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Abst r act . Sphi ngosi ne, a met abol i t e of membr ane

sphi ngol i pi ds, r egul at es pr ol i f er at i on of qui escent Swi ss

3T3 f i br obl ast s ( Zhang, H. , N. E. Buckl ey, K. Gi bson,

and S. Spi egel . 1990. J . Bi ol . Chem. 265 : 76- 81) . The

pr esent st udy pr ovi des new i nsi ght s i nt o t he f or mat i on

and f unct i on of a uni que phosphol i pi d, a met abol i t e of

sphi ngosi ne, whi ch was unequi vocal l y i dent i f i ed as

sphi ngosi ne- l - phosphat e . The r api d i ncr ease i n 32 P- l a-

bel ed sphi ngosi ne- l - phosphat e l evel s i nduced by sphi n-

gosi ne was concent r at i on dependent and cor r el at ed wi t h

i t s ef f ect on DNA synt hesi s . Si mi l ar t o t he mi t ogeni c

ef f ect s of sphi ngosi ne, l owconcent r at i ons of sphi ngosi ne-

1- phosphat e st i mul at ed DNA synt hesi s and i nduced

pr onounced mor phol ogi cal al t er at i ons . Bot h sphi ngo-

si ne and sphi ngosi ne- l - phosphat e st i mul at ed DNA syn-

t hesi s i n cel l s made pr ot ei n ki nase C def i ci ent by pr o-

l onged t r eat ment wi t h phor bol est er and sphi ngosi ne st i l l

T
HE bi ochemi cal mechani sms wher eby eukar yot i c cel l s

r egul at e t hei r pr ol i f er at i on ar e not wel l under st ood .

One appr oach t o t hi s pr obl em i s t o i dent i f y t he second

messenger s r esponsi bl e f or t he i ni t i at i on of t he pr ogr essi on

of Góar r est ed cel l s i nt o S phase . I n Swi ss 3T3 cel l s, whi ch

ar e sensi t i ve t o a wi de r ange of mi t ogeni c agent s, some

gr owt h f act or s appear t o f unct i on t hr ough convent i onal sec-

ond messenger s such as cAMP, wher eas ot her s use t he si gnal

pat hways associ at ed wi t h i ncr eased degr adat i on of pol yphos-

phoi nosi t i des l eadi ng t o t he gener at i on of l i pi d second mes-

senger s . Di acyl gl ycer ol ( DAG) ' i s an endogenous act i vat or

of pr ot ei n ki nase C ( Ni shi zuka, 1986) and i nosi t ol t r i sphos-

phat e ( I P3) causes a r el ease of Cal + f r omi nt r acel l ul ar st or es

( Ber r i dge, 1984 ; Ber r i dge et al . , 1984) . Al t hough t he r ol es

of t hese i nt r acel l ul ar second messenger s whi ch appear t o be

i mpor t ant f or t he mi t ogeni c r esponse have been wel l char ac-

t er i zed, i t i s evi dent t hat not al l of t he second messenger sys-
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el i ci t ed si mi l ar i ncr eases i n sphi ngosi ne- l - phosphat e

l evel s i n t hese cel l s . Al t hough bot h sphi ngosi ne and

sphi ngosi ne- l - phosphat e act ed syner gi st i cal l y wi t h a

wi de var i et y of gr owt h f act or s, t her e was no addi t i ve or

syner gi st i c ef f ect i n r esponse t o a combi nat i on of sphi n-

gosi ne and sphi ngosi ne- l - phosphat e . Usi ng a di gi t al

i magi ng syst em f or measur ement of cal ci um changes,

we obser ved t hat bot h sphi ngosi ne and sphi ngosi ne- l -

phosphat e ar e pot ent cal ci um- mobi l i zi ng agoni st s i n

vi abl e 3T3 f i br obl ast s . The r api d r i se i n cyt osol i c f r ee

cal ci um was i ndependent of t he pr esence of cal ci um i n

t he ext er nal medi um, i ndi cat i ng t hat t he r esponse i s

due t o t he mobi l i zat i on of cal ci um f r omi nt er nal st or es .

Our r esul t s suggest t hat sphi ngosi ne- l - phosphat e may

be a component of t he i nt r acel l ul ar second messenger

syst em t hat i s i nvol ved i n cal ci um r el ease and t he r eg-

ul at i on of cel l gr owt h i nduced by sphi ngosi ne .

t ems i nvol ved i n cel l gr owt h r egul at i on have been el uci dat ed
( Ber r i dge, 1985 ; Best er man et al . , 1986 ; Spi egel and Pana-
gi ot opoul os, 1988) . I n par t i cul ar , i t i s cl ear t hat t he ear l y r e-
sponses of qui escent cel l s t o a var i et y of gr owt h f act or s, such
as changes i n Cat + and p1l i , and act i vat i on of phosphol i pase

C and pr ot ei n ki nase C, ar e i nsuf f i ci ent by t hemsel ves t o
cause t he cel l s t o pr ogr ess t o DNA synt hesi s ( Hesket h et al . ,
1988) . Thus, i t appear s t hat t her e ar e st i l l some undi scover ed
i nt r acel l ul ar second- messenger pat hways whi ch ar e i mpor -

t ant f or cel l gr owt h r egul at i on .

At t ent i on has r ecent l y been f ocused on ot her met abol i t es

of membr ane l i pi ds, i ncl udi ng phosphat i di c aci d ( Ext on,

1990 ; Mool enaar et al . 1986 ; Yu et al . , 1988) , ar achi doni c

aci d, and pr ost agl andi ns and r el at ed der i vat i ves ( Needl eman
et al . , 1986) i n si gnal t r ansduct i on syst ems . A new addi t i on
t o t hi s gr owi ng f ami l y of bi ol ogi cal l y act i ve l i pi ds emer ged
f r om t he di scover y t hat sphi ngosi ne, a met abol i t e of mem-

br ane sphi ngol i pi ds, i nhi bi t s pr ot ei n ki nase C, a pi vot al

r egul at or y enzyme i n cel l gr owt h, opposi ng t he act i on of
DAG( Hannun and Bel l , 1989 ; Mer r i l l and St evens, 1989) .
Thus, i t has been suggest ed t hat sphi ngosi ne may f unct i on
as an endogenous negat i ve ef f ect or of pr ot ei n ki nase C ( Han-

nun and Bel l , 1989 ; Mer r i l l and St evens, 1989) . We have

shown pr evi ousl y t hat sphi ngosi ne st i mul at es t he pr ol i f er a-

t i on of qui escent Swi ss 3T3 f i br obl ast s vi a a pr ot ei n ki nase
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C- i ndependent pat hway ( Zhang et al . , 1990x) . Recent l y, we

have shown t hat t he mi t ogeni c ef f ect of sphi ngosi ne i s ac-

compani ed by an i ncr ease i n phosphat i di c aci d l evel s ( Zhang

et al . , 1990b) , a pot ent mi t ogen f or Swi ss 3T3 cel l s ( Yu et

al . , 1988 ; Mool enaar et al . , 1986 ; Zhang et al . , 1990b) .

Thi s f i ndi ng r ai ses t he possi bi l i t y t hat sphi ngosi ne may pl ay

an i mpor t ant r ol e as a posi t i ve r egul at or of cel l gr owt h act i ng

t hr ough a novel pat hway . A new act i on of sphi ngosi ne i n

medi at i ng r api d and pr of ound t r ansl ocat i on of Cal + f r om

i nt r acel l ul ar st or es has r ecent l y been descr i bed i n per meabi -

l i zed smoot h muscl e cel l s ( Ghosh et al . , 1990) . Ghosh et al .

have pr oposed t hat sphi ngosi ne must be conver t ed i nt r acel l u-

l ar l y t o sphi ngosi ne- l - phosphat e whi ch af f ect s cal ci um r e-

l ease f r om an i nt r acel l ul ar cal ci um pool t hat i ncl udes t he

I P3- sensi t i ve and - i nsensi t i ve pool s ( Ghosh et al . , 1990) . I n

t hi s paper , we pr esent evi dence t hat sphi ngosi ne- l - phosphat e

i s pr oduced i n vi abl e cel l s i n r esponse t o mi t ogeni c st i mul a-

t i on i nduced by sphi ngosi ne, i s a pot ent mi t ogen f or 3T3 f i -

br obl ast s, and medi at es cal ci um r el ease . These r esul t s sug-

gest t hat sphi ngosi ne- l - phosphat e may be a component of t he

i nt r acel l ul ar second messenger syst emt hat i s i nvol ved i n cal -

ci um r el ease and t he r egul at i on of cel l gr owt h i nduced by

sphi ngosi ne .

Mat er i al s and Met hods

Mat er i al s

[ Met h
yl - 3H] Thymi di ne ( 55 Ci / mmol ) , [ 32 P] or t hophosphat e ( car r i er - f r ee) ,

and [ 2- 3 H] gl ycer ol ( 1 Ci / mmol ) wer e pur chased f r omAmer sham Chemi -

cal Cor p . ( Ar l i ngt on Hei ght s, I L) . Epi der mal gr owt h f act or ( EGF) , i nsul i n,

and t r ansf er r i n wer e f r om Col l abor at i ve Resear ch ( Lexi ngt on, MA) . Phos-

phol i pase D ( f r omSt r ept omyces chr omof uscus, t ype VI , 3, 000 U/ mg) , 12-

O- t et r adecanoyl phor bol 13- acet at e ( TPA) , D- sphi ngosi ne ( f r om sphi ngo-

myel i n) , and sphi ngosyl phosphor yl chol i ne ( f r ee base) wer e f r om Si gma

Chemi cal Co. ( St . Loui s, MO) . The var i ous st andar d phosphol i pi ds wer e

f r omAvant i Pol ar Li pi ds ( Bi r mi ngham, AL) . Si l i ca Gel 60 Gpl at es wer e

f r om El ect r on Mi cr oscopy Sci ences ( Cher r y Hi l l , NJ) . DMEMand PBS

wer e f r om Advanced Bi ot echnol ogi es ( Si l ver Spr i ng, MD) and Waymout h

medi um was f r om Gi bco Labor at or i es ( Gr and I sl and, NY) . Fur a- 2/

acet oxy- met hyl est er ( f ur a- 2/ AM) was f r om Mol ecul ar Pr obes, I nc . ( Eu-

gene, OR) .

