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A single cell can be regarded as the 
smallest functional biological unit and its 
chemical activities can provide unique 
insights into biological processes.  

D i f f e r e n t b i o l o g i c a l p r o c e s s e s 
continuously occur in single cells as 
they move, divide, communicate, and 
respond to their individual chemical 
microenvironments.  

Even cells with identical genotypes 
display different chemical phenotypes as 
a result of cellular dynamics and unique 
microenvironments.
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Single cell Biology aims to reveal 

• Cellular heterogeneity (Cell Types) 
• Differentiation Trajectories 
• Cell states 
• Regulatory networks 
• Rare cell States 

Single-cell biology

What can we profile 
in single cells?
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Metabolomics is a field of 
study that aims to measure a 
large amount of metabolites 
at one time. Metabolites are 
small biomolecules, such as 
amino acids, sugars, and 
l ip ids , wh ich const i tu te 
precursors, intermediates, 
and products in cellular 
processes

Single-cell biology

Can we profile the metabolites in 
single cells?
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Single-cell biology

With high sensitivity and specificity, wide molecular coverage, relative quantitation, and 
structural identification capabilities, MS is becoming an important tool for Single-cell 
metabolomics. This, by the way, presents many challenges due to the limited sample 
volume, low analyte amounts, and rapid turnover rates of the cellular metabolome. Most 
single cell metabolomics studies are, thus performed using MS in a shotgun-like 
approach, preferably with high mass resolution.

Mass spectrometry (MS) is an analytical technique that measures the mass-to-charge 
ratio of ions. The results are typically presented as a mass spectrum, a plot of intensity 
as a function of the mass-to-charge ratio. Mass spectrometry is used in many different 
fields and is applied to pure samples as well as complex mixtures. MS is used to identify 
and to quantify metabolites after optional separation. Identification leverages the distinct 
patterns in which analytes fragment which can be thought of as a mass spectral 
fingerprint. MS is both sensitive and can be very specific. 
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306

β4β3α3

βCerβ4

307

β4β3

α3

β4

βCerβ4

308

β4β3

α3
α3

β4

GalNAc-GD1a

βCerβ4

309
β4β3α2

βCerβ4

310
β4β3α3

βCerβ4

311

β4β3

α2

α3

βCerβ4

312

β4β3

α2

α3β3
βCerβ4

313
β4β3α3β3

βCerβ4
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β4β3α3

βCerβ4

317

β4

α3

βCerβ4

316

β4β3

α3

βCerβ4

318
α3

βCerβ4

323

β4

α6

β3

α3

βCerβ4

324

β4
α6

β3

α3α8 GT1bα

βCerβ4

322

β4

β3α3

α6

GD1α2

βCerβ4

321

β4

β3α3

α6

GD1α2

βCerβ4

320

β4β3α3

α3 GD1a

βCerβ4

319

β4β3α3

α3 GD1a

βCerβ4

315

β4β3α3

α3 KDN GD1a

βCerβ4 

325

β4β3

HSO3-3

βCerβ4

Fuc-GD1b
326

α3α8

β4α2

βCerβ4

327

β4

Sialyl-Lea

β3α3

α4

9-O-Ac
βCerβ4

328

β4β3α3

α3

βCerβ4

329
β3

β4

βCerβ4

330

β4

β3β4

βCerβ4

331

β4

β3β4α3

βCerβ4

332

β4

α3

βCerβ4

334

α3

β4β3α39Ac

βCerβ4

335

α3α8

β4β3α3α3

βCerβ4

336
α3α8

β4β3

α2

α3

βCerβ4

333

β4

α3

β3

βCerβ4

337

β4

α3

β3α2

βCerβ4

GM1
72

α3

β4β3
βCerβ4

338
α3

β4β3β3

βCerβ4

339

α3

β4β3β3α3

βCerβ4

303

β4β3α3

α3 GD1a

βCerβ4

340

β4

α3

β3α3

GD1a

βCerβ4

341

β4β3

α3

β4β3

βCerβ4

342

β4

β3α3

α6α8

βCerβ4

343

β4

β3α3

α6

α8

βCerβ4

345

α3

β4β3α3

βCerβ4

346

β4

β3β4α3

βCerβ4

347

β4

β3β4

α3

β4

βCerβ4

348

β4β3

α2

α3

α3

βCerβ4

349
α3

β4β3β3α3

Ceramide phosphocholine
Cer-O-P(O2 H)-O-CH2 CH2 N(CH3)3

Sphingomyelin
A

Ceramides & 4-Hydroxydihydroceramides (Phytoceramides)

