
+,<=;+-=* AZ]P _SLY ,)) ^_]LTY^ ZQ XTN]ZZ]RLYT^X^ []ZO`N&
TYR [ZWd`Y^L_`]L_PO QL__d LNTO^ "DH:5# bP]P YPbWd T^ZWL_PO Q]ZX
NZL^_LW ^PLbL_P] TY _SP FP_Z =YWLYO FPL LYO L]Z`YO =]TZXZ_P =^&
WLYO% >L[LY% Md _SP MLT_TYR XP_SZO' GSP []ZQTWP^ ZQ DH:5 Q]ZX
OZNZ^LSPcLPYZTN LNTO "8<5#&[]ZO`NTYR ^_]LTY^ NZ`WO MP NWL^^T&
kPO TY_Z QZ`] _d[P^' 5 ^_]LTY% YLXPO ??*0&,% bL^ NSZ^PY QZ] Q`]&
_SP] ^_`Od ZbTYR _Z T_^ STRS 8<5 NZY_PY_ ".+'*! ZQ _Z_LW QL__d
LNTO# LYO bTOP ]LYRP ZQ DH:5 "0/'*!# TYNW`OTYR L]LNSTOZYTN%
PTNZ^L[PY_LPYZTN% LYO OZNZ^L[PY_LPYZTN LNTO^ L^ bPWW L^ 8<5'
;W`NZ^P LYO _]d[_ZYP bP]P _SP Z[_TXLW NL]MZY LYO YT_]ZRPY
^Z`]NP^% ]P^[PN_TaPWd% TY L XPOT`X bT_S ^LWTYT_d L_ 0.! _SL_ ZQ
^PLbL_P]' GSP DH:5 NZY_PY_^ TY [ZWL] WT[TO^ "++'*! ZQ _Z_LW
WT[TO#% TY bSTNS _SP 8<5 NZY_PY_ bL^ ,2',!% bP]P STRSP] _SLY
_SZ^P TY YP`_]LW WT[TO^ LYO RWdNZWT[TO^' AZWPN`WL] [SdWZRPYP_TN
LYLWd^T^ ZQ *1F ]EB5 RPYP ^P\`PYNP^ ^SZbPO ??*0&, _Z MP L
_S]L`^_ZNSd_]TO' =_ LW^Z bL^ ZM^P]aPO _Z [Z^^P^^ L WTQP NdNWP NZX&
[Z^PO ZQ aPRP_L_TaP NPWW^ bT_SZ`_ ^`NNP^^TaP MT[L]_T_TZY% eZZ^[Z&
]LYRT`X% LYO eZZ^[Z]P ^_LRP' 7WL^^TkNL_TZY Md _SP NSPXZ_LcZ&
YZXTN N]T_P]TZY ML^PO ZY DH:5 NZX[Z^T_TZY^ LW^Z ^`[[Z]_PO
_ST^ L^^TRYXPY_'

DL[P] YZ' >210- TY JAOCS 78% /).i/*) ">`YP +))*#'

5/@ ?9;.<* *1F ]EB5 RPYP% OZNZ^LSPcLPYZTN LNTO% XZWPN`&
WL] [SdWZRPYP_TN LYLWd^T^% [ZWd`Y^L_`]L_PO QL__d LNTO% Thraus-
tochytrium'

G`]jf_dRefcReVU WReej RTZUd "GK=8# hZeY f_ZbfV decfTefcR]

TYRcRTeVcZdeZTd RcV UZdeZ_XfZdYVU Sj eYVZc Wf_TeZ`_d _`e `_]j Z_

cVXf]ReZ_X TV]] aYjdZ`]`Xj dfTY Rd aYRdV ecR_dZeZ`_& ^V^'

ScR_V aVc^VRSZ]Zej R_U eYV SVYRgZ`c `W ^V^ScR_V'S`f_U ac`'

eVZ_d "+# Sfe R]d` Z_ ^`Uf]ReZ_X eYV ViacVddZ`_ `W TVceRZ_

XV_Vd ",#( JYVcVW`cV& Ze Zd _`e dfcacZdZ_X eYRe GK=8 UVWZTZV_'

TZVd ]VRU e` RS_`c^R]ZeZVd Z_ eYV d\Z_& \ZU_Vj& _Vcg`fd _Ve'

h`c\& Z^^f_V R_U Z_W]R^^Re`cj cVRTeZ`_d& TRcUZ`gRdTf]Rc

djdeV^& V_U`TcZ_V T`_ec`]& R_U cVdaZcRe`cj R_U cVac`UfTeZgV

djdeV^d "-&.#( @_ aRceZTf]Rc& U`T`dRYViRV_`ZT RTZU ";?8&

:,,40_'-# Zd RSd`]feV]j VddV_eZR] e` Yf^R_d `hZ_X e` Zed Wf_T'

eZ`_d Z_ eYV ScRZ_ R_U cVeZ_R "/#(

JYV ecRUZeZ`_R] T`^^VcTZR] d`fcTVd `W GK=8d RcV rdY `Z]d(

JYV cV]ReZgV]j ]`h ac`a`ceZ`_ `W GK=8 Z_ WZdY `Z]d ^R\Vd Ze

UZWWZTf]e e` ac`UfTV ;?8 R_U `eYVc GK=8 `_ R ]RcXV dTR]V(

F_ eYRe RTT`f_e& Via]`cReZ`_ `W `eYVc d`fcTVd `W ;?8 Rd hV]]

Rd `W `eYVc GK=8 YRd UcRh_ ^fTY cVdVRcTY ReeV_eZ`_( J` UReV&

^RcZ_V ^ZTc``cXR_Zd^d SV]`_XZ_X e` RTYc`^ReZT decR'

^V_`aZ]Vd dfTY Rd eYcRfde`TYjecZUd R_U ]RSjcZ_eYf]ZUd YRgV

SVV_ cVa`ceVU e` ac`UfTV dZX_ZWZTR_e bfR_eZeZVd `W ;?8

"-&0p+.#( JYVZc UZWWVcV_e ac`WZ]Vd `W GK=8 cVW]VTe eRi`_`^ZT

cV]ReZ`_dYZad( D`]VTf]Rc aYj]`XV_VeZT R_R]jdZd "+/&+0# dfX'

