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INTRODUCTION

A m a jo r i ty  o f  o rganism s c a r r y  on  t h e i r  norm al p h y s io lo g ic a l  

p ro c e s s e s  in a  m oderate ra n g e  o f  te m p e ra tu re s  (a b o u t 20° to 45® C), 
These organism s a r e  term ed m esoph iles«  C e r ta in  o rgan ism s 9 however9 

grow a t  much h ig h e r  te m p e ra tu re s  (a b o u t 55® to  80° C). These 

o rgan ism s a r e  c a l l e d  th e rm o p h ile s .

Three main theories have been advanced to explain the 
phenomenon of thermophily. One theory (lc2) considers thermophily 
to be a special type of metabolic state, involving high rates of 
breakdown and synthesis of cell constituents. A second inter­
pretation relates thermal stability to the protective action of 
lipids and attempts to correlate heat stability with the melting 
point of the cell lipids (3) • A third theory ascribes thermophily 
to physical and chemical differences of maoromoleeules as compared 
to similar macromolecules from aesophlles.

Host of the evidence accumulated so far supports the latter 
theory. Such evidence has come largely from studies of proteins 
and nucleic acids. Koffler (4) showed that cytoplasmic proteins 
fTom thermophilic bacteria are more heat stable than those from 
mesophilic bacteria. Stenesh and Koffler (5) demonstrated a 
striking difference in heat stability for flagella from those two 
types of bacteria. Campbell (6,7) showed that crystalline 
el-anylase isolated from cultures of Bacillus coagulans grown at 
55®C was more heat stable than the same enzyme Isolated from

1
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c u ltu re s  grown a t  37°C. R ecen tly , S tenesh and Holaao (8) showed 

th a t  th e  ribosom al RHA from therm ophilic  s t r a in s  o f  B ac illu s  was 

more h e a t s ta b le  than  th e  ribosom al RKA from m esophilic s t r a in s  o f  

B a c illu s . The RHA from the thsrm ophiles m elted o u t a t  a  h igher 

tem perature and had a  h ig h er guanine p lus cy to sin e  co n ten t than  

th a t  from the  m escpihiles. The MA (9) and the  so lu b le  RHA (10,11) 

from therm ophilic  s t r a in s  o f  B ac illu s  showed no unusual h e a t 

s t a b i l i t y  when compared to  s im ila r  components o f  E scherich ia  c o l l .  

On the o th er hand, ribosomes from therm ophilic  s t r a in s  o f B ac illu s  

were more h e a t s ta b le  than  those  o f E scherich ia  c o l l  (11,12) » 

However, such comparisons o f  therm ophilic  s t r a in s  o f  B ac illu s  w ith  

m esophilic s t r a in s  o f  E . e o l i  do n o t exclude th e  p o s s ib i l i ty  o f 

in te rg e n e r ic  d if fe re n c e s . For th is  reaso n  we have been studying 

i n  th i s  la b o ra to ry  m esophilic and therm ophilic  s t r a in s  from one 

genus, namely B a c illu s . The p re sen t work d ea ls  w ith  s tu d ie s  o f  the  

s t a b i l i t y  and th e  p h y sica l param eters o f  ribosomes is o la te d  from 

th ese  s t r a in s .

Ribosomes a re  macramolecular p a r t ic le s  o f  the  cytoplasm o f

a l l  Mwdfi o f  c e l l s .  They a re  a tta ch e d  to  the  endoplasmic re ticu lu m

o f  c e l l s  o f  va rio u s  anim als and p la n ts ,  w hile th ey  occur f r e e  in

b a c te r ia l  e x t r a c ts .  They a re  a lso  c a l le d  rib o n u c leo p ro te in

p a r t ic le s  because they  co n ta in  40-65% RHA and 60-35f> p ro te in , w ith

l i t t l e  o r no l i p i d .  These p a r t ic le s  a re  f a i r l y  co n stan t from c e l l

to  c e l l  i n  th e i r  s i z e ,  shape, and chem ical com position. They a re  
o

about 100-250 A in  diam eter and a re  roughly  s p h e r ic a l .
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Ribosomes can d is s o c ia te  in to  su b u n its . They can a lso  

a s s o c ia te  in to  a im ers , ti-in ters, e t c . ,  and aggregate  in to  l a r g e r ,  

p o ly d isp e rse  m asses. The degree of d is s o c ia t io n  o r a s s o c ia tio n  o f 

th e  ribosomes i s  a  fu n c tio n  o f  the magnesium io n  c o n cen tra tio n .

One fa sc in a tin g  a sp e c t o f  ribosomes i s  th e  f a o t  t h a t  th e  in d iv id u a l 

j a r  t i d e s  have no p ro te in  sy n th esiz in g  a b i l i t y ,  b u t only  c lu s te r s  

o f  ribosomes a re  a c tiv e  i n  p ro te in  s y n th e s is . These c lu s te r s  have 

been termed polysom es, ergosomes, polyribosom es, or heavy ribosom es. 

Of th e se , th e  m ost freq u e n tly  encountered enzyme i s  a r ib o n u c le a se . 

The fu n c tio n  o f  th is  enzyme i s  no t known.

I s o la t io n  o f  ribosomes can be r e a d i ly  accom plished by 

f r a c t io n a l  c e n tr ifu g a tio n  o f  a homogenate o f  b a c te r ia l  c e l l s  and 

th e  procedures w i l l  be desc rib ed  in  d e t a i l  l a t e r .

The s t a b i l i t y  o f  the  ribosomes was in v e s t ig a te d  by follow ing 

th e  ribosome breakdown as a  r e s u l t  o f  the  d ig e s t io n  by th e  asso ­

c ia te d  rib o n u c le a se . This enzyme can be a c t iv a te d  by ch e la tin g  

magnesium io n s  which norm ally i n h ib i t  th e  enzyme. Two types o f  

experim ents were c a r r ie d  o u t under th e se  co n d itio n s  t (1) the 

e f f e c t  o f  tem perature on ribosome s t a b i l i t y ,  (2) th e  e f f e c t  o f 

v a rio u s  a c t iv a to r s  and in h ib i to r s  on the  ribosom al r ib o n u c lease .

