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f ea tu re  is d e m o n s t r a t e d  by  F igure  2, wh ich  shows t h e r m a l  
r eac t ion  in t h e  skill  col lagen of an  e igh t  m o n t h  old ra t .  
The  cu rve  w i t h  solid circle shows the  loss of b i re f r ingence  
in a spec imen  m o u n t e d  u n d e r  a glass disc (isotonic), whi le  
t he  cu rve  w i t h  open  circles shows t h e  spr ing  m o u n t i n g  
(fair ly isometr ic) .  I t  is e v i d e n t  f rom t he  f igure t h a t  keep-  
ing t he  spec imen  in i somet r ic  cond i t ions  e leva tes  t he  de- 
n a t u r i n g  t e m p e r a t u r e  regis tered.  Th i s  is in  a g r e e m e n t  
w i t h  t he  i nves t iga t ions  of FRENKELJ et  a13 ~ on ta i l  t e n d o n  
f ibers  f rom 6 -mon th - o l d  rats .  T h e y  found  t h a t  t he  de- 
n a t u r i n g  t e m p e r a t u r e  could be  e l eva ted  s o m e w h a t  if con- 
s t a n t  loads on  t he  para l le l - f ib red  col lagen s t r u c t u r e  in  
h y d r o t h e r m a l  e x p e r i m e n t s  was  increased.  A t  t he  same t i m e  
t h e y  found  t h a t  t h e  m a g n i t u d e  of sho r t en ing  was d imin i -  
shed.  This  can  be exp la ined  b y  t he  fac t  t h a t  d e n a t u r i n g  
m e a n s  t r a n s i t i o n  f rom a n  order ly  s t a t e  to  one, in wh ich  t he  
molecules  are r a n d o m l y  coiled. Th i s  t r a n s i t i o n  is to  a cer- 
t a i n  l imi t  p r e v e n t e d  b y  impos ing  a more  s t r ic t  o r i e n t a t i o n  
t h r o u g h  tens ion .  F r o m  th i s  i t  m u s t  be  ev i den t  t h a t  i t  is 
n o t  safe to  d r aw  conclus ions  f rom resu l t s  of tests ,  where  
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Fig.2.Percent of initial birefringence lost with increasing temperature. 
Mean value of experiments on skin from an 8-month-old rat, isotonic 
(solid circles), and isometric (open circles) test, performed in Ringer's 
solution buffered to pH 7.4. 
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Fig.3. Percent of initial birefringence lost with increasing temperature. 
Mean values of isotonic tests on human skin specimens: 1. fetus 
6 months: 2. 2 months; 3. 6 years and 4. 55 years. 

t he  spec imen  ha s  been  sub jec t ed  to  u n k n o w n  loads d u r i n g  
i somet r ic  t es t ing .  

Discussion on the applicability o/the method. To eva lua t e  
t he  t h e r m a l  r e a c t i v i t y  cha rac te r i s t i c s  of para l le l - f ib red  
tissue, especia l ly  if t he  a m o u n t  of i t  pe r  un i t  spec imen  
l e n g t h  is easi ly  e s t i m a t e d  or s t anda rd ized ,  t he  i somet r ic  or 
i sotonic  m e t h o d  a t  a s t a n d a r d  t e m p e r a t u r e  is t he  m e t h o d  
of choice. However ,  w i t h  compl i ca t ed  p a t t e r n s  of f iber  
a r r a n g e m e n t  or w h e n  f ibers  of va r ious  degrees of m a t u r i t y  
are presen t ,  t h e  m e t h o d  p re sen t ed  here  offers advan t ages .  

