
15.10. 1974 Specialia 1149 

as well as energy  m e d i a t e d  processes: The  resu l t s  o b t a i n e d  
in th i s  research  has  been  c o m p a r e d  to o the r  well  k n o w n  
t r a n s f o r m a t i o n a l  sys t ems  to  d e t e r m i n e  if di f ferences  
could be de tec ted .  

Materials and methods. The  p rocedure  used for t he  
p r e p a r a t i o n  and  i so la t ion  of s t r e p t o m y c i n  (STR) r e s i s t an t  
m u t a n t  was  s imi la r  to  o the r  invest igators16,1L Trans -  
f o rma t iona l  e x p e r i m e n t a t i o n  has  been  descr ibed  elsewhere 
w i t h  mod i f i ca t ion  for t he  S T R  m a r k e r  is. S e r u m  was no t  
emp loyed  in the  d e v e l o p m e n t  of c o m p e t e n t  cells and  
t r y p t i c a s e  soy b r o t h  w i t h  added  yeas t  e x t r a c t  (0.35 %) was 
a lways  used in t he  t r a n s f o r m a i o n  m i x t u r e  w i t h  STIR 
DNA.  The  m i n i m a l  i n h i b i t o r y  c o n c e n t r a t i o n  of chlor-  
amphenico l ,  sod ium per ioda te ,  a n d  D-cycloserine were 
d e t e r m i n e d  accord ing  to  t he  m e t h o d  of GROOVE and  
I:~ANDALL 19. C o m p e t e n t  cells were exposed to  these  
c o m p o u n d s  (ch loramphenico l ,  D-cycloserine, and  sod ium 
per iodate)  for on ly  30 ra in  du r ing  t he  l a t t e r  pare  of t he  
log phase.  F r o m  th i s  po in t ,  t h e  t r a n s f o r m a t i o n  was 
comple t ed  as descr ibed  18. For  t he  d i n i t r o p h e n o l  experi-  
men t ,  t he  c o m p o u n d  a t  a p resc r ibed  c o n c e n t r a t i o n  was 
added  d i rec t ly  to  t he  t r a n s f o r m a t i o n a l  mix ture .  

Results and discussion. V a r y i n g  c o n c e n t r a t i o n s  of 
c h l o r a m p h e n i c o l  were added  to  N. catarrhalis NE-11  cells 
g rowing  in t he  c o m p e t e n c e  d e v e l o p m e n t  phase  (log 
phase)  because  th i s  phase  is t i le one m o s t  a f fec ted  b y  
inh ib i t o r s  of p ro t e i n  syn thes i s l ,  8,~~176 D N A  was 
t h e n  a d d e d  a f t e r  30 m i n  exposure  to  t he  inh ib i to r .  The  
resu l t s  of i n d e p e n d e n t  e x p e r i m e n t s  of va r ious  concen t r a -  
t ions  of c h l o r a m p h e n i c a l  are shown  in Tab le  I. Con- 
c e n t r a t i o n s  of c h l o r a m p h e n i c o l  r a n g i n g  f rom 0.10 to 5/zg/  
ml  caused increas ing  i n h i b i t i o n  in t r a n s f o r m a t i o n  
f r equency  f rom 18.0 to  87.6% respec t ive ly  w i t h o u t  
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loss in  cell v iab i l i ty .  These  resul t s  show t h a t  N. catarrhalis 
NE-11 S T R  t r a n s f o r m a t i o n  is d e p e n d e n t  on p ro t e in  
synthes is .  

Log phase  cells were exposed to  v a r y i n g  c o n c e n t r a t i o n s  
of sod ium pe r ioda te  in a s imi la r  m a n n e r  as t he  chlor-  
amphen ico l  e x p e r i m e n t  to  d e t e r m i n e  if cell wal l  a l t e r a t ion  
would  affect  t r a n s f o r m a t i o n a l  f r equency  of N. catafrhalis 
NE-11.  The  resu l t s  of i n d e p e n d e n t  s tud ies  t h a t  sod ium 
pe r ioda t e  c o n c e n t r a t i o n s  r a n g i n g  f rom 2 X l0  -3 M to  
2 • 10 .2 M caused a m a r k e d  decrease  in  t he  n u m b e r  of 
t r a n s f o r m a n t s  (Table  I I )  w i t h o u t  loss in  v iab i l i ty .  
A p p a r e n t l y  t he re  are s i tes  p re sen t  on  t h e  cell wal l  
surface of N. catarrhalis NE-11  wh ich  i lecess i ta te  t r ans -  
f o r m a t i o n  as h a v e  been  shown  w i t h  o the r  sys t ems  15, 21, 2, 

