
dr. Tea Lenarčič Forum40



dr. Tea Lenarčič Forum40

Structural insights  
into NLP binding to 

plant membranes



My academic path

     Department of Molecular biology and nanobiotechnology  
                           NATIONAL INSTITUTE OF CHEMISTRY 
                         Ljubljana

prof. dr. Gregor Anderluh mentor
dr. Marjetka Podobnik co-mentor

         Doctoral degree programme Biomedicine  
                                                        FACULTY OF MEDICINE 
                                                        University of Ljubljana

         Bachelor’s degree programme Biochemistry 
                                                            FACULTY OF CHEMISTRY AND CHEMICAL TECHNOLOGY 
                                                            University of Ljubljana



Life

Physics Chemistry Biology



Life

Physics Chemistry Biology

Biochemistry

the branch of science concerned with the chemical and 
physico-chemical processes and substances  

which occur within living organisms.



Central dogma of molecular biology

Genes Proteins
nucleotides amino acids

translational 
machinery



Central dogma of molecular biology

Proteins
amino acids



Orders of protein structures

Primary 
structure

sequence



Orders of protein structures

Secondary 
structure

structural elements

α-helix

β-sheet



Orders of protein structures

Tertiary 
structure

3D fold



Presentation



Presentation

α-helix

β-sheet

loops



Protein functions

3D structure 
∀∀ 

functionality
(>55% cell mass)

Interactions 
protein 

DNA/RNA 
lipids 

substrates

inside cells 
structural role 

transport 
metabolism

outside cells 
hormons 
receptors 
antibodies 

toxins
Primary research activity in D11



cell wall

cell membrane

inside

outside

NLP toxins

a protein family

16

10
34

15

5
11 7

8

13
60

Type 1 Type 2

Type 3

fungi 
bacteria 
oomycetes

secretion
dual role

plant associated microorganisms
leaf necrosis in eudicot plants

activate plant immune response
function predicted to form pores in target membranes

NLP



NLP toxins

a protein family

16

10
34

15

5
11 7

8

13
60

Type 1 Type 2

Type 3

fungi 
bacteria 
oomycetes

secretion
dual role

plant associated microorganisms
leaf necrosis in eudicot plants

activate plant immune response
function predicted to form pores in target membranes

