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INTRODUCTION

The identificatibn of seﬁen is‘often an important issue in the
investigation of rape aﬁd other crimeé involving se#ual assault. The
kmost coimmonly used proéedures for semen identification center on the
detection of sperm of éhe detection of prost;t;c acid phosphatase acti-~
vi;y; methods involving the detection of spermine, choline or semen antigens
are less commoniy employed. Unfoftunatély, none of these procedures is |
without significant problem. For example, sperm will not be found in the .
semen of vasectomized orbéspermic maleé§ mofeover, sperm are mechanically |
labilé and their unequivocal identification in suspected semen stains is
often difficult. Finally, sperm areAdegraded in the vagina fairly rapidly
and hence may not be found in post coital vaginal washings. Thus the
failuré to detect sperd in suspect material by no means counterindicates.
semen. In the case of the acid phosphatase test,'the probiems are different.
Acid ﬁhosphatase is by no means upique to semen or prostatic tissue; this
enzyme aCtiﬁity is ubiquitious‘injﬁature; Moreover, there is evidence tbat'.
prostatic acid.phosﬁhatase and the acid phosphatase found ipn normal wvaginal
.secretions are genetically identical and that both are genetically identical
to a lysosomal acid phosphatase found in most tissues (manuscri?ts in pre-
paration). This indicates that the specificity of the acid pho#phatase test
does not fest on a molecular basis. Rather it can only be based on the extra-~
érdinarily high level of acid phosphatase activity in semen; thus the low
levels of activity often found in post coital vaginal washings are equivocal
with respect to the éuestion of semen detection. The other teéts for semen’

identification are similarly suspect with respect to their specificity.
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 INTRODUCTION

The identificatién of semen is.often an important iésue in the
investigation of rape and other crimeé involving se#ual assaﬁlt. The
vmost coimmonly used procedures for semenwidentification center on the
detection of spernm of éhe detection of prost;tic acid phosphatase acti-
vity; methods involving the detection of spermine, choline or semen antigens
are less commonly employed. Unfoftunatély, none of these procedures is
without significant problem. For example, sperm will not be found in the .
semen of vasectomized or'ésperﬁic males; mofeover, sperm are mechanically
labile and their unequivocal identification in suspected semen stains is A
often difficult. Finally, sperm are'degraded in the vagina fairly rapidly
and hence may not be found in post coital vaginal washings. Thus the
failuré_to detect sperm in suspéct material by no means counterindicates
Seﬁen. In the case of the acid phosphatase test,‘the probiems are different.
Acid ﬁhosphatase is by no means unique to semen or prostatic tissue; this
enzyme aCtiGity is ubiquitious in:nature; Moreover, there iG‘evi&ence that‘
.prostatic acidvphosphatase and the acid phosphatase found ip normal vaginal
.secretions are genetically identical and that both are genetically identical
to a lysosomal acid phosphatase found in most tissues (manuscripts in pre-
paration). This iﬁdicates that the specificity of the acid phosphatase test
" does not fest on 2 molecular basis. Rather it can 6n1y bevbased on the extra-
Qrdinarily high lev;l of acid phosphatase activity in Semen; thus the low
levels of activity often found in post coital vaginal washingsﬁare equivocal
with respect to the question of semen detection. The other tests for semen

identification are similarly suspect with respect to their specificity.
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Frou the foregoing, it is apparent that it would be desireab

- » i 1
be based on the detection of a semen marker foTr which the biologica

' 11
basis of specificity could be demonstrated; this condition virtually

‘ in si ; thesis
dictates that the marker should be a protein since protein syn

i sec=-
is under direct genetic control. To avoid the problem posed by va

om inal
tomized and aspermic males, the markexr should be a component ef eem n
.

v e s 1
plasma. A good marker should be stable in stains and in the vagina

: the
environment. Finally, because the effective dilution of semen in

d be
vaginal pool post coitus may be as much as 1:2000, the markeu shoul
detectable at trace levels.

