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Table IV. Purification of nucleoside analogues by column chromatography on ion-exchange resins 

EXPERIENTIA 30]6 

Compound Resin type CoIumn dimensions Elution with water at Major fraction emerged 
flow rate (ml/h) between (ml) 

I l l  D E  52 32 •  12 63 85 

I X  (picrate) ~ D E  52 15 x 1.0 15 7 0 -  91 

V AG 1 • 8 (Formate) 58 • 3.5 33 116-164 
200-400 mesh 

VI ,, 19 • 1.5 48 246-317 b 
v i i i  ,, 45 • 3.5 45 324-404 
x ,, 16.5 • 3.0 33 146-252 
x I  ,, 32 • 3.5 33 175-294 

a crystalline picrate was formed by adding aqueous picrie acid, this was collected, washed, dissolved in water and applied to the column; 
b washed initially with water (112 ml) then eluted with M-formic acid. 

ToN-MARSHALL tes t  a i nd i ca t i ve  of aminoimidazoles .  The  
c o m p o u n d  qu ick ly  d a r k e n e d  in  d i lu te  acid to p roduce  a 
b l ack  solid (rap > 350~ wh ich  d id  no t  m o v e  f rom the  
or igin on  t.l .c, p l a t e  a n d  is p r e s u m a b l y  a po lymer .  

For  in  v i t ro  s tudies  nuc leo t ides  are of ten  prefe r red  to 
nucleosides  b u t  t he  acid sens i t i v i ty  of c o m p o u n d  (III)  
p rec luded  p h o s p h o r y l a t i o n  di rect ly .  Therefore ,  t he  r e l a t ed  
m e t h y l  2 -a l t ropyranos ide  de r iva t i ve  (V) was syn thes ized  
f rom m e t h y l  2-amino-2-deoxy-D-altropyranoside 7 a n d  
im ida t e  (IV). This  glycoside was m u c h  more  s tab le  to  
acid a n d  a lka l i  a n d  could be  pur i f ied  on  a n  ion -exchange  
co tumn  (Table  IV) a n d  p h o s p h o r y l a t e d  b y  t he  m e t h o d  of 
TENER s. Desp i t e  t he  fac t  t h a t  t he  2 ' -and  4 ' - hyd roxy l  
groups  were no t  p ro t ec t ed  d u r i n g  t h e  p h o s p h o r y l a t i o n  
reac t ion  t h e  6 ' - m o n o p h o s p h a t e  (VI) was  t h e  on ly  m a j o r  
p roduc t ,  a f te r  pu r i f i ca t ion  b y  ion-exchange  c h r o m a t o -  
g r a p h y  i t  h a d  a s imi la r  e lec t rophore t i c  mob i l i t y  to  A M P  
a n d  GMP, c o n t a i n e d  i mole  e q u i v a l e n t  of p h o s p h a t e ,  
consumed  1 mole  e q u i v a l e n t  of pe r ioda t e  9, gave  a pu rp l e  
colour  in t h e  BRATTON-MARSHALL t e s t  and  showed  t he  
cha rac te r i s t i c  u l t r av io l e t  s p e c t r u m  of a n  amino imidazo le .  

A n u m b e r  of o the r  2 ' - s u b s t i t u t e d  ana logues  were 
syn thes ized  f rom th e  a p p r o p r i a t e  a m i n o  sugar.  B o t h  the  
m a n n o s e  de r iva t i ve  (VII)  a n d  a rab inose  d e r i v a t i v e  (VII I )  
h a v e  a s iml ia r  s t e r eochemis t ry  to  (II).  T he  ga lac tose  
c o m p o u n d  (IX) w h i c h  is r e l a t ed  to  t h e  e - a n o m e r  ~0 of (II)  
was  also p repared .  All  these  c o m p o u n d s  m u t a r o t a t e  in  
w a t e r  and  are u n s t a b l e  in  acid a l t h o u g h  t h e y  decompose  
a t  a s lower r a t e  t h a n  c o m p o u n d  (III) .  

The  m e t h o d  was also appl ied  to  t h e  syn thes i s  of 
3 ' - (amino- imidazole  ca rboxamide )  de r i va t i ve s  f rom t h e  
m e t h y l  glycosides of 3-amino-3-deoxy-D-glucose and  3- 
amino-3-deoxy-D-altrose11; as expected ,  t h e  p r o d u c t s  
(X a n d  XI )  d id  no t  consume  pe r ioda te  b u t  were o the rwise  
stir/liar to  t h e  isomeric  2 ' - examples  (Tables  I I  a n d  I I I ) .  

