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and  in the  ve ry  lysine-r ich h i s tone  F1 (ref. ~,~), t he  
modera te ly  lysine-r ich h is tone  F2b,  s tud ied  in our  labora-  
tory ,  shows a similar  a s symet ry .  Most  of t he  neu t ra l  and 
hydrophob ic  amino  acids are s i tua ted  in the  cent ra l  p a r t  
of th is  p ro te in  (i.e., pep t ides  T3 or T l l ,  T16, and  T21 
conta in  31 of the  94 nonbas ic  residues p resen t  in F2b  
histone).  Regions  on e i ther  side of the  nonbas ic  cen te r  are 
re la t ively  enr iched in basic amino  acids wi th  the  NH~ ter-  
minal  region being def in i te ly  more  basic (14 of the  33 
residues are basic amino  acids) t h a n  the  COOH te rmina l  
por t ion  (12 of the  54 amino  acids are basic residues).  The 
biological significance of the  observed a s s y m e t r y  in amino  
acid d i s t r ibu t ion  in t he  F2b h is tone  f rom calf t h y m u s  is 
no t  clear ~. 

Zusammenfassung. Die Aminos/~uresequenz der  His ton-  
f rak t ion  F2b  aus K a l b s t h y m u s  wird  angegeben und  die 
Ver te i lung der  bas ischen Aminos~uren  als n ich t  symme-  
t r i sch ermi t te l t .  
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Stereospecificity of the Prostaglandin 15-Dehydrogenase from Swine Lung ~ 

Recen t  s tudies  of the  me tabo l i sm of na tu ra l  p ros ta -  
glandins  (PGs) have  revealed a n u m b e r  of s ignif icant  pa th -  
ways  commenc ing  wi th  e i ther  (1) sa tura t ion  of the  C-13 
double  bond  2, (2) f l-oxidation of the  carboxyl ic  acid side 
chaina, 4, or (3) dehydrogena t ion  at  C-15 p roduc ing  15- 
keto PGs  e,5. Of these,  shor ten ing  of the  carboxyl ic  acid 
side chain  ~ or ox ida t ion  of t he  h y d r o x y  group a t  C-15 
(present  in all p r ima ry  PGs) causes a marked  decrease in 
smoo th  muscle s t imulat ing,  vasodepressor  7, and p la te le t  
aggregat ion inh ib i t ion  proper t ies  8. 

The 15-dehydrogenase  f rom the  high speed s u p e r n a t a n t  
of swine lung is the  only  isolated PG metabol iz ing  enzyme 
wi th  a single chemical  action.  ANGG~RD and SAMUF.LSSON 5 
repor t  t h a t  this  enzyme effects 15-dehydrogenat ion  of all 
PGs except  those  of the  PGB type.  The enzyme  is NAD 
d e p e n d e n t  and  highly  specific for PGs - even 15(S)- 
hydroxyeicosa-8 ,  11, 13-trienoic acid is iner t  s 

Dias tereomer ic  PGs and a wide var ie ty  of non-acidic  
p ros tane  der iva t ives  are now available by  eff icient  to ta l  
syn theses  TM and a p re l iminary  examina t ion  of the  
ac t iv i ty  of these  subs tances  on 4 d i f ferent  pharmacologica l  
p repara t ions  has revealed unexpec ted  biological po t en cy  
for some of the  unna tu ra l  d ias te reomers  xa. This communi -  
cat ion is a p re l iminary  account  of the  s t u d y  of the  
s te reos t ruc tura l  r equ i remen t s  (for subst ra te)  of the  
swine lung dehydrogenase  using syn the t i c  subs t r a t e s  wi th  
the  object  of de te rmin ing  whe the r  s t ruc tu re  modif ica-  
t ions  would reduce the  ra te  of biological degrada t ion  
wi thou t  reducing the  pharmacologica l  ac t iv i ty  and thus  
serve as an indica t ion  of the  modif icat ions  needed  to 
produce  subs tances  hav ing  long-last ing act ions  like those  
of the  na tu ra l  PGs. 

