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Overview: Project summary

CLN5 mutations are a risk factor for numerous neurodegenerative diseases,
including Alzheimer's, Parkinson's, frontotemporal dementia, and Batten
disease. My GRIP project investigated how CLN5 loss affects different types
of cells in the brain at the level of the proteome (all the proteins made within
that cell), including neurons, astrocytes, microglia, and oligodendrocytes.
We hope to better understand how each of these cell types dynamically
respond to the lysosomal stress imposed by this mutation, which will help
us learn more about the progression of the disease and identify protective
biological responses that may inform future therapies.

| was hosted by the Department of Proteomics and Signal Transduction at
the Max Planck Institute of Biochemistry in Martinsried, Germany.
Mentorship was provided by Prof. Matthias Mann, Edwin Rodriguez, and
Marc Oeller, who taught me the pipeline for deep visual proteomics. 5



verview: Deep visual proteomics pipeline

Archived patient
tissue samples
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Mund et al., Nat. Biotechnology (2022)
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High-resolution microscopy
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Step 1: Sample collection

ID V Sex Genotype Barcode Age (mo.)
M0528 M 3/30/24 TH-/-; CIn5+/- Barcode 0005020499 2
MO0533 M 4/4/24 TH-/-; CIn5+/- Barcode 0005020501 2

12/16/23 TH-/-; CIn5-/- Barcode 0005020478

12/16/23 TH-/-; CIn5-/- Barcode 0005020479

11/10/23 TH-/-; CIn5+/- Barcode 0005020488
8/5/23 TH-/-; CIn5-/- Breeding cage

10/12/23 TH-/-; CIn5-/- Barcode 0005020482

J0270 M TH-/-; CIn5+/- Barcode 0005020491

Key:
Male knockout

Male heterozygous




Step 1: Sample collection
® - ® - ® - ®

PERFUSION BRAIN EXTRACTION EMBED BRAINS WITH OCT CRYOSTAT SECTIONING &

4°C overnight in 4% PFA AND FREEZE IN CRYOMOLDS MOUNT SLICES ON SLIDES
4°C in 30% sucrose until sunk

"~ PFA->
30%

1xPBS 4%PFA =

sucrose

81

WASH 3x
0.1% PBST
WASH 3x WASH 3x
0.1% PBST
® @ R, ) R,
ADD BLOCKING SOLUTION ADD PRIMARY ADD SECONDARY CONFOCAL
ANTIBODIES ANTIBODIES MICROSCOPY
4°C 24-48h rT 1h (in blocking solution)
x X ‘ = oz
o lﬁ ’IC:
» & P S
-2




Notes: Sample collection

*Requires special slides with adhesive membrane

*Half of membrane area is usable (near label)

*10pm coronal sections of dorsal hippocampus used
-minimize section thickness (e.g. 5um) to reduce staining overlap (less manual work later)
-inverse relationship between section thickness and number of cells required for proteomics
-keep section planes consistent across samples

*Optimal antibody concentrations should be tested to achieve good staining

*Use water-soluble mounting media to coverslip




Representative images (60x)




Step 2: Etch crosses in tissue for calibration

Image courtesy of Leica Microsystems



Step 2: Etch crosses in tissue for calibration

0 s

Image courtesy of Leica Microsystems



Step 2: Etch crosses in tissue for calibration

BIAS: [24_07_05_Nick_M0528] - dvp

File Tools View Series Settings Help

lia =  Mask operators_astrocytes *=  Mask operators *  Remove duplicates_as

Classification based v

0 px
MLClassification_astrocytes v [

Fitter 2 border contours

border:
p1_wA1_t1_m2000_c0_z1_I1_ Q00T
l \ l pl_wAl_t1_m2300_c0_z1_|1_
pl_wAl_t1_m2600_c0_z1_I1_
| pl_wAl_t1_m2710_c0_z1_I1_
pl_wAl_t1_m2120_c0_z1_I1_

