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Solvent exchange rates of selected protons were measured by NMR saturation recovery method for yeast tRNA마% 

at temperature from 25 to 4(化，in the presence of 0.1 M NaCl and various low levels of added magnesium ion. 

The exchange rates in zero Mg2+ concentration indicate early melting of acceptor stem, D stem, and tertiary structure. 

Addition of magnesium ion stabilizes the entire D stem more effectively than any other secondary or tertiary interac

tions.

Introduction

From the many studies of metal binding to tRNA it is 

clear that tRNA has a special affinity for Mg2+ ion and other 

divalent ions.1'3 The X-ray crystallographic results defined 

the position of several possible strong Mg" binding sites 

in yeast tRNAPhe (Figure 1) and suggested their role in stabi

lizing the tertiary structure.4,5 However, the actual number 

of strong binding sites for Mg2* ion is still disputed and 

some data preclude the existence of these sites to which 

Mg2+ ions would bind very selectively and strongly with 

a long residence time.6 The effects of Mg2* ion on the ther

modynamics and kinetics of thermal m이ting of tRNA have 

also been extensively studied.7,8 Despite the above mentioned 

many studies of the effect of magnesium ion on tRNA melt

ing, the detailed mechainsm of exchange processes in the 

presence of Mg2* ion is still unclear. Proton NMR can con

tribute to the most detailed information about the effects 

of Mg2* ion binding on tRNA structure when the assign

ments of tRNA peaks are available. The work of Johnston 

et «/.9-10 used the saturation recovery method in order to 

find a detailed melting profile of yeast tRNAPhe at several 

levels of Mg2+.

In this study, we have focussed our attention only on the 

titration of low levels of magnesium ion and measurements 

were made in the temperature range 254*2,  where the ear

ly melting transitions occur. The advantage of this approach 

is to monitor almost the entire structure of tRNA in the 

presence of magnesium and determine the activation energy 

as function of magnesium concentration. The reinterpretation 

of the thermal behavior of yeast tRNAPhe could be obtained 

with new assignments which were recently firmly estab

lished.

Experimental

Yeast tRNAphe was purchased from Boehringer Mannheim. 

Samples were assayed and found to have specific activities 

1.5 nmol of acceptance/A^.

A total of 7 mg (140 A%8 units) of tRNA was dissolved 

in 0.4 ml of buffer and transferred to a Wilmad 528 pp NMR

Yeast tRNA'커e

Figure 1. (A) Nucleotice sequence in the cloverleaf model and 

a schematic diagram of the 3-dimensional crystal structure of 

yeast tRNAPhe showing the Mg2+ ion binding sites as black dots. 

Tertiary interactions between bases are shown as solid lines. 

(B) NMR spectrum of yeast tRNAPhe at a Mg"/tRNA ratio of 

2 at 25t. Buffer composition was 0.1 M NaCl, 10 mM sodium 

phosphate, pH 7.0, 5% D2O.

tube. All buffers contained 100 mM NaCl, 10 mM Na cacody

late, pH 7.0, and varying amounts of EDTA, either 1 mM 

or zero. MgCl2 was added directly to tRNA by pipetting an*To whom correspondence should be addressed
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Table 1. Exchange rates (sec-1) for yeast tRNAphe in zero Mg2-1- concentration3

Temp, )
Peak Assignment-----------------------------------------------------------------—------

26 29 32 34 36 38 40

a
b

cd
efghuklmn
op
qr

AU6 2 5 9 16 23 52 110

U8-A14 + 6 14 23 26 48 94

AU5, 12, 52, GCU 4- + + + + 5 6

AU7, 29, 51, AW31 + + 6 10/+ 14 19 41/16

GC13 + + + + — — gone

GC1, CG10 + + + + 5 5 5

GC2, 27, 49, 53 + + + 6/+ 10/+ 8 8/20

GC3, 28, G15-C48 + + + + + + 7/+

GU4 + 5 8 9 19 38 58

W55 N3H + 9 19 29 52 64 94

T55 N1H + 10 20 41 64 81 110

W39 N3H, GU4 + + + 16/5 18/5 23 48/gone

m22G26-A44

G18 N1H + _ —— >100

atRNA (1 mM) in 0.2 ml volume with 10 mM Na phosphate, pH 7 and 0.1 M NaCl. Saturation-recovery rates in seL" corrected 

for magnetic relaxation by subtracting 5 s-1. (+) means data taken but rate not significantly different from zero (<5 s-1).(—) 

means no data taken. Slash means biphasic relaxation with the indicated rates. frSee Roy and Redfield (1983)11 for discussion.

aliquot of counterion solution (100 mM Mg*  in 100 mM 

NaCl) onto clean parafilm, adding about 0.05 ml of tRNA 

withdrawn from the NMR tube, and transferring the result

ing mixture back into the NMR tube. Spectra were obtained 

at Bruker AM 300 MHz, in the pulse-FT mode, at the Korea 

Advanced Institute of Science & Technology NMR Labora

tory. Pre-irradiation of individual resonances was carried out 

for 100 ms using enough radio frequency power to just satu

rate the peak in question during the pre-irradiation pulse. 

