
 
School of Life Sciences (SLS), Jawaharlal Nehru University (JNU), New Delhi-110067,  INDIA  
Correpondence and Reprint Requests:  Deepak Sharma 
Received:  A p r i l  2 5 ,  2 0 1 6 |    Accepted: May 15, 2016|    Published Online:  May  2 8 ,  2016  

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (creativecommons.org/licenses/by/3.0) 

Conflict of interest: None declared     |    Source of funding: Nil 

 

OPEN ACCESS at journalijcir.com  
 

     Research Article                                                         ISSN: 2395 -5775  
 

AN IMPROVED, EFFICIENT AND MODIFIED FORM OF NON-
ENZYMATIC SALTING OUT METHOD OF GENOMIC DNA ISOLATION 
FROM HUMAN BLOOD 
 

 

Niraj Kumar Srivastava, Rohan Sharma and Deepak Sharma* 
   

Abstract 
 

The present study was performed to establish an improved, efficient and modified form of non-enzymatic 
salting out method of genomic DNA isolation from human blood. The human blood samples were collected. 
DNA extraction from blood samples was performed from the original non-enzymatic salting out method as 
well as a modified form of this method. The reproducibility and sensitivity of modified form of non-
enzymatic salting out method were also analyzed by suitable experimental design. The modified form of 
non-enzymatic salting out DNA extraction method from blood has provided the 2.8 fold more yield of DNA 
as compared to the original non-enzymatic salting out method. The purity of DNA (A260/A280 > 1.8) was 
approximately same in modified form of non-enzymatic salting out method of genomic DNA isolation as 
compared to the original method of non-enzymatic salting out method of genomic DNA isolation. The 
quantity of extracted DNA has showed the reproducibility. The least volume of blood was two microlitres, 
required for extraction of DNA from modified form of non-enzymatic salting out method. By using the 
modified form of non-enzymatic salting out method, a good quality and quantity of DNA from human blood 
can be extracted, which is enough to perform the polymerase chain reaction-based analysis of gene 
polymorphism, diagnostic screening and forensic investigation. The improved method does not add any 
reagents or any instruments and a slight step modification enhanced the yield of DNA.  
  
Key Words: Blood; RBC; WBC; SDS; Lysis buffer; Genomic DNA; Lysis buffer; Triton X; Tris buffer; Proteinase K 
buffer. 

 
 
 

 
 

INTRODUCTION 
 

DNA can be extracted from blood, tissue, oral 
mucosa, hair etc. Generally, the extraction of DNA is       
performed from the blood [1]. Different approaches 
have already been described to extract genomic 
DNA from whole blood. In all these approaches, 
there are many reported protocols available for 
rapid, efficient and cost-effective for the isolation of 
genomic DNA from whole blood [1-8]. In all these 
reported methods of DNA extraction, the non-
enzymatic salting out method is one of the simplest 
and popular methods [3]. This method is used in 
maximum research and clinical laboratories for the 
diagnostic assay to confirm the genetic and other 
diseases as well research in genetic disorders [1, 4, 
8]. 
 

Here, the present study was used to develop an 
improved, efficient and modified form of non-
enzymatic salting out method of DNA isolation. 
 
 
 
 

MATERIALS AND METHODS 
 

Blood specimens 
 

Blood samples were collected from thirty healthy 
individuals (N =30; N: represent the number) from 
“All India Institute of Medical Sciences (AIIMS),” 
New Delhi.  An ethical committee approval from 
AIIMS, New Delhi was obtained before collecting the 
blood samples. Blood collected in EDTA-containing 
vacutainer tubes and stored at -80°C. 
 

MATERIALS 
 

EDTA-containing vacutainer tubes were obtained from 
“Kruise Pathline Private Limited, Krishna complex, 
Ahmedabad-382210, Gujarat. 
 

