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C |

%}

S N

EIE HE

IAaAYRYTUER (EPA) R RIYAFHI 8 (DHA) REDn-3%EELREE
FiERGEE (n—-3%HUFA) X, PR, PERE(LER EOBA4REBERZE L
TWBIENRESNTWVNSE, TNHEPASRDHAD, TOIEEFEDENICIIDZDE
NP ETEBEEN R DG EMNH S Z &0V D, EPACDHAZEBET 5B DIEEFEN
FEIN T3, BHE, SMEEPAOIFNIAFIENL, EXLELTORERINT
BO, BEEAOFRIEINTWRY, £, TFINIZAFINEICEHR N 7)) O
— VB EREE B R TREL A NRNFA I N TN EOHEN D 5, L LA
5. EEERERFERRNL, MU T ULV O— )L B E B UB LR EENS S s EREAN
HO., BREMELTEESIRWIENS, RAWEOSFREETHA NI TIIINITUE

O—EPRLEHEMEL TELEBERETHLEZEZ5NTNWS, DEOZ &M
5. EPARDHAZEREICSETA N 7)o —)Uid, BEXL, BEAER. &
BELEMELTHFEINTHED, ZOEPARDHAZEEETA NI TV EO—
WOREENHEIN TS, — 5, ADATRSABIIBWTHLEEHE S L TEPA
PDHAZERT 2 Z ENHLENT NS, FICDHAILZ, EPAZ O On-3RHUFA & Hhig
LHBEDIENCERREZRLEIVTLZENHASNTEBD, HEADEYERTHE T LI
TIVTIT7ODHAGBEZSO5-DDHEHNEZIN TN S,

AL TIE. ZNHEPA, DHAICEEL ., RIREZHWEPAZEEICEETA M T
wﬁutm~ww¢%ﬁ&@%&@m&;m&&&@h%@@%@ﬁ«@ﬁDA&&%
FRICHE L - 5ELE0OME., £/-7. DHAZESE T 5BROBERERNZ OB D/KER
BINDIRAEERE L. BEETH7=.

%23 Mucor hiemalis HA-30ZE AW/ ITA IYR YT OBEE N T IVTY
TO—)VDEE

1%EPA (EPAMIEI7%) #¥INL /= Yeast-Maltigik s # 2 AT, BENICEPAZ
ERTHOMEMDA ) —Z 2 T afTo R, EPAZEENICERDIAR, MUT )T
D O—-)VORETERT 2HA-30%Z RH L=, RXEKRZEFEZERNEEHERD
SRIELER, BEED—E TH 3 Mucor hiemalis ThH -7, XEHE AN TEHEPA
SERNITINT )OIV ZEETEHEEODHEEZRFLE-, SERIBELRVCZOE
BE, 1EEEE, EPARIMBEOEEEZFAN-HEER, REBRT. 3%UBET > 7>THY
TN tO—- )V EBENEDEL < (Fig. 1-1. Fig. 1-2) ., £/, BHEEEIZ. 25C
TRIFTHo7., EPARIMEBEICDWVWTIE, BMICEHEINL ~EPAZS OB OIRINE
EEINTAE, BETORN) TN EO-NVERR M) 7IILS ) 20— )L HOEPA
SEMNEMNLE (Fig. 1-3) . UL, EPAZ SO EEEISIEE ORMENEINT 2 EE D
AEFIZE T LU, BH#UCEHEMNL ZEPAOEEN 5 DEINZRIL, EPAREIT % DB,
BE0.1%B MBS, K50%THD., bUTIINT IO HOEPAMEIZ60% T
Holz. —H, H%%FW/@&%%%@%LAﬁmbtﬁu EPAREINZIZ, 20% T
Hol=m., NUTIINTUEO—)VFHOEPAMEIZIS0O% TH o7z, MEPASE FUT >
W) O—)VEEETAH-0O0OBBIEERSGEZHRER, 3%EET> 7>, 0.5%
RYUNRT b, 0.3%BERTF A, 0.5%EHEEPA, pH6. 25°C, 2HMNEEEEREAET
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HO. FRMEITT, EPAMETIND M) T VT ) 0—)L231.77meg/ml mediumiE 5
N7z (Table 1-1) . M. hiemalis HA-30DBEEANDERIEE Y S AN 72 )L 7 +
O—)VTHH., BHITHMNT2EEDCEPAREIC N T2V 7 U v O— )L h OEPAME
W EL Tz, BTN LU ZIEEREBOREEZMNER, TFIIAFINBOIEY.
FRETIE., HEBERIDIEEREBELEL. MU TINT U0 —)LHOEPAOE DABRMNE
<ol (Fig.1-4) . £/, FEKROESKRLZ NI T IV ) a0 —)ONFRESS
MEFoOEER, U771 a—)bhD73% M, trieicosapentaenoyl glycerol
THol- (Fig. 1-5) . '

