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Werte e t w a s  k l e ine r  s i nd  a ls  die t h e o r e t i s c h  g e w o n n e n e n  
Betr i ige .  Diese r  B e f u n d  d f i r f f e . . ,  z u m  TeiI  d a m i t  i m  Zu-  
s a m m e n h a n g  s t e h e n ,  da s s  n i c h t  alle P o l y m e t h i n k e t t e n  
de r  e inze lnen  F a r b s t o f f m o l e k e l n  in  T r a n s - K o n s t e l l a t i o n  
a n g e o r d n e t  s ind ,  d a s s  v i e l m e h r  e in  G c m i s c h  v e r s c h i e d e -  
ner  c i s - t r a n s - i s o m e r e r  V e r b i n d n n g e n  vof l i eg t ,  Ahnl ich  
wie dies n a c h  ZECHMEISTER u . a .  i m  Fa l l e  de r  P o l y e n e  
a n z u n e h m e n  i s t .  ~ 

m e t e r  b e t w e e n  e l u a t e s  of t h e  r e s p e c t i v e  p i g m e n t  zones.  
T h u s ,  in  n u m e r o u s  e x p e r i m e n t s ,  t h e  s a m e  s p e c t r a l  c u r v e  
was  o b t a i n e d  f r o m  a n y  f o r m  (Fig . )L 

I n  a c c o r d a n c e  w i t h  KUHN'S concep t ,  we be l ieve  t h a t  
s o l u t i o n s  of a t  l e a s t  t h e  m e m b e r  s t u d i e d  in t h e  c y a n i n e  
dye  ser ies  c o n t a i n  a s t e r eo i somer i c  e q u i l i b r i u m  m i x t u r e ,  
in  wh ich ,  e v i d e n t l y ,  n o t  al l  poss ib le  c i s - t r a n s  fo rms  are  
p r e s e n t  in  e q u a l  q u a n t i t i e s  b u t  a few c o n f i g u r a t i o n s  
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.Molecular extinction curve of 
the n = 3 representative of 
the symmetrical cyanine dye 
series (in ethylene chloride). 

Cons ide r ing  t h e  t h e o r e t i c a l  i m p o r t a n c e  of t h e  p o i n t  
m a d e  b y  KUHN, we wish  to  r e p o r t  b r i e f l y  on  some  u n -  
p u b l i s h e d  e x p e r i m e n t s  c o n c e r n i n g  s t e r e o i s o m e r i s m  of 
the  n = 3 m e m b e r  of t h e  a b o v e  series.  

F i rs t ,  a c c o r d i n g  to  FISHER a n d  HAMER 1, t h e  q u a t e r -  
n a r y  iodide  was p r e p a r e d  w h i c h  d i d  n o t  r evea l  m o r e  t h a n  
a s ingle zone  o n  t h e  c h r o m a t o g r a p h i c  c o l u m n .  T h e  io- 
dide was c o n v e r t e d  i n t o  t h e  c o r r e s p o n d i n g  c h l o r i d e  
s i m p l y  b y  a s h o r t  h e a t i n g  of i t s  e t h y l e n e  d i c h l o r i d e  
so lu t ion .  Th i s  s o l u t i o n  was  pu r i f i ed  b y  e h r o m a t o g r a p h i n g  
on  ca l c ium c a r b o n a t e  a n d  t h e  u p p e r  m a i n  zone was  c u t  
out .  U p o n  e l u t i o n  w i t h  a m i x t u r e  of  e t h y l e n e  ch lo r ide  
a n d  m e t h a n o l ,  t h e  l a t t e r  was  e l i m i n a t e d  b y  w a s h i n g  
w i t h  c o n c e n t r a t e d  sa l ine  so lu t ion .  T h e  e t h y l e n e  c h l o r i d e  
was t h e n  e v a p o r a t e d  in vacuo, t h e  c y a n i n e  ch lo r ide  t a k e n  
up  in some  m e t h y l e n e  ch lo r ide  a n d  c r y s t a l l i z e d  b y  t h e  
a d d i t i o n  of h e x a n e  ( r e c t a n g u l a r  p r i sms) .  

