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Htstochemtcal Localization of Lipids in the 
Nuclei of Human Blood and Haemopoietic  Cells 

The chemical  analysis reveals considerable quant i t i es  of 
lipids in the  nuclei of m a n y  Mood and haemopoie t ic  cell 
types  such as pus cells ~ and blood leucocytes (both normal  
and leukaemic) 2,3 Phospholipids and free cholesterol and 
a small  amoun t  of neutra l  fats are present  L Since a con- 
t amina t ion  of 'pure '  nuclei fract ion by surrounding cyto-  
plasmic particles seems to have  been successfully pre- 
ven ted  a t  least  in some of the  chemical  studies quo ted  
above  2, i t  m a y  be assumed tha t  lipids are  to be considered 
a normal  const i tuent  of the nuclei of blood and haemo-  
poietic cells. Convent ional  fa t -s ta ining methods  disclose 
nevertheless no significant  amoun t  of visible lipids in 
these nuclei, and lipids are not  l iberated here by  mos t  'un-  
masking '  t rea tments .  Only ACKERMAN 4 s ta tes  t h a t  in 
ac id- t rea ted  preparat ions  the  nuclei  of leucocytes  and 
erythroblas ts  are sudanophilic,  in contras t  to thei r  sudano- 
phobic nature  in control  non-acid t rea ted  Sudan  prepara-  
tions. These findings have  not  yet  been confi rmed,  and 
the  staining of lipids in cell nuclei of haemat i c  cells has  
not  been submi t ted  to sys temat ic  s tudy.  

The presence and site of lipids in the nuclei of the  blood 
and haemopoie t ic  cells is therefore a quest ion still  to be 
solved. 

Material and Methods. Our inves t iga t ion  was carried 
ou t  on blood smears, l ymph  node impr in ts  and bone- 
marrow smears, obta ined from hea l thy  individuals  and 
leukaemic patients .  Some tests were also per formed on 
lymph  node smears of subjects  affected by  Hodgk in ' s  
mal ignant  granuloma.  

The  following fixatives,  s taining procedures,  and  un- 
masking methods  s-7 were used : 

F ixa t ives :  (a) Formal in  vapour .  (b) Neut ra l  formal in  
(10%). (c) Baker ' s  formaldehyde-ca lc ium mixture .  (d) 
W e a k  solution of Bouin 's  f ixative.  (e) Mercuric chloride 
(1%). 

Staining procedures:  (a) Sudan Black  B di lu ted in 40% 
or 70% ethanol,  or  in 60% isopropyl  alcohol, or  in e thanol-  
phenol s, or  in acetone, or  in 80% e thanol  + acetone.  
Mayer 's  ca rmalum was used as counters ta in .  (b) Oil Red O 
in 60% isopropanol.  (c) Baker ' s  acid haemat in  test.  (d) 
Nile blue sulphate  test .  (e) Phosphomol ibdic  acid me thod  
af ter  Landing.  (f) Copper phtha tocyanin  methods.  (g) 
Performic-acid-Schiff  test.  (h) O 2 Schiff test.  (i) UV Schiff 
method.  (k) Plasmal  test.  (1) Romieu  test.  (m) Okamoto ' s  
mercury  diphenylcarbazone methods.  (n) Ueda -Okamoto  
test  for cholesterol. (o) L iebermann react ion af ter  Romieu .  
(p) Lifschtitz test  af ter  Evere t t .  (q) Benzpyrene-caffeine 
solution 9 

Unmasking  t rea tments :  (a) Carboxylic  acidsL (b) Min- 
eral acids*. (e) 1% phenol. (d) Fa t  solvents. (e) Proteoly t ic  
enzymes such as pepsin-HC1 and trypsin.  (f) Berenbaum's  
eolouring procedures ~0. 

Results. Among direct ]at-staining methods consis tent ly  
posi t ive findings were obta ined  only wi th  benzpyrene-  
catfeine mix ture  af ter  BERG 9, as a dis t inct  fluorescence of 
nuclear  membrane  and nucleoli, if present. Not  consist- 
ent ly  posit ive results were obtained wi th  PFA-Schi f f  test  
and Nile blue staining. Negat ive  results were found with  
the  o ther  methods.  