cell wall

cell membrane

inside

outside

NLP

cell death



Biochemistry project

Sample preparation

Bacteria

chromosomal  
DNA

plasmids

#1
Bacteria

#2

plasmids
chromosomal  

DNA



Biochemistry project

Sample preparation

Bacteria

chromosomal  
DNA

plasmids

#1
Bacteria

#2

plasmids
chromosomal  

DNA

pilus



Biochemistry project

Sample preparation

Bacteria

chromosomal  
DNA

plasmids

#1
Bacteria

#2

plasmids
chromosomal  

DNA

pilus



Biochemistry project

Sample preparation

Bacteria

chromosomal  
DNA

plasmids

Vector

gene of interest



Biochemistry project

Sample preparation

Bacteria

chromosomal  
DNA

plasmids



Biochemistry project

Sample preparation

Bacteria

chromosomal  
DNA

plasmids

Expression induction

Protein of interest
Protein of interest

Protein of interest
Protein of interest

Protein of interest
Protein of interest

Protein of interest
Protein of interest

Protein of interest
Protein of interest

Protein of interest

Protein of interest

Protein of interest
Protein of interest

Protein of interest

Protein of interest

Protein of interest

translational 
machinery



Biochemistry project

Protein purification

Protein of interest
Protein of interest

Protein of interest
Protein of interest

Protein of interest
Protein of interest

Protein of interest
Protein of interest

Protein of interest
Protein of interest

Protein of interest

Protein of interest

Protein of interest
Protein of interest

Protein of interest

Protein of interest

Protein of interest

Bacterial protein A

Bacterial protein A

Bacterial protein A
Bacterial protein B

Bacterial protein B

Bacterial protein B

Bacterial protein B

Bacterial protein C

Bacterial protein C

Bacterial protein C

Bacterial protein C

Bacterial protein D

Bacterial protein D

Bacterial protein D

Bacterial protein E

Bacterial protein E

Bacterial protein E

Bacterial protein E

Bacterial protein E

Bacterial protein F

Bacterial protein F

Bacterial protein F
Bacterial protein G

Bacterial protein G
Bacterial protein G

Bacterial protein H

Bacterial protein H

Bacterial protein H



Biochemistry project

Protein purification

Protein of interestProtein of interest Protein of interest

Protein of interest

Protein of interest

Protein of interest

Protein of interest
Protein of interest

Protein of interest
Protein of interestProtein of interest

Protein of interest

Protein of interest

Protein of interest

Protein of interest

Protein of interest

Protein of interest

Bacterial protein A

Bacterial protein A

Bacterial protein A

Bacterial protein B

Bacterial protein B

Bacterial protein B
Bacterial protein B

Bacterial protein C

Bacterial protein CBacterial protein C

Bacterial protein C

Bacterial protein D

Bacterial protein D

Bacterial protein D

Bacterial protein E

Bacterial protein E

Bacterial protein E

Bacterial protein E

Bacterial protein E

Bacterial protein F

Bacterial protein F

Bacterial protein F
Bacterial protein G Bacterial protein G

Bacterial protein G

Bacterial protein H

Bacterial protein H

Bacterial protein H



Biochemistry project

Protein purification

Protein of interestProtein of interest Protein of interest

Protein of interest

Protein of interest

Protein of interest

Protein of interest
Protein of interest

Protein of interest
Protein of interestProtein of interest

Protein of interest

Protein of interest

Protein of interest

Protein of interest

Protein of interest

Protein of interest

Bacterial protein A

Bacterial protein A

Bacterial protein A

Bacterial protein B

Bacterial protein B

Bacterial protein B
Bacterial protein B

Bacterial protein C

Bacterial protein CBacterial protein C

Bacterial protein C

Bacterial protein D

Bacterial protein D

Bacterial protein D

Bacterial protein E

Bacterial protein E

Bacterial protein E

Bacterial protein E

Bacterial protein E

Bacterial protein F

Bacterial protein F

Bacterial protein F
Bacterial protein G Bacterial protein G

Bacterial protein G

Bacterial protein H

Bacterial protein H

Bacterial protein H



Biochemistry project

Protein purification

Protein of interestGene of interest

affinity 
tag

linker

polyhistidine 
glutathione S-transferase 

maltose binding protein 
calmudolin binding peptide 

chitin binding domain 
biotin

metal ions 
glutathione 
amylose 
calmudolin 
chitin 
avidin



Biochemistry project

Protein purification

Protein of interestGene of interest

polyhistidine 
glutathione S-transferase 

maltose binding protein 
calmudolin binding peptide 

chitin binding domain 
biotin

metal ions 
glutathione 
amylose 
calmudolin 
chitin 
avidin



Biochemistry project

Protein purification

affinity column



Biochemistry project

Protein purification

affinity column



Biochemistry project

Protein purification

affinity column



Biochemistry project

Protein purification

affinity column



Biochemistry project

Protein purification

affinity column



Biochemistry project

Protein purification

size-exclusion column



Biochemistry project

Protein purification

size-exclusion column



Biochemistry project

Protein purification

size-exclusion column



Biochemistry project

Protein purification

size-exclusion column



Biochemistry project

Protein purification

pure fraction of your 
protein of interest waste



Monocot

Eudicot

NLP proteins

Structural biology
cell wall

cell membrane

inside

outside

NLP

cell 
death

Lipid identification

O

O

OH

NH2

OH

O

OH

OHO

OH

O
O

OH

OHO

HO

HO

P OO

O

glucosamine

HN
OH

HO

O
C

HO

Po
la

r h
ea

d
C

er
am

id
e

Cer-P-Ins-GlcA-GlcNAc

Series 0 
Cer-P-Ins-Hex


Series A 
Cer-P-Ins-HexA-Hex(R1)


