Species Differentiation in Caenorhabditis briggsae
and Caenorhabditis elegans
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Abstract: Identification of five laboratory strains (1-5) of putative Caenorhabditis briggsae was
undertaken. Examination of the male bursal ray arrangement, mating tests with males of
Caenorhabditis elegans, malate dehydrogenase zymograms, and SDS polyacrylamide electro-
phoresis demonstrated that strain 4 was C. briggsae and the others were C. elegans. Key Words:
bursal ray arrangement, mating test, malate dehydrogenase, SDS polyacryamide electrophoresis,

morphology, taxonomy.

Two freelliving nematodes, Cacnorhab-
ditis briggsae (Dougherty and Nigon, 1949)
Dougherty, 1953 and C. elegans (Maupas,
1900) Dougherty, 1953 have become im-
portant model systems for biological studies
and have been used extensively for bio-
chemical (14), nutritional (13), genetic (2,
6), neurobiological (17), and aging (14, 18)
research. The basic biology of both nema-
todes was described by Nigon and
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Dougherty (12). These species provide a
unique opportunity to study the biology of
closely related nematode species in culture.

We have been investigating drug action
and nutritional physiology in two strains
of Caenorhabditis that supposedly were
representative of C. briggsae and C. elegans.
However, the nutritional requirements of
the C. briggsae strain did not correspond to
those reported by Hansen and Buecher (7).
To resolve this discrepancy, other labora-
tory strains of C. briggsae were obtained
for the comparative studies presented
herein.

The specific morphological separation
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of C. briggsae and C. elegans is based
mainly on the arrangement of the bursal
rays in the male. However, species identi-
fication is impeded by the rare occurrence
of males in cultures of these hermaphroditic
nematodes (12). To overcome these diffi-
culties, electrophoretic analysis of malate
dehyrogenase and proteins was under-
taken in combination with morphological,
genetic, and nutritional studies to differ-
entiate C. briggsae and C. elegans.

MATERIALS AND METHODS

Nematode  strains:  Caenorhabditis
elegans variety Bristol was obtained from
two sources: C. elegans, code name N2, in
monoxenic culture with Escherichia coli
from Dr. R. L. Russell at the California
Institute of Technology; C. elegans in
axenic culture from Dr. E. L. Hansen at
the Clinical Pharmacology Research In-
stitute, Berkeley. The five laboratory
cultures of C. briggsae in axenic cultures
were obtained from five laboratories located
in the United States and Australia and
designated strains 1-5.

Maintenance media: C. elegans N2 had
abundant males and was maintained on
NG agar (2) with wild type E. coli. The
axenic nematodes were maintained in
Caenorhabditis briggsae-maintenance me-
dium (4), supplemented with 200 ug
cytochrome ¢/ml, and 50 pug B-sitosterol/ml
(=ACM) (14) or ACM supplemented with
25 mg lactalbumin  hydrolysate/ml
(=LCM). Five ml of media were placed in
50-ml Erlenmeyer flasks and inoculated
with 50-500 nematodes/ml. The nematodes
were usually harvested after 10 days of
growth at 20 + 0.5 C.

Mating test and morphology: Crosses
of males of C. elegans, N2, were attempted
with hermaphrodites of all strains of C.
briggsae and C. elegans according to the
methodology of Dusenbery et al. (6). Suc-
cessful crosses were recognized by the
postmating abundance of males. Males were
rarely observed in cultures other than NZ2.
Nematodes in axenic cultures were trans-
ferred to NG agar with lawns of E. coli
and maintained in monoxenic culture for
1-2 months (weekly transfers) before the
mating test.

The arrangement of the bursal rays in

the male nematodes was observed on males
anesthetized with propylene phenoxetol
(8) in 0.1 M NaCl. Photographs were taken
with Nomarski interference optics on a
Zeiss Photomicroscope III.

Nematode homogenates: Nematodes
from axenic cultures were harvested by a
modification of the method of Sulston and
Brenner (15). After the final centrifugation
at 4 C for 5 min at 500 g, the nematode
pellet was resuspended in 0.01 M potassium
phosphate (pH 7.0) to vyield a 20%
suspension (v/v) of nematodes. The nema-
todes were homogenized in an Aminco
French pressure cell at 705 kg/cm® The
homogenate was collected and centrifuged
at 35,000 g for 30 min at 4 C.

