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MethyIated ribonucieosides and hypermodif_ied adenosines were trimethylsiiy- 
Iated on chromatographed by high-resolution gas chromatography on a fused-silica 
capillary column operated in split and splitless modes. Evaluation of micro-silylation 
(50~~1 volume) of methylated ribonucleosides showed that N,O-bis(trimethylsilyI)- 
trifl uoroacetamide (BSTFA) and pyridine at 150°C gave greater yieids than silylation 
with either BSTFA alone or BSTFA and pyridine at 75°C. N-Methyl-N-trimethyl- 
silyltrifluoroacetamide gave Iower yields of derivatives of N6-substituted adenosines, 
such as N6-methyladenosine, relative to those obtained with BSTFA. Methylated 
ribonucIeosides generally gave sharp, symmetrical peaks on the SE-54 column oper- 
ated in then split mode; however, the compounds‘ were not as well resolved as the 
-cytokinin-active hypermodified adenosines on the relatively non-polar SE-54 station- 
ary phase. The splitless operation mode employing a cold trapping procedure (40°C 
initial temperature) yielded sharp peaks and nanogram quantities of N6-methyl- 
adenosine were detectable. Most hypermodifled adenosines separated well from other 
compounds, aIthough seireral peaks of unknown compositioq eluted in the same 
chromatographic region & the methyl&ted ribonucleosides when the coid trapping 

splitless technique was used_ 

INTRODUCTION 

A-large number of structural modifications of ribonucleosides are found in 
tRNA from plant, animal and microbial sources and in biological fluicl~‘~. These can 
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range from simple methylation of a base or sugar moiety to more complex derivatiza- 
tions as exemplified by the mod&d isopentyladenosines termed hypermodified ri- 
bonucleosides. The la?ter compounds function as cytokinins or plant cell division 
facto&‘3. It was reported that changes in ribonucleoside methylation in tRNA in 
animals were associated with cellular differentiation processes and the development 
of tumorous or autonomous tissuesa*s. Recent evidence has also indicated the pres- 
ence of altered patterns of ribonucleoside methylatio# and an additional cytokinin- 
active hyipcrmodified 7 adenosine in tRN_4 of hormone-autonomous plant tissues. As 
part of a study of changes in ribonucleoside structural modifications in tRNA we are 
interested in methods of separation of these compounds_ 

Several investigations have dealt with methods of preparation and condlnons 
for gas chromatographic (GC) separation of trimethylsilyl (TMS) derivatives of the 
parent nucleic acid bases and their corresponding ribonucleosides”-“. Lakings er 
al.” studied the efficiency of silylation and separation of several methylated bases. 
Hattos and McCloskey” studied chromatographic behavior of EMS derivatices of 
naturally occurring and synthetic modified ribonucleosides on two packed GC col- 
umns end Chang et al.” developed a GC method for quantitative analyses of two 
methylated ribonucleosides. 

Cytokinin-active bases and ribonucleosides were silylated and separated on 
packed GC columns’~~‘. Claeys et al.” used capillary GC to resolve some per- 
methylated cytokinin bases. and we recently reportedZ3 separation of cytokinin 
hypermodified bases and ribonucleosides by fused-silica capillary GC operated in 
split mode. 

In the present investigation N-e studied reagents and reaction conditions for the 
preparation of TMS derivatives of ribonucleosides and chromatography of these 
compounds on high-resolution fused-silica capillary GC in split and splitless oper- 
ation modes. 

ESPERIMESTAL 

trans-Ribosylzeatin (tZR). N6-(A’-isopentenyl)adenosine (IPA), phloretin 
(IS). and methylated ribonucieosides including I-methyladenosine (ml A). N6- 
methyladenosine (m6A), N6,N6-dimethyladenosine (&A), 3-methylcytidine (m3C), 
N’-mttbylguanosine (m’G), 1-methylinosine (m’I), and 5methyluridine (m5U) were 
purchased from Sigma (St. Louis, MO, U.S.A.). The remaining cytokinin ribo- 
nucleosides were generously provided by Dr. 3. Corse (USDA, ARS, Albany, CA, 
US.A.)_ N-O-Bis-(trimethylsilyl)trifluoroacetamide (BSTFA), BSTFA containing 
I 72 trimethylchlorosilane (TMCS), and N-methyl-N-trimethylsilyltriffuoroacetamide 
(MSTFA) were purchased from Pierce (Rockford, IL, U_S_A_). Pyridine and aceto- 
nitrile were obtained from Regis (Chicano, IL, U.S.A.). Methylene chloride and P205 
were obtained from Fisher Scientific (Pittsburgh, PA, U.S.A.). 

