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S U M M A R Y  

I. Nuclei isolated from rabbi t  appendix could incorporate  asp into DNA, RNA 
and organic acid-soluble phosphorus fract ion (OASP) i~ vitro. 

2. The removal  of tile bulk of DNA from th~ nucleus by  pancreat ic  DNase  
abolished the incorporat ion into DNA and RNA almost  completely,  while t h a t  in to  
OA~qP was reduced only to about  6o %. 

3. Appreciable restorat ion of the impaired incorporat ion ac t iv i ty  was observed 
when salmon sperm DNA or yeast  R N A  was added to the nuclei t rea ted  with  DNase.  
However,  if an extensivc removal  of DNA h a d  been achieved, the restorat ion occurred 
only  in the case of RNA, and  not  DNA, of the nucleus on addi t ion of exogenous 
nucleic acids. 

4. Some indication was obtained tha t  certain polyanionic compounds,  such as 
chondroi t in  sulphate  or hyaluronatc ,  could replace tile nucleic ac:ds in restoring the  
imi)aired ac t iv i ty  of DNase- t rea ted  nuclei, provided tile action of DNase was  not  
very  extensive. 

5. I t  was suggested t h a t  in the observed restorat ion added  nucleic acids ac ted  
merely as polyanions which might  el iminate tl~e imbalance of electrostat ic  charges 
result ing from the removal  of the bulk of DNA from the nucleus. 

A b b r e v i a t i o n s :  A'I ' I ' ,  a d e n o s i n e  t r i p h o s p h a t e ;  R N A ,  r i b o n u c l e i c  a c i d ;  D N A ,  d e o x y r i b o ,  
n u c l e i c  a c i d ;  D N a s e ,  d e ( i x ) , r i b ~ n u c l e a s e ;  ( ) A S P ,  o rga t l i c  a c i d - s o l u b l e  p h o s p h a t e  f r a c t i o n ,  

" G n  l e a v e  fr[~irt t h e  D e p a r t m e n t  o[ B i , l o g y ,  F a c u l t y  of  Sc ience ,  O s a k a  U n i v e r s i t y ,  Oz~ka0 
J a p a n .  
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iNTRODUCTION 

l~Iuch information has been collected in recent  years abou t  the  synthet ic  activit ies of 
isolated nuclei of animal c~,ls. They  can phosphoryla te  adenosine monophospha te  to 
adenosine t r iphosphate  ~, at.4 incorporate  various labeIled precursors into proteins a, 
f ibonucleic acids 2-6, and d~oxyribonucleic acidS-L The removal  of the  bulk of DNA 
b y  deoxyr ibonuclease  impairs  the incorporat ion of the precursors into R N A  and 
protein,  and the lost ac t iv i ty  is res tored by  various nucleotide compounds  of relat ively 
high molecular  weight,  including D N A  and RNAL The format ion  of ATP in the 
nucleus  is also dependen t  on the presence of DNA,  which can likewise be replaced b y  
exogenous nucleic acids s. I t  has thus  been presumed tha t  one of the roles of DNA is 
to  provide  energy-rich nucleot ides  needed for the synthe t ic  ac t iv i ty  of the  nucleusL 

Enzymes  ca ta lys ing the incorporat ion of thymidinv or  deoxyr ibonucleot ide  
t r iphospha tes  into D N A  were found in the  superna tan t  fraction of certain animal  
cells; t hey  require  DNA for their full ac t iv i ty  g, m. 

In  the  present  s t udy  we have a t t e m p t e d  to determine (x) whether  the  preformed 
D N A  in the nucleus is indispensable for the incorporat ion of inorganic a2p into DNA 
in isola ted nuclei, and (2) whether  the incorporat ion ac t iv i ty  of isolated nuclei deple ted 
of  their  DNA can be rest,~rcd b y  some anionic compounds  of non-nueleot ide nature.  
In doing this  we are looking for some re levant  information coucerning the possible 
role of D N A  in the  anabol ic  processes exhibi ted  by  the isolated nuclei, either as a 
carr ier  of informat ion needed for fabr icat ion of macromolecules,  as a potent ia l  source 
of high-energy phospha te  compounds ,  or  as  a polyaniordc c o m p o u n d  the removal" 
of which will cause some d is turbance  in the electrostat ic  charge dis t r ibut ion within 
the  nucleus.  

A pre l iminary  no te  on this work haz been published~L 

EXPERIMI'-'NTAL - "  

Chemical compounds 

Yeast  R N A  was a gift of Dr. KVROIWA, Kirin Research Inst i tu te ,  Kirin Brewery  
Co., I~td., Amagasaki .  Highly  polymerized salmon sperm I )NA was received from 
Prof. I. WATANABE, Unive r s i ty  of Tokyo.  A sample  of chondroi t iu  sulphate  was 
ob t a ined  from Dr. T. MAKI, Minophagen Pharmaceu t ica l  Co., Tokyo ,  and another  
sample  purchased  from W a k o  Pure Chemical Industr ies ,  Ltd. ,  together  with a sample 
of heparin.  A highly purified prepara t ion  of hya turona te  was a generous gift of 
Dr. M. ISHIMOTO, Univers i ty  of Tokyo.  A crystall ine preparat ion of egg albumin was 
kindly supplied b y  Dr. Y. FUJISAKI, Yamagut i  Medical School. The mixed 2', 3 ' -mono- 
nucleot ides were ob ta ined  b y  hydroiys ing yeas t  R N A  in o.I  N N a O H  at 80 ° for 20 Iain 
and neutral is ing with HCI, the  conten t  of NaCl was calculated and subs t i tu ted  for 
the  NaCI in the incubat ion  medium, asp was received from the Radiochemicai  Cenh~,  
Amersham,  England,  on allocation of J a p a n  Isotope Association. Preparat ions  of 
pancreat ic  DNase ,  once crystal l ized for t r ea tmen t  of nuclei, and not  crystall ized for 
hydrolys ing a DNA preparat ion,  came from the Wor th ing ton  Biochemical Corpo- 
ration. A par t  of t hem was made  avai lable through the cour tesy  of Dr. K. SuzuKI 
and  Dr. H. UCHLPA of the  Univers i ty  of Tokyo.  

Re/eyences p. 4551456. 