D-cycloserine i n h i b i t i o n  was conduc t ed  s imi la r  to  t he  
ch lo r amphen i co l  e x p e r i m e n t  to  d e t e r m i n e  if an  an t i -  
m e t a b o l i t e  which  in ter feres  w i t h  t he  f o r m a t i o n  of 
g lycopept ides  w i t h i n  t he  cell wal l  would in te r fere  w i t h  
N. catarrhalis NE-11 in t raspec i f ic  t r a n s f o r m a t i o n .  Only  
1 c o n c e n t r a t i o n  of the  an t ib io t i c  was  used (5000 ~g/ml). 
An average  of 3 d i s t i nc t  e x p e r i m e n t s  showed 66.5% 
reduc t i on  of t r a n s f o r m a t i o n  w i t h o u t  a n y  loss of cell 
v iab i l i ty .  

In  t he  d i n i t r o p h e n o l  expe r imen t ,  t he  i n h i b i t o r  was 
added  d i rec t ly  to  t he  t r a n s f o r m i n g  mix tu re .  As in t he  
D-cycloserine expe r imen t ,  on ly  1 c o n c e n t r a t i o n  of d in i t ro-  
p h e n o l  was  used (0.03 M).  A 100% i n h i b i t i o n  of t r a n s -  
f o r m a t i o n  was obse rved  w i t h o u t  loss of cell v iab i l i ty .  
This  ind ica tes  t h a t  poss ib ly  t he  D N A  which  has  become  
DNAse  insens i t ive  du r ing  t r a n s f o r m a t i o n  has  no t  passed  
t he  cell m e m b r a n e  b u t  m a y  be  t r a p p e d  in t he  ex t ra -  
m e m b r a n e  space u n d e r  t he  cell wall1, 2. 

Zusammen/assung. Nachweis ,  dass  die T r a n s f o r m a t i o n  
von  Neisseria catarrhalis sich m i t  A n t i b i o t i k a  und  
Chemika l i en  h e m m e n  l~isst, die ihrerse i t s  die Eiweiss-  
u n d  Ze l lwandsyn these  h e m m e n .  D a r a u s  wi rd  geschlossen, 
dass  Eiweiss-  u n d  Ze l lwandsyn these  zur  T r a n s f o r m a t i o n  
n6 t ig  sind.  
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Nuclear  R N A  and Protein M e t a b o l i s m  in Lethal Heterospeci f ic  A m o e b a  

The  he terospeci f ic  cells o b t a i n e d  b y  the  nuc lea r  t r a n s -  
p l a n t a t i o n  b e t w e e n  Amoeba proteus (P) a n d  Amoeba 
amazonas ( A ) a r e  non-v iab le .  I n  t he  he te ro t rans fe r s ,  P 
nuc leus  i n t r o d u c e d  in to  the  enuc lea te  A cells (PnAe) 
a lways  resu l t  ill t h e  d e a t h  of such  ceils w i t h i n  24 h. On 
t h e  o the r  h a n d ,  w h e n  A nucleus  is i m p l a n t e d  in to  an  
enuc lea te  P cell (A~Pc), t he  h y b r i d s  die w i t h i n  15-20 days  
w i t h o u t  a n y  divis ion.  These  AnPo ceils e x h i b i t  normal ,  
v is ib le  cell ac t iv i t i es  for 6-8  days  a f te r  t h e y  are m a d e  
h y b r i d s  b u t  g radua l ly  fail to  c a p t u r e  food o rgan i sms  a f te r  
t h a t  per iod.  Thus  i t  seemed of i n t e r e s t  to  i nves t i ga t e  
w h e t h e r  t he re  are a n y  changes  in t he  s y n t h e t i c  a c t i v i t y  
of nuc lea r  p ro t e in s  and  R N A  in these  in terspeci f ic  
amoebae .  

