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Vaccines

Intracellular expression of viral 

or bacterial proteins generating 

protective immune response.

Expression of tumour antigens

(personalized vaccines).

The Rise of Nucleic Acid Based 
Therapeutics
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… not just a prophylactic infectious disease vaccine platform

.

Antibodies

Expression of prophylactic or 

therapeutic antibodies to treat 

current and emerging diseases.

Protein Replacement & Therapeutic 

Protein Delivery 

Expression of a human protein to 

address genetic disorders (i.e., 

hemophilia, cystic fibrosis, etc.).

Gene Modulation

Expression of an epigenic 

editor to modify gene 

expression without 

changing the genetic 

code.

Gene Editing

Expression of a genome 

editing protein to modify gene 

expression.
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Acuitas technology enabled life saving 
treatment 



Why LNP are Important
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THE CURRENT CHALLENGE

New therapeutic drugs and vaccines based on nucleic acids are only effective 

if delivered into cells successfully. 

Nucleic acids / mRNA are poor drug substances on their own.

An enabling delivery technology that efficiently & safely delivers these drugs is 

required. 

LNP protect the nucleic acid, enabling its delivery into the patient’s cells  

THE SOLUTION 

Utilizing LNPs, the nucleic acid is protected and can be successfully delivered into cells. 



Composition of Contemporary LNP
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Typical Characterization:

Apparent pKa
Encapsulation

Particle size (PDS)

Polydispersity index (PDI)

PEG lipid

Ionizable lipid Sterol

Phospholipid

Cholesterol

RNA content

Lipid content

Nucleic acid integrity/purity

Lipid adducts



Specific pKa Required for LNP Activity
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Both LNP formation and performance are strongly pH 

dependent. 

Intrinsic pKa of an ionizable lipid vs. apparent pKa of an LNP

The narrow ideal apparent pKa range represents balance 

between requirement for:

In vivo relative activity vs. pKa

mRNA-LNP
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Angew. Chem. Int. Ed. 2012, 51, 8529 –8533: 

Maximum gene silencing associated with a narrow 

pKa range (siRNA)

Apparent pKa: necessary but not sufficient 

requirement for high activity

•Minimum surface charge in the 

blood compartment (safety)

•Maximum surface charge in 

acidified endosomes (potency)



7

Ionizable lipid structure drives apparent pKa and 

other LNP properties, including encapsulation, 

particle size, polydispersity index, activity, and 

RNA-adduct formation

Ionizable lipids are key components of 

LNPs



9 variation points

Even minimal structural changes can 

significantly affect LNP properties and 
performance. 

Blind combinatorial exploration of vast 

chemical space risks missing optimal 

ionizable lipids. 
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Structural space of ionizable lipids is 

complex

How do we explore such a broad 
structural space? 

9 variation points 9 variation points

If A, B and C can have 5 

values each and D has 2 

possible values, there are 

already 250 theoretical 

unique structures.   

Rational design with structural 

iterations around proven chemical 

matter.



9

Pilot Formulation

Lipid 

Design/Synthesis

Pilot 

Formulation
In vivo screening

• pKa 5.8-6.8

• Encapsulation > 80%

• Size < 95nm

• PDI < 0.2

• ALC-315 analogues

• Rational design

• Iterative approach

The search for active ALC-315 analogues

• IgG reporter protein 

expression 

• Influenza A virus (A/Puerto 

Rico/8/1934 

(H1N1)) mRNA 

immunization

Created with BioRender.com
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A = 4

B = 6

C = 16

O-first

Lipid Design/library selection
four diversification points (A –D)

By making only axis 

compounds:

18 pairs (36 structures) 

instead of 

250 pairs (500 structures)



ALC-315 analogues: 

variations in linker A 
A = 2 – 6, B fixed at 6, C fixed at 16

pKa 5.8–6.8

A>6 will yield LNP with 
pKa out of the testable 
range

0

0.2

0.4

0.6

0.8

1

1.2

1 2 3 4 5 6 7
R

e
la

ti
v

e
 a

c
ti
v

it
y

(I
g

G
 e

x
p

re
ss

io
n

)
A

Relative activity vs. A

CO-first

O-first

5.7

5.8

5.9

6

6.1

6.2

6.3

6.4

6.5

1 2 3 4 5 6 7

p
K

a

A

pKa vs. A

CO-first

O-firstALC-315

ALC-315

11



0

0.5

1

1.5

4 5 6 7 8 9 10 11 12

R
e

la
ti
v

e
 a

c
ti
v

it
y

(I
g

G
 e

x
p

re
ss

io
n

)

B

Activity vs. B

CO First

O First

5.8

6

6.2

6.4

6.6

4 5 6 7 8 9 10 11 12

p
K

a

B

pKa vs. B

CO First

O First
A fixed at 4, B 4-12, C fixed at 16

ALC-315

ALC-315

ALC-315 analogues: 

variations in spacer B 
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pKa

Relative activity vs. pKa

CO-first

O-first

Will maximizing pKa improve activity?
Should we make off-axis lipids?

In CO-first series increase in 

activity seems to generally 

corelate with the increase 

in  pKa values (6-6.5 pKa

range)

In O-first series activity 

seems to peak between 6.1 

and 6.30, but no examples 

in 6.30 to 6.45 range.

In vivo relative activity vs. pKa

mRNA-LNP
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15



20

40

60

80

100

120

7 9 11 13 15 17 19 21 23

E
n

c
a

p
su

la
ti
o

n
, 

%

logP

Encapsulation vs. logP

CO-first

O-first

0

0.2

0.4

0.6

0.8

1

1.2

7 9 11 13 15 17 19 21 23

R
e

la
ti
v

e
 a

c
ti
v

it
y

(I
g

G
 e

x
p

re
ss

io
n

)

logP

Activity vs. logP

CO-first
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LNP encapsulation efficiency, 

particle size and stability depend 

on logP.

LNP activity can be influenced by 

logP.

Adjusting logP
Designing off-axis lipids
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Adjusting pKa and logP
Designing off-axis lipids
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New lipids outperformed ALC-315 in 

immunization efficiency 
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ALC-315 Lipid 1 Lipid 2

Relative activity, PR8 immunization 

assay 

Influenza A virus (A/Puerto 

Rico/8/1934 (H1N1)) mRNA 

immunization
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Conclusions

Targeted structural iterations enabled faster 

exploration of broad chemical space.

Compounds with better activity than ALC-315 

successfully identified:

• IgG expression assay: 50% increase in 

activity

• Influenza A virus immunization: 2.3-

3.3-fold higher antibody neutralization 

titers

• No observable adverse clinical signs.
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Active

ALC-315 outperformed in encapsulation 

efficiency and size stability: it is a premier 

benchmark lipid.
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Thank you!      
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