Lol S (b 5 g5 = e aelilad
VA aa o ITAF L V0ol n(‘)\_ﬁ J—

VWRY /0P 2y e s — VAP Y il s ey

(Ciou 699156 3ad g5 3 O905 (195 AIS1195 GBS HT sl Wl sy

*

f.darvishi@ymail.com pre 2l 0 o8 215 085 J gm 3 Son L S g, 'y ST S

brommandauthor@yah00.com 1,1 ca &1 e oS il ¢ o5 Koo (655 5555 s i)l wlid )82 S Ai 3

NS>

e L4

S e 5 slessls o mildg 5 LaalyT dsods 52 Gt_p,.a Yarrowia lipolytica a3 ;LJ {"U';T PR V-T
J:S‘ijjgf.pbﬂj}_du\.hb)builmd;caak‘gmm%mv;jmﬁjTJl@j3‘9)@
g Y. lipolytica Ll W g 5 0gu) o) Calibee 2388 5 slags 351 !

23Sy g Caliie Glas 3 sl b CiS (sladess 5 Y. lipolytica FDY1390 jeies 4 5 i 39 9 3lg0
o oled g d s N g N g YL g - TP RT- JrRur S s i
s (6,8 oIl O el 25 By Sl bl b 5L CIe g g obseY Loy
a%Fed3.>|>ﬂlplmgﬁ;§4{w\)ng§jJ.:J}?QL'.:.aq:‘.»_,:i4“:3@;61)}5}@‘4#}@2@&5

in Sl VYo Sl ey e 53 Aol OYF Ul Sl b S A 5 0 o5 g i gy e 23S 5 S

.%ﬂ)ﬁ&bﬂb‘j?/f/\@d)jcﬁ%fé)“
A5 Ol g S8 g Lo gy g SEST 23881 g5 (gl 81487 1 LS 526 R 9 S
FA S oy LB Sl s 3o 5 0 ST aein Olse g 0555 895 09380 (51l 0 g 0o 2131 15 5L

el CiS Lo 4 Y. lipolytica jeses il ol Sl ela

23 Sy gy Ao oSt S8 U e Lol Sl SIS (S0 Sl9

S g o 0t 5%
Copyright © 2015, University of Isfahan. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/BY-NC-ND/4.0/), which permits others to
download this work and share it with others as long as they credit it, but they cannot change it in any way or use it
commercially.



mmf_gaaa,u‘pq,_'Ju‘uwf,t,;ﬂwmw;@&-ﬁum \

5 el lo> Ale plard (K55 Jol g 5 Laoms
952 W Vgams oS T 51405 51 3 J o O3S
Jole S e i 53 il oo S Sl 5T
,;Y}_Wuﬁﬂd\.@\;g@}uotﬁ);w
(3 ol JoTis 5 A5ke OT Sl 5 o ) g
(b 55 s JoB e pl o slait
IV b a td g s el 5 (65l o sLaeSs
QY

G o s 4 (S i ST S 55k 4
)a.aﬁw(w\rmﬁ)'mﬁW@aébf
L 525 el BLSI LS Laos 4 (G5 4 )
a_wﬁ@@mf\,};u@”;.nf@@uj
WLl CiS b s i AT 3 b (cdre o3le
s (Gra ool g A3SSTTH 5 By 53050 o
Sz O Jslas 5355 o LS CiS Lo
OF) 335 oo 2 S Lo

SLagFl sl Sl (o) 2 Bl g5 s
DO R sy des g e (IS 5 (ks
5 o3 AT Sl oS Wl ST e Ol e
sl Y. lipolytica jases 3L ud g

b w9 9 3lge

S o) oo e ulph 9 (29 5w dgw
Shoai eslecul Y. lipolytica FDY1390 ,ases 45 su
PSS 555 1S Y sl YPD S L
W s padne oslae 2l 550 SV 505 A 530 8
Y& Lo 53 yades oml oS ol BT 2 s r;
55 s o3lital o, ¥ LY Sode 4 3,8 b 4 o
OF) s 6,11 51 5 ol a5 F glas

YPD Lo 555 0SS Laay g s5ludld

4020
534S Cewlaj¥y,da 55> (EC3. 1. 1. 3) 5L
Al n Lad g el T3 s g s sl )
05m s s e (bis s 5 a2 sl L
o At (55,8 b 53 g el T s 5
Sl lesdlly o Uly Lajld (s Cmonl
L s LY 1) K505 (85855 0 53 5015 o0
s a5 Laeadl ol S 5 OLALS (bl
3RS e 53 DS e 4y s S slasL
Calien mlio a5 5,50 ¢ g2 Glal i g Sl 0slizal
ag SL dhax U*;wé\f)‘);g:ﬁ 3 ol Aen
7o LS 08 S w5 Ol s lag 5B 5 s pasne