,t46 ,~I. sv.lltGUCrtX, a. SmAT.~NI w)L. 114 (I959) 

I>rcparaliott, o/ mtclei and lymphatic, cells 

Appendices  and Peyer ' s  pa tches  of adul t  rabbi t s  served a,> the s ta r t ing  mater ia l .  
Sucrose mtclci were p repared  essential ly according to ALLFREV el al.a; t h e y  were 
tinnily suspended in 0.25 3f  sucrose-o.oo2 3 [  CaCI= at  a delasity of 1.5" Io ~ nuelei/ml.  
Lyml¢,latic cells were ob ta ined  as described in a separa te  communica t ion  le. 

l~wubati,.n aith a'.,p 

l_:sually the final incubat ion  mix tu re  consis ted of i ml of a i :i m ix tu re  of 0.25 ~ir 
sucrose-o.oo2 3 I  CaCla conta in ing  3 ' ro~  nuclei and Ca-free Ty rode  solut ion,  This  
suspending medium will henceforward  be called the sucrose- 'Fyrode medium.  The  
su.qpension also conta ined  5 tzg of s t r ep tomyc in ,  IO I~C of ~"P-or thophosphate  and  
o ther  appropr ia te  addi t ions  where indicated.  Tim mix tu re  was equi l ibra ted  in a IS-ml 
centrifl:ge lube  at 37* for 5 rain and then shaken at  tim slime t empera tu re .  I f  not  
specified, the inc~ibatio:i lasted I. 5 h. 

l';xpcrime1~ts wi th  l y m p h a t i c  cells were conduc ted  as descr ibed e l s ewhe re  ~. 
hMividxlal tests were rtm in dupl ica te  tubes.  In most  exper iments ,  where to ta l  

a c t i v i t y  of mlcleic acids per  tube  had  to be de te rmined ,  ano the r  set of dupl ica te  tubes  
:vitht,ut ~zP was run for each of the  var ied , ;xper imental  condi t ions,  and  sub jec ted  
to the determination" " ~ of nucleic acids by  the Schneider  m e t h o d  at  the  end of incuba t ion  
withot~t separa t ing  the nuclei from the incuba t ion  med ium.  

Dit¢cstion. o/~mt:lci a i¢/~ DNase 

The nuclei (o.2 ml of the  original suspension) were mixed with 0.2 ml of T y r o d e  
solution conta in ing  o.o125 M MgCla wi th  and  withotl t  an appropr i a t e  a m o u n t  of 
crys ta l l ine  I)?-;a.~c_ The mix tu re  was inc~lbated at  37 ° for I5 rain, chilled in ice, and  
added to 5 ml of ice-cold x :r mix tu re  of o.25 3 I  sucmse-o .oo2  .lI CaCI 2 aucl Ca- and  
Mg-free Tyrodc  solutic,'n conta in ing  o.oz 3~/sodium ci t ra te .  The  nuclei were sed imen ted  
by  centr ifuging,  and rcsu~pendcd in the  final incuba t ion  mix tu re  as descr ibed above.  

l'r~'paralim, el mwlcic acids a~ul organic acid-soluble phosphale [raetio~ 

Incub:.dion was t e rmina ted  by chilling in ice; the  con ten t s  of indiv idual  tubes  
(nuc|ei plus medium) along with the appropr i a t e  zero- t ime control  were immed ia t e ly  
subjec ted  to the procedure  described e l s e w h e r e  e for th~ p repa ra t i on  of nucleic acids 
and  OASP. 

Deter~nD:ation o/mtcleic avids and total phosphor~ts 

DNA-P  and  to ta l  P were de t e rmined  as in a previous r epor t  ~s. R N A - P  was 
measured  by  the phloroglucinol  test  accorr!ing to HAItN AND VON EUI,ER 14. 

3ice~urvmc'l~i o~ r.dft , .~ticdy 

This was made  a~ in a previou~ repor t  ~a using an end-window Geiger-Miiller 
eemnter. In each exper imen t  the  r a d l o a e t l w t y  of the  samples  of zero- t ime cont ro l  
were measured,  and when not  ~legligible, sub t r ac t ed  f rom the values of the  tr~sts. 
This was necessary  because the  act ivi t ies  ob ta ined  were r a the r  low, especially wi th  
DNA, in m a n y  of the  experimcrt ts  r epor t ed  here,  a l though  the c o n t a m i n a t i o n  found 
in zeio-t im~ samples was usuMly very  slight, if any.  Specific a c t i v i t y  was expressed 

l'¢e#rr,wes p. 455/ ~56. 
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in  coun t s /m in / /~g  P. In  m o s t  cases ,  h o w e v e r ,  ~he t o t a l  rad i t~ac t iv i ty  ( coun t s f rn in / tube )  
w a s  e m p l o y e d  to  e x p r e s s  t h e  e x t e n t  of  i n c o r p o r a t i o n  into  nucle ic  acids .  Th i s  was  
c a l c u l a t e d  f r o m  the  spee i f i ,  a c t i v i t y  of  pur i f ied  samp!e.~ a n d  t h e  t o t a l  a m o u n t  of 
r e s p e c t i v e  nucle ic  ac id  P ( / .g / tube}.  

Cl, romatographio proae~h~re 
A la rge - sca le  i n c u b a t i o n  of  t h e  nucle i  wa:; c o n d u c t e d  us ing  I o o  m l  of  nuc l ea r  

s u s p e n s i o n  w i t h  the  s a m e  c o m p o s i t i o n  as  a l r e a d y  desc r ibed .  T h e  m i x e d  nucle ic  ac ids  
w e r e  o b t a i n e d  b y  t h e  r o u t i n e  p r o c e d u r e  ~2. T h e y  wen> f r a c t i o n a t e d  in to  D N A  a n d  
R N A  in t h e  u s u a l  w a y  b y  a lka l i ne  h y d r o l y s i s  w i t h  o.3 N K O H  a t  37 ° a n d  ac id i f i ca t ion  
w i t h  i o  N pe rch lo r i c  ac id lL  T h e  R N A  f r a c t i o n  was  a d j u s t e d  to  p H  3 a n d  t r e a t e d  
w i t h  cha rcoM,  a n d  the  a d s o r b e d  m o n o n u c l e o t i d e s  were  e lu t ed  w i th  20 %; a q u e o u s  
p y r i d i n e  a c c o r d i n g  to  V,x.,," Ill.;l~iCu.-,i t~, in o rde r  to e l i m i n a t e  the  e v e n t u a l  c o n t a m i -  
n a t i o n  of  i n o r g a n i c  ~-P. T h e y  were  t h e n  chr0m.: togral , J~ed on a D o w e x - i  c o l u m n  
(X-xo ,  f o m n a t e  fo rm)  a c c o r d i n g  to  Os.xw.x et al . tL 

"With i n t a c t  l y m p h a t i c  cells, 40 m l  of cell s u s p e n s i o n  (4" lOS ce l i s /ml  of  Ca-f ree  
T y r o d e  so lu t ion)  was  u s e d  a n d  the  c h a r c o a l  t r e a t m e n t  was  o m i t t e d  becau 'se  the  ~zp 
c o n t a m i n a t i o n  c o u l d  be  n e g l e c t e d  in th is  case .  

