
VOL. 1, NO, 2 JOURNAL OF SUPRAMOLECULAR STRUCTURE 

SMALL-ANGLE X-RAY SCATERING OF HUMAN SERUM HIGH-DENSITY LIPOPROTEINS 

G . G .  Sh ip ley t ,  D .  A tk inson  

Biophysics Division, UniZever Research Laboratory 
CoZworth/WeZwyn, The Frythe, WeZwyn, Hertfordshire, England 

A.M. Scanu 

Departments of Medicine and Biochemistry 
University of  Chicago and Argonne Cancer Research Hospital 

Chicago, IZZinois 

(Received February 23, 1972)  

Smal I - a n g l e  x - ray  s c a t t e r i n g  (SAXRS) s t u d i e s  o f  t h e  human serum 
h i g h - d e n s i t y  l i p o p r o t e i n  HDL2 i n d i c a t e  a symmetrical p a r t i c l e  
w i t h  a r a d i u s  o f  g y r a t i o n  Rg = 46 A .  
t i e s  o f  s u b s i d i a r y  maxima i n  the  s c a t t e r i n g  curves a r e  n o t  con- 
s i s t e n t  w i t h  those o f  a u n i f o r m l y  e l e c t r o n  dense sphere. Scat- 
t e r i n g  curves c a l c u l a t e d  f o r  spheres w i t h  a step-model r a d i a l  
e l e c t r o n  d e n s i t y  d i s t r i b u t i o n ,  show good agreement w i t h  t h e  
exper imenta l  s c a t t e r i n g  cu rve  f o r  HDL2 o n l y  f o r  s p e c i f i c  va lues  
o f  t h e  s t e p  f u n c t i o n  used. The dimensions ob ta ined  f o r  t h e  
e l e c t r o n - d e f i c i e n t  c o r e  and e l e c t r o n - r i c h  s h e l l  model a r e  q u a n t i -  
t a t i v e l y  c o n s i s t e n t  w i t h  a p redominan t l y  s u r f a c e  l o c a t i o n  f o r  
t h e  HDL2 p r o t e i n  and p h o s p h o l i p i d  head groups, t h e  more hydro-  
carbon species be ing  l o c a t e d  i n  t h e  i n t e r i o r  of t h e  p a r t i c l e .  

The p o s i t i o n s  and i n t e n s i -  

1 I INTRODUCTION 

Al though the  chemical composi t ions and many o f  t h e  p h y s i c a l  p r o p e r t i e s  o f  t h e  
v a r i o u s  l i p o p r o t e i n  c lasses  ob ta ined  f rom human serum have been de f i ned ,  com- 
p a r a t i v e l y  l i t t l e  i s  known about t h e i r  s t r u c t u r a l  o r g a n i z a t i o n  and t h e  modes 
o f  i n t e r a c t i o n  between t h e  major  1 i p i d  and p r o t e i n  components ( I  , 2 ) .  I n  t h e  
case o f  t h e  h igh-densi  t y  1 i p o p r o t e i n s  (HDL) s i g n i f i c a n t  advances have r e s u l t e d  
f rom t h e  p r e p a r a t i o n  o f  a w a t e r - s o l u b l e ,  l i p i d - f r e e  a p o p r o t e i n  ( 3 ) ,  i t s  f u r t h e r  
f r a c t i o n a t i o n  i n t o  p e p t i d e  sub -un i t s  ( 4 , 5 )  and t h e  recombinat ion o f  b o t h  apo- 
p r o t e i n  and major  pep t ides  w i t h  l i p i d s  t o  g i v e  r e c o n s t i t u t e d  l i p o p r o t e i n s  ( 6 - 8 ) .  