Synt hesi s of Sphi ngosi nel phosphat e

Sphi ngosi ne- l - phosphat e was pr epar ed by enzymat i c di gest i on of sphi n-

gosyl phosphor yl chol i ne ( SPC) wi t h phosphol i pase D as pr evi ousl y de-

scr i bed, wi t h mi nor modi f i cat i ons ( Van Vel dhoven et al . , 1989) . Br i ef l y,

SPC ( 10 Amol ) was t r eat ed wi t h 65 Wg of phosphol i pase D i n 2 ml of 50

mMammoni umacet at e buf f er , pH 8 . 0, at 30° C. As t he r eact i on pr oceeds,

sphi ngosi ne- l - phosphat e, bei ng i nsol ubl e i n aqueous sol ut i on st ar t s t o

pr eci pi t at e. Af t er 1 h, t he suspensi on was cent r i f uged and t he super nat ant

was al l owed t o r eact f or a f ur t her 1 h and an addi t i onal amount of i nsol ubl e

pr oduct i sol at ed . The pel l et s wer e combi ned, di sper sed i n wat er by soni ca-

t i on, and cool ed t o 4° C. The pr eci pi t at e was washed t wi ce mor e wi t h wat er

t o r emove any t r aces of t he subst r at e . Fi nal l y, t he pel l et was di ssol ved i n

1 ml of met hanol and pur i f i ed by TLC usi ng but anol / wat er / acet i c aci d ( 3 : 1 : 1

vol / vol , sol vent syst em I , Rf = 0. 47) . The pur i t y of sphi ngosi ne- l -

phosphat e was conf i r med by anal ysi s of t he pur i f i ed pr oduct i n f i ve di f f er ent
sol vent syst ems . I n each syst em, t her e was a si ngl e spot t hat was posi t i ve
wi t h ni nhydr i n and phosphat e spr ays . I n t hese syst ems sphi ngosi ne- l -

phosphat e was wel l separ at ed f r omSPC. The mobi l i t i es i n t he di f f er ent sol -
vent syst ems wer e i dent i cal t o publ i shed val ues f or sphi ngosi ne- l - phosphat e

( Van Vel dhoven et al . , 1989 ; St of f el et al . , 1970, 1973) . Sphi ngosi ne- l -

phosphat e was quant i f i ed by t he mal achi t e gr een met hod ( Hess and Den,

1975) . Sphi ngosi ne- l - phosphat e was st or ed under N2 i n ei t her met hanol or

wat er at - 20° C.
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Cel l Cul t ur e

Swi ss 3T3 cel l s wer e f r omt he Amer i can Type Cul t ur e Col l ect i on ( CCL 92 ;

Rockvi l l e, MD) . St ock cul t ur es of cel l s wer e r out i nel y cul t ur ed as pr evi -
ousl y descr i bed ( Spi egel , 1989x) . The cel l s wer e subcul t ur ed at a densi t y

of 1 . 5 x 10° cel l s/ cm2 i n DMEMsuppl ement ed wi t h 2 mMgl ut ami ne, 1
mMpyr uvat e, peni ci l l i n ( 100 U/ ml ) , st r ept omyci n ( 100 Wg/ ml ) , and 10%

FCS. For measur ement of DNA synt hesi s, t he cel l s wer e seeded and gr own
on mul t i cl ust er pl ast i c t i ssue cul t ur e di shes ( 24 x 16- mm wel l s, Cost ar ,

Cambr i dge, MA) . For phosphol i pi d anal ysi s, t he cel l s wer e cul t ur ed i n si x-
wel l cl ust er pl ast i c t i ssue cul t ur e di shes ( 6 x 34- mm wel l s, Cost ar Cor p. ,

Cambr i dge, MA) . For measur ement s of cyt opl asmi c f r ee Ca2+ concent r a-
t i on, cel l s wer e gr own on gl ass cover sl i ps i n si x- wel l cl ust er pl ast i c t i ssue
cul t ur e di shes . The cel l s wer e r ef ed wi t h t he same medi um af t er 2 d and
wer e used 5 d l at er when t he cel l s wer e conf l uent and qui escent ( Spi egel
and Panagi ot opoul os, 1988) .

Assay of DNASynt hesi s

Qui escent cul t ur es wer e washed wi t h DMEMt o r emove r esi dual ser umand
1 ml of DMEM/ Waymout h medi um( 1 : 1) suppl ement ed wi t h 20 Pg/ ml BSA
and 5 j i g/ ml t r ansf er r i n wer e added ( Spi egel and Panagi ot opoul os, 1988 ;
Spi egel , 1989x) . When i ndi cat ed, t he cel l s wer e t r eat ed wi t h var i ous gr owt h

f act or s, sphi ngosi ne added as a compl ex wi t h BSA ( Zhang et al . , 1990x) ,
or sphi ngosi ne- l - phosphat e, and af t er 18 h, t he cel l s wer e pul sed wi t h 0. 5
wCi of [ 3H] t hymi di ne f or 6 h . The i ncor por at i on of r adi oact i vi t y i nt o t r i -
chl or oacet i c aci d- i nsol ubl e mat er i al was measur ed as descr i bed ( Spi egel

and Panagi ot opoul os, 1988) . Val ues ar e t he means of t r i pl i cat e det er mi na-
t i ons . St andar d devi at i ons wer e r out i nel y <10% of t he mean .

Label i ng of Cel l s wi t h 32P
;

Qui escent cul t ur es of 3T3 cel l s wer e washed wi t h DMEMwi t hout phos-

phat e and i ncubat ed wi t h 2 ml of t hi s buf f er cont ai ni ng 32p
; ( 40 t Ci / ml ) f or

24 h . The cel l s wer e t r eat ed wi t h sphi ngosi ne, or vehi cl e, or sphi ngosi ne- l -

phosphat e al one f or var i ous t i mes and t he r eact i ons wer e t er mi nat ed by

pl aci ng t he di shes on i ce, and r api dl y r emovi ng t he medi um. The cel l s wer e

scr aped f r omt he di sh i n I ml of 0. 1 NHCI . I n some exper i ment s, conf l uent

cul t ur es wer e l abel ed wi t h ( 23H) gl ycer ol ( 2 t t Ci / ml ) f or t he l ast 3 d of cul -

t ur e and 32p
; ( 40 t Ci / ml ) was added f or t he f i nal 24 h . Cel l s wer e r i nsed

wi t h ser um- f r ee medi um, and t r eat ed wi t h sphi ngosi ne or vehi cl e and t he

l i pi ds wer e ext r act ed as descr i bed bel ow.

Ext r act i on and Anal ysi s of Li pi ds

Li pi ds wer e ext r act ed wi t h chl or of or m/ met hanol / concent r at ed HCl ( 100 :

200 : 1 vol / vol ) and t he phases wer e separ at ed as descr i bed ( Hasegawa- Sa-

saki , 1985) . The l i pi ds i n t he l ower chl or of or mphase wer e separ at ed by t wo

di mensi onal - t hi n- l ayer chr omat ogr aphy on si l i ca gel 60 G. The pl at es wer e

devel oped i n sol vent syst em V i n t he f i r st di mensi on ( Rouser et al . , 1970)

and sol vent syst emI V i n t he second di mensi on . The phosphol i pi d st andar ds

wer e vi sual i zed wi t h mol ybdenum bl ue spr ay ( Supel co, I nc . , Bel l ef ont e,

PA) . Phosphol i pi ds wer e l ocat ed by aut or adi ogr aphy and t he si l i ca gel ar eas

cont ai ni ng t he l abel ed phosphol i pi ds wer e scr aped of f and count ed by l i qui d

Tabl e L Mobi l i t i es of Sphi ngosi ne- 1phosphat e ( SPP) and

Sphi ngosyl phosphor yl chol i ne ( SPC) on TLC

Sol vent Syst em ( vol / vol )

	

SPP

	

SPC
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Rf

1 . But anol / wat er / acet i c aci d ( 3 : 1 : 1) 0 . 47 0 . 12

I I . Chl or of or m/ met hanol / wat er ( 60 : 35 : 8) 0 . 23 0 . 04

I I I . Chl or of or m/ met hanol / wat er ( 65 : 35 : 8) 0 . 31 0 . 08

I V. Chl or of or m/ met hanol / wat er / acet i c aci d

( 30 : 30: 2 : 5) 0 . 35 0 . 04

V. Chl or of or m/ met hanol / ammoni um hydr oxi de

( 13 : 7 : 1) 0 . 00 0 . 04



sci nt i l l at i on spect r omet r y . I n some exper i ment s, sphi ngosi ne- l - phosphat e
was anal yzed by t hi n- l ayer chr omat ogr aphy usi ng di f f er ent sol vent syst ems
as descr i bed i n Tabl e I .

Hydr ol ysi s and Pl er i odat e Tr eat ment
of Sphi ngosi nel - Phosphat e

Sphi ngosi ne- l - phosphat e and put at i ve r adi ol abel ed pr oduct wer e t r eat ed
wi t h met hanol i c KOH( 0. 1 M) at 37° C f or 1 h . Af t er phase separ at i on, t he

r adi oact i ve l i pi ds r ecover ed i n t he or gani c phase wer e anal yzed by TLC.
Sphi ngosi ne- l - phosphat e was al so subj ect ed t o per i odat e oxi dat i on f ol l owed

by bor ohydr i de r educt i on exact l y as descr i bed pr evi ousl y ( Hi r schber g et al . ,

1970) . The pr oduct , et hyl ene gl ycol monophosphat e, was i dent i f i ed by pa-
per chr omat ogr aphy ( Hi r schber g et al . , 1970) .