T h e  D N A  p r e c i p i t a t e d  f r o m  the  ac id i f ied  so lu t i on  of the  "alkaline d iges t  of c rude  
• nuc le ic  ac id s  w a s  w a s h e d  t w i c e  w i t h  co ld  i o  % "tr'.'-~hloroacetic acid ,  r ed i s so lved  in a 
d i lu t e  N a O H ,  n e u t r a l i s e d  w i t h  HC1, p r e c i p i t a t e d  will,_ e t hano l ,  w a s h d d  in e t h a n o l  
a n d  e the r ,  a n d  dr ied .  T w e n t y  m g  of D N A  t h u s  o b t a i n e d  was  d i s so lved  in 4 m l  of o.oo~ 
M MgCI,, s o l u t i o n  c o n t a i n i n g  4 m g  D N a s e  a n d  i n c u b a t e d  a t  37 ~ for  8o rnin a n d  t h e  
d iges t  w a s  ac id i f ied  w i t h  co ld  p e r c M o r i c  ac id  a n d  c e n t r i f u g e d .  T h e  m i x t u r e  of nuc leo-  
t i de s  of  ~,afious s izes  in t h e  s u p e r n a t a n t  w a s  c h r o m a t o g r a p h e d  orL a D o w e x - I  c o l u m n  
(X-Io, f o r m a t e  fo rm)  a c c o r d i n g  to  t h e  m e t h o d  of SAK.XK[ ls, u s ing  O.3¢>--7.0 N fo rmic  
a c i d  in t h e  reser~-oir of  a g r a d a a t e d  e l u t i o n  s y s t e m .  

RESULTS 

Inaorporation aativity o/tlw isolated m~cloi 
~q~en  t h e  nucle i  w e r e  i n c u b a t e d  w i t h  zap in t h e  s u c r o s e ~ T y r o d e  m e d i u m ,  z2p 

w a s  i n c o r p o r a t e d  i n to  D N A ,  RNA a n d  OASP, t he i r  specif ic  a c t i v i t i e s  i nc reas ing  in 
t h e  o r d e r  m e n t i o n e d  (Tab le  I) ,  As  showi t  in Fig.  I ,  the  i n c o r p o r a t i o n  i n to  those  f rac -  
t ions  p r o c e e d e d  l i n e a r l y  for  a b o u t  I h asxd t h e n  t e n d e d  to  level  off. I n  s u b s e q u e n t  
o x p e r i m e n t s  t h e  p e r i o d  of  i n c u b a t i o n  w a s  f ixed  a t  9 ° rain.  

TABLE I 

f~lg 71~t¥0 I N C O R P O R A T I O N  O F  5 2 p  I N T O  L Y X f P H A T I C  C E L L S  A N D  S U C R O S E  N U C L E I  O F  R A B B I T  A P F E N D I X  

Cells ~,+nd nucle'." w e r e  obt-.xined from the same source of pooled t~szucs ~nd inc.tlbated for i .5 h at 3 7" + 

Cvnce~an l , ' i ,m  .q~-": :,'i~ <v.lh'iO" ((;Jullts i l l l ' t ; ' , t l7 t~J 
:llal,t, rial / l lCuGri l lor l  ln',edi.:im o1 a~l" (,~d-'. ~lil,r O:Lx,/:. R:t'.4 D.%'.4 R3;.-I; DN.t  

3" i o s cells 2 m[ Ca-free Tyrode 5 455o 3-'2 48-5  6.6 
6.1o s nuclei 2 ml Suerose-Tyrode J o t42o 50 ,2  2 .15  26.2 

Retercnces p. 4.55]456. 
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Compared  wi th  the results  on lympha t i c  cells prepare d from the same tissue, the 
incorporat ion into the  nuclei was considecably less (Table I). The specific ac t iv i ty  
rat io R N A / D N A  was much higher in the  nuclei than  in the whole cells, and this  
was in agreement  with the  current  view tha t  the isotopic up take  b y  nuclear  R N A  was  
much higher than tha t  b y  cy toplasmic  R N A  TM. These observat ions ,  toge ther  with the  
fact tha t  DNase  t r ea tmen t  reduced the D N A  content  and z2p up take  of the  nuclear  
prepara t ion (Table VI} bu t  not  of the intact  ceils, indicate  tha t  the observed  incorpo-  
rat ion was due to the real ac t iv i ty  of isolated nuclei ra ther  than  of contAminzt ing 
in tac t  cells. 

In the  course of the  work  it was not iced tha t  the  incorporat ion ac t i v i t y  of the  
nucleus was subject  to seasonal  variat ion,  being highest in s u m m e r  and decreasing 
gradual ly  to re~ch a comple te  loss of ac t iv i ty  in midwinter .  A similar t r end  was  alsc. 
not iced with iympha t i e  cells of rabbi t  append ix  ta. 

mP,+a laNAI 

.~ 5@ ! 
L5 

~ 3 o  I.o 

,~ 2o 
.~ 0+5 

DN,X 

.~ ./ . . . . .  ""6ase 
. / . t  

/,'7" , Y  

Incubati.c,n t ime  (h) 

l ' i g .  +. [ ' i m e  c o u r s e , f f a a l '  

O.~SP 
2000 

1500 

1OO0 

500 

i n c o r p o r a t i o n  i n t o  I ) N A ,  R N A  a n d  O A S P  ~I  i s o l a t e d  n u c l e i  o f  r a b b i t :  
a p p e n d i x .  

Labelling o~ m+cl~ia acids 

The specific ac t iv i ty  pa t t e rns  of individual  2 ' ,3 ' -mononueleo t ides  ob ta ined  b y  
alkaline hydrolysis  of R N A ' s  of isolated nuclei and in tac t  cells were ve ry  similar 
(Table II). I t  m a y  be noted tha t  the results closely paralleled those ob ta ined  wi th  
RNA of the  rat liver i.~ vivo (I and 2 4 h) ~°. 

The fractions ob ta ined  chromatographica l ly  f rom a DNase-diges t  of DNA of t h e  
incuba ted  nuclei showed a much  more  diverse d is t r ibu t ion  of  specific act ivi t ies  than  
tha t  observed in  ~,ivo ls,za, but  appreciable  quant i t ies  of rad ioac t iv i ty  were recovered  

T A B L E  l I  

L A I } I ~ L L I N G  O F  I N I } I V I D U A L  2 / ,  3~ - .%IONONUCLI r~OT l t . )EN OlV R N A  IN N U C L F . I  .%NI) 
L Y M P I 4 A T I C  CI£I.L,~ ( )F  RAI~I t i ' I "  A P P I r . h ' I ) ] X  INCUFIA ' I ' ] , : I )  ~;Jt l,,~'tY9 

Nuc le i  and  cel ls  ¢)r ig i l l&t t 'd  f r o n t  S e p a r a t e  sources ,  ] ) u r a t i o n  ot  i n c u b a t i o I ] :  I. 5 h 

3,p¢¢i[ic aeffvdy (¢om:t~ pnin /,~ I ' )  

:t denyti¢ Gmo=vt fc  C y t f d y l i ,  ! " r idv l& 
.eat-ul a c &l a ~ td . r i d  

