afference to cortex in each zone. Our
results are consistent with this interpre-
tation, and we also suggest that cells are
assigned to laminae as they arrive and
from inside to out (6, 13) in direct pro-
portion to the amount of afference, with
any mismatch between the amount of
cells generated and availability of affer-
ence (or efference) absorbed by cell
death in the last generated, outside lami-
na.

Evidence from the reeler mutant
mouse suggests that the connectivity and
identity of cortical neurons is indepen-
dent of laminar position (/4), a finding
that appears to be in conflict with our
observations in the hamster. However,
in reeler, cortical cells still occupy the
same position relative to each other and
are still stratified by birthday; only their
position relative to the ventricular zone
and the marginal zone is altered. It is
possible that only the order of termina-
tion is altered and not the mechanism of
cellular specification. In the reeler, we
would thus predict that the last generat-
ed, inside lamina should show the most
variability in cell loss.

Whether cell death plays a role in the
organization of other cortical areas in
other species as well as what controls
a cortical cell’s viability are not yet
known. Studies of the loss of callosal and
subcortical cortical projections in early
development suggest that cell death is
not involved in the error correction func-
tion of axon retraction (/5). Rather, cell
death appears to be a clue to the mecha-
nism of specification of a cortical neu-
ron’s identity.

BARBARA L. FINLAY
MICHAEL SLATTERY
Department of Psychology,
Cornell University,
Ithaca, New York 14853

References and Notes

1. A.J. Rockel et al., Brain 103, 221 (1980).

2. S. T. Bok, Histonomy of the Cerebral Cortex
(Elsevier, Amsterdam, 1959).

3. W. J. S. Krieg, J. Comp. Neurol. 84, 221 and
277 (1946); V. S. Caviness, ibid. 164, 247 (1975).

4. K. Brodman, Vergleichende Lokalisationslehre
der Grosshirnrinde in ihren Prinzipien Darges-
tellt auf Grund des Zellenbaues (Barth, Leipzig,
1909); B. A. Vogt and A. Peters, J. Comp.
Neurol. 195, 603 (1981). All investigators are
agreed that this area is fundamentally neocorti-
cal in cell types and general connectivity. Brod-
man first termed the area investigated in this
study 29a and classed it with the other cingulate
cortices; Vogt and Peters follow this classifica-
tion. Krieg and Caviness (3) term this area 27.

. V. Hamburger and R. Levi-Montalcini, J. Exp.
Zool. 111, 457 (1949).

. M. Abercrombie, Anat. Rec. 94, 239 (1946).

. M. Shimada and J. Langman, J. Comp. Neurol.
139, 227 (1970).

. D.R. Sengelaub and B. L. Finlay, ibid. 204, 311
(1981); B. L. Finlay, A. T. Berg, D. R. Senge-
laub, ibid., p. 318.

9. The regression equation predicting adult cell
number in the upper laminae is y = 332 — 2.03x.
The standard deviation of y about the regression
line is 50.14.

0 NN W

18 MARCH 1983

10. D. R. Sengelaub and B. L. Finlay, Science 213,
573 (1981).

11. A. G. Hyndman and S. Zamenhof, Dev. Neuro-
sci. 1, 216 (1978).

12. G. Leuba, D. Heumann, T. Rabinowicz, J.
Hirnforsch. 18, 461 (1977); D. Heumann, G.
Leuba, T. Rabinowicz, ibid., p. 483; ibid. 19,
385 (1978).

