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Abstract A strong fibrinolytic enzyme was readily obtained in saline
extracts of the earthworm, Lumbricus rubellus. Tt hydrolyzed not only
plasminogen-rich fibrin plates, but also plasminogen-free fibrin plates.
The average fibrinolytic activity was about 100CU (plasmin units) or 250
1U (urokinase units)/g wet weight. The molecular weight and isoclectric
point were about 20,000 and 3.4, respectively. The enzyme wes heat-
stable and displayed a very broad optimal pH range. DFP and SBTI
strongly inhibited the enzyme, but the anti-plasmin agent, -AMCHA,
exerted little effect under the same conditions. Purification of the enzyme

and th it i fractions ined. These
three fractions were further subdivided. The first fraction (F-I) was
divided into three fractions (F-10, F-I-1, and F-1-2), which exhibited
similar biochemical characteristics. The second fraction (F-II) could not
be subdivided. The third fraction (F-III) was divided into two fractions
(F-II-1 and FII-2). Based on results for their enzymatic activities
against various substrates, the fraction I enzymes are thought to represent
a chymoteypsin-like enzyme and the fraction III enzymes to represent a
trypsinike enzyme. The fraction II enzyme appears to be neither a
trypsin- or chymotrypsin-like enzyme nor an clastase. The amino acid
compositions of the six enzymes were estimatéd. Compared with other
serine enzymes, these enzymes contained very abundant asparagine or
aspartic acid, and there was very little proline or lysine. From the above
data, these enzymes arc regarded as novel fibrinolytic enzymes, and we
name them collectively as Lumbrokinase from the generic name of the
earthworm.

Kep words: earthworm, fbrinolytic enzyme, serine protease, throm-
bolysis.
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For several thousand years, the carthworm has been rather widely used in
China and the Far East as 2 drug material for the treatment of various diseases.
However, detailed pharmacological studies have not yet been undertaken except on
lumbrofebrin as an antifibrile. We recently obtained a novel fibrinolytic cnzyme
from the earthworm, Lumbricus rubellus, which has becn abundantly vermioul-
tured for use in the di ials in stock raising, and
other industrial processes. We report here our investigations on the blologu:a.l
nature and biochemical characteristics of this enzyme,

MATERIALS AND METHODS

Reagents. ‘These included aprotinin (Trasylol; Bayer Pharmaceutical Co.,
Ltd., Leverkusen, Germany), (NPGB; United
States Biochem., Cleveland, Ohio, U.S.A.), diisopropyl fluorophosphate (DFP;
Sigma Chemical Co., Ltd., St. Louis, MO, U.S.A.), N*-tosyl-L-lysylchloromethane
(TLCK; Sigma Chemical Co., Ltd.), p-chloromercuribenzoic acid (PCMB; Sigma
Chemical Co., Ltd.), trans-4-aminomethyl cyclohexanecarboxylic acid (t-
AMCHA; Daiichi Seiyaku Co., Ltd., Tokyo, Japan), soybean trypsin inhibitor
(SBTI; Sigma Chemical Co., Ltd.), and bovine fibrinogen (Miles Laboratories Inc.,
Kankakee, IL, US.A.). All other chemicals obtained from commercial sources
were of the best grade available.

Earthworm powder. The earthworm, Lumbricus rubellus, was vermicultured
for the disposal of waste material produced at the Experimental Animal Center,
Miyazaki Medical College. One kilogram of earthworms (about 20,000 animals)
‘was washed with tap water to remove attached mud. The earthworms were then
left to evacuate casts from their alimentary tract in distilled water overnight under
light :ondlmmx Neat day, after the castings had been washed out, the living

iixer (Nihon Sciki Co. Ltd.,
Tokyo, J.p-n) md Iyophilized. Thz resultant powder was employed as the starting
‘material for subsequent experiment

Assays of fibrinolysis and pmleln concentration. Fibrinolytic activity was
determined by comparison with the Japanese Standard UK preparation (MM 004),
using both the plasminogen-rich fibrin plate method and plasminogen-free fibrin
plate method of Amm and MULLERTZ (1952). The protein concentration of the

le t 280 nm or by the method
of LOWRY et al. (1951) using bovine serum albumin (Armour Pharmaceutical Co.,
Phoenix, AZ, U.S.A.) as the reference protein.

Gel excls Gel exclusic with Sephadex
G-100 (Pharmacia Fine Chemicals, Uppsala, Sweden) was performed on a 20X 55
cm column equilibrated at 4°C in 0.05M sodium phosphate buffer containing 0.2 M
NaCl and NaN,, pH 7.4. The earthworm powder enzyme (EPE) sample (0.5ml
total volume) was applied to the column and eluted with the equilibration buffer at
a rate of Smi/h. Both the protein concentration and fibrinolytic activity were
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monitored. ndard curve for estimation of the molecular weight was const-
ructed using bovine serum albumin, ovalbumin, chymotrypsinogen A, and horse
heart cytochrome c.
gel Dise is of purified EPE was

carried out by the method of DAVIS (1964) employing a 0.7 10 cm polyzcrylamide
gel column at 4mA per tube for 3h. The acrylamide column concentration in the
gel was 7%. Protein was colored with 29 Coomassie brilliant blue solution

Isoelectric focusing. This was performed by the method of VESTERBERG and
SVENSSON (1966) using ampholytes of pH 3.5-10.5. The column (LKB 8101, 110
mi) was kept at 3-4°C and the potential was maintained at 900V for 36h.
A/jﬁnuy chromatography.  Affity chromatography of the fbrinolytic enzyme

N

was performed

usi
as uemnhm previously by SuM! et al. (1978)

RESULTS

When an individual earthworm was cut into pieces and placed on a plas
ogen-rich fibrin plate, fibrinolytic activities were observed at the anterior por
the carthworm body (Fig. 1). The fibinolytic enzyme appeared to be secreted from
the pharyngeal region, crop, gizzard, and anterior portion of the intestine.

Figure 2 shows the time course of fibrinolytic activity build-up due to EPE on
incubation of the starting material dissolved in 10 times the amount of saline
solution containing 0.1% NaN, at 37°C. The fibrinolytic activity was measured by
the plasminogen-rich fibrin plate method. The activity of EPE rose sharply during
the first 10 days, and continued to rise gradually until and after 75 days

Fig. 1. Demonstration of strong fbrinolysis in the earthworm. A frozen and cut
carthworm was applied directly 10 a plasminogen-rich fibrin plate, The photo
graph was taken after 18h at 37°C.
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Fig. 2. Incubation effct of carthworm extract on fbrinalyss. Lyophilized carth
worm powder (500g) was dissolved in 5/ of saline containing 0.1% NaN,
Ahe inubarion st 17 for scves day, the Moty sty whs ssayed
302 samples of the supernatant.
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Fig. 3. Comparative fibrinolytic properties of EPE and other enzymes. EPE was

extracted from 500g of lyophilized earthworm powder with 500ml of saline for

Sh with stirring at 4°C.  After centrifugation at 1.500 g for 10min, 301 of

the supernatant obtained (ca. 14.2g protein) was used as the sample. Each

sample volume was 30 ¢}, and incubation was performed at 37C for 18h. St
fibrin plate. Free: fibrin plate.
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