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7-Aminocephalosporanic acid(7-ACAYE AAA st A o]
40% o\Arel NARKLS AA s diFEel AA F8A
o] dEEAE AMLET Yok AR T-ACAE AW &
po)¢) Acremonium chrysogenum L& ol5l AAE=
cephalosporin C(CPC)Z iminoethert} nitrosyl chloride 9} 7+
o a2 A L AMLEld AzRHASY o e FEFAS
oxAo] thghAlo)H, WL EE EA o)A, AT SFoF
o o3 B0 WAl EAY L HE AEY IF /7
Q3 AAY oleig WEo] PO LT 03T 4B
o2 qAE Aol
A% o5 ABAY IAL penicillin G2 FHE
penicillin acylases] % &g HA whgos HUsd 6-
aminopenicillanic acid(6-APA)E AlAtsheel] ofp] 4
2 AT A7 Q7] B2 AB P o) AR=AME £
o ARE AAA CPCE SHE VY Ed 9502 3
T 4= 9l CPC acylaseS 232} i sigleh 22y oFF
A AQANN T-ACAE FHHLE AU & & =
nl&3 gl CPC acylase & 2718lx] Eatdck 1 olfre
CPCe] Q¥4 72% L-e-aminoadipate”} L-cystein? 2
HHA AAEE A% D-amino acid?) Folg 7 HEYL R
o2 2Rt Lowe 1989; 7 1999). OHEZE CPCAA F
Z D-amino acid groupZ AASH TH $1x12] amino group
o) A FAHQ woz HddiEe AL 43 D-
amino acid group< T]A8E f-# ] D-amino acid oxidaseE
AHgatd A A £ 971 wE Trigonopsis variabilis,
Rhodotorula gracilis, Fusarium solani %9 D-amino acid
oxidase(D-AAQ)7} CPC 2}3} wh-go] o]-&H 3 gltHAcunzo
= 1996; Pollegioni &, 1993). CPCE D-amino acid oxidase®
Avsbsld  7-[5-carboxy-5-oxopentane Jamidocephalosporanic
acid(AKA-7ACA)2] keto acid7} YRS ER Pojx] 7, o]
= T}A] HHS RAHEE AAEE hydrogen peroxideo] £}3hed
H)EAu2 0 2 7-(glutaryl)-amidocephalosporanic acid(glutaryl-
TJACA)Z & Hgdrt Glutary1-7ACA(G1-7ACA)94 7H 9
e 2yt AAA ) ZAsHE GI-TACA acylased| €3]
474 AgEckFig. 1). olgt e ¥ @A a4 oE CPC
M T-ACA 29| AERFEL 90% oligol7] w&el 4

l
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ol At A3yt 7¢ssitt. et penicillin acylase?l
Ae RS Tao] AALE 357t 100-6003] BElH ¥lst
&(Table 1) D-AAOUY GI-7ACA acylase®] 23k A22] A
ARE B1ZE 20-140 32 w3F w7 & 7]1E9 7-ACA
shetEg g v ny 9 AR EAHel A

webA Ml ZH2e] @7 E AAA]l #& CPC A=
A3 2L 7)0ar] 98k () D-AAOS} GI-TACA &4E
7 gl A 3FAWKNikolov & Danielsson, 1994), (i)
Z}7} 7% D-AAO%} GI-TACA T EAE she] AEwts
Sl ERratel AHE-ak7 KBianchi 5 1998), (i) SHEF
& 7)1&d) 213l GI-TACA acylase?] 7R E0| AL MAEk
CPCY 282 v F4 wgoz AHrd & gle CPC
acylase 7|23tz QJtkYamada 5, 1996). A& F W4
£ two-step®] BEHF T4 L one-steps] HEANR FHS
A e Re sHssht ©)E fisiME 34 D-AAOS Gl-
TACA acylase®] 5 &EA7F o3ty & AEHE $H9
ZAo] folalx] grhs Wo] Utk 3 G Y F Sl g

