TEPIFARE DR T VT A XITEES

U ainNA )y b—ARARET I NOMROEREE

S 64 3 H
TR RF KRBT

VA e R AR
WIBE A AT A TR

i aaE



B &

4E

filir=3

b

Y
U

.. 18

&

20

23



A LTI LU OlgEEE V=,

Abbreviations

DAG, diacylglycerol; (7 v /w7 U-twm—/L)

DGDG, digalactosyldiglyceride; (#7727 R AT T s ) tEr—)L)

FFA, free fatty acid; GIEBEAGHGES)

GIPC, glycosylinositol phosphoceramide (77U @i /LA /¥ h—)LIRAKRET I RN)
GluCer, glucosylceramide (7 /L2 /&7 I K)

InoGly, inositol glycan; (A /¥ h—/v 27U 1)

MGDG, monogalactosyldiglyceride; (& #7727 AT N7 ) —)L)
NPC, nonspecific phospholipase C; GEFFEMHE AR Y —+F C)

PA, phosphatidic acid: (KA 7 7 T fig)

PC1P, phytoceramide 1-phosphate (7 4 &7 I N 1-U %)

PCer, phytoceramide; (7 4 b7 I K)

PC, phosphatidylcholine; (A7 7 F =2y )

PE, phosphatidylethanolamine, ((FAX 77 F /LT H /) —/LT I )

PI, phosphatidylinositol; (A7 7 F A /¥ h—/L)

PS, phosphatidylserine; (A7 7 F L&V )

PSH, phytoshingosine; (7 4 hA 7 4 a2 )

PLC, phospholipase C; (KR A4 VU X—+E C)

PLD, phospholipase D; (7K A7 U X—+¥ D)

SphM, sphingomyelin; (X7 s> aII=xV V)

SQDG, sulfoquinovosyldiglyceride; (A/LHF /R AT A7 Y tr—L)
THAP, 2,4,6-trihydroxy-acetophenone; (2,4,6-F UV kb KueXx 7 r7x /)
VLCFA, very long-chain fatty acid. (fzE-£H51GER)
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W A7 4 AfgE (FVav g )y b—=LKAKRET IR, GIPC; Z/vav
I IR, GluCer; 74 hEFIF1-U g, PCIPBLOZ 4 hEF 3K,

PCer) Off#RERIEZI Lz, ZOHEE. D 1-7 % 7 — &AW IEE OHh
. 2) AFAT I ML DT H Y IKsfE, 8) TLCIZ X 557HE, 4) 7V LY )
UV THAE L72 TLC ED AR > FOFREHREIZIESS EENOKR D, ZDJiEE
WT, R D R E DT A XD 27 4 ANFE OMRE L R~ ToRER, 77
FHRMEY (Fv XY, Toyval— vod XFXF) OMikEREY A XT5
ELIFEAED GIPC N fRSIVD Z ERHLMIZ o7z, GIPC O LE- T,
PC1P & PCer 2T 5 Z & 205, GIPCIZZEhZh GIPC @ D iz & CALTHAKSY
RSN TWD ZEWRBENT, = P DR EHETIE, GIPC 4 FD K453 1% PCer
DI X » Tz, A FOIRTIE, GIPC O ix PC1P & PCer O Tl
FCHHATE P, RAKR Y N—F C & DIFMELUSOEEEIMIN TV D Z & AVURIE S
iz, IREOSBHIA SIS TLC 1THETH FRICITX 5721 T2 <, BEBMITIC &
LERBARRTH Y F-RIFEOHBESBEAREOMM AR T 5, SEBAFL
Te BRI BT D A7 4 » ANFE DR OITICA M &L BEA BN D,
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A7 4 v ANRE T EZME ORI O T B Th D, BT 5 ke A
TA4VAREIETIAT 4TI AT 4T VFETH Y HEMICHBIT S ER
AT 4 AEE TS av A )Y h— AR ARET IR (GIPC) 7 Lai it
I F (GluCer) THAH[1], EZI K (Cer) 1. TNHDRT ¢ v IFEDBKIEE
BAEE L TWS, 8D 7 4 v TEEIX. A7 43y (d18:1) & MESNEN
2 (VLCFA) —E£ 71T RBNENINE (LCFA) D72 D Cer NED B TH D, — i, YO
A7 4V AFEOERTHL 7 4 bEF IR (PCer) X, 74 NAT7 4TV U FE T
X7 4 hATZ 4= (11811 £721% t18:0) EEHIEIIMESHD a-b FrX
NENIEE (hVLCFA) 7 OAER S5 [1-4], B L OMWEMIZI T, Cer £ 7213 PCer 1
AT 4 INEEEROFREULE 7eoTWD [6], /2. BMWicBW T, MmN T4
U5 Cer IXEMWMILD L E TR b= R 5T 2% 2 7T VB EDE “i%ﬁo
TW5 [6], HEMIZIHBNTE, MIRANTERT 5 PCer IE, RIERD > 7 F ARZEDE
ZHOTWAH LD THDHI5],

