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Circular Dichroism Study of the Interaction of 
Glutamyl-tRNA Synthetase with tRNAG1u-+ 

Gordon E. Willick*st and Cyril M. Kay 

ABSTRACT: The interaction of glutamyl-tRNA synthetase 
with tRNAGlU2 has been studied. The enzyme was purified to 
apparent homogeneity, and consists of a single chain with a 
molecular weight of 59 000. The sedimentation coefficient 
(~ '20 ,~)  was found to be 3.7 S and suggests this enzyme is quite 
asymmetric. The enzyme binds 1 mol of tRNAGlU2 and has a 
binding constant of 5 X lo6 M-' at pH 7.0 in 0.1 M sodium 
chloride. A circular dichroic study of the interaction under the 
same solvent conditions implied both the synthetase and 
tRNAGlU2 underwent a change in conformation as the complex 

T h e  glutamyl-tRNA synthetase from Escherichia coli has 
been studied previously (Lapointe and Soll, 1972a,b) and re- 
ported to consist of a holoenzyme of two nonidentical subunits. 
The larger one, the catalytic subunit, had a molecular weight 
of 56 000, and the smaller one, which appeared to be a regu- 
latory factor, had a molecular weight of 46 000. The evidence 
for the function of the 46 000 molecular weight subunit relied 
on kinetic data; no apparent physical interaction could be 
demonstrated. They were able to isolate the 56 000 molecular 
weight subunit in low yields by isoelectric focussing. 

Since we were interested in studying the interaction of 
tRNAGIU and glutamyl-tRNA synthetase, we sought to purify 
the catalytically active subunit reported by Lapointe and Soll 
(1972a). We here report the purification of glutamyl-tRNA 
synthetase and some physical properties of the enzyme and its 
complex with tRNAG1",. The method yields the enzyme pure 
as judged by sodium dodecyl sulfate gel electrophoresis and 
sedimentation equilibrium analysis and with an estimated 
molecular weight of 59 000. 

The low molecular weight of the enzyme plus the particular 
properties of tRNAGIU2 make this system especially attractive 
for the study of the complex by its circular dichroism. 
tRNAGlU2 has a modified nucleotide at the 5' end of the anti- 
codon, mnm5s2U1, which has an isolated CD band centered 
at about 340 nm (Willick et al., 1973). Thus, this system can 
be used as a probe for any changes in the anticodon region as 
the specific complex is formed. While the assignment cannot 
be made unambiguously, the rest of the CD spectrum can be 
analyzed for probable changes in the conformation of the 
protein and the tRNA. The results to be presented here suggest 
that both GluRS and tRNAGiu2 undergo some conformational 
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was formed. In the case of the enzyme, there appears to be 
some loss of a-helical structure. The tRNAGIU2 results can be 
interpreted to indicate a change in the conformation of one or 
more of the helical regions of this molecule. A residue in the 
anticodon loop, 5-methylaminomethyl-2-thiouridine, has a 
distinct circular dichroic band at 340 nm in the free tRNAGIU2. 
As the complex is formed this band is shifted to the blue. This 
was interpreted to indicate that the enzyme forms a hydrogen 
bond with this residue in the anticodon loop, with a change in 
the conformation of the loop possibly also having occurred. 

change when the complex is formed. In addition, the results 
indicate that the anticodon region is likely involved in the 
specific binding to the enzyme. 

Materials and Methods 
Chemicals. Uniformly 14C-labeled glutamic acid was pur- 

chased from Amersham-Searle and had a specific activity of 
265 mCi/mmol. ATP was purchased from Terochem. The 
bovine serum albumin used was a standard solution purchased 
from Worthington Biochemicals. DEAE-cellulose (Whatman 
DE-32) was obtained from Mandel Scientific and hydrox- 
ylapatite (HT) from Bio-Rad Laboratories. Dextran T-500 
was obtained from Pharmacia and polyethylene glycol 6000 
from J.  T. Baker. E. coli tRNAGIU2 was purchased from 
Boehringer-Mannheim and had a reported acceptor activity 
of 1200 pmollA260. Unfractionated E. coli tRNA was ob- 
tained from Sigma. All other chemicals were reagent grade. 

