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Atomic Force Microscopy (AFM)

« This microscope works by touching objects with
a sharp tip instead of looking at them » 

The Nobel Prize in physics 1986
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Atomic Force Microscopy (AFM)



Classical AFM AFM mounted on an optical system

10 µm



D. Alsteens

Imaging mode : principle



Contact Peak force tapping

Imaging mode : contact vs peak force tapping
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Immobilization techniques



20 µm

• Mechanically trapped in membrane
• Imaged under small force (100 pN)
• In physiological conditions (liquid)

AFM imaging of microbes



100 nm

Fungus
Aspergillus fumigatus
Hydrophobic rodlets

Bacteria
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Candida albicans
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Imaging mode : examples



• Tip radius of curvature

Imaging artefacts



• Tip contamination

Imaging artefacts
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Force Spectroscopy
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• Deflection sensitivity (nm/V)
• Cantilever spring constant (N/m)
Hooke’s law : F = -k x d 
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Force-distance curves

Indentation

Mechanical properties

electrostatics, hydrophobic interactions…
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molecule unfolding

Rupture
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Tip functionalisation



Cartes sur cellules vivantes 
▪ Localisation de molecules uniques
▪ Manipulation 
▪ Dynamique du réarrangement des 

molecules à la surfaces

Mapping of individual molecules

Rupture length

Mapping of individual molecules
• Distribution
• Mechanical properties
• Dynamics



Single Cell Force Spectroscopy

D. Alsteens, A. Beaussart et al., 2013 A. Beaussart, P. Herman  et al., 2013



• Macroscopic measurements
Water contact angle

OH

CH3

• Nanoscale measurements
Chemical force microscopy
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Macroscopic
measurements

Chemical force microscopy

Alsteens, Langmuir, 2007 
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2500 pN
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Chemical force microscopy of A. fumigatus

D. Alsteens et al., 2013



• Photosynthetic microalgae
• Fresh water
• Motile
• Silica frustule with pores
• Adhere to surfaces and form mixed biofilms with other species
• Production of extracellular polymeric substances: EPS
• Bioindicator of water quality

What are the adhesive mechanisms of N. palea
towards surfaces of different chemistry?

Nitzschia palea
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Chemical force microscopy of Nitzschia palea

M. Laviale, A. Beaussart, S. El-Kirat-Chatel, 2019
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~720 cells/mm² ~24 cells/mm²

Adhesion of Nitzschia palea
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> Single cell force spectroscopy

OHCH3

> Single molecule probing by chemical force spectroscopy

Adhesion of Nitzschia palea
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CFM of Nitzschia palea



800 1000 1200 1400 1600 1800

0

20000

40000

60000

80000

C

-O
-O

, 
T

A
G

C
H

2
, 

lip
id

s

a
m

id
e
 I

II
, 

a
P

O
2

p
ro

te
in

s,
 p

h
o
sp

h
o
lip

id
s

C
H

2

C-C, C-O, C-OH

& sPO
2

carbohydrates

 & phospholipids


C

-C
, 
C

-C
H

, 
C

-C
-O

ca
rb

o
h
yd

ra
te

s

H
2
O, amide I,  C=C

proteins, lipids

C
H

2
, 

lip
id

s

C
H

2
, 

lip
id

s


C

=
O

 e
st

e
rs

lip
id

s


C

=
O

 e
st

e
rs

lip
id

s 
&

 T
A

G

P
h
e
 +

 li
p
id

s

1
1
2
5

1
0
8
3

1
4
2
1

1
0
0
3

1
6
0
6

1
6
5
5

1
7
3
51
4
5
4

1
3
4
61
3
0
3

1
2
4
0

1
2
0
8

1
1
0
2

1
0
5
8

9
0
18
5
8

8
4
0

 

 

R
a

m
a
n
 in

te
n
si

ty

Raman shift (cm
-1
)

~
1
7
3
0

1
4
5
1

1
5
5
9

1
2
4
2

8
9
2 1
7
4
6

1
6
5
6

1
6
4
3

1
4
2
0

1
4
4
0

1
3
0
2

1
2
6
8

1
2
0
8

1
1
5
9

1
1
2
41
0
7
9

1
0
6
6

1
0
0
3

8
6
4

2800 2850 2900 2950 3000 3050

0

40000

80000

120000

160000


C

H
, 

u
n
sa

tu
ra

te
d
 a

lk
yl

 c
h
a
in

s

CH
n
,

saturated alkyl chains

2
9
6
7

 

 

R
a

m
a

n
 in

te
n

si
ty

Raman shift (cm
-1
)

2
9
8
8

2
9
6
0

2
9
3
8

2
9
3
1

2
9
0
7

2
8
8
2

2
8
5
6

3
0
0
8

2
9
3
4

2
8
5
3

Fatty esters

Carbohydrates

Proteins

Lipids

(Glyco)-lipids are the major EPS of N. palea

Raman of Nitzschia palea



Applications of AFM to green microalgae:
Chlorella vulgaris 



Applications of AFM to green microalgae:
Chlorella vulgaris 