The s tu d ie s  o f  th e  p h y s ica l param eters o f  the  ribosomes 

invo lved  de term in a tio n s  o f sed im entation  c o e f f ic ie n ts ,  d if fu s io n  

c o e f f ic ie n ts ,  and m olecular w eigh ts.
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MATERIALS AMD METHODS

Organisms and Growth Conditions

Throe m esophilic and th ree  therm ophilic  s t r a in s  o f  the  

germs B ac illu s  were used . The former inc luded  B. lioh en ifo rm is  

(HRS 243) 9 B. pqmllus (HRS 236) 9 and B. sp . (X-l) • The thermo- 

p h ile s  were s t r a in s  o f  B. stearo therm ophilus (FJW,10,2184),

The b a c te r ia l  c u ltu re s  were grown in  s la n ts  and la rg e  p a t r i  

d ishes on a medium con ta in ing  2$> Bacto agar (Difco) 9 1$ T ryp ticase  

(BBL) t  and 0.2$ Y east e x tr a c t  (D ifco ). S lan ts  which con tained  in  

a d d itio n  to  th e  above 10 p .p .m . o f  manganese were used fo r  growing 

the s to ck  c u l tu re s .  S lan ts  were grown to  th e  lo g arithm ic  phase 

and th e  growth was suspended i n  about 6 ml o f  s t e r i l e  w a te r . Two 

ml o f  t h i s  suspension were used to  in o c u la te  one p e t r i  d is h . The 

p e t r i  d ish es  were th en  incubated  and the  c e l l s  ha rv ested  in  the  

log arith m ic  phase (approxim ately  6 h r  a t  37° C fo r  the m esophiles 

and 5 h r  a t  55°-60®C fo r  the  therm ophiles, fo r  bo th  s la n ts  and 

p e t r i  d is h e s ) .

Reagents

B uffer A c o n s is te d  o f 0.01 M t r i s ( h y d roxymethyl)aminomethane 

(Sigma) and 0.01 M magnesium a c e ta te  (B aker). B uffer B co n sis ted  

o f  0.005 M t r i s  and 0.005 M magnesium a c e ta te .  Both b u ffe rs  were 

a d ju s ted  to  pH 7 A  w ith  1 H hydroch lo ric  a c id . The alumina used 

was a chrom atographic grade p re p a ra tio n  (Merck 71707) • The

4
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5

deoxyribonuclease (W orthington Biochemical C orp ., e le e tro p h o ra tie a l ly  

p u rif led ) was s to re d  frozen  i n  b u ffe r  A a t  a con cen tra tio n  o f 

100 ug/m l.

Other reag en ts  used were the  follow ing I 0.05  M Na2HAs0*»7Hs 0 

(B aker), 0.05 M Na2HP04* 7H20 (B aker), 0.05 M ethy lene diamine 

te tr& a c e tic  a c id  (EBTAj Mathesonj a d ju s ted  to  pH 7 .^  w ith  2 .5  N 

NaOH) 9 and 5$> p e rch lo ric  a c id  ( v /v ) , prepared from 7<$ reag en t 

p e rch lo ric  a c id  (M allinokrod t).

Apparatus

A ll spectrophotoinetrie  measurements were made in  a  Zeiss 

model PMQ-II spectrophotom eter.

A S o rv a ll model RC-2 re f r ig e ra te d  een tr ifu g e  was used fo r  

low speed c en tr ifu g a tio n s  (15,000 r .p .m . and below ), and a Spinco 

model L p rep a ra tiv e  u l tr a c e n tr ifu g e  was used  fo r  h igh speed 

ce n tr ifu g a tio n s  (above 15,000 r .p .m .) . AH a n a ly t ic a l  u l t r a -  

c e n tr ifu g a tio n  s tu d ie s  were made in  a Spinco model E a n a ly t ic a l  

u l t r a c e n tr i fu g e ,  equipped w ith  ro to r  tem perature in d ic a to r  co n tro l 

and w ith  schULeren and u l t r a v io le t  o p tic s .  A ll runs were made 

between and 10°C. Measurements o f the  photographic p la te s  and 

film s were made w ith  a Nikon (model 6C) microcomparator and a 

Joyce-Loebl (chromoscan) densitom eter.

A ll a rea  measurements were made w ith  a Gelman (model 39231) 

p lan im eter.

D ensity  and v is c o s i ty  measurements were made w ith  a  Weld 

pycnameter and an Ostwald v iscom eter, r e s p e c tiv e ly .
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6

I s o la t io n  o f th e  Ribosomes

The procedure i s  e s s e n t ia l ly  a s  d escribed  p rev io u sly  (1 3 ). 

B uffer A was used throughout the  i s o la t io n .  C ells  i n  the  

logarithm ic  phase o f  growth were h a rv ested  w ith  b u ffe r  and were 

c o lle c te d  by  c e n tr ifu g a tio n  fo r  25 m inutes a t  12,000 x  g in  a 

Sorv&ll (model RC-2) w ith  the GSA r o to r .  The c e l l s  were then  

ground w ith  3 p a r ts  by w eight o f alumina fo r  3-5 m inutes and 

e x tra c te d  w ith  10 volumes o f b u f f e r .  Deoxyribonuclease was added 

to  a f in a l  co n cen tra tio n  o f 1 ug/m l. This raexture was kep t a t  20°C 

fo r  30 m inutes. C e ll d e b ris  and alumina were then  removed by 

c e n tr ifu g a tio n  fo r  20 minutes a t  12,000 x  g in  the  S o rv a lls the 

sup ern a tan t was c o lle c te d  and was cen tr ifu g ed  in  a Spinco (model L) 

u l tr a c e n tr ifu g e  fo r  65 m inutes a t  105,000  x  g o r fo r  95 m inutes a t

78,500 x  g to  sedim ent the  ribosom es. Two cycles o f  low- and high­

speed c e n tr ifu g a tio n  (20 m inutes a t  12,000 x  g follow ed by 65 

m inntes a t  105,000 x  g and g e n tle  resuspension  o f th e  p e l le t s  w ith  

a policeman) were performed to  p u rify  th e  ribosom es. F in a lly , a 

low speed c e n tr ifu g a tio n  (20 m inutes a t  12,000 x  g) was performed 

to  remove th e  aggregates and the  su p ern a tan t provided th e  f i n a l  

ribosom al p rep a ra tio n  fo r  the  enzyme s tu d ie s .

