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Po lyac ry lamide  is no t  ant igenic  in itself, bu t  when  con- 
juga ted  to bovine  se rum albumin,  a n t i b o d y  capable  of 
specifically b ind ing  rad ioac t ive ly  labeled P A A  is elicitab!e. 
I t s  af f in i ty  appear s  to be qui te  small ;  however ,  mater ia l  
of h igher  specific ac t iv i ty  would increase the  sens i t iv i ty ,  
which  in t u rn  would increase the  t i te r  of the  a n t i b o d y  
p ropor t iona te ly .  A final di lut ion of 1 : 5000 or more  would 

be ent i re ly  prac t ica l  for the  rout ine  analysis  of poly-  
ac ry lamide  in ef f luent  waters .  The  resul ts  ind ica te  t h a t  
R I A  m a y  prove  useful in analysis  of o ther  wa te r  soluble 
syn the t i c  po lymers  t h a t  en te r  the  env i ronment ,  such as 
e lec t roconduct ive  resins or po lye thylene imine ,  and could 
be ex t en d ed  to analys is  of samples  of d o w n s t r e a m  
eff luents .  
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Summary. Proteolysis ,  as measured  by  tyros ine  release, was e s t ima ted  in abdomina l  and  d i aph ragm muscle of hamste rs .  
There  did no t  appear  to  be a difference be tween  dys t roph ic  and contro l  hamste r s .  

Was t ing  of muscle  is one of the  charac ter i s t ics  of muscular  
dys t rophies .  In  spi te  of research  in te res t  in these  diseases 
for several  years,  the  etiologies are still unknown.  Ea r ly  
repor t s  by  Weins tock ,  Eps t e in  and Milhorat  2, and  o thers  
led to the  suggest ion t h a t  abno rma l  p ro te in  b r e a k d o w n  
migh t  be an i m p o r t a n t  fac tor  in the  progress  of some of 
the  muscu la r  dys t rophies .  Thus  the  objec t ive  of th is  s t u d y  
was to  de t e rmine  whe the r  increases in proteolys is  could be 
de tec ted  pr ior  to de tec t ion  of o the r  changes  descr ibed  in 
the  l i terature .  In  th is  communica t i on  we repor t  the  degra-  
da t ion  of p ro te in  in muscle  of young  hamste r s .  

Table 1. Tyrosine release by abdominal and diaphragm muscles of 
dystrophic hamster 

~tg Tyrosine release/mg noncollagen protein in 2 h 
Age Diaphragm Abdominal 
(days) Control Dystrophic Control Dystrophic 

3 0.77 4- 0.24 0.84 -t- 0.38 0.88 4- 0.17 0.98 4- 0.20 
(6) (10) (6) (10) 

7 1.04 4- 0.46 0.62 -q- 0.25 0.89 4- 0.09 0.89 4- 0.15 
(6) (6) (6) (6) 

11 0.76 -t- 0.14 0.46 4- 0.32 0.89 4- 0.14 0.71 4- 0.27 
(6) ( 6 )  (6) (6) 

15 0.51 4- 0.13 0.63 4- 0.12 0.53 i 0.02 0.72 4- 0.20 
(6) (6) (6) (6) 

Incubations were conducted in Krebs-Ringer bicarbonate solution 
which contained 0.5 mM cycloheximide. Values given are means 
4- SD; numbers in brackets indicate the number of animals. 

Table 2. Tyrosine release by dystrophic hamster muscle in the 
absence of cycloheximide 

~tg Tyosine release/mg noncollagen protein in 2 h 
Age Diaphragm Abdominal 
(days) Control Dystrophic Control Dystrophic 

3 1.36 • 0.83 0.74 4- 0.36 0.84 -t- 0.54 0.97 -t- 0.75 
(6) (10) (6) (10) 

7 0.58 4- 0.29 0.38 4- 0.17 0.44 4- 0.09 0.51 4- 0.10 
(7) (7) (6) (5) 

11 0.39 :[: 0.09 0.59 -t- 0.43 0.40 4- 0.12 0.48 4- 0.33 
(7) (6) (7) (6) 

15 0.43 4- 0.03 0.85 4-4- 0.58 0.45 4- 0.02 0.91 -t- 0.76 
(5) (8) (5) (8) 

20-40 0.43 -b 0.14 0.60 4-4- 0.17 0.56 4- 0.25 0.62 4- 0.18 
(7) (6) (8) (7) 

Conditions were the same as for table 1 except that eyeloheximide 7 
was exeluded. 8 

Materials and methods. The h ams t e r s  used for these experi-  
men t s  were UM-X7.1 and  the  controls  were Syrian Golden 
H a m s t e r s ;  b o t h  sexes were used. Because of the  young  
age of the  animals  required,  t h e y  were all b red  and  raised 
in the  an imal  qua r t e r s  of Queen 's  Urdvers i ty .  H a m s t e r s  
were sacrificed by  decap i t a t i on  and  the i r  d i aphragms  and  
abdomina l  muscles  were  r emoved  as quickly as possible. 
The ra te  of tyros ine  release f rom the  muscles  was then  
e s t ima ted  by  the  m e t h o d  of Fulks,  Li and Goldberg  8 t2o 
provide  an index  of proteolysis .  Briefly the  t issues were 
p re incuba ted  (37 ~ in 3 ml of Krebs -Ringer  b ica rbona te  
solut ion (KRB) for 30 rain and t h e n  incuba ted  in a fu r ther  
3 ml  of K R B  for 2 h. Af ter  r emov ing  the  t issues the  
tyros ine  con ten t s  of t he  incuba t ion  media  were deter-  
mined  by  the  m e t h o d  of Waalkes  and Udenfr iend4.  This 
procedure  involves reac t ing  tyros ine  wi th  2-ni t rosonaph-  
thol  and measur ing  f luorescence in tens i ty .  Pro te in  as non- 
collagen pro te in  was measured  by  the  me t h o d  of Li l ienthal  
e t  a l ) ,  using bovine  se rum a lbumin  as the  reference. 
Results and discussion. H o m b u r g e r  et  al. ~ have repor ted  
t h a t  the  earl iest  de tec tab le  morphologica l  lesion in dys-  
t rophic  h ams t e r s  occurs a t  abou t  20 days  of age. Since 
we wished  to learn w h e t h e r  a l te ra t ions  in p ro te in  degra-  
da t ion  con t r ibu ted  to such observa t ions  it was necessary  
to  examine  an imals  younger  t h a n  20 days.  Table 1 shows 
the  ra tes  of ty ros ine  release f rom d iaphragms  of animals  
a s  young  as 3 days.  These were the  younges t  animals  
which we could handle  because of the i r  small  size. At  any  
of the  ages s tudied  the re  was no difference be tween  the  
dys t roph ic  and  contro l  hamste rs .  These da t a  are cons is ten t  
w i th  those  of Goldspink and  Goldspink 7 a t  t he  younges t  
age t h e y  used (30 days) .  
In  the  p resen t  s tudies  expe r imen t s  were conduc ted  in the  
presence  of cyc loheximide  to inh ib i t  re - incorpora t ion  of 
ty ros ine  and also in its absence.  Several  repor ts  in the  last  
2 years  have  ind ica ted  t h a t  the  act ion of cycloheximide  
m a y  no t  be s imple b lockade  of p ro te in  synthes is  as had  
been former ly  assumed.  Fo r  example ,  Woodside  s found 
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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 


