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I. h曲。due“on
Since recent studies with yea溜thave shown the es;;entia藍ty田1dpossible

f総ctionof one or more lnositolphosphorylce開削減es,now app幽 認 知

be制 appropri試や討mefor a開 viewof thio group of sphin喜olipids.The 
炉問ra註zedstructure of th悶 eIi詩idsls侃 ramide-P-myoiηositol-X,with X 
referring to polar剖 bstitue滅私

τhcse compounds had 版物問ferredto鵠＂ pbytoglycolipids”andH 磯子

coglyぬ lipid答ご indica訴時 th包i:rorigi出 4 Si舵 eit is銭。w clear that泌e
distribution of these co.君lPO聞の isnot limited to pl総 tsor fu玖gi,we 
pro po梯ぬeneu討対， genericdesignation, in岬sitolphosphorylce尚践id問，
abbreviated here as InsPCe持・ foositolpho丞phorylceramidcitself will be 
abbreviated総 IPC.We will refer to関y制約ositol削税総辞！yinositol. 
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院. Pia雌 h時PCe開

樹
木
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Studies on InsPCers deriγed from plants coi開明朗icedover至。yearsago 
in a nu照ち府oflabo悶.toriesmtb the recognition of incompletely c取racteト
伐のdino剖.to！制oontai剣ingIi野idfnミctionsfrom seed oils that yielded v遜rious
鉛 gars叫心h都事alactoseand araもぬose011 acid hydrolysis. This磁ateri誠
bas been reviewedるyCelmer and C謀総r(1952), Hawthorne (1960），納品
All開始dOoodOヲ65）会絞りchof this early work was hamp念館dby inade・ 
qu蹴 purificationmethods 1注.ppliedto ex同州特Jycomplex mixtures of 
InsPCers. 
H. Carter納 d総事ociat閃 atthe University ofllJinoi日制・Jedoutpio源開下

除草 studi削 inthe 1空50sand 1960s on the開，named“phytogJycoHpide"
puri長edfrom seeds of com，註ax,and soyb間 部 （C相続rct al., 1958b) and 
from 抗議役 leaves(Carter組 dKoobパ%台）今 Strongalkal間ehyd開＼ysis
of出制様 lipidmixtures y開ldedas剖~es of (phospbo )oligosaccharides of 
different sizes containing glucosおおおidか.g!ucuronido-inositolwith v象外

袋詰'1eamounts of露泌総tose,manno弘前abinose,and fuco秘（Carteret al., 
196ヰ｝滋well制 (phospho）むetamide(Cart事zel al .. 195量的食Ceramid師 W肝e
mainly compos割iof phyto語辞hln阜のsine(D・ribo 1,3，φtrihydroxy之省創nino-
octadecane）併 dehydrop註ytosphin，富osine (D・ribo-1,3 ,4-trihy会 側Y・2-
誕nino:8-tra11s舗octadecene)(Carter鼻持dHendrick錦糸 1963）削減 mainlya 
防尋問xyc24 fatty acl品｛Carterand Koob, 1969）” Detailed事tructural部員ly
sis was canied州 tonly on the tetra写a店長aride叩 mponcnlderi.vc.d from 
alkaline by尋問lysisofιomちeedlnsPCers, resultin宰i.nthιp問・posed妓rue
t線開（C面teret al., 1969): 
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Gluc儲制協側いl→4)glucuro忽leacid(a<l→6) 
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事V噌 1er剖 αl.(19餓料油eda阻 xtu開。rlnsPCers fror註 盆 叩mm偲rcial
pre para討。駁ofpeanut lecithin which酬総統治ledthe lipid回 dcarbohydrate 
ιomp削 itionof the earlier descri泌dInsPCers from soy beans (Carter and 
Hぬ drickson,l脅63).
K謝lland Lester (1975) dev時eda relatively mild extraction proced松re

that resulted in制 InsPC世 cone叩 tr拭eyieldin車about10寺μ開。lof Plkg 
伽 shWeiぷ1tof tobacc唖 leaves.Thi品procedureavoided the pote州ally
harsh treaお双entsemployedちyC註rteret al，。ヲ58砂金 involv知事tre証主眼ent
with al陥Ii斡 destroy肌 yl出怯Y合併問ftuxi略 的thE事Cl－叫h蹴10!(Carter 
鵠 dK＇加b,I決i9).From the tobacco lnsPCer con偲 翠trate,pu同 lipids
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were obtaむiedwhich fcll into two cl臨時容易， the PSL-I謡roupcontainin草N的

acetylglu即時mineand the PSL"II事roupcon胞iningunacetylated語lucos守

ami筏号（Iねuland Lester, 1975, 1978). The structure of PSL-I was deter.” 

mined to be (Hsieh et al., 1978): 

Inositol-1“。恥子鵠間続ide

N-A回 ty!glu叩料開ne（α1吋ヰ）glu創1ronicacid(o:l－守主｝

PSL・IIis tbere自(Ire:

Inositoトト0-P-ceramide

Gluco方組illne（αi吋 4）露lu問問問cacid（αl吋 2)

The油開眼idesf旨omboth PSL-I嗣 dPSL-Il帥 mprisedroughly叫楠l
諮問畑出sof phytospbin,gos訂ie剖1ddehyd拘 phytosphingosi脚 withOH-
f混ttyacids問視輩ir照会。曲 C22tのCまか Withthe のHC24 homolo喜predomト
natin事‘ Thus,the hydro君hobiccompon問問。fthe tobacco lefdf InsPCers 
rese閥1blethose previo削除 αbservedby Carter er al. fro問。therpl踊を

関 町開s.Tl同 otherpurr住.edlii:>ids (PSしI)I-Aおのお11have the tri幼 ccha繍

ride compo泊底ntsof PSL-l銅 dPSL-ll and are presu盟 edto be derivatives 
of PSI....I and PSL-U; tbese are char部 teri税 4制知的問者。＞itionbut not 
as to su伊r!in知事的制danom伐採configuration(K拙 Iand ね ster, 1978): 

Comj)(>¥lnd S蚊uctu；開

PSL-!A l'Sl..cl [A開も剖師向OaiaJ:知.. 均｝

犯し1盟 PSしl[A悶binose3Gal州制e,J
l'SL-IC P草L＋以回初即se,Galぽ柏斡，）

PSL・!IA PSι－II （；＞，；時.bino••iGitl軒町鵠｝

P事L叩UBl'雪L-l!(Arab組。開，"',Galactos町｝
PSL-UC F事L-11-(Arabioo時，Galacrose,.M制同oseJ

The InsPCers puri説edfro柚 tobaccole前倒斜count也dforぬ叩60%。r
the InsPCer concen位制民間相ymo間 additionalco朗pon郎同 morecom-
plex th靭1cera的ide小悌混紛糾chぼideswe凶 not陪 solvableat that討me
(K銭域間1dL斡枯れゆ？古）.M剖lernHPLC粗 pportscould probably開solve
問。reof t担esecom到。師nts融 int.a,叫 lipids.
The complell'..¥ty of tobac叩 leafXusPCers W関 furth町 F凶 bedby，註IC

work of Hsieh et al. (19皐1）弓 τ'heseworkers reduced the glucuronic acid 
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carbox.列車rou.pof the InsPCer concentrate，加dliberated the oH露。拙ccba-
rides with stro殺事 al孟all秀 followedby peracety!ation and separation by 
reversed・ョphase副総・performanceIi母uidchromatography; at i回試24co酔
pone銭tsw忽reevident in the chromato喜raphicprの長le.Alkaline hydrolysis 
andpe除草etylaむoncompletely阜民間inatedthe disti思ctio然betweぬ thePSL-
l and the PSL-II ~eries so that the complexity may語eeven gr•硲ater th削
that observedφA m偽jortetrasacchmidc W制 identified:

