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S U M M A R Y  

The dimensions of high-molecular weight RNA from E. coli were measured by 
electron microscopical methods. Filaments IO to 13 A in diameter, and 2ooo-4ooo A 
in length, could be observed in preparations obtained from salt-free aqueous solutions 
of RNA. When ammonium acetate solutions were used, individual fibers became rare, 
and granules and various forms of aggregates dominated the picture. 

INTRODUCTION 

RNA from E. coli has been previously characterized by  viscometry, streaming bire- 
fringence and potentiometryl,  2. These studies indicated that  this high molecular 
weight RNA is much more flexible in solution than DNA, as would be in keeping with 
a single stranded structure. 

In the present study an a t tempt  has been made to determine the dimensions of 
E coli RNA molecules, using electron microscopical methods. 

Electron micrographs of TMV RNA have been prepared by SHUSTER gt al. ~ 
and HALL 4, using an improved technique for visualizing macromolecules, has compared 
electron micrographs of calf liver and TMV RNA and salmon sperm DNA. 

MATERIALS AND METHODS 

RNA from E. coli was prepared as previously described 2. A suspension of "proto- 
plasts" was extracted with a phenol-water  mixture, the RNA was precipitated by 
ammonium sulfate, dialyzed against dilute sodium chloride solution, and then 
lyophilized. The RNA revealed two boundaries in the ultracentrifuge, having sedi- 
mentation constants of 16.5 and 23.7 S (as determined using the u.v. absorption optical 
system). RNA was dissolved in distilled water (I mg/ml). Complete solution was 
obtained after 3o to 6o min. Aliquots were diluted with water or with o.I M ammo- 
nium acetate (pH 6.8) to a final concentration of o.I mg/ml. 

DNA from T 2 bacteriophage was prepared by osmotically shocking a phage 
suspension. The bacteriophage particles were suspended in 3 M ammonium acetate 

Abbrev ia t ions :  DNA,  deoxyr ibonuc le ic  acid;  R NAase ,  r ibonuclease  ; R N : \ ,  r ibonucleic  ~cid; 
TMV, tobacco  mosaic  virus.  
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(2" IO 11 particles/ml) and then diluted fifty fold with o.I M ammonium acetate. The 
suspension was clarified by  centrifugation for 4 ° min at lO5,OOO g. 

Crystalline pancreatic RNAase was an Armour  and Company product.  

Eleclron microscopy 

Freshly cleaved mica was cut into rectangles of the size of a microscope slide. 
The mica rectangles were dipped in a 0.5 % parladion (Mallinckrodt Chemical V~orks) 
solution in redistilled amyl  acetate. After drying at room temperature  in an erect 
position under  a cover, the fihn from the freshly-cleaved mica surface, was floated 
onto glass doubly-distilled water. The grids were deposited on the floating film, and 
taken up on a glass slide '~. Solutions were spread as fine droplets onto the fihn covering 
the grids on the slide, using, as the case m a y  be, labora tory  made low and high 
velocity spray guns. The preparations were dried at room temperature  in a slightly 
open petri dish. In  some experiments,  a drop of the solution was deposited on the 
film on the grid, the preparat ion frozen on a copper block previously immersed in 
liquid-air and freeze dried in a Virtis apparatus.  

The dried preparat ions were shadow-cast  with either a chromium-nickel  alloy, 
or pla t inum at shadow to height ratios 6: I to IO: I. The fihns were backed with a 
thin support ing layer of SiO (see ref. 6). The plat inum was evaporated from a tungsten 
spiraF. An aqueous suspension of polystyrene spheres of 0.34/* diameter was added 
to the solution, to aid in the location of the droplets and in the exact determination 
of the shadow-casting angle and the direction of shadow. An RCA EMU 2A Electron 
Microscope was used with a locally made improved specimen stage, with a 5 ° / ,  
objective aperture and with apertures at the intermediate and condenser lenses. 

