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V I R U S  R E C O N S T I T U T I O N  

II.  COMBINATION OF P R OTEIN AND NUCLEIC ACID 

FROM D I F F E R E N T  STRAINS* 

H. F R A E N K E L - C O N R A T  AND B. S I N G E R  

7"he Virus Laboratory, University o/Cali/ornia, Berkeley, Cali/. (U.S.A.) 

The in vitro formation of typical TMV particles from small molecular fractions of 
virus protein and virus nucleic acid has been described 1, as well as the finding 'that 
some infectivity similar in nature to that  of the original virus was restored in this 
process. These studies have now been extended to various strains of TMV. Of particu- 
lar significance, " both from a theoretical and a potentially practical standpoint, 
appeared the incorporation into one virus particle of protein and nucleic acid origi- 
nating from different strains of the virus. This has been achieved with various 
combinations of nucleic acid from 4 different strains and of protein from X strains. 
The biological and immunological characteristics of such mixed virus preparations 
have supplied what appears to be incontrovertible evidence that  the infectivity of 
the reconstituted virus is actually a property of the newly formed virus particles. 
The biological and chemical nature of the progeny of a number of preparations of 
virus reconstituted from one or two strains has been studied. Some of the conclusions 
have been described in a preliminary note 2. 

METHODS AND MATERIALS 

Virus preparations and [ractions 
The different  s t ra ins  of TMV were the  same as used in ear l ier  s tudies  from th i s  l a b o r a t o r y  3.4. 
All v i rus  p repa ra t ions  were i so la ted  by  different ia l  cen t r i fuga t ion .  Nucle ic  acid was  p repared  from 
these  s t ra ins  by  a s l igh t  modi f ica t ion  5 of the  de t e rgen t  m e t h o d  p rev ious ly  used 1. Abou t  90 % 
of the e x p e r i m e n t s  y ie lded  p repa ra t i ons  of b io logica l ly  ac t ive  nucleic acid, s t ab le  for per iods up 
to severa l  months ,  if s to red  a t  60 ° . 

For  th~ p r e p a r a t i o n  of n a t i v e  protein,  t i le  v i rus  was  degraded  a t  3 ° and  a t  p H  io.o to lO.51. 
R e c e n t l y  2 - amino -2 -me thy lp r opa no l - i  and  e tha no l a m ine  h a v e  been sugges ted  as a d v a n t a g e o u s  
buffers for t h a t  purpose**.  Af ter  d ia lys is  for 16 hours  of a 1 %  solu t ion  of v i rus  (2o-5o ml) aga i n s t  
IOOO ml  of an o.I % solu t ion  of the  amine  ad jus t ed  wi th  HC1 to p H  lO.5, deg rada t ion  was a lmos t  
comple te ,  as i nd i ca t ed  by  the  smal l  a m o u n t  of m a t e r i a l  s ed imen ted  upon  u l t r a cen t r i f uga t i on  
(i hour  a t  4o,ooo w i t h  refr igerat ion) .  The clear  supe rna te  was b rough t  to  0.28 s a t u r a t i o n  w i t h  
a m m o n i u m  sul fa te  and  centr i fuged.  The p rec ip i t a t ed  p ro te in  was  redisso lved  in  water ,  freed from 
smal l  a m o u n t s  of m a t e r i a l  p r e c i p i t a t i n g  a t  low a m m o n i u m  sul fa te  concent ra t ions ,  and  the  bu lk  
oi  the  p ro te in  r ep rec ip i t a t ed  be tween  abou t  o.15 and  0.25 sa l t  sa tu ra t ion .  The  na tu re  and  the  
a m o u n t  of m a t e r i a l  in  each f rac t ion  was  asce r t a ined  spec t rophotomet r icMty .  The final pro te in  
p rec ip i t a t e  genera l ly  showed a sha rp  m a x i m u m  a t  280 m #  and  an R-va lue  (max]min)  of 2.2 to  2. 4, 
and  of 2. 4 to  2. 5 a f te r  dialysis .  A c o n t a m i n a t i o n  wi th  o. i  % nucleic  ac id  decreased th is  ra t io  

* Aided  by  a g r a n t  from the  Na t iona l  F o u n d a t i o n  for I n f an t i l e  Para lys i s ,  and  by  a g ran t  
f rom the  Rockefe l le r  Foun da t i on .  

