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l . - I n t t o f l B e f i o n  . . . " ~he a n t i e o d o n  s t e m ,  t h e  D s l e m  a n ~  ?he  D ] .oop.  ]~ - 

" - " a p p e a r s  lha' t  f l e ~ a t u r a i i o n  of t ~ s  t ~ . ~ N A ~ s  a c ~ o m p a n i - e d  

Ce r t a in  ~ R N ~ s  h m m b i o l o g i . c ~ l y  i n a c t i v e  d e n a t u r e d  " b y . c h a n g e s  i n h y d r o g e n  b o n d i n g  ~ t h e  an'taco.don ant i  
, c o n f o r m a t i o n s  w h i c h  a r e  m e t ~ t a b ] ~ . a , ~ . l o w  t empera - .  D s t e m s .  

,tu~es Lu -the p r e s e n c e  0f M g  . .  [ 1. ~.. T h e  exastene.e  .of 

s u c h  f o r m s  w a s  f i r s t  l m l e d  b y  L ~ d a M  e t a ] .  I 2 ]  f r o  " . 
y e a z t  ~tRNA L e u .  S~nee ~hen,  s~.f i lar  d e n a l ~ e , d  f o r m s  .2. _Mate r i ah  a n d  m e ,  b o i l s  
l-rove b e e n  discov.e~ed 5ox-~. ~eoH I R N A  T r p  {3]  mad . " 
yeas~ tRNASe .~ znd ~RNA l~'e I~4]. Denaturation ~f . " " For ,.the -p~eparad,on-of I ~ P],: tRNATrP, ~. ,c~Ti 
these ,IRN~ occuls upon berating above a tlans'l~on s~rain MRJE 600 W a s . g r o w n  in !he zned~um :of Gm'en 

~ e m p e r a t n r e  s p e c i f i c  t o  ~]~e tPdNA ~n Lb_~ p r e s e n c e  o f  . and Levinthal [7] - wJ,th a m i n o  a c i d s  subs~ii~ted fox 
E D T A .  Renataarat ior~ is aisc- a c c o m p l i s h e d  b y  h.eat~ng ~ Bae to -pep to~e . .A/S . Ie r  a ,ddit~0n o f e a r r i . e r  { ] L - 2 A . ~ : ~  
bnt in ~he p l e s e n c e  of M g -  . . ~an~tS-,cr~fle ~ ~ o i i  ~ R _ N A ] ~ f l  e ~ t m - e ) ,  t.o:ta] ~R2"q~ ~ a s .  

U p o n  d e n a t u r a h o n ,  c h a n g e s  ~ s e e o n , d ~ r y  a n d  t~er- 

~ r y  S , t r a c t , u l e o c c u r ,  U s i u g  k,e~hoxa] : . ~ e t h o x y - ~ - k . e t o -  

bu11-yral d e h y f l e )  as p r o b e ,  w.e h a v e  .,hnv~stigated t h e  

c o n f o r a n a ' f i o n s  o f  b o t h  ? h e  denaPare id  ( D )  a n d  n a t i v e  

( ~  f o r m s . , o f  t ' l ~ q A  TM/ro~ .~. e 9 3 L  T ~ .  ,xea Bent " " - 
£.eaets spec i f i ca l ly :  w i t h  g u a n i n e  s m e, '~posed r e g i o n s  .of " 
' t R N A  ( L S t t  I S ] ,  L l t t  ~aad G z e e r ~ / ~ n  [6 ]  ) .  W e  h a v e  as- 

k o l . a l e d  b y  p h e n o l  e x t r a g ~ ] o n a n f l  D E A ~ - c e ] l u ] o s e  

v h x o m a m ~ a p h y  1 8 ] .  :The  iRN,  A wa~ f ras~f i0nated  ~on 

a 0 . 4  X ]  2 c rn  B!Nce]]a]-ose  ,Colum~ (,G~;am-.e2 ~ -  

{9].A so]ufi0n ,~f 0.8 M NaC1 in B~ffe,x A ,(]0 rnM 
M g C ~ . ,  2 mM dithiotl~ei~,oL a n d  1,0 m M  N a a c e ~ e ,  
p H  4 .  5 ) . w a s  ~ase,fl ~,o dissol-ce . ~ a e - t ~ A _ ,  eqafi!]bxat.e " 

t h e  c o ] ~ n m ,  an:d e ] n t e  a b 0 f i t  8 0 %  o f  ~he r ad io . ac t iv i ty  - 

