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~ and lecithin by E. coli 015. ‘was studied ih
'ethanolamine formation, h

“.also present, had a pH

. activity but other divalent ions test\d ‘were slightly .
'inhibitory. Sodium lauryl sulfate completely inhibited at
PH 5, but stimulated at

. th

~———

a lipase A, as detected by Ezp labelled 1yso§hosphatidyl o

d two apparent pH o tima, one at
5 and the other at-8§. I;DO% the, other hand, lys

timuin of 10, and was i hibited by

“high concentrations of either sodium lauryl sulfaée‘BFJsodium

deoxychd&ate.. PhOSpholipase A requirediCa ) sdditi for

]

maximsi activity at both pH optima.' g also stimul ted. the

'8 h. Exoeriments w1th singly and‘

ﬁ doubly labelled phosphatidy thanolamine indicated that

;phospholipase Al activity was predominant at. both ac1d and -

only at alkaline pH Whereas the aCld phospholipase act1v1ty
was slightly stimulated by heating cell sonicates at’ 60° for

30 minutes, the combined phospholipase A act1v1ty at alkaline‘ )
PH was not appreciably eff?cted by this treatment in“the '

- 4

"absence of. detergent. Addgtion oﬁ,deoxycholate during this

treatment caused a- marked fall~in the activ1ty at pH 8.4.

- -

Thl/activity at” alkaline PH was found to reside mainly in‘

-t

particulate fraction. . C ' o

’

. The significance of these results is discussed 1n terms

of the 11p1d turnover pathways of E. coli and their lypolytic
. 1 - -
- ) 1

vitro. PhOSphO—,"

bSpholipase;'

!

'alkaline pH. Lower levels of ph03pholipase A2 were deteetable -




tnose oi animal and snahe venom phosphollpase A and .
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'A__LR%“' Althougn llpld metabo;lsm ha's been cha sqbgect of

L : greh¥ 1nterest in, the last two decaues, the fleld stlll;

Il,“{'

lags behlnd ﬂany OLher areus of metabollsn. ,gpk of-rapid,'

.and e%flclent methods: £0r Gepafﬁtlon of 11p1d was the maln

—;-\

dﬁrtalling factor.' W1tn Lhe adVent'Hye\:romatographlc ,f‘ ‘
1 & . - .
technldues, llpld chemlstry and metaboll m has progressed '

1mmensely. Neﬁertneless, -lportant aspecta still Qeallng . j-
S )
‘ w1th the bas 1cs of llpla metahollum such a6 fatty a01d o - -

0

'synthésgu have been only very recently elugldated and this © ¢

.ohly\For a few organlsms (1 2) :fA‘f e

\.An analogous 31tuat1qn eA sms in the cﬁpe of phos-'

r ;' ;:“ phoglycerlde DlOoyn$hesls. The bas¢c patbway dealang w1th'

A

syntneJLD of glycerolipids are well knOWn magnly because of

2 U

5 Kennedy s group nowever recent alternat1Ve pathwayé such as

‘the dlhydrOXjacetone pathway (g) have been put forward and

-

by o means can one con31der phosphOglycerlde anabollsm a -
closed 1ssue., ;h\_enlgma of etper llpld biosyhtheqis and
e ) tne d1 covery of ssveral new llplds every year each requlring-

_elucldatlon of‘new metaboilcgpathways all serve to 1llustrate

A e i o ' |
F e O R

thls point™ further. ven 1n the better know§ pathway

legdlng to phosphatldlc a01u iormatlon, tﬁere is 1hcemplete

e : . LA

knbwledge as\%o whlc%>prgcursor 13 the acyl aonor, for ' “.JA
Ao T, kN .
o <

.. , : - ’ [
- . - ) N O ..
. A - - . g
A . " - -
.
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-=very few detallednéﬁhdies\\h a comple e catahf;ac anhway ne

: indeed besides acyl CoA (abyl IE

Coea

‘ not only contain a large varlety of llpidS whlch requlre

¥
!

