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ABSTRACT

The isolation of lipase producing bacteria from soil samples around grease trap
pond and wastewater samples from wastewater treatment system of canned fish factory was done
on basal medium (agar) containing 1% extracted fish oil (from tuna pre-cooking condensate) and
0.001% rhodamine B. One hundred and eleven bacterial isolates were grown in this medium but
only 80 isolates showed fluorescent under UV light. These 80 bacterial isolates were screened for
lipase activity on basal medium (agar) containing 1% tributyrin. 42 isolates showed clear zone
around colony while the isolates GT3 (19) showed highest index of tributyrin hydrolysis. Only 11
isolates showed high activities and the isolate EQ3 had the highest hydrolysis activity (1.5 U/ml)
in basal medium (broth) containing 1% of extracted fish oil. The identification of the isolate EQ3
by 16S rDNA showed 99% identity (bp/bp) with Burkholderia sp. and was designated as
Burkholderia sp. EQ3. The optimum conditions for lipase production by Burkholderia sp. EQ3
were 1% extracted fish oil as a carbon source, 0.1% tryptone as a nitrogen source, at 37 °C with
200 rpm for 12 h with 1.77 U/ml of lipase activity.

The crude lipase was separated from the culture broth of Burkholderia sp. EQ3
by precipitate with ammonium sulfate, ethyl alcohol and acetone. Acetone precipitation provided
highest total lipase activity (84.8 U, 4.7 U/mg of specificity and 9.4 purification folds). The crude
lipase showed maximum activity at pH 6.0 and 25°C and was stable at pH range 9.0-12.0 after 1 h
of incubation.

The crude lipase from Burkholderia sp. EQ3 was used in wax esters synthesis
with the fat from fat cake in grease trap extracted with hexane. This fat was composted of myristic

acid (4.0%), palmitic acid (47%), stearic acid (10%), oleic acid (24%) and linoleic acid (9.5%) in

(5)



comparison with the 5 commercial immobilized lipases (Lipozyme RM IM, Lipozyme TL IM,
Novozyme 435, Lipase PS and Lipase AK). The reaction was carried out by mixing 115.3 mg of
fish fat (average MW= 839.12 g/mol) in 1 ml of hexane, 100 mg cetyl alcohol and immobilized
lipases 1 U at 45°C and 300 rpm for 24 h. The Lipozyme RM IM, Lipozyme TL IM and
Novozyme 435 could synthesize wax esters 92.25, 19.72 and 90.93%, respectively. The synthesis
of wax esters from fish fat by Novozyme 435 was optimized. The optimum conditions were
enzyme 1 U, molar ratio of fat from extracted fat cake in grease trap to cetyl alcohol 1:2 in hexane
at 37°C and 200 rpm. The yield of wax esters at optimum conditions was 90.59% at 3 h. On the
other hand the optimum conditions for wax esters synthesis by crude lipase from Burkholderia sp.
EQ3 were crude lipase 40 U, molar ratio of fat from extracted fat cake to cetyl alcohol 1:2 in

isooctane at 30°C and 200 rpm and the yield of wax esters was 95.07% at 6 h.
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Figure 1. Flow chart of tuna canning process and waste from process.
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Table Characteristics of wastewater in tuna canning plant.

wastewater Tuna Pre-cooking water

Parameters include exclude
BOD (mg/1) 7,313 5,196
TKN (mg/1) 890 564
TSS (mg/l) 2,233 971
F&G (mg/1) 5,523 5,318

S;E4mA|SSpuei°wu®,| |0

Table 2. Characteristics of wastewater at different steps of canned tuna processing.

Processes
Parameters
Thawing Butchuring Pre-cooking Packing

pH 5.6-7.4 5.1-6.6 5.1-6.3 5.8-6.3
BOD (mg/1) 200-1,800 1,000-5,300 23,000-52,000 1,753
COD (mg/1) 400-3,200 2,400-7,200 41,000-74,000 2,573
F&G (mg/1) 100-5,100 1,000-9,400 4,000-56,000 6,504
TKN (mg/1) 20-250 90-600 4,800-8,200 290
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Figure 2. The pathway of lipid degrading by B-oxidation.
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10

Acyl-CoA synthetase

Acyl-CoA dehydrogenase

Enoyl-CoA hydratase

3-Hydroxyacyl-CoA

dehydrogenase

Thiolase



11

7. gmdwmmu‘lmuﬂmﬂa

A® ' nS..°SA°eAZorA"AZ-i+A—03 ESAce
¥ -1 A"Gudkrdas 108 AZATAZ-opuSece-—A—on ,u!sl
°»T-u®,'"'e"npuSC A"nAcedpSz - " -A"Az-3 EY"
Sl THAZZ3¥ > " r Ao A G SiphS Svomg, -1po® , 'Am— ¥~ a° ¥
AcceAZarA"AZ-<pu,«» " 028! ¥r§ EcelpopAeoop,s
Aspergillus sp. A Benicitlium sp. A TAZ - < L, ¥, -7r cxird Barddd” A Z - < U,
(Hatzinikolaou et al., 1999; Chen, 1996 ° O UCDiafAerat-, ¥999)

7.1 lanlaandald
A"A7-8 EA—ocpu,-""arj*A—AIhES Ane Aoe °
JAjpdepu®pu! "TphA-o @ 2aAc A J"opcAwefE° AT
1995 ATAZ-cp,” e°n°cenA° ABAAAZ NI ARALKZ-AcC
e, <u, <3 A"Az-A"02¥ Sa AZ7!" ®°, ,se-—®e!|
®eopuS, Een2¥A"Azmbompspl ¥n¥A™ C AZCA —1
7.2 lanJaoniiy
A"AZ-8 EA—ocu,i%j*A—08 ESAccA®xE
(U, (%8 Eje-n20cA®enc3je+A elri o jd4pce. 642N A
Zu're Ao E —Wopu S Lpo P -REFAG AR E—"3®»n S
Aa"E—"3®@»nSA— ok pls«?, -, e°¥nuS,2opuSsS...

7.3 lanlaningdun3d
A"AZ-<pu,<» e8! ¥ro ...o°— ,2npA~"Az-3§
<)-eA”. e ATA—o0la_AlEaA"3A" E¥SSnpu¥,2npj°
3S@Y —ij°Eed EAce,p!'Y" " Aon--EceAZz " °°SA!S
..°SA°eAZor$ EA—o0,E-¥%S,2nu A"3A°eAZar,
A”,"nuS, e—o02¥% § ESce,EfaucA~,"nuS, ®..°
® U, ® pu¥°¥nuSopu,Aen@npcdAz}eec-— °¥npS
A® ' NnS™ nuSC °»-—@Ef£Yan. °Uu, Hudihd@TO® <1S3T|

(Kokusho et al., 1982), Bacillus A30-1 (Wong et al., 1995), Rhizopus oryzae (Hiol et al., 2000)

NC >,




12

A " Gyprococcus sp. 52 (Kamini eral., 2000) <3Y " -"A° e AZorA " Az-§  E 31}
— Nrghacterium sp. (Frost and Moss, 1987), Acinetobacter calcoaceticus LPO09
(Dharmsthiti and Kuhasuntisuk, 1998), Mucor hiemalis fhiemalis (Hiol et al., 1999) <3Y ™+~
A AZarA " Az-3 BSpplcbniaeddae: «£1ppd Phdyoe, 1S
aeruginosa LST-03 (Ogino et al., 2000) A “43vergillus nidulans (Mayordomo et al., 2000) < 3
Y- "A°eAZarA " AzZ-3, ESlpSpmmAYe - EA2BSAEZ AZAG
Scetaunloaoms w°,cu, e Eo» e8! ¥repSem-  —
I»—-ae’ 7.8 E A MphSgontts—E ¥ -AAReAZorA Az
A—oA, n AfceRBorfANArE-EA®ou3- A e Ukl i s/
B2 <38 | A°e3 EA® o P Scnmidoseed iSibga S AGSS PE , 1! 8
e8! ¥r-papul ™Y ."AceAZoerATAZ-A—o0 npSex
A®op3-m, +°»"-u®,11e"nusSc ,-""-A—- -1t
¢» e8! ¥r3 Eo .. U5 gacDdpan; 08 BA s.naep A Aeh
7130 b Schmidt-Dannert eral,, 1994) A" A Z4 fiqligns 0, ... @ H{— A G A” »
kDa (Mayordomo et al., 20000 A "3 A° oe A Zsgindsp. Ak 629 Lz,,l ES«<3no , . O
Aa A" » " Eoh¥D%aphsthit and Luchai, 1999) AZ}0e "0 AceepS,!— je@
3a ... eep—A®en AeE°Scu,, u''2oeeaa’® SATA”
1993 Aence A° @bl mi dZAoRE°"12¢c-°efayne!l.-»3

AcA” »"..°SA°eAZorAce-£pij>!'aep™ wpeanpA-°
(Dharmsthiti and Luchai, 1999) A ° OSAZ @ inbiodheduturisl § 3 O ,oe Elp®ce’ A
AceAZorAe-£pij>!joeu”™ AoOE°"lac¢-°etapmel.-»

A~ E,,AN:A¢:'Zh-A"AQnAZ.'é-EI.lliDaiS%h%lﬂt-paﬁr?é@b@ETH

etal., 1994)