βCer

16

SO3H-3

SM4s

βCer

13
GM4

α3

βCer

9
Gala-series

α4

βCer

350
α4SO3H-3

Sphingosyl-phosphocholine
C

Sphingosine (d18:1)
D

Sphingosine-1P
F

Sphinganine (d18:0)
L

4-Hydroxysphinganine
K

Phosphoethanolamine
G

Sphinganine-1P
H

Palmitoyl-CoA
N

3-Ketosphinganine
M

L-serine
O

P

Ceramide phosphoethanolamine

Q
Ceramide c iliatine

Documented Molecule* 2βCer…

Potential Intermediate βCer…

Documented Pathway*

Potential Pathway

Molecule Number

•See notes below

17 23 25 27 29 31131131 2119 332 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34

+

Phytoceramide phosphoinositol(s)
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βCer

6

β4

βCer

10

β4α3

Mollu-series

βCer

14

β4

Arthro-series

β4

82

86

α3
βCerβ4

66

β3β4β3

β4

α3 sialyl Lex

234
d18:0;

16:0

d18:0;

18:0

d18:0;

20:0

d18:0;

22:0

d18:0;

24:1

d18:0;

24:0

d18:0;

Cx:y

t18:0;

16:0
d18:1;

16:0

t18:0;

18:0

d18:1;

18:0

t18:0;

20:0

d18:1;

20:0

t18:0;

22:0

d18:1;

22:0

t18:0;

24:1

d18:1;

24:1

t18:0;

24:0

d18:1;
24:0

t18:0;

Cx:y

d18:1;

Cx:y

t18:0;

26:1

d18:1;

26:1

t18:0;

26:0

d18:1;

26:0

d18:0;

26:1

d18:0;
26:0

Stearoyl-CoA

or other fatty

acyl-CoA’s

Dihydroceramides & other homologs
I

1

d,tA:B;

Cx:y

Yeast Phytoceramide

or

Other

sphingoid bases

& fatty acids

βCer

5
GalCer

βCer

2
GlcCer

Not all members

are shown

Phytoceramide phosphoinositol-

phosphates & other derivatives

((PhosphonoPhosphono-)-)

((ArsenoArseno-)-)
Ceramide arsenocholine

B

βCerβ4

SM3
356

SO3H-3

βCerβ4 

357
β4β3

HSO3-3

HSO3-3 SB1a

Other

Acidic Sugars

Hexosamines

N-Acetylhexosamines

Hexoses

Fucose

Fuc

Xylose

Xyl

Mannose

Man

Neuraminic

Acid (Neu5Ac)

Glucose

Glc

IdoA*KDN*N-Glycoloyl-

Neu (NeuGc)*

Galactose

Gal

Symbol Key

βCerβ4

iGb3
11

α3

β4 βCerβ4

iGb5
354

α3β3

β4 βCerβ4

SMiGb4 Cer
355

α3SO3H-3

β4 βCerβ4

SMiGb5 Cer
412

α3β3HSO3-3

β4 βCerβ4

401

α3β3α6

βCerβ4

411

α3α2

βCerβ4

372

α3β3

βCerβ4

373
α3β3β4

βCerβ4

374

α3β3α3

368

βCerβ4

384
α3α3

βCerβ4

385

α3α3β3

β4 βCerβ4

377

α3

β3 β3 βCerβ4

378

α3

β3 β3 βCerβ4

379

α3α3

β3 β3 βCerβ4

381
α3α3

β3 β3 βCerβ4

382

α3α2

βCerβ4β3
β4β3β4

α3

α3

254

Not all members

are shown

Not all members

are shown

*SphinGOMAP is an evolving pathway map for sphingolipid biosynthesis that includes many of the known sphingolipids and

glycosphingolipids arranged according to their biosynthetic steps [1-4] or, in the cases where the biosynthetic enzymes have not yet been

identified, in hypothetical pathways.  It is hoped that this pathway will promote dialog about the “knowns”  and “unknowns” of sphingolipid
biosynthesis and lead to experiments to refine this model.  Users may print or modify the map for personal use if the source is appropriately

acknowledged; for other uses, or to recommend corrections or additions, contact Dr. Al Merrill at al.merrill@biology.gatech.edu (please refer

to the version of SphinGOMAP and the compounds by molecule number and map coordinates).

