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Study on the change of fatty acid of seed oil by lipase from

Pseudoalteromonas sp. KY-5

Young-Mi Kim

Depariment of Microbiology, graduate school,

Pukyvong National University

Abstract

A lipolytic enzyme producing bacterium was isolated from sea
watler samples. First, large clear zones forming on the Tween 80 agar
plate 84 stains were isolated and of them, lipolvtic enzyme producing
02 strains were selected by rhodamine B agar plate assay. Finally,
we selecled the only one stain which has the strongest lipolvtic
activity  and identified by 165 rRNA sequencing, designated as
Pseudoalteromonas sp. KY-5.

The medium for the lipase production from Pseudoaiteromonas sp.
KY 5 contamed olive oil 1.5 9, peptone 0.1 %, tryptone 0.1 %, veast
extract 0.1 9, soluble starch 0.05 96, glucose 0.05 %, CaCly 0.05 %

and distilled water 1000 m¢. The optimum temperature, time and initial



pH for the best production of lipase was respectively 25 T, 46 hr
and pH 8.0.

Then lipid hydrolysis on organic-aqueous two phase system using
whole cell of Pseudoalteromonas sp. KY 5 as a source of lipase was
carricd out. As carbon and substrate sources, 15 % (w/v) olive oil
was initially added to the two phase system that was adjusted 5:2
(v/v) medium to isooctane. Qualitative analysis of falty acids in olive
oil was performed by rapid gas chromatography method. Lipase from
Pseudoalteromonas sp. KY 5 hydrolyzed oleic acid and produced 78%

palmitic acid and 13% myristic acid in 50 hr.



Lipase (E.C. 3.1.13)% triglyceride® ester 432 7hH= -3l 5o
glycerolst < 4b-& MAdet= &2 (Desnuelle, 1972; Fig. )&, 18344
J. Eberlec] <lsf FEo] i Fd &A= o] Wz ol ¢ &
lipase2] A B Greo] ko] yhot W 77} 7)ol A gk,

lipasev= 2@t AXE Atx|o] ghor} proteasel} amylase Rt} H]
A ORE |k W) Al ged ol: Agel %A o) 284des A
el A8 H907F B3 A4 interfaceo) R H 49 Ay @49 91
5kel emulsion® S oiAl Ao sbar, v Aol we} T A E 1
bl o kel B4R wie d@e ms 7] ol
(Robert, 1983).

URFA O 2 lipasei= FE oA v A 2t-8-5h= carboxyl esterase 2
v VhE heterogeneus systemoll A 5o 1)) ol EA acylglyeerol g
carboxyl ester 2% S 7ppialsto] Qupaby) S soAlEL EastA o
CE A AARA FR2 4y e g triacylglycerol @) of]
Hl= %ol #2439 (Brune, 1992). m=ab fatty acids=t lowe alchols®]
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esteris AR §4 9 glycerold sbRia) s = lipasei: -2
31 Pseudomonas %ol 4] ABAbElE esterase] S tributyrin®] ol A~
Hl= A%s 7hefdats 48 20 9y 1o lipase¢te] Eilo)

olH A wol A<t lipase®] Fol7) 3ty oo el E sk g
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Fig. 1. Enzvmatic reaction of lipase catalyzing hydrolysis or

synthesis of a triacylgrycerol.
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SHEb7E 710] ofrz 1A s olze) Yol wAw u gd R
Flel 712 Htol ZhsatAl lid7h o) ¥ 5 A pz el A e =) 7} ofu}
e Wiz ol MHY wE R aclive site® 91
SAE1 peptide”t delw®A 7| &3 &9 9] hydrophobic interaction 2]
Sl g awkgo] 2oy {Brzozowski, ¢t al. 1991 Van Tilbeurgh, et al.
1993, Fig. 2). ©]+= lipase/} 214 9] Aot gto] Ve o) wef
WHE-E e 7 7 e Michaelis Menten kinetic equationS 27| B}

el AdA ER ol ddlA &a uhed poji- sigmoidal curve & g

o w5 S48 mof oduk RAE TR Hi= el Y Fe
Shbzh |Th 53 lipaseol WG arAdol 4] wpe] v= Foll &
AL A2 Bro 2 lipasert BulEl= vha) b oA o 4 o) ¥.ufo] &z}

’ |

iz A ok ol Al Ass] 9 gl ol g ¥ ok YRR
H7ksE lipaseste) FAE Fiustel BulZ Zshbazl wwn el
(Winkler, 1979). 9% lipolytic enzymeZoli-  Aw s g0 TRA A ok
solvent ~accessible active site® 7}#]7] % &} =g olelg 542 lide
P o ¢lala]l ikl (Hjirth, et al. 1993; Martincz, ot al. 1992:
Martinclle, et al. 1995),
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Fig. 2. A model of interfacial kinetics with a water soluble lipase

acting on an insoluble substrate.
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Aelvs sequence?] GoXy S-Xe G (G=glveine, S-oserine, X, -histidine
and X:=glutamic or aspartic acid)Z X33t} Z199 6 active domain©)
TE G X-5-Xe G o § o opmnAl uwjdyle] Aol pe W o
il W& W weba 717 e 7)1 F KoL Rold) ¥HE B4 B
oF mtol & &Wokrt MR PRt uleba] gy Ao s Aajeo)
honl el A4Sl lipaseel thEh 1) sube] Aaly) 3 gleown] oF

oRE e

<)

.50}



HAR vAE feAl9 lipaseis Ao A A s 1 PEe] Eof 2 A

ol &RIAVE 2R kA Ak AR AlEelM e 7S E AAE] 9

A

g AAL s AE e Fpd, WE AN A, {239 flavor A%, @
A s W oAE ME7IERY lipases ol 88 A A
WAL sk A AR AAE AE offrE, waA A, AX R
At A BHE, AleAeE AR AIEAE] AA, FA42 ester
wg i estere] T, wax@ A ZE, lethithinel 74, 518 AHy, ~
st SiAEF Fhate vk B el AMgs o od Rl Tl 4
2] 2olx 9l (Kosugi, et al. 1988; Yamamoto and Fujiwara, 1988;
T. Godfresy, 1996).

