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The  I R - s p e c t r a  of d e h y d r o r o t e n o i d s  d i sp l ayed  t he  
t yp i ca l  p a t t e r n  of a y -py ron  r ing  a t  1650-1570 cm -z (CO 
a n d  C=C) 4. The  s t r u c t u r e  of 3 a n d  6 were conf i rmed  b y  
N M R  a n d  MS. 

H y d r o g e n a t i o n  of t h e  d e h y d r o r o t e n o i d s  3 (R~=R~=Me) 
a n d  6 (RI=H in a P a r r  a p p a r a t u s  w i t h  P d / B a S O  4 in 

m e t h a n o l  a t  4 a rm.  gave  t he  ro teno ids  4 (RI=R~=Me) and  
7 (RI=H).  The  ro t eno id  4 (RI=R2=Me) was iden t ica l  w i t h  
a sample  p r e p a r e d  b y  t h e  1ViIYANO procedure  5, wh ich  
cons is ted  of t he  sod ium b o r o h y d r i d e  r educ t i on  of t he  
d e h y d r o r o t e n o i d  3 (RI=R2=Me) a n d  successive O p p e n a u e r  
ox ida t ion .  
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3 H H 40 >300 ~ 1635, 1605, 1560 
3 Me H 33 243 ~ 1642, 1610 
3 Me Me 49 227 ~ 1645, 1620, 1590 
6 H -- 37 219 ~ 1635, 1600, 1580, 1570 
4 Me Me 90 153 ~ 1670, 1590 
7 H -- 79 181 ~ 1670, 1600 

The  I R  of t h e  ro teno ids  4 and  7 now exh ib i t ed  the  
c a r b o n y l  func t i on  a t  1670 cm -1, while  t he  s t e r eochemis t ry  
and  t he  c o n f o r m a t i o n  was es tab l i shed  b y  N M R  conf i rming  
t he  cis-B/C fus ion a l lo ted  to  n a t u r a l  ro teno ids  6. 

Zusammen/assung. E i n e  e infache  Syn these  von  Rote -  
no iden  d u r c h  K o n d e n s a t i o n  v o n  4 - E t h o x y c a r b o n y l - 3 -  
c h r o m a n o n e n  m i t  P h e n o l e n  und  k a t a l y t i s c h e r  H y d r i e r u n g  
der  e n t s t e h e n d e n  D e h y d r o r o t e n o i d e  wird  beschr ieben .  
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5 IV[. MIYANO and M. MATSUI, Chem. Bet. 9/, 2044 (1958). 
6 D. J. ADAM, L. CROMBIE, D. A. WHITING, J. chem. Soc. (C) 7965, 

542. 

U l t r a s t r u c t u r a l  a nd  P h y s i c o - C h e m i c a l  P r o p e r t i e s  

Much  i n f o r m a t i o n  has  a c c u m u l a t e d  du r ing  t h e  las t  
decade  conce rn ing  t he  f ine a r ch i t ec tu re  of m a n y  p l a s m a  
pro te ins .  Cer t a in  p l a smapro te ins ,  e.g. i m m u n o g l o b u l i n s  
a n d  isoenzymes,  can  occur  in po lymer ic  form. W e  repor t  
here  on  t he  u l t r a s t r u c t u r e  of a po lymer ic  m ac r om olecu l a r  
p ro t e in  p o p u l a t i o n  in h u m a n  serum,  t he  f ine a r ch i t e c tu r e  
of which  has  n o t ' b e e n  descr ibed  before.  

Materials and methods. H u m a n  se rum was f r ac t iona ted ,  
s t a r t i n g  w i t h  t he  r e m o v a l  of low dens i ty  l ipopro te ins  1. 
To t h e  s u p e r n a t a n t  was added  (NHt)2SO 4 solut ion,  p H  7.2 
(final c o n c e n t r a t i o n  1.5 M).  The  dissolved p rec ip i t a t e  was  
f i l tered on a B i o - R a d  A15 co lumn  a n d  f rac t ions  e lu t ing  
before  or i n  t h e  IgM region (Figure 1) were found  to  

