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E L E C T R O N  MICROSCOPY OF SODIUM D E S O X Y R I B O N U C L E A T E  

BY USE OF A N E W  F R E E Z E - D R Y I N G  METHOD* 

by 

ROBLEY C. WILLIAMS 
girz~s Laboralory, Universily of California, Berkeley (U.N.A .) 

A new method of freeze-drying for the preparation of biological specimens for 
election microscopy has recently been developed in this laboratcry. Preliminary results 
indicate that  the technique successfully preserves three-dimensional structure in fibrous 
materials and in particulate objects rangipg in size from human red-cells to the smaller 
viruses. This note briefly describes the technique, and illustrates its application in the 
electron microscopy of the fibrils of sodium desoxyribonucleate (DNA). 

The apparatus for the freezing and vacuum sublimation of specimen material 
consists primarily of an open-end glass tube, with a removable vacuum-tight lid, and 
a means for high-vacuum evacuation through a cold trap. In the bottom of the tube 
is inserted a closely fitting copper support whose upper surface is smooth and coated 
with a film of collodion. The tube containing the copper support is placed in a Dewar 
flask, where it is initially cooled to -78 ° C and subsequently warmed for final desiccation. 
The specimen material, in aqueous suspension, is sprayed 1 at high velocity through the 
chilled tube upon the cold (-78° C) collodion-filmed copper surface. The subsequent 
vacuum sublimation is performed at - 5 o ° C  for IO minutes, followed by io minutes' 
sublimation with the copper heated to 60 ° C. Air is admitted to the tube and the upper 
support is placed in a shadowing unit, After the collodion film is shadowed it is trans- 
ferred by a replica technique to microscope grids, 

The essential merits of the technique are: (I) the use of micro-volumes of specimen 
material, in the form of spray droplets, and (2) the rapid cooling of the droplets upon 
a surface in good thermal contact with a relatively massive thermal reservoir. The 
average droplet volume is IO -9 ml, and this small amount of liquid splashes out into 
a layer about 3/x thick before freezing takes place. Calculation shows that the cooling 
rate of this layer is so great that the water-ice change of phase occurs in less than 
Io-3 seconds. 

Fig. I shows an example of the results of freeze-drying fibrous material. The 
specimen is a o.oi % water solution of DNA prepared by Dr ARTHUR PARDEE of this 
laboratory, using the method of SCHWANDER AND SIGNER 2, Chemical tests show that 
its protein and ribonucleic acid contents are less than r%, and its high degree of 
polymerization is indicated by a Ieduced viscosity (~p/c) of over 40o0 ml/g. Fig. I a  
is a low magnification micrograph of a portion of a freeze-dried droplet. The most 
conspicuous aspect of this micrograph is the net-like, three-dimensional structure of the 

* Aided by a grant from the National Foundation for Infantile Paralysis. 
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Fig. i a. Low-magnification ( X 13,5oo) electron micrograph of a freeze-dried water solution of DNA. 
Three-dimensional character of specimen is well shown by the separation of fibers and their shadows 
in the region marked with an arrow. The horizontal fibers here are about o. 5/~ above substrate. 

Spherical particles are of polystyrene latex. 
Fig. lb.  High magnification (× ioo,ooo) electron micrograph of DNA. Region indicated with an 

arrow shows fibril about 15 A in diameter. 

fibrils, which is unl ike  earl ier  micrographs  showing ma te r i a l  f la t tened  by  forces of 
surface tension. In  m a n y  places the e l emen ta ry  s t r ands  appea r  aggrega ted  into  bundles  ; 
p r o b a b l y  this  occurred dur ing  vacuum subl imat ion .  

