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ARG IRKRE (1991 4E 9 A 28 H)

YN, TICHBLAMONEICHO STV E:
Wiksa~< + 27574 — (HPLC) %, &@ko sy
kL RHESRBO 0, 1970 ENREKE» 5 TH
5.
EEH 1970 FRKE D H, BOERH HPLC Ik %
ZRHEROTEOMBICEF L. ZOHEOHE—D
B, REROBYOLE Tt o HE TR BN ITHR
LA EER L CHETH LD BHETH, Th
ERNSHOFICEL 2 & T, HETHE THHHEBIC
FBTEH2EICHDH. FARHROZLM S HPLC
ERHUEETH I EB L, FUTHNSREAES I
I DRI TEHLETHA.

1. SFFHINICBEEXL—MRAEETIHE

JITFNIFAHNNIVEEF Y74 (DDTC) %
H\WT, BB A+ v 2o EifkE Lr7oak
WAL, F0—ERAT70VBO G,y 370
#HF LZEA LT, Cd, Mn, Pb, Fe, Zn XU Cu #k%
30 NTHHET X 1. BEEBEKRD A T L NREEE IS S
LHEIT, BEEKICEH DDTC 2L . Pb, Zn RV
Cu®3L&BIOVTT T Y7 R 0.5~10 ppm DIKIA
¥ 50 ml %V, BEMH/HPLC I X 5 EHRDH
BAEXE 0.999 L ETH - te. REEIC & B H)IIKRD
Pb, Zn B U Cu D OHrERIE, AAS HE L <—BL
1z,

YayYy 3y vy I FAIUWNIVETYEZDT L
(APDC) T¥ APDC ZAMWICHIMUL 7205, £0AC
ARG 1212, FERTIE7O7 M ITLDN=2T
AV R) T U, 27T, BEEROAZKSLIZE
25, HOCWARIGHIH S h, Mo TEEL fZX—2Z
4 VhBELNE. COR—AT4 vDEEL, APDC
DEIBIBERDOLEM RO FHREDE VAT v L A8 Cy
B35 LEHNIZZEDHE -T, Pb, Ni, Co, Cu, Hg &
U Bi D 6 AN TREBIICN—AT L vHMTE, T8
TERIX 0.5 ppm 2 H 5ng/ml(ppb) ICHFES Nz, Kk
AR R O ARSI B L e o o R,
B OBRE  JLRE RIS - 920-11 AR SIRT

EINATA 3 Fith
1993 4F 11 A 24 H

ERTH

AAS R ORIEEE R<—F UL 1.
AFHAFLYIFAANMNT VEE (HMDC) %
Mttt LicE 25, FHROBERFTCOFL— T
FASDOREM X DDTC X APDC &KV BN TH
0, Z0O&BHEEOENVENRFERbERb RSP0 &
DHBEIC LB E, Cd, Ni, Pb, Zn, Cu, Hg, Co KT Bi
O 8 BEEN LM TE, ERBTRS 1ppb T
TFbEMTE. BEMRS 1ppb 225 1 ppm Dl
B cHEEIREE 0.999 DL ETH - 2. Aka Tk, B
YR ORGSR O ESBONHTICICH U RIF SR %
B,

2. BN P EXL—MREETIHE

FED SSWAIOF L — bRITERNZEBSRONS
DT, 00 BfIdFL—bHl, 7TEF VTt b (AA)
oW TH 4 DRI ZIT- 2. DR, Cu, Be, Al
Ga, Fe RO Pd ¥L— b DB TEDLENDMP -
t. A& T L REBRICAERE 0% ICHH®K % HPLC o
WU AER, Cu, Fe RO Pd D 3 E&RBICOVT, B &
% 5ppb 5 10 ppm OEEANTRIFZHRERSF L
fo. KgkzK, v YRR K OHEYEARD Cu & Fe
DEBIIGHL, BIFsERE2E L. KIZT, AAF
L— b &0 b REBENVENFEOMETCE D, XY
ANVTH b IZDNTHRETLIZE T 5, Be, Cu, Al Ga,
Fe BT Pd 122\ T 100 %0 R2EEEIFH © RIF /2 AR
NEHN, Al Ga, Fe, In D 4 &/E1%, 7 L — L4 AAS
FDLEEEIIORTE DI LT 1.
3. #5514 hSLBMEFRAT S5

