
Western Michigan University Western Michigan University 

ScholarWorks at WMU ScholarWorks at WMU 

Master's Theses Graduate College 

12-1975 

Fractionation of Ribosomal Proteins from Mesophilic and Fractionation of Ribosomal Proteins from Mesophilic and 

Thermophilic Bacteria Thermophilic Bacteria 

Raymond J. Knaus 

Follow this and additional works at: https://scholarworks.wmich.edu/masters_theses 

 Part of the Biochemistry Commons 

Recommended Citation Recommended Citation 
Knaus, Raymond J., "Fractionation of Ribosomal Proteins from Mesophilic and Thermophilic Bacteria" 
(1975). Master's Theses. 2467. 
https://scholarworks.wmich.edu/masters_theses/2467 

This Masters Thesis-Open Access is brought to you for 
free and open access by the Graduate College at 
ScholarWorks at WMU. It has been accepted for inclusion 
in Master's Theses by an authorized administrator of 
ScholarWorks at WMU. For more information, please 
contact wmu-scholarworks@wmich.edu. 

http://scholarworks.wmich.edu/
http://scholarworks.wmich.edu/
https://scholarworks.wmich.edu/
https://scholarworks.wmich.edu/masters_theses
https://scholarworks.wmich.edu/grad
https://scholarworks.wmich.edu/masters_theses?utm_source=scholarworks.wmich.edu%2Fmasters_theses%2F2467&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/2?utm_source=scholarworks.wmich.edu%2Fmasters_theses%2F2467&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.wmich.edu/masters_theses/2467?utm_source=scholarworks.wmich.edu%2Fmasters_theses%2F2467&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:wmu-scholarworks@wmich.edu
http://scholarworks.wmich.edu/
http://scholarworks.wmich.edu/


FRACTIONATION OF RIBOSOMAL PROTEINS FROM 
MESOPHILIC AND THERMOPHILIC BACTERIA

by

Raymond J .  Knaus

A T h esis  
Subm itted  to  th e  

F a c u lty  o f  The G raduate  C ollege
Z  ~  - 1  r . . 1 £ { n W A W «i
Xil y a i. C i a i  lUALlAAIUCitb

o f  th e
Degree o f M aster o f  A rts

W estern M ichigan U n iv e rs ity  
Kalamazoo, M ichigan 

December 1975

R e p ro d u c e d  with perm iss ion  of  th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



ACKNOWLEDGEMENTS

The au th o r w ishes to  ex p ress  s in c e re  a p p re c ia t io n  to  

D r. Jochanan S ten esh  f o r  h is  in s p i r a t io n  and guidance du rin g  th e  

co u rse  o f  th is  work.

Thanks, a ls o ,  to  Mr. W illiam  Lummis f o r  h is  encouragem ent, 

c o u n se l, and p e rm issio n  to  ru n  th e  lo n g -te rm  experim ents s im u lta n eo u s ly  

w ith  my r e g u la r  work} to  D r. P au l Sa toh  f o r  h is  counse l w ith  th e  

c e l lu lo s e  column work; to  D r. T e rry  G ilb e r ts o n  f o r  m a te r ia ls ,  ad v ice  

on co u n tin g  te c h n iq u e s , and th e  id e a  f o r  th e  m a le ic  anhydride t r a p ;  

and to  The Upjohn Company f o r  th e  use o f  m a te r ia l s ,  la b o ra to ry  sp ac e , 

and equipm ent.

Raymond J .  Knaus

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



INFORMATION TO USERS

This material was produced from a microfilm copy of the original document. While 
the most advanced technological means to photograph and reproduce this document 
have been used, the quality is heavily dependent upon the quality of the original 
submitted.

The following explanation of techniques is provided to help you understand 
markings or patterns which may appear on this reproduction.

1.The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting thru an image and duplicating adjacent 
pages to insure you complete continuity.

2. When an image on the film is obliterated with a large round black mark, it 
is an indication that the photographer suspected that the copy may have 
moved during exposure and thus cause a blurred image. You will find a 
good image of the page in the adjacent frame.

3. When a map, drawing or chart, etc., was part of the material being 
photographed the photographer followed a definite method in 
"sectioning" the material. It  is customary to begin photoing at the upper 
left hand corner of a large sheet and to continue photoing from left to 
right in equal sections with a small overlap. If  necessary, sectioning is 
continued again — beginning below the first row and continuing on until 
complete.

4. The majority of users indicate that the textual content is of greatest value, 
however, a somewhat higher quality reproduction could be made from 
"photographs" if essential to the understanding of the dissertation. Silver 
prints of "photographs" may be ordered at additional charge by writing 
the Order Department, giving the catalog number, title, author and 
specific pages you wish reproduced.

5. PLEASE NOTE: Some pages may have indistinct print. Filmed as 
received.

Xerox University Microfilms
300 North Z eeb  R oad
Ann Arbor, M ichigan 48106

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



MASTERS THESIS M-77H

KNAUS, Raymond Joseph 
FRACTIONATION OF RIBOSOMAL PROTEINS FROM 
MESOPHILIC AND THERMOPHILIC BACTERIA.

Western Michigan University, M.A., 1975 
Chemistry, biological

Xerox University Microfilms, Ann Arbor, M ic h ig an  48106

R e p ro d u c e d  with p e rm iss ion  of th e  copyright ow ner.  F u r th e r  rep roduction  prohibited w ithout perm iss ion .



TABLE OF CONTENTS

ACKNOWLEDGEMENTS............................................................................................................ i i

INTRODUCTION ....................................................................................................................  1

MATERIALS AND METHODS

P re p a ra tio n  o f  S u b c e llu la r  F ra c tio n s  .................................................  3

T r itiu m  L abeling  o f  Ribosom al P r o te in s  ...............................................  3

C o u n te rcu rren t D i s t r i b u t i o n ........................................   5

Sephadex Gel F i l t r a t i o n  .................................................................................  6

Carboxymethyl C e llu lo se  Column Chromatography.........................  . . 7

Sodium a c e ta te  e lu t io n  ........................................................................  7

Sodium formate-ammonium h y d ro x id e -e th a n o l e lu t io n  . . .  8

P ro te in  D eterm ination  .....................................................................................  11

R a d io a c tiv i ty  Measurement ............................................................................  11

RNA D e te r m in a t io n      . 11

P.ESULTS AND DISCUSSION

P r o te in  I s o la t io n  ..............................................................................................  12

P r o te in  S o l u b i l i t y ............................. .. .........................................................  12

T ritiu m  L abeling  o f  Ribosom al P ro te in s  ...............................................  18

C o trn te rcu rren t D is t r ib u t io n   ..........................................................  21

Sephadex Gel F i l t r a t i o n ........................................     31

Carboxymethyl C e llu lo se  Column Chromatography ..................................  32

Sodium a c e ta te  e lu t io n   ......................   32

Sodium formate-ammonium h y d ro x id e -e th a n o l e lu t io n  . . .  32

BIBLIOGRAPHY ....................................................................................................................  50

V IT A ......................................................................................................................................  53

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



TABLES AND FIGURES

Table Is  Com position o f  th e  Formate-Ammonium H ydroxide-E thanol

E lu a n t S e r ie s  Used With Carboxymethyl C e llu lo se  Columns . . 10

Table 2s I s o l a t i o n  o f  Ribosom al P r o t e i n s .............................................................. 13

Table 3t T r i t i a t i o n  o f  Ribosomal P r o te in s .............................................................. 19

Table 4s CMC Column Chromatography o f B a c il lu s  Ribosom al P ro te in s .  . 47

F igu re  I t  F ive  Tube C o u n te rcu rre n t D is t r ib u t io n  P r o f i l e  o f

IJ. s te a ro th e rm o p h ilu s  Ribosomal P r o t e i n s .......................................22

F igu re  2t F ive Tube C o u n te rcu rren t D is t r ib u t io n  P r o f i l e  o f

B. s te a ro th e rm o p h ilu s  Ribosomal P r o t e i n s .......................................24

F igure  3i T h i r ty  Tube C o u n te rcu rren t D is t r ib u t io n  P r o f i l e  o f

B. l ic h e n ifo rm is  Ribosomal P r o te in s .  ....................... . . . . .  26

F igure  4s T h ir ty  Tube C o u n te rcu rren t D is t r ib u t io n  P r o f i l e  o f

B. s te a ro th e rm o p h ilu s  Ribosomal P r o t e i n s .............................. . . 28

F igure  5* CMC Column Chromatography of B .  l ic h e n ifo rm is  and 

and B .  s tea ro th e rm o p h ilu s  Ribosomal P ro te in s  -

Sodium A c e ta te  E l u t i o n .....................   33

F igure  6 s CMC Column Chromatography of _B. l ic h e n ifo rm is  and 

_B. s te a ro th e rm o p h ilu s  Ribosomal P ro te in s  -  Sodium

Form ate-Form ic Acid E lu tio n ...................................................................... 37

F igure  7s CMC Column Chromatography of _B, l ic h e n ifo rm is  and 

B. s te a ro th e rm o p h ilu s  Ribosomal P ro te in s  -  Sodium 

Form ate-Form ic Acid (Expanded S e r ie s )  E lu t io n ..............................40

iv

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



F ig u re  81 CMC Column Chromatography o f  B. s te a ro th e rm o p h ilu s  

Ribosomal P ro te in s  -  Sodium Formate-Ammonium

H ydroxide-E thanol E lu tio n . ...................................................................  43

F ig u re  9i CMC Column Chrom atography o f  JB. l ic h e n ifo rm is  

Ribosomal P ro te in s  -  Sodium Formate-Ammonium 

H ydrox ide-E thanol E lu t io n ...................................   45

v

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



INTRODUCTION

T herm ophilic  o rgan ism s l i v e  a t  tem p era tu res  (5 0 -8 0 °  o r  h ig h e r)  

w hich, in  v i t r o ,  can cause  th e  d e s t r u c t io n  and d e n a tu ra t io n  o f  many 

m acrom olecules n e ce ssa ry  f o r  l i f e .  Because p r o te in s ,  n u c le ic  a c id s ,  

and many o th e r  b io lo g ic a l  compounds a re  den atu red  a t  th e se  te m p e ra tu re s , 

any organism  e x is t in g  a t  th e s e  tem p era tu res  m ust p o sse ss  unusual 

mechanisms which p e rm it s u r v iv a l .

M esophiles l i v e  a t  more m oderate tem p era tu res  (2 0 -4 5 °) where 

d e s t r u c t io n  and d e n a tu ra t io n  due to  tem p era tu re  a re  n o t a problem .

Three th e o r ie s  have been proposed to  e x p la in  th e rm o p h ily .

The f i r s t  a t t r i b u t e s  th e rm o p h ily  to  th e  p ro te c t iv e  a c t io n  o f l ip id s  

a t  h igh  tem p era tu res  ( 1 ) .  The second p o s tu la te s  a  s p e c ia l  m e tab o lic  

s t a t e  c h a ra c te r iz e d  by h ig h  r a t e s  o f  breakdown and r e s y n th e s is  ( 2 ) .

The th i r d  a t t r i b u t e s  th e rm o p h ily  to  th e  s t r u c tu r e  and fu n c tio n  o f 

m acrom olecules and em phasizes p h y s ica l-c h e m ic a l d i f f e r e n c e s  o f 

m acrom olecules from m eso p h iles  and th e rm oph iles  ( 3 ) .  The th i r d  

th e o ry  has re c e iv e d  th e  m ost ex p e rim en ta l su p p o rt so f a r .  P rev io u s  

work from t h i s  la b o ra to ry  in  su p p o rt o f  th is  fh e o ry  has d e a l t  w ith  

d i f f e r e n c e s  in  f a t t y  a c id s  ( 4 ) ,  ribosom es ( 5 ) ,  rib o so m al r ib o n u c le ic  

a c id s  ( 6 ) ,  d e o x y rib o n u c le ic  a c id s  (DNAj 7 ), DNA polym erase  ( 8 ) ,  

c e l l - f r e e  amino a c id - in c o r p o ra t in g  system s from m e so p h ilic  and 

th e rm o p h ilic  s t r a in s  o f  th e  genus B a c illu s  (9 , 1 0 ) , polysome 

fu n c tio n s  ( 11) ,  and rib o so m al p r o te in s  ( 12) .

