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It has been repeatedly oonfimed mince the ori&el obaenation of Crab- 

tree (1929) that the olgrgen conmmption by aaoites oeroinoma cell6 i8 

markedly &premed below the l ndogenoue level when a glucoao mbatrato in 

present aboto a oertein minImum concentration. The eubetitution of fruatoee, 

mannoee, or 2-deem-D-gltacoee (2-m) for glucose ae the aubetrate produce8 

a eimilar reduction %n oxygen ooneumption3 (Ibsen, 1961). That fruoto~e and 

mannoee will produce the Crabtree effeot ie not surpridng in view of the 

general utilizability of theee hexosee. Oa the other hand, the eiailar 

depression of cellular respiration by 2400 should be of more than pensing 

inters& e&ace thie eoqound, ae far ae known , cennot be metaboUzed beyond 

the 2-DO&-phosphate &age by the aecitee carcinoma cello (Ibsen et al - -** 

1958) l 

In this report we preeentdataehowingthat2-D00eimultaneouuly 

W&its the rate of glycolyeie of glucose and inereaeee ik rate of oxida- 

tion. Since thi8 dual effect of 2-DOQ haa not been prevlouely reported, and 

1 Taken in part from the l&S. the&a of Jamem L. Brooks, San Mego State 
College196l. 

'Supported by grante A4949(C2) and A-295O(C2) from U.S.P.H. to Arm N. Wick 

3 We ere indebted to Dr. Ralph W. McKee, Depart. Phy6io. Chem., Univ. of 
Calif., Lea Angeles for aalliq to our attention the forthGoaing mu++ipt 
by Dr. Kenueth H. ,Ibeen, *The Crabtree Effect--h Review", end liking a COEQ 
available to w. 
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with further wrh may aid iu elucidating the control mechauieme involved in 

the Crabtree effect, we are reporting these preliminary studies at this time. 

Method6: Ehrlich recites aarciuoma cells grown for 7-10 days in white 

Swies mice were employed. The cells were withdrawn and vashed 4 to 5 times 

by gentle differential centrifugation to remore red blood cells and ascitee 

fluid. Calcium free Krebs-Ringer phosphate medium (RR) adjusted to pR 7.4 

was the washing and incubating fluid. The packed celle vere suspended in 

7 uolumee of RR iu all experiments except 8 and 9 where the dilution ua8 

1:64. Cells were incubated in a total volume of 2 ml of RR. All incuba- 

tions were carried out at 37O C for 2 hours in 30 ml Plemneyer fluke in a 

Dubnoff metabolic shaking incubator. The C1402 was collected by trapping 

the CO2 in au alhaline center well and precipitating the CO2 (with carrier) 

as Race 
3’ 

In the presence of 2-DOG the glucose was datemined by the radio- 

activity of the osazone; otherwine, the glucoqo was detemined by the glucose 

oxidaae method. Lactic acid was determined by the method of Barker and 

Summereon (1941). 

Reaulte aud Mscuseion: figure 1 shows the effect of concentration of 

2-DCG on the oxidation of glucose-U -Cl4 to C1402, residual glucose, aud 

residual (net) lactate with the -cites carcinoma cells. 2-DOg inhibits 

glucose disappearance from the incubating mediu aud lactate appearance, 

in acoordauce with its known site.3 of blookiug action (Wick e e., 1937); 

the extent of inhibition increase6 with increase in molar concentration of 

24wC. In contrast, 2-EOQ at eoncentratiooe up to 0.0644 increase6 the rate 

of cl" O2 production with au apparent peak of &malation near molar ratio6 

of 2400 to glucose of 3:1., !Phe decrease in glucose oxidation rater, with 

concentrations of 2-DOG greater than 0.03M cannot be readily explained. 

Siuce we are meamring glucose oxidation by the expired it was 

emential to determine if the Crabtree effect could be demou&rated by this 

technique. A series of experiments were conducted iu which amcites carcinoma 
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Figure 1. Effect of concentration of 2-deoxy-D-glucose on oxidation of 
glucose-U-C IL4 (0.01 M) to C1402, residual glucose, and residual lactate with 

Ehrlich oscites carcinoma cells. Experimental flasks incubated for 2 hours 
in absence of 2-DOG taken as control for C 14 O2 and residual lactate; non- 
incubated (zero time) flasks without 2-DOG taken as control for residual 
glucose. 

cells vere incubated vith a range of glucose-U -cl4 concentrations. figure2 

ehovs that the highest rate of glucoee oddation occur8 with the love8t con- 

centration of glucose teeted (O.CCC6h), and with higher glucose concentra- 

tions the rate of glucocre oxidation decreases. 'Ibe rate of oxidation ie 

particularly 8enaitive to glucose concentrations up to 0.0025kl. Theee data 

are interpreted to be an expreseion of the Crabtree effect, and comparable 

to the cu&omazy oxygen uptake studies employed by other worhers. It is of 

interest that with these cells the uptake of gluco8e and the inhibition of 

glucose oxidation to C1402 both reach ma&aal values at 0.0025H glucose. and 

rem8i.n constant for all higher glucose concentrations. 

The exact metabolic alteration produced by 2-m cannot be .detennined 

from these experimental observations. Eovever, say proposed mechauisc muat 
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be compatible with thee0 three conditions: 1) a rrtimulation of C1402, 

2) a deoreue of residual (net) +&ate production, 3) a decreue in amount 

of glucose taken up by the cell& 
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Figure 2. Effect of glucose-U-C 14 concentration on its oxidation to C 14 02, 

and on its disappearance with Ehrlich ascites carcinoma cells. Oxidation 

values at 0.0006~ glucose taken as 106%. 
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