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Microscoop® : a hypothesis-free subcellular protein discovery platform

Fig. 2 | (A) Left panel. Tom20 (a, green) and PLIN2 (b, red) were immuno-stained to mark mitochondria and LD membrane respectively. The overlapped regions (c and d) between mitochondria and LD signal indicates potential mitochondria-LD contact sites. Images of mitochondria and LD (e and f) are recognized by traditional image

A Sample Real-time ROI Protein Enrichment processing and computer vision algorithm (h and i) to identify ROIs (g and j, mitochondria-LD overlapping region). The confocal images demonstrate the precise and accurate photo-biotinylated proteins (k1, stained with NeutrAvidin-488) in mitochondria-LD overlapping region at lateral (xy)- and axial (z) directions (k1-n1 and k2-n2, right panel).
Preparation Recognition & Photolabeling Extraction & Digestion Bar: 5um. (B) A distribution of overall protein abundances by the ratio of photolabeled (PL) sample to those in a control (CTL) sample annotated as PL/CTL ratio, showing that known LD-localized (blue) and mitochondria proteins (red) are enriched in the PL group (left panel). List of a few well-known LD-localized proteins and mitochondria
proteins identified by Microscoop®. (middle panel), and the Gene Ontology analysis of biological process category of these proteins (right panel). (C) The list of the well-characterized proteins mediating mitochondria-LD association identified by Microscoop®. (D) Fourteen proteins (table list) that are neither mitochondria nor LD proteins
~ ] selected from Top 30 common proteins, are combined with 157 enriched LD-associated or 111 mitochondria proteins then subjected to STRING to reveal protein-protein interaction network, suggesting that these proteins are more co-related with LD-associated protein (left panel) than with mitochondria (right panel).
0 i “\\cy\' v e ‘ ( l
T e Wi € > S > 5 0.‘?,"‘ ' 4 > .. T e em mm mm mm mm Em Em Em En Em EE O EE D R R MR MR M M M M Mmn M e Emm Eme Sm Mme SEn EEm M SEm SE MEm EEm Emm EEm M Mmm Emm Emm Smm Smn S Gmm MEm MEm MEn MEm NN EEm EEm M B M N MEm M M Mmm Em Emm Emn M M mmm mmm mmm G M mmm Smm S Mmn Gmm mm Smm S Sm Emm Emm Emm Emm S G M Emm mmm S Gm Gmm Emm Gmm mmm M mmm mmm mmm G M G e mmm e M G mmm mmm mmm e e e mmm e e e e mm e e o m
[ s L\ (ox
7S o P 0O 8 ® . . ® ® ° ® o °
e ne' The putative proteins are associated with LDs and localized in mitochondria-LD contact site
