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SUM MARY 

Potassb~m and  ma~.nesium ion concentrat ions  affected the extent  bu t  not  the 
specificity of  bi~di,..~g in vitro of 60-S and  40-S r ibosome subuni ts  to  degranula ted  
rough  microsomal  y+tembranes f rom rat  liver. Scatchard plots  revealed tha t  under  
ionic cond/t ions mos': like?y to resemble those in vivo, the,~flinity constants  for b inding 
60-S subuni ts  were ,~ppro~imately four-t imes greater  t han  those character iz ing 40-S 
subuni t  binding.  Fur ther ,  the extent  to wh:,ch subuni ts  b o u n d  at  sa tura t ion  was close 
to the level of  r ibos )mes  present  ir,~ intact  membranes .  

INTRODUCTION 

Mammali~,n liver rough microsomal  membranes  will, if  pre t rea ted  with 
pu romyc in  and  h, gh concemra t ions  of KCI to  remove a t tached r ibosomes,  b ind  added 
r ibosomes or r ibosome subuni ts  inv i t ro  [1-10]. The in  vitro b inding process is charac-  
terized by its serisitivity to  iahib.ition by high concentra t ions  o f  monova len t  cat ions 
[~ 7, 9, 11-13] ~,nd its fazil i tat ion by the inclusion of  Mg ~ ÷ in the med ium [3, 51. 

Electron micrographs  o f  po lysome-membrane  complexes wi thin  the cell show 
tha t  the 60-S ril:~osome subun+it (but  not  the 40-S subuni t )  is a lways in close proximi ty  
to  the membr~ne  [14]. I t  s~.ms likely tha t  the p r imary  locus of  a t tachment  to  the  
m e m b r a n e  lies on  the  60-8 st~bunit and  evidence to  suppor t  this idea has  come f rom 
in vitro expe r i~en t s  which  h~ve shown tha t  undzr  certain coadi t ions  60-S subuni ts  
[5, 7, 9, 15] aJ:e b o u n d  to  s t r ipped rough  membranes  more  readily t han  are 40-S 
subunits .  F,~'r~her suppor t  comes f rom the fact t ha t  b inding  ot" the  40.S subuni t  is to  
some extent  conti~gent  u p o n  pr ior  b inding of  60-S subuni ts  [7, 10] and  tha t  the rate of  
exchange bL~tween free subuni t s  and m e m b r a n e - b o u n d  r ibosomes is greater for 40-S 
thrm for 60-'!i subuni t s  [16]. 

The  ...~xtetxt of  the cont r ibu t ion  of  the 60-S subuni t  to  po lysome-membrane  
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interaction in vitro is, nevertheless, still unlmown. Other factors, such as nascent 
polypeptide chains, may aiso play a part. As at contribution to the question, we report 
here the determination of &~sociation consteL~ts and extents of binding of  both 40-S 
and 60-S ribosome subunits to stripped rough membranes in vitro. 

M A T E R I A L S  A N D  M E T R O D S  

Unless otherwise specified, all solutions contained 1 mM dithiothreitol and 
were adjusted to pH 7.6 at 20 °C. Tritium-labeled rough microsomal membranes were 
isolated from the livers of  adult male Wistar rats (Oregon State University, closed 
colony) sacrificed 18 h after receipt of  an itatraperitoneal injection of  [3H]leucine 
(0.25 mCi, 40 Ci /mol-  t). Livers were homogevized in 0.35 M sucrose-TKM (50 : 25 : 
1)* and rough membranes were isolated by fisopycnic centrifugation in discontinuous 
sucrose gradients as described previously [17]. Ribosomes wer~ stripped from the 
membrane by incubation for 1 h at 37 °C in a solution containing soluble supernatant 
in 0.25 M sucrose-HKM (25 : 500 : 1)** and p~tromycin (1 mM).  ' ,he  stripped mem- 
branes were isolated by centrifugal itotation in buffered sucrose and freed fi'om 
contaminating materi~-,I by sedimentation through 0.8 M sucrose-HKM (25 : 30 : 1) 
under conditions equivalent to those used for the separation of  membranes from 
unbound subunits in the binding assay described below. 

