
Biochemical Genetics 4:351-365 (1970) 
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An alloantiserum produced in the mouse has been used to detect an antigen which is 
present only in male serum from certain inbred strains of mice, e.g., DBA/2J, A/J, and 
BALB/e. Genetic tests reveal that the presence of this antigen is controlled by a dominant 
autosomal gene which is expressed only in males of the proper genotype. Test crosses 
and analysis of congenie resistant strains indicate close linkage between the sex-limited 
protein (Slp) and the histocompatibility-2 (H-2) region of linkage group IX. Analysis of 
seven intra-H-2 recombinant strains is consistent with the placement of the genetic 
determinant for Slp within the H-2 region in the same position as the Ss (serum substance) 
determinant. Immunological evidence suggests that the Slp antigenic sites reflect structural 
variation in the Ss component of mouse serum. 

INTRODUCTION 

A quantitative serum protein variant associated with the histocompatibility-2 (H-2) 
locus has been described in the house mouse (Shreffler and Owen, 1963; Shreffler, 
1964). The quantity of the variant protein (called the Ss protein) in the serum is 
controlled by two alleles, which determine large differences in Ss protein levels. These 
alleles have been designated SJ for low quantitative levels and Ss h for high levels of 
this protein. The Ssh/Ss h genotype (Ss-H phenotype) has approximately twenty times 
the level of serum Ss protein as the Ss*/Ss t genotype (Ss-L phenotype). The hetero- 
zygote, Ssh/Ss I (Ss-HL phenotype), has an intermediate level. Recombination mapping 
revealed that this locus is located within the complex H-2 region of linkage group IX, 
with the determinants of H-2 antigenic specificities lying both to the right and to the 
left of the Ss determinant (Shreffler, 1965, 1967). 
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In an effort to determine whether this locus controlling quantitative Ss expression 
is the structural locus for the Ss protein or merely has a regulatory effect on an Ss 
structural gene located elsewhere in the genome, a search was begun for structural 
differences in the Ss protein. For this purpose, partially purified preparations of Ss 
protein were used for cross-alloimmunizations between different inbred strains of mice. 

This report describes a qualitative serum protein variant which was revealed by 
alloimmunization and which is characterized by autosomal dominant genetic control, 
sex-limitation, genetic association with the H-2 region, and molecular association with 
the Ss protein. This variant has been tentatively designated the sex-limited protein 
(Slp) and the controlling locus designated Sip. A preliminary report of these findings 
has been published (Passmore and Shrettter, 1968). 

M E T H O D S  

Inbred strains of mice were obtained either from our own colony or from The Jackson 
Laboratory, Bar Harbor, Maine, with the exception of YBR/a, obtained from Dr. 
Morris Foster of the University of Michigan. The congenic resistant and H-2 re- 
combinant lines were from our own stocks. The strains studied are listed in Table IV. 

The inheritance of the Slp trait was examined in crosses between strains C57BL/6J 
and DBA/2J and between C57BL/6J and A/J. (C57BL/6J~ x DBA/2J~)F 1 hybrids 
(hereafter shortened to B6D2) and (C57BL/6J~ x A/Jd')FI hybrids (shortened to B6A) 
were purchased from The Jackson Laboratory, while the reciprocal F 1 hybrids 
(D2B6 and AB6) as well as reciprocal backcross and F2 generations were produced in 
this laboratory. 

Ss protein was partially purified for immunizations by applying 5.0-6.0 ml of 
DBA/2J or A/J whole serum to a 1.5 by 90 cm Sephadex G-200 column and eluting 
with phosphate-buffered saline, pH 7.0. The Ss-positive fractions were pooled and 
concentrated two to three times original concentration. In some later immunizations, 
antigen was prepared using Sip-positive fractions. In one case, Ss protein precipitated 
with anti-Ss was used for immunization. 

Alloimmunizations for the production of anti-Slp were made by subcutaneous 
injections of 0.2 ml of the partially purified Ss preparation emulsified in an equalvolume 
of complete Freund's adjuvant at days 0, 14, 21, and 28 followed by an intraperitoneal 
injection at day 42 without adjuvant. Animals were bled 7 days after the last injection 
and every second day thereafter for approximately 1 week. Pools of RF/J~ anti-A/Jc? 
or RF/J~' anti-DBA/2J~ were used for routine Slp typing. 

Antiserum for Ss typing was prepared according to Shreffler and Owen (1963). 
Blood for serum typing was drawn from the retro-orbital sinus and allowed to 

clot. The serum was then drawn off and typed immediately, with the excess being 
stored at - 80 C. Animals were tested only after 10 weeks of age since the Slp antigen 
does not begin to appear in the serum until approximately 6-8 weeks of age. Individual 
animals were typed at least twice using separate bleedings. In any case of discrepancy 
(usually animals that were classified as negative on the first typing and positive on the 
second, because: they were late in developing the Slp antigen), repeat typings were 
done with separate bleedings. 
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Serum Slp typing was done by microslide immunodiffusion using a modification 
of the method of Ridgway et al. (1962), in which the antibody and antigen wells are 
4 mmin diameter and spaced 7 mm apart (center to center). The immunodiffusion slides 
were read for the Slp reaction at 18 h. The method of Ss typing was the microslide 
technique previously described by Shreflter (1964). Quantitation of the Ss protein was 
performed by double immunodiffusion in tubes according to the method of Preer 
(1956) as modified by Shreffler (unpublished). 

