
Introduction

In the course of medical research at the Department of Clinical 
Genetics at Erasmus Medical Center (Rotterdam, Netherlands), 
more than 10,000 DNA samples are run annually. The tests  
target genetic mutations in over 150 genes, such as breast  
cancer genes BRCA1 and BRCA2, and Cystic Fibrosis Transmembrane 
Conductance Regulator (CFTR) gene. In general, one or more of 
a variety of tests geared to the desired endpoint (PCR, sequencing, 
probe hybridization, electrophoresis, etc.) is performed after the 
nucleic acid is extracted from the sample.

DNA extraction from blood samples is a critical step in the analysis process and has to meet the 
criteria of speed, reproducibility, high yield, and cross-contamination avoidance. Nucleic acid 
extraction involves multiple steps, which can make manual performance of this task laborious  
and error-prone. Here we describe an automated procedure using the JANUS® Automated 
Workstation integrated with chemagic Magnetic Separation Module I (chemagic MSM I) for  
large volume DNA extraction from blood samples.
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Materials and Methods

Samples 

Blood was drawn from 504 subjects throughout the 
Netherlands. DNA isolation was completed during 13 days 
over the course of two months. To assess method reproduc-
ibility, some subjects donated two tubes of blood, which 
were extracted in separate runs; DNA yields from replicates 
were then compared.

Reagents and Procedure 

The chemagic DNA Blood5k Kit was used for DNA purifica-
tion from 5 mL whole blood. All magnetic beads, protease, 
sleeves, elution tubes and buffers used were supplied with 
the kit. An adaptation of the kit protocol was used for the 
automated procedure.1 Falcon 15 mL and 50 mL test tubes 
used were from BD Biosciences (Falcon Lakes, NJ). Extraction 
buffer was used as the diluent prior to nucleic acid absorbance 
readings, and was again utilized during concentration  
normalization. 

System Components and Process

The procedure implemented is outlined in Table 1, along 
with the corresponding integrated component used to  
perform each step. Figure 1 illustrates the JANUS layout  
and function of each component.

Table 1.  The procedure and the corresponding system  
component used in each step is listed. Colors of lines  
underscoring steps correspond with callout frame color  
of respective components in Figure 1.

Procedure Device

Move sleeves for rods to MSM I Gripper

Add samples to Falcon tubes JANUS

Add Lysis Buffer to samples Six Way Valve

Add Protease to samples JANUS

Move lysis tubes to MSM I Gripper

Mix sample with Lysis Buffer MSM I

Dispense Wash Buffers Six Way Valve

Dispense Elution Buffer Six Way Valve

Move Wash Buffers to MSM I Gripper

Move Elution Buffer to MSM I Gripper

Dispense Binding Buffer to sample Six Way Valve

Mix magnetic beads; add to sample JANUS

Move sample to MSM I Gripper

DNA extraction MSM I

Move eluates to LH Gripper

Dilute purified DNA JANUS

Move the plate to reader Gripper

Read Absorbance @ 260 nm VICToR X

Normalization JANUS

Figure 1.  Top view drawing depicting the JANUS-chemagic integrated system and its components. Callouts, color-coded to match 
procedural steps outlined in Table 1, describe the function of each system hardware component in the application.
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Reproducibility:

Some of the test subjects donated two tubes of blood for 
this study. The replicate blood tubes were then run on  
different days so that the reproducibility of DNA extractions 
performed by the JANUS-chemagic workstation could be 
assessed. This DNA extraction procedure gave reproducible 
results, with an average difference of 1.44 µg/mL between 
two extractions performed during two independent runs.  
Sources of the disparity include: run-to-run variability, differ-
ences between the two blood tubes, and offsets in storage 
time; replicates were run 2-7 days apart. 

Between-sample variation in isolated DNA levels can be 
attributed to differences in white blood cell count among 
individuals. This tendency is exacerbated here by the fact 
that some of the subjects were undergoing chemotherapies 
that depressed the white blood cell count, thereby reducing 
the DNA concentration available in their samples.

Throughput:

The completion time for DNA extraction of 12 samples 
using the MSM I equipped with a 12 rod head was about 
40 minutes. The total processing time, with preparation, 
absorbance readings, and normalization, for 12 samples was 
about 1.5 hr.