Gal棋 tosi:(tll叫ヰ）N也叩ty福lu叫 Gamin民α1吋 4）畠lucuronkacid （α1->2)ino総

A minor栓tr制 accharide官邸 alsopartially chantむterized:

P仏Acetylgluc口組mineい1叶 4)glu組問対cacid（.α1ーゥ今）inositol（？←I漁師怒ose

白官

From blac主gt捌1sprouts (Vigna mungo), 主主側do制 dNakano (19き？）
obぬ却eda田 aterialfro組 theupper ph総seof a EヨH隣町Dyer(196骨） lipid 
eχtract that was further purifi包dby富忠1長ltr誠ior左側dion品川h削 gcch悶 ma-
to畠開phy,both官ithぉ.queousbu政治rs.Analysis indicated the presence of 
tt時四時p以ntJnsPCer corn po蹴 nts，むC時期ide争P,i凶器誌のしglucuronicacld, 
組 dhexo錨 mi問描糊II齢 5.3号事針。t悶n.In addition, large aを切開tsOf 
吾alacto時制da開 bi紛糾 werepresent, which their analysis凶暴皇制同獄ay
consist of aβ1,6-畠袋lactansub叫itutedat some of the three positions wit主
部abl捻oseNo ro組 E同開 wasfound. rt is diffic羽ltto judg企 th怠 purityof 
thi喜朗aterialsince the components, lnsPCers and proteins, would be 
e文字ectedtoeχist togeth町協mi拙 dmiceUeちunderthe condit開nsof isola-
首相.No品irectevidence for a covalent lin油供betweenprotein加 dlipid 
was畠！Ve吸い
Th凶伝r,only er怜 plant$have bee魚零耳amine沌ffor th怠 p肥 se倫CeOJ 

I滋5p(二綜r悉； however,they are 世間baもIywid邸静readif not uもiquitousin 
pla悦読ん Theco悶plexityof the I悶 PCers朗 plant雲蜘為ybe compぽableto 
that of the話Iycosphingolipidsin叩 i期als各 Thepl叩 tlnsPCen aw官lt主Jrther
$！はdiesof their s校時tureふ OJ寝袋U制 dintracellular distrii>ution, biosynthe-
きis，制ldfunction( s). 
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照I. 1脳 PCeoof曹冶”が醐1dY幽掛

A. ANALYTICAL MH銭。口S

1. &traction of lnsPCers 

A systematic and 償却titativestudy of the extra凶問。flnsPCers fr酬
Sacζharomyces cere目白郎総dfrom the mycelfal phase of Neurospor.α 
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crass a w純 c<1rriedout by Hanson and Lester (19喜号｝ Cells unifor翻 ly
labeled with ['H]inositol were 国edto話augethe extraιtion ef自ciencyof 
a variety of p悶 cedu間s，時me空間判ouslyemployed by others to extract 
手ho事pho話pids.τhebest method involved treating the cells with 5% tri“ 

chloroacetic a心idat 0°C to destroy phospholip削除k設ow沿toぬ泌をivated
by or草間jcsolvetits duri11露lipid悩 trac討叩（Letter君、 1守68),foll owed by 
extrn~tion with a slightly al主義Ii田， w紅m事 wateMichmixture of etha-
nol-dieth yJether -waterゃyridine{Method III仏 Ha則。鈴 andLc5ter, 
I事80）僧 This阻ethodapproached 1官官%extraction of the labeled inositol; 
it is抑制blethat inositol-conti制時lipid時 protein翻 chorsco陸tributeto 
the min貯滋mountsnot e対問ctedSo開ewater鳴poorsolvents complet"ly 
failed to ext悶は theInsPCerιThe adop開dprnc<>d11re has been used for 
JnsPC口 extraction命。問。!herfun露i側 ch拙 Histoplasmacapsulatum 
伶ar言明dLe$(er, 1燃のandfrom fresh tobacco leaves (Kaul and Lester予

1975) and h髄 b艇瓜田edfor thee叫四ぬ削 oflipαphosphoglycan fro如
Leishman/a do加 Valli(Orl臨む脳級dT樹乙（）， 1987）匂 Inthe ab零enceof labeling 
ofln事PCerco期po担ent話， efficacyof InsPCer回 tractioncould恰 judged
by moni紡rin霊totallong”ch後inbase副id/orvery硲Ion伊chainfatty acids 
くひickso吟etal., I税総L

lnosiwlplwsphoryl•刊耐用id府
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2. P~rijlcαrion of lnsf!C世主

きiacethe purification of InsPCersのfferschaller旬開問 diがcrentf印 m
any very polar, acidic lipid, only detゑilsspecific for InsPCers will be 
di紙 ロ制ed.日rst,InsPCen; precipitate almost q総制titativelyat low temp慾ト

後tureaft制・叫justin藤topH苦theini.tial lipid extracts晶、omS.どe問抑制4

(Smith叩 dL籾 ter,1974), H. capsulatum (Barr肌 dLester, 1型84）雫 N‘

crassa (Lester et ai“l974), and tobacco leaves (K制 i訓 dLest1齢、， 1975).
Se凶設d，組Id副総linemethanolysis is a useful 5lep to destroy thぞ蜘ter-
叩訴訟ini殺事lipidsin心rude抑制mipurifiedext悶 cts(Baπand Lester, 1984); 
howe,ver' stron且.er必主ajj熊econ diねO悩事houldbe avoided owin喜 to
the lability of unsubstitutとdinositol attached by議 phosphodiesterbond 
(Smith閥 dLester, 1974). Finally手 liquidchromatography on silica 
墓ば colum郡昭 avaluめletechnique. for isolatiog lnsPCerちゅarrand 
Lesterき 1984);low levels of馳It淵 theelutin皇制V悌 tsa陀拘quired
to ch刊閥抗ographmacro叫ゅle時uantitiuof thi;o very polar lnsPCers. 
A solvent pola.r叩。鳩山todissol刊 apxacti叫開凶同tof the very polar 
lnsPCers yields insufficient retention. Inclusion of salt inc開制耐をberet開 ω

lion dramatically, p時湖.mablyby provJctin墨色 chargedsurface for tbe 
欄 E誠ivelyc色町露edInsPCer私 Incont問 st,the salt註adlittle in琵ue鈴ce
on the retention of neut阻lIi野id袋（R.L. L郎副？組dC. B. Well民間関か

Ushed). 
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SnmcTu良忌SOF lNsPC草恥SOF YぉASTAND FUNGI 

l. Sacchar沿mycescerevisiae 

The 街~t 開port of開 InsPCer胤 yeastW師 thatof Wagner and Zofcsik 
(I宮66a，語，c),who characte討zeda sかcalled＂罰 ycoglycolipid”inふcer初 is・
E蹴砿idCandida叫iii詔酷

Ce(amidゃP・inositol-mannose

The cera臨idewas composed of C18閥 dc油 phytosphingosines,C18設ihy・
drosphin約問民間dprincipally OH“仏i<• OH-Cぉ（C.utilis），紺dC26 a胤1
OH叩 C24(S.開 rel)isiae)fatty acids. Subsequent work附 thS. cerevisiae 
(Steiner et al , I型的； Smithand L時 ter,1974）出dicatedthat the rnycogly. 
colipid of Wa伊野組dZofcsi匙 larg忽ly財oseby all<ali蹴詰ydrolysis
(l N KOH, 37°C, 24 hours) of a rn説明sphingolipidwith the印悶posiむ郎

