Y40 L'J,Q.g_.-cw“ 6,9 A o)l.a.i': J"U-‘ @Lﬁo}¢jlﬁ P WY

2050 30 53990 ELl pé 32 Slavw! 3 (& B9y Wl gi il
o 99w 53U 5 gy 9 gmligo b Lo gyl (992 Noo

T oke e ¢ Jde o3l3T T agLisl Ol e

O gl Olgiaal ¢ ool 13T o Kls Ol ;52 a5 Ul O Kia g oKl -
Ol Ol ¢ ool 13T oSty Ol , 528 Aol s (8559 505 ,Sm 05 S =Y
(AF/A/Y8 15 pdy Gl AYIF/FY dly o 5 ,0)

e A

2l iy ol ol plal o ladenl S 05 S Ess Do 5B e Sl LS )l LS ) 4 ol Calid 05 Ses 8 )
J\:,,.'\ u‘)?dj J\:.,::} "\:‘j}; U':"l.)'el axdlae g_!’i‘ )‘ Gda Lo odlaiul J;G vsby y}) \)l‘}.& “ v_‘;'\.,\,c @LMA BLIE] M dolie S v_‘:')).b GLMD
el b S Lol oo 5o ded M5 (Sl ar Ghasn onl 03 L e o e et 53 Osenlipe SWS L gLl 8 o gla
Cilge s S bl (6 Kb E G ol A A5 ediS Camilen 1 gl &S s s Al plml iy glosle andl b ol {5l 5
5 Sl gl a3 e W8 s ORIl gy llllas g S e ase Ol @ Lo il Dpd 3 b A8 Gl S ol
5 S bl s ded W5 3 s BRI Gl & Sl g 6 s o o A demlie 05anl SOl Olos e SBIS I 2
2Bl il Ol g Sl ey i el S5 Olis 3 A5 035 5 A WIS 03 G S e a T 5 e 00 Rl sl Sl e o e
Sl ELAl e o sladend Ol il s 03 S5 (6315 S Os0mlign 51 g iz 2050 e S BB 03 25750 o Sladd S5
Gl (sl ey i cal 55 Sse 8L ST Ol ol Sl eslital g Fae Sl Ao W5 e g ST ol 1D casily

Dsad lgen 5o gl COU e

Oselipe Lt Lol gLl o oz Sladenl (5 Sn 855 108515 ads

m_enshaeiech@yahoo.com :cui. Uy

\Yo



G338 L el 31 G s, W5 I

gl 2 o sl Al S s s ) Bl ol
A

g b IS Glacal s ae) o3 g alies
ssbe opl gl il 25l Y e 0L 5 0150 (s
4 S SLS S fAS S o Vs Gl sesis Sl OS5
o AT A S el 5l Gt LS 5 il gla
I galSodns O Gladd 5 Sl SISIT S5 n
s Doy 4 S plaedlEls Seo oo [1E] S eslina
Flo L5 oo Ll eslinal 55 (55K Saptenn 2
sl Ol 5 YL iy e o (DN s 51 gy ik I 5
s Ol il e W5 il c Lol s slas ie
Lol SV a5 il andls S5 cml 5 Sm e Mg Als
- Ol bl 4 Jle Jsb 53 5 035 0 (peandl okS Syl
et JS Glaptens e ool pls 2 (Ko 2lsas
b3 sl olde 53 Kil5 o 5 ,Sen Sla (255 L 0
ol Kt O 2 esdle i a5 S 2o YT Sl
sl Gy Sheslinal b 5 3ol sy o) zlual a5
Y] el g5l jalls LG Calises

Er o e Vs Slasese (S35 5 sl ol 5l S
UV g oanil ol ol 03650 5l eslinad L be OF 53 05l 5o
5 Oslipe Gl St ple b5 odiS opin s and
Gt b s (§ e 3 padse nF e [VO-TI L
Sl Sy § aaws (Bl Oselise duly @ S gla
o b Silse Ole 53 5 e s 3Ll sl N8
b Golie gla sy o Hse Glajesee 6wy 5o 3L
S o3 s s B e ol 5 el 0 e3lizal 058
L5 (Y1) B ol 0035 b (5508l K5 51 oy 6058 o Ol
s =l SNy ol e S5 s ) eslizad
ol oo bahaal o [YE] S p G hes b5 [TY] bl
S nls sl sp5e 3 6,8 o3kl &Sl oY e s,
255 glalis 55 Sobse U s S planil bs il e
g i 236 51 b 5 ib 4 oS ol J S50 il s
5 ol& g5lula (Cephalosporium caerulens) ./ ..
Slee ool s O 2 esdle ol (26 s ol glls

j;uumd_@@;lwusmp@%)}mﬁﬁ;m

AN

aodis —\

e s Mg LUl Gl o e gl elE s S
et AL e JapedS el 5 Chse a e
63k s b ol s s jase (o e gl S5 S
s dse s g e SO VY]l e S Ll s w |
Loghasl b o bkl Olps o Vb s S0 slo
S bt opl il (@) Kl g 5 S W51 VAT
Jels CLWA R e sladl s plde Coeal sl
Sl cdonl S g LS ) S W el S 52
ol St el S gt o sl S sally
S Sl 8 535 el S Sll3 8 53 sl ST il 35S
Gl 51 g8 05 S gla iy [E]il e o
o O“-’\ RSV SN uj‘b Coge 4 9 03y CL.:,‘J:; e
S s o O Gless ol G O gl ST Bl s s

