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Fig. 2. Positioms of the Capruring Oligos, PCH Primers, and Probe in Le/
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DNA sequences of the capturing oligos for Lol are indicased by open boxes. We used the DNA sequences of Lein02-5 and LeTn02-3 5
primen and Lel-Tag as the TagMan probe for real-time PCR for Lel, The amplificed region b shown with & bold line

Table 1. Liu of Capturing Oligos

Capturing oligo Orentation
T
antisgnse
e
antilenes
wnw
anfisense
R
anlsense

Deownstream-+* sense
Downstream-a" untisense
LeinZ-¥ -2 -8 mert* antisense
Le | n02-3 o +8 mer)® antivene
S5In3-3* arisense
RRS-5 shom-«’ wense

Sequence

NH-GACGCTATTIGTGACCTCCTC-Y
NH-GAGOAGGTCACAATAGOGTC-)
NH;-GOCCTCTACTOCACCCOCA-Y

NH;- TGOGGGGTOOAGTAGAGGGC-3
“NH-AGCTTOGOCGCTTOCTTCAACTTCAC- ¥
-NH-GTGAAGTTGAAGGAAGOGGOGAAGOCT- ¥
NH;-AAAAGGCTTGCAGATGGGC- Y
NH-GOCCATCTGCAAGCCTTTT-¥
NH-OTCOTCGCTOTTGAGTTTGA-Y

NH;- TCAAACTCAACAGCOACOAC-Y
NHp-GCAAGOCTTTT-3
NH-GAAGGCAAGOCCATCTGCAAGCCTTTT-Y
NH-GATCAGCTTTGGOTOCGGA- 3
NH;-COTTTAGGATTTCAGCATCA- Y
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“Captisring ibipin Sor Lol used b reestigate i optimal bocation fo b wepet DNA,
*Capturing oligon for Ll wed 1o investigvie e optimal leagih of e capturing oligo

“Capuaring ollge for te starch vymhase [T pre in madse (nepaive contral aligat

‘Caprureng olign bor KRS

oligo sequence for RRS was selected from a PCR primer.
The PCR primer sequence for the starch synthase [Ib
gene (SSIIb) described in the previous report was used
as the negative control oligo.*

Preparation of capturing oligo-immobilized PCR
tubes, PCR tbes were treated with  S-Bio"
PrimeSurface® (Sumitomo Bakelite, Hyogo, Japan).
providing a unique biocompatible phospholipid polymer
and a highly active functional ester moiety 10 covalemly
bind the anachment site for amino-modified oligonu-
cleotides under alkaline conditions.® The §-amino-
modified olige solution (Nippon Gene) was prepared
ol 10um with an alkaline solution, and was added o
the PCR tube. After incubating for 90 min, the oligo-
immobilized PCR tube was treated with a 0.1 m sodium
hydroxide solution to block the remaining functional
ester moieties, and then washed with water. To inves
tigate the effects of different amounts of the capturing
oligo, 0.1 and 1 st oligo solutions were also used

Single-tube real-time PCR. Each sample (25 ul) was
added to the oligo-immobilized PCR tube. After
prebeating at 95°C for Smin, the tube was incubated
at 50°C for 30min. To investigate the effects of
incubation temperature and time, incubation was also
carried out at 25, 40, and 60°C for 15, 60, and 120 min.
The wbe was washed three times with 200u] of a
washing buffer (10 ms Tris HC1 (pH 8.0), | mm EDTA.
and 0.2 m NaCl). A 25 pl volume of the reaction solution
comuining 11 pul of nuclease-free water, 12.5ul of the
FastStant Universal Probe Master (Roche, IN, USA),
0.5pl of & 10pm probe solution, and 0.5ul each of a
25um primer solution was added 1o the washed rube.
The PCR system for Lel detection is shown in Fig. 2
The probe and primer sets had previously been used for
the quantification of GM soybean based on real-time
PCR." The probe and primer set for KRS were
purchased from Fasmac (Kanagawa. Jupan). The real-
time PCR assay was performed by using a 7300 Real-
time PCR system (Applied Biosystems, CA, USA), The
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thermal cycle program for all primers was as follows:
2min ot S0°C, 10min at 95°C. and subsequent
amplification of the DNA for 40 cycles of 30s at

Tablel O Valves snd Copy Numbers Messured for Le/ from
100ng of Soybean DNA Using Different Caprunng Oligos

95°C and 60s at 59°C. A stndard curve was prepared
from the GM Soybean (RRS) Detection Plasmid Set
(Nippon Gene), and was run on each plute to validate the
method and 1o determine the efficiency of the reaction
which was taken into sccoumt in the final calculations.
The standard curve for each gene was linear (r > 0.99).

Statistical analysix. Each data value is presented as

the mean with standard deviation. A linear regre
analysis of data for the comrelation between Ct values
and log of DNA or soybean lysate (%) was performed by
the least-squares method. The real-time PCR efficiency
was calculated by using the slope of the linear regression
plot according (o the equation E = 10/=1/%p % A pCR
efficiency (E) of 2.00 comresponds to a doubling of the
copy number per PCR cycle. Analyses were performed
by using Sequence Detection Software version 1.4
(Applied Biosystems) and Excel 2000 (Microsoft,
WA, USA).