8. ﬂ?1N§1!W1$ﬂl@Q!ﬂHﬂ“ﬂ3ﬂﬁ!ﬂﬁ

~

Malcata A“3:I:—3 Ae é:t HQ<THAiu3...OéA
A®en A—o0A,n A°eAZorA" '2 § En ;taumTuAiu
e, AZ°Al—r A°®AZors Ec fpaun<luA|p3 n°
o |
|

lopuS-A"°!l.A°A°AZAr°!r .. 0g.” «-A"18 A"3A® 09/&4



13

Macrae (1983) A-n§A°oeAZOrA"AZ-<p,,<»"-oe§:b¥
AaA" » ... °SA~) "~ AZ°A'—r°° Az}oe ,"»nu fo°

agutt AZ}oeA°ceAZorA"AZz-3 EAcono fapac
Al'—r AceAZorAe, " »nooe E-pap!™A'nSz ., -1
e E®eY -"E£ —"r-»—30u¥3, EA—03Az},!—A ...
Al'—rA"3AcAc,,” AZ°Al—rAz}e-p!" "2, "uSAez’-
AZaorAc Ahﬁdméeu Gorynebacterium acnes, Staphylococcus aureus A\ Z }ee"oce

nquitz AZ}oeA°eAZorA"AZ-8 Eo f2pacipAj
OOAZCPAY—r ZTESAROECAT!N v AZCA! —r ™4 ¥ney
O OAZCARRAAA3 AZAA— ATAENoAce ARZ°A —
1S a™Mopuz ' n°¥A®oA, - —Z' -, - ¥puefe A, AXR AL
A3 AoAce,” AZ°Al—r A"3¢3™I, ¥n°¥-"u¥°¥np
§ E-»— 2{<<>>‘,CEQb,,|.,l:CETHAO(EAEZAQAMAA@,,,H»HU
cElpe ez'p A°eAZorA"AZ-3, EL¥%inihaee, »no
javanicus A" 3 @Rizopus ® " ¥ - |41¥njda €813 190V

nquita A2} A e AZorA"AZ-8 Eo tapodpA
LLeSATY T AZPA —r Z'ES-n2e A®enA°eAZarA-,
CU,<» e8! ¥repSi?, chmameendn@ REZSa A A ey, A
A...o"ceAan°.-Ee~"a.p¥¥puas Eo j e>3i¥%nAz}leet
Z1ES7{c<<»e eA—o0n Spe?2. ¥opu,op¥s ESTp,p!
Afecepu,p'A"3-» . £pjiA—¥A®of2puo-ccAmrA, E¥?
e ETpo’ ooitd MM EAESju3Z13A¥er"n®, nlji coep...
elphAzi cccepAce,plAz}e°p®u!A-1 - cAcA—E, A"
«3"0°Suo  pu!'AeoA°eAZorA"AZz-5 Eo tapacdpAil
o, ¥,7 7 2°¥npuSSpe2-« ¥5 EA, E¥2..0°S — S

Jonzo 20000 A— 08T, p'«?, -y, u'AecA°cdRZAkTA
Az- 3 E™Y, STuUA®O0e!--»3>-1 A"3!Y,0 tawtia-0e” ™+
rugosa A—¥@lTpapAeSe e AABACA Sz -, - - ¥ud'poe-
A" -Agele” "o ' _A . a"oe..°ScdRTAL? et AZ A
z -, L ¥pA°-As°!'.¢dAfe Exe..°S,'—A...o"®° - Ex

0]



14

A..omaDdE¥YEnAce,l A Yo do3 AA¥RAAE
Y "A—o0 Asnpy 3§ BPAA@Z! s ESAESO0Z¥ER 3
¢dA¢',E(EACE,,IpHﬁA-iME'LSP e AR dezer, . r A@RE 8 Sr <,
Zu—, ed BEASHAY EBEYtop

Liu A7 3 foee? A—oslu,,u:-’éAilu3®r,{§\3°Z-",,"
L 0SS, —A L o7 e Aduduralzi ty 28® “§1YE Ap A®ce ndSe A
W' SAT! U3 @t dss A e AAPPE EATY " nuS, "
—°S A" BAZ{ oA YA {d ®¥fu-£ 238 EA®au3-a...
7 - i-anu\"(“-néo,E:3—’-,,4a:A2°'—FZ?\’ZE¢e¥mAbeA%

A A s om N\ - ~

loys Vo Am AZee™! 7' s ARETiALK b &8 %qiod £ REE Z 1

5 !

~

A idlecutarsieves1 , 1 @ YTY .8 EA—o0<3AZ}e..°SA®"2-
ISA®Y¥A!IE2 A —p¥woA ipn2Agid, Bs AZS rAZEe™r “po”
AaAocA°z-"," Az°l°" A—A°Z -7y, Ad°§i3” A"3A
AZ°'rAZEe™r "pa fu—"-

RatchapolA"3:t—3 A—OéTH,,H:<<1,,ﬂH,,H:Ai'[
AZeler Aoe,,:—A...0’p@auémgaraffatEgai&’aﬁ®;m¥§\”®1ﬂl®oen
pHA A—¥ p!'8Tpz’ -, ' ¥u, " AL AN a8 ETpa o

fuorescence ZTE S <3 ™ I 10b 1/5 3 jeefR it Y\ lesier yTBE) AZ} oo™ 2
STu "3 " pu¥°.-es! ¥r38 EA®op3-o AE°STp, pu!s—--
A®ops-oAce, pu!'Y - "AcAeAlZ AZ7°|AKZ PGeA A
Z'.ophA @ "'p-n2ceAe” . °S " AZP 12T TmieeE Elp
AZ°'rAZEe " rA—¥ e Eb A& & T A0E o2 “AK 2 ¥ oo & TP

SYaeNU 48 3SOEME - ABIYE pr3np2 ASSuX—o0 7 1 ¥ug—

© A7 ohe AFY ol AR pA 7 E eed Aok ¥ @ BT U®
A—oo pl«l —ptapofS~ 2  °SA°eAZorsA—¥S§,
As% AZ°lrAZE@™r ...°S vl AzA pe ABE pbeh®S 'S G,
°S«UAZ"AZ ¥k NiB LRSZ -2, ipAZ°AIA"Z -A
7" U8 Waree ko - - A TAY3 "a °SAaAeA°Z.
SRR M
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9. ﬂ1iﬁ1\111-!°ll®\1!61!“l“]ﬂﬂa!ﬂﬁ

AceAZorA"Az-"3"p¥eEITpHA—0A™Nn-"-A"
cElpe o, t»—-oe¢ " Aon 3" u¥oeEipy ,p!'AlnSz
Y.-2."gY -13®@anuS-n2me..°SceElu, *-"+-A"1'3A%n
la_AlE2 A"%o 7!3-.83>.£pjeu, ... Ee«!S~0°S3i
(Macrae, 1983; Malcata ef al., 1992; Balcao ef al., 1996) - 1L ® 1 e A° e AZarA Az
A—¥3 EaAz8TuSpoedd +2qe S EInASA&>Nn2S A
STuSpeeA—o—°85 GrAZSAZ-BL£ Yo S~ 27 n°° »
AcoeAZorA"AZ-<p,<» -e8! ¥ro fapotS~ a"pneey
AeCPE°Scu, taua® U, Buid¥s... > F¥» " ome § | 3¥ E Acerl e
-pap! ™Y CAC e AZor AT AZ - Sk o ®E) Hakhe- Yo S A —
s AenStapa-pop! ™MAce, u!AInSz’ -, - ¥u...°SA°¢

Loy naAInS 7z hyd¥ipdis p b © VW7 b AR LA CYE T
—o02¥®eETpA—oY " -"E£ -"rAz}e,'—A .. 5", ., " |
,OOAZPA —r3A—oYT TE -"rAZ}oe, ' —A...a"e, .,

RCOOR'+ H,0 < RCOOH + HOR'

2. “»n Q§5 EA:néi’(S'ynthe%iscﬁéeHers),gi\}@M ﬂ®'r¢é°AA5Lf3|®r
”:_A"'Q,(E”,.nugAzo:o" Ao"noio"r ®:00An“:t°"
S - SATIUS@IA-ASITAZ} R 7 evgrse bt Rafdii0 ° e,

RCOOH + HOR' ¢ s RCOOR'+ H,0

3., »na8 EAINSZ - frahsedbrfhcSibpl o2 F doZ-' A5 ¥ud, A A
A®oA—¥A, —clu,, L' ¥opu¥®u¥snA°zZ-"®!°° ' —A ..
i ®>3A®on, *AcA" »"°°Em o, e-— fO°

2, ¥ kgl A—ATZ -

R,COOR' +R,COOH > R,COOR'+R,COOH

322,V Y UAC igfost TATZ -

RCOOR',+HOR, " RCOOR',+HOR
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33 2 " : '¥H°a§ngoly§sCEAuzb -
RCOOR',+ HNR, <« RCONHR'+HOR
34 2 N : '¥p.o 'CEATnt%résfepéicgtimAéo : ¢dA:t°, ECE

R,COOR', + R,COOR', >  R,COOR, + R,COOR,

10. fladeiiinanenswanlanlalaagaunse

¢» e8! ¥r-n2eeA®en«<3Y " .-"Af@AZorAA
398 (Kim et al., 1994), Pseudomonas sp. KWI-56 (lizumi et al, 1990) AZ} @~ 0@ A" nepnS
A e AZorA" A ZicabeddedidNiBedl ©icii b ail\osk) @S 2 cE Y " -~
bound lipase A $thdp@8occus thermophilus (Demoraes and Chandan, 1982)

i-<pu!'—penas, :A<'--§5EA®ou3-0Aoe,, Ly
<» §: ¥r-n2eeA®enY " "A°igehZ ArdB B 2 SAp- 0» V.

«-YS-»—<1S-puno u: ™Y . A AZarATAZ-/
Bacillus sp. MC7 (Emanuilova ef al., 1993), P. aeruginosa (Stuer et al, 1986) A~ N<» " - §! ¥
ee-—<3Y" - "TA° A ZorA" A Zudoay Oxds Beames A 0O E ° )
(Handelsman and Shoham, 1994), Alcaligenes sp. No 679 (Kokusho et al., 1982) A “Bicillus sp.
LBN4 (Bora and Kalita, 2007)

10.1uvaIMI VDY

¢»" - e8! ¥rA"n"%ee-—"0°S, pn'°u®u!s E
A”,"npuS, e A"3¢3o0 A® " nStpu're°ced MR8 P3-
Kalita (2007) « 1, =, :V"-~A"3-£ua3§,EA®CB4Aiz?us§pA09,, I\
N4 j*2nNpA® nStplreces EAz}eeeElpa censd, °,
60 ¥Ya0e-""n°o." .77 Z1ES ¢ Ma  °SA°eAZarA
YVaAt- ZYaAT) - w ATrhAT el oae- £nReS EA®o
A° e AZwmeh VAZ fe2npAcPE°A-na° " A”-In2a ~eeE]
AcceAZorA Az-A—06, ¥Yido "% E-»—F | AmaioE ° ¢
TulrAeAsr A—1"Ace, mily A ARLedAZIur, ATAY - ~HO EXY
A®aops-oAce,u!Y prembueelRT ErRY AZ—pqn,33A" je2
c-aA5 . e Az} A® ' nStulreceA"3A®O0, -¢,!lo . °!
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TU!ire°® ovird?ee:APES £ — A0 3%530A Y ¥ 2AL Yok AA 0212
¥Uice-""n°m. . "1 Ae A® N Sshp 3o be AR Bea 1S ° "

