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ABSTRACT

Introduction: Several different protocols ranging from a variety of manual and automated DNA
extraction protocols, are available to extract nucleic acids from whole blood samples, one of the
primary sources of DNA. These methods have one or more limitations in terms of low yield, Quality
issues, cost, and time efficacy, utilization of toxic organic solvents, and others as well. This study
aims to develop an effective protocol for extracting DNA from 500 ul of human blood. Materials
and Methods: The extraction procedure was standardized using 500 microliters of fresh human
blood samples. The disruption and cell lysis done by Lysis Buffers R (RBC) and N (Nucleic acid)
contain detergents and salts, followed by the removal of proteins and other contaminants and
recovery of DNA. The DNA samples were investigated for quality and quantity by measuring their
absorbance at 260 and 280 nm, respectively (A260/A280). Results: DNA was checked by Gel
docking on 0.8% Agarose gels. According to our protocol, we yielded 19 to 25 ug DNA, respectively,
from 500 pL of fresh blood. Conclusion: Furthermore, our protocol yields bulk amounts of DNA
while avoiding toxic organic solvents like Phenol. Consequently, downstream applications can be
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performed with the DNA because its quality has not been affected.
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INTRODUCTION

In molecular biology, DNA, RNA, and proteins
DNA of
high quantity and quality is crucial for successful

are needed for human health studies.

downstream applications."”) Furthermore, the rapid
and cost-effective DNA extraction method would
make it much more reseatch-friendly.!

Blood DNA isolation protocols have been published
in several publications. Albatino e alP' Parzer et all)
Robbins e /M Rudbeck e @/ Sambrook et /P
Wang e al" and Lahiri et o/ However, some of
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these methods require significant amounts of blood
samples, making them unsuitable for low volume DNA
extraction procedures. Lahiri and Nurnberger es a/!"?
and Miller ¢# @/ There were some protocols that used
enzymes and organic solvents to get high-quality, PCR-
inhibitor-free DNA, while others incorporated salting-
out procedures to increase the yield of DNA. Castella
et al" and Cattaneo e 2/ Therefore, the costs and
time involved in some protocols are high by Nasiti e a/ "
Besides, in some cases, the quality of the DNA has been
compromised. El Bali ¢7 2/!" Chacon-Cortes ez al"* and
Santos e all"”)

As a result, to meet the requirement for rapid, low
volume and cost-effective genomic DNA extraction,
our objective was to developed a protocol that would
reflect the wide range of scientific interest pertaining
to this field for extracting pure DNA from fresh
human blood without costly enzymes and toxic organic

solvents.
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MATERIALS AND METHODS
Blood Collection

An EDTA-containing vacutainer tube containing blood
samples was collected from 30 healthy individuals
randomly selected from areas nearby the Swami Rama
Himalayan University’s campus situated at Jolly Grant,
Dehradun, Uttarakhand, India. In order to participate
in this study, the volunteers provided consent prior to
participation, and no prevalent diseases were present in
the volunteers. As a part of the research work, ethics
committee approval was obtained prior to the study.
The DNA extraction process was performed on fresh
blood after 1 hr after collection. While handling the
blood samples, appropriate precautions was taken to

prevent biohazards. Troutman e a/™

Chemicals and Reagents

The chemicals used in this method are standard
chemicals found at major suppliers, Himedia Chemicals,
for this study.

Reagents Preparation

Thereagentswerepreparedusingdifferentconcentrations
as RBC lysis buffer denoted as Lysis buffer R (10X)
containing NH,Cl (1.54 M), NaHCO, (0.14 M) and
0.5 M EDTA (pH~8) dissolved in 100 mL distilled
water and pH adjusted to 8. The solution was converted
to the 1X working solution. Another lysis buffer, nucleic
acid lysis buffer denoted as Lysis buffer N containing
Tris-Cl (50 mM), MgCl, (50 mM), EDTA (2 mM), NaCl
(0.5M), 1% Triton X-100 and 2% of 2- mercaptoethanol
dissolved in 25 mL of autoclaved distilled water and pH
was adjusted to 8. This protocol also involves 10% SDS
followed by high salt concentration preparation of 6M
NaCl. Further, reagents preparation involves chemicals
like TAE buffer, Chloroform: Isoamyl alcohol (24:1),
Isopropanol and 70% Ethanol.