) 6+ <2

pl_wAl_t1_m2720_c0_z1_|1_
pl_wAl_t1_m2230_c0_z1_I1_ 7
p1_wAl_t1_m2530_c0_z1_l1_

pl_wAl_t1_m2830_c0_z1_I1_

pl_wAl_t1_m2240_c0_z1_|1 Open plate overview

pl_wAl_t1_m2540_c0_z1_I1_ point 1 <5

pl_wAl_t1_m2050_c0_z1_I1_ -18508,7715 ym

| | { I pl_wAl_t1_m2350_c0_z1_|1_

9519,0596 pm
p1_wA1_t1_m2650_c0_z1_[1_ om_
p1_WAL_t1_m2360_c0_zi_lt_  PONE2 +

p1_wA1_tl_m2660_c0_z1_l1 -13621,8096 um,

N—-HCOZ—~

| \.—i : 7" /' &\,\d,, ,«; \ pl_wAl_t1_m2170_c0_z1_I1_ 9601,1650 pm
pl_wAl_t1_m2470_c0_z1_I1_ point 3 +
Image courtesy of Leica Microsystems P1_WAL_t1_m2770_c0_z1 11_ -16106,4883 ym

pl_wAl_t1_m2180_c0_z1_|1_
13728,4141 pm
pl_wAl_t1_m2780_c0_z1_I1_

e
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Step 3: Import images to BIAS

BIAS also provides its full functionality for 3D data.

Images courtesy of Single-Cell Technologies®



Step 4: Obtain masks/contours
for each cell type

Tabs:
S Selection -> Segmentation -> Remove duplicates -> Mask operators ->
\Q List creator -> Feature extraction -> ML classification -> Contour export



Step 4: Obtain masks/contours

o for each cell type
Tabs:
S Selection

10



Step 4: Obtain masks/contours

for each cell type

" Tabs:
N / Selection

|

| |

HNEEEEEEEEEEEEEE

10



Step 4: Obtain masks/contours
for each cell type

0@
Tabs:

«' Segmentation

Fle Tools View Series Settings Help

Segmentation * Remove dupicates *  Litcreator *  Feature Extraction * MiCassfication * ContourExport * Exporters *  Segmentation_astro =  Remove duplcates astro *  Mask operators astro »  List creatorastro *  Feature Extraction_astro *  MLCassfication_astro »  Contour Export_astro * ¢ %

S
8
o

Preview
Selected - Overwrte o Segmentation_astro -
Fiter P1_wA1_t1_m223_c0_z1_l1_o0
Apply p1_wA1_t1_m323_c0_z1_l1_o0
p1_wA1_t1_m217_c3_z1_l1_o0 Apply al p1_wA1_t1_m233_c0_z1_l1_o0
P1_WA: p1_WA1_t1_m443_c0_21_l1_o0

Connect to pipelne  CTJ

D1_WAI_t1_mi27_c3 71 11 _o0 p1_wA1_t1_m353_c0_z1_l1_o0

P1_WA1_t1_m227_c3 71 11_o0 Cancelal

p1_WAL_t1_m163_c0_71_i1_o0
p1_wA1_t1_m263_c0_z1_11_o0
p1_WA1_t1_m193_c0_z1_l1_o0

p1_wA1_t1_m327_c3 71 11_o0

Load segmentation
p1_wA1_t1_m427_c3_z1_11_o0 o

P1_WAI_t1_m137_c3 21 1t_o0 Buk load segmentation P1_WAL_t1_m293_c0_z1_1_o0

PL_WAL_t1_m237_c3 71 11_o0 T T2 p1_wA1_t1_m204_c0_z1_l1_o0

P1_WAL_t1_m337_c3 71 l1_o0 Invert result masks P1_wA1_t1_m404_c0_z1_l1_o0
Select method

