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X-537A ionophore ,  w i t h  e the r  or  w i th  E D T A .  All these  
agen ts  d iss ipa te  t he  Ca 2+ g r a d i e n t  across t he  m e m b r a n e  
which  loses t he  c a p a c i t y  to  a c c u m u l a t e  Ca 2+ ~-~ 

The  p r e i n c u b a t i o n  of t h e  S R  m e m b r a n e s  whose  A T P a s e  
ac t iv i t ies  are shown  in F igure  I was  pe r fo rmed  in ionic 
m e d i a  (5 m M  MgCI~, 50 m M  KC1) wh ich  we p rev ious ly  
found  to preserve  o p t i m a l l y  t he  A T P a s e  ac t iv i ty  du r ing  
p r e i n c u b a t i o n  a t  t e m p e r a t u r e s  wh ich  in ion free med ia  
cause comple te  d e n a t u r a t i o n  of t he  enzyme.  F igure  2 
shows t he  re la t ive  eff ic iency of Mg 2+ a n d  K+ in s tab i l iz ing  
t he  e n z y m e  a c t i v i t y  of S R  d u r i n g  p r e i n c u b a t i o n  a t  45 ~ 
I t  is ev iden t  f rom these  resu l t s  t h a t  whereas  a b o u t  5 to  
10 m M  Mg z+ a l r eady  gives m a x i m a l  s t ab i l i za t ion  of t he  
enzyme,  a b o u t  100 m M  K + are necessa ry  for o b t a i n i n g  
t he  same effect. The  c o n c e n t r a t i o n s  for ha l f  m a x i m a l  
effect  of Mg 2+ a n d  K+ were e s t i m a t e d  to be  1.0 a n d  25 raM, 
respect ively .  

The  S-shape  curves  shown  in F igure  2 ind ica te  t h a t  
t he  d i rec t  p lo ts  of ion c o n c e n t r a t i o n  aga i n s t  A T P a s e  

a c t i v i t y  are classical s a t u r a t i o n  curves.  The  p r o t e c t i v e  
effect  of these  ions is p r o b a b l y  due  to t h e  b i n d i n g  of 
Mg 2+ or K + to  t he  m e m b r a n e s  wh ich  also exh ib i t s  
s a t u r a t i o n  ~2. The  fac t  t h a t  Mg "+ is m u c h  more  effect ive  
t h a n  K+ in p r o t e c t i n g  SR A T P a s e  f rom h e a t  i n a c t i v a t i o n  
is c o m p a t i b l e  w i t h  t he  b i n d i n g  resu l t s  of these  ca t ions  to  
t h e  m e m b r a n e s  ~a, w h i c h  show t h a t  t he  a f f in i ty  of t he  
b ind ing  s i tes  in t he  m e m b r a n e s  for  Mg 2+ (pK~r = 4.2) is 
m u c h  h igher  t h a t  t he  a f f in i ty  for K+ (pK~r = 1.3). 

The  h e a t  a c t i v a t i o n  of t he  A T P a s e  of S R  m e m b r a n e s  
wh ich  occurs  b e t w e e n  40 and  45 ~ as well  as t he  effect  
of d i v a l e n t  ca t ions  on t h e  s t ab i l i t y  of t he  enzyme,  shou ld  
be  t a k e n  in to  cons ide ra t ion  w h e n  Ar rhen ius  p lo ts  of t h e  
a c t i v i t y  of t he  e n z y m e  are  c o n s t r u c t e d  to o b t a i n  infor-  
m a t i o n  a b o u t  t he  va r ious  t h e r m o d y n a m i c  p a r a m e t e r s  of 
the enzyme.  

12 A. P. CARVALHO, Eur. J. Biochem. 27, 491 (1972). 
13 A. P. CARVALHO, J. Cell. Physiol. 67, 73 (1966). 
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Summary. E l e c t r o s t a t i c  i n t e r a c t i o n  be t w een  t ropoe las t in ,  t he  n a t i v e  p recursor  of elast in ,  a n d  p ro t eog lycan  resu l t s  
in  t ropoe la s t in  f ibr i l la t ion .  The  f ind ing  suggests  a possible  i n v o l v e m e n t  of p ro t eog lycans  in elastogenesis .  

