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An in vivo effect of nucleoprotein f rom Ehrlich ascites t u m o r  cells* 

The isolat ion of microscopica l ly  clean nuclei from Ehrl ich ~scites tumt)r  cells of mice has been 
descr ibed by ( ; e L I ) B E R G ,  I*(LEIN, AND K L F I N  1. ["rein such nuclear  t )rel larat ions,  r easonab ly  good 
yields  of nucleot)rotein {NP) m a y  be ob ta ined  by dis t i l led  water  ex t rac t ion .  This p r e l imina ry  repor t  
deals  with cer ta in  </bservati<ms made  af ter  in t rape r i tonea l  in jec t ions  of small  quan t i t i e s  of such 
h ighly  viscous p r epa ra t i ons  in to  mice (C3 H ior) .  

Ill t i le rou t ine  t r ans fe r  of t i le  asci tes  t u m o r  in th is  l abora to ry  and in ti le controls  of the experi-  
ments  tt) lie described,  dea th  of one-half  t i le  an imals  inoculateei occurs regu la r ly  some t ime  after  
the e leventh  day  following inocuhlt ion.  Table  1 gives  a resuind {if su rv ivors  when a s ingle small  
q u a n t i t y  of NP  is in jec ted  4 days  af ter  t i le asci tes  inject ion.  I t  m a y  readi ly  be seen t h a t  there  has 
been no s igni f icant  change  in ti le dea th  ra te  of the  t r ea t ed  an imals  t h a t  migh t  be a t t r i b u t e d  to the 
NP inject ions.  

\Vhen, however ,  the N l ' - i n j ec t ed  controls  of the e x p e r i m e n t  sumnmr ized  ill Table  [ were 
cha l lenged  la te r  (35 davs  af ter  rece iv ing the  single N P  inject ion) with asci tes  cells, the  resul ts  were 
s t r i k i n g l y  different :  these are s u m m a r i z e d  in Table  I1. 

A second, more ex tens ixe ,  series of in jec t ions  was i m m e d i a t e l y  begun wi th  ano the r  NP  prepa 
ra t ion (conta in ing  37 fig of R N A P / m l ,  154 / t g  of DNAI ' /ml ,  and  1.02 lllg of prote in /ml) .  This experi  
m e n t  is st i l l  in progress  l int  the conf i rma to ry  resul ts  seem conclusive  enough to w a r r a n t  further  
analysis .  In  this  group, mice which received a single o. 5 ml i n t r ape r i t onea l  in ject ion of N P  were 
cha l lenged  13, 2 5  , and 35 days  la ter  wi th  asci tes  cells. Table  I I I  suminar izes  the results .  

lCrom these da ta  it would appea r  t h a t  the t3-day  in te rva l  is insut i ic ient  to pe rmi t  t i le  m a x i m u m  
effect, bu t  t h a t  af ter  rough ly  3 weeks ti le resul ts  are max imal .  I n a s m u c h  as ti le an imals  of this 
group received less mate r ia l  t h a n  those of the tirst exper iment ,  the failure to ob ta in  dea th  in all 
the  t r ea t ed  ani lna ls  max" be in t e rp re t ed  to mean t h a t  the effect is dose dependent ,  a t  least  in tilt' 
r ange  t r ied here. 

I t  is n o t e w o r t h y  t h a t  excep t  for ~me control  an imal  m tile l irst  e x p e r i m e n t  no animal ,  experi-  
menta l  or control ,  d ied before tile fifth day  following an asci tes  cell inject ion,  i t  should also be noted 
t h a t  the fifth and s ix th  davs  af ter  t i le t u m o r  chal lenge appea r  to be pa r t i cuh l r ly  crucial  ones for 
the NP- in jec ted  mice. This s t r ik ing  " e n d - p o i n t "  (for biological  mater ia l )  sugges ts  the loss by the 
an imal  of some inheren t  res i s tance  to ti le asci tes  tumor .  The s tudies  of K L E I N  AND R ~ V ~ S Z  2 have 

