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I. Some substances can inhibit D-amino acid oxidase by combining with the FAD 
in competition with the apo-protein. 

2. A new kinetic method using indicators has been applied for the analysis of 
the behaviour of an inhibitor in its competition with FAD. 

3. Positive interaction has been demonstrated between the binding sites of the 
apo-protein. 

These results may  be useful not only for the elucidation of the mechanism of 
action of several drugs reported in this series, but also for the demonstration of the 
actual method of complex formation involved in the enzyme action of D-amino acid 
oxidase. 
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SUMMARY 

I. The use of a simple bacterial filtration technique involving collodion mem- 
branes has permit ted a precise means of assaying tri t iated compounds. Radioassays 
at infinite thickness were readily converted to relative total count values. I t  is sug- 
gested that  the method has general applicability. 

2. Bacterial cultures rapidly converted exogenous tritiated thymidine to thymine. 
~SH]diaminopimelic acid served as a more stable biochemical precursor, enabling 
accurate studies on the incorporation of tr i t ium into bacterial cells. 

Abbreviat ion:  TCA, trichloroacetic acid. 
* Current  address:  U.S. Naval  Radiological Defense Laboratory,  San Francisco, Calif. (U.S.A.). 
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INTRODUCTION 

The ready availability of relatively inexpensive tritium-labeled biochemicals has made 
their use particularly attractive for investigation of metabolic processes. However, 
the difficulties associated with detection and measurement of radioactivity from such 
a weak B-emitter have discouraged many workers. Unquestionably, the most sensitive 
and precise method for measurement of this isotope is the internal liquid scintillation 
method 1. This method requires the availability of expensive equipment beyond the 
reach of most laboratories, and consequently several investigators have applied the 
method of conventional windowless gas-flow counting 2-4. Reproducibility is not very 
satisfactory because of the difficulty of obtaining reliable geometry of distribution. 
A simple procedure was sought, therefore, for the assay of tritium that would be 
particularly suitable for existing windowless gas-flow equipment. 

The membrane filtration procedure has been employed in this laboratory for 
the rapid and quantitative recovery of bacterial ~ and tumor ~ cells for the radloassay 
of 14C. In this technique, cells were removed from their suspensions and were spread 
quite evenly on the filters. This method has now been applied to the assay of ZH in 
bacterial cells. Infinite thickness levels were reached readily, and the uniform geometry 
allowed reproducible count rates. From the specific activity values derived by this 
technique, highly reproducible values for relative total activity were obtained with 
a minimum of manipulation or expense. 

METHODS 

Bacillus cereus, strain 569 H, was grown in a casein hydrolysate-salts medium, as 
described 5. Growth was assayed by turbidity measurements at 54 ° mt~ in a Beckman 
spectrophotometer, Model DU. 2-ml samples of the culture to which a radioactive 
compound had been added (approx. o.15/~C/ml of medium) were removed for 
turbidimetric assay and immediately afterward mixed with an equal volume of IO °/o 
TCA. The acid-treated cells were filtered through collodion membrane filters (Schleicher 
and Schuell Co., Keene, New Hampshire, U.S.A.), and washed with two 5-ml portions 
of i °/o TCA. The filters were mounted in aluminum planchettes with rubber cement 
and were assayed for radioactivity in a windowless gas-flow counter using natural 
gas for counting. The membrane method has been described by BRITTEN et al. ~ of 
the Carnegie Institution of Washington, Washington, D.C. 

Bacteria washed with saline were fractionated by extraction with cold TCA, 
aqueous ethanol, ethanol-ether and hot TCA, as described s. The residue, termed 
"total  protein fraction" was hydrolyzed with 6 N HC1 in a pressure cooker at 8 lbs/in 2 
(112 °) for 3 h. 

[SH]thymidine (360 tzC//~mole) was obtained from Schwarz Laboratories, Mount 
Vernon, N.Y., and [SHldiaminopimelic acid was kindly furnished by Dr. J. L. 
STROMINGER, Department of Pharmacology, Washington University School of 
Medicine, St. Louis, Mo. (U.S.A.). [Me-14Clthymidine (14 tzC//~mole) was obtained 
from the Cancer Chemotherapy National Service Center, National Institutes of Health, 
Bethesda, Md. (U.S.A.). 

RESULTS 

Experiments with E3Hlthymidine 

Thymidine was used in these experiments because the compound was known to 
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be utilized for DNA synthesis by B. cereus 9. Varying quantities of a cell suspension 
of Bacillus cereus which had been grown in the presence of [SH]thymidine were 
filtered by the usual procedure. A self-absorption curve (Fig. I) indicated that con- 
stant count rates were obtained, once infinite thickness levels of radioactive cells had 
been plated. In these experiments, maximal radioactivity assays were observed 
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Fig. I. Rad ioac t iv i ty ,  in  c o u n t s / m i n ,  on m e m b r a n e s  a f t e r  f i l t ra t ion of v a r y i n g  volumes '  of sus-  
pens ions  of B. cereus grown  in t he  presence  of [ aH] thymid ine .  A t  OD540 of 0. 4, i ml  of suspens ion  

con ta ined  approx .  2 . I o  s cells or o. 3 m g  d ry  wt. Area  of grid, 2.85 cm ~. 

after 2.5 ml of bacterial suspension had been filtered, corresponding to o.25 mg 
dry wt./cm 2. The absolute area density of 3H labeled compounds for infinite thickness 
has been shown to be somewhat variable by HANNGREN 4, depending upon the nature 
of the compound and the means of plating it. Since it is difficult to reliably correct 
measurements of 8H radioactivity for self-absorption, one must therefore depend 
upon specific activity measurements, which are obtained simply and precisely by 
the technique described. 

