centration of 519 mg/100 ml. The role of
the single injection of RALS in produc-
ing such a marked effect on preventing
rejection of the xenografts of rat islets is
unknown. The theoretical basis for in-
cluding RALS in the experimental pro-
tocol was that the antiserum might de-
stroy passenger leukocytes that were
still present in the rat islets at the time of
transplantation.

These findings indicate that a marked
prolongation of survival of transplants of
rat islets and maintenance of normogly-
cemia in diabetic mice can be achieved
by culture of the rat islets in vitro for 7
days at 24°C prior to transplantation and
by administration of a single injection of
MALS and RALS into the recipients at
the time of transplantation. Eloy et al.
(11) reported recently that transplants of
15-day-old chick pancreases into diabet-
ic rats improved the diabetic state of the
recipients for a prolonged period of time
whereas transplants of 18-day-old chick
pancreas did not produce prolonged im-
provement. The development of methods
for the prevention of immune rejec-
tion of islet xenografts without the
use of continued immunosuppression
may be of assistance in the eventual
application of islet transplantation to
the treatment of diabetes in man, since
the source of islet tissue for human
transplants may be a critically limiting
factor. '

PauL E. Lacy
JosepH M. DAVIE
EpwARrD H. FINKE
Washington University School of
Medicine, Department of
Pathology and Department
of Microbiology and Immunology,
St. Louis, Missouri 63110
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Assignment of the Murine Interferon Sensitivity and Cytoplasmic
Superoxide Dismutase Genes to Chromosome 16

Abstract. Both hybrids of mouse and human microcells and whole cell hybrids
generated by the fusion of primary mouse cells and SV40-transformed human fibro-
blasts were used to establish the syntenic association of the murine cytoplasmic su-
peroxide dismutase and the interferon sensitivity genes on mouse chromosome 16.
This assignment adds two new markers to chromosome 16 and provides another
example of an evolutionarily conserved linkage. This finding also provides an animal

model both for cellular responsiveness to interferon and for Down’s syndrome.

Murine genes have been assigned to
linkage groups and specific chromo-
somes by a combination of breeding ex-
periments and somatic cell genetic stud-
ies. Hybrids of Chinese hamster cells
with mouse somatic cells have generally
been used in mouse mapping studies,

since mouse chromosomes are often seg-
regated (/). For certain genetic markers,
however, the mouse and Chinese ham-
ster gene products cannot be distin-
guished from each other, making primate
X mouse hybrids desirable for murine
gene mapping.

Table 1. SOD-1: assignment to chromosome 16. To ascertain the gene assignment, three dif-
ferent statistical procedures were used, x?, ¢, and OR. The x?, used as a method of dependence,
rather than a test of significance, was calculated in the ordinary way. The ¢ coefficient, which is
insensitive to sample size, is the ratio of the observed x? to the perfect x2. It is calculated by
dividing the square root of the regular x*> by the square root of the sample size. When there
exists a perfect association between a marker and a chromosome, the value of ¢ is +1. Zero
indicates no association; —1 indicates a negative association. The OR statistic was designed for
determining gene assignments (19). It is an inverse weighted scoring system which is indepen-
dent of x2. It is calculated by assigning each clone a score of 100 and dividing that value evenly
among all chromosomes in concordance with the tested marker. The clones are scored, the
scores are added for each chromosome, and then divided by the number of clones. The chromo-
some with the highest number is considered a candidate for assignment of the gene for SOD-1.
Generally an OR score of 7 or above is considered evidence for a positive assignment. Statisti-
cal analysis was conducted with computer program ASSIGN, developed for the purpose of gene
assignment with material generated by somatic cell hybridization (19).