. 1
In this report, the identification, purification and character

tion of a seminal plasma protein is described; this protein appears
za

i =" " rker.
to satisfy the conditions for n "good®  semen ma

MATERTAL AND PROCEDURES

i e with
Human semen was obtained from male volunteers in accordanc

] ' re
- approved guidelines for the protection of human subjects. Sperm we

RPM
separated from the seminal plasma by low speed centrifugation (1500 ,

10 min 25°C) and the seminal plasma was subsequently clarified by 2

o was
high speed centrifugation (36,000 g, 20 min. 4°C) Seminal plasma

stored frozen until use.

Sensabaugh. §

PH 8.2 and the gels contained this buffer diluted 1:4 (3). Chromatographic
media for gel filtration (Sephadex G100) and ion exchange (DEAﬁ Sephadex
A50 and CM Sephadex) (C50) were obtained from Pharmacia; they were prepared
and used as described in the manufacturer's iuetructions.

Antisera against the purified semen protein were prepared accurding
to the following procedure. Rabbits were immunized subcutanecusly with 100 pg
antigen emulsified in Freund's complete adjuvant (Difco), at 4 weeks the

first bleeding was taken. At week 5, the rabbits were boosted with 100 pg

antigen in Freunds incomplete adjuvant (Difco) given by subcutaneous injection;

the second bleeding was taken,on the sixth or seventh day aftey the booster.
Subsequent boosts contained 100‘Fg antigen 'in saline delivered intrevenously
and were followed a week later by a bléeding.

Several immunological assay procedures were employed in this study.
Routine detection of antigen was by the Ouchterlony double diffusion in gel
technique (3); the gels were 1% agar or.agarose in 0.14 M NaCl buffered with
10 mM Tris HCl, pH 7.4 (isotris). Determination of antigen levels in whole
semen was echieved by a radial immunodiffusion assay procedure (4)7 Radial
immunodiffusion assay plates were prepared to contain antiserum at an appro-
priate concentration (5-102) in 1% agarose; the antiserum was mixed with
molteu agar at 50°C so as not to heat inactivate the antibody; For "rocket"

electrophoresis (5), the antisera were incorporated by the same procedure

! into agarose gels containing the barbital HCl for immunoelectrophoresis; the
dium dodecy |
amide gels containing so

Electrophoresis on acryl

1 re stained £inal gel concentration was 1Z. Electroimmune diffusion analysis employed
ibed by Laemmli (1); the gels we
sulfate was performed as descri

the same gel and buffer conditions as for immunoelectrophoresis.
in with Coomassie Blue and for glycoproteins with a periodic |
for protein ¥

acid~Schiff stain (2). Tmmunoelectrophoretic analysis employed 17 -

HC1
agarose gels on glass slides; the tank buffer was 0.076 M befbital ’

iy
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(fig. 1)

RESULTS

Identification of Semen Specific Proteins ' . .

The identification of potential semen specific proteins was

accomplished by comparing~the proteins of human seminal plasma to the

 proteins of other physiological flﬁids by electrophoresis on polyacry-

lamide gels containing sodium dodecyl gulfate (1,6). This electropho-
retic technique, .which separates denatured polypeptide chains on the basis-

of molecular weight instead of charge (6), allows upwards of forty poly-

' peptides in seminal plasma to be distinguished. This electrophoretic technique -

possesses two advantages over the conventional electrophoretic and.immuno—
electrophoretic procedurss that have been previously used in the characﬁeri—
mtion of seminal plasma and other physiological fluids (6-9 and references
therein). TFirst, the detection pf proteiné does not depend upon their anti-

genicity as is the case with immunoelectrophoresis; thus proteins which are not

’antigens can be detected. Secondly, the method circumvents the vagaries

associated with the ﬁigration of glycoproteins in conventional. electrophoresis;
many secreted proteins éfe'polydispérse with respect to charge due to covalently»
bound carbohydrate. Prostatic acid phosphatase, for example, migfates to
produce multiple bands in conventional electroph&resis but migrates as a single
band in SDS-gel electrophoresis.

