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Assymetry  in the Distribution of Basic Amino Acid Residues in the Moderately Lysine-Rich Histone 
F2b from Calf Thymus  

T h o u g h  t h e  e x a c t  b i o l og i ca l  ro le  o f  h i s t o n e s  is  u n k n o w n ,  
i t  is a s s u m e d  g e n e r a l l y  t h a t  t h e s e  b a s i c  n u c l e a r  p r o t e i n s  
f u n c t i o n  in  t h e  p r o c e s s  o f  g e n e t i c  r e s t r i c t i o n  o f  D N A  
t e m p l a t e s .  A l t h o u g h  t h e  c o m p l e t e  a m i n o  a c i d  s e q u e n c e  o f  
t h e  a r g i n i n e - r i c h  h i s to r i c  F 2 a l  (or  IV)  f r o m  ca l f  t h y m u s  a n d  
p e a  s e e d l i n g s  w a s  r e p o r t e d  r e c e n t l y  1, o n l y  r u d i m e n t a r y  
i n f o r m a t i o n  is  a v a i l a b l e  o n  t h e  s t r u c t u r e  o f  t h e  l y s i n e - r i c h  
h i s t o n e s  F1  a n d  F 2 b  (ref. 3,3). 

C r u d e  F 2 b  h i s t o n e  p r e p a r e d  b y  a s e l e c t i v e  e x t r a c t i o n  
of  ca l f  t h y m u s  c h r o m a t i n 4 ,  5 w a s  c h r o m a t o g r a p h e d  o n  
c a r b o x y m e t h y l  ce l lu lose  ( B i o R a d  Ce l lex  CM, 0.71 m e q / g )  
a s  w a s  d e s c r i b e d  p r e v i o u s l y  4. T h e  p r o t e i n  r e c o v e r e d  b y  
d i a l y s i s  a n d  l y o p h i l i z a t i o n  w a s  p u r i f i e d  b y  c h r o m a t o -  
g r a p h y  o n  s u l f o e t h y l  ce l lu lose  ( B i o R a d  Ce l l ex  SE ,  
0.23 m e q / g )  c o l u m n  32 • 360 m m  u s i n g  a l i n e a r  g r a d i e n t  
f r o m  0.1 M H C O O N a  ill 4 M  u r e a  to  0.321/1 H C O O N a  a n d  
0.3 M H C O O H  in  6 M  u r e a  fo r  e l u t i o n .  T h e  m a i n  p e a k  w a s  
r e c h r o m a t o g r a p h e d  o n  t h e  s a m e  r e s i n  ( 2 2 •  m m  
c o l u m n ,  l i n e a r  g r a d i e n t  f r o m  0.1 M H C O O N a  in  8 M u r e a  
t o  0 . 3 M  I I C O O N a  a n d  0 . 3 M  H C O O H  in  8 M  u rea ) .  
F i n a l l y ,  t h e  F 2 b  h i s to r i c  w a s  p u r i f i e d  b y  ge l  f i l t r a t i o n  o n  
S e p h a d e x  G-75  c o l u m n  ( 2 4 •  m m )  u s i n g  2 . 5 M  
g u a n i d i n e  h y d r o c h l o r i d e  in  0 . 0 1 N  HC1 for  e l u t i o n .  T h e  
F 2 b  h i s t o n e  f r o m  ca l f  t h y m u s  w a s  h o m o g e n e o u s  in  2 
d i f f e r e n t  s y s t e m s  of  p o l y a c r y l a m i d e  e l e c t r o p h o r e s i s  6, 7 a n d  
i t s  a m i n o  ac id  c o m p o s i t i o n  is s h o w n  in  T a b l e  I.  T h e  
C O O H  t e r m i n a l  a m i n o  ac i d  of  F 2 b  h i s t o n e  is l y s i n e ;  t h e  
N H  2 t e r m i n a l  a m i n o  ac i d  is p ro l ine .  

