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ABSTRACT: The culture conditions for high-vield production
of docosahexaenoic acid (IHAY by Schizochytrium sp. strain
SR2T were investigated in a fermenter. With increasing carbon
tpbucoser and nitrogen com steep liguor and ammonium suifate
sources wip to 12% glucoser in the medium, HA productivity
increased without a decrease in growth rate, e, 2.0, 2.7, and
1.3 g DHAL A with 6, 160, and 12% glucose, respectively. Even-
tually, 48.1 g dry cells/Uand 13.3 g DHA/L were produced in 4
o with 12% glucose. DHA productivity was decreased with 15%
glucose, e 3.1 wlid, With 12% glucose, the lipid content was
77.5% of dry cells, and DHA content was 35.6% of tolal fatty
acids. The lipid was composed of about 95% neatral Tipid and
5% polar lipid. In polar lipids, the contents of phosphatidyl-
choline (PCy, phosphatidylethanolamine, and phosphatidylinosi-
tol were 74, 11, amd 5%, respectively. The PC profile was
simple, 70% of PC molecules were T-palmitoyl-2-DHA-PC and
1,2-di-DHA-PC. These results indicate that Schizochytrium sp.
strain 21 is an excellent source for microbial D1 IA production,
including not only the acid form of DHA but also 2-DFHA-PC.
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Long-cham polyvunsaturated falty acids (PUFA) are important
dietary constituents. Thetr beneticial effects on human health
are widely accepted and henee have led to extensive nutri-
tional and clinical studies on their effects on human physiol-
ogy (1. Docosahexaenoic actd (DITA. 22:6n-3) has atiracted
great imterest recently owing to its specific function in the
brain (2.3) and retina (4-§)

The largest commercial source of DHA is fish oil. but fish
oil has an undesirable fishy smell. which prevents extensive

utilization ol fish oil. Recently. microbial production of

y-linelenic acid (9). arachidonic acid (10011, and DHA (12)
has been industriatized. Microbial DHA production has been
an important research area (12-21) because of the ditficulty
of DHA purification fron lish oil.
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We isolated a new Thraustochytrid strain from seawater
and reported its ability as 10 high-level DHA and DPA (do-
cosapentaenoic acid, 22:5n-61 production (18}, In this paper,
we describe amethod for polar lipid analysis and the condi-
lions For high-level DHA production by strain SR21.

MATERIALS AND METHODS

Microorganism. Schizochyirinm sp. strain SR21 was used in
the present study. This strain was isolated from seawater in a
coral reetf arca (18),

Cultures were grown in a medium with 60 g/l. plucose, 0.7
g/l. corn steep liguor (Wako Pure Chemtical Industry Ltd..
Osaka. Jupan), 2 g/l (NH),S0,. and 3 ¢/l KH,PO, in artili-
cial scawater a1 a half salt concentration. The effects of agita-
tion speed and impeller shape on growth in a fermenter
(Model LS-5: Ortental Biotechnological Systems. Tokyo.,
Tapany were also examined. To obtain higher DHA pro-
ductivity per unit volume of medium, the optimum amounts
of carbon (glucose) and nitrogen [corn steep liquor and
(NH,),50 ] sources were studied. The various culture media
tested are listed in Table 1.

Lipid cnedvsis. Culture broth was harvested every 12 h,
until the stationary growth phase. and the cells were washed
with water by centrifugation. The washed cells were dried at
105°C for 3 b and weighed to obtain the dry ceil weight
{DCW). The dricd cells were then suspended in 5 ml, of
methyltene chloride/10% methanolic HCL (121, vol/voly for 3 h
at 30°C. As an internal standard, 1 mg of eicosanoic acid
(20:00) was added o the methanolysis solution. After extrac-
tion with 10 mL a-hexane. Followed by evaporation. the fatty

TABLE 1

Culture Media®

Mechium 1 2 4 4 5
Cluceose il 6O 84 [tW) 120 150}
Corn steep Houar pd 07 0.4 1.2 1.4 .73
NI 1_,!55('}_; 1l 2.0 2.7 1.3 4.0 G
Kt 1LPO, gt 3.0 3.0 3.4t 1.0 3.0
T2 Atittcial sea water il 1 f b 1 t

Cedls were cultured o Oermoenter with 3 L ol cach medium, undles the con-
ditienss of 300 gpm, aerated 3 Enun, 287C, and pbl 4.0,
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acid methyl esters were dissolved in 0.5-1 mL acetonitrile
and then subjected to gas—liquid chromatography (GLC) (Shi-
madzu. Kyoto. Japan) on a TC-70 capillary column (GL. Sci-
ences, Tokyo, Japan} with temperature programming (170 to
220°C at 2°C/min). The fatty acid composition and total fatty
acid (TFA) content were determined from the peak areas rel-
ative o the peak area of eicosanoic acid.

