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Abstract
Objectives: Conventional isolation of epidermis
from the dermis and disruption of epidermal sheets
to liberate the cells, are performed using proteolytic
enzymes such as thermolysin or collagenase. Selec-
tive population expansion of melanocytes is
achieved by suppressing proliferation of keratino-
cytes and fibroblasts in epidermal cell suspensions,
using phorbol esters and cholera toxin. Here, we
introduce a new procedure for isolation of epider-
mal cells, using proteolytic activity of kiwi fruit
actinidin, and also an improved growth medium for
melanocytes in the presence of leukaemia inhibi-
tory factor (LIF) and forskolin.
Materials and methods: Dermo-epidermal separa-
tion and epidermal sheet cell dispersion were per-
formed using actinidin compared to conventional
proteases including collagenase, thermolysin or
trypsin. Thereafter, melanocyte culture was per-
formed in two common media and one modified
medium to discover optimization for these cells.
Results: We found that dermo-epidermal separation
and epidermal sheet cell dispersion using kiwi fruit
actinidin were considerably better than previously
used methods, both from the aspect of less fibro-
blast and keratinocyte contamination, and of more
viable native cells. Also, melanocytes proliferated
better in phorbol ester- and cholera toxin-free
proliferation medium supplemented with LIF and
forskolin.

Conclusion: Less contamination and higher num-
bers of viable cells were actinidin preferential for
separation of epidermis and isolation of epidermal
cells. Supplementation of LIF and forskolin to new
medium increased proliferation potential of melano-
cytes in comparison to exogenous mitogens.

Introduction

Melanocytes are relatively large, clear, dendritic and
pigment-producing differentiated cells that develop from
embryonic neural crest progenitors. They share certain
traits with other neural crest derived cells, such as those
found in the adrenal medulla and peripheral nervous
system (1). Neural crest cells migrate along lateral path-
ways at an outer periphery between epidermal ectoderm
and dermatomyotome of the embryo. Of the neural crest
progenitors, a proportion are are committed to differenti-
ate into melanocytes (2,3). Melanoblasts, the lineage-
restricted precursors, enter the epidermis through the
dermis, from there they migrate and secondarily invade
epidermis to colonize and differentiate into new melano-
cytes (4).These cells are important to the human body as
they provide protection from sunlight, but also are
involved in many abnormalities and diseases such as
malignant melanoma and vitiligo. They also generate
distinct pigment patterns in different species of verte-
brates, which play important ecological roles (5). In the
basal layer of the epidermis, each melanocyte, via its
dendritic arms, is in contact with approximately 36 sur-
rounding keratinocytes (6). Melanocytes, after produc-
tion of melanin and transfer of these granules to
neighbouring keratinocytes, give rise to a special struc-
ture for skin protection, called the epidermal melanin
unit (7). Because of the important role of these cells,
isolation and primary culture of melanocytes and
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optimization of their culture have been attempted since
1957 (8). Melanocytes in vitro are sought, as a tool for
studying normal processes of melanogenesis, as well as
of disorders of pigmentation and malignant melanoma.
Many techniques have been devised to isolate melano-
cytes (9,10) and the aim of this studies was to culture
melanocytes with the lowest, or no contamination, by
fibroblasts and keratinocytes. Selective population
expansion of melanocytes and having pure melanocyte
cultures were initially achieved by using specific mito-
gens to enhance melanocyte proliferation and to sup-
press keratinocyte and fibroblast proliferation in
epidermal cell suspensions. This was achieved using
tumour promoter 12-O-tetradecanoyl phorbol-13-acetate
(TPA) or its derivates, as well as with intracellular cyc-
lic adenosine 3′,5′ monophosphate (cAMP) enhancer
such as cholera toxin (11). As the mitogens alter physio-
logical responses of the melanocyte, attempts have been
made to define culturing techniques in the absence of
these mitogens (12–14). Also, it is known that phorbol
esters are metabolically stable and have prolonged
effects on multiple cell responses (9). In the present
study, growth factors were used, that melanocytes nor-
mally take naturally from their neighbouring cells. Also,
actinidin was used instead of common enzymes such as
collagenase, thermolysin or trypsin for dermo-epidermal
separation and epidermal sheet cell dispersion. Actinidin
(EC 3.4.22.14) is a cysteine (thiol) protease, first charac-
terized by Arcus (15) and is the major protein in most
Actinidia fruits (16); it is well known as a good meat-
tenderizing enzyme (17). However, there are few studies
on collagenolytic activity of this protease (18,19) and
furthermore, it has been used previously, successfully
for isolation and culture of three different cell types, by
our group (19). In the study described here, after dermo-
epidermal separation and epidermal cell dispersion, we
used three different media to be able to optimize condi-
tions for culture of melanocytes.

