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RELAXKi-ION K.iNZTZCS OF _ZT_ CULT RIBOSOMES: EVIDENCE FOR THE REACTION 
OF 305 l rr;, COMPLEX WITH 50s RIBOSOMAL SUBUNITS 

Addition of k&i&on factor IF3 to sufutims of E. coli niosomes dramatically alters their behavior in pressure-jump 
reiaxation kinetic experiments in,wbich 90” l&W-scattering is used to monitor the macromolecular reaction. The effect of 
IF3 on relaxation processes attributed to “tight” couples is stron$y dependent cm the Mg2+ concentration. At 2.5 mill 
Mg2*, addition of 1 molar equivalent of fF3 decreases the relaxation amplitude by a factor of 3 relative to ribosome solu- 
tions %Cthout iF3. However, at 5.0 mhl Mg2+, addition of 1 molar equivalent of IF3 produces a marked increase in the 
relaxatior~ amplitude, by a factor of 2-8 fold relative to riiosomes in the absence of IF3. IF3 has no effect en the relaxa- 
rion ~roczss attributed to “loose” couples at 10 mM Mg 2+. While we are unable to propose a precise mechanism for IF3 
action V&II t&e data on Lmd. our results require that the 30s - fF3 wmplex either reacts with the 50s subunit, formirlg 
a 705 - IF3 intermediate, or acts as a pool of reactive 30s subunit. Further kinetic evidence is required to distinguish 
between these possible pnthways. 

1. introduction ’ 

For some time ROW, we have been using pressure 
and temperature jump relaxation kinetic methods to 
study *&e interaction of E. coli riiosomal subunits 
[l-33 _ Briefly, our interpretation is that the associa- 
tion process obeys the mechanism 

30s -+ SOS;< 7os* :$7&S, (1) 

where 7OS is a conformer of the 70s rl%osome. The 
30s and SOS subunits combine with a forward rate 
constant, k12, approaching that expected for a dif- 
f&ion controlled encounter, followed by a slow con- 
formational rearrangement. We report here some 

’ A brief account of this work was presented at the 62nd An- 
nual &5e3ri&g of ?he Federation of American Societies for 
3Zxpeenta3 Biology, Atlanta, Georgia, June 8.1978. See 
J.B. C&a&s, M-8. Tai, G. Kegeles and A-3. Webba, Fed. Proc. 
37 (1978) 1659, 

initial observations on the effect of initiation factor 
IF3 on this association process. It is found that IF3 
alters the relaxation kinetic behavior of E. coii ribo- 
somes in a rnsmer that is inconsistent with the major 
prediction of the popular anti-association model of 
IF3 action [5--lo], whereby IF3 binds to the free 305 
subunit, rendering it incapable of further association, 
and thus shifting the ribosome-subunit equilibrium 
towards dissociation by lie Chatelier’s principle. In- 
stead, our observations require that the 3%fF3 
complex either reacts with 50s subunit or acts as a 
pool of reactive 30s subunit, with the possibility 
that a 7OS-IF3 complex may play a role in the mech- 
anism of IF3 action. 

2. Materials and methods 

The ribosomes used in these studies correspond to 
Type I preparations described in detail previously 133. 
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Fig. 1. Pressure jump relaxation patterns of E. colinbosomes in buffer B, 2.5 mM h&t**_ (A) 0.275% ribosome solution containing 
no IF3. The upper trace is s-ed at 20 ms per horizontal division, white the lower is scanned at 7 s per division. Fcr the top 
traces, the vertical sensitivity is 20 mV per division, while in the lower trace, the vertical sensitivity is 50 mV per division. (R) Identical 
to (A) with the addition of 1 molar equivalent of IF3. 

Table 1 
Summary of pressure-jump relaxation kinetic experiments 

Experiment 

A. 2.5 mhf hlg2+ 
1 

RNP cont. 