The proteins of human seminal plasma and blood plasma as revealed by SDS
gel électrophoresis are compared in figure 1; it is clear that the distribution
of proteins in the two physiological fluids is quite distinct. The qualitative
diffefences between the pétterns of these two fluids and of other secretions, -

e.g. milk, vaginal secretions, etc, were eqully marked.

e By e
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As is evident from the figure, seminal plasma contains several major

protein species. The two major bands at the top of the gel are lactoferrin

(Lf) and albumin (Alb); they have molecular weights of 80,000 and 68,000

daltons respectively. These twé pratéins are found in many secretions. The
band with the molecular weight of about 50,000 daltons is the subunit of acid’
.phosphatase (AP); the native enzyme is a dimer with a molecular weight of abéut‘
100,00Q daltons. The assignement of this band to AP was verified‘by éDS electro-
phoresis of the purified enzyme. There is a band of secondary intensity at a |
pos;tion corresponding to about 41,000 daltons and, below that, a stromg band.
indicating a protein of about 30,000 daltons; these proteins, which didvnot
.appear to be present ;n other fluids or secretions, were designated p4l and p30
respectively.' Apparent seminél plasma specificiﬁy was also indicated for some

of the peptides in the 10~20,000 dalton range (designated pl7, pl6, etc.
peptides,). With the exception of these low molecular weight peptihes, the
proteins described ébove showed littie sample or individual variation, all

were present iq vasectomized individuals.

The apparent semen specificity of p30 as indicated by SDS gel electro-

phoresis suggested that this protein would be a likely candidate for a

»further testing as a semen marker. Lending support to thé préposition, in

an earlier characterization of seminal plasmé antigens by Li and Shulman
(9-10), a protein with a molecular weight of about 31,000 daltons had been
identified as semen specific; this protein was designated Ej, according to
its'mgbility in conventional electr0phoresi$. ‘Using an antisefum generously
provided by Dr. Li (11), the identity of p30 and the E; protein was confirmed:
the anti Ey antise;um reacted wiph a substantially pure preparatica oé p30.
Because the p30 designation was originally used in this study, it will be

adhiered to in the remainder of this report.
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PH 8.2 and the gels contained this buffer diluted 1:4 (3). Chromatographic
media‘for gel fiitration (Sephadex G100} and ion exchange (DEAE Sephadex
A50 and (M Sephadex) (GSd) were obtained from Pharmacia; they were prepared
and used as described in the manufacturer's inmstructioms. |

Antisera against the purified semen protein were prepared according

to the following procedure. Rabbits were immunized subcutaneously with 100 ug

antigen emulsified in Freund's complete adjuvant (Difco), at 4 weeks the

first bleeding was taken. At week 5, the rabbits were boosted with 100 pg

-antigen in Freunds incomplete adjuvant (Difco) given by subcutaneous injection;

the second bleeding was taken on the sixth or seventh day afte; the booster.
Subsequent boosts contained 100 pg antigen in saline delivered intra&enously
ana were followed a wéek later by a bléeding.

Several immunological assay procedures were employed in this study.
Routine detection of antigen waéAby fhe.Ouchterlony double diffusion iﬁ gel
technique (3); the gels were 1% agar oriagérose in 0.14 M NaCl buffefed with
10 mM Tris HC1l, pH 7.4,(iéotris). Determi;ation'of antigen levels in whole
semen was échieved by a radial immunodiffusion assay procedure (4)7>,Radial
immunodiffusion assay plates were prépared to contain antiserum at an appro-
priate concentration (5-10%) in 17 agarose; the antiserum was mixed with
molteﬁ agar at 50°C so as not to heat inactivate the antibody. For "rocket"v
electrophoresis (5), the antisera were iﬁcorporated by the same procedure

into agarose gels containing the barbital HC1 for immunoelectrophoresis; the

ifinal gel concentration was 1%. FElectroimmme diffusion analysis employed

the same gel and buffer conditions as for immuncelectrophoresis.
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RESULTS As i3 evident froﬁ the figure, seminal plasma contains several major

L ‘ S protein species. The two major bands at the top of the gel are lactofefrin
Identification of Semen Specific Proteins '

(L£) and albumin (Alb); they have molecular weights of 80,000 and 68,000
The identification of potential semen specific proteins was

‘ ) . N S . daltons respectively. These tw6 proteins are found in many secretiomns. The
accomplished by comparing the proteins of human seminal plasma to the “ '

: ‘ : band with the molecular‘wéightvof.about 50,000 déltons is the subunit of acid
proteins of other physiological fluids by electrophoresis cn polyacry- . : : :

B ‘ : .rhosphatase (AP); the native enzyme is a dimer with a molecular weight of about
lamide gels containing sodium dodecyl sulfate (1,6). This electropho- S , ..