XVded eYRe dVgVcR] cVXf]Re`cj ^VTYR_Zd^d W`c GK=8 SZ`dj_'

eYVdZd ViZde Z_ UZdeZ_TeZgV ;?8'ac`UfTZ_X ^ZTc`SVd( ;?8

TR_ SV dj_eYVdZkVU Sj eYV T`_gVcdZ`_ `W RcRTYZU`_ZT RTZU

"88& :,*4._'0#& VZT`dRaV_eRV_`ZT RTZU "<G8& :,*4/_'-#& `c

U`T`dRaV_eRV_`ZT RTZU ";G8& :,,4/_'0# eYc`fXY eYVZc UVdRe'

fcReZ`_ R_U V]`_XReZ`_& TReR]jkVU Sj WReej RTZU UVdRefcRdVd

R_U V]`_XRdVd "-#( @e Zd UVdZcRS]V e` `SeRZ_ GK=8 ac`UfTVcd

eYRe RTTf^f]ReV _`e `_]j ;?8 Sfe R]d` eYV Z_eVc^VUZReV WReej

RTZUd Z_ `cUVc e` Z]]fdecReV eYV SZ`dj_eYVeZT djdeV^ W`c GK=8

Sj ^`]VTf]Rc XV_VeZT Raac`RTYVd( =`c eYRe afca`dV& hV Zd`'

]ReVU ^`cV eYR_ -** decRZ_d ac`UfTZ_X GK=8 Wc`^ dVRhReVc

dR^a]Vd& R_U R decRZ_& _R^VU BB+1'-& hRd dV]VTeVU W`c eYV

W`]]`hZ_X defUZVd( 

7+=/;3+6< +8. 7/=29.<

Microorganisms and medium( D`cV eYR_ -** decRZ_d `W ^R'

cZ_V ^ZTc``cXR_Zd^d hVcV Zd`]ReVU Wc`^ dVRhReVc dR^a]Vd

eR\V_ Z_ eYV IVe` @_]R_U IVR R_U Rc`f_U @cZ`^`eV @d]R_U Z_

ARaR_ Sj fdZ_X aZ_V a`]]V_ Rd R SRZe( JYV T`]]VTeVU k``da`'

cR_XZR hVcV Tf]eZgReVU `_ >GN'RXRc ^VUZf^ ",! X]fT`dV&

+! a`]jaVae`_V& *(/! jVRde ViecRTe& +(/! RXRc& a? 0(*# hZeY

R dR]Z_Zej VbfZgR]V_e e` /*! eYRe `W dVR hReVc W`c 1 U Re ,2l:(

IVRhReVc dR]Z_Zej hRd eR\V_ e` SV .* X)C( IR]Z_Zej `W d`]feZ`_d

hRd RU[fdeVU Sj eYV RUUZeZ`_ `W dVR dR]ed "E`( I322-& IZX^R

:YV^ZTR] :`(& Ie( C`fZd& DF#( =`c cRaZU R_R]jdZd `W WReej

RTZUd& eYV T`]`_ZVd `_ eYV RXRc ^VUZf^ hVcV dTcRaVU& Vi'

ecRTeVU& R_U UZcVTe]j ecVReVU hZeY ^VeYR_`]ZT YjUc`TY]`cZUV

W`c XRdp]ZbfZU TYc`^Re`XcRaYj ">C:# R_R]jdZd Rd UVdTcZSVU

SV]`h( >GN ]ZbfZU ^VUZf^ "-! X]fT`dV& +! a`]jaVae`_V&

*(/! jVRde ViecRTe# Re /*! `W dVRhReVc dR]Z_Zej hRd fdVU Rd R

SRdR] ^VUZf^ W`c eYV W`]]`hZ_X Tf]eZgReZ`_d f_]Vdd `eYVchZdV

7Z[d]TRS_ f +))* Md 5C7F D]P^^ /). >5C7F% IZW' 01% YZ' / "+))*#

$J` hY`^ T`ccVda`_UV_TV dY`f]U SV RUUcVddVU Re ;VaRce^V_e `W D`]VTf]Rc
9Z`eVTY_`]`Xj& >cRUfReV ITY``] `W 8UgR_TVU ITZV_TVd `W DReeVc& ?Zc`dYZ^R
K_ZgVcdZej& +'.'+ BRXR^ZjR^R& ?ZXRdYZ'?Zc`dYZ^R 1-3'2/,1& ARaR_(
<'^RZ]4 R\Z7YZc`dYZ^R'f(RT([a(

:QOZLE OF :OLVTNRASTQASED 0ASSV +CIDR :QODTCED BV
Thraustochytrium RP$ 55%)#'

4IANWHONG 2TANGa" =RTNEHIQO +KIa,!" 5AWTSAKA 2ACHIDAa" =ORHIHIQO @OKOCHIb" <EIJI
5AUAMOSOa" <EIKO <HIGESAa" 5AWTHIRA 9NOa" AND 9RAMT <TWTKIa

a8P[L]_XPY_ ZQ AZWPN`WL] 6TZ_PNSYZWZRd% ;]LO`L_P FNSZZW ZQ 5OaLYNPO FNTPYNP^ ZQ AL__P]%

<T]Z^STXL HYTaP]^T_d% <TRL^ST&<T]Z^STXL 0,2&1.+0% LYO b6TZWZRTNLW EP^Z`]NP^ @LMZ]L_Z]d%
BL_TZYLW =Y^_T_`_P ZQ 5OaLYNPO =YO`^_]TLW FNTPYNP LYO GPNSYZWZRd% G^`V`ML% =ML]LVT ,).&1.//% >L[LY
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Z_UZTReVU( 8_ Z_`Tf]f^ hRd acVaRcVU Z_ R ,**'^C SRWW]VU

W]Rd\ T`_eRZ_Z_X -* ^C `W eYV SRdR] ^VUZf^ R_U Xc`h_ Re

,2l: W`c .2 Y hZeY c`eRcj dYR\Z_X Re +0* ca^( 8_ R]Zbf`e `W

eYV Tf]efcV hRd ecR_dWVccVU e` /* ",(/ ^C# ^C `W WcVdY SRdR]

