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INTRODUCTION

There exist few methods for isolating small numbers
of cells for genetic analysis, and an even smaller num-
ber of techniques for isolating protistan parasites,
mainly because of their microscopic size, tissues they
infect, and complexity of dissection. In addition, inves-
tigation of in situ host response to a pathogen (e.g.
encapsulation) is challenging. Laser-assisted microdis-
section (LMD) has the potential to address these issues
and allow researchers to harvest small numbers of cells
for genetic and proteomic analysis. Essentially LMD
provides a bridge between the pathology and molecu-
lar biology laboratory.

Originally developed for the analysis of tumor cells
(Emmert-Buck et al. 1996), the LMD technique
employed a focused infrared laser beam passed
through a thermoplastic film adjacent to a routine tis-
sue section mounted on a glass slide. The laser beam
creates a ‘melting effect’ that temporarily attaches the

cells of interest to the thermoplastic film, facilitating
their removal (capture) from the remaining tissue sec-
tion when the plastic film is raised. The selected cells
are then processed for DNA and RNA extraction using
standard methods modified for microscopic amounts of
starting materials. Subsequently, several other LMD
platforms have been developed, each with different
methods of sample collection. An expanding literature
base is evidence of their use in the mainstream biolog-
ical sciences including cancer biology, pathology, and
forensics (Fend & Raffeld 2000, Player et al. 2004,
Budimlija et al. 2005), and in a small number of para-
sitological investigations (Jones et al. 2004).

Potential applications of LMD to aquatic pathology
and parasitological research include the isolation of
parasites from host tissues, thereby enabling the sub-
sequent extraction of parasite nucleic acids and pro-
tein. Using this approach it would be possible to
microdissect parasites existing alone or in concert with
identifiable organisms such as would occur in a mixed
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infection. PCR could be used to amplify phylogeneti-
cally informative regions in order to study the para-
site’s taxonomic relationships. This technique could
also be used in combination with molecular diagnostics
to aid in the identification of potential secondary hosts
(if they exist) and investigate parasite life cycles. The
analysis of parasite gene regulation is also of particular
interest, and LMD coupled with molecular techniques
would facilitate in vivo analysis of gene expression as
opposed to culture-based techniques where parasites
may act differently. This approach has been used in
several studies of Plasmodium spp. isolated directly
from host cells (Sacci et al. 2002, Semblat et al. 2002)
and could potentially be used to investigate gene
expression in parasites such as Perkinsus spp. from
bivalve hosts, where several genes are thought to be
involved in pathogenesis (Brown & Reece 2003, Brown
et al. 2005). LMD could also be applied to host–para-
site interaction studies, thereby shedding light on the
molecular machinery involved in host response events
such as encapsulation (Pascual et al. 2006).

In this ‘proof of principle’ study, our objectives were
to (1) amplify DNA from an important crustacean para-
site (Hematodinium spp.) excised from archive forma-
lin-fixed wax-embedded tissue sections via LMD; (2)
compare 2 staining methods, a commercial kit and lab-
oratory-based preparations of haematoxylin and eosin
(H&E); and (3) assess the recovery of DNA and amplifi-
cation of 2 target regions, small subunit ribosomal RNA
(SSU) and the first internal transcribed spacer region of
the ribosomal RNA gene complex (ITS1), commonly
used for molecular diagnostics and taxonomy.

MATERIALS AND METHODS

Sample collection. Paraffin-embedded hepatopan-
creas samples from Hematodinium-infected edible
crabs Cancer pagurus, sampled from Weymouth Bay in
January 2004, were retrieved from the Centre for Envi-
ronment, Fisheries & Aquaculture Science (Cefas)
Registry of Aquatic Pathology (www.aquaticpathol-
ogy.co.uk). Tissues had previously been fixed in
Davidson’s seawater fixative for 24 h (Shaw & Battle
1957), transferred to 70% industrial methylated spirit
(IMS), followed by processing into wax in a vacuum
infiltration processor. Fixed muscle samples of Hema-
todinium-infected Chinese swimming crabs Portunus
trituberculatus were obtained from the Marine Fish-
eries Research Institute of Zhejiang, China. These
samples were collected in 2006 and fixed in 10% neu-
tral buffered formalin (NBF) for 24 to 48 h before trans-
fer to 70% ethanol followed by embedding in paraffin.
In both species of crab, diagnosis of Hematodinium sp.
infection was made by prior analysis via H&E stained

sections. Positive control material for PCR (infected
muscle tissues from both crab species preserved in
100% ethanol) was also obtained.

