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Determination of polymerase chain-reaction products by fluorescence detection

HPLC using an intercalation reagent
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The determination of the polymerase chain-reaction (PCR) products by fluorescence detec-
tion HPLC which using a post-column reaction was developed. The optimum conditions were ;
reactive solution, 0.5 M NaCl-20 mM Tris-HCI(pH 9.0) containing SYBR Green(1/25000) ; flow
rate of a reactive solution, 0.3 ml/min. A reactive solution was stable for 24 hours. Under the
optimized analytical conditions, the peak intensity of DNA was proportional not to the size of the
base-pair, but to the concentration. The calibration curve was linear over the range 10 pg ~ 50
ng. The relative standard deviation for 10 standard DNA solutions (500 bp-100 pg) was
1.01%. The PCR products made from mice, which sensitized with 2,4-dinitro-1-fluoroben-

zene (DNFB), was measured, and we succeeded in a high-sensitivity determination analysis.

Keywords : determination of PCR products; HPLC; post-column reaction; SYBR Green.
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IR 2 2 LASCTE L0, BRYUERHEERAOZINE
ELTHHENRTWS, 72, TETRTVLF—2K)E
WRAOERBHMHEIC, HEER) 29— EEHIS
" (RT-PCR) BSER B FHED—> L LTHHSATL 2",
NSO PCRICEYAEKE LS DNA BT A X FIT 100 2
5 1000 WHEHNOKESTHSH., COMBPITIITZILT
IFRT AU AEEAC LR O VESKER, &
FEHELWEREZZRT2Fr 5 ) —BXRKE (CE) %
ER—BICHVWS TS, LA L, FVERKEEE
BedSEMECH B L, FHERERMEICHEND L. CE
B CBEEOHMKRESRICE Y, EEEICBVWCiddrk
DRENE L oz, £ ks L TRMREHE
2 (UV) 2HALTVWE LD, MERSOBBEERD

*OEERE CbR) LBE R ZEAT: 250-0002 A% 1L /N F Ji v 55 T
5-3-28

HIZHWBIZIZBRER S S, S0XHIT, —RIICFES
NTWB T VERIKEI® CE 12, FNZEPREEBHSKE
DBV THESEDH L. —F, ERERVCHIREICBV
TEWEEE2FoEHRA s o~ M5 7 1 — (HPLC)
2 & % DNA OHBI b HAEE MBS TW B,
WENRLBHBRE LT UV EHALCWA0D, BREOH
WKBWTHE S 72, £ A5, 1998 41T Arakawa 5%
i, BOEHEMRMLRIEL LTEARY XL I FEAVDE
B DNA HTEICDOWTHELTWA,. LALZOR
X, DNAHD ATIERICHEAE L2E 2IBRVWEDEE R
THEVIHFEMEH L7720, ERETIHEIATEE
WEBHENLELLRSL, ZO0HNE TS DNAOE
WIBAN DG o TV WS, ZALPOHETAT
GRERDGZITNELZOLVEVIFTAY v VEFLTWY
. FRFEHLIE, ZARKEDNAKA Yy —AL—FLT
AT HHRETH S SYBR Green FH WAL LIT K
D, HETEHKREICERTE 25MEERE Lo THis
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2-1 HERVEE

DNA HZ# 5 @ 50 ~ 1000bp DNA ¥ — 7% — & FMC #,
DNA Quantitation kit (200, 500 BLO¥ lOOObp) X Gensura
Labo, Inc. 3, L MEARIED SYBR Green I HHE 7 L 4
BHE FMC 8, Y ANV XA 3 FIEADGHSES A2 EH L7,
RT-PCR 2 L 72 M-MLV-#i 85 5 B2 3% 12 Gibco BRL #,
Taq DNA RV X J —¥id Promega B, -77F >, 4~
y—ua4 %y (ILAB, 112, L4, IL6, TNF-a), f %
— 7=y (IFN-y) D&KTF 4 <13 Clontec Db D
ZRV-. BMEEROFEIHAL- 24V =T
FuAXyEry (DNFB) BRDEHIEER, aM 7=V v
I 7 VEEERE L Fluka O b0 F Fnwiz, FIVESR
WENCEH U727 71— A7)0 ix FMC 3, DNA MW <
—H— 4oy RV —=VE, PR (B FRF VAT
TFTIIAFVEFHIATAZHE, S 7BIEHDEMEEE,
0.5M EDTA (pH8.0) =y RyI—-rHBObDzHw
72. HPLC H7rBEA 7 213 Y — 3 D TSK-gel DNA-NPR
BEOHT—F 15 2%MHHL7. HPLC 2# X Hewlett
Packard @ HP1100 I B oMU R L MAED
¥, RISEAREZIZNEOISmMm, B 3mOIf Vi
WTHNEIEE1T) Bk & L7z, PCR 28 I3 Perkin Elmer
# ¢ DNA Thermal Cycler P L7, FIVERIKEIEE
XTI AE -84 FBO Mupid-2 & #EH L 7.

