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1 Executive summary

The description of program package for computer simulation of MNPs diffusion process into measuring channel and estimation of marker layer thickness error are presented. Quick start guide and user interface of this programs are described.

The basement for computer simulation created the mathematical model which takes into account the polydispersion of MNPs size with logarithmically normal size distribution. The description also includes some examples of the mentioned software application.
The aim of developed program (Madia.exe) is to evaluate the influence of the error in measuring the concentration of polydisperse MNPs, some parameters of the developed device and the duration of measurements on the error in calculation of of the marker protein layer thickness (on the MNPs surface). The WEB-service associated with this program (https://www.biodevicesystems.com/madia) allows users to evaluate the optimal characteristics of the device being developed and the duration of measurements to achieve the maximum accuracy of measurements of the thickness of the marker protein layer on the surface of the magnetized nanoparticles.
This program can use as console and servers application. As console application it has not user graphical interface. This program keeps all results in text form in the text file. In a server operating mode it obtains data on the Internet from the client, carries out necessary calculations and transfers to the client necessary information for generation of results in a graphic form. This mode is the basic for the organization of interaction between partners and dissemination of results. The program Madia.exe is also a basis for development of the program of determination of thickness of a marker protein layer from the measured concentration profiles of nanoparticles and the corresponding WEB SERVICE.

2 Description of Work

2.1  The purpose and scope 

The purpose of proposed computerized package is the definition of errors of determination of thickness of a marker protein layer on MNPs surface. 
There are main tasks of the program Madia.exe:

1) Generation of nanoparticle distribution (concentration profiles) along the measuring channel according to reference model. The reference model based on MNPs transfer with known thicknesses of the functionalizing and marker proteins on the surface of polydisperse MNPs (reference point). There is log-normal distribution of the diameters of the magnetic MNP cores  (direct problem );

2) Simulation of "experimental" data by introducing a random normally distributed error in measuring the concentration in the "accurate" concentration profile calculated for several times;

3) The determination of the thickness of the marker protein layer for the measured concentration time (inverse problem) according to generated data;

4) Comparison of the calculated and mathematically generated values of the protein layer thickness (at different values ​​of the relative error of measuring the concentration of the MNP, for several times of the measurement of the concentration profile along the measuring channel and the specified parameters of the measuring device (the length of the measuring channel, the width of the sensors, the distance between them, parameters lognormal distribution of the IPM over the sizes of the magnetized nucleus, etc.)).

2.2 Description of Work

2.2.1 Introduction

The Madia.exe is the software package that implements simulation of distribution of MNPs concentrations along measuring channel at various times and MADIA-device parameters. The ability to distinguish between biomarkers of different sizes (increasing the hydrodynamic radius reduces the diffusion) is a crucial aspect for a correct Alzheimer desease diagnostics. The methodology promoted by MADIA will offer the first diagnostic solution able to detect not only a target peptide, but also its state of aggregation (monomer, oligomer, fibril) due to unprecedented sensitivity to both concentration and size. The elaborated software is designed to facilitate the development of most appropriate instrumental configuration and measurement of  peptide shell with defined precision.
2.2.1.1 Quick start guide for Madia.exe software

The following short guide explains how the software Madia.exe can be used to create input data, simulate and get of simulation results.

2.2.2.1
Start Madia.exe software as console application
At this mode the Madia.exe software is started from the command line by calling the binary file Madia.exe.
The command string has next form:
MADIA.exe [/key(s)] >ResultsFileName.txt

Available keys:





t:te
- duration of measurements, s

L:L
- length of the measuring channel, um
W:W
- sensor's width, nm
i:Ni
- number of tries
R:dln- Mode of lognormal function, nm
s:SD
- SD-parameter of lognormal function
H:Hfp- functionalized protein layer thichness, nm
r:dRp- protein layer thickness, nm\n"

E:Ef
- error in MNPs size distribution function,%
P:kind-MNPs are polydispersion only (1,2)
O:Ec
- error in MNPs concentration for C(L)
n

- set of new random series
D:D
- diffusivity coefficient, 10^-11 m^2 (at /M only)

M

- MNPs have mono size distribution only

S:Rp
- set of outer radius of monoparticles (at /M only)

h

- this help output
In case of the analysis of an error of determination of coefficient of diffusion of monodisperse nanoparticles (a key of M) entrance conditions can be modified by means of keys of D (a task of "exact" value of coefficient of diffusion) or S (a task of "exact" value of hydrodynamic radius of nanoparticles). In this case the keys R, s, H, r aren't used.