1
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2

S tu d ie s  in d ic a te  th a t  cy to p lasm ic  p r o te in s  o f  th e rm o p h ilic  

organism s a re  v e ry  s im i la r  to  t h e i r  m e so p h ilic  c o u n te rp a r ts  in  many 

p h y s ic a l and chem ical p ro p e r t ie s  b u t t h a t  d i f f e r e n c e s  a ss o c ia te d  w ith  

m eta l b in d in g  a b i l i t y  and hydrophobic amino a c id s  e x i s t  (1 3 ) .

The h e te ro g e n e ity  o f ribosom al p r o te in s  has been dem onstrated  

(1 2 , 14, 15, 16, 17, 18 , 1 9 ). The work on b a c t e r i a l  ribosom al p ro te in s  

has been l im ite d  p r im a r i ly  to  E sc h e r ic h ia  c o l l . E .  c o l i  ribosom al 

p r o te in s ,  a lth o u g h  h e te ro g en eo u s , a re  s im i la r  in  many chem ical and 

p h y s ic a l p r o p e r t i e s ,  and a re  r e l a t i v e l y  in s o lu b le  in  aqueous b u ffe rs  

(1 4 , 1 5 ). R esearch  in  th i s  la b o ra to ry  has shown th a t  ribosom al 

p ro te in s  o f  th e  genus B a c illu s  a re  l ik e w is e  heterogeneous (1 2 ) .

B a c il lu s  ribosom al p ro te in s  a re  v e ry  in s o lu b le  compared to  

th o se  o f  E. c o l i . P ro te in s  from th e  th e rm o p h ile  B. s tea ro th e rm o p h ilu s  

a re  le s s  s o lu b le  th an  th o se  from th e  m esoph ile  IJ. l ic h e n ifo rm is ; th e  

problem s caused  by th e  low s o l u b i l i t y  in  p r o te in  a n a ly s is  by two- 

d im ensional p o ly acry lam id e  g e l e le c t r o p h o r e s is  have been d e sc rib e d  

( 12) .

These s tu d ie s  were undertaken  to  f in d  s u i t a b le  so lv e n ts  f o r  

th e  B a c illu s  rib o so m al p ro te in s  and to  dev elo p  an a l t e r n a t e  method to  

e le c tro p h o r e s is  f o r  f r a c t io n a t in g  rib o so m al p r o te in s .  Three methods 

were s tu d ie d  -  c o u n te rc u r re n t  d i s t r i b u t i o n ,  Sephadex g e l f i l t r a t i o n ,  

and carboxym ethyl c e l lu lo s e  column chrom atography . A techn ique  f o r  

d i r e c t  t r i t i u m  la b e l in g  o f  th e  rib o so m al p r o te in s  i s  a lso  d e sc r ib e d .
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MATERIALS AND METHODS

P re p a ra tio n  o f S u b c e llu la r  F ra c tio n s

C e lls  o f  15. l ic h e n ifo rm is  (NRS 243) and 15. s te a ro th e rm o p h ilu s  10 

were grown, h a rv e s te d , and s to re d  as d e sc rib e d  p re v io u s ly  ( 9 ,  10 ). The 

c e l l s  were thaw ed, w ashed, and broken in  a French p re s su re  c e l l ;  the  

ribosom es were i s o l a t e d  from th i s  su sp en sio n  as d e sc r ib e d  ( 9 ,  10 ), and 

ribosom al p ro te in s  were p repared  from th e  ribosom es acco rd in g  to  the  

procedure o f  Fogel and Sypherd (1 4 ) .

T r itiu m  L abeling  o f  Ribosomal P ro te in s

The r e d u c t iv e  m e th y la tio n  ( t r i t i u m  la b e l in g )  was p a tte rn e d  a f t e r  

Moore (2 0 ) .

Ribosomal p r o te in  (1 .5  mg) was d is so lv e d  in  1 .5  ml BMK-guanidinium 

h y d ro ch lo rid e  b u f f e r  (ICO mM sodium b o ra te ,  10 mM magnesium c h lo r id e ,

20 mM po tassium  c h lo r id e ,  6 mM 3 -raercap toe t'nano i, and 4 M guanidinium  

h y d ro c h lo rid e , pH 9 ) .  Formaldehyde (ap p ro x im a te ly  37% and c o n ta in in g  

10-15% m ethanol as a  p re s e rv a t iv e ;  Matheson and Coleman) was re flu x e d  

f o r  1 h r ,  co o led  and d i lu te d  to  a f i n a l  c o n c e n tra t io n  o f  rough ly  0 .08  M 

im m ediately b e fo re  u s e .  Sodium borohydride  re a g e n t was p repared  ju s t  

p r io r  to  use  by add ing  4 .4  mg co ld  sodium bo ro h y d rid e  to  100 mC 

t r i t i a t e d  sodium b o ro hydride  (5 .9  C/mmole; Amersham) in  0 .5  ml d i s t i l l e d  

w ater a t  4° in  a  fume hood.

The la b e l in g  r e a c t io n  was c a r r ie d  ou t in  an ic e  b a th  in  a fume 

hood; th i s  s e rv e s  to  keep the  r e a c t io n  a t  4° and to  c o n ta in  any t r i t iu m  

gas evolved d u rin g  th e  r e a c t io n  (2 1 ) . A m ale ic  an h ydride  t r a p  was used

3
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to  c o l l e c t  t r i t iu m  gas n o t used  in  th e  re d u c tiv e  m e th y la tio n . A 500 ml 

s id e  arm f la s k  c o n ta in in g  15 gm m ale ic  an h y d rid e , 100 ml a b so lu te  

e th a n o l ,  a sm all amount o f  p a lla d iu m , and a  m agnetic  s t i r r i n g  b a r was 

connected  to  a  w a ter a s p i r a to r  and p laced  on a m agnetic  s t i r r e r .  The 

i n l e t  tu b e  was submerged in  th e  e th a n o l and connected by l a t e x  tu b in g  

to  a sm all fu n n e l in v e r te d  o v e r th e  r e a c t io n  tu b e . A l i g h t  vacuum was 

a p p lie d  d u rin g  th e  r e d u c tiv e  m e th y la tio n  r e a c t io n .  The t r a p  o p e ra ted  

a t  room te m p e ra tu re . Form aldehyde re a g e n t (250 p.1) was added to  1 .5  ml 

o f  p r o te in  s o lu t io n ;  30 sec  l a t e r  100 p.1 o f  sodium borohydride  re a g e n t 

were added. A fte r  1 rain, th e  tre a tm e n t w ith  form aldehyde and sodium 

borohydride  was re p e a te d . The r e a c t io n  m ix tu re  was k e p t a t  4° f o r  10 

min w ith  o c c a s io n a l sh a k in g , and was then  d ia ly z ed  f o r  24 h r  a t  4° 

a g a in s t  100 ml o f  TMA b u f f e r  (10  mM trishydroxym ethylam inom ethane 

h y d ro c h lo r id e , 10 mM magnesium c h lo r id e ,  20 mM ammonium c h lo r id e  and 

6 mM 0 -m ercap to e th an o l, pH 7 .8 )  w ith  th re e  changes o f  b u f f e r .  The 

d ia ly z e d  r e a c t io n  m ix tu re  was d i lu te d  to  3 ml w ith  TMA b u f f e r  and 

s to re d  a t  - 20°  in  0 .1  ml a l i q u o t s .
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C o u n te rcu rren t D is t r ib u t io n

The a b i l i t y  o f  two o r  more s o lu t io n s  to  form two d i s t i n c t  phases 

was determ ined  by m ixing equal volumes o f th e  s o lu t io n s  in  a t e s t  tu b e , 

a llo w in g  them to  e q u i l i b r a t e ,  and o b serv in g  w hether o r  n o t two phases 

were form ed. C o u n te rcu rre n t d i s t r ib u t io n  t r i a l s  were ru n  w ith  the  

s o lv e n t system s u s in g  f iv e  and ten  tube  manual t r a n s f e r s  in  o rd e r  to  

t e s t  f o r  th e  p a r t i t i o n i n g  o f  th e  p ro te in s  and th e  a b i l i t y  o f th e  phases 

to  rem ain  i n t a c t .

Two p rom ising  so lv e n t system s were te s t e d  u s in g  a 30 tube  hand 

o p e ra ted  C raig  c o u n te rc u r re n t d i s t r ib u t io n  a p p a ra tu s , commonly r e f e r r e d  

to  as th e  "C ra ig  a p p a ra tu s ."  O peration  o f th e  C ra ig  ap para tu s was 

d e sc rib e d  by G eorge K re ick , "O peration  o f  th e  200 Tube C raig C oun ter- 

c u r re n t  D is t r ib u t io n  A p p ara tu s ,"  (u n p u b lish ed ) and by C raig  (2 2 , 2 3 ). 

The tw o-phase system  must meet two req u irem en ts! (1 )  th e  two phases 

must form re p ro d u c ib ly  upon rep ea ted  m ix ing , and ( 2 ) th e  p ro te in s  

should  be e q u a lly  s o lu b le  o r  n e a r ly  so in  b o th  phases (2 2 ) . Systems 

te s te d  a re  l i s t e d  in  th e  R e su lts  s e c t io n .  The c o n te n ts  o f  th e  tubes 

were allow ed to  s e t t l e  u n t i l  two s ta b le  and c l e a r  phases were form ed. 

This re q u ire d  10 min i n i t i a l l y  and len g th en ed  to  25 min during  th e  l a s t  

10 s ta g e s  o f  th e  30 tube  t r a n s f e r s .

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



6

Sephadex Gel F i l t r a t i o n

Sephadex G -50, G-100, and G-200 medium g ra in  (P harm acia F ine 

C hem icals, U p p sa la , Sweden) were h y d ra ted  in  e i t h e r  6 M u re a  o r  1% 

sodium dodecyl s u l f a t e  (SDS), c o n ta in in g  0.02Z sodium a z id e  as a 

b a c te r i a l  i n h i b i t o r ;  th e  " f in e s ” were removed, th e  s o lu t io n  was 

d e a e ra te d , and a 1 .3  x 50 cm column (23 ml vo id  volum e) was p rep ared  

(2 4 ) . One ml o f  a s o lu t io n  o f  ribosom al p r o te in  (1  mg/ml) in  e i t h e r  

u re a  o r SDS was lo aded  on th e  a p p ro p r ia te  column and e lu te d  w ith  th e  

s o lu t io n  used to  d is s o lv e  th e  p r o te in .  The flow  r a t e  was 3 ml p e r  h r  

f o r  th e  G-50 and G-100 columns and 6 .7  ml p e r  h r  f o r  th e  G-200 column.