** Unpub l i shed  resul t s  of P. g .  AND M. N~WMARK. 
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by  o.I.  After thorough  dialysis in the cold, the protein solutions were adjus ted to p H  8.0, and 
subjected to ul t racentr i fugat ion (2 hours,  40,000 r.p.m., refrigerated). The marked tendency of 
the protein  solutions to spoilage could be counteracted by  storing them in the frozen state. 
Lyophil izat ion caused some denatura t ion  and decreased their  suitabil i ty for reconsti tution.  

The prepara t ion  of protein from the masked strain was possible by  the same method.  Protein 
from the r ibgrass s train (HR) could be prepared only with considerable difficulty and in poorer  
yield. A lower p H  was  required for spli t t ing (9.8-IO), because of the great  tendency of this protein 
to become denatured  by  alkali. F rom the YA strain no native protein could be isolated, probably  
for the same reason. 

A ntisera 

The rabbi t  antisera and 7-globulin fractions were kindly prepared and placed at our disposal by 
Dr. R. C. BACKUS and Mrs. G. PEREZ-MENDEZ. The sera were prepared in cus tomary  manner  
by  biweekly in t ramuscular  injections of about  I mg of TMV or H R  with mineral oil and aquaphor  
as adjuvants .  After 3 weeks the rabbi ts  were bled and then injected in te rmi t ten t ly  and bled 
weekly. 

The T-globulin fraction was separated as the trailing component  in the analytical  electro- 
phoresis cell. 

The efficacy of the ant isera was tested by  means of precipitin and neutral izat ion tests. As 
an example  of the latter,  i ml of an o.oi % solution (o.o75M sodium chloride) of TMV or H R  
virus was  t reated for 16 hours  at  3 ° with vary ing  amoun t s  of the homologous or heterologous 
ant iserum.  Of the homologous sera o.oi to 0.025 ml were required to reduce the infectivity of 
the virus (IOO ~) by  a factor of 5 or IO, as indicated by  the number  of lesions produced, after  
suitable dilution, by  the usual  assay procedure. There was, however, considerable cross reaction 
in the case of bo th  the unfract ionated serum and the ~,-globulin fraction, part icular ly between 
anti-TMV sera and the H R  virus. To decrease this hereto-specificity, the ant isera were treated 
wi th  vary ing  a m o u n t s  of the heterologous virus (o.16-4.o mg/ml),  and ul tracentr ifuged after 
several hours.  Ant i -HR sera and ~,-globulins were thus  obtained which had very little if any effect 
on TMV while reducing the infectivity of H R  by about  95 %. 

F rom anti-TMV sera no similarly selective ant ibody could be isolated. Repeated p re t r ea tmen t  
with great  amoun t s  of H R  virus removed all ant ibody act ivi ty from the solutions. Serum prepa-  
rat ions cross-absorbed with less H R  reduced the infectivity of TMV by about  97 %, and tha t  
of H R  to a somewhat  variable extent ,  averaging 44 %. For tuna te ly  the lat ter  an t ibody prepa-  
rat ions were quite adequate  to permi t  clear-cut serological identification of the two virus strains 
(Table I). 

T A B L E  I 

N E U T R A L I Z A T I O N  A N D  C R O S S R E A C T I O N  OF V I R U S  S T R A I N S  A N D  A N T I S E R A  

Anti-serum Percentage neutralization of infectivity* 
o/ 

Type ml/mg virus HR  T M V  

Ant i -HR-Serum** o. i 9o o 
Anti-HR-T-globulin * * 4 95 15 
Anti -HR-~-globul in  o.4 87 o 
Anti-TMV-)~-globulin I ** 4 62 97 
Anti-TMV-7-globulin I I**  8 26 98 

* Average of 2-8 experiments ,  each tested on about  8 half leaves at  levels giving about  2o 
lesions per  half leaf. 

* *  Cross-absorbed with heterologous virus. 

