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Moving to single cell measurements: a timeline
-y Talking: Jonathan Sweedler

“animalcules”

Discovery of cells

Electrophoresis of

Development of
cell theory

Peering into the
microscopic world

individual erythrocytes iber microphoresis of
large mammalian neurons
The dawn of single cell
F'W;V‘H‘EWW chemical analysis
Catecholamine se-
cretion measured

LAMMA at single
cell resolution

2D electrophoresis & GC-MS
of A. californica neurons

neurons

with carbon-fiber
electrodes from
chromaffin cells

RNA analysis of
single, potentiated
CA1 neurons
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Molecular Portrait of a single characterized neu - -
Single-cell analysis from RNAs to proteins ™~

RNAs PP g Proteins

Metabolites,
Lipids, Signaling

There are about >20,000 molecules

distinct lipids, >50,000 : .
p1ds, >50, While mapping is advanced,

[s 3 . 2 . - .
metabolites and 200,000 the chemical characterization
proteoforms reported to be : e :
- the brain! M A ! of the brain has lagged
in the brain! Many are no ‘_ B behind...
known
Image from Leonid Moroz, University of Florida

Using mass spectrometry (MS) for peptid
(cytokines, neuropeptides, hormones)

-
Talking: Jonathan Sweedler

Physiological Sample Plate
Saline § Embedded Sample Molecules
— I Desorption
MALDI Matrix " Energized __lonization _ Analysis by
Solution -' Matrix/Sample “=— > yass Spectrometer
Crystals
- * Laser Puises Each "peak’ represents a
distinct peptide, and
. MET"X potentially a unique
) » / physiological response
Cel 7+ ! “ K
Matri ' £l
™ §
s
Sample Plate o w00
Li et al, Trends Biotechnol. 2000, 18, 151. 5
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Identification and mapping novel peptides [ER
in defined neur‘onal Cir‘cuiTs Talking: Jonathan Sweedler

Gene expression data (ISH) 3
S Prohormone
v ¥ mRNA
Sequence database § expression in
(direct mRNA translation) § neurons
. SEM
g?e.di;tEd pf'ptideslf]t’TI\lds ol microphotograph of
(bioinformatics web tools) sierifais: the
t arrow points to

where a single
neuron was
removed for MS

ISH-guided cell isolation

Mass spgctrum acquired from a neuron

2 Z
[ MALDI-TOF MS, MS* ] % FMRFa 1[52,5,77]
2 39-52
} 5 1545.69 ~» 4
Library of actual peptide gene products found | £ [88-101] L 1079.81
in key neurons in a neural circuit k= [22-35]
g bl I
Romanova, Neuropsychopharmacology 36, 2014, 50 517.0 1094.4 1671.8 m/z

-

Talking: Jonathan Sweedler

A new approach for high throughput
single cell mass spectrometry

fn'% A‘ﬁl‘ e, 4
N -f"c'»' A

NRA

Ong. T; Anal Chem. 2015, 87, 7036.
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MICr‘OMS gl.“ded hIgh .rhroughpu.r Ce” Pr'ofll Talking: Jonathan Sweedler
Cell suspension placed on Fluorescence image Cellular population MALDI matrix removed Multivariate statistical
glass slide and imaged with of the cellular covered with MALDI and sample imaged analysis of acquired
fluorescence and transmission population allows to  matrix and analyzed with with SRSM or IR data sets
Tissue or organ microscopies find cell coordinates ~ MALDI-MS at determined
coordinates

Cell enzymatic and i i Finding rare cells
mechanical isolation Optical Automatic single and
CRESE imaging of cell cell mass subpopulations
population spectrometry
. _/" ,."‘ 1) Classification of Large Cellular Populations and Discovery of Rare Cells Using
Sample quality control. # Single Cell Matrix-Assisted Laser Desorption/lanization Time-of-Flight Mass
Remqul‘of bad spots from 1 2 Spectrometry Ta-Hsuan Ong, David J. Kissick, Erik T. Jansson, Troy J. Comi, Elena
acquisition and bad data __— — V. Romanova, Stanislav S. Rubakhin, and Jonathan V. Sweedler* Anal Chem. 2015
from analysis. 87, 70367042