Agar immunoelectrophoresis was carried out on 8 by 10 cm glass plates using a 
1% concentration of No. 2 Ionagar (Colab Laboratories) in a p H  8.6 veronal-calcium 
lactate buffer, modified from Hirschfeld (1959) by a 25% reduction in molarity of the 
buffer components. The cell buffer was the same as that used by Hirschfeld (1959). 
Electrophoresis was run for 90 min at 5.0 v/cm on an Immunobox immunoelectro- 
phoresis cell (Model EC640, E-C Apparatus Corp.). 

H-2 typing was carried out using the polyvinylpyrrolidine (PVP) method essen- 
tially as described by Stimpfling (1961), with minor modifications (Shreffter et al., 
1966). The basic method was modified by the addition of 0.3% bovine serum albumin, 
as used by Snell (personal communication). Typing sera for specificity H-2.4 were 
prepared as previously described (Shreffler et al., 1966), using the following strain 
combinations: (C3H/JSf x STOLI/Lw)F1 anti-DBA/2J and (C57BL/10JSf x AKR.M)- 
F~ anti-A/Sn. 

R E S U L T S  

The immunization of RF/J male mice with a partially purified preparation of Ss 
protein from DBA/2J male serum produced an antiserum which gave a well-defined 
precipitin line when tested on microslide immunodiffusion against sera from males of 
strains DBA/2JSf and A/J. However, the alloantiserum gave no reaction with sera from 
females of these same strains, and no reaction with the sera of animals of either sex 
from C57BL/6J, C3H/JSf, and RF/J. The immunodiffusion plate in Fig. 1 illustrates 
the reaction of RF/J3 anti-DBA/2J(? serum with sera from strains DBA/2JSf, A/J, and 
C57BL/6J. A number of other alloantisera, including RF/J~ anti-A/J~, C3H/JSf3 anti- 
A/J3, and C3H/JSf~2 anti-A/Jc~, gave identical reaction patterns and produced lines of 
complete fusion when compared with RF/Jd' anti-DBA/2Jc? in adjacent wells (Fig. 2). 
Since no reaction was observed with sera from females of any of the strains tested, a 
positive reaction with sera from males of a given strain was the criterion for designating 
the strain as positive for the reactive antigen, which will hereafter be referred to as the 
Slp (sex-limited protein) antigen. The reactive or positive phenotype will be designated 
Slp-a, the nonreactive or negative phenotype Slp-o. 

Crosses were made between strains DBA/2J (Slp-a) and C57BL/6J (Slp-o) and 
F1, Fz, and backcross generations were produced to determine the inheritance of this 
serum antigen. The segregation of the Slp trait in the progeny of these crosses is shown 
in Table I. F~ hybrid males from reciprocal crosses are all Sip-positive. This result 
rules out simple X- or Y-linkage, and suggests dominant, autosomal inheritance. This 
is confirmed in the backcross and F2 generations. All male progeny from the backcross 
to DBA/2J are positive, regardless of the direction of the cross. Among male progeny 
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Fig. 1. Immunodiffusion plate illustrating the typing of inbred mouse 
sera for Sip. Anti-Sip (RF~' anti-DBA/2J~) is in the center well. 
Well 1: A/J~ serum. Well 2: A/J ~ serum. Well 3: C57BL/6Jff serum. 
Well 4: C57BL/6J~ serum. Well 5: DBA/2J~ serum, Well 6: DBA/ 
2Jc? serum, Undiluted adult sera were used in all wells. 

f rom the backcrosses to the negative parent, the observed ratio of  Slp-a to Slp-o is 
close to the expected 1:1 ratio, and the F2 shows a close approximation to a 3 : 1 ratio. 
Note that, as in both parental strains, all females in these crosses are Slp-o, yet both 
DBA/2J and F 1 females produce Slp-a male offspring when mated to Slp-o C57BL/6J 
males. This indicates that these females carry the gene for Slp-positivity, but do not 
express the antigen. The trait is therefore sex-limited, i.e., confined to expression in 
males, but controlled by a single, dominant, autosomal gene. The allele which deter- 
mines presence of the antigen in males is designated Slp ~, the allele determining 
absence of the antigen is denoted Sip °. Similar crosses between C57BL/6J and A/J 
(Table II) also support these conclusions. 

