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HIGH-PERFORMANCE LtQULD CHROMATOGRAPHY OF T-RNA 

J .  D .  Pearson*, M .  M i t c h e l l ,  and F.  E .  Regnier  
Department of Biochemistry 

Purdue U n i v e r s i t y  
West L a f a y e t t e ,  Ind iana  47907 

ABSTRACT 

F r a c t i o n a t i o n  of amino a c i d  s p e c i f i c  t R N A s  by descending sal t  g r a d i e n t  on 

_- 

a reversed-phase high-performance l i q u i d  chromatography column i s  
demonst ra ted .  S t a t i o n a r y  phase v a r i a b l e s  such as n-a lkyl  c h a i n  length  and 
s i l i c a  type  a r e  d i s c u s s e d  i n  terms of s t a b i l i t y  and s e l e c t i v i t y .  Mobile phase 
parameters  i n c l u d i n g  sa l t  c o n c e n t r a t i o n ,  o r g a n i c  m o d i f i e r ,  pH, and tempera ture  
a r e  i n v e s t i g a t e d .  The c o n c e n t r a t i o n  of o r g a n i c  m o d i f i e r  t o  a d j u s t  e l u t i o n  
p r o f i l e s  can be c , r i t i c a l  in terms of t R N A  r e t e n t i o n .  

INTRODUCTION 

F r a c t i o n a t i o n  of t R N A s  has  been i n v e s t i g a t e d  by many l a b o r a t o r i e s .  The 

e a r l i e s t  method devised  was Liquid- l iqu id  c o u n t e r c u r r e n t  d i s t r i b u t i o n  (1 ) .  

Later, chromatography m a t e r i a l s  such a s  h y d r o x y a p a t i t e  ( Z ) ,  DEAE-Sephadex 

( 3 , 4 ) ,  methyla ted  albumin on k i e s e l g u h r  (MAK) ( 5 ) ,  and benzoylated 

DEAE-cellulose (BD-cel lulose)  ( 6 )  were used with some s u c c e s s .  However, much 

h igher  r e s o l u t i o n  of o l i g o -  and poiynucleo t ides  has  been obta ined  w i t h  1) 
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1442 PEARSON, MITCHELL, AND REGNIER 

reve r sed -phase  Chromatography (RPC-5) a d s o r b a n t s  (71 ,  based on 

polychlorotrifluoro-ethylene beads  ( P l a s c o n  2300) c o a t e d  wi th  a 

t r i a l k y l q u a t e r n a r y  m i n e  (Adogen 4641, and 2 )  S e p h a r o s e  4B beads  ( 2 , 8 , 9 ) ,  

which a r e  c a r b o h y d r a t e  po lymers .  E l u t i o n  from b o t h  columns u t i l i z e s  s a l t  

g r a d i e n t s ,  a s c e n d i n g  €or RPC-5 and d e s c e n d i n g  for S e p h a r o s e  4 B .  Most 

i n t e r e s t i n g l y ,  t h e  common denomina to r  of s e l e c t i v i t y  i n  bo th  sys t ems  i n v o l v e s  

an  i o n i c a l l y  f a c i l i t a t e d  hydrophob ic  i n t e r a c t i o n .  

adap ted  a t r i a l k y l a m i n e  c o a t i n g  o n t o  s i l i c a  i n s t e a d  of P l a s c o n  beads  v i a  a 

s i l i c o n e  o i l  i n t e r f a c e .  The sys t em a l lowed  i n c r e a s e d  f l o w  r a t e s  w h i l e  

r e t a i n i n g  t h e  s e l e c t i v i t y  of RF'C-5 t y p e  s u p p o r t s .  

N a r i h a r a  %& (10) have 

T h i s  pape r  r e p o r t s  an  i n c r e a s e d  f l o w  ra te  sys t em u t i l i z i n g  high-perform- 

a n c e  l i q u i d  ch romatography  (HPLCIl co lumns .  

a t i o n  i s  a h y b r i d  based  on s i l i c e o u s  s u p p o r t  m a t e r i a l s  w i t h  r e v e r s e d - p h a s e  

c h a r a c t e r  (7) and a m o b i l e  phase  s imi la r  t o  t h a t  u sed  f o r  Sepha rose  4 B  chroma- 

t o g r a p h y  ( 2 ) .  

The c o n c e p t  u sed  for f r a c t i o n -  

Reversed p h a s e  l i q u i d  chromatography (RPLC) h a s  been e x t e n s i v l e y  used i n  

t h e  L i f e  s c i e n c e s  b e c a u s e  many b i o l o g i c a l  m o l e c u l e s  a r e  a t  l e a s t  s l i g h t l y  

hydrophob ic .  To accompl i sh  e l u t i o n  of hydrophob ic  s p e c i e s  from RPLC columns 

i t  i s  common p r a c t i c e  t o  u s e  i n c r e a s i n g  c o n c e n t r a t i o n s  of o r g a n i c  s o l v e n t .  