of a P o l y m e r i c  M a c r o m o l e c u l a r  S e r u m  P r o t e i n  

c o n t a i n  t he  macromolecu les  w h e n  e x a m i n e d  b y  e lec t ron  
mic roscopy  (EM). These  f rac t ions  were concen t r a t ed ,  dia- 
lyzed  and  sub jec ted  to  Pev i con  electrophoresis .  3 frac- 
t ions  in  t he  (%-) pos t  a l b u m i n  reg ion  were pooled a n d  
c o n c e n t r a t e d  (Figure 2). Low-weigh t  m o l e c u l a r c o n t a m i n a -  
t i on  was e l i m i n a t e d  on  a Sephadex  G200 column.  The  
c o n c e n t r a t e d  m a c r o m o l e c u l a r  f rac t ions  (0.2 m g  p r o t e i n /  
ml) were t e s t ed  b y  i m m u n o d i f f u s i o n  ~ aga ins t  r a b b i t  
a n t i s e r u m  to  whole  h u m a n  serum, C1, C3, C4, IgG, IgA, 

1 M. BURSTEIN and J. SAMAILLE, Clin. chim. Acta 3, 320 (1958). 
0. OUCHTERLONY, in Progress in Allergy (Ed. P. KALLOS; Karger, 
Basel 1958), p. 1. 
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Fig. 1. Elution pattern of 5 ml of a partly purified serum preparation 
on a Bio-Gel A15 m column 180 • 1.9 cm, equilibrated with 0.05 M 
phosphate buffer pH 7.2 containing 0.2 M NaC1. The double arrow 
indicates the fractions which were pooled, concentrated and sub- 
mitted to further purification. 
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Fig. 2. Zone electrophoresis (Pevicon) of the maeroglobulin containing 
material eluted from ttae Bio-Gel A15 m column (Figure J ). The arrow 
indicates the original site of application. The peaks under I and Ii 
contain IgM and ~2M respectively. Fractions marked by the double 
arrow were used for further studies. 

IgM, IgD, IgE,  a lbumin,  prea lbumin,  e2M-globulin, 
t ransferr in ,  haptoglobin ,  ceruloplasmin,  %-an t i t ryps in ,  
f ibrinogen,  Gc-globulin and  cholinesterase.  The p repara -  
t ions  were examined  also by  EM (Philips EM 200) using 
the  negat ive  con t ras t ing  technique.  

The p repara t ions  were reduced by  react ing 10 volumes  
of the  purif ied mater ia l  wi th  1 volume of 3 m2g/ di thio-  
threi tol ,  in 0.2 M Tris-HC1, p H  8.2, for 60 min  at  room 
tempera tu re .  For  a lkyla t ion a 5-fold molar  excess of 
iodoacetic acid in Tris-HC1 buffer, p H  8.2 was used. Urea  
t r e a t m e n t  was pe r fo rmed  wi th  2, 4 or 6 21/I urea solut ions 
for 1 to  8 h at  room t empera tu re .  Samples  were examined  
by  EM at  in tervals  of 1 h. Peps in  digest ions were carr ied 
out in 0.2 M sodium ace ta te  buffer, p i t  4.4 for 24 h 
using an enzyme-subs t r a t e  ra t io  of 2/100. The reac t ion  
was in t e r rup ted  by  ad jus t ing  the  p H  to 8.0. The dens i ty  
of the  purif ied mater ia l  was de te rmined  by  the  equi l ibr ium 
cent r i fuga t ion  t echn ique  of MESELSON et a l .3  Ant igenic  
analysis  of the  mater ia l  was a t t e m p t e d  by  the  mixed  
haemadso rp t i on  technique,  utilizing f ixat ion of t he  
soluble ant igen on glass slides 4. 

Results. Physicochemical properties. Elu t ion  ch roma to -  
grams (Figure 1) suggested t h a t  the  macromolecule  has  a 
molecular  weight  exceeding 1 million. The macromolecule  
migra ted  in the  (~1-) pos t  a lbumin  region and was res i s t an t  
to reduc t ion-a lky la t ion  under  condi t ions  which  spl i t  
h u m a n  IgM into 7S subuni ts .  Peps in  digest ion caused no 
visible morphological  a l te ra t ion  of the  molecules, while 
h u m a n  IgG molecules were spli t  into F(ab')2. Tile macro-  
molecules d is in tegra ted  (EM) af ter  a few h of s torage in 
buffered 6 M urea bu t  re ta ined  the i r  morpho logy  when  
s tored at  4 ~ over several  weeks. 