Since the initial purpose of the alloimmunization was a search for structural 
variation in the H-2-1inked Ss protein, the progeny from the backcrosses to C57BL/6J 
(Tables I and II) were classified for H-2 type, to test for linkage of Slp with H-2. 
Specificity H-2.4 was utilized as the marker specificity for the H-2d type derived from 
strain DBA/2J and the H-2a type of strain A. Table I I I  lists the four equally probable 
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Fig. 2. Immunodiffusion reactions of various antisera prepared 
against partially purified Ss preparations. DBA/2Jff serum is in the 
center well. Well 1 : C3H/JS6 ~ anti-A/Jd'. Well 2: RF/Jd' anti-DBA/2J~. 
Well 3: C3H/JSf~ anti-A/Jd'. Well 4: blank. Well 5: RF/Jff anti- 
DBA/2Jff. Well 6: RF/J~ anti-A/Jff. Occasionally, splitting of the Slp 
band occurs as seen in the reaction with well 5. The splitting is not 
regularly reproducible, and it is not known whether its occurrence is 
due to heterogeneity of the antigen or to artifact. 

classes of male animals expected from these backcrosses under the hypothesis of 
independent assortment. As can be seen, however, only the two parental types (with 
respect to H-2.4 and Slp) are maintained in the progeny of the test crosses, with only 
one apparent exception in 104 animals. These data, therefore, are indicative of very 
close linkage between H-2 and Slp. The one exception above (~486) and an additional 
single exception (~300) among the 128 animals tested in the (C57BL/6J x DBA/2J)F z 
generation were both typed as H-2.4 negative and Slp-a. Repeated hemagglutination 
tests and in vivo absorption tests confirmed that these animals were H-2.4 negative. 
These two animals were progeny-tested by crossing each to C57BL/10J females. In 
both cases, H-2.4-negative Slp-a male offspring confirmed the exceptional type 
assigned to these animals. It seems reasonable to suspect that each of these animals 
resulted from an intra-H-2 crossover which carries the D end from the H-2 b chromo- 
some and the K end from H-2 a. Tests of additional H-2 specificities are now being 
done to determine whether this is in fact the case. 

The association of Slp with H-2 can also be seen in a very striking way in the 
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Table I. Sip Types of Progeny from the Cross C57BL/6J x DBA/2 

Males Females" 
Z 2 p 

Slp-a Slp-o Slp-a Slp-o males males 

Parental generation 
DBA/2 18 0 0 10 
C57BL/6J 0 9 0 5 

F1 generation ~ 
B6D2 6 0 0 5 
D2B6 11 0 0 6 
Total 17 0 0 11 

Backcross to DBA/2 
B6D2 x DBA/2 31 0 0 12 
DBA/2 x B6D2 17 0 0 13 
Total 48 0 0 25 

Backcross to C57BL/6J 
B6D2x C57BL/6J 22 19 0 19 0.22 
C57BL/6J x B6D2 5 6 0 3 
C57BL6J x D2B6 7 8 0 12 
Total 34 33 0 34 0.02 

F2 generation 
B6D2 x B6D2 39 12 0 30 0.06 
D2B6 x D2B6 55 22 0 18 0.35 
Total 94 34 0 48 0.17 

0,6-0.7 

0.9 

0.8 
0.544.6 
0.6-0.7 

"In each cross, only a sample of the total female progeny produced was tested, 
so the totals for females deviate from the totals for males. 

~B6D2 = shortened form for (C57BL/6J~ x DBA/2ff)F1. D2B6 = shortened 
form for (DBA/2 ~ x C57BL/6Jff)F1. 

distr ibution of  Slp and H-2 types in inbred strains. Table IV gives the Slp types of  38 

inbred strains o f  mice (including congenic resistant strains) grouped according to H-2 

type to emphasize the associat ion between Slp and H-2. All males were tested with both  

RF/Jd '  ant i -DBA/2Jd '  and RF/Jc~ ant i -A/J~  with identical  results. In conf i rmat ion of  

earlier suspicions of  sex-limitation, females o f  all 38 strains are negative. 

Table II. Sip Types of Progeny from the Cross C57BL/6J x A/J (Reciprocal 
Crosses Pooled) 

Males Females" 
Z 2 p 

Slp-a Slp-o Slp-a Slp-o males males 

A/J 7 0 0 4 
C57BL/6J 0 9 0 5 
F1 generation 12 0 0 8 
Backcross to A/J 20 0 0 10 
Backcross to C57BL/6J 21 16 0 10 0.66 
Fz generation 37 17 0 22 1.21 

0.4 
0.2-0.3 

"In each cross, only a sample of females was tested, so female totals deviate 
from male totals. 
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T a b l e  III .  Test Crosses for Determination of  Linkage Between the 
H-2 Locus (Specificity 4) and Slp Type (Only Males Included) 

Phenotype 
Cross ; Cross" 