Supernatants for isozyme analysis were
stored in 200-y liter samples at —20 C.
Prior to electrophoresis, the samples were
thawed, centrifuged at 31,000 g for 1 min
in a Beckman Microfuge B, and the
amount of protein in the preparation was
determined by the method of Lowry et al.
(10) with bovine serum albumin as the
standard.

Supernatants for SDS (sodium dodecyl
sulfate) protein electrophoresis were as-
sayed for protein concentration and
subsequently boiled for 4 min in 77 mM
TrisHCl (pH 8.0), 1.77% SDS, 4.41%
MCE (mercaptoethanol), and 3.0% gly-
cerol. The protein preparations were
divided into 200-yliter samples and stored
at —20 C (5).

Electrophoresis:  Isozymes of malate
dehydrogenase (MDH; EC 1.1.1. 37) were
separated by vertical starch gel electro-
phoresis (3). The gel buffer system was 3.5
mM citric acid and 9.7 mM sodium phos-
phate (dibasic). The electrode buffer was
5.25 mM citric acid and 14.5 mM sodium
phosphate (dibasic). The buffer solutions
were adjusted to pH 7.0. Samples (50 pl)
containing 190 pg of protein were placed
in each well. Electrophoresis was con-
ducted at 150 volts for 19 h at 4 C. The
gel was sliced, and half was incubated in
the MDH specific stain (3) for 2 h at room
temperature in the dark. After being
stained, the gel was rinsed in distilled
water and preserved in 50% ethanol. The
remaining half of the gel was incubated in
staining solution prepared without malic
acid.
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SDS-soluble proteins were separated in
a discontinuous system by vertical slab
electrophoresis in polyacrylamide SDS gels
by the method of Conejero and Semancik
(5). Samples were applied at a concentra-
tion of 20 ug/sample well. Electrophoresis
was conducted in a Hoefer SF 500 Vertical
Slab Electrophoresis assembly at 20 ma/slab
in an anionic system at 4 C for 2-2.5 h.
After electrophoresis, the gels were fixed
overnight in 12.5% TCA (W/V), stained
for 3 h in 0.8% Coomassie brilliant blue
G, and destained with water. The follow-
ing proteins were electrophoresed along
with the sample homogenates for molecular
weight determinations: bovine serum
albumin  (69,000), ovalbumin (43,000,
trypsin (23,000), and cytochrome ¢ (11,700).

Enzyme assay: MDH activity was de-
termined by measuring the absorbance
decrease at 340 nm in a Gilford spectro-
photometer at 25 G. The standard assay
contained 50 mM potassium phosphate (pH
7.0y, 0.1 mM NADH, and 025 mM
oxaloacetate in a final volume of 1.0 ml.
The reaction was initiated by the addition
of enzyme, and absorbancy changes were
recorded for 2 min. The molar extinction
coefficient of 6.2 x 102 (1) was used to
calculate the specific activity of the enzyme.

RESULTS

Glucose requirement: The growth of
three strains of C. briggsae was studied in
ACM with and without glucose (Table 1).

TABLE 1. Comparative growth of three putative
strains of Caenorhabditis briggsae in CbMM? with-
out glucose.

Growth as 9, of control
at sampling interval®

Strain 1 2 3
1 93 734 88.2
2 119 82.7 76.9
4 110 113 99.4

aCaenorhabditis briggsee maintenance medium sup-
plemented with 50 ug @-sitosterol/ml and 200 ug
cytochrome ¢/ml.

vThe sampling times for strains 1 and 2 were 6, 13,
and 20 days, whereas those for strain 4 were 7, 14,
and 21 days. Each strain was tested in separate
experiments and each experiment consisted of six
control and six minus glucose flasks.

Growth in the absence of glucose was
similar to growth of the control during the
first week in strains 1 and 2. Thereafter,
the growth of both strains was lower than
that of the controls during the remainder
of each experiment. Strain 4 grew better
than the control during the first 2 weeks
and then at the same rate as the control
during the third week. The other nematode
strains were obtained later in this study,
and growth in glucose deficient ACM was
not studied.