UbDZ &ELD, M hiemalis HA-30ZF|H L CTEPAZEEBREICEET A NI T I
Uto—)LEZRETHHEERREL =

% 3E Mucor hiemalis HA-301Z & 2 EIERFEE DELD A & L BEFR

M. hiemalis HA-30E&RN® M) 7 V7 ) O — )L \DEBELMAEFIEAEE (1)
J—)V# (18:2n-6) . r-U /L E (18:3n-6) . 759+ RE (20:4n-6) . L1
YRS T (20:5n-3) . ROYAFHTUE (22:6n-3) ) ODEDIAKREEREE
RARFER, SMAEMERRNBEBRNOEE L, 2 TOS MR, &
HE #REEHE. N7V EO-)VEEZEINZ®/ (Table 2-1) . BERD K
TINWTURO—)VEL. BEE. RIEEECSFERICENL =S MAMIEIE ORBEIC
HBELTHD, 18:2n-6>18:3n-6>20:4n-6>20:5n-3>22:6n-3DETEMN > /=, F
7=, 18:2n-6. 18:3n-3. 18:3n-6. 20:4n-6. 20:5n-3i%. WINDHrUTI I UL
O—JVICEFIZERDIAEN, BLMAEFRIEIHEE OMEITIHNE0% iz o /=%, 22:6n-3
12, MOSMAREEMEHB EHEL, N 7NV a— I ADOBDIAHZNE L Z<K
60% Thol. ETINIENEZMER L SEREHBEOEERNDR D RAH K VEREZH N
R, BENANDIEHEEORDAHE, Mk —fAEfisiiE & kel ., S
JERFEE TRIFTdH o7~ (Table 2-2, Table 2-3, Table 2-4) , £7/=. &HEIEHEEDED
ABIE, —EREESENTEE (18:3n-6, 18:3n-3. 20:5n-3) > _EESEIERE
(18:2n-6, 20:4n-6. 22:6n-3) >"EHESEMNILATE (16:0. 18:0. 18:1) DJET
Ehoiz (Fig. 2-1) . —F. SEEHFBROBEEANNDOERIL. HEISFHHA T,
18:3n-6, 18:3n-3., 20:5n-37%%, HEEAARERIRICBWNT, 16:0, 18:0, 18: 1 EHEITHE
mu7 (Fig. 2-2)

EDZ EMS. M. hiemalis HA-30DEPA., DHAZ: & D& 5B O EARN A D EY
DABEFNRI-FER, SRR ON—ERGEFASEEE: & i L. SEARRFEIE DDA S
MEFTHD, £/-. BEEHEBOBDAHERIL, K&E<18:3n-6, 18:3n-3. 20:5n~
3>18:2n-6. 20:4n-6. 22:6n-3>>16:0. 18:0. 18:1DJEICEHFTH o,