^VUZf^ Z_ R SRWW]VU sRd\ ",/* ^C# R_U Z_TfSReVU Re +2* ca^

Re ,2l: W`c - U(

Lipid extraction and fraction analysis. JYV hVe TV]]d YRc'

gVdeVU Wc`^ Tf]efcV dfdaV_dZ`_ Sj TV_ecZWfXReZ`_ Re -*** ! g

hVcV hRdYVU eh` eZ^Vd hZeY UVZ`_ZkVU hReVc R_U fdVU W`c Vi'

ecRTeZ`_ `W ]ZaZU hZeY R ^ZiefcV `W TY]`c`W`c^)^VeYR_`] ",4+&

g`])g`]# Rd UVdTcZSVU acVgZ`fd]j "+1#( JYV ViecRTeZ`_ ac`TVdd

hRd cVaVReVU eh` `c eYcVV eZ^Vd e` T`]]VTe eYV e`eR] ]ZaZUd Rd

T`^a]VeV]j Rd a`ddZS]V( JYV e`eR] ]ZaZU hRd WcRTeZ`_ReVU Z_e`

_VfecR] ]ZaZUd& X]jT`]ZaZUd& R_U a`]Rc ]ZaZUd `_ R dZ]ZTR XV] T`]'

f^_ "MR\`XV] :',**5 MR\` :YV^ZTR]& FdR\R& ARaR_# hZeY

TY]`c`W`c^& RTVe`_V& R_U ^VeYR_`]& cVdaVTeZgV]j( JYV R^`f_e

`W VRTY ]ZaZU WcRTeZ`_ hRd UVeVc^Z_VU XcRgZ^VecZTR]]j RWeVc

VgRa`cReZ`_ `W eYV d`]gV_ed( CZaZU T`^a`_V_ed hVcV UVeVc'

^Z_VU Sj eYZ_']RjVc TYc`^Re`XcRaYj `_ R dZ]ZTR XV] a]ReV

"BZVdV]XV] 0*5 DVcT\& ;Rc^deRUe& >Vc^R_j#(

Analysis of the composition of fatty acid in lipid. JYV

hRdYVU hVe TV]]d hVcV YVReVU Re +*/l: W`c +,p+0 Y f_eZ] Ucj'

_Vdd R_U eYV_ ^VRdfcVU XcRgZ^VecZTR]]j( JYV UcZVU TV]]d hVcV

UZcVTe]j ^VeYj]'VdeVcZrVU hZeY +*! ?:] Z_ ^VeYR_`] hZeY RU'

UZeZ`_ `W VZT`dR_`ZT RTZU ":,*4*# Rd R_ Z_eVc_R] deR_URcU( JYV

VdeVcZrVU dR^a]Vd hVcV Raa]ZVU e` R XRdp]ZbfZU TYc`^Re`XcRaY

">:'+185 IYZ^RUkf& Bj`e`& ARaR_# VbfZaaVU hZeY R W]R^V'

Z`_ZkReZ`_ UVeVTe`c R_U R da]Ze Z_[VTe`c& fdZ_X R J:'1* TRaZ]]Rcj

T`]f^_ ">C ITZV_TV& J`\j`& ARaR_# hZeY eV^aVcRefcV ac`'

XcR^^Z_X "+3* e` ,,*l: Re +l:)^Z_#( JYV WReej RTZU VdeVc

aVR\d hVcV ZUV_eZrVU R_U TR]ZScReVU hZeY deR_URcU WReej RTZUd(

;ReR XZgV_ RcV eYV RgVcRXVd `W Re ]VRde eYcVV UVeVc^Z_ReZ`_d(

Continuous morphology observation. 8 Uc`a `W WcVdY TV]]

Tf]efcV hRd ecR_dWVccVU Z_e` R T`_TRgV UVacVddZ`_ `_ R deVcZ]V

X]Rdd d]ZUV R_U eYV_ T`gVcVU hZeY R eYZ_ X]Rdd( :`_eZ_f`fd `S'

dVcgReZ`_d hVcV aVcW`c^VU Sj ^ZTc`dT`aV "<T]ZadV <0**5

EZ\`_& J`\j`& ARaR_#( JYV Z^RXV hRd TRaefcVU Sj R ::;

TR^VcR "EZ\`_# R_U cVT`cUVU Sj R cVhcZeRS]V gZUV`UZdT cVT`cUVc(

Isolation and sequencing of 18S rRNA gene. ?RcgVdeVU

TV]]d hVcV Xc`f_U Z_e` a`hUVc Sj ecVRe^V_e hZeY ]ZbfZU _Zec`'

XV_ R_U eYV_ ]jdVU hZeY JE< SfWWVc "+* ^D JcZd'?:]& *(+ D

ER:]& + ^D <;J8& a? 2(*#( =`]]`hZ_X ]jdZd& eYV XV_`^ZT

;E8 hRd ViecRTeVU Sj R deR_URcU aYV_`])TY]`c`W`c^ ^VeY`U

"+2#( J` `SeRZ_ R]^`de T`^a]VeV +2I cHE8 XV_Vd& hV fdVU

a`]j^VcRdV TYRZ_ cVRTeZ`_ "G:H# ac`e`T`]d hZeY R^a]ZWZTR'

eZ`_ acZ^Vcd +2I+& /"'J8::J>>JJ>8J::J>::8>'-"&
R_U +2I+,& /"'::JJ::>:8>>JJ:8::J8:'-" "+0#( 8

/*'#C dR^a]V `W eYV G:H cVRTeZ`_ ^ZiefcV T`_eRZ_VU ,* ^D

`W VRTY UV`ij_fT]V`eZUV ecZaY`daYReV& *(/ #D `W VRTY acZ^Vc&

/ #C `W +*! G:H SfWWVc& , f_Zed `W JRb a`]j^VcRdV "JR\RcR

IYfk`& Bj`e`& ARaR_#& R_U , #X `W eYV XV_`^ZT ;E8( 8WeVc

Z_ZeZR] UV_RefcReZ`_ Re 3/l: W`c / ^Z_& G:H R^a]ZrTReZ`_ hRd

aVcW`c^VU Z_ R eYVc^R] TjT]Vc ">V_V8^a G:H IjdeV^ 30**5

G< :`ca`cReZ`_& E`chR]\& :J# fdZ_X R ac`XcR^ `W -* TjT]Vd

`W -* d Re 3/l:& -* d Re //l:& R_U + ^Z_ Re 1,l:& W`]]`hVU Sj

R_ VieV_dZ`_ W`c +* ^Z_ Re 1,l:( JYV G:H ac`UfTe hRd XV]'