Most  unmasking methods failed to  reveal  a lipid localiza- 
t ion in the nuclei, Consistent evidence of sudanophi l ia  was 
observed wi th  BERENBAUM'S 'burn t '  Sudan black B 
method,  bu t  the sudanophil ia  was not  p revented  by  the  
ex t rac t ion  of lipids by  ho t  pyr idine for 48 h, A non-specific 
react ion is therefore presumable.  More convincing proof  
of the  presence of lipids in the nuclei was obta ined wi th  

o ther  unmasking  procedures,  such as acet ic  acid, ho t  
acetone,  hot  ether,  and cold ch loroform-methanol  mix-  
ture.  

The nuclei of all cell types  gave  a s imilar  pa t t e rn  
(Figure). No  differences h a v e  been found be tween  normal  
and leukaemic  leucocytes.  

Discussion. There  is l i t t le  doub t  t h a t  the  fluorescence 
obta ined  wi th  the  benzpyrene  me thod  is due to the  pres- 
ence of lipids in the  nuclear  membrane  and nucleoli,  The  
na ture  of the  sudanophi l ic  mater ia l  seen af ter  unmasking  
t r e a t m e n t s  is more quest ionable .  A l though  Sudan  b lack  
B is undoub ted ly  a sensi t ive lipid colorant  and a h ighly  
select ive reagent ,  i t  is known tha t  its s l ight ly  basic 
p rope r ty  migh t  resul t  in some staining of non-l ipid sub- 
s tances  n. Moreover ,  a decomposi t ion  of the  dye  migh t  
occur  dur ing the  s ta ining of sections prev ious ly  t r ea ted  
wi th  acid 1~ Decomposi t ion  products  could become at-  
t ached  to cel lular  acid groups (e.g. in nucleoproteins  and 
mucopolysaechar ides) .  Nevertheless ,  wi th  the  experi-  
men ta l  me thods  adopted,  a non-specific s ta ining does not  
seem probable.  

No brown stains h a v e  been obta ined,  as wi th  Sudan 
black 13 decomposi t ion  products .  The  sudanophi l ia  of the  
nuclear  mate r ia l  seen af ter  acet ic  acid t r e a t m e n t  can be 
p reven ted  by  ho t  pyr id ine  ext rac t ion .  Moreover,  the  
sudanophi l ia  ol the  nucleus af ter  acetic acid or  lipid sol- 
ven t s  t r e a t m e n t  does no t  seem to be a t t r i bu t ed  to an ar te-  
fact  caused by  diffusion of the  cy top lasmic  lipids in the  
nucleus:  in fact, sudanophi l ia  was even  found in the  nu-  
cleus of lymphocytes ,  lymphoblas t s  and e ry throblas t s  
lacking demons t rab le  cytoplasmic  lipids outs ide the  mi to -  
chondria ,  the  s ta inabi l i ty  of which was conserved and 
somet imes  increased by  the  unmask ing  t r ea tmen t .  

Since individual  me taphase  chromosomes  are lacking in 
h is toehemiea l ly  demons t rab le  lipids, the  sudanophi l ic  

Sudanophilia of nuclei after unmasking treatment with acetic acid (a, 
b) or hot ether (c, d). a: monocyte; b: lymphocyte; c: histiocyte; 

d: plasmacell. 
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m a t e r i a l  in  t h e  nucle i  seems to  be  to t a l l y  or  p a r t l y  due  to  
t h e  nuc l ea r  m e m b r a n e  a n d  to t he  nucleoli ,  if p resen t .  

As sugges ted  b y  ACKERMAN 4, i t  m i g h t  be a s s u m e d  t h a t  
l ipids are p r e sen t  in  t he  nucle i  as l ipopro te ins  or as a l ipo- 
nuc l eopro te in  complex .  As m o s t  l ipids a re  p r e s u m a b l y  
c o n j u g a t e d  to p ro te ins ,  on ly  a h igh ly  sens i t ive  r eagen t ,  
such  as benzpy rene ,  is able  to  d e m o n s t r a t e  d i r ec t ly  t he  
few r e a g e n t  h y d r o p h o b i c  radicals .  N u c l e a r  l ipids become  
sudanoph i l i c  on ly  a f t e r  d e n a t u r a t i o n ,  a t  leas t  pa r t i a l ,  of 
t he  p r o t e i n  layer .  As for  t h e  nuc l ea r  s u d a n o p h i l i a  ob-  
se rved  a f t e r  t r e a t m e n t  w i t h  fa t  so lvents ,  a n  a l t e r n a t i v e  
h y p o t h e s i s  is to  assume,  t h a t  a ' s u d a n o p h o b i c '  l ipid coat-  
ing (choles terol  ?) m u s t  be r e m o v e d  before  t he  sudano-  

phi l ic  l ipid l aye r  of t h e  nuc l ea r  m e m b r a n e  becomes  ac- 
cessible  to  the  dye .  

