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Summary - The intestine of the fifteen free-living Rhabditida belonging to three different families was studied using three different
approaches : 7) using three different axenic media, cultivation of all fifteen nematode species was attempted; ) in vive analyses were
performed by using two vital stains and one fluorescent dye and by comparing staining patterns; iii) in vitro analyses was done using
the intestinal markers acid phosphatase, esterase and the lectin of Ricinus communis II. Although the nematodes can be cultured
monoxenically on the same bacterium, Escherichia coli, attempts to culture the fifteen nematode species on the same axenic medium
tailed. Distinct differences are observed between different areas along the intestinal tract by iz vivo study using stains. Similar
observations were made i# vitro using the intestinal marker acid phosphatase and the binding pattern of Ricinus commumnais I1. This
was less evident using esterase as a marker, since considerable non-intestinal tissue staining was evident. The data obtained indicate
considerable biochemical differences in the intestinal cells between the nematode species, even if the nematode species belong to the
same family.

Reésume - Caractérisation in vivo et in vitro de Uintestin de quinze nématodes bactériophages (Nematoda : Rhab-
ditida) - 1’intestin de quinze especes de Rhabditides libres appartenant a trois familles différentes a été étudié a I’aide de trois
methodes : 7) essal d’utilisation de trois milieux axéniques différents pour ’élevage des quinze espeéces; it} analyses i vivo a ’aide de
trois colorants vitaux et d’une substance fluorescente avec comparaison des figures ainsi obtenues; #2z) analyses iz vitro en utilisant
des marqueurs intestinaux : phosphatase acide, estérase et lectine Ricinus communis 1. Bien que les nématodes puissent étre
maintenus en clevage monoxeénique a ’aide de la méme bactérie, Escherichia coli, les tentatives d’élevage des quinze espéces sur le
méme milieu axénique ont échoué. Les études iz z1v0 a ’aide de colorant ont révélé de nettes différences entre les différentes régions
du tractus intestinal. Des observations identiques ont été faites lors d’études in witro utilisant les marqueurs intestinaux : phosphatase
acide et liaison avec Ricinus communis 1I. Ce phénoméne est moins évident lorsque I’estérase est utilisée comme marqueur bien
qu’une coloration intense des tissus non-intestinaux ait été observée. LLes données ainsi obtenues indiquent I’existence de grandes
differences dans les cellules intestinales des différentes espéces, méme si ces espéces appartiennent a la méme famille.

Key-words : Bacteriophagous nematodes, Rhabditida, intestine.

Although the nematode Caenorhabditis elegans and its esterase and the lectin Rictnus communis I1. The selec-

close relative C. briggsae are widely studied, biochemical
characterization of the intestine has primarily been limit-
ed. Studies concerning intestinal physiology or bio-
chemistry involve studies on lysosomes (Clokey & Ja-
cobson, 1986; Bolanowski ez al., 1983), yolk production
(Kimble & Sharrock, 1983), food digestion (Nicholas &
Viswanathan, 1975), nutritional requirements (Vanfle-
teren, 1980), expression of a cysteine protease gene
(Ray & McKerrow, 1992), expression of acid phospha-
tase (Beh er al, 1991) and gut esterase (Edgar &
McGhee, 1986; Aamodt et al, 1991; McGhee, 1992).

In the present study we attempted to establish indefi-
nite axenic cultures of all fifteen nematode species and
we performed a characterization of the intestine by i
vivo analysis using vital stains and i vitro analysis of
fixed nematodes using the markers acid phosphatase,

tion of the markers acid phosphatase and esterase and
the use of dyes was based on previous results obtained
with C. elegans by others (Clokey & Jacobson, 1986; Beh
et al.,, 1991; McGhee, 1992). The binding of Ricinus
communis 11 to the intestinal brush border of C. elegans
had been observed during a study of the internal binding
patterns of several lectins (Borgonie er al., unpubl.).