P1_WA1_t1_m437_c3 71 11_o0

p1_WAL_t1_m504_c0_71_11_o0

Auto global thresholds ¥
uto global thresholding p1_WA1_t1_m224_c0_z1_11_o0

P1_WA1_t1_m247_c3 71 11_o0

P1_wA1_t1_m347_c3 21 11_o0 Select thresholding: P1_wA1_t1_m234_c0_z1_11_o0

P1_WAL_t1_m157_c3 71 1t_o0 = - P1_WAL_t1_m254_c0_z1__o0

D1_wA1_t1_m257_c3_71_1i_o0 SadisEienliis p1_wA1_t1_mi64_c0_z1_l1_o0
Y

P1_wA1_t1_m357_c3 71 11_o0 P1_wA1_t1_m264_c0_z1_l1_o0

P1_WA1_t1_md57_c3 71 11_o0 P1_WAL_t1_m374_c0_z1_li_o0
P1_WAL_t1_m474_c0_z1_l1_o0

p1_WAI1_t1_mi94_c0_z1 |

p1_wA1_t1_mi67_c3_71_l1_o0

P1_WA1_t1_m267_c3_71_l1_o0
p1_wA1_t1_m367_c3_71_l1_o0

ncTz—
wHcoHco

00

BrEMO~n

P1_wA1_t1_m405_c0_z1_l1_o0
P1_wA1_t1_m467_c3 21 11_o0

p1_WAL_t1_m505_c0_71_11_o0

P1_WA1_t1_m277_c3 71 11_o0 P1_WAL_t1_md15_c0_71_11_o0

P1_WA1_t1_m377_c3 71 11_o0 (L7 ~ P1_WAL_t1_m225_c0_z1_li_o0

D1_wA1_t1_mi87_c3_z1_li_o0 Minimum: 100,0 pm2 p1_wA1_t1_mi35_c0_z1_l1_o0

D1_WAI_t1_m287_c3_21_11_o0 5 p1_WA1_t1_m245_c0_z1_i_o0
Maximum: 1000,0 pm= _

P1_wA1_t1_md87_c3 21 11_o0 P1_wA1_t1_m445_c0_z1_l1_o0

= Fil region holes
P1_wA1_t1_m197_c3 71 11_o0 P1_wA1_t1_m455_c0_z1_I1_o0
P1_wA1_t1_m375_c0_z1_l1_o0

P1_WA1_t1_m475_c0_71_11_o0

P1_WA1_t1_m297_c3 71 11_o0

P1_WAL_t1_m397_c3_71_l1_o0

P1_WA1_t1_m108_c3 21 11_o0 AF488 P1_wA1_t1_m195_c0_z1_l1_o0
P1_wA1_t1_m308_c3 71 I1_o0 e p1_wA1_t1_m295_c0_z1_l1_o0
P1_WA1_t1_md08_c3 21 11_o0 ey P1_wA1_t1_m406_c0_z1_I1_o0
P1_WA1_t1_m218_c3 71 11_o0 AF750 P1_wA1_t1_m416_c0_z1_I1_o0

p1_WA1_t1_m318_c3 71 1i_o0
P1_WA1_t1_mi128_c3 71 l1_o0
p1_wA1_t1_m228_c3_71_li_o0
P1_WA1_t1_m428_c3 71 11_o0

A1 w1 F mi28 2 01 B oan

P1_WA1_t1_m226_c0_z1_11_o0
p1_WA1_t1_m266_c0_z1_11_o0

Segmented objects: 0

Q Ssearch z;ie =)

25/08/2024
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Step 4: Obtain masks/contours

for each cell type

Tabs:

