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Smnarv: Molar association constants of binding oligonucleotides to the anticodon 
loops of (yeast) tRNAPhe, (yeast) tRNA$J and (E.coli) tRNJ$?have been determined 
by equilibria dialysis. Frun the temperature dependence of the rmlar association 
constants, AF, AH and AS of oligcmr-anticodon loop interaction have been deter- 
mined. The data indicate that the free energy change of c&on-ant&don interaction 
is highly influenced by the presence of a modified purine (tRNAPhe), of an unmodi- 
fied pmhe (tmpt) or its absence (tR#'Fl). EXCkiOn of the modified puX!iBe y 
in the anticodonloop oftRNAphe results in a confoxmational change of the anti- 
co&n loop, which is discussed on the basis of the corresponding changes in AF, AH 
and AS. 

The fidelity of proper codon-anticodon interaction between mFNA and tRNA on 

‘the riboscm is one of the key steps in pmtein biosynthesis. Experinserrs of bind- 

ing tRNA fragments to ribosomes in the presence of possible oodons emphasize the 

wrtance of a definite preformed conformation of the antic&on loop for the re- 

cognition pmcess (1). A comparison of the knmm primary structures of tRNA shatJs 

that they have general cmposition and sequence of the ant&don loop in cusxrm 

(2,3). On the 5'-side of the anticcdon, there are two pyrimidines, and on the 3'- 

side two purines. Furthersme, most of the anticodon loops contain a modified 

purine adjacent to the 3'-side of the anticodon. Though this modified pu??ine ap- 

peats to be important for many physics-chemical characteristics of tRNA (4), its 

biological significance is not kmm as well as its importance for the integrity 

of the conformation of the antic&on loop. 

Recently, the technique of cxmplementary oligonucleotide binding has been 

developed to explore the structure of tRNA (5,6,7,8). We used this technique to 

measure the temper&me dependencies of the K values of binding mnplwrerrtary oli- 
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gonucleotides to the ant&don loops of (yeast) tRNARhe, (yeast> tRN.$$ as well 

as (E.coli.1 tet. Thus, AF-, -- AH- and AS-values of binding oligonucleotides to 

different anticodon loops were determined. These parameters reflect differences in 

the conformation of the anticodon loops due to the presence of a mdified purine 

(tRNARhe), of an unmodified purine (Wk(?) or its complete absence W.NA$~). 

Experimental 

(Yeast) tRNARhe and (E.coli) qt -- were purchased f-the Boehringer- 
Mannheim Corporation and used without further purification. Both tIUW's had accept- 
ance activities in the order of 80-90%. Tritium labelled tetranucleotides were pre- 
pared as described previously (8,101. Association constants were determined by equi- 
librium dialysis experiments as described (5,7,8,10). Oligomr concentrations were 
in the range of 0.1-0.3 MM. -tRI$$T was prepared by acid treatskant of tRNARhe as 
described by Thiebe and Zachau (91. 

Enthalpies were calculated fmn least square fits of plots of the logarithms 

of the association constants versus the inverse absolute temperature. 

Results and Discussion 

Oligonucleotide binding studies on the structure of (yeast) he tRNA have 

shown that only sequence UMeGAA, i.e. the anticodon and the 5' adjacent base, is 

fully available for bihelical ccanplex formation with canplemntary oligonucleotides 

(10). Molar association constants of binding oligcmxm to this sequence of the anti- 

codonloop oftRNARhe and tRNA$y, ar?e sumnarized in Table 1. A general criterion 

for tetmmer binding is that K of a tetramer is at least gr?eater than 5 times the 

sm of its constituent trimers (6,7). In accordance with this criterion, the data 
Phe would indicate that UpUpCpA and UpU$pG bind to tRNA astetramers,butdomt 

bind as tetramem to tRN4&. UpUpCpUandUpU@C,theothertwo 3' extended 

ccdons, are not fully ccmplementary to the anticodon loop of tRNARhe or of tN$$?. 

Hence, the binding constants of these tetramem are considerably lmerthanthcee 

' According to the nmencl.atureofThiebe and Zachau Phe tRNA , of which Y has been 

removed by mild acid treatment, is termed tRNAHCl Phe (9). 

