
( hari(les wthic-11. iii cwiifrasf I Iiavv 3 i i f i  c - o a p  
lant activity. such as chnndroitin siilfiirir a( i t 1  
R ( 7 )  be liberated as well? Such reasoning let1 
us to studq' the effects of heparin and polyglii- 
coje sulfate, in addition to the well-known ac- 
tion of dicoumarol on the coagulation niechan- 
ism. 'l'he results obtained with these ma- 
terials clearly involve the blood clotti~ig 
mechanism, for each produced hemorrhage in 
.4AN-treated animals but by themselves did 
not. Little would be gained by discussing the 
mode of action of these materials. The prob- 
lem is far too complex: in order to elucidate it 
completely each of the many blood clotting 
factors which are altered by these agents 
would have to be investigated. I t  seems neces- 
sary to add that in addition to coagulation 
factors p e r  sc, on the clotting mechanism. the 
role of heparin or dicoumarol on the integrity 
of the vascular walls themselves must also be 
kept in mind. 

Another outcome of these esperiments is of 
interest to the student of osteogenesis. For as 
already described. the hemorrhage dissects 
away the periosteal layer of osteoblasts and 
hence, affords a means of studying new bone 
formation hy these cells when the effects of 

f he lathyrogenic agent and ac~essory factor,\ 
siich as  heparin or papain have worn off. 

S I A M M ~ ~ ~ ~ .  M'hen appropriate amounts ol  
the lathyrogenic agent, AAN, are administered 
together with papain or the anti-coagulants, 
he pa ri n or pol yglucose sulfate . widespread 
spontaneous subperiosteal hemorrhages are 
seen. These do not occur when these mate- 
rials are administered 'by themselves. The  
possible underlying mechanisms of this change 
are discussed. 
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Tobacco Mosaic Virus Reconstitution Using Inactivated Nucleic Acid.* 
(25163) 

H. E ' R A E N K E L - C O N R A T ,  hl. STAEHELIN AND L. v. C R A W F O R D i  

V i m s  Laboratory ,  University o f  Californiu, Brrkeley  4, Cali f .  

The conditions required for inactivation of 
'Tobacco Mosaic Yirus ribonucleic acid 
(TMY-RKA) by formaldehyde, nitrous acid 
and other reagents have been described (1-5) .  
I t  was clearly shown that in each case the 
rate of inactivation is considerably greater 
for the RNA than for the intact virus, and 
with several reagents first order kinetics of 
inactivations were observed for the R S A .  
while the virus appeared to become progres- 
sively more resistant. The  question then 

* Aided by grants from U.S.P.H.S. and National 

t Rockefeller Fn.  Postdoctoral Fellow. 
Fn. 

arose whether inactivated RKA could com- 
bine with native TMV protein to give stable 
virus rods. For, such reconstituted inactive 
virus might be expected to represent a perfect 
antigen for purposes of immunization against 
the virus.: I n  contrast to the chemically in- 
activated virus, the protein of which is of 

$ The \+a1 protein alone, free from nucleic acid, 
might be assumed to represent the ideal agent for 
immunization. However, Aach (6) has recently 
shown that the disscciated TMV protein differs 
serologically from intact TMV, each having an anti- 
genic component not shared by the other. Reaggre- 
gated protein rods reacted serol9gically like TMV, 
but these are not stable under physiological condi- 

_______ ~ _ _ _ _ _ _ _ - -  



necessity extensively modified, the reconsti- 
tuted virus would consist of native unreacted 
protein encasing a thoroughly modified RNA. 
The present experiments have shown that rods 
indistinguishable from TMV are obtained in 
good yield from propylene-oxide inactivated 
RNA and TMV-protein. A serological com- 
parison of this inactive material, and its anti- 
body, with active TMV and its antibody 
showed the 2 virus preparations to be indistin- 
guishable. Other RNA derivatives were also 
found to reconstitute, giving inactive virus 
rods with similar or slightly lesser yields than 
are obtained in infective form from active 
RNA. 

