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CHAPTER 1

CHAPTER 1

General Introduction

Lipase (triacylglycerol acylhydrolase, EC 3.1.1.3) catalyzes hydrolysis of triacylglycerol into
fatty acids and glycerol. This enzyme is distributed among a number of organisms from bac-
teria to mammalians. In general, lipases possess characteristic properties most enzymes do
not. First, their natural substrates, long-chain fatty acyl esters. are usually insoluble. Second,
lipases remain st le and active in a variety of organic solvent (Zaks and Klibanov, 1984), so
that catalyze reverse reactions in the ester synthetic direction. Third, reactions catalyzed by li-
pases show high enantioselectivity around alcohol leaving group of substrate. For these rea-
sons, lipases are expected as a versatile catalyst for potential applications such as food indus-
try, detergent formulation, and medicinal chemistry. Particularly, lipases produced from
Gram-negative bacterial genus Pseudomonas possess not only the above features, but also
practical availability as follows (Jaeger et al., 1994). Pseudomonas lipase is one of the extra-
cellular enzymes, thus the purified sample can be easily prepared from culture medium (Stuer
et al., 1986, Gilbert et al., 1991, Chihara-Siomi et al., 1992, Sugihara et al., 1992, Taipa et
al., 1992). In addition, enzymatic characteristics of the lipase such as thermostability (lizumi
et al., 1990, Sugihara et al., 1992) or substrate specificity (Inagaki et al., 1989a, Ihara ef al.,
1991) vary according to its producing species of Pseudomonas. Typically, LipA (molecular
weight of 30,100), an extracellular lipase from P. aeruginosa TE3285, expresses a character-
1stic substrate specificity, and can be utilized for kinetic resolution to obtain optically active
chemicals. Namely, LipA catalyzes the stereoselective acylation of [1,1-binaphthyl]-2,2"-diol
(binaphthol) (Inagaki et al., 1989a), benzaldehyde cyanohydrin (mandelonitrile) (Inagaki et
al., 1989b), and a-aminonitrile (Nakai er al., 1992) (Fig. 1-1). Notably, the kinetic resolu-
tion of binaphthol through acylation was accomplished only by P. aeruginosa LipA, but not
by lipases frot other organisms such as P. cepacia M-12-33 (Inagaki et al., 1989a, Nishioka
et al., 1991). This result suggests that LipA possesses a substrate recognition site distinct

from that of the other lipases. Therefore, it is expected that analyses of LipA based on
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1441 GAGAAGCGGTGCCGGCCCCCCAGGT CATOCUGGU N AAGCTCGCGOCGCTGCCAACCTCCT
51 E A VvV P A P Q vV M P A K V A P L P T S F

o

GTCGACCATTTCAGCCTGTTTTGCTCGCAAAACGACGCCCCGGGCGTGCGCACCGCACAC
61 TCGGTCGCTGGGCGTTGTGCGGGGAAGATTCAAACGAGCGTTTCGCGCCGTAACAACCCG
121 CCTCTTCCGCTCTGCCACGCAGGTTATGACCGGCCGCCAGGAAGCCGCGGATTTCCTGGC
181 CTGCAGGAAAAAAGCCGAAGCTGGCACGGTTCCTGCGCAAGGGACAGCGAAGCGGTTCTC

1501 TCAGGGGCACCAGCGTCGATGGCACTTTCAGTGTCGACGCCAGCGGCAACCTGCTGATCA
71 R GG T S Vv D G & F v b A S G N L L I T

o

. 1561 CCCGCGACATCCGCAACCTGTTCGACTACTTCCTCAGCGCCCTCGGCGAAGAGCCCCTGE
7 CGG ) 5 "TGG 3 CGG e - . - -
241 CCGGRAGGATTCGGGCGATGGCTGGCAGGACGCGCCCCT GGCCCCATCAACCTGAGHTG 01 R D I RNLF DY F L S AV GEESPTL O
301 AGACAACATGAAGAAGAAGTCTCTGCTCCCCCTCGGCCTGGCCATCGGCCTCGCCTCTOT
-26 LipA IM K K K §$ L L P L G L A I G L A S 1, 1621 AGCAAAGCCTGGACCGCCTGCGCGCCTACATCGCCGCCGAACTCCAGGAGCUGGCGCGCG

