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ABSTRACT: Enzyme immunoassay and Western blotting (clcctrophorctic) techniques were
uscd to determine haptoglobin (HP) phenotypes from older bloodstains.
Serum was collected from liquid blood and the HP phenotypes were determined. Blood-
stains were prepared from these specimens and stored at various temperatures for several
months. The stains were cxtracted and applied to gradient polyacrylamide gels.
The Western blotting technique was used 1o achieve the transfer of HP bands from the
gels to the nitroccliulose membranes. Enzyme immunoassay with goat anti-HP antiserum
and rabbit anti-goat immunoglobulin peroxidase werc used to identify the HP bands from
the extracted samples.
Enzyme immunoassay was found to be clearly more sensitive than o-dianisidinc or o-tolidine
in detecting HP bands from diluted serum samples.
The haptoglobin frequency in a Caucasian population in Ncbraska was calculated. The
frequencics of Phenotypes 1. 2-1, and 2 were found to be 15.8, 48.4, and 35.8%. respectively.
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Haptoglobin (HP) is an «. serum glycoprotein. It is a hemoglobin-binding protein
which has three main phenotypes: HP I, HP 2-1, and HP 2 [/]. HP has been shown to
remain stable for a prolonged period of time [2] and has a high discriminatory power of

0.60 [3,4].

Several procedures have been described for separating and identifying the phenotypes
of HP [5-12]. The polymorphism is usually detected by using o-tolidine or o-dianisidine
dyes. which indicate where the peroxidase activity of hemoglobin is complexcd with HP.

This study was undertaken to determinc HP phenotypes from older bloodstains and
to detect the sensitivity of the enzyme immunoassay proccdure. The haptoglobin fre-

quency in a Caucasian population in Nebraska was also determined.
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Materials and Methods

The tank buffer for electrophoresis was prepared by dissolving 21.8 g/L glycine (0.29M)
and 4.5 g/L (0.037M) of Tris base [tris(hydroxymethyl)aminomethane] in deionized water.
The resultant pH of the buffer was 8.3. Polyacrylamide gradient gels, 2 to 16%, from
Pharmacia-LKB (PAA 2/16) werc run as horizontal slab gcls on a SERI electrophoresis
apparatus. The gel sizec was 75 by 75 mm with a thickncss of 2.7 mm.

Trans-blot tank buffcr and gel equilibration buffer (Tris-glycine buffer) were prepared
by dissolving 7.27 g/3 L Tris base (20mM) and 33.78 g/3 L glycine (150mM) in 600 mL
of methanol and deionized watcr. The resultant pH of the buffer was 8.4. Tris buffered
saline (TBS) was prepared by dissolving 1.21 g/1 L Tris base (10mM) and 29.22 g/1 L
sodium chloride (NaCl) in deionized water. The pH of the buffer was adjusted to 8.0
with HCL.

Tween/tris buffered saline (TTBS) (0.1% Twecn-TBS) was prepared by adding 1 mL
of Tween 20 (Bio-Rad) to 1 L of TBS. Blocking solution [1%: gelatin-TBS or (0.5% bovine
serum albumin (BSA)-TBS] was prepared by dissolving 1 g of gelatin in 100 mL of TBS.
(Gelatin requires slight heat to dissolve.) Also, 0.5 g of BSA in 100 mL of TBS can be
used (available from Bio-Rad and Ortho-Diagnostics).

The antibody buffer was 1% gelatin-TBS or 0.5% BSA-TBS. The first antibody was
used as a 1:100 dilution of anti-human HP (goat) in antibody buffer (ATAB). The second
antibody was used as a 1:250 dilution of rabbit anti-goat immunoglobulin horseradish
peroxidase conjugate (HRP).

For color development, the following buffer and reagents were used. HRP color-
developing solution was prepared by dissolving 60 mg of 4-chloro-1-naphthol (Bio-Rad)
in 100 mL of TBS and 20 mL of ice-cold methanol. Hydrogen peroxide 30% (60 pL)
was added to this solution immediately prior to color development.

