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Figure 2 Indentification of leading genes by
bioinformatics (below) and DNASER for
fluorescence analysis (left, above) of genes
microarray (right, above). Interaction network
for genes distinguishing lymphoma from normal
T cells. Subnetwork connecting the four leader
genes which are“ neutral” according to their
expression pattern are shown with a dotted line.



Figure 1. TP53 profile expression, 
which is differentially expressed 
between tolerant patients and those 
who have rejected renal graft. It is a 
predictor both in kidney and in 
peripheral blood.



Figure 2. HTATIP profile 
expression, which is differentially 
expressed between tolerant patients 
and those who have rejected renal 
graft. It is a predictor both in kidney 
and in peripheral blood.



Figure 3. C-JUN profile 
expression, which is 
differentially expressed 
between tolerant patients and 
those who have rejected renal 
graft. It is a predictor both in 
kidney and in peripheral blood.



Figure 4. ARRB2 profile expression, which is differentially 
expressed between tolerant patients and those who have 
rejected renal graft. It is a predictor only in kidney.



Figure 5. ATF2 profile expression, which is differentially expressed 
between tolerant patients and those who have rejected renal graft. It is a 
predictor only in kidney.

Figure 5. ATF2 profile expression, which is differentially expressed 
between tolerant patients and those who have rejected renal graft. It is a 
predictor only in kidney.



Figure 6. Scatterplot showing the Pearson's 
correlation between ATF2 tolerance profile 
expression in kidney and in peripheral blood.



Figure 3: . NAPPA technology. In each spot of NAPPA there is a plasmid DNA biotinylated that is bound to the complex BSA
streptavidin that covers the array surface; in each spot there are also present antiGST antibodies useful for the binding of 
freshly expressed proteins that are tagged, at one of their ends, with a GST tail. The proteins are translated using a T7
coupled rabbit reticulocyte lysate in vitro transcription-translation (IVTT) system. Once bounded the query proteins the array is 
employed to study protein-protein interactions: sample proteins are added to the array and after the washing the array is 
analyzable trough label-free methods. Under study is the possibility to replace the transcription
Coli lysate, more simple and highly characterized. 
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Figure 3: . NAPPA technology. In each spot of NAPPA there is a plasmid DNA biotinylated that is bound to the complex BSA-
streptavidin that covers the array surface; in each spot there are also present antiGST antibodies useful for the binding of the
freshly expressed proteins that are tagged, at one of their ends, with a GST tail. The proteins are translated using a T7-

translation (IVTT) system. Once bounded the query proteins the array is 
protein interactions: sample proteins are added to the array and after the washing the array is 

Under study is the possibility to replace the transcription-translation system with a E. 
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Figure 4. MALDI TOF 
Spectra of NAPPA after 

protein triptych digestion, 
5–20 kDa range, for p53 

(upper,left) 
versus A (bottom,left) versus A (bottom,left) 

samples.
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Figure1 Experimental set-up. Samples were printed on a gold coated glass slides; the array printing was realized in a special geometry for MS analysis. The spots of 300 microns were printed in 12 boxes of 7
10x10 (spaced of 350 microns, centre to centre). The spots in a box were of the same gene: four boxes were printed with sample genes (p53, CDK2, Src
mix (MM) as negative control and reference samples, and six boxes, labelled with the letters from A to F, were printed with 
LC-ESI and MALDI-TOF MS. We utilized two MALDI-TOF MSs, a Voyager and a Bruker MS. For LC-ESI MS and Voyager MS analysis the sam
in Eppendorf tubes since the analysis. For Bruker MS analysis the matrix was mixed with the trypsin digested fragment solutio