Results and Discussion

DNA is generally isolated by using organic extraction
and silica brane column fon steps, H s
these extraction steps are time-consuming and are
difficult 1o sutomate and downscale to a small sample
volume. The hybridization-bead method can resolve
these problems. However, the hybridization-besd

Capeuring oligo €t value Cogry mamber
Upstream-s M2Iz=05 T3
Upstream-a 364 =05 (LS 2
Lein2-¥a 119+03 LEE N ]
Lelni-5u W0 £04 1%
Lel-Tags M2+02 [ ERY
Lel-Tag-a BTL10 1146
Lelnl2-¥a 36804 1243
Leind2-¥.a Jis+02 [ILE S1.)
Downstream-s 366 £ 04 134
L s MO0:02 Tex 10
SS0ib3-¥ ND ND
None NI ND

None, w0 olige wer mmotnlised on the nbe
Dinis. wre: mean valuss & 5D (s = 4)
ND, wm dctzcred

camed out with the PCR reagents and thermal cycle
program described in the Materials and Methods section.
The copy number of Le/ in 100 ng of soybean DNA was
9068 + 497 copies (n = 4). Accordingly, the recovery
of soybean DNA by using an Lein02-3"-a-immohilized
tube was estimated w be 1.2%. Le/ could not be
detected by using an SSIIb3-3'-immobilized wbe which
was designed to capure maize DNA. These results
suggest that the oligo orientation and secondary struc-
twre of target DNA are important factors for the
sclection of capturing oligos. Furthermore, this method
could isolate target DNA by specific hybridization to the
¥ g oligo.

method is not directly used in real-time PCR, and the
number of tube-to-tube transfers still needs to be
minimized, We developed a novel real-time PCR

hod using hybridization as shown in Fig. 1. In this
study, we firs analyzed the reaction conditions, such as
the capturing oligo design and hybridization conditions,
by using soybean genomic DNA and lysate. We then
used the method 1o detect GM soybean.

Capuuring olige

The design of capturing oligos is an essential factor in
the specific recovery of target DNA In a hybridization
system. We investigated the optimal location for target
DNA, and the effects of its oriemation, length and
cong ion when i bilized on PCR tubes. We
chose capturing olign sequences from the region
between approximately 100-bp upstream and down-
stream of the PCR amplification region (Fig. 2). The
capturing oligos were designed by using es from
several regions and from both orientations {Table |).

For a DNA microarmuy probe, the optimal oligonu-
cleotide probe length in a hybridization system is
typically 35- to 70-mer™ We examined the effect of
oligonucleotide length for our method. Among the
examined oligonucleotides, the 19-mer oligonucleotide
gave the highest copy number of Lel (Leln02-3'-a
(—8mer) [11 mer in length], 14 £ 4 copies; Leln02-3-a
[19mer in length], 157+ 12 copies: Leln02-3-a
(+8mer) [27mer in length), 32+ 10 copies: n = 4).
Consequently, this length was considered to be the most

itable. We also investi } the effect of different
concentrations of the capturing oligo immohilized on the
PCR tube. The copy number of Le/ was corelated with
Lelin02-3"-a concentrations from 0.1 to 10uM (0.1 pM,
2% | copies; lum, 12424 copies; 10pm, 101 428
copies. n = 4), Thus, 10um was considered to be the

ptimal oligo ¢ ion for bilizing on the
PCR tube.

Incubation temperature and time

Among all the capturing oligos, the highest copy t

of Lel, 110 £ 16 copies, was detected by using Leln02-
3-a (Table 2). Therefore, Leln02-3'-a was used for all
subsequent soybean DNA detection in this study. For
comparison, DNA was extracted from soybean powder
by using a silica membrane-type kit, and was direcily
assayed by o general real-time PCR method which was

T is an factor for hybridization,
and various temperatures from 42 1o 65 °C are used with
the hybridization bead hods. %' We tested an
incubation temperature from 25 w 60°C. The copy
number of Le/ jn an Leln02-3"-a-immobilized tbe was
successfully detected at 40 1o 65 °C, especially at 50°C,
but detection ar 25 °C was poor (25°C, 40 + 5 copies;
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40°C, 115 £ 35 copies; 50°C. 169 £ 43 coples; 60°C,
104 22 copies, n=4), This result suggested 50°C
to be the optimum incubation tempersture with this
method

We also investigated the effect of incubation time on
the detection of Lel. The copy number of Lel in an
Lein02-3'-a-immobilized tube appeared to be correlated
with the incubation time: however, there was little
difference in the detected copy number among incuba-
tions ranging from 15 w0 120min (15 min, 111 235
copies; 30min, 119% 16 coples: 60min, 151 %15
copies: 120min, 185 £33 copies; n = 4). In previous
reports, the hybridization times were 2h for @ one-step
system and 4 h for a two-step system. '™ Our data show
that this method can be carmied out with a relatively short
hybridization time. We subsequently used 30-min
hybridization in this study.