c e r ~ n e d  d]ff,:e~ences ,~n I e a c f i v ] t y  o f  t h e  t W o  f o r m s  of a p p l i e d ,  p a r t l y - p u r i f i e d  i R N A : r ; P  w a s  1 h e n  e ! m e d  w i t h  

the.  iR~-'  A a n d  h~ve  s h o w n  tha~ si~es o f  r e a c t i o n  wh lh  - B a r f e r  A c o n i a ~ n i n g  ] M Na'C~ a n d  ] 5% e~thanot, e t h m  
k e t h o x a l  i n  t h e  x e a c t i v e D  f o r m . a ~ e  "xn.the 3 ' -~de"  o f  . _ no ]  p te .~ ip i t~ed~ ,~n~,~.red,  a m i n o ~ e y l a t e d . . w i i h  ---: _ 

I ] ~ r y p I o p h a n  (2-~3 v f f m m o L  A r n ~ h a m : - S ~ f l e ) :  • - . . . . - • . , 

. . . . .  " D ] ,  a n d  phen-oxy~ac~tyla t .ed  l 1 0 ] ;  T h e d e x h v a t i z e d  - 

" .CancexSoeiexy;Oreg~nD~r~s]on.  - " " ' " . . . . . .  • ~ a n d e f i v a t ~ e d ~ A  w~_~ X ~ m O v e d b y e ] u t i o n . . : w ] t h  .*-~ " 
**. ]~.~llow ~n ~[ed~'a] G~ne~ ~apppft:ed 7~y a~. 11-1 .'f.a-a~ing : • InUf~-~1, ~!henwifla BuffeYA plus i-.25 }41 ~NaCI and " - 

• : G r a n l H D - 0 0 1 6 5 -  Px.esen:t a d d r e s s  i s  D ~ p z : r l r n e n ~ o l .  . . - " " " - 
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• ** , , ee ' o ~te t m m n  ] ~ M N~.c]  ~ o m  t h o s e  h a c t i o n s  v n t h  flae - ' !  . . C a r e e r  D e v e ] o ] . m e n t  A ~ a r d  . .of the~q~fia~a~]~t] t  7 . . : " . g  , . ' . ~  . . r  . . . : . . . . . . .  . . ' " 
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Sp0tno2  f - Seque~ace e . ." . F o u n d  b . " ",Control - Ref.  ig]  : Xe,'thoxi~laled .: " ' ; " " 
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i .... . " -" " • - " " '. " " " " ' . " . -~alculal~d " • • . Nfoxm l J fo i - - -nn  " - - 
found d fo~d ~ ' 

- . . - • . .  . 

T1 
T! 
T3 
U'4 
T5 
T6 
T7 
, T g  

T9 
"t-1 o 
TI1  
T12 
T13- 
T15 
T I 6  

G 

AG 
CG . 
~CACCG 
D A G  
7J-~AG 
pAG 
CCCCUG 
Tq,  L-X3 
~n7 G]3X3G 
VUCAADDG g 
VCUCUCCG 
12,~mU:CCAA*AAC.C.G 

12,1-:t 1.6 9 . ~8a9 
3.4 _+ 1 .0  3 3.! 

t . 5 ~ - 0 . 3  l 3.1 
1 . 2 e 0 . 5  1" ' 

2 . 3  ~ 0 . 2  ] 
{3.4 +-- O . l  1 

13.8 a. 0 .1  ] 
( l  : B )  ] 

1 .5  -~ 0 . 2  ] 

1 A  ± @.2 ] 
0 . 8  -,13.1 ] 
1 . 9  -+'13,t 1 
0.8 ~ 0 . 1  1 

0.9 

0.5 
I);8 
] .0  
1.1 
1,0 
:{3.5. 
].D 
O 0  

~UC~n~JC.CAA:~AA:CC.GKG] " . . . 

l,~Kl./,m7 GUUG ] , . 

15.D 12;2 ± 1 .5  
5 .3  3.'~ +- 0,4 - 

2.]  " 2.1 -+,0.4 - 

1.1 
0 .4  
Id) 

~ I  .O) 

l.l 
1.2 

0.9 e 0.1 
L 3  - 0 .2  
a , 3  _~ O.] 
] .3  +- 0-2 

(1.0)  
1 .7  ± 0 .1  
O.5 + - B,I 
L ]  ± 0 . 2  
] .2 - ~.rD 
0 . 2 ~ -  D.l  . 

