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Screening of Microorganisms Having Inhibitory Activity against Beta-lactamase
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Abstract—Microorganisms having beta-latamase inhibitory activity were selected from soil samples collected
from 63 spots throughout the country. Screening procedures consist of two steps. Those are growth inhi-
bition test of penicillinase-producing Staphylococcus aureus by double-layered agar plate containing penicillin
G as a substrate, and that of penicillin sensitive Staphylococcus aureus ATCC 6538 in the similiar condition
including penicillinase. Finally, a strain was selected from a soil sample of Pa-Ju, Kyeong-gi Do. This
strain was classified as a Streptomyces sp. by ISP(International Streptomycete Project) and Bergey’s manual.
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Table I—Characteristics of two strains of Staphylococcus aureus used in this experiment.

Strain MIC B-Lactamase Activity (unit)?
S. aureus NIH 62.5~125.0 + (constitutive)® 0.5
S. aureus ATCC 6538 0.06~0.5 +¢ 0. 027

a; One unit of g-lactamase activity is equivalent to the hydrolysis of 1umole of penicillin G/min at
£37°C, pH 7.0.

b; Constitutive production of §-lactamase was determined on soluble starch plate containing nutrient agar
(1%26).%»

¢; Negligible

Table II—Media used for selection (g/l).

Seed culture Fermenation #1 Fermentation #2
Yeast extract 1.0 Glucose 5.0 Maltose 20.0
Beef extract 1.0 Glycerol 5.0 Soybean meal 12.0
Casitone 2.0 Soluble starch 5.0 Malt extract 12.0
Glucose 10.0 Beef extract 5.0 Na,S0, 0.5

pH 7.0 Sodium chloride 5.0 CoCl,. 6H:0 0.01
Peptone 5.0 CaCO;, 0.5
Soybean meal 5.0 pH 7.0
Dried yeast 5.0

pH 7.0

two-fold diluted penassay broth®, p-lactamase 44 2 =2 A2 acidometric test, iodometric
assay’? 2 A A stArh, AT EAE Table Io] A3l
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stg ek, Edul el 2.5mlE 100mle] wix] (L Fefx] #1, Table IDe] HE, FUdzAoz 59
uf] k3t ¥ QA EE (50008, 10min)dl ARAL A58 o = AAAZ .9] B-lactamase A& %
o] hE 49 EAAF-F Fig. 1A A2 &HHIERY A 2 2724 8zl

B-Lactamase X3 50| U= E#H 2x |HI—1% £HD LATFE 598 =70z 7
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v eFAl 7]z LEw ] #2 (Table [)ol Al wi oF3 2 A& A-&-8ted Fig. 2¢] EA G2 peni-
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2AG method SPP method
strain used : Staphylococcus oureus(penAGr)

strain used: Staphviocegs. s aursrusizen GS)

cup titted with. culture broth D77 cup filled with culiure croth
impregnated with S.aur %:S.uu! »perciliinasa{ 25Cunit/ml)
; - -

A B nutrient agar < pen.GUIOLg/ml) A B nutrient agar «pen.G(1mg/ml)

A.clear zone formed A R-lactamase inhibitor : «
o) fA-lactamase inhibitor: « ]
B. no clear zone ' inhibi

Bif-lactamase inhibitor: -
N-lactamase inhibitor ! -

Fig. 1—SAG method. Fig. 2—SPP method.
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cillinase (250 unit/ml, Difco) & & 7}sto Fig.
2004 =AY 2 EFHEIERS] 44 2 27
2 maslg e, clavulanic acidgE QA= T
Z2 W 2539 Streptomyces clavuligerus ATCC
27064% HWREoZ A&t 2 [HERS 4
Zu) =3ty o} (Scheme I)

RANE B SH¥E—p-lactamased]| A&l
o] SlE HikkEZ RFIH EHET S A4
ISP (International Streptomyces Project) Jjik
o7 JURERY et BEEAet:, WEFIRM: R &
Wy HEse zAstgch, =% diaminopi-
mellic acide] EM:EEE

paper chromatography®.?V 2 #elslx KIFRED
#4% (Mode S-450, Hitachi Ltd.) o 2 #HZ2et g o).

Isolated Streptomyces sp. (333 strains)
Seed Culture
Main Culture
Supernatant

1st. screening, 24 strains
JSAG method
2nd. screening, 6 strains
| PP method
Comparison with Streptomyces clavuligerus

Scheme I—Screening procedures for the selections
of isolants.
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Table III—Antibiotic activities and
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ce A EFIE 6k HUEfER ¢ B-lactamase AF 5 A
A st Table Iz} el @8 p-lactamase A &) =]l clavulanic acidE A 43t
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/%\ 41"6}'1—_‘ pLA

S-lactamase inhibition activities of selected strains.

