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Caliper LabChip GX/GXII Microfluidic System

進階生物科技

產品專員 廖哲鋒
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•The LabChip GX/GXII performs 
fast, automated, electrophoretic 
separations of RNA, DNA, and 
protein samples directly & 
digitally from a 96 or 384 well 
plate
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LabChip GX & GXII System Components

LabChip GX/GXII Instrument

PC Controller

Integrated Barcode Scanner

LabChip GX/GXII Software

Electropherogram, Virtual 
Gel, and Tabular Views

Powerful Data Filters

LabChip Kits:

Wide Variety of Assays:

 HTRNA
 HTDNA 5K
 HTDNA 12K
 HTDNA 1K
 HT Protein Express
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Replacement technology for agarose slab gel

Mix gel Cast gel Mix Dye 

Scan gel

2 - 4 hours !

Weigh powder

Load & Run samples

DS

SS

1     
2

DS : double-strand siRNA

SS : single-strand RNA

Running Time

30~40 min

Traditional gel electrophoresis -- Timeline to Result
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SDS-PAGE Protein Gel Analysis 
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Data provided courtesy of Dr. TVS Murthy, Harvard Institute of Proteomics

• Concentration and purity often            

determined by eye

• Qualitative result

• Comparison across multiple runs is limited

SDS-PAGE

Limitations:
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LabChip GX/GXII Process Flow

Steps:

• Prepare the chip

• Insert sample plate  

• Load the chip

• Run automated assay

• View results in minutes!
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• Buffer and ladder placed 

on LCGX 

• Dye-Gel Mix introduced

• Marker loaded

• Chip loaded into 

instrument

• START

• Chip pressurized

• DNA is separated and 

detected in the separation 

channel

Microfluidic Technology

Detection

Point

Vacuum Well

DNA Marker

Well

Sample flows through the sipper 

and mixes with the DNA Markers

Separation

Channel

Voltage drives DNA across 

the separation channel



8

View individual 
sample results 
by selecting 
wells on the 
plate map

Digital gel image 
for quick 
screening of 
data, with 
expected bands 
flagged by color

Sizing, 
concentration, and 
purity results

The expected 
proteins identified in 
electropherogram

Data Analysis Software
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Integrates the entire agarose slab gel 
process onto a microfluidic chip

Automatic sampling, electrophoresis 
and reporting of dsDNA

DNA sizing and quantitation in 30 
seconds per sample

96-well plates analyzed in 45 minutes,  
384 well plates in 4 hours

Ideal for the analysis of PCR products, 
restriction digests, RFLP

DNA Chip

DNA Analysis on the LabChip GX Systems
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Resolution Comparison –
2% Agarose Gel and DNA5K Assay
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access genetics

Auto Typing of strain
(HPV type 33 is shown here)

High Sensitivity

HPV Detection
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Allele-specific PCR Result Analysis

D

New 
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CC

3

Code No.Code No.

D

55

77

A

Verification and classification with LC-GX  software
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Influenza Viral Strain Typing
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Actual Performance –
親子鑑定-馬偕醫院醫研部

204/195/187 bp

186/195 bp

Sample Name Size [BP]
Conc. 
(ng/ul)

Molarity 
(nmol/l)

B5 187 0.8322 6.75 

B5 195 0.8169 6.34 

B5 204 0.9356 6.96 

C4 186 1.7749 14.43 

C4 195 2.1572 16.78 
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Integrates the entire sample analysis 
process onto a microfluidic chip

Automatic sampling, electrophoresis 
and reporting of RNA integrity

RNA sizing and quantitation in 80 
seconds per sample

96-well plates analyzed in 150 
minutes

Ideal for confirming RNA integrity in 
advance of RT-PCR or microarray 
study

RNA Chip

RNA Analysis on the LabChip GX Systems
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Gene Expression WorkFlow

Sample 

Preparation:

RNA isolation 

and QC

Gene Expression Tools:

Microarrays,

Real-Time

PCR

Sample 

Processing

RT and  RNA 

amplification

Data Analysis:

Bioinformatics

Downstream results are dependent upon 

high quality RNA samples
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RNA Quality Score, definition

• Where:

• FastAreaRegion is from the end of LM to the start of 18S.

• A, X1, X2, and X3 are constants selected to best fit the RIN values 
on our test data set.
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RNA Quality Score is reproducible (typically CV < 10%)

and correlates well to other commercially available indices

 CVs shown of RNA samples from 4 different 
tissue types.

 Degraded by RNAse, in 8 levels of 
degradation.

 Samples prepared at 3 different 
concentrations (200, 100, 50 ng/uL)

 3 repeats at each concentration, pooled for 
a total of 9 replicates for each degradation 
level.

 Table shows mean, standard deviation, and 
CV as a percentage of full RIN scale.

– 10% = 1 RIN unit.

 Correlation shown is for 156 samples of 12 
different tissues degraded by both RNAse 
and heating

Quality Score vs RIN
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RNA Quality Score is automatically reported as a Well 
Result, and is available for use by the selection filter

 Example of filter:  RNA Quality Score < 5
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Actual Performance –
國家基因型鑑定中心
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Protein Analysis on the  LabChip GX II System

LCGXII Protein Assay Features 

• Protein sizing from 14-200 kDa

• Process samples directly from 96-and 384-well 

plates 

• Assays are complete in just 40 seconds 

• Chip can be left in instrument to run up to 400 

samples within 8 hours on a single preparation

• 70 times faster than traditional CE 

• Ideal for the analysis of cell lysates, column 
fractions, purified and partially purified 
proteins, antibodies

• 21 CFR Part 11 compliant software 
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Summary of Protein Assay 
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Antibody Analysis (IgG)

“Microchip CE-SDS… provide sufficient resolution and 
sensitivity for this purpose but on a time scale 

approximately 70 times faster (41 s versus 50 

min per sample) than conventional CE separation‖

Chen X. et al. Microchip assays for screening monoclonal 
antibody protein quality.  Electrophoresis, 29 (2008) 4993-5002

LabChip vs. Conventional CE Methods
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Low Level Impurity Detection

 Impurities as low as 0.5% to 1% are clearly identified

 Lysozyme was spiked into the sample at 1% of total protein and was 
readily identified

LC

HC

Ly

NGHC
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QC testing of Vaccine Purity
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Optimal expression condition is easily 

observed

Goal

Develop high throughput purification and 
expression system and test effectiveness of 
identifying factors influencing protein production.