-that of carbohydrate metabollsm in Whlch ¢ se ‘the operatlng

may also be used (aT"é*

well as perhape other hlgh engrgy ';yl esters yet unchar~

-acterized 05) debending on the biolo materlal studied.,

K The-situation-w%th lipid~metabollsﬁacontr ts clearly Wlth .-

. "-'.

»of patdways has been sgPdied in much greater detail *f_' . &

-

Although more definite 1nformation has been avallable
ragardlng ‘theé catabollsm of phosphoglycerldes, here agaln R

new knowledge pértainlng to.the Spec1fip1ty and ‘mode of

action of- lypolytic enzyﬂ%s has emerged in the last few

years, thus brlnglng new'moncepts. Phospholipase A act1v1ty,

for example, is now known‘}o result from elther of tWo

¥
b ))\f _ oL
enzymes actlng at. d;fferent positions glycerol (6), A

phOSphollpase D favors tranﬁ@hosphatldylation as well as o
hydrolysis (7)5 etc. Although the role of these:enzymee.:?r Rt

ln paftlal or ete. turnoVer is often implied ipso racto,

or on the ' factors agntrolllng metabolic‘turnover of llplds

have’beenfmade.' T ’ : . L? :7 S -
One maJor problem in further understandlng the : C,’ﬂh

-

functLonlng of lipid metabollsm, aside ‘from tﬁeﬂcomplexity

of the pathways themselves,.is the complexlty of most of

the biologlcal systems studied. Plant and gnimal tissues.

© e
further eluc1dat10n of pathways, bug,they also represent

* . - A T .
DA ° K « . o a -
. ey i - . N - . . .
r . M
- " ' Co. L ’ " ! ' .
-
.
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‘morphological factors. | '_‘[ S VSN

’ establlehed and much is ¥nown about its 1ntermed1ary

SN

R iew pho phoglycerldek present in this bacterium qu are

M"'.!‘_ . "

-"

an heterogenous compoertlon oi cells each equipped Wlth

speclalized bubcellular organelles DlchS 1ons f_.

) ¢ :
“-pertalning to. the operatlon oi llpld pgt ys in hlgher :

or&anlsms cannot rlghtly exclude cons;deratlon of these
P

, E. c011 could_ potentlelly oifer cledr advantéges

for the hethlled study of llpld metabollsm. Cultures-

TR, '

of this-organism represent a relatlvely homogéneous

population of cells devold of complex 1ntracellular

e » - ' L . AR x v . . L I .
A _ : A : C
i . " ‘ N s . ’ N
e . : : - !
- 7 . . o - . .
h . ! -,
. ! : ' - L, - -
. L . . . .13 . . + '
: ‘ -~ o . . .
B

e

°organ1zation. The main anabollc pathways of ,the relatively

.

metabolleé udlng closely allled pathwayo such as those

reeponsible iatty acid synthe51%’?1) Growth condltlons

can be ea51ly varied dnd therefore the operatlon of the

‘ pathways fn,;hvo can be studied w1th greater ease.

L

-l

1n‘E..coll have already. been SuUdled (9) Thowever further

underetandlng of the lipid metabollsm and 1ts regulatlng

factors has not yet been poesmble. For, desplte the

impreeslve data avallable on the llpid anabollem of thls

organlsm, 1ta catabollc ipathways hBVe been almoet com-,'
rletely pverlooked.

Our studies have therefore centered on the

R

' Infact, the general features 01 the turnover of phosphoglycerldee ;



AP

,characterlzatlon of some of the lypdiytlc enzymes 1n
R thls organlsm. A natural course to follow has been
to also study some of the propertles of these catabollc

'enzymes and - to comgare our data w1th known prqpertles_'.

. * ! [T
i T .
‘ . :
v

M

 of anald%ous phosphollpases present in other organlsms.

