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The modified nucleosides have been increasingly studied by high-perfor- 
mance liquid chromatography (FETE) [I-171. They are of interest as iMica- 

tars of RNA metabolism [l-3,17] and because some are elevated in the urines 
of patients with cancer [4, 5, X3] _ It is the purpose of this report to show that 
the naturally occurring modified adeniue nucleosides (and $‘a-methyladeno- 
sine) can be identified by high-performance reversed-phase chromatography 
which has been optimized for the separation of most nucleosides [9,13]. The 

basis for this identification is the enzyme peak shift in which the retention 
times are determined, both of the sample and of the N6cleaminated product, 
after incubation with adenosine deaminase (ADA) [7,8] _ 

MATERIALS 

Adenosine deamin ase was prepared from chicken liver by the method of Ma 
and Fisher 1191 with the following modifications: A Sephacryl S-200 column 
was used for the initial chromatography instead of a Sephadex G-150 column. 
Additionally, the 35,000 molecular weight ADA fractions obtained were con- 
centrated by ammonium sulphate precipitation, passed through a Sephadex 
G-75 cohmm aud f&&ions containing 35,000 molecular weight ADA recon- 
centrated. This 35,000 molecular weight ADA, used for the HPLC enzymatic 
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analysis, had no detectable contaminating purine nucleoside phosphoryhzse 
activity as determined spectrophotometricaIIy_ 

l-Methyladenosine, 3’-@-methyladenosine, N6,N6&methyhtdenosine, N6- 
isopentenyhrdenosine, N6-2’-OdimethyIadenosine, and I-methyhnosine were 
purchased from P & L Biochemicals (M&vat&e, WI, U.S.A.). -Adenosine, 2’- 
deoxyacienosine, inosine, and 2’deoxyinosine were purchased from Sigma 
(St. Louis, MO, U.S.A.). other reagents used were the highest grade obtain- 
able: monobasic ammonium dihydrogen phosphate, Fisher Scientific (FairIawn, 
NJ, USA.), methyl alcohol, Burdick and Jackson Labs. (Muskegon, MI, U.S.A.) 
and Tris (Base) ultra Pure, Schwarz/Mann (New York, NY, U.S.A.). W2t-e used 

was passed through an Ultra Pure waters system, Hycko Service and Supplies 
(Durham, NC, U.S.A_). Type 1 calf intestinal ADA was obtained from Sigma. 

Standard compounds were dissolved in 0.01 M Tris-HCl buffer, pH 7.0, at a 
concentition of lo-” M_ Incubation of nucleosides with chicken liver ADA 
varied from 15 min to 24 h at 37OC. AIiquots were removed at different time 
intervals until there was 95--1005% conversion of the substrate (except for N6, 
N6dimethyladenosinene, which was a very poor substrate). In order to analyze a 
complex mixture, nucleosides can be incubated with 50 times the amount of 
enzyme necessary to totahy convert adenosine in one hour_ Similar results can 
be obtained with commercially available calf intestinal ADA (Sigma) using 
17.4 U/l.0 ml for 1 h at 37°C. 

Analyses were performed on a reversed-phase column @Bondapak Cls, 
Waters Asscc. (MiIford, MA, U.S.A.)] a room temperature using 2 modification t 
of published methods 19, 15]_ Two single-piston high-pressure pumps (Consta- 
metric I and II, Laboratory Data Control, Riviera Beach, FL, U.S,A_) delivered 
solvents in a Iinear gradient from 040% methanol in 0.01 F NH&12P04, 
pH 5.5, during 60 min at a final constant fIow-rate of 1.5 ml/mm. Samples 
(25-100 ~1) were injected (Rheodyne 7120 syringe loading sample injection 
valve, Laboratory Data Control) and the effluent monitored with a variable- 
wavelength ultraviolet detector at 260 nm with a lo-p1 flow cell (modified 
Spectromonitor 1, Laboratory Data Control). 