Methods und inuterials. TNIV-RNA was 
prepared by the detergent method(?), or by 
means of phenol with versenate buffer (ethyl- 
enediamine tetraacetate) (8) : the protein by 
the acetic acid method(9). The reaction with 
propylene oxide (10% by vol) was performed 
at  O", sometimes in the presence of lo-' M pH 
7 versenate. After various reaction times the 
RNA was precipitated and reprecipitated once 
or twice with 2 volumes of alcohol and .05 ml 
3 icI sodium acetate13 ml 67% alcoholic so- 
lution. Reconstitutions were carried out a t  
30" with 0.1% protein and .005% RNA in 
0.1 &I pH 7.3 pyrophosphate (6 hours). After 
one low-speed centrifugation, the reconstituted 
virus in an aliquot of the supernatant was 
sedimented at  40,000 rpm, redissolved in 
water, brought to XI with tris-buffer and 
again sedimented at  40,000. The redissolved 
pellet was analyzed by UV spectrophotometry 
(O.D. max 0.27 = 0.01% virus) and at  times 
for phosphorus and arginine content. Tnfec- 
tivity assays were carried out with the RNA 
prior to and after reconstitution, as well as 
with the finally separated sedimentable ma- 
terial. The concentration of untreated RNA in 
test solutions required to obtain about 20 
lesions/half leaf is usually 0.1 to 0.5 y/ml. 
Thus tests for more than 99.9% inactivation 
( requiring over 0.5 rng RXA /ml) become pro- 
gressively more costly and impracticable. 
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agent of the rod structure. Y -  

tions and can, therefore, not be used as antigen. 
Thus, for purposes of immunization against TMI' 
thc KNA is necessary, though only as a stabilizing 

However, reconstitution increases sensitivity 
of test so that 10-3 r/ml RNA are readily de- 
tected, and absence of lesions after applica- 
tion of a solution containing 1 7% reconstituted 
virus (.5 mg RNA/ml) would signify inac- 
tivation by a factor of 10 'j to 10- T. For prepa- 
ration of the antiserum (anti-P.O.-T&W-se- 
rum), rabbits were injected with increasing 
amounts of reconstituted TNIV (0.2-1.2 mg/ 
day, prepared from propylene oxide-inacti- 
vated RNA) 11 times over a 3 week period, 
and bled 10 days after last injection. For 
production of anti-TMV-serum, daily doses 
of 0.5-2 mg were generally used. The appli- 
cation of light scattering to quantitative evalu- 
ation of the virus-antibody reaction will be 
described elsewhere ( 10). 

ResuLts. TMV-RNA is inactivated by 10% 
propylene oxide at  0" a t  the rate of approxi- 
mately one log/hour (Table I ) .  The yield of 
997% inactivated sedimentable material ob- 
tainable from this RNA by reconstitution with 
protein is similar to that obtained from the 
untreated RNA. and decreases only gradually 
upon more extensive modification of the RNA. 
ElectromicrographsQ of such material showed 
only rods of typical diameter; about 30-500/'0 
of the mass was usually in the form of rods 
of 260-3001 mp length. 

The interaction of TJIV and inactive, re- 
constituted TMV with their antisera was 
studied by light scattering technic. The virus 
preparations were incubated with homologous 
and heterologous sera in 0.1 M pH 7 potas- 
sium phosphate buffer. Concentrations of the 
reactants were: 38 pg/ml of TMV;  34 pg/mI 
of inactive reconstituted TMV and 0.1 to 10 
$/ml of antiserum. After incubation at  30" 
for 3 hours the samples were transferred to the 
light scattering cell and the Rayleigh ratios a t  
45", 90" and 135" (R4: and KI3;) deter- 
mined. The point of equivalence was ob- 
tained from a plot of the dissymmetry ratio, 
z ( R4>/R1:{>), against concentration of anti- 
serum. The dissymmetry reaches a maximum 
value a t  point of equivalence. Equivalence 
values obtained were: 1 ml anti-TMV-serum 

$The  authors are greatly indebted to Prof. K. c'. 
Williams and J .  Toby for preparation and analysis 
of the electromicrographs. 
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U. V. jrraclin tion O",  2 5  11 

" 1 11 
..I 86 

.015 86 

= 101 mg inactive reconstituted ThII' = 11 5 
mg TIIT. 1 ml anti-P.O. - TMV serum = 
6.4 mg inactive reconstituted TMI- = 7.4 mg 
T311v. The difference between these values 
is not significant and the 2 virus preparations 
were indistinguishable by this technic. The 
lower titer of the anti-P.0.-TMY-serum is 
probably due to the lesser concentrations of 
reconstituted virus used in immunization of 
the rabbits. 

These data seem to shon- clearly that an 
anti-T3il' serum of high serological activity 
can be produced with a virus of very low in- 
fectivity, obtained by reconstituting propy- 
lene-oxide treated RNA with native protein. 
Inactivation of intact TbIV under the same 
conditions proceeds so slowly that no prepa- 
ration of similar low infectivity (decrease by 
over 5 logs) was obtained, but i t  may be sur- 
mised that the extensive alkylatjon of the pro- 
tein occurring in the course of the reaction 
would have affected its serological properties 
both qualitatively and quantitatively. 

