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18694 Mieschere] #&3te] “Nuclein”o] gtz #3455 LIS 1940448 chromatographye] 4
B, oirel FIRE =7t s A9 ditgnel HE, FMS LBV MM 10474
Vischers} Chargaffe] {%3le] JE#E chromatograph? >} REFI=7] tafEgen EHig 2%
chromatographyr} g2 13 SESTESE FIHS S gt

It B3, column chromatography®, ion exchange chromatography,” #& chro-
matography,® ERIKENEY %ol FIAH = o).

BRErel THEBESEC A =3 BEEY BWERS )Y nucleoside, nuclotide & =
I Mtko] B HEE 1A gas chromatography (GC)o] 2 WA Zdtdov, Hir
kol EE 9 GOl ZEAY i et A wel AR ok R BB Ro
4 GCikoll AT A2 19624 Miles' 2 oFe3  9lo}. Nucleoside® acetylft, methyl
acetone FHEM 2 TS A = 3u}, adenosine, uridineRFel = sr#o] il o1} guanos-
ines} cytidine Rz BEs x) &gkeh. MacGee!'»!? &= purine £ pyrimidineE# & methyl
fe3te] HEEstlch, HfR trimethyl silylating reagent(TMS{LBD S HEF o] BEste TMS
feoll KT ¥R Boe GCiE B2 AF= e 19659 Hancocks TMSfke] #3he
nucleoside,'® adenosinezZ#'Y & GCto] HeF) 2, 19663 Hashizume: nucleotide,!®
BRSO 4T 3 R BE SIS el gAY ol 28 eytidylic acid@ s} 4
#iol & ksl cytidined] sE@fke] wmz pseudouridines] EEo] sl AT il
ol Wb & e MolREst sibaict o) wdoz et Gehrke® 2= f%
B [R5y purines} pyrimidinegflfge] WX BoE& F2 443 os RNA, DNA9 74
<3 €3¢ BSA, BSTFAZ o2 TMS{t3ted, W3 =% &% phenanthrened AL, 4
9 & 7=l (RMR: relative molar response) 2 £ FE RS dx ok 2834 o
A cytosine®] peak7z} o) 2 ZHA L e AL MEke X3tz e
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FE7L IR PIREAA = o] FAY peake] Halol AT \%}3?—23;% "Z’\E;"_L? obF EaF
o 9. %—6} R B #E = 4 barbituric acidg 4] 8}+] phenanthrened] wjated 2 st
A o]"e oA 9t} Phenanthrene?] 4% e 5} Lkatd] ¥ dte] barbituric acid: £
A A7k 7bdete] phenanthrened TMSel Fpato] wr] = Fol Bifkel WizkSs = TMSe
B4 =% MES 71 1.2 barbituric acid= A% KES Foz Kol @3 Hg #£2
#o] 3 4 93 gas chromatogramio] A+ FRifzEe] Yehdde EEBS 23 9o L
b=t o] B Bag GCEdl ket St S0 2 EEEL 2 d Aold FH4e B
Be Awsta glon m gk ALY 445 go] 349 Aoz o 4,

TMS Fu@—pk Koo GCle B Mol —OH, —NH,, —NH#: 59 23 &
T UM JAY FEEEA ] 22 SEEE A REEstd o F s TMS
LRl Ketel B E At EBHE #insts FEA2 H9 EBRSY GCEE £
ol 3tAl FERE + QA HA

AutA o 2 —OH, —NH,, —NH, —SH#:% 713 %8, & £, alcohol,2® phenol,2®
steroid,?” amino acid, peptide,?” nucleic acid, carboxylic acid,3® Z-o] TMS{L#] R &
3ho} etherft, & esterfhidlo] #hel ZiEd (300°A =2 MSME Q) B Gl &£
BE . o] TMSHHEME kG @Ees Tod A5 29 waw:E S Eo /e 54
E JkRlz gl

o] f =7t EEAMLE HETIHTE AL 19529 AEE e oo o] kel
'G.Cooll BRI 16fES 212 1958117 o oF phenold {ha#H Gl A #AfEA P 2 &
$1 amino acid, steroid, carboxylic acid%-¢] paf o] = ¢ ).

