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t h a t  18 p.M cy c lo h ex imide  reduced  p ro t e in  s y n t h e s i s  by  
93% in pe r fused  r a t  l iver b u t  th i s  c o n c e n t r a t i o n  of d rug  
also r educed  p ro t e in  d e g r a d a t i o n  by  60~ W i l d e n t h a l  
a n d  Griffen ~ obse rved  decreased  c a t h e p s i n - D - a c t i v i t y  due  
to cyc lohex imide  in cu l t u r ed  fe ta l  m o u s e  hea r t s .  I t  can  be 
seen f ro m  tab le  2 t h a t  in the  absence  of c y c l o h e x i m i d e  
t he r e  was  still  no di f ference be tween  con t ro l  and  dys t ro -  
ph ic  samples .  
I n  ad d i t i o n  to  d i a p h r a g m ,  we h a v e  also s t u d i e d  a b d o m i n a l  
musc l e  because ,  like d i a p h r a g m ,  i t  is a flat ,  t h i n  shee t  a nd  
lends  i tself  to  d i f fus ion  of smal l  molecu les  in to  a n d  ou t  of 
t h e  t i ssue .  I t  also had  t he  a d v a n t a g e  of be ing  read i ly  re- 
cognizable  an d  r e m o v a b l e  in these  smal l  an ima l s .  Tab le s  
1 and  2 show t h a t  in th i s  musc le  also, t he  r a t e s  of t y ros ine  
re lease  were the  s a m e  in d y s t r o p h i c  a n d  con t ro l  h a m s t e r s .  
The  p r e s e n t  d a t a  are t e n t a t i v e l y  i n t e r p r e t e d  to m e a n  t h a t  
increased  pro teo lys i s  m a y  no t  be essen t i a l  to the  develop-  
m e n t  of the  m u sc l e  lesion b u t  r a t h e r  could  be a resul t .  

Th i s  i n t e r p r e t a t i o n  is based  on our  o b s e r v a t i o n s  t h a t  
musc l e s  f r om d y s t r o p h i c  h a m s t e r s  did no t  show  inc reased  
t y ro s ine  release a t  ages  y o u n g e r  t h a n  those  a t  w h ic h  t he  
morpho log ica l  lesion appeared6 .  F u r t h e r m o r e  G o ldsp ink  
a n d  G o ldsp ink  7 d e m o n s t r a t e d  increased  t y r o s i n e  re lease  
a t  100 a nd  230 d a y s  w h e n  t he  d isease  is well a d v a n c e d .  In  
m a k i n g  an  i n t e r p r e t a t i o n  it is well to  r e m e m b e r  t h a t  t h i s  
m e t h o d  on ly  al lows for e s t i m a t e s  of overa l l  p ro t e in  degra -  
d a t i o n  a n d  does  n o t  a l low one  to d e t e r m i n e  t he  fa te  of a 
p a r t i c u l a r  p ro t e in  which  could  be i n s t r u m e n t a l  in t he  
d e v e l o p m e n t  of a lesion. W e  also recognize  t h a t  it  is n o t  
possible  to re la te  d i rec t ly  t y ro s ine  release to a s s a y s  of 
c a t h e p s i n  a c t i v i t y  because  c a t h e p s i n  a s s a y s  are c o n d u c t e d  
u s ing  s y n t h e t i c  or ar t i f ic ial  s u b s t r a t e s .  
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Summary. S u b s t r a t e  specif ic i ty  of X-pro ly l  d i p e p t i d y l - a m i n o p e p t i d a s e  (d ipep t idy l  a m i n o p e p t i d a s e  IV) was  e x a m i n e d  
by  us ing  n ewly  sy n the s i zed  8 c h r o m o g e n i c  s u b s t r a t e s ,  X-Y-p -n i t roan i l i de s .  H o m o g e n e o u s  e n z y m e  f rom h u m a n  s u b -  
m a x i l l a r y  g land  h y d r o l y z e d  g lycylpro l ine  p -n i t roan i l ide  a l m o s t  specif ical ly,  e xc e p t  a l a n y l a l a n i n e  p -n i t roan i l ide  which  
had  11% ac t iv i ty .  