W h e n  a f r e sh  e t h y l e n e  ch lo r ide  s o l u t i o n  of t h e s e  c rys -  
ta ls  was  a d s o r b e d  o n  c a l c i u m  c a r b o n a t e  a n d  d e v e l o p e d  
w i th  e t h y l e n e  ch lo r ide  c o n t a i n i n g  I0  p e r  c e n t  a ce tone ,  
t h r ee  s h a r p l y  d i f f e r e n t i a t e d  d a r k  b lue  zones  a p p e a r e d  
a l t h o u g h  no  m a r k e d  i n t e r z o n e s  were  o b s e r v e d .  T h e  up -  
p e r m o s t  zone,  v e r y  p r o b a b l y  c o n t a i n i n g  t h e  a l l - t r a n s  
form,  s h o w e d  t h e  d a r k e s t  shade .  W h e n  a n y  of t h e  t h r e e  
zones was  c u t  ou t ,  e l u t e d  as  de sc r ibed  a b o v e ,  t r a n s f c r r e d  
in to  e t h y l e n e  ch lo r ide  a n d  r e c h r o m a t o g r a p h e d ,  e x a c t l y  
iden t i ca l  c h r o m a t o g r a m s ,  c o m p o s e d  of t h e  t h r e e  zones  
o b t a i n e d .  T h e  c o l o r i m e t r i c a l l y  m e a s u r e d  r a t i o  of t h e  
t h r e e  p i g m e n t  f o r m s  was  p r a c t i c a l l y  c o n s t a n t ,  viz.  
82: 13 :5  ( f rom t o p  t o  b o t t o m ) .  

The  s p o n t a n e o u s  i n t e r c o n v e r s i o n  of t h e  s t e r eo i somer s  
a t  r o o m  t e m p e r a t u r e ,  d u r i n g  e l u t i o n  a n d  t r a n s f e r  ope ra -  
t ions,  t o o k  p lace  a t  s u c h  h i g h  r a t e s  t h a t  r e f lux ing ,  ex-  
posure  to  s u n s h i n e ,  etc. ,  d i d  n o t  e s s en t i a l l y  a l t e r  t h e  
r a t io  m e n t i o n e d .  N e i t h e r  was  i t  poss ib le ,  for  t h e  s a m e  
reason,  to  d i f f e r e n t i a t e  in  t h e  BECKMAN s p e c t r o p h o t o -  

I N. I. FISHER and F. M. HAMER, J. chem. Soc. (London) 1938, 
189. 

p r e d o m i n a t e  as h a d  b e e n  o b s e r v e d  ea r l i e r  in  t h e  f ield of 
d i p h e n y l p o l y e n e s  a n d  c a r o t e n o i d s  2. 

L. ZECHMEISTER a n d  J.  H.  PINCKARD 

Cali[ornia Institute o[ Technology, Gates and Crellin 
Laboratories o] Chemistry, Pasadena, Cali/ornia, No. 7744, 
October 15, 1952. 

Zusammen[assung 

C h r o m a t o g r a p h i s c h e  B e o b a c h t u n g e n  s t i i t z e n  die au f  
s p e k t r a l t h e o r e t i s c h e  B e r e c h n u n g e n  b a s i e r t e  A n n a h m e  
y o n  H.  I (uIa~,  dass  in  gewissen  Z y a n i n f a r b s t o f f l S s u n g e n  
e in  G e m i s c h  y o n  c i s - t r a n s - i s o m e r e n  F o r m e n  vor l i eg t .  

I For a curve of the iodide in methanol, taken between wave 
lengths, 540-820 m/z ef. L. G. S. ]3ROOKER, R. H. SPRAGUE, C. P. 
SMYrU, and G. L. LEwis, J. Amer. Chem. Soc. a2, 1116 (1940); cf. 
also A. L. SKLAR, J. chem. Phys. 10, 521 (t94o). 

