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A quartz crystal oscillation unit was modified by immobilizing single-stranded DNA (ssDNA) on its surface and
incorporated into a quartz crystal microbalance (QCM) system as a biosensor for the purpose of detecting specific
fungus. The ssDNA having base sequence specific to 28S rDNA D2 domain of Omphalotus guepiniformis, which is a
toadstool that often causes a false appetite resulting in poisoning, was immobilized on a gold electrode of the quartz
crystal unit, and used as a probe for detection of complementary target DNA. The detection of target DNA was carried
out by monitoring the decrease in oscillation frequency due to mass increase on the surface of the quartz crystal unit,
which accompanied the hybridization of the probe and target DNAs to form double strands. In advance, the DNA
hybridization was examined by the QCM method with a synthesized oligonucleotide (25 bases) having same sequence
as that specific to O. guepiniformis 28S rDNA D2 domain, and the hybridization efficiency was estimated to be 97~
101%. Subsequently, DNA was extracted from a minute piece (0.1 g) of O. guepiniformis fruit body, and the 28S rDNA
D2 fragment was amplified by polymerase chain reaction (PCR). It was confirmed that fragment (308 bases) of the PCR
product was detected by the QCM measurement which showed a marked decrease in oscillation frequency. In addition,
the 28S rDNA D2 fragment of O. guepiniformis was detected for a mixture with those of Lentinus edodes and Pleurotus
ostreatus. This result suggests that the DNA-modified quartz crystal unit can be applied to the detection of a specific
toadstool included in leftover foods or vomited matter.

KEYWORDS : DNA, quartz crystal microbalance (QCM), biosensor, hybridization, Omphalotus guepiniformis
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XY KRESELDZEPEMENRREZ L) EEEZ b0
ELTwab,

—7, BRICEELZZF ) a0R-EBEICL > TH
F)ARRNETL2RFPHEILZHELTBY, £2OHT
b, V¥ 3% (Omphalotus guepiniformis) 2 & % EH
FOFEIX 1980 4E D S D 30 4F M & TR LA & & H
300 EMR LY, YFIFIE, THFOBEKRLHNA
FICERL ) CHAL, BRRARAEIA ¥ (Len-
tinus edodes) Rt 5 %4 (Pleurotus ostreatus) \ZMACH
D, LECRA—-ACRBETLZELHRASING WV,
ZFOHEHBRDTIANT VS (57Fvu—=) THY,
AT 5 LR NI MR 55 DT b R B A3 42
T5Y% vFayyrhlHEF/ X rEPHE, —HK
BV ERERIE R 2 & IR R A3l S h, SBIR O TR
WTHBMICEEL, BRYT2EMEBZELCRAESH
%% LaL, BT EERIZEHBNZERBESHE
MEBENLEVEEZOND, T2, MBLEORIT
BERTVLDICBICHRLTVEWEBEDZZS
N, COEEITIIAIERRERIC X 2 WO E I R4
DR,

JEAE, AKEIREITE2FIH & Lckkg N4 F & v —
MW EN TV 5, KBIRE) &, AREFPFERA O
FETTH2H, REOEERMIIE U THRE B
BL, 107°g LRVOEREALEZBIL D 5T & LM
BRALLTHATEAIERANERATWSEY, 20
7o, TOEBEBHEIIKBIRI)F<A 707N F VR
(Quartz Crystal Microbalance, QCM) & XM Tw5, K
SIRE) T ORMICIFRN 20 TARELZ AT 5 R FH%Z
BATAZELIZED, ST CTHNSKHEECTH - 24K
WHT (RTFF, 7828, B, RERES TR
) OMEMEMZFEBEERE LTRINTRETH S Z &
5, QCM X, fbkEZ2iZLo e LT, &%, 4T4E
W, WAL EOSBTIRHIAALON TS, £
OBlE LT, FA MR MIEEHOBMCY, E{b
TaE RIS ¥ R BOERY, WET A VAF
7232 OHAADOKRE D, Mg OREESH TV &0 B
Foha, E£EH51F, KRIREFEM L TDDNA O 2
AR N TV ¥4 ¥—v 3 v) 2HA L7z DNA
EUH—ZOVTHELTBH Y, COFEILLTY
39 %4 ® 28S IDNA @ D2 HHIRIZ B 5 51 72 35 JL Aic
FIOBMDWFETH B & # Z 720 1DNA 1T & 1
WZHFEFEST HUARY — A RNA BIETTH D25, €D 28S
Y7 2=v O DI/D2 FHik (600 EHESIEEE) HBER
OFER L ORBEFTCRDAHTHY, 61T, LK
MR 72 WAE Lk, D2 #HI (% 300 ) DA DF
WThbtACRAEFTRETHLZEBMOA TS,