D.6 ± D.I 
9.3 ~ 0 , 1  

K.e~hoxala~fions ;vere £0; 9{3 m~n as tie,ailed untie; M~h0d~. ~Molar ;ado5 w~.ze gal~nlaled f;~rn lh.e mdio- 
~cI i~ ty  in eacl~ spo l  anti aze ,expressed lehtiv:e to  TS,  Iaken as ] .13. ¥ ~  #Yen are  ~z'elages ~ ] / 2  ~he zsnge. 
Sin~e dele~rninalions %v~el.e a~eya3ed f.zorn each 0f.blhr~e plepa~aiions, cl%vo ]~lapalal~on~, and done 
plepa~li~n. DS~.ql~en~es W~:e s.~suln~d fl.on~l spol positions ~n lhe radioal~ograrn~, %v~l]~ eonlpoB~lS,ors ~f 
all new spo'ts and sele=I.ed toni/o] spols eon/~med by analyse~ 0f alka]J~D hydlolysal~, fSpo'is %vexe 
numbazefl ms ~n ~e.f. I~ ]- T]4. a pholo-o.nfidai~on p~od~acl of T6 an~ T ]  ] was no~ llol~nd on o~l~ s~'~o- 
radiogJaph~, gTAe seq~n:ceshawn i~ for 71 ] from ~.onl,re] d~g~ls. TIt ~rom lhe k@lhoxnlaled D ferm had 
s bas~ eognposSi~onof 2D% 'G, 22% A. 12% C. 2~% U and 18% D. U* i~ a rnodi/]e.d ~rr]dine, probably 

p i r a t e d ,  m i l l i p o r e  ~ l t e r ~ d  I 1 1 ] ,  a n d  e l a t e d  a n d  f o r  15 r a i n  i n  0 . ]  N N a  e a . e o d y ] a ~ e ,  p H  7 . a ,  I m M  
st]dppe:d :of ~h,e d:~vatize d amino acid ~,%h ] ~ T:ds-y EDTA, a~d ~ana~r~d by ~O hea~in 3 ~n ~he presence of 

CI~ p H  8 :0 ,  h e l d  a l  37%C £o[  3 0  r a i n  [ 3 2 ] .  T h e  2 0  m ~  MgCl= 13] . R e s c l i o n  o f t ~ A  vci~h k e l ] i o x ~ .  

t ] ~ N A  T~p w a s  juldge,d a b o u t  6 8 %  p~are a s / h e  m ola~ b0xa t ,e  s t a b ~ l i z a ~ o n  O f  k e l h o x a l  a c l d u c ~  f l ~ r i n g  R N a s e  

,~afi o - o f  T ~ ' C G  t,o ,CCCCU:G { a s s u m e d  ~ n i q u e  t o  d i g e s t i o n s  a n d  p r e p a r a t i o n  0 f  e r o d e  m n i n o a c y l  t R N A  

• t R N A T Z P )  i s  1 ,5 ,  r a t h e r  t h a n  l . 'O :as p r e d i c t e d  f ,zom fl~e . " • s y n t h e ~ e s  w e r e  d e s c r i b e d  p r e v i o u s l y  I 6 ] -  

~ s t r u c t u r e ( I a b l e l ) [ 8 ] .  . . -  " ~ " .  - , i  . " 
Keth:oxa]ated .b~ c.o~ulml [s:P]dhNATrP Was di- 

.graphed, ,¢ounted, .elu/ed,. anti alkalin¢ hydro]yzed -. '. Fig..i-~hows . . . . . . .  the lime c-ou~e of lea,~1ion :of 

:(S~nger .e.la]~ [13'], wllh minor m0difica:tions ,ofNo ' " IP,-NATr]~ wi~hkethoxal. After 90n~n. Sb.ou:t 2~0- - . 
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~[ - - " " " . .  " . : -  .3.2L , ] L o c a t ~ o n o f l c e t h o s c a t a t e d r e M d u e s  " " r= .'£" 

~ i 1 { :  _ l " • : " ' o _ _ _ ~ 2 - - g i ~ a . .  , . .  " " • Si*e .  o f m ~ m f i C a i o n , ~ h e l e , a c f i o n  ofke~hoxMwilh -.- 
~:1-~ . . . ~  ~ 8 . .  '. : . " . . . . . .  • t R N A  s h o u l d  e a u s e  f i n  e r  _rrm.Is o f T 1 - R N a s - f l i a e s t s -  • ~ / ~ -  ,~ : / "  . . . .  . .  - : . : "  g . P ~ -  " ~ . . . . .  
~ 1 ~  , t t e  " - . " t o  s h 0 w t o s s e s  i,n s p o t ~  p,~esm, t . ~ n  f i n g e r p r i n t s  , o f u n -  

