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COMPARATIVE ANALYSIS OF TOTAL RNA ISOLATION PROCEDURES
FROM SMALL ADIPOSE TISSUE SAMPLES IN SHEEP
ANALIZA COMPARATIVA A PROCEDURILOR DE IZOLARE A ARN-ULUI TOTAL
DIN PROBE MICI DE TESUT ADIPOS LA OVINE

Claudia-Terezia SOCOL""”, C.G. SONEA?,
Cristina MAERESCU", F.L. CRISTE?"

ABSTRACT | REZUMAT

RNA extraction is crucial for molecular experi-
ments, which require significant amounts of high-qua-
lity RNA. RNA isolation from adipose tissue can be
challenging, being more problematic than from other
tissues, due to the high lipid content. This study aims
to compare the efficacy of three total RNA extraction
procedures from Tsurcana sheep small adipose tissue
samples, specifically of two commercially available
kits and a Trizol based method. RNA quality and quan-
tity were determined by spectrophotometric means.
RNA extractions assessed in this study showed diffe-
rences in total RNA quantity and quality, that should
be considered when selecting the methods to be used
for isolating RNA for molecular analyses in animal
studies. Both kits-based methods showed high purity
values of 1.9, meanwhile, the Trizol based method
yielded the highest RNA quantity (718 ng/ul), but
lower purity values (1.59). Our data indicate good re-
sults by using the RNAgents Total RNA Isolation Sys-
tem Kit yielding the satisfactory amount of high-quali-
ty RNA (157 ng/ul, 1.94), as a primary step for further
downstream molecular studies still requiring to eluci-
date candidate gene profiles or mechanisms potentia-
Ily related to adipose tissue development, production
traits, and quality.

Keywords: total RNA extraction, RNA quantity,
RNA purity, adipose tissue, sheep

Extractia ARN-ului este foarte importanta pentru
experimentele moleculare, care necesita cantitati sem-
nificative de ARN de inalta calitate. Izolarea ARN-ului
din tesutul adipos poate fi o provocare in acest sens,
fiind mai problematica decat din alte tesuturi, datorita
continutului ridicat de lipide. Acest studiu vizeaza com-
pararea eficacitatii a trei proceduri de extractie a ARN-
ului total din probe mici de tesut adipos provenit de la oi
din rasa Turcana, respectiv a doud kituri comerciale si a
unei metode de extractie pe baza de Trizol. Calitatea si
cantitatea ARN-ului au fost determinate prin metode
spectrofotometrice. Metodele de extractie ARN analiza-
te In acest studiu au prezentat diferente in ceea ce pri-
veste cantitatea si calitatea ARN-ului total, diferente de
care ar trebui sa se tina cont la alegerea metodelor de
izolare a ARN-ului utilizat pentru diferite analize mole-
culare in cercetarile efectuate pe animale. Ambele me-
tode bazate pe kituri au prezentat valori ridicate ale pu-
ritatii, de 1,9, in timp ce metoda pe baza de Trizol a con-
dus la obtinerea celei mai mari cantitati de ARN (718
ng/ul), insa cu valori mai mici ale puritatii (1,59). Datele
noastre indica rezultate bune pentru utilizarea kitului
RNAgents Total RNA Isolation System Kit, conducénd la
obtinerea unei cantitati satisfacatoare de ARN de inalta
calitate (157 ng/ul, 1,94), ca etapa primara pentru ulte-
rioare studii moleculare, in vederea elucidarii profilelor
genelor candidate sau a mecanismelor potentiale cu pri-
vire la dezvoltarea tesutului adipos, caractere de pro-
ductie si de calitate.

Cuvinte cheie: extractia ARN total, cantitatea ARN,
puritatea ARN, tesut adipos, oaie

