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SUMMARY

The purpose of this research are the construction of overexpression vector system
overproduction, and purification for production of optical active pharmaceuticals.

(R)- B -Acetvimercaptoisobutyric acid (RAM), one of the B -alkylcarboxylic acids,
is an important intermediate for the synthesis of various optically active compounds,
especially angiotensin converting enzyme (ACE) inhibitor such as Captopril and Alacepril
which are used for the treatment of hypertension and congestive heart faillure. Regarding
the production of RAM, the chemical hydrolysis of (R,S)-ester decreases the optical purity
of RAM resulting in poor vield, because the ester and the thioester bonding of the RAN
are hydrolyzed during the reaction.

Therefore for the production of RAM with high purity and high efficiency, we have
tried to screen microorganisms having esterase specific for the production of opticallv
active RAM only, and a strain were isolated from soil. The amount of RAM produced by
the strain were superior than those of microorganisms with 8 -alkylcarboxvlic acid and
alkvl ester-hydrolyzing enzyme. From the chemical taxonomic analysis, the temperature
tolerance, and the molecular systematic analysis, two strains were identified as
Pseudomonas aeruginosa. Pseudomonas aeruginosa was deposited in Korean Collection for
Type Cultures (KCTC) with the accession number KCTC8953P to apply for a Korean
Patent (10-1999-0047927}, and US Patent is ongoing.

To determine the confirmation of hydrolyzed product from (R,S)-ester bv the whole
cells of P. aeruginosa. the diastereomer of acetylmercaptoisobutyric acid hvdrolyzed from
(R,S)-ester was confirmed as (R)-form, which means that the enzyme in the whole cells
of P. aeruginosa catalyzes asymmetric hydrolysis of the ester bond of (R)-form of
(R,S)-ester and converted it into RAM. And the enzyme showed the maximal activity at
37T, and was fairly stable up to 80TC.

The gene encoding the enzyme producing RAM from the strain was cloned. The
nucleotide sequence (948-bp) of gene in clone from Pseudomonas aeruginosa genomic DNA
has been deposited in the GenBank, where it has been assigned the accession number
AF170828. The gene encoding esterase has 316 amino acids. The isoelectric peint and the
molecular weight were found to be pH 6.4 and 34,836 Daltons, respectively.

Amino acid sequence homologous to the estA gene product has been done using
BLAST database search. The best overall alignment was observed with the triacylglycerol
lipase and carboxyl esterases. It was observed that amino acid sequences of estA have
high homologies with esterases and lipases.

Amino acid sequences of the estA gene product has consensus sequences,
Gly-Asn-Ser-Met-Glv containing active serine residue and His-Gly. This consensus
pentapeptide sequence exits commonly in the active site of esterases, lipases, and serine



proteases. Also at the 70-100 amino acids upstream from the consensus sequences,
another consensus sequences, H-G, dipeptide, exist and this motif does the role to support
the pentapeptide consensus sequences as a hydrophobic wing. Hence it is concluded that
this enzyme to be novel esterase producing RAM and one of serine esterases in P.
aeruginosa.

The overexpression vector of estA was constructed and transferred to E. coli BLZ1,

and the recombinant E. coli was named to E. coli BL21 PES, deposited in KCTC with the
accession number KCTC8952P.
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o] /g AdHz Jou. Ex WEgA FgE=R stutedA WA FEI

s

4-acetoxyazetidinone® R x=utgA &AAQ Carumoname I A HA Ao Fea@AHA=x7E
2 Hol o] I FFEHUABAGE Al ANxEE B F g

oyt  FTEA HEZHA|EFHA FAAQY  Tetracycline, Oxytetracycline,
Doxycycline, Minocyclineo] #4tslx glem, ZAX 84 Rifampicin, o}¥lx=F 8 ZA}o| =4
FAAQ  Amikacineo] A ¥l os FAHAGD 53 YA F FgAFEQY
Doxorubicin®} &<&o] A2 A= g

BT A BRLAY AAFT S RH2E AL Tz AY, AERH FHo) X
Aostests dEAS P52 2E AXol aX3 gl HAES o2 FHGA o GE

FTA ALt B I A7 =, £ dFHolA D-hydeoxyisobutyric aicd (D-HIBA)S] A&
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g2 o B AT =% 2FE 9o (R)- B -acetylmercaptoisobutyric acid®] AJAbe] T
AT Ej o]t}

re

rr

A

{0
o,
o

2. 39 JleMetdE sy

dHo] L-(+)-B8-hydroxycarboxylic acid % 219 H=HMSL vitamins, flavour
components, antibiotics, pheromone% 9 Ao AFEAZ {FL&31A ALEH sith. 24
L-(+)- B -hydroxyisobutyric acid& Z2E2dZ% o -tocopherol, lasalocid A, calcimycin®
(R)- ¥ (S)-muscone?] AJAFZA o] _‘3—-_}34 Z 2.9 D-(-)- B -hydroxyisobutyric acid (D-HIBA)

T ZE AEA capropril®] ABAte]l FE8 AFAZ AMEHT ot 29 captopril WA

28 FHo= olFofA 3y

o
N

32 ¥ TAA R A BE FHAAN g
B

(Fig. 1). ~Hydroxycarboxylic acid®] AE%2 A4y wFo o9& w4 aliphatic

6

glycols®] 4tstell oJ& w9, carboxylic acid®] A -hydroxylatione] <& ¥ @ g
-ketocarboxylic acid®l hydrogenationol] <& AW H oz B8dd £ gt o or
Candida rugosag® AF&¥ D-(-)-B- 2 L-(+)-B-hydroxyvaleric acid® (-)-a
~hydroxymethylbutyric acid, 8 -hydroxpropionic acid®] 3AF4¥ 3} Trichosporon fermentans
o 23k (+)-a-hydroxy methylbutyric acid® A4}, Endomyces reessiid)l & B
-hydroxyisovaleric acid ¥ B -hydroxyisocaproic acid®] AAt¥E So] <talx 9o}
FHIZolE captopril A4S AT B FHAY FALE AT YANE A2e A
o] Yelvtx QlEd D-HIBAMA & Ze o Yolst (R)- B -acetylmercaptoisobutyric acid
T FUAR Ags FAHITAL 2o ves AR stm Yo d2H Qug
Mitsubishi A7 YEL racemate 812 B -acetylmercaptoisobutyric acid methyl esterE 3

F 3 esteraseE AHE-3H resolution A71E M2E FAL MY (Fig. 2). olBt ¢ 8

7141 ¥XHLSEFE mercaptoacetic acid @ methacrylic acid® ZATANA (R)-8
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-acetylmercaptoisobutyric acid2 H&3t= FLE FE TAH AXHJL (Fig. 3), A"
(R)- B -acetylmercaptoisobutyric acid© 2% ¥ captopril® A4itst= 3AE Fig. 49 JEUQ

.
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PPN

COOH COOH COOH

_ microbial
lHCl oxidation

CL\V//L\V// COOH

RY(S) ®)

l l socCl,
k\J/l\\//COOH 50 CK\V/l\V//coa

Cl 4—J

o COOH

lNaSH
o

COOH
Captopnl

COOH

Fig. 1. Alternative routes to Captopril.
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COOH COOH

mercaptoacetic acid methecrylic acid (R)-p-acetylmercaptoisobutyric acid

enzyme S\/'\
CH,COSH + —> \[r

Fig. 2. Resolution of (R,S)- B8 -acetylmercaptoisobutyric acid methyl ester to (R)-8

acetyl mercaptoisobutyric acid by esterase.
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CH, CH, H

CH,COSH
CH,=C-COOCH, — > CH3COS-CH2-C-COOCH3
(Methyl methacrylate) [(R,S)-ester]
CHy H CH, H
| cmco&cM)OH + CH3COS-CMOH3
(R)-B-acetylmercaptoisobutyric acid [(S)-ester]

Fig. 3. Production of (R)- 8 -acetylmercaptoisobutyric acid by chiral enzyme
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Methacrylic acid

PN

COOH

CH,COSH

HCI

Mercaptoacetic acid

Ac
®R)/(sFO°H

l resolution

COOH <——
(R) Ac,0
l SOCl,
Ac
(R) COClI.
L-prolme

deacylatlon \/H]/ ?
()
)

COOH

Fig. 4. Alternative

C\/k/ COOH

R/S)

|

COOH
Captopril

route via RAM to Captopril.
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g

oX

AYtEFES Ads) A% 7 A= Jle ALEFE 2HEY, IA udY
Zul ML 712 Al R 71EES ol 8T F5F AN AN} ALY UABES o8 AE
& AATRez s A4 An EFEY BT JtFEE BELE AMEstE IF
F2 AR5 = B4 E lipaseolth. Lipase: o AH 2 33E9 71488 E42XA enantiomer
FAol 7HE Bol ALREHT #7180 EAFANNE L vElE FHo] Ao 294
(S)-naproxend Candida cylindracea ##9 lipaseE AH4-3t9) 98%°ld <] Fc=2 FA3}
S, Sepracoiit®] lipase® AHEdtd AGAFAS (S)-ibuprofen®] &3} Sepracoriite

multiphase membrane %871 o)A ibuprofen ester®] (S)-Eol&Ql 73] W A

Lo}

olo
flio
ol

Els
At Lipase® w ofue}, FaEAJtFY B3 AHEBT XTASE nitrilie hydratased
o] &3 g An YEHe] B3I acylase, aminopeptidase, hydantoinase, dehalogenase%©] ¢lt}.

T3 A4 E o] &3 FsAEgAd el C-C 2 ¥HS2 oxynitrilaseE A& cyanohydrin®]
43 aldolaseE ©1 &3 BUlA aldold] £FWNES T ¢ olAFAE FAAL

BEAE o] £33 C-N Ao 2= reductive aminationd ©]-&3F ofmx2te} Az 4=
Yo} H7}E  o]&3% L-amino acid¥ A&7} 7be3v, transamination® ©] &%
L-phenylalanine®] A=, transamination® ©]-8 & chiral amines® 4 F°] Aot JEF &
A R oekE oz ojf=HE AUTA peptide= FA EAE AHEEIA AF Aol sHEE
t}. Aspatame ¥4S 9% DSM-Toyo Soda A& L-phenylalanine methyl ester$t 2.3 9
L-aspartic acid®} ©]4 2@ Eol4d AEYY W&ol Zu|Z thermolysing Al£-3le] o] F ozt
E3 trypsin £U1E o) &3] AR HA AEVOZRE A7 A&AY Ho] PEj =k
€& dodxn Uk

BEFAEZD YA Asurgo] AEEE T4 glucose, alcohol, cholesterol oxidase®
biosensor T ol= AH8-H 1At} Tanabeiite fumaric acidE fumarase® ©]-83t] hydration
3to] (S)-malic acid$®} (S)-citramalic acidg AZ3tE FAHE /MLsidth. ¥td 2 TBADHE
o] &3l #FARLS o] &7 HAXEAIQ (S)-broxatherol®) Aol 7H53iot.
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Al 24 S -9 vle NREFAA AASFE 9
L %0 1€ a4 AAse AR
Y Aad e AFRARAA ddo] S3lon, Fu AtARIYE $FA]

7} $istd A &3 AL, 1A, BEF

€ A3 AA=EE AFMES AF

kr

T AL 98 AT Ao WRHT. o

?._.

e BEBYED AZVE Aol AW,
sg4 29 A YoIHE 929 s 420 Hlstd T AT skl YE Hoksn
= ojd] @ wete] AFd 2TE T Utk

AA7A AZY E28 AT BRHLANTE 2049 Az B AFE AR
Aehol 5], (R)- 8 -acetylmercaptoisobutyric acidsl AZ e A 7e Fugoz o

FHEHEEY AETH AP 719 Az 7idEd.

2. =9 ZieNd A ARt AA

(R)- B -Acetylmercaptoisobutyric acid B4t #8 7Zl€:xd2 glod S EAE A=2L
nBE R ALl PEE HE shedtn.

S AEddrle €€ vus BY, I35 2494 AF 71 AATEY oF 90%
AE, B4 A R EEIEL AA Juo FEIH, FBAHAY 22 R AV} 2T
B SE AA7IEL F 60-T0BHFE2A, UIAES o83 JFHEHIGE FAA BT
A el #% A77F FHH FRHer AAFE AL FHEAGFEAZ TG

e & &3 Eole 47171 2 Aot
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A3 Ad7Esd g 2 Ay

A1d 2345 4 Wy

1. (R,S)- B -acetylmercaptoisobutyrate®] ¥4

Methyl (R,S)- B -acetylmercaptoisobutyrateoll ] vl A8 H8 FHio 9% (R)-B
-acetylmercaptoisobutyric  acid2¢ AMEHE W89  71E  methyl (RS)-8
-acetylmercaptoisobutyrate= #J A0 2 A|WH = o}, B dFA o)A A A FxstA A}
£t ot

Methy! (R,S)- 8 -acetylmercaptoisobutyrate®] ¥4 -2 Sakimae et al. (1)2] ¥¥-S wto)
WA 0.2% (w/v) hydroguinone®] ¥-% 1.0 mole®] methyl methacrylate (MMA, 100.12g) )
121.8g (1.6 mole)9 thioacetic acid (TA)E H7Fsted 70ColA 24750 dRAL T2 Fuks)

HA AT g AE Hol$89 methyl (RS)- B -acetylmercaptoisobutyrate®

[o]

N,

A

st 80TelA 42 E L A3ttt ZESHE thioacetic acid (boiling point: 93°C, ATM)

¢} methyl methacrylate (bp : 98-100°C, ATM)¥ evaporatorE A}-g38to] zHetslo)x =83
o AA AASRAT. 2F (RS)-ester (bp: 72-74T, 2mmHg)= ZL8tolA 285t A H
Aot =349 34 HAR (RS)-ester= gas chromatography (HP 5830)2 Al£3led $x &

st

2. AHG ulA R gF L

EFA (R)- B -acetylmercaptoisobutyric acid® #AsE #FFE Baslry] 549
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bacto beef extract 3.0 g/l, bacto peptone 50 g/l, and bacto agar 150 g/I7t &F¥ nutrient
agar (DIFCO 0001-17-0, pH 6.8)7} A& 5 it} Bacto tryptone 17.0 g/l, bacto soytone 3.0
g/1, bacto dextrose 25 g/], sodium chloride 5.0 g/, dipotassium phosphate 2.5 g/I7} &H32
tryptic soy broth (TSB, DIFCO 0370-17-3, pH 7.3)& &2 € vlAE9 gl A2-HAT
A28 HA pH pHel tid A#4dL ZAl7] 8o pH 4-7 399 005 M
Sodium citrate-NaOH buffer, pH 7-9 ¥ 19 0.05 M Tris-Cl buffer (2)%} pH 8-11 ¥H¥ 9

0.05 M Glycine-NaOH bufferg AH839

3. A 54 2 A

Methy]l mathacrylate®} thioacetic acids= Aldrich Co. (USA)l A F43ste] AMEst¥9 3, o
2 2E y|x 24EEL DIFCO laboratories (Detroit, MI, USA)$® Sigma-Aldrich (USA)o°l
A 7RG BAE 98 BE A& HPLC gradeE AME81% 1, diastereomer? ¥£4-&
9% A% Sigma-Aldrich Co. (USA)olA F4stE .

A3+ & A, DNA ligase, Exolll, Klenow polymerases < New England Bio-labs (Beverly,
MA, USA)S}t Takara (Kyoto, Japan)ellAdl FY 3831, ligation stepollE Takarafit (Japan)®

ligation kitE Al&3stst).

