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INTRODI;:CTION 

The various strain~ of tobacco mosaic virus (TMV) differ from one another in their  

serological behaviour,  in the symptoms  which they produce in an infected plant,  

and in their physico-chemical  propertiesL Chemical analyses have shown tha t  the 

ribonucleic acid (present to the extent  of 6% in the virus) is, within the limits of 
exper imental  error, of the same composit ion in all strains, whereas the amino-acid  

composit ion of the virus protein shows coflsiderable variationsL 

There are, however,  certain strains which are biologically quite  distinct from 

one another  yet  show no detectable  difference in chemical compositionL i t  was 
therefore  thought  to be of interest to a t t empt  to find, by means of X-ray  diffraction, 
in what  ways the s t ructure  of the virus protein may vary  from one strain to another.  

In addition to strains of TMV, cucumber  virus 4 (CV4) has been invest igated.  
This virus differs from "I'MV not only in amino-acid composit ion and in the C-terminal  

end-group of its protein (alanine in place of the threonine of TMV) ~ but also in the 

composi t ion of its nucleic acidL Nevertheless  it is s t ructura l ly  2 and serologically a 

closely related to TMV and a comparison of its X-ray  diagrams with those of the 

strains of T31V is therefore of interest.  

The purpose of this paper is to show, in a general  way, the extent  to which the 
X-ray diagrams of the various "I'MV strains and of CV 4 resemble one another,  to 

enumera te  the ways in which they differ, and to give, where possible, some indication 
of the s t ructural  significance of these differences. Certain of the differences are 

discussed in greater  detail  in other  papers 4, 5. 

METHODS 

Orientated specimens for X-ray examination were prepared by the methods of BFRNAL AND 
I:ANKUCHEN 2. That is, dry orientated virus wins obtained by evaporating a solution contained 
between two parallel glass plate^s, and preparations in tbe form of gel or concentrated solution 
were orientated by introducing them into thin-walled glass capillaries of diameter o. 3 to 0. 5 turn. 
It was found that, for solutions containing 5 ~4; to io gg by weight of the virus, good orientation 
generally developed rapidly and spontaneously, in the capillary tube. For good X-ray diagrams, 
however, a concentration of 2o~o to 35 °4, is required. At these concentrations it is generally 
found necessary to speed the orientation process by moving the gel specinlen repeatedly back- 
wards and forwards over a small length of the tube. 

X-ray fibre-diagrams were taken using an Ebrenberg-Spear fine-focus X-ray tube, Ni- 
filtered Cu radiation, and a Phillips micro-camera modified to give a specimen-flint distance of 
3 ° mm and having a lead-glass collimator of bore 5o/*. The camera was hydrogen-lilled. 
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l :or  c a l i b r a t i o n  of t he  sv:ah' ~,i t h e  X ray  d i a g r a m s ,  t!;c , i o i )  r e thx ' t ion  ¢,f q u a r i z  (3..~43 A; 
wm~ used.  The  c a p i l l a r y  t u b e  c,m'~ailmlg the  s p e c i m e n  (or. in the  case  (,t d r y  s p c ' i m e n s ,  t h e  
s p e c i m e n  i tself)  was  c o a t e d  w i t h  ;t filnl c,f ! im:!y p ~ w d e r e d  q u a r t z .  For each :-ellection ,>l." the  
q u a r t z ,  a d o u b l e  I'illg, c o r r e s p o n d i n g  it) b a c k  alli! fr()lll[ faces of t i le  spec in lcn ,  was  i i | ; ta i l lCd oP. 

ihc  X - r a y  phot.ogra[flL and  the. m e a n  d i a m e t e r  (ff the  r ing  was  u s e d  t~) c a l i b r a t e  the  s p a c i n g s  
of the  i S t h  and  2Ts'c l ave r - l i ne s  rff I ' M V  am! of CV 4 

M.kTERI.\L~; 

M e a s u r e l n e n t s  were  macle on the  /olh~wing th ree  s t r a i n s  of TM\ : .  
R o t h a m s t e d  s t r a in ,  p r e p a r e d  l ,v  Mr. N. \V. PlRIF.  T h e  m e t h o d  of pu r i f i c a t i on  i n v r d v e d  

i n c u b a t i o n  w i t h  c o m m e r c b d  t r y p s i n .  
l.;i, a " n o r m a l "  s t r a in ,  a n d  
U2. a "nfikl ."  s t r a t a ,  b o t h  p r e p a r e d  b y  l ) r .  A. S~P:uv~. (Un ive rS i t y  C~,llege of Ix~s Ange les ) .  

The  p r e p a r a t i o n  and  p r o p e r t i e s  ~,f /Tt a n d  [ '2  h a v e  been  desc r ibed  in de t a i l  s. 
The  t ' I  p r e p a r a t i o n  was  p i g m e n t e d ,  a n d  t he  o t h e r  t w o  were  colour less .  
The  CV 4 used in t h i s  w o r k  was  p r e p a r e d  b y  Dr.  (2. A KXmHT (Virus  L a b o r a t o r y ,  Berke ley) .  