Effect of food matrix on the determination of Lel

To investigate the food marrix effects, we detected
Lel from 100 ng of soybean DNA in 50 mg/ml of wheat
and corn lysates. The copy number of Le/ in an Leln(2-
¥-p-immobilized tube was not significantly affected by
the presence of wheat and com lysates (lysis buffer only,
T4 £ 18 copies: comn lysate, 85+ 35 coples; whem
lysate, 106 & 25 copies; m = 4), This result indicates
that the method can detect soybean DNA from a food
lysate containing other food product; in this case, a
wheat or corn extract.

Concentration-dependent detection

We i igated whether the copy ber of Le/ was
detected from sovbean DNA and lysate in a concen-
tration-dependent manner. The copy number of Lel in
the Leln02-3'-a-immobilized tube was linearly corre-
lnted with the soybean DNA and lysate amounts
(Table 3). A strong comelation was appeared between
the log values for the soybean DNA and lysate amounts
and the Ci wvalues for Lel [DNA, Ci= —34l =
log (soybean DNA ng) + 39.19, r = 0.99; lysate, Ct =
~3.14  log (soybean lysate (%)) + 35.19, r=0.99].
The detection limits were 10ng of soybean DNA and
1% soybean lysate (data not shown), The PCR efficiency
(E), where 2.00 comesponds o a doubling of the copy
number per PCR cycle, was 1,96 in soybean DNA and
208 in the lysaic sample. The PCR efficiency (E) in
soybean DNA samples has reportedly ranged from 1.80
to 210 for various DNA extraction methods.'” These
resulis  indi that the proposed hod allows
concentration-dependent detection of soybean genes in
both DNA and crude ples without inhibiting the
PCR efficiency.

Effect of heat treating a sample on the determination
of Lel

The DNA extracted from heat-treated soybean by
using the silica kit was degraded into small
fragments, and a lower copy number of fel was
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Table .. Soybean DNA and Lysate Concemtrution Effects on (0
Valves and Copy Numbers Measurcd for Lef by Using L inill-¥ -
Immobnlived Tubes

Sample ameoist Ci walos Copy mumnber
Soybeun DNA
10ng MEL04 T3
100 g 23402 174+ 28
1000 ng Nus04 V67T & 493
Soybean Iysale
s Bn7+03 21
1% 21202 W53
100°% B0 J0RY + 206

Soyhesn tysase (30mg/mi ) i defimed o 100%
Disis sox mean values = S0 (2 = )

Table 4. GM Soybean Lysate Concemation Effects on O Values
and Copy Numbers Messured for RRS by Using RRS-S Shon-«
Immobilueed Tubes

Sample amount 1 value Copy mamber
1'% B3z 0b i1+?
1% B4a=z02 143+ 33
100rs N5+02 =20

Uit soyhean fysate (Mhag/mil) i defited s (0059
Dana sre mean vabues & SD e = 43

detected in the degraded DNA thun that from the intact
DNA.™ To test the effect of heat treating a sample on the
determination of Lel, we heated the soybean sample for
various times. The copy number of Le/ in the Leln(2-
Y-s-immobilized tube was detected in all samples
(Dmin, 3578 £ 527 copies; 30 min, 15967 + 800 copies;
60 min, 8011+ 783 copies: n = 4), DNA microarray
snalyses are affected by the secondary structures and
long nucleic acid molecules which reduce the hybrid-
ization efficiency.'® The difference in copy number of
Lel in the Leln02-3"-a-immobilized tubes between the
heat-treated samples is lkely to have been due to
differences in the secondary structures and lengths of
degraded DNA. Our data suggest that this method can
easily detect the copy number of Le/ in o heat-treated
soybean sampie.

GM sovbean detéction

To apply this method to detect GM soybean, an RRS-
5'shornt-s oligo based on the RES PCR primer was
immobilized on the PCR whe. The copy number of RRS
in the RRS-5'shor-s i bilized tube was c
with the GM soybean lysate amount in a concentration-
dependent manner (Table 4). The log value for the GM
soybean lysate nmount was correlated with the Cr value
for RRS |Ct= =354 x log(% GM soybean lysate} +
36.66, r=09] The PCR efficiency (E) was 192
Cenified reference materials are frequently used as
calibrators for GMO quantification by real-time PCR.
The copy number of RRS in the RRS-§'shon-s immo-
bilized tube was also detected in the 50 mg/mi lysates of
centified e matenials ¢ 1%. 2% and 5%




2933

Roundup Ready soybean (1%, 17 £ 6 copies; 2%, 30 £
9 copies; 5%, 63 £ 16 copies;, n=4), These results
indicate that the method can detect specific genes in
Roundup Ready soybean by using a coresponding
capture oligo.

