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Anisakis Simplex Antigens in Fresh and Frozen-thawed
Muscle of Anchovies in Vinegar
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Marinated fish treatment using low pH to enlarge the storage life of fish as in anchovies in vinegar, does
not kill Anisakis simplex larvae infesting fish muscle. To kill the larvae it is compulsory in many countries
to freeze fish intended to be marinated raw, which prevents the consumer to be infested with the live larvae.
However, it is not known if A. simplex antigens are released to the media after freezing and vinegar
processing, which may cause allergic reaction to A4. simplex sensitized consumers. Anchovy fillets were
artificially infested with A. simplex L3, treated with a vinegar solution and chilled stored for 10 days.
Infested frozen-thawed fillets were treated and stored in the same conditions. Viability of the larvae, SEM,
immunoblotting and immunohistochemistry were performed on the treated fillets before and after pepsin
treatment. Viability of the larvae was detected only in the chilled fillets; however, 4. simplex antigens were
detected in the chilled and in the frozen-thawed fillets even after pepsin treatment. This suggests that the
consumption of anchovies in vinegar may be a potential hazard when ingested by sensitized consumers,

even if freezing kills the larvae.
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INTRODUCTION

Several food-processing treatments use low pH
to increase the storage life of fish products to avoid or
slow the growth of spoilage microorganisms. Marinated
fish prepared under different recipes is very popular in
many countries and often the fish preserved in these
conditions is considered as a delicatessen (anchovies in
vinegar, ceviche, lomi-lomi, etc.). However, these treat-
ments are not sufficient to kill some parasites infesting
fish. Among fish parasites, Anisakis sp. is considered a
major hazard due to the fact that it can cause in the
consumers infestation by the live larvae and allergy.
In general when fish is infested with Anisakes. simplex
larvae (L3), treatments based on the decrease of pH
do not kill the larvae during the storing period in the
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industrial and household conditions used to prepare the
fish in vinegar or other common processes of fish based
in lowering the pH. Treatments based on the action of
acetic acid at strong concentration followed by washing
to reduce the acetic acid concentration to levels accept-
able to consumers have been proposed to ensure
the rapid death of Anisakis larvae (Sanchez-Monsalvez
et al., 2005).

To prevent the infestation of the consumer by the L3
larvae it is compulsory in many countries to freeze the
fish that is intended to be consumed raw or processed by
mild treatments that do not kill the parasite. The freez-
ing and storing conditions vary from a temperature of
not more than —20°C in all parts of the product for at
least 24 h recommended in the European Union (1991,
2004) to freeze at —20°C for at least 7 days or —35°C
for 15h recommended for the FDA (2001). The sensiti-
zation to A. simplex has been found to be associated
with the ingestion of raw fish, suggesting that an
active infestation with live L3 larvae is necessary for
IgE synthesis (Moneo et al., 2000) although a develop-
ment of allergic asthma has been found to occur in
mouse models after nasal sensitization with Anisakis
pegreffii antigens (Kirstein et al., 2007). Nevertheless,
although freezing the fish at —20°C for a time >24h
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avoid the infestation of the consumer with the live
larvae, this procedure may not be adequate to avoid
allergy in individuals previously sensitized to 4. simplex
allergens. Allergy to Anisakis has a high prevalence in
Spain (Pichler, 1999) and has been associated to the
consumption of a very popular fish preparation as it is
anchovies in vinegar in which the anchovies are mari-
nated in a solution of vinegar and salt for several hours.

In a previous work we have detected changes in the
cuticle of A. simplex larvae after freezing and food pro-
cessing treatments, which may lead to a different perme-
ability of the cuticle in the frozen larvae (Tejada et al.,
2006a, b). Moreover, Anisakis antigens have been
detected in fish muscle parasitized by live 4. simplex
L3 (Solas et al., 2008). It has been reported that live
A. simplex L3 larvae release allergens even during a
short incubation in diluted acid (Moneo and
Caballero, 2002) which suggests that an increase of aller-
gen release may also be produced in parasitized fish
treated at low pH. In addition, the live larvae release
allergens when incubated in conditions that mimic the
gastric juice, some of them pepsin resistant, which can
explain the acute allergic symptoms that appear in some
patients after eating parasitized fish (Caballero and
Moneo, 2004).

