
GENETIC VARIATION AT A LOCUS ( T A M - I )  FOR SUBMAXILLARY 
GLAND PROTEASE IN THE MOUSE AND ITS LOCATION 

ON CHROMOSOME 7 

LOREN C .  SKOW132 

The Jackson Laboratory, Bar Harbor, Maine 04609 

Manuscript received February 28, 1978 
Revised copy received July 3, 1978 

ABSTRACT 

Electrophoretic and activity variants for a testosterone-induced estero- 
protease have been discovered in submaxillary glands from inbred strains of 
mice. The enzyme is tentatively designated tamase (TAM-I) and the variant 
genetic locus is Tam-I. The alleles Tam-In and Tam-Ib determine electro- 
phoretically distinct zones of tamase activity, while Tam-IC produces no detect- 
able enzyme activity. Data from recombinant inbred strains and BGAF, x B6 
and B6D2F1 x B6 backcrosses established linkage of Tam-I to glucose phos- 
phate isomerase (Gpi-I), pink-eyed dilution ( p )  and /3-hemoglobin (Hbb) on 
chromosome 7. The gene order is Gpi-I-Tam-l-p-Hbb. Analysis of congenic 
resistant strains indicates that Tam-I is closely linked to the minor histocom- 
patibility locus, H-4.  TAM-I was not cross-reactive with antisera to mouse 
nerve growth factor, submaxillary renin, or  tamases A ancl D. 

HE submaxillary (submandibular) gland of the male mouse (Mus  musculus) 
Tundergoes extensive, androgeii-dependent developmental changes concomi- 
tant with the sexual maturation of the animal (LACASSAGNE 1940; JUNQUIERA 
Qt al. 1949). This sexual dimorphism is evident histologically by hypertrophy of 
the epithelial cells lining the secretory tubules ( LACASSAGNE 1940) and reflects 
the increased secretory activity of these cells (KAIHO, NAKAMURA and KUMEGAWA 
1975). 

Among the products of the submaxillary glands of mature male mice are sev- 
eral trypsin-like proteases (E.C.3.4.4.-) that are capable of hydrolyzing various 
amides and esters of arginine (LBVY, FISHMAN and SCHENKEIN 1970). These 
enzymes are collectively designated as tamases because they are assayed with 
the synthetic substrate, p-tosyl-L-arginine methyl ester (TAMe) . Tamases are 
absent or present at low levels in the submaxillary glands of virgin adult female 
and prepuberal male mice, but the enzymes can be rapidly induced in these 
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714. L. C. SKOW 

animals by testosterone injections (ANGELETTI, ANGELETTI and CALLISANO 
1967). 

Immunological and biochemical differences have been demonstrated among 
the mouse submaxillary tamases (LEVY, FISHMAN and SCHENKEIN 1970; 
SCHENKEIN et al. 1969; SERVER and SHOOTER 1976), suggesting that multiple 
genetic loci are responsible for encoding these enzymes. This communication 
presents the first report of genetic polymorphism in mice for a submaxillary 
gland tamase. The enzyme is designated TAM-1 and the polymorphism is 
expressed as variations in electrophoretic mobility and enzyme activity. Data are 
presented that demonstrate genetic linkage of the locus ( T a m - l )  with loci on 
chromosome 7 and show that expression of Tam-l  is controlled by testosterone. 

MATERIALS A N D  METHODS 

Source of animals: Tamase activity was analyzed by sampling at least two mature males 
(50 days old or older) from each of 39 inbred strains of mice maintained at the Jackson Labora- 
tory. Males from the incipient inbred stocks of M .  m. castaneus (F15), Mor (F14) and Peru 
(F13), maintained by T. H. RODERICK, and three stocks of M .  m. molossinus (F15-19), main- 
tained by J. E. WOMACK, were also examined. 

A preliminary search for genetic linkage of Tam-I with other genetic markers in the mouse 
was conducted using males from 24 recombinant inbred (RI) strains derived by continuous full- 
sib matings from the F, generation of the C57BL/6J x DBA/2J (BXD) strain cross (TAYLOR, 
HEINIGER and MEIER 1973). Additional linkage data were obtained from males and testosterone- 
injected females from the backcrosses (C57BL/6J x A/J)F, x C57BL/6J and (C57BL/6J X 
DBA/BJ)F, x C57BL/6J. The backcrosses are hereafter abbreviated BGAF, x B6 ana 
B6D2F1 x B6, respectively. 