Experimental procedures. The 2-amino-2-deoxy-D-mono- 
sacchar ide  hydroch lo r ide  (270 rag) (or m e t h y l  glycoside, 
etc.) d issolved in a m i n i m u m  v o l u m e  of w a t e r  was  ad-  
j u s t e d  to p i t  8.0 w i t h  solid p o t a s s i u m  b i c a r b o n a t e  and  
t h e n  d i lu ted  to  8 m l  w i t h  me thano l .  E t h y l  N- [ ca rbamoy l -  

( cyano)methy l ]  f o r m i m i d a t e  (350 mg) was added  a n d  t he  
m i x t u r e  k e p t  a t  room t e m p e r a t u r e  for 24 to 48 h. The  
m i x t u r e  was e v a p o r a t e d  to d ryness  in  a r o t a r y  e v a p o r a t o r  
a t  38 ~ The  res idue  was d issolved in  m e t h a n o I  a n d  aga in  
e v a p o r a t e d  t h e n  redissolved  in w a t e r  a n d  pur i f ied  by  
c o l u m n  c h r o m a t o g r a p h y  (Table  IV). I n  one case (com- 
p o u n d  VI I )  t he  p r o d u c t  c rys ta l l ized  ou t  w h e n  t he  
r eac t ion  m i x t u r e  was c o n c e n t r a t e d  and  c h r o m a t o g r a p h i c  
pur i f i ca t ion  was unnecessary .  Most  of t h e  m e t h o d s  used 
in cha rac t e r i s ing  t h e  p roduc t s  we h a v e  descr ibed  else- 
where  a, 10. E lec t rophores i s  was ca r r ied  o u t  on  a S h a n d o n  
f la t  bed  a p p a r a t u s  a t  10 ~ us ing  W h a t m a n  3 m m  p a p e r  
a t  2 vo l t s  pe r  cm a t  pH 5.85 [acet ic  acid (15)-formic 
acid (10)-water  (255) (v/v)], pH 9.4 [in N a i l  CO3 (56.8) 
(N - Na2CO 3 (14.4)-water  (929) (v/v)] ,  a n d  pH 9.5 (1% 
sod ium t e t r a b o r a t e  in wa te r ) ;  p r o d u c t s  were de t ec t ed  
us ing  a) t he  BRATTON-MARSHALL s p r a y  r eagen t s  ~2 a n d  
b) a m m o n i u m  m o l y b d a t e  s p r a y  r eagen t s  for p h o s p h a t e  13. 

Zusammen/assung. Es wi rd  eine Re ihe  yon  Imidazo l -  
g lykos iden  u n d  de ren  Syn these  beschr ieben .  Diese e ignen  
s ich als Ana logs  der  na t i i r l i chen  Nukleos ide  fiir biolo- 
gische Versuche.  
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Prostaglandins During Development. II. Identification of Prostaglandin 9-Hydroxy Dehydrogenase 
Activity in Adult Rat Kidney Homogenates 

An ear l ier  i nves t i ga t i on  of t he  m a j o r  p r o s t a g l a n d i n -  enzymes .  The  h igh  1 3 - P G R  a c t i v i t y  obse rved  in foeta l  and  
i n a c t i v a t i n g  enzymes,  p r o s t a g l a n d i n  1 5 - h y d r o x y d e h y d r o -  ea r ly  p o s t n a t a l  vs. a d u l t  r a t s  sugges ted  to  us  t h a t  an  
genase  (15-PGDH)  a n d  A-13 r educ ta se  (13-PGR),  in  r a t  ef f ic ient  i n a c t i v a t i o n  of t i le p r o s t a g t a u d i n s  and  p r i m a r y  
lungs  revea led  age- re la ted  changes  in  t he  a c t i v i t y  of these  m e t a b o l i t e s  m i g h t  c o n s t i t u t e  a n  i m p o r t a n t  f ea tu re  of cell 
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funct ion in the developing animal  1. Whi le  screening 
var ious  ra t  tissues for thei r  PG-metabol iz ing  act ivi t ies  
dur ing ontogeny,  we discovered a novel  enzyme,  9- 
hydroxypros tag land in  dehydrogenase,  in adul t  ra t  
k idneys  capable  of oxidizing the  9-hydroxyl  group of 
pros taglandin  F2~ (PGF2, )  into an E2- type  cataboli te ,  
viz 15-keto- 13, 14-dihydroprostaglandin t?; 3 (15KD-PGE2). 
This enzyme appears  to be character is t ic  of adul t  kidneys 
since it  is absent  in tissues der ived f rom ear ly  newborn  
rats  3. 