WOO ml) 

0.67 

moles IF3 

moles RNP 

0 
1.0 

2 0.57 0 
0.5 
1.0 

3 0.54 0 
1.0 

4 0.275 0 
1.0 

B. 5.0 mnt ?dg*+ 
1 0.5 0 

1.0 

2 0.25 0 
1.0 

3 0.25 0 
1.0 

4 0.275 0 
OS 
1.0 

a) IV is the number of replicate experiments. 

iva) Amplitude 
<mv) 

9.8 f 2.4 15.6 t 4.8 
5.0 t 1.4 0.8 i 0.1 

21.2 * 5.3 16.0 5 3.9 
12.7 f - 9.7 f - 

7.3 * 1.5 6.7 2 1.9 

19.9 t 2.0 11.5 f 1.6 
6.9 i 3.8 1.9 i 0.3 

131.3 f 0.6 28.4 5 0.7 
55.6 t 6.4 30.2 2 1.3 

13.1 i 2.3 12.6 i 2.6 
41-S i 9.4 16.4 _i 35 

9.1 i 1.5 25.3 2 9.6 
18.3 t 3.2 34.2 f 7.9 

8.8 f - 8.9 -F - 
19.9 + 4.8 34.4 * 13.1 

11.3 + - 19.2 + - 
47.4 * 1.3 29.2 * 1.1 
85.4 = 7.2 84.9 2 9.5 

7 (s) 
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Fig_ 2. Pressure jump rekciation patterns ofE_ coli niosomes in buffer B, 5.0 m&f Mg2+_ (A) 0.275% ribosome solution with no 
IF3. The upper trace is scanned at 50 ms per division while the lower is s-ed at 7 s per division. Vertical sensitivity is 10 mV 
per division. (B) Identical solution as in (A), with the addition of 1.0 molar equivalents of IF3. The scanning speeds of the upper 
and !ower traces are the same as in (A), but the vertical sensitivity is 20 mV per division. 

Initiation factor IF3 was prepared according to the 
procedure described in [I I] _ The light-scattering 
pressure-jump equipment used in the present work 
has been extensively described [4] _ AU experiments 
were performed in a buffer (“Buffer B”) consisting of 
IO mM Tris-HCI pH 7.8,60 mM KCI, 6 mM beta- 
mercaptoethanol, and MgCl, as indicated_ 

3. Results and discussion 

Fig. 1 shows qualitatively the effect of IF3 on the 
pressure-jump relaxation pattern of E. coli ribosomes 
at 2.5 mM Mg2+_ A marked decrease in the relaxa- 
tion amplitude is observed upon addition of IF3. The 
patterns shown represent the decrease in 90° light 
scattering of the ribosome solution following pressuri- 
zation. Since IF3 has a molecular weight of only 
22 000 daltons, its interaction with any ribosomal 
species would probably not be detected by 90” light- 
scattering, as will be discussed further in a later 
section. Thus, the patterns shown probably indicate 
only the consequences of IF3 addition on the ribo- 
some-subunit interaction, without directly monitor- 
ing the interaction of IF3 with any ribosomal species. 
The effect of IF3 is seen more quantitatively in table I, 
part A. In addition to the decrease in amplitude already 
ready noted, the relaxation time is also seen to decrease 

upon addition of IF3, although the small amplitude 
of the process makes it difficult to measure its pre- 
cise value accurately_ Further, the effect of IF3 on 
both the amplitude and relaxation time seems to be 
proportional to the amount of IF3 added, over the 
rather limited range of 0.0 to 1 .O molar equivalents of 
IF3. 

At first sight, the effect of IF3 on the relaxation 
kinetic behavior at 5 mM Mg2+ appears to be differ- 
ent in nature. At 5 mM Mg2+, addition of IF3, in 
comparison with control ribosomes with no IF3, in- 
creases both the relaxation amplitude and the relaxa- 
tion time, as shown qualitatively in fig. 2, and more 
quantitatively in table 1, part B. 

