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F A S  ~t-14 where  t h e  c o n c e n t r a t i o n s  of ace ty l  CoA and  
m a l o n y l  CoA m a r k e d l y  in f luence  the  cha in  l engh t  of t h e  
f a t t y  acids syn thes i zed  b y  FAS.  Thus ,  t he  h igh  concen t r a -  
t i on  of a ce t a t e  ava i l ab le  to  t h e  l a c t a t i n g  b o v i n e  m a m m a r y  
g l and  1~ m a y  resu l t  in  a h i g h  i n t r a m a m m a r y  ace ty l  
CoA/ma lony l  CoA ra t io  a n d  c o n s e q u e n t l y  t he  p r o d u c t i o n  
of sho r t  cha in  f a t t y  acids is enhanced .  The  b i o s yn t he s i s  of 
labeled  s tear ic  a n d  oleic acid f rom ace t a t e  b y  t h e  m a m -  
m a r y  cells conf i rms  t h e  obs e r va t i ons  of GERSON et  al. 4. 
The  m e c h a n i s m  a n d  in t r ace l lu l a r  s i te  of syn thes i s  of these  
long cha in  f a t t y  acids is n o t  known.  T he  soluble  F A S  m a y  
syn thes ize  these  acids de novo  s imi la r  to  F A S  f rom r a b b i t  
m a m m a r y  t i ssue  ~2 or t h e y  could be  p roduced  b y  t h e  
cha in  e longa t ion  m e c h a n i s m  of t h e  m i t o c h o n d r i a l  m e m -  
branes1~,17. SMITH a n d  MCCARTHY 17 r e p o r t e d  t h a t  mi to -  
c h o n d r i a  of b o v i n e  m a m m a r y  t i ssue  syn thes i zed  s tear ic  
acid f rom ace ta te .  

The  m o d e  of syn thes i s  of t he  u n s a t u r a t e d  f a t t y  acids 
f rom ace t a t e  b y  m a m m a r y  cells ha s  n o t  been  s tudied .  The  
p r e sen t  o b s e r v a t i o n  ind ica t e s  t h a t  these  are  s yn t he s i zed  
de novo.  An  ac t ive  s t ea ry l  de sa tu ra se  is p r e s en t  in l ac t a t -  
ing b o v i n e  m a m m a r y  cells s b u t  i ts  specif ic i ty  t o w a r d  
f a t t y  acids of sho r t e r  cha in  l e n g t h  ha s  n o t  been  de ter -  
mined .  The  sugges t ion  t h a t  t he  u n k n o w n  r ad i oac t i ve  
peaks  are m e t h y l  ke tones  is p l aus ib le  because  these  occur  
in  mi lk  f a t  ~s a n d  t he  p recurso r  t5 ke to-ac ids  are  syn thes i zed  
f rom ace t a t e  b y  b o v i n e  m a m m a r y  tissueS% SUMPER et  
al. 1~ showed  t h a t  w h e n  N A D P H  is l i m i t i n g  for yeas t  
f a t t y  acid syn the t a se ,  fl-keto acyl  de r i va t i ve s  are  t h e  
p r e d o m i n a n t  p roduc t s .  I n  cu l tu red  m a m m a r y  ceils t he  
i n c o r p o r a t i o n  of a ce t a t e  in to  u n s a t u r a t e d  f a t t y  acids a n d  
m e t h y l  ke tones  m a y  resu l t  f r om i n a d e q u a t e  N A D P H  
levels.  

The  o b s e r v a t i o n  t h a t  t he  s u b c u l t u r e d  b o v i n e  cells 
fa i led to ut i l ize  a ce t a t e  for  syn thes i s  of sho r t  cha in  f a t t y  
acids is f u r t h e r  ev idence  of t he  ded i f f e r en t i a t ed  s t a t e  of 
these  cells a n d  conf i rms  t he  f ind ings  of LARSO/q ~~ t h a t  
b o v i n e  m a m m a r y  cells lose t h e i r  special ized func t ions  
w h e n  cu l tu red  in v i t ro .  T he  specu la t ion  as to  w h e t h e r  t he  

