Rexl-Time PCR Using Capruring Oligo-Immobilized PCR Tubes

40°C, 115+ 15 copies; 30°C, 169 £ 43 copies; 60°C,
104 £ 22 copies, n=4). This result suggested 50°C
to be the optl incubati " with this
method.

We also investigated the effect of incubation time on
the detection of Le/. The copy number of Le/ in an
Leln02-3"-a-immobilized tube appeared 1o be correlated
with the incubation time; however, there was little
difference in the detecied copy number among incuba-
tions ranging from 15 w0 120min (15min, 111+ 35
copies; 30min, 119+ 16 coples; 60min, 151 £15
copies: 120min, 185 £ 33 coples; n = 4). In previous
reports, the hybeidization times were 2h for a one-step
system and 4 h for & two-step system.™'® Our data show
that this method can be carried out with a relatively shon
hybridization time. We subsequently used 30-min
hybridization in this study,

Effect of food matrix on the determination of Lel

To investigate (he food mamx effects, we detected
Le| from 100ng of soybean DNA in 50 mg/ml of wheat
and com lysates. The copy number of Le/ in an Leln02-
F-u-immobilized tube was not significantly affected by
the presence of wheat and com lysates (lysis buffer only,
T4+ |8 copies: comn lysale, 85+ 35 copies; wheat
lysate, 106 £ 25 copies, n=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-dependeni detection

We investigated whether the copy number of Le/ was
detected from soybean DNA and lysate in a concen-
tration-depend The copy number of Lel in
the Leln02-3-a-immobilized twbe was linearly corre-
lated with the soybean DNA and lysate amounts
(Table 3). A strong lation was app g b
the log values for the soybean DNA and lysate amounts
and the C1 values for Lel [DNA. Ci=-34d1 x
log (soybean DNA ng) + 39.19, r = 0.99; lysate, Ct =
—3.14 x 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 1o a doubling of the copy
number per PCR cycle. was 1.96 in soybean DNA and
208 in the lysme sample. The PCR efficiency (E) in

ns
Table X Sovbesn ONA and Lysste Comcesration Effects on O
Valwes and Copy Numbers Measured for Lef by Using Le lndi2-Y-o-
mmobdized Tubes

Sample amount Ct value Copy mizmber
Soybesn DNA
g ME20A 17+3
1Mng 3123402 74428
1000 ng mos04 1677 & 493
Soybean |ysate
% 1.7+02 243
(1] 521402 W3 &3
100% MnTE00 MY -+ 206

Syt bysae M) mg/mi) b Sefined as 10078
etz e vneen vaders 2 5D (0 = 4i

Tebled, GM Suybean Lysste Comcemrasion Effects on O Vilues
sod Copy Nembers Messured for RRS by Using RRS-5Shint-s
Immastulized Tutes

Sumple smount 1 vialue Cogpy number
1% LR 177
1% Ba=03 43 £33
0% 23x02 M1 229

G saytean Iysase (30 mg/mi) is detined ss 100%
Dwsa are wwcan values £ 50 (0 = ),

detected in the degraded DNA than that from the intact
DNA.® To test the cffect of heat treating a sample on the
determination of Le/, we heated the soybean sample for
various times. The copy number of Le/ in the LeIn02-
Y-g-immobilized tube was detected in all samples
(Omin, 3578 = 527 copies; 30 min, 15967 + 800 copies;
60min, 8011 +783 copies; n=4). DNA microamay
analyses are affected by the secondary structures and
long nucleic acid molecules which reduce the hybrid-
Lzation efficiency.'” The difference in copy number of
Lel in the Leln02-3-a-immobilized tubes between the
heat-treated samples is likely 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 a heat-treated
soybean sample.