BacteriaGrowth. E. coli K12 (ED2612) (R17 resistant) was 
kindly provided by Dr. W. Paranchych. It was grown in a 300-1. 
fermentor at 37 OC in a 15 g/l. trypticase soy broth (BBL) 
medium. Yields were normally 800-900 g of cells (wet wt). 

Enzyme Assay. The aminoacylation assay was carried out 
according to the procedure of Lapointe and Soll (1  972a). One 
unit of enzyme is defined as that amount which forms 1 nmol 
of aminoacyl-tRNA in 5 min at 30 O C  under the conditions of 
this assay. 

Protein Concentration. The protein concentration in the 
crude fractions was estimated according to Lowry et al. (1 95 1) 
using BSA as a standard. The concentration of purified GluRS 
was determined refractometrically, using the analytical ul- 
tracentrifuge. Using a value of 4.1 fringes equalling 1 mg/ml 
of solution, a value of E280mglm1 = 1.35 was determined for 
purified GluRS. 

Ultracentrifuge Studies. Molecular weights were estimated 
by sedimentation equilibrium in a standard buffer containing 
0.1 M NaCI, 0.01 M MgC12, 0.01 M Na Hepes, 0.001 M 
DDT, 10% glycerol, pH 7.0. The molecular weight of GluRS 
was determined by a meniscus depletion method, using 7-mm 
solution columns (Millar et al., 1969). Sedimentation coeffi- 
cients and the apparent molecular weight of the complex were 
determined using the photoelectric scanner at 280 nm. 

B I O C H E M I S T R Y ,  V O L .  1 5 ,  N O .  1 9 ,  1 9 1 6  4347 



W I L L I C K  A N D  K A Y  

TABLE I:  Procedure Used to Give Purified GluRS. 

Fraction 
V Total Total Sp Act. Recovery Relative 

(ml) Protein (mg) Units (units/mg) (%I Purification 

I .  Crude extract 900 1 1  400 8000 0.70 100 I 

1 1 1 .  DEAE-cellulose (pH 8.0) 200 240 4860 20 61 28.6 

V.  DEAE-Sephadex A-50 (pH 7.0) 11.6 21 (9.9O) 3000 140 (303O) 37 200(430h) 

11. Liquid polymer extract 900 4 700 9300 2.0 116 ' 9  

IV. Hydroxylapatite (pH 6.8) 36 61 4990 82 62 1 1 7  

Concentration and specific activity based on extinction coefficient reported. Relative purification based on specific activity given in 
a .  

Viscosities of the solvent employed relative to that of water 
were measured using Ubbelhohde viscometers. 

Amino acid Analysis. The GluRS was dialyzed extensively 
against water and lyophilized. Samples were hydrolyzed under 
reduced pressure in 6 N HCI, 0.5% phenol for 24 and 48 h, and 
the results were extrapolated to zero time. The value for 
tryptophan, relative to tyrosine, was determined in 6 M gua- 
nidine-HCI (Edelhoch, 1967). 

Fluorescence Measurements. Fluorescence measurements 
were made in a Baird Atomic or Turner Model 210 spectro- 
photofluorimeter, with the cells thermostatically controlled 
at  19 OC. The quantum yield of GluRS was determined using 
the Turner Model 210 in the absolute mode with tryptophan 
used as a standard. The value of @ T ~ ~  was taken as 0.13 (Chen, 
1967). The correction used for the inner filter effect when 
absorbing ligands were added was A ( l  - 10-AO)/Ao (1 - 
I O - A ) ,  where A0 = absorbance of the enzyme alone at  the 
exciting wavelength and A = total absorbance at  this wave- 
length after the addition of ligand (Helene et al., 1971). Total 
absorbances were less than 0.2 at the final concentration, and 
the volume correction was less than 6%. 

