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ULTRAVIOLET ABSORPTION STUDIES ON 

TOBACCO MOSAIC VIRUS* 

K. K. R E D D I  

The Virus Laboratory, University of California, Berkeley, Calif. ( U.S.A .) 

The ultraviolet absorption of tobacco mosaic virus (TMV) is caused by the tyrosine, 
tryptophan and phenylalanine of protein and the purines and pyrimidines of nucleic 
acid. Very careful work on the ultraviolet absorption of TMV was carried out l~y 
BUTENANDT, I~RIEDRICH-FREKSA, HARTWIG AND SCHEIBE I. However, during the  
purification of TMV the aggregation of virus particles takes place and this intensifies 
light scattering. This was not taken into consideration by BUTENANDT et al. 1. Since 
the scattering increases with the decreasing wavelength its effect will be more pro- 
nounced in the ultraviolet region and thus contributes to an apparent increase in 
the absorption. SC~IRAMM AND DANNENBERG 2 measured the spectrum of TMV, cor- 
recting for scattering. The exact amounts of absorption contributed by protein and 
nucleic acid components of TMV are not yet known. Such studies can tell something 
about the nature of the protein and nucleic acid binding in TMV. The present investi- 
gation deals with (I) the measurement of absorption spectrum of TMV after correcting 
for scattering, (2) the determination of absorption contributed by the protein part 
of TMV and (3) the comparison of the resulting absorption spectrum, obtained after 
deduction for the absorption contributed by the protein part of TMV, with that of 
TMV nucleic acid prepared using two different procedures. 

EXPERIMENTAL 

Materials 
Tobacco  mosaic virus was  prepared by  differential centr ifugat ion and the final p repara t ion  was  
in aqueous  solution. Nucleic acid f rom TMV was prepared by  using two different procedures:  
(i) the heat dena tura t ion  me thod  of COHEN AND STANLEY 8 as modified by  KNmHX 4 and  (2} the 
detergent method  of FRAENKEL-CoNRAT, SINGER AND WILLIAMS 5. Nat ive  TMV protein  was  
prepared according to the  procedure of FRAm~EEL-CONRAT AND SINGER s with the following slight 
modification. 

One per cent solut ion of TMV (25o rag) was  dialysed against  I litre of i % solution of 2-methyl- 
2 -amino- i -propanol  at  3 ° C for 24 hours  (suggested by  Dr. P. NEWM/LRE). Sa tura ted  (NH4)sSO 4 
:solution was  added to the  dialysed mater ia l  to  IO % saturat ion,  held at  room tempera tu re  for 
i hour  and then centrifuged at  12,ooo r .p.m, for io minutes.  Concentrat ion of (NHa)sSO 4 in the 

: supernatant  was  raised to 3o %, held a t  room t empera tu re  for one hour  and then centrifuged 
a t  i2,ooo r .p.m, for IO minutes.  The precipitate was dissolved in 7 ml distilled water  mad to 
this a sa tura ted  (NH4),SO 4 solution was  added to 3o % saturat ion.  After holding a t  room tempera-  
tu re  for I hour,  it was centrifuged for io minutes  a t  i2,ooo r .p.m. The precipitate was dissolved 
in 7 ml distilled wate r  and dialysed at  3 ° C against  two  changes of 4 litres of distilled wate r  

* This investigation was suppor ted  by  grants  from the Rockefeller Founda t ion  and U.S. Public 
Heal th  Service No. E-I267.  

References p. 24L 



VOL. 2 4  (1957)  U . V .  ABSORPTION OF T M V  2 3 9  

a d j u s t e d  to  p H  7.5. The  d ia lysed  ma t e r i a l  was  cen t r i fuged  for 2 hou r s  a t  4o,oo0 r .p .m.  The  super -  
n a t a n t  was  used  in t h e  fol lowing s tudies .  

Methods 
P h o s p h o r u s  was  e s t i m a t e d  accord ing  to  t h e  p rocedure  of KING ~ w i th  a s l ight  modif ica t ion  in t h e  
d iges t ion .  T h e  s amp le s  were d iges ted  for I5 m i n u t e s  (in t h e  case of TMV a d iges t ion  per iod  of 
3 ° m i n u t e s  was  necessary)  a t  18o ° C. T he  s amp l e s  were cooled a n d  d iges ted  for a n o t h e r  5 m i n u t e s  
fol lowing t h e  add i t i on  of a d rop  of H202.  P ro t e in  was  e s t i m a t e d  accord ing  to  t he  m e t h o d  of 
HILLER, MCINToSH AND VAN SLYKE 8. T h e  i n t ens i t y  of t he  colour  was  m e a s u r e d  a t  55o m #  in 
a B e c k m a n  spec t ropbo tome t e r .  