間部加邸e(inositol・P)2ceramide傘 hereafterabbniviated制 M(IPhC.Tbe話c
alkaline c統制ditio酬 weredeveloped by Schmidt et al.行事46)and used 
widely in procedures for sphin畠omyelinisolat泊nand削減ysis.The proce-
di認で ofScぬnidtet al.協組ba盆edo泊theobserva討onof Thudichu間 (1901)
that sph訟go臨yelini詰base-stablerelative to other phospholipids. In fact, 
色濃 oth開 majorInsPC町 inS. cereuisi附， IPC,was co蜘pletelydestroy包d
bystron韮al量叫i思et間試問ent(S蹴 ith酎idL脳 陣r,l骨74). The facile formation 
of a cyclic inositol phosph泌総 accountsfοr the b開 akdownof these 
In~PC冶rs; the stability of the m制叩綿一助ositol-P-ce除問.ide(abb問viated
MIFC）脚篠崎tsthat th応用蹴noseis vie拙alto the型hospbateand is thus 
U閑 hie拍 forma cyclic inositol“P: 
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OH向

島1(IP)2C＋日，o－一一一吋cY<>1,2・lnositol・P＇ト MIPC
Of十

IPC ・ト H,O…一一一→ cyc-1,2-lnositol♂＋ cerarnide 
のほ－

MIPC ・ト民0一一一→Noreaction 

とじ

ぷ
i;i 

詩

Small剖位。組tsotMIPC were found. ins. cerevisi献 閣treatedwt＼抱紺州事

alkali; however, M(IP),C and IPC wer底themajor lnsPCers. Collectively亀

the InsPC官官印刷1prisedabout 40%。れ加点。詮itolin the lipid開校蹴ま 組 d
about 15% of the total y臨 stphospholipid P (Smith and L判。れ 1974).
Mol舵 ul紅 sp胤 i郁 ofIPC胡 dMlPC with different levels of hydroxyla・ 

tion of tbe ceramide co鵬抑nentswere separated with必fficultyon low-
pedorm期 間 silicagel chrornato露関phfo辱uppor知 by$mi.th and Lester 
ねず74),Sub鵠ゆとntworl< with high・p<>rformance ch即凱拭ogni.phicsup-
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port努（Wellsand Le蜘 r,1983; 0. B. Wells組 dR. L. Lester，拙publishば）
showed that four mi唱。IV明。usly担yd問 xylatedspeci郡 ofeach of the 
lnsPCe拘 C期防御t部 ted.fa the OIせでrof elution 負担。鼎 th~ column, these 
are as fo担。W$

fa叫 itolphoophory／，師団制民出

Fatty acids 
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Molecular sp叫 iesHa and Ilb have the 8融 制 totallevel of hydroxyl抽tion 
and are insepar混blewith standard methods; however, ordinarily they do 
帥 tcoexist. Sp斜 凶 Iis found 開 lyunder anaerobic culture conditions 
(Wells and Lester, l獄3).We propose this sys世間 ofno問的clatureto be 
g凶pe1forto th為tused earlier by Smith制 dLester (I仰の．
Preliminary nuclear関崎臨tic問sonance(NMR) analysis of the polru-

he凶器roupof M(lP)iC締 wellas other data (Shelling et alり叩published;
R. L. Lester et al., unpublished）閥畠草estthe follow闘罫坑聞はu伐 for
M(!P),C. 

lnositolペヂベ6)manoo齢制1,2)inositol-ll'・( l)ceramiお

2. Asper草葺i時，，；君。

Hackett and Brenn拙 (l事77)offered some evidence for a sub雲泊nc己台。m
A. niger that labels wi廿1PHlinositol and t註athas間 関eof the t品開閣ato-
事rapbicand ch忽mi.calpぬ”はi時 ofinositol-P-ceramide. A brief悶臨omni・
帥註011by B路班祖烈閉dRoe(!975ヲdescribedthe鵠ol山onof a glycos酔bin-
golipid th剖 con同ined,in uns脚ci蛙edmolar開tios,P, ce開問ide,inositol, 
伊lactose，開a附 ose,and sm球部nountsof glue開制限郁.This co如pound
could be持latedto the ln$PCer窓会omH, capsulaturn (s<e below), 

3. Hlstoplasma capsulatum 

From t泌 yeast凶ase()f t総 dimorp註ic.pathogenic fu泊客m[i，伺 F同 la
tum, IPC硝 well脳 threeother附 velI郡 FCerswere id聞 tified（日開閉d
Lester, ！告患4;B1m et al., 1984）：、

拘 n,(≪l...,.f)

方tan,(≪1吋 2"'6）悼の誕生。トF冶cer•悶ide

亡。悶poundV
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M剖1,("J－今＞｝

巴。組poundVI Man，＜αi吋 2or 6)inositol♂開言明叫e

。al；（αl叶 6)

Ma～似I－吋1

む開増加ndVlll M ~n,f＂＇い2制制服l開刷会問蜘

0•1，（βi吋4)

The ceramides隅 recompo悌dprincipally of仏， phytosphingosine and 
0 H-C,. fatty acid. Co朋pou良品 VIIIW凶 the出島jorlnsPC討 inbothめe
yeast and the出ycelialpha>c. Co1ロpoundsV a思dVI were absent 合om
the mycelfal pha時間1dthe maior S匂 cereりた開elnsPC引ァ M(IP)zC‘was
aちsentfrりmboth ph閥的 Antibodiesreacting with these lipids官erede-
鞠ctedin 悦•ra frnm patients with histoplasmosis, 

4. N制 rosporact制時

Several stra1柿§ぱN,er悶 sa削減bitedan lnsPCer witb the c1)mposition 

(Inositol-PJ,-cer.ゑmide

that accounted for 3かω%。frhe lipid-extraci.able inositol (L必steret al., 
1974). The co蹴poundwas labilt;; to a！ゑali(l N KOH, 37窄C,15 hours), 
yieldin器開ositolmonop）神sphat時； thelogical開示ere殺むefrom the litni総d
data w脳 thatthe co回世oundcould註efonnulated as 

Ino三itol-P-in制 itol-P-c位抑制de

wit担thedetails of the phosphate linkages undetermined. The cer組 iide 
W師 composedprincipally of C18 phytosphin事前ineandOHぐ24fatty acid. 

5. Phytophtora capsici 

A substance that elicits a defense r稔蹴tionin peppers a喜ainstP. capsici 
iaf恥 tionw明 isolatedfrom this pathogeni心fun輩出 andwas identified関

組 IPC(Lho罰加eet alり 1990):The ceraroide was unusual for fun阜al
InsPCe(s: N(4-hydro対～2-dQ<;QS問。yl)C16・sphln曝osine.The nature of the 
biolの訴calspe乙i量削除。fthis sphingolipid is unclear, since tJ:総seW()rkers 
(Pivot et alリ 1狩0have al蛤 elicit怠da 必fen$e開 actionin peppers忽nd
whとほ民事説instP. capsici infection with a司uitediffere思t話pidisolated fro臨
時副首lngns:din・枇 adee制1oylphospha副 yk:holine.
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ま司I. InsPC町si溢P同組制治

A. Leishmania sp電

K給関hiroet al. 収録品•） showed that aboutぬ%。fthe lipid吃寛tractable
ino剖to!of LeisJu州市adonovani pro磁astigot阿部刻bit~dchrornato暴raphic
鵠 dc註emi開 iproperties of間 IPC.The priα.cipal ＇紛糾 titu問日付、tbccen1-
mide we11容は持部部idand c,6組 dC,8 sphingosines. L. donovani is the 
caus誕ivea書記惣tof the human dis同盟 vi鰐軒alleishmaniasis. 
M制 SSp関 t持 levidenc伐を世間点がeredin support of the occur将殿cein 

promasti嘉otesof Leishmania mexicana me..dcal!a of an InsPC明 witha 
同時間idecomposed照ainlyof stearic叫 idand a C16 sphingosine (Sin塞h
et a/., 1988). 

