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Micro-flow Imaging (MFI) — ProteinSimple

4100HM, 4100LM/5100, 4200/5200

INTRODUCTION

The Lumetics LINK™ software platform scans network locations for new measurement data files, copies data directly to a
centralized database, and provides a powerful user interface for rapid multi-measurement multi-technique data aggregation,
visualization, analysis, and reporting. LINK employs a client/server-based architecture where the LINK server hardware is
provided by the end user and resides on the end user’s network. The LINK client is a portable web-based application that may
be placed on any computer with network connectivity to the LINK server. For successful import, the LINK webserver requires
read access to the folders where user data resides.

MFI is an image-based particle analysis that combines the direct imaging capabilities of digital microscopy with the precise
control of microfluidics. Images of the sample are captured as it passes through the flow cell's sensing zone. Every particle in

every image is then analyzed to create a database of particle count, size, transparency, and morphology (or shape).

DETAILS

LINK can import MFI from CSV data file exports from the MVSS software (with optional JPG particle images), or directly from a
PDF report. If importing from the PDF report, only table data is available within LINK (vs. full particle size/morphology
distributions, particle images, sub-population calculations etc....). Particle images may optionally be imported as JPGs, and
therefore may be exported as thumbnail images from LINK as JPGs.

Particle count/concentration for each supported morphological parameter occurs at a pre-defined bin spacing and
measurement range as per the table below. Default measurement ranges will dynamically widen based as required, based on
the datasets imported to LINK.
e  Raw particle size distribution data is imported at pre-defined bin widths (e.g. the bin width for ECD is 0.25um).
e  Particle Volume % for the number of particles in each 0.25um bin is calculated automatically and imported to LINK.
(Particle Volume % = volume of particles in each size range bin divided by the volume of particles in all bins,
assuming particles are spherical in volume).

MFI 4100HM & 4100LM/5100 MFI 4200/5200

Parameter Name Bin Spacing Meas. Start Meas. End Bin Spacing Meas. Start Meas. End
Analysis Time (s) 1 0 3600 1 0 3600
Area 1 1 5000 1 1 5000
Aspect Ratio 0.01 0 1 0.01 0 1
AspectRatio_StdDev - - - 0.01 0 1
Circularity 0.01 0 1 0.01 0 1
Circularity StdDev - - - 0.01 0 1
ECD 0.25 2 2500 0.25 1 2500
IntensityMax 1 0 1023 1 0 1023
IntensityMean 1 0 1023 1 0 1023
IntensityMin 1 0 1023 1 0 1023
IntensitySTD 1 0 1023 1 0 1023
Max Feret Diameter (um) 0.25 1 2500 0.25 1 2500
Perimeter 1 1 5000 1 1 5000




The MFI CSV data file example is as follows:

4 A | B | € D | E F G | H J K L M | N o | P Q R | s

1 |version 2-R2.5.0.14.1195

2 |sample_Name Sample A

zRun 1

4 |Flow_Cell_Serial 2763

5 | Flow_Cell_Model 100pm{SP3)

6 |Flow_Cell_Position 3268

7 |system_Model MFI5200

8 |System_Serial 3130

i Operator Kristie

10 |Comment

11 | FileName C:\Documents and Settings\MFI Admin

12 |Start_Date 2013-02-17

13 [Start_Time 13hdad4ms7s

14 |stop_Date 2013-02-17

15 |Stop_Time 13h47m34s

16 |sample_Analyzediml] 0.9

17 |Total_Volume_Dispense 0.50013

‘@Valume_Dispensed_BeltO.lB

19 [set-Point 3

20 |Resolution{um) 025

Zi Images_Stored 949

22 |Images_Result_Folder \ImageFoldery

23 Image_Format Ipg

ZIFi"_HD”DW Disable

23 | Thresholdi(%) 96

26 |Threshold 811

27 |Table_Name(ECD) LINK

28 | Table_Name(MFD) LINK

2 |5 Frame # Particle # Time Stamp(s) ECD{um] Area(pixels) Perimeter Circularit Intensity Mean Intensity STD Intensity Mir Intensity Max Max Feret Diameter(um) Aspect Ratic X Left X Right YTop Y Bottom Edge Particle
20| 11 1 0 1125 8  13.07 0.77 799.25 8 788 809 1125 062 1136 1139 165 167 [:}
3l 21 2 0 1375 19 1807 0.86 77668 2491 735 808 1375 086 334 338 517 521 [5}
32 3z 1 010938 2135 27 2083 088 7343 49.48 641 808 2875 074 930 934 556 561 [}

Importing a MVSS PDF — this method does not provide raw data. Therefore, will not allow particle size distribution or particle
images manipulation. Parameters are calculated based on full particle size distribution. The PDF import requires the first line
of the document to be “Project Name”. Example file is as follows:

