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INTRODUCTION

Water quality assessment
(drinking and recreational)

Goal of AQUACHIP project

A Public Health A

|
Legislation / EU Directives
98/83/CE and 2006/7/EC
v

Presence of pathogenic
organisms

¥

Conventional
microbiological methods

Time consuming, indicator bacteria
limitations...

Development of a rapid method for simultaneous detection of several
microorganisms in water samples by the use of a DNA chip

Silva A.M., et al (2010). J. Appl. Microbiol. 108, 1023-1031.




General concepts

Chip de DNA

o«

DNA probes




AQUACHIP

Probes
designed by the
software

Synthetic Oligo
Manufacture

Microarray
Spotter

Microarray Data
for Analysis

Microarray Scan

Hybridization
Process




AQUACHIP

Probe Microorganism Sequence bp

1 Total coliforms 16S rRNA 147

2 E. faecalis 23S rRNA 140

3 E. faecium 23S rRNA 161

4 E. coli putative toxin of gyrase inhibiting toxin- 162

antitoxin system (locus_tag "ECP_0049")

5 E. coli YeeR 186

6 C. perfringens spoVD 184

§- 7 E. coli uidA 139

§ 8 E. coli lacz 187

"E 9 S. aureus GAP (glyceraldehyde-3-phosphate 128
S, dehydrogenase, type |)

§ 10 L. pneumophila dotA 128

e 11  E. coli 0157 putative_enterotoxin (ECs3855) 152

12 C. jejuni pebA 107

13  C. coli gyrB 134

15  Shigella spp. ipaH_1 111

16  Faecal coliforms hha 164

17  Salmonella spp. aroG 110

18 P. aeruginosa oprlL 141

< Cl Random sequence 1 Negative control 148

g’ C2 Random sequence 2 Positive control 148

F. Vale et al. (2009). Physica Status Solidi C 6: 2184-2189.




Random distribution
3 different probe concentration

AQUACH IP Each probe spotted 8 times at each concentration

o o) (1) () (1) (=) (o1
(DO @@

000000 OOr "Q00 0000000 OO o0
9900900 OC W9 9989998 &° N
Q000000 ¢ 2 0000000 ¢ 7
OOO0000 0 O 000000 0 N 2
QOO000C \ 20 00000QC o4
QOO00C Q 0 0000 Q
OOO0C Q 2000  0OOOC Belels
000OC 20000  00OC
o0C Q 200000  0OC <O 20000 11
lole Q) 2000000  OF q/ Blelelelele
ol 0000000 O N elelolelelq
Q\(]/ 2 Q000000 G 2|000
OO ¥ L0 0000 00 LO|00000c]
0000000 OOC 2000
9933888 & 3%
ojelslelele R \0 3 Blank
QO00C 20
sle/alelole q 200
ooooc, Q<000
Q0OC 0000
920C &y~ 39900 20 )( 8 ) 4 5 ) 16 ) (Blank) ( C1
ola) q/. 2000000
oif QO0OQQ0
9N %o MR Roololelslele
QO L0 OOOOOQ0
Q00 OO ©OOOOQ0
Mandatory species/groups Non-mandatory species/groups  Controls
1 — Total coliforms 9 — S. aureus C1 — Negative control
2 — Enterococcus spp. 10 = L. pneumophila C2 — Positive control
EHE 3 — Enterococcus spp. 11 — E. coli 0157
4 - E. coli 12 — Campylobacter spp.
5 - E. coli 13 — Campylobacter spp.
6 — C. perfringens 15 — Shigella spp.
7 —E.coli 16 — Faecal coliforms

8 — E. coli 17 — Salmonella spp.
18 — P. aeruginosa

Nelson M, Vale F and Vieira H. Physica Status Solidi C. In press.




Probe and chip fabrication

»Single-strand probe synthesis using 3’ modified
primers with a C6 spacer, pretreatment of Codelink®
slides (Surmodics, Eden Prairie, MN, USA).

»Probe spotting, covalent binding of probes to
slides and slide washing were all done at the external
contractor facilities (Biocant, Portugal).