The relaxation patterns such as shown in figs. 1 
and 2 ail appear to be due to a single relaxation time, 
as judged by the linearity of plots of log (amplitude) 
versus time. As is seen in figs. 1 and 2, however, there 
is a sharp jump in amplitude in a time range beyond 
the resolution of our apparatus, which may represent 
a second relaxation process, as has been found for 
ribosomes in the absence of IF3 [3]. With the limited 
data on hand we are unable to interpret the observed 
relaxation times in terms of a precise mechanism for 
the cases in which IF3 has been added to the ribosome 
solution. Such interpretation requires more data on 
the concentration dependence of the relaxation time, 
and more critically, information on the rates of direct 



IF3 interaction with the various ribosomal species. 
The Mg’j dependence of the rdaxation amplitude 

is documented more f&y in fig_ 3. fn the absence of 

fF3, the marziimurn amplitude is seen to wcur near 
2.5 mM Mg2j, in agreement with our previous &dings 
[33. in the presence of XF3, the maximum is shifted to 
appror&naWy 5 mM wg2*. 

An explanation for the observed amplitude behavior 
is now sought. For a sirnp3e bimolecular association 

% 30s f 50s +-- 70s Of 
“r 

the relaxation amplitude for a pressure-jump experi- 
ment is &en by 

(3) 

-- - 
where 3OS, SOS, and 70s are the equihirium concen- 
trations of the small subunit, large subunit, and ribo- 
some, respectively, AYis the molar voh.tme of reac- 
tion, &P is tine magnitude of ihe pressure jump, R is 
t& gas constant, and Tis the absolute temperature. 
‘Kbe same resu& obtains for reaction scheme (1) if 
7OS* h present at a small steady-state tevd, and AFris 

the volume change for the overall process. The arnpli- 
tude is maximal when there is an approximately equi- 
molar mixture of ribosomes and subunits, and tie 
ampljtude v&ii become small if the cozxentration of 

70s or either of the subunits becomes srnrdi. For 
example, the maxhnum amplitude in the absence of 
IF3 is seen in fig. 3 to occur at 2.5 mM Mg’*. which 
is in good agreement with published values of Mg2& 
= 2.0-2.5 mM for I?_ COB “@hi” conpIe subunit asso- 
ciation [K&733. 

The anti-association model proposes that IF3 se- 
questers free 305 subunits and blocks them from 
further association with 50s subunits: 

70s ;;r: 50s + 305 

-z- 

IF3 

30s l IF3 

The qualitative effect on &is on the rekixation 
pattern would be to decrease the concentraiion of 
reactive 3OS, and thus would deereuse the relaxation 
amplitude while immutin~ the relaxation time. Such 
behavior is not observed in any of our experiments. 

At 2.5 mM Mg2+ @g. I and table t 5 A) the relwa- 
tion amplitude decreases upon addition of IF3, in 
accord with the anti-association model, but the relaxa- 
tion time is decmzsed, in contrast with the predic- 
tions of the model. It might be argued, in accordance 

with the an&association model, that this behavior is 
due to the inhibjtion of i&e relaxation attrz&uted to 

subunit association, and the superposed appearance 
of an IF3--subunit i&era&ion_ In this ease, figure 1 A 
would be interpreted to represent the ribosome-sub- 
unit interaction in the absence of IF3, and fig. 13 
would represent an IF3-3OS subunit interaction. 
However, addition of EF3 to &e SOS subunit would 
change the molecular weight of aat ~ar&icle by only 
2%, and, at less than 100% conversion of 30s subunit 
tG tit.2 IF3 U3mplBX, this would have even less effect 
on the weight average malecular weight that we are 
mc&toz&g with our light scattering method. Specific- 
ally, assuming a & = 107 MW1 for the reaction 
30s -t IF3 * 30s - iF3 a weight average molecular 
weight of 9.3 04 X I O5 may be calculated assuming 
h-&al [3OSj o = initial tfF3j o = IO+ M, If the ma&ion 
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calculated relaxation amplitude f&tors for assumes models of IF3 action 