Lipids were extracted from [(reeze-dried cells as described
previcusly (18}, The extracted lipids were fraclionated to
polar and neutral lipids by liquid-liquid partitioning in
hexane and a 90% methanol agueous solution. The content of
each lipid fraction was determined with a thin-layer chroma-
tography/flame-ionization detector (TLC/FID) analyzer
(latroscan MK-5: tatron. Tokyo. Japan). The phospholipid
profile was determined by TLC (Kicselgel 60: Merck.
Darmstadt, Germany) with acetonitrile/methanol/phosphate
(90:95:5, volfvolfval) as the mobile phase. The phospholipid
fraction was then subjected (o high-performance liguid chro-
matography (HPLC) (LC 5A; Shimadzu, Kyoto, Japan) on a
TSK-gel Silica 60 column (Merck) with a refractive index
{RI} detector {Shodex RE SE-61: Showa Denko. Tokyo.
Japan) by using the same mobile phase. The phosphatidyl-
choline {PC) fraction was collected, Five mg of PC was
treated with 50 units phospholipase A2 (Sigma. St Louts.
MOQ) at 25°C for 3 h in the reaction solution (3 ml. ol cthyl
ether/methanol (98:2). 0.5 mL of 0.1 M Tris-HCI. pH8.0. and
0.01 mM CaCl,). After the reaction, 5 mL water was added
and mixed by vorlexing. The ether layer was collected. From
the resultant solution, all lipid fractions were extracted with 5
mL chloroform/methanot (2:1) solution. The extracted solu-
tion was then charged onto a TLC plate and developed with a
chloroform/mcthanol/water (65:25:4, volivol/val) solvent
mixture. Both free fally acid and lysophosphatidylcholine
{lyso-PC) spots were scraped from the TLC plate. The Iree
fatty acids and lyso-PC were then methylated and analyzed
by GLC as described previously.

RESULTS

Growth of strain SR21 was studied in medium 1. With an
increase in the agitation speed in the fermenter from 100
rotations per min (rpm} Lo 300 rpm with a six-blade wrbine
impeller, growth rate increased (Fig, 11, A1 500 rpm with a
turbine impeller, growth was depressed. In contrast, ai 300
rpm with a propeller-shaped impeller, the growth rate was not
depressed (Fig. 2).

Strain SR21 was cultured in media 1-3 (Table 1), with a
wrbine-shaped impeller at 300 rpm o study itls DHA produc-
tvity. When the amounts of carbon and nitrogen were in-
creased. both DCW and DHA productivity increased (Fig. 3.
Table 2). With medium 1., strain SR2| produced 21.9 g/L
DCW and 5.1 g/L. DHA at 65 h. With medium 4 (with twice
the amounts of carbon and nitrogen as in medium 1). it pro-
duced 48.1 g/L DCW and 13.3 g/L. DHA a1t 96 h. And with
medium 5, it produced 59.2 ¢/ DCW and 15.5 ¢/1. DHA, bul
under this glucose condition, the growth was somewhal de-
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FIG. 1. Erfect of agitation on the growth of Schizochytrivm sp. steain
SR2T:70 100 rpme: A, 300 mpm; O, 300 rpm. Solid data points show the
absorbance at 650 nm. Open data points show the glucose concentra-
tion in the culture medium.

layed compared with that in other niedia. TFA in cells and the
DHA content of TFA were also measured. With medium 1.
strain SR21 produced 14.8 g/l TFA, 67.6% TFA/DCW. and
34.5% DHA/TFA. With medium 4. il produced 37.3 g/1. TFA,
77.5% TFA/DCW. and 35.6% DIMA/TFA.

The Tipid content of strain SR2 1 increased with cell growth
(Fig. 4). In the carly growth phase. neutral and polar lipids
were produced in about equal amounts. and then neutral lipids
increased with cell growth. The lipid profile became evenu-
ally 95% neutral tipids and 5% polar lipids in the stationary
growth phase. Neutral lipids were composed of 33% DA
and 6% DPA. On the other hand, polar lipid was composed of
63.5% DIIA and 24.7% DPA. The HPLC chromatogram of
the polar lipids fraction showed five main peaks (Fig. 5).
Peaks 4 and 5 were identified as PC by nuclear magnetic res-
onance (data not shown). Analysis of phospholipase A2-
treated PC showed that there were 74.4% DHA | 13,95 DPA,
and 8% palmitic acid in the free fatty acid spots, and 42%
DHA. 3.0% DPA and 50% palmitic acid in the lyso-PC spots
(Fig. 6). These results indicate that the main PC molecutar
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FIG. 2, Enccts or agitation and impelier shape on growth: ™, propeller-
shaped impelier at 300 rpm; 2. six-blade turbine-shaped impeller at
SO0 rpm: 22 six-Made twibine-shaped impeller at 300 rpm. Solid data
points show the absorbance at 630 nm. Open data points show the glo-
cuse concentration in the cultuse medium,
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HIGH-YIELD DUHA PRODUCTION BY SCHEZOUHY TRIUAM SP. 1444
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FIG. 3. Fliccts of glucose cancentration on 1A docosabexaenoic acid
iNDHAL yield. (B total fatty acid 1A produced. The amounts of carbon
and mitrogen were increased in propaortion, as listed in Table 107
medhium No, 1; O, WNo, 2; @, Nu, 30 &, No. 4, N, 5,

species are 1-palmitoyl-2-docosihexaenoy!-PC and 1.2-
didocosahexaenoyl-PC.