日 1n’trichomonas foetus 

Sin治 則 βより野1)have studied the lipids re対1総 tto mild al主aliin T. 
foetus. a量破ellatedprot開制n開 Sp捕容iblefor終pont締同時 abortionin 
帥 ttle.IPC speci師 aswell as novel InsPCers were observed that bot力
bad儲聞係長謀総sconsisting of palmitic acid 閥 d刷ther t二時 sphlnganineor 
c" sp泌総0箇ine.The novel InsPC町 W酎 P留tiallycharacterized as 

Fucose-i則 sitolP－~ra冊ide

Phospboethanola寂line（主 N－斜坑yl)

c. Acanthamoeba castellanii 

τ'he soil amoeba A. castellanii was shown to同附aincomplex rel脚 d
Ins Iてers,termed lipophosphoglycans, whkh constituted 2安%。fthe 
plasmamemb開制m制 札 Thesewe柁 partぬllycharacteriz凶（Dearもomer 
αiリ Ul76):

Gal創 to蝿mine

c.，.刷紅白別問別問l-[2嚇削閥均1帥硝pllon髄 01"l心持ル幽1i制＠仏内加sp加捕I<]

[Gl杭 ose,m朝間体,xyk鯵匂1
and 

[Glu＇旬開 1抑制！）制処罰2蜘 f桝対

The major ccramide co蹴 .ponents"we出》OHnor側alf弘.ttyacids of chE詰n
lengths from 22 to 28 C鉱bonsand Z-OH br鵠 chedfatty認cidswith chain 

'' ,, 
[ 
' 

P' 
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lengths of 21 to 25 caぬons:the m唱。rIon車－chainb硝時wereC.,4 and C1s 
ph抑制型h組事osines.

民
フ

D. Tη＇Pa附加macruzi 

自e事iru出蕗叫ththe work of Lederkr酎neret al. (1976）き ac滑mp！開
InsPCer in T. C巾 zitermed "lipopeptidophosphogJyc掛川 hasbe開 the
絢 bjectof削 merousinvesti草刈oils；世ertimmtreferenc斡 C制 befound i.n 
Previato et alム（1990）ゐ Tcruzi is the ca出 総 明 裕entof Ch忽gas’dis蜘鎚

制idthe surface glycoconj殺皐＆蛇sare actively studi己dbecause of their 
possible 開•le in pathO!li師同i私 Thes官邸胤問 isthou罫htto be (Prev械の et

al., I”。ぜ

事 間（6恥 !l:l-Annnoεthylpho時加闘＂

G婦＂fl.I吋3)M.剖p(a！→2)M鵠p（αl吋2）制訓p悼i吋6)M•np(o！同ゅのGl<:NH2

I i or げ i
。話f(fl.t~l) h抑制恥P-e削 mlde'if 

凶

H

’・

The cer躍n.ideis composed mainly of c諸 spl:m器削i附叩dC.1s sphin室か
sine削泊予almiticand装車線ocericacids宥 Thestructure, (M聞かGlcNHr
i.uositol-P-, is found in phospl鳩山ylinositol-ltn量ed.me悶br胡 ep均 teinan-
cbors （れを畠USO政側dW通lia悶札 1988）柿din tl贈賄rfaceglycoco対ugate
悼rmedlipophospho輩lye急旬 fromL. donouani (Tur℃o et al., 1？草望｝‘.‘ 
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v. M脱泊。Ii奪鵬 ofInsPCe時

長
A. Sn付置勘1sOF LoNCャCHAINBASES 

τhis問 viewis l柱nitedto the organ1s酪 sin which InsPCers have been 
id削tifi•吋； infonnation 坤 ava説的leonly for H1制却111ilac(ferrii開 dS，付的

visi，αe. For aがner必問viewof long-chain !)a鵠 synthesis,see Men設iand 
Jones (19望号）.

J_ H制時同ilaciferrii 

At le鵠 tめreesteps訂erequired for the synthesis of phytosphingosine守

the predo刷政側 long-chainbase j汲 InsPCers;
i. S町i酷 Palmitoyltranザ町田を （SPT);

cfl,(Cfl,).,.C-SCM + HOOむCl!-C終ιO!fゃーω時一ウCll,(CH,),..C－（.務Cli,OH÷co叉十 CμA
II : 11 I 
0 N県ミ 0 N刻z

P>J冨語帥ヲトCM t-S•をdn色 か＂＂＂明＇Ph>nEllrti明
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ii. 3-Ketosphinganine (3,KDS) Ri!di叩 tase:

む日山1,),.-0吋Cl!.Clも，Ol!；ト N.llDP被＋町一~ Cl!,(C向付制亡担制CHiO綬φN./¥DI"
~ I 
ONl!1 110 NIも

iii. Phytosphingoslne Synthase: 

'Cl!，（•むI!, ,.-c世.c路Cl!必滋＋仏十刊一哨ー→ CIJ,(《~H，），川和宮路 Clチ·CH10奴千明
i I I I I 

HO NI者2 沼0t<(l 対照ち

o-4-Hydr蹴yspbin脚in•

(P抑制的＂＂＇開制

Steps i and ii wereお拭 d<>Unedin ぬe1960s by E. E. Snell 制 dco-
workers with crude m制nb時 nesof the fu食事.usH. ciferrii (for叫 mt1lary,
S関 Snellet al., l型•70）ー Sub帥quent work with other biological systems 
has削減問edthe僻伽ぬn際例viewedin M如 illand Jones, l世90).The 
enzymes have never been purified. 
Pbytosphin喜OS切れsnot治献tedtop！描t，説lU輩al，削d且即to制鵠sphii主事0-

lipids but has a very widespiead distributio民間cludin事訴錦町議開問色ls
(Nis以m町 a,l型車7），恥担（Liet al., l＇守・84),lllttphiblans (Nohぽ為－Uc主idaand 
Oh幽hi苧 l脅87;Hidari et al .. 1倒 I),and i怒V肘tebrates矧 cha畠seaurchins 
(Kochetkov etαl., 1976; Kubo et al, 1妙。） and st秘rlis註（$唱gita,1979). 
Neverthel削 s,phytosphl！貫通藍osinesynthesis haお加tyet b創出lde蹴oostrated
in vitro. In制問 studieswit註H.c（作rrif(Stoffel et al.. 19品尊心 aridin 
the rat （ぐ問時間怠官 andHirschberg, l歩77)slをowedConverきぬれのflabeled 
erythro-dillydrosphingosine to phytosph問事osine;molecular oxygen ap-
pears初 bethe抑 urceof the 4-oxy暴問。fp担打開phlt)唱os.i加（Kulm盆CZ
and Sch問 epfei二1978）象。奴ecan sp料 ulate由説 ami府 d・・functionoxidase 
system mig！ョtcatalyze step ill. 