Q -
It is noped that thls and other such studies . -

. wlll have served to complé#ely elu01date ﬁhe catabolasm . f

of E. COll 11pids and that e¥ventually one . organlsm wlll

be avallable in whlch all of tge sallent features of” its
pnosphoglycerlde metabollsm are known. It should then f.'

be iully p0581ble to study factors regulatlng the turu—'
Y
over'and metabolism of the lipids of thls organ;sﬁf““j-———~

. . . . ‘ , f . _ g
Lipid cdmﬁosition'of'El coli . . : %&. i '
| T o .o Y

Early studies\fikLaw_(lO) and, by Kanfer and
Kennedy (9) revealed uhét’the lipids of E. coli B consist -
c‘{f.cver 90 phosphoglycerid‘e. A 1though phosphatidyl- -

'ethanolamzne (PL) is the main phosphatlde fractlon o
'accounying for over 75 of the total llplds, phosphatidyl

:glycerol (PG) 1s also present 1n amounts comprlssng most

of the remalnder. The 11p1d comp031t10n was found to 'f

i

depend ot the age of the culture. Whereas the PE content

'flncreases to. over 90% in the statlonary phase, the PG /

levels decrease proportlonally{(gﬁa‘ Cardiolipin (DPG)//
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has also Been detected in amounts compr151ng 5= 12% of

the total phoﬂgh::ide fraction, whereas, phOSphatidic

acid tPA)uand‘ph phatidylserine (PS) ‘are present in

only trace amounts (8). Recently Ames (11,12} corroborated
these findings with E. coli K- 12 An which PE PG, and DPG
“are again the main phoephoglycerides,present and PA, PS, :

- . 88 well as tWo partially charecterized 11p1ds which occur

in only minor quantlties.. It is 1mportant to note that

*

}lyso PE has also been detected in one strain of E. coli (13) «.”?

althcugh*tﬁi§¥finding has not yet been extended to other
strains.' Lecxthin Which is widely occuring in animals,:'
plants and in algae yeast and fungi (lh 15).1is totally:

. absent in E, coli,. Kennedy (9) suggested ﬁhat'the conversion

PG to water-soluble amino-acyl derivatives might account for .

. 32
the loss pof P label in this fraction follow1ng chase
- ! ﬁ_ }

experiments. The amino acid derivatives of PG extracted A

from? e&her bacteria (16) or chemically synthesized (17},

.
.

o /
' weyen those containing basic amino.acid residues are lipid-

soluble under usual extraction conditions and in any case

-none of these derivatives have yet been found in E,. coli. On'

the other hand the loss of label <can be explained in terms of

a convers1on of PG to DPG (lSJ and probably, of a degradation :

——
. " . \
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tb 1norgan1c phosphate and” other(water soluble products.?. '
.S" A passmng reference to the presence of highly R
- - complex water- soluble~ llposaccharldee in E. coli and
. "v/;} othér Fram-negative bacterla 1s'appr0priate. Upon f.f
L miqeral acid hydroly31s of thlS fraction, Llpld A is
’obtained whlch Burton (19) characterized as cnnslstlng ‘
of two fractlons. The be31c structural unlt.of these two N
fractlons appears to be tﬁb N acylated derivative of - E
glycosaminfl glucosamlne h -phosphate. ' h
" The fatty acid comp031tion of E. coll lipids was
'rev1ewed(by Kates (lh) and by Lennarz (15) Characteristic
of E. coli and other bacterla there is. an absence of R ﬁ!!
.'polynen01c ac1d3.and a predominence of monoenoxc and . |
cyclopropane fatty acids as, well as palmltic acid which L
is the main saturated se;c1es.,'$he cyclopropape fatty ~ o
ac1ds, cis-9, lO-methylene hexadecanoic ecid and ClS-ll-
'12-methylene octadecanoic ac1d are formed bx,e methyl '
;transfer from 8= adenosyl methlonine to phOSphOllpld bound . ',J
o " monoenoic ac1d present at the 2 p031tion of glycerol (z0).
The varioue species of phosphatidyl ethanolamine have been - ”
anelyzed by Van- Golde and Van Deenen using a strain of
E. coli which excretes this phosph glycerlde in the culture
v medium (21) ' j

The fatty ac1d and lipid composftiogg’t E coli

7



L

have been shown to vary with the type. of\pulture medlum
used, the age of the’ culture and the temperature. Accordlngly
iv was shown. that young cultures of E. c011 contaln hlgh

o f
proport;ons oi 016 and Chg monoen01c acid and low amounts

o cybloPropane fatty adid {14) . Older cultures are typlfled

by an 1ncreased proportion of cyclopropane fatty 801d8. The .

