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Experiments were carried out to select an organic nitrogen source and optimize the culture conditions for the production of
arachidonic acid by Mortierelila alpina DSA-12. Corn steep powder(CSP) was selected as an organic nitrogen source based
on arachidonic acid production and raw material price. The optimum C/N ratio was in the range of 15 to 17 with the
medium containing glucose as carbon source and CSP as nitrogen source. The optimum culture conditions for arachidonic
acid production showed 500 rpm agitation and 25°C culture temperature at 0.5 vvm aeration. Under the optimum conditions,
the concentration of cell, total lipid and arachidonic acid were 21.8 g/L, 10.2 g/L and 3.70 g/L, respectively, from 50 g/L
glucose and 18 g/L CSP. In the 500 L fermenter with 0.5 vvm aeration and 200 rpm agitation, the concentration of cell,
total lipid and arachidonic acid were 19.8 g/L, 9.1 g/L and 3.67 g/L, respectively, from 50 g/L glucose and 18 g/L CSP.
This result showed that an arachidonic acid production could be possible with a bench-scale fermenter using corn steep

powder as a nitrogen source.
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ol A arachidonic acid®] E4do] yto}l arachidonic acide] 4
o] FFo] Hastk3).

HA) arachidonic acid®] A4+ HX9 7t Aoy B gt
FoA FEea glo), I &gol 5% o2 A wS- yo}
7vAol HiNTh wEkd #HZole vMERYEEH arachidonic
acidE A#Hg 71Aoz i AJastr] 9k Aot Eard)
A= sled, MAEE ol FHo|9l Mortierella
alpina7} 7} F&3ttn Bi ®Hol Joh4-7). LEy M
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AE el s 71 e Pid F71E HaMe
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A wizde we} 2o F M apineg ©]&g
arachidonic acid®] AAtollx AU 2= glucoser} 7P &
o] o] &% 9lATKS), 200 gL o]’Fe] glucose FEOIA =
AL Gl odAlE etk o)z} FAMA L] 47| filamentous
form©. g fFEEol BiEATKS).

gurr oz FAMAS] A4 2 arachidonic acide] AYAkol]
yeast extract7} 7FF AT ALYoz HIEJTHI, 10).
3l 87) dA9U0] M. alpina®] mycelial morphology®ll v]X]
= 9o A yeast extract, gluten meal 2 cron steep liquor
59o] AL pellet formOE A48, pharamedia, fish
meal 2 soybean meal®] 73-%-o]& filamentous formSZ A%
stk Basdukil). whdd]  Chen$(12)& M. alpina
Wuyji-H4 S o] g35te] fridaddel g g3 AES 2
urea % ammonium chloride 58 AME3IYS wol A2 =
Az FAY e &3t &g BAs EZ Zhu
5(13)& 7}Ao] % &3} soybean meal¥} sodium nitrateE 2
Agoz o]fdte 100 gL9 glucoseEHE 1.87 g/Le
arachidonic acid® A2+t B 118l9t}h. 53] arachidonic
acide] AJ42HE 9 HAHY CN natior} 2091 A5l
arachidonic acid®] AJAtell HAdo] REJrH14).

FzdoME 8447, wHEE, Hde: SOl
mycelial morphology 9} # A &ako) 7ttt g8 v]dY, &
Lindberg®} Molin(15)-& M. alpina CBS 343.662 o|-&31 &
SEsbAuate] AatolA 18TelA wiFshE F3el7} pellet
formo. 2 AAsHA glicose7) 1g¥0S Wol arachidonic
acidel o] F Ao 57%74A F7istEed, oy
arachidonic acid®] Z7}8k& palmitic acid, stearic acid %
oleic acide] ZAga A TS WITh Abhe Tdh APt
£ B3l Awatoz HEE7] 938 oxygenation ¥H3-9] 7]
A8 QFHEE iy BXE Awiky A6 vf Fa
3 a48 deix] Jukl6). = Higashiyama F(17)2 M.
alpina 15-45 o] &3} arachdonic acid®] Ak A &4k h g
(dissolved oxygen: DO)¢] mycelial morphology$} arachidonic
acid2] AJAre] wx= <d8kS HAES A} arachidonic acid]
A2e siME DOE 10~15 ppmeE FAAAFE Z19|
##o) 31, mycelial mophology= D02 FZE 20~50 ppm
o7 SANAH FPL& wW H7)9) filamentous formol A
pellet formo.2 A& ria B3l

wals B ARAE M. alpina DSA-12E  ©] 2§
arachidonic acid®] M9l A4S 918 AP 7179 {7
Arde AR wiFzn HAS 9 500 L HERNA
arachdonic acid®] A4k 7V5Ald] W3t A4S 384t
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Eoo] F39) Mortierella alpina DSA-12E 54 nfo] Q€
ozuE oo} AHE ST