In case of a key of /P:kind three options are possible:

/P:1 – Error of marker protein layer thickness estimation.
/P:2 – Errors of parameters of lognormal function (dln, SD )estimation.

At these options experimental profiles of concentration are calculated for the set random error of concentration and other parameters (dln, SD, te, L, W dln, SD, Hfp). 
In case of a key of /n the new set of casual errors in the calculated "exact" values of concentration along the measuring channel will be generated.
For calculation of an error of determination of required parameters (coefficient of diffusion, thickness of a layer of protein or parameters of lognormalny function of distribution of particles by the sizes) profiles of concentration are calculated set quantity (Ntray) of times. By default the Ntray=12 value, but can be redefined after input of key/i:Ntray, for example, / i:30.

2.2.2.2

Start Madia.exe software as web-server online application (https://www.biodevicesystems.com/madia).
In this mode the program is started be the server after loading by the client of the corresponding WEB PAGE from the website of the BIOSYS, filling of a form and pressing of the SUBMIT button. The interface is demonstrated below (Figure 1).
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Figure 1 – URL and WEB PAGE for assessment of an error of determination of a marker protein layer thickness
After 25-30 seconds from the beginning of the calculations (submit pressed), several figures will be displayed on the user's computer. These figures are showing the initial "control/reference" profiles of the concentration of polydisperse nanoparticles, the distribution of these particles in terms of the size of the magnetized nucleus (polydispersity), the relative standard error in determining the layer thickness of the marker protein by according to experimental or generated data, and the thickness of this layer for several moments of time.
2.2.2 Protocol of data processing 

You can see the protocol of modeling, which save into text file with name ResultsFileName.txt at console mode on the user’s computer or madia.txt on the server at server mode.

You can see the protocol of results of modeling which remains in the ResultsFileName.txt file on the user's computer in the console mode or in the file madia.txt on the server in the server mode.

The content of this protocol depends on the version of the calculations specified by the / M or P:iVar.
2.2.3.1

 Monodisperse nanoparticles (key / M)
MADIA-I-d:\Work\BCB_Prog\WEB\MADIAP-CGI\Madia.exe/t:60/M/S:15/O:1/n
Process duration:






60.0 s
MNPs Diffusivity:






1.26086e-11 m^2/s

Length of the measuring channel:


100 um

One sensor width:






100.0 nm

Number of tries:






12

Diameter of lognormal function maximum:
10.0 nm

Parameter SD  of lognormal function:

0.50

Functionalized protein layer thichness:
10.0 nm

Marker protein layer thickness


1.000 nm

Error in size distribution function:

0.0000 %

MNPs monodispersion processing only!

Relative tolerance     



 =  1e-08

Time step       





 =    0.1

Sensors number      




 =    100

Nodes number of MNPs size density 
 =     50

Parameter d_ln of size distribution: 12.8 nm

Minimal diameter of MNPs:



 1.7 nm

Maximal diameter of MNPs:



40.0 nm

Monodyspersion: D0=1.26e-11 m^2/s; Outer radius =  18.91 nm

-----------------------------------------

nt
times,s
10^11*D_calc SE of D,% Actual error of D,% Hydraulic radius of MNPs,nm

  0
    10
1.25975
3.30e-01
8.81e-02
 15.01

  1
    15
1.26394
1.58e-01
2.44e-01
 14.96

  2
    20
1.25594
2.07e-01
3.90e-01
 15.06

  3
    30
1.25658
2.20e-01
3.39e-01
 15.05

  4
    40
1.26233
1.91e-01
1.17e-01
 14.98

  5
    50
1.26508
1.75e-01
3.35e-01
 14.95

  6
    60
1.25917
2.20e-01
1.34e-01
 15.02

MNPs_concentration without and with errors 1.0% at time_first = 10s and time_end = 60s

