
Jorrvnal of Ckvomrtlogvcc~Jty, 7G (1973) 477-481 
0 Elsovicr Scientific Publishing Company, Amstcrthn- Printccl in Thu Nctl~crlnncls 

CHIZOM. 6457 

Note 

Liquid chromatographic analysis of nucleosides, purine base-modified 
adenosine derivatives and 3’,5’-cyclic AMP 

Biochemical tests with modified adenine nucleoticles necessitate t11e critical 
purity control of commercial or synthesized material. So-called nucleoside analyzers 
have recently been dcscribcdlJ in which conventional cation-exchange column chroma- 
tography is used, Modern high-pressure liquicl chromatography provides better reso- 
lution as well as greater sensitivity. Altllough the time of analysis could be shortened 
considerably by the use of a pellicular ion exchanger having a small capacity3t4, it 
has been shown that highly efficient separations can be achieved with a conventional 
exchanger in a reasonable amount OF time in a simple and relatively inexpensive 
manner. This allows micro-scale trace analysis and preparative work. 

A flow diagram of tlic apparatus is shown in Fig. I. 
The eluent was pumped tllrough the column by a commercially available 

pump, Model LDP 13 A (Labotron Messtcchnik, 8191 Gclting, G.F.R.). The effluent 
was monitored with a Zeiss l?MQ II photometer with a flow cell of 8 ,~l volume and 

6 
Fig. I, Plow diagram of the ilppi\IXtUS, I = Tank of mobile pliasc, a = LDP r3A Inl~otron pump, 
3 3 prcssurc gauge, 4 = injection port, 5 -= thcrmostntccl moclulnr column, G n-c =I %ciss I’MQ 
I I piiotomctcr, 7 = Philips rccorclcr, 8 = wnstc. 

IO mm path length, tile feed line being modified according to I-IUBER~. The other 
components, including the modifiecl column, were manufactured in our workshop as 
described elsewllere0*7. 

The separating conditions were as follows: inlet pressure, 40 atm ; flow-rate, 



478 NOTES 

8 ml/h; column, 2.3 x 300 mm at 34”, paclccd with Beckmnnn M 81 cation-exchange 
resin (particle size range S-40 ,um) ; eluent, 0.4 113 ammonium formate, pH 4.65; 
attenuation, 0.2 absorbance units full-scale. The resin was suspended in reagent- 
grade methanol and freed from fines by sedimcntntion. The column was filled by 
pressure filtration, thus achieving a stable and highly pressure-resistant, uniformly 
packed bed, using ~7. method similar to that already describcdl). Although the costly 
pellicular ion-exchange resin allows faster separations, a conventional ion-escliange 
resin was selected so as to provide maximum capacity. 

Prodz~cls to be sefinmlcd. The nucleosicles and 3’,5’-AMP were purchased from 
Boehringer, Manrheim, G.F.R. I-N-methyl- ancl G-N-methyl-aclenosine monophos- 
phatc were obtained from Terra Marine Bio-Research, LR Jolla, Calif., U.S.A. 
I-N-oxicle-ATP was prepared as describccl by VON DIZR HAAR cl nb.*. 8-C-bromo-ATP 
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Fig. 2, Cliroxnatogranl showing purity control of I-N-mctlq+AMP after cnzpmatic digestion. 
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Fig. 3. Clwomatogram showing purity control of r-N-oxide-ATP nftcr cnaymatic cligcstion. 

was synthcsizcd by a method similar to that described by REIST et nZ.0. Imiclazo-ATP* 
was prepared according to BAI~RIO et c~l.~~. 

Nucleotides were hydrolyzed prior to sample application in o.3-ml plastic tubes 
(Beckmann Co., Catalogue No. 314326 B) with a maximum sample volume of IO 1.11 
and a maximum total volume of 50 pl by incubation with 5 ~1 of alkaline phosphatasc 
(EC. 3qI,3.2, Bocliringer, 1 mg/ml = 25 LJ) at 37” for 3 11. The incubation medium 
was IO ~1 of 0.1 M MgCl, and 25 ,ul of Tris buffer, pH 8.0. The samples were injected 
into the column with a 5-4 I-Iamilton high-pressure syringe. 

Fig. z shows the purity control of I-N-methyl-AMP, containing adenosine, 
G-N-methyladenosine and G-N-dimethyladenosine impurities. The first three peaks 
are unidentified, .’ 
-- 

* 3.P-D-Ribofuranosyl [3’-O-lri~houphnto]imidaao[z, I-i]purino. 
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Fig. 4, Chromtrtogram showing xcparation of 3’,5’-cyclic AMP from 5’-.WIls. 