same  F A S  e n z y m e  whose  cha in  t e r m i n a t i n g  specif ic i ty  is 
a l t e red  b y  v a r i a t i o n  in s u b s t r a t e  levels,  is f unc t ion ing  in 
l a c t a t i n g  a n d  ded i f f e ren t i a t ed  cells or  if d iscre te  and  
d i f fe ren t  F A S  enzymes  are" ac t ive  in  b o t h  cell t ypes  
w a r r a n t s  f u r t h e r  s tudy .  I f  t he  ac t iv i t i e s  of d i f fe ren t  F A S  
species is d e p e n d e n t  on  t h e  p a r t i c u l a r  phys io logica l  s t a t e  
of popu l a t i ons  of m a m m a r y  cells in v ivo  i t  m a y  accoun t  
for some v a r i a t i o n  in t he  source of m i lk  s tear ic  acid 5. 

Rdsumd. Les cellules de l a c t a t i o n  des t i ssus  mamel la i res ,  
lorsqu 'e l les  son t  cultivOes in v i t ro ,  p e r d e n t  leur  capaci t6  
de synthOtiser  les acides gras  ~ cour te  cha ine  p ropres  au  
la i t  de v a c h e -  les cellules et  peut-Otre  la synthOtase,  
e n z y m e  des acides gras, se dOdiffOrencient et  p rodu i sen t ,  

p a r t i r  de l 'acOtate  exog6ne radioact i f ,  des acides gras 
longue  chaine,  c'est-5.-dire les acides pa lmi t ique ,  stOarique 
et  olOique. 
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The Effect of S p e r m i n e  on the T h e r m a l  Denaturat ion  Profi les  of R i b o s o m a l  R N A  and of R i b o s o m e s  
f r o m  Bacillus stearothermophilus in the Presence  of Phys io log ica l  Concentrat ions  of Cations 

The  n a t u r a l l y  occur ing  po lyamines ,  spermine ,  spermi-  
d ine  a n d  pu t resc ine ,  ,can s tabi l ize  t h e  s e c o n d a r y  s t r u c t u r e  
of R N A  aga ins t  t h e r m a l  dena tu ra t ion1-* .  T he  e x t e n t  to  
wh ich  p o l y a m i n e s  s tab i l ize  R N A  a n d  also D N A  aga ins t  
t h e r m a l  d e n a t u r a t i o n  depends  on  t he  presence  of o the r  
ca t ions  in  so lu t ion  3, 5, 8. I n  p rev ious  s tud ies  on  t he  effects 
of p o l y a m i n e s  on  t h e  t h e r m a l  d e n a t u r a t i o n  profi les  of 
R N A  a n d  r ibosomes  m e a s u r e m e n t s  h a v e  been  m a d e  a t  
ionic s t r e n g t h s  be low those  wh ich  occur  in  phys io logica l  
cond i t ions  ~-4. Most  b a c t e r i a  con t a i n  spe rmid ine  a n d  
pu t r e sc ine  ~, b u t  t h e  t h e r m o p h i l e  Bacillus stearothermo- 
philus con ta ins  spe rmine  a n d  spe rmid ine  s. W e  h a v e  the re -  
fore s tud ied  t he  effect  of spe rmine  on  t he  t h e r m a l  d e n a t u r -  
a t i on  profi les  of r R N A  a n d  of r ibosomes  f rom B. stearo- 
thermophilus in  t he  presence  of phys io log ica l  concen t r a -  
t ions  of o t h e r  cat ions ,  in  order  to  d e t e r m i n e  w h e t h e r  t he  
presence  of spe rmine  in th i s  o rgan i sm affects  t he  s t a b i l i t y  
of i ts  r ibosomes  a n d  r R N A  in vivo.  

B. stearothermophilus s t r a i n  8923 was g rown as descr ib-  
ed p rev ious ly  9. R i b o s o m e s  were p r e p a r e d  f rom exponen-  
t i a l ly  growing  cells a n d  endogenous  spe rmine  was r e m o v e d  
f rom r ibosomes  b y  dia lysis  aga ins t  1 M  KC1-0 .01M Tris- 
HC1 buf fe r  p H  7.6 fol lowed b y  dia lysis  aga i n s t  0 . 0 1 M  

