
47(; l~IO(:HI.~lItb\ ET I~IOPHVSIC.\ .\(:r.x VOL. 17 (1955) 

V I S I B L E  A N I )  U L T R A V I O L E T  L I G H T  S C A T T E R I N ( ;  BY 

TOBA(~( ' ( )  M()SAI(" V I R U S  N U C L E I ( "  A C I I )  

by 

GF.ORGE I,L HOIq(INS* .',NI) ROBERT l.. S1NSHEIMEt'~ 

Physics l)eparlmenl, Iowa Stale CoNes(e, A rues, loa:a (U..~'.A.) 

INTRODUCTION 

In  a previous study,  NORTHROP AND ,%INSHEIMER 1 demonst ra ted  that  the particle 
weight of the ribose nucleic acid (RNA) prepared from tobacco mosaic virus (TMV) by 
brief heating, and ma in ta ined  under  condit ions which minimize degradation,  was ap- 
proximately  2.o. IO 6. A more detailed s tudy has now been made of the influence of the 
preparat ive  condit ions upon the particle weight obtained.  In  addit ion,  studies of the 
light scat ter ing at two wavelengths (4358A and 313IA) by the RNA particle, when 
dissolved in solvents of vary ing  ionic strength,  have permit ted a determinat ion of its 
size and shape, 

THEORY 

The theory of the in terpre ta t ion  of light scat ter ing data  is adequate ly  given in 
several review articles (OSTER 2, ZIMM, STEIN ~kND DOTY a, and DOTX " .k~D EDS.kI.L4). A 
correction to the de terminat ion  of molecular weight for the case of small anisotropic 
particles is given by NORTHROP .\N~) SINSHEI.X~ER ~. I t  can be shown that  this correction 
will also he exact for a large perfectly random coil made from an anisotropic fiber. 
HORX AN/) BEz~'orra, 6, have carried out the exact calculation for a large anisotropic 
rigid rod. In  both cases the correction is given in terms of the depolarization ratio 0~, 
for vert ical ly polarized incident  light. 

Numerical  values of the molecular form factor P(O) have been given by Do'r~ ~ 
AND STEINER 7 for several models of interest .  It  has been shown (Os'rER 2) tha t  P(0) for 
a given model can be uniquely  determined from the ratio of the scattered intensi t ies  at 
any  two scat ter ing angles symmetr ica l  about  9o °. These are usually chosen to be 45 ° 
and x35 o; the ratio of the scat ter ing at 45 o to that  at I35 o is called the d i ssymmetry  Z. 

M.\TERIALS AND METHODS 

Apparatus. "File light-scattering equipment used was essentially similar to that previously" 
employed 1, with appropriate modification for ultraviolet work. The primary source of light was 
a Clt- 3 mercury arc. The 4358 A and 3~31 .\ lines of tile mercury spectrum were isolated with a 
quartz prism monochromator, the exit slit of which served as a secondary source for the scattering 
apparatus. A simple lens of fused quartz was used to illuminate the scattering cell. 

A IP28 photomultiplier tube was used to measure the scattered radiation. For molecular weight 

* Present address: Westinghouse Electric Corporation, Atomic Power Division, ]'ittsburgh, 
Penn sylvania. 
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measuremen t ,  the  o u t p u t  of t i le  p h o t o t u b e  was read d i rec t ly  wi th  a sens i t ive  ga lvanomete r ,  while 
for depo la r i za t ion  measuremen t s ,  a d.c. ampl i f ier  was employed  prior  to the  ga lvanomete r .  

The i n s t r u m e n t  was ca l ib ra ted  a t  both  wave leng ths  wi th  1.udox* following the  me thod  descr ibed 
by  NORTHROP AND SINSHEIMER l. The  t u r b i d i t y  of a Ludox  solut ion as a function of wave leng th  
followed the  [/)4 sca t t e r ing  law, i nd ica t ing  no abso rp t ion  a t  313 t A. 

I t  was necessary  to correct  the  sca t t e r ing  a t  3131 A for t i le  absorp t ion  of the  glass sca t t e r ing  
cell. The 2 m m  th ick  pa r t i t i on  be tween t i le  sample  and hemi-cyl indr ica l  c o m p a r t m e n t s  of the cell 
had an absorp t ion  coefficient of o.465 a t  M31 A. The sca t t e red  rays  passed th rough  the pa r t i t i on  
obl iquely  a t  s ca t t e r ing  angles  o ther  than  9 o .  Since the absorp t ion  a t  9 0  was included in the cali- 
bra t ion,  i t  was only' necessary  to correct  the sca t t e r ing  a t  o ther  angles to t h a t  of the  9 o  absorpt ion.  
Thus,  the  sca t t e red  i n t ens i t y  was mul t ip l i ed  by  e°.46~(cxcO-1). Since this  correct ion is s y m m e t r i c a l  
a b o u t  0 -- 9o ' ,  i t  does not  affect the  d i s s y m m e t r y  measurements .  