RNA-based technologies development and use re-
quire high quantities and quality of RNA, generally be-
ing the primary factors considered, when determining
whether an RNA sample is acceptable for molecular
biology analysis (25). The structural features and the
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composition of different animal tissues are responsible
for significant differences in the isolated RNA quality
and quantity (10, 11, 26), the source of RNA having
the ability to affect the quantity and quality of the final
product (18). Adipose tissue is an active metabolic and
endocrine organ (12, 16, 19), producing a wide spec-
trum of hormones and factors that play crucial roles in
regulating cell turnover and function (8). Due to the
high content in triglycerides, RNA isolation from adi-
pose tissue turns to be more problematic than from o-
ther tissues (2, 10, 26, 30). Moreover, the characte-
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ristics of specific adipose tissue depots depend on ani-
mal species and breeds (9). Therefore, RNA isolation
from adipose tissue could be challenging when high-
quality RNA is required for downstream experiments
(6, 20). RNA is thermodynamically a stable molecule,
rapidly digested in presence of RNase enzymes so that
molecule degradation and injury potentially interfere
with downstream experiments (24), requiring an ade-
quate solution for stocking the samples of adipose tis-
sue. The integrity and type of the RNA can vary, de-
pending on the sampling method (3). Adequate rea-
gents are able to stop the action of the RNases and
protect the adipose tissue against their destructive
action. Furthermore, a free ribonuclease environment
has to be ensured (18). Moreover, the decrease of the
stress factor during the biologic material sampling has
to be considered. Complex transcriptome profiles in
fat tissues have been proven, further studies are still
required to investigate the roles of the candidate
genes involved in fat deposition and meat quality (4,
13, 22, 28). Also, the difference of how strongly adi-
pose and muscle tissues are linked to meat quality is
still unknown (29). Among Romanian sheep breeds,
Tsurcana satisfies the needs of small, non-professio-
nal holders, who own some 60-70% of all sheep (7),
showing valuable adaptive, resistance, and production
traits, showing potential to stimulate the interest in
analysing the expression of specific genes associated
with fat deposition. Moreover, such molecular studies
are still needed and especially in this breed, which has
not been yet enough studied at the molecular level.

The high lipid content of the ovine subcutaneous
adipose tissue can make difficult RNA extraction.
Moreover, the characteristics of specific adipose tissue
depots depend on animal species and breeds (9, 17).
The identification of the best suitable RNA isolation
method from adipose tissue is required for achieving
an adequate RNA quality and quantity; that can play a
crucial role in the success of further experiments (14,
17, 21). Kits are generally ensuring sufficient RNA
amounts for most downstream applications but diffe-
rences in RNA quality could interfere in the ability to
yield RNA acceptable for some applications (25). Such
differences should be considered when selecting the
methods to be used for isolating RNA designated for
downstream analyses. For such purpose, three diffe-
rent RNA isolation procedures were assessed for ex-
tracting total RNA from sheep adipose tissue. The ob-
tained results are directly applicable in further RNA-
based molecular studies in animal science.

MATERIALS AND METHODS
Experimental design and sampling

RNA isolation was performed using three proce-
dures: SV Total RNA Isolation System (Promega) Kit,

RNAgents Total RNA Isolation System (Promega) kit,
and the Trizol based extraction method. RNA extrac-
tions using kits were performed based on the manu-
facturer instructions meanwhile, extractions using Tri-
zol were carried out based on modified previously de-
scribed protocol (5). A total of 30 samples were ran-
domly assigned for RNA isolation by each of the kits so
that 10 samples of each tissue sample were extracted
by each kit. Following the RNA extraction procedures,
the quantity and quality of RNA in each sample were
assessed. All materials and surgical instruments used
for sampling and RNA isolation were sterile or washed
using bi-distilled water and autoclaved (120°C, 20 mi-
nutes, RAYPA Stericlav SAES75). All the work sur-
faces were washed with the RNase Zap solution (Sig-
ma-Aldrich) to ensure a ribonuclease-free environ-
ment. Subcutaneous adipose tissue was excised from
mature sheep (Tsurcana breed) from the tail body re-
gion, according to the veterinary medical procedures
for sampling. All samples were submerged imme-
diately in a small RNA Later solution (Sigma-Aldrich)
volume, for storage and to stabilize and protect ce-
llular RNA. Samples were stored at —80°C until RNA
isolation. All kits solution were prepared according to
the manufacturer's guidelines. For each RNA extrac-
tion, 20 mg of tissue were homogenized in the lysis bu-
ffer using an Ultraturax IKA T8.0.

Reagents and materials

SV Total RNA Isolation System (Promega): RNA
Lysis Buffer (4M guanidine-isothiocyanate, 0.01M Tris
pH 7,5, 0.97% B-mercaptoethanol), RNA Dilution Bu-
ffer, B-mercaptoethanol 48.7%, DN-ase I, MgCl, 0.09
M, Yellow Core Buffer (0.0225 M Tris pH 7.5, 125 M
NaCl, 0.0025% yellow dye), DNase Stop Solution (2M
guanidine-isothiocyanate, 4 mM TrisHCI pH 7.5, 57%
ethanol), DNase incubation mix, RNA Wash Solution
(60 mM potassium acetate, 10 mM TrisHCI pH 7.5,
60% ethanol), nuclease free water, Spin Assemblies
(spin columns for purification and collection micro-
tubes), ethanol 95%. RNAgents Total RNA Isolation
System (Promega): RNA denaturation solution (26
mM sodium citrate pH 4.0, 0.5% N-lauryl sarcosine,
0.125 M B-mercaptoethanol, 4 M guanidine thiocya-
nate), sodium acetate 2M pH 4.0, phenol: chloroform:
isoamyl alcohol solution 99:24:1 pH 4.7, isopropanol,
nuclease free water, ethanol 75%.