Prepmation of modt$ed ribontrcieoside standards 
Stock solutions used for evaluations of relative weight response (RWR) under 

various silylation conditions were prepared by-dissolving 1 mg of each methylated 
ribonucleoside in 2 ml distilled water, except N2-methyiguanosine, which was dis- 
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solved in water adjusted to pH 1 with 1 N hydrochloric acid. The concentration of 
each solution was confirmed by calcuiations based on the UV absorbance at the 1, 
for each compound and the published absorptivitie$5. 

Stock solutions of methylated ribonucleosides for long term storage in a freezer 
were made at the same concentration as above using 75 y0 ethanol as solvent. Cyto- 
kinin-active hypermodified adenosines were dissolved in 95 O? ethanol at a concentra- 
tion of 0.5 pg/& 

Micro-si&Iation of metil_vhted ribonucieosides 
The following method was used for determination of RWR values and other 

chromatograplhic purposes: 50 ~1 of methylated ribonucleoside stock solution and 50 
,!d of IPA solution were concentrated to near dryness under a stream of nitrogen in a 
l-ml screw-p reaction vial. The sample was azeotroped with methylene chloride and 
then dried over PTOs at lo-’ Tot-r overnight. A 50-,!d volume of silylating reagent or 
10 .u.l of solvent plus 40 ~1 of silylating reagent was added. Silylating reagents were 
either BSTFA. BSTFA containing TMCS (99:1, v/v) or MSTFA. The solvent was 
pyridine or acetonitrile. Vials were sealed with PTFE-lined screw caps and heated in 
an oil bath at 75 or 150°C for 30 min. Cytokinin-active hypermodified adenosines 
were silylated as described previousl?. 

Determinations of R WR uziues for methylated ribowcieosides 
RWR values for metbylated ribonucleosides were determined on a Varian 

Aerograph Series 2100 gas chromatograph equipped with a Hewlett-Packard Model 
3350 A integrator_ A 0%1.0~pg sample of each compound plus IPA internal standard 
was silylated as described above and chromatographed on a 1 .S m x 2 mm I.D. glass 
column packed with 3% SP-2250 coated on 100-120 mesh Supelcoport (Supelco, 
Bellefonte, PA, U.S.A.). Nitrogen was used as carrier gas at a flow-rate of 30 ml/min. 
The injector temperature was 270°C the flame ionization detector (FID) temperature 
was 2SO’C, and the column oven temperature was varied depending upon compound 
separation requirements. RWR values were calculated as follows: 

RWR = 
Peak area of siiylated ribonucleoside 

I 

Peak area of silylated IPA int. std. 

Weight of silylated ribonucleoside Wei& of silylated IPA int. std. 

If a methylated ribonucleoside yielded a shoulder or a secondary peak in addition to 
the major peak when chromatographed on the packed column, the area of the minor 
peak was included in the calculation of the RWR value. Earlier work on parent 
ribonucleosides showed that doublet peaks occurred that were composed of two 
silylated species of a given ribonucleoside”*15. 

Capillary GC of methyiated ribonrccleosides in split mode 
Silyl derivatives of methylated ribonucleosides were chromatographed by high- 

resolution GC on a 30 m x 0.25 mm I.D. SE-54 (94 % methyl, 5 % phenyl, and 1 Y0 
vinyl silicone) fused silica capillary column (J&W Scientific, Ranch0 Cordova, CA, 
U.S.A.) operated in the split mode. A microprocessor-controlled Hewlett-Packard 
5SSOA gas chromatograph was used with inlet at 27o’C, FID at 380’C, and the 
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column oven temperature-programmed from 180 to 265°C at 4”C/min after a 2-min 
initial hold_ Helium was used as the carrier and makeup gas; the split ratio was 60:1 
and the carrier linear velocity through the column was 31 cm/xc. 