GM sovbean detection

To apply this method to detect GM soybean, an RRS-
5'short-s oligo based on the RRS PCR primer was
immabilized on the PCR wbe. The copy number of RRS
in the RRS-5'short-s immobilized rube was correlated
with the GM soybean lysate amount in & concentration-
dependent manner (Table 4). The log value for the GM

i DNA samples has reponadly ranged from 1.80
1o 2.10 for DNA extracti hods. '™ These
results ind that the proposed hod  allows
‘ ion-dependent ds of soybean genes in
both DNA and crude ph ih 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 membrane kit was degraded into small
fragments, and a lower copy number of Lel was
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ybean lysate was comelated with the Ct value
for RRS [Ct= =354 x log (% GM soybean lysate) +
36,66, r=0,99]. The PCR cfficiency (E) was 192
Certified ref are frequently used as
calibrators for GMO quantification by real-time PCR.
The copy number of RRS in the RRS-5'short-s immo-
bilized tube was also detected in the 50 mg/ml lysates of

nified ref; materials ining 1%, 2% and 5%
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Roundup Ready soybean (1%, 17 £ 6 copies: 2%, 30 &
9 copies; 5%, 63 £ 16 copies, n=4). These resulis
indicate that the method can detect specific genes in
Roundup Ready soybean by using a corresponding
capture oligo.

Conclusion

The realtime PCR method using capturing oligo.
immobilized PCR tubes described in this study could
detect soybean and GM soybean genomic DNA in
samples comprising 1-100% soybean und GM soybean.
In addition, this method cnuld also detecl (‘ M :nybe.m

genomic DNA in u:mﬁtd refi e ¢ £
1.2 and 3% R p Ready soybean. Many
and areas have spenﬁasl GMO labeling regulations to

protect ¢ " rights; labeling thresholds for GMOs
are 3% in Korea and 5% in hpnn 151 The method
described in 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-immobilized PCR tubes. This method is
simple and specific, and can detect the copy number
of target DNA from crude food matrices in @ concen-
tration-di This method would be useful
in many typen of food analysis.
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All-in-One Tube Method for Quantitative Gene Expression
Analysis in Oligo-d T Immobilized PCR Tube Coated
with MPC Polymer
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11-68 Kvuban-cho, Koshien, Nishinomiva 663-8179, Japan
**Swmitomo Bakelite Co., Ltd., 1-1-5 Muroya, Nishi, Kobe 651-2241, Japan

In this repor, we have developed a novel g RT-PCR protocol in which the procedure including mRNA
purification can be performed in an all-in-one tube. To simplify gene expression anatysis, oligo-dT immobilized PCR
tubes were used serially to capture mRNA. synthesize solid-phase cDNA, and amplify specific genes. The immobilized
oligo-dTw can efficiently capture mRNA directly from crude human cell lysstes. The captured mRNA is then amplified
by one-step reverse transcription PCR (RT-PCR) with initlal cDNA synthesis followed by PCR. In RT-PCR, this new
reusable PCR tube device can be emp for multiple PCR. amplifi with different primer sets from a solid-phase
oligo-dTw primed I.DM hbrv)' This paper introduces a novel and highly reliable all-in-one tube method for mpid cell
lysis, followed by q and ion analysis of target mRNA molecules with small amounts of
sample. This pmcedum allom ai} steps 10 be carmied out by sequential dilution in n single tube, without chemical
extraction. We demonstrate the utility of this novel method by g fication of two h § genes, S-actin and
GAPDH, in Hela cells, We believe this new PCR device can be useful ax a platform for\-'lmlumRNa n‘rxﬂummﬂm

including basic research, drug screening, und molecular toxicology. s well a5 for mol P
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Introduction

Reverse transcription (RT) and polymersse chain reaction (PCR)
have been widely used to assess the expression of specific gencs
n cells and tissues, RT-PCR involves several steps including
mRNA preparation, complementary DNA (cDNA) synthesis by
reverse transcription, and finally ¢cDNA amplification by PCR.
Quani real-time pol chain (Q-PCR) in
combination with neverse transcription (RT-Q-PCR), one of the
most useful technologics for detecting transcriptional mRNA
from cells, tissues and whale blood, is widely used by many
basic research and medical instimtions. However, in many
cases, foial RNA or mRNA must first be purified from a sample
suspended in lysis buffer. The y of these

u small number of targe: mRNA molecules, such as a few virus
particles. **  An iting factor for the routine
application of er.[n.-um analyses is related 10 the method for
preparing total RNA or mRNA from large numbers of samples
Severul methods ure in gencral use for mRNA purification, such
A5 OFganic extraction or (rapping on magnetic besds immobilized
with oligo-dT.** The quantity of exiracted wtal RNA is
bytlle bsor at 260 nm and the quality Is

