
PD Dr. Maria A. Schwarz, Andrei Hutanu, 

Dr. Oliver Hoecker, Alex Keresztfalvi,

Dr. Cristina Montealegre-D. and Dr. Tabea Zubel

Rotterdam, May 2023

The mystery of the LNPs - A short story of capillary

electrophoresis, nucleic acid and nanoparticles



2

Abstract

Nucleic acids (NA)

Characterization and quantification

Critical quality 

attributes

Staining and hybridization

Capillary electrophoresis

Physicochemical techniques

Localization RNA

Charge of LNP

Strategy for LNPs

Encapsulation efficiency



Overview

3



4

1. Molecular features

Single strand nucleic acids Lipid nano particles



2. Physicochemical test methods suitable for large 
molecules and nano particles

CZE
Charge/hydrodynamic size 

(Da - µm)

HPLC/SEC
Hydrodynamic size

(1 - 50 nm)

DLS/

MALS/ELS
Hydrodynamic/gyration size 

(10 - 500 nm)

CGE-(SDS)
Hydrodynamic size

(kDa - MDa)

AF4 (MALS)
Hydrodynamic size

(1 nm - µm) 

AUC
Molecular weight 

(0.1 nm – 200 nm)

HPLC-MS Absolute mass 1- 400 kDa

VIRUS SYTEMS, LNP

CONJUGATED PROTEINS

PROTEINS
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Mass/size range



2. Potential physicochemical test methods suitable for 
nucleic acid analysis

IP-RP-UV-MS
Hydrophobicity  based
Chemical modifications

HILIC-UV-MS
Hydrophobicity  based
Chemical modifications

CGE-UV/LIF
Size based
Topoisoforms, size variants

CZE-UV/LIF
Charge/hydrodynamic size

Roughly quantification

ACE-LIF
Hybridization

Identity, quantification

(q)PCR
Enzyme based reproduction

Identity, quantification

UV, FBA
Direct UV, staining

Quantification

Aptamers, antisense ON, siRNA

15 - 200 nt

MS

MS

Plasmid, mRNA vaccine, viral 

DNA/RNA

> 1000 nt
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Digestion



3. Critical quality attributes of LNP-RNA systems
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4. Strategy LNP characterization



Why capillary electrophoresis?
Features und sub-modes

Only suitable for encapsulated NA X

• Broad size 

range up 

to low µm

• Easy change 

of CE modes

• High 

sensitivity 

in case of LIF
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Features of detection 

• Useful for NA > 20 b(p) – 1 000 000 …..

• Suitable for ds and ss NA

• Signal intensity = f (number of base 

(pairs))

• Signal intensity = f (ss or ds, tertiary 

structure)

• Signal intensity = f (A, G, T, C, U)

Direct UV or non covalently by a suitable dye

• Useful for NA 20 b – 6000 b

• Suitable for ss NA

• Sensitivity = f (number of PNA hybrids)

• Specificity = f (length PNA and number of 

hybrids)

• Others: the presence of cD/RNA

Hybridization by specific peptide nucleic acid
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NA sequence has to be known as well as strategy 

(number/length of PNA)

PNA – peptide based NA (affinity probe)

For quantification purpose careful assessment of suitable 

reference 
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Encapsulated and free NA

Encapsulated (R)NA

Free (R)NA
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Principle AffinityCE

• High selectivity by 

hybridization with cPNA

• Stable fluorescence signal 

due to labelled PNA

• Not affected by inter-

/intramolecular interaction 

or base stacking during 

preparation and separation

• Signal intensity directly 

proportional to the molarity 

of the target molecule (not 

size/mass dependent)
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Principle of C(G)ZE of free and encapsulated NA

EncapsulatedReversed polarity

Normal polarity

Unncapsulated
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Strategy LNP characterization



Free RNA

30 °C

60 °C
70 °C
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CZE: quantification free/total (released) RNA

Incubation with

non-ionic surfactants, T

Total (released) RNA

Free RNA

cfree/ctotal = 1/7

Total RNA

Reference

• Evaluation of optimal release conditions

• Evaluation of free/total RNA

• Quantification (REF)
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CGE and IP-RP: the characterization of free/total RNA

CGE

Total, released

Total, released

(storage stability)

Free

Total, released

IP-RP

REF

Total, released

(storage stability)

• Characterization of ‘free’ RNA by CGE 

(native)

• Release/total RNA profile are comparable

• The IP-RP profile of released RNA differs 

from GCE profile

• But not for strong degraded TS



AffinityCE – from the implementation to the application
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mRNA, released from LNP
• Highly specific

• High sensitivity

• Suitable for LNP systems
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Strategy LNP characterization
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LNP characterization – charge, payload

q/rh (cRNA) 
cRNA

q/r distributionneutral variants

EOF

LNP2

LNP1

𝝁 =
𝑓ζ

𝜂

• Detection of the intact LNP and other 

variants

• visible by the RNA staining

• Intrinsic physicochemical features 

relevant

• for characterization and stability 

indicating features

• No complementary or orthogonal 

methods 
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Conclusion • Where is the RNA localized,

• in which state,

• providing an encapsulation efficiency

• and physicochemical features of the intact 

LNP

• Further effort needed (higher order 

structure) 

• Complementary techniques 

• Meaningful and available material
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Hopefully, the mystery of the LNPs has been revealed a bit 
and there will probably be some more short stories to tell.

Thank you very much for your attention and .......



Römerpark 2, 4303 Kaiseraugst, Switzerland

www.solvias.com

Name, first.lastname@solvias.com, T +…

Solvias AG


