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Influence of Cell Disruption Methods on Polyuridylic Acid Dependent Polyphenylalanine Synthesis  
by Isolated Ribosomes  of Mycobacteria 

In  prev ious  papers  we descr ibed the  isolat ion and  
ident i f ica t ion  of mycobac te r i a l  r ibosomes  and  eva lua t ed  
some of t he  var iab les  in a t e s t  sy s t em for d e m o n s t r a t i o n  of 
the i r  po lypheny la l an ine  syn thes iz ing  ac t iv i ty  in v i t ro  1,~. 
F r o m  these  e x p e r i m e n t s  i t  became  ev iden t  t h a t  care m u s t  
be exercised in  t he  cond i t ions  for d i s rup t ion  of cells, be- 
cause some factors  of t he  d i s rup t ion  t echn iques  m a y  exer t  
d a m a g i n g  effects  on the  biological ac t iv i ty  of isolated 
in t racel lu lar  componen t s .  The p re sen t  pape r  descr ibes  a 
compar i son  of t he  2 m o s t  c o m m o n l y  emp loyed  d i s rup t ion  
t echn iques  for the i r  effect iveness  in p r epa r ing  biologically 
ac t ive  subcel lular  f rac t ions  of mycobac te r i a .  

Mycobaaerium boris (BCG) cu l t iva ted  as a pellicle on 
S a u t o n  m e d i u m  was ha rves ted ,  washed ,  f rozen and  s to red  
a t  -- 20 °C. E q u a l  por t ions  of t he  bac te r ia l  mass  was  e i ther  
g round  wi th  a lumina  powder  (Norton abrasives ,  Worces ter ,  
Mass.) in a pre-chi l led mor t a r  a t  4 °C for 10 rain (fract ions 
des igna ted  'A') or for 25 min  (fract ions des igna ted  'B')  or 
were  d i s rup ted  in a Ribi  Ref r igera ted  Cell F r a c t i o n a t o r  
(Model RF-1 ,  I v a n  Sorvall  Inc.,  Norwalk,  Conn.) a t  
20.000 to a t  t e m p e r a t u r e s  ranging  f rom - 5 to  4°C frac- 
t ions  des igna ted  'R ' ) .  R ibosomes  and  s u p e r n a t a n t  (S-105) 
f rac t ions  were  isolated f rom all por t ions  following pro-  
cedures  descr ibed previous ly  ~,~. The pep t i de  syn thes iz ing  
capac i ty  of the  isolated r ibosomes  was  compa red  in a 
s y s t e m  deta i led  previous ly  ~ using po lyur idy l ic  acid as an 
art i f icial  messenger  R N A  coding for po lypheny la lan ine .  
S tudies  were  m a d e  b o t h  wi th  homologous  t e s t  sy s t ems  (in 
wh ich  r ibosomes  and  S-105 f rac t ions  came  f rom t h e  same 
cell d i s rup t ion  procedures)  and  wi th  he te ro logous  sys t ems  
(r ibosomes and  S-105 f rac t ions  f rom di f ferent  d i s rup t ion  
procedures) .  The  rad ioac t iv i ty  resul t ing  f rom t h e  incorpo-  
r a t ion  of ~4C-l-phenylalanine in to  t he  ho t  t r ichloracet ic  
acid (TEA) insoluble  f rac t ion  was measured  by  the  l iquid 
scint i l la t ion m e t h o d .  In  1 e x p e r i m e n t  a compar i son  was  
m a d e  be tween  the  syn thes iz ing  capac i ty  of f reshly  isolated 
f rac t ions  and  those  s to red  for 24 h in a buffer  con ta in ing  
0.006 M f l -mercap toe thano l  a t  4 °C. 

