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Autoradiography

» Biological sample with a molecular
marker labeled with radioactive
(14C’ 355’ 32P’ CTC)

+ Sample positioned on the detector

* Image is created via counts
accumulation on the detector

* Marker is located and if possible
quantified
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Ongoing research

+ MWPC+image intensifier+CCD
+ Scintillator+Si pixel detectors
* MicroChannelPlates

» Silicon strips

+ GaAs/Si pixel detectors



i . Solid state pixel detectors

pixel single particle energy single pixel
detector counting discrimination counter




Special applications

* DNA hybridization probe array
- identification of genetic mutations
» Viral infection identification

- in situ hybridization of viral genetic
material

» Kinetics of biological mechanisms

- protein/amino acid uptake and
localization



» System description

+ GaAs pixel detectors : 64x64, 170 um size, 200
um thick

+ Bump-bonded to Medipix* front-end electronics:
- low noise, low threshold analog electronics

- 15-bit counter under each pixel

- VME board/crate for control and read-out, bias
and reference voltages

- Control and image presentation on PC (NI
interface and LabWindows CVI software)

+ 3D (1pm) translation system to move the sample
» Acquisition time: N frames (from 1sto several h)

o * Medipix: CERN, INFN, Univ. Freiburg, Univ. Glasgow.
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- Data Acquisition System

A radioactive sample
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Chip board
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% pixel det.ector HV power supply
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 Detector and front-end chip

P Ly GaAs detector Ohmic contact

Schottky contact
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Figure courtesy of M. Snoeys



Detector biasing technigue

Aluminized
Mylar

Ground

Detector



VLSI front-end cell (Medipix)
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Read-out schematics
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| Experimental set-up




Experimental set-up info:

+ Detector (GaAs) HV bias 300-400 V
- Assemblies were slightly cooled (16-19 °C)

»+ Threshold set from 25 keV (6000
electrons) to 35 keV (8400 electrons)

* Threshold adjusted pixel by pixel to get
better uniformity

» Background noise counts of about 0.25
cps/cm?

+ Acquisition time: multiple frames of 10
minutes



eal-time image build-up
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* geometry: o ‘

Simulation studies

B markers: 14C, 3°5S, 32P
- effect of pixellated
structure:
- efficiency
- pixel counts
(multiplicity) .

- spatial resolution o plastic

* 3

\d
o? L

- 10 pm plastic q o
- 200 pm GaAs o
- 170 um pixel size =5*

* pixel threshold : Range = 750 pm Range = 20 um
- 25 and 35 keV




3 SpecTr'a

B markers: 3°S and 14C m B marker: 32P

end point about 150 keV
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Simulation: C and 3> S

» detection efficiency
(threshold 25 keV):

266 +0.2 %

- pixels hit by one
particle: 1.005 + 0.001

» detection efficiency
(threshold 35 keV):
216 + 0.1%

- pixels hit by one

particle: 1.002 + 0.001



Simulation: 3P

» detection efficiency
(threshold 25 keV):

85.6 +0.1%

000000

+ pixels hit by one .
particle: 2.367 + 0.003

» detection efficiency
(threshold 35 keV):
82.8 + 0.1%

+ pixels hit by one

particle: 2.27 + 0.07



B sources tests
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Linearity (**C and 3°S)
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* Measured detection efficiency 9.1+ 0.4 %
* Calculated detection efficiency 20.56 + 0.01%



Linearity (°P)
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* Measured detection efficiency 84.8 +1.2 %
* Calculated detection efficiency 84.8 £+ 0.1 %



Experiments with 2 markers:
S and 4P
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DNA probe array

O Probearray of known gene
sequences

® Unknown target sample is radio-

labeled Not-complementary probe
© Hybridization probe-array / target
O Detector locates the marker

Complementary probe

¥ .

- Laboratory tool to develop clinical ;
-
& .

testsfor :
— multi-gene  analysis I
(interaction between genes in IE 1
disease development)
— research of human gene ‘
mutations in patients e ]
— research of viral gene - '
mutations L 3 g ="

Figure is not an experimental result



Diagnosis of viral diseases

* Quantitative analysis of /n situ
hybridization in degenerative and
viral diseases _
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Figure is not an experimental result

* Myocardial diagnostics:
Obiopsy
@ /n situ hybridization with viral probe
©identification of virus in tissue



Northern blotting: comparison with
MWPC (Packard Instant Imager)
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Source : 32P, 30 minutes
Relative efficiency = (82 + 10) %




Experiment: uptake & internal migration
of “C-labeled aminoacid in Octopus eqgs

Uptake of L-Leucine
labeled with 14C

Follicle cells

Egg cell Migration of proteins
(cytoplasm)  (containing 14C)
inside the egg's cytoplasm




Experimental set-up

< «Glass container

-[14C] L-Leucine
—~Octopus eggs

‘Detector

*Aluminized Mylar ‘Front-end chip

Chipboard



Dynamic studies:
[HC] L-Leucine uptake
by Octopus eggs

*Marker: [14C] L-Leucine
*30 minute each frame

2.5 mm



Dynamic studies: [*C]L-Leucine
proteins migration
inside Octopus eqgs

*Marker: 14C
*30 minute each frame
*= 0.01 cps per cell

2 mm



Dynamic studies: [*C]L-Leucine

uptake in Octopus eggs
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Dynamic studies: [*C]L-Leucine
proteins migration inside Octopus

eggs
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Future development:

* medical and biological tests
» portability (laptop)
- enlarge the area (2D arrays)

- lower noise and better detector
uniformity (Silicon detector)

» smaller pixel size (50 pm - Medipix2)



Silicon detectors:

Falz detector, 4x50 Bg C-14, 30 min. =1 detector, 4x50 Bg C-14, 10 min.
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4-chip Chipboard

CHIPBOARD
CSOe——n_
oo ABO[ |
AB1[
ANIN [ ]

€S2 «—
CS3 «——

HVSignal

DACSignals

Multicore Cable

DigitalSignals.
Flat or Circular
Cable

\

] TOUT
] ANIN

ABO

MRS VME




Collaborations:

‘Medipix1-2, CERN + INFN + European Univ.

VLST electronics development

»Genetic Engineering Center, University of
Napoli innovative diagnostic genetic tests

*Molecular Cardiology Lab, University of
Roma cardiological viral tests

- Zoology Department, University of Napoli
dynamic imaging, basic biological research