#1295 (2010)

La»L, 4, E¥5HCTREICERL TWw5 NCBI
(National Center for Biotechnology Information) D#&4t3
% Genbank % DDBJ (DNA Data Bank of Japan), EMBL
(European Molecular Biological Laboratory) 7% E~OHi%E
B DBk, KEROFERL BT 4 VARNZT)T
PHLThY, EHEZAME LR 2ClTET—F
N—Z DL RHEA T VOPBIRTH %,
AW, 3, Y¥I3 vy, VA8 rB8Xe I
% 4 O/ F 7 S 3l L 72 DNA @ 28S tDNA @ D2
IR % PCR (Polymerase Chain Reaction) {Z & o TR
HBRL, Y—r Y ARIBIC X %4 OBILRH] % BT L
720 ZORPRICKDE, Thd3FDOF ) T OFENICH]
L9 2 5RM 2RI O W TR 21T o 720 R
T, ZOWERHIZAT S 1 AR DNA 2 KSHIRE)F D
Kmic7ra—-7E LCRlEL, ThEiMuinisy—7 v
I DNA OB Z QCM BEIC L o TEML 720 51T, 3
Mo ¥ 7 ad 28S rDNA D2 HIBOREREHIDWTY
X377 EAOMNERL, KRR BE ORI %
EIE I N BB O TEEROBNIF 25, FEDTE
FazBNTEXLMREEEZR L

2. ¥ B

2.1 HE

Wi, SEEILAKEK (30%), HER, HALF P YL
B & U TE %% W (pH 80, 10mM Tris-HCl, 1 mM
EDTA) &, FDEMEETED SMEA LR 2 H
L7zo ZOMORIEIZOWTHOWRMEMH L7z, B
FOFTRTOFMPEEITIE, BAAREREE (7 BN
YEy 7 RER) CHRE LKA (18MQem) & H
Wiho F72, KRIRE) T ORBICHWHBEKE LT
TE #% i i (pH 7.5, 10 mM Tris-HCl, 1 mM EDTA, 25
mM NaCl) OiRIE, EHOM, 40CITRFL2,

2.2 #HEEE

2009 4F 6-9 A ICHBIRABRT OREINEHZITE W
TTFOBRAR» LI Ny Fasr, Y48 75B&
Cesrro3loF s a (FEE) 2Z2HRMOEER
TR EDRHMORED DB IR EA L LTHY
720 TRTOTFERIEBARMERE I ) EBRE T
BAE LTze ¥ =4 Y AGHHORENCIE, BEMICWY
HE N7 T EERONERHELE PDA FAIE KK b 1245 AE
L, BB EERAERZHOL, BREONM LR #EF
EIEHROCHELL RN BYTH B, T/, F/2
WA D72 O RE DNA OFREIIE, WEPICWY IS
N7 TEAONEHREZ BHEH W72,