(D -F) L as s I e

SLa pe3a o3 5 55> Yarrowia lipolytica jeses
Gla tag 53 S laans 53 45 ol Jgane b
ol 48 F 1 w5 3 50 (65 5SS 5 5 (0L
AT i 6l 5 5oben b Ll 6l ades
(5) ol s ax U oy st

b il sl LY. lipolytica 5L o 5T
= YU 5T s 035 1l 5 (ol
el (0 gl Sl — il 5 5 Sl (LBISST
Cle perasaS Cula o9y o ba il 5l awy
SLp0 sele s gl 5 g plzsil 5l OT 510155 s
el s salig - a T ol e ) 9 S
Pl T ol e (A V) 5,8 eslis
23 Sy Sdled eSS as 5L e L 6l
Sl 15 ot | 03 208 a5 T (sl
S s DS S an Sy bl Jois
AV 59) 35,48 @ (g0 5tT

N R EEC S WP GPRP P W W I



Cadad syl S A5 Os5 a5 &S5 w3l 5 )

IV 595 5o Lads sei g )1s i gad LU 2 Sl e
Sl s dsdee S b S5a Sl alds ¥ e
3 e oS5 s enlial e 5T Cdlab roie
A O 4 ods BB, L 5 s sb 4 g5y sl
90 3 (s S Sl e (6l g )
N TRPTEY FUPN TRC VNN SYRWANRTS
eSO Dlid B 2 e B ool en 4 (Ao s 55 S
Sods s (o S 43LSI Y 5 g bl L 4Y 40 23
WY sl U s s (ol o 53 aids 1O
8 gt (gl Al o ol 3 e B 03l 1551 S Sl
S S g o 51 ) e § 2S5 03,5
sz &S5 4 K o 0 O gl 5 SIS (S 5)
=8 J s 30,8 0 B ¥ aslsl )3 6lS] (e
A8 gt J s L g b o581 Ao )3 93 pllid
Ay S8 4l Sl s a5 Y e e B e
O PPN Pt WL S S SR N I WA
g S &S0 &S ol on 5T ltis Jslas ¢ gan 5T
ST o Lol ;8 Coo 4ids &5 a1y O
ol bl T ples &7 ol 73 0LLEL(VF) 550

A el 1SS Sl L

el
A 5 Ol 5 alail 35 50 jades &5 g i) Ly
awlhodd aseSTTH s g dtus SIS sladases s L
5 S Ul Cela Y Sl fool b b Caliies SN
b gl bl > ST e sla0l ) 3
Y. lipolytica a s A iy Ol 5 5ld U] 5 4o
5 & S S (i Jbee gLalar >s 45 FDY1390
GLa i 55 Lol 5 4 A g 4o 05 23S T

) ol 0nls OLES Y 9 \

Q,zméu;,;o;;wis\j\wgmrw
Voo cdla G5 e el YF S 4 51 5 sl
56 5 mble YPD Loowe 2 Joa ¥ (o5l (6 2 (s
33 1 A 0313 JUiS] il e Ol i 4 6T
Lo, S il am 5 Y8 las L ls Si 51U 5SS
CelwlA Sl a aads j3 s Yoo i > O pn
00) s 4 S

Or chims gy Sl (RIS g5 SLa 95
oslas Ao s & sl g S e 2 e
23055 by Ao )3 S8 5 Oy § 9 et
3 ey s 4 S b s ) e YO sLa
N il mle do 5 6 (ST Lasms 035 s il
Ly, 55 Y. lipolytica FDY1390 ,asws 45 o
05,5 40 5SSl yskiie a0 Ll ¢ s s BLS1 | 2l
L 1,8 Sl a3 YA (slas b s Sa 5183
Y A Lds e akds 3 ye Yoo iS5 > Cs
S Sl 5 e padee i) gy 5 sk 4 sl
S (15 gt gad i el Lol s el

P P I Nt g P TR RT- o
L, LS 4 Fed3 5 Fed2 Fedl slapl b Caliee
5 il ) sl CoiS b (S a6l
Fedl oS gl m 5 g dis ogy wlie Lo god andllae
sl Osem ) o) de s /0 el YF 51
O35 iy 5 503 Ao ys /0 Colw FA 51 ey
S el YF I s Fed2 S s 6L
Les Fed3 s gl m s LS 05 8 sy oy
s LS O ey deo s &S Cslu FA I e

iy e g Sl e PT Caled g ) ot
ol oslaial HL g (AI O jedes glad s sl 55l

Wby LS 4 L Sl i (6l O gl 25 )