T h i s  t e c h n i q u e  works w e l l  w i t h  sma l l  m o l e c u l e s  b u t  h a s  a d i s a d v a n t a g e  w i t h  

p r o t e i n s  and p o l y o u c l e o t i d e s :  o r g a n i c  s o l v e n t s  i n  g r e a t e r  t h a n  3-10% 

c o n c e n t r a t i o n  may a l t e r  or d e s t r o y  secondary ,  t e r t i a r y  and q u a t e r n a r y  

s t r u c t u r e  of b iopo lymers  (11). The g e n e r a l  s t r u c t u r e  of t R N A  s p e c i e s  i s  

m a i n t a i n e d  th rough  b a s e  p a i r i n g  and a v a r i e t y  of s t a c k i n g  i n t e r a c t i o n s  t h a t  

s t a b i l i z e  i t s  t e r t i a r y  s t r u c t u r e  (12) .  

The l i t e r a t u r e  c i t e d  above would s u g g e s t  t h a t  a v e r y  weakly hydrophob ic  

high-performance column shou ld  allow t h e  c o n t r o l  of t R N A  r e t e n t i o n  w i t h  

d e s c e n d i n g  s a l t  g r a d i e n t s  and l i t t l e  or no o r g a n i c  s o l v e n t .  It was t h e  

o b j e c t i v e  of t h i s  r e s e a r c h  t o :  1) i d e n t i f y  HPLC bonded phases  t h a t  a l l o w  

r e t e n t i o n  of t R N A  when h i g h  s a l t  c o n c e n t r a t i o n  i s  used  i n  t h e  aqueous m o b i l e  
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HPLC OF T-RNA 1443 

phase,  then  release t R N A  when t h e  s a l t  c o n c e n t r a t i o n  is reduced;  2) o p t i m i z e  

t h e  mobile  phase i n  terms of r e s o l u t i o n  and s e l e c t i v i t y ;  and 3 )  select t h e  

b e s t  s i l i c a  m a t r i x  f o r  t h e  opt imal  mobile  phasejbonded phase system. The 

method developed c o n s i s t s  of a descending sa l t  g r a d i e n t  on a reversed-phase 

column (DSG-RP). F r a c t i o n a t i o n s  of v a r i o u s  tRNA i s o a c c e p t o r  s p e c i e s  have been 

achieved i n  an hour or less. 

DSG-RP was used t o  f r a c t i o n a t e  both y e a s t  and E. t R N A  m i x t u r e s .  

A l k y l s i l a n e  bonded phases  of t h e  C 1 ,  Cp, and C4 t y p e  a l l  worked w e l l  on 

macroporous, m i c r o p a r t i c u l a t e  s i l i c a  t o  e f f e c t  t R N A  s e p a r a t i o n s .  A very  low 

c o n c e n t r a t i o n  of o r g a n i c  modi f ie r  such as  propanol ,  e t h a n o l ,  or methanol w a s  

found t o  enhance t h e  f r a c t i o n a t i o n  process .  Other v a r i a b l e s  such as i n i t i a l  

s a l t  c o n c e n t r a t i o n ,  t empera ture ,  and pH a l s o  a f f e c t e d  DSG-RP s e l e c t i v i t y .  

MATERIALS AND METHODS 

Hypers i l  (51x0) was purchased from Shandon Southern  Ins t ruments  

(Sewickley,  P A ) .  Vydac TP (5vm) was o b t a i n e d  f r o m  The S e p a r a t i o n s  Group 

(Hesper ia ,  C A I .  LiChrospher  S i  500 (IOum) was purchased from E .  Merck 

(Darmstadt ,  West Germany). n -Alkylchloros i lanes  were purchased from P e t r a r c h  

Systems (Levi t town,  PA). 1-Propanol was o b t a i n e d  from Burdick and Jackson  

L a b o r a t o r i e s  (Muskegon, MI). 2-Propanol was purchased from F i s h e r  S c i e n t i f i c  

Company ( F a i r  Lawn, NJ). Methanol was o b t a i n e d  from J. T. Baker Chemical 

Company ( P h i l l i p s b u r g ,  NJ). A l l  s o l v e n t s  were HF'LC g r a d e .  Absolu te  e t h y l  

a l c o h o l  was purchased from U .  S.  I n d u s t r i a l  Chemicals  Company ( N e w  York, NY). 