For th e  s tu d ie s  dealing  w ith  th e  p h y sica l param eter o f the  

ribosom es, some m odifica tions were made i n  th e  p u r if ic a t io n  o f the  

ribosom es. A fte r each h igh  speed c e n tr ifu g a tio n , th e  ribosom al 

p e l le t s  were suspended by means o f  g e n tle  homogenization using  a 

te f lo n  homogenizer. B uffer A was used throughout and the
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co n cen tra tio n  o f  th e  ribosomes was kep t a s  h igh as  p o s s ib le . The 

f i n a l  so lu tio n  from the low speed c e n tr ifu g a tio n  was d ia ly zed  

a g a in s t  4-00 volumes o f  b u ffe r  B fo r  24 h o u rs , w ith  changes o f 

b u ffe r  so lu tio n  every  6 h o u rs . A fte r d i a ly s i s ,  th e  so lu tio n  

was cen trifu g ed  a t  27,000 x  g in  the  S o rv a ll fo r  5 m inu tes. The 

re s id u e  was d isca rd ed  and the  sup ern atan t thus ob ta ined  was the 

f in a l  ribosom al p re p a ra tio n .

Measurements o f  the E f fe c t o f Temperature 
on Ribosome S ta b i l i ty

The in cu b a tio n  m ix tures were s e t  up in  t e s t  tu b e s . The 

b a s ic  in cu b a tio n  m ixture co n sis ted  o f  1 .0  ml o f ribosom al so lu tio n  

(absorbance o f 5 a t  260 mu) , 10 umoles o f t r i s  (pH 7 .4 ) , and 

10 umoles o f  magnesium a c e ta te .  For these  experim ents each tube 

con tained  in  a d d itio n  to  the  b asic  in cu b atio n  m ixture 30 umoles o f 

EDTA (pH 7.4) ,  i n  a  t o t a l  volume o f  2 .5  m l. The tubes were t ig h t ly  

covered w ith  parafilm  and were incubated  fo r  one hour a t  55®» 60°, 

65®, 70 °, and 75®0, r e s p e c tiv e ly . A t the  end o f one h o u r, 2 .5  ml 

o f  5# (v /v) p e rc h lo ric  a c id  was added to  each tube to  s to p  the  

r e a c t io n . The tubes were kep t i n  ic e  fo r  h a l f  an  h o u r. The 

s o lu tio n  was then  c en tr ifu g e d  a t  12,000 x  g fo r  10 m inutes i n  the 

S o rv a ll (SS 34 r o t o r ) . The supernatan t f lu id  was c o lle c te d  and 

i t s  o p t ic a l  d e n s ity  (absorbance) was measured a t  260 mu versus 

the b lank  which con tained  a l l  the components ex cep t th a t  1 .0  ml 

o f  b u ffe r  A was used in s te a d  o f the  ribosom al s o lu t io n . Since RHA 

and RHA breakdown products absorb maximally a t  260 mu, o p tic a l
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d e n sity  measurements a t  th is  wavelength provide a convenient way 

o f follow ing th e  re a c t io n .

S tud ies Involving A c tiv a to rs  and In h ib ito rs  
o f th e  Riboscanal R ibonuclease

Four s e ts  o f  re a c tio n  m ixtures were s e t  up in  t e s t  tu b es.

Each tube con tained  a t o t a l  o f  2 .5  nil o f s o lu tio n . One o f th e  s e ts  

contained  a b a s ic  in cu b atio n  m ixture o n ly , th a t  i s ,  1 .0  ml o f r ib o -  

scasal so lu tio n  (absorbance o f  5 a t  260 mu), 10 m o le s  o f  t r i s  (pH 7,4), 

and 10 umoles o f magnesium a c e ta te .  The o th er s e ts  contained  in  

a d d itio n  to  th e  above, e i th e r  30 umoles o f EDTA (pH 7 .4 ) ,  or 30 umoles 

o f  EDTA (pH 7,4) and 25 umoles o f HagHAsO*, o r 30 umoles o f  EDTA 

(pH 7.4) and 25 umoles o f  Na2HP0*. The tubes were t ig h t ly  covered 

and were incubated  a t  45°C fo r various len g th s  o f tim e . At various 

tim e in te r v a l s ,  one tube from each s e t  was removed from the  w ater 

b a th  and the  re a c t io n  stopped by the  a d d itio n  o f 2 .5  ml (v/v) o f 

p e rc h lo ric  a c id . The tubes were kept i n  ic e  fo r  h a l f  an  hour and 

the so lu tio n  was th en  cen trifu g ed  as desc rib ed  i n  th e  previous 

s e c tio n . The su p ernatan t f lu id  was c o lle c te d  and i t s  absorbance 

a t  260 mu was read  versus zero-tim e co n tro ls  which contained  the 

same components as  the  incubation  m ixture except th a t  p e rch lo ric  a c id  

was added im m ediately a f t e r  th e  a d d itio n  o f th e  ribosom al so lu tio n .

D eterm ination o f the  Sedim entation 
C o effic ien ts  o f the  Ribosomes

The sed im entation  c o e f f ic ie n ts  were ob ta ined  from 

sedim entation  v e lo c ity  experim ents u s in g  the  Spine* (model E)
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a n a ly t ic a l  u l t r a c e n tr i fu g e . The AND ro to r  was used fo r  so lu tio n s  

a t  h igher co n cen tra tio n s  (OD260-o p t ic a l  d e n s ity  a t  260 mu- o f  50 

or above fo r  s e h lie re n  o p tic s ,  OD26o o f 0 .5  o r above fo r  u l t r a ­

v io le t  o p t ic s ) ,  w hile  the  ANE ro to r  was used fo r  the  more d i lu te  

s o lu tio n s . The double: sec to r c e l l  was used w ith  the  AND ro to r  so 

th a t  a  base l in e  could be ob ta ined . Most runs were made a t

29,500 r .p .m . ,  b u t some were performed a t  25,980 r .p .m . P ic tu re s  

were taken  au to m a tica lly  every  four m inutes. The s e h lie re n  p la te s  

were developed fo r  four m inutes w ith  Kodak D-19 developer, washed 

w ith  3.4# a c e tic  a c id  and f ix e d  fen* h a l f  an hour w ith  Kodak F ix e r . 

The p la te s  were then  thoroughly washed w ith  w ater and a i r  d r ie d . 

Measurements o f  th e  p la te s  were done w ith  a Nikon m ieroeom parator. 

