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AN INVESTIGATION OF THE INTERACTION OF AMINOACYL- 

TRANSFER RNA WITH ELONGATION FACTOR Tu USING 

SITE-SPECIFIC FLUORESCENT PROBES

CHAPTER I 

GENERAL INTRODUCTION

The P ro te in  Synthesis System 

The p ro te in  syn thes iz ing  apparatus o f a c e ll is  a very 

com plicated system. Synthesis requ ires ribosomes, messenger RNA 

(mRNA), t ra n s fe r  RNA (tRNA), in i t ia t io n  fa c to rs , e longation 

fa c to rs , te rm in a tion  fa c to rs , and numerous small molecules (e g .— 

nuc leo tid es ). A recent review o f the s tru c tu re  and fu n c tio n  o f these 

components has been pub lished (1 ). Even when we focus on p ro te in  

chain e longa tion , a complicated process is  ev iden t. A schematic 

represen ta tion  o f the minimum number o f steps th a t must be involved 

is  i l lu s t r a te d  in  f ig u re  1 (2 ). In  step 1 an appropria te  aminoacyl- 

tRNA (aa-tRNA) in  a te rn a ry  complex w ith  the non-ribosomal p ro te in  

e longa tion  fa c to r  Tu (EF-Tu) and GTP d iffu se s  to  the A (o r poss ib ly  

re cogn ition  (R) (2 ,3 ) )  s ite  on the ribosome where the anticodon o f 

the tRNA hydrogen bonds to  the codon o f the mRNA. In step 2 

re cogn ition  o f the proper aa-tRNA re s u lts  in  GTP h yd ro lys is , and EF- 

Tu'GDP then leaves the ribosome. The aminoacyl term inus o f the aa-

1



Figure 1. Diagram o f the steps invo lved in  p ro te in  chain

e longa tion  o f the ribosome. This represents the 

minimum number o f steps necessary fo r  a s in g le  

aa-tRNA molecule to  cyc le  on and o f f  the ribosome. 

(A bbrev ia tions: PEP, pep tide ; AA, amino a c id ; Tu, 

E longation Factor Tu; Ts, E longation Factor Ts;

GTP, guanos ine-5 '-triphospha te ; GDP, guanosine- 

5 '-d iphosphate; ATP, adenos ine-5 '-triphospha te ;

AMP, adenosine-5 '-monophosphate; EF-G, E longation 

Factor G; Syn, s p e c if ic  ami noacyl-tRNA synthetase.) 

(A f te r  Johnson, e t a l ,  re f.  2)
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tRNA in  the A s ite  w i l l  now be in  p o s it io n  fo r  tra n sp e p tid a tio n  

which w i l l  occur spontaneously in  step 3. In  step 4 e longation 

fa c to r  G ca ta lyzes tra n s lo c a tio n  o f the newly-formed peptidyl-tRNA 

from the A s ite  to  the P s ite .  GTP is  a lso hydrolyzed in  th is  step, 

and the deacylated tRNA i n i t i a l l y  in  the P s ite  is  e jected  from the 

ribosome. For the tRNA now in  the P s ite  to  cycle  o f f  the ribosome, 

th is  se ries  o f steps must be repeated fo llo w in g  re co g n itio n  o f a 

second aa-tRNA. As noted e a r l ie r ,  th is  is  the minimum number o f 

steps necessary to  complete one cyc le . There may be others as w e ll. 

Step 4 , fo r  example, is  accomplished in  stages (4 ) .  A complete 

understanding o f th is  process w i l l  requ ire  an understanding o f each 

o f the in d iv id u a l steps in  the cyc le .

E longation Factor Tu 

EF-Tu is  the most abundant p ro te in  found in  E. c o l i . 

Estimates fo r  E. c o l i B in d ica te  th a t i t  may comprise as much as 6% 

o f the to ta l c e l l p ro te in  (5 ). This fa c t  alone suggests th a t th is  

p ro te in  must perform an im portant fu n c tio n . The p ro te in  is  known to  

ca ta lyze  p ro te in  synthesis ( 6 ) . How i t  performs th is  fu n c tio n  is  

not understood. Some p o s s ib i l i t ie s  fo r  the prim ary fu n c tio n  o f EF- 

Tu inc lude  (7 ,8 ) :

1) I t  may in te ra c t  w ith  the ribosome to  f a c i l i t a t e  b ind ing  o f aa- 

tRNA to  the ribosome.

2) I t  may cause the aa-tRNA to  adopt a p a r t ic u la r ,  uniform  

conform ation p r io r  to  re cogn ition .
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3) I t  may cause conform ational changes in  the ribosome necessary 

fo r  re co g n itio n  o r pep tide  bond form ation .

4) I t  may employ a combination o f these and o ther as y e t 

undetermined mechanisms.

I t  has a lso been suggested th a t EF-Tu prevents premature peptide 

bond fo rm ation  by ho ld ing  the  amino acid in  an unreactive  p o s itio n  

(8).

The aa-tRNA'EF-Tu'GTP Ternary Complex

Topologica l s tud ies o f the te rn a ry  complex. As noted, EF-Tu ca rrie s  

out i t s  prim ary fu n c tio n  in  p ro te in  synthesis as p a rt o f  a te rn a ry  

complex w ith  aa-tRNA and GTP. The three-d im ensional s tru c tu re  o f 

th is  complex has not been determined, although a number o f 

la b o ra to rie s  throughout the world have been in v e s tig a tin g  th is  

problem. The reason th a t  th is  is  an im portant question to  answer is  

th a t i f  the s tru c tu re  is  determ ined, in s ig h t w i l l  be gained in to  

what pa rts  o f the aa-tRNA, EF-Tu, or both are a va ila b le  to  in te ra c t  

w ith  ribosomal components.

One way to  determine the s tru c tu re  would be to  use x -ra y  

c rys ta llo g ra p h y . U n fo rtuna te ly , attempts to  c r y s ta l l iz e  the complex 

have been unsuccessful due to  the non-covalent nature o f the 

in te ra c t io n  between the aa-tRNA and the EF-Tu. The te rn a ry  complex 

d issoc ia tes  in  the so lvents used to  date fo r  c r y s ta l l iz a t io n .  As a 

re s u lt ,  in v e s tig a tio n s  o f the three-d im ensional topology o f the 

te rn a ry  complex have focused upon so lu tio n  s tud ies. Ternary
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complex s tru c tu re  has been examined by the a b i l i t y  o f EF-Tu'GTP to  

p ro te c t aa-tRNA from ribonuclease degradation (9 ,1 0 , Wilkman, e t 

a l , personal comm.), by low-angle x -ra y  s c a tte r in g  ( 1 1 ) ,  and by 

kethoxal reac tion  w ith  s in g le -s tra n d  regions o f the aa-tRNA 

(Bertram and Wagner, personal comm.). The low-angle x -ra y  

s c a tte r in g  technique is  o f lim ite d  usefu lness, since i t  only 

provides a general idea o f the re la t iv e  mass d is t r ib u t io n  

(asymmetry) o f the complex. And a t p resent, the re  is  a g rea t deal 

o f disagreement between authors using enzymatic and chemical 

m o d ifica tio n  techniques as to  what parts  o f the aa-tRNA in te ra c t  

d ire c t ly  w ith  the EF-Tu and what parts  do not.

Several d i f fe re n t  experimental approaches have shown th a t 

the EF-Tu in te ra c ts  w ith  the aminoacyl term inus o f the aa-tRNA. 

A lk a lin e  hyd ro lys is  o f  the aminoacyl es te r bond o f the aa-tRNA is  

g re a tly  retarded when the complex is  formed (12 ,13). A lso , EF-Tu 

binds much more s tro n g ly  to  aa-tRNA than to  peptidy l-tR N A , 

unacylated tRNA, o r some aa-tRNAs m odified a t th e ir  aminoacyl 

te rm in i (reviewed in  14). In  a d d it io n , s tud ies  using norm ally 

ami noacylated tRNAs w ith  d i f fe re n t  types o f s ide cha ins, 

m isacylated tRNAs, o r a mutant suppressor tRNA which can be 

ami noacylated w ith  e ith e r  glutam ine or tryptophan show th a t  the 

e ff ic ie n c y  o f te rn a ry  complex form ation is  s e n s it iv e  to  the amino 

acide side chain (15-17). Analogs o f  the 3 ' term inus have been 

shown to  complex weakly w ith  EF-Tu'GTP (18 ,19 ). The high e f f ic ie n c y  

o f a f f in i t y  la b e lin g  o f EF-Tu'GTP using N^-brom oacetyl-lysine-tRNA 

is  fu r th e r  in d ic a tio n  o f a d ire c t  in te ra c t io n  between the p ro te in
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and the aminoacyl term inus (20). F in a lly ,  the C-C-A end o f the aa- 

tRNA has been shown to  be pro tected from nuclease d ig e s tio n  when in  

the presence o f EF-Tu'GTP (9 ).

Presumably, the anticodon w i l l  be uncovered and fre e  to  

"read" the mRNA on the ribosome. This is  supported by the fa c t  th a t 

te rn a ry  complex fo rm ation does not prevent dimer fo rm ation  between 

tRNAs w ith  complementary anticodons (21). A lso , the attachment o f 

bu lky probes in  th is  region does not prevent te rn a ry  complex 

fo rm ation  (22-24).

The actua l ex ten t o f d ire c t  in te ra c t io n  along the 

aminoacyl acceptor stem and in  the corner reg ion o f the aa-tRNA has 

not been determined. Even in v e s tig a to rs  u t i l iz in g  s im ila r  

techniques (eg .--enzym atic  degradation (9 ,10 , Wilkman, e t 

personal comm.)) are in  disagreement on th is  question. What is  

needed is  a non -des truc tive  approach to  avoid am bigu ities caused by 

a lte ra t io n  o f the complex s tru c tu re  during  the course o f the 

experimental procedure.

Conformational changes upon te rn a ry  complex fo rm a tion . The frequency 

o f e rro rs  in  the p ro te in  synthesis system has been estim ated to  be 

one wrong amino ac id  per every 3,000 incorporated (25). This is  

much lower than should be expected from the b ind ing  th a t 

characte rizes codon/anti codon in te ra c tio n s  (26 ). Several theo rie s  

as to  how th is  accuracy is  achieved have been form ulated. They 

inc lude  such ideas as thermodynamic d is c rim in a tio n  on the basis o f 

d if fe re n t  assoc ia tion  constants between c o rre c t and in c o rre c t
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codon/anticodon p a irs  (27 ). A second theory  is  th a t GTP hydro lys is  

creates a h igh-energy in te rm ed ia te  s ta te  a llow ing  fo r  a second 

check during  re c o g n itio n  (28). This is  re fe rre d  to  as k in e t ic  

p roo fread ing . F in a lly ,  the re  is  the proposal o f  Kurland, e t 

(2 9 ), th a t the in te ra c t io n  between a codon and i t s  cognate a n ti codon 

causes a conform ational change in  the aa-tRNA which fa c i l i t a te s  

subsequent in te ra c t io n s  w ith  the ribosome during  the recogn ition  

process.

A p o s s ib i l i t y  th a t  is  co n s is te n t w ith  each o f the above 

hypotheses is  th a t the aa-tRNA conform ation is  regu la ted by EF- 

Tu'GTP. S p e c if ic a lly ,  the assoc ia tion  w ith  EF-Tu'GTP may 

c o n s titu te  a mechanism o f  assuring th a t every aa-tRNA begins the 

re co g n itio n  process in  the same conform ation. This conformation 

could be a high-energy conform ation, and re la x a tio n  to  a lower 

energy form may power some o r a l l  o f the re co g n itio n  process, as 

suggested by Kurland, e t a% (29). I f  te rn a ry  complex form ation does 

requ ire  a s p e c if ic  aa-tRNA conform ation, one m ight expect to  

observe conform ational changes in  the aa-tRNA when i t  associates 

w ith  EF-Tu'GTP. Spin la b e ls  attached to  bases in  the anticodon loop 

o f aa-tRNA are s e n s it iv e  to  te rn a ry  complex fo rm ation  (22 ,23). This 

has been in te rp re te d  as the  re s u lt  o f  a conform ation change. I t  is ,  

however, conceivable th a t  the increased ro ta t io n a l c o r re la t io n  

times o f the sp in la be ls  re su lte d  la rg e ly  (o r  on ly ) from an increase 

in  the s ize  o f the p a r t ic le  upon assoc ia tion  o f the p ro te in  and 

nu c le ic  ac id . Other s tud ies  using NMR (3 0 ), t r i t iu m  exchange (31 ), 

and o lig o n u c le o tid e  b ind ing  (32) gave no in d ic a tio n  o f a gross
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change in  aa-tRNA conform ation. However, small changes 

undetectable by these methods could not be ru led  out.

The Use o f S ite -S p e c ific  F luorescent Probes to  
In ve s tig a te  the aa-tRNA'EF-Tu’ GTP Complex

Our understanding o f how aa-tRNA in te ra c ts  w ith  EF-Tu'GTP

has been in h ib ite d  by the l im ita t io n s  o f the techniques used to

study the complex. What is  needed is  a nondestructive  technique

which w i l l  e lim in a te  the am bigu ities in he ren t in  those techniques

which a l te r  the chemical s tru c tu re  o f the aa-tRNA during  the course

o f the in v e s tig a t io n . Because fluorescence is  very s e n s itiv e  to  the

lo ca l environment and requ ires no a lte ra t io n  o f s tru c tu re  during

the course o f an experiment, the use o f s ite - s p e c if ic  fluorescence

probes c o n s titu te s  such a method. The method can be used to  study

both problems (topo logy and conform ation) o u tlin e d  above.

In  p ra c t ic a l terms, we des ire  to  use a technique which

would enable us to  examine various aspects o f te rn a ry  complex

s tru c tu re . Among the unknowns we would l ik e  to  know are the

fo llo w in g :

1) What is  the i n i t i a l  conform ation o f the complex and/or aa- 

tRNA?

2) What, i f  any, conform ational changes are ta k in g  place?

3) How la rge  are these changes?

4) Do they requ ire  energy input?

5) When do the conform ational changes take place?
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6 ) How are these changes re la te d  to  the various fu n c tio n a l s ta tes 

o f the complex?

7) What is  the f in a l conformation and how is  i t  re la ted  to  the

in i t i a l  one? (For example, is  the f in a l conformation o f the

tRNA such th a t i t  can be recycled?)

By m on ito ring  the fluorescence c h a ra c te r is t ic s  o f a s ite -s p e c if ic  

flu o re sce n t probe in  the area o f in te re s t ,  in s ig h ts  in to  a l l  o f 

these questions can be obtained.

In  order fo r  a fluo resce n t probe to  be o f use, two c r i t e r ia  

must be met:

1) The dye must not destroy b io lo g ic a l fu n c tio n . This is

im portant since the fu n c tio n  o f a macromolecule is  

in e x tr ic a b ly  in te r re la te d  w ith  i t s  s tru c tu re . Loss o f

b io lo g ic a l fu n c tio n  s tro n g ly  suggests th a t s tru c tu re  has been 

a lte re d .

2) The dye must be se n s itiv e  to  s tru c tu ra l changes in  the area o f 

in te re s t  w ith in  the molecule or macromolecular complex.

In  a d d it io n , determ ination o f the exact p o s itio n  o f the dye, w h ile  

not com plete ly necessary, is  useful i f  maximum in fo rm ation  is  to  be 

gai ned.

In  studies in v o lv in g  tRNAs, several types o f these s ite -  

s p e c if ic  fluo resce n t probes have been u t i l iz e d .  The fluorescence 

o f a na tu ra l base in  yeast tRNA^^®, Y base, has been ex tens ive ly  

s tud ied (12,33-35). A second type o f probe is  one which has been 

c o va le n tly  attached a t a c e r ta in  p o in t on the tRNA by reac tion  w ith  

c e r ta in  unusual bases or bases th a t have been chem ically m odified to  

make them re a c tive  (36-40).
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A th ir d  type is  a chromophore which w i l l  form a t ig h t ,  non- 

cova len t complex a t a s p e c if ic  p o s it io n . Ethidium , fo r  example, 

binds s tro n g ly  to  a s in g le  s ite  on the tRNA molecule. However, the 

non-covalent nature o f the in te ra c t io n  makes determ ination o f the 

exact lo c a tio n  o f the s ite  d i f f i c u l t .  This question has been 

in ve s tig a te d  p r im a r ily  by NMR (41) and x -ra y  c rys ta llo g ra p h y  (42) 

and has not been resolved. Further in v e s tig a tio n s  using 

fluorescence energy tra n s fe r  (43) and nuclease d ig e s tio n  (44) have 

fa i le d  to  c le a r up the p ic tu re . This question w i l l  be discussed in  

g rea te r d e ta il in  chapter VI.

The fluorescence o f a chromophore can be monitored in  

several ways:

1) Energy tra n s fe r  between two appropria te  chromophores can be 

used to  measure the d istance between them (2 ,40 ,43 ,45 ).

2) A v a r ia t io n  in  fluorescence in te n s ity  can be monitored. Such a

change may be due to  e ith e r  a change in  the molar e x t in c t io n

c o e f f ic ie n t  (€ ) o f the dye o r to  a change in  the quantum y ie ld  

(photons em itted/photons absorbed). This is  s t r ik in g ly  

i l lu s t r a te d  by the b ind ing o f eth id ium  (E t) to  n uc le ic  acids. 

Upon b ind ing  the fluorescence in te n s ity  w i l l  increase on the 

order o f  2 0 -fo ld  (46). A s im ila r  phenomenon is  observed when 

l - a n i l in o - 8 -naphtha lenesulfonate (ANS) binds to  p ro te in  (47).

3) A s h i f t  in  the wavelength o f maximum e x c ita t io n  and em ission,

along w ith  quantum y ie ld  changes, can g ive clues as to  the  type

o f environment in  which the dye is  located (e g .—p o la r o r non­

p o la r)  (46 ,47).
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4) A c c e s s ib il i ty  o f  the chromophore to  the so lven t can be

determined by the a b i l i t y  o f  a so lu te  to  c o l l is io n a l ly  quench

the fluorescence (48).

General Research O b jective  

The purpose o f th is  research p ro je c t was to  study the 

corner reg ion o f the aa-tRNA during i t s  in te ra c t io n  w ith  EF-Tu'GTP. 

Two s ite - s p e c if ic  flu o re sce n t probes were u t i l iz e d :

1) A f lu o re s c e in  moiety was c o v a le n tly  bound to  the 4 - th io -

u r id in e  (s^U) base o f E. c o l i  phenyla lan ine tRNA (tRNA^^®) 

(40).

2) Ethidium was non -cova len tly  complexed w ith  u n frac tiona ted  E.

c o l i  tRNA.

With the f i r s t  probe, fluorescence in te n s ity  was monitored fo r  both 

complexed and uncompleted aa-tRNA in  the presence and absence o f 

c o l l is io n a l quenchers. In  the case o f E t, the a b i l i t y  o f th is  dye to  

bind to  complexed and uncomplexed aa-tRNA was in v e s tig a te d  by 

observing changes in  the fluorescence in te n s ity  o f the dye.