Conclusion

The real-time PCR method using capturing oligo-
immobilized PCR tbes described in this study could
detect soybean and GM soybean genomic DNA in
samples comprising 1-100% soybean and GM soybean,
In addition, this method could also detect GM soybean
genomic DNA in cenified reference matenials containing

I, 2 and 5% Roundup Ready soybean. Many
and areas have !miﬁﬂl GMO labeling regulations to
protect ¢ ' rights; labeling thresholds for GMOs

are 3% in Korea and 5% in Jupnn 1519 The method
described n this study can detect these threshold levels
of GM soybean,

We have described in this study the development and
validation of a novel real-time PCR method using
capturing oligo bilized PCR tubes. This method is
simple and specific, and can detect the copy number
ur target [)NA from crude food matrices in & concen-

il . This method would be useful
in many rypes of food analysis.
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In this report, we have developed a novel

purification can be performed in an all-in-one wbe. To simplify gene exp I oligo-dTe | il

109

RT-PCR protocol in which the procedure including mRNA
i d PCR

tubes were used serially 10 capture mRNA. synthesize solid-phase cDNA, and smpiify specific genes. The immobilized
oligo-dTw can efficiently capure mRNA direcily from crude human cell Iysates. The captured mRNA is then amplified
by one-step reverse transcription PCR (RT-PCR) with initial cDNA synthesis follme-d by PCR. In RT-PCR, this new
reasahle PCR ube device can be employed for muliiple PCR amplifications with d primer sets from a solid-phase
oligo-d Ty primed cDNA Iibnr) This paper introduces o novel and highly reliable all-in-one whe method for rapid cell

with small of

Iysis, foll § by and

analysis of arget mRNA

sample. This pm.odm illms a.il steps o be mn:d out by sequential dilution in a single wbe. withow chemical

extrmction. We demonstrate the utility of this novel method by quantifi of two housckeey

g genes, factin and

GAPTJH. in Hel.a cells. We believe this new Pﬂlwm can be useful as a platform for Vackns, mRh& uprnum .lnsly\ﬂ

y. a5 well as for

¢ basic research, drug 2. and
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Introduction

Reverse transcription (RT) and polymerase chain reaction (PCR)
have been widely used 10 assess the cxpression of specific genes
in cells and tssues. RT-PCR involves severul steps including
mRNA preparution, complementary DNA (cDNA) synthesis by
reverse transeription, and finally <DNA amplification by PCR
Quantitative real-time polymerase chain reaction (Q-PCR) in
combination with reverse transcription (RT-Q-PCR). um of the

d January 10, 2009)

L] GINII number of targer mRNA molecules. such as a few virus
les ' An imp limiting factor for the routine
1pplu.mm of expression analyses is related to the method for
preparing total RNA or mRNA from large numbers of samples.
Several methods are in general use for mRNA purification, such
s Drganic or rapping oo mag beads immobilized
with oligo-dT*'""  The quantity of extructed 1otal RNA js
4 by the absort wt 260 nm and the quality is

| by gel electrophoresis o confirm the presence of 185

and 28BS fRNA bands; however, whether the purified RNA

most useful technologies for dewecting I mRNA
from cells, tissues and whole bbwd is uulely used by many
basic hoand dical L I many
cases, wotal RNA or mRNA mmll‘mbcpunﬂul from a sample
suspended in lysis buffer. The reliability of these measurements

P all species of mRNA in the same proportions preseni
in the original | remains unh The of
mRNA quantification results as the quantity of the t.lr'ﬂ mRNA
per microgram of total RNA may be inaccurate because mRNA
represents only | - 5% of total RNA.  Funhermore, mRNA

depends on the accuracy of each step, di and
recovery of towl RNA. reverse transcription of ml-tNJ\ into
¢DNA, and quantitative specific amplification of all mwt

can vary even when the iotal RNA concentration
is constant.  Yields of wotal RNA or mRNA also vary widely
depending on the lmlmon method nwd Commercial Kits for

genes. As the optimizing of each of these steps bs img

number of tube-to-lube transfers should be minimized in n:dﬂ
to avoid loss of templates and decrease the sk of
conmmination,' Conamination can occur due 1o environimental

RNA purifi © ¥ employ mwcm
sgenu or lysis buffers ¢ ', strong a
combination of the two, in onder 1o schieve rlrﬂddmllurn‘nm of
proteins.  Nucleic acids are then extracted to remove thess
because their presence would merfere  with
neschions. The chaotropic agent

RNases or material carried over from sample to sample, as well  chemicals,
us previously gomermted amplicons present o0 lak Y b
What is desirable is the of

several steps in an all-in-one whe, expecially when sturting with

* To whom c pondence should be add, i

E-mail: kenji_k @ mukogawa-u.sc jp

id lwlhn.xyﬂm: (GuSCN) has long been the chemical
of choive for nucleic acid preparation. 1t is panticularty useful
for mRNA sudies,' " because it rapidly denatures sl cellular
proteins, as well as serum proeins, Including RNases. when
added ro culure media. GuSTN has also proven superior to ajl

43




110

MR\R

ANALYTICAL SCIENCES JANUARY 2009, VOL, 25

cDNA

Gﬂiﬂdmmu cDNA bynﬂmu PCR

Fig 1

other tested methods for the recovery of RNA extracted from
tissue.”  Due 1o its strong chemical action, GuSCN at high
concentrations offers the further advantage of allowing safe
sworage of the samples until they are processed for
quantification.  However, ull mditional protocols require
removal of GuSCN prior io RT and PCR 1o avoid inacti of