‘ compos1t10n of the medlu likewise aiiects not only the actual

amounts of 11p1ds in.a cultuwe but: aleo its fatty acid com—

p081t10n. With a low gluo%se medium- the amount of palmitic acid

is much greater than that of unsaturated fatty a01ds whereae QQ

L

supplementat10n.w1th caeamlno a01ds 1ncreases the proportlon

N of“hneaturated fatty acida. btudles on the ‘effect of e

temperature showed that with- low temperatures, unsaturated

L] [

fe%tm aelds such asfhexadecen01c and octadeoenolcrac;d

1ncreased whereas palmltxéfaola*decreased (22) The

-

‘_.results of Okuyama (23) also showed that after a downward

e

shift in temperature, the pr0port10n of vaccenlc a01d
A} I

increased two—fold durlng a flve hour lag period; however,'

palmitic, a01d dld not decrease subetantlally. The mechanism 'i;
whereby the cell adapts)to cold by 1ncreaslng unsaturatlon - .
is ﬁot clearly known however from a teleologlcal p01nt of

v1ew, tnle mechanlsm mignt serve to prevent increased rlgldlty -

oi the blomembrane as a result of cold. Thls is accompllehed |

by 1ntroduolng iatty acids whlch have lower -melting p01nts.

- . -

=
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Blosynthesis of phosphoglvcerides

The c1a931cal pathway elucldated by Kennedy and

. coQorkers (24) is the ma jor. blosyntnetlc route for E. coli

fra—— a o
phosphoglycerldes. In thle pathway, tn Te ;s a’ successive

) ‘acylstlon.oi sn—glycero1~3qphosphate (G~ 5—P7 tB form ’

phcsphatidlc acia as a key 1ntermedlate.‘ Glycerol 1s not

B ......

1ncorporated 1nto phosphollpld unless 1t 1s ilrst phos—
phorylated by glycerol kinase, a condltldh whlch also Prevails

in animal tlssues~t25) : The acyltransferases 1nvolved nake

'] use of. eltHEr long chain acleoA (26) or fatty acyl derlvatlves

-~

P of acyl carrler proteiy (ACE) (4) The eV1dence indicates

that there is a dlrect*transf r of the acyl groups from

i

ACP to G-3-F rather than a prlor trensfer to Com Thls

(27 25). A8 would be expected, wuih acyl Cod as substrate,
the 1ntermed1ate products are. lysoPA and PA but with acyl |

ACP as substrate both lyso YA and monoglycerlde (MG) are

formed (4) . . p o .L IR %‘; - L s

The formation of MG~ ﬁla acyl.ACP is eh 1nterest1ng ,
Jf *

flndmng'slnce it implies 1pso facto tﬁe presence of a lyso }'5

PA phosphataae° however such a . phosphohydrolase or a phos-

N

phatase actlng on PA to produce glycerldes has not been

clearly deuonstrated 1n v1tro, assumably«because thelr levels
!

are very low and rapid conver31on of<dntermed1ates to . - ¢

!

~ bPhospholipid make the assay. of these enzymes dliflcult.

c&.

T (_;Ebe very small gl}cerlde pool in E. coli is no doubt a

consequence of limited conversron_oi lyso YA or PA to neutraI’

--l" ?

-

facultatlve acylatlon ﬁrooess is a¥so present in C1. butyrlcus'

:’5
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lipid as the in vivo, pufseeldbelidng'e“periments

Rennedy d?d Chang hevé'sh0wn (.29) . rhelr résults 1ndlc ted
a very small Jncorpordtlon of glycerol 140 1nto the neatral
-1mp1d 1rdot10n, whloh under optlmal growth condltlons ior'

®. coli, was metabol;caily stable. On the other hand the

results of Ukuyama-showed that when growth conditlons.are.

