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BIOLOGICAL MACROMOLECULAR SEFARATIONS TECI-NOLOCTY PROJECT 
PROGRESS REPOET FOR THE PERIOD 

JANUARY 1 THROUGH MARCH 31, 1971 

Improvements have been made i n  t h e  flowsheet f o r  t h e  
recovery of crude ca l f  l iver tRNA.  An increase of approxi- 
mately 50% i n  t h e  recovery of tRNA from a given weight of' 
l i v e r  w a s  achieved by elimination of t h e  isopropanol 
p r e c i p i t a t i o n  and t h e  Sephadex G-1-00 g e l  chromatography 
s t eps .  The i s o l a t i o n  of s e r i n e  and phenylalanine tRNA4s from 
crude calf l i v e r  tRNA has been accomplished by BD-cellulose 
chromatography. These t R N A s  were upgraded f i v e -  t o  e igh t fo ld  
by t h i s  operation. A simp]-ified method f o r  t h e  recovery of 
ca l f  l i v e r  aminoacyl-RNA synthetases has been developed. 
Active s t a b l e  synthetases were obtained when t h e  processing 
was completed i n  6 t o  8 h r .  

Small columns (0.63 cm i n  diameter by 33 cm 7-ong) have 
been adapted for  t h e  rap id  separa t ion  of' RNAs using t h e  
RPC-5 reversed-phase packing. These columns have been used 
f o r  separa t ing  both  tHNAs and rRNAs .  The chromatographic 
r e s o l u t i o n  i s  comparable t o  t h a t  obtained with l a r g e r  columns 
(1 cm i n  diameter by 240 cm long).  
t h e  advantage of speed (chromatograms can be completed i n  30 
to 60 m i n )  and r equ i r e  only s m a l l  q u a n t i t i e s  of sample. 
Chromatographic peaks have been obtained with as l i t t l e  as 
60 x 
A,,, un i t  of ribosomal RNA. 

The small columns o f f e r  

A,,, u n i t  of ["C]phenylalanyl-tRNA o r  with 0 .1  

Physical p rope r t i e s  of t h e  Plaskon (polychloro t r i f luoro-  
ethylene) support used i n  t h e  RPC-5 and RPC-6 systems have 
been measured. A s  compared with t h e  Chromosorb supports, 
Plaskon has a higher sur face  area,  a much f i n e r  p a r t i c l e  s i z e  
(median, 10  1-1) within a narrow s i z e  d i s t r i b x t i o n ,  and a highly 
tex tvred  surf ace. 

The d i s t r i b u t i o n  of pu r i f i ed  samples of E.  c o l i  tRNAs was -- 
continued. 
period. 

A t o t a l  of 878 mg was shipped during t h i s  r epor t  
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This i s  the  t h i r d  i n  a series of qua r t e r ly  repor.ts descr ibing progress 

j.n t h e  Biol-ogical Macromolecular Separations Technology Pro jec t  . These 

r epor t s  were i n i t i a t e d  as a means of providing rap id  communication of new 

advances. 'They are ,  therefore ,  summary i n  s t y l e  and b r i e f l y  descr ibe t h e  

status of t h e  var ious probleiiis under inves t iga t ion .  Preceding r epor t s  i n  
t h i s  s e r i e s  were O R i i - T M - 3 l 5 O  and ORNL-TM-3280. 

A change i n  format wil..l be  noted i.n t he  current  repor t .  Since t h e  

reseaarch and development a c t i v i t i e s  i n  ,the Analyt ical  Chemistry Division 

are decreasing, w e  have decided t o  descr ibe both  t h i s  work and t h e  work 

done by t h e  Chemical %echnol.ogy Division under a new composite heading, 

"Experimental Ac t iv i t i e s .  " 

2. EXPERIMENTAL ACTIVITIES 

2.2- Bovine Liver %RNAs 

Improvements t h a t  were made i n  t h e  flowsheet shown i n  t h e  previous 

r epor t  for t h e  preparat ion of crude ca l f  l iver t R N A  (Fig.  I, O€er\rZ-TM-3280) 

have resu l ted  i n  approximately a 50% increase i n  t h e  recovery of t R N A  from 

a gi.ven weight of l iver .  Five preparat ions of bovine 3.iver tRNA were 

completed during tints repor t  period. 

i n  each preparat ion.  

kilogram of l i v e r  was obtained. A systematic eval.uation of each of t h e  

processing s teps  showed t h a t  bo th  the isoepropa.nol. p rec ip i t a t ion  s t ep  and 

the  Sephadex G - 1 0 0  chromatography s t e p  f a i l e d  t o  rein~ve any s ign i f i can t  

amount of contaminants but; did cause apprecia%le losses  of t R N A .  El.imina- 

t l o n  of these  two steeps increased t h e  y i e l d  t o  about 5 micromoles of tRNA 

per k i l o g r m  of l i v e r .  