SOD-1/chromosome

Chromo- (number of clones)* é 2 Overall
some X OR
+/+ +/- —/+ —/-

1 3 5 3 12 0.19 0.83 3.95
2 3 5 2 13 0.28 1.79 3.51
3 7 1 9 6 0.28 1.86 5.11
4 6 2 8 7 0.21 1.03 4.24
5 4 4 3 12 0.31 2.22 3.93
6 2 6 2 13 0.15 0.49 3.23
7 2 6 1 14 0.26 1.55 3.49
8 4 4 4 11 0.23 1.25 3.88
9 3 5 5 10 0.04 0.04 2.71
10 3 5 4 11 0.11 0.29 3.01
11 3 5 3 12 0.19 0.83 3.24
12 5 3 11 4 -0.11 0.29 2.92
13 4 4 1 14 0.50 5.76 4.21
14 3 5 1 14 0.39 345 3.72
15 5 3 8 7 0.09 0.18 3.44
16 8 0 21 13 0.83 15.95 7.90
17 6 2 4 11 0.46 4.96 5.55
18 6 2 8 7 0.21 1.03 4.54
19 5 3 10 5 —-0.04 0.04 3.63
X 1 7 4 11 -0.16 0.62 2.56

*For chromosomes, + indicates the presence of at least one copy in more than 20 percent of the cells ana-
lyzed. The sensitivity of the starch-gel electrophoresis assay for human SOD-1 is relatively low, as deter-
mined by dilution assay (18). The electrophoretic assay for murine SOD-1 is similarly insensitive. The follow-
ing isozymes were analyzed in confirmation of chromosome identification: dipeptidase-1 (E.C. 3.4.—) and
isocitrate dehydrogenase (E.C. 1.1.1.42) for chromosome 1; enolase (E.C. 4.2.1.2) for chromosome 4; -
glucuronidase (E.C. 3.2.1.31) for chromosome 5; triosephosphate isomerase (E.C. 5.3.1.1) for chromosome
6; lactate dehydrogenase A (E.C. 1.1.1.27) and glucosephosphate isomerase (E.C. 5.3.1.9) for chromosome 7;
adenine phosphoribosyltransferase (E.C. 2.4.2.7) for chromosome 8; mannosephosphate isomerase (E.C.
5.3.1.8) and malate dehydrogenase (E.C. 1.1.1.40) for chromosome 9; tripeptidase 1 (E.C. 3.4.—) for chromo-
some 10; galactokinase (E.C. 2.7.1.6) for chromosome 11; purine nucleoside phosphorylase (E.C. 2.4.2.1)
and esterase 10 for chromosome 14; dipeptidase 2 for chromosome 18; glutamate oxaloacetate transaminase
(E.C. 2.6.1.1) for chromosome 19; phosphoglycerate kinase (E.C. 2.7.2.3) and glucose-6-phosphate dehy-
drogenase (E.C. 1.1.1.49) for chromosome X. The method of starch-gel electrophoresis of isozymes including
cytosol SOD-1 has been described (4, 18). Since our hybrid cells segregate mouse chromosomes rapidly,
chromosome spreads and harvesting of cell pellets for isozyme analysis were generally performed within a
week of each other. tThese two lines (SxO,-1 and SxA;-1) have chromosome frequencies of 26 and 21
percent which are the limit (about 20 percent) for detection for SOD by starch-gel electrophoresis.
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Table 2. Interferon receptor (IF-R): assignment to chromosome 16. The chromosome cutoff
level here is 20 percent as for Table 1. The low-level expression of interferon sensitivity gene

was scored as +.