a2P-labeled ribosome subunits were derived from polysomes, prepared by 
Falvey's procedure [18] from rats which had re,:eived up to 10 mCi [32P]orthophos- 
pha¢e 18 h previously. Monosomes were prepan~d by allowing the polysomes to com- 
plete protein synthesis in the presence of  a mixture of  the 20 amino acids necessv.ry 
(0.9 mM each) plus 1.36 m M  ATP, 0.18 m M  GTP, 18.2 m M  phosphoenolpyruvate,  
0.125 mg/ml pyruvate kinase, 0.25 M sucrose-HKM ( 5 0 : 9 4  : 4) and cell sap (33 "~ 
v/v) for 1 h at 37 °C. ' they were pelleted at 150 000 × g ~or 4 h, suspended, in cell sap 
containing 0.25 M sucrose H K M  (25 : 500 : 2) and incubated with 0.1 mM puromycin 
for 15 rain at 37 °C to terminate any remaining nascent peptide chains. The resulti~.g 
60-S and 40-S subunits were separated on an isokinetic .,mcrose gradient (5-31 ~ )  at 
95 000 ×#  for 1 ! h, precipitatcd with 0.7 vol. ethanol and 8 m M  magnesium acetate, 
dialysed against 0.25 M sucrose-HKM ( 2 5 : 3 0 : 1 ) ,  centrifuged briefly to remove 
insoluble material and stored at - 7 0  °C. 

Binding assays were carried out by incubating known amounts of  subunits anct 
membranes together in 0.25 M sucrose-HKM containing the appropriate levels o f  
KCI and MgC! 2. Membrane-bound subunits were remov¢,:[ by centrifugation and 
assayed for 3H and 32p. Complete details are given in the legend to Fig. 1. 

Membrane RNA levels in intact untreated rough membranes were measured 
by a modified Schmidt-Taunhauser procedure [19] using E~ ~m = 3~ 3. Subunit con- 
centrations were deterrrdned from absorbance measurements at 260 nm using [20], 
E~ t :~ : 135 and molecular weights of  3 - 106 and 1.5 - 10 ~ for the 60-S and 40-S sub- 
units, respectively [21]. 

0.35 M sucrose, 50 m M  Tris,  2S mM KCl,  I mM M!~CI2. pl-I 7.6 at 20 °C. 
** 0.25 M sucrose, 25 m M  N-2-hydrox.vethylpiperazh~t~N'-2-ethane sulfonato, 500 mM KCI~ 

1 m M  MgCI~, pH 7.6 a t  20 °C. 
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R,~.~SULTS 

In order to determine the number  of sites occupied by ribosomes in the intact 
u,,ltrev.ted rough membranes,  the R N A  content  was measured, i t  was 25.1 0/~ w/w of 
to~al T)rote~rl; a value wl,;ch corresponds to 7.3 - 10- s mol ribo';omes per g of mere-+ 
k,r~tne protein (assuming a r ibosome molecular weight of 4.5 × I0 ~ and_ correcting the 
total protein mea~urement for the r ibosomal protein contribution,  assumed to be 48 
'~eig~tt). Any bind.ing values determi:~ed in vitt'o should, in order to be physiologically 
,~igni.ficant, approach but  not markedly exceed this value. 

in vitro binding of 60-S subunits was determined at ,~ number  of potassium and 
maI~es ium concentration~ as illustrated b~ the saturation curves in Fig. 1. In these 
exI:,eriments, membrane  recoveries :ts determined from trit i~m measurements were 
un~t'ormly good, and ranged around ~0 ~o of input+ 

The greatest amount  of bindi]~, was observed at low potassium (30 m M )  and  
high magnesium (5 m M )  concentra'~ions. At  its greatest, it exceeded the levels at 
wbich ribosomes were present irt the original unstr ipped membrane, preparat ion.  At  
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Fig .  I .  S a t u r a t i o n  curves  for  b i n d i n g  o f  60-S sul :uni ts  to ,,+tripped rough  membran©s, s2P-labelcd 
~submlits were  incuba ted  in  0.6 ml  wi th  al-g-labelcd m e m b r a n e s  (200 p g  pro te in )  for 30 m i n  at  37 °C 
in  ~, m e d i u m  con t a in ing  d ia lyzed  cell  sap  f rom 67 m g  rat  l iver *r~nd the  appropr i a t e  sp, lts a n d  butters ,  
T h e  sample  WaLS layered  over  a discontinuour,  buffered sucrose  g rad ien t  con ta in ing  0.8 M (3.2 ml) ,  
l . l  b l  (0.4 ml)+ 1.5 M (0.4 ml) ,  a n d  1 +~ M (0.4 ml)  sucrose  a n d  cen t r i fused  a t  104 000 × g for  
?,0 m i a .  T h e  m ~ m b r a n e - b o a n d  subutl i ts  (which s e d i m o n t ~  more  rap id ly  t h a n  th© excess o f  fre¢ 
~xl~tmlts) were collgct0d a n d  the  o:~t©nt o f  b i n d i n g  was d©tormined f rom the  a m o u n t s  o f  3H a n d  s a p  
p r e ~ n t .  M o m b r s n o  roco'~ery was  es t imated  f r o m  the  3H present .  I t  averaged 80 ~/.. A p p r o p r i a t e  
b l a n k s  con ta in ing  n o  m 0 m b r a n o  wore gun. I n c u b a t i o n  mix tures  a n d  th¢ sucrose  grad ien ts  c o n t a i n e d  

