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Introduction

This laboratory has sought to praoduce antisera which
would specifically react to muscle extracts from each of
three species of western Atlantic billfishes (blue marlin,
Makaira nigricans; white warlin, Tetrapturus albidus;
Atlantic sailfish, Istigphorus albicans). Our initial
investigations demonstrated that biomarker proteins showing
unique iscelectric points were present in each of the three
species (Hartmann and Waldner, 19698).

Attempts were made to tolerize rabbits to muscie
proteins frowm two of the three billfish species (blue and
white marlin) and then immunize the rabbits against the
third species (Atlantic sailfish) (Hartmann and Waldner,
198%9). Hoth neonatal {(Campbell et al., 1970) and
cyclophosphamide—~induced tolerance (Matthew and Sandrock,
1987 ) were employed. The antisera cbtained from the
tolerized rabbits showed lines of reactivity =mith the
respective homologous species when analyzed by double
diffusion analysis. However, additional precipitating
antibodies were ghtained which cross-reacted with the other
twa billfish speciss. When the cross-reacting antisera were
adsorbed with a red muscle extract from the respective
heternlogous species, the double diffusion analysis yielded
very weak precipitin reactions against the homologous
species (nane waere aobtained for the heterologous species
(Hartmann and Waldner, 1989)). Attempts to use affinity
columns in arder to adsorb the cross-reacting antisera met
with difficulty, due to the extremely heterogenous nature of
the muscle extract. It was thus decided that a readily
purified and well-characterized protein scech as albumin
would be used to produce species specific polyclonal
antisera.

We had previously purified sailfish albumin from serum,
but had not detected its presence in white muscle nor had we
been able to purify it from red muscle. The present report
describes additional methods to obtain albumin of high
purity, the production of polyclonal antibodies to a&lbumin,
the serological detection af albumin in red muscle, the
degree of cross-reactivity of pelyclonal antisera, and
attempts to couple polyclonal antisera to latex beads.
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PATERIALS AND METHODS

I. Purification of Sailfish Albumin

A. Chemical Extraction .

1. Billfish serum which had been frazen at —70°C was
thawed, centrifuged fdor 30 min at 10,000 X G, and the
supernatant diluted with-an equal volume of water.

2. Caprylic acid was added (81 ul/28 ml of the

serum - water mixture), and the mixture was heated for 90
min at &3=C.

I, The mixture was centrifuged for 30 min at
10,000 X G, 4=C, after which the pellet was discarded.

4. The supernatant fluid was adjusted to pH 7.4 and
an equal volume of saturated NHaS0. was added dropwise while
maintaining the pH at 7.4. ’

5. The solution was refrigerated overnight at 4=(C,
centrifuged at 10,000 X G to remove the precipitated
immuncglobulins, and the supernztant recovered.

6. The supernatant fluid was dialyzed against
distilled water at 4«C.

7. The dialyzed albumin in water was lyophilized to
dryness.

B. Hydroxyapatite (HPHT) High Pressoare Liguid
Chromatagraphy (HPLC)

A Bio—Bel hydroxyapatite (HPHT) column (100 x 7.8 mm)
fitted to a Hio-Rad model 4017, Acer 71iG-controlled gradient
module (Bio—Rad Corp. Richmond, CA) was loaded with 200 ul
af albumin from the chemical purification described in IA.
The mobile phase consisted of a gradient af phosphate buffer
from 0.0l M-to 0.35 K NaHoPOL. A flow rate of 0.5 ml/min was
used to effect separation. A Bio-Rad variable wavelength
detector (model 17C4&), set at 2680 nm, was used to screen the
column effluent.

C. Analytical Polyacrylamide Gel Electrophoresis

The purity and molecular weight aof the albumin abtained
from the combined chemical extraction and HPLL purification
methods described in IA and IB was assessed by use of naon—
native (sodium dodecyl sulfate/Z-mercaptoethanol)
polyacrylamide gel electropharesis (PAGE), using the
Pharmacia PhastSystem and Pharmacia gradient 10-195
EhastGels. The proteins were separated and subjected to
silver staining according to the manufacturer’'s instructions
(Pharmacia, Piscataway, NJ). Bovine serum albumin and



Pharmacia low molecular weight standards wers separated
simultansously for comparative purposes.