13. J. B. Angevine and R. L. Sidman, Nature (Lon-
don) 25, 766 (1961).

14. V. S. Caviness, Neurosci. Symp. 2, 27 (1977).

15. G. Innocenti, Science 212, 824 (1981); G. O. Ivy
and H. P. Killackey, J. Comp. Neurol. 195,
367 (1981); T. Reh and K. Kalil, ibid. 205, 77
(1982)

16. We th;mk D. Sengelaub, L. Jacobs, P. Moran,
and J. Moore for their help with this manuscript.
Supported by NSF grant BNS 79 14941,

20 April 1982; revised 23 August 1982

Deficiency of a Kidney Metalloproteinase

Activity in Inbred Mouse Strains

Abstract. Kidneys from BALB/c mice contain a potent metalloendoproteinase,
termed meprin, that is active against large proteins as well as small peptides. The
enzyme is present in mouse strains C57BR/cdJ, C57BL/6J, BALB/cJ, AlJ, DBA/1J,
CD/1, Swiss, and ICR. Three related inbred strains, CBA/J, CBA/CalJ, and C3H/He,
are markedly deficient in this enzymatic activity. This is the first report of a heritable
deficiency of an intracellular proteinase in mammalian tissues. Meprin deficiency
appears to have arisen as an early event in the development of the C stock.
Furthermore, meprin is present in the progeny of a cross between a meprin-sufficient
female (C57BL/6) and a meprin-deficient male (C3H/HeN), an indication that the

trait for the deficiency is recessive.

The study of heritable enzyme defi-
ciencies in animals has contributed to
our understanding of metabolic process-
es, and many specific deficiencies have
been identified (/). Although many in-
herited hydrolase (E.C. 3.x.x.x) defi-
ciencies have been reported, only a few
inborn errors of metabolism involve one
subdivision of this group, the proteinases
(subclass peptidyl-peptide hydrolases,
E.C. 3.4.x.X). Furthermore, the known
inherited deficiencies in proteinases are
limited to extracellular enzymes such as
the complement component C; and a

collagen-processing peptidase (2). As far
as we know, no inherited deficiency of
an integral cellular proteinase has yet
been documented. We present here data
demonstrating such a deficiency.
Meprin (metalloendopeptidase from
renal tissue) was first discovered and
purified from kidneys of the BALB/c
mouse (3). It is a membrane-bound endo-
peptidase that degrades a wide range of
substrates including large proteins. It is
active optimally at alkaline pH values
and is inhibited by compounds that typ-
ically inhibit metalloenzymes (EDTA,
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C57BR/cdJ O
. . DBA/1J o
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ship between meprin

deficiency and the or- D
igins of some inbred
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data in (8, 9). Strains
that were classified as

CBA/Ca ®
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EGTA, 1,10-phenanthroline). Meprin is
not, however, inhibited by phosphor-
amidon, a potent inhibitor of several
other metalloendopeptidases (4). The
broad substrate specificity, pH opti-
mum, and refractivity to phosphorami-
don distinguish meprin from other metal-
loendopeptidases purified from the kid-
neys of rabbit, pig, and rat (4, 5). In
addition to meprin, phosphoramidon-in-
hibitable metalloendopeptidases, resem-
bling those described in the other spe-
cies, have been found in the kidneys of
BALB/c mice (6).

We conducted studies on the distribu-
tion of meprin in mouse strains, using the
substrate azocasein at pH 9.5. These
assay conditions are particularly suitable
for the determination of meprin because
the contribution from other tissue pro-
teinases is minimal (less than 5 percent
of the total activity). There were marked
differences in the specific activity of me-
prin (in homogenates or membrane prep-
arations) between the various strains
(Table 1). Although ten strains had spe-
cific activities similar to or higher than
the BALB/c strain, the CBA/J, CBA/
CaJ, and C3H/He activities were dramat-
ically lower. The strains with low activi-
ty often included individual mice that
had no detectable meprin activity. The
meprin-sufficient strains of mice were
resolved (P < .01) into a ‘‘high” and a
“‘normal’” group on the basis of Dun-
can’s multiple range test (7). Specific
activities of the high group (C57BL/6J,
C57BR/cd], and B6C3F,;) were 50 per-
cent higher than those of the normal
group (BALB/c, A/J, DBA/1J, Swiss,
ICR, and CD/1). By contrast, meprin
was barely detectable in the deficient
group, whose specific activities amount-
ed to approximately 2 percent of those in
the meprin-sufficient groups. The mem-
brane preparations showed the expected
twofold enrichment in meprin-specific
activity and confirmed the separation of
the strains into meprin-deficient and me-
prin-sufficient categories. The progeny
(B6C3F,;) of a cross between a meprin-
sufficient dam (C57BL/6Cr1) and a me-
prin-deficient sire (C3H/HeNCrl) con-
tained a high specific activity of meprin,
essentially identical to that of the dam.
These data show that the trait for meprin
deficiency is recessive.