10.2 uriaslulasou

Kumar A 332009 jenpAZeAT e, ¥ -"r-, —A:
A®apd-oAoe,u!Y saibsoRbnlmrsAZ AR Sy, ¥&4loba ™" n °
O Falony A3 He0d « 1, o, U YT ACRAZYE B DA/
Z " "A¢TIn2a Te¥Y Al ¥A2}oeA®"n§AoeA”'A<oe§ E
< Wgeillus sp. LBN4 £ °° ¥ | -AE° ) Th-Bde 6@ Kflita, 2007 Z1ES-pap! ™
p o ha 0 SA YRR B RATRAGE TobeB k1, ~HA® NSAeA”
A7eA"eAz2}eA® NnSA®eA™!AcmiY B rEBX3 15 E
T ~os) «l,ap-£n338 EA®opu3-ohAmmgpd Y2hAS e!A2o
§!'.ZA"e!'n2a "e¥ -"r- " —A®o0, MNaibs<|rmAi R Y-
RhlzopusollgosporusY “"A°cceAZarA"Az-A—oop,...tEce At
-naee ,,-~~-Aﬁ532->ja$wP®Ai}@A®"néACBAN:/éM(EJ
Y~ A ce Az dinvkk 7 -

10.3 13%16)

Kumar A "3 2609 «l e —.. SA N>U™»" Nn°,|
B. coagulans BTS-3 [ *2upql & eSepud3~Nn°, < ,,::n.. °SA°eAZarh
458 AZ° ! kZE GowD je2npuAT AZ ¥of Al —r-nSY "/
Rhizopus MR 12 - Y4 S § | Bro ¥4 0 3 M2 0 - "~ B "A "Bkl °—1 7 0
-pap! ™MY T ATl BN AR L, S o AS ¥ag een — 1]
A2°:KAZZE'(%¥”2®§>i-azmcg-uﬁu:TMA En,,-<,,::n...°SA°
Pseudomonas sp. AGOE°AE ¥eaz Apelr AR eatf AZ oA, Al S Er

nz* o \?"éTuA@o,,u)p%'c'oza”zaéug"nmi%oz AfAEAZs¥Ee Ace ..
‘@@ AanA—o-nSA-! @narut,a)(1987)Ah(%oé2$«1&>LAzee
~:3,,2]5é18 ieaqnpu, A" -Q.AiAzA?Zr,A{ZEmAr:bmSAmw@”p,
3" » 00, Ul - o uSdadbidmnlAA A 8 a . °SA° o/
pis ¥Ya TN medr ¥ VA Aekenlas 7! @Y EAR gl A
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10.4 Q¥ WRBIazM3IHioIMA

<» e8! ¥rA n"%ee-—no °»-—®£Y%Un-A"3; A
A Bdaii@R alcalophilus (Ghanem et al.,2000) @ _ °» —® £ Y4 150- Sk AR B UA 7 X 7
A ° 108 -1 BuOBus sp. RSJI (Sharma er al, 2002) - LB ! ™A ). sA°Sap &,
AZ" AZigdrprss g °»—®EF£Ysss- %SEQ@ZMZ@%%&E&\ 3|,A°
et al., 2005) Antrodia cinnamomea (Shu et al, 2006) & °» —® £Y41 - A58 SAr §  E
AZ Az ¥- A, A «</1zq<;m§mi;3ma(3>o7> i*aNU°»-—®E£Ysn . A
A®uopu3-a™n®, ulY " pubhsspadd e Pz AL, A, ¥-A3
- N ARomonas sp. (Kiran er al., 2008) &, °» —® £ Y4 50- ESk AR B WA Za ¥R
in°oe...®ow§®i}1(§¢—:hlﬁ§,éuEY “"ATAZ-o Y7, 135¢ A
A®0°° plodmoeA STUA®O, ¢, !! Q}llbertetSA%lAZ - —"8§

11. tadantmasemsinauuazanunsdiaoeulslanla

11191

°»—®EVan-Az}ez{<«¥®" ", Ea Y ""n°, <
AZ-<pu,<» - e8! ¥r'nuSem-—, @30, °»—@®£Y%n-§,
AantS~ a8 E!3—" & pERam#® K Va8 AL BA Z ot Al A7 W&
"Ne°wo-RBYSIcUAZ AZ ¥- A—Y%A7°dAZE@ IS E
1 o E@nludh Sal. 2000) Bacillus sp. LBN 4 (Bora and Kalita, 2007) - po ;™1 S, -« "l
°SA° e A S UB Z» AGE %-pa © B > Y¥howoh & 7! lrQMZCFE"(%
AKﬁmarA 3twed jednpUA° e AZorA"AZ--pop! ™S, -«
s °S«UAZTAZ ¥+ AE 3 BB BBLS: wlogos) - LB ! ™
<H0 Vs Se5¥ SEUB T3 AR £ ¥t 3 S © B ) AZ Ve A &
0 AZ°'rAZEe"r

11.2 Hito%

inuiaumm%’b:E_A"’~nug11,mnbvu~non.<n

~

Ae°E°Scu,z!-op—f2poA..on...0A"32!3¢»...°S°
« iAC°!rs En fniptcpht e ASSARE ABgt«tmly "~
STHA®ofapuo®epAmne..°Sz!3»e!l . A2_AInS"—
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<p,,<»"-oe§:,¥r§,Eéoe~n°° —®EVYsnu. yérSzomﬂa(EACR)‘
sobria LP 004 A Pleudomonas cepacia @ i A°*E EA®umpud3-a~n° p!sT
Aénopész'lf_‘é«pAZ"sAéZ;s%ES\«ﬁAZ AZ ¥- § ESce Eto
L°SA°eAZor. . tEe°¥¥n, +f2apua® u,® u¥..°S
"1 3 2%48: Sugihara et al., 1992

-n2cetapeiS~a jeanuA°ceAZarA"Az--nac
A" A B-csduigns B3 8 Fapua S 7R ARSI S AR ZAG A 2
etal.,2005) = NM2@Ramomea (Shu et al., 2006) O,iauﬁiéwa °SiA° e AZ o
A7 e AEPA S SSERAZOAZ A0 AZ® A7 BEE®RAIATCE
Z1ES < —A—o2anpA 7z }edvieeidoid e, 200m &S "1 p A
pr<y o L °SARBRAZrAGE S ARETGAZ AZ ¥-

11.3 looouveslans uaz reagents A1

wang A "3 Fios A—o-:»2-00>>~-“uoeiau0A2}oe;
At AZ ¥oA°°c°ce ™ ne, u!-mSA3 o ko2l AS[iseZ. %8
Az" Eéénmqa&&lz nESA°ceAZorA®osTpSpoeh—o— ¥
water interface A T3¢ N2Y¥ ., ¢ —jplvater iBerfacetS IR A® O, AZ-STpuSpc

A—¥5 E2 AzAMWm Mi®, SAF®B AnfeeA | Ea )
STuSpoe...°SA"AZ-A—¥A°°°ce:3Aj-Ea° "'y, ulAlr
J—A. . o e -13ATI¥ou¥Y - TE -"r§ EA, — ... 'Ec
STHAR®ROA°eAZorA"AZz-3TpuSpeA—o—, . ..'ExA":
A3 EAcne°eEIuSTIpA®O°-°°®...°SA " ®3®us! -
— Y pa. A—oSnp¥...tEce A"3Aonanp,plc e, o
L efapm-"miToesr!t®anpuS T TpA®®enS, ¢ e, "o, 08

2549 AugTngg r& ATRE - Ho U™ 13"»008, < ,,::0..§.SA°Q§/5
coagulans BTS-3 A — Yo e pp ! MAj-Ea, .« 1o . °SAgoccAZar
A7z ° ! whod Eaedon - nAeA F - uau'TM,,:3”»ooe,,- JMla °
< Peseudomonas MS1057 A — ¥ug: mF S B ACE ¥ o ¥' ES, -<,lla..°
A" A erar, 2008 °, g8 NEST A m Y7, 13" »00e, ¢,

Bacillus sp. A—OA..EZCAé°¥r§A%EE‘m3'r»UKECE'(”::C!SZ. SA y
A7 ° ) AdE R Shoham, 1999 A" 31 ¥ S U TN, <, la .. °SA
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H. lanuginose No3 A j-E 7. ¥ BaRAZ ke -~ """ A MYNe AT nf
O -7 omar el al, 1987) - N 4ORANGEP 004 e U N3¥Aj-EnfapoA
AceAZorsd E°»-—®£Ysn--YS 3k AmnRigr adTpA®o0
icdm@e A § EtapcAl.Am pdoe,!3"»00e,u!lSTuSypu
Bacillus cereus C7 & o, ... 1 E ce

euSt!"ESu 'p¥SpeanplhAccce...°SA " ®3/
Sugihara A3 1998 | ey, s ABF FapuoA..on...0@ g.nr
Lo e 0 QA A efnfdua AL oo  am.TTL
STuSpee ..Ps%lgrAnésépiwqu(ﬁzumiezaz 19900 A"NA"AZ--n2e A®-
—oa3¥Acer &' SA 7® 8® ®TE | A #iNuRinose Omar et al,
1987) Bacillus sp. (Sugihara et al, 1991) A Fhwobacterium odoratum (Labuschagne et al.,
1997) Dutta A Ry 2000 o R A" § EfepmA-dm. olce ¥’
STuSpee .. °SA oeAanABacAuzcm AdpAg  AAST ,,3AZS
2006 'H¥SpoeanpAccee...°SAT®33AZ e°¥nuSA
"ne,ulcelra~ra °SAz77AE—r°, ,—o02¥

Acee S T! ES jnetd Roplatid hgent» AKRIB@hylene-
diamine tetraacetic acid) A 8 N O .Y™"n° A Bt spAsudivaee: by 1o\ Zp- < U,
cepacia (Sugihara et al., 1992) ® E A ® 0 A ® E BiRepkyie AditiaA®A n3u e E
Ratamahenina (1985) | ® aE]DI}A A "»@MB (parachloromercuribenzoate) ¥~ ¢ ¥ “E S, u!STp
A" A Zeamats geformans cBs 2701 ZLE'S - °Yamaknoic0R Siiwam (1988) ZLE S
icanid AjémB ¥ o¥ ES, ! S bpudgh@ep... °SATAZ-cp,

11.4 aNHUVDIAVUAIATN (Physical state of substrate)

CJUISTuSpoe...°SA"AZ-<3A, - — ...'EccAr%E"°
Aan’3iipébcaddy °  "'HAIE2A! - En”0®@...°SZ"-, |- ¥
Az-8§ E™MY, —Y,—7 «A20 A"3 . 'Ece, *i°E®s E°

-"e-A”130 oy, ..'Ece ,shdhipspce ... °SATAZ-3—

11.5 fhazaedun3d
Sugihara A A"3:t1'99§ i‘anl.l503gv/& MZEmﬂSﬂ’Ai'EQ”%
LS A s et A -0 MASrAZEe™r ATnAcEfapuaA
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" B0 D °'rAZEoe Pcoﬁa&ﬁ,@%ﬁ@%ﬁomde'@@%ggz A~ e
35 AZPITAZE® " »00e,u!8TpSpuce...°SA°eAzZar /
Sugihara ef al., 1992 Kiran A "3 32608 'H¥Spce2npAseddsmr ATAZ -
sios7) B FapoA-™ ¥'Ae~ adTp RUMTAZEE @R re ¥ip
-0 8>rAj-En nad Ape{ pA Hie T3 tma 3o A e AZ
A7 -Rybryginosa @ F2paA-™ ¥17n2%ia8 1 kkind k¥ AR S! ¥r
heptane A — ¥ @ o< 1o o718 1633 A BARY T AZ}Bee “r AoC°E
Ay p E2AnS