The spectra were collected at various time delays (1 ms 

to 1 s) after switching off the pre-irradiation using water

suppression pl331 or Redfield 2-1-4 observation pulse. The 

pre-irradiation-delay-observation pulse sequence was repeat

ed to improve signal-to-noise ratios.

Results and Discussion

The proton exchange rates of the imino protons in the 

yeast tRNA* 。were measured at several low lev이s of MgCl? 

concentration.

The assignments of almost all the protons in this tRNA 

molecule have been previously reported1112 but here they 

are enlarged and estabilished compl아이y (Park et al., unpub

lished results). Saturation recovery data on selected single 

proton peaks as well as m나tiprot이！ peaks are shown in Ta

ble 1 and Table 2.

As discussed elsewhere/0 the measured saturation reco

very rate is a sum of solvent exchange and magnetic relaxa

tion contributions. The magnetic relaxation rate for most 

protons in tRNA is dominated by spin diffustion, and is 

roughly 4-9 sec^1 independent of temperature. To correct 

for this magnetic contribution, we have subtracted 5 sec'1 

from all the exchange rates that we measured. The activation 

energy for all the imino protons which we measured is in 

the range of 40-60 kcal/mol at zero magnesium ion concen

tration. The same activation energy is obtained for 1 mM 

concentration of magensium ion, within the experimental er

ror of + 10%.

The melting of yeast tRNAPhe at zero Mg" concentration 

and at moderate and higher MgCl2 concentration has been 

studied and discussed in detail elsewhere.911 We now briefly 

present a partial description of unfolding sequence of this 

tRNA as temperature is raised in the absence and presence 

of very low levels of magnesium ion. Between 29 and 36t 

there are several resonances that show evidence of increased 

exchange. Most of these resonances belong to acceptor stem 

or tertiary base pair protons (AU6, U8-A14, AU5, AU7, m7G 

46-G22, GU4, W55 N3H and N1H, and G18 Nl). These pro

tons show observable kinetic exchange at 30t and start ra

pidly to increase in their exchange rates as temperature is 

raised. Progressive addition of magnesium ion stabilized the 

U8-A14 interaction as well as other acceptor stem base pairs. 

Added magnessium ion also appears to slow exchange of 

the W55 Nl and N3 resonances and suppressed that of G18 

Nl resonance. However, these resonances still show early 

imino exchange kinetics, less rapid than at zero Mg2 + con

centration but more rapid than for other secondary base 

pairs in the presence of MgCk Thus, we see that the struc

tures involved in the initiation of melting in zero MgCI2 con

centration are still those of increased exchange and suscep

tibility to thermal unfolding in the presence of low levels 

of Mg2+. This picture of acceptor stem and tertiary structure 

unfolding is consistent with the notion that those are melting 

early as suggested by Johston and Redfield.10 This disagrees 

with the assignment of the late secondary transition to the 

acceptor stem, which was made by Privalov and Filimonov 

by comparing predicted and observed melting enthalpies.7 

The most interesting features of these spectral studies come 

from the peak D (Figure IB). Multiproton peak D contains 

3 resonances, i.e., two D stem resonances, GC11 and AU12
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Table 2. Recovery rates (sec-1) for yeast tRNAPhe vs. Mg”

M응" added per ____________________________________________ Peaks and assignment

tRNA" Tt AU6 U8-A14 A呕31 GC13 GU4 W55N3 ¥55N1 G18N1

丄—35
45
94-
13
36
41
64
如 
ul

24
30
50

1X

14
29
64- 
mM

24
36
64
10
10
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a Initial conditions were about 1 mM tRNA, 0.1 M NaCl, and 10 mM Na cacodylate, pH 7.0. Concentrated MgCl2 was added succes

sively. Saturation-recovery rates in sec-1, corrected for magnetic relaxation by substractin영 5 s-1. Other conditions and notations 

were as described in Table 1.

and one TWC stem resonance AU52. The loss of resonances 

at peak D may be interpreted as melting of GC11 and AU12. 

In the presence of 1 mM magnesium the melting position 

of GC13 is shifted toward higher temperature and progres

sive addition of magnesium completely supresses exchange 

of this base pair (Table 2). Thus, we can conclude that in 

zero magnesium ion concentration D stem m이ts early, 

whereas in the presence of magnesium ion the D stem has 

the most stable structure. Crothers et «/.13 also assumed that 

in E, coli tRNA严* the D stem was melted at more or less 

the same time as melting time of tertiary structure in zero 

MgCl2 concentration. It is reasonable that the D stem is sen

sitive to the loss of tertiary structure and possibly is subject 

to early melting in the absence of magnesium because of 

its short length and because of its considerable involvement 

in tertiary interactions with the TVC loop and extra loop 

(see Figure 1A). However, in the presence of magnesium, 

magnesium binds most probably to the PIO- bend region 

and stabilizes the entire D stem.