The opt ica l  dens i ty  a t  3~31 A for a i cm pa th  th rough  a o. 3 m g / m l  solut ion of F, NA was o.ot0. 
The average  p a t h  of l igh t  t h r ough  the  solut ion was 2.2 cm. An a p p r o x i m a t e  correct ion for the 
absorp t ion  was  made  by  m u l t i p l y i n g  the  sca t t e r ing  a t  all  angles  bv  IO 'z ,2. nols 

The polarizer,  inser ted  be tween  the  lens and sca t t e r ing  cell for depo la r iza t ion  measurements ,  
was a F o u c a u l t  p r i sm of calci te  w i th  a 2. 5 cm square  aper ture .  The analyzer ,  moun t ed  be tween  
the  cell and  p h o t o m n l t i p l i e r  was a Glan-Thompson  calci te  p r i sm wi th  a 9 m m  aper tu re  and  ra t io  
of w id th  to length  of i : 3- Glycerine r a the r  t h a n  Canada  b a l s a m  was used be tween  the  halves.  The 
ana lyze r  could be ro t a t ed  to  de tec t  e i ther  the hor izon ta l ly  or ve r t i ca l ly  polar ized componen t  of 
the  sca t t e red  rad ia t ion .  The  ex t inc t ion  for crossed polar ized and ana lyze r  was 5" IO :t. 

Correction for the  va r i a t ion  in s e ns i t i v i t y  of the pho t omu l t i p l i e r  to  the  hor izontal  and  ver t ica l  
componen t s  of r ad i a t i on  was made  in the  depola r iza t ion  measuremen t s .  Such correct ions  were 
negl igible  in the  molecular  we igh t  ca lcula t ions .  

An i n s t r u m e n t  s imi lar  to t h a t  of BRICK .aND HaLWFR s and SCHULZ, BOCHMANN AND CANTOW a, 
emp loy ing  photoe lec t r ic  de tec t ion  and a movab le  sl i t  was used to m a k e  the  re f rac t ive  inc remen t  
m e a s u r e m e n t s  wi th  3131 A rad ia t ion .  The i n s t r u m e n t  was ca l ib ra ted  using CoSOI** solut ions  and 
d a t a  g iven by  ROB>:RTS 1°. 

Mater ia l .  The tobacco mosaic  virus  was the same p repa ra t i on  descr ibed by NORTHROP AND 
SINSHE1MERL The virus  was s tored a t  2 ~ C in o.o33 31 phospha t e  buffer, p H  7.2. A par t ic le  weigh t  
for t i le  TMV of 4.o-IO ~ was ob t a ined  by  the  l igh t  s ca t t e r ing  technique.  The vi rus  in fec t iv i ty  was 
t es ted  on N.  glutim~sa and  was  in ag reemen t  wi th  t h a t  given by  previous  workers  for the  c rys ta l l ine  
v i rns  ll. 

The basic procedure  for d e n a t u r i n g  the virus  p ro te in  by  hea t ing  is descr ibed by  COHEN ~aND 
STANLEY 12 and by  KNIGHT la. In  t i le  work  repor ted  here, the  s tock v i rus  suspension in 0.033 3I  
phost )hate  buffer p H  7-2 was cent r i fuged a t  4o,ooo g for one hour. The sed imeuted  pel le t  was washed  
several  t imes  and then  resuspended  in the buffer in which the hea t ing  was to be done. The p r i ma ry  
buffer for th is  purpose  was o.i  mola r  in sod ium ace t a t e  p H  5.7 and o.2 molar  in NaC1. This  will 
be referred to hencefor th  as the  sca t t e r ing  butter.  The suspension,  in i t i a l ly  a t  2 '  C and in a Pyrex  
tes t  t ube  (2 m m  wall  thickness) ,  was hea ted  for the  desired t ime  by immers ing  the  tube  in boi l ing 
wa te r  wi th  c o n s t a n t  s t i r r ing.  " N o r m a l "  cooling was  accompl i shed  by  immers ing  the  tube  in ice 
wa te r  i m m e d i a t e l y  a l t e r  heat ing.  The RNA was kep t  below 5 '  C a t  all  t imes  af ter  p r epa ra t i on  to 
avoid  spon tanenus  degrada t ion .  

