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Ct*-RNA is m o s t l y  i n c o r p o r a t e d  in to  t he  c y t o p l a s m  
a f t e r  1 h fol lowing t he  in j ec t ion  and,  to  a v e r y  sma l l  
ex ten t ,  i n to  t h e  nuc leus  a n d  t he  c h r o m o s o m a l  regions.  
Af te r  6 h, t he  a c t i v i t y  has  increased  in c y t o p l a s m  and  also 
t he  nucleolus.  M a n y  obs e r va t i ons  sugges t  t h a t  t h e  in-  
ges ted  foreign D N A  becomes  p a r t  of the  nuc l ea r  
c h r o m a t i n  9,10. 

I n  our  expe r imen t s ,  t he  label l ing,  a f t e r  H3-DNA injec-  
t ion,  is f ound  in t he  c y t o p l a s m ;  l a t e r  on, i t  a c c u m u l a t e s  
in  t he  nucleus,  on  t h e  p o l y t e n e  chromosomes .  KONG a n d  
FICQ 11 obse rved  t h a t  a f t e r  in j ec t ion  of p h a g e  CI~-DNA 
in to  newts ,  r a d i o a c t i v i t y  c an  be  found  in t he  l a m p b r u s h  
c h r o m o s o m e s  of t h e  oocytes.  I t  is r epo r t ed  t h a t  w h e n  H 3- 
D N A  (from E. coli) is i n t r o d u c e d  in to  t he  b l a s tomeres  of 
Pleurodeles embryos ,  r a d i o a c t i v i t y  is soon found  in t h e  
nuclei  and  can  l a t e r  be  d i s t r i b u t e d  be t w een  t he  d a u g h t e r  
nuclei  12 

The  i n c o r p o r a t i o n  of m a c r o p h a g e  R N A  in to  l y m p h  
nodes  has  been  s tud ied  b y  FISI~MAX et  al. 1~. LACOUR et  
al. 14 h a v e  obse rved  t h a t  E h r l i c h  asci tes  t u m o r  cells 
a b s o r b  large a m o u n t s  of exogenous  R N A  w i t h o u t  
a p p a r e n t  des t ruc t ion .  Our  a u t o r a d i o g r a p h i c  ana lyses  
show t h a t  r a t  l iver  C14-RNA is m a i n l y  found  in t he  cyto-  
p l a s m  a n d  in t h e  nucleol i  of t he  s a l iva ry  g l a n d  cells of 
Dipteran larvae.  

Zusammenfassung. A u t o r a d i o g r a p h i s c h  wurde  festge-  
stel l t ,  dass  sich in j iz ier te  D N S  m i t  der  D N S  der  p o l y t o n e n  
C h r o m o s o m e n  v e r b i n d e t  u n d  in die Zel lkerne der  Speichel-  
dri ise e i n g e b a u t  wird. 

L. S. I)ESAI 

The Children's Cancer Research Foundation, 
Department o/ Microbiology, 
Boston (Massachusetts 02~75, USA), 73 June 1969. 

E. R. M. KAY, Nature 797, 387 (1961). 
10 S. MEIZEL and 2. R. M. KAY, Biochem. biophys. Acta 703, 399 

(1965). 
11 y.  C. KONO and A. FICQ, Nature 2/4, 491 (1967). 
12 E. SE~PINSKA, Biochem. biophys. Acta, in press. 
13 M. FISHMAN, R. A. HAMMERSTRAM and V. P. BAUD, Na tu re  /98, 

549 (1963). 
14 2 .  LACOUR, J .  LACOUR, J.  MOREL and J. J. HUPERT, J. natn. 

Cancer Inst. 24, 305 (1960). 
15 Acknowledgements. I am grateful to Professor J. BRACHET, 

Laboratoire de Morphologie Animale, Facult6 des Sciences, Uni- 
versit6 Libre de Bruxelles (Belgium), for providing the laboratory 
facilities and helpful discussi(m.~. I would also like to thank 
Euratom (Contract Euratom-U.L.B. No. 007-61-10 ABIB) and 
ICRO for financial aid. 

