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ABSTRACT

The penicillin G acylase(pga) gene was cloned in the vector plasmid pKM 300(Ar, Tc,
6.33kb) for the study of the structure and expression of the pga gene. This recombinant
plasmid pPAKS-1 DNA (24. 5Kb) was cleaved into 2 fragments by restriction enzyme Eco R1, 1
fragment by BamH]1, 4 fragments by Hind III, and 2 fragments by Pst I. The pga gene was
located on the Eco R1 - Hind III-C fragement of pPAKS-1. The recombinant plasmids pPAKS-1
and pPAKS-2, in which the Hind IlI-B and Hind I1I-D fragments of pPAKS-1 are deleted, are
characterized.

The results are summarized as follows:
1. Doubling times of bacterial strain bearing pPAKS-1 and pPAKS-2 are 90 and 60 minutes,

respectively.

2. pPAKS-1 and pPAKS-2 are present at about 16~32 and 70 copies per cell, respectively.

3. The specific activities of penicillin G acylase in the strains bearing pPAKS-1 and pPAKS-2
are 0.66 and 3.5 units, respectively, which represent 2-fold and 20-fold higher enzyme
activity compared to the wild type strain.

4. pPAKS-1 is very unstable, but pPAKS-2 is stable.
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2b A s g o
5. Transformation
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Fig. 1. The circular restricition map of vector plas-
mid pKM 300. The location of antibiotic resis-
tance genes are indicated. The numbars refer
to kilobase pairs.
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Fig. 2. Bioassay of penicillin G acylase activity of
E. coli ATCC 11105 and HB101(pPAKE-1). Co-
lonies were overlayed on 90mm plates with 5m/
of soft agar containing 0.5m/ of an overnight
culture of S. marcescens per 100m! overlay me-
dium with(A) and without(B) penicillin G. Zo-
nes of inhibition were measured after 15hrs
growth at 37°C.
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Fig. 3. Agarose gel(D.7%) clectrophoresis of
pPAKS-1 DNA digested with restriction endonu-
cleases. The gel was run at 25V for 15hrs. The

zel was stained and photographed as described

in the material and method. Molecular weight
fragments generated by the EcoRI and Bam HI
endonucleases(16. 22, 5.54, 4.73, 3.57, 3.43,
2.55, 1.87, and 1.18Kb) and the
seven 2cI837 Sam 7 fragments generated by the
Hind HI endonuclease(23.7, 9.46, 6.61, 4 26,
2.26, 1.98, and 0.58Kb, Southern, 1679).
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Fiz. 4. The circular restriction map of pPAKS-1.
The relative position of restriction fragments
are indicated. The region originated from vector
pKM 300 DNA is alse indicated. The numbers
refer to kilobase pairs. pPAKS-1: p: plasmid,
PA: Penicillin Acylase, KS; Kang Hyen Sam
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PPAKS-1. HindlI
pPAKS-2: HindIl
pPAKS-16-Hindll
pPAKS-17-Hindll
pPAKS-15-Pstl

A\ EcoR[ BamHI

5.. Acgarosz gel{0. 7%) electrophroesis of DNA
from vaious pPAKS-1 derivatives digested with
rzsiriction endonucleases(Conditions are same as
those given in the legend to Fig. 3).

| pPAKS-2-BamHl

# PPAKS -2 EcoRI

| DPAKS -2-PstI
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pPAKS - 2-HindTl
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"ig. 6. Agarose gel(0.7%) electrophoresis of pPAK
5-2 DNA digested with restriction endonucleases
Coadiditions are the same as those given in the
legend to Fig. 3). The largest band present in
the Hindlll-Ecoll digesis of pPAKS-2 is due to
the partial digzstions.
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EzoR[ et
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linear rasiriction maps of pPAKS-1
and its derivatives. The top line is a scale in
Kilobase pairs. Boxes with complete shading
show the segments originating from vector pKM
300. Open boxes show the cloned segments.
Dotted boxes show the penicillin G acylase
gene. Deletions of restriction fragments from the
pPAKS-1 are indicated by a solid line.
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UjHe &2 E. coli DNA Lol: fi1id] =
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4. EERATI} copy number

E. coli ATCC 11105, pPAKS-1, pPAKS-2 A}
ol 8] EFEA b= Fig. 8o debud ulel 7o),
pPAKS-1 & E. coli ATCC 11105 Erhoof 2.4
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Fig. 8. Penicillin G acylase activities of E. coli
ATCC 11105(®—@®), HB101(pPAKS-1) (X —x),
and HB101(pPAKS-2) (®—@). Enzyme acti-
vity was measured as described in the materials
and methods.
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| e e FFEste ok 2 iR pPAKS-1
I 2 ok 14.8%¢] colny 7} ag;gg’j 2 tetracycl-
: ine sensitive 2 sty o ol & HEAY Te
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Fig. 9. CsCl-EtBr density gradient profiles of DNA B tetracyclineo] A34 & vherdH (Ter),
from pPAKS-1 clone(A) and pPAKS-2 clone 4 plasmid 7} of &b3] LES bz A 2= ok

(B). Copy number per chromosome was calcui-
ated as described in the Materials and Methods.
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Table {. Growth rate. copy number, and enzyme activity of pPAKS-1 and pPAKS-2 clones.

Molecular Goubling i Copy number
Striain weight of t_;fr;e(mih) Copy No. per chroemosomal Copy No. Specific
plasmid(Kb) R chromosome  equivalent per cell activity (unit)
per cell N
ATCC 11105 — 50 - - - 0. 28
HBIO1(pPAKS-1) 24.5 90 13.8 1~2 15.8~31.6 0. 66
7.3 3.75=0.3 70 5.5

HB1U1(pPAKS-2) i3. 15 50
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o} cloning Stgich. °] i< plasmid pPAKS-1-& 24.5Kb 24 #|[EE£% Eco RI, Bam HI, Hind I, Pst Il 2%
frd &4 2, L4, 2tt4’ irtst= pga EEFE Eco RI-HdeI—C YR kol (r@Eshad o

pPAK-13t Hind I-B ¥ Hind[-D jrel ksl Fik pPAKS-2 (13.15Kb) o #5¢: 2 MBS ot cb &
#* FE FERE A

1. Doubling time & z+7] 9047, 60 o 24 pPAKS-2 7+ g-okc}

2. copy = 77| 16~32, 70224 pPAKS-27} oF 2~4f% 1@3[1:.4 2k,

3. WEfSsk= 77 0.66, 5.5unit 24 pPAKS-27} pPAKS-1 2} 98 = Eobch. 28l z pPAKS-2 9] &%
47t wild type ol E. coli ATCC 111054 sl st=l oF 209 H=ins ok,

4. pPAKS-1 & = % Fzgdtdl [sled pPAKS-2 & Z2Estdd ot

USA 62, 1159~1166.
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