Fig.  I b  is a h igh-magnif ica t ion  mic rograph  (×  IOO,OOO) of a few- fibrils of frozen- 
dr ied  D N A  in con tac t  wi th  the  collodion film. The local shadow angle is IO/I,  and  hence 
the  ra t io  of shadow wid th  to he ights  of specimen objects  in th is  micrograph  is lO 6. 
The  fibril in the  lower left corner has  a shadow a p p r o x i m a t e l y  1.5 m m  wide (marked  
wi th  an arrow), and  hence i t  can be e s t ima ted  t ha t  this  fibril is a p p r o x i m a t e l y  i5 A 
in d iameter .  Numerous  fibrils of abou t  this  d i ame te r  are seen in the  original  mierographs .  

A poin t  to observe in the  micrographs  is the  f requent  occurrence of places where 
three  fibers come toge ther  a t  a point .  I t  seems most  l ikely t ha t  any  aggregat ive  effects 
t ha t  might  t ake  place dur ing  the  sub l imat ion  of the  ice would resul t  in a r a n d o m  tangl ing  
of the  fibrils, as is seen in concent ra ted ,  f reeze-dr ied suspensions of tobacco  mosaic  
virus.  The most  l ikely exp lana t ion  of the  fibril lar connect ions  seen in these micrographs  
is tha t ,  even in such a d i lu te  solution, the  D N A  exists  as an ex t r eme ly  tenuous,  
ne twork  gel. 

Some electron microscopic observat ions  of D N A  have  been r epor t ed  previous ly .  
ScoTT's micrographs  3 of a i r -dr ied  ma te r i a l  show b ranched  f ibri l lar  s t l uc tu re  obvious ly  
affected b y  surface tension forces, and  his mic rographs  of f reeze-dr ied spec imens  appea r  
so s imilar  to the  a i r -dr ied  ones as to cast  doub t  upon the  completeness  of the  freeze- 
drying.  BAYLEY 4 has ob ta ined  mic tographs  of surface repl icas  of sod ium thymonuc l ea t e  
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w h i c h  a p p e a r  to  e x h i b i t  g lobu le s  of a b o u t  IOO A d i a m e t e r .  BAYLEY offers  t h e  p l aus ib l e  

i n t e r p r e t a t i o n  t h a t  t h e  g lobu le s  are  co i l ed -up  f ibers.  R e c e n t l y  ROWEN, EDEN AND 

KAI~LER 5 h a v e  r e p o r t e d  p h y s i c a l  s t u d i e s  of s o d i u m  t h y m o n u c l e a t e ,  i n c l u d i n g  e l ec t ro n  

m i c r o s c o p y ,  a n d  s t a t e  t h a t  t h e  m o l e c u l a r  c o n f i g u r a t i o n  a p p e a r s  t o  be  b e t w e e n  t h a t  of 

a r o d  a n d  of a coil.  

T h e  de t a i l s  of t h e  n e w  f r e e z e - d r y i n g  m e t h o d  are  b e i n g  p u b l i s h e d  e l sewhere .  

SUMMARY 

Description of a new method of freeze-drying for the preparation of biological specimens for 
electron microscopy. Micro-volumes of specimen material are used in the form of spray droplets 
which are rapidly cooled upon a surface in good thermal contact with a relatively massive thermal 
reservoir. The new technique is illustrated with micrographs of fibrils of sodium desoxyribonucleate. 

R~SUMt~ 

Description d'une nouvelle mdthode de s4chage ~ l 'dtat congeM pour spdcim~nes biologiques 
destinds g &tre 6tudids au microscope 61ectronique. L'on emploie des micro-volumes de mat6riel sous 
forme d'un jet de goutelettes qui sont refroidies rapidement sur une surface en bon contat  thermique 
avec un rdservoir ttlermique relativement grand. 

ZUSAMMENFASSUNG 

Beschreibung einer neuen Methode zum Trocknen biologischer zur elektronenmikroskopischen 
Untersuchung bestimmter Proben. Es werden Microvolumina des Untersuchungsmaterials verwendet, 
die in Form eines Strahles feiner Tr6pfchen auf einer Oberfl/~che, welche mit einem relativ grossen 
WXrmereservoir in guter thermischer Verbindung steht, rasch gekfihlt werden. 
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