The resul ts  are summar i zed  in t h e  Table.  No s ignif icant  
dif ferences  were  observed  in po lypheny la l an ine  syn the -  
sizing ac t iv i ty  b e t w e e n  homologous  sys tems ,  p r e p a r e d  
f rom BCG cells, h a r v e s t e d  a f te r  11 days  (exper iment  No. 1) 
or 18 days  of cu l t iva t ion  ( exper imen t  No. 2). Age of t he  
cells used was  p r o b a b l y  the  m a i n  reason  for dif ferences  in 
the  ac t iv i ty  of subcel lular  f rac t ions  be tween  these  2 exper i -  
ments ,  This  is in accord wi th  a prev ious  obse rva t ion  2. 
Consider ing the  he tero logous  sy s t ems  i t  can  be seen  t h a t  
the  combina t ion  of r ibosomes  d i s rup ted  in the  pressure  
cell w i th  S-105 f rac t ion  f rom BCG ground  wi th  a lumina  
in a m o r t a r  led in b o t h  e x p e r i m e n t s  to  a s ignif icant  en- 
h a n c e m e n t  of t he  incorpora t ion  ra te .  The oppos i te  combi-  
n a t i o n  (RibA + S -- 105R), on the  o the r  hand ,  exh ib i t ed  
a s igni f icant ly  reduced  ra te  of incorpora t ion .  The ac t iv i ty  
of f rac t ions  resul t ing  f rom gr ind ing  in a m o r t a r  for 10 rain 
did n o t  differ f rom t h a t  ob ta ined  gr ind ing  for 25 min.  
S torage  for 24 h was followed by  decreased  ac t iv i ty ,  as 
was  r epo r t ed  previous ly  ~, b u t  the  above  m e n t i o n e d  differ-  
ences in ac t iv i ty  of he tero logous  sys t ems  were  ma in t a ined .  

The essent ia l  d i f ferences  in the  d i s rup t ion  t echn iques  is 
t h a t  one consis ts  of exposure  of a bacter ia l  mass  to  h igh  
pressure  (20,000 ~ = 1,361 atm),  followed b y  slow release 
t h r o u g h  a needle  valve  a t  control led  t empe ra tu r e s ,  whi le  
t he  o the r  employs  gr ind ing  in a chilled m o r t a r  w i th  alu- 
mina .  One i n t e r p r e t a t i on  ot t he  resul ts  of these  exper i -  
m e n t s  is t h a t  each t echn ique  m a y  exer t  a ha rmfu l  effect  
on a par t i cu la r  t a rge t  s t ruc ture .  Condi t ions  in the  pressure  

cell m a y  have  af fec ted  c o m p o n e n t s  of the  S-105 fract ion 
con ta in ing  ma in ly  ac t iva t ing  enzymes .  A cons iderable  
a m o u n t  of work  has  been  done  on the  effect  ol pressure  on 
the  ac t ion  of a n u m b e r  of in t racel lu lar  enzymes  3. Values 
above  500 a t m  exer t ed  s t ruc tu ra l  and  funct ional  changes  
in p ro t e in  molecules  and  d a ma g e  of p r o t e o s y n t h e s i z i ng  
po lysomal  sys t em 4-~. Our expe r imen t s  failed to  prove  
evidence of a l t e ra t ion  of r ibosomes  in the  pressure  cell in 
a ~yay t h a t  would  impai r  t he  b ind ing  of po lyU.  The  low 
values  for endogenous  incorpora t ion  of ~4C-l-phenylala- 
nine prec lude  d rawing  conclusions of the  high pressure  
effect  on na tu ra l  messenger  R N A .  

Gr inding  frozen cells w i th  abras ive  par t ic les  m a y  ~e  
fol lowed by  d a m a g e  to  the  in t eg r i ty  of po lysomal  com- 
plexes.  W e  h a v e  obse rved  t h a t  in tens ive  g r ind ing  of cells 
leads to  r educ t ion  of 70S r ibosomal  m o n o m e r s  and  to  an 

Incorporation of 14C-l-phenylalanine into hot TCA insoluble peptides 
on ribosomes isolated from BCG using different disruption techniques 

System Fresh prepared Stored 24 h at 4 °C 

Complete Without Complete Without 
polyU polyU 

Experiment No. 1 

Homologous 
RibA + S105A 8289 ± 1969 99 
RibR + S105R 6318 4- 366 65 

Heterologous 
RibA + S105R 
RibR + S105A 

Experiment No. 2 

Homologous 
RibA + S105A 133 -t- 41 74 
RibB + S105B 159 4- 31 75 
RibR + S105R 663 4- 228 36 