Approximately 5 k.g of liver was used 

Previously, an average of 3.4 micromoles of tRNA per  

Two t R N A s  can be isolated from .Lhe bulk of t h e  crude ca l f  l i v e r  t R N A  

Calf by benzoylated-DFAE - ce l lu lo  se (BD- cel.l.ul-os e )  col.umn chromatography - 
l iver  t R N A  i n  a buffered sol-ution of 0.4 M N a C l  was sorbed on a :Ri)-cell.ulose 
cal.umn. 

Na,S20,. A so lu t ion  0.95 M i n  NaCl and containing the other  cons t i tuents  
The so lu t ion  w a s  a l s o  0.01 M i n  NaC,I-I,O, a t  pH 4 . 5  and 0.002 M iii 
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(a t  poin t  A i n  Fig. 1) was used t o  remove t h e  bulk  of t h e  crude tRNA, 

leaving phenylalanine and se r ine  tRNAs s t i l l  bound t o  t h e  column. 

dual concentration gradient,  from 0.95 t o  2.00 M N a C l  and from 0 t o  25% 

e thanol  p lus  o ther  cons t i tuents ,  w a s  s t a r t e d  at point €3 t o  e f f e c t  e l u t i o n  

of t h e  phenylalanine and s e r i n e  t R N A s .  

peaks w a s  pooled separately,  p rec ip i t a t ed  with ethanol, and t e s t e d  f o r  

amino ac id  acceptance. Results showed t h a t  t h e  s p e c i f i c  a c t i v i t i e s  of t h e  

:ohenylal_anine and s e r i n e  t R N A s  had increased from 23 and 40 pmoles per AaQo 

u n i t ,  respec t ive ly ,  t o  178 and 1-79 pmoles per A,,, u n i t .  Further p u r i f i c a -  

t i o n  of t h e  phenylalanine and se r ine  tRNAs and separa t ion  or" t h e  i so-  

accepting se r ine  tRNA can be  achieved by reversed-phase chromatography. 

A modified procedure w a s  devised f o r  t h e  prepara t ion  of calf l i v e r  

Then a 

The e l u a t e  associated with t h e  two 

aminoacyl-RNA synthetase.  In  previous preparations,  s eve ra l  synthetases 

( p a r t i c u l a r l y  those  f o r  glutamic acid,  isoleucine,  methionine, se r ine ,  and 
v a l i n e  %RNAs) were q u i t e  l a b i l e  and, even when s tored  i n  l i q u i d  N,, remained 

ac t ive  f o r  l e s s  than  a week. Time proved t o  be t h e  c r i t i c a l  element i n  t h e  

prepara t ion  scheme; t h a t  is ,  t hese  synthetases were stable only if  t h e  

e n t i r e  preparation w a s  completed i n  6 t o  8 h r .  The new flowsheet i s  shown 
i n  Fig. 2 .  The composition of t h e  b u f f e r  so lu t ions  used a r e  as follows: 

Buffer A, 0.05 M T r i s - H C 1  (pH 7.5) ,  O . 0 l M  MgCl,, O . 0 l M  f3-mercaptoethanol, 

0 .1  M K C l ,  0.001 M EDTA, 0.25 M sucrose, 15% g lyce ro l ;  Buffer B, 0 .01  Ad 

potassium phosphate at pH 7.5, 0.02 M @-mercaptoethanoL, 0.001 M EDTA, 

0.004 M MgCl , ,  15% glycero l ;  Buffer C, 0.01 M potassium phosphate a t  pH 6.5, 
0.25 M KC1,  0.001 M glutathione, 0.005 M MgCl,, 0.001 M EDTA, 0.0001 M ATP, 

50% glycero l .  