Additional abbreviations:  Gc =  N-glycoloyl- ( substituted for N-acetyl-); KDN = (+)-3-deoxy-D-glycero-D-galacto-2-nonulosonic acid; IdoA

= l-iduronic acid.  The choice of monosaccharide symbols is based on the nomenclature of the Consortium of Glycobiology Editors [5].

Lacto-seriesLacto-series
GanglioGanglio-series-series

IsoGlobo-seriesIsoGlobo-series

NeoLacto-seriesNeoLacto-series

GloboGlobo-series-series

1. Suzuki, A. (2003) Map 3. Biosynthetic pathways of g lycosphingolipids in Handbook of Glycosyltransferases and Related Genes (N. Taniguchi,

K. Honke,  and M. Fukuda, eds) Springer (Tokyo), pp. 636-646.

2.KEGG Sphingophospholipid biosynthesis:   h ttp://www.biologie.uni-hamburg.de/b-online/kegg/kegg/Classes/dblinks_java/map/map00570.html

3. KEGG S phingolycolipid metabolism: http://www.biologie.uni-hamburg.de/b-online/kegg/kegg/Classes/dblinks_java/map/map00600.html

4. Lipid Bank for Web Database: http://www.lipidbank.jp/

5. Nomenclature from “Essentials of G lycobiology”a s modified for 2nd.  Edition: http://grtc.ucsd.edu/symbol.htm
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SphingoidSphingoid base biosynthesis base biosynthesis

The major sphingoid bases of mammalian sphingolipids are 18-carbon amino a lkanes and alkenes derived

from serine and palmitoyl-CoA, and are abbreviated by the number of hydroxyls (d for di- , t for tri-, etc.),

the carbon chain length and number of bonds; for example:  Sphing-4-enine (sphingoosine) = d18:1.  In

the scheme below, other sphingoid bases are designated d,tA:B to reflect variation in alkyl chain length

(A) (such as d20:1 in brain ganglisides and d14:1 in insects), number of double bonds (B) (such as

sphing-4,8-diene, d18:2, in plants) and number of hydroxyl groups (such as

4-hydroxysphinganine, phytosphingosine, 4t18:0, and

6-hydroxysphingosine, 6-t18:1, in skin).  Other

variations include sidechain methylation and

the presence of triple bonds.
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βCerβ4

359

β3

β3β3

β3

α4

α4

222

βCerβ4

47

β3β4

α2

β3

65

270

65

254

65

βCerβ4

260

β3β4

α2

α3β3α3

βCerβ4

361
β3β4HSO3-3GluUβ3

βCerβ4

363

β3β4β3β4HSO3-3GluUβ3

βCerβ4

364

β3β4

β3β4

β6β4α3

α3

Galα3 Ley

βCerβ4

388

β3
β4α3

α3

βCerβ4

366

β3β4

β3β4

β6β4

α2

βCerβ4

367

β3β4

β3β4

β6β4

α2

α2

α3

βCerβ4

61

β3β4

β3β4

β6β4

α2

α2

α3

α3

βCerβ4

369

β3β4β3β4β3β4α2

βCerβ4

370

β3β4β3β4β3β4

α2

α3

βCerβ4

389

β3β4α3

α3

βCerβ4

390

β3
β4α3

βCerβ4

391

β3β4α6

βCerβ4

402

α3α8α8Ac-9

β4

βCerβ4

387
β4β3HSO3-3

J

N

S

EW

“Ceramides”
are  N-are  N-acyl-sphingoidacyl-sphingoid bases.  The bases.  The

fatty acids are designated by fatty acids are designated by Cx:yCx:y to to

reflect chain length (x), double bondsreflect chain length (x), double bonds

(y), and other modifications (e.g. (y), and other modifications (e.g. αα--

hydroxyhydroxy, , ααh-, not shown).  Other fattyh-, not shown).  Other fatty
acid variations include acid variations include ωω--

hydroxylation (in skin).hydroxylation (in skin).