111 Q s L b R L R A Y I A A E L Q E P A R G
361 CGCTGCCAGCCCTCTGATCCAGGCCAGCACCTACACCCAGACCABRATACCCCATCGTGCT

-8 A A S P L I Q PxAS T Yy T Q T K Y P I V L 1681 GCCAGGCGTTGGCGCTGATGCAGCAATACATCGACTACAAGAAGGAACTGGTGCTGCTCG

131 Q A L A L M Q O Y I D Y K K E L V L L E
421 GGCCCACGGCATGCTCGGCTTCGACAACATCCTCGGGGTCGACTACTGGTTCGGCATTCC

13 A H G M L G F DN I L G V D Y W F G I P 1741 AACGCGACCTGCCGCGCCTGGCCGACCTCGACGCCCTGCGCCAGCGGGAAGCCGCGGTGA

151 R DL P R L A D L D A L R Q R E A A V K
481 CAGCGCCTTGCGCCGTGACGGTGCCCAGGTCTACGTCACCGAAGTCAGCCAGTTGGACAC

33.s AL R R D G A Q V Y V T E V S Q0 L D T 1801 AAGCCCTGCGCGCGCGGATCTTCAGCAACGAAGCGCACGTGGCGTTCTTCGCCGACGAGS

171 AL R A R I F S N E A H V A F F A D E E
541 CTCGGAAGTCCGCGGCGAGCAGTTGCTGCAACAGGTGGAGGAAATCGTCGCCCTCAGCGG

5. 8 E V R G E ¢ L L ©Q O V E E I V A L S G 1861 AAACCTACAACCAGTTCACCCTGGAGCGCCTGGCGATCCGCCAGGATGGCAAGCTCAGCA

191 T vy N Q F T L E R L A I R Q D G K L S T
601 CCAGCCCAAGGTCAACCTGATCGGCCACAGCCACGGCGGGCCGACCATCCGCTACGTCGC

730 P K V N L I G H S H G G P T I R Y V A 1921 CCGAGGAAAAGGCCGCCGCCATCGACCGCCTGCGCGCCAGCCTGCCGGAAGACCAGCAGS

211 E E K A A A I D R L R A s L P E D Q Q E
661 CGCCGTACGTCCCGACCTGATCGCTTCCGCCACCAGCGTCGGCGCCCCGCACAAGGGTTC

93 AV R P D L I A S A T S V G A P H K G § 1981 AAAGCGTGCTGCCGCAACTGCAAAGCGAACTGCAGCAGCAGACCGCCGCCCTCCAGGCCG

231 s v L p QO L QO S E L Q Q © T A A L Q A A
721 GGACACCGCCGACTTCCTGCGCCAGATCCCACCGGGTTCGGCCGGCGAGGCAATCCTCTC

113 Db T A D F L R Q I P P G S A G E A I L S 2041 CTGGCGCCGGCCCGGAAGCCATCCGCCAGATGCGTCAGCAACTGGTGGGCGCCGAAGCCA

251 G A G P E A I R Q M R Q O L V G A E A T
781 CGGGCTGGTCAACAGCCTCGGCGCGCTGATCAGCTTCCTTTCCAGCGGCAGCACCGGTAC

133 6 L v N S L G AL I $F L S S G S T G T 2101 CCACCCGCCTGGAGCAACTCGATCGGCAACGCTCGGCCTGGAAGGGCCGGCTGGACGACT

271 T R L E ©Q L D R O R S A W K G R L D D Y
841 GCAGAATTCACTGGGCTCGCTGGAGTCGCTGAACAGCGAGGGGGCCGCGCGCTTCAACGT

13 0 N s L G S L E $ L N S E G A A R F N A 2161 ATTTCGCCGAGAAGAGCCGGATCGAAGGCAATGCCGGGCTGAGCGAAGCCGACCGCCGLG

