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SUMMARY

Unfractionated transfer RNA from yeast, E. coli B and rat liver denature in
dimethylsulfoxide to flexible macromolecules which display proton magnetic resonance
spectra resolvable into individual nucleoside classes. Potentially this method provides
a means of obtaining information regarding the role of modified nucleosides in tRNA
structure.
INTRODUC TION

Numerous modified nucleosides have been found in transfer RNA (tRNA).
These include various methylated compounds (1-4), pseudouridine '(5), dihydro-
uridine (6), thiolated pyrimidine derivatives (7), N6-( 2 -isopentenyl) adenosine (8)
and its 2-methylthio derivative (9), and N-/9-(8-D-ribofuranosyl)-purin-6-ylcarba-
moyl_/ threonine (10, 11). Elucidation of tRNA primary sequences is progressing
rapidly (12). When the sequences are arranged to maximize base pairing and
helical structure, the cloverleaf model of {RNA secondary structure emerges.
Undoubtedly the modified nucleosides play an important role in tRNA secondary
structure because of their potential influence in altering base pairing and base-
stacking. Thus the substifuted nucleosides are thought to indicate where loop
regions exist and are usually considered to reside within such presumably flexible
loops.

We have initiated a program to more fully explore the relationship between
nature, location and content of modified nucleosides and tRNA structure and function.

NMR techniques are applicable since the unique proton types of the modified nucleo-

sides may be identified, provided the tRNA has been rendered flexible through
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denaturation to lessen dipolar interaction between individual units. Thermal denatur-
ation of tRNA has been studied by NMR (13-15). Most succinctly, the 220 MHz study
by Smith et al. (15) on yeast alanyl tRNA showed that certain protons of modified
bases could be tentatively identified, although the resonance lines were still quite broad.

Because there is minimal opportunity for degradation, the use of organic
solvents as denaturing agents is preferable. Formamide and dimethylsulfoxide re-
versibly denature nucleic acids (16). Dimethylsulfoxide (DMSO) has also been shown
to disrupt stacking interactions in mono-and dinucleotides (17) and polynucleotide
complexes (18). We report here preliminary results of NMR investigations of DMSO
denatured tRNA.
EXPERIMENTAL

Unfractionated yeast tRNA was prepared according to the method of Holley
(19). E, coli B tRNA was purchased from Schwarz Bioresearch and General Bio-
chemicals, Inc. supplied rat liver tRNA. Deuterium oxide (99.8%) was from
Mallinkrodt and deuterated dimethylsulfoxide (99.5%) from Diaprep, Inc., Atlanta,

Ga. or Mallinkrodt. Samples of tRNA for NMR analysis were generally 35mg by

weight in 0.5 ml solvent. Chemical shifts of various tRNA resonances varied
0.03-0.05 ppm with 30% changes in concentration in the solvent mixtures. Spectra
were obtained with 2 Varian A-60A spectrometer equipped with a C-1024 computer.
Ambient probe temperatures were 33-35° (ethylene glycol splitting) . Chemical
shifts were measured from an external tetramethylsilane capillary. No bulk
susceptibility corrections were made.

RESULTS AND DISCUSSION

The data exhibited in Figure 1 clearly shows the denaturing action of DMSO.
In spectrum (a), unfractionated yeast tRNA in DZO confaining 1 M NaCl displays very
broad lines, as has been reported by others (13-15). Solution viscosity is not

important here, since the HDO line widths are 1-2 Hz. Between 7.5 and 9.2 ppm

(Region I), the following protons absorb: H-8 and H-2 of adenine, H-8 of guanine,
H-6 of cytosine and uracil residues. Region II (5.0-7.5 ppm) contains H-5 protons

of cytosine and uracil residues and H-1' of all nucleoside units. In spectrum (a)
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Figure 1

Effect of DMSO on yeast tRNA spectrum. All samples 35 mg/0.5 ml solvent;
volume ratios of DMSO to DyO are given, followed by the number of repetitive
scans on the C-1024 for each of the three chemical shift regions; 9.2-7.5 ppm
@, 7.5-5 ppm (II) and 3-1 ppm I1D. (2) 1 M NaCl in DoO /1, II, III (100)_7
(b) 25:75 /1 (90), II, ITI (100)7; (c) 50:50 /1, II, III (%00)] (d 55:45
[1(100), I1 (49), 111 (100)7; (e) 70:30 /1 (64), I1 (49), ITI (100)/; (5 85:15
[1(89), 11 (49), IIT (100)_7.

in Region III, 1-3 ppm. Because of the residual protonated DMSO it was not

possible to scan the chemical shift region where N-methyl and dihydrouridine methy-

lene protons absorb.

Transfer RNA forms aggregates in 1 M NaCl, thus the combined line widths

in spectrum (a) have contributions from this association as well as tRNA secondary

structure. Comparisons of (a) with {RNA in D20 containing no added salt show 15%
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narrower Region I and II combined resonances in the latter, a similar result to that
obtained by Smith et al. (14). No salt was added to any of the solutions containing DMSO.

In a solution containing 25% v/v DMSO-ds, Region I now is visible [ Figure
1 (b)_/, band width being 25-30 Hz, partially due to removal of overlap from adjacent
HDO. The band shape of Region II remains essentially the same from this point
through solutions containing 85-95% DMSO.