==================================================================

l,um
Cb_first  C_first Cb_end C_end

  0.05
0.99748
0.99450
0.99897
1.00800

  1.06
0.94669
0.92748
0.97827
0.99493

  2.07
0.89612
0.88140
0.95758
0.95675

  3.08
0.84596
0.84797
0.93692
0.94809

  4.09
0.79643
0.81264
0.91630
0.93456

  5.10
0.74770
0.76328
0.89574
0.90429

  6.10
0.69995
0.69957
0.87524
0.87488

  7.11
0.65337
0.66418
0.85483
0.86573

  8.12
0.60810
0.60597
0.83452
0.83538

  9.13
0.56428
0.54008
0.81432
0.81394

 10.14
0.52204
0.51716
0.79424
0.82272

………………………………………………………………………………………………
 85.82
0.00000
0.00000
0.03061
0.01742

 86.83
0.00000
0.00000
0.02914
0.01541

 87.84
0.00000
0.00000
0.02779
0.02666

 88.85
0.00000
0.00000
0.02656
0.02735

 89.86
0.00000
0.00000
0.02544
0.01537

 90.87
0.00000
0.00528
0.02444
0.02060

 91.88
0.00000
0.00603
0.02355
0.02007

 92.89
0.00000
0.00000
0.02277
0.00997

 93.90
0.00000
0.00029
0.02209
0.01935

 94.90
0.00000
0.00367
0.02152
0.00943

 95.91
0.00000
0.00000
0.02106
0.02209

 96.92
0.00000
0.00000
0.02070
0.00761

 97.93
0.00000
0.00037
0.02044
0.00619

 98.94
0.00000
0.00030
0.02028
0.02089

 99.95
0.00000
0.00000
0.02023
0.0320
2.2.3.2 Polydisperse nanoparticles (key / P: 1)
MADIA-I-d:\Work\BCB_Prog\WEB\MADIAP-CGI\Madia.exe/t:180/O:1/n/P:1

Process duration:






180.0 s

MNPs Diffusivity:






1e-11 m^2/s

Length of the measuring channel:


100 um

One sensor width:






100.0 nm

Number of tries:






12

Diameter of lognormal function maximum:
10.0 nm

Parameter SD  of lognormal function:

0.50

Functionalized protein layer thichness:
 10.0 nm

Marker protein layer thickness


 1.000 nm

Error in size distribution function:

 0.0000 %

MNPs polydispersion processing only!

Relative tolerance     



 =  1e-08

Time step       





 =    0.1

Sensors number      




 =    100

Nodes number of MNPs size density 
 =     50

Parameter d_ln of size distribution:

 12.8 nm

Minimal diameter of MNPs:




 1.7 nm

Maximal diameter of MNPs:




40.0 nm

MNPs_concentration without and with errors 1.000% at time_first =   20 s and time_end =  180 s

==================================================================

l,um
Cb_first
C_first
Cb_end
C_end

  0.05
0.99806
0.98276
0.99936
1.01169

  1.06
0.95883
0.95952
0.98647
0.97281

  2.07
0.91971
0.92831
0.97358
0.96352

  3.08
0.88078
0.85932
0.96070
0.97017

  4.09
0.84215
0.85439
0.94784
0.93516

  5.10
0.80390
0.80784
0.93499
0.93442

  6.10
0.76613
0.75910
0.92216
0.90585

  7.11
0.72893
0.73453
0.90935
0.93302

  8.12
0.69236
0.69940
0.89657
0.90499

  9.13
0.65652
0.65805
0.88382
0.87164

 10.14
0.62147
0.60072
0.87111
0.87637

……………………………………………………………………………………………..