F igure  3 shows e v a l u a t i o n  of t he  t h e r m a l  r e a c t i v i t y  of 
h u m a n  skin  of var ious  ages. I t  seems t h a t  t he  t h e r m a l  de- 
n a t u r a t i o n  occurs  more  a b r u p t l y  in  t he  older  i n d i v i d u a l  
t h a n  in t h e  y o u n g  one, i.e. t h e  col lagenous e l ement s  in  t he  
y o u n g  one are  of s o m e w h a t  v a r y i n g  d e n a t u r i n g  t e m p e r a -  
tures ,  some of which  are  cons ide rab ly  lower t h a n  those  of 
t he  older  skin  whi le  some of t h e m  do no t  differ  ve ry  much .  
Th i s  is t he  same  p h e n o m e n o n  as can  be  d e m o n s t r a t e d  che- 
mical ly  w i t h  t h e  v a r y i n g  e x t r a c t a b i l i t y  of collagen (Cf. e.g. 
KLEIN et  a l .n) .  

I n  a hea l ing  wound ,  where  col lagens of cons ide rab ly  
d i f fe ren t  degrees  of m a t u r a t i o n  are present ,  t he  w o u n d  
reac t ion  a rea  itself, a d j a c e n t  skin  and  col lagen d i s t a n t  to  
the  si te  of t r a u m a  can  be  assessed sepa ra t e ly  (HOLM-PE- 
DERSEN and  VIIDIK13). I t  has  been  c la imed  (DOUGLAS 13) 
t h a t  w o u n d  col lagen ha s  phys i ca l  p roper t i e s  o the r  t h a n  
o r d i n a r y  d e r m a l  col lagen on t he  g round  t h a t  w o u n d  colla- 
gen fails to  show b i re f r ingence  a l t h o u g h  i t  is ind i s t in -  
gu i shab le  f rom o rd ina ry  col lagen b y  his tological  s ta in ing.  
W i t h  t he  m e t h o d o l o g y  p re sen t ed  in t h i s  paper ,  i t  is shown  
t h a t  t h i s  ' p h e n o m e n o n '  is an  a r t i f ac t  caused  b y  t h e  com- 
b i n a t i o n  of h i s t o t e c h n i q u e  wh ich  for pa ra f f in  e m b e d d i n g  
includes  h e a t i n g  and  low d e n a t u r i n g  t e m p e r a t u r e  of y o u n g  
collagen. Th i s  collagen, in  freezing m i c r o t o m e  sect ions,  
exh ib i t s  t he  same  t y p e  of b i re f r ingence  as o rd ina ry  skin  
col lagen b u t  loses i t  a t  a cons ide rab ly  lower t e m p e r a t u r e  
t h a n  t he  col lagen of a d j a c e n t  skin,  wh ich  is more  m a t u r e .  

Zusammen/assung. Die Messung des D e n a t u r a t i o n s -  
d u n k t e s  als P a r a m e t e r  ftir die t h e r m a l e  R e a k t i o n  des Kol-  
lagens in geomet r i sch  k o m p l e x e n  Geweben  oder  v o n  Kol-  
l agenen  ve r sch iedene r  Re i fegrade  wi rd  beschr i eben  u n d  
Beispiele  im Bere ich  v o n  Al t e r sun te r sch i eden  u n d  W u n d -  
he i lung  werden  gegeben.  

A. VIIDIK 14 
Department o[ Connective Tissue Biology, 
Institute o /A  natomy, University o /A  arhus, 
DK-8000 Aarhus C Denmark), 6 December 7971. 
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12 p. HOLM-PEDERSEN and A. VnDIK, unpublished data (1971). 
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London 1966), p. 233. 
14 The technical assistance of Miss ULLA-BRITT LINDGREN in the 

development of this method is gratefully acknowledged. 