Heterologous 
RibA + S105R 117 -4- 32 35 
RibR + S105A 791 4- 28 46 
Ribs + S105R 78 ± 17 70 
RibR + S105B 832 4- 226 70 

22034- 629 89 
24194-1502 89 

7594- 132 59 
71064-4-1177 103 

All values are epm/mg of ribosomal protein (with standard deviation). 
Rib, ribosomal fraction (pellet after 105,000 g centrifugation washed 
twice). S-105, supernatant fraction afterisolation of ribosomal fraction. 
Subscript -A, fractions prepared from BCG disrupted by grinding 
in a chilled mortar for 10 rain. Subscript -B, fractions prepared 
from BCG disrupted by grinding in a chilled mortar for 25 rain. 
Subscript -R, fractions prepared from BCG disrupted in a RIBI Cell 
fractionator. 
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increase of 30S and 50S subuni ts  as evidenced by  sucrose 
dens i ty  gradients  and ana ly t ica l  u l t racen t r i Iuga t ion  
studies.  I n  the  p resen t  exper iments  we h a v e  no ted  a 
s ignif icant  decrease of ac t iv i ty  in incorpora t ion  sys tems  
composed  of r ibosomes der ived f rom cells g round wi th  
a lumina  and  S-105 fract ions f rom cells d i s rup ted  in t h e  
pressure cell. The  possibi l i ty  of  r ibosomal  i m p a i r m e n t  by  
sharp  abras ives  was a l ready  stressed as a d i sadvan tage  of 
the  o therwise  s imple and conven ien t  m e t h o d  of  bacter ia l  
cells d is rupt ion  in a mor t a r  s. 

In  our  exper iments  these des t ruc t ive  influences were of 
l imi ted extent ,  so t h a t  the  effects were masked  in homo-  
logous sys tems ( taking into accoun t  s t andard  devia t ions  
f rom repl icate  samples).  These des t ruc t ive  effects, how- 
ever,  m a y  be par t icu la r ly  i m p o r t a n t  in detai led funct ional  
studies of enzyme systems a t  the  subcellular  level. 

Zusammen/assung. Der  Einfluss  verschiedener  Desinte-  
g r ie rungsmethoden  yon  Tuberke lbaz i l len  auf  die biolo- 
gische Ak t iv i t~ t  yon  isol ier ten subzellul~tren F rak t ionen  
wird  beschr iebem 
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Mangelnde Reaktivierung reduzierter RNase durch Zajdela-Hepatom-Ascites-Zellen 

U n t e r  gee igneten  Bed ingungen  k6nnen  ak t ive  E n z y m e  
in inak t ive  Pro te ine  umgewande l t  und anschliessend 
wieder  in ihre ursprt ingliche F o r m  regener ier t  werden.  Es  
wurde  gezeigt  1,*, dass nach  R e d u k t i o n  der  Disulfid- 
Bri icken a n d  Aufl6sung der  ter t i i t ren S t r u k t u r  der  RNase  
die R e o x y d a t i o n  un te r  Wiedere r langung  der  biologischen 
Aktivit /~t  m6glich ist. VENETIANER und STRAUB a wiesen 
in Tauben-  und Hi ihnerpankreas  und  GOLDBERGER et  al. 4 
in R a t t e n l e b e r m i k r o s o m e n  ein E n z y m  nach, das den Pro-  
zess dieser R e a k t i v i e r u n g  beschleunigt .  Ausser  den  Mikro-  
somen  werden  noch F a k t o r e n  aus dem Dbers tand  ben6t igt ,  
die keine Pro te ine  sind. 

Es  erschien dahe r  in te ressant  zu untersuchen,  ob die 
Reak t i v i e rung  auch bei H e p a t o m e n  m6gl ich ist. Dabei  
wurde  das  Verha l ten  yon  Hepa tom-Asc i tes -Ze l len  auf  die 
Fgh igke i t  zur U m w a n d l u n g  einer  i nak t iven  ungeordne ten  
RNase  in eine ak t ive  Form gepriift .  Die zur  E n z y m r e a k t i o n  
ve rwende ten  Zel l f fakt ionen wurden  nach  GOLDBERGER 
et  al. ~ hergeste l l t  (Modif ikat ionen:  Durchspi i lung der  
Lebern,  Homogen i s i e rung  im Messer-Bfihler-Homogeni-  
sator).  Die  RNase  (Boehringer  p.A.) wurde  in Analogie zu 
ANFINSEN et al. ~ reduzier t .  Die R N a s e - B e s t i m m u n g  er- 
folgte bet p H  5,0 nach  SPAHR und  HOLLINGWORTH 5. 