4 AT TF L ZTdan=
(R)- B -Acetylmercaptoisobutyric acid®] A& FFc EdM 23t ALEA, A=

3 B4 AL % 224 2d HEe AXE host strain®® E.coli DHSa &

Ecoli BL21 {(DE3), FEcoli TBlol AHgsien], ofs] il&¥® DNA HWHez=
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pBluescript®IIKS+ (Stratagene, USA), pUC119 (Stratagene, USA), pT7Blue (Novagen,
USA), pET3D (Nonagen, USA), pET22b (Novagen, USA), pMAL-p2x, pMAL-c2x5-0] A}&
HA1, Table 19 Yer AT}
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Table 1. Bacterial strains and plasmids used in this study

Strain or plasmid Relevant characteristics Source
E. coli
DH5 supE44 lacU169(80 lacZM15) hsdRI7 recAl endAl gyrA96 thi-1 Stratagene
reldl
BL21(DE3) hsdS gal(clts857 ind! Sam7 ninS lac UVS-T7 genel) Invitrogen
TB1 ara (lac proAB) rpsb{ 80 lacZAM15) hsdR NEB
Pseudomonas An isolated strain having esterase producing RAM from (R,S)-ester This work
aeruginosa 1001
Plasmids
pBluescript®KSII+ | £ cofi cloning vector, Apr Stratagene
(pKS+)
pUC119 E. coli cloning and sequencing vector, Apr Stratagene
pTBL7 pKS+ carrying a 4.5-kb  Sau3A chromosomat fragment of | This work
Pseudomonas -aeruginosa 1001, Apr
pTBL71 pKS+ with a 1.9-kb Kpnl-BamHI insert of pTBL7, Apr This work
pTBL72 pKS+ with a 2.6-kb Kpnl-Kpnl insert of pTBL7, Apr This work
pTBL73 pUCLL9 with a 2.5kb BamHl- Kpnl insert of pTBL7, Apr This work
pTBL74 pUCL19 with a 1.6kb BamHI-Nnul insert of pTBL7, Apr This work
pTBL75 pUC119 with a 0.9-kb Nrul-Kpnl insert of pTBL7, Apr This work
pTBL76 pUCHI9 with a 1.1-kb Nhel-Nrul insert of pTBL7, Apr This work
pTBL77 pUC119 with a 0.5-kb BamHI-Nkel insert of pTBL7, Apr This work
PT7Blue PCR product cloning vector, linearized, Apr Novagen
pET22b Expression vector, T7lac promoter, Apr Novagen
pT7ES pT7Blue with 1-kb PCR amplificate of Pseudomonas aeruginosa | This work
1001 estA gene, Apr
pES22B pET22b  with  1-kb  Neol(digested  partailly)-BamHI(digested | This work
completely) PCR amplificate of Pseudomonas aeruginosa 1001 estA
gene, Apr
pMAL-p2x MBP-fusion protein expression vector, P promoter, Ap; with NEB
signal peptide
pPMAL-c2x MBP-fusion protein expression vector, Puc promoter, Ap, NEB
pMAL-pes pMAL-p2x with estA gene Pseudomonas aeruginosa 1001 estA | This work
gene, Ap;
pMAL-ces pMAL-p2x with estA gene Pseudomonas aeruginosa 1001 estA | This work

gene, Apy
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AEY E.coliv 37CAA Luria-Bertani (LB) medium (2)& A}&3ta wlgsiyqo Azg
E.colid] A2el= ampicillin (0.01g/100ml)3} Isopropyl- 8 -D-thiogalactopyranoside (IPTG,
0.001M), 5-bromo-4-chloro-3-indolyl- £ -Dgalacto pyranoside (X-gal)& AH&3tath. A X9
AL spectrophotometer® 600nmolx FFE=2 ARG E§. LB A9 tributyrin
(1%, v/v)S A7}t tributyrin agar (TBA)E (R)- B -acetylmercaptoisobutyric acid B4 &4
2L FAAY FF e 8 AL

i

5. (R)- 8 -acetylmercaptoisobutyric acid A4 5 &7 53

3 Axe FAFTF &Xe EYoZHE (R)- B -acetylmercaptoisobutyric acid &
A FFE EYsigt. 49X EL AR 10g2 £F5 O0mDol #=E3S nutrient agar
plated] =% vlgsle ©@d FT2U9 FFES BEYYEY. Agar platedA AR TFE
2% AFHSAT (RS)-ester 1%(v/v)3 pH AA o2 0.1% (w/v)8] bromocresol purple
& water 02mlol FH7bsted 30ColA 4ADE<L BESAIZD. (RS)-esterg 7t E3ste
TFELS 2 AEZA carboxylic acidg AA3ted], oA o] wgAle pHE A3AI7IA =
o] o] pH AA¢e2 AEsA B o 4EF ol &3 a2 (RS)-esterd 7H-E
& FFE AP (3). 28U, gREY FFSL (RS)-ester] 9 ester bonding 2T+ of
Uz} thicester bonding® @@t o3 sl5Es AEL AAsA @t

o] Foll 4l (R)~ B -acetylmercaptoisobutyric acid A4ste #FHS £ d7] fstd 2A
oko]l A Wstz vig Add FFEE TSB AA wjAdl 30TAA 24X 3F¢ i EAUF, b
44 1mle AR TdAE 54 ?17]4] 200£9] (R,S)-ester @89 [2%(v/v)

0.5 M potassium phosphate buffer, pH 7.0]-& 718l 1A1HF< 37ColA (R,S)-esterg 7t

FEHIFEY. 2§F 71528 AHEL gas chromatography®t HPLCE #4{stod (R)-8
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-acetylmercaptoisobutyric acid A4St TF& HFH oz Edsid B AFd ArL-sah
(R)- B -Acetylmercaptoisobutyric acid 34t #F9 FAHL Korean Collection for Type
Cultures (KCTC)ell 238t o]Fo|Ht}. Cellular fatty acid ZA-S microbial identification
system (MIS) (Suzuki and Komagata 1983)e] <HZ¥E gas chromatography
(Hewlett-Packard 5890, USA)Z2 EAj3}q 1, -E-?ﬂﬂ. 39 16S rRNA gened] @714 d<
ABI-Autosequencer (Perkin-Elmer, USA) (Rainey et al. 1992; Rabus and Widdel 1995)Z

gAogtel 2% 7Y 474G dolguelaste] FEHL zaldtd 2alE 23E A

e

6. 71€2] RAM A4 FF9te] Asula

AF7A =88 €% EZudg RAM A4 TF949 vnddE A8t Pseudomonas
putida (NRRL B-955, KCTC 1644, KCTC 2401, KCTC 2408, NRRL B-28, KCTC 2349),
Pseudomonas fluorescens (ATCC 13525, ATCC 6972, KCTC 1645), Pseudomonas
aeruginosa (ATCC 7700, ATCC 19154, KCTC 1750), Pseudomonas fragi (ATCC 13221),
Pseudomonas ovalis (KCTC 1133), Acinetobacter (KCTC 2702)& American Type Culture
Collection (ATCC), Korean Collection for Type Cultures (KCTC), NRRL Culture Collection

(ARS collection in United State Department of Agriculture)ol A 78t A&t a
7. DNA Az € A9 g3 A8

Az hFFe] plasmid DNAS E2¥ Holmes$ Quigley (49 W3 plasmid
isolation kit (Qiagen Inc., USA)E ©]| &3} o]Fo]x ).
Zeav=s AFasE ZFdd DNA HHES EHE 939 08%-1.0%9 otz e~

AL ALL3led Tris-acetate (TAE) buffer (0.04M Tris-acetate, 0.00lM EDTA, pH 8.0)Wol



AN A5 E ANFAT. dFyFd2e] Eg2vi= DNAS FZAFL Sambrook et al.
Cohen et al. (2, 518 WHo2 o|FojAt AV|YEF Ysle DNA ©HE agarose gelE2F
B QIAEX II gel extraction kit (Qiagen Inc., USA)®} GenecleanIll kit (BiolQl, Inc., CA)E
AHg-ete] F8l BAHUD

RAM A4 #AAE £zl Astd £38 59 chromosomal DNAE G-NOME
isolation kit (Bio 101, La Jolla, Calif, USA)E A}£3ld #2359t} Chromosomal DNAE
AREL Squ3AZ F¥ HDe e DNA library® A8, vjdl A¥EL BamHIZ @3
3] d@3t9 Calf Intestine Alkaline Phosphatase (CIAP)A 2] & pBluescript®IIKS+ vectorel
Abqlsled, thAH DHS ol A ARSI

RAM A4 #dxg T 289 d2e HAstd tributyrin plate (19, v/v)°l
toothpicking 3t 37°Col A 24A12-5 ¢ v %3t} colony FHol 5B $o] A7 FFE &

A Auslgeh Agd g2 I TFES (RS)-esterst bromocresol purplee] &#¥ ujXx] |

N

42 wjgkste oA A2eFE, RAMY A4E& GCo HPCLE &#43te] HFHo 2 RAM A

4 5447 298 dRE FTE AL

8 A7INEEAE AT DNA ladderd] A=

RAM A4 f4Axe] 47142 A& $993l9 exonuclease 1I%+ mung bean nuclease (2)
2 A}83l9 overlapping unidirectional deletiong AAESch. 4 RAM A4 &4 IW
DNA ©3H(pTBL73)& pUC119 ®EZ o]FAl7 ©L, 3'single strand overhang® =&
Xbal® blunt end =X 5 overhangS Tt=X Sphlel F ATEAE AYEstd 100
exonuclease III buffer (2 100mM Tris-HCl (pH 8.0), 10mM HgClz)$t 1 ¢ (about 180 units)
exonuclease IS F7isted 37ColA g 10¥ 1§ FHLE 1004 Mung Bean
nuclease buffer (10 300mM NaOAc (pH 50), 500mM NaCl, 10mM ZnCl;, 50% . (v/v)

glycero)ol &7 1025 WSANF, 65CHA 58 o2 AeEES FAHAT A



mung bean nuclease (2xf , 50 units)& A7}t 37TolA 1AHEQ¢ BEA 71, P2

o

Z3t9 50pL9 Klenow buffers} 1g¢ (2 units)®] Klenow fragmentE H7}ste] 37Co A 158
b wrESgYh. 2% ligationd 38ty AT FAXEAT A AEE plasmid DNA
£ EcoRI3} Hindlll2 A@ste] agarose gel (08%)2 24 A3, o 300-bp Pz Aw
€ insert DNAE €714 2 &40 o] 45U,

9. DNA¢ ol Mg 24

ABI PRISM 377 autosequencer (Perkin-Elmer, USA)E& A}&3le pTBL732 25-kb
BamHI-Kpnl fragment®) @714 ¥& EA8Yth Sequence editing Z2adog
LAGERGENE software package (DNASTAR Inc., Madison, Wis)E A}&392, BLAST
program (31)& AF&3te] NCBI sequence database (National Center for Biotechnology
Information, National Institutes of Health, Bethesda, Md.)W¢] A 59 olnxit HHEx3l9
AL

JEAL zAEA T Multiple alignmentoll= MegAlign Program, version 4.00 (DNASTAR)
9} GeneDoc Program, version 2.3.008 A}£3}l9t}.

[
[w)
(123
r U
i3
it}

o
2
N

93 DNARHE PCRE A8stel $Z¢ F, PCR 3% U482 pT7Blue (Novagen,
USA)9] A3 E coli DH5e ol 3AAE3AY}. estA 247+ 348 pTTES vectorE
&H38te Ecoli DHSa 25E DNAE $%39 Neol2 B2R02 Husl9, BgmHICZ A
23k Neolsh BamHISZ HY¥® pET22bo 4918t esterased) H@L 935td E.coli
BL21 (DE3)e] A4 stsc).

PMAL-p2x 9 pMAL-c2x& AL 3 wdwlg o AzAe 2d HE 2 polylinkage site
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of EAsE AJEZLTAE PCRS 018380 estA F3AY 5%un e Yxlsx

& Azstd vl 22 ARELZ 298 HEH AYAA 2EEEHE =AY

11. Induction

2 @7l AH& € induction system©Z¥ IPTG 9 3& induction system¢l & ¥ g
pET3D, pET22b, pMAL-c2x, pMAL-p2x& A}-& 34 o},
Induction& AP TE OD7F <& 059 o]EW7t=] wigste IPTGE ¢ 0.3mM9 F&x

2 #rse ANsA.

RAM A& 93l =9 @59 LEX wFols 5 L jar fermentor (Bioflo III, New
Brunswick Scientific Inc., USA)& AM&3t9th (Fig. 5). Seed culturedl™ 5 g/l meat
extract, 7.5 g/l peptone, 5 g/l glucose, 15 g/l yeast extract, 1.5 g/l malt extract, 25 g/l
NaClel 49 ¥iA& AMgstd. 2EX wF 299 10% seed culture® production
medium®] ZFEZWell FF5 wlds Qo Production mediume o8 7HR] wiAzA =A
e A A4¥S AT, 20 g/l yeast extract, 5 g/l casamino acids, 10 g/ 1 ammonium sulfate,
40 g/l.glucose, 10 g/1 potassium phosphate®, WlFF Mxe] AAo] HL& Hix=AHL My
SR om, 05%9 glycined MEZ &9 BulE 98 HFssEA

2EZX 4 £ agitation speed® 500 rpm, aeration rate= 4 vvm, % 30C2 §X

st A BlFe AA A
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Harvest Vessel

A\ 4

0.25N HCI 3
Inoculation Port ———— '
—
H L

Auto Sampler

A

L]

4

Prime/Controf = .|

Water

A

A\ 4

A

Fig 5. Figure of fermetor 5L (NBS Inc, USA)
1. Flow meter; 2, 3. Peristaltic pump; 4. Sampling tube;
5. pH electrode; 6. Temperature sensor; 7. DO electrode

8. Sparge filter; 9. Exhaust filter;
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13. Fed-batch culture

- 2d pMAL-c2x vectorel] estA §AHAE A4 sty TAT T2E WP AU A3
o glycoseE F71H 02 feedingdt vt 71Et9] fermentor SAZAL A7) AL9 7
o}

14. PCR

estA DNA ©#e EAE $¢ PCRE Tag DNA polymerase-premix kit
(AccuPowerTM PCR Premix, BIONEER, Korea)& A}£3}9 Perkin-Elmer | Cetus thermal
cycler (GeneAmp PCR system 2400, Perkin-Elmer Cetus, USA)Z oj§&oj#}. pET 22bE
o] &% wPFWEe AXE Y89, N-terminal primers Ncol siteE IYUIEE
9'-GCCATGGGATTCCTCCTCGGTCTGGT-3'&  At838l¥en, C-terminal primer:
His-tag 7] (6Xhistidine)®} BamHI site® IY3}EE 5 -CGGATCCTGATGGT-
GATGGTATGGTGGCGACCGGCCACCTGGG-3'2 A A8t AL&35t ).

PMAL ¥E 29| estA FAXY 49U 18t AAE primers Fig. 23914 A28 o)
rig= )

Z} primerE 100 pmol, template DNAY 5 pmol& A& 95ColA 30x7F
denaturation, 52 ClA 1#3t annealing, 72ColA 1¥7+ -extension—% 353 d¥iE3lod DNAY
EAE +Y3A (Fig 6).
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72 °C
7:00

72°C
1:00

35 cycles

95°C

1:

30
5 cycles

95 °C

0:30

95°C
5:00

Fig 6. Temperature profile of PCR.
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15. (R,S)-ester9) resolutiond] 93§ RAMS A=

RAM A4 @5 & TSB WA olA 37CAA 24 AHE 200 rpmo 2 mukat A uj kst
¥, AXE 10000 mrme2 1087 QY] Bstd o 15g (wet weight)s] ALE 10
mle] 10% (w/w) (R,S)-ester’t ¥#¥ 50 mM potassium phosphate buffer (pH 7.0)¢] A
Az (RS)-esterd] 7FFE3 w82 37ColA 1245 $303F AXE AR A

X
b

 F ZASAUNY TS (R,S)-estere ethyl acetate® %3190 W E o] pHE 3

O}

=
.

g Foe 2008 A% I A ethyl acetate® 2%38t9] RAMS A3 7+ Qt3}el A

5t RAM At

tlo

A =

olX
S
oy
)
o

48PS aaged o8 Y48 RAMS %€ A8t ol HY. AWML LS 1%9)
(R,S)-ester’} &¥ 0.05 M potassium phosphate buffer (pH 7.0) 20049+ ik} 1ml o) A
B2 AE 37CAA 1AL esty 2A 8¢

349 RAMT 713 429 4 ethyl acetateZ &34 HPCLE EAs49d. &
2B BANIT B9 B wjFode) ofs) 4A4® RAMS Fo= FelHur).

AX A3} T pelletdl] o T4 FHL g gL oz Pd.