I2eacfion Keq CM-‘) ME?’ kw r&f-l 

30s i 50s ?= 70s 4.7 x 10’ 2.5 6.54 X 1O-8 
30s + SOS -- 70s 1.0 x 109 5.0 1.53 X 10-s 
30s + SOS -- 70s a) 1.0 x 109 5.0 2.2 x10-9 
3os~IF3-+5os~7Os-IF3 ? 5.0 4.26 X lo-’ 
30s * IF3 + 50s f 70s + IF3 100 5.0 4.12 X 10-s 
3os’IF3+5os*7os+~3 1 2.5 1.25 x 10-7 

a) In the presence of IF3 which Eras sequestered a considerable amount of 30s. 

were shifted IO% towards complex formation, as 
would be expected for a typical relaxation experiment, 
the weight average mole&& shift would be changed 
by only O-3%, to 9.134 X IO’. In contrast, a com- 
parable shift of the ribosome-subunit equilibrium 
would produce an approximate change in the weight 
average molecular weight from 2.14 X 106 to 
2.22 X 106, or approximately 3.8% increase. Thus, 
by light scattering detection, we might expect that 
the observable amplitude for the 3OS-IF3 interaction 
would be less than one tenth that observable for the 
ribosome-subunit Interaction at 2.5 mM Mg2+ in the 
absence of IF3. On the contrary, the amplitude 
shown in fI_ f I3 is about one third of that in fig. I A 
(see also part A, table I). Since it is unlikely that we 
would detect direct lF3 interaction, the phenomenon 
shown in fig_ 3 B still remains to be explained. 

tude by a factor of seven, in marked contrast to our 
observed severalfold increase in relaxation amplitude 
upon IF3 addition at 5 mM Mg2+ (table 1 B). _ 

On the other hand, we might assume that the 
3OS-IF3 complex is reactive, for the reaction scheme 

(1) (11) 
70s $ 50s i- 30s 

i- -r- 

IF3 IF3 

% TI TI K2 

70s l IF3 
fWl 2 

30s - IF3 -r- SOS 
011) (4) 

where 

At 5 mM Mg2”, the increase in the observed relaxa- 
tion time appears consistent with the anti-association 
model, but the observed increase in amplitude cannot 
be &counted for. Table 2 shows this quantiatively.. 
Equilibrium concentrations of 305, SOS, 7OS, IF3 and 
3OSiF3 were cabmlated for the coupled reactions 

K, = [7OS] /[SOS] [3OSJ, 

30s -t SOS + 70s 

30s + IF3 Q= 30s l IF3 
K _ [3OS 0 IF33 

2 [3OS] fiF3] 

at 5 mM Mg2” using published values for the equilib- 
rium constants of KE = IO9 M-I 1133 and K2 = 
107 MW1 [7,I OJ 4,l S] _ Comparison of lines 2 and 3 
of table i shows that this model, which excludes reac- 
tion of the 30~IF3 complex with the 50s subunit, 
predicts that IF3 should reduce the relaxation amp& 

K2 = f30S - IF33 /[3OS] [IF3], 

K3 = [70S- IF31 /[3OS * IF31 [SOS], 

K4 = [7OS] [IF31 /I705 0 IF31 - 

‘Ihe equilibrium constants K, and K2 have been 
measured at 5.0 mM Mg2+, as mentioned before. At 
2.5 mM Mg2*, l/K4 has been reported to be zero (i-e_ 
no binding of IF3 to 70s particles 

? 
while at 5.3 mM 

Mg2*,l&=6Xf0s-11.0X10 
value at 5.3 mM Mg2+ 

M-l flO].The 
has been attributed to the inter- 

action of IF3 with ‘loose” couples. Insufficient ex- 
perimental details are given in [lo] to critically 
evaluate the reliability of these numbers. Indeed, we 
fail to see how the authors were able to determine 
three independent unknown quantities (corresponding 
to our Kl, K2 and 1/z4) from the single experimental- 
ly determined value M,. 
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Regardless, the overaII equilibrium constant for the 
formation of 70s i- IF3 from 305 l IF3 and 5OS is 
K3K4. The product K3K4 is, however, by conservation 
of free energy, well known: it is necessarily equal to 
X1/kZ or approximately 100, at 5 mM Mg2”_ We 
might assume two extreme situations: a) K4 is very 
small, and almost all of the 70s is in the form of an 
IF3 complex, or b) KG is very large and the 7OS-IF3 
complex is at a small steady state level during the 
pressure jump kinetics experiments. In the later case 
fb), the concentration-dependent factor in the overall 
relaxation amplitude can be calculated from eq. (5) 