I + y m p h a t i c  c e i l s  7.5- ~ 53 .o  54 .5  Oz,D 

I s o J a t e d  q u c ] c i  7 . ° 5  -1.2 .5 4 .7  ° 7-84 

R e :  .~re~:ca~ ~. 4551456. 
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from all the ul traviolet-absorbing fractions examined (Table II[) .  The observed radio- 
aetivities of the nucleic acid fractions obta ined from the nuclei incubated with  a~p 
can therefore be taken to indicate t+he incorporation of amp into polynueleotides of 
DNA and RNA. 
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R e l a t i v e  P c o n t e n t  
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* F r a c t i o n . ~  I S w e r e  o b t a i n e d  c b r o . ~ a t o ~ r a p h i c a ! l y ;  f r a c t i o n  O w a s  e x t r a c t e d  wit!- ,  b.+~t 5 ",~ 
t r i c h l o r + m c e t i c  a c i d  fr ,  m l  t h e  r e s + n  , ' f f t e r  t e r m i n a t i + m  o f  e l u t i o n  w i t h  7 .V f o r m i c  i t c l c l :  I r a c t i ~ m  t+~ 
w a s  t h e  a c i d - m . ~ o h ~ b l e  r e s i d u e  o f  O N a s e - d i g e s t .  

" *  V~ , ' e iRh ted  m e a n  ,>.¢ s p e c i f i c  a e t i v i t i e ~  o f  f r a c t i < m s  t - t +~: o.3<~. 

Use el  the total activity as a r~aasurc el  i3~¢orporatio;v 

In exper iments  involving the removaI of DNA from the nucleas by DNase 
and/or  the addi t ion of nucleic acids, the use of the specific ac t iv i ty  to express the 
magni tude  of ipcorpora*.ion is obviously misleading, hecaltse the amount  of nucleic 
acids in different tubes m a y  va ry  considerably and cannot  be used as the common 
reference s t anda rd  for the incorporated radioact ivi ty .  I t  was therefore decided to 
express the magni tude  of incorporat ion by total  ac t iv i ty .  For OASP this wa.~ deter-  
mined directly+ For  DNA and RNA it was calculated from the content  of respectiv'e 
nucleic acids per tube and  the specific ,mtivities of the purified samples under  the 
assumpt ion tha~ .'he lat tm were representative: sar:~_ple.s of the nucleic acids present 
in respective tubes. Such an assumption may  be ju~¢ificd because the relative yield 
of nucleic acids in our f ract ionat ion procedure was largely independent  of the absolute 
amount  of the acids (Table iV). I t  was also found tha t  the magni tude  o~ contaminatit~g 
a~P was independent  el  the amoun t  of nucleic acids present. 

E~e,;t o/D.~ras~ treatmem 

In order to examine the effect of the removal of DNA on the a2p uptake,  the nude;, 
were incubated  for 15 rain wi th  varying concentrat ions of D,Nase in sucrose-Tyrode 
medium fortified with magnesium. The control  tubes were also incubated with the 
same medium lacking DNase. As shown i~l Table V, a selective dest ruct ion of DNA 
in DNa_~e-treated nuclei could be detected.  However, during the subsequent  incubat ion 
a considerable mltount  of DNA was reJ.e~.sed from the control and  t rea ted  nuclei. In  
subnequent experiments ,  the extent  of tl~e removal of DNA by  DNase was de termined 
(somewhat arbitrarily) from the whole content  of the tubes at stage C of Tabte V0 
i.e., at the end of incubat ion for ,2p incorporation, the possible release of DNA from 
the nuclei into the medium during this incubation being disregarded. 

R e f e r e n c e s  p .  4 5 . ~ ] 4 5 6 .  
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"["\  H I_ E . IV  

ASH)t:NT AND ItAI~ll)ACTtVII"T" (;1: I)~'N-.'k I"RO*I T/IN NUCLEI .qUBJI~CTED TO ])~"%'ASE TREATMIgNT 
OR AIIDITION OF SALMON S;PIgRM DN;Sk 

Nu ,c le i  w e r e  d ~ g c s t e d  w i t h  D N a s e  { 123 j t g ] m l ) ,  w a s h e d ,  : rod  s u s p e n d e d  in  sncrose .  - T y r o d e  m e d i u r a  
w i t h  a n d  w i t h b u t  I ) N &  (4 m g ] r n l ) .  

IT.N',t.,t' .'| r/l~l'//'[,¢l . . . . . . . . . . . . . . . . . . .  3ptltl]llt~ activity Total activilj, 
trcd/~/roll [ ~*t'~t'nal I£ rtr:tctcd lt'equlivc (Uo'¢/P~,~.'~tttl¢/?l /¢~" I~I (c~)lOIt8~?l[~ tfl~') 

vicld ("o1 

. . . . . . . . .  I l O I)¢, 5 7  t -~:3 ! NO 
I ) N A  3 4 2  " 2 o 9  ~)l 0 . 4 0  z 30  

-7" .... 4 2 .  21 30  O.O2 I 
I).%~*:~. 323  202 (2' 3 O. 4 [ 1 3 I" 

" "l't~.c r e ; t s o n  w h y  t h e  c f f e c t  of  [)N~Lse t r e a t r n e n t  w a s  n o t  r e f l e c t e d  b y  t h e  u m o u n t  of  I . )NA 
i n  t h e  t u b e s  s u p p l e , u e n t e d  w i t h  D N A  is  n o t  c l e a r  

7 A 1 3 L E  V 

CHANGE IN QtrANT[ ' I ' y  OF I.'Ik~N~.-k A N D  1~%~'_3k DURING THE TR~;ATMI.JNT '4VITtl ].)~%'AS~ A N I )  
• qUI~.~E~UENT INCURATION OF NUI:LE[ 

Samples were taken at  ~the following stages. A: Original nuclear s-spension. B: Af~:er incubation 
w i t h  o r  w i t h , ) u t  l h N a s e  ( 1 2 5  p g / r t t l )  f o r  i 5 n l i n ;  t h e  w h o l e  c o n t e n t  o f  t h e  t u t , e s  w a s  subjected t o  
a n a l y s i s .  T h e n  t h e  q u c l e i  w e r e  s e p a r a t e d  b y  c e n t r i f u g a t i o n ,  r e s u s p e n d e d  i n  s u c r o s e - T y r o d e  
m e d i n m  w i t h  o r  w i t h o u t  a d d i t i o n s  ~tnd i n c u b a . t e d  fo r  9 0  n l i n .  C:  T h e  w h o l e  c o n t e n t  o f  the tubes 

a s  w e l l  a s  t h e  txuc le i  s e p a r a t e d  f r o m  t h e  m e d i u m  b y  c e n t r i f u g a t i o n  w a s  a n a l y s e d .  

Siege .4dditton Frarti~l 

tfg P.lu(,c iu,rubated: 

witho~ 1)Nase (contmO with DNage (test] 

D,\'.t RNA D N A  R.VA 

A .  I n i t i n !  