By using .the improved flowsheet, we obtained a s t a b l e  crude aminoacyl- 

RNA synthetase prepara t ion  t h a t  was a c t i v e  f o r  a l l  t h e  tRIUs except phenyl- 
a lan ine .  The phenylalanine synthetase i s  known to be  e a s i l y  e lu t ed  from 

DEAE-cellulose a t  low sal t  concentrations and may have been discarded i n  

t h e  Buffer B column e f f l u e n t .  The crude synthetase mixture prepared by 

t h i s  new flowsheet has been found to be  s t a b l e  f o r  at l e a s t  four  weeks 

when s tored  i n  l i q u i d  N,; eval.uation of t h e  storage l i f e  i s  continuing. 
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2 .2  Small Columns for Rapid RNA Separations 

2.2.1.. tRNA Separations 

Two new reversed-phase chromatographic systems, designated RPC-5 and 

RPC-6, were described i n  t h e  previous progress r epor t  (OHN-L-TM-3280). 

These systems employ Plaskon (pol.ychlorotrifluoroethylene) as t h e  i n e r t  

support for  t h e  quaternary ammonium sa l t  and y i e ld  superior chromatographic 

r e so lu t ion  of t R N A s ,  as compared with t h e  previous RPC systems (which 

utril.i.ze diatomaceous e a r t h ) .  Sa t t s f ac to ry  s m a l l  columns could. not be 

constructed with t h e  diatomaceous ear th-  supported systems, and r e l a t i v e l y  

l a r g e  (1 mi i n  diameter by 240 em long) colunns and 2- t o  3 - l i t e r  e l u t i o n  

volumes were required f o r  t he  reso lu t ion  of small..  quant.i.ties of t r a c e r -  

labeled t R N A s .  With t h e  new RPC-5 system, we have been able t o  construct 

small. (0.63 m .in diameter by 33 em long) c o l m m ,  which employ only 100-ml 

e lu t ion  volumes. Thus a chromatographic run can be completed i n  30 t o  
60 min, as compared with t h e  1 t o  2 days previously required.  

mental equipment used i s  shown i n  Fig.  3 .  
The experi-  

The separation of t h e  f i v e  l e u c y - l - t R N A s  present i n  E .  c o l i  i s  shown i n  

The minor peaks a,re shown i n  an expanded. s ca l e  i n  t h e  i n s e r t  i n  
-_I 

Fig. 4 .  
t h e  f igu re .  

a rad-i-oactivity l e v e l  equal t o  only 12 counts of 'H per minute. 

t i o n  of isoaccepting t R N A s  i s  comparabl-e t o  t h a t  obtainable on a l-cm-dim 

by 240-cm-long coI-imn with RPC-5. 

with t he  small column required only 30 min. 
w a s  84-%. 

The tRNAkeU was c1.earl.y defined. even though t h e  peak tube  had 

The separa- 

Under t h e  se l ec t ed  conditions, t h e  run 

The recovery of [3H]leucyl-tRNA 

The separa t ion  of severa l  aminoacyl-tENAs from ca1.f l i v e r  i s  shown i n  

Pig. 5. I n  general, t h e  t R N A s  from ca l f  l i v e r  contained l a r g e r  nmbers  of 
isoacceptors than  those  from E. col-i. Recoveries of t h e  ca l f  l i v e r  t R N A s  

averaged almost 10%. 
-- 

A s e r i e s  of experiments was car r ied  out with E .  c o l i  [14C]phenylalanyl- 
tRNA t o  determine t h e  minimum amount of tRNA t h a t  could be r e a d i l y  resol-ved. 

Carrier crude t R N A  w a s  added i n  these  experiments. 
gram of [I4 C-Jphenylalanyl-tRNA having a r a d i o a c t i v i t y  level. of lc4 counts/min. 

I n  order t o  overcome problems with counting s t a t i s t i c s ,  it was necessary t o  

I- 

Figure 6 i s  a chromato- 
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count t h e  f r ac t ions  f o r  100 min. After correct ing f o r  a background of 

48.7 counts/min, a t o t a l  of 24.8 counts/min (or  56% of the  i n i t i a l  a c t i v i t y )  

was detected i n  t h e  chromat;ographic peak. This chromatographic peak 

represents  3.5 x lo-' g or  60 x low6 A,,, u n i t  of phenylalanyl-tRNA. 

