
- = "  . . . .  " - . . . . .  " " 9 - • :  : : - , - . " . : .  - :  . - i  " .  - ,  . - : " - " " "  " " " ' : -  ' " " " M a  ] 9 7 4  
: - - : - V £ ! ; a m i ~ : . d 4 i l i , n u r i i b e r 2  : . .. : - :  : . ' . ) . .  ' - -  " . : .  / F E B S  7 L E T T E R S  . -  . . . .  - . " r . ~'=.1" : = [" " " • = y " 

' : . .  1 M M U N O L O G ! [ C A L D ] F F E R E N C E  O F  . M I T O C H O N D R I A L  A N D  C Y T O P L A S M I C  

: . : -  - " : " Rm0SOM S,O NZV OS 'Oa :CaASS :- - 

G. I-1AItEP, M A Y E R  a n d  W~ ~ E ~ P E R T  . . : -. 
. . i - ~  . . . : 

- . ,  "'. ".' " . " ' " " " ~ l o c ] * e r l l d e  ~ l e z  ( Y ~ f p e r M I ~ . t  M a n c h e ~ ,  ~ G e r m a n y  .. _ " " - . 

- - : . " -  " ' - -  i - . " " ~ . e - e J ~ c e d  9 2  f e b r u a r y  1 9 7 4  - " - ' " 

1. I n t r o d u c t i o n  
• - - . • . . 

- , a r i d  syn,~hesize:d~ r '  " ~ i ~ n  t h ' e  m i t o c h o n d r i o n ,  whereas  
the p r 0 t e i n s o f  the  ~ t o e h o n d r S a l  adbosomes are syn- 

: t / ies iZedand m o s t  p r o b a b l y  c o d e d  for  outs ide  1he 
m i t o c h o n d f i o n ,  i,e. a t t h e  ~¢yt0plasmi~ ribo,somes and  - .  
7rethe nucl:eu.~ :re,spective]y f f o I  review ~ee [1--3] 
-The nu, clear genmne,Iherefo~-e appears  ~o inc lude  the  
m f o r m a t m n  f o r  the ,,pro ~ems o f  b o t h  mi tochon,df ia l  
and cy top!asmie  r ibosomes.  . 

The  quest ion arises w h e l h e r  the  protein,s belonging 
m these  two  k i n d s  o:f r ibosomes  ~n re la ted  "m the~e 
amino  acid ,sequences. :O~ae !poss!bi~ ty  Io F, m d  an  a n -  " 

• . - - .  . . 

mllat ion.  BAbosomes f r o m  ~ ca/./. B were pr,epzIed 
zee0x,ding to  the  m e t h o d  ,of Sph-in e t  ~d. i[5]. F o r  ~adio- 

' ac t ive  iabe]ha,g, '~. coli  cul tures  i n ,  ~.he],ogafithmie • ; 
g r o w t h  p.hase vcere incubated-w~th  I pCi ]mI  L-z HOeu - 
c'me for .3  hr ,  . . . . .  . . 

An~Jbodi:es against lmiloehondaSal  mad cytop]asm~e 
aSbo~orneZ we le  raised 5m xabbHs b y  ir~:~ecdng aiboso~ " " 
rnal st~spensions emuls i f ied  w i th  e q u a ] , . ~ c o l , ~ m e s  o f  conl- 
plete  Fxenn,d ',s adjuvant .  (Difc% Detimit ,  Mic~higan). 
The rabbi ts  re~:eiv•ed f o u r  suben.,taneous re jec t ions  :of 
3 r a g  ~ ~ b o s 6 m e s a t  Jn te rvah  o f  1 0 d a y s . .  

Qa~mfitadVe immunopree ip i t ad :on  ,was carried out 
in t h e  presence ,of 1.% T r i t o n : X - 1 0 0 a n d  AM, (,0,l M 
NH4 CI ,  0.01-M MgCI~ ,  ,0.,03 M ~ n s - - H C l ,  ,)H 7.2).  