2) microMS: A Python Platform for Image-Guided Mass Spectrometry Profiling. Comi
TJ, Neumann EK, Do TD, Sweedler JV. J Am Soc Mass Spectrom. 2017, 28, 1919-
1928

Talking:

Profiling ~10000 cells... and finding the rare cells via
component analysis

=
)
4 . “,‘?
SHE ¢ g
Target B -
locations §
S
-3
3
° -
-

Ong. T; Anal Chem. 2015, 87, 7036.
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Probing the metabolites via capillary
2 Talking:
electrophoresis mass spectrometry i
A 15 4818 acay B 1yt 11 mmmE i acell 1
[Glucagon+H]* MALDI-MS a LUt CE-MS
1.0 7346 m/z3481.6 " i
05 - I R e
350 s ' " ! A A
840 820 acell2 hooan acen2
330 MALDI-MS W b CE-MS
X 2020 oo
el L
£ . ses
b 34819 acCell3 3.5] \ i acell 3
it MALDI-MS 5] v A CE-MS
; 15] v
054808 17420 | 1 g
R T ; . = A
1000 2000 3000 4000 5000 8 16 20 % 2
mz Time (min)
B (Glucagon+H]* vz 30816 o, Nornatien o Aysies. o Sk o Chibainate
[Pancreatic Hormone+H)*  m/z4397.2 T i:‘::::e * :i:i'::‘; * ?::::‘hdm @ Phenyalanine
8 [insulin 1 AB+H]* 257943 . megrhy\ ester @ Urocanicacid e lsoleucine L e
Comi. T. J., Makurath, M. A., Philip, M. C., Rubakhin, S. S., & Sweedler, J.V. Analyt. Chem 2017, 89 7765. 15
11
rancreartic i1sleTs oT Langer‘hans are an atTrac s
system for developing single cell analysis R
’ insulin
. [} (1;:?' 1;: N - ’ & O g:, ;:: glucagon
® e 208 e e ( = pancreatic peptide
ssT 4% ) ' 9 187 somatostatin
. pp (J’) ghrelin
@ d vessel
®: |
} {60-240 um
~] — > stomaoh * Highly peptidergic
v * Known intra- and inter-
— dorsal islet heterogeneity based on
peptide content
» panereas *  Well-studied physiology
bladder buds
ventral @® We can characterize about 200-800 3-5
) ) L micron cells in an individual islet
Suckale, J.; Solimena, M. Front. Biosci 2008, 13, 7156.
10
12
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Cell populaTions between dorsal and ventral |G

agree with previous histological reports R

Dorsal Ventral

-50 -100

-100 200

rat

cell-type  Dorsal  Ventral T .":' "Q'.". Zrlzsdnzr!‘sqal
a 043 008 RS, 7 T AL D
B 051 067 e 208 “‘ s =908 N & 3. = 0
N 0045 0.24 S ) M ";ﬁ
& 0.0090  0.0086 ‘: (] NS ‘ §
e 1768 1738 (—‘!. Iifgg "a’ 0’5‘, ;
——— = .. e~  udla Dae® NS 18%
13
Analysis of single cell spectra:
. Talking: Jonathan Sweedler
differences between cell types
|Signal sequence 5
m/z 1296.33
m/z 2442.47
10 20 30 49 50 68 70 80 99
MAVAYYCLSL FLLSTWVALL LQPLQGAWGA PLEPMYPGDY ATHEQgAQYE TQLRRYINTL TRPRYGKRDE DTAGLPGRQL PPCTSLLVGL MPCAAARS
Tyr-65: Amidation
Significantly different peptide content between subtypes
m/z 1296.33 m/z 2442.47 m/z 2809.8 6 m/z3039.47 m/z 4399.65
i 12 12 x m
= = 10| — 19 = 3 - = &
=3 d =2 > o ]
Z < g <8 <4 + 1260
> > > > T >
2 £ 6 £ g3 1
g § 5 B 4 g s i
£ . {E 4 £ £ g, £ o-lj
2 T rd 20§
o =¥ :‘f" : = ; of W8 $ ! ij "J’j
Dorsal Ventral Dorsal Ventral Dorsal Ventral Dorsal Ventral Dorsal Ventral
p=0.0022 p=0.0022 p=0.040 p=0.066 p=088
12
Jansson et al, ACS Chem Biol. 2016,11, 2588.
14



