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SEVERAL loci concerned with the production of serum proteins of the mouse

have been identified. These include loci controlling immune globulins (KeLus
and Moor-Jankowskr 1961; WunperLicH and HErRzENBERG 1963), transferrin
(ConEN 1960; SHREFFLER 1960), a hemolytic complement component (CINADER,
Dusrskr and WarorLaw 1964; Erickson, TacuiBana, HERZENBERG and RosEN-
BERG 1964), two as yet unidentified esterases (Porp and Popp 1962; PeTrAS
1963), a prealbumin (SHREFFLER 1964) and a protein associated with the H-2
locus (SHREFFLER 1964a).

This paper presents evidence identifying a locus independent of those previ-
ously described which is concerned with another but as yet incompletely char-
acterized serum substance.

MATERIALS AND METHODS

Mouse strains: The following strains were maintained in the Department of Genetics, Stan-
ford University. C57BL/10Hz, RF/J, B10.D2(old)Hz, A/J, C3H/Hz, (C3H.SW/Hz x C57BL/
10Hz) (CSW B10)F, and F, and the backcross to C3H.SW. In addition, CST a noninbred stock
was also maintained and used for crossing with A/J to produce (CST X A/J)F, and a backcross
to A/J.

Normal sera: Mice from the colony were bled from the tail. Serum samples were stored at
—20°C. Samples of sera from strains not available in the colony were obtained from the sources
indicated by the substrain symbol,

Antisera: Three parts of B10-D2(old)Hz serum were emulsified in complete Freund’s adju-
vant containing 8 mg/ml of Mycobacterium tuberculum. Each of ten adult female RF/J mice
were injected intraperitoneally with 0.15 ml of the emulsion. Four weeks and eight weeks later
they were reinjected with a similar emulsion utilizing incomplete Freund’s adjuvant. Animals
were bled at five, seven and nine weeks. The A/J anti C57BL,/6J, B10-D2(old) anti B10-D2
(new) and BALB/C anti C57BL/6 sera have been described previously (EricksoN, TACHIBANA,
Herzenpers and RosenBErc 1964; WunperLicH and HerzENBERG 1963).

Agar diffusion: A modification of the OucuTERLONY (OUCHTERLONY 1962) technique was
employed using 6 ml of 1% JTonagar 2 in pH 7.15 phosphate buffered saline with 0.2% sodium
azide on a 3 X 2 inch glass slide; the SCHEIDEGGER (SCHEIDEGGER 1955) microimmunoelectro-
phoresis method with Veronal buffer pH 8.2 0.05 M was used. Slides were developed for 24 hr
at room temperature, dried, washed and stained with amido black.

Density gradient ultracentrifugation: A 37% to 10% sucrose gradient was made with a
device similar to that described by BrirTEn and Roserts (1960). 0.5 ml of a mixture of equal
parts of 109, sucrose in saline and serum was layered over a 4.8 ml gradient. Using a SW-39

1 Present address: Division of Experimental Biology, National Institute for Medical Research, Mill Hill, London,
N.W.7, England.
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rotor the samples were spun for 15 to 18 hr at 35,000 rpm in a Spinco model L ultracentrifuge.
Four-drop fractions were collected through a hole punched through the bottom with a 19 gauge
needle. :

RESULTS

Eight of the ten immunized RF/J animals developed a single precipitin line
when their sera were tested by agar double diffusion with B10-D2(old) serum;
two were negative. When tested on a single pattern it was seen that all of the
lines fused completely, indicating that each individual serum had precipitating
antibody directed against the same single class of molecules. All positive sera
for each of the three bleeds were therefore pooled.

The pooled antiserum was tested against several individuals from each of sev-
eral strains. The results of these tests are shown in Table 1. All individual sera
from an inbred strain were either positive or negative. However, it was seen that
wi*h some positive sera the precipitin line formed was very close to the antigen
well where it was not consistently distinguished from nonspecific staining. For
this reason all negative sera were always retested against antisera that had been
diluted in normal RF/J serum to % and, if necessary, to 4 and 14. It was also
found that B10-D2(old) serum, when concentrated by negative pressure dialysis
to 1% its original volume, gave a much stronger reaction. Similar testing of a
negative serum, DBA /2, did not reveal a positive reaction.

Sera from the progeny of appropriate crosses were examined to test whether
the absence or presence of the antigenic serum substance was under genetic con-
trol. The results of these tests are shown in Table 2.