~ t  ~ ~ • : . , • " t r e a t , e d c 0 n ~ r o l s a n d a c o l r e s p o n g f i n g a p p e a z a n e e  Of  " 

- . ~ J  : ~ ' ,  " ' ~ ' ' o f d i g o n u c l e , o t i r d e  l s e ~  b e l 0 w . f o r  b a s e  a n a l y s e a ) .  " 
' " O ~ ~ B 4 .~  g " . " "  : ,  " • . . "  - " . _ ' 

~0~ Fig.. 2 A  a n d  213 ~ h o w  T 1 - R N a s e  f i , , n g e r p n n t ~  of ,un- 

t ~ e m e d  a n d  k e t h o x a h t e d  D f o r m s ~  .TaMe t l i s t s  t h e  . 

.'~i£. ] .  Kinefi,es of ~ a e f i o n  e5 l a H ,  '] k ,eihoxat  .~ i th  IR.NA T : p .  m o l a r  : a f i o S  ,of : the o l i g o n u ~ l e o t i , f l e s  o b ~ a i n . e d  f x o m  

P~acI~o~ ,mixl~a~'~s con~_-a~ned, p~_l mi]]i~i1:e:r fir~a] v,o]ume, 

15 $znaoaes o f  [~H]  k~laox~] ,  am.d n n ] ~ s  ~hezw, ise  no~e,fl. 
]O ~ainl~]~s o f  Mg~CI-' ~. E~c]I poin,I r~pzcse,~s ~-~ ~ e z a g e  o f  

¢i~,c]es. denatured ~R]'~ATzP; ~r~an~]es, dena~m;.efl IRNATxP 

" t hese  F m . g e r p r i n t s . .  ] n  ~he  f m g e ~ ; p ~ n ~  o f  t h e  k e t h o . x ~ -  

l a t e d  D ~ z m ,  s p o t  ,1.3 .~s m a ~ k , e ~ y  ~ e d n c e d  a n d  f o m r  

n e w  spots, T ] 5 ,  T i 6 ,  T ] ? ,  a n d  T 1  g a t e  f o u n d .  T ~ 5  is  

~he  m~ajo i  n e w  s p o t .  

K ~ l h o x a ~ a d . o n  d o e s  n o t  a f f ~ c t s i t ~ s  0 f  h y ~ r o l y s i ~  b y  
p a n c . e a t , i ¢  , ~ g a s e ;  how,or .or ,  k e ± h ~ x ~ a ] a f i o n  o f  a ~ i ~ n ~  

-.. : . - : .: : ' :  ,:: . ! : i : :  : : . . . /  : : :  -:  i ̧  ̧ i . = i - / ¸ ¸  : : :  > ~ : I "  . : : , :  :~:i  .. - - :  

ke~ho~xah*~ D f~rm~ P.ancreafi.~-:RNas.~ d igesB:  ,C~ ~nke*~oxala '~ed eomr.~],  D, 9 0  rnhn k ~ t h o . x a l a ~ e ~ D ~ o r m . .  : . " ~ : . : 
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- '-, " . :  -i  . .  . . . _ " . " " -. . ea lenla l~.d .  - . . . .  -. " fO~and dNt ' o~m f, o u n f l  '¢]3f°~an " 
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n ~ T G U  ~.5--+ D . ]  ] . . -  " " -0~5 0 . 3  '0_5 -~ ~ .1  

• . . . . . • - 

_ .  - .  . 

• .- P8  
- _ ' P 9  

P I ' 0  

P ] I  
P 1 2  
P ] 3  

P ! 4  
P ] 5  
Pl*5 
P ] 7  

" - P ] B  

P ] 9  

P 2 0  

. P 2 3  

P 2 2  
1:'23 

,1"24 

. . ) ; ! . 

C r n U  ,:0.~, ± O.2  

G C  - 2.,4 ± O A  

A A D  " 13.g ?,- 0 . I  

A G A G C  0 . 6  e 0 , 1  
" A A * A A G  0 . 6  -~ 0 . 2  

G I J  ~0.15 ~ 0 . 2  • 

A G U  0."9 e ,0:1 
: G ~ D .  G G L ;  1 .9  ~ 0 . 1  
G A , G V  11 .O ) " 

G G G U  ,0 .~  ~ 9 . 1  

G G G A G T  ,0.5 ~ - 0 , 2  

p A G G G G C  ,0-4 _4 0 . 2  

-1 " O . g  0 - 7  . 