Interlude:
MALDI MS can be "non-destructive”
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Total laser shots

Talking: Jonathan Sweedler

Amount of [*C]-cytochrome ¢ in deposited spots detected by a phosphor-imaging detector after a series of
MALDI mass spectral acquisitions. Six different samples are shown, spots 3-8, to illustrate the consistency of
the depletion. The two samples in which no mass spectra were acquired, spots 1 and 2, demonstrate that the
depletion is a result of laser desorption/ionization. The vertical dashed line indicates the point in the depletion

study that the analyte was no longer detected by MALDI MS.
Anal. Chem., 2002, 74 (24), pp 6200

13

15
microMS architecture supports -
fcc i Ie .FO I low_ up analys es Talking: Jonathan Sweedler
9631, e 73461
g
X
E " s
= 52435 smao | lsaen
Ll .|u _[f:ﬂs
& 5 o n—-a;
MALDI-FT-ICR J
154 h -
x £
'E ” 6515503
| P @UF"|
mz
Comi. T. J., Neumann, E. K., Do, T. D., & Sweedler, J.V. J Am Soc Mass Spectrom. 2017. doi: 10.1007/513361-017-1704-1. 14
16
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Probing the metabolites via capillary
electrophoresis mass spectrometry

=
Talking: Jonathan Sweedler

S H—-—: N Example of CE-MS on a

* 4..905
cell after MALDI MS
— measurement
Extraction buffer é
A— H
pl
Representative cell orbr am¥
slice subregion Serine
owsoct - Tryptophan
Prenon ) Agginine
= ’Tﬂstidln&
oyt e- Opnithine  Urocanic acid Vvalne i Yokne:
MALDI Target %:nFll:e
| & Acetylcamnitine p Aspartic acid
Threuniqf Wrusme A
J [ | \ | Aspara‘élny
1 11
Comi. T. J., Makurath, M. A., Philip, M. C., Rubakhin, S. S., & Sweedler, J.V. Analyt. Chem 2017, 89 7705. 15
17
Probing the metabolites via capillary
& Talking:
electrophoresis mass spectrometry :
A 15 88 aCell1
104 12as (iliespentl MALDI-Ms s — Histidine
- s— Dopamine |
05 s ‘ — A Theeanine I
—~ 0 ik H J 3 5 s Phenylalanine |
= —
Z40 38820 aCell2 Z 8 ‘ L
S 30 MALDI-MS @ 25
;2.0 e E 5 L |‘
B 10 11420 ‘ T |
g o . NS ' +DA
= 34819 aCell3 E 1 ’ i ’
- MALDI-MS ‘25 |
i 05 |
05 die mlz.n F‘ 5 e ' -DA
RERRTn 2000 3000 ¥ 4000 5000 : 10 12 w6 8 20
m'z Time (min)
B [Glucagon+H]* m/z 34816
B [Pancreatic Hormone+H]" m/24397.2
B (Insulin 1 AB+H]* m/z5794.3
Comi. T. J., Makurath, M. A., Philip, M. C., Rubakhin, S. S., & Sweedler, J.V. Analyt. Chem 2017, 89 7765. 15
18
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Human islet of Langerhans: Are these structures

chemically heterogeneous in a patient and how does
this heterogeneity change during the development of
diabetes?