84L& EawEo o8 A4E RAMY %02 2Hagxn T 37CoA 29 §99]
Zade AMEStd DAYl ImMe RAME AAsE F4Foz Aoyt =3
specific activity= Img E4F 28402 Y. dwde Ao gzEaz

Sigma ¢} Bovine Serum Albumin (BSA)& AH8-3te] Bio-Rad Ao 2 ZA st
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HHY Egd2njer FAAHED A2 BETLS ampicilling FHFE LB wiAo] 24713
T wFst 4ToA 1023 12000 Xg2 dAEstd AxE 8% F, 1/5 2949 A7}
§ sonication buffer (50mM Na-phosphate buffer pH 7.8, 300mM NaCl, Qiagen, USA)E A
At AX FHYS S22 YGAINEA 2334712 AZE A48 F, 4TAA
1083 12000 xg2 WALANS, B4 2L A% 424 pellerd AT

24 O wgeE 29 20048l ARG 71421 10g/1Y (R,S)-8
-acetylmercaptoisobutyrate (in 0.05M citrate-phosphate buffer, pH 5.0) 200x& 3 7}sto
37TolA 1AH5<¢ w33t AAdE RAMS %€ HPLCE £33l o]Fojxd.

17. (R)- B -Acetylmercaptoisobutyric acide} #4

Bkl ujol Mxe] AAL UV-visible spectrophotometer (Pharmacia LKB-Biochrom
4060)8 AH8-3te 600nmelA EFFER AU

RAM< CHIREX(R) NGL & DNB column, 250%X4.6 mm (Phenomenex Co., USA)E A}
43t HPLCZ #4319t &viZ% 20mM$ ammonium acetate’} &F8 dW&EEE 10
ml/ming] £ 8 EAFY o, detector2E 245nm¢] UV absorbance® Z A5t}

Carboxylic acid53 &2 2 99 7[4E8482 SUPELCOWAX-10 capillary column,
30 mx0.53 mm, 0.5 m film (Supelco Co., USA)Z} flame ionization detector (FID)E A}-£-3%H
gas chromatography (HEWLLET PACKARD 5890)& %41 39t Columne =& %719
100CA A 1833 adz FXA7Z) Fd 200CE2 20C/ming £%& Z7IA AT} Injectorsd
detectord] 25+ ZZ 170T 9 180CH LM, carrier gas2F 20 m*/min F49 AANAE
A}-8-3t % 3, n-butanol$ internal standard2 AH&-3F% o

(R,S)-ester?] 7}5E 8429 diastereomer® GCE4 ZAL column 257} 215Colx

awe) GC EHzAL 471 e} 2o
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A E 9 optical rotationS polarimeter (POLARTRONIC, Schmidt + Haensch, Int. Co.
USA)E AHE3le SAstd.

18. SDS-PAGE

gl AV|YFIIEZE BioradAt®]  Mini-PROTEAN IIE AMg3do  10%
polyacrylamide gel (Tris-glycine buffer system) ()2 T¥idel @d Huig ZASA A
€ Coomassie blue (2)2.2 FA3N3, molecular size markerZ+ GIBCO BRL (LIFE
TECHNOLOGIES Inc., Gaithersburg, USA)¢] high marker$} Novageniit¢] Perfect markerZ
ALg-3H T},

19. B -Acetylmercaptoisobutyric acid®] F&&4d &4

Az F3T °ﬂ ol3] 4At=El B -acetylmercaptoisobutyric acid®l F&AA AL FA1E
7] 938t diastereomer& A X8l GCE B4 5%}

BA  1lmle)  (RS)-ester ZAFEN THE Fo L9E AAY g, 001%9
dimethylforamide®} 10% thionyl chloride7} %% n-hexane 1ml 3713t AP 3 wutslo
3083 LA WAl ¥, 50C AAaddA fuig FEAY 2F 0.3ml®] d-2-octanol

£ H7}steg et g, heating blocke 2 60TolA 30&7F AT, olo] 50Ce A4

ol A &ulE ZF2 A7), 0.5mle] methylene chloride (7)& Yo} GCE JFBAAZ EA g
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Al 22 I 234 4 1

1. DNA cloning of Pseudomonas aeruginosa
7t. RAM A4 #F9 A

EYo2HE 24099702 #FE nutrient agar plateE AHE3st EEdAdd. 1F 23719
TF7F 7124 (R,S)-ester®t pH indicator?] bromocresol purple©] &g HFSHeo] A&
Fedod =gdos WHNAD R o FFFo| (RS)-esterd ester Aol
thicester 28& 7teEal € & A& THl Y=< Aridn. HFH o2 GC% HPLCE A
43t RAMY FATE FAstd RAM AdsE 7M% $L£ IF2 & TFE Adsld
[S1001¢]2tr B3t Fig. 79 1S1001 45 g3 A4¥ RAM 2 (R,S)-ester, ethyl
acetate 59 GC ¥4 ZIAE YEUAT

a -Alkylcarboxylic acid and alkyl ester-hydrolyzing enzyme& 7}% strain® (8, 93 A
grel IS 100132] RAM A4 %< Table 29 vlzalgot. IS 1001 straine (R,S)-ester= %€
% 014% (w/v)9l RAMS A4F w4, dixzFe2 A8d  Pseudomonas putida,
Pseudomonas aeuruginosa, Pseudomonas fluorescens, Acinetobactor= ©obF AL %49
RAME A3 RAY, =t A AdsA Zadd. 9 E Fdd ELE ol&8d «
-alkylcarboxylic acid alkyl ester®] asymmetric hydrolysis<= Patel et al.(10)o] 2]3te] B
21, a-alkylcarboxylic acid alkyl ester$l (R,S)-ester®] asymmetric hydrolysisol thsld+=

Sakimae et al. (11)o] 98 ®w aH At
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750
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> 1

1586

Fig. 7. GC chromatogram of RAM.

Peak 1 : ethtyl acetate; Peak 3 : (R,S)-ester ; Peak 10 : RAM

Capillary column, injector temp.170°C; detector temp. 180C:
Oven temp. 100C — 180T, FID



Table 2. Comparison of RAM production ability of various strains

Strain RAM (%)
IS1001 (this work) _ 0.14
Pseudomonas putida (NRRL B-955) 0.0035
Pseudomonas fragi (ATCC 13221) 0.0211
Pseudomonas fluorescens (ATCC 13525) 0.0173
Pseudomonas putida (KCTC 1644) 0.0268
Pseudomonas putida (KCTC 2401) 0.0097
Pseudomonas putida (KCTC 2408) 0.0048

b

Pseudomonas aeruginosa (ATCC 7700) -

Pseudomonas putida (NRRL B-28) -

Pseudomonas fluorescens (ATCC 6972) -

Pseudomonas aeruginosa (ATCC 19154) -

Pseudomonas ovalis (KCTC 1133) -

Pseudomonas fluorescens (KCTC 1645) -

Pseudomonas aeruginosa (KCTC 1750) -

Pseudomonas putida (KCTC 2349) -

Acinetobacter (KCTC 2702) -

* RAM (%) : RAM-production (%, w/v) in the reaction mixture.

>~ : no RAM production
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. 279 53

HZe RAM A4 FF2 Ayd IS 1001& E (rod form)e2 2P SAHFo|UTh
Table 391A 2t 22 A&ty EAQR 44 ol&% 5& =AM A3}, Pseudomonas sp.&
TAHE 2RE AU, #F AEH 2N (53] quinoned AWato] Fg AxZ FLIHS
43t 38 A AleEFEded 96, IS 1001 #F3E Ay JE 02 ybiquinone-97F &
5o

Aok E=3, Eojd o2 3-hydroxy Cieo® capric acid®}t Cizo® lauric acid?} &3t o).

AAE, AL 2= Ciga9 oleic acid® Ciso2] palmitic acid7} F8 AR o2 &3}

471% "otet 2ol IS 1001 #FE A¥HA Pseudomonas sp® 573 Rolw, MISE
AHte] ZF T E T AEYS A 29 dlolEHo]lae WRFgFo vmetd B o
53| Pseudomonas aeruginosa®t 9% 61%2 AE5A4S B =3, Pseudomonas spEolA
Pseudomonas aeruginosa®}t ©& £E5719 FRO F23% Qxz L= 41T 4Ce &
To A&z (Table 4o <3t IS 1001 ¥F = Pseudomonas aeruginosa®t A-S3710)

dA et Pseudomonas% 9] ©t& #FEI FTEEE Pseudomonas aeruginosa® 53 5 At
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Table 3. Biochemical test for the identification of 1S1001

Test IS 1001 Psedumonas aeruginosa
Oxidase test + +
Gelatine liquefaction + +
Starch hydrolysis - -
Lipase(tween 80) + +

Arginine dihydrolase

Usage of

D-Ribose

Manitol

D-Xylose

L-Arabinose

L-Rhamnose

Glucose

Sucrose

Butyrate

Isobutyrate

Polypylene glycol

Maltose

Starch

Inulin

Lactate

Glycerol
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Table 4. Growth of IS1001 and several Pseudomonas sp. strains at 4°C and 41°C

Growth
Strain

‘ 4C 41T
IS 1001 - TR
Pseudomonas aeruginosa - tt
Pseudomonas fluorescence biovar 1 +4+ -
Pseudomonas fluorescence biovar 11 +++ -
Pseudomonas fluorescence biovar 11 . +++ -
Pseudomonas chlororaphis ) 4 -
Pseudomonas aereofaciens 4+ -
Pseudomonas putida biovar A +++ -
Pseudomonas putida biovar B e+ -




IS 1001 €59 22 ATEFE st IS 10019) 16S rDNA E4S gt IS 1001
¢ 165 rDNA2  1491709] ®& 47|18 F (Fig. 8) 7FXx Q& Aol &esglth BLAST
searchE §3t4 IS 10019 16S rDNAY H7|1MEL 2S5 71 #F2 2A1e 23 (the
request ID : 942041086-12306-22307), Psedumonas aeruginosa 212 16S rDNA (the
accession number : AJ249451 , AF031152, Z76651, GenBank)$t A9 100% LA == Ro=
FALE A

IS 1001 &5 2] 16S rDNAS] A AE Table 591 Ve wkel 20| Proteobacteriasl y
~subclass& 7 Pseudomonas clusterst BEA4S Role Aog ZAHQT AZA Z A}l
A" RE FFE7 81.1%A 99.9%9 4354E€ BU, 53] Pseudomonas clusterd)
TFETE 036%004 99.9%9) AEHES Bt |

IS 1001 &2 16S rDNAS] E71Mide da#4 A2 phylogenic tree2 YEo] B
W (Fig. 9), Pseudomonas aeruginosa®t §A3e & 4= 9t}

371t 22 ZAAzRE Heg [S1001 F

ol

< Pseudomonas aeruginosa® ER Y1,
Pseudomonas aeruginosa 10012 4 %43sta] A3ttt E52 92 95t Korean Collection
for Type Cultures (KCTC)oll KCTC8953P% 7)€ 3}4it}.

Table 29 Yerd kel o), Pseudomonas aeruginosa 1001= 0.14 (w/v)%2] RAM AJAH
°] 7bedt 2y, Pseudomonas aeruginosa 10019} Z& £o] &3t= A #320l ATCC 7700,
ATCC 19154, KCTC 17302 £%wol RAMAEAEY vzAdYe sgoy, 47 qFzs
=5 RAMS 44€ o)A st

Pseudonomas aeruginosa 1001& 3% (R,S)-ester A4 #32 &7 Pseudomonas
putida$}t Pseudomonas flourescence (3, 9, 12)Bt} 7123 S2o] 2243 Aoz ZA}E o]

°F27bkA] RAM A4 T3 2 RuHA] gL N2 279 Ao Azdrh
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attgaacgcect
tggattcage
gtccggaaac
cctcacgecta
aggegacgat
ccagactcct
gecatgecge
ggcagtaagt
cgtgccagea
agcgegegta
catccaaaac
aaatgcgtag
cactgaggteg
aaacgatgtc
gtecgaccgece
cacaagcecggt
acatgctgag
catggetgtc
cttgtcctta
ggaggaaggt
ctacaatggt
atcgtagtcc
tgaatcagaa
tgggagtess
tgattcatga

Fig. 8. 16S

ggcgecagge
gecggacggg
gggegetaat
tcagatgage
ccgtaactgg
acgggaggea
gtgtgtgaag
taataccttg
geegeggtaa
getggticag
tactgagcta
atataggaag
cgaaagecgtg
gactagccgt
tggggagtac
ggagcatgtg
aactttccag

gtcagetegt

gttaccagca

geggatgacg
cggtacaaag
ggatcgcagt
tgtcacggteg
ttgctccaga
ctggggtgaa

ctaacacatg
tgagtaatge
accgcatacg
ctaggtcgga
tctgagagga
gcagtgeggga
aaggtcttcg
ctgttttgac
tacgaagggt
caagtiggat
gagtacggta
gaacaccagt
geggagcaaac
tgggatcctt
ggccgecaagg
gtttaattcg
agatggattg
gtcgtgagat
cctcggeteg
tcaagtcatc
ggttgecaag
ctgcaactcg
aatacgttcc
agtagctagt

gtcgtaacaa

caagtcgagc
ctaggaatct
tcctgaggga
ttagctagtt
tgatcagtca
atattggaca
gattgtaaag
gttaccaaca
gcaagcgtta
gtgaaatcce
gagggtggty
ggcgaaggeg
aggattagat
gagatcttag
ttaaaactca
aagcaacgcg
gtgecttcgg
gttgeggttaa
gcactctaag
atggccctta
ccgegaggtg
actgcgtgaa
cgggeetigt
ctaaccgcaa

ggtageegta

rDNA nucleotide sequence
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ggatgaaggg
gectggtagt
gaaagtgggg
ggtggegtaa
cactggaact
atgggcgaaa
cactttaagt
gaataagcac
atcggaatta
cgggctcaac
gaatttcctg
accacctgga
accctggtag
tggegeaget
aatgaattga
aagaacctta
gaactcagac
gtcccgtaac
gagactgcecg
cggccaggge
gagctaatcc
gtcggaatcg
acacaccgcce
gggggacggt
ggggaacctg

agettgetec
gegggataac
gatcttcgga
aggectacca
gagacacggt
gectgatcca
tgggaggaag
cggctaactt
ctgggegtaa
ctgggaactg
tgtageggty
ctgatactga
tccacgeegt
aacgcgataa
cggegggececeg
cctggeecttg
acaggtgctg
gagcgecaacc
gtgacaaacc
tacacacgtg
cataaaaccg
ctagtaatcg
cgtcacacca
taccacggag

[¢]

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1491



Table 5 Levels of 16S rRNA similarity for IS1001 strain, some Pseudomonas species

and representative of the 7 -subclass of the Proteobacteria

% similarity in
i 234 ts e 7|8l oTwfulwel3e]i5])iw]17] 18

1. Strain IS1001

.9
2. Pseudomonas aeruginosa %

3. Pseudomonas mendocina

97.7 }97.7 |97,
4. Pseudomonas alcaligenes z

7 7
5. Pseudomonas fragi 97.0 197.0/97.0197.5

A 97.0 [96.995.2)96.6]95.7
6. Pseudomonas resinosorans

N 97.3 197.2(97.4197.7|99.7195.9
7. Pseudomonas stutzeri

7
8. Pseudoponas balearica 95.9 |95.9/95.4195.7{97.3(96.2]97.6

. . 96.8 196.895.3196.6(96.0{95.6(96.3]95.4
8. Pseudomonas citroneliolis

10. Pseudogonas putida 95.3 |95.2|97.6)96.5(96.7|94.1[97.0[95.2]95.0

7 194.6 96,095, . . . . . .
11. Pseudoonas chlororaphis 94. 4.6 (96,0]95.0095.394.695.5(95.8(94.1[97.2

12, Pseudosonas viridiflava 93.9 193.8195.5/94.4195.0{93.3(95.2[94.7]94.2[97.0]97.4 -

. . . 5 . . A A 497,
13. Pseudoponas fluo 94.3 194.2195.4/94.8(94.8193.6(94.9[94.6]93.7]96.7]97.4 5

. . 87.9 |87.9(88.387.787.8{86.9/88.0|87.5[87.0/88.0(88.6]87.9 88.4
14. Acinetobacter calcoaceticus

. . 88.9 188.9(89.2(88.289.0(87.7|89.0(89.688.4(89.3/89.3(893.0 83.4187.6
15. Oceanospirillua limum