 80.78
0.00017
0.00000
0.24950
0.23500

 81.79
0.00014
0.01373
0.24614
0.24222

 82.80
0.00012
0.00409
0.24296
0.24209

 83.80
0.00010
0.00000
0.23996
0.22749

 84.81
0.00008
0.00401
0.23714
0.24314

 85.82
0.00007
0.00000
0.23450
0.23661

 86.83
0.00006
0.00000
0.23204
0.20964

 87.84
0.00005
0.00725
0.22976
0.24545

 88.85
0.00004
0.00000
0.22766
0.22322

 89.86
0.00003
0.00000
0.22574
0.21349

 90.87
0.00003
0.00165
0.22401
0.20810

 91.88
0.00002
0.00345
0.22246
0.21791

 92.89
0.00002
0.00000
0.22108
0.22253

 93.90
0.00002
0.00000
0.21989
0.21613

 94.90
0.00001
0.00398
0.21888
0.21225

 95.91
0.00001
0.00012
0.21806
0.23192

 96.92
0.00001
0.00000
0.21741
0.20788

 97.93
0.00001
0.00001
0.21695
0.20823

 98.94
0.00001
0.00201
0.21666
0.22317

 99.95
0.00001
0.00054
0.21656
0.19986

Size_distribution function of MNPs without and with given errors

d,nm
D,10^-11m^2/s
f(d,err=0) f(d,err= 0.000%) (fmax=0.0704131 1/nm)