T r a n s f e r  r i b o n u c l e i c  a c i d  (tRNA) No. R-9001 Type X from b a k e r ' s  y e a s t  wi th  

amino a c i d  a c c e p t o r  a c t i v i t y  f o r  g lu tamic  a c i d ,  phenyla lan ine ,  v a l i n e ,  and 

a l a n i n e  was purchased from Sigma Chemical Company ( S t .  Louis ,  MO). tRNA from 

E s c h e r i c h i a  coli MRE 600 (RNase n e g a t i v e )  s p e c i f i c  f o r  phenyla lan ine  (CAT. No. 

109 673) ,  v a l i n e  (CAT. NO. 109 720) and a mixture  (CAT. No. 109 517) of 

l y s i n e ,  phenyla lan ine ,  s e r i n e ,  and v a l i n e  a c t i v i t y  was purchased from 

Boehringer  Mannheim Biochemicals  ( I n d i a n a p o l i s ,  IN).  
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1444 PEARSON, MITCHELL, AND REGNIER 

P r e p a r a t i o n  of S t a t i o n a r y  Phases  

n-Alkylat ion of s i l i cas  v i a  s i l y l a t i o n  was achieved by methods analogous 

t o  t h o s e  p r e v i o u s l y  r e p o r t e d  ( 1 3 , 1 4 ) .  

Column Packing  

Supports  were s l u r r y  packed (2% w/v) i n t o  columns wi th  2-propanol a t  8000 

p s i  by means of a pneumatic  pump, (Haskel ,  Burbank, CA). Lichrospher  S i  500 

was packed a t  4000 p s i  (10). 

s t a i n l e s s - s t e e l  p r e c i s i o n  tub ing  (Anspec Co., Inc . ,  W a r r e n v i l l e , I l l )  wi th  

2.0 vm f r i ts .  A precolumn (0.41 x 4.5 cm) was f i t t e d  t o  t h e  s l u r r y  v e s s e l  and 

A l l  columns were 0 . 4 1  x 5.0 c m  LiChroma 

connected t o  t h e  a n a l y t i c a l  column t o  channel  m i c r o p a r t i c u l a t e  s i l i c a  i n t o  t h e  

column dur ing  t h e  packing process .  Allowed packing t i m e  was c a .  10 min. 

High-Performance Liquid  Chromatography 

Analyses by HPLC were done us ing  a Var ian  Vis ta  System (Var ian  

A s s o c i a t e s ,  Walnut Creek,  CA). The system w a s  f i t t e d  with a Valco model 9080 

sample i n j e c t o r  (Anspec Company, I n c . ,  W a r r e n v i l l e ,  IL) with  a 1 0 0 ~ 1  i n j e c t i o n  

loop .  

Mobile Phase Coudit i o n s  

A b i n a r y  g r a d i e n t  system was used for  a l l  t R N A  s e p a r a t i o n s .  Buffer  A 

conta ined  ammonium s u l f a t e  and 0.2M potassium phosphate .  Buffer  B was 0.2M 

potassium phosphate .  I n i t i a l  ammonium s u l f a t e  c o n c e n t r a t i o n s ,  amount and type  

of organic  m o d i f i e r ,  t empera ture ,  and pH v a r i e d  and a r e  d e s c r i b e d  i n  t h e  t e x t .  

Gradien ts  were from 0 t o  100% b u f f e r  B i n  40 o r  80 min. a f t e r  which lOO%B was 

l e f t  running i s o c r a t i c a l l y  u n t i l  s o l u t e  e l u t i o n  was complete .  

Sample P r e p a r a t i o n  

Fresh tRNA samples of about 2ug/ul  c o n c e n t r a t i o n  were prepared every  2-3 

weeks us ing  b u f f e r  A as d i l u e n t .  It was found t h a t  s l i g h t l y  b e t t e r  r e s o l u t i o n  
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HPLC OF T-RNA 1445 

was achieved when t R N A s  were prepared ,  s t o r e d ,  and i n j e c t e d  i n  s o l u t i o n s  not 

c o n t a i n i n g  o r g a n i c  m o d i f i e r s .  

Recovery Determina t ion  

The tRNA p r o f i l e  i n  Fig.  6 a  was c o l l e c t e d .  A blank  g r a d i e n t  was then  

c o l l e c t e d  f o r  a background absorbance z e r o .  The amount of t R N A  i n j e c t e d  onto  

t h e  column i n  F i g .  5 a  was d i r e c t l y  added t o  t h e  c o l l e c t e d  b lank  g r a d i e n t  and a 

comparison was made. Recovery is r e p o r t e d  a s  r e l a t i v e  absorbance.  