Pl AE FAlel lipaseis 719l @shH) Aule] 9% AR dS

i

Wl el pakmel g £AE Add F oA A a5 o

ol w4 ggdr|o] A T genome?l Z7|7F ol nmdw e} 7|4
Welie Fuzp mael Aol Slelelis gdol vl elelw ofa] of
fos Qs P AE e lipasee] &gH ol gel W3 ArE Hir7A
kst ZaE 2 9l

el ob A A lipascel ®AEAd FAYHe] Folwo] 9lA ghobA
s vl Ae o] AlAbelhE lipasesbe] 4 vlazl ApRA oy Czelm
lpased AAbshis plAl 2 vl Fdel whabs vhebd isoform?] lipase

& AAbE Al lipase®] o] v VbR A A Bulshis gre 2
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Ice-Boxoll Batste] Ay a2 &7 Aasiedc

2. Lipase A4k

£}
1o
!
m
Z

lipase® AlAdekis Mate] WM g 93te] Fig. 3.3 o] A3paglc)

mediume®l] g ¥ ebste] 25 TolA] 15797 Wikt 3 84949 colony
ARl HEHE 7HAE colony ™ AEEe] ApdEu| R HE ) ake}
Ark & Beld b 3% b o R Ald wiekEte] paraffin tape ©
BoER F 4 Cel g naksiedo)

Felgh Aldse] AW FalEs dolr ] kel | 9% Tween 802
H7EE PPES-IT agar WAl 43 ¢ B5%9 3] A48 22 9%

ato] 124 o= Welstgivl (Robert, 1983; Shelley, et al. 1987 Samad,

ct al. 1989 Wirth, 1992). A ¥ o]y 5% olive oil 1 %%
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Table 1. Composition of PPES-1TI medium

components concentration
Tryvpton 0.1 9
Soytone 01 %
Yeasl extract 0.1 %
Poly peptone 0.2 %
Ferric Citrate (0.1 %) 10 mé
Sea waler 1000 mé

pH 7.6

- 11 -



Sample
l
Culture of samples in PPES-TI medium at 25 C for 7days
!
Pure culture

!

Tween &0 agar plate assay
1

Tributyrin agar plate assay
)

Rthodamin B agar plate assay
l

Selection of lipase producing microorganisms

Fig. 3. Isolation scheme for lipase producing bacteria.
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rhodamine B 0.001 %7} H7F= siae)Alel HEste) 25 T, 3047 )

FTF, 0nm) UV el A B¢ Fuel odx el 2w g

o

NTI R E HEHes AWedv (Kouker and  Jaeger, 1987;

Graeme and Jurgen, 1997; Fig. 4, Fig. 5)

3. Lipase &4 +59 F3F

gl

mE

¥l 5= colonyel Myt el Gram @AaWoZ 13 HE3 3
165 rRNA®] FHAE o] &3 sequencings E3te] HA- 890} (Seong,

1997).

3.1 Total genomic DNA ‘¢

AccuPrep™  Genomic DNA  extraction kit (Bioneer)S o] &3t

bacterial genomic DNAE FZ35ivk. 2 B e 9 d349 15 w
tubcoll Wi 1 meE Wz 14,000 rpmell A 287 1A ¥alste] 274
7 UhE, pellet & #H s 200 wb2] lysis buffers 2 7Fabgich ol 7)¢] 20

g2 proteinase K& #7bsle] & &8 3 56 CollAq 1A]7F ukg-A17)

—_

7l ospin downdhil, Alwell 200 2] Binding bufferi: 2o 60 Cof A
10F-7F BEg- A7} 88 & tuheoll 100 9] 1sopropanol & 4 31 7} A
vortexabed Held § #Al spin downdtglcl, 1e]3 AR E collection
tubeol A8HAIZ] binding columnel £71 3 8000 rpmoll A 137+ 44
welstadvh. ofvlell Washing buffer 12 500 uf %31 8000 rpmol A 1

b sl elst . ohAl 500 xke] Washing buffer 2% tubed] %1

- 13 -



8000 rpmol A 1# 5<F 9 g8t Binding columne collection
tubeel %71 % 70 T water bathell 4 clution buffer 200 W2 Y1 5%
el A 5 8000 rpmell A 1 wob 94 RElEhd elutiond
At o5 | % agarose gelol A 71953519 genomic DNAZ #¢l&4

il PCR ®b-8-9] {emplate® AF& 319},
3.2. Primers 4
165 rRNA # @2te} FZof o] & " primer®< Mover 5 (1994)¢] 2|
3|

gl motsl 7 AHE-sk e ol E primerd 2 eubacteria®l 165 rRNA

Akl A w2 BEE BREo) ANE9 A Eschericia coli 165 rRNA S

|

il

49-68, 1510-1492 9120l 3= = degenerate primers 2 25o] "},

1 7}t

i

il
ol

olr

F7FR forward primer] 57 ol AFE A FeoRIS] ¢ A R ¢9):