I t  has  been  shown  t h a t  s imple  coace r va t i on  of b o t h  
e-elast in ,  a d e g r a d a t i o n  p r o d u c t  of insoluble  elast in,  a n d  
t ropoe las t in ,  t he  n a t i v e  p recurso r  of e tas t in ,  resu l t s  in  
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Fig. 1. The plot of optical density at 330 nm vs. tropoelastin: 
proteoglyean ratio. The amounts given are in [xg/ml. 

e las t in  f ibri l  format ionmS.  I n  a r ecen t  work  a, we h a v e  
descr ibed  a d i f fe ren t  m e c h a n i s m  of e -e las t in  f ibr i l la t ion,  
t h a t  is ionic i n t e r a c t i o n  w i t h  p ro teog iycan .  I n  t h e  com- 
p lex  coacerva te ,  wh ich  is fo rmed  as a resu l t  of t h i s  
in t e rac t ion ,  f ibr i l la r  s t r u c t u r e s  were c lear ly  observable .  
The  p r e sen t  p a p e r  gives ev idence  t h a t  th i s  m e c h a n i s m  of 
f ibr i l la t ion  appl ies  also for  t h e  n a t i v e  p recurso r  of 
elast in ,  wh ich  suggests  a poss ible  biological  s ignif icance of 
the  t r o p o e l a s t i n - p r o t e o g l y c a n  in t e r ac t i on .  

Materials and methods. Tropoe l a s t i n  was a generous  
gif t  f rom Dr. L. B. S a n d b e r g  (Un ive r s i t y  of U t a h ,  Sa l t  
Lake  City, USA).  I t  was  p r e p a r e d  f rom Cu-def ic ient  p ig  
a o r t a  a n d  i ts  a m i n o  acid compos i t i on  was  in a g r e e m e n t  
w i t h  t h e  c r i t e r i a  of pu r i t y .  P r o t e o g l y c a n  p r e p a r e d  f rom 
bov ine  nasa l  ca r t i l age  b y  t h e  d issoc ia t ive  m e t h o d  5 was  
t he  same  p r e p a r a t i o n  as in  t he  p rev ious  r e p o r t  4. I t  d id  
n o t  con t a in  a n y  c o n t a m i n a t i n g  subs tances .  

Opt ica l  dens i t y  m e a s u r e m e n t  a t  330 or 440 n m  was 
used for  t h e  de t ec t i on  of t h e  i n t e r a c t i o n  b e t w e e n  t h e  
t r o p o e l a s t i n  and  p ro teog lycan .  T h e  m e a s u r e m e n t  was  
car r ied  o u t  a t  va r ious  p H  va lues  a n d  a t  v a r y i n g  we igh t  
ra t ios  of b o t h  c o m p o n e n t s  whi le  t he  t o t a l  c o n c e n t r a t i o n  
r e m a i n e d  c e n s t a n t  a n d  was  120 ~xg/1 ml.  

The  i n t e r a c t i o n  p r o d u c t s  (complex coacervates)  for 
e lec t ron  microscopic  o b s e r v a t i o n  were p r e p a r e d  e i the r  b y  
m i x i n g  t he  c o m p o u n d s  in so lu t ion  d i rec t ly  a t  p H  4.0 a n d  
20~ (see t h e  results)  or b y  dialysis  a t  20~ of mixed  
so lu t ions  p r e p a r e d  a t  p H  7.0-8.0 (no i n t e r a c t i o n  occurs  a t  
these  p H  values)  aga ins t  severa l  changes  of w a t e r  ad-  
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Fig. 2. Electron micregraph of the tropoelastin - proteoglycan in- 
teraction product formed at pH 4.0 (dialysis procedure). Negative 
staining with 12 mM uranyl acetate, 19.5 mM oxalic acid solution, 
pH 3.0. • The bar represents 0.1 ~xm. 

Fig. 3. Electron micrograph of the tropoelastin-proteoglyean inter- 
action product formed at pH 4.0. Staining and magnification the 
same as ill Figure 2. 

j u s t e d  w i t h  acet ic  or  hydroch lo r i c  acids to  g r adua l l y  
decreas ing  p H  va lues  u n t i l  p i t  4.0 was reached .  

E l e c t r o n  microscopic  o b s e r v a t i o n  was car r ied  o u t  on  a 
Tes l a -BS  613 e lec t ron  microscope.  The  samples  were 
nega t ive ly~s ta ined  w i t h  15 m M  n r a n y l  ace ta te ,  19.5 m M  
oxalic acid so lu t ion  2, p H  3.0. 

Results.  The  p lo t  of op t i ca l  d e n s i t y  vs. t r opoe l a s t i n :  
p ro t e og lycan  ra t io  a t  p H  4.0, 5.0 and  7.0 is s h o w n  in 
F igure  1. 