291 F A E K § R I E G N A G L S E A D R R A
901 CAAGTACCCGCATGGCGTCCCCACCTCGGCCTGCGGCGAGGGCGCCTACAAGGTCAACGS

173 K Yy P H G V P T S A C G E G A Y K V N G 2221 CGGCGGTCGAACGCCTGGCCGAGGAGCGCTTCAGCGAACAGGAACGCTTGCGCCTGGGLG
A

311 AV E R L A E E R F S E Q E R L R L G
961 CGTGAGCTATTACTCCTGGAGCGGTTCCTCGCCGCTGACCAACTTCCTCGATCCGAGCGA

193 VvV S Y Y S W S G S S P L T N F L D P S D 2281 CGCTGGAACAGATGCGCCAGGCCGAGCAGCGCTGACCGGCACGGAAACGCCGAGAACGCG
331 L E O M R O A E O R = <
1021 CGCCTTCCTCGGCGCCTCGTCGCTGACCTTCAAGAACGGCACCGCCAACGACGGCCTGGT
23.:. A F L G A S S L T F K NG T A NUD G L Vv 2341 GCGAAGGGCGCTTCGGCGGATAACGCTACCCTCAGGGGTGCAGCCCTGGCGTGGCCGGCG
AAGGGCGGCCACCCGAAGGTGTCCGOC
1081 CGGCACCTGCAGTTCGCACCTGGGCATGGTGATCCGCGACAACTACCCGATGAACCACET 2401 AGGCGGAAACCTGTGCTGCGCGCCGCAACGAAAARGG
233 6 T ¢ s S HL GMUV I RDNUYURMNDNH L 2461 CTTTTTCGTCGCCAGCCCGGTTCAGCGGGACAGCTTGCCGTCCAGCGAGAACTTGCCGGE
T AGCAGGGTCAGGGCATATTCATAGCCGTT
1141 GGACGAGGTGAACCAGGTCTTCGGCCTCACCAGCCTGTTCGAGACCAGCCCGGTCAGCGT 2521 GCCATCGATCAGCAGCGCCACGCTGATCATC .
25 D E V N Q V F G L T S L F E T S P V S V 2581 GTCGGTGATGAAGAAGCCATTGCCGATGTGCACGCTGAAGATCGCCACGATCCGTTGACC
1201 CTACCGCCAGCACGCCAACCGCCTGAAGAACGCCAGCCTGTAGGACCCCGGCCGGGGCOT 2641 TGCAGGTCGACCCAGATC
273 Y R 9 H A N R L K N A S L —

- Fig. 1-2. Nucle: de sequence of /ipA and lipB genes from Pseudomonas
1261 CGGCCCCGGCCCTTTCCCGEAAG#CCCCTCGCGTGAAGAAAATCCTCCTGCTGATTCCAC i

1 ~ LipB iM K XK I L L L I P L aeruginosa TE3285. Putative Shine-Dalgarno sequences are boxed. Filled triangle indi-
cates the position of the release of the signal peptide. Horizontal arrows indicate palindromic
1321 TGGCGTTCGCCGCCAGCCTGGCCTGGTTCGTCTGGCTGGAACCTTCCCCCGCCCCCGAGA ) } o ) . ) o

11 A F A A S L A W F V W L E P S P A P E T sequences, which are putative termination signals. The lipB sequence reported by Chihara-
Siomi er al. (1992) has been corrected, and new sequence has been incorporated into the DDBJ/
1381 CGGCGCCCCCGGCCAGCCCGCAGGCGGGCGCAGACCGCGCCCCGCCAGCAGCCTCCGOGE ) .