13. A f t e r  f i r s t  
i n c u b a t i o n  ( 1 ) N o s e )  

C, A f t e r  s e c o n d  
incubation (z:,p) 

- T o t a l  ~ 7 ° 33 * 70 33 

- -  T o t a l  t 57 29  4 "  3 x 

- T o t a l  z i 6 3o  42 29  
S:- ~ i m e n t  89  i 8  4 z 29  

S ~ t l m o n  s p e r m  T o t a l  342  " -26, 3 2 3  3 6  
1 ) N A  S e d ~ a t e n t  - -  - - -  67  2.5 

Vc ,~s t  ft. ' , '>. " r o t a l  ~ 21 2 z s  44 2 3 5  
S e d i m e n t  {)7 38  22 ~)O 

• O w i n g  t o  t h e  h i g h  v i s c e s i t y  of  I ) N A  s o l u t i o n  a d d e d  t h e  n u c l e i  c o u l d  n o t  b e  s e p a r a t e d  b y  
o r d i n a r y  c e n t r i f u g a t i o r ~ .  

Table VI shows the  ex tent  of removM of D N A  and the  change  in to ta l  a c t i v i ty  
of OASP.  R N A  and D N A  of the nuclei digested w i th  different concentrat ions  of  
DNa.se. The incorporation into D N A  and R N A  was progressively  impaired b y  the  
increase in the ex tent  of ,+he removal  of DNA .  Apparent ly  the incorporat ion into D N A  
was more sensit ive to the removal  of D N A  than  that  into  RNA. The incorporat ioa  
into  OASP was much  less sensit ive  in this  respect;  it decreased o n ly  to  60 % of  the 
c o n t r o l  w h e n  t h e  i n c o r p o r a t i o n  i n t o  nucle i~  a c i d s  w a s  a b o l i s h e d  a l m o s t  c o m p l e t e l y  

R e [ e r e n c e s  p .  4~fi/456. 
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+r.& l+l .F+ v1 

I E E F E C T  O f  I¢|~.',IOV.-'t.L t ) [ :  ].)~-'N",~ O N  : | 2 I )  1 N C O R P O I < A ' I ' I O N  ~ I :  r~(~L:%qrp;D N U C L I ~ I  

P;.+pt, ,%'<P. of  l),X'+tse (1+~ +ntJ 
.-/mot+hi ~./D.X':t T . t , d  ,+cti+']h' F¢ou++ts ra in trd~e) 

(+!~ ,'~t t ~'+;~l/~,~]J O.'L",I" fq.%'.'~ f~_%++'! 

3 1 2 3  O I( i t+ I 3 , q 3 o  I ,  t ( )O  1 3 7  
1 0  0 7  ! , ' t , f~oo  t , l ~ O  I 1.5 

63 ~p2 I (),t~oo 7~2 .S 3 
z 5 04 t ! . . 5 o o  4 5 "  4- 

.3,12 t 0 I+DO I ~,,-% l () ( ) 4 ~  2 0 . ~  

12'5 .]  I Z -i,Ol (-' [ ,5<) 2i"  

d St> 2 0  z 2 , 4 ( ~ t ,  7 ~ " ' 7 

.5 t}~) 2 7  <1,5o+, o ! 8 
I +() f | l )  2 [ )  , ,%[ tr¢l(+ I Z [ )  

b y  t h e  r e m o v a l  of  a b o u t  70 % of  t h e  D N A ,  a n d  e v e n  a s l igh t  s t i m u l a t i o n  of i n c o r p o r ; t -  
t i o n  was  o b s e r v e d  w i t h  O A S P  w h e n  s m a U  arr, ount .~ of D N A  were  r e m o v e d .  

D u r i n g  t h e  c o u r s e  of  e x p e r i m e n t s  i t  w a s  n o t i c e d  t h a t  i t  w a s  t h e  coneevt t r : t t io , :  
of  D N a s e  u s e d  r a t h e r  t h a n  t h e  e x t e n t  of t h e  r e m o v a l  of D N A  t h a t  d e t e r m i n e d  t h e  

e x t e n t  of  i m p a i r m e n t  of t h e  i n c o r p o r a t i o n ,  A l so  t he  d i f f e r e n t  b a t c h e s  of l ) N a s e  c o u l d  

d i f fe r  m a r k e d l y  i n  t h e i r  e f fec t  o n  t h e  nuc l e i .  " 

Restoration+ o/th~ impaired .incorporation activity o/ D.V..~c-trcate<t ~c le i  by ~uhtition o/ 
n~+clc ic  act,is 

Since i t  w a s  a n t i c i p a t e d  th~tt  t h e  e f fec t  o f  D N A  ]~a t h e  i n c u b a t i o n  m e d i u m  oi1 

t h e  i n c o r p o r a t i o n  a c t i v i t y  of D N a s e - t r e ~ t e d  n u c l e i  w a s  nozt-specif ic ,  n o  a t tempt+ w a s  

m a d e  t o  t e s t  t h e  effect  of  h o m o l o g o u s  D N A .  S~dmort s p e r m  D N A  a n d  y e a s t  R N A  w e r e  
u s e d  t h r o u g h o u t .  F r o m  T a b l e  V i t  is s e e n  t h a t  t h e  n u c l e i c  ~tcids a d d e d  m a y  be t a k e n  
u p  a n d  r e t a i n e d  b y  t h e  n u c l e i ;  t h e  effect  w a s  esl)eci~tUy n o t i c e a b l e  w i t h  D N a s e -  
i r e = t e d  n u c l e i  ( l ines  6 a n d  8). T h e r e  w a s  a l so  s o m e  i n ( i i c a t i o n  t h a t  ~ p a r t  of  D N A  i n  

t h e  n u c l e i  w a s  d i s l o d g e d  b y  t h e  R N A  a d d e d  ( l ine  ,S). 

T,X[+,IJ.:+ V I I 

F I " I : I ' . ' C T  e l  ~" ~ N U U L E I I t :  .-'t..CIDS A N D  S O ~ I E  O T I I E R  C ( ) , ~ l P O l . ' N l l : q  I X  T i l l ' ;  IN~-t,_ l+ .~rp j  ~ .%HX rLrJNl-; 

O N  -PHI+ I . ' - : ( . ' O R P O I ~ A T I { ) N  O1" ;12 | )  [ N ' Y ( )  C d } N ' I ' R O L  . " ,L ' ( 'L IC. [  

' l '+,t,d ~lcti: 'z' lY ( " , ,  .¢ C+#~tt,', D 
K.rpt,  A'o.  . .Idditi , ,n ~ p c t  t rd . ' l  

L,;J " ,:" I,L,+ 4 I),V.'~ 
. . . . . . . . . . . . . . . . . . . . . . .  

