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What are Lipid Nanoparticles?

Lipid nanoparticles (LNPs) are self-assembling structures of natural or 
synthetic lipids in an aqueous environment.
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Function

Ionizable Lipid Nucleic acid binding & 
Endosomal escape

Helper Lipid Structural support & 
Membrane fusion

Cholesterol Stability & 
Membrane fluidity

PEGylated Lipid Prevents aggregation & 
Controls size

Nucleic acid Payload Payload for delivery

Lipids & Payloads

Ionizable Lipid

PEGylated Lipid

Cholesterol Helper Lipid

Nucleic acid

Lipid nanoparticles 

Presenter
Presentation Notes
First, what are lipid nanoparticles, LNPs? 
Lipids are amphiphilic molecules with hydrophilic headgroups and lipophilic tails. When lipids dispense in water, they will self-assemble together to generate lipid bilayer structures. 
With the help of cationic or ionizable lipids, nucleic acids can be encapsulated in the aqueous interior of lipid nanoparticles. The figure here shows the self-assembling of nucleic acids and lipid mixtures in an aqueous environment. 
This feature of lipid nanoparticles makes them a perfect drug delivery method for delicate biomolecules, such as mRNA, DNA or protein.
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RNA-LNP Therapeutics and Vaccines
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Molecular Therapy Methods & Clinical Development. 2025, Volume 33, 
Issue 2, 101463

Presenter
Presentation Notes
Since the success of Covid-19 mRNA vaccine, more and more therapeutic solutions and vaccines based on mRNA-LNPs have been developed. 
The table here shows recent clinical trials of mRNA lipid nanoparticles vaccines against infections diseases and cancers.
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Lipid Nanoparticle Synthesis Methods

Conventional Methods Microfluidic Methods

Film Hydration
• High PDI
• Poor Reproducibility
• Low Scalability

Solvent Injection
• Organic Solvent exposure
• High PDI
• Low Stability

Extrusion
• Clogging risk
• Low Scalability

• Low PDI

• Scalability

• Good Reproducibility

• Precise Size Control

• Automation

PreciGenome Chips
VS

Presenter
Presentation Notes
Now, transitioning to the synthesis methods of LNPs, on the left we can see conventional methods of LNP development. Methods like extrusion, thin film hydration, and solvent injection have been cornerstones of LNP production and while effective, they each come with their own sets of advantages and challenges. Extrusion, for instance, is known for producing uniform-sized LNPs with low polydispersity index, but it can be costly and time-consuming on a larger scale. Likewise, with thin film hydration, the method is well established, but lacks reproducibility and consistent production of LNPs.

(1)
And this is where microfluidics come in. Compared to conventional methods, microfluidics offer superior control over LNP characteristics, such as size, surface charge, and drug loading. By being able to control parameters such as flow rates and the flow rate ratio of the reagents, LNP characteristics can be carefully tuned to whatever application they are being used for. This level of precision can lead to improved drug delivery and therapeutic efficacy. Microfluidics are also easily scalable when considering the equipment and devices needed for LNP synthesis, allowing for less wasted material for LNP synthesis, greatly reducing costs. 
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NanoGenerator® - Nanoparticle Synthesis System
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Commercial
Clinical

Pre-Clinical
Discovery & Screen

Target Validation
API Identification
Excipient Identification

Flex-M
1 – 12 mL per run
Flex-M Premium

1 – 200 mL per run

MAX (cGMP)
MAX (4.8L/h): 50ml – 1L
MAX (40L/h): >20L

Custom design 
and OEM solutions 

>20 L throughput
 

Clinical Development
Approved Medicine
Customized GMP Solution

Flex-S 
0.1 – 2 mL per run

1 – 4 samples per run

Flex-S Plus 
0.1 – 0.5 mL per sample
1 – 48 samples per run

Up to 96 samples per 1.5 hour

MaxFlow 
(Synthesis, Dilution & TFF)
5 - 250mL per run

Formulation Development & 
Optimization
Candidate Selection

MAX Lite (cGMP)
5 – 250 mL per run

Presenter
Presentation Notes
First, what is lipid nanoparticles, LNPs? 
Lipids are amphiphilic molecules with hydrophilic headgroups and lipophilic tails. When lipids dispense in water, they will self-assemble together to generate lipid bilayer structures. 
With the help of cationic or ionizable lipids, nucleic acids can be encapsulated in the aqueous interior of lipid nanoparticles. The figure here shows the self-assembling of nucleic acids and lipid mixtures in aqueous environment. 
This feature of lipid nanoparticles makes them a perfect drug delivery method for delicate biomolecules, such as mRNA, DNA or protein.
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Scalable LNP Production
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Early Screening
0.1 – 2 mL (Flex-S)

0.1 – 0.5 mL (Flex-S Plus)

Small/Medium
 Production

1 – 12 mL (Flex-M)
1 – 200 mL (Flex-M Premium)