AP L 0 a,u‘ptﬁJu‘uw@l,@wuw;@,x-wuw \d

600 -
500 -
3
3 400 -
—~ e=g== Batch
) 300 -
4 Fed1
N
%, 200 - e Fe?
X == Fed3
oY
- 100 -
0 T T T T T T !
0 20 40 60 80 100 120 140
(celn) Ol

s g 4o CiS ((BACH) dts CiST Calites sla ks 5 Yarrowia lipolytica FDY1390 jaies 4 g Jow 55 5L A 55 13 50 —) JSCo
(Fed3) o g S 5 (Fed2) o35 SJ1 (Fedl) sl 81 o s a8, 55

Y

D

T

i

A === Batch
.—E\ Fedl
5N 3 et Fed2
‘33 2 e Fod3
“k

1 -4
0 20 40 60 80 100 120 140

(Cels) Olej

s 3y 4o LS (BACH) dtay L2 Calibes (ladees 3 Yarrowia lipolytica FDY 1390 jases a5 g by Ol jae 5ls gai =Y K2
(Fed3) ¢ g S 5 (Fed2) 55 SJ1 (Fedl) sl SJIL o s a8, 55

Vo U L Colab 5 ity gy g 3 ) ke
S 0l ol b ok esls aslsl T 5 5T Sl el
Sy celwd? CusFed2 sFedl aseST,
Sl i8S s el VY S Fed3  aseST
FAY Ll Cs 5 a0 aS s adalie LOT 53 5L Cleb

L I 5 o0 g 2 md e 53 Al OFF 500

4 3w a3 Y. lipolytica FDY1390 jasws 4 gu

Cla ST el VY I e i S S
B i Lo 53 A ¥FE/D Uslae S sy 55 5L
sFedl aseST) s 5l Celw FA 4S Ola ol b
0390 as I8 Fed3 aseSTy s 3l Celu YF 5 Fed2

53 Al Y9 S YFAUD OY¥Y (5 5w ol L) Cle



Cadad syl S A5 Os5 a5 &S5 w3l 5 )

iS5 a ciS la Sy 5l oS 5 O3g Il
o oiS ol C e g b e 4B S sy
U8 035 2Ol i sy des (23S 55
Fr 3l eslinal L oS plae sla 2S5 5 1S5 &5
() Sl STy 5

¢S5 Y. lipolytica s 55 5L W5 ST
r) S s 35 b o oLl Ay (ote Sl e
AYF 5 V) Sl el 1 oy ool FA 35 a3
L i gy aos (23085 g5 Caliien S s a3
Sl s 8 5 4 Sl e 53 05 s
O35 9y o ys /0 (olu YF I Fedl S
0 el FA Gl e 5 L LS| S bases 4
PR PN P ISP S U I SIS
050 sy Ao s &S5 el YF 51 L5 Fed2
5 e e Fed3 S gl s Lol S ases 4
i Lo 43 0555 sy s 25 Lo FA
PP

A5 Ol e A g das 23S T g5 Sl dn o
ROU PE R FRCH T PERICIEL g VRGN 35 1M R P
LSS ad s & S cul oo Fed3 (S oy g 0T
Sl VYo Sl e 2 e 55 d T OYF Ll Cdleb
= Al FIYA 550 (690 g0 s et 4S L e
ol s 4 ol

Sl S oS das e OLES ;S rasi b
Ol s s S s Cd A gy dad 2SS |
SFI sl (2 o s s oe IR S W s 5
Slimsn 5 S aie Ol 4 0535 (5 0235
b el ) Ol 51 el FA 1 oy o LI
Ll S s 40 Y. lipolytica

= 3 a3 Ol p Sl A5 Ol S8 4 (PL)
b ol S U) Cele o 5T Clas dsly
23 o35 G SLd A 5 Gose e s cpl o
das 23S 55 (6l FIFY ol ans S8 Sl
PS5 Jslae cg oSN P/ Y L Islne (S8 (SN a4y
Celo o oan 5T Sl dolg F/FA Ll a1

