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Earthworms possess antioxidant, antibacterial, antitumor, and hemolytic properties. To recognize the molecules
responsible for various biological activities of earthworm’s coelomic fluid, a detailed knowledge about its protein
contents is required. The aim of this study was to characterize the proteins present within the coelomic fluid of
Eisenia foetida earthworm. Polyacrylamide-gel-electrophoresis (SDS-PAGE), and two-dimensional gel
electrophoresis (2-DE) were carried out. Several proteins with molecular masses varying from 10 to 150 kDa were
further separated from the coelomic fluid of Eisenia Foetida. The biological activities of the coelomic fluid could
be mediated by these proteins.
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E

arthworms are essential organisms in soil.

(8), anti-oxidant

(9), and

antibacterial (10)

They

cause soil fertility through their

properties. The function of coelomocytes, cells that

burrowing, ingestion and excretion (1). Recently, it

are presented within the coelomic fluid, remains

has been proven that the glycolipoprotein extract (G-

unclear. A detailed knowledge about their protein

90) from earthworm Eisenia foetida has effect on the

contents is required in order to recognize the

wound healing process in alloxan-induced diabetic

molecules responsible for various

rats (2). Working on earth worms comes with some

activities of the coelomic fluid (11). In this regard,

challenges; they do not contain a fully sequenced

the key technology to proteome analysis is protein

genome, and are too small to allow the internal

separation by two dimensional electrophoresis (2-

organs or tissue dissection (3). Eisenia Foetida

DE) (12-14). Therefore, we focused on Eisenia

(phylum Annelida, family Lumbricidae) is a line of

foetida protein spots determination through 2-DE.

biological

invertebrate life dating back to 540 million years (46). The segmented earthworm`s body cavity is filled

Materials and methods

up with coelomic fluid. It has also been reported that

Earthworms

earthworm coelomic fluid contains molecules that

Eisenia Foetida (phylum Annelida, family

exhibit hemolytic and agglutinative (7), antitumor

Lumbricidae) was provided from an earthworm
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farm in Babol, IRAN. The samples were 3–6 cm

A final volume of 500 μL was loaded. IEF gel

long, and weighed between 300 and 400 mg. All

solution contained 8 M urea (Sigma-Aldrich,

procedures involving the present study was were

Germany), 2 M thiourea, 4% m/v CHAPS, 65 mM

approved by the Ethics Committee of The Babol

DTT, 0.001% m/v bromophenol blue (Sigma-

University of Medical Sciences, Babol, IRAN (no.

Aldrich, Germany), and 0.2% w/v Bio-lyte buffer.

1365).

IEF was conducted at 20 °C with an EttanIP Gphor3

The protein extraction procedure

system applying the following program: 50 v for 30

Since the coelomic fluid separation is time

min, 100 v for 20 min, 150 v for 20 min, 250 v for

consuming, and procedure has a low quantitative

20 min, 1000 v for 1 h, 2500 v for 1 h, 8000 v for 3

effect, therefore we used earthworm tissue extract.

h, 8000 v for 7 h, and 500 v for 2 h. After the first

Extracts were obtained from tissue homogenate of

dimension, strips were placed in equilibration buffer

earthworm Eisenia foetida, according to the method

(0.05 M Tris–HCl, pH 8.8, 6 M urea; 30% glycerol;

described by Hrzenjak et al. (15). Earthworms were

2% w/v SDS; containing 1% w/v DTT) and were

also held in 0.65 % NaCl (Sigma-Aldrich, Germany)

slowly shaken for 15 min. The strips were then

solution until their digestive systems were clear.

incubated for another 15 min in the equilibration

Then, their bodies were cut into small pieces.

buffer with 2.5% (w/v) iodoacetamide without DTT

The earthworm tissues were homogenized within

(17). The second dimension was conducted on

equal part chloroform-methanol (Sigma-Aldrich,

12.5% SDS-PAGE. After electrophoresis, the gels

Germany) solution (v/v), and incubated overnight at

were stained with silver (17-18). Images were

4°C. The Next day, 16 ml of distilled water was

captured by Image Scanner III.

added to the homogenate, and centrifuged at 2460 g

All procedures involving the present study

for 10 min. The upper layer, water/methanol was

were approved by the Ethics Committee of Babol

removed, and evaporated so there was no more

University of Medical Sciences, Babol, IRAN (no.

methanol. The remaining water solution was kept at

1365).

4°C.
Analytical

polyacrylamide-gel-electrophoresis

Results

(PAGE and SDS-PAGE)

To achieve a great understanding on the

A polyacrylamide-gel, and two-dimensional

biology of Eisenia foetida coelomic fluid, glycol-

gel electrophoresis of coelomic fluid protein of

lipoprotein extraction analysis of earthworm Eisenia

earthworm were performed using 12.5% gel, topped

foetida was carried out using SDS-PAGE and 2-DE.

by a 7% stacking gel prepared based on the method

SDS-PAGE analysis

proposed by Laemmli (16). The two electrode

The

chambers were filled with the same buffer. Buffer

that the ceolomic fluid of earthworm Eisenia foetida

migration ran for 3 h at constant current of 20 mA in

contains several proteins. SDS-PAGE analysis

cold room until the bromophenol blue marker

after silver nitrate staining revealed at least 17 bands

moved 5 mm from the bottom of the gel. SDS-gel

with an apparent molecular weight of 10 – > 150

was

kDa (Figure 1).

calibrated

using

the

low

molecular

weight (LMW) calibration kit. Then, the bands were

revealed

Two-dimensional electrophoresis analysis

detected by staining the gel with silver nitrate.