Individual islets of varying sizes Individual cells

Samples are kindly provided by Dr. Chengyang
Liu and Dr. Ali Naji, Human Pancreas Analysis .
Sweedler group unpublished 16

Program (HPAP, UPENN)

19

Comparison of chemical profiles of high density =
populations of four individual pancreatic islets

Gel view of hundreds of cell mass spectra
So# 1000 e

_7’ C-peptide -:

Insulinm®

& Glucagon

. Somatostatin - | Glucagon

Arbitrary units

R
. RS i k,‘:f
e G G

1 2 7 3 4

Pancreatic islet Pancreatic islet

18

Pancreatic islet Pancreatic islet

Sweedler group unpublished

20

10
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High throughput single cell MALDI MS reveal o 33:-

cellular heterogeneity of the cerebellum

Representative mass spectra

Localization of biochemically. distinct "
dispersed eells on glass surface Wy i f"ﬂ[’j”‘ LT

‘ l \‘Tl‘”\ Il‘nm.

i
H
H
§

| 1992 6080
. i T P L Y

0010'€S6  §

1000 um

2509018
0S0'SSL

#  8EE99Y6
# 6£0L°EL8
# 10£9°'898

g
£
@

We can see large differences in lipids and other molecules, even from so-called “identical” cells...

19
Neumann et al, Anal Chem. 2019, 91, 7871. »

21

What are the cells?

Adding immunocytochemistry to our MS workflow

1 Metabolite -
151 i Unfixed Cell . s

e . =

2 \ % I’ ﬁ . .

% 101 - / ):';

: = R

G a7 %/' =

5 S e

£ 54 ~586,000 cells on slides R ——

- Lipid Dimer ~41,000 cells analyzed ~275,000 ICC-positive cells 1816 MS + ICC-positive cells

Region by MALDI MS
0-_7_ T Ly IT T T
1.5 Fixed Cell o

)

1.0 Polymer

ﬂi—" Contaminant K

i ”

U

205 » o

600 1000 1400 1800 2200
m/z
X 20

Neumann, et al, Angewandte Chemie, 2019, 58, 5910.

22

11
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Lipid differences between
neurons and astrocytes

- m
Talking: Jonathan Sweedler

1600
a 734.70 e + Cluster 1
Cluster 2
760.72 « Cluster 3
= Cluster 4
524.44 58740 650.54 - Cluster 5
w00 Al | 67§58 88.74 o
1
b 734.67 &
760.70 i
5 587.39 65053
) 524.53 678.55 782.673
c
400
£
» Cluster 1
679.52 o2
» Cluster 3
650.78,707-5 + Cluster 4
5000] 734.69 u
760,72 &
&
82,
1 [08.71
500 600 700 800
m/z

(a and b) Single cell spectrum for the NF-L-positive cell displayed in the inset.
(c and d) GFAP-positive single cell spectra
(e) t-SNE plot of NF-L positive cells colored based on the five clusters determined by HCA.
(f) t-SNE plot of GFAP positive cells colored based on the four clusters determined by HCA.

Neumann, et al, Angewandte Chemi€, {(119 58, 5910.

23

: Jonathan Sweedler

ICC Profiles

unknown
Astrocyte y . [PE(0-34:2)+Na]*
"1 gl [PE(P-34:1)+Na]* bag
(GFAP?) 33624  [PE(38:2)+NH,)* [IGEAPRGSHNEN  30%
[PE(O-36:2)+Na]* =
N [PC(0O-34:1)+Na]*
euron [PC(P-34:0)+Na]*
(NF-L*) 03110 pE(0-37:1)+Na]* 16%
[PE(P-37:0)+Na]*
unknown  NESEPSSEVEN  c0%
_ NOTL 02064  [SM(dg6:1)+H]" - 30%
ICC Negative -
0.0246  [PC(z2:1)+H]* |[INECHPSSIEVEN  27%
05176 [PC(40:6)+H ) INE-DPositvel  26%
01580  [PC(34:0)+Na)- |[INESHIPGSIENEN  24%
-L1780  [PC(38:6)+Nal* [INESDIPGEIENEN  23%
NF-L Positive Cell Spectrum [PC(32:0)+Na]* _ .
01004 [pE(35:0) +Na]* =
02177  [PC(36:2)+Na)* |[INEDPositiveN  21%
-0.0332  [PC(34:1)+Na] |[INESDIPGSIINEN  18%
unknown | NF-L Positive | 16%
S rcoro.n. DR
04353  [PC(34:0)+H]*
trcie-gener). NSRS
- 04310 [p(p-g6:1)+H]* i

Neumann, et al, Angewandte Chemie, 2019, 58, 5910.

