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Abstract

Here, we describe a method for locating DNA on ultrathin sections. This technique is
compatible with all usual fixation and embedding procedures and can be combined with
cytochemical methods. Ultrathin sections are incubated in a medium containing terminal
deoxynucleotidyl transferase (TdT) and various non-isotopic nucleotide analogs. The labeled
nucleotides bound to the surface of ultrathin sections are then visualized by an indirect
immunogold labeling technique. This high-resolution method provides a powerful tool for
pinpointing the precise location of DNA within biological material, even where DNA is
present in very low amounts.
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1. Introduction

Several cytochemical approaches are available for studying DNA distribution at the
subcellular level [1, 2], including the Feulgen-like reaction with osmium ammine [3—6] and
tagging DNA with DNase—gold complexes [7, 8]. Other strategies involve the use of
antibodies directed against DNA [9—-12] or against bromodeoxyuridine preincorporated into
DNA [13, 14]. Nevertheless, these different techniques are applicable only to biological
materials fixed and embedded in a special way, which does not allow excellent
morphological distinction between the subcellular components.

Terminal deoxynucleotidyl transferase (TdT) is a DNA polymerase found in pre-lymphocytes
and at early stages of lymphoid differentiation [15]. TdT catalyzes a template-independent
addition of deoxyribonucleoside triphosphates to the 3’-OH ends of double- or single-
stranded DNA during V(D)J recombination [16—19]. While playing a crucial role in the
evolution and adaptation of the vertebrate immune system [19-23], this reaction is
commonly used in vitro to label the 3’ ends of double- or single-stranded DNA with labeled
nucleotides and to add homopolymer tails to DNA fragments [24-26]. By means of tritiated
dATP and autoradiography, calf thymus TdT was shown to bind deoxynucleotide
monophosphate to the free terminal 3’-OH group of denatured DNA [27], even after fixation
and embedding of the biological material in plastic [28]. Adapting this approach for use at
the ultrastructural level, Fakan and Modak [29] observed specific labeling, principally of
interphase nuclei, nucleolar regions, mitotic chromosomes, and mitochondria. This
autoradiographic method is compatible with all fixation and embedding procedures but do
not provide high resolution.



Here we describe a method providing a very useful tool for pinpointing the precise location
of DNA in situ within various biological materials at the ultrastructural level [30-32]. The
technique includes two successive steps: an enzymatic reaction followed by an immuno-
cytochemical approach; the labeled nucleotides added by TdT on ultrathin sections are then
visualized by an indirect immunogold labelling technique involving either an anti-biotin
antibody or a monoclonal anti-bromodeoxyuridine antibody and a second, colloidal-gold-
coupled antibody [30, 33]. This technique is compatible with plenty of fixation and
embedding procedures and can be combined with cytochemical methods [31, 32].
Moreover, this technique can be applied to a wide variety of biological materials allowing a
sensitive detection of DNA-containing structures, even where these are present in very low
amounts [30, 34].

2. Materials

Prepare all solutions using boiled bidistilled water and analytical grade reagents. Prepare and
store all reagents at room temperature (RT), unless indicated otherwise. Diligently follow all
waste disposal regulations when disposing of waste materials.

Any biological material is suitable for the TdT DNA labeling method (see Note 1).

2.1. Reagents and Tools
1. Fixative for electron microscopy (see Note 2): 2.5 % (vol/vol) glutaraldehyde in 100 mM
sodium cacodylate buffer (pH 7.4). Store at 4 °C, stable for 1-2 month.

2. Post-fixation solution: 1 % osmium tetroxyde in 100 mM sodium cacodylate buffer (pH
7.4). Store at 4 °C, stable for up to 6 months.

3. Phosphate buffered saline (10x PBS): 1.4 M NaCl, 60 mM Na,HPO,4, 40 mM KH,PO,. Stable
at4 °Cforupto 1 year.

4. Graded series of ethanol solutions.

5. Embedding resin (LX 112 resin, Epon 812 replacement) (see Note 3): Mix in a 25-ml
Erlenmeyer flask 5 g of dodecenyl succinic anhydride (DDSA) with 5 g of methyl nadic
anhydride, 0.3 g of 2,4,6- dimethylaminomethyl phenol (DMP-30) and 10 g of LX 112; close
the Erlenmeyer flask, stir until the appearance of bubbles and let the mixture rest until the
complete disappearance of bubbles. Store at RT, stable for 2—-5 days.