d horesis 10 the p of 188
MZSSI‘RNAMMW Uhethrmnplmlimm
w;allmdmnﬂnmumwmﬂ
in the orig il remains unk P g of
mRNA quantification results as the quantity nf lhc target mRNA
per microgram of total RNA may be inaccurate because mRNA

depends on the accuracy of each step, including prep and

only | - 5% of 1ol RNA.  Funhermore, mRNA
C joms can vary even when the total RNA concentration

recovery of wotal RNA. reverse tranacription of mRNA into
¢DNA, and quantitative specific amplification of all targer
genes. As the optimizing of esch of these steps is important, the
number of lube-10-tube transfers should be minimized in onder
mamdmmunplmmdemlwmd

Ll & can oceur due to eavironmental
R\uﬂ or matenal camied over from sample to sample, s well

is constant.  Yields of total RNA or mRNA also vary widely
depending on the isolation method used. Commercial kits for
RNA parification therefore commonly cmploy cither chaotropic
agents o lysis buffers ining strom; or a
combination of the two, mmdcrm:chwurmddumm1mof
proteins. Nucleic acids are then extracted 1o remove these
chnm:a.tl. because lhm presence vmuld interfere with
The

as previously genermed amplicons mu: on ¥
equipment. What is desirable is the i fi of

agent
uotlmcmm (GuSCN) has long been ihe chemical

several steps in an all-in-one tube, u;u:;lil;r -rh:l! starting with
" To whom « dence should be add;
E-mail: kenji Llﬁmukn‘l\n w.acjp

of choice for nucleie acid preparation. It is particularly useful
for mRNA studies,' * because it rupidly denstures ull cellular
proteins, as weil as serum proteins. including RNases, when
wdded 1o culture media. GuSCN has also proven superior o all
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mR\A cDNA
Iiyhﬂdynhm d)hM Synibesis PCR
Tmscnplm RT)

Plastic Subsirate

Fig. | The concept for the all-in-one tube method. 5-BIO® Gene Tube.

other tested methods for the recovery of RNA extracted from
tissue.'! Due to ts strong chemical action, GuSCN ar high
concentrations offers the funther advantage of allowing safe
storage of the samples umtil |.hey are processed for
quantification.  H . all s require
remvnlurCu‘iCNlmmlrrmdl‘(‘leww i of

Support media and immobilization of mENA capture probes

The new PCR device S-Bio® GeneTube (Sumitomo Bakelite
Co. Lud., Tokyo, Japan) ists of a fally Labl
200 pl PCR twbe (conventional PCR tubes; PE Applied
Bu»)m), which has bﬂengrll'lu] with an original biocompatible

the enzymes.'* Typically, this is done by estruction with phenol-
chloroform and purification of the nuclelc acids through alcohol
precipitation cycles. or by absorption of the freed RNA 10 8
mltrix such as glass fiber filters, 'blllu gel or aluminum oxide
bends or prop: ¥ compositions, usually
followed by elution using 4 nim\nely large wlume of wash
i Both these hes are i g und frvolve

a nmntm of steps that can lead mhmnnplm RNA recovery.

In view of these limitations we deviced an ultemative strategy
in which the sample can be collecied and denatured in a minimal
volume of a GuSCN solution. Rather than being washed oul,
this salution is then diluted and used for direct incubation in an
oligo-dTw immobilized PCR 1wbe (S-BIO* omm-e1 .'\!‘ncr
washing, the GeneTube is analyzed by |
RT-PCR (RT-Q-PCR). This new procedure is h:mﬂcr referred
to as the all-in-one tube method in a GeneTube couted with
blocompatible polymer“* It is being described here in full for
the first time. Al present, il is the only method that allows a
whole sample to be processed from lysis to RT-PCR in the same
tube under conditions that permit precise quantification of RNA
copy b This fully optimized method is enough