X - P r o l y l  d i p e p t i d y l - a m i n o p e p t i d a s e  1 is an  e n z y m e  which  
c leaves  N - t e r m i n a l  X-pro l ine  f rom pept ides .  The  e n z y m e  
was  pur i f ied  f rom ei ther  porc ine  k i d n e y  2 4 or h u m a n  
s u b m a x i l l a r y  g l and  ~. We  s y n t h e s i z e d  severa l  new c h r o m o -  
genic  su b s t r a t e s ,  p -n i t roan i l ides  of the  d ipep t ides ,  
g lycylprol ine ,  a lanylpro l ine ,  lysylprol ine ,  a rg inylpro l ine ,  
g lu t am y lp ro l i n e ,  and  a spa r ty lp ro l i ne  for X-pro ly l  di- 
pep t idy l -aminopep t i c t a se  purif ied f rom h u m a n  s u b m a x i i -  
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Table 1. Analytical data for X-Y-p-nitroanilide �9 tosylates 

Compound Melting point (decomp) Optical rotation Temperature Molecular formula Found 
~ [~ D (~ calculated (%) 

C H N 

Gly-Pro-pNA �9 TosOH 223 ~ 225 

Gly-Leu-pNA �9 TosOH 124 ~ 140 

Gly-Sar-pNA - TosOH 183 ~ 185 

GIy-GIy-pNA. TosOH 220 ~ 222 

Gly-Hyp-pNA. TosOH 142 ~ 146 

Gly-Ala-pNA. TosOH 239 ~ 241 

AIa-GIy-pNA. TosOH 244 ~ 247 

Ala-Ala-pNA �9 TosOH 122 ~ 141 

81.0 (C1 MeOH) 30 

12.3 (C1 DMF) 25 

36.3 (C1 DMF) 25 

-31.1 (el DMF) 25 

16.3 (el DMF) 25 

-11,1 (C1 DMF) 25 

C2oHe407N4S 51.82 5.19 12.24 
51.72 5.21 12.06 

C21H2sOrN4S �9 H20 50.73 5.90 11.01 
50.59 6.06 11.24 

C18Hze.OTN4S 48.92 4.98 13.00 
49.29 5.07 12.78 

C17H2oOTN4S �9 H20 45.92 4.95 13.01 
46.15 5.01 12.66 

C2oH~4OsN4S - H~O 48.35 5.24 10.98 
48.19 5.26 11.24 

C18H2aOTN4S �9 1/4H20 48.88 4.93 12.82 
48.81 5.12 12.65 

ClsH~2OTN4S �9 1/4H20 48.88 4..98 12.48 
48.81 5.12 12.65 

C~gH~4OTN4S �9 1/2H~O 49.07 5.21 11.95 
49.45 5.46 12.14 
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Table 2. Rate of hydrolysis of X-Y-p-nitroanilides (pNA) with X- 
prolyl dipeptidyl-aminopeptidase 

Substrate Enzyme activity 
~tmole/min mg protein (37 ~ % 

Gly-Pro-pNA 11.02 100 
Gly-Leu-pNA 0.000 0.000 
Gly- Sarcosine-pNA 0.009 0.080 
Gly-GIy-pNA 0.002 0.016 
Gly-Hyp-pNA 0.201 1.82 
Gly-Ata-pNA 0.176 1.60 
AIa-Gly-pNA 0.0II 0.10 
Ala-AIa-pNA 1.194 10.83 

Homogeneous enzyme from human submaxillary gland was used as 
enzyme. Activities were measured at pH 8.7 in 71 mM glyeine-NaOH 
buffer and at a substrate concentration of 1.4 mM. The values are the 
mean of duplicate experiments. 

lary  glands in order to examine  the  specificity of the  
N- te rmina l  amino acid, and  found tha t  glycylprol ine 
p-ni t roani l ide  had the  highest  ac t iv i ty  among  the  sub- 
s t ra tes  at  the  o p t i m u m  p H  (8.7), followed by  p-ni t ro-  
anilides of alanine, lysine, arginine, g lu tamic  acid, and 
aspar t ic  acid in a decreasing order of ac t iv i ty  6. Since the 
homogeneous  enzyme from h u m a n  submaxi l la ry  gland 
did not  hydrolyze  g lycylphenyla lanine  f l -naphthylamide 
a t  all 5, the  enzyme was supposed to be specific for the  
2nd amino acid proline. However ,  the  purified enzyme 
f rom porcine k idney was found to hydro lyze  no t  only 
X-Pro-Y,  bu t  also X-Ala-Y3,  4. Therefore,  in order  to 
examine  the  specificity of the  2nd amino acid, we have  
synthesized new chromogenic  substrates,  p-ni t roani l ides 
of the  dipeptides,  Gly-Pro,  Gly-Leu,  Gly-Sarcosine,  
Gly-Gly, Gly-Hyp,  Gly-Ala,  Ala-Gly and Ala-Ala.  