3L, reverse primere] 57 o)1 BamHle] o121t el 2 H7lslad

!

b

Forward primer :

5 AGAATTCTNANACATGCAAGTCGAICG 37 (27-mer)

Reverse primer

o

5" GTGGATCCGGYTACCTTGTTACGACTT 37 (27 mer)

N : degenerate including 4 nucleotides

Y : degenerate including pyrimidines

- 14 -



PCR ¥F8 PCR Premix (Bioneer)& Ab&ste] A Alsldm wbe £
w2 242 10 pmol forward primer 3 x¢, 10 pmol reverse primer 3
ub, template DNA 3 g, 32F W S/5 41 w2 H7bsto] 50 w= 7
wol & &6t 98 & s PCR $3S Minicycler (M]
Research, US. Aol A HAlstodet. 26 94 TollA 58z WAdA7 3
94 TellM 30z, 62 TellA 30z, 72 Tolld 184 35 cycleg vH231o]
DNAE &% A17]151, apA]eto 2 72 Coll A 7#7F extention timed o]
PCR Wh&& FHsArh ol2 1 % agarose geldl 7)o %350] DNAS
kel ATt

Ol

3.4. Elution

PCR ¥rg%E& 1 % agarose gel, 05XTBE buffer (0045 M
Tris -borate, 0.001 M EDTA)A #»|d%38le] bande #glg & &)
1% bandE Aol 15 mé tubeo] otk o7lell 6 M Nal (6 M

sodium lodine) 600 w2 Y31 50 CTolAl 5F-7F gelS 59c) gele b

ol

il
i

ol

Rl glass milk 8 wE 23 rotatorol A 2087 BFSA) A 1
TRAL 14000 rpmelA 527 centrifugestel pelletS &Y
Washing solution (1 M NaCl 40 wl, 1 M Tris Cl 4 wf, 05 M EDTA

]

nll

[§™]

mé, 32F T b4 me) 500 WS P pipetting &2 M2 5 537
centrifugeste] pellet® #35kl o o] #A e 23] 319}, vacuumel A
5 1057 W Alske] welele aleohol S A AR o] 2 tha] 45 Tl 3

RIS W 32k FRSE 20 w0 W Aol Felar 14000 rpmol A 1

- 15 -



w3t centrifugedte] A4S AL FHaguh A 1 we Halo 1 o4

agarose geloll Al @719 % st bandE ot}

3.5. Ligation

elution¥l PCR W-&&& pGEM-T vector (Promega)ol <1 A3dI),

DNA 3 ul, T vector 1 ut, ligase 1 g, buffer (2X) 5 wE A}23}4

=

Feo) A AN WEAAT. o F o]

i

volumes 10 W3 wWdE 59

20 Tell w#ate] Apget At

3.6. Competent bacterial cell2] 4]

LB agar wj#lol 718 E coli XL-1 Blue® 3 mee] LB A u) =)o %
Eate) 37 Coll A ob it 7kl o2 Al 10 me tubeol 4 me2)
LB ehAuy 2ol A4 Fato] 37 TolM sttt wjekatdu}, wjoksl Feo
I wiE FHetal 5000 rpmell A 587t centrifugedte] 4S5 oHL nle) i, 3

R3] Aﬂ_i,i L=

ﬁ!‘o

> 4 TR W7 800 el CaCly (50 mM)E 21 jceol A
205-7F resuspension UL o] & tHA] 5000 rpmol A 371 centrifuge
b el & we)ar, 200 pee] CaCl (50 mM)E Yo resuspension st

o] Abg-3F AT

3.7. Transformation

10 109 ligation 3H3-%2 200 x09 XLI blue competent cell# #&

ahof ceoll 30#%F ARSIV e 42 oM 90% 7 heat shock®

_16_



Tl icedll A HETF WA S o)) LB #lA] 800 mE 7 sl 37 C
A 45F Fob dEwgstdnh olE oAl 5000 pmell A 3E-3
centrifugesto] 4sh& Wi LB wlA 200 w& 9o resuspension
itk olE Amp7l d7F9Y Mackonkey agar ®lA|o] wLwEle] 37 C
M7l 18A1ZE kgt vhE, 4 Cell Fof Mzo] FHA|AN white
colony¥h&  d¥sted LB (Amp+) brothel  FHEZ3l  plasmidZ

mini—-prep 3t}

3.8. Plasmid DNA mini prep.

alkaline lysis mini-prep®' (Sambrook, 1989)°.2 Plasmid DNA&

westal AgaEAR et Agde DNA H4He Felsgoh el

2

plasmidi= RNaseZ @3} phenol : chloroform A 434 L 7

ODaoell Al & e 543 v 7)1 Mol Apg-shgin),

>

=[N

O

4. Lipase &4 %A

WA 7L AAEShE lipase?) #HAHS =R 918 o] Wy =
substrate= % nitrophenyl€ A} 83}3:  spectrophotometric  method
(Gaelle and Jacques, 1996)7F basic pHelA ErA 5] wfjito
(Shuen Fuh, et al. 1996; Kwon and Rhee, 1986) pHol <A SF cupric
acetale method® % 1 % (Kwon and Rhee, 1986; lee and Rhee,
o) el W2 &8skl FAsdnl (Fig. 6). 71424 cmulsion

stock solution[20 mM Tris-HCI buffer (pH 8.0} 0.1M NaCl, 20 mM

_17_



substrate 2mé+ crude enzyvme 0.3mé
l
42°C water bath, 1 hour
!
6N HCl 0.5m¢
!