6. Graded series of ethanol 100 %:LX 112 solutions.

7.50% (wt/vol) ethanolic uranyl acetate : 0.5 g of uranyl acetate, 12.5 ml of boiled H,0, 12.5
ml of ethanol. Store at 4 °C in a brown glass container or otherwise protected from direct
light, stable at 4 °C for up to 1 year, filter (0.22 um pore size) before use.

8. Aqueous lead citrate : 4.2 % (wt/vol) sodium citrate, 2.6 % (wt/vol) lead nitrate, add
concentrated NaOH until clearing up of mixture. Stable at 4 °C for up to 1 year, filter (0.22
um pore size) before use.



9. Media for Terminal transferase reaction (TdT medium a and b):
(a) 20 uM 5 bromo-2-deoxyuridine triphosphate, 100 mM sodium cacodylate (pH
6.5), 2 mM CoCl,, 10 mM B-mercaptoethanol, 50 ug/ml bovine serum albumin (BSA), and
125 U/ml calf thymus TdT.
(b) TdT medium a, supplemented with 4 uM each of dCTP, dGTP, and dATP.

10. Saturated solution of sodium metaperiodate.
11. Mouse monoclonal anti-bromodeoxyuridine antibody (Roche).

12. Goat anti-mouse 1gG coupled to gold particles 10 nm in diameter (Amersham
Biosciences).

13. Platinum wire (0.1 mm in diameter).
14. 200 or 300-mesh nickel grids.

15. Anticapillary forceps style 7 or style 5.

3. Methods

Timing: Preparation for electron microscopy (Subheading 3.1, steps 1-10): 5-6 days;
Terminal transferase reaction and immunogold labelling (Subheading 3.2, steps 1-12): 8-9 h;
Staining of sections (Subheading 3.3, steps 1-6): 30 min.

3.1. Preparation for Electron Microscopy
1. Fix small fragments of biological material for 60 min at 4 °C (see Note 1).

2. Eliminate the fixative with a pipette and wash three times with sodium cacodylate buffer
(pH 7.4) during 10 min at 4 °C.

3. Postfix the biological samples with post-fixation solution for 60 min at 4 °C.

4. Eliminate the post-fixative with a pipette and wash three times with distilled water during
10 min at 4 °C.

5. Replace the distilled water by a graded series of ethanol solutions for dehydrating the
biological samples: ethanol 70 % (vol/vol), 4 °C, 15 min; ethanol 95 % (vol/vol), RT, 5 min;
ethanol 100 % (vol/vol), RT, 3x 20 min.

6. Eliminate the solvent with a pipette and impregnate progressively the biological samples
at RT in a graded series of alcoholic LX 112 solutions as follows: ethanol 100 %:LX 112, 2:1,

60 min; ethanol 100 %:LX 112, 1:1, 60 min; ethanol 100 %:LX 112, 1:2, 60 min; pure LX 112,
overnight.

7. Embed the biological samples in fresh LX 112 .

8. Polymerize resin for 3—4 days in an incubator at 42 °C (see Note 4).



9. Cut ultrathin sections of LX 112-embedded samples on an ultramicrotome with a diamond
knife at 6090 nm.

10. Collect ultrathin sections with a platinum ring (4 mm diameter) formed by a platinum
wire and store them on distilled water (see Note 5).

3.2. Terminal Transferase Reaction and Immunogold Labeling
1. Incubate ultrathin sections for 30 min at 37 °C on the surface of TdT medium a (see Note
6).

2. Incubate the sections for 30 min at 37 °C on the surface of TdT medium b (see Note 7).

3. Transfer the sections for 60 min on a saturated solution of sodium metaperiodate at RT
(see Note 8).

4. Rinse the sections two times with bidistilled water during 10 min at RT.

5. Incubate the sections for 30 min with PBS containing normal goat serum (NGS) diluted
1/30 and 1 % BSA at RT.

6. Rinse the sections with PBS containing 1 % BSA during 10 min at RT.

7. Incubate the sections for 4 h at RT in monoclonal anti-BUdR antibody diluted 1/50 in PBS
containing 0.2 % BSA and NGS diluted 1/50 (see Note 9).