DISCUSSION

DeLong and Yuyanos (22) detected DHA in a psychrophilic
bacterium, Vilrrio marinus. Yano ef af. {21) also found that bac-
terial strains (Vibrie sp.) from the intestines of a deep-sea fish
produce DHA, one of them producing (0.8 mg/L DHA. Kyle ¢
«f. (12.16) reparted that matine microalgae produce DHA,
Thraustochytrids are known as DHA producers. Buypat
eral. (13.14) obtained 510 mg/L DHA in 40 h with sofuble
starch as the carbon source. Kendrick and Ratledge (15) ob-
tained 400 mg/L DHA in 3 d. Li and Ward (17) reported the
production ot 850 mg/L. DHA under fluorescent light in 5 d
by Thraustochverium rosewm. Singh and Ward (20) obtained
1433 mg/L. DHA in 8 d by supplying starch during the growth

TABLE 2

Analytical Results

Culture time th) H2 72 92 92 115
Diry cell weight gl 219 32 37.7 4.1 3.2
Lipid content (%! 676 680 526 A 7.3
DHA content 19" 14.5 14,7 133 35,0 374
DHA yield g/t 3.1 7.h 1014 13.3 1%.%

Total 1atty acedidry coll woerghl
M AGtGtal farty acie. abbroviation: DA, docosdhexaenoic aci,

retnr i 4 lermenter, but production of DHA in o fermenter
was lower than that in a flask culture.

We reported previously that strain SR21 produced 2.0 g/L
DHA per day in a fermenter (18). This productivity was the
highest ever reported. and we concluded that strain SR21 was
a supcrior source for microbial DHA production. [n the pres-
ent study. we tound that strain SR21 grew well with a high
concentration of glucose and produced 15,5 ¢/L DHA in 5 d.
DHA was gecumulated mainly as trizcyiglycerol iTG) or stor-
age lipid. Fish oif also containg DHA inthe TG form. There-
fore. the lipids extracted Irom SR21 are in the same form as
in fish oil,

Increasing the agitation speed from 100 rpm to 300 rpm re-
sulted in a higher growth rate. indicating that oxygen transport

Peak 4

Peak 5

Peak 1
Peak 2
Peak 3

1 T
125 25
Retention time (min)

o -

FIG. 5. Fhagh-porformanc ¢ liguid < hromatography (HPLC: chromato-
pram ot polae lipids, Palar lipids seere cuegged ontoa TSK-ped Silica-66
Merck, RDarmstadt, Germanys HPLC column, with acetonitride/meth
anoliphosphate 1900:95:51 as the solvent, and detedted with o retractive
index detection. Peak 1 s phosphaticdylinositol: Peaks 2 and 3, phos
phatidyvlethanalamine; Peaks 4 and 3, phosphatdylcheline.
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FIG. 6. Gas liquid chromatogram of phaspholipase A2-trealed phos.
phatidyleholine (PCy AL Free fatty acid iraction; (B lvsophosphalidyl-
choftne fraction, DPAL docosapentacnuic acie. or other abbroviation
sees Fipure §.

Time (min)

is a limiting lfactor. [n terms of the impelier's shape, the pro-
peller type subjects the cells to less shear stress than the turhine
impeller (233, ACS00 rpm. the turbine impeller. but not the pro-
peller-shaped impelier. depressed the cell growth.

Strain SR2 1 mainly accomuiates PC in its polar lipids, Over
70% of wtal PC was |-paimitoyl-2-docosahexacnoyl-PC und
|.2-didocosahexacnoyl-PC. DHA exists in the human brain as
phospholipid (2). Therefore. strinn SR2 1 is a good source for
DHA production not only in TG but also in PC form.

We are currently investigating larger-scale fermentation
lor the productiom of DHA.

Compared o other Thraustochytrids such as T agerenm.
SR2I seems to have higher tolerance to shear stress but is not
as strong as yeasts or bacteria, for which speeds above 500
rpm generally give high growth. Considering the high con-
tent of PUTA in it PCL the main component of the cell mem-
brane. SR21 was revealed to be an excellent source tor mi-
crobigl DHA production.
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