2.3 28S rDNA D2 fEl DEIE AR

3fiDF ) ah 5@ DNA OHIHIEE, BELAEEEO
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TEAOYHF 0.1g (BLXZS5Smm ) 2FEIFAH
— X DL, PrepMan Ultra Sample Preparation Re-
agent (Applied Biosystem #) 200 ul ZiMZ, K& 5 DD
HIZ 100CITHB VT 10 7 HIm#EA L7z, 2 4o iR BE
L7=0b, @O & - T DNA HIE %1572, Hil
EN72DNA Z5 7L — & LT, 285 rDNA D2 %
DA (% 300 HIHEH) % PCRIC K Y BIHAK L7z,
PCR I I% MicroSep D2 rDNA Fungal PCR Kit (Applied
Biosystem #) % i\ 72, DNA Sl 10 pl (245 8K
990 ul Z M A THML, ZOFPUE 15 pl ([ZHTR D Kit
? PCR Master Mix 15ul % fil X 726 ¥R\ C, Thermal
Cycler Dice Gradient TP600 (TaKaRa ) 12X 1), 95CIC
BT 105 HEIGE®0BIC, 95T T30 B, 53C
T30BM, 2CTI1HMoOREZ 1427 0ELT,
CNE3ISHFAL 7Y ERL, ZO%IZT72CT 1051
RIFL TS ZRT Lz 7 — 25 VERKBEC
£ % PCRAEBYMOHRZIT, TRXRTOWE»HH
300 HHEN QW OADH SN & 2R L2,

% 72, GeneQuant 1300 (GE ANV A & 7 ¥ % /8 v i)
& BEM (KK 260nm) DWIEES S PCR AR D
DNAREZHEMLAHE, WIhoBHBicBwTh,
120140 ug/ml 2D 28S 1DNA D2 Wi 23 & hTw
AT EWbhol,

2.4 V= AR

PCR 4 % ¥ % ExoSAP-IT (Amersham Bioscienes #%)
THREL, Y472V —Fr VARBOTF Y7 L—1 e L
oo WA 7 V¥ — o ¥ XIS IT I MicroSeq D2 LSU
tDNA Fungal Identification Sequencing Kit (Applied Biosys-
tems ®) ZHW, PCR ORIESKHEFy boFuta
WITHE o 720 WE DM B & AT 21X ABI PRISM
3100 Genetic Analyzer 3 & UF MicroSeq ID Analysis Soft-
ware (Applied Biosystems $) % w72,

2.5 DNA D&H

Y F Iy ORISR LY % DD
25HED 1 AP DNA (F—4v F DNA), ¥—4 v b
DNA & #2235 &A% % d D DNA (71 —7 DNA)
BIU 70 —7 DNA L I3FEMMM R IEIERY 2 b D
DNA (k¥ —%v b DNA) OEBIFF T Y84 F 7
7 u Y-t EE L,

2.6 KSZFEEFVC4 7015 Z (QCM) B

QCM t ¥ —F v 7L KBIRE T DI %E Fig. 112
Ao LV H—F v (I 4 ATEH) 1, EAH
WA 21 MHz D AT 7 v bARBIRBIFZ2HWTED,
WEBRIELTHEHT A7 4 v 7RTH 5 7:2D125E
WRPTHEML W X 9 ICKBIRE) T 0 H i 2s$ 1k &
M, WHICERE LTEE 2.6 mm OMEDE (800 A)

Topside view
Au electrode

Lead line

Quartz crystal

Silicone rubber Side view

A :
0 oA ! H

’ ”,’ :<—>|
Au Electrode Area 5.3 x 10 cm?

Fundamental Frequency 21 MHz
Density of Quartz crystal 2.9g/cm?

QCM Sensor chip

Fig. 1. Immobilization of probe DNA on Au electrode of

quartz crystal unit.

OCXO : Oven controlled crystal oscillator

| Frequency counter

USB/GPIB interface

Personal computer

QCM sensor chip

Glass cell
- )
Stirrer chip
a Peltier device

Al block Thermo controller (PID)
temperature

controlled bath

Stirrer

Fig. 2. QCM sensor chip and quartz crystal unit.