poly[2-methacryloyloxyethy!
pnogpharylclmhnt cMI‘CHu -n-butyl methacrylate (BMA)-co-
p-nitrophenyloaycarbonyl  polyehyleneglycol mhnnyiu:
(MEONP)] (PMBN) hydrophilic polymer.** The bi
has u highly active functional m mnmy 1o covalently bind the
h site for Cy-ami ides. The PMBN was
synthesized from the mole functions of esch monomer unit
(MPC, BMA and MEONP), st about MPC/EMA/MEONP =
0.2M.7/0.1, This activated tube is stable at room remperature
and around 60% humidity for a few months (duta not shown),
The 5.aminc-terminated oligodTy is  dissolved in
i shil buffer (Suni Bakelite Co. Ld.) 1o & final
concentrution of 100 nM as coating solution. Next. 100 pL of
this oligo-dTy coating solution is added to cach PCR tube, and
the tubes are incubated for | b at room temperature. The excess
amine-reactive group (MEONP) is m.mlmcd for 5 min at room
in the blocking bulfer ining 0.1 M
NaOH. Finally, the PCR tubes are wushed three times l\ah 300
I roown-temperature water and then dried by centrifugation for
2 min at 200g. The oligo-dTs immobilized PCR tubes (S-Bio®
GeneTube) are stored under desicention ut 4°C until use. These

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

Experimental

Materials

Reagents for RT-PCR [Transcriptase and Tag polymerase
(ExScript*® BT reagent Kit and EX 7iag™ Hot Swut; TaKaRa
Biosciences Co.. Lid., Ohusu, Jupan)], the Hela cell line
(American Type Culre Collection), One STEP Ladder50
(0.05 - 2 kbp, Nippon Gene Co., L1d., Tokyo, Jupan), Sepasol®-
RNA 1 Super (Nacalai Tesque, Inc., Kyoto, Japan), and MagNA
Pure LC RNA lmluh:n Tissue Lysis Buffer {Rnch: Applied
Science} were hased from the d | All

yathetic DNA ol wmmdumdfmhflppm

pports have been stored for f months without any reduction in
binding capacity.

Preparution of cell fysate and mRNA captiere
HeL.a cells el ml:urﬂl in Dulbecco's modified Eagle's
Ni d with 10% fetal bovine serum
and l-slmmme and the number of cells wus determined by
hemocywometer.  Before RNA preparation, the cells were
wndudm,'.,.?..“’ u.h'nemd i “l.lnfml[
« i 10¢ 1o 107 cella/ml in 100 b of
Iysis huﬂ‘:rtMnsNA Pure LC RNA Tsolation Tissue Lysis Buffer)
at room temg mixed by p g up and down 10 times
with the pipette tip at the bottom of the tube und then centrifuged
al 13000g ot 4°C for 5 min. Next. | jil of each supernatant
solution was applicd to the $-Bio® GeneTube and diluted in
dilution buffer [100 mM Tris-HCI (pH 7.6, 0.4 M LiC1, 20 mM
EDTA] w o final mlumc of 20 pl. After |5 min incobation t

Gene Co., Ltd. (Toyama, Japan) or Sigma-Genosys (Hokkaid
Japan), All chemicals and solvents were purchased from Wako
(Tokyo, Japan) or Sigma/Aldrich (Tokyo, Japan), unless stated
otherwise, and used without additional purification

OO were by
aspiration, andme PCR whes were washed three times with 100
il of wash buifer (10 mM Tris-HCI pH 7.6, 0.2 M LICL, | mM
EDTA) by mixing and aspirating as above. The twbes were
immediately used for reverse transcription for the cDNA library.
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Table | Primers used in RT-PCR malysis of characweriration
oot the full kemgth cDNA related w0 human GAPDH and factin
penes

111

Table 2 Primers uied in RT-PCR repestshle snalysis of
cDNA libranes
—

[

- L T CERALAAG b i

| Yaimass QA PR | e e o e :-.mn‘::rm.:: ; :::::n.m «:::«u
GAPDHM- 25 Fareand F.ICCTOCTGTTCGACADTCAGY | (152ne Jamia B | vt (1F e | FECCATCADAATOAMIAICALY | 81 e
GAPDMIL AT erwwd | CTCTTOACCACTATOOAGAAG S | 88459 ) | i (R T | € LOATCEATACGUAGIALTICY |