358 



Vol. 50, No. 2,1973 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Table 1. Molar Association Constants of Oligomers 

with (yeast) Phe tFGlA and (yeast) tRV$; 

tRNAae 

K (lo3 M-l, K (lo3 M-l> 

UFW 2.0 1.0 

UPW 1.8 1.8 

WPG 3.0 2.0 

WWPA 75.0 10.0 

WJPCPG 35.0 8.2 

WJFWJ 19.0 3.8 

WJPCPC 8.5 1.5 

K was measured in 1.0 M NaCl, 10 r&l MgC12, 

10 r&l sodium phosphate buffer (pH 7.0) at -2OC. 

of the ccqlementary UpUpCpA and UpUpCpS. Upon removal of Y, the K values of all 

oligcxmers are markedly reduced. This indicates that the free energy change of codon- 

anticodon interaction is highly inflmced by the presence of the modified base Y 

adjacent to the anticodan. An analysis of the temperature dependence of the codon- 

anticodon interactions should give more details about the nature of the confor- 

Phe mational change of the anticodon loop of tRNA upon excision of Y. 

The temperature dependence ofassociationofUpUpCpA,UpUpCpG,UpU$pU and 

UpUpCpC with tRNAPhe (50 vM) in 1.0 M NaCl, 10 mM MgC12 and 10 ti Na2H PO,+ buffer, 

pH 7.0, is shaJn in Fig.1, which depicts the fraction of free oligceners as function 

of the temperature. Plotting the logarithms of the rrplar association constants, 

which were calculated fmm the data of Fig.1 against the inverse absolute tempe- 

ratures, yielded a straight line. This justified an analysis based on the van't 
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Fig.l. Relation between R-l, the fractionoffxxe oligamrs,andtmper&ure 
forbinding UpUpCpA,UpUpCpG,UpUpCpU,andUpUpCpCto (yeast) tRNAPheat50 PM 
concentration in 1.0 M NaCl, 10 I&I MgC12 and 10 ti Na2HPo4, pH 7.0. 

Fig. 2. RelationbetweenR-l,the fractionof free oli.ganers,andtmperature 
forbindingUpUpC~,UpUpCpG, andUpUpCpUto (yeast) tRNAgat 50 ~Mconoen- 

tration in 1.0 M NaCl, 10 lrfl MgC12 and 10 mM Na$Po4 pH 7.0. 

Hoff equation inordertocalculate the enthalpies ofoliganer-tRNAinteraction, 

Accordingly, the free energy of binding (AF) is given by the'changes of enthalpy 

(Ati) dndentmpy (AS)uponbinding: 

AF = -K.l!ln-K = AH-TAS eq. 1. 

Thus,avemge values of these themodyn&cquantities forthetmperaturemnge 

whichwehavestudied,havebeendetexmined,The comespondingvalues foroligo- 

merbindingtotlWAPhe at 10°C are given in Table 2. 

A AH-value of -7.4 to -8.2 k&/mole per base pair has been obtained by 

calorim&ric studies of the melting of PolyA : PolyU double strands (12). The major 

contr&ution to the enthalpy of helix formation in aqueous solution is psvnably 

the stacking ofbases. Thus,the farmationofthe firstbasepairinthehelix 

would have a negligible enthalpy, because it is devoid of stacking interaction (12). 

Since (n+l) base pairs would comespond to n "stacking units", enthalpies of short 

helix formation are better calculated per “stacking unit" instead per base pair. 

Therefom,the AH-values ofabout- kcal/mole forUpUpCp& andUpupcpG - tRNAPhe 
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Table 2. Thenmdynamic Quantities for Binding of Tetmnucleotides 

to the Anticodon Inop of (yeast> tRNAme and (yeast) t-71 at 10°C 

Canplex AH (kcal/mle) AF (kcal/mle) TAS (kcal/mle) 

tFaAae : upum -(19.5 2 1.5) -(5.6 t 0.1) -(13.9 + 1.6) 

tmme : upupcp-2 -(20.5 2 1.5) -(5.5 2 0.1) -(15.0 + 1.5) 

tRNAme : upupcpu -(16.5 f 2.0) -(4.8 2 0.2) -(11.7 ,+ 2.2) 

tRNAme : upupcpc -(16.0 2 2.0) -:4.4 f 0.2) -(Il.6 2 2.2) 

t4;; : WJlf-~ -(14.0 ,* 2.0) -(4.7 + 0.2) -( 9.3 t 2.2) 

tQ@g: UPUpCpG -(15.0 ,+ 2.0) -(4.5 ,+ 0.2) -(10.5 2 2.2) 

-(15.4 ,+ 3.0) -(3.9 + 0.3) -(ll.S ,+ 3.3) 

interaction would correspond to a AH of -6 to -7 kcal/mole per "stacking unit". 

