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ther studies. As is noted in a precedin? 
paragraph, the action of red light is re- 
vers~ble by subsequent irradiation of 
seeds with far red light. T h e  effect of 
gibberellin has not bren reversed by a 
period of exposure to far red light that 
is sufficient to reverse fully the rffect of 
red light. However, since gibberellin 
that has entered the seeds cannot be re- 
moved, the lack of reversal of the gib- 
berellin rffect by far red light cannot be 
considered definitive. 
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Survey of Fungi and Actinomycetes 

for Compounds Possessing 

Gibberellinlike Activity 


Culture filtrates of the fungus Gibbe-
rella fujikuroi contain the plant growth- 
promoting con~pounds gibberellins A and 
B ( I )and gibberellic acid ( 2 ) .Recently, 
it has been sho\vn that extracts of higher 
plants contain gibberellinlike compounds 
capable of stimulating growth in plants 
( 3 ) .This report describes an attempt to 
demonstrate plant grow th-promotlnq ac- 
tivity similar to that of the gibberellins 
in the culture filtrates of various fungi 
and actinomycetes. Approxlrnately 1000 
fungus and 500 actinornjcete culture 
filtrates were tcsted for the presence of 
these conipounds. 

The methods used to obtain culture 
filtrates of the various microorganisms 
xvere described in an earlier paper ( 4 ) .  
In  brief, the fungi xvere cultured in 500-
n11 erlenmeyer Aaslis containing 100 ml 
of corn steep-cerelose medium (Staley's 
corn steep liquor, 40.0 g; cerelose, 40.0 
g; CaCO,, 3.5g; NaNO,, 3.0g; K,HPO,, 
0.5 g; MgSO,, 0.25 g; and deionized 
water, 1000 m l ) .  Following inoculation, 
the flasks were placed on a reciprocating 
shaker (99 to 100 cy/min with 3-inch 
strokrs) at 28OC for 7 days. The my- 
celial growth in each flaslr was removed 
by filtering through \Vhatman No. 1 
filter paper and discarded. One drop of 
Tween 80 was added to 100 n11 (ap-
proximate) of culture filtrate, which 
was adjusted to pH 5.0.T h e  culture 
filtratrs were testrd without dilution or 
concentration. 

The  methods used to obtain the acti- 
nomycete culture filtrates were similar 
to those described in thr  preceding para- 
graph. The  shake-flask medium ( p H  7.0) 
was mad? up as follows: bacto-peptone, 
5.0 g; glucose, 10.0 g; rno1assr.s (Krrr 
Rabbit Green Label),  20 ml; FeSO, . 7 
R,O, 0.01 g; and distilled water, 1000 
ml. The  cultures were incubated on a 
reciprocating shaker ( 114 cy/min with 
2-inch strokes) for 5 days at 30°C. The  
culturr filtrates were treated as described 
for fungi and frozen until they were 
needed. 

Corn seedlings (the single cross 
IYF9 x 38-11 ) were grolvn in soil in 
6-inch pots (six plants per pot) .  When 
the seedlings !<ere 6 to 8 c n ~in height, 
they were treated by filling the whorls 
with the culture filtrates 011 each of tlvo 
alternate days. The  treated plants were 
allowed to grow for 10 to 12 days, when 
their heights were measured. Watcr and 
the uninoculated culture medium (with- 
out carbon source) served as thr con-
trols. Twelve to 18 plants were used for 
each treatment. 

By use of thr  methods described, it 
was readily demonstratrd that the heights 
of plants that lvere treated with the cul- 
ture filtrate of Gibberella fujikuroi were 
50 to 55 percent greater than those of 
the controls. Although some 1500 culture 
filtrates from other sources were usrd 
in treating corn plants, in no case was 
growth stimulation observed. The ma-
jority of the culture filtrates trsted were 
obtained from unidentified fungi and 
actinomycetes that were obtained from 
soil by routlne plating-out procedurcs. 
However, 258 filtrates were obtained 
from organisms which were identified as 
to genus or species. Table 1 summarizes 
briefly the major groups of organisms 
that were tested and the number of 
genera and species included in each 
group (51 .  

The  number of orqanisnns tested in 
these studies is admittedly only a small 

Table 1. Summary of identified fungi 
and actinomycetes tested for growth stim- 
ulation in corn. 