Tm;:nptn: {RT)
Detection
*SYBR Green [
*TegMan Probe
R |-icuopioresis

The concept for the all-in-ome tube method. S-BIO® GeneTube

Support media and immobilizarion of mRNA caprure probes

The new PCR device S-Bio® CGeneTube (Sumitomo Bakelite
Co, Lid.. Tokyo, Japan) consists of a commercially available
200 pl PCR twhe (conventional PCR twbes; PE Applied
Bu.hpunms! which has been grafted with an original biocompatible

the enzymes.™ Typically. this is done by extrction with phesol-

polymer. poly[2-methacryloyloxyethyl
pluphufylchohm fMPCm»n—bulyl mellucrylar,e rB\tm{o-

chloraform and purification of the nucleic acids through alcobol
precipitation cycles. or by absorption of (he freed RNA 1 o
m.nml such as glass fiber filers, -aln.n Fl or aluminum oxide

I pol ylate
{MEUNPJI (PMBN) hydmplnl.u. pulymu 1L The biomembrane
has a highly sctive functional met momy to covalenily bind the

The PMBN was

beads or prop it usually site for Cy-ami id
followed by elution using a rel-ulmly hme volumc of wash synthesized from the mole funetions of each monomer unit
Ji Both these approsches are ¢ gand involve  (MPC, BMA and MEONP), mt about MPC/BMA/MEONP =

o number of steps that can lead to incomplete RNA recovery,

In view of these limitations we devised an altemative sirsiegy
in which the sample: can be collected and denatured in a minimal
volume of a GuSCN solution.  Rather than being washed out,
this solution is then diluted and used for direct i ion in an

0.20.7/0.1. This activated tube is stable at room temperatune
and around 60% humidity for a few months (data not shown)

The S5"umine-terminated  oligo-dTw is  dissolved in

i buffer (S Bakelite Co. Ltd) to a final

oligo-dTw immobilized PCR whe (S-BIO* GunzTuheJ M'ler
washing, the GeneTube is analyzed by perf

RT-PCR (RT-Q-PCR). This new pnx:ednru is hereafier referred
o as the all-in-one tube method in & GeneTube coated with
biocompatible polymer.'*'* 1t is being described here in full for
the first time. At present, it is the only method that allows a
whole sample 10 be processed from lysis to RT-PCR in the sume
tube under conditions that permit precise quantification of RNA
copy mumbers. This fully op d method is sensitive enough

of 100 nM as coating solution. Next, 100 pl. of
this oligo-dTy, coating solution is added 1o each PCR tube. and
the tubes are incubated for | b ut room lemperature. The excess
amine-reactive group (MEONP) is immmd for S min at room

in the blocking buffer g 0.1 M
NnOI-I Finally, the PCR tuhgs are washed three times with 300
Ml roon-lemperatune water and then dried by cemrifugation for
2 min a1 200g. The oligo-dTy immobilized PCR tubes (5-Bio®
GeneTube) are stored under desiceation at 4°C until use. These

10 detect specific sequences. As shown in Fig. 1. the GeneTube
is ideally suitable for fast and highly semitive gene expression
analyses of multiple samples including small whole specimens.

Experimental

Marerials

Reagents for RT-PCR [Transcripase and Tug polymerase
(ExScript® RT reagent Kit and EX Tag™ Hot San; TaKaRa
Biosciences Co.. Lid., Ohtsu, Japan)), the HeLa cell line
(American Type Colure Collection), One STEP LadderS0
(0,05 - 2 kbp, Nippon Gene Co.. Lid., Tokyo, Japan), Sepasol®-
RNA 1 Super (Nacalai Tesque, Inc., Kyoto, Japan), and MagNA
Pure LC RNA lsolation Tissue Lysis Buffer (Roche Applied
Science) were purchased from the designated supplien. All
synthetic DNA oligonucleatides were ordered from Nippon

ipports have been stored for 6 months without any reduction in
hinding capacity.

Preparation of cell lvsate and mRNA capture
Hela cells were cultured in Dulb '8 di Eagle's
divm (Nissui) suppl d with 10% fetal bovine serum
and L-glutamine, and the number of cells was determined by
hﬂmcylmnﬁu Before RNA preparation. the cells wene
m'\hcdin _' buiTe uiineund pended at a final
i 10% 10 107 cells/ml in 100 pi of
lysis buffer IM.ugNA Pure LC RNA Isolation Tissue Lysis Buffer)
at room mixed by pipetting up and down 10 times
with the pipetie tip at the bottom of the tuhe and then centrifuged
al 13000g o 4°C for 5 min. Next. | ! of each supernatant
solution was applied 1o the S-Bio® GeneTube and diluted in
dilution buffer [100 mM Tris-HC1 (pH 7.6), 0.4 M LiC1, 20 mM
EDTA| o u final volume of 20 pl. After 15 min incubation at