DNA Purity: 

Use of automation decreases the likelihood of operator-
induced contamination of DNA. There were additional  
measures taken in the design of this JANUS-chemagic  
MSM I workstation to eliminate cross-contamination  
among samples.  

Software used with the system includes WinPREP, which 
comes standard with the JANUS. All components are inte-
grated through, and controlled by, WinPREP. With the 
Normalization program, DNA yield was calculated per milliliter 
blood. The samples were normalized to 50 ng/µL using the 
JANUS workstation.

Results and Discussion

Typically, BRCA1 and BRCA2 studies begin with Denaturing 
Gel Electrophoresis (DGE), Multiplex Ligation-dependent 
Probe Amplifications (MLPA), and/or sequencing reactions.  
Positive patterns on DGE are then followed with sequencing, 
whereas positive patterns from MLPA will be investigated by 
Long Range PCR. Preparation for multiple tests starts with 
isolation of adequate DNA, and relatively large volumes of 
starting material. Therefore, to supply enough material  
to support these studies, we implemented an automated 
method for DNA extraction from 5 mL of whole blood.

Tests were undertaken to examine the throughput, DNA 
yield, and reproducibility that can be achieved by the JANUS 
workstation integrated to a chemagic MSM I DNA isolation 
system.

Yield:

DNA extraction from 504 blood samples was performed 
on 13 days over the course of two months. As depicted in 
Figure 2, a consistent yield of 18.20 ±1.78 µg DNA per  
milliliter blood was isolated.

Figure 2.  DNA extraction yield from a total of 504 blood samples averaged 
18.20 µg DNA per milliliter blood. Testing was performed on 13 days over the 
course of two months.

Figure 3.  DNA concentration in the eluants from replicate blood samples 
determined on different days show reproducible results. Replicate series 1  
represents results from the first run for the DNA extraction. Replicate series 2 
represents results from the second run for the DNA extraction from a different 
blood tube but the same subject.
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•	 Scalability. The JANUS workstation is available in a  
variety of sizes and configurations. The chemagic MSM I  
head is available in the 12-rod configuration for 0.5- 
10 mL samples, a 24-rod head for processing 0.2-  
4.0 mL samples, as well as a 96-rod head for 10 µL- 
1.5 mL samples.

•	 Cross-contamination elimination. The VersaTip option 
allows for use of disposable tips during sample handling; 
use of fixed tips for buffer additions results in cost savings. 
The chemagic MSM I is equipped with disposable sleeves 
used on the rods of the extraction head. Use of disposable 
tips and sleeves eliminates cross-contamination.     
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The JANUS is equipped with a VersaTip option, which allows 
for the use of either fixed tips or disposable tips. Disposable 
tips were used for mixing the blood samples and magnetic 
beads, transferring blood samples, DNA eluant dilution, and 
DNA concentration normalization. Fixed tips were used for 
the delivery of buffers. VersaTips thereby allow for cost- 
savings in that disposable tips do not have to be used for a 
given step, yet are available for use in contamination-critical 
steps.  

Also, disposable sleeves were used with the 12 rod head of 
chemagic MSM I. The sleeves were discarded after completion 
of DNA extraction of each set of 12 samples. Hence, cross-
contamination between samples is also eliminated for these 
procedural steps.  

Conclusion

The high volume DNA extraction solution  presented is  
comprised of a JANUS Automated Workstation equipped 
with a Varispan Arm with VersaTip option; integrated to 
a VICToR X Multilabel Plate Reader (with a normalization 
program) and the chemagic MSM I. Using the chemagen 
chemagic kits, fully automated processing from 5 mL blood 
samples to normalized DNA eluants is accomplished with: 

•	 High throughput. DNA is isolated and normalized from  
12 samples in about 1.5 hr. The system can multitask; 
buffers can be primed and delivered by the JANUS while 
electromagnetic separation takes place.  

•	 Strong and consistent yields. 18 µg DNA were consistently 
obtained per milliliter blood (standard deviation = 1.78 
across 504 blood samples). This high yield is required for 
multiple downstream DNA tests to be performed.

•	 Excellent reproducibility. The magnetic procedure for 
extracting DNA from large volume blood samples gave 
reproducible results between replicate tubes per patient, 
processed in independent runs.  

•	 Increased productivity. Automation reduces the chance 
for human error, protects against repetitive strain injury 
and enhances the number of extractions possible per day.  
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