M nalytical methods 

For  amino acid analysis, virus prepara t ions  (about 6 mg in 0.2-0. 4 ml) were mixed with 2 ml 
of twice-redistilled cons tan t  boiling HC1, sealed in vacuo, and heated to lO8 ° for 16 hours.  After 
repeated evaporat ion of the acid in a desiccator, the hydrolysates  were taken up in a 5o-fold 
a m o u n t  of wate r  (5 ° ~, per mg virus). Aliquots were chromatographed  one-dimensionally on paper  
for the  detection and analysis of histidine, methionine, tyrosine, and arginine by  a recently 
described technique% Another  al iquot (I rag) was dini t rophenylated for complete amino acid 
analysis, i n principle according to LEVY ? . The correction factors for the recovery of the amino 
acids as DNP-der ivat ives  have been reinvestigated, and several were found to differ from those 
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obtained two years ago under seemingly similar conditions s. Since only comparat ive  data were 
required, hydrolyses for varying t ime periods were not  carried out, and the analyses were not  
corrected for destruct ion of acid-sensitive amino acids during hydrolysis. Di-DNP-Cystine was 
a lmost  absent,  and not  accounted for by  a corresponding amoun t  of DNP-cysteic  acid. For  
histidine, methionine, tyrosine and arginine the results of the DNP-analyses  were not  readily 
reproducible, and the colorimetric analyses after chromatographic  separat ion 6 were regarded as 
more  reliable. 

T ryp tophane  was determined, in conjunct ion with tyrosine on unhydrolyzed protein prepa- 
rat ions by the spectrophotometr ic  method as applied by  BEAVAN AND HOLIDAY 9, The tyrosine 
values were generally in good accord with those obtained by colorimetry 6. The results of the 
amino acid analyses for TMV and H R  are listed on Table I I  together  with those available from 
the l i terature.  

TABLE I I  

C O M P A R I S O N  O F  A M I N O - A C I D  C O M P O S I T I O N  O F  TMV A N D  H R  W I T H  V A L U E S  I N  T H E  L I T E R A T U R E  * 

TMV HR 

Ion- 
Present Microbiol. Average** exchange Present Microbiol. A verage** 
methods column*** methods 

Glycine 2. 3 
Valine 9.6 
Alanine 6. 5 
Leucine + Isoleucine 14.2 
Proline 5 .o 
Serine 9.0 
Threonine 8.9 
Lysine i .9 
Arginine 9.5 
Histidine o.o 
Phenylalanine 7.2 
Tyrosine 4-1 
T r y p t o p h a n  2.8§ 
Methionine o.o 
Glutamic acid 12.4 
Aspart ic acid 13.8 

1.8 2.5 2.1 2. 7 1.6 1. 3 1. 7 1.5 
9.2 lO.9 IO.I 9.1 5.9 6.3 7.3 6.8 
5 -1 7.4 6.3 7.9 8.5 6.4 9.2 7-8 

15. 9 13. 9 14. 9 15.1 12.2 15.2 13.1 14.2 
3 .8 5.5 5.7 6.3 5 .0 5 .8 5.5 5.7 
7.3 9 .1 8.2 8. 7 8.1 5.7 7 .2 6'5 
9.9 11.9 lO.9 lO.5 7 .2 8.2 9.8 9.0 
1.5 1.4 1.5 2.4 1.5 t.4 1.5 
9.8 9.7 9.8 8.9 9.8 9.7 9.8 
o.o o.o o.o o.o 0. 7 0. 7 0. 7 0.7 
8. 4 8.2 8. 3 7.6 5.3 5.4 5.3 5.4 
3 .8 3.7 3 .8 4.2 6.3 6.7 6.6 6.7 
2.1 1.9 2.0 2.2 1. 4 1. 4 1.4 
O.O O.O O.O O,O 2 . 0  2 . 2  2 . 2  2 . 2  

I1. 3 II.O 11.2 13. 5 16. 4 15. 5 15.1 15.3 
13. 5 11. 9 12.8 14. 5 15.o 12.6 11.2 11.9 

lO7.2 lO5. 4 lO8.1 lO6.9 lO4.7 lO7.4 

* All values expressed as g of amino acid per IOO g virus, not  corrected for destruction during 
hydrolysis.  I t  mus t  be noted, however,  t h a t  the values of FRASER AND NEWMARK are percentages 
of the material  recovered from the ion-exchange column. Cysteine (about 0.6 %) was not  deter- 
mined, nor  listed. 