¥ -

modified by a downward Bhlit 1n temperature, the neutral

+

-~ . f

\" lipid fractlon does turnover urg becomes an impertant suppller

S

i

of acyl groups for phosoholipld eynthe51s (aj) In such a ° Lo

© ¢ase dlverulon oi the anabolic pd‘hway towards the aynthe81s

o -

oi glycerldes foslowed by breakdown 01 thelr acyl egter bonds

and resynthe81s oi aeyl estero s phoephollpld all of whlch

rs accompanled Qy 1ncreaeed ALE expendlture, mlght be an .

BN el e P Lt

E ‘ .
eii1c1ent way o;-proauclng extra heat. Further 1nVest1gations

deallng wi th formatlon of neutral lipid under various growth
h

conaltlon are olearly needed and’ may serve t0 elu01date the

A o

‘enigmatic role ot the very active dlglycerlde kinase (;O)

preeent in L COll.‘

i

Once formed PA. 1@ converted to. CDP—dlglycerlde via -

a cytluolyuls reactlon yleldlng pyrophosphate as b} product

L5 . ‘g Formation.of CDP—diglycerida -appears to be an ' .

obllgatory step in phosphollpld blqsynthe81s, elnce reactlons'
analogousfto those dlrectly ut11;21ng dlglycerlde and GDP-
ethanolamlne, which are known t0 occur in anlmal tlsbue,

do not oceur in'E. coli (32) : The cytidine triphosphate;
phosphatidic secid cytldyltransferase'involved is &
parficulate:enzyme'depending on ig for activation %nd its

-

<
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) properties'hav recently been. studled .in detail by arter (33)

-

-_.,‘r‘. r

Mgldependent enzyme, serxne. Chb,phosphatlayl _
to Pipand CHP (34).1Es ip in turn de boxyla/ed(by g

decarboxylase ﬁb~v1eld YE. T enzyme'invoived does not
_ requ1re the cofdctor

(355”

- ecessary fbr mammallan decarboxylases

CbP—ﬂiglyceriﬁe can be qonverted to PG and ‘D¥G. éhe

i@irst'steprinvolves-tﬁe ené?ﬁe, sﬁ—glycero—b—phosphaten

CME phosphatidyltransferaee 136), catalyzing the synthesis
:o¢ phosphatldyl glycerophosphate (PGH) : This'particelate: . (-.
enzyme is uependent on Mg or Mn for actlvatlon. ¥GF does | “H
:not dccumuldte but is rapldly converted éo G by the action

.BG phOaphatase, &a partlculate, hg—dependent enzyme {37

G may ‘ve convertan to DG by the action of phoupnatldyl- a‘-~m3~
glycerolw Cil¥ phosphatldyltransferaee algg‘ngartlculate'
.-enzyme whici: gs dependent oistg (18) A 51mlldr series oi
reactlonb efieet the - synthe31s of foand D}G in anl;;l

tissues (38). . ) B B R “_

'icetabaliem and turnover of phosphoglycerides

The cetabolism‘of phoephoglycerides by E. coli
. & L ' :
homogenates was first etudied by Proulx and VanZDéenen (39) *
-~ who charactérlzed lysophospnollpaee and phosphollpase*c . -

'and -gave ev1dence for the presence of phosphollpase 4 in. - 7
this organlem. 1he presence of phosphollpaee C ana'

1ysophospholipase has been confirmed by Nojima'and Okuyama

. o -
A . . : . . J . .

g | >

JR AN
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\ in vivo since the rate’ of turnOVer at each ester position

-11-

- ’ )

'-u(‘B} who also showed ooncurrently with our: own results.

(ﬁO) the definﬁte occurrence 'of phospholipase A in this
organlsm.‘ | - ' o p

The phosphodleeter produced by the actlon of lys ‘
phosphollpase can be degraded further (39,8) 321’ lé/:lled

glycerOphosphoryl ethanolaﬁ?ne for example, is. converted to

labelled glycerophosphate and -inorganic phosphate (Pi)( &].