2 L. ZECH.~EISTER, Chem. Reviews 34, 267 (1944). 

P h o s p h o l i p i d - C h o l e s t e r o l  C o m p l e x  in  t h e  
S t r u c t u r e  of  M y e l i n  

W h e n  t h e  p r i n c i p a l  long  s p a c i n g s  in t h e  X - r a y  di f f rac-  
t i on  p a t t e r n  of f r e sh  n o r m a l  n e r v e  a re  c o m p a r e d  w i t h  
t h o s e  of s p e c i m e n s  w h i c h  h a v e  been  m o d i f i e d  e i t h e r  b y  
p r e v i o u s  d r y i n g  a n d  r e - w e t t i n g  w i t h  RINGER solu t ion*,  
or  b y  f reez ing  a n d  t h a w i n g  2, or  b y  t r e a t m e n t  w i t h  l ip id  
s o l v e n t s  2, i t  is seen  t h a t  t h e  m o d i f i c a t i o n s  of s t r u c t u r e  
a p p a r e n t l y  l ead  to  inc reases  in d i f f r a c t i o n  spac ings .  Sim-  
i lar ly ,  w h e n  " r e s i d u a l  c o m p l e x "  s p a c i n g s  of n o r m a l  d r i ed  

1 j .  ELKES and J. B. FINEAN, Discussions of The Faraday Society, 
No. 6 (Lipoproteins), p. 134 (1949). 

J. EL~:ES and J. B. Fn¢EArL Exp. Cell Res. (in press). 

Exper. '2 
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nerve are compared with those of nerve which have been 
modified before drying, it is again found tha t  the modi- 
fied specimens show the higher diffraction spacings. 
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Fig. 1. 

the cholesterol• In  the case of a phospholipid molecule 
such as phosphatidyl ethanolamine (used in the illustra- 
tion) or phosphatidyl serine, which has a terminal  amino 
group, there is the possibility of hydrogen bond forma- 
tion, bu t  in the case of other molecules simply a general 
ionic interaction is postulated. Such a complex, in which 
the longest and shortest lipid molecules in myelin are 
bound together to form u single stable unit ,  is suggested 
as a possible component  of myelin. The highest bimole- 
cular leaflet spacings obtained in the fractionation of 
nerve lipids are of the order of 65 ~.  If  a lipid giving such 
a spacing is associated with cholesterol (bimolecular 
leaflet about  35 A) in the manner  indicated, then the 
layer thickness would be effectively reduced to about  
50 A. The X-ray diffraction data from modified nerve 
structures indicates tha t  the protein layers may be about  
30 J~ thick. If the protein layers of fresh myel in have 
a thickness of this order, and the lipid layers are about  
50 A, then the water layers may contr ibute  as little as 10 
A to the repeating uni t  of 170 A. Such a s t ructural  uni t  
for myelin, incorporating the cholesterol-phospholipid (or 
cerebroside) complex and these proposed layer thick- 
nes,~es, is i l lustrated in Figure 2. The necessary dif- 
ference in geometrical a r rangement  between the two 
lipid layers shown here is such that  one is a mirror image 
of the other about  the plane of the protein layer. This 
would appear to be one of the simplest ways of repre- 
senting the difference between the lipid layers, bu t  it 
would place certain l imitat ions on the free rotat ion of 
the lipid molecules and complexes about  their long axes. 