Ui, EEBT OMAETCHEXF Y+ RXVELFRETR— N THIEICEoTAELD,
REEDAT 4 o AfEERH L, ZhE7 4 bEF7IF 1-V B (PCIP) L[REL
7217], F72. ZDOPCIP A GIPC D DNLOIKSIEIZ L > TAHEL D Z LB R LEZ[T],
EZOFERT 27 V=712 @%ﬁﬁi%GWCTxTJA~tD(mew)%@k
M4 L, W OO T ORMEEZH &M LZ[8, 9], fkit, EHOFET 57
JL—F X KRAR D GIPC-PLD & o 737 ﬁ#ﬁﬁmTXTJA~?%(W%)ELTﬁ5
NHBIGEFIZa— RSN X L RXI7ETHHZ EERIELIZI10], ZOBLEFITZED
72 BB OFEMED B IR AR Y X—F C LAEE Z ., Nonspecific phospholipase
C (NPC) & LTand S TWed, ZOREERIETEIZ DWW TEE LWRFTIZ S TR
oo EFEOFBT H 7 NV—713, KRIBE CRELSE NPC3 ¥ 7 ElX, 77 7T F
T D> HAERL S 372 GIPC-PLD IGME E ARERICFRI UAR AR Y X—E D & L TOFREZFF
DIl RAKRY R—=F CIEHRIT LR EZH LI LTV A[10],

—J5. GIPCHI/K/pfREE#R & LT, MESNTODHEEED —DIINPCANH 5, Yang
%, NPC4 % GIPC-PLC &[AIE L. NPC4 OZENIHEMICH T 5 U VERHEREED U L fibiG
ThdERBLTNA[11-13],

ZDEITHEET A ARV VEEHERIC > T GIPC SRR IR S D 2 &)
5. GIPC DOAAKRIL. HEMORIGROREBERN R R EDA L ARBERE AT 2
RSB DB & 4127 > TWAHAIREMER B 2 b b, Fi-, %@%%%%ﬁimm%%
Lo TNDHDMNE LitZewy, LM LR G, BER TR, £0 XL 95 RIRFHUIE5E



AEA S TE BT, GIPC RO IEMR A I =X L, PCIP, 7Y @b A ) ¥ h—)b,
PCer, 7'V a3 LA ) b= V72 E D GIPC HRD MK FRED DOFENZ DT

FF LA LGRS TWRY, Z0O XD 2WFEREEIT O 12, MMck T 227 4~

Fﬁ®ﬁ@& BIENEHTHD, T T, EFHILGIPC &5 A7 ¢ > TRE Ol
Hik, R oBEREEZRBELL D LB 2T,

BE OSBRSS TLC 1%, IEESBES T T, Hx OfFE O &ZHE L
BEDOIER R FETH D, Flo, AEHHOH LWIEEOHBCHALES T D,
AW TIE, ﬁ%x74xz%”f%éemcpmpGmwrp@r%nn4x—y/
7 EERWCTEEICAET 5 HEEBBE L (K 1), ZoFiEEROCTZ#Tc X
w<o#@%%uﬁwf\ﬁ%%$%y%4f¢é:&fmmﬁ%%b\mw&mw
ICfREND Z L BT LT,

Phytoceramide (PCer) Glycosylinositol phosphoceramide (GIPC)
OH
HOH,C
LYV Lo @ LANMAAAAN
HN OH OH HN OH
ANMAAAAAN Q ANV
OH OH
Glucosylceramide (GluCer) Phytoceramide 1-phosphate (PC1P)
HOH,C
Q HN OH HN OH

