Kor. ] Appl. Microbiol. Biotechnol.
Vol. 23, No. 5, 559-564 (1995)

Cephalosporin C Acylase A4HFFo| 22| ¥ S§4

“EE - USH - YNE - ARA*

ES0EL AAnieioy e ojd=stn

Isolation and Characteristics of Microorganism Producing
Cephalosporin C Acylase

Yong-Chjun Park, Ook-Hyun Kim, Jai-Yun Lim and Young-Chang Kim*
Department of Microbiology, Chungbuk National University, Cheongju 360-763, Korea

Abstract — Twenty microbial strains producing the acylase were isolated from soil by using Micro-
coccus luteus ATCC 9341 as an indicator strain, using either D-(a)-phenylglycine methylester and
7-aminocephalosporanic acid (7-ACA) or glutaric acid dimethylester and 7-ACA as substrates.
Among the isolates, only one strain was turned out to be the 7-ACA producer from either cephalos-
porin C or glutaryl 7-ACA as the substrates by using the overlay of 7-ACA sensitive strain (8S5).
7-ACA produced from cephalosporin C by an isclate (APS20) was detected by high performance
liquid chromatography. The isolated strain (APS20) was identified to Bacillus macerans on the
basis of cellular fatty acid profile by gas chromatography. Bacillus macerans APS20 had no B-lacta-
mase activity on cephalosporin C, and that is very important for the enzymatic production process
of 7-ACA. However, this strain was resistant up to 100 pg/ml of cephalosporin C.
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Table 1. Bacterial strains and plasmid used in this study
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Strains and plasmid

Relevant characteristics

Sources or references

Bacterial strains
Bacillus megaterium
Bacillus macerans
APS20

Micrococcus luteus

producer

penicillin G acylase producer
cephalosporin C acvlase

Indicator strain for

ATCC 14945
this work

ATCC 9341

cephaloglycin production
SS5 Indicator strain for 1
7-aminocephalosporanic acid

production

Plasmid
pCSE94

94 kb, PGA®

PGA:penicillin G acylase

AlE2S|

B FRSa F2e) B A5 AR Al
He sk, AT s TR 3R] 3T
R OATTAH RN AFste] L&A
gl AdAdR Sbssich

gds= 0|28 acylase MARKZFFO| Mul

AHHL AEE 085% ]2l 2t 3]s}
of LB aAujx|o =23}y, 3% colonys o] %
A AE o] 4&te] thA] LB azAulA]el picking 3}
37Tl A 10A17F A= wieksteic) 7|42 D-(a)-phe-
nylglycine methylestere} 7-ACAE Z+zF 2mM, 1
mM, T+ glutaric acid dimethyl ester$} 7-ACAE
bzt 2mM, 1mM ¥4 4mi2) LB soft agard] #
7 }3}4- sHTH) vl oF8F Micrococcus luteus ATCC 9341

200 Ha A AelE & A48 colony $el over-
1ay6}¢~4 30Cel A 12417} wiekstadct 714e EA|%
3L A|Alg kg E-3tsle] overlaydh o] ol A= 3lo)
FAE R ofar 71A& YolF platedA] A A)FY
A7 A A gko] AR E FE AdUsigoh

7I2H=g ol acylase AHARF 0| ML

Holl A Autgl 8 PAFFE LB A 8R Aol pic-
kinga} 3 30Cel| A 10417} wheksleic) wiek ¥ 4 ml
LB soft-agarel] 713 = cephalosporin C, %+ glutarvl
7-ACAE 27 05 mg/m! A4 Hr7psla B 334
Al A H-e]gt 7-ACA) 778 #3591 $S5(1)9] 8154
o F3F ekl 200 WE A Ao)E F YA colony
$oll overlaysdlo] 104]7F wjeksleic) wioks: 7] A 9
ZhrE sl R olste] QAR 7-ACAe) 2]&) SS52] A A
AR S JAske FF5 Agsidoh

E48Y &3

Cephalosporin C acylase®} penicillin G acylase 2]
g2 LB Haulz] 45 mlel] & wlokste] S
22 g 0.1M potassium phosphate £+3=8-oi(pH
70).......§ 23] ﬂﬂﬁ—:}ﬁ’}.? E—%l gh&=g-o 05 mzoﬂ ﬁ%%
ﬂﬂ 3 mg/mli A 7))o 37Cel| A 1*] 7t BkZ-A] %.‘it;}.
Bhe-F ukg-ole] 50 mM NaOH-20% glacial acetic
acid(1 : 2) 98 3ml H7}slo] wkeg AR A7)
YAt eldted &g Al o] ArZEle] metha-
nolof] =eo} gl 05% p- dmethyiaminobenzaldeb
ydes 05m/ #H7}sted 1057k ¥H-&-4]21 % 415nm
shgel ] §hEg Akl