Major groups No. of No. of 
included in genera species 
experiments tested tested 

-- -~ 

Schizomycetes 
r'~ctinomyceta1es 2 7 

Phycomyceies 
Peronosporales I 7 
Mucorales 1G 35 
Entomophthorales 1 1 

Ascomycetes 
Endomycetalcs 3 
Eurotiales 9 ? 1 
Sphaeriales 7 11 
H>pocreales 2 2 
Pezizales 3 3 

Basidiomycetes 
Ustilaginales 1 1 
Agaricales 3 3 

Fun$ Imperfecti 
Sphaeropsic!alzs 3 3 
Melanconiales I 1 
Mo~liliales 42 141 
Mycelia-Sterilia 3 3 

fraction of thr  total ~lumber  of identified 
rnicroorganisms. Furtllermore, thry xvere 
grown on only one medium and tested 
at only one concentration. In  spite of 
these limitations, it appears that the pro- 
duction of the gibberellins by fungi and 
actinomycetes is not widespread ( 6 ) .  
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Occurrence of Iron, Copper, 

Calcium, and Magnesium in 

Tobacco Mosaic Virus 


Cooper and Loring reportcd the find- 
ing of small amounts of acid-soluble ma- 
terials when ultracentrifugally purified 
tobacco mosaic virus lvas treated with 
cold trichloroacetic acid ( I ) .  Examina-
tion of a concentrate of this fraction by 
paper chro~natography (70percent tert-
butyl alcohol, 0.8N I-iC1) showed that 
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a component was present which behaved 
like ferrous iron when the chrornato-
gram was sprayed with the perchloric 
acid-molybdate reagent of Hanes-Isher- 
wood ( 2 ) .A study of the emission spec- 
tra of a sample of virus ash confirmed 
the occurrence of iron in the virus and 
provided evidence for copper, calcium, 
and magnesium as well. 

I n  order to establish the aniounts of 
the four metals present, quantitative 
chenilcal analyses ( 3 )  were performed 
o n  0.1N I-ICl solutions of vlrus ash pre- 
pared f ~ o m  different virus samples that 
had been purified by three or four ultra- 
centrifugal purification cycles ( 4 ) .  T h e  
results confirmed the data obtained by 
paper chromatography and by emission 
spectroscopy and provided average 
values (Table 1 )  of about 30 pg of iron, 
20 yg of copper, 300 yg of calcium, and 
600 pg of magnesium per gram of virus. 

I n  order to obtain evidence regarding 
the type of binding involved between the 
metallic components and the virus, vari- 
ous types of dialysis and ultracentrif-
ugation experiments which would be 
expected to remove adsorbed metallic 
impurities were ca r~ led  out. T h e  types 
of treatment included equilibration in 
and ultracentrifugation from 0.5-per-
cent ethylenediaminetetraacetic acid 
( E D T A )  solution (5) at  j H  7 and p H  
8 and dialysis ( 6 )  a t  4OC against water 
and 0.5 percent EDTA at  fiH 7. I n  each 
case, the virus was recovered by ultra- 
centrifugation, lyophilized, and ashed, 
and aliquots of the 0.1N HC1 solution of 
ash were analyzed. 

The  results of these experiments are 
summarized in  Table 1. They show de- 
creases particularly in calcium and mag- 
nesium content after treatment with or  
dialysis against EDTA, but iron and 
copper were relatively unaffected. After 
dialysis against EDTA for 7 days, further 
decreases appeared to occur, but signifi- 
cant aniounts of all four components 
were still present. Similarly, dialysis 
against distilled water for 24 hours 
showed a significant decrease in mag-
nesium content, but the concentrations 
of the other three metallic coniponents 
were largely unchanged. 

T h e  recovered virus in each of the 
experiments shown was tested for activ- 
ity by the local-lesion method ( 7 )  
against the same concentration of un-
treated, purified virus. T h e  half-leaf 
method was used on five or six of the 
largest leaves of the Holmes necrotic- 
type Nicotiana tabacum plants (8) 8 to 
14 inches tall. From the activity meas-
urements shown in Table 2, it may be 
seen that highly active virus comparable 
to the original was recovered in all cases 
with the possible exception of the sample 
that was dialyzed against EDTA at  pH 
7 for 7 days. I n  this instance, the dia- 
lyzed virus was probably slightly less 
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Table 1. Metal content of purified tobacco mosaic virus before and after various treat- 
ments. The  values are averages for at least two analyses, usually on two samples of ash. 