The coelomic fluid proteins have been invest-

Two-dimensional (2-D) gel electrophoresis

igated by 2-DE. Staining of 2-DE with silver nitrate

The first dimension (isoelectric focusing, IEF)

revealed the presence of proteins with pH ranging

was performed using GE Healthcare Biosciences

from 3-6 as shown in figure 2.

Immobiline Dry strip (24 cm, PH 3-10, nonlinear).
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Figure 1. SDS-PAGE analysis of proteins from earth worms
Eisenia foetida. Proteins were stained with silver nitrate. A:
molecular weight standard; B: total protein extract.

Figure 2. A representative 2-DE image of E. foetida extract.
Proteins were submitted to isoelectric focusing on 3–10 IPG
strips (24 cm) followed by electrophoresis on 12.5% SDS PAGE.

Discussion

determine the protein contents of coelomic fluid

The coelomic fluid of the earthworm Eisenia

obtained from Eisenia foetida earthworm. The

several biological activities

results of our study demonstrated a number of

including antibacterial, antitumor, anti-coagulative,

proteins with pH ranging from 3-6, and molecular

and wound healing. The biological activities of

weight of 10-150 kDa (mostly around 30-70 kDa)

coelomic fluid of earthworms must be related to

which were detected by SDS-PAGE, and 2DE in

components contained within the coelomic fluid. In

coelomic fluid of the earthworm Eisenia foetida.

this regard, researchers reported a wide variety

Previously, researchers have reported proteins with

proteins possessing several biological activities in

30 to 60 kDa molecular weight. For the first time, in

coelomic fluid. The biological activities of the

this study, we identified further proteins with

coelomic fluid could be mediated by its proteins.

molecular masses of 10 to 150 kDa. It might be

Correspondingly, a protein with 60 kDa molecular

possible that many of these proteins are responsible

weight was found in Eisenia foetida. This protein

for earthworm’s biological activities. Investigation

might be involved in the immune reaction of

of these proteins might be helpful to know the

earthworms.

the

mechanisms of coelomic fluid action. These

biological activities of the coelomic fluid of the

findings might introduce a new method for treating

earthworm Eisenia foetida could be related to some

diseases caused by bacteria, inflammations, and

molecules with 33, 40, 42, 45 and 60 kDa molecular

enhancing the

masses (15). One small peptide was isolated from

corroborate with previous reports (15). Many

the earthworm coelomic fluid with a molecular

biological functions such as anticoagulative and

weight of 510.3 Da. Also, by immunochemical

fibrinolytic, hemolytic and agglutinative (19),

analyzes, these proteins were shown to belong to the

bacteriolytic (20), anti-oxidant (9), and growth

immunoglobulin group.

promoting (10) activities of the extracts obtained

foetida

exhibits

Researchers

reported

that

healing process. Our results

The major finding of the present study was that

from Eisenia foetida the homogenate were referred

the coelomic fluid of Eisenia foetida earth worm

to two tyrosine-like serine peptidases (PI), and (PII)

contains more proteins than previously thought. In

with molecular masses of 34 and 23 kDa,

this regard, 2DE is a powerful method for protein

respectively (21-22). These findings support the

mixture analysis. We used this technique to

traditional use of coelomic fluid of Eisenia foetida
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earthworm as a potential therapeutic agent that has

4. Grdisa M. Mechanism of wound healing in annelids. Invert

been reported in literature (9). These proteins may

Surviv J. 2010;7:192-7.

contribute to accelerate the wound healing process

5. Hasegawa K and Kobayashi H. Immunohistochemical

but their structure, function, and roles are still

localization of endothelin-1 in the nervous system of the

unclear (23). The physiological relevance of our

earthworm Eisenia foetida. Gen Comp Endocrinol. 1991;81

finding, as well as the factors contributing to wound

:433-41.

healing in human`s, need t o be further evaluated in

6. Herlant-Meewis H. Regeneration in annelids. Adv Morphog.

future experiments. The determination of the main

1964;4:155-215.

proteins leading to biological activities of coelomic

7. Kauschke E and Mohrig W. Comparative analysis of hemolytic

fluid are still under investigation by our group. It

and hemagglutinating activities in the coelomic fluid of Eisenia

should also be taken into account that there was no

foetida and Lumbricus terrestris (Annelida, Lumbricidae). Dev

study comparable to the present study. Also, the

Comp Immunol. 1987;11:331-41.

mechanism of action of glycolipoprotein extracts of

8. Hrzenjak M, Kobrehel D, Levanat S, et al. Mitogenicity of the

Eisenia foetida (G-90) on wound healing cannot be

earthworm's

explained by this report.