‘= - (5) 

using K3K4 = IO0 to obtain the concentration of 
species. We note here that the amplitude for the over- 
all reaction from state III to state I is again given by 
eq. (5) if 30s is at a small steady state level and the 
reaction proceeds from state III to state I via state II, 
i.e. 30s - IF3 is simply a pool for reactive 30s. In case 
(a) we assume that 7OSIF3 represents ail of the 70s 
concentration, and the amplitude is given by eq. (3). 
We calculate for case (a) in line 4 of table 2 a relative 
amplitude, r, some 2-4 times &ger than that of 
ribosomes in the absence of JF3, assuming an identic- 
aI AVAP f&ztor, in excellent agreement with our 
experimentally observed increases shown in table I, 
part B. In Iine 5 of table 2 is shown the overall am- 
plitude factor T for case (b) calculated from eq. (5), 
again in agreement with our experimental observa- 
tions_ Thus, our results are in accord with the require- 
ment that the 3OSIF3 compIex is in fact reactive, 
in contrast to the assertions of the anti-association 
model. Based on our results at 5 mM Mg2”, however, 
we have no way to assess the stability of the pre- 
sumed 7OS-IF3 complex, or even the primary reac- 
tion pathway by which 305 - IF3 -z= SOS yield 70s 
-f IF3. It should be emphasized here that equilibrium 
measurements, such as occur in the literature [S,6, 
14,151 are intrinsicalIy incapable of choosing between 
kinetic pathways. 

Published kinetic studies report that IF3 decreases 
the overall forward rate constant kf for riiosome sub- 
unit association, while the dissociation rate constant 
is unaltered [10,21,22] _ Such behavior is expected if 
the anti-assoqiation model is correct. On the other 

hand, even in the absence of IF3 the forward rate con- 
stant reported in these studies is an overaH rate wn- 

stant with reference to mechanism (I) defmed by’ 

k, = k&&k21 + %& 

while the overah dissociation rate constant is approx- 
imately gben by 

k, m&. 

Mechanistic interpretations based OR these overall rate 
constants thus become diffkuh. IF3 may be binding 
to the intermediate 7OS* species, for example, which 
would lend to radically different interpretations of 
its mechanism of action. 

Our results at 5.0 mM Mg2+, in contrast to the 
interpretation of Godefroy-Colbum et al. [ lo], are 
attributed to the interaction of IF3 with “tight” 
couples. Sedimentation velocity experiments at 5.0 
mM Mg2+ show, for the samples used in the experi- 
ments described in table IB, a 70s zone with a trace 
of 50s material No 30s material is evident. Tlms, 
these samples seem to be Iargely free of ‘loose” 
couples. Further, relaxation kinetic experiments at 
10 mM Mg2* , where “loose” couples appear to ex- 
hibit maximum reaction amplitude when free of IF3 
(3,19) show that IF3 has no effect on the relaxation 
process attributed to “loose” couples- This is document- 
ed in tabIe 3. 

Returning to the situation at 2.5 mM Mg2*, we have 
attempted to explain the results in fig. i A and 13 by 
the reaction scheme 141. If it is assumed that K, = K2 
= I O7 M-l, so that K3K4 = 1, then it is predicted 
from eq. (5) that me relative amplitude r is 1.25 
X IO-‘, as shown in the fast Iine of tabb 2, compared 
to 6.54 X 1 O-‘, table 2, line I, for ribosomes at 2-5 
mM Mg2+ in the absence of IF3. This prediction of a 
two-fold increase in amplitude upon addition of 1 copy 
of IF3 is to be contrasted with the experimental find- 
ing of a three-fold decrease in ampIitude (table 1, 
part A), leading to a prediction that the 30s - IF3 
formation constant at 2.5 mM Mg2” is about one 
order of magnitude different from that at 5 mM Mg2”. 