D i g e s t i o n  of  F 2 b  h i s t o n e  w i t h  t r y p s i n  ( W o r t h i n g t o n ,  
T P C K  t r e a t e d )  r e s u l t e d  in  t h e  f o r m a t i o n  of  a n  i n s o l u b l e  
p r e c i p i t a t e  (core),  w h i c h  w a s  a p e n t a d e e a p e p t i d e  ( p e p t i d e  
T21) ,  a n d  in  19 s o l u b l e  p e p t i d e s  c o n t a i n e d  in  t h e  d ige s t .  
F r e e  l y s i n e  a n d  a r g i n i n e  we re  a l so  p r e s e n t  in  t h i s  d ige s t .  
T h e  s o l u b l e  p e p t i d e s  we re  i s o l a t e d  b y  c h r o m a t o g r a p h y  
o n  D o w e x  5 0 W  r e s i n  a t  5 0 ~  u s i n g  a s e q u e n c e  of  4 
p y r i d i n e  a c e t a t e  b u f f e r s  r e p o r t e d  b y  OUIDOTTI e t  al.  s fol- 
l o w e d  b y  0 . 0 5 N  N a O H .  T h e  a m i n o  ac i d  s e q u e n c e s  of in-  
d i v i d u a l  t r y p t i c  (T) p e p t i d e s  d e t e r m i n e d  b y  t h e  E d m a n  
s u b s t r a c t i v e  p r o c e d u r e  9 a re  s h o w n  in  t h e  F i g u r e .  

S ince  t h e  F 2 b  h i s t o n e  c o n t a i n s  2 m e t h i o n i n e  r e s i d u e s ,  a 
150 m g  s a m p l e  w a s  c l e a v e d  w i t h  c y a n o g e n  b r o m i d e  a t  
r o o m  t e m p e r a t u r e  for  20 h 1~ n .  T i l e  d r i e d  f r a g m e n t s  w e r e  
f r a c t i o n a t e d  b y  ge l  f i l t r a t i o n  o n  S e p h a d e x  G-50  (24 • 
1800 in to  c o l u m n  a n d  0.01 N HC1 s a t u r a t e d  w i t h  CH3C1 as  
e l uen t ) .  M o s t  of  t h e  m a t e r i a l  e m e r g e d  c lose  t o  t h e  v o i d  
v o l u m e  fo l l owed  b y  a s m a l l  p e a k  c o n s i s t i n g  of  a t r i -  
p e p t i d e  ( G L Y - I L E - H o m o s e r i n e ) .  T h i s  i n d i c a t e s  t h a t  t h e  
2 m e t h i o n i n e  r e s i d u e s  a r e  l o c a t e d  c lose  t o g e t h e r  in  t h e  
c e n t e r  of  t h e  m o l e c u l e .  

T h e  l a r g e  f r a g m e n t s  w e r e  s e p a r a t e d  b y  r e e h r o m a t o -  
g r a p h y  of  t h e  l e a d i n g  p e a k  r e s u l t i n g  f r o m  t h e  S e p h a d e x  
G-50  f i l t r a t i o n  o n  a S e p h a d e x  G-75  c o l u m n ,  e m p l o y i n g  
s i m i l a r  c o n d i t i o n s .  A s m a l l  p e a k  of  F 2 b  h i s t o n e  w a s  fol- 
l o w e d  c lo se ly  b y  a l a rge ,  a s s y m e t r i e a l  p e a k  c o n t a i n i n g  2 
f r a g m e n t s  of  F 2 b  h i s t o n e .  T h e  f r a g m e n t s  w e r e  i s o l a t e d  b y  
ge l  f i l t r a t i o n  o n  B i o g e l  P 6 0  ( c o n d i t i o n s  s i m i l a r  as  for  t h e  
S e p h a d e x  f i l t r a t i on )  a n d  t h e i r  a m i n o  ac i d  c o m p o s i t i o n  is 
s h o w n  in  T a b l e  I.  F r o m  t h e  p a r t i a l  a m i n o  a c i d  s e q u e n c e  
of  t h e  t r y p t i c  ' co re '  (T21) c a n  be  c o n c l u d e d  t h a t  t h e  
s m a l l e r  a n d  m o r e  b a s i c  f r a g m e n t  B C N  I is t h e  N H  2 t e r -  
m i n a l  p o r t i o n  o f  F 2 b  h i s t o n e ,  a n d  t h e  l a r g e r  a n d  less  
b a s i c  f r a g m e n t  B C N  I I  r e p r e s e n t s  t h e  C O O H  t e r m i n a l  
p o r t i o n  of  t h i s  p r o t e i n .  T h e  n u m b e r  of  a m i n o  ac i d  r e s i d u e s  
in  b o t h  f r a g m e n t s  (58 a n d  65) a l so  s h o w s  t h a t  t h e  2 
m e t h i o n o n e  r e s i d u e s  a r e  s i t u a t e d  a p p r o x i m a t e l y  in  t h e  
c e n t e r  of  F 2 b  h i s t o n e .  

