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In an attempt to gain information concern- 
ing the metabolic interrelationships between 
the host cells of mouse lung and the invasion 
and proliferation of influenza virus, studies of 
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the in vitro metabolism of both normal and 
of Type A, PR8 influenza virus infected 
mouse lung were carried out. The enzymic 
activities of normal and virus infected lung 
tissue homogenates were compared by meas- 
uring the oxygen uptakes consequent upon 
the addition of various substrates. -4 stimu- 
lated or characteristically altered metabolic 
rate in infected tissue might reflect a diversion 
of normal host metabolism toward viral syn- 
thesis. Accordingly, compounds generally 
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associated with providing energy for the syn- 
thesis of protoplasm and compounds assumed 
to be important in nucleic acid metabolism 
were investigated. Since it was found that 
the activity of xanthine oxidase was increased 
2 to 2.5  times in the infected tissue, experi- 
ments were carried out to determine if this 
activity was due to an increase in the level of 
the same kind of enzyme in the tissue, or, if 
the presence of the proliferating virus brought 
about a difference in kind of enzyme. The 
effect produced by several enzyme poisons on 
the activity of xanthine oxidase in normal 
lung was compared with that of the poison- 
effect on the enzyme activity in infected lung. 
The influence of methylene blue on the 2 sys- 
tems was investigated, presumably, to detect 
possible differences between the “dehydro- 
genase” and “oxidase” parts of the enzyme 
molecule ( 1 ) . Assays for possible end-prod- 
ucts of hypoxanthine-xanthine oxidations were 
made and the results compared. 

These experiments were essentially explora- 
tory in nature, intended to initiate a series of 
experiments designed to elucidate the role 
of host tissue metabolism in the process of 
influenza virus proliferation. 

Nethods and materials. The Type A, PR8 
strain of influenza virus used throughout these 
investigations was obtained originally from 
Dr. Carl J. DeBoer a t  Birmingham Veterans 
Hospital, Van Nuys, Calif. During the course 
of this work, the virus has been through 63 
mouse lung passages and was sufficiently 
pathogenic for 4- to 6-week-old albino Swiss 
mice weighing from 10 to 16 g so that the 
intranasal inoculation of up to a 10-4 dilution 
led to a fatal disease associated with exten- 
sive pneumonia. The animals were infected 
intranasally under light ether anesthesia, with 
an inoculum of 0.03 ml of a dilution of 
infected lung tissue (10 to 100 lethal doses). 
Lung tissue homogenate from paired normal 
and 48- to 72-hour infected mice was used as 
a source of enzyme. The mice were killed 
by a sharp blow to the head, the lungs excised 
and placed on a moistened piece of sterile 
filter paper contained in a petri-dish packed 
in crushed ice. The tissue was trimmed, 
blotted free of excess blood and ground in 
4 ml ice-cold phosphate buffer a t  pH 7.4 in 

the type of homogenizer developed by Brend- 
ler ( 2  ) . The lungs of 6 mice were pooled for 
each experiment excepting where differences 
between individual animals were under in- 
vestigation. The presence of virus was estab- 
lished by animal inoculation and by the 
hemagglutination method of Hirst as modi- 
fied by Salk(3). The enzymic activity of 
the homogenate was determined manometri- 
cally by means of a conventional Warburg 
apparatus, xanthine oxidase according to the 
method of Axelrod and Elvehjem(4) and the 
effect of methylene blue on the rate of oxygen 
consumption in the text mixtures according 
to Rickert and Westerfeld ( 1 ) . The difference 
between the respiration of the homogenate in 
the presence and absence of substrate was 
calculated and recorded as activity produced 
by a given substrate. All Warburg flasks 
used in the determinations contained 1.5 ml 
of homogenate (equivalent on an average, to 
15 mg dry weight) in a total fluid volume of 
3.2 ml at a pH of 7.4 and containing 250 pg 
of streptomycin plus 1500 units of penicillin. 
-4fter many of the Warburg experiments 
assays for certain end-products were made on 
the flask contents; uric acid determinations 
were made according to the method of Folin 
as modified by Heplar and Stoskope( 5 )  ; urea 
determinations by the method of Karr as de- 
scribed by Hawk et al.(f6) ; and ‘ammonia de- 
terminations by the method of Van Slyke and 
Cullen described by Hawk et al.(6). The in- 
hibition of xanthine oxidase by tetraethyl- 
thiuram disulphide (Antabuse) was investi- 
gated by the method of Rickert et aL(7) and 
that of 2-amino-4-hydroxy-6-pteridinecarbon- 
zaldehyde ( 6-pteridylaldehyde) according to 
Kalcar as described by Van Meter and Ole- 
son (8). 