1sooctane 5.0mé
!
100C water bath, 5 min
!
centrifugation, copper reagent 2.0mé
|

715nm

Fig. 6. Assay of lipase activity.

_18_



CaCl;, I mM deoxycholate, 5 % gum arabic& 3F&]9 5 % olive oil S
H7kstel wtdat A7l g5 AlgEgon] Abgalvl 2 Mol Z A abglu).

A AL QL copper reagentis Lowry & Tinsley W4 (1976)¢] o] st 5
% (W/V) cupric acetate® ZA3to] Whatmann No.l o] 3}#] 2 o 3}3h
7, pyridine©. & pH 6,17 2R ato] A} &30},

a8 S48 71 2 meell 498 03 meE Hobste) Heeg
TAAA A0 C, 1AREE SEAZAT WS F 6N HCL 05 mE H7hsl
o RadsS AAMNTIAL, o A gaEy] 98] iscoctane
0.0 miE YeolA EEd g 100 Tl 5EzE Alsdch Fale

isooctaneg ol A AR copper reagent® 2.0 m¢ H7}8lo] vortexd

|

71onmell A Fa g sty w2 glaprs aada sFe wo

]

A 6N HCLS #7bskel mhgs x4 5 sl $ue s

5. Lipase XA 59 A=A =4 =7

5.1 &%, pH, NaCloll w2 #3 24 27

welw arel A% FA 27 9] sAste] FAe) selM A R

%l ST, pH, Nacle]l mWe A3 ATE FApsto], I A3 wal 3

A4 2ol ol fe] YL AAHUL WA Mwe] 2w wE

f

oHE A 18] PPES I brothell Al kst A4 wjopels

PPES-IT brothell &3 %, 2}7F 4 T, 10 T, 20 C, 25 C, 30 C, 37

C.o41 €, 50 Tl A kst el (pH 7.5, NaCl 3 %), ~re]lm <o ofsh

_19_



=M 2AE) fEe FR42 A48 PPES-T broth 100 méol] <
50 %, 1%, 2%, 25% 3% 4%, 5%, 6%, 8 %, 10 %, 11 %, 13
%, 15 %= SrFal W) 100 w2 Y EFSbo] shaking incubatorel] A
130 rpme.2 M3t (pH 75, &% 25 T). =3 pHel W3t =<
F=Abst7) 918k PPES-T brothell pHE 4, 5, 6, 7,75, 8, 9, 10, 123
gl viekel S {4 Este] shaking incubatorel Al 180 rpmo 2w oFa}
U (NaCl 3 %, ¥ 25 ).

ZALE A

LA

J_.i
E‘.
:l:.’
0£
I'N
_\d
50
:‘L
—-—'

How A Mg 7] 9] ) 447}
ok H4elih wte] Ao ®ig FAb (Shimadzu, UV-160)&
5.2, Lipase #4 A =3
521 24N A

olive oils TrA¢ o dlo] 15 % FH7ke wix)o A #3372 46217 W)

AF T RS B000 rpmel A 3087 914 Pelsted ASels 919

Ul & filter paper (Millipore, 045 im)% A}&3lo] 712 22 78

80 Ceol datel Maelil o)Fe dele] xgioz A 8359

th

- 20 -~



52.2. Lipase &4 #4 &%¢ pH

w g 57 A4S lipaseo] A HAH LR S golr ] 9)sted 7)
WA ghde gk )z & ep 2 4, 10, 20, 25, 30, 40, 50, 60 C&= z}
7 gasle]l 33 g v B zaldlgu).

s

Tl H3H pHE #AMeh7] 98l 10 mM sodium acetate buffer (pH
50~pH 6.0), 10 mM Tris-HCI buffer (pH 7.0~9.0), 10 mM

Glycine-NaOH bufer (pH 1000 71™&o] 1 %7} HA = F z}zbe)

r[},

A
s

pH fb38 o o4zt x5 49 02 s Jo] 2z F 3

i

g

o

Agekd A7) pHE £A ST

aady A4 2ds zAs) fstel WA de] e 4499
aIE olr kel WA BAYE 2F PPES-I wiA o] vhasgl o sy
glucose, lactose, sucrose, soluble starch, galactose, glucose + soluble
starch7b 2420 1 9% 4 w7 Wola A% =7 dtollA] wlakste] § 28

]

d FAHes HAsA ey npA R AadS 4% PPES I

d[,

Aol d A9l o 54 peptone, tryptone, soylone, veast extract, nutrient

broth, peptone + tryptone, soytone + peptone-$ 77t | %4 ¥4 2o =
HH =7 slel A wldksle] oS8 G484 2AYo g Z4slo Aiglo

- 21 -



5.3. Sced oil Wel Mol xwat g} =7

5.3.1. Sample 4|

2 FE A S lipase?] BAS dobw 7] 95 d seed oilthel A
WA M s S| 2 ST seed ol ZME 9bA A Eo] AbRElg
RHAog ge 4HlE HolE olive oilZ AAs g o At g (1993)
7 A A% two phase system2 S-830] sampleS FH|atgth B4 7
AR olive oil & 156 % AlEEIEm A3 g e BEA7E wA
o isooctane®& 52 (v/v) HIEE sleo) Hujdd 2 #HEsdu). e
al shaking incubatorel X 180 rpm, 25 TE wjeksl ¥ o] F Alzkhy s

samplingsfo] W Aol Abg3}9) )