Zusammenfassung. Die A n w e s e n h e i t  yon  L ip iden  im 
K e r n  de r  Zel len des B lu tes  und  de r  h~imopoet i schen  Or-  
gane  wurde  h i s t o c h e m i s c h  nachgewiesen .  Die Lip ide  
sche inen  ausschl iess l ich  oder  s t a r k  f iberwiegend in de r  
K e r n m e m b r a n  u n d  in den  Nukleo len  lokal is ier t  zu sein.  
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Istituto di Patologia Medica, Universit~ di Modena (Italy), 
May 13, 1963. 

M e t a l l i o n e n -  k a t a l y s i e r t e  H y d r o l y s e  
von  A d e n o s i n t r i p h o s p h a t  

Der  v o r  k u r z e m  ve r6 f f en t l i ch t e  B e r i c h t  v o n  TETAS u n d  
LOVCENSTEIN 1 fiber die K a t a l y s e  de r  n i c h t e n z y m a t i s c h e n  
A d e n o s i n t r i p h o s p h a t  ( A T P ) - H y d r o l y s e  d u t c h  zweiwer t ige  
Meta l l i onen  v e r a n l a s s t  uns,  f iber U n t e r s u c h u n g e n  ~.hn- 
l icher  A r t  zu be r i ch t en ,  die wir  in Ver fo lgung  unse re r  
f r / iheren  B e o b a c h t u n g e n  2,3 d u r c h g e f t i h r t  h a b e n .  

D u r c h  c h r o m a t o g r a p h i s c h e  U n t e r s u c h u n g e n  auf  Di- 
fi~thylamino/ithyl (DEAE)-Ze l lu lose  k o n n t e n  wi r  zun i ichs t  
l e ich t  feststeUen,  dass  die f r i iher  e rwi thn te  2,, Ins tabi l i t~ i t  
des  K o m p l e x e s  [ C u - A T P ]  2- im w es en t l i chen  d u r c h  dessen  
Hydro ly se  zu ~ C u - A D P ] -  u n d  a n o r g a n i s c h e m  P h o s p h a t  
b e d i n g t  ist. E ine  w e i t e r g e h e n d e  H y d r o l y s e  f inde t  d a n e b e n  
n u r  in  u n t e r g e o r d n e t e m  Masse s t a r t .  

Die K i n e t i k  der  H y d r o l y s e n r e a k t i o n  ve r fo lg ten  wir  d u t c h  
Messung  de r  P h o s p h a t f r e i s e t z u n g  4. Die Hydro ly se  des 
A T P  wi rd  bei  50 ° d u r c h  e inen  Zusa t z  y o n  Cu*+-Ionen u m  
e inen  F a k t o r  v o n  e t w a  100 besch leun ig t .  D as  A u s m a s s  de r  
Cu2+-Kata tyse  hAngt  s t a r k  v o m  p H - W e r t  de r  L 6 s u n g  Lb. 
W i t  f anden ,  wie die g e n a n n t e n  Auto ren ,  bei p H  5,5-6 ein 
M a x i m u m  der  Reak t ionsgeschwind igke i t .  Der  K o m p l e x  
[Cu-ATP]  2-, welcher  bei  d iesem p H - W e r t  in de r  L 6 s u n g  
vor l iegt ,  k a n n  e inerse i t s  ein P r o t o n  m i t  e inem p K - W e r t  
v o n  ca. 4 a n l a g e r n  ~, 5, ande r se i t s  bei  h 6 h e r e m  p H  ein Pro-  
t o n  a b s p a l t e n  2,~. H i e r d u r c h  wird  die a u c h  yon  TETAS u n d  
LOWENSTEIN ge~usser te  V e r m u t u n g  ges t t i tz t ,  dass  die 
A u s b i l d u n g  yon  [ C u - A T P - H ~ -  bzw. yon  [ C u - A T P - O H ]  a- 
au s  [Cu-ATP] ~- die s t a r k e  V e r r i nge r ung  de r  H ydr o l y s en -  
geschwind igke i t  zu b e i d e n  Sei ten  des p H - O p t i m u m s  ver-  
u r s ach t .  W i r  k 6 n n e n  m i t h i n  den  Befund  best~itigen, dass  
fiir die b e s c h l e u n i g t e  Hydro ly se  ein K o m p l e x  v e r a n t w o r t -  
l ich ist,  dessert P r o t o n i e r u n g s g r a d  t a t s~ch l i ch  der  F o r m u -  
t i e rung  ECu-ATP~ '2- en t sp r i ch t .  