HIX| % bR
HEL WAE 20 g/l glucoses} 10 g/l yeast extract?} 3
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e GYHMIAE ol&aten, TFo Al GYrjAlol
1.5% agarZ A7lsle] ARR-35}9iTh Arachidonic acide] A4He
28l WEHIRE BAY02 50 g/l glucosed AAios
18 g/L corn-steep powder (CSP)E Al&-3t5ich HER 73
¥ agar plateEREH FAHAE wire loopZ 33t} 5 mL2
Hi 2550 @31 784 vortexingd Eofl 4.000 rpmol) A

¥7 94 E2ae AFRE 100 mLe] GYHIA} EEE
500 mL¢] baffled flasko] HE38}o] 25T 2] shaking incubator
ol A 180 rpmO.& wykshH A 3UZE wjFste o] &5tk

Arachidonic acid®] A4FE Y3l wjtke 2% PIARE 9
2390, = WENx] 20 LS 33 L EZ (NBS, USA))
Wi AFe Fof 25T oA 500 ipme] HkE 0.5 vwme] §
7] ZZAelA A¥L stk 500 L WEZR  (Marubishi
W. Japan)oll A1) ujoke whEmlz] 300 L& Wil 25TolA
200 ipme] wEt 0.5 wme] £7] ZZlo|A Hiokslgch =
E ojakolAae HE #HE 5% (vvE S wiAY 27
pHE= 4 N NaOHE o] &3}e] 558 ZAs1490.H, foame] Z
A neoring 3u] A8t ARSIt

EEDS

NALYe]l A= glucose 50 g/Lofl yeast extract
10 g/L3} CSP 15 glL& 47} #A7lste wazolAa A3
on, A3 C/N ratio M4& 50 g/Lo glucoseo] CSP-S 10~
25 gL7AR WEAA FHA BEZNA AFE FHSACE
aRkEo] sk 9dgke 0.5 vwme E71ZF7AT 25T 2
SRS 300~500 pmZbA] WS FEA EEZAM 4
e A Mgz et &L 05 vwme] F7]9
pm& WEERANAM 25E 20T ~30T72 #HEAA
W BEzAN 498 FA
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A e 232 vjoflS Whatman fiter (No. 2)2 &
A3l FHFE 23 A To) 5T HFAX7] (50
mmHg)oll Al ZAS] WHast -8 w7t ARAA A2 74
% (Dry Cell Weight, DCW, gl)o= &%tk wjorale]
glucose®] FE+ Glucose analyzer (YSIIS00, USA), E= RI
detectorZ ©]-28F HPLC (Waters, USA)Z E43}t}

% A4 ¥Ee AZ FAAE motarg o] &t ELE
A Z35}3L 40 mesh sieveol A A&} B 1 goll chloroform :
methanol (2 : &N 30 mLE % 40 7} ultrasonication
AlA fume hoodol| A 24A17F WrAISHSTh oA &b 40 ®7F
ultrasonication A}7)31, 7)o 0.02% CaCl, £9-& Hr}ste]
B Zu71g chloroform & #-28t%th ol
F2074-& 3] wEsted B2 chloroform $& ¢
rotary evaporatorg ©]-§3ste HRA|A A A A <&
F Nd9 oz AASYh A BAHL 100 mg
Ao 4 mLe sodium hydroxide §& FHriste] 10 #3F
71d38k t}e- 5 mLe] methanolic boron trifluoride -§-4-& %
7}sted 2 37} methylation ¥H3-2 AlFuk o7]d] 3 mL
hexaned H7}ske] WA3) EE0]F Thg hexane % ¥
3led anhydrous sulfates 2]t A|ZE gas chromatography
(HP 5890 series I, USA)E E435ct Columnd capillary
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column (30 m x 0.32 mm)2) omegawax 320-% ©]&3}FL
), FIDE 260°Colal injector= 250°C 0|tk Alg89] % 1
wWE 3} split ratio2 100 : 1E 3} }h Column®) 2%+
180°ColA  240T7x] 3C/minCE  $28k9 Folom,
holding time& 15&0|t}k AMEH carrier gase H4o]iL
flow rate= 1.0 mL/mino]itt. dd A3+ 3719 L3 A
& BAH3o Hdg gholtk
2o 3 &