Although the p ro je c t was o r ig in a l ly  designed to  

in v e s tig a te  the topology o f the te rn a ry  complex, we were aware th a t 

the probes m ight a lso  de tec t conform ational changes w ith in  the aa- 

tRNA. I f  such a change could be detected, th is  would represent an 

im portant f in d in g . I t  cou ld , fo r  ins tance , help us to  exp la in  how 

the EF-Tu c a rr ie s  out i t s  fu n c tio n  o f promoting the accurate 

re co g n itio n  o f the aa-tRNA fo r  the b ind ing  s ite  on the ribosome.



CHAPTER I I

CHARACTERIZATION OF FLUORESCENT-LABELED tRNAs 

In tro d u c tio n

In  order to  in v e s tig a te  the in te ra c t io n  o f aa-tRNA w ith  

EF-Tu’ GTP, a f lu o re sce n t- la b e le d  tRNA was requ ired . F luoresce in- 

labeled E. c o l i tRNA^^^ and AEDANS-labeled tRNA^®^ were prepared by 

reac tion  w ith  5-iodoacetam idofluoresce in  and 5 -(2 -(2 -  

iodoace tam ido)e thy lam ino )-l-naph tha lenesu lfon ic  ac id  (lAEDANS) 

re s p e c tiv e ly . Procedures fo r  the synthesis and p u r if ic a t io n  o f 

these flu o re sce n t tRNAs have been published (40). The re s u lta n t 

m odified tRNAs were expected to  have f lu o re s c e in  or AEDANS
4

co v a le n tly  attached a t the 4 - th io u r id in e g  (s Ug) p o s it io n . 

However, in  order fo r  the new tRNAs to  be o f use in  fu r th e r  

in v e s tig a t io n s , the p o s it io n  o f the labe l had to  be determined. 

A lso, i t  was necessary to  determine i f  more than one s ite  on the 

tRNA had been labeled.

The la b e lin g  reac tion  employs a n u c le o p h ilic  a tta ck  on a 

prim ary a lk y l h a lid e  (49). Both o f these tRNAs have two s ite s  a t 

which such a reac tion  is  l i k e ly  to  occur (49). The l ik e ly  ta rg e ts
4

are the s U base a t p o s itio n  8  on both tRNAs and the pseudouridine
P h@base a t p o s itio n s  32, 39, and 55 on tRNA o r a t p o s it io n  56 on

13
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tRNA^^^ (see f ig u re  2 ). The much b e tte r  nuc leoph ile  o f  the two 

(s^U) would be expected to  have the fa s te s t reac tion  ra te . In the 

th ree  dimensional conformation o f the tRNA, th is  base is  located in  

the corner reg ion o f the L-shaped molecule. The c ry s ta l s tru c tu re
P Ka

o f yeast tRNA is  p ic tu re d  in  f ig u re  3.

Only the tRNA^^^-fluoresce in was u t i l iz e d  fo r  studies 

reported in  th is  th e s is . The tRNA^^^-AEDANS was used in  studies 

in v o lv in g  energy tra n s fe r  to  the tRNA^^^-F when the two tRNAs were 

located a t adjacent s ite s  on the ribosome (40). In  th is  chapter the 

re s u lts  o f experiments done to  cha racte rize  both o f these tRNAs are 

reported.



Figure 2. The c l o ve rle a f s tru c tu re s  o f tRNA^^^ and tRNA^^^.

Figure 2A shows the 2-dimensional s tru c tu re  fo r  E. 

c o l i  tRNA^^^ (U z ie l and Gassen, Réf. 50). F igure 2B 

is  the secondary s tru c tu re  o f E. c o l i tRNA^^^. (Dube, 

e t a l ,  ré f .  51)
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Figure 3. The three-d im ensional conformation o f tRNA. This

f ig u re  represents the three-d im ensional conformation 
Phso f yeast tRNA as determined by x -ra y  c rys ta llog ra phy , 

( a f te r  Rich and Kim, re f .  52).
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Experimental

Preparation and p u r if ic a t io n  o f flu o re sce n t- la b e le d  tRNAs. P u rif ie d  

E. c o l i tRNA^^^ (Plenum S c ie n t if ic )  and tRNA^®^ (Oak Ridge) were 

reacted w ith  5-iodoacetam idofluorescein (lAAF) or rad io ac tive  

5 -(2 -(2 -iodoace tam ido )e thy lam ino )-l-naph tha lenesu lfon ic  acid (1 ,5 - lAEDANS) 

re sp e c tive ly . Fluorescent species from both reacted tRNAs were sub­

sequently p u r if ie d  by reverse-phase anion exchange chromatography over 

RPC-5 res in . The procedures fo r  th is  reaction  and p u r if ic a t io n  were done 

in  accordance w ith  p rev ious ly  published procedures (40).

Separation o f fluo resce n t reagents and nucleosides. A v a r ie ty  o f so lvent 

cond itions were tested fo r  th e ir  a b i l i t ie s  to  separate s^U, , lAAF, and 

lAEDANS by th in - la y e r  chromatography (TLC). S i l ic a  gel p la tes  (Analtech 

GHLF, pre-scored a n a ly tic a l TLC p la te s , 250 microns th ickness) were pre­

developed one time in  methanol and d ried  fo r  30 mins. in  a i r  a t room 

temperature. The p u r if ie d  nucleosides o f s^U (Sigma) and (Sigma) were 

d isso lved in  d is t i l le d  Ĥ O to  a concentra tion o f 0.15M. The fluo resce n t 

reagents were d isso lved to  sa tu ra tio n  in  d is t i l le d  HgO. Samples were 

spotted onto the prewashed TLC p la tes  one cm above the bottom o f the 

p la te , t y p ic a l ly  in  volumes o f 2 m ic ro ! ite rs .  Spotting  was done by adding 

0.5 m ic ro lite rs  o f sample a t a time w ith  an Eppendorf p ip e t and d ry ing  in  

a stream o f N  ̂ u n t i l  the complete sample had been added to  the TLC p la te . 

Separate samples were a t le a s t one cm apart. The above procedure was done 

under cond itions o f reduced l ig h t in g  in  order to  avoid photodegradation o f 

the samples. Spotted p la tes  were developed as soon as possib le  in  500 ml 

beakers con ta in ing  20 ml o f the so lvent to  be tes ted . The beaker was
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covered w ith  aluminum f o i l  both to  m ainta in vapor s a tu ra tio n  w ith in  the 

con ta ine r and to  prevent photodegradation o f the samples w h ile  they were 

being chromatographed. values were determined by measuring the 

d istance from the center o f the o r ig in  to  the leading edge o f the sample 

spot.

Preparation o f dye-nucleoside marker adducts. P u r if ie d  nucleosides 

o f s^U and ^  were reacted w ith  both lAAF and lAEDANS under conditons 

s im ila r  to  those p rev io us ly  described fo r  s im ila r  adduct p repara tion  

(53 ). The s^U reactions (30°C, 30 m in .) were done in  a f in a l volume o f 100 

m ic ro lite rs  con ta in ing  1 mg o f e ith e r  lAAF or lAEDANS, 60% (v /v )  methanol, 

SOmM phosphate b u ffe r  (pH7.4), and ISmM s^U. For the reactions f in a l 

volume was again 100 m ic ro lite rs  and contained 1 mg o f flu o re sce n t 

reagent, 65% (v /v )  methanol, lOmM carbonate b u ffe r  (pH9.0), and 15mM 

These reac tion  m ixtures were incubated a t 60°C fo r  15 hours in  o rder to  

get a s ig n if ic a n t  y ie ld  o f the products. A l l reactions were ca rr ie d  out 

in  the dark in  order to  avoid photodegradation o f e ith e r  the reactan ts  or 

the products.

P u r if ic a t io n  o f dye-nucleoside marker adducts. The above reac tion  

m ixtures were evaporated to  dryness in  a stream o f N  ̂ and then resuspended 

in  100 m ic ro lite rs  o f  d is t i l le d  HgO. Sample prepara tions were streaked 

(by app ly ing  as spots very c lose toge ther 1 cm above the bottom o f the 

p la te )  onto TLC p la tes  (Analtech GHLF, prescored a n a ly t ic a l TLC p la te s , 

250 microns th ickness). P lates were broken so th a t each p repa ra tion  was 

developed on a double (3 "x4 ") p la te . Sample was app lied  in  2 m ic ro l i te r  

a liq u o ts  w ith  an Eppendorf p ip e t and d ried  in  a stream o f Ng. T y p ic a lly ,
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i t  was necessary to  develop two such p la tes  in  o rder to  p u r ify  the adduct 

from the e n t ire  100 m ic ro l i te r  sample.

Optimal separa tion so lvents were id e n t i f ie d  by sp o ttin g  p la tes  

w ith  both the nucleoside and the flu o re sce n t reagent used in  the 

p a r t ic u la r  re a c tio n , as w e ll as 2 m ic ro li te rs  from the reac tion  

suspension, and developing the p la te s  w ith  a v a r ie ty  o f so lven ts . The 

o b je c tiv e  was to  ob ta in  the best separa tion o f  the adduct from the 

reactan ts  (see ta b le  1 ), and hence ob ta in  a pure adduct using a s in g le  

so lven t system. Adducts were loca ted by v is ib le  d e te c tio n  o f a new 

flu o re sce n t spot (e x c ite d  by long-wave UV using a M in e ra lig h t UVSL-25 

f lu o re sce n t lamp). A ssocia tion  o f the fluorescence w ith  UV absorbance 

(expected from the nucleoside) was tes ted  v is u a lly  by sh in ing  short-wave 

UV l ig h t  on the flu o re s c e n t TLC p la te  and look ing  fo r  a dark spot 

co inc id en t w ith  the new flu o re sce n t spot.

Once a so lven t system had been decided upon the streaked p la tes  

were developed. The p u ta tiv e  adduct ( lo ca ted  as above) was scraped o f f  

the p la te  in to  a 13x100 mm assay tube w ith  a razo r blade. The new compound 

was e lu te d  o f f  the s i l i c a  gel and in to  100% ethanol by v igorous vo rte x ing . 

S i l ic a  gel p a r t ic le s  were allowed to  s e t t le  out and the ethanol was 

removed c a re fu lly  w ith  a pasteur p ip e t. The e lu te d  sample was evaporated 

to  dryness in  a stream o f and resuspended in  1 ml o f  d is t i l l e d  H^O.

C ha ra c te riza tion  o f dye-nucleoside adducts. The adducts p u r if ie d  above 

were characte rized  by measuring th e ir  absorbances from 530-220 nm in  O.IM 

phosphate b u ffe r  (pH7.0) a t 25°C. In  a d d it io n , f o r  the s^U re a c tio n s , the 

course o f the re a c tio n  was monitored by absorbance scans o f samples 

removed from the re a c tio n  m ixture  a t p a r t ic u la r  tim e in te rv a ls .
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F luorescent-labe led  tRNA ch a ra c te r iz a tio n s . F luorescent-labe led  tRNAs 

were com plete ly d igested to  th e ir  nucleoside components by a s l ig h t  

m od ifica ton  o f a pub lished procedure (54). D igestion incubations (20 

m ic ro li te rs ,  22 hours, 37°C) contained: 1 microgram ribonuclease

(Sigma); 40 micrograms ribonuclease A (Grand Is land  B io lo g ic a l) ;  4 

micrograms snake venom phosphodiesterase (W orth ing ton); 3.5 micrograms 

a lk a lin e  phosphatase (Sigma); 0.6 micromoles b ic in e  (pHS.O); 0.2
3

micromoles magnesium ace ta te ; and 0 .2 -0 .3  Aggg u n its  o f [ H]AEDANS- 

labeled tRNA^^^ o r 0.05 Aggg u n its  o f f lu o re sce in -la b e le d  tRNA^*^®. 

P reparation o f the reac tion  mix and the degradation i t s e l f  were done under 

cond itions o f reduced l ig h t in g  to  avoid photodegradaton o f the tRNAs or 

fluo resce n t dyes. In  the case o f the AEDANS-labeled tRNA, the incubation 

was done under N  ̂ in  a capped microfuge tube to  prevent decompositon o f 

the flu o re sce n t dye. A fte r  d ig e s tio n  the m ixture was d ried  in  a stream o f 

Ng, resuspended in  2 m ic ro lite rs  o f d is t i l le d  HgO, and analyzed by s i l ic a  

gel TLC using the p rev ious ly -described  dye-nucleoside adducts as markers. 

The same TLC procedures were employed as described fo r  marker 

p u r if ic a t io n .  F luo resce in -con ta in ing  spots and nucleoside-AEDANS markers
3

were located v is u a lly  by e x c ita t io n  w ith  long-wave UV l ig h t .  [ H]AEDANS-
Mg+

labeled spots from the tRNA^ d igestions were located by scraping 2 mm 

wide sections o f the TLC p la tes  in to  s c in t i l la t io n  v ia ls .  To each v ia l 

was added 0.4 ml o f  d is t i l le d  Ĥ O and 4 ml o f T r ito n -c o n ta in in g  

s c in t i l la t io n  c o c k ta il (55 ). The samples were counted on a Beckman LS-lOO 

l iq u id  s c in t i l la t io n  counter.

Analysis o f the flu o re sce n t- la b e le d  tRNAs by TLC was ca rrie d  out 

in  those so lven t systems which were found to  best separate the p e rtin e n t 

marker adducts fo r  the s p e c if ic  tRNA being analyzed (see ta b le  2).
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Results

Separation o f dye-nucleoside adducts from re a c ta n ts . P u r if ic a t io n  

o f the dye-nucleoside adducts from the reactions o f s^U o r ^ w i t h  

e ith e r  lAAF or lAEDANS was accomplished by the TLC method described 

in  the experimental sec tion . Table 1 shows the TLC values o f 

these components in  various so lven ts . The so lven t systems 

even tua lly  chosen fo r  the p u r if ic a t io n  o f p repa ra tive  samples o f 

the adducts o r fo r  f lu o re s c e n t tRNA ch a ra c te r iz a tio n  are marked 

( * ) .  P u r if ic a t io n  o f s^U-F in  so lven t number 4 (from  ta b le  1) 

requ ired  th a t the TLC p la te  be developed a t le a s t 5 times in  order 

to  move the adduct away from the o r ig in .  Table 2 l i s t s  R^ values 

obtained fo r  p e r t in e n t compounds in  those so lvents  used fo r  

p repa ra tive  p u r if ic a t io n .

C h a rac te riza tion  o f dye-nucleoside adducts. The fo llo w in g  absorbance 

maxima were expected fo r  the various nucleosides and flu o re sce n t 

dyes: s^U = 331 nm, =  262 nm, flu o re s c e in  = 490 nm, AEDANS = 337 

nm. Absorbance scans o f a l l  o f  the p u r if ie d  adducts showed them to

have a l l  o f the expected maxima o f both dye and nucleoside. In  the

4 4cases o f the s U adducts, the absorbance maximum fo r  s U was shown

to  s h i f t  from 331 nm to  315 nm. This is  co n s is te n t w ith  p re v io u s ly

published repo rts  (53 ). An attem pt was made to  c a lc u la te  the number

o f dye molecules per molecule o f nucleoside by comparing the molar

e x t in c t io n  c o e ff ic ie n ts  a t the maxima. In  a l l  cases there  appeared

to  be s l ig h t ly  more than one dye per nucleoside molecule probably

because the € o f the dye, the nucleoside, o r both changed upon

reac tion .



Table 1, T h in -la ye r chromatography values fo r  bases, dyes, and th e ir

conjugates in  various so lven t systems. (A bbrev ia tions: s^U,

4 - th io u r id in e ;  U'", pseudourid ine; F, f lu o re s c e in ; A, AEDANS;

4 4s U-F, adduct o f 4 - th io u r id in e  and flu o re s c e in ; s U-A, adduct
ro

o f 4 - th io u r id in e  and AEDANS; (f/-F , adduct o f pseudouridine and 

f lu o re s c e in ; U^-A, adduct o f pseudouridine and AEDANS; NT, not 

te s te d .)



values

Solvent system A F A
s^U
-F

s^U
-A lU -F

1. Chloroform:methanol ( 85 : 15 ) .56 .21 .38 .11 NT NT NT .69

2. 100% ethanol .77 .68 .74 .69 NT NT NT NT

3. Benzene:ethyl a ce ta te :a c e tic  ac id  
( 32 : 37 : 5 )

.15 0 .62 0 NT NT NT NT

4. ^B enzene:pyrid ine :acetic  acid: 
ethanol ( 16 : 6 : 1 : 5 )

.77 .40 .82 0 NT NT .58 NT

5. *B enzene :pyrid ine :ace tic  ac id : 
ethanol ( 65 : 25 : 4 : 6 )

.57 .25 .66 NT .33 NT .18 NT

6. Ethyl acetate:methanol : H„0: 
ammonia ( 10 : 2 : 1 : 1 )

.15 .09 .12 .32 NT NT NT NT

7. *Upper phase n -bu tano l: a c e tic  acid: 
HgO ( 4 : 1 : 5 )

.72 .41 .96 .61 NT .38 NT .20

8. * Is o b u ty r ic  acid:ammonia:H„0 
( 66 : 1 : 33 )

.70 .54 .94 .57 NT NT NT .45

9. Benzene:ethyl a ce ta te :a c e tic  acid: 
ethanol ( 32 : 37 : 5 : 3 )

.43 0 .74 .07 NT NT NT NT

10. Isopropanol : HCl:H„0 
( 70 : 15 ; 15 ) ^

1 1 1 1 NT NT NT NT

11. n -bu tano l: ethanol : H„0 
( 50 : 17 : 35 ) ^

.71 .52 .75 .75 NT NT NT NT

12. ^Benzene:ethyl a ce ta te :a c e tic  acid .20 0 .75 0 0 NT NT NT

no

( 32 : 36 : 7 )



Table 2. values obtained in  so lven t systems used to  p u r ify  samples

o f dye-nucleoside adducts.
ro
cr>



Solvent System Compound Rf

1. Upper phase n -bu tano l: a ce tic s^U-AEDANS 0.38

acidzHgO ( 4 : 1 : 5 ) s^U 0.72

lAEDANS 0.61

2. Is o b u ty ric  acid:ammonia:HgO tP-AEDANS 0.45

( 66 : 1 : 33 ) # 0.54

lAEDANS 0.57

3. Benzene:ethyl a ce ta te :a c e tic sV f 0

acid ( 32 : 36 : 7 ) s^U 0.20

lAAF 0.75

4. Benzene :pyrid ine :ace tic  ac id : # -F 0.58

ethanol ( 16 : 6 : 1 : 5 ) Mr 0.40

lAAF 0.82

ro
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P u r if ie d  adducts were subjected to  TLC in  a l l  o f the 

so lvents l is te d  in  ta b le  1 in  order to  see whether the fluorescence 

and UV absorbance (determ ined v is u a lly  by sh in ing  short-wave UV on 

the flu o re sce n t p la te )  co incided. The fluorescence and UV 

absorbance was not separated in  any o f the so lvents which in d ica tes  

th a t  the flu o re sce n t dye and UV-absorbing base were co va le n tly  

lin k e d . No im p u r itie s  were observed in  any o f the samples. Hence, 

we conclude th a t we have synthesized and p u r if ie d  the desired 

adducts.

F luo rescen t-labe led  tRNA C h a ra c te riza tio n s . RPC-5 anion exchange 

chromatographic e lu tio n  p ro f i le s  fo r  both flu o re sce in -re a c te d  

tRNA^^^ and AEDANS-reacted tRNA^^^ have been published (40). 