Recent ly ,  spec t roscop ic  techniques i n c l u d i n g  o p t i c a l  r o t a t o r y  d i s p e r s i o n  
(9)  and c i r c u l a r  d i c h r o i s m  ( l o ) ,  n u c l e a r  magnetic resonance (11,12) and e l e c -  
t r o n  s p i n  resonance (13)  have been a p p l i e d  t o  n a t i v e  l i p o p r o t e i n s  and i n  t h e  
case o f  t h e  h i g h - d e n s i t y  f r a c t i o n  HDL2 t o  a r e c o n s t i t u t e d  l i p o p r o t e i n .  A l though 
these techniques a re  p r o v i d i n g  v a l u a b l e  i n f o r m a t i o n  on t h e  conformat ion,  en- 
vironment and i n t e r a c t i o n s  o f  i n d i v i d u a l  components, so f a r  d e t a i l s  o f  t he  
o v e r a l l  s t r u c t u r e  have depended on t h e  use o f  e l e c t r o n  microscopy ( 1 4 ) .  

o v e r a l l  s i z e  and i n t e r n a l  s t r u c t u r e  o f  m i c e l l a r  l i p i d  s o l u t i o n s  (15)  and some 
model l i p o p r o t e i n s  ( 1 6 ) ,  would seem t o  be a techn ique  s u i t e d  t o  t h e  i n v e s t i -  

Small ang le  x - ray  s c a t t e r i n g  (SAXRS), which has been used t o  probe the  
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g a t i o n  o f  these s t r u c t u r a l  f e a t u r e s  o f  serum l i p o p r o t e i n s .  I n  t h i s  paper we 
desc r ibe  t h e  SAXRS f rom n a t i v e  human serum h i g h - d e n s i t y  l i p o p r o t e i n  HDL2. A 
s i m i l a r  approach t o  t h e  s tudy  o f  r e c o n s t i t u t e d  l i p o p r o t e i n s  formed by the  r e -  
combinat ion o f  l i p i d - f r e e  wa te r  s o l u b l e  p r o t e i n ,  apo-HDL2, w i t h  v a r i o u s  l i p i d s  
w i  1 1  be repo r ted  l a t e r .  

2, METHODS 

(a) Preparation of HDL, 

HDL2 was separated by u l t r a c e n t r i f u g a l  f l o t a t i o n  f rom sear  o f  h e a l t h y ,  
human Caucasian donors (Type A. Rh') as p r e v i o u s l y  desc r ibed  (17) and d i a l y s e d  
f o r  48 h r  a t  4" a g a i n s t  seve ra i  changes o f  0.15 M'NaCI, pH 7 ,  c o n t a i n i n g  
M EDTA. 

(b) SmaZZ angle x-ray scattering 

The x - ray  s c a t t e r i n g  measurements were recorded u s i n g  a K ra tky  camera ( 1 8 ) )  
w i t h  d i v e r g e n t  beam geometry, adapted t o  a h i g h l y  s t a b i l i z e d  P h i l i p s  PW 1010 
genera to r .  The en t rance  s l i t - w i d t h ,  de te rm in ing  t h e  r e s o l u t i o n  o f  t he  camera, 
was no rma l l y  100 1-1 w i t h  a corresponding coun te r  s l i t - w i d t h  o f  217 1-1. The d i s -  
tance between t h e  sample c e l l  and t h e  r e c o r d i n g  p lane  was e i t h e r  205 mm or 
215 mm. The s c a t t e r e d  r a d i a t i o n  was de tec ted  by a x e n o n - f i l l e d  p r o p o r t i o n a l  
coun te r  and measured u s i n g  a t r a n s i s t o r i z e d  coun t ing  cha in .  Monochromat isat ion 
o f  t h e  copper r a d i a t i o n  was achieved w i t h  a n i c k e l  B - f i l t e r  i n  c o n j u n c t i o n  w i t h  
p u l s e  h e i g h t  d i s c r i m i n a t i o n .  

tubes and t h e  p a r t i c l e  s c a t t e r i n g  curves d e r i v e d  by s u b t r a c t i o n  o f  t h e  s o l v e n t  
f rom t h e  s o l u t i o n  s c a t t e r i n g  curves.  The s c a t t e r i n g  curves c o r r e c t e d  f o r  t h e  
e f f e c t  o f  t h e  l i n e  c o l  l i m a t i o n  system, "desmearing", were computed u s i n g  t h e  
methods desc r ibed  by T a y l o r  and Schmidt (19) and Lake (20 ) .  

per  m l )  were ob ta ined  u s i n g  E l l i o t  t o r o i d a l  o p t i c s  (21)  and the  h i g h  i n t e n s i t y  
f o c a l  spot  (0.2 mm2) o f  t he  E l l i o t  G X  6 r o t a t i n g  anode genera to r .  