U ltra v io le t  film s were developed w ith  Kodak D -ll developer fo r  

e ig h t m inu tes, washed w ith  3.4$ a c e tic  a c id ,  f ix ed  w ith  Kodak 

F ixer and washed and d rie d  l ik e  the s e h lie re n  p la te s .  Measurements 

o f the  film s were made w ith  a Joyce-Loebl densitom eter. The 

d is tan ces  between boundaries and the  c en te r  o f  ro ta t io n  were 

c a lc u la te d  and were expressed i n  c en tim e te rs . Logarithms o f th ese  

d is tan ces  were p lo tte d  versus time ( in  minutes) a t  whieh the 

p a r t ic u la r  p ic tu re  was tak en . The observed values o f  the

sed im entation  c o e f f ic ie n ts  were computed from the  slope since  the
d x /d t

sed im entation  c o e f f ic ie n t  i s  defined  as  s = where x  i s

th e  d is ta n ce  o f the  boundary from the  c en te r  o f  r o ta t io n  in  

cen tim e te rs , t  i s  the  time o f c e n tr ifu g a tio n  i n  seconds and w i s  

th e  angu lar v e lo c i ty  i n  ra d ia n s /s e c .
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Hie observed values o f  the  sedim entation c o e f f ic ie n ts  ( s Qbs) 

were co rrec ted  to  20° C fo r  th e  v is c o s i ty  o f w ater and were 

expressed as s 2™ i n  Svedberg u n i ts  (S) a s  shown i n  the  follow ing 

e q u a tio n :

w ( V  so lv en t ,  )
28 obs 7^20 '  H20 v 7 ]  h20 any t  vl - v t  p  so lv en t7

where 7J i s  the  v is c o s i ty ,  v i s  th e  p a r t i a l  s p e c if ic  volume o f the  

s o lu te  (ribosom es),  t  i s  th e  tem perature a t  which the  c e n tr ifu g a tio n  

was per formed s and p  i s  th e  d e n s ity . However , th e  l a s t  term in  the 

equation  amounts only to  a c o rre c tio n  o f about 0.1$ and has been 

neg lec ted .

D eterm ination o f  the  D iffu sio n  
C o e ffic ien ts  o f the  Ribosomes

In  order to  o b ta in  th e  d if fu s io n  c o e ff ic ie n ts*  the  speed o f 

the  c e n tr ifu g a tio n  was lowered to  4059 r .p .m . a f t e r  each sedim ent­

a t io n  v e lo c ity  experim ent. At th is  low speed th e  boundaries d id  no t 

m igrate  any f a r th e r  in  the  c e l l  during th e  time in te r v a l  used  fo r 

d if fu s io n  s tu d ie s  (about 90 m inu tes). In s te a d , th e  boundaries 

spread o u t because o f d if fu s io n , From th i s  spreading o f  the  

boundaries, in  the  absence o f ap p rec iab le  sed im en ta tion , an 

apparen t d if fu s io n  c o e f f ic ie n t  can be c a lc u la te d . Temperatures 

were c o n tro lle d  and p ic tu re s  were taken i n  the same manner a s  in  

the  determ ination  o f  the  sed im entation  c o e f f ic ie n ts .  The h e ig h t 

o f  each peak above the  base l in e  was measured w ith  a Nikon micro­

comparator and was converted in to  cen tim eters  i n  the  c e n tr ifu g a l
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c e l l .  The re c ip ro c a l o f the  h e ig h t squared was p lo tte d  versus 

t in e  in  seconds. Each a rea  underneath  the  peak was measured w ith  

a Gelman p la n in e te r  and was converted  to  square cen tim eters  i n  th e  

c e l l .  Observed values o f th e  apparen t d if fu s io n  c o e f f ic ie n ts  were 

th en  computed from the  slope and th e  a r e a ,  s ince  the  d if fu s io n  

c o e f f ic ie n t  i s  defined  as  » and hence D -

where i s  the  h e ig h t o f th e  peak i n  cen tim eters , t  i s  the  time

o f  d if fu s io n  i n  seconds 5 and D i s  the  apparen t d if fu s io n  c o e f f ic ie n t

in  cm2/s e c .

The observed values o f the  d if fu s io n  c o e f f ic ie n t  (Do^ s) 

were then  c o rre c ted  to  g ive D2^ ,  th e  d if fu s io n  c o e f f ic ie n t  a t  

20°C i n  w a te r , according to  the  fo llow ing equation  s

D * = D (221_} ( .̂sqlZgat) (1ZjL-)
obs ^273+ t; K y ) E i0  &r&  t   ̂ 7 } 20 ; H20

where 7 )  i s  th e  v is c o s i ty ,  and t  i s  th e  tem perature a t  which the  

d if fu s io n  was perform ed.

D eterm ination o f th e  M olecular 
Weights o f  th e  Ribosomes

The m olecular w e ig h t, M, o f  a macromolecule can be computed

from i t s  sed im entation  c o e f f ic ie n t ,  s ,  and i t s  d if fu s io n  c o e f f ic ie n t ,
RTsD, according to  the  Svedberg eq u a tio n , M = where R i s

th e  gas co n s tan t in  erg/m ole £  deg ree , T i s  th e  abso lu te  tem perature 

a t  which bo th  s and D a re  c a lc u la te d , v  i s  the  p a r t i a l  sp e c if ic  

volume o f  the  s o lu te ,  and f> i s  th e  d e n s ity  o f the  so lv en t used .
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RESULTS AND DISCUSSION

The E f fe c t  o f  Temperature 
on Ribosome S ta b i l i ty

A ll the ribosome p rep ara tio n s  were shown p rev iously  (13) to  

con ta in  a ribonuclease  a c t i v i ty  siadl&g to  the one found in  

a sso c ia tio n  w ith  many o ther ribosomes (1 4 ,1 5 ). This enzyme, in  

the presence o f EDTA, le d  to  a breakdown o f the  ribosomes as 

judged by the  in c rease  In  a c id -so lu b le  nu c leo tid es  (13)• The 

ribosomes from the therm ophiles were shown to  be somewhat more 

s tab le  to  such breakdown than  those from the m esophiles, a t  bo th  

37® and 60°C. With th is  in  mind, the  p re sen t experim ent was 

designed in  o rder to  determ ine whether th is  d iffe ren ce  in  s t a b i l i t y  

might be more pronounced a t  tem peratures exceeding the  maximal 

growth tem peratures (about 55®C) o f th s  m esophiles. A ccordingly, 

the re a c tio n  was measured over a range o f tem peratures from 55° 

to  75®C. The r e s u l t s  a re  g iven i n  Figure 1 , I t  can be seen th a t  

the ribosomes from the  mesophiles a r e ,  in  f a c t ,  le s s  s ta b le  a t  

tem peratures above 60®C than  those from the  therm ophiles. This 

re fe rs  to  both  the r e la t iv e  breakdown as defined  In  Figure 1 and 

to  the abso lu te  e x te n t o f degradation . These d a ta , taken  in  

conjunction  w ith  the  previous find ings (13) > support the  theory  

th a t  therm ophily i s  based upon chem ical-physical d iffe ren ces  on the 

m olecular le v e l .