Metal content (ug/g of vlrus) 
Treatment -- 

Fe Cu Ca Mg 

Virus after three purification cycles* 2 9 23 330 670 
Equilibration with 0.5 percent EDTA at p H  7 2 7 13 84 48 
Equilibration with 0.5 percent EDTA at  pH 8 5 4 2 1 95 5 0 
Dialysis against 5 percent EDTA at pH 7 for 24 hours 47 16 200 100 
Dialysis against water for 24 hours 42 22 350 200 
Dialysis against 0.5 percent EDTA at pH 7 for 7 days 22 4 42 22 

* Average values for two different samples of virus. 

active than the untreated preparation Zittle (10)  and Jungner ( I l ) ,  copper 
that was stored in the refrigerator over and magnesium were also found in two 
the same period of time. samples of commercial yeast sodium 

I t  was of interest to determine whether ribonucleate. No calcium was found, but 
the nietallic comnonents found in the iron was present in aniounts comparable 
virus were associated with the virus pro- to that mentioned for the virus nucleic 
tein, with its ribonucleic acid, or with acid. The  respective average values in  
both. Analyses of a sample of the nucleic micrograms per gram for the two sam-
acid prepared by the method of Johnson ples were as follo~vs: iron, 590 and 380; 
and I-Iarkins (9 )  from purified virus copper, 340 and 500; and magnesiuni, 
showed that all four nietallic compo- 900 and 800. 
nents were present and that the iron and Although various lines of evidencc 
magnesium occurred in about 20 times have shown that the tobacco mosaic 
the concentration nresent in the virus virus consists essentially of protein and 
itself. T h e  aniounts found in micrograms nucleic acid (12, p. 18 ) ,  the virus has 
per gram of nucleic acid were as follo~vs : not been examined previously for the 
iron, 640; copper, 3 1 ; calciurn, 2 10; niag- metallic components mentioned as far as 
nesiurn, 1900. Dialysis of a 2.5-percent we are aware. T h e  data presented here 
solution of the virus nucleic acid a t  4OC show that small amounts of relatively 
for 24 hours against 0.1M phosphate a t  firmly bound iron, copper, calcium, and 
p H  7 eliminated the calciurn completely magnesium also occur in this virus. 
and decreased the magnesiuni concentra- These results extend the earlier findings 
tion to about one-tenth of the original of trace metals in certain animal viruses 
value but had only a slight efiect on iron (13) to a plant virus of a high degree of 
and copper. Dialysis against a mixture homogeneity and of relatively simple 
of 0.1M phosphate and 0.5-percent biochemical complexity. Strong confir- 
EDTA under the condition mentioned mation has thus been provided that iron, 
reduced the iron content to approxi- copper, magnesiuni, and probably cal-
mately one-fourth of the original value, cium are integral viral components. I n  
eliminated copper and calcium com- the present experiments it has not been 
pletely, and decreased the magnesiuni possible to determine precisely the lower 
content only slightly beyond that found metal concentration compatible with full 
after phosphate dialysis. virus activity. An approximation of this, 

I n  agreement with earlier reports of however, appears to be the concentra-

Table 2. Infectivity of tobacco mosaic virus after various treatments. 

Virus No. of Avg. No. of 

Treatment concn.* half- lrsions per half-leaf? 
( ) leaves Treated Control 

Equilibration with EDTA at p H  8 
First treatment 10-4 10 24 24 
Second treatment 10-5 9 8 10 

Dialysis against 0.5 percent EDTA at  
pH 7 for 24 hours at 4'C 10-6 11 10 9 
Dialysis against 0.5 percent EDTA at 
p H  7 for 7 days a t  4°C 

First test 10-5 15 12 15 
Second test 5 x 10-5 3 8 17 24 

Dialysis against water for 24 hours 
at 4°C 10-5 10 93 50 

" Dilutio~ls prepared in 0.1M potassium phosphate buffer at pH 7. 
i.Differences, with possible exceptions of the samples dialyzed against EDTA for 7 days and against water, 
are not of statistical significance. 
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tions found in the virus dialyzed for 7 
days against EDTA. Assuming a niolec- 
ular weight for the virus of 50 x 106, cal- 
culation of the number of atoms of iron, 
copper, calciurn, and magnesium per 
virus particle gave values of 20, 3, 52, 
and 45, respectively. 