HDL, samples were mounted i n  1 mm d iamete r ,  t h i n  w a l l e d  g lass  c a p i l l a r y  

X-ray s c a t t e r i n g  curves f rom a concen t ra ted  HDL2 s o l u t i o n  (19.8 mg p r o t e i n  

3,  RESULTS AND DISCUSSION 

The s c a t t e r i n g  cu rve  I (h) f rom HDL2 (8.5 mg p r o t e i n  pe r  m l )  i n  0.15 M 
NaCl, l o m 3  M EDTA b u f f e r  i s  shown i n  F i g .  1 ( a ) .  T h i s  s c a t t e r i n g  curve has 
been ob ta ined  r e p r o d u c i b l y  f rom many samples o f  HDL2 and shows t h e  usual de- 
crease i n  s c a t t e r e d  i n t e n s i t y  w i t h  i n c r e a s i n g  h a t  low va lues o f  h. More bm- 
p o r t a n t l y , , i t  shows 2 c l e a r l y  d e f i n e d  maxima centered a t  h equal t o  0,075 A - l  
and 0.152 A - l .  The broad maxima i n  t h e  r e g i o n  h equals  0.20 t o  0.40 A- '  i s  
p robab ly  due t o  f u r t h e r  p o o r l y  reso lved  s u b s i d i a r y  maxima. T h i s  reg ions  o f  
t h e  s c a t t e r i n g  cu rve  was f u r t h e r  examined u s i n g  pho tog raph ic  methods, and t h e  
microdensi tometer  t r a c e  ( i n s e r t  F i g .  I ( a ) )  showing a maximum a t  h equals 0.225 
8- l  would appear t o  c o n f i r m  the  above i n t e r p r e t a t i o n .  

ment a l t hough  sometimes 30 i t e r a t i o n s  o f  t h e  Lake procedure (20) were r e q u i r e d  
t o  produce convergence. As shown i n  F i g .  1 (b) desmearing s h i f t s  t he  p o s i t i o n s  
o f  the maxima, accentuates t h e  minima and due t o  t e r m i n a t i o n  e f f e c t s ,  s l i g h t l y  
d i s t o r t s  t h e  s c a t t e r i n g  curve a t  va lues o f  h near t o  t h e  maximum va lue  o f  h .  
Th i s  l a s t  e f f e c t  p robab ly  accounts f o r  t he  s l i g h t  assymmetry o f  t h e  2 subsid-  
i a r y  maxima i n  t h e  desmeared curve.  I n  o r d e r  t o  e l i m i n a t e  t h e  e f f e c t  o f  i n t e r -  
p a r t i c l e  i n t e r f e r e n c e  on t h e  s c a t t e r i n g  cu rves ,  t he  i nne r  p a r t s  o f  t h e  curves 
were recorded a t  seve ra l  HDL, concen t ra t i ons  i n  t h e  range 2.00 t o  8.50 mg p r o -  
t e i n  per  m l .  

The 2 methods used f o r  desmearing t h e  exper imenta l  curves show good agree- 

Accord ing t o  t h e  t rea tmen t  o f  G u i n i e r  (221 t h e  r a d i u s  o f  g y r a t i o n  Rg i s  
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F i g .  1 .  X-ray s c a t t e r i n g  c u r v e  o f  human serum HDL, (8.50 mg 

p r o t e i n  pe_r m l )  i n  0.15 M NaCl, M EDTA a t  pH 7.  (a) S c a t t e r -  
i n g  cu rve  I (h) c o n t a i n i n g  smearing e f f e c t .  I n s e r t :  m ic rodens i -  
tometer  t r a c e  f rom x-ray photograph ( f o r  d e t a i l s  see t e x t )  o f  HDL, 
(19.8 mg p r o t e i n  per m l ) .  (b) S c a t t e r i n g  cu rve  as i n  (a) w i t h  t h e  
smear i ng e f f e c t  removed. 

ob ta ined  f rom t h e  i n i t i a l  s l ope  o f  a p l o t  o f  log I versus h2.  L i n e a r  e x t r a -  
p o l a t i o n  t o  h equals  0 g i v e s  the  s c a t t e r e d  i n t e n s i t y  a t  ze ro  angle ( l o )  and Rg 
i s  determined f rom t h e  f o l l o w i n g  r e l a t i o n :  