Five ml f r a c t io n s  were c o l le c te d .  The e lu t io n s  were conducted a t  4 ° .
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Carboxymethyl C e llu lo se  Column Chromatography 

Sodium a c e ta te  e lu t io n

Carboxymethyl c e l l u lo s e  (CMC; a c a t io n  exchanger) was h y d ra ted  

o v e rn ig h t a t  4° w ith  AcU b u f fe r  (0 .0 0 5  M sodium a c e ta te ,  6 M u re a , 

pH 5 .6 )  and t r e a te d  batchw ise  w ith  a bovine serum album in (BSA) s o lu t io n  

in  w a te r (10  mg/ml) in  o rd e r  to  t i e  up th e  n o n s p e c if ic  b in d in g  s i t e s  on 

th e  c e l lu lo s e ;  th e  c e l lu lo s e  was th en  used to  p rep a re  a 5 x 60 mm column 

(5 .7 5  in ch  p a s te u r  p ip e t t e )  ( 1 9 ) .  S i ly l i z e d  g la s s  wool and 3 mm g la s s  

beads were used  as s u p p o r t . Sm all bore tygon tu b in g  was used  as i n l e t  

and o u t l e t  tu b in g . A com plete ru n  o f  e lu a n ts  was made to  c l e a r  unbound 

BSA from th e  column. The column was th en  loaded  w ith  100 p i  o f  la b e le d  

p ro te in  c o n ta in in g  app ro x im ate ly  45 pg o f  p ro te in  (2  x 10^ dpm) d i lu te d  

w ith  10 ml o f  AcU b u f f e r .  A 100 p i  a l iq u o t  o f  th e  d i lu te d  p r o te in  

s o lu t io n  was counted  to  de term in e  th e  amount o f  a c t i v i t y  added to  th e  

column, and th e  rem ain ing  10 ml p o r t io n  was loaded  on to  th e  column.

The lo ad in g  was done by p ip e t t in g  th e  s o lu t io n  d i r e c t l y  on to  th e  column. 

The p ip e t t e  was r in s e d  and th e  r i n s e  a p p lie d  to  th e  column as w e l l .  The 

combined volumes were allow ed to  e n te r  th e  column and e lu t io n  was s t a r t e d .  

The column was e lu te d  w ith  AcU b u f f e r  u n t i l  th e  dpm in  th e  e lu a te  dropped 

to  th o se  o f  th e  background. The e lu t io n  was co n tin u ed  w ith  0 .0 0 6 , 0 .0 0 7 , 

0 .0 0 9 , 0 .0125 , 0 .0 1 8 , and 0.030 M sodium a c e ta te  s o lu t io n s  in  6 M u re a  a t  

pH 1 .6  (1 9 ) .  Each s o lu t io n  was ru n  u n t i l  th e  dpm in  th e  e lu a te  dropped 

to  background l e v e l .  Four ml f r a c t io n s  were c o l le c te d .  The volume o f  

th e  column in c lu d in g  th e  i n l e t  and o u t l e t  tu b in g  was 4 m l. The a c e ta te
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s o lu t io n s  w ere p rep a red  by d is s o lv in g  sodium a c e ta te  in  6 M u re a  and 

a d ju s t in g  th e  pH w ith  g la c i a l  a c e t i c  a c id . The e lu t io n  was c a r r ie d  ou t 

a t  4 ° .

Sodium formate-ammonium h y d ro x id e -e th a n o l e lu t io n

CMC was c o n d itio n e d  ba tchw ise  s u c c e s s iv e ly  w ith  0 ,1  M NaOH,

1 .0  M i^HPO^, 1 .0  M KH^PO^, 50% fo rm ic  a c id , 0 .02  M sodium fo rm ate  

(pH 2 .7 ) ,  0 .01  M sodium fo rm a te -0 .0 3  M li th iu m  c h lo r id e -0 .0 8  M u re a  

(pH 2 .7 ) ,  and BSA s o lu t io n  (10 mg/ml) and th en  used to  p re p a re  5 x 60 

mm columns (2 5 ) .  The la b e le d  p r o te in  s o lu t io n  (100 ^1 c o n ta in in g  

ap p ro x im ate ly  45 p.g and 2 x 10^ dpm) was d i lu te d  w ith  10 ml o f  0 .01  M 

sodium fo rm a te -0 .0 3  M li th iu m  c h lo r id e -0 .0 8  M u re a  (pH 2 .7 )  and th e  

e n t i r e  volume a p p lie d  to  th e  column. A 100 p.1 p o r tio n  o f  th e  d i lu te d  

s o lu t io n  was counted  to  determ ine  th e  amount o f  a c t i v i t y  added to  th e  

column and th e  rem ain ing  10 ml p o r t io n  was loaded onto  the  column.

The tube  was r in s e d  w ith  sodium fo rm a te - l i th iu m  c h lo r id e -u re a  s o lu t io n  

and th e  r in s e  was loaded  onto  th e  colum n. The column was loaded  as 

d e sc r ib e d  p re v io u s ly . The p ro te in s  were e lu te d  su c c e ss iv e ly  w ith  0.01 

M sodium fo rm a te -0 .0 3  M li th iu m  c h lo r id e -0 .0 8  M u rea  (pH 2 .7 ) ,  0 .1  M 

sodium fo rm ate  (pH 2 .7 ) ,  0 .02  M sodium  fo rm a te -0 .3  M barium c h lo r id e  

(pH 2 .7 ) ,  fo rm ic  a c id  (pH 2 ) ,  fo rm ic  a c id  (pH 1 .7 ) ,  and fo rm ic  a c id  

(40% ). The fo rm ic  a c id  s o lu t io n s  were p rep ared  by low ering  th e  pH o f 

d i s t i l l e d  w a te r w ith  c o n c e n tra te d  fo rm ic  a c id . The pH 2 .7  fo rm ate  

s o lu t io n s  were made by low ering  th e  pH o f  th e  sodium form ate s o lu t io n  

o f  a p p ro p r ia te  m o la r i ty  w ith  c o n c e n tra te d  form ic a c id  (2 5 ) .  The 

column was r in s e d  w ith  w ater to  remove th e  40% form ic a c id  and e lu te d
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s te p w ise  w ith  ammonium h y d ro x id e -e th a n o l-w a te r  s o lu t io n s  o f  in c re a s in g  

ammonium hydrox ide  c o n c e n tra tio n  ( 0 .1 ,  1 .0 , 1 0 .0 , 3 0 .0Z v /v )  and o f  

in c re a s in g  e th a n o l c o n c e n tra tio n s  ( 2 0 .0 ,  4 0 .0 , 7 0 .0Z v /v )  f o r  each 

ammonium hydrox ide  c o n c e n tra tio n  (T ab le  1 ) .  Twelve ammonium h y d ro x id e - 

e th a n o l-w a te r  e lu a n t com binations w ere u sed . The e lu t io n s  w ere ru n  a t  

4 ° . Four ml f r a c t io n s  were c o l l e c te d .  The column volume in c lu d in g  

th e  i n l e t  and o u t l e t  tu b in g  was 4 m l.
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TABLE 1 . C om position o f  th e  Formate-Ammonium H ydroxide-E thanol
E lu an t S e r ie s  Used W ith Carboxymethyl C e l lu lo s e  Columns

E lu an t
Number E lu an t Com position*

1 Sodium form ate (0 .0 1  M )-lith iu m  c h lo r id e  (0 .0 3  M )-urea

(0 .0 8  M), pH 2 .7

2 Sodium form ate  (0 .1  M), pH 2 .7

3 Sodium form ate (0 .0 2  M )-barium  c h lo r id e  (0 .3  M), pH 2 .7

4 Formic a c id , pH 2

5 Formic a c id , pH 1 .7

6 Formic a c id  (40Z)

7 W ater -  d i s t i l l e d

8 Ammonium h y d ro x id e -e th a n o l-w a te r (O .l t  20t 7 9 .9 )

rt Ammonium h y d ro x id e -e th a n o l-w a te r ( 0 .1 j 40i 5 9 .9 )

10 Ammonium h y d ro x id e -e th a n o l-w a te r (O .l i7 0 i2 9 .9 )

n Ammonium h y d ro x id e -e th a n o l-w a te r ( I t  2 0 i79)

12 Ammonium h y d ro x id e -e th a n o l-w a te r (1«40 j59)

13 Ammonium h y d ro x id e -e th a n o l-w a te r ( l i 7 0 i 29)

14 Ammonium h y d ro x id e -e th a n o l-w a te r (1 0 t2 0 i70)

15 Ammonium hydroxi d e -e  th a n o l-w a te r (lO j 40j 50)

16 Ammonium h y d ro x id e -e th a n o l-w a te r (IO i 70i20)

17 Ammonium h y d ro x id e -e th a n o l-w a te r (3 0 i2 0 i5 0 )

18 Ammonium h y d ro x id e -e th a n o l-w a te r (3 0 i4 0 :3 0 )

19 Ammonium h y d ro x id e -e th a n o l (3 0 j 70)

20 W ater -  d i s t i l l e d

C o m p o s itio n  o f  th e  ammonium h y d ro x id e -e th a n o l-w a te r  e lu a n ts  i s  v /v /v
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P ro te in  D e te rm in a tio n

P r o te in  le v e ls  were m easured by th e  Lowry m o d if ic a tio n  o f  th e  

F o lin -C io c a lte a u  te ch n iq u e  (26 ) o r  by absorbance  a t  280 nm when 

a p p l ic a b le .

R a d io a c t iv i ty  Measurement

A ll th e  r a d io a c t iv e  s o lu t io n s  were coun ted  w ith  a Packard 

T r i-C a rb  l i q u id  s c i n t i l l a t i o n  c o u n te r  u s in g  a c o c k ta i l  p rep ared  by 

m ixing 7 .75  l i t e r s  to lu e n e , 757 ml B io so lv  (Beckm an), and 318 ml 

L i q u i - f lo r  (New England N uclear; c o n ta in in g  4 gm PPO and 50 mg 

P0P0P p e r  l i t e r ) .  The c o c k ta i l  w i l l  s o lu b i l i z e  0 .7  ml o f  w a ter p e r  

15 ml o f  c o c k ta i l .  One h a l f  ml o f  sam ple was counted  in  15 ml o f  

c o c k t a i l .

RNA D e te rm in a tio n

RNA was determ ined  s p e c tro p h o to m e tr ic a l ly  u s in g  a  m o d if ic a tio n  

o f  S c h n e id e r 's  o rc in o l  method (2 7 ) .  Sample (1 .5  m l) , 0.15 ml o f 

o rc in o l  re a g e n t  (100 mg o rc in o l/m l in  952 e th a n o l ) ,  and 1 .5  ml o f  

FeCl^ s o lu t io n  ( 1 .0  mg FeCl^/m l in  c o n c e n tra te d  HC1) were mixed and 

h ea ted  in  b o i l in g  w a te r  f o r  40 m in. The s o lu t io n s  were coo led  and 

th e  ab so rbance  re a d  a t  700 nm v e rsu s  a  re a g e n t  b lan k , R ibose (Eastm an 

Kodak) a t  100 |ig /m l in  w a te r was used to  p re p a re  a s e r ie s  o f  s ta n d a rd s  

c o n ta in in g  100, 50 , 25, 12.5  and 6 .25  fig/ml by tw ofo ld  s e r i a l  d i l u t i o n s  

in  w a te r . The s ta n d a rd  s o lu t io n s  were assay ed  a t  th e  same tim e and in  

th e  same manner as th e  sam ples.
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RESULTS AND DISCUSSION

P ro te in  I s o l a t i o n

The y ie ld  o f  ribosom al p r o te in s  o f  B. l ic h e n ifo rm is  and 

B. s te a ro th e rm o p h ilu s  and RNA c o n te n t as de term ined  by th e  o rc in o l  

te ch n iq u e  a re  l i s t e d  i n  Table 2. The p r o te in s  c o n ta in  le s s  th an  0.382 

(w/w) RNA. The DNA was removed by d eo x y rib o n u c lease  tre a tm e n t d u rin g  

th e  ribosom e p r e p a r a t io n .  The p ro te in s  p rep a red  and s tu d ie d  re p re s e n t  

th e  p r o te in s  o f  th e  e n t i r e  ribosom e r a t h e r  th an  th o se  o f  a p a r t i c u l a r  

ribosom al s u b u n it .

