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T h a t  t he  c h r o m a t o g r a p h i c  m o b i l i t y  of th i s  new peak  
is d i f fe ren t  f rom 15-ke to-13 ,14-d ihydro-PGF=~ can  be 
seen f rom t h e  lower scan where  a reso lu t ion  be t w een  
t h e  new peak  (arrow) a n d  15-keto-13, 14-dihydro- t?GF2~ 
is observed.  The  c h r o m a t o g r a p h i c  m o b i l i t y  of th i s  p rod-  
uc t  (arrow) coincided w i t h  15-keto-13, 1 4 - d i h y d r o - P G E  2. 
This  c o m p o u n d  is also fo rmed  w h e n  aHv-PGE 2 is in-  

Time course of 9-hydroxydehydrogenase activity in the rat kidney 

Incubation time Recovery of counts (%) 
(rain) Adult Newborn (day 6) 

0 100 100 

1 98; 98 98; 100 

5 82; 83 102; 103 

10 59; 72 100; 101 

20 45; 59 100; 102 

Time-related loss of radioactivity from 9fl-aHi-PGF~ during incuba- 
tio.n. 

c u b a t e d  w i t h  r a t  lung  or r a t  k i d n e y  h o m o g e n a t e s  
(PAcE-AscIAK, u n p u b l i s h e d  observa t ions ) .  

These  f ind ings  d e m o n s t r a t e  t h e  occur rence  of a 9- 
h y d r o x y d e h y d r o g e n a s e  a c t i v i t y  in k i d n ey s  f rom adu l t  
rats .  Such  a c t i v i t y  is a b s e n t  in  n e w b o r n  rats .  T h e  m a i n  
p r o d u c t  f rom i n c u b a t i o n  of PGF2= is 15-keto-13,14-  
d ihyd ro - l ?GE 2 (Figure,  midd le  scan). F u r t h e r  s tudies  are 
in  progress  to  d e t e r m i n e  w h e t h e r  t h e  crossover  f rom P G F  
to P G E  t y p e  t akes  place  a t  t h e  p r i m a r y  p r o s t a g l a n d i n  
level  or a t  a n y  of t h e  s u b s e q u e n t  P G F  m e t a b o l i c  stages.  
Also u n d e r  i nves t i ga t i on  is t h e  s tage in k i d n e y  develop-  
m e n t  t h a t  t h i s  e n z y m e  a c t i v i t y  f i rs t  appears .  

Rdsumd. D a n s  le re in  du  r a t  le P G F ~  est  t r a n s f o r m 6  en  
15-k6to-13, 14-d ihydro-PGE~ p a r  des h o m o g 6 n a t s  du  ra t ,  
ce qu i  a t t e s t e  pour  la p remie re  lois l 'activit@ de la p ros ta -  
g l and ine  9 -hyd roxy  d6shydrogenase  dans  cet  organe.  
Cet e n z y m e  6taf t  p r6s~nt  chez le r a t  adul te ,  ma i s  n o n  pas  
chez le nouveau-n6 .  
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Structure-Function Relationships in Phosphoinosit ides  

Schizosaccharomyees pombe, a f ission yeas t  and  Neuro- 
spora crassa (inositolless),  a myce l ia l  fungus,  are d e p e n d e n t  
for t h e i r  g r o w t h  on  exogenous  myo-inositol. I t  has  been  
s h o w n  b y  SCnOP~ER a n d  POSTERNAK 1 t h a t  a n u m b e r  of 
inosi tol  de r iva t i ve s  i nh ib i t  t he  g rowth  of these  organisms.  
One of the  p o t e n t  subs t ances  is i somyt i l i to l  (2-C-metbyl-  
myo-inositol). The  i n h i b i t i o n  caused  b y  th i s  c o m p o u n d  is 
a c c o m p a n i e d  in S. pombe b y  ex tens ive  morpholog ica l  
changes ,  wh ich  m i g h t  be  due  to  t he  effect of a b n o r m a l  
phospho l ip ids  resu l t ing  f rom the  i nco rpo ra t i on  of iso- 
mytHi to l  in  pos i t ions  n o r m a l l y  occupied b y  myo-inositol 2, 3. 
I n  t h i s  paper ,  t he  effects of i somyt i l i to l  on S. pombe 
a n d  on  N. crassa are examined ,  and  a h y p o t h e s i s  for t h e  
physio logica l  a c t i v i t y  of t h e  c o m p o u n d  is proposed.  