Considerable fine structure emerges in I for the tRNA in 50:50 DMSO:Dzo
[Figure 1 (¢) /. Definite peaks are observed at 5§ 8.85, 8.58, 8.38 and 8.25 ppm.
With the exception of the resonance at 8.25 ppm, these lines become more prominent
with DMSO addition. The 8.25 ppm peak merges with that at 8.40 ppm in the 70 and 85%
DMSO solutions /Figure 1 (d) and (e), respectively. /.

All resonances shift downfield 0.04-0.06 ppm with increase in DMSO
content, indicating loss of diamagnetic interaction among neighboring bases (17 and
references therein). The change in bulk susceptibility with DMSO addition results
in upfield shifts /about 0.2 ppm from D, 0 to pure DMSO ( 18) /.

Because purine H-8 protons may be exchanged with deuterium (13, 20), it

was possible to assign these protons in transfer RNA. In Figure 2 is displayed

Region I for three solutions of yeast tRNA. The top portion is 85:15 DMSO:D20, the
center 95:5 DMSO:D20. More heating on the steam bath was required to dissolve
tRNA in 95% DMSO solution, conseguently it may be observed that the areas of
resonances at 8.89 and 8.44 are decreased with respect to that at 8.60 ppm. Nearly
complete deuteration at C-8 of adenine and guanine is obtained, as shown in the
bottom spectrum of Figure 2, by heating 2 hrs at 90° in D20, lyophilizing and re-
dissolving the tRNA in 95:5 DMSO:DZO. On the basis of this data and comparison
with various mononucleotides (21), it is possible to arrive at the following assign-
ments: adenine H-8, §8.85-8.90 ppm; adenine H-2, §8.57-8.63; guanine H-8,
§ 8.38-8.45; pyrimidine H-6, §8.25-8.30; pyrimidine H-5 and H-1' of all residue
§ 6.25-6.37.

That partial deuteration has occurred in spectrum (f), Figure 1, may be

seen through comparison of peak areas with (¢). Some heating of the 85:15 DMSO:
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e

Figure 2

Partial deuteration at C-8 of adenine and guanine residues of yeast tRNA. Region
I of the following samples are shown: 85:15 DMSO:Dy0 (top, 69 scans); 95:5
DMSO:D20, heated on steam hath until {RNA dissolved (center, 49 scans); tRNA
dissolved in DyO, heated 2 hrs at 90°, lyophilized and redissolved in 95:5 DMSO:
D20 (bottom, 49 scans).

-D20 sample was required, but none for the 70:30 solution. It is evident that H-8 of
guanine ( § 8.44) is exchanged more rapidly than H-8 of adenine ( § 8.89) from this
comparison, in agreement with McDonald & Phillips (13).

The respective half-height line widths (Av 1/2, Hz) in spectrum (f),
Figure 1 are: AH-S 9, AH-2 ©), GH—S (10). These values, while much larger

than those for monomers (1-2 Hz), are composites of all the member nucleosides

of the various types and are in turn considerably less than those found for thermally
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"melted" alanine tRNA (15). Thus tRNA in DMSO presumably is more flexible than
the heat denatured material. Ts'o et al. (22) reached similar conclusions in the
case of formamide denatured nucleic acids and polynucleotides.

Unfortunately, residual protonated DMSO obscures part of the methyl
region, particularly those methyl groups attached to nitrogen. However, the C-methyl
region /Tribothymidine (8 2.24), 5-methylcytidine ( 62.32) 7 may be examined.
Tentatively, / Figure 1 (d-f) /, it is possible to observe broad peaks in the §2.2-2.4
ppm area where these methyl protons absorb. The origin of the sharp peak at §1.6 ppm

in (f) is not known; it is possibly the high-field member of the 013—H doublet from

DMSO. Further elucidation of the methyl regions await studies to be reported using
instrumentation at higher frequency, other deuterated denaturing solvents, and
amino acid specific tRNA species.

It is of interest to note that comparisons of unfractionated tRNA of yeast,
E. coli B, rat liver, all in 70:30 DMSO:DZO show qualitative differences. For
example, the E. coli B tRNA may be more extensively denatured than yeast tRNA.,
The Region I spectrum of the E.coli B sample in 70 : 30 DMSO:DZO is quite similar
to that of the yeast tRNA in 85% DMSO. On the contrary, rat liver tRNA appears to
be less denatured than that of yeast, the Region I spectrum of the rat liver tRNA in
70% DMSO being similar to the 50% DMSO solution of the yeast sample. A consider-
ation which prevents quantitative comparisons of these samples of bulk tRNA from
different organisms is that the respective solution viscosities increase in the order
E.coli <yeast < ratliver. This increase is monitored by the HDO line widths,
which are, respectively, 2.5, 3.5 and 5.3 Hz. Thus the tRNA lines may be partially
broadened due to spin-lattice interaction.

This study has démonstrated that tRNA in DMSO—D20 solution is more
flexible than heat denatured material, enabling more facile recognition of the
individual nucleoside classes. Thus it seems possible that some information may
be gained in the future concerning the importance of minor nucleosides in tRNA
secondary structure. If the modified nucleosides are located in loop regions,

which may be more flexible, the methyl resonances should appear earlier, since
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the loop regions should denature fastest.
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