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Genomics and tfaxonomy
* In vitro culture
-Collagen and the mechanism of attachment

*Three types of cuticle variation




Generalised life cycle
of a root-knot
nematode
Meloidogyne spp.

LIFE CYCLE
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J2 per g Soil 94 64 7

%J2 +spores 47 89 100

Yield Kg/plot  Na 11 25

Two Major Problems

1) Mass production

2) Infection and host specificity




H. avenae = - - - + +

H. glycines - - NA - _ .

H. schachtii = - - - - +

H. cajani - - - - - NA
- - - - - NA

G. pallida

G. rostochiensis - - - - = ++

-. ho attachment; + 1-10 spores; ++, 11-20 spores; +++ > 21 spores
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ENDOSPORE ATTACHMENT

Reaction of
second-
stage juvenile
cuticle by a
polyclonal
antibody

Meloidogyne Meloidogyne
Incoghita arenaria

Davies & Danks Parasitology 105, 475-480
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Pasteuria populations

Davies et al., 2001, Parasitology 122, 111-120




Immunofluorescence of Pasteuria endospores

No fluorescence Low fluorescence High fluorescence

Davies et al., Let. Appl. Microb. 19, 370-373




Immunofluorescence of Pasteuria endospores
attached to nematodes

Polyclonal antibody Monoclonal antibody

(Adapted from Preston et al., J. Nematology)
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% fluorescent spores

M. incognita Race 2
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Characterisation of endospores
attached to different nematode

populations by 5 Mabs

Davies et al., Let. Appl. Microb. 19, 370-373




Increase in Race 1 M.
arenaria pathogenic

Pasteuria

M. arenaria Race 1: peanut




maintaining a diverse

Pasteuria population




Homogenised to extract spores
Enzyme digestion

Proteinase K, lyzozyme, DNAase, RNAase
Heat treatment, protinase K, heat treatment

Bead beating
DNA amplification using kit
Sequencing: Sanger (2003) and 454 (2008)




argest contig 2.

GC content 62 %

Bacterial genomes range from:

< 1 Mbp Mycoplasma genitalium
to
> 9 Mbp Nostoc punctiforma

Bacteria:

Nostoc punctiforme
Myxococcus xanthus
Gemmata obscuriglobus
Streptomyces coelicolor
Mesorhizobium loti
Mycobacterium smegmatis
Pseudomonas aeruginosa
Burkholderia pseudomallei
Escherichia coli 0157 H7
Agrobacterium tumefaciens
Pseudomonas putida
Salmonella typhimurium
Escherichia coli K-12
Mycobacterium tuberculosis
Bacillus subtilis
Caulobacter crescentus
Vibrio cholerae
Deinococecus radiodurans
Rylella fastidiosa
Lactococcus lactis
Neisseria meningitidis
Chlorobium tepidum
Haemophilus influenzae
Aquifex aeolicus
Rickettsia prowazekii
Geobacter sulfurreducens
Mycoplasma pneumoniae
Mycoplasma genitalium

0 1 2 3 4 5 3 7 g 9 10

Genome size (Mbp)
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Mycobacterium tuberculosis
Aquifex aeolicus

Campylobacter jejuni
Heliobacter pylori
Rickettsia prowazekii

Neisseria meningitidis
Xylella fastidiosa

Pseudomonas aeruginosa

Escherichia coli Gram negative

Buchnera aphidicola
Pasteurella multocida
Haemophilus influenzae
Chlamydophila pneumoniae

Chlamydia trachomatis
Chlamydia muridarum

Borrelia burgdorferi
Treponema pallidum

Charles et al, 2005, J. Bact.



“Forget about the genome. And let’s say, ‘It’s great. We’ve got
all these sequences. Thank you very much for all the people
that helped to get them - please get us some more.” And let’s
get on with the biology.”