• 0.25 M s u c r e s ,  25 m M  H£1PES a d d  o]io o f  the  followinB sot o f  concen t ra t ions  o f  K C !  a n d  MsCI2  
• ( m ~ ) :  30 : S ( 0 - - 0 ) ;  30 : I ( 0 - - 0 ) ;  100 : 5 ( m - - i O ;  o r  100 : I ( O - - E l ) .  
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more physiological salt con~nt ra t ions ,  that  i~, at high potassium (100 m M )  and ~ow 
magnesium (1 raM), binding leve|s wer~ lov,'el" and approximated those found in 
intact rough membranes. 

In order to compare the relative binding affinities of  60-S and 40-S su bunits as 
a function of  ionic conditions, saturat ion curves were measured at  the extremes of  
potassium and magnesinm ion concentrat ion (30 : 5 m M  and 100 ! I raM).  The data  
were plotted by the procedure of  ~ :a tchard  [22] and are illustrated in Fig. 2. Clearly 
60-S subunits have greater affinity than 40-S for the membrane at  bo th  salt extremes 
but the extent of  binding of  40-S at 30 : 5 m M  is much  greater at satuxati(m. There 
was no evidence for a biphasic component  in the (tara indicative o f  multiple sites with 
different affinities. 

Association constants and levels of  subunits bound  at: saturat ion wt,~re calcu- 
lated from Fig. 2 and from other similar experiments. The results are listed in Table I. 
At a K / M g  ratio of  3 0 : 5 ,  both  60-S and 40-S subunits bound in exce, ss of  the 
number  of  sites exposed upon stripping, However at a K / M g  ratio o f  1 0 0 : 1  the 
saturat ion levels were lower and were very close to  those observed in an int~ct rough 
membrane preparation. At r~ K / M g  ratio of  I00 : 1, equal numbers of 60-S and 40-S 
subunits were bound, but the association constants were notably different. The Ko,~o~ 
for 60-S subunits was at least 4-times ~oreater than that  for 40-S subunits. 
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FiE. 2. Scatehard plots: effect o f  salt concentrat ions on  bindins  o f  4 ~ S  and  40-S subunits to stripped 
rough membranes .  Assays were per formed as in ]FIE. 1. ReEmasion lines were fitted by a lhtear km.~t- 
squares  procedure.  Samples contained the  following subunit,  KCI  and  MI~CIa concentrations:  60-S at  
30 : 5 ( Q - - 0 ) ;  60-S at 100 : 1 ( 0 - - 0 ) ;  40-S at 30 : 5 ( I - - I ) ;  40-S - t  100 : I ( [ 3 - - I 3 ) .  
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"FABLE I 

PARAMETE~S CHARACTERISTIC OF BINDING OF SUBUNITS TO STRIPPED ROUGH 
MEMBRANt ~S 

Experiments were performecl as described under Figs. 1 and 2. Binding parametecs are averages 
(except where indicated*) derived from two or more experiments. 

Subunit :;alt concentration 

KCi (mM) MgCIz (raM) 

Subunits bound at 
saturation 
(mol-g- t  protein- 1 0 ~ ,  ' 

Association 
constant 
( M - I  . 1 0 - 9 )  

60-S 30 5 12.1 8.5 
60-S I00  I 6.3 6.3 
40-S  30 5 19.2"  2 .4  
40-S 100 1 ~.8" ! .2 

DISCUSSION 

The binding assay described here capitalizes upon the large differences in 
sedimentation velocity between microsomal membranes  and free r ibosome subunits.  
The technique is similar to that  described by Rolleston [7] and Khawaja  and  Raina  
[23] with the major  difference being that  membrane preparat ions were labeled with 
[aH]leucine in order to permit calculation of recoveries. 

The data  indicate that  the relative affinities of subunits for membranes  are not 
particularly dependent  upon the ionic environment  but that the extent of binding at 
saturating levels of  subunits  is very dependent upon tile medium. Thus,  at either high 
potass ium : low magnesium (100 : 1 m M )  or low potassium : high magnesium (30 : 5 
raM), 60-S subunits had greater affinity for stripped rough membrane  than did 40-S 
subunits.  These findings are certainly consistent with the model for in r ive  assembly of  
n~embrane-bound polysomes in which at tachment  of  lhe ~argv subunit  to the mem- 
b:'ane is a first step followed by interaction with messenger R N A  and 40-S subunits 
[10]. The difference in affinity constants is, however, not particularly large and prob-  
ably may not be sufficient in itself to account  for the exclusive 60-S at tachment  noted 
;n vivo. Indeed, from the observed salt effects it seems likely that  rather non-specific 
ionic forces drive the interaction and that  other factors must  contribute to specificity 
of  bit: :ling in vivo. 

