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Structural resemblance between Schramm's repolymerised 
A-protein and tobacco mosaic virus 

SC~IRAMM has  shown t h a t  rod-shaped  part icles  of the  prote in  of tobacco mosaic  v i rus  (TMV) 
freed f rom ribonucleic acid (RNA) m a y  be prepared  by  breaking  down the  vi rus  in weak alkali, 
s epa ra t i ng  the  pro te in  by  electrophoresis ,  and  subsequen t l y  repolymer i s ing  the  pro te in  b y  
lowering the  pHI.  In  th i s  way,  a protein  of molecular  weight  abou t  Ioo, ooo, which  SCHRAMM 
h a s  called A-prote in ,  can  be bui l t  up  into par t ic les  of fo rm similar  to t h a t  of the  original  virus.  

Good X - r a y  f ibre-d iagrams of 
repo lymer i sed  A-prote in  have  now 
been obta ined ,  and  show unequ ivo-  
cal ly t h a t  the  r econs t i tu t ed  rods 
have  a s t r uc tu r e  closely s imilar  to 
t h a t  of the  pro te in  pa r t  of TMV. 
The  grea te r  pa r t  of the  d i ag ram of 
o r i en ta t ed  gel of repolymer i sed  A- 
p ro te in  is ind i s t ingu ishab le  f rom 
t h a t  of the  comple te  virus.  The  two 
d i a g r a m s  are compared  in Fig. i. 

The  d i s t r ibu t ion  of i n t ens i t y  
on t he  equator of the  d i a g r a m s  is, 
however ,  ve ry  different  in the  two 
cases.  This  m e a n s  t h a t  the  axial  
p ro jec t ion  of the  e lectron dens i ty  
of t he  par t ic les  is different.  This  is 
to be expec ted  since the  R N A  
forms  a cent ra l  core in TMV ~, 3, and  
the  repolymer ised  A-prote in  there-  
fore p r e s u m a b l y  has  a hollow, or 
water-fil led core. Since the  s t ruc-  
tu re  of the  pro te in  is clearly closely 
s imi lar  in t he  two subs tances ,  t he  
difference in equator ia l  in tensi t ies  
m u s t  be direct ly  re la ted to the  
s t ruc tu ra l  a r r a n g e m e n t  of the  R N A  
in t he  virus.  Q u a n t i t a t i v e  measure -  
m e n t s  of equator ia l  in tensi t ies  for 
t he  two subs t ances  are therefore  
being m a d e  wi th  a view to ob- 
t a in ing  in fo rmat ion  abou t  t he  
s t r uc tu r e  of the  RNA.  

Two o ther  differences be tween 
the  X - r a y  d i ag rams  of repoly- 
mer ised  A-prote in  and  of TMV are Fig. t. X - r ay  fibre d i ag ram of o r ien ta ted  gel of repoly-  
observed.  In  the  former  t he  in ten-  merised A-prote in  (bot tom left) compared  wi th  s imilar  
s i ty  m a x i m a  fade ou t  more  rap id ly  d i ag ram given by  t he  TMV from which  t he  A-pro te in  was  
a t  large angles  (this is not due  to p repared  (top right)'. 
less good or ientat ion) ,  and  the  
cent ra l  regions of the  3rd and  6th layer-l ines show s t ronger  s t r eak ing  along the  layer-l ines and  
less p ronounced  sha rp  m a x i m a .  Bo th  these  effects m a y  be a t t r i bu t ed  to a small  degree of disorder  
in the  s t ruc tu re  of the  polymer ised  A-protein.  

In  spi te  of the  s t r eak ing  men t ioned  above,  the  m a x i m a  close to bu t  no t  on the  mer id ian ,  
which  are charac ter i s t ic  of the  helical s t ruc tu re  of TMV protein4,~, 8, are clearly visible in the  
repolymer ised  A-protein.  T h u s  it  appears  t h a t  a helical a r r a n g e m e n t  of the  pro te in  sub -un i t s  
abou t  the  par t ic le  axis  pers i s t s  even in t he  absence  of the  R N A  core. 

