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Bilayer Membrane

www.transtechnics.com/ eng/conceptos1.htm

Cholesterol + Phospholipid

SRB Dye Molecule

Liposomal Nanovesicles Structure

Phospholipids
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Liposomal Nanovesicles Structure

Manufacture of Liposomal Nanovesicles

A. Chemical Methods



4

B. Mechanical Methods

Manufacture of Liposomal Nanovesicles

B. Mechanical Methods

Manufacture of Liposomal Nanovesicles
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Preparation of Liposomes

Dry lipid films

Agitation

Extrusion MLV

Sonication

SRB solution Swelling

Powder of Lipids

Organic Solvent

Drying

http://www.avantilipids.com/images/PreperationOfLiposome1.gif

SUV
Small unilamellar vesicles

20-100 nm

LUV
Large unilamellar vesicles

200 nm

Thin Layer Rehydration

Tagged Liposome

Ligands:
Ganglioside

Receptors

Antibody

Antigen

DNA
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Liposme-Based Bioanalytical Assays

RECOGNITION Antigen-Antibody Interaction 
Nucleic Acid Hybridization
Ligand-Receptor interaction

SIGNAL Liposomes
ENHANCEMENT NASBA/PCR

DETECTION Optical

FORMATS Flow Injection Immunoliposome assay
Lateral Flow Assay (LFA)
Magnetic Bead Immunoliposome Assay

RECOGNITION

• Antigen-Antibody Interaction

Antibody Structure

Fab

Fc
Immunoassay 
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• Nucleic Acid Hybridization

DNA-DNA: A=T, G   C
DNA-RNA: A=U, G   C

RECOGNITION

Detection System 1: Flow Injection Assay

Analyte attached 
to liposome 

surface

Free Analyte

Analyte-tagged 
SRB-loaded 

liposome

Immobilized antibody
capillary immunoreactor

AAA AA A A A A A A A AProtein A

capillary immunoreactor
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Detection System 2: Lateral Flow Assay

E. coli O157 H7

Y Y YY Y Y capture antibody

Test Line
Solid phase (NC membrane)

Y

detection antibody

大腸桿菌

Detection System 3: Magnetic Beads Assay

Immunoliposome

Antibody against Analyte
Analyte

Magnetic Beads

Protein A/G E
. c

ol
i O

15
7 

H
7

Magnetic Holder

Magnetic Beads
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Development of A Rapid Assay 
for Detecting Peanut Allergens 

in Chocolate

Adverse Reactions to Foods

Food 
Aversion

Food 
Intolerance

Food 
Allergy

Food 
Poisoning

• Enzyme 
Deficiencies

• pharmacological 
reactions 

• IgE-mediated 
• Non-IgE 

mediated

• Bacteria
• Virus
• Molds
• Chemicals
• Toxins
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USA Spain
France

UK

Australia

Germany

Sweden

Canada

Peanut Allergy in the World

Peanut AllergyPeanut Allergy PopulationPopulation

A major allergic food in USA
Food Children Adults
Milk 2.5% 0.3%
Egg 1.3% 0.2%
Peanut 0.8% 0.6%
Tree nuts 0.2% 0.5%
Fish 0.1% 0.4%
Shellfish 0.1% 2.0%
Overall 6.0 % 3.7%

We have a No 
Peanut Butter 
Policy, due to 

the severe 
allergic 
reaction 

experienced by 
some children 
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Protein-Based Methods
Sandwich ELISA

Neg

http://www.neogen.com/pdf/FS_CatalogPages/VeratoxPeanut.pdf

http://www.dairyfoods.com/CDA/ArticleInformation/features/BNP__Features__Item/0,6775,109279,00.html

Sandwich Lateral Flow Assay (LFA)

Secondary Ab
Control Line

Ab against peanut proteins
Test Line

Ab against  peanut proteins
Peanut proteins

Protein-based Methods

http://www.neogen.com/pdf/FS_CatalogPages/RevealPeanut.pdf

Flow Direction
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Comparison of Methods