AL
Dl —ATP 5 5T Sl e e 2 s oo 5] 50
oS (oS 5 e Bl Sl JS 5k 4 [V Al s U
< sdesd e el NADPH W5 5 b 51t e
s oo TP YO gladsts 5 5l el K Lo s ass o
s 5 Fas2 ;5 Fasl e 0 Loy o o & 5,8
©3b3 S 5 s ol cals by Soe gla s, [8]0 e
sl S 5 oblS [V ] wls Al sl e«
s la 35T slls L sasn 5 o 200 51 dms 5 0580 g2
LAK) .,\.:.v.'l ;g.:ﬂjatj "\':Jj; BE PLY M)\)jgr_mb Vo Ws }\Y
33 f"ifi 33 ol oyl pde s s S sl K
Sl sd 5 Aol ST o sladed (DUl 5 s 0L
SEas e caenl [AJWL g0 Ol Ol sl A
Ak oy L LAl o o Sladenl 35 (6 e sl
U'i‘ )‘ oslatul L L;)'i) U‘i‘ J\JL ~* oJ:.>u)
5 (SCO) wxl ST o, imo W5 53 b odlE 15 S
s O sladeud 3l oS ke sl eSe g L

ool Dt b sy ol e sl el e [V Y] 5



\Y'QG J“'@” ‘W' 092 c-\' b)l.a.j:

S gl s psle aolhad

3 e 23 S 3 V0rpm 5 Y0OC gles js Csle $A s
03 g lase Sl ) e 80 6 =l wlo 51 1) e 0 O]
gL s ol el esls Ul 5 1) Jus Yoo L o)
KH,PO, vg/L (NH4),SOs ‘1g/L (55 v
v g/l 5 MgS0O4.7H,0 Vo g/l ¢ NaH,PO,4 Yg/L
b 3 cele A1 e 4 5 o3 PH= VL e ojlas
[YV]ws esls ces Vo rpm 5 Y0°C

uv & 42l b O gewli g0

oals JWE) (3l Jlad ams 4 o 2550 6 s M1 o
433 0 Ode 4y Jae 1 1) Je /Y el EA S g Al
Slind 3L L adje 53 OF 51 e (Ve s TPM)s S 550 5L
Geby S fﬂ Olsen a0 al o cpl 5l s eals glonld
S e Y 0T S e e Glol clis 3L oas
JFle 5 el a ;b el s SO S (6 et Uil s
ol 4 S b ps gls Ol e di by L3 UV oKas
[YALs 5 ai3s Yo 500 00 0 Lold 00l po g

e sla 4 5 A2

Gl ls ST el 555 b Jgbe Dnlige bl 51 e
Vo ug /L ghls lass cpl LA ey CliS ) L ases
53 5 4Bl Oselige sla Jsho 5l 2SSV ) s e
S o S s Ok 5 il Sl ls ST Las
izl J xS Olge 4 iy G s ol Gl
Sl S Lol 4SS5, A0 e sl b ey s S
Hpd bl oy JB

(Fourier Sss b g oo 5855 A5 (o)

Transform Infrared) FTIR

Spectroscopy
S KaS L glaldr (gase 4w 53 A A

JASCO Ju o&zus 5l eslizul L FTIR Spectroscopy
oK s 2 350 0 2SS LT FT/IR-6300, Japan
odsl 5 skl as ks 4000 em™ b 400 em' )
5l Ol a (O, T LS oS 3 51 ot (5l )
SR elial sy Mg al SO, boale ¢l

[Ya-r]es 8

VYV

2ol shls 5 [Yolomd sl ad (B 5T 555
eladed esn 53 e g I W I T
e AN sk g el 505 e by L s
e slbie S Olpe @ A e 58 eslil Sl la
 ahaly 4 Cailes plpby Sl Jsbe s Gl 6052
W aa 8 o o (S ) 50 8 BB RalS Sl il e
SLls ol Jgame iy g sl 53 S e Sl
Aipl ety o8 Wl ded W5 e 2V Jeily
[Vl 6 sl

a2l Sl el U ialal 0plipe iy Sl Siasd ol o
DSMB218 (Kadsd Losl e 53 g bl sl UV
35 s e (s S g ealinal 350 SIS LS eslinal
Clse s s A S Jes e S K, S5l S
om0 S LA ol A 5 e A5 YL SULS L
W5 6 w53 AU ot s s s 5l S s O
S Sel —8 SIS 5y S ST Sl s S
i3 8 oslitel ol A5 O el Ll LT 1 sl oo
2P s e 05SU a cles @ Osnlige Sl edle
mon s 2 SE bl i) SaS L o M5
I I

Uhuf&j‘)‘gal_,n—"