F luo resce in -labe led  tRNA^^^ e lu ted  as a s in g le  peak. I t  had an 

^260^^495 ra t io  o f 12.3 in d ic a tin g  one dye per tRNA molecule (40). 

This tRNA was t o ta l ly  d igested and analyzed using the procedure 

described in  the experimental section  o f th is  chapter. On th in -  

la y e r chromatography using so lven t number 5 (see ta b le  1) 

in spec tion  of- the p la te  showed th a t the fluorescence o f the digested
4

tRNA sample m igrated as a s in g le  spot and had the same R  ̂ as the s U 

marker adduct. Even when the Aggg o f the d ig e s tio n  incubation  was 

increased 5 - fo ld  to  maximize the chances o f observing o ther 

f lu o re s c e n t species, none could be detected. A con tro l in  which TLC 

was c a rr ie d  out on undigested flu o re sce n t tRNA showed th a t  a l l  

fluorescence remained a t the o r ig in .  S ubjection o f the marker 

adduct to  the d ig e s tio n  procedure d id  not a l te r  i t s  R  ̂ value. Thus, 

th is  tRNA is  labeled w ith  flu o re s c e in  a t the s^Ug p o s itio n  and w i l l  

be re fe rre d  to  as tRNA^^^-F^.
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C^H]AEDANS-labeled tRNA^®^ e lu ted  from the RPC-5 column in  

two peaks, each w ith  one dye per tRNA molecule. TLC ana lys is  using 

so lven t number 7 (from  ta b le  1) o f the d iges tion  products o f one o f 

the AEDANS-labeled tRNAs is  shown in  f ig u re  4. Because the 

ra d io a c tiv e  labe l had the same R  ̂ as the synthesized s^U-AEDANS 

marker, th is  tRNA w i l l  be re fe rre d  to  as tRNA*^® -̂AEDANS®. The 

second AEDANS-labeled species was i n i t i a l l y  a n tic ip a te d  to  be 

reacted a t pseudourid ine, since th is  is  a lso a p o te n tia l ta rg e t fo r  

the re a c tio n  (49). However, th is  tRNA was also found to  be labeled 

a t the s^U p o s itio n . The separation o f two tRNA^^^-AEDANS® species 

on the RPC-5 re s in  may re s u lt  from the la b e lin g  o f two d if fe re n t  

isoacceptors or from two d if fe re n t  conformations o f the same tRNA 

molecule th a t have d i f fe re n t  a f f in i t ie s  fo r  the RCP-5 res in .



Figure 4. T h in -la ye r chromatography o f the d ig e s tio n  products

o f [^H]AEDANS-labeled tRNA^^^. Marker adducts were w

4-thiouridine-AEDANS (15-20 mm) and pseudourid ine- 

AEDANS (6-13 mm).
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CHAPTER I I I

STABILITY OF THE Phe-tRNA^*^®-F®-EF-Tu‘ GTP COMPLEX

In tro d u c tio n

In  o rder fo r  the new ly-synthesized flu o re s c e n t tRNA to  be 

a usefu l to o l in  the study o f the in te ra c t io n  between aa-tRNA and 

EF-Tu, the m odified tRNA must re ta in  i t s  fu n c tio n a l a c t iv i t y .  

S p e c if ic a lly ,  the aminoacylated tRNA must be able to  form a te rn a ry  

complex w ith  EF-Tu'GTP. This a c t iv i t y  can be te s te d , because 

te rn a ry  complex fo rm ation  re s u lts  in  p ro te c tio n  o f the aminoacyl 

bond from a lk a lin e  h yd ro lys is  (12). Formation o f the complex can be 

demonstrated by a comparison o f the ra te  o f hyd ro lys is  o f amino acid 

from aa-tRNA in  complex w ith  EF-Tu'GTP to  the ra te  o f h yd ro lys is  

from uncomplexed aa-tRNA. A s ig n if ic a n t ly  slower ra te  o f 

h yd ro lys is  than would be expected fo r  uncomplexed aa-tRNA 

demonstrates the presence o f te rn a ry  complex.

A comparison o f the ra tes o f amino acid h yd ro lys is  from EF- 

Tu-bound flu o re sce n t and unmodified aa-tRNAs provides an in d ic a tio n  

o f whether o r not there  are s tru c tu ra l d iffe re n ce s  a ffe c t in g  

fu n c tio n  between the two species. Therefore , aminoacyl bond 

p ro te c tio n  assays provide in fo rm a tion  on ( i )  whether the m odified 

tRNA is  fu n c t io n a lly  a c tiv e  and ( i i )  i t s  a c t iv i t y  r e la t iv e  to  th a t 

o f the unmodified species.

32
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F in a lly ,  in  order to  study the te rn a ry  complex formed by 

the m odified aa-tRNA, the presence o f the complex must be 

demonstrated under the experimental co n d itio n s . S p e c if ic a lly ,  we 

wished to  de fine  the iod ide  ion concen tra tion  and io n ic  s treng th  

th a t we could employ in  fu tu re  experiments w ith o u t d is ru p tin g  the 

te rn a ry  complex.

This chapter reports  the re s u lts  o f  these experiments.
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Experimental

P ro te in s . C ry s ta llin e  EF-Tu'GDP (a g i f t  from Dr. D. L. M il le r )  was 

p u r if ie d  from E. c o l i B by published procedures (56). S-100 enzymes 

were prepared from E. c o l i MRE600 as d e ta ile d  p rev io us ly  (55). 

Pyruvate kinase from ra b b it  muscle was purchased from Sigma 

Chemicals.

Preparation o f ami noacyl-tRNA. Preparative ami noacyla tion o f 

tRNA^^^ o r tRNA^^®-F^ was accomplished in  5.0 or 6.0 ml incubations 

(37°C, 30 m in .) con ta in ing  lOOmM HEPES (pHS.O); 20mM magnesium 

aceta te ; 5mM KCl; 4mM ATP; 10 ^M CTP; ImM 2-mercaptoethanol; 10
•3 1 4

[  H]Phe or [  C]Phe (MEN, ICN, o r Amersham); 300 o r 360 micrograms 

o f S-100 enzymes; and 2.5 to  6.6 Aggg un its  o f tRNA^^^ o r tRNA*^^®-
O

F . Follow ing phenol e x tra c tio n  and p re c ip ita t io n  in  high s a lt  and 

e thano l, Phe-tRNA^^^ or Phe-tRNA^^®-F^ was fu r th e r  p u r if ie d  by gel 

f i l t r a t i o n  on a Sephadex G-25 column (1 .1  cm ID x 14 cm) 

e q u ilib ra te d  w ith  ImM potassium acetate (pH5.0) a t 4°C. Follow ing 

p re c ip ita t io n  in  high s a lt  and e thano l, the p e lle t  was resuspended 

in  ImM potassium acetate (pH5.0) and d ia lyzed aga inst the same 

b u ffe r. The sample was stored in  l iq u id  n itrogen . Absorbance was 

measured a t 260 nm using a Cary 118 absorbance m onitor in  b u ffe r  

con ta in ing  lOmM T r is -C l (pH7.4), 50mM NH^Cl, and lOmM magnesium 

acetate. Concentration was determined assuming 1500 pmoles tRNA 

per AggQ u n it.  The exten t o f ami noacyl a t i on was determined by a 

cold t r ic h lo ro a c e t ic  acid p re c ip ita t io n  assay. A ll samples used in  

th is  research were aminoacylated to  a leve l between 750 and 1123
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pmoles o f [^H]Phe or [^^C]Phe per Aggg u n it  o f tRNA (46.9 to  70.2% 

o f th e o re t ic a l) .

Aminoacyl bond p ro te c tio n  assays. F ina l incubations (160

m ic ro lite rs  in  1.5 ml capped polypropylene tubes) contained: lOmM 

HEPES (pH7.4); lOmM magnesium ace ta te ; 50mM NH^Cl; O.lmM 

d i th io t h r e i t o l ; O.lmM Na^SgO^; 10 ^M GDP; ImM phosphoenolpyruvate 

(PEP); 3 .1  micrograms pyruvate kinase; KI o r KCl as in d ica te d ; EF-Tu 

as in d ic a te d ; and aa-tRNA as in d ica ted . P r io r  to  a d d itio n  o f aa- 

tRNA, K I, and KCl, the samples were preincubated a t 37°C fo r  10 min. 

to  convert GDP to  GTP w ith  pyruvate kinase and PEP, and hence 

convert EF-Tu'GDP in to  EF-Tu'GTP. For EF-Tu'GDP (no te rn a ry  

complex) c o n tro ls , the PEP was om itted . Follow ing the a d d itio n  o f 

the aa-tRNA and p r io r  to  any KI or KCl a d d it io n , samples were 

incubated in  ice  fo r  5 min. to  a llow  te rn a ry  complex form ation to  

occur. Immediately a f te r  KI or KCl a d d it io n , two 25 m ic ro li te r  

a liq u o ts  were removed from each sample fo r  assay, the sample was 

capped, and the sample was placed a t 30°C. D up lica te  25 m ic ro li te r  

a liq u o ts  were removed fo r  assay as in d ica ted . Each assay a liq u o t 

was p re c ip ita te d  in  1 ml o f  cold 10% (w /v) t r ic h lo ro a c e t ic  ac id , 3% 

(w /v) casamino acids (D ifco  Labora to ries) fo r  10 min. in  ice  a f te r  

the a d d itio n  o f 0.74 Agg^ u n its  o f ribosomal RNA in  water to  serve 

as c a r r ie r .  P re c ip ita te s  were c o lle c te d  on n itro c e llu lo s e  

t r ia c e ta te  f i l t e r s  (Gelman GA-6, 0.45 m icrons), then washed three 

times w ith  3 ml o f  co ld  5% (w /v) t r ic h lo ro a c e t ic  acid and once w ith  

75% (v /v )  e thano l. Dried f i l t e r s  were counted in  a toluene-based
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s c in t i l l a t o r  on e ith e r  a Beckman LS-lOO o r LS-7500 l iq u id  

s c in t i l la t io n  counter.
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Results

The s t a b i l i t y  o f the te rn a ry  complex formed w ith  Phe-

tRNA^^^-F^ was compared w ith  the s t a b i l i t y  o f the te rn a ry  complex
Pformed w ith  Phe-tRNA . There is  a small bu t reproducib le  

d iffe re n ce  in  the  ra tes o f amino acid  h yd ro lys is  o f the two 

complexes (see f ig u re  5A). This may in d ic a te  one o f two th ings :

1) The Phe-tRNA^^^-F^ does not associate as s tro n g ly  w ith  EF- 

Tu'GTP as Phe-tRNA*^^® does because o f the presence o f the 

flu o re s c e in  probe.

2) The m o d ifica tio n  procedures may have damaged some o f the tRNA 

in  the Phe-tRNA^^^-F^ making the sample heterogeneous. I f  the 

damaged tRNA had a reduced a f f i n i t y  fo r  EF-Tu'GTP, a net 

increase in  the ra te  o f hyd ro lys is  would re s u lt .

The net d iffe re n c e  between m odified and unmodified aa-tRNA was

found to  be sample dependent (data not shown). In  a d d it io n , sham- 

Ptl0reacted tRNA (sub jected  to  the same m o d ific a tio n  reac tion

cond itions  as the Phe-tRNA^^®-F^ except th a t lAAF was om itted) also

Ph6showed a h igher ra te  o f hyd ro lys is  than unmodified Phe-tRNA 

(data not shown). Both o f the above suggest th a t the la t t e r  

exp lana tion  ( i i )  is  the c o rre c t one, but p o s s ib i l i t y  ( i )  cannot be 

ru led  out com plete ly.

In  the iod ide  quenching experiments (Chapter V), i t  was 

desired th a t a l l  aa-tRNA would be complexed to  EF-Tu'GTP throughout 

the experiments. For th is  reason a la rge  molar excess o f EF-Tu to  

tRNA was used in  order to  ensure th a t complex fo rm ation  would be 

favored. P re lim ina ry  experiments had shown th a t a 5 - fo ld  excess o f
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EF-Tu (over 10 M aa-tRNA) would not be enough to  hold the complex 

toge the r a t high concentra tions o f KI. Therefore, the molar excess 

o f EF-Tu to  tRNA was increased to  3 5 -fo ld  (e qu iva le n t to  a 5 0 -fo ld  

molar excess over ami noacyl-tRNA). The [ I  ]  o r [C l ]  dependence o f 

complex form ation was examined fo r  both a 5 - fo ld  and a 35 -fo ld  

excess o f EF-Tu over to ta l tRNA. Figure 5B shows th a t in  the 

presence o f a 9 - fo ld  molar excess o f EF-Tu to  to ta l tRNA^^®-F®, the 

complex was d e s ta b iliz e d  a t KI concentra tions in  excess o f 

approxim ately lOOmM. At a 5 3 -fo ld  excess o f EF-Tu, the complex was 

very s tab le  even in  125mM KI. We decided to  use a 3 0 -fo ld  excess o f 

EF-Tu in  our iod ide  ion quenching experiments in  order to  fo rce  the 

e q u ilib r iu m  in  fa vo r o f te rn a ry  complex form ation.

P ro tec tion  assays using ch lo rid e  ions in  place o f iod ide 

showed th a t high concentrations o f C l d id  increase the ra te  o f 

amino acid hyd ro lys is  (data not shown), but the e f fe c t  was not 

nea rly  as pronounced as when I  was added. This is  not su rp r is in g  

in  view o f the chao trop ic  nature o f the iod ide  ion  (57).



Figure 5. S ta b i l i t y  o f the te rn a ry  complex. F igure 5A shows the ra tes o f

aminoacyl bond hyd ro lys is  fo r  P h e - t R N A ( Q n o  K I, # 1 0 0  mM K I) 

and fo r  Phe-tRNA^^^-F^ ( a n o  K I, •  100 mM KI) in  the presence o f 

about a 4 fo ld  molar excess o f EF-Tu over aa-tRNA. The range o f 

values obtained from p a ra lle l samples which lacked PEP is  also 

shown, w ith  the f i l l e d  tr ia n g le  in d ic a tin g  the average value.

Figure 58 shows the ra tes o f hyd ro lys is  fo r  Phe-tRNA*^^®-F® in  the 

presence o f a 9 fo ld  molar excess o f EF-Tu over aa-tRNA (D no  KI,

•  125 mM K I) o r a 5 3 -fo ld  molar excess o f EF-Tu (Q no K I, #  125 mM 

K I). Incubations (160 / ! i l ) ,  described in  the Experimental sec tion , 

contained: (A) 1.76 H q  EF-Tu and e ith e r  [^H]Phe-tRNA*^*^® (7,260

dpm/pmol Phe; 868 pmol Phe/Aggg u n it  tRNA; .011 Aggg u n its  ) o r 

[^H]Phe-tRNA*^^®-F® (11,750 dpm/pmol Phe; 1085 pmol Phe/Aggg u n it  

tRNA; .010 Aggg u n its ) ;  (B) [^^C]Phe-tRNA'^'^®-F® (899 dpm/pmol Phe; 

905 pmol Phe/Aggo u n it  tRNA; .012 Aggg u n its )  and e ith e r  4 .1 / /g  or 

24.4 flq  o f EF-Tu.

COlO
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CHAPTER IV

CHANGES IN THE FLUORESCENCE OF Phe-tRNA'^^®-F®

UPON ASSOCIATION WITH EF-Tu'GTP

In tro d u c tio n

In  chapter I I  we estab lished  th a t we had synthesized a tRNA

w ith  a s ite - s p e c if ic  flu o re sce n t probe. In chapter I I I  th is

m odified aa-tRNA was shown to  in te ra c t  norm ally w ith  EF-Tu'GTP. The

question now becomes whether or not th is  tRNA w i l l  be a useful

P h©spectroscopic probe fo r  in te ra c tio n s  between Phe-tRNA and EF- 

Tu'GTP. In  an attem pt to  answer th is  question , the fluorescence 

emission was monitored as Phe-tRNA^^®-F® was bound to  EF-Tu'GTP 

because changes in  the lo ca l environment o f a f lu o re sce n t dye 

fre q u e n tly  cause the flu o re sce n t s igna l to  be a lte re d . The 

experiments d e ta ile d  in  th is  chapter show th a t there  is  a change in  

the fluorescence in te n s ity  o f the probe upon te rn a ry  complex 

fo rm ation .

41



42

Experimental

Fluorescence measurements. A l l  fluorescence measurements were done 

on a Spex F luoro log  fluorescence spectrophotometer. Emission 

spectra  fo r  the experiments reported  in  th is  chapter were correc ted  

fo r  emission in te n s ity  using a standard lamp (O ptron ic  

Lab o ra to ries). For experiments reported  in  subsequent chapters, 

a l l  emission spectra were uncorrected.

For f lu o re s c e in -c o n ta in in g  samples, e x c ita t io n  was a t 480 

nm. Emission in te n s ity  was q u a n tif ie d  by in te g ra tio n  over the 

spectrum from 495 nm to  e ith e r  600 nm (chap te r V) o r 680 nm (chapter 

IV ). In  a l l  cases, fo r  both ex and em, the band pass was 5 nm, which 

corresponds to  s l i t  w idths o f 1.25 mm ( in ) ,  1.25 mm, and 2.5 mm 

(o u t)  in  the Spex double monochromator arrangement. For e th id ium - 

con ta in ing  samples (chap te r V I) ,  e x c ita t io n  was a t 520 nm and 

emission was q u a n tif ie d  by in te g ra tio n  from 540 to  750 nm. S l i t  

w idths were maintained as above, except a t high concentra tions o f 

EtBr when they were reduced to  1 .2 5 -1 .2 5 -1 .25(out)mm in  order to  

reduce the in te n s ity  o f em itted l ig h t  im pinging on the emission 

p h o to m u ltip lie r  tube.

Samples were observed in  1 x 1 cm fluorescence cuvettes 

con ta in in g  a f in a l volume o f a t le a s t 2 ml per cuvette  ( to  ensure 

th a t the meniscus was not in  the l ig h t  p a th ). Sample temperature 

was regu la ted  using a Lauda K2R c ir c u la t in g  bath attached to  the 

c e l l ho lder. Lamp s t a b i l i t y  was tes ted  fo r  every experiment by 

measuring the H^O Raman s c a tte r  (ex=350 nm, em=399 nm) both before 

and a f te r  the experiment.
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Fluorescence in te n s ity  o f tRNA^^^-F^ in  d i f fe re n t  fu n c tio n a l s ta te s . 

Fluorescence in te n s it ie s  o f tRNA^^^-F^, Phe-tRNA^^^-F^, and Phe- 

tRNA^^^-F^ EF-Tu'GTP were compared d ire c t ly  usng an jn  s itu  

ami noacyla tion in  fluorescence cuvettes. Experiments were performed 

in  b u ffe r  conta in ing  lOOmM HEPES (pHS.O), 20mM magnesium ace ta te , 

O.lmM d i th io th r e i t o l ,  lO'^M [^^C]Phe (405 to  450 C i/m o l), 4mM ATP, 

0.1 mM CTP, 10 GDP, 11.4 micrograms pyruvate kinase, ImM PEP, and 

10 tRNA^^^-F^ (based on 1600 pmoles per Aggg u n it ) .  Tota l i n i t i a l  

sample volumes were 2.25 ml. In most experiments a con tro l 

con ta in ing  no PEP (-complex) was run. In some experiments a con tro l 

fo r  fluorescence im p u ritie s  was also run which contained no 

tRNA^^^-F^. Such co n tro ls  were found to  co n tr ib u te  no detectable 

fluorescence s igna l and were la te r  om itted. Fluorescence 

measurements were made as described in  the previous section . A l l 

spectra were obtained by measuring 1 nm increments a t an in te g ra tio n  

time o f 1 second.

