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pH 3.5. As the result, the method of (4) was found
to be the most suitable. The results of the comparison
between ion chromatography and other methods on
the determined concentrations of serum cations were
as follows. The ion selective electrode method was
inapplicable because of the interference from the co-
existing substances. The values determined by the
atomic absorption method seemed to be affected by the
volume of serum protein and that of serum lipid, being
eight to ten percent by than that by ion selective
electrode method. Colorimetry resulted in an almost
equal concentration as that by ion chromatography.
Ion chromatography was found to be the most suitable
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for the determination of the free type or the free plus
bound type serum cations.
(Received January 31, 1984)
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OeREF-7. BEHEITY VERKEY Y Y AKBREAY, thfhoEE2 oo EXFEN
, RUSBRCHET A ETEHE,r LSBT E&ELRIT LA, BREITENARI (254 nm) Z2HV.
DNA ¥ ix Chargaff 07 7V vBE AR T 5 &GRS BEL, RARFBERZTY, WkafEsh
7Ty vEEOLRSDERAKAEN, REL, thi HPLC oL L. MBL L TRESA
HAFALERTCHEAFA=trYy LT (MNU), N-2FA-N-=twry-N-=tw v s/ 7 =V
(MNNG) % in vitro T{Efl S € F4 Mg DNA, X5 FBZ S CRAROREBAE A FALAITS
Z2I52FL=try7 v (DMN), MNU ## 5L, xR h#il L~z DNA (in vivo) oo
ot d, TRTORBTCLESHEO A F M{LEXSBH I, {032V TEEST
BTHo/. CHhLDOTZ LRRBAAFAL{IEHD DNA ~ORKERAZTRT 5.
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ZonY, BErEEEks e~ 757 4— (HPLC)
DOBRIZY Y, ZTh¥rAVWEBMEEXEOSENSEEHR
HEXINiY., ThbLOPEEADOKRTLE A A V], B
AL UHAR 7r< /57 4 —% Ay, BHIZR
SR X oTWBY. EELIREBI A v ZBEE O
Zipax SCX %f{¥ - B EMEEOHRE ORI &M
PRI LY, BrlsotPRRhoBHEEOERA
FHRELTELYD., CoFEIEHREHEYA-, B
Shi-BRNEEOLZXERETHI0TH S, HHE,
EEEEICBEFLEENEOATVS. ABTIE 1-
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AF LT T = v (mlAde), 3-2 F L7 F = v (mdAde),
O -2 5177 =yv (mGua) DEEEL L, in
vitro JR N in vivo ©I\ T HM A 2 F MEFI ORI
b DNA B Licch o B0 EE2 R
Ate D THET 5.

2 % B

2.1 3 &

HEEEK s e< /5 7 BE LC-2F 2V, &
BTEMLA. EARBREREIEE UVD-2 28\,
ERENBIZLCHELA. T ER R-11, 1
T2l =72 ARCED, Rl TR AV
=7 YavElLi.

2.2 H ¥

TF=v, TF/v-S-%)y viEk, vFT-5-
/Y VEREEA, S FrE o AF L uS5 oA RER
{fbmk, m3Ade 3 Fluka # o 8B %R L ~. méGua
¥ Balsiger |2 X 5 5% CTHRL, LAEBIL 2 <
v, RN THRLALIOEAWE. Fofioi
BB MII T T Sigma {oMR AV, F4H
% DNA i3 Sigma # Type I %, =3 v R DNA 11
Sigma # Type IIl 2wk, JAFL=}tuy7T 3
v (DMN) 3 ®mb&k, 254 =+t ry w7 (MNU),
N-2FnN-N'-=rrv-N-=t rv 7 =vrv (MNNG)
WAL, N-72FA-L-v RF A ik Sigma #o
Raz#RALc. EERXTHRSERAEL 6M L LTH
HLTHWW/. HPLC o8I L HbE s iRt
ZIKICHEBRLCTHE L. BFAA R —RAF o — T2
Visking #0414 X 36/32 # /. F QORI ILT
NTHERERAELZA V. KT TBEAREZESL
THW.

