
306 PRELIMINARY NOTES 

BBA 61152 

Anomalous dissociation constants for penicillinase and competing substrates 

The binding of penicillins by penicillinase (penicillin amidohydrolase, EC 3.5.2.6) 
is accompanied by a reversible change in the conformation of the active site of the 
enzyme (conformative response) 1-a. A quantitative study of the conformative respon- 
se in four species of penicillinase has indicated that termination of the conformative 
response (relaxation) follows the dissociation of the enzyme-substrate complex. The 
time-scale of the relaxation step, however, may be sufficiently slow to affect the kine- 
tics of the enzyme reaction 5. In this communication we record an anomalous relation- 
ship between the apparent dissociation constants obtained from single substrate and 
mixed substrate determinations. The anomaly is attributed to the effect of the confor- 
mative response and can be eliminated by the use of specific antibodies which stabilize 
the conformation of the enzyme. 

The penicillinase preparations were derived from three strains of Bacillus cereus 
(56 9, 569/H and 5/B) and purified as previously described s. Enzyme assays were 
carried out by the manometric 7 and by the alkalimetric 8 methods. The penicillins 
used were benzylpenicillin and two of its analogs, methicillin (6-(2,6-dimethoxybenz- 
amido)-penicillanic acid) and oxacillin (6-(5-methyl-3-phenyl-4-isoxazolyl)-amino- 
penicillanic acid). The relative rates of hydrolysis of these compounds by the three 
penicillinases and the respective Km values are listed in Table I. 

I t  has been shown that the analogs which are hydrolyzed at a relatively slow 
rate (Table I), act as competitive inhibitors of the hydrolysis of benzylpenicillin2, 3 
and induce a conformative response which differs markedly from that induced by 
the penicillin6, s. The effect of an analog-induced conformative response on the affinity 
of the enzyme for benzyllcenicillin, and the reciprocal effect of benzylpenicillin, were 
investigated as follows. 

Apparent dissociation constants derived from mixed substrate assays, involving 
benzylFenicillin and one of its analogs, were compared with the Km values obtained 

TABLEI 

R E L A T I V E  R A T E S  O F  H Y D R O L Y S I S  A N D  Km V A L U E S  F O R  B .  c e$ ' eu$  P E N I C I L L I N A S E S  A N D  T H E I R  S U B -  

S T R A T U S  

irate of hydrolysis of benzylpenici]lin by each penicillinase preparation = ioo. 

Enzyme Substrate Relative Km (raM) 
Vmaar, 

569/H t3enzylpenicillin ] oo o.o6o 
Methicillin 3 o-46 
Oxacillin 5 0-57 

569 

5/B 

Benzylpenicillin IOO 0.058 
Methicillin 3 o.4t 
Oxacillin 5 o. 55 

Benzylpenicillin ~oo 0.043 
Methicillin 3 o.23 
Oxaci]lin 4 °-33 
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from single-substrate determinations. Significant discrepancies between the two sets 
of constants were taken to indicate that  the conformative response induced by  one 
substrate molecule modifies the affinity of the enzyme for the competing substrate 
molecule. 

The single-substrate constants for benzylpenicillin (Kra s) and for its analogs 
(Kin A) were determined directly by  the graphical procedure of LINEWEAVER AND 
BU~K 9. The mixed-substrate constants were determined by two independent proce- 
dures. 

First the analogs were considered as competitive inhibitors of hydrolysis of 
benzylpenicillin, and inhibitor constants (K,) were determined from the inhibited 
reaction rates, corrected for the hydrolysis of the inhibitor 1°. 

The reciprocal values of the rates were plotted against inhibitor concentrations 
to give the K, values directly, as suggested by  Dixon  11. I t  has been pointed out 1~ that  
in this plot each slope cuts the base-line at a value [A] equal to --K,(ES~/Km + I). 
I t  was thus possible to derive Kra s values from the mixed-substrate data. The K, and 
K ~  s values obtained by  this procedure are listed in Table II .  I t  will be noted that  the 
KmS values are much higher than the Michaelis constants (benzylpenicillin) listed in 
Table I, and that  they change considerably when methicillin is replaced by  oxacillin 
as the inhibitor. 

In an alternative procedure each analog was considered as a substrate competing 
with benzylpenicillin for the enzyme. I t  has been shown la that  for an equimolar mix- 
ture of two such competing substrates, the ratio of the respective Michaelis constants 
can be obtained from the equation KmS/Km A ~ (Vs--Vm)/(Vm--Va) where Vs, va and Vrn 
reFresent the maximum initial rates of hydrolysis of S, A and an equimolar mixture 
of S and A, respectively. 

