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Our findings therefore provide further experimental evidence for the reaction mecha- 
nism postulated by METZLER AND SNELL 1,8 for chemical transamination. 

SUMMARY 

Analytical invest igation of chemical t r ansamina t ion  reactions between a-keto or amino acids and 
phosphory la ted  and non-phosphoryla ted  derivatives of v i tamin ]36, has been carried out  by means  
of ch roma tography  and electrophoresis on filter paper.  I t  has thus  been possible to give evidence 
t ha t  in each reaction two s t rongly  fluorescent intermediates are formed. 

Two of these compounds  have been isolated in appreciable amoun t s  by  means of electrophor- 
esis on a cellulose column. 

The spectra and chemical propert ies  of the intermediate compounds  indicate t ha t  they  are 
Schiff-base metal  chelates between pyridoxal  or pyridoxal  phospha te  and amino acids and pyri- 
doxamine or pyr idoxamine  phospha te  and a-keto acids. 

Evidence has, moreover,  been obtained for the part icipation of these compounds  in the trans- 
aminat ion  mechanism, 
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Short Communications 

Studies of bacterial resistance to 6-azauracil and its riboside* 

I t  was previously reported t ha t  6-azauracil (as-triazine-3,5-dione, AzU) is an effective inhibitor  
of the growth of a nu m ber  of species of microorganisms and experimental neoplasms in mice 1, 2, 3, 4. 
However,  in the microbial studies, resis tant  populat ions  ul t imately evolved in most  experiments.  
The na ture  of this resistance has been investigated in Streptococcus laecalis (A.T.C.C. 8043 ) and 
less completely in Escherichia coli B and Lactobacillus leichmannii (A.T.C.C. 7830). When S. [aecalis 
was grown in the presence of 6-azauracil-2-14C ** essentially no free AzU or nucleic acid-bound 

* This investigation was suppor ted  in par t  by  a postdoctoral  fellowship grant  from the Squibb 
Ins t i tu te  for Medical Research and by  research grants  from the American Cancer Society, recom- 
mended by the Committee on Growth, National  Research Council, and the National  Ins t i tu tes  
of Health,  Public Heal th  Service. 

** This compound,  as-triazine-3,5-dione-3-z4C, was prepared by  Dr. P. K. CHANG in this de- 
pa r tmen t  by a method to be submit ted  for publication. 
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AzU accumulated,  bu t  considerable amoun t s  of radioactive metaboli tes appeared in the acid- 
soluble fraction of the cells. By growing large quant i t ies  of these cells in the presence of slightly 
inhibi tory levels of AzU the major  metaboli te was isolated and has been characterized as azauracil 
riboside (AzUR) s. This compound appears  to be identical with a small a moun t  of a synthetically 
prepared r ibofuranoside of AzU 5. 

A strain of S . / a e c a l i s  demonst ra ted  to be resistant  to 5 pmoles AzU/ml, was grown in the 
presence of o.25/~mole AzUR/ml ;  ul t imately a strain resis tant  to both  AzU and AzUR was 
obtained. Inhibi t ion and reversal studies on these s trains are shown in Table I. As indicated, 
AzUR is a more poten t  inhibitor of S. [aecalis  than  AzU. Also it is apparen t  tha t  while uracil 
and uridine are about  equally effective in overcoming the action of AzU, only uridine will nullify 
the inhibition produced by AzUR. The fact t ha t  AzU-resistant  cells are inhibited by the riboside 
of AzU suggests a unique biochemical mechanism of c ircumventing resistance. 

TABLE I 

EFFECT OF AZAURACIL AND AZAURACIL RIBOSIDE ON THE GROWTH OF S.  [aecalis  

Turbidity, Klett units 

Sensitive strain AzU-resistant strain 

AzU o.o /zmole/ml 
+ Uracil o.o /~mole/ml 115 115 

AzU 0.25 #mole/ml  
+ Uracil o.o #mole /ml  18 lO 5 
+ Uracil 0.05/zmole/ml 68 I I  5 
+ Uracil 0.25 ~mole/ml 115 I15 

+ Uridine 0.05/zmole/ml 
+ Uridine 0.25 #mole /ml  

47 I14 
lO8 I I5  

AzUR 0.05 #mole /ml  
+ Uracil o.o #mole /ml  18 i8 
+ Uracil 0 .05/ ,mole /ml  25 25 
+ Uracil o .25/ tmole /ml  29 22 

+ Uridine 0.05/~mole/ml 
+ Uridine 0.25 #mole/ml  

50 68 
IiO i i o  

Duplicate tubes  containing basal synthetic medium, thymine  (o.o 5 #mole/ml) and the additions 
indicated above, were inoculated with washed cells to give a turbid i ty  of 15 Klet t  units.  Average 
turbidi ty  values are reported after growth at  37 ° for 8 hours.  Uracil and uridine had no significant 
effects on growth.  

