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The pathway of male sexual development in mammals is initiated by SRY, a gene on the 
short arm of the Y chromosome. Its expression in the differentiating gonadal ridge directs 
testicular morphogenesis, characterized by elaboration of Miillerian inhibiting substance 
(MIS) and testosterone. SRY and MIS each belong to conserved gene families that 
function in the control of growth and differentiation. Structural and biochemical studies 
of the DNA binding domain of SRY (the HMG box) revealed a protein-DNA interaction 
consisting of partial side chain intercalation into a widened minor groove. Functional 
studies of SRY in a cell line from embryonic gonadal ridge demonstrated activation of a 
gene-regulatory pathway leading to expression of MIS. SRY molecules containing mu- 
tations associated with human sex reversal have altered structural interactions with DNA 
and failed to induce transcription of MIS. 

Sexual dimorphism in mammalian embryo- logic differentiation (3). Its transgenic ex- 
genesis nrovides a model of a develoomen- nression in XX mice is sufficient to induce a " 

tal switch. The signal event in the male cascade of downstream regulatory events 
uathwav, differentiation of an indifferent that lead to formation of male-snecific 
?or bipotential) gonad into a testis ( I ) ,  is 
regulated in early embryogenesis by the Y 
chromosome (2). A regulatory gene has 
been mapped to the short arm of the Y 
chromosome (interval 1 A l )  by molecular 
analysis of human sex reversal (XX males 
and XY females) (3). This gene encodes 
SRY, a DNA binding protein that is con- 
served amone mammalian Y chromosomes 
and is simi1a;to members of the HMG box 
familv of transcri~tion factors (4). Whereas 

structures and regression of female primor- 
dia (5). Although the steps of this pathway 
and their regulatory relationships are in- 
completely delineated, testicular morpho- 
genesis is characterized by secretion of MIS 
by Sertoli cells (6) and of testosterone by 
Leydig cells (1 ). MIS induces regression of 
the Mullerian duct (the anlagen of the uter- 
us, fallopian tube, and upper vagina); an- 
drogenic steroids induce masculinization of 
the external genitalia and differentiation of . , 

mouse Sry and some other HMG box pro- the ~ o l f f i a ~ d u c t  (the anlagen of the vas 
teins contain a recognized transcri~tion ac- deferens, seminal vesicles, and eoididvmis). - . , ,  

tivation domain, other mammalian SRY Progress in reproductive biology has tra- 
proteins (including human) do not (4). The ditionally been stimulated by interdiscipli- 
mechanism of action of SRY is unknown. nary analysis of patients with altered or 

The mouse homolog of SRY is selective- ambiguous sexual development. Together, 
ly expressed in the common gonadal pri- observations of clinicians, geneticists, and 
mordia of male gonads just before morpho- biochemists have demonstrated that expres- 

sion of the complete male phenotype re- 
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derlying the molecular events that lead to 
sexual differentiation. Correlated studies of 
structure and function illustrate how such 
mutations affect this decision at the levels 
of protein folding, DNA recognition, and 
transcriptional regulation. In complementa- 
rv studies of human or rat MIS Dromoters 
transfected with human SRY into an  im- 
mortalized urogenital ridge cell line we in- 
vestigated how SRY activates a male-specif- 
ic transcription pathway. These investiga- 
tions define a mechanism by which SRY 
recognizes DNA, demonstrate an  SRY-de- 
pendent pathway of MIS gene expression, 
and provide evidence for an  intervening 
factor or factors (designated SRYIF) inter- 
posed between SRY and activation of the 
MIS promoter. 

The HMG Box: DNA Recognition 
by Side Chain Intercalation 

SRY contains a conserved DNA-binding 
domain, the HMG box (1 1). Binding oc- 
curs primarily in the DNA minor groove 
(12) and induces a sharp bend (13). The 
structure of an HMG box contains three a 
helices with L-shaped orientation (14, 15); 
its angular protein surface presumably pro- 
vides a template for DNA bending. Because 
the structure of SRY has not been deter- 
mined, we have constructed a model of its 
DNA-binding domain on the basis of nu- 
clear magnetic resonance (NMR) solution 
structure of rat HMG domain 1B (14, 16). 
With conservative assumptions, distance- 
geometry and simulated annealing (DG- 
SA)  (17) yielded a single family of struc- 
tures (Fig. 1A) that contained both similar 
secondary structure and hydrophobic core 
(18, 19). The models retained an  angular 
tertiary structure, defining convex and con- 
cave surfaces (14). Mutations in SRY asso- 
ciated with human sex reversal (7) are clus- 
tered in the HMG box; these mutations 
(Fig. 1B) are predicted to occur both in the 
hydrophobic core and on the protein sur- 
face. Several of these mutations decrease 
specific DNA binding (7). 