L . 85.4 | 854 186.085.4186.1(84.9(85.9[86.2|857]86.2(86.2]86.6 86.9185.985.9
16. Escherichia coli

17. Chromatiun tepicua 85.0 185.0|84.4(84.0|84.784.184.5[85.5[84.6|84.4]850851 8650835 83.6183.7

A . 86.9 |86.9(86.886.7|87.1]85.9(86.9[87.5]|86.4]67.388.0(87.2 87.8185.9)87.4/83.985.0
18. Legionella pneuzcphila

. 82.6 |82.6(82.0)862.3)82.7(82.0]/82.3(83.4(83.4(81.9/82.7|82.4]82.5 80.6 181.482.0]82.4] 81.1
19. Comamonas terrigena
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181001
Pxeudomonas aeruginosa

F

Psewdomonas fragi

Pseudomonas stutzeri

Pseudomonas pscudoalcaligenes

Psexdomonas oleovorans
Psewdomanas mendocina
Psewdomanas straminae
» Pscudomonas flavescens

Preudomonas syringae

Pseudomonas amygdali

Pyeudomonas chlororaphiz

Pyeudomonas ficuserectae
Preudomonas cichorii
Pseudomonas viridiflava
Psendomonas tolaasii

Pseudomonas fluorescens

Psewdononas marginalis
Psewdomonas aurcufaciens
Pseudomonas asplenii
Pseudomoras putida

Pseudomonas agarici

Oceanosp linum
I elongata

Legionella

F¥ibrio cholerae

Escherichia coli

[ jum sepidiun

C terrigena

0.01

Fig. 9. Phylogenetic tree showing the positions of strain IS 1001, some Pseudomonas
species and representatives of the 7 -subclass of the Proteobacteria. The
dendrogram is based on 16S rRNA gene sequences and was derived from
pairwise evolutionary distances by the least-squares method. Scale bar

represents 0.01 substitution per nucleotide position.
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t}. Pseudomonas areuginosa 10019 enzyme?] Ee]3 st EA4

(R,S)-esterg 7132 ALE-3t Pseudomonas areuginvsa 1001 enzymeo] ©vlX& pHE
g gl diste] ZAMSEAT.  Fig. 109] YEtd uie} o], g4+ pH 9044 HAd &4
k. &9 pHol iy XY ZA$E 005 M Sodium citrate-NaOH buffer, Tris-Cl
buffer, Glycine-NaOH buffer2 ZA® pH 5-1098] ZZAdA o 97%9] IE 34 Aol %
ArElo], @zt HH9 pH AL 2 84¢ fAse 2oz SUAHAT

X0 3 FaL Fig. 119 JERA ul} o] 20TNAM 60CS Hlol AN A3

whole celltl®] &A= 37CoA H3Z AL Hole Ao Z RAHJYG. F4e &% 3
WAL 30CoA 80T 2% ®HYoA 1AEG AALEE FAANN & AE g4 S

ZA sk o) F oy At Pseudomonas areuginosa 10018 EAE 70Tl A8 L£EAAME X

—

Ody
ot
-

o, ZAo] FAIHE Aoz FAHAG 70CY F=olA o 5% TAFAHo] FAIHJL
o, 30CAME 28%E FE A28l FAHAD

E A4E 50T ol4te] X9 &7 WA pH FANME & 848 /A E 7o
2 #d=H3U.

Ozaki et al. (13)0] BE11% (RS)-esterg 7IE 85l esterased] <A A ¥ winsly
B A Pseudomonas aeruginosa 10012] & A9} 70CelA vB]=3 dAAALLE B a3,
g2 pH AN E49 47 LS =AM 23 £ AT P aeruginosa 1001 2
2% pH 5-109] ¥4l <¢HAsRE, pH 9o Ao ZA84E BJdd &)
Pseudomonas putida (Ozaki et al. 1994b)= pH 6-88 9lollA <tA sz, 3 pH 7o) 7¢

Ro 2 ZAE Y Pseudomonas putida®l esterase®.th pHel] g tAAo] 2 AHOE Alg

rit
=

719 e AFRE £ B u|, Pseudomonas aeruginosa 1001 W2} (R,S)-ester 7}

23 4% 7123, 13, 14)9) B39 esteraseB Tt 25 ¢ pH A RANA L% RO

in

+
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35 120
30 [ 100
25
| 80
20 1
[ 60
15
| 40 ©
10 =
<
(o)
a
51 20 g
=
(B) 5
O T T T T T 0
0 2 4 6 8 10 12

Fig. 10. Effect of pH on the enzyme activity and stability in the whole cell ; For the
optimal conditions of enzyme, the whole cell was assayed at various pH values
[(MES), B; (Tris-Cl), @]. For the stability test, the whole cell was assayed

after incubation of the reaction mixture at various pH values (O) for 1 hr.
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35 120
30 | 100
25 | |
80
20 |
" 60
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z 40
s 10
=
> . [ 20
g 5
a
= (A)
0 T T T T ] T T 0

10 20 30 40 50 60 70 80 90

Temperature( 0C)

Fig. 11. Effect of temperature on the enzyme activity and stability in the whole cell ;
For the optimal conditions of enzyme, the whole cell was assayed at various
temperatures (@). For the stability test, the whole cell was assayed after

incubation of the reaction mixture at various temperature (O) for 1 hr.
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2}, Pseudomonas areuginosa 10012} &4 93t (R,S)-esterd] 7}5E3] ALE ol

B33} (RS)-esterd £d%

Pseudomonas areuginosa 10019 whole celld] 9% (R,S)-ester?] 7l238) ALE9 38t
54< GCE ol &3t BEAHAY. Pseudomonas aeruginosa 10019] &EAE (R,S)-ester?)
(R)-form®] ester A%< asymmetric hydrolysisE Zvlstx RAMo 2 HA3A 7} (Fig. 3).

BFE=EZ 9 RAMI SAMY diasteromers 28.1 min® 239 ming retention time®. & GC

i

g Abg3te 2 =AU Pseudomonas aeruginosa 100191 984 715289 (RS)-esters)
AFEQl  acetylmercaptoisobutyric aicd-"/] diastereomerte 22 GC £4] ZAA 280ming
retention timeoi A @& o], (R)-form? acetylmercaptoisobutyric aicd®] RO ﬂolE]‘,{iD}
(Fig. 12). o]} ZA=E, Pseudomonas aeruginosa 10019 whole celllle] FiA =
(R,S)-ester?] (R)-formT& vt Ho2 7t¢isistel RAMOZ AEAZSITE Aol w3
At

(R,S)-estere] 7tr28) &9 FFEHE £AE Z3}, Pseudomonas aeruginosa 1001

84T (RS)-esterd] (R)-forme ¥ Aoz 7t5-E 8052, thicester 2ol e 2HE354A] @

rie

Aoz AU 49 vlAEo 2§ ¢ -alkylcarboxylic acid alkyl ester] viti 7}

&= Iriuchijimas} Keiyu (9)oleld] BuERq e, o -alkylcarboxylic acid alkyl ester¢l

4
=i

(R,S)-ester®] ¥ 7}¢E3)o F3)A= Akihiro 5 (12)o] & B35 dch.
Pseudomonas aeruginosa 1001¢1 <& A ¥ RAMS| optical rotation®] ®XZ23e=
Table 69 YeEMAJATE. Pseudomonas aeruginosa 10019 213) A48 RAMS] optical rotation
- 444R3, AxE viA] IFEY FFoE H& ZAAg HAUY. =9 ICN Biomedicals,
Inc.2FE TYsd RAMY optical rotatione -56.00.2 ZAHPL, EHd 2ud

Pseudomonas putidaZ %€ AJ2t" RAM-E -575 (1, 13)¢F - 581 (14)gt}.
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(R,S)-ester2%E RAMOoE AMEAZ ZTA

of ®& 49  methyl (S)-8

=
-acetylmercaptoisobutyrate (S-ester)”} Fig, 3¢ Y eldinle} o] F Ao AAE o] 4437

FAEA & RAMUY (S)-ester?] ester ZEo] RAM®| optical purityS Z
Z Alg ",

AAFlE Ao
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( A) Diastereomeﬂ

of broth

Y
-
~
Ead

Diastereomer
of SAM

. Diastereomer
of RAM

e

1
- 3
«
o

22.5
18.86°

Fig. 12 Gas chromatogram showing the hydrolyzed products of (R,S)-ester.
(A) : diastereomer of RAM produced by Pseudomonas aeruginosa
1001, (B) : Diastereomers of the authentic standards of SAM and

RAM.
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Table 6 . Optical ratation of RAM produced by Pseudomonas aeruginosa 1001

RAM Color . Optical rotation®
RAM (produced by Pseudomonas
. Colorless -44.4
aeruginosa 1001)
RAM (authentic) Colorless -56
RAM (literature) ' V Colorless -575

[ @ 1®p(C=2, CHCls)
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vk (R,S)-ester2 58 RAMS AlAL

Pseudomonas aeruginosa 1001 ] ¥AI 23 14A)3koll A 16417 A}o)d] Hdeo FA484
< Eolt 222 Fig. 1391 ZAEUt) FermentorS AF3}o] 204 2+ HFE vgas A4
ot F8E cellle FABAHS ZASQT wjF A=} lZ*]le'—‘-?—ﬂ] 05% glycineg A7}
SAL, 2 23 XU aa8Hol FAHYOY, 04 FREE MM FAsFT u)
TA ImERE FEE MEY FLBAYL oF 540 U s 2AH YT

a¥ FAHTe AS 9¥Ee T e 244 =l cytoplasmic membrane®} outer
membrane2. & TFAE A xgte %" S 8ok AELR Rusl sbssith stuys Azas
&3] cytoplasmell Al A Eeje] iR A o]EdE T stepo BAEolx, & shute

GEP (general export pathway) 2 8% inner membrane®} outer membrane] ¥ stepl. &

O3S 4T Pseudomonas aeruginosa’= WA <) general secretory pathway (GSP)&
ZHAttz »ag bl 9t (15, 16, 17, 18, 19, 20, 21).
Ty, ol ATl M Pseudomonas aeruginosa 1001) &3 WA= (R,S)-esterd] 7}

Ted B4 M Zae AR Eugx gL Aoz WA a2 wx o glycine

o

A7ME A9, AE2 549 7 A8 dojdr} ojAL AT Ao Yl E40)
AW 25 =9 glycineo 2 Q% A5EYe =tz 2o i) HHHE Aoz Alzdy
(22, 23, 24, 25, 26).

olAL (RS)-ester2¥H RAMOZ BENHS A olajgd T2 BulFate] Bat F

rd

Z9] ®io|t}
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Fig. 13. Enzyme activity and growth curve of Pseudomonas aeruginosa 1001
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v}, Pseudomonas aeruginosa 10019 estA SAAe 224

Pseudomonas aeruginosa 10019 genomic DNAE GENOME-ISOLATION KIT (Biol0l
fit, USA)E o|&3tdqd £t £8d genomic DNAS #A|§& A Sau3Ao 2 HBEAHTE)
i, BamHIS 2 A9 ¥ pBluescript®IIKS+ vectorel] 4] 3slath.

A€ plasmide Ecoli DH5e°ol #RAA@sI, o 10600719 HAARAE X-gal
(5-bromo-4-chloro-3-~indolyl- 8 -D-galactopyranoside)® ampicilline} X3d LB A2 A&
) AAT. 2 FollAM estA HAAT FFE FAAIAEZ Adsr] sl (RS)-estersd
trybutyrinel ¥5-€ plates] FFak] It FARBAY w29 BHL GCS HPLC
€ AHEsted RAM A RS ZA3t ojFoixn

F2PABAFT (RS)-esterZFE RAME AAse 4L Ad 5328 ILE=FE estA
FAAE FF3tE Ee2v|= pTBL7 (F 45-kb)E Tfdte FAAGAI}
14). pTBL79] 45-kb9} gene FolA] estAdl AXNE ZAIS}H7] Y8l MBE=
pTBL71, pTBL72, pTBL73, pTBL74, pTBL75, pTBL76, and pTBL77 (Fig. 15)& «{th. zt
ZHAT| =9 RAM AN 848 2AE] std 24 Seav=g §58 A2 gy Te
gste] TAE TEF F 2292 AXE 3, dARsEY 2 FEde 54a8HE =
4 z=Ae T (Fig. 15).

MBERYY AH}, estA FHAE pTBL76 (% 1.1-kb)9l Nhrel-Nrul®] 9]¢ 9xst:
Aoz AL |
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degradading activity

Fig 14. Clone showing trybutyrin-

Clone harvoring pTBL7 plasmid.
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Plasmid ) RAM-producing

Activity Size
K B H N R K B1
pTBL? el ' L — + 4.5-kb
K B1
K B H N R K
pTBL72 b1 _I L + 2.6-kb
B H N R K
pTBL73  bE—=Ll— == + 2.5-kb
B H N R
pTBL74 e | + 1.6-kb
R K
pTBL75 = - 0.9-kb
H N R
pTBL76 =l + 1.1-kb
B H
pTBL77 = - 0.5-kb

Fig 15. Restriction map of pTBL7 and the localization of estA gene
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Ab. DNA ©3 8] ©hadg AA

estA Ao @7 ’*1%%‘3% Asted Z29 HE S pBluescript®KSI+ol A pUC1192
vliro] 44idtdct. Deletion kit (Takara jit, Japan)& AH&3td, ¢F 25-kbe] pTBL73& ¢}
NEos A (08%)E ALEE Ar1GEOR o 300 bptAOE 97)e] DNA w3 (Fig. 16)2
2t GrIALEN o ALg3gTh |

o}, pTBL73 Zat~vlce] @7NG BA

F7IMEEAMZ T pTBL73S 2455-bpe) E7IMER ol FoiAS¢] HAHUTE DNASIS
program {(MacDNASIS Pro V35, Hitachi Software Engineering Co.,, LTD.)3 Editseq
program (DNASTAR program package)S AH£3tS] open reading frame (ORF)& ZAMg+ Z
3, 3709 3k ORFS} 1709 d98 ORFE X3 4719 F8% ORF7F Xt Ro=
gasHAY (Fig. 17).

2% ORF1<S 108709 olnjxiiujd= BA=F 11865 Dag 7HA9, Rhodobacter
capsulatus 2 2] precorrin-3 methylase®t 52%, Pseudomonas denitrificans &2
precorrin—4 Cll-methvtransferase®}t 52%, Rhodococcus erythropolia S
S-adenosylmethicnine-dependent methylase®} 52%2 4 &4 & 7Ix= Aoz #EAHUTH

ORF2& 315709l ofu]:=4ty} 34,836 Dadl £A#HE 7];1]"4, NCBI blast searchZ £3lH
AEHE FAE ZAH, Psychrobacter immobilis -+ triacylglecerol lipase precursor$t
38%, Pseudomonas putida 9] dihydrolipoamide acetyltransferase®} 29%, Acetobacter
pasteurianus 3 esterase29} 28%9] 4EAE Rolv ALE HAHAG.