In order to discuss these observed exchange kinetics in 

terms of structural events, the following simple kinetic model 

is useful:

Closed < , Open > exchange with H2O
&

where kop and kci represent opening and closing rates and 

the H2O exchange may be catalized by OH~ or buffer.

The effect of Mg24 might be interpreted as operating at 

the of kl>Pf i.e. the opening of individual base pair is prevented 

by Mg2* ion.

In conclusion, as mentioned in the introduction, we study 

the thermal behavior of this tRNA in detail in the presence 

of very low lev이오 of magnesium. The usefulness of this ap

proach is that we are able to monitor almost the entire stru

cture by detecting either spectral position or exchange rate 

in the presence of magnesium. In the presence of high mag

nesium ion, only a small number of protons show kinetics 

that can be measured by a saturation recovery method and 

most of the rates of the other protons are in a range between 

0.005 and 5 s-1, which is inaccessible to NMR measurements.

A better understanding of proton exchange catalysis may 

provide new approaches to the structural and dynamical pro

perties of tRNAs and their interactions with ligands.
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The intramolecular fundamental vibrations of CH3CN trapped in solid argon matrix have been reinvestigated by means 

of FT-IR spectroscopy in the spectral range of 4000-500 cm~\ By employing a quantum detector, infrared spectra 

could be obtained at matrix to solute ratio of 10000, allowing the clarification of the peaks due to monomeric species 

more clea괴y. Temperature controlled diffusion was initiated to identify the dimeric and polymeric species in terms 

of difference spectra. The assignments of monomeric and dimeric species are found, in general, to agree with the 

earlier work performed at higher concentration (Ar/CHaCN=1500) using a dispersive spectrometer. Nonetheless the 

difficulty of minute differences between the earlier infrared and Raman spectroscopic results could be resolved. More

over, the previously unnotified peaks due to polymeric species have been identified.

Introduction

Acetonitrile is a Lewis base very useful for probing the 

acidic sites of various solid surfaces1. In our FT-IR spectro- 

scopic study of acetonitiile adsorbed on silica supported nickel2, 

a comprehensive information was needed on the details of 

molecular association. Although the dimer of acetonitrile is 

known to possess an anti-parallel centro-^mmetric Ca struc

ture with the interaction centered on the CN dipoles3, the 

structures of higher multimers are rather uncertain. A more 

thorough experimental and theoretical investigation seemed 

to be necessary to understand the molecular association of 

acetonitrile.

Matrix isolation is a technique for trapping isolated mole

cules of the species of interest in a large excess of an inert 

material by rapid condensation at a low temperature, so that 

the diluent forms a rigid matrix*.  At a sufficiently low tem

perature, di^usion of the solute species is prevented and 

thus e.g, molecular complexes may be stabilized for leisurely 

spectroscopic examination5,6.

Freedman and Nixon7 has investigated the infrared spectra 

of acetonitrile in solid argon matrices at 20 K The maximum 

Ar/CHaCN ratio they used was 1500. In order to achieve 

more accurate assignment of the vibrational spectra of aggre

gated acetonitrile, the matrix isolation study appeared to 

be performed for a much greater matrix/absorber ratio. In 

this respect, we have reinvestigated the infrared spectra of 

CH3CN in solid argon matrix for Ar/CH3CN =10000 and 715. 

Considering that earlier work was performed by using a ra

ther insensitive dispersive spectrometer, we have attempted 

to obtain the high quality spectra by using a Fourier trans

form IR spectrometer. The intramolecular fundamental vi

brations in the 4000-500 cm'1 range have been thoroughly 

analyzed and the assignments on monomer, dimer, and high

er multimeric forms have been comparatively discussed with 

the earlier reports.

Experimental

Reagent grade acetonitrile was initially treated with a 

small piece of sodium metal to remove rany water content, 

and then degassed by repeated trap-to-trap distillation at 

77 K. Argon (99.99% purity) was transferred to a Pyrex bulb 

via a flexible stainless bellow immersed in liquid nitrogen. 

The purified CH3CN and the matrix gas (Ar) were mixed 

in mole ratios varying from 1: 715 to 1:10000 using a stan

dard manometric technique. The gas mixtures were left over

night to attain equilibrium, and then sprayed through two 

deposition lines onto a cold KBr window held at 9 K. Deposi

tion was performed for 4-5 hours, maintaining the deposition 

rate in the range of 7-9 mmol/h by using a fine metering 

valve.

A Janis Model 22 closed cycle helium cryocooler was 

used to cool the KBr substrate down to 9 K. To increase 

the temperature, a resistive heater was wrapped around the 

cryotip. Appropriate temperature was maintained by the Lake 

Shore DRC-80-M temperature controller. When needed, 

matrices were annealed at 33 or 45 K 10 min, and then 

cooled back to 9 K to record the IR spectra. The pressure 

of the cryostat, monitored with a Leybold Penningvac PM 

310 gauge, was kept below 10~5 mbar.

Infrared spectra were recorded by using a vacuum-purged