HOOC \‘/\/\(NH s
O m"r

cephalosporin C COOH
0,+ 1 D-amino acid oxidase

HOOC mnnﬂgof

COOH

a-ketordipyl-7-ACA

H,0,+ i spontaneousty cephalosporin C acylase
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COOH
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Fig. 1. Bjoconversion process of cephalosporin C to 7-ACA.
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Table 1. Operational parameters and characteristics of immobilized penicillin acylase(Shewale & Sivaraman, 1989).
* Parameter Rohm Astra Boehringer Beecham Teto Jozo NOVO Hindustan
Pharma Alab AB Mannheim Antibiotics
Enzyme source E. coli E. coli E. coli E. coli B. megaterium ? E. coli
. Sephadex . Polyacryloni N
Support Eupergit C G-200 Polyacrylamide  Sephadex trile fibers ? Cellulose
Activity(U/mg) 100-150 200-250 310-360 ? ? 60 300
{Jperational pH 8.0 7.8 8.0 7.0-8.0 8.4 7.0-7.5 7.8-8.0
Operational 37 37 28 35.40 30-36 35 37
temp(C)
Substrate conc(%) 8 ? 7.2-10.0 4.0-15.0 10.0 4.0-6.0 7.0
Reactor Stirred tank Stirred tank/ Stirred tank Column Parallel Stirred tank/ Stirred tank
packed bed column packed bed
Conversion(%) 99 97 97 ? ? 98-99 97-98
No. of cycles 620 165 600 ? 500-550 100
Kg of 6-APA/ 250-300 757 1000 1000-2000 500-700 200 100
kg of IME
6 months 12 months 18 months 6 months 6 months
Storage ? 9
4C) (20C) (40) (4C) 40)

CPC acylase 72 7138 oL Y2y} penicillin
ecylase(PA) $F o] & E4 vhE0 2 T-ACAS AAME &
Aths AollA As] o). IER EyE Ay
i 7@l 2% CPC acylase®] A+ 5L szt it
-ACAE 6-APAS} 2+& WEY 728 23 917) Yo
tlutaryl acylase®} penicillin acylase®] @z 72z 2 7)&
d& fAFEE ol Btk AUt E@oA= Gl-7ACA acylase 9}
CPC acylaseE E33la] cephalosporin acylase® HH3}¥
ot BRoME ETS 187 93t Gl-7ACA acylase:=
2lutaryl acylase(GA), CPC acylase+= cephalosporin acylase(CA)
2 Fate] Abggh

1. Penicillin acylase

Penicillin acylase= ©]Jv] AIJZF o ZE da) 457 Y7
WEol Fa AL e S 22, DRYES promoter,
plasmid origin, plasmid QFRAl, <%, 71g} wjek =74 Sof
“He HH g A7 ol B HIt) Sobotkova F(1996)
P23 E. coli RE3(pKA18) @F oA penicillin G acylase
AL wl e R 4500 unit/i(1000 unit/g cell dry wt.)7hA]
A AFEFA T Penicillin acylase9} glutaryl acylase THE-E
+ gnal peptide, alpha-subunit, spacer peptide, beta-subunit=
“rAHo] 3tk asubunite} FsubunitSZ FHHS periplasmic
space 2ol A AF o g2 dhAl o (autocatalytic processing),
«-subunit®} F-subuniti= hydrophobic interaction3} tight-fit
foldingoll ¢Jate] ZAjtE o] 2291 tetramerZ A E o] Utk
(Sudhakaran 5 1992).