5.3.2. Gas chromatography method

olive oilt 2] = H4b Weh& etolR 7] 95t Wb g (1993)7) A Al &
gas  chromatography  mecthodE  £838}9] ALgstd . GCy
GO 17AAFW V2 (Shimadzw) & AH& 613 Column HP-1 (30mx
0.250mm > 0.25um : length x id x flm thickness)2 A}&3F31d).
injector®t detector®] %1 250 Tol™ initial temperatureZ 110 C &
ato] o] % temperature program< 110 Ceoll Al 300 T= < ¥ 15 T
HatskA HAstel delel A&l carrier gasit  nitrogene] ™

carrier gas flows= 1.6 ml/min, injection volume& 05 @ o 29
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o
ik
X
SE
k]
i

9, ol bl E, seke]l 9 R ek (Fig. el e &=
= PPES-II ®fzlell =k &3 & 157U wjale 2500) 20 7=
T weshslth olZ Tween 800 x3tEl Agulxlof Y2o & 5o
B e Adats AAHor ZAste of g4o)F e 122 Bosdo
(Fig. 4). sk#ut Kouker (1987)°] 2|8t esteraseo] oj#iAl e S 3}o)
@49 7 A7 Wil rhodamine B agar plateo] 23+ A8 wilo) u
vb 22k screening & &9k A M) R LS rhodamine I agar plateol]
HEF 5 pink colonyE w1 340nm UV, ahof) A] Ll xj A whato]

A5 5 R E g akab

e

FTHLE real lipase Ao R #olaql
°F (Fig. 5). 88 5289 80 754 8o @72 vusle Ay

qom & #5758 ddse ojEo] 949 2
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de A Ao ae

(Kouker and Jaeger, 1987)8}3L &4 24 =3

dejsto] Foagdol o) zhit,
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2 2AF 5 15
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2. Lipase #4419 %4

el T8 95kl 165 rRNA § 442 ol & &t sequencing % % &} o
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MM EE A2 GenBank® DNA databascell A 7} AE Aol e
el G I wlaste] GERRIYE (Fig. 8). w4 ¥ dragde
olul W wFe ArIMAH v wEte] 99 %o)Ate] AEAL A=
Ao vlelgton] o] 97" e MEGA 2.1 package® ©| &3l AF
TE e} (Fig. 9. 3% de9E 43 Pseudoalteromonas® o)
o, 9ol dI}E MR 3 lipase AT FE Pseudodlteromonas sp.

KY-5 =t Wdgaaict

3. Pseudoalteromonas sp. KY-59] HA Z2 %A

Pseudoalteromonas sp. KY-52] #HH Z2 24L& dAs7]) 96}
HH pH 7%, AF 2%, 3 NaClg #=Absgdcr. 34 pHE A3}
7| #18tel PPES- I broth 100 mé (NaCl 3 %, % 25 Tyl pHE 3, 4,
o, 6, 7,75 8,9, 1008 uzm M7 vjgdANe HEslo shaking

incubatorel A 48417k 180 rpm & Wl ekt 3 640 nmel M Eu v

gl

=
Ak AL AR Fig. 109 23 AF pH= 800, pH 000 A e =
Zhat 2 A AbEEk: 2S94 9l

b HA NaCls HAsl7] fis] o742 AH8% PPES- 1 broth

O %, 1%, 2°9%, 25%, 3%, 4% 5 %,
vt v oFol S HZ o] shaking incubatoroll
M48417E 180 rpmo.Z wiokete] 640 nmelMd FHEE z=AE AT
Fig. 113 #Fshvh. A A NaCle] $ i 2 %ol 0 %ol A 5 9%7b%) H)
aF Aol Fok

o T A
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Pseudoalteromonas  sp. KY-598] 2% 2%& ANAs7] Ysiol
PPES-IT broth (pH 7.5, NaCl 3 %) #|vF wjad e HZsled 24z} 4
T, 10 T, 20 T, 25 T, 30 T, 37 T, 40 C, 50 CellA} 48417 whkat
o] 640 nmelt A FHEE FALS A3} Fig. 129 2ol 33 L5 925

Few, 20 TAA 40 T o= Ao 434S B

ol del A ® pH 80, 2% 25 T, NaCl 2 %4 HHeo 4% =2A

- Helal el A F4E Fig 139 g2k

4 EA AL 9% A" e

lipase2] A1bE 9k 22wl #2208 HAF7] AsiA Zujokd] A}
€3t PPES-II medium& 7]¥ o1 &to] 32 pHel 232 2wz )
Fate] gha eyt dade] Ad W oHH yes g4 24 24 o
R mAbE ST

WA, el GEs ulis ghade) H93ge A A glucoses)
soluble starch® 2}2} 0.05 %4 A2 &S of &2 Mo 714 =90
M (Table 2) A9 A9 peplone¥ tryptoned 0.1 %% Al &5 9<S
Wrb w4 gAdel kvl (Table 3). ©we 98S AWwgrs u
Pseudoalteromonas sp. KY-59 43 g4 AAd vze= £52 2
ABE7L $18ke] ofe] S wel A wigAlA ste] BT g4 AN SS vl
b AT el Ay FA 29 25 Tk e 2o Fa g4l 7}
dowe Aes dEhd pHe  Aers Qelmy] 24

Pseudoalteromonas sp. KY 52| vl 7] pHE 494 11747 =435}
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ol A#s A3 pH 6~pH 10914 gl &Aool 57 9% o)Al lipaseS
A et pH 8ol A Aol bR A vEph aieEA e ule

A
el SA gl AHE Hlaus B Aw el 4 (Fig. 13)2 364

ool oldl vistel gl WA (Fig. 142 10217 5191 46A] kol 4]