Results. Results of experiments with com- 
pounds, the oxidative decomposition of which 
may give rise to energy yielding mechanisms, 
are presented in Table I. The substrates were 
used as their sodium salts where feasible, 
10 pM in 0.2 ml volume being used routinely. 
The values recorded are the average of at 
least 3 experiments and represent the oxygen 
uptake of 20 mg tissue (dry weight equiva- 
lent) per 20 minutes stimulated by the addi- 
tion of substrate. In  each experiment the 
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TABLE I. Oxygen Consumption of Normal and 
of PR8 Influenza Virus Infected Mouse Lung 
upon Addition of Compounds Capable of Yielding 

Energy. 

,lo, uptake/20 mi11420 
nig dry lung 

Normal Infected 
Compound tested lung lung 

Formate 
Acetate 
Lactate 
Citrate 
Cis-aconate 
Alpha-ketoglu tar at e 
Succinate 
Fumarate 
Maleate 
Malate 
Malonate 
Pyruvate 
Oxalacetate 
Ribose 
Glucose 
:Fructose-di-phosphate 
Alpha-glycerophosphate 
Glycerol 
Benzoate 
Glutamate 
Aspart ate 
1-Histidine 
1-Proline 
1- Alanine 
ill-Serine 
Glycine 

1 
2 
2 
0 
1 
4 

16 
4 
0 
0 
3 
2 
1 
0 
1 
0 
1 
1 
1 
0 
0 
0 
0 
0 
2 
0 

1 
2 
6 
0 
2 
4 

12 
2 
0 
3 
3 
2 
0 
0 
1 
0 
3 
2 
3 
0 
0 
0 
0 
0 
0 
0 

oxygen uptake representing the endogenous 
respiration was subtracted from the reported 
values. In  spite of the fact that there are 
some differences between the values obtained 
for the 2 different homogenates, the total over- 
all values are of such low order as to make 
the significance of these figures doubtful. Of 
particular interest was the finding that, on a 
comparative basis, succinate produced the 
greatest stimulation in oxygen uptake in both 
normal and infected tissue and that this 
stimulation was greater in normal tissue. 
Ackermann (9) has found that the multiplica- 
tion of influenza virus is inhibited in chick 
embryo choridlantoic tissue cultures by 
malonic acid and by Antimycin A; both suc- 
cinic dehydrogenase inhibitors. If succinate 
oxidation contributes to the over-all process 
of influenza virus multiplication, then this 
enzymic reaction is readily available in mouse 
lung. 

The results of experiments with compounds 
related to nucleic acid metabolism are pre- 
sented in Table 11. The purine and pyri- 

midine bases as well as the nucleosides were 
employed a t  a find concentration of 10 pM 
per flask, the nucleotides at  5 pM and the 
thymus nucleic acid at  2.5 pM per flask. It 
is apparent that any demonstrable activity 
in normal lung was increased 2 to 2.5 
times in the virus infected tissue. In  some 
cases actual decrease in oxygen consumption 
was observed, ie., the oxygen uptake was less 
in the flasks with substrate than in the endo- 
genous flasks. The addition of adenine gen- 
erally inhibited oxygen uptake as did the ad- 
dition of orotic acid. The inhibition caused 
by adenine provides for interesting speculation 
when one considers that adenine is a part of 
the xanthine oxidase molecule. It is believed 
that the oxygen uptake was, in a large meas- 
ure, due to xanthine oxidase activity since the 
other steps, so far as is known in the break- 
down of these compounds, are hydrolytic 
rather than oxidative( 10). Most likely the 
compounds were degraded to hypoxanthine or 
xanthine and thence oxidized to uric acid. In  
order to test this hypothesis, assays for uric 
acid(5) were made on the flask contents of 

TABLE 11. Enzymic Activity of Purines and 
Pyrimidines and Other Compounds Related to 
Nucleic Acid Metabolism in Normal and in PR8 

Influenza Infected Mouse Lung. 