afcZWZVU R_U UZcVTe]j fdVU W`c dVbfV_TV R_R]jdZd hZeY R ;E8

Rfe`dVbfV_TVc ">V_VHRaZU IVbfV_TZ_X IjdeV^5 8^VcdYR^

GYRc^RTZR 9Z`eVTY& KaadR]R& IhVUV_# RTT`cUZ_X e` eYV ^R_'

fWRTefcVcqd Z_decfTeZ`_( IVbfV_TVd hVcV UVeVc^Z_VU `gVc S`eY

decR_Ud `W ;E8 WcRX^V_e fdZ_X eYV acZ^Vcd +2I+ R_U +2I+,&

R_U acZ^Vcd W`c Z_eVc_R] cVXZ`_ Rd UVdTcZSVU "+0#(

Molecular phylogenetic analysis. EfT]V`eZUV dVbfV_TVd

`W +2I cHE8 XV_Vd Wc`^ cV]ReVU ^ZTc``cXR_Zd^d hVcV

`SeRZ_VU Wc`^ eYV ;E8 ;ReR 9R_\ `W ARaR_ ";;9A

Yeea4))hhh(UUS[(_ZX(RV([a)hV]T`^V(Ye^]#( IVbfV_TVd hVcV

R]ZX_VU eYc`fXY R ac`r]V R]ZX_^V_e ac`TVdd Sj :]fdeR] M W`c

G`hVc G:& gVcdZ`_ +(1. "+3#( JYV a`dZeZ`_d hZeY XRad `c f_'

UVeVc^Z_VU `c R^SZXf`fd SRdVd hVcV cV^`gVU SVW`cV eYV dfS'

dVbfV_e R_R]jdVd R_U +&/.3 _fT]V`eZUVd dZeVd Z_ +2I cHE8

XV_V Wc`^ BB+1'- hVcV V^a]`jVU W`c eYV W`]]`hZ_X R_R]j'

dZd( MYV_ eYV ^`]! >%: T`_eV_e `W eYV +2I cHE8 gRcZVd

XcVRe]j R^`_X `aVcReZ`_R] eRi`_`^ZTR] f_Zed& eYV VdeZ^ReVU

aYj]`XV_j ^Rj d`^VeZ^Vd SV f_cV]ZRS]V ",*#( JYVcVW`cV& eYV

T`^aRcReZgV]j T`^aRTe T`_eV_e `W >%: hRd dV]VTeVU Re eYV

cR_XV Wc`^ -3(3! "Thraustochytrium pachydermum# e`

/*(2! "decRZ_ BB+1'-# e` Rg`ZU eYV _VXReZgV Z_sfV_TV `W UZd'

ecZSfeZ`_ `W >%: `_ aYj]`XV_j VdeZ^ReZ`_d( 8 aYj]`XV_VeZT

ecVV hRd XV_VcReVU fdZ_X eYV _VZXYS`c'[`Z_Z_X "EA# ^VeY`U

",+# RWeVc R eRi`_ Cafeteria roenbergensis hRd dV]VTeVU Rd R_

`feXc`fa( EA R_R]jdZd hRd aVcW`c^VU Sj fdZ_X G8KG$ gVc'

dZ`_ .(*S.R ",,#( ;ZdeR_TVd hVcV VdeZ^ReVU Sj eYV ^RiZ^f^'

]Z\V]ZY``U ^VeY`U hZeY =V]dV_deVZ_qd "=2.# ^`UV] ",-#( JYV

deReZdeZTR] dZX_ZWZTR_TV `W eYV ecVV ScR_TYVd hRd RddVddVU Sj

+*** S``edecRa cVdR^a]Z_Xd ",.#( 

;/<>6=< +8. .3<-><<398

PUFA profiles in DHA-producing isolates. JYV T`]`_ZVd `W

^`cV eYR_ -** ^ZTc`SZR] Zd`]ReVd hVcV R_R]jkVU W`c eYVZc WReej

RTZU T`^a`dZeZ`_d( JYZceVV_ cVacVdV_eReZgV decRZ_d ac`UfTZ_X

R dZX_ZrTR_e R^`f_e `W ;?8 hVcV UZgZUVU Z_e` W`fc ejaVd RT'

T`cUZ_X e` eYVZc GK=8 ac`WZ]Vd Rd XZgV_ Z_ JRS]V +( GK=8

Wc`^ eYV eYZcU Xc`fa& Rd ViV^a]ZWZVU Sj decRZ_ BB+1'-& T`_'

dZdeVU `W ;?8& ;G8& <G8& R_U 88& R aReeVc_ dZ^Z]Rc e` eYRe

`W T. aureum 8J::,2,++ ",/#( JYV T`_eV_e `W GK=8 hRd Rd

YZXY Rd 10(+! `W eYV e`eR] WReej RTZUd "J=8#& R_U eYV cReZ` `W

;?8 e` J=8 hRd Rd YZXY Rd /,(+!( IecRZ_d ?+'+- R_U ?0'+*

R]d` ac`UfTVU R T`_dZUVcRS]V R^`f_e `W ;?8 R]eY`fXY eYVZc

;?8 T`_eV_ed hVcV cV]ReZgV]j ]`h( 8d W`c decRZ_d B?+*/ R_U

BB,/+& eYV T`_eV_ed `W GK=8 ";?8 % ;G8# R_U ;?8 hVcV

]`hVc eYR_ eY`dV Z_ decRZ_ BB+1'-( 8]eY`fXY ;?8 T`_eV_ed

Z_ decRZ_d B?+/. R_U B?+// hVcV YZXYVc eYR_ eYRe Z_ BB+1'-&

eYVj ]RT\VU 88 Z_ eYVZc GK=8( @_ RUUZeZ`_& eYV T`_eV_ed ̀ W GK=8

R_U ;?8 Z_ decRZ_d ?+'- R_U ?+'+. hVcV cV]ReZgV]j ]`hVc VgV_

eY`fXY eYVj T`f]U ac`UfTV U`T`dReVecRV_`ZT RTZU ":,,4._'0# Z_

RUUZeZ`_ e` ;?8& ;G8& <G8& R_U 88( @_ gZVh `W S`eY eYV V]fTZ'

UReZ`_ `_ eYV SZ`dj_eYVeZT aReYhRj R_U ac`UfTeZ`_ `W GK=8& hV

dV]VTeVU decRZ_ BB+1'- Rd R ^`UV] decRZ_& `hZ_X e` S`eY Zed YZXY

]VgV]d `W ;?8 R_U Zed hZUV cR_XV `W GK=8(

Optimization of conditions for cell growth and PUFA pro-

duction in strain KK17-3. JYV ^VUZf^ dR]Z_Zej hRd WZcde Vi'

/)/ >' <H5B; ET AL.