We carried out a variety of experi-
ments in an effort to detect an inhibitor
of meprin in the CBA/J, CBA/CalJ, and
C3H/He strains. We found that kidney
homogenates of CBA/J or C3H/He mice
mixed with those of BALB/c mice
caused no suppression of the total pro-
teolytic activity, and high-speed super-
natant fractions from C3H/He mice incu-
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bated with membrane preparations from
BALB/c mice demonstrated no inhibi-
tory effects. A nonionic detergent [0.1
percent (weight/volume) Triton X-100]
or high salt concentrations (1.0 NaCl)
incubated with membrane preparations
from meprin-deficient mice failed to pro-
duce any increase of measurable meprin
activity that would have occurred if an
inhibitor had been dissociated from the
enzyme. Furthermore, meprin activity
could not be detected in extracts from
the deficient mice between pH 6.0 and
10.2 (we are excluding the possibility of
an altered form of the enzyme that exhib-
ited a shift in pH optimum). Reduction of
meprin activity by combination with
plasma proteinase inhibitors was unlike-
ly since all the kidneys were perfused
with saline prior to homogenization. On

Table 1. Specific activities of meprin in ho-
mogenates and membrane preparations of in-
bred mouse strains. The kidneys from mice (8
to 12 weeks) were perfused with 0.15M NaCl
before dissection free of fat, adrenals, ureters,
and capsule. Homogenates (20 percent,
weight/volume) were prepared in ice-cold
double-distilled water, and the membrane
preparation, sedimenting between 100 and
100,000g-hour, was prepared. The activity of
meprin in both preparations was determined
at 37°C, pH 9.5, with azocasein (10 mg/ml)
used as substrate (3); protein was measured
according to the method of Lowry et al. (12).
Specific activities are expressed as the mean
+ standard deviation (N = 4) for each group
of animals. The mice were male except where
indicated. The sources of the animals were as
follows: CS57BL/6J, C57BR/cd], DBA/1J,
C3H/HelJ (male), CBA/J, CBA/Cal, A/J, and
BALB/cJ (male) from Jackson Laboratory,
Bar Harbor, Maine; C3H/HeN (female) (N
substrain of the National Institutes of Health)
and Swiss from Harlan-Sprague-Dawley, Gil-
bertsville, Pennsylvania; BALB/cCrl (fe-
male), B6C3F,/Cr1, and CD/1 from Charles
River Breeding Laboratories, Wilmington,
Massachusetts; and ICR from Dominion Lab-
oratories, Dublin, Virginia.

Meprin-specific activity
(units per mg protein)

Strain

Homog- Membrane

enate preparation

Inbred strains
C57BR/cd] 6.46 = 0.23  11.83 + 0.42
C57BL/6J 6.35 = 0.16 11.72 £ 0.49
B6C3F,/Crl1* 5.91 + 0.57 9.07 = 0.72
BALB/cCrl @ 4.64 £ 0.31 8.58 + 1.95
A/l 4.60 = 0.19 9.27 = 0.91
BALB/cJ 3.53 = 0.40 8.78 + 1.48
DBA/1] 3.28 = 0.29 6.41 = 0.98
CBA/J 0.09 + 0.06 0.25 = 0.07
C3H/HeN @ 0.09 = 0.04 0.15 + 0.22
CBA/Cal 0.08 = 0.07 0.03 = 0.04
C3H/Hel 0.05 + 0.04 0.02 = 0.03
Random-bred strains

CD/1 4.57 £ 0.65 6.51 = 1.16
Swiss 4.42 = 0.51 7.47 = 0.81
ICR 3.46 = 0.38 5.94 = 1.38

*F, hybrid (see text).

the basis of these data, we propose that
the three unusual strains are deficient in
catalytically active meprin.

