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zig-zag w i t h  h i n g e n d  apices w h i c h  deforms  b y  unfold ing ,  
and  a p l a n a r  zig-zag w i t h  r igid apices wh ich  de fo rms  b y  
c a n t i l e v e r  b e n d i n g  ( the l a s t  is de r ived  in ref3) .  I n  F igure  
2, t he  d a t a  for 2 t ypes  Of t e n d o n  are  c o m p a r e d  to  t he  pre-  
d ic ted  curves,  a n d  i t  is seen t h a t  t he  p o i n t s  lie a long  t h e  
cu rve  for t he  sine wave,  or b e t w e e n  t he  s ine and  can t i -  
b e n d i n g  cases. I t  is also n o t e d  t h a t  t h e  h u m a n  d i a p h r a g m  
t e n d o n  d a t a  lie in  t he  same  r e l a t i on  to  t h e  p r e d i c t e d  cur-  
ves as do t h e  IRTT da ta ,  where  t he  w a v e f o r m  can  be  de- 
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Fig. 2. Decrease of angle of the waveform with strain as tendon is 
stretched, for rat tail and human diaphragm tendons. (Samples A) and 
C) in Figure 1). Points are experimental observations and curves are 
predicted behavior of inextensible fibers whose original wave shape 
is as marked. 

m o n s t r a t e d  p l a n a r  b y  r o t a t i o n  in polar ized  l ight .  Th i s  
s t rong ly  ind ica tes  t h a t  t h e  w a v e f o r m  is also p l a n a r  in t h e  
d i a p h r a g m  t endon .  

The  Tab le  shows t h a t  m a j o r  di f ferences  were found  in 
t he  size p a r a m e t e r s  of t h e  w a v e f o r m  for t e n d o n s  f rom dif- 
f e ren t  sources. Also, a r ange  of sizes was found  in ind iv id -  
ua l  samples  of h u m a n  Achil les  a n d  kanga roo  taf t  t endon ,  
inc lud ing  a w a v e f o r m  100 v m  long  in t he  Achil les  t e n d o n  
of a n  87-year-old male .  Nonethe less ,  i t  seems clear  t h a t  
essen t ia l ly  t h e  same  p l a n a r  s y m m e t r i c  w a v e f o r m  as seem 
in R T T  was found  in all  these  t e n d o n s  f rom diverse  sour-  
ces. Consequen t ly ,  i ts  imp l i ca t i ons  for t h e  s t ress  response  
a n d  f u n c t i o n  of t he  t e n d o n  in vivo,  a long  t he  l ines  of ref. ~, 
are expec t ed  to ho ld  t h r o u g h o u t  a, 

Zusammen/assung. Es wird  gezeigt,  dass  die zwischen  
g e k r e u z t e n  Nicols  fiir die R a t t e n s c h w a n z s e h n e  nachge-  
wiesenen  pe r iod i schen  BS~nder yon  f ibr i l l / i ren S t r u k t u r -  
e l e m e n t e n  ebene r  W e l l e n f o r m  a b s t a m m e n  u n d  de ren  Aus-  
s t r e c k u n g  das  b e o b a c h t e t e  D e h n u n g s v e r h a l t e n  erkl~Lrt 2, 
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Chemical and Immunolog ica l  Characterization of 
Chromatography 

The  c h r o m a t o g r a p h i c  s e p a r a t i o n  of l ipopro te ins  b y  
a d s o r p t i o n  on  glass p o w d e r  co lumns ,  deve loped  for whole  
se rum b y  CARLSO~r 1 was a d o p t e d  w i t h  some mod i f i ca t ions  
for i so la t ion  of s e rum l i pop ro t e in s  f rom h u m a n ,  r a b b i t  and  
r a t  subj  ects. Assay  of t h e  c o l u m n  e lua tes  b y  b o t h  chemica l  
a n d  i m m u n o r e a c t i o n  m e t h o d s  d e m o n s t r a t e d  t he  r e l i ab i l i ty  
of t h i s  m e t h o d  for  a s a t i s f ac t o r y  sepa ra t ion .  

