Trade Science Ine.

ISSN : 0974 - 7427 Volume 6 | ssue 7

BIOCHEMISTRY

A Judian Joaraal

— Regulor Peper

BCAIJ, 6(7), 2012[246-251]

Potential use of eectrophoretic profiles in three antarctic penguin

species as biological markers of contamination

Karen Larsen!, Diego Montalti?*, Claudia Liitzelschwab® Luciano F.La Sala®, Roberto Najle!

1L aboratorio deBiologia Celular y Ecotoxicologia. Facultad de Ciencias Veterinarias. Universidad Nacional del Centro de

laProvinciadeBuenosAires, Tandil, (ARGENTINA)
IngtitutoAntartico Argentino-CONICET, Cerrito 1248, C1010AAZ-Buenos Aires, (ARGENTINA)
SCentrodeEstudiosPar asitologicos y de Vectores, La Plata, (ARGENTINA)

E-mail : dmontalti@fcnym.unlp.edu.ar

ABSTRACT

The effects of hydrocarbons on wild life include a variety of pathologic
lesionsresulting from external exposition and/or ingestion. Among marine
birds, penguinsare particularly vulnerable to hydrocarbon pollutants from
oil spills; since for this species it is difficult to detect and avoid leaked
petroleum as other marine birds do. Previous works reported changes in
globulin levels of electrophoretic profiles of sera from penguins dosed
withfuelsin Antarctica Seraof Adélie (Pygoscelisadeliae), Chinstrap (P.
antarcticus) and Gentoo (P. papua) adult and chick penguins were ana-
lyzed by native polyacrylamide gel electrophoresisto obtain their protein
profiles. The presence of immunoglobulinsIgA, IgM and 1gG was tested
by Western blotting. All three immunoglobulins types were present. Elec-
trophoretic profiles of the species studied differ with those of domestic
fowl (Gallus gallus) and Olrog seagull (Larus atlanticus). Characteriza-
tion of immunoglobulins by Western blot allows assessing the health sta-
tus of individuals and can also be utilized as biomarkers of aquatic con-
tamination. © 2012 Trade Sciencelnc. - INDIA
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INTRODUCTION

Asindicator of animal health, theimmunological
function has proven to be asensitive marker of expo-
sureto pollutants¥. Thestudy of theimmunologica re-
sponseiscurrently recognized asavauabletool intoxi-
cology'?, ecology™™ and inanimal behavior studies of
wild bird species®®. Ingestion of petroleum depresses
theimmunologica system, particularly resstancetoin-
fectivediseasesby reducing the number of immunecdls

inlymphoid organs. Oil-rdated polycyclic aromatic hy-
drocarbons (PAHS) are contaminantswidely distrib-
uted throughout the environment. Oil spillsprovidethe
most visible source of contamination, producing acute
stressto alocalized ecosystem(®.

Thelevd of toxicity and themultipleeffects of pe-
troleum derived productson thewild-lifedependona
great variety of factors, including: variable concentra-
tion of polyaromatic hydrocarbons, metals and other
additives, differencesin susceptibility duetoageand
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Species, season of the year, water and air temperatures
inthelocation of contamination, efficiency of rescuing
oil-soaked birds and time between capture and reha-
bilitation. Moreover, captivity can deterioratethe hedth
status of marinebirdg®7.

Accidental and intentional rel eases of petroleum
during oceanic transport kill many seabirdsannually'®.
Although the effects of major oil spillsare often dra-
matic, chronic pollution may beamoreimportant cause
of seabird mortality resulting fromoil extraction, refin-
ing, and use. Severa authorg®* reviewed the modes
of oil toxicity to birds. Ingested oil producessignificant
toxicity that canlead to ma nutrition and reduced chick
growth. Although Briggset a.™ noted that humoral
immunity isnot greetly affected by petroleum, Newman
et d.["'2 measured increased dbumin:globulinratio (due
to decreased level s of globulins) in American Coots
(Fulicaamericana) rehabilitated followingan oil spill.
Thelatter authorsa so documented an inflammatory
response, and suggested that such birdsmay be under
stress-induced immunosuppressant. Lymphocytedevd -
opment and function may be affected asaresult of thy-
mus atrophy and toxic effectsof ingested oil onintesti-
na T lymphocytes¥.