Gene Co., Lid. (Toyama, Japan) or Sigma-Genosys (Hokkaid
Japan). All chemicals and sol were purchased from Wako
(Tokyo, Japan) or Sigma/Aldrich (Tokyo, Japan), unless stated
otherwise, and used withoul additional purification.

room bound materials were removed by
aspiration, mdslu' PCR tubes were washed three times with 100
Wl of wash buffer (10 mM Tns-HCI pH 7.6, 0.2 M LiCL. | mM
EDTA) by mixing and aspirating as sbove. The whes were
immediately used for reverse transcription for the cDNA library.
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Table | Primens wsed (o RT-PCR snalysis of characterseation
for the full length cDNA relsted 10 human GAPDH and foactin
TS

Hman (A FTHE | [m—— | s ]
[GAPONGS 5fermmt. | FTCCTOCTOTICOACAGTEAGY | (28200
|UARNE LTI orwees | 3" TCTTCACTACCATOUAGANG- ¥ i
Iummmw.m | FCAAGAADUTOUTGAAGE ALC-) | allng

LOAPURN | Jed- 1187 ilevene |2 OATGOTACATUAL '\m'm'L

Humn $acts S
[ R — $ CCATUCATUATGATATL G -
Bagrs 4260419 orewid S OUGAGAADATOALCCALIATE 3 1340 by
T VL T psn— FITCCTIL CTOGGC ATOGAD T Winp
Pt | ML b areand | 3 ACTOOAACGGTOAAGHTOAL-Y | aisep

| hacred | 701759 evere FCAGTUTAU AGUTAMMTUTIRY

Multi-step towal RNA extraction from Hela celly
The towal RNA of cullured Hela cells as 4 reference was
wolued with | mil of Sepasol-RNA | Super (Nacalsi Tesque)
fing 10 the fi s protocol.  Toml RNA was
mensured by a conventional UV (Asa) shsorption method. and
the quality was estimated with A /A im.

Glengral reverse transcription (RT) method using Gene Tibe
Towl HeLa RNA was reverse transcribed to cDNA then
suhjected 10 PCR using either TaKaRa (ExScript® RT reagent
Kit and EX Tug™ Hot Stam Version). The incubation was
performed in a Peltier Thermal Cycler PTC-200 (M) Resesrch).
The GeneTube was transfemed 1o wial RNA solution (19 i of
dilution buffer and | ul of total RNA (10 ngful)), incubated for
hybridization at room temp for |5 min and then the PCR
tubes were immediately washed three times with 100 jl of wash
buffer (10 mM Tris-HC! pH 7.6, 0.2 M LiCl, | mM EDTA) by
mixing, followed by lis | by asp For the solid-
phase cDNA synthesls, additional reagents (TaKaRa: ExScript®
RT reagent Kit. RROISA) containing | X ExScript® Buffer, 50 U
ExScrip® RTase. 0.5 mM dNTP. 10 U RNase Inhibiter were
gently added to the GeneTube. The reverse iranscription
reaction was [-r:fc-meulanlzcra I5 min in 20 ul. and the
agents were 1 by C ly, single
strund cDNA was synthesized using the mRNA upu.uu: o the
GieneTube as solid-phase oligo-dTw primer. On the other hand,
<DNA synthesis 1n conventional PCR tubes was performed in
the solution phase using the above RT mixture plus 2.5 pM
oligo-dT primer us a reference, and 2 il of the cDNA prod

n

Table 2 Primers wwd in RT-PCR ropeatable anslysis of
¢DNA libreres
f—-;_-__l‘-—n_ g

P LCAAL CUCDALANG RIGA- T
¥ T AL M AT ALY |
i |

T T —
Barte 0%
s | 90T e VCTCADC ACAATTMUACLATL LAY

s
IS VT | LOAICCACACUGAGTALTTGY |
CAPTH A | GAFDRCE). i1 W arsast FAGTEACATOOETT AGAC AG-) et

AR | e LATLANTALLA UAARICT .}
[ Jlb\w“ﬂh\r—l TTOATTCAACAGCOAL AL Y

{GAPUN o0 o | 4 TH AL AT TUUTTUTUATY

Tiidg |

Geae (Toyama. Japan) Fullowing PCR, primer pairs of human
GAPDH and factin in Table 2 for repeatshility of RT-PCR
experiments were designed by ProbeFinder Version 220
(hups.fiwww.roche-applied-science com/sisnperfuplindes jsp)
and purchased from Sigma-Genosys (Tokyo. Jupan).

Reverse transcripfion guantitative PCR (RT-0-PCR) protocol

Two-step provocol Mm reverne |ranu;np1mnd ru:lmn‘ the
reaction mixture was diatel The
PCR thermal cycling protocol v:nnmaod of 95°C for 10 s, a DNA
polymerase activation step followed by 35 cycles of 95°C for
55, 62°C for 32 5. The dissoclation curve analysis consisted of
| cycle of 60°C for 20 s and | cycle of 95°C for 15 5. Quantitative
Real-time PCR {Q-PCR) was performed in a premaide reaction
mixture (TuKaRa SYBR® Premix EX Tag™, RRMIA) in the
presence of 200 nM of factin primers (TaKaRa ACTB
HAO31582-F: 5-ATTGCCGACAGGATGCAGA-Y, HAD31582-
R:S“GAGTACTTGCGCTCAGGAGGA-3": 89 bp), using SYBR®
green chemnistry and an ABI Prism 7000 (PE Applied Riosystems)
The cycle threshold (Cr). the cycle at which cenain amounts of
mmmanmwmam

ined uming analytical sofy (PE Applied Biosystems).