ORF39| 7A$-¥&, dwake] ORFolH, &#dstA] &< ORFolth. o] ORF& 315709 ofmlx

Ab3} 34,882 Dad] &3S 7R3, Drosophila melanogaster #12l CG15896 gene product



o} 22%, Caenorhabditis elegans 2] hypothetical protein FOIE113} 27%2 A&5A4& 7t
ot 713 &3 E4-dT ORF4E 63749 otv)ieit, 6,431 Dadl €A%& 743 it

estA®) Tet2au=ule) $1XE pTBL769) 1.1-kb Nhel-Nrul DNA @#d] 9xlsle Ao
2 RAMY EAZ A=A (Fig. 15). estA HH A< ORF29 MAZESQ ATGY 42-b
A%l Nhel site7t Axdtx, £ZIEQ TGA2 46-bp Fo Nrul site?} EA5E= 7
gRl=ol, o] 23+ ORF29] 454 EAZAYE X3

ORF2E AZtzEQ ATGH FZTEQ MBAAY TGAS /X2 o, F714AF of
et M EE Fig. 189 WEFUUTH estA f A& DNASTAR program (Madison, Wis.)&
AFEsted 948709) |71 B 316709 olP|:AMAE e AoZ ZAEHJT EF estA
FAAE A+TRAo] 3259%, C+G Ao 67.41%% ?}Xlﬂi, isoelectric point7}'.6.4°]5\’i‘1}.
ORF2¢8] £A4%-& SDS-PAGE (Fig. 19)e] <18} Uehd uks} zho] 35-kD9) £$joA] vebd
@lEd MeEo] FANgx XA
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Fig. 16. DNA ladder for the nucleotides sequencing of pTBL73
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Fig. 17. ORFs located in pTBL73 insert.
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Fig 18. Nucleotide sequences and amino acid sequences of estA

of Pseudomonas aeruginosa 1001
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1 2 3 4 M Control

200,000
97,000
68,000
43,000
Esterase |.
35,000 —»
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Fig. 19. SDS-PAGE (10%) analysis of the estA gene product expressed by E. coli
BL21 transformants, stained with Coomassie brilliant blue. Lane 1, sonicated
pellet of E. coli PES having pES22B vector of 4 h after induction of IPTG
(Studier and Moffatt, 1986) as a inducer ; lane 2, sonicated pellet of E. coli
PES having pES22B vector of 3 h after induction; lane 3, sonicated pellet of
E. coli PES having pES22B vector of 2 h after induction; lane 4, sonicated
pellet of E. coli PES having pES22B vector of 1 h after induction; lane M,
molecular size markers (Myosin, 200-kDa ; Phosphorylase B, 97.4-kDa ;
Bovine serum albumin, 68-kDa ; Ovalbumin, 43-kDa ; Carbonic anhydrase,
29-kDa); lane Control, sonicated pellet of E. coli BL21 having only pET.
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estAd] o=t widF e FF FY9 esterases) lipased] obulxAlu|RL HwEY
th. NCBI (National Center for Biotechnology Information)?] BLAST (Basic Local
Alignment Search Tool) database search® ©]4-38 o] oju]xat e AEAL 2A e A3
Moraxella sp3 Psychrobacter immobilis g2 tn'acylgl&cerol lipases, Acinetobacter

calcoaceticus 29 carboxyl esterases®t fFrAlAdol & Aoz =AY Q)

s
o
<
&
3
5
Q
[
~
o
N,
3
Q
[ %]
Q
=
—
8
>
[1]e]
(¢}
5
[¢)
e
3
o,
™
O
74
L
'~
offt
o
o
30
rir
PAus
|o
hu
N
.
i,
fol
Px

o obvlxiF Azl AAEE Fig. 2091 Uehhieh  obulnat Ndziel Hue 334

(o]

tlo

271 Sl AGAteldl weFez AL ST Fig. 200 vEd we

o

Psychrobacter immobilis #2}¢] triacylglycerol lipase$} 39%<¢] S ofu]:=Ak3} 5999 G4}
ofEl:At MEE AE Ro2 FAEAY. Moraxella sp. &9 tryacylglyc‘erol lipase} &=
36%9 =Y oluxAl Mg, Psychrobacter immobilis f+#¢ W& triacylglycerol lipase$t
37%2 T4 olrxAt IS JIxE Aoz ZAEAUL.

3, Acinetobacter calcoaceticus §+ 39} carboxyl esterase®} 17%¢] £ ojulx2F Y
= 7HA, 4718 AZHREE Bdste] B U, estAd] 9lA AE L esterasedt lipasest =& A
4E 7 22 AEUY,

357dvx Z3F(Fig. 2005 concensus sequencex ZH&Mo S0 WASPT, Mol
AEFE 4540 22 dugth. 2% consensus sequence® H-GO G-X-S-X-GE= =
YAxot YT Frele 2L serine lipased} esterasecl A TEHOZ ER st AR 9]
F7NIMER] A2 ZAH O], Pseudomonas aeruginosa 1001 &#e RAM AIA &A
serine esterase®] ¥4F Q1 Aoz FAHAUTH

estA9] olv]:x Al A& NNPREDICT T2 (34)& A3l o|xp722 B35 A3l

o-AYx FE7} 4113%, A-HAETFEI} 633%S AT 9t RoE ZAHT o] WL
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o 2] neural MEHN A9 Z§o 7|23 Ad ¥ signal peptide/non-signal peptide®] &
o &J3) o] FojXn}.

P. fluorescence®t P. putida &<l esteraseo] Wid e B3t led wWsid P
aeruginosa S+ esterased] Tt RuHE v A9 itk B AT AR E A (estA
AE)E 84 serine 7S JHAE A4 groupd =L FAMI S 7HA = esterased) lipase©l)
&3t Aoz zAEUG opuixdr AMEY EMZAH} 4 serine FVIE MAE
Gly-Asn-Ser-Met-Gly (Fig. 20)2] consensus sequenceE 7H2|= ASE A EHJon, of
consensus sequences o 2] serine?) esterase, lipase, protease] ¥EHo 2 EAsE F71A
del Aog gemgdnt 27). 2y, AAAY o=t MEe AFAEE R AL olnh
389 Evl¥A Z -2 serine hydrolase® 459 Tz @3l Baw ul (28 29)9
o] Ser, His# Asp/Glue.2 FAHE Aoz &8A Sk

Table 71 UEldutel zro), oz esteraseP} lipase: consensus sequenceZA] H-G$
G-X1-S-Xo-G (X : any amino acid) & 7}X|H, o] vlgAtele] AL BE 65-70704 o}
A AL Fa gt o9k e AL B A7) ALL-" P. aeruginosa 1001 19 estA
f Ao AHE 9] consensus sequencest YXFA UTh.

Triacylglycerol™ cholesterol ester®] 7F&Ealel Awalke] zAd 29 F45& Fvlstd
o A hemeostasis®] #o} &= human hormone-sensitive lipase (HSL)& 7F< &< QA 3xt
2 (phosphorylation)ol| &3] ZZHdgEe 4L 73 triacylglycerol lipase® %A consensus
sequence= A pentapeptide$l Zw) serine 3715 7HA e G-X1-S-X.-G& 7FA1 it

o] G-X1-S-Xo-G&} 70-100 o}m =2} @Zo) E ThE consensus sequence$] H-G7F $14]
331 93, o] H-G9 71%e G-Xi-S-Xo-Go 49 454 winge2A Bxdes 98S
gt} o]9t B serine AVIE 7HAE E42ZF UAE, animal, human F#¢l acetylcholine
esterases, thioesterases, lipases, serine protease (27)%°1 %t °]9Ee ¢7] AE s

A#HRZHRE P ageruginosa 1001 Hde] RAM RBA &4E FA serine A7[E 7HH

rr

esterase?l Ao 2 QUL
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°] consensus sequenceX  P. putida®t Pseudomonas CF600 (30) <S¢
2-hydroxy-6-oxo-6-phenylhexa-2,4-dienoic acid (HPDA) hydrolase (31), tropinesterase,
2-hydroxymuconic semialdehyde (HMC) hydrolase (32)9] 4 &A=t}

o] 9k AL E RAM A4 esterase: serine esteraseol™ 13794 A Q9 serine”|7t &
2849 FAolge Ao THEAHAT (33).

estA Tt 3709 H7IME= FA% shine-dalgarno (SD) o] Alx zE9
methionine®} 6 71X B HZE] EAF (34). Pseudomonas (35)9) SD WL AGGAGAO)
o GGAGG?l E. coli (36) SD #Wjd3 B2H AEHS 71 Ut} P. aeruginosa 1001
esterase®] SD ¥l¥ 2 Ozaki et al. (14)7F B33 SD vl¥ (AGGAGA)%® ©& d71Hqd¢ 7}
AL P, LAY 99 serine® ZFEdHE FrIA LA TCC ZE(28)S 7M1 o],
HFE9 esterase’t 84 serine?] ZEE TCG ZE(14)L 7HAE AFH 2 PSS Ho)
At

T3 P. aeruginosal 2] consensus pentapeptidedl G-X;-S-X»2-G9 9714 9< MedLine

3} PubMedol A AAMstg o}, olo] &3 BuE A Z34rt o9k e Ayz B o T

M AlLE 84 F P aeruginosa &9 2L RAM XA #3019, serine esterased] Y=
Q Ao g ot
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* 20 * 40 * 3

orf.pro : ~--KRFLLGLVLLLAVAAGVLYE VPATELAS ---—-BQRTVERGLAGLSEHS DNLE : 51
c-estl.pro : W-----—---NSALQFSESPY?EFMHETRKRXLENGLE| VGGNPDHPTI LGA : 50
c-est2.pro : MSFLGTDHRMNSALQFSSSPYTRFMHETKPKLSNGLE| VGGNPDHPTI LGA : 59
t-lipl.pro : ~LLKRLGLAALFSLSMVGCTT~-APNTMAVNT PORHIQYBRSKSDLEVK:! 8GD : 55
t-lip2.pro : -LLEKRLCFAALP SLEMVGCTN~-APN. VNTTQKIIQYERNKSDLEIK! 8GD : S§
t-1ip3.pro ~LLRRLCFAALF 5LEMVGCTN~-APN. \VNTTO! QYERNRSDLEIKS] 8GD : 55

M 6 é . 66

[ * * 100 * 1
orf.pro T - EG-~~GSEXKNPT LLIM AGADKONWLREARBLTERY! Al PG-JGDSSKP : 105
c~estl.pro : # PDFECKSLIDQGEYSIR ~ADNRDIGLS SKYIRH-~-RGK! TL 3 LGLGN : 106
c-est2.pro : PDFFCRSLIDQGEYEMR-ADNRDIGLSSKIRH--KGK TL s LGLGN : 115
t-lipl.pro : K N---DNVTGED ! KDNFTRIADKL-EGYHHII P G- SSKP : 109
t-1lip2.pro : K N-~=-GNVAGEPL. IFGGNKDNFTRIARQL~EGY! IPALG-JGRSBKP : 109
t-1ip3.pro : K EN--~GNVAGEPL. GIGGNRDNFTRIARQL-EGY] IPDISLG-JGESSKP : 109

6 5 3 6 L F

20 * 140
orf.pro : DORSHDVGTQAE F, : 16D
c-estl.pro : LYDMAED{YSLLLE! : 164

c~ast2.pro 1 Q ITLYDMAEDHSLLLE!
t-lipl.pro : MT RADAQAT ELM:

173
: 165

t-lip2.pro : MS REEAQRT ELL : 165
t-lip3.pro : MS RSEAQRT ELL 1 165
AY 3 A 6

180 * 200 * 220 >
orf.pro b AGVMPARKSELF EDLERGENILVVRQPEDF -Q Vi KRYLGERA : 218
c-egtl.pro : QPLLPPPPPROL-~F SLIGKIZKS SDEDGI INHS) EIIGS| SAIQTARK : 221
c-egt2.pro : QPLLPPPFPRQL~-~F5LIG] SSDEDGIINHSHK IIGS] EAIQTARK : 230
t~lipi.pro : AGEWSAGVPKSLEGATLEI ILLINSKEDF-Y] IPKS) \VFAQER : 223
t-1ip2.pro : MSAGFWSAGIPRSLEGATLE LIRSNEDF-YK! K LPRSQRAVFAQER : 223
t~1ip3.pro : KSAGEWSAGIPKSLEGATLENN[SLLIKSNEDF-YK| YK LPKS] \VFAQER : 223

1 B 6 F B 1

240

orf.pro : SAFNAQ- : 274
c~estl,.pro : QRSYHPAGE EOR : 280
c-est2.pro : QRSYHPAGE A VIE RS : 289
t-lipl.pro : KALDTE- 3 W DO : 280
t-1ip2.pro : [KNKELDAK-| WGDR : 280
t-1lip3.pro : KELDAK- : 280

6 PTLEG

*

QAF LDGVRNAQVAGR- : 315
IPQLSYLFAHHF--RS : 312
1PQLSYLFAHHF--RS : 321

orf.pro

c~estl.pro :
c-est2.pro :
t~lipl.pro :
t-lip2.pro :
t-lip3.pro :

INRAE~———- RSILEAQR : 317
----- RSILEAQR : 317

Fig. 20. Multiple alignment of the deduced amino acid sequence of the estA (ORF2) gene
product (this study) with sequences of the homologs from Acinetobacter
calcoaceticus (c-estl, GenBank accession no. CAA61351; c-est2, GenBank accession
no. S57530), Moraxella sp. (t-lipl, GenBank accession no. P24640), and
Psychrobacter immobilis (t-lip2, GenBank accession no. Q02104 ; t-/ip3, GenBank
accession no. S28225). c-est and t-lip are carboxyl esterase and triacylglycerol
lipase, respectively. Boxes indicate the consensus sequences for the catalytic triad.
The position has been skipped as indicated with dots that are unique for individual
enzymes in order to obtain a comprehensive alignment picture of the consensus
sequence.
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Table 7. Consensus dipeptide and pentapeptide in esterases and lipases from

various sources. CHG sequence not determined)

Strain and enzyme Consensus pentapeptide
Moraxella TA144 lipase 2(46) HG---70a.a' ---G-D-S-A-G
E.coli lipase-like enzyme(46) . : HG---70a.a.--- G-D-S-A-G
Streptomyces hygroscopicus N-acetyl hydrolse(46) HG---66a.a.--- G-D-S-A-G
Streptomyces viridochromogenes N-acetyl hydrolase(46) | HG---66a.a.--- G-D-S-A-G
Bacillus acidocaldarius hypothetical protein(46) HG---70a.a.--- G-D-S-A-G
Human hormone-sensitive lipase(46) HG---70a.a.--- G-D-S-A-G
Cholesterol esterase(47) HG---75a.a.--- G-E-S-A-G
Acetylcholine esterase(47) '|HG---75a.a.--- G-E-S-A-G
Acinetobacter hwoffii esterase(48) HG---66a.a.--- G-D-S-C-G
P.fragi lipase(49) HG---64a.a.--- G-H-S-Q-G
SzF'orcine pancreatic lipase(49) G-H-S-L-G
SRat lingual lipase(49) , G-H-$-Q-G
9Staphylococcus hyicus lipase(49) G-H-S-M-G
Pseudomonas aeruginosa 1001 esterase* HG---65a.a.--- G-N-S-M-G
*This work.

'aa. = amino acids.
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. oA estAo] EE

Eﬂf‘o’ﬁﬂl*‘] estA] 2AE 95t PCRE T8 estAE FEZ35th PCR 3%

< op7tEe X A HrIFFLr 435t FEE DNAY AV|E &AsAT (oF 1-kb). M

=

A2l esterased] FHLHEE AT LA HE Az AHEE procedured Fig. 21°] HeEI AT

pET22b HE2HY AZY $d M S Fig 220 JeIAT pET22b: IPTGOl %
induction systeme< 7FAX Yo, estA AR A4 pET22b HAHE E pES22BE 9
HalH 1, Ecoli BL21 (DE3)ol| &

Induction¥, control®t} ¥& RAM 44 ¥4& 7hx: pES22B L@WEE SDS-PAGE
A 23, oF 35kDe] d¥d W=yl SojH oz oo Wy go] TAHO], estAY KA
A} 2o Balek (Fig. 193 5930 &A=

Az dAT BL21 (pES22B)Y induction Aol HE 4o §284we] BEHUASY,
IPTG induction 4A]%o] 7HF & 484 (4275 U/mDE B X3 P ageruginosa
1001 wi%, AZEE 83 F 22ugg712 AEE g8t QAT A2AL 355
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Pseudomonas sp. 1S1

_/- BiuescriptlIK§+

w Digested with BamHI

estA/pKS+
Subcioning,
Change the vector,

estA/pUC119

Subcloning,
nidrectional deletipn

estA/pUC119

Sequencing nucleotides

PCR

—>

.- |
PCR product

Partially digested
with Ncol

) estA/pET22b

Transformation

E. coli BL21

Fig. 21. Schemes of cloning for the overexpression of esterase in E.coli
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f1 origin 6XHis

Ncol (773)
Neol (1181)
T7 promo

Fig. 22. Expression vector harvoring estA gene of Pseudomonas aeruginosa 1001
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7}. His-tag residue

Esterased) o)% 283 HA& 44 371 Astel PCRE A4t} His-tag (6%

histidine) 71 & estA FA X9 3 Do) HX =& MHASA AT (Fig. 23, a). 4

¢

719l fFAAE 2@ ¥WE<U pET22bel A Ustd Ecoli BL2IY FAAEsI IPTG
induction® % A7, esterased] ITYPO] dojytout, hinstidine-binding resin® NTI
resin (Qiagen Inc., USA)o| 93} esterase® A A7t o]Fx1x] &t wtebA, His-tag”l
 estA AL 5 v AXSEE oA UA (Fig. 23. b)ste] LI} HAS 72
ZAeth. 28y, His-tag J71 8 52 W] AAGEE AAE TS A4, esterase
o} o] A Holx gkt

A, 2l F&3 ZAA7E &old & EE HEY Argo] a7HU
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(a)

Neol
N-primer 5° -GECATGaGATTCCTgC TCGGTCTGGT-3"

Esterase sequence
BamHl1 His-taq .