Electrophoretic Analysis and Molecular Weight Estimation of Proteins from Guinea'Pig Brain 
Subcellular Fractions 

The  isola t ion  and  c h a r a c t e r i z a t i o n  of the  chemica l  com- 
p o n e n t s  of t h e  s y n a p t i c  m e m b r a n e s  is a p re requ i s i t e  to-  
wa rd  a comple te  u n d e r s t a n d i n g  of t he  complex  even t s  t h a t  
t a k e  place a t  t he  s y n a p t i c  level.  Techn iques  for i so la t ion  of 

b r a i n  subce l lu la r  par t ic les  such  as ' s yna to somes '  h a v e  
been  ava i l ab l e  in the  las t  decade  1, 3 and  m a n y  compara -  
t ive  s tud ies  h a v e  been  carr ied  ou t  on t he  d i f fe rent  frac- 
t ions  o b t a i n e d  b y  g r a d i e n t  cen t r i fuga t ion l  
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Yet  very  l i t t le  is known abou t  the  p ro te in  componen t s  
of the  synap t ic  membranes .  BOSMANN et al. a have  recen t ly  
descr ibed the  ex t rac t ion  wi th  sodium dodecylsul fa te  
(SDS) of ra t  b ra in  subcellular  par t ic les  and the i r  electro- 
phore t ic  behaviour .  In  the i r  paper  the  to ta l  n u m b e r  of 
p ro te in  and g lycoprote in  bands  is r epor ted  for each frac- 
t ion,  bu t  un fo r tuna te ly  no compar isons  are made  among  
the  f ract ions  so tha t ,  since c ross -con tamina t ion  is o f ten  
present ,  it  is impossible  to  know which  bands  have  to be 
considered as charac ter i s t ic  componen t s  and  which  as 
con taminan t s .  

The presen t  communica t i on  describes a compara t ive  
e lec t rophore t ic  analysis  of SDS solubilized guinea-pig 
bra in  subcellular  par t ic les  carr ied o~t  wi th  the  aim of 
iden t i fy ing  typ ica l  componen t s  of the  d i f fe rent  fract ions.  

The molecular  weights  of the  major  p ro te in  bands  have  
been ex t r apo la t ed  f rom the  gel p a t t e r n s  by compar ing  
the i r  mobil i t ies  in SDS gels wi th  those  of marke r  pro te ins  
of known  molecular  weight .  

Materials  and methods. Myelin, synap tosomes  and mito~ 
chondr ia  were p repared  f rom guinea-pig whole bra in  
following the  procedure  of GRAY and WHITTAKER 1 Guinea- 
pigs weighing 250 g were used, which  had  been s t a rved  
1 8 h  before sacrifice. In  some exper imen t s  mi tochondr ia l  
f rac t ions  (MT~) were p repared  according to  DE t{OBERTIS 
et  al. 4 wi th  a modif ica t ion  in the  grad ien t  sys tem which  
in our  case was 1.4-1.2-1.0-0.8M- sucrose. Pro te in  was 
de t e rmined  by  the  m e t h o d  of LOWRY et al. ~ as modif ied  b y  
HEss  and  LEWlN6; bovine  serum a lbumin  was used as a 
s t anda rd .  

Solubil izat ion and electrophoresis  were carried out  es- 
sent ia l ly  as descr ibed by LAEMMLIT. 70 ~xg of pro te in  for 
each f rac t ion  were subjec ted  to  e lect rophoresis  a t  2 mA/  
gel for 31/2 h in 5 • 100 m m  10% polyacry lamide  gels. Fol- 
lowing electrophoresis ,  the  gels were s ta ined according to 
WEBER and OSBORN s, and des ta ined  by  electrophoresis  a t  
10 mA/gel  in 7% acetic acid. Af ter  destainingl  the  pro te in  
zones were q u a n t i t a t e d  wi th  a Chromoscan  dens i tome te r  
(Joyce, Loebl  and  Co., Ltd . ,  England) .  

The molecular  weight  de t e rmina t ions  were done accor- 
d ing to SHAPIRO, VIIgUELA and MAIZEL 9 and to WEBER 
and OSBORNS; bovine se rum albumin,  ovalbumin,  chy- 
mo t ryps inogen  A, myoglobin  and  ey tochrome  c were pur-  
chased f rom Serva, Heide lberg ;  deoyxr ibunuclease  
(EC 3.1.4.5.) was ob ta ined  f rom W o r t h i n g t o n .  