The meprin-deficient strains are relat-
ed genealogically (Fig. 1). All the defi-
cient strains are derived from the original
C stock established by Strong in 1922 (8)
from a cross between a D stock mouse
(progenitors of the DBA inbred strains)
and a mouse from the then newly estab-
lished A lineage (the forerunner of the A
strains). Both DBA/1J and A/J mice have
normal levels of meprin; this finding im-
plies that the deficiency of meprin arose
as an early event during the creation of
the C lines, either as the result of a new
mutation or as a consequence of the
inheritance (and subsequent propaga-
tion) of this recessive characteristic from
both parents. It is likely that neither of
the parent lines was isogenic at the time
of inception of the C linkage. Both of the
inbred strains that were classified as
containing high specific activities of me-
prin were derived from the C57 stock,
established independently, and unrelated
to the other strains.

We believe that this is the first demon-
stration of an inheritable deficiency of an
integral cellular proteolytic activity. It is
not clear whether (i) the kidney mem-
brane contains a defective enzyme, (ii)
the gene product is not synthesized, or
(iii) meprin is degraded more rapidly
than normal. The lack of expression of
meprin activity in the CBA/J, CBA/Cal,
and C3H/He mice provides a valuable
experimental system with which to as-
sess the function of this recently discov-
ered kidney metalloendopeptidase.
There are no obvious differences in the
viability or in the susceptibility to renal
disease between meprin-deficient and
meprin-sufficient animals (9, 10), and it is
possible that other proteinases assume
the role normally due to meprin. Howev-
er, subtle differences in renal function
between meprin-deficient and normal
mice remain to be investigated. Inas-
much as many proteinases also possess
esterase activity, it is conceivable that
meprin may be one of the many ‘‘non-
specific esterases’’ that have been used
in the study of enzyme polymorphism in
the mouse (II). The ease of assay of
meprin and its stability in tissue prepara-
tions indicate that it may find value in
studies of mouse genetics.
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Spider Populations: Extraordinarily High Densities on

Islands Without Top Predators

Abstract. Distributions and densities of orb spiders on small islands are extremely
variable. Species occurrences are far more irregular for spiders than vertebrates on
the same islands. Much variation in spider density is explainable by distance from
the presumed source of colonists and presence or absence of vertebrate predators.
As has been predicted for passive dispersers, densities decline exponentially with
distance. For a given distance, spider densities are about ten times greater on
islands without vertebrate predators than on those with such predators.

Predators that occupy intermediate
trophic levels are ecologically ambigu-
ous; should they resemble top carnivores
or should they be strongly influenced by
predation upon themselves and thereby
resemble many herbivores (1)? One way
to resolve this ambiguity is to compare
populations of such predators with and
without top carnivores. For this pur-
pose, the inhabitants of small islands
provide an ideal natural experiment. Qur
test organisms were orb-weaving spiders
(Araneae), an abundant intermediate-
level predator on subtropical islands.
Numerous such islands suitable for spi-
ders exist both with and without top

carnivores, in this case lizards and birds.

We censused diurnal vertebrates and
spiders on 93 neighboring Bahamian is-
lands, chosen such that a substantial
number were both just above and just
below the minimal island size having any
resident vertebrate species (2, 3). We
identified and counted spiders with webs
or 80 of the islands; for the remaining 13,
at least 60 percent of the island was
censused and the total numbers of spi-
ders were extrapolated. Four species—
Metepeira datona, Argiope argentatd,
Gasteracantha cancriformis, Eustala ca-
zieri—were common; a fifth—Nephila
clavipes—occurred rarely. All resident

vertebrates were lizards (4); in the gener-
al region, their densities are 107! to 1072
per square meter.