Hormonal control of tamase expression was investigated in two- to three- month-old virgin 
females of strains AiJ, BALB/cJ, C37BL/6J, and DBA/2J. Experimental animals received a 
single intraperitoneal injection of 10 mg testosterone propionate (Sigma) suspended in  0.2 ml 
peanut oil. Control animals received injections of peanut oil only. Animals were sacrificed six 
days post-injection, and submaxillary glands were assayed by electrophoresis for tamase expres- 
sion. Additional investigations of hormonal control of tamase expression were performed using 
male mice hemizygous for  the X-linked mutation, testicu!ar feminization (Tfm),  and female 
mice carrying the sex-limited dominant mutation, sex reversal ( S x r ) .  Tfm/Y mice are genetic 
males that are androgen insensitive due to a hormone receptor defect and consequently do not 
undergo differentiation of androgen target tissues (ANDREWS and BULLOCK 1972). Sxr/+  mice 
are genetic females that develop as sterile phenotypic males (CATTANACH, POLLARD and H A W K E ~  
1971). The Tfm/Y and Sxr/+ mice were obtained from E. M. EICHER. 

Tissue preparation: Animals were killed by cervical dislocation or CO, asphyxiation. Sub- 
maxillary glands were removed, trimmed of fat and associated tissues, and homogenized in water 
(1 :4 weight: volume) using a Potter-Elvehjem grinder. Homogenates were centrifuged for 15 
minutes at 28,000 x g and the supernatant removed for analysis Analysis for linkage of the 
tamase gene with loci encoding the p chain of hemoglobin (Hbb) and glucose phosphate iso- 
merase (Gpi - I )  was performed on distilled water lysates of packed erythrocytes (1:4 volume: 
volume). Blood was collected from the retro-orbital sinus into heparinized microhematocrit tubes. 
Gland homogenates and red cell lysates were analyzed the same day as prepared. 

Electrophoresis and histochemical staining: Electrophoresis of submaxillary gland prepara- 
tions was performed on Titan I11 cellulose acetate plates (Helena Laboratories) in a Tris- 
glycine buffer system at pH 8.5. The buffer was made by dissolving 3 g of Trisma base (Sigma) 
and 14.4 g of glycine in 1 1  of water. Samples were applied near the center of the plates and 
electrophoresis performed at 26 V/cm for 14 min (2mA/plate) 
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MOUSE SUBMAXILLARY TAMASE VARIANTS 715 

Tamase activity was visualized by using a colorimetric indicator, bromthymol blue, to detect 
a localized change in pH caused by the liberation of carboxyl groups from the hydrolyzed TAMe. 
After electrophoresis, the cellulose acetate plates were placed on a level surface and covered 
with bromthymol blue solution (1% in 0.05 M Tris-EDTA-Boric Acid buffer, pH 8.6, of RUDDLE, 
SHOWS and RODERICK (1968)). After one min, the excess bromthymol blue was removed by 
blotting with filter paper, and a 1% aqueous solution of TAMe (Sigma) was layered over the 
plates. Tamase activity was indicated almost immediately by the appearance of bright yellow 
bands on a blue background. Duplicate plates were stained for proteins in  a 0.5% solution of 
Ponceau S in salicyclic acid (Helena Laboratories). Destaining was accomplished by repeated 
washes in a 10% acetic acid solution. 

Backcross animals were typed for Hbb and Gpi-I using red cell lysates that were analyzed 
by the cellulose acetate electrophoresis procedure described for studying tamases. Phenotypes for 
Hbb were determined without staining. Gpi-1 typing was accomplished by incorporating a stain 
mixture into a 1% agar overlay (EICHER and WASHBURN 1978). 

The BXD RI strains had been previously typed for Hbb and Gpi-I by testing red cell lysates 
from breeding pairs in the line of descent (TAYLOR unpublished data) using starch gel electro- 
phoresis as described by HUTTON (1969). The Hbb typing of most of the BXD RI strains was 
reported previously (STERN, RUSSELL and TAYLOR 1976). 