A d i s t i nc t  p e a k  Jn t he  opt ica l  dens i t y  vs. t r opoe l a s t i n :  
p r o t e o g l y c a n  p lo t  a t  p H  4.0 a n d  5.0 p roves  t he  occurrence  
of i n t e r ac t i on  (complex c o a c e r v a t e  fo rmat ion)  a t  t hese  
p H  va lues  w i t h  t he  o p t i m u m  of t r o p o e l a s t i n : p r o t e o -  
g lycan  ra t io  a p p r o x i m a t e l y  19:1.  No i n t e r a c t i o n  t o o k  
place a t  p H  7.0. I n  v iew of these  resul ts ,  p H  4.0 was 
chosen  for t he  p r e p a r a t i o n  of t he  i n t e r a c t i o n  p r o d u c t s  as 
s t a t e d  in t h e  Iorgoing. The  we igh t  r a t io  t r o p o e l a s t i n : p r o -  
t eog lycan  was 19: 1. 

E l e c t r o n  microscopic  o b s e r v a t i o n  revea led  t he  presence  
in t he  complex  coace rva t e  e i the r  of t yp i ca l  f ibr i l la r  s t ruc-  
tu res  (Figure  2) or in  some cases of cha rac t e r i s t i c  seg- 
m e n t s  (Figure 3) i~1 t he  d e p e n d e n c e  on  t h e  c o n d i t i o n s  of 
t he  complex  coace rva t e  p r e p a r a t i o n .  

Discussion.  I t  is genera l ly  accep ted  t h a t  inso luble  
e l a s t in  f ibres  are fo rmed  as a r e su l t  of c ross- l inking of t h e  
soluble  precursor ,  t ropoe las t in .  I t  can  be  a s sumed  t h a t ,  

before  cross- l inking,  t h e  i n d i v i d u a l  t r opoe l a s t i n  molecules  
h a v e  to be  a r r a n g e d  in such  w ay  t h a t  t h e  cor rec t  apposi -  
t i on  is ach ieved  of t h e  lysine side cha ins  wh ich  are res- 
pons ib le  for  t h e  cross- l inks  f o r m a t i o n  6, L 

t t y d r o p h o b i c  associa t ions ,  wh ich  t a k e  place a t  e leva ted  
t e m p e r a t u r e s ,  h a v e  been  sugges ted  as t h e  o rder ing  force 
for such  a l i g n m e n t  of t r o p o e l a s t i n  molecules  p r io r  to  
cross- l inkingK T h e  increase  in order  of t ropoe la s t in  con-  
n e c t e d  w i t h  t h e  a l i g n m e n t  resu l t s  in  t h e  f i l amen t  fo rma-  
t ion  3 wh ich  t akes  place  in t h e  absence  of a n y  o the r  h igh  
molecu la r  we igh t  c o m p o n e n t .  

In  th i s  repor t ,  a n o t h e r  m e c h a n i s m  is descr ibed  for  
t r o p o e l a s t i n  f ibr i l la t ion ,  n a m e l y  e lec t ros ta t i c  i n t e r ac t i on  
w i th  a connec t ive  t i ssue  p ro teog lycan .  S imi la r ly  as in  t he  
f ibr i l l a t ion  of e -e las t in  r e p o r t e d  b y  us ear l ier  4, t h e  in-  

a S. M. PARTRIDGE, D. F. ELSDEN, J. THOMAS, A. DORFMAN, A. 
TELSER and P. L. He, Bioehem..)'. 93, 30e (1964). 

7 E. J. MILLER, G. R. MARTIN and K. A. PIEZ, Bioehem. biophys. 
Res. Commun. 17, 248 (1964). 
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crease in order  of t ropoe la s t in  can  be expec ted  to be  
c o m p e n s a t e d  for b y  a decrease  in free e lec t ros ta t i c  ene rgy  
of the  sys tem.  The  biological  s ignif icance of t he  p r e sen t  
obse rva t ion  res ts  in t h a t  p ro t eog lycans  are p r e s en t  in the  
g round  s u b s t a n c e  in wh ich  e las t in  f ibres are deposi ted.  
This  suggests  t h a t  t he  t y p e  of i n t e r ac t i on  descr ibed  a b o v e  
can  t ake  place also du r ing  e las togenesis  in  vivo.  