Th i s  r epo r t  is concerned  w i t h  the  d e t e r m i n a t i o n  of the  
label led  nuc lea r  p r o t e i n  c o n t e n t  a n d  t he  k ine t ics  of 8H- 
u r id ine  i n c o r p o r a t i o n  in t he  nucle i  of AnPe h y b r i d s  a t  
d i f fe ren t  per iods  of t ime.  

Materials and methods. Amoeba proteus a n d  Amoeba 
amazonas were cu l tu red  accord ing  to t he  m e t h o d  of 
PRESCOTT a n d  CARRIER 1. Amoeba amazonas was col lected 
b y  Dr. D.M.  PRESCOTT f rom the  R i v e r  Amazon .  All the  
cu l tu res  were m a i n t a i n e d  a t  22 i 1 ~ 

Tetrahymena pyri/ormis were g rown e i the r  on 2% 
p ro t eose -pep tone  c o n t a i n i n g  251zc/ml ot aH-lysine (L- 
lysine 4 H a ;  7.0 C i /mM,  Schwarz  B io resea rch  Inc. ,  
Orangeburg ,  N.Y.) and  25 ~Ci/ml of a i l - leucine  (L-leucine 
4, 5-H3;  45 Ci /mM,  New E n g l a n d  Nuc lea r  Corp., Bos ton ,  
Mass.) or on s y n t h e t i c  m e d i u m  2 c o n t a i n i n g  50 ~Ci/m] of 
t r i t i a t e d  u r id ine  (29 Ci/mM, R a d i o c h e m i c a l  Centre,  
Amersham) .  

1 D. IV[. PRESCOTT and R. F. CARRIER, in Methods in Cell Physiology 
(Ed. D. PRESCOTT; Academic Press, New York 1964), vol. 2, p. 85. 

2 A. M. ELLIOT% L. 2. BROWNELL and J. A. GROSS, J. Protozool. 7, 
193 (1954). 
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For  assaying the  r ad ioac t iv i ty  of a l l -pro te ins  and aH- 
R N A  ill nuclei, the  cells were fed wi th  labelled t e t r a h y m e -  
nae a t  d i f ferent  in tervals  of t ime  af ter  t hey  were made  hy -  
brid. Tile cells were fed for 12 h wi th  3H- te t r ahymenae  and  
chased for ca. 36 h w i th  unlabel led food, s t a r t i ng  f rom 0 
h, i .e . ,  immed ia t e ly  af ter  nuclear  t ransfer .  The nuclei  of 
these labelled cells were t r a n s p l a n t e d  into non-radio-  
act ive cells according to the  m e t h o d  of JEo~r and LORCI~ a 
a t  d i f ferent  in tervals  of t ime.  I m m e d i a t e l y  af ter  the  t rans-  
p lan ta t ion ,  t he  cells were placed indiv idual ly  on steel 
p lanche t s  and f ixed wi th  acetic  e thanol  (1:3). The f ixed 
cells were t r ea ted  wi th  formic acid, d r ied  and counted  in 
a windowless,  low-background,  gas flow counter .  Un-  
incorpora ted  I~NA precursors  were r emoved  by  t r ea t ing  
the  f ixed cells w i th  5%, ice-cold t r icholoroacet ic  acid 
before t hey  were assayed for rad ioac t iv i ty .  A few cells 
were also ex t r ac t ed  wi th  RNase  (Wor th ing ton  Biochemi-  
cal Corp., Freehold ,  N.J . ,  0.5 mg/ml ,  p H  6.9) for 6 h a t  
37 ~ All counts  (cpm) were corrected for background.  

The controls  in b o t h  cases consis ted of homotransfers ,  
i.e., labelled Amoeba amazonas nuclei t r a n s p l a n t e d  in to  
Amoeba amazonas and assayed in same fashion as experi-  
men ta l  ones. All expe r imen t s  were conduc ted  only up to  
6 days  af ter  the  amoebae  were made  hybr ids ,  because 
hybr id  cells are unable  to  cap ture  food or d iges t  a l ready 
ingested food beyond  this  period.  