S 5 Ao 9 Som

Gila ae ¢S Y. lipolytica e
03 S o5 plma 4y pal8 48T Cal g lns
S e Olsie o o ladl 5 by 8 5
Gt daoa 53 35 50 0,5 e OA 5 1Y) S
LOT A5 L s a5d 5l A 5 oS5 o sl bl 5 o
Ll Olpe am Lo e, b a2 51 (S S g
Lz eslamal Y. lipolytica jedes 53 5l ud g5 suiS
Jte oz sl ol Aty gladasa (Y0 5)4)
Ll Eeb LaosT Slin e 5 ¢SS5l sl €525 89
gl deal 1 S O s b e S WS
S A5 Jg e 05 0Ly e o Lol &7
XY 5YY) 358

Lo (g5l S)30 0 i1 Jolse 51 S
bl it ol oo Lyl 5 5 CLS
G20 S Y pane S8 Lasms 53 b, S 4 S 5
S aS sla e (ilaang ool S35
S S g T s s o S e dhex
R A5 e e 3 S e | ! et
AOY W) sl g 5 0L

e @Mﬁwwasdf\)}ﬁ-uijjqw“



w«mf_gaaa,u‘pq,_'Ju‘uwf,l,;ﬂwmw;@,;ﬁ-ﬁum 4

References

(1) Vakhlu J., Kour A. Yeast lipases:
enzyme purification, biochemical properties
and gene cloning. Electronic Journal of

Biotechnology 2006; 9 (1): 69- 85.

2 Bora L., Gohain D., Das R. Recent
advances in production and biotechnological
applications of thermostable and alkaline
bacterial lipases. Journal of Chemical
Technology & Biotechnology 2013; 88 (11):
1959- 70.

(3) Houde A. Kademi A., Leblanc D.
Lipases and their industrial applications.
Applied Biochemistry and Biotechnology

2004; 118 (1-3): 155- 70.

(4)  Griebeler N., Polloni A., Remonatto D.,
Arbter F., Vardanega R., Cechet J., et al.
Isolation and Screening of Lipase-Producing
Fungi with Hydrolytic Activity. Food and
Bioprocess Technology 2011; 4 (4):578- 86.

(5) Singh A., Mukhopadhyay M. Overview
of Fungal Lipase: A Review. Applied
Biochemistry and Biotechnology 2012; 166
(2): 486- 520.

(6) Casaregola S., Neuveglise C., Lepingle
A., Bon E., Feynerol C., Artiguenave F., et
al.  Genomic  Exploration of the
Hemiascomycetous Yeasts: 17. Yarrowia
lipolytica. FEBS Letters 2000; 487 (1): 95-
100.

(7)  Treichel H., de Oliveira D., Mazutti M.,
Di Luccio M., Oliveira J. A Review on
Microbial Lipases Production. Food and
Bioprocess Technology 2010; 3 (2):182- 96.

(8) Fickers P., Marty A., Nicaud JM. The
lipases from Yarrowia lipolytica: Genetics,
production, regulation, biochemical
characterization and  biotechnological
applications. Biotechnology Advances 2011;
29 (6): 632- 44.

(9) Guieysse D., Sandoval G., Faure L.,
Nicaud J-M., Monsan P., Marty A. New
efficient lipase from Yarrowia lipolytica for
the resolution of 2-bromo-arylacetic acid

esters. Tetrahedron: Asymmetry 2004; 15
(22): 3539- 43.

(10) Yu MR, Lange S., Richter S., Tan TW.,
Schmid RD. High-level expression of
extracellular lipase Lip2 from Yarrowia
lipolytica in Pichia pastoris and its
purification and characterization. Protein
Expression and Purification 2007; 53 (2):
255- 63.

(11) Sharma R., Chisti Y., Banerjee UC.
Production, purification, characterization,
and applications of lipases. Biotechnology
Advances 2001; 19 (8): 627- 62.

(12) Gupta R., Gupta N., Rathi P. Bacterial
lipases: an overview of production,
purification and biochemical properties.
Applied Microbiology and Biotechnology
2004; 64 (6): 763- 81.

(13) Stanbury PF., Whitaker A., Hall SJ.,
cartographers. Principles of fermentation
technology. Burlington: Elsevirescience Ltd;
2003.

(14) Mirbagheri M., Nahvi I., Emtiazi G.,
Mafakher L., Darvishi F. Taxonomic
characterization and potential
biotechnological applications of Yarrowia
lipolytica isolated from meat and meat
products.  Jundishapur  Journal of
Microbiology 2012; 5 (1): 346- 51.

(15) Mafakher L., Mirbagheri M., Darvishi F.,
Nahvi |., Zarkesh-Esfahani H., Emtiazi G.
Isolation of lipase and citric acid producing
yeasts from agro-industrial wastewater. New
Biotechnology 2010; 27 (4): 337- 40.