D e p e n d i n g  on  reac t ion  condi t ions ,  2 d i f fe ren t  t ypes  of 
s t r u c t u r e  h a v e  been  obse rved :  a) fibrils,  b) segments .  I n  
th i s  a ce r t a in  ana logy  can  be  seen to t he  o the r  c o n n e c t i v e  
t issue pro te in ,  collagen, w h i c h  can  be p r epa red  e i the r  in 
f ibr i l lar  fo rm or  in  t he  fo rm of segments .  The  de ta i l ed  
i nves t i ga t i on  of t he  respec t ive  r eac t i on  cond i t ions  is now 
u n d e r  way.  
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Summary. Disorders  in  t he  ca ro teno id  m e t a b o l i s m  are p roposed  to exp la in  t he  absence  of t h e  yel low a n d  v io le t  or 
on ly  the  v io le t  ca ro teno id - l inked  p ro t e ins  f rom the  h a e m o l y m p h  of some R. c.mericanc, larvae.  The  lack of on ly  t he  
yel low c h r o m o p r o t e i n  is cons idered  to be due  to a fai lure  in t he  b iosyn thes i s  of i ts  apopro te in .  

The  s t u d y  of m e t a b o l i c  d isorders  a f fec t ing  ca ro teno id -  
l inked  p ro t e ins  can  p rov ide  useful  d a t a  on  t he  m e t a b o l i s m  
of carote l lo ids  b y  the  a n i m a l  u n d e r  s tudy,  as well  as on  
t he  a s sembly  of these  pro te ins .  On t he  o the r  h a n d ,  fol- 
lowing t he  phys io logica l  a n d / o r  morpho log ica l  changes  
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associa ted  w i t h  those  me tabo l i c  disorders ,  one  m a y  h a v e  
an  ins igh t  in to  t he  func t i on  of t he  ca ro t eno id - l i nked  
pro te ins .  F ind ings  in t h i s  f ield are des i rable ,  s ince t he  
on ly  f i rmly  es t ab l i shed  func t i on  of those  p ro t e in s  in t he  
a n i m a l  is to  p rov ide  p r o t e c t i o n  aga in s t  p h o t o d y n a m i c  
ac t ion ,  a l t h o u g h  t h e y  ce r t a in ly  h a v e  o the r  func t ionsK 

Rhynchoscic,rc, americana h a v e  3 p i g m e n t s  in  t he  h a e m o -  
l y m p h  4 f rom wh ich  one has  an  u n k n o w n  n a t u r e  a n d  t he  
two  o the r  are  ca ro t eno id - l i nked  p ro t e ins  K BASILI; e t  al. 4 
found  in R. c.ngelc.e (R. americana) ~ l a rvae  w i t h  on ly  one 
p i g m e n t  in  t he  h a e m o l y m p h ,  and  t h e y  were able  to  show 
t h a t  i t  was  a consequence  of a sex- l inked  m u t a t i o n .  I n  
t h i s  p a p e r  we descr ibe  some o the r  m e t a b o l i c  er rors  
a f fec t ing  t h e  h a e m o l y m p h  p i g m e n t s  of R. americana. 
A l t h o u g h  t h e  an ima l s  did  n o t  su rv ive  for a gene t ic  
analys is  be  accompl i shed ,  suff ic ient  d a t a  were col lected 
for t he  e s t a b l i s h m e n t  of a t e n t a t i v e  e x p l a n a t o r y  mode l  
of t he  m e t a b o l i c  d isorders  f rom a b iochemica l  p o i n t  of 
view. 

F igure  1 shows e l e c t r o p h o r e t o g r a m s  of t he  p i g m e n t s  
found  in  n o r m a t  l a rvae  a n d  in  l a rvae  showing  m e t a b o l i c  
d isorders  w h i c h  we will call  ' m u t a n t s ' .  L I - m u t a n t  cor- 
r e sponds  to t h a t  one p rev ious ly  descr ibed  ~ a n d  ha s  on ly  
t he  l emon-co loured  p i g m e n t  w h i c h  has  a n  u n k n o w n  
natureS.  Th i s  m u t a n t ,  therefore ,  does  n o t  h a v e  a n y  pro-  
t e i n - b o u n d  ca ro teno id  bu t ,  excep t  for i t s  color, i t  is 
s imi la r  to  t he  wi ld type .  The  L I I - m u t a n t  does n o t  h a v e  
t he  v io le t  c h r o m o p r o t e i n  in  t he  h a e m o l y m p h .  No changes  
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Fig. 1. Densitometric scan of a 7% aerylamide gel eleetrophoreto- 
gram of protein ~ from the heamolymph of wild-type larvae. The 
diagram below the densitogram shows the migration of the lemon 
(L), violet (V) and yellow (Y) pigments displayed by the haemolymph 
of the wild-type larvae (w) and of the mutants lemon I (LI), lemon II 
(LII) and orange (O). 
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