IF-R/chromosome

Chromo- (number of clones) & 2 Overall
some X OR
+/+ +/- -/+ -/-

1 2 6 3 7 —0.06 0.06 2.82
2 3 5 2 8 0.19 0.68 3.14
3 6 2 6 4 0.16 0.45 5.11
4 6 2 7 3 0.06 0.06 4.86
5 3 5 2 8 0.19 0.68 3.14
6 2 6 2 8 0.06 0.06 2.79
7 2 6 1 9 0.20 0.72 3.13
8 4 4 2 8 0.32 1.80 4.21
9 3 5 3 7 0.08 0.11 2.79
10 3 5 3 7 0.08 0.11 2.82
11 3 S 2 8 0.19 0.68 3.16
12 6 2 7 3 0.06 0.06 4.85
13 4 4 1 9 0.44 3.54 4.04
14 3 S 1 9 0.33 1.94 3.42
15 5 3 6 4 0.03 0.01 3.72
16 8 0 2% 8 0.80 11.52 9.19
17 6 2 3 7 0.45 3.60 6.10
18 6 2 6 4 0.16 0.45 5.13
19 5 3 9 1 -0.33 1.94 3.97
X 1 7 2 8 -0.10 0.18 2.48

*Clone Sx0,-1 has a chromosome frequency of 26 percent, which is at the limit for detection for the interferon
sensitivity gene. The parent clone, SxO, also expresses the interferon sensitivity gene weakly even at a
chromosome 16 frequency of 58 percent. Therefore, it is likely that SxO.-1 represents a false negative for the
expression of the interferon sensitivity phenotype. However, we have scored it as a discordant clone. Pos-
sible explanations for the discordancy of the second clone (SxP;) are presented in the footnote to Table 3.

Fusions involving mouse and human
cells generally produce hybrids that seg-
regate human chromosomes (2), al-
though exceptions have been described
(3). Hybrids segregating mouse chromo-
somes are generally made by fusing pri-
mary mouse cells with virus-transformed
human cells. Alternatively, microcell-
mediated gene ‘transfer can be used to
transfer small numbers of mouse
chromosomes into human cells ).

Superoxide dismutase (SOD; E.C.
1.15.1.1) is an enzyme that catalyzes the
destruction of the O, free radical
formed during various enzymatic reac-
tions or by ionizing radiation (5). The
cytosols of eukaryotic cells contain a su-
peroxide dismutase (SOD-1) that is made
up of two identical subunits, and con-
tains one Cu?" and one Zn** per subunit.
The mitochondrial form of SOD contains
four subunits and is a manganese-con-
taining enzyme (5). The murine form of
the enzyme is indistinguishable from
the hamster form by starch-gel electro-
phoresis, but can readily be distin-
guished from the human form. In human
cells, the gene for the cytoplasmic form
of SOD is located on the long arm of
chromosome 21 (6, 7). This gene is
linked to a genetic element conferring
sensitivity to human interferon 6, 8).
Recent evidence suggests that the ability
of cells to respond to human interferon is
determined by cell surface receptors spe-
cific for human interferon (9). The link-
age of these genes might be conserved in
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mice. Using whole cell hybrids gener-
ated by the fusion of primary mouse cells
and SV40-transformed human fibro-
blasts and microcell hybrids retaining
only a few mouse chromosomes, we
have established the linkage of the mu-
rine SOD-1 and interferon sensitivity
genes. In addition, we have assigned
these genes to mouse chromosome 16.
Sixteen hybrid cell lines were made by
polyethylene glycol fusion of spleen cells
from CS7BL/6J mice with SV40-trans-
formed human CRL 1223 cells. The CRL
1223 cells are deficient in DNA repair ac-
tivity (xeroderma pigmentosum, com-
plementation group A) and were ob-
tained from the American Type Culture
Collection. They were transformed with

Table 3. Concordant segregation of the ex-
pression of mouse SOD-1 and mouse inter-
feron sensitivity gene.

Interferon
receptor

+ -

SOD-1 + 7 1*
- 1t 9

*Clone SxP; retains chromosome 16 at a frequency
of 59 percent and expresses murine SOD-1, but does
not respond to mouse interferon. A higher dose of
interferon may be required to trigger the antiviral
state in this line. Alternatively, this discrepancy
could be due to chromosome breakage or chromo-
somal translocation. +This line, SxA,x 1, weakly
expresses interferon sensitivity, and has a retention
frequency of 21 percent for chromosome 16. We be-
lieve this clone is a false negative for SOD-1 ex-
pression.