>5C7F% IZW' 01% YZ' / "+))*#
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R^Z_VU dZ_TV eYV decRZ_ BB+1'- hRd Zd`]ReVU Wc`^ dVRhReVc(

JRS]V , dY`hVU eYRe R dR]Z_Zej `W 1/! eYRe `W dVRhReVc hRd `aeZ'

^R] e` `SeRZ_ eYV YZXYVde TV]] Xc`heY "/(1 X)C#& J=8 jZV]U "03*

^X)C#& R_U ;?8 jZV]U "+03 ^X)C#( BB+1'- dY`hVU R d]ZXYe cV'

dZdeR_TV e` YZXY dR]Z_Zej& fa e` ,**! eYRe `W dVRhReVc& hYZTY hRd

dZ^Z]Rc e` eYV ViTV]]V_e ;?8'ac`UfTVc& Schizochytrium limac-

inum IH,+ ",0#& hYVcVRd T. aureum UZU _`e Xc`h Re eYRe dR]Z_'

Zej ",1#( JYV GK=8 ac`r]Vd& Y`hVgVc& UZU _`e `SgZ`fd]j TYR_XV

`gVc eYV cR_XV `W /*p,**! `W dVRhReVc dR]V_Zej( IfTY T`_deR_e

ac`a`ceZ`_ `W GK=8 ^Rj YV]a e` ^RZ_eRZ_ eYV aYjdZT`TYV^ZTR]

Wf_TeZ`_d `W ]ZaZU ^V^ScR_Vd RTc`dd R hZUV cR_XV `W `d^`eZT

acVddfcVd( 

8d dY`h_ Z_ JRS]V -& `W eYV TRcS`YjUcReVd eVdeVU& X]fT`dV

hRd eYV acVWVccVU TRcS`_ d`fcTV W`c TV]] Xc`heY "SZ`^Rdd jZV]U

/(/ X)C#& J=8 jZV]U "/./ ^X)C#& R_U ;?8 jZV]U "+./ ^X)C#(

D`de decRZ_d ac`UfTZ_X ]RcXV R^`f_ed `W GK=8 RcV YVe'

Vc`ec`aYZT R_U feZ]ZkV X]fT`dV Rd R_ VWWVTeZgV TRcS`_ d`fcTV& Vi'

TVae W`c T. roseum 8J::,2,+*& hYZTY RddZ^Z]ReVd deRcTY cReYVc

eYR_ X]fT`dV "2#( IecRZ_ BB+1'- UZU _`e feZ]ZkV ]Z_dVVU `c

dVdR^V `Z] Rd R d`]V TRcS`_ d`fcTV "UReR _`e dY`h_#( JYZd Zd Z_

T`_ecRde e` T. aureum 8J::-.-*. "3# R_U S. limacinum IH,+

",0# hYZTY T`f]U ^R\V X``U fdV `W ]Z_dVVU `Z] `c `]VZT RTZU Rd

hV]] Rd X]fT`dV( 8d W`c _Zec`XV_ d`fcTVd& ecjae`_V hRd acVWVc'

RS]V Z_ gZVh `W SZ`^Rdd ac`UfTeZ`_ "1(+ X)C#& J=8 jZV]U "2.-

^X)C#& R_U ;?8 jZV]U ",-- ^X)C#( 8UUZeZ`_R]]j& Z_`cXR_ZT

T`^a`f_Ud dfTY Rd E?.EF- R_U EREF- T`f]U SV feZ]ZkVU VW'

rTZV_e]j Sj BB+1'-( @_ XV_VcR]& a`]jaVae`_V R_U jVRde ViecRTe

RcV dfZeRS]V W`c ^`de GK=8 ac`UfTVcd "3&+,&+.&,0&,1#( F_ eYV

`eYVc YR_U& JRS]V - cVgVR]VU eYRe UZWWVcV_e _Zec`XV_ d`fcTVd YRU

]Zee]V VWWVTe `_ eYV ac`a`ceZ`_ `W GK=8 ViTVae W`c eYV cV]ReZgV]j

]`hVc ;?8 T`_eV_ed Z_ eYV acVdV_TV `W T`c_ deVVa ]Zbf`c R_U

fcVR `c eYV cV]ReZgV]j YZXY ;G8 T`_eV_ed Z_ TRdV `W E?.:]( 

Lipid compositions of strain KK17-3. :V]]d Tf]eZgReVU W`c

30 Y ".! X]fT`dV& +! ecjae`_V& dR]Z_Zej Re 1/! eYRe `W dVRhR'

DH:5 DEC:=@9 =B THRAUSTOCHYTRIUM FD' /)0

>5C7F% IZW' 01% YZ' / "+))*#

=+,6/ %
-OMPORISION OF 0ASSV +CIDR IN 8EULV 3ROLASED .2+#:QODTCING 7ICQOBER

D]TYNT[LW QL__d LNTO NZX[Z^T_TZY "!#a

F_]LTY^ 7*.3) 7*/3) 7*03) 7*13) 7*13* 7*13+ 55 9D5 7++3- 8D5 8<5 Gd[P ZQ DH:5
"Y&2# "Y&/# "Y&,# "Y&/# "Y&/# "Y&,#

?<*). *0') *)', /'2 )'1 j j j j j *+'- -/'2

8<5(8D5

??+.* j .'+ j *'- j +)'. j j j *+') -)'+

?<*.- .'1 .', 1'. )'- j j j ,'2 j *.'0 .1'0

8<5(8D5(9D5

?<*.. .'0 .') 0'0 j j j j .'- j */'/ .2'0

??*0&, j -'. j j j j /', +'0 j *.') .+'*

<*&*, j -', j )'/ )'/ j .'* +,'- j *') ,2')