Measur ement s of Cyt opl asmi c
Fr ee Cal + Concent r at i on

Level s and var i at i ons of cyt opl asmi c f r ee Cat + concent r at i on ( [ Ca2+] ; ) af -
t er appl i cat i on of mi t ogens wer e det er mi ned by t he f l uor escent cal ci um-
sensi t i ve dye f ur a- 2/ AM as descr i bed pr evi ousl y ( Br ooker et al . , 1990) .
Br i ef l y, cel l s gr own on gl ass cover sl i ps wer e l oaded wi t h 10 AMf ur a- 2/ AM
f or 60 mi n i n DMEMat 37° C, washed t hr ee t i mes wi t h Locke' s buf f er ( 154
mMNaCl , 5 . 6 mMKCI , 3 . 6 mMNaHC03, 2 . 3 mMCaC12, 5. 6 mMgl u-
cose, 5 mMHepes, pH 7. 4) and t hen mount ed i n a 35- mmhol der , whi ch
cr eat ed a chamber wi t h t he cover sl i p on t he bot t om. Changes i n f ur a- 2
f l uor escence i n si ngl e cel l s wer e moni t or ed by dual wavel engt h si mul t ane-
ous det ect i on i magi ng usi ng an At t of l uor Di gi t al Fl uor escence Mi cr oscopy
Syst em ( Al t o I nst r ument s, I nc. , Pot omac, MD) . Fur a- 2 was exci t ed at t he
wavel engt h pai r of 334 and 390 nmusi ng 10- nm bandpass i nt er f er ence
f i l t er s t hat wer e al t er nat i vel y sel ect ed by t he comput er - cont r ol l ed exci t at i on
and shut t er cont r ol uni t ( Br ooker et al . , 1990) . Emi ssi on was moni t or ed
wi t h an i nt ensi f i ed CCDcamer a whose sensi t i vi t y was set f or each wave-
l engt h and swi t ched t o t hat sensi t i vi t y by t he comput er j ust bef or e each

wavel engt h of exci t at i on was sel ect ed . A 510- nm l ong- pass emi ssi on f i l t er
was used t o sel ect f l uor escence emi ssi on >500 nm. The [ Ca2+] ; was det er -

mi ned f r omt he r at i o of f ur a- 2 f l uor escence emi ssi ons af t er exci t at i on at t he
dual wavel engt hs cal i br at ed wi t h ext er nal st andar ds ( Br ooker et al . , 1990) .
For exper i ment s done at 37° C, t he mi t ogens wer e di ssol ved i n Locke' s sol u-
t i on mai nt ai ned at 37° C and per f used over t he cel l s at 1 ml / mi n wi t h a

per i st al t i c pump. I t shoul d be not ed t hat i n t hese exper i ment s, t he er r or s
i n est i mat i ng t he l ag t i me may be i ncr eased due t o sl ow di f f usi on of t he mi t o-

gens i n t he per f usi on syst em.

Resul t s

Sphi ngosi ne I nduces For mat i on of
Sphi ngosi nel - Phosphat e i n Swi ss 373 Cel l s

The ef f ect of sphi ngosi ne on phosphol i pi d met abol i sm was

det er mi ned i n cel l s met abol i cal l y pr el abel ed wi t h " P; t o i so-
t opi c equi l i br i um ( Fi g . 1, A and B) . I n agr eement wi t h our

pr evi ous st udi es ( Zhang et al . , 19906) , mi t ogeni c concent r a-

t i ons of sphi ngosi ne si gni f i cant l y st i mul at ed 32P i ncor por a-

t i on i nt o phosphat i di c aci d . I n addi t i on, t wo- di mensi onal

t hi n- l ayer chr omat ogr aphy anal ysi s r eveal ed anot her uni den-

t i f i ed phosphol i pi d spot whi ch di d not comi gr at e wi t h any of
t he maj or known phosphol i pi ds of Swi ss 3T3 f i br obl ast s

( phosphat i dyl chol i ne, phosphat i dyl et hanol ami ne, phospha-

t i dyl i nosi t ol , or sphi ngomyel i n) . To f ur t her i dent i f y t hi s un-

known phosphol i pi d, t he cel l s wer e doubl e- l abel ed wi t h bot h

3 H- gl ycer ol and 32p; t o i sot opi c equi l i br i um ( Tabl e I I ) . I n

unt r eat ed cel l s, t her e was some i ncor por at i on of 32P but no

l abel i ng wi t h 3H i nt o t hi s l i pi d . Mi t ogeni c concent r at i ons

of sphi ngosi ne i nduced si gni f i cant i ncr eases i n i ncor por at i on

of 32P wi t hout cor r espondi ng i ncr eases i n l abel i ng wi t h 3H

( Tabl e I I ) . I n agr eement wi t h our pr evi ous st udi es ( Zhang et

al . , 19906) , i dent i cal st i mul at i ons of i ncor por at i on of [ 3H) -
gl ycer ol and 32p; i nt o phosphat i di c aci d wer e f ound i n r e-

Zhang et al . Sphi ngosi ne- l - Phosphat e and Cel l Pr ol i f er at i on

Fi gur e 1. Sphi ngosi ne- i nduced changes i n 32pl abel ed phospho-
l i pi ds. Conf l uent and qui escent cul t ur es of Swi ss 3T3 cel l s wer e

pr el abel ed wi t h 32P; f or 24 h and st i mul at ed wi t h sphi ngosi ne- BSA

compl ex ( 10 AM) or vehi cl e f or 1 h . The l i pi ds wer e ext r act ed, sep-
ar at ed by t wo di mensi onal TLCas descr i bed under Mat er i al s and

Met hods and aut or adi ogr ams devel oped ( DuPont Cr onex Li ght -
ni ng scr een [ DuPont Co . , Wi l mi ngt on, DE) , 40 hof exposur e) . ( A)
Phosphol i pi ds ext r act ed f r om unt r eat ed cel l s . ( B) Phosphol i pi ds
ext r act ed f r om sphi ngosi ne- t r eat ed cel l s . ( C) Sphi ngosyl phospho-

r yl chol i ne ( SPC) af t er hydr ol ysi s by phosphol i pase D( SPC and

sphi ngosi ne- l - phosphat e mi xt ur e) pr epar ed as descr i bed i n Mat er i -
al s and Met hods. ( D) Pur e sphi ngosi ne- l - phosphat e pr epar ed as

descr i bed i n Mat er i al s and Met hods . Unl abel ed st andar d phospho-
l i pi ds wer e vi sual i zed by spr ayi ng wi t h ni nhydr i n ( C) or mol ybde-

numbl ue ( D) . Ar r ows i ndi cat e l ocat i on of st andar d phosphol i pi ds :

phosphat i di c aci d ( PA) , phosphat i dyl et hanol ami ne ( PE) , phospha-

t i dyl i nosi t ol ( PI ) , phosphat i dyl chol i ne ( PC) , sphi ngomyel i n ( SM) ,

sphi ngosyl phosphor ychol i ne ( SPC) , and sphi ngosi ne- l - phosphat e

( SI P) .

sponse t o sphi ngosi ne . I n cont r ast , t he i ncor por at i on of 32P
and 3H i nt o t he ot her phosphol i pi ds was not af f ect ed by t r eat -

ment wi t h sphi ngosi ne. The r at i o of 32P t o 3H i ncor por at ed

i nt o al l of t he known gl ycer ophosphol i pi ds was const ant f or

bot h t he cont r ol and sphi ngosi ne- t r eat ed cel l s.

These r esul t s i ndi cat e t hat t he newphosphol i pi d does not

cont ai n t he gl ycer ol moi et y and t hat sphi ngosi ne enhances
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Tabl e I L Ef f ect of Sphi ngosi ne on I ncor por at i on of " P. and [ 3H] Gl ycer ol i nt o Phosphol i pi ds i n Qui escent
Swi ss 3T3 Fi br obl ast s

t he 32P i ncor por at i on i nt o t hi s phosphol i pi d . Thus, t hi s un-

known phosphol i pi d mi ght be der i ved di r ect l y f r omsphi ngo-

si ne . I t i s known t hat cel l s cont ai n sphi ngosi ne ki nase, an
enzyme whi ch cat al yzes t he phosphor yl at i on of f r ee sphi ngo-
si ne at t he 1- OHposi t i on ( St of f el et al . , 1970, 1973 ; Hi r sch-

ber g et al . , 1970 ; Loui e et al . , 1976) . To f ur t her subst ant i at e

t he i dent i t y of t hi s compound, we pr epar ed sphi ngosi ne- l -

phosphat e by a f aci l e enzymat i c synt hesi s f r om sphi ngo-

si nephosphor yl chol i ne usi ng phosphol i pase D. Thi s el egant

pr ocedur e, descr i bed r ecent l y by Bel l ' s gr oup ( Van Vel d-

hoven, et al . , 1989) , enabl ed us t o pr epar e mi l l i gr amquant i -

t i es of pur e sphi ngosi ne- l - phosphat e . Fi g . 1 demonst r at es t he

cochr omat ogr aphy of t he put at i ve 32P- l abel ed sphi ngosi ne-

1- phosphat e and t he aut hent i c mat er i al by t wo- di mensi onal

t hi n- l ayer chr omat ogr aphy ( compar e Fi g . 1, B wi t h D) . To

f ur t her i dent i f y t he put at i ve 32pl abel ed sphi ngosi ne- l - phos-

phat e, t hi s spot was el ut ed f r om t he t hi n- l ayer chr omat og-
r aphy pl at e and anal yzed by t hi n- l ayer chr omat ogr aphy i n
anot her sol vent syst em( Fi g . 2) . I n t hi s sol vent syst em, sphi n-

gosi ne- l - phosphat e was wel l r esol ved f r om SPC and t he

" P- l abel ed phosphol i pi d comi gr at ed wi t h aut hent i c sphi n-

gosi ne- l - phosphat e . Thi s pr oduct al so cochr omat ogr aphed
wi t h aut hent i c sphi ngosi ne- l - phosphat e i n f our ot her sol vent

