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SUMMARY

The intestinal nuclei of the free-living nematode, Caenorhabditis elegans, were examined for their DNA-content
using Feulgen microdensitometry technique. An endopolyploid process was characterized and modalities were
studied with regard to the postnatal ontogenesis. The process operates in apparent synchrony and each intestinal
nucleus reaches a final ploidy level of 32 G (G : copy of haploid genome equivalent) in adult worm. Successive ploidy
levels appear in correlation with the four stages of ecdysis occurring during nematode life. Functional significance
of endopolyploidy in biological systems remains unclear. However, these results show endopolyploidization as a
well defined process during ontogenesis.

Reésumzi

Division et endopolyploidisation des noyauz intestinauw au cours de I'onfogenése posinalale du nématode
Caenorhabditis elegans

Le contenu en DNA des noyaux intestinaux du nématode libre Caenorhabditis elegans est estimé par Feulgen
microdensitomsétrie. Un processus endopolyploide est caractérisé et les modalités en sont étudiées au regard de I’on-
togenése post-natale. Le processus s’opére en synchronie apparente et chaque noyau intestinal atteint un degré de
ploidie final de 32 G (G : copie de génome haploide équivalent) chez le ver adulte. Les degrés de ploidie successifs
apparaissent en corrélation avec les quatre ecdysis effectuées au cours de la vie du nématode. La signification fonc-
tionnelle de 1’endopolyploidie dans les systémes biologiques n’est pas claire. Cependant, ces résultats montrent
I'endopolyploidisation comme un processus bien défini au cours de ’ontogenése.

b

Endopolyploidy is a wide-spreading phenome-
non in animal and plant kingdoms (Brodsky,
1977 ; Nagl, 1978). It results from a disturbance
or complete omission of the mitotic process
during the cell-cycle. The genome is partially

or completely replicated in non dividing nuclei. .

. In most cases, the number of successive replica-
tions appears well defined for one cell-type in a
given species : this leads to a characteristic
nuclear DNA content (Anissimov, 1976 ; Tho-
mas & Brown, 1976).

A better knowledge of the modalities and
functional consequences of endopolyploidization
seems to be necessary in order to study the

regulation of gene activity. Cytophotometry is
an elegant method for quantitative studies on
endopolyploid cell in silu (Leuchtenberger,
1962 ; Nagl, 1978) for which recently developed
microdensitometers perform well (Altman, 1975
Brugal & Chassery, 1977). We characterized the
endopolyploid process in intestinal nuclei of the
free-living nematode Caenorhabdilis elegans, by
the Feulgen microdensitometry technique.

Materials and Methods

We have used a hermaphrodite stock of C.
elegans, Bergerac strain (Nigon, 1945). This
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bacteria-feeding species is routinely maintained
on solid agar medium Al (Brun, 1966) and in
deep cultures in liquid Kitamoto medium (Kita-
moto et al., 1974). An axenic subpopulation was
initiated with axenic eggs obtained after sodium
hydroxide treatment of xenic adults, as descri-
bed by Patel and Mac Fadden (1978). Stocks
are maintained at 20° in sterile conditions
according to Vanfleteren (1978). Morpho-anato-
mic criteria can be used to estimate the larval
and adulf stages of a given specimen (Kimble &
Hirsh 1979 ; Singh & Sulston 1978 ; Sulston &
Horvitz 1978).

In VIVO OBSERVATIONS

Living worms were observed under Nachet
N.S. 400 microscope equipped with Nomarski
differential interference contrast optics. The
nematode is mounted in 50 pl of axenic media
(with 159, Kollidon 90) previously spread on a
microscope slide coated with agar. The cover
slide is sealed with immersion oil. This system
was described by Sulston and Horwitz (1978)
and is sufficient to observe intestinal nuclei
behaviour for several hours in minimum illu-
mination through heat filter.

CyToLoGY

We used “frottis technique” (Nigon 1945)
with anterior and posterior dissections of the
worm. The digestive tract was fixed for two
minutes in Carnoy-2 fluid, and stained by
Feulgen reaction (Dutt, 1976). For maximum
standardization, all operations were performed
in a climatized-room at 200 and ten slides were
freated simultaneously. Optimal DNA-hydro-
lysis time with 6N HCl at 200 has been determi-
nated from a previous Feulgen microdensito-
meter analysis. After one hour in Schiff reagent,
slides were mounted in synthetic mounting
medium (Eukitt, Sté Pontet Girard, 92115 Cli-
chy). For estimating absorption back ground,
non hydrolyzed specimens have been processed
in the same conditions. C. elegans spermatozoa
and human lymphocytes have been used as
references. _
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MICRODENSITOMETRIC ANALYSIS

This analysis was made with a Quantimet
720 D system equipped with a microdensito-
meter module (Altman, 1975 ; Fischer & Bonn,
1972). 1t is fitted with Plumbicon camera on a
Zeiss microscope Obj. 100, Eyepiece 10, Aper-
ture 1.25 in Koller illumination at 543 mm. In
these conditions, the densitometer determine
extinction of picture points with 0.1 pm, of
effective diameter.