<+&- j -', j )'. j j -'2 *-'2 j *'1 ,0'2

</&*) j *.', j )'. j j +'. *-'2 j *'1 ,.',

</&*. j *.'. j )'. j j /'1 *1'* j *'2 -)'* 8<5(8D5(9D5(55

</&*/ j *+'+ j )'0 j j 0'. *,'2 j +'2 ,.'2

</&*0 j -'. j )'. j j -'2 *-') j +'0 ,1'*

<*&, j *.'1 j -'1 -'* +'* 1'0 2') *'* ,'0 +,'/ 8<5(8D5(9D5(55

<*&*- j +.'/ j 2') 0'. j -'. ,'2 +'. *1'+ **'/ $ 7++3-Y&/
a8L^SP^ TYOTNL_P WP^^ _SLY )',!' 8<5% OZNZ^LSPcLPYZTN LNTO4 55% L]LNSTOZYTN LNTO4 9D5% PTNZ^L[PY_LPYZTN LNTO4 8D5% OZNZ^L[PY_LPYZTN LNTO4 DH:5%
[ZWd`Y^L_`]L_PO QL__d LNTO'

=+,6/ &
/FFECS OF <ALINISV IN 7EDIITM ON -ELL 1QOUSH AND :>0+ :QODTCSION IN <SQAIN 55%)#'

6TZXL^^ G:5a dTPWO 8<5 dTPWO DH:5 TY G:5 "!% b(b#

FLWTYT_d "!# "R(@# "XR(@# "XR(@# 55 9D5 8D5 8<5

) )'+ *), /'2 0'- *'- /'0 /'0
+. *'2 +*- ,.', 1', ,'* **'2 */'.
.) -'. .*1 **1'/ 1'/ +'. 2'/ ++'2

0. .'0 /2) */2'* 2', *'/ 1'. +-'.
*)) .'0 /,2 *..'2 **') *'/ 1'+ +-'-
*.) .'. .,0 *,/'2 *-') +'- *+', +.'.

+)) -'0 --2 **1'1 *)'2 ,', *-') +/'.
+.) *'. *02 .-'/ *)'+ *'+ 1'. ,)'.
,)) )'/ /- 2'+ -'/ *') 2'2 *-'-
aG:5% _Z_LW QL__d LNTO^4 QZ] Z_SP] LMM]PaTL_TZY^ ^PP GLMWP *'
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eVc# ac`UfTVU ;?8 hZeY R jZV]U `W -,+ ^X)C& R_U eYV ]ZaZU T`_'

eV_e Z_ TV]]d hRd +3(3!( JYV e`eR] ]ZaZU hRd WcRTeZ`_ReVU Z_e`

_VfecR] ]ZaZUd "1+(,!#& X]jT`]ZaZUd "0(1!#& R_U a`]Rc ]ZaZUd

",,(+!# Sj dZ]ZTZT RTZU T`]f^_ TYc`^Re`XcRaYj( JYV ac`r]V `W

WReej RTZUd Z_ VRTY WcRTeZ`_ Zd dY`h_ Z_ JRS]V .( @e Zd `SgZ`fd

eYRe eYV T`_eV_ed `W GK=8 Z_ a`]Rc ]ZaZUd hVcV YZXYVc eYR_ eY`dV

Z_ _VfecR] ]ZaZUd `c X]jT`]ZaZUd( @_ WRTe& GK=8& hYZTY RcV YZXY]j

daVTZR]ZkVU ^V^ScR_V T`^a`_V_ed R_U ^RZ_]j ViZde Z_ eYV

W`c^ `W aY`daY`]ZaZUd& a]Rj R \Vj c`]V Z_ cVXf]ReZ_X ^V^ScR_V

sfZUZej Z_ cVda`_dV e` YZXY dR]Z_Zej R_U eV^aVcRefcV gRcZReZ`_

"-#( @_ efc_& eYZd R]]`hd eYV cR_XV `W T`^a]Vi ^V^ScR_V Wf_T'

eZ`_d e` T`_eZ_fV( 8UUZeZ`_R]]j& R YZXY UVXcVV `W f_dRefcReZ`_

`W eYV WReej RTZUd Z_ aY`daY`]ZaZUd ^Rj SV R decfTefcR] _VTVd'

dZej W`c eYVZc Wf_TeZ`_ Rd ^V^ScR_V T`^a`_V_ed dZ_TV V_kj^Vd

Z_g`]gVU Z_ eYV GK=8 SZ`dj_eYVdZd& dfTY Rd WReej RTZU UVdRe'

fcRdVd& RcV ^V^ScR_V'S`f_U ac`eVZ_d "-#( 

Phylogenetic position of strain KK17-3. IecRZ_ BB+1'-

hRd `SdVcgVU e` a`ddVdd R ]ZWV TjT]V hZeY gVXVeReZgV TV]]d&

k``da`cR_XZf^& R_U k``da`cV deRXVd "=ZX( +#( IaYVcZTR] gVXV'

eReZgV TV]]d hVcV 2p+- #^ Z_ UZR^VeVc( 8 k``da`cR_XZf^ hZeY

eYV dZkV `W +/p,- #^ Z_ UZR^VeVc T`f]U ac`UfTV ,*p/*

k``da`cVd hZeY UZR^VeVcd `W .(/p1(* #^& Sfe dfTTVddZgV SZ'

aRceZeZ`_ e` XZgV eVecRUd `W gVXVeReZgV TV]]d hRd _`e `SdVcgVU(

JYVcVW`cV& eYV decRZ_ BB+1'- SV]`_XVU e` R XV_fd `eYVc eYR_

Schizochytrium& hYZTY ac`]ZWVcReVd Z_ eYV gVXVeReZgV deRXV Sj

dfTTVddZgV SZaRceZeZ`_ ",2&,3#( 

=`c ^`]VTf]Rc aYj]`XV_VeZT R_R]jdZd `W BB+1'-& Zed +2I

cHE8 XV_V hRd R^a]ZWZVU Sj G:H fdZ_X XV_`^ZT ;E8 Rd R

eV^a]ReV( JYV cVdf]eR_e WcRX^V_e hRd +13- SRdV aRZcd Z_

]V_XeY ";;9A RTTVddZ`_ _f^SVc 89*/,//0#( 8 UZcVTe T`^'