Experimental. Stock  so lu t ions  of 1.2 M p o t a s s i u m  bi-  
c a r b o n a t e  a n d  0.4 _~/f p o t a s s i u m  c a r b o n a t e  were  p r e p a r e d  
a n d  t i t r a t e d  aga in s t  HC1. Buf fe r  so lu t ions  of p H  8.8, 
pI-I 9.6 a n d  p H  9.8 were p r e p a r e d  f rom s tock  solut ions .  Glass  
columns,  15 • 150 ram,  were p a c k e d  w i t h  g lass-beads  of 
100-150 m e s h  a n d  se rum samples ,  d i l u t ed  w i t h  equa l  
v o l u m e  of buf fer  pFI 8.8, were  added  to t he  columns.  The  
walls  were washed  w i t h  1 ml  of p H  8.8 buffer .  The  
samples  were a l lowed to  m o v e  down  t h e  co lumns  b y  
open ing  t he  s topcock.  T he  co l um ns  were w a s h e d  w i t h  
a n o t h e r  p o r t i o n  of p H  8.8 buf fe r  in  t h e  o rde r :  2 4- 2 + 
4 + 4 ml,  fol lowed b y  1 m l  of 15 ml  of the  p H  8.8 eluate ,  
c o n t a i n i n g  m a i n l y  a lbumin ,  were collected.  T he  subse-  
q u e n t  f r ac t ions  of t h e  buf fe r  e lua tes  were col lec ted  in  t h e  

Serum Lipoproteins Isolated by Glass-Column 

fol lowing order :  5 ml  + 5 m l  + . 3  m l  of p H  9.6 a n d  2 ml  
of 9.8 were  col lected t o g e t h e r  as c o n t a i n i n g  e- l ipoprote in .  
T h e n  5 ml  of 0.4 M p o t a s s i u m  c a r b o n a t e  buf fe r  were 
col lected as ~2 l ipoprote in .  F ina l l y  15 m l  of p o t a s s i u m  
c a r b o n a t e  buffer  were a d d e d  to t h e  co lumn  for e lu t ion  of 
f i - l ipoprotein.  

The  l i pop ro t e in  f rac t ions  o b t a i n e d  a f t e r  e lu t ion  f rom 
the  g lass -columns  were d ia lyzed  aga ins t ,  d is t i l led  w a t e r  
for 8 h a t  4 ~ The  so lu t ions  were lyophi l ized  a n d  s tored  
for  6 weeks a t  - -15 ~ w i t h o u t  a n y  apprec iab le  d e n a t u r -  
a t ion .  The  u l t r a - cen t r i fuga l  p a t t e r n  of t h e  s e p a r a t e d  
~- a n d  f i - l ipoproteins  in  ar t i f ic ia l  b o u n d a r y  cells w i t h  
Schi l ie ren  opt ics  are  shown  (Figures 1 a n d  2). 

The  p ro t e in  f r ac t ions  of t he  l ipopro te ins  a n d  sera  were 
d e t e r m i n e d  accord ing  to LOWRY et  al  2. To ta l  a n d  free 
choles tero l  were e s t i m a t e d  b y  t he  m e t h o d  of SPERRY a n d  

t L. A. CARLSON, Clin. chim. Acta 5, 528 (1960). 
20 .  H. LOWRY, N. J. ROSEBROUGtt, A. L. FARR and R. L. RANDALL 

J. biol. Chem. 193, 265 (1951). 
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WEBB 3, The  method of VAN HANDEL a n d  ZILVERSMIT 4 
was employed  for t r ig lycer ide  e s t ima t ion ,  whi le  phospho-  
l ip ids  were d e t e r m i n e d  accord ing  to C~EN et  alK 

For  i m m u n o l o g i c a l  analyses ,  t he  s e p a r a t e d  l ipopro te ins  
were e m p l o y e d  as an t igens .  An t i s e r a  were p r e p a r e d  ac- 
cord ing  to  SCANU~. I m m u n o - p r e c i p i t a t i o n  reac t ions  were 
pe r fo rmed  accord ing  to  OUCH~Eg~ONY ~ a n d  aga r  gel 
immunoe l ec t ropho re s i s  accord ing  to  SCHE~DEGGERS. The  
an t i s e r a  were employed  to cha rac t e r i ze  t h e  var ious  an t i -  
gens, i.e., t h e  i so la ted  l ipoprote ins ,  b y  s t u d y i n g  the i r  
r e a c t i v i t y  b y  i m m u n o d i f f u s i o n  t e c h n i q u e  in aga r  gel. A 
s u m m a r y  of t he  f ind ings  is p r e s e n t e d  in Tab le  II .  

