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R a d i a t i o n  E f f e c t s  o n  P e c t i n a s e  S o l u t i o n s  z 

Pect inase  is the  enzyme which ca ta lyzes  the  hydrolys is  
of t he  1-4-glycosidic l inkages in the  polygalac turonic  
acid wi th  the  resul t ing fo rma t ion  of (mono)-galacturonic  
acid and of polygalac turonic  acid hav ing  smaller  molecu- 
lar  sizes. Since th is  enzyme plays  a ve ry  i m p o r t a n t  role in 
the  pect ic  me tabo l i sm and  dur ing the  r ipening of fruits*-4, 
our  research was u n d e r t a k e n  to  inves t iga te  the  sens i t iv i ty  
of the  enzyme to  ionizing radiat ions .  The work  consis ted 
of the  i r radia t ion  of aqueous  solut ions of pec t inase  wi th  
several  concen t ra t ions  of pure  enzyme subjec ted  to var ious  
doses of i r radiat ion.  

A Stabi l ipan  X - r a y  mach ine  opera t ing  a t  250 kV (50 R /  
min  ;t ~ 0.16 A) was used to  i r radia te  the  solutions.  The 
doses given were 0.5 and  1 Mrad for all concen t ra t ions  
while, for 1.5 • 10-3M aqueous solutions,  the  following 
doses were given:  1 Krad ,  10 Krad ,  50 Krad ,  200 Krad ,  
500 I~rad and  1 Mrad. The i r rad ia t ion  was made  in 20 cm 
d iame te r  Pe t r i  dishes. 

The commerc ia l  pec t inase  (Schuchard t  P.M. 176n) was 
puri f ied by  ch romatograph ic  separa t ion  on a 1.5 cm dia- 
me te r  co lumn filled wi th  35 cm of a gel Sephadex  G-50 
fine ac t iva ted  in 0 .1M p h o s p h a t e  buffer  p H  6. F rac t ions  
conta in ing  10 cm of e luate  were collected and the  en- 
zyma t i c  ac t iv i ty  was de t e rmined  for each fraction.  Such 
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Fig. 1. Inactivation of enzyme activity at doses of 0.5 and 1 mR 
against enzymatic solution. 
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Fig. 2. Enzymatic inactivation at 1.5 • 10 3M concentration. 

ac t iv i ty  increased in t he  f i rs t  f rac t ions  and  decreased 
rap id ly  a f te r  reaching the  m a x i m u m .  The f rac t ion of the  
puri f ied enzyme  hav ing  the  h ighes t  ac t iv i ty  was irra- 
diated.  As the  pec t inase  spli ts  the  po lymers  of the  galac- 
turonic  acid in to  o thers  less polymerized,  increasing,  as a 
result ,  t he  free reducing groups,  t he  de t e rmina t i on  of 
ac t iv i ty  is based e i ther  on the  fo rmat ion  of these  reducing 
groups  s,6 or on the  decrease of v iscosi ty  p roduced  by  the  
po lymer iz ing  effect.  In  the  last  c a s e ,  the  m e t h o d  of 
de t e rmina t i on  is quick and of easy appl ica t ion  b u t  no t  too  
specific. The Fol in ' s  me thod ,  once modif ied,  was  used to 
measure  t he  reducing groups. Such a m e t h o d  is sensi t ive  
as well as specific a t  low act ivi t ies  and  i t  utilizes the  power  
of galacturonic  acid and  of its polymer ized  shapes  to re- 
duce alkaline copper  solutions.  Consequent ly ,  t he  reduced  
copper  is p u t  in to  evidence by  addi t ion  of phospho-  
mol ibdic  reac t ive  which forms a blue c o m p o u n d  wi th  t h e  
reduced  copper.  The enzyme  ac t iv i ty  is de t e rmined  a t  the  
t e m p e r a t u r e  of 30~ in a mix tu re  conta in ing  53 cm of 
pur i f ied enzyme  and 50 cm 3 of po lyga lac turonic  acid 
0.5% p H  = 4.5. 1 cm 3 of the  mix tu re  is d i luted 100 t imes  
wi th  H20 and 1 cm 3 of Fol in  ( reagent  rameic  Medi-Chem- 
Inc) reac t ive  is added  to 1 cnl a of the  di luted mi x t u r e  in a 
t es t - tube .  The t e s t - t ube  is p laced for 7 min in a boil ing 
wa te r  ba th .  Af te r  cooling, 1 cm 3 of the  Fol in  (reagent  
phosphomol ibd ic  Med-Chem-Inc)  reac t ive  is added  and 
placed for 3 min  in a boiling wa te r  ba th .  The t e s t - t ube  is 
cooled again and  10 cm 3 of H20 are added.  