A4E ehideh 2l ek ¥ 46N el A FAE gao] A

peptone 0.1 %, tryptone 0.1 2, yeast extract 0.1 %, olive oil 1.5 %%,
soluble starch 0.05 %, glucose 0.05 %, CaCl, 005 %, NaCl 2 2,
distilled water 1000 m¢, initial pH 80, 25 Co 4} 46417t 2 A A9
U},

5. Olive oil2] #]¥2F ¥ 3}

A4 5= lipase®] 54& olive oil9] AWt Mtz dolr s 9s
o GCE Al&sle E4stgdon BAe go)ats o sy major peakyt
= A WA st standardZ24 AFEE Fig. 155 olive oil®]
peak 24 7F {1 peakZt oleic acidelw] o] Aabe (1819 Bxs 7
Wake m maAH o olive 0ile] °F 55 % ~ 85 %E AAlgl= RAo=
A vk Fig. 16€ Pseudoalteromonas sp. KY 52 & 23 & 944]
it ol 2] peak®E A oleic acid®] retention timeR. T 9FM A 7hojol A &
w opeak”7b vEbdE o 4 9low Fig 178 4% $ 5047 oo 7

A Fe Al 2¢ peak?t WEFU oleic acid®] peakis & A48 Zof
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¢ = Atk retention time 12¥ 8] peaky: A4 A3 palmitic

ﬂllo

%,,,
acid (CI6:0)Z W& 32 11299 peaki= myristic acid (C14:0)¢) # o
]

Pseudoalteromonas sp. KY 57} QA4+ lipaset= olive 0il®] oleic acid

N
—
=3

woovEpst Ao R Table  SollA R npgt

i

& Wallsle 50A T Fell 78 %ol @Ele palmitic acid®} 13 %2
myristic acidE A3t ol¥1 g A= oleic safflower oil (75 %
oleic acid® 20 % linoleic acid 3+%)2 Rhisopus delemar lipase=Z of
SHIE o 9gA A FAste] 40 %°l palmitic acidE WAE e A
T, 1987l wlEWH Pseudoalteromonas sp. KY 5 lipase?t oleic
acidl & 5014dS 7Y palmitic acid 4ol $488 o & g
vl I8 oleic aciddl L9 Sol4 e HUT Qe Geotrichum
candidum lipase®] 4% 73 % oleic acid® &8 olive oilS 713
ooAbgste] 3YEer wbE ARl A3 8 %9 oleic acidwE o] &
(Macrae, 1983)%tdl vl dte] Pseudoalteromonas sp. KY -5 lipaseZ} &84
Fr oleic acido gk 71 d Ho]A S Mol 9188 9 ¢ 9t}

ol#A WA AWAE F palmitic acid?] ¢ 19954 o] ol S

bEol A 70 9 ofshe) AlF o wulfo] ofy) AsfrvlFo 2wl 4

>
ra
L)
32
I§e]
!
&
DY
4!
=
=
2
O%;‘
e
L
-r

telof & #qle] 9 &6l 9)
a @A S Ane] 70 %7 SR EG o AgE vzl guR
AAE o AbRE 2 Qlck myristic acidy: AHEAAA L] duw A £
StolsT AR e R £ 58 98 9% ol e Aal e 100 goll M 163 go

PR AL Qov] @A el de Felel ol

L

ole)# AR & o oleic acidZ palmitic acid®} myristic acidiz A 3
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A 7132 Pseudoalteromonas sp. KY -5 lipase?t 331 Abfol] 9lo] A

FEE 712 AR ol 48 & o) 47R,
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Fig. 4. Tween 80 agar plate assay for lipase activity.
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Fig. 5. Rhodamin B agar plate assay for lipase activity.
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Pseudoal teromonas