31 A P P A S P Q A G A DR A P P A A S A G EMBL/databases with accession number of AB0O08452.
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1 10 20 30 40 1 10 20 30 40 50 60
TE3285 LipB —7MKKILLLIPLAFAASLAWFVWLEP————SPAPETAPPASPQAGADRAPPAASA TE3285 -STYTQTKYPIVLAHGMLGFDNILG-VDYWFGIPSALRRDGAQVYVTEVSQLDTS - - -EVRGEQL
109 LimL ——MKKILLLIPLAFAASLAWFVWLEP————SPAPETAPPASAQAGADRAPPAAST 109 -STYTQTKYPIVLAHGMLGFDNILG-VDYWFGIPSALRRDGAQVYVTEVSQLDTS - - -EVRGEQL
PAOl LipH -~ T T T T e PAO1L -STYTQTKYPIVLAHGMLGFDNILG-VDYWFGIPSALRRDGAQUVYVTEVSQLDTS- -EVRGEQL
DSM3959 LimA - -MTARGGRAPLARRAVVYGAVGLAAIAGVAMWSGAGRHGGTGASGEPPDASAAR DSM3395¢9 AAGYAATRYPIILVHGLSGTDKYAGVLEYWYGIQEDLOONGATVY VANLSGFQSDDGPNGRGEQL
KWIS56 Act - -MTSREGRAPLARRAVVYGVVGLAAIAGVAMWSGAGWHRATGASGESPEASVAG KWIS6 ADGYAATRYPIILVHGLSGTDKYAGVVEYWYGIQEDLQUNGATVYVANLSGFQSDDGANGRGEQL
M-12-33 LipX © MASRDG ===~ mm e _______ HGRRVAG - - — -~ RGSAG M-12-33  ADNYAATRYPIILVHGLTGTDKYAGVLEYWYGIQEDLQORGATVYVANLSGFQSDDGPNGRGEQL
PGl LipB MAQADRPARGGLAARPMRGASFALAGLVACAACAAVVLWLRPAAPSPAPAGAVAG PG1l ADTYAATRYPVILVHGLAGTDKFANVVDYWYGIQSDLOSHGAKVYVANLSGFQSDDGPNGRGEQL
.l * * Kk * * * * * K * ok * * R * ok R * * ok k K*
50 60 70 80 90 100 70 80 90 100 110 120
LipB GEAVPAP--——--- QVMPAKVAPL PTSFRGTSVDGSFSVDASGNLL ITRDIRNLFDYFL SAVG TE3285  LQQVEEIVALSGQPKVNLIGHSHGGPTIRYVAAVRPDLIASATSVGAPHKGSDTADFLROIP- -
LimL GEAVPAP-~--~—~— QVMPAKVAPLPTSFRGTSVDGSFSVDASGNLLITRDIRNLFDYFL SAVG 109 LQQVEETIVALSGQPKVNLIGHSHGGPTIRYVAAVRPDLMP SATSVGAPHKGSDTADFLRO TP
LipH = cmmmmmmmmmm e MPAKVAPLPTSFRGTSVDGSFSVDASGNLLITRDIRNLFDYFLSAVG PAO1 LQQVEEIVALSGQPKVNLIGHSHGG PTIRYVAAVRPDL I ASATSVGAPHKGSDTADFLEQIP - -
Lima GPAAAPP-—- -~ QAAVPASTSLPPSLAGSSAP -RLPLDAGGHLAKARAVRDFFDYCLTAQS DSM3959 LAYVKTVLAATGATKVNLVGHSQGGLSSRYVAAVAPDLVASVTTIGPADRGSEFADFVODVLAYD
Act GSVTAPP---—--- QAAVPASTGLPPSLAGSSAP-RLPLDAGGHLAKSRAVRDFFDYCLTAQS KWI56 LAYVKTVLAATGATKVNLVGHSQGGLTSRY VAAVAPDLVASVTT 1 GTPHRGUEFADFVONVLAY D
LipX GAAAAPP--~———- QAALPASTGLPSSLAGSSAP-RLPLDAGGHLAKSRAVRDFFDYCLTAQS M-12-33 LAYVKTVLAATGATKVNLVGHSQGGLTSRYVAAVAPDLVASVTT IGTPHRGUEFADFVOGVLAY D
LipB(PGl) GPAAGVPAAASGAAEAAMPLPAALPGALAGSHAP-RLPLAAGGRLARTRAVREFFDYCLTAQG PG1 LAYVKQVLAATGATKVNLIGHSQGGLTSRYVAAVAPQLVASVTT LGTPHRGSEFADEVODVI KTD
* Kk * * * * * * * * K * * * * * * * kA ok xR K * k * ok ok ok ok ok * * * * * * & * ok W