Rabbit IgG

water

SNAP Concentration

Human IVTT

S
ig

na
l i

nt
en

si
ty

CDK2 p53 PTPNII SRC

A
B
C
D

0

2.0????107

4.0????107

6.0????107

8.0????107

1.0????108

A- D  = SNAP ligant concentration on the spot

A - Lower concentration

D - Higher concentration

the array printing was realized in a special geometry for MS analysis. The spots of 300 microns were printed in 12 boxes of 7×7 or 
The spots in a box were of the same gene: four boxes were printed with sample genes (p53, CDK2, Src-SH2 and PTPN11-SH2), two boxes were printed with master 

were printed with the sample genes in an order blinded to the researcher. SNAP-NAPPAs were analyzed by 
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Figure 2  Fluorescence analysis of SNAP-NAPPA a) Proteins were synthesized by two different IVTT systems, 1
with PowerScanner and the signal intensity was quantified using the Array-ProAnalyzer 6.3. The median intensity across the quadr
the subtraction of the median value of the negative control with a matching SNAP concentration. b) Proteins yield for differe
master mix box (spotted with all the reagents of the regular NAPPA spotting mix, except DNA) was the negative control and ref
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NAPPA a) Proteins were synthesized by two different IVTT systems, 1-Step Human Coupled IVT (HCIVT) and E. coli IVTT. Slide images were obtained 
ProAnalyzer 6.3. The median intensity across the quadruplicates was measured and the background was corrected through 

the subtraction of the median value of the negative control with a matching SNAP concentration. b) Proteins yield for different SNAP concentrations, for HCIVT and E. coli IVTT systems. c) The 
master mix box (spotted with all the reagents of the regular NAPPA spotting mix, except DNA) was the negative control and reference box.
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Figure 3 : a) P53 sample spectrum obtained by Voyager MS. MASCOT data
(c) albumin bovin present respectivly in the lysate and on the array surface. The results obtained identify p53 with a 
percentage of sequence coverage of 6% while for -SRC-SH2 and PTPN11
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: a) P53 sample spectrum obtained by Voyager MS. MASCOT data-bank results: (b) elongation factor EFTU and 
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Figure 4 Experimental mass list of CDK2 (ultraflex data) and experimental mass list [MM+ 
lysate] (ultraflex data) on the top. ROI selection 1000/1200 of spectra. The results obtained allow 
us to identify CDK2 sample with a percentage of sequence coverage of 22% .

Experimental mass list of CDK2 (ultraflex data) and experimental mass list [MM+ 
lysate] (ultraflex data) on the top. ROI selection 1000/1200 of spectra. The results obtained allow 
us to identify CDK2 sample with a percentage of sequence coverage of 22% .



Figure 5 CDK2 sample spectrum 
obtained by Voyager MS. MASCOT 
data-bank results: highlighted by red 
arrow is the homologous kinase 
(CSK2) proteins found.
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Fig. 6a Samples mass spectra acquired by Ultraflex III MS. Each one of this spectrum is the sum of 100 single shot spectrum a) full r
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Figure 7: UltraflexIII samples mass spectra summation. The arrows point at the theoretical peak position.
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Figure 8: SpADS and Clustering solution for a specimen of 23 protein samples of raw data. 
Only binning preprocessing function was performed before cluster analysis run on the ROI 
1000/2000

SpADS and Clustering solution for a specimen of 23 protein samples of raw data. 
Only binning preprocessing function was performed before cluster analysis run on the ROI 



Figure 9: SpADS and Clustering solution for a specimen of 23 protein samples of raw data. 
Only binning preprocessing function was performed before cluster analysis run on the ROI 
1000/1200

SpADS and Clustering solution for a specimen of 23 protein samples of raw data. 
Only binning preprocessing function was performed before cluster analysis run on the ROI 



Figure 10: SpADS and Clustering solution for a specimen of 56 protein samples of raw data. 
Only binning preprocessing function was performed before cluster analysis run on the ROI 
1000/1200

SpADS and Clustering solution for a specimen of 56 protein samples of raw data. 
Only binning preprocessing function was performed before cluster analysis run on the ROI 



Figure 5. (left ) Flow
(right) prototype built in house to follow each step of the protein expression versus time;

Temperature controller
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Figure 6.. (Above) Acquisition of mass via frequency versus time (left)
versus 

frequency at the resonance frequency (right) for Jun, p53 and CdK2; (Below) Calibration of QMC
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Figure 2: Static Analysis for MM+BRIP1. 
Steps are of 1 Hertz.
Static Analysis for MM+BRIP1. 
Steps are of 1 Hertz.