The inferred structure of the HMG box 
of SRY offers two possible surfaces for DNA 
recognition-convex (Model I) or concave 
(Model 11) (Fig. 2A). The models predict 
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different associations between the DNA 
and protein. In Model I the DNA would 
bend toward the protein [as observed with 
the catabolite activator protein (CAP) 
from Eschchia coli (20) and the eukaryotic 
nucleosome core particle (21)l. In Model I1 
the DNA would bend away from the pro- 
tein [as observed with the TATA-binding 
protein (Fig. 1C) (22, 23)]. To distinguish 
between these models, we used a clinical 
mutation (I68T) (7) to identify a direct 
contact between the HMG box of SRY and 
the bent DNA site. This mutation caused 
sex reversal in a female patient with a 46XY 

karyotype. The DNA used was a variant of 
a high-affinity SRY-binding site in the hu- 
man MIS promoter (24-26). 

S ' G G G G T G A  Q T T C A G  

3 ' C C C C A C T  C A A G T C  

NMR studies comparing complexes of 
wild-type and mutant proteins with DNA 
(27) revealed that an isoleucine side chain 
contacts the DNA minor groove and inserts 
between specific AT base pairs (Fig. 2C). 

.- '.,.... . . , - - , %"., . 
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The distal methyl resonance of the isoleu- 
cine (6-CH3 in Fig. 2D) is shifted to high 
field, presumably by DNA ring currents, 
and exhibits nuclear Overhauser effect 
(NOE) contacts with base protons in the 
DNA interior (N3 imino protons of T8 and 
T9, circled in the central panel of Fig. 2B). 
Insertion of an isoleucine side chain by 
wild-type SRY disrupts base stacking (as 
indicated by attenuation of NOES and loss 
of neighboring ring-current effects); base 
pairing is maintained (27). This interaction 
would be expected to alter torsion angles in 
the DNA backbone and the global direc- 
tion of the double-helical axis. 

To identify the inserted side chain and 
thus the DNA-binding surface, substitu- 
tions were introduced into each of the pos- 
sible DNA-binding isoleucines [I68T and 
I90V in full-length human SRY (7)]. The 
mutant domains were properly folded, and 
their thermodynamic stabilities were similar 
to that of the wild-type protein (Fig. 2E). 
The NMR spectrum of the I90V complex 
retained an isoleucine spin system shifted to 
high field whereas this spin system was ab- 
sent in the spectrum of the I68T complex 
(Fig. 2D). When the model was compared 
to similar NMR structures (14, 15), it was 
apparent that residue 68 projects from a 
helix 1 to define the inner crux of the 
convex surface (Figs. 1 and 2A); by con- 
trast, residue 90 packs into the hydrophobic 
core. Assignment of I68 as the inserted side 
chain excludes Model I and supports Model 
11. A schematic model of an SRY-DNA 
complex (Fig. ID), juxtaposes the concave 
surface of the HMG box with a bent DNA 
site. Docking of helix 1 and insertion of I68 
is expected to widen the minor groove rel- 
ative to that of B-DNA. 

The inserted isoleucine is critical. for 
DNA recognition. Specific binding to the 
ATTGTT site was tested in a gel-retarda- 
tion assay (Fig. 2E). Whereas the I90V 
substitution did not affect specific DNA 
binding, the binding affinity of the I68T 
mutant was less than one-fiftieth that of the 
wild-type protein (28). The assay detected 
complexes with a broad range of electro- 
phoretic mobilities (Fig. 2E, part a, lane 5), 
which presumably represent dissociating 
I68T protein-DNA complexes. Kinetic in- 
stability of the variant complex was directly 
demonstrated by 'H-NMR spectroscopy. 
On addition of the I68T protein, DNA 
resonances exhibited fast exchange be- 
tween free and bound chemical shifts, indi- 
cating an exchange lifetime of (5 ms at 
25°C; in contrast, the wild-type complex 
exchanged slowly (lifetime >200 ms). We 
imagine that the inserted isoleucine serves 
to lock the DNA into a specific structure. 
Because the I68T substitution is associated 
with human sex reversal (46,XY pure go- 
nadal d~sgenesis), a correlation is obtained 



between a molecular mechanism and a de- 
velopmental phenotype. However, position 
90 can also be a site of clinical mutation 
[I90M (7)], presumably as a result of altered 
protein folding or stability (29). 