2:2 HFERE KU RT-PCR &

2°2°1 DNFB ZHEEORE ThEF)=T
HWo4:1EEW (A/O) Z#HEHE L, 0.5% DNFB-A/O
B 25wl 2T ) BLAZ<7 AOERIC 1 Mo RS
FidHILIlL o TBESFELITo 72, WIF L ERBIED 5
H HIZ 0.2% DNFB-A/O & 20 wl %, MK 21 0.4%
DNFB-A/O ¥ 20 ul %<7 AOFMCEA T 52 L2k
o> CRISEREZIT o 72,

2-2:2 RT-PCR  RT-PCR #:id Yamazaki® % D HEIC
HELTITo 7. WUE A4 KHEBEOENHEZRIL, 4M 7
7=V rFA YT VEBIEREEE 1.0 ml 2 CHERE &
EBVFA X, WiIEIZHE total RNA 23 L, T
RNA 2 ug ##HR & LT, M-MLV-##E5 % Vv CHA
% DNA (cDNA) #&B L7, PCRIELTIWCRTE TS
4 =—%Hv, 94C 145, 60C 24, 72C 3 55 D&MGT
T, 30 %4 7 VIEIEE 4T o 7-.

B-actin: (5'primer)5'-TGGAATCCTGTGGCATCCAT
GAAAC-8', (8'primer)5-TAAAACGCAGCTCAGTAACAGT
CCG-3'; IL-18: (5'primer) 5-TCATGGGATGATGATGATA
ACCTGCT-8', (8'primer)5'-CCCATACTTTAGGAAGACAC
GGATT-3'; 11-2: (5'primer)5-ATGTACAGCATGCAGCT
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Table 1 HPLC conditions for the assay
Column TSK-gel DNA-NPR (75 mm X 4.6

mm i.d.)
A: 0.5M NaCl, 20 mM Tris-HCI (pH 9.0)
B: 1.0 M NaCl, 20 mM Tris-HCI (pH 9.0)

Mobile phase

Gradient A/B: 90/10—75/25 (20 min)
Flow rate 0.5 ml/min

Column temperature 30T

Reagent B -+ 1/25000 SYBR Green
Flow rate 0.3 ml/min

Reaction coil 3m X 0.3 mmi.d.

Detector ex: 495 nm, em: 520 nm
Injection volume 5ul
Post time 15 min

CGCATC-3', (8'primer)5'-GGCTTGTTGAGATGATGCTT
TGACA-3"; IL-4(5'primer) 5-"ATGGGTCTCAACCCCCAGC
TAGT-3', (8'primer)5'-GCTCTTTAGGCTTTCCAGGAAG
TC-3"; IL-6(5'primer)5-ATGAAGTTCCTCTCTGCAAGA
GACT-3', (3'primer)5-CACTAGGTTTGCCGAGTAGATCT
C-8"; IFN-y(5'primer) 5" TGAACGCTACACACTGCATCTTG
G-3', (3'primer)5-CGACTCCTTTTCCGCTTCCTGAG-3';
TNF o (5'primer)5-GGCAGGTCTACTTTGGAGTCATTGC-
3', (8'primer)5-ACATTCGAGGCTCCAGTGAATTCGG-3'

23 JIVESKENE

1.5%7 Hu— X5 V&E&T TBE (0.45M M1 A, 0.45
M k7B, 0.01M EDTA, pHS8.0) THVEHRHEL, 45T
B = —¢ L TDNAMW Y —Hh—4%H\n5. PCRH
RBEORE W 2MHEL, 50V T 1 REMEKBIZITY. ik
Btg, KT HBICHRL TBEIBHKIZ 1/10000 127 5 &
912 SYBR Green ZiRIIL, #71 B4 5.

2.4 HPLC &fF

HPLC DG &ML, “BRROBERA 4 o7 o< b
757 4 =M% 5 A TSK-gel DNA-NPR |2 X % DNA 7 5
T AV NO5 B (Tosoh Separation Report No.090) % %
ZIZ, Table 1 DX HIZHFEL.