(C57BL/6J x DBA/2)F~ (C57BL/6J x A/J)F1 
x C57BL/6 x C57BL/6 

+4 ,  Slp-a 33 16 
- 4 ,  Slp-o 33 21 
+4 ,  Slp-o 0 0 
- 4 ,  Slp-a 1 0 

3 5 7  

N o t i c e  t h a t  all  H - 2 a  a n d  H - 2 d  s t r a i n s  a r e  S lp -a ,  w h i l e  all  H - 2 b  a n d  H - 2 k  s t r a i n s  

a r e  S lp -o .  T h i s  c lo se  r e l a t i o n s h i p  is e v e n  m o r e  a p p a r e n t  w h e n  t h e  c o n g e n i c  r e s i s t a n t  

s t r a i n s  a r e  c o n s i d e r e d .  C o n g e n i c  r e s i s t a n t  s t r a i n s  a r e  s t r a i n s  w h i c h  a r e  e s s e n t i a l l y  

i d e n t i c a l  g e n e t i c a l l y ,  e x c e p t  f o r  t h e  i n t r o d u c t i o n  o f  a d i f f e r e n t  a l le le  a t  a h i s t o c o m p a t i -  

b i l i ty  l o c u s ,  i n  t h i s  c a s e  t h e  H-2 l o c u s .  T h e s e  s t r a i n s  h a v e  b e e n  p r o d u c e d  b y  b a c k c r o s s -  

i n g  d i f f e r e n t  H-2 al le les  o n t o  c e r t a i n  i n b r e d  b a c k g r o u n d s  f o r  a t  l e a s t  10 g e n e r a t i o n s .  

T a b l e  IV. Distribution of  Sip Type in Inbred Lines of  Mice Arranged to Reflect the Association with 
H-2 Type 

Sip Sip H-2 Sip Sip H-2 
Line males females type Line males females type 

P/JSf - p 
BDP/J  - p 

A/HeJ  + - a 
A/J  + - a 
A/SnSf  + - a 
B10.A/SnSf + - a 

C57BL/10JSf - - b 
C57BL/6J - - b 
C57L/J - - b 
A.BY/SnSf - - b 
129/J - - b 

DBA/2JSf  + - d 
BALB/cAnM + - d 
YBR/a  + - d 
B10.D2/SnSf + - d 

A K R / J  - - k 
CBA/J - - k 
C3H/JSf  - - k 
B10.K/Sf - - k 
C57BR/cdJ - - k 
C58/J - - k 
MA/J  - - k 
R F / J  - - k 

+ 
+ 

DBA/1JSf  - - q 
C3H.Q/Sf  - - q 

C3H.RII I /Sf  - - r ~ 
CR/Sf  a - - r 

D1.C/SnSf + - c 
A.CA/SnSf  - - f 
CJ/Sf b + - j 
I /AoSf  + - 1 
AKR,M/SnSf  - - m 
BF/Sf c + - n 
A.SW/SnSf + - s 
PL/JSf + - v 
WB/ReSf  - - w 
FL/2ReSf  - - ? 
B10.Y/SnSf - - pa 

" Stock derived f rom C3H/JSfx  R I I I / W y  cross, inbred 18 generations. 
b Stock derived f rom C3H/JSfx  JK/St  cross, inbi'ed 13 generations. 
c Stock derived from C57BL/10JSfx F/St cross, inbred 14 generations. 
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Heterozygous parent Recombinan! AI lelic 
Symbol 

4 - Ss h Sip ct 31 
H-2 d ~, 32 5 sshSlp ° 31 H 2 °h 
'H_2 k . . . .  [ 

32 5 Ss ~ Sip ° I I 

4 - Ss h Sip °" 31 
H-2 d 32 5 Ss~Slp ° 31 
H_2k _ l  ~ H-2o'~ 

32 5 Ss~SIp o II 

Fig. 3. A pair of intra-H-2 crossovers which position the Sip determined within the 
I-[-2 region (see text for description). Only selected specificities have been included. 

For example, C57BL/10 (synonym B10) and C57BL/lO-H-2" (synonym B10.A) are 
congenic strains that are different only at the H-2 locus; their genetic background is 
the same. Notice that strain B10.A has a Sip type corresponding to the strain of origin 
of its H-2 type (strain A), not the Sip type of the background strain (C57BL/10). 
This relationship would be expected if H-2 and Slp are closely linked. Four additional 
congenic resistant strains are informative in the same way: A/Sn-H-2 b (synonym 
A.BY), DBA/1JSn-H-2 c (D1.C), C57BL/lOScSn-H-2 a new (B10.D2), A/Sn-H-2 I 
(A.CA). 