4n log, I = log, 10 - 1/3  Rg2h2 where h = s i n  8 

"Gu in ie r  p l o t s "  o f  t h e  smeared and desmeared s c a t t e r i n g  cu rves ,  p roduc ing  kg and 
Rg r e s p e c t i v e l y ,  a r e  ex t reme ly  l i n e a r  a t  low va lues o f  h2.  
o f  t h e  desmeared s c a t t e r i n g  curves a t  3 HDL, concen t ra t i ons  a r e  shown i n  F i g .  2. 
I n  F i g .  3 t h e  r a d i i  o f  g y r a t i o n  ob ta ined  f rom b o t h  t h e  smeared and desmeared 
s c a t t e r i n g  curves a r e  p l o t t e d  as a f u n c t i o n  o f  c o n c e n t r a t i o n .  We observe t h a t  
desmearing has o n l y  a smal l  e f f e c t  on t h e  rad ius  o f  g y r a t i o n  as a n t i c i p a t e d  
f rom t h e  e x t e n s i v e  l i n e a r  r e g i o n  o f  t h e  G u i n i e r  p l o t s .  Furthermore, t h e  l i n e a r  
dependence o f  t h e  r a d i u s  o f  g y r a t i o n  on c o n c e n t r a t i o n  i s  t y p i c a l  o f  t h a t  r e s u l t -  
i n g  f rom i n t e r p a r t i c l e  i n t e r f e r e n c e .  
z e r o  c o n c e n t r a t i o n  g i v e  t?gC=o equals 44 A and RgC=O equals  46 A f o r  t h e  smeared 
and desmeared da ta  r e s p e c t i v e l y .  

Cons ide ra t i on  o f  t h e  reso lved  s u b s i d i a r y  maxima i n  t h e  x - ray  s c a t t e r i n g  
curve,  t o g e t h e r  w i t h  t h e  e x t e n s i v e  l i n e a r  r e g i o n  shown i n  i t s  G u i n i e r  rep re -  
s e n t a t i o n ,  would suggest t h a t  HDL2 i s  a h i g h l y  symmetrical p a r t i c l e .  By as- 
suming b o t h  a s p h e r i c a l  shape f o r  t h e  p a r t i c l e  and a u n i f o r m  e l e c t r o n  d e n s i t  
d i s t r i b u t i o n ,  u s i n g  t h e  ze ro -concen t ra t i gn  r a d i u s  o f  g y r a t i o n  (RgC=O) o f  46 
we c a l c u l a t e  a p a r t i c l e  d iameter  o f  119 A. Making t h e  same assumption rega rd ing  
shape we can c a l c u l a t e  a mo lecu la r  d iameter  u s i n g  a mo lecu la r  we igh t  o f  386,000 
ob ta ined  by sed imen ta t i on  e q u i l i b r i u m  u l t r a c e n t r i f u g a t i o n  and t h e  p a r t i a l  spe- 
c i f i c  volume 0.914 m l  g - l .  
Both o f  these va lues f o r  t he  d iameter  o f  HDL, exceed those ob ta ined  by e l e c t r o n  
microscopy o f  n e g a t i v e  sotdined p r e p a r a t i o n s  o f  HDL2 which gave p a r t i c l e  d iameters 
i n  t h e  r e g i o n  90 t o  100 A assuming aga in  t h a t  t he  p a r t i c l e s  viewed a r e  spheres 
and n o t  rods (14 ) .  Thus, i f  we make t h e  assumption o f  s p h e r i c i t y  t h e r e  i s  

The G u i n i e r  p l o t s  

Th: r a d i i  o f  g y r a t i o n  e x i r a p o l a t e d  t o  

x 
Th is  g i v e s  a mo lecu la r  d iameter  equal t o  I04 A .  
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Guinier plots (log I versus h2) f o r  human serum HDL2. 

( T  ) 
Fig. 2. 

A, 2.0 mg protein per m l ;  0, 4.25 mg protein per m l ;  17, 8.5 mg 
protein per ml. 

Fig. 3 .  Plot of radius of gyration as a function o f  concen- 
tration c (mg protein per m l ) .  (a) Rg versus c; (b) Rg versus c; 
0 indicates scattering curve desmeared using Lake procedure, x' 
indicates scattering curve desmeared using Schmidt procedure. 

some disagreement in the values obtained for diameters of HDL; uslng these 
independent techniques. 