110 120 130 140 150 160 130 140 150 160 170 180
LipB EEPLQQSLDRLRAY IAAELQEP-ARGQALALMQQYIDYKKELVLLERDLPRL--A-DLDALRQ TE3285 PGSAGEAILSGLVNSLGALI SFLSSGSTGTONSLGSLESLNSEGAARFNAKYP- - - HGVP TSAC
LimL EEPLQQSLDRLRAYIAAELQEP—ARGQALALMQQYIDYKKELVLLERDLPRL‘7A—DLDALRQ 109 PGSAGEAVLSGLVNSLGALISFLSSGSAGTQONSLGSLESLNSEGAARFNAKYP- - -QGIP TSAC
LipH EEPLQQSLDRLRAYIAAELQEP—ARGQALALMQQYIDYKKELVLLERDLPRL~—A—DLDALRQ PAO1L PGSAGEAVLSGLVNSLGALISFLSSGSTGTQONSLGSLESLNSEGAARFNAKYP- - -QGIP TSAC
Lima DLSAAGLDAFVMRE IAAQLDGTVAQAEALDVWHRYRAYLDALAKLRDAGAVD--KSDLGALQL DSM3959 PTGLSSSVIAAFVNVFGILTS--SSHNT-NQDALAALQTLTTARAATYNONY PSAGLGAPGSCOT
Act DLSAAGLDAFVMREIAAQLDGTVAQAEALDVWHRYRAYLDALAKLRDAGAAD*7KCDLGALQL KWIS56 PTGLSSSVIAAFVNVFGILTS——SSHNT*NQDALAALQTLTTARAATYNQNYPSAGLGAPGSCQT
LipX DLSAAALDAFVVRQIAAQLDGTVAQAEALDVWHRYRAYLDALAKLRDAGAVD—-KSDLGALQL M-12-33 PTGLSSTVIAAFVNVFGILTS*-SSNNT—NQDALAALKTLTTAQAATYNQNYPRAGLGAPHSCQT
LipB(PG1) ELTPAALDALVRREIAAQLDGSPAQAEALGVWRRYRAYFDALAQLPGDGAVLGDKLDPAAMQL PG1 PTGLSSTVIAAFVNVFGTLVS--SSHNT DODALAALRTLTTAQTATYNRNFPSAGLGAPGOCQT
* kK * * * k * * * * * * * * % * * * * * * * * * * * w * *
170 180 190 200 210 220 130 200 210 220
LipB REAAVKALRARIFSNEAHVAFFADEETYNQFTLERLAIRQDGKLSTEEKAAATIDRLRASLPED TE3285 GEGAYKVNGVS--YYSWSGS--SP----—— - —— === - L- -TNFLDPSD AFLGASSLTERK
LimL REAAVKALRARIFSNEAHVAFFADEETYNQFTLERLAIRQDGKLSAEEKAAAIDRLRASLPED 109 GEGAYKVNGVS--YYSWSGS--SP-----—-————————~ L - - TNFLDP5SD AFLUGASOSLTEEK
LipH REAAVKALRARIFSNEAHVAFFADEETYNQFTLERLATRQDGKL SAEEKAAAIDRLRASLPED PAO1 GEGAYKVNGVS--YYSWSGS--SP-~----- -——=L--- TNFLDPOD AFLGASSLTEK
LimA ALDQRASIAYRWLGDWS—QPFFGAEQWRQRYDLARLKIAQDPALTDAQKAERLAALEQQMPAD DSM3959 GAPTETVGGNTHLLYSWAGTAIQPTLSVFGVTGATDTSTLPLVDPANVLDLSTLALEGTGTYMTN
Act ALDQRASIAYRTLGDWS*QPFFGAEQWRQRYDLARLKIAQDPTLTDAQKAERLAALEQQMPAD KWIS56 GAPTETVGGNTHLLY SWAGTAIQPTLSVFGITGATDTSTVPLVDLANVLDPSTLALEFGTGTYMIN
LipX ALDQRASIAYRTLGDWS—QPFFGAEQWRQRYDLARLKIAQDRTLTDAQKAQRLAALEQQMPAD M-12-33 GAPTETVGGNTHLLY SWAGTAIQPTISVFGVTGATDTSTI PLVNDPANALDP O PLALEFGTGTYMYN
LipB (PG1) ALDQRAALADRTLGEWA—EPFFGDEQRRQRHDLERIRIANDTTLSPEQKAARLAALDAQLTPD PG1 GAATETVGGSQHLLY SWGGTAIQPTSTVLGVTGATDTSTG - TLDVANVTDPSTLALLATGAVMIN
* * % * * * * * * * K* * * * * * * Kk K * * * * > »
230 240 250 260 270 280 230 240 250 260 270 280