T o  a s c e r t a i n  t h e  d i s t r i b u t i o n  o f  b a s i c  a m i n o  a c i d  res i -  
d u e s ,  500 m l  of  t h e  F 2 b  h i s t o n e  w e r e  m a l e y l a t e d  1. T h e  
m a l e y l a t e d  p r o t e i n  w a s  d i g e s t e d  b y  t r y p s i n  ( W o r t h i n g t o n ,  
T P C K  t r e a t e d )  a n d  t h e  p e p t i d e s  (TlV[ p e p t i d e s )  w e r e  
f r a c t i o n a t e d  b y  c h r o m a t o g r a p h y  o n  D o w e x  5 0 W  r e s i n  
a t  45 ~ a n d  b y  ge l  f i l t r a t i o n  o n  S e p h a d e x  G - 5 0  a n d  G-2 5  
c o l u m n s .  A t o t a l  o f  8 T M  p e p t i d e s  w a s  r e c o v e r e d .  I n  a d d i -  
t i o n  t o  t h e  4 T M  p e p t i d e s  (TM4,  TM5,  T M 6 ,  a n d  TM7 )  
w h i c h  a r e  i d e n t i c a l  t o  t r y p t i c  p e p t i d e s  T5 ,  T10 ,  T17 ,  a n d  
T20 ,  a s m a l l  p e p t i d e  L Y S - S E R - A R G  (TM2)  a n d  3 l a r g e  
p e p t i d e s  TlV[1, TM3,  a n d  T M 8  were  i s o l a t e d  a n d  a n a l y z e d .  

Table I. Amino acid composition of whole protein, tryptic core and 
cyanogen bromide fragments from calf thymus  F6b histone 

Amino acid F2b Tryptic Fragment  Fragment  
histone core BCNI BCNII 
M% R M% R M% R M %  R 

Lysine 16.6 20 0.1 - 24.5 14 9.5 6 

Histidine 2.2 3 - 1.8 1 3.1 2 

Arginine 6.2 8 6.7 1 5.3 3 7.9 5 

Aspartie acid 4.9 6 20.3 3 3.5 2 6.2 4 

Threonine 6.1 8 0.1 - 3.4 2 9.3 6 

Serine 10.7 14 6.5 1 12.1 7 10.3 7 

Glutamic acid 7.6 10 6.6 1 7.2 4 9.6 6 

Proline 4.8 6 - - 8.8 5 1.6 1 

Glycine 5.5 7 6.7 1 5.2 3 4.8 3 

Alanine 10.1 13 6.9 1 10.6 6 10.4 7 

Valine 7.0 9 6.8 l 8.7 5 6.2 4 

Methionine 1.5 2 12.9 2 . . . .  

Isoluecine 4.9 6 13.6 2 1.8 1 6.4 4 

Leueine 4.9 6 0.2 - 1.9 1 7.9 5 

Tyrosine 3.8 5 - - 5.1 3 2.9 2 

Phenylalanine 1.6 2 13.4 2 - - 3.2 2 

Homoserine - - - 1.6 1 - - 

Amino acids are expressed as mole percents of all amino acids 
recovered. All serine values were corrected (10%) for hydrolytic 
losses. M%,  mole percent; R, number  of residues. 
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Composition of tryptic peptides and partial amino acid sequence of moderately lysine-rich histone F2b from calf thymus.  Solid lines: 
tryptic peptides of unmodified histone (T). Dashed lines : tryptic peptides from maloylated F2b histone (TM). Residues in parentheses 
[if not  arranged alphabetically): probable sequence. Residues in parentheses [in alphabetical order): sequence remains to be deter- 
mined. 