Fie Tools View Series Settings Help

Mask operators astro *  List creator_astro

w-co

Selected v

Fiter

P1_WAL_t1_m260_c2 21_l1_o0
P1_WA1_t1_md60_c2 21 11_o0
P1_WAL_t1_m170_c2 71 11_o0
P1_WA1_t1_m370_c2 71 11_o0
P1_WAL_t1_md70_c2 21 11_o0
p1_wA1_t1_m280_c2 21 11_o0
p1_wA1_t1_m380_c2_21_11_o0
P1_wA1_t1_m190_c2 21 11_o0
P1_WA1_t1_m290_c2 21_11_o0
P1_WA1_t1_m101_c2 21 11_o0
P1_WA1_t1_m201_c2 71 11_o0
P1_WAL_t1_md01_c2 21 11_o0
P1_WAL_t1_mil1_c2 21 11 o0
p1_wA1_t1_m311_c2_21_11_o0
P1_WAL_t1_md11_c2 21 11_o0
P1_WAL_t1_m221_c2 21 11_o0
P1_WAL_t1_m321_c2 21 11_o0
P1_wA1_t1_mi31_c2 21 11_o0
P1_wAL_t1_m231_c2 71 11_o0
P1_WA1_t1_md31_c2 21 11_o0
P1_WAL_t1_mi41_c2 21 11_o0
P1_wA1_t1_m341_c2 71 11_o0
P1_WAIL_t1_m251_c2 21 11_o0
p1_wA1_t1_m351_c2 21 11_o0
P1_wA1_t1_mi61_c2 21 11_o0
P1_WA1_t1_m261_c2 21 11_o0
P1_WAI_t1_m461_c2 71 11_o0
P1_WA1_t1_mi71_c2 21 11_o0
P1_wA1_t1_m371_c2 21 11_o0
P1_WAL_t1_md71_c2 21 11_o0
p1_wA1_t1_m281_c2 21 11_o0
P1_wA1_t1_m381_c2 21 11_o0
P1_WA1_t1_mi91_c2 21 11_o0
P1_WA1_t1_m291_c2 21 1_o0
P1_wA1_t1_m102_c2_21_11_o0

A1 w1 H I 1 a0

Segmentation

x  Feature Extraction_astro *  MLClassfication_astro

Preview

Overwrite [ ]

Apply

Apply all

Connect to pipeline [T

Cancelall

Load segmentation

Bulk load segmentation

Invert input images
Invert result masks
Select method

Auto global thresholding v

Select thresholdir
otsu

Set histogram bins:

umz
Minimum:

Maximum:

= Fil region holes

AF488

AF647
AF750

100,0 uml B

500,0 pm?

*  Segmentation_micro

Q Search

* | Remove duplicates_micro

=

Mask operators_micro

List creator_micro

Feature Extraction_micro

MLChssfication_micro

10 pm

BrPEmMO~n

* | Contour Export_micro *  +

Segmentation_micro v

P1_WA1_t1_m69_c0_71_I1_o0

P1_WA1_t1_m79_c0_71_1_o0

P1_WAL_t1_m99_c0_71_I1_o0

p1_wA1_t1_m100_c0_z1_l1_o0
P1_WA1_t1_m400_c0_21_11_o0
P1_wA1_t1_m310_c0_z1_11_o0
P1_WAL_t1_m410_c0_21_11_o0
p1_wA1_t1_m320_c0_z1_l1_o0
P1_wA1_t1_m130_c0_z1_11_o0
P1_WAL_t1_m230_c0_21_l1_o0
P1_WA1_t1_m430_c0_21_11_o0
P1_wA1_t1_m140_c0_21_l1_o0
P1_WAL_t1_m340_c0_z1_11_o0
P1_WAL_t1_md40_c0_z1_11_o0
P1_WA1_t1_m250_c0_21_l1_o0
P1_wA1_t1_m350_c0_z1_l1_o0
P1_WA1_t1_m160_c0_z1_l1_o0
P1_WAL_t1_m260_c0_21_l1_o0
P1_WA1_t1_m460_c0_21_l1_o0
P1_wA1_t1_m370_c0_z1_11_o0
P1_WA1_t1_md70_c0_21_11_o0
P1_wA1_t1_m280_c0_21_l1_o0
p1_wA1_t1_m380_c0_21_l1_o0
P1_WAL_t1_m190_c0_z1_l1_o0
P1_WA1_t1_m290_c0_z1_11_o0
p1_wA1_t1_m101_c0_z1_li_o0
P1_wA1_t1_md01_c0_z1_11_o0
P1_WA1_t1_m311_c0_21_l1_o0
P1_WAL_t1_md11_c0_21_11_o0
P1_wA1_t1_m221_c0_21_l1_o0
P1_wAL_t1_m321_c0_z1_11_o0
P1_wA1_t1_mi31_c0_z1_11_o0
P1_WA1_t1_m231_c0_21_11_o0
P1_wA1_t1_md31_c0_21_11_o0
P1_WA1_t1_m341_c0_z1_11_o0
P1_WAL_t1_md41_c0_z1_11_o0