Conduct o f the experiment was as fo llo w s ;

1) Components were added to  cuvettes as in d ica ted  above.

2) The fluorescence emission o f  each sample (c u ve tte ) was scanned 

as noted e a r l ie r .  A lso, a d ig i t a l  p r in to u t o f the fluorescence 

in te n s ity  data was made in  o rder to  a id  in  the determ ination o f 

the wavelength o f maximum emission. A l l measurements were 

done a t 30°C.

3) To each cuve tte , 6 micrograms o f Phe-tRNA synthetase 

( p a r t ia l ly  p u r if ie d  from E. c o li MRE600 by a published 

procedure (5 8 )) was added. The samples were incubated in  the
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Spex c e l l  compartment a t 30°C fo r  20 mins. during which time 

the tRNA was ami noacylated.

4) Fluorescence scans were done as in  step (2 ).

5) Three 5 0 -m ic ro lite r  a liq u o ts  were removed from each sample to  

assay fo r  a c id -in s o lu b le  r a d io a c t iv ity  (described in  chapter 

I I I )  and thereby determine the ex ten t o f  ami noacy la tion .

6) To each cuvette  EF-Tu"GDP was added to  a f in a l concen tra tion  o f

-63.0x10 M, and the cuvettes were incubated fo r  15 mins. in  the 

t u r r e t  w h ile  te rn a ry  complex fo rm ation  occurred.

7) Fluorescence scans were done as in  step (2 ).

8) Samples were removed fo r  assay as in  step (5 ).

In  some experiments, sample absorbance between 400 and 530

nm was measured a f te r  steps 4 and 6 using a H itach i model 100-80

absorbance spectrophotometer. In  these samples tRNA concen tra tion

-6was increased to  10 M in  o rder to  ob ta in  an A^gQ o f 0.05. 

Temperature was regu la ted to  30°C by a Haake model FK-2 c ir c u la t in g  

bath attached to  the sample chamber. Measurements were done in  the 

same 1 x 1 cm cuvettes u t i l iz e d  fo r  the fluorescence measurements. 

Consistent scans were obtained on ly  when the same face o f the 

cuvette  was o rien ted  toward the l ig h t  beam. Scan s e ttin g s  were as 

fo llo w s : scan speed = 1 nm per se c ., response time = 1 sec ., f u l l  

scale = 0.1 o r 0 .2 , ch a rt speed = 20 nm per d iv is io n . A fte r  scans 

were run in  the wavelength scan mode, the wavelength program mode 

w ith  auto p r in t  was used to  ob ta in  a d ig i ta l  reading o f the 

absorbance a t the e x c ita t io n  wavelength fo r  fluorescence scans (480 

nm).
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Results

The purpose o f these experiments was to  determine the 

e f fe c t  o f ami noacy la tion  and te rn a ry  complex form ation on the 

fluorescence in te n s ity  o f Phe-tRNA^^^-F^. I n i t i a l l y  the 

fluorescence in te n s ity  o f tRNA^^®-F® was measured. A d d itio n  o f 

synthetase then converted the unacylated tRNA to  Phe-tRNA^^®-F®. 

Again the fluorescence in te n s ity  was measured. F in a lly ,  upon 

a d d itio n  o f EF-Tu'GDP (which w i l l  be converted to  EF-Tu'GTP in  those 

samples con ta in ing  PEP) te rn a ry  complex was formed and i t s  emission 

measured. Since a l l  steps were performed in  the same cuve tte , i t  was 

poss ib le  to  compare d i r e c t ly  the fluorescence emission in  th ree  

d if fe re n t  fu n c tio n a l s ta te s : unacylated, ami noacylated, and 

complexed to  EF-Tu'GTP.

Upon ami noacy la tion  the re  was no increase in  fluorescence
“ 7 Phs 8in te n s ity  in  samples con ta in in g  10 M tRNA -F . However, the re

was a s l ig h t  increase (2%) in  emission in te n s ity  in  samples 

con ta in in g  10 tRNA^^®-F® ( f ig .  6 ). This increase, seen on ly  in  

high tRNA samples, probably re s u lts  from a weak assoc ia tion  o f the 

tRNA w ith  the synthetase enzyme.

Upon a d d itio n  o f EF-Tu to  the cuvette  (now con ta in in g  aa- 

tRNA), the emission in te n s ity  increased s ig n if ic a n t ly .  A ty p ic a l 

re s u lt  is  shown in  f ig u re  6. In  th is  case the fluorescence 

in te n s ity  increased by 18.1%. Cold TCA p re c ip ita t io n  assays showed 

th a t th is  sample was aminoacylated to  a le ve l o f 1152 pmoles Phe per 

AggQ u n it  tRNA. Thus, the fluorescence increase expected fo r  a 

sample th a t is  100% am inacylated is  25.2%. The emission in te n s ity
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Figure 6. Corrected emission in te n s it ie s  o f tRNA^^^-F^ (*••♦ ),

Phe-tRNA^^^-F^ ( — ) ,  and Phe-tRNA^^^-F^ in  the presence 

o f EF-Tu'GTP (•— *). Sample contents are described in  

Experim ental, and inc lude tRNA^^®-F® a t 1 flV\. E x c ita tio n  

wavelength was 480 nm.
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increases observed in  our experiments ranged from 23% to  33% when 

normalized to  100% ami noacyla tion  (ami noacy la tion  le ve ls  varied  

from 56 to  72%). The average increase in  fluorescence in te n s ity  o f 

Phe-tRNA^*^®“ F® upon assoc ia tion  w ith  EF-Tu'GTP was 28%. These 

re s u lts  were about the same as those obtained a t a lower pH using 

d if fe re n t  ami noacyla tion so lven t cond itions  (58). In  these 

experiments the average ami noacy la tion  and fluorescence in te n s ity  

increase were lower. When normalized to  100% ami noacy la tion , the 

average emission increase was 23%. Since the emission in te n s ity  o f 

f lu o re sce in  is  dependent upon pH, th is  d iffe re n c e  was expected.

The magnitude o f the change in  fluorescence in te n s ity  is  

s im ila r  to  the d iffe re n c e  in  emission in te n s ity  found when Phe- 

tRNA^^®-F^ was added to  p a ra l le l samples, one con ta in ing  EF-Tu'GTP, 

the o ther EF-Tu'GDP. The fluorescence in te n s ity  o f unacylated 

tRNA^^^-F^ was not a lte re d  by the a d d itio n  o f EF-Tu'GTP.

O rig in  o f the fluorescence in te n s ity  increase. An increase in  the 

emission in te n s ity  o f  a flu o re sce n t dye can be caused e ith e r  by an 

increase in  the quantum y ie ld  or by an increase in  the molar 

a b s o rp t iv ity  o f the chromophore. Since the quantum y ie ld  is  

p ro p o rtio n a l to  the fluorescence l i fe t im e  (5 9 ), one could measure 

the change in  quantum y ie ld  by m on ito ring  the change in  fluorescence 

l i fe t im e .  We attempted to  do th is ,  but f a c i l i t i e s  a v a ila b le  a t the 

U n iv e rs ity  o f Oklahoma were found to  be inadequate fo r  our purpose. 

Thus, the e f fe c t  o f complex form ation on the absorbance o f the dye 

was measured instead. This was done using the same i j i  s itu  

procedure and samples used to  ob ta in  the data o f f ig .  6. Both
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emission in te n s ity  and absorbance a t 480 nm were measured fo r  these 

samples. The to ta l tRNA concentra tion  was increased in  order to  

ob ta in  a s ig n if ic a n t  dye absorbance (A^gg approxim ate ly 0 .05).

Absorbance changes p a ra lle le d  the fluorescence changes 

upon ami noacyla tion  and were small o r zero (data  not shown). 

However, upon a d d itio n  o f EF-Tu to  the sample o f f ig u re  6, an 

absorbance increase o f 14.8% (co rrec ted  to  100% ami noacyla tion  as 

described fo r  fluorescence in te n s ity  increase) was observed (see 

f ig u re  7 ). C le a r ly , a la rge p o rtio n  o f the increase in  the 

fluorescence in te n s ity  is  due to  an increase in  the molar 

a b s o rp tiv ity  o f the chromophore. The average change in  absorbance 

in  our samples was 13% when Phe"tRNA^^^-F^ associated w ith  EF- 

Tu'GTP. Hence, absorbance changes account fo r  approxim ate ly 50% o f 

the increase in  emission in te n s ity  upon te rn a ry  complex form ation . 

This fa c t  w i l l  become im portant in  in te rp re t in g  subsequent 

fluorescence quenching re s u lts .

Noteworthy problems encountered. Two problems were encountered 

during  the conduct o f  these experiments. Both re su lte d  in  an 

apparent increase in  the fluorescence in te n s ity  o f  samples which 

were expected to  have no te rn a ry  complex fo rm ation and hence no 

change in  fluorescence. In  the case o f samples con ta in ing  high 

concentra tions o f tRNA (1.0x10 ®M) and EF-Tu'GDP (4.7x10 ^M), the 

fluorescence in te n s ity  increase in  the EF-Tu'GDP-containing samples 

was nearly  as g rea t as in  those con ta in ing  EF-Tu'GTP. However, th is  

fluorescence change was re v e rs ib le  upon a d d itio n  o f GDP, in d ic a tin g
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Figure 7. F luorescein absorbance o f Phe-tRNA^^^-F^ before ( — )

and a f te r  ( — ) EF-Tu a d d itio n . The same sample was 

used to  ob ta in  the data in  f ig u re s  6 and 7.
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th a t the fluorescence increase could not have been due to  

assoc ia tion  o f Phe-tRNA^^^-F^ w ith  EF-Tu'GDP. Since the sample also 

contained ATP, i t  is  conceivable th a t  the ATP was causing a low 

leve l o f EF-Tu a c t iv a t io n  (enough to  be de tectab le  using the high 

concentra tion o f very a c tive  EF-Tu sample). This p o s s ib i l i t y  was 

ru led  out by a con tro l experiment which showed th a t  ATP, under the 

experimental co n d ition s , could not induce te rn a ry  complex form ation 

to  a detectab le  degree (data not shown). More l ik e ly ,  the p a r t ia l ly  

p u r if ie d  synthetase p repara tion  was contaminated w ith  an enzyme 

such as nucleoside diphosphate kinase which was ca ta lyz in g  the 

conversion o f GDP to  GTP from ATP.

In the o ther case, a sample la ck in g  Phe and presumably 

unable to  aminoacylate tRNA^^^-F^ showed an increased in te n s ity  

when EF-Tu'GTP was added to  i t .  The most l i k e ly  explanation was 

th a t our sample was contaminated w ith  Phe, added w ith  e ith e r  the 

synthetase or the pyruvate kinase prepara tions as a degradation 

product. To te s t  th is  in te rp re ta t io n ,  a sample con ta in ing  Phe, AMP 

(4mM) and PP̂ . (O.OSmM), but no ATP, was examined. No ami noacyl a t i  on 

Was poss ib le  in  th is  sample since under these cond itions  the 

synthetase w i l l  ca ta lyze the déacy la tion  re a c tio n : Phe-tRNA^^^ + 

AMP + PPj ------- > ATP + Phe + tRNA^^^. As expected, there was no

increase in  fluorescence when th is  co n tro l was run (data not shown).

PhâThus, the experiment demonstrates th a t unacylated tRNA does not 

associate w ith  EF-Tu'GTP.

In  order to  show unambiguously th a t the increase in  the 

emission in te n s ity  o f Phe-tRNA^^^-F^ was due to  i t s  assoc ia tion
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w ith  EF-Tu'GTP, the r e v e r s ib i l i t y  o f the fluorescence change was 

in ve s tig a te d . As has already been mentioned, r e v e r s ib i l i t y  by 

a d d itio n  o f  GDP had already been tes ted . In  a d d it io n , the 

fluorescence change should be re v e rs ib le  upon a d d itio n  o f non- 

flu o re sce n t aa-tRNA, since th is  w i l l  complete fo r  EF-Tu b ind ing  

s ite s  w ith  the m odified tRNA. When a la rge  excess o f non- 

flu o re sce n t aa-tRNA was added to  a sample con ta in ing  Phe-tRNA^^^-F^ 

in  the presence o f EF-Tu'GTP, the emission in te n s ity  decreased to  

the same le ve l found in  a con tro l sample (data not shown). When an 

in te rm ed ia te  amount o f aa-tRNA was added, the amount o f 

fluorescence in te n s ity  decrease was co ns is te n t w ith  the amount o f 

Phe-tRNA^^®-F® expected to  be d isp laced from the te rn a ry  complex. 

Thus, r e v e r s ib i l i t y  w ith  both GDP and unmodified aa-tRNA in d ic a te  

th a t the fluorescence in te n s ity  increase fo r  Phe-tRNA^^^-F^ in  the 

presence o f EF-Tu'GTP must be due to  te rn a ry  complex form ation.



CHAPTER V

COLLISIONAL QUENCHING OF FLUORESCENCE 

In tro d u c tio n

Data presented in  the previous chapter showed th a t the 

fluorescence in te n s ity  o f Phe-tRNA^^^-F^ increases upon te rn a ry  

complex fo rm ation . This change could be due to  a d ire c t  in te ra c t io n  

between the dye m oiety and EF-Tu. A lte rn a t iv e ly ,  the b ind ing  o f EF- 

Tu a t a s ite  on Phe-tRNA^^^-F^ d is ta n t  from the flu o re sce in  may 

cause a conform ational change in  the aa-tRNA molecule which a lte rs  

the ,l,ocal environment o f the dye.

A d ire c t  in te ra c t io n  would re q u ire  th a t  the p ro te in  bind 

to  the aa-tRNA where the dye is  c o v a le n tly  attached. The dye is  

located in  a groove in  the tRNA m olecule, based on the th re e - 

dimensional conform ation around i t s  p o in t o f cova lent attachment. 

When f u l l y  extended the dye would reach to  the edge o f the groove o f 

the tRNA. The p ro te in  may bind so as to  cover th is  reg ion , in  which 

case the chromophore would become inaccess ib le  to  the so lven t. On 

the o the r hand, the p ro te in  could b ind a t a d is ta n t p o in t on the aa- 

tRNA and e xe rt an a l lo s te r ic  in flu e n ce  upon the dye. In th is  case 

the chromophore's a c c e s s ib i l i ty  to  so lven t would be una ltered.

54
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One can te s t  whether o r not the flu o re s c e in  is  accessib le  

to  so lven t by measuring the s e n s i t iv i t y  o f  i t s  fluorescence 

emission to  c o l l is io n a l quenchers d isso lved in  the so lven t. Iod ide 

ion is  an e f f ic ie n t  quencher o f f lu o re s c e in  fluorescence. Thus, i f  

the f lu o re s c e in  moiety is  covered up by EF-Tu in  the te rn a ry  

complex, the a b i l i t y  o f I  to  quench flu o re s c e in  fluorescence w i l l  

be s ig n if ic a n t ly  decreased.

These experiments a lso provide in fo rm a tion  about the 

three-d im ensional topology o f the te rn a ry  complex, since one can 

determine whether the dye p o s itio n  is  covered by o r free  o f p ro te in . 

This in  i t s e l f  is  im portan t, because as noted e a r l ie r ,  i t  is  

im portant to  know the re la t iv e  o r ie n ta tio n s  o f the p ro te in  and the 

nuc le ic  ac id  in  the complex and hence what regions are a v a ila b le  fo r  

in te ra c t io n  w ith  the ribosome during  the re co g n itio n  and b ind ing  

process.

In  these fluorescence quenching experiments, we have 

examined the e ff ic ie n c y  o f iod ide  ion quenching o f Phe-tRNA^^^-F^ 

fluorescence in  the presence o f both EF-Tu'GTP and EF-Tu’ GDP. The 

a b i l i t y  o f  I  to  quench the fluorescence o f fre e  flu o re sce in  

(5 -iodoace tam ido  f lu o re s c e in ) , s ^U -fluo resce in , unacylated

tRNA^^^-F^, and Phe-tRNA^^®-F® in  the absence o f EF-Tu was also 

examined. F in a lly ,  the a b i l i t ie s  o f T1 , Cs , acrylam ide, NO^, and
“  "f”

SCN to  quench f lu o re s c e in  emission were tes ted . Only T1 was found 

to  be an e f f ic ie n t  quencher (da ta  not shown), and i t  was not used in  

any o f these experiments due to  problems caused by the in s o lu b i l i t y  

o f t h a l1iurn s a lts .



56

Experimental

Fluorescence Quenching. I n i t i a l l y ,  samples contained b u ffe r  A (lOmM

HEPES (pH7,4), lOmM magnesium ace ta te , SOmM NH^Cl, and O.lmM

d i th io th r e i t o l ) ,  O.lmM NagSgOg ( to  prevent Ig fo rm ation) and 10 ^M

flu o re s c e in , added as disodium fluo resce in  o r 5-iodoacetamido

flu o re s c e in , tRNA^^^-F^, Phe-tRNA^^^-F^, or the covalent adduct o f

s^U and lAAF as ind ica ted . EF-Tu-containing samples also contained
-5ImM PEP (where in d ic a te d ), 10 M GDP, 19.2 micrograms pyruvate

- g
kinase, and 2.0x10 M EF-Tu'GDP. A ll samples were incubated in  the 

c e l l compartment a t 30°C fo r  15 mins. to  a llow  fo r  temperature 

e q u il ib ra t io n  and fo r  the form ation o f GTP and the te rn a ry  complex in  

those samples con ta in ing  PEP. The cuvettes were shaken gen tly  several 

times during th is  period  to  ob ta in  a stab le  F^ measurement. This 

probably minimized the 0^ (a quencher) d isso lved in  the so lu tio n . 

Samples were t i t r a te d  w ith  iod ide  (o r  c h lo rid e ) ions by sequentia l 

a d d itio n  o f (u s u a lly )  1 0 -m ic ro lite r  a liq u o ts  o f b u ffe r  A con ta in ing  

4M KI (o r  4M KCl). Fluorescence emission was measured 5 mins. a f te r  

each a d d itio n  o f KI (o r KCl) as d e ta ile d  in  the experimental section 

o f chapter IV. Before and a f te r  each quenching experiment in vo lv in g  

Phe-tRNA^^^-F^, two 2 0 -m ic ro lite r  samples were removed from each 

cuvette  and assayed fo r  co ld TCA p re c ip ita b le  ra d io a c t iv ity .  This 

procedure ty p ic a l ly  requ ired a t le a s t 4 hours.

Gel f i l t r a t i o n  chromatography. Samples (approx. 2 m l) were taken 

from cuvettes fo llo w in g  spectra l scans and co ld  TCA assays and then 

app lied  d ir e c t ly  to  a 1.8 cm ID x 30 cm column o f U ltroge l AcA-44 

e q u ilib ra te d  w ith  b u ffe r  con ta in ing  50 mM T r is -C l (pH7.4), lOmM
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magnesium aceta te , 50mM NH^Cl, and ImM 2-mercaptoethano1. F ractions

o f the e luan t (25 drops, 1.35 ml) were c o lle c te d  a t room temperature.