T Strains (SYK-)
T 19 132 135 153 201 255

Test organisms T -
Sarcina lutea FDA 9041 + + + + + -
Staphylococcus aureus ATCC 6538 + + “+ 4 + _
Bacillus subtilis ATCC 6633 + + + + + -
Staphylococcus epidermidis ATCC 12228 — + + + —+ —
Pseudomonas aeruginosa ATCC 10145 - - — + + -
Escherichia coli ATCC 8739 - - -+ - -
Candida albicans ATCC 10231 — + + + — —
Aspergillus niger ATCC 16404 — + — + - —
Aspergillus oryzae N.K. — + — + _ _
SAG method + + + + + +
SPP method + + + + + +

-1 positive

—: no active
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Table IV—Inhibition zone of S. clavuligerus ATCC 27064 and selected strains.

Strain Zone(mm) Strain Zone(mm)
S. clavuligerus 25.2 SYK-153 16.9
SYK-19 40. 4 ~201 27.8

-132 18.6 -255 15.8
-135 19.9
SPP method was used.
Table V—Growth characteristics of SYK-19 strain on various media.

Media Characteristics Media Characteristics
Yeast extract-malt G : abundant Peptone-yeast G : moderate
extract agar AM : gray extract iron AM : pale gray
(ISP. No. 2) SM : dark gray agar (ISP. No. 6) SM : gray

SP:— SP:—
Qat meal agar G : abundant Tyrosine agar G : moderate
(ISP No. 3) AM : dark gray (ISP. No. 7) AM : gray
SM . gray SM ! gray
SP:— SP:—
Inorganic salts-starch G : good Nutrient agar G : poor
agar (ISP. No. 4) AM : gray AM : yellowish white
SM : gray SM : yellow
SP:— SP:—
Glycerol-asparagine G ! abundant
agar (ISP. No. 5) AM : gray
SM : gray
SP:—

G ! growth, AM ! aerial mycelium, SM : substrate mycelium,

Fig. 3—Photomicrograph of Strepotmyces SYK-19
viewed on inclined cover slip on yeast
extract-malt extract agar, 30°C for 14 days.
Optical microscope (x400).

SP : soluble pigment.

Z|EMEE #F SYK-192| H¥E—1) kuE
9] ¥k ; nutrient agar® ]9 Hifh SHES)
MANAE AAA LR PG Zqer =
yeast-malt extract agar, oatmeal agar, glycerol-
asparagine agaro] 4] & =gke}, Z+E W] Ao A
o EHEE, FEMK 2 EEREKY & kg
e Bk PRSE 49 £ 23% Table Vg
ZEsket.

2) TEHERY 8tk © A w-d®l RF (rectus, flexi-
bilis) 3 ¢] MEF4#{= A non-verticilliate] simple
formo] v FEEKke] A 8] fragmentation, scler-
otium, sporangium % EFHE: HFE #HEY
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Table VI—Utilization of carbon compounds by
Streptomyces SYK-19.

D-Glucose + Raffinose -

D-Arabinose + Rhamnose —
Sucrose + Cellulose -
D-Fructose + Salicin —
D-Xylose + I-Tnositol —
D-Mannitol +

4 gl (Fig. 3). =3 EABANEE BRER

e B = EERe=EA =Z7]% 0.5~

0.6%0.5~1.2um% o= FEHE-L smoothd} g oh

_ E : (Fig. 4).

Fig. 4—Smcoth spore surface ornamentation of 3) BERIEM: : SYK-199] BF|F#S Pridham
Strepiomyces SYK-19 on ISP. 2 (yeast & Gottlichs] Fippksiio]l 4  Hadar Ax=

ex‘ract-malt extract agar), seen with a
scanning electron microscope. The organism  TableV[ 3} 7o ¢]Z glucose, arabinose,

was grown for 14 days at 20°C. rhamnoseo] 4] A3 EHS Bt

Q) EE EE; 2 ol Aol Ao A 42 Table VIIzt zbo] melanin AEE #4344 o
9kow nitrate BITHol 92 gelating kA Aok skim milk Bl A F4E FAFoz
#] peptonization2 [Eikelglovt &mE A7 A XA

5) diaminopimellic acid HE{te : whole celle 7}428] A1 3 paper chromatography &}
w SYK-10x= L, L-diaminopimellic acid & ztz 9lglor] o2& Rol Axyo] typeld F3
& & olsdh

o] Az o] SYK-19% L,L-DPAZ cell wallo] ztz Qo] ISP} #ifgEE type Ioj <3i= RF
(rectus, flexibilis}Fe] 71 TS sz ¥ A 7g Feld EJo 2 & w genus Strepto-
mycet9] gt species® GHE 4 vk

¥

o nfo

Table VII—Physiological characteristics of Streptomyces SYK-19 strain.

Melanin pigment - Nitrate reduction -+
Other soluble pigment — H,S production —
Gelation liguefaction + Diaminopimellic a%id L, L-type
(Type I)
Milk test Growth temperature 15~37°C
peptonization + (opt. temp. 30°C)
coagulation -
Grotwth pH 5~10
(opt. pH 6-8)

] ]
B-lactamass A3 Fo] Y& FTFE 47 A8 AF 634 AelA BN o= FH 333k
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9] ActinomycetesE 2]tz o] 5L Mo HmEald 2 Z9 —ikel SYK-198 B-lactamase
AfA QATFZ 4459 .00 ISP} Bergey’s manuale] 2]3] genus Streptomycesz 5354
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