Sydney Brenner, January 2003, San Diego, California
Plant and Animal Genome Conference

1) In vitro mass production

2) Spore ‘type' and attachment specificity
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TRENDS in Microbiology

Sporulation
governed by
SpoOF

Driks, 2002

Trends Microbiol. 10: 251




SpoOA

DNA binding
domain

Inactive

Diagram of proteins involved in the phosphorelay required for initiating the sporulation signal
transduction pathway in B. subtilis (from Feher et al, 1997). The red arrows represent

Sporulation
. DNA binding
domain  "—
Active abrB

environmental signals which initiate the transfer of the phosphoryl group via the

Phosphorelay pathway.




W :

MMNEK--TILIVDDQYGIRILLNEVENKEGYQTFQAANGLOALDIVTKERPDLVLLDMKIPGMDG
VMEGK--ILIVDDQYGIRVLLHEVEFQKEGYQTFOAANGEFOALDIVKKDNPDLVVLDMKIPGMDG
—MN-K--ILVVDDQYGIRVLLNEILQKDGYQMFOQAANGIOALAIVEEETPDLVLLDMKIPGMDG
MMNEKKLILIVDDOQYAIRLLLKEIFSODGIIVLOAAGGXEAIELVAQOQPDLMLLDMKMPGMDG

p1 al B2 a2 B3

! !

Bsu IEILKRMKVIDENIRVIIMTAYGELDMIOESKELGALTHFAKPEDIDEIRDAVKKYLPLKSN
Ban IEILKHVKEIDESIKVILMTAYGELDMIOEAKDLGALMHFAKPEDIDEIRQAVRNELAVEA-
Bha LEILRRIKDMNPNIEVIMMTAYGELNMINEAMOQLGAVTHFAKPFDIDDVRAVIAENMKSS——
Ppe LEILRRVROVIPALKVIVMTAYGELEMMEKIRSLGVVMHEPKPEDVRAVRCGVLRYLXXXXX

o3 B4 o4 B5 o5

Residues in red are identical between Ape and the Bacillus
species. Residues in green are conservative exterior
substitutions. The positions of b-strands and a-helices are
indicated. Conserved active-site residues are highlighted in
bold (arrows).

Kojetin, et al, 2005, Biometals 18, 449-466




required

Thought to be Mg?* or
Mnz*

Without the metal ion,
phosphorylation will
hot occur

WHAT ABOUT OTHER IONS?

Kojetin, et al, 2005, Biometals 18, 449-466




Relative amount of KinA~P or SpoOF~P
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Kojetin, et al, 2005, Biometals 18, 449-466




+ Cu+2 = Cu+2

Kojetin, et al, 2005, Biometals 18, 449-466
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Pasteuria populations

Davies et al., 2001, Parasitology 122, 111-120




Bacillus anthracis
endospore

Davies, Advances in Parasitol. In prep.



818

Ames 120

53169 118

9602R, A2R, 6183R 52
6602 48

5725R 42

4229 28

Structure of BclA collagen-like repeats and their relationship
to filament length in Bacillus anthracis
(adapted from Sylvestre et al, J Bact. 185; 2003)
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rfbA rfbC rfoB  rfbD fabl yjbX cotZ-1 cotY

B T R

Bs = AN
—ap- - - — e —— - ——Ba
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(Davies & Opperman, IOBC Bulletin, 2006, )




rfbA rfbC rfoB  rfbD fabl yjbX cotZ-1 cotY

L e - - - up- X
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(Davies & Opperman, IOBC Bulletin, 2006, )




>Contig2_1 (Ppenetrans-147)

LODQTNSPFRLEPEMWS INNIHSFNHMNKRKKQNIFFHTFSLGGLEDNHFMKHWIGRNSG
CIHYKNNGKIRNTITHTPSPRRSEGNRFVKHWIGRKSVYINSDYRDQHNHHNSSRTTLYR
NCEKCDNNQYEEFDNDHCEEFDNNHCCDCCLCNRCKCRVTGPTGPTGPTGRTGSTGRTGP 36 G-X-Y r epeats
TGPTGRTGSTGRTGPTGPTGPTGPTGPTGRTGEFTGRTGSTGSTGRTGPTGSTGRTGSTGS
TGRTGPTGSTGRTGSTGSTGRTGSTGSTSRPLVGRRNSR