ST S 4 g
s Lol G cpl 53 eslinal 3550 (5 0o (& 4 5m

Sy e Ve 3kl w0l ge 4 DSMB218
W5 e 4 5 il 4l 55l ol

(Yeast Extract L o, » ol 53 Gese & 4sm
iS5, 95 ode 4 YPD Peptone Dextrose Agar)
veml sl 48 ) o Vor o ol OF 5l e s 62l
Yo gL lls bams opl s S it op W5 i B
v g/L « KH,PO, ¥ g/L « (NH4),SO4 ¢ g/l S8

w503 pH= 0L e o lae ) g/L 5 MgS0O,4.7H,0



G338 L el 31 G s, W5 I

A5 Obeily = (ol A 55 4o 055) /(o b ume L3) X Vv
(SCO Yield Efficiency) ..J

$3) DNS G e S8 Lol Gyas L3 Ol oy
foleddy oo (Ol 2

ARG gl b 4l s ad ud g

Ls Ol a5 A3 eslinal G IV 1SS S sE nl 6l
Oy b w S 13V/0 Loy 4 OF 3 3550 S
o 2o s § s b SV Galde 55 A W
05 b el VY @i 4 YOOU (glos 53 0 gl 531 3,8 L1 3
Lol Gllas slge clile o5 5 el pH =1 5 V00 rpm
A3 S el ey 5 Al se 53 edel s 4w
wlo Olpe (G Sy D ebd (SLdled O iy
Al lsl W g las 4 70 Oljer 4 il

M 2 fee s,sSU ple )
Dy St Gy M e 0SB E S dds e Gl s
Sde g Ol Dde Jold LaypSB pl 3 S 5
A3 g p g gl Sl ke 5 SIS e O gl 5SS Ol
SAS Chle o5 Wl Ol [Vo-IV] e el S Sl
Jole i e Do @ S S ol b 0505
Fos sl b o el ese Ry S
aw ol el s 10 sl Lﬁl}wgwoﬂl{ﬁ\ Ol e
il g\ gl LA ey rer oes & Jele
gl Sl e e O s 2 gla bl
s e gla Snswars b p sy sla il
Lol Gl s & ¢ 5050 (pl andls Jls 6l 58 o ol
o Span 5 Gl e, oo Cela VY Gl (Sidsl
Slisla3l plonil LS o SLS o 3550 b Slisl 4 S
53 adsl o S dle Sl s Jse e ipl 5 50
ai3y 0 31 Ay g Ol ol S 5ls DL e ol 5550
orep 03 Jole opl o Mo e G S e ST 2l
bl 4 i SE s aly OF pesdle A pll 635

..L'Sda&édﬂ)ﬂ‘_;o;jww):

VYA

035 (5 o fSpml =538 SIS glos S ST
(GC-MS)

@ del St 51 enlinal b0 sl mal 5wl o
L dsbe 5eslinal 5550 255 055 TAY Cond s 55006 Ol e
Terpm s cele 0/6 Sde 4 OC gles ja ¥ ) s
035 Vb 5L 55 edd A5 (g Akl o) (8 S e
o3lizal b 5JUT OF 51 s (g3lula= 31 oo SeS LS
HP 5972 mass selective detector, ) GC-MS
<35 el (serie II gas chromatography, Hp
[¥y-r¢]

B o gt 9 e Ol g et

O & Pk 0903 A Zlal ) Ul e sk
sl hash s By ol s S oy se Bligh & Dyer
LYo W]l o osls s g5 JolS )30 @ oy

53 A L sl oml 53 Sl St e e sl
a5 e 95 3l es 3,8 Sak Sl 4dds 10 ol 4 00 eTPM
b O3 4 b A esls 13 A 0C 051 s O b et
D55 s S s U1 51 e 08 SEE 5 el
[ro av]ws S

Ao g5 Ol e peed

A eslinal 5 Jge b 5 A 5 Ao s e ke 4

[ Kt ungm XVoe = QS%’;J Glye) dod g A s
odd I Sl 5255 055

glAmel o Il (A5 s Ol 8 3l sk w
fo] ws 3 cnsp o

[y %4 t_'%fﬁao .L'».; w\:w (5‘}3 CA\SL,&}«: WPl
5 L, Oledily Ossl s 4y gl ek O me A3 arsloes
3yls Coenl L) WS 5

Oledilm (Jhe St uogn) /(odd o pme AB) x Voo
(Growth Yield Efficiency) ..z,



\Y40 JQ.e_' NY 092 A O)l.‘).«j’

S s 5 p ks wllad

S (a5 M5 5 Jse Slapata b Lol e sl Vd gir

p g 0% gk Jl e b joie
v ° Y Min) ig> ol oode
41 VY $A (h) O 5l S O3 e
v 0¢ v @/L) S8 chle
1/0 | +/0 (©/L)p s 3ol Sl e il