4% Pichia methanolica HA-3212 £ B EEEKRMN 5D RATAF T I VB ORD AL
CEHE

0.5% WEEEDHA (DHAHIE28% ., DHA-FFA) whn L 7= Yeast—-Malt#& A& 5% 34 % A
T. BER30RICDWTDHADE D IAAD AT —Z T ERTORE. BERNORKRIEE
t ODHARIE 23940 % & T 2 HA-328k & R U7z, HA-328kI3. Pichia methanolica
HA-32- BIE =N, AEKICBT2DHAOERGHERN 21T /0. RER/EHET
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DEEZFNHER, BEREZEERIL, C/NOLENEMT LIEBED LN, RIEEE
W, FEFE—ELTWwE Fig.3-1) . £/, C/NEAE1.25lc—F L L. REBEZDRBERE
Z. BEOERICEZHSEEZRNER, 3% 7N I1—ADEES. BFEEENED
BLaozN, RIBEEIZ. 5% NVI—-XDEHEE, BbE<k-o/~ (Fig.3-2) . £
7z, ¥IEEF ODHAMEL, ) d—XBENENT2ICONED L-. W TEIC
WINUZIEREBR B DB Z AR, IR ENEINT 2 S RIEE &M HEM
U. 3%DHA-FFARIIFFIZCBNT, &AME (120mg/g dry cells) #xRL7z., BREIF
ABEOEZEZFANMER, RIEEERURIEEF ODHAMEL. BT+ A0S
Hiz#ENL - (Fig. 3-3) . BRI F X208 ORICHRIEE EIZ. 205meg/g dry cells, #
JEEF DDHAMEIX, 32% Tho7z. it Z &b, DHAREE I 5BERORELEE
GHIE, 5% a—A, 20%BHILFZ, 3 %DHA-FFA. pH6, 25C. 3HENE
BTHD., BEHET T, BIEEEH200me/g dry cells FRIEEHDDHAME32%) .
DHAZEK60me/g dry cellshE 5 niz, BHARMNTIIEE Y 5 A DEER RN
B MIT7INFT) 0= BERIFINTAF)LB L, ERIEEEE THT7EE
HEEOEWEANE SN/ (Table 3-1) . HH#ICHRMLUZIEE Y 9 X1, BREERF
DIFEMHKICKRIRENTBD, N7 N7 )0V ROIZFIVTATF)IVE, &ML=
BEICOHIEHEZINZ, DHAOBEBERNNOE D AH G BHIEHBE TROBEIFTHo
7o —H. TFINIZZATFINENREDHEERANNODHAOE D AANE S Iaho7z, 5T
Y3 RN XTI NVOEERNNODDHAR D ARICHT 2 EZH -, TOHER. 3
U > RUOKHPO A& blEEOEEPDHAOR D AL ZRE Lz, JU X DOHE, BIEE
23, 0.26% 2 > OFF, mAER-MN, BIEEFRODHASEZ, 0.5% 31 > DK,
BAKTHD. BEXN TN THLEN->THDHASERIFE T LA, (Fig. 3-4) . —4.
KHPO O%E, HRIEEEIISYKHPO DREICBNVWTHERERZ >, RIEEFD
DHAMEL, 5% BEE TKHPO BEICKRFLZMN -7 (Fig.3-5) . a2 VRV
KHPO ZHMT2&, =ML —TICL2BEDOBRICEL WBENR SN, ZOBE
WMEMN., FEOEEKRUDHAORDAHKZEEL TWAIENEBZ LN, TDIEE
N 50, ) A—ABEREEIICEEL. BEEZIBRN > HBEOREEZHEN
7ro TORER., BESERD-125HE. BESERUDHAOE D ARNEAD L (Fig.
3-6) , THLIXBEDEELZFANDLED, 5B TN I—R, 2%BERFITF X E2SDEH D]
HpHZ/KELFT M) U A TEEDHIZHARE, 4 — NV L —T TREZEAT-BEYE S
EEIHEERZTOF. TORER, HpHNKOZ TORLIEE (ODEN1S) THRIEH
BEROBIEBEFODHAMENGEBEKGFICEN L. ULaL. ODE20LL ETE DA
BHEENBD 5N/ (Fig. 3-7) -

PLEOREEEN S, P methanolica HA-32ICDHAZERE IR A Z LItk D, AEH
HERE L TEERDHARLEBEROF L WEEAEE LU TFIATES O EFEIN
7o

w5 DHASEER (Pichia methanolica HA-32) #EIZL 2T AT AD RadAF

B IO DER
WKARBIIRNT, BEEBOFADORNOEREL T, LELETAVARIAEN
B, WEFERERD THADHAR EDn-3ZEEFRLNIEEE 28T H20RENHD, £
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Dz DEEEL & U TDHAR{LEERFP. methanolica HA-32%{FER L7~

P. methanolica HA-32id, 21 KUK HPO NOFEESINLBERE (BE5<13
A T—FRIE) L DEENNODHADOE D AH K UNERNRBEIND Z 084005
oo REBRTH0.5% 3 > E1%K,HPO # &0 Z A L. P. methanolica HA-32
ALY — Ty —AH—TRELZ, TOHER, BEREKEE4g/L. BisEE
246mg/g dry cell. DHAZE69mg/g dry cell TH o /=, FIEEF Dn-3% D5 E R EF
FERAEEIZ., W33%THD. ZORNDHAIL, 27.5% TH- 7= (Table 4-1),

FIS00ME /mIDEE & L7 LT P. methanolica HA-327% 10 L B &R T L 2.7¢

(DHAZ &58mg/10L) Xid8.0g (DHAZE170mg/10L) WML T AT EEET-
7o F/z, 22 hO0—=)LELT, DHA—F A NN —Z210L BERIZK L 1.3g
(DHAS £180mg/10L) 25 > VICHEMU T LI EEETo /=, TASOEEIZ. +
SBRKZEITVWI-24RFRIEERZ1To 2. TR, TLTRIEEFTDEPAEDHAM L,
DHASEBERORMEBICEKEL TEMLZ, TASHORIEEERVDHASEILZ. &
6 TR AR &R oz (Fig. 4-1). DHAE B BR Z28.0gim N L EEZ6BERI T, A O#
JeE B KR U DHAMEIL., 246mg/g dry cellskR21 % TH > 7z, 7 L DISHHEE# AL
(FFITn-3REEREMIEELHAR) 3. DHASEBROIEEHAR SELML T
(Table 4-2),