Material and methods

WORMS

Fifteen free-living nematode species were used be-
longing to three families within the Rhabditida. Rhab-
diudae : Caenorhabditis elegans var. Bristol, Rhabditis oxy-
cerca, Rhabditis teres, Rhabditis synpapillata, Rhabditis
tripartita and Dolichorhabditis dolichura. Panagrolaimi-
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dae : Panagrolaimuis superbus, Panagrellus redirvivus. Ce-
phalobidae : Acrobeloides maximus, Acrobeloides boden-
heimert,  Acrobeloides  nanus, Zeldia  punctata,
Heterocephalobus pauciannulatus, Seleborca complexa and
Chiloplacus sp. |

MONOXENIC AND AXENIC CULTURE

All nematodes were sterilised for monoxenic or axenic
culture using alkaline hypochlorite solution according to
Sulston and Hodgkin (1988). Nematodes were cultured
on E. coli and generally handled according to Brenner
(1974). Stock cultures were kept at 20 °C. Nematodes
were cultured axenically according to Vanfleteren et al.
(1990). Briefly, a mixture of 3 % soy peptone, 3 % yeast
extract was autoclaved under standard conditions;
0.1 % hemoglobin solution was added aseptically after-
wards. The hemoglobin solution was made by dissolving
5 g hemoglobin (Serva) in 100 ml 0.1 M KOH and
autoclaved for no longer then 10 min. This medium was
the basal axenic medium. A second, derived medium
was made by additions to the basal medium. Additions
consisted of another 250 pl hemoglobin solution/100 ml
basal axenic medium, or 30 % of the culture fluid con-
sisted of Heated Liver Extract (HLE) prepared based on
Sayre er al. (1961). Commercially available liver was cut
in small pieces, autolysed for 24 h at 4 °C, and homoge-
nized 1:1 with water at 4 °C. The homogenate was
heated for 4 min at 56 °C and centrifuged at 10 000 rpm
for 30 min at 4 °C in a Sorvall RC-5B Refrigerated Su-
perspeed Centrifuge. After centrifugation the HLE su-
pernatant was filter sterilized (0.2 um) and frozen at
— 20 °C until use. A third axenic medium consisted of
Chick-Embryo Extract (CEE). CEE was prepared ac-
cording to specifications communicated by Dr. R. F.
Myers (Rutgers University). Four ml peptone-yeast
(Gibco 25670-19) was added to 4 ml rehydrated CEE
(Gibco, 15115-017). One ml antibiotics containing
penicillin, streptomycin and amphotericin B in final
concentrations of 500 U/ml, 5 pg/ml and 1.25 pwg/ml re-
spectively (Gibco 15240-039) was added. The mixture
was made up to 20 ml H,O, pH was adjusted to 6.8.

WHOLE NEMATODE LECTIN STAINING BY FREEZE-
CRACKING

Freeze-cracking was carried out according to Priess
and Hirsh (1986). Slides were coated with 0.1 % poly-
L-lysine (MW > 320,000, Sigma) then a drop of nema-
todes (in distilled water) was put on the slide and cov-
ered with a coverslip. Excess water was removed and the
slide was dipped in liquid nitrogen for two minutes. The
coverslip was pried off and the slide was immersed in
pre-cooled (- 20 °C) acetone for 5 min. Rehydration
was achieved through a 10 % acetone series. The nema-
todes were incubated overnight at 4 °C with 50 ul of a
100 pg/ml FI'T'C conjugated ricin toxin (RCAII) (Sig-
ma) stock solution in incubation buffer PBS (50 mM
Na,HPO,, 140 mM NaCl, pH 7.2) containing 0.5 %
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Triton X-100). The slides were washed five times in
PBS pH 8.0 and then mounted in 50 % glycerol-PBS
(pH 8.0). The coverslip was sealed using clear nail pol-
ish. Control was carried out by preincubating the ricin-
FITC with 0.3 M of lactose 1 h at room temperature
prior to incubation. A second control was done by prein-
cubating freeze-cracked nematodes overnight in 50 mM
NalO,, in 100 mM potassium acetate buffer (pH 4.5)
and subsequent washing three times in cold PBS (4 °C)
prior to lectin mcubation. Incubation and mounting
were as described above. These two competitive con-
trols were to assay the carbohydrate binding specificity
of RCAII in nematodes.