-. swer is ~o check the exis tence o f  se ~uence hDmo]ogies / n c r e ~ i n g  a m o u n t s  o f  a n ~ i s e r n m w e x e a d d e d  .~to a con- 
;by immun0iog ica l  techrfiqnes,  This  was done  w i t h  ,an.- " s,:tant ~m:ount ,of ,  ,antigen :(20D26.0nmuni,t~). T h e  reac- 
tisera against whole  m i t o c h o n d n a l  ,and c y t o p t a s n a e  n-:  , -~on. . imxmres  were  i n c u b a t e d . e l  - :  C fo r  15,hr.  A f t e r  
b0somes. - , " • • " -.. -: ~ .- " .  i " " • . ,cen~fifugati0n, ,~-'e p r e c i p i t a t e s w e r e . w a s h e d I v . i c e  . . 

. Anfisera  against cyt:op]asnfic f i~osornes dO n o t  ? : " ..-x~ifia . i% T:riton X;]  0 0 i n  IAMT aild~,~lr~fio]¥edan"0,2t~ 
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a ~ d  cy top ,~as rmc  no~soz~es~ A .  , t c y t o p l a s r m c  z~bosom:es ,  
B:  M i ~ e h ~ n d ~ a t  r i b . ~ s o m e s .  F o x  a b b x c v i a t i ~ n s  s e e  N b l e  ] .  - 

. , .  • . . . . . . . 

- . • , . .  . . 
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rib0same.s w,e~esuN~e:t.ed:m densi ty  ~zradient cen~ri. 
N,gat,~on. TNs  p:roc,eflure re.~otw,e~-,~ai~¢hondfi~ a n d  

~ .  c o L f  " • - A n f i - ¢  'D.2 

An~i-rn 13.3 -. 

~l~e x ,eae t i~n  _mix ture  e ~ m a l n e a  ~0.3 m~ a m i s ~ i u m .  2 0 D 2 , 5 0 ~ , .  ~ 

~ N ~ s  o f  ra f i ioae~iw¢ly  h b ¢ l e d  f i b o s e m ~ ,  t %  T f i l o n / A M T .  Th.¢ 
l~nal w~]urne  w a s  L 5  ~ml. 

g E T :  - O A 4  M smexese ,  0 . 0 0 2  N E D T A ,  0 . ~ J  M TxN--I-ICt ,  
p H  7 .2 .  

S M T :  0244 M aue ~ ese ,  ~?.03 M MgCI2..  6 . 0 1  .~J T ~ s - H C 1 ,  
p i t  •7.2.  

Am~i-e: a n f i s ~ r n m  aga in~ i  e y l o p l a a r n i c  ~ i b o s o n u e s .  
~ i - r n :  a n f i s ~ r n m  a ~ a e S t  r n i ~ o ~ h a n f i f i M  r i b o s o m e s .  
Conlz ,o ! t  s e ~ ' z m  f z o m  n o n - b n a m n n i z e f l  r a b b i t s .  

Cytoptasm:~c riboso.'nes are no t  p~ecipitated by m~ti- . ~e0imentafion ,coe~fimeIJt~ [7].  T.r~•. is shown m fig:- - 
s e r u m  ~ g a i n s t  . . , - n i l o c h o n d ~ b a t  r i b o s o m e s .  T h e  r o d n U t e  -2; F i E J 2 A  z, e p ~ e s e n i s  a g r z d i e n t  p x , o f i l e ,  o f  r n ~ t o a h O ~ -  

mno.unt .~f r ibosomes f o u n d  in Ihe immun,opre.ciNta~e - ,d~al fibese,mes ( m o n o m e r  73S) .  fig, 2C a:..~.ai~eni " -~ 