WAMMMMWN\/M

Fig. 1 Typical structure of PCer, GluCer, GIPC and PC1P in cruciferous plants.
Phytoceramide composed of phytosphingenine (#18:1) and [J-hydroxy nervonic acid
(24:0h) is the typical backbone of GluCer, GIPC and PC1P in cabbage. GIPC having
two sugars (mannose-glucuronic acid) is the predominant type in cruciferous

plants.
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1-1 A%

A4 % B ¥ ® GluCer & Saccharomyces cerevisiae H & ® N-(2-(R)-
hydroxylignoceroyl)-phytosphingosine (PCer)!% Avanti Polar Lipids (Alabaster, AL,
USA)BEEA L=, GIPC 1Z, v XY OiRE LRI RLTZ FIETHEEL72[14], v
-~ (Brassica oleracea L. var. capitata) . 7 71— (Brassica oleracea L. var. italica)
ITHIST DT BEA LT, > uAXFXF (Arabidopsis thaliana) |3 T3 CaeEEL . B
UT-#k% EERICH W2, =2 (Daucus carota L.) (ZH#IcDBEF O AT LI=WE -,
A % (Oryza sativa) 1T JA E<UEH (& R) »oR{tI 7o, 2,4,6-Trihydroxy-
acetophenone (THAP)!Z Sigma-Aldrich (St. Louis, MO, USA)SEEAL V-, Zn &
A Phos-tag [8Zn]lZFYEAISE T3 ORM, HA) 2Ol ALz, ARBFSECRERL 72 A5
R TR O EEE W T T4 7 AR S R, BAR) Bl A LT,

1-2 B DOREFAX
PR, 3, XL O (& 0.3~3 g) Z HEEL , Mo <Lz, [FEDHK
%‘:ﬁﬂxtﬁé‘ INWVRTG T 4 AR =P — (LK-21; v~ M7, 3L, BHAR) 2 HW T, Mika =R
FEREDFAR Uz, A7 4 TAPEE D3 i BB T T 5720 T T A RXDH]
J’ff%%fi%ﬁb V., HEWIBE SR D ANTEMEALAEAT 70 o T, HEWIE SR D ANTE ML Sl L Ak
(TR EE & 0.3-3g) Z78LaRIC AIL, 100°C T 10 Z3RIMNEAL 7=, W HIL TRy 2 & Bio7-14%
FROFETHREDFT AR LIz, BILIREAT IR TAEREI DO AT 4 TG L, REY
FAREATIRIFDEDEIRTIR LT,

1-3 JEEfHIBIUTLC
TH )= EK (101, vIv) D ZJESRIEBE O TR E Y 2 — M DIRE A L7 [15],

1100xg T 5 Zyffim DBl TREbNL T % ) — Vg% /iR — 2 —% FUW T 50°C CIRE
L. W Z B AU, TR E %2 40%AF LTI /=X ) — (57, viv)T 50°C. 2 FEALEE
L. 7Vl BB &K R UT-, WA B R LTt ol fiitia 1Y 7 a8 —/
1K (55:20:25, viviv) D T & (Solvent A) 12/ B SiEfiRL . TLC THREBILZ,
GIPC & PC1P DAY B W= BB RIE, Z70is )V AS ) — U T%T =T /K (45:35:10,
vIviv) Toh-o7-, GluCer DAFEEICIT 7 carR/LV A% ) — VIS (85:15:1, viviv) Z Fu 7=,
PCer O BEICIE, Zamads/V I AZ ) — VIEERE (90:6:1, viviv) iz, TLC 7L —ha ik
JRFZIEL , 7V LY (80% 7 R H 0.01%) ZA7'L—L, 'L —b EOIREZ 4L CTRIR
LUz, mEE % =D 5720 LED-UV ZA M LT,



1-4 TLCAA— LTI BAT IR EDEE

A7 4 TRE O E RIL, TLC 7L —k Lo GIPC, PC1P, GluCer, PCer AR DT
ZVEGE DY 7B VR EEAE (PIV) IZ DWW T T o7z, ARy R PIV IE Imaged Y7y =7
(NIH, Bethesda, MD, USA) # W\ CIRE LTz, ZNWHDOARE DO &L, FEENFE RO
PIV fEEDFRRHE I SV CTERLTZ[16],