Capil(clrr_ GC gf modified ribomtcleosides in splitless mode 
For spIitIcss operation mode the Hewlett-Packard gas chromatogaph contain- 

ing the SE-54 fused-silica capillary column was used with the inlet temperature at 
27O=C and FID at 28O’C. The inlet purge flow was 1.2 mlfmin and the carrier gas 
linear velocity was 3 1 cm/set_ The sample was injected with a purge inactivation time 
of 40 set and an initial column oven temperature of 40X This procedure cold- 
trapped the silylation reagent (BSTFA) and the organic solvent containing the ribo- 
nucleoside sample. After 2 min, the oven was temperature-programmed at lO”C/min 
to 265°C and then maintained at 265°C for 60 min. 

Mass spectrometry (MS) 
The numbers of silyl moieties per molecule (molecular weights) of silylated 

hypermodified ribonucleosides were determined by electron impact using a Hewlett- 
Fackard Model 5985 GC-MS instrument operated at 70 eV or by chemical ionization 
with a Finnegan Model 3300-6100 GC-MS instrument at 150 eV using methane as 
reagent gas. 

RESULTS AND DISCUSSION 

Comiitiolx for silylation 
Effects of temperature and solvent composition on the micro-silylation reac- 

tion of some methylated ribonucleosides with BSTFA are shown in Table i. Gener- 
ally? compounds were silylated at 75°C in BSTFA with or without the inclusion of 
pyridine in the reaction mixture. However, increasing the reaction temperature to 
150°C noticeably increased the yield of derivatives in several instances. The presence 
of p_yridine in the reaction mixture at 15O=C also improved the yield in severd cases. 

TABLE i 

SOLVENT AND TEMPERATURE EFFECTS ON THE SILYLATION OF SOME METHYLATED 
RIBONUCLEOSIDES 

Valws_ expressed as FlD response (RWR)* 
- 

Ribomcieoskfe 75=C i50sc 

BSTFA BSTFA- BSTFA BS TF_& 
p+dine pyridine 

I-Methyladenosine 0.44 0.67 0.84 1.07 
N”_ClethvI.&nosie I-15 I-10 i-04 1.18 
s;‘,N’-Dinethyfadenosine 1.53 1 A7 1.60 1.66 
3-Methykytidine 0.82 0.82 0.89 1.05 
i*;‘-?rlethy@anosine 0.51 0.54 055 0.59 
3-Metkylm%iinc 1.36 1.42 I.59 1.80 
5--Methy!uridine 0.79 0.76 0.94 0.91 

l Rebixe to internal standard isopentenyiadenosine. Each vaIue is mean or two determinarions. 
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Preliminary trials with acetonitriIe-BSTFA or pyridine-BSTFA containing 1% 
TMCS gave results similar to those noted above. Among the compounds tested, 
methyiated derivatives of adenosine and uridine frequentiy silylated more readily 
than methylated derivatives of cytidine or guanosine. Examples of compounds which 
silyiated poorly under the micro-reaction conditions are 5-methylcytidine and I- 
methylguanosine which yielded weak or nondetectable responses when chromato- 
graphed on the SE-54 capillary column. Chang er aLL8 reported a high yield for two 
methylated ribonucleosides, N2,N’-dime’ihylguanosine and l-methylinosine using a 
relatively large volume (0.5 ml) of BSTFA and solvent for the silylation reaction. 

Silylation of some modified ribonucleosides was also evaluated with MSTFA, 
also a strong silyl donor. Several compounds gave approximately equal yields of 
derivatives in both BSTFA and MSTFA at 150°C. However, N6-substituted ad- 
enosines, such as N6-methyladenosine gave a greater yield (2.8-fold) in BSTFA than 
in MSTFA. In contrast, when a relatively large amount of guanosine (125 pg) was 
treated with MSTFA, a 1 .&fold yield increase over that with BSTFA was obtained. A 
shift in the retention time of the guanosine product with MSTFA indicated the 
formation of a different silyi derivative. 