BEAELTHD. TOKMET)TFTIX, RIlND 53 pg ®
HEBIMCE Y 1 Hz O IRB R BB 3 ET 59,
WM E L, EHIERAA KR IEIRES (Oven Controlled
Crystal Oscillator, OCX0) &7V I 7w v ZHEEME X
CRITPTF VIR —F—%fiz72QCM Y v V7Y
AT A (WU I4 ZTHER) 2RV, i LT
X, XCTERMEH (pH 7.5, 10 mM Tris-HCI, 1 mM
EDTA, 25mM NaCl) %H\, @i & iRk ol
24020 1CICRERE L7 HEEOHEAD ICIE,
OCXO & #7727 ~ % — (Agilent Technol-
ogies ®) L, avCa—¥r—2HnTIBITLIC
BB OEREFLIT o720 WEY AT A OB % Fig. 2 12
N

2.7 KEEREFREANDTO—T7 DNA DEELE

#—75"v b DNA D&

7O —7 DNA D5 KMIIZTVANVT 1 FREGE IR
FEYMIFNVEZEORFHAZHEESETHY, Fig
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n 5 3
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o]

Chy

Au electrode surface

o]

n 5 3
-S-(C HZ)G'O'FI’- TTCCC CTAGA CTTTATCCAA CGGTC
OH

L s-c r—b)s-o&-@—o CH,

(0]

CHy

Fig. 3. Apparatus for QCM measurement.

DNA (VA MF Y M FNVEPEET S, COTH—
7 DNA % RDFNEIZ X o TREIRE) T 0 K< B 2k
L7zo 7, V¥ —F v 7OE&BEBHEMEZ KT /NG
W (AR BRAEER - 30% ME b AKFEAK=3:1) (10
SRREL, BEKE TEREW (pH 7.5, 10 mM Tris-
HCl, 1mM EDTA, 25mM NaCl) T+4 1Pk L 7=
QCM EB I Y I 72k v —F v T2 F I AEIVH
@ TE BH 4ml 1CREL, BIRAERIRELRZ
ERMRL-0b, EARFERENE L7z, RIT, RE
205uM &% 5 X927 —7 DNA (20 uM, 100 pl)
BHTARNVHICMAZ, ZOBEORBREALZ R
WEL, 50Hz RENKT (0.33 pmol @7 1 —7 DNA
RECHY) 2HALZ0BIC, ¥y —F v 7TE2—H
EEISIYAL, BRAL TEREHRTTHHICHEEL
2o BB VY —F v FRBEEICR MG, HizicillE
WE LTH I ALV OH /2% TE B 4 ml 12
HL, ZELL-BIRAEBRIEONL I L 2MHRAL.
0%, MEBRFOREREDI05MIZ% 5 X H I
Z—%4"y + DNA (20uM, 100ul) 2z, COBEORE
W2 REERICE Lz, F72, SHHRERE LTk
% —4" v I DNA 2l V756 OB EBELR D R0 F
BECHEL .

2.8 28S rDNA D2 BfzFICEEI 3V XA T DHE

RSB D%

232372V ¥ 3 ¥ & @ PCR AKX D DNA %
WL SHM L, TEZRBHW (pH 7.5, 10 mM Tris-

AL, 100CT 5 4 HmE L THREMITI Y 2 A
D DNA % 1 A& Lo 70— 7 DNA OREEL7:
QCM t Y ¥ —F v T & AT A LIVHND TE HME K 4 ml
B L, ANELER L 7> DNA BEHAT 10 ul %R 0.5
IMIZRS L) CRBROEEFIABVAITMZ, 1 X
FDNADOY FI ¥ ri#flHRE s -7y LT
QCM 1 & 2 FARE B BEAL DB 21T > 720