D. Freparative Polyacrylamide Gel Electrophoresis

1. Albumin which was chemically purified as
described abave (IA) was dissolved in sample buffer
containing sodium dodecyl sulfate (SDS) and 2-
mercaptoethanol at 2 concentration of 250 ug/ml. The sample
was heated 1n a boiling water bath for 9 min and applied to
an SDS polyacrylamide gel. Rather than running the sample
in separate lanes, the sample was applied in one continucus
layer across the toap of the gel, to maximize the amount of
3lbumin present in the gel.

2. The sample was separated using a Mini-Protean 11
dual electrophoresis cell (BioRad Chemical Div., Richmond,
CA}. The power supply was set to deliver 210 v, while the

wattage and amperage were both allowed ta run at their
maximum values.

) 3. After separation for 45 min, the gel was remaoved
from the apparatus.

4. A one cm wide vertical strip was cut fram the gel
in order to stain and lodalize the albumin band so that it
could be cut from the unstained portion of the gel.

. 5. The strip was stained in Caomassie brilliant blue
R-250 for ten min and destained for 10-20 min until the
protein bands were clearly visible.

6. The stained strip was aligned to the unstained
portion of the gel and the albumin band cut out from the
latter using a scalpel.

II. Immunization of Rabbits

Two sets of 2 rabbits sach were immunized with sailfish
albumin. One set received albumin that had been purified by
chemical extraction alone, as described in IA. The other set
received injections of albumin purified by polyacrylamide
gal elecltrophoresis.

A. Immunization with Chemically Extracted Albumin

Sailfish albumin that had been previously lyophilized
was dissolved in PHS (100 ug/500 ul). An equal vaiume of
Freund’'s Complete or Incomplete Adjuvant was added as
desired and the mixture empléified by sonication for 30 sec.
One ml of the antigen—oil emulsion was injected
subcutaneocusly in each rabbit at each of six sites. Animals
were initially primed with antigen in Freund s Complete

Adjuvant and then boosted with antigen in Freund's
Incomplete Adjuvant.

B. Immunization with PAGE Purified Albumin

1. The albumin—-containing gel obtained by the
procedure described in ID was minced between two scalpels
and then transferred to a two ml sSyringe with one @l of
phosphate buffered saline and one ml of Freund's Complete or
Incomplete Adjuvant added.

2. The mixture was sonicated for 30 sec - 1 wmin in
order ta emulsify the preparation.

3. Twa ml of the albumin-oil {(Freund’'s Complete
Adjuvant) emulsicn containing 100-120 ug of protein was
injected at four to six subcutanecus sites on the back of
Mew Zealand rabbits.

4, After a period of fTour weeks, the rabbits were
boosted with an injection of albumin in Freund’'s Incomplete
Adjuvant.

5. After an additional rest period of two weeks, the
rabbits were given another injection of albumin in
incomplete adiunvant.

&. The animals were test bled four days later and
the precipitin titer of the antisera determined against a
sailfish red muscle extract.

111. Titration of Antisera by Precipitin Reaction in
Salution

The basic procedure followed that of Burrell and Lewis
(1987). Doubhling dilutions of antigen and antisera were made
separately using Tris-HCL buffer, pH &.0. A checkerboard
assay was set up in which 50 ul of sach antigen dilution was
mixed with 30 ul of €ach antiserum dilution. The mixtures
were placed in the wells of 2 96 multiwell plate and
incubated at 4°C for 24 hr.

IV. Analysis of Antisera Specificity by Double Gel Diffusion

The method cutlined in Ouchterlony and Nilsson (1986)
was used to assess the degree of cross—reactivity of the
antisera. Six peripheral wells and one central well were cut
in a thin layer of agarose gel buffered to pH 6.0 or 7.2
with Tris-HCL buffer and poured in & shallow diffusion
analysis plate. The center well-was Tilled with 13 ul of
antisera and the homogenates aof sailfish, white marlin and
blue marlin red muscle were placed in individual peripheral
wells. The plates were maintained at 25°C and examined daily
tor the appearance of precipitin lines.