FUZSULTS Abii DiSCUSSiON 

In preliminary experiments, when the vzrious adenine nucleosides were in- 
cubated with a relatively crude preparation of ADA in the presence of phos- 
pha+& buffer, two different products were often generated. These were thought 
to result from the action of contaminating nucleoside phosphorylase, which 
can further metabolize the deaminated nucIeosides to the respective base and 
ribosel-phosphate or to a kinase yielding a phosphoryIated derivative. Both of 
these ‘reactions require phosphate 1201. Therefore the ADA was further puri- 
fied and incubations with ADA were carried out in Tris buffer. Under these 
conditions a single product was formed for each compound investigated. 

Chicken ADA (molecule weight 35,000) has a broad spectrum of activity 
in its ability to N6deaminat.e adenine nucIeosides with modifications in the 
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base or sugar moieties [21-231. All eight modified nucleosides served as sub- 
strates fwchicken liver ADA as assayed by HPLC 1231. Table I lists the reten- 
tion times of adenosine, seven naturally oc curring adenirie nudeoskles (and 
3’U-methyladenosine) and their corresponding inosine products after treat- 
ment with ADA. All of the modified adenine nucleosides eluted se_parately ex- 
cegt for 3’Grnethyladenosine and N%nethyladenosine, which co4uted. In- 
cubation of e&her adenosine, W-methyladenosine, W,W+%methyladenosine or 
N6-isopentenyladenosine with ADA all resulted in the appearance of the same 
product, which co4uted with authentic inosine. Incubation of I-methyladena- 
sine gave rise to I-methylinosine and of 2’4eoxyadenosine to 2’-deoxyinosine, 
as determined by co4ution with authentic I-methylinosiue and 2’4eoxyino- 
sine. The BP-2’-O-dimethyladenosine and 2’4Smethyladenosine both gave rise 
to a product with the same retention time. It was presumed that 2’-O-methyl- 
inosine was their single corresponding N6-d eaminated product. Similarly, 3’-0- 
methyladenosine was presumed to yield 3’-O-methylinosine. In support of this 
conclusion, the area of the peaks of the products generated was approximately 
one half that of the substrate, similar to the absorption ratios of adenosine and 
itmine at 260 nm. Thus, under these conditions, all of the Wdeaminated prod- 
ucts (inosine, 2’-deoxyinosine, l-methylinosine, 2’-O-methylinosine a.ud 3’-O- 
methylinosine) had characteristic, non-overlapping retention times. (It should 
be noted that 3’-0-methyladenosine stored at -20°C for several months in 
water contained trace amounts of an unidentified contaminant that eluted at 
30.0 min and was not sensitive to treatment by ADA.) 

Six of the eight compounds tested each had unique retention times. While 
N6-methyladenosine and 3’.0-methyladenosine had identical retention times, 
their respective deaminated reaction products, inosine and 3’-O-methylinosine 
we= quite widely separated. However, in biological samples other compounds 
could have similar elution times. Therefore, application of the peak shift 
method 17, 91 using ADA allows for identification of an ADA-sensitive com- 
polund and of the deaminated product. 

TABLE I 

RETENTION TIMES OF ADENOSINE AND EIGHT MODIFIED ADENINE NUCLEO- 
SIDES AND OF THEIR SINGLE PRODUCTS GENERATED AFTER INCUBATION WITK 
ADA 

See Materials and Methods for preparation of chicken liver adenosine deaminase (molecular 
weight 35,000). for enzymatic assay conditions and for IiPLC system used. 

Substrate RetediOil Product Retention 

s:, 
time 

(tin) 

l-Methyladenasine 6.7 l-Methylinosine 12.0 
Adenasine 16.1 IQosiQe 8;6 
2’.DefxqJadenosine 17.7 2’-DeoxyinosiQe 10.4 
2’0Methyladenosine 21.4 2’6)-Methylinosine 13.2 
3*-O-Methykadenosine 24.2 3*-O-Methylinosine 14.8 
N6-Methyladenosine 24.2 Incsine 8.6 
N6-2’&Dimethyladenasine 28.8 2’-0-Methy&msiQe 13.2 
N6,N6-Dimethyiadenasine 33.9 Intie 8.6 
N”-bpeQteQykd@nasine 55.5 lnosine 8.6 
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The appEB of the enzyme peak shift technique to detection of modi- 
fied adenine nucl~es in b&logical samples is ill- inF&.f.E%?aks~ 
retention .t%nes of I-~etiyladenosine and B’&oxyadeno&e are seen in this 
chromatogkam of urine from k neonatal mouse which had been k+&ed v&b 
deoxycofokmycin. Following incubation of the mine sample with ADA (lower 
panel) the I-rnethykdenasine and 2’4zoxyadenosine peaks are no longer 
v&tile but two new peaks have appeared v&h the retention tinres of I-methyl- 
inosine and 2’&oxyinosine. 