Circular Dichroic Studies. The CD spectra of GluRS, 
tRNAGiU2, and the complex were measured with a Cary Model 
60 spectropolarimeter, equipped with a Model 6001 attach- 
ment. For complexing experiments, the GluRS was mixed with 
the appropriate amount of tRNAGIU2, while simultaneously 
the GluRS and tRNAGi"2 solutions were diluted with the ap- 
propriate buffer to the same final volume. Duplicate experi- 
ments gave the same qualitative results. A value of t260° I %  = 
23.4 ml/mg for tRNAGiU2 was used (Willick et al., 1973). 
Unless otherwise stated, CD data is presented in terms of the 
appropriate mean residue weight. For GluRS a value of 115 
was used and for tRNAGIU2 a value of 320. A value of 26 300 
was used for the molecular weight of sodium tRNAGLU2 when 
results were expressed in molar quantities. Experiments were 
carried out at  the ambient temperature of the instrument, 27 
"C. 

Results 
Purification Procedure. General Remarks. The starting 

point of the purification procedure was a modification of that 
of Lapointe and Sol1 (1972a). Since the procedure finally used 
to give purified GluRS differs substantially from that of La- 
pointe and Sol1 (1972), the entire procedure is outlined below, 
and summarized in Table I. Concentrations were carried out 
by dialyzing against 30% polyethylene glycol 6000, with the 
exception of the purified enzyme. In this case, concentration 
was carried out under reduced pressure using Sartorious 
membrane filters (BDH). All steps were carried out at  4 
O C .  

Preparation of Cell Extract. Frozen E.  coli cells (450 g wet 

wt) were suspended in two volumes of 0.01 M Tris-HC1,O.Ol 
M MgCI2,O.Ol M NHdCI, 0.0005 M DTT, 10% glycerol, pH 
8.0, and passed through a Sorvall-Ribi automatic cell frac- 
tionator (5-10 OC, 20 000 psi). Cell debris was removed by 
centrifuging in a Spinco Rotor 21 at  20 000 rpm for 30 min. 
The supernatant (900 ml) (fraction I)  was used in the next 
step. 

Liquid Polymer Extraction. Fraction I was adjusted to pH 
8.0 with NH40H and 1 M potassium phosphate was added to 
give a final concentration of 0.1 M, final pH 8.0. An equal 
volume of an emulsion of 28% polyethylene glycol 6000 and 
6% Dextran T-500 in 0.1 M potassium phosphate, 10% glyc- 
erol, 0.001 M DTT (pH 8.0) was then added and the mixture 
stirred for 2 h. After centrifuging at  6000g for 30 min to sep- 
arate the phases, the upper phase was collected (1600 ml). 
Then the solution was stirred overnight with a thick slurry (800 
ml) of DE-32 equilibrated with 0.01 M NHdCl, 0.01 M 
MgC12, 0.01 M Tris-HCI (pH 8.0). Bound protein was then 
eluted with 1 M NH4C1,O.Ol M MgC12,O.Ol M Tris-HC1, pH 
8.0. The DE-32 was removed by centrifugation and the su- 
pernatant was dialyzed vs. the equilibrium buffer in the fol- 
lowing step to give fraction I1 (final volume 900 ml). 

DEAE-Cellulose Fractionation (PH 8.0). Fraction I 1  was 
applied to a 6 X 30 cm column of DE-32 equilibrated with 0.05 
M NH4C1,O.Ol M MgC12, 0.01 M Tris-HC1,0.0005 M DTT, 
10% glycerol (pH 8.0), and eluted with a linear gradient (4 1.) 
of NH4Cl (0.05-0.4 M) in the equilibration buffer. A flow rate 
of 150 ml/h was maintained, and 15-ml fractions were col- 
lected. The bulk of the activity was eluted in two peaks in the 
range 0.2-0.3 M NH4Cl. Approximately 70% of the fractions 
containing GluRS activity was collected, concentrated, and 
dialyzed against the equilibration buffer in the following step 
(fraction 111) (final volume 200 ml). 