CapNary GC in split mode 
Results of chromatography of several representative silyiated methylated ri- 

bonucleosides, prepared with BSTFA, on the SE-54 fused silica capillary column are 
shown in Fig. 1. Each compound (0.75 pg) was injected at a split ratio of 6&l. Most 
compounds gave sharp, symmetrical peaks in the split mode. However, the first 
emergnrg peak which corresponded to 3-methylcytidine was broader than the others_ 
This may have resulted from the incomplete resolution of more than one siiylated 
derivative of this ribonucleoside- The peak corresponding to N’-methylguanosine 
was sharp and symmetrical, but the response was relatively low. This probably re- 
sulted from a less efficient silylation reaction for this compound. Tests with parent 

inj 
1 - 

TIME (min) 

IPA 

Fig I- Chromatogram of BSTFA-prepared silylated modified ribonucleosides on SE-54 fused-silica capil- 
lary column using split mode (6&l). 
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ribonucleosides showed that these compounds overlapped with some methylated ri- 
bonucleosides. for example, adenosine eluted with N6-methyladenosine on the SE-54 
column under the split condition_ A more polar stationary phase may be useful for 
separation of these compounds in the split mode conditions. Earlier resultsz3 showed 
that h_ypermodified (cytokinin-active) adenosines were obtained longer and sepvated 
better on the SE-54 column; these compounds were structurally similar and relativeiy 
non-polar (e.g., geometrical isomers of isopentenyl adenosine derivatives)_ 

Capiilary GC in splitless mode 
JXe efkct of inlet-purge inactivation time on the peak area of rrans-ribosyl- 

zeatin was measured. It was found that a purge inactivation time of at least 20 set was 
needed for maximum recovery of the compound under the GC conditions developed 
for temperature-programmed analysis of the modified ribonucleosides. 

Table II lists refative retention times and number of silyl moieties as deter- 
mined by IMS (from molecular weights) of some representative hypermodified ad- 
enosines on the SE-54 column operated in the splitless mode. Generally. these com- 
pounds separated well using the cold-trapping splitless technique, except cis-ribosyl- 
zeatin and methylthioisopentenyIadenosine which overlapped. Fig. 2 shows a chro- 
matogram of 20 ng each of N6-methyladenosine and rrans-ribosylzeatin and the 
internal standard phloretin which were silylated with BSTFA and then separated on 

TABLE II 

SEP.%RATLON OF HYPERMODIRED ADENOSINES (CYTOKININ ACTIVE) BY COLD 

TRAPPING TECHNIQUE 1N SPLITLESS MODE 

Column: SE-54 fused-silica c;lpillary. 
-- -_- ._ 

~Compoumi ddenosine suirrrizuents Xo. of TMS _Re!ahe 
- moielies per refenrion 

~\~-rtmim site C-I sire ndecule time* 
----._..-._-_-~_-. _-. _.____~ ._ _- _ 

Isopentenyladenosine 

CH,S- 

Dikydroriboglze?tin 

cis-Rikosylzcatin 

/-&H H 

/J H 

3 1.17 

cis-2-Metkyltkiorikosylzeatin A CH,S 4 217 

* Relative to internal standard pkloretin. 
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Fig. 2. Chromato_gam of siiylated derivatives of N6-methyladenosine, zruns-ribosylzeatin and the intr,nal 
standard phlorctia M ng each. on SE-S? fused-silica capillary column using cold-trapping splitless tech- 
nique_ 

the SE-54 column using the cold-trapping splitless technique_ Results with N6- 
methyladenosine as well as trials with other methylated ribonucleosides indicated that 
these compounds eluted in an area where interfering peaks of unknown composition 
appeared and therefore the method was not as useful for these compounds as for the 
hypennodified (cytokinin-active) adenosines, However, sharp. symmetrical peaks 
were obtained for both compounds and rrLzzs-ribosylzeatin separated well from all 
other peaks. 

The relative FID response for silylated trans-ribosylzeatin in the splitless versus 
split mode of operation described above was 52-fold greater for the splitless oper- 
ation_ Injection of 2 ng of N6-methyladenosine gave 25 o/0 of full scale deflection at 
maximum instrument sensitivity in the splitless mode. 
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