Presence and Adaptive Changes of Citrate Cleavage Enzyme in the Yeast R h o d o t o r u l a  gracil is  1 

Ci t ra t e  c leavage  e n z y m e  S (ATP  c i t r a t e  lyase:  E.C. 
4.1.3.8) is wide ly  a s s um ed  to  be  a f i rs t  r egu la to r  e n z y m e  
of t he  f a t  s torage  sequence  f rom c i t r a t e  in a n i m a l  t issues,  
where  i ts  level  depends  on t he  n u t r i t i o n a l  s t a t e  of t h e  
o rgan i sm 3. This  c o m m u n i c a t i o n  deals  w i t h  t he  p resence  
of a c i t r a t e  c leavage  e n z y m e  also in a yeas t  species a n d  
w i t h  i ts  l ong - t e rm  changes  in response  to  d i f fe ren t  
e x t e r n a l  c a r b o n  sources. T he  yeas t  Rhodotorula gracilis 
is a n  obl iga te  ae robe  f a t - s to r ing  organism,  wh ich  in ade-  
q u a t e  c o n d i t i o n s  can  deve lop  a t r ue  ' obes i ty  '4. I n  t h e  
e n v i r o n m e n t a l  cond i t ions  of f a t  s torage  a h igh  level  of 
c i t r a t e  c leavage  e n z y m e  has  been  observed ,  a n d  t h i s  sug- 
gests  a n  i n t e r p r e t a t i o n  of f unc t i on  and  regu la t ion  of t h i s  
e n z y m e  in some y e a s t  cells ana logous  to  t h a t  p roposed  for  
a n i m a l  cells. 

Experimental. The  o rgan i sm used was a s t r a i n  Pan of 
Rhodotorula gracilis, o b t a i n e d  f rom t he  l s t i t u t o  di Micro- 
b iologia  Agra r i a  of t he  U n i v e r s i t y  of Milan.  F r o m  t h e  
same  col lect ion were also o b t a i n e d  o the r  yeas t  s t r a in s  of 
Saccharomyces cerevisiae a n d  Candida utilis. Yeas t s  were 
c u l t i v a t e d  in a l iqu id  s y n t h e t i c  m e d i u m  h a v i n g  t h e  follow- 
ing composi t ion ,  pe r  l i te r :  (NH4)2SO 4, 15 m m o l e s ;  
K2HPO4, 5.7 mmoles ;  NaC1, 8.6 m m ol e s ;  MgSO 4, 
4 mmoles ;  CaCI,, 2.3 m m ol e s ;  FeCi 3, 0.018 m m ol e s ;  Ca 
p a n t o t h e n a t e ,  5 mg ;  th iamine-HC1,  5 rag;  glucose or  
o t h e r  c a r b o n  sources, as i nd i ca t ed  in t he  Tab les  and  in t h e  
F igure ;  f ina l  p H  was  4.5. Such  a m ed i um ,  r ich  in sugar ,  
was  d e s c r i b e d  b y  LI:NDI~ 5 as pa r t i cu l a r l y  su i t ab le  to  
o b t a i n  a ' f a t - y e a s t ' :  ex t ens ive  f a t  depo t s  are  micro-  
scopical ly  vis ible  in  Rhodotorula gracilis cells a f t e r  cul t i -  
v a t i o n  u n d e r  these  cond i t ions  in presence  of 20-200 m M  
glucose. 

G r o w t h  t ook  p lace  in well  ae ra t ed  f lasks w i t h  eccent r ic  
ag i t a t ion ,  a t  30 ~ Fo r  t he  larger  cu l tu res  a New B r u n s -  
wick Microferm F e r m e n t o r  was  used. 