TMS{#e 3ted = =2 BV A3 goldlxz 2 EREY 33 Fokx e 440
RE 2 trimethyl silyl chroride (TMSC)$} hexamethyldisilazane (HMDS)o] =wko] =
9 o1} 2=} N, O-bis(trimethylsilylacetamide (BSA) =& N, O-bis(trimethylsilyD) trifluor-
oacetamide (BSTFA)So] who| AHg3m 9 AAolt. Biels GO AoF§oz TMS
B 42T Sollel vlg deolA ke e A= glz TMS-HTe zke] TMSCse HMDS
o E3E¢ pyridined] B 2 ARt A= o

Bk el TMSEMz BE RpEtte] £ BSAY BSTFAE F2 AH&3tz 9lor &
T Atele TMSCE & 49 25 495 doh. KRGS BRS EERS S A=
o] fEkey AR st MK pyridine ¥ge] 3l 5 TMS{HIE 50~100mole &3}zF2
g el A 150°C o 1A% A= FEMOE HETE O

EEZ7F AL A G54 2

Procedure for GLC determination of base components, Dried sample (nucleic acid

HE

‘hydrolysates); 100 mcg~1mg, pyridine or acetonitrile; 504, Silylating reagent(BSA or



June, 1974 B B @ 87

BSTFA); 50sd. The mixture in a test tube was sealed and heated on a oil bath (150°)
for 45 min. * 100 molar excess of BSA to total bases. .

R B A9 a4 g AgE uraciled A4 2,4-di-O-TMS uracil!® 2 ¢ 2]
31 = guanineql A$ 2,9-di-N-6-0-TMS guanine,?® adenineg- 6, 9-di-N-TMS adenine%
o frEAZ 4480 GCkolA ol2ld HHEEL B— peakss EEMoZ VelA H
ot S ok el WmHE 401 gl

—OH— — —O—TMS
—NH, _trimethyl sililating reagent —NH—TMS
—NH , solvent, heat L N_TMS

: i
_SH-— I —S$—TMS

7 MBI e TMSFHEME siEie] vho] oz FH Zfrel LUEshe)h. B
TMS ##8= column 257} 120°~220°F £o] = nucleosided] TMSFHFEfE= 220°~
240°, nucleotide= 240°~260° 2 column2-%% & 9 A9 5H#re] 7l53tc}, £ column
o, FAAY B BEES B S we Eo 4714 "

o] A= F & boron silicate glass column 3mmgx1mE FHESYoH E3] njgk A
& HEY A glass columne] v FFE Aoz Ao, A GHESEEDEA =
silicon oil =3 silicon grease® methyl siliconFA(SE-30, OV-1), apiezon greaseg # i~
Fl= Shet.

FE= 2 OV-1, OV-17¢ Agstgch. #Bls Ride 4 beadz 3 FRMAEE]
AgE a2 govt HmES FAY oM E t2EE HD3E Adte] FAEA H AL AR
B Q= AAoltt. FEHEE IR gas chrom. Q (80~100 mesh)v} chromosorb W or G
(80~100mesh) & {#f5}91 c}. Gas chromatograph®} 2] o] fHiSts. of 8l 7}#] el 2 HEL
etz glovt Bk Ko< TMSHEEp= 48, % ®re X2 F.LD.(flame ionization
dectector) 7+ AFSH 3 gl om, —8y HEEAHTE 29 74E FLD.o) 225 = gy
o 8i0,% & A8t oF dohe KfEe] vk, FID.24 i RRE 24 BEREiie o3
#13x10 " mde?® 2 @WEz 9o, B Hpstz T.C.D.(thermal conductivity detector},
H.W.D.(hot wire detector) & A}-&38 = 9ot ol Fol} FEEiko] Yeldz glor}
F.ILD.Zo] REE2 FR2 <u4 g

k3 g o8 FEiEdo A i 24 o REEY 22 ek Bl 1
BESHAl =

—Rkf9o 2 columne] @EE7F Eow o2 peakst Yl St FEAA, column
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dod St BIFAAY peakst €A 3 42 veEldch. 48 Ao peakrt vE
Yx g ALx 9o, E3 T.MS.3%a8e G.L.Co HEAKE o8 columng T.M.S.
E 2 2~30 FEAGY JduA g E o] Rigkd A F EHtE o] Foh

Table I— Relative retention time of TMS derivatives of nucleic acid (liquid phase, DC 430).