** The two sets of analyses for TMV published by  KNIGHT 3 and by BLACK AND KNIGHT u are 
listed, as well as the average. In  the case of HR,  the second column represents the expected values, 
had H R  been again analyzed in 1953 and shown changes parallel to those observed wth  TMV 

* * *  F R A S E R  A N D  N E W M A R K  10. 

§ The possibility of different protein  fractions differing in their  t r y p t o p h a n  content  is still 
under investigation (2.6-3.2 %). See footnote on p. 547. 

RESULTS 

Reconstitution o /v irus /rom common T M  V protein and nucleic acid 

The technique generally used for reconstitution was as follows: To I-IO mg of protein 
(o.5-1.o% solution of pH 8) was added one tenth the amount of nucleic acid, and 
3 M pH 6 acetate (IO 7 per ml reaction mixture). Phosphate buffer (pH 6.8M, 50 Y 
per ml) has also often been used and has at times given higher yields of active virus. 
Below p H  5.0 and  above  p H  8.5 l i t t le  or no act ive  virus  was formed.  The solutions 
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were held at room temperature at least for the first few hours. Aliquots of the reaction 
mixture, which rapidly gets opalescent, were diluted for assay after various time 
periods, e.g., 15 minutes, i hour, 20 hours. Upon assay, maximal activity was some- 
times found after the short reaction periods, but more generally maximal activity 
was obtained after 20 hours. Activity has also occasionally been observed to decrease 
or disappear from reaction mixtures. Many of these experiments, however, were 
performed before the intrinsic infectivity of the nucleic acid, and its instability in 
the assay medium 5, were recognized, and these experiments are being repeated with 
due regard to the properties of the two' types of infectious agents. When ribonuclease 
is added at various time intervals to inactivate any free nucleic acid, the infectivity 
is a true measure of the extent of reconstitution. I t  appears that  at room temperature 
reaction is quite rapid in phosphate and proceeds to the same point in 24 hours in 
acetate (Fig. I). 

40 
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20 
o 

.J 

tO 

o 

f 

I I I t I 

4 8 17' 16 EO 24 
Hours of Reoction 

Fig. i. Rate of reconstitution of active virus in reaction mixtures containing TMV protein (I %), 
nucleic acid (o.i %) and buffer. All samples are treated with ribonuclease (io ;t o.i % per ml, 
16 hours) prior to assay, to inactivate any uncombined nucleic acid. Solid lines are results obtained 
with pH 7 phosphate (o.o5M), broken lines are for pH 6 acetate (o.o3M). Exiperiment I ( . ,  II) 
yielded higher activity and was assayed at a protein concentration of 5 7/ml. The final activity 
reached indicated a yield of about 5 %. Experiment II (O, 0 ,  " ,  Z~) was assayed at 25 7/ml. 

Considerable effort has been put into establishing the extent of contamination, 
if any, of the protein and nucleic acid fractions with undegraded virus. The protein 
preparations usually gave no lesions when tested at 1- 5 mg/ml, or at ioo- to 5oo-fold 
levels of those at which reconstituted preparations gave 20-50 lesions per half leaf. 
That  contaminating TMV would be pathogenic under these conditions was shown 
when TMV (O.l-O. 5 7/ml) added to the protein (1-5 mg/ml) gave lO-5O% of the 
expected lesions. Assays of typical protein preparations by Dr. W. TAKAHASHI with 
a particularly sensitive assay technique suggested the presence of less than o.oooi % 
virus. 