Morphology and mating test: Examina-
tion of the male tail of C. clegans, N2,
showed the bursal ray arrangement (Fig.
I-A) (16) described by Nigon and Dough-
erty (12) for C. elegans. This arrangement
is characterized by the large separation
between the first pair of postanal rays and
the grouped, second to fourth pairs of
postanal rays. Spontaneous males of C,
briggsae strains 1-3, and 5 and C. elegans
from Dr. Hansen occurred in monoxenic
cultures and the arrangement of the bursal
rays was the same as that shown in Fig.
1-A. Spontaneous males of C. briggsae strain
4 occurred once in axenic culture in LCM
and seven were obtained. The arrangement
of the bursal rays was studied in two males
and two patterns were observed (Fig. 1-B,
C). Although the nematode in Fig. 1-B had
the same total number of pairs of bursal
rays as C. elegans, the first postanal pair
was not separated from the second to
fourth postanal pairs. The nematode in
Fig. 1-C showed an alternate arrangement:
apparent fusion of the first and second
postanal pairs occurred on one side. Both
patterns seen in this work were described
by Nigon and Dougherty (12) for C.
briggsae. The remaining five males were
placed in monoxenic culture with five
hermaphrodites of strain 4 in an attempt to
develop a male-producing line of C.
briggsae. The nematodes did not mate and
the males were lost.

Hermaphrodites differed only in the
number and arrangement of the eggs in
the uterus. In C. elegans, numerous eggs
(6 to 20) were present, and the long axis
of the eggs was transverse to the long axis
of the nematode; in C. briggsae, small
numbers of eggs (1-6) were present, and
the long axis of the egg was parallel to the
long axis of the nematode.



200 Journal of Nematology, Volume 9, No. 3, July 1977

FIG. 1-(A-C). Arrangement of bursal rays [after Cobb’s formula (16, p. 449)]. 4) Caernorhabditis
elegans, N2, bursal ray formula (BRF) = 2 () 1-3-3. B) C. briggsae, strain 4, BFR =2 () 4-3. C) C. briggsae,
strain 4, BRF=2 () 3, 4-3.

Mating tests between the males of C.
elegans, N2, and hermaphrodites of C.
briggsae strains 1-3, 5, and C. elegans were
successful (Table 2). The arrangement of
the bursal rays was examined in the male
progeny and it is illustrated in Fig. 1-A.
Strain 4 hermaphrodites did not mate with
C. clegans males (Table 2).

Electrophoresis. Two major isozymes of
MDH, one cathodic and one anodic, were
separated by starch gel electrophoresis
(Fig. 2). This pattern was identical for C.
briggsae strains 1-3, and 5 and C. elegans.
The cathodic and anodic isozymes of C.
briggsae strain 4 (a-d) differed in mobility

TABLE 2. Bursal ray arrangement and mating
in strains of Caenorhabditis elegans and C. briggsae
in monoxenic culture.

Male tail Mating with

Strain pattern N2 male
Caenorhabdilis elegans

N2 ce? +

Hansen ce +
Caenorhabditis briggsae

1 ce +

2 ce +

3 ce +

4 ch® -

5 ce +

2Caenorhabditis elegans pattern,
vCaenorhabdilis briggsae pattern.

from those of C. briggsae strains 1-3, and 5
and C. elegans. The 4a and 4b samples were
prepared from the same actively growing
culture in which half of the tissue volume
consisted of eggs. The eggs and nematodes

- e - ,%-

| 2 '4a 49b ‘4c’ 4d 3 Ce.
— 7 +
FIG. 2. MDH isozymes of Caenorhabditis

briggsae strains 1-4 and C. elegans (C.e)) separated
by starch gel electrophoresis: 4a — mnematode
homogenate with low number of eggs; 4b —
homogenate with high number of eggs; 4c —
homogenate with high number of eggs; 4d —
homogenate of “old” nematodes.
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were separated by placing the culture on
wet-strength tissue supported by wire gauze
in a glass petri dish. After 2 L, the nema-
todes which had migrated through the
paper were collected (sample 4a). Although
a number of eggs passed through the tissue,
the resulting cgg sample (4b) collected
from the upper part of the Baermann
apparatus contained 5 times the number of
eggs as sample 4a. Sample 4c¢ was from
another actively growing culture with high
numbers of free eggs (half of the total
tissue volume used in homogenization).
Such high concentrations of eggs were
never seen in the other nematodes cultured
under the same conditions. Sample 4d was
prepared from a culture in stationary
growth and a supplemental MDH cathodic
isozyme was found. The anodic isozyme
migrated in a diffuse manner (Fig. 2).
Equal amounts of samples 4b and 1 were
mixed and run on starch gel in two ex-
periments. Both anodic and cathodic
isozymes of both nematode strains separated
under these conditions, a demonstration
that these proteins had unique electro-
phoretic mobilities.