2. Sa舵 hα開制ye制民間・vtsi蹴

a. Seri.附 Pαlmlloyll抑制異（erasι SPT activity W納 税monstrated開

ヰrudemembr淵悩fromS‘c::erevii叩＂ （阪ntoet al., 1992b). The con何時ion
of labeled 悌日m into 3-k怠to-d1hydrnsphit1喜：osinewas completely depen-
dent on a f事.ttyacyl鍋CoA:C14, C,6事 臨dCis f誌ttyacyl-CoAs gavi; rise to 
C16, C即時dC,0 products，出窓静齢lively‘Theabund制 tC20 ho問。logof 
phyto患が1ingosinefound in yeast thu事origi納 tesfrom the SPT-cataly加 d
印 ndensationof事tearyl・CoA、司thserine. 
'fwo pりl"ntand説m宰alagents虹.avebeen show思 toinhibit SPT activity 

i夜間説!!lb閉経esof S, cer副 Jlsi，αe枇 抽nomol制、levelscZwceri弓ket al. pぬ92）：必
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sp説明gofu語gi滋 B(ZS-amineシ3R,4R,5S,14-tetr必1ydroxyckos-6・e註ojcaαd) 
and sphingofungin C (2S-amino-5S-a此 toxy-3R,4艮，l4ぺrihydroxyeicos司ふ
問。・icacid). These age詰tsi対1i泌総din制 itoliocorporation into sphingか
lipids but not into phosphatidyJinositol; tWs specificity組事懇eststhese 
compou担bmay prove to be useful for the丞tudyof sphi食事。lipidm叫ab肋

lis館／function.
Free sphi翁草olipid！のかかchainb制的 didnot inhibit SPT activity in vitro, 

nor did they柑presse悶 ymeactivity levels when add払itogrowi亘書叫It詰res
(Pinto et al., l予92b}; this contra; ts wi.th the dow的他都d同ionofSPTaιtivity 
observed by M鍋don凶 al.行事91)i位culturedneurons with the additi開
ofち.phin轟.olipidbases. 

，
μ
ぷ～

ipぬ怖
が
九
日
可 b. 3長e却dihy命ゅsphin書osi階 Reduct制定一 仁出de祖師室、b除 問sof S. 

cerevi.siae were shown to cataly知 thestereo$peci自creduction of3・ketodi-
hyd玄関phingo割newith NADPEをFfor min暴theeryihro isom削除fdi誌y品開ω

sphi.n草osine(Pinto et al., 19ヲ2b），訂悶ction拙 alo喜朗sto that shown ear封町
with an削減削除roso揃引のtoffelet al., !968b）マ Furtherじonf註mぷionof the 
pathway for phytosphingosi出 synthesiswas the ob開 rvationthat mut注目的

defeはivein SPT could耳row阻 dmake phytosphingo割程e-conぬini.n阜sphln停

車。Ii評idsw詰enSUIヲ.pJemented砕itheither 3-ketodihydrosphingosine刷、diby-
drosp初明書osine(Pinto ~t al., l的2a).The fact that both the的 1tflro矧 4
the unn献をIraJ.訪問。時omersof dibydt’QSph肌gosine印刷suppo代 growth
of the SPT mutant (Pinto付 al.,l型的a）細島gest当th剖 the綿 i>omersare 
in臨時開vertl註le.

実
. 
九...

ず4

ぜ、

'j 
，，戸

... 
， ,, 

ι G剖柑R副長崎出Iblefor SPT Activity丞 Mol民 ul：出己toningof柱時s.
cc吋 vi.sia.e車問毒＞（s）側副din蔀SP'τactivityw開 gre刈yfacilitated by the 
iきolati闘のfa翻 utantst問時 th削除q組問da spl¥ingoHpid long吋総1担保鵠

絞め絞めyd開 sphingoslneor phytosphi句。sine)for growth (Wells開 d
Lester, l空事労、 Isolationof拙 lcbmutant脚部nestablis註edthat sphin霊o-
lipids are esse拭 ialfor gro＂＇せhof S. cerevtsiae which, in turn‘別様罫時ted
that one or more speci時ccellular function臨時時三Ii開dspbingolipids. The 
lcb試問inalso p賞。・ved粉 beimportant becau開 itsbehavior野rovideda 
simple pr糾 00:町efor enrichment of m世間tsdefectiv会 inlo時 ・cl踊i漁協和

biosy以he討議，Abuoyant density increa患ewas noted wh間仕事 mut鵠 tcells 
were抗議r、1edf開・ Ion苦cha.inbase, COIをおequently,mutant cells could be 
sepa開.ted食omnormal cells by buoyant density centrifu註ation(Pinto i>t 
al, 199主将官 Usingt担1senricb朗自11p開 国rlure，加問e間 協 Leγmu出。ts
we悌路ola~ and plac~d into comple組 問taliongroups, of which there 
tum震:dout to be o奴lytwo, LCBI and LCB2 (Pinto et al., 1世92包）.話。th
lcbl and lcbZ融制問主拭rainsI録。kSl'T舵 rivity(Pinto訂 αI.,19骨2b).
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i. Chαracterization oft he LCB.J gene. The LCBJ ge.ne was isolated from 
a S. cerevisiae recombinant菌enomicDNA library by complementation of 
the Lcb-phenotype of an Zeb! mutant strain (Buede et al., 19日l)巴 The
cloned gene restored SPT activity as expected if the gene encoded SPT 
or a subunit of the enzyme. Southern blot analysis demonstrated that 
there was but a single copy of LCBJ in the S. cerevisiae haploid g~nome. 
The gene is predicted to encode a prot剖nof 558 amino acid residues 
Since SPT activity is found in the membrane fractions of S. cerevisiae 
(Pinto et al., 1992b) and mammali削 cells(Merrill and Jones, 1990), we 
anticipated that the predicted LCB! protein would have at least one 
memb悶 ne-sp嗣1ningdom同n.The algorithms of Kyte and Doolittle (1982) 
and Eisenb即gel al. (l984) predicted two membrane-associated helices 
spanning residues 12 to 32 (lPIPAFIVTTSSYLWYYFNLV) and residues 
344 to 373 (ATAIDITVGSMATALGSTGGFVLGト
Three results sug島問tthat LClll encodes SPT or a subunit of the enzyme 

(Buede et al., 1991). First, the cloned LCBI gene complements the Lcb叩

phenotype of an lcbl mutant and restores growth in media lacking Ion除
chain base, Second, the cloned gene restores SPT activity in an lcbl 
deletion mutant‘Finally, the predicted LCB I amino acid sequence shows 
amino acid similarity to the enzymes 5開 aminolevulinicacid synthase (ALA 
synthase) a.nd 2-amino-3-ketobutyrate-CoA Jig出 e,en党ymesthat catalyze 
chemical reactions very similar to the one catalyzed by SPT. Moreover, 
all three州 zym開 useth的 cofactorpy円ldoxalph例 ph紋te.

ii. Charactorization of the LC沼＇2gene. The LCB2 gene of S. cerevisiae 
was isolated from a recombinant genomic DNA lib同 Ryby叩 mplementa-
tion of the Lcb phenotype of叩 lcb2-defectivestrain (R. C. Dickson et 
alり unpublishedresult冶）.LCB2，日間 LCBI,is present as a single-copy 
gene in the yeast haploid草enome.The predicted mote肌p10ductof Lじβ2
hasヲ61amino acids and is expected to cont制ntwo membrane associated 
helices spanning residues 57 to 77 (PYYISLLTYLNYLILIILGHV) and 
residues 443 to 463 ILGFIVYGV ADSPVIPLLLYCP). Comparison of the 
predicted LCB I and LCB2 amino acid sequences showed 22.4% amino 
acid identity and 15.2% similarity over the entire sequences, which sug同

gests that the proteins are related. The predicted LCB2 amino acid se-
quence shows about the same level of amino acid si峨lilarityto ALA 
SYntha~e, as does the predicted LCB! protein sequence. Taken togeth問、？
the available data suggest that the LCB l and LCB2 pro版msare subunits 
of SPT. This possibility awaits biochemical confirmation. With the avail-
ability of both the LCB geries, it should be possibk to overexpress the 
genes in yeast or bacteria, which ou臨htto facilitate purificatton and charac【

tetfaation of SPT. 