ACID PHOSPHATASE HISTOCHEMISTRY

Acid phosphatase staining was conducted according
to Beh et al. (1991). Worms were washed off the agar
plates with distilled water and rinsed three times in dis-
tilled H,O. Worms were resuspended in 45 pl water and
5 pl of 37 % formaldehyde was added for 6 h. Worms
were cut at the posterior body and transferred to a poly-
L-lysine coated slide. A coverslip was put on top of the
nematodes and specimens were freeze-cracked. The
coverslip was pried off and specimens on slides were
submerged 1n cold fresh 4 % paraformaldehyde for
10 minutes. The slide was rinsed in cold 50 mM
HEPES, pH 7.0, for 10 minutes and flooded with the
acid phosphatase staining solution. The staining solu-
tion was made by mixing 500 ul ml of 4 % pararosani-
line (Sigma) in 2.4 M HCI with 500 wul of freshly pre-
pared 4 % NaNO,; 8.5ml of 0.15 M sodium acetate
buffer (pH 5.0) and 450 pl of 1 N NaOH were added
followed by 500 pl of 20 mg/ml a-naphthyl phosphate
(Sigma) dissolved in sodium acetate buffer. Progress of
nematode staining was followed using an inverted mi-
croscope. The staining reaction was stopped by sub-
merging the slides in cold 50 mM HEPES, pH 7.0.
Worms were mounted 1 50 % glycerol under a cov-
erslip and observed by light microscopy.

(FUT ESTERASE HISTOCHEMISTRY

The same nematode staining protocol was used as for
acid phosphatase, except for the staining solution which
was prepared according to McGhee and Cottrell
(1986). The staining solution was made by mixing
250 pl of cold 4 % pararosaniline (in 2.4 M HCI) and
250 pl of cold fresh 4 % NaNO,. The mixture was put
on ice for 1 min then 10 ml of 0.2 M Na,HPO,, 0.005
M NaOH were added followed by 2.5 mg a-naphthyl
acetate (Sigma) dissolved in 250 ul dimethylforma-
mide. Stained nematodes on slides were observed by
light microscopy.

IN VIVO STAINING OF NEMATODES

Nematodes were washed off agar plates and rinsed
three imes in PBS pH 7.2. Acridine orange (AO) neu-
tral red (NR) and methyl red (MR) were dissolved in

Fundam. appl. Nematol.



Intestine of bacteriophagous nematodes

PBS and sonicated extensively to break up small
amounts of aggregates that did not solubilize. Insoluble
material was removed by centrifugation at 10 000 rpm
for 1 min in a microfuge. Mixed lifestages of each spe-
cies were incubated 1n separate treatments of dye solu-
tion. The final dye concentrations were 0.001 % for AO,
0.001 % for NR and 2.5 % for MR (concentrations are
approximate since a small amounts were lost during
centrifugation). Incubation was done at 22 °C and lasted
from 2 to 24 h. Alternatively, the clarified dye solution
was poured on a small agar plate, excess fluid allowed to
evaporate, and nematodes were put on the agar plates.
After 24 h incubation the nematodes were removed and
washed five times in PBS. For observation the nema-
todes were mounted on 2 % agarose pads. AO staining
was observed using FI'TC optics, NR and MR were
observed using light microscopy.