m a g n e s i u m  a c e t a t e - 0 . 0 1 M  Tris-HC1 buf fe r  p H  7.6 s. 
r R N A  was e x t r a c t e d  f rom r ibosomes  us ing  g u a n i d i n i u m  
chlor ide  1~ The  t h e r m a l  d e n a t u r a t i o n  profiles, wh ich  are 
t he  m e a n s  of 4 de t e rmina t ions ,  were m e a s u r e d  in a U n i c a m  
SP800 s p e c t r o p h o t o m e t e r  h a v i n g  a t e m p e r a t u r e  pro-  
g r a m m e r  SP876. R ibosomes  or r R N A  were d i lu ted  a b o u t  
50-fold in t he  a p p r o p r i a t e  buf fe red  sa l t  so lu t ion  to give a n  
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absorbance  at  260 nm of 0.5 to 0.8 U/ml.  Samples  were 
equi l ibra ted  at  20~ for 10 miI1 and  then  hea ted  at  a ra te  
of I~ per  min. 

The the rma l  dena tu ra t i on  profiles were measured  in 
0 . 1 5 M  and 0 .3M KC1 in the  presence and in t he  absence 
of 0.01 M magnes ium acetate ,  all solut ions being buffered 
by  0 .01M sodium cacodyla te  buffer  p H  7.0 In  F gure 1 
the  effect  of va ry ing  the  concen t ra t ion  of spermine  on the  
the rma l  dena tu ra t ion  profiles of r R N A  in 0 .3M KC1 and 
in the  absence of magnes ium ions is shown. The m a x i m u m  
stabi l izat ion of r R N A  is ob ta ined  in the  presence  of 5 m M  
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Fig. 1. The effect of spermine  on the the rmal  dena tu ra t ion  profile of 
rRNA from B. stearothermophilus measured in 0.3 M KC1-0.01M ca- 
eodylate buffer: --, no spermine; . . . . .  , i mM spermine; ..., 2 mM 
spermine; - x - x -, 5 mM spermine; and ---, 10 mM spermine. 
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Fig. 2. The effect of 2 m M  sperluine on the the rma l  dena tu ra t ion  pro- 
files of rRNA from B. sZearothermophilus: a) in 0.15M KC1-0.01M 
eaeodylate buffer; b) in 0.15M KC1-0.01M magnesium acetate-0.0lM 
eacodylate buffer; c) in 0.3M KC1-0.01M caeodylate buffer; d) in 
0,3 M KC1-0.01 M magnesium acetate-0.01 M eaeodylate buffer.-, the 
profiles obtained in the absence of spermine, and ..., the profiles ob- 
tained in the presence of 2 mM spermine. 

spermine ;  fu r ther  s tabi l iza t ion  is no t  achieved by  10 m M  
spermine.  The int racet lular  concen t ra t ion  of spermine  in 
B. stearothermophilus is abou t  2 m M  9. In  Figure  2 a - d  the  
effects of 2 m M  spermine  on the  t h e rma l  d e n a t u r a t i o n  
profiles of r R N A  in 0 .15M and  0 .3M KC1 and  in the  
presence and in the  absence of magnes ium ions are shown.  
In  all 4 cases spermine  stabil izes rRNA.  Greates t  s tabil iza-  
t ion by  spermine  is achieved in the  absence of magnes ium 
ions (Figure 2 a and  c), b u t  spermine  grea t ly  increases t he  
coopera t iv i ty  of t h e rma l  dena tu ra t i on  in t he  presence of 
0 .01M magnes ium ace ta te  and  0 .15M KC1 (Figure 2b). 
The cor responding  resul ts  ob ta ined  using r ibosomes are 
shown in Figure 3 a -d .  R ibosomes  have  much  more  
coopera t ive  t h e rma l  dena tu ra t i on  profiles t h a n  isolated 
rRNA.  In  the  absence of magnes ium ions spermine  still  
has  a p ronounced  effect  on the  t h e rma l  dena tu ra t i on  
profiles of r ibosomes (Figure 3 a and  c), b u t  in the  presence  
of 0 .01M magnes ium ace ta te  and  0 .3M KC1, where  
t h e rma l  dena tu ra t i on  is h ighly  cooperat ive,  spe rmine  has  
no effect  (Figure 3d). 