LipB ~QQESVLPQLQSELQQQTAALQAAGAGPEAIRQMRQQLVGAEATTRLEQLDRQRSAWKG-——— TE3285 NGT-ANDGLVGTCSSHLGMVIRDNYRMNHLDEVNQVFGLTSLFETSPVSVYRQOHANRILKNACL
LimL *QQESVLPQLQSELQQQTAALQAAGAGPEAIRQMRQQLVGAEATTRLEQLDRQRSAWKG-A—— 109 NGT-ANDGLVGTCSSHLGMV IRDNYRMNHLDEVNQVFGLTSLFETSPVOVYROHANRI KNASL
LipH —QQESVLPQLQSELQQQTAALQAAGAGPEAIRQMRQQLVGAEATTRLEQLDRQRSAWKG———~ PAO1 NGT-ANDGLVGTCSSHLGMVIRDNYRMNHLDEVNQVFGLTSLFETSPVSVYRQHANRELENASL
LimA ERAAQQRVDRQRAAIDQIAQLQKSGATPDAMRAQLTQTLGPEAAARVAQMQQDDASWQR—f~- DSM3959 RGSGQNDGLV SKCSALYGKVLSTSYKWNHLDEINQLLGVRGAYAEDPVAV IRTHANRLKLAGY
Act ERAAQQHIDQQRAAIDQIAQLQESGATPDAMRAQLTQTLGPEAAARVAQMQQDDASWQS———— KWIS6 RGSGONDGLV SKCSALYGKVLSTSYKWNHLDE INQLLGVEGAYAEDPVAV IRTHANR LK LAGY
LipX ERAAQQRVDQQRAAIDRIAQLQKSGATPDAMRAQLTQTLGPEAAARVAQMQQDDASWQSATRT M-12-33 RGSGQNDGVVSKCSALYGQVLSTSYKWNHLDEINQLLGVRGANAEDPVAV IRTHANRLKILAGY
LipB (PGCl) ERAQQAALI'IAQQDAVTKIADLQKAGATPDQMRAQ IAQTLGPEAAARAAQMQQDDEAWQT -~ - — PG1 RASGQNDGLVSRCSSLFGQVISTSYHWNHLDE INQLLGVRGANAEDPVAV IRTHVNRLKLQGY
* * * K * * * * * * * * * * * * Kk * * Kk * * * *ok ow ok ok h ok * * * * * * K ok kA
290 300 310 320 330 340
LipB —---- RLDDYFAEKSRIEGNAGLSEADRRAAVERLAEERFSEQER—-LRLGALEQMRQAEQR nH . : N : . e > o
LimL o RLDDYFAEKSR IEGNTGLSEADRRAAVER LAEERF SEQER - - LRLGAL EQMROABQR Fig. 1-4.  Amino acid sequence alignment among lipases from Pscudomonas
LipH  ----- RLDDYFAEKSRIEGNTG-AERSRPPRGGRNAWPRSASANRNACAWARWEQMRQAEQR species, Conscrved residucs are indicated with asterisk. The numbering of amino acids is given
LimA - ———- RYADYAAQR-AQIESAGLSPQDRDAQI-AALRQRVFTKPGEAVR-AASLDRGAGSAR . X . . E— e L. .
Act - RYADYAAQR-TQIESAGLSPQDRDAQI-AALRQRVFTRPGEAVR - AASLDRGAGSAR for P. acruginosa TE3285 lipase. P. aeruginosa TE328S, (Chihara-Siomi ef al., 1992); Pscu-
ILJISE (PG1) ????Ygﬁéisiigg_gﬁii:gciiiggggﬁgikigiﬁggggﬁiééﬁ?ﬁ?iﬁggﬁéﬁégﬁ domonas sp. 109, (Ihara et al., 1991); P. aeruginosa PAO1, (Wohlfarth er al., 1992); P. cepacia
" * DSM3959, (Jgrgensen et al., 1991); Pseudomonas sp. KWI-56, (lizumi er al., 1991); P. cepacia
M-12-33, (Nakanishi et al., 1991); P. glumae PG, (Frenken ef al., 1992).
Fig. 1-3.  Amino acid se¢ ience a nment  nong Pseudomonas )ase activator
proteins. Conserved residuces are indicated v h asterisk. The numbering of amino acids is are believed to reactivate the lipase by means of a common mechanism. From analogy with