2.9 X/ OAFEFEESHHLSOYXI 2T D&t
23 BRI FEICL o TRYFAS Y, V4577
v 75 D3MDOPCRARMESEENRECLD LD
WCRAELZOD, TE#KBEHR (pH 7.5, 10 mM Tris-HCI,
1 mM EDTA, 25mM NaCl) T200uM 2% 5 & 9 IZ7
ML, 100CT5 7 Hme L CaEE Lz, Zom
L7 DNA REHEMWICOWVWT, 2.8 LAMOFEIC X
D, 1 AKX DNADYFI ¥l EZNRE LT
QCM 12 & 2 RIRA WM EALDBH 1T o 720 T 72,
WHIBEBRE LT, Y4775 BXULT 57D PCRAER
WAEEENVREICES L) ITRAELZBRIZOWVWTYD,
IRk SR B B AL 2 e L7z

3. BRBLUVEZR

3.1 7O—7 DNA $LXU'4—%"y FDNA (V%3
24 OHFNEE) OEEESIOETE

Y VAGHICEYRE LY XY, VA5

BLUe s ¥ roEEESZ D LIZ, YFIF ol

WCHRIHTRE L # 2 S b 25 HAEDORFRI R RS % E il
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Table 1. Characterization of 28S rDNA D2 fragments of fungi.
Molecular ~ Number of <
Fungus weight vl T Specific sequence of 25 bases
O. guepiniformis 95788 308 5-GACCG TTGGA TAAAG TCTAG GGGAA-3’
L. edodes 95757 308 5-GATCA ATGGA TAAAA GTTTG AGGGA-3’
P. ostreatus 89379 287 5-GGTCG CTGGA TAAAG GTCAG AGAAA-3

Table 2. Base sequence of oligonucleotide prepared for determination of O. guepiniformis.

Number of bases

Oligonucleotide Base sequence milsmatehed to probe DA
Probe DNA 5-TTCCC CTAGA CTTTA TCCAA CGGTC-3' =
Target DNA 5-GACCG TTGGA TAAAG TCTAG GGGAA-3' 0
Non-Target DNA 5-CTGGC AACCT AGGTC AGATC CCCTT-3’ 25

Table 3. Result of QCM measurements for immobilization of probe DNA and hybridization

with target DNA.

Frequency decrease
Process q y

Mass increase

Molar amount of DNA

(Hz) (ng) (pmol)

Immobilization of 48-58 2.5-3.1 0.31-0.38

probe DNA

Hybridization with 44-62 2.3-3i3 0.30-0.42

target DNA
L7zo KBRS T 0 SLIRE AL, BRE/LOM 50
2, FREEEOMEZEICE o THHEENRDA, 25 = FIRE RAE
HHBEORTF FROBA TR & 2 B8 = s s
FERITNE LD, 72, 25 IR TH B L EITPH 2 Y| Target DA
WO MR & B3, ZhUEICRBLES YFATL N S 50 :
Wik & 5 LWESLTOE?, ShOOWELERL 5 R
T, AW TR 25 HEDOERIICERT A LI L7 g -100 -

[T .

E512, BEOLME(1)320OWME LRI ONE L
T % H LG A% 28S rDNA D2 B O IZRAMEIC D % -150
T¥, (2)3 DOWHMM THELIHE b HEFROh 5 Z ° * ety °

L, (3)BHT 58 E o5 & TR O
MREEEWC e Q5 HEEPSHEEUERRL L)
Ll ZORE, 3 00OHME HIT, 285 rDNA D2 #
B 153-175 FH D 25 WHAEB SNz, FRAEOR
M4 & § HIEIAS] % Table1 \I/RT . Z DRERICEHE
X, Table2 IR &) %25 HWENSLS IHWHOE
FA ) IRTFE, $Thbb, vFEI Iy OMBINRE
W EFA—DEERIZ 2D (F—4v F DNA), &
hEMAMLRENZ 250 (Fu—7DNA) BIO
MR 2SI Z dodD EF¥—% v + DNA) 2H
Bl

Fig. 4. Frequency change by immobilization of probe DNA
on quartz crystal unit (A) and hybridization of probe
DNA with target DNA (B).