2.3 ERRIR{E

2:3.1 KRER BEERBILChLThOEREY 5ul 4
79 2, 5, 10, 30, 50, 100ng s KBEKEZABL, 5
pl FOEA L. BEEIX 4x10-3a.ufs. TERIL Y —
7RIBC X b EREREER LT - .

2.3.2 DNA OMKAE % DNA 30mg % 30
ml DKEEL L, 0.1 M LR LT pH %
1.6 iwfbeic. =D DNA »SHBREBELSE » B
Fa—7wBL, pH 1.6 oiEEKER 400ml 2EHF
SR & LT, 37°C T 26 BEREIINKDAZ & R BN L
fo. BT, MK 400ml #[EIY L, 37°C LIF
TREZEZEL, 8% 10ml @1, —h¥ il
HPLC T4 Li-.

2.3.3 MNU, MNNG (= &3 DNA O X F1{t (in
vitro) T4l DNA 60mg % 0.2M | ) = {5k
ZEW (pH 8.0) 12ml ML, DNA % 7 v i
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FFeXLT 1:0.1,1:1,1:10,1:100 (=Akt) =
H¥%435 MNU &, 1.8, 18, 180mg, 1.8g »&ir 1
ml =% 7 — AVEBEEEM%, 37°C, BT CRILI 1.
RIG#T#, 2.5M EFR + ) v A% 12ml »jnx
o1, 24ml o= % ) — 1T DNA 2#HTH I, 752
BTHRD DNA 2% X b, =%/ —A 30ml T2
BIgEEE, 0.25M BEEE -t Y 7 A5 30ml ML
fo. Bie= 27 — L CRBREBHL, HEFor—x—
EH oy L) PTEE L. 20454 0mg ©
A F (b DNA 2\EINT& . MNNG o511 KIGHK
o pH % 7.5 L, 274+ rFrexLT 1:0.1,
1:1, 1:10 wfiY35 N-7EFNL-L-VAFTS VE
2.8, 28, 280mg #Wnx, Fic MNNG 2.6, 26, 260
mg % lml © NN-D 2 FNARAAT I FEEKELT
Mz, EUF MNU o8& L R0 L.

2.3¢4 DMN, MNU $5(c&k35 » M8 DNA O
A F IVt (in vivo) Wistar albino gt 5 ., + (200
g) 5% 14E L DMN %5 , MEE kg % h Fh

- %h 20, 50, 100, 250mg YT A EY lml D4H

BEKBREL, Bz 5SS L. #5 S5EMKK
FREMEL, F54 71 A Lk, Kirby #iic &
D DNA ®#HH L. MNU (37 =vE >+ ) w7 Atk
BREKEK & UTHE kg 47-) 100mg 2HE5L
T, DMN [ [FRRic 0B L.

3 MRBRUEE

3.1 BEEOKRE

BB EB OB 1 A+ v g~ O R F I B o
TIV?ENT e b x—va VERTBI A VERDZ &
Eo>TWwh., 77=v (Gua), 77=v (Ade), v
Py (Cyt) © pKy R Eh 3.3, 4.1, 4.4 TH
b, ZOMRCEHRINS. X5FA~D 2 FLEDEA
X% pKa PEIECH T 5RO B/bI & o R Fn
M8 xb5x 5. —F, BEHO pH L EERMEO
BIRIIEE bt X > TREhick 5k®, pH nLERT
LE7m b= VOESWAEA L, REREE
Mg s, XBEHOERE LRFRBIOBFKIL, HE
BETbbE RO A+ viBED ERfE - TR
DRFFRFENIEN L cD. BBhOEEYEREL LS &
THEEE, SERCFETAHAETEERC IV EI R BT
LR, o TohboBiERY—FoHT5 X
h LEFIOEIE KRBT REE RETHZ EATFEL
V. méGua D4, BEIH 0.06M Y vERKEH Y v
4, pH 4.85 C Fig. | (a)kRLicXSe+4icsy
BEREOhIc. ZO&MHETIE Table | wRLEE S5
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Separation of methylated bases by high performance liquid chromatography