given for Poacruginosa TE3285 Hipase activator protein (LipB). P. aeruginosa TE3285, (Chihara-
£ ! p p p £

o , other lipase activator proteins (Frenken et al., 1993a, Jacger et al., 1994, Ihara et al., 1995),
Stwomi et al., 1992); Pseudomonas sp. 109, (Ihara er al., 1992); P. aeruginosa PAO1, (Wohlfarth

etal., 1992); P. cepacia DSM3959, (Jargensen et al., 1991): Pseudomonas sp. KWI-56, (lizumi et LipB would be localized in the periplasm of the Pseudomonas cell, and anchored in the inner
al.,1991): P cepacia M-12-33, (Nakanishi er al., 1991), P. glunae PG, (Frenken er al., 1993). membrane by its N-terminal hydrophobic seement. Thus, in the cell, it is considered that un-

folded LipA is permeated through the inner membrane in a signal peptide-dependent manner,
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CHAPTER 2

Overexpression, Purification, and Characterization
of LipB, Lipase Activator Protein from
Pseudomonas aeruginosa TE3285

2-1. Introduction

LipB, the lipase activator protein from Pseudomonas aeruginosa TE3285, is encoded at the
position adjacent to the gene of its substrate LipA. Therefore, LipB would be a specific fold-
ing factor for LipA. In this respect, LipB seems to be more similar to N-terminal propeptide
of several f  ‘eases such as subtilisin (Ikemura ez al., 1987) than to general molecular chaper-
ones. In the case of subtilisin, calcium ion plays an important role in the propeptide-mediated
folding.  has been consi red that calcium binding to subtilisin during folding process is
regulated by its propeptide (Gallagher et al., 1995). This calcium binding contributes to the
stability of the subtilisin structure, and so to the expression of its enzymatic activity. Bacterial
lipases also have a calcium binding site that is important for maintaining their structure ( Hble
etal., 1994, Lang et al., 1996, Schrag et al., 1997, Kim et al., 1997). Thus, it could be pre-
sumed that LipB participates in this calcium binding during the reactivation process of LipA.

However, the characteristics of LipB during reactivation have been little elucidated.

In this chapter, the recombinant full-length LipB was purified, and its function was ki-
netically analyzed in vitro. The purified LipB reactivated denatured LipA, but did not dissoci-
ate from the reactivated LipA in vitro. Furthermore, the effect of calcium ion on the LipB-
assisted reactivation was examined, and it is proposed that LipB specifically assists the bind-

ing of calcium ion to LipA.