2.2.2 rRNA Separations 

S m a l l  reversed-phase chromatographic columns (Fig. 3 ) ,  p a r t i c u l a r l y  
RPC-5, have a l so  been u t i l i z e d  f o r  t h e  rap id  separat ion of gS, 16s, and 23s 
ribosomal RNAs from E.  coli. Good reso lu t ion  of 16s and 23s r R N A s  was 

obtained with only 0 .1  A,,, u n i t  i n  about 30 min (F ig .  7).  
gradient  was generated with two conical  chambers (Buchler Instruments).  

The column e f f luen t  was monitored with a Laboratory Data Control. W Monitor, 

Model 1205, recording f u l l - s c a l e  absorbance of 0.02. 

-- 
The 30-ml 

Mixtures of 5 S ,  16s, and 23s rRNA were separated i n  about 90 min 

(Fig. 8). 
doubling the  flow r a t e .  AB shown previously (ORPSL-TM-3280), t R N A s  a r e  

a l so  e lu ted  i n  t h e  region of t h e  5s rRNA and between t h e  5s and 16s rRWs 

under these  conditions.  

The separat ion could probably be achieved i n  half  t h i s  time by 

E .  -- c o l i  ribosomes have a l so  been chromatographed using t h e  RPC-5 

system. I n  t h i s  case, t h e  eluent was 0.001M i n  EDTA and contained no 

MgC1,. 

d i f f e r e n t  r e l a t i v e  amounts than f o r  rRNA preparat ions.  

s u l f a t e  was added t o  t h e  eluent  t o  increase t h e  RNA recovery, t h e  ex t rac tan t  

was apparently washed o f f  t h e  column. 

Peaks f o r  both 16s and 23s rRNAs were obtained, although i n  

When sodium dodecyl 

A s  compared with t h e  other  ana ly t i ca l  separat ion techniques of u l t r a -  

centr i fugat ion,  e lectrophoresis ,  and MAK (methylated albumin on kieselguhr)  

chromatography, t h i s  RPC system gives more e f f e c t i v e  reso lu t ion  and i s  

faster and more reproducible while using only s m a l l  amounts of mater ia l ,  
which can be recovered. 

The RPC-5 technique i s  a l so  being evaluated f o r  t h e  separat ion of  
mammalian r R N A s .  Samples of rRNAs from calf  liver and rat l i v e r  have been 

prepared. Preliminary chromatographic r e s u l t s  i nd ica t e  t h a t  mammalian 

rRNAs a re  more d i f f i c u l t  t o  separate  than b a c t e r i a l  rRNAs, as  reported by 

o ther  inves t iga tors  using MAK colmns .  



2.3 Chromatographic Technology 

Physical p roper t ies  af t h e  Plaskon support used i n  t h e  RPC-5 and HPC-6 
systems have been determined i n  order t o  more Fully understand t h e  dramatic 

improvement i n  chromatographic r e so lu t ion  and concomitant reduction i n  s i z e  

of t h e  chromatographic column. The s i z e s  of 200 p a r t i c l e s  of separated 

powder ( a f t e r  treatment w i t h  chloroform and a g i t a t i o n  t o  break up clumps) 

were measured using a Zeiss p a r t i c l e  s i z e  analyzer. The s i z e  d i s t r i b u t i o n  

covered a narrow range, 3.5-20 p; t h e  median p a r t i c l e  s i ze  was 10 11. The 

surface a rea  w a s  3.82 m2/g, as measured by B.E.T.  nitrogen absorption, and 

t h e  poros i ty  was 9 . s .  
( s ee  Fig. 9) shows a highly tex tured  surface.  

An e lec t ron  micrograph of a r e p l i c a t e  of a p a r t i c l e  

The superior performance of Plaskon, i n  comparison with Chromosorb W 

( t h e  support used i n  previous RPC systems), can r ead i ly  be  understood as a 

r e s u l t  of t hese  physical p roper t ies .  The surface area, which i s  near ly  

four  times t h a t  for Chromosorb W, and t h e  10-p s i z e  allow many times as 
milch surface ava i l ab le  for  chromatographic r e so lu t ion  i n  a given column 

volume - The narrow p a r t i c l e  s i z e  d i s t r i b u t i o n  and t h e  hard, noncompressible, 

and nonfr iab le  nature of t h e  Plaskon p a r t i c l e s  permit aqueous flow through 

t h e  columns even a t  high pressures of 300 t o  500 p s i .  The polar hydrophobic 

surface of t h e  Plaskon holds t h e  quaternary ammonium chloride ex t rac tan t ,  

permitt ing l i t t l e  or no loss  t o  t h e  aqueous so lu t ion .  A l l  t he se  favorable 

proper t ies  r e s u l t  i n  a superior support f o r  use i n  reversed-phase chroma- 

tography. 