The t ime  requi red  to cool an R N A  p repa ra t i on  from IOO ) C to ,o '~ C by immers ion  in ice wa te r  
was abou t  l minute ,  ~5 seconds. In  the p r epa ra t i ons  discussed later,  fas t  cooling was accompl i shed  
by  pour ing  the hot  p r epa ra t i on  over  pieces of copper  t h a t  had been precooled to 8o ) C bv  " d r y "  
ice. The a m o u n t  of copper  was such t h a t  t i le final equ i l ib r ium t e m p e r a t u r e  was abou t  , o '  C. The 
t ime  requi red  to reach Io'  C was a b o u t  15 seconds. 

Slower t h a n  " n o r m a l "  cooling was ach ieved  by  immers ing  the tube  in ice wa te r  for 7 seconds, 
r emov ing  to air  for ~ 5 seconds, re- immers ing,  efc. The t ime  requi red  to reach io  C by  th is  me thod  
was a p p r o x i m a t e l y  twice  t h a t  wi th  con t inuous  ice wa te r  cooling. 

All p repa ra t ions  were c leaned for s ca t t e r i ng  m e a s u r e m e n t s  by  cen t r i fuga t ion  a t  700 g to remove  
the  coagu la ted  protein,  followed by  f i l t ra t ion t h r ough  ul t raf ine  poros i ty  s in tered  glass filters un t i l  
all  vis ible d i r t  was removed.  In  some cases (see Table  I) the  p repa ra t ions  were cent r i fuged a t  4o,ooo g 
before f i l t ra t ion.  

Ttle u l t r av io l e t  absorp t ion  was used to de t e rmine  the R N A  concent ra t ions .  The c o n s t a n t  used 
to re la te  the  opt ica l  dens i t y  a t  257o A (1)~aT0) for a I cm p a t h  l eng th  to  concen t ra t ion  (c) was t h a t  
given by  NORTItROP AND SINSHFIMER 1 for p H  5.7: 

c(mg/ml) -- o.o396 × D2570 A. 

The op t ica l  dens i t y  of a solut ion was found to be i nde penden t  of sa l t  concen t ra t ion  a t  zero, o. 3 3l  
NaCI, and  o. 5 ,lI NaC1. 

* A col loidal  s i l ica suspens ion  k i n d l y  furnished by E. I. d u P o n t  De Nemours  & Company .  
"* Anhydrous  CoSO, was k ind ly  furn ished  by  Dr. I t .  H. DIEHL, Iowa  Sta te  College, Ames, Iowa. 

Re/ere~tces p. 46'4 . 
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RESULTS 

Re/rac l i ve  i~cremen l .  T h e  r e f r a c t i v e  i n c r e m e n t  ( d n / d e )  o f  t h e  R N A  w a s  m e a s u r e d  a s  

o . 2 5 4  ± o , o o 6  m l / g m  w i t h  3 1 3 I A  r a d i a t i o n .  T h e  v a l u e  w i t h  4 3 5 8  A r a d i a t i o n  o f  o . I 9 4  

m l / g m  g i v e n  b y  NORTHROP AND .%INSHt-I~.IER 1 w a s  v e r i f i e d  fo r  t h e s e  p r e p a r a t i o n s .  

"1".\ BIJg l 

M O L F C U L A R  VVEIGHTS OF RNA (4358 A) 

Prepara t ion  l~rl'pllralir)n proredure ( v i ru s  cm*lc., ('*inc. o/leNA*** I)l ,~svmm~trv ln lerccpl  Pllrliclc 
No .  buf f . r* ,  healing It)he, centrz'/lt L, #1o~ ** elc. ) / m~, ml  ) - 2c  l ¢ ( .  '~ ) ;~'t ~ z . 6 

I 20 mg/ml ,  7 o ' ,  40,ooog,  I h 0.309 1.4o o.7~) 5 2.t 5 
2 2o mg/ml ,  7 °" , 4o,ooo ~,, J h o.29o J.42 o.63o 2.59 
3 2o mg/ml ,  9o" o.435 1.48 o.75o 2.17 
4 2 0 m g / m l ,  9o", 4o,ooog', I h, J 5 m i n  0.237 ~.33 o.5~5 -.88 
5 2o mg/ml ,  0o" o.30o 1.39 o.052 2.5o 
O Io mg/ml ,  9o" o.2 t 2 I. 3 I o.94o 1.73 
7 1o mg/ml ,  o.ooI M phos.,  (~o" o, 184 1.32 o. 9-  1.77 
8 (a) 20 mg/ml ,  o.oot  3 I  phos. ,  (~o" o.221 1.30 0.92 1.77 