Results

NEMATODE CULTURE
Monoxenic and axenic cultiure

All the nematode species tested could be maintained
indefinitely in monoxenic culture with E. coli. In the
Rhabditidae, only R. oxycerca and D. dolichura could be
cultured indefinitely on the same axenic medium used
for C. elegans. The remaining Rhabditidae (R. teres, R.
synpapillata and R. tripartita) could not be maintained
on any of the axenic media tested. In the Panagrolaimi-
dae it was known that P. redivivus could be cultured on
the C. elegans basal axenic medium (Vanfleteren, 1978),
but P. superbus did not survive long in any of the media
tested. The Cephalobidae were easier to culture with A.
nanus, H. pauciannulatus, Chiloplacus sp. maintained
well on the C. elegans basal axenic medium. Acrobeloides
maximus and A. bodenheimer: could be cultured easily at
25 °C on the basic axenic medium developed for C.
elegans 1f 30 % of the axenic medium consisted of HLE.
Other supplements were sought because HLE always
includes the risk of mycoplasm contamination (Vanfle-
teren, 1980). Augmenting the hemoglobin concentra-
tion in the basic axenic medium was enough to allow for
indefinite axenic culture of A. maximus and A. boden-
heimert. Zeldia punctata and S. complexa could only be
maintained for a few weeks in the basic C. elegans axenic
medium. Although eggs were being laid, only a small
fraction hatched and most first stage juveniles died be-
fore the next moult. Attempts to culture the Z. punctata
and S. complexa in the other media proved unsuccessful.

Culture of C. elegans on axenic medium is generally
considered less optimal because the nematodes grow
slower and fewer animals can be obtained than when
cultured on E. cols (Sulston & Hodgkin, 1988). Howev-
er, we found for two of the species cultured axenically,
D. dolichura and A. maximus the reverse was true.
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IN VITRO ANALYSES
Acid phosphatase characterization

The intestinal brush border staining pattern of acid
phosphatase differed considerably (Fig. 1 A-D). In the
Rhabditidae, C. elegans was the only species where the
entire brush border of the intestine stained except the
anterior six cells (Fig. 1 A), this result i1s as reported by
Beh et al. (1991). D. dolichura, R. teres, and R. syn-
papillata (Fig. 1 B) exhibited staining along the entire
length of the brush border. R. mmpartita also stained
along the entire length although with stronger staining
anteriorly. R. oxycerca stained strongly anteriorly, but
did not stain 1n a few cells situated at the posterior in-
testine. In the Panagrolaimidae both species exhibited
staining along the entire length of the intestine. In the
Cephalobidae, A. maximus, A. bodenheimeri, A. nanus,
Chiloplacus sp., S. complexa and Z. punctata stained over
the entire length. Except A. maximus, staining was con-
siderably stronger immediately posterior to the pharynx,
with staining in the posterior intestine sometimes diffi-
cult to visualize. This was especially evident in the juve-
niles of A. bodenheimert where staining in the posterior
Intestine was imperceptible in most animals (Fig. 1 C).
One consistent exceptional pattern was present in the
juveniles and adults of H. pauciannulatus where staining
was only present immediately posterior to the pharynx
and immediately posterior to the vulva (Fig. 1 D).

Gut esterase characterization

Considerable differences were found in the gut este-
rase staining patterns. In the Rhabditidae, the intestinal
cells only stained 1n C. elegans. R. oxycerca exhibited gut
esterase staining of the entire animal. The other Rhab-
ditidae exhibited patchy staining of the epidermis and
sometimes the intestine. In D. dolichura, patches of stain
were also present in the pharynx. In the Panagrolaimi-
dae, only P. redivivus exhibited uniform staining of the
entire intestine together with patches of stain in the pha-
ryngeal region. In contrast P. superbus exhibited patchy
staining over the entire length of the body. In the Cepha-
lobidae staining patterns were patchy in S. complexa, Z.
punctata, A. nanus. In addition to this patchy pattern, all
intestinal cells stained in A. maximus and Chiloplacus sp.
A similar staining pattern was found in A. bodenheimeri
but the stain 1n the intestine was strong at the brush
border instead of i the cells (Fig. 1 E). Only H. pau-
ciannulatus showed strong staining of the intestine only,
1dentical to C. elegans.