Column temperature 150 180 230 250
Flow rate (ml/min) 60 60 50 50
Uracil 0.08 0.12

Thymine 0.11 0.15

Cytosine 0.20 0.21

5-Methyl cytosine 0.22 0.26

Orotic acid 0.64 0.63

Purine 0.18 0.25

Hypoxanthine 0.84

Adenine 1.00 (a) 1.00 (b) 1.00 (¢) 1.00 (d)
Theophylline 1.19 1.36

3-Methyl eanthine 1.56

Xanthine 2.02 1.70

Guanine 2.86 2.16

Uric acid 3.30 2.36

Deoxyuridine 5.21 5.43
Thymidine 5.65 5.97
Deoxyadenosine 9.88 9.66
Deoxy guanosine 17.48 16.51
Nebularine 5.21 5.54
Uridine 7.06 7.07
Cytidine 18.6
Inosine 10.32 9.99
Adenosine 10. 86 10. 86
Xanthosine 14.99 13.79
Guanosine 18.24 16.83
3’-UMP 19.22
3'-AMP 28.25
3'-GMP 42.35
UMP 23.24
IMP 33.45
AMP 37.03
GMP 49.74
dUMP 19.87
dAMP 35.51
THP 21.07

Retention time of adenine: (a) 23.0 min, (b) 5.8 min, (c) 1.03 min, (d) 0.48 min
Column 5% DC 430, Celite545, 60—80 mesh :
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T. Hashizume!® &= silicon DC 4303} apiezon 2 Rl BB T.M.S.ZEHEE] %
FERERS ZAMSE o[ 7} 9l Table I, Table II,9] T. Hashizumes] 7 $-+= 820l A 2+ F5HE
Aol oHate] BREFRME FRYY vt Gerke® = HETAA BRE Bod T.M.S.ZER
e FiEEe #Re s gloh. (Table 1T, Fig. I)

Table II- Relative retention time of TMS derivatives of nucleic acid
component (liquid phase, apiezon L).

Column temperature (°C) 180 230 240
Flow rate (ml/min) 80 69 78
Uracil 0.07

Thymine 0.10

Cytosine 0.18

5-Methyl cytosine 0.20

Orotic acid 0.43

Purine 0.23

Hypoxanthine 0.74

Adenine 1.00 (a) 1.00 (b) 1.00 (¢)
Theophyine 1.52

Xanthine 1.60

Guanine 2.69 2.04

Uric acid 2.47

Deoxyuridine 4.23

Thymidine 4.85

Deoxyadenosine 10.50

Deoxyguanosine 16.85

Nebularine 3.80 3.71
Uridine 4.73 4.6
LCytidine 15.54 13.2
Inosine 7.08 6.7
Adenosine 8.62 8.6
Xanthosine 9.12 8.3
‘Guanosine 13.15 12.1
3’-UMP 9.74
3'-AMP 17.24
3'-GMP 24.39
UMP 13.01
IMP 19. 56
AMP 23.7
GMP 26. 81
T™MP 13.27

Retention time of adenine: (a) 10.4 min, (b) 1.3 min, {c) 0.82 min Column: 5% apiezon L,
Celite 545, 60-80 mesh
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Fig. 1- Chromatographic conditions: 7.5° (gl)/min temp. program from 90° g to 200° with a

delay of 4 min; Flash temp. 260°

Attenuation, 10xS. Column: Imx4mm LD. Pyrex, 10% SE-30 on Supelcoport (100—
200 mesh). Silylation conditions : 10 each in reaction vial;
acetonitrile; at 150° for 15 min; 4 mcl (ca. 200ng of each base) were injected.

100 ¢l BSTFA;

100 pl

Table III—Relative molar response of the TMS derivative of purine and pyrimidine bases

using a FID2.

Compound Retention temperature RMR? S.D.c
Uracil 120 0.67 0.010
Thymine 130 0.68 0.012
Purine 140 0.38
Cytosine 148; 161 0.54
5-Methyl cytosine 152; 165 0.45
Hypoxanthine 176 0.58
Adenine 185 0.60 0. 004
Xanthine 202 0.71
Guanine - 211 0.72 0.006
Phenanthrene, IS. 172 1.00

Chromatographic condition; Boronsilicate column 1 mxd4mm 4% SE-30, Chromosorb G 60-80 mesh

Column temperature: 95°—(6.7°/min) increase
Carrier gas: Np gas 80 ml/ml/min

Injection temperature; 80°

Detector temperature: 25° (FID)

B A BA Y EES REds e THmd Bk £ENe 97t 9
SREZE 7h3 BB edleld =
W BFAsHE obobd okt @eh. GColA &= F2 MR} ikets] AR Y RislE

glvh. EHEEYal vz E oA slEd wie} o]

=
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24 FES S Aol ggtot T GCo b WSS HT A2 AA pEste Hik
o] A& otz 9ot GCe IR i GC¢+ Mass®, GC-NMR™ME 2. i ER R
o] T.M.S.%Epse] mias Ested #HMma 982 BHals 9o, 3 GC-Massg&
. A% gas chromatogramy 522 4l kH S A$d = ofF Ze Bl AW Raw
€ WMEPRES Zo] & el #t 314 o