Az°'rAZEoe"r 38TuA®o, ¢, !'o. . °SA Az« —"S°¥
Az° ' hAZBbpA®0i°Ees , EY - 213@2npuSceElin, +- -
2, W A- ¥-Epi...°SAZ!" o8 Ar*darRZERS e §°
AceAZarA- ¥-£piA"3-YeA- ¥,, <,M1a -naeeAx+ A

11.6 Emulsifying agent
Sodium taurocholate AZ} e -pl"—A!1S"1SY .28 ESTU® e
o...°SA°eeAZarA°-AS%°Aluhiddads®me, o
999y A"n° a’ " Z. . ¢p¥A°°lrAonA swasnA¥ AfisB o, n!sT
iean §’ES-|1, — AidS ShSY - AS A TR ETU —  <3¥

AZ-0°e ﬁezﬂohﬂogsﬁ’@l,, A "PSudomonas nitroreducens nov. var. thermotolerans

12. myilanlalilF s e

A"Az-3 EA—ocp,j% -""23rA"3¢» " .-e§! ¥r-
°»7-u®, Mo —opme” nuS(; A—¥A°weAZarA"Az-3 E
¥»,"rAeo3pS—ope°»™-u®,!'la A®°E°S«y, A Az
éTuéuoeA"?’;tauo;té”’aé’E nuS, ceA—¥7!3A¥ecer

12.1 msdesaae lusiu

AceAZarA"Az-<3-popu! ™M¥ne¥-"p¥A.. o
AZ°l°" Z1ESAz}e™ a-Tut sAe, ulAc0z!3A¥eers
\a --1/4n A—¥A"AZ-35 EAroc IHa®:! 1.0 Pogs™ ™ 3 feeS
Z{<<»°'CEA—00,,,L1:-CEA<ACE,,|J:«1,,—|UA,,5E¥a,,'°,,u
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opg,..'EceA—¥A—oo, pu'AeoA°eAZorA"Az-5 E-
- 7ar 7Z1E S agukiveret, ®9: Ca A®T2-14 S

12.2 Qﬂm‘ﬁﬂiiumé’m%‘iﬁﬂ
A, 32 n!'Y"-"AL!°E°S®ce S<3o .. Ec
§ EA- ¥'Y%78 E”-—°¥¥ne!-A2—®®’S A"'3..®°°,
SUSAtao 3o &il3408> - AN Hku»e ccA—on  ulz!3¥>
AceAZarA"Az-A"3A° e AZarABAZA® -t AsAAq ,E

Posorske, 1984; Figurin et al., 1990; Christner ef al., 1991; Gandhi, 1997

12.3 msthiiaveuds
A—oo  ploelpAcccAZarA"Az-opAeoz!3A}
He —AeeA®oO°U, H«Z? ESAoe,,:3-aoe,,|1,-Iu-'—...‘
a."gY’- °S(; A- ¥~ u,,u«sluA@o,,u ™RUY¥A:
EA ¥, pul—",A° ui,u Ao’ e, A"njeanp,pu!A
7-3 EA-. voe,,pd,a,gou-ZLEs*°r5°/w/¥eeg§/&,#:o\"(<'p;A°
Aoe:3—'-°» -U®, | EpaBee X 13 ACE S ]MS , gl dir e 7
CETHA- ¥AseeZ1hAASw A ! -qaf ,cpu, e E¥ S°pccelp
faetno pUI¥N°¥-"p¥...°SA- ¥AoyhfredeeppeTpe —
JUIAeoc» e8! ¥r§8 EY -"TA°eAZorATAz-
Ao ceA—¥-pap'™i" —A¥ A—ocpu,A® ' nS—- ¢
A- ¥3 Eo  uplzeAzge°®..°SA. .. .o elaa™1S!3es
A3 A® " n Sap Aeliadl SBC— 0 8 lptgppddk ¥ Ao Ee%e e T e —
CETHA- ¥Aee AT~ AZATBY | eaxb rSe g IFW 7.
F0° - pv¥srooeo AR A3 jeanp Ase? B ip¥iSeeppmpn! ™M¥ne
A.. .o A P SSepARNIoY- <1Sao  pleelpAcE°S
A...o eAw!3eeelpe —ETpHA- ¥ n°AZ ®°,cp, e,
cETpA- ¥A—0°,,® " u¥-pu¥ij esr>»r !2a™1s§ pylg—
:1/42A'°E°-l--»§>-I'A"3A°°E°\"(-0Op«l,,—-p,,p:¥n°¥-
Ace, p!l, Tpd —A. .. ea"@°¥npSc .S S
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WakelinA.i:grster 1997 A—Oé,l\ SUl«l —uzls--8>-£ i
| |
AeCECc» " e8], ¥rel - -»8>. 1A Raowapy 13 ¥rY s B4

A- ¥AeeAt " A2ATE-""—«r je@npc» -3 ¥rAm!y
<» eSS, |

¥o 713-.8>.-£pujAoe,ul¥n®
QN ~1

o ”:IQNno". |

12.4 mslniluaunanvesa1s¥nais (Detergent)
Z{o®ua " E£u233uSoeEIpAz}lez{-®u--ESA2a-
C— L ulAeo-pldTptapn-3°y—38 Eno -pulAto § E¥n
A°ceAZaorA"Az-opAeoAz}e-n2eY-cAe, ulZ2 , 0}
A" 3°»™-u®,!la-p!'Z"  "opSep,ep¥s EA—oeipAs
..°SA°eAZaor A—¥A° e AZotdypbdermo@dp ot Ao
(Minoguchi and Muneyuki, 1989: Gandhi, 1997) A Cadida (Nishioka, 1990)

12.5 mia%'nn?;u‘stfluqﬂmﬂnﬁuummzwﬁﬂﬁmw‘imnuu
A—oo, ulAe0A"AZ-Aj°E°2! «2!»S " -Ece
Ace¥A® "2 ap,pu! e e, <u,e, E¥ " SAeoAce, plz! -

in2o, «A"eAZarAzl"Ac-Ae,ul”,"?, @eaAIz
AomAzarAqu_nuA.OAm"'.aCEnu:Y"'N:t:50A§b¥Q

12.6 mananluledtra
AeA°— AZ"Az}oeeETua e As°E°A{"-S§
Leqe, u!'S ESTHUA®OAA" »imnf &), B ° A GA@S¥ VA ¢
Methyl estersy Z1ES<3™Y, AccoweAzS EAnsd-"A°-As°!r.

cElpe s EA—ocu, i ®!°°-""argTpuz’-, - '-¥pA
A, 0At ¥S, eeElpe e— AZ op,-pep!™Ae0S—
AcceAZarA"AZ-A, - —cpu, ,u'8Tpz’ -, ' ¥puAF °E° e
Aence -pop!™"— ploelpAS-ce”™!p°°,e°,z2!3A8«A

YY%oY " -"eElpe ceA—o°¥npuSe®pu«p” ¥-ES,anpo
-f£pi--ESA2—"0°0A®R0—,...'E®®A—o0Aj!u3Az}eA
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Figure 5. Wax esters production by chemical and enzymatic methods.

Source: Petersson et al. (2005).
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Table 3. Chemical characteristics of wastewater from tuna canning plant.

Chemical characteristics Values of analyses*
pH 6.87 £0.12
Temperature (°C) 29+1.00
Moisture (%) 99.74 + 0.19
Salt (%) 9.17 £ 0.01
Total nitrogen (mg/1) 300 £+ 0.00
Oil (mg/1) 72.97+0.21

* Average from triplicates.
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Figure 6. Composition of fatty acid from purified fish oil (A), fat extracted from fat cake (B) and

mixture of purified fish oil and fat extracted from fat cake (C) by TLC/FID analyzer.

condition: Stationary phase :

Mobile phase
Gas flow

Scanning speed :

CHROMAROD-S III

: Benzene/chloroform/acetic acid (50:20:0.7) for 35 min

: H, 150 ml/min, air 700 ml/min

30 sec/Rods
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Table 4. GC-MS analysis of fatty acid in partially purified fat extracted from fat cake from grease

trap pond.

Retention time

Sample Identified compound Ratio (%)

(min)

Fraction 1 3.114 Myristic acid 4.035
4.336 Palmitic acid 47.393
4.516 Palmitoleic acid 3.258
5.819 Stearic acid 10.092
6.049 Oleic acid 24.298
6.440 Linoleic acid 9.552
7.963 9,11-octadecadienoic acid 1.372

Fraction 2 - Not identify -

Fraction 3 - Not identify -

Fraction 4 - Not identify -
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Figure 8. Tributyrin hydrolysis of bacterial isolates grown on basal medium containing 1%

tributyrin at 37°C for 48 h.
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Figure 9. Hydrolysis index of the 43 bacterial isolates grown in basal medium containing 1%

tributyrin at 37°C for 48 h.



59

4. manadenuuanisannameulslanla

S A

0 dy A A qul ° o A Ao
Wurenvaiizens 43 lolaan whmsaadenuuaiizentianuamnsalu
a J dy A A 3’ o a =g J 4
mswdatou lad lawaluemamariugruniiiudawsgniiduuvasasvou 1
S I 4 v A [} 9 ad . [ asn
nosisua Taginnanssun1sgesaa1sne3T two-phase emulsion method AAL1/AI9I1NITNS
g; % J g o 4 g/ o a =g
Y04 Lee 1Az Rhee (1993) Tagldiniuihauiludumasn losanms lniniudawsqnsiiv
Y v
duenasniuldamsa il iserdues cupric acetate 1N51Z9zINAR NOUTIIRU-A1 1Az
1 ] I A A = 9):’ o J I o @ A @
dlavzyunaeiudimaes 3 lmihniuihduniludumuvesduamsniiinga luiuaoe
a 4 & ' = a a '
Tumsminenssvveaeu lad lan)aunu Fa'le Tsmandrulnainlilse@ninmmsdosaais
a a 12 A 1 :I Y 4 9 9 uszl dy I vAa
ulastinInu (c4) guuatitanssunisdesameiiniuihaylatios Metionnsziluguauiia

A A o ' 4 o = A A
summu"lc]m“lmﬂmnm’mﬁlnwwmmmanmmmamimummauamsm NUNULUANLTY

v 9
~ 1A 1 o

w11 lelmaa Alidrdenssulumsdesaarviniuihdueglungugege TaoleTxan
A

a a 1 Aa A

Q3 limAnssugaga Ao 1.5 giiaaeladans taz SD 3 HAINTINTOIAW A 0.53 giladao

™

=

9
aaaAg cmﬁmm"laicmamﬁﬂﬁmmmwmﬁﬂaﬂama"lmm"lmmﬁm 0.5 uaz 0.3

j=9)

AUAAY (Figure 10)

1.8
1.6
14
12

0.8
0.6

3:;;jliiliiiil

Isolates

Activity (U/ml)
|

Figure 10. Lipase activity of 11 bacterial isolates (reaction condition: palm oil as substrate at

pH 6.0, 37°C and 300 rpm for 30 min).