syst ems . The Rt val ues of t he put at i ve sphi ngosi ne- l - phos-

phat e wer e i dent i cal t o t he aut hent i c mat er i al i n sol vent sys-
t ems I - V ( Tabl e I ) . I n addi t i on, 32P- l abel ed sphi ngosi ne- l -

phosphat e was unaf f ect ed by mi l d al kal i t r eat ment , wher eas
32 P- l abel ed phosphat i di c aci d was degr aded . Fur t her mor e,
32P- l abel ed sphi ngosi ne- l - phosphat e, sphi ngosi ne- l - phosphat e
st andar d, and L- a- gl ycer ophosphat e wer e subj ect ed t o per i -

odat e oxi dat i on f ol l owed by bor ohydr i de r educt i on i n or der

t o est abl i sh t he posi t i on of phosphor yl at i on ( Hi r schber g et
al . , 1970) . Thi s pr ocedur e conver t s sphi ngosi ne- l - phosphat e

t o an aqueous- ext r act abl e mat er i al t hat comi gr at es wi t h t he

expect ed pr oduct , et hyl ene gl ycol monophosphat e, and whi ch

was al so f or med f r om gl ycer ophosphat e . Wher eas sphi n-

gosi ne- 3- phosphat e woul d be conver t ed t o a chl or of or m-

sol ubl e l ong chai n al cohol , >85%of t he 32 P- I abel ed sphi n-

gosi ne- l - phosphat e was conver t ed t o et hyl ene gl ycol mono-

phosphat e by t hi s pr ocedur e and t her e was no si gni f i cant
amount of chl or of or m- sol ubl e mat er i al r emai ni ng .

Toget her , t hese r esul t s est abl i sh unequi vocal l y t he i den-
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Qui escent cul t ur es of Swi ss 3T3 cel l s pr el abel ed wi t h [ 2- ' Hl gl ycer ol ( 2 uCi / ml ) f or t he l ast 3 d of cul t ur e and " Pi ( 40 uCi / ml ) was added f or t he f i nal 24 h . Cel l s

wer e t r eat ed wi t h sphi ngosi ne ( 20 uM) or vehi cl e, har vest ed af t er 2 h and t he l i pi ds ext r act ed and chr omat ogr aphed as descr i bed i n Mat er i al s and Met hods . The

i ndi cat ed phosphol i pi d bands wer e exci sed f r om t he pl at es and t he r adi oact i vi t y det er mi ned by l i qui d sci nt i l l at i on count i ng . PA, phosphat i di c aci d ; PC, phos-

phat i dyl chol i ne; PE, phosphat i dyl et hanol ami ne ; PI , phosphat i dyl i nosi t ol ; SM, sphi gomyel i n ; SPI P, sphi ngosi ne- l - phosphat e .

t i f i cat i on of t hi s compound as a sphi ngosi ne- based phos-
phol i pi d whi ch does not cont ai n an est er - l i nked ar yl gr oup
( gl ycer ophosphol i pi d) .

Sphi ngosi nel - Phosphat e I s Rapi dl y I nduced i n
Response t o Sphi ngosi ne

The t i me cour se of " P- l abel ed sphi ngosi ne- l - phosphat e ac-
cumul at i on i n r esponse t o an opt i mal mi t ogeni c concent r a-
t i on of sphi ngosi ne i s shown i n Fi g . 3 A. A si gni f i cant i n-
cr ease i n [ " P] sphi ngosi ne- l - phosphat e was det ect ed wi t hi n
5 mi n af t er exposur e of t he cel l s t o sphi ngosi ne. Thus, t he
r esponse t o sphi ngosi ne was ver y r api d, r eachi ng near l y
maxi mal l evel s wi t hi n 60 mi n, when f our t o si xf ol d st i mu-
l at i on over t he basal val ue was obser ved . Af t er 1- 2 h,
sphi ngosi ne- l - phosphat e l evel s decr ease but ar e st i l l el evat ed
up t o 8 h ( dat a not shown) . The r api d r esponse t o mi t ogeni c
concent r at i ons of sphi ngosi ne suggest s t hat t he f or mat i on of

sphi ngosi ne- l - phosphat e shoul d be consi der ed t o be an ear l y
event t hat pr ecedes t he ent r y i nt o t he S phase of t he cel l cy-
cl e. The accumul at i on of 32 P- l abel ed- sphi ngosi ne- l - phos-
phat e i n r esponse t o sphi ngosi ne was al so concent r at i on de-
pendent , wi t h a maxi mal accumul at i on at 20 AM( Fi g . 3 B) .
Thi s dose r esponse cor r el at ed cl osel y wi t h t he dose r esponse
f or sphi ngosi ne- i nduced st i mul at i on of DNAsynt hesi s ( Zhang
et al . , 1990b) .

Sphi ngosi nel - Phosphat e St i mul at es Pr ol i f er at i on of

Qui escent Swi ss 373 Fi br obl ast s

The ef f ect of sphi ngosi ne- l - phosphat e on DNA synt hesi s was

exami ned i n qui escent Swi ss 3T3 cel l s gr own i n chemi cal l y

def i ned medi um. We f ound t hat sphi ngosi ne- l - phosphat e

st i mul at ed pr ol i f er at i on of qui escent Swi ss 3T3 f i br obl ast s as

measur ed by [ 3Hj t hymi di ne i ncor por at i on ( Fi g . 4) . A mi t o-

geni c ef f ect was obser ved at a concent r at i on of sphi ngosi ne-

1- phosphat e as l owas 0 . 5 AMand maxi mumst i mul at i on was

achi eved at 2- 5 AM( Fi g. 4 A) . Up t o t hi s concent r at i on,
t her e was no l oss of cel l vi abi l i t y and >95 %of t he cel l s wer e
vi abl e, as measur ed by t r ypan bl ue excl usi on . Sphi ngosi ne-
1- phosphat e not onl y st i mul at ed DNA synt hesi s, but al so
caused an i ncr ease i n cel l di vi si on ( Fi g . 4 B) . A maxi mal

i ncr ease i n cel l number was obser ved af t er 48 h exposur e

15 8

Phosphol i pi ds [ 32p] p ,

I ncor por at i on of

Cont r ol

[ ' Hl gl ycer ol

r adi oact i vi t y i nt o phosphol i pi ds

Sphi ngosi ne- t r eat ed

[ 3ZPl p, [ ' Hl gl ycer ol

cpm

SM 680 f 20 ND 670 t 100 ND

PC 26, 780 f 460 10, 600 f 375 21, 020 t 870 9, 670 f 600

PE 4, 180 f 900 2, 730 f 470 3, 740 f 760 3, 030 t 630

PI 4, 040 t 310 1, 490 f 100 4, 170 f 380 1, 845 t 270

PA 560 f 90 220 t 50 1, 340 f 200 500 f 100

SPP 355 f 70 ND 4, 930 t 310 ND



Fi gur e 2. Thi n l ayer chr omat ogr aphy of t he put at i ve 32 P- l abel ed
sphi ngosi ne- l - phosphat e i nduced by sphi ngosi ne. ( A) Conf l uent

and qui escent cul t ur es of Swi ss 3T3 cel l s wer e pr el abel ed wi t h
32pi f or 24 h and st i mul at ed wi t h sphi ngosi ne- BSA compl ex ( 10

AM) . Af t er ext r act i on, l i pi ds wer e separ at ed by TLC and t he put a-
t i ve 32P- l abel ed sphi ngosi ne- l - phosphat e spot was el ut ed f r om t he

TLCpl at e, anal yzed by TLC usi ng sol vent syst em I and t he chr o-

mat ogr ams ei t her vi sual i zed by spr ayi ng wi t h ni nhydr i n ( A) or au-

t or adi ogr aphed ( B) . Lane 1, aut hent i c sphi ngosi ne . Lane 2,

aut hent i c SPC. Lane 3, SPC af t er hydr ol ysi s by phosphol i pase D.

Lane 4, 32 P- l abel ed sphi ngosi ne- l - phosphat e spot ext r act ed f r om

sphi ngosi ne- t r eat ed cel l s was mi xed wi t h st andar d sphi ngosi ne- l -
phosphat e pr epar ed as descr i bed i n Mat er i al s and Met hods .

t o sphi ngosi ne- l - phosphat e and was compar abl e t o t he i n-

cr ease medi at ed by mi t ogeni c concent r at i ons of sphi ngosi ne

or EGF Si mi l ar t o sphi ngosi ne, sphi ngosi ne- l - phosphat e

al so i nduced a l ar ge mor phol ogi cal t r ansf or mat i on, espe-

ci al l y i n cul t ur es t r eat ed wi t h 2 P. Msphi ngosi ne- l - phosphat e .

The f l at t ened appear ance of unt r eat ed cel l s i s cont r ast ed wi t h

t he el ongat ed, r ef r act i l e appear ance of cel l s t r eat ed wi t h

sphi ngosi ne- l - phosphat e, sphi ngosi ne, or a pot ent mi t ogen

f or t hese cel l s, such as TPA( Fi g . 5) . Fur t her mor e, we f ound

t hat t he t i me cour se of t he i ncr ease i n DNA synt hesi s i n

qui escent cul t ur es of Swi ss 3T3 cel l s i nduced by sphi ngosi ne-

1- phosphat e t r eat ment was essent i al l y t he same as t hat i n-

Zhang et al . Sphi ngosi ne- l - Phosphat e and Cel l Pr ol i f er at i on

duced i n r esponse t o sphi ngosi ne or EGF. The l ag per i od

pr ecedi ng t he onset of DNA synt hesi s was i dent i cal ( 15 h)

and t he r at e of ent r y i nt o S phase was t he same r egar dl ess

of whet her t he cul t ur es wer e exposed t o sphi ngosi ne- l -

phosphat e, sphi ngosi ne, or EGF ( dat a not shown) . Thus, t he

ki net i cs of t he r esponse of qui escent 3T3 cel l s t o sphi ngosi ne-

1- phosphat e appear t o be si mi l ar t o ot her known mi t ogens .