Photo-activable " — , ((..
. L. ® Labeled Protein .
biotin-based probes ? B
A ARMCI10 FHL3 SAAL1 MBNL3 NAA10
Y 213AKEILLRVLTLFQNIKNC?2%
G ~ = : ARMClO 210 220 230 240 250 260 270 280 290 30e
| Y | | | | | | | | | | )
e G e - - ARMC10 TLLTNMTVTNDHQHMLHSYITDLFQVLLTGNGNTKVQVLKLLLNLSENPAMTEGL LRAQVDSSFLSLYDSHVAKEILLRVLTLFQNIKNCLHKIEGHLAVG @&i’z\\«(\?G
PHD hhhhh hhhhhhhhhhhhhhhhhhhh hhhhhhhhhhh hhhhhhhhh hhhecee hhhhhhhhhhhhhhhhhhHhh /(‘7/"’ 5\3’_}@\
SOPM ceceeese thhhhhhhhhhhheeeeetttcchhhhhhhhhhh hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhdeettceee /D‘// \\\\G
Repeat et Cons. hAHBITcar - SHAARAIRRA e - SRR HABERI. - PeTec - pAAHAARRAAERA {77 Pl | ke
R . Sec.Cons. Peecc? ece?t elee h 1?7t N\ /\ )
Light-directed ) ON ¥ _J®° 2
— 3PCYDNTFANTCAECQQLI4? %0 o
Microscoop® Imaging ; = - JION %
e° o’ © Nefxt Field o Q®g}f@)@a FHL3 10 20 30 10 50 60 70 80 %0 100 > Fig- 3 I (A) Secondary StrUCtU re and
o of View 7/ e\ @7 N\© [ \ | | \ | [ \ \ | . . . . .-
L @ ”/‘ Recognize Cé%%/? \\“&G FHL3xx@  MSESFDCAKCNESLYGRKYIQTDSGPYCVPCYDNTFANTCAECQQLIGHDSRELFYEDRHFHEGCFRCCRCQRSLADEPF TCQDSELLCNDCYCSAFSSQ amph|path|c he||x pred|ct|on Of the 5
S S ion of i Label-free Ol | | AR Hhasa e t5 e Hh P et b - - -
e o reglon OflnterESt LC—MS Cé\;\:}\»~, ,,s—{f’”@) SOPMA hhhechh hhhh »;eee eeghhhhhhhh hh hghh-ht teeéeh ee éee hh: pUtatlve LD_aSSOCIated prOteInS SeIeCted
AntlbOdy gL”dEd LaseF)r!;g:;Id;bZ:ier‘chSIon .AUtomuﬁ/c high_speed 7(‘)(5‘(%)“/(?)0 Sec.Cons. ch ?hc??hhh?cce hhhhhhhhchhhhhhhhh he?? toeee hh hhh from Top 30 Common proteins using
- 3D photolabelin . .
PO PL algorithms from the NPS@ website and
145 162 . .
B YAMKRDLTQMADELRRHL HeliQuest program respectively,
NAA10 118 120 138 140 158 168 178 188 198 208 . . . . . .
| ! | | J ‘ | | ! | /Y\QQ,Q(® indicating the potential amphipathic a-
. . . BiOtIn E.:ﬁl@x@ :FNAKWSLHVRKSNmt::;:::TLNFQISEVEE:WAD‘;EE::m:ﬁgt:g::ﬁitﬁ?:}lfLKEKGRHWLGAIENKVESKGNSPPSSE::E:EEI:(;t o\J}///-A~\\\\L® . . .
Labeling trajectories Label Protein Hucleus herge S0PM hhhhhecoseaccttchhhhhhhhhe cosececctteac ctchinhhHhhhHhAbhARARAREC tcocsechhhhhccctt hhhhhhhh e‘/// ‘\:\e helix regions of 5 prOteIns (B) Hesz
SOPMA hhccheeeeeee hhhhhhhhhtccehhhhhheecttchhhhhhhhhhhhhhhhhhhhh eeseeehhhh hhhhhhhhhh \N ‘,(D . . .
ec.Cans.. K- heasenca. - HHHRARKh. o021 3hhhen. e bRHRHARHHRHERHRRHA - -coceehhih Kbk 6@\ | Yo cells were treated with oleic acid (OA) or
B —S==214 . ..
238 QARLKAAHHQMNHSAAS255 @@é@‘@ vehicle for 16h, followed by LDs staining