1. Positive control validation
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Artificial DNA without homology with the genomes of the screened ~[> signal always absent
microorganisms

» signal always present

Preparation and validation

added to all samples




1. Positive control preparation

PCR amplification
Ml 4| =

DNA Labelling Kit - (QlA .
— quick Gel
Extraction kit)




1. Positive control hybridization

( Overnight

hybridization at 552C
with rotation

Image acquisition and data analysis




1. Positive control validation

Image acquisition
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1. Positive control validation

Data analysis
é
(excepet blank)
Each —_— 4 squares _—
concentration q

Positive if:

Each probe: 8
times represented

) . lankBlank 7
Signal in 5 out of 8 . Controls

C1 — Neaqative control
I C2 — Positive control I

BlankBlank|

Blank C1




2. Validation of other probes

Sample preparation

Bacteria

E. coli

Shigella spp. J

Enterobacter cloacae Culture

Eschericia coli 0157

Shigella spp (plus positive
control

DNA extraction




2. Validation of other probes: some examples

Labelling and hybridiztion

DNA extraction

Bacteria

E. coli

Shigella spp (plus
positive control DNA

Eschericia coli 0157 labeling

Citrobacter freundii

Chip application

hybridization

— —

Wash and dry

Image

acquisition




Probes for E. coli : validation

» Test different probes

- Specific hybridization

> Escherichia coli

233
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Shigella spp (plus positive control) :

validation
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Results

1 — Total coliform

16 — Faecal coliform
15 - Shigella

C+ - positive control

4,7,8 - E. coli
17 — Salmonella




Eschericia coli 0157
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Results

11 - E. coli 0157

Without hybridization with
other E. coli probes




WOO®O®E

Citrobacter freundii
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3. Real water test: Tagus river captation of EPAL
(untreated water!)

Overnight
incubation at

37°C
(100 mL)

filtered
(100 mL)

DNA
extraction
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Water filtration...

DNA extraction DNA labelling
from water and
sample hybridization




3. Real water test: Tagus river captation of EPAL (untreated water!)
CHIP RESULTS

Tagus River

directly filtered Nojaetection
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Chip vs. Conventional results

Probe [Microorganism Chip positive ufc/100ml Conventional
method

1 Total coliforms v 2282 Total coliforms
2 E. faecalis v Enterococus
3  [E. faecium v 68
4 E. coli 268 E. coli
5 E. coli v
6 C. perfringens

§- 7 E. coli

S| 8 [coli v

‘{3 9 S. aureus

3, 10 |L. pneumophila

3| 11 [ coliO157

21 12 [c jejuni
13  |C. coli
15  [Shigella spp. v
16 [Faecal coliforms v 282 Faecal coliforms
17  [Salmonella spp. v Absence 1L | Salmonella spp.
18 |P. aeruginosa v 0 P. aeruginosa

é’ Cl1 |Random sequence 1

5| €2 [Random sequence 2 4




Chip vs. Conventional results

Probe [Microorganism Chip positive ufc/100ml Conventional
method

1 Total coliforms v 2282 Total coliforms
2 E. faecalis v Enterococus
3  [E. faecium v 68
4 E. coli 268 E. coli
5 E. coli v
6 C. perfringens

§- 7 E. coli
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15  [Shigella spp. v
16 [Faecal coliforms v 282 Faecal coliforms
17  [Salmonella spp. v Absence 1L | Salmonella spp.
18 |P. aeruginosa v 0 P. aeruginosa

é’ Cl1 |Random sequence 1

5| €2 [Random sequence 2 4




CONCLUSION

% Positive control validation

% Correct hybridization

< Helpful for array alignment and identification of positive spots in samples
of unknown composition

< E. coli (principal indicator bacteria) with 4 different probes on chip

< Two of these probes give expected results (5 and 8) and the other two (4
and 7) should not be considered

< E. coli O157; Citrobacter freundii
<+ Correct hybridization

<+Shigella probe
<+DNA from Shigella hybridizes with probes for Shigella and E. coli
+DNA from E. coli do not hybridize with probes for Shigella

<+Great homology between Shigella spp. and E. coli genomes




CONCLUSION

< Real water: untreated water from Tagus river captation of EPAL

% pre culture step
% increase the sample volume of filtered water

% discordant results for Pseudomonas spp. and Salmonella spp. (chip
positive only)

< Salmonella probe, which has 95% homology to E. coli DNA,
according to BLAST [4] (E-value 3E-28), may justify a positive signal

< Stressed bacteria may be unable to grow in selective mediums

< general agreement of results between Aquachip and conventional
methods

< reinforces the utility and the proof-of-concept of the DNA
chip
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