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8}e1-2), Providencia retigeri ATCC 31052 (8. 14; <j|
Holli= Proteus rengerickil 315E), Alcaligenes
faecalis ATCC 19018 (European patent number:
0453047A1), Arthrobacter viscosus (17, GenBank
accession number 1L04471) Fol|lA penicillin G
acylase fAHA7F S24=e] Hd7jujgo] gH sl
w3 A} o] 52 F7|uAF} AA9] olv| i Ateld &
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Difco 3]Atell A 4% MacConkey agarg E. coli
IMS83 g AARFY deujA2 AHgstdch M9 F
ioj]iﬁuﬂ X] (6 g Na;HPO4. 3 4 KH:PO« 0.5 £ NaCL
1 g NH.CL 05 g MgSO., 001 g CaCl,, 2 g glucose,
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2o} t}px] §£A3l] FEAct Fol HAF peni-
cillin G acylase®] subunit 743} Ex}&& SDS-
polyacrylamide gel electrophoresis (SDS-PAGE)
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o2} 0.1% SDSE 8= 10% polyacrylamide
gel-g o) &-38lgic) H Ao ¥4]2 Balasingham 3
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M E 4, T4 DNA ligase, BAL31, z2jx SI
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B. megaterium ATCC 14945914 penicillin G
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olE2 FYo 2 AHE3la, Sequenase version 2.0
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o Sanger $(20)2] dideoxy-mediated chain
termination W22 sequencing3dtgch. MI13/
pUC vector®] universal forward/reverse primer2}

KOR. JOUR. MICROBIOL

g4 WA uidg Bd2 3gAgt ooyt
primer5-& AHgsldct 47luid-e 9% DNA 7}
& 23] o]4t sequencingsdle} ZAYsisic
Holeligel HFE #4

NCBI (National Center for Biotechnology In-
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B. megaterium ATCC 1494598] penicillin G
acylase 32} (pga)e} +2& Loty $J3ld 2
d7ivldg AR 4 pga FAA F24Y
5]o} Q)= pUCSES92} pCSE948] AMAIRE A AL
A% (Fig. NE Y F. olF o|43ld eyt
subcloneE-& A Z3}1 sequencingstgch. pga
Az} 2 downstream H¥9]  Jrhujgde
pUCSES9E o] £-3te] B#sig] o], pUCSES9elA
pga A=) upstream ¥-F-o] pBR322j| A -2l
HHolg)7] uffel upstream ¥-94¢] <driwjde
pCSEYE o] 43to] AAslc) o|§A 3l B
megaterium®] pga RS E 3= 2908 bpel o
7lede AAY § U (Fig. 2). o] |7jd&
23 A QrPiE 30138 270674A shie)
open reading frame (ORF)o] &A1§-& < 4 3l
£, °o] ORFE 802709 o}w]:Abe- k3 slslw ¢)
I (Fig.2), 9714 #i5% Zelsdeles) $Agke
91,9830]<ic}. 301-303H] ATG ANAZE 12nt &
ol ribosome ZAFS=y AAE F de
GGAGGTG ujdde] gl2ick ] Shine-Dalgamo
(SD) i d 9] uix|gt Goll A NAZE 7A 9] A=le
11 nt241, B. subtilis®] §AA oA 2% 8§~9nt A
= A Qe vl <7k HAuk o] ujde] B
subtilis®} E. coli®] 16S rRNAS] 3'-2<t (77} 3-
UCUUUCCUCCACUAG-5", 3'-AUUCCUCCA-
CU-5")3 2313] 4 Ae|gict SD g9 5 §Z%
2oe AT 9710 @7 dEd B subtilis®l
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Fig. 1. Restriction maps of pUCSES9 and pCSEY4.
A hatched part of a map is originated from
pBR322, and dotted parts from pUCI9. pga
represents the penicillin G acylase gene from
B. megaterium ATCC 14945. Arrowheads in-
dicate the direction of transcription.

E. EcoRI; C, Clal; B, BamHI. H, HindIll: S.
Sau3Al; P, Pvull; Sc, Scal: X, Xhol.
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A. viscosus ATCC 152944 2el§ A4 a-d4]
Mo} p-IHME 24 olv)x 4l sequencingd AA|
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megaterium®] pga +AA7F XA e 80274
9] oluli At Wi FojA] 27:H3 6710 A}o)9) ofw]
X AR2 A viscosus ATCC 1529428} a-<d9iM 2l o}
ok kg o] ¥ 41719] olvixAls) b E U
S, 26603 3030 Alo]9] ofmliate B-v1
A9 ojvlix kg o] F 38719 ojujx Aty A
3] A2} (Fig. 2). oj¢} 2 A= B. mega-
terium 2} penicillin G acylase = 92 kDa 2} A7 2
31 =5l ¥ proteolytic processing #3-& A4 o-9}
B-AAE TS BT Ao}