Hydroxylapatite Fractionation (PH 6.8). Fraction 111 was 
applied to a 4.1 X 32 column of hydroxylapatite equilibrated 
with 0.05 M potassium phosphate, 0.0005 M DTT, 10% 
glycerol (pH 6.8). The column was eluted with a linear gra- 
dient (2 1.) of potassium phosphate (0.05-0.25 M). A flow rate 
of 75 ml/h was maintained and 10-ml fractions were collected. 
Fractions containing about 90% of the total activity were col- 
lected, concentrated, and dialyzed against the equilibration 
buffer of the next step to give fraction 1V (final volume 36 ml). 
Since we found the hydroxylapatite resolution decreased with 
repeated use, the preparation reported used fresh hydroxyla- 
patite. 

DEAE-Sephadex A-50 Fractionation @H 7.0).  Fraction 
IV was applied to a 1.6 X 30 column of DEAE-Sephadex A-50 
equilibrated against 0.2 M KC1, 0.01 M Na Hepes, 0.01 M 
MgC12, 0.001 M DTT, 1090 glycerol (pH 7.0), and eluted with 
a linear gradient (600 ml) of KCl (0.2-0.35 M). A flow rate 
of 12 ml/b was maintained and 4-ml fractions were collected. 
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TABLE 1 1 :  Amino Acid Compositions of GluRS. 

Amino Acid No. of Mol l59  000 g 

Alanine 47 
Arginine 36 
Aspartic acid and asparagine 62 
Glutamic acid and glutamine 70 
Glycine 33 
Histidine 21 
Isoleucine 27 
Leucine 49 
Lysine 30 
Methionine 13 
Phenylalanine 16 
Proline 24 
Serine 28 
Threonine 27 

Tyrosine 19 
Valine 30 

Tryptophan 11" 

0 Estimated spectrophotometrically by method of Edelhoch 
( 1  967). 

TABLE 111: h n m a r y  of K ,  Values for G ~ U R S . ~  

K ,  (X106 M )  

Lapointe and Sol1 
Substrate This Work (1 972) 

ATP 340 40 250 
Glutamic acid 60 5 86 
tRNAG"2 0.13 0.3 0.12 

K ,  values were obtained in the presence of known saturating 
amounts of the remaining two cosubstrates a t  30 ' C .  First column 
is that of the holoenzyme reported by Lapointe and Soll; second col- 
umn that of the 56K subunit. 

The peak of GluRS activity was eluted at about 0.3 M KCI. 
Purity of GluRS. GluRS obtained by this procedure gave 

a single band when examined by sodium dodecyl sulfate gel 
electrophoresis according to Weber and Osborn (1969). Our 
best preparations are in excess of 95% pure by this criteria. 
These preparations also gave a linear log C vs. r2 plot in the 
ultracentrifuge over a range of 0.25-2.5 mg/ml. This latter 
method is also a sensitive indicator of molecular weight ho- 
mogeneity. 

Molecular Weight of GluRS. The molecular weight of 
GluRS as indicated by sodium dodecyl sulfate gel electro- 
phoresis (Weber and Osborn, 1969) is 58 000 (f2000). Ex- 
periments in the analytical ultracentrifuge indicated a mo- 
lecular weight of 59 000 (f3000), using a value for the partial 
specific volume (a) of 0.73 ml g-' calculated from the amino 
acid composition (Table 11). The main source of error in this 
experiment is the choice of ij in the solvent containing 10% 
glycerol. Since both techniques give essentially the same result, 
we feel safe in assigning a molecular weight of 59 000 (f3000) 
to the GluRS. This result agrees with that estimated by La- 
pointe and Sol1 (1972) for the catalytically active "sub- 
unit". 

K,,, Values for GluRS with ATP, Glutamic Acid, and 
tRNAGfU2. In order to compare this enzyme preparation with 
that of Lapointe and Sol1 (1972a), the K ,  values for each of 
the substrates in the presence of saturating amounts of the 

FIGURE 1: Fluorescence quenching of GluRS (0.23 pM) on addition of 
tRNAGiU2. The solvent was 0.1 M NaCI, 0.01 M Na Hepes, 0.01 M 
MgC12,O.OOl M DTT, 10% glycerol, pH 7.0. The solid line was calculated 
using a value for K,,, = 5 X IO6 M-I. 

cosubstrates were measured (Table 111). While the K ,  values 
do not agree identically with those reported for the 56K subunit 
of Lapointe and siill(1972), it is clear that the results are much 
closer to the 56K subunit than to the holoenzyme. The syn- 
thetic substrate, 1 ,N6-ethenoadenosine triphosphate was tried 
as a replacement for ATP. Although this substrate will replace 
ATP in many systems (Secrist et al., 1972), no aminoacylation 
was observed in its presence with this reaction. 