These findings were substantiated by
vertical slab polyacrylamide electrophoresis.
Four-six MDH isozymes were found in all
strains, with C. elegans and C. briggsac
strains 1-3, and 5 isozymes exhibiting
identical electrophoretic mobilities (E;).
Al the cultures of C. briggsae strain 4 ex-
hibited isozyme patterns with greater E,.
Differences were also found between the
actively growing and stationary phase strain
4 samples.

+

The SDS soluble proteins of C. elegans
and C. briggsae strains 1-5 were compared
by polyacrylamide electrophoresis and
50-60 protein bands were observed (Fig.
3). The protein patterns of C. elegans and
C. briggsae strains 1-3, and 5 were identical.
The protein pattern of C. briggsae strain 4
differed from all other strains qualitatively
and in respect to the relative concentra-
tions of certain proteins. Differences in
protein patterns were noticed at the
following molecular weights: 15,000-20,000;
23,000; 50,000; and 60,000-70,000. Quantita-
tive differences were also observed between
the different homogenates of C. briggsae
strain 4 in the 15,000-30,000 molecular
weight range.

MDH assay. The specific activity of
MDH in the homogenates used for starch
gel electrophoresis was 4.2 + 04 (SE)
moles NADH oxidized per minute per mg
protein for C. clegans and C. briggsae
strains 1-5.

DISCUSSION

Our results have shown that the mor-
phology of males of C. briggsae strain 4
(obtained from Dr. Bert Zuckerman,
University of Massachusetts, Wareham)
conformed to that described for the species
by Nigon and Dougherty (12). In contrast,
the other strains, 1-3 and b5, received as
putative (. briggsae were actually C.
elegans.

The hermaphrodite characters, i.e.,
number and positioning of eggs in the
uterus, vary according to the nutritional

fg o~

FIG. 3. Protein patterns of Caenorhabditis briggsae strains 1-4 separated by SDS polyacrylamide
electrophoresis (vertical slab). The labeled regions indicate major differences between strains 4 and 1-3:
(a-d) 15,000-20,000 mol. wt.; (e) 23,000 mol. wt.; (f) 50,000 mol. wt.; (g) 60,000-70,000 mol. wt.; (o) origin.

ab cd t—
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status of the nematodes (12). Low egg
production in C. c¢legans may result in low
numbers of eggs in the uterus, and the
uncrowded condition allows the egg
orientation to revert to the pattern typical
of C. briggsae. Therefore, these characters
are not reliable for species differentiation.

Satisfactory differentiation of these
species was also achieved by the mating test
(6, 12), but the usual absence of males
precludes both morphological and mating
tests under most laboratory conditions.
Although the morphological and mating
compatability evidence was definitive for
the specific identification of these nematode
strains, the need for alternative methods
was apparent. We have demonstrated that
electrophoresis can separate the strains of
C. briggsae into the correct species. Electro-
phoresis of nematode proteins has shown
that characteristic enzyme and protein
profiles exist at the species level (9). The
finding of markedly different MDH isozyme
profiles and differences in proteins between
C. briggsae strains 1-3, and 5 and C.
briggsae strain 4 further supports our con-
clusions.

Our results have also shown that certain
differences in isozyme and protein profiles
existed between homogenates of C. briggsae
strain 4. These differences were probably
age related, although we have not proven
this. The presence of “altered” (reduction
in specific activity) enzymes has been dem-
onstrated in “aged” Turbatrix aceti (14).
However, changes in isozyme patterns of
aged nematodes have not been observed in
the enzymes studied to date.

The difference in glucose requirement
of C. briggsae and C. elegans as described
by Hansen and Buecher (7) was not
confirmed. Although the experimental con-
ditions were different, C. briggsae (strain
4) was independent of glucose in the
medium, and the growth of C. elegans
(strains 1 and 2, C. briggsae) was affected
slightly. Currently, identification by nutri-
tional tests requires further study.