12
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Figure 1 , Ribosome breakdown a t  v a rious tem peratu res , Basic 
in cu b a tio n  m ixtures (see Methods) p lus 30 umoles o f 
EDTA (pH 7 .4) were incubated  a t  various tem peratures 
fo r  1 h r .

(a) MesophiHc s t r a in s  ° (A) B- unnrtlttss (□) B. aja. (X-l) ;
(• )  B. l ic h e rd fo ra d s .
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Figaro 1 .

(b) Thermophilic s t r a in s  : (A) B. stearotfaerm ophiltts FJW;
(□) B. s te a r  otherm ophilus 10; C ) B. staaro therm ophllns 2184.
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A ctiv a to rs  and In h ib i to rs  o f  the 
Ribosomal R ibonuclease

To ev alu a te  p roperly  the  r e la t iv e  s t a b i l i t y  o f the  ribosom es, 

i t  was im portan t to  e s ta b lis h  th a t  the  ribosome breakdown i s  due 

to  th e  same enzyme in  a l l  in s ta n c e s . For th i s  purpose, the  

ribosomes were incubated  in  b u ffe r  w ith  th e  a d d itio n  o f EDTA,

EDTA and phosphate, o r EDTA and a rs e n a te . The r e s u l t s  a re  shown 

in  Figure 2 . I t  can be seen th a t  the  shapes o f the  curves and the  

magnitudes o f th e  changes observed a re  v e ry  s im ila r . The ribosome 

deg radation  in  th e  absence o f  EDTA i s  slow , in  p a r t  because o f  the  

in h ib i t io n  o f th e  enzyme by the  magnesium i n  the  b u f f e r .  This i s  

based on the  assum ption th a t  magnesium in h ib i ts  ribonucleases 

though adm itted ly  th e re  a re  c o n f lic tin g  d a ta  in  th e  l i t e r a t u r e  on 

th e  e f f e c t  o f magnesium on th is  enzyme (1 6 ,1 7 ). In  eonanon w ith  

o th e r ribosom al rib onuclease  (1 8 ,1 9 ) , th e  in h ib i t io n  by magnesium 

was removed by c h e la tio n  o f th e  magnesium w ith  EDTA. The a d d itio n  

o f  e i th e r  phosphate o r a rsen a te  le d  to  a  pronounced a c t iv a t io n  o f 

the  enzyme, w ith  a r e s u l ta n t  l in e a r  r a te  o f  ribosome breakdown.

The a c tiv a t io n  by e i th e r  phosphate or a rsen a te  was e s s e n t ia l ly  

Id e n t ic a l ,  as re p o rte d  a lso  fo r  r a t  l i v e r  ribosom es(20).

These da ta  provide good evidence th a t  the  ribosome breakdown 

was due to  th e  a c tio n  o f a r ib o n u c lease . This conclusion  i s  based 

on the  f a c t  th a t  o ther enzymes involved in  RNA breakdown cannot 

account fo r  th e  r e s u l t s  ob ta ined  h e re . Phosphodiesterases a re  

in h ib i te d  by a rsen a te  and EDTA, b u t a re  a c tiv a te d  by phosphate
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Figure 2 . A c tiv a to rs  and in h ib i to r s  o f the ribosom al rib o n u c lease .
Basie incu b atio n  m ixtures (see  Methods) p lus one o f  the  
follow ing :  (• )  no a d d it io n s ; (At) 30 umoles o f  EDTA 
(pH 7.4) j (p) 30 umoles o f  EDTA (pH 7.4) and 25 umoles 
o f Na2HAsO*j (A) 30 umoles o f  EDTA (pH 7.4) and 25 umoles 
o f  Na2EF0,. Incubation  a t  45®C. The r e la t iv e  absorbance 
i s  the absorbance o f the  sample d iv ided  by the  absorbance 
( a f te r  5 hr) o f th e  so lu tio n  con tain ing  EDTA aud Na2HP0*.

(a) B. pumilus
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Figure 2.

(b) Bo S£, (X-l)
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Figure 2 ,
(c) B. H eh en ifo rm is
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Figure 2.
(d) B. stearothermophilns FJW

1.1

*§ 0.7

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Figure 2,
(e) B. stearothenaophilus 10
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Figure 2.
(f) E. stsarothennophilus 2184
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(2 0 ,2 1 ); the  p o ta ss iu m -ac tiv a ted  phosphodiesterase found i n  

a s s o c ia tio n  w ith  E. c o l i  ribosomes i s  in a c tiv a te d  try EDTA (2 1 ); 

and po lynucleo tide  phosphorylase re q u ire s  magnesium fo r a c t iv i ty  

(22,23) • R ibonucleases, on th e  o th er hand, a re  in h ib i te d  by- 

magnesium, b u t a re  a c t iv a te d  by EDTA., a r s e n a te , and phosphate (2 0 ).

The E f fe c t  o f  Magnesium Ions on the  Size 
D is tr ib u tio n  o f the  Ribosomes

In  order to  study  the  p h y s ica l param eters o f th e  ribosom es, 

i t  I s  d e s ira b le  to  o b ta in  a  ribosom al so lu tio n  con tain ing  m ostly , 

i f  n o t e n t i r e ly ,  the  fundamental ribosom al f a r  t i d e s ,  th a t  i s  the  

70 S monomers. Since i t  i s  known th a t  magnesium io n  co n cen tra tio n  

a f f e c t s  th e  s iz e  d is t r ib u t io n  o f  th e  ribosom es, we attem pted to  

search  fo r  a  b u ffe r  so lu tio n  which contained  th e  proper eon . 

c e n tra t io n  o f  magnesium and t r i s ,  so th a t  the  ribosom al so lu tio n  

ob ta ined  con tained  a b u lk  o f  ?0 S monomers. We found, in  f a c t ,  t h a t  

t r i s  co n cen tra tio n  d id  n o t a f f e c t  s ig n if ic a n t ly  the s iz e  d i s t r i ­

b u tio n  o f  the  ribosom es a s  in d ic a te d  by th e i r  u ltr a c e n tr ifu g e  

p a t te rn s .  On th e  o th e r hand, the sedim enting components o f  the  

ribosomes d is so c ia te d  and aggregated  as a fu n c tio n  o f magnesium 

io n  co n cen tra tio n  i n  a  manner th a t  i s  ty p ic a l  o f  ribosomes in  

g e n e ra l. Thus, fo r  example, th e  70 S and 100 S ribosomes of 

B. lio h en ifo rm js  and o f  B. stearo therm ophilus FJW, in  0.01 or 

0,005 M t r i s  (pH 7  A ) ,  were d is so c ia te d  in to  30 S and 50 S p a r t ic le s  

when th e  magnesium io n  co n cen tra tio n  was lowered from 0.005  to

0.001 M. These p a r t ic le s  re a sso c ia te d  when th e  magnesium io n
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co n cen tra tio n  was ra is e d  to  0.005 M. Some o f these u n tra -  

o en trifu g e  p a tte rn s  a re  shown in  Figure 3 .