Systematic variation of oligonucleotides 
around a protected site TTTGTG (24) of 
SRY-DNA interaction (Fig. 3A) led to iden- 
tification of an optimal ATTGTT site (26, 
27). Indeed, almost all single base changes 
from the ATTGTT site resulted in decreased 

binding (Fig. 3B). Specificity was most strin- 
gent in the central TT (Fig. 2C), the site of 
penetration by the nonpolar I68 side chain 
(30). We also performed complementary 
studies of phosphate contacts (Fig. 3C). Site- 
specific interference with SRY binding was 
observed after incorporation of methylphos- 
phonate, a neutral and nearly isosteric ana- 
log of the phosphodiester linkage (31 ). The 
results demonstrated that each phosphate in 
the ATTGTT site contributes to the pro- 

tein-DNA interaction. This pattem-con- 
tiguous phosphate contacts across both 
strands-is different than that observed with 
major groove DNA-binding motifs (32). To 
align the extensive SRY-phosphate contacts 
along a single face would require partial un- 
winding of the double helix. The inferred 
DNA distortions (bending, partial unwind- 
ing, and widening of the minor groove) pre- 
dict marked di i rs ion of 31P-NMR reso- 
nances (33). This was indeed observed in the 
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Fig. 2. (A) Possible mechanisms of binding between the SRY HMG 
box and DNA. Model I, convex protein surface; Model II, concave 
protein surface. (6) Chemical structure of AT and GC base pairs: 

00.5 irnino protons are circled. AT and GC base pairs are distinguished in 
the minor groove by presence of adenine H2 protons (arrow) or 
bulkier guanine 2-NH, group. Close contact between 168 and H2 of o 

g :Ti 
0 

A9 precludes guanine at this position. (C) Model of 168 insertion. 10 30 50 70 0 1 2 3 4 5 6 7  
Insertion disrupts base stacking but not base pairing. The target 
sequence and insertion site are shown at right; the two base pairs ~ o m p  ( O C )  Gdn W) 
flanking the insertion site are boxed. Partial intercalation requires a 
widened minor groove (27). (D) (a) 500 MHz DQF-COSY 'H-NMR spectrum of and bound bands are as indicated at left. Lane 1, no protein; lane 2, 25 nM 
specific 1 :1 complex between SRY HMG box and duplex DNA site 5'- wild-type SRY-p2; lane 3,25 nM 190Vvariant; lane 4, 25 nM 168T variant; lane 
GGGGTGATTGTTCAG-3'. The upfield 6-methyl and y-methylene spin sub- 5, 250 nM 168T variant (57). (b) CD spectra at 25°C of wild-type and mutant 
system of 168 is outlined. The pattem of the through-boned ' ti-'H correlation SRY domains: wild type [solid line (a)], 168T [dotted line (b)], and 190V [dashed 
(solid line) is unique to the isoleucine side chain (53). (Inset) structure of Ile side line (c)]. The 168T substitution appears to be structurally conservative whereas 
chain with protons labeled. (b) Assignment of inserted isoleucine to SRY 190V is associated with an apparent 25% decrease in a helix content (58). (c) 
position 68 by site-directed mutagenesis (54-56). Aliphatic regions of 1 D Thermal denaturation of wild type (O), 168T (O), and 19OV (A) as monitored by 
' H-NMR spectra of native (bottom), 190V (middle), and 168T (top) complexes; CD at 222 nm (59, 60). (d) Guanidine-HCI denaturation studies of wild type (A; 
the amplitude (y-axis) of the upfield 168 6-CH, resonance is enlarged tenfold solid line) and 168T (0; dashed line) SRY domains as monitored by tryptophan 
as indicated in lower two spectra (arrows). (E) (a) Gel mobility-shift assay. Free fluorescence (61). Temp, temperature. 
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SRY-DNA complex (Fig. 3D). 
An analogy can be drawn between the 