Immunoelectrophoresis: Submaxillary gland extracts were analyzed by immunoelectro- 
phoresis to determine whether TAM-I was cross-reactive with antisera against several previously 
described submaxillary proteases. Antisera for mouse nerve growth factor (NGF), renin, and 
tamases A and D, were examined for precipitin arc formation with TAM-I. Horse anti-NGF 
was purchased from Burroughs-Wellcome. Samples of rabbit anti-renin and anti-tamases A and 
D were kindly supplied by T. INAGAMI (Vanderbilt University) and I. SCHENKEIN (New York 
University), respectively. Immunoelectrophoresis was performed on Titan I11 I E  agar plates, 
(Helena Laboratories) in the B, barbitol-barbitone buffer (Helena Laboratories) for 35 min at 
13 V/cm, 10 mA/plate. After electrophoresis, the trough of each plate was filled with the appro- 
priate antiserum and incubated at 24" lor 24 hr. Precipitin arcs were visualized by staining with 
Ponceau S after repeated washings in 0.85% NaCl had removed the unprecipitated proteins. 
Excess stain was removed by washing in 10% acetic acid. Duplicate electrophoretic plates run 
in each analysis, but with no antiserum added, were stained for protein to visualize TANI-1. 
After staining and destaining, duplicate plates were aligned and examined for arc formation in 
the region of TAM-1. 

RESULTS 

Tamase activity in mouse submaxillary glands was demonstrated by cellulose 
acetate electrophoresis (Figure 1A). At least four zones of tamase activity were 
observed in each sample. Zones corresponding to regions of tamase activity were 
also visualized with protein stain (Figure 1B) , indicating that these enzymes 
comprise a substantial portion of the soluble protein of this tissue. 

The effect of testosterone on tamase expression in the submaxillary glands of 
female mice is seen in Figure 1C and D. Tamase activity, as revealed by electro- 
phoretic analysis, was rapidly induced by hormone treatment of females to levels 
approaching the activities of normal males. Negligible tamase activity was 
observed in submaxillary glands from control females. These results are consis- 
tent with quantitative measurements of androgen-induced tamase activity in 
mouse submaxillary glands ( ANGELETTI, ANGELETTI and CALLISANO 1967). 
Analysis of tamase patterns in Tfm/E' and Szr /+  mutant mice confirmed the 
hormone-dependent nature of tamase expression (Figure 2). Submaxillary prep- 
arations from the androgen insensitive Tfm/Y males contained little or no tamase 
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FIGURE 1 .-Duplicate cellulose acetate plates stained for submaxillary tamase activity (left) 
and protein (right). Samples in plates A and B, left to right, are from animals of genotypes 
Tam-la/Tam-la ( l ) ,  Tam-l*/Tam-lb (2), Tam-f */Tam-lb (3),  Tam-f"/Tam-lC (4), Tam-lb/ 
Tam-lc ( 5 ) ,  and Tam-lC/Tam-lC (6). Note the presence of a faint protein positive band in 
sample six that co-migrates with the product of Tam-lb. Plates C and D demonstrate induction 
of tamase activity by testosterone. Samples, left to right, are from DBA/2J male ( l ) ,  DBA/2J 
female (2), testosterone treated DBA/2J female (3) Tfm/Y male (4) and Sxr/f female ( 5 ) .  
Sample five contains the protein-positive band that comigrates with the product of Tam-Zb, but 
is enzymatically inactive. 

activity and could not be distinguished from samples from normal iemales. 
Samples from females contained high levels of tamase activity, similar to levels 
observed in samples from normal males. 

The survey of 41 inbred and incipient inbred strains revealed concordant 
electrophoretic variation for tamase activity and proteins in the cathodal region 
of the cellulose acetate plates. The variation was expressed as either electro- 
phoretic mobility differences between two sets (TAM-1A and TAM-1B) of 
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MOUSE SUBMAXII,I,ARY TAMASE VARIANTS 71 7 

FIcunE 2.-Superimposed agar immunoelectrophoresis plates stained for protein to demon- 
strate immunological nonidentity of TAM-1 with mouse NGF. Wells (A)  and (B) contain sub- 
maxillary gland preparations from TAM-1 A and TAM-1B animals, respectively. T h e  trough of 
the upper plate was filled with horse antiserum to mouse NGF. 

double-banded patterns of active enzyme or the complete absence of enzyme 
activity in the cathodal region (TAM-IC) . Representative phenotypes are shown 
in Figure 1. It  is unclear whether the two-banded patterns represent physiologi- 
cal entities or are produced during preparation of the samples. Rased on the strain 
survey, the TAM-I polymorphs are widely distributed among inbred and incipi- 
ent inbred strains of mice (Table 1 ) . 