RESULTS AND DISCUSSION 

Spencer ( 2 , 8 )  has  shown t h a t  Sepharose 48 can  be used f o r  descending 

ammonium s u l p h a t e  g r a d i e n t  e l u t i o n s  of t R N A s .  The mechanism of r e t e n t i o n  i s  

thought  t o  be  two-fold. F i r s t ,  t h e  h igh  i o n i c  s t r e n g t h  of t h e  i n i t i a l  b u f f e r  

induced " i n t e r f a c i a l  p r e c i p i t a t i o n "  o f  t R N A s ,  which could then be r e l e a s e d  a s  

t h e  sa l t  c o n c e n t r a t i o n  w a s  reduced. Second, s o l u b i l i z e d  t R N A s  exper ienced  an 

" a d s o r p t i v e  r e t a r d a t i o n "  through hydrophobic  i n t e r a c t i o n s  with t h e  s t a t i o n a r y  

phase a s  they were e l u t e d  from columns. Manipula t ion  of t h e  l a t t e r  mechanism 

h a s  been shown t o  be more impor tan t  f o r  t R N A  f r a c t i o n a t i o n  (8). The p r e s e n t  

s tudy  i n v e s t i g a t e s  t h i s  r e t e n t i o n  and e l u t i o n  p r o t o c a l  with regard  t o  t h e  

d e s i g n  of a s i l i c a - b a s e d  HPLC column. 

S t a t i o n a r y  Phase 

S i n c e  Spencer  found t h a t  r e l a t i v e l y  h y d r o p h i l i c  Sepharose 4B ( a  polymer 

of a l t e r n a t i n g  D-galactose and anhydrogalac tose  r e s i d u e s )  w a s  s u f f i c i e n t l y  

l i p o p h i l i c  f o r  descending sa l t  g r a d i e n t  chromatography of t R N A s ,  it was 

concluded t h a t  a s h o r t  a l k y l  l igand  at tachment  t o  s i l i c a  would provide  a n  

o p t i m a l  HPLC m a t e r i a l .  S h o r t  cha in  l e n g t h  s u p p o r t s  have a l r e a d y  seen some 

u t i l i t y  i n  t h e  s e p a r a t i o n  of biopolymers (15,161.  The C8 and C 1 8  (ODs) 

l i g a n d s  a r e  used most o f t e n ,  bu t  r e c e n t  r e p o r t s  (16) have i n d i c a t e d  low 

r e c o v e r i e s  f o r  some l a r g e  s o l u t e s  (>40,000 d a l t o n s f  such as p r o t e i n s .  It h a s  
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1446 PEARSON, MITCHELL, AND REGNIER 

FIGURE I F r a c t i o n a t i o n  of y e a s t  t R N A  on a reversed-phase  column (0.41 x 5cm) 

packed wi th  TMCS coated  Vydac (511) s i l i c a .  Buffer  A, 2.OM ammonium 

s u l f a t e  and 0.2M potassium phosphate  pH 7,  Buffer  B ,  0.2M potassium 

phosphate  pH 7 .  Gradien t  was 0-100% b u f f e r  B i n  40 min. then  100% B 

f o r  an a d d i t i o n a l  15 mins. Flow, 0 .7  m l / m i n ;  sample,  5 0 ~ g  i n  1 0 0 ~ 1  

b u f f e r  A;  t e m p e r a t u r e ,  ambient .  

been demonstrated t h a t  p r o t e i n  l o a d a b i l i t y  ( 1 7 ) ,  r e c o v e r y  (16), and r e s o l u t i o n  

(17)  could be  i n c r e a s e d  by employing s h o r t e r  n-a lkyl  l i g a n d s .  Another 

advantage,  r e l a t i v e  t o  longer  c h a i n s ,  i s  h i g h e r  e f f i c i e n c y  due t o  b e t t e r  mass 

t r a n s f e r  (18). T h e r e f o r e ,  a t r i m e t h y l s i l y l a t e d  s i l i c a  suppor t  was prepared 

f o r  t h e s e  s t u d i e s .  F i g .  1 shows an e l u t i o n  p r o f i l e  of a y e a s t  t R N A  mixture  

h igh  i n  g lu tamic  a c i d ,  phenyla lan ine ,  v a l i n e ,  and a l a n i n e  acceptor  a c t i v i t y .  

t R N A s  did  not e l u t e  u n t i l  near  t h e  end of t h e  40 min. g r a d i e n t ,  which 

i n d i c a t e d  s t r o n g  r e t a r d a t i o n  f o r c e s  were s t i l l  a p p a r e n t .  In  an e f f o r t  t o  

nega te  t h e  i n t e r f a c i a l  p r e c i p i t a t i o n  c o n t r i b u t i o n  t o  t h e  r e t e n t i o n  mechanism 

(2) t h e  column tempera ture  was increased  t o  55°C- j u s t  below t h e  50-90°C 

t r a n s i t i o n  range  of tRNA m e l t i n g  (19) .  

descending g r a d i e n t  but t h e  u s e f u l  l i f e t i m e  of t r i m e t h y l c h l o r o s i l a n e  (TMCS) 

bonded phase was approximate ly  2 h r s .  a t  t h i s  tempera ture .  A polymeric  C 1  

t R N A s  e l u t e d  d u r i n g  t h e  40 min. 
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F I G U R E  2 E f f e c t  of tempera ture  on r e t e n t i o n .  Same c o n d i t i o n s  i n  Fig.  1 

except  packing was polymeric  C 1  c o a t e d  and loading  was 2OOug t R N A .  