HMG box of SRY and the eukaryotic 
TATA-binding protein (TBP) (Fig. 1C) 
(22, 23). Although they exhibit distinct 
structural motifs, the two proteins share (i) 
use of a concave surface to bind and bend 
specific DNA sequences, (ii) docking of pro- 
tein-secondary structure in a widened and 
underwound minor groove (Fig. 1, C and D), 
(iii) extensive protein-phosphate contacts 
with both DNA strands, and (iv) penetra- 
tion of nonpolar or aromatic side chains 
between specific base pairs, disrupting base 
stacking but not base pairing. Moreover, 
TBP, like SRY, binds not only to a consensus 
site but also to a family of variant sequences. 
Other components of the basal transcrip- 
tional machinery work cooperatively with 
TBP to extend its specificity (34-36). 

line, CH34, derived from the differentiating 
gonadal ridge of male rat embryos (37). Hu- 
man SRY, unlike mouse Sry, has no tran- 
scriptional activation domain, suggesting 
that cofactors may be necessary to mediate 
its action at target promoters (4). Because 
the CH34 cell line is derived from tissue at 
the specific site and stage of SRY expression 
in embryogenesis, it is likely to contain the 
tissue-specific accessory machinery necessary 
to respond to SRY. Expression of MIS (38) 
just after the period of SRY expression in the 
indifferent gonad (1, 39) is an early land- 
mark in male-specific gene transcription. 
The MIS promoter can thus provide an 
assay for SRY-dependent activation of a 
pathway of male gene expression. To define 
the regulatory sequences required for en- 
hanced transcription at the MIS promoter, a 
series of deletions of the human MIS pro- 
moter were constructed and tested for re- 
sponse to SRY (Fig. 4A). Fifteenfold activa- 
tion was conferred by the proximal 114 base 
pairs (bp) of the human MIS promoter (Fig. 
4A) when transfected with SRY into CH34 
cells. No activation of the control reporter 
vector was observed (Fig. 4A). In addition, 
no regulation of a Rous sarcoma virus pro- 

moter by SRY occurred (39a). Thus, SRY 
can specifically activate a physiologically 
relevant target gene in a tissue-culture mod- 
el of the differentiating gonad. 

Mutation I68T in the SRY DNA-bind- 
ing domain, which changes the length and 
polarity of the inserted side chain, also re- 
duced the transcriptional response when 
transfected with a wild-type MIS-reporter 
vector (Fig. 4B). Thus, this mutation, 
which is seen in a patient with 46XY clin- 
ical sex reversal and is critical for the mech- 
anism of SRY recognition of the 5 ' - A m -  
GTT consensus site, also abolishes tran- 
scriptional activation of a male-specific 
pathway in an embryonic cell line. This 
correlation supports the hypothesis that the 
genetic role of SRY in testicular differenti- 
ation requires specific DNA binding by the 
proposed mechanism of partial side chain 
intercalation. 

Although the 114-bp human MIS pro- 
moter contains a single SRY protected re- 
gion (-45 to -75) (24), mutation in this 
region did not diminish the transcriptional 
response (39a-41), but did abrogate bind- 
ing of SRY to the promoter. These obser- 
vations indicate that, although SRY can 

From Structure to Function: 
Activation of the MIS Pathway 

by SRY 

To define the functional properties of SRY 
in regulating transcription, expression and 
reporter plasmids were transfected into a cell 
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Fig. 3. (A) Representative gel showing SRY-HMG box binding to a duplex 
15-bp DNA sites. In each lane SRY-p2 binding to a variant 15-mer DNA site 
(test site) can be compared to binding to the 36-mer parent site (an internal 
control). The optimal site to be analyzed (lane B) is 5'-GGGGTGATTGT- 
TCAG-3', which was also used in NMR studies (Fig. 2D). The control DNA is - 
a 36-mer duplex (5'-CATACTGCGGGGFTGATTGTTCAGGATCATACTGC- 
G-3'). Shown in lane a is SRY-p2 binding to the MIS promoter sequence 
5'-GGGGTGTTTGTGCAG (25), whose affinity for SRY is less than one-eighth 
that of the optimal SRY-binding sequence (62). (B) Relative binding strengths 

4 

2' 3' 4' 5' 6' 7' 8' 9' 1011 12' 13'4' 15' 

of variant DNA sequences. Binding to the optimal 5'-GGGGTGATTGTTCAG- 
3' sequence is normalized to 100. ND, no specific binding detectable. (C) Gel 
retardation assay of methylphosphonate-modified 15-mer DNA duplexes. 
Experimental conditions were the same as in (A). Chemical structures of 
phosphodiester and methylphosphonate backbones are outlined (upper pan- 
el). (D) 31P-NMR spectra of duplex 15-mer DNA (upper tracing) and 1 :I 
SRY-p-I 5 mer DNA complex (lower tracing). 31P chemical-shift perturbations 
(near -3 and -5 part per million) indicate significant distortion of torsion 
angles in DNA backbone at least at five sites (63). 
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function as a transcription factor, SRY-de- 
pendent activation of the MIS promoter in 
a n  embryonic gonadal cell line is indirect. 
Therefore, we postulate the existence of an 
intervening SRY-induced factor or factors, 
designated SRYIFs, that transduce the SRY 
signal to  the responding MIS promoter. 