Chemicals 
 

All the reagents i.e. EDTA (Ethylene Diamine Tetra 
Acetate), SDS (Sodium dodecyl sulfate), Phenol, 
Chloroform, Sucrose, Triton X -100, Magnesium 
Chloride, Tris (hydroxymethyl) aminomethane and  
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Sodium chloride were purchased from Sigma-Aldrich 
(St Louis, MO, USA). 
 

Preparation of reagents  
 

The following reagents were required 
 

  EDTA (anticoagulation agent to blood chelates 
Mg2+ ions), 10% SDS (anionic detergent), phenol & 
chloroform (required to de-proteinase the cell 
extract). These organic solvents precipitate the 
proteins but leave the nucleic acids in the aqueous 
solution. Precipitated protein molecules appear as a 
white interface between aqueous organic layers. 
Agarose, sucrose, Triton X 100, MgCl2, Tris buffer 
and NaCl were needed for the preparation of 
buffers. 

 

1. Lysis Buffer (for 100 ml): 0.146 g of TrisHCl 
was dissolved in 100 ml distilled water and 
pH  7.8 was maintained.10.96 g sucrose and 
0.102 g MgCl2 were also added to this. After 
maintaining the pH =7.8, 1 ml of Triton x100 
was also added.  

2. Proteinase K buffer (for 100ml): 2.28 g of NaCl 
and 4.48 g of EDTA were added to the 100 
ml distilled water.  

 

Preparation of TAE buffer 
 

Preparation of stock solution of EDTA: An EDTA 
(ethylene diamine tetraacetic acid) solution is 
prepared ahead of time. EDTA will not go 
completely into the solution until the pH is adjusted to 
about 8.0. For a 500ml stock solution of 0.5M EDTA, 
weigh out 93.05g EDTA. Dissolve in 400ml deionized 
water and adjust the pH with NaOH. Top up the 
solution to a final volume of 500ml. 
 

Preparation of stock solution of TAE: Make a 
concentrated (50x) stock solution of TAE by weighing 
out 242g Tris base) and dissolving in approximately 
750ml deionized water. Carefully add 57.1ml 
glacial acid and 100ml of 0.5M EDTA (pH 8.0) and 
adjust the solution to a final volume of 1L. This stock 
solution can be stored at room temperature.  The pH 
of this buffer is not adjusted and should be about 
8.5. 
 

Preparation of working solution of TAE: The working 
solution of 1xTAE buffer is made by simply diluting 
the stock solution by 50x in deionized water. 
 

Preparation of TE buffer: 10 mM Tris buffer was 
prepared. 1mM EDTA was also prepared. Finally, 
both the reagents are mixed together in 9:1 ratio. 
 
 
 
 
 
 
 
 
 

DNA extraction method [Original non-enzymatic salting 
out method (OM)] 

1. Take 1ml blood and 1ml lysis buffer in 2ml 
Eppendorf tube. Incubate at 37°C for 45 
minutes. 

2. Centrifuge at 14,000 rpm for 10 min and 
discard the supernatant (pallet is carefully 
retained). 

3. Add 500µl of lysis buffer and tap the pallet, 
centrifuge at 12,000 rpm for 5 minutes. 
Repeat this step twice. 

4. Add 400µl of H2O, tap the pellet and 
centrifuge at 12,000 rpm for 5 minutes.  

5. Add 100µl of proteinase K buffer, mix gently 
and add 100µl of 10%SDS. Mix gently and 
cause frothing. Add 100µl of 5M NaCl and 
tap by finger. 

6. Add 200µl of H2O; shake 2-3 times gently. 
7. Add 100µl each of phenol and chloroform, 

mix and centrifuge at 11,500 rpm for 10 
minutes. 

8. Formation of three layers will be observed. 
Gently remove upper layers in a new 1.5ml 
tube and label it. Add 1ml of absolute alcohol 
and centrifuge at 11,500 rpm for 5 minutes. 

9. Add 100µl of 70% alcohol and change the 
pellet position by tapping. Repeat this process 
twice. Centrifuge at 11,500 rpm for 2 minutes. 