A,  g r a d i e n t  r a n  a t  55°C; B ,  24°C. 

c o a t i n g  proved to be more tempera ture  s t a b l e .  A s  shown i n  Fig.  2 t h e  y e a s t  

t R N A  p r o f i l e  e l u t e d  about  3 min. e a r l i e r  a t  55°C as opposed t o  room 

tempera ture .  This  polymeric  C l  column reproduced four  55°C g r a d i e n t  e l u t i o n  

p r o f i l e s  p r i o r  t o  t h e  24°C r u n  i n  F i g .  2b. 

r u n  for  about t e n  g r a d i e n t s  under c o n d i t i o n s  of F i g .  2a b e f o r e  thermal  

exposure e r roded  t h e  bonded phase and d iminished  r e s o l u t i o n .  Polymeric  C2 

and C4 c o a t i n g s  were much more s t a b l e  a t  55°C and were employed f o r  t h e  

remainder  of t h e  s tudy .  

g r a d i e n t s ,  20 of which were a t  55°C. A t  room tempera ture ,  s h o r t  n-alkyt  c h a i n  

columns have r e p o r t e d l y  l a s t e d  over  200 h r s .  (16). 

Polymeric  Cl columns could be  

The C4 column was used f o r  approximately 45 
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FIGURE 3 F r a c t i o n  of y e a s t  tRNA on a polymeric  C 2  c o a t e d  packing.  

c o n d i t i o n s  as i n  F ig .  1 except  t e m p e r a t u r e  was 55'C. 

E l u t i o n  

Mobile Phase 

I d e n t i f i c a t i o n  and manipula t ion  of a d s o r p t i v e  r e t a r d a t i o n  c o n t r i b u t i o n s  

on agarose  media have been done by pH, tempera ture ,  columi dimension and 

g r a d i e n t  s l o p e  v a r i a t i o n s  (2 ,8) .  We have found t h a t  another  parameter ,  

a d d i t i o n  of smal l  amounts of a lcohol  t o  t h e  mobile  phase ,  can a l t e r  

s e l e c t i v i t y  i n  t R N A  f r a c t i o n a t i o n s  (compare F i g .  3 with  F i g s .  4 a  and 4 b ) .  

I n t e r e s t i n g l y ,  t h e  less hydrophobic tRNAs have a marked d i f f e r e n c e  i n  

f r a c t i o n a t i o n  p a t t e r n  depending upon whether 1% I- o r  2-propanol i s  used,  

a l though t h e r e  seems t o  be no s e l e c t i v e  d i f f e r e n c e  for t h e  more hydrophobic  

t R N A s  e l u t e d  i n  t h e  l a s t  t h i r d  of t h e  g r a d i e n t  p r o f i l e s  ( F i g s .  4a and 4 b ) .  In 

g e n e r a l ,  peaks e l u t e d  faster u s i n g  1-propaool as opposed t o  2-propanol. This  

same e f f e c t  has  been noted  i n  reversed-phase p e p t i d e  s e p a r a t i o n s  (20). I n  

t h a t  type  of system p r o t e i n  adsorp t ion-desorp t ion  i s  thought  t o  be a r e s u l t  of 
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FIGURE 4 B e n e f i c i a l  e f f e c t  of o r g a n i c  modi f ie r  on t R N A  r e t e n t i o n  and 

r e s o l u t i o n .  Condi t ions  a s  i n  F i g .  3 e x c e p t  1% propanol  was added t o  

both  b u f f e r s .  A ,  1-propanol; B ,  2-propanol .  

m u l t i s i t e  b inding  and r e l e a s e  mediated by a c r i t i c a l  c o n c e n t r a t i o n  of o r g a n i c  

modi f ie r  (14 ,21) .  

may be somewhat analogous i n  t h a t  only a smal l  amount of propanol  in t h e  

mobile  phase can cause  d r a s t i c  r e d u c t i o n s  i n  t R N A  r e t e n t i o n  times. Under 

c o n d i t i o n s  of h i g h e r  i n i t i a l  sa l t  c o n c e n t r a t i o n ,  a d d i t i o n  of  1% ( v / v )  

2-propanol to t h e  mobile  phase f o r  f r a c t i o n a t i o n  of tRNAs gave e x c e l l e n t  

r e s u l t s ,  whereas a d d i t i o n  of  2 .5% r e s u l t e d  i n  non-re ten t ion  of a l l  s p e c i e s  

(Table  1 ) .  The same t y p e  of phenomenon was observed with e t h a n o l  and 