C-primers”’ -cTGA[@GGTGATGGTGATGGTEGCGACC GCCACCTGGG -3

Esterase sequence

Neol
b) |
Ncol  Start codon His-taq
N-primer 5° -GCCATCACCATCACCATIAAACGAITCCT-
CCTCGGTCTGGTT-3" Esterase sequence

BamHI Stop codon

C-primer :5° -C GATC CGACCGGCCACCTGGGCGTTCCGTAC-3

Esterase sequence

Fig. 23. Primer sets containing His-tag residue.
(a) His-tag : 3'-terminal

(b) His-tag : 5'-terminal

_81-



€}, MBP-esterase fusion protein

(1) MBP-fusion protein

Fusion protein expressiono]@& o|F<9] @A & Mg AFPsA st SA)o) 237
=

s Jlgolth o WHE 2 olfE WFRL $FZ o9 st wuA (14w

d
o

overexpression & wj, i Z vFEA9 wgd dwA 2 AQ inclusion body
(FAAE LA Hste Gz S AL 5 Q7] Yol

224y, fusion protein expression 7]&& Al&& A S
fusionA] 715 @A ] solubilityoll SaiA 849 4L AY FeYgz 2AHE u|go
0. E e FHOoE &= fusionA e ©WA 9 affinity $9 AL oLl Wy &
AAE &olatA & & ddE= Holn

I % maltose-binding protein (MBP) fusion® ¥& % maltose-binding resin
(amylose resin)& o]&ste] HA7t &olsttt. ©] expression system (pMAL vector)
maltose-binding proteing Z-¢-9Q3tE malE FAX} I 4ZEo 23¥€3 ‘tac’ promoters
ZFAE vk =37 tac promoter Hell signal peptide’t 91X & 4 919, signal peptide®

5ol @etA] Z+2}b cytoplasmic expression® periplasmic expressiong X8 4= ¢l

et A, His-tag7lol 28l overexpression® A A7} oJ&]l$ esterase?] WAL 93t

MBP-fusion expression vectorZ ©]-£38}%th.
(2) EsteraseE overexpressiondti= pMAL vector® A=

Signal peptideZ} U= vector& pMAL-p2x, $1& vector® pMAL-c2x°l™, signal

peptide ©]12]9] sequencew F L@ HEA FAsth (Fig. 24). ©] vector® polylinker
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siteel] 443871 At estA FAAY 5 kol EcoRI site$}t 3' 2@l Hindlll siteE 7}
A =& PCR primerg& AHASt insert& A=A

Fig. 25°] WErd vle} o] 7§ polylinker sited] estA FARAE AYsto
pMAL-c2x9t pMAL-p2x e 48 We (Fig. 2608 Ao



Cleavage site

l estA

Signal sequence

(a)
Cleavage site
Ptac malE ‘ estA
(b) —

Fig. 24. Design for the overexpression system of MBP-estA fusion gene
(a) pMAL-p2x harvoring estA gene

(b) pMAL-c2x harvoring estA gene



estA gene

pMAL-c2, -p2 vector polylinker site

i ]
! )
t ]
[ t
1 \
! ]
! 3
i |
1 {
! 1
' 1
1 |
! i
] ]
' |
1 1
' i
! 1
1 1
L

malE.. . ATC GAG GGA AGG ATT TCA GAA T'l’jf GGA TCC TCT AGA GTC GAC CTG CAG G(iA AGC TiG... dacZa

fte glu gly ar Ecor1 Hinditl

Factor Xn cleavage site

Fig. 25. Strategy for ligation of truncated esterase PCR product into
pMAL-c2x and pMAL-p2x vectors for protein expression. The 5~
and 3~ ends of coding strand of the esterase PCR product are
illustrated, showing amino terminal sequence (DEA-) through the
termination codon (**x). The product is blunt ligated into the Stul
site of the vector polylinker region. At the 3~ end of the coding
sequence, the product is ligated into the EcoRI site of the
pMAL-c2x and -p2x polylinker region. Factor Xa protease cleaves
the expressed fusion protein immediately following the codon for
Arg of the tetrapeptide sequence le-Glu-Gly-Arg(IEGR).
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PMAL-c2x/estA

“EcoRl

< estA
“Hindin
lacZa

Fig. 26. Construction of expression vector coding maltose-binding

protein esterase fusion protein.
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(3) pMAL vectortl 9] estA9] Z&

Fig. 2600 estA +AA7l &8 vector® FRAET A=Y dAF TBIS HiE T
ODE ¢ 05 7R w¢ 3 & IPTG induction® AAI&Ht. Induction ¥ 2417t o uj
Fd4E 50 w3} 50 ﬂﬂq sample buffer& E@34 582 boilingdt ¥t 10%9
- SDS-PAGES Al&-3te #4389 IPTG inductiond] 25t @¥Fo] overexpresssion]
gl At

Ui

w5

Fig.27¢] lane 13 2= pMAL-p2xE AF83t9 inductiond Z o]t} Lane 1&
induction 2] Al8°]1, lane 2% induction ¥ 2A17+e) A)®o)r}. o] F laned] ©W A
band® ®I& AP induction ¥2) ARIN S8 FTHY vA P=E YAY 5
2%tk Lane 33 4= pMAL-c3x8 A3 H, 49 IPTG induction¥ 2 A1 &A1 induction
o2 A% dwA thick =& §UE + YA, 2 A7l%E maltose-binding protein©]
ok 42,698 Da°) 1L, esterase’} & 34,836 Dal 2, MBP-esterase fusion proteing < 77,000
Dag kel #A72 4= lane 49 ¢ 77000204 Ag dwid W=} g o}
pMAL-c2xoll 4d% estA FAA7T AFH o2 PTG induction® 2 HLHEHUS L &
stk =g, pMAL vector? signal peptideo 2%t periplasmic expressiono] ¥ojuiz]
23, 238 signal peptideo] &8 estAd] 2do] AHFL FAsPoh

w2t A, pMAL vectér%— ALE-3 esterase®] W& Z@o signal peptide’t f1= c type
9] vectorg AHE3ATH

IPTG induction¥® A7t @& FHAAEE Fig. 28] el o). Induction$ Al =2
HAD Mg A28 SDS-PAGE A719% Zde, Aol mat 2AEN Frietae
%} induction ¥ 4A1tolFd e 2AFEY F77t ALY gl RALR ZAHJC EF
Fig. 27914 € o3 99z werl et 2y gz A} 37E ¢ ¢ (A,
Fig. 282] SDS-PAGEd} A &= overexpression® MBP-esterase fusion protein® A &3 =

717F 2 et 9lek (eF 77,000 Da).
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Fig. 27.

200,000 Da —»| &

97,000 -

68,000 —> <4— 68,000

43,000 —> 4— 43,000

29,000 >

<— 29,000

M 1 2 3 4 M

SDS-PAGE of the estA gene product expressed by E. coli
TB1 transformants, subjected to SDS-PAGE on a 10% gel, and
stained with Coomassie brilliant blue. Lane M, molecular size
markers (Myosin, 200~kDa ; Phosphorylase B, 974-kDa ;
Bovine serum albumin, 68-kDa ; Ovalbumin, 43-kDa ; Carbonic
anhydrase, 29-kDa); lane 1, crude extract of E. coli harboring
PMAL-p2x vector before IPTG induction ; lane 2, crude extract
of E. coli harboring pMAL-p2x vector at 2 h after IPTG
induction; lane 3, crude extract of E. coli harboring pMAL-c2x
vector before IPTG induction ; lane 4, crude extract of E coli
harboring pMAL-c2x vector at 2 h after IPTG induction.
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200,000 Da

97,000 BP-esterase
68,000 —P

43,000 —P

29,000  —P

M1 2 3 45 6 7

Fig. 28. SDS-PAGE of the estA gene product expressed by E. coli
TB1 transformants, subjected to SDS-PAGE on a 10% gel,
and stained with Coomassie brilliant blue. Lane M, molecular
size markers (Myosin, 200-kDa ; Phosphorylase B, 97.4-kDa
; Bovine serum albumin, 68-kDa ; Ovalbumin, 43-kDa ;
Carbonic anhydrase, 29-kDa); lane 1, crude extract of E. coli
harboring pMAL-c2x vector before IPTG induction ; lane 2,
crude extract of E. coli harboring pMAL-c2x vector at 0 h
after IPTG induction; lane 3, crude extract of E. coli
harboring pMAL-c2x vector at 1 h after IPTG induction;
lane 4, crude extract of E. coli harboring pMAL-c2x vector
at 2 h after IPTG induction; lane 5, crude extract of E. coli
harboring pMAL-c2x vector at 3 h after IPTG induction;
lane 6, crude extract of E. coli harboring pMAL-c2x vector
at 4 h after IPTG induction; lane 7, crude extract of E. coli
harboring pMAL-c2x vector at 5 h after IPTG induction.
The arrow indicates MBP-esterase.
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(4) A FEatdfjeie] A2l pellete] MBP-esterase fusion protein

Induction ¥ 4A| ¥ AXE &3, 235 A7 E ALt AXEE Thy, AR
% 4397 pellet& SDS-PAGEE AH83te] @A H®& ZASAT (Fig. 29). Lane 32
AEs, 28T 4E5d9e 993 sigo|i, lane 4% pelletie] @A si©do|t} Lane 2
ol 4} overexpression © fusion protéin®] M X oHsjF FE Aol oF 40%, pelletol °F 60%E A 3}
Aot =3 amylose resinoll9] AF X AS A pelletolA] BF o] Fo}x amylose affinityol
g% 549 EYRAN 7@ AeE ADHUH.

T ZE 9¥F Alg9 SDS-PAGE B4eAM FFHoE Yot 9 40000 Dad} @9z
'%HEE lane 791 MBP (¥ 42,698 Da)gl oz #8250, MBP-esterase fusion proteins
positive control2 A}8-€ lane 82 MBP2-paramyosin 4Sal (MW. 70,216 Da)el 70,000 Da¥%
Aol Xt A ¥ @, 2 7|7} 75,000 Dat Hl&E AR FAHJY
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150,000 Da
100,000

75,000

-

—>

—>
50,000 —p
35000 —p
-

25,000

M1 2 3 4 5 6 728 M

Fig. 29. SDS-PAGE of the estA gene product expressed by E. coli TBI1
transformants, subjected to SDS-PAGE on a 10% gel, and
stained with Coomassie brilliant blue. Lane M, molecular size
markers; lane 1, crude extract of E. coli harboring pMAL-c2x
vector before IPTG induction ; lane 2, crude extract of E coli
harboring pMAL-c2x vector at 2 h after IPTG induction: lane 3,
supernatant after sonication; lane 4, pellet after sonication; lane
O, the amylose resin-binded protein of lane 3; lane 6,, the
amylose resin-binded protein of lane 4; lane 7,maltose binding
protein (M.W.: 42,698 Datons); lane 8, MBP2-paramyosin Sal
(fusion protein used as a positive control, M.W.: 70,216 Daltons).
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(5) MBP-esterase fusion proteing] %

MBP-esterase fusion protein® ¥3 HA=.Fig. 309148 2] amylose resin® <
affinity & ©| &3l olFolAh. UA estA FAAZL AU pMAL-c2x7t FAAGE A=xd
d4T TB1E 1%, IPTG inductiondtd] MEZE &3 AEE i, ALIL F 2 4
Zol8g agmylose resin®Z ¥ column®l 7}8te amylose resin®]l MBP-esterase fusion
proteing Z¥AA T E Axadds 2. 25 10mM2 maltose?t ¥ column
%E8H8 A8l MBP-esterase fusion proteing £Z38% ¢t} Fusion protein® MBP}
esterase Alolo] &Rt Ao Hd Eoly oz L3I E proteased factor Xags #H7lslo
MBP$%} esterase® 2@t I8, DEAE-Sepharose ion chromatographvg& ©]& 38t
esterase® wEltE TAHAL AHEIAT

Maltose’} &-5¥ column 4ZF A2 E §EAIA o 3ml9 FI=E 20719 £8& IAd.
20702 E389 Asde vuld 55, 54 €4, SDS-PAGES @43 sid & A4S 2
#IE Fig. 3191 YER AT

Lane 1914 lane 72 8% A&F 7719 £89 ZAFRE YRz, I o]F 9 8ol A
o] gldo] S&HR LUt Lane 29 30lM 713 BE %o dwldo] XFHo YA, ¥
ek ¢ 77,000 Da®l fusion protein ¥%F olUg ®AF o 45000 Dael MBPE A4 £
T JSE B £ A 28y, EAEAE SAS FAde 549 FF uHANER Aoz
g =2ch Lane 29 3¢ Ztz 9wd AZEFEFA® 14 mg/migt 15 mg/mlE2 A ZAE S
b, 2284e g dFo] 031 mg/mle) lane 49) NE TAPA 454 Us) Btz g
235 UZ 157 UE deidie A2 2AHEG.

Lane 2% 39 Az9 7%, AX BHF FZde $ad o¥AS A&std 2HsHo
solubledt & H| ¢l fusion proteing] Ao, vl &l o2 HHEE inclusion body&e T
A <kAlo] r2}. % lane 2, 39 fusion proteinl% EA"8A0] UelUR g Aol oy, &
A8Aol HA U} E48AEL BolA] &+ inclusion bodyStE @A e nd FAbol T E

Aoz FASUG. Wb dulde) o] Be RARHE 2 99 ITE FYsac
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Culture, harvest
Cell-disruption , centrifugation

Supernatant
= Factor Xa cleavage site
[+}]
0 . .
Mattose-binding protein
g = 4_3% l Esterase
2 o
£
< oD
L1
T o>=<¥ >
b .4 G:g
<
b o fo—>
F D ;.é@
<D «og
1
10mM
Maltose
XD

Factor Xa

Fig. 30. Procedure of the purification of esterase from MBP-esterase fusion protein
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150,000 Da
100,000

75,000

50,000

35,000

25,000

Fraction No. Protein Concentration ynit/mi

{mg/ml)
1 0.132 254
2 1.400 235
3 1.50 157
4 0.31 454
5 0.16 231
-] 0.006 106
7 0.004 62

Fig. 31. SDS-PAGE (10%) analysis of amylose resin purification of
fusion protein overexpressed by E. coli TB1 transformants
and stained with Coomassie brilliant blue. Lane M, molecular
size markers; lane 1, fraction no.l; lane 2, fraction no.2; lane
3, fraction no.3; lane 4, fraction no4; lane 5, fraction no.5;
lane 6, fraction no.6; lane 7, fraction no.7.
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(6) MBP-esterase fusion protein®] &4 2§ &4 A9 F7}

Fig. 3101 JEhd uls} o] mhe) ST Eh §4 Alold vlAA BAS A=A Qo
2 048 s

WA Be %o it e Euo] SsHe mae BHRYY) HaA BAHY s Y
of Walgo] Hao) Ao HiY o] BESE HojATE HPeT RaAe st &
25E9 E2BAR 2AE 2ASAG |

Fig. 320 el st} gol wulael HEE o 48 mg/mlolA 0004 mg/mi7td $EE 3
MA7RA EABHE 2AE A, 529 FE/ ¢ 217 mg/ml AR E2RHE HolA
gron, Fao) FE7F PSS WA aLBACl Fohd &9 FEs 03 mg/mld AR
7} 24840 142 U/mlEA 713 =%t} o] 439 AEEL BEF 7MY 249 357t 2
NEQ 48 mg/mle) ARZRE AzHPon, o] ABE EAVAHL Bolx AkTh waA,

Vg a8 22 AR AFAERH DY BT, 48 mg/mld) AEE 2228 U/mly &4
89S Rojof 319, o] =9 FAAS 34t AT H¥E oF 2228 U/ml A= A&