Conditions——Column : Zipax SCX (ImX2.1 mm L D.), Flow rate : 0.4 ml/min, Pressure : 35 kg/cm?, Tempera-

3 : 7-Methylguanine,

(a) 0.06 M KH:PO4-K,HPO, (pH 4.85), (b)
5u! (10~100ng each base) ;
5: 06-Methylguanine, 6 : N6-

Sample size :
4 : Adenine,

ng, 2~100ng oM T BRiF/c BEREERLL (Tth
Fh r=0.994, 0.999, 0.999). X 7 v<}+ 754D
HEM G R EREECRTE, REREXEhLH
0.78, 0.75, 0.66%, v¥— 7B IxLthxth 0.77, 1.79,
0.95% tishBEHERENE L.

3.2 DNA Oimk 7ML RN

DNA ofnksyfRiiiass, BERB, i o
KOEIB VLR BH, méGua (3t 7Y VR H
R, BCARRETH 5, BBRE L 5MANRITE
ev. AEBRCIFECESE b X - TEEBEPO Ne-me-
thyladenine, m’Gua DEEwK v H5h79?, Tamm
S X %%, pH 1.6 iEEE, 37°C, 26 Kefdlo 77V v

: S
0.014 (a)
g 1 4
br-o 3
Lo
L'
g 8
£ 2 5 6 9
2 7
X y
) v
0 20 0
Retention time/min
Fig. 1
ture : Ambient, Sensitivity : 0.01 a.u.f.s., Mobile phase :
0.1M KH,;PO;-K;HPO; (pH 5.50), Detector: UV 254 nm,
Peaks——1 : Guanine, 2: 1-Methylguanine,
Methyladenine, 7 : 2-Mecthyladenine, 8 : 1-Methyladenine, 9 : 3-Mecthyladenine
Table 1 Retention times of nucleic acid bases
Retention Retention
Base time/min Base time/min
- (D (I @ - an
Guanine 0.77 0.27 Uracil 0 0
1-Methylguanine 1.13  1.27 5-Hyd!—oxymethyl- 0 0
05-Methylguanine 12.33  2.23 uracil
_ : Uridine-5'~
7G Mcth.yglu;:nnc 1.97 0.50 monophosphate 0 0
uanosine-5'- .
monophosphate 0 0 Cytosine . 6.47 1.67
Adenine 3.28 0.75 3—Mcthylcytostnc 25.03 20.55
1-Methyladenine 23.38 13.60 | 3-Methylcytosine  22.45  6.25
2-Methyladenine 22.18  5.88 5‘3{2;&’?"‘“““‘ 1.87 0.57
3-Methyladenine 55.40 26.58 e ,
N Cytidine-5'- 0 0
Ni-Methyladenine 21.18 4.20 ' monophosphatc
N6, No-Dimethyl- ;00 93 4g | Xanthine 0 0
adenine H .
N ypoxanthine 0 0
Thymine . 0 0 1
. , -Methyl- 0 0
Thymidine-5'- 0 0 hypoxanthine
monophosphate

Retention time is expressed as adjusted retention time (¢g’).
Mobile phase : (I) 0.06 M KH,PO,-K,HPO, (pH 4.85), (II)
0.10M KH,PO,-K HPO, (pH 5.50)

m'Gua B~ 7 iEs o7, Xz pH THRA
FvEhbitwworsvn, FI1v, FHvFvick, X
BRBBLTWA X7 L+ FREIEEI R o 1.

N & D Mcit mbGua Xz hicxf LT 100 & v ED
FEEEY SRS WT Lo RN R bht.

& mlAde RV m*Ade DEERMOBRI 21T - 7.

m!Ade ® pKy i3 7.2 THAI®» pH 5.0 LI ToHH
& LCHEI o, 22T pH 5.0 Eiovs
THF LicE = H, 0.1M, pH 5.50 &\~ T mlAde,
m3Ade 2% Fig. 1 (b)) @RL X505 X<
Nl Xhic. X Ade: Gua:m!Ade : m*Ade=100:
100: 1: 1 (k) oORK S e BEXhic. HPLC
D& Fig. 1 @R Lz, T O&MB BT % miAde,
miAde, m*Gua DBREHBIZLThZTh 2~50ng, 5~100