Materials and methods

Ethical statement

Protocols used here conform to the National Health and
Medical Research Council of the Iranian Ministry of
Health and Medical Education, and guidelines for the
use of human tissue, and were approved by the Kerman-
shah University Medical Ethics Committee.

Tissue sources

Human foreskin specimens were obtained from neo-
nates undergoing circumcision in Hazrat e Maesoumeh

hospital. Fifteen foreskin specimens were used, 5 for
each culture medium. Fresh tissue samples were
immersed in Hanks balanced salt solution (HBSS) with-
out Ca2+ or Mg2+, were supplemented with penicillin
(100 U/ml), streptomycin (100 lg/ml), gentamicin
(100 lg/ml) and amphotrycin B (0.25 lg/ml) and kept
at 4 °C until processing. Time interval between sample
collection and processing averaged 4 h.

Tissue preparation

After soaking skin specimens in 70% ethanol for 1 min,
specimens were transferred to Petri dishes containing
HBSS to rinse off the ethanol. Excess fatty tissue and
blood were carefully removed and foreskins were cut
into pieces (approximately 5 9 5 mm2), using a surgical
scalpel blade. The pieces were transferred into tubes
containing epidermal isolation solution. In our study, we
used three main procedures for preparing epidermal iso-
lation solutions using actinidin, trypsin and thermolysin.

Dermo-epidermal separation and epidermal cell
dispersion using proteolytic enzymes

Actinidin was extracted and purified using a method we
have described previously (19). To discover best con-
centration of actinidin, we used 0.25–10 mg/ml over a
time course from 6 to 24 h, for dermo-epidermal separa-
tion at 4 °C, and 2–10 mg/ml over a time course from
15 min to 2 h, for epidermal cell dispersion. In both
mentioned steps, actinidin was used together with 0.25%
EDTA. All of these experiments were performed in
comparison to common methods using trypsin and
thermolysin, that have been described and used previ-
ously (9,10). After separation of epidermis from the
dermis, epidermal sheets were immersed in 0.25% tryp-
sin-EDTA (15 min), collagenase H (30, 60 and 90 min),
actinidin (30, 60 and 90 min) and a mixture of actinidin
and trypsin (3:1) for 20 min at 37 °C. Following this
step, the epidermis was mechanically torn apart and vig-
orously washed to release epidermal cells.

Melanocyte growth medium preparation

Cell suspensions, which may contain remaining stratum
corneum, were filtered through an 80-lm cell strainer
mesh and resulting suspensions were centrifuged for
5 min at 800 g at room temperature. Cell pellets were
re-suspended in 1 ml growth medium and cultured in a
T25 cell-culture vessels at 5 9 105 cells/ml, for all
media, as described below.

Medium 1 contained PMA (Sigma, Saint Louis, Mis-
souri, USA, cat. no. p1585) a common phorbol ester
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used for melanocyte culture, and preparation and culture
were performed as per Eisinger’s method (9). Fresh cul-
ture medium was changed three times a week.

Medium 2 contained main growth factors for sur-
vival, proliferation and differentiation of melanoblasts
and melanocytes, MCDB153 (Sigma, cat. no. M7403),
recombinant human stem-cell factor (10 ng/ml) (rhSCF;
R&D systems, Minneapolis, MN, USA cat. no. 255-SC-
050), recombinant human endothelin-3 (100 nM) (rhET-
3, Sigma, cat. no. E9173), recombinant human basic
fibroblast growth factor (1.14 ng/ml) (rhbFGF;
Reliatech, Wolfenbüttel, Germany, cat. no. 300-003),
heat-inactivated foetal bovine serum (FBS), chelated
FBS, L-glutamine (2 mM), heparin (1 ng/ml) and cholera
toxin (20 pM) (Sigma, cat. No. C3021). This method
was originally proposed by Hsu et al. (11). Fresh cul-
ture medium was changed three times a week.