p10,/20 min./20 mg dry 
lung* 

Normal Iiif ec ted 
Compound tested lung lung 

Hypoxanthine 
Inosine 
Xanthine 
Xanthosine 
Adenine t 
Adenosine 
Adenylic acid 
Guanine 
Guanosine 
Guanylic acid 
Uric acid 
Cytosine 
Cytidine 
Cytidylic acid 
Uracil 
Uridylic acid 
Thymine 
Orotic acidt 
Thymus nucleic acid 

6 
6 
4 
3 
0 
5 
2 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

13 
12 
10 

7 
0 

12 
6 
3 
4 

0 
0 
0 
0 
0 
0 
0 
0 
0 

7 
i 

*Recorded values are average of a t  least 3 ex- 
periments and calculated after endogenous oxygen 
uptake had been subtracted. 

t 0, uptake was actually lower than endogenous 
upon addition of these substrates. 
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TABLE 111. Influence of Methylene Blue (M.B.) on Oxygen Uptake Stimulated by Purine 

f--Inf ected lung-, 

Compounds Showing Enzymic Activity and Resultant Accumulation of Uric Acid. 

7- Xormal lung-, 
0, uptake" Uric acid t 0, uptake Uric acid 

Hyposailthine 7 14 0 .03 13 21 .03 .24 
(i 13 0 .14 11 19 .18 .30 
a 9 .03 .36 10 16 .36 .45 

Iiiosine 
S aiitliiiie 

4 cj .02 .09 7 11 . l o  .34 
5 9 0 .11 12 1 7  .12 .20 

Saiithosine 
A denosiiie 
Adeiiylic acid 2 4 0 .03 6 9 .06 .14 
C+uanine 1 3 0 .07 4 6 .03 .09 

Compou11d tested - +M.E.+ - +M.E. - +M.B. - +M.B. 
-. ~- -__-_____ ~- 

_____- ___---.- -- - . ____ ~ _ _ _ _  
++ p1/20 miii./20 nig dry lung. 
t Mg accuniulatiiig/ml of flask content at end of 100 niin. incubation. 
$ Metli:-leiie blue, 0.9 1111 of 0.0113 31 solution was added as a part of the 3.2 nil flask fluid 

~olmiie. 

the flasks showing an increase in oxygen con- 
sumption. -\ protein-free filtrate was pre- 
pared and treated with a specific uric acid 
reagent in the presence of optimal amounts 
of urea and sodium cyanide. The blue color 
produced by the reduction of alkaline phos- 
photungstatz by urate was determined in a 
photoelectric colorimeter. In addition, since 
it has been demonstrated that the addition of 
methylene blue to such a test-system increases 
the activity of xanthine oxidase( l ) ,  an in- 
vestigation was made of the influence of the 
dye on oxygen consumption stimulated by 
addition of these substrates and additional 
assays for uric acid made on the flask con- 
tents. The results of these experiments are 
recorded in Table 111. In the flasks showing 
maximal oxygen uptake there was also an in- 
crease in the amount of uric acid formed. 
Also; where there was enzymic activity, the 
addition of methylene blue increased this ac- 
tivity. Assays for ammonia ( 6 )  carried out 
by treating the flask contents with an equal 
volume of saturated carbonate solution and 
transferring the liberated ammonia by distilla- 
tion into a boric acid receiving solution where 
it was titrated directly with a standard acid 
solution, revealed that in the flasks showing 
maximal oxygen uptake there was a small in- 
crease in the amount of ammonia produced; 
from 0.2 to 3.3 mM per ml of flask content. 
L'ricase was not found in mouse lung. 

Results of the experiments recorded in 
Table I\' provide additional evidence that the 
activity of xanthine oxidase is increased in 
infected lung. It can be seen that methylene 

blue apparently increased the enzymic activity 
in both normal and infected tissue; the addi- 
tion of dye did not elicit a differential effect. 
Table V indicates the effect of cyanide on the 
xanthine oxidase found in virus infected lung 
and the results of attempts to reverse this 
effect with either cytochrome c or ferrous 
sulphate. In  the flasks without methylene 
blue, the inhibition was irreversible, i.e., by 
either cytochrome c or ferrous ions. In flasks 
containing methylene blue the inhibition was 
partially reversed by either cytochrome c or 
ferrous sulphate. This does not necessarily 
indicate that the xanthine oxidase is linked to 

TAELE IV. Influence of Methylene Blue (M.B.) 
011 Xantliine Oxidase Activity in  6 Normal and 6 
Influenza Virus Iiif ected Mouse Lung Homogen- 

ates. 

oxygen consunied/20 mi11./20 mg dry lung 
0, increase 

Saiitiiiiie Hypoxanthiiie in M.B. 