~11 -



CHAPTER 2

2-2. Experimental Procedures

Materials. Bacterial strain Escherichia coli BL21(DE3) [F-, ompT, hsdSg(rg™mp~), gal,
dem, (DE3)] and plasmid pET-3d (Novagen Inc., Madison, WI) were used as a host and a
vector (Studier et al., 1990) for expression of [ipB, respectively. Bacterial strain E. coli
BW313 (dut, ung, thi-1, relA, spoT1/F'lysA) was used for the preparation of single strand
DNA including uracil on site-directed mutagenesis (Kunkel, 1985). Plasmid pULII is a
pUCI19 derivative carrying both lipA and lipB from Pseudomonas aeruginosa TE3285
(Chihara-Siomi er al., 1992). MI3mpl9 was provided by Takara Shuzo Co., Ltd. (Kyoto,
Japan). Synthetic oligonucleotide was a gift from Toyobo Co., Ltd. (Osaka, Japan). Restric-
tion cnzymes and DNA modifying enzymes were obtained from Toyobo Co., Ltd. and Takara
Shuzo Co., Ltd. The LipA protein purified from culture medium of P. aeruginosa TE3285
(Chihara-Siomi er al., 1992) was a special gift from Toyobo Co., Ltd. The purified lipases
from Pseudomonas sp. 109 (Thara et al., 1991) and P. cepacia M-12-33 were generous gifts
from Nagase Biochemicals Ltd. (Tokyo, Japan) and Amano Pharmaceutical Co., Ltd.
(Nagoya, Japan), respectively. e purified lipases from Candida cylindracea and porcine
pancreas were obtained from Sigma Chemical Co (! Louis, Missouri). Cellulofine GCL-

J00m was a ¢t from Chisso Co. Ltd. (Tokyo, 1pan). All other chemicals used in the pre-

sent work were ¢ the purest g1 : commercially available.

Plasmi con. -uc on. An expression plasmid of /ipB, pELBI10, was constructed as
shown in Fig. 2-1. A Kpn 1-BamH 1 fragment of pULI11 containing /ipA and /ipB was in-
serted into  3n 19. By use the given phage vector (M13D1) as a template, a new Nco |
site was introduced at the position of the initiation codon of /ipB by site-directed mutagenesis
according to the method of Kunkel (1985). The mutational primer consists of the sequence
5-GCCCCCTCCCATGGGGAAAATC “ 'CTGC-3". The plasmid pELB10 was prepared
by isolating an Nco 1-Hind UI fragment including lipB from the resulting phage vector
.- [13LB10), and inserting the fragment at the position downstream of the T7 promoter in

pET-3d.

CHAPTER 2
Kpn |
BamH |

A M13D1

Kpn1,

BamH 1}

lip B ta-direc
P M13mp19 site d|recteq
mutagenesis
BamH 1
Nco i
M G K
) ~CCTCCCATGOGGAAA-
Hind 111
Nco'l
Ncol,
Hind 111
pELB10
Nco ',
A Hind 111
pET-3d

Fig. 2-1. Construction of pELBI0, the cxpression plasmid of lipB.

Overproduction and purification of LipB. I. coli BL21(DE3) was transformed with
the expression plasmid pELB10 and was cultured at 37 "C in 1 liter of Luria-Bertani broth
(1% Bacto tryptone, 0.5% Bacto yeast extract, and 1% NaCl) containing 50 pg/ml ampicillin.
Expression of /ipB was induced by addition of 1 mM isopropyl B-D-thiogalactopyranoside
when the absorbance at 600 nm of the growing culture rcached 0.7. After a total 5-h ¢t ure,
bacterial cells were harvested by centrifugation at 7,000 x g, and cell pellets (3.5 g) were re-
suspended in 30 ml of the extraction buffer (20 mM Tris-HCI, pH 8.0, 0.2 M NaCl, 5 mM
CaCly, and 0.5 mM EDTA). The cell suspension was sonicated 20 times for 30 s at 0 "C us-
ing a Branson Sonifier 250, then centrifuged at 25,000 x g for 30 min at 4 “C, and the super-
natant was recovered as crude extract. The fraction containing LipB was precipitated from the
crude extract with 20 to 30% saturated ammonium sulfate. The precipitates were separated by
centrifugation at 25,000 x g for 30 min at 4 "C and resuspended in the buffer (20 mM Tris-
HCI, pH 8.0, 0.1 M NaCl. and 0.5 mM EDTA). The solution was dialyzed against the same
buffer. The dialyzate was mixed with one-fourth volume of 10% SDS and applied to a Cel-
lulofine GCL-1000m gel filtration column (2.6 x 90 cm) cquilibrated with the eluent (20 mM
Tris-HCI, pH 8.0, 0.1 M NaCl, 0.5 mM EDTA, and 1% SDS) at room temperature. The ac-
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