Large production
50 mL – 1 L

Custom design for larger volume

NanoGenerator® 
Flex-S/Flex-S Plus

NanoGenerator® 
Flex-M/Flex-M Premium

NanoGenerator® MAX 
(RUO)

Commercial Production
50 mL – 1 L (MAX 4.8L/h);

> 20 L (MAX 40L/h)

NanoGenerator® Max (cGMP)

Small/Medium
 Production
5 – 250 mL

NanoGenerator® 
MAX Lite (cGMP)

cGMP 
solutions

Custom design and OEM solutions 
    cGMP certified manufacturing 
>200 L throughput 

OEM

NanoGenerator® 
MaxFlow

All-in-One System (Synthesis, Dilution & TFF)

Presenter
Presentation Notes
Next, let’s have look at the scalability of the Pro system.

PreciGenome provides a full range production line for different research or development stages. Our Nanogenerator flex-S has the throughput from 200 to 500 uls, which is suitable for in vitro cell studies or formation screening. Nanogeneartor flex-M has the throughput from 1 to 12 ml, which is design for small scale production for animal studies. NanoGenerator has a throughput from 2 to 200 mL, which can cover different application sceneries from small batch synthesis to pre-clinical production. PreciGenome also provides a Max version for commercial production.
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NanoGenerator® MAX — Spec

NanoGenerator® 
MAX Lite

NanoGenerator® MAX

RUO flow kit 
4.8 L/h

cGMP flow kit 
4.8 L/h

RUO flow kit 
40 L/h

cGMP flow kit
40 L/h

cGMP compliance Yes N/A Yes N/A Yes

Software (21 CFR Part 11) Yes Optional Yes Optional Yes

Throughput 5 – 250 ml 50 ml – 1 L > 20 L 

Total flow rate 10 – 24 ml/min 1.2 – 4.8 L/h Up to 40 L/h 

Flow rate ratio 1:1 – 9:1 1:1 – 9:1 1:1 – 5:1 

Inline dilution 1:1 – 5:1

Size range 40 – 200 nm

PDI 0.05 – 0.2

Encapsulation efficiency Up to 99%

Payload DNA, mRNA, siRNA, protein, small molecules, etc.

Dimension  (L × W × H) 420 × 300 × 300 mm 620 × 380 × 430 mm

Weight 35 Kg 50 Kg 65 Kg

NanoGenerator® MAX Lite & Max
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NanoGenerator® Max Lite — Intro

Designed for clinical and commercial production, ideal for early phase clinical studies and personalized medicine

Disposable Consumables All wet material disposable

Synthesizing volume 5-250 ml

Total flow rate Up to 24ml/min

Flow rate ratio 1:1 to 9:1

Inline dilution ratio 1:1 to 5:1

Key Specifications
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NanoGenerator® Max — Intro

Designed for clinical and commercial production
• RUO: Preclinical applications
• cGMP: Clinical and commercial production 4.8 L/h Flow kit 40 L/h Flow kit

Throughput 50 to 1 L >20 L

Total flow rate 1.2 to 4.8 L/h Up to 40L/h

Flow rate ratio 1:1 to 9:1 1:1 to 5:1

Inline dilution ratio 1:1 to 5:1 1:1 to 5:1

Version RUO, cGMP RUO, cGMP

Operation mode Batch mode Batch & continuous 
mode

Key Specifications

Pump Accessory for continuous mode
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NanoGenerator® MAX — Contents

Instrument

• Pneumatic system

• Valves

• Flow rate sensors

• Consumable kit

• Monitor (optional)

• Pumps (optional)

Consumable kit

• Sample bottle (aqueous)

• Sample bottle (solvent)

• Sample bottle (dilution)

• Waste bottle

• Bioprocessing bag 
(collection)

• Tubing & connectors

• Mixing chip

• Sterilized • Nuclease free • Pre-assembled
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NanoGenerator® MAX — Software

Software (21 CFR Part 11) Features:

• Experimental parameter setting
• Experimental recipe save/load
• Real-time pressure/flow rate chart
• Historic experimental parameter tracking
• Historic pressure/flow rate tracking
• System self-diagnostic system
• Real-time flow rate diagnostic system
• Warning system
• Manual & automatic emergency stop system
• User management
• Audit trail
• Zero flow calibration
• Flow sensor maintenance & re-calibration (Service)
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NanoGenerator® MAX — Software

Source #1 Source #2 Source #3 Source #4

Time Unit

Easy-to-use UI to set parameters:

• Total flow rate

• Flow rate ratio

• Production volume

• Inline dilution factor

• Waste volume

Real-time chart & Warning system:

• Flow rates

• Pressures

• Air flow rate

• Shut down when any rates are 
abnormal
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NanoGenerator® MAX — Performance
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Reagents