8. Rinse the sections three times with PBS containing 1 % BSA during 10 min at RT.

9. Incubate the sections for 1 h at RT in goat anti-mouse IgG coupled to gold particles diluted
1/40 with PBS (pH 8.2) containing 0.2 % BSA.

10. Rinse the sections with PBS containing 1 % BSA during 10 min at RT, then rinse them
again two times with bidistilled water during 10 min at RT.

11. Depose ultrathin sections on 200- to 300-mesh nickel grids coated with collodion film
(see Note 10).

12. Dry grids on filter paper (see Note 11).

3.3. Staining of Sections

1. Transfer grids into a petri dish with reduced CO, concentration (sodium hydroxide pellets
in a petri dish). Incubate for 5 min at RT in darkness, on drops (20 ul) of 50 % ethanolic
uranyl acetate (see Note 12 ).

2. Rinse grids in three 25-ml beakers filled with bidistilled water (see Note 13).

3. Dry grids on filter paper.



4. Transfer grids into a petri dish with reduced CO, concentration (sodium hydroxide pellets
in a petri dish) for 5 min at RT, on drops (20 ul) of aqueous lead citrate (see Note 12).

5. Rinse grids in three 25-ml beakers filled with bidistilled water (see Note 13).
6. Dry grids on filter paper (see Note 11).
7. Examine ultrathin sections in a transmission electron microscope at 60—-80 kV (see Fig. 1).

Fig. 1
Location of DNA in the lizard, Jalapura splendida (a), and in the symbiont-containing
trypanosomatid Blastocrithidia culicis (b) using the TdT DNA labeling technique. An
acetylation method was applied to increase the contrast of condensed chromatin blocks (c)
and between various nucleolar components. D dense fibrillar component, F flagellum, Fc
fibrillar center, G granular component, K kinetoplast, M mitochondria, N nucleus. Bar
represents 0.5 um
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4. Notes

1. The technique can be applied to a wide variety of biological materials. See ref. 31, 34 for
examples of high resolution and sensitive detection include the DNA present in
mitochondria, chloroplasts, mycoplasmas, DNA viruses and nucleoli of various animal cell
lines or tissues.

2. Other fixatives and buffers can be used. For example: 4 % formaldehyde, 0.2-2.5 %
glutaraldehyde, 2.5 % glutaraldehyde/2 % osmium tetroxide, 5 % acrolein, or 4 %
formaldehyde, 0.1% glutaraldehydein 0.1 M Sorensen’s buffer (pH 7.4) (see ref. 30)

3. Other plastic embedding procedure such as Lowicryl K4M (see ref. 35) or LR White using
the technique of Newman and Jasani (see ref. 36) can also be used.

4. Polymerized resin can be stored at RT for several months in a closed dish.



5. Steps 1020 are performed on drops of medium placed on parafilm in moist petri dish; a
platinum ring is used to move the ultrathin sections on a drop of medium to another. Always
keep the same face of the sections in contact with the medium. Do not let the sections dry.

6. First control experiments are carried out: TdT and/or labeled nucleotides are omitted
from the TdT medium.

7. This step is indispensable because it has been demonstrated that the anti-BUdR antibody
weakly detects BUdR on single-stranded tails of DNA (see ref. 37).

8. This step is used to increase the hydrophilicity of LX 112, allowing to obtain more intense
labeling.

9. Second control experiment is carried out: the monoclonal anti-BUdR antibody is omitted.

10. The coating of grids with a collodion film is important to avoid the detachment of
sections.

11. The grids can be stored at RT for several months on filter paper placed in a closed petri
dish.

12. Steps 23 and 26 are performed on drops of medium placed on parafilm in moist petri
dish; the face of the grid with ultrathin sections is floated or incubated on the drops of the
medium. Before each incubation of grids on drops, the edge of grids and the face of grids
devoid of ultrathin sections have to be blotted on filter paper to avoid dipping of grids.

13. The washing procedure is performed in beakers by agitating the grids for 10 s using
anticapillary forceps.
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