BT 5 &M X B BBINAKY R Ruhic. 0%k
HFR7y viEE 12 BB DNA S bIEEL,
Mk B 21752 2k X b DNA §n b7 VR
DHD BEE L BYFEOT7 7Y VBT BNTAK &
b, 7V VEEIBERIMNECEN IR, COETYE
Iy DNA oinKS e X 5 AR FAMBRIE 0 £7&EOH
WK% flilE Li- & = 5, mlAde, m*Ade, m*Gua (3%
hEh 96.4, 96.6, 95.8% (n=35) &, 3HEDIFHEOM
ke, méGua (XFENTINKSG#E, BREDO BT
PRETHD LY otz. BEXhIRE LI DNA
KBtoHPrigfEx 2-3-2 AL

3.3 RBAMAFNLILEE in vitro THERESEL
DNA OB HEXDOER

Zehi Atk 2 F (EH & LT MNU, MNNG *H\ 7z
A, Lawley 5 1t X% 4C AV &HvS
#Zrl, 232 krlicks>ceiiRF4HlRE DNA ©
A F AL CAUE L, ZORETo DNA REo 347
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Fig. 2 Chromatograms of methylated purine bases from methylnitrosourea (MNU)
treated deoxyribonucleic acid (DNA)
Mobile phase : (a) 0.06 M KH:PO,-K;HPO (pH 4.85), (b) 0.1 M KH;PO,-K;HPO, (pH 5.50)

2i{Totk. BB e<t+ 75 a4k Fig. 2 @RLA- X
5 ml'Ade, m3Ade, mSGua DOALBEW ©— 7 MR

Ih, FELED BRERKIBVWTHE—D ¥—2
527, X HHEO DNA o3 D 2 + 1

LR OBk € — 2B Lisd -7z, Table 2
WiRLIc ThEho sl T 2F 1 {LAEY £ 3 [B
v, ZFAB 038D 2 F M {LiEFEO EEY fTo72.
MNNG % A&z Lawley!) o FBIRE - T2 F 114k
NEBET, D ETolcbz s MNU LR 36
D2 FMBEERIEE IR, &Rz Table 2 /RL
. Th boBELFEIRCBE®R? D&M T Ade, Gua %
HPLC TgEEL, ThfhoXEHEEC NT554%K
TRLIE. ZORKR XD miAde T m'Gua Iz R\ T
CHERTHEVSHRNLDOT AT AV =AW

Table 2 Determination of methylated bases in
DNA produced by reaction with various
concentrations of MNU, N-methyl-N'-
nitro-N-nitroguanidine (MNNG) in »itro

Amount, mol %
Methylating agents O6-Methyl- 1-Methyl- 3-Methy-
guanine adenine adenine
(m®Gua) (m!Ade) (miAde)
MNU 0.1:1 0.05 detected 0.11
1 1 0.54 0.03 0.63
10 1 1.7 0.06 2.7
100 :1 2.8 0.40 6.6
MNNG 0.1:1 0.04 detected 0.06
1 1 0.50 0.02 0.32
10 ! 0.34 0.36 0.66

The amount is expressed in mol % of parent major base.
Detected———m!Ade : Under 0.005 % of adenine, m3Ade : Under
0.01 % of adenine, m5Gua : Under 0.01 % of guanine; Detec-
tion limit m!Ade : 2.5X10-3 % of adenine, m3Ade : 5% 10-3
% of adenine, m®Gua : 5X10-3 % of guanine

THED LB LR E bh, 260K 2 5 L EH
OEMNETEEREX ML, 38D 4+ {biEH T
A REIT m3Ade>méGua>mlAde ORE & 7o - 7.