YV odsder 53 O5emlipe sl 51 3 4w opl 3 dd W5 10

sl 0l 05l OLES

Y

O gl go sl 51 J8 A M g

Oseelipo sl 5l L3 I 95 Loee 53 Ao A 5 ol Y gk

Growth Yield SCO Yield = 45 4o S o g PRRIRWAIREES Lo
Efficiency Efficiency St O3 4 (g/L) (g/L) -
ot 3l I3 5 B
Yo/\o /6 YY/AY Y vva 0/1v

oL

) FTIR S5 5l eslinwl Lo ods g o) 5 JUST

ad
{/ — ) f v Spectroscopy

L \\\“ /‘\H [

w0

[ %

Wamsurl [ ]

ol 6 ssllial 4y by o FTIR 1 S S

m%} /,,/ "“\\\ (“'n\' A / nY
| | Ao

am m m o w

Wi o |

WKt sed Lok 6 s 55 4 b s FTIR I SY S
DSMS8218

AR

ol S5 s Ms Ry ase 3l Jel gl SIS
e .l o 0303 OLES @,D) ) ojles K3 5 (51kul)
gy Sl e ilulir Es) o s BB alis SIS s
1670 oo blo 3 das o 0L | ab g e 5kl 5 (5 5
ey M8 (1745 em” s S ) 1820 em
el S sla ey S i edias OLES oS il sl sl
st sl Ky 552929 em” b 2850 oy ol a5
[ri-valust o ohae gl 03,8 suns OLES

SRS Gy 3l ekl b il ol
s e

Sl o IS 4835 0 51 Ly Oselise la Dby e o
Sde 53 b ez S e (g edias Ol &S W S Al (6 S



S P e gl S e M5 RIS

O 5 aulill Ol e

Yalise gb 03 ghadl 8 o gladeal Glyme L1
Sl bl Cgr O osdle (M3 g ol eslizal lo
5 il S Yo a5 e 53 ded W5 VL L Ll

(Y35 4, 1 &
AV LB Lol S S 4 by mls ¥ Jsir
Ol Dode . das o OLiS 1) 4235 0 Ol e jy A A g
G5 g e 53 5 edd jedee 3 ol Crse i b
ool g s el il B G Al Al ealie i,

el 0 i3S SlinlesT 1SS L 4w Kb

SN s Ll Lo 3 s Jshe O senlige 51
3y jesee gla pIST JlE il s Oy Gl e 550U
Os e S b e 3 S J s il e s v/A
Al o (Bl e oo Y BN s S SS l IS S
s spam 53 b S S il e e 4 s 350 s Ll
Lad 6 S5 5 slullr Sopgls S ol 50 S5
5 ks S sl L Al s e S ol s A
ST g s (5 s om0 b OF o g 5l 5050 S
Car Gl S5 Sk 5 0w sladd LU,

G ol SIS LAE ) Oselige Sl A 5 L3

Oarm o bedd Uy Silge sla IS w4 b se A A5 Y e

Growth Yield — SCOYield S/ &5er 0y o s s L
Efficiency Efficiency St 03 b (g/L) )
Th/t0 VIA ARV Vyre 0/40 A s
/ey v/A £VYo VE/YO At B ks
£Y/TY AA ta/et \Y/A0 VAS C ks
0+/\Y /v 0¢/Y VY/AL v/ D s
ANK M ool Ve/en V/aY E &
oY/20 Vo OVAY VE/A) AEY F ks
oY/4 Vo ov/to VY a/vv G ks
0/00 \\Vay it A7a\ \RYa\s H s

Lpldl s o ladel Ao 5o o 2y el S5l 4 5
S Sl pl (g ey Ol S cl sl ol s 4
el a3 iz 50 el Rl e 2 O gelse
R o Sl el Ol 03 (S R 3 ge Ssle e
33 SRl L Ol jen o das o OLES £ S il e gl
Byd e edalin dul SColmal s g ials aud Syl
IS 35 55 Oaealige slagyl JLis 4 oS sy 0 0L g 3o o
b g Ky sl 5 Sl Al (B4 -Ws 35T (5 oS
Olie 5 odd ok ol S5l 4yt Sl S 5
Sas 5l Vel asl il plal e o
O3g bl Ol s ool a5 or s (S5 9585 5
A e gl = (S b Shs o ox sl
YA) 2108 o 86 b (6 ahal 5 O el bS] can 35S

\Y

GC-MS b & > lauam! 5J1

3 S e 3 L e bkl Ly b s
e skl b Sl b dasa)ias e Ol Sl
Olsn (ool 03 0315 OLES 0341 S5 e 4 oS 3,15 540
S9d Ol a4 Silbse ( a g 03 PLAD 2 O sl Al
Sl Pl Al ST el Sl 5 5e 52 Y S UY
ORI 5 gl e o b Al b sy 50 sl al
Aol fBs 5 opl A el SO ge (5 s 53 oS
Sl s Cows Sl 5 s S e 2 02 2y
L L I I e S
213 Coeal il fLl o o Gladend S 28 oS e
7o Gl L s Blsn B Lol
32 A e 0l s VL WS 4 Ol e gl



\Y40 B NY 092 A OJM

S s 5 p ks wllad

(M358 (od (s posen 2 sladeed

Ly o5 ool Ol oxd Sl Ol & L,

38kl 5 ey (g w03 o gl Ly § g

. C14:0 €16:0 C18:0 C18:1 C18:2
Srse (S dm (myristic acid) (palmitic (palmitoleic acid) (Stearic (oleic (linoleic acid)
Y acid) P acid) acid)