Section staining and laser microdissection. Paraffin-
embedded crab tissue sections were cut at 6 µm on a
rotary microtome, mounted onto membrane slides
(Molecular Machines & Industries), and air-dried. Sec-
tions from both crab species were stained using 2 dif-
ferent methods to compare staining characteristics and
nucleic acid retrieval. The first involved an in-house
H&E staining procedure based on published protocols
(Huang et al. 2002). Using this method, the membrane
slides were first deparaffinized in 2 changes of xylene
for 2 min each. The tissues were then rehydrated by
incubation in a successive gradient of ethanols (100%,
95%, 95%, and 70%) for 1 min each before final equi-
libration in molecular grade water (free from DNase
and RNase contamination). Slides were stained with
Mayer’s haematoxylin for 2 min, rinsed in molecular
grade water, and then blued in Scott’s Tap Water
(Surgipath) for 30 s. The slides were then rinsed sev-
eral times in molecular grade water followed by incu-
bation in 70% ethanol for 30 s. Slides were incubated
in eosin for 1 min, followed by incubation in 95%
ethanol for 30 s, 100% ethanol for 1 min, 100% ethanol
for 1 min, and finally incubated in 2 changes of xylene
for 2 min each. The membrane slides were subse-
quently air dried, inverted, and placed against a
DNase-free glass slide for protection against contami-
nation.

The second staining method utilized a commercially
available staining kit (First Choice in LMD RNA
friendly Basic Staining Kit, Molecular Machines &
Industries) following the manufacturer’s protocol for
paraffin sections. This kit was used on the basis that it
may confer reduced nucleic acid degradation since the
staining solutions are prepared for RNA recovery,
which is more sensitive to histological staining proce-
dures. After staining, the membrane slides were air
dried and placed against a glass slide, as above.

LMD was performed using a mmi Cellcut system
(Molecular Machines & Industries) at the Cefas Wey-
mouth laboratory. The system comprised an inverted
microscope (Nikon) with a robotized stage attached to
a digital camera, computer with panel monitor, and a
fixed ultraviolet (cold) laser source. The sample was
first viewed by light microscopy to identify the region
of interest (tissue/parasite), which was then selected
for excision using the laser. Microdissected samples
were recovered (captured) by mechanically lowering
and raising an adhesive isolation cap (attached to a
0.5 ml collection tube) onto the membrane following
laser cutting. Individually dissected samples were
immediately resuspended in extraction buffer and pro-
cessed for DNA extraction.
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DNA extraction and PCR. DNA was extracted from
all microdissected samples using a QIAamp DNA
Micro Kit (Qiagen) following the protocol for isolation
of genomic DNA from laser-microdissected tissues.
Carrier RNA was included or omitted for duplicate
samples during the DNA extraction process to assess
the influence of this step on DNA recovery (assessed
by PCR). DNA was eluted in 15 µl of elution buffer.
DNA from Cancer pagurus samples that were stained
using both protocols (and also had the carrier RNA
omitted during extraction) was quantified using a Nan-
oDrop 1000 (Thermo Fisher Scientific). DNA from pos-
itive control materials was extracted using a DNeasy
Blood and Tissue Kit (Qiagen) and eluted into 100 µl
elution buffer. All samples were immediately used for
PCR after brief storage on ice.

Ribosomal RNA (rRNA) sequences were amplified
from the extracted DNA samples using 2 previously pub-
lished PCR assays for the detection of Hematodinium
spp. (Gruebl et al. 2002, Small et al. 2007a). A 196 bp
fragment of the SSU coding region was amplified from
the Hematodinium sp. infecting Cancer pagurus using
the following primers: Hemat-F-1487 5’-CCTGGCTC-
GATAGAGTTG-3’ and Hemat-R-1654 5’-GGCTGC-
CGTCCGAATTATTCAC-3’. Additionally, a 298 bp frag-
ment of the ITS1 spacer region was amplified from the
Hematodinium sp. infecting Portunus trituberculatus us-
ing primers  specific for detection of Hematodinium spp.
infecting Callinectes sapidus, Liocarcinus depurator, and
P. trituberculatus (HITS1F 5’-CATTCACCGTGAACCT-
TAGCC-3’ and HITS1R 5’-CTAGTCATACGTTTGAA-
GAAAGCC-3’) (Small et al. 2007a). Each 20 µl reaction
contained 1x Green GoTaq Flexi Buffer (Promega),
1.5 mM MgCl2, 0.25 mM of each dNTP, 1 µM of each
primer, 1 unit Taq polymerase, and 10 µl genomic DNA.
For positive and negative control PCR reactions, 0.5 µl of
genomic DNA or water, respectively, was used. Amplifi-
cations were performed with an initial denaturation of
94°C for 4 min, followed by 40 cycles at 94°C for 30 s,
56°C for 30 s, 72°C for 1 min, with a final elongation step
at 72°C for 5 min. Following amplification, 10 µl of each
PCR product were analysed by agarose
gel electrophoresis (2% w/v), stained
with ethidium bromide, and viewed un-
der a UV light source. Images were cap-
tured with a Gel Doc 2000 (Bio Rad)
imaging system.