60

VU o o A A A
5. MIAANUUNAYNUTIVOUUANIFY

v A Aa A a ' oy o Y=

nnmssadenuuaiioiansanaaeu ladlanadestihiularlddanma

9 1 dy A A a o Aaa A
M3Inaaede 4 wuInenuaiiise le Tsan EQ3 amnsonaaou laad lanlanlifenssugeiga

Y Y

nndwihreuuaiiGedenanmndnudnyazneduguine laedunadnyazuesd AT

~ ] . 9 Vg o o '
azvouY0d 1A latuue MU nutrient agar 19N UM UNIAT 24 FITua vazdunaglsg
Y 9 do w ' A& A o 1 Aw !
moelandesganssmimaswens 1000 (i1 wuinveuuaiiGe le Tmanainanianyue Ialaild

A ~ =3 = A A 1% J ' 09-/’ 9
MDY NAY YU VUG Y N Jyuia 1-2 Haawas anvazyaailugilunsvinady dou

a a £ g A A < A J Y
unsuAaduasyauilunuaiiFounsuay awaanin lulidles nadeuuaanaaldnanin
3 = ] di’ ==\ a do o a 1 Aa 4
nndudsduseunaiiGele Tyan EQ3 Inszvdwuualuuinm 168 rDNA TagdadniizH
~ a 4 a @ a v dy A A = A o

Hafinuz ININdas N INeaeNiaa WU nFouuniize lo Tyan EQ3 Nanmuiouny
. . "o 73 oA 1 o
WUANIS Y Burkholderia sp. (identities) tM1AL 99 11aSIFUA N 1408 LU (MANUIN ) (A9

Figure 11) 34 1%%ounnaiiF e 14 Burkholderia sp. EQ3

1 0.02

Bacillus licheniformis

Burkholderia anthina
610

Burkholderiavietnamiensis

1000

EQ3
587
Burkholderialata

686
‘Burkholderia sp. 2xiao7

Pseudomonas thivervalensis

Figure 11. Phylogenetic tree of Burkholderia sp. EQ3.



61

= 1 = a
6. msfAnernaitanzaalum ﬁwamau"lmﬂmﬂa

= (] ~ dy AA Ao A Y
il”lﬂﬂﬁ?fﬂiel”l“]f’;l\il,’m”I‘V]L‘WEJ”IzﬁiJIﬂEJmENLL‘UﬂVILiEJ‘V]ﬂﬂLaﬂﬂvlﬂ Burkholderia sp.

a

dil A A 31 % I 3 4 < 1 A A
EQ3 GLummima’mugmmuumuﬂm 1 osua AusIs0U 200 9UADUIN NYUHHV

Rl

37 oaAuTAIBod WUIWYO Burkholderia sp. EQ3 enusnniy lagagaiina 36 911us Taedi

F4

v ) Y Y
Mganauuaanauenau 660 1 luwasld 5.5 wasnntiumsnsyvouioanad uazido
a 4 Sldd' A o £ a 9 a 1 A aAaa
aunsosamou lwd lanlaldanganna 12 ¥ Tus Seawisonaald 1.9 giindeiiadans
Y
uaaanmsnaneu lyi lanlavo uie Burkholderia sp. EQ3 naluaig log phase (Figure 12)
UREINUMIANYIVD Mahler LazANE (2000) WUNTLBLIAM NI audn THaAEY T
Yy A A A A o
lanlaldgenqavoauaiiie 4. calcoaceticus i 12 $21T09 1AZMINAADIVOI Sharma 1Az
U a d v 4 dij A A . d'
Az (2002) wWuNmMawaaon laioan lai lanaviniyeunaiise Bacillus sp. RSI1 gagai
) 1 1 o o a v
12 %2119 @91 Gupta uazaae (2007) Anwranneimuzayludaidnlumsnanen loida
4 1 a o { o
aland laudavn B, multivorans wunansonaaonlod lanlalagegan 15 4 Tua i
a a 1 A aa 1 o o
NIN35) 58 gilaAoilanans a2 Dharmsthiti tagamg (1998) Anmimsiweulxi lanlavin p.
7 o W g’ ' 4 a 4 a 1
aeruginosa  LP602 lldszgndldlumstiniainds wuinyendaoulaild 3.5 glano
Aa aa 3 ) . 1 a
Nagans 1Wuar 50 %21u9 MIANYIVEY Schmidt-Dannert tazame (1997) WUIINITHEA
& A VA & ~a
wu'lydlalann¥e B thermocatenulatus Avanzauogi 16 2 1ue TavlifanTsuves
d 1 a 1 a aa 1 < . '
oulaiogluais 0.30-0.45 gilnnoiinaans 0819 15NAIWNITANYIVOY Chaiyaso (2007) WU
a 4 a 1 A Aaa 4 o
B. multivorans PSU AH-130 waaou'lai1dgage 38 gilnnedaaansitagl 72 2 1ug 910013

Y o a o tﬂy . ~ )
V]ﬂa@Qulﬂu15$ﬂ$!'z]a'lﬂ']ﬁwaﬁlﬂullcﬁuhlalﬂﬁﬂl@\ucﬁ@ Burkholderia sp. EQ3 13112 GIf’JIlN

dunaimunzauluminaaosiladvouse 1)



62

6 — 2.6

— 2.4

5 — 2.2

- — 2

E B =
=) 4 - 1.8 g
8 - 1.6 =2
=] >
o - 14 £
N’ 3 — 'd:'
= — 1.2 13
B <
D
E — 1 g
= 2 N =
= 08 5

© - 0.6

17 ~ 0.4

— 0.2

0 T T T T T T 0
0 6 12 18 24 36 48
Time (h)

—U— Cell growth — & — Lipase activity

Figure 12. Growth and lipase production of Burkholderia sp. EQ3 cultivated in basal medium
containing 1% extracted fish oil from pre-cooking condensate at 37°C with shaking

speed of 200 rpm.
= = a
7. miﬂnmtmnzﬂmmgaﬁlumiwamau"lmﬁ”lan]a

. '
7.1 miﬁnmsma'anmzﬂ?mmmiuauﬁmmzauiumswﬁmau"lmﬁ'lmﬂa

=2 a 1 4 A 1 a o R 1
NIANY wuﬂﬂlmtmmmwauwmuwﬁmammamau%ﬂmﬂﬁ SEALIN AN

[ 1

J o a a @ o a s A o 1
ﬂ1iﬂ@uflﬂ'ﬂilﬁ1ﬂﬂlﬂﬂﬂ1ﬂﬂﬁiy NINAANAINTU ﬂﬂﬁ}ﬁmswamau'lclsmﬁauummﬂﬁuau

9

- 9 Y v
T 1gmeluad 910151809 Burkholderia sp. EQ3 luomsmadiiugiuiil nglad o lasa

'
= o

- a o ¢ S o a 73 2d . s
Vl@ﬁ‘l]"]ul‘ﬂﬁu u'ljJUﬂ']aiJ Llagu']uu‘ﬂa'] W’IUﬂ’liﬂ']‘llﬁqcﬂ‘ﬁ 1 lﬂﬂﬁl“ﬁu@llﬂul!ﬁa\‘iﬂ’lﬁﬂﬂu Lae

1 $ < 1 H a <3 o 1 { o o
WENANVFITOV 200 T0UADUIN NYUNHI 37 93raIFed 1NUGIDE1NIA 12 F2Tu4 Ta
~

Y ] k4
M35 YVouFe lagiaainsganaunasiaNue1IAaL 660 W1 TUILAT WU Burkholderia

a Y tﬂy A g} @ A o a = g’ @ 4
sp. EQ3 Lﬂﬁmullﬂﬂcluﬂ']ﬁWﬁLﬁﬁ'JWuﬁWHVIiJunJu‘IJaTVIWWL!ﬂWiVﬂ“]J3@11’]‘5 Huihay Llﬁghlﬂ'i

a

a <3| 1 J o w . a Yt A dy A
m"lmu Wuvasmsvo U Na 1Ay (Figure 13) IﬂEll,%ﬁi‘gvlﬂﬂﬂQQGlUfJWﬂWiLﬁaﬁwuﬂiuﬂiJ

Y
o w

A o a =g 1 4 a A dil 9 =1
umuﬂammuﬂﬁmmqmgﬂmmmmsuau IﬂEJEJﬂWﬂﬁﬂﬂﬂauuﬁﬂﬂlﬂﬂl%@qﬂ 7.14 wagy

a r'd 9 a 1T A Aaa A dg’ d‘d
ﬂi]ﬂiiuﬂ]ﬂﬂlﬂu]l‘ﬁfullmﬂﬁllﬂq\ifjﬂ 1.8 guanauaaans 59303471 AD 9IHITIHAINUIIUNY