Medium 3 was new for melanocyte culture, based
on a modification of the Hsu et al. method (11).
We used LIF (10 ng/ml) (Sigma, cat. no. L5283) and
forskolin (100 nM) (Sigma, cat. No. F3917) instead of
cholera toxin. Fresh culture medium was changed three
times a week.

Measurement of cell viability

To measure cell viability, trypan blue (Gibco, Canada)
exclusion assay was used. Melanocytes from all culture
media were incubated, in triplicate, in 0.25% (w⁄v) try-
pan blue stain in phosphate-buffered saline (PBS). Total
cell number and number of trypan blue positive cells
were determined by counting at least 200 cells per sam-
ple, using a Neubauer lam. Cell viability (percentage)
was the ratio of trypan blue-impermeable cells to total
cell count.

Measurement of cell expansion/proliferation

Cell counts were performed in triplicate using a Neu-
bauer lam, after trypsinization of culture flasks, centrifu-
gation and re-suspension of cell pellets, in 1 ml buffer,
on days 1, 4, 7, 9, 12 and 14. Only viable cells – those
excluding trypan blue, were counted. On day 3 of all cul-
tures, used medium which contained floating and non-
adherent cells include but are not limited to keratinocytes
and fragments of stratum corneum was removed and a
volume of 4 ml of fresh medium was added instead.

Reverse transcription polymerase chain reaction
(RT-PCR)

Total RNA was extracted from 1 9 106 melanocytes
with 1 ml RNX TM (-Plus) reagent (Sinagen, Tehran,

Iran) following the manufacturer’s instructions. After
incubation at room temperature for 5 min, 200 ll ice
cold chloroform was added and cells were incubated for
5 min on ice; the mixture was then centrifuged at
12 000 g for 15 min. Aqueous phase was transferred to
new 1.5 ml tubes and 500 ll of isopropanol was added.
Te resultant mixture was incubated for 15 min on ice,
centrifuged at 12 000 g and pellets washed in 1 ml eth-
anol (75%). RNA pellets were dried at room temperature
for 30 min and resuspended in 50 ll RNase-free water.
Then extracted RNA was verified by electrophoresis in
1% agarose gel. Quantity and quality of RNA were
assayed by spectrophotometery at 260 and 280 nm.
cDNA was synthesized from total RNA in 20 ll final
volumes using oligo dt primers according to cDNA Syn-
thesis Kit (RT; Qiagen, Hilden, Germany). For all
cDNA synthesis, minus RT control was performed.
After reverse transcription, amplification was carried out
by PCR, primers used were as follows: F: 5′-
ctgtgccagcctgtgctac-3′ and R: 5′-caccaatgggacaagagcag-
3′ for Homo sapiens premelanosome protein (PMEL), F:
5′-gtctttatgcaatggaacgc-3′ and R: 5′-gctatcccagtaagtggact-
3′ for Tyrosinase and F: 5′-ttatagtaccttctctttgcc-3′ and R:
5′-gcttgctgtatgtggtacttg-3′ for Microphthalmia transcrip-
tion factor (MITF). PCR was carried out in 25 ll of
reaction. Following incubation at 94 °C for 3 min, 40
PCR cycles were performed; each PCR cycle consisted
of a denaturation step at 94 °C for 45 s, annealing step
for 45 s (at 58 °C for MITF and PMEL and 60 °C for
tyrosinase) and an extension step at 72 °C for 1 min.
The PCR reaction for GAPDH as internal control was
30 cycles.

Immunocytochemistry

Cells in 96-well plates were fixed in 4% paraformalde-
hyde for 15 min at room temperature then washed three
times in PBS. Cells were permeabilized using PBS con-
taining 1% Triton X-100 for 15 min (for two of the
three markers) and washed three times in PBS. Non-spe-
cific binding was blocked by 1-h treatment with 6% nor-
mal goat serum (Gibco) and 0.1% (w⁄v) BSA (Gibco),
then cells were incubated with primary antibodies at
4 °C overnight. Primary antibodies to MITF (M3621),
tyrosinase (M3623) and Human Melanoma Black
(HMB-45) (M0634) were bought from Dako (Glostrup,
Denmark). Cells were then washed three times in PBS,
and incubated with secondary antibody (goat anti-mouse
IgG conjugated to FITC) containing 3% normal goat
serum, for 1 h at room temperature. Then they were
washed five times in PBS and visualized against
controls using an optical immunofluoresence microscope
(TS100; Nikon, Tokyo, Japan) with appropriate
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fluorescence filters; images were captured using an
appropriate camera (ELWD 0.3 ⁄OD75; Nikon).