771 AAfe] M C/N ratioo] HH

ok wjxjel 7B 949 @4y FAYA glucoseds
Brgog 3l #7]24Y9 yeast extract®} com steep
powder (CSPyoll ofst HImAE-E FPeAct = glucoses
71 g o) &= vlad AMI st4e viddoln, &
3t Ward5(7)0] Mortierella sp.& ©]-83 AdA glucoser}
arachidonic acid®] A& 93 HAHe BhYo=z HNFFY
ol 28y §7184 Y0 E yeast extract”} arachidonic acid 2]
A Y3l 1 diteige Ryt e, AsiE
2.2 o]83}7] Y8 7HHo] HIM 7] WEo] olE AT
F AT A s1AHe] Cspe} vlwE et 53| CSPe &
FHZEE AES Al B39 REAEEA AR
A3 g FES A4, vElY g RIEE
Hol glo] BEgFHdAM Hidoz go| AE3ta ok
webA] glucosed] FEE 50 gLE AL yeast extractob
CSPE 77} 10 g/L3} 15 g/Lo] E3d A& ALE-3fd 2
FxoA 2¥E FHsYTh o|& Park S(14)°] M. alpina
E o]&3% arachidonic acid®] AJAbolA HZAQ) C/N ratior}
15-2002 B u3ly7] il o) 71E2E Uk F A
23} yeast extract?] B4 oF 10% (ww)o]EE CN
ratio 200] o] 32131 glucose 50 g/Lol] EAdte g4
2 20 glol Wisty 27EeE ArHFE 1 gl, & yeast
extracte= 10 g/Lo] FQ3tv, CSP= AL o] oF 6.7%
(wiwyolmg2 zre "oz A oF (5 gllo] Htl

Table lollA R nl9} Zo] FARA 2 yeast extractol]l A
k7t ] wtev), x4 2 arachidonic acid®] =& CSP7}
yeast extractollA] BT} O] EJdth webA F Ao 4
arachidonic acid®] & 2 AJ2Ao] A4 Yoz CSPE A&
&t 397} yeast extractE AMEdhE ALET o $4T Byt
oljzl 7FA% CSPY} yeast extract HUF *H&}7] wj&o) M.
alpina DSA-125 ©]8-3} arachidonic acid®] A4S 93 &
71A4gog CSPE MAstATh

Table 1. Effect of yeast extract and CSP as a nitrogen source on the
production of cell mass, total lipid and arachidonic acid

Nitrogen DCW Lipid Lipid Arm Ara Pa
source @) (B @) (B (@l (mgL-hn
Yeast extract 228 41.1 92 35.4 3.26 194
CSp 21.5 472 10.1 36.7 371 22.1

Lipid (%) : g-total lipid/g-dry cell weight x 100
Ara (%) : g-arachidonic acid/g-total lipid x 100
Pa : aracidonic acid productivity
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F71d4a99 CSPE |43} arachidonic acide] 454HS ¢
3 2AH2 C/N ratio 23S 93 AHL glucose 50 g/Loj
CSP-& 10~25 gL (C/N ratios 10~30 AleE WH3lA|A 7}
o wjke sk A ¥ Ao A mycelial morphologyol= 2
Zpo] glo] Ak vt 3k = 7] pellet S HPom, @A
CSPo| w&=7} wobdss ofzt Hu g pellet Feh7}
H9icHdata not shown). TAMH|ZHE CSPY FEZ7ld| ule}
Z7}sked 20 g/Le] CSPOA Hoj 22.5 g/L9) FAA =S A
QRom, 1 o9 FmoME A Fo] A4S ti(Table
2). o] 50 LY glucosedl] T3} 20 g/Le] CSP FE7HA|
b HAH A AT 449 B sRolV] dEeE
HE k. & A2 gL CSPY FE Flol w} 24
Hom, o] CN ratioZt 5555 F A& Fgo] S7Hgct
= Li 50189 219 Y3199tk Arachidonic acid®] 3hef
£ CSPY Fxo BARlC] < 36% BEoldon), HAHY
A FolY % A IS 53 FF arachidonic acide]
AREELS CSP FE7) 175 g/Lgl 499 376 gL 713 &
gkt Arachidonic acid®] AAFA-& CSPY wEZ7lo| uwle}
20 g/L AT dAREY] F7hek @A Stk whebA
arachidonic acid®] AJ2HS 93kl 50 gL glucose =0l
thek HHe) CSP FEE 17.5 g/LolA] 200 g/l Ato] A o
w}e] C/N ratios o 1594 17 Ajojold, o]& Park 5(14)
o] yeast extractE ©]-§3h= ZS-ol HA CN ratioq] 15~20
T AL FAE ZAE AUk olHF HAE EdE o
29 APor= 50 g/Le glucoseo] thdta] 18 g/lLe] CSPE
o}-g-atsith