The  fact that iron and niagnesiurn 
were concentrated approximately 20-fold 
in the virus ribonucleic acid compared 
with the occurrence of about 5 percent 
nucleic acid in the virus indicates that 
these metals are located in the nucleic 
acid rather than in the protein. That  
their occurrence in the virus nucleic acid 
in the concentrations found may be of 
more general significance in relation to 
nucleic acid chemistry is indicated by thc 
comparable amounts found in yeast ribo- 
nucleic acid. The  relatively strong bind- 
ing of the virus ribonucleic acid for iron 
and magnesium as shown by the dialysis 
experiments against EDTA ( 5 )  indicates 
the existence of metal chelates or rela- 
tivell- stable metal complexes in ribo-
nucleic acid structure. While the func- 
tion of the individual metals in the virus 
or in its nucleic acid is not clear at pres- 
ent, some of them may be involved in 
thc binding of smaller nucleic acid sub- 
units into the larger asyninietric particles 
characteristic of "native" and infectious 
nucleic acid ( 1 4 ) .  Since the tobacco 
mosaic virus undergoes a disintegration 
into relatively small units soon after in- 
oculation ( 1 5 ) ,it appears that the larger 
nucleic acid may undergo a subdivision 
into smaller genetic subunits during the 
infection process in a manner similar to 
that shown for bacteriophage by Doer- 
niann ( 1 6 )  and by Visconti and Del-
I~riick( 1 7 ) .A further logical hypothesis 
is that the genetic subunits, the "vegeta- 
tive phase'' of Visconti and Delbriick, are 
joined into the larger asyrnrnetric par-
ticles, the "genetic recornbinants" char-
acteristic of "native" and irlfectious ribo- 
nucleic acid bl- metal chelate bonds. 
Although no analyses for the metallic 
components considered in this paper 
have yet been made on "native." deoxl--
ribonucleic acid, it is knoxvn that mag- 
nesium is present ( 1  1  ) .  T h e  occurrence 
of smaller deoxl-ribonucletic acid units 
joined by metal chelate bonds into the 
highly asymmetric particles character-
istic of "native" deoxl-ribonucleic acid 
~vould appcar to provide a rational ex-
planation for many of the phi-sical (18) 
and biological ( 1 9 )  propertirs of this 
nucleic acid also ( 2 0 ) .  
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Enzymatic Conversion of 

Xylose isornerase, which catalyzes the 
interconversion of D-xylose and D-xylu- 
lose, has been demonstrated in extracts 
of xylose-grown cells of Pseudomonas 
hydrophila ( I ) ,  Lactobacillus pentosus 
( 2 ) ,and Pasteurella pestis ( 3 ) .Although 
it has been reported that other aldose- 
ketose isomerases (4, 5) isonierize series 
of structurally related aldoses, xylose 
isornerase has been described as unable 
to act on aldoses other than D-xylose. 
However, experiments in these labora-
tories have shown that sonic extracts and 
washed, lyophilized cells of xylose-grown 
Pseudonzonas hydroplzila (N.R.C. 491 
and 492) ( 1 )  do in fact convert D-glu- 
cose to D-fructose. Similarly, 6-deoxy-D-
glucose was converted to a sugar that 
readily reacted in the cysteine-carbazole 
test ( 6 )  and exhibited an R f  in paper 
chromatography substantially g;eater 
than that of 6-deoxy-D-glucose. I t  seems 
reasonable to assume that the sugar 
formed is 6-deoxv-D-fructose ( 5 ) .

\ , 

The  ability of the enzyme prepara-
tions to isomerize D-xylose or D-glucose 
is a concomitant of growth in the pres- 
ence of D-xylose as the major carbon 
source. Growth on D-glucose, D-fructose, 
or maltose gives rise to cells which are" 
essentially devoid of isomerase activity 
for either D-xylose or D-glucose. 

3 HOURS ' /c----

GLUCOSE mM/ML 

Fis. 1. Formation of D-fructose as a func- 
tion of incubation time and initial D-glu- 
cose concentration. The final concentra-
tions of the components of the incubation 
mixtures were as follows: arsenate buff'er 
( p H  8.0), 0.05M; MgC12; 0.01M; washed 
lyophilized cells of Pseudomonns hydro-
philn (N.R.C. 492) ,  10 mg/ml; and D-glu- 
cose as indicated. Final volume was 2.0 
ml, and the incubation temperature was 
40°C. The reaction was stopped by with- 
drawing 0.25-ml alicluots into 4.75 ml of 
0.5M HClOI. After centrifugation and 
suitablc dilution, fructose was estimated 
by a modification ( 9 )  of the cysteine-car- 
bazole test. All values were corrected for 
the color contributed by D-glucose. The 
color contributed by the enzyme prepara- 
tion was negligible. 
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