The  abso rp t ion  spec t ra  of T M V a n d  T M V nucleic  acid were m e a s u r e d  in i cm  q u a r t z  cells 
in a B e c k m a n  s p e c t r o p h o t o m e t e r  D U  model .  

Absorption spectra of TMV.  T he  abso rp t ion  of a T M V p repa ra t i on  con ta in ing  13 #g  P in 
io  ml  dist i l led w a t e r  was  m e a s u r e d .  T he  resul t s ,  expressed  as  e(P) 9 are  g iven  in Fig. i ,  Curve  I. 

Sca t t e r ing  was  m e a s u r e d  u s i ng  t h e  Ra le igh  rule:  K = C]g ~ where  K is ex t inc t ion  due  to 
sca t t e r ing ,  C is s ca t t e r ing  cons t an t ,  )t is w a v e l e n g t h  in m/~. T h e  e x p o n e n t  in t he  fo rmu la  was  
verified b y  t he  a u t h o r  us ing  t he  m e t h o d  of SCHRAM~ AND DAN~ENBERG 2 and  was  found  to  be 4.o. 
The  abso rp t ion  of a TMV p repa ra t i on  con t a i n i ng  I56 # g  P in IO ml  dist i l led wa t e r  was  m e a s u r e d  
a t  w a v e l e n g t h s  350 and  4o0 m# ,  where  nucleic  acid a n d  p ro te in  h a v e  no abso rp t ion  a n d  t h e  
sca t t e r ing  c o n s t a n t  C was  ca lcu la ted  us ing  t he  Ra le igh  formula .  T h e  c o n s t a n t  C was  found  to be  
5.34" lO-19 cm3 (Table I). For  t he  a m o u n t  of T M V con ta in ing  I3 lug P in io  ml  dist i l led wate r ,  
wh ich  was  used  to ob ta in  t he  s p e c t r u m  of T M V (Fig. I, Curve  I), t h e  sca t t e r ing  c o n s t a n t  is 
5.34" IO-19/I2 or 0.45. lO -19 cm 3. Th i s  figure was  s u b s t i t u t e d  in t he  Ra le igh  fo rmu la  to  ob ta in  
va lues  for s ca t t e r ing  (K) a t  w a v e l e n g t h s  240 to  3IO m # ,  a n d  Curve  I I  in :Fig. i was  ob ta ined  
af ter  s u b t r a c t i n g  va lues  due  to  sca t te r ing .  

The  abso rp t ion  of 2.79 m g  of n a t i v e  T M V pro te in  in io  m l  dist i l led wa t e r  was  m e a s u r e d  
a t  w a v e l e n g t h s  240 to  31o m # ,  a n d  Curve  I I I  in Fig. i was  ob ta ined  af ter  deduc t i ng  t he  abso rp t ion  
due  to  p ro te in  f rom Curve  I I  in Fig. I. 

Absorption spectra o[ T M V  nucleic acid. A b o u t  2 m g  of nucleic  acid were d issolved in i ml  
dist i l led wate r .  P h o s p h o r u s  was  d e t e r m i n e d  in a n  a l iquo t  of  th i s  solut ion.  Absorp t ion  measu re -  
m e n t s  were m a d e  on o . i  m l  of  t h i s  so lu t ion  d i lu ted  to  io  m l  w i th  dist i l led water .  The  values ,  
expressed  as e (P), are g iven  in Fig. 2 a, b. 
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Fig. 2. Ul t rav io le t  abso rp t ion  spec t ra  of T M V  
nucleic  acid in dist i l led water .  (a) S p e c t r u m  of 
T M V nucleic acid p repa red  according to  h e a t  
d e n a t u r a t i o n  m e t h o d .  (b) S p e c t r u m  of TMV 
nucleic  acid p repa red  accord ing  to de t e rgen t  

procedure .  

Fig. I. Ul t rav io le t  absorp t ion  of tobacco mosa ic  
v i rus  in dist i l led water .  I. Ul t rav io le t  abso rp t ion  
s p e c t r u m  before deduc t ing  for sca t t e r ing ;  II .  
Ul t rav io le t  abso rp t ion  s p e c t r u m  af te r  deduc t i ng  

for s ca t t e r ing ;  I I I .  Ul t rav io le t  abso rp t ion  s p e c t r u m  af te r  deduc t ing  for s ca t t e r ing  and  pro te in .  
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TABLE I 