B. megaterium®] penicillin G acylase7} A2
AMZ G T ez FAE] slerE g
317) sl A4F ¥el FAsedcl Fig 39 SDS-
polyacrylamide gel H719% Asfell] H vfe}
7ro] Celite % (lane 1), CM-Sepharose (lane 2),
DEAE-Sepharose column chromatography (lane
3E T AY £t A4E Pl HAg 5 9l
slc}. Fig. 32] 4 laneol 4] B ule} o] B me-
gaterium®] penicillin G acylaseXx. 7}z}e] ¥-zjgfo]
25 kDa3} 61 kDa X2l F71¢] el A2 o] Fo)7
UES Halsidch olvl At w2 YE] A AR B-
che Ao FAleke 61397 Dao 24 A7|dE Ax
o} dXstsct z2ely ofn| At WS 27T 265
Atolo} w2 5E] A EREE 27568 Dalo®
H719%F Yoz MY oY Ex
25000 Dax¥c}t 2568 Da Hx Fckh o]7le o}E
penicillin G acylase®] 7§} nlabs}22 B
megaterium® 4% o-HH 2} B-ehgiAl xlolol
proteolytic processingell 2]3] #H2ix 7h= 209
782] spacer peptide”} Ex3-& A|Algch o] & &
A37] Sl e a-2A e C-dede] ofu]x 4t ul
A& ZAAsot & Aot oAtollA A E ule}
7o) B. megaterium®| penicillin G acylasex= ¥-3}
#Fo] 25 kDaz} 61 kDa<l F7H] i 2 o] Foi4]
oledl, o2l Aze A4 e Bxjlgko) 120 kDao]
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Fig. 2. Nucleotide sequence of the penicillin G acylase gene from B. megaterium ATCC 14945,

The total sequence of 2.908 bp containing the penicillin G acylase gene is presented. The open reading
frame composed of 2406 bases from the nucleotide number of 30! to 2,706 was found. The deduced
amino acid sequence is shown in the one-letter code below the nucleotide sequence. The asterisk indicates
a stop codon. A potential ribosome binding site is underlined and marked as SD. The putative promoter
is also underlined and marked as —35 and —10. A possible transcription terminator is shown by ar-
row-headed lines below the nucleotide sequence. Two end-bracketed lines under the amino acid sequence
represent two regions identical to the N-terminal amino acid sequences identified in the a- and B-subunits,
respectively, of the penicillin G acylase from Arthrobacter viscosus ATCC 15294 (17).
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20t Apojol] AFA] oo Ato g o]FolRl core ¥
= 2= o} ik (Fig 4). 22ivt Ala24, Gly25,
Glu260] H# x4l signal peptidase Y5 U+ o}
Yglck A. viscosus ATCC 152942) a-F9)alel o}
o]} aicto] 33% 2] A A Asp27ol U A] 67%

Glu30eolzhs M2 (17)Z vlFo] ¥ o, o-FHA
N-et ¥-917} processing9the AMAE 4 F S5,
w2}l signal peptidase’} 24~26W ¥r} ¢ES
Hgraia o]o] N-wete] olvjxAl Ab717} g A
=98 7FsAE k. d8] o-ddAe N-wgo
225 wlsle] B Fig 404 Wi ulg) o] A}
F40] vl % e AL ¢ F 9l ol N-2¢d
2219 3Re) ofuiAte 18] 8% A% 53
&lx) ¢ton] wm2li oo AR processingd ¢
v Hog F2dch 282 B megateriumol A
cysteinee] IMNE ehdx] fov g o9l



Vol. 32. 1994

2 3

kDa

36 —

24 —

Fig. 3. Monizoringzhepm:bilthacybseplmahby

SDS-PAGE showing that it has two distinct
subunits.
The penicillin G acylase protein was traced
in the patterns of 10% SDS-polyacrylamide gel
electrophoresis of the active fractions obtained
during purification by Celite (lane 1), CM-Se-
pharose (lane 2) and DEAE-Sepharose (lane
3) column chromatography. The samples
containing approximately 10pg of protein
were boiled for 3 min, cooled quickly in ice
bath and loaded on a 1.Smin thick and
discontinuous slab-gel. The gel was stained
with Coomassie Brilliant Blue G-250.
Standard protein markers (lane M) used were
bovine serum albumin (66 kDa), egg albumin
(45 kDa). glyceraldehyde-3-phosphate dehy-
drogenase (36 kDa), carbonic anhydrase (29
kDa). and trypsinogen (24 kDa).