5 6 g AN Y V/) v A
Sl (S g Vs 0/0 /A Ryl Vo

5ol sl L dol g s bl b 5l wp b 2,
Al o

u.?‘,fl: J'&})jo:lﬁ.‘.'m‘b‘_;)b%@b
G s 3 eslinal b (3l wige 5 ol s 0 o
:l:;%\)L9 TSR 1T YR v FYUIR VN W
S Odey ¢l oslize Ll s L byl 4 ol s s
s 4 bl a Ll 5 0 Jader 3 A esls plnil Sl
el eds W A Ol ol sdalie LB 0T (5 4t
G wely IS ok 0ol sl B8 IS oSl
L b ol S8 e Sl o Ske bl (2 SU

.JJAJ‘_;AJ‘J:% S S48

AR LT gl 3 s ad W s
LVL el 5o Silise 6 s Sl ealinal boad a5
G Mg ad Silse 6 e 5 S plil o
Cilse 6 apm 03 My Ol .l il W5 s
Cilge (5 g 0> Mg b b I s s el 2 Y0
e 53 B a5 oS 5Bl Olge cul sls 13 Aub 30 |
ool s il e el S Sl ol b 5l 0 YL
sl Sy 2l bt s bl e Ol 5o 1) ST 0l
b b S ol Sl A S Ols e sl g
D5 o Oselipe SaS L Ll AS Lad id 55 (Gl yasie

ol OL3 pan ol gy sls Il 1 (e o b

Lod 5 5l ol s 519 05a5 Bl 2 0 Jpur

A5 553l D gl . . . L i
@L) s clle () 0l Sl oby Cde MIN) i Obo) S s alyl
g/L)a g/L)
AV +/0 v ¢A ¥ Vs al,l
/81 \ 0 vY ¥ Y s alyl
AN \/0 Ve a1 v Y s al,l
LYAR) \/0 0r EA ) ¢ s al,l
\NViAx +/0 Ve vY 0 0 s &l
A1 \ v a1 0 s al,l
AA \ Ve ¢A v Vs al,l
VAY \/0 Y VY v A al,l
A4\ /0 0 a1 v 4 5 al,l

or 0537 5 S A8 Chle a5 O 5l i e e 0L ol
e O el Sl (glyls O30 4 o S s AL

3 0 A g Ol b e 2l s el Sl g O e

b ded W5 Sl w3550 53 bl LT e N s
ke s eyl S0 ds s Jadr cul 5 e e 0L

S b Oles ol ol Al ez pl s A W Ol



S50 PLB b e sl S b ks, A5

O 5 aulill Ol e

J)L.u aJ))Iﬂ‘)jwkthjltjc\S.Lﬂ{

S sl ops e mie O350 4 S s SRl

Sl s Jail 15 35 5m 53 bl 5IUT eV J g

Jole U Ao (8)ola o ol [Eaaa bl (S)ole 0 € b3l a3 Juls
TY/YAY VAVO Y/EYV VAVO Y (Min) igr ol e
Yo/oY1 APAREY VY APARY Y () Ol 5SS Ole3 e
VY/04Y YA \ax YA Y g/L) 548 ks
TA/04A V/AVY T/AAN V/AVY Y @/L) g 5ol Sy il
Voo ARVATM -— ARVATM A

Eane

oS &S &S GUT2 0F o Ldwy 4 opl 4 4
G op S een Sglds el sl U350 Sland ¥ U5 S
mAl el bl 4 (8208 e e e e
Slo S poodle U5 o A S e Sse e
dadds b e SaS L UV gl o sl
b 0T d Slgmn 5 e3lIS 3 abgrpe 05 $55 p Lagkims
Sodee S 4 g S5 (6w 53 HUlg phe ol ol
22 Bl Sen ol o 2,8 sl (K sy sl
Rl 03 ()58 o (K5 SN pame o 5 J g 5
S8 Joiliy b sl g Ol & (S Lol Sl oo
andl Oplipn b5 Al edlinal o5 S 85, A5 5o WL
2 ded W Ol oeds e s SLE iy 5 M sl
d e 5 e (g anlllae 3 s e 3L RIB e
o el s Sl S a5 s Sl 5 o sladed
W Vb iy b sls s 68052 sl OF 51 oS 553

(LAl ol aslaul m:}lf yjj_}fJJJJ S48 93 .L:.:,:l

S 5 s -t
w e G Al Ol a ols e b g S 5 O plise
o 235 o A sl s Ay 1
S dpe S b= U gl s SO sba gzl sl
LaS Jb s das 203l 1, oo A Ll e (s ke
3 A by s el 5l S8 Ol e S5 68 s