>Contig3_4 (Ppenetrans-147)

VANSRLEGWTAGPAGAQGISGPPGEPGIQGPAGTPGAQGIQGPPGPAGTPGAQGIQGPPG
PAGPTGPAGAAGSPGTPGPAGPAGPAGAAGSPGTPGSPGTPGPAGPAGPAGPAGTPGAPG
PAGPQGTPGAPGPAGPQGTPGAPGPAGPQGTTGAAGPTGPQGTTGPQGTQGTQGPQGIQG

IQGPVGPQGATGATGPGLNTSMTIVAGGGADTQFITPTPEGPTGPGGTFEPGNGPKYREG 6 2 G"X"y r.epea-l-s
GELHLIGTHREFSSSRVPGPF

Total of 12 Pasteuria penetrans collagens with G-X-Y repeats

5 unique to RES147, 4 unique toFl-1, 3 in common




Pasteuria

Contig

Amino Filament

G6-x-ys upstream  downstream acids length (nm)

Con 3_4

Con1_2

Con 374

79 Yes Yes 430 81.7
35 Yes Yes 221 435
62 Yes Yes 260 50.6

Number of Gxy repeats

180

160 -
140 4
120 A
100 A
80 A
60 -
40 A

20 A

0

y = 0.6005x - 26.252
R? = 0.9998

R? = 0.9539

|
=0.1829x + 3.0747
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0

50
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Number of amino acids in BclA

0
350

collagen filament length (nm)

Prediction of Pasteuria filament length
from the equation

y = 0.1829x + 3.0747

(Davies & Opperman, IOBC Bulletin, 2006, )
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Davies, 2008, Advances in Parasitology in prep.



M. incognita 41-46; polyploid Mitotic parthenogenesis

M. javanica 42-48; polyploid Mitotic parthenogenesis
M. hapla Race A 13-17; n Amphimixis & meiotic parth.
M. hapla Race B 43-48; polyploid Mitotic parthenogenesis

After Evans, AAF (1998) In: The Physiology and Biochemistry of Free-
living and Plant-parasitic nematodes CABI (Eds RN Perry & DJ Wright)




every 4-6 months single egg mass

/ 0\

3 spore 26 spore VWS single juveniles VW9 single juveniles

}

8 single egg mass 8 single egg mass 2 Single egg masses 2 single egg masses

populations populations from 2 single J2 from 3 single J2
| | populations populations
Tested against Tested against 1 _ 1 |
PP3 & RES147 PP3 & RES147 Tested against Tested against
PP3 & RES147 PP3 & RES147

Davies, Rowe & Williamson 2008 Int. J. Parasit.,38, 851 - 859
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Pasteuria

RES147 FP3

Davies, Rowe & Williamson 2008 Int. J. Parasit., 38, 851 - 859




Segregation in spore attachment

121 [ ANOVA P< 0.001

Spores per J2

el

RES147 PP3

Davies, Rowe & Williamson 2008 Int. J. Parasit., 38, 851 - 859




Somaclonal variation in spore
GtTGChmenT ANOVA P« 0.001
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Davies, Rowe & Williamson 2008 Int. J. Parasit., 38, 851 - 859




Somaclonal variation in spore
attachment T

ANOVA P<0.001
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Davies, Rowe & Williamson 2008 Int. J. Parasit., 38, 851 - 859
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Davies et al., 1991 Revue de Nemato/ 14, 616 - 618.