A l t h o u g h  it is possible to measure  t he  to ta l  concent ra -  
t ions  of cat ions  wi th in  ceils it  is diff icult  to es t imate  
accurate ly  the p ropor t ion  of the  various ions which  are 
in free solutions and  those  which are f i rmly  associated 
wi th  intracel lular  polyanions .  Po t a s s ium ions and magne-  
s ium ions appear  to  be the  two  mos t  i n lpo r t an t  in t ra -  
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Fig. 3. The effect of 2 m M  spermine on the thermal denaturat ion pro- 
files of ribosomes from B. stearothermophilus: a) in 0.15 M KC1-0.01 M 
cacodyla te  buffer;  b) in  0 .15M KC1-0.01M magnes ium acetate-  
0.01 M caeodyla te  buffer;  e) in  0.3 M KC1-0.01M eaeodyla te  buffer; 
d) in 0.3 M KC1-0.01 M magnesium acetate-0.01 M eacodylate buffer. 
--, the profiles obtained in the absence of spermine, and ..., the pro- 
files obtained in the presence of 2 mM spermine. 
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cellular cat ions  in bacter ia .  Thei r  concen t ra t ions  are 
s t r ic t ly  colltroIled and  are re la ted  to  t he  overal l  g rowth  
ra te  of t he  cells and  the  la t t e r  is in t u r n  re la ted  to the  
concen t ra t ions  of r ibosomes  10. A l though  the re  m a y  be a 
subs tan t i a l  in t racel lu lar  concen t ra t ion  of sod ium ions th is  
appears  to  be less s t r ic t ly  cont ro l led  and  m u c h  more  
d e p e n d e n t  on the  concen t r a t ion  of sod ium ions ill t he  
g rowth  medium~L The i l l t racellular  concen t ra t ion  of 
po tas s ium ions in bacter ia ,  excluding halophiles,  ranges  
f rom 0.05 M to 0.6 2VI 9,11,12, ~4,1, and mos t  of th is  appears  to 
be u n b o u n d  ~5. The intracel lular  concen t ra t ion  of magne-  
s ium ions is usual ly abou t  0 .03M 17-~9 of which abou t  10% 
is u n b o u n d  ~s, and  t h e  in t racel lu lar  sodium ion concent ra-  
t ion  var ies  be tween  0.0 05 M and  0.2 2VI 9, ~1, ~4, ~5. 

Since the  effects of sod ium ions and  of po ta s s ium ions 
on the  s tabi l iza t ion  of t he  secondary  s t ruc tu re  of nucleic 
acids are s imilar  20, in t he  p re sen t  work  t h e r m a l  dena tu ra -  
t ion  profi les were measured  in the  presence  of po tas s ium 
ions as the  only  m o n o v a l e n t  ion. The m o n o v a l e n t  ion 
concen t ra t ions  used here,  0 .15M and  0.3M, thus  re- 
p resen t  the  middle  of the  range of physiological  concen-  
t r a t ions  of monovale l l t  ions, and  the  magnes ium ion 
concent ra t ion ,  0.01M, p robab ly  represen t s  t he  upper  
range of concen t ra t ion  for u n b o u n d  magnes ium which  is 
l ikely to  occur in a bacter ia l  cell. U n d e r  these  condi t ions  a 
physiological  concen t ra t ion  of spermine  stabil izes r R N A  
agains t  t he rm a l  dena tu ra t ion ,  b u t  it  has  a less p ronounced  
effect  on r ibosomes,  the  e x t e n t  of which  depends  par t icul -  
ar ly on the  concen t ra t ion  of magnes ium ions. The presence  
of spermine  in a p rocaryo t ic  organism appears  to  be 

unusual ,  but ,  in B. stearothermophilus the  occurrence of 
spermine  m a y  be re la ted  to  the  abi l i ty  of th is  organism to  
grow at  h igh  t empera tu res ,  and  more  par t icular ly ,  t he  
abi l i ty  to  assemble  r ibosomes f rom r R N A  at  these  t em-  
pera tures .  