PCR ELISA LFA
Analyte DNA peanut allergen   peanut allergen

peanut proteins   peanut proteins 
LOD   10-50 ppm <10 ppm ~10 ppm
Sample laborious easy easy
Preparation
Time 2-6 h 0.5-2 h 10-30 min
Requirement
Handling training in simple very simple

DNA skills
LOD: limit of detection

Peanut AllergensPeanut Allergens
• Peanut Proteins (not fat or carbohydrate)
• Heat Resistant & Acid Stable
• Resistant to Proteases in the GI Tract

Minor 
Allergen

Major
Allergen

Allergen        MW Sensitization   % Total Protein
Ara h 1       63.5 kDa 65-100% 12-16%
Ara h 2          17 kDa 71-100% 5.9-9.3%
Ara h 3/4       57 kDa 44-53%
Ara h 5          14 kDa 13%
Ara h 6        14.5 kDa 38%
Ara h 7        15.8 kDa 43%
Ara h 8        16.9 kDa
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Ara h1Ara h1

• 23 linear IgE-binding epitopes

J Immunol. 2000 Jun 1;164(11):5844-9. 

- Tertiary structure → clustered into two regions

N-terminal C-terminal 
Region Region

J Biol Chem. 1998 May 29;273(22):13753-9. 

• Glycoprotein (63.5 kDa)

1. Preparation of immunogens

SDS-PAGE
Reverse stain

Cut the band

Destain

2. Immunization + Protein A affinity purification

Purified IgG

Production of Production of αα--Ara h1 AbsAra h1 Abs
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Production of Production of αα--Peptide AbsPeptide Abs

Protein Analysis Data
• antigenicity
• hydrophilicity
• surface probability
• secondary structure

AA603-615

AA493-507 (epitope 17)

Selected Peptide: AA 493-507

KLH-peptide

Injected to rabbits

Purified in Protein A column

Immunodominant epitope
+

J Biol Chem. 1998 May 29;273(22):13753-9. 

Ara h1Ara h1--tagged Liposometagged Liposome

Ara h 1

Sulfo-SMCC

Activated 
Ara h 1

H2N Maleimide

DPPE-ATALipids

SRB molecules ATA-Liposomes

ATA

HS-   Liposomes

N

O

O

HS
N

O

O

S

Activated Ara h1 Ara h1-tagged Liposomes
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Assay FormatAssay Format

Test Line
(α-Ara h1 Ab)

Backing plate

(A)

Absorbent Pad

NC Membrane

Control Line
(Avidin)

Ara h1-tagged
Liposome 
(Biotin labeled)

Conjugate Pad

Ara h1

Flow
 D

irection

Test Control
Line  Line

(B)
Condition A: No Ara h1

Condition B: Small Amount of Ara h1

Condition C: Excess Ara h1

Procedures for Assay Development Procedures for Assay Development 

1. Purification & Identification of Ara h1 from Peanuts

Develop a Lateral Flow Assay for Detecting Peanut 
Allergens in Chocolate

2. Production & Purification of Antibodies against Ara h1

3. Competitive Lateral Flow Assay Development

4. Optimization for Peanut Detection in Chocolate
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1. Purification & Identification of Ara h1 from Peanuts

• Peptide Mapping: 33 peptides
43% AA of P41B clone

• N-terminal Sequence: SPPGERT

0.0
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Wash unbound components Elute IgG

Antibody PurificationAntibody Purification

pH 2.5
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Production & Purification of Antibodies against Ara h1

Competitive Lateral Flow Assay Development

Spiked 
Sample

Liposomes

• LOD
450 ng/mL Ara h1

• Dynamic Range
102 ~104 ng/mL Ara h1

y = 3592 +
6865.5865

1 + e
− x −3.147

−0.3156
⎡ 
⎣ ⎢ 

⎤ 
⎦ ⎥ ⎡ 

⎣ 
⎢ 
⎢ 

⎤ 

⎦ 
⎥ 
⎥ 

1.535

R2 value as 0.9991
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IdeasIdeas

a) Lipids b) Phenolic compounds

Insoluble PVPP
poly(vinylpolypyrrolidone)

