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Abstract

Fluorescent in situ hybridization (FISH) is a commonly used method for the detection of microorganisms in heterogeneous
environment. It is primarily used for quantitative analysis of microorganisms. FISH gives possibilities of evaluating
activities of some bacteria and their physiological state in the environment. In the recent years, fluorescent in situ
hybridization has been improved and adapted for the research on environmental samples.
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1. Introduction

The molecular methods which are commonly used
in medicine are increasingly used in environmental
research. Although the implementation of many of
them is a very time-consuming project, it appears to be
profitable. The molecular method for microorganisms
detection does not require medium for microbiological
culture, which gives the possibility of on opportunity
to expand range of analyzed bacteria. In addition, the
analysis of a genetic material has a high repeatability
and sensitivity. In environmental engineering, FISH
is a new method which allows to make quantitative
and qualitative characterization of the taxonomic
structures of bacteria without the need for cultures.
Originally developed in 1969, the FISH method was
used for detection of nucleotides. Since 1980, the
number of applications of this method in the research
has increased, mainly due to the development of
epifluorescence microscope associated with digital
image processing [8]. Initially the method was used
for detection of the presence or absence of the specific
DNA sequences in chromosomes. Since the results
of Amman et al. [3], this method has been applied
in the studies of environmental samples. This article
presents increasingly use of the FISH method.
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2. Overview of the FISH methods

In the FISH method a specific fluorescent probes
are used, prepared in the way that makes them
complementary to DNA or RNA to be detected. These
probes are labeled with fluorophores, fluorescent dyes,
which allow the detection of the microorganisms to
use the epifluorescence microscopes.

In research on bacteria the detection of 16S and
28S rRNA is mainly used, for which oligonucleotide
probes (usually 15 to 30 nucleotides) are designed with
fluorescent marker linked on the 5’-end. Markers are
unimolecular dyes such as fluorescein, Oregon Green,
Texas Red, indocarbocianine, Nile red, Cy3 or Cy5
[15], [9]. Currently, probe creation is not a complicated
process. The probe creation is an integration of the
selected dye with the oligonucleotides complementary
to genetic material to be marked. The databases useful
in this area can be found on http://www.ncbi.nlm.nih.
gov/. Many companies offer the production of selected
fluorescent probes.

The basic FISH protocol includes four main steps.
The first step is a conjugation and permeabilisation of
the sample on the microscope slide. Second part is a
probe hybridization with the material to be examined,
which is preceded by denaturation of both target DNA/
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RNA and probe. The hybridization conditions are
adjusted accordingly in order to achieve a compromise
between the nature and intensity of the signal and
preservation of the morphology of the sample. This
step may last several hours. The third step is rinsing of
the material in order to wash out the unbound probes,
probes nonspecifically bound to the target material
and probes bound with not complementary, free bases.
The last step involves detection with fluorescence
microscope, immunochemical detection or by using
a flow cytometry [15]. At present, the confocal and
fluorescence microscopes are most commonly being
used for detection. In these types of microscopes,
the sample is illuminated with light of a suitable
wavelength, which is absorbed by the fluorophore
which then emits the beam of a higher wavelength,
which is received by the detector and processed to an
image. It should be remembered that many samples
have self-luminous objects, and illumination beam
should only stimulate the appropriate dyes [6]. For
detection with fluorophores, the photoblenching of
the sample should also be taken into account, such
fast and efficient work and good knowledge of
microscope handling are required. FISH is a relatively
quick method in which results are available after few
hours. It can be combined with standard methods of
microorganisms counting.

Fig 1. Fluorescent Microscopy Research Position
at Kielce University of Technology

In some materials structures showing autofluorescence
may be present, which significantly disrupts and falsifies
results. This effect might be eliminated — a special
substance should be added during the separation of the
sample in order to reduce the non-specific background
signal. However, very often these methods are not
sufficient. Increasingly, the images obtained by the FISH
method are processed numerically, using the specialist
computer software.

Increasing number of markers used in one experiment
hinders the efficient detection of appropriate structures.

Using more than one dye, is should be chosen well,
taking into account the intensity of the fluorophores
emission and the possibility of overlapping of light
signals derived from various dyes. The first two-
color detection was carried out by the research team
Hopmann et al in 1986 [15].