Statistical analysis

All analyses were performed using SPSS statistical soft-
ware 16.0 (Chicago, IL, USA) and data are presented as
mean � SD. Tukey’s test was used to determine statisti-
cal proliferation differences between groups. Data were
evaluated by one-way analysis of variance (ANOVA) to
assess effects of average percentage differences between
experimental groups. Results were considered significant
when P-values were <0.05. All experiments were per-
formed in triplicate unless otherwise noted.

Results

Dermo-epidermal separation

Isolation of epidermis from dermis was successful at
many concentrations and time courses, although best
results were obtained with 4 mg/ml of kiwi fruit actini-
din at 4 °C overnight compared to the conventional
procedure using thermolysin (0.4 mg/ml) for dermo-epi-
dermal separation (10). Epidermal sheets isolated by
actinidin were completely intact with no dermal contam-
ination (Fig. 1a) and thus, there was no need to further
separate epidermis from dermis using mechanical help.
In comparison, when skin samples were treated with
thermolysin (Fig. 1b) or trypsin, it was necessary to use
mechanical force to separate epidermis from dermis,
which caused dermal cell contamination. When skin tis-
sues were treated with actinidin, the epidermal sheets
had no contamination by fibroblasts, as the epidermis
was easily detached from the dermis. When epidermal
sheets were disintegrated in the next (second) step, treat-
ment of skin samples with actinidin yielded statistically
higher numbers of fresh cells.

In spite of successful epidermal disintegration in
trypsin solution, considerable numbers of fibroblasts as

well as keratinocytes was observed after separating epi-
dermal sheets, in comparison to the two other enzymatic
means; it was often needed to use geneticin for selective
elimination of fibroblasts after trypsin treatment (20).

Epidermal cell dispersion

Isolation of epidermal cells by actinidin at different con-
centrations and time courses showed that the best condi-
tions were for 90 min in 8 mg/ml of protease at 37 °C,
in a shaker incubator. In comparison, epidermal disinte-
gration by collagenase H at 2 mg/ml for 90 min at
37 °C (commonly recommended) had weaker results,
although isolation with trypsin-EDTA (2.5 mg/ml) for
15 min and 37 °C in the shaker incubator was com-
pletely successful. Isolated cells from the different meth-
ods are shown in Fig. 2 and as shown, best results were
achieved by mixture of actinidin (8 mg/ml) and trypsin-
EDTA (2.5 mg/ml), 3 and 1 ratio, respectively (Fig. 3).
Final concentrations of actinidin and trypsin in this mix-
ture were 6 and 0.62 mg/ml, respectively; thus, a mix-
ture of actinidin and trypsin was used for perfect
isolation of epidermal cells. Results of viability testing
indicated that mixture of the two proteases provided best
results with respect to isolated cell number and viability
(Fig. 4).

Melanocyte culture

As mentioned above, dermo-epidermal separation, 4 mg/
ml actinidin overnight, prior to epidermal digestion with
the mixture of actinidin and trypsin-EDTA, proved most
reliable in isolating melanocytes from the skin samples,
with high cell yield and viability. This method was used
for isolation of epidermal sheets and cells, for all culture
media. The three different media for culture of melano-
cytes were the following: medium 1 (containing phorbol
ester and cholera toxin), medium 2 (containing cholera
toxin only) and medium 3 (without phorbol ester and
cholera toxin). Melanocytes grown in all three media (1,

(a) (b)

Figure 1. Separation of epidermis from
dermis using kiwifruit actinidin. 4 mg/ml
(a); epidermal sheets, isolated by actinidin are
completely intact with no dermal fibroblast
contamination. Separation of epidermis from
dermis using thermolysin 0.4 mg/ml. (b);
Separation of epidermis from dermis by ther-
molysin needs extra mechanical forces by for-
ceps, which causes more dermal cell
contamination.
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2 and 3), in triplicate, were counted to allow calculation
of mean values. Figure 5 shows averages from triplicate
experiments for up to 2 weeks of culture.