-31.B. +KB.  - M A  +M.B. Xant. xant. 
HYPO- 

5.5 
5.8 

11.1 
12.2 
14.1 
15.5 

Avg 10.7 

2.3 
3.6 
3.9 
4.3 
5.1 
5.9 

Avg 4.2 

Infected lungs 
10.8 8.8 22.6 
21.2 10.0 20.2 
29.0 12.6 28.1 
30.4 14.4 33.4 
27.1 14.6 27.9 
29.3 19.7 37.0 
24.6 13.3 28.2 

Normal lungs 
10.4 2.8 9.3 
16.2 4.0 10.4 
24.6 3.8 19.6 

9.5 5.3 13.9 
16.8 5.0 15.0 
11.1 6.5 11.6 
14.8 4.6 13.3 

5.3 13.8 
15.4 10.2 
17.9 15.5 
18.2 29.0 
13.0 13.3 
13.8 17.3 
14.3 14.9 

8.1 6 .5 .  
12.6 6.4 
20.7 15.8 

5.3 8.6 
11.7 10.0 

5.2 5.1 
10.6 8.7 



TABLE V. Effect of HCN on Xanthine Oxidase 
Activity in Mouse Lung Infected with PR8 Influ- 
enza Virus and Reversal of This Effect by Cytol 

ehronie C and by E’errous Ions. 

~ 1 0 ,  uptake/20 min./20 mg 
dry lung 

Colllpoullds tested* -M.B. +M.B. 

BIOCHEMISTRY OF VIRAL INFLUENZA INFECTION 

yo inhi- % inhi- 
bition bition 

colltrols 10.6 22.6 
M HCK* 1.3 88 3.0 87 

I d e m  + M cyto- 1.6 85 9.0 61 

Ideni + lo-* 31 FeS0,t 1.3 88 8.0 65 
chrome c t 

* The correct mixtures of EOH-KCN were em- 
ployed in  the center-wells to give this concentra- 
tion of HCN in the flasks. 

t Concentrations are number of moles/ml of 
final fluid volnme. 

the cytochrome system since the same result 
can be obtained by substituting ferrous sul- 
phate for the cytochrome, however, it has been 
shown that cytochrome c can be reduced by 
xanthine oxidase ( 1 1,12). The results of ex- 
periments with other inhibitors, i.e., azide, 
arsenite, monoiodoacetate and monofluoro- 
acetate are tabulated in Table 171. Azide, in 
the lowest dilution used, inhibited the oxygen 
uptake by 40%; in the presence of methylene 
blue this inhibition was reduced in 127%. 
The highest dilution of azide produced a 
similar, although greatly diminished, effect. 
Likewise, in the absence of methylene blue, 
arsenite at  0.0005 M concentration produced 
89 and 73% inhibition respectively; 0.0005 
M concentration produced 89 to 61% inhibi- 
tion. Iodoacetate in 0.01 M concentration 
reduced the activity of the xanthine oxidase 
by 100% when methylene blue was not pres- 
ent; addition of dye reduced this value by 
one-half . Fluoroacetate, by comparison, was 
not a potent inhibitor of this system either in 
the presence or absence of methylene blue, 
in fact, it produced a 13% stimulation in 
oxygen uptake in the homogenate to which 
the dye had been added. Antabuse did not 
prove to be a potent inhibitor in this system. 
On the other hand, 6-pteridyl aldehyde at  
optimal concentrations completely inhibited 
the enzyme and the addition of methylene 
blue did not alter the result, thus indicating 
action at the substrate level and the preven- 
tion of hypoxanthine and xanthine activa- 
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tion. . Since the results with these inhibitors 
on the enzyme found in infected tissue were 
similar to the results with normal tissue, 
details of the experiments with the latter will 
not be reported here. 