Materials and methods. The swine lung 15-hydroxy-  
p ros tag land in  dehydrogenase  was isolated by  a s l ight  
modi f ica t ion  of the  publ i shed  me thod  5. Dehydrogena t ion  
ra tes  wi th  nat-PGE~ ~4 (Kin = 5.3 [xM) were comparab le  
to those  repor ted  (5.6 ~xM) 5. The fo rmat ion  of 15-keto- 
p ros tanes  was followed spec t ropho tomet r i ca l ly  using the  
340 n m  absorp t ion  of the  N A D H  genera ted  in the  re- 
ac t ion 5. In  t he  case of PGEx-dias tereomers  the  a m o u n t  of 
15-keto-PGE~ formed could be conf i rmed spec t ropho to -  
metr ica l ly  using the  s t rong,  bu t  t rans ient ,  abso rp t ion  t h a t  
develops a t  500 nm on base t r ea tmen t .  In  a d d i t i o n  the  
presence  of the  15-keto p roduc t s  was conf i rmed by  th in-  
layer  ch roma tograph ic  (TLC) 15 compar ison  wi th  au then t i c  
samples  p repa red  by  chemical  ox ida t ion  (using dicyano-  
d ichlorobenzoquinone) .  

Results and discussion. Typical  t ime  courses of the  
enzymic  dehydrogena t ion  of nat-PGE1 and  the  4 racemic 
isomers are shown in Figure  1 ~6. The m a x i m u m  AA~, 0 
values ob ta ined  are general ly  75-95% of those  expec ted  
based on the  genera t ion  of a s to ichiometr ic  a m o u n t  of 
NADH,  and  are p ropor t iona l  to  the  a m o u n t  of nat-PGE 1 
used over  a I0-fold range in concen t ra t ion  (5-66 ~zM). The 
a m o u n t  of N A D H  decreases slowly af ter  the  m a x i m u m  
value has been reached,  suggest ing the  presence of a 
N A D H - d e p e n d e n t  enzyme sys t em (and subs t r a t e  ?) since 
the  a m o u n t  of 15-keto-PGEx does no t  d iminish  in the  
man n e r  of the  500 nm absorpt ion .  For  th is  reason di rect  
assays of 15-ke to-PGE 1 are more  reliable for subs t ra tes  
react ing slowly. 

Figure 1 clearly indica tes  t h a t  racemic PG(Eea) I  and 
PG(E/3~)I are d eh y d ro g en a t ed  at  half  molar  amo u n t s  of 
nat-PG(Eeu)l indica t ing  t h a t  only  one an t ipode  is used. 
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Prolonged incubat ion  wi th  excess enzyme prepara t ion  did 
no t  lead to react ion beyond  50%. The recovered PG(Ecce)t 
and PG(Efle)I  f rom prepara t ive  incubat ions  showed posi- 
t ive  Cot ton effects centered at  ~-~295 nrn indicat ing the  
enant io-structure~L Thus nei ther  the  optical  specif ici ty 
nor  the  ra te  are a l tered wi th  the  change in conf igurat ion 
a t  C-11. 

The racemic 15-epimer of PGE,  rac-PG(E~f l ) l ,  was not  
dehydrogena ted  by  the  enzyme,  however  i t  does inhib i t  
the  react ion of nat-PG(Eec~)~. A Lineweaver -Burk  plot  
(Figure 2) indicated compet i t ive  inhibi t ion ~s. The dis- 
sociat ion cons tan t  of the  enzyme- inhib i tor  complex  was 
~ 1 3  [xM. Thus i t  appears  t ha t  15-epi-PGE t complexes  
effectively,  bu t  non-product ive ly ,  wi th  the  enzyme.  Com- 
parison of the  observed dissociation cons tan t  and the  
Michaelis cons tan t  for na t -PGE1  suggests t h a t  the  15(S)- 
hydroxy l  group is a b inding site as well as the  site of 
chemical  reaction.  F ina l  conf i rmat ion of this conclusion 
will require  inhibi t ion studies using resolved PG(Eafl)~. 

I f  t he  immed ia t e  neighborhood of the  15-hydroxyl  
group is i m p o r t a n t  in binding one migh t  expec t  to find 
react ion wi th  compounds  conta in ing  the  grouping shown 

below, in a prostaglandin- l ike  molecule differing great ly  
in o ther  par ts  of the  molecule.  