Material and methods. Schizosaccharomyces pombe 
L i n d n e r  CBS 1042 was grown as descr ibed 2, and  conid ia  
of Neurospora crassa (inositolless) CBS 259.47 were 
o b t a i n e d  f rom 5 days  cu l tu re  on  solid m e d i u m  4 supple-  
m e n t e d  w i t h  :tO rag/1 of myo-inositol. Conid ia  were 
sepa ra t ed  f rom h y p h a l  m a t e r i a l  b y  suspend ing  t h e  
scraped  cu l tures  in  steri le med ium,  s t i r r ing  for 30 ra in  
and  f i l te r ing on a t r ip le  l ayer  of ny lon  cloth.  G e r m i n a t i o n  
was r eached  w i t h i n  4 to  6 h in t h e  l iqu id  m e d i u m  w i t h o u t  
myo-inositol. 
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Structure of the myo-inositol phosphate moiety of the phosphat- 
idyl-inositol 

Cell-free e x t r a c t s  were p repared ,  us ing  t h e  m e t h o d  of 
WHITE an d  HAWTHORNE 5 w i t h  4 %  glycerol  a n d  200 rag/1 
of d i th io th re i to l .  U n b r o k e n  cells an d  cell debr i s  were 
r e m o v e d  b y  c e n t r i f u g a t i o n  a t  800 •  for 5 min .  Since t he  
sys t em invo lved  in t h e  phospho inos i t i de s  f o r m a t i o n  is 
v e r y  sens i t ive  to  freezing in t h e  presence  of m i n e ra l  salts,  
cells were b r o k e n  in t h e  absence  of buffer .  

The  p h o s p h o l i p i d  b io syn thes i s  assays  were pe r fo rmed  
in a f inal  v o l u m e  of 1.6 ml  c o n t a i n i n g  4.5 amoles  M n S O  4, 
100 ~zmoles a -g lycerophospha te ,  2 amoles  of t h e  labe l led  
cycl i to l  a n d  5 m g  p ro t e i n  of the  cell-free p r e p a r a t i o n .  
Af te r  30 mil l  i n c u b a t i o n  a t  30~ t h e  r eac t i on  m i x t u r e  
was e x t r a c t e d  twice  w i t h  8 ml  of a m i x t u r e  CHC13, 
CH3OH, HC1 conc. (100:50:  2). T h e  c o m b i n e d  organic  
phases  were c h r o m a t o g r a p h e d  on W h a t m a n  SG 81 p a p e r  
in  CHC13, CHaOH, w a t e r  (65 :25 :4) .  I n  t h i s  s y s t e m  t h e  
free cycli tols  s t ay  nea r  t h e  origin.  T h e  c h r o m a t o g r a m s  
were cu t  an d  t h e  s t r ips  were p laced  in t h e  sc in t i l l a t ion  
f luid for count ing .  

T h e  t r a n s p o r t  assays  were pe r fo rmed  as p rev ious ly  de- 
scribed% Cells of S. pombe were f rom 44-h cul ture .  
G e r m i n a t e d  con id ia  of N. crassa were used. 

Myo-inositol p h o s p h a t e  was de t ec t ed  by  e lec t rophores i s  
of the  aqueous  phase  of t h e  p h o s p h o l i p i d  b io syn thes i s  
assays  on W h a t m a n  No. 3MM paper ,  in  a m m o n i u m  ace t a t e  
buffer  p H  5.3, 0.1 M,  a t  20 V/cm.  
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(2-aH)myo-inositol was purchased f rom N E N  (Drei- 
eichenhain,  Germany)  and (aH)scyllo-inositol f rom the  
Radiochemica l  Center  (Amersham, U.I(.) .  Merck (Darm- 
stadt,  Germany)  and F luka  (Buchs, Switzerland) sup- 
plied the  o ther  chemicals.  