The 114-bp MIS promoter contains reg- 
ulatory regions conserved in the promoter of 
MIS from distantly related species. One such 
region (M2), that contains the steroidogenic 
factor-1 (SF-1) MIS-RE-1 site, can bind tis- 
sue-specific and developmentally regulated 
factors (42). SF-1 is a candidate SRYIF on  
the basis of observations that (i) SF-1 acti- 
vates MIS transcription in 20-day primary 
postnatal Sertoli cells (43) and (ii) trans- 
genic male homozygously deleted of SF-1 
lack gonadal development (44). In the 
CH34 cell line, however, SF-1 failed either 
alone or in combination with SRY to elicit 
expression of the MIS reporter (Fig. 4B). In 
fact, SF-1 decreased basal expression from 
the MIS promoter to 35% of that of the 
antisense or empty vector controls (Fig. 4B). 
This inhibition and the ability of SF-1 to 
block MIS induction by SRY indicates that 
SF-1 may be a transcriptional repressor in 
this context. 

Further evidence that SF-1 is a transcrip- 
tional repressor in the urogenital ridge cell 
line came from mutagenesis of the MIS- 
RE-1 site. Mutation of the TC at positions 
-95 and -96 to CT caused a decrease in  
binding of SF-1 to the MIS target site in gel 
shift experiments (43). With a 114-bp MIS 
reporter containing this mutation (40), 
however, SRY enhanced transcription 39- 
fold rather than the 15-fold, as seen with 
the wild-type promoter. 

SRY activates a pathway that leads indi- 
rectly to expression of the MIS gene promot- 
er. Such activation occurs in an appropriate 
developmental context, a male urogenital 
ridge cell line, through a small region of the 
proximal MIS promoter. Mutational analysis 
of that region should further delineate the 
mechanism of SRY action. 

Summary and Perspectives 

Molecular and cellular model systems have 
been used to address mechanisms by which 
SRY recognizes specific sites in DNA and 
activates downstream gene expression, and 
to examine how structure and function can 
be correlated in testis determination. The 
information currently available supports the 
following molecular principles: (i) SRY 
binds and bends DNA by means of the con- 
cave surface of an a-helical structure (Fig. 
2A, Model 11). Sequence specificity requires 
insertion of a nonpolar side chain through 
the DNA minor groove, disrupting base 
stacking but not base pairing. In human 
SRY, mutation of this isoleucine is associat- 

A IUC 

Fig. 4. Response of MIS promoter to full-length 
human SRY in CH34 immortalized urogenital 
ridge cells (64): (A) The indicated reporter con- 
structs were transfected together with pCMV (-) 
or pCMV-hSRY (+) (65): (a) promoterless pA3-luc, 
(b) p600rMIS-luc containing a 600-bp rat MIS pro- 
moter, (c) p299hMIS-luc containing a 299-bp hu- 
man MIS promoter, or (d) pl l4hMIS-luc contain- 
ing a 11 4-bp human MIS promoter responsive to 
SRY (71). Transcription activity is displayed rela- 
tive to the amount obtained with empty expres- 
sion vector pCMV (-) and empty reporter vector 
pA3-luc (1x1. (6) Response of the MIS promoter 
(top) to wild-type SRY, mutant SRY derived from a 
sex-reversed human patient, and SF-I in urogen- 
ital ridge cells. (a) Cells were transfected with re- 
porter vector pl l4hMIS-luc along with pCMV (a), 
wild-type SRY (b), mutant SRY 168T (c), SF-I (d), 
antisense SF-1 (e), or (0 both SRY and SF-I (72). 

ed with clinical sex reversal. (ii) Expression 
of SRY in an embryonic testicular cell line 
initiates transcription of MIS indirectly 
through the 114-bp promoter. (iii) Mutation 
of full-length SRY at position 68, the site of 
partial side chain intercalation, abolishes its 
ability to induce transcription of MIS. (iv) 
Analysis of regulation through the proximal 
MIS promoter indicates that intervening 
transcription factors exist that may directly 
interact with the 114-bp region of the MIS 
promoter (Fig. 5)  or influence the basal tran- 
scription machinery. 