HPLC

e FFES 45m/9) LB A #]o] & 28]
30Co A 2F 10°cells/mic] 2 w7}z whpgh o}
YA E= st FAS 3gslldh 343 FAE 01
M potassium phosphate $+&=84(pH 7.0) 1.5 mio]
23 AlHEln Fd 8- 100 wel A Fetslo
cephalosporin C& m/= 3mg A do] 37T 4
A7V vbg-Al el dhg-o2 Al R sle] AbZoS
232 HPLC(Millipore Waters, US.A)S 3 uke
No g Abg-slgich AN Luf(kE49)Z = 0.1M po-
tassium phosphate $H38-H(pH 7.0)¢| acetonitrile2
20% =A 7 80E Aok AFEE co-
lumn pBondapak™C18 3.9X 300 mm{WatersA}),
2HE e 1,000 PSI, &9l9) f45e B3 1mi(d
mi/min)® spgick T AlE5 o] k2 folA] Hk-E-
A7 ukg-le) 255 FHsle] F9iste] UV 254
nmel| A 7 &3k},
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AuEl o579 FAH& MIDIAKBarksdale Prof.
Center, Newark, DE, US.A)ol| £)=]sld Hx2o 3
HFib 2 A& gas chromatography® =Al3led Data
base®} ¥]irsle] =3)&}gic).

w5o| MXEHD|E E
LB 37wl z]off A 24A)7F 30Col| A v g 72
& agar block?] ZHHe] 05cm?7} FEE o
W 0.2M potassium phosphate(pH 7.0) $}F354¢j
Asle] ubE 2.5% glutaraldehyde -8-94ofl 4] 24]7}
M A3k, 0.2M potassium phosphate £H5=8-9)
(pH 7.0)2.2 1554 3H A3 F 1% osomium tetro-
xide &-o¥o]| 4] 3A] 70l & A5} ethanol & &<
2! jsoamyl acetate® | 3tsle] A HFA|F) AlRE
sputter coater(Edwards, S 150B)=. gold coating 3}
o] Faldu] 2 (Hitachi Co. S-507)2.8 A3}l

o @ X

ZFE A ciEt o FH

LB Al z]of] FA1 3154 w3 vk 200
WS 4m/e] LB soft agarel] 4o overlay 32 L
el Fo] diskE F1 YA stock Az A
sled Al xg kel YA stock-& 20 W H F
30CollA wiefslde}, vikFE zhzhe] sl Q%)
WA L] A = zx|FHe] 778 AUk

B-lactamase2| AT =3

75 3ml wiksle] FAE 532 0.1M po-
tassium phosphate t+8-d(pH 7.0)22 23] AH
F Fd 9389 05mio A dgeldch A ¥
ol cephalosporin C& m/% 0.1 mg A H7)3tx
30Tl A 24|74 WA Rch wHg-F 02N HClE 1.5
m/ L F JAFEEE AEFRE 1/1082 343}
ODygooll 4 F-F =2 WHiE FA3STH18).

Southern hybridization

Southern hybridization& nitrocellulose(NC) =}
3 ECL(enhanced chemiluminescence, Amersham,
USA) kitg AH8-3lq 8istsict. &A= Bactllus
megaterium ATCC 149459 penicillin G acylase
AAZKpga)7F B 29 % pCSEHM(12)E Asnl AIRFELE
Aot F 1,297 bpe} 705 bpE 3]sle] ALEElo]om
(13), DNA labelling reagent®} glutaraldehyde 8<%

o] g-ate] 37CA 10 WHEAIA HHAZ A3}

21r}. Hybridization 42 hybridization $h38-<4<]

blocking agent®} NaCl& 5% 3 05M =A 7}z
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#7139 22, hybridization 2721-& 42Tl A 16~20A]
b el AA-e 13 Al 35-8-99(04% SDS,
0.5XSSCYE o]8-3led 55CeA] 20871 23] urERygl
&, 22} AlH k2842 XSSC)E o] &35)e] ARl A
S5E AlAE 23] w3 AEe HE4Y 19
e 28 59 4ojE F AFox] NC 1 9
Q&) 18 vhgAlZ) a8z Al o2 NC 28
723 Hyperfilm-ECLS- o]-£3ted 187 %247
F Aol g mHE olgsle] WES AN
=3

