@ Kamla-Raj 2000
PRINT: ISSN 0972-0073 ONLINE: ISSN 2456-6802

Anthropologist, 2(3): 199-202 (2000)
DOI: 10.31901/24566802.2000/02.03.12

Determination of ESD Isozymes in Human BRlood, Semen and
Vaginal Secretion: Allelic Frequencies in Delhi Population

Arun Sharma', V., K. Arora?, M.P. Sachdeva® and V. Bhalla+

I. State Forensic Science Laboratory, Junga, Shimla 173 216, Himachal Pradesh, India
2. National Institute of Criminology & Forensic Science, Rohini, Delhi 110 085, India
1. Departiment af Anthropalogy, University of Delki, Delhi 110 007, India
4. Department of Anthrapology, Panjab University, Chandigarh 164 014, India

KEY WORDS Semen. Vaginal Secretion. Polymorphism.
Allelic Frequencies. Stability Studies.
Stains.

ABSTRACT lsoenzyme band patterns of esterase D have
been studied in blood, vaginal swabs free from semen, semi-
nal fuid and their stains. ESD polymorphism was demon-
strated in all the body fluids tested. One hundred and sixty
two blood samples were analysed using starch agarose gel
electrophoresis technique and the gene frequencies were
estimated as ESD*/ = 0.765 and ESD*2 = .235. Stability
studies carmied out under different climatic conditions have
revealed that the genetic marker is more stable in blood
stains than in stains of semen and vaginal secretion.

INTRODUCTION

The ESD polymorphism is one of the most
useful genetic markers in human genetics and
forensic science. It is a member of the carboxy-
lic ester hydrolase family ubiquitously distrib-
uted in the cells of many human tissues. ESD
isozymes are distinguishable from other wide-
spread esterases by their electrophoretic mobil-
ity and their substrate specificity for 4-
methylumbelliferyl esters (Hopkinson et al.
1973; Coates et al., 1975). Three common phe-
notypes, ESD 1, ESD 2 and ESD 2-1 have been
identified and are determined by two autosomal
codominant alleles, ESD*/ and ESD*2. There
are also some rare genetic variants of the ESD
(Marks et al., 1977; Sparkes et al., 1979; Koziol
and Steplien, 1980; Olaisen etal., 1981; Nisugaki
and Itoh, 1984).

The ESD gene has been assigned to the chro-
mosome 13 q 14.11 region (Yunis and Ramsay,
1978; Sparkes et al., 1980) where the gene for
susceptibility to retinoblastoma has been
mapped.

Recently, Tsuchida et al. (1994) have
analysed the esterase D polymorphism at the
nucleic acid level. Two common alleles ESD*/

and ESD*2 were characterized by the substitu-
tion of one amino acid (gly-to-glu), which was
caused by the point mutation of one nucleotide
(G- to -A). Individual exhibiting the ESD1 and
ESD 2 phenotypes were homozygotes for ESD1
and ESD2 DNAs respectively. Individuals shar-
ing the ESD phenotype were found to have two
kinds of DNAs, viz. ESD*] and ESD*2. The
point mutation difference between the DNAs of
the ESD*] and ESD*2 alleles results in a differ-
ent Ssp [ digestion site. A restriction fragment
length polymorphism caused by this difference
with respect to Ssp I digestion site makes it pos-
sible to determine the ESD phenotype using
DNA samples extracted from old forensic
samples that have no detectable ESD activity,
Although the discovery of this enzyme in
blood was made as early as in 1973, vet no clear
picture emerged so far as its presence in body
fluids viz. semen and vaginal secretions is con-
cerned. One study reports its presence in semen
(Blake and Sensabaugh, 1978) whereas others
refute (Oepen et al., 1980, Sato et al., 1983),
Likewise ESD variants could not be determined
in vaginal secretions by Schwerd and Stock
(Schwerd and Stock, 1982) but the results of later
studies (Sato et al., 1983; Garlo, 1985) estab-
lished its presence in vaginal secretions. In the
light of contradictory reports, attempt was made
to study ESD polymorphs in semen, vaginal se-
cretion and their stains. Stability studies were
carried out under different climatic conditions.