FIRDHAS A /N4 —1.3g (#BIEEE780meg. DHASE180meg. EPAEE50mge)
JIOLIZCTI LA 26 REIEE LR, VASHFORIEEE. DHASE. EPASEIL.
220meg. 30mg. 10mg&is-o7- (Fig.4-2), —7F. DHAGEBER2.7g (RIEBEE
210mg., DHAS 258mg. EPASE10mg) /10LICTU AL Z6EFRIELZHER. U
LAiHoiIEEE. DHASE. EPASEIZ. 200mg. 27meg, 6mglizo7z. I 51T
DHAS E B R8.0g (RIgEE620mg. DHAEE170mg. EPAEE30mg) /10LICTY
LI ZORRIER LU ZHE. TACHFORIEEE. DHARE. EPATEIL. 240me.
51lmg. lbmg&7z-o7=,

PlEDZ M5, P methanolica HA-3213, T AT ODHASEZE D 2 IZENZ 8
THD I ENHSEMI Iz T,

EOE RE

MEEFRALEIA ORI UE (EPA) 2EeE 5 N7V T O—))
DREFEOERZENEL., SEMEYEZEPAZ AT HEMTHEEZTNWAI -2
T ETo R, EPAZBEAENICEDIASA, MU TN OV TERT S
Mucor hiemalis HA-30%& R L 7=, KEMRICBITAEEPARE MU T IV o—)b
EEETHEDOREEEREERANER, 3%TEET > T, 05% R URT b,
0.3%BERFTF X, 0.5%HBESHEEAIEPA, p H6. 25T, 2HMINRBEEERETH -
7. BEHICYRINT SIS EOEPAREIC N 7 27U £ — )V FOEPAMIBIIKF L T
Wiz, M. hiemalis HA-30DEERNO ERIEE Y S RGN T N7 ) O0—-LTHD,
FOHRTFRESHIL. BRUTIIIZUEO—)LHD73%%, trieicosapentaenoyl
glycerol T -7 BLEDZ &k . M hiemalis HA-30ZF|f L TEPAZ GIREICEH
THNYTFINTYO—)V 2HEMTEHEEZRAELR.

KIZCEEPASHE N 70—V EEET SM. hiemalis HA-30DEPA, DHA
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72 EDBREIENEE OREANNDRDAH EERICE T 255 21T o7z, M. hiemalis HA-
0EEND N U7 IV T )0 =) ADORELMALEFIAEIFEE DD AL EEBFRZ AN
TEHER. ZMEARFIEMEAERNOBE LB L, BmINL 2 ToOL MR EafmiEEIC
BT, MITZIVT VROV EOEML N, ZOEINIZ MRS OREEIC
EELTHD, 18:2n-6>18:3n-6>20:4n-6>20:5n-3>22:6n-3DJETHWVWEE &
I2olz. BREEEOBEEANDRDAARVERZRANER, @RI —MAamiEN
Bl tbm L. ZAAFERIEBR OBV AANEFTHD ., £z, SEEHEEOIRDAHE
M. RZE<18:3n-6, 18:3n-3. 20:5n-3>18:2n-6, 20:4n-6, 22:6n-3>16:0.

18:0. 18 1DJEIZEIFTH o7z,

KESEFHIFIFA TE5DHAZ SR T 2BROEEHEORAEZBEN L. EEERZ
DHAZZE T M TEEZT O LR, BHICEMLU ZDHAZ BAENICERDAD
Pichia methanolica HA-32%2 R L7>, DHAZ&E T 5BREOEBIEESR G R
B, 5% a—2Z, 20%BHIT+ X, 3I%DHASE HEEIEE. pH6. 25C. 3HMH
INEEEESMHTH > 7-. P. methanolica HA-3213., BEMICEERNICDHANER X
. EBEEBR A TRODHAR D ABNEF THo/z. £/=, OV \/&Z){KZHPOJVP 55
BINS@ERIGD, BENNODHAOR D AHARDEBRZREL TNDE I ENHRS
N7z, AEOBIFEE#REN S5, P. methanolica HA-32ICDHAZERBI® B Z LTk D, K
EPHER L TEERDHARLBROF L WEEHFELE LU TRIHATES DO EHEFE
N7z,

& 5ICDHA{LBEREP. methanolica HA-3212DW T, T AT ODHAE/LZFIREIZD N
TR L=, TOE. P. methanolica HA-32 T LY BB LIZEEDOT LI HOD
DHAE EL., HIRDHAND Y —TU LT EEELEZHEDTLYHODHASEL D 1.6
EEWE LR 572, U L% P methanolica HA-32 TIEEZ T =R, TAHDH
JEEEBNMUDHAS B, BEORETHRARERD, AEKRZIOL BEEITH L8.0giRin
LULYZOREERZIT O REEE. TATEEEEFON-3REERLEMIEEEILZ. K
6.5% £7x>THD, AON-3RFEREFIEHROEREZ Tl TWiz, LD
Z M5, P.omethanolica HA-3213, T A ODHAZED BITENZFHE TH B Z M0
AN Rt gt
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Soluble starch DC 6
T 5 _
Sucrose é S
E 4 o
Sorbitol g £
g’
Maltose % 2 g
3 «
........ z &

Glucose R Y 2 1

0 5 10 15 20 0 40 80 0 — 0

0 2 4 6 8 10

Soluble starch concentration (%)

Weight (mg/3 ml medium) EPA content in TG (%)

Fig. 1-1. Effects of Carbon Sources on Production of the EPA-enriched  Fig. 1-2. Effects of Soluble Starch Concentration on Production of

Triacylglycerol. the EPA~enriched Triacylglycerol.