Sample Analysis Report

Anatyses DateTime: 20180715 1in0Sm
Damaten: 254m

File: ‘Water - 1_PV 0.2 TV 05 AR Slered_Rundt 0001 mt
Mathodd: PV 02 TV 05 AR Maned
Mhythod Crbraral mapihod, ~+um paricies. O J0mi purge, 0. 30mi sampde. Paricies Mared by atpect rato < 085, Repor siow ranges of == 1, == J, == 0 and =+ 75 um plus offer ranges

ot

Import Method options can be defined and calculated each measurement during import if it is first created/defined and then
requested within an Import Method. More information and instructions can be found in the Users Manual (section 4.27). The
following is the default MFI-specific import method settings:

e Default Sub-Populations: None e Number of Thumbnails to Crop: 250

e Machine Learning Particle Classification: None e Ignore Thumbnails less than: 5 um

e  Custom Particle Parameters: None e Import Images in order of Largest-to-Smallest:
e  Container Fill Volume: None Yes

e Include Edge Particles: No e Advanced Image Selection: None

e Image Frame Trimming: No e Automated Metadata Extraction: None

e Time Filter: None e Dilution Factor: 1 (no dilution)

e  Stuck/Repeating Particle Removal: OFF

Subpopulations

In addition to the total particle population data set, sub-populations based morphological parameter filters may be generated
at the point of measurement import. An unlimited number of sub-populations may be specified for each measurement. For
each sub-population, the particle count/concentration vs. morphological parameter will be available, as well as
representative particle thumbnail images. The sub-populations do not count towards the measurement limit per project.
Additional Sub-Populations will affect import speeds.



When creating as sub-population, select a Morphological Parameter from the pre-defined list and specify the filter criteria.
Select the + to add the filter term to the Live Expression View. The Live Expression View can be edited directly. Brackets,
mathematical operators/values, logical ANDs or ORs are valid operators. Syntax must be exact, for successful application.

Machine Learning Particle Classification

A particle classification server can be selected to classify particle images into subpopulations (requires license to activate this
functionality). The classification server will return the predicted name of the particle, as well as the confidence value of the
prediction. The particle will be imported into the LINK database as a sub-population based on the name returned by the
server.

Custom Particle Parameters
Select from the available user-defined Custom Particle Parameters, those that shall be calculated for each individual particle
within each measurement. This selection applies to the total particle population and all defined sub-populations.

Container Fill Volume
Specify the Container Fill Volume, permitting LINK to calculate and report Particles per Container (in addition to Particle
Count, and Particle Concentration). This selection applies to the total particle population and all defined sub-populations.

Edge Particles
Include or exclude Edge particles (particles intersecting the edge of the image frame). This selection applies to the total
particle population and all defined sub-populations.

Image Frame Trimming
Permits specifying a subsection of the image frame that shall be used to determine particle count and related calculations.

Time Filter
Exclude all particles detected at the beginning or end of the analysis. This selection applies to the total particle population
and all defined sub-populations.

Stuck/Repeating Particles
Ignore particles images which remain, or move slowly, in successive image frames. This selection applies to the total particle
population and all defined sub-populations.

Thumbnail Images

Specify the maximum number of particle thumbnail images to be imported to the LINKdb for each measurement population.
Apply a size threshold (the default is 5 microns). Choose whether particles should be first sorted from largest to smallest
(based on ECD) or imported in their order of appearance during the analysis. These selections apply to the total particle
population and all defined sub-populations. Advanced Image Selection Criteria: Specify the number of thumbnail images for
various particle parameter ranges of interest. The total number of images may not exceed 5000.

Automated Metadata Extraction
Specify criteria for automated metadata extraction from measurement file fields (e.g. Comments, File Name, Import Path
etc...) utilizing specified delimiters. Both metadata name and value may be extracted or only the value only.

Dilution Factor

Specify a dilution factor for automated particle count/concentration data adjustment. This selection applies to the total
particle population and all defined sub-populations. A LNK_Dilution_Factor may also be applied after import, utilizing the
Add/Edit LINKdb Fields feature.



EXAMPLES

Included below are example dashboards from MFI 4200/5200 measurement files:
1. Stacked column chart plotting raw data based on sub-populations and particle concentration ranges

Particle Concentration Stacked Column Chart

1.0E55
E | MFI 4200/5200, Subpopulation: Protein, Particle Concentration (#ml) : 2 - 10 pm
] MFI 4200/5200, Subpopulation: Protein, Particle Concentration (#/ml) : <= 2 pm
N | | MFI 4200/5200, Subpopulation: Protein, Particle Concentration (#/ml) : == 25 pm
T MFI 4200/5200, Subpopulation: Silicone Oil, Particle Concentration (Z/ml) : 2 - 10 um
1.0E4 o | MFI 4200/5200, Subpopulation: Silicone Qil, Particle Concentration (Z/ml) : <=2 pm
3 MFI 4200/5200, Subpopulation: Silicane Qil, Particle Concentration (#/ml) : >= 25 ym
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2. Histogram plotting raw binned data and split by subpopulations for Intensity Mean vs. Particle Count