100,000 daltons. The assignement of this band to AP was verified By SDS electro-
retic techmnique, .which separates denatured polypeptide chains on the basis- . :

: ~ pHoresis of the purified enzyme. There is a band of secondary intensity at a
of molecular weight instead of charge (6), allows upwards of forty poly- . :

_ " position corresponding to about 41,000 daltons and, below that, a stromg band
peptides in seminal plasma to be distinguished. This electrophoretic techmnique - .

., indicating a protein of aboﬁt 30,000 daltons; these proteins, which did not
possesses two advantages over the conventional electrophoretic and immuno- S ‘ .

' : . ‘ ‘ S 5 ; - .appear to be present in other fluids or secretions, were designated p4l and p30
electrophoretic procedures that have been previously used in the characteri- R e : t :

respectively.‘ Apparent seminél plasma specificiﬁy was also indicated for some
@ntion of seminal plasma and other physiological fluids (6-9 and references : :

N § ‘ . . . of the peptides in the 10-20,000 dalton range (designated ?17, plé, etec.
therein). First, the detection of proteins does not depend upon their anti- : g ‘ ‘ '

. peptides,). With the éxception of these low molecular weight peptides, the
genicity as is the case with immunoelectrophoresis; thus proteins which are not S

. : : , ‘proteins described above showed little sample or individual variation, all
antigens can be detected. Secondly, the method circumvents the vagaries

) were present in vasectomized individuals.
associated with the migration of glycoproteins in conventional electrophoresis; o .

' : : The apparent semen specificity of p30 as indicated by SDS gel electro-
many secreted proteins are polydisperse with respect to charge due to covalently ;

o : ‘  phoresis suggested that this protein would be a likely candidate for a
bound carbohydrate. Prostatic acid phosphatase, for example, migratas to ’ )

: further testing as a semen marker. Lending support to thé proposition, in
- produce multiple bands in conventional electrophoresis but migrates as a single : :

: L an earlier characterization of seminal plasmé antigens by Li and Shulman
band in SDS-gel electrophoresis.

: (9-10), a protein with a molecular weight of about 31,000 daltons had been
The proteins of human seminal plasma and blood plasma as revealed by SDS :

identified as semen specific; this protein was designated Ej, according to

(fig. 1) 'gel electrophoresis are compared in figure 1; it is clear that the distribution vv- '_ w . )
L . gf , its mobility in conventional electrophoresis. Using an antiserum generously
_ of proteins in the two physiological fluids is quite distinct. The qualitative - o oo . ‘ ‘L
: S . ‘ . ' b  provided by Dr. Li (11), the identity of p30 and the E; protein was confirmed:

differences between the patterns of these two fluids and of other secretions, . - . RRIEEERA | ’ o ) : , A . '
» S ‘ : . ) t . - " the anti E; antiserum reacted with a substantially pure preparation of p30.
e.g. milk, vaginal secretions, etc, were eqully marked. . : o w . v %' v . . I : ' : : i
, ) » : - . %Pgﬁ ] - Because the p30 designation was originally used in this study, it will be -