1 E. G. GRAY and V. P. WHITTAKER, J. Anat. 96, 76 (1962). 
2 E. DE ROBERTIS, A. P. DE IRALDI, R. D. DELORES ARNAIZ and L. 

SALGANICOFF, J. Neuroehem. 9, 1 (1962). 
3 H. B. BOSMANN, K. R. CASE and M. B. SHEA, Fedn. Europ. Biochem. 

Soc. Lett. 71, 261 (1970). 
4 E. DE ROBERTIS, G. R. DE LORES ARNAIZ and M. ALBERICI, J .  Neu- 

roehem. 74, 215 (1967). 
5 0 .  H. LOWRY, N. J .  ROSEBROUGH, A. L. FARR and R. J. RANDALL, 

J. biol. Chem. 793, 265 (1951). 
6 H. H. HEss and E. LEWlN, J. Neurochem. 72, 205 (1965). 

U. K. LAEMMLI, Nature, Lond. 227, 680 (1970). 
8 K. WEBER and M. OSBORN, J. biol. Chem. 244, 4406 (1969). 
9 A. L. SHAPIRO, E. VI~UELA and J. V. MAIZEL, Biochem. biophys. 
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a) 
Fig. 1. a) Gel electrophoresis of SDS solubilized myelin (MY) synaptosomal (SY) and mitochondrial (MT, MT1) fractions from guinea-pig brain; 
b) diagrammatic representation of the electrophoretic pattern. Migration was toward the bottom which is the anode. Cross hatched areas and 
dotted lines in b) indicate lightly stained and fine bands, respectively, t = tracking dye 12. 
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R e s u l t s  a n d  d i s c u s s i o n .  Figure  1 i l lus t ra tes  the  electro- 
phore t ic  p a t t e r n  of SD S solubilized myelin,  synap tosoma l  
and  mi tochondr ia l  f rac t ions  f rom guinea-pig brain.  

The myel in  f rac t ion  (MY) was sepa ra ted  in to  abou t  
30 pro te in  bands ;  t he  synap tosomal  (SY) and  mi tochon-  
drial  (MT) f rac t ions  had  abou t  40 pro te in  bands .  

As far as the  myel in  f rac t ion  is concerned,  only  4 bands  
(named a, b, c and  d) seeni to  be typ ica l  componen t s  ; t h e y  
were  no t  p resen t  in t he  o ther  f rac t ions  and fu r the rmore  
WAEItNELDT and  MANDEL 10 have  recent ly  found puri f ied 
ra t  bra in  myel in  to be composed  of 3 p ro te ins ;  pur i f ied nay- 
elin f rom o the r  an imal  species has also been  repor ted  to  
con ta in  a ve ry  smal l  n u m b e r  of prote ins .  In  t he  densi to-  
met r ic  t rac ing  (Figure 2), the  o ther  p ro te in  bands  showed 
h igher  in t ens i ty  in SY t h a n  in MY thus  suggest ing a con- 
t a m i n a t i o n  of SY in MY. 

Bands  f rom I to  8 were c o m m o n  to all of the  3 fractions,  
b u t  the  scans  shown in Figure  2 gave h igher  values  for SY 
t h a n  for MY or MT. W h e n  mi tochondr i a  of h igher  pu r i t y  

(MT 0 were p repa red  and  sub jec ted  to  electrophoresis ,  
none of t he  8 bands  were  found,  thus  al lowing the  con- 
clusion t h a t  bands  1-8 are typ ica l  componen t s  of SY. One 
could t h e n  assume t h a t  MY does no t  con t amina t e  SY b u t  
SY seems to  c o n t a m i n a t e  b o t h  MY and MT. 

The p ro te ins  cor responding  to  the  bands  f rom 9 to  18 
were considered as rn i tochondr ia l  p ro te ins ;  these  bands  
were also p re sen t  in SY f rac t ion  (which is known  to con ta in  
i n t r a s y n a p t o s o m a l  mi tochondr ia )  bu t  t he  dens i tomet r i c  
values were h igher  in MT t h a n  in SY. 