Although th e  s iz e  d is t r ib u t io n  o f the  ribosomes was 

changed by vary ing  th e  magnesium io n  con cen tra tio n  (F ig . 3) » 

we were n o t ab le  to  o b ta in  a  so lu tio n  which contained only* or 

m ostly , the  70 S p a r t i c le s .  These experiments were performed 

w ith  th e  ribosomes from a mesophile (B. lic h e n ifo rm is) and a 

therm ophile (B« stearo therm ophilus FJW). Homogenization o f  the 

ribosom al p e l le t s  during  the  i s o la t io n  decreased the  time req u ired  

fo r  the  p rep a ra tio n  o f  th e  ribosomes b u t d id  n o t a l t e r  the  d is ­

t r ib u t io n  p a tte rn s  o f the  ribosom es. This p a tte rn  was a lso  n o t 

changed by vary ing  the  l a s t  c e n tr ifu g a tio n  s tep  in  the  is o la t io n  

o f the  ribosomes (see  M ethods).

From th ese  experim ents, i t  became apparen t th a t  o ther 

techniques would be re q u ire d  to  o b ta in  p rep ara tio n s  co n sis tin g  

only o f  70 S monomers. We decided , th e re fo re , to  perform  the 

p h y s ica l measurements on the p rep a ra tio n s  a t  hand, u sing  the  b e s t  

s e t  o f  co n d itio n s , so th a t  the  70 S monomers would be the p re­

dominant, or a t  l e a s t  a m ajor, ribosom al p a r t i c le .  This s e t  o f 

cond itions tu rned  ou t to  be the is o la t io n  o f th e  ribosomes in  

b u ffe r  A and d ia ly s is  o f the  f in a l  p rep a ra tio n  versus b u ffe r  B 

(see  Methods).

Sedim entation C o effic ien ts  
o f  th e  Ribosomes

Since the  sedim entation  c o e f f ic ie n t  depends on the
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Figure 3* E f fe c t  o f magnesium io n s  on the  s iz e  d is t r ib u t io n s  o f 
th e  ribosom es. Sedim entation i s  from r i g h t  to  l e f t .
A ll c e n tr ifu g a tio n s  were performed a t  29*500 r .p .m . A ll  
p ic tu re s  were taken  a t  a b a r angle o f 50°. (A) Standard
is o la t io n  procedure u sin g  0.01 M tris-m agneslum  a c e ta te  
(pH 7 A ) .  (B) I s o la t io n  o f  the  ribosom es as in  (A) b u t 
the  f in a l  so lu tio n  was d ia lyzed  versu s  0,01 M t r i s  (pH 7 A )
and 0.005 M magnesium a c e ta te  ( to p  row) ,  o r d ia ly zed  versus
0.005 M tris-m agnesium  a c e ta te  (pH 7  A )  (bottom row ).
(C) Ribosomes prepared as in  (A) b u t th e  f in a l  so lu tio n  was 
d ia ly zed  v ersus 0 .01 M t r i s  (pH 7 A )  and 0.001 M magnesium 
a c e ta te  ( to p  row ), o r d ia ly zed  versus 0.005 H t r i s  (pH 7 A )
and 0 .0 0 1  M magnesium a c e ta te  (bottom row ).
Top row : B. l ic h e n ifa rn d s . Sedim entation c o e f f ic ie n ts  2 

Ta) 27, 63, 75, 97, 113; (B) 30, k ? 9 70, 93;
(C) 27, k 3 ,  68.

Bottom row ; B. stearo therm ophllus FJW. Sedim entation
c o e f f ic ie n ts  I (A) 50 , 68 , 98 , 128; (B) 60 ,
67 , 97 , 119; (C) 32, k 6 ,  63 ,  92.

(B)
V;;;.

‘iMi'r'.ii fell' 
V'r 1. %
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c o n ce n tra tio n , i t  i s  necessary  to  o b ta in  th e  va lues a t  i n f i n i t e  

d i lu t io n  by the  e x tra p o la tio n  o f  a p lo t  o f SQ̂ g v ersus con­

c e n tra tio n . T herefore , fou r runs ranging  from OD260 o f 125 to  

OD260 o f 25 were made w ith  the  s c h lie re n  o p t ic s ,  w hile  th re e  runs 

rang ing  from OD260 ° f  0*8 to  OD260 o f 0.25 were made w ith  u l t r a ­

v io le t  o p t ic s .  U nfo rtu n a te ly , a ttem pts  to  o b ta in  the  sed im entation  

c o e f f ic ie n ts  w ith  u l t r a v io l e t  o p tic s  were n o t su cce ss fu l because 

the  components were n o t w e ll re so lv ed  and we had g re a t  d i f f i c u l ty  

i n  making accu ra te  measurements from th e  tra c in g s  ob tained  w ith  

the  Joyce-Loebl d en sito m ete r. A ccordingly , we l im ite d  our 

c a lc u la tio n s  to  the schl i e ren  ru n s .

I t  i s  known th a t  i n  a  multicomponent system , the  presence 

o f  any one component may a f f e c t  th e  sedim enting behavior o f 

ano ther component. This i s  ano ther reaso n  why va lues o f  the 

sed im entation  c o e f f ic ie n t  must be ob ta ined  by e x tra p o la t io n  to  

i n f i n i t e  d i lu t io n  so th a t  such e f fe c ts  a re  e lim in a ted . Moreover, 

changes in  t o t a l  ribosome co n cen tra tio n  may a f f e c t  re v e rs ib le  

in te ra c t io n s  between vario u s  p a r t ic le s  and le a d  to  changes in  th e i r  

r e la t iv e  amounts. In  t h a t  c a se , an e x tra p o la tio n  based on to t a l  

co n cen tra tio n  would have to  be rep laced  by one using  th e  con­

c e n tra tio n  o f the  In d iv id u a l components. In  order to  check on th i s  

p o s s ib i l i ty ,  s2^  values a t  i n f i n i t e  d i lu t io n  were obtained  from 

two d i f f e r e n t  p lo ts .  I n  the  one p lo t ,  s 20 was p lo t te d  versus th e  

t o t a l  ribosome co n cen tra tio n  expressed as  OD260 ( th e  absorbance a t  

260 mu i s  due p r in c ip a lly  to  the  ribosom al RNA). In  the  o ther p lo t ,
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s aT was p lo t te d  versus the  co n cen tra tio n  o f each component ex­

p ressed  a s  the  area  underneath th e  peak. These two s e ts  o f p lo ts  

a re  shown i n  Figure

I t  can be seen  th a t  the  two types o f  p lo ts  a re  e s s e n t ia l ly  

id e n t i c a l .  This i s  a  good in d ic a tio n  th a t  no s ig n if ic a n t  changes 

occur i n  the  r e l a t iv e  amounts o f  the  va rio u s  ribosomes as a r e s u l t  

o f  p ro g ressiv e  d i lu t io n .