Assays were made for uric acid, ammonia, 
and urea accumulating either directly or in- 
directly from xanthine oxidase activity. 
When hypoxanthine was added as substrate 
the amount of uric acid accumulating per 
Warburg flask after 100 minutes incubation 
ranged from zero to 0.30 mg per flask. If 
xanthine were the added substrate then the 
resulting uric acid values ranged from 0.03 
to 0.54 mg per flask. The addition of me- 
thylene blue substantially increased the 
amount of uric acid formed; this effect being 
more marked when hypoxanthine was the 
added substrate. The accumulation of uric 
acid revealed no qualitative difference in the 
Fanthine oxidase activity; the enzyme from 
both normal and infected lung oxidized the 
hypoxanthine or xanthine to uric acid in pro- 
portion to the amount of enzyme present in 
the tissue. The results of ammonia assays 
on both normal and infected tissue failed to 
show an accumulation of the product result- 
ing from the enzymic degradation of hypo- 
xanthine or xanthine. Assays for urea pro- 
duction(6), made by converting the urea 
in protein-free filtrates to ammonium car- 

TABLE VI. Effects of Sodium Azide, Sodium 
Arsenite, Sodium Monoiodoacetate and Sodium 
Monofluoroacetate on Xanthine Oxidase Activity 
of Mouse Lung Infected with PR8 Influenza Virus. 

p10,  uptake/20 min./20 mg 
dry lung 

Compounds tested” -M.B. +M.B. 

Controls 
AzideM/ 2000 

” M/lOOO 0 
Arsenite M/ 200 

” M/2000 
Controls 
Iodoacetate M/ 100 

” M/IOOO 
Fluoroacetate M/100 

” M/10000 

14.2 
8.5 

11.3 
.o 

1.6 
10.9 

.O 
9.2 
9.3 

11.6 

yo inhi- 
bition 

40 
21 

100 
89 

100 
16 
1 6  
0 

yo inhi- 
bition 

33.0 
28.9 13 
30.5 8 
9.2 73 

12.8 61 
26.6 
13.3 50 
24.6 8 
23.4 1 0  
30.1 0 

* Inhibitor and homogenate were incubated for 
20 min. before the substrate was tipped-in. Con- 
centrations are number of moles/ml of final fluid 
volume. 
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TABLE VII. Correlation of Change in  Virus Concentration with Change in  Levels of Xanthine 
Oxidase Activity in Mouse Lung after Infection with PR8 Influenza Virus. 

,--*Group 1-- r-Group 2-, ,--Group 3--, -Average- 
Timet E.A.S H.T.$ U.A.!I E.A. H.T. U.A. E.A. H.T. U.A. E.S. H.T. U.A. 

0 1.0 0 .0 1. 0 .0 2.0 0 .0 1.3 0 .O 
24 2.3 80 .06 8. 70 .I8 2.0 90 .09 4.1 40 .11 
48 3.0 80 .12 i .  640 .18 6.6 640 .18 5.5 453 .16 
7 2  9.3 1280 2 4  7.3 1280 .30 10.6 1280 .27 9.1 1280 2 7  
96 10.0 ti40 .3u i . 3  40 21 1.0 0 .09 4.8 326 2 0  

~ -_____-_____________ 

- _ _ _ - - ~ ~ ~  __ ~~ 

* Group of 5 mice, one chosen a t  ra11do111 for  exsinination a t  the indicated time. 
t S o .  of hours between initial inf wtion and titration. 
$ Enzyme actiritF: pl 0,/20 nijn./20 nig dr- lung. (Xanthine was added as substrate.) 
6 Hirst titer : the highest dilution of virus lung showing complete hemagglutination. 
11 Uric acid: total amount of’ compound per flask at end of experiment (100 min.) in  mg. 

bonate by the action of added urease, Nessler- 
izing in the presence of gum gatti and read- 
ings in a photoelectric colorimeter. did not 
show urea to be an end-product of the xan- 
thine oxidase activity. Also, assays made on 
the unincubated homogenates failed to de- 
tect any difference between the in vivo urea 
content of normal and infected tissue. 

An attempt was made to correlate the more 
quantitative aspects of virus mu1 t iplica t ion 
with the increase in enzyme level; for pur- 
poses of convenience these were called “pro- 
gression experiments.’’ Results recorded in 
Table VI I  show a correlation between the 
day-by-day multiplication of virus in the 
mouse lung, as determined by the hemagglu- 
tination titer, and the change in enzyme level 
in the same lung, as determined by oxygen 
uptake and by uric acid production. 

