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“PLEASE FEEL FREE TO INTERRUPT

IF YOU HAVE A QUESTION. "

1995 Tom Swanson



7 Biomedical Diagnostics Institute

» Established 15t Oct. 2005
 SFI CSET: Industry-Academic Partnership
e Investment: SFI €16.5m, Industry €6m
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~= About BDI

~* Research

-= Industrial / Cormercial |
~* Education & Qutreach |
“® Mews & Events | —

~* Contact Us |

Welcome to the
Biomedical Diagnostics Institute

The Biomedical Diagnostics Institute (BDI) is a multidisciplinary research
institute focused on the development of next generation biomedical diagnostic
devices, These devices which will directly affect the quality of peoples lives
warldwide aver the coming decades, will be used in Paint of Care applications
as well as for self-test, home use,

The BDI has developed a cutting edge collaborative research programme
involving leading researchers form academic institutions, companies and the
clinical environment to form a complementary, integrated, cohesive
partnership.
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& Biomedical Diagnostics Institute

* Next-generation Biomedical Diagnostics
« Early warning of life-threatening events
* Link therapy and monitoring

* POC and self testing (home use)
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...what do
we do”?

Biorecognition Group

'
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/ "....the production, optimisation and ™,
. characterisation of antibodies and
“..antibody fragments”.
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Welcome to the Biomedical Diagnostics Insti Microsoft Internet Explorer.
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About BDI

Research

Overview

Technologies &
Programmes

- Biorecognition Research
- Microfluidic Platforms
/

- Platelet Biology . N /
Biorecognitidn ’

- Signal Amplification

- Transduction Science This programme focusesdan the proguction, optimisation and characterisation of
- . antibodies and antbody fragments, In addition ta monoclonal and polyclonal
Integration Projects antibody production, high diversity libraries (bath in-house and cormmercial) will
. be sersensd using an automated, high throughput seresning systsm to identify
Industrial / Commercial and characterise highly specific and sensitive binders, In addition, genetic

techniques will be utilised to further enhance the specificity and sensitivity of the
antibodies and fragments. These improved binders will be intearated with
developments in ather programmes (2.g. signal amplification and transduction
science) to vield the high levels of performance charscteristics required in the
novel POC devices.
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Education & Outreach

v

News & Events

v

Contact Us
4 secand strand in this programme will investigate the patential for novel high
copy number functionsl RNA'S a5 species-specific diagnostic markers to detect
and guantify disease agents. High copy number functional RNA molecules will be
used to develop navel molecular tests for bacterial pathogens. In addition, high
copy number non-coding functional REA’s associated with the control of gene
expression at the transcriptional and translational level will be identified and




\’/ Overview

e Listeria monocytogenes (Whole cells)
- Subtractive inhibition assay (anti-whole cell pAb)
- Direct inhibition assay (anti-InIB pAb)
- Direct cell binding (anti-InlA mAb)

* Puccinia striiformis (Spores)
- Subtractive inhibition assay (anti-spore cell mAb)

e Aflatoxin B1




\ Strategy

Target
Nalve or synthetic
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&  Listeria monocytogenes

e Gram positive bacterium

« Ubiquitous in nature

* Grow at 4°C

* ‘Listeriosis’ manifested as
} fOOd pOisoning http://textbookofbacteriology.net/Listeria.html

- spontaneous abortion

- meningitis and encephalitis

20%




\’/ Virulence Proteins

Internalin B (InIB)

O0o
~65 kD
2 \ O p60 (60kDa),

Hpt
(cell growth/division)

— Listeria
monocytogenes ——
/J//J\/J ytog —
|
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Actin Tail Filaments (ActA)

Listeriolysin (60 kDa),
SR - Internalin A (InlA) PI-PLC ysin ( )
(Intracellular motility) :
80 kDa PC-PLC
P66 (kDa)

(escape from vacuole)

Aminopeptidase




. Current Detection

First stage enrichment (24-48 hours)

v

Second stage enrichment (24-48 hours)

v

Verification (24 hours)
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Vi Subtractive inhibition