A liq u o ts  o f 0.4 ml were removed from each fra c t io n  and placed in to

s c in t i l la t io n  v ia ls .  To each v ia l 4 ml o f T r ito n -c o n ta in in g

s c in t i l la t io n  c o c k ta il (55) was added. Radioactive samples were

counted on a Beckman LS-lOO o r LS-75G0 l iq u id  s c in t i l la t io n  counter.

Radioactive peaks were id e n t if ie d  and th e ir  respective  m olecular

weights determined (60) by comparison w ith  the e lu tio n  volumes o f

known species (BSA, 68,000 d. ; EF-Tu'GDP, 44,000 d. ; and fMet- 

Mg ttRNA^ , 25,000 d .) .  Excluded and inc luded volumes were determined
3

by the e lu tio n  p o s itio n s  o f blue dextran and [  H ]lys in e  re s p e c tive ly . 

The fo r  m olecular weight determ inations was ca lcu la ted  by the

equation:

V -  V
1/ _ _e______ o

* *  V t -  V , '

where is  the e lu tio n  volume o f the unknown peak, V is  the excludede 0

volume, and is  the included volume. E lu tio n  volume o f an 

in d iv id u a l peak was measured a t the peak center.

Data a n a ly s is . Iod ide ion quenching data was analyzed according to  

the Stern-Volmer re la t io n  (48):

F
- 1 = K;v[X],

where F^ is  the i n i t i a l  fluorescence in  the absence o f quencher, F is  

the fluorescence measured a t a p a r t ic u la r  concentra tion  o f added 

quencher, [X ] is  the concentra tion  o f quencher, and is  the Sterm- 

Volmer quenching constant. is  expe rim en ta lly  determined by

measuring the slope o f a p lo t  o f (F^/F ) -  1 vs. [X ]. Further:
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•̂ sv = V o «
where is  the b im o lecu la r quenching ra te  constant and is  the 

fluorescence l i fe t im e  in  the absence o f quencher. The value o f a 

dye co va le n tly  attached to  a macromolecule depends upon the s te r ic  

a c c e s s ib i l i ty  o f  the quencher to  the dye. The lower the

a c c e s s ib i l i ty ,  the lower the value o f k^. In  the case o f a charged

quencher, such as the one used in  these experiments, the e le c tro s ta t ic  

environment o f the dye w i l l  a lso be im portant. A major change in  

macromolecular topology or conformation is  l i k e ly  to  cause a 

de tectab le  change in  the value o f k^.

Three types o f Stern-Volmer p lo ts  are seen. They may be 

lin e a r ,  upward cu rv ing , o r downward curv ing . The th ree  types in d ic a te  

s t r i c t l y  c o l l is io n a l quenching, s ta t ic  plus c o l l is io n a l quenching, 

and a heterogeneous popu la tion  o f chromophores re s p e c tiv e ly  (48 ,61 ).
4

Except fo r  p lo ts  o f fre e  dye and s U-F, a l l  Stern-Volmer p lo ts

obtained in  th is  study were lin e a r.
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Results

I n i t i a l  fluorescence quenching observa tions. Iod ide ion was found 

to  quench the fluorescence o f fre e  (d isodium ) f lu o re s c e in , lAAF, 

s^U -flu o re sce in , tRNA^^^-F^, and Phe-tRNA^^^-F^. F igure 8 shows 

the re s u lts  o f iod ide  ion quenching o f these species in  b u ffe r  A. 

Stern-Volmer p lo ts  o f the quenching o f disodium flu o re s c e in  and
4

s U -fluo resce in  had s im ila r  slopes and corresponded c lo s e ly  w ith  

p re v io u s ly  pub lished re s u lts  (62). Although i t  is  not v is ib le  in  

the f ig u re ,  these p lo ts  became n o n -lin e a r a t I  concentra tions 

above SOmM. The upward-curving p lo ts  th a t resu lted  in d ic a te  th a t 

s ta t ic  quenching became s ig n if ic a n t  a t high quencher concen tra tion . 

S ta t ic  quenching re s u lts  when chromophore and quencher form a "dark 

complex" (48 ). In  th is  case the lo ca l concen tra tion  o f quencher 

around the flu o re sce n t dye is  such th a t a much h igher e f f ic ie n c y  o f 

quenching o f fluorescence is  found than should be expected.

As expected, the quenching o f the fluorescence o f the 

tRNA^^^-F® was g re a tly  reduced in  comparison to  free  dye (see f ig .  

8 ). This is  due both to  p ro te c tio n  o f the dye by the physica l 

presence o f the tRNA and to  e le c tro s ta t ic  repu ls ion  between the tRNA 

(a po ly -a n io n ) and the n e g a tive ly  charged iod ide  ions. The S tern- 

Volmer p lo t  was lin e a r  up to  iod ide  concentra tions o f 279mM, 

in d ic a tin g  th a t on ly  c o l l is io n a l quenching was occu rring . The fa c t 

th a t the tRNA is  n eg a tive ly  charged may exp la in  why the p lo ts  fo r  

quenching o f  tRNA species d id  not curve upward as they d id  fo r  free  

dye species. Repulsion o f the I  by the tRNA may not a llow  lo ca l 

concentra tions o f quencher high enough to  form a dark complex.



Figure 8. Iod ide ion quenching o f fre e  flu o re sce in  ( # , 0 ), tRNA^^®-F®

(B,n), and Phe-tRNA^^^-F^ fluorescence. U n fille d
cn

symbols represent co n tro ls  fo r  io n ic  s trength  e ffe c ts  in  which 

c h lo rid e  is  added in  place o f io d id e , as described in  the 

experimental section  o f th is  chapter.
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When the fluorescence o f Phe-tRNA^*^®-F® was quenched i t  

was expected to  have the same as the unacylated tRNA. In  fa c t ,  

the quenching was not as e f f ic ie n t  (see f ig .  8 ). The experiment has 

been repeated w ith  three d i f fe r e n t  samples o f tRNA^^^-F^ and th e ir  

aminoacyl d e r iv a tiv e s  and has been found to  be reproducib le . The 

lower quenching e f f ic ie n c y  o f the aa-tRNA may be a re s u lt  o f the 

fa c t th a t i t  is  stored in  a d if fe re n t  b u ffe r  (ImM potassium acetate 

(pH5.0)) than is  unacylated tRNA (H^O). The change may also be an 

a r t i f a c t  induced during  the ami noacy la tion  procedure o r due to  

in te rc a la t io n  o f the amino acid (an arom atic) in to  the aminoacyl 

acceptor stem. F in a lly ,  there  is  a p o s s ib i l i t y  th a t the technique 

u t i l iz e d  is  a c tu a lly  d e tec ting  a d iffe re n ce  in  the conformations o f 

the two species.

When tRNA^^^-F^ and Phe-tRNA^^^-F^ fluorescence was 

quenched under cond ition s  favorab le  fo r  te rn a ry  complex form ation 

except fo r  the omission o f EF-Tu, the slopes o f th e ir  respec tive  

Stern-Volmer p lo ts  increased (see f ig u re  9 ). In  a d d it io n , although 

there  was s t i l l  a d iffe re n c e  between the two, the K^^'s were much 

more s im ila r  than had been p re v io u s ly  observed. The question o f 

whether a conform ational d iffe re n c e  between the two has been 

detected o r not remains unresolved and is  worthy o f fu tu re  

in v e s tig a tio n .

In  a l l  cases, when c h lo rid e  ion (a non-quencher) was 

su b s titu te d  fo r  iod ide  as a te s t  fo r  the e f fe c t  o f io n ic  s treng th  on 

f lu o re s c e in  fluorescence, no de tectab le  change was observed (see 

f ig .  8 ).



Figure 9. Iod ide ion quenching o f fluorescence o f tRNA^^®-F® in  the presence

o f GTP ( • )  or GDP (M )  and Phe-tRNA^^^-F® in  the presence o f

GTP ( O )  o r GDP ( D )  under cond itions  fa vo rin g  te rn a ry  complex oj

fo rm ation . A l l components necessary fo r  complex form ation except 

EF-Tu have been added to  the same concentrations u t i l iz e d  in  

te rn a ry  complex quenching experiments.
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Fluorescence quenching o f Phe-tRNA^^^-F^ in  te rn a ry  complex. 

C o llis io n a l quenching o f the fluorescence emission o f Phe-tRNA^^®-
g

F by iod ide  ion  was measured in  the presence o f e ith e r  EF-Tu'GTP o r 

EF-Tu'GDP. Results are shown in  f ig u re  10, Both complexed and 

uncomplexed aa-tRNA have equal slopes, and hence equal Stern-Volmer 

constants This is  an in d ic a tio n  th a t the chromophore is

equa lly  accessib le  to  so lven t whether or not the aa-tRNA is  

complexed w ith  EF-Tu. Consequently, the s^Ug p o s it io n  is  not 

covered up by the p ro te in  when te rn a ry  complex is  formed. Here 

again, as w ith  the o ther quenching experiments, ch lo rid e  ion ( in  

place o f io d id e ) had no e f fe c t  on fluorescence (see f ig .  10). 

Fluorescence in te n s ity  decrease is  io d id e -s p e c if ic .

In  a d d itio n  to  the above experiment, a co n tro l experiment 

was run in  which the to ta l added s a lt  concentra tion  

( [K I ]  + [K C l] ) was kept constant a t llSinM. The KI concentra tion  

was va ried  from 0 to  llSmM and the change in  re la t iv e  fluorescence 

was p lo tte d  as a fu n c tio n  o f [K I ] .  The Stern-Volmer constant 

obtained using th is  procedure was e xa c tly  the same as before (data  

not shown). This method confirm s th a t the change in  fluorescence 

in te n s ity  was s t r i c t l y  dependent upon I  concentra tion and not due 

to  a change in  the io n ic  s trength  o f the so lu tio n .

The f in a l in te rp re ta tio n  o f th is  data is  not com plete ly 

s tra ig h tfo rw a rd , because = k^ T^. As shown in  chapter IV , the 

fluorescence in te n s ity  o f Phe-tRNA^^^-F^ increases by 33% upon 

te rn a ry  complex form ation ( f ig .  6 ). A la rge p o rtio n  (16%) o f th is  

increase is  due to  a change in  the molar a b s o rp t iv ity  o f the



Figure 10. Iod ide ion quenching o f Phe-tRNA^^®-F® fluorescence in  the presence 

o f e ith e r  EF-Tu'GTP ( 9 ,0 ) or EF-Tu'GDP ( ■ , □ ) .  U n fi lle d  symbols
ai

represent c h lo rid e  co n tro ls  fo r  io n ic  s treng th  e ffe c ts . The in s e t 

shows the fra c t io n  o f aa-tRNA remaining a t the end o f the experiment.

Sample contents are described in  the experimental section  and each 

includes .133 Aggg u n its  o f [^^C]Phe-tRNA*^^®-F® (932 dpm/pmol Phe;

1170 pmol Phe/AggQ u n it  tRNA).
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chromophore (see f ig .  7 ) , but i t  is  l i k e ly  th a t the fluorescence 

l i fe t im e  is  a lso increased s l ig h t ly .  I f  th is  is  the case, then the 

kq values may d i f f e r  by as much as 15% fo r  Phe-tRNA^^®-F® in  the 

presence o f EF-Tu'GTP. This d iffe re n c e  is  small enough th a t one can 

ru le  ou t the p o s s ib i l i t y  o f Tu covering a s ig n if ic a n t  amount o f th is  

region o f  the aa-tRNA. More l i k e ly ,  th is  s l ig h t  d iffe re n c e  in  k^ 

a rises from a conform ational change in  the aa-tRNA discussed 

e a r l ie r  (see chapter I ) .  The p o s itio n s  o f the negative phosphate 

charges on the aa-tRNA are probably a lte re d  s u f f ic ie n t ly  in  the 

conformation change to  a l te r  the e le c tro s ta t ic  environment o f the 

dye and, th e re fo re , the c o l l is io n  ra te  w ith  the negative iod ide  

ions.

A summary o f values obtained fo r  a l l  fluorescence 

quenching experiments is  shown in  ta b le  3.

Confirm ation o f te rn a ry  complex fo rm a tion . The presence o f te rn a ry  

complex a t the end o f  the long ( ty p ic a l ly  fo u r hours) fluorescence 

quenching experiments was confirmed by gel f i l t r a t i o n  

chromatography ( f ig u re  11) and by ami noacyl bond p ro te c tio n  assays 

( f ig u re  10, in s e t) .

Gel f i l t r a t i o n  o f samples con ta in ing  GDP re su lte d  in  the 

e lu tio n  o f two ra d io a c tiv e  peaks ( f ig .  11). The h igher m olecular 

weight species e lu te d  a t the same e lu tio n  volume as fMet-tRNA^^^. 

The lower m olecular weight species e lu ted  a t the same p o s it io n  as 

ly s in e . The m a jo r ity  o f the ra d io a c tive  counts (80-90%) were 

contained in  the low m olecular weight peak. This in d ica te s  a high



Table 3. Summary o f fluorescence quenching re s u lts . Results o f iod ide

quenching experiments are expressed in  terms o f the slopes obtained 

from the respective  Stern-Volmer p lo ts  Slopes are the

averages o f between 2 and 10 experiments (depending upon the 

species te s te d ). values fo r  in d iv id u a l species were
1 CTl

r i  -ri_ T . . . . . VOreproducib le  to  w ith in  0.1 M . The c o rre la t io n  c o e f f ic ie n t  

is  an in d ic a tio n  o f how w e ll the data po in ts  c o rre la te  to  a 

s tra ig h t  l in e  (c o r re l.  c o e ff = 1.0000).



Species

Iodide Quenching Summary 

B u ffe r "̂ sv (M~^)
C o rre la tion
C o e ff ic ie n t (nm)

1) lAAF A 9.8 .999 517

2) Disodium flu o re sce in A 10.2 .998 515

3)
4

s U -fluo resce in A 9.8 .997 517

4) tRNA^he.pS A 2.9 .999 519

5) Phe-tRNA^hG-pS A 2.2 .999 519

6) tRNA*^^®-F® A + TC 3.1 .999 519

7) Phe-tRNA^hS-pS A + TC 2.9 .999 519

8) Phe-tRNA^hG_p8 + ep-T u'GDP A + TC 2.7 .999 519

9) Phe-tRNA^hG-pB-pp-Tu'GTP A + TC 2.7 .998 519

O

Notes: i )  A + TC denotes experiments done in  b u ffe r  A plus components fo r
te rn a ry  complex form ation (GDP, PEP, and pyrvuate k inase).

i i )  For species 1 th ru  3, Stern-Volmer p lo ts  become n o n -lin e a r a t 
KI concentrations above 50mM. The c o rre la t io n  c o e ff ic ie n ts  
fo r  these species re fe r  to  KI concentrations from 0 to  50mM.



Figure 11. Gel f i l t r a t i o n  o f Phe-tRNA^^^-F^ in  the presence o f EF-Tu'GTP ( • )  

o r EF-Tu'GDP ( O ) .  These re s u lts  were obtained by gel f i l t r a t i o n  

o f samples o f f ig .  10 fo llo w in g  I  quenching experiments (described 

in  the experimental section  o f th is  chap ter).
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ra te  o f amino ac id  h yd ro lys is  in  th is  sample, as expected fo r  

uncomplexed aa-tRNA. In  the GTP-containing cuvettes two peaks were 

a lso observed. The low m olecular weight species again had the same 

e lu tio n  volume as ly s in e  and ty p ic a l ly  contained less than 7% o f the 

to ta l net cpm. The high m olecular weight species e lu ted  a t an 

e lu tio n  volume corresponding to  a m olecular weight equal to  

approxim ate ly 70,000 d. (see f ig u re  12). More than 90% o f the to ta l 

net cpm were found to  be in  th is  peak. No peak could be detected a t 

the e lu tio n  o f aa-tRNA, in d ic a tin g  th a t a l l  o f the  aa-tRNA present 

was complexed w ith  EF-Tu’ GTP.

P ro tec tion  assay re s u lts  agree w ith  the  gel f i l t r a t i o n  

data. Cold TCA p re c ip ita t io n  assays taken before and a f te r  the 

quenching experiments show th a t aminoacyl bond hyd ro lys is  is  much 

slower in  the cuvettes con ta in ing  GTP than in  those con ta in ing  GDP 

( f ig .  10, in s e r t ) .  Therefore, two independent methods confirm  th a t 

v i r t u a l ly  a l l  o f the aa-tRNA was associated w ith  EF-Tu’ GTP 

throughout the lengthy fluorescence quenching experiments.



Figure 12. S tandard ization o f gel f i l t r a t i o n  column. This f ig u re  shows the 

molecular weight determ ination fo r  the high m olecular weight 

species from the GTP-containing sample o f f ig u re  11. The e lu tio n  

po s itio n s  o f bovine serum albumin (68,000 d . , = .3 2 ),

EF-Tu'GDP (44,000 d . , K = .50) and fMet-tRNA^®^ (25,000 d . ,

= .74) are a lso shown. E lu tio n  volume was measured to  the 

center o f the peak.
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CHAPTER VI

ETHIDIUM BROMIDE BINDING TO UNFRACTIONATED tRNA 

In tro d u c tio n

In  order to  ob ta in  fu r th e r  data concerning the topology

and poss ib le  conform ational change in  the corner reg ion o f the aa-

tRNA upon assoc ia tion  w ith  EF-Tu'GTP, another probe was u t i l iz e d .

Ethidium (E t) b ind ing  to  un frac tiona ted  aa-tRNA in  the presence o f

EF-Tu'GTP o r EF-Tu'GDP was in ve s tig a te d . T rans fe r RNA has one
6 - 1strong b ind ing  s ite  fo r  eth id ium  (K^ approxim ate ly 3x10 M ) (43). 

This system provides us w ith  c e r ta in  advantages over the one 

employing the m odified tRNA. F ir s t ,  the tRNA is  unmodified. This 

has the obvious advantage o f e lim in a tin g  the p o s s ib i l i t y  th a t a 

c o v a le n tly  attached probe has perturbed the s tru c tu re  o f the tRNA. 

Secondly, the  un fra c tio n a te d  tRNA conta ins a l l  the species o f tRNA. 

Therefore, our in te rp re ta t io n  is  not lim ite d  to  a p a r t ic u la r  tRNA. 

Even so, we must be ca re fu l in  making a general in te rp re ta t io n  since 

sm a ll, in d iv id u a l d iffe re n ce s  may be obscured. F in a lly ,  the 

p o s it io n  o f the strong b ind ing  s ite  fo r  e th id ium  is  known to  be 

w ith in  our reg ion o f in te re s t .

The exact Et b ind ing  s ite  has not been estab lished  

unambiguously, nor has the mechanism o f i t s  b ind ing  been determined

76
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(41-44). NMR stud ies in d ic a te  th a t the dye in te rc a la te s  between 

base p a irs  AUg and AUy along the aminoacyl acceptor stem (41). 