The F, progeny from a cross of animals belonging to a negative and positive

TABLE 1

Precipitin reactions of RE/J anti B10-D2(old) with individual sera

Mouse strain Number + Number —
DBA/2J 0 20
B10-D2(old) /Hz male 12 0
B10-D2(old) /Hz female 8 0
C57BL/10Hz male 12 0
C3H.SW 0 20

TABLE 2

Preciptin reactions of RF/J anti B10-D2(old) with the F, and F, progeny derived from a
positive (C57/BL/10Hz) and a negative (CSW /Hz) strain

Cross Number + Number — Chi-square* P
(CSW B10)F, 20 0 - RV
(CSW B10)F, 68 33 3.4 0.05-0.1
Backcross to positive 33 46 2.2 0.1-0.2

* For hypothesis of a single locus with dominance or codominance of the positive allele.
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strain were all positive. The frequency of positive and negative individuals in
the F. progeny and in the offspring of the backcross to the negative strain was
compatible with the hypothesis of control of antigenic type at a single locus, with
the positive allele dominant or codominant.

It was possible to test for independent segregation of the antigenic serum sub-
stance from loci concerned with a hemolytic complement component (Hc), the
H chain of gamma.. (Ig-1), agouti (A), and coat color (C), using the sera from
the progeny of the crosses in Table 2. as well as sera from the progeny of the
cross of animals heterozygous for He, C, and the gene for antigenic serum sub-
stance, The results in Table 3 show the absence of close linkage between the locus
of antigenic serum substance and the other loci examined. In the case of Ig-7
this would probably imply independence from Ig-2, the locus specifying the H
polypeptide chain of mouse S2A globulin, since Ig-7 and Ig-2 are closely linked
(HerzZENBERG 1964 ).

The antiserum pool was tested against sera from several strains. The results of
these tests are shown in Table 4. Also shown, where available, are the H-2, Ig-1
and He phenotypes.

Of several other mouse antisera to mouse sera available for testing, two have
shown precipitin reactions with the antigenic serum substance. One of these
antisera is an A/J anti C57BL/6 previously reported to develop three precipitin
lines on double diffusion (EricksonN, Tacuisana, HERzZENBERG and RosENBERG
1964). The other is an NZB/B1 anti C57BL/10 B1 made available by Dr. LesLie
Norins. Both these sera develop a precipitin line with B10-D2 serum, which

TABLE 3
Test of linkage between the Sas locus and Ig-1, A, Hc, C

Cross Genotypest Test Chi-square* P
Ig-1b
-+ —
Sas-1¢ Ig-1% Sas-1° 1g-12 S 4 5
CWBT X CSW B Y i as + 10 03-05
Sas-1°0 Ig-1¢ Sas-1° Ig-1¢ Sas — 10 6
A a
Sas-18 A Sas-1% A Sas 45 23
(CWBT)F, BV i as + 51 0.1-02
- Sas-19 a Sas-1° a Sas — 25 8
He
+ —
Sas-1¢ Hct Sas-1° HcO Sas + 11 12
CSTE X A/NYF, X A/] —— — —— —— 0.7 0.3-0.5
( DE XA/ Sas10 Heo  Sastv Hev Sas — 17 12
C ¢
Sas-1¢ C Sas-1° ¢ Sas + 14 9
CST X A/DF A/) — _ 1.8 0.1-0.
( /DE X A/ Sas-1° ¢ X Sas-1° ¢ Sas — 9 13 02

* Hypothesis of independent segregation (without correction for small numbers).
+ See piscussioN for designation of genotypes.
I CST is a stock (noninbred) from Jackson Laboratory. The parents of the F, used here were homozygous for C and Hel.
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TABLE 4

Tests of the antiserum pool against sera from various strains

Strain antiger?iir;irll)stance He type* Ig-17} type H-2 typel
A/l — 0 e a
AKR/J - 0§ d k
AL/N —+ . d a
BALB/CGa + 1 a d
BDP/J + 1 h p(?)
BSL/Di -+ . h .
B10-D2(n-w)Hz -+ 1 b d
B10-D2(old)Hz + 0 b d
CBA/J — 1] a k
CE/J — 0 f k
C3H/Hz — 1 a k
C3H.SW/SnHz — 1 a b
C57BR/cd) + 1 a b
C57BL/Ka -+ 1 b b
C57BL/6J + 1 b b
C57BL/10Hz -+ 1 b b
C57L/7 + 1 a b
C58/7 + 1 a k(?)
DA/Hu —_ . g .
DBA/1J — 1 c q
DBA/2J — 0 c d
DD/He — 0 .