Duggleby 5(1995)2 E. coliol| 4] ¥2]3} penicillin acylase

o 2YTZE AFeke 2670 oA A signal
sequence &}, 2097]2] o}m|-AF0 2 LA HE a-subunit, 54712
ofu| - 2kO 2 FAH spacer peptide, 5667]2 olml-Alo®
TF-AF BsubunitE BHYEEOH, o] 49 32 FRE 1.9
A resolution®.Z W3l ¥, AAA A3)A)Q) phenylacetic acid
E AHE-8}A enzyme/inhibitor complex& 2.5 A resolution©
2 41t o] penicillin acylase?] Bsubunit®] N @il gl=
serine(Serfl)& cysteine 0.2 WAIH FALEAHL Yon,
threonine, arginine, glycine 522 WASA {LJ} o
subunit®} Fsubunit® 2 EFER] ¢Folx] Serfl olum|i-ile]
E48/ % auto-splicingel] W9~ 83 4TS 3= 2 9
Fr}. Penicillin acylases= serine residue® ARE-3fed amide s}
ester bondE 7FEE&)3che AolA] serine protease$d f-Al
o] Utk o] Holl Hraled Lee & Park(1998)< serine
protease inhibitorsE penicillin acylase, glutaryl acylase,
serine proteasesol] Ztzt L3 A} Table 29)|A 9 7do] &
2A 8 ¥ A7} inhibitord] wakA thEA JERGTH
Providencia rettgeri ATCC31052(strain Brol)ojA] Ba}st
penicillin G acylase:= signal peptide(1-23 o}u|x2}), o
subunit(24-228), spacer peptide(229-284), B-subunit(285-
83NZE FAHAUHKIei F 1995). o] PA FA o ARLRE
B4 23 f-subunite] N Zhel] = Serfl ©] GA) T4y
4 % subunit e FoG HTE 300, Cart o]20]
a-subunit®] 709 o}n|i=4k, Bsubunite] TR 74 ofm] Ak
3 AFsHHMcDonough 5, 1999). P. rettgeri T30l A]
£21%t penicillin acylase$} Pseudomonas sp. SE83(Matsuda
1987)o| A 223} glutaryl acylase®] FQ o}m]|i 2k B

=
o
CE M3 A, F &L BF Serflo] A4 223 9
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Table 2. Inhibition of GI-7ACA acylase and penicillin G
acylase(Lee & Park, 1998).

N

Table 4. Glutaryl-7JADCA acylase activity isolated from
soils(Franzosi 5 1995).

Inhibitor GI-7ACA Penicillin G
(concentration)  acylase acylase  Subtilisin Trypsin
DFP(5mM) + + - -
PMSF(5mM) + - - -
APMSF(5mM) + + + -
3,4-DCI(1mM) + + + -
Leupeptin(SmM) + + + -

DFP, Diisopropylphosphofluoridate.

PMSF, Phenylmethylsulfonyl fluoride.

APMSF, 4-amidinophenylmethylsulfonyl fluoride.
3,4-DCI, 3.4-dichloroisocoumarin.

+, presence of enzyme activity.

-, complete absence of enzyme activity.

Table 3. Comparison of key residues in penicillin acylase
(PA) from Providencia rettgeri Brol(McDonough 5 1999)
with glutaryl acylase(GA) from Pseudomonas sp. SE83
(Matsuda 5 1987).

Location
(A, active site; S,
specificity pocket)

Residue in PA Residue in GA

Serf1 A Serpl
Alaf69 A, S Hisf70
Leuali40 S Leual 63
Pheal44 S Valal67
Phef24 S Argp24
Tyrps2 S Valfs2
TrpBl54 S AspB177
Nep177 S AspB177

g2 3} tiTable 3). ©]¢}7re] penicillin acylase} glutaryl
acylase®] Serflo] €4 &4 F42 ALE E o o] F 84
= X% N terminal nucleophile superfamily(Ntn, Murzin §
1995)0) &3 Ao2 FAIL o

2. Glutaryl-7ACA acylase

Glutaryl-7ACA acylase 4 Z1 = "IAE dF<
19800 271%E dES FAHLE nF, ojgdol, =44,
A%, 3 5 AA A=A FE3] NZL #5771 DhHL
sitt. FWAME Pseudomonas diminuta KAC-1(F & &,
1997), Pseudomonas cepacia BY21(Khang & Yoo, 2000) 5]
F=7F A8 Eh Glutaryl acylaser thi-% Pseudomonas &
o] B FFoA 2R Yo, T Bacillus$e] 459
N §A28A0] Ve g1tk Glutaryl acylase B3FF=

BB 713k Blactamasel} esterase A2 FAo ZHAL Qo]
A} A|sl7)7F 42 A9 Franzosi $(1995)2 471X9] &
d 7}A(adipoyl-, glutamyl-, and glutaryl-p-nitroanilide and

AEATY

Strain Activity(U/1) pH , Dry wt(g/)
Achromabacter 16 85 3.8
xylosooxidans
P. paucimobilis 52 9.5 39
Pseudomonas sp. 8.6 9.5 0.9
Bacillus sp. 7.3 7.5 53
Bacillus cereus 10.3 9.5 42

glutarylcoumarin)& ¥4 3le] Ao =2 glutaryl-3-
deacetoxy-7-aminocephalosporanic acid(glutaryl-7JADCA)E
VRS 8= acylase o] 5% 579 EY #FE 7HA
BHA A3 tHTable 4).