%  adhered to in the remainder of this report. |
- . By 3 :
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Purification and Characterization of p30 - - — : C ‘ z; : The coincidence of molecular weight estimates by gel filtration and
The purification scheme for p30 currently im use entails two lom ' % i SDS-gel electrophoresis indicates that p30 exists in the native state
exchange chromatography steps followed by one or two gel filtration o &,‘ o A as a monomer; p30 is not a subunit of a higher molecular welght multimerie
-chromatography .steps. All purification steps were performed at 4°C and o ! ;ﬁ ; protein. Like most seminal plasma proteins, p30 is a glycoproteins it
p30 was detected during the purification by reaction with anti-p30 Y stains weakly with the periodic acid—Schiff stain on gels and binds to the
antisera. A typlcal purification proceeded as follows. Seminal plasma~.‘ 3 i , ééy ? lectin, concanavolin A. TUpon isoelectric focusing, the Protein SPlltS into
was dialysed against a-buffer of 10mM potassium phosphate, pH6.9, and A o : ; : several isoelectric isomers with isoelectric points in the range pﬁ 6.5-
applied to a column of carboxymethyl Sephadex C50 which had'been equilibra- f o , 8.0; this behavior is typical of gIYCoprotelns and, in Particular, of
‘ft ted against that buffer. About 907% of the seminal plasma proteln was not ,.ieh ; o glycoproteins containing sialic acid. :
adsorbedAand»Rassed'threugh the column. The p30 protein was retained and . "élf f o Immunological Assay of p30

was subsequently eluted with a linear salt gradient to 0.5 M NaCl; p30 . _ - {@' § ' . Whether the p30 protein has any biologicel ectivity (e.g., enzyme activity)

that might be exploited in,anvassay is not known at this fime."Accordingly

i SR

emerged under a major protein peak. The fractions containing p30 were |

pooled, dialysed;against the 10mM potassium phosphate buffer, and applied - ) ;% S v'antieera were.prepared so that the protein eould'be detected by immunological
to a column of DEAE Sephadex 455 eéuilibrated‘against that buffer. Again i%: 5 o } assay. Each antiserum was examlned for specificity by immunoelectrophoresis
P30 was retained and was eluted as a major protein peakiﬁith a salt gradient : - 'El ; l with whole human seminal plasma.and human blood serum as antigens. In every
to 0,75 M NeCl.. The fractions containing p30 were pooled; dialysed against i ? ié E : case, the reaction with semlnal plasma resulted in a s1ngle maJor preclplta—

tion arc which corresponded to the anti-p30 speclflcity, there was no corres-

e e

distilled water and lyophilized. The lyophilized protein was dissolved in

a small volume of 0a52 ammonium bicarbonate and applied to a Sepﬁadex'GIOO » (fig. 3) ponding reaction with blOOd serum . (fig. 3). With some of the antisera, a

gel filtration columm aeqﬁilibrafed.against.the bicarbonate,Buffer,.the p30 ,‘2; ‘ faint reaction was observed with a blood serum pretein with an electrophore_

contalnlng fractions were pooled, lyophillzed and - rechromatographed on the §7 tic mobility differing from p30; this‘indicate that the protein ﬁreparation
3 : . ,

Sephadex G100 column., The result was a single protein peak. containzng the Ei; : jused for the preparation’of antibody contained a contaminating immunogen. The

p30 protein; The elution position of this peak indicated a molecular welght g contaminating antibody could be absorbed out by blood serum without affecting

of about 30,000 daltons for the native protein. . The peak fractions were the anti-p30 specificity.

" pooled and 1yophillzed. 'Analysis of the purifled.material by SDS gel " The antisera were assessed for sensitivity by reaction against serial

electrophoresis showed a single dominant protein band (fig. 2); by this standard, té dilutions of seminal plasma in Oucﬁterlony double diffusion gels. The R

the degree of purity of several preparations was estimated to be 98% or better. strongest antiserum gave a visible precipitin reaction at a seminal plasma