I t  has been w idely accep ted  th a t  the  monomers o f  ribosomes 

a re  o f  two ty p es . Most b a c te r ia l  ribosomes a re  o f th e  70 S 

ty p e , w hile  in  y e a s t ,  h igher p la n ts ,  and anim al cytoplasm , the  

ribosom es a re  o f  the  80 S ty p e . From the  v a lues th a t  we obtained  

above, i t  i s  c le a r  th a t  the  ribosomes from a l l  the  s ix  s t r a in s  o f 

B a c il lu s ,  th re e  m esophiles and th ree  therm ophiles, belong to  the  

70 S ca teg o ry . The p rep a ra tio n s  contained  in  a d d itio n  to  the  

monomers a lso  o ther ribosom es, such as the  30 S and 50 S su b u n its , 

or the  100 S dim er, which a re  s im ila r  to  those  re p o rte d  fo r  o th e r 

ribosomes from B ac illu s  (12 ,15 ,2*0 . In  a l l  o a se s , th e  monomers 

or la rg e r  ribosom es, were predom inant.

B ac illu s  s p .G U I) con tained  a component having a  sedim enta­

t io n  c o e f f ic ie n t  o f  8^ S. I t  i s  p o ssib le  th a t  th is  component i s  

an a s s o c ia tio n  p roduct o f two 50 S p a r t i c l e s ,  r a th e r  than  the  

dimer o f  70 S monome~s. A lso , one of the  components i n  B. pum ilus.

59 S , m ight be th e  dimer o f  30 S p a r t i c le s ,  r a th e r  th an  being the  

50 S su b u n it. The value o f 90 S fo r one o f the  ribosom es o f 

B. pum ilus. i s  r a th e r  low fo r  a dimer o f  70 S ribosom es. Since
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Figure if* Dependence o f  the sedim entation c o e f f ic ie n ts  o f  the  
ribosomes on co n cen tra tio n .
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Figure 4.
(b) B. sp. (X-l)
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Figure
(o) B. llehenjformis

1. versus OD260
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Figure
(,d) B. atearo therm ophiias FJW
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Figure
(e) B. stearothermophilus 10

1. 82̂  versus OD260
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Figure 4„
(f) B. stearothermophilus 2184
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the  ribosom es from th is  b a c te r ia  gave v ery  poorly  re so lv ed  

u l t r a c e n tr i fu g e  p a t te rn s ,  i t  i s  p o ss ib le  t h a t  the sedim enting 

r a te  o f  the  la rg e r  p a r t ic le s  was ap p rec iab ly  slowed down in  the 

presence o f  the  o th e r l ig h te r  p a r t i c l e s .

O utside o f  these  co n sid e ra tio n s  th e re  seem to  be no major 

d if fe re n c e s  between the sed im entation  c o e f f ic ie n ts  o f  the  

ribosom es from the  aeso p h iles  and the  therm ophiles . This r e f e r s  

to  b o th  the  dependence o f s on th e  co n cen tra tio n  and to  the 

e x tra p o la te d  v a lu es  o f the  sed im entation  c o e f f ic ie n ts  (see  a lso  

Tables 1 and 2 ) .

D iffu sion  C o e ffic ien ts  
o f  the  Ribosomes

Since the  d if fu s io n  c o e f f ic ie n t ,  l ik e  the  sedim entation  

c o e f f ic ie n t ,  depends on the  co n ce n tra tio n , i t  i s  a lso  necessary  

to  o b ta in  i t s  v a lue  a t  i n f i n i t e  d i lu t io n .  For the  same reason  

as m entioned i n  th e  d iscu ss io n  o f  sed im entation  c o e f f ic ie n ts ,  two 

s e ts  o f  p lo ts  were made in  th e  same manner a s  described  in  the  

p rev ious s e c tio n . The r e s u l t s  a re  shown i n  Tables 1 and 2 . A gain, 

s in ce  th e  film s from the  u l t r a v io l e t  o p tic s  (very  d i lu te  so lu tio n s) 

d id  n o t len d  them selves to  acc u ra te  measurements, the  d a ta  a re  

l im ite d  to  com putations using  th e  s c h lie re n  ru n s .

S ince th e  components were n o t w e ll re so lv e d , the d e te r ­

m ination  o f the  d if fu s io n  c o e f f ic ie n ts  was somewhat more d i f f i c u l t  

as compared to  th e  de term ina tion  o f the  sed im entation  c o e f f ic ie n ts ,  

m ostly  due to  th e  d i f f i c u l ty  involved  i n  the  tra c in g  o f the
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Table 1 . Sedim entation c o e f f ic ie n ts ,  d iffu s io n  c o e f f ic ie n ts ,  and 
m olecular w eights o f the  ribosomes from ODa60 p lo ts .

Organism s ae(S) Daw
(o m */secx l07)

Mol. Wt. 
(gm /m olexl0~6)

29.8 2.84 0.8

49.5 2.05 1 .7
B. lic h e n ifa m d s ?6 .0 2.24 2 .4

100,2 1.50 4 .8

58.6 2.20 1 .9
B. pumilus 73.2 2.15 2 .4

89.8 1.36 4 .7

46.0 CM -

B. sp® (X -l) 65.4 2.15 2 .2
82.8 1.50 4 .0

52.2 2.12 1 .8
B. stearo therm ophilus FJW 70.4 2.00 2.5

103.4 1.58 4 .7

54.1 2.65 1 .5
B. stearo therm ophilus 10 71.3 2.10 2 .4

105.8 1.60 4 .7

53.0 2.25 1 .7
B. stearo therm onhilus 2184 73.0 2.25 2.3

103.0 1.64 4 .5
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Table 2 . Sedim entation c o e f f ic ie n ts 9 d if fu s io n  c o e f f ic ie n ts ,  and 
m olecular w eights o f  the  ribosomes from area  p lo ts .