A PO K% 00Y  ormad CAAMGAAGGTOOTOAAGT ATG-1' | 412 GAPt# A | GAFOIMAL. 199 parmm | F MTLACATINTT ML AT |-y
GAFT#G | 7881 2T L VCATUAC. mocy | LAY B b e ’twmtml’cta
| Haman fnn e S CAPDN B | OAFOROT Flbwead | CTOACTICAACAGLLACALLS lun-l
PP — T CCATOOATOATOATATCOCE Y | 16aite | uaronions § CIGTALE CAANTIUUTIGICAES |

At L2029 wrwand FGCGAGA AUATOACUCAOATC- | 11404

Patabt Mdfennd | FTIOCTIOCTOOGEATO0AGT-S | #8509

Pactd 13871066 Hormnd | - ACTHOAACGGTOAAGGTGAC T | 410 by gﬂ (Tayama, Japan). Follawing PCR. prittier pairs of human
Smcrnt | 140 [T eene | FCAGTGTAC AGITAAMCCCTIR APDH and feaciin in Mé for repeatability of m"z 2%
e = & ProbeFinder Version

Mulri-mep total RNA extraction frem Hela cellx
The total RNA of cultured Hels cells as a reference was
isolated with | ml of Sapnol-RNA | Super (Nacalai Tesque)
g w0 the i "5 P I. Toml RNA was
d by I UV M..] b method, and
the quality was estimated with A /A, nm.

General reverse transcription (RT) method using Gene Tibe
Total Hel.a RNA was reverse transcribed 1o ¢cDNA ihen
subjected (0 PCR using either TaKaRa (ExScript® RT reagent
Kit and EX Tag™ Hot Stant Version). The. incubation was
performed in a Peltier Thermal Cycler PTC-200 (MJ Research),
The GeneTube was transferred 1o tot) RNA solution (19 yl of
mWWMIdeW(IDWILWI«
i a1 room temy for |5 min and then the PCR
ulhummvmﬂlﬁywuhﬂl!mllnmmmlmplof*lﬂl
bufler (10 mM Tris-HCI pH 7.6, 0.2 M LiC1, | mM EDTA) by
mixing. followed by its I by asp For the solid-
phase cDNA synthesis, additional reagents (TaKaRa: ExScripr®
BT reagent Kit. RROISA) containing | X ExScript® Buffer, 50 U
ExScript® RTase, 0.5 mM dNTP, 10 U RNase Inhibiter were
gently added to the GeneTube. The reverse trunscription
mwupeﬂmuutwaSmnmanmdh
were by Consequently, single
urmchNAwucyMuin‘lhemRNAcmndmlhe
CeneTube as solid-phuse olign-dTw primer. On the other hand.
cDINA synthesis in conventional PCR whes way performed in
the solution phase using the sbove RT misture plus 2.5 pM

oligo-dT primer as a reference, and 2 i of the cDNA prodi

were
W'J'Mw
and purchased from Sigma-Genosys (Tokyo, Japan),

Reverse transeription quantitative PCR (RT-Q-PCR) protocol
Two-step provocol.  Aftes reverse transcriptional reaction, the
10N MiNTure was di removed by aspiration. The
K‘llhmﬂqtlnuwmocolmueao(%‘cm 105, a DNA
followed by 35 cycles of 95°C for
31, 62°C for 32 ». The dissociation curve analysis consisted of
1 cycle of 60°C for 20 5 and | cycle of 95°C for 15 5. Quantitative
Real-time PCR (Q-PCR) was performed in a premade reaction
mixture (TaKsRa SYBR®™ Premux EX Tag™, RROMIA) in the
presence of 200 aM of factin primers (TaKaRa ACTB
HAD31582-F: 8- ATTGCCGACAGGATGCAGA-Y , HAD3 1582-
RS -GAGTACTTGCGCTCAGGAGGA-": 89 bp), using SYBR®
green chemistry and an ABI Prisen 7000 (PE Applied Biosystems).
The cycle threshold (Cr), the cycle at which certain amounts of
PCR products are based on fluorescence, wus generated and
A d using analytical woft (PE Applied Blosystems).
One-siep promweed. Ope-Step RT-Q-PCR was performed using
the One-Siep SYBR® PrimeScript™ RT-PCR kit (TaKaRa:
RRO66A and an ABI Prism 7000). The RT-PCR reaction
mixture contained 12.5 pl of 2 x One-Step SYBR* RT-PCR
buffer (11, 2.5 U of TaKaRa Ex Tig™ Hot Start (5 Ululy, 0.5 pl
of PrimeSeript™ RT enzyme Mix 1, 200 amol of PCR primers
and distilled water 1o 1 final volume of 25 i in the mRNA
used: | cycle of 42°C for 10 min, followed by | cycle of 95°C
for 10 s, 35 cycles of 95°C for § 5, 62°C for 32 & and for the