MATERIALS AND METHODS

Blood samples were collected from the blood
bank of Indian Red Cross Society, New Delhi.
The stains were prepared on cotton cloth pieces
and allowed to dry in shade at room temperature.
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Semen specimens were collected from volun-
teers and the stains were prepared in the labora-
tory. All the donors were healthy in the age group
of 19-25 years. Sterilized cotton swabs were used
to collect vaginal fluid from donors in the age
group of 20 - 40 years and were ensured to be
free from semen and blood. The time period
since last intercourse varied from days to a few
weeks when the donors supplied the samples.
Six student donors in the age proup of 19-22
who never had sexual intercourse also provided
samples for the studies.

Haemolysates were prepared from cells
thrice washed in normal saline, by freezing and
thawing. Equal volumes of fresh lysates and 0.05
M Cleland's reagent (dithiothreitol) were taken
in a cavity tile. The contents were mixed and
kept in a moist chamber for 15 - 20 minutes at
room temperature before application. The same
treatment was given to semen specimens. Pre-
treated blood samples were absorbed on to
Whatman-3 strips (0.8m * 0.1cm) and applied
in the gel at about 2.5 cm from cathodic end.
Similarly, pretreated liquid semen samples were
directly applied into origin slits already made in
the gel as previously reported (Sharma et al.,
1988).

D{ied stains of blood, semen and vaginal
fluid were extracted with 0.03 M Cleland’s re-
agent in a precipitin wbe. 0.5 cm square of blood
semen stained cloth piece and one third of vagi-
nal stains (size varied depending upon the qual-
ity of stain) was cut and taken into a wbe. To
this was added a drop of Cleland's reagent and
kept for 15 - 20 minutes at 4°C, Thereafter, tubes
were centrifuged at 6000 rpm for 10 -15 min-
utes. Blood stain extract thus obtained was ab-
sorbed on Whatman 3 strips and applied in the
gel. The sediment and supernatant fractions ob-
tained from semen stains and vaginal swabs were
mixed with a needle. The concentrated extract

' thus prepared was applied into origin slits al-
ready made in gel and run for electrophoresis.

The technique of Wraxall and Stolorow
{1978) was standardised for analysing the
samples.

RESULTS AND DISCUSSION

Table 1 shows the results of esterase D poly-

Table 1: Distribution of ESD Phenotypes in a hetera-

genesus Delhl Popualation
Fignotype  Observed  Expected  Allele frequency
number  mumber
ESDv 1 93 95 ESD®j=0.765
ESD 2-1 51 58 ESD=3=(p.235
ESD 2 12 09
Total 162 162

=182, 0.20 =p =0.10 for 1 dF; ns

morphism in blood samples drawn from hetero-
geneous population of Delhi. The study revealed
that ESD 1 phenotype was most preponderant
followed by ESD 2-1 and ESD 2. The allelic fre-
quencies for ESD*! and ESD*2 alleles were
0.765 and 0.235, respectively. The observed
number of phenotypes were in good agresment
with the number expected under Hardy-
Weinberg equilibrium. Further, it was also ob-
served that the occurrence of ESD*2 gene among
Indians/Asians is higher than in Europeans, Ne-
groes, Whites and Mexicans (Parkin and Adams,
1975; Grunbaum et al., 1980; Divall, 1984) but
lower than in Japanese (Omoto et al., 1975;
Yoshida et al,, 1979; Kido and Kimatsu, 1983;
Tsutsumi et al., 1986). However the incidence
of E5SD*2 allele among Indians from South East
England is close to the findings of the present
study (Parkin and Adams, 1975; Divall, 1984).

The laboratory prepared blood stains when
exposed to ambient conditions showed typable
enzyme activity upto 6-7 days in summer, 4-3
days in rainy season, 2-3 weeks in autumn and 4
weeks in winter months. When stored ai <127 C,
ESD isozyme patterns were detectable till 5
maoiths, The stability pattern of this enzyme has
also been reported by other workers; three weeks
and two months old actual case marerials (Parkin
and Adams, 1975); 4 weeks and sometimes upto
two months old stains (Grunbauwm et al., 1978),
4 weeks (Jay and Philip, 1979); one month
{Hayword and Boswarth, 1975); 8-10 weeks
Divall, 1985) and 5 weeks (Yuasa et al., 1983).
As is evident from above the enzyme is com-
paratively less stable when exposed to Indian
conditions of storage. Maximum stability could
be achieved in winter months only when tem-
perature touched as low as 6°C = 2°C, Rapid
loss of activity could be due to the fact that ho
and humid conditions prevailing in our country
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in the months of summer and rainy seasons could
possibly the reason for shortening the typable
limits.