63
S w s < ' s ~ T A v a y
uthauduuvdsmsveu imsnsydtanmnsganaunacld 6.9 vazwaaouladlanla
9 A 1 A Aaa 1 dy A a a I 1 4 Aa
14 0.38 giladediadans dauernsmalriuguinii lastr Insuiuuvasnisveu awnsonan
4 9 a 1 A Aaa a Y
uladlanla'ld 029 giiadeliadans Burkholderia sp. EQ3 81313501951 1@ 11011 15111a7
dy Ao g’ Y 1 3 1 4 a 4 Y A 05} o
wugwnihiniuae iunvasmsveu vazamnsonaaeu lad lawla1daluemsddiiiu
v s ' A~ < ' s b4
Uszneudlren1suoudIve1d dauemisiingladuazylasaiunvasnisvouiiu
Y 42
Burkholderia sp. EQ3 1039y latioonnn Maiionnmnninamiiosuese1visanad in1lugag 2.9-
o IS @ qexl a § 1 a o
3.6 ldnnuilunsa lldudinsniyveusouaz diwalimsndaonlmilanladosas 910
] a?'- dil . a 4 FY, 9 [V
MINAAIUNTINTD  Burkholderia sp. EQ3 ansonaaou lyilanlaldlasdesoidod

a ) . d'dyd :l o a 4 Ada A d' 9
WMUYIU (inducer) Tun#i Ae My uaxmmiaNamau‘lcﬁu"lmﬂﬁmuﬂ%ﬂﬁuqmqmmi%

s v
a a

Y 1 1
hduladumsmusans c?awamsmamﬂﬁ'mﬁu Bora taig Kalita (2007) ammsfAnl

L)

d' a 4 dy =
anzimmnzanlumswaneu Ll lanlavine Bacillus sp. LBN 4 lavil nglad g lase
09; o <3| 1 J 1 4 a a
woalae vyalad vaalad vaxiniuuznenduuvasmsven nudusod uNsanIyIazHan
I'd { :’ &% a 4 a 1T A aa [
el Tan) a1da Tuemsntiuiuuz nen Tasnaaonlail1d 6.0 gilaseladans adreiy
= . 1 9 2’ Y I 1 4 Aa o
M3ANYIVOY Chaiyaso (2007) WunlFiwiuue nemiduunaimsuounaae lellanlasn
1 Y
B. multivorans PSU 130 1 30.15 giiaaeiiaaans FainiuuznondimIngiszneudionsale
aa 1 1 J 1 a
@0n @21 Kumar #agauz (2005) Anbinavesnasmsueuaenisraaou lailanlaveq 5.
1 g’ v @ 4 a = A a 4 a 1
coagulans BTS-3 wuamihiuiiaasavusgniansamuinssuveweu lsilla 0.46 giase
9
A Aaa o a I a 1 A Aaa 1
0dans 5990901 A0 Tween 80 waziuwznon lananssuilu 038 gindeiiadans diu
1 o { a §
Rathi 118z ALz (2000); Bradoo tazame (2002) wuieu lxil lanlaindnvinide Burkholderia

a 1 4 1
Sp. HNINTTUMTERITAAT VU 1B81ININNTT 12 DZADN



64

8 A
7
6 —
5
2 4
3 —
2 —
1
0 T T T T T 1
Palm Oil Fish oil Tributyrin Glucose Sucrose Molasses

2.6
24 -
2.2

S
I
o8]

1.8 T
1.6
1.4
1.2 T

0.8 T
0.6
0.4
0.2

Lipase activity (U/ml)
Cell growth (OD 660 nm)
S = N W Bk~ N co O
|

MM

%%%

Palm Oil Fish oil Tributyrin Glucose Sucrose Molasses

Carbon sources

Cell growth (OD 660 nm) [l Lipase activity (U/ml)
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Burkholderia sp. EQ3 grown in basal medium containing 1% carbon source (palm
oil, extracted fish oil from pre-cooking condensate, tributyrin, glucose, sucrose and
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Figure 15. Effect of nitrogen sources on pH (A), growth and lipase activity (B) of Burkholderia
sp. EQ3 grown in basal medium containing 1% extracted fish oil from pre-cooking

condensate at 37°C with shaking speed of 200 rpm for 12 h.
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Table 5. Precipitation of crude lipase from Burkholderia sp. EQ3.

Total Total Specific
Purification Yield Purification
protein activity activity
step (%) (fold)
(mg) L) (U/mg)
Supernatant 171.6 95 0.5 100 1
Acetone 1:3 18.1 84.8 4.7 89.3 9.4
Ethanol 1:3 21.3 30.8 1.4 32.4 2.8
(NH,),SO, 50% 7.2 18.9 2.6 22.7 5.2
(NH,),SO, 50%-80% 26.1 9.8 0.4 10.3 0.8
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Figure 17. Effect of temperature on the activity of crude lipase produced by Burkholderia sp. EQ3

(reaction condition: palm oil as substrate at pH 6.0 and 300 rpm for 30 min).
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Figure 18. Effect of pH on the activity of crude lipase produced by Burkholderia sp. EQ3
(reaction condition: palm oil as substrate at 25°C and 300 rpm for 30 min).® acetic
buffer pH 4.0, 5.0 and 6.0; O phosphate buffer pH 6.0 and 7.0; A tris-HC1 pH 7.0 and
8.0.
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Figure 19. Effect of temperature on the stability of crude lipase produced by Burkholderia sp. EQ3
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for 1 h at pH 6.0 (reaction condition: palm oil as substrate at pH 6.0, 25°C and 300 rpm

for 30 min).

pH

Figure 20. Effect of pH on the stability of crude lipase produced by Burkholderia sp. EQ3 at 25°C

for 1 h. (reaction condition: palm oil as substrate at pH 6.0, 25°C and 300 rpm for 30
min). W acetic buffer pH 3.0, 4.0, 5.0 and 6.0; A phosphate buffer pH 6.0 and 7.0; O

tris-HCI pH 7.0, 8.0 and 9.0; A glycine-NaOH pH 9.0,10.0, 11.0 and 12.0.
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Figure 21. Screening of wax esters production by 5 commercial immobilized lipases
(reaction mixture: fat extracted from fat cake 115.3 mg and cetyl alcohol 100 mg
(1:3 mol/mol), hexane 1 ml and enzyme 1 U at 45°C and 300 rpm for 24 h) and
crude lipase of Burkholderia sp. EQ3. (reaction mixture: fat extracted from fat
cake 115.3 mg and cetyl alcohol 100 mg (1:3 mol/mol), hexane 1 ml and enzyme

1 U at 37°C and 200 rpm for 24 )
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Figure 22.Time courses of wax esters synthesis from crude fat by Lipozyme RM IM and
Novozyme 435 (A) (reaction mixture: fat extracted from fat cake 115.3 mg and cetyl
alcohol 100 mg (1:3 mol/mol), hexane 1 ml and enzyme 1 U at 45°C and 300 rpm for
24 h) and crude lipase from Burkholderia sp. EQ3 (B) (reaction mixture: fat extracted
from fat cake 115.3 mg and cetyl alcohol 100 mg (1:2 mol/mol), hexane 1 ml, at 37°C
and 200 rpm for 24 h).
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Figure 23. Effect of Novozyme 435 concentrations on wax esters synthesis from fat extracted
from fat cake. (reaction condition: fat extracted from fat cake 115.3 mg and cetyl

alcohol 100 mg (1:3 mol/mol), at 37 °C and 300 rpm for 6 h).
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Figure 24. Effect of temperature on wax esters synthesis from fat extracted from fat cake by

Novozyme 435 (A) (reaction condition: enzyme 1 U, substrate molar ratio 1:3 and
200 rpm for 6 h) and crude lipase from Burkholderia sp. EQ3 (B) (reaction condition:

enzyme 40 U, substrate molar ratio 1:2 and 200 rpm for 12 h).
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1:1 1:2 1:3 1:4

Molar ratio of crude fat to cetyl alcohol

1:1 1:2 1:3 1.4
Molar ratio of crude fat to cetyl alcohol
Effect of molar ratio of fat extracted from fat cake and cetyl alcohol on wax esters
synthesis by Novozyme 435 (A) (reaction condition: enzyme 1 U at 37°C and 200
rpm for 3 h) and crude lipase from Burkholderia sp. EQ3 (B) (reaction condition:

enzyme 40 U, at 30°C and 200 rpm for 9 h).
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Ethyl acetate Chloroform Hexane Heptane Isooctane

Organic solvents B

Figure 26.

Ethyl acetate MTBE Chloroform Hexane Heptane Isooctane

Organic solvents

Effect of organic solvents on wax esters synthesis from fat extracted from fat cake by
Novozyme 435 (A) (reaction condition: enzyme 1 U, substrate molar ratio 1:2, at 37
°C and 200 rpm for 3 h) and crude lipase from Burkholderia sp. EQ3 (B) (reaction

condition: enzyme 40 U, substrate molar ratio 1:2, at 30°C and 200 rpm for 6 h).
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Figure 27. Effect of initial water activity (a,) on wax esters synthesis from fat extracted from fat
cake by Novozyme 435. (Reaction condition: enzymel U, substrate molar ratio 1:2,

37°C and 200 rpm for 3 h).
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Table 6.  Comparisons of wax esters production by Novozyme 435 and crude lipase from

Burkholderia sp. EQ3.

Crude lipase from
Factors Novozyme 435
Burkholderia sp. EQ3

1. Temperature (°C) 30 °C 37°C
2. Enzyme concentration (U) 40 1
3. Molar ratio of fat and cetyl 1:2 1:2

alcohol (mol/mol)
4. Organic solvent Isooctane Hexane
5. Yield of wax esters (%) 95.07 87.87

6. Time of production (h) 6 3
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1. 1MsideuTeNUgIU (Basal medium) (Aa111/as91n Chaiyaso, T., 2007)
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Figure 27. Standard curve of palmitic acid (Jlg/ml)
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Figure 28. Standard curve ot bovine serum albumin (mg/ml)
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Peak Ret.Time Pk.Start Pk.End Height Area
Name Area
No (min) (min) (min) (mV) %
1 Triolein 0.123 0.093 0.152 12059 15.26 26.731
2 Oleic acid 0.195 0.172 0.248 16658 14.41 36.923
3 1,3-Diolein 0.270 0.248 0.298 3913 5.99 8.674
4 1,2-Dioleoyl-rac-glycerol 0.313 0.298 0.362 7831 9.07 17.358
5 Monopalmitin 0.443 0.427 0.472 4654 9.67 10.315
45115 54.39 100.00

condition: Stationary phase : CHROMAROD-S III

Mobile phase

Gas flow

Scanning speed :

: Benzene/chloroform/acetic acid (50:20:0.7) for 35 min

: H, 150 ml/min, air 700 ml/min

30 sec/Rods



Table 7. Temperature and pH value of samples.
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Sample No. Area Temp. (°C) pH
Soil 1 Grease trap pond (top) 28-30 4.14
2 Grease trap pond (right-side) » 5.46

3 Grease trap pond (front) »s 4.40

4 Grease trap pond (beside the pipe) ” 5.24

5 Grease trap pond (right-front) ’ 5.07

6 Grease trap pond (center) i 7.39

7 Grease trap pond (left-front) »s 6.92

8 Grease trap pond (left-front) ) 7.43

9 Grease trap pond (right-center) » 6.81

10 Grease trap pond (left-center) " 6.99

wastewater 11 Grease trap pond (front) " 6.87
12 Grease trap pond (right-side) ’ 6.81