--------------------------------------------------

 2.06
 1.5723
 0.0068
 0.0068

 2.82
 1.5237
 0.0409
 0.0409

 3.59
 1.4781
 0.1228
 0.1228

 4.36
 1.4351
 0.2516
 0.2516

 5.12
 1.3945
 0.4090
 0.4090

 5.89
 1.3562
 0.5711
 0.5711

 6.66
 1.3199
 0.7181
 0.7181

 7.42
 1.2856
 0.8374
 0.8374

 8.19
 1.2529
 0.9234
 0.9234

 8.96
 1.2219
 0.9760
 0.9760

 9.72
 1.1924
 0.9984
 0.9984

10.49
 1.1642
 0.9954
 0.9954

11.26
 1.1374
 0.9724
 0.9724

12.02
 1.1118
 0.9344
 0.9344

12.79
 1.0873
 0.8860
 0.8860

13.56
 1.0638
 0.8310
 0.8310

14.32
 1.0414
 0.7725
 0.7725

15.09
 1.0199
 0.7129
 0.7129

15.86
 0.9992
 0.6538
 0.6538

16.62
 0.9794
 0.5967
 0.5967

17.39
 0.9603
 0.5422
 0.5422

18.15
 0.9420
 0.4910
 0.4910

18.92
 0.9244
 0.4434
 0.4434

19.69
 0.9074
 0.3994
 0.3994

20.45
 0.8910
 0.3591
 0.3591

21.22
 0.8752
 0.3223
 0.3223

21.99
 0.8599
 0.2889
 0.2889

22.75
 0.8452
 0.2588
 0.2588

23.52
 0.8310
 0.2315
 0.2315

24.29
 0.8172
 0.2071
 0.2071

25.05
 0.8039
 0.1851
 0.1851

25.82
 0.7910
 0.1654
 0.1654

26.59
 0.7785
 0.1478
 0.1478

27.35
 0.7664
 0.1320
 0.1320

28.12
 0.7547
 0.1179
 0.1179

28.89
 0.7433
 0.1054
 0.1054

29.65
 0.7323
 0.0941
 0.0941

30.42
 0.7216
 0.0841
 0.0841

31.19
 0.7112
 0.0752
 0.0752

31.95
 0.7011
 0.0673
 0.0673

32.72
 0.6913
 0.0602
 0.0602

33.48
 0.6817
 0.0539
 0.0539

34.25
 0.6724
 0.0482
 0.0482

35.02
 0.6634
 0.0432
 0.0432

35.78
 0.6546
 0.0387
 0.0387

36.55
 0.6460
 0.0347
 0.0347

37.32
 0.6377
 0.0312
 0.0312

38.08
 0.6296
 0.0280
 0.0280

38.85
 0.6216
 0.0251
 0.0251

39.62
 0.6139
 0.0226
 0.0226

Polydispersion-1: dRp (  1.0nm) search2

-------------------------------------------------------

time,s <dRp> relSE,% errdRp,% dRp,nm <dRp_time>,nm

  0
2.0e+01
  1.010
4.37e+00
9.58e-01
9.94e-01

  1
3.0e+01
  0.943
4.20e+00
5.67e+00
9.94e-01

  2
6.0e+01
  0.995
2.82e+00
5.00e-01
9.94e-01

  3
9.0e+01
  1.001
2.53e+00
1.25e-01
9.94e-01

  4
1.2e+02
  0.959
1.32e+00
4.08e+00
9.94e-01

  5
1.5e+02
  1.016
2.85e+00
1.63e+00
9.94e-01

  6
1.8e+02
  1.036
1.97e+00
3.58e+00
9.94e-01

2.2.3.3 Polydisperse nanoparticles (key / P: 2)
MADIA-I-d:\Work\BCB_Prog\WEB\MADIAP-CGI\Simulation\X_5_0.25\P2-1\Madia.exe/t:180/O:1/i:30/n/P:2

Process duration:






180.0 s

MNPs Diffusivity:






1e-11 m^2/s

Length of the measuring channel:


100 um

One sensor width:






100.0 nm

Number of tries:






30

Diameter of lognormal function maximum:
10.0 nm

Parameter SD  of lognormal function:

0.50

Functionalized protein layer thichness:
10.0 nm

Marker protein layer thickness


1.000 nm

Error in size distribution function:

0.0000 %

MNPs polydispersion processing only!

Relative tolerance     




 =  1e-08

Time step       






 =    0.1

Sensors number      





 =    100

Nodes number of MNPs size density 

 =     50

Parameter d_ln of size distribution:

12.8 nm

Minimal diameter of MNPs:




 1.7 nm

Maximal diameter of MNPs:




40.0 nm

Polydispersion-2: d_ln= 12.84 nm; SD=0.50

-----------------------------------------

time,s d_ln,nm err_d_ln,% SD     err_SD,%

    20 13.7275 1.57e+00  0.6448 9.18e+00

    30 13.2045 1.08e+00  0.5189 8.52e+00

    60 13.2592 1.08e+00  0.5318 7.73e+00

    90 13.1340 9.89e-01  0.5322 6.68e+00

   120 12.9917 4.90e-01  0.4425 6.94e+00

   150 13.3413 1.19e+00  0.4760 9.98e+00

   180 13.3262 1.10e+00  0.5207 9.74e+00

Time average value of d_ln=13.28 nm (dmod_calc=10.10 nm, actual error=9.54e-01%  estimated error=5.68e+00%)

Time average value of SD=0.524 (error=4.77e+00%)

MNPs_concentration without and with errors 1.000% at time_first =   20 s and time_end =  180 s

==================================================================

l,um
Cb_first C_first Cb_end C_end

  0.05
0.99806
1.01082
0.99936
1.01221

  1.06
0.95883
0.96199
0.98647
0.97655

  2.07
0.91971
0.89453
0.97358
0.97440

  3.08
0.88078
0.88245
0.96070
0.95546

  4.09
0.84215
0.84726
0.94784
0.95464

  5.10
0.80390
0.80914
0.93499
0.95966

  6.10
0.76613
0.75851
0.92216
0.92368

  7.11
0.72893
0.74106
0.90935
0.90826

  8.12
0.69236
0.71811
0.89657
0.92006

  9.13
0.65652
0.65215
0.88382
0.89238

 10.14
0.62147
0.62401
0.87111
0.86102

…………………………………………………………………………………………………

 90.87
0.00003
0.00162
0.22401
0.22219

 91.88
0.00002
0.00131
0.22246
0.23002

 92.89
0.00002
0.00000
0.22108
0.20775

 93.90
0.00002
0.00000
0.21989
0.23340

 94.90
0.00001
0.00328
0.21888
0.21079

 95.91
0.00001
0.00162
0.21806
0.20619

 96.92
0.00001
0.00313
0.21741
0.21718

 97.93
0.00001
0.00217
0.21695
0.21727

 98.94
0.00001
0.00017
0.21666
0.20864

 99.95
0.00001
0.00000
0.21656
0.20815

Size_distribution function of MNPs without and with given errors

d,nm
D,10^-11m^2/s
f(d,err=0) f(d,err= 0.000%) (fmax=0.0704131 1/nm)