The map position of Sip in relation to H-2 was more precisely determined by 
analysis of a number of available strains derived from crossovers within the H-2 region. 
In Fig. 3, a pair of intra-H-2 recombinant chromosomes are diagrammed, designated 
H-2 °h and H-2 °l (see Shreffler, 1965; Shreffler et al., 1966; David and Shreffler, un- 
published). On the left side of the table is the parental heterozygote combination in 
which the crossovers took place. Both crossovers were between alleles H-2 a and H-2 k. 
At the right of the table are the configurations of the two recombinant chromosomes. 
Only selected H-2 specificities are included. In both cases, the recombinant chromo- 
some contains specificities 32 and 5 from one chromosome and specificity 31 from the 
other parental chromosome, indicating that a crossover has occurred between the 
locations controlling these specificities. The recombinant chromosomes, as shown, 
have the same H-2 specificities but differ with respect to Ss type. Therefore, assuming 
that both represent single crossover events, in one case the crossover occurred to the 
left of the Ss segment and in the other case to the right of this segment. When males of 
these crossover types were tested for Sip type, the first was found to be Slp-a while the 
other was Slp-o. Since these two recombinants differ only with respect to a small 
chromosome segment within the H-2 region, the Slp determinant must also reside 
within the H-2 region. Analyses of five additional crossovers indicated a position for 
Sip to the right of the intra-H-2 crossover point in four of them, while one indicates a 
position to the left of the intra-H-2 crossover point. All of these are consistent with 
a localization of Slp within the H-2 region. 
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6 ,32  

2 , 4 , 1 3  :3 2 2  I 1,5 I 
D I C V E 

h,,~ I II, 31 
Ss K 

H-2 g Sip a 

H-2 h Sip Q 

Reference 

I 

H-2 i Sip o 

H-2O~Slp o 

H-2OhSIp a 

H-2 aj~ Sip ° 

H - 2  t l  Sip o 

2 

2 

2 

r 3 

4 

• - 4 

4 

Key: 
Position of recombination event 

D 
Possible positi.ons of Sip determinant 

Fig. 4. Recombination map of the I-[-2 region of the mouse. Below the map are 
diagrammed the seven intra-H-2 recombinants which position the Slp determinant 
within the 1-1-2 region (see text for description). Only selected H-2 specificities are 
included in the map. References: 1. Shrefl]er (1967). 2. Gorer  and Mikulska 
(1959). 3. Shreffter et al. (1966). 4. David and Shreffter (unpublished). 

At the top of Fig. 4 is shown the recombination map of the H-2 region using 
selected specificities (from Shreffler, 1967). The bottom portion of Fig. 4 depicts the 
possible positions of Sip with reference to the H-2 map, as determined by each of the 
seven informative recombinants. The possible crossover position for each of these 
recombinants was determined in the same manner as the two illustrated in Fig. 3. 
H-2 specificities of each of these recombinants, as well as the parental heterozygote 
configurations, can be found in the references listed at the side of the figure. Slp types 
are given in the figure. It is apparent that the only possible position for Slp that is 
common to all recombinants is the Ss segment within the H-2 region. Thus the genetic 
evidence is not inconsistent with the hypothesis that the Sip trait reflects variation in 
the Ss protein. 

A number of experiments were carried out to determine whether the Slp variation 
was physically and chemically associated with the quantitatively controlled Ss protein. 
For this purpose, the immunological relationship between the Ss and Sip antigens was 
investigated. In Fig. 5 an agar immunodiffusion pattern is presented in which the 
antigen (normal mouse serum from strain DBA/2) was in one well, with anti-Sip and 
anti-Ss placed in adjacent wells. A spur is visible at the point of the junction of the two 
reaction lines with anti-Sip and anti-Ss. Such a reaction would be expected to occur 
with a heterogeneous antigen, in which some molecules contain Ss sites and Slp sites, 
while some molecules contain only Ss sites. 

This apparent cross-reactivity between Ss and Sip antigens was confirmed in 
absorption studies designed to determine the effect of anti-Ss on Sip activity and con- 
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Fig. 5. Immunodiffusion plate showing the precipitin 
reactions of anti-Slp (well 1) and anti-Ss (well 2) with 
DBA/2J3 serum (well 3). 

versely the effect of anti-Sip on Ss activity. Unlike conventional absorption tests (in 
which antiserum is absorbed with antigen and then tested against a second antigen), 
antibody of one type was used to absorb antigen which was then tested for its ability 
to react with antibody of the other type. In the first series, DBA/2J male serum was 
absorbed with rabbit anti-Ss in tubes for 1 hr at 37 C and then 8 additional hrs at 4 C. 
The tubes were then centrifuged and the supernatant was tested for Sip reactivity 
with RF/Jc~ anti-DBA/2JcL The absorption was done in a number of antigen-antibody 
ratios from 2 : 1 to 1 : 3 2. As controls which should have no effect (other than dilution) 
on Slp reactivity, normal rabbit serum or phosphate-buffered saline was similarly 
mixed with DBA/2J male serum. 

