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RNase H was originally described
as an enzyme that specifically degrades
RNA in an RNA:DNA hybrid and is in-
active on ss- or dsRNAs and DNAs
alone (2). RNase H treatment is recom-
mended during cDNA preparation be-
cause the RNase H activity, originally
present in reverse transcriptases, has
been removed in some cloned en-
zymes. These modified enzymes yield
more cDNA, so they are now more rou-
tinely used in the preparation of cDNA.
It is believed that low copy number
transcripts may be more readily detect-
ed after RNase H treatment, but sys-
tematic studies demonstrating the ef-
fects of RNase H have not been
reported. We show that the template of
one gene of a multigene family be-
comes more readily available for PCR
amplification only after RNase H treat-
ment, while two other genes are not af-
fected by RNase H treatment.

We were studying the relative expres-
sion levels of three related Na+/Ca2+ ex-
changer genes NCX1, NCX2, and
NCX3. These three genes are about 65%
identical at the amino acid level (3) and
are all expressed in brain tissues. We
modified the quantitative end-labeled
RT-PCR technique (1) to determine the
relative proportion of these three genes.
In this study, we used PCR primers com-
plementary to conserved regions be-
tween these three genes. One of the
primers was end-labeled with 32P ATP.
After PCR, the products were run on a
sequencing gel, and the relative amount
of the various transcripts could be deter-
mined based on size because of natural-
ly occurring internal deletions that exist
between these three genes. The position
of the band indicates a specific gene (ei-
ther NCX1, NCX2, or NCX3), and the
band intensity reflects the amount of that
transcript present in the sample.

Forward primers were mixtures of
oligonucleotides identical to each of the
three genes. The forward primer mix-
ture contained two primers differing
only by a single base in the middle of
the sequence 5′-TGGAGC(A/G)TCT-
TTGCCTAT-3′. The reverse primer

mixture contained three individual
primers, one identical to each of the
three genes. These primers differed
near the middle of the oligonucleotides
by as much as three bases (NCX1 to the
other two genes) and as little as a single
base (between NCX2 and NCX3) when
compared to the corresponding gene se-
quences. The reverse primers used for
each gene were 5′-NCX1-CGGTAAA-
ATGCTCGGCTCTT-3′, 5′-NCX2-CG-
GTAGAAGGCACGGCTCTT-3′, and
5′-NCX3-CGGTAGAAAGCACGGC-
TCTT-3′. The forward primer mixture
was end-labeled with 32P (31 cpm/
pmol) before amplification with unla-
beled reverse primers.

cDNA was prepared from rat brain
using 1 µg RNA SUPERSCRIPT II
RNase H- reverse transcriptase (Invitro-
gen, Carlsbad, CA, USA) using random
hexamers according to the manufactur-
er’s instructions. After terminating
cDNA synthesis, 1 µL (2 U) RNase H
(Invitrogen) was added and incubated at
37°C for 20 min in samples treated with
RNase H. After addition of the cDNA,
the reactions were initiated by heating
at 94°C for 2 min and then using a pro-
tocol consisting of incubation at 40°C
for 1 min, 72°C for 1.5 min, followed
by 94°C for 1 min for 30 cycles. Sam-
ples were taken out of the tube during
the amplification process, and a small
amount of the sample (1.5 µL) was
loaded on a 5% sequencing gel. After
electrophoresis, the gel was dried and
exposed using the Storm phospho-
rimaging system (Amersham Bio-
sciences, Piscataway, NJ, USA) and
quantified (1).