H 

"- ,~K--KC~H~ n + z 
H~",o~ 

This expec ta t ion  has been realized in the  case of rac- 
PG(Eflfi)r  F igure  1 shows a small, bu t  significant, react ion 
wi th  this stereoisomer.  Longer  incubat ions  indicated tha t  
this react ion occurs a t  ca. 15 % of the ra te  observed with  
na tu ra l  P G E  1 and proceeds to 50% complet ion.  The  O R D  
of the  recovered PG(Efl/~)I indicated tha t  ent-PG(Ef l f l ) l  
had been preferent ia l ly  consumed by the  enzyme lL 
Enan t io -PG(Ef l f l ) l  has the  unna tura l  back-bone configura- 
tion, bu t  the  proper  15(S)-hydroxyl  configuration.  
Racemic  PG(Eflfl)I has previous ly  been shown to be a 
po ten t  substance on some smooth  muscle prepara t ions  
(2-10 t imes  as ac t ive  as racemic PGE1) i s  and this ac t iv i ty  
was t en t a t i ve ly  ascribed to the  enantio form. This  con- 
clusion has been conf i rmed in par t  by  the  synthesis  of 
par t ia l ly  resolved ent-PG(Efl f l ) l ,  optical  pu r i ty  ~ 3 5 % ,  
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Fig. 1. Time course of NADH formation for the incubation of ca. 10 
units of swine lung dehydrogenase with 0.05-0.2/zmoles of substrate, 
2~moles of NAD, 4/zmoles of reduced glutathione and 3/zmoles EDTA 
in 3 ml of 0.1M of potassium phosphate buffer (pH 7.4) at 42~ 
�9 0.1 ~tmole nat-PGEz; 0, 0.05 #mole nat-PGE1; [~, 0.2 ~mole r~c- 
PGE1; iX, 0.1 #mole rae-PG(Efl~)l; A, 0.2 /~mole (rac-PG(E~)l; 
I ,  0.2/zmole rac-PG(Eflfl)i. 
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Fig. 2. Inhibition of the dehydrogenation of nat-PG(Eo~cr , by rac- 
PG(E~flh. A Lineweaver-Burk plot of 15-keto-PGE 1 formation-rates 
(estimated from AAs00 on base treatment). Enzyme (~20 units), 
2pmoles NAD, 4/zmoles reduced glutathione, 9/zmoles of EDTA, and 
nat-PG(Eor162 were incubated at 42~ in 9 ml of 0.1M potassium 
phosphat e buffer (pH 7.4) with 0, 0.2, or 0.4 pmole of racemic 
PG(E0cfl) z. Ix] indicates the concentration of rac-PG(Eo~fi)l, as an 
inhibitor. K m = 5.312M, K i '~ 13tiM. 
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which  is a t  least  as p o t e n t  as rac-PG(Eflfl)l on the  r a t  

uterus.  The syn thes i s  proceeds  f rom enantio-9fl-nitro-llfl, 
15a-dihydroxy-trans-13-prostenonitrile (recovered f rom 
an incuba t ion  of the  racemic compound  wi th  the  swine 
lung dehydrogenase)  by  s teps  a l ready  out l ined 1% 

Some c o m m e n t s  on the  re la t ionship  be tween  smo o t h  
muscle  s t imula t ing  ac t iv i ty  and  dehydrogenase  ac t iv i ty  
appear  war ran ted .  A 15(S)-hydroxyl  group appears  to  be 
the  major  s te reos t ruc tura l  r equ i r emen t  for both .  The de- 
hydrogenase  sys t em is less sensi t ive to  the  stereo- 
chemis t ry  a t  C-11 whereas  smoo th  muscle  s t imula t ing  
ac t iv i ty  appears  to  be enhanced  marked ly  by  bu t t r e s s ing  
hyd roxy l  groups (formally cis a t  C-11 and  even C-9, un-  
publ i shed  data)  and  only s l ight ly  affected by  the  back-  
bone  s t e reochemis t ry  in the  mos t  favorable  cases (ent- 
PG(Eflfl)l as an example) .  This  difference in sens i t iv i ty  
to the  back-bone  s t e reochemis t ry  (inversion at  C-8 and 
C-12) has  allowed us to par t i a l ly  realize our original  
object ive.  Thus  pure  ent-PG(Eflfl)l should be a t  least  as 
p o t e n t  as nat-PGE 1 on the  ra t  u te rus  and far more  p o t en t  
on o ther  t issue p repara t ions  bu t  would be degraded  at  
only 15% of the  ra te  of nat-PGE 1. 