22

24
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Characterizing the lipids in 30,000 individual cell
with MALDI-FT-ICR MS

Individual isolated adult rat cerebellum cells from 6 animals

Talking: Jonathan Sweedler

Average Spectra
i ik Cluster 12| 7 Cluster 63
760,586

(o] - |
= =
O w 762,601 870.594 760.586 828394
) 5 P 2 s 81542
[ 7244 756,552
: i a0 O 0 i
Al o e Cluster 55| %" Cluster 91
u ©

[}
n o
f 756,552 ;
- o = 724479 7(:0 586

764.601
782.565
73 7 870,594
RO 0 i v s T
t-SNE Dimension 1 700 750 800 850 _ 900
m/z

Separates into 101 Clusters based on Lipid Features

Neumann et al, Anal Chem. 20109, 91, 7871.

25

Characterizing the lipids in 30,000 cells with si
cell MALDI-FT-ICR MS

Talking: Jonathan Sweedler

mmAstrocyte-Like
mmNeuron-Like
-Olhel

3T ATl
g gl? 4 45
‘,2924»‘{! 965” i ._

7B
G 57 - 191
39.35“’ 357

93 27 E
& PeyTn
t-SNE Dimension 1

78

t-SNE Dimension 2
t-SNE Dimension 2

@)

8 N
55 g % u

&

iR

1

t-SNE Dimension 2

~.1= i
2
&1"‘ a4
7 sods 18 "ws w0y,

S
W
g 6 b
7
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e 96 50 s,
o Bl 2,

t-SNE Dimension 2.

A\sa
' u 2y !
Wl
75 35 88 %%

Lo
45
L

t-SNE Dimension 1

“t-SNE Dimension 1

T-SNE Dimension T

Max ax

t-SNE recolored by relative amount of (C) phosphatidylcholine, (D) sphingomyelin and (E)
phosphatidylglycerol lipid species to visualize the localizations of lipid classes.

871

|__Newmann et al Anal Chem 2010 Q1

24
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Creating an atlas of single cell lif

Talking: Jonathan Sweedler

profiles of the developing human brain

A Workflow of Single-cell Lipidomics on Developing Human Brain

B

Dissocoon of brain lssue Mounied on
irckum Tin-Orids Coated Side

MALDITOF for kentifeation of
Uisid Spectra

B Singlecell Lipidomics of 154,910 Colls Identifies Diversity and Heterogeneity Across Human Brain Development

Structuro

: e 000  Avorago Clustor Expression (Counts] 1,00
] D .Lipmsnmhmmnmnmlml- E Lipids Per Cell F Liﬂﬂmpzmn‘fw
i--w"- - .
Emo:~ P ':..'; g‘
i.m ) ;;
2108 %l_ ¢
) € -
"ars-r«*glséa'.e' -1 //'/«f
SRR With Kriegstein UCSF and Bhaduri UCLA (unpublished)

Single-cell lipidomics of the cortex, ganglionic eminences (GE), hypothalamus, midbrain, thalamus of the developing human brain between
gestational weeks (GW) 10 — 23 with more than 150,000 cells assayed; 53 unique lipidomic clusters (bottom left) visualized by uniform manifold
approximation and projection (UMAP) were identified via Louvain clustering. Some of these clusters were enriched in lipids at specific ages while
other clusters were intermixed across stages or regions. On average, there were 2923 cells per cluster ranging from 184 to 9153. The lower right
shows summed mass spectra from all cells, demonstrating how bulk analysis is insufficient for assaying lipid diversity, the UMAP recolored by
number of cells, and the distribution of lipids per cell for each sampled brain structure.