Culture medium: 0.3% yeast extract, 0.5% polypeptone, 1.0% EPA- Culture medium: 0.3% yeast extract, 0.5% polypeptone, 1.0%
FFA (EPA purified to 97%), 1.0% of each indicated carbon source. EPA-FFA (EPA purified to 97%), each concentration of soluble
Three ml of the medium adjusted to pH 6.0 was inoculated with Mucor  starch. Three ml of the medium adjusted to pH 6.0 was inoculated
hiemalis HA-30 and incubated at 30 °C for 2 days. with Mucor hiemalis HA-30 and incubated at 30 °C for 2 days.
DC; Dry cells, TL; Total lipids, TG; Triacylglycerol. Symbols; @, Triacylglycerol; O, EPA content in triacylglycerol.

100 10 160 1060
£ 80 8 £ ::5 g 80
£ 140 5 8
= 60 6 E E
- 0 & £ 60
= = o =
£ £ z £
S 40 4 = g £ 40
< F120 < <
- 5] <
(=) z & =
20 20 20
=
0 L L L L 0 1 0 0C ! L
0 02 04 06 08 1 0 20 40 60 80 100
EPA cncentration (%) Purity of added EPA(%)
Fig. 1-3. Effects of EPA Concentration on the Production of the EPA- Fig. 1-4. Relationship between the Purity of Added EPA and
enriched Triacylglycerol. EPA Content in Triacylglycerol.

Culture medium: 0.3% yeast extract, 0.5% polypeptone, 3.0% soluble Culture medium: 0.3% yeast extract, 0.5% polypeptone, 3.0%
starch, each concentration of EPA-FFA (EPA purified to 97%). Three ml soluble starch, 0.5% each purity of EPA-EE or EPA-FFA. Three
of the medium adjusted to pH 6.0 was inoculated with Mucor hiemalis ml of the medium adjusted to pH 6.0 was inoculated with Mucor
HA-30 and incubated at 25°C for 2 days. hiemalis HA-30 and incubated at 25 °C for 2 days.

Symbols; @, Triacylglycerol; O, EPA content in triacylglycerol; A, Symbols; @, EPA-EE; O, EPA-FFA.

EPA recovery in triacylglycerol.
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Table 1-1. Analytical Data of Lipid in Mucor hiemalis HA-30

Peak 1 Peak number Triacylglycerol species
x Non additive Free EPA added EPA-EE added
1 EPA, EPA, EPA
2 EPA, EPA, 18:1 Dry cell weight (mg/ml) 4.57 6.86 4.03
3 EPA, EPA, 16:0 Total lipid (mg/ml) 0.76 2.00 0.83
4 EPA, EPA, 18:0 Triacylglycerol (mg/mi) 0.63 1.77 0.57
5 EPA, 16:0, 18:1
6 EPA, 18:1, 18:1 .
Lipid class (%)
Ethy! ester - . 4.6
Peak 3 Triacylglycerol 84.4 88.9 74.4
Peak 2} Peak 4 :
\ é Peak 5 Peak 6 Free fatty acid 0.7 37 9.6
N A Polar lipid 13.9 63 103
I | Others 1.0 1.1 1.1
30 60
Fatty acid composition
Retention time (min) 14:0 1.6 06 18
16:0 18.7 33 9.8
Fig. 1-5. Reversed-phase HPLC of EPA-enriched Triacylglycerol. 16:1 34 0.1 12
18:0 9.8 2.8 6.7
Column: ODS 4.6X150mm; Mobile phase:acetonitrile/acetone 181 6.1 69 183
(3 : 2, vol/vol) ; Detector: refractive index ; Flow rate: i ' ) '
Iml/min; Temperature: 30°C 18:2(:6) 87 03 22
mimun; temp it 18:3 (n-6) 7.1 03 27
20:5 (n-3) - 79.1 51.1
Others 4.6 6.3 6.1

Culture medium: 0.3% yeast extract, 0.5% polypeptone, 3.0% soluble starch,
EPA added; 0.5% Free EPA (EPA purified to 97%), EPA ethyl ester

(EPA purified to 97%), or non additive of fatty acid, 3 ml/test tube, pH 6.0.
Incubated at 25 °C for 2 days.