It was of interest to investigate the level of 
liver xanthine oxidase in mice concomitant 
with influenza virus infection. Therefore, 
liver and lung from the same animals were 
processed and examined in the same manner. 
While the lung enzyme from the infected mice 
showed a 2.5 fold interest in activity over 
that of the non-infected mice, the liver san- 
thine oxidase remained at  the same level of 
activity as that of the non-infected animals. 

Comment. The addition of any one of 26 
compounds, the oxidation of which might 
possibly yield energy for the formation of 
influenza virus particles to normal and to virus 
infected mouse lung tissue homogenate re- 
vealed only minor enzymic differences be- 
tween the 2 homogenates. Apparently, the 
propagation of influenza virus in mouse lung 
does not alter to a significant degree the level 

of host tissue enzymes concerned in the oxi- 
dation of these compounds. These experi- 
ments are in no sense complete since no at- 
tempt was made to follow in detail the re- 
actions which were measured only by the rate 
of oxygen uptake. The question of energensis 
in the formation of virus particles is an elusive 
one. Certain information indicates that a 
functioning Krebs cycle is essential for the 
propagation of influenza virus both in mouse 
lung and chorioallantoic membrane tissue cul- 
tures (9,13). However, whether the parasite 
requires energy over and above that required 
for the normal cellular metabolic reactions of 
the host tissue remains to be established( 14). 

Since virus particles are composed of com- 
plex nucleoprotein material, the synthesis of 
which is stimulated by the entrance of virus 
particles into the host cell, it seems likely that 
at  least a part of the increased in vitro activity 
in the virus infected lung caused by the addi- 
tion of certain purine bases, nucleosides and 
nucleotides is indicative of special enzyme 
activity brought about by the presence of the 
viral infection. The greatest part of the 
oxygen uptake resulting from the metabolism 
of these compounds is probably due to xan- 
thine oxidase activity as shown by the result- 
ant accumulation of uric acid and ammonia 
and by the effect of methylene blue on the 
system. If this is true, then it serves as in- 
direct evidence that certain purine de- 
aminases, nucleosidases and nucleotidases are 
increased in the influenza virus infected mouse 
lung. Also, the importance of xanthine oxi- 
dase in the purine metabolism of mouse lung 
seems evident . 

Although the results of the experiments re- 
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corded here clearly show that this infectious infection appears to increase the capacity of 
process is accompanied by an increase in the 
level of xanthine oxidase, the exact role of the 
enzyme remains to be determined. The 
“progression experiments” suggest that the 
enzymic activity is more than a reflection of 
an inflammatory process excited by the pres- 
ence of virus in the tissue. In  mice receiving 
10 to 1UU lethal doses of infecting virus, the 
increment and decrement periods in the level 
of xanthine oxidase activity roughly parallel 
the virus increment and decrement periods. 
Of possible significance here is the finding by 
Ackerman ( 15) that methionine is involved in 
the biosynthesis of influenza virus; the same 
amino acid is required in a diet favorable for 
the biosynthesis of xanthine oxidase( 1 6 , 1 7 ) .  
Bauer( 1 8 )  reported a correlation between yel- 
low fever infection and the development of 
xanthine oxidase in chick embryos. On the 
other hand, the role of hypoxanthine and 
xanthine in the purine metabolism of animals 
has not been considered important( 19) ; how- 
ever, more recent experiments tend to show 
that hypoxanthine may occupy a place of 
central importance in the metabolism of 
purine containing components in nucleic acids 

In  an attempt to resolve the questions 
raised by the results of the experiments re- 
ported here, further experiments are contem- 
plated to determine: (a) if non-specific in- 
flammatory processes in mouse. lung are ac- 
companied by an elevation in the level of 
xanthine oxidase; (b) if the increased enzyme 
level indicates an increased breakdown of host 
nucleic acids, the end-products of which might 
be hypoxanthine and xanthine; and (c) if the 
action of xanthine oxidase is essential to the 
biosynthesis of influenza: virus. 