Sequencing and analysis. Amplifica-
tion products of 196 and 298 bp were
excised from the agarose gel using a
sterile scalpel blade and purified using
a QIA quick Gel Extraction Kit (Qia-
gen). Bands from 2 independent PCR
products for each target (SSU and
ITS1) were excised and purified. Puri-

fied amplification products were bidirectionally
sequenced using a Big Dye Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystems) following the
standard manufacturer’s protocol. Thermocycling
parameters were as follows: 30 cycles of 94°C for 30 s,
96°C for 10 s, 50°C for 10 s, 60°C for 4 min, followed by
a final incubation at 4°C. The sequencing products
were precipitated using ethanol/sodium acetate and
resuspended in 20 µl Hi-Di formamide (Applied
Biosystems) and electrophoresed on an ABI 3100
Avant Prism genetic analyser (Applied Biosystems).

The Hematodinium rRNA sequences were con-
structed from the forward and reverse sequencing
reactions using Sequencher (v4.2). Primer sequences
were removed from the 5’ and 3’ ends and the result-
ing 4 sequences compared for similarity to other
Hematodinium sp. in GenBank using the Basic Local
Alignment Search Tool (BLAST) (Altschul et al. 1990).

RESULTS

LMD and DNA extraction

Wax embedded sections of Hematodinium-infected
muscle and hepatopancreas tissues from Cancer pagu-
rus and Portunus trituberculatus were successfully sec-
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LMD area First Choice H&E
Staining Kit

400× field of view (86 020 µm2) 1.8 1.7
1⁄2 400× field of view (43 010 µm2) 1.3 1.4
1⁄4 400× field of view (21 505 µm2) 1.3 1.2

Table 1. Cancer pagurus. Quantification (ng µl–1) of DNA ex-
tracted from Hematodinium parasites infecting C. pagurus.
Sections were stained using either a First Choice in LMD
RNA friendly Basic Staining Kit following the recommended
protocol, or an H&E-based protocol (see ‘Materials and meth-
ods’). DNA was extracted using a QIAamp DNA Micro Kit
(carrier RNA omitted). LMD: laser-assisted microdissection

Fig. 1. Portunus trituberculatus. Sections of Hematodinium-infected muscle
tissues (A) before and (B) after laser-assisted microdissection (LMD). Arrow: para-
sites removed from between the muscle fibers. H&E stained, ×200 magnification
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tioned onto membrane slides and stained using both
protocols. There was little observable difference in
staining characteristics between the 2 protocols, with
both nuclear and cytoplasmic structures of host and
parasite clearly stained. The sections of C. pagurus
hepatopancreas were from an advanced infection,
where masses of parasitic plasmodial cells filled the
dilated haemal sinuses (Stentiford et al. 2002). The
intensity of infection allowed excision of parasites (by
LMD) from a 400× field of view (86 020 µm2), 1⁄2 400×
field of view (43 010 µm2), and 1⁄4 400× field of view
(21 505 µm2, approximately 50 parasites). The muscle
sections from P. trituberculatus were also from an
advanced infection, and allowed for dissection of para-
sites from between muscle fibers (Fig. 1). The quantifi-
cation of extracted DNAs indicated that both staining
protocols were comparable, and that recovery was cor-
related with starting tissue sample size (Table 1).

