CHAPTER 34

Genotoxicity in Fish Embryos

Armin Herbert and Peter-Diedrich Hansen
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. INTRODUCTION

Genotoxicity is the potential of a physical or chemical agent to alter genetic information of
infectious particles {viroids and viruses), cells, or individuals, Genetic information 15 the information
encoded in nucleic acids, which is inherited from one to the next generation of infectious particles,
cells, or individuals. In vitoids and viruses, this can be ribonucleic acid (RNA), however, in some
of them and in all living cells, it is deoxyribonucleic acid (DNA). In all living orzanisms, DNA is
the primary information carrier — the central element of life processes. DNA is the information
matrix Bor two processes, essential to life: replication and transcription. Replication is the central
function during the process of heredity, whereas transcription is the central function for realization
of inherited information. i.e., the programmed biosynthesis during ontogenesis.

The total of genetic information of a cell constilutes the genome. Thus genotoxicity may be
seen as a toxicity-dependent aiteration of the genome. Alterations can be defined on two structural
levels. First, changes can be found in the primary structure of DNA, which is any molecular
alteration in the lincar biopolymer with its units sugar, phosphate, and the purine and pyrimidine
bases of adenine, cytosine, guanine, and thymine. Second, a change of base sequence alters the
encoded information. The primary lesion is usually called DNA damage. whereas the change of
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base sequence is called mutation. Mutations can result from DNA damage, mostly due to DNA
repair errors, but also due to errors in the replication process, DNA repair systems have evolved
in both prokaryotes and eukaryotes 1o maintain a high stability of the genetic information, however,
they are not free of errors. Both DNA damage and mutations occur spontaneously or as exogenously
triggered events. Mutations arising from errors during DNA repair occur with rates between | in
5000 to 500,000 primary lesions.! As a resuit, exogenous induction of DNA primary lesions (DNA
damage) by genotoxic potlutanis also increases mutation rates. However, DNA primary lesions
appear to be reversible and not detectable after repair, whereas mutations accumulate with time
due to constant rates of repair errors. Thus, due to the difference in reversibility of lesions on the
primary and secondary level, the determination of exogenously induced DNA damage rates must
a priori be considered as an underestimate of the actual induction of mutation rates.

Nevertheless, attempts have been made 1o develop and adapt methods to determine DNA damage
in aquatic vertebrates and invertebrates, since easy-to-use mutation assays are presently not at hand
for these organisms. The method of 3?P-postlabeling has successfully been used for the specific
determination of DNA adducts.>* However, the method is restricted to the detection of adducts
only, and does not provide a sum parameter including other DNA lesions like strand breaks,
depurinations, and depyrimidinations (AP sites), deaminations or forms of oxidative damage.
Sensitivity toward alkaline conditions can be used instead as a sum parameter for various types of
DNA damage, which is increased by many of these lesions and additionally by excision repair
patches.S Various techniques are suitable to determine alkali sensitivity and have successfully been
used with mammalian systems in radiation biclogy and human (mammalian) genetic toxicology.
They include alkaline gradient centrifugation and the derived nucleoid sedimentation technique,®*
alkaline filter elution,*!! alkaline unwinding in different modifications,'?'% alkaline viscometry,'9-2!
and alkaline agarose gel electrophoresis and the derived single cell electrophoresis (COMET)
assay. 222

For investigations in aquatic invertebrates and fish, a protocol for an alkaline unwinding/hydrox-
ylapatite “batch™ elution assay was derived which was based on procedures published by Rydberg
and Johanson,'>¥ Kanter and Schwartz,' and Cesarone, Bolognesi, and SantiZ* and was particularly
adapted to the cytogenetic characteristics of aquatic vertebrate and invertebrate taxa.”» The method
has recently been miniaturized and offers the following advantages:

Wide spectrum of sensitivilies providing a sum parameter lor different types of DNA lesions

1.

2. High cost-efficiency :

3. Easy use

4. Rapidity (results in less than 1 day)

3. High sample throughput (up to 40 samples per day)

6. Portability for use in field studies. e.g.. on research vessels and lield stwtions

7. No demand for radioactively labeled or highly toxic chemicals (with the exception of formamide)

The DNA unwinding/hydroxylapatite (HAP} batch elution assay has been recently applied on
a large scale to field and laboratory studies on genotoxicity in fish embryos, where investigations
of DNA damage are still rare.

II. DNA UNWINDING/HYDROXYLAPATITE BATCH ELUTION
ASSAY (PROTOCOL)
A. Principle

The alkaline DNA unwinding/hydroxylapatite (HAP) batch elution assay may be divided into
three subsequent processes: the actual unwinding of sample DNA under controlled alkaline conditions,
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Figure 34.1 Theary of alkaline DNA unwinding to detect DNA lesions.
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Figure 34.2 Flowchart of the alkaline DNA unwinding assay procedure.

the sepazation of single-stranded (s3) from double-stranded (ds) DNA by HAP baich elution. and
the quantitation of ss- and ds-DNA fractions by fluorometry (Figures 34.1 and 34.2).