aRcZd`_ SVehVV_ +2I cHE8 XV_Vd Wc`^ decRZ_ BB+1'- R_U eYV

cVa`ceVU decRZ_d Z_ eYcRfde`TYjecZUd R_U ]RSjcZ_eYf]ZUd cV'

gVR]VU eYV acVdV_TV `W R dZX_RefcV Z_dVceZ`_ cVXZ`_ dYRcVU Sj

eYV eYcRfde`TYjecZU aYj]`XV_VeZT Xc`fa "+0# "UReR _`e dY`h_#(

JYZd daVTZWZT Z_dVceZ`_ dVbfV_TV hRd W`f_U Re _fT]V`eZUV a`'

dZeZ`_d +.33p+/+/ `W eYV +2I cHE8 XV_V Wc`^ BB+1'-

hYVcVRd decRZ_d Z_ eYV ]RSjcZ_eYf]ZU aYj]`XV_VeZT Xc`fa R_U

`eYVc decR^V_`aZ]Vd ]RT\VU eYZd U`^RZ_( 

8 aYj]`XV_VeZT ecVV "=ZX( ,#& hYZTY hRd XV_VcReVU Sj eYV

EA ^VeY`U& Z_UZTReVU eYRe decRZ_ BB+1'- hRd T]`dVde e` S. ag-

/)1 >' <H5B; ET AL.

>5C7F% IZW' 01% YZ' / "+))*#

=+,6/ '
/FFECS OF -AQBON AND 8ISQOGEN <COTQCER ON 1QOUSH AND :>0+ :QODTCSION IN <SQAIN 55%)#'

6TZXL^^ G:5 dTPWO 8<5 dTPWO DH:5 TY G:5 "!% b(b#

APOT`X "R(@# "XR(@# "XR(@# 55 9D5 8D5 8<5

7L]MZY ^Z`]NP "-!#a

;LWLN_Z^P +'. *)2 +0'/ *,'* ,'- *,'2 +.'+
;WdNP]ZW ,'1 +11 20'- *-') +', **'2 ,,'1
FLNNSL]Z^P ,'0 ,,, 11'. *,'2 ,'2 *)'- +/'/

ALW_Z^P +') *2- .)'+ */'* -'. *+'- +.'2
F_L]NS +'- *21 -1'2 **') -'+ *.'0 +-'0
ELQQTYZ^P *'+ 11 */'+ *+'0 ,'0 *0'* *1'-

;W`NZ^P .'. .-. *-.'- *,', +'1 *,'/ +/'0
BT_]ZRPY ^Z`]NP "*!#b

JPL^_ Pc_]LN_ -'. -.* *+2'- *)'* ,'2 2'/ +1'0

G]d[_ZYP 0'* 1-, +,+'1 2'* +'0 2'2 +0'/
7Z]Y ^_PP[ WT\`Z] ,'2 +12 .)'- *)'* *'2 *,'1 *0'-
B<-BC, .'1 .*. *,-'1 2'- ,'. 0'+ +/'+

BLBC, .'- ,2- *)-', 1'0 -'/ *+'1 +/'-
"B<-#+FC- *'/ *1/ -0'* *)'- +'2 2', +.'+

B<-7W *'* *+- ,)') **', +'* *0'0 +-'*

H]PL +', *1, +/'+ */'- +'1 1'/ *-',
a*! [ZWd[P[_ZYP LYO )'.! dPL^_ Pc_]LN_ L^ YT_]ZRPY ^Z`]NP^ L_ 0.! ZQ ^PLbL_P] ^LWTYT_d'
b-! RW`NZ^P L^ NL]MZY ^Z`]NP L_ 0.! ZQ ^PLbL_P] ^LWTYT_d' :Z] LMM]PaTL_TZY^ ^PP GLMWP *'

=+,6/ (
0ASSV +CID :QOZLER IN 6IPID 0QACSIONR FQOM SHE <SQAIN 55%)#' AND =HEIQ -OMPAQIRONR UISH Schizochytrium aggregatum

D]TYNT[LW QL__d LNTO^ NZX[Z^T_TZY "!# @T[TO NZY_PY_ TY

@T[TO Q]LN_TZY^ 7*.3) 7*/3) 7*/3*Y&0 7*13) 7*13*Y&2 7*13+Y&/ 55 9D5 8D5 8<5 MTZXL^^ "!% b(b#

??*0&, *2'2

BP`_]LW WT[TO^ .'. ++'- 2'/ +'2 -', +'2 2'2 ,') **'+ +1'+ *-'+
;WdNZWT[TO^ /'. +1'. *)'1 -'+ /'2 ,'+ 1'. ,') 2') ++'2 *',
DZWL] WT[TO^ ,'. *-'/ /'- )'1 +'- *'- *,') ,'0 *.') ,2', -'-

S. aggregatuma

BP`_]LW WT[TO^ B8 */'. .'0 .'1 -*'+ *.') G]LNP *', G]LNP -'+ )'1
;WdNZWT[TO^ B8 *0') *+', /', +-'/ *+'- ,') /'0 *'. -'* )'.

DZWL] WT[TO^ B8 *)'* ,'/ 1') *2'1 **'2 *'. *.'2 0'0 *+'- )'-
a8L_L NT_PO Q]ZX EPQP]PYNP *)' B8% YZ_ OP_P]XTYPO4 QZ] Z_SP] LMM]PaTL_TZY^ ^PP GLMWP *'
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gregatum( @_UVVU& eYVZc dZ^Z]Rc R_U cV]ReZgV]j YZXY >%: T`_'

eV_ed "/*(2! W`c BB+1'- R_U /*(+! W`c S. aggregatum# R_U R

YZXY S``edecRa gR]fV `_ eYV ScR_TY SVehVV_ eYV^ R_U T. kin-

nei "3,!# ^ZXYe dfaa`ce eYVZc T]`dVde cV]ReZ`_dYZa( ?`hVgVc&

R Y`^`]`Xj dT`cV Wc`^ eYVZc dVbfV_TVd hRd ]Vdd eYR_ 22!&

hYZTY hRd _`e YZXY V_`fXY e` cVXRcU eYV^ Rd eYV dR^V XV_fd(

;ZWWVcV_TVd hVcV R]d` `SgZ`fd Z_ eYVZc ^`UVd `W dfTTVddZgV SZ'