2 2 , 3  1-.6 

.1 " " , 0 . 7  0 , 6  

I l ~O . . O . g  

1 . 13.9 0 . ~  

1 0..5 0 , 5  

l 1 . 0  0 .B  
9 1 .g  3.~6 
1 " ( 1  ; 0 )  ,{3 .~3)  

1 D .B  0 . 9  

1 ,0.5 0 . 6  

0.9 e 0.!1 

1:9 *- 17.1 
0 . 9  -~ 0 . 2  

@.7 -+ t3,2 

13.7 ~ 13A 
0 . 9  *- b . 3  
0=6 ~ 13.2 
t . 2  ± 0. '1 

1 . o )  

6 . 3  = 0 .1  

0 . 6  ± 9 . 2  
r~.4 + 0 2  

( G K G G ) ' U  0 . 6  _.e_ 0 - 3  

( G K G ) D  ' ' .  __ " . - -  - __ . . - -  " - -  - - -  D . 4  .e..* O - 2  - 
GKGKD . . . . .  " " " -- 9 . 1  ~~_:i • • 

{ A ' G X ) L I  : D, ~ma~eg . . - -  " - - - -  • " - -  O . 5 , { } . 8 g  

K e ~ h o x a l n l i ~ n s  w e z e  pzzYo~n~ed  ,as d e s c r i l ~ e d  i n  l a ' b l e  1 ,  a D a i a  w e ~  9b~ .a ine ,d  as  d ~ s ~ , i i b e d  

5 n  t a b l e  ] a n d  a t e  <e,xplesreu:l _+e]afive to> P 1 7  .as 1 iO= b; fl,  e a~a.d f a x e  a s  deSTined i n  t a b l e  1 - 

g]Dala  !rot i~}di'~'id~aa] ~i~ns a~re ]5~r~sen~ted_ T h e  '/fr,'~-st m~d s e e c m f l  ~Jalllll~.~ 313 g a c h  ~lts.e.a~,t~ f][oDTa'I 
• . . . .  : the sa.mae ~ t R N A  p ~ e p ~ o n s 2  " -. " • " " . " 

. - . - . 

. . - , " . ' 

in a pancleafic ol igonu¢leoiide migh~t be expec ted  , o  -flmSe f rom wlfich. they me deriveR. P i  8 and  P21 b o t h  
. , . , 7 " ; • 

shift h s  posit ion on a fingerprint,  lndeeld, three n e w .  'an~yse as .GGGU, bu~ only  Pag  appears o n c o n t r o l  
spots, t '21, .P22, l>23.me .seen on Nt fingerprints 'of t h e  fingerpfinIs. F~arthez, ,the an~orant o f  P21 co/ responds  
90ra in  k e t h o x a l a t e d . D . ~ r m  and P24, wli ich was . • - to  t h v l g s s o f P 1 8 ,  tt, ence. P21~s.inf~rr.ed to beak:e~hoxa- 
p r e s e n t  a s  a ' t r a c e  s p i n  o ~  s o m e  c o n t ~ o ]  f i n g e l F f i n t s ,  " l a ~ . e g d e r i v a t i ~ c e " - 0 f  G G G U .  S i m i l a x l y ,  t h e  , - o X e s e n ¢ ~  

b e c a m e  prominent  aftez ke thoxalaf ion  (see fig...2C~. . of  iWO ~ew.spots,  1>22 and P23, bo,th o f  which  analyse 
2D). P'21 was presem in :lgea~er m,oJaz .amounts  th~n .  " - " .as GGD; m a y b e  ascribed ,to the fokmafion ,of m/on02 

-. I > 2 2  ( z ~ e  i a N e  2 ) ,  a m d .  b o t h  w e T e  p x e ~ e n t  i n  a a ! g e r  :-: . : . am. .d  d i - k e t h o x a l a - t ~ d  d e r i v a t i v e s . o f  G G D ,  , A s  pZe,d,3,e'~red, • 

lelzfive a m o u n t s  t h a n  P23, a ~:onsis~enIbuit minor  2 " the  .amonnt  o f  Pl..6 + . ~ 2  + P23 i n  Xhe k,ethoxatated D 
cmr~P0nent.  P18, P16 and P15 •were reduced  in these " .- f o r m  :equalsfl-m. a m o u n t  o f  P16  in-the cOntlot. By  ana-  
.fingerprints. .. - - . " ." ._- ' -i- ' - " -']o.gous.r.easo, fing, P2. 4 i s  ir~Nr~e=.d to .be .(A,GK)V. FrOm. 