The aim of this work is to ascertain if antigens from
A. simplex live and dead (killed by freezing) larvae are
secreted/excreted or released to the media or to the fish
muscle in the pH and salt conditions employed to pro-
duce anchovies in vinegar and if they are detected after
pepsin treatment.

MATERIALS AND METHODS

Samples
Larvae

Live A. simplex larvae in the third stage (L3) were
obtained from heavily parasitized fresh hake
( Merluccius merluccius) ovaries at the central fish
market in Madrid, Spain (Mercamadrid). The hakes
were caught in the Northwest Atlantic fishing ground.
Approximately 100g of larvae including ovary tissue
were sent to the laboratories at the Instituto del Frio
(IF) and immediately stored at 5+1 °C until used (max-
imum period of storage 72 h).

Anchovies

Twelve kilograms of anchovies (Engraulis encrasico-
lus) were transported from Mercamadrid to the labora-
tory and immediately treated. The fish was caught in the
Atlantic waters of Morocco. The temperature of the fish
on arrival to the laboratory was 3°C. The mean length
and weight of the fish was 13.8+0.5cm and 29.3+3.2¢.

The anchovies were headed, gutted, filleted, and washed
with ice water to remove blood.

Methods
Sample preparation

To standardize the conditions of the study, units of
50+0.5g of fillets were placed in plastic containers in
2 layers, artificially infested with 12 live A. simplex
larvae placed between both layers and stored at
5+1°C for 24h to let the migration of the larvae into
the fish muscle. After that, part of the fish was frozen at
—20+1°C and stored for 5 days. The frozen samples
were thawed overnight at 12+1°C before further treat-
ment. Chilled and frozen-thawed anchovy fillets were
treated in the containers with 90 mL of a vinegar solu-
tion (white wine vinegar, water, and salt (50:50:6, v:v:w)
and stored in a cold room set at 54+ 1°C for 24 h. The
conditions utilized are usual for preparing ‘anchovies
in vinegar’. After that the liquid was drained and the
anchovies were stored up to 12 days in the cold room
at 5+ 1°C. Control lots for the chilled vinegar treated
samples (no A. simplex added) and for the A. simplex
infested chilled fish (no vinegar treated) were also pre-
pared and stored in the same conditions. Four contain-
ers with 50+0.5g of fillets were prepared for each
treatment and storage period studied. Chilled and
frozen storage temperatures were chosen as the average
temperature in home refrigerators and the highest tem-
perature recommended for killing the A. simplex larvae,
respectively. All the lots were studied after 24 h of vine-
gar treatment and at intervals during storage. For
immunoblotting studies chilled and frozen-thawed
larvae were treated with vinegar (rate 1:2 larvae:vinegar
solution) and chilled stored until measured.

Proximate analyses and pH

Moisture and ash (AOAC, 1995), crude fat
(Knudsen et al., 1985) and crude protein (LECO
FP-2000 nitrogen/protein determinator (LECO Corp.,
St Joseph, MI, USA) using a nitrogen to protein
conversion factor = 6.25) were measured in the fish
muscle. The results of the proximate analyses are
expressed as gram per kilogram of muscle and are
the mean value of three determinations. The protein
in the retentates and filtrates of the samples after
pepsin treatment was measured and expressed as per-
cent of protein to total protein in the sample. The
pH was determined at room temperature using 10g of
chopped muscle in 100 g distilled water. Measurements
were carried out with a glass electrode (pH-electrode
blue line Elektrolyt L300; Schott Instruments, Mainz,
Germany).
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Pepsin treatment

Twenty-five grams (£ 1g) of the chilled and frozen-
thawed anchovies in all lots were treated with a pepsin
solution (0.3M HCI, 10mg/mL pepsin (Proteolytic
Activity 1:10,000 NF (2000 FIP—U/g) Panreac, Spain)
at 37°C (£0.5°C) at a rate of 1:2 (w:v) for 6h 45min
in a water bath with continuous shaking. The final
time was set when fresh (0 days storage) no infested
anchovy muscle was digested. Previously we had
checked that the larvae remained alive after this treat-
ment. The digested protein was measured by LECO
after passing through a sieve (2mm mesh). Isolated
chilled and frozen-thawed vinegar treated larvae were
separated from the vinegar solution and subjected to
pepsin treatment (rate 1:2 larvae:pepsin solution, w:v)
in the time and temperature conditions described.
After pepsin treatment the pH was adjusted at >6 to
stop pepsin reaction.