Returning to the x-ray data, comparison of the experimentally observed 
scattering curves with the theoretical scattering curves for  model globular 
particles 
the positions and, more strikingly, the relative intensities of the subsidiary 
maxima do not coincide with those expected f o r  this type of particle. For 
example, the relative intensities of the subsidiary maxima of the experimental 

(e.g. spheres, ellipsoids) of uniform electron density reveals that 
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cu rve  may exceed by a f a c t o r  o f  10 those  o f  t h e  c a l c u l a t e d  curves (23) .  T h i s  
appears t o  c o n f i r m  t h e  view t h a t  t h e  u n i f o r m l y  e l e c t r o n  dense, s p h e r i c a l  model 
f o r  HDL, i s  o f  d o u b t f u l  v a l i d i t y .  

An e x t e n s i o n  o f  t h i s  approach has i n v o l v e d  t h e  c a l c u l a t i o n  o f  s c a t t e r i n g  
curves f o r  symmetr ica l  p a r t i c l e s  w i t h  a non-uni form e l e c t r o n  d e n s i t y  d i s t r i -  
b u t i o n .  In p a r t i c u l a r ,  a d e t a i l e d  s tudy  has been made o f  s p h e r i c a l  p a r t i c l e s  
w i t h  r a d i a l  e l e c t r o n  d e n s i t y  d i s t r i b u t i o n  w i t h i n  t h e  p a r t i c l e ,  t h e  d i s t r i b u t i o n  
be ing  d e f i n e d  by a 4-parameter s t e p  model (see F i g .  4 ) .  T h e o r e t i c a l  s c a t t e r i n g  
curves were c a l c u l a t e d  f o r  s p h e r i c a l  p a r t i c l e s  i n  which t h e  e x t e r n a l  r a d i u s  R,  
t he  i n t e r n a l  r a d i u s  yR, and a parameter B r e l a t i n g  t h e  e l e c t r o n  d e n s i t i e s  o f  
t h e  c o r e  and s h e l l  were v a r i e d  s y s t e m a t i c a l l y  and changes i n  t h e  p o s i t i o n s  and 
r e l a t i v e  i n t e n s i t i e s  o f  t h e  s u b s i d i a r y  maxima were moni tored.  Compared w i t h  
t h e  u n i f o r m  sphere model, enhancements o f  t h e  r e l a t i v e  i n t e n s i t i e s  o f  t h e  sub- 
s i d i a r y  maxima were ob ta ined .  D e t a i l e d  comparisons w i t h  t h e  desmeared HDL, 
exper imen ta l  cu rve  has l e d  t o  the  o p t i m a l  agreement shown i n  F i g .  5 ,  t he  theo-  
r e t i c a l  cu rve  b e i n g  c a l c u l a t e d  u s i n g  t h e  parameters R equals  5 4  A ,  y equa ls  
0.80, and equa ls  -0.263. The agreement i n  terms o f  peak p o s i t i o n s  and peak 
i n t e n s i t i e s  i s  e x c e l l e n t ,  a l t hough  t h e  peak w i d t h s  a r e  r a t h e r  d i f f e r e n t  and 
t h e  minima i n  t h e  t h e o r e t i c a l  cu rve  a r e  deeper. Reasonable agreement i s  ob- 
served i n  t h e  sma l l -ang le  r e g i o n  o f  t he  s c a t t e r i n g  curves.  