. K e t h o x ~ / l a t l o n  0 f  , t h e D  f o ~ ' n - f o r  4 5  : m i n  g i v e s _  . " - ~ h l s  d a l c a  p 0 ~ 3 f i , o n s  1,.13, : t .8 ;  ! 9 ;  a n i d  4 2 : a r e  ~.denfified 
l a a l + ~ e m s  ? s h n i l a i  , t o % h o s e . ~ d e s c ~ b e d  a b o y e . - . - N o  c I ~ a n g e s .  : ~as p o s s i N e  s i t e s  : o f  1 3 ~ e f e X ~ m i ~  :k,e~hoxd!a~io~ ~ : t h e  D 

.". , i3ecause 'of the ifik'/diJarbility ~ 
nir~e_adduet:: {15] , ~/ew spots on 
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or G42. Only the latter possibility is consistent with 
our analysis o f  the pancreatic RNase digests. The minor 

former equa l sTl  0+T16 in the  latter. T I 7 apparently. 
arose from kethoxalation o f a  con~mminant as its base 
analysis was inconsistent withi ts  having arisen from 
tRNATrp. 

The pancreatic RNase data implicate G18 and G19 
as kethoxalation sites. The undiminished yield o f  T5 
in T1 digests o f  the keflmxalated D form suggest that 
(118 rather than G I 9  is the main site. The pancreatic 
RNase data also indicate that G10 is a kethoxalat ion 
site. This implies that  fragments containing residues 
8 -18  and/or 8 - 1 9  should be present in T1 digests of  
kethoxalated D form. Unfortunately, our T1 data, 
although eolmistent with this possibiliw, are incon- 
clusive. Thus, in fingerprints of kethoxalated D form, 
TI 1 is broader than in control fingerprints and has a 
significantly higher G content (table 1, footnote  g). 
It may be a mixture o f  unmodified T11 with a frag- 
ment arising by kethoxalation at G 10 or G 18. That 
one of  these fragments might be present in T18 is 
suggested by the presence of  dihydrouridine in this 
spot. However, the base a:mlysis of  T18 does not  agree 
with that predicted for an,, of these fragments. Per- 
haps T18 is contaminated with kethoxalated derivative 
arising from impurities in our tRNA preparations. 

Fingerprints o f  T1 digests of N form after 90 ram. 
kethoxalation had no spots not present in controls. 
The small extent of  kethoxala'tion o f  the N form 
(fig. 1) probably reflects partial modification at 
several sites, not  one o f  which is sufficiently modified 
to give rise to a new spot visible on our fingerprints. 
This interpretation is supported (data not  shown) by 
DEAE-cellulose eolumn profiles of  T1 digests of  
kethoxalated N form prepared with a 70% pure pre- 
paration of  non-radioactive tRNATrp and [3 H] ketho- 
xal. 

Our conclusions are summarized ix; the cloverleaf 
representation o f  the tRNA sequence (fig. 3). Thus, 
in the denatured form, G42, on the 3'-side o f  the anti. 
codon stem, is the most reactive with kethoxal,  while 
G 10 and G 18 are the next nm:;t reactive. Since less 
than one mole ofke thoxa l  pet mole o f  tRNA is incor- 
porated at each of  these sites, our data suggest the 
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Fig. 3. Cloverleaf model of  tRNATrp f 3m E. eo~i [8]. 
Arrows indicale positions of  preferential kethoxalation of  
the d~aatured tRNA. q he length o f  t,he arrow i :dica~es 
relati~~ reactivity of  tl~e site. 

existence of  several denatured states wkh  cliff¢~eiLt 
conformations. 

Interestingly, yeast tRNA Leu also reacts readily 
with kethox~l only in the D state (Greenspan and Litt, 
unpublished observations). In thds case the secondary 
slow reaction is accelerated by the absence of  Mg '~÷. 
Some native tRNAs do react re.,dily with kethoxal. Ir. 
fact, in yeast tRNA Phe and in ~: c o l i  tRNA Val, posi. 
tion 20 in the D loop is aeeessiible [6].  

Other studies on conformational differences be- 
tween D and N states using other chemical and physi- 
cal probes for exposed regions have im ali eases indi- 
cated that  hydrogen bonds appear to  ibe br~:ken in 
the denaturation process [4, 16-720] In no, two dena- 
turable tRNAs is the pattern o f  eonformationat change 
observed to be ~,he same 
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