gy

Jsp

was transferred 10 a new tube for conventional PCR analysis,

General PCR analysis

The 25 pl amplification reactions contained (X EX Tog™
buffer, 0.2 mM dNTP, 0.2 UM of forward and reverse primers
lndDﬂan‘DNApdymiﬁxfm"ﬂmSM\’nﬂwl.
The DNA p was d by a pre-i a9s’c
for lel’dlowdbyQ&‘wa!uul(tlnr:ih!m:ls:;vclu.
performed in 2 Peltier Thermal Cycler PTC-200 (MJ Research).
After the PCR was completed, the PCR products were analyzed

dissocistion curve analysis, | cycle of 60°C for 20 &, and | cycle
of 45°C for 155

Results

The oligo-dTw immobilized PCR tube, 5-B10* GeneTube, has a
wide mnge of useful applications, such as for capture of mRNA,
solid phase cDNA synthesis, quamtification of specific mRNA,
Guantitative PCR and RT-PCR, cDNA clone library construction.
Tlle use of conventional 200 ul PCR twbes offers major

ages over the y oligo-dT bilized

by2§ mpldxmqiuuuwﬁusw hichi
mmcudedudngms-m{‘lbym Thkyo.lqun,\

Primers for reverse transcription PCR (RT-PCR) studies wying
GeneTube

These forward and reverse primers were used (o chamcterize
the full length ¢cDNA synthesized on the GeneTube by reverse
transcriptase. Oligonucieotide primer pairs for buman GAPDH
fea. 1.3 kb) and fractin (ca. 1.9 kb) were listed in Table |
Primers for GAPDH and fFactin were purchased from Nippon

i Hul and beads of their
mpid and simple ing proceds of less
siorage space, mdunhuhiliq for high mmm liguid
handling robotics. The GeneTube is capable of capuring
mRNA in a cell lysate of u lurge amount of 10 cells. This
quantity is sufficiem for most gene expression experiments
because of the capabilities of RT-Q-PCR.

Full-length cIDNA synthesis
The cDNA libmry in HeLa cells was synthesized using the
oligo-dTw immobilized on the GeneTube. PCR analysis was
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[Solid Phase RT-PCR]
GAPDH B-acrin

Fig. 2 Chamcterzation of solid phase cDNA synthesized using
GeneTube, Following mRNA capture in the GeneTube, a reverse
transcription reaction and PCR were performed with oligo-dTe
immobilized in the same tube. The PCR products were separited by
20% agarose pel electrophoresis, followed by staining with ethidium
bromide

performed using cuch primer set that yielded amplicons of
differeni sizes, such as 1252, 884 and 412 bp for GAPDH and
1685, 1340, 895 and 413 bp for faectin. As shown in Fig. 2, all
of the PCR products appeared very clearly on electrophoresis
The GeneTube offers a simple all-in-one lube method 1o caplure
mRNA and synthesize high-quality cDNA. cDNA synthesis up
to 1.3 kb for GAPDH and 1.9 kb for S-actin could be performed
on the surface. The PCR products corresponding to 1252, 884,
and 412 bp for GAPDH and 1688, 1340, 895 and 413 bp for
factin could be visualized in lanes | to 7. These findings
indicate that nearly full-length ¢DNAs for the GAPDH and
Fractin mRNAS were synthesized under these RT-PCR conditions