Methodology for DNA extraction

The standardization of the DNA extraction method
was done for the fresh blood samples.

Step 1. A whole Blood sample of only 500 uL from
the vacutainer was centrifuged at 2500 rpm for three
minutes at 4°C and the serum was carefully aspirated.
Step 2. Approximately ImL of Lysis buffer R (1X)
was added to the pellet, mixed gently with periodic
inversions, and was kept for 5 min at room temperature.
Step 3. Centrifugation of the cell’s mixture was done
for 5 min at 5000 rpm and carefully supernatant was
discarded. Repeated the steps 2 and 3 for the pellet
becomes white.

Step 4. Approximately, 500ul. of Lysis Buffer N was
added to the white pellet obtained from the previous
steps, was mixed gently with a wide bore pipette,
followed by adding 50uL of 10% SDS. The mixture was
then incubated at 55-60°C for 30 min.

Step 5. At the end of incubation, 200uL. of NaCl was
added, vortexed vigorously, and centrifugation was done
at 8000 rpm for 5 min.

Step 6. The Supernatant was then taken in a clean
Eppendorf tube and added an equal volume of
Chloroform: Isoamyl alcohol (24:1). The mixture was
mixed well by gentle inversions and centrifuged at
12,000 rpm for 1 min.

Step 7. The Aqueous phase (DNA present) was
removed carefully without disturbing the base layer and
transferred into a clean Eppendorf tube containing an
equal volume of chilled Isopropanol. Then the tube was
vigorously shaken for few seconds resulted in fine white
threads that appeared in the solution.

Step 8. The floating precipitate was transferred into
a clean Eppendorf tube, washed with chilled 70%
ethanol to remove any salts trapped with DNA, and was
centrifuged at 13,000 rpm for 3 min.

Step 9. The tube was drained and evaporated to remove
the ethanol completely. The pellet was then allowed to
dried at 37°C.

Step 10. Finally, added sufficient (1X) TAE solution and
dissolved the precipitate by light fingertip vibration. A
solution of DNA was then stored at -20°C for further
use.

RESULTS

A total of thirty human whole blood samples were
used for DNA extraction and samples prepared
manually showed no failures. Our optimized method
was accelerated and economized by using red cell
and nucleic acid lysis instead of separation of buffy
coats and replacement of proteinase K. Our method
observed human whole blood samples with A260/
A280 absorbance ratios, a consistent range of 1.8.
This effectively indicates that the samples were pure
and successfully deproteinized. (Figure 1) It was also
assumed that RNA was not found in the extracted DNA

Figure 1: DNA extraction was demonstrated by electrophoresis
on agarose gel containing 0.8 percent agarose.
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Table 1: Ratios of Optical Density (OD) and the

amount of DNA that can be extracted from each 500
UL Human blood DNA.

Coding sample DNA quantity in 0D260/0D280
ug/500ul blood ratio
H1 23.00 1.78-0.02
H2 24.12 1.82-0.04
H3 19.11 1.72-0.05
H4 25.19 1.81-0.02
H5 22.12 1.85-0.03
H6 25.16 1.89-0.04
H7 22.14 1.87-0.07
H8 23.18 1.86-0.02

samples. In accordance with our protocol, we yielded an
average of 25 ug of genomic DNA per 500 uL of fresh
blood. The mean concentrations were calculated and
tabulated using the experiment results (Table 1).

There were varying intensities of bands in DNA
samples run on 0.8% agarose gels. Despite this, all DNA
bands were prominent and homogeneous, with minimal
lane smearing. It appears that none of the DNA has
degraded, despite being exposed to several chemical

washes.
At this point, DNA can be quantified by
spectrophotometer and diluted to a working

concentration, or you can simply use 1-2 uL per for the
PCR reaction by Huberman ez a/*!