Organism sa«(S) D*o
(cm8/se c  x 107)

Mol. t f t .  
(gm/molexlO” 6)

B. lichen ifarrcds

29.8
49 .4
76.0

100.1

2.65
1.95
2.25
1.55

8 .0

1 .9
2 .4
4 .6

58.6 2.05 2.0
B. pumilus 73.7 2.11 2.5

90.2 1.30 5 .0

46.6
B. sjp. (X-l) 65.2 2.19 2.1

84.0 1.54 3.9

52.8 2.26 1 .7
B. stearo therm ophilus FJW 70.1 1.93 2 .6

102.8 1.68 4 .4

54.7 2.66 1 .5
B. stearo therm ouhilus 10 71.4 2.10 2.4

105.1 1.50 5 .0

53.1 2.33 1 .6
B. stearo therm ophilus 2184 74.0 2.25 2 .4

102.0 1 .70 4 .3
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v ario u s  a re a s .

As f a r  as the  d if fu s io n  c o e f f ic ie n t  i s  concerned, th e re  

appears again  to  be no major d iffe ren ce  between the  ribosomes 

from th e  m esophiles and those from the  therm ophiles.

M olecular w eights o f  the  Ribosomes

The m olecular w eight o f  a macromolecule can be c a lc u la te d  

from i t s  sed im entation  and d if fu s io n  c o e f f ic ie n ts ,  u sing  the 

Svedberg eq u a tio n , as d escribed  b e fo re . The r e s u l t s  a re  shewn 

i n  Tables 1 and 2 . The d e n s ity  o f the  so lv en t was measured w ith  

a Weld pyenometer a t  3 0 .CPC, and found to  be 0.9963. The d en s ity  

o f w ater a t  th a t  tem perature i s  0.9956. Hence the  r a t i o  o f

P  so lv en t^ P  H 0 30.0°C i s  1.0007. Since th e  so lv en t i s  a

d i lu te  aqueous s o lu tio n , th is  r a t i o  i s  e s s e n t ia l ly  independent o f 

tem perature over a narrow range o f tem peratu res. Consequently, 

the d e n s ity  o f  the  so lv en t a t  2 0 .CPC can be c a lc u la te d  from th is  

r a t i o  and the  known d e n s ity  o f  w ater a t  20.0°C. The value c a l­

cu la ted  and used in  the  Svedberg equation  i s  0.9989.

The p a r t i a l  s p e c if ic  volume was c a lc u la te d  from the 

com position o f  the ribosom es. Stenesh and Tang (13) have shown 

th a t  a l l  o f the  ribosom al p rep ara tio n s  c o n s is t  o f about ^5$ RHA 

and 55$ p ro te in . Since th e  various ribosom al p a r t ic le s  a re  

g en e ra lly  q u ite  s im ila r  i n  th e i r  co n ten t o f p ro te in  and RNA, the 

p a r t i a l  s p e c if ic  volume (v) can be c a lc u la te d  from the  above 

com position d a ta . Assuming a f  value o f  0 .7^ fo r  p ro te in  and
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0.57 fo r  ENA (25)» the  v fo r  the  ribosomes tu rn s  ou t to  be

0.66 ml/gm.

The c a lc u la te d  m olecular w eights a re  given in  Tables 1 and 2 .

I t  can be seen th a t  th e  70 S ribosome has a m olecular w eight o f 

about 2*5 m il l io n . This v a lu e , and the  values fo r  the  o ther 

ribosom es, a re  s im ila r  to  those re p o rte d  fo r  the  ribosomes o f  

E . c o l l  (1 5 ). Again, th e re  was no major d iffe ren c e  between the  

m olecular w eights o f the  ribosomes from th e  mesophiles and those 

from th e  therm ophiles»

The ww.Trf.wmm e r ro r  in  th e  m olecular w eight fo r  the  70 S 

p a r t ic le  i s  estim ated  as  being t  J$>9 based on an estim ated  maximum 

e r ro r  o f  t  0.3% fo r  th e  sed im entation  c o e f f ic ie n t  and an estim ated  

maximum e r ro r  o f  *2.5% f o r  the  d if fu s io n  c o e f f ic ie n t .  The 

maximal e r ro r  fo r  th e  o th e r ribosom al p a r t ic le s  a re  o f a s im ila r  

m agnitude.
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SUMMARY

Ribosomes were is o la te d  from s ix  s t r a in s  o f  B a c illu s . Three 

o f  th ese  were m esophilie  s t r a in s  $ B. lieh en jfo ra fls  (HRS 2^3) $

B. p u r lin s  (MRS 236) ,  and B. sp . (X - l) , and th re e  were thermo­

p h il ic  s t r a in s  s B» stearo therm ophilus (FJW, 10 , 218*0.

A ll the  ribosome p rep ara tio n s  were shown to  co n ta in  a 

rib o n u c lease  a c t i v i ty  s im ila r  to  th e  one found in  a sso c ia tio n  w ith  

many o th e r ribosom es.

S tud ies on th e  ribosome breakdown showed th a t  the  ribosomes 

from th e  m esophiles a re  le s s  s ta b le  a t  tem peratures above 60®C 

than a re  those  from th e  therm ophiles.

The sed im entation  c o e f f ic ie n ts  o f  the ribosomes were 

determ ined and the  ribosomes were found to  have components w ith  

sedim entation  c o e f f ic ie n ts  o f  30, 5 0 ,  7 0  and 100 S, which a re  

s im ila r  to  those  re p o rte d  fo r  h th e r ribosomes from B a c illu s .

D eterm inations o f  the  d if fu s io n  c o e f f ic ie n ts  o f  the  

ribosomes were a lso  made.

The m olecular w eights fo r  th e  various components o f the 

ribosomes were c a lc u la te d  according to  th e  Svedberg eq u a tio n , 

using  th e  da ta  ob tained  fo r  the  sedim entation  and d if fu s io n  

c o e f f ic ie n ts .  The monomers (about 70 S) had a  m olecular w eight o f 

about 2, 5 m ill io n , which i s  c lo se  to  th e  m olecular w eight o f  E . c o l i  

70 S ribosom es.

38

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



The ribosomes from the  mesophiles d id  n o t d i f f e r  

s ig n if ic a n t ly  i n  th e i r  physica l param eters as compared to  the 

ribosomes from the  therm ophiles.
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