The opt ical  dens i ty  is de te rmined  at  k = 620 n m  agains t  
a blank.  In  order  to calculate the  a m o u n t  of the  reducing 
groups f rom the  opt ical  dens i ty  values, a s t a n d a r d  curve 
is p repa red  by  increasing a m o u n t s  of galacturonic  acid up 
to  a m a x i m u m  of concen t ra t ion  of 0.2g/100 ml, the  
L a m b e r t - B e e r ' s  law being followed. 

Figure 1 shows the  percentages  of inac t iva t ion  of en- 
zyme ac t iv i ty  a t  the  doses of 0.5 and  1 Mrad agains t  the  
concen t ra t ion  of the  enzymat i c  solution. The inac t iva t ion  
of the  enzyme does not  change according to t he  concent ra -  
t ion.  For  a concen t ra t ion  of 5 • 10-4M the  inac t iva t ion  is 
total ,  while for s l ight ly higher  concen t ra t ions  up to  1.5 • 
10-3M there  is a considerable  drop.  Consequent ly ,  the  
curve  drops showing a d i f ferent  slope. In  the  f i rs t  pa r t  of 
t he  curve, cor responding  to  t h e  lowest  concent ra t ions ,  
t he  indi rec t  effect  is p reva len t ;  in the  second par t ,  cor- 
r e spond ing  to  the  h ighes t  concent ra t ions ,  the  effect  de- 
creases and it is not  coun te rba lanced  by  the  increase of 
the  di rect  effect  which is less t h a n  7%. The 2 doses of 0.5 
and  1 Mrad inac t iva te  the  enzyme in d i f fe rent  measure .  
The doses of 0.5 Mrad at  5 x 10-3M concen t ra t ion  gives a 
ve ry  low effect  which keeps co n s t an t  also a t  h igher  con- 
cent ra t ions .  This  conf i rms t h a t  t he  direct  effect  on the  
enzyme  is ve ry  low. W h e n  a dose of I Mrad is given to  the  
enzyme,  the  indi rec t  effect  on the  enzymat i c  ac t iv i ty  ex- 
t ends  to  h igher  concent ra t ions .  The ha l f - inac t iva ted  
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pec t inase  concen t ra t ion  at  the  doses so far considered was 
examined  to  know the  effects of doses lower t h a n  0.5 Mrad 
on enzymat i c  act iv i ty .  In  Figure  2 the  percentages  of 
enzyma t i c  inac t iva t ion  at  1.5 • 10-3M concen t ra t ion  as 
func t ion  of 1, 10, 50, 200, 500 and  1,000 K r a d  doses are 
repor ted .  

At  t he  dose of 1 Krad,  the  enzyme  is still  sensi t ive and 
such sens i t iv i ty  increases exponen t ia l ly  unt i l  200 Krad ,  
tending,  af terwards ,  to a sympto te .  

These results,  showing the  sens i t iv i ty  of the  enzyme 
also a t  low doses, seem to be p romis ing  for t he  appl ica t ion  
of ionizing radia t ions  to  frui t  preservat ion ,  and  the  work  
can be considered as a pre l iminary  research dealing wi th  
the  inac t iva t ion  of in vivo pec t inaseL  

Riassunto. J~ s t a t a  mi su ra t a  la radiosensibi l i t~ del l 'en-  
z ima Pec t inas i  a pifl concent raz ioni  e a varie  dosi  di  
i r raggiamento .  Si descrive inol t re  un nuovo me t o d o  per  
de t e rmina rne  l 'a t t iv i tk .  
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Concerning Collagen and Elastin in Aortas of Nine 

A large n u m b e r  of s tudies  re la ted  to  the  elast in and  
collagen con ten t  of h u m a n  or an imal  aort ic  t issue have  
been  using histological  techniques ,  b u t  only re la t ively  few 
quan t i t a t i ve  chemical  s tudies  have  been  accompl ished 1-5. 
I t  could be men t ioned  t h a t  HARKNESS et  al. s s tud ied  the  
re la t ive d i s t r ibu t ion  of elast in  and  collagen in dog aor ta  
f rom the  arch to  the  lower abdomina l  segment .  A similar  
s t u d y  using aor tas  of goat,  sheep, pig and  h u m a n  was 
conduc ted  by  GRANT ~,2. 

In  our  s tudy,  e last in  hyd roxypro l i ne  (elastin HP)  con- 
t e n t  and  collagen hydroxypro l ine  (collagen HP)  con t en t  
in aor tas  of 9 d i f ferent  hea l thy  species were de te rmined .  
In  5 of these  species aor tas  were separa ted  in to  abdomina l  
and  thorac ic  segments  pr ior  to the  hydroxypro l ine  deter-  
minat ion .  