29
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27

Hyphenation of single cell mass spectrometry and tran

RaPhippocampal cell population analyzed using single cell MALDI MS. Individual cells are
collected and sent to the Eberwine laboratory for transcriptomics

Examples of mass spectra obtained ks oerd i bippsesmps]

e i b from individual cells call Eitracts
" Laser ablated ’ A S 1 Rathippocamp F raction - DHE etancl 010420 0Roaxsssvase s | Lipid exact mass
=000
- surface of cell 25 ¢ s 7885 ss0s| * PC(32:0) 734.5694
- population sample i ol 8108 *PC(32:0)+Na 7565514
. coated with DHB ey 826 gz * PC(34:1) 760.5851
‘ woj 2 TEE T || eec3zopeK 7725253
i | L b sl b M + PC(36:1) 788.6164
e Rathippocamp F fraction - DHE ethancl 010420 OROBKS41Y301 MS.. | * PC(34:1)+K 798.5410
}734 SR B T3 s 7S « PC(34:0)+K 800.5566
sodr 725 + PC(38:6) 8445253
8503
3000-17000 ) l ‘ r 8228
i ”~ I | |
transcripts P APPSR P U PR N T et T o
detected per cell Rathippocamp F raction - DHB ethancl 010420 ORT2XT96YIET MS..
previously
analyzed with o | 4004
MALDI MS 2004
0 bbb " Jusall 1 ik 4
T N T

0 TH0 780 780 800 8 o

DHB MALDI matrix is water soluble and can be removed with PBS wash. However, it’s requires higher laser beam intensity - 60%. 26

28
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The greatest information from a single cell ever!

5/28/2021
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Talking:
Ace ot
acart o
With Jim Eberwine U Penn ) e
Ankrdl2a Ani1o SKTS
Apdml Took?
s o e
Isolate indiviliual cells, perform MS, and then send to ot Do s
- - - e 010272323 Tenm3
Eberwine's group for transcriptomics. I
single cell transcriptomics after MS! st Mg ety
" proc S
(=23 Mapkl3 mwa
Cacnaih Masti Tspani3
Coless Max Txnnd3
Crocld Mdgal =]
Cde2sa Ll Uberes
42600 Mesp2 wbezz
Caed2bpg Mpap 7.
Cdcdzept MoviiZ UnctSa
Cae2 Mrfapd Uspd5
Cebpa Niasc Vg0
Ghrnb2 Aot w24
Chstil Noma Wip2
Cnfn st Wk
Crtef Ocelt Wintid
A oo
Dacts Pagrs b
5 = O
D27 Pois Zcns8
2 Arasphol Zahcl
356 Phtf] Zp706
w2 & L. 2
Esp2 Ped?
Filo Alec
Fatl Prom2
Fods Frker
o Psdf
A Ppat
Fmel Apal2
Fndel iz
ta RGDIS09188
A2 RTLCES
o) T
Fmde Repsl
Galnt2 Ros7bw
Gan Rgsi?
Goxt Rousdd
Glod2 Scaf
G sabel
[0 Sec23b
- Gprisy Shawap
Genes expressed in all three cells = =
oo Fri
Heats'? Sc27a1
TSt SI3SS
o
" . o] “w 27
With Eberwine, UPenn
29
Subcellular profiling of neurons!
MALDI MS of hormones in a large dense core vesicle, lipids andEeepeesr——.
neuropeptides in an axon, and vitamin E in a damaged cultured ce
3205
‘ . 712 3986
gpids 1 h’ga;v — S
2z Peptide A » L
5| " Peptide B il _’?& g ’:&h““* i
c ‘
é'k l,‘ Califins éx =, E M- A .lu.. A
3 W o S
kS b A, N o i 1 T——
T T T \ _
mo L, e R —
2 D208 | M“"*gf A
E i‘g 500 1335 2171 3007 3843
] Mass (miz)
K N. Rubakhin et al, Analyt. Chem. 2003 75, 5374
g T . T T T T
2080 4240 6400
Mass (m/z)
Rubakhin et al, Nat Biotechnol. 2000 18, 172
Each type of separation, mass analyzer and ionization
source provides distinct advantages in terms of spatial
resolution, detectability and observed molecular class
The major components in subcellular domains are
measureable
. g " 5Y
Can we make these measurements high throughput? Lanni et al, ] Am Soc Mass Spectro. 2014 25, 1897
30
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High throughput single dense core vesicle m
spectrometric analysis