1-5 TOF-MAS

Fyr XY H ¥ GIPC @ # &1L . MALDI-TOF MS (Bruker Daltonics, Bremen,
Germany) =\, AU e —RToHrL[14], GluCer & PCer 1XB5A A4 4 HHE—
RTHIELT, THAP ik (0.1% N 7 VA ufifgz & te 75% 7 Eh=r/LH 10 mg/mL) %
~R w7 AELTRHW, R —F—0OREIL 33Tam, A4 F v N—HNOETIT
3.7x10-7Torr, NEELIL 20kV ThH-o7z, PCIP 04y 1-FiL, iR Lizim X[7lo Loz,
Phos-tag # 7= MALDI-TOF MS (ZX-> CIRELT-, PC1IP ®7Va—r%, 0.3%7
=T % ETe 100uL DAY ) — ) VIZEfRUTZ, 155728 (10 pL) % 0.1 mM @ [68Zn] Phos-
tag &I 5 pL HIRA L. ZOREMO—E (0.5 nL) # MALDI > 7 /L 7L —h EIZAKRY
L7z, <2, 0.5 uL @ 2,4,6-FeR s 72 h7 = /0 (THAP) 81k (72 h=F)/Lth 10
mg/mL) &~ w7 ZARiEE L TRAWICERZ, Vo7 N7 — e Ey S 7214 |
~ N 7 R I55M % A A o # e — R C MALDI-TOF MS |2 CHIEL 7=,

1-6 Statistical analysis
T _NTOREFRITFEE £ SD THEHLUZ, 2 DOEHEMOAE 71T Student's t-test 27
WTHRELT=, P<0.05, ***P < 0.01, ***P < 0.001 Z# A BEEER L,
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2-1 HE®IEE D TLC

Bligh&Dyer{E[17]1%. EEWEND DA T ¢ > INRE O —EIZHW LT
WAHFETHD, LaL, GIPCIEZ o ak/L A ~DRMENMRN =D, GIPC O
HIC @ & 2 [14], ABFFETIX. Bure HO#HE[IBICHEV, 7%/ — L& A
THEMEE ZMmH L7~ B L7 v XY OENSH L7-EE % TLC THifL 7=
LA 2D EHIT7~oT2, GIPC & PCIP I, W7 v iRV A% 7 —T%T
> =7 K(45:35:10, viviv)Z VW2 TLC THLOARE & 0B L7, GluCer 137 vk
VA E ) —VEERR(85:15:1, vivIv) A& W TorBE L=, PCer O4yBEICIZZ m ok
A K ) —)VIEEEE (90:6:1, viviv) ZHWiz, i L7-BEZ AF AT I TTVh
UKL, 57527 ) v alfE 20 Lz, ZOFIEEL, K 2 1ITR-T X951
AT 4 AREDON R~ 7 ) a[FEDIRAZRET D72DIZiTo 72,

H Bt 7= GIPC, PC1P. GluCer X0 PCer 2 MALDI-TOF/MS (ZftL | #i& 281
776 X 2A IR T IS, XV DEEIZIL 2 DOMEA & T GIPC (GIPC Series A F7-1%
S2 GIPC) & 3 »D¥iH %G T GIPC (GIPC Series B #7213 S3 GIPC) 3 FAELT=, Zhub
WL, TARART 02 (818:1) BEOY N-T I /LA L CTEEHE C16~C24 @ a-ERuE U fiF
Witi% A9 5 GIPC ThorEHEESNZ (X 3A, B, £ 1), PC1P (ZREVFHARITKIEL T
FERENDAT 4 ANFE THD, YD PCIP Oy FHiA kL. S2 D GIPC SHEEIL T
Wz (K 8C, # 1), ZNHDFERIL, Fex DL Hu@ﬁn[mk—ﬁzbﬂ\fco TLC (X 2B) T
#zrsniz GluCer & LCFA 3L GluCer & VLCFA OJF &1L, B EOHTIZEESHOT
Hoto, HIAIETARAT 22 (£818:1) & C16:1h OEHEA THD o e iREE % Ff
2 GluCer THY, #%H X C24:1h 25T GluCer TH-7= (X 3D, E, % 1), ZhbHDIRE
WL Ik > TSNS RITE SV TS, PCer 13 2 LS oT2, Zhb
1%, C22:0h & C24:1h DEHETHD a eRaX U REEE R > 7 4 hAT7 4T (£18:1) 12
#FETHNZ (X 8F, % 1),



Table 1. Ions detected in MALDI-TOF mass spectra and their possible

assignments.