(b) dialyze ou t  p h o s p h a t e  o. 154 1.4o o.9-'5 ~.7() 
9 1o mg/ml ,  o.oi .li phos. ,  7o" o.18(i I. 4~ 0.08 ~.66 

to re  mg/ml ,  0.0005 ~1I phos. ,  90" o.~58 1.37 0.905 ~.64 
1 ~ ~o mg/ml ,  o.oor 31 phos. ,  6o" o. J9o t.3~ o.90 1.7o 
12 0. 4 mg/inl ,  (TMV buffer changed  to 

sca t te r ing  buffer  by dialysis) 7 o ' ,  
4o,ooo g, i h o.o9o 1.34 o.88 1.80 

13 0. 4 mg/ml ,  (TMV buffer  changed  to 
sca t t e r ing  buffer  by  dialysis) 7 o" o.12o 1.38 o.94 1.73 

14 6. 4 mg/mI,  (TMV buffer  changed  to 
sca t te r ing  buffer  p lus  o.ool  ,ll 
phos.  by  dialysis), 7o" o . lo i  L24 i. ~o 1.49 

i 5 1o mg/ml ,  0o" o. [74 1.29 o.94 J.74 
~ 5 mg/ml ,  6o' ,  o.ool J l  phos.  o.2ot) r.3o o.98 t.(~O 
t7 5 mg/ml ,  0o" 0.2_, 5 t.28 0.98 ~.0O 
~8 ~o mg/ml ,  o.ool :1I phos. ,  7 o" (scat- 

te r ing  curves  ob ta ined  in water  
and  o.o75 M NaC1) o.212 J.3o o.985 t.05 

~9 ~o mg/ml ,  o.oor .,lI phos. ,  7 °" 
fas t  cooling o. t 23 i .51 o.5o 3.~6 

2o ~o mg/ml ,  o.oo~ .'11 phos.,  too" 
fast  cooling o.187 1.7o 0.4o 4.o8 

21 1o mg/ml ,  o.oo~ M phos. ,  ~oo" 
slow cooling o.~34 ~.22 ~.I6 1.4~ 

Average for p repa ra t ions  (~ ~ 8 ~-33 ~.08 

* Concent ra t ion  of sal t  in addi t ion  to sca t t e r ing  buifer.  
~ Other  t h a n  the  cen t r i fuga t ion  a t  7oo g. 

*** :ks sod ium r ibonucleate .  

Par t i c l e  z¢,eight. A n  i n v e s t i g a t i o n  o f  t h e  p r o c e d u r e  fo r  t h e  p r e p a r a t i o n  o f  t h e  T M V  

R N A  b y  h e a t i n g  r e v e a l e d  a t  l e a s t  t h r e e  f a c t o r s  w h i c h  a f f e c t e d  t h e  p a r t i c l e  w e i g h t  o f  t h e  

r e s u l t i n g  R N A .  T h e s e  a r e  (I) t h e  c o n c e n t r a t i o n  o f  T M V  a t  t h e  t i m e  of  h e a t i n g ,  (2) t i l e  

p r e s e n c e  o f  p h o s p h a t e * ,  a n d  (3) t h e  r a t e  o f  c o o l i n g  a f t e r  h e a t i n g .  T a b l e  I s u m m a r i z e s  t i l t '  

e f f e c t s  o f  v a r i a t i o n  o f  t h e s e  p a r a m e t e r s  o n  t h e  r e s u l t i n g  R N A .  T h e  f i r s t  f ive  p r e p a r a t i o n s ,  

w i t h  a 20 m g / m l  c o n c e n t r a t i o n  o f  T M V ,  d i d  n o t  y i e l d  c o n s i s t e n t  v a l u e s  fo r  t i l e  R N A  

p a r t i c l e  w e i g h t .  T w o  o f  t i l e  v a l u e s  ( p r e p a r a t i o n s  I a n d  3) a r e  in  t i l e  r a n g e  p r e v i o u s l y  

* KNIGHT Ia repor ted  t h a t  the  presence of o.ooi  31 t )hosphate  aided pro te in  coagula t ion .  