RESULTS AND DISCUSSION 

Serious difficulties were encountered in stripping off tile film from the mica surface, 
if the shadow casting and reinforcement with SiO were done directly on the mica 
as described by HALL. This was overcome by floating the collodion film first and then 
spraying the sample onto the surface of the film which had been in contact  with the 
mica. This surface, being a true replica of the smooth surface of the mica, was 
structureless and suitable for the purpose intended. "File shadow casting and re- 
inforcing with SiO were done directly on the film. 

Chromium-nickel  alloy was used in some experiments because better  contrast  
was at tained with this alloy than with platinum. The larger grain, however, limited 
its use for more precise measurements.  For  this purpose plat inum had to be employed. 

Hydrodynamic  measurements  in solution have indicated that  RNA molecules 
fold up into more compact  structures when salt is added to the solution 2. An a t t empt  
was therefore made to visualize RNA in both  the more compact  and the more unfolded 
state by  this means and indeed the electron micrographs of RNA obtained from water 
solution showed molecules in the form of threads. A strong tendency for aggregation 
was noticed, especially at the center and border of the micro drops, probably  due to 
the surface tension of the drying droplets. Using the high pressure gun single threads, 
10-13 )k in diameter  and 2oo-2ooo A in length (with a max imum in the distribution 
at between 200-6o0 A), were generally found outside the periphery of the droplet 
(Fig. I). Using the low pressure gun, the average length was higher (12oo-4ooo A). 
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Fig. 3. E. coil RNA in o.1 3I ammonimn acetate solution sprayed from a high pressure gun and 
air-dried at room temperature. Shadow cast with Pt at a shadow to height ratio of io: i, 

The same d iame te r  values were observed  (Fig. 2). Occasional ly  small  fiat grannies,  
4oo 6oo A in d iameter ,  were noticed.  

W h e n  R N A  depos i ted  from anamonium ace ta te  solut ion was examined,  ind iv idua l  
th reads  became rare while granules  and var ious  forms of aggregates  domina ted  the 
p ic ture  (Fig. 3). 

In  freeze-dried prepara t ions ,  the ma te r i a l  was found to be more homogeneous ly  
dispersed on the surface of the film. In p repa ra t ions  made  by  this technique from 
water  solut ions ind iv idua l  fibers were much more difficult to locate,  due to the absence 
of microdrople ts .  The f i laments  measured  from I5OO-4OOO A in length (Fig. 4)- A 
pa r t i cu la r  form of aggregat ion  was revealed in these p repa ra t ions  t ha t  was not  
observed  when the ma te r i a l  was sp rayed  and a i r -dr ied  at  room t empera tu r e  (Figs. 4 
and  5). This aggregat ion  was bo th  longi tud ina l  and  la te ra l  and  showed a high degree 
of organizat ion.  The l a t t e r  m a y  be a t t r i b u t e d  to c rys ta l l iza t ion  phenomena ,  appa r -  
en t ly  due to imperfect ions  in the freeze-drying technique.  

No difference in the  form of the molecules, or in the  na tu re  of this  aggrega t ion  
could be revealed b y  va ry ing  the pH of the  solut ion from 6 to 9. 

When  RNAase  was in t roduced  into the  test  tube  conta in ing  the R N A ,  prior  to 
p repa ra t ion  of the specimen,  ne i ther  f i laments  nor  granules  could be detected.  

D N A  fibers appea red  as long smooth  s t rands ,  about  2o A in d iamete r  (Fig. 6). 
The values  z o - I  3 A found for the R N A  d iame te r  are lower than  the 15 A 

e s t ima ted  by  SHUSTER at al. 3 for the  finest fibers they  could observe in TMV R N A  
prepara t ions .  They  are also cons iderab ly  lower than  the values publ i shed  b y  HALL 
for calf l iver  and  TMV R N A  ~. In H.~LL's s tudy ,  R N A  was seen as th reads  wi th  an 
a p p a r e n t  th ickness  of abou t  3 ° A. According to HALL the molecules were th icker  
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Fig. 4. 