Possible
Sphingolipids Structure of sphingolipids ~ Exact mas Observed assignments of
mas (m/z) . .
ceramide moieties
1148.6 1148.7 118:1/h16:0
HOM, o o 1232.7 1232.9 118:1/h22:0
GIPC S2 0 1246.7 1246.9 118:1/h23:0
(Series A)  "° ° ST 1258.7 12589 118:1/h24:1
O OH 0=C —Cer  1260.7 1260.9 118:1/h24:0
o 1281.7 1281.9  ¢18:1/h24:1 + Na*
ho on o o o 1421.8 1421.1 118:1/h24:1
GIPCS3 {&O {}o G 1422.8  1423.1 118:1/h24:0
(SeriesB) = 3 o G 14458 1451 118:1/h24:0+ Na'
oH 1450.8 1451.1 118:1/h26:0
1236.6 1236.7 718:1/h16:0
Cer 1320.6 1320.7 118:1/h22:0
PCIP with ¢ @ \ 1334.6 1334.7 118:1/h23:0
phos-tag 1 %/ 1346.6 1346.7 118:1/h24:1
28N /% . .
N e N \ 1348.7 1348.7 118:1/h24:0
BN 1362.7 1362.7 118:1/h25:0
1376.7 1376.7 118:1/h26:0
HOH,C
Q 754.5 7545  t18:1/h16:1 + Na*
GluCer LC  HO o—Cer(LC) 7705 7705 #18:1/h16:1+ K*
HO  OH 864.7 864.6  18:1/h24:1+ Na*
HOH,C
0 864.7 864.6 118:1/h24:1+ Na*
GluCer VLC  Ho o—Cer (VLC)  ggo7 880.6  /18:1/h24:1+ K*
HO  OH
OH
HO
PCer i OH 4 676.6 676.6 £18:1/h22:0 + Na*
owR 702.6 702.6  ¢18:1/h24:1+ Na*




DG, PCer FFA, PCer
FFA
MGDG
DG

Steryl glucoside PCer

GluCer FFA

PG MGDG
DGDG,SQDG
Pl, PA

PC1P

Steryl
glucoside

DG

Series A (S2) GIPC
Series B (S3) GIPC

PCer
MGDG

Steryl
glucoside
GluCer (VLC)
GluCer (LC)

GluCer (VLC)
GluCer (LC)

non alkali non alkali non alkali
C:M:7% NHsz aq C:M:AA C:M:AA
(45:35:10, viviv) (85:15:1, viviv) (90:6:1, viviv)

Fig. 2. TLC of plant sphingolipids
The frozen cabbage leaves were homogenized. Lipids were extracted and treated
with (alkali) or without (non) methylamine. The resulting lipids were separated by

TLC by indicated solvent systems. Assignments of respective bands were performed
co-migration on TLC with standard lipids, or MALDI TOF-MS.

10
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Fig. 3. MALDI TOF-MS of sphingolipids in cabbage lipids.

S2 (upper band) and S3 (lower band), GIPC, PC1P, GluCer (lower band), GluCer
(upper band) and PCer were isolated from the cabbage lipid by TLC as shown in Fig.
2. The isolated lipids were subjected to MALDI-TOF MS as described in the

Materials and Methods. The possible assignments of the major ions detected in the