Figure 3: Static Analysis for MM+Jun plus ATF2. 
Steps are of 6 Hertz.

Static Analysis for MM+Jun plus ATF2. 
Steps are of 6 Hertz.



Figure 4: Static Analysis for MM+Jun plus 
ATF2. 

Steps are of 1 Hertz.

Static Analysis for MM+Jun plus 
ATF2. 

Steps are of 1 Hertz.



Figure 7. AFM images of crossFigure 7. AFM images of cross
resulting at the end of photolithographic microstructuring technique and 2 step 

anodization process. (center) and schemes of DNA
genes microarray (left) and P450scc 

AFM images of cross-sectional morphologies of the APA microarray spot, AFM images of cross-sectional morphologies of the APA microarray spot, 
resulting at the end of photolithographic microstructuring technique and 2 step 

(center) and schemes of DNA-APA linkage via Poly-L-Lysine for 
genes microarray (left) and P450scc -APA linkage via Poly-L-Lysine for genes 

microarray for proteins microarray (right) 



Figure 8 
(left) Set up  to analyze NAPPA elements using impedentiometric measurements: 1 

electrode. 2 – APA spot, obtained by lithography, with biomolecules bound 3 
bidimensional actuator, controlled by PC, positioning the scanning electrode upon spots. 5 

AC signal generator. 6 – Scanning electrode, dipped in the solution containing NAPPA and buffer;
(right) Impedance spectroscopy plots in two spots of APA surface, one with protein hybridized to the probe molecule  and anot

probe only. Frequency ranges from 1 Hz to 100 KHz, voltage applied was 400 mVpp

Figure 8 
(left) Set up  to analyze NAPPA elements using impedentiometric measurements: 1 – Aluminum substrate, serving also as counter 

APA spot, obtained by lithography, with biomolecules bound 3 – AC signal generator, controlled by PC. 4 – XY 
bidimensional actuator, controlled by PC, positioning the scanning electrode upon spots. 5 – PC, controlling bidimensional mover and 

Scanning electrode, dipped in the solution containing NAPPA and buffer;
(right) Impedance spectroscopy plots in two spots of APA surface, one with protein hybridized to the probe molecule  and another with 

probe only. Frequency ranges from 1 Hz to 100 KHz, voltage applied was 400 mVpp



Figure 6.(Above) Single NAPPA fluorescence gene spot printed on APA after  its  expression
Atomic Force Microscopy of  APA cross-section on glass in 2D is shown in the center. 

using Aluminum purity 99.999%, we vary from left ti right  the acid concentration  (0.5 M, 1M,1M) , the reaction time (150’,3
(30 V,30V,40V), the distance between two electrodes (1 cm., 2cm., 1cm).

after  its  expression in 2D (left) and in 3D (right).  For comparison 
is shown in the center. (Below , from left to right) To vary pore size and depth 

using Aluminum purity 99.999%, we vary from left ti right  the acid concentration  (0.5 M, 1M,1M) , the reaction time (150’,30’,120’), the voltage 
(30 V,30V,40V), the distance between two electrodes (1 cm., 2cm., 1cm).



Figure 7 The future of APA is on the protein nanoarray printed using SNAP Genes based on bacterial cell free expression system (32) an
pizoelectric inkjet technology (33); namely either for SNAP-APA nanoarray to evaluate protein

protein nanocrystallization where APA channels constitute very small wells for protein crystallization induced by LB monolayer of hom
proteins in presence of precipitate solution . The resulting patent is now pending submission (Table 1).

The future of APA is on the protein nanoarray printed using SNAP Genes based on bacterial cell free expression system (32) and 
APA nanoarray to evaluate protein-protein interactions in flow conditions , or for 

nanocrystallization where APA channels constitute very small wells for protein crystallization induced by LB monolayer of homologous 
The resulting patent is now pending submission (Table 1).