SV40 (10). Two additional hybrids (G,
and d6) were made by fusing microcells
isolated from mouse embryo fibroblasts
with SV40-transformed CRL 1223 cells.
Line HEM 3 was derived from a fusion
of mouse microcell with human HeLa
cells (4). Together with four subclones
from three independent whole cell hy-
brid clones, and one subclone from mi-
crocell hybrid Gs;;, 24 hybrid lines were
analyzed in our study. They cover the
full complement of murine chromosomes
except Y. All cells were grown in Dul-
becco’s modification of Eagle medium
with 10 percent fetal bovine serum. Hy-
brids were selected with 107°M ouabain
or irradiation with ultraviolet light.

Twenty-three mouse-human hybrid
cell lines segregating mouse chromo-
somes were analyzed for the expression
of SOD-1 with regard to chromosome
constitution. The SOD-1 isozymes were
separated by starch-gel electrophoresis.
The assay for SOD was achieved on the
basis of its ability to inhibit free radical
chain reduction in which O,~ is an initia-
tor. The staining solution contained
MTT tetrazolium and phenazine meth-
osulfate in 0.25M sodium phosphate buf-
fer, pH 7.5. Karyotype analyses were
performed on approximately 30 cells for
each clone by a combination of Giemsa
banding and Hoechst 33258 centromeric
staining (/7). To confirm the karyotypic
results, cell hybrids were also examined
for the expression of 18 isozymes that
are mapped in the mouse genome to 13
chromosomes (see Table 1).

Table 1 summarizes a statistical analy-
sis of the SOD-1 and karyotypic data for
the lines studied. The positive correla-
tion between the presence of an individ-
ual chromosome in a clone and that
clone’s ability to express murine SOD-1
was computed with three different mea-
sures of dependence. In all three cases,
the expression of mouse SOD-1 was cor-
related with the presence of chromo-
some 16. The assignment of SOD-1 to
mouse chromosome 16, and specifically
to the region of 16B5-16ter, has also been
reported (/2). Our results also showed
that retention of chromosome 16 at a fre-
quency of about 20 percent is the thresh-
old for detecting SOD-1 expression by
starch-gel electrophoresis.

Since the SOD-1 and interferon sensi-
tivity genes are linked in the human ge-
nome, we screened 20 of our hybrids for
sensitivity to mouse interferon. Mouse
A9 control cells and hybrid cells were
exposed to serial dilutions of mouse in-
terferon and challenged with vesicular
stomatitis virus (/3). Hybrid cells were
generally less sensitive to mouse inter-
feron than A9 cells, a result similar to
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that observed for human-mouse hybrid
cell sensitivity to human interferon (I4).
Interferon was assayed within 1 week of
karyotype and isozyme analysis. As be-
fore, sensitivity to mouse interferon
could be assigned to chromosome 16,
and it segregated concordantly with
mouse SOD-1 (Tables 2 and 3). Thus,
when SOD-1 negative subclones of pre-
viously SOD-1 positive hybrids were ex-
amined, they had invariably lost both
sensitivity to murine interferon and
mouse chromosome 16.

Numerous reports of the preservation
of synteny relationships in sets of homol-
ogous genes in a number of mammalian
species suggest that evolution may have
favored the retention of some ancestral
gene linkages. The linkage of the mouse
genes for sensitivity to mouse interferon
and for cytoplasmic SOD represents the
same linkage described for the corre-
sponding human genes. Sensitivity to hu-
man interferon and human SOD-1 have
both been mapped to a small region of
human chromosome 21 (I5). SOD-1 has
been assigned to chromosome segment
21922 (7), while a gene governing re-
sponse to human fibroblast, leukocyte,
and immune interferons has been mapped
to the distal portions of the long arm
of this chromosome (q21-qter) (/6). The
region of chromosome 21 containing
these two genes represents a small por-
tion of the human genome (about 0.5 per-
cent) and the linkage of these genes
might be expected to be conserved in
other mammalian species. Data on one
microcell hybrid we examined (d6) sug-
gest that the genes for SOD-1 and mouse
interferon sensitivity are also closely
linked. Even though no murine genetic
material can be cytologically detected in
this line, isozyme analysis and mouse in-
terferon sensitivity assays indicate that
the two genes are present and expressed.