V. Coupling of Antisera ta tatex Beads

Antisera obtained from rabbits which had been immunized
with chemically purified albumin and which exhibited a
precipitin titer of greater than 1/1,000 was purified by two
different mathods. The first method consisted solely of
precipitating the gamma globulin fraction with 50%L ammonium
sulfate, folowed by dialysis against phosphate buffered
saline (PBS). In the second method the antiserum was first
desalted on a Sephadex 625 column, PDIC (Pharmacia,
Piscataway, NJ). The desalted antiserum was then purified on
DEAE Affi~Bel blue (Bio-Rad Corp., Richmond, CA). The
fraction obtained was precipitated with 50% saturated
ammonium sulfate, pH 7.7. The precipitated gamma globulin
fraction was resuspended in borate 0.2 M buffer, pH B.3, and
dialyzed overnight against barate buffer. The protein
content of the purified and dialyzed antibody was determined
by the Bradford Asgay (Bradford, 1976).

The antibody was coupled to carboxylated polystyrenas
microspheres using carbodiimide, as per the manufacturer’s
instructions (Polysciences, Inc., Warrington, PA). The
carboxylated latex was activated with a fresh 2%
carbodiimide solution over a four hr incubation at 22<C.
After washing the particles in 0.2 M borate buffer, pH 8.5,
the particles were mixed overnight at 22°C with the antibady
solution containing 150-200 ug of protein. Ethanolanmine,
0.25 M, was added far 30 min ta bleck unreacted sites on the
particles. The particles were centrifuged and the
supernatant fluid assayed for protein to determine the
efficiency of coupling.

VI. Construction af an Affinity Column to Remove Anti-Blue
Marlin Antibody from Polyclanal Ontiseva

Three mg of blue marlin albumin was coupled to two ml
of Aminolink gel (Pierce, Rockford, IL) according to the
manufacturer’'s manual #42890. Sadium cyanoborohydride was
used as the immobilizing reagent and the reaction was
gquenched with 1.0 M Tris-HCL. The coupling etficiency was
calculated by protein assay of the blue marlin albumin in
the eluant.

RESULTS

Yield and Purity of Albumin from Combined Chemical and HPHT
Purifigation

Chemical purification of fifteen ml aliguots of
sailfish serum yielded 0.18 gm of material after
lyophilization. A protein assay of that material indicated
that only 327 was protein., Of the protein purified by HPHT
chromatography, 76% was a2lbumin. Thus, the yield of albumin
purified by the combination of methods is 2.8&4 mg/ml of
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serum. The analysis of the major peak obtained frcmanHT
separation (fig. 1} showad a molecular waight id@ntxcal ta
that of bovine serum albumin, and no other protein was
detected in this peak by silver staining follaowing
separation by poalyacrlamide gel electrophoresis (Fig. 2).

Precipitin Titers and Specificity af Antisera‘frum
Rabbits Immunized with Purified Sailfish &lbuain

Of the two rabbits given a single injection of albumin
cut from the preparative gel glectropboresis, ong shnged a
single,; specific band of precipitation when reacted with
sailfish red muscle (fig. 3). The other rabbit produced
antisera which cross reacted with white and blue marlin red
muscle (fig. 3). The precipitin titer of both these antisera
was only 1/4-1/8. When these rabbits were given two
additional injections of PAGE purified material, the
antisera from both cross reacted with all three billfish
species (fig. 4) and the titer did not improve i
signiticantly. The twe rabbits immunized witﬁ ch?mlca%ly
purified albumin exhibited a strang precipitin titer in
excess of 1/1000 when tested against sailfish red muscle
extract. However, this antisera also cross reacted when
tested by gel diffusion analysis.