Trizol method: Trizol reagent, chloroform, isopro-
panol (Sigma-Aldrich).

RNA extraction using

SV Total RNA Isolation System (Promega)

The tissue sample was first homogenized in 250 pl
RNA lysis buffer, so easy pipetting of cell lysate was
possible. 350 pyl RNA dilution buffer was added, fol-
lowed by incubation for 3 minutes at 70°C using a wa-
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ter bath. Centrifugation at 14000 x g for 10 minutes
allowed proteins and cell detritus precipitation.
Purification was carried out through spin centrifuga-
tion. The supernatant mixed with 200 pl ethanol 95%
was homogenized by pipetting and transferred into
the Spin Assemblies and centrifuged 14000 x g for 1
minute, enabling RNA attachment to the microcolumn
membrane. 50 pl of DNase incubation mix were added
to the membrane of the microcolumn and incubated
for 15 minutes at room temperature. 200 pyl DNase
stop solution was added, followed by another centrifu-
gation step 14000xg for 1 minute.Three washing steps
using 600ul RNA wash solution and centrifugation
14000 x g for 1 min., respective 2 minutes was carried
out. RNA was diluted in 100 ul nuclease-free water.

RNA extraction using RNAgents

Total RNA Isolation System (Promega)

Tissue samples were mixed with 600 pl RNA dena-
turation solution, followed by incubation on ice for 5
minutes and homogenization step. 60 pl sodium ace-
tate 2M and 600 pl phenol: chloroform: isoamyl alco-
hol solutions were added and strong shacked for 10
seconds. After a 15 minutes incubation on ice, centri-
fugation for 20 minutes at 10000 x g 4°C was per-
formed, enabling the organic and aqueous phases se-
paration. RNA precipitation was made twice, using an
equal volume of isopropanol and aqueous phase re-
covered. After a prior homogenization, an incubation -
20°C for 30 minutes, centrifugation of 10000 x g for 15
minutes at 4°C was applied. Two RNA washes were
made using 1 ml ethanol 75% solution and suspended
in 100 pl nuclease-free water, and also for ethanol
removal samples were incubated at 37°C.

RNA extraction using the Trizol method

Tissue samples were mixed with 0,5 ml Trizol solu-
tion (Sigma-Aldrich) prior homogenized. To remove the
insoluble material, the supernatant was transferred to
another Eppendorf tube and additional centrifugation of
12000 x g for 10 minutes at 4°C was performed. The
supernatant was transferred to another Eppendorf tube
and incubated for 5 minutes at room temperature. After
200 pl chloroform (Sigma-Aldrich) addition, the mixture
was vortexed, incubated 3 minutes at room tempera-
ture, and centrifuged 12000 x g for 15 minutes at 4°C,
leading to three phases of separation. The aqueous
phase containing the RNA was isolated in an Eppendorf
tube. Two times 500 pl isopropanol (Sigma-Aldrich) was
added, followed by vortexing, incubation for 10 minutes
at room temperature, and centrifugation 12000 x g for
15 minutes at 4°C. The RNA pellet was diluted in 100 pl
nuclease-free water.

RNA quantification
RNA quantity and quality were determined by spec-

tral photometry. Nanodrop UV VIS ND-1000 was used
at OD260 for calculation of the concentration and 260/
280 ratios. Sample data measurements were collected
using the specific software on a computer, being further
analysed in comparison to the RNA extraction methods
assessed. Protein bands were also analysed based on
electrophoresis gels.

RESULTS AND DISCUSSIONS

Regardless of the method assessed, the average
amount of total RNA recovered from Tsurcana small
adipose tissue samples showed sufficient amount for
most downstream molecular applications, but with
some differences regarding the RNA yield and purity.
SV Total RNA Isolation System for the total RNA isola-
tion from subcutaneous tissue yielded relatively low a-
mounts of total RNA of 10 ng/ul, but its purity showed
high values, being around 1.91. RNA isolation using SV
Total RNA Isolation System (Promega) kit relied on four
essential steps: disruption of cell membranes, denatu-
ration of nucleoprotein complexes, inactivation of endo-
gen ribonucleases, and removal of contaminants (DNA
and proteins). The DNase sample treatment, during pu-
rification, allowed substantial reduction of the contami-
nation with genomic DNA that can interfere in further
PCR amplification of specific genes.