B-$i A 7re] A5 Aol S-S Agte] AHEEA ¢
€ 4 F Uk
ol4tel 4 A& wl2} 2ol B. megaterium 2] penici-

signal peptide
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Table 1. The G+C content of the chromosomal DNA
and penicillin G acylase gene from various

penicillin G acylase-producing strains
mol% G+C
Strains
Chromosome’ pga gene
B. megaterium 36.5~474 368
A. viscosus 594 36.7
A. faecalis 559~594 579
E. coli 48 ~52 48.1
K. cryocrescens 55 ~57 5713
P._retigeri 39 ~42 40.8

“data from Krige er al (12) and-Sneath e al (21).

llin G acylase 94| signal peptide-a &%) M-spacer
peptide-f THAZ o] Foi3 shis] ATAR HFE
¥ processing® AMA wHEelAle ol dHA=R
FA=e k= A 4 4 s
s g

GenBank 2] accession number L04471 2 A3 4.
viscosus®] pga 72} 719} A3} B. megaterium 2|
A7 1 vlmsE A3 97.9%9] identity 7} 3l-&-&
WA 3t o} Enterobacteriaceaeol <3z E. coli K
cryocrescens, P. retigeri®) pga F+RAAS AlolojA T
identity”} 60~77% ¥to] == ekul wlaw B,
megaterium3} A. viscosus2] pga F3AF Alole]
identity7} 97.9% ke AL vi$ 3} 47
ME 25 §5¢ opvlxAl vidx F 7 25
802742 ool Ato g sof glew o] Fojx £t
247}12] olu|x-Alute] tiEc}(97.0% identity). E3)
4¢ 713 AL Aol 43817 de signal
peptides} spacer peptide 915 z}tz} ) 9] o}v)
ZAtuto] o} HEZ identity7} "¢ 2k oleiyt
A B megaterium3} A. viscosus Aol Al pga
FAA7E HTo HolsddS& Ak

wtebA] o} F Ale)9| pga A= Mel7} plasmidel]
oste] doitE sFeAdE ALY $1%ke plas-
mide] &2 §-7-8 Aoy F FFAA BT
plasmid DNA+& 7‘5%511] Wtk (A& ol A A]). 2

) a-subunit

WLISVIILFVFIFPONLVFAGEDKNEGVKVVRDNFGVPHLYAKNKKDLYEAYGYVMAKDRLFQ 67
'LlSVlILFVFIFPQNLVFAGEDKNEGVKVVRDNFGVPHLY\K‘JKKDLYEAYGYVHAKDRLFQ 67

B. megaterjus

A. viscosus

A. faecalis KG--LIVRTGLVAAGLILGVAGAPTHAQVQ
E. coli NCVTASLMYYIS PALAEQSSSE
K. cryocrescens TSLIkcCSS|LISALAASPPT
P. rettgeri u LSL---SSlLSLSSFSasTal

Fig. 4. Alignment of N-terminal amino acid sequences of precursor polypeptides from various penicillin G acylase-

producing Strains.

The residues identical to the penicillin G acylase from B. megaterium are enclosed in boxes. Vertical
arrowheads indicate two distinct N-terminal amino acids found in the a-subunit from A. viscosus (17).
Numbers indicate the amino acid positions of adjacent amino acids. Dashes indicate sequence gaps.
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ABSTRACT: Nucleotide Sequence of the Penicillin G Acylase Gene from Bacillus megaterium
and Characteristics of the Enzyme

Kang, Joo Hyun, Seong-Jae Kim', Youg-Chjun Park', Youag Hwaag, Ook Joon
Yoo, and Young-Chang Kim*' (Department of Life Science, Korea Advanced
Institute of Science and Technology, Taejeon 305-606, and 'Department of Mi-
crobiology, Chungbuk National University. Cheongju 360-763, Korea)

The complete nucleotide sequence of the cloned pga gene encoding the penicillin G acylase
of Bacillus megaterium ATCC 14945 and its 5'- and 3'-flanking regions was determined. The
sequence revealed only one large open reading frame (2.406 bp) of the penicillin G acylase
(pga) gene. Upstream from ATG of the pga gene, there was a putative ribosome binding
site, Shine-Dalgarno sequence. The promoter-like structure, — 10 and — 35 sequences, was also
found. Following the stop codon, TAG, a structure reminiscent of the E. coli rho-independent
transcription terminator was present. The amino acid sequence was deduced from the nu-
cleotide sequence. The molecular mass of the polypeptide was 91.983 Da. There was a potential
signal sequence in its amino-terminal region. A comparison of its deduced amino acid se-
quence with other characterized penicillin G acylases and the result of SDS-polyacrylamide
gel electrophoresis of the purified enzyme showed that a precursor polypeptide of 92 kDa was
processed into two dissimilar a- and fB-subunits of 25 and 61 kDa.