Re/ercm:es p. 4S4 . 
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found 1. In some of these preparations, considerable difficulty in filtration was encountered 
and it was necessary to centrifuge the RNA at 4o,ooo g to remove large particles before 
filtration. Evidently at this virus concentration, small variations in experimental pro- 
cedure can result in wide fluctuations in the particulate nature of the RNA obtained. 

Preparations 6- I8  indicate tha t  over a considerable range of preparative variables, 
a constant RNA particle weight of 1. 7 • lO 6 can be obtained. This weight is obtained when 
the TMV is heated in scattering buffer at concentrations of 5 and of IO mg/ml. Increase 
of the virus concentration to 20 rag/m1 produces the larger but variable particle weights 
indicated in preparations I-5.  However, after addition of o.ooi M phosphate buffer 
to the scattering buffer, before heating, the same RNA particle weight, 1.7.IO G, is 
obtained for all TMV concentrations from 5-2o rng/ml. At a virus concentration of 
IO mg/ml, the particle weight of the RNA is independent of the phosphate concentration 
employed from zero to o.I :1I. 

Preparations 8a and b indicate that  removal of the phosphate (by dialysis at 2 o C) 
after preparation of the RNA had no effect on the particle weight. Similarly, addition of 
phosphate to a RNA preparation of higher particle weight (prepared by heating in the 
absence of phosphate at a virus concentration of 20 mg/ml) had no effect on the particle 
weight. The phosphate must be present during the time of heating of the virus. 

In these preparations about 2.7% of the virus weight remained in solution as RNA 
after removal of the coagulated protein by centrifugation. 

All of these preparations 1-18 were cooled, after the heating period, by the "normal"  
procedure. Preparations I9 -2 I  indicate possible effects of variation in the rate of cooling. 
A lower particle weight (I .4"Io 6) is obtained with slower cooling (preparation 2I) in- 
dicating the possibility of RNA degradation even during the "normal"  cooling period. 

2,0 o 

1.9 
0 

1 . 8  

1.7 I 

1.6 
l lX  

~ t , 5  

~1 ~ I. 4 I', 
& 

~l J.2 

I . I  

1.0 ~Z 

0 . 9  ~ 

0 . 8  e • 

0 7  

0 .6  k 
0 . 0  O. I 0 . 2  0 . 3  0 4 0 5 0 . 6  0 ) 7  0 ' 8  0 9  

SIN 2 0 /2  

Fig. i. Scattering curves (4358 A). • 0. 5 31 NaC1; ~ 0. 3 31 scattering buffer; :~ 0.075 M NaC1; 
O water. 
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More rapid cooling (preparations ~9 and 20) results in variable weights apparent ly  
greater than  the m a x i m u m  possible RNA content  of the virus. 

A typical  scat ter ing curve with 4358 A radiat ion,  from which the particle weights 
were determined,  is shown in Fig. I, curve I I I .  The particle weights of several prepara- 
t ions were also calculated from scat ter ing data  with 313I A radiat ion,  and are shown in 
Table II .  A typical  scat ter ing curve at this wavelength is shown in Fig. 2, curve l lI.  The 
313I A curves are corrected for cell absorption,  bu t  not for the absorption of the RNA 
solution. The particle weights calculated from the light scat ter ing with 3~3I A radiat ion 
are considered to be within reasonable agreement  of those calculated from 4358 A scat- 
ter ing in view of tile several absorpt ion corrections. 

"I'A IH J£ 11 
|,ARTICLI~ WEIGHTS OF RN:\ (313 I \ )  

-q l 'arlw/c 1?,\'.4 ~om'. l)tssl'mmctry** h*h'rccpt ~ ~. I~rcP':\°'~ ~Ig~tl ( l ¢ ( o ~ ) j  hl ' Z() "*** 

3 o.348 |.89 o. 1-2 r .gS 
| | o . | 9 o  J . 0 4  o.|54 [ . 5 7  

15 o.|74 1.66 o.15 ° r.61 
1 () O.20() I .(I 7 O. 1 e 8  1 . 8 8  

i8 o . 2 r 2  ~ .7  o o .  16  5 | . 4 0  

Axerage~ t.O 7 .\vcrage~ |.63 

* See Table I for details of preparation. 
** In o. 3 M salt. 
* Corrected for depolarization and RNA absorf)tion. 

Excluding preparation 3. 

o.55[ " 

%zo3o ~ I 
o ;  I 

o ,sy  I 
0 . 1 0  • 

0.0 O I  0 .2  0 3  0 .4  0.5 o o  0 ? 0.8 0 9  
S IN z 8 /2  

F i g .  2. S c a t t e r i n g  c u r v e s  (3131 . \ ) .  • o. 5:11 N a C I ;  / ~  o. 3 M s c a t t e r i n g  b u f f e r ;  >( o . o75  .1l NaC1 ;  
O water. 