Binding of tRNAGiU to GluRS. The binding of tRNAGIU 
to GluRS was measured by using the fact that the tryptophan 
fluorescence of the enzyme is partially quenched when the 
tRNAGIU2 is added (Figure 1). The stoichiometry of the 
binding was measured by monitoring the A280 distribution in 
a sedimentation equilibrium experiment. The maximum value 
of the apparent molecular weight, which was observed using 
a value for 5 = 0.67 for the complex, was about 80 000. This 
value for ij was calculated from the weighted average of the 
protein and tRNAG1"2 in the complex, using a value for 5 
tRNA = 0.53 ml/g. Lapointe and So11 (1972b) also found a 
1 :1 complex by independent measurements. It was therefore 
assumed that the binding was 1:l and the fluorescence 
quenching curve was analyzed by the method of Lam and 
Schimmel(1975). A value for K,,, for a 1: 1 association can be 
estimated from the formula: 

2 
2[tRNAIo,m - [El0 

K =  

where [El0 = total enzyme concentration and [tRNA]o,m = 
value of the total tRNA concentration at the midpoint of the 
titration curve. If CY = degree of association 

- [E-tRNA] - 
[E] + [E-tRNA] 

= AF/AF, 

then the F vs. [tRNAIGIU2 curve can be calculated using the 
formula given in Lam and Schimmel (1975). The curve drawn 
in Figure 1 utilized a value for K,,, = 5 X IO6 M-l. Such a 
value is equivalent within experimental error to the value ob- 
served by Lam and Schimmel (1975) for the binding of 
tRNA1Ie to a cognate synthetase under similar conditions of 
ionic strength and pH. 

Circular Dichroism of G l u m ,  tRNAGtU2, and the Complex 
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F I G U R E  2: CD of the GIuRS-tRNAG1"2 complex (-), and the sum of 
the spectra of RNAC'"> and GluRS (- - -). The solvent was the same as 
in Figure I .  The concentration of GluRS was 8.6 fiM and of tRNAGIU2 
6.6 pM. The calculated value for u is 0.72. Data is expressed in terms of 
millidegrees of ellipticity observed with each of the three samples. 
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F I G L R E  3 :  CD spectrum of tRNAGiU2 (-) and the spectrum of the 
complex minus the spectrum of GluRS presented on the basis of the mean 
residue weight of tRNAG'"2 (- - -). Other conditions were as in Figure 
2. 

(200-300 nm).  Solutions of GluRS, tRNAGIU2, and the mix- 
ture of these two were prepared such that the final concen- 
trations of the GluRS and tRNAGLu2 in the complex were the 
same as in the solutions of GluRS and tRNAGLU2. Therefore, 
if  no change in the CD occurred on formation of the complex, 
the CD of the complex should be the same as the sum of the 
spectra of the GluRS and tRNAGluZ. Figure 2 shows the results 
obtained. The two spectra do not superimpose and, therefore, 
some conformational changes have probably occurred in the 
GluRS, tRNAG1"*, or in both of these components. In the re- 
gion above about 245 nm the GluRS is essentially optically 
inactive when compared to the tRNAGiU,. Figure 3 shows the 
results obtained by subtracting the spectrum of GluRS from 
that of the complex and expressing results in terms of the mean 
residue weight of the tRNACIU2. Both Figures 2 and 3 dem- 
onstrate that an increase in ellipticity of the positive band 
centered at about 265 nm, accompanied by a red shift of about 
5 nm, has occurred as tRNAclu2 binds to GluRS. A possible 
explanation for this will be given later. 