dilution of 1:128 but not a greater dilutions; based on the mean level of p30
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seminal plaSm;(ke below);vthis corresponds to an antigen.detection ;imit
~ of about 15 ug p30/ml. Several alternative immunoprecipitation procedures
wvere tested to see if the operational sensitivity of the immﬁnoassay could
be improved. Both "rocket" electr?phoresis (5), and electroimmunodiffusidn'
‘(3) appeared to be less sensitive then the Ouchterlony techniqﬁe; this is
prebably due to the low electrophoretic moﬁility of‘p30 at the pH employed
(see fig. 3).‘ No iﬁptotement in sensitivity could be achieved with either
‘radial immunodiffusion assay (4) or Oudin single diffusion (3). Thus
Ouchterlony immunodiffusion analysis was used for all subsequent studies.
To determine whether commercial antisera for semen identificetion
possessed antibodies'to‘pSO,bfour sueh antisera were tested for reactivity A
with the purified protein. Tﬁo possessed'weak reactivity with p30 and two

did not react. All four reacted strongly with a protein identified to be

~ lactoferrin, a protein found iﬂe;any secretions and at high levels Iin milk

" (12). This investigation will be described in detail’in a subsequent report. .

Assay of p30 in Semen, Male Reproductite Tract Tissues, and Other Body Fluids.

The level of p30 in normal human semen was assayed by a quantitative

immuno radial diffusion technique (4). The mean,level found was 1.92 mg/ml

.’ﬁith a range of 0.24~5.5 mg/ml (n=17). Even at the low end of the range,

' p30 is present at easily detectible ievels‘

. The double diffusion immuno assay was used to test the tissues of the

: mele-reproductive tract te-identify the tissue origin of tﬁe p30 protein. No
reaction was found with extracts of teeticﬁlar tiesue, Yas deferens, or seminai:A
.'Qesicle.‘ (The presence of the protein in the seminal plasma ofvvasectemized'
. individuals had aiready.precluded testicular.origin). A positive precipitin

(fig.4) . reaction was obtained with extracts of prostatic tissue (fig. 4a) indicating

0
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vgels; none of the three contain a protein migrating at the same molecular
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that the prostate‘gland is the likely tissue of origin. Li and Beling

(11) suggested that p30 was "probably" non—prostatic in origin; however,

.they did not test prostatic tissue directly as was done here and the

method they did use may not have been sensitive enough to detect the
entigen in prdstatic'tissue. The double diffusion assay showed the level
of p30 in the prostatic extract to be 1-2% of that found in semen.

Assay of various human physiological.fluids with the most sensitive

_ antiserum indicated that p30 is not present at detectible levels in blood

serum, red cell hemolysate, tears, petspiration, saliva, milk,hgenstral
blood urine, or vaginal fluids (fig. 4b-d). These‘findings do not unequi-
vocally indicate the specif1c1ty of this protein to the prostate gland and
semen for it is p0551b1e that a more sensit:ve assay, immunological or
otherwise, might detect the protein in other tiSSues or secretiocms. How—
ever, if p30 is preseant in e;y of the tested fluids, it is present at less
than 1/100 of the level found in seminal plasma. |

 The species specificity of p30 was examined by reacting anti-P30
antlserum agalnst whole seminal plasma from boar, bull and ram. The anti-

serum gave no reaction with the bull and ram seminal plasmas. Boar seminal

plasma non-specifical y precipitated the test antiserum; the nomspecificity

of this precipitation was demonstrated by the parallel precipitation of

’

several protein solutions including non-immune rabbit serum, norma; hunan

" serum and human seminal plasma. These results confirm the results of

electrophoretic analyses of the three seminal plasmas on SDS acrylamide '

weight position as human p30.
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Application to Foremsic Case Situations.

The problem of semen identification arises primarily in two contexts:

The analysis of suspect stains and the‘analysis of vaginal washings or

swabs; The immuno assay for p30 has been tested in both contexts. The
protein has been detected without difficulty in extracts of semen stains

of up to 1 year old; although no older stains were tested, p30 appears to

. be fairly stable and should probably sﬁrvive in older material. The succegs

| with post coital vaginal washings has been less gonsistant; P30 has beenu

detécted.invsome but not in others.' This appears to be due_toifhe effective
level of semen in the.vaginal‘pool.‘ As noted.above, the strongest antiserum
used in this study did not detect p30 in seminal plasma diluted m?re than
1:128; accordingly, p30 would not be detected in vaginal washes containing

semen at a greatér dilution. When the post coital vaginal wasﬁings were

. =

assessed for effective semen concentration (by measurement of the acid

- phosphatase levels in the washings) it was found that those washings con-

téining semen at less than i:lOO‘dilution'gave a positive ﬁBO test and thoge
with an‘eéfecfive dilution. greater than‘1:100 gave negative results. Thus
more sensiti?e antisera or more sensitive tests wil; be needed to detect
p30 at the greater dilution often encodgtefed in vaginal washings gollected
in rape cases.

