
tations create an alteration in the ge- 
netic constitution of an individual and 
thus increase the genetic variability of 
a population. The change may be per- 
petuated for many generations and 

may, under the proper conditions of 
natural selection, appreciably alter the 
characteristics of a population. Infor- 
mation concerning the rate at which 
these gene changes occur under nor- 
mal conditions can be obtained by 
studying specific loci at which a mu- 
tation is detectable. 

The forward (wild-type to mutant) 
and reverse (recessive mutant to wild- 

type or to mutant of higher dominance) 
spontaneous mutation rates at five spe- 
cific coat-color loci of mice are under 

investigation at the Jackson Laboratory 
(1). The mice in 18 inbred strains 
maintained by brother-sister matings 
and six F1 hybrids produced by crossing 
various pairs of these strains are ex- 
amined two to four times between 
birth and weaning for deviations from 
the expected coat color and other ex- 
ternal characteristics. The variant 
mice are scored as mutations only if 
the trait is transmitted, as determined 
by genetic tests. Fifteen of the strains 
are homozygous for specific coat-color 
alleles, and, in particular, sufficient 
numbers of mice are reared and ex- 
amined for mutations at the nonagouti 
(a), brown (b), albino (c), dilute (d), 
and leaden (In) loci to warrant the cal- 
culation of reverse spontaneous muta- 
tion rates at these loci. In addition, 
these five loci are tested for forward 
mutations in the F1 hybrids produced 
by crosses between wild-type and 
mutant-carrying strains. 

This report summarizes the findings, 
based on an examination of 1.5 mil- 
lion mice for 5.2 million gene repro- 
ductions at the five specific coat-color 
loci, collected between August 1963 
and January 1965. The strains, their 
coat-color genotypes, and the numbers 
of mice examined in each strain are 
shown in Table 1. A reverse mutation 
at any of these loci in the inbred strains 
will be visibly detectable in the off- 
spring of the generation following its 
occurrence. The number of mutations 
m can thus be used to calculate directly 
the reverse mutation rate, v, by v - 

m/2n, where n is the number of ani- 
mals examined. For instance, the 
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