As can be seen in Table V, DBA/2J male serum can be diluted 1 part serum to 16 
parts normal rabbit serum or phosphate-buffered saline and still give a positive reac- 
tion (lines 1 and 2, Table V). However, when 1 part DBA/J2 male serum is mixed with 
2 parts anti-Ss, all Slp activity is removed (line 3). Note that the Sip activity is com- 
pletely absorbed out at the same level of anti-Ss as that at which all Ss activity is lost 
(line 4). It appears, therefore, that anti-Ss is reactive with all molecules carrying the 
Sip antigenic determinant and is effective in absorbing out all Slp activity. This result 
is consistent with the hypothesis that all molecules carrying Slp sites also carry 
Ss sites. 
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Table V. The Effect of Anti-Ss on Slp Reactivity 
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Absorbed Tested Ratio antigen: absorbing material 
Antigen with with 2:1 1:1 1:2 1:4 1:8 1:16 1:32 

1. DBA/2JSfff serum NRS a Anti-Sip + + + + + + 
2. DBA/2JSf~ serum PBS b Anti-Sip + + + + + ÷ 
3. DBA/2JSfc? serum Anti-Ss Anti-Sip + + . . . .  
4. DBA/2JSfd serum Anti-Ss Anti-Ss + Trace . . . .  

m 

a NRS -- normal rabbit serum. 
b PBS = phosphate-buffered saline. 

In the second series, DBA/2J male serum was absorbed with anti-Sip (RF/Jd' 
anti-DBA/2J~) for 1 hr at 37 C, then overnight at 4 C. It was then centrifuged and 
tested for Ss reactivity with anti-Ss. In this case, the Ss activity was tested quantitatively 
in immunodiffusion tubes. Quantitation was necessary because the serum containing 
the anti-Slp (from strain RF/J) also contains Ss protein. This Ss protein will, of course, 
be Slp-negative. Fortunately, RF/J is Ss-L and has only approximately one twentieth as 
much Ss protein as does DBA/2J, which is Ss-H. However, since a small amount of 
this Sip-negative Ss protein is present in each of the reaction tubes, all would be 
scored positive in a qualitative test. In the quantitative immunodiffusion tube method, 
the percentage reduction in antigen activity could be more reliably estimated. 

The effect of anti-Slp (RF/Jd' anti-DBA/2Jd) on the Ss activity of DBA/2Jd' serum 
is shown in Table VI. In line 1, DBA/2c? serum was diluted with phosphate-buffered 
saline. These dilutions produced a linear calibration curve when precipitin line position 
was plotted against the logz of the dilution. Units of Ss activity were assigned to each 
dilution based on 100 units = undiluted DBA/2Jc? serum. When DBA/2Jd' serum 
is absorbed with anti-Slp (line 4) at a ratio of 2 parts antigen to 1 part anti-Sip, Ss 
activity is reduced from 67 units to 25 units. Since the addition of anti-Slp adds a small 
amount ofpresumablynon-reactive Ss in the form of Ss-L mouse serum, it is neces- 
sary to subtract this activity (estimated in line 5) from 25 units of activity to get a net 

Table VI. The Effect of Anti-Sip on Ss Reactivity" 

A b s o r b e d  T e s t e d  R a t i o  a n t i g e n  : a b s o r b i n g  m a t e r i a l  

A n t i g e n  w i t h  w i t h  2 : 1 1 : 1 1 : 2 1 : 4 1 : 8 1 : 1 6 

1. D B A / 2 J S f 3  s e r u m  P B S  ° A n t i - S s  67 50 33 20  11 
2.  D B A / 2 J S f 3  s e r u m  S s - L  N M S  c A n t i - S s  69 57 37 21 N T  d 
3. D B A / 2 J S f ~  s e r u m  A n t i - S i p  A n t i - S i p  + T r a c e  - -  - -  - -  
4 .  D B A / 2 J S f 3  s e r u m  A n t i - S i p  A n t i - S s  25  < 11, > 6 < 11 < 11 < I 1 
5. C a l c u l a t e d  u n i t s  o f  n o n r e a c t i v e  Ss  f r o m  2 3 3 4 5 

R F / J ( S s - L )  a n t i s e r u m  
6. N e t  u n i t s  o f  p o s s i b l y  r eac t i v e  Ss  p r o t e i n  23 < 8, > 3 < 8 < 7 < 6 

( l ine  4 - - l i n e  5) 
7. L o s s  o f  a c t i v i t y  66yo 84~4Yoo 7 6 - 1 0 0 ~  6 5 - 1 0 0 ~ o  4 6 - 1 0 0 ~  

N o  r e a c t i o n  
N T  

a R e a c t i o n s  e x p r e s s e d  i n  u n i t s  o f  a c t i v i t y  w i t h  u n d i l u t e d  D B A / 2 J S f  m a l e  s e r u m  = 100 un i t s .  
b P B S  = p h o s p h a t e .  
c N M S  = n o r m a l  m o u s e  s e r u m .  
a N T  = n o t  t e s t ed .  
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Fig. 6. Immunoelectrophoretic plate showing the precipitin reactions of anti-Ss 
and anti-Slp (RFd' anti-DBA/2Jc?) with DBA/2J male serum. The anode was at the 
right. 