Series B 
Cer-P-Ins-HexA-Hex(R1)-Hex


Series C 
Cer-P-Ins-HexA-Hex(R1)-Hex-Pen

Cer-P-Ins-HexA-Hex(R1)-(Hex)2


Series C’ 
Cer-P-Ins-HexA-HexA-HexA-Hex

Cer-P-Ins-HexA-HexA-HexA-HexA


Series D 
Cer-P-Ins-HexA-Hex(R1)-Hex-(Pen)2

Cer-P-Ins-HexA-Hex(R1)-(Hex)2-Pen


Series E 
Cer-P-Ins-HexA-Hex(R1)-Hex-(Pen)3

Cer-P-Ins-HexA-Hex(R1)-(Hex)3-Pen

Cer-P-Ins-HexA-Hex(R1)-(Hex)2-(Pen)2


Series F 
Cer-P-Ins-HexA-Hex(R1)-Hex-(Pen)4

Liposome sedimentation assay

Fig. 2

A

E

C

0

10

20

30

40

R
es

po
ns

e 
(R

U
)

KD 323 ± 103  nM

Concentration (µM)
0 10.2 0.6 1.40.4 1.20.8

Pel Sup

POPC

POPC:GIPCs

0

20

40

60

80

R
es

po
ns

e 
(R

U
)

0 0.2 0.4 0.6 0.8 1 1.2 1.4
Concentration (µM)

KD 253 ± 34 nM

B

0

20

40

60

80

100

R
es

po
ns

e 
(R

U
)

0 2 4 6 8 10 12
Concentration (µM)

KD 6.8 ± 3 µM

D

20

0

40

60

80

0 5 10 15

C
al

ce
in

 re
le

as
e 

(%
)

Time (min)

NLP
NLP + 10x GIPC
NLP + 33x GIPC
NLP + 100x GIPC
NLP + 333x GIPC
NLP + 1000x GIPC
Control

Glycosylinositol Phosphoceramides



Monocot

Eudicot

NLP proteins

Structural biology
cell wall

cell membrane

inside

outside

NLP

cell 
death O

O

OH

NH2

OH

O

OH

OHO

OH

O
O

OH

OHO

HO

HO

P OO

O

glucosamine

HN
OH

HO

O
C

HO

Po
la

r h
ea

d
C

er
am

id
e

Cer-P-Ins-GlcA-GlcNAc

Series 0 
Cer-P-Ins-Hex


Series A 
Cer-P-Ins-HexA-Hex(R1)


Series B 
Cer-P-Ins-HexA-Hex(R1)-Hex


Series C 
Cer-P-Ins-HexA-Hex(R1)-Hex-Pen

Cer-P-Ins-HexA-Hex(R1)-(Hex)2


Series C’ 
Cer-P-Ins-HexA-HexA-HexA-Hex

Cer-P-Ins-HexA-HexA-HexA-HexA


Series D 
Cer-P-Ins-HexA-Hex(R1)-Hex-(Pen)2

Cer-P-Ins-HexA-Hex(R1)-(Hex)2-Pen


Series E 
Cer-P-Ins-HexA-Hex(R1)-Hex-(Pen)3

Cer-P-Ins-HexA-Hex(R1)-(Hex)3-Pen

Cer-P-Ins-HexA-Hex(R1)-(Hex)2-(Pen)2


Series F 
Cer-P-Ins-HexA-Hex(R1)-Hex-(Pen)4

Surface plasmone resonance experiments

micromolar affinity 

millimolar affinity

Fig. 3

A B

GF

E

0 30 60 90 120

0

10

20

30

40

50

60

R
es

po
ns

e 
(R

U
)

Time (s)

L1 L2

L3

N

C

3
1

W155

D158

H159

A127
E106

D104

H101

D93 Mg2+1
2

3

W155

W155

D158A D158F D158L

D158E D158K W155A

NLP WT

C

D

glucosamine

Fig. 2

A

E

C

0

10

20

30

40

R
es

po
ns

e 
(R

U
)

