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ities, as well as by the relative number of abnormal organisms present. 
Thus, organisms growiiig in nieth~lcliolaiithi-eie exhibited abnor- 
malities within 30 to 32 days regardless of the different concentra- 
tions used. Here oii1y a few- organisms u-ei-e affected. S u r v i d  
followiiig this treatment averaged 5 to 8 daj-s. Scharlacli red yielded 
almost identical results. Hoil-e\-ei-. 3 :3 benzpprene pro-\-ed to  be 
more effective. Paramecia growing in this l iyhocarbon exhibited 
abnormalities 1s-itliin 12 to 13 clays in all of the concentrations eni- 
ploj-ecl. These abnormal organisms rarelj- survived for more than 
5 daj-s. Furtlierniore. thc iiiiiiil)cr o f  organisms affected was con- 
siclei-ably greater than cither o i the other agents employed. Cytcl- 
logical studies of ahiioriiial org-anisms that were fixed and stained, 
gave no indication that either the macronucIeus or micronucleus 
were affected or  involved. 

These i-esultq iiidic;ite that exposure of Parmiicciitnz 
('(7 1 1  rJir  t I I  111 to the cai-c i ii( )gyi  I; t'i 111 ) I  ( )!-t.tl in t hese experiments, causes 
the productioii o i  certain ail)ii( )riiialities regardless of the cliff erent 
concentrations o f  the carcinogtmic agents wed. The order of po- 
tency fo r  these carciiiogens, as tlt.~iioiistrated by the time of appear- 
ance o f  almoriiialities, i, as fo1!011 < : 3 :4 heiizpyreiie : niethylcholan- 
threiie. and Sc l~~ i r l ach  red. 

C O U C ~ I L C ~ O I I .  

CeII-Free Enzymes of A sotohncter vinelrtndii." 

Each and cowoi-Iiei-s' have i-t.i)orted nitrogen fixation 13y a cell-free 
extract of --htoFcrctrl-  cells. J3oI)erg' Ivas unable to confirm their 
results. The possession o f  a cell-free nitrogen-fixing eiizq-nie system 
woulcl gi-eatlJ- facilitate studies on the mechanism of nitrogen fixa- 

* This work v-as ai6ed b?- a grant  froiu the Rockefeller Foundation. We wish 
t o  thank Professor J. W. Wil l ian~s  for use of the  coneentration centrifuge and 
Dr. Van Pot te r  for a gift  of pure c?-tochrome c. 
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tion. With this in view, studies reported here describe preliminary 
inwstigatione on yarious cell-free enzymes obtainable froin A 2 0 f o -  
buct pi? ‘i fill clmi dii. * 

Cultures o f  ,-f. ziiwlrrizdii were grown in Burk’s3 nitrogen-free 
niediuiii with yigorous aeration for 24 to 30 hours at 30‘. Cells 
were removed from the liquid inedium with a Sharples supercen- 
trifuge. lvashed by resuspending in lialf-strength Burk’s3 salt solu- 
tion and again recovered by centrifuging. The washed cell Ilaste 
was groundt with pH 7.0 phosphate buffer according to the method 
of \Viggert. Silverman, Utter and Werkniaii.4 The glass and 
larger ceII fragments in the ground material were renioved by 30 
minutes centrifugation at 4500 rpni in an angle head centrifuge. 
The supernatant was further clarified by 30 minutes’ centrifugation 
at 24,000 rpm in the Beams air driven concentration centrifuge 
( rotor radius approximately 3 inches ) . These extracts were diluted 
with an equal volume of pH 7.0, M/15 phosphate buffer and passed 
through a Eerkefeld X or Maiicller 15 filter. Such filtrates showed 
no growth in a riitrogen-free medium. 

Cell-free juices of Acotobncter exhibit a powerful hy%-ogenase. 
Jlethylene blue reductioii under an atmosphere of hydrogen pro- 
ceeded at a rate approxiniately ten times the endogenous reduction 
rate under helium or vacuum. Methylene blue reduction also re- 
vealed liydrogenase activity in toluene preserved cells and in acetone 
dried poivders prepared hy the method of Eovarnick.5 

Gas uptake of cell-free Azotobncter juice as measured in the War- 
burg respiroineter in a 95% hydrogen 5% oxygen atmosphere was 
540 cn7m per hour per nig iiitrogeii content of the juice. whereas 
gas uptake under 95% He 5% oxygen was but 15 cnini. This 
hydrogen-oxygen uptake was inhibited 90% by M/1000 potassium 
cj-anide and 75% by M/100 sodium azide. 