Table II. Amino acid composition of 3 large tryptic peptides from 
maleyated F2b histone 

Amino acid Peptide 
TM1 TM3 
M% R M% R 

Lysine 30.0 9 10.2 4 
Histidine - - 2.4 1 
Arginine 6.9 2 2.6 1 
Aspartic acid 3.5 1 10.3 4 
Threonine 3.2 1 2.5 1 
Serine 6.6 2 12.5 5 
Glutamie acid 6.8 2 7.8 3 
Proline 13.6 4 2.6 1 
Glycine 6.8 2 5.2 2 
Alanine 17.0 5 2.5 1 
Valine 6.8 2 12.4 5 
Methionine - - 5.0 2 
Isoleucine - - 8.0 3 
Leucine - - 2.5 1 
Tyrosine - - 7.5 3 
Phenylalanine - - 5.3 2 

F r o m  t h e  a m i n o  ac id  c o m p o s i t i o n  of  t h e s e  3 l a r g e  T M  
p e p t i d e s  ( T a b l e  II) c a n  b e  c o n c l u d e d  t h a t  p e p t i d e  T M 1  
o r i g i n a t e d  f r o m  t h e  N H ,  t e r m i n u s ,  p e p t i d e  T M 3  r e p r e -  
s e n t s  t h e  c e n t r a l  . p o r t i o n  c o n t a i n i n g  m e t h i o n i n e  a n d  

TM8 p h e n y l y l a n i n e  (core),  a n d  p e p t i d e  T M 8  is t h e  C O O H  t e r -  
M % R m i n a l  f r a g m e n t .  D i g e s t i o n  of  t h e  c y a n o g e n  b r o m i d e  f r ag -  

m e n t s  a n d  o f  t h e  m a l e y l a t e d  p e p t i d e s  w i t h  c h y m o -  
17.5 5 t r y p s i n  ( W o r t h i n g t o n )  a n d  w i t h  t h e r m o l y s i n  (Ca lBio -  

3.7 1 c h e m )  r e s u l t e d  in  a n u m b e r  of  o v e r l a p p i n g  p e p t i d e  spec ies .  
_ _ P a r t i a l  i d e n t i f i c a t i o n  a n d  a m i n o  ac id  s e q u e n c e  a n a l y s i s  o f  
- - s u c h  p e p t i d e s  i s o l a t e d  b y  c h r o m a t o g r a p h y  o n  D o w e x  5 0 W  
10.9 3 r e s i n  a n d  b y  ge l  f i l t r a t i o n  o n  S e p h a d e x  G-25  (a d e t a i l e d  
10.5 3 r e p o r t  wil l  b e  p u b l i s h e d  e l s ewhe re )  p e r m i t t e d  r e c o n s t r u c -  

7.4 2 t i o n  o f  a l a r g e  p o r t i o n  o f  t h e  a m i n o  ac id  s e q u e n c e  o f  t h e  
3.8 1 F 2 b  h i s t o n e  (F igure ) .  
7.1 2 

I n  a c c o r d  w i t h  t h e  r e p o r t s  of  o t h e r  i n v e s t i g a t o r s  de -  10.9 3 
7.2 2 s c r i b i n g  a s s y m e t r i c a l  d i s t r i b u t i o n  a n d  c l u s t e r i n g  of  b a s i c  

_ _ a m i n o  a c i d s  i n  t h e  a r g i n i n e - r i c h  h i s t o n e  F 2 a l  (ref. 1,12) 

14.6 4 
6.8 1 

Amino acids are expressed as mole percents of all amino acids re- 
covered. All serine values were corrected (10%) for hydrolytic losses. 
M % ,  mole percent; R, number  of residues. 

12 y .  OGAWA, G. QUAGLIAROTTI, J.  J. JORDAN, C. W. TAYLOR, W. C. 
STARBUCK and H. BUSCH, J. biol. Chem. 244, 4387 (1969). 
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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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