P ro te in  S o lu b i l i t y

P r o te in  s o l u b i l i t y  s tu d ie s  were u n d e rtak en  w ith  c o u n te rc u r re n t 

d i s t r i b u t i o n  a p p l ic a t io n s  in  mind. S o lv e n ts  used in  c o u n te rc u r re n t 

d i s t r i b u t i o n  m ust m eet two c r i t e r i a :  ( 1 ) th ey  must form two phases

re p ro d u c ib ly  when mixed and allow ed to  s e p a r a te ,  and ( 2) th e  p ro te in s  

should  p a r t i t i o n  more o r  le s s  e q u a lly  betw een th e  two p h ase s . The 

minimum amount o f  p r o te in  to  be added to  th e  C raig  a p p a ra tu s  can be 

c a lc u la te d  from th e  fo rm ula: A = 1 .25  CV (n )  , where A i s  th e  minimum

amount o f  p r o te in  to  be used in  lo a d in g  th e  c o u n te rc u r re n t d i s t r i b u t io n  

t r a i n ,  C i s  th e  minimum amount o f  p r o te in  t h a t  can be d e te c te d  by th e  

p r o te in  d e te rm in a tio n  u se d , V i s  th e  t o t a l  volume (b o th  p h ases) f o r  each 

t r a n s f e r  tu b e , and n i s  th e  number o f  t r a n s f e r s  (2 8 ) .  As an exam ple,
_3

th e  F o lin  p r o te in  a ssa y  can d e te c t  as l i t t l e  as 6 x 10 mg/ml; i f  th e  

t o t a l  volume p e r  tu b e  i s  20 ml and 30 t r a n s f e r s  a re  u sed , th en  one

12
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TABLE 2. Isolation of Ribosomal Proteins.

13

Organism 

15. l ic h e n ifo rm is  

B. s te a ro th e rm o p h ilu s

Wet W eight 
o f  C e lls  

C&m)

100

103

Ribosomal
P ro te in

Recovered
. <ng)_________

108

196

RNA 
C ontent 
(Z w/w)

< 0.37

< 0.36
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component would have to  amount to  0 ,89 mg and 55 components to  48 .9  mg.

I f  absorbance  a t  280 nm was used  as th e  p ro te in  a ssa y , th e n  a minimum 

o f  40 mg o f  BSA/ml cou ld  be d e te c te d  re p ro d u c ib ly . Hence, in  c o u n te r -  

c u r re n t  d i s t r i b u t io n  a  minimum o f  5 ,8  mg would be needed f o r  one 

component and 301 mg f o r  55 components i f  th e  p ro te in  was evenly  

d i s t r ib u te d  th roughout bo th  s o lv e n t  ph ases .

S o lu b i l i t i e s  were e s tim a te d  by p la c in g  8-10 p.g o f  p ro te in  in  a 

sm all t e s t  tu b e , adding 100 t-il o f  s o lv e n t ,  m ixing g e n t ly ,  and in sp e c tin g  

th e  s o lu t io n  v is u a l ly  u s in g  tra n s m itte d  and r e f le c te d  l i g h t .  This t e s t s  

th e  s o l u b i l i t y  in  th e  range  re q u ire d  by the  F o lin  a ssay  f o r  55 components. 

G re a te r  amounts would be re q u ire d  fo r  absorbance m easurem ents. S o lv en ts  

i n  which th e  p ro te in  i s  s o lu b le  become c le a r ,  th o se  in  which th e  p ro te in  

i s  s p a r in g ly  so lu b le  le a d  to  a  f in e  d is p e rs io n  o f  th e  u n d isso lv ed  

p r o te in ,  and those  in  which th e  p ro te in  i s  in s o lu b le  cau se  the p ro te in  

to  clump o r  form la rg e  f la k e s  which do n o t d is p e r s e .  The ribosom al 

p ro te in s  were so lu b le  in  2 -c h lo ro e th a n o l and sodium hydrox ide  (2 mM) a t  

c o n c e n tra tio n s  g r e a te r  th an  1 mg/ml, and so lu b le  in  u re a  (6  M) and w ater 

s a tu r a te d  phenol up to  1 m g/m l. O ther s o lv e n ts  were t e s t e d  s in g ly ,  in  

p a i r s ,  and as system s d e sc r ib e d  in  the  l i t e r a t u r e .  These d is so lv e d  only 

a  few micrograms ( l e s s  th an  20-30) p e r m l. The s o lv e n ts  in c lu d ed  ammonium 

s u l f a t e  (4GZ), ch lo ro fo rm , d ic h lo ro a c e t ic  a c id  (0 .2 Z ) , d e x tra n  ( 1GZ), 

e th a n o l ,  e th y l  a c e ta te ,  fo rm ic  a c id  (pH 1 .7  and 2 ) ,  guanid in ium  hydro­

c h lo r id e  (1  M), isoam yl a lc o h o l ,  p o ly e th y len e  g ly c o l ,  secondary  b u ta n o l, 

sodium a c e ta te  (0 .1  M), sodium  c h lo r id e  (10Z ), sodium p e rc h lo ra te  (0 .6  M), 

t r i c h lo r o a c e t i c  a c id  (0 .0 5 Z ) , and trishydroxym ethylam inom ethane (1 M, 

pH 7 .4  and 0 .7  M, pH 7 .4 ) .  The p ro te in s  were in s o lu b le  in  d ie th y l  e th e r .
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Due to  th e  low s o l u b i l i t y  o f  th e  p r o te in ,  in te r f e r e n c e  o f  a 

s o lv e n t  w ith  th e  p r o te in  a ssa y , o r f a i l u r e  o f  a  so lv e n t system  to  form 

two s ta b le  p h ases , m ost o f  th e  s o lv e n ts  d is c u s se d  above were n o t 

d i r e c t l y  u s e fu l f o r  c o u n te rc u r re n t  d i s t r i b u t i o n  o f  B a c illu s  ribosom al 

p r o te in s .  The 0.05Z t r i c h lo r o a c e t i c  a c id  in  0 .02  M a c e t ic  ac id  

(pH 5 .7 5 ) -2 -b u ta n o l system  (1»1 v /v )  su g g es ted  by p rev io u s  w orkers 

in  t h i s  la b o ra to ry  s e p a ra te d  re p ro d u c ib ly  in to  two p h ases , bu t p ro te in  

s o l u b i l i t y  was n o t h ig h  enough to  be o f  d i r e c t  u se . S o lu b i l i ty  in  th e  

ammonium s u l f a te id ic h lo r o a c e t ic  a c id jn -p ro p a n o lie th a n o l system  (29) 

was n o t h igh  enough to  be u s e f u l  d i r e c t l y ,  though th e  system  forms two 

phases re p ro d u c ib ly ; fu r th e rm o re , ammonium s a l t s  p r e c ip i t a t e  the  F o lin  

phenol re a g e n t (2 6 , 2 8 ) . The 6 M u re a -w a te r  s a tu r a te d  phenol system  

( 1:1  v /v )  w i l l  s o lu b i l i z e  th e  p ro te in s  a t  an adequate  l e v e l ,  but i s  n o t 

dependable in  c o n s i s te n t ly  form ing two p h a se s . Phenol i n te r f e r e s  w ith  

th e  F o lin  a ssa y . Sodium dodecyl s u l f a t e  (SDS) d is s o lv e s  adequate  

amounts o f  p ro te in  b u t foams when m ixed, making i t s  use i n  m u ltip le  

t r a n s f e r s  d i f f i c u l t .  The b e s t  s o lv e n t ,  2 -c h lo ro e th a n o l, i n te r f e r e s  

w ith  th e  F o lin  a ssa y  a t  le v e l s  h ig h e r  th an  4Z ( v /v )  and no s u i ta b le  

s o lv e n t was found t h a t  would form two phases w ith  2-c h lo ro e th a n o l and 

have equal p ro te in  p a r t i t i o n i n g  between th e  p h a se s . The d e x tra n -  

p o ly e th y le n e  g ly c o l system  (30) perform s w e ll as a  tw o-phase system , 

b u t on ly  sp a r in g ly  s o lu b i l i z e s  th e  p r o te in ,

S p itn ik -E lso n  (3 1 ) re p o r te d  t h a t  th e  s o l u b i l i t y  o f  the  

ribosom al p ro te in s  o f  E. c o l i  depended on th e  k in d  o f  s a l t  p re s e n t ,  

th e  pH, th e  io n ic  s t r e n g th ,  and th e  tem p era tu re  o f  th e  s o lv e n t .
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Trishydroxym ethylam inom ethane ( T r i s )  b u f fe r  ( io n i c  s t r e n g th  o f  1, pH 

7 .4 )  a t  room tem p e ra tu re  would s o lu b i l i z e  up to  17 mg o f  E. c o l i  

ribosom al p ro te in /m l .  Sodium c h lo r id e  ( io n ic  s t r e n g th  o f  0 .5 ,  pH 7) 

a t  room tem p era tu re  and a t  4° would d is s o lv e  1 mg o f  E. c o l i  ribosom al 

p ro te in /m l , bu t th e  s o l u b i l i t y  was reduced  by 50% a t  37°.

The s o l u b i l i t y  o f  th e  ribosom al p ro te in s  from B a c illu s  

approaches 1 mg/ml in  T r is  b u f fe r  a t  room tem p era tu re  b u t i s  much le s s  

in  sodium c h lo r id e .  L i t t l e  o f  th e  s o l u b i l i t y  in fo rm a tio n  o b ta in e d  fo r  

ribosom al p ro te in s  o f  E!. c o l i  seems to  apply  to  th e  s o l u b i l i t y  o f  th e  

ribosom al p ro te in s  o f  B a c i l lu s .

An a d d i t io n a l  problem  in  th e  use o f  th e  s o lv e n ts  d isc u sse d  above 

i s  th e  d i f f i c u l t y  o f  d e te rm in in g  p ro te in  d is so lv e d  in  th e se  s o lv e n ts .  