lnositolphosphory/c,,amid•s 
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SYNTHl!Si.S OF VE長YLONG CHAIN (HYDROXY) 

FATTY ACIDS 

Inform総括のmis inco刻.plete叩 thesy摂thesisof the very long ch必n,ofteお
おydroxylated，弘主tyacids found in the InsPCers. In animals the J 6 : 0 
product of the fatty邸 idsynthase can be elongat帆iin初it附 honddaby a 
system that sb;剖鴎 someof theβ唱泊idationpathway enzymes; elonga：むon
in the endoplasmic rぞticulu酷 proceぞdsas蹴 yl”CoAderiv出ivesby conden-
悩 ionwith malonyl-CoA and reduction with 臨むicedpyridir同出cl的制的

。聞もert跡 dPodack事 1973；恥開制andSp同 cher,1977）均 Inno同 sehave 
individual enzy朋esbeen highly pu討議edor the system同 constitutedwith 
soluもilizedenzymes. 
Infom拙.tionαn fatty acid elon轟atio敏iseven scむ1tier拙tho判。E嘉則lisms

智ithlnsPCers. Evidence for盆 malonyl－むのA-primedelon事：ationsystem iη 
pl鵡 .ISh酪 beenpre閥抗ted(Harwood, 1979; Walker蹴 dHarwood, 19草草）‘
In y柏会t,evid間伐 forfatty滋cidelo時議ti.叩 co融 制 fromobservi詰嘉 the
conversio匁 oflabeled fatty acids to !on事前 chain叫 idsin開VOWith wild‘ 

type C“utllis and S. cereuisiae (Fulco, 1967) and with aね.ttyacid $ ynthe-
総騨則u也ntof S. cerevisiae (0定期eet al., i歩72）”Invitro evid剖悦forfatty 
acid c)ongation i忽ぶ cer，出 is蹴eco.泊1esfrom the work of Blanchardiε et 
alも (1977)showiug that purl品edmembr澗 efractio肘印刷印刷附labeled
stearoyl-CoA in the p柁 蜘neeof malonyl-CoA and NADl"H to fatty acids 
with 20-3寺嶋E初出aHowever, Schweizer (l984) qu時 ti・のnsthe relevance 
Qf malonylぐ，oA-dcpendentch州忽long.泌 onin y脱 SL

Fatty acid 世 hyd開業ylationh制 beenstudi思dln ani偽 al零ystems:how 
抑制？”盛Joi恥 uiarmech融.ii附時間main加completely悶 derstood,altho羽詰h
molecularoxy喜朗and烈ADP:Harereq以陀品保時hi開。t仏 198l;Shi謡叩1
et al仰， 1脅90）‘ The悶 .tureof the su初出.te間関dear,i.e., whether It is a 
f証ttyacyl込CoA,ace他 期lde,or a more. complex sphingolipid. The electron 
t阻糊portchai残ofevents is also unclear. 

In Tetrahymenapyriformi$, Kaya etal. (I吾容4)provided in vi切 evidence
for the directゑydroxylばionof ceramide 2-amぬoetbylphosphonate,con-
vertin事thebound p必罫iitic齢 idtoα巴 hydmxypalmitic蹴 iι。忽rais温室the
原-owtbtemperatu陪 fror主主 15to 3ゲC,a悶.pidi：肌時制ein hy命。xylated
sphingolipid w儲 obserャed.Hydroxylation of各.phu得。lipidill vitro was not 
ob枯れ噌d.Indirect evide摂cefor di開 ctsphingolipid hydroxylation comes 
f抑制I治泌総れ誠ionsof Dickso註針aL(1明治）witb amut胡 tof S. cerevis-
悶eth献血a.Ires担od副総ct盆ble理phin草olipid;nevertheless, this mutant con 
総insnormal levels of C諒 fattyacid which is客trilci剣畠lyunderbydroxylated‘ 

税関 ori訴滋 ofthe 2噌 xy車問iれ hydroxyfatty acid事総 theI詰sPC計S。fs 
cerevisiae a~誼s to t路地説的ularo王将仰ヲ割引ce納鵬robically開 ltur尽d
cells have no bye令部yfatty acids i浪 the;;InsPCers泳 I訓 Lesteret al., 
ぬかI語以加の．
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C. SYNTI倒 ISOF CERA:..UDE 

Ceramide synthesis has been st註diedin hi義hera開明als;it OCCU!S by the 
reaction of a fatty acyl-CoA with a free sphingolipid long-ch忍inbase 
CKis註1moto,1983). No information is availa詰leconcerning ceramide syな
thesis in the organisms with InsPCe内

D. SY村τl-IESI事OF1:-isPCER品

In spite of the widespread distribution of these m畦jormembrane constit-
uent事， tittle l君k”。官nabo羽ttheir as肥 mblyand metabolism; the only 
aγa.ilable informati開 ncomes from studie喜朗 yeast A pat担way担asもeen
proposed as鼠 workin畠 hypothesis(Becker and Lester, J 980) wl碍reby 
phosphatidylinositol is the precu1きorof the inositol-P grりups,r、eacting
with ce悩mideand MIPC，出1dwith GDP－開閉noseas am開 nosedonor: 

¥, Ph硝 phah均!inositol十帥問削指→ I削 sitol-P-cet治的de+di恥計約ce時 I(DAG) 
iiτ ！no忌ltol－炉問時期ide+GDP開叩ぉose→Manno鈍寸前委託。l同ト臨時間ide(MJPCI ・い GDP
出ι限 PCゅ抑制pn込tidy［目。sitol→MrlPJ,C+ DAO 

；

j
 

Jn vivo evideuc~ su予po芳tingthis scheme官asobtained by Ang双sandf忍ster 
(1972). Synth.esis of M(IPhC in S. cerevisiae w羽 studi.edby unif・制限ly
labeli.n喜cellswith 32P, and [3H]ino刻tot,chasing with unlabeled isotopes 
fo~ 狩veral cell generation勢。 andmoi設tori的 thecha11事削除 allti訪問匂間一

宇bOS(Jholipids.Half＇ヲfboth the ;;p銭nd[lH]inositol that disappeareせ針。防

the phosph削減ylinositolpool t綜叩間ulatedin the M(IP)zC pool with the 
iゑient位、llabel凶 tio;the oth例 halfapp開店din the culture medium as 
glycerop註osphoinositol.These data are whollv co開p制iblewith phosph泣i-
dylino弘 olptοvidin嘉bothinositol・P甚Iοupsintact to for開 M(IP),C.Little 
tum＜ラ守窓rof M(lPhCもv削 obset、・ed;hο、号c、＇er阿 the!PC 悶← MIPC f旨actiο21 

did exれibittu mover comp乱tiblewith問！esas p開 cursorsofM(If'J,C Prevト
叫時間rkby Tanner (196ゑゆるめ isconsistent with these conclusionゑ
Tile svnthesi容のfthe ln sPCers m的手occurin the Gol暴iapp討 at縫窓 because
Puoti el al‘(l脅脅I)h総V<;:Sbοwn that sy抗th<11sisof lnsPCεrs frorr買：翠belecI 
l烈ositolcease診i践 lemperatur総