Results and discussion. F r o m  the  da ta  p resen ted  in 
Table I, it  is obvious t h a t  the  hybr id  cells do no t  show any  
appreciable  change in the  incorpora t ion  of  label in to  the  

Table I. The degree of nuclear radioactivity in control and hybrid 
amoeba nuclei following labelling of cells with amino acid-all at 
different intervals of time 

Nucleus cpm 4- S.E.M./nucleus at different h 

48 96 144 

Control (NI) 81 4- 3.5 74 4- 10.5 79 4- 3.5 

Hybrid (Ne) 68 4- 9.0 69 4- 7.0 74 4- 9.0 

Ratio (N1 : Nz) 1.18 1.07 1.07 

nucleus specific p ro te ins  and  p re sumab ly  the  migra t ion  of 
these pro te ins  in to  the  nucleus ~, 5 dur ing tile per iod under  
s tudy.  On the  o the r  hand ,  the  kinet ics  of aH-uridine 
incorpora t ion  in h y b r i d  nuclei  shows a p ronounced  de- 
press ion (Table II) when  compared  to  the  controls.  This 
indica tes  a cont inual  decrease in tile R N A  synthes is  by  
the  nuclei  of ti le interspecif ic  ceils. This inabi l i ty  of the  
hybr id  ceils to  sus ta in  t he  nuclear  R N A  synthes i s  
appa ren t ly  has l i t t le effect on the  nuclear  p ro te in  me tab -  
bolism. Pe rhaps  th is  is to be expec ted  due to the  possible 
exis tence of long-life mRNA(s)  in amoebaeS, L 

Most  of tile in terspecif ic  amoeba  hybr ids  are non-via-  
ble s-~0. JEON and Lol~cI~n, ~2 have  d e m o n s t r a t e d  the  
presence of an an t i -mi to t ic  and le thal  factor  in the  amoeba  
hybr ids ,  which  inhibi ts  the  mitosis  in tile heterologous 
nucleus, even tua l ly  kill ing tile cell. W h e t h e r  th is  factor  
can be responsible  for the  observed inhib i t ion  of the  R N A  
syn the t i c  ac t iv i ty  in the  nucleus of the  hybr id  cell is no t  
known.  Recent ly ,  FLICKINGER ~s has found gross alter-  
a t ions  in the  fine s t ruc tures  of nucleus and  cy top lasmic  
organelles in A~Pe hybr ids  wi th in  a few days  af ter  inser- 
t ion of A.  amazonas nucleus into A.  proteus cytoplasm.  
However ,  more  in fo rmat ion  is needed for a b e t t e r  under-  
s t and ing  of the  cause of le tha l i ty  in the  heterospecif ic  
amoeba.  

Zusammen/assung.  In  he terospezi f i schen Zellen, welche 
durch  Transp lan ta t ion  des Zellkerns yon Amoeba ama- 
zonas in kernlose Zellen yon  Amoeba proteus erha l ten  
wurden  (begrenzt  lebensfghig und  n ich t  mehr  tei lungs-  
fghig), n i m m t  die intranukle/ i re  R N S - S y n t h e s e  im Laufe 
der  Versuchsper iode  kont inuier l ich  ab, w/ghrend sie in 
K e r n t r a n s p l a n t a t i o n s v e r s u c h e n  zwischen Zellen derse lben 
Art  k o n s t an t  bleibt .  Diese Unfghigke i t  der  Hybr idenze l -  
len, ihre nuklegre R N S - S y n t h e s e  auf rech tzuerha l t t en ,  is t  
m i t  keillem nachweisbaren  Ef fek t  auf den Pro te ins tof f -  
wechsel  des Zellkerns ve rbunden .  
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The cells were labelled and chased at 0, 48 and 96 h and the nuclei 
were isolated and assayed for radioactivity at 48, 96 and 144 h. 
Each number represents the mean count of 6-10 nuclei. 

Table If. A comparison of the rate of aH-uridine incorporation 
between control and hybrid amoeba nuclei 

Nucleus cpm ~_ S.E.M./nucleus at different h 

48 96 144 

Control(N1) 3794-45.5 400:t=37.0 371440.5 

Hybrid(N2) 2144-16.0 203-4-50.0 1104-12.0 

x Ratio(Nl:N2) 1.17 1.97 3.37 

The cells were labelled and chased at 0, 48 and 96 h and the nuclei 
were isolated and assayed for radioactivity at 48, 96 and 144 h. 
Each number represents the mean count of 6-10 nuclei. 
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