2V EEMOE MRS B Afd: Fd MRS @ 4 g Aok GCiol o
e oldel WY EE A We%w 9 HEeIAr BEBRAS MG nucleoside
=+ nucleotide -9} #4152 o] JTLHHHro]} 7 &} PPC., TLC, ion exchanger, electrop-
horesis2 ZrRfd £ BOLEE ko] po-1 RRIRIE WEERY = BFIERs FIH s %Y
& S TR BFS hx ok o] ox Aol GCiio] [halwl #HfFe] Hfks =
SRET FIEE EH BFE Stedok 3, GCe & 248 wa o] glo] AA 7153
ok Aol A HFISH

Ze Y BERS TKGMSHE BIE Bkl et BREH £, S MRE e 4 gds
Aoleh, BERM SHN KA HT EERMHR B9 G2 Bude 9= =
Zola glovt, WME BA HHAE 238 enzyme®g Abgst ko] EiTel: ol
MAEZ g EBSDE A3 ol BERMe dgsx 9,

##E = sample 1mg(S-RNAYe| 70% HCIO, 1mlg stz #MKE LA 18R ks
figa 20 % 8Me] KOy o = Yrhehad A ffia 7] 2 L8 e 459& jon exchan-
ger(formate type, 100~200 mesh, dowex 1x2)o] A7 ZE4z <Ag & M
HCOOH= §%A#A et $239 &S rotary evaporatorz #Az3F & silylating agent
(BSA)Z T.M.S.3BHEME w50 GCol A .

GCEell Al = ER M HMEEE e Hike] WiPolr a3 EEOZ HE
ot o] b e ke w R, 28y GCaA: 9% BS54 7]
At F—8e] BEHEAC] Ao Fafeslnz NIEgEd @ BEis FEe e
= o,

Gerkev} T. Hashizume: #2552 2 phenanthrene-d- {#ifa) <o Bikd wlof 2

o] = H. Yukiz} A x3}& barbituric acid% @i 3}e] b, haEm: % 2 R K
= th&-3 o] ekl

= 7wl

Area _Arca g
Grams 3 /M.W. 5_ ‘Moles 5
RMR /1.5= Area 1 Area 1.5

Grams 1.s/M.W .s  Mole 1.s
RMR; relative molar response

Area p; area chromatographic peak for the base
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Area 1-s; area chromatographic peak for internal standard

M.W.; molecular weight

Z REEEHE] dE AAE02 vle] RMRg FAErd 1 Se¥HE ABEEY
5 RMRE $5 FHBMEE HHE 471 otk =8 REEAKS o= 3¢ 71 9o

BLEs e Aol 98 HEBRS TMSHEuier AHEEMESY RMRE 294

Fig. 2, Table IVe} 7k},
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Fig. 2. —Analysis of the purine and pyrimidine base in the yeast s-RNA.
Column: Boronsilicate glass3 mmx 1m 3% OV-], Gaschrom Q, 80—100 mesh
Oven : 80°—260° (10°/min)
Injection: 250°—300°
Detector : FID Carrier gas 40—60 ml/min

2200 2% 240

Table IV- RMR of the TMS-Derivatives of purine and pyrimidine base.
Compound 7 Retention temperature RMR
Uracil 106°C (120) 0.575 (0.67)
Thymine 116°C (130) 0.493 (0.68)
Cytosine 128°C (148) 0.346 (0.54)
Adenine 161°C (185) 0.310 (0.60)
Guanine 222°C (211) 0.342 (0.72)
Barbituric acid 135°C (—) 100 (—)
Phenanthrene — (172 — (1.00)

Bk ks mEyES TMSHEH#E

2% 397 g &

el chartiee] scale outel 5ol A7 Fel T A% 3

3 y\%"d WERSC AEHA

i



June, 1974 O 93

BO) HERAME MHS FURSHRAL ohdsl WMEIERSL 2 HEE 2 0 REMm o s
HERAY BES AENCE U 7 Yok
w8 GCERAAS FHEe o3te] arfgstc. (Fig. 3, Table V)

Chart Limit f[

Fig. 3—O0f-chart chromatographic peak,
Table V—The relative values of 8 and K.