Organic 
Solvent

Organic solvent

Buffer

2. Higher extraction efficiency
• higher [Ara h1] in a sample, higher sensitivity
• remove factors  lowering  extraction efficiency

1. Why Chocolate?
• Frequently recalled item for peanut contamination

Optimization for Peanut Detection in ChocolateOptimization for Peanut Detection in Chocolate

1. Buffer Selection

3. Extraction 
Time & Temp

2. Organic   
Solvent Selection

4. Determine LOD

chocolate/peanut

PVPP treatment

Extracted sample solution  

0.5 g chocolate + spiked peanut
Grinding with L.N2

Extraction
1 mL buffer + 4 mL organic solvent

Centrifugation

Centrifugation organic solvent
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Organic Solvent SelectionOrganic Solvent Selection

Ethyl 
Acetate

Chloroform Hexane
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Buffer:    BP         BP          BP           BP

Organic:    None

Organic
solvent

PB Buffer

M     1       2       3       4       5       6       7       8 M100
75
50
37
25
20
15
10

M     1       2       3      4       5       6      7        8 M100
75
50
37
25
20
15
10

buffer chloroform
ethyl 
acetate hexane

SDS-PAGE

Western Blot

Ara h1

Ara h1

Extraction Efficiency: 
1. Total Protein Concentration
2. Ara h1 concentration (Lateral Flow Assay)

Extraction Time & Temp.Extraction Time & Temp.

Extraction Condition: 35oC for 30 minutes

Temperature: 25, 35, 45, 55oC
Time: 15, 30, 45, 60 minutes

Hexane

PB Buffer

Temp

Incubator
(with shaking)

Cap
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Analysis for CrossAnalysis for Cross--reactivityreactivity

Line Item
1 Peanut
2 Pistachio
3 Cashew
4 Almond
5 Hazelnut
6 Red Lentil
7 Navy Beans
8 Red Kidney Beans
9 Yellow Split Peas

Tree nut 
family

Legume 
family

M 1  2   3   4  5 M  6  7   8   9  M

SDS-PAGE
M 1  2  3  4   5 M  6  7   8  9  M

Western Blot

α-Ara h1 Ab R2307 is highly 
specific to Ara h1.

Assay SensitivityAssay Sensitivity

Limit of Detection
• 158 ppm of peanuts

(~4.0 ppm of Ara h1)
Time Zone

• Sample Preparation ~1.5 hr
• Assay ~0.5 hr
• Total ~2 hr

• H. W. Wen. et al. 2005. A Novel Extraction Method for Peanut Allergenic Proteins in Chocolate and Detection by a 
Liposome-based Lateral Flow Assay. European Food Research and Technology. 221 (3-4): 564-569. (SCI)

• H. W. Wen. et al. 2005. Development of a Competitive Lateral Flow Assay for the Rapid Detection of Allergenic 
Peanut Residues by Using Ara h1-tagged Liposomes. Analytical and Bioanalytical Chemistry. 382 (5): 1217-1226. 
(SCI)
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TalantaTalanta. 2006. 68 (4): 1264. 2006. 68 (4): 1264--1272. (SCI)1272. (SCI)

Develop NeutrAvidin-Tagged Liposomes as Universal 
Reagents for Preparing Detection Reagents in 

Bioanalytical Assays

NeutrAvidin-Tagged Liposomes

Antibody-Tagged Liposomes

Immunoassay

DNA-Tagged Liposomes

Nucleic Acid Hybridization
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Biotin

Biotin (224 Da)

Avidin-Biotin Interaction

Avidin-Biotin Complex (Ka = 1015 M-1)

Conjugate NeutrAvidin to Liposomal Surface

Attach Biotinylated
Antibody to 
NeutrAvidin-Liposome

Competitive
Lateral Flow Assay

Attach Biotinylated
ssDNA to 
NeutrAvidin-Liposome

Sandwich
Lateral Flow Assay
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NeutrAvidin-Tagged Liposomes