One-itep protovel. One-Step RT-Q-PCR wus performed using
the One-Step SYBR® PrimeScript™ RT-PCR kit (TaKaRa:
RRO66A and an ABI Prism 7000). The RT-PCR reaction
mixture contained 125 pl of 2 x One-Step SYBR* RT-PCR
buffer 111, 2.5 U of TaKaRa Ex Tuag™ Hot St (5 Uiul), 0.5 pl
of PrimeScript™ RT enzyme Mix 11, 200 nmol of PCR primers
und distilled water to a final volume of 25 i in the mRNA
capured GeneTube, The following RT-PCR cunditions were
used: | cycle of 42°C for 10 min, followed by | cycle of 95°C
Inr Iﬂn 35 cycles of 95°C for 5 5, 62'C for 32 s, and for the

was transfierred to @ new tube for conventional PCR analysis,

Creneral PCR amalyxis

The 25 i amplification reactions conained |X EX Tag™
buffer. 0.2 mM dNTP, (.2 M of forward and reverse primers
and D625 U of DNA polymemse (Ex Tag™ Hot Stant Version).
The DNA polymerase was activated by 4 pre-incubation at 95°C
for 10 5, followed by 95°C for § s, 62°C for 32 s for 33 cycles,
performed in a Peltier Thermal Cycler PTC-200 (M Research)
Afler the PCR was comph

curye | eyele of 60°C for 20 5, and | cycle
of 95°C for 15 s

Results

The oligo-dTw rmmobilized PCR tube. S-BIO® GeneTube, has o
wide range of useful applications, such us for capture of mRNA.
solid phase cDNA synthesis, quantification of specific mRNA,
quantitative PCR and RT-PCR, ¢DNA clone library construction.
The use of conventional 200 ul PCR tubes offers major

d. the PCR products were anal 4 g5 over the iy available oli Dilized
h'y 2% agarote gﬂshrlmplmrrds wllh 05 msﬂ hidk c 3 Hulose and magy beads by of their
ic images rapid and simple hi of less

In an elec
were recorded using FAS-111 (Toyobo, Totw. Jw}

Primers for reverse ranscription PCR (RT-PCR) studies using
GieneTuhe

These forward and reverse primers were used to chameterize

the full length cONA synthesized on the GeneTube by reverse

Oligonucleotide primer pairs for human GAPDH

fea. l‘kb}mﬂm(rn 1.9 kb) were listed in Tuble |

Primers for GAPDH and factin were purchased from Nippon

storage space, and lppliuhllny for high thmugipul liguid
handling robotics. The GeneTube is capable of capruring
mRNA in a cell lysate of a large amount of 10 cells, This
quantity is sufficient for most gene expression experiments
because of the capabilities of RT-Q-PCR.

Full-length cDNA synithesiy

The cDINA library in Hels cells was synthesized using the
oligo-dTw immobilized on the GeneTube. PCR analysis was
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[Solid Phase RT-PCR]

GAPDH P actin
A A
L1 I 2 3 4 L] L] Y

Fg. 2 Charsctenzation of solid phase cDNA synthesized uning
GeneTobe.  Following mRNA capure in the GeneTube, a reverse
immscription reaction and PCR were performed with oligo-dT .
immobilized in the same tube, The PCR products were separated by
2.0r% agarose gel electrophoresis, followed by staining with ethidium
bromide

performed using each primer set that yielded amplicons of
different sizes, such as 1252, 884 and 412 bp for GAPDH and
1688, 1340, 895 and 413 bp for factin. As shown in Fig. 2, all
of the PCR products appeared very clearly on electrophoresis
The GeneTube offers a simple all-in-one ube method 1o capture
mRNA and synthesize high-quality cDNA, cDNA synthesis up
i 1.3 kb for GAPDH and 1.9 kb for flactin could be perfomed
on the surface. The PCR products coresponding o 1252, 884,
and 412 bp for GAPDH and 1688, 1340, 895 and 413 bp for
Practin could be visualized in lanes | w 7. These findings
indicate that nearly full-length cDNAs for the GAPDH and
fractin mRNAs were synthesized under these RT-PCR conditions