A ttem pts to  p r e c i p i t a t e  th e  p ro te in s  o u t o f  s o lu t io n  (6  M u re a  o r  

w a te r s a tu r a te d  p h en o l) by means o f  t r i c h lo r o a c e t i c  a c id  o r  a c e t ic  

a c id  were u n s u c c e s s fu l. A ttem pts to  d e te c t  th e  p r o te in s  by th in  la y e r  

chrom atography were p a r t i a l l y  s u c c e s s fu l .  Thus, when bovine serum 

album in (BSA) in  sodium hy d ro x id e  (600 pg/m l) was s p o tte d  on s i l i c a  

g e l (Eastm an #6060), n e u t r a l i z e d  in  a h y d ro c h lo r ic  a c id  cham ber, and 

sp rayed  w ith  p e rm an g an a te -p e rio d a te  s o lu t io n  (3 2 , 33 , 34) i t  cou ld  be 

d e te c te d  a t  a l e v e l  o f  1 .2  pg. P ro te in  can be d e te c te d  in  t h i s  manner 

even when i t  i s  d is s o lv e d  in  2 -c h lo ro e th a n o l. I t  c a n n o t, how ever, be 

d e te c te d  in  e i t h e r  phase o f  th e  e q u i l ib r a te d  u re a -p h e n o l system  due 

to  th e  c o lo r  produced by th e  u re a  n i tro g e n , n o r in  th e  ammonium 

s u l f a te - d ic h lo r o a c e t ic  a c id  p h ase , due to  th e  c o lo r  produced by the  

ammonium n i t r o g e n . No in t e r f e r in g  c o lo r  i s  produced by n -p ro p an o l
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n o r by e i t h e r  phase o f  th e  t r i c h lo r o a c e t i c  a c id - a c e t ic  a c id -se c o n d a ry  

b u tan o l system . A ttem pts to  d e te c t  th e  BSA (1 .2  p.g) on th e  t h in  la y e r  

p la te s  by E h r l ic h ’s r e a g e n t ,  n in h y d rin  and brom phenol b lu e  (3 2 , 33, 34) 

were u n s u c c e s s fu l. Because o f  th e s e  d i f f i c u l t i e s ,  th e  method o f  ch o ice  

f o r  d e te c t in g  and d e te rm in in g  p r o te in  in  th e se  so lv e n ts  was t h a t  in  

which th e  p ro te in s  a re  t r i t i a t e d  and counted ( s e e  n ex t s e c t io n ) .
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Tritium Labeling of Ribosomal Proteins

T r i t i a t e d  rib o so m al p ro te in s  w ith  a s p e c i f ic  a c t i v i t y  o f  8 x 10^ 

dpm/mg were p re p a red  from B. l ic h e n ifo rm is  and IS. s te a ro th e rm o p h ilu s  

(T ab le  3 ) .  The p r in c ip a l  p ro d u c t o f  th e  r e a c t io n  i s  € -d im e th y lly s in e  

(2 0 , 2 1 ) . The d eg ree  o f la b e l in g  i s  dependent on th e  paraform aldehyde 

c o n te n t o f  th e  form aldehyde u sed , w ith  h ig h e s t in c o rp o ra tio n s  o b ta in ed  

when th e  form aldehyde i s  h ea ted  under r e f lu x  fo r  one hour j u s t  p r io r  

to  use  (2 0 ) .  I t  i s  im p o rtan t th a t  a l l  th e  RNA has been removed p r io r  

to  th e  re d u c tiv e  m e th y la tio n  because sodium borohydride  r e a c ts  

n o n s p e c if ic a l ly  w ith  RNA (2 0 ) .  The d ia ly s i s  f lu i d  was counted 

p e r io d ic a l ly  and by th e  th i r d  change o f  b u ffe r  th e  count was a t  

background l e v e l ,  in d ic a t in g  th a t  a l l  o f the  u n reac ted  o r  exchangeable 

t r i t iu m  had been removed. The d ia ly s i s  f lu id  should  be m onitored each 

tim e a r e a c t io n  i s  ru n  to  be su re  th a t  only  bound t r i t i u m  rem ains in  

th e  p r o te in  s o lu t io n .

14The r e a c t io n  can a ls o  be c a r r ie d  o u t w ith  C-form aldehyde 

( 20 ,  21) ;  t h i s  would form a p ro d u c t la b e le d  w ith  a s t ro n g e r  b e ta  

e m it te r  which would be u s e fu l  f o r  lo c a t io n  o f  sp o ts  on film s  superim posed 

on e le c t ro p h o r e s is  g e ls  (3 5 ) .

By la b e l in g  th e  p ro te in s  w ith  t r i t i u m ,  i t  became p o s s ib le  to  use 

s o lv e n ts  in  w hich th e  p ro te in s  a re  on ly  sp a r in g ly  s o lu b le .  T h e o re t ic a l ly ,  

3 x̂g ( 2 .4  x  10'’ dpm) o f  la b e le d  p ro te in  could  be loaded  in to  th e  30 tube 

C ra ig  a p p a ra tu s , become even ly  d i s t r ib u te d  th roughou t b o th  p h ase s , and 

be d e te c te d  even w ith  th e  r e l a t i v e l y  low e f f ic ie n c y  o f  th e  s c i n t i l l a t i o n  

c o u n te r  f o r  t r i t i u m .  L ikew ise , v e ry  low c o n c e n tra tio n s  o f  p ro te in  cou ld
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TABLE 3. Tritiation of Ribosomal Proteins.

19

P ro te in
Ribosom al S p e c if ic

P r o te in  DPM DPM A c t iv i ty
Organism (mg) Added R etained  (dpm/mg)

. l ic h e n ifo rm is  1 .5  4 .4  x 10*^ 1 .2  x 10® 8 .0  x  107

. s tea ro th e rm o p h ilu s  1 .5  4 .4  x 1010 1 .2  x 10® 8 .0  x  107
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be f r a c t io n a te d  by column chrom atography and d e te c te d  e i t h e r  in  the  

e lu a te  o r in  segm ents o f  th e  ex truded  column.

The re d u c tiv e  m e th y la tio n  procedure  has been shown to  produce 

fu n c tio n a l  ribosom es o f  h ig h  s p e c i f ic  a c t i v i t y  (2 0 ) .  M eth y la tio n  o f 

th e  p ro te in s  does n o t ap p ear to  p rev en t them from b in d in g  w ith  RNA; 

t o t a l  r e c o n s t i t u t io n  o f  m ethy la ted  30 S p ro te in s  and 16 S RNA to  g ive 

fu n c tio n a l  30 S p a r t i c l e s  has been dem onstrated  (2 0 ) .  The p ro te in s  

could  be i s o la te d  from se p a ra te d  ribosom al s u b u n i ts ,  la b e le d  and 

s tu d ie d .

The t r a p  system  was n o t too  e f f i c i e n t  in  c o l le c t in g  evolved 

t r i t iu m ;  o n ly  0 . 02Z o f  th e  u n in co rp o ra ted  la b e l  was found th e r e .

The fu n n e l was used so  t h a t  too  h igh  a vacuum would n o t be p laced  on 

th e  r e a c t io n  tu b e . The system  could  be improved by re p la c in g  the  

fu n n e l w ith  tu b in g  connected  d i r e c t l y  to  th e  r e a c t io n  v e s s e l ,  thus 

form ing a  c lo sed  system . The v e s s e l used f o r  th e  h y d ra tio n  o f  th e  

sodium borohydride  shou ld  a ls o  be connected to  th e  t r a p ,  because 

hydrogen and t r i t iu m  a re  evolved when sodium bo ro h y d rid e  r e a c t s  w ith  

w a te r .
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Countercurrent Distribution

Five tube  t r a n s f e r s  o f th e  t r i t i u m  la b e le d  p ro te in  o f  

15. s te a ro th e rm o p h ilu s  u s in g  th e  ammonium s u l f a t e :  d ic h lo ro a c e t ic  

a c id jn -p ro p a n o lje th a n o l and t r i c h lo r o a c e t i c  a c id : a c e t ic  acids 

2 -b u tan o l system s were perform ed m anually . No s e p a ra t io n  was 

ach ieved  w ith  th e  ammonium s u l f a te  system  (F ig u re  1 ) .  E s s e n t ia l ly  

a l l  o f  th e  p ro te in  was found in  the  upper phase (ammonium s u l f a t e )  

and none in  the  low er phase  (n -p ro p a n o l) . S e p a ra tio n  was ach ieved  

w ith  th e  t r i c h lo r o a c e t i c  ac id  system  (F ig u re  2 ) .  The upper 

(2 -b u ta n o l)  phase c a r r ie d  432 o f th e  a p p lie d  a c t i v i t y  in  th e  f i r s t  

tube  o f th e  moving f r o n t .  The f i r s t  tube  o f  th e  s ta t io n a r y  low er 

phase ( t r i c h l o r o a c e t i c  a c id - a c e t ic  a c id )  co n ta in ed  53% o f  th e  ap p lied  

a c t i v i t y .  This system  was used in  th e  30 tu b e  C raig  a p p a ra tu s . The 

low er phase h e ld  66.7% o f  th e  j5. l ic h e n ifo rm is  a c t i v i t y  in  th e  f i r s t  

s ix  tu b e s , and th e  upper phase c a r r ie d  33.32 o f th e  a c t i v i t y  to  tubes 

22-28 (F ig u re  3 ) .  S im ila r ly ,  65.32 o f th e  j5. s t  e a ro  therm ophilus 

a c t i v i t y  was found in  th e  f i r s t  s ix  tubes o f  th e  low er phase and 

34.72 in  tubes 23-29 o f  th e  upper phase (F ig u re  4 ) ,  This system  

appeared to  have p o te n t i a l ;  however, by th e  t h i r t i e t h  t r a n s f e r  th e  

phases were form ing em ulsions which were n o t s e p a ra t in g  com ple te ly  

even w ith  in c re a se d  s ta n d in g  tim e . This c au se s  some phase c a rry o v e r  

w hich r e s u l t s  in  uneven le v e ls  o f b o th  phases in  a l l  o f  th e  tu b e s . 

C arryover co n tam in a tio n  o f  the  o p p o s ite  phase  i s  p o s s ib le ,  a lth o u g h  

t h i s  was n o t observed  i n  th e se  ex p erim en ts .
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F ig u re  1 . F ive  Tube C o u n te rcu rre n t D is t r ib u t io n  P r o f i l e  
o f  J5. s te a ro th e rm o p h ilu s  Ribosomal P r o te in s .

3O rd in a te i DPM x 10 p e r  f r a c t io n

A b sc issa i F ra c tio n  number (4 ml p e r  f r a c t io n )

( A  ) Upper phase (ammonium s u l f a te )

( •  ) Lower phase (n -p ro p a n o l)
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Figure 2. Five Tube Countercurrent Distribution Profile
of ji. stearothermophilus Ribosomal Proteins.

3
O rd in a te j DPM x 10 p e r  f r a c t i o n

A b sc issa ! F ra c tio n  number (4  ml per f r a c t io n )

c A  ) Upper phase (2 -b u ta n o l)

( •  ) Lower phase ( t r i c h l o r o a c e t i c  a c id - a c e t ic  a c id )
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Figure 3. Thirty Tube Countercurrent Distribution Profile
of JJ. licheniformis Ribosomal Proteins.

4
O rd in a te j DPM x 10 p e r  f r a c t io n

A b sc issa i F ra c tio n  number (4  ml p e r  f r a c t io n )

( ^  ) Upper phase (2 -b u ta n o l)

( •  ) Lower Phase ( t r i c h l o r o a c e t i c  a c id - a c e t ic  a c id )
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Figure A. Thirty Tube Countercurrent Distribution Profile
of IJ. stearothermophilus Ribosomal Proteins.

4
O rd in a te t DPM x 10 p e r  f r a c t i o n

A b sc issa ! F ra c tio n  number (4  ml p e r  f r a c t io n )

( / S .  ) Upper phase (2 -b u ta n o l)

( •  ) Lower phase ( t r i c h l o r o a c e t i c  a c id - a c e t ic  a c id )
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S e p a ra tio n  o f  m ix tu res o f  l i k e  m a te r ia ls  may r e q u ir e  o n ly  a few 

t r a n s f e r s  i f  o n ly  two components a re  in v o lv e d , o r s e v e ra l  thousand 

t r a n s f e r s  i f  s e v e ra l  components a re  p re s e n t  (22 , 23, 36, 37, 38 , 39 ). 

I f  th e  em ulsion  problem cou ld  be worked o u t ,  the  n-propanol-airanoniuro 

s u l f a t e  system  could be used i n  a  l a r g e r  C raig  ap p ara tu s  (200-1000 

tube  m achines) o r  w ith  h ig h  p re s s u re  l iq u id - l iq u id  chrom atography.

Due to  th e  d i f f i c u l t i e s  o f  th e  c o u n te rc u rre n t d i s t r i b u t i o n  

experim ents d iscu ssed  above, th e s e  s tu d ie s  were d isc o n tin u e d  in  fa v o r 

o f  column chrom atographic f r a c t io n a t io n  o f  the  p r o te in s .
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Sephadex Gel Filtration

E. c o l i  ribosom al p ro te in s  have been s e p a ra te d  in to  m o lecu la r 

w eigh t c la s s e s  by Sephadex g e l f i l t r a t i o n  u s in g  Sephadex G-100 and 

e lu t io n  w ith  6 M u r e a - a c e t ic  a c id  (4 0 ) ,  u re a -p y r id in e - fo rm ic  a c id -  

m e rcap to e th an o l (1 7 ) ,  p ro p io n ic  a c id ,  o r  p ro p io n ic  a c id -u re a  (1 5 ) .