Fo r  e n z y m e  d e t e r m i n a t i o n s  cells Were col lected b y  
cen t r i f uga t i on  and  d i s rup t ed  in a B r a u n  glass-beads  h o m o -  

genizer  (5 g of beads  pe r  g of yeas t ;  30 sec a t  70 rev/sec)  
us ing  as suspend ing  m e d i u m  100 m M  p o t a s s i u m  phos-  
p h a t e  + 10 n l M  2 - m e r c a p t o e t h a n o l  + 10 m M  MgCI~, a t  
p H  7.0. The  suspens ion  was he ld  30 ra in  a t  4 ~ w i t h  s t i r -  
r ing  and  t h e n  cent r i fuged  a t  20,000 g for  30 min  to  o b t a i n  
a c lear  ex t rac t .  

A pa r t i a l  pu r i f i ca t ion  of c i t r a t e  c leavage  e n z y m e  was 
ach ieved  b y  p r ec ip i t a t i on  w i t h  (NH4)~SO 4 ( f ract ion 0 .7-  
1 .6M,  pt-I 6.8) and  passage  t h r o u g h  a Sepharose  4B 
column.  F rac t i ons  a f t e r  gel f i l t r a t ion  s tep  c o n t a i n e d  mini -  
ma l  or no  m a l a t e  d e h y d r o g e n a s e  ac t iv i ty .  S t a b i l i t y  of 
e n z y m e  p r e p a r a t i o n s  depends  v e r y  s t rong ly  on  pH,  
o p t i m a l  conse rva t i on  be ing  o b t a i n e d  a t  p H ' s  be tween  6.5 
a n d  7.0. 

I d e n t i f i c a t i o n  and  a c t i v i t y  m e a s u r e m e n t s  of c i t r a t e  
c leavage  e n z y m e  were ca r r ied  ou t  in  reac t ion  m i x t u r e s  
h a v i n g  t he  fol lowing bas ic  compos i t i on :  200 m M  Tris- 
ItC1 buffer ,  10 m M  MgSO4, 10 m M  g l u t a t h i o n e - S t t ,  
10 m M  sod ium ci t ra te ,  0.2 m M  CoA-SH,  5 m M  ATP,  
0.2 m M  N A D I t ,  3 I U  cryst ,  m a l a t e  dehydrogenase ,  20 -  
50 ~xl/ml e n z y m e  p repa ra t i on .  Oxa l ace t a t e  f o r m a t i o n  was  
fol lowed b y  c o n t i n u o u s  m o n i t o r i n g  of op t ica l  e x t i n c t i o n  
change  a t  366 n m  in a n  E p p e n d o r f  r ecord ing  p h o t o m e t e r ,  
t h e r m o r e g u l a t e d  a t  30 ~ R o u t i n e  t e s t s  were car r ied  ou~ 
a t  p H  8.4 a n d  s t a r t ed  w i t h  A T P .  
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In  addi t ion  to  oxalaceta te ,  acetyl-CoA was also ident i-  
f ied and  dosed as a reac t ion  p roduc t  in some exper iments .  
F o r  th is  purpose  0 .35M hydroxy lamine ,  ad jus t ed  to  
p H  8.4, was added  as t r app ing  agent  to t he  reac t ion  mix-  
tu re  and the  a c e t y l - h y d r o x a m a t e  formed af ter  10 and  
20 min  at  30~ was ident i f ied by  th in- layer  ch romato -  
g r aphy  or dosed wi th  the  FeC13 test .  Thin- layer  ch romato -  
g r aphy  on silica gel was carried out  by  using as so lvent  
wa t e r - s a tu r a t ed  n-butanol6;  a c e t y l - h y d r o x a m a t e  s tan-  
dards ,  ob ta ined  by  t rea t ing  wi th  NH2OH acetic anhydr ide ,  
were run in parallel,  and the  spots  localized by  acid 
FeC1 a colorat ion ( R f -  0.65). For  quan t i t a t i ve  deter-  
mina t ion  of a c e t y l - h y d r o x a m a t e  in the  reac t ion  mixture ,  
t he  procedure  of LIPMANN and  T~JTTLE 7 was applied.  

