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When lyophilized dotnvrnt spores of Bacillus cereus strain terminalis are 

heated in phosphate buffer they become activated, gaining the ability to oxi- 

dize glucose, gluconate, P-ketogluconate and pyruvate but not other hexoses, 

phosphorylated hexoses or acetate (Church and galvorsnn, 1957). These results, 

along with the results of studies on the enzymes present in extracts of these 

heat-activated spores, were interpreted to mean that a functional Embden- 

Heyerhof (W) system was absent and that glucose was utilized by means of a 

modified hexosemonophosphate (ID@) pathway coupled with an active system for 

acetate oxidation, presumably the tricarboxylic acid cycle (Halvorson and 

Church, 1957; Doi et al - -.P 1959). On the other hand, when an isotopic tech- 

nique was used to estimate the pathways of glucose catabolism in resting sus- 

pensions of vegetative cells of the same organism, harvested either in the 

early logarithmic or sporangial phase, the results indicated that about 98% of 

the glucose oxidieed to CO2 by the intact cells was catabolized via the EH 

pathway (Goldman and Blumenthal, 1960). In order to check the validity of the 

conclusion that spores of this organism do not possess an operative EM path- 

way, which is evident in the vegetative stage, we have now estimated the path- 

ways of glucose catabolism in intachheat-activated spores by using two 

different isotopic techniques with specifically C14-labeled glucose. Our re- 

sults indicate that the EM is a major pathway for glucose catabolism in these 

spores although the HMp pathway, or its equivalent, becomes quantitatively 
* Supported by grants from the U.S. Public Health Service and the Michigan 
mrial-Phoenix Project of The University of Michigan. 
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important after the spores germinate. Furthermore, we observed an impairment 

in the terminal respiratory system so that acetate accumulates as a result of 

glucose oxidation. 

The results of a typical experiment, in which both isotopic techniques 

were combined in a single experiment, are presented in Table 1. The rate and 

the extent of Cl402 production from glucose-3,4-C 14 were about twice those from 

14 glucose- 1-C , whereas only very small quantities of Cl402 were released from 

14 glucose-6-C . These data were used to estimate the percentage participation 

of the RWB and EM pathways by the method of Wang et al. (1958). Of the glu- -- 

case oxidized to CO2 during the first 15 min. interval, 992 proceeded via the 

Ekl pathway, while the cumulative figure gradually decreased to 62% at 180 min. 

14 The very low recovery of C14C2 from glucose-6-C , even after all of the glu- 

cose was utilized, suggested that there was an impairment in the further 

metabolism of C3 and/or C2 compounds derived from glucose. At the end of the 

experiment acetate recovered contained 15% of the C 
14 added initially as 

14 glucose-U-C , suggesting the possibility that the impairment was associated 

with the terminal respiratory system. Another 4X of the added C 14 could be 

recovered as lactate from the ether soluble fraction and 152, as an uniden- 

tified acidic compound. Furthermore, when pyruvate-2-C 14 was incubated with 

activated spores for 8 hours, only 401 counts were recovered in the CO2 while 

231,000 counts were recovered as acetate. 

Further evidence for the operation of the EM pathway was obtained when 

estimates were made of the pathways of glucose catabolism based on the relative 

specific activity (RSA) of the isolated acetate and lactate samples (Blumenthal 

$J &., 1954). About 24 and 43% of the glucose-l-C 14 yielding acetate and lac- 

tate, respectively, was calculated to be utilized by the RM pathway. Similar 

estimates of the percentage of glucose utilized by the gh pathway based on 

intermediates derived from glucose-6-C 14 were always higher than those esti- 

mates based on glucose-l-C 14 intermediates. Ordinarily, estimates based on 

intermediates derived from glucose- 1-C 14 are considered to be the more sensi- 

tive indicator of the IMP pathway (Dawes and Helms, 1958). In spite of 
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quantitative differences, however, all of the estimates indicated that the 

EM pathway was important for the utilisation of glucose by the spores. The 

presence in the carboxyl group of less than 7% of the total C 14 in the acetate 

derived from either glucose-l- or -6-C 14 further supported this conclusion. 

Germination, the end of the first phase in the complex development of a 

dormant spore into a vegetative cell, has been defined as the phase subse- 

quent to the loss of heat resistance by the spore (Campbell, 1957), and is 

accompanied by increased metabolic activity and loss of refractility. Post- 

germinative development, or outgrowth, includes a series of morphological 

changes each of which is accompanied by changes in respiratory rate (Levinson 

and Byatt, 1956). In the present experiment we found that 33% of the spores 

were already germinated at zero time and that this figure increased to 80% 

during glucose oxidation. We have been unable to prepare activated spores 

capable of oxidizing glucose without some germination, as reported (Church, 

1955; Church and Ealvorson, 1957). There was no postgerminative development 

of the spores in the present experiment. We have also observed that the degree 

of activation of glucose oxidation was dependent on the concentration of Na+ 

present during the activation when the phosphate anion concentration remained 

constant (Goldman and Blumenthal, unpublished results). 

The estimations of the pathways of glucose metabolism in the present re- 

port, then, were actually made on spore suspensions containing a constantly 

increasing percentage of germinated spores. During the first 15 min. interval 

40% of the spores present were germinated and 60% ungerminated. If  the unger- 

minated spores had used the HMP pathway exclusively, at least 50% of the 

glucose would be expected to be utilized via the WMP whereas the actual estinvlte 

for the interval indicated only 1% of the glucose traversed the HklP pathway. 

Furthermore, the extent of utilization of the EM pathway was greatest at the 

earliest portions of the experiment at a time when the per cent of germinated 

spores was lcwest, and then gradually decreased as the per cent of germinated 

spores increased. These data suggest that the El4 pathway is a major pathway 

for glucose oxidation by intact heat-activated spores and is quantitatively most 
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important during the early utapes leading to germination. Sometime after ger- 

mination, the HMP pathway also becomes a wajor pathway for glucose catabolism. 

Anha et al, (1959) recently concluded that the EM pathway played an important 

role in the early stages of germination of heat-activated B. coagulans spores 

by glucose. This was based on the substrate specificity for germination and the 

EX ensystes present in spore extracts. Their results, together with the present 

results, indicate that the En pathway arst be considered an important route of 

glucose catabolism in spores of aerobic bacilli. 
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