A similar search for contaminating virus in nucleic acid preparations has led to 
References p, 548. 
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the discovery tha t  the nucleic acid per se is infectious",~*. I t  was shown also tha t  
contaminat ing virus can be removed very  effectively by ultracentrifugation of nucleic 
acid preparations. Upon repeated ultracentrifugation rod-like particles most of which 
are usually shorter than 3oo m/, m a y  at times be sedimented from such solutions. 
Their appearance seems to be favored by  the presence of salts, and is probably due 
to reconsti tut ion involving traces of contaminat ing protein. These findings have 
rendered definitive proof for the absence of the last traces of contaminat ing virus 
from the nucleic acid both less crucially impor tant  and more difficult. In  view of 
the much higher yields in act ivi ty obtained in some recent reconsti tution experiments, 
such hypothet ical  "last traces" become progressively more irrelevant. Furthermore,  
the experiments with strain mixtures to be described below have definitely shown 
that  the act ivi ty  in reconsti tution experiments is inherent in newly formed particles, 
and cannot be a t t r ibuted to undegraded virus particles. 

M ixed  strains 

The viruses employed were common TMV, and the masked (M), yellow aucuba (YA) 
and Holmes ribgrass (HR) strains 3. Active virus rods were successfully reconsti tuted 
from (I) TMV-nucleic acid and M-protein, (2) M-nucleic acid and TMV-wotein,  (3) 
YA-nucleic acid and TMV-protein, (4) YA-nucleic acid and M-protein, (5) HR-nucleic 
acid and TMV-protein, (6) TMV-nucleic acid and HR-prote in  and (7) HR-nucleic acid 
and M-protein. The infectivity of these mixed virus preparations was within the 
same range as tha t  obtained for TMV-nucleic acid + TMV-protein. This was sur- 
prising in the case of the H R  strain, because the original virus showed only 5 % of 
the act ivi ty  of TMV on a weight basis (to be referred to as specific infectivity, hence- 
forth). The lesser infectivity of H R  seems to be due to the protein component ,  
however, since H R  nucleic acid was found to be as infectious as TMV nucleic acid. 
I t  has in this case been possible to obtain a reconsti tuted preparat ion showing a four- 
fold higher specific infectivity than tha t  of the original virus supplying the nucleic 
acid, the H R  strain (mixed virus of type 5 above, to be referred to as M.V. HR/TMV). 

Of greatest interest in these mixed virus experiments were the biological proper- 
ties of the reconst i tuted virus, as compared to those of the two "paren t"  strains. 
When  each of the reaction products  was tested on N.  tabacum and on N.  sylveslris, 
it gave in every case the same symptoms  as did the original strain supplying the 
nucleic acid. Thus in Turkish tobacco, M.V. TMV/M and TMV/HR gave a green 
mosaic disease, M.V. M/TMV produced virus without  visible symptoms,  M. V. YA/TMV 
and YA/M gave a yellow mosaic disease and M.V. HR/TMV and HR/M gave typical 
ringspot lesions**. These findings strongly suggest tha t  the nucleic acid is tile genetic 
determinant  in TMV, and related strains, playing the same decisive role which DNA 
seems to play in the bacteriophages. 

In  striking contrast  to the nature of the infection which is determined by  the 
nucleic acid component ,  the serological characteristics of mixed virus preparations 
resemble those of the protein component.  When anti-TMV serum or its y-globulin 

* The same conclusion was reached independently by A. GIERER AND G. SCllRA.~IM, Nature, 
177 (1956 ) 702. 

* *  The difference between HR- and TMV-like ~'irus is also quite evident from the size of the 
local lesions on N. glutinosa. The differentiation of TMV and M on the one side, and HR and Y.\ 
on the other is based on the type of response obtained in ~\: ~ylvestris. 
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TABLE III 

NEUTRALIZATION OF INFECTIVITY OF T M V ,  H R ,  AND THE TWO MIXED 

VIRUS PREPARATIONS DERIVED FROM THESE* 

A ssay level 

(viral) 

T M V  H R  H R / T M V * *  TMV/HR** 

od:7 7:.7 0.44 22 

T M V  and H R  and 

T M V  Prot. H R  Prot. T M V  Prot. H R  Prof. H R / T M V  TI~V/HA 
o,Iz o.ix i. 7 z,7 0,45 9.7 

Untreated 22 21 19 29 3 ° 28 37 56 22 14 
+ Anti-TMV 

T-globulin o. 9 8.o 3.6 i i  o.2 o.8 17 33 z 9 
+ Anti-Hl~ 

T-globulin 23 I . I  16 2. 9 6 3 2 4 i i 3 

* All figures in the table represent average number of lesions per half leaf on N. glutinosa 
plants. Most assays were performed 2 or 3 times on 8 or io half leaves per sample. 