Others disagree th a t th is  is  the p o s it io n  o f the s ite  o r the b ind ing  

mechanism (42,44). X-ray c ry s ta llo g ra p h ic  ana lys is  in d ica te s  th a t 

the Et stacks p a r t ia l ly  on the u r id in e  o r s^U base found a t p o s it io n  

#8 (42). This b ind ing  is  apparently  s ta b il iz e d  by hydrogen bonding 

to  phosphates PS and P15. E ith e r lo c a tio n  is  co n s is te n t w ith  

experiments which measured the fluorescence energy tra n s fe r  between 

the Et and a fluo resce n t dye c o v a le n tly  attached to  the 3 ‘ term inus 

o f a tRNA (43). In  e ith e r  case, the b ind ing  s ite  fo r  Et is  very near 

the corner o f the tRNA molecule and the s^Ug base. The la ck  o f 

c e r ta in ty  as to  the exact p o s it io n  is  counterbalanced by the 

advantages l is te d  above.

In  th is  chapter the b ind ing  o f Et to  aa-tRNA was examined 

in  the presence o f e ith e r  EF-Tu'GTP o r EF-Tu'GDP, as w e ll as in  the 

absence o f EF-Tu.
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Experimental

T it r a t io n  o f eth id ium  w ith  un frac tiona ted  tRNA. T it ra t io n  o f 10 

EtBr was ca rrie d  out in  1 x 1 cm fluorescence cuvettes ( i n i t i a l  volume 3 

m l, 10°C). The t i t r a t io n s  were done in  b u ffe r  A (see experim enta l, 

chapter V) p lus an a d d itio n a l 125mM NaCl ( to  minimize the amount o f non­

s p e c if ic ,  e le c tro s ta t ic  b ind ing  o f the dye to  tRNA (4 1 )). In  a l l  cases, 

p r io r  to  a d d itio n  o f the EtBr to  the cuve tte , background fluorescence was 

measured fo r  each cuvette . This was subtracted from each subsequent 

fluorescence measurement. In a l l  cases A^gg was less than 0.01, so there 

was no inner f i l t e r  e ffe c t.

The re la t iv e  emission in te n s it ie s  o f free  Et (Fp) and o f tRNA- 

bound Et (Fg) were determined as fo llo w s . U n fractionated tRNA o r aa-tRNA 

(as in d ica ted ) was added in  small a liq u o ts  ( ty p ic a l ly  1 to  10 m ic ro lite rs )  

u n t i l  the fluorescence in te n s ity  was the same fo r  a t le a s t two consecutive 

readings. The h ighest fluorescence in te n s ity  value obtained c o n s titu te d  

Fg. The i n i t i a l  fluorescence in  the absence o f tRNA co n s titu te d  Fp. 

Fg/Fp fo r  our cond itions was measured a t both 10°C and 30°C by th is  

method. Determ ination o f the b ind ing  constants and amounts o f bound dye is  

described in  the data ana lys is  p o rtio n  o f th is  section .

T it ra t io n  o f ethid ium  w ith  te rn a ry  complex. 10 EtBr was t i t r a te d

w ith  e ith e r  aa-tRNA"EF-Tu'GTP or aa-tRNA + EF-Tu'GDP a t 10°C. Cuvettes

i n i t i a l l y  contained ( in  2.0 ml) 10 EtBr, b u ffe r  A + 125mM NaCl, 19.2

-5micrograms pyruvate kinase, and e ith e r  10 M GTP plus ImM PEP ( in  te rn a ry

-5complex samples) o r 10 M GDP (negative complex). T i t r a n t ,  prepared in  a 

polypropylene m icrofuge tube, contained: b u ffe r  A + 125mM NaCl, 168
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micrograms EF-Tu, 4 .8  micrograms pyruvate kinase, and e ith e r  10~^M GTP
-5plus ImM PEP (p lus  complex) or 10 M GDP (minus complex). The t i t r a n t  

so lu tio n  was incubated 10 mins. a t 37°C, and un frac tiona ted  aa-tRNA (0.69 

Aggo u n its ;  t o t a l ly  ami noacylated w ith  a m ixture  con ta in in g  15 [  H]amino 

acids (see sec tion  on aa-tRNA p re p a ra tio n )) was added to  complete the 

t i t r a t io n  m ixture (50 m ic ro l i te r  to ta l volume). This m ixture  was 

subsequently added to  the sample in  the fluorescence cuvette  in  5 to  10 

m ic ro li te r  a liq u o ts , and fluorescence was measured as d e ta ile d  e a r lie r .

T it r a t io n  o f ethidium 'aa-tRNA w ith  a c tiva ted  EF-Tu. Samples con ta in ing  

10“ ^M EtBr and 5 . 5 x1 0 "? m aa-tRNA ( = 6.25x10V ^ c m "^ )  were t i t r a te d

w ith  e ith e r  EF-Tu'GDP o r EF-Tu'GTP as above. These t i t r a t io n s  d if fe re d  

from the above in  th a t  the aa-tRNA was added to  the cuve tte  i n i t i a l l y ,  and 

no aa-tRNA was present in  the t i t r a n t .

T it r a t io n  o f te rn a ry  complex w ith  e th id ium . T it ra t io n s  o f aa-tRNA 

in  the presence o f e ith e r  EF-Tu'GTP o r EF-Tu'GDP were done a t 30°C. 

Fluorescence cuvettes contained ( in  2.0m l) the same concentra tions o f 

s a lts  and te rn a ry  complex components (GTP o r GDP, PEP where a p p lica b le , 

and pyruvate kinase) as fo r  the 10°C t i t r a t io n s  above, as w e ll as 

2.7x10 aa-tRNA and 4.2x10 EF-Tu. EtBr in  HgO was added in  1 m ic ro li te r
• — / I  2

a liq u o ts  (from  10 M to  10 M stock s o lu tio n s ) up to  a f in a l concen tra tion  

-5o f 1.46x10 M. I n i t i a l  fluorescence readings fo r  the varying 

concentra tions o f EtBr were obtained from a con tro l sample which contained 

no aa-tRNA or EF-Tu but to  which the same amount o f EtBr was added during 

the t i t r a t io n .  Background fluorescence was subtracted as before.



80

The e f fe c t  o f EtBr on te rn a ry  complex s t a b i l i t y . Ethidium  e ffe c ts  on

the p ro te c tio n  o f the aminoacyl bond were examined as described in  chapter

I I I ,  except th a t the so lven t a lso contained 125mM NaCl and KI o r KCl was
-5replaced by EtBr. Samples con ta in ing  1.9x10 M EtBr (more than was used 

in  the fluorescence experiments) were compared w ith  samples la ck ing  EtBr.

Aminoacyl bond s t a b i l i t y  during  the above t i t r a t io n s  was 

determined by gel f i l t r a t i o n  and a c id - in s o lu b le  r a d io a c t iv ity  as 

described in  chapter V. In  the eth id ium  b ind ing  experiments, the f in a l 

time p o in t was t y p ic a l ly  taken 7 hours a f te r  the i n i t i a l  one.

Preparation o f un frac tiona ted  aa-tRNA. U n fractiona ted  E. c o l i  MRE600 

tRNA (Boehringer) was t o t a l ly  ami noacylated in  a 2.0 ml incubation  

con ta in ing  lOOmM HEPES (pHS.O), lOmM magnesium s u lfa te ,  lOmM KCl, ImM 

d i th io t h r e i t o l , 4mM ATP, O.lmM CTP, 100 Aggg u n its  o f tRNA, 200 micrograms 

o f S-100 enzymes, 19 non -rad ioac tive  amino acids (-Phe) a t 8.3x10 ®M, and 

a 1:20 d i lu t io n  o f a m ixture  o f [^H ] amino acids (NET-250, New England 

Nuclear). A fte r  a 37°C, 30 min. incuba tion , th is  un frac tiona ted  aa-tRNA 

was processed as described p re v io us ly  fo r  the Phe-tRNA^^^-F^ (see 

experimental ,• chapter I I I ) .

Data a n a ly s is . The fluorescence in te n s ity  o f  fre e  Et a t a given 

concentra tion is  defined to  be Pp. The fluorescence in te n s ity  o f the same 

Et sample when the dye is  t o t a l ly  bound to  tRNA is  defined to  be Fg. Fg is  

the maximum poss ib le  in te n s ity  o f the sample, w h ile  Fp is  the minimum 

in te n s ity .  When the f ra c t io n  o f bound dye is  se t equal to  x , then the 

fra c t io n  o f unbound dye w i l l  equal (1 -x ) .  Therefore (43 ):
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F = xFB + ( l - x ) F p ,

where F is  the measured fluorescence in te n s ity  o f the sample. Upon 

s u b s t itu t io n  and rearrangement, the equation becomes:

( -  1 )

Ff

X  =

( _  -  1 )

Fg/Fp is  assumed to  be constant and is  determined as described e a r l ie r .

Since F and Fp can be measured, the f ra c t io n  o f bound Et can be

ca lcu la te d . Knowing x we can now c a lc u la te  the to ta l pmoles o f Etg^^^^ 

(s ince  i t  is  known how much was added) and the amount o f  E tp^^^, as w e ll as 

the amount o f  complexed aa-tRNA (s ince  th is  must equal the amount o f 

F^Bound are observing b ind ing  on ly  to  the strong s i te ) .  F in a lly ,

since the to ta l  pmoles o f tRNA added is  known, the pmoles o f unbound tRNA 

can be ca lcu la te d . Hence, a l l  o f the data necessary to  do a Scatchard 

ana lys is  is  a v a ila b le .

A Scatchard p lo t  is  derived from the well-known Scatchard 

equation (63):

^  = -K v  + Kn

c

where v  is  the average occupancy o f recep to r b ind ing  s ite s  by lig a n d , c 

is  the concen tra tion  o f fre e  lig a n d , K is  the in t r in s ic  b ind ing  constant, 

and n is  the number o f b ind ing  s ite s  per recep to r molecule. In  the 

d e r iv a tio n  o f  th is  equation, the t i t r a n t  is  defined to  be the lig a n d , and
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the recep to r is  the species which is  t i t r a te d .  The re la t io n  o f x 

to  U  (assuming tRNA is  the recep to r) w i l l  be:

V = { y. ' to ta l pmol es EtBr ) /  to ta l pmol es tRNA

When a p lo t  is  made o f i^ /c  vs. 77 a s t ra ig h t  l in e  w i l l  re s u lt  i f  and 

on ly  i f  the system is  in  e q u ilib r iu m  and b ind ing  s ite s  are id e n tic a l and 

independent. In  the case o f Et b ind ing  to  tRNA upward-curving Scatchard 

p lo ts  have been observed, in d ic a tin g  th a t there are two d is t in c t  types o f 

b ind ing  s ite s  (64).
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Results

Determ ination o f Fg. Upon b ind ing  to  tRNA the fluorescence in te n s ity  

o f e th id ium  has been shown to  increase on the order o f 2 0 -fo ld  

(41,43) (See fig u re s  13 and 14). In  order to  cha rac te rize  the 

b ind ing o f Et to  tRNA, the re la t iv e  emission in te n s it ie s  o f free  and 

tRNA-bound eth id ium  must be determined. This is  done by the 

t i t r a t io n  o f EtBr w ith  tRNA, as described in  the experimental 

section . Figure 15 shows the sa tu ra tio n  curves obtained fo r  

t i t r a t io n s  a t 10°C (Fg/Fp = 18.0 + 0 .4 ) and a t 30°C (Fg/Fp = 16.2 + 

0 .4 ).

T it r a t io n  o f Et w ith  un frac tiona ted  tRNA and aa-tRNA. The assoc ia tion

constant between Et and tRNA (o r  aa-tRNA) a t 10°C was determined by

t i t r a t io n  o f EtBr w ith  tRNA (o r  aa-tRNA). Results are shown in

fig u re  16. In a d d it io n , the same type o f t i t r a t io n  was done under

the high s a lt  cond itions  described by other researchers (4 3 ), and

the b ind ing  constant obtained (3.3xlO^M ^) was the same as had been

p rev ious ly  reported (data not shown). Under our s a lt  co n d itio n s ,

the b ind ing constant fo r  tRNA is  l.SxlO^M When a l l  20 amino

acids are added to  the tRNA, the b ind ing  constants fo r  both tRNA and

6 - 1aa-tRNA are very s im ila r  (1.1x10 M ) .  I t  is  worth no ting  th a t in  

th is  t i t r a t io n  tRNA is  the t i t r a n t ,  and the Et c o n s titu te s  the 

"re ce p to r". Hence n must always equal 1 since i t  re fe rs  to  the 

"b ind ing  s ite s "  on the e th id ium .’

Scatchard p lo ts  fo r  these t i t r a t io n s  show some upward 

curvature where the Et concen tra tion  is  equ iva len t to  o r g rea te r



Figure 13. Fluorescence changes accompanying the b ind ing  o f EtBr to  tRNA.

This f ig u re  shows the increase in  fluorescence in te n s ity  o f EtBr 

when i t  binds to  un frac tiona ted  tRNA. This is  an e x c ita t io n  scan
00

(em ission a t 610 nm) o f fre e  EtBr ( — ) o r EtBr in  the presence o f

a la rge  excess o f un frac tiona ted  tRNA (----- ) .  Spectra were taken

in  the ra t io  made (E/R) to  e lim ina te  lamp in te n s ity  v a r ia t io n s .
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Figure 14. Emission spectra (uncorrected) o f fre e  EtBr (----- ) o r EtBr in  the

presence o f a la rge excess o f un frac tiona ted  tRNA (----- ) .
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Figure 15. Experimental determ ination  o f Fg/Fp. This p lo t  shows the

fluorescence in te n s ity  changes obtained when EtBr is  t i t r a te d  

w ith  un frac tiona ted  tRNA a t 10°C ( # )  o r 30°C ( ■ ) .  See
03

experimental sec tion  fo r  d e ta ils .
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Figure 16. T it r a t io n  o f EtBr w ith  tRNA, aa-tRNA, and tRNA in  the presence

o f amino acids. This f ig u re  shows Scatchard P lo ts fo r  t i t r a t io n s  

s im ila r  to  those o f f ig .  15. EtBr (10 ^M) was t i t r a te d  w ith  

un frac tiona ted  tRNA ( • ) ,  un frac tiona ted  aa-tRNA ( ■ ) ,  o r

un frac tiona ted  tRNA and 20 amino ac ids , each a t .05 the °

concentra tions o f the tRNA (A).  The experiment was done 

a t 10°C as described in  Experimental.



1.5

1.0

0 .5

0 . 5 1.00



92

than the tRNA concen tra tion . This in d ica te s  th a t there is  secondary 

b ind ing  a t high [E t]/[tR N A ]. This has a lso been observed p rev io us ly  

by others (64).

T itra t io n s  o f tRNA and aa-tRNA w ith  E t. F igure 17 shows the re s u lts  o f 

t i t r a t io n s  o f tRNA and aa-tRNA w ith  Et a t 30°C. Because o f the high 

[E t]/ [tR N A ], the Scatchard p lo ts  are curved, although not nea rly  as 

much as when the t i t r a t io n s  were done a t 10°C (data  not shown). To 

ru le  out the p o s s ib i l i t y  th a t in te rc a la t io n  o f amino acids in  the 

aa-tRNA prepara tion  was causing a r t i fa c tu a l re s u lts , a con tro l 

sample con ta in ing  tRNA in  the presence o f a l l  amino acids was also 

tested . The curve obtained fo r  th is  sample was the same as th a t fo r  

tRNA. Thus, i t  is  c le a r from the data in  f ig u re  17 th a t tRNA and aa- 

tRNA have a d if fe re n t  conform ation.

I t  is  poss ib le  th a t the above d iffe re n ce s  re su lte d  from 

d iffe rences  in  the storage b u ffe r  o f  the various tRNA preps (HgO;

ImM KAc (pHS.O); ImM KAc (pHS.O) plus ImM Mg^^; o r ImM KAc (pHS.O) 

plus 5mM Mg ). In  fa c t  we observed d iffe re n ce s  in  the i n i t i a l  

b ind ing  o f Et fo r  tRNA samples stored in  (o r  d ia lyzed  in to )  

d i f fe re n t  b u ffe rs . However, a f te r  incuba tion  a t 30°C in  high (lOmM)

Mg^* fo r  a sho rt time ( ty p ic a l ly  15 m in .) , the amount o f  bound Et 

s ta b il iz e d . This suggests th a t the incuba tion  allowed any tRNA
+ * f

which had been unfolded due to  a lack o f Mg or a low pH to  re tu rn  

to  i t s  na tive  s tru c tu re . When Et was t i t r a te d  w ith  tRNA or aa-tRNA 

which had been preincubated, no d iffe re n ce  was observed in  the 

t i t r a t io n s  ( f ig .  16). On the o ther hand, when preincubated tRNA or



Figure 17. T it r a t io n  o f tRNA and aa-tRNA w ith  EtBr. This f ig u re  shows 

Scatchard P lo ts  fo r  t i t r a t io n s  o f un frac tiona ted  tRNA ( # ) ,  

un frac tiona ted  tRNA in  the presence o f 20 amino acids (A ) ,  or 

un frac tiona ted  aa-tRNA ( 0 ) .  The experiment was done a t 30°C to
KO

minimize the curvature  o f the p lo t.
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Figure 18. T it ra t io n s  o f EtBr w ith  te rn a ry  complex components. Et b ind ing 

to  aa-tRNA in  the presence o f e ith e r  EF-Tu'GTP ( # )  or 

EF-Tu'GDP ( ■ )  is  i l lu s t r a te d .  Figure ISA shows the re s u lts  

o f t i t r a t io n s  o f EtBr w ith  aa-tRNA ' EF-Tu ' GTP o r aa-tRNA 

plus EF-Tu'GDP. In  f ig u re  15B, EtBr + aa-tRNA was t i t r a te d  

w ith  EF-Tu'GTP o r EF-Tu'GDP. Et b ind ing  to  (o r release from) 

aa-tRNA was monitored as an increase (o r  decrease) in  

fluorescense in te n s ity  as described in  the experimental section  

o f chapter IV. The experiments were ca rrie d  out a t 1G°C.
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aa-tRNA was t i t r a te d  w ith  E t, d iffe rences  were observed ( f ig .  17). 

I t  th e re fo re  appears th a t there is  a conform ational d iffe re n ce  

between tRNA and aa-tRNA not caused by the d iffe re n c e  in  storage 

cond ition s . Since the d iffe re n c e  is  seen on ly when the 

concen tra tion  o f Et is  g rea te r than or equal to  th a t o f tRNA, i t  

suggests th a t the p u ta tiv e  conformation change a ffe c ts  on ly the 

secondary b ind ing  s ite s  on the tRNA, and does not a l te r  the b ind ing 

o f Et to  i t s  strong s ite .

T itra t io n s  o f Et w ith  te rn a ry  complex components. Two types o f 

t i t r a t io n s  o f Et w ith  te rn a ry  complex components show th a t 

form ation o f the complex reduces the amount o f bound dye (see f ig u re  

18). In  one case, 10 EtBr was t i t r a te d  w ith  aa-tRNA'EF-Tu'GTP 

(pre-form ed te rn a ry  complex) o r aa-tRNA + EF-Tu'GDP. In  both 

t i t r a t io n s  the fluorescence increased (see f ig .  ISA), but the to ta l 

increase was lower in  the case o f the complexed aa-tRNA.