mass spectrum are shown in Table 1.
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2-2 TLCAA—VU T ICIBRAT 4 TEDER
IR, HEEE OZ NV—T1L TLC A A= T la FWT, BRART 7 F VU RRORAT 75
//1/:1)/7269: DRI HEE % %Eﬁéﬁif%ﬁﬁ%éw:[m]o Zhu, VLI ERINRE
HIEDIREEDN TLC LN ET DIRE O ®ITHAIT DLV R FET D, Z
@ji{ii%f GIPC, PC1P. GluCer, PCer O iE &l uﬁﬁ)ﬂ‘ﬁ"é?‘db\ ARPNINTE SIS ST R
DFRFE LK AT 4 TNEE DO EDBRE T ~T, 14 1lem @ TLC 7L —hMZ 20nmol £TO
RIDBOEYERT TG 2 AT LT-, TLC 7L — e ERL-%& ., IRE AV RET VA
>/UV CTafE{b L. Imaged Y7 b7 =7 2\ TT UX M LT-, ZTORER, BBRL7-9 T
DAT 4 TRFENZHOWT, JEEDORLET VLUV TR S8R & ORI 1R
BB DOONT (M 4) , ZhHOfERES L2, FIL TLC 7' — TR LZBEA S OEEEN
YROTREDOHRMEZFAWT, Yo TN DORAT 4 TNEFE DO BERE LT, 20 TLC-AA—
VeETERLE GIPC & PC1P O®|L, HERORAREN T T L -~T ATV — TRk
(2SS EIE8] CRLN - BE R THHZ LA LTz,
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Fig. 4. Relationship between the amount of sphingolipid and pixel intensity of the
lipid band visualized on TLC.

Different amounts of standard sphingolipids (GIPC, PC1P, GluCer, and PCer) were
applied to a TLC plate and developed as described in the Materials and Methods.
The TLC image was captured by digital camera after visualizing the lipid bands
using primulin/UV. The intensity of the band was quantified using Imaged software

and is shown as pixel intensity.
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2-3 YRR E D T ARITRBIFDAT 4T e B ORREAL

BT A XA (BILE Y 7)) LIRE VT A X% EF 7)) O P DAT 4
ASE DR ZEA L Z  TLC-A A= 72 VTR~ (X 5) , Fr XY DELEZRED T
ARG 5L, PCIP & PCer DM EILESIL, GIPC (XIHFFERITH LI (X 5A, C),
PC1P & PCer DN ED A FHE GIPC O &LIFIZHELN-722805 (K 5D) | HREY
FARIEIGELUTARL LT PC1P & PCer 1% GIPC ([CH KT 5EE 2 bz, X A ITRT X
N, A FRHI(S2) D GIPC I ZE SRS ITZ, B £51(S3) D GIPC X3 fiEESiiei»
oz, ZOZEE, Fv Y GIPC-PLD 7% A %41 (S2)D GIPC IZxtL CIIEMEZ RT3, &
J—X B (S3) GIPC IZxtL TIHE A /RSN EWH TR 4 O LIETOBIZEE—FK L T H[14],
GluCer D&, FOF v XV THLREV T AR THERZIVITR N2 o7z
(¢ 5B, D).,

GIPC O53fiEE PC1P BXW PCer DKL, 7 ryal— (FREXE) v A X RF (1RE
) LW o7t 7 7 T RHE THE 2SI (K 6A, B, iK1, 2), GIPC /i O 1%
T 7T RREM LB IR ST =V OIREFETIZPC1P & PCer DARRABIEES LT,
=V Tk, GIPC 25 PCer ~DZE#13, GIPC 725 PC1P ~DZ LGB SIS T
T5L9Th-72 (K 6C, X 3), A+ TIL, GIPC Db 5 PC1P & PCer DDA
itz bnloz, ZoZEiX, PC1P & PCer 23RN CELIZiEZ 2T AHZEATREL TVND
(X1 6D, #fil%l 4)

Flo, FX XY OEERED T AXTLHEDOAT ¢ TR E ORRMK A Z LB R~ 7= (M
7)o ZOERTIX, GIPC O4 fiRIZ IR CITHE N EELWEIER 7 2B A THLHT2D , T
¥RV DOEELH LT, ZOREH, GIPC ORI E->TPCIP & PCer D&M MLIZDIT
%L GluCer 14 BRI TEAMIZ /2D o T, BLURZERNZ L1, PCer OFER%IT PC1P O
L0 b B -T2 (K 7C. G),
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Fig. 5. Change in the sphingolipid contents of cabbage tissues during homogenization.

Homogenates of the cabbage tissues were prepared after treatment with (steam) or

without (raw) steam. Lipids were extracted, treated with methylamine, and
separated by TLC (A-C). Sphingolipids were quantified by TLC imaging and are
expressed as nmol/g (wet weight) in D.
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Fig. 6. Change in the sphingolipid contents of tissues of broccoli (A), Arabidopsis (B),

carrot (C) and rice (D) during homogenization.