Aaftinity Chromatography to Remove Cross—~Reactivity

Initially, red muscle proteins extracted from blue and
white marlin were coupled to an Amino-iLink colunn. Crude
anti-sailfish antiserum with a titer greater than 171,000
was passed through the column and concentrated. Gel
diffusion analysis of the antiserum which passed through the
column showed a stronger reaction against sailfish red
muscle than did the crude antiserum introduced to the
column, but the column—purified antiserum still cross—
reacted with blue marlin.

Purified blue marlin albumin was coupled to an Aminc-
Link column with an 82% coupling efficiency. Antiserum )
produced against sailfish albumin was purified as described
above and four mg were applied to the 2.5 ml column. The
antiserum which passed through the ctolumn constituted 20% of
the antiserum applied to the column, and shawed no
reactivity by gel diffusion analysis to red muscle extracts
of any of the three billfish species.

Coupling of Anti-Sailfish Antibody to Latex Spheres

Anti-sailfish antibodies that were purified by MNHAS0.
precipitation, desalted, and cangegtrated lo—fmld wera
coupled to latex spheres at efficiencies ranging frum 80 to
g7%. A moderate (+2) agglutination reaction was abserved
within 30 sec when the spheres were mixed with sailfish red



muscle. However, weaker reactions (+1) were observed with
both marlin species atter one to two min.

Anti-sailfish antibodies that were purified by passage
through a DEAE ATfi~Gel blue column were coupled to 0.7% and
0.8 um diameter latex spheres at efficiencies of 34%Z and
28%, respectively. These spheres were not highly reactive to
billfish red muscle extracts in an agglutination test.

Discussion -

Albumin can be readily purified from the serum of
billfish species by a combination of chemical extraction and
high pressure liguid chromatography an hydroxyapatite. Our
previous methad employing the use of malecular sieving
(Hartmann and Waldner, 1989 did not separate unknown
contaminants as well as the present study. The albumin
@licited the production of polyclonal antibodies fraom
rabbits. In one instance, a single animal produced antiserum
which showed a specific reaction against sailfish red
muscle. However, with continued immunization this animal
produced additional antibodies that cross reacted with white
marlin and blue marlin species. Thus, one could conclude
that there is at least one epitope on sailfish albumin that
is specific to that species. Further, one could conclude
that the possibility of using muscle tissue in a
serologically based species identification method is
passible.

Attempts at removing the cross reactivity from high
titer antisera proved negative. However, the method of assay
for the affinity absorbed antisera, gel diffusion, was
probably too insensitive. Perhaps an ELISA assay would have
demonstrated the presence of specific palyclonal antiserum.
The highest titer of polyclonal antiserum we obtained in the
present study was 1/1,1000 as determined by precipitin
titer. We have recently been able to obtain titers in excess
of 1/5,120 from mice immunized with sailfish albumin when
tested with an ELISA method. We have fused spleen cells of
these mice with myeloma cells and are now in the process of
selecting positive clones. The greastest drawback af the

rabbit system, inconsistency of antiserum harvested, will be
obviated.
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GLTRAVIOLET ABSORPTION
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Figure 1. Separation of a chemically pure sailfish serum
albumin fraction on hydroxyapatite high pressure liquid
chromatography.
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Figure 2. Molecular weight detérmination of sailfish albumin

fraction from hydroxyapatite chromatography.
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Figure 3. Sailfish specific antiserum following a single
injection of PAGE purified sailfish albumin: Gel diffusion
analysis.

A = center well with rabbit #1 antiserum
B = center well with rabbit #2 antiserum
S sailfish red muscle homogenate
WM white marlin red muscle homogenate
BHM = blue marlin red muscle homogenate
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Figure 4. Effect of continued immunization on the
gspecificity of polyclonal antiserum produced against
gailfish albumin: Gel diffusion analysis.

A = center well with rabbit #1 antiserum
B = center well with rabbit #2 antiserum
S = sailfish red muscle homogenate
WM = white marlin red muscle homogenate
BM = blue marlin red muscle homogenate



