
Journal of Criminal Law and Criminology

Volume 49 | Issue 6 Article 15

1959

The Use of Recording Spectrophotometer for the
Detection of Acid Phosphatases in Seminal Stains
G. R. Nakamura

S. Kusafuka

R. M. Finne

J. A. Kearns

Follow this and additional works at: https://scholarlycommons.law.northwestern.edu/jclc

Part of the Criminal Law Commons, Criminology Commons, and the Criminology and Criminal
Justice Commons

This Criminology is brought to you for free and open access by Northwestern University School of Law Scholarly Commons. It has been accepted for
inclusion in Journal of Criminal Law and Criminology by an authorized editor of Northwestern University School of Law Scholarly Commons.

Recommended Citation
G. R. Nakamura, S. Kusafuka, R. M. Finne, J. A. Kearns, The Use of Recording Spectrophotometer for the Detection of Acid
Phosphatases in Seminal Stains, 49 J. Crim. L. Criminology & Police Sci. 608 (1958-1959)

https://scholarlycommons.law.northwestern.edu/jclc?utm_source=scholarlycommons.law.northwestern.edu%2Fjclc%2Fvol49%2Fiss6%2F15&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarlycommons.law.northwestern.edu/jclc/vol49?utm_source=scholarlycommons.law.northwestern.edu%2Fjclc%2Fvol49%2Fiss6%2F15&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarlycommons.law.northwestern.edu/jclc/vol49/iss6?utm_source=scholarlycommons.law.northwestern.edu%2Fjclc%2Fvol49%2Fiss6%2F15&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarlycommons.law.northwestern.edu/jclc/vol49/iss6/15?utm_source=scholarlycommons.law.northwestern.edu%2Fjclc%2Fvol49%2Fiss6%2F15&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarlycommons.law.northwestern.edu/jclc?utm_source=scholarlycommons.law.northwestern.edu%2Fjclc%2Fvol49%2Fiss6%2F15&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/912?utm_source=scholarlycommons.law.northwestern.edu%2Fjclc%2Fvol49%2Fiss6%2F15&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/417?utm_source=scholarlycommons.law.northwestern.edu%2Fjclc%2Fvol49%2Fiss6%2F15&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/367?utm_source=scholarlycommons.law.northwestern.edu%2Fjclc%2Fvol49%2Fiss6%2F15&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/367?utm_source=scholarlycommons.law.northwestern.edu%2Fjclc%2Fvol49%2Fiss6%2F15&utm_medium=PDF&utm_campaign=PDFCoverPages


THE USE OF RECORDING SPECTROPHOTOiIETER FOR THE DETECTION
OF ACID PHOSPHATASES IN SEMINAL STAINS

G. R. NAKAMURA, S. KUSAFUKA, R. M. FINNE AND J. A. KEARNS

At the time of preparation of this article all four authors were assigned to the U. S. Army Military
Police Laboratory, Far East, in Japan. George R. Nakamura is a graduate of the University of Illinois
where he received a masters degree in the field of Biochemistry. Hehasserved in army medical center
laboratories and is at present chief chemist with the Military Police Laboratory.

Satoru Kusafuka is a graduate of the University of Science, Tokyo. Before joining the staff of the
Military Police Laboratory in 1948 as a physicist he was an electrical inspector with the Tokai Tele-
graph Company. He has been a co-author of a previous article which appeared in this Journal.

Ronald M. Finne is a graduate of Fairleigh Dickenson University, Rutherford, New Jersey. He
joined the Military Police Laboratory in 1956 and upon separation from service in June, 1958 joined
the staff of the Bell Telephone Laboratories, Murray Hill, New Jersey.

J. A. Kearns is a graduate of St. Mary's University, San Antonio, Texas. He served for two years
as chemist in the Military Police Laboratory and is at present a criminalist in the Los Angeles Police
Department Laboratory.-EDITOR.