aRceZeZ`_Z_X `W gVXVeReZgV TV]]d& T`_eV_ed `W TV]]f]Rc ]ZaZUd& R_U

GK=8 ac`r]Vd Z_ eYVZc ]ZaZU WcRTeZ`_d Rd UVdTcZSVU Z_ JRS]V .(

@_ aRceZTf]Rc& eYV _VfecR] ]ZaZUd Wc`^ S. aggregatum T`_eRZ_VU

`_]j ecRTV R^`f_ed `W 88 R_U ;G8& hYZTY hVcV ^R[`c WReej

RTZU T`^a`_V_ed Z_ eYV _VfecR] ]ZaZUd Wc`^ BB+1'- "JRS]V .#(

@_ RUUZeZ`_& decRZ_ BB+1'- ViYZSZeVU dVgVcR] TYRcRTeVcZdeZTd

`WeV_ cVT`X_ZkVU Z_ eYV XV_fd Thraustochytrium "+0#& hYZTY

Z_T]fUV eYV ]RT\ `W ^`eZ]Zej Z_ gVXVeReZgV TV]]d R_U eYV RSdV_TV

`W R^`VS`ZU TV]]d( MV eYVcVW`cV T`_T]fUVU eYRe eYV decRZ_

BB+1'- T`f]U SV RddZX_VU e` eYV XV_fd Thraustochytrium( 8

WfceYVc RddZX_^V_e `W Zed daVTZVd ZUV_eZej Zd `_X`Z_X(

JYV +2I cHE8 XV_V Zd XV_VcR]]j eY`fXYe e` RTTfcReV]j cV'

W]VTe aYj]`XV_VeZT UZWWVcV_TVd R^`_X `cXR_Zd^d Re eYV ]VgV]

`W XV_fd R_U daVTZVd( =fceYVc^`cV& eYV ac`WZ]V `W GK=8 YRd

SVV_ dY`h_ e` SV R_ VWWVTeZgV TYV^`eRi`_`^ZT TcZeVcZ`_ W`c

T]RddZrTReZ`_ R_U ZUV_eZrTReZ`_ `W eYV ^RcZ_V ^ZTc``cXR_Zd^d

ac`UfTZ_X GK=8 "+/&-*#& Rd UV^`_decReVU Z_ eYZd defUj( =ZX'

fcV - dY`hd eYRe eYV decRZ_ BB+1'- TR_ SV UZdeZ_XfZdYVU Wc`^

eYV cVa`ceVU ;?8'ac`UfTVcd hZeY cVXRcU e` VZeYVc eYV ejaVd

`c R^`f_ed `W GK=8( FeYVc decRZ_d Z_ eYV XV_fd Thraus-

tochytrium VZeYVc ]RT\VU ;G8 `c ac`UfTVU ]`hVc T`_eV_e `W

e`eR] GK=8( 8d W`c S. aggregatum hZeY R GK=8 ac`WZ]V dZ^Z'

]Rc e` eYV decRZ_ BB+1'-& Zed e`eR] T`_eV_e `W GK=8 hRd ^fTY

]`hVc( D`cV`gVc& S. limacinum IH,+ ac`UfTVU R ecRTV `W 88

R_U <G8( ;?8 Rd R ejaZTR] ]`_X'TYRZ_ GK=8 Zd dj_eYVdZkVU

Sj V]`_XReZ_X& UVdRefcReZ_X& R_U `iZUZkZ_X eYV acVTfcd`c WReej

RTZUd dfTY Rd <G8& ;G8& R_U eVecRT`dRYViRV_`ZT RTZU

":,.40_'-# "-,#( ?`hVgVc& eYV aReYhRjd R_U eYV cVXf]ReZ`_

`W GK=8 SZ`dj_eYVdZd RcV _`e hV]] f_UVcde``U Z_ ^RcZ_V ^Z'

Tc``cXR_Zd^d( JYVcVW`cV& Ze Zd T`_TVZgRS]V eYRe `fc _Vh]j Zd`'

]ReVU decRZ_ Thraustochytrium da( BB+1'- T`f]U SV fdVU e`

V]fTZUReV ;?8 SZ`dj_eYVdZd Sj T`^aRcReZgV R_R]jdZd hZeY R

gRcZVej `W ;?8'ac`UfTZ_X ^ZTc``cXR_Zd^d( JYV cVbfZdZeV Vi'

aVcZ^V_ed RcV SVZ_X TRccZVU `fe(

DH:5 DEC:=@9 =B THRAUSTOCHYTRIUM FD' /)2

>5C7F% IZW' 01% YZ' / "+))*#

031$ %$ ATN]Z[SZ_ZR]L[S^ ZQ Thraustochytrium, ^[' ??*0&,' "5# IPRP_L&

_TaP NPWW^' "6# KZZ^[Z]LYRTL' "7# KZZ^[Z]P^ MPTYR ]PWPL^PO Q]ZX eZZ^[Z&
]LYRT`X' 5 ML] TY [LYPW 5 P\`LW^ *) #X LYO L[[WTP^ _Z LWW [LYPW^'

031$ &$ DSdWZRPYP_TN _]PP ML^PO ZY *1F ]EB5 ^P\`PYNP^ bT_S Cafeteria
roenbergensis L^ Z`_R]Z`[' GSP YPTRSMZ]&UZTYTYR "B># _]PP bL^ NZY&

^_]`N_PO Q]ZX _SP OT^_LYNP^ P^_TXL_PO Md _SP XLcTX`X WTVPWTSZZO "A@#
XP_SZO bT_S :1- XZOPW^' GSP Y`XMP]^ L_ PLNS TY_P]YLW M]LYNS ^SZb
MZZ_^_]L[ aLW`P^ ZYWd QZ] _SP YZOP^ ^`[[Z]_PO Md XZ]P _SLY .)! ZQ

*))) ]P[WTNL_P^' 

031$ '$ 7ZX[L]T^ZY ZQ [ZWd`Y^L_`]L_PO QL__d LNTO "DH:5# []ZQTWP^ MP&
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