--------------------------------------------------

 2.06
 1.5723
 0.0068
 0.0068

 2.82
 1.5237
 0.0409
 0.0409

 3.59
 1.4781
 0.1228
 0.1228

 4.36
 1.4351
 0.2516
 0.2516

 5.12
 1.3945
 0.4090
 0.4090

 5.89
 1.3562
 0.5711
 0.5711

 6.66
 1.3199
 0.7181
 0.7181

 7.42
 1.2856
 0.8374
 0.8374

 8.19
 1.2529
 0.9234
 0.9234

 8.96
 1.2219
 0.9760
 0.9760

 9.72
 1.1924
 0.9984
 0.9984

10.49
 1.1642
 0.9954
 0.9954

11.26
 1.1374
 0.9724
 0.9724

12.02
 1.1118
 0.9344
 0.9344

12.79
 1.0873
 0.8860
 0.8860

13.56
 1.0638
 0.8310
 0.8310

14.32
 1.0414
 0.7725
 0.7725

15.09
 1.0199
 0.7129
 0.7129

15.86
 0.9992
 0.6538
 0.6538

16.62
 0.9794
 0.5967
 0.5967

17.39
 0.9603
 0.5422
 0.5422

18.15
 0.9420
 0.4910
 0.4910

18.92
 0.9244
 0.4434
 0.4434

19.69
 0.9074
 0.3994
 0.3994

20.45
 0.8910
 0.3591
 0.3591

21.22
 0.8752
 0.3223
 0.3223

21.99
 0.8599
 0.2889
 0.2889

22.75
 0.8452
 0.2588
 0.2588

23.52
 0.8310
 0.2315
 0.2315

24.29
 0.8172
 0.2071
 0.2071

25.05
 0.8039
 0.1851
 0.1851

25.82
 0.7910
 0.1654
 0.1654

26.59
 0.7785
 0.1478
 0.1478

27.35
 0.7664
 0.1320
 0.1320

28.12
 0.7547
 0.1179
 0.1179

28.89
 0.7433
 0.1054
 0.1054

29.65
 0.7323
 0.0941
 0.0941

30.42
 0.7216
 0.0841
 0.0841

31.19
 0.7112
 0.0752
 0.0752

31.95
 0.7011
 0.0673
 0.0673

32.72
 0.6913
 0.0602
 0.0602

33.48
 0.6817
 0.0539
 0.0539

34.25
 0.6724
 0.0482
 0.0482

35.02
 0.6634
 0.0432
 0.0432

35.78
 0.6546
 0.0387
 0.0387

36.55
 0.6460
 0.0347
 0.0347

37.32
 0.6377
 0.0312
 0.0312

38.08
 0.6296
 0.0280
 0.0280

38.85
 0.6216
 0.0251
 0.0251

39.62
 0.6139
 0.0226
 0.0226

2.2.4
Details of the Theoretical Models

…………………………………………
………………………………………..
2.2.5. Example of software package use.

Assume that we have a following modeled options (WEB-mode) (fig. 1): 

Fig.1 Initial data for WEB-simulation (see above)
2.2.6. Result (Example)
With these data we obtain the following graphical results (fig 2).
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Fig. 2 Simulated “experimental” MNPs concentration profiles along measuring channel, MNPs size distribution and calculated relative standard error of marker protein layer thickness and absolute value of this thickness at various duffusion time
It can be seen that the measurement error depends on the duration of the diffusion process. This dependence is shown in the following figures. Under the given conditions, the time interval between 300-900 s is optimal. The first time point here is 10 seconds, the last is 1800 seconds.
2.3 CONCLUSION

The Deliverable objective was to develop a program for computer sumulation of distribution of MNPs concentration along the measuring channel at different instants of time and estimation of the influence of the error in measuring the concentration of polydisperse MNPs, some parameters of the device under development and the duration of measurements on the error in determining the thickness of the marker protein layer on the MNPs surface. 
The Deliverable was demonstrated that the developed WEB-service which allows developers to remotely evaluate the optimal characteristics of the developed device and the duration of measurements in order to achieve the maximum accuracy of measurements of the thickness of the marker protein layer on the surface of the magnetized nanoparticles.
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