Figs. 4 and 5. E. coli RNA freeze-dried and shadow cast with chromium-nickel alloy at a shadow 
to height. ratio of 6: I. 



than expected, and he thought that the!, ww-t “prohal~ly partially coiled up on 
themsel\:rs“. Xx pwxnt result for E. foEi IZSA would indicate that thtw moIt~3lcx 
are being obser\~d practically unfolded, prohnhl~~ due to the fact that aqueous 
solutions were used. \Vhenc\-vr salt solutions wvre used in our study granules appcawd 
and practically no fine filamc~nts were olxcrved. Thcsc~ findings are in nccordancc 
with information derived from the hydrod~xunic measurements?, and support the 
iden that IISA4 ii; n molecule calx~l~lc of great degree of coiling. 

The RNA4 chain of E. ~012’ appcarrd to be granular in nature, in contradistinction 
to the smooth and rigid DNA stl-antis This granular- charactt~r of the filers matlc it 
somewhat difticult to distingui41 hct\\-ten a single long tilwr and shorttlr ones, Ion&u- 
dinally aggrqpted. Hon~~\.cr, tile nlnjority of the fibers mwsurcd IVCW found to lx, 
between zooo and qooo A4 whra the low pressuw gun mxs used for spraying, or \vlwn 
using the “frectze-drying” tcchniquc. \Vhcn tlitl high prc‘ssure gun mxs used, tlic 
majority of the fibers were bctwwn 200 and boo ;I, and \\.c’re appx~ntl>- holwn 
down bv the treatment. ‘fhis was confirmed by nn ultracentrifuge and \kosit!- 
in\-cstigation of an RSA solution hcforc and after passqq~ through the> high p~wwn-e 
gun. Fig. 7 show the change in sedimentation pattern. The- high molccufar \wigltt 
component has almost disappenrcd and n broad shoultlcr is in r\-idtwx at tlw lo\\- 
molecular weight end. Tllr> \-iscosity numb ‘%;p ‘2 fell from 1400 to 500 ni1.g after 
spra3+lg (I-iscosity rii~asu~-et1 at ;L concentration of 1.3. 10~~ K ‘in1 in IO+ ~12 NaCl). 

From the agreement bet\veen the pictures ol)tnined by the l’reeze-drying techniquc~ 
and the lo\‘-p~wss~u-e sprn!- technicluc there is r(xson to bclica\.c that no degradation 
of tlw l<S=l mof~~culcs took place-. Ha\.ing rchC =wd to thv liigh molecular \vvight ol !11(- 
moI<Trrl~~~ tilt- >tI-~lnd lrIl~:tfl~ ol%cT\xYl ;lIt‘ much too sliort il‘ considc2x~tl ;b lull\- 
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(a) (b) 

Fig. 7- Effect  of s p r a y i n g  on the  s e d i m e n t a t i o n  d i a g r a m  of E. coli RNA. (a) RNA solu t ion  in o.2 31 
NaC1. P ic tu re  t a k e n  at  ba r  angle  of 60 ° af ter  16 rain a t  52,04o r ev . /min  and 23 °. R N A  concen t r a t ion  
abou t  5 nlg/nl l .  (b) RN A  solut ion in o.2 31 NaC1 af te r  s p r a y i n g  from high pressure  gun. P ic tu re  
t a k e n  at  bar  angle  of 6o :', a f ter  16 min  at  56,ooo r ev . /min  and 21 °. R N A  concen t r a t ion  a b o u t  

5 n lg/ml .  

stretched chains. Similarly the diameters of Io -I3  2~ are too large for an extended 
single chain. It is not unreasonable to suppose therefore that in the state visualized 
the single strand of RNA twisted itself up perhaps in helical fashion in which case 
both the diameter and length will be in agreement with the molecular weight. It is 
interesting to note that measurements of optical rotation s , viscosity, sedimentation 
and potentiometric titration 9 have indicated the possibility of a high degree of 
secondary structure of E. coli RNA even in solution. 
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