3 MW ELEE

SYBR Green & AR DNA KA ¥ —H L —+F52
LIE DM ERTLIAETHS., ZoREE, ThIT

RN HWONTE L F Ty a7 03 FIZIER, 7
BEERIKENETH 25 FrOBREREIHE LN, EREEHEL,
FETMIIBVWTHENT VWA, F72, Arakawa HYOHE
WKHDHEANRY XL I FIiE, HPLCETOMRHBBE R
(S/N=5) %% 1078bp T 2.2 fmol T@H % DIZH-X, SYBR
Green OBHEA (S/N=6.1) 1% 1000bp T 7.6 amol &
o0 BOBREIESATWAE, HIZ, F—FIIRL
Twiwgs, W UEEEEO DNA ZH#ES (200, 500 &
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Table 2 Effect of amount on the SYBR Green

Concentration of Detection limit/

SYBR Green Pg
1/100000 250
1/50000 25
1/25000 5
1/10000 5

Y 1000bp) D ENZHICHEREZ RN L TRLRE %
PELZEZS, CARVAL I FTRETA A TR
27% DIREEFED T 5 72%%, SYBR Green Tid 3.2% TH
272, TOXHITSYBR Green i&, TF I TATHIFR
EANRY XA I FICHRTERETH Y, BEEINIEE
BRI, BESWNENT) DA ZRETHL &
EzZ, BODPOMEEITo 7z,

31 BUSEROKE

RAMH T AFIBICBIT 5 RISHEBROMBIZONWT,
DNA FE# 5L (500bp) % 7K'T 100 pg/wl IZAR L 7= FEHEVA
BWEHCTHRE 2T o7z, 9, RISHEREZK, 20mM
Tris-HCl (pH 9.0), 0.5M KU 1 M NaCl & & 20 mM
TrisHCl (pH9.0) & L, #M £ SYBR Green % /N
LTHEZIT 7. ZO#FE, KET 20 mM Tris-HCI
(pH 9.0) Tlk, DNA O ¥ — 7 Ml &3, NaCl 20
RIbDDOARE =P SN, £/, 05ME 1M T
EHHE —~ 7 EHEIIZ L AL ER R P 20T, FUSER
& LTiF0.5M NaCl Z &% 20 mM Tris-HCl (pH9.0) %
HHT 3 LI L7, A NaCl # /T 5 & DNA DY
— PR END LI R BOPITOVTIEGTN->TESL
T, SHROBELTHEIATHD. KRIZ, KISHEISR
9 5 SYBR Green DEIZOWTHE 2fTo72. @EOHF
VERKBICBWTHEATL2EETH S 1/10000 5 5
1/100000 ¥ CREZZ/L S &, MEPEEIZOWTOME
#iTo7:. ZORE, 1/100000 DBHBBER (S/N>2)
1% 250 pg, 1/50000 TiX 26 pg TH Y, 1/25000 K T
1/10000 TiEFkIZ bpg TH o7z (Table 2). ZDZ &H
5 SYBR Green D&% 1/25000 & L 7.

3.2 RIGBHEORBEKREHE -7 EHE
RISBBEOWE% 0.1~ 0.5 ml/min & 2L s8¢, B
Y — 7 g & BB O ZALIZ DT 50~ 1000bp DNA =
A —=FRCTHRE L7, ZO8E, S¥—2705HEC
DVTIEHRE LIRS NE D - 72205, MY — 27 HK
303 ml/min D& EFRDAREL, S/NOIRETHH 72,
IoZEkrsb, RISBHREOWEZ 0.3 ml/min & L7z
(Fig. 1).

YHEULENOER 511
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Fig. 1 Effect of flow rate on the reactive solution

33 SYBR Green ORRERTEMORES
IF T ATHII FRSYBR Green 72 £ DNAIZA ~ ¥
—AL—MLTHELEEHET LA, B L ICBRT
HIEFAMOENT WS, 2 CTHRISERIZEMT 5 SYBR
Green DRIFTOREBEIZOWTRF 217072, FISEK
PRARICANTERZIT, ERERICO X — 2%
BOWTHEL, ZOKRIMY -7 TROZILZHEL TEE
Ex R, ZORKR, 24 BH T TOY — 7 HREOHN
BRI 3.06% TH Y, REC X DRHE — 2 TRIC
REGBBRONT, RETH S Z LIFHRINT.