Segmented objects: 1

£nG
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w-co-co
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Step 4: Obtain masks/contours
for each cell type

Tabs:

S
3
y

Remove duplicates
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Step 4: Obtain masks/contours
for each cell type

Tabs:

S
3
y

Remove duplicates
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Step 4: Obtain masks/contours
o for each cell type

® Tabs:

% 7
83
y

Dilation

Mask operators

14



Reduction

Step 4: Obtain masks/contours
for each cell type

' Tabs:

Mask operators

15



Step 4: Obtain masks/contours

o for each cell type

% S g
Q
y

Tabs:

Mask operators

*Goal is to obtain shapes amenable to laser microdissection (large

16
enough, blob-ish); “close shape” and “dilate” worked well throughout



Step 4: Obtain masks/contours

O X4
N
y

for each cell type

Tabs:

List creator

Select masks as input and the program outputs them
as a list (required input format for feature extraction)

17



Step 4: Obtain masks/contours

S b
Q
y

for each cell type

Tabs:

List creator

Select masks as input and the program outputs them

as a list (required inpu’? format for feature extraction)
2
/[

X (. 5
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Step 4: Obtain masks/contours
for each cell type

Tabs:

Feature extraction

Extracts dozens of differentiating features for each
mask (e.g. eccentricity, area, length, width, intensity,
etc.) to provide input for feature-based ML
classification

19
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Step 4: Obtain masks/contours
for each cell type

Tabs:

%,

ML classification
Create classes (i.e. real astrocytes, noise, unsure), train

ML algorithm by manual selection of 10+ cells per class,
and apply to all tiles

Video courtesy of Single-Cell Technologies® Image analysis and feature extraction

20



Step 4: Obtain masks/contours
for each cell type

Tabs:

®

Fie Tools View Series Settings Help
~Teator_puremicrogia *  Feature Extraction_puremicrogia %  MLChssffication_puremicroghia *  Contour Export_puremicrogla * ~ Remove duplicates (9) *  List creator (1) = Feature Extraction (2) * = MLClassfication * ~ Contour Export (5) *  Mask operators (16) » Listcreator(2) * Contour Export(6) *  + ¢

NPUTS PTIONS SELES

ITEMS

\;b Contour export
®

Contours in the list: 8

p1_WAL_t1_m1300_c0_z1_I1_
P1_WAL_t1_mi310_c0_z1_l1_
pI_wALtl_mi130_coz1 i EXeorto:

P1_WA1_t1_m1240_c0 21 11_
p1_wA1_t1_m1250_c0_z1_I1_
p1_WA1_t1_m1360_c0 71 I1_
p1_wA1_t1_m1070_c0_z1 1

p1_WAL_t1_m1370_c0_z1 .

p1_wA1_t1_m1180_c0_zi_l1_ 3270
p1_wA1_t1_m1190_co_z1_l1_
p1_wA1_t1_mi111_co_zi i_

p1_wA1_t1_mi311_co_zi _

Calibration point 1 42253
X BIAS

p1_wA1_t1_m1131_c0_z1 l1_ Y Selecting all contours

PLWALE 2410 cobratin point 2 : [ |

p1_WAL_t1_m1051_c0_z1 11 x:

p1_WA1_t1_m1251_c0_z1_ .

nHCoZ—

p1_wA1_t1_m1361_c0_z1_l1_
Calibration point 3
p1_wA1_t1_m1071_c0_z1_l1_

p1_WA1_t1_m1371_c0_z1_l1_ X

pI_wALtl mi18l cozi i ¥

p1_WA1_t1_mi191_c0_z1_li_ Export pulse polygons

pl_wAl_t1_m1012_c0_z1 li_ Mix contours with pulse poly.
Export linked BIAS data

p1_wA1_t1_m1312_c0_71_l1_
(OPTIDNAL)

p1_WA1_t1_m1132_c0_z1 l1_
p1_wA1_t1_m1052_c0_z1_l1_ Target cap:
p1_wA1_t1_m1252_c0_z1_Ii.

p1_wA1_t1_m1362_c0_z1 l1_ e
p1_WAL_t1_m1072_c0_z1 l1_
p1_WA1_t1_m1372_c0_z1 |

p1_WA1_t1_m1182_c0_z1_ .