 Polyclonal antibody produced against whole cells
* Biacore assay developed:
- Assay format
- Preconcentration

- Immobilisation

- Specificity

- Regeneration
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Response (RU).
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Regeneration
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. Overlay Plot
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&  Typical Calibration Curve

1.1 —
i Intraday Interday
1.05 —
1 Concentration CV's CV's
1 - . (cells/ml) % %
0.95 il 1x 100 1.60 4.00
- 1x 10° 0.59 0.14
~ 09—
x | 1x 108 1.18 2.49
4
b 0.85 5 x 107 0.89 2.79
2] i 7
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2 07— 1x 106 4.80 1.50
'O |
g 0.7 | 1x 10° 3.52 2.74
® - 1 x 104 1.42 3.26
€ 065
(@] i
pd
0.6 +
0.55 : :
1+ Potentially cross-reactive
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&  Direct Inhibition Assay

» Refine the specificity T%?rggl s

* Anti-InIB extract polyclonal antibody -
 — <66 kDa

 Cloned InIB gene sequence ' S— < 55 kDa

* Purified protein by IMAC

Irsternalin B proteirn domains
foe] Ltk resion [ 1] B [ow[owjowk

Internalin domain




v Inhibition Assay
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Normalised response (R/R,)

0.95 +

0.9

0.85 4

08+

075+

0.7 4

065 4

Calibration Curve
e CV's <8%

« >200 regeneration cycles
* LOD ~5x10° cells/ml

« Genus- (not species) specific

1z10*

12107 1x108 1=107 1x10% 12107

Cell concentration (cells/ml)




¥  Whole Cell Immunisation

« Tandem (negative) screening
— Putative L. monocytogenes-specific hybridomas

— Selected clone no. 39 for further analysis
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\ Epitope Mapping

« Confirmed specific binding of mAb to native and rInlA protein
— Internalin A (InlA)

— Constitutively expressed key virulence determinanant

Anti-His tag mAb
M2 M2
216 kDa - < 216 kDa
121.5 kDa 4 < 121.5kDa
86.95 kDa - < rnlA P < 86.95kDa
49.8kDa » <« 49.8kDa

32.9kDa
329kDa 4




\ Immuno-staining

* Use of anti-InlA antibody-linked red light-emitting quantum dots
(605nm), for the visualisation of L. monocytogenes cells on poly-I-
lysine treated glass slides.



. Choice of Sensor Chip

* Cell binding model




\ AFM Imaging

L. monocytogenes cells

//.;

Sensor chip

/ surface




\ Surface Specificity

« Specific binding of L. monocytogenes cells to mAb
immobilised surface

1600 -

] mAb2B3 surface
1400 4

1200
1000 -
800 -

600 -

Response (RU)

400 |

200 +
Control IgG2a surface

800 1000 1200 1400



\ Surface Specificity
* No cross-reactivity

B. subtilis

L. innocua 6a
E. faecilis
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&  Typical Calibration Curve

 Highly specific
« LOD > 1x107 cells/ml

« Caveats: sensitivity
and enrichment

e] (RUs)
N
N

Log[respons

Cells/ml



\ Cereal Crop Screening

Macro-scale cereal crop farming

= demand pre-harvest screening

"Precision farming"

l

Mapping of disease areas

l



Puccinia striiformis
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* 18-45 ym diameter

Uredinia
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R/RO

1.0
0.9+

0.8+

0.7+

Spore Calibration Curve

» Subtractive inhibition assay
* LOD: 3x10° spores/ml

* First biosensor assay reported for Pst
spores

* Field trials proposed

* More reliable than visual analysis of |leaf
samples




\’l Aflatoxins

A group of approx. 20 related fungal metabolites that occur
In Aspergillus species

« Most common group of toxins from naturally occuring
moulds

* Aflatoxin B1 (AFB1), produced by A. flavus and A.
parasiticus, is the most predominant and toxic

* AFB1 is linked to human hepatocellular cancer

(0]

(0]




\’/ Aflatoxins

* High humidity favours fungal growth and the production of
aflatoxins

» Contamination is widespread in agricultural commodities
= demand for post-harvest screening