(20) - 

Summary. 1.  Mouse lung tissue possesses 
the capacity to oxidize several of the naturally 
occurring compounds which are capable of 
undergoing oxidative decomposition and giv- 
ing rise to energy-yielding mechanisms. Un- 
der the limiting conditions of these explora- 
tory experiments, the presence of a Type A, 
PR8 influenza virus infection in this tissue 
does not appear to alter, to a significant de- 
gree, these oxidative reactions. 2.  Influenza 

host lung tissue to metabolize several com- 
pounds concerned in nucleic acid metabolism. 
Whether this phenomenon is indicative of 
cellular breakdown incidental to the viral in- 
fectious process or whether it represents an 
“active” degradation of specific molecules 
consequent to virus synthesis is still to be de- 
termined. 3. Xanthine oxidase appears to 
play a central role in the in vitro purine me- 
tabolism of mouse lung; the activity of this 
enzyme is increased in the infected tissue. 
The increment and decrement periods of virus 
proliferation roughtly parallel the increment 
and decrement periods of enzyme activity. 
In  no case was a qualitative difference found 
between the xanthine oxidases of normal and 
virus infected lung tissue; the effects pro- 
duced by the addition of metabolic inhibitors, 
the influence of methylene blue, and the end- 
products of the reactions were the same. The 
significance of these findings has been dis- 
cussed. 
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A Non-Auxinic Growth-Promoting Factor Present in Crown Gall Tumor 
Tissue. (21052) 

ARMIN C. BRAUN AND ‘C’LRICH NAF. (Introduced by W. Trager.) 
From the Laboratories of the Rockefeller Znstitute for Medical Research, New York City .  

An abundance of evidence published during 
the past decade has suggested that crown gall 
tumor cells proliferate abnormally because 
they elaborate in greater than regulatory 
amounts a growth-promoting substance ( 1-3). 
Although auxin synthesized by the tumor cell 
has commonly been regarded as playing an 
etiological role in abnormal growth of such 
cells, it is by no means certain that the charac- 
teristic behavior of the crown gall tumor cell 
can be explained solely or even in large part 
on the basis of high and unregulated auxin 
levels in those cells. An attempt was there- 
fore made to determine whether, in addition 
to growth substances of the auxin type, non- 
auxinic factors capable of stimulating cell pro- 
liferation are present in plant tumor tissues. 

Methods and materials. In  order to inves- 
tigate this problem it appeared desirable to 
use as a test object plant cell types that would 
not proliferate actively in White’s culture 
medium containing auxin. Steward and Cap- 
lin(4) have recently reported that mature 
parenchymatous cells of the potato (SoZanum 
tuberosum L.) are not stimulated to active 
cell division by 2,4-dichlorophenoxyacetic 
acid. These workers found, however, a syner- 
gistic effect to exist between 2,4-D and coco- 
nut milk in promoting cell division in the 
potato parenchyma tissue. Tobacco (Nico- 
tiana tabacum L. )  pith cells have been re- 
ported(5) to enlarge but not to divide under 
the influence of indole acetic acid. Tobacco 
pith tissue, which was used in this study, was 
isolated aseptically from the middle third of 
greenhouse-grown tobacco plants that were 
about 3 feet tall. Pith tissue fragments free 
of internal phloem were cultured either on 

White’s basic medium containing 1 % agar (6) 
or on that medium supplemented with the de- 
sired concentration of an auxin and/or tumor 
extract. The tumor extracts were obtained 
from sterile crown gall tissue grown in cul- 
ture. The tumors were harvested during the 
period of active growth and placed in a 
Waring Blendor a t  4°C. They were thor- 
oughly macerated, pressed through cheese- 
cloth, and centrifuged for 10 minutes at 7,000 
r.p.m. The supernatant fluid was incor- 
porated in White’s medium in a concentration 
of 15% by volume in certain experiments 
described below. The pith tissues were cul- 
tured in 50 ml Erlenmeyer flasks containing 
a total of 14 ml of media. The cultures were 
maintained at  room temperature in diffuse 
light. 

Tobacco pith tissue planted on 
White’s basic medium showed a very limited 
or, in most instances, no wound healing re- 
sponse even after prolonged incubation, Figc 
1A. In  the presence of suitable concentra- 
tions of growth substances of the auxin type, 
however, the volume of the pith tissue more 
than doubled in a 10-day period, Fig. lB, 
The tissue frequently became contorted as if 
under considerable internal stress. Subse- 
quently, the structure of the tissue itself 
showed a striking tendency to disintegrate. 
Enlarged pith cells projected in all directions 
from what was originally a compact, well or- 
ganized tissue fragment. In  accord with find-- 
ings reported earlier(5) it was found that 
proliferation of the pith cells did not occur in 
the presence of the auxins used. I n  these- 
experiments naphthalene acetic acid, indole 
butyric acid, indole acetic acid, and para- 

Results. 