In  th e  p re s e n t  s tu d y , B a c illu s  rib o so m al p ro te in s  were found 

to  be in s o lu b le  in  u r e a - a c e t ic  a c id  s o lu t io n s ,  b u t to  be s o lu b le  in  

u re a .

B. l ic h e n ifo n n is  ribosom al p r o te in  was d is so lv e d  in  6 M u re a  

and p assed  th rough  a Sephadex G-100 column h y d ra ted  w ith  th e  u re a

s o lu t io n .  Over h a l f  (56Z) o f  th e  p r o te in  p assed  th rough  th e  column

in  a s in g le  peak w ith  th e  v o id  volum e, and l i t t l e  more was removed 

w ith  co n tin u ed  e lu t io n .  No p r o te in  f r a c t io n a t io n  was o b serv ed . 

S im ila r  r e s u l t s  were o b ta in ed  w ith  Sephadex G-50 and G-200 e lu te d

w ith  u re a ,  and Sephadex G-50, G-100 and G-200 e lu te d  w ith  IX SDS.

The column e lu a te s  were m onito red  by abso rbance  ( th e s e  s tu d ie s  were 

conducted  b e fo re  th e  p ro te in s  were t r i t iu m  la b e le d )  and confirm ed by 

th e  F o lin  p r o te in  a ssa y . These s tu d ie s  were te rm in a te d  when p r o te in  

f r a c t io n a t io n  was o b ta in e d  w ith  CMC.

The la r g e  amount o f  p r o te in  co n ta in ed  in  th e  sm all lo ad in g  

volume may be too  c lo se  to  th e  s o l u b i l i t y  maximum to  p e rm it f u l l  

d i s s o lu t io n  and breakup o f  o ligom ers o r  a g g re g a te s  and may e x p la in  

th e  e x c lu s io n  o f  th e  p ro te in  from th e  colum ns. The columns behaved 

n o rm ally  w ith  r e s p e c t  to  s ta n d a r d iz a t io n  w ith  BSA and b lue  d e x tra n  

(2 5 ) .
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Carboxymethyl C e l lu lo s e  Column Chromatography 

Sodium a c e ta te  e lu t io n

W alle r  (1 9 ) was a b le  to  o b ta in  93Z reco v ery  o f  E. c o l i  

rib o so m al p ro te in s  from CMC columns by s tep w ise  e lu t io n  w ith  sodium 

a c e ta te  (pH 5 .6 )  from 0.005 to  0 .4  M in  6 M u re a ; he o b ta in e d  one 

f r a c t i o n  p e r  s te p .  In  the  p re s e n t  s tu d y , two peaks were o b ta in e d  

when JJ. l ic h e n ifo rm is  o r  JJ. s t e a r o  therm ophi lu s  p ro te in s  were t r e a te d  

in  t h i s  manner (sev en  s te p s  from 0 .005 to  0 .03  M). The t o t a l  

r e c o v e r ie s  were 1GZ and 14Z, r e s p e c t iv e ly ,  o f  th e  a c t i v i t y  a p p lie d  

to  th e  colum n. The r e s u l t s  f o r  th e  J5. s tea ro th e rm o p h i lu s  and 

B. l ic h e n ifo rm is  p ro te in s  a re  shown in  F igu re  5 . The f i r s t  peak 

came th ro u g h  w ith  th e  lo ad in g  volume and th e  second w ith  th e  0 .007 M 

sodium a c e ta te  e lu a n t .  The a c t i v i t y  w hich passed  th rough  in  th e  

lo a d in g  volume accounted  f o r  48Z o f  th e  reco v ered  a c t i v i t y .  This 

te ch n iq u e  may have prom ise i f  sodium a c e ta te  e lu a n ts  o f h ig h e r  

m o la r i ty  a r e  used? i t  r e p re s e n ts  a  m ild e r  tre a tm e n t o f  th e  p ro te in s  

compared to  th a t  w ith  th e  formate-ammonium h y d ro x id e -e th an o l e lu a n ts  

d is c u s se d  below .

Sodium formate-ammonium h y d ro x id e -e th a n o l e lu t io n

Carboxymethyl c e l lu lo s e  has been used by i t s e l f  o r  p reced in g
/

o r  fo llo w in g  Sephadek g e l f i l t r a t i o n  to  s e p a ra te  and s tu d y  

b a c t e r i a l  rib o so m al p ro te in s  (1 6 , 1 7 , 19 , 25, 4 0 ). The s o lu t io n s  from 

th e s e  f r a c t io n a t io n s  were su b m itted  to  po lyacry lam ide  g e l e le c tro p h o r e s is  

f o r  f u r t h e r  s e p a ra t io n s  and t e s t s  o f  h e te ro g e n e ity  (1 6 , 19 , 25 , 40 , 4 1 ).
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Figure 5. CMC Column Chromatography of jJ. licheniformis and
and B. stearothermophilus Ribosomal Proteins -
Sodium Acetate Elution.

4
O rd in a te : DPM x 10 p e r  f r a c t i o n

A b sc issa : F ra c tio n  number (4  ml p e r f r a c t io n )

B. lic h e n ifo rm is

B. s te a ro th e rm o p h ilu s

—  —  — D enotes e lu a n t change

© Sodium a c e ta te (0 .005  M)-6 M u re a (pK 5 .6 )

© Sodium a c e ta te (0 .0 0 6  M)-6 M u re a (pH 5 .6 )

© Sodium a c e ta te (0 .0 0 7  M)-6 M u re a (pH 5 .6 )

© Sodium a c e ta te (0 .0 0 9  M)-6 M u re a (pH 5 .6 )

© Sodium a c e ta te (0 .0 1 2  M)-6 M u re a (pH 5 ,6 )

© Sodium a c e ta te (0 .0 1 8  M)-6 M u rea (pH 5 .6 )

© Sodium a c e ta te (0 .0 3  M)-6 M u rea  (pH 5 .6 )
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S p i r in  p o in te d  o u t th a t  f r a c t io n a t io n  o f  c o l i  rib o so m al p ro te in s  had 

been o b ta in e d  u s in g  CMC columns w ith  a  v a r ie ty  o f e lu a n ts  (4 1 ) .  W illiam s 

had f r a c t io n a te d  th e  ribosom al p r o te in s  in to  s ix  g roups re c o v e rin g  85Z 

o f  th e  p r o te in  ap p lied  to  th e  column (2 5 ) . F u r th e r  a n a ly s is  by g e l 

f i l t r a t i o n  and po lyacry lam ide  g e l e le c tro p h o r e s is  dem o n stra ted  th e  

h e te ro g e n e ity  o f  s e v e ra l  o f  th e se  g ro u p s.

For th e  p re se n t s tu d y , columns were p rep ared  acco rd in g  to  

W illiam s (2 5 ) . B. s te a ro th e rm o p h ilu s  p ro te in  (1  mg) was d is s o lv e d  in  

1 ml o f  0 .01  M sodium fo rm a te -0 .0 3  M li th iu m  c h lo r id e -0 .0 6  M u re a  

(pH 2 .7 ) ,  lo ad ed  d i r e c t l y  on th e  column and e lu te d  w ith  th e  sodium 

fo rm ate  and fo rm ic  ac id  e lu a n ts  ( s e e  Table 1 in  th e  M a te r ia ls  and 

Methods s e c t io n ) .  The e lu a te  was m onitored  by absorbance a t  280 nm.

The abso rbance  measurements were e r r a t i c  bu t in d ic a te d  th a t  some 

p r o te in  s e p a ra t io n  was ach iev ed . The F o lin  p ro te in  a ssay  was n o t used 

because th e  e lu a n ts  p r e c ip i t a t e  th e  assay  re a g e n ts  o r  i n t e r f e r e  w ith  

th e  c o lo r  developm ent. Soon a f t e r  t h i s  p re lim in a ry  work, th e  p ro te in s  

were s u c c e s s f u l ly  t r i t iu m  la b e le d .  The la b e le d  B. s te a ro th e rm o p h ilu s  

p r o te in  s o lu t io n  (100 [il c o n ta in in g  44 p.g p ro te in  and 2 x 10^ dpm) was 

loaded  d i r e c t l y  onto  th e  column and e lu te d  as d e sc r ib e d  p re v io u s ly .

A l a r g e  amount o f  a c t i v i t y  came th ro u g h  in  th e  v o id  volume in d ic a t in g  

th a t  some o f  th e  p ro te in  was excluded  o r  d id  n o t have s u f f i c i e n t  tim e

to  b ind  to  th e  column. In  an a tte m p t to  in c re a s e  th e  lo ad in g

e f f i c i e n c y ,  100 ^1 o f  la b e le d  B. s te a ro th e rm o p h ilu s  p r o te in  s o lu t io n  

was d i lu t e d  w ith  10 ml o f  th e  f i r s t  e lu a n t (sodium  fo rm a te - l i th iu m  

c h lo r id e -u re a )  and loaded s low ly  o n to  th e  column. The amount o f

a c t i v i t y  added to  the  co lumn i s  g iv e n  by th e  equation*  A * C(D-S)/ES,
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where A i s  th e  a c t i v i t y  (DPM), D i s  th e  t o t a l  volume (m l) o f  th e  la b e le d  

p r o te in  s o lu t io n  p lu s  d i lu e n t ,  S i s  th e  volume (m l) o f  D coun ted  to  

d e te rm in e  th e  a c t i v i t y  o f  th e  lo a d in g  s o lu t io n ,  C i s  th e  CPM in  S , and 

E i s  th e  co u n tin g  e f f ic ie n c y .  The column was e lu te d  as b e fo re . S ix  

p eak s , one p e r  e lu a n t ,  were o b ta in e d  (F ig u re  6 ) .  The f i r s t  peak e lu te d  

w ith  th e  l a t t e r  p a r t  o f  th e  lo a d in g  volum e; th e  fo llo w in g  peaks were 

s u b s t a n t i a l l y  l a r g e r  than  th e  peaks o b ta in e d  by lo ad in g  th e  u n d ilu te d  

p ro te in  s o lu t io n  d i r e c t l y  o n to  th e  colum n. The slow lo a d in g  tech n iq u e  

was used  f o r  a l l  subsequen t ex p e rim en ts . B. l ic h e n ifo rm is  p r o te in  was 

loaded  and chrom atographed s u c c e s s f u l ly  i n  th e  same manner (F ig u re  6 ) .

I t  became e v id e n t th a t  columns cou ld  n o t be r e l i a b l y  p rep a red  

as d e sc r ib e d  by W illiam s. The 1 M sodium hydroxide c o n d itio n in g  s te p  

would o f te n  p a r t i a l l y  o r  co m p le te ly  d ig e s t  r a th e r  th an  c o n d itio n  th e  

column. This c o n d itio n in g  s te p  was re p la c e d  by c o n d itio n in g  w ith

0 .1  M sodium hy d ro x id e , which proved to  be r e l i a b l e .  P r o te in  re c o v ery  

was ro u g h ly  th e  same on columns c o n d itio n e d  w ith  1 M sodium hydrox ide  

o r  w ith  0 .1  M sodium hy d ro x id e .