The phenotypes observed for the parental strains and their F, progeny (Figure 
1) indicated that the tamase variation is determined by three alleles at a single 
locus. The allele of strain A/J, designated Tam-Z", produced an active form of 
enzyme that migrated toward the cathode more rapidly than the enzyme encoded 
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718 L. C. SKOW 

TABLE 1 

Distribution of Tam-1 alleles among 43 inbred and partially inbred strains of mice 

Tam-la Tam-lb 
.___ 

A/HeJ NZB/BlNJ DBA/lJ 
A/J Peru (F13) DBA/W 
BALB/cJ RIII/&J MA/MyJ 
CE/J SEC/l Re J M .  m. molossinus II* (F15) 
DW/J SM/J M .  m. cataneus (F15) 
HRS/J ST/bJ P/J 
IS/Cam 129/J SJL/J 
LJ/J l29/Sv 
Mor (F14) 
M .  m moZossinus I(F17), III(F19) 

Tam-I _ _ _ ~ _ _ _ _ _  
AEJ/Gn C57BL/J 
AKR/J C58/J 
AU/SsJ LG/J 
BUB/BnJ PL/J 
CBA/J SF/Cam 
C3HeB/FeJ SK/Cam 
C57BL/KsJ SWR/J 
C57BL/6J WB/ReJ-W/+ 
C57BL/lOSn WC/Re-SI/+ 
C5 7BR/cdJ 

* This stock of M .  m. molossinus is now extinct. 

by the DBA/2J allele, Tam-lb. A third allele (Tam-1") was carried by strain 
C57BL/6J and produced no detectable enzyme activity in the cathodal region, 
although a faint band that co-migrated with the Tam-lb product was often 
observed in C57BL/6J samples stained for protein (see Figure 1, sample 6, and 
Figure 2, sample 5).  Whether this band represents an inactive product of Tam-1 
or some other protein has not been determined. Analysis of backcross animals 
verified the allelic inheritance of Tam-1 variants. A cross of BGAF, X B6 pro- 
duced 13 offspring of the TAM-1A phenotype and 16 offspring of TAM-IC 
phenotype. The B6D2F1 x B6 cross produced 14 TAM-1B offspring and 16 
TAM-IC offspring. For the conditions employed in this study, the expression of 
Tam-1" in heterozygous condition is recessive to the expression of Tam-1" and 
Tam-1 b. 

Analysis of the BXD strains supported the allelic mode of inheritance of Tam-1 
variants and furthermore, demonstrated a nonrandom association between Tam-2 
and the Gpi-1 and Hbb loci on chromosome 7 (Table 2) .  Gene order and recom- 
bination frequencies estimated from the RI strain data were calculated to be 
Gpi-1-10.7 f 5.1-Tam-1-14.0 f 8.1-Hbb. These estimates are based on the 
predicted relationship between the probability of fixing a recombinant genotype 
(R) in an RI strain, and the probability of recombination in a single meiosis 
(r) : R = +r/( 1 f 6 r) (HALDANE and WADDINGTON 1931). 

Analysis of the backcross progeny from BGAF, x B6 and B6D2F1 x B6 con- 
firmed the linkage of Tam-1 to Gpi-1 and Hbb (Table 3) .  These data (all from 
female F, parents) estimate the recombination distances for the two back- 
crosses as follows: BGAF, x B6, Gpi-1-13.3 ? 3.9-Tam-1-32.0 -C 5.4-Hbb; 
B6D2F1 x B6, Gpi-1-13.0 -C 3.3-Tam-1-26.0 I. 4.4-Hbb. The gene order 
and distances are in agreement with the above estimates obtained from the RI 
strain data. The more than two-fold difference between distance estimates for 
the interval Tam-2-Hbb obtained from the backcross and R I  data is attributed 
to the large sample variance associated with estimates based on RI strains 
(WOMACK, LYNES and TAYLOR 1975). 
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MOUSE SUBMAXILLARY TAMASE VARIANTS 719 