10. Discard the supernatant and retain the white 
pallet (DNA). 

11. Incubate at 370C for 3 hours in open tubes to 
evaporate the alcohol. 

12. Add 100µl of TE buffer and seal the tube with 
parafilm. Keep at 560C for overnight 
incubation. 

13. Run on 1% agarose gel in TAE buffer. 
 

DNA extraction method [Improved and modified non-
enzymatic salting out method (MM)] 
 

1. Take 1ml blood and 1ml lysis buffer in 2ml 
Eppendorf tube. The whole mixture was 
mixed properly with the help of vortex and 
put in liquid nitrogen (-196°C) for 10 
minutes.  

2. After completing this step, the whole 
mixture was immediately put on a water 
bath (37°C). The whole mixture was 
incubated for 45 minutes. 

3. The rest of the steps were same as 
described in original non-enzymatic salting 
out method of DNA extraction. 

 

Experimental design 
 

Comparison of the two methods of DNA extraction:  
DNA extraction was performed by two methods of 
extraction i.e. original non-enzymatic salting out 
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method and improved & modified
salting out method. In the first step of DNA extraction 
method of improved and modified 
salting out method, the lysis buffer was mixed with 
blood and put in liquid nitrogen for 10 minutes.  For 
keeping all the conditions similar, in original 
enzymatic salting out method, the lysis buffer was 
mixed with blood and kept at room temperature for 
10 minutes. After completing10 minutes
of blood and lysis buffer from both liquid nitrogen as 
well as from room temperature were
kept in water bath at 37°C for 45 minutes.  Rest of 
the steps was same for both the methods of DNA 
extraction. The yield and purity of DNA 
compared by the two methods. 
 

Reproducibility and sensitivity of improved and modified 
non-enzymatic salting out method of DNA extraction:
DNA extraction was performed by improved and 
modified non-enzymatic salting out method of DNA 
extraction in duplicate by two blood samples. The 
comparison was performed to check the 
reproducibility of the methods on the basis of the 
yield of DNA. The sensitivity of the improved method 
was judged by the extraction of DNA w
amount of blood (2microlitre). The following 
experiments were designed to check the 
reproducibility and sensitivity:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Comparison of the two methods of DNA extraction on 
agarose gel electrophoresis:  The two methods of DNA 
extraction were also visualized and quantitated on 
1% agarose gel electrophoresis. 
 

Statistical analysis  
 

Mean levels of the DNA quantity extracted from OM 
and MM methods were compared 
sample t-test for independent groups. The p
less than 0.05 were considered significant. 
levels of purity of extracted DNA from OM and MM 
methods were also compared by independent sample 
t-test for independent groups.  
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method and improved & modified non-enzymatic 
In the first step of DNA extraction 

method of improved and modified non-enzymatic 
buffer was mixed with 

blood and put in liquid nitrogen for 10 minutes.  For 
keeping all the conditions similar, in original non-

salting out method, the lysis buffer was 
mixed with blood and kept at room temperature for 

minutes, the mixture 
of blood and lysis buffer from both liquid nitrogen as 

were immediately 
kept in water bath at 37°C for 45 minutes.  Rest of 

same for both the methods of DNA 
ity of DNA were 

Reproducibility and sensitivity of improved and modified 
enzymatic salting out method of DNA extraction:  

DNA extraction was performed by improved and 
salting out method of DNA 

extraction in duplicate by two blood samples. The 
was performed to check the 

reproducibility of the methods on the basis of the 
yield of DNA. The sensitivity of the improved method 
was judged by the extraction of DNA with a minimum 
amount of blood (2microlitre). The following 
experiments were designed to check the 

Comparison of the two methods of DNA extraction on 
two methods of DNA 

extraction were also visualized and quantitated on 

Mean levels of the DNA quantity extracted from OM 
 by independent 

test for independent groups. The p-values 
less than 0.05 were considered significant. Mean 
levels of purity of extracted DNA from OM and MM 

by independent sample 

RESULTS  
 

1. Comparison of the two methods of DNA 
extraction: The yield of DNA was 39.25 
+26.61 ng /μ
enzymatic salting out method as compared to 
improved & modified 
out method was 110.63 
Figure-1 (a) represented the yield of DNA by 
two methods with a 
difference.  The yield of DNA from original 
non-enzymatic salting out method is 2.8 fold 
more as compared to improved & modified 
non-enzymatic salting out method. T
of extracted DNA was not showed the 
significant difference in between the OM and 
MM [Figure-1 (b)].

