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1. Introduction 

Recently we have proposed the method of investi- 
gation of the macrostructure of tRNA based on the de- 
termination of reactivities of individual nucleosides in 
tRNA by measuring their relative initial rates of mod- 
ification [l] . These initial rates reflect the availability 
of individual nucleosides for reagent in native tRNA 
with the macrostructure undisturbed by the modifi- 
cation. We have applied this approach to the study 
of the macrostructure of yeast tRNAya’ with water- 

soluble guanosine-specific (cf [2] ) alkylating reagent, 
2’,3’-0-[4-(~-2-chloroethyl-N-methylamino)-benzyl- 

idene] -uridine-5’-methylphosphate (MepURCl) [3,4] . 
The present paper is concerned with results of such 

a modification study performed with “halves” of 

tRNAya’ (fragment pG1 -1pss = 5’-H and fragment 

As6-AT7 = 3’-H) and with their complex. 

2. Materials and methods 

The equipment for micro-column chromatography 
was elaborated in our institute. Details of the methods 
will be published [5]. Fragments of tRNAya’ were 
kindly provided by Dr. A.D. Mirzabekov, Institute of 
Molecular Biology of the Academy of Sciences of the 
USSR, Moscow, and by N.I. Komarova of our Institute. 
The complex of the fragments incorporated 840 pmoles 
of valine per 1 AZhO unit of the 3’-fragment (opti- 
cal density at 260 nm AZbO was measured in 0.1 M 
Tris-HCl, pH 7.5,0.02 M MgS04) with rat liver valine: 
tRNA ligase. Polynucleotides were modified with 
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MepURCl at 20”) in 0.04 M Tris-Hz S04, containing 
2 X 10-s M MgS04, polynucleotide 2 mg/ml, MepURC 
8 mM (conditions for stability of the macrostructure 
of tRNA). To obtain complex of the fragments, equi- 
molar amounts of the 5’-H and 3’-H were dissolved in 

40 mM Tris-Hz SOll , pH 7.6, plus 2 mM MgS04. The 
solution was kept for 15 min at 20”, and then the re- 
agent dissolved in the same buffer was added. Modi- 
fied polymers were isolated from the reaction mix- 
ture and acetal bonds of modified guanosine residues 
were hydrolysed at pH 4 as described earlier [l] . The 

procedure afforded modified polymers with 7-alkyl- 
guanosine residues absorbing at 350 nm due to the 
presence of benzaldehyde moieties (extinction coef- 
ficient of 24 X 103). The extent of modification was 

determined from the As50/A260 ratio of the polymer 

peak determined by microspectrophotometry. 

5’-H and 3’-H were modified respectively to the 
extent of 0.7 and 0.9 moles of the reagent per mole 
of fragment. The complex of the halves was modi- 
fied to the extent of 0.9 moles of the reagent per 
mole of the complex. Modified polymers were desalt- 
ed and digested with pyrimidyl-ribonuclease, as de- 
scribed in [l] . The digests were applied to DEAE- 
cellulose columns for chromatographic analysis, as de. 
scribed in [l] . The digests were chromatographed at 
pH 8 in 7 M urea. Fractions of oligonucleotides were 
rechromatographed on DEAE cellulose at pH 3.7 in 
7 M urea to separate modified oligonucleotides from 
unmodified ones [l] . Modified oligonucleotides ab- 
sorb at 350 nm due to the presence of benzaldehyde 
moieties, and their relative amounts were determined 
from the Aas,-, in their peaks. In the course of the 
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Fig. 1. Relative rate constants of modification of some gu- 
anosine and inosine residues in tRNAVa’. o, Inosine (oligo- 
nucleotide I-A-Cp); 0, guanosine (m’G-G-Up, G-G-Dp); 
0, guanosine (G-G-X$); A, guanosine (A-G-Tp, A-G-Dp). 

chromatographic runs, the absorbancy of the effluents 
was continuously recorded at 8 wavelengths: 250,260, 
270,280,290,330,350 and 380 nm. 

Relative rate constants K~ of modification of the 
individual guanosine residues Gi in tRNA (j is the num- 

ber of the guanosine residue in the tRNA primary 
structure) were calculated similar to [6] from the equa- 
tion: 

flG 
Ki = ZKj[Ni] = 

i 

[MepUR-GJ 

= { [MepURCl] o* (1 - e_Kof) - [MepUR-tRNA] 1’ 

where K. is the rate constant of ionisation of the 
MepURCl (K. = 6.3 X 10e6 set-’ at 20' [7]).Kf; is 
the rate constant for the reaction of Gi with MepUK 
(active intermediate ethyleneimmonium cation formed 
from the MepURCl). Kj are the rate constants for bye- 
reactions of MepUR+ with low-molecular nucleophiles. 
Concentrations of low-molecular nucleophiles [NJ 
were the same in all the experiments. [MepUR-Gil is 
the concentration of the modified guanosine residues 

Gi. This value can be obtained from the concentration 

of the reagent, attached to the polymer [MepUR-tRNA] 
and from the ratio [MepUR-Gil /[MepUR-tRNA] de- 
termined by chromatographic analysis. [MepURCl] o 
is the initial concentration of the reagent. [Gil is 
equal to molar concentration of the tRNA. 