A detailed s tudy of these diffraction pat terns indicates 
tha t  the most probable structure for myelin is one 
consisting of al ternate layers of lipid and a non-lipid 
material  which may be protein. The fundamenta l  re- 
peating uni t  of the structure probably contains two 
bimolecular leaflets of lipid which must  be very similar 
in const i tut ion but  differ in geometrical arrangement,  
and two layers of protein, the whole system building up to 
a spacing of about  171 A. In  the lipid layer, the longest 
lipid molecules appear to be tilted or curled in some way 
so that  they do not  contr ibute  their fully extended 
length to the thickness of the leaflet• The curled form 
would appear to be more in keeping with the radial 
orientat ion data  derived from polarised light * and X-ray  
diffraction studiesL and some way of stabilizing these 
long molecules individual ly  in a curled form would seem 
to be necessary. A consideration of the molecular struc- 
tures of individual  lipid components of myelin indicates 
the possibility of a stable complex formation between 
cholesterol molecules and the longer phospholipid or 
cerebroside molecules. Cholesterol is present in myelin in 
approximately equimolecular proportions with phos- 
pholipid, and furthermore it is found only as free choles- 
terol, a fact which suggests tha t  the - O H  group may be 
impor tan t  in b inding the molecule into the myelin 
structure, A possible ar rangement  for the complex is 
i l lustrated in Figure 1. Here, each long-chain lipid 
molecule is stabilized individual ly by  a cholesterol mole- 
cule. The hydrocarbon part  of the cholesterol lies along- 
side the long chain of the phospholipid or cerebroside, 
and adheres by VAN DER WAAL'S at t ract ive forces. The 
polar end group of the long chain lipid curls around so 
as to come into close association with the - O H  group of 
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1 W. J .  Z• SCHMIDT, Zellf. mik. Anat• Z3, 657 (1936). 
J. ELKES and J. B. FXNEAN, Discussions of The Faraday Society 

No. 6 (Lipoproteins), p. 134 (1949). - F. O. SCnMITT, R. S. BEAR, and 
K, J. PAL~ER, J• Cell Comp. Physiol. 17, 353 (1941). - G.  BOEHM, 
Koll. Z. 62, ~2 (1933), 

A more detailed discussion of this s t ructure and the 
extent  to which it helps to explain X-ray  diffraction 
data  on the modification of myelin will be published 
s o o n .  
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I am grateful to Professor A. C. FRAZER and Professor J. ELKES 
for their continued interest  in this work and to the Medical Research 
Council for f inancial  assistance. 

J .  B ,  FINEAN 

Department o/ Pharmacology, The Medical School, 
Birmingham "15, September /2, 1952. 

Zusammen[assung 

Auf Grund yon Untersuchungen mit  RSntgen-Klein-  
winkelstreuung an  myel inhal t igen Nervenfasern wird 
ein erweitertes und  verfeinertes Molekfil-Modelt be- 
schrieben. 

Lamellar Structure of Osteons Demonstrated 
by Microradiography 

Microradiography with soft X-rays has been used to 
demonstrate the content  of mineral  salts in the different 
structures of boneL I t  has been possible to prove that  
the osteons have a varying content  of mineral salts and 
that within an osteon the mineral izat ion has its highest 
value close to the HAVERSlAN canal and diminishes 
towards the periphery. In  general the young osteons 
formed in the resorption cavities have a much lower con- 
tent  of mineral salts than  the old osteons (fragments of 
old bone). There is a continuous increase of the amount  
of mineral  salts in the osteon with its increasing age ~. 

In a series of investigations dealing with electron mi- 
croscopy of bone s the lamellae of the osteons have been 
demonstrated a t  high magnification. Based on electron 
microscopic investigations of replicas of bone tissue the 
conclusion was drawn tha t  the osteons are bui l t  up of 
alternating "fibri l lar" and "cemented"  lamellae 4. 

From the above it  is evident  t ha t  it  would be of great 
interest if microradiographs could be registered with 
such high resolving power tha t  the mineral  content  of 
the lamellae could be demonstrated by  X-ray absorption. 

1 R. AMPRINO and A. ENGSTROM, Acta Anat. 15, 1 (1952). - A. 
EN6SrR6~ and R. AMPRI~O, Exper. 6, 267 (1950). - R. AMPRtNO, Z. 
Zellforsch. a7, 144 (1952). 

s R. AMPRINO and A. EnGSTROM, Acta Anat. 15, 1 (1952). 
3 CH. ROUILLER, L. HUBER, ED. KELLENBERGER, and E. RUTIS- 

HAUSER, Acta Anat. 14, 9 (1952). - L. HUBER and CH. ROUILLER, 
Exper. 7, 338 (1951). - E. ROTISHAVSER, L. HUBER, E. KELLENBER- 
GER, G. MAJNO, and CH. ROUtLLER, Arch. Sci. (Soc. Phys. Hist. nat. 
Gen~ve) 8, 175 (1950). 