The mapping of SOD-1 and a gene for
interferon sensitivity to mouse chromo-
some 16 adds two new markers to this
chromosome and provides another ex-
ample of an evolutionarily conserved
linkage. Comparative mapping data such
as these can provide valuable informa-
tion about chromosome evolution and
organization. The assignment of the
mouse interferon gene can also be ex-
pected to contribute in a significant way
to the advance of experimental studies
on the mechanism of interferon action.
Moreover, it is known that an extra copy
of human chromosome 21 (trisomy 21) is
the genetic basis for Down’s syndrome.
The specific genes involved in this condi-
tion have not been specified, but it is
known that the crucial genetic informa-
tion resides in band 21q22 (I7). The dem-
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onstration that murine SOD-1 and inter-
feron sensitivity are linked and that their
human homologs reside in a region
which is correlated with Down’s syn-
drome expression, suggests that partial
trisomy in mouse 16 could possibly serve
as an animal model for this important hu-
man genetic disease.
PIN-FANG LIN
Doris L. SLATE
FrRANCES C. LAWYER
Frank H. RUDDLE
Department of Biology,
Yale University,
New Haven, Connecticut 06520
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Abstract. Serum albumin was detected immunologically in muscle from a mam-
moth that died about 40,000 years ago. Rabbits injected with ground mammoth
muscle produced antibodies that react strongly with elephant albumin, weakly with
sea cow albumin, and still more weakly or not at all with other mammalian albumins.
Since elephant albumin elicited antibodies with the same specificity, some of the
surviving mammoth albumin molecules evidently have antigenic sites identical to
those on native elephant albumin. Much of the mammoth albumin has, however,
undergone postmortem change. The small amount of soluble albumin extractable

Many fossils contain remnants of pro-
teins whose amino acid sequences pre-
sumably carry information about the
structure of the genes of extinct crea-
tures. However, previous attempts to
extract genetic information from fossil
proteins have met with little success (1).
With a new immunological approach, we
have found a globular protein in mam-
moth remains and estimated its genetic
relatedness to the proteins of living spe-
cies (2). The investigation of proteins
from such well-preserved fossils as
mammoths (3) may serve as a stepping-
stone to the genetic study of less well-
preserved fossils.

Not surprisingly, the globular protein
we detected in mammoth tissue is albu-
min. Albumin is an excellent candidate
for survival and immunological detection
in vertebrate fossils because of its high
concentration in all tissues ¢, 5), resist-
ance to denaturation (¢-6), and immuno-
genicity (7). Further, albumin has been
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from mammoth muscle is heterogeneous in size, charge, and antigenic properties.

used for making genetic comparisons of
about 2000 pairs of living species (7), and
this large body of comparative informa-
tion provides a framework for analyzing
data obtained from the albumins of ex-
tinct species. '

Frozen muscle from the right thigh of a
40,000-year-old mammoth (Mammuthus
primigenius) (8) was ground in buffer,
and the resulting suspension was inject-
ed into rabbits (9). The antiserums pro-
duced after 12 weeks of immunization
were tested for reactivity with the sol-
uble proteins in serum and an extract of
leg muscle of an Indian elephant. In the
immunodiffusion test (/0), each anti-
serum produced a single precipitin line
with either serum or the muscle extract.
The fusion of the two lines indicated that
the rabbits had made antibodies chiefly
toward a single mammoth protein. This
protein was identified as albumin in two
ways (Fig. 1). First, each antiserum gave
a precipitin line with pure elephant albu-
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