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Abstract

Terrestrial gastropods are economic pests of horticultural crops, vegetables and nurseries
in Egypt. Biological control using slug parasitic nematodes is one of the alternatives of
chemical control to avoid the hazards of pesticides. This thesis describes the finding of new
species of nematode parasites in Limax flavus slug in Egypt. It was identified as Rhabdetella
axei using molecular (18s r DNA sequencing) technique, however its nucleotide sequencing
exhibited 97.7% homology with this species of nematode. and this sequence was
deposited in the Gene Bank under accession number (KU881631). Pathogenicity of this
nematode was tested against three species of land gastropods, two land snails, Monacha
cartusiana, Eobania vermiculata and one land slug, Limax flavus. The Results revealed that
the nematode gave highly significant effect against Monacha cartusiana snail,whereas the
high concentration of nematodes (12000 I1J/3ml) caused mortality rate that reached 80%
after 7 days of treatment, but there was no effect on the other two land gastropods,
Eobania vermiculata and Limax flavus. Also, the results revealed that Rhabdetella axei can
live a dual life (free living and parasitic life) i.e. they could be pathogenic to only adult
species of small size gastropods like Monacha cartusiana (parasitic life) and they can live
necromenically on large size species of land gastropods. Finally it can be concluded that
the nematode Rhabdetella axei can be used in integrated pest management as a biological
control against Monacha cartusiana land snail . Rhabdetella axei nematode was then
used for subsequent experiments to isolate the symbiotic and associated bacteria. Three
associated bacteria were isolated from its gut and identified by biochemical and genetic
analyses. The Biochemical characterization of the isolated bacteria showed that, these were
Serratia liqufaciens , Achromobacter denitrificans and Providencia rettgeri. However, the
molecular identification using 16SrRNAgene sequencing technique of these bacteria proved
that, the three species are in consistence homology with genus classification but different at
species level (serratia proteamaculans 568; 100 % and Providencia vermicola; 99.8% and
Alcaligenes faecalis; 100 %). All these three sequences were deposited in the Gene Bank
under accession numbers KU881632, KU881633and KUB881634. This is the first report to
isolate those bacterial species from such slug- parasitic nematode. The efficiency of the
three bacterial species to kill the land gastropod Eobania vermiculata was investigated.
The results revealed that 50h culture of all bacteria showed high molluscicidal activity
against Eobania vermiculata snail whereas the highest concentration of  Serratia
proteamaculans 568( 21x107 CFU ), Providencia vermicola ( 22.5x107 CFU)and
Alcaligenes faecalis (25.5%107 CFU) caused mortality rate reaching 80%,86%and 93%
respectively after five days of treatment, But 24h culture has no effect on that snail. All
bacteria are gram negative related to family Enterobacteriae. So the results showed that
50h culture of bacteria secrete toxic metabolites like endotoxins, extracellular proteases
and antibiotic compounds during this period and these toxic metabolites have role to
cause mortality to snails. So the bacterial species identified in this study are good
candidates for biological control of the destructive mollusc pests as Eobania vermiculata in
Egypt.

Key words: Biological control, nematodes, Land gastropod species, Molecular
identification, bacteria, pathogenicity.



MOLECULAR AND BIOCHEMICAL STUDIES ON SLUG- PARASITIC
NEMATODES AND ThEIR POTENTIAL AS BIOCONTROL AGENT

A Thesis
Submitted to the Faculty of Science, Ain Shams University
For Ph.D. in Zoology

By
Nermeen Mahmoud Mohamed Kandeel
B.Sc. in Zoology, Cairo Univ. (1994)
M. Sc. In Zoology, Cairo Univ. (2004)

Supervisors

Dr. Abdallah Mohamed Ibrahim Dr. Magdy Mahmoud Mohamed

Professor of Invertebrates. Professor of Biochemistry
Department of Zoology Department of Biochemistry
Science, Ain Shams Universty. Science, Ain Shams University
Dr. Magdy Wilson Boles Dr. Mona Ahmed Hussein
Professor of Harmful Animals Professor of Nematology and
Plant Protection Research Entomology
Institute. National Rsearch Center

Agriculture Research center.

Dr. Saad Mohamed Moussa
Professor Of Biotechnology of Insects
Plant Protection Research institute
Head of foreign agricultural relations
at the ministry of agriculture



A5 R

— 5“5 U;‘lvé“sv
LBt 13g3laud (e dudloouSgusg dulojor Sbanlys

digud> ddlS 9 uain S LgiclaSy
Fasie Al
ej&:—“uéw\ O\J‘gﬁdaé‘)dulﬁd‘yéaﬂ
Ol ale b
R

i dana 3 gana (e s
VA8 E 5 AL daals ¢ giad plo and pgle g slSs
Yoot 5 alal deala — o gl ale B pivale
il ) aas