SCATTERING CONSTANT C FOR T M V  CONTAINING 156/zg P IN IO m l  DISTILLED WATER 
C = K × ] ¢  

Wavelength (2) log I I  o ( K )  C X xo xg cm s 
m# 

350 0-360 5.4 ° 
360 °.317 5.33 
37 ° 0.286 5.36 
380 0.255 5.32 
39o o.23o 5.32 
4o0 0.208 5.33 

Average 5.34 

RESULTS AND DISCUSSION 

The ultraviolet absorption spectrum of TMV in Fig. I, Curve I, is contributed by 
(I) scattering, (2) protein and (3) nucleic acid. Curve II in Fig. I, obtained after 
deducting values due to scattering, is composed of the contributions from both the 
constituents of TMV, protein and nucleic acid with e (P) values, 12,29o and 14,4oo 
at 250 m~ and 26o mt~ respectively. Curve III in Fig. I, obtained after subtracting 
absorption contributed by protein from Curve II, represents the absorption due to 
the nucleic acid part of TMV. The two TMV nucleic acid preparations, made according 
to heat denaturation and detergent procedures (Fig. 2 a, b), and Curve III  in Fig. I, 
have an absorption maximum at 258 m~ with e (P) values of 9350, 9674 and 9845 
respectively. It is interesting to note that there is no significant difference in t h e ,  (P) 
values. If the purines and the pyrimidines of TMV nucleic acid are involved in the 
formation of the nucleoprotein complex (TMV) in a way to suppress some of the 
chromophores, one expects the resultant Curve III, obtained after deducting the 
absorption values of the protein part from the TMV absorption curve, to have a low 
absorption maximum. Since this is not the case it is probable that the purines and 
pyrimidines do not participate in the formation of the nucleoprotein complex (TMV). 
It is likely that the main linkage between the protein and nucleic acid in TMV is 
that involving the phosphorus groups of nucleic acid with the guanidino groups of 
the basic amino acid, arginine, of TMV protein. 
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SUMMARY 

The ultraviolet absorption of t o b a c c o  mosa ic  v irus  was  studied. After correcting for the absorption 
contributed by the protein part  of TMV and scat ter ing ,  t h e  resu l t ing  c u r v e  has  a b o u t  t h e  s a m e  
absorption m a x i m u m  as  t h a t  found  for TMV nucleic acid prepared using two different procedures. 
The significance of this result on the nature of the protein-nucleic acid association in TMV has 
been discussed. 
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KINETIC STUDIES ON T H E  D I P H O S P H O P Y R I D I N E  NUCLEOTIDE 

CYTOCHROME c REDUCTASE FROM HEART* 

CARL F R I E D E N  

Department o] Biological Chemistry, Washington University School o/Medicine, 
St. Louis, Mo. (U.S,A.) 

A soluble, highly purified DPNH**-cytochrome c reductase has been obtained by 
MAHLER et al. 1 from heart muscle sarcosomes. The overall stoichiometry of the reaction 
catalyzed by the flavoprotein was found to be: 

D P N H  + 2 cytochrome s+ ~-  D P N  + + 2 cytochrome rv + H + (I) 

The reaction therefore involves the participation of three substrate molecules, two 
of which are proteins. Numerous problems are posed by this reaction, some of which 
may be approached by kinetic analysis. A preliminary survey of the kinetics has been 
reported ~. The kinetics of the overall reaction are here subjected to a more extended 
experimental analysis. The objects were to determine the values of the kinetic para- 
meters involved in the reaction, to discuss their nature, and to determine their 
behavior as a function of pH. The results so obtained form the basis for a discussion 
of the possible mechanism of the reaction. 

MATERIALS AND METHODS 
Preparation o/ the enzyme 
The enzyme was  prepared  f rom a dilute alcohol ex t rac t  of pig hear t  sarcosomes by  a slight modifica- 
t ion of me thod  of MAHLER et aLL Removal  of the  contaminat ing  heme p igments  was  facilitated 
b y  washing  the  sarcosomes wi th  cold o.o 5 M sodium acetate buffer at  p H  5.4 and then  several 
t imes wi th  cold distilled water.  The optical densi ty rat ios D28o/D44 o and D4t0/D~0 of the  enzyme 
a t  the  last stage of purification were 5.1 and o.95. The values of these rat ios obtained by  M.&HLRR 
et al. 1 were 7.o and o.85. Al though electrophoretic and sedimentat ion studies indicated t h a t  the  

* Supported by  a g ran t  f rom the American Cancer society on the recommendat ion  of the 
Commit tee  on Growth  of the Nat ional  Research Council. 

** The following abbrevia t ions  are used: D P N  + and D P N H ,  unreduced and reduced forms of 
d iphosphopyridine  nucleotide, respectively; tris, t r i s (hydroxymethyl )aminomethane ;  cyt, cyto- 
chrome c. 
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