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Chloramphenicol acetylation catalyzed by chloramphenicol-O-acetyltransferase 
in the presence of acetyl-CoA, which contributes to the resistance of Enterobacteria 
and Staphylococci to the drug 1-6, was reported by us to be inhibited by ATPL The 
inhibition, investigated in subcellular preparation of Escherichia coli B, was found to 
be of a noncompetitive type in relation to chloramphenicol. The relation of the enzyme 
inhibition by various nucleotides to acetyl-CoA, the acetyl donor for the acetylation 
of chloramphenicol, was the aim of the present study. 

The cell-free extracts of E. coli B carrying R factor were prepared by a modi- 
fication of the previously described method 8 which included suspension of the cells in 
25 % (wet weight/v) concentration in o.oi M Tris-HC1 buffer (pH 7.8), disruption of 
the cells by sonic vibrations (using a Raytheon IoKC 25oW sonic oscillator for 5 rain) 
and centrifugation at 30 900 X g for 30 rain at 2 ° (refrigerated centrifuge, Sorvall 
RC2-B). The supernatant obtained was partially purified by passing it through a 
Sephadex G-5o-8o (Sigma) column (I.I × 19 cm) equilibrated with o.oi M Tris-HC1 
buffer (pH 7.8) before use 3 in order to prevent the inactivation of the enzyme by 
dilution. Chloramphenico] acetylation was followed by determination of the acetyl- 
CoA disappearance using a spectrophotometric 5,5'-dithiobis-2-nitrobenzoic acid 
assay 5. 
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Fig. I. Effect  of  A T P  a n d  A D P  on ch lo ramphen ico l  ace ty la t ion  in t he  presence  of  v a r y i n g  concen-  
t r a t i ons  of  acetyl-CoA. The  reac t ion  m i x t u r e  s con ta ined  t he  following in a v o l u m e  of  I ml :  
I / zmole  5 ,5 ' -d i th iobis-2-ni t robenzoic  acid, i o o / , m o l e s  Tr is-HC1 buffer  (pH 7.8), o.I #mo le  
ch loramphenico l ,  o .o5o-o.125 #mo l e  S-acetyl-CoA (Sigma), A T P  and  A D P  a t  t he  concen t r a t ion  
no t ed  in t h e  figure and  8 .6 / , g  p ro te in  of  a par t ia l ly  purif ied e n z y m e  p repa ra t i on  of  E. coli B 
ca r ry ing  R factor.  Acety l -CoA d i sappea rance  was  m e a s u r e d  b y  following t he  abso rp t ion  a t  
412 n m  a t  37 ° du r ing  5 rain us ing  a Zeiss spec t ropho t ome te r  PMQ II.  The  init ial  ve loc i ty  (v) is 
expressed  in #mo le s  of  ch lo ramphen ico l  ace ty l a t ed  per  rain per  ml. 
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The effects of  the  adenine nucleot ides  on the kinet ics  of the  enzyme ac t iv i ty ,  in 
the  presence of  va ry ing  concent ra t ions  of  acetyl-CoA, indicate  t ha t  A T P  and A D P  
inhibi t  ch loramphenico l -O-ace ty l t ransferase  b y  compet i t ion  with  acetyl -CoA (Fig. I). 
The Kt  values  were found to be 2.25" IO 3 M for A T P  and 3.02" IO -a M for ADP.  The 
K m  for acetyl -CoA was found to be 1.2. lO -4 M. Other  re la ted  compounds,  including 
5 'AMP, adenosine and pyrophospha te ,  in 2.5 mM concentra t ion ,  were not  inhib i tory .  
I t  seems therefore  t h a t  a combina t ion  of adenosine with  at  least  two phospha te  groups  
is a prerequis i te  for inh ib i t ion  of the  enzyme.  

U T P  was found to have  a lower inh ib i to ry  power  than  ATP,  while the  inh ib i to ry  
effects of GTP and CTP were found to be ve ry  weak (Table I). The i nh ib i t o ry  effect of  

TABLE I 

T H E  E F F E C T  OF N U C L E O T I D E S  ON C H L O R A M P H E N I C O L  A C E T Y L A T I O N  C A T A L Y Z E D  B Y  C E L L - F R E E  

E X T R A C T  OF E. coli B C A R R Y I N G  R F A C T O R  

The reaction mixture and conditions were those described in the legend for Fig. I, except the 
acetyl-CoA concentration which was o.i #mole. 