The pro te inaceous  charac te r  of the  purif ied mater ia l  
was es tabl ished by  UV-absorp t ion  spect ra l  analysis  
which showed high ex t inc t ion  values in the  shor t  wave-  
length  (210 220 nm). Frac t ions  f rom CsC1 grad ien ts  
were analyzed by  EM and tile character is t ic  macro-  
molecules were b an d ed  at  a dens i ty  of 1.30 g/cm a. 

Antigenic analyses. The sensit ive mixed haemadso rp -  
t ion technique  showed weak posi t ive  react ions  for IgM, 
IgA and a lbumin  wi th  3 p repara t ions  af ter  (NH4)2SO 4- 
precipi ta t ion,  c h r o m a t o g r a p h y  and zone electrophoresis .  
The an t i - a lbumin  reac t ion  d isappeared  af ter  fu r the r  
f rac t iona t ion  of the  p repa ra t ions  on Sephadex  G 200. 

Morphological/eatures. The molecules were formed by  
mul t ip l ic i ty  of a subun i t  wi th  l inear d imensions  of 40-50 A 

a M. MESELSON, F. W. STAHL and J. VINOGRAD, Prec. natn. Acad. 
Sci., USA d3, 581 {1957). 

4 j .  JONSSON, Int. Arehs Allergy 27, 157 (1965). 

Iqg. 3. Typ i ca l  su rvey  electron inicroscopie  view of the  p ro te in  
maeromolecu les  a t  r a t h e r  low concen t r a t i on  • 140,000. 

Fig.  4. E lee t ron  m i e r o g r a p h s  of ~eleeted macromolecu les  a t  h ighe r  
magnification, a shows a pentagon, b d) hexagons, e f) heptagons, 
and g h) larger less well-defined structures. The molecule in d) is 
basically an octagon since the length of 2 of the sidts is twice that of 
the normal side piece. • 230,000. 
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•  ~ .  This  rodl ike  s u b u n i t  forms one side in t h e  
m o s t l y  geomet r ica l ly  wel l -def ined conf igura t ions  of hexa-  
gons, h e p t a g o n s  a n d  occas ional ly  p e n t a g o n s  (Figures 3 
and  4). H e x a g o n s  m a k e  up  2 5 - 3 0 %  of t he  m a t e r i a l  a n d  
h e p t a g o n s  4 0 - 5 0 % .  F r e q u e n t l y  also larger,  less well- 
defined,  s t ruc tu re s  w i t h  more  t h a n  7 subun i t s  were seen 
(Figure 4). I n  some polymers ,  m i n o r  p ro t ru s ions  were 
vis ible  a t  t he  corners  where  t he  s u b u n i t s  meet .  I n  12 
p r e p a r a t i o n s  examined ,  macromolecu les  s p o n t a n e o u s y l  
r u p t u r e d  in t he  corners  were obse rved  only  o n  a few 
occasions (Figure 5a). S u b s t r u c t u r a t i o n  of the  subun i t s  
was n o t e d  occas ional ly  (Figure  5b).  Two smal ler  bead l ike  
s u b u n i t s  appea red  to fo rm the  larger  side piece in t h e  
po lymer .  

Fig. 5. a} Partially spontaneously disrupted molecules showing that 
the weak points are located at the corners. • 230,000. b) Grossly 
intact moleeules with a substructuration of the subunits having the 
shape of beads or knobs. • 325,000. 

Af ter  2 h of t r e a t m e n t  w i t h  6 21/I urea,  the  macro-  
molecules  exh ib i t ed  d i f fe rent  s tages  of d e g r a d a t i o n  f rom 
open  po lymers  to  single s u b u n i t s  (Figure 6). 

Discussion. The  u l t r a s t r u c t u r e  of t h e  p ro t e i n  molecule  
r epor t ed  here  h a s  not ,  to  our  knowledge,  been  descr ibed 
before. Modif ica t ions  of t h e  pur i f i ca t ion  p rocedure  did  
no t  resu l t  in  a loss of t h e  macromolecu les ,  a l t h o u g h  i t  
a f fected t h e  p u r i t y  of t h e  f ina l  p roduc t .  Modif ica t ions  
inc luded  omiss ion  of the  LDL-precipi ta t ion step,  prec ip i ta -  
t i on  w i t h  7% p o l y e t h y l en e  glycol (MW, 6000) i n s t ead  of 
(NH4)2SO4, l eav ing  ou t  t h e  e lec t rophore t i c  s epa ra t ion  
etc. The  cha rac te r i s t i c  mac ro mo l ecu l a r  s t r u c t u r e  could be  
ident i f ied  also a f te r  f r a c t i o n a t i o n  of h u m a n  se rum on a 
B i o -Rad  A15 column.  