？盈si立包Jartransport from the endoplasmic 陀 ticulumto the Go！富iat the 
re事trictivctemperature. 
Jn vitro evid開制問pporting時＇actio例伶加d(ii）時5obtained using 

crude membranes念。mS. cerevisiae which catalyze the incorporation nf 
pl1o第phoinosit.olinto IPC and MOPhC fror話料ldedlabeled phosphatidyl司

inosit<>l （島肘＇kerand Lestet, 1980). Presumably司 endogenousceramide 
制idち.UPCserved 崎潤bstrat•的 Work from this laboratory has shown 
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that慌 og問。uslabeled ce問 midecan serve as a F宣告叫問。rofIPC (W. J. 
Pintoポ al可 制抑blished)and ti凶 tman坦ose-label凶 GDP物 船 脚sec胡
serve as a man終os~ donor (G. W. Becker凶 al.,unpublished) in this in 
vitro system. The i>0Ssibility that mannosylpbosphoryldolichol serγes as 
thιulti蜘 temannose donor c閥抗otbe ruled out. We a間関de陶 king
purification of the synthetic enzymes away from endogenous lipids in 
order to時 tablishdefinitively ti拐事toichiometryofreactions i-iii. Evid尽烈ce
for賠鉱tion(i) in A. niger w縮 obぬi加 dby Hackett and Bren鋭部1(1977). 
The F的 tulatcdphosphoinositol transferase reaction for IPC syi詰hesisis 
開 alogo制 tothe phosphocholine智aれsfe問 sein the formation of sphin蕗O品

開yelin(Me世illand Jone首， 1990).
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Vl. Fu降吋.onsof Spbi11golipid事総StUocharomy醐柑revistae

All eukaryotic cells, including animals (Hakomori令 1983),higher plants 
(Laine etαし1昔話.ff),and fuれgi(Breni明 oa設dLo品el,1978), contain sphi削.go-
lipids, particul虹 lyin their plasm忽 membrane,In animals, sphingolip-
ids間・ethought to play rol郎 asmodulator君。.fmembra細割草naltransduc-
軒久間叫ltin蔀inthe開＇gulati問。fcell器開wth and differentiation‘and as 
mφdiators of cell-to・cell or cell-to・・substratumrecり伊ltl叩（Hannunand 
Bell守 1989;Ha.kor取りri,1990). Additional biolo担保lrole零for笥phingolipid
lntennedla.t郡田1db開設kdownproducts including ceramide削 dsph拍車か

酬と have 抑制 r旬。片付 by同時限iwot主総悶（reviewedin Ha測mnand 
担ell,19最9;Me.灯di,1991)‘Further effo社 is関紙同， how供 er,to問問.blis註
the physiological function of閥的tsphin富olipids.A parti印 larlynagging 
静roble冊 ind時 ipbc:rin喜tbefunction of a speci韮c$phin芭olipidis the 抑制ω

¢忽ceof doz,引 ts.p綜rhapshundreκfa，。fsphin喜olipidsin most animal cells 
(H総omori,1昔話3).
To try to overcome the pr＇υble即sposed by the p向勝往時 ofmany sphin-

車oiipidちina cell‘we )Jave begun to ex魚翻inethe fu制~！.ion of splungolipids 
in S. cerevisiae, si思cethere is only one銅器自Ol'sphin膜olipid(M(IP),C)融id
two朗inorsph.ingolipids (IPC悶 dMIPC). The discovery of spb期限lipid
I開基唱初inbase au克.otrophsof S. cerevisiae unable to側主ke>phi問。lipids
G官in暮todefec討veSPT activity (Wells組 dLester, 1983; Pinto肝 alリ

1灼2a,b)op籾 edtt開 possibilityof u草iogmolecular喜朗信協槌＜：：hniψ制 to
study sphit＼藍olipidfunctions. The inability to車問＼vand the loss of判 的rlity
of such mutant strains if not supplemented with a sphingolipid !on草-cl抽in
base strongly suggest君thatthere ar自oneor more vi凶ifunctions for y崎嘉t
sphingolipid. Besides CQntributing to露eneralmembr躍世 p開p•rties su<>h 
制 ~h猷蕗e ＂ぬd((uid1tyタsph開golipids保ayιontribut露出ll司uefunctions such 
as specific bindi凱gto a protein朋 dmembrane anc詰orsfor p開 teius(s悦
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below). Rec剖Hin vitro stud記事 havedemonstrated that the phospholipid 
re qui rem削 tof the pl悩 mamぉmbrarieH+-ATP部 e;$ e質問tivelysatisfied 
byむertainI出 PCet百（Patto説温ndI広告ter,199さ）， SU機関tin罫thatthe phヲsio何

logical舵 tivityof the HヘATP：制。 is《iepende耳tonIn器PCersfor normal 
fu仰はion

IHOS(W/phosphq守i開印刷Id•,
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SPHING昨日制DCo為勝島NSA柱。N STRAIN祭

One str縦 畠yford毘terminin車thephysiologkal f開刊on紛 ofsphi安igoll-
pids was to co開 parethe phenotyp稔of象事tnli刀thathas been照 鯛ipulated
叩 asto eith嘗rcont加員。rlack sphingolipids. Pb問。typ鰐 thatrequired 
急pllingolipidョ，particularly開出dependenton the pl総阻.amemb悶 ne,could
p0int the way to more detiiiiled experiiu•削除 which would reveal the fum::・ 
ti on 《，h.sphin事olipidat the molecular level‘r,) apply this str、ate蕗yto s. 
cerevisiae, we isolated 侵略insthatc制釘owwithout紋akingsphin喜oliplds
(Di訪問羽創αJリ l事警告LSuch st悶 inshave two essen註滋 mutatJ持崩‘ First,
the lcb 1 gene時deleted粉 th低級esir翁i織とannotmake廿1elong-chain ba蕊e
component of sph.in畠olipid払 See-0nd,the straios G紅 rya semidomi朋 .nt
mutatil)u t舵med話LC(sphingolipid co皿.pensatio的that削除blestbe cell 
to suppress or byp出窓 thelcbl d也feetand to車問wwithout exogcnou葱

phytosp泌総，osiu弘 Whenexogeno認sphyt杭 phin事osineis supplied to the 
culれ.Ire揃.el'詩um明 thestrains叙akea割前即1alcomplement of sphingolipids. 
Conditions that re略語i陀dsp泌ngolipidsfor露関wthw紅白 searchedfor 

by compa臨時治ebehavior of SLC strお僻 eithむ削肌同ni祭事前恥知唱

sphin車。Hpids_Sphi盟意。，＼ipidswere not requl開dfor藁rowthunder normal 
抑制tressin喜志ulturecondition草（Dicksonet al., 1990), but we持株quired
wh＜窓口 the pH of the幽ediu肌 w部 reducedto 3＂又 whenz註etemperature 
of incubation官邸 increas総切37°C,when the medium con給総ed0.75M
NaCl or KC!, and when the取材iumcontained sodium acetate buffered 
at pH 6 (Patto政 etal., 19争力官、esegrαwtかinhibiti羽謀 conditionsseem切d
unrelated，も践し when叫 臨paredto previou暴行 published勘定a(McC時 ker
et al., 1987), they showed a strikin事事imilarityto re事uitsobtained for 
ぬmemut制 tstrains defective i滋pmal,the gene codi泊客 fo烹 thepl関 ma
期総開，brnne滋ヘATPase‘an略jorcor鵠担tuentof the plasma設問＇mbra詰eof 
S, cerevisi削 Thi想 問zymepumps pro知山 outof the cell to create an 
eleι：troche出i帥 lgr潟.di船 tthat ls凶lizedfor t開始sportin欝avariety of nut作
時 .tsInto the eel日（fotreviews, see S組 制oet al., 19意欲Siglerand Ho仰れ

1鈴l）令 Further期 ore,the InsPCcrs of S. cerevisiae are highly localized in 
the pl蹴買iamembrane納品 representa j叡約 fr齢 tionof its phos竪holipid
φ縦 0）＼醐dLester, l望91).。neinterpretation of the behavior of SLC明日s
lacldn震$pit治基ollpldsis that the InsPC土問6貌時間sent詠lfo( H九 ATPase
activity when cells are su担jectedto enviroロmentalextremes. 