Grayscale Image Input
S = X %X

m— PE L T
Y e e
% ° ~. "=~ _PixelValues
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[rsa] § 14
IEREL) 72,146
158[153 14 Az
Plate & Image DCVs By
H
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Optically-guided Mass Spectrometry

Scanning Electron Microscopy 40 ym ¥ 3512y 118034

X-Coordinate: 531.92
Y-Coordinate: 154.61
Radi 3

identify Primary Object Outlines

-

DCVs Stabilized in Glycerol

29
31
Peptides and lipids detected in single dense corfgs
i 2 & Talking: Jonathan Sweedler
using high throughput mass spectrometric alt
5 u'gp" ‘:,_\\w@ _\,5;:# \9@9 09?3@ %955\‘4 R ,,_;_55@ £® g
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Characterized peptides detected in single Lipid signals detected in a single
dense core vesicles dense core vesicles

30

32

5/28/2021

16



Three different DCV populations based on che

Talking: Jonathan Sweedler
®) b) fornica Pepiide —) Cluster 1
4 @ cluster1 tide — ® Cluster
'_;, @ Cluster 2 b |
@ @ Cluster3 | 1
22 ® Cluster 2
E
o
o
® 0 o J — T . . A_ ! I —_—
% @ Clus!er 3
=4 -
: i L ‘ l ’
-2 ° _L A J._
Wrii1708  1197.48 12310 12059 141874 167181 |9na91 230425 27638 33588 40712 343588 40712
-2 R o 2 4 B3-5 Exact Mass = 1670.7698 | AP . [M+H]* = 24292778 B3-5 Exact Mass = 3432.7759
Principal Component 1 d) [MsHY = 16717776 Unassigned 1 = 2474.3804 [M+HI* = 3433 7837
c) i i ppm emor = 1.23 £027 }  mass proELHAP, , = 168104 ppm error = 2.31 443
PELIB166) P iy i
lers. | anaso § g1 | prokLHAP,,
- 007 >
st RrIge/6D) z e £ 1[
Pl [t L0783 3 H |
+Na + 0.00241 l
|
3

lLA. e " l.“ .L i
08 wn 10 w2 Fii7)
‘ \\\ B p ? ~|‘ Unassigned 1
7/
06 / \
LJ I sl || | |'h ~ \ ; 4
. e i N / X
- s N / / \
k] N/ 1
o° At Sk H \
I J\ s | L |L L
1200 1600 200 mz 1500 2000 2500 3000 3500 4000 m/z 31
33
s METABOLOMICS: SMALL ==
Concl usions MOLECULES, SINGLE CELLS P ———
Cellular heterogeneity is high, even
in a well-defined cell types.
In tissues such as endocrine
structures, the CNS and the ENS, the
spatial and chemical complexity
requires approaches with single cell
chemical resolution.
In every organism studied,
unexpected and novel transmitters
and peptides are still being found
A particular challenge is the dynamic
range of the brain, from length, time
and chemical complexity...
Reviews and overviews
« Exploring the Fundamental Structures of Life: Non-targeted, Chemical Analysis of Single Cells and Subcellular Structures, Neumann et al, Angew
Chem Int Ed Engl. 2019, 58, 9348.
= Categorizing Cells on the Basis of their Chemical Profiles: Progress in Single-Cell Mass Spectrometry, Comi et al, 3 Am Chem Soc. 139, 2017, 3920
+ Single-cell analysis at the threshold, Chen et al, Nature Biotechnology 34, 2016, 1111.
+ Single cells: shut your eyes and see, J. Perkel, Biotechniques 61, 2016, 165. 12
« Metabolomics: Small molecules, single cells, M. Fessenden, Nature 540, 2016, 153
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