Two experiments selected out of about 30 are listed, all of which showed the same phe- 
nomenon though some were less complete, others showed more cross reaction. Of TMV and HR 
5 T were used, of the mixed virus preparations 20-30 7; of the T-globulin fractions, pretreated 
with the heterologous virus (see EXPERIMENTAL)  IO or 20  ~ were used, and the final volume of 
the reaction mixtures was 0. 3 ml. When protein was added to the reaction mixture, 25 T was used. 
Combinations showing specific neutralization have been printed in italics. 

** HR/TMV represents mixed virus prepared from HR-nucleic acid and TMV-protein ; TMV/HR 
represents the virus prepared from TMV-nucleic acid and HR-protein. 

(see METHODS A N D  MATERIALS) was added to the two preparations,  it neutral ized 
M.V. HR/TMV to a similar extent  as it did TMV, but  had little effect on M.V. 
TMV/HR.  A n t i - H R  serum, on the other hand,  neutral ized M.V. TMV/HR much more 
effectively than  it did M.V. HR/TMV (Table III). At the same time, and in the same 
assays, the na tu re  of the lesions clearly showed that  the la t ter  was of H R  character, 
while M.V. TMV/HR was of TMV character. Control experiments  in which the 
neutra l isabi l i ty  of the two viruses by  anti-sera was tested in the presence of excess 
homologous or heterologous protein confirmed the val idi ty  of the experimental  
procedure. Thus there appears to be no doubt  tha t  the ac t iv i ty  appearing in reaction 
mixtures  conta in ing HR-nucle ic  acid and  TMV-protein is due to a particle containing 
a genetically de termining HR-nucle ic  acid core, and  an immunological ly determining 
TMV-protein coat. No al ternate  explanat ions  seem able to explain the observed facts. 
Thus reconst i tu t ion of infectious virus particles from two chemical components  
appears to be definitely established. 

N a t u r e  o / t h e  progeny  o / m i x e d  v i r u s  

The finding tha t  TMV-nucleic acid will combine with HR-prote in ,  and  vice versa, 
is par t icular ly  surprising in view of the great differences between the proteins of these 
two strains. I t  appears from KNIGHT'S analyses 8, as confirmed by  us, tha t  only 2 to 4 
amino acids occur in the same amounts  in H R  and  TMV. Hist idine and  methionine 
are completely absent  from all strains tha t  have been invest igated by  KNIGHT, with 
the exception of HR.  An impor tan t  funct ional  proper ty  of the virus proteins probably  
resides in their specific t endency  to aggregation in a superhelical array around,  if 
they are present, nucleic acid strands. In  view of the exchangeabi l i ty  of different 
virus proteins, as observed in the present experiments,  one mus t  conclude that  this 
ac t iv i ty  is dependent  only upon a few sui tably  s i tuated key sites surrounded by  non- 
specific areas. 

R e / e r e n c e s  p .  5 4 8 .  
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In  view of the marked difference in amino acid composit ion of TMV and  HR,  
the mixed virus preparat ions obta ined from these two were of part icular  interest  and  
value in establishing the na tu re  of the progeny of reconst i tu ted virus. Paper  chro- 
matographic  comparison of the hydrolysates of TMV, HR,  and  the progeny of the 
two mixed virus preparat ions  has clearly demonst ra ted  the presence of about  0.7% 
histidine and  about  2% methionine in H R  and  the progeny of M.V. HR/TMV, and 
the absence of these amino acids from TMV and  the progeny of M.V. TMV/HR.  
Complete amino acid analyses were then carried out  for these 4 types of preparat ions 
(see Table IV). The first impression, based on the presence or absence of histidine 
and  methionine was generally confirmed by  these analyses. The protein of each 
progeny closely resembled tha t  of the virus supplying the nucleic acid to the mixed 
virus from which it  was derived. Only very minor  differences were noted (less than  
IO% of the content  in any  one amino acid). However, in the case of glycine, tha t  
small difference was observed in 8 separate hydrolysates of 5 different progeny 
preparat ions from M.V. HR/TMV as compared to HR,  and a small difference in the 
lysine contents  between these has been observed almost as consistently. Yet these 
differences are too small  to be regarded as more than  a suggestion that  the protein 
component  may  slightly influence the genetic message transferred by  the nucleic acid. 