Results. Scyllo-inositol has no influence on the  growth 
of S. pombe. While  m a x i m a l  growth is obta ined wi th  
1 mg/1 of myo-inositol, there  is no growth when the  same 
concent ra t ion  of scyllo-inositol is used. The growth  
observed at  a concent ra t ion  of 50 mg/! of scyllo-inositol is 
due to a 0.8% contamina t ion  wi th  the  myo-isomer. 

A myo-inositol act ive  t ranspor t  system (K,~: 0.26 r aM;  
V:  0.6 nmole /mg  per rain) has been described m S. pombe< 
In  ident ical  exper iments  it  could be shown t h a t  scyllo- 
inositol  is also t ranspor ted  ac t ive ly  wi th  an apparen t  
K,~ of 0.6 m M  and a V of 1.0 nmole /mg  per m m  However ,  
no evidence for an ac t ive  t r anspor t  sys tem for cycli tols  
was found in germina ted  conidia  of N. crassa, since the  
in ternal  concent ra t ion  of the cycli tol  af ter  the  up take  
was a lways lower than  the  concent ra t ion  in the  medium.  

Cell-free prepara t ions  of bo th  organisms were found 
to catalyse the  incorpora t ion  of free cycli tols into the 
phosphol ipid  fraction.  Since 2.9 m M  Mn ++ causes a 
10-fold enhancement  of myo-inositol incorporat ion,  i t  
was used rout ine ly  in all incubations.  Nei ther  t r iphospho-  
nucleosides (ATP, UTP,  GTP, TTP,  2 • 10 -4 M) nor  
CDP-diglycer ide  had any effect on myo-inositol  incorpora- 
t ion  into the  phosphol ipid  f ract ion;  however,  e-glycero- 
phospha te  at  an opt imal  concent ra t ion  of 60 m M  enhanced 
the  to ta l  incorpora t ion  of the  cycli tol  by  5 00 ~o. fi-glycero- 
phospha te  was not  an act ivator .  

I somyt i l i to l  (2-C-methyl-myo-inositol), which is a 
growth- inhib i tor  of S. pombe and N. crassa, was found to 
be incorpora ted  in v ivo  into the phosphol ipid  fract ion of 
both  organisms T, < I t  is also incorpora ted  into the lipids 
in v i t ro  a t  a s imilar  rate  as myo-inositol (09  ~xmole/mg 
protein/30 rain), and as seyllo-inositoi. In N. crassa the  
rad ioac t ive  peaks from ch romatography  of the  phospho- 
lipids conta ining scyllo-inositol are found at the  same 
place as those for the  lipids conta ining myo-inositoh 
mono-, di-, and tr iphosphoinosi t ides.  

W h e n  myo-inositol is used wi th  cell-free prepara t ion  of 
S. pombe, the  r ad ioac t iv i ty  is concent ra ted  main ly  in one 
peak  which migra tes  near  the  solvent  f ront ;  wi th  scyllo- 
inositol  the  r ad ioac t iv i ty  is also found in 2 o ther  peaks. 
These were s imilar  in mobi l i ty  to the  di-, and tr iphospho- 
inosit ides found in N. crassa; they were not fur ther  
invest igated.  

Discussion. WHITE and HAWTHORNE ~ first  showed 
tha t  the  enzymat ic  sys tem which synthesizes phospho- 
inositides in S. pombe is membrane-bound,  and t h e y  
established tha t  the  synthesis  does not  follow the  scheme 
of PAULUS and KENNEDY 9 in which the  di rect  precursor  
is CDP-diglyceride.  This v iew is consis tent  wi th  our 
f inding tha t  in N. crassa no ac t iva t ion  of the synthesis  
was observed upon the addi t ion  of CDP-diglyceride.  Of 
the  numerous  substances tes ted  on the  ex t rac t s  of bo th  
organisms, only a-glycerophosphate  enhanced incorpora-  
tion. These da ta  suggest  t h a t  the  direct  precursor  of 
phosphoinosi t ides  in yeas t  and fungi  is a lipid, p robably  
phosphat idy l -g lycerophosphate  ; the  phosphoinosi t ide  
could be formed by  direct  exchange with  free myo-inositol  
(the format ion  of myo-inositol  phospha te  has no t  been 
detected) in a react ion s imilar  to  t h a t  involved  in the  
synthesis  of phosphatidyI-serine~0. 