RNAgents Total RNA Isolation System Kit yielded to
satisfying RNA concentration values of 157 ng/ul in ave-
rage and also its purity showed high values (1.94). The
inconvenience of the vacuum desiccator's lack, device
missing in the lab, for now, was overtaken by the tube
incubation at 37°C, which led to the right removal of the
ethanol out of the sample, a fact that is important in the
previous phase of the RNA suspension.

The total RNA isolation method using RNAgents Total
RNA Isolation System (Promega) shows the advantage
of determining a satisfactory quantity and quality of the
extracted RNA. By using organic solvents for RNA iso-
lation, the RNA precipitation process is eliminated.

Using total RNA isolation with Trizol reagent from
subcutaneous adipose tissue ensured a significant in-
crease in the concentration of total RNA (718 ng/ul ave-
rage value of concentration), albeit the purity of the
sample was lower if compared with RNA samples ob-
tained with the other methods assessed in this study (1.
59). Isolation of total RNA using the Trizol method con-
sisted of homogenization of the adipose tissue sample,
purification of total RNA using liquid-liquid extraction
with organic solvents (Trizol and chloroform), and preci-
pitation of RNA with isopropanol. In the case of total
RNA isolation with Trizol, chloroform, and isopropanol,
the simplicity of the method must be pointed out, the
high RNA yield also, but lower values of purity were re-
gistered. The lower values achieved indicate the pre-
sence of proteins, remains of solvents (i.e., phenol/chlo-
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roform) or salts in the RNA solution. The use of this ex-
traction method might need a further purification step to
remove contaminants, such as traces of organic solvents
that can interfere with cDNA synthesis,being well known
that all phenol-based methods are showing remaining
impurities, which could compromise downstream appli-
cations (2, 6, 26).

Fig. 1. Comparison of total RNA concentrations
achieved using the three RNA isolation procedures
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Fig. 2. Comparison of total RNA purity achieved
using the three RNA isolation procedures

RNA quantification using the three methods proves
that each method is suitable for isolating a qualitative
total RNA (Fig. 1 and 2) being in line with statements
that in general kits provide sufficient RNA amounts with
some differences in RNA quality that could interfere in
the ability to yield RNA acceptable for some applications
(25). Also, the use of the Nanodrop UV VIS ND 1000
device allowed the quantification of the genetic material
in a 1pl volume that is justified both financially and
temporal. RNA quantity and quality assessment
throughout spectral photometry measurements at
A260/A280 ratio showing values greater than 1.8 are
usually considered an acceptable indicator of good qua-
lity RNA with a low level of protein contamination for
molecular analysis (1, 2, 15, 23, 31).

RNA samples showing the highest purity values

were isolated by using RNAgents Total RNA Isolation
System isolation Kit and SV Total RNA Isolation System
(values ranging between the limits of 1.8-2.0). The RNA
isolation method based on Trizol yielded higher RNA
amounts (718 ng/ul) with lower purity values (1.59).
Balancing the obtained results from the isolated RNA
quantity and quality point of view, using the above three
methods, we find RNAgents Total RNA Isolation System
Kit more suitable for RNA isolation from small adipose
tissue samples, because it yielded higher amounts of
RNA (157 ng/ul) of high purity (1.9), that allows its use
in further experiments. Comparative analyses of the re-
sults obtained indicate that RNA extraction methods
assessed in this study are all suitable for isolating total
RNA from small adipose tissue samples, some differen-
ces among quantity and quality being referred. Both,
RNAgents Total RNA Isolation System (Promega) and
SV Total RNA Isolation System (Promega) seem to be
similar in their ability to extract relatively sufficient
quantities of high RNA purity, the Trizol based method
yielding to the highest RNA amount, but showing lower
purity values. Therefore, the practical differences be-
tween the RNA isolation kits assessed should be consi-
dered when selecting the extraction methods for extrac-
ting RNA designated for downstream molecular experi-
ments especially associated with adiposity (17, 21, 27).

CONCLUSIONS

RNA isolation procedures from Tsurcana small adi-
pose tissue assessed in this work could be useful for fur-
ther molecular downstream studies related to this Ro-
manian breed, which could be of interest for adiposity
associated studies, but also for its adaptive and resis-
tance traits. Our data indicate good results for using the
RNAgents Total RNA Isolation System Kit (Promega) for
total RNA isolation from small adipose tissue samples.
The suitability for further molecular studies still requi-
ring investigations, such as those related to gene pro-
files or mechanisms potentially related to adiposity, pro-
duction traits, and quality.
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