RESULTS 

X-ray  fibre-diagrams of orientated gel preparations of 3 strains of "I'MV and of CV 4 
are shown in Figs. I -4 .  Fig. 5 shows the diagram of a previously dried specimen of 
orientated TMV, U2 strain, maintained at a relative humidi ty  of 75% during the 
exposure. Photographs similar to Fig. 5 were obtained from tile same preparat ion 
both air-dried and at 92% r.h. 

Clearly the strong similarity of all these diagrams shows that the main features 
of the protein structure are the same in all the materials concerned. Further,  calibra- 
tion with quartz showed that  the fibre-axis repeat period (given by the layer-line 
spacing) was the same for TMV gel, CV 4 gel, and dry  TMV, being in each case 

69 -- o.5 A. 
A number  of points of difference between the X-ray  diagrams of the various 

strains of TMV are, however, clearly visible, while between CV 4 and "I'MV the 
differences observed arc greater. (In comparing the diagrams it is, of course, necessary 
to ignore such differences in appearance as are due only to different degrees of 
orientation in the specimens, this being of no structural  significance.) 

"I'MV Strains 

i. Splitting o~ the layer-lines. The layer-lines of the X-ray  diagrams of TMV are not 
exactly equally spaced. This is most clearly seen in Fig. 3 (U2 gel). The separation 
between the inner regions of laverlincs I and 2 is less than that  between layer-lines 
o and I and layer-lines 2 and 3. Similarly, the separation between the inner regions 
of layer-lines 4 and 5 is small, while that  between 3 and 4 and between 5 and 6 is 
large. Fur ther  from the centre of the diagram this effect is reversed. 

The same effect occurs, to a lesser extent, in the Rothalnsted and UI  strains 
(Figs. I and 2). 

ii. The 3rd layer-line. The positions of the intensity maxima, in all regions of 
the X-ray  diagram are closely similar for all 3 strains. However the relative intensities 
of the maxima on the 3rd layer-line differ considerably from one strain to another. 

iii. Higher layer-lines. Small differences in the strength of intensity maxima can 
be detected in various parts of the diagram. Parts  of the 8th layer-line of U2 are 
markedly different from the other strains. 

Re/ereuccs p. 2 r r .  
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Fig. I. X-ray fibre-diagram of orientated gel of TMV, Rothamsted strain. 

( 'V 4 

i. The positions o~ the intensity maxima. Although the diffraction pa t t e rn  of CV 4 
closely resembles those of the  TMV strains in its general  features,  measurement  of 
the posi t ions of corresponding m a x i m a  reveals that ,  in CV4, they  all lie s l ight ly  
fur ther  from the meridian.  The discrepancy is app rox ima te ly  3 %. 

ii. Relative intensities. Differences in re la t ive  intensities,  as compared  with TMV, 

]?e/erences p. 2II. 
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Fig. 2. X-ray fibre diagram of orientated gel of TMV, l ' r  strain. 

are noticeable in various parts of tile diagram. One on the 6th layer-line is indicated 
by an arrow in Fig. 4. 

iii. Splitting o/ the layer-line. A slight split t ing of the layer-line is observed, but 
in the opposite sense to tha t  in TMV. That  is, the distance between the central regions 
of layer-lines I and 2 etc. is slightly greater than  the mean layer-line spacing. 

Change in the diagram on drying 

The principal  differences between the diagrams of the gel and of dried virus prepara- 
tions subsequent ly  main ta ined  at about  75 % r.h. lie in the equator and the central 
region of the 3rd layer-line. The changes observed are similar for all three strains of 
TMV and for ('V 4. 

ldc/ere~*ces p. 2l r. 
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Fig. 3- X-ray fibre-diagram of orientated gel of TMV, U2 strain. 

Comparison of Figs. 3 and 5 shows clearly the difference in intensity distribution 
on the equator  for gel and solid preparations of U2 strain. 

The change in the central region of the 3rd layer-line is shown separately in 
Fig. 6, since this part  of the diagram is over-exposed in the photographs shown in 
Figs. 1-5. Fig. 6a, from a weak exposure of orientated gel of the Rothamsted  strain 
of TMV, shows a series of maxima lying close to the axis on the 3rd layer-line. The 
distance of the first of these from the axis corresponds to a spacing of about 27o A. 

l~'/erences p. 2 i s .  
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l:ig. 4- X ray fibre-diagraTn of o r ien ta ted  gel ~f CV 4. The arrow indicates  a regi~m of the ~)th 
layer- l ine which is m a r k e d l y  different from the TMV diagrams.  



Fig. .j. X-ray fibre-diagram of solid orientated TYIV, IT L strain, at relative humidity 7.5 Olo 
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Fig. I~i 

\'OL. 19  (IC)54~) 

l:i,~. 01, 

Comparison of central region of 3rd layer-line of T M \  Rothalnsted strain) in the wet and dy 
states. Fig. 6a. Orientated gel. Fig. 0b. Air-dried orientated solid. 

Fig. 6b shows the same part of the diagram for an orientated air-dried specimen of 
tl;ie same strain. In this the first maximum is entirely absent, while the second is 
:t~oth displaced and reduced in intensity. 