A. 
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This po時ibilitywas examined i烈moredeta詩usin吾wholecells to follow 
net開 t川 sionof protons阻tothe suspensio思medium(Patto註 etalけ 19事2).
The proton extnJsion税目ywas initiated by addit鳩glucoselo the ~uspen 
slon medi組問主LCcells containin章容phingolipidsbeおavedlike wild-tγpe 
cells朗 dshowed田 tproton ext問税制的相官担enthe suspension medium 
W部 bu£fe部d議tpH 4. In ~ont凶悪t, SLC cells lac主ingsphingolipids did立。t
事hownet proton extnision at pH 4 and, in addition, the suspensi明日n母diurn 
became alkaliJ1e. Al初li開zationseemed to be取締toi設立民事seedperme必ii-
ity of sphingoJipid-de長c_ientcells to proto.ns. Iner側担dpermeability was 
not due部町除lyto for官nationoflarge holes or pore訪問the pl鰐 mamembrane 
』ecausecell忌didnot leak p拘胞insinto the suspensio11 ruedium and lactose 
did not freely el)ter cellふ Theeffects of the low pH trea総開ntoccurred 
rapidly （官ithinl minut討議ndwere irrever草ゐle.
One expl獄事則的然 forthese observatwns i等 tliatE討eSLC supp刊誌のr

出 utationおinPMAJ, this is not the case宇 ho官ever，話。C札usethεcloned 
SLCI制 ppressorgene is not PMAl (s忽ebelow). At thi事time努 itis not 
clear how the lack of sphin畠olipidsaffぉctsmembrane pert誌を乱bilityaれd/
or the況にATPase under environ言明治tal肌 t開閉1es;there ma.y or may not 
be one unif ving explanaむon.
The predicted protein product of the SLCJ脅uppressorgene (M. M. 

Na翠iec,G. B. Wells, R. L. Lester，拙dEミC Dick粉 n,unpublishとdd怠.ta)
shows homolo草yto the PlsC gen，εof Escherichi.αcoli which encodes l-
acyl-m事lye廿oJ.3-phosphate窃cyltrnnsfera開（Coleman,Iヲ92).Such ho-
朋ologysu墨事eststhat th•母 wild‘type allele of SLCJ may have aきimilar
訪日nctionin S. cer.visi，αe. It is pertio針1tto note t!)at SLC拭開iM糾叫悶ul以e
significant司uantitiesof 11ovel lipids when cultured without a long-ch間設
base：航。日正ト and品トfattyacylver回onsof phosphatidylino引tol(Pl), man-
no箆ylPl, and inositol-P-(mannosyl-Pl), each containing one mole of 
c26 fatty 時点。rdinarilyfound in yea計事phin露。lipidsbut加はbundantly
found in glycerophoゃholipids(Lesterラelal川 1書官3).Thus the polar bead 
喜roupsand hydrophobic ponions of these novel lipids ar廷 str(主inglysimi-
Jar to S. cerevlsiae sp註i減。lipidsfound in制 Id澗 typeは !ls.and it官制

sp脳波lated that the 説。vel lipids that struは 出ally mimic sphin畠か

lipid単partiallycompen時tefor 開 mesphingolipid fuぬcrion(s）註ecessary
for growt弘 AZ開閉nablehypotbesis is that the suppressor SL口 allele
c毛l)U)d00院会pon割blefor a fattyacyl transfe措 sethat inserts a C師免tty
acid into盆 precursorof the novel lipids. 

270 

者
p
e
T
’

4

執

1

j

Aι

、ddれ勺
J

，
一
い

j

〆一
ド

、i

-
旨

' 

， 

iNSl?CBl¥S MAY Acr A毒んドCH口RSf'O総P玖OTEINS

It開 nowwell府 組.l>lishedin sev紅剖 or暮ant誠 ISthat $0照。proteぬsare 
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phatidylinositol (GP!) （斡viewedin Ferguson孟ndWilliams, l争章容lTI開
lipid moiety in these anchors is normally either a diacylglycerol or an 
itl主ylacylglyceroLれ時 repo市 it1di榊 teth前日m也 prote問問aybe間”

とhoredby attachment to a cerami品トヰ0践ialni訓告 g)ycoli手id.The contact 
site A glyιoprotei持 ofかおり•ostelium discoideu明治朗adhesionmolecule 
e其pressedat t泌総giegatiou渋ageof development. The prのteinis鵠 ω

chored to the pl制 mamembrane.τ'he fatty acid in the anchor lipid is not 
released by mild稔lkalinehydrolysis but is released by stro民喜 alkaline
hydrolys時， indicating<w眠idelinkage to the lipid、lnc1;bationof the副1chor
with sp.主ingomyelina綿 E録制官~a lipid with the chromato謹raphicbehavior 
ofa c税加立de.Thus, the available e'1ide詩伐斜線同tsa民 E滋rude-containing
lipid翻 chor(Stadler et al., 1989). 

議everalproteins in S. ct111e11isiα€ appear to be anchored to the plasma 
開。mbraneby two diff•削除制 typ関 ofphosphoinositol“cont制削除glipid結ト

chors (Co副総i期間舟 etal ... 1992). GPI is one type d制 chorand the oth前
type conぬ紋sceramide肌placeof diacyl露lycerol.Evidence supports the 
id必ath筏.tthe OP! anchor時atta乙hedfirst to proteins and is t誌と鈴remodeled
by replacement of the diacylglycerol with c計制nide.Thξro縫t畿のf思ynthε宰is
of the包¢担οvellipid a終心hοgおrem融E吾to忌ed必t必r肌inedas dοtheiはprecise

strミ1ct‘
官id包lydist討』胤脱iiD natur俗偽ret為察Ir支sPC町 prntci筏紛chο悶 alsο 服撚側窓

to be deteo:閥 抗

、哩J. 君幽組雌ary

InsPCers have民間charact削 zed初期al"lyplants, fu罫喜i,and protozoans 
も滋notin animals. There are mの well~documentedreports of the ab開αceof
lnsPCers i股 or議制lismsof these c猷傍輩。riesand one r総務htpossibly consid・紅

漁師elipids to be ubiquitous in plants, fun唱L制1dprotozo制札 Thepolar 
t時adgroupsof these lipids displ且yquite hetero革：eneousstructむをgde-
pending on the抽出官民 Incl証基極gattachment to pn.1teit1時 a;possible mcm-
brane組 chars.The cenm:iid，削 arewith知朗給制C包ptionscomposed of 
i官庁側phi拍車osine初 da very long-cha.in多usuallyhydrοxyl縦 d,fatty acid. 
Th包vitalnature of踏むbsphingolipids in thεplasma memb~ane is indi側総品

開ScerevislaιClearly, much 料開ains肋 bediscovered about the str後十

期開， metabolism, a.ねdfunction of the InsPCers. 
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