The molecular  weights  of the  major  pro te in  b a n d s  are 
l is ted in the  Table.  Since the  molecular  weight  de te rmina -  
t ion in 10% gels is rel iable only  in the  range 20,000 to  
80,000, in t he  case of SY it is only possible to  say t h a t  m o s t  
of i ts  c o m p o n e n t s  have  a molecular  weight  h igher  t h a n  

10 T. H. WAEHNELDT and P. MANDEL, Fedn. Europ. Biochem. Soc. 
Lett. 9, 209 (1970). 
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Fig. 2. Densitometric tracing of the electrophoretie patterns shown in Figure 1. MY, SY and MT indicate myelin, synaptosomal and 
initochondrial fractions respectively. The bands are numbered as in Fig. 1 b. 

Molecular weights of myelin (MY), synaptosomal (SY) and mitochondrial (MT) proteins from guinea-pig brain determined by comparing their 
mobility in SDS gels with those of marker proteins with known molecular weightsS, 9. 

Molecular weight range Number of bands visible in 

MY SY MT 

Molecular weights 
of major pro- 
teins (s. Fig. 1) 

> 70,000 16 
70,000-40,000 4 

40~000-20,000 5 

< 20,000 3 

22 22 n.d. a 
5 4 10bis = 67,000 

11 = 58,000 
a = 54,000 
b = 52,000 

12 = 45,000 
9 8 13 = 38,000 

8 = 36,000 
17 ~ 26,000 
e = 21,500 

3 2 n.d. ~ 

~n.d.~ not determined (in 10% gels only determinations in the range 20,000-80,000 have good reliability). 
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80,000. On t he  o the r  hand ,  a b e t t e r  e s t i m a t i o n  was possible  
for m o s t  of the  MT and  MY m a j o r  pro te ins ,  t he i r  molecu-  
lar  we igh ts  be ing  w i t h i n  t he  l imi t s  of t he  m e t h o d  11. 

Riassunto. Le p ro t e ine  c o s t i t u e n t i  a lcune  f razioni  sub-  
cel lular i  di  cervel lo di cav ia  sono s t a t e  sepa ra te  m e d i a n t e  

11 Supported in part by a Grant from Consiglio Nazionale delle Ri- 
cerehe. 

12 The excellent work of Mr. C. P~RUGINI for the photograph is grate- 
fully acknowledged. 

e le t t rofores i  su gel di po l iac r i l amide  in  u n  t a m p o n e  con- 
t e n e n t e  sodio dodeci lsolfato.  N o n o s t a n t e  le c o n t a m i n a -  
zioni  crocia te  delle va r i e  f raz ioni  o t t e n u t e  al ia  u l t r acen t r i -  
fuga  6 s t a to  possibi le  ev idenz ia re  c o m p o n e n t i  p ro te i che  
ca r a t t e r i s t i ch e  delle var ie  frazioni .  Di  a lcune  di t a l i  pro- 
te ine  6 s t a to  d e t e r m i n a t o  il peso molecolare .  

M. RAITERI 

Istituto di Farmaaologia, 
Universit~ Cattolica del Sacro Cuore, Roma (Italia), 
13 September 7977. 

Visua l  D e m o n s t r a t i o n  of D i f f erences  in P e r o x i d a s e  Act iv i ty  in I ron  and M a n g a n e s e  Def ic ient  Ci trus  
Leaves  