2 A slusSt le wug 2 SYL L B 550 6w

\YY

SRIP & e (i SU G Je e Gl Sk sl
Skl Al 5 S Ol Do s alS (asil Ol
s o ol sy polie 4 Cend mly OLR 5 s
e 3 ) A Ol it 4 NLISes 5 Leesing
Al s SIS AL Clle L L bl LY
chle falS 4 e A/l Sl i 4 SIS clle il
oS il il sdias OLE 45 54 e easm s ded
oeen 5 Karatay .(80)oVU gle clle s S8
il Bl L (g emee gla Uk 53 A Ol oS Wsls 18
QDAL o a8 1/0 gL 51 iy 4 g ol Sl Clale
VY Sl o M5 O K] Lol o a5 52
on o wse bigsdse S 5y o SR w g, cele
03 s Stlad Lol oo s s 1) ool Gl 6
Gpan 4 pops Sele v agd Sl Gy S pie sl
Gy a4 B bl pl (EVAS a s (gl et o
S a0 s o ol clle tagsy cnl 3 sl
St e il adds 0 1 o sl Jigr Ol e
35 LAl L S e gla IS 5 eld s e ]
@\)@w%@gooujgmé,\m&ow@u
Sde Sl o o3y OLES NV Jod>= 53 &S 5b Oles sl JLs
el e e e A5 IPTIYA Ol her 0L
S I e R
sBeopoulos .l e ill S o3Il Al sl )

relo Bl 5 Kida Lol g 0585 aslie 3 O



\Y40 g NY 092 A OJLQ-.:

[6] Zlatanov, M, Pavlova, K, Grigrova, D, 2001,
Lipid composition of some yeast strains from
Livingston island, Antarctica, Folia
Microbiology, 46(5), 402-406.

[7] Meng, X, Yang, J, Xu, X, Zhang, L, Nie, Q,
Xian, M, 2009, Biodiesel production from
oleaginous microorganisms, Renewable
Energy, 34, 1-5.

[8] Fidler, N, Koletzho, B, Sauerwald, TU, 1999,
Single cell oil production and application, 5,
37-45.

[9] Kosa, M, Ragauskas, AJ, 2010, Lipids from
heterotrophic microbes: advances in
metabolism research, Trends in Biotechnology,
29, 53-61.

[10] Karatay, SE, Donmez, G, 2010, Improving
the lipid accumulation properties of the yeast
cells for biodiesel production using molasses,
Bioresource Technology, 101(20), 7988-7990.

[11] Zheng, Y, Yu, X, Zeng, J, Chen, SH, 2012,
Feasibility of filamentous fungi for biofuel
production using hydrolysate from dilute
sulfuric acid pretreatment of wheat straw,
Biotechnology for Biofuels, 5, 1750-54.

[12] Drucken, Z, 2008, Triacylglycerol
synthesis in the oleaginous yeast Yarrowia
lipolytica, Bioresource Technology, 9(2), 309-
319.

[13] Wynn, PJ, Ratledge, C, 2005, Oils from
microorganisms, Martek Bioscience
Corporation, 4, 121-153.

[14] Sabirova, JS, Haddouche, R, Van Bogaert,
IN, Mulua, F, Verstraete, W, Timmis,C,
Schmidt-Dannert, KN, Nicaud, JM, Soetaert,
W, 2011, The lipo yeasts project: using the
oleaginous yeast Yarrowia lipolytica in
combination with specific bacterial genes for
the bioconversion of lipid, fats and oil in to
high-value products, Microbial Biotechnology,
4(1), 47-54.

[15] Enshaeieh, M, Abdoli, A, Nahvi, I, 2013,
Medium optimization for biotechnological
production of single cell oil using Yarrowia
lipolytica M; and Candida sp, Journal of cell
and molecular research, 5(1), 17-23.(a)

[16] Enshaeieh, M, Abdoli, A, Nahvi, I, Madani,
M, 2013, Selection and optimization of single
cell oil production from Rodotorula 110 using
environmental waste as substrate, Journal of
cell and molecular research, 4(2), 1-10. (b)

\YY

GEao M GRIB D3 plie d e s 03 o M5
Gadenl Ol5os 0155 o Osamilipe L OT 1 ogdle a)ls asl SO

GRIF S S5 e L R s fld 2o
Doy ol okl §aulige oS sl OLES adllas pl sl
Sl ose 3 o A5 S8 b Il ol e 52
Lod A5 Ole Ryl 53 LS (o e Sse o s
5 Ses oS ol aily 1581 00 s g0 U ilige (6 4 g o

.M:wbubdirj‘)d‘;y

S g g -0

At.ls)lja.LZC\f;L»‘c\Y'-\Y .\SMJJ..A}}:'CJE)“JULAJ‘
é}lj “ Lol LS)L, b Lo J:"‘U}l u-l\ r\;ul BE) Asdlﬁjc&
ST o &ls sty Ol O Kaasn o3l e o sia

V.yl.u s _).i.;} E) u_':b).ﬂ LOLQ')jw L;Ay\-w‘

gl =

[1] Katre, G, Joshi, CH, Khot, M, Zinjarde, S,
Ravikumar, A, 2012, Evaluation of single cell
oil (SCO) from a tropical marine yeast
Yarrowia lipolytica NCIM 3589 as a potential
feedstock for biodiesel, AMB Express, 2(36),
15-36.

[2] Khot, M, Kamat, S, Zinjarde, S, Pant, A,
Chopade, B, Ravikumar, A, 2012, Single cell
oil of oleaginous fungi from the tropical
mangrove wetlands as a potential feedstock for
biodiesel, Microbial Cell Factories, 11, 1-13.