3273

Select cap:
Allselected: 3273
p1_wA1_t1_m1192_c0_z1 l1_

Last modified: m405

Sorting method:

21
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Step 5: Laser microdissection (LMD)

Masks superimposed on tissue and cut out with laser.
Specified wells aligned underneath each shape.

Must first optimize for laser power, speed, and puncture
settings.

Caveats: damaged membrane (liquid underneath) prevents
shapes from falling into well (because they stay stuck)

22



Step 5: Laser microdissection (LMD)

A MUC_LMD7_2 X

+

remotedesktop.google.com/access/session/bc24efe0-7d9f-7043-15ac-a41ae1ed5405

Finish update

2 eBHOH 6 O o

Save  Save  Save+L | Live  Freeze  MicCtrl |Specimen

;s O O = A W
Select Draw  Elipse  Rect  PtoP | Reuse  Text CutTt | Detect
Edit

Laser
—

Measure

Collection Device:
12345678 910111213141516171813202122

=

S

You have selected the G7 cap.

Slide Holder

lil

Stage Postion Memory

5[43663um / 16879um] ~| W Restore Mag

ad | ceast | ClearPosiions

Specinen Overview.. | Drawin OV area

CreateFast Overview | ¥ Rectengle [ Elipse
™ Autofocus

HydraFourSlides

« »

LMD

Exposure
[V Automated

Exposure Time

Gain 10

—

Camera:

Benng: [ewmG 1Eve o~

Revolver Posilon: 5
Magnificatior: 63«

Power

Apetture

Zoom Factor

Draw Shapels})
¥ Close Linels)

€ Single Shape

Cut Shape(s)
[~ Shadow Cuts

[l0 Fulscreen

& Muliple Shapes

Color

White Balance

Shading correction

Shading Correction

™ Switch Image

x-y-stage: 49786um / 15909um

Middepuise Count

Final Pulse:

Offset AF before cut
| 10 [ Field of View

100
Colected = Set1 C set2
N e ) EA
Sum
1 Gine
2 Line
3 Line
4 Line
s line v
< >
619 cbjects. 116534 jmtotal Area. 188 ymaverage area
—_ 20 25min Tsec estimated balance time: 7765947 355408

Magnification: 63x

€ Final Pulse @ Middie Pulse
 Draw + Cut Draw + Scan
" Move + Cut € Laser Screw
Xe/(-/2- Precision

@ Fine C Coarse
Database:

[~ Connect to database.

Specimen ID: [UnKnown

Shape List

133 6300
9 6300 G

Area (urf) [ Mag [ Col [ C
=

y
8 6200 G7

Total selected area () [£53951

Soica
MidasersTens Change GUI Color

1201 PM

A ) 0
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Step 6: Proteomics

10

Log2 FC
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Proteins Identified

maximum number of p

Input Experiment:
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Proteins Identified

Input Experiment:
Determining number of cells needed to capture
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Next steps

IDX of all samples collected
Data analysis by cell type
Cross-validation by Xenium spatial transcriptomics

Future experiments on proteomic hits
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We were able to dissect out 4 major cell
types from 3 mouse models of

neurodegenerative disease. Over the

max-planck-institute

pochorie S| summer, | established reliable methods for

biologische intelligenz

staining and conducting deep visual

proteomics on murine brain tissue, which
=8l @ will help the scientific community conduct
e . future experiments with other mouse
models. We also now have highly accurate
cell contour generating algorithms powered
by ML, which will accelerate future studies,
namely with neurons and oligodendrocytes.
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