remaining activity of 23 units (line 6). Ss activity at this absorption ratio was therefore 
reduced approximately 66% (line 7). In a similar way, percent loss of Ss activity can be 
calculated at each absorption ratio. The figure < 11 is based on the last dilution 
standard (line 1) which will give a reaction on this immunodiffusion tube method (1 : 8 
dilution or 11 units) and indicates the maximum score that can be assigned to a 
negative reaction. At the 1 : 1 ratio, absorption is almost complete, as indicated by 
the trace reaction with anti-Slp (line 3). At this ratio, approximately 84-94% of the Ss 
reactivity is lost. This seems to be the best minimum estimate that can be derived from 
this table since the calculations made from the three higher dilutions are increasingly 
less sensitive because of their increasing dilution. 

In any case, substantial reduction of Ss level by anti-Slp can be demonstrated in 
this absorption series. It is not possible to determine whether this cross-reactivity is 
complete because of technical peculiarities of the absorption method; however, it 
seems that a substantial fraction, if not all, of  the Ss protein molecules in Slp-a serum 
carry Slp antigenic sites. 

On immunoelectrophoresis, Ss protein and the sex-limited protein give very 
similar migration patterns (Fig. 6), with the only difference being that a portion of the 
band formed by the Ss protein extends slightly more in the direction of the anode. 

A number of experiments were conducted to determine the existence (if any) and 
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the nature of the gene product of the Slp° allele. A rabbit antiserum was made against 
a Slp preparation, and no specific rabbit anti-Slp was found when the antiserum was 
absorbed with Slp-o serum. (A good anti-Ss was produced.) This would be expected if 
the Slp° allele produced a very similar gene product indistinguishable by the rabbit 
antiserum or if the rabbit failed to respond to the Slp specificity. A/J male animals were 
injected with Ss protein preparations from C57BL/6J males in an attempt to demon- 
strate an allotypic specificity which would define the negative allele. Three such animals 
produced no antisera defining the Slp° allele. Further immunizations, using the 
following strain combinations, were also unsuccessful: B10.Ad' anti-B10~ (two 
animals) and DBA/2ff anti-B10c? (two animals using Ss anti-Ss precipitated com- 
plexes). With only negative results thus far, very little can be said from these 
approaches as to whether or not the Slp° allele produces an immunologically 
distinguishable product. 

Development of the sex-limited protein occurs after sexual maturity in positive 
males. Eight DBA/2J males were tested for the antigen weekly from 3 to 10 weeks of 
age. All the animals were negative when tested at 3, 4, 5, and 6 weeks. Three animals 
were positive at 7 weeks and all were positive at 8 weeks, although the antigen did not 
reach full strength in some until 10 weeks of age. Eight DBA/2J females tested at the 
same intervals were always negative. 

In addition to the serum, the Slp antigen is also present in ascites fluid of A/He 
males. Seminal fluid, testes homogenate, and urine from DBA/2JSf males have been 
tested and found to be Sip-negative. A number of pregnant females from positive 
strains were tested and also found to be negative. 

On Sephadex G-200 gel, filtration peak concentration of Slp antigen is detected in 
those fractions with a molecular weight range of approximately 125,000-155,000, 
based upon comparison with hemoglobin, albumin, and blue dextran 2000 (Pharmacia). 
Although these fractions are also positive for the Ss protein, the peak of Ss activity 
occurs in somewhat earlier fractions. The Slp antigen is heat-stable only to 50-52 C 
for 20 rain, and substantial reduction of antigenic activity occurs after 3 days' storage 
at 4 C. This stability is significantly less than the value for the Ss protein, which was 
heat-stable to 70 C for 20 min. Both antigens, however, have identical pH stability 
ranges of 3.2-11.0. 

Although no precise determinations have been done, it appears that Slp-a strains 
differ somewhat in quantitative levels of the Slp antigen, as determined by both the 
intensity and the position of precipitin bands on immunodiffusion. All the positive 
strains, however, give moderate to strong reactions, with the exception of strain 
BDP/J. Eight BDP/J males that have been repeatedly typed give the following 
reactions: two moderately positive, four very weakly positive, and two negative. 

DISCUSSION 

The results demonstrate the existence of a serum protein variant in the house mouse 
detected by a specific alloantiserum on agar immunodiffusion. The genetic data are 
consistent with the hypothesis of control by a single autosomal dominant gene. Two of 
the characteristics of this variant system are particularly interesting. The antigen is 
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normally expressed only in males of the proper genotype; hence the name of this 
variant, sex-limited protein (Slp). Secondly, our results show that the genetic deter- 
minant for Slp is linked to and maps within the H-2 region of linkage group IX. Since 
testing the original seven recombinants reported in this paper, we have recently 
analyzed seven additional informative crossovers and find them to be consistent with 
the positioning of the Slp determinant within the H-2 region. 