Perox idase  a c t i v i t y  m e a s u r e m e n t s  were u n d e r t a k e n  to 
d i f f e ren t i a t e  be tween  ove r l app ing  i ron a n d  m a n g a n e s e  de- 
f ic iency s y m p t o m s  in va r ious  c i t rus  leaves  1. I r on  deficien- 
cy resu l ted  in a decrease  a n d  m a n g a n e s e  def ic iency in an  
increase  in pe rox idase  ac t iv i ty .  The  perox idase  assay  con- 
s is ted  of m e a s u r i n g  t he  t i m e  requ i red  for a change  of op- 
t ica l  dens i t y  in  a co lo r imete r  (from 0 to 0.4) due  to  pyro -  
gallol ox ida t ion ,  a n d  was successful ly  appl ied  for dia-  
gnos t ic  purposes  in  c rude  leaf  e x t r a c t  of c i t rus  p l a n t s  
g rown in greenhouses  1 a n d  in c o m m e r c i a l  o rcha rds  ~. Dif- 
fernces  in pe rox idase  a c t i v i t y  be tween  n o r m a l  and  i ron-  
def ic ien t  leaves  were d e m o n s t r a t e d  on  t h e  i soenzyme level  
as well  a. I n  th i s  c o m m u n i c a t i o n  we p re sen t  resul t s  of 
e lec t rophore t i c  s e p a r a t i o n  of i soenzymes  in Mn-def i c i en t  
leaf  ex t rac t ,  in  compar i son  w i t h  n o r m a l  a n d  Fe-def ic ien-  
leaves.  The  oppos ing  effects  of t he  a fo r e -men t ioned  2 ca. 
t i ons  on  t he  pe rox idase  i soenzymes  were d e m o n s t r a t e d f  
The  resu l t s  of c h r o n o m e t r i c  assay  4, pe r fo rmed  on lear  
discs, d e m o n s t r a t e  these  d i f fe r ing  effects on  t o t a l  e n z y m e  
ac t iv i ty .  

Tile m e t h o d  used for e lec t rophore t i c  s epa ra t i on  of iso- 
enzymes  on  p o l y a c r y l a m i d e  gel is descr ibed  elsewhere 3. 
GREGORY'S 4 c h r o n o m e t r i c  m e t h o d  i nvo lv ing  t he  r eac t ion  
of ascorbic  acid coupled  w i t h  t he  p r o d u c t  of enzymic  ac t ion  

on benzidine ,  was  used for the  c h r o n o m e t r i c  reac t ion .  Ac- 
cordingly ,  8-15 leaf discs, 6 -8  m m  d iamete r ,  cu t  b y  a cork  
borer ,  were p l aced  in a t u b e  in a 5 ml  so lu t ion  c o n t a i n i n g  
0 . 2 M  ace ta te  buf fe r  of p H  5, 0.1% ascorbic  acid an d  
0 . 2 5 M  H,O2. (This mix tu re ,  in  a r a t io  of 1:1:0 .5 ,  should  
be  p r e p a r e d  a p p r o x i m a t e l y  48 h before  use. S to red  in a 
d a r k  glass bo t t le ,  i t  will r e m a i n  s t ab le  for weeks.) A few 
drops  of benz id ine  so lu t ion  (200 mg in 25 ml  of 80% e tha-  
nol) were added  a n d  t h e  t u b e  c o n t e n t s  mixed .  I n s t a n t a n e -  
ous d e v e l o p m e n t  of b lue  colour  ind ica tes  comple te  oxida-  
t ion  of ascorbic  acid.  T ime  requi red  for  t h e  a p p e a r a n c e  of 
t h e  colour,  or, a l t e rna t i ve ly ,  t h e  i n t e n s i t y  of colour  in  the  
d i f fe ren t  samples  a f te r  a g iven  t ime,  can  be  recorded.  

F igure  i i l lus t ra tes  t h e  oppos ing  effects  of t h e  two  de- 
f iciencies on pe rox idase  a c t i v i t y  in  i soenzyme  level. Ge- 
nera l ly ,  t h e  i soenzyme p a t t e r n s  of Sour  o range  (Citrus 
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Fig. 1. Comparison of anionic and cationic peroxidase isoenzymes in 
full-nutrient (cont), iron and manganese deficient Sour orange leaf 
extract. 

Fig. 2. Visual demonstration of differences in peroxidase activity in 
full nutrient (cont), iron and manganese deficient Sour orange leaf 
discs, by means of chronometric assay. 