-%I24 4 rrtg I~N.\ 7 ° 8~ 72 
M- 5 1 mg RN. \  133 14(7 z 19 

z nag tCNA I ] 2  1_, 7 ~ i ~  
4 n t ~  I - ~ N A  ~ 51 7;-I ,"e,-i 

~ [ 3 ~  z p. lg  [ ;~N.~  ,';4 96 zq, 
.'t, lz6 2 mg -",3'-nxol~mtncleotitte.~ 3{)6 ,~  -~ ~' 

2 n~g chondroi t in  .~ttlphate Io7 I [3 07 
.M3o 4 mg chondroi tm sulpli,-tte t I T ,S~. ] n 4 
~1138 z rt;g hyah+r<mate 4 ¢;' 33 22 

-' mg heparin 01 4 ! 30 
; mg egg at lmmin ¢11 t tz ~o 

Re#fences p. 45.~1456. 
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Usually the presence of nucleic acids in the incubation medium did not very 
much affect the total  act ivi ty  of the control nuclei ('fable VI I), but occasionally there 
was a remarkable inexplicable diminution of the incorporation act iv i ty  (Table VII,  
M38). In experiments involving the DNase  digestion of, and addition of nucleic acidg 
to, the nuclei, the total act ivity  of individual fractions was usually expressed in % 
of the undigested controls receiving the same addition, but in some experiments such 
"addition controls" were not run: the undigested control without  addition served 
~,s the ,',~¢~rence standard (values in parentheses in TaMe VIII) .  

T A B L E  V I I I  

1,2.FFICCT O F  N ' U C L E I C  A C I D S  z~.ND SONIE O T H E R  C O M P t ~ U N I ) R  IN  I~HI~ I N C U B A T I O N  ~IED1U,%I 

ON TME: INCORPORATION OF gZ[, ][*','TO .~[JCI.EI TRIf, ATF . I )  'I,'~ITM D N A ~  

F rpL .Vo. 
Fraction o/ Total a~livity ( ~  o# ¢onlret*) 

(.'O*|fC~ltrafi¢~lt O# J),N'A rt'#/toved ,4d*h'.Qo/t (per tube) 
I~Ncs¢ (p~ 'm#) ('+'o] O,q,Np ~N,q DY.'.4 

3Ia .  t i z  5 0, t 

M z o  I o o o  84 

3I 25 : 25 63  

3I2 ~ I -'5 74 

/ , . l i e )  I o o o  

314o 25 o* ~ 

6(, 

3 s 

9 7  ~ 7  t 
4 l ~ i ~  I . ) N A  i o7-  i ' :6  rsl, 
4 i r ig  I~N. \  B~ 07  44 

.... 7" o S 
2.5 m g  D N A  I ~ 9 )  ( ~ O 6)  ( ~ e>) 
2. 5 n t g  I£N..K (,  1 o) (46) (9) 

-- 0 (J ~ .3 c,  

z n z g  I ~ N . . k  e l  4 r 3 5  
'-" nlg I~N..i Oo 57 54 
4 m g  R N A  57 83 U4 

M 3 9  6 3 * * 25 

---  64 I o  t r 
z nag ]¢.NA (I 1,1) 13o) (33) 
2 Irt~ 2 " , 3 " - r n o n o n u c l e o t i d e s  t 25  I 5  42 
2 n'~g e h, m d r o i t i n  s u l p h a t ~  69  "~ 7 44  

- 1 5 o  3 * 
2.5 m/4" c h o n d r o i t i n  s u l p h a t e  (184 t  (9) ( ' }  

M3S 1 -'.5" * ' 7 

- - -  I 3 S  z 8  2 a  
2 m g  R N A  J l 5  48 t I 8  
2 m g  c h o n d r o i t i n  s u l p h a t e  i i 7 16 58  

-o , o 7 87  75 
2 i l lg  R i N A  i o 7  113 l.;~, 
2 rnp. c h o n d r o i t i n  s u l p h a t e  ~ -'4 83 13z  
4 m g  e h o n d r o i t i n  . ~ u l p h a t e  7q 9 6  t o r 

- -  ~ r  4 3  5 7  
2 n t g  R ' , :  ~ ] 3  t '~7 I 9 t  
z m g  h e p a r m  , .'o 83 51~ 
2 m g  h y a | u r o n a t e  34(.1 1 5 7  2 I 5 

2 m g  e g g  a l b u m i n  95  fJ7 ~4 

" U n d i g e s t e d  c o n t r o | s  a l s o  r e c e i v e d  a d d i i i o n s  e x c e p t  f o r  t h e  c a s e s  i n  p 0 r e n t h e s e s ,  w h o r e  
u n d i g e s t r : d  c o n t r o l s  d i d  n o t  r e c e i v e  a d d i t i o n s .  

• " I n  t h e s e  e x p e r i m e n t s  a d i t t e r c n t  b;~.tch ,'*f I ) N a s e  f r o n t  t h a t  tpsed i n  o t h e r  ¢ x p e r i m e , ~ n  w a s  
e m p l o y e d .  T h e  re~',d t s  w i t h  t i f f s  b a t c h  ~vere m u c h  i n f e r i o r  t[> t h o s e  o b t a i n e d  w i t h  t i l e  p r e v i o u s  b a t c h  
a s  r e g a r d s  r e m ~ , v a l  o f  I ) N A  a n d  i m p a i r n l e n t  of  il)co~ p o r a t i o n .  

Re]erence~ p. 4551456. 
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T h e  resu l t s  s u m m a f i s e d  in T a b l e  V I I I  now c lear ly  ind ica t e  the  L'~!!o;;-ing po in t s .  
(I) B o t h  D N A  a n d  R N A ,  w h e n  p r e sen t  in the  i n c u b a t i o n  m i x t u r e  of  l )N:~e-  

t r e a t e d  nuclei ,  were  e f fec t ive  in r e s to r ing  t h e  lost  incorpora t io r t  a c t i v i t y ,  p r o v i d e d  
t h e  d iges t ion  w i t h  D N a s e  was  n o t  v e r y  e x t e n s i v e  (M24). 

(2) Th i s  e f fec t  of nucle ic  ac ids  inc reased  wi th  the i r  c o n c e n t r a t i o n  ~ (Mz5). 
(3) W h e n  a h igher  c o n c e n t r a t i o n  of  D N a s e  was used  a n d  t h e  r e m o v a l  of D N A  

was  e x h a u s t i v e ,  h o t h  R N A  and  D N A  : e s t o r e d  the  i n c o r p o r a t i o n  in to  RN A ,  b u t  n o t  
i n to  D N A  (M',o). 