DE/J — 0 £

Fz/Di — 1 g .
LP/J + 1 b b
NZB/Bl — 0 e

PL/J — 1 a

RE/J — 0 c k
RIIL/J + 1 g r
SIL/J — 1 b s
SM/J — 1 b ‘
ST/J + 0 a k
STR/N -+ 1 a ,
SWR/J + 0 c b
58N/Sn -+ . b .
101/R1 -+ 1 b k
129/RrGa —+ 1 a b

* Erickson, TacHiBana, HErzENBERG and RoSENBERG 1964.
+ HErzeNBERG, WARNER and HerzeNBeERG 1965.
1 SwerL, HoeckER, Amos and StiMprLING 1964; Staats 1964
ﬁ AKR/J previously reported as Hc-1.

CBA/J previously reported as Hc-0.

forms a line of identity with the line formed by the RF/J anti B10-D2 sera.
Furthermore, no such line appears when either of these antisera is tested against
sera known to be negative for the antigenic serum substance. Similar sera pre-
pared in one positive strain against another (101/R1 anti SWR/J), and in a
positive strain against one that was negative (C57BL/10 Hz anti C3H/Hz), have
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Figure |.—Immunoelectrophoresis of mouse sera showing Sas, Hc-1, and Ig-1. (a) Concen-
trated B10.D2(old)Hz. (b) Concentrated DBA/2J. (¢) C57BL./10SnHz. The top trough contained
anti-Sas (RF/J anti B10.D2[old]), the middle anti Hc-7 and the bottom anti /g-1”. The anode
was to the right. The cathodal extension of the He-1 line is due to a reaction with the He-1 within
the bottom antiserum.

not shown precipitin lines when tested by double diffusion. Thus, no product of
another allele at this locus has been identified.

When C57BL./10 Hz serum was tested simultaneously with RF anti B10-D2.
an anti-hemolytic complement component (He-1) (B10-D2[old] anti B10-D2
[new]. and an anti gamma globulin (BALB/C anti C57B1/6). the single precipi-
tin lines which formed spurred completely over each other indicating no cross
reactions.

The electrophoretic mobility of the antigenic serum substance is shown in
Figure 1. It can be seen that the RF anti B10-D2 serum produces a single pre-
cipitin line that runs in the fast g region. slightly anodal to He-1.

Several density gradient centrifugations were run. A typical result is shown

BLUE

Sas (12-16) [

YELLOW Ig-1° (8-17)

¥ (1-6)

J

Ficure 2.—Sucrose gradient of C57BL/10SnHz serum. Twenty-three fractions of four drops
each were collected. Albumin was marked with brom phenol blue. Hemoglobin appeared as a
vellow region. Fractions were tested by double diffusion against each antiserum. v, was identi-
fied with a rabbit anti-mouse serum sunplied by Dr. Ricarp WisTag.
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diagrammatically in Figure 2. It can be seen that the antigenic serum substance
sediments in a region below the albumin peak and above the gamma globulin
area.

The precipitin line formed by RF anti B10-D2 with concentrated B10-D2
serum failed to stain with Sudan Black (UrieL and Grasar 1956). It also failed
to develop a positive reaction when incubated with « napthyl acetate (UrieL
1961). These results argue against the antigenic serum substance being a lipo-
protemn or an esterase.

DISCUSSION

By isoimmunization procedures a mouse antiserum that precipitates a mouse
serum substance has been produced. A single locus concerned with the produc-
tion of this substance has been demonstrated. We propose that the locus be desig-
nated Sas-1 (Serum antigenic substance) and that the allele associated with a
positive reaction be designated as Sas-1°. Since no allelic product has been found,
the designation Sas-1° is proposed for the allele associated with a negative re-
action.

No evidence relating Sas-7 to the Ig-7 or He systems has been obtained. In
fact the genetic evidence, absence of cross reactivity on double diffusion, and
differences in electrophoretic mobility all argue for independent systems.

The antigenic serum substance remains to be characterised. A more intensive
search for allelic products also remains to be made.

This investigation was made during the tenure of an Arthritis and Rheumatism Foundation
Postdoctoral Fellowship. It was supported in part by Public Health Service grants CA-04681
and AI-02700. The author is grateful to DrR. Leonarp A. HErzENBERG for advice, criticism and
the hospitality of his laboratory. .

SUMMARY

An antigenic serum substance in mouse has been identified by an isoantiserum.
It has been shown to be controlled by a single gene locus for which the symbol
Sas-1 is proposed. The serum substance migrates in the 8 region on agar electro-
phoresis and sediments slightly more rapidly than albumin in sucrose density
gradient centrifugation. Evidence is presented that it is antigenically and genet-
ically distinct from several other loci concerned with serum substances in mouse.
Close linkage of Sas-1 to the A, C, Ig-1 and Hc loci can be ruled out.
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