Measurements are combined to give the total
integrated extinction at the selected field. A
special device (light pen) permits precise defini-
tion on a screen of the region to be investigated.
Before measurement, a shading corrector ensures
even illumination over the entire field. Micro-
densitometer calibration was done for each slide
examined. DNA content (Arbitrary Unit =
A.U.) corresponds to the extinction value given
by the cytophotometer (Anissimov, 1976 ; Nagl,
1978 ; Sin & Pasternack, 1970). Stcechiometry
and specificity of Schiff-reagent DNA. chromo-
phores in Feulgen reaction are generally accep-
ted by most authors (Dutt, 1976 ; Gabe, 1968 ;
Gauthier, 1976). Therefore the Beer and Lam-
bert law is applicable.

Results

IN vivo OBSERVATIONS

During post embryonic development, C. ele-
gans sheds its cuticle four times between the
four larval stages L1, L2, L3, L4 and the adult
stage (Singh & Sulston, 1978).

At hatching, the young worm L1 contains
20 intestinal nuclei. In the lateral view, the
nuclei appear as two staggered files except the
four anterior ones (Fig. 1). Other larval stages
and the adult present the same spatial arrange-
ment but with 34 (sometimes 32) intestine nuclei.

Post-embryological divisions of intestinal nu-
clei occur only between L1 and L2 larval stages
according to a precise pattern described in C.

__elegans Bristol Strain (Sulston & Horvitz, 1978).
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Table 1
C. elegans intestinal nuclei DNA content {A.U.) during posinatal ontogenesis

sz
Standard deviation 4 2 \/%) ,

1 = body length mean in pm, n = nuclei examined, ¢ = copy of haploid genome equivalent.

Stage 1 n DNA content (A.U.) c Number of
intestinal nuclei
per individual
L1 300 30 116 + 14 2 20
L2 500 32 229 4 20 4 34
L3 600 72 481 220 8 34
L4 700 58 1003 £ 31 16 34
Adult 1100-1300 330 2071 - 33 32 34
Table 2 content permits an estimate of the different

C. elegans germ-cells DNA content (A.U.), * Delavault
(1959), n=nuclei examined, ¢ =copy of haploid genome
equivalent.

DNA c
content (A.U.)

C. elegans germ-cells n

Spermatocyte I 35 260 4 20 4*

{prophase)

Spermatozoa 24 53 4+ 15 1
Table 3

Human lymphocyte reference * Metais & Mandel (1950),
n=nuclei examined.

Cell n  DNA conlent DNA
(A.U.) 1012 g
Human lymphocyte 57 2273 £30 69 F+04°

MICRODENSITOMETRIC ANALYSIS (Tab. 1 to 3)

1) For each larval and adult stage, DNA-
contents of all intestinal nuclei are the same.
Variance analysis (Fischer test) indicates no
significant variation between worms nor with
nuclei position (anterior or posterior intestinal
region) in the individual.

2) Intestinal nuclei DNA-content increases
during post-embryonic development as a 2n
series. Consequently there is a correlation
between DNA-content and developmental stage.
Comparison with C. elegans germ-cell DNA-
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ploidy levels. No chromatin diminution was
detected by our analysis. Hence the maximum
ploidy level observed is 32 haploid genome copies
in the adulf stage.

3) Absolute haploid DNA-contents have been
investigated by comparison with human lym-
phocyte DNA-contents. This allowed us to
estimate 0.1 x 10-*2 — 0.2 x 10-2 g DNA
per haploid genome in C. elegans (by bio-
chemical methods, Sulston and Brenner (1974)
detected a DNA-content of 0.08 x 10-12 g).

Discussion

Feulgen microdensitometric analysis clearly
indicates an increase of nuclear DNA-content
as a 2n series during postnatal ontogenesis of
the C. elegans intestine. Since the number of
these nuclei is constant from the second larval
stage on, these non-dividing nuclei remain able
to replicate their DNA by an endopolyploid
process. As there is no variation in DNA-
content among nuclei of one individual, this
shows that intestinal nuclei endoreplicate their
DNA in apparent synchrony and in correlation
with the four stages of ecdysis. However, only
fourteen intestinal nuclei divide during L1 to
L2 ecdysis. Since all 34 nuclei retain the same
ploidy level, endopolyploidization is independent
of the number of previous mitotic cleavages.
Then, the phenomenon is under positive genetic

3
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Fig. 1. C. elegans intestine nuclei (anterior region) with Feulgen staining procedure. 1, 2, 3, 4 : the four anterior
nuelei, in.lu. : intestinal lumen; ce.v. : cesophageal valve, x 350.
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elegans intestine in scanning electron microscopy

(Photo from M.A. Thevenin-Gibert ; unpublished data); m.v. =
microvilli (around the intestinal lumen); i = intestine in-

clusion, X 2 500.

control which may be altered in some dumpy
mutants (Abdulkader & Brun, 1978).

Another important aspect of these observa-
tions concerns the functional significance of the
endopolyploid process. Actually no single solu-
tion to this problem exists despite many investi-
gations (Barlow, 1978; Brodsky, 1977; Nagl,
1978). However, high heterosynthetic activity
appears as a common feature of endopolyploid
cells, most of which have secretory functions
(Anissimov 1976 ; Nagl 1978). Intestinal cyto-
plasm of C. elegans reveals many thousands of
large inclusions in light and electron micros-
copy (Fig. 2). Since this number increases

synthetic activity would be correlated with
endopolyploidization.

On the other hand, intestine cell differentia-
tion seems to occur during early embryonic
development ; the eight intestinal precursor cells
(E cells) present a characteristic autofluorescence
(Depp et al., 1978) and rhabditin is observable
before hatching (Cobb, 1914). In this regard
endopolyploidy seems not to be involved in
intestinal differentiation processes.
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