Serum was collected {from liquid blood samples, and the HP phenotypes were deter-
mined by methods described previously [//,12]. Bloodstains from individuals with HP
Phenotypes 1, 2-1, and 2 werc prepared in duplicate by taking approximately 500 pL of
each sample and applying this amount to the center of a square piece of cotton cloth.
After being air-dried, each bloodstained cotton cloth piece was put in a labeled coin
envelope. One group was stored at —20°C and the other was storcd at room temperature.
Serum samples were collected in 1.5-mL centrifuge tubes and stored at —20°C.

Pieces of cloth approximately 5 by 5-mm with dried bloodstains were cut and placed
in 1.5-mL microfuge tubes. Distilled water (30 pL) was added to each tube. The tubes
were gently agitated on a rotator for 30 min at room tempcrature. The cuttings were
then removed from the tubes and placed insidc micropipette tips (1 to 250 pL in size).
Each tip was then returned to its original 1.5-mL microfuge tube, and this assembly was
centrifuged at 1200 x g for 5 min. The micropipettc tips containing the cuttings were
then discarded. The extracts were now at the bottoms of the microfuge tubes. Volumes
of 300 pL of chloroform and 10 pL of ethanol were added to each extract. The tubes
were vortexed vigorously for 2 min and centrifuged for 5 min at 9000 X g in a microfuge.
The clear uppermost layer containing the HP protein was removed for subsequent typing.

The bloodstain extracts, in volumes of 5 pL, were applied onto No. 3 Whatman filter
paper strips (5 by 1 mm) and gently placcd on top of the gel surface approximately 1 cm
from the 2% cathodic edge. Two sponges, one on cach end of the gel, were used as
wicks to provide contact with the buffer in the tanks. The serum samples stored at —20°C
were used without extraction. These were serially diluted and applied in amounts of 3
pL onto the filter strips as was described for the bloodstain extract application.

After this, electrophoresis was performed on the applied samples at 4°C using a Phar-
macia-LKB electrophorcsis powcer supply at 125 V for 17 h or until the hemoglobin bands
were at the 16% anodic end of the gel.

After electrophoresis. the following procedures for Western blotting and enzyme im-
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munoassay were carried out at room temperature. The gel was equilibrated with gentle
shaking on a rotator in Tris-glycine buffer for 60 min, with one buffer change after
30 min. The gel was then transferred onto the gel holder of a Bio-Rad trans-blot apparatus.
A nitrocellulose membrane (Bio-Rad, 0.45 um, 75 by 75 mm) previously soaked in the
Tris-glycine buffer was laid on top of the gel, and care was taken to remove any air
bubbles trapped between the gel and the membrane. Western blotting was achieved by
overnight (16 h) transfer in a Bio-Rad trans-blot apparatus containing Tris/glycine/meth-
anol buffer at 25 V with a Bio-Rad power supply.

After transfer, the blot (nitrocellulose membrane) was removed and the free sites were
blocked by incubating the blot in 0.5% BSA-TBS or 1% gelatin-TBS for 1 h. The blot
was then incubated for 2 h with the first antibody in 0.5% BSA-TBS or 1% gelatin-TBS
and washed in four changes of TTBS for 15 min each. The blot was next incubated for
2 h with the second antibody in 0.5% BSA-TBS or 1% gelatin-TBS and subsequently
washed in four changes of TTBS for 15 min each.

The peroxidase activity was visualized by submerging the blots in the HRP color-
developing solution and rinsing them in distilled water to stop the reaction. The blots
can be left in the color-developing solution for from a few minutes to overnight, depending
on the desired intensity of the HP bands, since the intensity of the bands increases with
the increase in the time submerged in the developing solution. The nitrocellulose blots
can be air-dried and stored in the dark at room temperature.