The one parameter  which was salt dependent was the extent of  subunit  binding. 
Under" ionic conditions close to those supposed to exist in the cell, the membranes  
bounc: levels of  subunits  (5.8-6.3 • 10- s reel • g -  t)  comparable  to those existing on 
unstr ipped rough preparat ions (7,3- l0  - a  m o l .  g - l ) .  However,  at low po ta s s ium:  
high magnesium, binding was much greater, perhaps due to non-specific interaction or 
to binding of dimers, 

This dependence of binding upon the magnes ium conc~ ntrat ion at low potas-- 
slum ion levels may be contrasted with the findings of Borl:;ese et al. [10]. These 
workecs found no change in the subunit  binding to stripped men tbranes upon lowering 
the magnesium concentrat ion from 5 m M  to 1 m M  at any potass ium concentrat ion 
between 25 and  250 mM.  Since the only major  difference in ~:~xperimental protocoit 
r~ppears to be the incubation temperature  (37 °C used here vs..3 °C by Borgese et ~1. 
~I0]), the reasons underlying the difference are not  obvious. 



442 

A C K N O W L E D G E M E N  T 

This work was supported by Grant ES 000404)8 from the National Institute of  
Health. We are grateful for the skilled technical assistance of  Karen Dal-sie and 
Marian Donally. 

R E F E R E N C E S  

1 Suss, R., Blob¢l, O. and Pitot,  H. C. (1965) Biochem. Bioph3,~. Res. Commtm.  23, 299-304 
2 Williams, D .  J. and  Rabin,  B. R.. (1969) FEBS Lett. 4, 103-107 
3 Shires, T. K., N'arurkar,  L. and  Pitot,  H. C. (1971) Biochcm. J. 125, 67-79 
4 Ragland, W. L., Shires, T. K. and  Pi tot , / -L C. (1971) Biochem. J. 121,271--278 
5 Khawaja,  J. A. (1971) Biochim. Biophys. Acta 254, 117-128 
6 Scolt-Burclcn, T. and Hawlroy, A. O. (1971) Hoppe-Svyler 's  Z. Physiol.  Chem. 352, :~75-582 
7 Rolleston,  F. S. (1972) Biochem. J. 129,721-731 
8 Zlatopolskii ,  A. D., Trudol~.~bova, M. G. and  Lerman, M. I. (1973J Biokhimia  38, 124--135 
9 Rolleston,  F. S. and  Mak,  D. (1973) Bioch©m. J, 131,851-853 

10 Borgcs¢, N.,  Mok,  W., Kr~ibich, G. and  Sabatini,  D. D. (1974) L Mol. Biol. 88, 559-580 
11 Scott-Burden, T. and  Hawtrey,  A. O. (1969) Biochem. J. 115, 1063-1069 
12 Sarma, S. R., Vernoy, E. and  Sidransky, H. (1972) Lab. invest.  27, 48-52 
13 Ad¢lman, M. R., Sabatini,  D. D. and Blob¢l, G.  (1973) J. Cell Biol. 56, 206-229 
14 Sabatini,  D. D.,  Tashiro,  Y. and  Palatt¢, (2. E. (1966) J. Mol.  Biol. 19, 503-524 
15 Ekren,  T., Shires, T. and Pitot,  H. C. (1973) Bioch©m. Biophys. R©s. Commtm.  54, 283-289 
16 Borgese. D., Blob¢l, G. and Sabatini,  D. D. (1973) J. Mol. Biol. 74, 615-438 
17 Davis, J. L., Morris,  g .  O. and Tinsley, i .  J. (1973) Biochem. Pharmacol .  22, 869-877 
18 Falve.y, A. K. and Stach61in, T. (1970) J. Mol.  Biol. 53, 1-19 
19 Fleck, A. and Munro,  H. N. (1962) Biochim. Biophys. Acta  55, 571-$83 
20 Tashirt~, Y. and  Siekcvilz, P. (1965) J. Mol. Biol. I I, 149-165 
21 Hamil ton,  M. (3., Pavlovec, A. and  Peterman, M. L. (1971) Biocl:©mistry 10, 3424-3427 
22 Scatchard, G. (1949) Ann.  N.Y. Acad.  Sci. 51,660-672 
23 Khawaja,  J. A. and  Raina ,  A. (1970) Biochem. Biophys. Res. Commun.  41,512-518 