To demonstrate that amplification is
representative of the template, we
added equal amounts of DNA repre-
senting these three genes. The band in-
tensity of labeled products agreed with
the relative proportion of template
added (Figure 1, lane 1). Additional ex-
periments varying the ratio of the dif-
ferent templates resulted in product ra-
tios consistent with starting template
ratios (data not shown). When we used
this technique to study the relative con-
tribution of transcripts for these three
NCX genes in adult rat whole brain,
NCX1 was predominant, levels of
NCX3 were less, and barely detectable
levels of NCX2 gene products were ob-
served (Figure 1, lane 2). This result

was surprising since others studying
the rat brain found NCX2 to be at mod-
erate levels. The cortex of the brain es-
pecially has been previously reported to
express elevated levels of the NCX2
gene product (4,5). When we used
cDNAs made from telencephalon RNA
(which contains the cortex), we noted a
dramatic difference in the intensity of
the band for the NCX2 gene transcripts
depending on whether the cDNAs had
been treated with RNase H or not (Fig-
ure 1, lanes 3 and 4). Before treatment
with RNase H, the band intensities for
the three genes were comparable to that
of whole brain. After RNase H treat-
ment, the relative contribution of
NCX2 increased dramatically. This re-
sult was quite surprising and suggested
that the NCX2 transcript was less ac-
cessible to PCR. The NCX2 gene con-
tains only 11% higher G+C ratio when
compared to NCX1 and NCX3. This
difference in G+C ratio for the whole
gene is accurately reflected in the re-
gions that were used for amplification.
The same characteristic of increased
amounts of NCX2 transcript after
RNase H treatment has been detected
in cDNAs from different rat strains of
whole brain. Similarly, RNase H treat-
ment of cDNAs from different regions
of the rat brain shows a specific in-
crease in the relative proportion of the
NCX2 transcript (data not shown).
Also, in cDNA primed with oligo dT,
we observed the same difficulty in am-
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Figure 1. Autoradiograph of PCR products for
NCX genes. Lane 1 represents an equal molar
addition of DNAs for the three genes (Cont).
Lane 2 shows the PCR products from rat whole
brain without RNase H treatment (B). Lanes 3
and 4 display PCR products from telencephalon
cDNAs with (+) or without (-) RNase H treat-
ment, respectively (Tel). Products are from the
twenty-first PCR cycle.



plifying the NCX2 transcripts unless
RNase H treatment of the cDNA was
used. This increased detection of
NCX2-specific expression after treat-
ing cDNAs with RNase H is consistent
with a lack of availability to the tem-
plate during the PCR.

To determine if extended denatura-
tion coupled with hot-start PCR could
replace the need for treating the cDNAs
with RNase H, we used RNA from the
telencephalon to prepare cDNA. Sam-
ples of telencephalon cDNA were am-
plified with and without RNase H treat-
ment using different denaturation
conditions. We show in Figure 2 that 5

min denaturation at increased tempera-
tures in the absence of RNase H treat-
ment does result in increased NCX2
transcript but not to the level of RNase
H treatment. Extended denaturation
conditions did not alter the ratio of tran-
scripts from NCX1 and NCX3.

In our study to quantify the relative
amounts of the NCX multigene family
members, we were able to observe a
gene-specific difference in the accessi-
bility depending on RNase H treatment
to subsequent amplification. We pre-
sent these data to demonstrate the sur-
prising sensitivity that is provided
when template is presented to primers

under different conditions (i.e., with
and without RNase H treatment). We
show that extensive denaturation condi-
tions (very high temperatures and
longer denaturation times) may mini-
mize the inhibition in amplification to
particular sequences if RNase H treat-
ment is not or cannot be used.
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Figure 2. Autoradiographs of PCR products of control DNA and rat telencephalon cDNAs. (A)
Lane 1 represents an equal molar addition of DNAs for the three genes (Cont). Lanes 2 and 3 show the
PCR products from telencephalon cDNAs with (+) or without (-) RNase H treatment denatured at 94°C
for 1 min (94). Lanes 4–6 display PCR products from telencephalon cDNAs using hot-start PCR with a
5-min denaturation time at the temperature shown without (-) RNase H treatment. S16 is a control band
representing the S16 ribosomal protein transcript for detecting equal amounts of loading in each lane.
Samples are from the twenty-first PCR cycle. (B) Bar graph represents the relative amount of the NCX2
transcript when compared to the other NCX genes.
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