Jasa 3 gana gdaa /2] ) 3l dana bl /4
dg gaal) pleast) M iy Lasd ale M)
uadi (5 Aaala - glal) 4l uads (e daala -a glal) 44l
Opean 2aa) /3] oadgs Gy saaa 3]
>l silanil) ale ) giCa M 48 5 30 jldal) il gaad) ale il
&) pdiad) ULl A48 g ¢ gay gra
ciladl) 4l g cild) and Ao, ) dagal) 38 4a
Cigaall cagill 38 sl

i 94 e S /4]
Gl pda — A5 gl ale S
doe ) 3 daa JAd) cilBdall jiaa
A )30 80 3



CONTENT

ACKNOWLEDGEMENT I
ABSTRACT I
Pages
INTRODUCTION 1
REVIEW OF LITRRATURE 4
1 Molecular biology of nematodes. 4
2. Biological control of snails and slugs by |8
nematodes.
3. Molecular biology of bacteria. 18
4. Biological control of snails and slugsby | 23
bacteria.
MATERIALS AND METHODS 31
1 Experimental animals 31
2. Method of isolation Nematodes from land slugs | 31
3. Genomic DNA Isolation from nematodes 31
DNA amplification and sequencing 32
4. LCso Determination of isolated nematodes on | 32
land gastropods.
5. Bacteria Isolation from nematodes 33
5.a. Biochemical identification of bacteria 33
5.a.a. | Genomic DNA isolation 33
5.b. Molecular identification of bacteria. 33
5.b.a. | Bacterial 16s r RNA gene amplification. 34
6. Calculation of the concentration of bacteria. 35
7. LCso determination of isolated bacteria 35
RESULTS 36




1 Molecular identification of nematodes 36

2. Effect of isolated nematodes from land slugs | 41
against three land species gastropods.

3. LCso of isolated nematode against Monacha | 42
cartusiana.

4. The pathogenic symptoms of isolated nematode | 43
Rhbditella axie on treated land gastropods.

5. Isolation of bacteria from Rhabditella axei |45
nematode.

5.a. Biochemical profiles characterization based on | 45
biolog identification system.

5.b. Molecular identification of isolated bacteria. 46

6. Effect of three species of isolated bacteria | 67
against Eobania vermiculata.

7. LCso determination of three species of isolated | 71
bacteria.

8. Pathogenic symptoms of bacteria. 72
DISCUSSION 73

1 Molecular identification of nematodes. 73

2. LCso effect of nematodes 73

3. Pathogenic symptoms 76

4. Molecular identification of isolated bacteria 78

5. Effect of three species of isolated bacteria | 79
against Eobania vermiculata.

6. Pathogenic symptoms of bacteria. 82




SUMMARY 86
Identification of the isolated nematode from | 86
Limax flavus slug.

Effect of nematodes against land gastropods. 86
LCso and LCg determination of isolated | 86
nematodes.

Pathogenic symptoms of isolated nematodes on | 87
treated land gastropod species.

Identification of three isolated bacteria species | 87
from nematode.

Effect of the three isolated bacteria on |88
Eobania vermiculata

Pathogenic symptoms of isolated bacteria on 89
Eobania vermiculata.

REFERENCES 90

ARABIC SUMMARY




LIST OF TABLES

Mean percent nucleotide identity and divergence
between isolated nematode and other strains of
nematode belonging to genus Rhabditella retrieved
from Gene bank.

Molecular identification of isolated nematode.
Effect of isolated nematodes against three land
species gastropods using thin film layer technique.
LCso and LCgo determination of isolated nematodes
on Monacha cartusiana land snail.

Biochemical analysis of the three isolated bacteria
based on biolog identification system.

Molecular identification of isolated bacteria.

Mean percent nucleotide identity and divergence
between 1% isolated bacterium and six strains of
bacteria belonging to genus Serratia retrieved from
Gene bank

Means percent nucleotide identity and divergence
between 2" isolate bacteria belonging to genus
Alcaligenes faecalis retrieved from Gene bank.
Mean percent nucleotide identity and divergence
between third isolated bacterium and 9 strains of
bacteria belonging to genus Providencia retrieved

from Gene bank.

Page
37

41
42

43

45

47
53

60

66




10.

11.

12.

13.

Effect of Serratia proteamaculans 568 bacterium
against Eobania vermiculata land snail using
dipping technique.

Effect of Alcaligenes faecalis against Eobania
vermiculata land snails using dipping technique.
Efficacy of Providencia vermicola against Eobania
vermiculata.

Evaluation of LCso and LCgy and slope for each

bacterium.

68

69

70

71




LIST OF FIGURES

10.
11.
12.

Multiple alignments between target sequences of
isolated nematode and closely related sequences
were retrieved from Gene bank.
Photomicrograph for Female of Rhabdetella axie
Photomicrograph for Male of Rhabdetella axie.
Photomicrograph for The tail of female
Rhabdetella axie.

Photomicrograph for The tail of male
Rhabdetella axie

Photomicrograph for Ventral bulb, Basal bulb
and between them an isthmus that’s are
characteristic for family Rhabdetdae.
Phylogenetic tree was consisted by analysis of
18srRNA gene sequence.

Response curve showing the relation between
the concentration of nematodes per cm? and
mortality percentage of Monacha cartusiana
comparing with the other two species.

untreated snail Monacha obstructa

Swelling mantel of Monacha obstructa.

Tissue lysis of Monacha obstructa.

Multiple alignments of Serratia proteamaculans
568 and six reference sequences retrieved from

Gene bank

Page.
39

40
40
40

40

40

41

43

44
44
44
52