One of the most important questions to be answered from the results is: Does the 
Slp trait represent the structural variation in the Ss protein which was originally sought ? 
Both agar immunodiffusion and absorption studies show significant cross-reactivity 
between Ss protein and the Slp antigen, and it seems rather clearly established that all 
molecules which carry Slp antigen sites also carry the antigenic determinants for Ss. 
Whether there are Ss molecules without Slp sites is not yet clear. In any case, the 
immunological evidence would seem to indicate that the Slp antigenic site is on the 
quantitatively variant Ss protein. The similar migration of Ss and Slp antigens on agar 
immunoelectrophoresis and their identical genetic map position within the H-2 region 
are also consistent with this interpretation. 

Since the Slp variant is defined by an alloantiserum, it is reasonable to assume that 
the distinction between Slp-a and Slp-o is based on a structural difference. The genetic 
data map this structural difference in the Ss subdivision within the H-2 region. If the 
Slp antigenic site is on the Ss protein, the Slp alloantiserum must be defining structural 
differences in the Ss protein. One might then postulate that the Ss locus is probably the 
structural locus for this protein, rather than a regulatory locus. However, such a con- 
clusion is complicated by the fact that the Slp trait is sex-limited, with the structural 
variation expressed only in males. This complication could be accounted for if some 
basic structural variation exists in the Ss protein which is exposed, modified, or acti- 
vated only in the male environment. While models in which the Ss determinant func- 
tions as a regulatory locus cannot yet be ruled out, the structural locus model appears 
far less complex at present. The discovery of an Slp specificity antithetical, or allelic, to 
Slp-a would strengthen the argument that Ss is a structural locus, since it is highly 
unlikely that different alleles at a regulatory locus could each control or turn on a series 
of different antigenic specificities determined by another locus. A regulator gene would 
be expected to affect a structural gene in a quantitative manner, not in a qualitative 
manner. Further immunizations with Slp-o male serum are being carried out in an 
attempt to define additional Slp specificities. 

The Slp variant is a useful marker in the genetic analysis of both the Ss determinant 
and the complex H-2 region. Slp types subdivide the large number of Ss-H inbred 
strains into two groups: Ss-H Slp-a and Ss-H Slp-o. This distinction then becomes use- 
ful in the analysis of a large number of intra-H-2 recombinants which do not differ 
with respect to Ss. Thus Slp provides an intra-H-2 marker useful in the analysis and 
positioning of H-2 specificities in recombinants originating from heterozygote com- 
binations such as H-2a/H-2 b and H-2d/H-2 b, e.g., those which have been reported by 
Gorer and Mikulska (1959) and by Stimpfling and Richardson (1965). Assuming that 
the Sip antigenic sites do in fact represent structural differences in the Ss protein, the 
location of the Slp determinant within the 1-1-2 region confirms still more strongly the 
previously indicated map position of the Ss determinant (Shrettter, 1967). 
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Snell et al. (1964) and Shreffler (1965) have discussed the influence o f  the loca t ion  
o f  the Ss locus on the in te rp re ta t ion  o f  the genetic o rgan iza t ion  o f  the H~2 region. In  
these discussions,  i t  was suggested tha t  i f  the Ss locus maps  within the 1-1-2 region,  and  
if  it  de termines  a p ro te in  funct ional ly  or  ant igenical ly unre la ted  to H-2, then one is 
forced to view the H-2 region as being made  up of  more  than  one funct ional  locus, i.e., 

two h i s tocompat ib i l i ty  loci separa ted  by  a locus for  the Ss protein.  The work  tha t  we 
have presented  on the Sip var ian t  bears  on this suggest ion o f  mul t ip le  loci in two ways. 
Firs t ,  the Sip var ian t  adds  suppor t  for  loca t ion  o f  the Ss var iant  with the H-2 region.  
Secondly,  our  evidence suggests tha t  the Ss locus may  be the s t ructura l  locus for  the 
Ss prote in .  This  new in format ion ,  plus the fact  tha t  Ss and  Sip still have no t  been 
funct ional ly  re la ted to H-2, tend to suppor t  the idea o f  a mul t ic is t ronic  H-2 region.  
A final conclus ion mus t  awai t  fur ther  analysis  o f  the na ture  o f  the Slp s t ructural  
difference. 

Potent ia l ly  one o f  the mos t  useful aspects  o f  the Sip va r ian t  is the sex-l imitat ion.  
Recent  results f rom cas t ra t ion  and  ho rmone  t rea tment  o f  bo th  male  and female mice 
indicate  tha t  the deve lopment  and  main tenance  o f  the Sip-ant igen is s t rongly dependent  
on the male  ho rmone  env i ronment  (Passmore,  1969). Therefore,  this sex-l imited 
system could  prove  extremely va luable  in the s tudy o f  h o r m o n a l  regula t ion  o f  gene 

expression.  
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