TABLE I I  

ACCUMULATION OF AZAURACIL METABOLITES IN THE 
ACID-SOLUBLE FRACTION OF GROWING S. laeccglis 

Radioactivity (c.p.m./mg ol bacteria) 

Sensitive strain AzU-resistant strain AzUR-resistant straSn 

AzU-2 -laC 27 o, ooo 21 o 21 o 
AzUR-2-14C 234,000 - -  177,000 

Duplicate tubes  containing basal synthet ic  medium, thymine  (o.o5/tmole/ml),  uracil (o.o5 
/,mole/ml) and the radioactive analogue (0.25/zmole/ml) were inoculated with washed cells to 
give a turbid i ty  of 15 Klet t  units.  After 8 hours  at 37 °, the cells were centrifuged, washed with 
saline, extracted with 5 % TCA at  o ° and aliquots plated for counting. Bacterial mass  was calcu- 
lated from protein determinat ions on an aliquot of the washed cells (I mg protein = 7.o mg 
of dry  bacteria). Maximal incorporat ion was about  15 % of the added radioactivity. 
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Some information on the mechanism of resistance has been obtained by following the in- 
corporat ion of AzU-2-14C and AzUR-2-14C into the acid-soluble fraction and the incorporation 
of uracil-2-14C and uridine-2-1aC into the nucleic acids of rapidly growing cells. As indicated in 
Table I I ,  development  of resistance to AzU is paralleled by  an inability of the s train to conver t  
the analogue to the riboside and other  bound  forms. Further ,  resistance to both  AzU and AzUR 
does not  limit the t ranspor t  into the cell of AzUR which is found concentrated in the acid-soluble 
fraction. Conceivably, one of the other  bound  forms found in the acid-soluble fraction, perhaps  
a phosphory la ted  derivative, is the active inhibitor of growth.  The characterization of these other  
compounds  is now in progress. The relation of this pa t t e rn  to uracil metabol ism is seen in Table I I I .  

T A B L E  I I I  

INCORPORATION OF URACIL AND URIDINE INTO THE NUCLEIC ACIDS OF GROWING S. ]aecalis 

Radioactivity (c.p.m./pmole RNA -ribose) 

Sensitive strain AzU-resistant strain AzUR-resistant strain 

Uracil-2-14C 17,ooo 294 13o 
Uridine-2-1aC 45, 2oo 31 ,Boo 1,88o * 

Duplicate tubes  containing basal  synthet ic  medium, thymine  (o.o 5/ ,mole/ml)  and uracil or uridine 
(0.25 pmole/ml) were inoculated wi th  washed cells to give a turbidi ty  of 15 Klet t  units.  After 
8 hours  at  37 ° the cells were centrifuged, washed with saline, and extracted with 5 % TCA at o °. 
The residues, after being washed with alcohol and ether, were extracted with hot  5 % TCA to 
obtain nucleic acid pyrimidines.  RNA-ribose was determined on an aliquot of the residues before 
hot  TCA extraction. Maximal uracil incorporat ion was approximate ly  15 %, while the incorpo- 
rat ion of uridine approached 5 ° % of the am oun t  of radioactive material  added. 

* The degree of resistance encountered in the AzUR-res is tant  s train selected was less marked 
than  tha t  observed with the strain resis tant  to AzU, a circumstance a t t r ibutable  to the severe 
l imitations on the concentrat ions of AzUR which were imposed by the supply. 

Uracil incorporat ion into the nucleic acids is blocked in both  the s train resistant  to AzU and 
tha t  res is tant  to AzUR. However,  the incorporat ion of uridine in the AzU-resistant  strain ap- 
proached tha t  observed in the sensitive strain, bu t  was  much reduced in the AzUR-res is tant  
strain. Similar studies have been conducted with sensitive and AzU-resistant  E. coli and L.  leieh- 
mann i i  and confirm the observat ion tha t  resistance to AzU is accompanied by  a parallel loss 
in ability to convert  AzU to the riboside and other  metaboli tes and to incorporate uracil into 
the nucleic acids of these cells. 

These da ta  suggest tha t  for AzU to inhibit microbial systems, a prel iminary conversion 
to ribose-containing derivatives is necessary. A similar observat ion with mammal i an  cells (sarcoma 
18o) in t issue culture has been made by  SCHINDLER AND WELCH 6. Both biological and chemical 
prepara t ion  of larger quanti t ies  of the riboside are in progress; these should permit  evaluations 
of this compound  as a carcinostatic and antiviral agent in vivo and a more detailed s tudy  of the 
mechanism of action of AzU and its derivatives. 
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