Homogenates of tissues of the plants were prepared after treatment with (steam) or

without (raw) steam. Lipids were extracted, treated with methylamine, and

separated by TLC. Sphingolipids were quantified by TLC imaging and are shown as

nmol/g (wet weight).
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Fig. 7. Time-dependent change in the sphingolipids during homogenization of
cabbage leaves.

The young leaves of cabbage were frozen at -80 °C for overnight. After quick clashing
and homogenization, the homogenates were incubated at 30 ° C for indicated times.
The lipids were extracted from the homogenates after steam treatment. The
sphingolipids were separated by TLC (A, D, F), quantified by TLC imaging and are
shown as nmol/g (wet weight) (B, C, E, G).
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Fig. 8. Possible degradation pathway of GIPC in response to homogenization in
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19



B 3CHR

[1] Markham, J.E., Li, J., Cahoon, E.B., and Jaworski, J.G. (2006) Separation and
identification of major plant sphingolipid classes from leaves. /. Biol Chem. 281,
22684-22694

[2] Cacas, J.L., Furt, F., Le Guédard, M., Schmitter, J. M., Buré, C., Gerbeau-Pissot,
P., Moreau, P, Bessoule, J.J., Simon-Plas, F., and Mongrand, S. (2012) Lipids of plant
membrane rafts. Prog. Lipid Res. 51, 272-299

[3] Sperling, P., and Heinz, E. (2003) Plant sphingolipids: structural diversity,
biosynthesis, first genes and functions. Biochim. Biophys. Acta. 1632, 1-15.

[4] Gronnier, J., Germain, V., Gouguet, P, Cacas J.L., and Mongrand S. (2016) GIPC:
Glycosyl Inositol Phospho Ceramides, the major sphingolipids on earth. Plant Signal
Behav. 11, 1152438

[5] Liu, N.J., Hou, L.P., Bao, J.J., Wang, L.J., Chen, X.Y. (2021) Sphingolipid
metabolism, transport, and functions in plants: Recent progress and future

perspectives. Plant Commun. 2, 100214.

[6] Hannun, Y.A., and Obeid, L.M. (2018) Sphingolipids and their metabolism in
physiology and disease. Nat. Rev. Mol Cell Biol 19, 175-191

[7] Tanaka, T., Kida, T., Imai, H., Morishige, J., Yamashita, R., Matsuoka, H.,
Uozumi, S., Satouchi, K., Nagano, M., and Tokumura, A. (2013) Identification of a
sphingolipid-specific phospholipase D activity associated with the generation of
phytoceramide-1-phosphate in cabbage leaves. FEBS ¢J. 280, 3797-3809

[8] Kida, T., Itoh, A., Kimura, A., Matsuoka, H., Imai, H., Kogure, K., Tokumura, A.,
and Tanaka, T. (2017) Distribution of glycosylinositol phosphoceramide-specific
phospholipase D activity in plants. /. Biochem. 162, 449-458

[9] Hasi, R.Y., Miyagi, M., Morito, K., Ishikawa, T., Kawai-Yamada, M., Imai, H.,

20



Fukuta, T., Kogure, K., Kanemaru, K., Hayashi, J., Kawakami, R., and Tanaka, T.
(2019) Glycosylinositol phosphoceramide-specific phospholipase D activity catalyzes
transphosphatidylation. /. Biochem. 166, 441-448

[10] Hasi, R.Y., Ishikawa, T., Sunagawa, K., Takai,Y., Ali, H., Hayashi, J., Kawakami,
R., Yuasa, K., Aihara, M., and Tanaka, T. (2022) Nonspecific phospholipase C3 of
radish has phospholipase D activity towards glycosylinositol phosphoceramide.
FEBS Lett. 596, 3024-3036

[11] Yang, B., Li, M., Phillips, A., Li, L., Ali, U,, Li, Q., Lu, S., Hong, Y., Wang, X., and
Guo, L. (2021) Non-specific phospholipase C4 hydrolyzes phosphosphingolipids and
sustains plant root growth during phosphate deficiency. Plant Cell. 33, 766-780

[12] Yang, B., Zhang, K., Jin, X,, Yan, J., Lu, S., Shen, Q., Guo, L., Hong, Y., Wang,
X., and Guo, L. (2021) Acylation of nonspecific phospholipase C4 determines its
function in plant response to phosphate deficiency. Plant J. 106, 1647-1659