The presence of succinic, malic and lactic acid dehydrogenases in 
cell-free filtered preparations of Amtobcrctcr was demonstrated by the 
iiiethylene blue reduction technic. No activity was evident with 
glucose, glutamic acid or formic acid as substrate. Sodium suc- 
cinate oxidation in the Warburg respirometer supported an oxygen 

2 Burk, D., and Lineweaver, H., J .  Bart., 1930, 19, 389. 
t Professor Werkman and his colleagues kindly demonstrated the method and 

certain modifications to the authors, Details of the modified method will be pub- 
lished from Professor Werkman ’s laboratory. 
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c‘oll. J .  &‘pi., 1940, 14, 179. 

5 Eoviirnick, M., PHOC. Sac*. EXP. BIOL. ASD I~ED., 1941, 47, l g l .  



uptake over 6 times the endogenous rate of uptake. Nilsson' 
observed no succiiiic dehydrogeriase activity iti vacuum dried or air 
dried A, clzroococcc~n~ cells, tliough he obtained rnethylcne blue re- 
duction on liexosedil>hosl>hate, ethyl alcohol and glucose with such 
preparations. The wash water froni Nilssoti's' dry cells contained 
liesosediphospliate dehyclrogeiiase activity iii a cell-f ree state. 

Kraiiipitz aiid \\7erlmiaii7 ha\-e receiitly relmrted that an oxalacetic 
acid decarhoxq-lase caii he ohtaiiied in cell-free juices of Micrococcus 
l>isodeikticu.s. A similar enzyiiie is present in hoth cell-f ree juices and 
acetone dried cells of A. eiiiclrrirdii.  A cell-free preparatioii released 
CO, from a solutioii o f  osalacetic acid at a rate of 381 cnini per hour 
per tng nitrogen content of the preparation. This rate was several fold 
as great as the spontaiieous tlecoiiil)ositioii o f  oxalacetic acid in the 
presence of a h i l ed  enzynie 1)reparation. Alplia-ketoglutaric acid 
was also decarhoxylated but at a much slower rate than oxalacetic 
acid. No activity kvas evident Ivith pyruvic acid as substrate. 

Usiiig the oxidation of ascorl)ic acid, which spontaneously reduces 
cytochronie c. as a measure ( 1  i c\-tochroiiie oxidase activity, no in- 
crease iii oxygeii uptalx \\.as detected whet1 purified heart muscle 
cj-tochroiiie c ivas added to ,fsotobtrctcr juice. This indicates either 
that the cj-tocliroiiie oxidase systeni is riot active in the juice studied, 
or more likely, since cyanide-sensitive oxygen uptake oii a succinate 
substrate could he denionstrated. that heart tiiuscle cytochrome c 
can not act in the cytocliroine system o f  A,rotobtrctev. Keiliii and 
Harpleys have descrilxl a siniilar lack of activity of heart niuscle 
cytochronie c on the cytochroine sj-stem o f  Eschcrichia coli. 

Succiriic. lactic aiid iiialic dehydrogetiases and hydro- 
getiase were demoiistrated in cell-free juices o E  Azotobacter rhzelandii 
by the use of the iiietliyletie hlue reduction technic. Oxygeii uptake 
with sodium succiiiate as suhstrate and hydrogeii-oxygen uptake 
with hydrogen as sthstrate were observed it1 the Warburg respi- 
ronieter. Cell-free juices coiltailled oxalacetic acid aiid alpha-keto- 
glutaric acid decarhoxylases. hut not pyruvic acid decarhoxylase. 
Though succiiiate oxidation was cyaiiide-sensitive, addition of heart 
niuscle cytochrome c did not stinidate the oxidation of ascorbic acid, 
suggesting that the cytochronie system differs from the animal 
cytochronie system. 

Swiz uiuq1. 
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