Leciin binding

The lectin RCAII bound distinctively different to the
intestinal brush border in the three nematode species
studied (Fig. 2 A-C). C. elegans exhibited strong binding
of RCAII-FI'T'C to the brush border of all intestinal cells
except for absence of binding to the ring of four cells
immediately posterior to the pharynx (Fig. 2 A). The
brush border of the cells immediately posterior to this
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Fig. 1. A : Absence of acid ph
elegans; B : Complete acid phosphatase staiming of brush border in Rhabditida synpapillata; C : More intense staining of the anterior
intestinal brush border in a juvenile of Acrobeloides bodenheimeri; D : Acid phosphatase staining of anterior and posterior brush border,
divided by stainless stretch (between arrowheads) of brush border in Heterocephalobus pauciannulatus; E : Esterase staining in juvenile of
Acrobeloides bodenheimeri, exemplyfing the patchy gut esterase staining patterns observed in most of the fifteen nematode species tested.
(Arrows indicate position of the basal bulb. Anterior top. Bar = 20 pm).

ring stained weaker than that at those located more post-
eriorly. P. superbus exhibited strong binding along the
entire brush border (Fig. 2 B), while A. maximus exhib-
ited no binding at all along the brush border (Fig. 2 C).
No differences were observed in intestinal RCAII bind-
Ing patterns between juvenile stages and adults, nor be-
tween males and females (not determined for A. maxi-
mus males, which are extremely rare). Lectin binding
patterns were easily reproduceable and exceptionally
consistent among different replicas. Labelling-staining
was completely absent when the lectin was preincubated
with 0.3 M lactose or when the nematode species were
first treated with 50 mM NalO,. Lectin binding to the
brush border was not due to the bacteria or the content
of the gut, since C. elegans and A. maximus cultured
axenically for several generations stained identically to
those cultured on agar and bacteria. No such control
was possible for P. superbus, since it could not be main-
tained in axenic medium. The intestinal lectin binding
pattern 1n the twelve other nematode species varied con-
siderably. In the Rhabditidae, D. dolichura and R. teres
exhibited weak labelling of the entire intestinal brush
border, including the ring of four cells immediately post-
erior to the pharynx, in contrast with C. elegans. In the
Panagrolaimidae, P. redivivus exhibited very weak lectin
binding along the entire length of the brush border. In
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the Cephalobidae there was no lectin binding to the
brush border except in H. pauciannulatus, where a short

stretch of the brush border bound RCAII at midbody, in
most but not all animals.

IN VIVO ANALYSES

The stains methyl red (MR), neutral red (NR) and
the fluorescent dye acridine orange (AO), allowed in
vivo study of the intestine. Methyl red was ingested and
taken up by all nematodes and could easily be located 1n
intestinal vacuoles of varying size. In the Rhabditidae
strong red (acid) staining of vacuoles in the ring of four
intestinal cells was visible (Fig. 2 D). Posterior to the
first four cells, vacuoles stained gradually from orange-
yellow (neutral-alkaline) to yellow (alkaline) at the post-
erior intestine after MR treatment. The MR in the in-
testinal lumen remained yellow. Panagrolaimidae and
Cephalobidae both showed similar MR staining pat-
terns. The anterior cells contained very little to no
stained vacuoles. At midbody and at the posterior in-
testine more vacuoles were stained with MR, and these
vacuoles seemed larger and fewer in number than in the
Rhabditidae. Orange and yellow were the only colours
observed. In the juveniles (all stages) of the three fami-
lies, divisions of MR staining were less clear. Some juve-
nile Rhabditidae showed little or no red staining in
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Fig. 2. A-C : In vitro binding of the FIT C-conjugated lectin RCAII, to nematode intestinal brush border (arrowheads indicate position of the
esophageal basal bulb). A : Absence of RCAII binding at the ring of four intestinal cells (between arrows), weak staining in the cells
immediately posterior, and strong staiming throughout the rest of intestine of Caenorhabditis elegans; B : RCAII binding along the entire
intestine tn Panagrolaimus superbus; C : No RCAII binding to the brush border in Acrobeloides maximus; D : Methyl red staining of
intestinal cell vacuoles in viable Caenorhabditis elegans; E : Fluoresence of acridine orange in viable Caenorhabditis elegans anterior
intestinal cells; F : Acridine orange staining with few wesicles anteriorly but more and larger vesicles (arrows) at midbody in Hetero-

cephalobus pauciannulatus. (N = nucleus. Bar = 20 um).

the first cells posterior to the pharynx, while juvenile
Panagrolaimidae and/or Cephalobidae sometimes ex-
hibited weak yellow staining in these anterior cells. Nev-
ertheless the red stain in the anterior first cells was only
observed in representatives of the Rhabditidae. No dif-
ference was observed between nematodes fed on MR in
fluid medium or on agar plates.