Materials and methods. Wista r  rats  (male, 250-300 g) 
were killed by a blow to the  neck and decapi ta ted.  
Kidneys  (approx. 1.40-1.50 g each) were removed,  
isolated f rom capsular  tissue and fat, cut  open and washed 
thoroughly  with  ice-cold 0.05 M KH2PO~-NaOH (pH 7.4). 
Kidneys  f rom 6-day-old rats  were r emoved  from decapi- 
t a ted  rats. Tissue was homogenized  in buffer  (20 vols) and 
al iquots  (0.5 ml) were incubated  wi th  PGF~e (9fl-3H1- 
PGF2a, S.A. 7.5 Ci /mmole  or ~Hs-PGFea, S.A. 120 Ci/ 
mmole ;  1 X 106 cpm for each exper iment)  in the  presence 
of 4 m M  N A D  for var iable  t imes  (see Table) at  30~ 
Incubat ions  were t e rmina ted  by  the  addi t ion of 5 vols of 
d ry  e thanol  and after  cent r i fugat ion  of the  prote in  
precipi tate ,  the  superna tan t  was taken  to  dryness in 
vacuo.  Al iquots  of the  residue were assayed for to ta l  
r ad ioac t iv i ty  in a Beckman  LS-255 scint i l lat ion counter  
and for radioact ive  products  by  radio thin  layer chroma-  
tog raphy  as repor ted  previously~. 

Results. Data  f rom 2 sets of exper iments  are presented 
in the  Table  showing a t ime-dependen t  loss of to ta l  radio- 
ac t iv i ty  when 9/~-3HI-FGF~e is incuba ted  w~th a homo-  
genate  of adul t  ra t  kidneys.  In  the  second column is shown 
da ta  obta ined  from paral lel  exper iments  wi th  newborn 
rats in which no losses are encountered.  Since t r i t i um label 
is present  in only the 9-position of the  P G F ~  used in these 
studies, we though t  t ha t  a specific enzymat ic  remova l  of 
the  9/3-tritium a tom had l ikely t aken  place during in- 
cubat ion  wi th  adul t  k idney homogenates  especially 
since no losses were encountered in paral le l  incubat ions  
wi th  newborn  ra t  kidneys. To confirm this possibi l i ty  and 
to determine  the type  of p roduc t  resul t ing f rom oxida t ion  
of the  9-hydroxyl  group in these studies we performed 
addi t ional  exper iments  wi th  P G F ,  a conta ining t r i t ium 
atoms a t  posit ions 5, 6, 8 9, 11, 12, 14, 15 the reby  permi t t -  
ing measuremen t  by  radio th in  layer ch roma tog raphy  of 
the  p roduc t  result ing from a 9fi- t r i t ium loss. A radio th in  
layer ch roma tog ram of the  products  obta ined  af ter  
incubat ing  9/%3H~-PGF2a and 2Hs-PGF~e for 10 min  at  
30~ wi th  an adul t  ra t  k idney  homogena te  is shown in 
the  Figure.  Rad ioac t ive  peaks due to 15-keto-PGF2~ and 
15-keto-13, 14-dihydro-PGF2a can be seen (upper scan). 
However ,  when 3Hs-PGF2~ is used as subs t ra te  (middle 
and lower scans) an addi t ional  peak, not  seen when 
9~-3Hl-PGF2eis  used, appeared  (see ar row in Figure).  

1 C.  PACE-ASClAK and D. MILLER, Prostaglandins d, 351 (1973). 
This investigation was supported by a grant (MA-4181) to C.P.A. 
from the Medical Research Council of Canada. 

Radio thin Iayer chromatogram of products derived from incubation 
of 9/~-3HI-PGFe~ (upper scan) and 3Hs-PGF2, , (middle and lower scan) 
with adult rat kidney homogenates for 10 rain at 30~ in presence of 
4 mM NAD. 20:4, arachidonic acid; HFA, hydroxy fatty acid; /31, 
PGB1; 15KD-E2, 15-keto-13,14-dihydro-PGE2; 15KD-F~, 15-keto- 
13,14-dihydro-PGF~; E2, PGE2; 15K-F2~, 15-keto-PGF2~; F~, 
PGF~; origin at dot. 
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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 .  

' C. PAcE-AscIAK an d  D. MILLER 

Research Institute, Hospital/or Sick Children, 
550 University Avenue Toronto M5G l X8  (Canada), 
3 January J974. 

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. 

OH 

H HO ~--- H 

HO S S ~ ~  ~ ? 0- 

H 

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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