Attempts to rvstorv tlw lost in~orporatio~ avtiz'ily by ad,.litio~t o[ compvuruts olhtw t',~.a~ 
medci¢ avhts 

T h e  n e x t  s t ep  was  to  e x a m i n e  n o n - n u c l e o t i d e  p o l y a n i o n s  a n d  some ot [mr co m -  
p o u n d s  for  t he  ab i l i t y  to  r e s to re  the  t~-st i n c o r p o r a t i o n  a c t i v i t y  of  t h e  D N a s e - t r e a t e d  
nucle i .  U n f o r t u n a t e l y  t he  resu l t s  were  in m o s t  cases  not  c lea r -cu t .  F o r  one  th ing ,  
n e w  b a t c h  of  D N a s c  was  used  in a few e x p e r i m e n t s ,  a n d  this was four td  to  be no t  so 
e f fec t ive  in r e m o v i n g  t he  D N A  f r o m  the  nucle i  as t h a t  used in p r eced in g  e x p e r i m e n t s .  
F u r t h e r ,  s o m e  c o m p o u n d s  t e s t e d  b r o u g h t  a b o u t  a p r o f o u n d  mod i f i ca t ion  of the  in- 
c o r p o r a t i o n  a c t i v i t y  in  t he  c o n t r o l  nuclei ,  m a k i n g  the  rcsu t t s  a m b i g u o u s  (Tables  
V I I  an.2 V I I I ) .  

C h o n d r o i t i n  s u l p h a t e  d id  no t  s ign i f i can t ly  af fec t  t he  i n c o r p o r a t i o n  in to  the  
c o n t r o l  nuclei ,  I t s  effect  on  t he  D N a s e - t r e a t e d  nucle i  was  e i t h e r  a h n o s t  equ'a_l (M26, 
M39 ) or  in fe r io r  to  (Mr 9, M4o) t h a t  of  RNA .  H y a l u r o n a t e  i n h ib i t ed  t h e  i n c o r p o r a t i o n  
in to  t he  c o n t r o l  nuc le i  r a t h e r  severe ly .  B u t  the  a c t i v i t y  of  the  DNase-tree~ted nucIei  
was h ighe r  t h a n  t h a t  ot  the  con t ro l  nucle i  in the  p resence  of  h y M u r o n a t e .  I t  seems 
t h e r e f o r e  t h a t  the  dep re s s ion  of i nco rpora t io r t  c a u s e d b y  tbe  dep l e t i on  of  D N A  was  
re l i eved  b y  h y a l u r o n a t e "  *. H e p a r i n  also h a d  an  i n h i b i t o r y  ef fec t  on  t h e  con t ro l  nuclei  
a n d  i~s e f fec t  o n  the  D N a s e - t r e a t e d  nucle i  was no t  v e r y  consp icuous .  

Egg  a l b u m i n ,  as an  e x a m p l e  of  non -an ion i c  c o m p o u n d s  h a v i n g  no s ignif icant  
e'ffect on  t he  c o n t r o l  nucle i ,  m igh t  have  a sl ight  r e s to r ing  ab i l i ty ,  b u t  c o m p a r e d  w i t h  
R N A  a n d  h y a l u r o n a t e ,  its e f fec t  was  not  s ignif icant .  T h e  effect  of a m i x t u r e  of  
2 ' , 3 ' - m o n o n u c l e o t i d e s  was  also a m b i g u o u s ,  because  it c au sed  a m o d e r a t e  i n h ib i t i o n  
ot  the  i n c o r p o r a t i o n  in to  D N A  of the  c o n t r o l  nucle i  t o g e t h e r  wi th  a cons ide rab l e  
e n h a n c e m e n t  of the  i n c o r p o r a t i o n  in to  O A S P  in b o t h  c0n t ro l  a n d  D N a s e - t r e a t e d  
nucle i .  

I ) I S ( : U S S I O S  

T h e  resu l t s  of the  p r e s e n t  in ' zes t iga t ion  con f i rmed  in essent ia ls  t h e  f indings  of  t h e  
p r e v i o u s  i nves t iga to r s .  As was  i n d i c a t e d  b y  FRIEDI~IN .k.ND WOOD 7, BREITS[)kN AND 
W E B S T E I k  6 o r  FI(; 9 AND E R R E R A  ' 'a wi th  ca l f  t h y m u s  nuclei ,  D N a s e  i m p a i r e d  t h e  
i n c o r p o r a t i o n  of t h e  p r e c u r s o r  irt to D N A  in i so la ted  nuclei .  I t  also a f fec ted  t h e  
i n c o r p o r a t i o n  in to  R N A ,  and  to  a les.~ier e x t e n t ,  t h a t  i n to  O A S P .  Such  an  i m p a i r m e n t  
cou ld  be r e l i eved  b y  exoger ,  ous  nucleic  acids.  These  resu l t s  c losely  paral le l  t he  

" However, higher concentration o.~ N N A might atiect the hmorpor~ttion into tile nuc!eic acids 
of tile control nut |el  (Table VII, M25). 

" In this particular experhuent (M38,1 e~ en added t~N.k inb.ibited the incorporation into I)NA 
of the control nuclei (]'able X'II). 
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pioneering findings of ALLFREY e ta l .  I concerning the effect of var ious  nucleot ide  
compounds  on the res tora t ion of impai red  incorporat ion of labelled precursors  in to  
protein and R N A  of the DNase- t r ea ted  nuclei. 

However ,  an extensive removal  of DiqA ul t imate ly  resul ted in a different response 
of nuclear D N A  and R N A  with  regard to their  abi l i ty  to recover  the  incorporat ion 
ac t iv i ty  on addi t ion of exogenous nucleic acids; while incorporat ion into R N A  was  
par t ia l ly  or fully restored, tha t  into D N A  was scarcely regained. This  indicates  tha t  
the bulk of  the s2p incorporat ion into nuclear  R N A  can proceed wi thou t  an a m o u n t  
of pre-existent DNA w:~icb is indispensable for the  a2p incorpora t ion  into DNA.  
Such findings m a y  at  first sight seem to  be irt line wi th  the synthes is  of deoxypo ly -  
nucleotide b y  the polymeris ing enzyme in the  supe rna tan t  f ract ion of m a m m a l i a n  
cells ~, ~o, which, like the  corresponding bacter ia l  enzyme 2~, requires p re formed  D N A  
as the primer. Howe*cer, since even the  addi t ion of heterologous D N A  failed t o  
restore the incorporat ion into D N A  in the  nuclei t r ea ted  ex tens ive ly  wi th  DNase ,  
th~ significance of pre-exist ing D N A  in the  incorporat ion into D N A  in isolated nuclei 
must  be something more compl ica ted  than  its funct ion s imply  as a "p r imer" .  

Al though some of the results of the present  invest igat ion were not  v e r y  con- 
clusive, the  main body  of results would  suggest tha t  the favourable  act ion of the  
cxogeneous D N A  and R N A  on the DNase - t r ea t ed  nuclei is not  peculiar  to  nuclcot ide 
compounds. The hypothes is  previously  proposed b y  ALLFR:EY AND MIRSK~ ascribing 
the act ion of added  nucleic acids to their  funct ion as the potent ia l  source of high- 
energy nucleotides becomes thus  ra the r  unlikely. 