Resu l t s  a n d  d iscuss ion .  B y  t he  p rocedure  descr ibed,  
r e so lu t ion  of s e r u m  l ipopro te ins  was possible  w i t h  g rea t  
r ep roduc ib i l i t y ;  t h e y  were des igna t ed  in t he  s t u d y  as e- 
a n d  fl- l ipoproteins.  The  i n t e r m e d i a t e  e~-fract ion com- 
pr i sed  on ly  a m i n o r  f r ac t ion  a n d  was no t  inves t iga ted .  The  
u l t r a - cen t r i f uga l  p a t t e r n  of t h e  s epa ra t ed  ~t- and  fl-lipo- 
p ro t e in s  i n d i c a t e d  t h a i  t h e  ~ - f r a c t i o n  was essent ia l ly  free 
of o the r  pro te ins ,  whi le  t he  f l - l ipoprotein  f r ac t ion  ex- 
h i b i t e d  t he  presence  of a ve ry  low a m o u n t  of a n o t h e r  
p ro te in ,  poss ib ly  some c o n t a m i n a n t s  of e~-l ipoprotein 
(Figures  1 a n d  2). 

Chemica l  ana lys i s  of t he  l ipopro te ins  i so la ted  f rom the  
g lass -co lumns  (Table  I) showed t h a t  t he  l ip id  c o n t e n t  a n d  
t h e  r a t io  choles tero l :  p h o s p h o l i p i d  in t he  e lua tes  of 
p o t a s s i u m  c a r b o n a t e - b i c a r b o n a t e  buffer ,  p H  9.6, and  t he  
COs f rac t ions  were ana logous  to t hose  o b t a i n e d  b y  
CARLSON a n d  o the r s  ~,", ~0 in  t he  ~ -  or h i g h - d e n s i t y  l ipo- 
p r o t e i n  f r ac t ion  and  t h e  /~- or low-dens i ty  l i popro te in  
f ract ion,  respect ive ly .  T he  i m m u n o - r e a c t i o n  s tud ies  show- 
ed t h a t  all  an t i - a l - l i pop ro t e in  a n d  ant i - /%l ipoprote in  sera  
h a d  s imi la r  b e h a v i o u r  a n d  r eac t ed  on ly  w i t h  t he i r  h o m o -  
logous an t igens .  Agar  gel i m m u n o d i f f u s i o n  reac t ion  be- 
tween  g~-l ipoprotein and  i ts  an t i s e r a  showed 2 d i s t inc t  
lines, whereas  t h e  r eac t ion  be t w een  f i - l ipoproteins  and  
a n t i  f l - l ipoprotein  sera  gave a d i s t i nc t  arc of p rec ip i t a t ion .  
The  i m m u n o - e l e c t r o p h o r e t i c  s tud ies  show t he  same  t y p e  
of reac t ion .  F r o m  these  f ind ings  i t  c an  be conc luded  t h a t  
t he  e~-l ipoproteins  were composed  of 2 immuno log ica l ly  
d i s t i nc t  p ro te ins .  The  u l t r a cen t r i f uga l  F igure  2 shows 
c o n t a m i n a t i o n  of some o the r  p ro t e in s  w i t h  t he  fi-lipo- 
p ro te ins ,  b u t  t he  i m m u n o c h e m i c a l  s tud ies  showed  no 
evidence  of c o n t a m i n a t i o n .  The  immuno log i ca l  exper i -  
m e n t s  d e m o n s t r a t e d  t h a t  t h e  p r e p a r a t i o n  o b t a i n e d  b y  
e lu t ion  of the  glass c o l u m n  w i t h  p o t a s s i u m  c a r b o n a t e  and  
b i c a r b o n a t e  buffer  of p H  9.6 cons i s ted  exc lus ive ly  of a 
p r o d u c t  w i t h  an t igen ic  p roper t i e s  t h e  same as h u m a n  
~ - l i pop ro t e in .  B u t  i t  h a s  been  obse rved  t h a t  th i s  p roduc t ,  
i.e., t h e  e~-l ipoprotein,  is an t igen ica l ly  he te rogeneous ,  
a lbe i t  t h e  u l t r a cen t r i f uga l  p a t t e r n  showed  t h a t  t h i s  
p r o t e i n  was  essent ia l ly  free f rom o t h e r  p roduc t s .  The  
h e t e r o g e n e i t y  of t he  h i g h - d e n s i t y  of e~-l ipoprotein has  
been  shown  b y  o t h e r  workers  ~,n. T he  immuno log i ca l  
e x p e r i m e n t s  d e m o n s t r a t e d  t h a t  t h e  p r e p a r a t i o n  o b t a i n e d  