Glutaryl acylase:= thE& | 2] periplasmic membrane?]|
9317 9o, 7+5 Bacillus sp. A MERCE Ru|H&=
AT 2457 driSonawane £ 1996). Glutaryl-7TACA
acylase 84-& HE pH7.5-pH9.5 HjollA HHEAE Hol
Z Yot &4 grgdel pH7F ¥EFE 71 glutaryl-
TACAY ¥+ AAHEQ 7-ACA 9] P o] F7tet7] w &l
o 232 AE pHS.5A FH AL Zh= Pseudomonas
nitroreducens& X889 tHLee & 1998). o|=te]o}2] Enichem
S.p.A. 3N E Pseudomonas sp. NCIMB40560 -2
glutaryl acylaseE |23} E. colioll 4 5000 units/L broth(cell
mass= 60g wet wt/L)Z AAFEH th(Bianchi &, 1997). 34
FTAFE 23 A2 oxirane-acrylic resing] Eupergit C,
controlled pore glass$l CPG-10, anion-exchange resin¢l Amberlite
IRA-904 So] AME-5 7% 39X T, 1,2-diaminoethaneS
2]gk Amberlite XAD7-NH, 7} $-43}9 v Table 5).

Glutaryl acylase®] #32} wjgo] 8182 AL A &
A9 Pseudomonas sp. GK16, Pseudomonas sp. C421, Pseu-
domonas sp. Al4, Pseudomonas sp. SE83, Pseudomonas
diminuta N176, Pseudomonas diminuta V22, Bacillus
laterospous J1 o] o, FI oA LHE Pseudomonasv
sp. 130¢} P. nitroreducens, ZL2) 2L ol = Pseudomonas

Table 5. Immobilization of GI-7ACA acylase on different
carriers.

Carrier Protein bound  Expressed  Reference

(trade name) (%) activity(U/g)
Eupergit C 80-82% 0.23 .
DEAE-Sepharose 50-55% 0.11 gﬁ‘l’i‘l’s"sﬁ
CPG-10 84-87% 0.25 1994 ’
Amberlite IRA-904  68-72% 0.18
Doulite A365 86.8 0.7 Bianchi 5,
Amberlite 84.4 14.8 1997
XAD7-NH,
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diminuta KAC-1°] tHZ & &, 1997). tiF-&9] glutaryl
acylase= penicillin acylase®} ZFo] signal peptide-asubunit-
spacer peptide-Bsubunit® E FAJEo] QoL P. diminuta
N1769] &4 9} 7Fo] signal peptide$} spacer peptide”} §le
AE 3, B. laterospous J19] A9} 739] single unit & F
A8 AX ItKTable 6). Pseudomonas sp. GK16 -fr2)2]
glutaryl acylaset= *&-9ll& 74kDa polypeptideZ L3 H &
signal peptide7} A A =™ 70kDa protein®. 2 =it
Gly1983} Ser199A}e]ol| A auto-splicing ©] YoJ1}A] asubunit
9} Bsubunite.® FajEct I thS fsubunite] N Lol
Ser199¢] 29}3le] asubunit 2o U+ Gly189-Aspl190 Alo]
A Aol dojuia Aspl90-Gly1982] spacer peptide?} £
i Lee 5 1996; Lee & Park, 1998). o3 o|f-Z glutaryl
acylase®] F-ARE E. coliof A LHAIZ 9 signal peptideE
AABA o Bahe &0 I vehtA] ethA & &,
1997). Glutaryl acylase®] esubunit®} Ssubunitz} 7§ o =
© acylase A& JehA] K31, o, fsubunitE Zhzt Id
NA in vitro A €] protein foldingS F=3E He B4
ZAo) YEFFTHA & &, 1997). Glutaryl acylase?] asubunit
o N o9 79 84 4 & 9% XA GATHL