13 Grease trap tank ’ 5.38

14 Grease trap tank ’ 5.84

15 Drainage ditch 1 ’ 7.02

16 Drainage ditch 2 ’s 6.99

17 Equalization pond ’ 6.71

18 Equalization pond ’ 6.74

19 Cesspit 1 » 6.89

20 Cesspit 2 6.90




114

MANUIN A
FEmIazh

My zdsinansalviiudass (IUPAC, 1979)
gilnsai

1. vaudglany

2. NITUBNAN

3. YA

=
RPN
a s 9 9 9
1. (BNALDANDIDA LVNUUIDIAL 95
A s a I A Y v s
2. ﬁ15a$QTEJIGﬁLﬂﬂiJllaﬂiﬂﬂ"lcﬁﬂ (mmzmaimmmmamaaa) NUANUUNUU 0.1 UBT
uoa

4 a L4
3. Yuedarmau Wududesas 1 (azaeluenauoanosod)

ad
IBNI

v
v o

Y
1. ¥adedna i Idivdnuduey 1-10 n5u Tuvavuia 250 laaans

=) a g Y I a A 4 = [
2. Lﬂﬁﬁlhﬁﬁﬁzﬁ?ﬁllﬂﬂml@ﬁﬂ@@l@ﬁiﬁlﬂuﬂﬁﬁ TﬂﬂmﬁWJWuaaWWau 5 noauazlsy
v & Y a 7Yy ¢ A Yy o
Glmﬂuﬂmqmﬂcmmn"laﬂi@ﬂllcmmmu 0.1 UDTNBA NIRNANNAL NYIANITDUNILVYN
A Y II A
mamuﬂu”lﬂmiazmmmaﬂaa@agﬂuﬁwmmai
a a s a Aaa o [} 1 1 Y o U
3. uenaneanogeandunaly 50 Jaaans aﬂumamq LGUEJTE]EJN!L'i\‘iGlWG]’J@ElN

a =

<Y 9! (= Y d'
azaeluneanegediiazaield Laliguiguugi 60-65 osruaaFod
@ 1 9 ~ s Y 9 4 Y
4. Inmsamsazaredingaais Ta@ey laason kautu 0.1 UBTU0a VAL IMMNITAADI
] 1 qI/ Y = d‘ ~
WE1ee1TUNTE N lamsazaedyunasi 1 1
5. dwamnsanazilSinunsa lviudaszaingas
NSATUIN
v A a I Aaa
nsa lviuddase @adludosazluginialoddn)

= 15inasananld wa.) x anududuaranls (ua.) x 28.2

Y
WIHUNAI0YN (NTN)

v
hminTuanavednsa loadnniny 28.2)



115

2. Bmnalulaseunvuauaz Usinallsau 1ae3s Kjeldahl method (A O A C, 1990)
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N, = snududuvesmsazatedanes lumie
N, = anududuvesmsazareuey Tuiion1sle lyaua

N

G daa
5. maesauninasgrunsaihaiian
dd' a d
;AN UM NANLH
91902018 cupric  acetate-pyridine  reagent 03 ou Aoy cupric  acetate
Y ' v 4
(C,H,Cu0,.H,0) 50 n§u azatolutinau 850 Haaans niosdrud liazawesn niulsui

Y '
1w a1y 6.1 Tagld lwsau (pyridine) uazlsudsmasgaieminy 1 aas areinau
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aa a d
IEMIWUAINCH

1.

4

) Jan { a ~ Y] ] 1 oy
FansahananninNuuTange 0.2564 n5u azateluleTeeonmu ervuglusiai
AVANQUUYN 60 pIruATeT T8 TUuMIazae ieazaenualiuliuins

1T W A Aaa Jaa [
gameiny 100 dadaas (vzldamsazarensathanandudumiiny 10 lulaslua
ApIAnANg)
o A Y 9y a A aa
hasazateimsoula lude 115815 0.1,0.2,0.3,0.4,0.5, 0.6,0.7 118z 0.8 Jaaans
Y5usmasaaele Taoenmuli Idsmasgaiemin 1.0 dadans
ATz aY cupric acetate-pyridine reagent Y3103 0.4 Hadans wauliitnuas
< 9w &
nalvinendu

& o 1 A = v c: 2 o

qaasazatuuuIamganauudai 715 w1 luwes laelsle laeenmudlunnan
o 9

~ Y A J 1 A @ Y 9 Jan
LlWGIJi’]3;11a‘V]]lﬂ!fUEJ‘L!ﬂi"I‘V\I1]W]iﬁ”luigﬁ’ﬂﬂﬂ"lﬂﬂﬂﬂuuﬁﬂﬂﬂﬂ’J"IiJLGIJJJGUH"]J’rNﬂiﬂﬂ”IﬁEJ@]ﬂ

aataaslunanuIn ¥

My zYsnaldsfiu M35 Lowry (Lowry ef al., 1951)

dd‘ a d
msninlFlumsinsy

1.

= J = J
asazals A: 2%  leReunisueiua (Na,co,) Tuladenlaasonleq 0.1

o 4
UOTNDA
Jd v = =) 4

2. @15azae B: 0.5% aslnlestaa (CusO,H,0) 11 0.1% TmhauTnunaideuns

IN3A (Sodium potassiumtartrate)
3. @19a2a18 C: HANITHINEITaza1e A uag B YSuas 50 uaz 1 aqans muaay

Y '
4. 1322218 D: 199974 Folin-Ciocalteau reagent @281 10aUBAT AU 1:1
ad a d
ABMIIATIH
9 (% 1 d‘ 9 = A Aaa QBJ} a a
1. l¥a1sazarsdiesanaein1sv 1Usau 0.5 Haaans nnlwauaIsazals C Usung
a Aaa 1 Y Y o 3 Qy 9 =

2.5 Haaans warlmdnuuazasne w10 win

2. @uansaza1e D Usuas 0.5 Haaaas
Y Y

3. i liitnmuazasina FBum 30 wi

o 1 A ~ 9 o s A o [ I =4
4. Famganauuaan 750 W1 luwas Tesldasazarstivilesnnssudregruilunuaen

Y

Tagiauduaou 1-4

5. annalsunaldsaulesnSeumsuduns TUsauunasg v
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L) = 9 Y 9 Aa a o " A Aaa
wisunimlUsaumnesgiulagld BSA aAnuduau 0.05-0.3 Hadnsuaoianans uay
o Qs’l 9 9 = @ 1

MauIuaeuYe 1-4 lagl¥asazare Usauunuasaioend

o 9 A gy A 1 1 A @ 9 9 a
Wideyad IddeunsuiasgiuszrinaganaundsnuaNududuveslTuw

Tal5au BSA aauaaslunianuin v
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MANUHIN 3

1. mIANzHaDIIave wuANSaaWUE Burkholderia sp. EQ3 1500 iy
GGTGGCGAGTGGCGAACGGGTGAGTAATACATCGGAACATGTCCTGTAGTGGGGGAT
AGCCCGGCGAAAGCCGGATTAATACCGCATACGATCTACGGATGAAAGCGGGGGACC
TTCGGGCCTCGCGCTATAGGGTTGGCCGATGGCTGATTAGCTAGTTGGTGGGGTAAAG
GCCTACCAAGGCGACGATCAGTAGCTGGTCTGAGAGGACGACCAGCCACACTGGGAC
TGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGGACAATGGGC
GAAAGCCTGATCCAGCAATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGTAAAGCAC
TTTTGTCCGGAAAGAAATCCTTGGCTCTAATACAGCCGGGGGATGACGGTACCGGAA
GAATAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCAAGCG
TTAATCGGAATTACTGGGCGTAAAGCGTGCGCAGGCGGTTTGCTAAGACCGATGTGA
AATCCCCGGGCTCAACCTGGGAACTGCATTGGTGACTGGCAGGCTAGAGTATGGCAG
AGGGGGGTAGAATTCCACGTGTAGCAGTGAAATGCGTAGAGATGTGGAGGAATACCG
ATGGCGAAGGCAGCCCCCTGGGCCAATACTGACGCTCATGCACGAAAGCGTGGGGAG
CAAACAGGATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCAACTAGTTGTTGG
GGATTCATTTCCTTAGTAACGTAGCTAACGCGTGAAGTTGACCGCCTGGGGAGTACGG
TCGCAAGATTAAAACTCAAAGGAATTGACGGGGACCCGCACAAGCGGTGGATGATGT
GGATTAATTCGATGCAACGCGAAAAACCTTACCTACCCTTGACATGGTCGGAATCCCG
CTGAGAGGTGGGAGTGCTCGAAAGAGAACCGGCGCACAGGTGCTGCATGGCTGTCGT
CAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCCTTA
GTTGCTACGCAAGAGCACTCTAAGGAGACTGCCGGTGACAAACCGGAGGAAGGTGG
GGATGACGTCAAGTCCTCATGGCCCTTATGGGTAGGGCTTCACACGTCATACAATGGT
CGGAACAGAGGGTTGCCAACCCGCGAGGGGGAGCTAATCCCAGAAAACCGATCGTA
GTCCGGATTGCACTCTGCAACTCGAGTGCATGAAGCTGGAATCGCTAGTAATCGCGG
ATCAGCATGCCGCGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGTCACACCAT
GGGAGTGGGTTTTACCAGAAGTGGCTAGTCTAACCGCAAGGAGGACGGTCACCACGG
TAGGATTCATGACTGGGGTGAAGTCTAAACCAAGGGTAACA

Primer ‘s name : UFUL,350F,515F,785F,1099F



Program

BLASTN 2.2.20+ Description

All GenBank+EMBL+DDBJ+PDB sequences (but no EST, STS,

GSS,environmental samples or phase 0, 1 or 2 HTGS sequences)

Query Length 1414

Sequences producing significant alignments:
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Max  Total Query E  Max
Accession Description
score  score coverage value ident

Burkholderia sp. 2xiao7 16S

FJ606689.1 ribosomal RNA gene, partial 2577 2577 99% 0.0 99%
sequence
Burkholderia vietnamiensis strain

FJ436055.1 SYe-6586 16S ribosomal RNA gene, 2577 2577 99% 0.0 99%
partial sequence
Burkholderia cepacia strain yb90

EU214612.1 16S ribosomal RNA gene, partial 2577 2577 99% 0.0 99%
sequence
Burkholderia cepacia strain RRES

AY946011.1 16S ribosomal RNA gene, partial 2577 2577 99% 0.0 99%
sequence
Burkholderia cepacia strain RRE3

AY946010.1 16S ribosomal RNA gene, partial 2577 2577 99% 0.0 99%
sequence
Burkholderia anthina partial 16S

AJ544072.1 2577 2577 99% 0.0 99%
rRNA gene, strain BHS1
Burkholderia sp. SYBC LIP-Y 16S

FJ392830.1 ribosomal RNA gene, partial 2575 2575 99% 0.0 99%
sequence

AF311970.1 Burkholderia cepacia isolate LMG 2575 2575 99% 0.0 99%
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Max Total Query E ax
Accession Description
score score coverage value ident