a W. M. SeERRY and M. WEBB, J. biol. Chem. 787, 97 (1950). 
4 E. VAN HANDEL and D. I3. ZILVERSMIT, J. Lab. din. Med. 50, 152 

(1957). 
5 p. S. CHEN JR., T. Y. TORIBARA and H. W A R N E R ,  Analyt. Chem. 

28, 1756 (1956)�9 
A. SCANt, J. Lipid Res. 7, 295 (1966)�9 

70.  O U C t t T E R L O N Y ,  Aeta path. mierobioI, seand. 26, 507 (1949), 
s j .  j .  SCHEIDE6aER, Int. Arch. Allergy appl. Immun. 7, 103 (1955). 
9 R. J. HAVEL, ~t:~. A. ]~DER and J. H. BRAGDON, J. elin, Invest. 3#, 

1345 (1955)�9 
zo R. T. LEvy and O. S. F R E D R I C K S O N ,  J ,  clin. Invest. 4d, 426 (1965). 
11 j .  L. ONCLEY, K. W. WALTON and D. G. CORNELL, J. Am. chem. 

Soe. 79, 4666 (1957). 
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Fig. 1. Ultracentrifugal pat tern of isolated a-lipoprotein. 

Table If. Characteristics of antisera 

Antibody Antigen Reactivity 

~l-Lipoprotein fl-Lipoprotein Whole serum 

Ant ihuman Human  
rabbit serum ~I-LP 

(pH 9.6 fraction) 
Ant ihuman Human  fi-LP 
rabbit serum (CO 3 fraction) 
Ant ihuman Human  albumin 
rabbit serum (pH 8,8 fraction) 
Anti-human ~l-LP Human cq-LP 
rabbit serum (pH 9.6 fraction) 
Ant i -human fl-LP Human  fl-LP 
rabbit serum (CO 3 fraction) 
Antirat  Rat  ~I-LP 
rabbit serum (pH 9.6 fraction 
Antirat  Rat  fl-LP 
rabbit sermn CO, fraction) 
Antirat  Rat  albumin 
rabbit serum (pH 8.8 fraction 
Anti-rat cq-LP Rat a~-LP 
rabbit serum (pi.i 9.6 fraction 
Anti-rat fi-LP Rat fl-LP 
rabbit serum (CO 3 fraction) 

_ +b  + b  

q-~ __ + ~  

- -  + b  . + b  

§  - -  §  

- -  + b  + b  

- -  _ @ 

+~ _ §  

_ + b  + b  

Double arc of precipitation, b Single arc of precipitation. 

Fig. 2. Ultracentrifugal ]pattern of isolated fl-lipoprotein of normal rat serum in artificial boundary cell with Schilieren optics in 0.02 M bicar- 
bonate buffer, pH 7.0, at 259,697 • g first plate taken 17 min after a t ta inment  of full speed and subsequently at intervals of 10, 20 and 
30 min. 

b y  e lu~ ion  of  t h e  g l a s s - c o l u m n  w i t h  0 .4  M p o t a s s i u m  
c a r b o n a t e  b u f f e r  c o n s i s t e d  a h n o s t  e x c l u s i v e l y  of  a p r o d u c t  
w i t h  t h e  s a m e  a n t i g e n i c  p r o p e r t i e s  as  l o w - d e n s i t y  h u m a n  
f l - l i pop ro te in .  I t  is a l so  s h o w n  t h a t  t h i s  p r o d u c t ,  i.e., t h e  
f l - l i pop ro t e in s ,  a r e  a n t i g e n i c a l l y  h o m o g e n e o u s .  T h e  c h e m i -  
ca l  a n a l y s i s  of  t h i s  p r o d u c t  i d e n t i f i e d  i t  a s  s i m i l a r  t o  t h e  