The  macromolecu le  is p r e s en t  in  low co n cen t r a t i ons  
( <  50 mg/1) in se rum f rom h e a l t h y  h u m a n  donors,  wh ich  
m a y  exp la in  w h y  i t  has  passed  u n n o t i c e d  t i l l  now. I t  is 
imposs ib le  to  exclude t h a t  t h e  molecule  represen ts  a 
p o l y mer  of a k n o w n  se rum c o m p o n e n t ,  b u t  our  an t igen ic  
iden t i f i ca t ion  anaylses  h a v e  been  nega t ive  or incon-  
clusive, since i t  could n o t  be  exc luded  t h a t  the  w e a k  
pos i t ive  reac t ions  w i th  a n t i - I g M  a n d  a n t i - I g A  sera were 
due to t r ace  con tamina t ions .  I n  add i t ion ,  IgM molecules 
were observed  occasional ly  to  be  enclosed b y  t h e  polymer .  
Since t h e  p o l y m e r  migra tes  e lec t rophore t i ca l ly  in t he  
p o s t a l b u m i n  region,  i t  m a y  be  recal led t h a t  i t  has  been  
diff icul t  t o  raise  p rec ip i t a t i ng  an t ibod ies  to  the  4 .6S-  
p o s t a l b u m i n  p ro t e in  5. P o l y m e r i s m  in connec t ion  w i t h  
th i s  p ro t e in  is n o t  described,  however ,  an d  i ts  biological  
func t ion  is u n k n o w n .  A n o t h e r  c o m p o n e n t  which  deserves  
a t t en t ion ,  as i t  is read i ly  p rec ip i t ab le  by 1.5 M (NH4)zSO 4 
a n d  has  a molecu la r  we igh t  > 100,000, is the  in ter -e-  
t ryps in - inh ib i to r .  Fu r the r ,  i soenzymes,  occurr ing in 
po lymer ic  form, should  be considered.  Reduc t ion -  
a lky la t ion  ex p e r i men t s  an d  resu l t s  of u rea  t r e a t m e n t  
ind ica te  t h a t  the  macromolecu les  are bu i l t  up b y  sub-  
un i t s  p r i m a r i l y  l inked to each  o the r  b y  non -cova l en t  
bonds .  F r o m  t h e  l inear  d imens ions  of t h e  po lymers  a n d  
t h e  weak  reac t ion  in t h e  an t igen ic  analyses ,  one could 
poss ibly  m a k e  a case for I g A - a l b u m i n  complexes  6, 
a s suming  t h a t  t h e  corners  of t h e  p o l y mer  consis t  of 
Fc-par t s ,  b u t  n e i t h e r  t h e  peps in  d iges t ion  d a t a  nor  t he  
s p o n t an eo u s  d issocia t ion  of t h e  po lymers  a t  the  j u n c t u r e  
of the  side pieces s u p p o r t  th i s  suggest ion.  F u r t h e r  s tudies  
of t h e  b iochemica l  an d  an t igen ic  p roper t i es  of t he  
macromolecu les  m a y  help  to  c lar i fy  t h e i r  origin a n d  
biological  func t ion  ~. 

Zusammen/assung. EM-Ana lyse  einer  b i sher  n i ch t  
b e k a n n t e n  m a k r o m o l e k u l a r e n  Se rumf rak t i on .  Das  Makro-  
molekiil ,  p r~z ip i t i e rba r  m i t  1,5 M (NH~)2SO 4 und  ge- 
re in ig t  d u r c h  Gel- C h r o m a t o g r a p h i e  u n d  Elek t rophorese ,  
h a t  ein Molekula rgewich t  yon  ~ 106 u n d  w a n d e r t  im 
p o s t a l b u m i n e n  Bereich.  
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Fig. 6. a) Typical survey picture of macromolecules treated with 6 M 
urea for 2 h showing macromolecules ill different stages of degrada- 
tion. Note the presence of several single subunits. • 105,000. b) 
Degradation products (6 M urea) containing from 1 to 4 subnnits. 
• 230,000. 
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