Ef f ect of Sphi ngosi ne1phosphat e af t er

Downr egul at i on of Pr ot ei n Ki nase C

Pr evi ousl y, we have shown t hat sphi ngosi ne st i mul at es cel l u-

l ar pr ol i f er at i on i n pr ot ei n ki nase C- def i ci ent cel l s ( Zhang et

al . , 1990a) . Pr ol onged exposur e of qui escent cul t ur es of

Swi ss 3T3 cel l s t o TPA l eads t o downr egul at i on of pr ot ei n

ki nase C and t he enzymat i c act i vi t y as wel l as [ 3H] PDBu

bi ndi ng di sappear s compl et el y ( Spi egel , 1989b) . Si mi l ar t o

our pr evi ous st udi es ( Zhang et al . , 1990a) , TPA pr et r eat -

ment decr eased [ 3 H] PDBu bi ndi ng by >92%and abol i shed

t he mi t ogeni c ef f ect of TPA . I n cont r ast , downr egul at i on of

pr ot ei n ki nase C had no ef f ect on t he abi l i t y of sphi ngosi ne- l -

phosphat e t o st i mul at e DNA synt hesi s ( Tabl e I I I ) . Thus, i n-

di cat i ng t hat pr ot ei n ki nase C i s appar ent l y not r equi r ed f or

t he mi t ogeni c ef f ect of ei t her sphi ngosi ne or sphi ngosi ne- l -

phosphat e . Not sur pr i si ngl y, sphi ngosi ne st i l l el evat ed l evel s

of sphi ngosi ne- l - phosphat e i n pr ot ei n ki nase C- def i ci ent

cel l s t o t he same ext ent as i n unt r eat ed cel l s ( Tabl e I I I ) .

Ef f ect s of Sphi ngosi ne- 1- Phosphat e on

Rei ni t i at i on of DNA Synt hesi s I nduced by Var i ous

Gr owt h- pr omot i ng Agent s

Sphi ngosi ne- l - phosphat e i s a modest mi t ogen by i t sel f . I t i s

not ewor t hy t hat sphi ngosi ne- l - phosphat e al one at opt i mal

concent r at i ons i s mor e mi t ogeni c t han i nsul i n, and i t i s al -

most as pot ent as EGF, whi ch i s an except i onal l y pot ent

gr owt h st i mul at or f or Swi ss 3T3 cel l s ( Tabl e I V) . Si mi l ar t o

t he syner gi st i c ef f ect bet ween i nsul i n and ot her gr owt h f ac-

t or s, t he mi t ogeni c r esponse t o sphi ngosi ne- l - phosphat e was

pot ent i at ed by i nsul i n . Sphi ngosi ne- l - phosphat e al so pot en-

t i at ed t he gr owt h pr omot i ng ef f ect s of opt i mal st i mul at or y

concent r at i ons of EGF, TPA, and even unf r act i onat ed FCS.

Thi s syner gi st i c i nt er act i on bet ween sphi ngosi ne- l - phosphat e

and gr owt h f act or s was obser ved even i n combi nat i ons wi t h

t wo gr owt h f act or s, such as EGF pl us i nsul i n or TPA pl us

i nsul i n . Whi l e any t wo of t he gr owt h f act or s syner gi zed wi t h

each ot her , addi t i on of sphi ngosi ne- l - phosphat e caused a f ur -

t her pot ent i at i on of [ ' H] t hymi di ne i ncor por at i on ( Tabl e I V) .

No Addi t i ve or Syner gi st i c St i mul at i on of DNA

Synt hesi s i n Response t o Combi nat i on of Sphi ngosi ne

and Sphi ngosi ne1- Phosphat e

The st r i ki ng si mi l ar i t y i n t he mi t ogeni c pr oper t i es of

sphi ngosi ne- l - phosphat e and sphi ngosi ne, combi ned wi t h

t he demonst r at i on t hat sphi ngosi ne i nduces an ear l y r i se i n

t he l evel s of sphi ngosi ne- l - phosphat e, r ai ses t he possi bi l i t y

t hat sphi ngosi ne- l - phosphat e may be i nvol ved i n t he mi t o-

geni c ef f ect of sphi ngosi ne . I f t hese t wo l i pi d mi t ogens st i mu-

l at e DNA synt hesi s by an i dent i cal pat hway, t hey shoul d not

i nt er act , ei t her addi t i vel y or syner gi st i cal l y, i n st i mul at i ng

DNA synt hesi s when t est ed at opt i mal mi t ogeni c concent r a-

t i ons . As expect ed, i n cont r ast t o t he pot ent i at i ng ef f ect on
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DNAsynt hesi s i nduced by i nsul i n, TPA, EGF and even un-

f r act i onat ed FCS ( Tabl e I V) , sphi ngosi ne- l - phosphat e di d

not pot ent i at e DNAsynt hesi s i nduced by an opt i mal st i mul a-

t or y concent r at i on of sphi ngosi ne ( Fi g . 6) . Even i n t he pr es-

ence of i nsul i n or EGF, agent s whi ch gr eat l y pot ent i at e t he

mi t ogeni c r esponse t o sphi ngosi ne- l - phosphat e or sphi ngo-

si ne, t her e wer e no f ur t her st i mul at or y ef f ect s when bot h

sphi ngosi ne- l - phosphat e and sphi ngosi ne wer e added t o-

get her . The r esponse of t he cel l s t o sphi ngosi ne pl us

sphi ngosi ne- l - phosphat e was al most i dent i cal or even l ess

t han t he r esponses t o each of t he ef f ect or s al one. Thi s nonad-

di t i ve r esponse was obser ved even when bot h EGFand i nsul i n

wer e t est ed t oget her , whi l e t he t wo gr owt h f act or s syner gi zed

20

Sphi ngosi ne
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Fi gur e 3. Ti me cour se and dose

r esponse f or sphi ngosi ne- i nduced

accumul at i on of 32P- l abel ed sphi n-

gosi ne- l - phosphat e. Qui escent cul -

t ur es of 3T3 cel l s wer e washed

wi t h phosphat e- f r ee DMEMand

i ncubat ed wi t h t hi s buf f er con-

t ai ni ng 32 P; ( 40 uCi / ml ) f or 24 h .

The cel l s wer e t r eat ed wi t h sphi n-

gosi ne- BSA compl ex ( 10, uM) f or

t he i ndi cat ed t i me per i ods ( A) or

wi t h i ncr easi ng concent r at i ons of

sphi ngosi ne- BSAcompl ex f or 1 h

( B) ) . Li pi ds wer e ext r act ed, sep-

ar at ed by TLCand phosphol i pi ds

wer e l ocat ed by aut or adi ogr aphy .

The si l i ca gel ar eas cont ai ni ng

t he l abel ed sphi ngosi ne- l - phos-

phat e wer e scr aped of f andcount ed

by l i qui d sci nt i l l at i on spect r ome-

t r y. The i ncor por at i on of 32p i nt o

sphi ngosi ne- l - phosphat e i n un-

t r eat ed cel l s was 770 t 25 cpm

det er mi ned f r oman al i quot of t he

phosphol i pi d ext r act cont ai ni ng

Concent r at i on ( gM)

	

150, 000 cpm.

40 60 80 100 120

wi t h each ot her and wi t h t he l i pi d mi t ogens, addi t i on of t hese

l i pi ds t oget her caused no f ur t her pot ent i at i on of [ 3H] t hymi -

di ne i ncor por at i on . Thus, sphi ngosi ne and sphi ngosi ne- l -

phosphat e do not i nt er act addi t i vel y or syner gi st i cal l y ei t her

i n t he pr esence or absence of ot her gr owt h f act or s .

Eff ect of Sphi ngosi ne and Sphi ngosi nel - Phosphat e

on t he Rel ease of Cyt osol i c Fr ee Cal ci um

Recent l y, a newact i on of sphi ngosi ne der i vat i ves i n medi at -

i ng r api d and pr of ound r el ease of cal ci umf r omi nt r acel l ul ar

st or es wi t hi n per meabi l i zed cel l s was descr i bed ( Ghosh et

al . , 1990) . I t was pr oposed t hat sphi ngosi ne must be con-

ver t ed t o sphi ngosi ne- l - phosphat e whi ch t hen medi at es t he

Fi gur e 4. St i mul at i on of cel l gr owt h

by sphi ngosi ne- l - phosphat e . ( A)

I ncr ease i n DNA synt hesi s. Con-

f l uent and qui escent cul t ur es of

Swi ss 3T3 cel l s wer e i ncubat ed

wi t h var i ous concent r at i ons of

sphi ngosi ne- l - phosphat e i n t he ab-

sence ( o) or i n t he pr esence of

( 9) i nsul i n ( 2 j i g/ ml ) or ( o) TPA

( 100 nM) . [ 3H] Thymi di ne i ncor -

por at i on wasmeasur ed asdescr i bed

i n Mat er i al s and Met hods. The

r esul t s ar e expr essed as per cent

of t he cont r ol i ncor por at i on mea-

sur ed i n t he absence of sphi ngo-

si ne- l - phosphat e . Si mi l ar r esul t s

wer e obt ai ned i n at l east f i ve ad-

di t i onal exper i ment s . Al l concen-

t r at i ons of sphi ngosi ne- 1- phosphat e

>0. 5 pMwer e st at i st i cal l y si gni f i cant ( t t est , P4 0. 01) compar ed wi t h t hecont r ol cel l s. ( B) St i mul at i on of cel l di vi si on . Conf l uent andqui escent

cul t ur es wer e i ncubat ed i n DMEM/ Waymout h ( 1: 1) suppl ement ed wi t h 20 Ag/ ml BSA, 5 pg/ ml t r ansf er r i n, and 4 t g/ ml i nsul i n i n t he absence

or t he pr esence of t he i ndi cat ed mi t ogens : sphi ngosi ne ( SPH, 20 pM) ; sphi ngosi ne- l - phosphat e ( SPP, 5 AM) ; or EGF ( 10 ng/ ml ) . Af t er

48 h, t he cel l s wer e r emoved f r omt he di shes and count ed wi t h a cel l count er ( model ZBI ; Coul t er El ect r oni cs, Hi al eah, FL) . Dat a r epr esent

t he mean t SD of t hr ee i ndependent cul t ur es t r eat ed i dent i cal l y.