Depolarization. Only the depolarization for vert ical ly polarized incident  light was 
measured, since this quan t i t y  may  be used for both molecular weight and size correction. 
Typical  plots of ~. (0) vs sin 2 0/2 at 4358 A and 3r3I  A are shown in Fig. 3. Tile average 
values of q,, (o )  and o~ (9 o°) at the two wavelengths based on eight measurements  are 
shown in Table III .  

Re/er~m:cs p. 4s 4. 
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Fig. 3. Depolarization curves. 

48I 

The values at 4358 A are a factor of ten lower than those previously reported 1. The 
difference seems larger than would be expected from the slight reduction in apparent 
particle weight. 

The particle weights calculated from 3~3I A scattering data inTable I I  are corrected 
for the observed depolarization, but 
this correction is not included in 
the scattering curves of Fig. 2. 

"FABLE I I I  

D E P O L A R I Z A T I O N  D A T A  

~ 4358 A .a.~ M3zA 

Distilled water  

ev (°°) 0-0055 0-035 
9v(9 o°) o.oo63 o.o43 

o. 3 M salt 

C~v (o °) 0.0039 o.o18 
0v(9o') 0.0045 0.020 

I L  o PREP. E5, 17 
20~ x PREP. t B  

1 2  i i i t i 
0.0 O. I 0 2 O.B 0.4 0.5 

NoCl Con(; ( M O L E S / L I T E R )  

Fig. 4. Effect of ionic s t rength  on d issymmetry .  

0 6  

Effect o/solvent salt concentration. The RNA scattering curve has an average dissym- 
metry  of 1.33 with 4358 A radiation and 1.69 with 3131 A radiation in a solvent of 
equivalent salt concentration of 0.3 M. ROWEN 14 has reported that  the dissymmetry of 
the scattering curve from sodium deoxyribonucleate preparations (and hence the mole- 
cular shape) varied with the salt concentration of the solvent. A similar effect is observed 
for these RNA preparations (particle weight = I. 7.1o 6) and is shown for both wave- 
lengths in Fig. 4. The limiting dissymmetry at zero salt concentration is 1.74 with 4358 A 
radiation and 1.98 with 3131 A radiation. Constant values of 1.33 with 4358 A radiation 
and 1.69 with 3131 A radiation are obtained for salt concentrations of 0.3 M or 
higher. 

Scattering envelopes were obtained at several of the different salt concentrations 
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and are shown in Figs. I and 2. It will be noted that the ordinate intercept is approxi- 
mately constant for salt concentrations from zero to o.3 3/, but decreases as the salt 
concentration is increased from o.3 31 to 0.5 3[. This decrease in intercept corresponds 
to a particle weight increase from 1.7.zo 6 to an average of 2.I . Io 6. 

This effect of a high salt concentration is reversihle. After preparation in o. 3 M 
salt, the RNA sample may be first made o. 5 3I  in salt and then dialyzed to water, or the 
sample may be dialyzed to water and then the salt concentration increased to o.5 M, 
scattering data being taken at the wirious salt concentrations in between. In both situa- 
tions, the dependence of dissymmetry and particle weight on salt concentration is 
the same. 

It is noteworthy that the ultraviolet absorption of these RNA preparations does not 
change with change in salt concentration, unlike the result obtained with deoxvribo- 
nucleic acid TM 16. 

DISCUSSION 

Parliclc weight. The relation of the separated RNA particle of weight 1.7.1o 6 to 
the RNA in the whole virus is not clear, since phosphorus analyses of the whole virus 
(o.45 %) predict a maximum particle weight of 2.0' lO 6 if the RNA were separated in 
one piece. The predicted value is based upon the assumption of one and only one nu- 
cleoside per phosphorus atom, but this assumption would not affect the relative values 
(I.7' lO G and 2.0. lO 6) since the computed concentrations (c) of RNA, which are used to 
interpret the light scattering data are also ultimately based upon this assumption and 
phosphorus analyses of the scattering solutions. That is 

I / M  a c" (dn/dc) 2 
where ,1I = calculated particle weight 

c -- RNA concentration 
dn/dc == refractive increment of RNA 

so that the calculated M from light scattering will be proportional to the computed con- 
centration c, and thus depend on the same assumption of one nucleoside per phos- 
phorus atom. 