TABLE 2 

Inheritance of chromosome 7 markers Gpi-I, Tam-I and Hbb in 24 BXD RI strains 

Crossovers Genotypes* 
RI  strain (or progenitor) Gpi-l Tam-1 Hbb Region No. of strains 

(C57BL/6J), BXD-I, 8,11, 
16, 19,20,21,23,24,29 

(DBA/2J), BXD-12,14,28 

BXD-27,30 
BXD-9,13,18 
BXD-2,6 
BXD-22 

BXDd,25 

BXD-15 

B B B 
D D D 
B x D  D 
D x B  B 
B B x D  
D D x B  
B x D x B  

D x B x D  

None 
None 
Gpi-I-Tam-I 
Gpi-I-Tam-I 
Tam-I-Hbb 
Tam-I-Hbb 
Gpi-I-Tam-I, 
Tam-1 -H bb 
Gpi-I-Tam-I, 
Tam-I-Hbb 

10 
3 
2 
2 
3 
2 

1 

1 

* B and D are used as generic symbols for alleles inherited from C57BL/6J and DBA/2J, 
respectively. Regions where crossovers have resulted in recombination in  the different BXD RI 
strains are denoted by an X. C57BL/6J carries Gpi-lb, Tam-IC and Hbbs, while DBA/2J carries 
Gpi-la, Tam-lb and Hbbd. 

The backcross data appear to be internally consistent except fo r  a highly 
significant ( P  < 0.01) difference in the frequency of reciprocal recombinant 
classes for the Tam-I-Hbb interval in the B6D2Fl x B6 backcross (Table 3 ) .  
This observation may represent a statistical anomaly since both double-recom- 
binant gametes observed were of the infrequent Tam-l-Hbbs genotype. 
Although the observed numbers of double-recombinant gametes are less than 
expected, based on the observed frequency of single recombinants, the differences 
are not statistically significant ( P  > 0.05) when analyzed within backcrosses. 

Subsequent to the determination of linkage of Tam-I  with Gpi-I and Hbb, an 
attempt was made to define the position of Tam-I  more precisely with respect 
to other markers on chromosome 7. The location of Tam-I  about 13 units from 

TABLE 3 

Genotypes of gametes transmitted b y  B6AF, and BbDZF, females to offspring 
when backcrossed to C57BL/dJ males 

Genetic locus Number observed 
Region of recombination Gpi-1 Tam-I Hbb B6A B6D2 

None b C S 18 31 
a a,h d 23 32 

Gpi-I-Tam-l b a,h d 5 7 
a C S 5 4 

Tam-1-Hb3 b C d 10 21 

Gpi-l-Tam-l ; Tam-I-Hbb b a,b S 0 2 
a C d 0 0 

Total 75 100 

a a,b S 14 3** 

* * Frequency differences between reciprocal recombinant classes are significant at the 0.01 level. 
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G p i - l  toward Hbb is near Hbb is near p (pink-eyed dilution) and H-4 (histo- 
compatibility-4). The RI lines, BXJ-1 and 2 (derived from C57BL/6J and SJL/J 
progenitor strains*), have been €ixed for  a recombinational event between Gpi-1 
and p .  Analysis of these lines determined that Tam-l is located between Gpi-1 
and p since BXJ-1 possessed C57BL/6J alleles at Gpi-1, Tam-1, and p while 
BXJ-2 possessed the SJL/J alleles at Gpi- l  and Tam-1 but carried the revertant 
C57BL/6J allele, pink-eye unstable, at p .  Only two BXJ RI strains exist, so that 
it was not possible to estimate the map distance from Tam-l to p .  However, the 
map distances obtained from the backcross studies in this experiment, together 
with established map distances for markers on chromosome 7 (DAVISSON and 
RODERICK 1978), suggest that the two loci are closely linked, perhaps less than 
three map units apart. 

Corroboration of the position of Tam-1 relative to markers on chromosome 7 
was obtained by analysis of congenic resistant (CR) strains obtained from M. 
CHERRY. CR strains were produced by repeated backcrossing with selection for 
donor histocompatibility alleles, and backcrossed animals were subsequently 
inbred by sib-mating. In the production of CR strains, some additional donor 
genes that are closely linked to the selected histocompatibility locus were co- 
transferred to the recipient strain, making CR strains useful for  linkage testing 
(BAILEY 1971). 

