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Preliminary Notes 

Formation of helical strands by sodium deoxycholate as 
revealed by electron microscopy 

In experiments in which vaccinia virus was exposed to 0. 5- I.O O//o sodium deoxvcholate 
at  pH 7, and then dialyzed for 2-3 h against distilled water, subsequent electron 
micrographs revealed long fibers surrounding the few virus particles which survive 
such treatment.  These fibers were not seen when the virus-deoxvcholate mixture was 
dialyzed for IO-I5 h, or when virus was inactivated by urea or guanidine-hydro- 
chl oridO. 

Typical electron micrographs of purified vaccinia virus treated with o.9°o 
sodium deoxycholate and dialyzed for 2--3 h are shown in Figs. Ia  and Ib. Samples 
of the dialyzed suspensions were mounted directly on Formvar-coated grids, air-dried 
in the presence of osmium vapor for 1-2 h, shadowed with chromium, and examined 
in a RCA-3B electron microscope. The majori ty of virus particles surviving deoxy- 
cholate t reatment  appear grossly normal, as will be described in detail elsewhere. 
I t  will be seen, however, that  the virus particles are surrounded by masses of fibers 
of indefinite length and of remarkably uniform helical structure (Figs. Ia, xb). The 
smallest fiber diameter is approximately 4 ° :~_ (Fig. Ib);  larger fibers (diameter 
approximately IOO/k) frequently appear in parallel sheets (Fig. Ia). These latter 
fibers are possibly composed of two or more strands of 4 ° A diameter fibers, and ill 
other micrographs two fine strands were seen "unwinding" from the ends of thicker 
helical fibers. 

The addition of deoxyribonuclease together with o.oo5 M MgC12 to the virus- 
deoxycholate suspension caused a flocculent precipitate which carried down most 
of the fibers. I t  was then observed that  deoxycholate alone formed a similar pre- 
cipitate on the addition of traces of MgC12. Solutions of sodium deoxycholate (o.5 ~o 
in distilled water) were therefore placed directly on grids, exposed to osmium vapor, 
shadowed with chromium, and examined in the usual way. Long helically-wound 
fibers of similar dimensions were again seen (Fig. IC). Identical structures were ob- 
tained from two samples of commercially purified deoxycholate*. In general, the 
detailed helical structure was most clearly revealed in preparations that  also contained 
virus, and micrographs of deoxycholate alone seldom showed the helices as clearly 
as in Fig. IC. 

Electron micrographs illustrating the fibrous helical structure of the steroid 
have not been previously reported in the literature. RICH A~,D BLOW 2 carried out 
X-ray diffraction studies on fibers drawn from viscous complexes of sodium deoxy- 
cholate and glyeylglycine, and concluded that  the complex has the form of a helix; 
the a axis of the helix varied from 36.2-49.1 .~, depending on the mole ratio of 
glyeylglycine to deoxyeholate. Further detailed studies by these authors on deoxy- 

* F isher  Scientific Co., New York,  a nd  N u t r i t i o n a l  Biochemica l  Corp., Cleveland.  
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Fig. 1. Electron micrographs of vaccinia virus-deoxycholate mixtures and of pure deoxycholate. 
(a) Typical appearance of virus-deoxycholate suspension after dialysis for 3 h. (b) Similar prepara- 

tion showing a fine fiber (A). (c) Sodium deoxycholate alone. 

cho la t e  and  o t h e r  s te ro ids  h a v e  shown t h a t  gel f o r m a t i o n  is d e t e r m i n e d  b y  va r i ous  
f ac to r s  i nc lud ing  p H ,  ionic s t r eng th ,  a n d  t y p e  of ion in t he  buffer  a. T h e  d i a m e t e r  
of t he  sma l l e r  fibers seen in our  e lec t ron  m i c r o g r a p h s  is c losely  s imi la r  to t h a t  ca lcu-  
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lated from X-ray diffraction patterns 2, and the helical structure predicted from X-ray  
diffraction is strikingly revealed in the electron microscope. 

Deoxycholate has been widely used to prepare deoxyribonucleic acid lrom 
bacteria 4 and infectious "ribonueleic acid" from animal viruses 5. Since the steroid 
may form long helical fibers under certain conditions, and hence dialyzes slowly, 
electron rnicrographs taken after using it should be interpreted cautiously. 
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Type of attachment of sialic acid in ox-brain mucolipid 

Sialic acid is easily liberated from brain mucolipid preparations under mildly acid 
conditionsL 2; it may thus part ly be attached terminally to the rest of the glycolipid 
polymer in a comparatively labile glycosidic linkage. Since structural models proposed 
heretofore for these interesting and complex substances are entirely hypothetical, we 
have undertaken a study of the various linkage types supporting the architecture 
of the polymer. We limit ourselves here to a consideration of sialic acid and to the 
behavior of a purified ox-brain mucolipid, both intact and after hydrolytic removal 
of sialic acid, towards oxidation by periodate (Fig. I). 
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Fig. i. Oxidation with metaperiodate at 
pH 4- I, free sialic acid; II, mucolipid 
after treatment with o.I l'~ H 2 S O  4 a t  80 ° 

for 2 h; III, intact mucolipid. 

The preparation of the mucolipid and, from it, of crystalline ovine sialic acid 
(5-N-aeetylneuraminic acid) were described previously 2. The reactions were carried 
out in 5 m M  aqueous solutions of sodium metaperiodate around pH 4. Oxidant 
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