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CHROM. 3341 

Rapid and sensitive measurement of ‘I-methylguanosine and 
NWsopentenyl derivatives of adenosine by cation-exchange chromatography 

Because pure nucleic acids are generally available only in relatively small 
quantities, the nondestructive analysis of nucleic acid derivatives by UV spectro- 
photometry of chromatographic effluents continues to offer several advantages, The 
sensitivity of the procedure is dependent largely upon the construction of the columns 
and monitoring units. For example, it is possible to analyze 0.3 pg of nucleosides or 
bases (N I nmole) and to detect as little as 0.015 pg (N 0.03 nmole) by cation- 
exchange chromatography 192. This analytical sensitivity compares favorably with 
both gas cllromatograplly3-“, radioactive measurements?, and biological assays. One 
can monitor the effluent at a number of wavelengths so that spectral data as well as 
peak position are obtained. In addition, when volatile solvents are used the isolated 
material is readily recoverable in an unmodified form for further chemical, mass 
spectrographic, or biological assay. 

One disadvantage of cation-exchange chromatography of the minor nucleosides 
and bases of RNA has been that strongly positively charged and highly hydrophobic 
substances are not readily eluted with totally aqueous solvents. For example, in the 
system described by UZIEL et aZ.1, the compound z-methylthio-NO-isopentenyl- 
adenosine is eluted at about 64 h elution time, compared to about 3 11 for most of the 
known nucleosides. The band is broad and not readily detectable. By incorporating 
ethanol into the solvent, we can now separate within 2.5 h a group of nucleosides 
characterized by high positive charge and/or a strong lyophobic substituent*. 

Materials and metkoci?s 
The instrumentation and chemical standards have been described previously’. 

2-Methylthio-NO-isopentenyladenosine was a gift of Dr. NELSON LEONARD. NU-Iso- 
pentenyladenosine was a gift from Dr. R. H. HALL, E coli tRNATYr was prepared 
in our laboratory by chromatography of crude tRNA on Sephadex A-50 (ref. 8) 
followed by chromatography with the RI?-4 system of KELMERS et aL9. This prepa- 
ration was more than 90% homogeneous as judged by tyrosine acceptance (1550 
pmole per A,,, unit)*‘. Hydrolysis of this tRNA prior to analysis was done by a 
modification of the procedure previously described 1. The tRNA was initially treated 
with RNase T, (0.1 mg/ml final concentration in 0.02 M ammonium acetate, pH 7.2) 
for 30 min at 37”. 

The, sequential use of RNase T, and a combination of venom diesterase and 
alkaline phosphatasel totally degrades tRNA to nucleosides. Although the combi- 
nation of venom diesterase and phosphatase will, in theory, hydrolyze any tRNA, 
we find some samples to be refractory to only this treatment. The prior RNase T1 
step has always led to total hydrolysis. Any unhydrolyzed or cyclic phosphates 
appear at the breakthrough position. 

* Similar clccrcnsccl rctcntion volumes and pcnlc widths hvc ‘been obscrvccl by IX. %. 
SINGII~~gI’;l~. E. ~qHN 011 anion-cxchnngc cllron~atogr:tphy. 

aoo Unit IS thC ~LIllOUIIt Of RNA that glVCS ml abSOrbtLllCC Of I.0 WhCIl it iS diSSdVd 

in I ml of wntcr and rcacl in ;L path lcngtlz of I cm at zG0 inn. 
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l;ig. I. Cltrotnutogra~?ltv of 2-mctltyltltio-N’1-iso~~cntcttyl~~clct~osit~c on ;L column of wtion-cschangc 
rcsiti (l3io Rat1 A-G) &th the clitncnsiotis 13 X 0.5 cm. ‘1%~ wl\*cnt hat1 a final composition of 
0.85 it/r aniniotiiuni acctatc (pl-l’ 5.7) and T 5 “A, cthnnol, atic1 the tctiipcrnturc was ti~aintaiticcl at 4g”. 