Sexual differentiation in  mammals re- 
quires a precise choreography of molecular 
and cellular events. The  initial stew-estab- 
lishment of gonadal sex in the previously 
undifferentiated urogenital ridge-provides 
a general model of a genetic switch in or- 
ganogenesis. Identification of SRY as the 
testis determining factor (3 )  permits bio- 
chemical characterization of this switch. Its 
expression is appropriately specific for sex 
(male), tissue (urogenital ridge), and stage 

0 1 5 10 15 

Relative luciferase activity 

B M2-RE-1 luc 
l-7 

a 

b 

C hSRY 168T 

0 1 5 10 15 
Relative luciferase activity 

of development (just prior to morphologic 
differentiation of the testis) (3). Although 
its biochemical mechanism is not well un- 
derstood, SRY belongs to  a family of HMG 
transcription factors and can itself activate 
transcription (4, 45). Selective binding of 
SRY to responsive promoters by the mech- 
anisms we have observed may be further 
enhanced by local changes in DNA struc- 
ture (as influenced by superhelical density 
and nucleosome phasing) and by coopera- 
tive binding of other transcription factors 
(46, 47). Sharp DNA bends induced by 
SRY binding are proposed to organize the 
higher order structure of promoters (12, 
48), thereby modulating assembly of more 
complex protein-protein interactions. 

Molecular and cellular model svstems 
can provide insight into mechanisks of 
gene regulation, but do not capture the 
complexities of organogenesis. How do such 
molecular pathways, once defined, orches- 
trate cell-cell interactions in testicular dif- 
ferentiation? The  mature testis is a dynamic 
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Fig. 5. A hypothetical scheme for sex determination in mammals. The male regulatory pathway is initiated 
by the sex regulator on the Y chromosome, SRY, which acts to influence gonadal morphogenesis leading 
from an indifferent pattern of support cells surrounding germ cells to a male pattern of dispersed support 
cells surrounding germ cells in seminiferous tubules. A factor or factors (SRYIFs) mediates induction of the 
MIS gene by SRY. Although we have illustrated SRYIF interacting with the MIS promoter, an indirect 
interaction is also possible, for example, through modification of the basal transcription machinery. MIS, 
in turn, plays a key role in male sexual development as a diffusible substance causing regression of the 
female Miillerian duct derivatives--the uterus, fallopian tubes, and vagina. 

mat r ix  o f  Sertoli, Leydig, myeloid, and germ 
cells that  provides a n  environment for elab- 
ora t ion o f  growth and  differentiating factors 
and for spermatogenesis in adult  life. Future 
dissection o f  testicular morphogenesis w i l l  
require ident i f icat ion o f  those genes inter-  
mediary between SRY and MIS in the  male 
pathway (Fig. 5). SRY is proposed t o  direct- 
l y  activate target genes tha t  may include, 
for example, t he  autosomal sex reversal fac- 
t o r  SRA-1 [ l inked t o  campomelic dysplasia 
o n  chromosome 17q in humans (49)], o r  
the  canine autosomal sex reversal gene 
(50). Complementary analysis o f  sex-re- 
versed females w i t h  in tac t  SRY has led t o  
ident i f icat ion o f  a locus o n  the  short a rm o f  
the X chromosome at  w h i c h  dupl icat ion is 
associated w i t h  female differentiation. Th i s  
locus, designated DSS (dosage-sensitive sex 
reversal), may act ei ther by repressing the 
SRY-induced male pathway o r  b y  act ivat ing 

expression o f  genes required for fo rmat ion 
o f  female structures (51 ). SRYIF may be  one 
o f  several factors part ic ipat ing w i t h  SRY in 
the determinat ion o f  gonadal sex, as sug- 
gested b y  the  phenomenon o f  sex reversal 
associated w i t h  abnormalities o n  mouse 
chromosome 17 T (51 ). Combined applica- 
t i o n  o f  mammalian genetics, biochemistry, 
and molecular biology promises t o  def ine 
more ful ly t he  in i t ia l ,  intermediary, and 
distal downstream steps o f  the male and 
female developmental programs. Such in- 
format ion may have broad c l in ica l  implica- 
t ions for inferti l i ty, contraception, and con- 
t r o l  o f  gonadal tumors. 
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