4 CH. ROUILLER, L. HUBER, ED. KELLENBERGER, and E. RUTIS- 
IIALrSER, Acta Anat. 14, 9 (195~). 

Cross and longi tudinal  sections 5 to 10/z in thickness 
were prepared from human  femur (compacta). The 
sections were ground on glass plates under  absolute 
ethanol 1. These sections were placed in close contact  
with a fine grained LIPPMA~ photographic emulsion 
and  exposed with 4 kV X-rays in vacuo. The X-rays 
were filtered in 9 /, of a luminium. Thus an 1 :1  scale 
image of bone section was produced by  the X-rays on 
the LIPPMAN emulsion. This image was enlarged by 
photomicrography. In  the figure there are shown two 
such enlarged microradiagrams registered from cross 
and longi tudinal  sections. The whiter a s tructure is in 
the figure the higher its content  of mineral  salts. The 
arrows point  to osteocytes. The osteocytes are not  
mineralized. H.C. indicates the HAVERSlAN canal. From 
the pictures it is evident that the X-ray absorption varies 
in the diHerent lamellae. In  agreement with earlier in- 
vestigations s we again find a higher mineralization in 
the par t  of the osteon tha t  is closest to the vascular 
channel, and tha t  the young osteons are less mineralized 
than the old parts of the bone. At the wavelengths used, 
the major  X-ray absorption is caused by both the orga- 
nic and inorganic components  of the bone tissue. The 
greatest par t  of the radiat ion generated at 4 kV and 
filtered in 9/z A1 lies at wavelengths between 8 and 12 h_ 
with a small portion with wavelengths about  3 A s. The 
former wavelength range lies beyond the K-absorption 
edges of calcium and phosphorus, which somewhat 
reduces the inorganic contr ibut ions to the absorption. 
For X-rays of 8-32 A wavelength the mass absorption 
coefficients for protein and tr icalciumphosphate are 1000 
and  1400 (to the nearest  hundred).  A 5 p thick section 
of protein t ransmits  about  60% of 8.32 A X-rays while 
a 5/z thick layer of t r icalciumphosphate t ransmits  about  
12 %. Some complementary  experiments were performed 
with 3 A X-rays and the lamellar structure could be seen 
also with this radiat ion al though not  so clear as with the 
8-12 A X-rays. At 3 A the mass absorption coefficient 
for calcium is about  I000 but  for protein only about  50. 
In  this wavelength (3 A), therefore, practically all ab- 
sorption is caused by the mineral  salts. 

From the experiments and consideration presented 
above i t  is clear tha t  the X-ray absorption varies in 
different lamellae. Thus there are lamellae with a high 
content o/ substances (organic + inorganic material) alter- 
nating with those having less substance. The ratio in- 
organic to organic material  is probably higher in the 
lamellae with a high X-ray absorption than  in those 
with less absorption. The lat ter  conclusion is in agree- 
men t  with electron microscopic observations 4. 

A. ENGSTR(3M and B. ENGFELDT 

Institutionen /Sr /ysikalish cell/orshning, Ix'arolinska 
Instituter, Stochholm, October 24, 1952. 

Zusammen/assung 

Die Lamellen des Haverschen Systems wurden durch 
R6ntgenmikroradiographie demonstriert .  Lamellen mit  
hoher R6ntgenabsorpt ion wechseln mi t  solchen niedri- 
ger Absorption ab. 

1 R. AMPRINO, Z. Zellforsch. 37, 144 (1952). 
2 R. AMPRINO and A. ENGSTROM, Acta Anat. 15, 1 (1952). - A. 

ENGSTROM and R. AMPRINO, Exper.  a, 267 (1950). - R. AMPRINO, 
Z. Zellforsch. 37, 144 (1952). 

a A. ENGSTROM and B. LINDSTR6M, Biochim. biophys. Acta d, 
351 (1950). 

4 CH. ROUILLER, L. HUBER~ ED. KELLENBERGER, and E. RUTIS- 
~mUSER, Aeta Anat. lg, 9 (1952), 
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