The acid phosphatase test has been widely
recognized today in forensic chemistry as a reli-
able tool for the detection of semen in stains and
it has been useful in limiting the area of search
for spermatozoa. Many methods and their adap-
tations have been described in the biochemical
literature for the measurement of acid phospha-
tase activity, and some of these have been
adapted for the detection of seminal stains. These
methods depend on the formation of colored
products resulting from the reaction of either the
liberated phenol (1, 2) or inorganic phosphorus
(3) with a specific reagent. There has been a
number of modifications of these methods.

Phenolic esters have been commonly used as
substrates in the acid phosphatase detection. It
has been shown (4) that many substances inter-
fere or may cause serious errors in this type of
test unless rigid control measures are exercised.
The colored substances produced from a hydro-
lytic product of an added substrate are non-
specific in nature and could possibly be formed
from interfering substances during the course of
the reaction.

The use of a recording spectrophotometer such
as a model known as DK2 manufactured by Beck-
man Instruments, Inc. obviates the possible
interferences and errors attending the production
of colored substances with liberated phenol. Such
an instrument is equipped with an automatic
scanning and recording device which plots on a
graph sheet the absorption spectra of the phenol
liberated during the course of the reaction and of
the reagent blank or "zero-time" reaction.

The liberated phenol is examined for its maxi-
mum absorption peak and its characteristic
shape. While many interfering substances will
form non-specific colors in the colorimetric
methods, these substances will be manifested
by their characteristic absorption curves in the
instrumental method.

EXPERIMENTAL

The standard condition used by this laboratory
for the detection of acid phosphatase is as follows:
One square centimeter of the stain area is ex-
tracted with one ml. of distilled water. One drop
(approximately 0.05 ml.) of the extract is mixed
in a small glass tube with 1.5 ml. of substrate-
buffer solution (0.01% disodium monophenyl-
phosphate in 0.2 N acetate buffer, pH 6.0). The
"zero-time" reaction is measured immediately on
the recording spectrophotometer in the ultra-
violet ray range of 240-290 millimicrons wave
length. The tube is then placed in a constant
temperature bath or an incubator at 37 degree
C., and readings are made at a 30-minute and/or
two-hour interval in the same ultraviolet range.

The two curves, test and control, are compared
and any appreciable increase in the maximum
absorption peak in the test reaction curve is
interpreted as phosphatase activity. The maxi-
mum absorption peak of the curve produced by
liberated phenol is at 270 millimicrons and its
characteristic shape is shown in figure 1.

Figure 1 also shows the higher absorption
characteristic of free phenol as compared with
the substrate, sodium phenylphosphate, from
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Figure 1
A typical test reaction showing the absorption

curves of a reaction mixture under the standard condi-
tion at "zero-time" and 30-minute intervals.

which it was liberated under the standard condi-
tion. This wide difference facilitates the measure-
ment of liberated phenol by instrumentation.
Also it is noted that under this condition, the ex-
tract of seminal stain per se exhibits little or no
absorption.

Since the test reaction usually contains unhy-
drolysed substrate, various proportions of equi-
molar solutions of free phenol and sodium phenyl-
phosphate were mixed, and the absorption char-
acteristics of these mixtures were determined
(figure 2). The molar extinction coefficient for
the phenol used was 1660 at 270 millimicrons
wave length while sodium phenylphosphate was
580 at 262 milimicrons.

Inasmuch as the phenylphosphate substrate
does possess its own absorption characteristic
with a maximum peak near 262 as shown in figure
1, a determination was made for the minimum
amount of substrate required to produce a full
enzyme activity curve. For the liberation of each
mole of phenol, at least one mole of the sodium
phenylphosphate must be present in the reaction
mixture. On this basis, the minimum substrate
concentration of 0.01% disodium monophenyl-
phosphate was found to be convenient to obtain
an activity curve in the range of 0.50 to 0.80
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Figure 2

Absorption curves of equi-molar solutions of phenol
and sodium phenylphosphate mixed in various propor-
tions. The 10070 phenol curve represents total libera-
tion from the amount of phenylphosphate represented
in the 100% phenylphosphate curve.
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Figure 3

Effect of seminal fluid dilutions on phosphatase
activity, as represented by the amount of phenol

liberated under the standard condition.

absorbance. This is possible if the phosphatase

content of the extract is sufficiently active.