The enzymes which synthesize  phosphoinos iddes  in 
N. crassa and in S_ pombe do no t  seem to be specific. 
Myo-, scyllo-inositol and i somyt i l i to l  are incorpora ted  at  
s imilar  rates. As other  labelled cyclitols were not  available,  
their  even tua l  incorpora t ion  has not  ye t  been studied. 

All incorporat ions  s tudied are ac t iva ted  by Mn++ so 
far and c~-glycerophosphate, suggesting a common  
mechanism for the  synthesis  of the  three types  of lipids. 

I t  has been shown that ,  in vivo, i somyti l i to l  is incorporat-  
ed into phospholipids of N. crassa 7 and S. pombe 8 with  
concomi tan t  growth- inhibi t ion  and spectacular  morpho-  
logical modif icat ions  in S. pombe s,a, In  vi tro,  scytto- 
inositol, which cannot  replace myo-inositol  as a growth- 
factor,  is also incorpora ted  into the phopholipids.  

On the  basis of the  results presented in this paper,  i t  is 
proposed that ,  to funct ion as a growth factor,  a cycli tol  
mus t  have  at  least  the  fol lowing s t ructura l  fea ture :  
1. three cis hydroxy l  groups of which the media l  is axial  n, 
2. an equator ia l  hydrogen in posi t ion 2 (Figure). 

When  inside the cell, myo-inositol  is incorpora ted  into 
the  phosphol ipids  and the  la t te r  becomes an integral  pa r t  
of the  m e m b r a n e  structure.  

Isomyti l i to l ,  which differs only f rom myo-inositol 
by  the  rep lacement  of the equator ia l  hydrogen  at  C-2 by a 
me thy l  group, can replace myo-inositol in the  phospholipids 
of bo th  N. crassa and S. pombe; however  in S. pombe i t  
cannot  impar t  the  unique funct ion in the  cell division 
process which occurs wi th  the  normal  growth-factor .  
Hence  the funct ion of the  membranes  in p romot ing  
division, is in some way  dis turbed and separat ion of 
the  daughter  ceils does no t  t ake  place in the  usual way, 
leading to  b izar re  s tructure.  

Scyllo-inositol differs more marked ly  f rom myo-inositol 
than  isomyti l i tol ,  since it  not  only lacks the equator ia l  H 
at  C-2, bu t  also does not  have  the  requis i te  3 cis hydroxyls .  
Therefore  a l though the  t ranspor t  and l ipid incorporat ion 
systems are sufficiently unspecific to pe rmi t  incorporat ion 
of the  compound  into the  phospholipids,  these are so 
different  f rom myo-inositol containing phospholipids by 
the  absence of the  axial  hydroxy l  group tha t  t hey  do not  
in terfere  wi th  normal  m e m b r a n e  function. This explains 
the  lack of growth- inhib i t ion  exibi ted by scylf, o-inositol. 

F r o m  these observations,  one can conclude that ,  to  
be able to fulfil the  biological functions, the  phospholipids 
conta ining cycli tols mus t  have  a h ighly  definite s t ruc ture  
of the  polyalcohol  moiety,  which is t h a t  of myo-inositol. 

Rdsumd. Les relat ions entre  la s t ructure  et la fonct ion 
des phosphoinosi t ides  a 6t6 pr6cisde en co lnparant  la 
spdcificit4 de la permdabil i t~ et de la biosynthdse des 
phospholipides chez S. pombe et N. crassa. Les exigences 
s t&iques  de Ia posi t ion C~2 on t  6t6 d4finies. 
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