Zusammen/assung. Nachweis ,  dass Spermin  die r R N S  
von  B. stearothermophilus bei T h e rma l d en a t u r i e ru n g  in 
Gegenwar t  physiologischer  K o n z e n t r a t i o n e n  yon  Kal ium-  
und  Magnes iumionen  stabil is iert .  
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F l a v o n o i d s  o f  Metrosiderospolymorpha ( M y r t a c e a e )  

In  the  course of a survey  of some Hawa i i an  p lan t s  for 
f lavonoids  we were made  aware,  by  Professor  S. SIEGEL 
and  Miss CAROLINE CORN of t he  Unive r s i ty  of Hawaii ,  of 
the  exis tence of d i s t inc t  var ie t ies  of 'Ohia '  (Metrosideros 
polymorpha Gaud. (M:yrtaceae)), which is endemic  to  the  
islands. One va r i e ty  bears  shove l - shaped  leaves w i th  a 
white,  t o m e n t o s e  dorsal  surface and  a second,  which  we 
also examined,  has  smooth ,  ova te  leaves. The ollly previous  
s tudies  on the  chemis t ry  of th is  genus are concerned  wi th  
the  ident i f ica t ion  of t he  t r i t e rpenoid ,  ar junol ic  acid, in 
M. umbellata 1 and  the  ident i f ica t ion  of m e t h y l  gal late and  
gallic, ellagic, ursolic and  betul ic  acids in flowers of M. 
excelsa 2. 

Fresh  leaves of M. polymorpha wer f irs t  ex t r ac t ed  wi th  
70 % e thanol  followed, by  f rac t iona t ion  on a po lyamide  col- 
u m n  using wa te r  with�9 increasing concen t ra t ions  of e thano l  
as an eluellt.  The  co lumn f rac t ions  were fu r the r  f rac t ion-  
a ted  and  pur i f ied  by  pape r  c h r o m a t o g r a p h y  yie ld ing 5 ma-  
jor and 2 minor  f lavonoids.  Acid hydro lys is  of 3 of the  ma jo r  
c o m p o n e n t s  yie lded querce t in  (3,3', 4', 5, 7 -pen tahydroxy-  
flavone),  while  t he  r emain ing  ma jo r  componen t s  gave 
myr ice t in  (3, 3', 4', 5, 5', 7 -hexahydroxyf lavone)  as the  
aglycones.  Tile sugar moiet ies  of the  3 querce t in  glycosides 
were ident i f ied  as arabinose,  galactose and rhamnose ,  
respect ively.  The 2 myr i ce t in  glycosides gave on acid 
hydro lys is  arabinose  and  rhamnose .  Ul t rav io le t  d a t a  
ind ica ted  t h a t  g lycosyla t ion  of all 5 f lavonoids  occurred 
in pos i t ion  3. This was fu r the r  conf i rmed by  H~O 2 oxida-  
tioll 3 giving rise to  t he  same monosacct lar ides  previous ly  
ment ioned .  The glycosides were thus  ident i f ied  as querce-  
t in-3-arabinoside,  quercet in-3-galactos ide ,  quercet in-3-  
rhamnos ide ,  myr ice t in -3-a rab inos ide  and  myr ice t in-3-  
rhamnos ide .  

The 2 minor  f lavonoids  gave, on acid hydrolysis ,  
querce t in  and  myr ice t in ,  respect ively ,  as well as galactose 
ill b o t h  cases. The UV-spec t ra  of b o t h  f lavonoids  were 
s imilar  to those  of the  3-galactosides of querce t in  and  
myr i ce t in  but ,  a t  t he  same t ime,  exh ib i t ing  the  presence  
of a s t rong acyl group. Alkaline hydro lys is  failed to  
afford any  recognisible acyla t ing  groups.  The ch romato -  
graphic  proper t ies  of these  compounds  are no t  indica t ive  
of polyglycosides.  Al though  larger a m o u n t s  of p l an t  
mate r ia l  (5 kg) were r e -ex t rac ted  and  fract iol lated,  only 
t race  amo u n t s  of b o t h  f lavonoids  were ob ta ined  which  
p r even t ed  any  fu r the r  s tudies.  We found t h a t  all 7 
f lavonoids  are p resen t  in b o t h  var ie t ies  of Metrosideros 
and t h a t  therefore  th is  fea ture  of the i r  chemis t ry  is no t  
useful in d is t inguish ing  them.  

Rdsumd. Dans  deux vari@tGs de Mdtrosideros polymorpha 
Gaud. (Myrtaceae),  nous avons  t rouv6 les favanoides  
su ivants  : arabinoside-3,  galactoside-3,  rhamnos ide-3-quer -  
cetine, e t  arabinoside-3,  t hamnos ide -3 -myr ice t ine ;  en 
outre,  deux  glycosides en moindre  quantit@. 
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