Fi gur e 5. Mor phol ogi c al t er at i ons of Swi ss 3T3 cel l s i nduced by

sphi ngosi ne- l - phosphat e . Conf l uent and qui escent cul t ur es of Swi ss

3T3 cel l s wer e washed wi t h DMEM and i ncubat ed at 37° C i n

DMEM/ Waymout h ( 1 : 1) suppl ement ed wi t h BSA( 20 Ag/ ml ) , t r ans-

f er r i n ( 5 pg/ ml ) , and i nsul i n ( 2 pg/ ml ) i n t he absence ( A) or i n t he

pr esence of 10 p, M sphi ngosi ne ( B) or i n t he pr esence of 2 pM

sphi ngosi ne- l - phosphat e ( C) or i n t hepr esence of 100 nMTPA( D) .

Phot omi cr ogr aphs of t he cul t ur es wer e t aken wi t h t heai d of a phase-

cont r ast mi cr oscope 24 h af t er addi t i on of t he mi t ogens ( x450) .

The f l at t ened appear ance of unt r eat ed cel l s ( A) i s cont r ast ed wi t h

t he el ongat ed, r ef r act i l e appear ance of t r eat ed cel l s ( B- D) .

r el ease of cal ci um( Ghosh et al . , 1990) . However , t her e has

not yet been any di r ect exper i ment al evi dence pr esent ed t hat

sphi ngosi ne- l - phosphat e can cause t he r el ease of cal ci um

f r om i nt er nal sour ces . We used f l uor escence i magi ng t o

Tabl e I I I . Ef f ect of Pr ol onged Phor bol Est er Pr et r eat ment

on 32P I ncor por at i on i nt o Sphi ngosi ne- 1- Phosphat e and
DNA Synt hesi s I ni t i at ed by Var i ous Mi t ogens

Cont r ol cul t ur es or cul t ur es pr et r eat ed f or 24 h wi t h 1 uMTPA wer e washed
t hor oughl y and t hen i ncubat ed i n DMEM/ Waymout h ( 1 : 1) suppl ement ed wi t h
20 ug/ ml BSA, 5 ug/ ml t r ansf er r i n, and 4 wg/ ml i nsul i n i n t he pr esence of t he
i ndi cat ed mi t ogens : TPA ( 100 nM) ; sphi ngosi ne ( 20 Ft M) ; sphi ngosi ne- l -
phosphat e ( 5 AM) . [ 3H] Thymi di ne i ncor por at i on i nt o DNA was measur ed. I n-
cor por at i on of

32P i nt o sphi ngosi ne- l - phosphat e was measur ed i n dupl i cat e
cul t ur es as descr i bed i n Mat er i al s and Met hods . The dat a ar e expr essed r el at i ve
t o t he none val ue obt ai ned i n t he absence of addi t i onal mi t ogens,

Zhang et al . Sphi ngosi ne- l - Phosphat e and Cel l Pr ol i f er at i on

Tabl e I V. Eff ect s of Sphi ngosi ne- l - Phosphat e on DNA
Synt hesi s i n Qui escent Cul t ur es of Swi ss 3T3 Fi br obl ast s

[ 3 H] Thymi di ne i ncor por at i on

St i mul ant s

	

Absence of SPP

	

Pr esence of SPP

cpm x 10- 3 1wel l

None

	

1. 6 f 0. 2

	

12 . 7 f 0. 7

I nsul i n

	

3 . 8 t 0. 4

	

39 . 5 f 3 . 7

EGF

	

12 . 1 t 1 . 2

	

49 . 9 t 0. 5

TPA

	

11 . 5 1 2. 4

	

40. 9 1 0. 4

EGF pl us i nsul i n

	

109. 0 f 13

	

155 . 6 t 0. 8

TPA pl us i nsul i n

	

47 . 1 f 8. 4

	

112 . 3 f 12

FCS

	

56 . 5 f 6. 7

	

112. 9 t 5. 5

Qui escent cul t ur es of Swi ss 3T3 cel l s wer e exposed t o t he i ndi cat ed mi t ogens
i n t he absence or pr esence of sphi ngosi ne- 1- phosphat e ( 2 uM) and [ ' H] t hymi -
di ne i ncor por at i on was measur ed as descr i bed i n Mat er i al s and Met hods . Each
val ue i s t he mean t SDof t r i pl i cat e det er mi nat i ons f r oma r epr esent at i ve ex-
per i ment . Si mi l ar r esul t s wer e obt ai ned i n at l east f i ve addi t i onal exper i ment s .
The concent r at i ons of t he mi t ogeni c agent s wer e as f ol l ows : i nsul i n ( 2 hg/ ml ) ;
EGF ( 10 ng/ ml ) ; TPA ( 25 nM) ; FCS, 5% ( vol / vol ) . SPP, sphi ngosi ne-
1- phosphat e.

det er mi ne t he ef f ect of sphi ngosi ne and sphi ngosi ne- l - phos-

phat e on cyt osol i c f r ee cal ci um.

I n qui escent Swi ss 3T3 f i br obl ast s, basal [ Caz+] ; was

30- 90 nM ( n = 30) . These val ues ar e si mi l ar t o t hose ob-

t ai ned pr evi ousl y i n t hese cel l s by a di f f er ent met hod ( Spi e-

gel and Panagi ot opoul os, 1988 ; Hesket h et al . , 1988) . Upon

addi t i on of mi t ogeni c concent r at i ons of sphi ngosi ne- l - phos-

phat e at r oomt emper at ur e, t her e was an i mmedi at e and t r an-

si t or y r i se i n cyt osol i c f r ee cal ci umconcent r at i on ( Fi g . 7) .

Fi gur e 6. Lack of syner gi st i c ef f ect bet ween sphi ngosi ne and sphi n-

gosi ne- l - phosphat e on DNA synt hesi s . Qui escent cul t ur es of Swi ss
3T3 cel l s wer e exposed t o t he i ndi cat ed mi t ogens i n t he absence
( none) or i n t he pr esence of sphi ngosi ne ( SPH) or sphi ngosi ne- l -

phosphat e ( SPP) or bot h and PH] t hymi di ne i ncor por at i on was

measur ed as descr i bed i n Mat er i al s and Met hods . The concent r a-

t i ons of t he mi t ogeni c agent s wer e as f ol l ows : i nsul i n ( 4 Ag/ ml ) ;

EGF ( 10 ng/ ml ) ; sphi ngosi ne ( 20 p. M) ; sphi ngosi ne- l - phosphat e

( 5 / AM) .

Tr eat ment St i mul ant s
[ ' H] Thymi di ne
i ncor por at i on

31P i ncor por at ed
i nt o SPP

f ol d i ncr ease

Unt r eat ed TPA 13 . 8 1

Sphi ngosi ne 1 . 82 6

Sphi ngosi ne- l -

phosphat e 3 . 01 ND

TPA pr et r eat -

ment TPA 0. 8 1

Sphi ngosi ne 1 . 95 6

Sphi ngosi ne- l -

phosphat e 3. 06 ND
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Ti me ( mi n)

1

	

2

Ti me ( mi n)

The onset i n t he r i se i n cal ci umwas al most i nst ant aneous,

r eachi ng a peak r esponse wi t hi n a shor t t i me ( <60 s) af t er

st i mul at i on and decayi ng over t he next 2 mi n . Fi g. 8 i l l us-

t r at es t he var i at i on i n t he basal l evel s of cal ci um bet ween

cel l s and al so t he r esponse t o sphi ngosi ne- l - phosphat e . I t i s

cl ear t hat t her e ar e genui ne var i at i ons i n t he l evel of [ Ca
2+] ,

f r om cel l t o cel l , even among qui escent cel l s, t hat wer e not

di st i ngui shabl e on t he basi s of mor phol ogy . Appl i cat i on of

sphi ngosi ne- l - phosphat e i nduced a wave of i ncr eased f r ee

Ca2+ t hat spr ead t o i nvol ve al most t he ent i r e f i br obl ast . The

r at e of t hi s spr ead var i ed sl i ght l y among cel l s . A si gni f i cant

obser vat i on f r omt he si ngl e cel l exper i ment i s t hat t her e ex-

i st s a popul at i on of cel l s whose cal ci um l evel s ar e unr espon-

si ve t o sphi ngosi ne- l - phosphat e . Ther e wer e no obvi ous

mor phol ogi cal f eat ur es by whi ch i t was possi bl e t o di st i n-

gui sh r esponsi ve f r om unr esponsi ve cel l s . The same r esul t s

wer e f ound when t he exper i ment s wer e per f or med at ei t her

r oom t emper at ur e or at 37° C ( Fi g . 8) .

Changes i n [ Ca
2+] , can r esul t f r om an i nf l ux of ext r acel l u-

l ar Ca
2+ or a r el ease f r om i nt r acel l ul ar st or es ( Ber r i dge,

1984 ; Ber r i dge et al . , 1984) . To di st i ngui sh bet ween t hese

sour ces, exper i ment s wer e per f or med i n cal ci um- f r ee Lockes

sol ut i on cont ai ni ng 2 mMEGTA. Near l y i dent i cal cal ci um

Zhang et al . Sphi ngosi ne- l - Phosphat e and Cel l Pr ol i f er at i on 163

1

	

2

Ti me ( mi n)

Ti me ( mi n)

Fi gur e 8. Changes i n cyt opl asmi c f r ee Cal + af t er addi t i on of sphi ngosi ne- l - phosphat e and sphi ngosi ne. Qui escent cul t ur es of Swi ss 3T3

cel l s wer e l oaded wi t h f ur a- 2/ AM, washed and i ncubat ed at 37° C i n Lockes buf f er cont ai ni ng
Cal l

( A and C) or i n Ca2+- f r ee buf f er con-

t ai ni ng 2 mMEGTA ( B and D) . At t he i ndi cat ed t i mes, 2 p. M sphi ngosi ne- l - phosphat e ( A and B) or 50 p. M sphi ngosi ne ( Cand D) wer e

added . [ Ca+2
] i was det er mi ned by f ur a- 2 i magi ng as descr i bed i n Mat er i al s and Met hods . I n each case, t he cal ci um changes of f our

r esponsi ve cel l s ar e shown .

r esponses wer e obser ved i n t he absence of ext er nal cal ci um

( Tabl e V, Fi g. 8) , t hus i ndi cat i ng t hat t he r api d r i se i n cyt o-

sol i c f r ee cal ci umi nduced by sphi ngosi ne- l - phosphat e i s due

t o t he r el ease of cal ci um f r omi nt er nal st or es and not due t o

i nf l ux f r om ext r acel l ul ar sour ces .