Inasmuch as the amount of seminal fluid in a
stain cannot be determined, experiments were
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Comparison of phosphatase activity of different semen samples as a function of time under the standard con-
dition. The seminal stains were typical and concentrations not known.

conducted with various dilutions of fresh seminal
fluids to determine the maximum dilution to ob-
tain full enzyme activity (figure 3). It was found
that a 1000-fold dilution of fresh seminal fluid
could produce a full activity curve under the
standard condition; however, for average seminal
stains, a twenty-fold dilution was considered to be
of convenient strength.

Figure 4 shows curves obtained under the
standard condition varying the reaction time and
dilution of enzyme. A thousand-fold dilution of
seminal fluid cleaved nearly 100% of the phenol
from the phenylphosphate within 30 minutes. An
extract of a comparatively fresh seminal stain
cleaved only 30% phenol while an older stain (4
months old) was half as active as the fresh stain.
Therefore, it was found advisable to make two
readings, one at the end of 30 minutes and
another at the end of two hours.

DISCUSSION

The detection of the liberated phenol as a re-
sult of the action of acid phosphatases on phenyl-
phosphate by instrumental method has certain
advantages over the methods in which liberated
phenol is measured by the formation of a colored
product with an addition of another reagent. The
discrete separation between the curves of the sub-
strate and of the liberated phenol plotted on the
graph chart is discernible, more than a gradual

change in the intensity of the colored products;
this advantage becomes more evident in seminal
stains which contain interfering substances.

The production of color entails an additional
step and introduces possible errors caused by the
contamination or instability of the color produc-
ing reagents, changes in pH, and the instability
of some colored products. The uncertainty of the
nature of color or the lack of color produced due
to possible experimental errors requires techni-
cians to repeat tests. The entire step in which
these factors are introduced is eliminated.

In the instrumental analysis, the need to pre-
pare an additional tube for the control, or "zero-
time", is not required, as the entire procedure is
performed in a single tube, or a cuvette in which
the reaction mixture is read. The enzyme ac-
tivity can be measured as fast as the pen of the
instrument moves across the paper chart auto-
matically plotting the absorption curve of the
reaction mixture.

The expense of a recording spectrophotometer
is an obvious limitation if a laboratory is not
already equipped with one. If many samples are
being determined simultaneously, the timing of
the reactions becomes a problem. However in an
average forensic laboratory the few samples to be
determined per case are hardly comparable to the
number assayed by a clinical laboratory. Inas-
much as a forensic laboratory is not concerned
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primarily with the assay of phosphatase activity
but with its identification, the length of reaction
time is not too critical.

The absorption characteristic of phenylphos-
phate does impose a limitation as to the amount
of substrate which can be used, and consequently,
a substrate solution cannot be employed which
is excessively saturated with respect to the
amount of enzyme present as in colorimetric
methods. However, in practice the acid phos-
phatases in seminal stains have proven to be
highly active, and the substrate concentration
need only to be kept at a minimum to obtain a
full activity curve.

While some kinetic study was undertaken in
this Laboratory with seminal stain extracts and
its action on phenylphosphate, there was no
illusion that accurate data could be obtained.
The results produced by using seminal stain ex-
tracts are of approximate value because for one
reason, the stain may have become contaminated
with bacteria. The presence of blood, saliva, and
fruit juices which also contain phosphatase will
possibly interfere. As it is commonly known, the
presence of these contaminants do not interfere
with the identification of seminal phosphatase
because of latter's extremely high activity (more
than a hundred times as high as in any of these
fluids). An indication of this is that in two

minutes under the standard condition, a seventy-
fold dilution of seminal fluid can hydrolyse the
substrate almost completely in two minutes
(figure 3).

SvMrARY

A recording spectrophotometer has been
adapted for the determination of acid phospha-
tases in seminal stains. Free phenols liberated
from organic phenols by enzymatic action are
determined by ultraviolet light absorption. Some
of the advantages have been described as com-
pared to procedures depending on the measure-
ment of colored products formed with libeiated
phenol.
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