The second type o f t i t r a t io n  was one in  which e ith e r  EF- 

Tu'GTP or EF-Tu'GDP was added to  a cuvette  con ta in ing  aa-tRNA and 

EtBr (pre-complexed aa-tRNA'E t). Based on the above re s u lts ,  the 

fluorescence in te n s ity  should decrease in  the sample to  which EF- 

Tu'GTP is  added. Indeed, th a t is  e xa c tly  what happens ( f ig .  IBB). 

I t  is  a lso  in te re s t in g  to  note th a t the fluorescence in te n s it ie s  o f 

comparable samples in  f ig u re s  ISA and 18B are approaching the same 

f in a l values. In both types o f t i t r a t io n s ,  th e re fo re , the 

in h ib it io n  o f Et b ind ing  to  aa-tRNA due to  te rn a ry  complex was the 

same.
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The data from f ig u re  18A is  re p lo tte d  as a Scatchard p lo t  

in  f ig u re  19. Due to  the l im ita t io n  o f our EF-Tu supply and the 

d i f f i c u l t y  in  ob ta in in g  pure te rn a ry  complex, on ly  a small range o f 

te rn a ry  complex concen tra tions could be in ve s tig a te d . From f ig u re  

19, the b ind ing  constant fo r  aa-tRNA in  the presence o f EF-Tu'GDP is  

l.SxlO^M This agrees w ith  the b ind ing  constant derived fo r  aa- 

tRNA ( f ig .  16).

Due to  the curva tu re  o f the p lo t  fo r  aa-tRNA in  the 

presence o f EF-Tu'GTP ( f ig .  17), the b ind ing  constant can on ly  be 

estim ated. However, the apparent a ssoc ia tion  constant is  c le a r ly  

d i f fe r e n t  from th a t  obtained fo r  uncomplexed aa-tRNA. Three 

problems h inder our in te rp re ta t io n  o f  th is  data. F i r s t ,  the 

p o s s ib i l i t y  th a t the fluorescence increase in  the plus te rn a ry  

complex cuvette  may have been due, a t le a s t in  p a r t ,  to  Et b ind ing  

to  unacylated tRNA o r uncomplexed aa-tRNA cannot be ru le d  out. 

Second, the cu rva tu re  o f the p lo t  in d ica te s  th a t  the re  are two or 

more types o f b ind ing  s ite s . T h ird , i t  is  poss ib le  th a t  F g (and 

th e re fo re  Fg/Fp in  the equation) may be d if fe r e n t  fo r  aa-tRNA'EF- 

Tu'GTP than fo r  fre e  aa-tRNA. In  any case, the  b ind ing  o f  E t to  

te rn a ry  complex appears to  d i f f e r  from i t s  b ind ing  to  uncomplexed 

aa-tRNA. This may re s u lt  from changes in  the b ind ing  o f E t e ith e r  

to  i t s  s trong s i te  o r to  secondary s ite s .  (Note th a t  in  th is  

experiment, the concen tra tion  o f Et was g re a te r than th a t  o f aa- 

tRNA; see above).

T i t r a t io n  o f te rn a ry  complex w ith  Et. The Et t i t r a t io n s  o f



Figure 19. T it ra t io n s  o f EtBr w ith  e ith e r  aa-tRNA'EF-Tu'GTP or

aa-tRNA'EF-Tu'GDP. This f ig u re  shows the data from fig u re  ISA 

re p lo tte d  as a Scatchard P lo t. The e x tra p o la tio n  is  

ju s t i f ie d  on the basis o f previous observations (see f ig u re  16).
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aa-tRNA"EF-Tu'GTP and aa-tRNA + EF-Tu'GDP were done a t 30®C. Figure 

20 shows the re s u lts  o f these t i t r a t io n s .  The dotted lin e  

represents the to ta l number o f tRNA b ind ing  s ite s  in  the sample 

(based on one s ite  per tRNA, 1600 pmoles per Ag^g u n it ) .  I t  is  

apparent th a t the to ta l number o f bound Et molecules approaches the 

to ta l number o f a v a ila b le  s ite s  in  both cases. From th is  the 

im portant conclusion can be made th a t the strong b inding s ite  fo r  Et 

is  not covered up by the p ro te in .

As seen e a r l ie r  ( f ig .  18), the form ation o f te rn a ry  

complex appears to  in h ib i t  the b ind ing  o f Et to  aa-tRNA. This can 

be seen even more c le a r ly  in  a Scatchard p lo t  ( f ig u re  21). As noted 

above, an u n q u a lif ie d  in te rp re ta t io n  o f th is  data cannot be made.

EtBr e f fe c t  on te rn a ry  complex s t a b i l i t y . EtBr concentrations g rea te r 

than those used in  the above b ind ing  experiments were found to  have 

no e f fe c t  on te rn a ry  complex s t a b i l i t y  (see f ig u re  22).

Confirm ation o f te rn a ry  complex fo rm a tion . The presence (o r  absence) 

o f te rn a ry  complex form ation during  the above Et b ind ing  

experiments was tes ted  both by ami noacyl bond p ro te c tio n  assays and 

gel f i l t r a t i o n  over U ltro g e l AcA-44 (see experim enta l, chapter V). 

Figure 23 shows the re s u lts  o f a ty p ic a l gel f i l t r a t i o n  ( fo llo w in g  a 

seven-hour t i t r a t io n ) .  The re s u lts  are s im ila r  to  those obtained 

fo llo w in g  te rn a ry  complex quenching experiments ( f ig .  11) except 

th a t the to ta l per cent cpm o f the hydrolyzed amino acid was higher 

here due to  the lower molar r a t io  o f EF-Tu to  aa-tRNA and the longer 

time (7 hours as opposed to  4 hours fo r  the I  quenching
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experim ents). L ikew ise, the ami noacyl bond p ro te c tio n  in  te rn a ry  

complex samples was s im ila r  to  th a t in  I  quenching experiments 

(data  not shown).



Figure 20. Ethidium occupation o f b ind ing  s ite s  on aa-tRNA a t 30°C in  

the presence o f e ith e r  EF-Tu'GTP ( • )  o r EF-Tu'GDP ( ■ ) .

The dotted lin e  represents the to ta l number o f pmoles o f

aa-tRNA added ( to ta l  number o f strong b ind ing  s ite s ) .  Sample ^
o
CO

contents are described in  Experimental. The amount o f  ethid ium  

bound was determined as o u tlin e d  in  Experimental, assuming th a t 

Fg was the same fo r  E t 'aa-tRNA and E t 'aa-tRNA'EF-Tu'GTP.
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Figure 21. T it r a t io n  o f aa-tRNA in  the presence o f EF-Tu'GTP ( ® )  or

EF-Tu'GDP ( • )  w ith  EtBr. This Scatchard P lo t was constructed 

using the data from the experiment o f f ig .  20.
ocn
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Figure 22. EtBr e f fe c t  on te rn a ry  complex s t a b i l i t y .  The ra te  o f

hyd ro lys is  o f amino acid from un frac tiona ted  tRNA ami noacylated 

w ith  15 t r i t i a t e d  amino acids is  shown in  the absence ( # )  or
5

presence (A) o f 1.9x10 M EtBr. U n fi lle d  symbols represent 

incubations o f aa-tRNA in  the presence o f EF-Tu’ GDP. F i l le d

symbols are incubations in  the presence o f EF-Tu’ GTP. g

Incubations were a t 30°C as described in  the experimental

section  o f th is  chapter and included .268 A^gg u n its  o f the

aa-tRNA prepa ra tion . A c id -in so lu b le  r a d io a c t iv ity  a t t  = 0

to ta le d  approxim ately 10,000 cpm.
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Figure 23. Gel f i l t r a t i o n  o f un frac tiona ted  aa-tRNA in  the presence o f 

EF-Tu'GTP ( • )  o r EF-Tu'GDP ( O )  fo llo w in g  Et b ind ing  

experiments.
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CHAPTER V II 

THE EFFECT OF GLYCEROL ON aa-tRNA 

In tro d u c tio n

O r ig in a lly  we wished to  examine the te rn a ry  complex formed 

w ith  euka ryo tic  e longa tion  fa c to r  T (eEF-T) and e longa tion  fa c to r  

Tu (eEF-Tu), the euka ryo tic  equ iva len t o f EF-Tu. eEF-T is  u su a lly  

is o la te d  as a m u lt i-s u b u n it p ro te in  and is  considerab ly la rg e r than 

p ro ka ryo tic  EF-Tu (180,000 d. vs. 44,000 d. ) (65 ). Besides a 

subunit which appears to  be fu n c t io n a lly  equ iva len t to  EF-Tu, EF-T 

conta ins what is  thought to  be an analog o f EF-Ts and a lso a th ir d  

subun it, designated the /S cha in , which has an unknown fu n c tio n . 

The euka ryo tic  fa c to r  has a weaker b ind ing  constant fo r  aa-tRNA than 

does the p ro ka ryo tic  analog (56).

When attempts were made to  study the complex between aa- 

tRNA and eEF-Tu, the data was in c o n s is te n t and u n in te rp re ta b le . No 

d ire c t  evidence th a t te rn a ry  complex was formed could be obta ined, 

e ith e r  by a change in  fluorescence in te n s ity  o r by ami noacyl bond 

p ro te c tio n  assays. Indeed, ra th e r than p ro te c t the bond, the 

a d d itio n  o f the eEF-Tu appeared to  be ca ta lyz in g  the bond's 

h yd ro lys is . When the problem was in ve s tig a te d  more c lo s e ly , both 

the eEF-Tu p repa ra tion  and the b u ffe r  in  which the p ro te in  was

111
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stored were found to  e x h ib it  th is  e f fe c t .  This b u ffe r  contains 20% 

(v /v )  o f g ly c e ro l,  which has been found necessary fo r  maintenance o f 

the p ro te in 's  a c t iv i t y  (67 ). In  th is  chapter evidence is  presented 

th a t g ly c e ro l,  even to  concentra tions as low as 1% ( v /v ) ,  has a 

profound e f fe c t  on the aa-tRNA. This fa c t  alone may help to  exp la in  

c o n f l ic t in g  repo rts  in  the l i te r a tu r e  concerning th is  p ro te in .
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Experimental

Aminoacyl bond h yd ro lys is  assays. Rates o f hyd ro lys is  o f amino acid 

from aa-tRNA were measured using the co ld TCA p re c ip ita t io n  assay as 

before (see chapter I I I ,  experim enta l). Incubations (100 m ic ro lite rs ,  

30°C, 2 or 4 hours, as in d ica te d ) contained b u ffe r  B (20mM T r is -C l 

(pH7.6), 5mM MgClg, 50mM KCl) g lyce ro l concentrations as in d ica te d , and 

ra d io a c tiv e  aa-tRNA as ind ica ted .

E ffe c t o f g lyce ro l on p ro ka ryo tic  te rn a ry  complex. The e f fe c t  o f 

g lyce ro l on p ro ka ryo tic  te rn a ry  complex was tested  using the aminoacyl 

bond p ro te c tio n  assay described in  chapter I I I ,  except th a t g ly c e ro l,  as 

in d ica te d , was s u b s titu te d  in  place o f potassium iod ide . F inal incubation 

volumes fo r  th is  assay were 125 m ic ro lite rs .

Fluorescence quenching. Fluorescence in te n s ity  quenching w ith  iod ide  

ion was ca rr ie d  out a t 15°C as described in  the experimental section  o f 

chapter V.
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Results

Problems were encountered during the conduct o f experiments 

designed to  examine the iod ide  ion a c c e s s ib i l i ty  o f the flu o re sce in  

in  the Phe-tRNA^^®-F® complex w ith  eEF-T GTP and eEF-Tu'GTP. 

S p e c if ic a lly  i t  was observed th a t:

1) Stern-Volmer p lo ts  o f  iod ide  ion quenching were not 

reproducib le  and fre q u e n tly  had much g rea te r slopes than 

an tic ip a te d .

2) Rather than p ro te c tin g  the aminoacyl es te r bond, a d d itio n  o f 

eEF-T or eEF-Tu ( in  the presence o f e ith e r  GTP o r GDP) seemed 

to  enhance hyd ro lys is . This phenomenon had been p re v io u s ly  

noted during studies in v o lv in g  the a f f i n i t y  la b e lin g  o f eEF-Tu 

w ith  N ^-brom oacetyl-lysine-tRNA*"^^ (A. E. Johnson, personal 

comm.).

In  a d d it io n , fluorescence observations and p ro te c tio n  assays gave 

no c le a r evidence o f te rn a ry  complex form ation.

The p o s s ib i l i t ie s  o f nuclease and/or synthetase 

contam ination were ru led  out when i t  was shown th a t the e f fe c t  could 

be dup lica ted  by adding the b u ffe r  in  which the p ro te in  was stored 

to  the samples in  place o f the e longa tion  fa c to r  p repara tions. 

E ven tua lly , the cause o f the problem was narrowed down to  the 

g lyce ro l in  which the p ro te in s  are stored to  m ainta in th e ir  

a c t iv i ty .  Both commercial a n a ly t ic a l grade g lyce ro l and u ltra p u re  

r e d is t i l le d  g lyce ro l (from BRL) were found to  e xe rt th is  e f fe c t  

equa lly  (see f ig u re  24) on both p ro ka ryo tic  ( f ig .  24A) and 

eukaryo tic  ( f ig .  24B) aa-tRNA. As can be seen the e f fe c t  is  

s ig n if ic a n t  a t g lyce ro l concentra tions even as low as 1% (v /v ) .



Figure 24. G lycerol s tim u la tio n  o f amino acid  h yd ro lys is  from aa-tRNA. This

p lo t  shows the re s u lts  o f adding 0 ( • ) ,  1 ( x ) ,  2 ( ■ ) ,  or 3 (A)  

per cent (v /v )  o f g lyce ro l to  incubations o f aa-tRNA a t 30°C.

Figure 24A was obtained using E. c o l i (p ro k a ry o tic )  un frac tiona ted
3

tRNA ami noacylated w ith  15 ( H) amino acids (.344 Aggg u n its  per 

assay, t  = 0 cpm approx. 10,000). F igure 24B was obtained 

using un frac tiona ted  yeast (e u ka ryo tic ) [^^C ]lysine-tRN A 

(.977 AggQ u n its  per assay, 555 dpm/pmol Lys, 69.7 pmol Lys 

per AggQ u n it  tRNA).
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Next, the e f fe c t  o f vary ing concen tra tions o f g lyce ro l on 

p ro ka ryo tic  te rn a ry  complex was examined. F igure 25 shows th a t the 

complex is  d is rup ted  (the  ra te  o f amino acid  h yd ro lys is  increases) 

a t g lyce ro l concentra tions as low as 2% (v /v ) .  The increase in  the 

ra te  o f  h yd ro lys is  is  observed in  both GTP and GDP con ta in ing  

samples as should be expected i f  the g lyce ro l is  e xe rtin g  i t s  e f fe c t  

d ir e c t ly  on the aa-tRNA molecule.

When I  quenching o f tRNA^^^-F^ in  g lyce ro l (4%) was 

tes te d , the from i t s  Stern-Volmer p lo t  was g re a t ly  increased in  

comparison to  th a t which had been seen p re v io u s ly  ( re s u lts ,  chapter 

V). The re s u lts  are shown in  f ig u re  26. This would seem to  

in d ic a te  th a t  the tRNA had denatured (un fo lded) to  some exten t. 

However, a measurement o f absorbance a t 260 nm before and a f te r  

a d d itio n  o f g lyce ro l showed no hyperchrom ic ity  (da ta  not shown). 

A lso , t i t r a t io n  o f un frac tiona ted  tRNA w ith  EtBr showed on ly a very

small change in  the b ind ing  constant a t  5% (v /v )  g lyce ro l (data not

shown). These observations would seem to  suggest th a t i f  there  is  

déna tu ra tion , i t  does not in vo lve  a major p o r t io n  o f the tRNA 

molecule.

I t  is  c le a r th a t the e f fe c t  o f  g lyce ro l on aa-tRNA and the

te rn a ry  complex is  s ig n if ic a n t ,  but the mechanism o f the e f fe c t  has

not y e t been id e n t if ie d .  G lycero l has been shown to  have non­

s p e c if ic  e ffe c ts  in  c e r ta in  experimental systems, p a r t ic u la r ly  in  

the s tim u la tio n  o f tu b u lin  assoc ia tion  in  the absence o f GTP (68 ), 

but in  th is  case the concentra tions o f g lyce ro l were 10 to  30 times 

h igher than in  our experiments. A more l ik e ly  re la te d  observation
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was th a t low concentrations o f g lyce ro l were found to  in h ib i t  

methylene blue se ns itized  degradation o f guanosine (69). The 

authors found th a t the g lyce ro l was somehow a ffe c tin g  the ribose 

moiety o f the nuc leo tide  (p oss ib ly  hydrogen bonding to  i t ) .  They 

d id  not fo llo w  up th is  observation.



Figure 25. E ffe c t o f g lyce ro l on p ro ka ryo tic  te rn a ry  complex. This f ig u re  

i l lu s t r a te s  the e f fe c t  o f a d d itio n  o f 0 ( • ) ,  2 ( ■ ) ,  o r 5 ( A )  

percent (v /v )  o f g lyce ro l to  un frac tiona ted  aa-tRNA labeled 

w ith  15 t r i t i a t e d  amino acids (.030 Aggg u n its  per assay, 

t  = 0 cpm approx. 1,000) in  the presence o f e ith e r  EF-Tu'GTP 

( f ig u re  25A) or EF-Tu’ GDP ( f ig u re  25B). The d iffe re n c e  in  the 

ra tes o f hyd ro lys is  between complexed and uncomplexed aa-tRNA 

in  these experiments than in  those o f f ig u re  5 was because 

[EF-Tu]/[aa-tRNA] was 1 .1 here and a t le a s t 4 e a r l ie r .
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Figure 26. E ffe c t o f g lyce ro l on the iod ide  ion quenching o f tRNA^*^®-F®

fluorescence. The fig u re  shows re s u lts  o f fluorescence quenching 

in  the presence o f 4% ( v /v )  o f g lyce ro l a t 15°C ( # ) .  For

comparison the dotted lin e  represents quenching o f the ^
ro

fluorescence o f the same tRNA a t 30°C from previous 

experiments (see ta b le  3).
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CHAPTER V I I I  

DISCUSSION

During the course o f th is  research p ro je c t,  the te rn a ry  

complex formed between aa-tRNA, EF-Tu, and GTP has been studied 

using s ite -s p e c if ic  fluo resce n t probes. In  one case the probe was 

co va le n tly  attached to  a m odified tRNA^^^, w h ile  in  the second case, 

unmodified tRNA was examined using a non-cova len tly  bound probe. In 

both cases, s tud ies centered p r im a r ily  on two aspects—topology o f 

the complex and the possib le  involvement o f conform ational changes 

in  i t s  fun c tio n .