3 .  SHIPMENTS OF PRODUCTS 

During t h i s  r epor t  period, t h e  d i s t r i b u t i o n  of samples of p u r i f i e d  

t R N A s  w a s  continued i n  accordance with recommendations of t h e  NIGMS review 

committee. 

tHlVAs, were shipped. 

a c i d ,  formylmethionine, phenylalanine, and v a l i n e )  were d i s t r ibu ted .  The 

supply of t h e  arginine,  phenylalanine, and va l ine  tRNAs has now been 

exhausted and w i l l  not be replenished s ince  a7.1 l a rge-sca le  flowsheet 

Forty-three samples, containing a t o t a l  of 878 mg of pu r i f i ed  

Samples of all- f i v e  pu r i f i ed  t R N A s  (a rg in ine ,  g l i i t m i c  
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development work has been terminated. 
gl-utamic acid and formylmethionine tRNAs will be continued since w e  still 
have a t o t a l  of 11.4 g of these two tRNAs on hand. 

The d i s t r i b u t i o n  of purified 
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O R N L  D W G  71-3811 

4 0 0  F R E S H  C A L F  L I V E R  
I N  I C E  

4 0 0 m l  B U F F E R  A H O W O G E N  I LE 

D I S C A R D  C E L L  D E B R I S  

D I S C A R D  P E L L E T  

P O U R  C O L U M N  
4 1 n  x l Z i n  D I S C A R D  E F F L U E N T  

I L  B U F F E R  8 -r”j.-k 5 0 - 7 0  r n l l r n r n  
D I S C A R D  E F F L U E N T  

E L U T E  
10-15 r n l l m i n  

B U F F E R  C 

+l 
E L U T E  

10-15 r n l l m i n  
B U F F E R  C I 

P O O L  S E L E C T E O  
F R A C T I O N S  

P R O D U C T ,  
S T O R E  I N  L l O U l O  N 2  

F i g .  2. Modified Flowsheet for the Preparation of Calf Liver 

Aminoacyl-RNA Synthetase. 
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O R N L  D W G  71-3810 

G R A D I E N T  G E N E R A T O R  R E S E R V O I R S  F O R  
( P H O E N I X  P R E C I S I O N  B U F F E R  S O L U T I O N S  
INST. ,  M O D E L  1200)  5 0 0 p s i  M A X  

D I A P H R A M  G A U G E  

( M A N S P I E L O  A N D  
G R E E N ,  T Y P E  8 )  

( M I L T O N  R O Y  R 0 T A R  Y VA L V  E 
MODEL 196-89) ( C H R O M A T R O N I X ,  

( C H R O M A T  R O N 1  X ,  NO.  S V - 8 0 3 1 )  

NO. R 6 0 V 6 )  
S A M P L E  I N J E C T I O N  V A L V E  

C O L U M N ,  0 . 6 3 ~  3 3 c m .  
( C H R O M A T R O N I X ,  NO. L C - 6 M - 1 3 )  

ro u v  M O N I T O R  ( L A B O R A T O R Y  D A T A  C O N T R O L  
M O D E L  1 2 0 5 )  

A N D / O R  

F R A C T I O N  C O L L E C T O R  ( S A V A N T  I N S T R U M E N T S  I N C .  
U N l F R A C l  

Fig. 3.  Experimental Apparatus Used in R u n s  w i t h  Small RPC-5 Columns. 
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Fig .  7. Chromatorgram of 0 .1  A,,, Unit of E.  c o l i  rRNA. RPC-5 -- 
column, 0.63 cm dim by 30 cm long; temperature, 25°C; flow ra te ,  

1 .0  m l / m i n ;  e luent :  

pH 7.3, N a C 1  as shown. 

30 m l  containing 0.01 M MgCl,, 0.05 A4 T r i s - H C 1 ,  
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Fig .  9. Par t i c l e  of Pl.askon. Magnification, 11),000 X. 
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