3.2 70—7 DNA OEELHELVZ—4 v b DNA
DAL I HIRR BB OEL
KRB FHEE~D 7 1 —7 DNA O EILH & OH
FLEN727TO—T DNA £ ¥ —% v I DNA L DN A
TYVFL ¥ =3 VIZE b 2RHEBEREZ QCM HEIZ X -
THEBF LT RO—FIZ Fig. 4 1IR7. £/, Thi
FREDERZ MY EL TRD N7z 7 T —7 DNA O
FEiLEE ¥ —4 v I DNA DS E% Table3 125 & D
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72o 70— 7 DNA O [ EbIZ T WL DK T 2% 50
Hz BETHKRT LTWAA, 50Hz DR HEEIKTICH Y
3 %70 —7 DNA ORE % 0.33 pmol &£ %%, 71
— 7 DNA OWHEE (mol) &, FIZRA%DF—4 v b
DNA DG Lz EZ DN, NATYFLE—-Ta v
B IL 97-101% TdH - 720 0.33 pmol 7 1 —7 DNA
FEELShTwS EThiE, KNEETO&ER KL
M LR 53X 102 em®* 1S LT, #2.0x10" KD
DNA S BEA SN b DO LR OhE, 2F Y, &
EWOK 27nm* H72) 1 KD 71— 7 DNA 3 E E 1Lk
EN7-Z LTk, DNADTHESHR¥ADEENH 2.0
m* CTHhbHILEEZETLER, F—4v F DNAXT
T—7 DNAIZHEL, 2K ZBIKT 5D THRA
R=ADBMREINTBY, TRIZEIBNL TY 54
Y= a VREMEONbDEEZ LN, B, N
ATVFAL X -2 3 YRIEI100% 2L TVWDEZ &
5, BT %5 DNA OFFRMLRAEIR S > T
2b0rEZOND, CORFEROEE XY= v b
DNA DA TYF A ¥—3 g VHBIT D EEREICK
FLTwAWEEND D 5,

3.3 QCM kIC & % DNA #HDOERM

KiBIREFOERMICEEIL L7272 —7 DNA &l
BRI Z2 D2 wIESY —7 v F DNA ICDOWT
QCM I #4Tvy, #—4 v I DNA IZDWTOREH L

0

N
5 5
Y Non-Target DNA
S 50 v .
=
©
.C
o
>
(6]
| =
8 100 t Target DNA
o
o
[T

-150

0 1 2 3 4

Time (h)

Fig. 5. Selectivity of DNA sensing by QCM method.

%125

(2010)

Wi L7z, 72 —7 DNA O EMLIC & - T 50 Hz F2 )%
DFEIRE W BAR T 234 U 72K R 72 v, Tu—
7 DNA & %—%y PDNABXUIESY—5 v F DNA &
D 2 ARG & BB, HIE L 2R % Fig. 5 1R 3. 5
RFRBDOETIZZ —%" 2 I DNA IZ2WTOABN
N, EFZ—4v  DNA IZDOWTIZREEREITEA
RO EWZ RS, Fu—7 DNA XH SHHAIN A
WERHZHD% —% v b DNA DA ZEIRAICEER L
T2AHZEINT 52 MR E 7, 710 —7 DNA
LIS —7y FDNADOKNZT H LT, WAOHEER
FOMBHZHERLTASL L, 70—7 DNA D 5 K
P53 KIEOFMIZ8IEITH LTI —4 v I DNA
IR 17 HIERN D D B o 8 IR Wik 7
MHEEEARSND, LALEAS, ZOREOHHAMIE
NATVFALE¥—-YavitidgEsed, =5 v b
DNA & LTHRHORREIZ L OBV EPRRI NG,

3.4 VX34 H5HH L - DNA (28S rDNA D2 K

B) O%d

23R EBY, PCRIZE-TYFI ¥ 7D 28S
tDNA D2 IR O Wi A% 120-140 pg/ml O 3 BT B IRE S
Nize ThZz200uM I b X HIHRL, BENLORK

50
Probe DNA

N
r 0 () 1-53Hz
g 28S rDNA D2 fragment (O.guepiniformis)
s -50
=
5]
>
2 -100 -107 Hz
o (B)
g
& -150

-200 . . .