with BODIPY 558/568 (red) and the 5
candidate proteins with corresponding
antibodies.  Epi-fluorescence images
revealed their localization around lipid
droplets (arrows), more obviously in OA-
treated HepG2 cells as compared to

MBNL3 210 220 230 240 250 260 270 280 29@ 300
\ \ I | | \ I I \ \
MBNL3x@  TDASMIEASDNTVTICMDYIKGRCSREKCKYFHPPAHLQARLKAAHHQMNHSAASAMALQPGTLQLIPKRSALEKPNGATPVFNPTVFHCQQALTNLQLP
Predator ecceee hhhhhhhhhhhhhhhhhHhhh hhhhhhhh
SOPM hhhhhh eeeeechhtt hhhhhhhhhhhhhhhhhhhHhhhe cttceee eeehhhhhhhe
SOPMA eececttceceeechhhtt hhhhhhhhhhhhhhhhhhhhhectt hhcctteccee hhhhhhhhhhhh
Sec.Cons. 2222 eeeeee?hhtt hhhhhhhhhhhhhhhhhhhhhectt ???hhhhhhhh

Labeling Resolution

Cell

+ Oleic acid

3% KDILCEFLSNIFQALTKA413

= ' — T N O ‘ g - e vehicle-treated cells. (C) Confocal images
31e 320 338 348 350 360 370 380 398 400 X 5 ; ‘ . - ‘—" § X .o . .
D SAALL | | | | | | | | P10 P « L e ey verified the co-localization of all 5
UNK_24136@ LVCHEFCQSDDPPIILQEQKTVLASVFSVLSATYASQTEQEYLKIEKVDLPLIDSLIRVLQNMEQCQKKPENSAESNTEETKRTDLTQDDFHLKILKDIL . . . .
g PHD hhhhh ’ eeeghEhhhhhhhhhhhhhhhth ’ hhhhhhhhhhghhhghg ’ hihhhithhhhh D Protein Descrlptlon LD-localized pattern . Ry o VTS oL LA N i - gt sn. o candidate proteins with ||p|d droplet
Z SOPM hhhhh eeehhhhhhhhhhhhhhhhhhhhhhhhhhhhhhtt hhhhhhhhhhhhhht hhhh hhhhhhhhhhh b ' i e i " " il i
or-Cans. hhbbieccct cccecoehbhhRbRSDHHBbRS e hhbH cechhbbBARSBARRA Ceceeccrbbbhinbhbh ARMC10 Armadillo repeat-containing protein 10 Dot - a e gaz= membrane (PLIN2 as a marker), as well
i I & oy gl as their presence at mitochondria-LD
oo n  m 2" " Y “3PYVEDFIKILREVDKALA®O FHL3 Four and a half LIM domains protein 3 Ring or crescent-like ’ , .
UNK_24136@ CEFLSNIFQALTKETVAQGVKEGQLSKQKCSSAFQNLLPFYSHVVEDFIKILREVDKALADDLEKNFPSLKVQ Conta Ct SIteSI SuggeStI ng a pOtentIal
PR e R A SAAL1 Protein SAAL1 Dot or crescent-like implication of these novel proteins in
SOPMA hhhhhhhhhhhhhhhhhhhhhtt hhhhhhhhhhhhhh<cHhhhhhhhhhhhhhhhhhhhhhhh . . . .
Sec.Cons. hhhhhhhhhhhhhhhhhhhhhtt hhhhhhhhhhh - - Hahhhhhhhhhhhhhhhhhhbhhh MBNL3 Muscleblind-like protein 3 Dot mitochondria-LD regU|at|0n. (D) Table list
@ _ of candidate proteins and their LD-
o ixJ NAA10 N-alpha-acetyltransferase 10 Dot or crescent-like localized pattern. Bar: 5um
S
o g— ____________________________________________________________________________________________________________________________
< O
g U [ ] o [ ] [ ] [ ] o [ L ] o
= Mitochondria morphology alteration and reduction of mitochondria-LD interaction upon FHL3 depletion

Tom20+LD
Tom20+LD
e N 9 — B Tom20+LD Summary
A é@ \/0)/ \',5/ — 1.5 B Co-localized pixels 4 B I
Fig. 1 | (A) Schematic workflow of Syncell Microscoop®. A total-sync ultra-content L .gZ* (g % *% NS mm Scramble ' A ;E) 110~ Mkl 200- ns - o - .
microscopic platform that integrates image acquisition, photochemistry, microscopy, % @ @ = B siFHL3_1 2 =45 100- ) & 1. SYNCELL Microscoop® is a novel platform to enable hypothesis-free
optics, and FPGA-based mechatronics enable high-content in situ photolabeling 2 63 atubulin -g 1.0 3 siFHL3 2 'g -_‘g’é 90 ° D — o subcellular spatial proteomics.
followed by mass spectrometry analysis. (B) PFA fixed U-2 OS cells were photo- g 4g— e § g ST 809 N L,_’
biotinlylated with a thin “cross” pattern, and photolabeling resolution was ¥ % » S 2 ;2: 2 8 _ ) _
measured by super-resolution structured illumination microscopy. (C) Top- (xy) and 35 - o 057 S b .*gé 50 ° g 100+ 2 2. The platform integrates microscopy, deep learning, two-photon
side- (z) views of photolabeled subcellular compartments. (D) Microscoop® system. m FHL3 = T + e E 401 2 g illumination, and mechatronics to facilitate high-content image-
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