Nucleotide Concen- Enzymatic Inhibition 
tr ation activity (%) 
(raM) (units~mr) * 

None 
ATP 
UTP 
GTP 
CTP 

- -  0.0047 o.o 
5.0 o.ool 7 62. 5 
5.0 0.0028 4o.5 
5.0 o.oo42 i i.o 
5.0 0.0042 i i .o 

" One unit is defined as the amount of enzyme sufficient to acetylate i/~mole of chloraln- 
phenicol per min (ref. 5). 

A T P  (5 mM) was nei ther  revers?d by  p re incuba t ion  of t he A T P  wi th  Mg 2+ ( io  mM) 
nor  b y  addi t ion  of these ions to the  react ion mixture .  Mg 2+ is known to reverse some 
regu la to ry  enzyme inhibi t ions  b y  A T P  9. 

The compet i t ion  of  A T P  and A D P  wi th  ace ty l -CoA for chloramphenicol-O-  
ace ty l t ransferase  indicates  the  poss ib i l i ty  t h a t  ace ty l -CoA is a t t a ched  to the  enzyme 
through  i ts  adenine nucleot ide moiety .  A re cogni t ion  of the  adenine nucleot ide moie ty  
of  CoA was a l r eady  ascr ibed to  the  phospho t ransace ty la ses  of  E.  coli B and Clostridium 
kluyveri  which are inh ib i t ed  b y  adenine nucleot ides  1°. An addi t iona l  example  of 
inhib i t ion  of  an enzyme b y  ATP,  compet ing  with  the  adenine nucleot ide  conta ining 
coenzyme and  not  wi th  the  subs t ra te ,  is t ha t  of  the  NAD- l inked  pea  mala te  dehydro-  
genase 11. 

The conclusions can be summar ized  as follows: (I) A T P  and A D P  inhib i t  
ch loramphenico l -O-ace ty l t ransfe rase  of  E.  coli B b y  compet ing  with  acetyl -CoA and  
not  wi th  chloramphenicol .  (2) This compet i t ive  inhib i t ion  m a y  be regarded as an 
ind ica t ion  t ha t  the  adenine nucleot ide  of  ace ty l -CoA is the  moie ty  recognized b y  the 
enzyme.  (3) The inh ib i to ry  power  of  the  adenine nucleot ides  is dependen t  on the num- 
ber  of phospha te  groups  in the  molecule. (4) Py rophospha te ,  adenosine and 5 'AMP,  
at  a s imilar  concent ra t ion ,  have  no effect on chloramphenicol  ace ty la t ion .  (5) U T P  
is a weaker  inh ib i tor  of  ch loramphenico l -O-ace ty l t ransferase  than  ATP,  while CTP 
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and GTP are the weakest inhibitors. (6) Mg 2+ does not abolish the inhibition of chlor- 
amphenicol acetylation exerted by ATP. 
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The preparation of trypsin chemically attached to nylon tubes 

Although enzymes have been insolubilised by a wide variety of methods 1, 
the resulting products have so far only been used in the form of particles, both for 
continuously stirred reactors 2 and packed beds 3, in the form of porous sheets 4 and 
in the form of membranes 5. The present work describes two new methods for the 
insolubilisation of an enzyme by its attachment to nylon, together with the novel 
use of a water-insoluble enzyme in the form of a tube. 

The inside surface of a nylon tube (4.o m long, o.I cm internal diameter) made 
of "Type 6" nylon (John Tullis, Alloa, Scotland) was partially hydrolysed by perfusion 
through the tube with 3.o M HC1 for 3o min at 3 °o at a flow rate of 2 ml/min, after 
which the hydrolysis was arrested by washing through the tube with water. At this 
stage the presence of liberated amine groups was confirmed by the red coloration 
produced on the inside surface of the tube, when a small portion of the latter was 
treated with a o.1% (w/v) solution of 2,4,6-trinitrobenzenesulphonate in saturated 
sodium tetraborate. So as not to interfere in subsequent steps in the process, the 
amine groups were destroyed by perfusing the tube for 2 min with an ice-cold solution 
of 1% (w/v) N a N Q  in o.5 M He1 and then warming the tube to 4 °° and continuing 
the perfusion for a further 20 min. The destruction of the primary amine groups was 
confirmed by the inability of a small sample of the inner surface of the tube to form 
a red-coloured trinitrophenyl derivative with 2,4,6-trinitrobenzenesulphonate. 

The tube was then cut into two equal lengths and to one portion benzidine 
was coupled to the carboxyl groups by perfusion through the tube at IO ° with a 
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