[3] Ratledge, C, 2002, Regulation of lipid
accumulation in oleaginous micro-organisms,
Biochemical society, 6, 1047-1050.

[4] Amaretti, A, Raimondi, S, Sala, M,
Roncaglia, L, Lucia, DM, Leonardi, A, Rossi,
M, 2010, Single cell oil of cold adapted

oleaginous yeast Rhodotorula glacialis
DBVPG 4785, Microbial Cell Factories,
9(73),1-6.

[5] El-Fadaly, H, ElI-Ahmady, N, Marvan, EM,
2009, Single cell oil production by an
oleaginous yeast strain in a low cost cultivation
medium, Research Journal of Microbiology,
4(8), 301-313.



S P e gl S e M5 RIS

O 5 aulill Ol e

yeast from the soil and studies of their lipid-
producing capacities, ISSN, Food technol,
Biotechnol, china, 215-220.

[28] Tapia, EV, Anschau, A, Coradini, ALV,
Franco, T, Deckmann, AC, 2012, Optimization
of lipid production by the oleaginous yeast
Lipomyces starkeyi by random mutagenesis
coupled to cerulenin screening, AMB express,
2 (64), 1186-91.

[29] Elumalai, S, Sakthivel, R, Ganesh Kumar,
S, 2011, Ultra Structural and Analytical Studies
of Biodiesel Producing Microalgae (Chlorella
vulgaris and Senedesmis sp.) Collected from
Tamil Nadu. India. Current Botany 2(6), 19-25.

[30] Lin-Vien, D, Colthup, NB, Fateley, WG,
Grasselil, JG, 1991, The Handbook of Infrared
and Raman Characteristic Frequencies of
Organic Molecules. Academic Press, Inc.
United Kingdom. p. 141.

[31] European Standard EN 14078: Liquid
petroleum products —Determination of fatty
acid methyl esters (FAME) in middle
distillates — Infrared spectroscopy method.

[32] Liu, GY, Yuan, S, Dai, CC, 2004, Factors
affecting y- linoleic acid content in fermented
glutinous rice brewed by Rhizopus sp, Food
Microbiology, 21(3), 299-304.

[33] Wu, Q, Miao, XL, 2006, Biodiesel
production from heterotrophic microalgal oil,
Bioresource Technology, 97, 841-846.

[34] Dai, C, Tao, J, Xie, F, Dai,YJ, Zhao, M,
Biodiesel = generation  oleaginous  yeast
Rhodotorula glutinis with xylose assimilating
capacity, African Journal of Biotechnology,
2007, 6,2130-2134.

[35] Kraisintu, P, Yongmanitchai, W, Limtong,
S, 2010, Selection and optimization for lipid
production of newly isolated oleaginous yeast,
Rdodosporidium toruloides DMKU3-TK16,
Kasetsart Journal.(Natural.Science.) 44, 436-
445.

[36] Morita, N, Nishida, T, Tanaka, M, Yano, Y,
Okuyama, H, 2005, Enhancement of
polyunsaturated fatty acid production by
cerulenin treatment in polyunsaturated fatty
acid-producing bacteria, Biotechnology
Letters, 27, 389-393.

[37] Martin, CE, Jiang, Y, 2007, Regulation of
long chain unsaturated fatty acid synthesis in

\A

[17] Enshaeieh, M, Nahvi, I, Madani, M, 2014,
Improving Microbial Oil Production with
Standard and native Oleaginous Yeasts by
using Taguchi Design, International Journal of
Environmental Science and Technology, 11,
597-604.

[18] Keller, B, Zolzer, F, Kiefer, J, 2004,
Mutation induction in haploid yeast after split-
dose radiation exposure. II. Combination of
UV-irradiation and X-rays, Environmental and
Molecular Mutagenesis, 43, 28-35.

[19] Patnayak, S, Sree, A, 2005, Screening of
bacterial associates of marine sponges for
single cell oil and PUFA, Letters in Applied
Microbiology, 40, 358-363.

[20] Wang, JF, Li, RM, Lu, D, Ma, S, Yan, YP,
Li, WJ, 2009, A quick isolation method for
mutants with high lipid yield in oleaginous
yeast, World Journal of Microbiology and
Biotechnology, 25, 921-925

[21] Nishiuchi, H, Tabira, Y, Yamagishi, K,
2012, A combination of flow cytometry and
traditional screening using chemicals to isolate
high glutathione-producing yeast mutants,
Bioscience Biotechnology and Biochemistry,
76(6), 1085-1090.

[22] Thakur, MS, Prapulla, SG, Karanth, NG,
1989, Estimation of intracellular lipid by the
measurement of absorbance of yeast cells
stained with Sudan Black B, Enzyme and
Microbial Technology, 11, 252-254.

[23] Izard, J, Limberger, RJ, 2003, Rapid
screening method for quantitation of bacterial
cell lipids from whole cells, Journal of
Microbiological Methods, 55, 411-418.

[24] Evans, CT, Ratledge, C, Gillbert, C, 1985,
A rapid screening method for lipid-
accumulating yeast using replica- printing
technique, Journal of Microbiological Methods,
4,203-210.