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2. Reproducibility of two methods of DNA 
extraction: The yield of DNA was represented 
by the lower volume of blood i.e. 2 
then sequentially the increased volume of 
blood 4, 6, 8 to 10 
the yield of DNA from 2 to 10 
blood samples (A & B) in duplicate. 
represented the yield of DNA from 10, 20, 
30, 40 to 100 μ
& B) in duplicate. The yield of DNA from a 
lower volume of blood (2 
showed the sensitivity of the 
volume of blood was two microlitres, required 
for extraction of DNA from modified form of 
non-enzymatic salting out method.   
quantity of DNA in duplicates has not showed 
the difference and proved the reproducibility 
of the method [Figure
 
 
 

 

Figure-1 (a). Comparative graphical representation of the extracted quantity 
of DNA by OM and MM methods from human blood [quantity of DNA (
is represented as mean +SD, ***p < 0.0001 (significant independent sample 

, pp 361-366, May 2016 

Enzymatic Salting out Method of Genomic Dna Isolation From Human Blood 

Comparison of the two methods of DNA 
The yield of DNA was 39.25 

μl from the original non-
salting out method as compared to 

improved & modified non-enzymatic salting 
out method was 110.63 +64.96 ng /μl. 

1 (a) represented the yield of DNA by 
two methods with a statistically significant 
difference.  The yield of DNA from original 

enzymatic salting out method is 2.8 fold 
more as compared to improved & modified 

enzymatic salting out method. The purity 
of extracted DNA was not showed the 
significant difference in between the OM and 

1 (b)]. 

Reproducibility of two methods of DNA 
The yield of DNA was represented 

volume of blood i.e. 2 μl and 
then sequentially the increased volume of 
blood 4, 6, 8 to 10 μl. Figure-2 represented 
the yield of DNA from 2 to 10 μl from two 
blood samples (A & B) in duplicate. Figure-3 
represented the yield of DNA from 10, 20, 

μl from two blood samples (A 
& B) in duplicate. The yield of DNA from a 

volume of blood (2 μl) has clearly 
showed the sensitivity of the method. The least 
volume of blood was two microlitres, required 
for extraction of DNA from modified form of 

ymatic salting out method.   The 
quantity of DNA in duplicates has not showed 
the difference and proved the reproducibility 

[Figure-2, 3 (a) & 3(b)].    

 
 

Comparative graphical representation of the extracted quantity 
of DNA by OM and MM methods from human blood [quantity of DNA (ng/

SD, ***p < 0.0001 (significant independent sample 
t test)]. 
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Figure-2 Graphical representation of the extracted quantity of DNA by MM method from

Figure-3 (a). Graphical representation of the extracted quantity of DNA by MM method from 10 
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Graphical representation of the extracted quantity of DNA by MM method from least volume of blood i.e. 2
samples (A & B) in duplicates. 

. Graphical representation of the extracted quantity of DNA by MM method from 10 μl volume of blood to 50 
B) in duplicates. 
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least volume of blood i.e. 2μl to 10 μl by two blood 

 
l volume of blood to 50 μl by two blood samples (A & 
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3. Comparison of the two methods of DNA 
extraction on agarose gel electrophoresis:
Figure-4 represented the yield of DNA from 
original non-enzymatic salting out the 
as compared to improved &
enzymatic salting out method. The yield of 
DNA from original non-enzymatic salting out 
method is 2.8 fold more as compared to 
improved & modified non-enzymatic salting 
out method. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
DISCUSSION 
 