(16) Darvishi F., Destain J., Nahvi ., Thonart
P.,  Zarkesh-Esfahani  H. High-level
production of extracellular lipase by
Yarrowia lipolytica mutants from methyl
oleate. New Biotechnology 2011; 28 (6):
756- 60.

(17) Fickers P., Benetti PH., Wache Y., Marty
A., Mauersberger S., Smit MS., et al.
Hydrophobicsubstrate utilisation by the
yeast Yarrowia lipolytica, and its potential
applications. FEMS Yeast Research 2005; 5
(6-7): 527- 43.



Cadad syl S A5 Os5 a5 &S5 w3l 5 )

(18) Papanikolaou S., Chevalot I., Galiotou-
Panayotou M., Komaitis M., Marc I,
Aggelis G. Industrial derivative of tallow: a
promising renewable substrate for microbial
lipid, single-cell protein and lipase
production by  Yarrowia lipolytica.
Electronic Journal of Biotechnology 2007;
10 (3): 425- 35.

(19) Guerzoni ME., Lanciotti R., Vannini L.,
Galgano F., Favati F., Gardini F., et al.
Variability of the lipolytic activity in
Yarrowia lipolytica and its dependence on
environmental conditions. International
Journal of Food Microbiology 2001; 69 (1-
2): 79- 89.

(20) Fickers P., Nicaud JM., Gaillardin C.,
Destain J., Thonart P. Carbon and nitrogen
sourcesmodulate lipase production in the
yeast Yarrowia lipolytica. Journal of
Applied Microbiology 2004; 96 (4):742- 9.

(21) Dominguez A., Deive FJ., Sanroman
MA., Longo MA. Effect of lipids and
surfactants  on  extracellular  lipase
production by Yarrowia lipolytica. Journal
of Chemical Technology and Biotechnology.
2003; 78 (11):1166-70.

(22) Darvishi F., Nahvi I., Zarkesh-Esfahani
H., Momenbeik F. Effect of Plant Oils upon
Lipase and Citric Acid Production in
Yarrowia lipolytica Yeast. Journal of
Biomedicine and Biotechnology 2009; 2009:
1-7.

(23) Kar T., Delvigne F., Masson M., Destain
J., Thonart P. Investigation of the effect of
different extracellular factors on the lipase
production by Yarrowia lipolytica on the
basis of a scale-down approach. Journal of
Industrial Microbiology & Biotechnology
2008; 35: 1053-9.

(24) Darvishi F., Hosseini B. Effect of olive
oil with different purity grades on Yarrowia
lipolytica lipase production. Biological
Journal of Microorganism 2015; 4 (13): 35-
42.

L. Batch
2. Fed-batch
3. Continuous



WAF b A0 o5l cosler JLo ‘u(.m_gtfjt,,g_ﬂ. B ) s — ek aalilab




Biological Journal of Microorganism, 4™ Year, No. 15, Autumn 2015 1

Investigation the effect of olive oil feeding strategies on Yarrowia lipolytica
lipase production

Farshad Darvishi *
Associate professor of Microbiology, University of Maragheh, Maragheh, Iran, f.darvishi@ymail.com
Barumand Hosseini
M.Sc. of Microbial biotechnology, University of Maragheh, Maragheh, Iran, brommandauthor@yahoo.com

Abstract

Introduction: Lipase of the yeast Yarrowia lipolyticaused in detergents, cosmetics,
pharmaceuticals and food industries. This enzyme production depends on medium composition,
especially carbon source. The purpose of this study was to investigate the effect of olive oil
different feeding strategies on Y. lipolytica lipase production.

Materials and methods: The yeast strains Y. lipolytica FDY1390 was cultured in media with
different feeding strategies. Three different models were used to fed-batch feeding method. The
yeast growth is monitored by direct counting method with neubauer chamber. Lipase activity
was measured using titration method.

Results: All three models of fed-batch feeding increased lipase toward the batch culture. Fed3
was the best model of fed-batch feeding, in which the model leads to the production of lipase
activity with 526 U/ml after 120 hours and the productivity reached to 4.38 U/ h.

Discussion and conclusion: The results showed that feeding patterns of fed-batch culture
increase production rate of lipase production towards batch culture. The best strategy is to add
olive oil as the carbon source induction substrate in medium after 48 hours of inoculation.

Key words: Lipase, Yarrowia lipolytica, Batch culture, Fed-batch culture, Feeding
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