 Acute aflatoxin poisoning in man extremely unlikely
and in animals rare

* Link between dietary exposure and liver cell cancer

 EU has set maximum residue limits for aflatoxins in a
~ variety of food types (2-8ng/ml for AFB1)




& Calibration Curve for Aflatoxin B1

127 « Dimeric scFv antibody fragment

» >530 regenerations per flow cell
* More sensitive than ELISA

o O o
~ (©)) oo
| | |

Normalised response (R/R,)

o
)
}

1

AFB1 concentration (ng/ml)



% Biacore and ELISA IC,,

comparison

Anti-AFB, | Competitive Biacore Improvement

antibody ELISA Inhibition assay
Monomeric 12ng/ml 0.39ng/ml 30 fold
sckFv
Dimeric 3ng/ml 0.19ng/ml 15 fold
scFv
Bifunctional 3ng/ml N/A N/A
scFv : *




\ Cross-reactivity

Aflatoxin CRy, (%) | CR., (%)
B, 100 100
B, <1 1.2
M. 1 1.5
M, <1 <1
G, 10 20
G, <1 1.2




\’/ Cephalexin

- Cephalexin is a member of the cephalosporin sub-family of
antibiotics.

 Characteristic four membered [B-lactam (2-azetidinone) ring
 Antibiotics used to treat livestock (e.g. Mastitis)

» Associated with an increase in body mass (i.e. sub-therapeutic
dosage)

 Public health (e.g. MRSA, allergic response) and economic
concerns for producers and processors

Cephalosporin Based B-lactams Penicillin Based p-lactams




\’/ Current detection

« Standard rapid assays for antimicrobial detection are based
on microbial inhibition or bacterial receptor assays (e.g. Delvo
SP, charm test)

» May be followed by a confirmation test (e.g. HPLC)

« Manufacturers quote limits of detection (LOD’s) of 40-60
ng/ml for the Delvo SP for cephalexin

« EU Legislation
- MRL: 100 ng/ml -

H




¥ Cephalexin Inhibition Assay Format

= Thyroglobulin %: Thyro-Ceph conjugate | = Ethylene diamine linker

........................................................................................................................................................................................................

Antibody and free cephalexin injected over Antibody and free cephalexin injected over
Cephalexin-immobilised CM5 chip surface ethylene diamine-modified CM5 chip surface

K., % A
KNSRI §é§§z§2§é$$

DIC- Analytical test surface DIC- Control surface

o oo ©
) ) ° ® o
% W Anti-cephalexin antibody preincubated with cephalexin o o © o oo
o)
d
Anti-cephalexin antibody Cephalexin hydrate
S
%i % ;P © O
o @) O
o 00
N /' LR
e Oy O
W 438
o\ .'},‘/} Q3 ’,o ‘f% % O
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SN

TCC- Analytical test surface TCC- Control surface



\ Anti-Cephalexin scFv

in V;, CDR3

.




¥ Calibration Curve for Cephalexin

100 |

Normalised response (R/R,x 100)

 ‘Spiked’ whole milk samples
* LOD: 84 ng/ml

Cephalexin concentration (ng/ml)

i ] ]
1000 10000 10000




Cephalexin Assay Validation

Response Concentration Back % %
RU/RU,*100 + | of Cephalexin Calculated . :
CV's Accuracies
S.D. (ng/ml) value (ng/ml)
13.68 £ 0.45 100,000 76,214.2 3.28 131
15.86 £ 0.94 20,000 22,256.1 5.94 90
27.14 £ 0.67 4,000 3,956.4 2.47 101
54.47 £ 0.05 800 801.5 0.10 100
83.69 £ 1.85 160 159.2 2.21 101




v Presentation summary

 Three L. monocytogenes immunoassay formats presented

« Monoclonal antibody produced that is highly specific for L.
monocytogenes

*Pst spore detection demonstrated
* Biacore assay developed for the detection of Aflatoxin B1
+ Aflatoxin B1 Biacore assay proved more sensitive than ELISA

» Development of a Biacore-based assay for Cephalexin using
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