Aqueous phase Sodium acetate buffer 
(100mM, pH5.2)

Solvent phase LipidFlex, 15mM in ethanol

Reagents

Aqueous phase Phosphate-Buffered Saline
(1X, pH7.4)

Solvent phase LipidDemo, 15mM in ethanol

• Size decreases as total flow rate increases • Size and PDI are uniform in the entire run
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NanoGenerator® — Scalibility

• Nanoparticle size is consistent across 

different production volumes if using 

optimal flow rates

• Mixing mechanism is the same for all 

NanoGenerator® series

• Production can be scaled up from 

discovery & screening to preclinical & 

clinical trial production
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Reagents

Aqueous phase Sodium acetate buffer 
(100mM, pH5.2)

Solvent phase LipidFlex, 15mM in ethanol
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NanoGenerator® — Scalibility

Reagents

Aqueous phase Sodium acetate buffer (100mM, pH5.2)

Payload RNA (~600 nt)

Solvent phase LipidFlex RNA-LNP kit
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Presenter
Presentation Notes
Nanoparticle size stays consistent across different platforms when carrying an RNA payload. Encapsulation efficiency is also consistent under these conditions
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NanoGenerator® Chip Compatibility

Compatible with other mixing chips (e.g., Impinging Jet Mixer) 

• Mix-Pro Chip

• Impinging Jet Mixer (IJM)

Mix-4 Mix-Pro IJM

Mix-Pro Vs. IJM



PreciGenome (Confidential)

NanoGenerator® Maxflow
An all-in-one system allows LNP synthesis and post-processing (TFF) 
automatically

TFF parameters TFF fiber 1 TFF fiber 2

Fiber surface area (cm2) 20 115

Sample volume w/ dilution (ml) 30 30

Processing time (min) 60 30

LNP comparison before & after Before After Before After

Size (nm) 87.2±1.9 103.2±3.3 88.0±2.9 87.6±2.6

PDI 0.09±0.07 0.18±0.09 0.07±0.04 0.16±0.04

Encapsulation efficiency 78% 92% 80% 87%

Recovery yield 90.0% 70.1%

TFF performance

TFF parameters

• Difference choice of TFF fibers

• Trans-membrane pressure 
(TMP)

• Processing volume

• Concentration/dilution factor

TFF system LNP synthesizer
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Case Study I: mRNA LNPs for T cell Transfection
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Figure 1. mRNA(eGFP)-LNP Synthesized by 
NanoGenerator. Average diameter is 67.3 nm. PDI is 
0.106. Encapsulation efficiency is 94.5% (Ribo Green 
RNA Quantification Kit).

Figure 2. GFP(+) positive population of control (non-treat) and EGFP mRNA LNP treated primary T cells 
at 16, 40 and 64 hours. Cells were stained (1:50) using Biolegend 7-AAD Viability Staining for 10 
minutes. Gating: First select for individual cells (excluding doublets). Then select for the healthy  cell 
population. Then select for viable cells by excluding cells which are positive for 7-AAD. Gate for FitC-A 
channel (GFP)

eGFP mRNA Lipid 
Nanoparticles
Z-Average Diameter: 67.3 nm
PDI: 0.106
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Case Study II: Bi-specific Antibody Delivered by mRNA-LNP
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Case Study II: Bi-specific Antibody Delivered by mRNA-LNP
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Treatment of Two Late-Stage Breast Cancer Cases
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Case Study II: Bi-specific Antibody Delivered by mRNA-LNP
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Cholangiocarcinoma with Liver Metastasis



PreciGenome (Confidential)

Case Study II: Bi-specific Antibody Delivered by mRNA-LNP
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Liver Metastases from Colorectal Cancer
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Why PreciGenome?

Page 23

High Performance
& Efficiency

• Tunable size (40-200 nm)
• Low PDI (0.05-0.2)
• High encapsulation efficiency

Open Platform

• Upgradable system
• Transferable microfluidic chips

Scalable
Throughput

• Low volume for screening (Flex-S)
• Medium volume production (Flex-M)
• High volume production (Pro, MAX-GMP)

Simple Operation

• Simple setup
• Compact size
• Intuitive UI w/ touchscreen

Cost Effective

• Affordable configuration
• Lower cost per run

Custom Support

• Demo, Training and Support
• Extended Warranty
• Hot swap option
• Local US company
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Appendix I

• Manual
• Standard Operation Procedure (SOP)
• Warranty (1 year)
• Documentation related to cGMP compliance (cGMP version)

 Installation qualification, operational qualification, performance qualification

 Report of consumable items

 Chemical compatibility report of consumable items

 Report of endotoxin test

 Report of RNase/DNase free test

 Report of sterilization test

 Report of ethylene oxide residue test

 21 CFR Part 11 report

 Electromagnetic compatibility report

 Report of safety regulations

 Other reports by requesting
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Appendix II
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