The e f f e c t  an o r g a n i c  m o d i f i e r  has  on  DSG-RP chromatography 
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1450 PEARSON, MITCHELL, AND REGNIER 

TABLE 1 

E f f e c t  of Organic Modif ie r  on R e t e n t i o n  

Organic Modif ier  

P e r c e n t  Modif ie r  i n  Mobile Phasea 

Optimal t R N A  P r o f i l e  No t R N A  R e t e n t i o n  

--___I 

2-Propanol 1% 2.5% 

Ethano 1 2 4 

Met h ano 1 5 a 

a A l l  e l u t i o n  p r o f i l e s  a r e  E.  c o l i  t R N A  on a C2 column at 5 5 ° C  and sa l t  

g r a d i e n t  c o n d i t i o n s  as  i n  F i g .  4a.  

methanol. The d a t a  i n  Table  I imply t h e r e  i s  a narrow c o n c e n t r a t i o n  range 

where o r g a n i c  m o d i f i e r s  may enhance r e s o l u t i o n ,  wi th  an upper t h r e s h o l d  which, 

when surpassed ,  r e s u l t s  i n  a sharp  r e d u c t i o n  of t R N A  a d s o r p t i v e  r e t a r d a t i o n .  

It is apparent  from t h e  above examples t h a t  i n c r e a s e d  i n i t i a l  s a l t  

c o n c e n t r a t i o n  i n  DSG-RP r a i s e s  t h e  c r i t i c a l  c o n c e n t r a t i o n  of o r g a n i c  

m o d i f i e r .  

An organic  m o d i f i e r  g r a d i e n t  was i n v e s t i g a t e d  n e x t .  An ascending  

2-propanol g r a d i e n t  ( 0 - 2 2 )  run  concommitantly w i t h  t h e  2 .OM (NHq)zS04 

descending s a l t  g r a d i e n t  i n  Fig.  5a could f r a c t i o n a t e e .  & t R N A  i n t o  1 2  

peaks (Chromatogram not  shown), but  with a c o n s t a n t  0.5% 2-propanol 

c o n c e n t r a t i o n  d u r i n g  t h e  descending s a l t  g r a d i e n t ,  about 2 0  peaks were present  

( F i g .  5 a ) .  It was apparent  t h a t  the  use of o r g a n i c  m o d i f i e r s  worked b e t t e r  i n  

an e q u i l i b r i u m  r a t h e r  than  dynamic process .  Therefore  t h e  i n v e s t i g a t i o n  

cont inued  u t i l i z i n g  c o n s t a n t  o r g a n i c  m o d i f i e r  c o n c e n t r a t i o n s  d u r i n g  

g r a d i e n t s .  

Descending s a l t  g r a d i e n t  chromatography of t R N A s  on Sepharose 4B r e q u i r e s  

a high ammonium s u l E a t e  c o n c e n t r a t i o n  (> 2.OM) t o  i n i t i a t e  i n t e r f a c i a l  
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FIGURE 5 F r a c t i o n a t i o n  of 5. coli t R N A  on a polymeric  C4 c o a t e d  column. 

Same e l u t i o n  c o n d i t i o n s  as i n  F i g .  I ,  loads  were 186ug, and pH 

v a r i e d .  A: pH 7.05, B:  pH 5.1.  

p r e c i p i t a t i o n  and a long column bed (> 15cm) t o  f a c i l i t a t e  a b s o r p t i v e  

r e t a r d a t i o n  ( 2 , 8 ) .  150mg t R N A  loads  t y p i c a l l y  r e q u i r e  50-100 h r s  f o r  e l u t i o n .  

Comparable r e s o l u t i o n  of t R N A s  by DSG-RP c a n  be achieved i n  about 1 h r .  a t  

lower sa l t  c o n c e n t r a t i o n  (<Z.OM) on a 5cm a n a l y t i c a l  column. 

The e l u t i o n  p r o f i l e s  of E. & t R N A  i n  F i g s .  6a-e i l l u s t r a t e  t h a t  a f t e r  

a descending sa l t  g r a d i e n t  has  been run, o r g a n i c  m o d i f i e r  a d d i t i o n s  can  t h e n  

be  used t o  a d j u s t  e l u t i o n  t i m e s .  It was found f o r  both yeas t  and E.  & 
tRNA t h a t  r e s o l u t i o n  a t  n e u t r a l  pH was s u p e r i o r  t o  s l i g h t l y  a c i d i c  c o n d i t i o n s  

( F i g .  5 ) .  R e t e n t i o n  t i m e s  fo r  r e l a t i v e l y  hydrophobic  t R N A s  d i d  not vary  with 

pH whereas less hydrophobic  tRNAs e l u t e d  f a s t e r  a t  pH 5.1.  