Aot gf ngl

Cephalosporin C acylase A§AF3Q] Myl

Acylase &4l 2]3ted 712 <]l D-(a)-phenylglycine
methylester2} 7-ACAE#-E] cephaloglycing A 4Hs}
= TFE cephalosporin Aol wW-& 917}§ M. lu-
teus ATCC 93418 A|A|Fo. 8 o]f5}lod AJuratedrt
3t D-(a)-phenylglycine methylester= B] &% pe-
nicillin G&] R-Z2F-l #]%3}7] wlFol| cephalosporin
Ce 7Aoo e} U R-2F L F glutaric acid di-
methyl ester2} 7-ACA-E ©|-8-3}e] glutaryl 7-ACAE
WAL= T8 M. luteus ATCC 9341-2 A Ao
o]§-3td 20 FFE APt 49 #FES
At 2 cephalosporin C ¥ glutaryl 7-ACAE 7]
AR o]&dled 7-ACAE AARI= ¢35 Ayl
Halod B AFA A F-2]§F 7-ACA«)| 21743 #5-¢l
SS5(1)E A AlFoE o]f8led bicassay: ¥ AH#
7+7te) 7)Aol dsted 10 mm 2D 7mme] YA A A
e YA oF-F AUstsli(Fig 1) o] #5&
APS20e]|z} ™ stg]c}. o] A2 HE APS202 ce-
phalosporin C % glutaryl 7-ACAE- 7|3 & o] &3}
7-ACAE AAE 5 2l.ox glutaryl 7-ACAR T} ce-
phalosporin CE4%-8 7-ACAE NMAlstE 713 5o
o]l & 7o dudxc) =FF APS20 #4F2] ce-
phalosporin C % penicillin Gol| tigk 713 Eo|A g
dolr 7] §]3le] whAukg-2 A}l £ A3} cephalo-
sporin C#} penicillin G2 71& )| ti3}led OD,;s #he]
0.235 ¥ 0.0485 “tepiglct. o) APS20 57} ce-
phalosporin Cef] th3le &Ado] o] F&-& ofv)aict
BAUAE ¥ o] Y] 2AFE)7] ¢she] AR
AHe& HPLCE FA3dc) g 2 Hh el 7]
=gt 27l A 7-ACAE 8508 28] cephalosporin
CE 10.7%-9) peak”} vlelydom Ala] ¥H&-F reten-
tion A]Zte] 850 HM-&-A§A EA<Q peaks} e}
3 #alslgicKFig. 2). o9} & Az 55 APS20
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Fig. 1. Detection of deacylase activity by overlay methods. The inhibitory zone of SS5 (7-ACA®) was caused by
7-ACA produced from either the cephalosporin C (B) or glutaryl-7TACA (C) by B. macerans APS20. A: only SS5.
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Fig. 2. HPLC profile of 7-ACA produced from cepha-
losporin C by B. macerans APS20. The arrow indicates

to the 7-ACA peak.
A: B. macerans APS20-cephalosporin C reaction sol 2.5
w, B: B. macerans APS20-cephalosporin C reaction sol

25 W+7-ACA (100 ng/mi) 2.5 w.

£ cephalosporin C acylased A= dFYU=

843 #dd 4 gt

Cephalosporin C acylaseg& AM4kst= APS20 o
Fo| 58 % &Y
aerd M A3 APS20 TF= agebdels Gt

i

Fig. 3. Scanning electron microphotograph of B. mace-
rans APS20.