The e las t in  H P  and collagen H P  were also de te rmined  
in aor tas  of a New Zealand albino r abb i t  subjec ted  to  an 
a therogenic  diet  for 0, 3 and  7 weeks respect ively.  I t  was 
hoped  t h a t  th is  expe r imen ta l  s tudy,  on one hand,  would 
shed some l ight  on the  aort ic  e last in  and collagen con ten t  
in 8 d i f fe rent  species of m a m m a l s  no t  examined  previously  
b u t  of ten  employed  as expe r imen ta l  animals  in cardio- 
vascular  research;  on the  o ther  h a n d  i t  was hoped  t h a t  
th is  s t u d y  could relate  changes  in elast in H P  and  collagen 
H P  in r abb i t  aor ta  to  the  a therosclerot ic  i nvo lvemen t  of 
aor ta  dur ing  deve lopmen t  of d ie t a ry  atherogenesis .  

Materials and methods. Nine di f ferent  an imal  species (of 
mixed  sexes) were employed  in th is  s tudy.  Aor tas  of mice, 
rats ,  golden hamste rs ,  guinea-pigs,  cats,  dogs and rhesus  
monkeys  were ob ta ined  f rom Pel  Freez Biological Inc., 
Rogers,  Arkansas .  Bovine aor tas  were ob ta ined  through 
Dr. I. LIKAR from a commerc ia l  s laughter-house,  
Worces te r  (Mass.). Rabb i t s  (New Zealand, albino) were 
ob ta ined  f rom Glocester  Rabb i t ry ,  Glocester  (Rhode 
Island).  Three  groups of r abb i t s  (10 rabb i t s  each) were fed 
an a therogenic  die t  (Purina r abb i t  chow fort if ied wi th  1% 
cholesterol) for 0, 3 and  7 weeks. A t  the  end of these  
periods,  r abb i t s  were sacrificed, aor tas  were separa ted  into 
thorac ic  and  abdomina l  segments  and  tile areas of the  
a therosclerot ic  lesions were de t e rmined  planimetr ical ly .  

F u r t h e r  expe r imen ta l  procedures  were ident ical  in all 
inves t iga ted  species. Aor tas  were s t r ipped  of the i r  adven-  
t i t ia l  layers,  separa ted  into abdomina l  and  thorac ic  sec- 
t ions  in t he  rabbi t ,  cat,  dog, m o n k e y  and  cow (and in to  
i n t ima  and  media  in case of bovine  aorta),  d e h y d r a t e d  in 
several  changes  of acetone and dr ied in v a c u u m  oven 
( t empera tu re  < 50~ Por t ions  of d ry  t issue (5-15 rag) 

Different Species 

were accura te ly  weighed and homogenized  in 15 ml  of 
dist i l led wate r ;  collagen and  elast in were separa ted  and  
hydroxypro l ine  con ten t  de t e rmined  in bo th  fractions.  The 
expe r imen ta l  procedure  was essent ial ly  the  same as 
recent ly  descr ibed by  GRANT ~. All resul ts  are expressed  as 
mi l l igrams of hydroxypro l ine  in collagen or elast in  frac- 
t ions, respect ively,  per  g ram of d ry  tissue. Ten mouse  
aor tas  were  combined  per  sample.  

Table I. Determination of collagen hydroxyproline and elastin hy- 
droxyproline in aortas of 9 species of animals 

Species No. of Hydroxyproline (mg/g dry tissue) 
animals Collagen fraction Elastin fraction 

Mouse 50 17.9 4- 0.7a 3.1 4- 0.3 

Rat 20 26.5 4- 1.2 4.4 4- 0.6 

Hamster 10 22.4 _u t.9 7.4 4- 0.5 

Guinea-pig 20 16.2 4- 1.1 3.3 q- 0.4 

Thoracic part 18.0 4- 1.9 5.5 4- 0.6 
Rabbit 10 

Abdominal part 25.8 4- 7.2 4.9 4- 0.7 

Thoracic part 23.5 4- 0.9 4.3 4- 0.2 
Cat i0 

Abdominal part 31.9 4- 1.3 4.1 4- 0.4 

Thoracic part 19.5 • 2.0 4.4 4- 1.0 
Dog 10 

Abdominal part 34.9 4- 2.3 3.8 4- 0.5 

Thoracic intima 20.6 4- 2.0 6.3 4- 0.8 
Thoracic media 22.9 4- 1.5 6.0 4- 0.5 

Cow i0 
Abdominal intima 27.7 4- 3.8 6.5 4- 0.7 
Abdominal media 38.6 4- 4.4 5.4 4- 0.5 

Thoracic part 25.1 -4- 0.8 4.7 4- 0.3 
Monkey 10 

Abdominal part 30.6 4- 1.1 4.3 4- 0.2 

a Mean :~ S.D. 