f l - l i pop ro t e in s .  T h e  u l t r a c e n t r i f u g a l  p r e p a r a t i o n  o f  t h e s e  
e l u a t e s  h a d  s o m e  p r o t e i n  c o n t a m i n a n t ,  d i f f e r e n t  f r o m  
f l - l i pop ro t e in  p r o t e i n .  T h i s  m a y  be  t h e  a s - f r a c t i o n  of t h e  
l i p o p r o t e i n s .  T h i s  f r a c t i o n  m u s t  be  a n t i g e n i c a l l y  i d e n t i c a l  
w i t h  f i - l i p o p r o t e i n  p r o t e i n .  T h u s  t h e  r e a c t i o n  b e t w e e n  
t h i s  f l - l i pop ro t e in  f r a c t i o n  a n d  a n t i - f l - l i p o p r o t e i n  s e r a  g a v e  
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no  a d d i t i o n a l  p r e c i p i t a t i o n  l ine .  O t h e r  w o r k e r s  h a v e  
s o u g h t  t o  r e fe r  t o  t h e  Sf  200-100  s u b c l a s s  s e p a r a t e l y  as  
v e r y  l o w - d e n s i t y  l i p o p r o t e i n  or  e~- l ipopro te in ;  b u t  i t  h a s  
b e e n  s h o w n  t h a t  t h e  p r o t e i n  m o e i t y  is a n t i g e n i c a l l y  
i d e n t i c a l  t h r o u g h o u t  t h e  l o w - d e n s i t y  l i p o p r o t e i n  x~. 

12 K. W. WALTON, Immun. Chem. 1,267 (1964). 
la Present address: Department of Biological Chemistry, Harvard 

Medical School, Boston (Massaehussetts 02115, USA). 

Zusammen/assung. E i n e  n e u e  M e t h o d e  zur  T r e n n u n g  
y o n  L i p o p r o t e i n e n  m i t t e l s  S / i u l e n c h r o m a t o g r a p h i e  w i r d  
b e s c h r i e b e n .  
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Threo-3,4-Dihydroxyphenylserine, a P o o r  S o u r c e  of  N o r a d r e n a l i n e  in  t h e  Rat  

Threo-3,4-Dihydroxyphenylserine ( D O P S )  w a s  f i r s t  
r e c o g n i z e d  as  a p o s s i b l e  i n t e r m e d i a t e  in  c a t e c h o l a m i n e  
b i o s y n t h e s i s  m o r e  t h a n  50 y e a r s  ago x. H o w e v e r ,  d e s p i t e  
ca re fu l  sea rch* ,  ~, i t  h a s  n e v e r  b e e n  i d e n t i f i e d  in  t h e  
o r g a n i s m  a n d  a n y  m a j o r  role  as  a p r e c u r s o r  of  n o r a d r e n -  
a l ine  m u s t  p r o b a b l y  be  d i s c o u n t e d .  N e v e r t h e l e s s ,  as  a 
k n o w n  s u b s t r a t e  of  d o p a  d e c a r b o x y l a s e ,  b o t h  in  v i t r o  4-9 
a n d  in  v i v o  10-1~, D O P S  h a s  b e e n  u s e d  as  a p h a r m a l o g i c a l  
t oo l  to  e f f ec t  a s e l ec t i ve  i nc rease  of  n o r a d r e n a l i n e  in  
a n i m a l  b r a i n  ~a-1L I t  is, in  fac t ,  a n  i n d i f f e r e n t  s u b s t r a t e  fo r  
d e c a r b o x y l a s e  in  v i v o  a n d  r e l a t i v e l y  v a s t  d o s a g e  s c h e d u l e s  
h a v e  b e e n  n e c e s s a r y  to  a c h i e v e  t h e  d e s i r e d  e f fec t .  