Ll ForstatEg, ppb VAVOEREERT 51T
134 50 ml OFERIKZQBEE L, FomBRo I<—
O op) ZIESIICHVSEV) BV H 5.
%27, HMDC $tk% & v 5 7 LABREEDRICHITT
FHkERE Uz, SR ICEE R & HMDC /AR % 3N
L, COKD 2ml ZBHEH T LN TR L 2%, o
BT LACEOTHEERLU. 2ml OFEEREHNT
VERL U ol O @418, &It &> T TR 0.1~2
ppb 7 & _E R 200~800 ppb F TAHBI{R % 0.9995 LIk
ODRIFLERELY, RERFIEBICE-T
0.04~0.55 ppb TdH -1z, F 1z 6 MOREICH T % HB
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P13 10 ppb BB THIEERES TG 15% TH-
fo. KLY 1 ml BEORKRHOD ppb L NILD Cd,
Ni, Pb, Cu, Hg, Co, XU Bi ODRIFEEBNHEL /5 >
1z, )
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Studies of the Simultaneous Determination of Trace Metals by
High-Performance Liquid Chromatography
Susumu ICHINOKI
Faculty of Pharmaceutical Sciences, Hokuriku University,
Ho 3, Kanagawa-machi, Kanazawa, Ishikawa 920-11
(Awarded by Kanazawa University dated September 28, 1991)

Simultaneous determination methods for trace metals have been studied by high-performance

liquid chromatography (HPLC) with photometric detection.

The metals to be determined were

extracted into the organic phase of a small volume or enriched on a C;g mini-column as their met-

al chelates.

The extracted or enriched metal chelates were separated on a C,g analytical column

and then detected with the usual type photometric detector. Some dithiocarbamates and S-

diketonates were used as chelating agents.

The HPLC methods combined with solvent extrac-

tion enabled a multielement analysis of ng/ml (ppb) levels of Cd, Ni, Pb, Zn, Cu, Hg, Co, and Bi

in a 50-ml water sample.
well as several standard reference materials.
AAS or certified values.

The methods were applied to multielement analyses of river water as
The results showed good agreement with those of
An on-line column enrichment method was also used for the simul-

taneous determination of Cd, Ni, Pb, Cu, Hg, Co, and Bi. To a 2-ml sample solution, 400 pl of a
buffer solution, 100 ul of 0.01 M hexamethylenedithiocarbamate (HMDC) and 5 pl of chloroform
were added. Then, a 2-ml aliquot of the resultant solution was injected onto a C,g mini-

column.

detection limits were 0.04 to 0.55 ppb, depending on the metals.

multielement analysis of tap water.

Keywords

The enriched HMDC chelates were then separated on a C,g analytical column.

The
The method was applied to a

(Received November 24, 1993)

reversed-phase high-performance liquid chromatography, metal chelate, solvent ex-

traction, trace enrichment, photometric detection, multielement trace analysis
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KPR T, 2<H LT [ 7D DNA OYIMiaE
ERHREZRT A EEANE L. ThoDHE
BEFBTEMICE > TREIICERTHAH. BEN
I21d, #2472 DNA #EEMUDT SRS 0N, 7Y
v FMEEWIIE#ICY v T alaicES VT TR
BiTo1. ZO#E5, DNA YIKEEICBAL T, h
FTIB VBB L > T Z T FRLEM e ERT
BIE-tz. —7F, DNA ORHEERICEL T, BXR
(L¥iEMEEZHT 5 DNA U Y FEARKRLE. BRIL
SRR IEAK, EEICERESFETHY, O
HEAEKIC L - THED DNA % EBE IO - 93 5
FLOWHEROBHE AR &N TSI

Kw¥iE, ChHOMRBMREELEDIHDTHY,
2 5B D HBEINTVS.

B1EFR TE, AIROER, BE, L5001
BiY, FRBHEMERMT O TFRE, S SIS
DNTIRAR T,

F2E EHEMFSERMEEEODERTIVI Y
B{tAY T, AR DNA EAEHEDO—2TH
B4 vI—hL—9EEBENEERETSEEAOND
F)ITIFLYy Y a—-pEDNL Ty FEEPIZo
WTE U, COBEMRMTICOVTE, 1) 2B»
DNA OV VL, BRAFOIFL Y 7Y a— VAR
35 LR EBEEKROLENLE, 2) 2ED DNA
~NOWRKEIC & D5 DNA SHOIRMRERIVINAK I BED — D %
x5, BERICIIE AL V¥ —Hh L —F DOEEH
KRV FIF LYy Z)a—V#EEEALIZERAT )Y
vEERUT

1) KB 2R ERBILIITE 2512 DD 2) D
DNA OHIAKSRICOVTIE, HEEEE LT Cu® %
Lt ZHOLRICBOV TN EES N TNHE I &
bhotz, 5612, Cu?t ORICB W TIIBEEMERN T
DAREAERAL & CIRTERGLIE /2 0V BO—Z/RLTHY,
BRetE AL T & Cu®™ O REIMIER T DNA %tk L

BEHR OB UM AR LIS ELER S F ¥ A
FLALY¥a—AHK 812 fEHEER
AR X AR 6-10-1

¥ 19934 11 A 12 A

TWAHIZENHLMIZE 1. CORBRMNHNEET
BRATFICE->T, ALOLEMEHWVT: DNA Ok
PDIREIEZCDTRBRT B ENTEL.