Kinetic experiments on cellular incorporation of exogenous [SH]thymidine 
revealed that  the rapid bacterial uptake of radioactivity ceased after a short period 
of incubation, and specific activities of the isolated ceils began to decrease with time. 
Although the growth medium, separated from tlae cells by centrifugation, was still 
highly radioactive, and newly inoculated cells proliferated in a normal fashion in this 
medium, the cells produced were essentially devoid of radioactivity. Each additional 
supplementation of ~HJthymidine resulted in a period of renewed incorporation of 
label, and it was concluded that in the presence of the growing cells, the isotopic 
compound was rapidly transformed into a less readily incorporated product. Addition 
of large quantities of carrier thymidine with the isotope slowed the rate of destruction, 
and a longer period of isotopic uptake was observed. 

Paper chromatography (70 ~o aqueous isopropanol saturated with NH3) 1° of the 
bacterial medium after the uptake of [3H]thymidine had terminated, revealed the 
presence of a metabolite which corresponded in its u.v. absorption characteristics 
at pH 7 and pH 13 and in RF value to those of thymine. The slower rate of uptake 
of the free base, in comparison with that of the deoxyriboside, would explain the 
drop in specific activities observed if, after the decomposition of exogenous thymidine, 
thymine of DNA were synthesized from a source other than the labeled free base 
present, such as by methylation of deoxyuridine 11. The instability of thymidine in 
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the presence of bacteria was also observed with a wild strain of E. coli (ATCC 11303) , 
as well as a thymine requiring mutant of E. coli 12. PRUSOFF 13 has reported a similar 
cleavage by Streptococcus faecalis. 

Parallel experiments with [Me-14Clthymidine confirmed that the incorporation 
of the compound into bacterial cells almost ceased after a period of incubation. 

Experiments  with [3H]diaminopimelic acid 

The biological instability of thymidine in the bacterial medium led to examination 
of another tritiated compound, diaminopimelic acid. Cultures of B. cereus grown in 
the presence of this labeled amino acid were harvested and fractionated as described. 
Chromatography of the hydrolyzed total protein fraction in isopropanol (680 ml)- 
conc. HC1 (176 ml) made up to I 1 with water s revealed that all of the radioactivity 
was recovered in the isolated diaminopimelic acid. This compound has been shown 
to be a constituent of cell walls 14. Radioautography of the chromatograms led to no 
darkening of Eastman Kodak blue-sensitive medical X-ray film, whereas radio- 
carbon chromatograms with counts 0.05 of that from the tritium compounds produced 
noticeable darkening of the film. 

The incorporation of exogenous tritiated diaminopimelic acid into exponentially 
growing cells of B. cereus was followed by periodic sampling of the culture using the 
membrane technique. The turbidity of the culture was recorded simultaneously. The 
results, shown in Fig. 2, are represented in terms of the incorporation of radioactivity 
as a function of increase in turbidity. Relative total radioactivity has been computed 
by multiplying the specific activity values obtained from direct count of the filters 
by the turbidity of the bacterial suspension, the latter being a function of cell mass. 
As apparent from Fig. 2, the incorporation of the isotopic precursor was directly 
related to the increase in cell mass, thus validating the present procedure with 
tritium. 
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Fig. 2. Incorpora t ion  of rad ioac t ive  d i ami nop i me l i c  ac id  in to  B. cereus as  a func t ion  of bac ter ia l  
growth.  To ta l  a c t i v i t y  un i t s  c o m p u t e d  f rom c o u n t s  a n d  m a s s  of cel ls  for t he  s a m p l e  filtered. 

Growth  (AOD540) m e a s u r e d  tu rb id ime t r i ca l ty  a t  54 ° m/z. 

DISCUSSION 

The method described here may be applied to the assay of tritium in any system of an 
insoluble, filterable precipitate which contains the radioactivity of the material being 
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assayed .  I t  is i dea l ly  su i t ed  for a s say  of b a c t e r i a l  cells or  of d i spe r sed  a n i m a l  cells 

such  as asc i tes  t u m o r  cells or  b lood  cells. I t  is also app l i cab l e  to  t h e  m e a s u r e m e n t  

of  an  inso lub le  i n t r ace l l u l a r  c o m p o n e n t  such  as nuc l ea r  D N A .  I t  m u s t  be  bo rn  in 

m i n d  t h a t  t he  m e a s u r e m e n t  of specific a c t i v i t y  a lone  is no t  l i m i t i n g  if an  i n d e p e n d e n t  

m e a s u r e  of c o n c e n t r a t i o n ,  such  as t u r b i d i m e t r i c  m e a s u r e m e n t s  or  cell  c o u n t s  a re  
ava i lab le .  T h e  p r o d u c t  of specific a c t i v i t y  and  t h e  c o n c e n t r a t i o n  m e a s u r e m e n t  g ives  

a su i t ab le  r e l a t i ve  e s t i m a t e  of t o t a l  a c t i v i t y .  T h e  s impl ic i ty ,  r ep roduc ib i l i t y ,  a n d  

i n e x p e n s i v e  a p p l i c a b i l i t y  of t he  m e t h o d  p e r m i t  t he  use of t r i t i u m  labe led  c o m p o u n d s  

in a l m o s t  a n y  b i o c h e m i c a l  l a b o r a t o r y .  
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