The existence of a 70s l IF3 complex has been sug- 
gested by cross-lirdcing experiments [I 6,203, electro- 
phoretic studies 1173, and inferred from chemical 
modification studies using lactoperoxidase [IS] _ HOW 
these studies, and the inference of a 7OS-IF3 complex 
from our kinetic studies reported here, may be rewn- 



Summary of pressuz~jump experiments at 10 mM Mg2* for the relaxation pr ocess attributed to “COOS?’ couples 
-.._- 

Experiment RNP cont. 
e/1 00 ml) 

moles IF3 

moles FWP 

N=) Amplitude (mV) r (ms) 

1 0.23 0 4 12.6 + 2.5 
0.75 1 15.6 

2 0.5 0 4 11.5 f 1.0 
0.75 10 10.6 i 2.2 

3 0.8 0 5 12.5 2 7.3 
0.75 5 18.2 + 8.2 

4 1.0 0 2 10.3 * 0.9 
0.75 6 13.1 f 1.6 

23.6 * 1.3 
26.3 

26.7 i 7-l 
34.0 2 7.4 

16.1 + 3.7 
19.4 f 1.2 

29.7 = 0.6 
22.8 * 3.8 

a) N is the number of replicate experiments. 

tiled with failures to isolate such a complex using 
sucrose density gradient sedimentation [7-91 re- 
quires some explanation. One of us has shown [ 191 
that, for the experimental conditions used in attempts 
to isolate the 7OS-IF3 complex, an association constant 
of IO7 M-l is required (in the absence of any pressure 
effects) in order to detect complex formation. Thus, 
one only needs to postulate a complex with a forma- 
tion constant lower than this to reconcile the appar- 
ent contradiction. Alternatively, the proposed 7OS- 
IF3 complex might be mere readily dissociated by 
pressure than are 70s ribosomes alone, making it ex- 
tremely difficult to isolate the 7OS-IF3 complex using 
centrifugation. Such an increased sensitivity to pres- 
sure might also account for our observed increases in 
relaxation amplitude at 5 mM Mg2*, although this 
postulate is not necessary to account for our observa- 
tions. While the postulate of a reactive 30SIF3 com- 
plex can account superficially for some of our observ- 
ations, we wish to emphasize that we are unable at 
this point to specify a detailed mechanism of IF3 
action with the data on hzmd. The relaxation times 
shown in figs. 1 and 2 and table 1 are too slow to 
represent elementary, diffusion controlled steps, and 
must represent composite processes. Ir. particular, the 
initial interaction of IF3 with either subunits or ribo- 
somes should occur at a rate near diffusion control, 
but with 90” light-scattering observation, we have 
not monitored this step in the current experiments_ 
Such a step must be included in any detailed mech- 
anism. Further, any proposd mechanism should ac- 
count for the clear Mg2+ dependence observed in the 

experiments reported here. Finally, we have nrt con- 
sidered the efect of our previous fmding that the as- 
sociation of s-Jbunits is a two step procec. iFY may 
react with 7OS* and not 7OS, fol example, leading 
to a considerably more complicated mechanism that 
discussed here. Nevertheless, the postulate of a 
reactive 30SIF3 complex at 5 mM Mg2+ seems G-k- 
escapable from the relaxation amplitude data we 
gave gathered thus far, and must be considered in any 
detailed mechanism that emerges frqm further study. 