Biochem Physiol B. 1993;104:723-9.

(Eisenia foetida) insulin-like

proteins. Comp

In conclusion, the coelomic fluid of earthworm

9. Grdisa M, Popovic M, Hrzenjak T. Glycolipoprotein extract

Eisenia Foetida which includes a wide variety of

(G-90) from earthworm Eisenia foetida exerts some antioxidativ e

biological activities could be mediated by its various

activity. Comparative Biochemistry and Physiology Part A:

proteins.

Molecular & Integrative Physiology. 2001;128:821-5.

Acknowledgements

10. Cooper E L, Hrzenjak T M, Grdisa M. Alternative sources of

We would like to thank the personnel of

fibrinolytic,

anticoagulative, antimicrobial

and anticancer

biochemistry department, the staff of Cellular and

molecules. Int J Immunopathol Pharmacol. 2004;17:237-44.

Molecular Research Center of Babol University of

11. Wang X, Zhang Y, Sun Z. A two-dimensional electrophoresis

Medical Sciences .Dr. Evangeline Foronda for the

reference map of the earthworm Eisenia fetida. Nat Sci.

final English editing and to all the participants for

2012;4:869.

their kind collaboration

12. Weiss W and Gorg A. Sample solublization buffers for two-

This work was supported by a grant (No: 1365)

dimensional electrophoresis. Methods Mol Biol. 2008;424:35- 4 2.

from the research council of Babol University of

13. Hernandez R, Nombela C, Diez-Orejas R, et al. Two-

Medical Sciences.

dimensional reference map of Candida albicans hyphal forms.

Conflict of interest

Proteomics. 2004;4:374-82.

The authors declare that they have no
competing interest.

14. Fattahi S, Kazemipour N, Hashemi M, et al. Alpha-1
antitrypsin, retinol binding protein and keratin 10 alterations in
patients with psoriasis vulgaris, a proteomic approach. Iran J

References:

Basic Med Sci. 2014;17:651-5.

1. Edwards C A. Earthworm ecology. CRC press :2004.

15. Hrzenjak T, Hrzenjak M, Kasuba V, et al. A new source of

2. Goodarzi G, Qujeq D, Elmi M M, et al. The effect of the

biologically

glycolipoprotein extract (G-90) from earthworm Eisenia foetida

foetida, Lumbricus rubelus). Comp Biochem Physiol Comp

on the wound healing process in alloxan-induced diabetic rats.

Physiol. 1992;102:441-7.

Cell Biochem Funct. 2016;34:242-9.

16. Laemmli U K. Cleavage of structural proteins during

3. Bundy J G, Sidhu J K, Rana F, et al. Systems toxicology'

the assembly of the head of bacteriophage T4. Nature. 1970;227

approach identifies coordinated metabolic responses to copper in

:680-5.

a terrestrial non-model invertebrate, the earthworm Lumbricus

17. Mortz E, Krogh T N, Vorum H, et al. Improved silver staining

rubellus. BMC Biol. 2008;6:25.

protocols for high sensitivity protein identification using matrix‐

115

Int. Biol. Biomed. J. Spring 2018; Vol 4, No 2

active compounds --earthworm tissue (Eisenia

Downloaded from ibbj.org at 16:09 +0330 on Wednesday November 14th 2018

Goodarzi G et al.

assisted laser desorption/ionization‐time of flight analysis.

bacterial infestation. Comp Biochem Physiol B. 1990;95:71-5.

Proteomics. 2001;1:1359-63.

21. Hrzenjak T, Popovic M, Bozic T, et al. Fibrinolytic and

18. Gharahdaghi F, Weinberg C R, Meagher D A, et al. Mass

anticoagulative activities from the earthworm Eisenia foetida.

spectrometric identification of proteins from silver-stained

Comp Biochem Physiol B Biochem Mol Biol. 1998;119:825-32.

polyacrylamide gel: a method for the removal of silver ions to

22. Hrzenjak T M, Popovic M, Tiska-Rudman L. Fibrinolytic

enhance sensitivity. Electrophoresis. 1999;20:601-5.

activity of earthworms extract (G-90) on lysis of fibrin clots

19. Stein E A and Cooper E L. Invitro agglutinin production by

originated from the venous blood of patients with malignant

earthworm leukocytes. Dev Comp Immunol. 1988;12:531-47.

tumors. Pathol Oncol Res. 1998;4:206-11.

20. Hirigoyenberry F, Lassalle F, Lassegues M. Antibacterial

23. Matausijć-Pisl M, Cupić H, Kasuba V, et al. Tissue extract

activity of Eisenia fetida andrei coelomic fluid: transcription and

from Eisenia foetida as a wound-healing agent. Eur Rev Med

translation regulation of lysozyme and proteins evidenced after

Pharmacol Sci. 2010;14:177-84.

Int. Biol. Biomed. J. Spring 2018; Vol 4, No 2

116