34 RBAMXFIIEBE in vivo THERAZEI
DNA hAOEHAXEDTER

RNRAME A F (LRI DMN 2 MNU % B\, =
WO S Ay T hic4a, DMN iEEERNC,
MNU i3ty L, »F L EBYET. ohb
DZ vy b ~DOEREHT FHHRE IR TV 55 DMN i3
Pegg 5™ E:, MNU (1 Margison LW HEvE
BELLTE®ERT-. BE%, HFEEXHMHL, Kir-
by® o PAS-7 -/ — Birk b DNA oA 1T
Vs 33 LRI Lic. A F AL S EM in
vitro DFHTHARTA I, FBHIINED ORISR
ZHLIcH, Fig. 2 LERI 7 v~ 75 208 5hH,
SED 2 F MLEEOLER 2 BRI hiz. X DNA R
Ftoo Ade, Gua DEHIT 1.34 (Gua/Ade) ¢35,
fri& DNA wounwto $EEE: —H L. #HEET
Table 3 /R LicthEFh OB OWTE 2EF D2 F
MMEEfTarHT Lic. DMN o34 in vitro DB E LR
R 5 Boine & b 2 F A {LiE X4 R B o3
HEEER L. MNU 3£ERIRB I hi-»HET
FRETERVWEDEH D, DMN D3 5 5 2 F bk
DEBENRECEVCSERNLDI A TAV =Tk
AWICERICI S #5 s B LR 2B LR, X
m!Ade DAERBII P - Foh miAde & m*Gua &z
i, SREDEIED 5. XX DI, 7 VBERORH
ABD 3-2FN-N,N-C2F AT I )TV _VvEY
TRUFAROERC X YA LT » F FFHoD DNA,
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Table 3 Methylated base content in DNA

Content, %
DNA origin
méGua m!Ade m3Ade
DMN treated 0.09 0.02 0.05
rat liver 200 08/kg 0.13 0.02 0.09
0.12 0.02 0.04
100 mg/kg 0.07 0.02 0.03
0.07 0.01 0.07
50 mg/kg 0.05 detected 0.05
detected 0.007 0.01
20 mg/kg detected detected detected
MNU treated 0.01 detected 0.02
rat liver 100 mg/kg detected detected detected
3’-DAB treated rat _
liver tumor =) =) =)
Ehrlich solid tumor - (-) =)
Normal rat liver ) -) )
Calf thymus -) (-) )
Salmon testes - ) )

(—) : Not detected

—<w & Ehrlich B#2iA ODNA, FE 5 » M IFEDNA,
F4Hg DNA, ¥ ¥ 3 DNA ©2oWTo FH%fT
ST RT 2 F LRI S hich - 7.
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High performance liquid chromatographic de-
termination of 1- and 3-methyladenines and Of¢-
methylguanine in deoxyribonucleic acid formed
by carcinogenic methylating agents. Hidetaka
Yuki, Makoto ImaMura, and Hideki Kawasaxkr (School
of Pharmaceutical Science, Toho University, 2-2-1,
Miyama, Funabashi-shi, Chiba, 274)

A high performance liquid chromatographic determi-
nation of 1- and 3-methyladenines and O%-methylguanine
in nucleic acid was developed. Thirty milligrams of
methylated DNA was dissolved in 30 ml of water and
pH of the solution was adjusted to 1.6 with 0.1 M
hydrochloric acid. The solution was dialyzed against
400 ml of pH 1.6 hydrochloric acid at 37 °C for 26 h.
The solution was evaporated under reduced pressure
to 10 ml, and 5 pl of the concentrate was injected onto
a high performance liquid chromatograph. The meth-
od was applied for the determination of the DNA bases
produced by methylation with methylnitrosourea(MNU)
or N-methyl-N'-nitro-N-nitrosoguanidine (in uitro)
and of methylated bases in liver DNA of rats treated
with dimethylnitrosamine or MNU (in wivo). Each
methylated base was successfully detected and deter-
mined in all these samples. The lower limits of de-
tection of the three methylated bases were 2.5x 1078,
5x10-3, and 5x10-3 9, of the parent major bases,
adenine or guanine, respectively. The recoveries of
the three methylated bases were 96.4, 96.6, and 95.8 %,
respectively. These results suggest the mode of reaction
of carcinogenic methylating agents on DNA.

(Received February 20, 1984)

Keyword phrases
high performance liquid chromatography; determination
of methylated bases in nucleic acid; carcinogenic
methylating agent; 1-, and 3-methyladenines and
O%-methylguanine.
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