Methods

Utilize Caliper LabChip to run full factorial 
quantitative analyses of expression experiments 
of two level combinations on four factors.

Authors’ Conclusion:

―Finally, the process that we have described 
reduces both experimentation cost and time 
while increasing throughput, making possible 
what–if experiments that, up to now, had 
been either prohibitively expensive or too 
complex to perform.‖

Protein Expression Optimization using DOE

Swalley, S.E. et al., Quantitative Analysis of Protein 

Expression, Anal. Biochem, 351 (2006) 122-127
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Antibody N-linked Glycan Analysis

High Mannose

Hybrid

Complex

Mannose

GlcNAc

Fucose

Galactose
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Glycan Analysis – Common Methods

Glycans 

ESI-MS/MS

CZE-MS

HPLC- Fluorescence

CGE

MALDI

Fluorophore 

Labelling

assignment

Gel electrophoresis 
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Glycans 

ESI-

HPLC

CGE-LIF

HPAEC- PAD

MALDI ToF/ToF-ToF

Fluorophore 

Labelling

Glycan structure
assignment 

including linkage

Gel electrophoresis 

(FACE)
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assignment

Glycan structure

Glycans

LC fractionation - NMR

G0

MAb
Cleave

Purify

G2f G1f

G0f G2

G1 G0 Process takes 3-5 days
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Glycan Profiling workflow

• Notes:
• Plates can be cut to process as few as 24 samples at a time.

• Requires LabChip GXII instrument with software version 2.2 or 

greater.

• Requires  LabChip GX Plate Adapter for  Deep-Well PCR 

plates.

Denaturing plate

PNGase F Plate

Glycan Dye Plate

• Transfer denatured samples to    

PNGase F Plate.

• Seal. Incubate for 1 hour at 37C

• Transfer 8ul of digested sample 

to Dye Plate .

• Incubate for 2 hours at 55C, or 

until dry.

• Add water to reconstitute.

• Run on LabChip GXII.

• Add Samples (10 to 60ug  of 

monoclonal antibody) to 

Denaturing Plate

• Seal. Heat for 10 minutes at  

70C.

1

2

3

5

• Load chip with Gel, and Marker.4

Process takes 1/2 day
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Man5 G0

G0f

G1fa
G2fG1fb

ProfilerPro Glycan Profiling

• Applications

• Analysis of the glycosylation patters of 
recombinant/monoclonal antibodies 
(MAb). 

• Fast separation time–less than 50 
seconds per sample—makes this system 
valuable for use in high throughput 
screening of antibody glycosylation 
patterns in early stage development. 

• Microchip based CE analysis gives 
resolution sufficient to quantify the 
relative abundance of the major glycan 
types found on antibodies.

• Neutral N-linked glycans

• Biantennary partially fucosylated 
complex type.

• High-mannose type oligosaccharides
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王惠鈞老師實驗室A6 sample蛋白質純化之結果

Sample Name Size [kDa] Conc. (ng/ul) % Purity

A6 37 4785.8 95.76
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蔡明道老師實驗室 (sample用不同buffer去elute之比較)

Sample Name Size [kDa] Conc. (ng/ul) % Purity

A7 74.18 11.55 67.5

A8 73.89 192.65 100
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Manual Gel -- Timeline to Result

•

Mix gel

Cast gel

Load samples

Run gel

Scan gel

Stain/Destain 

the gel

>4 hours !

Cure gel
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High Sensitivity Pico Protein Assay
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MAb
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Dye

MAb

Reduction

Heavy      Light
Chain       Chain

Intact Antibody

HC   and   LC

Replaces on-chip staining with off-chip labeling

NHS esters reaction with amine groups of lysine residues

100X Increase in sensitivity 

Sizing Range – 14 to 200KDa

Linear dynamic range of over 4 logs have been achieved, both for reduced and intact Mab

LOD – 50 pg/l target antibodies

LOD – 10 pg/l  target proteins
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LabChip N-Glycan Assay Comparison to NPLC and CE-LIF 

LabChip analysis is 160X faster 
than NPLC and 6X faster than 
CE-LIF analysis with 
comparable results 

NPLC analysis with 2-AB label (top), 
CE-LIF analysis with APTS label 
(center), LabChip N-Glycan Profiling 
Assay with fluorescent label 
(bottom). Data courtesy of Pfizer 
Inc., Chesterfield, MO. 
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Transgenomics ―Surveyor‖ Assay: K-ras Mutations

Frag Size 

(BP)

144

156

Exon 2 G12A

FDA recommendations

Cetuximab (Erbitux) and Panitumumab (Vectibix)

Class Labeling Changes to anti-EGFR monoclonal antibodies, 

cetuximab (Erbitux) and panitumumab (Vectibix): KRAS Mutations

On July 17, 2009, changes were made to the product labels of 

cetuximab (ErbituxImClone Systems, Branchburg, NJ) and 

panitumumab (Vectibix Amgen, Thousand Oaks, CA). 