Pharynzx
e

., ‘Grnder

Mervous
system

uticle
Intestine
Hypodermis

Pseudocoelom

(o)

DAF-2 pathway |— s Stress resistance t

Environmental Iﬁ?g:am i s i 4
signals J— Pathogen resistance
&‘ Recepior Hypodermis
a 50 @ '_* Pseudocosiom
[Théﬁ Em I s t }  iniestinal o=l
% el > P
Pathogen receptor 7 -— Intestinal lumen

r. — ':_} 1fa—“"'l'I'lf:aq'|' B’ ot
i

Fathogens

Carent Oplnicn In IMmursicgy

Antimicrabial defences in O slegans. [a) Baaic anatomy of O slegans. Of particular note are the physical bamiers, the grindar that mechanically
dizupts the bacteriz fhat form a wom's noemal dist, and the cuticle that envelopss the animal, both of which protect the womm from microbial
aggression, and the pasudocosiom, 2 fluid-filled cavity fhat ssparates the intesatingl calis from the mpodammis. (b) A modsl for the celular baais
of nnate mmunity in C. slegans. The presence of pathogens in the environment is perceived via the sensory newons, which gensrate a signal that i
tramamitted to targst tissuss vis the pesudocosiom. Supporting such an idsa i3 the fact that, in contraat to ther ligands, which ars secreted
factors expressed in the nervous aystam, the different proteing nwolved in the DAF-2 and DBL-1 signaling cascadses (ses Figurs 1) are expreassd
n the intsstine and hypodsnmiz, as are putative antimicrobizl proteins, such a3 LYS-6 and RGBS It = possble that the sstablishment of an
infection in the intestinal men alao plays & role in triggering & defence reaction, via an as yst uncharacterised mechaniam. It s hypothesised
that antmicrobial protens and peptides ars secrsted into the intsstins, via specialized vesiculsr affic, as lustrated for LYS-6

www. sCiencedirect. com Current Gpinion in Immunology 2004, 16:4-08

Anne Millet and Jonathan Ewbank 2004 Curr. Opin. Immunol. 16, 4-9




(b)
CAF-2 pathreay

?INEJE

phosphatidylinositol biphosphate to a triphosphate g F,:*ip_
T
PiP5 binds to the AKT-1/AKT2 complex that CEDK T > ——(CART 2D
phosphorylates the Forkhead transcription factor
DAF-16
DAF-16+P cannot be translocated fo nucleus to

activate DAF-2 pathways

DAF-16 can enter nucleus

L1 and L2 activates dauer formation
L3 - adyl’rs activates stress response and Stress response gene
n'|'|_m|cr-ob|q| genes Antimicrobial response gene

il gl

(Millet & Ewbank, 2004)










-O- EGF stimulated -@- IGF-I stimulated

-g 60 -
(EGF) :
& R,
Insulin Growth Factor 920
(IGF) s | | |

"~ 1.00E-12  1.00E-10 1.00E-W
stimulated -20 - EPL001

(20 mer version)

MCF-7 cells e

(breast carcinoma cell line)
i John Haylor et al., in prep.




Total larvae produced per day

—e— Control
—s—EPLO1
EPL030

Number of larvae

1 2 3 45 6 7 8 9101112131415 16 17 1819 20 21

days

Mean larvae per adult .
Control EPLOO1 EPLO30 g a0-
17 24 6
+43% -64% < % { )
e

ANOVA P< 005 1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21

Time days

Davies and Hart (2008) Nematology 10, 103-112

—e— Control
—=— EPLOO1
EPLO30




*Meloidogyne incognita allowed to hatch in water

*Treat with 1uM of EPLOO1 and EPLO30 (water control)

‘At 0O, 18, 21 and 27 hrs wash (x3) water

‘Endospore (strain RES147) attachment test by centrifugation

Count endospores adhering to the cuticle




ANOVA P <0.001
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Davies unpublished




Exocuticle

Struts

Endocuticle

Young

line of E/S products

Davies unpublished




Clonal vartiation:
probable under epigenetic control

Induced variation:
modulated by environmental parameters
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