In the first step, a buffered alkaline selution is added to a tissue homogenate or cell suspension.
Within a few scconds all hydrogen bonds of cell constituents are disrupted, including the hydrogen
bonds between paired bases of DNA. A second comparatively slow process — the unwinding of
the plektonemic DNA double helix into single strands — starts at the same time. After 4 defined
period of ume, this process is slopped by neutralization of the lysate. A detergent (SLS, sec below)
is added. and the sample is sonicated to prevent reconstitution of DNA-protein complexes and
rejoining of complementary DNA sirands. Single (s8)- and double (ds)-stranded DNA are separated
by ion exchange chromatography with hydroxylapatite batches. DNA is quantificd in both fractions
by fluoromeiry. A decrease in the relative amount of double-stranded DNA (F) indicates DNA
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damage. The negative logarithm of F (—logF) is proportional 1o the relative average number of
DNA unwinding points, if a random distribution of these points within the genome is assumed."
Natural DNA unwinding points are the DNA strand ends, topoisomerase nicks, and spontaneous
DNA lesions. Many exogenously induced DNA lesions result directly or indirectly in additional
alkali-sensitive unwinding points and increase the value of —logF.

B. Reagents
Homogenization buffer: 0.114 mol/L Tris HCI, 0.077 mol/LL NaCl, pH 9.00 at 0°C (pH 8.54 at
23°C); store at 0°C or stenlize by autoclaving (to prevent bactenal growth)

Lysis buffer: 0.15 mol/L NaQH, 0.05 mol/L Na,HPO,, 1 mol/L NaCl; do not use old NaOH
solutions and keep fresh ones air-tight

Neutralizing solution: 0.18 mol/L. HCI, 5 mg/L phenol red
SLS solution: 0.5% sodium lauryl sarcosinate, 0.02 mol/L. Na,-EDTA, pH 7.0

Hydroxylapatite: (BioRad DNA-Grade Bio-Gel HTP); wash one volume hydroxylapatite (HAP)
twice with ten volumes 0.01 mol/L phosphate buffer (see below), then suspend in two volumes of
the same buffer. Heat the hydroxylapatite suspension for 5 min before use in a boiling water bath.

Formamide: (purification: |L formamide + 10 g Norit A charcoal + 50 g mixed-bed ion exchanger,
2 h stirring at 4°C, filter through a double paper filter; the pH value of a 1:2 dilution with water
should be below 7.5 and conductivity should be below 40 pS) Handle with care!

Potassium phosphate stock buffer: | mol/L (0.5 mol/L KH,PO, plus 0.5 mol/L. K,HPO,, do not
adjust pH)

0.01 mol/L Phosphate buffer: dilute | mol/L phosphate stock buffer
Wash buffer: 0.01 mol/L potassium phosphate buffer. 20% formamide
Elution buffer I: 0.125 mol/L potassium phosphate buffer, 20% formamide

Elution buffer II: 0.5 mol/L potassium phosphate buffer, 20% formamide (use 1 mol/L phosphate
stock buffer for all buffer preparations)

Bisbenzimide buffer: 0.05 mol/L potassium phosphate buffer, 2.2 mol/L NaCl, adjust pH 7.4 with
5 mol/L KOH

Bisbenzimide stock solution: 250 pmol/L bishenzimide in distilled water; store cold (4°C) and
dark; stable for at least 3 months

Bishenzimide dilution: Bisbenzimide stock solution. diluted 1:100 with bishenzimide buffer
C. Equipment

Nine items are required:

1. Tip sonicator

2. Desktop centrifuge for 1.5 mL reagent wbes

3. L5 mL reagent wbes (1 per sample in microtiter plaie assay/3 per sample in cuvette assay)
2.0 mL reagent tubes (1 per sample)

4. Reagent tube mixer or shaker

3. Eppendorf Multipetie 4780 (50 pl., 250 pl, 500 nL)
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After this step, samples can be stored or transported frozen at —20°C or below.

2. Hydroxylapatite Batch Elution to Separate Single (ss)- and
Double-Stranded (ds) DNA

Preparation of reagent tubes: per sample and blank controt, prepare and label one 1.5 mL reagent
tube, which is used for the hydroxylapatite batch elution. (Two more are required for single (ss)-
and double (ds)-stranded DNA fractions, if standard fluorometer cuvettes (3 mL} are used instead
of microplates.)

Boil the hydroxylapatite suspension for 5 min (in a boiling water bath).

Transfer 0.2 mL of the hydroxylapatite suspension into a 1.5 mL reagent tube (one per sample and
blank).

