Table 2-1. Accumulation of Added Free Unsaturated Fatty Acids into the Cellular Triacylglycerol

Supplemented fatty acids Non-addition 18:2n-6 18:3n-6 20:4n-6 20:5n-3 22:6n-3

Dry cell weight (mg/ml) 4.65+0.23 6.97+0.14 6.81£0.25 6.090.07 6.88+0.29 6.14£0.47
Total lipid (mg/ml) 0.77£0.12 2.75+0.21 2.55%0.23 2.60£0.06 1.9940.18 2.05+0.07
Triacylglycerol (mg/ml) 0.65+0.11 2.45%0.11 2.39+0.24 2.28%+0.14 1.75:0.16 1.77+0.05

Fatty acid composition in TG (%)

14:0 1.6£0.2 0.6+0.0 0.4%£0.1 0.5£0.0 0.6%£0.0 0.7=0.1
16:0 18.7£0.5 4705 4.1£09 3.0x05 3303 6.4+0.38
16:1 34%03 0.4+0.1 02%0.2 N.D. 0.1%0.2 0.9+02
18:0 9.8+0.3 2.5+03 3308 32408 2.8%£06 39+09
18:1 46.1+0.4 6.0+0.9 7.1£24 34x12 6.9%2.1 173£13
18:2 8.7+0.2 80.6+2.1 0.6+0.3 0.6%+0.1 0.5%0.2 2003
18:3 7.1£0.3 33x02 82.4x46 2.0+0.1 0.3%0.1 1.8+04
20:4 N.D. N.D. N.D. 8481426 N.D. N.D.

20:5 N.D. N.D. N.D. N.D. 79.1£3.1 45402
22:6 N.D. N.D. N.D. N.D. N.D. 587+38

Values are mean =+ standard deviation (n=3).

N.D.: not detected (less than 0.1%).
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Table 2-2. Course of the Content and Composition of Fatty Acids in Exocellular (Culture Medium)
Lipids during the Cultivation of M. hiemalis HA-30 on a Model of Fatty Acid Mixture

Fatty acid content (mg/3m! medium)

Fatty acid composition (GC area %)

Ohr 18hr 44hr Ohr 18hr 44hr
16:0 0.78 0.28+0.04 0.07+0.02 6.9 89+0.9 103+1.4
18:0 0.16 0.08+0.01 0.02+0.01 1.4 24+03 34+04
18:1 0.65 0.25+0.04 0.05+0.02 58 8.1%1.1 7.7+04
18:2n-6 0.92 0.25+0.03 0.05+0.02 8.1 7.7+0.1 6.8%£0.4
18:3n-6 1.27 0.27£0.07 0.05+0.03 113 83%1.6 8.0+0.5
18:3n-3 1.21 0.23+0.06 0.05+0.02 10.7 7.1+£13 6.8%0.5
20:4n-6 2.00 0.60+0.08 0.10+0.06 17.8 187+04 163%1.0
20:5n-3 0.90 0.19+0.06 0.04£0.02 8.0 6.0+1.2 58+04
22:6n-3 _ 1.43 0.43+0.05 0.07+0.04 12.7 13.6£0.6 11.5+0.9

Table 2-3. Course of the Content and Composition of Fatty Acids in Exocellular (Ceil-Adsorped)
Lipids during the Cultivation of M. hiemalis HA-30 on a Model of Fatty Acid Mixture

Fatty acid content (mg/3ml medium)

Fatty acid composition (GC area %)

18hr 44hr 18hr 44hr
16:0 0.18+0.02 0.27+0.05 8605 8504
18:0 0.05+0.01 0.08£0.01 23%0.1 27£0.2
18:1 0.15£0.02 0.25+0.06 73+0.3 8.0+0.1
18:2n-6 0.16+0.02 0.25+0.05 7.9%0.2 7.8+0.0
18:3n-6 0.20£0.03 0.29+0.07 9.7+03 93%£0.2
18:3n-3 0.17+0.03 0.24+0.06 83+0.3 76+03
20:4n-6 0.38£0.05 0.57+0.13 183%£0.2 18.1£0.3
20:5n-3 0.15+0.03 0.20+0.06 6.8+03 64103
22:6n-3 0.27+0.04 0.40+0.10 12.8+0.1 12.8%0.5

Table 2-4. Course of the Content and Composition of Fatty Acids in Endocellular Lipids during

the Cultivation of M. hiemalis HA-30 on a Model of Fatty Acid Mixture

Fatty acid content (mg/3ml medium)

Fatty acid composition (GC area %)

18hr 44hr 18hr 44hr
16:0 0.16+0.02 0.56+0.00 6.7+0.1 11.9+0.6
18:0 0.05+0.01 0.30+0.04 1.8%£0.0 63+04
18:1 0.11£0.01 0.81+0.03 4.6+0.1 17215
18:2n-6 0.21£0.04 0.41+0.01 89+0.1 8.6:x04
18:3n-6 0.3710.06 0.49+0.03 15.6+0.0 10.4+£0.0
18:3n-3 0.30+0.05 0.34+0.04 12.8%+0.1 7.1%£0.3
20:4n-6 0.40+0.06 0.58+0.06 16.9+0.0 12.2+06
20:5n-3 0.22+0.04 0.25+0.01 9.2£03 53+0.1
22:6n-3 0.20+£0.04 0.29+0.04 83+02 62+0.6
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Fig. 2-1. Effect of the Number of Double Bonds of the Fatty Acids on the CFA Values in Exocellular
Lipids after Cultivations of M. hiemalis HA-30 on a Model of Fatty Acid Mixture for 18 hr and 44 hr.

