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The coelomic fluid of a Lumbricidae Eisenia fetida andrei (E.f. andrei) c. tains
a molecular product called £.f. andrei factor (EFAF). able to hemolyze various ver-
tebrate ervthrocytes! and to inhibit the growth of some telluric bacteria isolated from
manure containing earthworms?. As demonstrated by injections, only the EFAF-sen-
sitive bacteria were pathogeneous for the earthworms and rapidly killed the animals>.
In analytical polyacrylamide gel electrophoresis (PAGE). which separates E.f. andrei
coelomic fluid into 18 proteic components. EFAF appears as 2 different lipoproteins,
with apparent molecular weights of 40.000 and 45.0600 (ref. 4). In analytical isoelectric
focusing (IEF). EFAF migrates as four different molecules referred to as isoforms
characterized by their isoelectric points (p/). ranging from 3.9 to 6.3. All the animals
possessed either two or three isoforms and among all the populations tested, only six
different patterns have been found. Each patiern is genetically defined>.

According to our present knowledge. although no invertebrates have devel-
oped true immunoglobulin, most of them possess humoral defense mechanisms. To
understand the invertebrate defense system(s). as well as the phylogenetic evolution
of the vertebrate immune system, it is of importance to investigate the biochemical
characteristics of invertebrate humoral defense molecules. For that purpose, it is first
necessary to isolate pure molecules in quantities compatible with biochemical studies.
The present report is devoted to chromatofocusing®, a preparative technique separat-
ing E.f. andrei coelomic fluid proteins in a chromatographic column according to
thetr p/ values.

EXPERIMENTAL

The coelomic fluid of at least 50 earthworms {(Annelida, Lumbricidae, Eisenia
Jfetida andrei) was harvested by electric stimulation of the worms®. After 10 min,
11.000 g centrifugation tc remove cells. 10 m! of pooled coelomic fluid was filtrated on
Ultroge! AcA-44 (LK B)*. The two fractions containing EFAF activity as assayed by
hernolysis were pooled, then equilibrated with start buffer (0.025 M imidazole-HCI,
pH 7.4) and concentrated to a volume of 10 mi by ultrafiltration on Amicon PM 10.
Chromatofocusing was performed in a K 9-30 column {Pharmacia) filled with 19 ml
of PBE 94 gl (Pharimacia) previously equilibrated with starting buffer and degassed.
After 1 h packing with starting buffer (60 mi/h), 1 ml of Sephadex G 50 (Pharmacia)
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was layered onto the top of the PBE 94 gel in order to prevent disturbance during
sample application. The column was then equilibrated with starting buffer (60 ml/h. 5
h). The sample (10 ml in start buffer) was applied by first running 5 ml (25 ml/h) of
cluent PB 74 (Pharmacia) diluted 1:8 with water and adjusted at pH 5.0 with I M
hydrochloric acid, followed by applying the sample and then switching back to the
eluent (25 ml/h, 8 h). In this way, the sample proteins were kept close to the
physiological pH of the worm coelomic fluid.

RESULTS AND DISCUSSION

The elution profile obtained in chromatofocusing with a sample constituted by
the two EFAF fractions of AcA-44 gel filtration of pooled E.f. andrei coelomic fluid is
indicated in Fig. 1. The pH gradient of the eluate gradually decreased from 7.9 to 5.2.
The slight shifting observed when compared to the selected pH gradient (7.4-5.0) was
unexplainable but highly reproducible.

The protein diagram was determined by absorption at 280 nm. The first peak
obtained corresponded to the elution of sample proteins with p/ values higher
than the gel pH (7.9). Since the eluent pH was not high enough to neutralize the
charges of these proteins, they remained positively charged and did not bind to the
ion exchanger which was also positively charged. These proteins were carried along in
the eluent buffer and simply filtrated, leaving the column in the first 1-3 bed volumes
of eluate.

The last peak, obtained when the column was regenerated with 2 A NaCl,
corresponded to strongly bound proteins with p/ values lower than the final pH of
elution (5.2). Under the present experimental conditions, these proteins were nega-
tively charged and bound to the gel matrix. As a pH corresponding to their p/ was not
used, they still remained bound. These proteins were removed instead by increasing
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Fig. 1. Separation of the EFAF isoforms frem the coelomic fluid by chromatofocusing. Column: K 9-30.
Gel: 19 ml of PBE 94. Sample: 10 m! of hemolytic fractions obtained by gel filtration of 10 ml crude
coelomic fluid. Elution conditions: Start buffer: 0.025 M imidazole-HCI, pH 7.4; Elution buffer: PB 74
adjusted to pH 5.0; Flow-rate: 25 ml/h. Elution profile measured by absorption at 280 nm (solid line) and
pH gradient measured in fractions leaving the column (dotted line).
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the ionic strength of the eluent with NaCl. Immediately after regeneration, the
column was re-equilibrated with start buffer (60 ml/h, 5 h).

The peaks «, § and ¥ were eluted respectively by pH values of 5.90, 6.15 and
6.30. The fractions corresponding to each peak were pooled, giving a volume of 12-15
ml that corresponded to 1.2-1.5 sample dilution. For each peak, the polybuffers
contained in the eluate were eliminated by ultrafiltration on Amicon PM 10 and the
peak volumes adjusted to the start sample volume. The purity of each peak was
assayed by analytical IEF in flat-bed polyacrylamide gel containing 6 Af urea accord-
ing to the method previously described®. In a pH gradient of 5-8, the protein content
of peak z focused as a single band of pH 6.30 (Fig. 2). This band corresponded to the
rsoform of pJ 6.30 previously described in the hemolytic patterns A, C and E>. The 2
preparative steps considered in this paper, gel filtration and chromatofocusing, were
sufficient to isolate this particular isoform in a pure form.

Peak B was constituted by two molecules of pJ 6.00 and 6.30. As they were
eluted as a single peak of pf 6.15, these two different isoforms must be associated in
the pooled coelomic fluid used as sample. The presence of 6 M urea in the analytical
IEF gel split the molecule into two fractions: one with a p/ identical to the protein of
peak a (6.30), the other with a pZ of 6.00 (Fig. 2) which represented the EFAF isoform
common to all the E.f. andres”.

Finally, peak ¢ was also constituted by two different molecules corresponding
to the EFAF isoforms of pZ 5.90 and 5.93. With the protocol described above, these
two isoforms have p{ values too close to be separated. But according to the hemolytic
patterns, some animals did not possess the pf 5.95 EFAF band and others did not
possess the 5.90 band; thus, their coelomic fluid can be used as a sample to isolate the
other band. Although they were characterized by close pl, the proteins of peaks § and
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Fig. 2. Analytical flat-bed 1EF of peaks a, # and ¢ isolated in chromatofcocusing. Densitometric scan of
Coomassie Blue stainad gel. Experimental conditions: pH gradient 5-8; Samples: 20 pul, salt free; Focus-
ing: 3 h, 4°C. 10 W constant power.
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Y were different as evidenced by running a mixture of f and ¥ fractions in analytical
IEF.

Chromatofocusing performed with a sample containing all the hemolytic pat-
terms led 1o the isolation of one isoform. Repeating the same protocol with a sample
containing only one hemolytic pattern will (1) elucidate the in vivo relationships
between the isoforms and (2) isolate the three other isoforms in a preparative way for
further biochemical studies of one component of the invertebrate humoral defense
system.
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