These compounds  were synthesized in a tosyla te  form 
by coupling Boc-Gly or Boc-Ala N-hydroxysucc in imide  
ester wi th  several  amino acid p-ni troanil ides used in this 
s tudy  in N , N - d i m e t h y l f o r m a m i d e  followed by the  t rea t -  
ment  wi th  p-toluenesulfonic acid in acetic acid a t  room 
tempera tu re .  Amino acid p-ni troani l ides used as the  
s ta r t ing  mater ia l  were synthesized by  coupl ing corre- 
sponding carbobenzoxy  amino acids wi th  p-ni t roani l ine  
applying phosphorus  oxychlor ide  me thod  T; the  carbo-  
benzoxy  group was removed by the  t r e a t m e n t  wi th  
25% HBr-ace t i c  acid at  room tempera ture .  
Ana ly t ica l  d a t a  for the  final p roducts  were summar ized  
in table 1. X - P r o l y l  d ipept idy l -aminopept idase  in human  
submaxi l l a ry  gland was purified to a near ly  homogeneous  
form from the mater ia ls  obta ined a t  au topsy  by  a 
procedure  described previous ly  ~. The enzyme ac t iv i ty  was 
assayed by  di rec t ly  measur ing the l iberated p-ni t ro-  

a n i l i n e  by  the  method  described previous ly  s. I ncuba t ion  
mix tu re  conta ined 75 tzmoles g lycyne -NaOH buffer  
(pH 8.7), 1.5 ~zmoles of each X-Y-p-ni t roani l ide ,  and 
enzyme plus water  to 1.05 ml. Incuba t ion  was carr ied 
ou t  at  37~ for 30 rain. 
The results are shown in table  2. Among  var ious subst ra tes  
hav ing  the  sequence of GIy-Y-p-ni troani l ide,  Gly-Pro-p-  
ni t roani l ide  was hydro lyzed  a lmost  specifically. Only Gly-  
Hyp-p-n i t roan i l ide  and Gly-Ala-p-ni t roani l ide  had sl ight  
bu t  s ignif icant  (2%) ac t iv i ty .  However ,  Ala-Ala-p-ni t ro-  
anilide had about  11% of the ac t iv i ty .  The results suggest  
t ha t  the  d ipep t idy l -aminopept idase  is highly specific for 
the  2nd amino  acid proline, bu t  hydroxypro l ine  and a lanine  
can also be the 2nd amino acid. 
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bara, Y. Nakagawa and T. Takemoto, Analyt. Biochem. 74, 466 
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Summary. Energy  t ransfer  f rom the  second exci ted s ta te  of spirobif luorene is examined  by  polar izat ion spectroscopy.  
Ev idence  against  spi roconjugat ion and evidence in favor  of a coulombic  mechanism is reviewed and discussed. This  
coulombic  in terac t ion  is categorized as an in t ramolecular  energy t ransfer  caused by  the  'extr insic  factors '  of the  Weber  
nomencla ture .  

Bis-(2 ,2 ' -b iphenylene)-methane (common name spirobi- 
fluorene, SBF) wi th  its spirolinked planes has been used 
as a model  compound  in s tudy ing  in t rachromophor ic  
energy  t ransfer  (ET)2. Tile 1 exci ted singlet  s ta te  of 
f luorene (F) is repor ted  to be long axis polar ized while 
the  2 exci ted singlet  is short  axis polar ized 3. W h e n  the  
flurenic moiet ies  are joined via  the  spirocarbon l inkage 
to form SBF,  the  1 exci ted s ta tes  of the  dimeric  com- 

p o n e n t s  posess dipoles t h a t  are perpendicular ly  oriented,  
and titus no dipole-dipole in terac t ion  would  be expected.  
But ,  if the  chromophores  should be exci ted to the  2 

e x c i t e d  singlet  state,  where the  dipoles are or iented in a 
paral le l  fashion, the  possibi l i ty  of E T  occurring th rough  
a dipolar  in terac t ion  exists. 

Ene rgy  t ransfer  be tween  the  favorab ly  oriented 2 exci ted 
singlet  dipoles would be expected to produce an exci tonic  
spl i t t ing of the  degenerate  levels. This excitonic spl i t t ing 
is diff icult  if  no t  impossible to measure  because i t  is a 
radiat ionsless  decay f rom a per tu rbed  2 singlet  and 
hydrocarbons  usual ly  emi t  f rom the  lowest  vibronic  level  
of the  lowest  exci ted single s ta te  (Kasha 's  Rule).  However ,  
an indirect  indicat ion of whether  E T  is occurr ing migh t  
be found by  measur ing the  polar izat ion of the  resul t ing 
singlet  s ta te  emission. Depolar iza t ion of the f luorescence 
of S B F  as compared  to F would  offer s t rong evidence for 
the  occurrence of in t ramolecu la r  ET.  
If  E T  is to occur th rough  a coulombic  mechanism,  the  
dipoles mus t  be or iented in such a way  t h a t  the  pro jec t ion  