Repearability of sequential PCR analysis on Gene Tube

Total RNA of Hela cells, 10 ng. was suspended in RT buffer
and transferred 10 the GeneTube for hybridization. The caplured
mRNA was convented to cDNA with the reverse transcriptase
GAPDH and Jactin specific polymerase chain resctions with
two different primer sets were performed in sequence using the
CDNA synthesized on the GeneTube. Afier each PCR, the tubes
were washed 3 umes with 100 pi of wash buffer (10 mM Tns-
HCl pH 7.6, 0.2 M LiC1, | mM EDTA). The 25 jl amplification
reactions contained 1X EX Tag™ buffer, 0.2 mM dNTF, 0.2 uM
of Bactin-A, -B and GAPDH-A, -B specific primers and (.625
U of DNA polymerase (EX Tog™ Hot Swan Version). The DNA
polymerase was activated by pre-incubation at 95°C for 10 x,
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GeneTube for hybridization as described in Experimental
Captured mRNA sttached to the oligo-dTy immobilired PCR
tubes. GeneTube, was reverse transcribed © ¢cDNA and then
subjected 10 guantitative PCR (Q-PCR) using a pre-made
reaction mixture (TaKaRa SYBR® Premix EX Tag™, RRO41A)
and an ABI Prism 7000, which was a two-sep RT-Q-PCR
reagent kit, used according to the manulacturer’s instructions,
Afier the PCR was completed, the bands visible ofter
clectrophoresis in 2% agarose gel and ethidium bromide staining
correlnted well with the obtained quantitative PCR results. The
photographic image was recorded using ChemiDoc XRS (Bio-
Rad, Tokyo, Japan). As shown in Fig. 4A, the Sactin gene was
amplified in the capiured mRNA GeneTube from 10 10 10 cells
and real-time PCR product bands were detected by 35 thermal
cycles. Al this varisbility in the quantitutive wssay was
determined from duplicate samples from Hela cells
Intevestingly, the f-actn transcript of HeLa cell could be clearly
detected n a cell lysate comaining only 10 cells.

The sensitivity of one-siep RT-Q-PCR from synihesized
cDNA on the GeneTube enabled detection with only 10 cells
and was beter than that of two-step RT-Q-PCR using the all-in-
one twbe method (data not shown), This was surprising because
one-step RT-0Q-PCR was conducted in an efficient solid phase
RT reaction and liquid phase PCR by first dissociating mRNA
from the CieneTube.

To test the sensitivity of the all-in-one tube method based on
Cr values, as shown in Figs. 4B and 4C. calibration curves were
prepared for f-actin cONA from known quantities of Hela cell
(each diluted 10-fold from 10 w 10 cells). All calibration
curves showed comrelation coefficients >0.99, indicating »
precise log-lincar relationship. The detection limit was less than
10 cells for Sactin gene with the commercially supplied
reagents. As shown Fig. 4D, melting behavior, expressed as a
plot of the first negative derivative (~dF/dT) of the floorescence
vy, temperature, revealed high levels of purity and homogeneity
of the PCR products.  Single and sharply defined melting curves
with narmow peaks were obtained for PCR products of the
analyzed genes.

All-in-one tube one-step RT-0-PCR in GeneTube

For comparison of quamification between conventional
aqueous phase RT-PCR and the all-in-one RT-PCR method in
CGeneTube, we performed guantitative RT-PCR (RT-Q-PCR).
Hela cells (10* cells and 10-fold diluted 10 cells) were
suspended in | mi of lysis buffer. and these extracts were
applied to the GeneTube for hybridization as described in
Experimental. Captured mRNA was then sobjected 1o RT-Q-
PCR using the One-Step SYBER Green RT-PCR Master Mix
Reagents Kit and an ABI Prism TO00. In paraliel experiments,

followed by 95°C for 5 s, 62°C for 32 » for 35 cycles, 7 4
in a Peltier Thermal Cycler PTC-200 (MJ Research). The PCR
products were then analyzed by 2% agarose gel electrophoresis
and the gel was stuined with ethidium bromide (Fig. 3). PCR
products appeared as clear and strong bunds on the stained gel
The GeneTube could be reused for multiple PCRs with differem
primer sets because the synthesized cDNA was covalently
attuched 1o the inside surface of wbes ot its 5’ end. This is very
converient us a moleculur diagnostic tool because PCR reactions
can be repeated in the same twbes if the resulis are uncertain
andior when dilTerent genes expression levels are i be estimated

Senvitivicy of two-step reverse ranscriprion. quantitarive PCR
(RT-Q-PCR)

Hela cells (upproximately 10V 1o 10° cells equivalents) were
«uspended In lysis buffer, and these extracts were applied 1o the

known ations of total RNA, which were isolated by
multi-step total RNA extraction from 10° cells or 107 cells of
Hela as described in Experimental, were also used as an
ngueous phase in the RT-Q-PCR sisndard method.  Both RT-Q
PCR methods were adjusted with the same aumber of Hela
cells as the slarting specimen. As shown in Table 3, there were
no differences on Cr values between the solid phase all-in-one
twbe method in the GeneTube and the conventional agueous
phase RT-Q-PCR

Discussion

I has become increasingly clear thar individual cefls in w
population do not exhibit identical patterns of gene expression
and, hence, expreschon profiling s more informative iF it s
quantitative and camed out st the single cell level. ™ To
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Table 3 Allim-one whe RT-Q.PCR  comparing  with Chip Research Inc.) for their heipful suggestions and
conventional RT-Q-PCR using the One-Step SYBER Green discussions
RT-PCR Master Mix Reagents Kil
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