5 1999), fsubunit®] N TEE-$)9] ofu]ic it vjE-2 &9
Ao & 43S nR)7] d2ol ZF F49] ofuiAt wd e
AEAdol HlZA 2 HoltKTable 7). FFolx A
Pseudomonas sp. 130 f-2)l¢] glutaryl acylase= QY& &
7S Pseudomonas sp. GK163} C4279] glutaryl acylase}
95% o)e] AFEAC] AtKLi &, 1998). Pseudomonas sp.
130 5#9] glutaryl acylase 4] Bsubunit N Bol] gl Serfl
o] gA=4Ale] ¢lou, Table 8o|A 9} 7ro] Gly-Ser peptide
bonddll A GlyE tThE ofu]'=4k0 2 WMAS]H subunit splicing
o] M3 YehlA] k2224 Gly ¥4l auto-splicingdl] F-8.
g H8E o= Ao E WAL F 1999).

3. Cephalosporin C acylase

Pseudomonas diminuta N176(Aramori 5 1991a), Arthrobacter
viscosus ATCC 53594(Lein 1991), Aeromonas sp. ACY95
(Dehpande 5 1997; Ambedkar 5 1997) $¢) - cephalosporin
Coll gt a4 492 YERAIT GI-TACAY ek 843
MY W oF 3% WROE wi$- vleksieh o HAE CPC
o st 71& Eo)AE /A7 YA E site-directed mura-

. Table 6. Summary of glutaryl acylases. The numbers mean the molecular masses of the precursor or subunits in kDa, while the
sizes of signal peptide and spacer peptide are indicated by residual amounts of amino acids(aa).

Pr(e]:;)l;s)or SEEZ;‘ : a—(slll]t;;r)nt SIZZZ)“ B-subunit Source Reference
70 29 16 ND 54 Pseudomonas sp. GK16 Matsuda & Komatsu, 1985
70 ND 16 10 54 Pseudomonas sp. 130 Li & 1999
70 27 16 8 54 Pseudomonas sp. C427 Ishii 5 1994
89 29 28 ND 61 Pseudomonas sp. Al4 Aramori 5 1991b
80 - 22 ND 58 Pseudomonas sp. SE83 [Acy II] Matsuda 5 1987a,b
80 - 22 - 58 Pseudomonas diminuta N176 Aramori 5 1991b
80 - 22 ND 58 Pseudomonas diminuta V22 Aramori 5 1991b
64 - 40 ND 22 Pseudomonas sp. SE83 [AcyI] Matsuda 5 1987a,b
64 - 40 ND 22 Pseudomonas sp. V22 Ishiye & Niwa 1992
70 27 70 Bacillus laterospous J1 Aramori 5 1991c

ND: not determined, signal peptide: -, no signal or spacer peptide.

‘Table 7. N-terminal amino acid sequences of glutaryl-7JACA acylases from various bacteria.

N-terminal amino acid sequence

Strain Enzyme -Subunit A Subunit Reference
2. diminuta V22 G1-7ACA acylase NAPVPVPRVAD TTHVYVADAMG Ishiye & Niwa 1992
Pseudomonas sp. SE83 GI-7ACA acylasel NAPVPVPRVAB TTHVTVADAMG Matsuda 5 1987
Pseudomonas sp. SE83 GL-7ACA acylasell TMAAKTDREAL SNNWAVAPGRT Matsuda 5 1987
2. diminuta N176 CPC acylase TMAANTDRAVL SNNWAVAPGRT Aramori 5 1991a
Pseudomonas sp. C427 Gl-7ACA acylase LAEPTSTPQAP SNSWAVAPGKT Kohsaka 1994
Pseudomonas sp. GK16 Gl-7ACA acylase EPTSTPQAPIA SNSWAVAPGKT Matsuda & Komatsu 1985
Pseudomonas sp. Al4 Gl-7ACA acylase ADTAPSATPPS SNNWVISPQKS Aramori 5 1991b
8. laterosporus Gl-7ACA acylase QSEQWKAEEL Aramori 5 1991c

(single peptide)

P. nitroreducens Gl-7ACA acylase VTLDGGAVAAD TTHFSIVDKDG Lee 5 1998

Vol. 13, No. 1 (2000)
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Table 8. Processing and glutaryl acylase activities of
Pseudomonas sp. 130(Li 5 1999).