Dieser  B e f u n d  r e i c h t  j edoch  fiir e ine s innvol le  Diskus-  
s ion de r  k a t a l y t i s c h  a k t i v e n  K o m p t e x s t r u k t u r e n  u n d  de r  
zugeh6r igen  R e a k t i o n s m e c h a n i s m e n  n i c h t  aus,  d e n n  in 
de r  w/~ssrigen Li~snng eines Komplexes  dieser  s t6chio-  
m e t r i s c h e n  Z u s a m m e n s e t z u n g  t r e t e n  eine Vielzahl  s t r u k -  
t u r i s o m e r e r  K o m p l e x p a r t i k e l  auf*. U m  Zu en t sche iden ,  
welche  de r  v o r k o m m e n d e n  K o m p l e x k o n f o r m a t i o n e n  die 
h y d r o l y t i s c h e  S p a t t u n g  de r  P o l y p h o s p h a t k e t t e  induz ie r t ,  
h a b e n  wi r  e ine Re ihe  we i t e r e r  E x p e r i m e n t e  u n t e r n o m -  
men ,  als  de ren  vorlAufige Ergebn i s se  g e n a n n t  scion:  (1) 
Die  H y d r o l y s e n r e a k t i o n  is t  n i c h t  e r s t e r  O r d n u n g  in be-  
zug au f  [Cu-ATP]*  , s o n d e r n  zeigt  eine s t a rke  K o n z e n -  
t r a t ionsabh~ ing igke i t ;  d .h .  in  e ine r  L 6 s u n g  dieses K o m -  
plexes  muss  die r e a k t i v e  P a r t i k e l  in  e inem k o n z e n t r a -  

t i onsabhAng igen  Gle i chgewich t  m i t  u n r e a k t i v e n  P a r t i k e l n  
s t ehen .  (2) H i e r a u f  weist  a u c h  das  E rgebn i s  e iner  U n t e r -  
s u c h u n g  n a c h  de r  JOBschen ~,Methode de r  k o n t i n u i e r -  
l ichen  Var i a t i on~  h in  : Die t l y d r o l y s e n g e s c h w i n d i g k e i t  
zeigt  ein M a x i m u m  be im  VerhXltn is  Cu:  ATP,--~ 1,2. (3) 
Gle ichze i t ig  m i t  de r  H y d r o l y s e n r e a k t i o n  f inder  im Nu-  
k l eo t idkomplex ,  wie die v611ige U m k e h r  der  R o t a t i o n s -  
d i spers ion  anze ig t ,  o f f enba r  e ine d ra s t i s che  K o n f o r m a -  
t i o n s u m w a n d l u n g  s t a t t .  (4) Der  Cu*+-Komplex  yon  
M e t h y l t r i p h o s p h a t  ( [Cu-MTpI*- )  h y d r o l y s i e r t  ca. 60mal  
l a n g s a m e r  als ~Cu-ATP]  2-, obwoh l  in  be iden  K o m p l e x e n  
I R - s p e k t r o p h o t o m e t r i s c h  die g te ichen  B indungsve rh~ i l t -  
nisse zwischen Meta l l ion  u n d  P o l y p h o s p h a t k e t t e  zu be- 
o b a c h t e n  s ind  6. 

E ine  ausf i ihr l iche  1)ars te l lung  u n d  I n t e r p r e t a t i o n  un-  
serer  Ergebnisse ,  d e r e n  wei tere  Ver fo lgung  e inen  Ausb l ick  
au f  die M e c h a n i s m e n  de r  dieser  ~Mode l l r eak t ion ,  en t -  
s p r e c h e n d e n  e n z y m a t i s c h e n  R e a k t i o n e n  e rhof fen  l~isst, 
soll demnAchs t  ve r6 f f en t l i ch t  werdenT. 

Summary. Some k ine t i c  a n d  s t r u c t u r a l  d a t a  on t he  
ca ta lys i s  exe r t ed  b y  Cu 2+ in t h e  hydro lys i s  of A T P  are 
given.  
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