PCR and sequencing

Both the SSU and ITS1 regions were successfully
amplified using template DNAs extracted from LMD
parasite material (Fig. 2). Absolute sensitivity was not
investigated; however, DNA extracted from 1⁄4 400×
field of view produced a strong PCR amplification

band for both the SSU and ITS1 regions (Fig. 2, lanes 3
and 6). Slight variation was observed in the PCR band
intensities, and in the case of the Cancer pagurus
quantified material, the PCR band intensities (Fig. 2A,
lanes 4 to 6) were associated with the initial DNA
quantification results. In addition, PCR band intensi-
ties of the SSU amplification reactions using DNA tem-
plates from the excised 1⁄4 400× field of view (Fig. 2A,
lanes 3 and 6) indicated that inclusion of the carrier
RNA during DNA extraction resulted in an increased
recovery of amplifiable target DNA.

Both SSU and ITS1 amplification fragments se-
quenced were identical within each targeted locus.
BLAST comparison of the SSU consensus sequence
from the Hematodinium sp. infecting Cancer pagurus
revealed a 100% similarity to Hematodinium spp.
infecting Carcinus maenas and Liocarcinus depurator.
The ITS1 consensus sequence from the Hematodinium
sp. infecting Portunus trituberculatus also revealed a
high similarity to other Hematodinium spp. sequences
in GenBank (99 to 100% similarity to previously sub-
mitted Hematodinium sp. ITS1 sequences from P. tritu-
berculatus, and a 97% similarity to the Hematodinium
sp. infecting Liocarcinus depurator).

DISCUSSION

In the present study we isolated Hematodinium spp.
parasites from archive tissue sections using LMD. We
subsequently extracted DNA from this paraffin
embedded material and amplified DNA sequences up
to 298 bp in length from Hematodinium spp. SSU and
ITS1 rRNA regions. Results demonstrate the potential
of LMD in molecular diagnostics and in the genotyping
of aquatic animal parasites. LMD provides a signifi-
cantly improved link between the molecular diagnostic
and pathology laboratory by allowing for accurate
selection of particular cells for nucleic acid characteri-
zation. Methodological considerations and potential
applications of LMD in the field of aquatic disease
diagnostics are discussed below.

Successful molecular analysis of nucleic acids recov-
ered from LMD samples necessitates that all steps in
the tissue sampling process are adequately controlled
since each stage influences subsequent steps, and ulti-
mately the value of data recovered. In the present
study we employed 2 protocols to stain tissue sections,
both based on the use of Mayer’s H&E to visualize cell
nuclei and cytoplasmic features. These dyes are com-
monly used in routine histological staining to identify
parasites. There were no significant differences in cel-
lular staining characteristics or DNA yield between the
2 methods used, and we suggest that due to the high
cost per sample when using commercial kits, laborato-
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Fig. 2. Cancer pagurus and Portunus trituberculatus. PCR am-
plification of Hematodinium rDNA regions from LMD sam-
ples. (A) PCR amplification of the SSU region from the Hema-
todinium sp. infecting C. pagurus. (B) PCR amplification of
the ITS1 region from the Hematodinium sp. infecting P. tritu-
berculatus. Lanes 1–3: DNA template material extracted (car-
rier RNA included) from 400×, 1⁄2 400×, and 1⁄4 400× fields of
view. Lanes 4–6: DNA template material extracted (carrier
RNA omitted) from 400×, 1⁄2 400×, and 1⁄4 400× fields of view.
Lane 7: negative control (no template). Lane 8: positive
control (DNA extracted from ethanol preserved parasite 

material). M: 100 bp molecular weight marker
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ries can utilize their own stains and either follow pub-
lished staining protocols for laser microdissected mate-
rials (Huang et al. 2002) or develop their own.

Methods used to isolate parasite DNA from paraffin-
embedded tissue sections have previously involved the
manual dissection of infected tissues of interest from
deparaffinized sections (unstained, mounted on glass
slides) using a sterile scalpel blade (Vachot & Monnerot
1996), and the microdissection of parasites from stained
sections using manual microdissection procedures
(Shen et al. 2001). DNA is subsequently extracted and
purified from the dissected tissues of interest using
Proteinase K digestion and phenol-chloroform/ethanol
precipitation procedures. Both these techniques work
well when used on tissues with high parasite burdens
or large parasites, but lack precision when isolating
parasite material, as host tissues are routinely carried
over into the DNA extraction step, potentially con-
founding downstream results. In addition, a ‘host
swamping’ effect can occur when trying to isolate para-
site DNA from infected tissues, in which host DNA ac-
counts for the majority of the DNA extracted, reducing
the amount of parasite template available for subse-
quent molecular analysis. LMD techniques have the
ability to substantially reduce contaminating host nu-
cleic acids from parasite preparations, thus improving
downstream analysis of parasite material. The mmi
Cellcut system used in the present study employs a
membrane slide and an adjacent glass slide to effec-
tively ‘sandwich’ the specimen, thus, protecting it from
contaminants. In addition, when microdissected mater-
ial is removed from the tissue section, the cap makes
contact with the membrane only, preventing contami-
nation from surrounding (non-target) tissues.