Because the emission p ro p e rtie s  o f flu o re sce n t probes are, 

in  genera l, very s e n s itiv e  to  changes in  th e ir  environment, 

s tru c tu ra l changes near the probe can be detected by changes in  i t s  

fluorescence s ig n a l. A p a r t ic u la r  advantage o f th is  approach is  

th a t i t  is  non-destruc tive . Thus, one can m onitor macromolecular 

s tru c tu re  throughout a lengthy experiment. Because one can 

demonstrate th a t the te rn a ry  complex is  in ta c t  a t the end o f the 

experiment, in te rp re ta tio n  o f the re s u lts  is  s tra ig h tfo rw a rd . In  

co n tra s t, to p o lo g ica l s tud ies in v o lv in g  enzymatic d iges tion  and 

chemical m o d ifica tio n  procedures, upon which much o f our knowledge 

o f te rn a ry  complex s tru c tu re  is  c u r re n tly  based, a l te r  the

123



124

macromolecules during  the experiment. This makes in te rp re ta tio n  o f 

the re s u lts  d i f f i c u l t ,  and indeed, there  is  disagreement between 

in v e s tig a to rs  using s im ila r  techniques as to  the to po log ica l 

s tru c tu re  o f the complex (9 ,10 , Wilkman, e t al^, personal comm.)

Both o f the probes u t i l iz e d  in  these s tud ies were bound in
Phethe corner region o f the tRNA. In the case o f the m odified tRNA , 

a flu o re s c e in  moiety was co va le n tly  attached to  the 4 - th io u r id in e  

base a t p o s it io n  #8. In the case o f the unm odified, un frac tiona ted  

tRNA, the b ind ing o f eth id ium  to  i t s  strong b ind ing  s ite  was 

studied. Although the p ro je c t was i n i t i a l l y  designed to  study the 

topology o f the te rn a ry  complex, the p o s s ib i l i t y  th a t the probes 

would be s e n s itiv e  to  conform ational changes w ith in  the corner 

region was not overlooked. Indeed, i f  such a change could be 

detected, i t  was recognized th a t the flu o re sce n t probes may provide 

an im portant to o l in  our attempts to  understand how EF-Tu ca rrie s  

out i t s  prim ary fu n c tio n  as a c a ta ly s t o f p ro te in  synthesis.

Our re s u lts  show th a t the conformation o f aa-tRNA changes 

when i t  associates w ith  EF-Tu'GTP. This change was detected by both 

probes. In  the stud ies in v o lv in g  Phe-tRNA^^^-F^, the change in  

conformation caused a 28% increase in  the emission in te n s ity  o f the 

flu o re s c e in  ( f ig .  6). Fluorescence quenching s tud ies w ith  the 

c o l l i  s iona l quencher, iod ide  ion , in d ic a te  th a t th is  fluorescence 

change was not due to  a d ire c t  in te ra c t io n  between EF-Tu and 

fluo ropho re , since the so lven t a c c e s s ib i l ity  o f the flu o re s c e in  was 

not a lte re d  s ig n if ic a n t ly  by complex form ation ( f ig .  10). This 

conclusion is  fu r th e r  supported by the fa c t  th a t te rn a ry  complex
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form ation  a lte re d  the nature o f the strong b ind ing  s ite  fo r  Et on 

unm odified, u n frac tiona ted  aa-tRNA ( f ig s .  18 th ru  21). Thus, 

te rn a ry  complex fo rm ation  causes a conform ation change in  aa-tRNA.

The conform ational f l e x i b i l i t y  o f  the aa-tRNA molecule is  

w e ll-e s ta b lis h e d  (reviewed in  70). A m utation d is ta n t from the 

a n ti codon o f tRNA^*"*  ̂ a lte re d  the tRNA's a b i l i t y  to  read i t s  cognate 

codon (71 ,72 ). The mutant aa-tRNA can read not on ly  i t s  normal 

codon but a lso the nonsense codon UGA. P ho tocross link ing  o f the
4

s Ug w ith  subsequently a lte re d  the decoding p ro p e rtie s  o f th is  

nonsense supressor tRNA^^^ (73 ). This seems to  in d ic a te  th a t aa-
4

tRNA s tru c tu re  near the s U is  somehow invo lved in  the decoding 

process. Therefore , in  view o f our data, i t  seems l ik e ly  th a t one 

fu n c tio n  o f EF-Tu in  p ro te in  b iosyn thes is  is  to  ensure th a t every 

aa-tRNA begins the process in  a p a r t ic u la r  (p o s s ib ly  the same) 

conform ation. In  th is  way, EF-Tu would serve as a regu la to ry  

element in  the process.

The exact nature o f the conform ational change in  the 

corner reg ion  o f the aa-tRNA which occurs upon te rn a ry  complex 

fo rm ation  is  p re se n tly  unknown. However, s ince the emission 

in te n s ity  change ( f ig .  6) was due in  la rge  p a rt to  a change in  the 

molar a b s o rp t iv ity  o f the flu o re sce n t dye, and s ince the absorbance 

o f the dye is  very s e n s it iv e  to  pH (7 4 ), i t  seems l ik e ly  th a t a 

change in  the e le c tro s ta t ic  environment o f the dye is  invo lved. I t  

is  probable th a t the lo ca tio n s  o f the negative ly-charged phosphates 

are s l ig h t ly  a lte re d  w ith  respect to  the flu o re s c e in  moiety. This 

could lead to  a change in  e ith e r  the lo c a l pH o r the pKa o f the 

carboxyl group on the f lu o re s c e in .
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T o p o lo g ica lly , the fluorescence quenching re s u lts  

presented in  chapter V demonstrate th a t the s^U p o s it io n  o f Phe- 

tRNA^^^-F^ is  not covered up by the p ro te in . This can be 

ascerta ined from the fa c t  th a t the fo r  the quenching o f te rn a ry  

complexed Phe-tRNA^^^-F^ was the same as th a t fo r  uncomplexed Phe- 

tRNA^^^-F^ ( f ig .  10). The cond itions  were such th a t the complex was 

not destroyed during the course o f the experiment ( f ig s .  10, in se t 

and 11). Consistent w ith  th is  f in d in g  is  the fa c t  th a t the b ind ing
4

o f Et to  i t s  strong s ite  (near the s U) is  not blocked by form ation 

o f the te rn a ry  complex ( f ig .  20).

The above re s u lts  are in  apparent disagreement w ith  recent 

experiments studying EF-Tu p ro te c tio n  from nuclease (10, Wilkman, 

e t a l , personal comm.) and kethoxal re a c tio n  ra tes w ith  guanine 

residues in  s in g le -s tra n d  regions (Bertram and Wagner, personal 

comm.). The former technique seems to  in d ic a te  th a t th is  region is  

p ro tected  from nuclease cleavage by complex form ation . A lso , 

kethoxal re a c tio n  ra tes are slower in  the corner region w ith  

complexed as compared to  uncomplexed aa-tRNA. However, both o f 

these techniques are s e n s itiv e  to  changes in  conform ation; both 

re ly  on the a c c e s s ib i l i ty  o f p a r t ic u la r  tRNA components (a guanine 

o r a phosphodiester bond) fo r  optim al re a c tio n , and any 

conformation change which a lte rs  the a c c e s s ib i l i ty  can y ie ld  

ambiguous re s u lts . In  a d d it io n , the methods themselves may induce 

conform ational changes. Reaction a t one s ite  may cause s tru c tu ra l 

changes th a t can a l te r  subsequent in te ra c tio n s  o f the enzyme or 

reagent w ith  the tRNA. F in a lly ,  i t  is  poss ib le  th a t the te rn a ry
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complex may be d isrup ted  fo llo w in g  the f i r s t  enzyme c u t o r chemical 

reac tion . For these reasons, the re s u lts  o f such techniques must be 

in te rp re te d  w ith  caution. Since we have found th a t assoc ia tion  w ith  

EF-Tu'GTP a lte rs  the conformation o f aa-tRNA, i t  is  l i k e ly  th a t the 

d iffe re n ce  in  r e a c t iv ity  near s^U th a t others observe is  due to  the 

conformation change and not to  EF-Tu covering th is  reg ion in  the 

te rn a ry  complex. Our fluorescence quenching data is  not sub ject to  

am biguity in  in te rp re ta tio n , since i t  can be demonstrated th a t aa- 

tRNA is  complexed to  EF-Tu throughout the experiments. From our 

re s u lts  i t  is  c le a r th a t the EF-Tu does not cover the s^U region o f 

the aa-tRNA in  the te rna ry  complex.

On the o ther side o f the tRNA, fluorescam ine attached to  

showed no change in  fluorescence in te n s ity  upon te rn a ry  complex 

form ation (75). In  add ition  the X base could be c ro ss -lin ke d  to  EF- 

Tu only when the p h o to a ff in ity  label was a t le a s t 20 R long (Kao, 

M il le r ,  and Ofengand, in  p repa ra tio n ). These fin d in g s  and those 

reported in  th is  thes is  are cons is ten t w ith  a model in  which EF-Tu 

binds to  aa-tRNA a t the aminoacyl terminus and the aminoacyl 

acceptor stem. The e n tire  anticodon stem and corner region would 

then be fre e  to  in te ra c t  w ith  components o f the ribosome.

Unless and u n t i l  a solved c ry s ta l s tru c tu re  is  obtained 

fo r  the aa-tRNA'EF-Tu'GTP complex, we sh a ll be forced to  v is u a liz e  

i t s  topology on the basis o f the in d iv id u a l three-d im ensional 

s tru c tu re s  o f tRNA ( f ig .  3) and EF-Tu (76-78). Recent a f f i n i t y  

la b e lin g  experiments (24,79) provide a f ix e d  p o in t o f reference fo r  

the o r ie n ta tio n  o f the nuc le ic  acid and p ro te in  re la t iv e  to  one
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another. The data presented herein w i l l  serve to  fu r th e r  r e s t r ic t  

the poss ib le  arrangements o f  EF-Tu and aa-tRNA in  the complex.

Another question o f importance touched on during th is  

research is  whether o r not the re  is  a conform ational d iffe re n ce  

between tRNA and aa-tRNA. Considering the la rge increase in  

fluorescence in te n s ity  observed when P h e - t R N A c o m p l e x e d  w ith  

EF-Tu'GTP, i t  is  in te re s t in g  th a t the re  was l i t t l e  o r no change seen 

when tRNA^^^-F^ was ami noacylated. We d id , however, observe a 

sm a ll, bu t reproducib le  d iffe re n c e  in  the ra te  o f c o l l is io n a l 

quenching w ith  I  ( f ig .  8 ). This is  cons is te n t w ith  a s tru c tu ra l 

change in  th is  region which p e rs is ts  even a f te r  d is s o c ia tio n  o f the 

aa-tRNA from the synthetase enzyme. Further support is  provided in  

the case o f the unm odified, un frac tiona ted  aa-tRNA, since the 

b ind ing  p rope rties  fo r  Et are d if fe re n t  between the two species 

( f ig .  17). This d iffe re n c e  is  most obvious when Et is  in  excess 

over tRNA suggesting th a t whatever the d iffe re n c e  is ,  i t  a ffe c ts  

on ly the secondary b ind ing  o f the dye. Other researchers using 

photocrosslinked (80,81) and flu o re sce n t- la b e le d  (82) tRNAs have 

reported th a t the conformation o f the tRNA near s^U is  a lte re d  upon 

assoc ia tion  w ith  i t s  cognate synthetase. A lso, s tud ies o f the 

b ind ing  o f o ligo nuc le o tides  complementary to  TV/C (83) as w e ll as 

la se r l ig h t  s c a tte r in g  during  déacy la tion  (84) suggest th a t a 

conform ational change does p e rs is t  in  the aa-tRNA. On the o ther 

hand, e a r ly  NMR stud ies (85) fa i le d  to  de tect any d iffe re n c e  due to  

an e f fe c t  on the exchangeable proton spectrum. P resen tly , the 

cu rre n t l i te ra tu r e  is  about evenly d iv ided  on th is  issue,
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apparently  depending on the technique used to  study the question 

(70).

The p o s s ib i l i t y  must be considered th a t our re s u lts  were 

caused by the d i f fe re n t  storage b u ffe rs  fo r  the two species o r by 

the ami noacy la tion  re a c tio n  and procedures. A t le a s t in  the case o f 

Et b ind ing  experiments, the storage b u ffe r  co nd ition s  were ru led  

ou t as a cause (chapter V I, re s u lts ) .  Another p o s s ib i l i t y  suggested 

by Dr. Paul Schimmel is  th a t phenyla lan ine in te rc a la te s  somewhere 

w ith in  the aminoacyl acceptor stem and induces the d if fe re n t  

conformations observed fo r  tRNA*^^®-F® and i t s  ami noacyl ated 

coun te rpa rt. This idea can be tes ted  by m isacy la ting  th is  tRNA and 

seeing i f  the d iffe re n c e  is  s t i l l  observed. In  any case our i n i t i a l  

observations suggest a s tru c tu ra l d iffe re n c e  between aa-tRNA and 

tRNA, and are in te re s t in g  enough to  m e rit fu tu re  study.

F in a lly ,  during  our attempts to  study the te rn a ry  complex 

formed w ith  euka ryo tic  e longa tion  fa c to rs , i t  was noticed th a t the 

g lyce ro l in  the storage b u ffe rs  o f these p ro te in s  e x h ib its  a 

profound e f fe c t  on the aa-tRNA. For reasons not p re se n tly  

understood, g lyce ro l in  very low concen tra tion  (1% ( v /v ) )  cata lyzed 

the h yd ro lys is  o f the aminoacyl e s te r bond. In  a d d it io n , la rge  

changes in  the K^^'s o f our f lu o re s c e in - la b e le d  tRNA^^^ were seen 

( f ig .  26) as w e ll as s ig n if ic a n t  d is ru p tio n  o f p ro k a ry o tic  te rn a ry  

complex ( f ig .  25). In te re s t in g ly ,  no change in  Aggg was observed 

upon a d d itio n  o f g lyce ro l to  tRNA, in d ic a tin g  th a t  no extensive 

unstacking o f bases was occu rring .
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N on-spec ific  e ffe c ts  o f g lyce ro l on the assoc ia tion  o f 

tu b u lin s  has been reported (68 ). However, in  those experiments the 

concentra tions o f g lyce ro l u t i l iz e d  were from 10 to  30 times as 

g rea t as in  our experiments. A re la te d  re p o rt (69) showed the the 

presence o f g lyce ro l in  low concentra tions in h ib ite d  the methylene 

blue se n s itize d  degradation o f guanosine. T h e ir in te rp re ta t io n  was 

th a t the g lyce ro l in te ra c te d  (p o ss ib ly  by hydrogen bonding) w ith  

the ribose moiety o f the nucleoside. I f  such was the case, i t  seems 

l ik e ly  th a t the g lyce ro l could in te ra c t  w ith  the same component o f 

the aa-tRNA. Just how th is  would ca ta lyze  amino acid  hyd ro lys is  is  

d i f f i c u l t  to  v is u a liz e . In  any event, our observa tion is  im portan t, 

since the re s u lts  o f any experiment in  which aa-tRNA was observed in  

the presence o f g lyce ro l must be viewed w ith  caution . More 

s p e c if ic a l ly ,  conclusions concerning the in te ra c t io n  o f euka ryo tic  

e longa tion  fa c to rs  (which are stored in  g ly c e ro l-c o n ta in in g  b u ffe r)  

w ith  aa-tRNA may need to  be re -eva lua ted in  l ig h t  o f th is  d iscovery.

In  conclusion, the re s u lts  o f th is  research p ro je c t have 

shown th a t the aa-tRNA undergoes a conform ational change when i t  

associates w ith  EF-Tu'GTP. Therefore, i t  is  l i k e ly  th a t th is  is  the 

mechanism by which EF-Tu promotes re co g n itio n  and b ind ing  o f the aa- 

tRNA to  the ribosome. The p o s it io n  o f 4 - th io u r id in e  in  the corner 

region o f the aa-tRNA is  not covered up by the p ro te in  in  the 

te rn a ry  complex, which leaves the anticodon stem and the corner 

region o f the aa-tRNA a v a ila b le  to  in te ra c t  w ith  ribosomal 

components during  re co g n itio n .



CHAPTER IX 

SUMMARY

The in te ra c t io n  o f aa-tRNA w ith  EF-Tu'GTP was in ves tiga ted  

using s ite - s p e c if ic  fluo resce n t probes located near the corner 

region o f the aa-tRNA.
php

E. c o l i  tRNA was labeled w ith  flu o re sce in . The dye was 

shown to  be co va le n tly  attached (one dye per tRNA) a t the 4- 

th io u r id in e  p o s it io n . The attachment o f the dye d id  not 

s ig n if ic a n t ly  a l te r  the a b i l i t y  o f th is  m odified aa-tRNA to  

associate w ith  EF-Tu'GTP.

The emission in te n s ity  o f Phe-tRNA^^®-F® increased 

s u b s ta n tia lly  (28%) when the aa-tRNA complexed w ith  EF-Tu'GTP. 

C o llis io n a l quenching o f the fluorescence o f the Phe-tRNA^^^-F^ in  

the te rn a ry  complex demonstrated th a t the fluorescence change was 

not due to  a d ire c t  in te ra c t io n  between the p ro te in  and the 

flu o re sce n t dye moiety.

Upon te rn a ry  complex form ation the b ind ing o f Et to  aa- 

tRNA is  apparently in h ib ite d ,  even though the b ind ing s ite  is  not 

blocked by the p ro te in . This observation is  cons is ten t w ith  the 

p u ta tiv e  conformation change in  the corner region o f the aa-tRNA.
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Im portant to po log ica l in fo rm a tion  was provided by 

c o l l is io n a l quenching and Et b ind ing  s tud ies . In  the fluorescence 

quenching experiments, the in te n s ity  o f the flu o re sce in  emission 

was quenched whether o r not the Phe-tRNA^^®-F® was complexed w ith  

EF-Tu'GTP. In  the  Et b ind ing  experiments, i t  was shown th a t the 

strong b ind ing  s ite  could be f i l l e d  even when the aa-tRNA was 

associated w ith  EF-Tu'GTP. Thus, the region near s^U is  not covered 

by EF-Tu in  the te rn a ry  complex.

In  a d d it io n , our stud ies provide evidence th a t there  is  a 

conform ational d iffe re n c e  between unacylated tRNA and aa-tRNA. 

These two species d if fe re d  both in  th e ir  a f f i n i t y  fo r  Et and in  the 

iod ide  ion  quenching e f f ic ie n c y  o f a f lu o re sce n t dye co va le n tly
4

attached to  s U.

F in a lly ,  we found th a t very low concentra tions o f g lyce ro l 

(down to  1% ( v /v ) )  w i l l  ca ta lyze  the h yd ro lys is  o f amino acid  from 

aa-tRNA. The reason fo r  th is  has not been determined. However, th is  

observation is  im portant in  th a t i t  makes suspect re s u lts  o f 

experiments in  which low concentra tions o f g lyce ro l are in  contact 

w ith  aa-tRNA. In  p a r t ic u la r ,  in v e s tig a tio n s  in to  the 

c h a ra c te r is t ic s  o f eukaryo tic  e longation fa c to rs  (which are stored 

in  a g ly c e ro l-c o n ta in in g  b u ffe r)  may need to  be re-eva luated.

Thus, th is  research shows th a t assoc ia tion  w ith  EF-Tu'GTP 

induces a conform ational change in  the aa-tRNA. This may be the 

prim ary means by which EF-Tu promotes p ro te in  b iosyn thes is . 

Topological data from th is  research, when combined w ith  re s u lts  

from o ther researchers, in d ic a te  th a t the e n t ire  a n ti codon stem, as
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w e ll as the corner reg ion o f the aa-tRNA are a v a ila b le  to  in te ra c t  

w ith  ribosomal components during the re co g n itio n  process.
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