i~ thi:~ e ~ e  (era 1%) i~f~e  same as ~ 4 N  conii,01 se~a " " p lONe o f  e N o p i a ~ m ~  ribosc~mes,{rnonumer-778): I n  • 
f r o m  non- immunized  rabbi~s, On *he ,0the~ hand,  an- f ig  2B a mLxtn~e o f  b o ~  ~ y p e s  o f  r ibosomes is ,centfi- " 
,iisernm iagainSt cytoplasmic  f ib0somes pxecipitates a fuged. The sl ightly f,~ster m,~w}mg-fyl_opl~smie ribo~. " 
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Fig. 2. Density i ~ d i e n t  centrifugaHon o f  m| tochoudria l  and  
cytoplasmic ribosomes. A- Mitochondrial  r ibosomes;  B; Mtto- 
chondri~ 1 + cytoplasmic ribosomes; C: Cytoplasmic ribo- 
somes. Cradicnl  c,m dfugation was performed as describc~! 
previously | 4 ] .  T.: ~mdients were p u m p e d  through a flow 
cell a~ld the  absoq r m at 260 nm was recordcd. 
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s m a ~  shou l ,de r . in  ~:he 7 3 S . . r e g i 0 m  ~ Ai-yt ibodies aga ins t  cy-:; : _ ~ .ag. l w i t h  n a h  o c , n o n ~ a l x i b . ~ s 0 m e s .  ~.n:~ :Ne.~.,_o~t~ra- -. 
t o p l a s m i C  r a b o s 0 m e s  a r e  a b l e t o  P ree ip i t a t , e  7 0 = . 8 f f ~ :  . ;:. : : I 9 ] :  Althohgb._~.~ere=a~e many . fU#cgm' !a l - z i r rAla~f i e s i :  .- 
.of f h e  r i b o s o m e s  f r o m  s ixth  ;a p ! e p a r a ~ i o n ,  whei :eas i :  - : . . "  - b e i w e e n  m i t o e l m n d ~ a l  N b o s 0 m e s . f . r 0 ~  :.egqaryotes and : 

. w i ~ h - a n t l s e r a : , ~ g a i n s _ t n a i t o : ~ l a o n ~ a b a l a b b 0 : s o m ~ s , e a ~ i l b : - - ; ;  ~ i bad±eiiai:: ~ b 6 ~ i m e s , , (  f o rxev i eW~ee -  ~ l ] . ~ .~th~ -corxes. .. . ! 
2 ~ . - o f  ,,the t o t a I . , r i b ~ s o m e s : a r e  p r e c i p i t a t e d  (~e) t~able ,  ~ o n : ~ g . r i b o s o m N  p ro-teiriz a p p a r e n t l y  do - ' nm~zhare  - : 

- 1 ) .  ,In. a g r e e m e n t , f h e  ~ e l d  : o f  ~ b o s o m e s  ( r e ~ a ~ e d  t o  " " " s i ~ C a n t e 0 m m o n  se~!nenc~z~-mberg l  ina  a n d  Sus ,  • ' - 

r a i t o c h o n d r i N . p : o ~ e i n )  is :about. 4 - g  '~nae.s Nghe : r - f~om . .  t ~ c l  [ 1 7 ]  h a v e  xepe r~e :d . tha t  m ~ m r a u r  ~di~u~i~n-.  ; - 
- rn i iochon .d r i a  w h i c h  ~ e r e  p r e p a r e d  in: t h e  p ~ e s e n e e  o f .  -i:. .~..est~ ~pur.  f o r m a t i o n  be~.ween m~tigeraa- , ,a i~i t  c y t o p ! a s -  
M ~:',, i f  c o m p a r e d  'to r n i t o c h o n d r i a  p r e p a r e d  i n  t h e  = " " m i e  r i b 6 s 0 m a l - u r 0 ~ e i n s  ~?2Vec~s~spora ~ n d  i~ coli 15- 
p r e s e n c e  o f E D T A .  T h e s e  o b s e r ~ a t i ~ a s  d e m o n s . t r a t e  " b u s o m a l  p r o t e i n s  o c c a s ,  t - lowe~ex,  suu:- f o x m a f i o n : . .  
t h a t  ,u2¢~oplasrni¢: r]bosomes:eon~-an~'~nate r n i t o e h 0 n -  " .- ." b e t w e e n  . a n ~ e n a r n : a ~ _ s t ~  coli15bos~3m~, p~o~einz : 
,dxial N b o s o m e s , t ~  a . ~ e ~  Mgh/de .~ree  i f  Mg  z~ is pro-  " . . a n d  Neuro~porac3rtOplnmaie r ibOSomal  p r o t e i n s  ~ a s  " 
s e n t  i n  t h e  ~so la t ion  m e d i u m  fo~ m i t o c h o n d r i a ,  no t .  s e e m . T h e  do.tO i n  ~h:? r e p o r t . s e e m  n o t  :to b e  .de- . 