0 2 4 6
Time (h)

Fig. 6. Frequency change by immobilization of probe DNA
on quartz crystal unit (A) and hybridization of probe
DNA with 28S rDNA D2 fragment of O. guepinifor-
mis (B).

Table 4. Result of QCM measurements for immobilization of probe DNA and hybridization with 285

rDNA D2 fragment of O. guepiniformis.

Process

Frequency decrease

Mass increase Molar amount of DNA

(Hz) (ng) (pmol)
Immobilization of 53 2.8 0.35
probe DNA
Hybridization with 107 i 0.06

28S rDNA D2 fragment of
0. guepiniformis
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I210pl % QCM B # 5 A £ VPO TE MM (4
ml) 2Nz, 7 u—7 DNA % gt LK IRE)F %
BT QCM ME 21T o 720 Bl S N7 SR WD ZE
1L % Fig.6 12, ZDBEORE DNA OFE G & % Table 4
WCRT o ABHAT ORI & R T IRB R DOKT 2594
0, 107Hz KT LABRICAERE—EL kol ¥
— YA o THE LR ERSN» LY X5 7
® 28S IDNA @ D2 Wi i @ 1 A8 DNA (RRBIN S DI %E
ALyl % &rte 308 i) D4 FHIL 95788 THAHZ LA
5, Y% DNA O#EEIX 0.06 pmol & BED Hh, M
ATVFALE=Y a YRIFEIZ17% THo72

ARIEHTFERECEE LIS TRTOTa -7
DNA (0.35 pmol) #%28S rDNA @ D2 Wik o 1 A8 & &
HL728A, BIREEBOKTIEH 630Hz & % 5, Fig.
6 DR THEBETA107HZ ICE EF o TWBE DI,
70 —7 DNA IZHE L EHO 1 K DNA BIANTE
UN—THREDERMEER L), MEBEENELTNS
hrtEIZONEY, BMEfLZ 25 HEOTO—T
DNA Z VT 308 kD 1 AP DNA ZIL L9 &
THIE, MR, FHRICHEEY 2 LR EO BRI L NN
CEEINIMETHD, CORMICHLT, R#D
DNA ZA8ICWr i b3 5 12i%, TIMEERIC X 208
(L) BRETHY, ThiE BRIz /miR
B ES DNA & Wi ERALICIE U 72 BLE0RHE o il BREE &
BERICVDETH L, 72, RWHEIC X HE LNz DNA
BEICBWTH, RERERRERRSY, »5WIFEIL
B R &2 QCM OPERICHHLA T R WzDIZ,
RO EOBRIEDS NN EE 2D, EHIT, KR
DOA+4% 7 DNA BT 2 iR & LTHWS &, K
FHFERMCEELE 7272 —7 DNA W, N1 T
¥A¥—Ya v OREE L RN R WEOW ) & Rill§
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Fig. 7. Frequency change by immobilization of probe DNA
on quartz crystal unit (A) and hybridization of probe
DNA with the mixture of 28S rDNA D2 fragments of

O. guepiniformis, L. edodes and P. ostreatus (B).

Table 5. Result of QCM measurements for immobilization of probe DNA and hybridization with the
mixture of 28S tDNA D2 fragment of O. guepiniformis, L. edodes and P. ostreatus.

Process

Frequency decrease

Mass increase Molar amount of DNA

(Hz) (ng) (pmol)
Immobilization of 48 2.5 0.31
probe DNA
Hybridization with 29 1.5 0.02

the mixture of
28S rDNA D2 fragments
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