This indicates that the UpUpCpA- and UpupcpG - tIMme "he&es" consist of 3 

"stacking units" or, respectively, of 4 base pairs, which was already suggested 

by the high values of K at -2OC (Table 1) (10). It is intexesting to note that 

binding of the %obble" tetramer UpUpZpG only gives a slightly different AF frwn 

that of UpUIQA binding. This difference is mainly reflected in the entropy tenn. 

Binding of Up'JpCpUandUplfpCpC Phe toti?NA gives AH-values of - (16.5 2 2.0) kcal/ 

mole and - (16.0 2 2.0) kcal/mle, respectively, which indicates that the UpU&LJ- 

andupllpCpC-tRNAphe 'helice&' consist of 2 "stacking units", i.e. of 3 base pairs. 

Indeed, the AH-values are similar to a AH of - (15 + 1.5) kcal/mole obtained by 

bindingUpUpCtotRNAPhe (13) (Table 2). The 1aJer stabiliw of UpUp&U- and 

upupcpc - tRNAphe "he&es" as ccmpared to the U@J$pA- and UpU$pG - tRNAwe 

"helices" results fmm a decrease of the nmber of base pairs. This could be ex- 

pectedsinoe-the 3' extendedcodons UpU@$UandUpU&pC cannot base-pairwithu 

at the St-side of the ant&don, whereas UpQCpA and UpUpCpG can. 

361 



Vol.50,No.2, 1973 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

The &served changes in enthalpy uponU@JpCpNtotRNA$~are in the range 

of - (15.0 z 2.0) kcal/mle, which is similar to that of binding Up&C (131, 

upupcpc or upupcpu to mAme. This suggests the existence of only "two stacking 

units" or three base pairs, respectively, in all UpUpCpN - t%% "helices", 

if it is assmed that the water structures are similar around the anticodon loop 

oftMae andoft+;* Apparently, the anticodon loop of tFiN$% cannot ex- 

tendthebihelicalcodon-anticodonccmnplexbyonenxxebasepair. This observation 

may find further support by the entmpy data of Table 2. All AS-values are in 

thesamerange except those forbindingUpUpCp4andUpU&GtotRNA~e,whichbind 

as tetramers to the anticodon loop. 

The anticodon loop of (E.coli) tIW$et, which does not contain a modified 

base adjacent to the anticodon, has the sequence (3' to 5') MeCUCAUAA (14). The 

canplemantary tetramer ApUpGpA has a molar association constant of 15~10~ l./mole 

at -2OC. From the tmperature dependence of the molar association constant of 

ApUpS@ binding, one obtains a AH-value of - (19.5 i 1.5) kcal/mle, which is 

similar to the reported one (7) and which indicates the formation of four base 

pairs between ApUpGp4 and the anticodon loop of tRl@$?. At 10°C, AF equals 

- (4.6 ,+ 0.1) kcal/mle and TAS - (14.9 2 0.6) kcal/mole. The smaller change in 

freeenergy ofbindingApUpGpAtotFQ$et as ccxnparedtobindingUplTpCpAtotFNAme 

is caused by a different TAS term and not by a different AH. Again, the data de- 

monstrate an important implication of the modified base in the ccdon-anticcdon 

interaction by its influence on the conformational integrity of the anticodon loop. 

In accordance with these data, the association constants of all oligcme~anticodon 

interaction, so far investigated (7,11,15,16), are significantly higher if a modi- 

fied base is adjacent to the anticodon. 

Fuller and Hodgson (17) have proposed a general anticodon loop structure 

in which the bases on the purine side of the anticodon loop, including the anti- 

codon, form a single stranded stack and-the two mnainingbases onthe pyrimidine 

side are in an extended conformation. An alternative possibility could be that 

the pyrimidine side and the anticcdon form a single stranded stack and then the 
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loop bends back at the position of the modified purine. Hcwever, neither model is 

ccqatible with present oligonucleotide binding data of various tRNA's (5,7,11,X). 

Neither the 3'- Ixlr the 5'-end of the anticodon loop were available for bihelical 

ccanplex formation with canplemntary oligonucleotides. Therefore, an anticodon 

loop strvctunz has to be envisaged, which can accmmdate for bihelical cunplex 

fomationwith tetmmars ccmplementary to the anticodon and the 5' adjacent pyri- 

midine, but which cannot pair with tetramers complementary to other sites of the 

anticodon loop. The modified purine on the 3 '-side of the antic&m loop has to 

play an important role in stabilizing this particular structure. 
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