The  repolymer i sed  A-pro te in  shows  a m u c h  more  h igh ly  ordered s t ruc tu re  and  a m u c h  closer 
r e semblance  to TMV t h a n  does the  B8 p ro te in  e x a m i n e d  by  FRANKLIN AND COMMONER 7. The  
l a t t e r  is a repolymer ised  pro te in  prepared  from an  a b n o r m a l  prote in  of low molecular  weight  (B3) 
found  in t he  sap  of p lan t s  infected wi th  TMV s. The  repolymer ised  A-pro te in  resembles  B8, 
however ,  in cer ta in  i m p o r t a n t  respects .  The  gel has  a lower posi t ive birefringence'  t h a n  TMV gel 
of the  s ame  concen t ra t ion ,  while the  birefr ingence of d ry  o r i en ta ted  po lymer i sed  A-prote in  is 
weak ly  negative. This  shows  once aga in  (c.L ref. 7) t h a t  the  R N A  makes  a positive con t r ibu t ion  
to the  bi refr ingence of TMV, and  therefore  has  a s t ruc tu re  ve ry  unl ike  t h a t  of DNA,  which  
unde r  m o s t  condi t ions  9, is s t rong ly  negat ive .  
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l{ep(flymerised .k-protein also reseml)les I~,,S in tha t  it shr inks  hmgitu¢linal tv em drFin~z It 
diflers ['rt)m B8, however,  in m~/ expand ing  t(, a length grea ter  than  t h a t  . f  TM'V when in th,' 
gel s tate .  In repolymer ised  . \ -protein gel the axial  r epea t  peri()d is t;,) \. ~s in T M V  In d r \  
o r i en ta t ed  A prote in  ti le axial repea t  is ~lbotlt t~2 \ ,  and tim s t ruc tu re  s!l~lws ~1 iow~'r degree ~f 
order.  I t  se(Hns, therefore,  t h a t  when the nucleic acid c(~rt' is replaced l)y water  the s t ruc tu ra l  
a r r a n g e m e n t  ()f the pro te in  in the virus par t ic le  r emains  stable,  but  when this  wa te r  is removed  
by  d ry ing  the par t ic le  shr inks  and l)ec(unes pa r t i a l l y  dis(~rdert~d. 

I am very  gra teful  to I 'rofessor G. SCHRAMM for p rov id ing  nle with repolymer ised  .\-.pr()tein. 
ROSALINI) l~'~. I~'RANKLIN 

IHrkbeck College, University o~ London. (England) 

1 G. SCHRAMSI, Z. Nalur/orschung, 2b (1947) i i 2, 249. 
G. SCHRAMM, G. SCHUMACHER ANt) W. ZILH(L Nat~re, ~75 (I955) 549- 
R. G. HART, Proc. Nat. Acad. 5"ci., 4 ~ (~955) 2¢)~. 
J. D. \¥ATSON, Biochim. Biopl~.ys. ~:tcia, I3 (1954} IO. 
R. E. Fr~AN~;L~N, Nalure, 175 (~955) 379. 

6 R. ]~. FRANKLIN AND A. KI.UG, .4cta Cryslallographica, in press. 
7 JR. E .  FRANKLIN AND ]~. COMMONER, .'~rggl~D't', in  press. 
8 B. COMMONER, M. YAMAI)A, S. l). ROI)ENBERO, T.-Y. \VAN(; AND l';. lgASLER, Science, ~I8 

(~953) 529. 
M. H. F. \~'ILKINS, R. G. GOSLING AND W. E. S~:I~;I)S, Nalztr~', I67 (195 ~) 759. 

Received J u l y  :znd,  1955 

D(-)p-I-lydroxybutyryl CoA dehydrogenase* 
The second ox ida t i ve  s tep in the  sequence of react ion dur ing  f a t t y  acid ox ida t ion  has  been 

shown to be ca t a lyzed  by  a DPN- l inked  dehydrogenase  (I) specific for the L( } ) f i -hydroxyacyl  CoA 
de r i va t i ve s  1,2. 