As the experiments with slower cooling suggest a possible degradation, it may be 
that these RNA preparations have already been slightly degraded. Or, as we believe 
more likely 17, it may be that not all of the phosphorus of the TMV preparation is 
in the RNA. 

The high particle weight obtained by heating the 20 mg/ml virus preparations in the 
absence of phosphate, and the reduction of the particle weight to 1.7. Io6 hy heating in 
the presence of phosphate, is best interpreted as indicating an aggregation of the virus 
upon heating in concentrated solution in the absence of phosphate, with resultant pro- 
duction of aggregated RNA. Phosphate is known to prevent virus aggregation TM. 

The reversibly-increased particle weight obtained by placing the RNA in 0.5 M 
NaC1 would seem to indicate a side by side aggregation of the RNA particles. An end 
to end aggregation would have produced a change in the dissymmetry which was not 
observed. 

The very high apparent particle weights obtained with rapid cooling probably in- 
dicate a failure to obtain complete coagulation of the protein so that it would not be 
completely removed by the 700 g eentrifugation and subsequent filtration. 
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shepe a~td dimensions o~ the R,N\4 particle. The scattering data  obtained at the two 
wavelengths permit one to decide, at least for the case when the particles are in distilled 
water, between the s tandard  scattering models of rigid rod, r andom (Gaussian) coil, and 
sphere. The d i ssymmetry  with water  as the solvent with 4358 A radiat ion is 1.74, corre- 
sponding to an isotropic rigid rod with L/A' o.495 or a r andom coil with S/A' o.335. 
L is the length of the rod, S the mean distance between ends of the coil and Z' the wave- 
length of light in water. Since L and 5" are independent  of wavelength,  the ratios L/;t' 
and S/A' may  be calculated for Z = 3131 A as o.734 and o.496 respectively. From these, 
the expected dissymmetries with 3131 A radiation would be 2.I 4 for the rod and 2.5I 
for the coil. The observed d i ssymmetry  in water with 313I A radiation was 2.o, and thus 
the coil as a model may  be eliminated. The sphere may  be eliminated in a similar m~mner ; 
the expected d i ssymmetry  with 313I A radiation would be 3.o. To produce these dissym- 
metrics an isotropic rigid rod would be about  16oo A long. 

The observed depolarizations indicate tha t  the RNA is not isotropic. The anisotropy 
does not affect the previous conclusion eliminating the random coil model as it can be 
shown tha t  the d issymmetry  of a perfectly random coil is independent  of an anisotropy 
in the fiber making up the coil. However,  the anisotropy will affect the calculated length 
L of the rod model. The value of 9~. (o °) is o.oo55 for the RNA in distilled water, and using 
4358A radiat ion;  this value corresponds to an anisotropy function S 1 (see HORN ;\NI) 
BENOIT 5,6) of ~ O.I. Using P~,(o °) = o.o35 with 313 IA  radiation gives 82 = ~_ o.25. 
Since curves were not given by  HORN AND BE,XOIT for these values of S, a graphical 
interpolation of their curves was made to determine the curves corresponding to 

--  22 o.I and ~ o.25. The possible values of L determined in this way  are shown in 
Table IV. 8 o corresponds to the isotropic rod. 

T A B L E  I V  

LENGTHS OF THE ANISOTROPIC ROD IN WATER 

~. - -  4358 A and Z = 1.74 ;t -- 3131 A and Z -- 2.0 
¢~1 - - - - o . I  L = I47oA 6, a 0.25 L -  I t2oA 
b I - -  O 1620  A ~)2 o 142o  A 
b 1 - -  + o . 1  I S S o A  ~2 --  + ° " 2 5  N o n e *  

* T h e  " N o n e "  i n d i c a t e s  t h a t  a r o d  o f  t h i s  a n i s o t r o p y  c a n  n o t  h a v e  t h e  o b s e r v e d  d i s s y m m e t r y  
for any length, including infinity. 

Thus the experimental  values of :5 8 do not correspond to a consistent length for 
the rod at both  wavelengths. HORN AN D BENOIT 5 have measured o,~ for TMV and calculate 
a value of 8 o.3. They  have also calculated the expected value from index of refrac- 
t ion measurements  as 8 o.o8. Assuming the latter to be correct, light scattering gives 
a value of four times too large. This m a y  also be the case for RNA. 