Die Za jde la -Hepa tom-Zel len  waren  auf  M~iuse t rans-  
plant ier t .  Die  Normal l ebe r  s t a m m t  v o n  Sprague-  
Dawley- l~a t ten .  Das  I~eakt ionsgemisch bes tand  nach 
GOLDBERGER et  al. 4 aus  reduzier te r  RNase  0,010 rag, in 
0 , 0 5 M  Tris Puffer  p H  7,4 Mikrosomenf fak t ion  8,25 m g  
Pro te ingeha l t  und  U b e r s t a n d  23,6 mg  Prote in ,  gemessen 
nach  LowRY e t  a lp  ira Gemisch.  E n d v o l u m e n  5,5 ml, 
welches bet 37 °C 20 rain inkubier t  wurde.  Es  wurde  jeweils 
gegen einen Leerwer t  reduz ie r te r  R N a s e  in gleicher Kon-  
zentra t ion,  in Puffer  gel6st, gemessen.  Angegeben sind 

Mi t te lwer te  aus  3 Bes t immungen  m i t  /vlaximalabwei-  
chung.  Die in der  Tabel le  angegebenen Wer t e  beziehen 
sich auf  die Ex t ink t ionsd i f fe renz  (bet 260 ~m) der RNase -  
B e s t i m m u n g  vo r  und  nach  der  I n k u b a t i o n  des Reak t i -  
vierungsgemisches.  

Da  das H~tmoglobin eine reak t iv ie rende  W i r k u n g  be- 
s i tz t  ~, wurden  die Lebern  vor  E n t n a h m e  fiber die Pfor t -  
ader  durchspii l t .  I n  unseren Un te r suchungen  konn ten  wir  
die Reakt ivierungsf~ihigkei t  der  Leber  best~tigen.  Dabei  
zeigten sich keine  Geschlechts-  und S tammesuntersch iede .  
Durch  Z a j d e l a - H e p a t o m - F r a k t i o n e n  liess sich nu r  eine 
geringfiigige R e a k t i v i e r u n g  reduzier te r  tZNase nachwei-  
sen, gleichgiil t ig,  ob  die Hepa tomze l t en  auf  R a t t e n  oder  
M~use (tiber Hamste r )  t r ansp lan t i e r t  worden  waren.  

Wei te re  Un te r suchungen  mfissen zeigen, ob es sich hier  
um einen spezifischen Unte rsch ied  zwischen Normal -  und  
Tumorze l len  handel t ,  zumal  bet fr t ihem e m b r y o n a l e m  Ge- 
webe ebenfalls  keine Akt iv i t i t t  gefunden wurdeL  M6gli- 
cherweise ist  ausser der  t~Nase-Akt iv ie rung such  die 
Ak t iv i e rung  anderer  E n z y m e  im T u m o r  beeintr / icht igt .  

Summary. Decreased reac t iva t ion  of inac t iva ted  RNase  
by  microsomes f rom a h e p a t o m a  as compared  to normal  
l iver  was observed and is described in more  detail .  This  
hampered  r eac t iva t ion  of enzymes  in general  m igh t  be 
responsible  for o ther  enzyme  delet ions in tumours .  
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Zajdela-Hepatom Normalleber 

Experiment Extinktions- Experiment Extinktions- 
Nr. differenz Nr. differenz 

1 0,069 4- 0,005 1 0,198 4- 0,003 
2 0,006 :::k 0 2 0,288 i 0,010 
3 0,019 4- 0,008 3 0,236 4- 0,002 
4 0,031 :J: 0,006 4 0,275 =[= 0,007 
5 0,055 4- 0,003 5 0,323 ~ 0,005 
6 0,062 :~: 0,005 6 0,208 q- 0,011 
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