Bimodal Morphology Parameters

1600+
1400+
1200+
1000+

£00+

Particle Count (#)

600~
400+

200+

, _____.__._.__a_i._a_:_inizluininihlkih 3

—————T—T—

PP PSSP ép 6\‘3 6’9 @Q a‘?g @Q ééa '\Q @9 ‘a"? '\‘p 1\'\Q '\“LQ '\'5‘3 «"b *\“JQ '\‘5) «'\Q ’\@ ‘\"?’ ép
S ey R N SRS o a0 ® S o a0
PP EE PSS E S EEEE S
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3. Column chart plotting binned instrument measurements with error bars for Average Particle Diameter vs. Sample Name
MFI 5200 Average Particle Diameter £ ECD Standard Deviation

ECD Average - MFI15200
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4. Particle Images organized based on sub-population

MFI 4200/5200, Protein

119625 ym 112875 um 111625 um 106375 um

102375 pm 99,625 pm 99,625 ym 99375 ym 96375 ym

MFI 4200/5200, Silicon Oil

31.125pm 30125 pm 27.125ym 26125 ym 24,875 ym 24375 ym 24125 ym 20875 pm 20625 pm 20375 pm



5. Tabular Summary examples

Measurement Summary Table — Instrument Settings

LINK Record ID#  Sub-Population Sample Name Analysis Date Stop Time Start Time Sample Analyzed Purge Violume -  Flow Cell Position Flow Cell Position Edge Particle
(ml) - AVG AVG - ANVG Count - AVG
384 Multiple (3 Values) Sample & 2013-02-17 13 13h47m34s 13h44m37s 0.80 0.18 3268 3268 25
385 Multiple (3 Values) Sample A 2013-07-17 12-. 12h39m45s 12h36m43s 080 0.18 3268 3268 86
386 Multiple (3 Values) Sample B 2013-02-17 13- 13h16m27s 13h13m30s 0.50 0.18 3268 3268 16
387 Multiple (3 Walues) Sample C 2013-01-17 13 13h22m15s 13h19m18s 075 0.18 3268 3268 15
388 Multiple (3 Values) Sample B 2013-01-17 10 10h42m52s 10h39m56s 075 0.18 3268 3268 2z
389 Multiple (3 Values) Sample C 2013-02-17 11 11h45mi2s 11h42m15s 080 0.18 3268 3268 23
390 Multiple (3 Values) xYZ 2013-02-17 13- 13h47m34s 13h44m37s 080 0.18 3268 3268 25
391 Multiple (3 Values) xYZ 2013-07-17 12-. 12h39m45s 12h36m43s 080 0.18 3268 3268 86
392 Multiple (3 Walues) L 2013-02-17 13 13h16m27s 13h13m30s 050 0.18 3268 3268 16
333 Multiple (3 Values) XL 2013-01-17 13 13h22m15s 13h19m18s 075 0.18 3268 3268 15
394 Multiple (3 Values) ABC 2013-10-17 12-. 12h54m07s 12h51m10s 075 0.18 3268 3268 92
395 Multiple (3 Values) ABC 2013-04-17 130 13h35m30s 13h32m33s 0.50 0.18 3268 3268 43
Measurement Summary Table — Measurement Results
LINK Record ID & Sub-Population Count Particle Conc. (#/ml) Particle Conc_ (#/ml) Volume (%) Total Particle Count (#) - Total Particle Concentration
(Max Feret Diam._ (um) >1) - (Circularity <1) - AVG (Aspect Ratio <1) - AVG (Particle Diam. (um) >1) - AVG (#iml) - AVG
AVG AVG
384 Multiple (3 Values) 73433 147704 143593 9923 2088 232000
385 Multiple (3 Values) 1983.67 365667 356741 9978 5118 568667
386 Multiple (3 Values) 521.33 163467 1598.67 99.76 1274 254800
387 Multiple (3 Values) 299.33 65111 629.78 9961 769 102533
388 Multiple (3 Values) 360.00 696.00 67289 99.90 824 109867
389 Multiple (3 Values) 74487 138185 135222 9972 1929 214333
390 Multiple (3 Values) 57233 119333 115445 98.86 2088 232000
391 Multiple (3 Values) 1633.67 3039863 2961.11 99.76 5118 5686.67
392 Multiple (3 Values) 43287 136733 1336.00 9966 1274 254300
393 Multiple (3 Values) 24100 53333 51422 9931 769 102533
394 Multiple (3 Values) 2226.33 6697.78 638089 9477 9878 1317067
395 Multiple (3 Values) 70467 225200 218933 9959 2208 441600
CONTACT LUMETICS
For direct assistance, please contact Lumetics LINK™ Support:

E-mail: support@lumetics.com

Phone: 1.613.417.1839
Website: http://lumetics.com/
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