Repearability of sequentiol PCR analysis on GeneTube

Total RNA of Hela cells. 10 ng, was suspended in RT buffer
and transferred 10 the GeneTube for bybridization. The captured
mRNA was converted to cDNA with the reverse transcriptase.
GAPDH and fractin specific polymerase chain reactions with
two different primer sets were performed in sequence using the
cDNA synthesized on the GeneTube. After cach PCR. the tubes
were washed 3 times with 100 ul of wash buffer (10 mM Trs-
HCI pH 7.6, 0.2 M LiCl, | mM EDTA). The 25 pl amplification
reactions contained | X EX Tag™ balfer, 0.2 mM dNTP, 0.2 pM
of Bactin-A, -B and GAPDH-A, -B specific primers and 0625
U of DNA polymerase (EX Tag™ Hot Start Version). The DNA
polymeruse was activaied by pre-incubation st 95°C for 10 s,
followed by 95°C for § 5, 62°C for 32 s for 35 cycles. performed
i a Peltier Thermal Cycler FTC-200 (MJ Research). The PCR
products were then analyzed by 2% agarose gel electrophoresis
and the gel was stained with ethidium bromide (Fig. 3. PCR
products appeared as clear and strong bands on the stined gel.
The GeneTube could be reused for multiple PCRs with different
pnmer sets boecouse the synbewized cDNA was covalently
attached to the inside surface of wbes at ity 5’ end. This is very
convenient as a molecular diagnostie tool because PCR reactions
can be repeated in the same whes if the results are uncerain
and/or when differeni genes expression levels are 1o be estimated

Sensitivity of two-tlep reverie transeniption guarttitative PCR
(RT-Q-PCR)

Hel.a cells (approximately 100 w0 10° cells equivalents) were
suspended in lysis buffer, and these extracts were applied 10 the

ANALYTICAL SCIENCES JANUARY 2009, VOL. 25

GeneTube for hybridization as described in Experimental
Captured mRNA anuched o the oligo-dTy immobilized PCR
tubes, GeneTube, was reverse transcribed 0 ¢cDNA and then
subjected 10 guantitative PCR  (Q-PCR) using 8 pre-made
resction mixiure (TaKaRa SYHBR® Premix EX Tag™, RROMIA)
and an ABI Prism 7000, which was & two- uq- RTQP("R
reagent kit, used fing Lo the [

After the PCR was cumplmn:d. the bands vm'bic ufter
electrophoresis in 2% agarose gel and ethidium bromide staining
comeluted 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 captured mRNA GeneTube from 10 1o 10F cells
and real-time PCR product hands were detected by 35 thermal
cycles.  All this varisbility in the quantitative assay was
' d from dupl ples from Hela celis
Imerestingly, the factin manscript of HeLa cell could be clearly
detecred in a cell lysate comatning only 10 cells.

The sensitivity of one-step RT-Q-PCR from synihesized
cDNA on the GeneTube enabled detection with only 10 cells
and was better than thar of two-step RT-Q-PCR using the all-in-
one tube method (data not shown). This was surprising because
one-step RT-0-PCR was conducted in an efficient solid phase
RT reaction and liquid phase PCR by first dissociating mRNA
from the GeneTube.
T test the sensitivity of the all-in-one tube method based on
1 values, as shown in Figs. 4B and 4C. calibration curves were
prepared for factin cDNA from known quantities of Hela cefl
(each diluted 10-fold from 10 to 10" cells). Al calibration
curves showed comelstion coefficients >0.99, indicating a
precise log-lincar relationship, The detection limit was less than
10 ceils for factin gene with the commercially supplied
reagents. As shown Fig. 4D, meling behavior, expressed as a
plot of the first negative derivative (—dF/dT of the Muorescence
v, temperature, revealed high levels of purity and homogeneity
of the PCR products. Single and sharply defined melting curves
with narrow peoks were obtalned for PCR products of the
analyzed genes.