Pseudna l teromonas

Pseudoa | teromonas

FPseudosa [ teromonas

Pseudoal teromonas

Pseudoal teromonas

Pseudoal teromanas

Pseudoa | teromonas

Pseudoalteromonas

Pseudoa | teromonas

Pseudoal teromonas

Pseudos | teromonas

Pseudusd | teromonas

Pseudoal teremonas

Pseudos f teromonas

Pseudoa ! teromonas

Fseudua ! teromonas

FPseudoa [ teromonas

Psendoal teromonas

Preudnal teromonas

Pseudos | teromonas

Pseudoal teromonas

sp. KY-5

agarivorans

sp. KY-5

agArivorans

sp, KY-5

agarivorans

sp, KY-5

agarivorans

sp. KY-5

agarivorans

sp. KY-5

Agarivorans

sp, KY-5

agarivorans

sp. KY &

agarivorans

sp. KY-5

agarivorans

sp. KY-5

agarivorans

sp. kY5

agarivorans

CCTGGCTCAGATTGAACGCTHECGGCAGGCC TAACACA TGC AAGTCHAGCGL TAACAGAG

e -AGGCCTAACACATGCA \GTCGAGCGETAACAGAA

&

AGTAGCTTGCTACTTTGC TGACGAGCGGOGGACGGETGACT AATGCTTEGGAACATGCCT

AUTAGCTTGCTACTTTGCTGACGAGCGGOGGACGGGT GAGT AATGCTTEGGAACATGCCT

[T

TGAGETGHGOGACAACAGTTGGAAACGACTGCTAATACCGCAT AATGTCTACGGACCAAA

TGAGGTGGGGGACAACAGTTGGAAACGACTGCTAATACCGCATAATGTCTACGGACCAAS

GOGGGCTTCGGCTCTCGCCTTTAGATTGGCCCAAGTGGGATT AGCTAGTTGGTGAGGTAA

GGGGGCTTCGBCTCTCGCCTTTAGATTGGCCCAAGTGGGATTAGE TAGTTGGTGAGGTAA

TGGCTCACCAAGGCGACGATCCCTAGCTGOTTTGAGAGGATGA TCAGCCACACTGGGACT

TGOCTCACCAAGGCGACGATCCCTAGC TG TTTGAGAGGATGATCAGCCACACTGGGACT

GAGACACGGCCCAGACTOCTACGGGAGGCAGCAGTGGGGAAT ATTGCACAATGGGCGCAA

GAGACACCGCCCAGACTCCT ACGEGAGGCAGTAGTGGGGAAT ATTGC ACAATGGGLGCAA

GCCTGATECAGCCATGECOCGTGTGTGAAGAAGGCCTTCHGOTTGTAAAGCACT TICAGT

GCCTOATGCAGCCATGCCGCGTGTCTGAAGAAGGCCTTCGGGTTGTAAAGCACTFTCAGT

CAGGAGGAAAGGTTAGTAGTT SATACCTGETAGCTGTGACGTTACT GACAGAAGAAGCAC

CAGGAGGAAAGGTTAGTAGTTAATACCTGCTAGCTGTGALGTTACTGACAGAAGAAGCAC

CGGCTAACTOCGT GO ABCAGCCOOGGT AATACGBAGGGTGCGAGCGTTAATCGGAATTA

CGGCTAACTCCGTOCCAGCAGCCGCOGTAATACGGAGGE TCCGAGCGTTAATCGGAATT Y

CTGGEGCET A AAGCGTACGCAGGCGETTTOTTAAGCGAGATG TG A AAGCOCTBOGOTCAAC

CTGEGEGTAAAGCCTACGCAGGCGGTTTGTTAAGCGAGATGTGAA AGCCCEGEGTTCANT

CTGGOAACTRCATTTCGAAC TOGCAAACTAGAGTGTGATAGAGGGTGGTAGAATTTCAGG

CTGOGAACTGCATTTCGAACTUGCA AACTAGAGTGTOAT AGAGGGTGGTAGAATTTCAGG
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Psetidoal! teromonas

Pseudvatteromonas

Prseudoa f teromonas

Pseudoa | teromonas

Pseudoal teromonas

FPseudoal teromonas

Pseudoal teromonas

Pseudoa i teromonas

Pseudba | teromonas

Pseudoal teromonss

Pseudoal teromonas

Pseudoal teromonas

Pseudoal teromonas

Pseudoal teromonas

Pseudoal! teromonas

Pseudoaf teromonas

Pseudoa ! teromonas

Pseudoal teromenas

Psevloa [ teromanas

Pyeudoal teromonas

Pseudoal teromonas

Pseudoal teromonas

sp. KY-5

agarivorans

sp. KY-5

agarivorans

sp, kKY-5

agarivorans

sp. KY-5

agarivorans

sp. KY-5

agarivorans

sp. KY-5

agarivorans

sp. kY 5

agarivorans

sp. KY-5

Agarivorans

sp. KY-5

Aagarivorans

sp. KY-5

agarivorans

sp. KY-5

agarivorans

TETAGCGETGAAATCOGT AGAGATCTGAAGGAATACCGATGGCGAAGGCAGCTACCTGEG

TCTAGCGGTGAAATGCCTAGAGATCTGAAGGAATACCGATGGCCAAGGCAGC C ACCTGGG

TCAACACTGACGCTCATGTACGAAAGCGTOUGGAGCAAACGGGATTAGATACCCTGGTAG

TCAACACTGACGLTCATGTACGAAAGCOTGGOGAGC AAACGOEATTAGATACCCCGGTAG

B ST LT

TCCACGCCGTAAACGATGTCTACTAGAAGCTCGGAGCCTCGUCTCTGTTTTTCAAAGCTA

TLCACGCCETAAACGATGTCTACT 4GAAGCTCGGAGCCTCGGTTCTGTTTTTCANAGCTA

ACGCATTAAGTAGACCGCCTGGGGAGTACGGECGCAAGGTTAAMCTCAAATGAATTGAC

ACGCATTAAGTAGACCGCCTGGGGAGTACGCCCGUAAGGTTAAAACTCAAATGAATTGAC

"

GGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGCAACGCGAAGAACCTTAC

GGOGLCCOGTACAAGCGGTCGAGCATGTGOTTTAATTCGATGCAACGCGAAGAACCTTAC

CTACACTTGACATACAGAGAACTTACCAGAGATGGTTTGGTGCC TTCGGGAACTCTGATA

CTACACTTGACATACAGAGAACTTACCAGAGATGGT TTGGTECCTTCGOGAACTCTGATA

sk "