Analysis of the H-4 CR strain, BlO.l29(21M)/Sn, revealed that Tam-1 had 
indeed been co-transferred with H-4b from the donor strain, 129/J, onto the 
C57BL/10Sn background. It is of interest to note that BlO.l29(21M)/Sn also 
carries the mutant p allele. BlO.l29(21M)/Sn was derived by the equivalent of 
15 generations of backcrossing prior to inbreeding and, assuming a length of 80 
recombinant units for chromosome 7 (DAVISSON and RODERICK 1978) the esti- 
mated length of the donor chromosome segment in BlO.I29(21M)/Sn is 11.4 * 
7.2 (E. R. DEMPSTER, personal communication). This confirms the close linkage 
of Tam-1 to p and H-4 as predicted from the backcross data. The gene order for 

1 
Centromere Gpi- I ru-z  p H-4 Nil C 'Hbb H-1 Ad 

n 
35 

I 
I I ,  I I I /- 

I2 I I  , 3 , ,  5 ,  9 , 6 ,2, 

I 1 

I 

B6AF,  x 86  ' 13.3: 3.9 - LToOm.,IC- 32.0 *_ 5.4  *I 
[4 I3  O ?  3.3 

I 

26.0 ? 4 . 4  

t 
B6D2Fl  x 86 

FIGURE 3.-Diagram of the recombination map oE selected genetic loci of mouse chromosome 
7 .  Established loci and map distances (DAVISSON and RODERICK 1978) are presented at the top 
of the diagram. The location of Tam-1 and map distances t s.d. from Gpi-2 and Hbb are pre- 
sented below the diagram. Loci whose order is uncertain are bracketed. Abbreviations for loci 
not described in the text include Nil (neonatal intestinal lipoidosis) and Ad (adult obesity and 
diabetes). 

* These RI strains were derived from an SJL/J X C57BL/6J-pU" cross. Since SJL/J carries recessive alleles a t  the 
pink-eye dilution (p) and albino (c) loci, F, hybrids could be screened for wild-type revertants of the unstable pun  
allele. Two such mosaic mice were progeny tested by mating to normal pun + / p  c sibs. Among the F2 progeny, full 
colored mice were obtained (p"" + / p  c or pun +/PE* +) which were intercrossed and sib-mated thereafter with selection 
€or the p'" + chromosume. 
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MOUSE SUBMAXILLARY TAMASE VARIANTS 721 

p and H-4 is not known (no recombinants have been reported), so that it is not 
yet possible to order Tam-l relative to H-4. Examination of the H - l  CR strains 
BlO.D2 (58N) /Sn, B10.129 (6M) /oSn, and B10.129 (5M) /oSn revealed that the 
donor Tam-l alleles were not co-transferred with the donor alleles of H-I ,  another 
histocompatibility locus on chromosome 7 about 20 units from H-4 and closely 
linked to Hbb (see Figure 3) . 

The immunoelectrophoresis experiments revealed that TAM-1 is distinct from 
NFG, Renin and tamases A and D since the TAM-1 allozymes failed i!o form 
precipitin arcs with antisera against these proteins. Arc formation was observed 
in the anodal portion of all gels (for example, see Figure 2). 

DISCUSSION 

This study confirmed, by electrophoretic techniques, that tamase activity in 
the submaxillary gland of inbred strains of mice is testosterone-induced and 
reflects the combined activity of several distinct proteases. The discovery of 
electrophoretic variants for one of the tamase isozymes has permitted the assign- 
ment of a new locus, Tam-2, to a defined segment of mouse chromosome 7 
(Figure 3) .  At least 32 loci have now been assigned to this chromosome (DAVIS- 
SON and RODERICK 1978). including 11 loci that encode biochemical markers. 
Alleles of many of these loci are well distributed among inbred strains of mice 
and encode variants with no detectable deleterious effects. Consequently, it is 
now possible to construct multi-point crosses that will more precisely define map 
distances along the entire length of chromosome 7 and answer questions pertain- 
ing to crossover suppression, mechanisms of recombination, and the correlation 
between physical and recombinational chromosome maps. 