T.\I~I .I  L I 

FHE SURVIVAL (1i e MICE INJECTED \VITH ASCITES "['L'MOR ( E L L S ,  NUCLEOI'R(ITEIN, 
\ N I )  \VITH ASCITES TUMOR CELLS FOLLOWED 4 DAYS LATER Bh" ~N~'I) 

\ 'o .  tl[ sltrl'l'7't~l'g Ill Dtdl'tatt'd *ttL o / d a y s  a/h'r  asciles in /ec t ion"  
.llllh'rtal inh'ch'd - 

4 q l, 7 N ,, 1,~ l r 12 

Ascites 9/lO 0 / I O  S l l o  7 / IO 7 /1o  7,'1o 7,'117 4 / I O  3,,' l o 
Nucleoprotein (NI') 12/12  I2112 1 2 , ' 1 2  I 2 / ' 1 2  1 2 / I 2  I 2 / 1 2  I 2 / 1 2  1 2 / 1 2  I 2 / 1 2  
. \sci tes  plus  N I' I 2 / 1 2  I 2 / 1 2  1 1 / I 2  [1112 I 1 / [ 2  I I / 1 2  10/12 7 t l  " _ 4 / i 2  

4 days  hl ter  

* The denomina to r s  are the to ta l  n u l l l l ) e r s  o f  n / i c e  ill each group:  the numera to r s  are the snrv ivors  
for the da\" ind ica ted .  

T \ BI.b'. II 

THF SURVIVAL OV MICE 1N ECTI£1) XVITH .~]~ .:[.5 1)A'~S PRIOI'~ TO AN ASCITES INJECTION 

s\:o o[ stlrT'l:~'(ir~ t~t lH(lic~l/¢d tzo. cJ[ daVs cl,/lcr clscttcs i)liccli¢~n 
~]ltlh'rtal In iected - - 

4 5 ¢, 7 ,s' ,, i ¢~ 1 1  1 .  

( 'ontrol  ascites i t / l I  l i , ' l  I I I / l l  l l , ' l l  l l / l I  8, '1I 7 ' 1 I  7,'11 7,11 
NI'  plus ascites 1 2 / I 2  3 ' I 2  () '12 

* This work  was per formed under  Cont rac t  No. \V-74o5-eng-e0 for the . \ tomic  Ene rgy  Commission,  
and  was suppor t ed  in p a r t  by a research g ran t  (RG-42o3) from the Na t iona l  I n s t i t u t e s  of Heal th ,  
Public Heal th  Service. 
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T A B L E  II1 

THE SURVIVAL OF MICE INJECTED WITH N P  AT DIFFERENT TIMES PRIOR 
TO AN INJECTION OF ASCITES 

441  

Interval between No. o/ survivors in indicated no. o/days after ascites injection 
injections in days 

4 5 6 7 8 9 Io 2J x2 

13 NP- in j ec t ed  12/12 10/12  IO/12 10/12  I0/I2 9/I2 8 / I 2  8/12 5/12 
Controls  12/12 12/12 12/12 12/12 11/12 11/12 9 / I2  8/12 7/12 

25 NP- in j ec t ed  I2 / I2  7/12 4/I2 4/12 2/12 1/12 1/12 1/12 o / I2  
Controls  12/12 I2 / I2  11/12 I I / I 2  9/12 5/I2 5 / t 2  5/12 3/I2 