βCerβ4
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α4β3SO3H-3

SO3H-3 β3 βCerβ4

403
α4β3

βCerβ4

344

β4

β3α3

α6

α8

α8

GQ1β

βCerβ4

SSEA-4 positional isomer
406

α4β3β3α6

βCerβ4

407

β3

β4

β4

βCerβ4

247

β3

β4

β4α3

βCerβ4

409

β3

β4
α2

α3

α3

βCerβ4

410

α3

β4

βCerβ4

290
α3α8

β4

β3α8

α6

GQ1aα

SulfatidesSulfatides

PhosphosphingolipidsPhosphosphingolipids

Glc-series

Gal-series

Phospho-series

www.lipidmaps.org

Nomenclature for classification of glycosphingolipids
Root name                Carbohydrate in the ‘root’ structure

(Abbrev)                    IV             I II            II             I

Ganglio (Gg)

Lacto (Lc)

Neolacto (nLc)

Globo (Gb)

Isoglobo (iGb)

Mollu (Mu)

Arthro (At)

Galβ1–3GalNacβ1–4Galβ1–4Glcβ1-Cer

Galβ1–3GlcNacβ1–3Galβ1–4Glcβ1-Cer

Galβ1–4GlcNacβ1–3Galβ1–4Glcβ1-Cer

GalNacβ 1–3Galα1– 4Galβ1–4Glcβ 1-Cer

GalNacβ 1–3Galα1– 3Galβ1–4Glcβ 1-Cer

GalNacβ 1–2Manα1 –3Manβ1–4Glcβ1-Cer

GalNacβ 1–4GlcNacβ1 –3Manβ1–4Glcβ1-Cer

α3

α3

βCerβ4β3β4

β3β4

β6β4α3

β3β4

β6β4
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Ceramide phosphate
Z

Placenta

(biosynthesis unknown)
β3 β3β4

β3 β6β4

β4 β6

β3 β3β4

β4 β6

β3 β3β4

βCerβ4β3β4

413

βCerβ4

392
α3

β4

βCerβ4

393

β4

α3β3

βCerβ4

395

β4

α3β3α3

βCerβ4

396

β4

α3β3
β4

α3

βCerβ4

371

β4

α3β3

α3

β4α3

βCerβ4

375

α3β3

β4

α3

βCerβ4

365

α3β3

α3

β4α3

βCerβ4

380

α3

α2

β3 β3 βCerβ4

383

α3

α2

α3

βCerβ4

β4

α3β3β4

394

β3 βCerβ4

iGb4 ,  Cytolipin R
353

α3

βCerβ4

362

β3

HSO3-6

β4

Lipids are the most abundant and functionally relevant metabolites
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Lipid languageSingle-cell Lipidomics
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Two major variation axes exist in lipid composition: 
one intracellular and one intercellular
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BIOENG-420



Single-cell Lipidomics
BIOENG-420



Single-cell Lipidomics
BIOENG-420



BIOENG-420

Normalization



Peak calling/ coverage
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Sphingolipids are the most variable lipid class in single cells



Single-cell Lipidomics
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Highly variable sphingolipids form discrete co-variation
groups that are not connected among them
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Lipotypes are relatively stable cell states and 
exist under physiological conditions



• We have measured lipidomes (parts of) at the single cell level

• Specific lipid metabolic segments (sphingolipids) are cell-to-cell 
variable 

• sphingolipid variability is accounted majorly by variations in the 
head-group processing (by Golgi Complex localised enzymes)

• Cell-to-cell lipid variability is sufficient to describe cell 
subpopulations (lipotypes)

What these lipid-based cell populations 
correspond to?

Conclusions_1
BIOENG-420
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Fibroblasts are a heterogenous cell population
What drives dHFs heterogeneity?

Are lipids involved?
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Flow Cytometry

ChTxB

ShTxB1a/2e

ShTxB2e 

ShTxB1a/2e ChTxB
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Do different lipotypes populate distinct region of the skin?
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Are lipotypes the result of specific transcriptional programs?

Lipid metabolising enzymes don’t show 
a cell-state specific localisation

Are lipotypes causally upstream of cell 
states and influence cell-to-cell 
transcriptional heterogeneity? 
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Bordignon, Pino, et al. "Dualism of FGF and TGF-β Signaling in Heterogeneous Cancer-Associated
Fibroblast Activation with ETV1 as a Critical Determinant." Cell reports 28.9 (2019): 2358-2372.
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Bordignon, Pino, et al. "Dualism of FGF and TGF-β Signaling in Heterogeneous Cancer-Associated
Fibroblast Activation with ETV1 as a Critical Determinant." Cell reports 28.9 (2019): 2358-2372.
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What is the role of 
specific lipids?
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CRL
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Lipids and receptors work together to 
diversi the response of the cells 
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