86 w) surrounded by an e l e c t r o n - r i c h  o u t e r  s h e l l  
w i t h  t h e  ev idence f a v o r i n g  a s u r f a c e  l o c a t i o n  f o r  t h e  p r o t e i n  s u b - u n i t s  (24 ) ,  
p a r t i c u l a r l y  t he  g l u t a m i c  and l y s i n e  amino a c i d  res idues ,  and t h e  p o l a r  m o i e t i e s  
o f  t h e  c o n s t i t u e n t  phospho l i p ids  (12,25) o f  HDL,. A l s o  i t  m igh t  be expected 
t h a t  t h e ' a p o l a r  p a r t s  o f  t h e  mo lecu la r  c o n s t i t u e n t s ,  e.g. t h e  hydrocarbon chains 
o f  t h e  phospho l i p ids  and t h e  c h o l e s t e r o l  e s t e r s ,  might  be l o c a t e d  i n  t h e  i n -  
t e r i o r  o f  t he  p a r t i c l e ,  t h i s  reg ion  b e i n g  i d e n t i f i e d  w i t h  t h e  e l e c t r o n  d e f i c i e n t  
core i n  t h e  step-model. However, a l t hough  t h i s  i s  undoubtedly  t h e  b e s t  d e s c r i p -  
t i o n  o f  a s p h e r i c a l  HDL, p a r t i c l e ,  t he  f a c t  t h a t  t h e  minima i n  t h e  s c a t t e r i n g  
curves do n o t  reach z e r o  on t h e  absc i ssa  p robab ly  i n d i c a t e s  t h a t  smal l  dev ia -  
t i o n s  f rom i d e a l  s p h e r i c a l  symmetry do occu r .  S i m i l a r  e f f e c t s  i n  t h e  s c a t t e r -  
i n g  curves o f  o t h e r  h i g h l y  symmetr ica l  p a r t i c l e s ,  f o r  example, l a t e x  spheres 
( 2 6 ) ,  p l a n t  v i r u s e s  (27) and macrophages (28) have been repo r ted .  Thus f u r t h e r  
work embodying c a l c u l a t i o n s  o f  t h e  s c a t t e r i n g  curves f o r  non-uniform, non- 
s p h e r i c a l  p a r t i c l e s  and e v e n t u a l l y  a F o u r i e r  i n v e r s i o n  o f  t h e  i n t e n s i t y  d i s -  
t r i b u t i o n  g i v i n g  an e l e c t r o n  d e n s i t y  p r o f i l e  o f  t h e  HDL, p a r t i c l e  i s  necessary 
b e f o r e  an unequivocal  commitment t o  the  p resen t  s t r u c t u r e  i s  made. 

f a r  depended upon t h e  use o f  e l e c t r o n  microscopy. The x- ray s c a t t e r i n g  s tudy  

T h i s  model w i t h  a r e l a t i v e l y  e l e c t r o n - d e f i c i e n t  c e n t r a l  coze (d iameter  
( t h i c k n e s s  1 1  A) i s  c o n s i s t e n t  

The d e t a i l e d  d e s c r i p t i o n  o f  t he  s t r u c t u r e  o f  serum l i p o p r o t e i n s  has so 
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I 
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- - - -  Buffer 
Electron Density 
- 

- 
F i g .  4.  Step-model o f  s p h e r i c a l  p a r t i c l e  w i t h  r a d i a l  e l e c t r o n  

d e n s i t y  d i s t r i b u t i o n .  
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F i g .  5.  Comparison o f  exper imenta l  and t h e o r e t i c a l  x - r a y  
s c a t t e r i n g  curves.  - , desmeared exper imenta l  cu rve  f o r  HOL, 
( e x t r a p o l a t i o n  t o  ze ro  c o n c e n t r a t i o n )  ; ---- , t h e o r e t i c a l  s c a t t e r -  
i n g  cu rve  f o r  s p h e r i c f l  p a r t i c l e  w i t h  r a d i a l  e l e c t r o n  d e n s i t y  
d i s t r i b u t i o n  ( R  = 54 A ,  y = 0.80,  6 = -0.263) .  

repo r ted  here shows t h a t  t h i s  technique i s  capable o f  p r o v i d i n g  a q u a n t i t a t i v e  
s t r u c t u r a l  c h a r a c t e r i z a t i o n  ( s i z e ,  shape, i n t e r n a l  s t r u c t u r e )  i n  t h e  case o f  
HDL2 and i n d i c a t e s  i t s  a p p l i c a b i l i t y  t o  o t h e r  s o l u b l e ,  n a t i v e  and r e c o n s t i t u t e d  
1 i p o p r o t e i n  systems. 

ACKNOWLEDGMENTS 

The i n t e r e s t  and ass i s tance  o f  M r .  M.A.F. Davis ,  D r .  R.B. L e s l i e  and P r o f .  
R . E .  Burge i s  g r a t e f u l l y  acknowledged. 

1 .  
2. 

3 .  

4. 

5 .  
6. 
7. 

8. 