A sutiiplc of 2.7 /tg of conip~i~ticl \vas passccl through the coluniti at ;L flow rate of 0.25) nil/niin. 

The simple inclusion of ethanol in the solvent described in our earlier paper 
caused the z-methylthio-No-isopentenyladenosine to elute at about IG 11 rather than 
the original 64 li l. We then increased the ionic strength and pH from 0.4 M and pH 
4.65 to the values given in Fig. I. The higher pH reduces the positive charge on groups 
ionizing near pH 4.7, the increased ionic strength reduces the retention volume due 
to ion escllange, and the ethanol increases the solubility of the compound(s) in the 
moving phase, again causing smaller retention volumes and narrower peak widths. 

Fig. L illustrates the chromatography of z-methylthio-N(‘-isopentenyladenosi~~e 
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I’ig. 2. ‘I’lic colurtit~ ant1 solwrtif: tlcscribctl in :l;ig. 1 \v;ts usccl to c~lktitt the positions of tltc usual 

f-Our t~uclcosiclcs, four Imsc~s (brackets), aclcttosinc (I), N”-iso~~ct~tct~~l:~tl~ttc~sittc (2), 7-t11c~tl1yl- 

gttnttosittc (3), ant1 at1 ctt~yt~~i~tic hyclrolys:dc of E. di tliNt\:‘s*’ (--- - --) which contaiiiccl il.11 

~tt~l~twwt~ cotnpout~cl N as well as 7-tnctlt3’ljiu:l.tiosinc and 2.6 pg z-niutltyltliio-NU-isopcntctiyl- 

:ttlcttositic (.I.), ‘l.‘llC ilO\\’ riLtC \%‘ilS O.Zs rnl/tiiiti. 
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IFig. 3. Increasing the ethanol concentration resulted in an carlicr clution of z-mcthylthio-No- 
isopentenyladenosine. The column described in Fig. I was used and the solvent composition was 
o.S M sodium acetate and 20% ethanol. The assay was complete in about 2 11. 
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Fig. 4. A column, 23 x 0~6 cm, of cation cxchangcrl was used to scparatc the nucleosicle obtained 
from mixed E. coli R tRNA. About 3 nmoles of tRNA wcrc analyzed. !Prcl = pseudo-urcdine; 
Urcl = uridinc; 4 Srd 3 4-thiouricline; Guo = guanosinc; At10 = aclenosinc; Cycl = cytidinc, 
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in o.Ss i’U ammonium acetate, pH 5.7 (15% ethanol v/v). The sample contained 
2.7 ,ug of material, based upon the spectral data of Bu1~120u~~s et ~1.~~. One-fifth of 
this amount would be readily detected in this system. The sensitivity of this assay 
is comparable to the biological assay of No-substituted adenines using the chlorophyll 
preservation test l1 described in Table I. A reduction of the column diameter ( x 1/2) 

and the volume in the flow cell can further increase the sensitivity fourfold. 
Fig. 2, which is a composite of two chromatograms, shows the separation of 

adenosine, No-isopentenyladenosine, 7-methylguanosine, 2-methylthio-NU-isopen- 
tenyladenosine, and an unknown compound N. The 7-methylguanosine was a 
synthetic standard. The dashed lines represent a hydrolysate of E. coli B tRNATsr. 
We routinely scan at least two wavelengths to give supporting evidence for the 
identity of the compound. The yield of 2-methylthio-No-isopentenyladenosine was 

1450 pmole/A2,0 indicating 0.94 moles/mole tRNA. The brackets at the front of the 
chromatogram show the elution positions for the usual nucleosides and bases. 