Final ly  the  dehydrogenase  accommoda te s  major  
changes  a t  posi t ions r emote  f rom C-15 and C-12. The func- 
t iona l i ty  p resen t  a t  C-1, C-9 and  C-11, as well as the  con- 

Y 

...-"(CH2)6--X X = -CO2H, -CN 

Y = =O, -OH,  -NH2, -NO 2 
~ / I . ~ r , ~ % / C 5 H l l  Y 4=-NHCH O 
) xl_ ; 
OH OH 

f igura t ion  of these  groups,  can be var ied wi th in  the  l imi ts  
shown below w i t h o u t  a l ter ing the  ra te  of t he  enzymic  re- 
ac t ion  subs tant ia l ly .  The 9 - fo rmamidopros tanes  are no t  
dehydrogena ted ,  appa ren t l y  due to  a grea t ly  reduced  
af f in i ty  for the  enzyme - t h e y  show no inh ib i to ry  effect  
on the  react ion of nat-PGE 1~9, 2o. 

Zusammen/assung. Die s t e reochemischen  Vorausse tzun-  
g e n d e r  P ros tag land in -15-Dehydrogenase  aus Schweine-  
lunge werden  im Hinbl ick  auf die pharmakolog i sche  Akti -  
vitAt a n h a n d  einer Reihe  syn the t i s che r  P ros t ag l and in  
E1-Pr/ iparate  abgeklgr t .  
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E n d o c r i n e  Cells  in M a m m a l i a n  Gastr ic  Mucosa :  P o s s i b l e  S t o r a g e  S i tes  for  V i t a m i n  B~2-Binding  
P r o t e i n s  

Very l i t t le is known of the  cellular local izat ion of the  
gastr ic  ant ipernic ious  pr inciple  (the intr insic  factor,  IF).  
The first  cell to be impl ica ted  as the  source of I F  was the  
argentaf f in  (enterochromaff in)  celD -a. This  hypo thes i s  
fell into d is repute  because of a poor  correla t ion be tween  
the  d is t r ibu t ion  of these  cells and of I F  in m a n y  species 4. 
In  the  rat,  the  chief cell has been  proposed as the  s torage 
site for I F  5. I t  is qui te  ev ident  f rom the  l i te ra ture  t h a t  in 
several  o ther  species the  chief cell is no t  the  cellular 
s torage site for I F  6-8 and  b o t h  the  oxyn t i c  cell and  the  
pyloric gland cell have  been advocated .  Current  opinion 
appears  to locate I F t o  d i f fe rent  cells in d i f ferent  species s, 9. 
F r o m  pure  specula t ion  it appears  likely t h a t  a comp o u n d  
wi th  such a specific func t ion  as I F  should be p roduced  and 
s tored in the  same t y p e  of cell in all species. Recent ly ,  it  
was repor ted  t h a t  in t he  ra t  the  regional and  topograph ica l  
d i s t r ibu t ion  of v i t amin  B12-binding proteins ,  associated 
wi th  I F  act ivi ty ,  coincided wi th  the  d i s t r ibu t ion  of a 
sys t em of h i s t amine-con ta in ing  enterochromaff in- l ike  
cells 1~ which are bel ieved to  have  an endocr ine  func- 
t ionn-1% The en te rochromaf f in  (argentaffin) and  entero-  
chromaff in- l ike  (argyrophil ,  non-argentaff in)  cells have  
the  morphological  charac ter i s t ics  of po lypep t ide -  or 
pro te in-secre t ing  endocr ine  cells, and i t  has  been sug- 
gested t h a t  t h e y  are act ive  in t he  fo rmat ion  and  secret ion 
of gas t ro in tes t ina l  po lypep t ide  h o r m o n e s n - l %  En te ro -  
chronmff in  cells are recognized by  their  in tense  yellow 
fo rma ldehyde- induced  fluorescence, which reflects  the i r  
con ten t  of 5-HT ~7. En te rochromaf f in - l ike  cells are devoid  
of 5-HT bu t  can be d e m o n s t r a t e d  in L-DOPA- t rea ted  

an imals  by the i r  green fo rma ldehyde- induced  d o p amine  
f luorescence 17. E n t e ro ch ro maf f i n  cells usual ly re ta in  the i r  
yel low fluorescence also af ter  L-DOPA t r e a t m e n t ,  which  
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