TABLE IV 

C O M P A R I S O N  O F  A M I N O  A C I D  C O M P O S I T I O N  O F  HR A N D  TMV W I T H  P R O G E N Y  O F  

E X P E R I M E N T A L  P R E P A R A T I O N S *  

HR Progeny o/ TMV Progeny o[ Mutant strain/tom 
HR/TMV TMV/HR TMV-nucleic acid 

Glycine i .6 L8 2.3 2.3 2.5 
Alanine 8.5 8.5 6.5 6.9 5.5 
Valine 5.9 6.3 9.6 9.0 9.6 
Leucine + Isoleucine 12.2 12.2 14.2 14. 3 13.o 
Proline 5. o 5. i 5-o 5. i 4.3 
Serine 8.~ 8.I 9.o 8.8 7.8 
Threonine 7.2 7.5 8.9 8.9 8.8 
Lysine 2. 4 2.3 1.9 1.8 2.1 
Arginine 8.9 8.5 9-5 9.7 7.6 
Histidine o. 7 ° o .  7 o  o . o  o . o  o . o  

Phenylalanine 5.3 5.4 7-2 7. i 6.8 
Tyrosine 6.3 6.2 4. I 4.3 5-4 
Tryptophan 2.2 2.2 2.8 2.6 2.7 
Methionine 2.o 2.2 o.o o.o o.6 
Glutamic acid 16. 4 17. 3 12.4 12.1 12. 4 
Aspartic acid 15.o 14.8 13.8 14.2 15.5 

* All values e x p r e s s e d  a s  g of amino acid per IOO g virus. 
Values are not corrected for destruction during hydrolysis. 
The first 2 columns represent averages of 8 hydrolysates each; the next three columns 

averages of 3 hydrolysates each. 
Seemingly significant differences have been printed in italics. 

I t  must  fur ther  be no ted  tha t  the observed differences are definitely less than  one 
amino acid residue per subuni t ,  and  their  acceptance requires the assumption tha t  
not  all subuni t s  can be identical.  This  assumption appears also required to explain 
the t r yp tophan  content  of TMV which is close to 2.5 residues per 18,ooo molecular 
weight subuni t .  Tha t  value was obta ined both  by  a chemical method s, and by 
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spectrophotometry both in o . I N  sodium hydroxide and at neutral pHS, 9., and ap- 
pears definitely more probable than the lower value obtained by microbiological 
methods. 

Another difference between HR and the progeny of M.V. HR/TMV is shown 
by the specific infectivity, which has been higher for many of the latter preparations 
than the highest obtained for any HR sample (20-45 % vs 12%). 

The significance of these differences between the original virus strains and the 
M.V. preparations will be dependent on whether they recur in successive progeny 
preparations. This seems to be the case for the specific infectivities, but as yet no 
sufficient number of amino acid analyses have been completed with successive single- 
lesion progeny preparations to warrant any definite conclusions in this regard. At 
the present time, one can only conclude from all this work that the nucleic acid of 
each strain has the ability to provoke the synthesis, within the host cell, of new virus 
protein very similar to, if not identical with, its own homologous protein; and that 
it retains this ability even when packaged, in vitro, in the protein of another strain. 