Results and Discassion

HP polymorphism was determined from fresh serum samples after the samples had
been stained with o-tolidine prior to being stored at —20°C and from bloodstain prep-
arations. Figure 1 illustrates HP Types 2-1, 1, and 2, determined from fresh serum samples
on a 2 to 16% gradient polyacrylamide gel. Bloodstains were prepared and stored at
both room temperature and at —20°C for several months. Enzyme immunoassay was
used to phenotype haptoglobin correctly from bloodstains as old as 15 months when
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FIG. 1—Separation of HP phenotypes from fresh serum samples on a 2 to 16% gradient poly-
acrvlamide gel after staining with o-tolidine. The phenotypes from left to right are as follows: (Lane
1) HP 2-1, diluted 1:5; (Lanc 2) HP 2-1, diluted 1:10; (Lane 3) HP I, diluted 1:5; (Lane 4) HP 1,
diluted 1:10; (Lane 5) HP 2, diluted 1:5; and (Lanc 6) HP 2, diluted 1:10. The cathode is on top.
The direction of migration is from cathode to anode.
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stored at room temperature and as old as 22 months when stored at —20°C. In addi-
tion. serum samples stored at —20°C for up to 30 months were also successfully typed
(Fig. 2).

Enzyme immunoassay demonstrated a higher degree of sensitivity in dctecting HP in
diluted serum samples than o-tolidine. HP polymorphism could be detected from fresh
serum samples only at a 1:10 dilution with o-tolidine (Fig. 1). Enzyme immunoassay with
peroxidase can accurately detect HP polymorphisms in fresh serum diluted 1:60 (Fig. 2).
Enzyme immunoassay with alkaline phosphatase has been reported to be the most sen-
sitive method of detection of HP [13]. Although a strong background was observed,
serum diluted 1:256 has been typed. Attempts arc being made in this laboratory to use
alkaline phosphatase immunoassay on older blood samples.

Frequency data for HP are available for a number of populations, including thc pop-
ulation of the United States [/4]. Thc frequency for the HP system reported in Table 1
is for a Nebraska Caucasian population sample collected from forensic laboratory casc-
work and volunteer donors. Nebraska's population is approximately 95% Caucasian,
according to the most recent ccnsus [15].

Data for HP phenotypes were converted to frequencies (assuming that phenotype
frequencies accurately reflect genotype frequencies in this population), and the indirect
test was used to determine whether the population is in Hardy-Weinberg equilibrium
with respect to the HP locus. The x° value of 0.0673 indicates no significant deviation
from the expected frequencies of these genotypes in a population at Hardy-Weinberg
equilibrium at this locus (significant dcviation is implied by a x* value > 3.841 for 1 degrec
of freedom and P = 0.05). The frequencies rcsemble those of other Caucasian populations
in the United States.

Haptoglobin polymorphism is employed in forensic science laboratories for indivi-
dualization of specimens and for inclusion or exclusion of donors of bloodstains. Enzyme
immunoassay. while slightly morce time-consuming than current procedures, can be used
successfully in forensic science casework. Enzyme immunoassay clearly is superior to
o-tolidine for phenotyping HP from older bloodstains and diluted serum. In addition, if
o-tolidine is first used without success, the gelis still suitable for development with enzyme
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FIG. 2—HP types on nitrocellulose membrane after Western blotting and enzyme immunoassay.
The phenotypes from left to right are as follows: (Lanc 1) HP 2-1, fresh serum diluted 1:40; (Lanc
2) HP 2-1, bloodstain stored at room temperature for 15 months; (Lane 3) HP 1, bloodstain stored
for 15 months at room temperature; (Lane 4) HP I, bloodstain stored at —20°C for 22 months, (Lane
5) HP 2, fresh serum diluted 1:60; and (Lane 6) HP 2, serum frozen for 30 months and diluted 1:60.
The cathode is on top. The direction of migration is from cathode to anode.
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TABLE 1—Frequencies of haptoglobin phenotypes in a Nebraska population.

HP Phenotype

lll 2_ll| 2
Observed frequency. % 0.158/15.8 0.484/48.4 0.358/35.8
Expectad frequency, % 0.160/16.0 0.480/48.0 0.360/36.0
Number of individuals 104 320 236
“Obscrved allele frequency of HP* | = 0.40.
*Observed allele frequency of HP* 2 = 0.60.

immunoassay. In this study, o-tolidine was first used to detect the bands from the gels
illustrated in Fig. 2. When the bands were not visible, enzyme immunoassay was per-
formed on the same gel, and the HP bands were correctly identified.
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