The results of subtracting the tRNAGIu2 spectrum from that 
of the complex and expressing both this and the GluRS data 
on the basis of the mean residue weight of GluRS are shown 
in  Figure 4. The results suggest the loss of some secondary 
structure in GluRS has occurred when the complex is formed. 

FIGURE 4: CD spectrum of GluRS (-) and the spectrum of the complex 
minus the spectrum of tRNA"'"2 presented on the basis of the mean res- 
idue weight of GluRS ( -  ~ -). Other conditions were as in  Figure 2. 

However, it must be emphasized that the results of the change 
in this region cannot be interpreted unambiguously, since both 
tRNAGLu2 and GluRS contribute to the spectrum. 

Past experience has indicated that any conformational 
change giving rise to an increase in  the major tRNA band at  
260 nm is generally compensated by an increase in the absolute 
value of the negative band at  209 nm (Willick et al, 1973). 
Thus, the decrease in the GluRS spectrum shown in Figure 4 
is a minimal value. In  addition, since the calculated value for 
cy is 0.72 under the conditions of this experiment, almost 30% 
of the GluRS is not bound. This also means the difference 
shown in Figure 4 is a minimum value. 

The spectra shown in Figure 4 were analyzed for secondary 
structure using the methods of Chen et al. (1974). One analysis 
used a constrained linear fit, minimized in the least-squares 
sense, with the constraint being that 0 <fa, fp, fR < 1,  where 
fu, fp, a n d f ~  are the fractions of cy helix, /3 structure, and 
random structure, respectively. The results, with error value 
of the fitting procedure in brackets, were: fa = 0.42 (f0.01), 
fd = 0.21 (f0.06), and fR = 0.36 (f0.02) for GluRS. I f  the 
spectrum of the GluRS-tRNAGIU2 complex is analyzed as- 
suming the change is essentially all due to GluRS, then the 
results were 0.38 (f0.01), 0.27 (f0.04),  and 0.35 (f0.03)  for 
f'?, fo, and f ~ .  Method 2 of Chen et al (1974) was also used. 
This method allows for variation in the a-helical chain length. 
It was found that a value of 42 residues for the average chain 
length gave the best fit for the experimental curve; the esti- 
mated values for fa, fd ,  and f~ were 0.47 (f0.05) ,  0.33 
(f0.05) ,  and 0.18 (f0.3) ,  respectively. Thus, it appears that 
the absolute value of 40-50% for the a-helical content of 
GluRS is reasonable. These methods cannot be relied on at 
present to give reasonable values for fp and fR. We can also say 
with a reasonable certainty that some secondary structure has 
been lost by the GluRS when it binds tRNAGIU2, and that this 
is probably a small amount of the a-helical structure. 

CD Spectra of GluRS, tRNAGi"2, and Complex (300-380 
nm). The formation of the complex results in a marked change 
in the CD spectrum in this region (Figure 5). The minimum 
at 305 nm decreases in  absolute magnitude, probably due to 
the apparent red shift and increase in the major band shown 
in Figures 2 and 3. The band due to mnm5s2U with a minimum 
at 335 nm, appears to undergo a blue shift of about 10 nm, with 
a possible decrease in absolute magnitude. A tentative expla- 
nation for this result will be discussed later. 
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Discussion 

The results of this work indicate that GluRS is a single chain 
polypeptide with a molecular weight of about 59 000. This 
enzyme is therefore one of the smallest active units reported 
so far (Soll and Schimmel, 1974), although the tyrosyl-tRNA 
synthetase from yeast has a molecular weight of 46000 
(Beikirch et al., 1972). The GluRS has a s O 2 0 , ~  of about 3.7 
S. This value, coupled with a value of 5 = 0.73 ml/g, gives a 
frictional coefficient Cflfo) ratio of 1.47 when compared to an 
unhydrated sphere of the same volume. The estimated axial 
ratio, if the molecule is treated as a prolate ellipsoid, is then 
7.5: 1, If we assume an approximate value for the effect of hy- 
dration on the value of EHyd = L&,Rs 4- 6 5 ~ ~ 0  (Tanford, 1961), 
then the frictional ratio drops to 1.38. This calculation assumes 
a value for d = 0.2. The axial ratio for the corresponding pro- 
late ellipsoid is then 6:l.  Thus, the data suggests the enzyme 
is quite asymmetric, with a long axis in the range 150-200 A. 
The distance from the anticodon to the 3'end in yeast tRNAPhe 
crystals is 75 A (Suddath et al, 1974). Recent work indicates 
the synthetase must bind to a large region of the cognate tRNA 
(Budzik et al, 1975; Schoemaker et al, 1975). It is not sur- 
prising, therefore, that a synthetase as small as GluRS would 
be quite asymmetric. 