Neutral red gave very little staining in any of the three
nematodes when it was administered while the nema-
todes were in fluid. However, massive staining of the
intestine occurred when nematodes of the three species
were allowed to feed on stain-soaked agar plates (data
not shown).

Vol. 18, n° 2 - 1995

Acridine orange fluorescent staining gave similar re-
sults to MR (Fig. 2 E, F). The fluoresence of AO was
distinguishable from autofluoresence of nematodes ob-
served with FI'T'C optics (data not shown). Rhabditidae
showed strong, colourful fluorescence in the first cells
lining the intestinal lumen. More posteriorly located
cells were more uniformly yellow. All cells had a large
number of vacuoles stained of different sizes, leaving the
nucleus as a prominent non-stained area. Staining with
AOQO 1n the Panagrolaimidae and Cephalobidae was near-
ly absent in the first cells but more pronounced at mid-
body and posteriorly (Fig. 2 F). In contrast to the Rhab-
ditidae, vacuoles stained yellow throughout the whole
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intestine. However, the juveniles exhibited the same var-
1ation as for MR.

When nematodes were washed free of the stain and
were allowed to feed again (E. coli or axenic medium),
the stain persisted. The stain could still be observed up
to three days (longest assayed time) after return to feed-
ing.

Discussion

T'he intestinal division in two different cell types, pre-
viously determined using transmission electron micros-
copy (Borgonie et al., unpubl.), is to some extent con-
firmed using MR and AQO. Using AO in C. elegans the
anterior cells stain more strong and differently from the
rest of the intestinal cells. The use of MR led to different
staining of the anterior four versus the remaining in-
testinal cells. This result is in accordance with similar
staining patterns in Pelodera sp. (Rhabditidae) as report-
ed by Doncaster and Clark (1964). In A. maximus the
anterior cells are only rarely stained with either AO or
MR, and a high concentration of uniformly stained
vacuoles 1s found at midbody. Any possible existing pH
gradient 1n the intestinal lumen could not be evaluated
since no change in the yellow colour was observed. The
general appearance and persistence of the AO staining,
after removal of the stain, was as described by Clokey
and Jacobson (1986). Unfortunately these authors did
not comment on differences in staining between cells.

AQ 1s a lysomotrophic weak base that passes readily
through membranes in its unprotonated form, but can-
not pass back out through the lysosomal membrane after
protonation in the acidic interior of lysosomes. MR has
also been shown to become closely associated with acid-
ic vesicles such as endosomes, lysosomes and the Trans
Golgi Network (Canonico & Bird, 1961 ; Robbins er al,
1954; Clokey & Jacobson, 1986; Andersen & Orci,
1988). The considerable % vivo staining of vacuoles in
cells along the entire intestinal tract in C. elegans and P.
superbus 1s therefore surprising, since TEM revealed few
electron transparent vacuoles at midlevel and posteriorly
in the intestine, where cell cytoplasm is for the larger
part occupied by lipid and yolk vacuoles. This indicates
that addition of the stains could either induce the forma-
tion of stainable vacuoles, or the stains associate with
other types of vesicular vacuoles (e.g. lipid and/or yolk
vacuoles).

Several authors consider yolk vacuoles to be “ lysoso-
mal-like organelles ” since in several animals these vacu-
oles contained considerable enzymatic capability (Wall
& Meleka, 1985; Yoshizaki, 1990). Fagotto (1991)
when analysing yolk degradation in tick eggs reported
that yolk vacuoles did stain with AQ and that acid-
ification initiates yolk degradation through procathepsin
L. activation in the vacuoles. This acidification led to a
shift in AO staining from green (neutral pH) to red (acid
pH). There are several indications (Bossinger & Schie-
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renberg, 1992 and our unpublished data) that yolk in the
intestine may alternatively serve as a reserve energy
source for the nematodes when they become starved. To
test the possibility that MR and AO become associated
with yolk vacuoles we transferred worms to either stain
for 48 h after which they were starved by placing the
nematodes in M9 buffer for several days. The result was
inconclusive. For both MR and AO we observed a shift
of colour from neutral to acid, but only a few animals
exihibited the shift and their number did not increase
upon continued starvation. Using this approach no in-
dication could be obtained of yolk degradation in the
intestine of starved nematodes.