Since the 313I A wavelength is approaching an absorption band  from the long 
wavelength side, this anisotropy should be larger than tha t  at 4358 A. Referring again 
to Table IV, the da ta  would be explained if the rod were nearly isotropic to 4358 A 
radiation and 82 approximate ly  equal to k o.I with 3131 A radiation. The RNA length 
would then be 162o A in water. An estimate of error would be ± 2oo A. This length is 
considerably less than  tha t  of the intact  TMV rods (28oo A). 

In salt (o.3 M) where the dissymmetries are a minimum, an unambiguous  choice 
between models is not  possible. Wi th  an analysis similar to tha t  given for water solution, 
the expected dissymmetries with 3~31 A radiation, calculated from the 4358 A radiat ion 
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v a h l e s ,  a r e  t h e  s a m e  fo r  b o t h  t h e  i s o t r o p i c  r i g id  r o d  a n d  t h e  r a n d o m  coil, n a m e l y  1.62. 

T h e  o b s e r v e d  v a l u e  of  1.60 d o e s  n o t  c o r r e s p o n d  wel l  to  e i t h e r  m o d e l ,  T h e  a n i s o t r o p y  

c o r r e c t i o n  to  Z fo r  81 = ~ o .o8  w i t h  4358 A r a d i a t i o n  is less  t h a n  t h e  l i m i t s  of  e r r o r  of  t h e  

d i s s y m m e t r y .  A s s u m i n g  a rod ,  i t s  l e n g t h  w o u l d  he  zo5o  ~ zoo  A. I n  o r d e r  fo r  t h i s  r ig id  

r o d  to  h a v e  a d i s s y m m e t r y  of  1.69 w i t h  3131 A r a d i a t i o n ,  8o m u s t  be  -o.~ a n d  n o t  

.4 o.17 a s  t h e  d a t a  w o u l d  i n d i c a t e .  A n o t h e r  p o s s i b l e  m o d e l  w o u l d  be  a b e n t  o r  k i n k e d  

rod ,  b u t  t h e  a n a l y s i s  fo r  t h i s  ease  is u n c e r t a i n .  

SI 'MMARY 

I. The apparen t  particle weight of TMV RNA prepared by tlle heat method is sensitive to the 
conditions of p r e p a r a t i o n . . \  consistent particle weight of I. 7. Io ~ has been obtained with a range 
of preparat ive  conditions. 

2. The configuration of the R NA particle det)ends on the solvent salt concentration. It  appears  
to be a rigid rod ~0oo A long in water  solution, i ts  length decreases with the addition of salt and 
reaches a value of lO5O .\, based on a rod model. The contiguration is uncertain in salt solution. 

3. The RNA undergoes a side by side reversible aggregation at salt concentrat ions greater than 
o. 3 .1l. 

RI~;S t T31 l;; 

I. Le poids particulaire apt)arent de TMV RNA t)rdpar6 par  la m('thode caloritique est sensible 
aux conditions de prdparation.  [ 'n poids particulaire cons tant  de 1. 7 . lo 6 a 6td obtenu avec une 
varidtd de conditions prdparatives.  

2. La configuration de la particule RN,X ddpend de la concentrat ion saline llu dissolvant. Elle 
semble dire tin b'Atonnet rigide d 'une longueur de t0oo .\ en solution a(lueuse. Sa hmgneur  diminue 
avec l 'addition de sel et a t te int  une valeur de io5o .X, basde sur un modble en forme de bAtonnet. 
I,a contiguration est inddterminde dans une sohltion saline. 

3. I,e RNA subit  une aggrdgation rdversible "c6te-it-cdte" it des concentrat ions salines supdri- 
cures Z~ o.3 AI. 

Z [ JS.XMMEN IgASSUN(; 

~. Das scheinbare Teilchengewicht yon, nach der \Vfirmemethode hergestellter "I'MV RNA 
hiingt yon den Herstel lungsbedingungen ab. Ein konstantes  Teilchengewicht yon J.7. ~o6 wurde bei 
emer Reihe yon Herstel lungsbedingungen gefunden. 

2. Die S t ruk tur  des RNA-Teilchens hlhlgt yon der Salzkonzentration des L6sungsmittels  ab. 
In w/issriger 1,6sung scheint es ein steifes Stfibchen yon 10oo .\ l,itnge zu sein. Seine l,tinge n immt  
bei Zugabe y o n  Salz at) und erreicht den \Vert yon Io5o A, anf Grand des St/ibchenmodells. In 
Salzl6sung ist seine Gestalt  Bngewiss. 

3. {?bersteigt (lie Salzkonzentratioi~ o. 3 31, so lagern sich die RNA-Teilchen reversibel Seite 
all Seite aneinander.  
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