KD 323 ± 103  nM

Concentration (µM)
0 10.2 0.6 1.40.4 1.20.8

Pel Sup

POPC

POPC:GIPCs

0

20

40

60

80

R
es

po
ns

e 
(R

U
)

0 0.2 0.4 0.6 0.8 1 1.2 1.4
Concentration (µM)

KD 253 ± 34 nM

B

0

20

40

60

80

100

R
es

po
ns

e 
(R

U
)

0 2 4 6 8 10 12
Concentration (µM)

KD 6.8 ± 3 µM

D

20

0

40

60

80

0 5 10 15

C
al

ce
in

 re
le

as
e 

(%
)

Time (min)

NLP
NLP + 10x GIPC
NLP + 33x GIPC
NLP + 100x GIPC
NLP + 333x GIPC
NLP + 1000x GIPC
Control

Liposome sedimentation assay

interaction

no interaction

Lipid identification

Glycosylinositol Phosphoceramides



NLP proteins

Structural biology

diffraction pattern
reciprocal space

X rays

Crystallography approach

electron density

F
phase problem

real space



NLP proteins

Structural biology

protein 
+ 

ligand



Structural analysis

L3

L2L1

C

N

3

1

apoNLPPya 
NLPPya-glucosamine 
NLPPya-mannosamine

3

1
2

W155

D158

H159

A127E106

D104

H101

D93
H159

A127

E106D104
H101

D93

H159
A127

E106
D104

H101

D93



Structural analysis

apoNLPPya 
NLPPya-glucosamine

NLPPya NLPPyaW155A NLPPyaD158E NLPPyaD158F NLPPyaD158K NLPPyaD158LNLPPyaD158A

3

1
2

W155

D158

H159

A127E106

D104

H101

D93



Structural analysis

apoNLPPya 
NLPPya-glucosamine

Wavelength [nm]

2

1

0

-1

-2

-3
200 210 220 230 240 250

NLPPya


NLPPyaW155A


NLPPyaD158A


NLPPyaD158E


NLPPyaD158F


NLPPyaD158K


NLPPyaD158L

-3 

-2 

-1 

0 

1 

2 

200 210 220 230 240 250 

Wavelength [nm] 

NLPPya wt 

W155A 

D158A 

D158E 

D158F 

D158K 

D158L 

-3 

-2 

-1 

0 

1 

2 

200 210 220 230 240 250 

Wavelength [nm] 

NLPPya wt 

W155A 

D158A 

D158E 

D158F 

D158K 

D158L 

θ m
rd

 [d
eg

 c
m

2  d
m

ol
-1

]

T m
  [°

C
]

0

10

20

30

40

50

NLP
Pya

NLP
Pya

W15
5A

NLP
Pya

D15
8A

NLP
Pya

D15
8E

NLP
Pya

D15
8F

NLP
Pya

D15
8K

NLP
Pya

D15
8L

0

10

20

30

40

50

NLPPya wt NLPPya 
W155A

NLPPya 
D158A

NLPPya 
D158E

NLPPya 
D158F

NLPPya 
D158K

NLPPya 
D158L

T m
 [°

C
] 

3

1
2

W155

D158

H159

A127E106

D104

H101

D93

Eright + Eleft

α

EL

ER El
ip

tic
ity

Wavelentgh

α

β



Structural analysis

apoNLPPya 
NLPPya-glucosamine

Wavelength [nm]

2

1

0

-1

-2

-3
200 210 220 230 240 250

NLPPya


NLPPyaW155A


NLPPyaD158A


NLPPyaD158E


NLPPyaD158F


NLPPyaD158K


NLPPyaD158L

-3 

-2 

-1 

0 

1 

2 

200 210 220 230 240 250 

Wavelength [nm] 

NLPPya wt 

W155A 

D158A 

D158E 

D158F 

D158K 

D158L 

-3 

-2 

-1 

0 

1 

2 

200 210 220 230 240 250 

Wavelength [nm] 