The ratios obtained by  this procedure are compared in Table I I  with the ratios 
of the corresponding Michaelis constants derived from single-substrate determinations. 
The discrepancy between the two sets of values is obvious. A consequent and further 
discrepancy will be noted when Km values derived from single-substrate determina- 
tions (Table I) are substituted in the observed ratios to obtain Km values for the com- 
peting substrates. 

In contrast, substitution of mixed-substrate constants in the ratios obtained 

T A B L E  II  

APPARENT DISSOCIATION CONSTANTS (>4 10 -3 1V[) DERIVED FROM MIXED SUBSTRATE DETERMI- 
NATIONS 

Figures  in pa r en the se s  in t he  first c o l u m n  represen t  the  expec ted  rat ios,  based  on s ing le - subs t ra t e  
de t e rmina t i ons  (see Table  I);  figures in pa r en t he se s  in the  th i rd  c o l u m n  rep resen t  c o n s t a n t s  
der ived f rom s ing le - subs t ra te  de te rmina t ions .  

Enryme Substrates KmS/Kraa Kma Kma 14, 

569/H Benzylpenici l l in  + methici l l in  0.24 (o.i3) 0.43 1.8 (o.46) 1.2 
Benzylpenici l l in  + oxacil l in o.33 (o . i i )  2.o 6.o (o.57) 5.0 

569 Benzylpenici l l in  + methic i l l in  0.23 (o.12) 0.44 1.9 (o.41) 2.1 
Benzylpenici l l in  + oxacil l in 0.31 (o.o9) 1. 4 4.5 (o.55) 3.5 

5/B Benzylpenici l l in  + methic i l l in  i .oo (o.19) 1.6 1.6 (o.23) 1.8 
Benzylpenic i l l in  + oxacil]in 1.25 (o.13) 2.4 1.9 (o.33) 2.6 

Biochim. Biophys. Acta, 151 (1968) 3o6-3o8 



308 PRELIMINARY NOTES 

from mixed- subs t r a t e  de terminat ions ,  yields consis tent  results.  Thus, the  Km s values  
ob ta ined  from Dixon plots  (Table II) have been subs t i t u t ed  in the  ra t io  of KmS:Km A 
obta ined  from equimolar  mix tures  (Table II)  to give the  Km A values  l is ted in col. 3 
of Table  I I .  As expected,  the  Km A values  thus  ob ta ined  are fa i r ly  close to the  eorres- 
poncling Kt  values  (Table II). Here again the  values are much  higher  than  the corres- 
ponding  Michaelis cons tants  ob ta ined  d i rec t ly  from s ingle-subst ra te  de te rmina t ions  
(Table I). 

Studies  now in progress indicate  t ha t  the  d i sc repancy  between the  two sets of 
cons tants  is e l imina ted  when the conformat ion of  the  enzyme is s tabi l ized.  A specific 
tool  for s tabi l iz ing the conformat ion has been suggested b y  the observat ion  14 tha t  im- 
mune  serum prepared  against  569/H penici l l inase contains  ant ibodies  which effective- 
ly  pro tec t  the  enzyme agains t  inac t iva t ion  b y  heat ,  urea  or proteolysis .  Significantly,  
the  ant ibodies  suppress  the  conformat ive  response of the  enzyme. Moreover,  the  
Michaelis cons tan ts  for an t ibody-bound  enzyme prepara t ions  are not  affected b y  the  
presence of compet ing  subst ra tes ,  and  the K, values are consis tent  wi th  the  re levan t  
Michaelis cons tan ts  of  the  analogs. A de ta i led  account  of the  effect of  specific ant i -  
bodies on the  conformat ive  response and kinet ics  of penici l l inase will be publ i shed  
elsewhere 14. 

In  summary ,  we de te rmined  the Michaelis and  inhib i tor  cons tan ts  for three  
penicil l inases and three  penicillins.  The values ob ta ined  in the  presence of a compet ing  
subs t ra te  were cons iderab ly  higher  than  those der ived  from s ingle-subst ra te  de te rmi-  
nations.  We suggested t ha t  the  d iscrepancy  reflects the  prev ious ly  es tabl ished differ- 
ence in the  effect of  each of the  compet ing  subs t ra tes  on the conformat ion  of the  act ive 
si te of the  enzyme (conformative response).  Thus, the  conformat ive  response induced  
b y  one subs t ra te  molecule appears  to reduce the  affinity of the  enzyme for the  com- 
pe t ing  subs t r a t e  molecule. This suggest ion is fur ther  suppor t ed  b y  the  observa t ion  
t ha t  specific an t ibodies  which suppress  the  difference in the  conformat ive  response 
e l iminate  the  effect of  the  compet ing  subs t r a t e  on the kinet ics  of penicil l inase.  
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