48 BHAdRLE oigdn.

EastHel Wold dwHes Hre) HEY GE 5ATAHS) BAES WY 5o ¥
£9) 7ol weh AAgACl FAANTI o= AEY aA¥E drhEd T2 %I
ARAE E2BAE AEHez $AHE 4L RolFn Yo 29, B A7 ALH

MBP-esterase fusion protein®] T4 NHL &4 9 FE7} 03 mg/mlolA Hdie] E284E& 8
olth 1 oAt} EAFENA I @Al FHB webd AVl A HolX $r AYEL
H1 gt} ojgd AT ol FAEEY FFo2 49 FARLI AGHEY 1A%
gan AR, 549 AHe F&Ac)n ozt aggregateE A Fctn A HoiAd
olgig ¥A4E Hole Tl U Hit A glon MEE FLEAHY FEFA Aoz B

fah=
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160

140 A

120

100

80 A

60 -

40

Enzyme activity(U/ml)

20 A

Protein concentration(mg/ml)

Fig. 32. Effect of protein concentration on the enzyme activity
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(7) MBP-esterase fusion protein®] Factor Xaol &% A¢

Esterase?] AA|A] H Q9 MBP-esterase fusion protein® .t MBP$} esterase®] A¢ £ 7
A28AHol Z7EHA &7t = WL 2= protease Factor Xaol 23+ fusion protein® AgE:
ol a428AL ZAIEY. a3Y, Fig. 3391 WeEbd ulse} 2o fusion proteinol] Factor Xa®)
A7IMo 2 fusion protein®] Awre] BAHA BN, BABHY WSHE AS) BFHX I
o} (Lane 2). o]t 2L olfE A7% Fig. 329 ALY mlatz msEe] EihdoA
MBP-esterase fusion protein®] % 3to] 9 X8l Factor Xa cleavage sited] Factor Xa®l H<
o] Ag=Eo] Hdo] o]Fo|RA] gL Aoz Atgdct WA, detergentd SDSE &% H7t
’5}"4‘ BA R (aggregate)E - Eo]F 1, Factor XaZ IH/EYLS ZA$E lane 49
SDS-PAGE #4127} o] MBP$} esterase2 423H o2 HUIYLS BeiF3 itk &
A A9 F7t= Factor Xa T8 #H7bsted o} F 439 fusion proteino] A& = o ﬁ"ﬁ o2
R28A9 F71E 1129 U/micdlA 12015 wmlE A &3 4849 F7F2 I3 3, lane 3
o] SDSYHE M/ 7%, SDSel 9§ &4 47 E¥S AFHE Factor Xa®l H2& §0]
A sl AT olysl A9 V1A 9 esterased AAEA R HAEY FZZ KolstA
o E&¥Ae] 1612 U/mE o 34%AE F718H5 % SDS$ Factor Xa& Zol H7tesls
ALE B4 979 =Y 7 fusion proteing Heo] doji} 155 wmlE &L 8Ao] F7}
&th. 22y, Factor Xaol & &4 84 dse S71EH7 JAT 2 8484 F7HAE
= 0u3 Ae2 #FAHAUL Lane 49 SDS$} Factor Xaol 23] ddd SDS-PAGEA Y] ©
HA YL a2l MBP-esterase fusion protein (M.W. 77,000 Da)3} bell Jeld MBP (M.W.
42,000 Da), c9] esterase (M.W. 35000 Da)e] = E Holx Q).
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Fig.

150,000 Da
100,000

75,000

50,000

35,000

25,000

(Lane 4)

RAM (g/l) Unit /ml
Control (Lane 1) 1.100 112.9
Factor Xa (Lane 2) 1.17 120.15
SDS (Lane 3) 1.47 151.2
SDS + Factor Xa 1.51 155.95

33. SDS-PAGE (10%) analysis of amylose resin purification of
fusion protein overexpressed by E. coli TB1 transformants
and stained with Coomassie brilliant blue. Lane M, molecular
size markers; lane 1, control; lane 2, fusion protein added
SDS (0.05%); lane 3fusion protein added Factor Xa; lane 4,

fusion protein added SDS (0.05%) and Factor Xa.
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(8) 'in vitro’ MBP-esterase fusion protein® &4 3}

Fig. 339 Z3o)A e ute} Zo] MBP-esterase fusion protein®] detergent?! SDS9
7t
7t
£3te o2 detergent R AYE FEEE ALESAT. Fig. 340 UERR vlo} Zo] gifge

b

ol

BEAPAHNE F/ANIE Re2 RALHY, d8 F7/9 detergentE fusion protein®) o

2

(<0}

lod 2 EAEA vAEe AFL AR Y. Inclusion body$l solubilizing agent® A}

solubilizing agentT fusion protein® AAEAHE FT7HE 7HH K. Fig. 34°1AM fusion
protein®] E& o] A}E% SDSS 7S, fusion protein £ Ao 0.005% (v/v)E F7s9L A
ook 85%S VA9 Z/E RAoU, 001% (v/v) ol FEdAE E{i%’-‘é‘o} FAga T
53 005% (v/v)ol4 5] SDSE A7t & Z$E 2389 SDSel o3 protein®) WAl
Yol E4A8AS Holx gdu}. AL H solubilizing agent¥F ammonium sulfate?} 713 £
e 542849 F/HE B9 o 39%Y 42849 F7HE JEUdC

Goto (38)9} Maeda (39), Eliana (40)8] X3¢} ¢3lH, ammonium sulfate
immunoglobulin®] light .chajniﬂr egg-white lysozyme®l unfolding rate® ZAA7)1,
refolding rateg F7FA7lE 59 #FH&48 3z &3x Jdo). Triton X-100S fusion protein
of B713e A= o 75 %9 49 F7HE R ol ® FFHE= Sunitha (41) 7} EX
& levansucrase® inclusion body®) refoldingell €13+ AN &A 3t A Triton X-100 (2%, v/v)
g AHE3ld 848 ddTe A FAIAH.
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Signal sequence

‘Z estA

(a)

Ptac estA

(b)

Fig. 35. Design for the deletion of malE gene from expression system

(a) malE-lacked estA gene cassette

(b) malE and signal sequence-lacked estA gene cassette
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b

Fig. 36. SDS-PAGE anélysis of MBP-free expression vector.
M, Molecular weight marker; 1, crude extract of
signal-estA; 2, crude extract of signal-estA after IPTG
induction; 3, crude extract of no signal-estA after IPTG

induction ;4, crude extract of no signal-estA.
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Table 8. Effect of signal‘ sequence in estA-expression vector

Enzyme activity (U/ml)
Signal-estA No-signal-estA
Before After Before After
induction induction induction induction

Cell-free broth 53 30.8 6.2 297
Broth ' 5.2 277 6 2988
Whole cell 4 71 8 136.6
Supernatant of ;
disrupted cell 0.3 1.02 7.34 10.9
Pellet of
disrupted cell 0.1 07 0.14 7.1
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S d5 23

AES ATAe) o8] A7 ANE G837 2o FRPY

Title: Biological production of chiral compund for optically
active pharmaceuticals

Idian Institute of Technology, Madras, India

Aim
e Screening of organism that produces DAT -
e Gene expression and cloning

¢ (Optimzation studies for the wild and recombinant strains

Total No. of organisms

isolated form soil brought from oil industries in India : 90
No. of organisms

screened from culture banks : 15
No. of organisms

that showed positive esterase production from culture banks: 06
No. of organisms -

that showed positive esterase production from soil samples: 08

The different organisms that were screened belong to the genus Brevibacterium,

Enterobacter, Pseudomonas, Acinetobacter, Cellulomonas and Agrobacterium.
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MATERIALS AND METHODS :

The soil samples were diluted to different concentrations and then they were plated on
nutrient agar plates. Then small portions of cells that were grown are added to a solution
containing 0.2 ml of water with 1% (w/v) of DL-ester and 0.1% (w/v) of bromocresol
purple as indicator followed by incubation at 30C for 4 hrs. Organisms that utilize the

DL-ester turn the color of the reaction mixture from blue to yellow.

As the organisms morphology on view indicated to be bacterial strains the following

medium 1s used :

Peptone bacteriological : 10 gm/1

Meat extract : 10 gm/1

Sodium chloride : 5 gnv/l
At pH 6.8

The fermentation of the soil samples has been carried out for two days and the
production of D-Acetylthiocisobutyric acid (DAT) has been cosidered as a factor for the
screening of the organisms. The total amount of cells that were harvested from 100ml of
broth and added to 2g of DL-ester and 100ml of 0.5 M Potassium phosphate buffer (pH
70) and incubated at 30C for 24 hrs and the analysis is done on Gas Chromatography
(Chiraldex GTA capillary column, supplied by Alitech, IL, USA Column Temp. 180 T ;

Injector Temp. 170 C ; carrier gas N2 ; at a flow rate of 20 cm3/min,).
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DETERMINATION OF DAT :

The culture broth (100 ml) is centrifuged (3000 rpm for 30 minutes) and the pellet is
washed once with water. Then a mixture if 1% DL-ester v/v and 0.1 M phosphate buffer
pH 70 is added (5ml). The reaction mixture is incubated at 30C for 24 hrs in a glass
tube. Now 10 ml of absolute ethanol is added and mixed well. One ml of the solution is
taken and centrifuged at 10,000 rpm for 5 minutes. 450 micro litres of the solution is-taken
and to it 50 micro litres of Butanol and analysed by GC. '

ESTERASE ACTIVITY DETERMINATION :

Cells from 100 ml of broth were collected and washed with distilled water and then
the volume is made up to 9 ml with distilled water and 1gm of DL-ester and 10ml of 0.05
M Phosphate buffer (pH 7.0) are added to form the reaction mixture. Now at the desired
temperature the pH is adjusted to 7.0 by addition of 0.IN NaOH and the reaction is started
under constant agitation. The amount of NaOH added per hour is calculated and the
activity is determined.

Activity is calculated as the micro moles of 0.1 N NaOH added per minute.

RESULTS AND DISCUSSION :

The following is the amount of DAT produced by different organisms (organisms with

very less production of DAT are not included)‘
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SOIL ISOLATES ;

% of DAT produced on first day

IS1 - 014
IS 11 : 0.0202
IS 23 : 0084

% 'of DAT produced on second day
IS9 100953
IS 23 :0.1648
IS 25 :0.1557

% of DAT produced by organisms from culture banks

Pseudomonas putida NRRL B 955 : 0.0035
Pseudomonas putida NRRL B 727 » 0.0211
Pseudomonas fluorescens NRRL B 14678 » 0.0173
Pseudomonas putida KCTC 1644 1 0.0268
Pseudomonas putida KCTC 2401 : 0.0097
Pseudomonas putida KCTC 2408 1 0.048

As the results indicate the organism IS 1 shows good production of DAT it has been
selected for further study. Though the strain IS 11 is producing little more amount of
DAT than IS 1, the later has been selected for further studies as there is no considerable
difference and also IS 1 gives the vield in the first day itself, which may be economically

viable for the industry. At present Gene expression and Cloning is being carried out on IS

1.
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Due the color problem  different media have been screened and the following are the
results of some media which is having appreciable amount of color.

The following is the composition of the media with acceptable color :

Medium I
Yeast Extract 1.09%
Casarnino Acids 05%
(NH4)2504 1.0%
Glucose 4.0%
Potassium Phosphate 0.5%
Medium 1I
Yeast Extract 20 %
Cassamino Acids 05 %
(NH4)2504 10 %
Glucose 40 %
Potassium Phosphate 1.0 %
Medium I
Corn Steep Powder 10 %
Yeast Extract 1.0 %
(NH4)2504 10 %
Glucose 40 %
Potassium Phosphate 05 %
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Medium IV

Corn Steep Powder
Yeast Extract
(NH4)2504
Glucose

Potassium Phosphate

Medium V
Glucose
(NH4)2504
(NH4)2HPO4
KH2P0O4
MgS04
FeS04.7H20
CuS0O4.5H20
MnS04.4H20
NaCl

Yease extract

1.0 %
15 %
15 %
40 %
10 %

per litre
40 gm
2 gm
13 gm
7 gm
160 mg
18 mg
10 mg
10 mg
200 mg
1 gm

Medium 6 and 7 consist of seed medium in which DL-ester ha

sterilization and after sterilization respectively
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0/’ —
Type of Esterase | 0 Of PL7eSter | o e DAT
media remaming

Extracellular 40.0 320
Medium 1

Intracellular 4.7 56

Extracellular 60.0 330
Medium I

Intracellular 90 380

Extracellular 66.0 33.0
Medium III

Intracellular 205 31.0

Extraceliular 584 41.0
Medium IV

Intracellular 13.6 37.0
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The below mentioned results are from the reactor run

Time DCW Esterase Activity

(hr) (g/L) (U/ml)
0.0000 0.0000 0.0000
2.0000 1.0000 0.0000
4.0000 2.0000 20.0000
6.0000 6.0000 33.0000
8.0000 8.0000 67.0000
10.0000 10.0000 80.0000
12.0000 11.0000 92.0000
14.0000 11.0000 108.0000
16.0000 11.0000 108.0000
18.0000 9.0000 94.0000
20.0000 6.0000
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ACTIVITY FOR SEED MEDIUM :

Activity tested for Amount of NaOH consumed
Cell free broth 2.99 ml/hr
Cell 3.68 ml/hr

Activity for cell free broth : 22652 U/gm dry cell wt.
Activity for cell 1 27879 U/gm dry cell wt.

TOTAL ACTIVITY 1 505.30 U/gm dry cell wt

ACTIVITY FOR PRODUCTION MEDIUM :

Activity tested for Amount of NaOH consumed
Cell free broth 5.334 mb/hr
Cell 4.014 mlhr
Activity for cell free broth 1 404.09 U/gm dry cell wt.
Activity for cell : 304.09 U/gm dry cell wt.

TOTAL ACTIVITY : 70818 U/gm dry cell wt
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PERCENTAGE YIELD OF DAT PRODUCED BY THE ORGANISM

Seed medium

Cell free Broth : 19.67 % (Extracellular)
Cell : 25.83 % (Intracellular)

Production medium

Cell free broth : 46.47 % (Extracellular)

Cell : 3368 % (Intracellular)
ACTIVITY
(U/gm dry cell % of DAT
wt)
Seed Intracellular 278.78 25.83
Medium Extracellutar 226.51 19.67
Production Intracellular 304.09 33.68
Medium Extracellulr 404.09 46.47
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THERMAL STABILITY STUDIES ON ESTERASE

Temperatu-re (T) ACTIVITY (U/gm dcw)
30 404.09
40 426.36
50 438.63
60 429.09
70 42091
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500

450 -

400 | '/’/_-._\’\‘

350 -

Activity (U/gdcw)

300 4

—e— Temp. Vs Activity

250 -

200 ) T T T T
30 40 50 60 70 80

Temperature (°C)

Effect of Temperature on Esterase Activity

Thermal stability study at 80°C has not been carried out as the pH
probe cannot with stand the temperature of 80 C for a period of 1 hr.
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40 colonies were selected from the transformants. 10 recombinant strains of showing
high activity were selected and shake flask studies were conducted. 1 strain (No. 13) was
selected and plasmid stability and expression studies in a 5L reactor with a working

volume of 3L was done.

" Plasmid stability studies:

Plasmid stability was considered as the criteria for the age of the inoculum and 2% of
seed medium was used for inoculation. The samples were diluted suitably with sterile
distilled water. 50 | of sample has been plbated on LB plate and incubated forl2 h. Later
100 colonies were randomly tooth picked and transferred to LB ampicillin (100 g/ml) agar
plates. E. coli harboring the estA gene will grow on the LB ampicillin agar plate. The
colonies were counted and the stability was determined. Table 5 gives the plasmid stability
which was considered for the age of inoculum. Plasmid stability was always maintained
above 95% uptil 9 h after induction with lactose. Plasmid was not stable incase of IPTG
induction suggesting that IPTG is toxic to the E. coli harboring the estA gene. Plasmid
stability has been done for seed medium, and reactor runs with IPTG and Lactose
Induction for LB and MSZB medium. M9ZB media is the optimized media for the high and
proper expression of the protein which includes the plasmid stability was prescribed by
Novagen, (Madison, WI, USA). The protein has been well expressed in this medium than
the LB medium. Usually plasmid stability is the majof and basic problem faced with the
recombinant strains. The plasmid (vector and the gene of -our interest) plays an important
role in the protein expression. The plasmid was found to be more stable by lactose
induction rather than the IPTG induction. This suggests that the proteins which were
expressed by the IPT G induction proved to be toxic to the cell and thus the plasmid
stability was decreased. In this case we can consider that the protein produced Est A was

toxic to the cell.
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Lysate is 1.5ml of cuiture broth was taken and centrifuged and the pellet was dissolved
in a suitable buffer and sonicated. After the centrrigugation, the supernatant is called
Lysate and the Pellet is referred as Pellet here after.