Ac t iv i ty  measu remen t s  of alcohol dehydrogenase  
(E.C. 1.1.1.1) were carr ied out  by  cont inuous  opt ical  
m e t h o d  according to BOCHER e t  al. s. Tota l  p ro te ins  were 
de t e rmined  by  a b iure t  me thod ,  according to  BEISEN- 
r~ERZ et al. s. 

Results.  Rhodotorula gracilis, grown in a glucose/ 
a m m o n i u m  medium,  conta ins  a s ignif icant  c i t ra te  
cleavage enzyme  ac t iv i ty  (Tables I and  II). 

In i t ia l  enzyme  charac ter iza t ion ,  carr ied out  on the  
par t ia l ly  pur i f ied prepara t ion ,  has  shown t h a t  it  requires  
as cofactor  Mg ++ or Mn ++. O p t i m u m  p H  is 8.4-8.8. The 
af f in i ty  is abou t  40-fold h igher  for CoA t h a n  for c i t ra te  
or A T P :  af f in i ty  for Mn++ is h igher  t h a n  for Mg++, bu t  
Mn ++ concen t ra t ions  above 5 m M  are inhibi tory.  The 
enzyme is inh ib i ted  by  hydroxy lamine .  

The presence  of c i t ra te  cleavage enzyme is no t  ubiqui-  
tous  in yeas ts :  o ther  yeas t  species, like Saccharomyces 
cerevisiae and  Candida utilis, grown under  the  same condi- 
t ions  as Rhodotorula gracilis, show no ac t iv i ty  (Table I). 
For  comparison,  d i s t r ibu t ion  of a wel l -known yeas t  
enzyme,  alcohol dehydrogenase ,  is also shown in the  
Table.  

Ci trate  cleavage enzyme in Rhodotorula exhibi ts  adap-  
t ive propert ies .  E x p e r i m e n t s  were carried out  by  deter-  
min ing  the  changes  of enzyme level when  the  organism 
was grown 24 h on di f ferent  carbon sources:  alcohol de- 
hydrogenase  changes  were also de te rmined .  Resul ts  are 
repor ted  in Table  II .  

The t ime  course of enzyme  a d j u s t m e n t  when  glucose is 
added  to  a Rhodotorula cul ture  grown on e thano l  is re- 
por t ed  in the  Figure.  The fo rmat ion  of c i t ra te  cleavage 
enzyme  is comple te ly  blocked by  75 ~tM cycloheximide,  
showing its dependence  on und i s tu rbed  pro te in  synthesis .  

Alcohol dehydrogenase ,  t h a t  is prac t ica l ly  lacking in 
ace ta te -grown Rhodotorula glut inis  ~o, is fo rmed by  
Rhodotorula gracilis growing on e thanol  (Table I I ) :  t he  
m a x i m u m  enzyme level depends  on a n u m b e r  of factors,  
including the  Zn con ten t  of culture.  This enzyme  shows 
an ev iden t  glucose repression,  as a l ready  observed  for 
o ther  yeas t  cells n, and  even an inac t iva t ion  rapid  and 
comple te  under  the  adop ted  cul ture  condi t ions ,  wi th  no 
Zn added  (see Figure).  

Table I. Specific activity of citrate cleavage enzyme (CCE) and 
alcohol dehydrogenase (ADH) in different yeasts, grown on 20 ram 
glucose as carbon source 

Yeast Enzyme specific activity 
(nmoles/min/mg protein) 
CCE ADH 

Rhodotorula gracilis 190 0 
Candida utilis 0 100 
Saccharomyces cerevisiae 0 280 

Ceils cultivated aerobically 24 h at 30 ~ 

Table II. Specific activity of citrate cleavage enzyme (CCE) and 
alcohol dehydrogenase (ADH) in Rhodotorula gracilis grown on 
different carbon sources 

Carbou source Initial Enzyme speeific activity 
concentration (nmoles/min/mg protein) 
in the medium CCE ADH 
(mM) 
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Time course of adjustment of citrate cleavage enzyme (CCE) and 
alcohol dehydrogenase (ADH) following addition (arrow) of glucose, 
at a 200 mM concentration, to an ethanol-grown culture of Rhodo- 
torula gracilis. Dashed line indicates the growth. Left ordinates: 
specific enzyme activity (nmoles/min/mg protein). Right ordinates: 
cell mass (wet weight g/l). Abscissae: time (h). 