Marine birdsareahighly vulnerableto hydrocar-
bon contaminationt®. In thisgroup of birds, penguins
represent themost important family intheAntarctic eco-
systemintermsof total biomassand interaction with
the environment'3. Penguinsarecolonial duringtheir
breeding season and are particularly vulnerableto oil
spillswhileforaging at sed. Qil pollution of Antarctic
penguins has been reported for Magel lani ¢ penguins
(Spheniscus magellanicus)™, Adélie (Pygoscelis
adeliae), Chinstrap (Pygoscelis antarcticus), and
Gentoo penguins (Pygoscelispapua)™. Inthevicinity
of Antarctic stations, the environment and associ ated
wildlifearethreatened by pollution. Also, oil spillsin
distant areasinterfere with migratory routes of some
Speciesthusrepresentingasgnificant risk for some spe-
ciegdl,

Some physiologica indicesare useful in capturing
subtleeffectsof environmenta stressonbirds*. Among
themetricsfrequently used asindicatorsof overd| hedlth
inwild avian populationsisthelevel of plasmapro-
teing®¥, Although rardly appliedin studiesof wild birds,
plasmaor serum protein analysisof total and relative
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concentrationsof abumins, a-, §-, and y-globulins can
provideimportant information on hedth and physiologi-
cd gatus incdudingimmunologica andinflammatory re-
sponses?. Knowing the protein profile of speciesof
conservationinterestisaprerequisiteto quantify them
and better interpret alterationsin their levelsand fac-
torsbehind their fluctuation. However, baseline eco-
logical and physiological metrics, contaminant levels
across species’ ranges and reference intervals for
bioindicators of health arelackingin most species®?.

Thenegativeimpact of oil spillson penguin popula:
tionsisdifficultto predict but potentidly huge. Previous
work on penguins dosed with fuelscommonly used in
theAntarcticashowed e ectrophoretic profileswith a-
tered globulinlevelsinbut no clinica symptomsof in-
toxication®21,

Antibody response canincreasey-globulins. Like-
wise, inflammation canincrease acute phase proteins
(a-globulinasand 3 globulins) and decrease pre-albu-
min, abuminand transferrin. Threeisotypesof avian
immunoglobulinshavebeenidentified: IgM, homology
to mammalian about 30%, 1-2mg/ml serum concen-
tration and a high molecular weight form in serum
(~900K). (ChickenIgM 823-954 kDa), IgG Molecular
weight of approximately 165-200 kDa. Homology to
mammalian 30-35%, 5-10 mg/ml serum concentra-
tion; and IgA homol ogy to mammalian 32-41%, ~3mg
/ml serum concentration Chicken IgA 170kDain se-
rum (monomeric)i,

Andyzingwild bird seraby nativegd dectrophore-
S, anareacorresponding to thegamma-globulin frac-
tionisobtained, whichissubjectiveand, in some spe-
cies, difficult to determind®. To certainly determinethe
gamma-globulinfraction, it isnecessary to perform a
Western blotting and utilize antibodies against other
speciessuch aschicken, giving that theavian immuno-
globulinsare coded by alimited number of genesand
sequences are more preserved than in other organ-
ismg?4,

In addition, as species protection to different fac-
torsIt wasshownin P. adeliae and P. papua the low
sengitivity tolipid peroxidation observed in several or-
gans[zs,ze]_

With thisbackground, the objectives of thisstudy
were (1) to establish e ectrophoretic serum profilesfor
adultsand chicksof the studied penguin species, (2) to
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establish normal physiological conditionsand charac-
terizetheimmunoglobulin fraction, and (3) to lay the
foundation for futureecotoxiologica monitoringthrough-
out thestudied species’ breeding range.

MATERIALSAND METHODS

Sera

Blood sampleswere collected from adult and chick
specimens of three penguin species (n= 8 from each
species and age): Adélie (P. adeliae), Chinstrap
(Pygoscdisantarcticus) and Gentoo (P. papua) dur-
ing February 2002, inthe Stranger Point breeding colony
(62° 14’ S 58° 38 W), King George Island, South
Shetland Idands, Antarctica. A blood samplewas col-
lected by venipunctureof thebraguia veinwith asy-
ringe without anticoagul ant. Sampling was conducted
under specid permittingand following animal welfare
guidelines. All birdswere released immediately after
samplecollection. All clotted sampleswere centrifuged
for ten minutes at 400 xg. The serum was harvested
and kept frozen -20°C until assayed. Also, serum
samplesfrom chicken (Gallusgallus) and Olrog gull
(Larusatlanticus) were used asreferences.

Polyacrylamidegel eectrophoresis(PAGE)

Serum samplesfrom adult and penguin chicks of
thethree speciesdiluted 1:10in native sample buffer,
serum samples from G gallus and L. atlanticus di-
luted 1:10in sample buffer assayed asreferenceand a
standard made of mixed proteins of known molecul ar
weights (MW 272, 132, 45, 29 and 14 kDa), were
assayed by polyacrylamide gl € ectrophoresisat 10%
under native conditions according to Laemmli?” and
using an el ectrophoretic vertical plate (Hoffer, USA).

After dectrophoresis, the gel swere stained with
0.25 % Coomassie Brillant Blue R250 and discol ored
with asolution containing 10% acetic acid and 10%
methanol, or transferred to anitrocd lulose membrane.