Liquid semen samples displayed all the three
polymorphic forms of the enzyme (Table 2). In
all instances, semen samples gave positive re-
sults, A few whole semen samples were centri-
fuged immediately after collection and two
fractions,namely seminal plasma and spermato-
zoa were separated, Although both the fractions
of semen exhibited genetic polymaorphism but
more intense band patterns were seen in sperms
as compared to those in seminal plasma. The
results from semen showing the presence ol ESD
activity are in accordance with the observations
of Blake and Sensabaugh (1978). Further lig-
uid semen on storage at —12° C demonstrated
iypable activity upto 3-4 weeks, However when
stains of semen were kept at room temperature
in winter months, ESD patterns were identifi-
able upto 16-17 hours anly. Jay and Philip (1979)
ohserved the similar behaviour of this enzyme
and found that activity declined considerably
within 24 hours making ESD patterns too weak
to interpret. It is apparent from the above that
esterase D enzyme activity in semen is not as
stable as in blood. Blake and Sensabaugh (1978)
also reported that semen had moderate ESD ac-
tivity and could be typed only under favourable
circumstances.

Table 2: FSD sctivity in o matched sample of blood

anil semen
Eﬂmﬂr; Tesied Extermse I phenaiypes
! 2! 2
49 (fresh lysates) 16 11} 0z
{7347 (32.45) {4.08)
29 (liguid semen} kT 11 02
(7347 (2245) {4.08)

Figures in parentheses indacate the percentages

Vaginal secretion samples eollected from dif-
ferent donors exhibited esteruse [ polymorphism
{Table 3). The band intensity was inlense, sug-
gesting high level of enzyme associated with
vaginal fluid. Positive results could be obtained
in about 41 percent of the cases, The findings of
the present study are in general agreement with
that of Sato et al. { 1953) and Garlo (1985). When
vaginal specimens were kept at room tempera-

ture typable activity could be achieved upto
three days during winter months and 4 weeks
when stored in a deep freczer at—12° C.Further,
vaginal swabs collected from six student
donors,who never had had any sexual inter-
course, showed week enzymatic activity and no
reliable typing was possible. Whether sexual
stimulation or the presence of other body fluid
(semen) has any role in enhancing the levels of
enzymatic activity in vaginal secretions needs
to be investigated in a larger sample.

Table 3: ESD activity n a matched sample of blood and
vaginal secretions

Samples Tested Esteraze [ phenotypes
! 21 F|
6 (fresh lysales) 42 18 12
{(65.63) (28.13) (6.2%)
4 (vaginal secretions) +ve * 16 08 2
(25.00) {12.50) (313
Figures in parentheses indicate the

*38 (59.37 %) samples of vaginal secretions. g.w.c negative
resulis

ACKNOWLEDGEMENTS

The authors gratefully acknowledge the
CSIR, Government of India, New Delhi for pro-
viding financial assistance to Dr. Arun Sharma
and to all the donors who volunteered to give
samples for the study.

REFERENCES

Blake, E.T. and Sensabough,G.1° . Genetic markers in hu-
mian semen [ Quantitation of polymorphic prodeins.
4 Forens, Sci,, 23 717 (1978).

Coates, P.M., Mestriner, M_A_ and Hopkingon, DuAL: A pre-
lyminary genetic interpretation of the eslerzse sozymes
of human tissues. Ane. S, Gewer, 3901 (1975).

[ivall, G.B.: The esterase [ polymorphism as revealed by
isoelectric focusing in ultra thin polyacrylamide gels.
Forens. Sci. [nt., 26: 255 (1984)

Divall, (3.8, Esterase Diyping of bloodstaing by non-egui-
librium focusing. Forers, Sel. far, 28 131 {1985),

Garlo, A, Phosphoglucomutase and esterase [ activity m
post coital voginal swab. J. Forens. Soi. Spc., 15: 301
(1985},

Grunbaum, B.W ., Harmor, G.C., Redel, B, and Zajac, P.L.-
Electrophoresis of esterase I3 im fresh and bloodstaing
on cellubose pcetate, S Forens, Sco, 23 B9 (1978)

Grusbaum, B.W ., Selvin, 5., Myhre, B.A., and Pace, N.:
Dristribution of gene frequencies and discrimination
probabilitees for 22 human blood genetic systems in
four racial ETOupE. S Forewns. Sei, 25 428 (] QE'I'J].

