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S U M M A R Y  

1. A rap id  procedure  for large scale p r e pa r a t i on  of m i t ochond r i a  is presented .  
2. Some b iochemica l  p roper t i e s  of mi tochondr i a l  powders  have  been s tudied.  I t  was  found 

t h a t  these  p repara t ions ,  or modi f ica t ions  thereof,  oxid ized  a n u m b e r  of subs t ra tes .  
3. Measu remen t s  of o x i d a t i v e  phosphory la t ion ,  adenos ine  t r i phospha ta se ,  and  A T P - P  i 

exchange  ac t i v i t i e s  h a v e  been carr ied  out  w i t h  these  p repara t ions .  
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E L A S T O I D I N  A T W O - C O M P O N E N T  M E M B E R  O F  

T H E  C O L L A G E N  CLASS* 

J E R O M E  GROSS** AND B I R U T A  D U M S H A  

Department o/ 3qedicine, Harvard Medical School and 
Medical Services o/the 21/Iassachusetts General Hospital, Boston, Mass. (U.S.A.) 

Elastoidin, the large translucent fiber of the fins of selachian fish, is a member  of the 
collagen class, as evidenced by  its characteristic wide-angle X- ray  diffraction 
pattern1, 2, the presence of a 6oo 8oo Y~ period in the fibril a,L and its amino-acid 
distr ibution 4, s." One unusual feature of its composition, however, is the presence of 
more than 6 %  tyrosinet, s. This amino acid rarely accounts  for more than I 3/0 of 
purified ver tebrate  collagen s. The fibers have a relatively high shrinkage temperature,  
6o-64 °, and regain most  of their length on cooling< 5. Elastoidin has been said to 
produce no gelatin on boiling, al though it has been solubilized to the extent of 98 % 
by  autoclaving seven times at 12o ° 5 

*This  is pul ) l ica t iou  No. 221 of the  Rober t  \V. l , ove t t  ,Memorial for the  S tudy  of ( ' r ipp l ing  
Disease,  H a r v a r d  Medical  School a t  the  Massachuse t t s  General  Hospi ta l ,  l : ru i t  Street ,  Boston.  
This  s t u d y  was a ided by  g r a n t  No. A 9o (C 6-7) from the  Na t iona l  I n s t i t u t e  of Ar th r i t i s  and  
Metabol ic  Diseases  of the  Un i t ed  S ta t e s  Publ ic  H e a l t h  Service. 

"* This  work  was  done dur ing  the  t enu re  of an E s t a b l i s h e d  I n v e s t i g a t o r s h i p  of the  Amer ican  
H e a r t  Associat ion.  
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Th i s  n o t e  r e p o r t s  t h e  s e p a r a t i o n  of e l a s t o i d i n  i n t o  t w o  c o m p o n e n t s ,  one  of w h i c h  

c o n t a i n s  m o s t  of t h e  t y r o s i n e  in  h i g h  c o n c e n t r a t i o n  a n d  t h e  o t h e r  a g e l a t i n  w i t h  

c o m p a r a t i v e l y  low t y r o s i n e  c o n t e n t  a n d  m o s t  of t h e  g lyc ine ,  p ro l ine  a n d  h y d r o x y -  

p ro l ine .  

MATERIALS AND PROCEDURES 

Elastoidin fibers from the fins of Carcharias glaucus (two different samples), 3fustelus vulgaris and 
Squalus acanthias, cleaned with trypsin, were obtained through the kindness of Prof. E, FAURI~- 
FREMIET. A fresh sample from Squalus was obtained from the Marine Biological Laboratories, 
Woods Hole, Mass. and cleaned with trypsin. These were ground in the Wiley Mill or cut up with 
scissors. A portion was analyzed without further t rea tment  and other samples were autoclaved 
in distilled water at 15 lb. pressure for 16 h. A brownish residue was separated by centrifugation 
and washed twice in small volumes of boiling water, the wash water being added to the super- 
natant.  Both residues and solutions were dialyzed against water and lyophilized. 

These were analyzed for hydroxyproline ~, 7, proline s, glycine 9, and tyrosine 1°. Hydrolysis was 
accomplished in 6 N HCI in a sealed tube in an oil bath at 1380 for 3 h. The first three amino acids 
were measured in the same hydrolysate. Tyrosine was measured colorimetrically in an alkaline 
hydrolysatO °. In addition an alkaline solution of residue from C. glaucus fibers dissolved by heating 
in o.I N NaOH at 80-9o ° for a few rain was analyzed for tyrosine by the spectrophotometric 
method of BENCZE AND SCHMID ll. 