These experim ents appeared  p ro m isin g ; however, o n ly  ab o u t 50Z 

o f  th e  a c t i v i t y  o f  e i th e r  p r o te in  s o lu t io n  a p p lie d  to  th e  column had 

been e lu te d  (W illiam s claim ed a re c o v e ry  o f  85Z). A fo llo w -u p  e lu t io n  

s e r i e s  u s in g  th e  same e lu a n ts  b u t w ith o u t adding more p r o te in  to  th e  

column produced a s im i la r  p a t t e r n ,  b u t th e  peaks c o n s t i tu te d  o n ly  5Z 

o f  th e  o r ig i n a l  peaks and accounted  f o r  le s s  than  2Z o f  th e  rem ain ing  

p r o te in .  This may in d ic a te  th a t  a sm a ll amount o f  th e  types o f  

p r o te in s  a lre a d y  e lu te d  rem ain  on th e  column, bu t does n o t acco u n t
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Figure 6. CMC Column Chromatography of JS. licheniformis and
B. stearothermophilus Ribosomal Proteins -
Sodium Formate-Formic Acid Elution.

3
O rd in a te : DPM x 10 p e r  f r a c t io n

A b sc issa : F ra c tio n  number (4  ml p e r f r a c t io n )

#  #  B. l ic h e n ifo rm is

--------- JB, s te a ro  therm ophi lu s

—  Denotes e lu a n t  change

E lu an t number (T ab le  1)
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f o r  th e  50% o f  th e  p ro te in  n o t e lu te d .  Experim ents designed  to  t e s t  

a d d i t io n a l  in te rm e d ia te  e lu a n ts  were conducted . F resh  columns were 

p rep a red  and loaded  w ith  p r o te in  as b e fo re . The columns were e lu te d  

s u c c e s s iv e ly  w ith  0 ,01 M sodium fo rm a te -0 .0 3  M L iC l-0 .0 8  M u rea jO .O l M 

sodium fo rm ate  (pH 2 .7 )» 0 ,0 5  M sodium fo rm ate  (pH 2 .7 ) :0 .0 2  M sodium 

fo rm a te -0 .3  M BaC^ (pH 2 .7 ) jfo rm ic  a c id  (pH 4 )ifo rm ic  a c id  (pH 2)» 

fo rm ic  a c id  (pH 1 .7 ) tfo rm ic  a c id  (20%) and form ic ac id  (40% ). The 

r e s u l t s  f o r  th e  jJ. l ic h e n ifo rm is  and B. s te a ro th e rm o p h ilu s  p ro te in s  

a re  shown in  F igu re  7 . The e lu t io n  p a t te r n s  f o r  th e  two organism s 

were s im i la r .  In s te a d  o f  o b ta in in g  b e t t e r  f r a c t io n a t io n  th an  th a t  

shown in  F ig u re  6 , th e  r e s u l t  was w orse . The reco v ery  was reduced  

to  30%, and th e  fo rm ic a c id  peaks (pH 2 and 1 .7 )  were l o s t .

O ther re a g e n ts  were t e s t e d  f o r  t h e i r  a b i l i t y  to  r e le a s e  th e  

r e s id u a l  a c t i v i t y  bound to  th e  colum n. Sodium c h lo r id e  (20 and 30%) 

r e le a s e d  no a c t i v i t y ,  n o r d id  a w a te r - iso p ro p a n o l m ix tu re  (3 0 j 70 v /v ) .  

B u ta n o l-g la c ia l  a c e t ic  a c id -w a te r  (8 0 i2 0 i20 v /v )  a lso  had no e f f e c t .  

Sodium b ic a rb o n a te  (5%) w ith  a l i t t l e  d ry  ic e  added re le a s e d  a la rg e  

amount o f  p r o te in ,  bu t th e  carbon  d io x id e  caused gas p o ck ets  to  form 

in  th e  column which reduced  th e  flow  r a t e .  The u re a -p y r id in e - fo rm ic  

ac id -m ercap to e th an o l m ix tu re  (pH 5) used  by Hindennach (16 ) produced 

no r e s u l t ,  b u t re le a s e d  a sm all amount o f  p ro te in  when th e  pH was 

a d ju s te d  to  pH 10. F in a l ly ,  an ethanol-ammoniura hydroxide m ix tu re  

(3 0 t7 0  v /v )  was t r i e d  which r e le a s e d  a la rg e  amount o f  p r o te in .

S im ila r  system s have been used to  s e p a r a te  amino a c id s  and t h e i r  

d e r iv a t iv e s  (3 2 , 3 3 ) . Follow ing  t h i s  le a d ,  th e  ammonium h y d ro x id e - 

e th a n o l-w a te r  e lu t io n  scheme (T ab le  1) was developed and t e s t e d .
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Figure 7. CMC Column Chromatography of j$. licheniformis and
B. stearothermophilus Ribosomal Proteins -
Sodium Formate-Formic Acid (Expanded Series) Elution.

4
O rd m a te i DPM x  10 p e r  f r a c t io n

A b sc issa i F r a c t io n  number (4 ml p e r  f r a c t io n )

> 1 %  _B. l ic h e n ifo rm is

  IJ. s te a ro th erm o p h i lu s

  D enotes e lu a n t  change

Sodium fo rm ate  (0 .0 1  M )-0.03 M li th iu m  

c h lo r id e -0 .0 8  M u re a  (pH 2 .7 )

Sodium fo rm ate  (0 .0 1  M, pH 2 .7 )

Sodium fo rm ate  (0 .0 5  M, pH 2 .7 )

Sodium fo rm ate  (0 .0 2  M )-0.3 M barium  

c h lo r id e  (pH 2 .7 )

Q )  Form ic a c id  (pH 4)

@  Formic a c id  (pH 2)

( ? )  Form ic a c id  (pH 1 .7 )

Form ic a c id  (20K)

(? )  Form ic a c id  (4GZ)

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .



41

36 —

27

18

9

© ! ©
o

0 2010 30 5040 60

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



42

New columns w ere p re p a re d , lo a d ed , and e lu te d  w ith  th e  fo rm ic  a c id  

s e r i e s  fo llo w ed  by a  w a te r  wash to  remove th e  c o n ce n tra te d  a c id  from 

th e  colum n. The e lu t io n  was con tin u ed  w ith  th e  ammonium h y d ro x id e - 

e th a n o l s e r i e s .  The e n t i r e  ru n  ta k e s  two d ays; th e  form ic a c id  

s e r i e s  r e q u ir e s  4-5 h o u rs , and th e  rem ain ing  tim e i s  tak en  up by th e  

ammonium h y d ro x id e -e th a n o l s e r i e s .  T his i s  due to  th e  column becoming 

more and more d eh ydra ted  as th e  c o n c e n tra t io n  o f  e th a n o l in c r e a s e s .

This red u ces  th e  p o re  o p en in g s, which red u ces  th e  flow  r a t e .  F ig u res  

8 and 9 show th e  r e s u l t s  o f  th e  com plete e lu t io n  s e r i e s  (fo rm a te -fo rm ic  

a c id  and ammonium h y d ro x id e -e th a n o l-w a te r )  f o r  _B. s te a ro th e rm o p h ilu s  

and B. l ic h e n i f o r m is . R ecoveries were 8 4 .2Z and 7 6 .1Z, r e s p e c t iv e ly .  

These r e s u l t s  were re p ro d u c ib le . The v a r i a b i l i t y  between peaks 

produced by th e  same e lu a n t  in  r e p l i c a t e  ru n s  was 3-52 w ith  no p o s i t iv e  

o r  n e g a tiv e  b ia s .  D iffe re n c e s  o f  52 o r  l e s s  a r e ,  th e re fo re ,  n o t 

s i g n i f i c a n t  i n  th e  com parison o f  th e  e lu t io n  p a t te r n s  o f _B. l ic h e n ifo rm is  

and B. s te a ro th e rm o p h ilu s . The amounts in  th e  f r a c t io n s  were ex p ressed  

as a p e rc e n t o f  th e  t o t a l  a c t i v i t y  reco v ered  from th e  column (T ab le  4 ) .  

The o n ly  d i f f e r e n c e s  a re  between f r a c t io n s  6 and 9 . F ra c t io n  6 i s  8 .72 

h ig h e r  and f r a c t i o n  9 i s  9.72 low er in  Ji. l ic h e n ifo rm is  th an  th e  

co rre sp o n d in g  f r a c t io n s  o f  s te a ro th e rm o p h ilu s . The f i r s t  peak may 

re p re s e n t  p r o te in  p a s s in g  th rough  th e  column i n  th e  10 ml used  to  lo ad  

th e  column and co u ld  be a  f r a c t io n  which does n o t bind to  th e  CMC o r ,  

more l i k e l y ,  p r o te in  which d id  n o t have tim e to  b in d . The peak p ro b ab ly  

c o n ta in s  same o f  each o f  th e  p ro te in s  p re s e n t  i n  th e  lo ad in g  s o lu t io n .

The columns were tak en  a p a r t  and s e c tio n e d  in to  1 mm s e c t io n s ,  

each s e c t io n  was d is so lv e d  in  15 ml o f  s c i n t i l l a t i o n  c o c k ta i l  and
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Figure 8. CMC Column Chromatography of 15. stearothermophilus
Ribosomal Proteins - Sodium Formate-Ammonium Hydroxide-
Ethanol Elution.

3
O rd in a te t DPM x 10 p e r  f r a c t i o n  

A b sc issa t F ra c tio n  number (4  ml p e r  f r a c t io n )

---------  D enotes e lu a n t change

E lu an t number (T ab le  1)
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Figure 9. CMC Column Chromatography of J5. licheniformis Ribosomal
Proteins - Sodium Formate-Ammonium Hydroxide-Ethanol Elution.

3
O rd m a te j DPM x 10 p e r f r a c t io n

A b sc issa i F ra c tio n  number (4  ml p e r  f r a c t io n )

— -----  Denotes e lu a n t change

E lu an t number (T ab le  1)
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TABLE 4. CMC Column Chromatography of Bacillus Eibosomal Proteins.

___________________ Z Recovery*____________________

E lu a n t Number** B. l ic h e n ifo rm is  B. s te a ro th e rm o p h ilu s

1 9 .1 6 .0

2 1 .2 0 .7

3 3 .6 3 .5

4 4 .0 2 .6

5 2 .1 2 .6

6 5 0 .3 41 .6

7 0 .1 0 .1

8 5 .5 4 .3

9 10 ,0 19.7

10 2 .8 4 .4

11 1 .2 1 .5

12 1 .4 1 .1

13 1 .1 2 .2

14 1 .0 2 .2

15 1 .0 1 .1

16 1 .2 3 .0

17 0 .9 1 .0

18 0 .8 1 .1

19 1 .7 0 .7

20 1 .1 0 .4

♦E xpressed  as p e rc e n t o f  th e  t o t a l  a c t i v i t y  reco v ered  from th e  column:

JJ. l ic h e n ifo rm is ,  4 ,31 4 ,9 8 6  DPM and J5. s te a ro th e rm o p h ilu s , 3 ,503 ,752  DPM. 

♦ ♦ E lu an t number and co m p o sitio n  a re  l i s t e d  in  T able 1 .
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co u n ted . The f i b e r g la s s  wool and g la s s  beads were a ls o  coun ted . The 

p a t te r n  observed  was th e  same f o r  bo th  colum ns. The top  3 mm o f the  

column co n ta in ed  70Z o f  th e  r e s id u a l  a c t i v i t y ,  and th e  a c t i v i t y  s t e a d i ly  

d ec reased  toward th e  bottom  o f  th e  column where 1.5Z o f  th e  r e s id u a l  

a c t i v i t y  was found in  th e  bottom  3 mm. The low er s e c t io n  o f  th e  column 

co n ta in ed  1 9 .8Z o f  th e  r e s id u a l  a c t i v i t y ,  th e  beads 0 .2 Z , and th e  

f ib e r g la s s  wool 10Z. The column tube  and th e  o u t l e t  tu b in g  were no t 

co u n ted . I f  th ey  had been , a c t i v i t y  would p ro b ab ly  have been found 

th e re  a l s o .  In  a l l ,  9Z o f  th e  B. l lc h e n ifo rm is  and 11Z o f  the

15. s te a ro th e rm o p h ilu s  a c t i v i t y  added to  th e  column was s t i l l  bound 

to  th e  column, b ead s , and f ib e r g la s s  w ool. The a c t i v i t y  accounted fo r  

was 85Z o f th e  a c t i v i t y  added to  th e  column f o r  _B. l ic h e n ifo rm is  and 

95Z f o r  J5. s te a ro th e rm o p h ilu s .