Results show that melanocytes in medium 3 were
more confluent and healthier with higher proliferation
rates compared to those of media 1 and 2. Confluence
of cells in pure melanocyte in medium 3 (Fig. 6c) after
2 weeks was in the order of 80%, whereas confluence
of cells in media 1 and 2 were 40% and 75% after 3
and 2 weeks, respectively (Fig. 6a and 6b).

Cell identification

Melanocytes from all cultured media were identified by
immunocytochemistry, for the three most specific
markers, HMB-45, tyrosinase and MITF (Fig. 7a–c).

RT-PCR was also performed for PMEL, tyrosinase and
MITF (Fig. 7d).

Discussion

Human epidermal melanocytes comprise an important
integumentary cell population, protecting the skin from
damage by solar irradiation, are responsible for produc-
tion of the epidermal melanin unit. The first practical
method for culture of human melanocytes was proposed
by Eisinger and Marko (9). They found that in the cul-
ture medium, TPA (12-O-tetradecanoyl-phorbol-13-
acetate) and cholera toxin were effective additives to
serum. These two substances are clearly not natural mit-
ogens for melanocytes, yet induce population expansion

(a) (b)

(c) (d)

Figure 2. Disintegration of epidermal
sheets to liberate epidermal cells using dif-
ferent enzymes. Trypsin-EDTA (a), provided
the high yield of isolated cells, but also high
numbers of dead cells; kiwi fruit actinidin (b),
which is weaker than trypsin in disintegration
of epidermal sheets, but stronger than collage-
nase-H, Collagenase-H (c), the weakest of
these enzymes in cell isolation from epider-
mal sheets, and a mixture of actinidin and
trypsin (d), which provided the highest yield
of isolated cells like trypsine-EDTA, but with
lower numbers of dead cells.
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Figure 3. Cell numbers isolated from similar epidermal sheets
using different proteolytic enzymes (* is significant when P < 0.05).
As results show, best were achieved by mixture of actinidin (8 mg/ml)
and trypsin-EDTA (2.5 mg/ml) with 3:1 ratio.
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Figure 4. Analysis of cell viability by trypan blue exclusion testing
of isolated epidermal cells by proteolytic enzymes. Percentage of
dead cells � standard error of the mean is presented in the histogram
(* is significant when P < 0.05). Results of viability testing indicated
that mixture of actinidin and trypsin was more convenient for isolation
of cells from epidermal sheets due to low numbers of dead cells
besides high number of isolated cells.

© 2013 Blackwell Publishing Ltd Cell Proliferation, 46, 348–355

352 R. Yarani et al.



of slow-growing, melanocytes, into cells that proliferate
at rates similar to those of their malignant counterparts
(21). Because elimination of these two exogenous fac-
tors is important for achieving more native melanocytes,
some researchers have tried to eliminate one (11) or
both of them (22) in their culture medium.

In the initial step of the present study, actinidin, a cys-
teine protease with collagenolytic activity (19), was used
for dermo-epidermal separation and also epidermal sheet
disaggregation, instead of conventional proteolytic
enzymes, to achieve higher numbers of viable melano-
cytes. In conventional methods for skin cell isolation
(9,23), some fibroblasts may also become isolated. How-
ever, our results indicated that using actinidin for dermo-
epidermal separation and a combination of actinidin and
trypsin for epidermal cell dispersion, provides better
results than the other tested methods, in respect of cell

yield and contamination of other cell types. Actinidin is
more specific than other proteases for digestion of types I
and II collagen (19), thus we found this enzyme to be a
suitable candidate for dermo-epidermal separation.

In addition, our results showed that a mixture of
actinidin and trypsin was superior for epidermal sheet
disintegration compared to the other procedures. Trypsin
is a serine protease with broad-spectrum substrates, but
potentially damages cells if conditions of tissue disinte-
gration are not controlled precisely (24). Trypsin is used
as a cell surface protein cleavage agent (25), and changes
cell surface properties (26), thus, it is not an aproppriate
protease for isolation of intact and viable cells from tis-
sues. Although Eisinger’s method is capable of producing
significant numbers of neonatal melanocytes, only a few
of our tissue specimens using this procedure yielded suc-
cessful heterogenous primary cultures. The cultures had a
great deal of fibroblast contamination together with kerat-
inocytes that needed treatment by geneticin (20) plus
selective trypsinization. Actinidin, the most abundant
protein of kiwi fruit, can be purified using a fast and
simple method. Furthermore, it incurs no microbial risk –
actinidin is a mild plant protease increasingly it is used
for isolation of cells from tissues (19).