R e c e n t l y  STERN FI (¢l. 3 have repor ted  on an enzyme t h a t  racemizes  D( ) to L(--)¢/-hydroxy- 
b u t y r y l  CoA. They  found no effect of added DPN on th is  racemizat ion.  However  we were able 
to ob ta in  a f ract ion (II) from beef l iver  m i toc hond r i a  t h a t  ca ta lyzes  a DPN specific ox ida t ion  
of the  D( - - ) f l - hyd roxybu ty ry l  CoA. The react ion was n ieasured  spec t ropho tome t r i ca l l y  by  the  
increase at  34 ° nn/~ or 3o3 ln/~ clue to the  fo rmat ion  of D P N H  or ace toace ty l  CoA 4 respec t ive ly .  
Therefore the  name  I.( k ) f l - h y d r o x y b u t y r y l  CoA dehydrogenase  is proposed.  The p roduc t  of such 
dehydrogena t ion  has  been ident i f ied as ace toace ty l  CoA by  its absorp t ion  at  3o3 mff in presence 
of Mg 4,5,6 and by the format ion  of equ iva l en t  a m o u n t  of c i t r a t e  in the presence of CoASH, 
[$-keto c leavage  enzyme a,~,v oxa l ace t a t e  and  condens ing  enzyme s. When  1)(- ) f l -hydroxybu ty ry l  
CoA was incuba ted  wi th  th is  f ract ion in the  absence of added DPN~, there  was very  l i t t le  con- 
version to L( ~ ) f l - h y d r o x y b u t y r y l  CoA (as shown by assay  wi th  L(q )~ -hydroxyacy l  CoA de- 
hydrogenase) .  On add i t ion  of c a t a ly t i c  a m o u n t s  of D P N  (~.~o a ,ll) (but  not  TPN),  convers ion 
couhl be obta ined .  In the  expe r imen t s  shown in Fig. i j)(- ) f l -hyd roxybu ty ry l  CoA was incuba ted  
wi th  1oo [tg of enzynle  and 1 • 1o s 31 D PN  in sample  A and w i t h o u t  DPN in sanlp le  B. After  
3 ° m inu t e s  a t  38°, the reac t ion  was s topped  by  heat ing,  aIld the  m i x t u r e  assayed  for L a n d  D 
isomers by DPN + reduct ion  in the  presence of 1 and 11. Fi rs t  I was added  at  zero t ime  and an 
equi l ibr ium was ob ta ined  which represents  the  a m o u n t  (}f L formed from the  D isomer. Wi th  
sample  A which conta ined  DPN + dur ing  the p re incuba t ion ,  the  a m o u n t  of L formed is approxi -  
ma te ly  5o % (if the or iginal  I) isomer used. On addi t ion  of II,  the  r ema in ing  50 % could be ac- 
counted  for. %i t t l  sample  13 the  L-isomer produced  is cons ide rab ly  less. The effect of ca t a ly t i c  
a m o u n t s  of DPN on the  r acemiza t ion  can fu r the r  be shown (c/. Fig. 2) by the format ion  of the  
L from the  D isomer, wi th  and w i t h o u t  added  DPN 4 a t  v a r y i n g  a m o u n t s  of enzyme.  Since the  
a m o u n t  of the  L isomer formed exceeds h t a t  of the  D PN added,  th is  a p p a r e n t  r acemiza t ion  is 
ca t a lyzed  by DPN.  L(-! ) f l -hydroxyacyl  CoA dehydrogenase  is s t i l l  a c o n t a m i n a n t  of p r epa ra t i ons  
of i I .  Thus  the  a p p a r e n t  r aeemiza t ion  can be exp la ined  in t e rms  of ti le following reac t ions :  

II I 
D(-- ) /~-hydroxybutyry l  CoA + I)I 'N~ ~ Ace toace ty l  CoA + D I ' N [ i  + H~ ,~- 

DPN ~ ~- L( ] - ) f l -hydroxybutyry l  CoA 

I I  has  a n  o p t i m u m  p l f  a t  9.o and  is 85 % inh ib i t ed  by  p -ch lo romercur ibenzoa te  a t  concen- 
t r a t ions  of 2.5" ~o 4 AI whi le  L ( + ) f i - h y d r o x y a c y l  CoA dehydrogenase  is not inh ib i t ed  at  th is  
concent ra t ion .  Ful l  a c t i v i t y  can be res tored by add i t ion  of g lu ta th ione .  \Vhen the  enzyme was 
p re incuba ted  for 15 minu te s  a t  o ° wi th  Co ~+ a t  concen t ra t ion  of 2- lo ~ i t  would give i o o %  acti- 