Larvae viability
Movement

The movement of the larvae was visually observed
and recorded by a video camera (Sony Handycam
DCR-Sr70). When the movement of the larvae was
not observed immediately, 3-min videos were taken at
intervals within 2h to assure that no movement was
produced.

Fluorescence

The emission of a bluish fluorescence of the chilled
and frozen larvae, was examined by exposing the fillets
to UV light (366 nm) and observing the fluorescence
emission in a dark chamber, holding the UV light
~15cm above the fillets. Pictures at visible and UV
light were systematically taken with a Nikon camera
(Digital Camera Nikon Coolpix 5000). The intensity of
the fluorescent emission was rated in arbitrary units as
maximum, intermediate, slight and no fluorescent
emission.

Immunoblotting

For immunological studies, isolated chilled and frozen
A. simplex larvae treated with the vinegar solution up to
12 days were pepsin treated as stated, and mixed with
2mL of PBS and then they were ground with a potter,
sonicated (30s, 11 watts output power, Microson ultra-
sonic cell disruptor. Misonix, Farmingdale, NY, USA)
and centrifuged (10 min, 16,000 g, 20°C) to discard the
insoluble debris. Soluble proteins were diluted 1/50 in
electrophoresis sample buffer (125mM Tris pH 6.8,
4% SDS, 20% Glycerol, 0.042% Bromophenol Blue)
and applied to a 16% Tris-tricine polyacrylamide
gel in order to separate them according to their

molecular weights. Vinegar fractions obtained after the
removal of the larvae were made up to 2mL and cen-
trifuged (10 min, 16,000 x g, 20°C). Supernatants were
diluted 1/2 in electrophoresis sample buffer before being
applied to the same tris-tricine polyacrylamide gels.
After electrophoresis, proteins were stained with
Coomassie or transferred to nitrocellulose membranes
for immunoblotting (Hitchcock, 1950; Kasuya and
Koga, 1992). Briefly, for the rabbit IgG immunoblotting
assay, the membranes were blocked (3% Nonidet P-40
in PBS for 30min) and subsequent incubations with
rabbit anti-Ani s 4 and anti-A. simplex crude extract
antisera (1/10,000 dilution), obtained as described
(Kasuya and Koga, 1992), and alkaline-phosphatase
labeled goat anti-rabbit IgG (1/5000 dilution)
(Biosource International, CA, USA) were performed.
BCIP-NBT (5-Bromo-4-Choro-3-Indolyl Phosphate-
Nitro Blue Tetrazolium) was the substrate used for
revealing the immunoblots.

Scanning Electron Microscopy

For Scanning Electron Microscopy (SEM) observa-
tion, small blocks of parasitized tissue (1.5-cm-sided
cubes) were cut in all lots. The samples were immediately
fixed with a mixture (1:1, v:v) of paraformaldehyde (4%)
and glutaraldehyde (0.2%) in 0.1 M phosphate buffer
(pH 7.2) and stored at 5+£1°C for at least 4h. The
fixed samples were postfixed with OsOy,, washed, dehy-
drated in increasing concentrations of acetone, critical
point dried, sputter coated with gold-palladium in a
metallizer (Balzer SCD 040, Liechtenstein) and scanned
by SEM (Jeol JSM 6400, Akishima, Tokyo, Japan) at
20kV. A large number of micrographs were taken in
SEM in order to select the most representative ones.

Immunohistochemistry
Antigen source

Crude antigen extract was obtained after crushing in a
mortar manually collected larvae (Garcia et al., 1997).
Recombinant Ani s 4 was produced in a bacterial system
as previously reported (Rodriguez-Mabhillo et al., 2007).
Thereafter, a rabbit anti-serum to Ani s 4 and an anti-
serum to a crude extract were obtained to detect anti-
gens and Ani s 4 in parasitized fish muscle.