L2 PFA=FAcHFig 3). 73 4L 5t A E2
Alukit 2448 BA%F A 12-methyltetradeca-
noate7} A1 A zjupale] 3564% 8 7}AF WAL 13-me-
thyltetradecanoate(29.13%) % palmitate(11.19%)%2]
0 % vepgdrHTable 2). MlE2] 2Hbib FH{-8-¢
it djole}l we] A(MIS System Software)} ¥|®
B3 Az} APS20-2 Bacillus macerans$}t 83.7%]
A2 Ae el o 2 8 Bacillus macerans =2 A &
Rt 7+ A el g WA 48 Z3 cephalos-
porin C 500 ug/mi, penicillin G 50 pg/m/, ampicillin
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100 pg/mi, cephaloglycin 50 ug/m/, cephalexin 50
ug/m/ 22|32 7-ACA 10,000 ug/miol A= A= =] %]
gH-& el %) uk, cephalosporin C 100 ug/ml, penici-
lin G 5pg/m/, ampicillin 50 uyg/ml, cephalogiycin
bug/m/, cephalexin 5ug/m/ =] 7-ACA 1,000
pg/mio A A Aol obFgd odgks 7] ¢rakrHTa-
ble 3). = Bacillus macerans APS20-2 7-ACAcl| t§3l
A WS Jelhdoe g4 cephalosporin CE-H-E
oheFe] 7-ACA AAHE sk AR A o] 8 7pgAo)
& Aoz A7rglel 123 cephalosporin Ceoll &t
B-lactamase #A4J-& ¢lddon} wlwA =& =%(100
pg/mi)®] cephalosporin Ceol] th3le] WAL vIelg=
A2 w§- ZwlFe} Bacillus macerans APS202] ce-
phalosporin C acylase®] %=} B, megaterium
ATCC 149459} penicillin G acylase % z2Hpga)2}2]
EAE Udolir) $5to] pgas BAAE 0] 85l
Southern hybridizationS A )5l 2 vKFig. 4)

#79 AEAL #I8 5 gldnk

Table 2. Celiular fatty acid composition of soil bacterial
isolate APS20.

Fatty acids Amount (%)

130 ISO 0.55
14 1 0 2.34
15:0 ISO 29.13
15 . 0 ANTEISO 35.64
15:0 0.63
16 1 0 ISO 0.55
161 1 wllc 3.81
16:0 11,19
ISO 17 11 wllc 1.62
17 1 0 ISO 7.63
17 - 0 ANTEISO 6.37

“Percentage of the total peak area from gas-liquid ch-
romatography of methylesters.

Table 3. Antibiotic susceptibility of B. macerans APS20.
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7-aminocephalosporanic acid(7-ACA)e]] W Ale] gl
2.1} cephalosporin Al A Aol = RI7EE Micrococ-
cus luteus ATCC 93415 A Aldo2 A3, D-(a)-
phenylglycine methylester2} 7-ACA, 3= glutaric

301 DEa

2710

p{: S E_ g 4 e e e s e e —
Asnl sites 651 1948 1957 2662
probe
1,297bp T05bp

Fig. 4. The comparison of penicillin G acylase gene
of B. megaterium ATCC 14945 and cephalosporin C
acylase gene of B. macerans APS20 by Southern hybri-
dization.

(1) Agarose gel electrophoresis of Asnl digested chro-
mosomal DNA of B. macerans APS20 (A) and B. mega-
tertum ATCC 14945 (B). (2) Southern blot hybridization
with Asnl digest (1,297 bp and 705 bp) of pCSE94 as
a probe. The arrows indicate signal. Abbreviation: S;
A-HindlIl size marker.

Concentration (ug/m/)

Antibiotics

10,000 1,000 500 100 50 b
Cephalosporin C 28* 20 14 0 0 0
Penicillin G 27 24 23 15 13 0
Cephaloglycin 34 29 25 18 14 0
Cephalexin 44 34 32 27 24 13
Ampicillin 31 23 18 12 0 0
7-aminocephalosporanic acid 10 0 0 0 0 0

*diameter of inhibitory zone (mm),
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acid dimethyl ester$} 7-ACAE 7] A& A}-§-§ bioas-
say HPHO 2 acylase el 93t g FHol
A A2l A AR)FE QA 20 T2 Al
Aursigeh, & AYAFE FollA cephalosporin C,
glutaryl 7-ACA¢l= WAdo] glev} 7-ACA¢+= #+
Aol gl 8S5 & ¢]-83% bioassay W3 HPLC
B8 E3}] cephalosporin C acylase &4jo] sl&
APS20 d55 FHFLAor Al er, o] ¥
Bacillus macerans = 3=k B, macerans APS20
& cephalosporin Cel] th3l B-lactamase ¥Ado] ¢l
do} 100 ug/m! 559 cephalosporin Cof WAd-g
veledel 28y} penicillin G2 73$-oll= 50 g/
mlo| ME AR Z3psich
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