£+ 3

Table 10. Properties of cysteine-to serine mutants(Yamada
5 1996).

Precursor Processing Activity(%)

wild-type + 100
SAL->T +
Sp1->C -
Sp1->A -

G(-1)->A -

G(-1)->L -
G(-1)->1 -

G(-1)->T -

G(-1)->D -

G(-D)->P -

G(-1)->K -

G(-1)SB1>AT -
G(-1)SA1->TT -
G(-1)Spt->ET -

The activities of enzymes are expressed as 100% = 21.5
umolmin'mg'mM".

SB1 represented the first residue of the Bsubunot and G(-1)
the lase residue of spacer peptide.

SO COOCODOoOOODOCOOOC

genesisol| o& Tl A Fx wE 715 W7ol asith o
2e] Fujisawa IAMIAME Dl 38 7|42 P. diminuta
N176 acylase2] CPColl th3t 7]12 EojAd& ok 2u) AL AN
3t e

P. diminuta N176 acylasex 773 o}9| A0 8 A E| QO
™ e-subunit(Thrl-Gly238)9} f-subunit(Ser239-Ala773)2 =
o} AtklIshii 5, 1995). N176 acylase #-HAA}E trp promoter
BEHE] 28 E colidlA] wdE of 22& 37CE
5*]3}9A inactive precursor protein®©] inclusion body e} Z
THE0]A]7] wiel] v 2=E RFE Zlo] e 3cHNoguchi
5 1998).

N176 acylase= potassium cyanate$} p-chloromercuribenzoic
acid(PCMB)& A}8-3 o] §4848 A3 A3 thIshii

Table 9. Activities of N176 mutant acylases(Ishii et al., 1995).
Mutation

Activity with(% of the wild-type acylase)

GI-7ACA CPC
K44Q 102.0 111.0
K73Q 46.9 47.0
K100Q 81.0 106.0
K114Q 86.0 101.0
K170Q 130.0 95.6
K187Q 113.0 91.1
K255Q 107.1 97.0
K301Q 101.0 n.t.
K507Q 102.0 113.9
K629Q 94.2 n.t.
S5239C 1.21 0.0

(Values for the wild-type acylase are 46.3 units/mg protein and
1.55 units/mg protein with GI-7ACA and CPC respectively).

AESY

Activity(% of wild-type)

Mutant CPC GL-TACA , GL-7ACA
(pHS.7) (pH?.5) (pH8.7)
C1028 n.t. 109.0 91.2
C199S 82.0 85.5 91.0
C2778 83.8 79.4 84.5
C305S 83.8 1240 92.1
C391S 89.5 472 84.2
C493S n.t. n.t. 100
C4968 90.2 67.4 76.3
C748S n.t. 55.4 68.8

(Values for the wild-type acylase are 46.3 units/mg protein and
1.55 units/mg protein with Gl-7ACA and CPC respectively.
n.t., not tested).

= 1995). o) AFHE HT723l] N176 acylases] EAlo| AA
o] & otrAtE ZAISIATE A Lys residuesE EF
Ghno & WASAS Wl a4 & syt vehuA] &t
O}, Asubunity] N Zgtel] Qe Ser239S Cyso= #A%
Ae EABYS sl AASUKTable 9). Wb N176
acylase’= N-terminal nucleophile hydrolase super family o]
23tk N176 acylasedl] = 8709 free SH7IS 2T Y&
Cys residues®& X5 SeroZ wWA3E A3 C305S WHolg4A7}
CPC Z GI-7ACAC] W& &Ado] FA=HUHTable 10).
Tyr270% Ala, Phe, Leu, Glu, Ser® 2 W73l A3= 548
Aol 25-100% 7HA] ZAsle Tyr270 9A] 4 Ao 8
& 9L 3= AoE FHEh Tyre709 $AE &
glutaryl acylase} peniciilin acylase<le] @ld F32E H|w
3lo] Tyr270 F19] oln|eAbS 2443712 A3l Rtoh
& Met2699} Ala271 77)E Leu, Phe, Tyr7|Z i3 234

Table 11. Activities of N176 enzyme mutated at Met269,
Tyr270 and Ala271(Yamada 5, 1996).