Glucose 200 194 0 
Glucose 20 186 0 
Citrate 20 170 0 
Sueeinate 30 180 0 
Glycerol 400 90 12 
Ethanol 60 8 43 
Acetate ] 
Glyeolate ~ 60 (No growth) 
Glyoxylate J 

Cells cultivated aerobically 24 h at 30 ~ 
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Discussion. The presence  or absence of c i t ra te  cleavage 
enzyme in the  yeas t  s t ra ins  inves t iga ted  appears  as a 
re levan t  c o m p o n e n t  in the  de t e rmina t i on  of a diverse  
'metabol ic  s t ruc tu re '  of Rhodotorula cell w i th  respect  to  
o ther  yeas t  cells. E n d o w m e n t  wi th  a c i t ra te-ut i l iz ing  
sys t em for f a t t y  acid synthes is  would po in t  to  some 
ana logy of 2Yhodotorula graeilis with  a m a m m a l i a n  l iver 
cell, and the  f inding of a h igher  level of c i t ra te  cleavage 
enzyme  i n  the  livers of an obese s t ra in  of mice, w i th  re- 
spect  to non-obese  animals  3, makes  the  analogy more  
suggestive.  

The fo rma t ion  of c i t ra te  cleavage enzyme  is s t imula ted  
by  glucose and  by  metabo l i t es  of t r icarboxyl ic  acid cycle : 
a concur ren t  behav iour  was found  for hepa t ic  enzyme,  
when  the  nu t r i t iona l  s t a t e  was modif ied  in animals  3,12. 

The p resen t  da t a  do no t  allow conclusions as to  a s t r ic t  
para l le l ism be tween  changes  of c i t ra te  cleavage enzyme  
and  sho r t - t e rm  contro l  of l ipogenesis  in Rhodotorula 
gracilis. But  the  presence  of th is  enzyme  in a yeas t  en- 
dowed w i t h  a pecul iar  fa t - s tor ing  capaci ty ,  and  the  
s t imula t ion  of its fo rma t ion  under  condi t ions  of en- 

hanced  l ipid accumulat ion,  suppor t  t he  concept  of a 
long- te rm re la t ionship  be tween  the  level of c i t ra te  
cleavage enzyme  and  fa t  s torage processes.  

Riassunto. Nel l ievito Rhodotorula gracilis, capace di 
un in tenso  accumulo lipidico, 6 s t a t a  t r o v a t a  una  A T P  
c i t ra to  liasi, il cui livello cellulare var ia  a seconda della 
fonte  di  carbonio  impiega ta :  il livello 6 alto su glucosio o 
i n t e rmed i  del ciclo degli acidi  tricarbossilici ,  6 pra t ica-  
m e n t e  nullo su etanolo. L ' e n z i m a  non  6 s ta to  t rova to  in 
al t r i  l ievit i  saggiati .  
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Se lec t ive  I n c o r p o r a t i o n  of Zinc into Rat  Mast  Cel ls  ~ 