Microsensors combined with FISH are used in
research of biological activity in the biofilms [4].
Cyanoditoryl tetrazolinum chloride (CTC) with
FISH is used for detection of activity of aerobic
bacteria. CLASI-FISH (combinatorial labeling and
spectral imaging) and DOPE-FISH (double labeling
of oligonucleotide probes) appeared to be useful in
identification of many microorganisms simultaneously
[18], [5]. One of the newest variations is RCA-FISH
(rolling circle amplification) used for detection of
the genes responsible for denitrification process [19].
Probably the safest of FISH methods is FISH-BrdU
(5-bromo2-deoxy-uridine) [12]. FISH-DVC (direct
viable count) is a method used in the research of water
with small number of bacteria [10].

3. Conclusion

The FISH method is used in medical research of
many types of cells and tissues [14]. It is a basic
technique in cytogenetic research such as chromosome
mapping, identification of mutation site in karyotype
[13], [1], in the research on neoplastic cells, and
with PCR (polymorphism chain reaction) is used in
preimplantation diagnosis and prenatal testing.

In environmental engineering, fluorescence in situ
hybridization is used in identification and visualization
of the species (bacteria) in environmental research. It is
used to determine morphology and species composition
of the soil, surface water [16], [2], the marine and
oceanic bacterioplankton [11], and research on activated
sludge and biofilms formed on surfaces in contact with
natural or technological water or with waste [17]. It
is possible to determine the structure of flocks and
granules of activated sludge using FISH. Research on
the active sludge is hindered by the uniqueness of the
sludge structure [7], its extensive surfaces, and spatially
heterogenic chemical composition and morphology. For
this reason, in comparison with the number of articles
about use of the method in medicine, there are relatively
few papers concerning FISH method used in research on
active sludge structure.
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KROTKI PRZEGLAD ZASTOSOWAN METOD FISH
W INZYNIERII SRODOWISKA

1. Wstep

Metody badan molekularnych powszechnie wy-
korzystywane w medycynie coraz czesciej znajduja
zastosowanie w badaniach srodowiskowych. Chociaz
wdrozenie wielu z nich jest bardzo czasochtonnym
przedsigwzigciem, okazuje si¢ to optacalne. Mole-
kularne metody detekcji mikroorganizmow nie wy-
magaja hodowli drobnoustrojow na podtozach bio-
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logicznych, dzigki czemu mozliwe jest rozszerzenie
zakresu analizowanych bakterii. Analiza materiatu
genetycznego dodatkowo charakteryzuje sie duza
powtarzalnoscig i czutoscig. FISH w inzynierii $ro-
dowiska jest nowa metoda umozliwiajaca jakosciowa
1 iloSciowg charakterystyke struktur taksonomicz-
nych bakterii bez konieczno$ci ich hodowli. Pier-
wotnie, odkryta w 1969 roku, metoda FISH stuzyta
do detekcji nukleotydow. Poczawszy od 1980 roku
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wzrosta liczba zastosowan tej metody w badaniach,
glownie dzigki rozwojowi mikroskopoéw epifluore-
scencyjnych skojarzonych z cyfrowa obrobka ob-
razow [8]. Stosowana pierwotnie do wykrywania
obecnosci lub braku specyficznych sekwencji DNA
w chromosomach poczawszy od wynikow prac Am-
mana i in. [3] znalazta zastosowanie do badan probek
srodowiskowych.

2. Przeglad metod FISH

W metodzie FISH stosowane sa specyficzne sondy
fluorescencyjne przygotowane w taki sposob, iz sg
komplementarne do odcinkow DNA lub RNA, ktore
chcemy oznaczy¢. Sondy te sg znakowane fluorofo-
rami, barwnikami fluorescencyjnymi, dzigki ktorym
jest mozliwa detekcja mikroorganizméw z wykorzy-
staniem mikroskopow epifluorescencyjnych.

W badaniach bakterii wykonuje si¢ przewaznie de-
tekcje 16S lub 23S rRNA, do ktorych sa projektowane
sady oligonukleotydowe z przylaczonymi znacznikami
fluorescencyjnymi. Znacznikami sg jednoczasteczkowe
barwniki np. fluoresceiny, Oregon Green, Texas red, in-
dokarbocyjaniny, Nile red, Cy3 czy Cy5 [15], [9].