[13] Fan, R., Zhao, F., Gong, Z., Chen, Y., Yang, B., Zhou, C., Zhang, J., Du, Z., Wang,
X., Yin, P, Guo, L., and Liu, Z. (2023) Insights into the mechanism of phospholipid
hydrolysis by plant nonspecific phospholipase C. Nat. Commun. 14, 194

[14] Hasi, R.Y., Majima, D., Morito, K., Ali, H., Kogure, K., Nanjundan, M., Hayashi,
J., Kawakami, R., Kanemaru, K., and Tanaka, T. (2020) Isolation of glycosylinositol
phosphoceramide and phytoceramide 1- phosphate in plants and their chemical
stabilities. J. Chromatogr. B. 1152, 122213

[15] Buré, C., Cacas J-L, Mongrand, S. and Schmitter, J-M. (2014) Characterization
of glycosyl inositol phosphoryl ceramides from plants and fungi by mass spectrometry.
Anal Bioanal Chem. 406, 995-1010

[16] Tanaka, T., Kassai, A., Ohmoto, M., Morito, K., Kashiwada, Y., Takaishi, Y.,
Urikura, M., Morishige, J., Satouchi, K., and Tokumura, A. (2012) Quantification of
Phosphatidic Acid in Foodstuffs Using a Thin-Layer-Chromatography-Imaging
Technique. Agric. Food Chem. J. 16, 4156—4161

[17] Bligh, E.G. and Dyer, W.J. (1959) A rapid method of total lipid extraction and

21



purification. Can. J. Biochem. Physiol. 37, 911-917
[18] Chalvardjian, A., and Rudnicki, E. (1970) Determination of lipid phosphorus in
the nanomolar range. Anal. Biochem. 36, 225-230

[19] Nakamura, Y., and Ngo, A.H. (2020) Non-specific phospholipase C (NPC): an
emerging class of phospholipase C in plant growth and development. /. Plant Res.
133, 489-497

[20] Peters, C., Li, M., Narasimhan, R., Roth, M., Welti, R., and Wang, X. (2010)
Nonspecific phospholipase C NPC4 promotes responses to abscisic acid and tolerance
to hyperosmotic stress in Arabidopsis. Plant Cell 22, 2642—2659

[21] Wimalasekeraa, R., Pejcharb, P, Holka, A., Martinecb, J., and Scherer, G.F.E.
(2010) Plant phosphatidylcholine-hydrolyzing phospholipases C NPC3 and NPC4
with roles in root development and brassinolide signaling in Arabidopsis thaliana.
Molecular Plant 3, 610-625

[22] Cao, H., Zhuo, L., Su, Y., Sun, L., and Wang, X. (2016) Non-specific
phospholipase C1 affects silicon distribution and mechanical strength in stem nodes
of rice. Plant J. 86, 308-321

[23] Moorhead, G.B., De Wever, V., Templeton, G., and Kerk, D. (2009) Evolution of
protein phosphatases in plants and animals. Biochem. J. 417, 401-409.

[24] Hanahan, D.J., and Chaikoff, I.L. (1984) On the nature of the phosphorus-
containing lipides of cabbage leaves and their relation to a phospholipide-splitting

enzyme contained in these leaves. J. Biol. Chem. 172,191-8.

[25] Selvy, P.E., Lavieri, R.R., Lindsley, C.W., and Brown, H.A. (2011) Phospholipase
D: enzymology, functionality, and chemical modulation. Chem. Rev. 111, 6064-6119

[26] Li, M., Hong, Y., and Wang, X. (2009) Phospholipase D- and phosphatidic acid-
mediated signaling in plants. Biochim Biophys Acta. 1791, 927-

22



Eif5E

ABFZEDZATI QNG SCAERIC BR U, #ARIE B 20 FE S i 2 5 0 £ L7 E K
RSBtk pE S T AW SE AR A I PE S S R R S o B 0 R BRI K D
JEHN T LET,

AW ED HITHTZ0 | HH N Z2BH 0 £ LIS RFRFEPifh S e L8 T 750
i Rumana Yesmin Hasi f&1-, MD Hanif Ali {1, SEARFEECAE, WIEF] LA,
N EEEEAEZITCDHEPIIREORIES, FEFEOERITIZEEHILP L LT ET,

23