IHC study

Chilled and frozen vinegar treated muscle after 8 days
storage before and after pepsin treatment were subjected
to Immunohistochemistry (IHC) observation. Small
pieces of parasitized tissue were fixed in 0.1% glutaral-
dehyde in phosphate buffer saline for 1 h at 4°C. After
washing in PBS, samples were dehydrated in successive
ethanols with progressive lowering of temperature
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to —30 °C and finally embedded in Lowicryl K4M
(PolyScience Inc. Washington, USA) at —30°C (PLT
technique). K4M resin was polymerized under UV
light for 24h at —30°C and then under UV for 48h
at room temperature. Low temperature dehydration
embedding and polymerization was performed on auto-
matic freeze substitution system (AFS, Leica, Vienna,
Austria). Ultrathin sections (70nm) were obtained
with an ultramicrotome (Ultracut E, Reichert-Jung,
Vienna, Austria) and collected on 100-mesh formvard
coated nickel grids. Grids carrying ultrathin sections
were sequentially floated in 0.1M glycine in PBS
and 5% bovine serum albumin (BSA) in PBS. Then,
grids were incubated overnight at 4°C with rabbit
anti-Ani s 4 or anti-crude extract antisera diluted 1:200
with PBS containing 1% BSA. After washing with
PBS, the sections were incubated with a secondary anti-
body, goat anti-rabbit IgG (80ng/mL) conjugated
to 15nm gold particles (British Biocell, Cardiff, UK)
diluted 1:200 in PBS for 1h at room temperature.
After PBS and water washings, sections were stained
with 2% wuranyl acetate (20min) and Reynold’s
lead citrate (3 min) and examined in a Jeol 1010 elec-
tron microscope. Controls were performed excluding
the primary antibody. Simultaneously, negative controls
were processed with non-immune rabbit serum
instead of primary anti-Ani s 4 and anti-crude extract
antibody.

RESULTS AND DISCUSSION

The proximate analyses of the anchovy muscle were:
moisture: 777.7+3.2gkg™"; crude protein; 203.3+
42gkg™"; fat: 22.7+4.1gkg™' and ash: 18.1+
1.6gkg™". The pH of the samples treated with the vin-
egar solution the initial pH was around 4.1 and
remained with small changes during the storage
(Figure 1). In the infested lots the pH of the frozen-
thawed fish was significantly lower than the chilled
fish at the end of the storage period. In the lot infested
with A. simplex, no vinegar added, the pH rose during
storage at the same values than in the fish muscle.

Viability

Movement of the larvae was detected in the unfrozen
lots during all the storage period. One live larva was
observed after 10 days in the anchovy fillets treated
with vinegar where no larvae were added, which indi-
cates that the muscle was naturally infested. This differs
with the results found in anchovy muscle parasitized
with Anisakis pegreffii larvae (Marrone et al., 2007).
No movement of the larvae was detected in the parasi-
tized frozen-thawed lot.

A maximum emission of fluorescence by the larvae
was appreciated in the frozen-thawed lot during all the
storage period; nevertheless the intensity of the emission
decreased at an intermediate fluorescence at the end of
the storage period. A slight fluorescent emission was
observed in some live larvae, no vinegar treated, at
one day storage. It is accepted that emission of fluores-
cence of the A. simplex L3 larvae improves by freezing
and thawing of the samples (Anonymous, 1995) and is
reported by some authors as an indicator of the death of
the larvae (Karl et al., 1995).

The larvae remained live in all the unfrozen lots in the
vinegar treated muscle after 10 days storage and after
pepsin digestion, which supports the recommendation to
freeze the fish intended to be consumed raw or subjected
to mild treatments, as vinegar, in order to avoid the

pH
8.
_ %
_ .97
61 ®
T
o
4
2

Days of storage

Figure 1. pH of the muscle during chilled storage
at 5+1°C. AF: anchovy fillets; V: vinegar solution;
As: A. simplex; Fr-T: frozen-thawed. (A) AF+V, (m)
AF+As+V, (&) AF+As+Fr-T+V, (O) AF+As,
(O) AF.

Digested protein

100

95

90

85

Digested protein (%)

80 T T T T T 1

Days of storage

Figure 2. Percent of crude protein (Nx6.25) digested
by pepsin solution. (A) AF+V, (m) AF+As+V, (@)
AF +As+Fr-T+V, (O) AF +As, () AF.

Downloaded from http://fst.sagepub.com at UPC (CSIC) on June 30, 2009


http://fst.sagepub.com

Anisakis Simplex Antigens 143

infestation of the consumer with the live larvae and also
to prevent initial sensitization to A. simplex.