Application of this method to identification of alI of the conpounds in bio- 
logical samples may require preliminary separative procedures such as anion- 
exchange 1241 or boronate calm [5] _ Unambiguous determination may on 
occasion require coJ.lection of relevant sub&ate pea concentration, keatz.nent 
oiT this isolated peak with ADA, and recbromatigraphing to determine product 

\ 

2’exxYlNoslIIE 

+ fADA 

0 10 20 

MiNUTES 

Fg_ l_ Demonstration of enzymatic peak sh%t technique far identification of l-methyl- 
adenosine and Z'+koxyzdenosine in whole neonatal mouse urine.T'hemousehadbeen 
treatedwithd~rycoformydn,u~ADAinhibitor,24hpriortoco~~onoftheurine.~o 
peaks,elutigatS.4 and 17.7 min,~erefentiontimesoflme~yhdenosineaad2'-deory- 
adenosinerespe&iveiy,areseen iz~ the upperpanelbutnotfo&wingtre&mentoftheurine 
with ADA <tower paid). Txvo pet&s ehting atL2.5 and 10-l min,theretentiontimesof 
l-me~y~~~and2'~~rginosiaerespeetively. appearinthe lowerchromatagram follow- 
ingtreatmentoftheu&ewithADAbutarenot seenirrtheuntretiurine(upperpauel). 
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retention thne without the presence of interfering compow~I~ that might have 
been present in the origiud complex sample mixture. 

Several modified and unmodified adetie nucleosides and bases h&e pre- 
viously been aualysed using HPLC (Table II). We have identified alI of these 
modified nuckosides, except for N6-isopentenyL2-methyEh.ioadenosine in the 

TABLE 11 

ADENXNE NuCLEOSlDEs ANALYZED BY EPIE 

I-Methyiadentie 

Adenosine 

2’-Deoxyzdentine 

W-Methyladenosine 

N6-2’-0-Dimethyladenosine 
N’,Nb-Dknethyladen~nosine 

T-Q-Methyladenosine 
3’-@MethyIadenosine 

cation 
Reversed phase 
Cation 
Reversed p&se 
Cation 

Reversed phase 
C2tiOEl 

Reversed phase 
Reversed phase 
Cation 
RewBed phase 
Cation 

Reversed phase 
Cation 

Reversed phase 
Reversed phase 
Reversed phase 

6 
5f 
6’ 
5,7-g, 1x,13,14,* 
22 
14.f 

6 

13,’ 
t 

6 
t 

*This paper. 

system used here, and additionaUy have identified 2’O-methyladeuosine, 3’-0- 
methyladenosiue and N6-20dimethyladenosine aud their respective deami- 
nated products. Analysis of modified adeuine nucleosides using reversed-phase 
columns would appear to be most advantageous for application to biological 
materials, since these compounds (except for I-methykdenosine) are relatively 
retarded and therefore elute a&r most of the other UV absorbing mat&a.k. 
As more attention is directed to analyzing tRNA metabolism and the mod?Zed 
nucleosides found in the urine of patients with neoplastic and metabolic 
diseases the importance of identifying members of this class of .compounds will 
increase. 

In conchGon, identification of the modified adeniue nucleosides has been 
demonstrated on reversed-phase chromatography on the basis of the differen- 
tial retention times of the nucleosides and/or the reaction products generated 
after treating the nucleoside sample mixture with ADA. This extends the use- 
fuhwzss of the previously described enzymatic peak shift technique for identify- 
ing adenosine 17, 91. It should prove of value in further idenkifykg the modi- 
fied adeniue nucleosides in polyuuceotide metabolism and in complex biolog- 
ical tissue aud fluid san@es. Preliminary investigations suggest that this method 
can indeed be applied to body fluids. 
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