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Mass spectrometry has proved to be a valuable technique for the deter- 

mination of the structure of nucleic acid cgmponents. Pyrimidine (Rice et al., 

1965) and purine bases (Rice et al., 1967) and many nucleosides (Biemann et al., 

1966; Biemann et al., 1966; Hall et al., 1966; Biemann et al., 1967; Baczynskyj 

al., et 1968) can be sublimed directly into the electron beam of the mass 

spectrometer. Nucleotides and the more polar nucleosides (e.g., guanosine, 

cytosine) on the other hand, must first be converted to their more volatile tri- 

methylsilyl (TMS) derivatives before mass spectra can be obtained (McCloskey 

et al., 1968). 

Aside from the structure of nucleosides the most important chemical as- 

pect of this field is the nucleotide sequence in nucleic acids. Dinucleotides 

are the smallest subunits carrying sequence information, and their mass spectro- 

metric behavior was thus investigated. Their very low volatility requires the 

use of a derivative which decreases the polarity by elimination of the acidic 

proton and modification of most or all of the polar groups. The poly(trimethyl- 

silyl) derivatives were found to be useful for this purpose and gave excellent 

mass spectra. These derivatives were prepared of thirteen dinucleotides (Table 

I) cowaonly found in,RNA, and their mass spectra were obtained. A molecular 

1. Work supported by grants from the National Institutes of Health (Research 
grant GM 05472 and training grant GM 01523). 
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ion (M) and an ion due to the loss of a methyl group (characteristic of 

trimethylsilyl derivatives) were observed for all compounds investigated. 

Since the four common bases, adenine, guanine, urac&l, and cytosine, as well 

as most of the rare bases, have a unique elemental composition the molecular 

weight thus determined indicates the bases.present in the dinucleotide. 

Figure 1 shows the mass spectrum of per(trimethylsilyl)-ApU as an 

example. The fragments al, a2, b1(+2H), b2(+2H), cl and c2, to be discussed 

below for reasons which will soon become apparent, are schematically indi- 
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Figure 1. Mass Spectrum of hepta-(trimethylsilyl)-adenylyl-(3'-5')-uridine. 
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cated in structure I. The elemental composition of the fragment ions in the 

ApU derivative was confirmed by high resolution mass spectrometry. The sub- 

scripts 1 and 2 denote fragments containing the bases Bl (the 5'-hydroxyl end) 

and B2 (the 3'-hydroxyl end) of the dinucleotide respectively. 

I I 
TMSO-P=O 

82 

0 -G&w 
TMSO OTMS 

c,,c2 = b,,b2 l H -(TMSOH l CHJ 

Ions al and a2 are due to cleavage of the PO-C3' and PO-C5' bonds, res- 

pectively, with charge retention on the carbon atom. In keeping with the known 

behavior of trialkyl phosphates (McLafferty, 1956; Bafus et al., 1966) oharge 

retention on the oxygen is always accompanied by transfer of two hydrogen8 

to form a protonated phosphate ion, in this case b2(+2H) and bl(+2H). A third 

set of ions are related to the same process except that it involves only trans- 

fer of one hydrogen, loss of HOTMS, and a further loss of a methyl group from 

another TMS moiety (i.e., cl = bl + H - (HOTMS + CH3). 

It will be noted that the ions al in ApU and a2 in UpA are isomeric and 

their mass alone does thus not distinguish these two dinucleotides. The mass 

spectra of such pairs showed, however, that the ions resulting from cleavage 

of the 0-C5' bond are more abundant than those originating from the cleavage 

of an 0-C3' bond. It is therefore the intensity ratio of these two pehks 

which indicates the sequence, because a p is more abundant than al. The same 

problem of isomerism exists for bl and b2, and cl and c2, and it was found that 
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the relationships bl< b2 and cl> c2 hold for the abundance ratio of at least 

two of these three pairs (Table I). 

As Figure 1 shows there are many more ions formed from these deriva- 

tives upon electron impact. Their detailed discussion wou&d go far beyond the 

scope of this paper, and it suffices to say that they fall generally into three 

groups: (1) ions resulting from further decompositions of the six fragments 

discussed above; (2) ions due to the base moieties as such or containing also 

part of the sugar (these do not carry any sequence information but can be 

used to further confirm the nature of the bases present in the dinucleotide); 

and (3) ions not containing the base moieties and thus appearing in all spec- 

tra at the same mass (i.e., 73, 169, 299, 501). 

Because of the limited utility of dinucleotides in the sequencing of nu- 

cleic acids extension of the above work to the mass spectra of trimethylsilyl- 

ated trinucleotides would be of even greater interest with the aim of developing 

a rapid sequencing method. The higher molecular weight of a completely tri- 

methylsilylated trinucleotide (ca. 1700) and their lower volatility will cause 

some experimental difficulties, but we feel that it may be possible to over- 

come these. Work along these lines is in progress. The interpretation of such 

mass spectra in terms of nucleotide sequencing thus involves the testing of the 

experimental data for the presence and abundance of certain ions, the mass of 

which varies with that of the bases involved. Such processes lend themselves 

particularly well to computer techniques and programs we developed for the 

sequencing of peptides (Biemann et al., 1966) could be adapted for this 

purpose. 

EXPERIMENTAL 

General procedure for the Preparation of Silylated Dinucleotide Samples 

for Mass Soectrometry. The dinucleotide (600 up) was placed in a 6 x 50 mm 

culture tube which was then sealed with a rubber cap. Pyridine (50 ul), N, 

0-bis-(trimethylsilyl)trifluoroacetamide (100 j.jl), and trimethylchlorosilane 

(20 ~1) were introduced by means of a syringe. After three hours at room 
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temperature (or 30 min. at 6O'C) lo-20 @l of the solution (corresponding to 

25-50 pg of dinucleotide) was transferred to a capillary tube and evaporated 

at reduced pressure (0.1 mm). The capillary containing the sample was then 

introduced through the vacuum lock into the ion source of the mass spectro- 

meter (CEC-21-104 or CEC-21-110). All of the derivatives examined were found 

to be volatile at 190-23O“C (10e6 mm). 
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