The widespread distribution of Tam-l alleles among inbred mouse strains and 
the ease with which the gene products can be assayed makes this enzyme useful 
as a genetic marker for the medial region of chromosome 7. Other genetic markers 
in this region are of limited use because they are either homozygous recessive 
that have arisen by spontaneous mutation in one or a few inbred strains (ru-2 
and p )  or  express phenotypes that are difficult to identify (H-4  and N i l ) .  Pre- 
liminary studies indicate that Tam-l expression is restricted to the submaxillary 
gland and saliva. When assayed for tamase activity, samples have been success- 
fully typed for Tam-l in saliva, permitting Tam-l identification of live mice, 
thus enhancing the value of this enzyme as a genetic marker. Tam-l variants 
were not detected in saliva using the protein stain, Ponceau S. 

Several hypotheses could explain the apparent absence of Tam-l activity in 
animals homozygous €or the c allele. First, it could be argued that Tam-1" 
encodes an enzyme that is active upon its physiological substrate, but is incapa- 
ble of hydrolyzing the nonphysiological synthetic substrate, TAMe. This is a 
difficult hypothesis to evaluate since the natural substrate for TAM-1 is not 
known. However, the concordant deficiency of comigrating protein positive bands 
and TAM-1 activity in Tam-lC samples analyzed by electrophoresis strongly 
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722 L. C .  SKOW 

suggests that the absence of enzyme activity is due to a diminished level of 
enzyme, not to a specific substrate requirement. 

A second hypothesis, previously mentioned, would attribute the absence of 
Tam-1 expression on electrophoretic plates to the co-migration with, and sub- 
sequent masking of, TAM-1C by one of the other tamases. This hypothesis has 
been tentatively rejected since there was no noticeable increase in the activity 
of other tamase isozymes from Tam-l"/Tam-lc samples when compared to the 
same isozymes from Tam-la/Tam-la or Tam-1 b/Tam-l samples. 

ciency is caused by a mutant regulatory gene that is cis-active and tightly linked 
to Tam-1. Such regulator-structural gene systems have been proposed to control 
the production of the mouse enzymes, S-aminolevulinate dehydratase (COLEMAN 
1971), and /.-glucuronidase (SWANK, PAIGEN and GANSCHOW 1973), but allelic 
inheritance has been proposed as an alternative for Tam-l until data are obtained 
that directly support a two-gene hypothesis. 

Fourth, Tam-1" may be included within a deletion of a small segment of 
chromosome 7. This hypothesis is considered unlikely. Homozygous deletions are 
assumed to be associated with some recognizable physiological deficiency. There- 
fore, the common occurrence of Tam-l" in standard inbred strains of mice that 
are physiologically L'normal'' does not support a deletion hypothesis. 

A fifth hypothesis, and one considered most likely, is that the Tam-1" locus 
encodes an altered polypeptide that is either nonfunction or highly labile under 
the conditions used in this study. Indirect support for this hypothesis comes from 
the regular observation of a faint protein band, co-migrating with Tam-1 enzyme, 
in samples from animals with the c allele. Immunochemical studies are underway 
to investigate this possibility. 

The widespread occurrence of the apparent null allele, Tam-1 c, among inbred 
strains raises questions about the physiological role of the protease and suggests 
that TAM-1 may not be essential for normal growth and reproduction of mice 
in a laboratory environment. The availability of a null allele may prove to be 
useful in defining the physiological role of TAM-1. Tamases in general may be 
involved in the activation of precursor molecules during secretion. Such a func- 
tion has been proposed for the tamase subunits of submaxillary nerve growth 
factor and epidermal growth factor (TAYLOR, COHEN and MITCHELL 1970; 
ANGLELTTI and BRADSHAW 1971 ) . Several other biologically active proteins are 
known to be generated from inactive precursors by arginine-specific proteases 
(STEINER et al. 1974). A similar function for the product of Tam-1 would cer- 
tainly be consistent with the correlated testosterone-dependent appearance of 
tamases and the increased secretory activity of the submaxillary gland. If such 
a function can be determined, the genetic variation at Tam-1 would provide a 
powerful approach for  investigating secretory mechanisms in the mouse sub- 
maxillary gland. 
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Third, from the data presented. the possibility exists that the enzyme defi- , 
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Jackson Laboratory, who supplied animals from his recombinant inbred strains, and to JAMES 
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