Spiders occurred on smaller islands
than did lizards. The smallest island with
any spider species was 50 m? (vegetated
area); other common species had only
slightly larger minimal areas (55 to 112
m?). The smallest island with a lizard
population was 167 m?; all larger islands
also had lizards. All but two of the lizard-
inhabited islands had the same species
(Anolis sagrei), whereas any of the four
spider species commonly occurred soli-
tarily, a first indication of greater sto-
chasticity in spiders. Below, we treat
separately the 74 islands exceeding 50
m?, the minimal area threshold for spi-
ders [hereafter referred to as ST (spider
threshold) islands], and the 55 islands
exceeding the threshold (167 m?) for liz-
ards (hereafter referred to as LT is-
lands). »

We first made a number of simple
analyses of covariance (ANCOVA’s),
using as the dependent variable either
density or numiber of spiders of all spe-
cies combined. When the effect of island
area was taken into account, the number
of spiders was smalleér on islands with
than without lizards (ST islands,

= .02; LT islands, P = .02; Fig. 1).
Spider density was only slightly and neg-
atively related to area; a negative rela-
tionship is to be expected given the sta-
tistical dependence of these two varia-
bles. When distance from a potential
large source (5) was used as the continu-
ous independent variable and spider den-
sity as the dependent variable, statistical
significance was about the same as the
previous analysis (ST islands, P = .03;
LT islands, P = .003). Multiple ANCO-
VA’s with spider number as the depen-
dent variable and island area and dis-
tance as independent variables gave re-
sults no more significant than the simple

Table 1. Statistical analysis of factors affecting numbers of spiders on island. The N for ST was 74 and that for LT was 55. Abbreviations, A, area; D, distance; M.d.,

M. datona; G.c., G. cancriformis; A.a, A. argentata; E.c.,

E. cazieri; b is a regression coefficient; S.E., standard error. Logs are to the base 10.

Indepen- Multiple regression
dent Data Multiple - - - -
Dependent variable variables et ANCOVA No-lizard islands Lizard islands
Py
X Xz b S.E. by* S.E.,* I b, S.E. by* S.E.,* r”
Number spiders A D ST 010 0.03¢ 0.006 —122.4 117.7 0.32 0.004¢ 0.002 —155.1° 69.8 0.27
A D LT .011 0.03% 0.009 —140.2 173.3 0.28 0.004¢ 0.002 —-155.1° 69.8 0.27
Log (number log A D ST < 107* 0.934 0.160 —4.87¢ 1.55 0.45 0.73¢ 0.229 —6.55¢ 2.02 0.38
spiders + 1)t log A D LT <107 1.22¢ 0.295 -5.90¢ 1.91 0.45 0.73¢ 0.229 —6.55¢ 2.02 0.38
Log (all webs + )t log A D ST .020 1.06¢ 0.157 —2.28 1.52 0.50 0.89¢ 0.193 -2.92¢ 1.71 0.48
Log M.d. + Dt log A D ST .001 0.764 0.174 —3.49° 1.68 0.31 0.28 0.242 —2.47 2.15 0.07
Log (G.c. + )T log A D ST 298 0.13 0.070 —0.66 0.682 0.07 0.43° 0.163 —3.29° 1.45 0.27
Log (A.a. + Dt log A D ST .001 0.23° 0.108 —1.66 1.05 0.11 0.02 0.025 —0.22 0.224 0.05
Log (E.c. + DT log A D ST S1l 0.15% 0.075 —0.58 0.725 0.09 0.23* 0.120 —2.20° 1.07 0.19

*To obtain true value, multiply by 1074,

TWe also added 0.1 and 0.01 to all log variables for most treatments. All F’s significant at the 5 percent level were still sig-

nificant, and vice versa. In multiple regressions, two distance coefficients not significant with 1.0 were significant with 0.01, and one distance coefficient was the
opposne all mvolve smgle -species data. In all cases, the significance of area coefficients was unaffected. In all cases, the sign of the effect was unchanged.
01.

205 <P <.10. .01 <P <.05.

18 MARCH 1983

€.001 < P < .01.

P < .0
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