Interspecies cell contamination has been
discovered many times in cell cultures that
were widely used, and it is not surprising
to find that the identification of nematodes
widely used for nutritional and biochemical
studies has become confused. It is of im-
portance to sort out these differences

because biochemical discrepancies have
appeared in studies on C. briggsae (11).
The taxonomic approaches, morphology
and mating tests, have clarified the status
of five strains of C. briggsae. However,
these approaches are difficult and time con-
suming with hermaphroditic species. In
this respect, new approaches should be
examined and implemented as needed.
Biochemical systematics may be the answer
to these types of taxonomic problems. In
the case of C. briggsae and C. elegans,
nutritional physiology was not a satisfac-
tory method for species identification.
However, our findings should not preclude
the use of nutritional physiology in the
identification of other closely related nema-
todes. In contrast, electrophoretic analysis
of proteins and isozymes provided conclu-
sive evidence that closely related nematodes
can be identified to the level of species on
the basis of these biochemical properties.
Similarly, polyacrylamide electrophoresis
of proteins and isozymes has been used as
an aid in the taxonomy of certain species
complexes of plant-parasitic nematodes (9).

LITERATURE CITED

I. BERGMEYER, H. U. 1965. Methods of
enzymatic analysis. Academic Press, New York.
1064 p.

2. BRENNER, 8. 1974. The genetics of Caenorhab-
ditis elegans. Genetics 77:71-94,

3. BREWER, G. J. 1970. An introduction to
isozyme techniques. Academic Press, New
York. 186 p.

4. BUECHER, E. J., JR., E. HANSEN, and E. A.
YARWOOD. 1966. Ficoll activation of a
protein essential for maturation of the free-
living nematode Cacnorhabditis briggsae.
Proc. Soc. Exp. Biol. Med. 121:390-393.

5. CONEJERO, V., and J. S. SEMANCIK. 1977.
Analysis of the proteins of crude plant
extracts by polyacrylamide slab gel electro-
phoresis. Phytopathology (In press).

6. DUSENBERY, D. B., R. E. SHERIDAN, and
R. L. RUSSELL. 1975. Chemotaxis-defective
mutants of the nematode Caenorhabditis
elegans. Genetics 80:297-309.

7. HANSEN, E. L., and FE. J. BUECHER. 1970.
Biochemical approach to systematic studies
with axenic nematodes. J. Nematol. 2:1-6.

8. HOOPER, D. J. 1970. Handling, fixing, staining
and mounting nematodes. Pages 39-54, in
J. F. Southey, ed. Laboratory methods for
work with plant and soil nematodes (2nd ed.).

Technical Bull. Her Majesty’s Stationery
Office, London.
9. HUSSEY, R. S., J. N. SASSER, and

D. HUISINGH. 1972. Disc-electrophoretic



Species Differentiation—Caenorhabditis: Friedman et al. 203

studies of soluble proteins and enzymes of
Meloidogyne incognita and M. arenaria.
J. Nematol. 4:183-189.

10. LOWRY, O. H,, N. J. ROSEBROUGH, A. L.
FARR, and R. J. RANDALL. 1951. Protein
measurement with the Folin phenol reagent.
J. Biol. Chem. 193:265-275.

11. NICHOLAS, W. L. 1975. The biology of free-
living nematodes. Clarendon Press, Oxford.
219 p.

12. NIGON, V., and E. C. DOUGHERTY. 1949.
Reproductive  patterns and attempts at
reciprocal crossing of Rhabditis elegans
Maupas, 1900, and Rhabditis briggsae
Dougherty and Nigon, 1949 (Nematoda:
Rhabditidae). J. Exp. Zool. 112:485-503.

13. ROTHSTEIN, M. 1974. Practical methods for
the axenic culture of the free-living nema-
todes Turbatrix aceti and Caenorhabditis

briggsae. Comp. Biochem. Physiol. 49B:669-
678,

. ROTHSTEIN, M. 1975. Aging and the altera-

tion of enzymes: a review. Mech. Ageing
Dev. 4:325-338.

. SULSTON, ]. E., and S. BRENNER. 1974. The

DNA of Caenorhabditis Genetics

77:95-104.

elegans.

. THORNE, G. 1961. Principles of nematology.

McGraw-Hill Book Co., Inc., New York.

553 p.

. WARE, R. W, D. CLARK, K. CROSSLAND,

and R. L. RUSSELL. 1975. The nerve ring
of nematode Caenorhabditis elegans: sensory
input and motor output. J. Comp. Neurol.
162:71-110.

. ZUCKERMAN, B. M. 1974. Ageing research

utilizing free-living nematodes. Helminthol.
Abstr., Series B, 43:67-81.



	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	Search CD-ROM
	Search Results
	Print

	7731_200a: 
	pdf: 

	7731_200b: 
	pdf: 

	7731_201: 
	pdf: 