The E .  c o l i  tRNA sample used i n  t h i s  s tudy  was a he terogeneous  mixture  of 

i s o a c c e p t o r s  s p e c i f i c  f o r  l y s i n e ,  phenyla lan ine ,  s e r i n e  and v a l i n e  ( F i g .  7a) .  
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FIGURE 6 E f f e c t s  of i n i t i a l  s a l t  concent ra t ion  and % organic  modif ier  on t R N A  

r e t e n t i o n s .  0.41 x 5.0cm polymeric C2 column. Buffer  A, ammonium 

s u l f a t e  and 0.2M potassium phosphate pH 7: Buffer 8, 0.2M potassium 

phosphate  pH 7 .  

f o r  an a d d i t i o n a l  20 min. 

i n j e c t i o n s ,  100~1 of 180-23Oug E .  c o l i  t R N A  i n  b u f f e r  A. I n i t i a l  

concent ra t ion  of ammonium s u l f a t e  i n  b u f f e r  A and % 2-propanol 

maintained d u r i n g  t h e  s a l t  g r a d i e n t :  A, 1.5M, no propanol ;  B ,  1.5M, 

0.25%; C,  1.5M, 0.5%; D ,  2.OM, no propanol; E ,  2.OM, 1%. 

Gradient  was 0-100% b u f f e r  B i n  80 min. then 100% 

Flow, 0.7ml/min; temperature ,  55°C; 
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FIGURE 7 S e p a r a t i o n  of tRNAVal from tRNAPhe i s o a c c e p t o r s .  

C o n d i t i o n s  a s  i n  F i g .  6 D  b u t  w i t h  0.75% 2-propanol added t o  b u f f e r s .  

A: 18OU.g t R N A .  B: 180pg t R N A  p l u s  a d d i t i o n  of commercial ly  p u r i f i e d  

tRNAval and tRNAphe. 

P h e n y l a l a n i n e  s p e c i f i c  i s o a c c e p t o r s  would be  p r e d i c t e d  t o  e l u t e  l a te  i n  t h e  

p r o f i l e  because  of t h e i r  known hydrophob ic  c h a r a c t e r  on classical 

r eve r sed -phase  s u p p o r t s  (22,231, while t h e  r e l a t i v e l y  less hydrophob ic  

tRNAVal shou ld  e l u t e  e a r l y  (22,23). 

p u r i f i e d  tRNAPhe i s o a c c e p t o r s  was shown to  e l u t e  two peaks  (60  and 62  

min.)  l a t e  i n  t h e  g r a d i e n t ,  c h a r a c t e r i s t i c  of r e l a t i v e l y  hydrophob ic  s p e c i e s ,  

while commerc ia l ly  p u r i f i e d  tRNAVal i s o a c c e p t o r s  w e r e  i d e n t i f i e d  as 

Chromatography of commercial ly  
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1454 PEARSON, MITCHELL, AND REGNIER 

e l u t i n g  much e a r l i e r  ( 1 9  and 20 min . ) .  A double  a d d i t i o n  of both s p e c i e s  t o  

t h e  E. & sample i s  i l l u s t r a t e d  i n  F ig .  7b. 

absorbance a t  254nm for a 180pg a n a l y t i c a l  load  of  E. & t R N A  us ing  e l u t i o n  

c o n d i t i o n s  s p e c i f i e d  i n  F i g .  5a  was 80%. 

The recovery determined by 

S i l i c a  

An impor tan t  c o n s i d e r a t i o n  w a s  t h e  opt imal  t y p e  of m i c r o p a r t i c u l a t e  

s i l i c a  t h a t  could s e r v e  as t h e  suppor t  f o r  t h e  s t a t i o n a r y  phase .  Recent 

s t u d i e s  have shown t h a t  pore-diameter  and o t h e r  i n h e r e n t  s i l i c a  m a t r i x  

p r o p e r t i e s  are impor tan t  f o r  o p t i m i z i n g  HPLC f r a c t i o n a t i o n  of macromolecules 

such a s  p e p t i d e s  ( 1 3 , 1 4 1 ,  p r o t e i n s  (14,24-26) ,  and o l i g o n u c l e o t i d e s  ( 2 7 ) .  For 

example, pore s i z e s  from l O O A  f o r  o l i g o n u c l e o t i d e s  (27)  t o  lOOOA f o r  

l a r g e  p r o t e i n s  (26)  have been espoused as  o p t i m a l .  A q u a l i t a t i v e  s tudy  of 

r e s o l u t i o n  us ing  C2 and C4 u - a l k y l s i l y a t e d  s i l i c a s  with pore-diameters  of 