4. Summary 

Based on our consideration of relaxation amplitudes, 
we conclude that the 30s. IF3 complex must be reac- 
tive, either reacting directly with the SOS subunit to 

form a 70s - IF3 complex, or acting as a pool of reac- 
tive 30s subunits. Published equilibrium studies are 
intrinsically incapable of distinguishing between these 
pathways, necessitating a kinetic approach to solve 
the problem. However, published kinetic studies report 
only on the effect of IF3 on the ribosome subunit 
equilibrium overall rate constants, and thus may 
neglect the interaction of IF3 with an important ribo- 
somal intermediate. While we have insufficient kinetic 
data at this time to propose a precise mechanism for 
IF3 action, the relaxation kinetic methods we present 
here should offer a fruitful approach to solving the 
problem. 
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ACore added ia pruuf Preliminary experiments indi- 
cate that dilution af a concentrated ribosome stock 
solution at 1 G mM Mg”. into buffer at ZS---5-O mM 
M$+ to form a 0.25% ra%osume solution results in a 
free Mg*+ concentration approximately 20% iuwer 
than that expected from the composition of the buffers 
alone, due to some change in the binding of Mg2+ by 
the ribosome, The presence of IF3 dutig such a dilu- 
lian appears to cause a smaller diminuation of Mg’+ 
relative to ribosome sulutkms without XFX This sh.S”ts 
the values on the abscissa in Gg. 3 to the right, but 
does not qualitatively affect the arguments made in 
this paper. This dilution procedure has also been used 
in other studies [3,23,24] P since dialysis to control 
car&uUy the Mg*” concentration has been found ta 
lead to ‘loose” coupk formation fS724]. 

References 

[It] 3-B. Ck&es, C- Ke, M.-S- Tai. G- Keseks, A_A_ Infante, 

B. Kos%% and T. Coke& Biophys. J. 1.5 (1475) 293a 
[23 J.B. C.&x--m and G. Kegeles, Biophys. Chem, 7 (1977) 

173. 

IS] XL Kaempfex, ia: Itilmsames, ais. M. Nomum, A- 
Tjssiezes and p- Lengyel (Cold Spx@ Harbor monogmpb 
series, Cold SprZng Harbor, KY-. 1974) pp- 679-70% 

161 Bxt- ;Davis, Ibis, pp* -?OS-710. 
[7] S- Sabol, D. Meier and S. Ochoa, Em. J. Bioc%m~ 33 

(1973) 332. 
[S] C- Gualerzi a&i C-L- Pm, BBRC 52 (1973) 792. 
f9] J- Tf6%atit, A. Chestits, D- Victi and F- Gras, Bia- 

cl&r& 54 (1972) 829. 
[lo] I’.. GodefToy-Colbum, A-D_ WOU-~. J- Dondon, M. Gmn- 

besghfamgo, ph. Dessen and D. Parrtatoni, J. hltol. Bid- 
94 CZ975) 46f. 

[X1] N- ZZfxiFg, h%J- h%lXer and A-5. Wabba, 3. Viol. ~CSIL 249 

(X3745 37971 

[15] 3. Weii, J_W_& Ht%hey and S.A. L&son, FEBS Leit. 
87 (1978) x03. 

1161 D-A, Hawley, h1_5_ Miter, LA ?&Aim and A-J. Wahba, 
BBRC 61 (1974) 32% 

[17] A_ T&m, 0. van IXzxekn. M_ Bxmyers. L-hf. Popa 
and L. BCIS&, Eur.. 3. Biochem- 37 (1973) ‘121. 

[IS] C, I%kh&k& B- !%elIs, R_ Cbowdhury and Af. Wahba, 
Eur. J- %G3ehern, S9 (1978) 589, 

1193 J.B. chaires, F?h-D- Thesis, Vtivmsity of Connecticut, 

U.S.A. (1978). 
[20] C. Veneer, 3. Bacm A- Tdens and L. Bosck Eur. 4. 

BTrx&em. $0 (19743 283. 

1233 A_ WU A_ Bauseti, A%_ Gmffe, ph. Desen and 
M, Gmnbex#%nago, f_ Mol. Biol- 93 <X975) 499. 

1243 H- Gkkish. 0-J. Goss aad Lf- l%rtiurst, BZochem 
14 <Z976) 5743. 