Protein in the filtrates after pepsin treatment

Most of the anchovy muscle was digested in the condi-
tions employed (Figure 2). In the vinegar treated samples
the percentage of protein in the filtrates remained above
91% during all the studied period whereas in the infested
lot without vinegar processing, the protein digested with
the pepsin treatment was lower than in the vinegar treated

lots, and decreased at longer storage time. This may be
due to an increase of production or release of protease
inhibitors to the muscle by the live larvae in the untreated
lot during storage, which may decrease the action of
pepsin on the fish muscle. Pepsin inhibitors have been
identified in several nematodes, among them Ascaris
lumbricoides (Ng et al., 1999) and there is direct and indi-
rect evidence of the production of pepsin inhibitors by
A. simplex (Morris and Sakanari, 1994; Dzik, 2006;
Knox, 2007). The release of pepsin inhibitors or their
activities seem to decrease in acidic media.

400 um

600 um

700 pum

Figure 3. SEM of A. simplex larvae in the vinegar treated anchovies. Chilled: Appearance of the cuticle: without
(@) and with (b) vinegar treatment. Cuticle of the vinegar treated larvae at 1 day of storage (c). Cuticle of the vinegar
and pepsin treated larvae after 5 day of storage (d). Breakages in the cuticle in the vinegar treated larvae with
emission of the interior in larvae chilled stored for 10 days (e). Frozen-thawed: Ruptures in the surface observed
in individuals at 1 day storage (f); Appearance of the vinegar treated larvae after pepsin treatment (g). Storage

at5+1°C.
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(a)
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Figure 4. Proteins of the vinegar media and the vinegar treated whole body A. simplex extracts after pepsin
treatment of the chilled and frozen-thawed larvae. Incubations with rabbit anti-Ani s 4 (a) and anti—A. simplex crude
extract antisera (b) (1/10,000 dilution). Vinegar media (Vin); larvae after pepsin treatment (Lar).

SEM

The smooth appearance observed in the surface of
the chilled untreated larvae (Figure 3a) changed to
one with marked grooves in the vinegar treated lots
(Figure 3b) where a fibrous appearance of the cuticle
was observed along the storage (Figure 3c) and was
maintained after pepsin treatment (Figure 3d).
Ruptures in the surface of the parasite with emission
of material from the interior of some of the vinegar
treated larvae were found mainly at the end of the

storage period (Figure 3e). In the frozen-thawed vinegar
treated lot, the dead larvae presented a round shape in
most of the cases although some longitudinal breakages
were observed in some larvae (Figure 3f). After pepsin
treatment the frozen larvae presented ruptures and
dehydrated areas (Figure 3g).

Immunoblotting

Ani s 4 was detected in the larvae and in the vinegar
fraction of the chilled and frozen-thawed larvae during
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Figure 5. Immunolocalization of Ani s 4 in frozen-thawed A. simplex L3 treated with a vinegar solution before (a)
and after (b) pepsin treatment. Immunolocalization of Ani s 4 (c) and A. simplex anti crude antigens (d) in the
contact area larvae-anchovy muscle of chilled (c) and frozen-thawed (d) muscle treated with vinegar. Micrographs
obtained form samples at 8 days of storage at 5+1°C. The 15nm gold particles conjugated with the secondary
antibody appear in the micrograph as dark circles, like those pointed out by arrows.

all the period studied (Figure 4a). Anti-A4. simplex crude
extract antisera (Figure 4b) was detected in the chilled
lots in the vinegar and pepsin treated larvae. However,
in the frozen ones no clear bands appear in the vinegar
and in the pepsin treated larvae.

Immunohistochemisty

Ani s 4 was detected in the interior of the larvae even
after freezing-thawing, vinegar and pepsin treatments
(Figure 5a, b). Ani s 4 was observed in the vinegar trea-
ted muscle in areas in contact with the larvae (Figure 5c¢)
and in areas where the sarcomer’s structure was pre-
served (Figure 6a) even after the harsh pepsin treatment
given to the infested fish muscle (Figure 6b). Ani s 4 was
also detected in the infested muscle frozen-thawed and
vinegar treated before (Figure 6¢) and after pepsin treat-
ment (Figure 6d).