[25] Satoshi, 0, 1976, The Antibiotic Cerulenin,
a Novel Tool for Biochemistry as an Inhibitor
of fatty Acid Synthesis, AMS News, 40, 681-
697. [26] Heath, RJ, White, SW, Rock, CO,

2001, Lipid biosynthesis as a target for
antibacterial agents, Progress in Lipid
Research, 40, 467-497.

[27] Pan, LX, Yang, DF, Shao, L, Li, W, Chen,
GG, Liang, ZQ, 2009, Isolation of oleaginous



\Y40 g NY 092 A OJLQ-.:

[44] Hata, T, Matsumae, A, Nomura, S, Kim, T,
Ryan, K, 1960, Studies on cerulenin, a new

antifungal antibiotic. II. Biological
characteristic and therapeutic effect of
cerulenin, Japanese Journal of Medical

Mycology, 1, 382-383.

[45] Kawaguchi, A, Tomoda, H, Nozoe, S,
Omura, S, Okuda, S, 1982, Mechanism of
action of cerulenin on fatty acid synthetase,
Effect of cerulenin on iodoacetamide-induced
malonyl-CoA decarboxylase activity, The
Journal of Biochemistry, 92(1), 7-12.

[46] Altenbern, RA, 1977, Cerulenin-Inhibited
Cells of Staphylococcus aureus Resume
Growth When Supplemented with Either a
Saturated or an Unsaturated Fatty Acid,
Antimicrob Agents Chemother, 11(3), 574-576.

[47] Parrish, NM, Kuhajda, FP, Heine, HS,
Bishai, WR, Dick, ID, 1999,
Antimycobacterial activity of cerulenin and its
effects on lipid biosynthesis, Journal of
Antimicrobial Chemotherapy, 43(2), 219-226.

[48] Parsons, JB, Frank, MW, Subramanian, C,
Saenkham, P, Rock, CO, 2011, Metabolic basis
for the differential susceptibility of Gram-
positive pathogens to fatty acid synthesis
inhibitors, Proceedings of the National
Academy of Sciences, 108(37), 15378-15383. #

\Yo

yeast. Biochimica Biophysica Acta, 1771(3),
271-285.

[38] Shahidi, F, 2005, Quality Assurance of Fats
and Oils. In: Shahidi F (ed) Bailey’s Industrial
Oil and Fat Products, 6 Volume Set, 6th edn.
John Wiley & Sons, Inc.

[39] Mlickova, K, Roux, E, Athenstaedt, K,
Andrea, S, Daum, G, Chardot, T, Nicaud, JM,

2004, Lipid accumulation, Lipid body
formation and acyl coenzyme A oxidases of the
yeast Yarrowia lipolytica, Applied and

environmental microbiology, 70 (7), 3918-
3924.

[40] Leesing, R, Baojungharn, R, 2011,
Microbial Oil production by isolated
oleaginous yeast Torulaspora globosa

YUS5/2,World academy of science, Engineering
and Technology,76, 799-803.

[41] Papanikolaou, S, Chevalot, I, Komaitis, M,
Marc, 1, Aggelis, G, 2001, Single cell oil
production by Yarrowia lipolytica growing on
an industrial derivative of animal fat in batch
cultures, Appl Microbial Biotechnol, Verlag,
58:308-312.

[42] Beopoulos, A, 2009, Yarrowia lipolytica: A
model and a tool to understand the mechanisms
implicated in lipid accumulation, Biochimie,
91, 692-696.

[43] Ageitos, JM, Vallejo, JA, Veiga-Crespo, P,
Villa, TG, 2011, Oily yeasts as oleaginous cell
factories, = Applied = Microbiology  and
Biotechnology, 90(4), 1219-1227.



JEST No. 60, Vol. 13, Feb 2017 ABSTRACT

Improving production of oil rich in essential unsaturated fatty acids
by oleaginous yeast Yarrowia lipolytica with mutagenesis and
cerulenin screening method
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Microbial oil has lots of similarity to the plant’s oil; the only difference between them is that microbial oil
is rich in unsaturated fatty acids. This oil can be used in pharmaceutical industry for technical purposes or
as edible oil in food industry. The purpose of this study was to increase lipid production and the amount of
unsaturated fatty acids in oleaginous yeasts by mutagenesis. In this study, optimization of lipid production
in the yeast ,Yarrowia lipolytica, was done using ultraviolet random mutation and screening was done
with the inhibitory effect of cerulenin on lipid synthesis. Mutants that had normal growth in the presence
of cerulenin were selected as superior strains for further investigations. Lipid production in mutants and
wild strains were compared after incubation period. Then, the mutant with significant increase in lipid
production was selected. The best mutant had increasing of 50% and 30% in lipid production and growth
yield, respectively. Also, Linoleic acid was increased after mutation. The composition of fatty acids in the
lipid profile of the evaluated yeast did not change a lot after mutation. Of course, unsaturated fatty acids
were increased, so this technique was very effective to improve lipid production. Cerulenin used as an
effective screening technique in this study and paved the way for the isolation of superior mutants.
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