Here, in the present study, the original 
salting out method was slightly modified and the

Figure-3 (b). Graphical representation of the extracted quantity of DNA by MM method from 60 

Figure-4. Comparative representation of the extracted qua
DNA by OM and MM methods from human blood on 1% agarose gel 

electrophoresis [yield of DNA was 2.8 fold more in MM method as 
compared to OM method of DNA extraction].
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Comparison of the two methods of DNA 
extraction on agarose gel electrophoresis:  

4 represented the yield of DNA from 
salting out the method 

as compared to improved & modified non-
enzymatic salting out method. The yield of 

enzymatic salting out 
method is 2.8 fold more as compared to 

enzymatic salting 

Here, in the present study, the original non-enzymatic 
salting out method was slightly modified and the 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
yield of DNA was significantly increased. In improved 
method, no extra reagents or any instruments, is 
required. This method is slightly modified by the use 
of liquid nitrogen temperature on the mixture of 
blood and lysis buffer. The liquid nitrogen 
temperature (-196°C) solidified the properly mixed 
blood and lysis buffer. Instant change of temperature 
(-196°C to 37°C), enhanced the rupturing of blood 
cells [9] and may also 
buffer. In this regard, modification in the first step of 
original non-enzymatic salting out method enhanced 
the impact of the first step as well as rest of the steps 
like chain reactions, and yield of DNA was increased. 
This is well-known fact that the physical as well 
chemical treatments involved in DNA extraction
affect the quantity and quality of obtained DNA [7]
So, this report is supported our findings because in 
our method only the physical treatment was given. 
The purity of DNA was not showing the difference in 
between the two methods of DNA extraction a
may be possible that the physical treatment could not 
able to affect the quality of extracted DNA.  
 

The modified form of non
method was showed the more or less equal quantity 
of extracted DNA in duplicates. This is one of the 
positive factors associated with this method. The least 
amount of two microliters
extraction of DNA from this method. 
 

Here, the improved method of DNA extraction 
increases the yield of DNA without affecting the 

. Graphical representation of the extracted quantity of DNA by MM method from 60 μl volume of blood to 100 
B) in duplicates. 

 

 
Comparative representation of the extracted quantity of 

DNA by OM and MM methods from human blood on 1% agarose gel 
electrophoresis [yield of DNA was 2.8 fold more in MM method as 

compared to OM method of DNA extraction]. 
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of DNA was significantly increased. In improved 
method, no extra reagents or any instruments, is 
required. This method is slightly modified by the use 
of liquid nitrogen temperature on the mixture of 
blood and lysis buffer. The liquid nitrogen 

196°C) solidified the properly mixed 
blood and lysis buffer. Instant change of temperature 

196°C to 37°C), enhanced the rupturing of blood 
cells [9] and may also enhance the action of lysis 
buffer. In this regard, modification in the first step of 

enzymatic salting out method enhanced 
step as well as rest of the steps 

like chain reactions, and yield of DNA was increased. 
fact that the physical as well 

chemical treatments involved in DNA extraction can 
affect the quantity and quality of obtained DNA [7]. 
So, this report is supported our findings because in 
our method only the physical treatment was given. 

of DNA was not showing the difference in 
between the two methods of DNA extraction and this 
may be possible that the physical treatment could not 
able to affect the quality of extracted DNA.   

The modified form of non-enzymatic salting out 
method was showed the more or less equal quantity 
of extracted DNA in duplicates. This is one of the 
positive factors associated with this method. The least 

microliters blood is required for 
action of DNA from this method.  

Here, the improved method of DNA extraction 
increases the yield of DNA without affecting the 

 
l volume of blood to 100 μl by two blood samples (A & 
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purity of DNA. Non-enzymatic salting out the method 
of DNA extraction is a most popularized method of 
DNA extraction [1, 4, 8]. We do one attempt to 
improve this method without any major modification 
and in this way, this modified form would be 
acceptable in various clinical and research 
laboratories.   
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