Anti-p30 antiéeré have been provided to 14 crime labqratories for pre-
liminary testing. The specificity of the antisera was fu:ther'apalysed.
by testing for reactivity with a variety of fluids and solufioné‘not tested
in this laboratory; None of the tested materials other than semen yielded
a positive reaction; included among.the non-reacting materiais were: stomach

contents, bile, cows milk, cat semen, chimpanzee semen, egg yolk, egg white,
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' coffee, cola, karo syrup, Fab detergent, Sea and Ski suntan loticn,

‘conceptrol, vaseline Intensive care lotion, Breck setting lotion, Dep#,

Alberto Balsam, and Lensiﬁe (S. Williams, M. Kollmar, personal communi-

cation). With reépect to the detection of semen traces in stains and in

vaginal swabs, the reporting laboratories report findings similar to those -

described above. In addition, the immunological test for p30 has been

| successfully used as a confirmatory test for the identification of semen

stains in several case situations..

DISCUSSION

A "good" marker for a physiological fluid such as semen should be

~ stable, specific, detectible at tface levels, and present’in all.indivi-
duals. Of these criteria, the question of specificity is tﬁe most central

‘.and also the most subject to confusion. The specificity of a test for

semen can be defined in both operational and biological terms. Operational

specificity is demonstrated by showing that the semen marker camnot be

- secretions. However; operational specificity is by definition conditional

for. it is always possible that the marker might be detected in non-male

tract material by a more sensitive test or under different test conditions.

Moreover operational specificity is also relative because it extends only

to the materials tested; the possibility exists that the putative marker
might yet.be found in éome‘material thus far ﬁo£ tested. Defining specifi—'
city on biological terms involvesidifferent criteria;"It should be demon-
strable that the pﬁtative semen specific marker is éynthesizéd in on;lof the

tissues associated with the male reproductive tract (i.e., testes, epididymis,
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seminal vesicle,‘prostate gland, etc.) aﬁd it. should be demonstrable that
the synthesis of the marker is restricted to that tissue. Thus, for example,
spérm qualifyvas semen specific markers because sperm are a unique product
of the male germ line tissue in testes. By extension, sperm specific pro-
teins, such as lactate dehydrogeﬁase X (13, 14), are also semen specific.

On the other hand, the biologicalbspecificity of prostatic acid phosphatase
is conditional onfitéxhigh activit%’in semens;. tﬁe enzyme itsé}f appears to
be genetically identical to acid phosphatase enzymes gynthesized in other
tissues, including vaginal tissue (manuseript in preparation). AThisbbrief

. discussion points out that although the demonstration of operational spe~
cificity and the demonstration of biological specificity overlap considerably,
the two definitions of specificity are based on different criteria and have
different limitations. It should be clear that the overall demonstration

of specificity must take both operational and biological considerations

in;o account.

:By these standards, the case for p30 as a sgmeﬁ specifig marker is
promisingl The protein appears té be synthesized in the prostate gland from
__’which it is éecreted into semen; the :eéulatioﬁ of ité synthesis and secre-
" tion:'is mot known and further studies are needed to deter?ine whether its

synthesis is restricted to the prostaté. ‘At the present limits of detectiom,
p30:has not been found in any other tissue or secretion. The immunological
test for p30 is not interfered with by any of‘the non~biological materials
thus far tested. .. More sensitive assay methods are needed to verify these
~ indications of spegificit§~ 7 | '
At the levél of specificity thus defined, the immunoassay for p30 can
'be used in conjunction with the acid phosphatase test as a confirmatoryw