Electrophoretic profilesof each sampleandthere-
spective proportionsof different proteinfractionswere
obtained using Image Pro Plusand Origin 6.0 software.
Results were analyzed using one-way ANOVA and
Tukey post-hoctest. Theleve of sgnificancefor statis-
tical analyseswasdefined asp <0.05.

Therelativemobility (Rf) iscalculated astheratio
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of the distance migrated by the moleculeto that mi-
grated by amarker dye-front. After caculationthedif-
ferent Rf and plotting of themol ecular weight (MW) of
the standards against Rf, the approximate molecul ar
welghtsof each protein fraction was estimated.

Antibodies

Toidentify thedifferent immunoglobulinisotypesin
the sera samples analyzed, goat anti-chicken IgM-
HRPeroxidase-conjugated (A30-102P), anti-chicken
IgA - HRPeroxidase-conjugated (A30-103P) and anti-
chicken 1gG-HR HRPeroxidase-conjugated (A30-
106P) conjugates (Bethyl Laboratories, INC. Mont-
gomery, TX 77356, USA) wereused inadirect immu-

Noassay.
Western blotting

Serum samplesof seagull, chickenand of thethree
adults penguin specieswererunin polyacrylamidegels
under non-denaturing conditionsaccording to thetech-
ni que described by Laemmli®®1. Following € ectrophore-
gis, the separated proteinsweretransferred to nitrocel -
|ulose membranes by e ectroel ution as described by
Towbineta.®, usngahorizonta dectrophoretictrans-
fer gpparatus(NovaBlot Pharmacia). Transferring con-
ditionswereset at 0.8mA/cm?duringtwo hoursintrans-
fer buffer (Tris25mM, glycine 192 mM and methanol
20% (v/v), pH 8.3). Then, the membrane was with-
drawnandtransfer efficiency waseva uated by Ponceau
Sstain (Ponceau Red 0.2% intriclhoroacetic acid 3%).
After thetransfer of theproteinsfrom thegdl, themem-
brane was blocked for one hour with PBS plus 3% of
non-fat dry milk (PBS-L). Membraneswerethenincu-
bated for 8 hours at 4°C or two hours at room tem-
peraturewith thedifferentimmunochemica reagents(all
of themwerediluted 1:1000in PBS). After each incu-
bati on, themembranewaswashed twicewith PBS plus
Tween-20 (PBS-T) (NaCl 0.9%, 10 mM, Tween-20
0.05%) and oncewith PBS a one. Immunocomplexes
were visualized asbrown precipitate within 6 min of
incubation, by the addition of 0.05% (w/v)
diaminobenzidine (DAB)(Sigma) as cromogen and
0.01% (v/v) H,O, (100 Vol-30%). The reaction was
stopped placing themembranesintap H,O andrinsing
themembranetwicewith distilled water. The presence
of IgM, 1gG and IgA was determined by comparing
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their respective position to therun of standards. Posi-
tivereactionsinthenitrocel lulose support wererecorded
withaVideo CameraModule CCD SONY and digi-
talized with aframe grabber (Pc Plus, Imaging Tech-
nology Inc., 521x512 pixels).

RESULTSAND DISCUSSION

Electrophoresis

Six Smilar protein bandswere observedin samples
of thethree penguin species, both in adultsand chicks
(Figurel). The€electrophoretic patternsin penguin sera
differed with that of the control species(G gallusand
L. atlanticus, Figure 1). Protein fractionsof both adults
and chickswerenot different among penguin species
(ANOVA, P>0.05) (Figure2 a, bandc).

The mean ectrophoretic profilesof thethree pen-
guin speciesshowed acharacteristic pattern with re-
spect to other speciesstudied (G gallus, L. atlanticus).

IRRATEE
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- 45 kDa

-4
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Figurel: Nativepolyacrylamidegel electrophoresis10%.
Ap: P.addliaechick; Aa: P. adeliae adult; Bp: P. antarcticus
chick; Ba: P. antarcticusadult; Pa: P. papua adult; Pp: P.
papua chick; Ga: G gallus; La: L. atlanticus;, &: standard
protein mixtureof known molecular weights.

Western blotting analysis

All analyzed serashowed positiveresultsfor the
presenceof thethreeimmunoglobulinisotypes. Thethree
polyclond antibodiesagainst the g isotypesof chicken
presented aspecificintergpeciescross-reactionwith the
penguinsimmunoglobulins(TABLE 1).