The jo in t  occurrence of h i s t amine  and  hepar in  in mas t -  
cell granules 2,3 as well as the  c o n c o m i t a n t  l ibera t ion of 
hepar in  and  h i s t amine  in the  dog, guinea-pig  and  ra t  4-1~ 
has sugges ted  the  presence  of a sal t  l inkage be tween  
these  agents11 14. However ,  t he  af f in i ty  be tween  hepar in  
and  h i s t amine  has  been  found to  be too weak to  keep the  
complex  in tac t  11-13. His tochemica l  s tudies  have  ind ica ted  
t h a t  zinc migh t  be a normal  cons t i t uen t  of basophil ic  
leukocytes  and  mast-cel l  granules 1~-16. On the  basis  of 
in vi t ro  s tudies  showing t h a t  the  b ind ing  of h i s t amine  by  
hepar in  is grea t ly  increased and s tabi l ized by  zinc, 
KERP 13'14 has  pos tu la t ed  the  occurrence of t e r n a r y  
hepar in -z inc -h i s t amine  complexes  in m a s t  cells. More 
recent ly ,  the  zinc con t en t  of isolated ra t  m a s t  cells was 
e s t ima ted  by  a tomic  absorp t ion  s p e c t r o p h o t o m e t r y  and  
found to be 2.0 ag Zn/106 m a s t  cells 17,1s. These da t a  
indicate  t h a t  the  zinc con ten t  of r a t  m a s t  cells is a t  least  
40 t imes  h igher  t h a n  t h a t  of o ther  cell t ypes  p resen t  in t he  
ra t  per i tonea l  cavityIS, and t h a t  zinc is a cons t i t uen t  of 
t he  mast -ce l l  granule  17. The p resen t  s tudy  employs  
rad ioac t ive  zinc (Zn sS) as a t racer  in order  to de te rmine  
the  incorpora t ion  of zinc into t issue m a s t  cells as well as 
various o the r  t issues. 

In  a f i rs t  series of exper iments ,  un t r ea t ed  male  c.olony- 
bred  Osborne-Mendel  ra t s  (200-240 g) were in jec ted  i.p. 
wi th  0.5 ml  physiological  saline conta in ing  3 BC of 
carr ier-free Zn 65 as zinc chloride (specific ac t iv i ty  500 mc/g  
Zn; The Rad iochemica l  Centre,  Amersham) .  The ra ts  
were killed 48 h la ter  and the  var ious  organs  removed.  
Cells were ob ta ined  by  press ing the  organs t h rough  a 60- 
mesh  stainless  steel  screen in to  saline. The cells were 
washed  3 t imes  in saline, counted  and  m a d e  up to  a f inal  
concen t ra t ion  of 109 cells/ml. Per i tonea l  cells and isolated 
per i tonea l  m a s t  cells (92-95% m a s t  cells) were ob ta ined  
as descr ibed earlier 8,19 and  processed as o ther  cells; 
mast-cel l  concen t ra t ions  were be tween  2.6 and 6.5 X l0 s 
cells. The suspensions  were dried, and  r ad ioac t iv i ty  was 
measured  in a gas flow c o u n t e r .  Resul t s  of a typ ica l  
e x p e r i m e n t  are shown in the  Table.  The da t a  show t h a t  
s ignif icant  r ad ioac t iv i ty  could only be de tec ted  in peri-  

tonea l  cell popula t ions  conta in ing  a re la t ively  high per- 
centage  of m a s t  cells. I so la ted  p e r i t o n e a l  mas t  cells 
con ta ined  the  grea tes t  a m o u n t  of rad ioac t iv i ty .  Since the  
n u m b e r  of m a s t  cells in each e x p e r i m e n t  was  cons iderably  
lower t h a n  the  n u mb er  chosen for o the r  cell types,  radio-  
ac t iv i ty  of the  la t t e r  was de t e rmined  addi t ional ly  i n  
samples  conta in ing  the  same n u m b e r  of cells as p resen t  
in mast -ce l l  p repara t ions .  U n d e r  these  condit ions,  no 
r ad ioac t iv i ty  was de tec tab le  in all the  o the r  cell t y p e s  
examined .  In  a fu r ther  series of exper iments ,  ra t s  were 
in jec ted  wi th  3 vC Zn e5 i.m., and  s imilar  results  were 
obta ined.  
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