DISCUSSION

Genomic DNA extracted from whole blood samples is
being used for diagnostic and genotype studies, thereby
facilitating personalized medicine. DNA extraction
protocols are designed according to the chemical activity
of the reagents on various organelles of cells by Push
et al? and Tan e al®' The RBC Lysis Buffer contains
NH,Cl, NaHCO,, and EDTA. NH,CI produces an
increase in osmotic pressure within RBCs until they
burst due to water influx. Despite this, it has a negligible
effect on other cellular contents of the blood, especially
on leucocytes. EDTA and NaHCO, act as buffer
components, and NaHCO, increases the RBCs’ swelling
rate by Thoms ez a/P A higher concentration of Tris
buffer was used for the DNA extraction buffer, which
maintains the buffer’s pH at a steady level. Following
this, EDTA was added to the extraction buffer to bind
calcium and divalent magnesium cations that maintain
the membrane integrity. Triton X-100 is a non-ionic
surfactant to lyse cells and maintains DNA integrity,
but higher concentrations lead to cell death by Yee ez

al®! NaCl forms ionic bonds with the phosphates in
DNA that neutralize the negative charges, otherwise
causing DNA molecules to repel one another and keep
the DNA in solution. Anionic detergents like SDS can
solubilize lipids and proteins by assisting in breaking
down the membranes and nuclear envelopes, exposing
the DNA-containing chromosomes. 2-mercaptoethanol
is a powerful reducing agent used in DNA extraction
buffer through disulfide bond breaking. It linearizes
proteins, causing the molecules’ denaturation and
removal during the centrifugation by Koley e alP
The next step involves the addition of chloroform and
isoamyl alcohol, which help to bind and precipitate
proteins and lipids of cell membranes. DNA was
generated in an aqueous phase, and lipids and proteins
were formed in a non-aqueous phase. The hydration
shell is formed by water molecules surrounding DNA
at this stage. The DNA can therefore be separated from
the remaining soluble components by centrifugation by
adding Isopropanol, which acts as a dehydrating agent
and disrupts the hydration shell.

Thomas et al”” published an eatlier DNA extraction
protocol using CTAB, but the buffer compositions and
the sequences of steps differed considerably from our
experiment. However, our present method is unique
because it is simpler, faster, and more robust than many
other methods for separating DNA from human blood
samples. Additionally, there are no toxic reagents used
in this protocol., so extractions are safe. Ness e al*
The average DNA yield was within the normal range
using our protocol, and it takes roughly 2-3 hr for the
protocol to be successfully completed.

CONCLUSION

This protocol could prove to be efficient in obtaining
considerable quantities of genomic DNA from fresh
human blood samples. The versatility of this universal
method can be extended from fresh to frozen samples.
Additionally, eliminating time-consuming steps like
enzymatic incubation of Proteinase K and RNAase
treatment and the absence of toxic organic solvents
such as Phenol permitted an efficient and time-saving
protocol in a way that could be used for advanced
molecular biological techniques. Further, laboratories
with limited funds may benefit from it by pursuing basic
molecular biological research.
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ABBREVIATIONS

pl: Microlitre; nm: Nanogram; pg: Microgram; A260/
A280: Absorbance; OD: Optical density; EDTA:
Ethylenediamine tetraacetic acid; NaCl: Sodium
Chloride; NaHCO,: Sodium bicarbonate; NH,Cl:
Ammonium chloride; SDS: Sodium Dodecyl Sulfate;
TAE: Tris-acetate-EDTA.

SUMMARY

A successful application of this method has been
made in freshly isolated human whole blood samples.
Genomic DNA isolated by this method has an average
quantity of 25 pg, and according to the measurements,
this DNA had a quality of 1.7 to 1.8. Further agarose gel
electrophoresis was performed to ensure that the DNA
obtained was of high quality, without RNA and protein
contamination (Figure 1). In this method, however,
only a few chemicals were used in addition to ethanol
(tris-HCI, EDTA, NaCl, and SDS), and they are readily
available in every routine laboratory worldwide.