Table 2. Effect of CSP concentration on the production of cell mass,
total lipid and arachidonic acid

CSP conc. C/N  DCW Lipid Lipid Ara.  Ara. Pa
(gl) ratio (gl) (%) (L) (%) (gL) (mgL -hy)
10.0 30.0 195 499 9.7 349 339 163
125 239 208 487 10.1 369 373 222
150 199 215 472 101 367 371 23.1
17.5 17.1 219 466 102 36.8 3.76 24.1

200 149 225 431 97 367 356 248
250 119 165 228 38 352 134 8.0

aiauekell sl FFoles AL pellet formoZE
filamentous form7}2]9] el AAsc) 2HW ozl
ol mycelial morphology= HiXZAoly HjdZzA F
wa} delA =, E3] M. alpina®] mycelial morphology+=
aEkEEe] gsted £ JS wed fyy 1% BEXE
AWkl arachidonic acid®] AAHS YFiAE = L&A
o] QT E=H|(1), pellet form® Ut} filamentous formo] A3
Rzl Ad Ag &%= o] WE2)Y), filamentous form$l
AS-elle wgde] Hxrt ZA FUEte] 249 mass
wransfer2} nwke)] A7} WSR2 1F % njdko] 53]
Ak = M. alpina 1S-4Z o] &3+ A A filamentous form
o] Atae] HAY &mo glojre FEEAT AAE e
pellet formo] 1E %o FAMH) ®i%} arachidonic acid®] A

[ 1)
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2ol ®Boh O feEsitke Bavh th19). meEbs werd s
7} mycelial morphology$} arachidonic acid®] AJ2kel] mx|&
BYE AESY] A% A9S ;AT AP E I (Table 3)
oA 300 rppme.F HksH= 73-$-ol= mycelial morphology 7}
Aeteh7t 471%8 filamentous form O &2 A Aslg o, wyk
£57} Z718HEE pellet formol] 717FQ) A A 400 rpm o] Ato))
A A9 wiEsta B Wk Axe] 22 pellet formo] =91
tl(data not shown). ©] W} 300 rpme] WHbAE A7}
HEz B% we} wall growthE & 5 dAH7E WY&
A5 A9 Boz mAd FAMA] e Ee Aoz o
Ho, AAEs b Be 16.6 glollen, pellet form
& E<2l 500 rppme] A9-oNA 7HF & oF 218 glel}lrh
Glucose & B5F7 AR AL agkEze ool ue} 3
23j9] 500 pme} Agol 71 w2 Uolgon, Wi
7 LeiAE glucosed] A% SEE @ =eAct A2
P AMEES 27180 dek ke 300 pmel 2
40.4%0]1%21} 350 pm o]Fol M= 45% o|Aolutk ol=
AR Z7l] HE §E Ahwsl 27 sl
o] #o| Friet Ao g ALEHU. Arachidonic acid®] e
& aitEEe} BAglel F AAYHF oFf 36% JeE F

gt 2V dAHY AR AR, gz JE

arachidonic acid®] @& 1188te] 500 rpme WHHEILEE
HAzA0Z Ak

Jél

fowe X
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Table 3. Effect of agitation speed on mycelial morphology, cell growth,
lipid and arachidonic acid production

Agitation Morphology DCW Lipid Lipid Ara.  Ara, Ctl;:::e
(rpm) (form) @ & @@L (B (@l (days)

300 Filamentous 166 404 67 362 243 10
350 Louse pellet 189 457 86 355 3.05 8
400  Compact pellet 215 464 100 356 3.56 7
500 Compact pellet 21.8 468 102 363 370 6