CAGGTGCTGCATGGCTGTCETCAGCTCGTGTTGTOAGATGTTGHGTTAAGTCOOGCAACG

CAGGTGCTGCATGGCTGTCOTCAGCTCGTGTTGTGAGATGTTGGGTTAAGTCECGUAACG

AGCGCAACCCCTATCLTTAGTTGCTAGCAGGTAATGCTGAGAACTC T AAGGAGACTGCCG

AGCGCAACCCCTATCCTTAGTTGCTAGCAGGTAATGCTGAGAACTCTAAGGAGALTGCCG

GTGATAAALTGGAGGAAGGTGOGACGACCTCAAGTCATCATGGCCCTTACGTGTAGGGC

GTGATAAACCHEAGGAAGGTGOGHACGACGTCAAGTCATCATGGLUCCTTACGTG TAGGGC

sk etk o e

TACACACGTLCTACAATGGHCOCATACAGAGTGCTGCGAACTCGCGAGAGTAAGCGAATCY

TACACACGTGCT ACAATGGCGCATACAGAGTGCTGCGAAC TOGUGAGAGTAAGCGAATCA

CTTAAGTGCGTCOTALTCCGGATTGGAGTC TGCAACTCGAC TCCATGAAGTOGG 3 ATCG

CITAAAGTOCOTCOTAGTCCGGATTGG ACTC TGCAACTUGACTCCATGAAGTUGGAATCG
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Pseudoalteromonas  sp. KY-5 CTAGTAATCGOGTATCAGAATGATGCGGTEAATACGT TCCCGGGCCTTGTACACACCGOC
Pseudoal teromonas  agarivorans CTAGTAATCGCOTATCAGAATGACGCGETGAATACGTTCCCGGGCCTTG T ACACACCGCE
Pseudoalteromonas sp. KY-5 COTCACACCATGGGAGTGGOTTGCTCCAGAAGTAGATAGTC TAACCCTCGGGAGGACGTT
Pseudoalteromonas  agarivorans COTCACACCATCGGAGTGGGT TOCTCCAGAAGTAGATAGTE TAACCETCOGGAGGACGTT
Pseudoalteromonas sp. KY-5 TACCACGEAGTGATTCATGACTGGHGTGAAGTCGT AACAAGGTAGCECTAGGGGAACCTG
Pseudoal teromonas agarivorans T-CCACOGAGT - ATTCATGACTGOGGTGAAGTCOTAACAAGG - -~ - - - - - - oo

Fig. 8. Alignment of 165 rRNA sequence of Pseudoalteromonas sp.

KY-5 and Pseudoalteromonas agarivorans.
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Pseuadoalteromonas elyakovii
87

a7 Pseudoalteromonas agarivorans

_ 8 Pseudoalteromonas sp. KY5

95 —______ Pseudoalteromonas atlantica

Pseudoalterormonas issachenkonit

99
Pseudoalteromonas telraodonis

FPseudoalteromonas sp. MGP-34

Pseudoalteromonas porphyrae

0.002

Fig. 9. Phylogenetic tree of Pseudoalteromonas sp. KY-5.
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Fig. 10. Effects of temperature on the growth of Pseudoalteromonas

sp. KY-5 in PPES I medium (pH 7.5, 3% NaCl).
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Fig. 11. Effects of NaCl on the growth of Pseudoalteromonas sp.

KY 5 in PPES 0 medium (25C, pH 7.5).
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Fig. 12. Effects of initial pH on the growth of PPseudoalteromonas sp.

KY-5 in PPES I medium (25T, 3% NaCl).
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hr

Fig. 13. Growth curve of Pseudoalteromonas sp. KY 5 at optimum

culture conditions (25C. pH 8.0, Na(Cl 2%).
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[7ig. 14. Lipase production during cultivation of Pseudoalteromonas sp.

KY-5 in the shaking culture,
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Table 2. Effect of carbon source on the production of lipase by

Pseudoalteromonas sp. KY-5

Carbon source (0.1 %) Relative activity (%6)
Glucose 7.3
Lactose 189
Sucrose 65.1

Soluble starch

100.0

(ralactose o84
Glucoset+Soluble starch 100.0
None 80.2
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Table 3. Effect of organce nitrigen source on the production

of lipase by Fseudoalteromonas sp. KY 5

Organic nitrogen source (0.1 %) Relative activity (9%)
Peptone 31.6
Tryptone T2.2
Soytone 19.0
Yeast extract 89.4
Nutrient broth 42.9
Peptone + Tryptone 100.0
Soyvtone + Peptone 21.9
None 90.8
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Table 4. Composition of modified PPES-II medium for lipase

production
components concentration
Peptone 0.1 %
Tryptone 0.1 %
Yeast extract 0.1 %
Ohve ol 1.5 %
Soluble starch 0.05 %
glucese 0.05 %
CaCl. 0.05 %
Na(l 2 %
Distilled water 1000 mé
pH 8.0
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Fig. 15. GC separation of hydrolvsis of triglvceride in organic -
aqueous  two  phase  system by whole cell of
Pseudoalteromonas sp. KY-5 as a source of lipase. Analysis
was performed on a HP-1 column. Temperature was

programmed from 11¢ to 300 C at 15 T/min (0 hr).
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GC separation of hydrolysis of triglyceride in organic -
agueous  two  phase system by whole cell of
Pseudoalteromonas sp. KY -5 as a source of lipase. Analysis
was performed on a HP-1 column. Temperature was

programmed from 110 to 300 C at 15 C/min (24 hr).
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Fig. 17.
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GC separation of hydrolysis of triglyceride in organic

aqueous  two  phase system by  whole cell of
Pseudoalteromonas sp. KY-5 as a source of lipase. Analysis
was performed on a HP-1 column. Temperature Was

programmed from 110 to 300 T at 15 T/min (50 hr).
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Table 5. Changes in triacylglycerol content in fractions of lipase
catalysed olive oil in two phase system, using lipase from

Pseudoalteromonas sp. KY-5

RT Area Height Area%
16.753 28108 3.273 86.812
0 hr
22703 4270 0.912 13.188
12.265 9155 2.473 12.674
15.600 6900 0471 9.552
24 hr
16.752 50386 4,250 69.752
22.749 5795 (0.806 8.022
11.018 37985 5.419 13.294
12.265 58427 7.391 77.855
50 hr
16.747 21963 1.897 7.688
22.752 3323 0.551 1.163
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