T a b l e  1 i n c l u d e s  d a t a  ,on ,the. r e a c t i o n  .of  ~ coli ~m3ed , e n o u g h t o  , ~ . o w  i h e  c .onc lus ion . f l~a t  a ~:ross:xe- 
~ : b o s o m e s  w i t h  a n t i s e r a  agains t .mi toc!hondr ia~]  a n d  cy -  . a c t i o n  ~akes  p l a c e .  ~u_n~e r  stu:daes ~ r ] t h b n m u n 0 d i f f u -  
I o p l a s m i c  r i b o s o m e s  f r o m  Neurospora. O b v i o u s l y ,  s i o n  I e s t s  a re  mecessa ry  : o  c l a r i f y  i b i s  p o i n t .  
~ ~here  is  n o  c ro s s  r e a c t i o n  b e t w e e n  ~hese an~ l se ra  a n d  I n  c o n d u s i 0 ~  ~v: ;ugh-l~e.  p ro~eing  Of b 0 t h . ~ . i t o - :  
E. roe i b b o s o m e s ,  " ch0n :d r i a l  a n d  c y ~ o p i ~ e  g b o s 0 m e s  a r e  m a d e . a t - t t ~ e  

• " ,~ j~ to1~i i~smic  r i b ~ o m e S  a n d  a r e  p r o B z b l )  c - ~ a e d . f O ~ r  ~ : 

~ h e  n u t ] e a r  g e n o m e . . ~ h e y  a p p e a r  n o ~  t o . b e  s i g ~ ' d ' f i ~ n ~ -  

" . I t  c a r m o r  1~  ~ec_',cted whet~e.z .  .4. D i s c u s s i o n  i y  r d a t e d  ~ s t r u c t u r e .  " ' " 
. . . .  " " l h e  g e n e s  f ~ r  m i t o e h c n d r i f f t  a n d  c y t o p l a s m i c  abbozo: . 

T h e  d e t e r m h ~ a t i 0 n  o f  i ~ m u n o l o g i c a l  ,cross r.eac- r e a l  p ~ o t e m s  a re  d e m ' e d  f x o m - ~ w o  ~ f i e r e n t  s e t s  ~ f  
t i o n  is  a s e n s R N e m e t h o d  ~ de~ee t  s e q u e n c e  h o m ~ l o -  g e n e s  o r h a v e  e , ~ ] v e d  f r o m  a ~ :n ique-se t  o f  genes i i a -a  
g~es ~n p r o t e i n  s. ] n  t h e  spec ia l  ca se  o f  r i b o s o m a l  p r o ;  w a y  t h a t  n o  rno~e c o m m o n  s e q u e n c e s  m'e l e f t ,  
r e in s  ,this has  b e e n  .dernon~tra-t, ed  w i t h  ~ a e i e r i a  ~8=2! '0] .  " - " 
A n t i b o d i e s  a g a i n s t . t h e  i n d i v i d u a l  r ib~som.a l  p r .o te ins  . • " • " " - " . " . . . .  " 
:can b e  xai~ed:in-a3bb~s by  i n 3 e e ~ g  ~ "hole .abbo- Nek~-~w]edge]r~ents  . . . .  " " - ._ . .  
~ s o m e s I l l ] ,  - " : - : .  . " . . .  :~ " " : - . .  