REFERENCES

1. Carpi FM, Di Pietro F, Vincenzetti S, Mignini F, Napolioni V. Human DNA
extraction methods: patents and applications. Recent Pat DNA Gene Seq.
2011;5(1):1-7. doi: 10.2174/187221511794839264, PMID 21303346.

2. Phillips HA, Howard GC, Miller WR. p53 mutations as a marker of malignancy
in bladder washing samples from patients with bladder cancer. Br J Cancer.
2000;82(1):136-41. doi: 10.1054/bjoc.1999.0890, PMID 10638980.

3. Angelini A, Di Febbo C, Rullo A, Di llio C, Cuccurullo F, Porreca E. New
method for the extraction of DNA from white blood cells for the detection
of common genetic variants associated with thrombophilia. Pathophysiol
Haemost Thromb. 2002;32(4):180-3. doi: 10.1159/000070424, PMID
12759519.

4. Guha P, Das A, Dutta S, Chaudhuri TK. A rapid and efficient DNA extraction
protocol from fresh and frozen human blood samples. J Clin Lab Anal.
2018;32(1):€22181. doi: 10.1002/jcla.22181, PMID 28233351.

5. Albarifio CG, Romanowski V. Phenol extraction revisited: a rapid method for
the isolation and preservation of human genomic DNA from whole blood. Mol
Cell Probes. 1994;8(5):423-7. doi: 10.1006/mcpr.1994.1060, PMID 7877639.

190

20.

21.

Parzer S, Mannhalter C. A rapid method for the isolation of genomic DNA
from citrated whole blood. Biochem J. 1991;273(1);1(1):229-31. doi: 10.1042/
bj2730229, PMID 1671203.

Robbins V, Aguinaga MP, Valenzuela MS. Efficient isolation of whole genomic
DNA from cell cultures and blood samples. BioTechniques. 1995;18(3):414-8.
PMID 7779389.

Rudbeck L, Dissing J. Rapid, simple alkaline extraction of human genomic
DNA from whole blood, buccal epithelial cells, semen and forensic stains for
PCR. BioTechniques. 1998;25(4):588-92. doi: 10.2144/98254bm09, PMID
9793639.

Sambrook J, Russell DW. Molecular cloning: A laboratory manual. New York,
NY. Cold Spring Harbor; 2001.

Wang L, Hirayasu K, Ishizawa M, Kobayashi Y. Purification of genomic DNA
from human whole blood by isopropanol-fractionation with concentrated Nal
and SDS. Nucleic Acids Res. 1994;22(9):1774-5. doi: 10.1093/nar/22.9.1774,
PMID 8202389.

Lahiri DK, Nurnberger JI Jr. A rapid non-enzymatic method for the
preparation of HMW DNA from blood for RFLP studies. Nucleic Acids Res.
1991;19(19):5444. doi: 10.1093/nar/19.19.5444, PMID 1681511.

Lahiri DK, Bye S, Nurnberger JI Jr, Hodes ME, Crisp M. A non-organic and
non-enzymatic extraction method gives higher yields of genomic DNA from
whole-blood samples than do nine other methods tested. J Biochem Biophys
Methods. 1992;25(4):193-205. doi: 10.1016/0165-022x(92)90014-2, PMID
1494032.

Miller SA, Dykes DD, Polesky HF. A simple salting out procedure for extracting
DNA from human nucleated cells. Nucleic Acids Res. 1988;16(3):1215. doi:
10.1093/nar/16.3.1215, PMID 3344216.

Castella V, Dimo-Simonin N, Brandt-Casadevall C, Mangin P. Forensic
evaluation of the QlAshredder/QlAamp DNA extraction procedure. Forensic
Sci Int. 2006;156(1):70-3. doi: 10.1016/j.forsciint.2005.11.012, PMID
16326058.

Cattaneo C, Craig OE, James NT, Sokol RJ. Comparison of three
DNA extraction methods on bone and blood stains up to 43 years old
and amplification of three different gene sequences. J Forensic Sci.
1997;42(6):1126-35. doi: 10.1520/JFS14273J, PMID 9397557.