34 NP- in j ec t ed  12/12 8/12 7/I2 7/12 5/12 5/I2 4/12 2/12 
Controls  12/12 12/12 12/12 [2/I2 11/12 lO/12 7/12 7/12 

s h o w n  t h a t  inf i l t ra t ion of solid hos t  o rgans  by  asci tes  t u m o r  cells is de tec tab le  a f te r  t he  fou r th  or 
f if th days  following inoculat ion.  I t  is conceivable  t h a t  in NP- in j ec t ed  mice such  inf i l t ra t ion beg ins  
s o m e w h a t  earlier, and  con t r i bu t e s  to an  earlier dea th .  Q u a n t i t a t i v e  s tud ies  b y  o the r  workers  on 
t he  Ehr l i ch  asci tes  t u m o r  h a v e  revealed  an  ear ly  phase  of rap id  g rowth  (the cube-root phase  of KLEIN 
AND RI~VI~SZ, t h e  exponen t ia l  phase  of LUCK£ AND BERWlCK 3) wh ich  is p r o m i n e n t  du r ing  the  second 
t h r o u g h  t he  f if th d a y s  af ter  inject ion.  Therefore,  it  is also conceivable  t h a t  t he  asci tes  cells h a v e  
in some  w a y  been affected by  t he  p r e t r e a t m e n t  of t he  h o s t  w i th  N P  to p roduce  an  even  more  rap id  
g rowth ,  and,  hence ,  an  earlier d e a t h  to the  hos t .  

The  para l le l i sm be tween  t he  effect r epor ted  here  and  an  i m m u n e  reac t ion  is inescapable .  E v e n  
t h o u g h  the  q u a n t i t y  of N P  was  smal l  and  admin i s t e r ed  as a single dose, the re  is some  evidence  
t h a t  t he  reac t ion  var ies  d i rect ly  wi th  t he  dose since t he  N P  of t he  second e x p e r i m e n t  is k n o w n  
to h a v e  been  more  di lu te  t h a n  t h a t  of t he  first. The  necess i ty  for an  i n t e rven ing  period of severa l  
weeks  be tween  N P  in jec t ion  and  t he  asci tes  inocula t ion  to p roduce  t he  p r e m a t u r e  d e a t h  s t rong ly  
sugges t s  the  l a t en t  per iod of a n t i b o d y  produc t ion .  Final ly ,  t he  r ecen t  work  of BLIX, ILAND AND 
STACEY 4, who repor t  t he  an t igen ic i ty  of nuc leopro te in  and  of d e o x y p e n t o s e  nucleic acid f rom calf 
t h y m u s  and  who  show r e m a r k a b l e  specif ici ty in t he  an t i se ra  to the i r  p repara t ions ,  m u s t  be considered.  
If  t he  in jec t ion  of N P  is p roduc i ng  a n t i - N P  ant i sera ,  i n t e rp re t a t i on  of t he  e x p e r i m e n t a l  resu l t s  in 
t e r m s  of t he  conven t iona l  immuno log ica l  reac t ion  would  be difficult; r e t a r d a t i o n  r a the r  t h a n  enhance -  
m e n t  of t u m o r  d e v e l o p m e n t  would  be expected .  However ,  if t h e  N I '  in jec t ions  were, t h r o u g h  some  
m e c h a n i s m ,  p roduc ing  a r educ t ion  in a p o s t u l a t e d  a n t i t u m o r  fac tor  no rma l ly  p r e sen t  in the  mouse ,  
t he  resu l t s  m i g h t  more  readi ly  be expla ined .  

The  e x t r a c t e d  ma te r i a l s  ut i l ized in these  e x p e r i m e n t s  and  t he  resu l t s  ob ta ined  h a v e  a bear ing  
on t he  work  of a t  leas t  two o ther  r ecen t  inves t iga t ions .  DAY et al. s have  shown  an  active t issue substance 
responsib le  for " cond i t i on ing  t he  h o s t "  in e x p e r i m e n t s  wi th  a m o u s e  sa rcoma,  In  a t  leas t  some  of 
the i r  ex t r ac t i on  procedures  nuc leopro te ins  of t he  t i ssue  ut i l ized could  h a v e  been  p r e sen t  in such  
a m o u n t s  as to h a v e  been admin i s t e r ed  in thei r  mul t ip l e  in jec t ions  in dosages  comparab l e  to those  
found  in t he  single in jec t ions  used here.  