All-tn-ome tube one-step RT-Q- Pt.ﬂ' in hrrlr?'lrbr

For comparison  of © I
aqueous phase RT-PCR and the all-in-one RT-PCR method in
CGeneTube, we performed quantittive RT-PCR (RT-Q-PCR).
Hela cells (J0* cells and 10-fold diluted 1(F cells) were
suspended in | mi of lysis buffer. and these extracts were
applied 10 the GeneTube for hybrdization as described in
Experimental.  Captured mRNA was then sobjected to RT-Q-
PCR using the One-Step SYBER Cireen RT-PCR Master Mix
Reagents Kit and an ABI Prism 7000. In parallel experiments,
known concentrations of total RNA, which were isolated by
multi-step otal RNA extraction from 1(® cells or 10° cells of
Hela as described in Experimental, were also used as an
aqueous phase in the RT-0Q-PCR standard method. Both RT-Q-
PCR methods were adjusted with the same number of Hela
cells as the starting specimen. As shown in Table 3, there were
no differences on Cr values between the solid phase all-in-one
tube method in the GeneTube and the conventional sgueous
phase KT-Q-PCR.

Discussion

It has become incressingly clear that individual cells in
population do not exhibit identical patterns of gene expression
and, hence, expression profiling is more informative iF it is
guantitative and camed out ot the single cell Jevel. ™ To
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increase the reliability of these measurements, we developed the
S-BIO® GeneTube method. This completely all-in-one tube
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Table 3 All-in-one whe RT-Q-PCR comparing  with
conventional RT-Q-PCR using the One-Step SYRER Groen
RT-PCR Master Mix Reagents Kit

CetMe | Mobot o wpe-n |
(L G Tuhe: methond (%) wie
| — Cl— 1414 ais
1 sefiwml {remiz T wssbod 1150
Vemnyentsonal daethot T

reducing the time required to process many saimples, as well o8
the risk of contamination.

Our quantitative measurements of Bactin or GAPDH mRNA
levels in Hela cells highlight one of severnl merits of the
GeneTube method over the traditional, multi-step spprosch w
nucleic acids purification®'*  This study has clearly shown
that the very high initial concentration of GuSCN thoroughly
breaks up protein-RNA mum:ums. but does not inhibit

reverse b the mRNA is captured
in the oligo-d T immobilized GeneTube and can be completely
recovered by washing, The phase sepuration based nucleie acid
extraction method, in fact, presents severnl steps thal require
extreme care to uvold loss of material during liquid phase
extraction and precipitation of total RNA, and repeated re-
suspension und wiashing of barely visible pellets.  All thess
manipulations render the resulis obtained with this technique
operstior-dependent, while the all-in-one tbe method is much
less operator-dependent because it simply requires sequential
addition of reagems into the same tubes.

To validate the quantitative accuracy and reliability of the
CreneTube method, we used it 1o measure factin and GAPDH
mRNA levels in Hela cells.  The transeript levels in the
individual cells were comparable (0 average RNA levels per cell
calculated from whole cells. Based on these resulls, we
anticipate that GeneTube will prove useful for quamtification of
RNA fevels in small samples of ssue from many sources, as
well as single cell and even fractions of cells such as neuronal
dendrites and axons * The small volume in which densturstion
is carried out 1s also amenable 1o analysis of biological material
isolated by laser capture microdissection or laser pressure
cawpulting.™ These advantages of the all-in-one CeneTube
method described here make it a very attractive choice,
especially when working with very small amounts of material.

We have developed a novel all-in-one whe RT-PCR protocol
in whin.h the RT-PCR procedure (including cell lysis, ¢cDNA

by revense ription, and cDNA amplification and
demuou by Q-PCR) can be performed in an all-in-one wbe.
Using our system, once cell lysates are applied to the GeneTube
for hybridization, the work can proceed 1o the direct RT-Q-PCR
described in this stwdy. 1t is also moch less Inbor intensive than
the previous multi-tube methods. A diagnostic assay s now
being tested 1o consistently amplify the transcript from a single
cell from whole blood ™  Because of ils simplicity and the
fluorescence characteristics it gives to the products, our
GeneTube should be applicable as a platform for various mRNA
expression :nnlywr in basic research, lirug scmemu‘ and

icology. as well as molecular p i

with the | lal for future We h:liav: l!ul this
protocol should prove useful for many single cell RT-PCR
amplifications, particularly for mRNAs expressed at low levels,
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