Demondrated alight contamination of thelgM frac-
tionwithIgA and IgG. IgM isfound in thefirst bands,
beingthe proteinwith thehighest molecular weight, while
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IgA isthesmdler, beingitsband closest tothedyefront.
Ontheother hand, IgG rangesan areal ocated between
thelgM and IgA bands. Inwestern blotting, it appears
that IgM, 1gA and 1gG, are contained in the gamma
fraction of serum protein, IgG canalsofindinthebeta
region or beta-gamma(Figure 3).
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Figure 2 : (A) mean electrophoretic profile of adults and
chicksof P. addliae; (B) mean electrophor etic profile of adults
and chicksof P. antarcticus; (C) mean electrophoretic pro-
fileof adultsand chicksof P. papua.
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Thisworkisthefirs comprehensvestudy of plasma
electrophoretic profilesin the penguins P. antarcticus,
P. papua, and P. adeliae, and in the Olrog gull L.
atlanticusinthe peer reviewed literature. All three pen-
guin speciesstudied had Sx serum proteinfractions; i.e.

TABLE 1: Approximatemolecular weightsof individual pro-
tein bands(peaks) and likely proteinsin theserum.

Proteic M olecular Probable
band weight proteic fraction
First 281 kDa vy globulins
Second 177 kDa B globulins
Third 125 kDa ay globulins
Fourth 70 kDa a globulins
Fifth 40 kDa Albumin
Sixth 15 kDa Pre-albumin
Ig M IgA Ig (
1 23 4 5 1 23 4 5 1 23 4 5
'-1 é ' ‘ A & fraction of v globulins
];ﬁ action of [} globulins
B C

Figure3: Western blot of serum samples of adults of the
threepenguin species, seagull and chicken. Lane1: P.addiae
adult; lane 2: P. antarcticus adult; lane 3: P. papua adult;
lane 4: L. atlanticus; lane 5: G. gallus. (A) with goat anti-
chicken -1gM antibody (B) with goat anti-chicken -l gA anti-
body and (C) with goat anti-chicken -1gG antibody.

0, 0, B,y globulins, albumins and pre-albumins with
thelr respective molecular weights, whichisin agree-
ment with previous researchi2021.2930,

Theé ectrophoretic profilesand molecular weight
of thedifferent prote n fractionsof penguinsdiffer mark-
edly from those of other bird speciessuch asG gallus
and L. atlanticus (Figures 1 and 3) resulting in an ad-
ditional tool to determinethe hedth statusof the spe-
ciesof thegenus Pygoscelis.

In river otters (Lutra canadensis) exposed to
Exxon Valdez oil spill, alterations in albumins,
haptoglobulin, and B,-globulinswere observed, possi-
bly as direct toxic effect of the oil and (or) adietary
effect of altered food supplysY.

Variationsinthenorma serum protein patternsare
indicativeof alterations caused by toxic substances?.
Thebiological impact that oil spillagescould haveon
the penguin coloniesisvery difficult to determinedueto
thelack of information about biochemical and physi-
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ological parametersof the gpeciesexposed to contami-
nation. Hence, thenormal e ectrophoretic serum pro-
tein profilefromAntarctic penguins (Adélie, Chinstrap
and Gentoo) would be useful biomarker to detect early
aterations caused by stressing factors or contaminant
agents.

Inthe present work, the presence of IgM, 1gG and
IgA indl the studied speciescould be corroborated by
immunolocalization in al the seraanalyzed (chicken,
seagull and adult penguins). We show that the different
immunoglobulinisotypes of penguins can be detected
by specific cross-reacting polyclona antibodiesraised
against thelgisotypesof chicken. Thethreepolyclona
antibodies, anti-chickerVlgA (o-chain specific, affinity
purified), anti-chicken/gG (Fc-fragment specific) and
antichicken/IgM (p-chain specific), showed an
Interspeci es cross-reactivity with the corresponding Ig
isotypesof penguins. Thisisin agreement with areport
by Castreloset d . for P. adeliae. Localization of the
respective bands of immunoglobulinsagreeswith re-
portsin other vertebrate speciesie. inturkeyss,

Previous research in the pygoscelid penguins P.
papua, P. antarcticus, and P. adeliae showed that
changesin plasmaticimmunoglobulinleve sareassodi-
atedwith fuel pollution and spatial locationi22133,

Thisserum protein profile determined by native
PAGE congtitutes another tool to determinethe health
statusof thisspecies. Aswas pointed out, the determi-
nation of thenormal serum protein profilecan beused
to detect the effect of fuel contamination on exposed
anima sin petroleum spillage zones?. Although plasma
protein fractionsand specific protein anaysesare not
routinely performed inimmunotoxicol ogica studiesof
wildlife species, thesetechniquesare promising, since
they can determinetheimmunologicd statusandinflam-
mationinwild animals. Long-term comprehensivere-
searchreaching acrossre evant disciplinessuch astoxi-
cology andimmunol ogy, and spanning larger latitudina
ranges, isneeded to evauatethe effectsof pollutionon
physiological parametersand to select reliableindica
torsof hedthfor Antarctic bird populations.
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