KUTSKY 6 ha s  repor ted  t he  s t i m u l a t i n g  effect of nuc leopro te ins  e x t r a c t e d  f rom chick e m b r y o s  
on t he  in  vitro d e v e l o p m e n t  of homol ogous  h e a r t  f ibroblas ts  cu l tu red  on a m e d i u m  s u p p l e m e n t e d  
wi th  th is  f ract ion.  I n  these  e x p e r i m e n t s  t he  nuc leopro te in  was  assoc ia ted  wi th  a re la t ive ly  large 
q u a n t i t y  of r ibonucleic  acid and  litt le deoxyr ibonuc le ic  acid;  t he  nucleic  acids  alone were s h o w n  
to have  no s ignif icant  s t i m u l a t o r y  effects on t he  t i s sue  cu l tu re  growth.  In  t he  e x p e r i m e n t s  repor ted  
here  special  care  was  exercised in the  ex t r ac t i on  of t he  nuc leopro te in  to m a i n t a i n  such  condi t ions  
as would  yield a p roduc t  h igh  in und i s soc ia t ed  deoxyr ibonuc leopro te in ;  indeed,  p r e l imina ry  ana lys i s  
ha s  shown  rough ly  four  t imes  more  D N A  t h a n  R NA.  A l t h o u g h  th i s  p roduc t  is different  f rom t h a t  
used  b y  KUTSKY in his  expe r imen t s ,  t he  possibi l i ty  r e m a i n s  t h a t  the  N P  of these  e x p e r i m e n t s  is 
ac t ing  in a m a n n e r  comple t e ly  s imilar  to t h a t  r epor ted  by  h im,  name ly ,  s t i m u l a t i n g  t he  asci tes  
cells direct ly.  Such a po in t  of v iew m u s t  be based  first on t he  a s s u m p t i o n  t h a t  the  N P  is r e t a ined  
in the  an ima l  for long per iods  and  is ut i l ized in some  m a n n e r  by  the  t u m o r  cells. The  l e n g t h y  l i t e ra tu re  
on t he  use  of s t r ep tok i na se  and  s t r ep t odo rnase  (s t reptococcal  deoxyr ibonuclease)  in t he  r emova l  
of s t u b b o r n l y  pe r s i s t en t  solid e l emen t s  in p leura l  e x u d a t e s  a t t e s t s  to t he  r easonab leness  of th i s  
a s s u m p t i o n .  Some exp lana t ion ,  however ,  m u s t  a c c o m p a n y  th i s  a s s u m p t i o n  in order  to inc lude t he  
l a t en t  period a p p a r e n t l y  necessa ry  to t he  p roduc t ion  of t he  effect. 

P r e s e n t  work  on th i s  p rob lem is be ing  di rected t oward  (I) t he  be t t e r  qua l i t a t ive  and  q u a n t i t a t i v e  
ident i f ica t ion of t he  N t '  p repara t ion ,  (2) t he  specifici ty of the  react ion,  and  (3) a compa r i son  be tween  
t he  n o r m a l  progress  of asci tes  t u m o r  d e v e l o p m e n t  and  i ts  progress  in NP- in j ec t ed  hos ts .  These  
inves t iga t ions  and  a fuller descr ip t ion  of the  ex t r ac t i on  p rocedure  will be repor ted  later.  

3o 
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This work was accomplished in the labora tory  of Dr. ~N~ORMAN G. ANDERSON to whom the au thor  
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Diaminopimelic acid decarboxylase in pyridoxin-deficient 
Escherichia coli 

The bacterial  amino acid, diaminopimelic acid (DAP) is decarboxylated to L-lysine by  a specific 
enzyme (DAP decarboxylase) which occurs in m a n y  bacteriaZ,~,a, 4. This enzyme differs from the 
major i ty  of the bacterial amino acid decarboxylases in t ha t  it is a const i tut ive enzyme functioning 
at  physiological pH, bu t  it resembles them in its act ivation by pyridoxal  phosphate .  In  Escherichia 
coli, the function of D A P  decarboxylase is p robably  to provide a biosynthet ic  route  to lysine ~. 