Activity with(% of the wild-type)

Mutation GI-TACA CPC
Y270L 28.1 323
Y270F 50.4 46.1
Y270A 70.6 243
Y2708 61.7 283
Y270E 0.0 0.0
M269L 9.5 107.9
M269F 98.2 165
M269Y 91.5 155
A271L 104 100
A27IF 118 56.2
A2TLY 101 122.2

(Values for the wild-type acylase are 46.3 units/mg protein and
1.55 units/mg protein with Glutaryl-7ACA and cephalosporin
C, respectively).



Cephalosporin C acylase®] 7§ 2 Q-7 £3 33
Table 12. Profile of mutant N176 acylases(Saito, 1997).
Mutant GL-7ACA(%) CPC(%) keto-CPC(%)
(pH7.5) (pH 8.7) (pHS8.7) (pH7.5)
Wild-type 100(26.8 U/mg) 100(46.3 U/mg) 100(1.55 U/mg) 100(18.8 U/mg)
L160A 60.3 64.1 137 128
L160Q 59.3 78.1 107 133
M164A 167 104 76.2 66.8
M164G 167 106 70.3 53.0
MI164L 83.8 68.9 122 97.5
M164Q 127 122 230 ND
S166A 121 114 135 135
WI168Y 114 114 156 98.6
M269F 86.0 107 143 110
M269Y 77.4 90.3 162 108
C305S 124 924 83.8 95.6
S166A/M269Y 67.5 88.9 193 122
M269Y/C305S 89.1 94.3 154 117
M269F 2} M269Y ¢] o847} 2 CPC acylase 84S penicillin acylase&} W2 o] 3z} F29} 7]50] FALS7] W

HtHTable 11). &3 N176 acylaseE hydrogen peroxxdeQ}
A1 o) £4840] 76% F= AU, ol Metlod
7F AEHE % 7] HEC 2]l Ao uHE A Metl6dE X st
Fw o] L160, S166, W168E 2z} point-mutation$t A3}
L160A, S166A, W168Y 2] ol EAo)A CPCol| th3l EAjo]
N = QA tK Table 12).

oJA Y s} olmiitE WY o CPCol gk
71 BolXolu} ZHAWAFA 0] TE FA olviAt
3l T 2o ARE FAll wAsld £ A S166A/ M269Y,
M269Y/C3058¢] wol& A7t CPCol thdt @Alo] wild-type
Y} 2+7} 193%, 154% <7V tHTable 12). o3| A M269Y/
73058 2] mutant acylaseS BZa|ol] 7 A8t 25Ce] CPCEY
125mg/50ml)o] EolUe S AETHS 7oA 120852t
FSAZ AR 0% ©149 T-ACA F&2 2T AN,

TEE
25} A42] AN 35 603] o) d7tA] 7hsdt AT Yamada

3]

B

_§_}\
_0__

ok
=X
©

= 1996).
4. 7B
7-ACA AZZ 98 7129 S4THE N ESY LS o
& AEZAHSE YAEY) fAdME FARE D-AAOY

Gl-7ACA acylase ¥ E47F 983t} 181} CPC acylase
of &% @l BANESE 7-ACAE AN F Ut 7-
ACAQ] AEFA9 AAAL TA MAE Aotk A A
'HAEE CPC acylase®] 8412 AHAstel o] §317]el+ &4
o] UF vjekslr] wEol G dFst 7le2 CPCo it 7]
Ao E /MAsle Aol "otk Ajdste] Hag CPC
acylase® 7| 3t7] AsiMl= BA glutaryl acylases] &%
AE #etels o] o3ttt ¢ glutaryl acylase:

2ol B4 FTAHIY BHRA 5&
Atk

P. diminuta N176 acylase’= chemical modification ¥ &
AHE3] B4 FR3 FFE PIAE oAt 7 Al
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