tést for the detection of semen. The protein appears stable in semen stains
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and is present in semen at sufficient levels to be réadily detected in
stain extracts. Moreover, due to the species specificity inherént.in.
immunological reactions, a positive p30 testwould preclude any question

of possible vegetable origin for an acid phosphatase positive stain. |
For the detegtibn of semen trace; on vaginal swabs or in vaginal washings,
the test for p30 is of limited value due to the restricted sensitivity of
the existing immunoassay.' The survival of p30 in post coital vaginal fluids
appears to parallel that of acid phosphatase activity. But, because the
current immunological assay for p30 is about 10 timgs less sensitive than
‘the‘acid phosphatase assay, p30 can at present be detected onl& in post
coital vaginal material which contains a .relatively great amount of seminal
residiue. In the usual case, the‘effective dilution of semen in the vaginal

pool is such that the level of p30 is below current limits of detection.

Should more sensitiveé: assay.ﬁiocedures become available and verify the spe-

cificity of p30 relative to normal vaginal secretions, the detection of p30

 could take on even greater value as a definitive test for the identification

of semen traces in the vaginal pool post coitus.

It should be pointed out that the immunocassay for p30 differ:.s in
éonception from the conventional immunological test for semen. The antisera
used for.the conventional imﬁunological tests are usually antisera prepared
against whole human semen which have been absorbed with blood serum to
remove antibodies to proteins found in both fluids. The specificities of

these antisera are thus defined in terms of the remaining, presumably

‘specific antibodies, not in terms of the an;igehskthey recognize. The problem

with this approach is illustrated in the finding that coxmercial anti-semer
antisera all contain antibodieé'against lactoferrin, a protein found at neg-

ligable levels in blood but found at appreciable levels in semen and other
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physiological fluids (12) In contrast, the approach used in this

study was directed toward identifying proteins potentially specific

to semen; the selected proteins could then be subjected to intensive

characterization for specificity. By focusing on the potentlal marker

protein, questions concerning both operational and biological snecifi—

city can be addressed.

In summary, the characterization of p30 described in this report
laya the foundation for an alternattve test for the identificatron of
semen. The development of a more sensitive assay procedure for p30 is
Jrequired to further define the specificity of the protein.

sitive assay would also greatly enhance the value of a p30 test with

respect to questions arising in the forensic context.

i i i1 ress.
an assay for p30 with the requisite sensitivity are currently iu progres
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Figure Legends

Figure 1. Electrophoresis'of human blood serum and human seminal plasma

on polyacrylamide gels containlng sodium dodecyl sulfate. The proteins
of these two flulds are separated on the basis of molecular weight (6);
the largestpeptide chains have the lowest mobility and are at the top

of the gel. Track 1 contains blood serum, this portion of the gel has

been deliberately over developed to show minor bands. The dominant band

in serum 1is albumin; it constitutes about half of the serum protein. Tracks

2 and 3 contain seminal plasmas from different ejaculates by a single

Tracks &4 and 5 contain seminal plasma from different indivi-

duals; the individual providing the ejaculate used in track 5 nas vasecto-
zed. The major proteins of seminal plasma, from top to bottom, are

lactoferrin (Lf), albumin (Aln), acid phosphatase subunit (AP) and a

~number of polypeptides of unknown function, designated in order of dimi-

nlshing molecular weight, p4l, p30, pl7, pi6, pl5, pl4, pl3, pl2, pll, plO
P9, p8, and p7.

Electrophoresis of human seminal plasma and purified p30 on
acrylamide gels containing sodium dodecilvsulfate. The purified protein
is seen as a single dominant band. A trace band corresponding to p8 is
also present;Athis may represent a degradatlon product from p30.
Figure 3. Demonstration of monospecificity. of anti-p30 antiserum. Hunan
blood serum (s) (top) and‘human seminallplasma (sp) (bottom) were subjected
to electrocphoresis; the,running conditimis were: 2 hours, 4°C, lSO volts/cm.
At the end of the run, the center trough was cut and anti-p30 antisernm was

added; the immunoelectrophoresis plate was then incubated for 24 hours at

room temperature in a humid chamber during which time the precipitation
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