34 DNARE&RHE— 7 EHE .

HOGREICB VT, HENOBVBICL ) ESE LRV
CEERBMICHERALTWS., I I Tl HPLC TORI Y —
2 MREIC DV THET 21T .

DNA ##d (200, 500 K& U 1000bp) % 7K T 100 pg/
PHCAR U - BBV THRE 2 To 7. ZOHE,
200bp DTHFEEZ 100 &35 &, 500bp & 98.4, 1000bp
11009 L VIHIBRPB LN, ZOZ LD, DNAD
BENOKREEPRELSTH, BEFEUTHIUIMBY
—ZHRICETRON W L PRI N,

3.5 REBREEE

DNA HE#e 5L (200, 500 & UF 1000bp) % H T 50 pg~
50 ng DR TREMEER L72HR, wiholi
THZIBWT D = 0.9999 Ll EDEMED B VIRERHE
b7z, 7z, 500bp DEEHEEH (100 pg/ ul) 12T
10 B D D3R URE 247 - 7455, M ESEREZIL 1.01%
ThY, WRITREFHRTHo 7.

36 PCR EHDOBRIE
DNFB B A&, SRB L2 PCREYOHERE R %
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Fig. 2 Analytical results of PCR products obtained by fluorescence detection HPLC method
(a) Concentration of PCR products: R sample 1; [, sample 2; 1, B-actin; 2, I1-2; 3, IFN-y; 4, 1L-4;

5,1L-6; 6, IL-18; 7, TNF-c.
4;4,1L-6; 5, IL-18; 6, TNF-or

M1234567

Fig. 3 Agarose gel electrophoresis of PCR products

Sample: PCR products made from mice (sample 1).
M: marker; Lane 1: B-actin; 2: 1L-2; 3: IFN-y; 4: IL-
4;5: 1L-6;6: 1L-18;7: TNF-«

Fig. 2 {2789, Fig. 2(a) i DNAFEHEMN & H W C/ER L
TBBHRAETICLT, TREEZROZLLDOTHS. (b)
X, (a) OMEZEICIE, RO VELSIKBIETHWSRT
WEHFMEERM UL, EHA AL VL BT 2F VD
PCREMBILLTELLZIDTH A, ZDX I, KT
WEZTo72%E, PCREWEZHNETETILLTE
55925, RIT, BIE1DOTFVESIKEIOMEE Fig.
3, FRTOXNVERKE TCIIRBETCELP > 12D
PCREMD 7 1< 7T L% Fig. 41277 (Fig. 3128
WTHHRRR FIZHE Z BNy ROBSET AL v H 4 U Th
%L, FOTICRZLKRDONNY FizowTid, #Sefsko
bOLEZLNDD, FHTHL). ZokHie, YIVE
KEKHTIRETERZ VDL DIZOVTLARETERTES

(b) Ratio to B-actin: [, sample 1; 0, sample 2; 1, IL-2; 2, IFN-y; 3, IL-

\
| L2

\
N \\ |
B | G

0 5 10 15 20
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Fig. 4 HPLC chromatogram of I1-2

Sample: PCR products made from mice (sample 1).
Dilution sample (1-*10) was injected.

CEDREREINT Fh, TTTIERRLTWRWY, CE
FVLBBBICERTEAIEREEAL TS, Yok
I, AFEFRERO SN BRI TR CE LU HPLC &
WHANEREO EBRSFTRTH D, TG M2 i
BTRITILDIAETHLI LN, TRNFEFTTLILF—
DWGETITONTE BT I F UV ELTAL P AL VO
WX BEHMIPANCS, HFLOHELSEMZTI 2L T
ELHEHITRY, SHBOMBIH - RWHEEE D535
MiEThbEEZLNS.

1999 £ 9 A, HAEAL%E

B TTFEETRE
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RA AT AFEE Rz, SOURINEHEBER S 9= b7 57 4 —2 & % PCR EW O &R EE & &8 45712
DWTHRET & T - 72, BUSHEIX 0.5 M NaCl % e 20 mM Tris-HCl (pH 9.0) 12 1/25000 127 % & 9 12
SYBR Green iR L7-MME L, HE% 0.3 ml/min & L7z, COFEHTHREREZERLIZEZA, 10pg
A5 50 ng OIEEHPCTRIFABEREIE SNz, T2, 10 BOB Y ELUMEERTT - 72 & & QM EHE(R
2L 1.01% Thotz. R, BIEWEEZBRA LT ALSHE Lz PCREWIZOVWTHREEZfT-72& 2
ABERL ERGWEIT) T LW TE.

NI | -El ectronic Library Service