] K ] B K B K
0.100 1.001 } 0. 450 1.070 0. 680 1.481
0.145 1.002 0.455 1.073 0.685 1.503
0.170 1.003 0.460 1.076 0. 690 1.528
0.185 1.004 0.465 1.079 0.695 1.553
0.205 1.005 0.470 1.082 0.700 1.581
0.215 1.006 0.475 1.086 0.705 1.609
0.225 1.007 0. 480 1.090 0.710 1.640
0.240 1.008 0.485 1.093 ! 0.715 1.673
0.245 1.009 0.490 1.097 ; 0.720 1.708
0.255 1.010 0.495 1.101 ] 0.725 1.745
0.265 1.011 0-500 1.106 ‘ 0.730 1.786
0.270 1.012 0.505 1.110 0.735 1.828
0.280 1.013 0.510 1.115 0.740 1.875
0.285 1.014 0.515 1.120 0.745 1.924
0.290 1.015 0.520 1.125 0.750 1.978
0.295 1.016 0.525 1.130 0.755 2.035
0.300 1.017 0.530 1.135 0.760 2.098

-0.305 1.018 0.535 1.141 0.765 2.166
0.310 1.019 0.540 1.147 0.770 2.239
0.315 1.020 0.545 1.153 0.775 0.320
0.320 1.021 0.550 1.159 1.173 2. 408

0. 325 1.022 0. 555 1.166 0.785 2.504

+0.330 1.023 ] 0.560 0.780 0.790 2.610
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0.335 1.024 0.565 1.180 0.795 2.722
0.340 1.025 : 0.570 1.187 0.800 2.857
0.345 1.027 ; 0.575 1.195 0.805 3.001
0. 350 1.028 ? 0.580 1.203 0.810 3.162
0.355 1.029 0.585 1.212 0.815 3.342
0.360 1.031 ‘ 0.590 1.221 0.820 3.546
0.365 1.032 1 0.595 1.230 0.825 3.776
0.370 1.034 | 0.600 1.240 0.830 4.038
0.375 1.036 i 0. 605 1.250 0.835 4.339
0.380 1.037 | 0.610 1.261 0.840 4.685
0.385 1.039 0.615 1.272 0.845 5.088
0.390 1.041 0. 620 1.284 0.850 5.559-
0.395 1.043 0.625 1.296 0.855 6.116
0.400 1.045 0.630 1.309 0.860 6.779-
0.405 1.047 0.635 1.322 0.865 7.578
0. 410 1.049 0.640 1.337 0.870 8.552
0.415 1.051 | 0. 645 1.351 0.875 9.754
0.420 1.054 'i 0. 650 1.367 0.880 11.26
0.425 1.056 J 0.655 1.384 0.885 13.17
0.430 1.059 . 0. 660 1.401 0.890 15.65
0.435 1.061 | 0. 665 1.419 0.895 18.93
0.440 1.064 | 0.670 1.439 0.900 23.38
0.445 1.067 | 0. 675 1.459

K=5,/5,

ﬁ:_g_}g:_yi

K=f(py =g 2

SrimelA G $EAA A% AL mope) WM.
St FA v e FEe] mA, & oA AAL 3 By HE  (2E ERe

TAEA RES S FEY)
Xeiplio s HH 718X gue) Agd #5749 A,
Yei715A19 F,
ATEA JEFE Xt Ye 2 S,2 E pE GHESE piEz R Table VA K@EE: Zo

W K=-ol4 S, 784 9.

r

i #

BfE GCiidl RBel wet 79 BAT HRASHO GCieell A3ty Hifie] aHEs)
A Hged, BAFHAmIY KRWES ERLSYT  IUKGR  9she —OH,
--NHp, NH, —SH#% z+ B5THE27 o= T.MS.EEM oste] A gyt GC
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o stz AL FAH Fz Tk

s A s]eWmate] ofujs #BEe] BWig= GC Mass, GC-IR, GC-NMR %2 el
olste} EuHEMESlol = GCEA BUEe) #E - prgel A Aoy o5 AA4A4 472
2 Mgz BESA At EE B 4ol glolAe pyro-gas chromatography*%® = i}
e sbx ok, A Pkl ste] TMSiHupz 3t GLCE Mgt Hel +
-% Aoz Aadd

= BEh MERSY S¥d BWRs A5 Aoz FE5HH, oH¥ ATE WK

ﬁ‘ﬁ@i Brol vk alkali® o] 7}eddl HyeRetE Enzymeg M 8o kSRS E Ao E&
HREZ 7L Aoz Aggdh

W GCrol 93 MEE Bk BEFS JodAE 3x10 ™V molec] sta 3t oh& #
820l ELEEe] ®ebm A e &2 mlo]vh Avogadrofie] wl b ol E a9d A Rt
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