Fig. 3 sl~ows the purity control of I-N-aside-ATP recorded at both 258 and 243 
nm. The absorbance of the elucnt does not enable a measurement to bc made at 
232 nm, the maximum extinction of I-N-oxide-ATP. 

Fig. 4 shows tlic separation of 3’,5’-cyclic-AMP from 5’-AMP. 
Tables I and II give the chromatographic properties of some nuclcosidcs (I), 

ClIROhlATOCIRAPHIC I’ROI’BRTI1ZY 01’ NUCLROSIIJIW 
_ . .._.. _.. ._ ._. . ._- .._.___ _._ . . . . -_ . .._._ - ._... -..-.. --_- . . . . . .._....- ._ .._.... .-_-.- ._._ - ..-_.-. 

Nlrclcosiclc PVOpWfV 
- _ ..- -.-- .__-.___.. .._- .-._ --._.---.-- _......__._. -__-.__-.._- -..--_-_..--- 

t1r trc--lrro fU# N” N I-IO N 

Uridinc 7.94 4 099 0,7G 239.05 Go5.q 1.2G 0.5 
Inosinc 13.85 lo.go 1~5 2g2.8 I 472.75 1.03 0.G4 
C;unnouinc 22.55 Ig.60 205 J4O.Q 45I.IG 0.88 0.67 

Adcnouinc 35.50 32-55 3*2 573.74 G82.45 0.52 0.44 
Cyticlinc 48.70 45.75 303 lOG.%79 1207.GG 0.28 0.25 
_-- .__---____--.--._-~.-.- --_..-.-.-_._...-. 

fi I/( = rctcntion time (mi&). Ino = rctcntion timc of n component that is not rctainccl 
(min), zui - pcalc width at half the pcalc height. N = 8 In 2 (/~&~)n = number of thcorotical plates. 
H = 300/N = hciglit. cquivnlcnt of tlic thcorcticnl plMx (mm). N,. H, = dfcctivc vnlucs of N 
uncl H. taking Ijt, into nccount. 
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CHROMATO~RAI'llIC PROI'RRTIBS 017 3',5'-c~c~~c-.i\MI' Axn SUIJSTITUTRD AlJIZNOSlNES 
-._-.._______________._________-______..__..____--_-____-_-.-_--_____-___ ._..--~-_----_-... --.--.--- 

IJ~opevly~ 
_A_ 

Co,rt/wrr,rl t/r 111--I/l" '"1 N" N NIJ 1-I 
.__,__ _____._“_____ __.__ -..-,_ __.__..._. --._--.- _..__.._. -_-- .__._. __ .._ _.._.. _ _-.. .-._-_--..--. 

3',5'-Cyclic-t\MP 5092 a.g7 101 40.42 IGO.GI 7.42 I.87 
I-N-0Aclcnoninc 8,25 5.30 1.1 128.73 311.92 2033 O.c)cj 

G-N-Cl-I,-Aclcnoeinc 44080 41.85 5.0 388.48 oq77 0.67 
8-C-Rr-Arlcnosinc 59.60 5G,G5 8.0 24o,G1 2%‘:: I.25 I.13 
Jmiclnaoutlcnosinc~ G7.00 

z 5’4 

780.13 8s3:&5 0.39 0.3.5 
G-N-(CW,),-Adcnoainc 7x.00 , 5.5 848.88 924.07 0.35 0.33 
I-N-Cl-i,-Aclcnosinc 144.00 I4I.O.5 g-4 1248-55 1301.32 0.24 0023 
-__-- --___.-_-- ___._.__..___..____..________-___._.... 

n see footnote to T&AC 1, 
‘3 3-,9-D-Ribofwanouylimiclazo [z-I-i] purinc 

s’,g’-cyclic-AMP and some substituted adeninosines(I1). The I’, values decrease with 
increasing retention time, with only one marked exception to this expected result, 
viz., 8-C-bromo-adcnosinc. This exception could be explained by the existence of the 
s_yjz and a& conformational forms. Aclenosine is known to exist in the ngzti form, 
whereas bromination leads to the syfi product, as evaluated from molecular struc- 
ture studies of S-C-bromo-adcnosine crystals by TAVALE AND SoBlrLL1l. The par- 
tial conformational change from syn to ngtti may be caused during incubation with 
alkaline phosphatase. Evidence of this was established by other expcriments12. 

In such work, modern liquid chromatography will prove to be a useful tool for 
both chemical and conformational analysis. 
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