RNA inactivated by certain other means 
( c . g .  UV light, formaldehyde, nitrous acid, 
p-propiolactone) also interacted with the na- 
tive virus protein to give appreciable amounts 
of sedimentable material (Table I )  which can 
safely be assumed to represent high-specificity 
viral antigen. In  contrast, reactions which de- 
creased the average nucleotide chain length 

of the RNA, in particular traces of ribonu- 
clease. quickly abolished its ability to form 
sedimentable material. 

I t  has previously been reported that nu- 
cleic acid of a greatly differing strain (HR)  
~ a v e  poor yields upon reconstitution with 
common TMV-protein, while the opposite 
combination (HR protein, TMV-RNA) was 
less disadvantageous ( 10). We are thus 
faced with an interesting structural problem: 
what is believed to be only a different sequen- 
tial arrangement of the same bases seems to 
cause enough steric hindrance to interfere 
with satisfactory RNA-protein interaction 
while substitution or chemical alteration of 
bases does not necessarily affect their ability 
to enter into rod formation. However,, i t  is 
possible that the extent of chemical modifica- 
tion required for inactivation may be quite 
low, and therefore localized, while sequential 
differences of strains may ,be recurring 
throughout the chain. Unfortunately no  good 
analytical data for the average extent of inter- 
action of the reagents described are yet avail- 
able. In  a previous study with CI4 labelled 
iodoacetate which reacts only slowly with 
RNA, about 7-10 residues were bound per 
mole RNA (M.W. 2 x lo6, 7000 nucleotides) 
when over 90% of the infectivity was abol- 
ished (36", 16 hours, p H  8)(11). From the 
kinetics of inactivation with nitrous acid 
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Schuster and Schramm(3) concluded that the 
deamination of 2 groups was, in average, le- 
thal. It thus does seem probable that all RNA 
inactivating reactions need involve but a small 
fraction of the potentially reactive sites. The 
ability to coaggregate with native protein may 
not be noticeably affected by this extent of 
modification of the RWA structure. 

I t  seems possible that these observations 
may have future practical implications. When 
the nucleic acid free proteins of pathogenic 
viruses will have been isolated in native form, 
these may prove more suitable for immuniza- 
ticn than the “killed” viruses. If, however, 
they should prove less than perfect, because 
they lack the typical virus achitecturet, 
then reconstitution of such a native pro- 
tein with the isolated and thoroughly inac- 
tivated preparation of the corresponding RNA 
might supply the most effective means of safe 
immunization. Unfortunately, reconstitution 
has yet been possible only with TMV and its 
strains. 

Summary. TMV-RNA inactivated by vari- 
ous means, in particular by reaction with pro- 
pylene oxide, retains its ability to form virus- 
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like rods with native TMV-protein. Such re- 
constituted inactive virus is serologically in- 
distinguishable from the intact virus. The 
structural and potential practical implications 
of this observation are discussed. 
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Correlation between Oxygen Consumption and Erythropoiesis in 
Hypophysectomized Rats Treated with Various Doses of Thyroxin.* 

(25164) 

HOWARD A. MEINEKE AND ROGEK C. CRAFTS+ 
Dept. of Anatomy,  University of Cincinnati College of Medicine, Cincinnati, 0. 

A4nemia which develops in hypophysecto- 
mized animals is accompanied by a decrease 
in oxygen consump tion ( 1-4) . Therapies 
which have eliminated this anemia, such as a 
combination of thyroxin, cortisone and growth 
hormone (3,4) have elevated oxygen con- 
sumption. It has been proposed(l,2) that 
anemia in the hypophysectomized rat is an ex- 
pression of a decreased need for oxygen of the 
animal, and that the above therapy proved 
beneficial because of increased oxygen need 

* This investigation supported by a research grant 
from Nat. Inst. of Arthritis and Metab. Dis., P.H.S. 

t With technical assistance of Ellen Sewell. 

resulting from such treatment. This was 
tested by altering oxygen consumption with 
various doses of thyroxin given in con junction 
with cortisone and growth hormone (4). Oxy- 
gen consumption and erythropoiesis varied di- 
rectly with the dose of thyroxin given. Several 
investigators studied the effect of thyroxin on 
hypophysectomized rats ( 5-8). Partial allevia- 
tion of anemia, bone marrow repair and reti- 
culocytosis have all been reported but no at- 
tempts were made to relate the effect of vari- 
ous doses of thyroxin to changes in oxygen 
consumption and alterations in erythropoiesis. 
If the oxygen need theory is correct, thyroxin 