Symbols represent mean in triplicate.; O, 18hr cultivation; A , 44hr cultivation.
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Fig. 2-2. Effect of the Number of Double Bonds of the Fatty Acids on the CFA Values in Endocellular
Lipids after Cultivations of M. hiemalis HA-30 on a Model of Fatty Acid Mixture for 18 hr and 44 hr,

Symbols represent mean in triplicate.; O, 18hr cultivation; A , 44hr cultivation.
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Fig. 3-1. Effects of C/N Ratio on Accumulation of Lipids, EPA and DHA. Fig. 3-2. Effects of Nutrient Concentration with a Constant C/N
The culture medium was 1.0% glucose and 0.5% DHA-FFA when C/N was  Ratio on Accumulation of Lipids, EPA and DHA.
1.25; it was 0.3% yeast extract and 0.5% polypeptone when CN was 2.50; Culture media:Medium 1: 1.0% glucose, 0.3% yeast extract, 0.5%

0.15% yeast extract and 0.25% polypeptone when CN was 5.00; 0.075% yeast ~ polypeptone, 0.5% DHA-FFA. Medium 2: 3.0% glucose, 0.9% yeast
extract and 0.125% polypeptone when CN was 10.0; 0.038% yeast extractand ~ extract, 1.5% polypeptone, 0.5% DHA-FFA. Medium 3: 5.0%
0.063% polypeptone. P. methanolica HA-32 was used to inoculate 3mL of the glucose, 1.5% yeast extract, 2.5% polypeptone, 0.5% DHA-FFA.

medium (pH 6.0) and the culture was incubated at 25 °C for 3 days. Medium 4: 10.0% glucose, 3.0% yeast extract, 5.0% polypeptone,
Symbols; O, Dry cells; [], Total lipids; @, DHA as a percentage of total 0.5% DHA-FFA.
lipids; A, EPA as a percentage of total lipids. P. methanolica HA-32 was used to inoculate 3mL of the medium (pH

6.0) and the culture was incubated at 25 °C for 3 days.
Symbols; O, Dry cells; [, Total lipids; @, DHA as a percentage of
total lipids; A, EPA as a percentage of total lipids.
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Choline concentration (%)
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( ) Fig. 3-4. Effects of Choline Concentration on Accumulation of

Fig. 3-3. Effects of the Concentration of Yeast Extract on Lipids, EPA and DHA.

Accumulation of Lipids, EPA and DHA. Culture medium: 5.0% glucose, 2.0% yeast extract, 3.0%
Culture medium: 5.0% glucose, 3.0% DHA-FFA, and the DHA-FFA, and choline at concentrations shown.

concentration of yeast extract shown. P. methanolica HA-32 was After the pH of 3mL on the medium was adjusted to about pH

used to inoculate 3mL of the medium (pH 6.0) and the culture 6.5, it was inoculated with P. methanolica HA-32 and incubated

was incubated at 25 °C for 3 days. at 25 °C for 3 days.

Symbols; O, Dry cells; [J, Total lipids,; @, DHA as a percentage Symbols; O, Dry cells; [, Total lipids; @, DHA as a percentage

of total lipids; A, EPA as a percentage of total lipids. of total lipids; A, EPA as a percentage of total lipids.
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Culture medium: 5.0% glucose, 2.0% yeast extract, and 3.0% DHA-

Fig. 3-5. Effects of K,HPO, Concentration on Accumulation of FFA. The pH of media was adjusted with NaOH and then the media

Lipids, EPA and DHA.
Culture media: 5.0% glucose, 2.0% yeast extract, 3.0% DHA-

were sterilized to bring about different extents of browing ( as judged by
the optical density at 420 nm). each concentration of derived materials
from NaOH. P. methanolica HA-32 was used to inoculate 3mL of the
medium (about pH 6.0) and culture was incubated at 25 °C for 3 days.

FFA, and K,HPO, at the concentrations shown. P. methanolica
HA-32 was used to inoculate 3mL of the medium (about pH 6.5)
and the culture was incubated at 25 °C for 3 days.

Symbols; O, Dry cells; [], Total lipids; €, DHA as a percentage
of total lipids; £\, EPA as a percentage of total lipids.