RESULTS 

T h e  p e r c e n t  of w a t e r - s o l u b l e  a n d  in so lub le  f r a c t i o n s  a n d  t h e i r  r e s p e c t i v e  c o n t e n t s  of  

glycine~ h y d r o x y p r o l i n e ,  p ro l ine  a n d  t y r o s i n e  are  r e p o r t e d  in  T a b l e  I. T w o  d i f f e r en t  

p r e p a r a t i o n s  of C. glaucus a n d  S. acanthias w e r e  a n a l y z e d .  A t y r o s i n e  c o n t e n t  of 25 % 

d e t e r m i n e d  f r o m  t h e  U,V.  a b s o r p t i o n  s p e c t r u m  in 0 . I  N N a O H  11 of t h e  r e s idue  f r o m  

s a m p l e  i of C. glaucus a g r e e d  wel l  w i t h  t h a t  m e a s u r e d  b y  t h e  c o l o r i m e t r i c  m e t h o d .  

Losses  of  s u b s t a n c e  r a n g i n g  f r o m  6 to  I I  % o c c u r r e d  d u r i n g  p r e p a r a t i o n .  

I t  is cu r ious  t h a t  t h e  ge l a t i n s  o b t a i n e d  f r o m  one  of t h e  t w o  s a m p l e s  of e l a s to id in  

TABLE I 
ANALYSIS OF WHOLE FIBER AND THE WATER-SOLUBLE (GELATIN) AND XVATER- 

INSOLUBLE (RESIDUE)  FRACTIONS 

g/Ioo g dry weight 

Carchavias g laucus M uslelus vuIgaris Squa lu s  acanth ia s 

Fiber Gelatin Res idue  Fiber Gelatin Res idue  F ,  bet Gelatin Res idue  

Percent of 
whole fiber (t) Ioo 77.8 1o. 7 ioo 85.2 22.2 

(2) Ioo 68. 7 25.8 ioo 74.6 14. 3 lOO 75.9 14.5 

Glycine (l) 19.7 25.7 - -  2o.9 24.o I2.3 
(2) 21. 7 25.0 14.1 22.8 27.8 I3.t 21.2 23.6 1o.2 

Hydroxyproline (1) 8.1 11 .o - -  5.0 5.8 2. 3 
(2) 7-5 9 .0 3.4 6.3 9.0 2.7 5.6 6.0 2. 3 

Proline (I) lO. 7 i2.o - -  I3.2 14.8 7-9 
(2) 11." 3 IO.t 7-3 l l .o  12.2 7-4 13.4 lO.6 7.2 

Tvrosine (1) 6. 4 1.9.5 2.5.9 8.9 5.3 25.3 
(2) 7-5 2.9 18.o 6. 7 3 .8 20.5 7.5 3.6 22.i 

Nos. I and 2 indicate separate batches of fibers. No. I of C. glaucus was a much larger fiher than 
No. -2. No. i of S. acanthias was obtained fresh. 
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of C. glaucus and  S. acanthias conta in  somewhat  less proline (average of three deter- 
mina t ions  in close agreement) t han  did the whole fibers. 

DISCUSSION 

I t  would appear tha t  elastoidin consists of a t ight ly  bound  mix ture  of a characterist ic 
collagen which yields a water-soluble gelat in on autoclaving,  and  a water- insoluble 
residue conta in ing  a remarkable  amoun t  of tyrosine, 18-25 %, and  relat ively li t t le 
hydroxyprol ine .  This non-collagenous component  accounts  for 14-26 % of the total  
fiber. Apparent ly ,  repeated autoclaving will dissolve this protein  5. 

Sugar analyses, to be reported in detail  elsewhere, of the whole fiber of C. glaucus 

revealed relat ively li t t le carbohydrate ,  o. 7 % hexose, o.o3 % hexosamine,  and  o.o 4 % 
uronic acid. Most of this remained with the gelat in fraction. 

Histological studies of t ransverse sections of elastoidin fibers reveal a series of 
concentr ic  layers. Electron microscopy of f ragmented  preparat ions  show only cross- 
s t r ia ted r ibbons  * (GROSS, unpublished) .  I t  is possible tha t  the insoluble fraction is not  
sufficiently dispersed by  the usual  f ragmenta t ion  procedures to appear  in appreciable 
amount s  in electron micrographs of such preparat ions.  I t  is in teres t ing tha t  evidence 
of this component  in the X- ray  diffraction diagrams has not  been reported. 

I ncuba t i on  of C. glaucus fibers for 48 h with collagenase (Cl. histolyticum), t rypsin ,  
chymotryps in ,  pepsin, hyaluronidase,  o.I N NaOH and  o.I N HC1 did not  separate 
the two fractions. The amounts  of collagen dissolved by  the agents  listed in the above 
order amoun ted  to 5 %, 12 %, 20 %, 7 ° %, o.o %, o.o % and  o.o % of the original fiber, 
as measured by  hydroxyprol ine  in the supe rna t an t  fluid. Pepsin  dissolved near ly  all 
the tyros ine-conta in ing  component  as well as the collagen. A more complete descrip- 
t ion  will be reported elsewhere. 

SUMMARY 

Elastoidin, a member of the collagen class of proteins, proves to be a tightly bonded mixture of a 
characteristic collagen which may be extracted by autoclaving as a water-soluble gelatin, and a 
water-insoluble, tyrosine-rich residue. 

The cleaned fibers of three species of selachian fishes yielded 14 to 26% of the insoluble 
residue, containing 18 to 25 % tyrosine. 
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