A. simplex crude antigens were immunolocalized
in areas in contact with the larvae (Figure 5d) and in
the anchovy muscle in all conditions studied (Figure 7).
The apparent difference with the immunoblotting

studies in the frozen-thawed samples may be due to dif-
ferences in both protocols. In the immunoblotting assay
only soluble proteins obtained from the larvae extracts
(diluted 1/50 in electrophoresis sample buffer) or vinegar
supernatants (made up to 2mL and diluted 1/2 in elec-
trophoresis sample buffer) were applied to the gels. It is
well known that many proteins precipitate in acidic
media or aggregate in frozen storage (Tejada et al.,
1996), becoming unextractable in the assayed immuno-
blotting conditions.

The structure of the sarcomers after vinegar treatment
presented a denser appearance in the frozen-thawed
anchovy muscle than in the unfrozen one, which was
much more evident in the muscle recovered after
pepsin treatment, where the digested unfrozen muscle
after 8 days of storage (Figure 6b and 7b) was more
damaged than the frozen-thawed one (Figure 6d and
7d). This suggest that some changes were caused by
freezing and frozen storage, which modify the appear-
ance of the infested muscle when treated with vinegar,
even in the short period (5 days) that the anchovy fillets
remained frozen.
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fes. v i), t)

Figure 6. Immunolocalization of Ani s 4 in sarcomers of anchovy muscle artificially infested with live A. simplex
L3. Chilled, vinegar solution treated: Sarcomers before (a) and after (b) pepsin treatment. Frozen-thawed, vinegar
solution treated: Sarcomers before (c) and after (d) pepsin treatment. Micrographs obtained from samples after
8 days of storage at 5+1°C. The 15nm gold particles conjugated with the secondary antibody appear in the
micrograph as dark circles, like those pointed out by arrows.

As stated, A. simplex antigens were detected in the
infested anchovy muscle by the specific anti Ani s 4
and A. simplex anti crude extracts in all the conditions
studied. In the chilled samples, the presence of antigens
in the muscle could be due to excretion/secretion by the
live larvae. An increase of excretion/secretion or release
of allergens by the live larvae in acidic media at 37°C
in conditions that mimic the gastric juice has been
previously reported (Moneo and Caballero, 2002).
Nevertheless the live larvae presented breakages in the
surface, mainly at the end of the storage period, which
probably increased the release of allergens to the muscle,
as Ani s 4 is also located in the basal lamina of the
cuticle (Rodriguez-Mabhillo et al., 2007). In the frozen-
thawed lots, the presence of antigens in the muscle
may be due to the secretion/excretion by the live
larvae in the 24 h elapsed before freezing or to the release
of antigens by the dead larvae. Changes in the perme-
ability of the cuticle of the frozen larvae observed by
Environmental SEM, and release of antigens by isolated
frozen larvae have been previously reported (Tejada
et al., 2006a, b). The detection of A. simplex antigens
in the muscle in all the studied conditions confirm the

resistance to acid and pepsin action even at stronger
conditions than the ones that mimic the gastric juice
previously reported in isolated larvae (Caballero and
Moneo, 2004).

A. simplex larvae remained alive after 10 days of vinegar
treatment and after pepsin digestion. This supports the
recommendation given by the sanitary authorities to
freeze the fish intended to be consumed raw or subjected
to mild treatments in order to avoid the infestation of the
consumer with the live larvae and also to prevent initial
sensitization to A. simplex in healthy consumers.
However, Ani s 4 was detected in the vinegar fraction
and both, Anis s 4 and A. simplex antigens were
detected in fish muscle and isolated larvae even when the
infested muscle or the larvae had been previously frozen to
kill the L3 larvae and after pepsin treatment. The results
obtained suggest that the consumption of anchovies in
vinegar infested with A. simplex may be a potential
hazard when consumed by sensitized individuals, even if
the larvae are killed by freezing. Nevertheless, we cannot
estimate at present if the detected amount support an
allergic reaction against 4. simplex allergens in patients
previously sensitized against the parasite.
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Figure 7. Immunolocalization of A. simplex anti crude antigens in sarcomers of anchovy muscle artificially
infested with live A. simplex L3. Chilled, vinegar solution treated: Sarcomers before (a) and after (b) pepsin
treatment. Frozen-thawed, vinegar solution treated: Sarcomers before (c) and after (d) pepsin treatment.
Micrographs obtained from samples after 8 days of storage at 5+1°C. The 15nm gold particles conjugated
with the secondary antibody appear in the micrograph as dark circles.
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