Whole cells are the cells collected from 1ml of culture broth.

Total activity : The sum of the activity obtained from the lysate and the pellet.

Plasmid stability was taken as the criteria for the age of the inoculum

Stability
S. No Time(h) 0D600

(%)
1. 1 0.063 100
2 2 0.065 100
3. 3 0.175 100
4. 4 0.82 100
6 6 3.62 100
8 8 453 98
10. 10 495 93
12. 12 4.02 90

The inoculum age was determined as 10 h and 2% of inoculum was added for the‘reactor

runs. In all the reactor runs that were conducted 100mM Ampicillin was added every 4 h

during cultivation.

Reactor run using LB medium and 2.5% glucose induction was done at 0.6 ODexw with

IPTG:

- 118 -



Expression of estA in E. coli

One of the recombinant strain showing high esterase activity was selected and initial
shake flask studies were done with IPTG induction. The final concentration was fixed at
100 ng IPTG / ml of culture broth. The medium used was LB medium with 2.5% glucose
as carbon source with 100 g/ml of ampicillin. Before conducting the reactor runs for the
expression of the protein by lactose induction, various concentrations of lactose (0.5%, 1%,
15% and 2%) (Tables 1 to 4) have been tested for high activity. It was observed that 1
% lactose gave high esterase activity than the other. So further reactor runs were carried

out using 1 % lactose concentration for induction.
Reactor Studies

Expression by IPTG induction:

Biosynthesis of esterase was carriedout by batch fermentor by NBS Co., Bioflow IIL
The E. coli (BL21) harboring the estA gene was cultivated in a 5 L reactor with a
working volume of 3 L. The medium used was LB and M9ZB media. Maximum activity
was obtained after 4 h of induction in LB media. In M9ZB media maximum activity was
obtained after 7h. Whole cells (Cells obtained from Iml of culture broth) also showed high
activity at 4 h postinduction time for IPTG induction and after 3h in case of M9ZB media:
IPTG induction resulted in less plasmid stability which »rnay be due the protein which was
expressed was toxic to the cell and the plasmid stability decreased. Moreover in point of
view of industrialization IPTG induction proves to be very expensive. Considering these
factors we tried for an other mode of induction. We tried with lactose induction as it is a
cheap source for the induction even in large scale. We have also tested the plasmid
stability using the lactose induction. We obtained good results and so we carried on the

further reactor studies with lactose induction.
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Expression by lactose induction:

Biosynthesis of esterase was carriedout by batch fermentor by NBS Co., Bioflow IIL
The E. coli (BL21) harboring the estA gene was cultivated in a 5 L reactor with a
working volume of 3 L. The protein has been expressed in a 5 L reactor with a working
volume of 3 L. The medium used was LB and M9ZB media. Interestingly it has been
observed that the samples after sonicating both the pellet (insoluble) and the lysate
(soluble) had activity. Maximum activity was obtained after 9 h of induction in LB media
with 1 % lactose induction. In M9ZB media maximum activity was obtained after 9 h with
1 % lactose induction. Whole cells (Cells obtained from 1ml of culture broth) also showed
maximum activity at 9 h postinduction time for lactose induction with LB media and after
5 h in case of M9ZB media with lactose induction. But the plasmid was very stable with
lactose inductio. Maximum The protein present in the pellet was found to be soluble in
non-ionic detergent like Triton X100, which suggests that the enzyme is hydrophobic. 0.5

9% Triton X100 was used and approximately 80% of the activity has been recovered from

the pellet (insoluble).
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Plasmid stability:

S. No| Time(h) | OD600 Stability

(%)
1. 0.5 1.35 100
2. 1. 1.72 98
3. 2 2.23 98
4. 3 3.22 97
5. 4 456 92
6. 5 6.55 88
7. 6 7.22 88
8. 7 8.10 78
9. 13 525 70
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Activity Analysis:

Lysate Pellet
Time(h) Area U/ml Time(h) Area U/ml
0 411.939 92.92706 0 42.622 9.862864
05 92.592 21.10177 0.5 554.558 125.0039
1 122.991 27.9389 1 855.402 192.6677
2 190.425 43.10568 2 1539.207 346.4643
3 680.379 153.3027 3 1637.382 368.5451
174.389 609.329
4 774.133 4 2707.947
2 1
5 474,781 107.061 5 2451.666 551.6882
6 498.264 112.3427 6 2572.547 578.8759
7 401.653 90.6136 7 1720.449 387.228
13 451.013 101.7153 13 2076.313 467.2664
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Whole cell Total Activity
Time(h
: Area U/ml | Time(h) U/ml!
0 245.06 11.07876 0 102.7899
0.5 995.045 44 81504 05 146.1057
1 1138.838] 51.28322 1 220.6065
2 1539.323] 69.29808 2 389_.57
3 1792.787] 80.69954 3 521.8478
102.155 783.718
4 2269.773 4
6 3
5 184595 83.09095 5 658.7492
6 1165918] 52.50135 6 578.8759
7 1037.046] 46.70435 7 387.228
13 1053582 47.44818 13 467.2664
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Reactor run with M9ZB medium
Per liter:
10g tryptone
5g NaC(Cl
Autoclave and cool
Add 100 ml 10X M9 salts
1 ml 1M MgSO04, 10 ml 409 gluco

Se

M9ZB medium with IPTG induction

Plasmid stability:

10XM9 salts

Per liter:

10g NH4C]

30g KH2PO4

60g NaZHPO4.7H20

Autoclave

o N Postinduction OD6 Plasmid stability
. No
(h) 00 (%)

1. 1 1.15 100

2. 3 2.25 97

3 5 5.81 91

4 7 7.27 87

5 24 5.98 65
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Pellet Lysate
b Area U/ml i Area U/ml
me e
0 100.028 | 22.77422 0 13037 3.208813
1 657.775| 148.2188 1 152.547| 34.58643
3 1503595 338.4547 3 640.458| 144.324
5 1801.124|  405.3728 5 ‘ 907.362| 204.3541
7 2554.127( 574733 7 1731.3) 389.6685
24 1325 298.2863 24 652.315]  146.9907
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Whole Cell

Total activity

Time U/ml U/ml
0 29.67479 25.98303
1 84.04971 182.8052
3 125.9037 482.7786
5 113.5434 609.727
7 83.17881 964.4015
24 47.04878 445.2771
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The pellet was treated with 0.5% Tween 80 and TritonX100 and the following

were the results:

Tween 80 TritonX 100
| % Tim %
Time Area U/ml Area U/ml
Recovered e Recovered
12.646 3.73664 087.25) 22232
3 55 3 65.6879
84 1 8 38
260.7 33.925 14.5361 1106.0| 249.04
5 5 61.4356
63 61 5 57 32
. 118.8 27.000 469785 . 159721 359.52 62.5557
17 11 3 93 86 6
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200 ¢ of the culture broth was taken and the
activity was tested for it. The culture supernatant

showed no activity when tested:

Broth activity
Time - Area U/ml
0 160.564 36.38955
1 270.444 61.10299
3 393.703 88.82555
5 585.836 132.0388
7 1554.556 349.9165
24 2024.192 455.5437
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Prior to the lactose induction to be done in the reactor a batch of shake flask studies
were done using different concentrations of lactose in order to check the concentration of
lactose to be used for the reactor study. 0.5 to 2 % lactose induction was used and the

following are the results of the study:

Lactose Induction (0.5%) Lactose Induction (19%)
Time Area. U/ml Time Area U/ml
3.69689
1 135.721 6.160408 1 80.955 )
72.7950
3 1098.696 49.47753 3 1617.064 .
81.462
5 1743.872 73.49922 5 1809.755 a1
75.5037
7 1687.625 75.96908 7 1677.281 .
61.2519
9 1494.426 67.27849 9 1360.452 9
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Lactose Induction (1.5%) Lactose Induction (2%)
Time Area U/ml Time Area U/ml
6.04223
1 114.074 5.18667 1 133.094 o
» ‘ 76.9032
3 1676.981 75.49029 3 1708.392
4
78.0015
5 | 1746.568 78.62049 5 1732.808
3
80.2506
7 1619.079 72.88571 7 1782.807 5
60.5543
9 1266.986 57.04765 9 1344.943 6

Maximum activity was obtained using 1% lactose. So 1% lactose was used for induction

for further studies.
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Reactor run using LB medium and 2.5% glucose with 1% lactose induction

Plasmid stability:

S. Time OD6 Plasmid
No (h) 00 stability

1. 1 14 100

2. 3 6.53 100

3. 5 8.15 100

4. 7 105 98

) 9 8.56 92

- 131 -



Activity Analysis:

Pellet Lysate
Time Area U/ml Time Area U/ml
4.45280 . 3.21308
0 18.568 0 13.056
7 7
- 5.72199
1 24211 1 20.256 4.33246
1
25.8215 18.0604
3 113.577 3 79.07
7 9
187.389 147612
5 831.936 o 5 655.079 A
1002.37 225.724
7 7 672.284 151.482
7 2
9 1614.88 363.485 1013.06 228.127
9
6 5 3 7
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Total activity Whole cell

Time U/ml Area U/ml
0 7.665894 98.562 4.4889
1 10.55445 170.031 7.703761
3 43.88206 519.378 23.4183
5 335.0022 2134.567 96.0737
7 377.2063 2276.238 102.4464
9 591.6131 2753.394 123.9101

- 133 -




Triton X 100

%
Time Area U/ml
Recovered
1 22.809 5,406663 94.48919
3 78.992 18.04295 69.87551
5 691.431 155.7884 83.13601
7 695.45 156.6924 69.41761
9 1136.212 255.8255 7038121
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Reactor run using M9ZB medium with 1% lactose induction:

Plasmid stability:

Plasmid stability
S. No | Time(h) | OD600

(%)
1 1 1.362 100
2 '3 5.035 100
3 5 6.401 100
4 7 8.696 99
5 9 9.330 99
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Activity Analysis:

Pellet Lysate
Time Area U/ml Time Area U/ml
0 20624 | 4.915228 0 21295 | 6.415623
1 22.298 | 5.291733 1 19.677 | 4702236
3 34727 | 8.087176 3 24.079 | 5.692303
5 2302.694 | 518.1824 5} 1527.535 | 343.8391
7 2647.74 | 595.7878 7 1856.246 | 417.7705
9 2794.033 | 628.691 9 2004.576 | 451.1318
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Total activity Whole cell
Time U/ml Area U/ml
0 11.33085 92.464 4.2145956
1 9.993968 93.121 4.2441492
3 13.77948 172.368 7.8088853
5} 862.0215 2160.63 97.24608
7 1013.558 1616.438 72.766908
9 1079.823 1575.272 70.915155
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Triton X 100

Time Area U/ml % Recovered
0 14.669 3575871 72.75087
1 18.003 4325731 81.74508
3 132721 7.636001 94.4211
5 2010.372 452.4354 87.31199
7 1921662 432.4834 72.59018
9 2230.037 501.8409 79.82315
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Hydrophobic behaviour of the enzyme:

After cultivatidn of the E. coli harboring the estA gene the -cell was sonicated. After
sonication both the lysate (soluble form of the enzyme) and the pellet (insoluble form of
the enzyme)was tested for activity. In general, in E. coli soluble form shows activity and
the insoluble form doesnot show any activity. The whole cell without sonication also
shows activity. But in this case of estA the insoluble form showed more activity than the
soluble form which suggests us that the protein may be membrane bound or the protein is
hydrophobic in nature. The whole cell also showed activity. Triton X100 a non-ionic
detergent was used to solubilize "the membrane bound proteins, 0.5 % Triton X100 was
used and about 80 % of the protein has been recovered in this process which suggests us
that the enzyme is hvdrophobic. As discussed in the section 4.3.6 where we obtained the
results by the method of EXPASY ProtScale program that the enzyme is hydrophobic the

above mentioned discussion proves to be correct.

Prediction of secondary structure

The amino acid sequence of estd “was analyzed for the secondary structure using
NNPREDICT program (Kneller et al, 1990). The contents -helix and -strand was 41.13 %
and 6.33% respectively. '

Prediction of Localization of the enzyme:

Esterase localization sites in the recombinant E. coli has been done using the program

PSORT and the results are following.
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bacterial periplasmic space --- Certainty = 0.943 (Affirmative)

bacterial outer membrane ——--- Certainty = 0.365 (Affirmative)
bacterial inner membrane —---- Certainty = 0.000 (Not Clear)
bacterial cytoplasm ------------ Certainty = 0.000 (Not Clear)
Hydrophobicity

Hydrophobicity profile of the total amino acids of P. aeruginosa 1001 esterase was
generated according to the method of Kyte & Dolittle in EXPASY ProtScale program with
a window size 9. The scale in the Figure 4.15 indicates the degree of hydrophobicity. This

indicated that the enzyme is hydrphobic and it was proved correct which will be discussed

in a later section.
The individual values for the 20 amino acids were given below.
Ala: 1.800 Arg: -4500 Asn: -3500 Asp: -3500 Cys: 2500 Gln: -3.500
Glu: -3.500 Gly: -0400 His: -3.200 Ile: 4500 Leu: 3.800 Lys: -3.900
Met: 1900 Phet 2.800 Pro: -1.600 Ser: -0.800 Thr: -0.700 Trp: -0.900
Tyr: -1.300 Val: 4200 Asx: -3500 Glx: -3.500 Xaa: -0.490

Prediction of the presence of signal peptides in estA:

The SignalP World Wide Web server predicts the presence and location of signal
peptide cleavage sites in amino acid sequences. The method incorporates a prediction of
cleavage sites and a signal peptide/non-signal peptide prediction based on a combination of
several artificial neural networks. The extracellular secretion of the esterase is due to the
so called general secretory pathway (GSP) found to be conserved in many gram-negative
bacteria (Lory 1992, Pugsley, 1993, Salmond and Reeves 1993). Proteins that utilize the

GSP are synthesized as precursors with an N-terminal extension called the leader peptide.
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Translocation of proteins across the inner and outer membranes by the GSP occurs as two
separate events, with transient accumulation of the protein in the periplasm. At each step
of the GSP, successful membrane translocation depends on interactions between
determinants of the secreted protein (intragenic factors) and components of the bacterial
secretion machinery (extragenic factors). The final leg of the GSP (translocation across the
outer membrane) appears to require specific interactions of intragenic factors within the
mature protein with components of the outer membrane translocation machinery. One of the
factor responsible may be the presence of the signal peptide. It has been predicted that
most likely the cleavage site is present between 28 and 29 amino acids of est4 gene

(Serine and Valine) (Table 20).
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Conclusions

® Lactose induction was observed to be the best mode of induction rather than IPTG

induction suggesting that it is toxic to the cell.

® 1% lactose was observed to be optimum for induction

® The plasmid was observed to be very stable with lactose induction than the IPTG.
] Due to the toxicity of the IPTG less amount of soluble protein was obtained.

® Plasmid stability was always maintained above 95% uptill 9 h after induction with

lactose.
® Maximum activity was detected in M9ZB medium after 9 h of induction.
® Whole cell activity decreased after 5 h of cultivation.

® The sonicated pellet (insoluble form) was supposed to have high activity than the lysate

(soluble form)

e Even though the protein was in insoluble form higher activity was detected than the

soluble form

® The protein was observed to be membrane bound and hydrophobic.

e Triton X100 a non-ionic detergent used to solubilize the membrane bound proteins was

used successfully to solubilize them.
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e 809 of the protein was solubilized by using Triton X100.

e It was observed from the SDS-PAGE that in the case of M9ZB medium a few other

proteins were also expressed along with the protein of our interest.
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