Symbols; O, Optical density of the medium at 420 nm after being
autoclaved; [], Total lipids; @, DHA as percentage of total lipids.
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Fig. 3-6. Effects of Materials Derived from Choline and K,HPO, on Accumulation of Lipids,
EPA and DHA.

Culture medium: 5.0% glucose, 2.0% yeast extract, 3.0% DHA-FFA (DHA purified to
28%), and 0.5% choline or 1.0% K,HPO,. P. methanolica HA-32 was used to inoculate to
3mL of the medium (about pH 6.5) and the culture was incubated at 25 °C for 3 days.

A glucose solution was mixed with the medium before (**) or after (*) sterization.
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Table 3-1. Effects of the Structure of Lipids on Incorporation of DHA.

ini Non Triacylglycerol Ethyl ester Free fatty acid
Supplemented lipids additive added added added
Dry cell weight (g/L) 6.3 4.6 53 7.8
Total lipids (mg/g dry cell) 42.1 28.8 252 205.0
Lipid class (%)
Ethyl ester - - 39.6 -
Triacylglycerol - 35.1 - -
Free fatty acid - 1.5 10.6 93.1
Polar lipids - 94 7.7 33
Other - 44.0 42.1 3.6
Fatty acid composition (GC%)
14:0 22 4.8 6.2 29
16:0 14.0 26.7 23.7 158
16:1 89 47 6.1 4.8
18:0 32 8.6 4.9 3.0
18:1 30.5 16.7 12.0 159
18:2 232 24 3.6 1.8
20:4 (n-6) 0 1.4 3.7 25
20:5 (n-3) 0 4.0 22 7.2
22:6 (n-3) 0 17.9 4.6 31.6
Others 18.0 15.2 36.6 16.3
(EPA+DHA) in dry cells 0 6.3 1.7 79.5

(mg/g dry cells)

Culture medium: 5.0% glucose, 3.0% fish oil (DHA content 28%) or its derivatives, 20% yeast extract.
P. methanolica HA-32 used to inoculated to 3mL of the medium (pH 6) and incubated at 25 °C for 3 days.

Table 4-1. Yield, Lipid and Fatty Acid Compositions of the DHA-enriched
Yeast, P. methanolica HA-32

Wet cell weight (g/L) 40
Total lipids (mg/g dry cells) 246
DHA content (mg/g dry cells) 69

Fatty acid composition of total lipids (%)

14:0 29
16:0 17.8
16:1 6.0
18:0 42
18:1 16.2
18:2n-6 1.7
20:5n-3 5.1
22:6n-3 27.5
Others 18.6

Table 4-2. Fatty Acid Composition of Rotifer Fed with P.methanolica HA-32

Amount of the additive DHA-enriched yeast* Additive-free 2.7g 8.0g

Fatty acid composition in total lipids (%)

14:0 1.2 1.7 1.6
16:0 14.2 144 12.2
16:1 1.6 4.6 4.1
18:0 3.8 4.2 3.5
18:1 1.6 11.0 8.6
18:2n-6 397 18.6 15.9
20:5n-3 0.5 3.7 6.0
22:6n-3 03 13.6 21.5
Others 37.1 282 26.6
(EPA+DHA) in dry rotifers (mg / g dry rotifers) 1.5 35.2 65.9

* Amount (g) of the DHA-enriched yeast (wet basis) added to 10L of the cultivating water.
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Fig. 4-1. Changes in the DHA and EPA Content in the Total Lipids
of Rotifer after Feeding the DHA-enriched Yeast, P. methanolica
HA-32.

Symbols; 1. [, Total lipids in rotifer after feeding the DHA-
enriched yeast at the level of 2.7 g wet basis / 10 L culture medium; 2.
(O, DHA content in rotifer lipids after feeding the DHA-enriched
yeast at the level of 2.7 g wet basis / 10 L culture medium; 3. A, EPA
content in rotifer after feeding the DHA-enriched yeast at the level of
2.7 g wet basis / 10 L culture medium; 4. B, Total lipids in rotifers
after feeding the DHA-enriched yeast at the level of 8.0 g wet basis /
10 L culture medium; 5. @, DHA content in rotifer after feeding the
DHA-enriched yeast at the level of 8.0 g wet basis / 10 L culture
medium; 6. A, EPA content in rotifer after feeding the DHA-

enriched yeast at the level of 8.0 g wet basis / 10 L culture medium.
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Fig. 4-2. Comparison of DHA and EPA Accumulation in Rotifer
Between the Commercial Powdered Oil and DHA-enriched Yeast,
P. methanolica HA-32.

1. The commercial powdered oil was fed to rotifer for 6 h at the
level of 1.3 g per 10 L of cultivating water. 2. The DHA-enriched
yeast was fed to rotifer for 6 h at the level of 2.7 g (wet basis) per
10 L of cultivating water. 3. The DHA-enriched yeast was fed to
rotifer for 6 h at the level of 8.0 g (wet basis) per 10 L of

cultivating water.
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