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¥ A N6 DGTS (diacylglyceryl-N,N,N-trimethylhomoserine) 1%, ¥ & V VIEE Ik <Kt 7 U e lg g o
TN—7& LT, ME, RAESY, ERE, BE B EEY OERBEICA REHSND. DGTS OFREIT
—%iz, VARSI S NG Z & TN A, Z O, FFICY VIREORIE NI B Z &b, DGTS XV
VHUREFIC Y VIR OB E T AIREEZ S TWDH EEZLNTND. DX 572 UHUBRKICISE L AR
BOERREGEEL, EHMFRICELSBEENDIRENL Y U RZ~DBEISHEEO—>TH Y, T X v EREN
DIEBED U AR ERS L, REROEFEEMERFL D EE XD, —7F, RZFE Nannochloropsis oceanica
IZBWTC, DGTS 3V v AL MHIcBWTHLAKRENTEY, &6t ) VIFE L T S Zx
Vg (EPA) OEABENIEZEICEV. LN ->T, DCTSIZIZY VIEE #RET 57200 T, HICE i gafls
IR D AEFREEE 721X RICBHR LT 0D Z BN H D E SN D, &2 CTARIFETE, F5EH N
oceanica |Z81F 5 DGTS DEFRH « REAVRE & 2 DA KT EEE 2 A2 2 L2 RN E Lz,

FTHIDIT N. oceanica (2B 2% A4 VIREARGRIZAE B Lz, FATHFRIC K 0 [RE Sz fk# o DGTS &%
% BTAL ERCHIFRFEIME DB\ X7 E R RFE$ % 2 £ T, N. oceanica (ZBW T oD ¥ /37 'E BTALIL &
BTALS R L7-. DGTS IZ¥ TN 7 Utu—And " ODKNAT v PR TAEREND Z ERMmbn T
508, 7 X BEAN O D BTAIL ZZOH BB OIS ) NAL V EFE BB ORKIGER ) NA AL
ZOFERED, BTALS I35 RIS EMEET 2 RA A L OBEREFT S & TS, REICZNGOEE T XEE
B L OGRS, BTALL & BTALS IIW TN b FHIOEY DCTS DAk SR & L Tli< Z &R ahot-.

T, DGTS & klE3E BTALL OB /KIEIK btall TiX DGTS N5ERICKRETH Z LIZHEH L, btall DFKH
BUZfRAT L7z, btall 1L@ % OAEB SR TIIRZ A VIBEOARKENEF o3y ha—AfktEbbRaWilatsEs
BT — 5T, VURZFEMFLIIMLBSMHET FTTIE, MEENE LHEINTWHWDZ ERHL NI -
7-. T72bbH, N. oceanica IZFBWT DGTS IV v RZ 72T Tlde <, KIRBE~OWHEIGIZ S HE R E 24 - T
WHEEZ LD, BARKIZEBWT DGTS X EPA # %< &4, FEE DGTS ORI L W AKEEF D EPA OFIE
METT 5. EPA =& e A faffgNis I HNIRRF O AR EINE OMERFICE 535 2 £ 25, N. oceanica (23
W T DGTS IZAERIEA~D EPA OZREICEE TH Y, TRICLVEERE CTOABICERL TWAEEZ LN D.

BTALL & ABIFIZ2 & /X0 %7 7 DMERDFIH Al e e dada & e FAEMIC R W TR L, type-B BTAL L AT
72 BTAIL R ¥ U RV EREER A Lz, ZORE, 770 /8l runo 77 =4 O BTALRER 7 EHEESND
BURTBOT X RS, DGTS ARIEME RA AL Mz TEBITH 9 —25ID KA A U4RES 2 L L7-.
N. oceanica 231} 5 Z OELH| L AHE 72 Z » 73 7 B TLCU/TLC2 28 DGTS OAFRICE G L TV A EH LT 57
DI, TNHDOF R BOMREEMNT LTz, BT XBEROIEEMRENT )5, TLCL X EPA % —>&Tr DGTS @
LREICEE L THY, TLC2 1L EPA & —H&Te DGTS OEFICHE L TWA Z LAVRENT-. & HITREAESZ
U BERG ST Z N BOMBARTERT N, ZADITWT IS /NMARIZETEST 2 2 LRI S 7z,
FD—J77T, DGTS &klE#R BTALL XM ERE IZRTET 2% RV B ERRIET H/RER G LN, oD
Lnb, TLCL, TLC2 Z/MaAIZI VT DGTS AR DIEE D AR £ 72138 I F 5 5 alRett gt S hr-.

K2 e R A2 DT F22 056, U U /RZHRD DGTS OININIE A R B m T DGR EFE L TWD & &
Z B TW5S. N. oceanica 12T 5 U U RZHD DGTS OHINE L OEIEE 2 HIH+T 2R FZ2RIET 5729
2, BETIVEBZBONTHOLILTWE Y U RZIGED~ AL — L X 2 L—F — L MFEM % 7~7 N. oceanica D#x5:
RTIZEHB L. £OW, NPHL E4FHTT2BETERIBESES L, U U RZEEZ DGTS OHENE KU BTALL &
IEFORBFENEZ SRR RS- T-. L= - T, N. oceanica IZBWT Y R Z IO EISE AL
NPHL Ol NizdH 5 Z E BB LI -T2,

LIk, ARAFFEIZE Y N. oceanica (Z331F 5 DGTS DAEHIEEE & A IS IS\ CHiT- M AN RH ENT-.

i« FRSCEE BRI, FI3L 2000 2 & 9532 300 354 1 M9 ORI 572, b L<ITTEL 800 5% 1 FRE L T 723wy,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or lcopy of 800
Words (English).
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Thesis Summary (approx.300 English Words )

Betaine lipids are a family of polar glycerolipids characterized by a phosphorus-free zwitterionic polar head group, which is
connected to a diacylglycerol backbone via an ether linkage. In the most organisms, betaine lipids are believed to play a
crucial role in adaptation to phosphorus starvation as surrogate lipids of a major phospholipid, phosphatidylcholine.
However, in some species of algae including the stramenopile microalga Nannochloropsis oceanica, a betaine lipid
diacylglyceryl-N,N,N-trimethylhomoserine (DGTS) is abundant in eicosapentaenoic acid (EPA), which is relatively scarce in
phosphatidylcholine, implying that DGTS has a unique physiological role. In this study, | addressed the role and biosynthetic
mechanism of DGTS in N. oceanica. | identified and characterized two DGTS biosynthetic enzymes both of which have
distinct domain configurations compared to previously identified DGTS synthases in other organisms. Phenotypic analyses
of their gene knockout strains, which are completely deficient in DGTS biosynthesis revealed a pivotal role for DGTS in the
adaptation not only to phosphorus deprivation but also to low temperature conditions. Typically, N. oceanica harbors three
major molecular species of DGTS, namely containing two, one, or no 20-carbon (C20) acyl groups. Relative proportion of
C20-free DGTS increased under phosphorus starvation, whereas that of C20-containing DGTS increased under low
temperature, suggesting that the different molecular species may link up with different stress tolerance and are produced by
each specific mechanism. In N. oceanica, | found two novel proteins that retain high sequence similarity to N-terminus
region of prasinophyceae DGTS synthase homologs, and revealed their actual contribution to biosynthesis of C20-containing
DGTS. Moreover, | identified a MYB-like transcription factor whose loss-of-function impairs upregulation of a DGTS
synthase gene and increase in DGTS upon phosphorus starvation. Altogether, these results provide new insight into the

physiological function of DGTS together with the molecular mechanism of its biosynthesis regulation in N. oceanica.
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