T h e  r e su l t s  prese~:~ed h e r e  s h o w  t h a t  un,tiSe~a - T h e  a u t h o r s  a~e :gra~.e~gut t o  Dr .  S. Werne~-'z%x h e l p  
aga ins t  c y t o p l a s m i c  . r : bosomes  d o  n o t  c r o s s  r e a c t  w i t h  a n d  ~ g g e s t i o n s ,  T ~ s  w o x k  w a s  s u p p o r t e d  b y  t h e  
n~ito~_mn:driat  r i b .o somes  a n d : a n t i s e r a  agalns~ r a i t o -  D e u t s c h e .  F ~ r s c h u n g s g e m e i n s c h a f ~ ,  S e h ~ v e r p u n k t p r o -  
c h o n d r d a l  abb0somes  d o  n o t  c ross  r e a c t  w]fla c3~0pI~ ~ . . . . . . . . .  " " - " " ' " ~r ,amm B~oc~em~e. d e r  M o r p h o g e n e ~ e . .  . .. 
ani.e r i b o s o m e s .  T h i s  sugges t s  t~hat t h e x e : a r e  n o  si~ai-  " • " " : " . :- - • i . :  .- ' 

:seq e  e the i . :-::. _-._ : : ::.....- i :-:_. :-.:. 
o f  t h e  l w o  ' types  Of  ~ b o s o m e s ,  This.'. c o n f i r m s  a n d  ex-  " " 

. . . .  R e ~ e r e n e e .  t e n d s  .ear]Jet :fin ~dings ~hat  ~he gel  e l e e ~ r o p h o ~ e t i c  . ~ . . . - ..- : -  . . . . .  - " :  -: ..;:~ 
i b a t t e r n s : o f z n i t o c t - t o n d r i a i a n d c y t o p l a s m i ~ a = i b o s o m a l  ' .  . . - .  . . - :-- - : _  :... : . . - . . - . . - . v  

- p r o t e i n s  f r o m  v a r i o u s  o r g a n i s m s  zr.e d i f f e i e n t  112  -= " I l l  ~B~/-~_, P ;  al2a ~fi~ze]l, L .  A . .{ ]~)71)  F ~ B S  Le~:rJ[el'S i S ,  

15]. . , .Also, p r o , t e ~ s . f r o m  m i t o c h o n d r i a l  a n d  c y . t e p l a s -  . . 7z-=~s~ " - - - . • : . .- : . . .  - . . . . .  " . . . . . . . . . . .  I2] K ~ t z e l ;  H. (1971)  C~rt2 Tol~. Nicr0bial ,  lmmuno] .  54, 
~ e  i b b b s o m e s  o f , N e u r o s p o r a  b e h a v e  d i f f e , ~ e n f f y u p o n -  : 9 4 .  " ~: : " . . . .  :~ " :.. : " ::-- . " ' " : . . .  

. c h T o m a t o g r a p h y  ,on c : a r b o x y m e , l h y l  : c e l l u l o s e , c o l u m n s  - " .  i3]  ~ors't; P: : ' {a '972)  A n n : : ~ e ~ :  ~iOc:h~m, 4 a .  333~o_,7:6. - . . ,  
{ ]  6 ]  < ::; :. " . . •  " " ' " "  " : l " " O " r " " " " " - "  : . . . .  1 4 ]  Mie lae l , -R .  ~ N e a p : e i t ;  ~ z . : f l g v 3 )  E u r :  J ,  B i g h o r n ,  3 i : . ;  . 
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: . a n t i b o d i e s  a g  "aip.s. i m i t o e h o n d r i a l : r i b o s o m C s  Cross r e a c t  ' . ..16].03aia,.~..~a:_:aa~arai; G : 0 9 9 2 )  3:IXloI2.BM-:6.5,-.:: .... • 
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