I n cont r ast t o t he act i on of sphi ngosi ne- l - phosphat e, sphi n-

Tabl e V. Ef f ect s of Sphi ngosi ne and
Sphi ngosi ne- l - Phosphat e on Cyt osol i c Fr ee Cal ci um

[ Ca* i ] i
Medi um

Cyt opl asmi c f r ee cal ci um concent r at i on was measur ed by dual i magi ng usi ng
f ur a- 2/ AM as descr i bed i n Mat er i al s and Met hods . Basal val ues wer e det er -
mi ned 10 s bef or e t he addi t i on of mi t ogens . Exper i ment s wer e car r i ed out i n
t he absence ( - ) or pr esence ( +) of 2 mMext r acel l ul ar cal ci um. The concen-
t r at i ons of t he mi t ogens wer e 50 pM sphi ngosi ne and 2 gMsphi ngosi ne- l -
phosphat e .

St i mul us cal ci um Basal Maxi mum

Sphi ngosi ne - 61 f 27 278 t 65

+ 60 f 19 261 t 88

Sphi ngosi ne- 1 - phosphat e - 68 t 11 206 f 17

+ 75 t 21 298 t 49
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gosi ne i t sel f had al most no det ect abl e ef f ect s on cyt osol i c
f r ee cal ci um dur i ng t he 5 mi n obser vat i on per i od when t he
cel l s wer e st udi ed at r oom t emper at ur e. However , at 37 ° C,

sphi ngosi ne i ncr eased cyt osol i c f r ee cal ci umby t hr ee- t o si x-

f ol d over t he basal val ue af t er a l ag of 30 s ( Fi g . 9 C) . I n

most of t he si ngl e cel l s t hat wer e exami ned, t hi s peak was

f ol l owed by anot her wave of i ncr easi ng cyt osol i c f r ee cal ci um

( Fi g . 8) . The i ncr ease i n [ Ca" ]; was al so i ndependent of t he

pr esence of cal ci um i n t he ext er nal medi um( Tabl e V) . Si mi -

l ar t o t he ef f ect s of sphi ngosi ne- l - phosphat e, t he r esponse of

cyt osol i c f r ee cal ci um t o sphi ngosi ne was het er ogeneous and

al so some of t he cel l s wer e unr esponsi ve ( Fi g . 9) . The l ag
i n t he act i on of sphi ngosi ne combi ned wi t h t he t emper at ur e
ef f ect on r el ease of cal ci um, l end suppor t t o t he suggest i on
t hat sphi ngosi ne mi ght r equi r e a t emper at ur e- sensi t i ve en-

zymat i c r eact i on f or i t s f unct i on ( Ghosh et al . , 1990) .

Di scussi on

As our knowl edge of t he mechani smof cel l pr ol i f er at i on i n-

cr eases, i t has become appar ent t hat t her e ar e many cont r ol -

l i ng el ement s . I n some cases, act i vat i on of phosphol i pase C

t hat l eads t o i ncr eases i n cyt osol i c f r ee cal ci um, i ncr eases

i n DAG, and act i vat i on of pr ot ei n ki nase C, cor r el at es wi t h

act i vat i on of cel l ul ar pr ol i f er at i on ( Rozengur t , 1986 ; Ni shi -

zuka, 1988) . However , numer ous except i ons have been r e-

por t ed and i t has become cl ear t hat not al l of t he second mes-

senger syst ems i nvol ved i n cel l gr owt h r egul at i on have been
descr i bed ( Ber r i dge, 1985) . Sphi ngosi ne, a met abol i t e of

membr ane gl ycosphi ngol i pi ds, has been suggest ed by Bel l

and Mer r i l l and t hei r col l eagues t o be a possi bl e new i nt r a-

cel l ul ar second messenger . Sphi ngosi ne was f ound t o i nhi bi t

pr ot ei n ki nase Cand has been i mpl i cat ed as a negat i ve mod-

ul at or of t r ansmembr ane si gnal i ng, opposi ng t he act i on of

DAG whi ch st i mul at es pr ot ei n ki nase C ( Hannun and Bel l ,

1987, 1989 ; Mer r i l l et al . , 1989) . I t has been shown t hat

suf f i ci ent l evel s of f r ee sphi ngosi ne ar e gener at ed wi t hi n cel l s

t o account f or pr ot ei n ki nase C i nhi bi t i on ( Wi l son et al . ,

1988) . Recent l y, a met abol i t e of sphi ngosi ne, di met hyl sphi n-

gosi ne, was f ound t o be a much mor e pot ent i nhi bi t or of pr o-

t ei n ki nase C and t o enhance t he t yr osi ne ki nase act i vi t y of

sr c- ki nase and EGF r ecept or ( I gar ashi et al . , 1989, 1990 ;

Fel di ng- Haber man et al . , 1990) .

We have pr evi ousl y r epor t ed t hat l ow concent r at i ons of

sphi ngosi ne st i mul at e pr ol i f er at i on of qui escent Swi ss 3T3

f i br obl ast s act i ng i n a f undament al l y di f f er ent , pr ot ei n ki nase

C- i ndependent pat hway ( Zhang et al . , 1990a) . Recent l y, we

have shown t hat t he mi t ogeni c ef f ect of sphi ngosi ne i s ac-

compani ed by an i ncr ease i n phosphat i di c aci d l evel s ( Zhang

et al . , 1990b) , whi ch i s a pot ent mi t ogen f or Swi ss 3T3 cel l s

( Yu et al . , 1988 ; Mool enaar et al . , 1986 ; Zhang et al . ,

1990b) .

The pr esent st udy i nvest i gat es i n det ai l t he ef f ect of sphi n-

gosi ne on t he met abol i sm of ot her phosphol i pi ds i n Swi ss

3T3 f i br obl ast s and pr ovi des newi nsi ght s i nt o t he f or mat i on

and f unct i on of a uni que phosphol i pi d, a met abol i t e of sphi n-

gosi ne, sphi ngosi ne- l - phosphat e . Thi s compound was i dent i -

f i ed unequi vocal l y as a sphi ngosi ne- based phosphol i pi d whi ch

does not cont ai n an est er - l i nked acyl gr oup ( gl ycer ophospho-

l i pi d) . I n cont r ast t o ot her phosphol i pi ds, such as phospha-

t i dyl chol i ne, phosphat i dyl et hanol ami ne, phosphat i dyl i nosi -
t ol , and phosphat i di c aci d, t hi s phosphol i pi d, whi ch was

Zhang et al . Sphi ngosi ne- l - Phosphat e and Cel l Pr ol i f er at i on

r esi st ant t o mi l d al kal i t r eat ment , di d not cont ai n t he gl yc-
er ol moi et y . The compound was f ur t her i dent i f i ed by com-
par i son t o a st andar d pr epar ed by a f aci l e enzymat i c synt hesi s
f r omSPCusi ng phosphol i pase D. The mat er i al obt ai ned f r om
Swi ss 3T3 cel l s comi gr at ed wi t h sphi ngosi ne- l - phosphat e

st andar d i n a var i et y of t hi n- l ayer chr omat ogr aphy syst ems
and i n addi t i on, was conver t ed t o et hyl enegl ycol monophos-
phat e by per i odat e/ bor ohydr i de t r eat ment . We demonst r at ed
t hat mi t ogeni c concent r at i ons of sphi ngosi ne i nduce a r api d
r i se i n t he l evel s of " P- l abel ed sphi ngosi ne- l - phosphat e .
The dose r esponse f or t he accumul at i on of sphi ngosi ne- l -
phosphat e cor r el at ed cl osel y wi t h t he dose r esponse of sphi n-
gosi ne- i nduced st i mul at i on of DNA synt hesi s .

Si mi l ar t o sphi ngosi ne, sphi ngosi ne- l - phosphat e al so st i m-
ul at ed DNA synt hesi s and cel l di vi si on i n qui escent cul t ur es
of Swi ss 3T3 cel l s . I t i s not ewor t hy t hat sphi ngosi ne- l - phos-
phat e al one at opt i mal concent r at i ons i s mor e mi t ogeni c t han
i nsul i n, and i t i s as ef f ect i ve as EGF, a pot ent gr owt h st i mul a-
t or f or Swi ss 3T3 cel l s . Bot h sphi ngosi ne and sphi ngosi ne- l -
phosphat e act ed syner gi st i cal l y wi t h a var i et y of gr owt h f ac-
t or s, such as i nsul i n, EGF, TPA, f i br obl ast gr owt h f act or ,
and unf r act i onat ed FCS. I n shar p cont r ast , sphi ngosi ne and
sphi ngosi ne- l - phosphat e di d not have addi t i ve or syner gi st i c
ef f ect s i n t he absence or pr esence of ot her gr owt h f act or s .