B3 EEEMIBRILENEMESLODEXT VY
TURMEAW” IZB W TIE, DNA OBSRLENRHIC
DNTE U7, DNA 3% ORE T IIBILETAEE
ThHbH. Lith>T, DNA 2BFILENFEICLVE
BRI 5 e i 3B LB TTESE T T VLT B
CENRETH B, 51T, DTN ERE LTI,
HEEEZBAVE VAR SEEIC &S SO EIE T
BORFTVEEZLNS. 22T, Kt DNA BT
EUT, EA4 V¥ —HL—5 OEEFICHILRITIENE
THHEEE) YNEEHEALLEAT 2 Vv REKL
1z.

Z ORALBITIEMNAALT I3, DNA KA LIRET
bLFOENEERDT, BRILFNSEPARETH - 1.
D&, ZOERAMFH DNA OEZLEN T X)L
FlEUTCOREEMAE TS EEZRTHDTHSH. 35
2, FOBLRITEMOE({LIE, DNA &OHEEER
BRI oW ToBEBRbLE5 22 &b ot

$12, TOBLRTEERM T, BEEADOHN
Az LY, DNA 20 RRE<UIKd 57+ bX T L
T—¥EULTOERLETSH I ENbr ot RICHERE
ORREHZ &V, oMK, KBEIHESTIYY
VERAI D B EE ) Y VBN ADOSTFHNEFEESES L
PRI — I B bDTH DI ENRBINT.

ZNETIZ, DNA OB ICERILFE 2RV I3
EAERL, ZOEAMITLY, DNA {LEADESIL
FOBEANIEHICHKECNR 2525 E2RT L
BTEl.

H4EBRMELEHBETEBHLAAVIXILS
FR?IZBVTIE, %3 EELFER, DNA OEXLFH
EREREZBNE UTAR L LB LRITIEERCAL TS
DNWTEHRUE. BEIETCHINMLKERO LIS T,
DNA &S ELTAY TX 7 LAF K2RV, )
5, BT E ORFRN 3 KEER AL, 35
B LBRTESE LT 7 s ut Yy ZANT, EEM
BTDT /) —F4 v 7 BILICE 2 ERBRE LIS ZAREL
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1.
B UTzA) TX 7 LA F RIE, 7t v Efikd
3 ABIEBAEAMIEL TV AL TR L, HIT, Ehf
Ik 0EFassRMttoMAbBE s, CORRE
EULTW, 7xuty2EUEHETN S DNA e
BOKEAEEAER K ERE A I K A LEDTRR I NI
X 512, DNA & OEAROBSLFMBEERICB L
T, 10790 BE 0D BEANLEBERESTRETDH
27z,

DNA 79 7 4 v b 2 Z DR S X 2EN Bk &
THMES B HBRH->TH, HERIIZZHFRLIZO AT
S8 - DT AFRIEKRITIEE A ERBITOREICDH
4. Kk, DNA OfEKRHICChETCHO LN TE
1279474V b—=7 (RI) K&RbVED, FEHIC
FERANSTRETFES UCONREEEAET 5 Enby

> 1z,
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DNA Ligands with New Functions for Analyzing DNA
Toshihiro IHARA
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6-10-1, Hakozaki, Higashi-ku, Fukuoka 812
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DNA ligands carrying new functions such as metal binding capability and redox activity were
synthesized. These novel DNA ligands were designed for 1) hydrolytic cleavage of DNA phos-
phodiester backbone assisted by the metal ion and 2) the ultrasensitive detection of DNA by using

electrochemical methods.

tween the action of metal ions and metal-binding DNA intercalator.

In the DNA cleavage experiments, a cooperativity was observed be-

It was assumed that the

strain in the phosphodiester bonds induced by the intercalator accelerated the metal-assisted hy-

drolysis reaction.
phosphate chain.

This is the first example of the intercalator-metal cooperated hydrolysis of DNA
The electrochemical labeling of DNA based on reversible binding modes such

as intercalation and oligonucleotide-directed triple helix formation was realized. Using the spec-
troscopic, hydrodynamic and voltammetric methods, the author has made it clear that a bis-
acridine-type DNA ligand containing viologen unit is useful as a nondestructive activating reagent

for DNA for electrochemical study of DNA-ligand interactions.

On the other hand, oligopyrimi-

dines modified with ferrocenyl group as a reporter moiety have been proven to be applicable to
practical use as a probe for electrochemical detection of targeted double stranded DNA. This de-
tecting system combined with HPLC (equipped with an ordinary electrochemical detector) has
facilitated an ultrasensitive analysis of DNA sequence; detection below femto mol level has been
accomplished. The methodologies developed in these studies provide a new possibility in analy-

tical technique of DNA.

In addition, a facile introduction of redox active site onto DNA is ex-

pected to give a new tool for studying the chemistry of DNA.

Keywords

(Received November 12, 1993)

DNA ligand, DNA cleavage, hydrolysis, nondestructive labeling, DNA probe, elec-

trochemical detection, HPLC-ECD, triple stranded DNA, sequence specific detection