2EE 7B S 24 9 &
told, E3] wjgLert FE&FE BX3 At gifol
FolAtka oA Uvh(18). wEhA glucose 50 g/Le} CSP
18 g/llo] E3g A S o]gsted 20T, 25T, 28T, 30T
2=ox H48E it 4P A (Table 4)9)A mycelial
morphology= & W3} §lo] &5 pellet formE JER|SI L.
v, 20CellA uRedgt 7B-2olle pelletel]l HElel 22 TAME
o] @o] gQom, 25T 28TolME Hlwa w3 pellet
ol HehE Jehldok #ARS & AHY TEe 25TdA]
7} =9ko 1l arachidonic acid®] &8 20CoA © &4
FEt ol Be Lmoq MEEe §E5A4S =o|7] st
o Axze o] Exs AWitkel 2o FURtE HaQ0)
¢} B 2ndAE ke fIErt ErlElRE we Ala
8= e 1 AEe BXS Ate] Aol B
olglths BN} dXg= AE Yok 2y 30T
Az 69o] AUz A Al Ay §lglen, 28T
AfolT 9 ikl A glucoser}t 24 gile] ol ULk

ol M

rir

lo 2 oo it
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ojggt AMEHRE B Aol AME3 M. alpinas] WS
& HH 2xv 25T o3t AfRTE ¢ F Uk 2
arachdonic acid®] $Fgfko] 20T oA w3t A7) ] &X
HiekA Zke] WF A7) o] Aakde aejsle 25CE
A i exg AFsAc

)
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o
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Table 4. Effect of culture temperature on cell growth, lipid and
arachidonic acid production

Culture DCW Lipid Lipid Ara. Ara.  Culture time
temperature (gL} (%) (gL) (%) (g/L) (days)

20T 203 474 96 406 390 8
25T 218 468 102 363 370 6
28T 11.6 295 34 205 070 9

500 L gt =o0f|A Q] HfQt

M. alpina DSA-12E o] &3} arachidonic acid®] 2+¢j3 A
& Vs AdE BES] Hshe 500 L EEZE (Marubishi co.,
Japan)ol] 50 g/l glucoses} 18 g/L CSP7} 3E&HE 300 L] Hj
A& Qa1 25ToA 05 vwme] £7]9} 200 rpme] ¥k 27
A AYE s AHFig 1. dARS e pellet form
S BYon, Arvle 47t SU8IATE Glucose A% £% F
g Blgzate] wjgk AJIZRE E7e 6Yo] 4AaHUT BTy
A4 scale?] 3.3 Lo} Ao AR, A 9 arachidonic
acid®] E®Z7} 7H7F 218 gL, 102 gL, 3.70 glLolgew,
500 Lo X% 19.8 g/L, 9.1 g/L, 3.67 gL2A] §Alstyct ot
24 bench-scaled| M= HEY F79 AfE 4 £ I
7] W&o M. alpina DSA-12E o] &3} arachidonic acid®] AF
FH WI= 7 AR AlsHUTH

50" 12
20 -

L 10
o) E
=t
) s
= 15 1 L8 2
= = S
°30-§) =
= = :
g = —@— Total lipid 6-§
£ =) -O- ARA -
8 210' =
R E
2 8 L4 ~
E |5 <
- ~
S| 5] B
_2=
g
S

0“ 0(} T T T T T Ll 0

0 1 2 3 4 5 6

Culture time(day)

Figure 1. Profiles of cell growth, total lipid and arachidonic acid
production during the batch culture of M. alpina DSA-12 in 500 L
fermenter under 0.5 vvm and 200 rpm at 25T.
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Z3g0)?l Mortierella alpina DSA-128 ©]8-3} arachidonic
acid®] A4HS K3 FrA4YY AFH Wi 2 ZA
o AFE F33gct Corn steep powder (CSP)E 989
7}A3} arachidonic acide] AJ4MS 71F:eg2 H71d4902
A9t garQo 2 glucosedt AAYoZ CSPE AMEE
Ao HAL C/N ratior 15~17 ®HYo]t}t Arachidonic
acid?] A4He 913 FHAHo wjkxAE 25CelA 500 pmo]
wEks} 0.5 vwwme] F7)o]w, o] wl 50 g/L glucoses}t 18
g/Le] CSPEHE 21.8 g/Lo] FA #l 102 gL & X4
S 9L 4 91919H, arachidonic acid®] FEE 3.70 glo]
ok 500 Le) 2azoA 0.5 vwvm# 200 rpme] wytoF
AES ST 2 198 gL dAAFT 9.1 gL F A
A @ 367 g/Le) arachidonic acidE Agich o3 AnE
bench-scale®] WHEZNME HAALPOZ CSPE o] 831
arachidonic acid®} AAto] 7}5ES HoFdd

Zb A}

[=]

£ dye #rler SATNEAGS A7 Al
olate] RO, ol FAEHUT.
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