Nasiri H, Forouzandeh M, Rasaee MJ, Rahbarizadeh F. Modified salting-out
method: high-yield, high-quality genomic DNA extraction from whole blood
using laundry detergent. J Clin Lab Anal. 2005;19(6):229-32. doi: 10.1002/
jcla.20083, PMID 16302208.

El Bali L, Diman A, Bernard A, Roosens NH, De Keersmaecker SC.
Comparative study of seven commercial kits for human DNA extraction from
urine samples suitable for DNA biomarker-based public health studies. J
Biomol Tech. 2014;25(4):96-110. doi: 10.7171/jbt.14-2504-002, PMID
25365790.

Chacon-Cortes D, Haupt LM, Lea RA, Griffiths LR. Comparison of genomic
DNA extraction techniques from whole blood samples: a time, cost and
quality evaluation study. Mol Biol Rep. 2012;39(5):5961-6. doi: 10.1007/
$11033-011-1408-8, PMID 22228086.

Santos EM, Paula JF, Motta PM, Heinemann MB, Leite RC, Haddad JP,
et al. Comparison of three methods of DNA extraction from peripheral
blood mononuclear cells and lung fragments of equines. Genet Mol Res.
2010;9(3):1591-8. doi: 10.4238/vol9-3gmr818, PMID 20730710.

Troutman T, Prasauckas KA, Kennedy MA, Stevens J, Davies MG, Dadd AT.
How to properly use and maintain laboratory equipment. Molecular biology
problem solver. Vol. 2. New York: John Wiley and Sons, Inc; 2002;49-111.
Huberman JA. Importance of measuring nucleic acid absorbance at 240
nm as well as at 260 and 280 nm. BioTechniques. 1995;18(4):636. PMID
7598897.

Asian Journal of Biological and Life Sciences, Vol 12, Issue 1, Jan-Apr, 2023



22.

23.

24.

25.

Dogra, et al.: Rapid DNA extraction protocol of Human whole blood

Pusch C. A simple and fast procedure for high quality DNA isolation from
gels using laundry detergent and inverted columns. Electrophoresis.
1997;18(7):1103-4. doi: 10.1002/elps.1150180713, PMID 9237563.

Tan SC, Yiap BC. DNA, RNA, and protein extraction: the past and the
present. J Biomed Biotechnol. 2009:574398. doi: 10.1155/2009/574398,
PMID 20011662 [published correction appears in J Biomed Biotechnol.
2013;2013:628968].

Ciulla TA, Sklar RM, Hauser SL. A simple method for DNA purification from
peripheral blood. Anal Biochem. 1988;174(2):485-8. doi: 10.1016/0003-
2697(88)90047-4.

Yee W, Kumar JN, Muthusamy PD. Inclusion of 2-mercaptoethanol in lysis
buffer could interfere with isolation of high molecular weight DNA from

26.

27.

28.

freshwater microalgae. Indian J Microbiol. 2018;58(1):109-13. doi: 10.1007/
$12088-017-0698-5, PMID 29434405.

Koley D, Bard AJ. Triton X-100 concentration effects on membrane
permeability of a single HelLa cell by Scanning Electrochemical Microscopy
(SECM). Proc Natl Acad Sci U S A. 2010;107(39):16783-7. doi: 10.1073/
pnas.1011614107, PMID 20837548.

Thomas JC, Khoury R, Neeley CK, Akroush AM, Davies EC. A fast CTAB
method of human DNA isolation for polymerase chain reaction applications.
Biochem Educ. 1997;25(4):233-5. doi: 10.1016/S0307-4412(97)00122-2.
Ness JV, Cimler BM, Rich B, Meyer J, Vermeulen NMJ, and. Inventors; 1995.
Nontoxiccompositions and methods useful for the extraction of nucleic acids.
US patent US. p. 5393672.

Cite this article: Dogra AK, Prakash A, Gupta S, Gupta M. An Effective and Rapid Method of DNA Extraction Protocol from

Samples of Human Blood. Asian J Biol Life Sci. 2023;12(1):187-91.

Asian Journal of Biological and Life Sciences, Vol 12, Issue 1, Jan-Apr, 2023

191



