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   -Lactamase activity has been found in a wide 
variety of microorganisms including Strepto-
myces, which are among the non-pathogenic 
microorganisms. In Streptomvces, at least three 
quarters of strains recently isolated from soil" 
as well as strains isolated some 30 years ago" 
produced /3-lactamase extracellularly and con-
stitutively. Moreover, the strains isolated 
recently and those isolated 30 years ago did not 
differ significantly in the proportion that produc-
ed /3-Lactamase and in their enzyme activities. 

  Recently many /1-lactam antibiotics'-" and 
/3-Lactamase inhibitors'-", containing a fl-lactarn 
moiety in their structures have been isolated from 
culture filtrates of many Streptomyces strains and 
related organisms, and some Streptomyces strains 
produce /3-lactamase and an inhibitor simul-
taneously (OGAWARA, unpublished result). The 
definite elucidation of the relationships between 
these compounds in Streptomvces may throw 
some light on the understanding of the supposed 
roles of /3-lactamases in the distant past and of 
the origin of the roles of these enzymes in bac-
terial resistance."' In this report, we describe 
the isolation and the properties of /3-lactamase 
from Streptomyces strain E750-3, which is a 
recently isolated strain." 
 The organism was grown in shaken culture in 

a medium consisting of peptone (Polypeptone, 
Daigo Eiyo), 3 %; yeast extract (Oriental), 0.2 %; 
glycerol, 2.5%; CaCO3, 0.6%; and silicone (KM-
70, Shin Etsu Kagaku), 0.02%. The pH was 
adjusted to 6.8 before autoclaving. The medium 
for the seed culture consisted of starch, 3%; 
glucose, 0.5'1,0'; meat extract (Wako Pure Chemi-
cals), I %; peptone, 1 %; NaCI, 0.3 %; and sili-
cone, 0.02 %. The pH was 6.8. 

 A 2-day culture grown in the seed medium on 
a rotary shaking machine at 220 rpm was 
inoculated into 100 ml of culture medium as 
described above, in 500 ml Erlenmeyer flasks, 
incubated on a rotary shaker for 5 days at 27°C,

and the mycelium removed by centrifugation. 
To the supernatant (19.8 liters) solid ammonium 
sulfate was added to make 50% saturated solu-
tion at 0°C. After standing overnight at 4°C, 
the precipitate was collected by centrifugation 
at 12,000 x g for 10 minutes and dissolved in 
0.1 M sodium phosphate buffer, pH 7.0. The 
solution was then divided into eight equal frac-
tions and each was passed through a column of 
Sephadex G-75 (86.5 x 5 cm) followed by a 
column of Sephadex G-50 (87 x 5 cm). Fractions 
containing /3-lactamase activity, which was 
determined by using a modified method",") of 
PERRET,19' were pooled and concentrated to 
about 30 ml by ultrafiltration through UM-10 
membrane on an Amicon-apparatus. The con-
centrated solution was then applied to a column 
of CM-cellulose (CM23, Whatman, 30 x 1.6 cm) 
equilibrated with 0.05 M sodium phosphate buffer, 

pH 5.0, and the /'-Lactamase activity eluted in a 
linear gradient manner in a total volume of 1 
liter from 0 to 0.3 M NaCI in the same buffer. 
This procedure was repeated once more. The 
enzymatically active fractions were pooled, con-
centrated as above and dialyzed against deionized 
water and the pH was adjusted to 7.0. The 
enzyme was finally purified by passing through 
a column of cephalexin-CH-Sepharose 4B'" 
(15.5 x 1.6 cm) equilibrated with 0.05 M sodium

Fig. I. Chromatography of /3-lactamase from 
 Streptomyces E750-3 by cephalexin-CH-Sepharose 
 4B column. 

   The eluate was collected in 6.7 ml fractions. The 

 purest enzyme was obtained from the fractions 
 22--34.

Fraction number



924 THE JOURNAL OF ANTIBIOTICS SEPT. 1978

phosphate, pH 7.0. The enzyme was retarded 
but not adsorbed and was separated from the 
bulk of the contaminants as shown in Fig. 1. 
The final yield was 2 mg protein. The protein 
was determined by the method of LowRY et al.'" 
using serum albumin as a standard. 
 The purified enzyme had a specific activity of 

980 units/mg protein. Here, I unit was defined 
as the amount of the enzyme which catalyzed 
the hydrolysis of I ,pole of benzylpenicillin per 
minute at pH 7.0 and 30°C. This was about 40 
times higher than that of the enzyme isolated by 
JOHNSON et al.") The molecular weight deter-
mined by gel filtration through Sephadex G-75 
was about 20,000. The pH optimum was around 
7.0 and the optimum temperature was between 
30° and 35°C. Treatment of the enzyme for 2 
minutes at 60°C at pH 7.0 reduced the activity 
to almost zero. Metallic ions such as CUSOI, 
ZnS04, COSO4 and EDTA at 1 mm and NaCI at 
100 mm had no effect on the enzymatic activity. 
On the other hand, p-chloromercuribenzoate at 
1 mm reduced the activity to 60%, by 5-minute 
treatment. 

 The substrate specificity of the enzyme was 
determined by the method of NOVICK") and the 
results are shown in Table 1. Benzylpenicillin 
was the most rapidly hydrolyzed substrate and 
ampicillin the next. Carbenicillin was also hydro-
lyzed fairly rapidly while oxacillin and cloxacillin 
were hydrolyzed only slowly. The enzyme did 
not bring about significant hydrolysis of methi-
cillin or the cephalosporins tested. Km values 
were in the order of 10-' M. Cloxacillin inhibited 
the enzymatic activity competitively using benzyl-

penicillin as a substrate. These results indicate 
that the fl-lactamase of Streptomyces E750-3 is 
a typical penicillinase. Here, it is interesting to 
note that the enzyme is inhibited strongly by 
clavulanic acid and other related "inhibitors", 
but at the same time these "inhibitors" may be 
hydrolyzed by the enzyme. 
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