In the present study parasite DNA was isolated and
amplified from infected tissues that were initially for-
malin-fixed (Davidson’s for 24 h and 10% NBF for 48 to
72h). Formalin-based fixatives are known to cross-link
DNA and proteins, historically resulting in low quality,
highly degraded nucleic acids. Certainly, RNA would
be significantly degraded; nevertheless, recovery of
amplifiable DNA from formalin fixed material is possi-
ble, with success appearing dependent on whether the
formalin solution was buffered, the temperature of tis-
sue incubation, and the time of incubation in formalin
(Hamazaki et al. 1993, Koshiba et al. 1993, Miething et
al. 2006). A number of commercial companies now pro-
duce kits specifically tailored for extraction of nucleic
acids from minute samples including those from LMD.
We extracted DNA from all microdissected samples
using a Qiagen spin-column-based kit in an attempt
to standardize all extractions. The variability of DNA
recovered from different sized starting samples
(Table 1) is likely explained by a combination of the
following: (1) samples were on the published limit of

detection of the quantification equipment, and (2) all of
the microdissected tissue may not have been fully
recovered from the adhesive cap into the extraction
buffer. It is worth noting that nucleic acids absorbed
onto the membranes of spin columns are never fully
recovered in the elutant, and for downstream applica-
tions that require maximum DNA and RNA recovery
other extraction techniques (such as phenol/chloro-
form or Trizol) may be more appropriate.

Significantly, we were able to amplify 196 bp of the
SSU and 298 bp of the ITS1 rRNA regions from both
Hematodinium spp., and although not attempted in the
present study, it may be possible to amplify larger tar-
gets from LMD material. In addition to being a target
for diagnostics, regions of the SSU and ITS rRNA are
regularly used in taxonomic studies of many aquatic
parasites (Le Roux et al. 2001, Dungan & Reece 2006).
ITS1 has previously been used to differentiate
between closely related Hematodinium spp. infecting
a number of hosts (using primers HITS1F and HITS1R
also used in the present study, see Small et al. 2007a)
or confirm a single infective species (Small et al.
2007b); if required, it would be possible to use LMD
and targeted PCR to amplify further phylogenetically
informative regions. This application could be
repeated for numerous other aquatic parasites where
the diagnostic PCR primers amplify a small fragment.

LMD has the potential to allow researchers to isolate
specific pathogens from tissues with mixed infections.
Recently, Bonamia exitiosa was found co-infecting
(with B. ostreae) the European flat oyster Ostrea edulis
in Spain, and is the first report of this parasite in Euro-
pean waters (Abollo et al. 2008). B. exitiosa is listed by
The Office International des Epizooties (OIE) as a noti-
fiable disease. Since many pathology archives contain
material used to make yearly assessments of the dis-
ease status of fish and shellfish (mainly by standard
histopathology unless required otherwise), one possi-
ble scenario would be to analyze archive oyster pathol-
ogy sections using LMD to isolate parasite cells for
molecular analysis to confirm species identity. This
approach would offer significantly enhanced resolu-
tion for species identification in historical material. In
the case of oysters, this approach would be assisted by
the fact that B. ostreae and B. exitiosa can be distin-
guished in histological sections according to size (B.
ostreae producing a smaller microcell stage). However,
not all parasites in mixed infections have different
morphological features and, therefore, it can be
extremely difficult to distinguish between parasites
using traditional light microscopy of stained histo-
logical sections (e.g. Haplosporidium costale and
H. nelsoni infecting Crassostrea virginica, see Stokes &
Burreson 2001). In these cases other methods such as
immunohistochemistry or the application of DNA
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probes may be required to distinguish closely related
pathogens (Stokes & Burreson 2001). Another potential
use for historical archive LMD material (that is difficult
to aquire) would be in microsatellite-based population
genetic studies. Microsatellites are seldom larger than
300 bp (including primers) and amplifications require
comparable quantities of DNA as standard PCR, thus
microsatellites could be amplified from LMD material
(Chistiakov et al. 2006).
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