Using a pyr idoxin-requir ing m u t a n t  of E. cell (derived from 154-59L ), a s tudy  has been made 
of the effects of pyr idoxin  deficiency on the cellular levels of DAP decarboxylase and also of the 
adapt ive  lysine decarboxylase.  Pyr idoxin  deficiency was produced by growing tile m u t a n t  on a 
simple medium (DAvis AND MINGIOL1B with  o-5 % glucose and o.45 % citrate) containing the minimal  
level of pyr idoxin  (2o/,g/I) necessary for growth.  Control cells were grown on a pyridoxin level of 
5oo/~g/1. These media were used both  with and wi thou t  supplements  of L-lysine (2oo rag/l). A 24 h 
cul ture in ioo ml of medium containing 2 #g  pyridoxin was used as an inoculum for 2 1 batches 
of medium;  growth  was continued for 24 h at  37 ° in the dark wi th  vigorous aeration. The cells were 
harves ted  by  centrifuging, washed and acetone-dried. DAP and lysine decarboxylases were measured 
at  p H  6.8 in the W a r b u r g  appa ra tus  both  wi th  and wi thou t  added pyridoxal  phosphate ,  p H  6.8 
w a s  c h o s e n  a s  being near  the op t i m um  for DAP decarboxylase in E. coliZ; this is not  the o p t i m u m  
for lysine decarboxylase,  the values for which were about  twice as high at  p H  5.o as at p H  6.8. 
Since lysine decarboxylase,  when present,  is operat ive in the measurement  of DAP decarboxylase 3, 
the values for bo th  enzymes are reported at the same pH. 

Vitamin B~ assays were carried out  microbiologically by a method modified somewha t  from 
tha t  of ATKIN et aLL The test  organism was a var ian t  of Saccharomyces earlsbergensis 4228 which 
required pyridoxin absolutely for growth  even in the absence of thiamine. The basal medium con- 
tained less casein hydrolysate  (0.2 % final) and the cultures were sloped (uot shaken) during a 22 h 
incubation.  The samples were extracted with 45 ml 0.o55 N t{2SO 4 at 121 ° for I tl before assaying 
the superna tan t .  The method assays equally all known forms of v i tamin  B~, and the results are 
expressed in te rms of pyridoxin.  

The results (see Table) show tha t  the cells grown on minimal  pyridoxin contained only about  
I 1% of the pyridoxin of the control cells. The presence of lysine in the growth  medium apparent ly  
h a d  a pyr idoxin-spar ing effect, since in both  deficient and control cells the lysine-grown cells h a d  
a higher pyridoxin content .  The possibili ty of contaminat ion  of the lysine by  traces of pyridoxin 
w a s  not  investigated, bu t  it seemed unlikely in view of the similari ty of the results obtained with 
high and low pyridoxin levels. Addition of pyridoxal  phospha te  to the SVarburg flasks caused s t imu- 
lation of decarboxylase act ivi ty in pyridoxin-deficient cells, bu t  had little effect on the control ceils, 
showing tha t  a genuine state  of pyr idoxin  deficiency had been produced. Lysine decarboxylase w a s  
absent  from both  cultures grown wi thout  addit ional lysine. The apoenzyme of DAP deearboxylase 
(estimated in the presence of pyridoxal  phosphate)  was abou t  twice as high in the deficient cells 
grown wi thout  lysine as it was in the control  cells or in the deficient cells grown with lysine. On 
the other  hand,  the coenzyme-bound DAP decarboxylase (holoenzyme, est imated wi thout  additional 
pyridoxal  phosphate)  was markedly  reduced in the deficient cells grown in the presence of lysine. 