Hnywm'd, IM. and Bogworth, AL Esterase D 1ypes



202 ARLIM SHARMA, ¥, K. ARORA, M. P. SACHDEVA AND ¥. BHALLA,

human bloodstains. J. Forens. Sci. Soc., 15 289
(1975),

Hopkinson, DUA., Mesiriner, J., and Harris, H.: Esterase [
a new hurman polymorphism. Ama. Hum, Gener, 3T:
19 (1971)

Jay. B.W.H. and Philip, W.M.5. A stability study of es-
ferase D isoenzymes. J. Forens, Sci, 24 193 (1979).

Kidp, A&, and Komalsu, M. Genetie polymamphism of red
cell enzyrme in Yamanashi prefeciure. Jpr f Legal
Med, 37 362 (1983).

Kaziol, P. and Stepien, J.: Arypical segregation of esterase
[ evidece of a rare "silent™ alllele EsD?. Hum, Genet,
53: 223 (1980).

Marks, M., Jenkins, T. and Murse, G.T.: The red-cell
glutamie pyruvate transaminases, carbonic anbydrase [
amnd 11 and esterase [ polymorphisms in the Ambo
population of South West Africa, with evidence for
the exislence of an EsD® allele. Fum. Genet, 37: 49
{1977

Mishigaki, 1. and Avoh, T.: lsoclectrie focusing studies of
human red cell esterase [t evidence for polymorphic
cocurrence of & new allele EsD7 in Japanese, Hum.
Cemer., G 92 (1984,

Oepen, B., Peters, N, and Wahr, G0 Typing of
gonadaspecific daphorase (DIAJ) in serminal staing
and esterase D ryping in seminal and saliva stains, £
Rechismed., B5: 300 (| 980}

Olzisen, B, Sivens, A, Jonnasen, R, Mevag, B. and Gedde-
Diahl, T.: The ESD polymorphisem: further siudies of
the ESD2 and ESDS allele producis. Hum, Gener, §T:
351 (1981).

Ormedo, K., Acki, K. and Harda, 5.0 Palymarphism of eg-
ierase D in some populations of Japan. Num. Hered.,
25: 3TE (1975).

Parkin, B.H. and Adams, EG.: The typing of esteraze D in
human bloodstaing. Med Soi Law., 15 102 (19735)

Batm, M., Hiroyuki, H., Tsutsumi, M., Aoki, ¥, Easumata,
K., Sato, 5., Yada, 5. and Mizutani, 5.; Isozyme typ-
ing of human sermen, vaginal secretion and their mix-
fure. der. Crim. Jopan, 49: 157 (1981),

Schwerd, W. and Stock., D.: Machweis von erblichen
enzymeigen schafien im vaginal sekret. 2. Rechrsmed.,
B9 115 (1982}

Sharma, A., Arora, VK. and Bhalla, V.: Studies on glyox-
alase 1 iscenzymes in sermen stains: polymorphism in
Himachal{India) population. Forens. Sei fer, 37: 201
(1988).

Sparkes, LS., Targum, 5., Gershon, E., Sensabough, G.F.,
Sparkes, M.C. and Crist, M.: Evidence for 2 null al-
lele at the esterase D locus. Hum. Gemer, 46: 319
(1979}

Sparkes, .5, Sparkes, M.C., Wilson, M.G., Towner, 1.W.
Benedict, W., Murphree, AL and Yunis, ] 1. Regional
asaignmenl of genes for human esterase T and reting-
blastoma to chromosorms band 1.3g14. Seieace, 208:
342 (1980).

Tsutsumi, H., Ito, H., Sate, K., Katsumata, ¥, and Yada,
5.0 ABC and isozyme typing of human embryos. der.
Crim. Japen., 522 61 {1986).

Wraxall, B.G.D. and Siolorow, M.D.: Recen advances in
clectrophoretic techniques of Blooodstain analyais.
Presented at the 300 Annual Mesting of the American
Acaderny of Forensic Sciences held at 51. Lowis, M.O.,
LISA (19TE)L

Yoshida, H., Abe, T. and Nakamura, F.: Siudies on the fre-
quencies of PGM1, PGM32, and EsD fypes from hair
roots in Japanese subijects and the determination of
these types fram abd hair roots. Forens, Sei. fnr, 14: 1
(1974,

Yunis, 1), and Ramsay, N.: Betinoblagions and subband
deletion of chiomosormes 13 dm. J Dis Child, 132:
161 {1978).