Fig. 3 illustrates the effect of increasing the ethanol concentration to 20% and 
reducing the salt concentration to o.S n/r ammonium acetate. The sample was a 
hydrolysate of N IG nmole of E. col?: B tRNAPll@ (65% pure prepared by the Oak 
Ridge National Laboratory). The yield of 7-methylguanosine is low (see later para- 
graphs). For comparison, Fig. 4 shows a typical pattern of nucleosides obtained from 
mixed E. co& tRNA chromatographed in the usual way’. 
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Fig. 5. Ai~nlyscs clone on the columns clcscribctl in I.:ig:. 1. Sc\*cn n~iiolcs of 7-tnctliylguatiosille wcrc 
I~yclrolyzccl at 80’ in 0.3 N NnOl-1 for 15 min (A) am1 40 min (.U). ‘.L%c r\2eo/t\noo ratio w;w constant 
over the cloublc pcnlc tlcnr the brcnl~tl~rougli, ittld tllc loss of ABllo from this tloublc pcnlt on pro- 
lon~:ccl trcattncnt witlr allcali was rccovcrcd cntircly in tlic incrcasc of absorbnncc in pcalc 3, This 
suggests that :tll three cotnpur~cls hnvc the Si1IlIO cstinction coe~licicnt. 
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ASSAY POR CHLOROPHYLL PRESERVATION RY ADDED ADENOSINE DERIVATIVES 

Addition& 
--- --__ 

fwJ ” 
.lrl 

J.lg CJilovopJ~ylz Net cJtlovopJqZ1 
verr~ainingc vcma~ining 

in leaf tip& 
--.- .----- 

Four, clays’ incubation 19 & 2 0 
No incubation 40 zk 7 21 
A-A-Ap I x x0-" 20 zk 3 0 

A-A-Gp I.2 x 10-O 20* I 0 
Kin&in I x 10-u 3G zt 2 I7 
a-Methylthio-NO-isopentcnylacleninc 0.5 x 10-o 34 z!z G I.5 

u The assay consists of incubation of eight wheat leaf tips for four clays in 0.05 iVf potas- 
sium phosphate buffer, pII 6.5, in the absence (lines x and 2) or presence of various nuclcoticlc 
derivatives. All. additions were hydrolyzed for I 11 at 100~ in I N XC1 and ncutralizccl prior to 
addition to the assay meclium (final volun~c 5 ml). 

“Molnrity of the substance in the assay medium (2.5 to 5 nmolcs wcrc used in the various 
experiments). 

C Measured residual chlorophyll normalized to one whcat leaf tip. 
d This value is obtained by subtracting the amount of chlorophyll remaining in the wheat 

leaf tips after four clays’ incubation in just the buffer. . 

The procedures we have described here give quantitative recovery of z-methyl- 
thio-NO-isopentenyladenosine, No-isopentenyladenosine, or 7-methylguanosine from 
the column chromatography. The overall low yields of r/-methylguanosine we have 
observed are due mainly to the conditions for preparation of the nucleosides. For 
example, alkaline hydrol.ysis fpllowed by phosphatase yields three new components 
from the original r/-methylguanosine on cation-exchange chromatography1 (Fig. 5). 

Examination of the hydrolysis products indicates that two chemically related 
compounds with similar spectral data are formed rapidly and subsequently degraded 
to peak 3. The increase in absorbance of peak 3 equals exactly the loss of absorbance 
from peaks I and 2. This indicates there is no change in extinction coefficient, which 
leads us to suggest that alkali yields a symmetrical cleavage of the imidazolium ring, 
giving the 5-formyl and 6-formyl isomers, and that peak 3 presumably arises from 
the further hydrolysis of the formyl group to give No-ribosyl-5,6-diaminoisocytosine. 
The increased retention of peak 3 due to the liberated amino group is consistent with 
this hypothesis. 

We thank Mr. L. L. TRIPLETT and Dr. A. H. HABER for performing the chloro- 
phyll preservation assays. This research was sponsored by the US. Atomic Energy 
Commission under contract with the Union Carbide Corporation. 

Biology Divisiorc, M. UZIEY, 
Oak Ridge Nntionai Laboratory, c. I<OH 
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