120,  330 ,  and 5 0 0 i  i n d i c a t e d  t h a t  t R N A s  f r a c t i o n a t e d  b e s t  on t h e  3 3 0 i  

s i l i c a  ( d a t a  not  shown). From a pure ly  g e o m e t r i c a l  s t a n d p o i n t ,  t h e  dimensions 

of a monocl in ic ,  c r y s t a l l i n e  form of y e a s t  tRNAPhe a r e  56 x 33.4 x 

6 3 . 0 i  ( 1 2 ) ,  which s u g g e s t s  t h a t  u t i l i z a t i o n  of a h igh-sur face  a r e a ,  

mesopore ( l O O i )  s i l i c a  would s u f f i c e .  

evidence d i c t a t e  t h e  d e s i r a b i l i t y  of macroporos i ty :  

A c t u a l l y ,  t h r e e  l i n e s  of p h y s i c a l  

In s o l u t i o n  t R N A  (27,000 d a l t o n s )  has  c o n s i d e r a b l e  l i n e a r  s t r u c t u r e  

(28)  which c a u s e s  t h e  hydrodynamic volume t o  be comparable t o  a 

60,000 d a l t o n  p r o t e i n  (29) ;  

A 60,000 d a l t o n  s p h e r e  OK s o l u t e  t h a t  k i n e t i c a l l y  behaves l i k e  one 

has  d i f f u s i v i t y  problems i n  mesoporous s i l i c a ,  r e s u l t i n g  in poor 

e f f i c i e n c y  (30); 

The DSG-RP s e p a r a t i o n  mechanism is  p a r t l y  based on i n t e r f a c i a l  

p r e c i p i t a t i o n  where p o s s i b l e  m u l t i l a y e r  s t a c k i n g  ( 2 )  must be 

c o n s i d e r e d .  
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HPLC OF T-RNA 1455 

I n  a d d i t i o n  t o  b e t t e r  s e l e c t i v i t y ,  t h e  330A pore-diameter  s i l i ca  was 

p r e f e r r e d  over  t h e  500A s i l i c a  on t h e  b a s i s  of p r e s s u r e  s t a b i l i t y  (14) and 

g r e a t e r  s u r f a c e  a r e a  (100 v s .  50 m2/g). 

CONCLUSION 

F r a c t i o n a t i o n  of t R N A  l s o a c c e p t o t s  was achieved by a descending s a l t  

g r a d i e n t  on a reversed-phase high-performance l i q u i d  chromatography column. 

This  system (DSG-RP) was demonstrated on C 1 ,  C2, and C4 t y p e  c o a t i n g s .  

Taking i n t o  c o n s i d e r a t i o n  t h e  phys ica l  n a t u r e  of t R N A  molecules ,  i t  was found 

t h a t  macroporous, a s  opposed t o  mesoporous, m i c r o p a r t i c u l a t e  s i l i c a  was 

d e s i r a b l e .  Reten t ion  t i m e  could be manipulated by 1) i n i t i a l  sa l t  

c o n c e n t r a t i o n  o r  2 )  amount o r g a n i c  modi f ie r  added t o  t h e  mobile  phase.  The 

t y p e  and amount of o r g a n i c  modi f ie r  used were impor tan t  v a r i a b l e s .  

w a s  i n c r e a s e d  a t  e l e v a t e d  tempera ture ,  but  a t  t h e  expense of a concomitant  

d e c r e a s e  i n  column lifetime. A t  room tempera ture  t h e  columns were very  

s t a b l e .  Hydrophobic i n t e r a c t i o n s  a r e  normally enhanced a t  a h igh  tempera ture  

(2). In t h i s  s tudy ,  e l u t i o n  a t  55' as opposed to 24' decreased  r e t e n t i o n  

t i m e s .  Apparent ly  t h e  thermal  r e t a r d a t i o n  enhancement was more than  o f f s e t  by 

t h e  e f f e c t  i n c r e a s i n g  tempera ture  had on s o l u b i l i z i n g  tRNA t o  nega te  

i n t e r f a c i a l  p r e c i p i t a t i o n .  The same a f f e c t  has  been noted by Spencer f o r  

Sepharose 4B ( 2 ) .  The e f f e c t s  of i n r t i a l  salt  c o n c e n t r a t i o n ,  type  and amount 

of  o r g a n i c  m o d i f i e r ,  t empera ture  and pH had, i n  g e n e r a l ,  a g r e a t e r  e f f e c t  on 

t h e  l e s s  hydrophobic  t R N A s .  The e f f i c a c y  of t h i s  new HPLC method h a s  y e t  t o  

be explored  f o r  s e p a r a t i o n  o t  l a r g e r  p o l y n u c l e o t i d e s .  

Resolu t ion  

'Abbreviat ions used:  HPLC, high-performance l i q u i d  chromatography; 

RPLC, reversed-phase high-performance Liquid chromatography; DSG-RP, 

descending  sa l t  g r a d i e n t  reversed-phase.  
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