The observation that in C. elegans juveniles almost no
red stain 1s present with MR in the ring of four cells
immediately posterior to the pharynx in contrast to
adults, might indicate an anterior intestinal biochemical
differentiating process of these cells during post-em-
bryonic development. The exact time of appearance
could not be determined exactly since it proved to be
quite variable, although it was never observed in first
stage juveniles. It 1s known that intestinal nuclear divi-
sions take place in C. elegans shortly after the onset of
lethargy of J1. However, the anterior six cells are not
mvolved in these divisions (Sulston & Horvitz, 1977).

The presence of differences along the intestinal tract
was also evident when comparing staining patterns of
acid phosphatase. In the Rhabditidae and the Cephalo-
bidae several different staining patterns were present.
Only in the Panagrolaimidae were both species stained
1dentically. The fact that only two Panagrolaimids were
tested versus six Rhabditids and seven Cephalobids pre-
vents the drawing of conclusions on whether the differ-
ent staining patterns in the Panagrolaimids are more
uniform.

(Gut esterase staining, although successfully used for
study of C. elegans (Edgar & McGhee, 1986), was not a
particularly usefuly intestinal marker for comparison
with other Rhabditida, since staining also appeared in
other tissues. Furthermore, relatively few of the fifteen
nematode species showed exclusive staining in the in-
testine and in these cases it was always present in all cells
along the entire intestine.

Although RCALII stains other tissues in C. elegans be-
sides the intestinal brush border (unpubl.), besides acid
phosphatase it could still be a second usefull marker for
studying the molecular basis of gene expression in C.
elegans. Beh er al. (1991) pointed out that since acid
phosphatase does not stain the anterior six intestinal
cells [descendants of Ea (1/r) (a/p) a; Wood, 1988
versus staining of all intestinal cells with esterase, acid
phosphatase regulation has to be at least one step more
complicated. Since staining of RCAII is absent only
from the ring of four cells immediately posterior to the
pharynx (two cells less than acid phosphatase), the regu-
lation of the RCAII binding glycoprotein (/lipid) expres-
sion could represent a similar system.
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Emerging evidence from embryonic development
(Skiba & Schierenberg, 1992) and comparative morph-
ological data of stoma and pharyngeal structure (P. De
Ley, pers. comm.) suggests that Panagrolaimidae and
Cephalobidae are evolutionarily more ancient groups
than Rhabditidae. The question of whether the differ-
ences observed in 4. maximus (huge number of intesti-
nal cells in cross sections, less distinct difference in cell
types, simpler microvilli structure, seemingly less de-
manding axenic culture conditions of Cephalobidae in
general) compared to either the Panagrolaimidae and
Rhabditidae studied, reflect a more primitive intestinal
structure, will require more data from additional cepha-
lobid species.

The use of the intestinal markers indicates that there
are considerable biochemical differences between the
intestines of free-living nematodes. The staining pat-
terns of the lectin RCAII and acid phosphatase are in-
dicative of the degree of difference possible. Stmilar dif-
ferences were observed by Chitwood and Lusby (1991)
studying sterol metabolism in C. elegans, P. redivrvus and
T. aceti. Further support derives from the fact that sever-
al of the nematode species studied could not be cultured
on the same axenic medium. The possibility to culture
any of the species on axenic media was independent of
systematic classification, with the Cephalobidae con-
taining species that could be cultured on the basic C.
elegans medium, on a slightly amended one as well as
two species that could not be cultured on any medium.
These results indicate that, although the nematode spe-
cies can all be cultured on the same bacterium, the food
is processed and used differently. Thus, closely related
species exhibit digestive specialization, and this feature
may have contributed significantly to the evolutionary
success of nematodes.
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