Bot h sphi ngosi ne and sphi ngosi ne- l - phosphat e st i mul at e
DNA synt hesi s i n cel l s made pr ot ei n ki nase C def i ci ent by
pr ol onged t r eat ment wi t h phor bol est er and sphi ngosi ne st i l l
el i ci t ed si mi l ar i ncr eases i n sphi ngosi ne- l - phosphat e l evel s
i n t hese cel l s . Fur t her mor e, not onl y di d sphi ngosi ne- l - phos-

phat e st i mul at e [ 3H] t hymi di ne i ncor por at i on wi t h si mi l ar

ef f i ci ency and ki net i cs as sphi ngosi ne, i t al so i nduced si mi l ar

mor phol ogi cal t r ansf or mat i on . I t shoul d be not ed t hat sphi n-

gosi ne- l - phosphat e st i mul at ed DNA synt hesi s t o a gr eat er

ext ent t han sphi ngosi ne and r equi r ed a l ower concent r at i on

f or t he maxi mum r esponse . Ther ef or e, sphi ngosi ne- l - phos-

phat e i s mor e pot ent i n st i mul at i ng [ 3 H] t hymi di ne i ncor por a-

t i on t han sphi ngosi ne, suggest i ng t hat i t may medi at e t he mi -
t ogeni c act i vi t y of sphi ngosi ne .

Recent l y, sphi ngosi ne der i vat i ves wer e shown t o cause t he

r el ease of i nt er nal cal ci um f r om per meabi l i zed cel l s and

i t has been suggest ed t hat t hei r ef f ect s wer e medi at ed vi a

t he conver si on of sphi ngosi ne t o sphi ngosi ne- l - phosphat e

( Ghosh et al . , 1990) . However , di r ect exper i ment al evi dence

t hat sphi ngosi ne- l - phosphat e i t sel f caused t he r el ease of cal -

ci umf r om i nt er nal sour ces was not pr esent ed . The exper i -

ment s r epor t ed her e show t hat sphi ngosi ne- l - phosphat e and

sphi ngosi ne ar e pot ent cal ci um- mobi l i zi ng agoni st s i n vi abl e

3T3 f i br obl ast s . The r api d r i se i n cyt osol i c f r ee cal ci umwas

i ndependent of t he pr esence of cal ci um i n t he ext er nal

medi um, t hus i ndi cat i ng t hat t he r esponse i s due t o t he r e-

l ease of cal ci um f r omi nt er nal st or es and not due t o i nf l ux

f r omext r acel l ul ar sour ces . The advant age of t he di gi t al i m-

agi ng syst em f or measur ement of f r ee Cal + changes i s t hat
l ocal concent r at i ons of cyt opl asmi c f r ee Cal l can be con-

t i nuousl y i maged wi t h gr eat accur acy and r esol ut i on i n si n-
gl e l i vi ng cel l s wi t hi n a l ar ge popul at i on of cel l s . Thi s syst em
makes i t possi bl e t o det ect smal l f l uct uat i ons i n t he [ Cal l ];
concent r at i on wi t hi n i ndi vi dual cel l s t hat woul d have been
aver aged out i n t he popul at i on of cel l s si nce t he changes do
not occur i n exact synchr ony . Wi t h t hi s met hod, i t i s al so pos-

si bl e t o f ol l ow shor t t er m changes i n t he spat i al di st r i but i on

of Ca z+ wi t h gr eat accur acy, sensi t i vi t y, and r esol ut i on .
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Bot h sphi ngosi ne and sphi ngosi ne- l - phosphat e i nduced a

wave of i ncr eased f r ee Cat + whi ch spr ead t o i nvol ve al most
t he ent i r e f i br obl ast . The r at e of t hi s spr ead var i ed sl i ght l y

among cel l s . However , t her e was a popul at i on of cel l s un-

r esponsi ve t o sphi ngosi ne or sphi ngosi ne- l - phosphat e whi ch

di d not have any obvi ous char act er i st i c mor phol ogi cal f ea-

t ur es. These r esul t s ar e si mi l ar t o r ecent obser vat i ons on het -

er ogeneous r esponses t o ot her gr owt h f act or s, such as
bombesi n, EGF, and vasopr essi n ( Hesket h et al . , 1988) ,

wher e 40%of cel l s wer e unr esponsi ve t o any mi t ogens.

I n pr el i mi nar y exper i ment s, we f ound t hat " P- l abel ed

sphi ngosi ne- l - phosphat e ( Dr esl er and Kol esni ck, 1990) was

r api dl y t aken up by cel l s . Af t er 5 and 60 mi n of l abel i ng wi t h

1 j , M sphi ngosi ne- l - phosphat e, 13 and 48 pmol / 106 cel l s

wer e i ncor por at ed, r espect i vel y . Dur i ng t hi s per i od t her e
was no appr eci abl e degr adat i on of t he cel l ul ar sphi ngosi ne-

1- phosphat e. Fur t her mor e, when t he l i pi ds wer e ext r act ed

f r om t he l abel ed cel l s and anal yzed by t hi n- l ayer chr oma-

t ogr aphy, " P- sphi ngosi ne- l - phosphat e was t he onl y l abel ed

l i pi d det ect ed ( Ol i ver a, A . , H. Zhang, and S. Spi egel , un-

publ i shed obser vat i ons) . These r esul t s suggest t hat t he act i ve

speci es was sphi ngosi ne- l - phosphat e i t sel f and was not due

t o r api d r econver si on t o sphi ngosi ne by t he act i on of a mem-

br ane phosphat ase. I n f ur t her suppor t of t hi s concl usi on,

onl y sphi ngosi ne- l - phosphat e r el eases cal ci umf r omi nt er nal

sour ces at r oom t emper at ur e and t he r esponse i s al most i n-

st ant aneous . Fur t her mor e, t he concent r at i on of sphi ngosi ne

r equi r ed t o r el ease cal ci um at 37° C i s much hi gher t han t he

ef f ect i ve concent r at i on of sphi ngosi ne- l - phosphat e .

The t emper at ur e dependency of t he ef f ect of sphi ngosi ne on

i nt r acel l ul ar cal ci um, t oget her wi t h t he i ncr eased l ag i n i t s

act i on, suppor t t he suggest i on t hat sphi ngosi ne must r equi r e

a t emper at ur e- dependent enzymat i c conver si on t o sphi ngo-

si ne- l - phosphat e f or i t s f unct i on ( Ghosh et al . , 1990) . Sphi n-

gosi ne- l - phosphat e has l ong been known t o be pr oduced f r om

sphi ngosi ne i n a var i et y of cel l t ypes ( St of f el et al . , 1970,

1973) and i t i s known t hat cel l s cont ai n sphi ngosi ne ki nase,

an enzyme whi ch cat al yzes t he phosphor yl at i on of f r ee sphi n-

gosi ne at t he 1- OH posi t i on ( St of f el et al . , 1973) . Sphi ngo-

si ne- l - phosphat e i s t hought t o be r api dl y degr aded by t he

act i on of a mi cr osomal l yase whi ch cl eaves sphi ngosi ne- l -

phosphat e t o t r ans- 2- hexadecanal and phosphor yl et hanol -

ami ne ( St of f el , 1970) . Thus, sphi ngosi ne- l - phosphat e coul d

be a sui t abl e candi dat e f or an i nt r acel l ul ar second messenger

as i t can be r api dl y i nduced and degr aded . The r esul t s pr e-

sent ed her e ar e consi st ent wi t h such an hypot hesi s . Sphi ngo-

si ne- l - phosphat e i s r api dl y pr oduced i n r esponse t o mi t ogeni c

concent r at i ons of sphi ngosi ne, i s mi t ogeni c by i t sel f f or 3T3

f i br obl ast s, and medi at es cal ci um r el ease i n vi abl e cel l s .

Thus, sphi ngosi ne- l - phosphat e may be an i mpor t ant compo-

nent of t he i nt r acel l ul ar second messenger syst em t hat i s i n-

vol ved i n cal ci um r el ease and t he r egul at i on of cel l gr owt h

i nduced by sphi ngosi ne . However , t her e ar e some obvi ous

caveat s t o t hi s hypot hesi s . Sphi ngosi ne- l - phosphat e was added

exogenousl y t o Swi ss 3T3 cel l s and i t i s di f f i cul t t o compar e

i t s ef f ect s t o t hose of t he endogenousl y gener at ed compound .

I n t hi s r egar d, we woul d l i ke t o poi nt out t hat t he amount of

sphi ngosi ne- l - phosphat e f or med i nt r acel l ul ar l y i n r esponse

t o a mi t ogeni c concent r at i on of sphi ngosi ne was appr oxi -

mat el y t he same or der of magni t ude as t hat t aken up by t he

cel l s af t er t r eat ment wi t h sphi ngosi ne- l - phosphat e ( Ol i ver a,

A. , H. Zhang, and S. Spi egel , unpubl i shed obser vat i ons) .
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Unf or t unat el y, t he subcel l ul ar l ocal i zat i ons of sphi ngosi ne

and sphi ngosi ne- l - phosphat e ar e st i l l unknown, whi ch makes

t he compar i son of ext r acel l ul ar t o i nt r acel l ul ar concent r a-

t i ons ambi guous .

Our r esul t s r ai se t he i mpor t ant quest i on of whet her ot her

mi t ogeni c agent s wi l l enhance degr adat i on of gl ycosphi n-

gol i pi ds ( St ul t s et al . , 1989) or sphi ngomyel i n ( Mer r i l l and

Jones, 1990) t o r egul at e endogenous sphi ngosi ne l evel s t hat ,

i n t ur n, wi l l modul at e sphi ngosi ne- l - phosphat e l evel s . I f so,

sphi ngosi ne- l - phosphat e coul d f unct i on as a novel i nt r acel l u-

l ar second messenger t hat r el eases cal ci um f r om i nt er nal

st or es and al so modul at es cel l ul ar pr ol i f er at i on . Concl usi ve

evi dence i s st i l l l acki ng t hat sphi ngol i pi ds, si mi l ar t o phos-

phol i pi ds, can gener at e act i ve met abol i t es i n r esponse t o cel l

agoni st s. However , r ecent l y i t has been shown t hat sphi n-

gomyel i n t ur nover may be an i mpor t ant si gnal i ng mecha-

ni smt r ansduci ng t he act i ons of t umor necr osi s f act or a and

gamma i nt er f er on on cel l di f f er ent i at i on ( Ki met al . , 1991) .

We t hank Ol i ver Rando and Joel l e Peet er s f or t hei r excel l ent t echni cal as-

si st ance .
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