12614 16S ribosomal RNA gene,
partial sequence
Burkholderia cepacia strain LMG

AF097532.1 12614t2 16S ribosomal RNA gene, 2575 2575 99% 0.0 99%
partial sequence
Burkholderia sp. T-34 gene for 16S

AB480713.1 2571 2571 99% 0.0 99%
rRNA, partial sequence
Burkholderia cenocepacia J2315

AM747721.1 2571 2571 99% 0.0 99%
chromosome 2, complete genome
Burkholderia cenocepacia J2315

AM747720.1 2571 1.028e+04 99% 0.0 99%
chromosome 1, complete genome
Burkholderia cenocepacia strain

EU684748.1 ZYBO002 16S ribosomal RNA gene, 2571 2571 99% 0.0 99%
partial sequence
Burkholderia cepacia strain PSB3

EU305400.1 16S ribosomal RNA gene, partial 2571 2571 99% 0.0 99%
sequence
Burkholderia lata 16S rRNA gene,

AM905038.1 2571 2571 99% 0.0  99%
strain R-15816
Burkholderia cepacia gene for 16S

AB252073.1 2571 2571 99% 0.0  99%
rRNA, partial sequence
Burkholderia sp. T201 gene for 16S

AB212235.1 2571 2571 99% 0.0 99%
ribosomal RNA, partial sequence
Burkholderia sp. 383 chromosome 2,

CP000152.1 571 2571 99% 0.0 99%
complete sequence

CP000151.1 Burkholderia sp. 383 chromosome 1, 2571 1.023e+04 99% 0.0 99%
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Max  Total Query E Max
Accession Description
score  score coverage value ident

complete sequence
Burkholderia cepacia strain ATCC

AY741360.1 700070 16S ribosomal RNA gene, 2571 2571 99% 0.0 99%
partial sequence
Burkholderia cepacia strain ATCC

AY741349.1 49709 168 ribosomal RNA gene, 2571 2571 99% 0.0 99%
partial sequence
Burkholderia cepacia strain ATCC

AY741334.1 17759 16S ribosomal RNA gene, 2571 2571 99% 0.0 99%
partial sequence
Burkholderia cepacia genomovar 111

AF265235.1 16S ribosomal RNA gene, partial 2571 2571 99% 0.0 99%
sequence
Burkholderia sp. KBC-3 16S

AY769904.1 ribosomal RNA gene, partial 2571 2571 99% 0.0 99%
sequence
Burkholderia anthina partial 16S

AJ420880.1 2571 2571 99% 0.0 99%
rRNA gene, strain R-4183
Burkholderia cenocepacia AU 1054

CP000378.1 2567 1.024et04  99% 0.0 99%

chromosome 1, complete sequence



>.Gb FJ606689.1 Burkholderia sp. 2xiao7 168 ribosomal RNA gene, partial

Length=1520

Score

Identities

= 2518 bits (2792), Expect = 0.0

— 1404/1408 (99%), Gaps — 1/1408 (0%)

Strand=Plus/Plus

Query
Skijct
Query
Sbjct
Query
Skjct
Query
Skijct
Query
Sbijct
Query
Skjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Skjct
Query
Skjct
Query

Skjct

1

76

61

136

121

196

436

421

496

481

556

[«2]
iy
an

[&)]
o
—

an
~]
an

[&))
[&))
=

796

781

856

841

916

901

97¢

1036

1021

10%¢

GGTGGCGAGTGGCGAACGGGTGAGTAATACATCGGAACATGTCCTGTAGTGGGGGATAGC

Lrrrrrrrrreerr e e e ettt
GGTGGCGAGTGGCGAACGGGTGAGTAATACATCGGAARCATGTCCTGTAGTGGGGGATAGC

CCGGCGAAAGCCGGATTAATACCGCATACGATCTACGGATGAAAGCGGGGGACCTTCGGG

Frrrrrrrrrrrrrerrrrrrrrrrrrrrr e et r e e e
CCGGCGAAAGCCGGATTAATACCGCATACGATCTACGGATGAAAGCGGGGGACCTTCGGE

CCTCGCGCTATAGGGTTGGCCGATGGCTGATTAGCTAGTTGGTGGGGTAAAGGCCTACCA

I\\\\\\\\IIIII\\\\\\\\IIIIIII\\\\\IIIIIIIIIIIHIIIIIIIIIIIII
GCTAT CCG TGATTAGCTAGTTGGTGGGGTARAGGCCTACCA

AGGCGACGATCAGTAGCTGGTCTGAGAGGACGACCAGCCACACTGGGACTGAGACACGGL

Crrrrrrrrrrrrrrrrerrererrrrrrrrrrrr e et e e e
AGGCGACGATCAGTAGCTGGTCTGAGAGGACGACCAGCCACACTGGGACTGAGACACGGC

CCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGGACAATGGGCGAAAGCCTGATCCA

Frrrrrrrrrrrrrrrrererrrrrrrrrrr et r e r e
CCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGGACAATGGGCGARAGCCTGATCCA

GCAATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGTAAAGCACTTTTGTCCGGAAAGAAA

Frrrrrreerrrrreerr et e e e e e e e e
GCAATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGTARAGCACTTTTGTCCGGARAGAAA

TCCTTGGCTCTAATACAGCCGGGGGATGACGGTACCGGAAGAATAAGCACCGGCTAACTA

FErrrrrerrrrrrer et e e e e e e el
TCCTTGGCTCTAATACAGTCGGGGGATGACGGTACCGGAAGAATAAGCACCGGCTAACTA

CGTGCCAGCAGCCGCGGTAATACGTAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAA

Frrrrrrerrrrrreeer e et r e e e e e e
CGTGCCAGCAGCCGCGGTAATACGTAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAA

AGCGTGCGCAGGCGGTTTGCTAAGACCGATGTGARATCCCCGGGCTCAACCTGGGAACTG

FEerrrrerrrrr e et el
AGCGTGCGCAGGCGGTTTGCTAAGACCGATGTGARATCCCCGGGCTCAACCTGGGAACTG

CATTGGTGACTGGCAGGCTAGAGTATGGCAGAGGGGGGTAGAATTCCACGTGTAGCAGTG

Frrrrrrerrrrrrerer e e e e e e e e
CATTGGTGACTGGCAGGCTAGAGTATGGCAGAGGGGGGTAGRATTCCACGTGTAGCAGTG

AANATGCGTAGAGATGTGGAGGAATACCGATGGCGAAGGCAGCCCCCTGGGCCAATACTGA

FErrrrrrrrrrr et e et et e e e e el
AAATGCGTAGRGATGTGGAGGRAATACCGATGGCGARGGCAGCCCCCTGGGCCRATACTGA

CGCTCATGCACGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCCT

N e N
CGCTCATGCACGARAGCGTGGGGAGCARACAGGATTAGATACCCTGGTAGTCCACGCCCT

AAACGATGTCAACTAGTTGTTGGGGATTCATTTCCTTAGTAACGTAGCTAACGCGTGAAG

reerrrrrrrrrrerrrerrrrrrrrrrrrrrrrr et r e
AAACGATGTCAACTAGTTGTTGGGGATTCATTTCCTTAGTAACGTAGCTARCGCGTGAAG

TTGACCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAAAGGAATTGACGGGGACCCGC

IIII\\III\\III\\IIII\\III\\IIII\\III\\III\\IIII\\III\\IIII\\
GGGAGTACGGTCGCARGATTARAACTCARAGGALTTGACGGGGACCCGT

ACAAGCGGTGGATGATGTGGATTAATTCGATGCAACGCGAAARAACCTTACCTACCCTTGA

Freerrrrrrrrrrerererrrrrrrrrrrrrrrrr e et e
ACAAGCGGTGGATGATGTGGATTAAT TCGATGCAACGCGARAARMACCTTACCTACCCTTGA

CATGGTCGGAATCCCGCTGAGAGGTGGGAGTGCTCGAAAGAGANCCGGCGCACAGGTGCT

Frrrerrrrrrerrrrrrr e rr e e e e e e
CATGGTCGGAATCCCGCTGAGAGGTGGGAGTGCTCGAAAGAGAACCGGCGCACAGGTGCT

GCATGG GTCAGCT GTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAAC

|I|I\\III\\III\\||I|\\III\\I|I|\\|I|\\III\\IIII\\III\\IIII\\
GTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAAT

CTTAGTTGCTACGCAAGAGCACTCTAAGGAGACTGCCGGTGACAANCCGGAGG

|I|I\\III\\III\\||I|\\III\\I|I|\\|I|\\III\\IIII\\III\\IIII\\
CCTTAGTTGCTACGCAAGAGCACTCTAAGGAGACTGCCGGTGACAAACCGGAGE
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sedquence

135
120
195
180
255
240
315
300
375
360
435
420
495
480
555

540

795
780
855
840
915
900

975

1035
1020
1095
1080

1155



Query
Sbjct
Query
Sbjct
Query
Sbhijct
Query
Sbhijct
Query
Sbijct
Query

Sbijct

1081

1156

1141

1216

1201

1276

1261

1336

1321

1396

1381

1456

AAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTATGGGTAGGGCTTCACACGTCATACA

Frerrerr et e e e e e
AAGGTGGGGATGACGTCARGTCCTCATGGCCCTTATGGGTAGGGCTTCACACGTCATACA

ATGGTCGGAACAGAGGGTTGCCAACCCGCGAGGGGGAGCTAATCCCAGARAACCGATCGT

Feerrerrrrrrrrrerrr e e e e
ATGGTCGGRACAGAGGGTTGCCAACCCGCGRAGGEGGEAGCTAATCCCAGARARCCGATCGET

AGTCCGGATTGCACTCTGCAACTCGAGTGCATGAAGCTGGAATCGCTAGTAATCGCGGAT

II\II\II\\||\||\||\||\|||\||\||\||\|||\||\||\||\||\|||\||\|
CGGATTGCACTCTGCAACTCGAGTGCATGAAGCTGGAATCGCTAGTAATCGCGGAT

CAGCATGCCGCGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGTCACACCATGGGA

et e e et e e e e e e e e
CAGCATGCCGCGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGTCACACCATGGGA

GTGGGTTTTACCAGAAGTGGCTAGTCTAACCGCAAGGAGGACGGTCACCACGGTAGGATT

LECrrrrrrrerrrr et et e et e e e e e e e
GTGGGTTTTACCAGAAGTGGCTAGTCTAACCGCAAGGAGGACGETCACCACGGTAGGATT

CATGACTGGGGTGAAGTCTAARACCAAGG 1408

CECrrrrrrrrrrrerrr rr rrrnd
CATGACTGGGGTGAAGTCGTAA-CAAGG 1482
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1140
1215
1200
1275
1260
1335
1320
1395
1380

1455
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