REFERENCES 

Oncley, J.L., and Harvey, N.R.,  Proc. Nat. Acad. S c i .  U.S. 6 4 ,  1107 (1969) .  
Proceedings o f  t h e  Biochemical  Soc ie ty ,  Symposium on "Plasma L i p o p r o t e i n s " ,  

Scanu, A.M.,  Lewis, L.A., and Bumpus, F.M., Arch. Biochem. Biophys. 1 0 8 ,  

Scanu, A.M.,  Toth,  J . ,  E d e l s t e i n ,  C . ,  Koga, S . ,  and S t i l l e r ,  E. ,  Biochemistry 

Shore, B. ,  and Shore, V . ,  Biochemistry 7, 2773 (1968) .  
Scanu, A.M., J .  BioZ. Chem. 2 4 2 ,  711 (1967) .  
Scanu, A . M . ,  Cump, E . ,  Toth,  J . ,  Koga, S . ,  S t i l l e r ,  E. ,  and A l b e r s ,  L., 

H i  r z ,  R . ,  and Scanu, A.M. ,  Biochim. Biophys. Acta 2 0 7 ,  364 (1970) .  

Biochem. J .  1 2 3 ,  15p (1971) .  

390 (1958) .  

8, 3309 (1969) .  

Biochemistry 9 ,  1327 ( 1970) . 

103 



VOL. 1, NO. 2 JOURNAL OF SUPRAMOLECULAR STRUCTURE 

9.  
10. 
1 1 .  
12. 

13.  
14. 

15 .  
16. 

17. 
18. 
19. 
20. 
21. 
22. 

23. 
24. 

25. 
26. 
27. 

28. 

Scanu, A.M., Proc. Nat.  Acad. S c i .  U.S. 5 4 ,  1699 (1965) .  
Scanu, A.M., and H i  r z ,  R., Proc. Nat. Acad. S c i .  U.S. 5 9 ,  890 (1968) .  
Steim, J.M., Edner, O.J., and Bargoot ,  F.G., Science 1 6 2 ,  909 (1968).  
Chapman, D. ,  L e s l  i e ,  R .  B., H i  r z ,  R . ,  and Scanu, A . M . ,  Biockim. Biopkys. 

Got to ,  A.M.,  and Kon, H . ,  Biochemistry 9 ,  4276 (1970) .  
F o r t e ,  G.M. ,  N i c h o l s ,  A . V . ,  and Glaeser ,  R.M.,  Ckem. Pkys. L ip ids  2 ,  396 

Reiss-Husson, F . ,  and L u z z a t i ,  V . ,  J .  Pkys. Chem. 6 8 ,  3504 (1964) .  
S h i p l e y ,  G.G. ,  L e s l i e ,  R.B.,  and Chapman, D . ,  Biochim. Biophys. Acta 1 7 3 ,  

Scanu, A.M. ,  J .  L ip id  Res. 7 ,  295 (1966) .  
K ra tky ,  O . ,  2. Electrockern. 5 8 ,  49 (1954) .  
T a y l o r ,  T.R., and Schmidt, P .W. ,  J .  A p p l .  Cryst. 2 ,  143 (1969) .  
Lake, J.A., Acta C r y s t .  2 3 ,  191 (1967) .  
A. E l l i o t t ,  J .  S c i .  Instruments  4 2 ,  312  (1965) .  
G u i n i e r ,  A , ,  and Fournet ,  G . ,  SrnaZZ Angle Sca t t e r ing  of X-rays,  J.  W i ley  

Malmon, A.G.,  Acta C r y s t .  10, 639 (1957) .  
Scanu, A.M. ,  Reader, W . ,  and E d e l s t e i n ,  C . ,  Biockim. Biopkys. Acta 1 6 0 ,  

Camejo, G. ,  Biochim. Biopkys. Acta 1 7 5 ,  290 (1969) .  
G r a v a t t ,  C . C . ,  and Brady, G.W. ,  J .  Applied Cryst. 2 ,  289 (1969).  
Anderegg, J.W., G e i l ,  P.H.,  Beeman, W.W., and Kaesberg, P., Biophys.  J .  3 ,  

Z ipper ,  P . ,  Kra tky ,  O . ,  Herrmann, R. ,  and Hohn, T . ,  Eur. J .  Biockem. 1 8 ,  

Acta 1 7 6 ,  524 (1969) .  

(1968).  

1 (1969).  

and Sons, 1955. 

32 (1968) .  

657 (1961) .  

1 (1971).  

104 