3. Results 

In the preceding communication [l] we reported 
the results of determinations of the relative amounts 
of modified oligonucleotides in pyrimidyl-ribonucle- 

ase digests of tRNAya’ modified with MepURCl to the 
extent of 1.2 moles of the reagent per mole of tRNA. 
Now we have determined relative rate constants of 
modification of some individual guanosine residues 
in tRNAya’, in the halves of tRNAya’ and in their 
complex. These values were calculated from the data 
of chromatographic analysis of pyrimidyl-ribonuclea- 

se digests of modified polymers (see Materials and 
methods). Relative rate constants of modification 
of some guanosine residues in ttiAyd under con- 
ditions of stability of the tertiary structure of tRNA 
are listed in table 1. These values are not dependent 
on the degree of modification of the tRNAyd in the 

initial step of reaction (fig. 1) in accord with the idea 

that these values reflect the reactivities of guanosine 
residues in the native structure of the polymer. 

Guanosine residues in the halves of tRNAF1 react 

with MepURCl faster than guanosine residues in in- 
tact tRNA do under conditions of stability of the 

macrostructure of tRNA, with rates close to that of 
modification of guanosine residues in tRNAya’ under 
conditions of lability of the tertiary structure of 
tRNA. Relative rates of modification of Gs4 in 3’-H 
and of guanosine residues of the oligonucleotide 
G-G-Cp in 5’.H are decreased as compared with the 

exposed in tRNAyal guanosine residues. In 5’-H, G1 s 
(A-G-Dp), practically unreactive in tRNAyd, reacts 
with the same rate as guanosine residues of the expo- 
sed in tRNAyd oligonucleotides m1 G-G-Up and 
G-G-Dp. G1s, Gs4 and G-G-Cp have decreased 
reactivities in the complex of the halves of tRNAy”’ 
as well as in intact tRNAya’ molecule. 
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Table 1 

Relative rate constants kj of modification of some guanosine 
residues in tRNA?I, in halves of tRNA;a’ and in their com- 

plex with MepURCl (20”, 0.04 M Tris-HrS04, pH 7.6, con- 

taining 2 x 10e3 M MgSO4). 

K(M-’ 1 Nucleo- (Oligo- ~ 

side nucleotide) 5’-H 3’-H Corn- tRNA?l 

number j plex 

31,40 (G-CP) 16 

35 (I-A-Cpl 21 

24,25 (G-G-Cp) 22* 13 9.2 

54 (A-G--Tp) 17 
1.8 

15 (A-GDP) 80 I 
10 

(ml G-G-Up) 78 
I 

9,lO 
36 23 

18,19 tG-G-Dp) I 
I,2 (PC-G-Up) 14 

*All guanosine residues in tRNAF are equal reactive under 

conditions of lability of the tertiary structure of tRNA (40”, 

0.04 M Tris-HNOs, pH 7.6, absence of Mg’+) [I]. K in this 

case is equal to about 70 M-’ for guanosine and about 20 for 

inosine. 

4. Discussion 

The ionisation of the reagent is the rate determi- 
ning step in reactions with MepURCl [7] Therefore, 
relative rates of modification of polymers may be ob- 

tained only, but for the comparison of the reactivi- 
ties of individual guanosine residues in polymers, the 
absolute values are not necessary. 

It was shown, that in solution, halves of tRNAF1 
form a complex with physical and biological proper- 
ties close to that of intact tRNAya’ [8, 91. Halves of 
the tRNAy1 can form a complex without special re- 
naturation under conditions of stability of the macro- 
structure of tRNA. Therefore, it can be proposed 
that there are no major reorganisations of the macro- 

structure of halves during complex formation and 
that macrostructure of halves may reflect the essen- 
tial features of the macrostructure of tRNAyal. Re- 
sults obtained show, that halves of tRNApl contain 
spatially ordered sections under conditions of stabili- 
ty of the macrostructure of tRNA. Decreases of reac- 
tivity of the guanosine residues of the oligonucleotides 
G-G-Cp and A-G-Tp in halves of tRNApl can not 

be explained by the fact that these residues are located 
in the helical regions of the structure. It was shown 
that guanosine residues of oligonucleotides G-Cp and 
pG-G-Up located in the helical regions of the structure 
of tRNAyal are relatively highly reactive (table 1). 

The decreased reactivity of the Gr s (A-G-Dp) 
in the complex of the halves of tRNAy1 and in in- 
tact tRNAyl and high reactivity of this residue in 
5’-H show, that the 3’-H takes part in protection 

of the section of the D-loop in tRNAyal, where Gr s 
is located. 
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