PPT205/10.3650.8

PPT105/10.3650.8

PPT55/10.3650.8

PPT201/10.3650.8

PPT101/10.3650.8

PPT51/10.3650.8

PPT205/10.1740.4

PPT105/10.1740.4

PPT55/10.1740.4

PPT201/10.1740.4

PPT101/10.1740.4

PPT51/10.1740.4

364±36.7205/10.1660.2

423±26.6105/10.1660.2

433±24.755/10.1660.2

PPT201/10.1660.2

PPT101/10.1660.2

PPT*51/10.1660.2

505±41.6205/10.0760.1

351±27.0105/10.0760.1

367±37.355/10.0760.1

380±39.1201/10.0760.1

397±39.6101/10.0760.1

402±38.751/10.0760.1

Liposome
Diameter 

(nm)

Biotin/IgG
molar ratio

IgG/NeutrA
vidin

molar ratio

Final 
NeutrAvidin

mol%

Starting 
NeutrAvidin

mol%

Effect of NeutrAvidin molar percentage and molar ratio of 
IgG/NeutrAvidin and biotin/IgG on liposome size
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Biotinylated Goat Anti-Rabbit IgG

NeutrAvidin-Tagged Liposome

Rabbit IgG

Antibody-
Tagged 
Liposomes

Universal Liposomes
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LOD = 5.72 µg/mL
= 38 pmol/mLLOD 

Universal Liposomes
Nucleic Acid-
Tagged 
Liposomes

Target 
ssDNA

NeutrAvidin-Tagged 
Liposome

Biotinylated 
Capture Probe

Biotinylated 
Reporter Probe

16S/23S rRNA
Erwinia amylovora

H. W. Wen. et al. 2006. Development of NeutrAvidin Tagged-Liposomal Nanovesicles 
as Universal Detection Reagents in Bioassay. Talanta. 68 (4): 1264-1272.
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LOD = 25.3 pmol/mL
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Develop rapid assays for detecting Develop rapid assays for detecting 
Bacillus cereusBacillus cereus in foodsin foods

Bacillus cereus (仙人掌桿菌)

2001 2002 2003 2004    2005
Vibrio parahaemolytius (腸炎弧菌) 1073 2014 1405 864      775
Staphylococcus aureus (金黃葡萄球菌) 162 853 114 403     138
Bacillus cereus (仙人掌桿菌) 200 160 564 166      104
Salmonella (沙門氏菌） 176 30 117 206      89
Escherichia coli (大腸桿菌） 0 0 0 0          0
Clostridium botulinum (肉毒桿菌） 0 0 0 0          0

近年來台灣地區食品中毒之病因物質及其患者數之統計表
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B. cereus B. cereus

Y

20062006--2007: 2007: 奈米微脂球奈米微脂球免疫吸附試驗法免疫吸附試驗法

20072007--2008: 2008: 奈米微脂球奈米微脂球免疫磁珠試驗法免疫磁珠試驗法

2008-2009: 奈米微脂球免疫側流層析試驗法

The fluorescent signal intensity of 
buffered-serial dilutions of B. cereus
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The fluorescent signal of B. cereus samples The fluorescent signal of B. cereus samples 
inoculated from 10inoculated from 1033 and 10and 1022 CFU/ml after CFU/ml after 

an 5 hran 5 hr--enrichmentenrichment
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Conclusions

Liposomes

2. Covalent Binding 3. NeutrAvidin-Biotin

Ganglioside Ag                   Ab DNA

1. Insertion

Detecting
• Botulinum neurotoxin 

(BT) from Clostridium 
botulinum

• Cholera enterotoxin (CT) 
from Vibrio cholerae

Sandwich Assays
• E.coli O157:H7
• Salmonella Enteritidis
• Bacillus. cereus
Competitive Assays
• Peanut Allergens

Detecting
• Cryptosporidium 

parvum
• Erwinia

amylovora
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Thank you


