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An electron-microscopic investigation was made of amyloid deposits in the spleen of mice 

with experimental casein amyloidosis. Sections were stained with warm solutions of 

phosphotungstie acid and uranyl acetate. The amyloid fibrils consist of 2 linear filaments 

surrounded in the photographs by a coil of electron-dense material. Structures morpho- 

logically similar to periodic rods were found. 

Under low power of the electron microscope amyloid deposits in the tissues consist of a mass of ir- 

regularly arranged fibrils about I00 A in width [4]. However, what little information is available on the fine 

structure of these fibrils is contradictory [2, 6, 8, 11]. Nevertheless, the determination of the fine struc- 

t-ure of the amyloid fibrils is important so that their morphological specificity can be established. The 
question of the sec~d ultrastructural component of arnyloid - the periodic rods - also remains unanswered. 
These structures, constantly found in preparations of amyloid isolated from tissues [2, 3, 8], have not been 
described in amyloid deposits in the tissues. The true relations between the periodic rods and fibrils form 
the subject of various hypotheses [2, 8]. 

The object of the investigation described below was to continue the study of amyloid deposits in the 
tissues. 

EXPERIMENTAL METHOD 

Amyloidosis was induced in male BALB mice weighing 18-20 g by subcutaneous injections of 0.5 ml 
5% casein solution in 0.25% NaOH solution 5 times a week. The spleen was pre-fixed by intravital perfu- 

sion with 2.3% glutaraldehyde [5]. Pieces of the spleen were fixed in 1% osmium tetroxide solution in 

veronal-acetate buffer, pH 7.4, for I h. After dehydration in acetone of increasing concentration, when the 
70 ~ acetone contained 0.5% uranyl acetate, the material was embedded in Vestopal W. Ultrathin sections 

400-500 A in thickness were negatively stained by a combined method: 2% phosphohmgstic acid solution 

in 96 ~ ethanol for 10-13 rain at 60~ [9] + 1% aqueous solution of uranyl acetate for 10-30 rain at 60~ The 

sections were examined in the IEM-100 V electron microscope. 

E X P E R I M E N T A L  R E S U L T S  

Under low power of the e lec t ron mic roscope  (20,000-30,000 x) amyloid  appeared  as a m a s s  of single, 
chaot ica l ly  a r r anged  f ibr i l s .  They var ied  in width f rom 90 to 180 ~ and in length f rom 300 to 6000 A. 
Under high power of the electron mic roscope  (90,000-100,000 x or more)  the in t e r f ib r i l l a ry  ma t r i x  of the 
amyloid  had no definite u l t r a s t ruc tu r a l  cha r ac t e r i s t i c s ,  in ag reemen t  with other  observa t ions  [4]. F r o m  
t ime to t ime  weakly stained s t ruc tu r e s  could be seen in the m a s s  of the amyloid f ibr i l s ,  but because  of de -  
posit ion of a finely g ranu la r  m a t e r i a l ,  these s t ruc tu re s  could be seen only in smal l  a r ea s  (400-500 A, 
Fig.  1). Being about 100/~ in width, they r e s e m b l e d  amyloid f ibr i l s  in shape.  They differed f rom them in 
being divided by t r a n s v e r s e  light bands about 20 A in length into s eve ra l  (possibly paired) segments  each 
20 A in length. Cer ta in  s t ruc tu r e s  had thinner (10-15 A) bands running obliquely. According to the l i t e r a -  
tu re ,  these  a re  the morphologica l  fea tures  of periodic rods  [2, 3, 8]. However ,  before  these  s t r u c t u r e s  can 
be identified as per iodic  rods ,  fu r ther  invest igat ions a re  n e c e s s a r y .  
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Fig.  1. Structure morphological ly  resembling periodic rods (450,000 x). The same 
on the right, d iagrammat ica l ly .  

Fig. 2. Amyloid f ibri ls:  paired filaments separated by a light zone are demonstrated;  
a r rows point to dark "segments"  (330,000 x). 

Fig.  3. Amyloid f ibri ls:  coiled e lec t ron-dense  mater ia l  {the same on the right, dia-  
grammat ica l ly) ;  a r rows point to deposits of e lec t ron-dense  mater ia l  (440,000 x). 

The amyloid fibrils consisted of two parallel  filaments 30-35 A in diameter  (Fig. 2). The filaments 
were separated by a l ighter zone 30-35 A in width. In r a r e  cases  the morphological  picture observed is 
such that the fi laments may be twisted together.  

These paired fi laments are evidently surrounded over some of their  extent by a helical coil of e lec-  
t ron-dense  mater ia l .  As a rule the turns of the coil are closely applied to the fi laments,  giving the fibrils 
an apparent periodicity,  in the shape of a ser ies  of dark t r ansve r se  "segments"  f rom 60 to 450-500 A apart .  
The length of these "segments"  varied f rom 40 to 100 A, on the average about 60 A. Their  width was some-  
t imes much g rea te r  than the d iameter  of the paired axial fi laments (about 100 .~), namely  140-200/~, and 
this is the reason for the wavy appearance of the outer contours of the fibrils (Fig. 3). This sca t ter  of the 
dimensions of the "helix" is probably explained by the band-like a r rangement  of the e lec t ron-dense  m a t e r i -  
a l  forming it and by the unequal pitch of the "helix,' along the length of the f ibri ls .  The fine s t ruc ture  of 
the individual fibrils in general  often could not be identified because of the large deposits of e lec t ron-dense  
mater ia l .  

The question of the globular (subunit) or l inear s t ructure  of the amyloid fibrils has been discussed in 
the l i tera ture .  The globular s t ruc ture  of the fibrils has been observed chiefly in ultrathin sections of 
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amyloid  in situ, when posi t ively  stained with lead hydroxide or c i t ra te  and with uranyl  aceta te  [1, 2, 7]. 
This method,  widely used in p rac t ica l  e lect ron mic roscopy ,  is evidently unsuitable for demonst ra t ing  the 
f i laments  of amyloid f ibr i ls  [11]. The r e su l t s  of the p re sen t  exper iments ,  in which a new method of pos i -  
t ive staining to inc rease  con t ras t  conf i rm both this hypothesis  and also observa t ions  showing the l inear  
c h a r a c t e r  of the s t ruc tu re  of the pai red  f i laments  in amyloid  f ibr i ls  [6, 8, 10, 11]. 

The exis tence  of a "helix" consis t ing of sulfonated mucopolysacchar ides  in the s t ruc tu re  of amyloid  
has also been as sumed  in a model  of the s t ruc tu re  of the amyloid f ibr i ls  [12]. 
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