A f t e r  D O P A  i n j e c t i o n  in  m a n ,  d o p a m i n e  is e x c r e t e d  
d i r e c t l y  i n to  t h e  u r i n e  is, p r o b a b l y  d e r i v i n g  l a rge ly  b u t  
n o t  e x c l u s i v e l y  f r o m  d i r e c t  r e n a l  d e c a r b o x y l a t i o n .  D O P S  
s e e m s  to  u n d e r g o  a s i m i l a r  fa te ,  b u t  f r o m  t h e  f ew  r e l e v a n t  
d a t a  on  record ,  i t  s e e m s  to  pos se s s  no  m o r e  t h a n  ~/~0 of  t h e  
a b i l i t y  of  D O P A  to  a c t  as  s u b s t r a t e  for  r e n a l  d e c a r b o x y -  
lase  1~. O b s e r v a t i o n s  of  t h i s  t y p e  ~0-~ p r o v i d e  a n  i n d e x  of  
d e c a r b o x y l a t i o n  in  a s ing le  o rgan ,  t h e  k i d n e y  W h e t h e r  
t h e y  c a n  b e  e x t r a p o l a t e d  to  t h e  w h o l e  o r g a n i s m ,  w h e r e  
m o r e  t h a n  one  f o r m  of  t h e  e n z y m e  m i g h t  be  p r e s e n t ,  is 
o p e n  to  s o m e  d o u b t  ~9. I t  t h e r e f o r e  s e e m e d  d e s i r a b l e  to  
o b t a i n  f u r t h e r  i n f o r m a t i o n  c o n c e r n i n g  t h e  deg ree  of  in  
v i v o  c o n v e r s i o n  of  D O P S  to  n o r a d r e n a l i n e .  T h e  p r e s e n t  
e x p e r i m e n t  w a s  t h e r e f o r e  d e v i s e d  in  o r d e r  to  m e a s u r e  
4 - h y d r o x y - 3 - m e t h o x y p h e n y l g l y c o l  ( H M P G ) ,  t h e  m a j o r  
u r i n a r y  m e t a b o l i t e  of  n o r a d r e n a l i n e  in  t h e  r a t  2~ a f t e r  
D O P S  a d m i n i s t r a t i o n .  E x c r e t i o n  of  t h i s  c o m p o u n d  ap -  
p e a r s  t o  r e f l e c t  n o r a d r e n a l i n e  p r o d u c t i o n  m o r e  f a i t h f u l l y  
t h a n  t h a t  o f  o t h e r  m e t a b o l i t e s 2 L  D u r i n g  t h e  cou r se  of  
t h i s  s t u d y ,  e v i d e n c e  of  a w h o l l y  u n e x p e c t e d  m e t a b o l i c  
r o u t e  of  D O P S  d e g r a d a t i o n ,  r e s u l t i n g  f r o m  s i d e - c h a i n  
c l eavage ,  w a s  o b t a i n e d .  

D L - D O P S  (AB Bio tec ,  S t o c k h o l m ,  Sweden )  (100 mg / kg )  
w a s  a d m i n i s t e r e d  i .p.  t o  4 m a l e  (200 g) W i s t a r  r a t s  a n d  
u r i n e  co l l ec t ed  o v e r  ac id  gl for  2 succes s ive  24 h pe r iods .  
C o n j u g a t e s  w e r e  h y d r o l y z e d  a t  pt-I 5 .5-6 .0  b y  i n c u b a t i o n  

a t  37~ o v e r n i g h t  w i t h  suc  d'Helix pomatia ( I n d u s t r i e  
B i o l o g i q u e  F r a n g a i s e ,  92-Gennev i l l i e r s ,  F r a n c e )  a n d  ac ids  
a n d  a lcoho l s  e x t r a c t e d  a t  p H  1 in to  e t h y l  a c e t a t e  (3 • 3 
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Table. Urinary metabolites of DL-threo-3,4-dihydroxyphenylserine (DOPS) in the rat 

Regime Period of urine HMPG Protocatechuic 
collection acid 
(h) ([xg/day) ([zg/day) 

Mean Range 

Vanillic acid Vanillyl alcohol 3, 4-Dihydroxy- 
benzyl alcohol 

(~g/day) ([xg/day) ([xg/day) 

Mean Range Mean Range Mean Range Mean Range 

DOPS 0-24 130 
DOPS 24-48 35 
DOPS + Neomycin 0-24 116 
Control 0-24 38 

109-152 302 274-336 611 474-772 122 108-135 
29- 40 8 6-  10 134 97-164 12 10- 15 
98-137 282 270-294 444 352-501 108 85-138 
32- 42 6 5- 8 49 36 64 Less than 1 

98 67-138 
Less than 2 
84 51-106 
Less than 2 