Finally, three culture media were compared for main-
tenance and culture of melanocytes after their isolation.
Melanocytes have close physical association to keratino-
cytes in vivo, and interact with keratinocytes when cul-
tured together in vitro (27–29). Keratinocytes, however,
are able to support proliferation and differentiation of
melanocytes in culture (30,31) and, together with fibro-
blasts, produce various growth factors, including bFGF,
endothelins, SCF and LIF, which are essential for normal
melanocyte proliferation and differentiation (32,33). TPA
or other non-physiological mitogens substitute for kerati-
nocyte-derived factors partially and support long-term
culture of human melanocytes. However, the mitogens
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Figure 5. Analysis of melanocyte proliferation in three different
media over a 14-day period: medium 1 (containing phorbol ester and
cholera toxin), medium 2 (containing cholera toxin alone) and medium
3 (without phorbol ester and cholera toxin). As the result for cell pro-
liferation indicates, medium 3 provided better results than the other
two media. Results are average � standard error of the mean of three
independent experiments.

(a) (b) (c)

Figure 6. Human melanocytes in three different culture media. Melanocyte confluence in medium 1 (a), medium 2 (b) and medium 3 (c) after
14 days. Results show that melanocytes in medium 3 were more confluent and morphologically healthier, with higher proliferation rates than in
media 1 and 2.
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affect melanocyte behaviour, reduce numbers of melano-
somes and inhibit terminal differentiation (22,34–36).
Due to all these limitations, it is better to use culture
medium which is free of these agents. While many other
teams have used different combinations of factors for this
purpose (11), SCF, bFGF, ET-3, heparin, FCS, chelated
FCS, L-glutamine and MCDB-153 were used together
with LIF and forskolin instead of phorbol esters and
cholera toxin in the study reported here. LIF, a 20 kDa
protein with 180 amino acid residues, is a multifunctional
glycoprotein involved in regulating functions of various
types of cells and tissues. LIF has been reported to stimu-
late proliferation and differentiation of various types of
mammalian cells (37) and also differentiation of neonatal
mouse epidermal melanocytes, in culture (38). Forskolin
is a known a-melanocyte-stimulating hormone (a-MSH)
agonist, a cAMP enhancer, and induces melanogenesis
by activating MITF (39); also, it has been shown that
forskolin can induce MITF (40). Thus, here we used fors-
kolin instead of cholera toxin that is a cAMP enhancer.
Although melanocyte microenvironments in media 1 and
2 were not as in vivo (bearing in mind presence of other
skin cells there, and their secretions), simulation of in
vivo conditions for isolated melanocytes was tried by
adding common growth factors to compensate for
absence of keratinocytes/fibroblast growth factors.
Results show that LIF and forskolin in the presence of

SCF, ET-3 and bFGF stimulated proliferation of melano-
cytes successfully. Thus, it is suggested that LIF, one of
the keratinocyte-derived factors which is involved in reg-
ulating proliferation and differentiation of neonatal
mouse epidermal melanoblasts and melanocytes in cul-
ture (38), in co-operation with forskolin, a cAMP eleva-
tor, provided the best results for melanocyte culture
compared to the other tested methods, which use exoge-
nous mitogens.

In conclusion, less contamination and higher num-
bers of viable cells in comparison to other common
methods and enzymes, indicated actinidin to be prefer-
ential for separation of epidermis from dermis and isola-
tion of epidermal cells. Supplementation of LIF and
forskolin, as two main natural growth factors, to new
medium, instead of exogenous mitogens, increased pro-
liferation of melanocytes more conveniently in compari-
son to common media, which contain mitogens.
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(a) (b)

(c) (d)
Figure 7. Immunofluorescence staining
and reverse transcription–polymerase
chain reaction analysis of human melano-
cytes. Immunofluorescence staining for
HMB-45 (a), tyrosinase (b) and MITF (c).
Reverse transcription–polymerase chain reac-
tion analysis for expression of mRNAs for
PMEL, tyrosinase and MITF, and GAPDH as
internal control (d). Analysis of PCR products
showed single-band amplification products
with anticipated sizes, on 2% agarose gel.
Data shown for this gel are representative of
three independent experiments.
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