NLPPya wt 

W155A 

D158A 

D158E 

D158F 

D158K 

D158L 

θ m
rd

 [d
eg

 c
m

2  d
m

ol
-1

]

T m
  [°

C
]

0

10

20

30

40

50

NLP
Pya

NLP
Pya

W15
5A

NLP
Pya

D15
8A

NLP
Pya

D15
8E

NLP
Pya

D15
8F

NLP
Pya

D15
8K

NLP
Pya

D15
8L

0

10

20

30

40

50

NLPPya wt NLPPya 
W155A

NLPPya 
D158A

NLPPya 
D158E

NLPPya 
D158F

NLPPya 
D158K

NLPPya 
D158L

T m
 [°

C
] 

3

1
2

W155

D158

H159

A127E106

D104

H101

D93

Temperature

Fl
uo

re
sc

en
ce

T1/2



Structural analysis

Fig. 3

A B

GF

E

0 30 60 90 120

0

10

20

30

40

50

60

R
es

po
ns

e 
(R

U
)

Time (s)

L1 L2

L3

N

C

3
1

W155

D158

H159

A127
E106

D104

H101

D93 Mg2+1
2

3

W155

W155

D158A D158F D158L

D158E D158K W155A

NLP WT

C

D



BIOCHEMISTRY PROJECT molecular cloning



BIOCHEMISTRY PROJECT molecular cloning

protein purification



BIOCHEMISTRY PROJECT molecular cloning

protein purification

crystallography



BIOCHEMISTRY PROJECT molecular cloning

protein purification

crystallography
biophysical methods



BIOCHEMISTRY PROJECT molecular cloning

protein purification

crystallography
biophysical methods

NLP PROJECT NLP-plant membrane



BIOCHEMISTRY PROJECT molecular cloning

protein purification

crystallography
biophysical methods

NLP PROJECT NLP-plant membrane

eudicot selectivity



BIOCHEMISTRY PROJECT molecular cloning

protein purification

crystallography
biophysical methods

NLP PROJECT NLP-plant membrane

eudicot selectivity

phytopharmaceutics



BIOCHEMISTRY PROJECT molecular cloning

protein purification

crystallography
biophysical methods

NLP PROJECT NLP-plant membrane

eudicot selectivity

phytopharmaceutics



Acknowledgments

Dr. Gregor Anderluh 
Dr Marjetka Podobnik 

Dr. Katja Pirc 
Dr. Vesna Hodnik 
(to be Dr.) Tina Snoj 

Department for Molecular Biology and 
Nanobiotechnology 

Dr. Ema Žagar 
Dr. David Pahovnik 
Dr. Dušan Turk (CIPKeBiP JSI) 
synchrotron Elettra staff 

Dr. Thorsten Nürnberger 

Dr. Isabell Albert 
Dr. Hannah Bohm 



References
• cover snapshot: https://vimeo.com/247329678 
• amino acids: https://www.compoundchem.com/2014/09/16/aminoacids/ 
• crystal lattice: https://opentextbc.ca/chemistry/chapter/10-6-lattice-structures-in-crystalline-solids/ 
• electron density: http://www.bch.cuhk.edu.hk/kbwong/pymol/pymol_tutorial.html 
• diffraction pattern: http://www-structmed.cimr.cam.ac.uk/Course/Basic_diffraction/Diffraction.html 
• NLPs: Lenarčič, T. et al. Eudicot plant-specific sphingolipids determine host selectivity of microbial NLP cytolysins. Science 358, 1431–1434 (2017). 

 

https://vimeo.com/247329678
https://www.compoundchem.com/2014/09/16/aminoacids/
https://opentextbc.ca/chemistry/chapter/10-6-lattice-structures-in-crystalline-solids/
http://www.bch.cuhk.edu.hk/kbwong/pymol/pymol_tutorial.html
http://www-structmed.cimr.cam.ac.uk/Course/Basic_diffraction/Diffraction.html