When solid preparations of orientated virus are strongly dried, further changes 
in the X-ray diagram occur. These will be described and discussed elsewhere. 

DISCUSSION 

It  has been shown that TMV protein consists of structurally equivalent sub-units 
of molecular weight about 3o,ooo lying in helical array about the long axis of the 
particle, and that there are 3n + i such sub-units in 3 turns of the helix, With n 
probably 12 7,8. The nucleic acid forms a central coreT, 9,10. The strong general similarity 
of the X-ray diagrams (Figs. 1-4) shows that this basic structural arrangement 
exists not only in the various strains of TMV but also in CV 4. There are, however, 
some important points of difference. 

The slight irregularity of layer-line spacing-- the splitting of the layer-lines-- 
indicates that there is not exactly a whole number of sub-units in 3 turns of the helix. 
This effect is discussed in detail elsewhere~; it is shown that, if .n 12, there are 
for the U2 strain of TMV 37.o5 and for the UI and Rothamsted strains 37,o2 sub- 
units in the axial period of 69 A. In CV 4 the direction of the effect is reversed and 
there are approximately 36.98 units in 3 turns of the helix. 

The magnitude of this variation in the number of protein sub-units per turn 
of the helix is small; the difference between the two extt emes represented by U2 
and CV4 corresponds only to a shift of o. 7 A at the outermost shell of the virus 
particle. Nevertheless, the existence of such a variation in the position of any one 
protein sub-unit with respect to its neighbours above and below probably means 
that there is little specific chemical bonding between one turn of the helix and the next. 

In CV4, all important intensity maxima occur about 3°/.o further from the 
meridian than in the TMV strains, indicating that the structure of the virus protein, 
though similar, is somewhat more compact, the diameter of the particle being about 
5 A less than that of TMV, while the axial spacings are the same. This agrees well with 
the observation of BEItNAL AND FANKUCHEN 2 that the inter-particle distances in 
their dry preparation were 146 A for CV and t52 A for TMV. 

The greatest variation in intensity distribution between one strain and another 
occurs on the 3rd layer-line. In all preparations of TMV and of CV 4, however, the 

Re/erences  p. 21 [. 
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3rd layer-line shows the same general features; an oscillating intensity function of 
short period is modulated by one of much longer period. It is shown in the following 
paper s that this feature of the X-ray diagram is related to the detailed external form 
of the virus particle, and indicates the presence of some kind of helical groove 
following the line of the main protein helix. The existence of the groove is confirmed 
by the disappearance of the first maximum on the 3rd layer-line on passing from 
gel to dry preparations. The variation in the detail of the intensity distribution on 
the 3rd layer-line (Figs. I 4), however, indicates that the detailed form of the groove 
may vary from one strain to another. 
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SU MMA RY  

X-ray  d i ag rams  of 3 s t ra ins  of tobacco mosaic  virus, and of cucumber  virus  4 are closely s imi lar  
in the i r  ma in  features  bu t  differ s igni f icant ly  from one ano the r  in poin ts  of detail .  

The conclusion is d r awn  t h a t  the  hel ical  a r r a n g e m e n t  of the  v i rus  p ro te in  is essent ia l ly  
the same in all four substances ,  bu t  t h a t  there  is a slight var ia t ion  in the  number  of pro te in  
sub-un i t s  in one tu rn  of the  helix, and also a s l ight  va r i a t ion  in the surface s t ruc tu re  of the 
v i rus  part icles .  

1.es d i a g r a m m e s  aux  r ayons  X de t rois  souches du virus  de la mosa~que du t abac  et  du virus  4 
du concombre  possSdent  des ca rac td r i s t iques  tr~s semblables  mais  different de fafon s ignif ica t ive  
les uns des au t res  par  des poin ts  de ddtail .  

Les au teurs  conc luen t  que la s t ruc tu re  hdlico~dale de la prot6ine  du virus  es t  e ssen t ie l l ement  
la m~me pour  les qua t r e  substances ,  mais  qu ' i l  y a une ldg&re va r i a t ion  dans  le nombre  des sub- 
unit~s pro td iques  pa r  tour  d'h6lice, et  6ga lement  une Idg~re va r i a t ion  dans la s t ruc tu re  de la 
surface des par t icu les  de virus. 

Z USAMMENFASS UNG 

R 6 n t g e n d i a g r a i n m e  yon drei T a b a k m o s a i k v i r u s s t / i m m e n  und von Gurkenv i rus  4 weisen im 
\Vesent l ichen grosse -{hnlichkeit ,  im Einze lnen  jedoch bedeu tende  Unterschiede  auf. 

Es wird da raus  gefolgert ,  (lass die Schraubenkonf igura t ion  des Virusprote ins  in al len vier  
Subs tanzen  im Wesent l i chen  dieselbe ist, w; ihrend in der Anzahl  der in einer Sch raubenwendung  
befindl ichen Pro te insube inhe i ten ,  sowie in der Ober f lgchens t ruk tu r  der Vi ruspar t ike ln  eine 
ger inge Var ia t ion  bes teht .  
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