In animal  cells the DNA is "neu t ra l i s ed"  b y  basic prote ins  such as p ro tamines  
and  histones, and  the removal  of D N A  wi thou t  touching  the basic prote ins  will 
leave the nuclei posi t ively charged,  and  this will p robab ly  b e  the  cause of the  reduct ion 
of the  abi l i ty  of  DNase- t roa ted  nuclei to form ATP and of the  consequent  b lockade  
e l  synthet ic  ac i t iv i ty  s. Polyanions  of ei ther  nucleot ide  or  non-nucleot ide  na tu re  m a y  
then "'neutralise . . . .  basic"  nuclei deple ted  of D N A .  

SPIEGEr--~tA,~ "~* showed tha t  in lysed  pro top las t s  of B. megatariu~n the  deplet ion 
of D N A  did not  abolish the ab i l i ty  to synthes ise  D N A  as well as R N A  or protein.  
Tiffs was confirmed b y  OTSUJ[ AND TAKAGI ~ wi th  lysed  protoplas tc  ,~: E. aoli. The  
difference be tween  animal  cells and bacter ia l  cells m a y  pa r t ly  be expla ined b y  the  
fact tha t  D N A  in bacter ia l  cells is, unlike in animal  ceils, appa ren t ly  complexed  wi th  
some amines of relat ively ]ow molectdar  weight  such as putrescine or spermidine m, 
which, on el imination of DNA, m a y  easi ly be l o s t  from the  p ro top las t  and wi!I not  
cause a serious d is turbance  of e lectrostat ic  charge dis t r ibut ion a round  the syn the t ic  
mechanisms still opera t ive  on the lysod protoplasts .  

Considerable incorporat ion of vzp into OASP  was not iced in our  present  s tudy ,  
and  it was not  as sensit ive to the  removal  of D N A  as asp incorporat ion into nucleic 
acids. However ,  tim na tu re  of this incorporat ion in to  OASP was not  s tudied,  and wha t  
fract ion of it represented the  format ion of nuclear  AT P  therefore  remains  obscure,  

The results  repor ted  here are consis tent  wi th  the  idea tha t  for D N A  synthes is  
in the nucleus preformed specific D N A  is needed for t ransmi t t ing  the genetic  informa-  
t ion to the progeny molecules, bu t  it is not  required for the synthes is  of  nuclear  R N A  
for which the genetic informat ion is t r ansmi t t ed  f rom D N A  on;,y indirect ly  via some 
sort  of macromolecules  o ther  than DNA,  Bu t  it mus t  be emphasized tha t  the  present  
s t u d y  cannot  be taken even as a par t ia l  proof  of this. Firs t ly ,  on ly  the  incorporat ion 
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Of s--p, not  the net  . . . .  " ' - - "  oy . . . . . . .  ~s, was foUowed i~ vitro; secondly, no informat ion was 
collected about  the format ion  of specific macromolecules.  Fur ther ,  the  removal  of 
DNA was not  absoh: te!y complete,  and  one does not  know what  role the  DzNA 
remMning after DNase t r ea tmen t  played in the observed anabolic processes of the  
nuclei which were restored by  the polyanions.  

NOTF, ADDED IN I 'ROOF 

After  this paper  had  been submi t ted  for publication,  ALLFREY AND MiRSI~.X "~7 
repor ted an extensive investig~ttion on the effects of various non-nucleotide poly- 
,anions, including chondroi t in  sulphate and  polyethylene .~ttlphonaee, upon the DNase~ 
t rea ted  nuclei. Their results very clearly confirmed our suggestion as to the role of 
DNA as a polyanion in the anabolic processes of isolated nuclei. Thanks  to  the im- 
provement  of technique indicated by the American authors ,  it has also been demon- 
s t ra ted  in this l ; tboratory e* t h a t  in the presence of chondroit in sulphate the nuclei 
cart be digested with DNase wi thout  their  abi l i ty  to incorporate azp into RNA and  
DNA being ~fffected; but  in tiffs case also, an exhaust ive  removal of DNA completely 
abolished the  incorporat ion into DNA, whereas tha t  into RNA was fully retained 
under  the same conditions.  Thus,  ambiguous points of the present  paper  have now 
largely been e l imina t ed  

(Received March 3Ist ,  1959) 
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S T U D I E S  O N  T H E  C A R B O H Y D R A T E  M E T A B O L I S M  O F  

T H E  L I V E R  F L U K E  F A S C I O L A  H E P A T I C A  

"FAG E . . X l A N S O U l t  

DcpaYtment o/ Ph:*rmcc¢ology, Louisitz~a Stale UJ~ioeysily, Hvhool o[ 2~ledici~te, 
.V~;ro Orleans, La. ([7.S..4.) 

( R e c e i v e d  O c t o b e r  3 x s t ,  1058) 

S U M , M A R Y  

P'asciol~ ha~at@a utilizes c a rbohyd ra t e  anaerobica l ly  at a high rate.  W h e n  glucose 
is omi t t ed  from the  medium,  tim a m o u n t  of glycogen uti l ized varies f rom 84-97  
t~moles of glucose units/g wet  wt. :6 h. The ra te  of glucose utilization f rom the  outs ide  
medium varies f rom i i o - i 8 o / x m o l e s f g  we t  wt. /6 h. P roduc t ion  of volati le f a t t y  acids 
accounts  for a lmost  all of the ca rbohyd ra t e  uti l ized anaerobical ly.  These  acids were 
identified as propionic and acetic acids in an approx ima te  rat io of 3:x.  Only  4 -9  % 
of the metabol ized ca rbohydra t e  is conver ted  to lactic acid. The .rates of glucose 
util ization, lactic acid and  volati le f a t t y  acid p roduc t ion  are on ly  s l ight ly decreased 
in the presence of a tmospher ic  oxygen.  Oxygen  is uti l ized b y  these organisms when 
available.  The resp i ra tory  quot ient  varies from x.56-2.2. Anaerobic  metabo l i sm of 
flukes with l igatured oral openings is identical  with in tac t  organisms.  This :ad ica tes  
that  nei ther  the  absorpt ion of glucose from outs ide medium,  nor  the excre t ion of 
the  metabol ic  products  are  carr ied ou t  th rough  the gut  of the  organism. 

INTRODUCTION 

Previous  studies indicated tha t  ca rbohydra t e  is the  major ,  if not  the exclusive source 
of energy for m a n y  parasi t ic  helminths  1. a. The  end p roduc t s  of c a r b o h y d r a t e  me t abo -  
lism v a r y  from one species to another .  As ear ly  as 1926, WIt-INLAND AND VON 13RAND 3 

observed  tha t  the  uti l ization of ca rbohydra t e  b y  l:asciola hepatiaa in vitro is associa ted 
with the  product ion  of higher f a t t y  acids and possibly bu ty r i c  acid. Their  experi-  
ments  were carr ied ou t  on the European  var ie ty  of these organisms. The exper iments  
repor ted  in this  paper  were e a n i e d  ou t  on a va r i e ty  of Fasciola hepatica which is 
p redominant  on the Gulf Coast  of this country .  In  these exper iments ,  the  ra te  of 
endogenous ca rbohydra te  uti l ization and of glucose up take  were measured  under  
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