Heritable modifications 

In observing the plant-pathogenic nature, and the protein composition of the progeny 
from single lesions of many preparations of mixed virus or of isolated nucleic acids, 
a marked variation was noted in at least one instance. This apparent mutant was 
characterized by differences in both disease symptomatology and amino acid com- 
position of progeny virus (Table IV). Its appearance may be regarded as indicative 
of the labilisation of the genetic material through chemical exposure and manipu- 
lation, since no similar variations have been observed from single lesion propagation 
of the original virus strains. In contrast to other instances where genetically more 
labile variants were observed, this mutant  strain has continued to produce a striking 
necrotic disease in Turkish tobacco through several passages and isolations, including 
the separation of its nucleic acid and protein. 
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S U M M A R Y  

I. A m e t h o d  of p r epa ra t i on  of na t i ve  p ro te in  f rom T M V and  o ther  s t ra ins  h a s  been described.  
2. The  r econs t i t u t ion  of v i rus  par t ic les  f rom pro te in  and  nucleic  acid of different  s t ra ins  ha s  

yie lded v e r y  ac t ive  p repa ra t ions ,  one of which  showed h igher  in fec t iv i ty  t h a n  one of its p a r e n t  
s t ra ins .  

* The  s p e c t r u m  of T M V  pro te in  (i mg/ml )  differs m a r k e d l y  in shape  f rom t h a t  of  an  ad hoc 
m i x t u r e  of t h e  a m i n o  acids  c o n t r i b u t i n g  to i ts  abso rp t ion  (3o 7 t r y p t o p h a n ,  4 ° 7 tyros ine ,  65 y 
pheny la l an ine ,  7 7 cyste ine ,  a n d  i .o  m g  t r ig lycine per  ml). However ,  the  m a x i m u m ,  t h o u g h  
a t  282 and  278 mju respect ively ,  is t he  s ame  (O.D. = 1.25). W h e n  solu t ions  of pro te in  and  a m i n o  
acids  were p repa red  in 67 % acet ic  acid, t h e  O.D. ' s  were the  s a m e  and  t he  spec t ra  ve ry  m u c h  
more  s imi lar  in shape  ( m a x i m a  a t  279 and  278 m/~, respect ively) .  
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3. The na ture  of the disease provoked by mixed virus preparat ions  resembled in each case 
tha t  characteristic of the virus supplying the nucleic acid. 

4- The chemical na ture  of the progeny of mixed virus prepara t ions  also closely resembled 
tha t  of the virus supplying the nucleic acid, a l though the significance of minor  differences in 
amino acid composit ion has not  yet been established. 

5. In  contras t  to these propert ies  the serological characteristics of mixed virus preparat ions  
were those of the virus supplying the protein. 

6. The dual na ture  of the act ivi ty of reconst i tuted virus particles has thus  been clearly 
demonst ra ted .  

7 -Var ian t s  or mu tan t s  of different biological and chemical properties have occurred ran- 
domly in the course of this work, and are regarded as indications of a labilisation of the genetic 
material  th rough  chemical manipulat ion.  
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E T U D E  D E  L ' A C T I O N  D U  C H L O R U R E  D E  S O D I U M  

S U R  L ' O X Y H E M O G L O B I N E  

I. MESURES DE DIFFUSION DE LA LUMIERE 

N IC O L E  B E N H A M O U *  ET G I L B E R T  "WEILL 

Centre de Recherehes sur les Macromoldcules, Strasbourg (France) 

L'hGmoglobine et ses dGrivGs soumis ~ diverses actions physiques ou chimiques 
(dilution21_pH ~, 10,17_urGeA,6,19 amideslg_selsll ,  13) tendent ~ se dissocier en unitGs 
plus petites. La stabilit6 des molGcules ne serait du reste pas la mfime suivant le 
matGriel traitG: elle varierait d'une espGce d'hGmoglobine & l'autre, d'un dGriv6 
l'autre. L'action particuli~re du chlorure de sodium sur l'hGmoglobine avec scission 
en deux moitiGs a dGj~ 6t6 signalGe~, 14. 

Nous nous sommes propos6 ici d'Gtudier l'effet du chlorure de sodium sur des 
solutions d'oxyhGmoglobine humaine, au voisinage de son pH isoGlectrique, en com- 
parant la masse molGculaire de cette protGine dans des solutions contenant ou non 
du sel. 

Nous avons mesur6 les masses molGculaires par diffusion de la lumiGre. 

* Laboratoire  de Chimie Phys ique  de la Facult6 des Sciences, Paris. 
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