A p p ro p ria te  quench c o n tro ls  were n e c e ssa ry  f o r  th e  sodium 

formate-ammonium h y d ro x id e -e th a n o l e lu a n ts .  Quenching was n o t marked 

in  any o f  th e  e lu a n ts ;  however, th e  40Z form ic  a c id  s o lu t io n  quenched 

more th an  th e  o th e r  e lu a n ts  o f  th e  sodium formate-ammonium hydroxide 

s e r i e s .  The f ib e r g la s s  wool caused no quench ing .

One way to  im prove th e  column chrom atographic  f r a c t io n a t io n  

would be to  p r e t r e a t  th e  column w ith  the  a p p ro p r ia te  b a c t e r i a l  p ro te in  

p re p a ra t io n  to  t i e  up a l l  n o n s p e c if ic  b ind ing  s i t e s  on th e  column fo r  

th a t  p a r t i c u l a r  p r o te in  p re p a ra t io n .  S e v e ra l e lu t io n s  o f  th e  same 

m a te r ia l  may be re q u ire d  to  f u l l y  s a tu r a te  th e  n o n s p e c if ic  b ind ing  

s i t e s .  When th i s  c o n d it io n  has been e s ta b l is h e d ,  a  h ig h  p e rc en t 

re c o v e ry  o f  th e  m a te r ia l  a p p lie d  i s  o b ta in ed  re p ro d u c ib ly . D r. Satoh 

(p e rs o n a l com m unication) has observed  th i s  e f f e c t  w ith  h is  columns.
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This approach i s  d i f f i c u l t  when, as in  th e  p re s e n t  s tu d y , on ly  sm all 

amounts o f  th e  p r o te in  p re p a ra t io n s  a re  a v a i l a b le .  The f a c t  th a t  a 

second e lu t io n  produces a p a t te r n  s im i la r  to  b u t 95Z low er th an  th a t  

produced by th e  f i r s t  e lu t io n  does n o t r u l e  o u t th e  p o s s ib i l i t y  th a t  

p ro te in s  e n t i r e l y  d i f f e r e n t  from th o se  e lu te d  may be s t i l l  a tta c h e d  

to  th e  column, b u t does in d ic a te  th a t  p ro te in s  l ik e  those  a lre ad y  

e lu te d  a re  s t i l l  a t ta c h e d  to  th e  column a f t e r  one e lu t io n .  I t  i s  

p o s s ib le  t h a t ,  w ith  a l l  th e  n o n s p e c if ic  b in d in g  s i t e s  t i e d  up, more 

a c t i v i t y  would be o b ta in e d  w ith  th e  fo rm ic  a c id  e lu t io n  s e r i e s  and 

few er o f  th e  ammonium hydroxide e lu a n ts  would be re q u ire d . The 

a c t i v i t y  c o n ta in ed  in  th e  l a s t  peaks o f  th e  ammonium hydroxide 

e lu t io n  s e r i e s  may r e p re s e n t  fragm ents o f  p r o te in  i r r e v e r s ib ly  

bound by th e  n o n s p e c if ic  b ind ing  s i t e s .

The CMC column tech n iq u e  can be fo llow ed  by g e l f i l t r a t i o n  

and po ly acry lam id e  g e l e le c tro p h o re s is  f o r  f u r th e r  s e p a ra tio n  o f 

th e  p ro te in s  (2 5 ) .

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



BIBLIOGRAPHY

1 . B eieh radek , J . ,  P ro top lasm a 12, 406 (1 9 3 1 ).

2 . A lle n , M. B ., B a c te r io l .  Rev. 17, 125 (1 9 5 3 ).

3 . Cam pbell, L . L . ,  and P ace , B ., J .  A ppl. B a c te r io l .  31, 24 (1 9 6 8 ).

4 . Shen, P . Y ., C o les, £ . ,  F o o te , J .  L . ,  and S te n e sh , J . ,

J .  B a c te r io l .  103, 479 (1 9 7 0 ).

5 . S te n e sh , J . ,  and Yang, C ., J .  B a c te r io l .  93, 930 (1 9 6 7 ).

6 . S te n e sh , J , ,  and H olazo, A. A ., Biochim. B iophys. A cta 138,  286

(1 9 6 7 ).

7 . S te n e sh , J . ,  Roe, B. A ., and Snyder, T. L . ,  B iochim . Biophys.

A cta 161, 442 (1 9 6 9 ).

8 . Roe, B. A ., Ph.D . D is s e r ta t io n ,  W estern M ichigan U n iv e rs ity  (19 7 0 ).

9 . S te n e sh , J . ,  and S c h e c h te r , N ., J .  B a c te r io l .  98, 1258 (1 9 6 9 ).

10. S te n e sh , J . ,  S c h e c h te r , N ., Shen, P . Y ., and Yang, C ., Biochim.

B iophys. A cta 228, 259 (1 9 7 1 ).

11. Shen, P . Y ., Ph.D . D is s e r ta t io n ,  W estern M ichigan U n iv e rs ity  (1972)

12. P ic k e t t ,  W. C ., M a s te r 's  T h e s is , W estern M ichigan U n iv e rs ity  (1973)

13. S in g le to n , R ., and Amelunxen, R. E .,  B a c te r io l .  Rev. 37, 320 (1973)

14. F o g e l, S . ,  and S ypherd , P . S . ,  J .  B a c te r io l .  96,  358 (1968).

15. F o g e l, S . ,  and Sypherd , P . S . ,  P ro c . N a tl .  Acad. S c i .  U .S. 59, 1329

(1968).

16. H indennach, I . ,  K a ltsc h m id t, E , ,  and W ittman, H. G ., Eur. J .  

Biochem. 23 , 12 (1 9 7 1 ).

17. H indennach, I . ,  S to f f e r ,  G ., and W ittman, H. G ., E u r. J .  Biochem, 

23, 7 (1 9 7 1 ).

50

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



51

18 . T ra u t, R. R ., Moore, P . B ., D e liu s , H ., N o lle r ,  H ., and

T is s i e r e s ,  A ., P ro c . N a t l .  Acad, S c i .  U .S. 57 , 1294 (1 9 6 7 ).

19 . W alle r, J .  P . ,  J .  Mol. B io l. 10, 319 (1 9 6 4 ).

20 . Moore, G ., and C r ic h to n , R. R ., FEBS L e t te r s  37, 74 (1 9 7 3 ).

21 . Means, G. E .,  and Feeney, R. E ., B iochem istry  7 , 2192 (1 9 6 8 ).

22 . C ra ig , L . C ., and C ra ig , D ., "Techniques o f  O rgan ic  C h em istry ,"

v o l .  3, p . 253, W iley , New York (19 5 6 ).

23 . C ra ig , L . C ., " A n a ly t ic a l  Methods o f  P ro te in  C h em istry ,"  v o l .  1, 

p . 22, M acm illan, New York (1960).

24 . R osenberg, S . A ., and G u id o t t i ,  G ., J .  B io l. Chem. 244, 5118

(1969).

25 . W illiam s, R. F . ,  B iochim . B iophys. A cta 147, 427 (1 9 6 7 ).

26 . Lowry, 0 . H ., R osenbrough, N. J . ,  F a r r ,  A* L . ,  and R a n d a ll, R. J . ,

J .  B io l. Chem. 193, 265 (1 9 5 1 ).

27 . S ch n e id e r , W. C ., "Methods in  Enzymology," v o l .  3 , p . 680,

Academic P re s s ,  New York (1957).

28 . H i l l ,  J .  R ., "Methods in  Enzymology," v o l .  11 , p . 176, Academic 

P r e s s ,  New York (1 9 6 7 ) .

29 . P ap k o ff, H ., and A nantha Samy, T. S . ,  B iochim . B iophys. A cta 147,

175 (1 9 6 7 ).

30 . A lb e r ts ,  B. M., "Methods in  Enzymology," v o l .  12, p . 566,

Academic P re s s ,  New York (1 9 6 7 ).

31. S p itn ik -E ls o n , P . ,  B iochim . Biophys. Acta 55 , 741 (1 9 6 2 ).

32 . Sm ith , I . ,  "C hrom atographic Techniques in  C l in ic a l  and B iochem ical 

A p p lic a t io n s ,"  p . 66 , W iley , New York (1 9 5 8 ).

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



52

33. S ta h l ,  E . ,  "T hin  Layer Chrom atography, A L ab o ra to ry  Handbook," 

p . A l l ,  S p r in g e r ,  New York (1965).

34. Work, T. S . ,  and Work, E . ,  "L ab o ra to ry  Techniques in  B iochem istry  

and M o lecu la r B io lo g y ,"  v o l .  2 , p . 50 , N orth  H olland , Amsterdam

(1 9 7 0 ).

35. R an d era th , K ., A nal. Biochem. 34, 188 (1 9 7 0 ).

36. B e rr id g e , N. J . ,  and S u e l l ,  D. L . ,  J .  D a iry  R es. 33, 277 (1 9 6 6 ).

37. G ish , D. T . ,  Ramachandran, L. K ., and S ta n le y ,  W. M.f A rch.

Biochim. B iophys. 78, 433 (19 5 8 ).

38. S hepherd , R. G ., Howard, K. S . ,  B e l l ,  P . A ., C ac c io la , A. R .,

C h ild , R. G ., D av ies, M. C ., E n g lish , J .  P . ,  F in n , B. M .,

M eisen h e ld e r, J .  H ., Moyer, A. W., and van d e r  S ch eer, J . ,

J .  Amer. Chem. Soc. 78,  5051 (1 9 5 6 ).

39. H i l l ,  R. J . ,  and K on igsberg , W., J .  B io l .  Chem. 237,  3151 (1 9 6 2 ).

40 . D u erre , J .  A ., Biochim. B iophys. A cta 86 , 490 (1 9 6 4 ).

41. S p i r in ,  A. S . ,  and G avzibova, L. P . ,  "The R ibosom e," p. 59,

S p r in g e r ,  New York (1969).

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



53

VITA

The a u th o r  was born to  A lex and A lic e  Knaus on O ctober 19,

1943 in  C a s e v i l le ,  M ichigan. He g rad u a ted  from th e  E lk to n -P ig eo n - 

Bay P o r t  A rea School in  June 1962, g rad u a ted  w ith  a B achelor o f 

S c ien ce  in  Botany and P la n t  P a tho logy  from  M ichigan S ta te  U n iv e rs ity  

in  June 1966, and g rad u a ted  w ith  a M.T.(ASCP) from The School o f  

M edical Technology, Wayne County G eneral H o s p i ta l ,  E lo is e ,  M ichigan 

in  June  1967. He th en  began working in  C l in ic a l  M icrobiology f o r  

The Upjohn Company and e n ro lle d  in  th e  M a s te r 's  program in  b io ch em istry  

a t  W estern M ichigan U n iv e rs ity  as a  p a r t - t im e  s tu d e n t in  1969.

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .


	Fractionation of Ribosomal Proteins from Mesophilic and Thermophilic Bacteria
	Recommended Citation

	tmp.1524757061.pdf.Z_Kfl