The CD results in Figures 2, 3, and 4 suggest there is pos- 
sibly some conformational change occurring in both GluRS 
and tRNAGIU2. An earlier study by Ohta et a1 (1967) on the 
tyrosyl-tRNA synthetase interaction with tRNATyr indicated 
a loss of secondary structure in the enzyme as the tRNATyr was 
bound. This study also strongly suggests the GluRS suffers 
some loss of secondary structure, probably cy helical. Such a 
result is not unreasonable, since some of the binding sites for 
the tRNAGIU2 may have been involved in a secondary structure 
of the free enzyme. An extensive loss of secondary structure 
does not occur. 

The apparent conformational change in the tRNAGIu2 in- 
dicated by Figures 2 and 3 must be viewed with caution. The 
change observed could be accounted for by only a minor change 
in the helical structure of the tRNAGIU2 when it is bound by 
the GluRS. A recent nuclear magnetic resonance study on this 
same complex indicated that all hydrogen bonds present in the 
uncomplexed tRNAGIU2 remained intact on complex formation 
(Shulman et al, 1974). These results are not necessarily in 
contradiction with our CD observations. Although we believe 
the CD results are most easily explained by assuming a change 
in the conformation of one or more helical regions of tRNAGIU2 
as the complex is formed, such subtle changes can occur 
without disrupting the hydrogen bonds, yet give significant 
changes in the CD spectrum. 

The C D  spectra involving the mnm5s2U residue in the an- 
ticodon can perhaps be interpreted less ambiguously. This band 
has been examined more closely previously (Willick et al, 
1973). Reaction of the thiolated residue with cyanogen bro- 
mide eliminated this band and demonstrated the remainder 
of the tRNAG1"* molecule had virtually no ellipticity above 320 
nm. When different divalent cations were used as counterions, 
there were quite clear indications of varying conformations of 
this molecule. In no case, however, was there any indication 
of any shift in the C D  minimum associated with the mnm5s2U 
residue; only decreases in the magnitude of the band were 
observed. In the case of tRNAGIU2 binding to GluRS, there at  
the very least has occurred a blue shift of the band of up to 10 
nm, and possibly a change in the rotational strength as well. 
This band has a very low absorption and a high rotational 
strength (Willick et al, 1973), which is characteristic of a n - 

FIGURE 5: Spectrum of tRNAGIU2 (-) and the complex (- - -), presented 
on the basis of the molar concentration of the mnm5s2U residue. Solvent 
conditions were as in Figure 1.  The concentration of GluRS was 30 fiM 
and of tRNAGiU2 23 1 M .  The calculated value for (Y is 0.75. 

ir* transition. Thus, such a shift in the band might be antici- 
pated to occur if, for example, a hydrogen bond with some 
residue in the GluRS was formed with this thiolated nucleotide. 
Determining the absolute position of the band in the complex 
and its rotational strength is complicated by the fact that the 
CD spectra associated with the remaining residues has un- 
dergone a small red shift. Nonetheless, it seems clear that the 
anticodon area of the tRNAGIu2 is somehow bound to the 
GluRS. Binding of the anticodon loop to the cognate synthetase 
has been indicated by photo-cross-linking studies of tRNArYr 
with Tyr-tRNA synthetase (Schoemaker and Schimmel, 
1974). This study provides some direct physical chemical ev- 
idence that a portion of the anticodon is involved in the binding 
of the tRNAC1"* to GluRS. 
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