W podstawowym protokole wymienione sg cztery
procesy. Pierwszym etapem jest potaczenie i perme-
ablizacja probki na szkietku mikroskopowym, drugim
jest hybrydyzacja sondy z badanym materiatem, pro-
ces ten jest poprzedzony denaturacja zarowno badane-
go DNA/RNA jak i sondy. Trzecim procesem jest prze-
mywanie materialu w celu wyptukania niezwigzanych
sond, niespecyficznie zwigzanych z materiatem bada-
nym, oraz zwigzanych z niezupelie komplementarny-
mi, wolnymi zasadami. Ostatni, czwarty etap obejmu-
je detekcje za pomocg mikroskopu fluorescencyjnego,
metod imunochemicznych, badz z wykorzystaniem
cytometru przeptywowego [15]. Obecnie gtownie do-
konuje si¢ detekeji za pomoca mikroskopow epifluore-
scencyjnych lub konfokalnych.

W niektorych materiatach moga wystepowac struk-
tury wykazujace autofluorescencj¢ znacznie zaktoca-
jaca 1 falszujaca wyniki. W celu eliminacji tego zja-
wiska w czasie izolacji probek dodaje si¢ specjalnych
substancji, dzigki czemu zmniejsza si¢ niespecyficz-
ny sygnat tla. Bardzo cz¢sto metody te jednak nie sg
w pelni wystarczajace. Coraz czesciej obrazy uzyski-
wane metodg FISH poddaje si¢ obrobce numerycz-
nej z wykorzystaniem specjalistycznych programow
komputerowych.

Zwickszajaca si¢ ilo$¢ uzywanych w jednym bada-
niu znacznikéw utrudnia rowniez sprawng detekcje
odpowiednich struktur. Wykorzystujac wigcej niz je-

den barwnik trzeba dobrze je dobra¢, uwzgledniajac
intensywnosci emisji fluoroforéw oraz mozliwo$¢
naktadania si¢ sygnalow Swietlnych pochodzacych
od r6znych barwnikow. Pierwsza dwukolorowa de-
tekcja przeprowadzona zostala przez zespoty badaw-
cze Hopmann i inni w 1986 1. [15].

Wykorzystanie mikrosensorow z FISH znajduje
zastosowanie w badaniach aktywnosci biologicznej
w biofilmach [4]. Cyanoditoryl tetrazolium chlori-
de [CTC] razem z FISH stuzy do wykrywania ak-
tywnosci tlenowych bakterii. Przydatne przy ocenie
wielu mikroorganizméw jednoczes$nie okazaty si¢
CLASI-FISH (acombinatorial labeling and spectral
imaging), oraz DOPE-FISH (double labeling of oli-
gonucleotide probes) [18], [5]. Jedna z najnowszych
odmian jest RCA-FISH (rolling circle amplification)
wykorzystana w celu detekcji genéw odpowiedzial-
nych za proces denitryfikacji [18]. Prawdopodobnie
najbezpieczniejsza z odmian jest FISH-BrdU [5-Bro-
mo 2-deoxy-uridine] [12]. FISH-DVC (direct viable
count) jest metoda stosowana do badan wody z mala
liczba bakterii [10].

3. Podsumowanie

W inzynierii srodowiska fluorescencyjna hybrydy-
zacja in situ jest wykorzystywana w celu oznacza-
nia 1 wizualizacji gatunkéw organizmow (bakterii)
w badanym srodowisku. Stosowany jest do okresle-
nia morfologii i sktadu gatunkowego gleb, wod po-
wierzchniowych [16], [2], morskich i oceanicznych
bakterioplanktonu [11] oraz badaniach osadu czyn-
nego 1 biofilméw powstajacych na powierzchniach
kontaktujacych si¢ z wodami naturalnymi lub techno-
logicznymi albo Sciekami [17]. Dzigki FISH mozna
dzi$ okreslac¢ strukture ktaczkow i granul osadu czyn-
nego [7]. Prowadzenie badan osadu czynnego jest
utrudnione przez niepowtarzalno$¢ struktury osadu,
rozbudowang powierzchni¢ oraz niejednorodny prze-
strzennie sktad chemiczny i morfologiczny. Z tego
powodu, jak do tej pory w literaturze przedmiotu,
w porownaniu z ilo$cig artykutdow z zakresu badan
medycznych z zastosowaniem metod FISH, artyku-
16w z zakresu badan struktur osadu czynnego jest sto-
sunkowo niewiele.
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