Thus enzymes effectlng the complete breakdde of phoephollpide

_are present 1n”E. ooll..'

( .
A partial turnover of the acyl m01ety is’ llkely

elnce a lyeophoephoglycerlde. CoA acyltransferase acting
on elther lyso PE or lyso rC has been characterlzed in
v1tro (41).' It is not yet oertaln to what extent the phos~
phollpese A acyltransferase cycle, flrst descrlbed by 3
Lande (42) 1s 0perat1ng in V1vo. For E. coli 1t has

been euggeeted that phoepnoglyoerldes turnover malnly de

novo under certagn condltlons (23) "In Haemophllue

parainfluenzae it seems that the Lanas cycle is’ operetlng

of phosphoglycerldes is différent (43) Comparable-studlds

desr“ned to show such partial turnover have. not yet been

e

[P-C

performed with.E. COll.
f

A strlxlng feature brought out hy pulee labelling

- -and” chase experlments is- that whereas PS’ and PA are Very

stranslent 1ntermed1ates (9)/ and PG and DPG furnover at

" 8lower rates (11,23), PE, .under normal growth oonditione

S
. y
- * . . '_/‘-’ -

: -

S

(3
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for E. coll, is a metebollcally sfeble pool (9) if -
however the growth tempereture is decreased there is
. ¢ turnover of FE fractlon ae well as the other phosphatlde .
fractlone during the induced dag perlod (23) “Thus the
. enV1ronmental condltlonejhave a very strong 1nf1uence hot‘\\\
. - only on fabty acids o;/phosphoglycerlde comp081tlon but
L also on- tne turnOVer of E. Coll llplds. As Ames iurther "' ,///‘-
points ouﬁ, in many of the culture medlums used for B%Pﬁ‘.
labelling, inorganic pnosphate is kept low to favor incor~ .
ﬁorationninto phoepholipid ‘This petﬁ%rn'of‘incorporstion
however TAY reflect the' def1c1eney of phosphate in the
medlum as his own results with E. coll ehOwed (12)

- " Qur presentateon 50 far has 1nd1cated the presence

’7\\_- and pooelble role of phosphollpase A and lysophospholipase -

in L “eoli. Slnce our eneulng experlmental approach . will
be centered on the cheracterlzatlon and mode of action of

these enzymes 1n\the organism, we felt %t a propoe to .

A

p01nt out our present knowledge of the properties oi both " »
," n

pholphohpaeee from the various sources gtudied.

Phospholipase A

Occﬁrrence: '
| =

Phoephollpase A is very w1dely dlstrlbuted #hroughout

q .

nature (44), It is present in sneke and insect venoms ana




) —13-
et

4
%
' Lo

a number of ‘animal tlssues 1nc1ud1ng testes,” spleen, lung | o
‘and lzver wnlch display mode7ate aet1v1tiesjmhereas pancreas :
"and small ;ntestiné\are very'.rich sources of thls enzyme (45) .
At the subcellular 1eve1 phoephollpase appears to be &13—
trlbuted amgng the - mlcrosomal (46, 47), mitochrordrla (46,47,

' 48; and’ lyeoeomal fractlons (49 50, 51)
A : . oo : : :
Mode'-bi‘ Abt'i,pn: - o . L / ,

\

| Inltlally 1% was not clear whgtner phoophollpase A
'acted on a spe0111c ester poeltlon or an ester contalnlng
a partlcular tjpe of fatty ac1d. The subsequent work of |
Tattrie (52), Hanahan {53) and Van Deenen (54) and thelr \‘.:
coworkers worklng w1th snake Yenoms revealed that the
2—acyl position was attacked rather than the l—acyl
?poeitlon and. thus phosphollpase A Was. accepted by most as”
being exclu81Vely a.2=acyl ester hydrolasé

Recently however, the atudles of Lloveras 4 al

, (55) and of Van ‘den Boech and Van.Deenen (56) have. revealed
that in rat lung, liver and~k1dney, not enly the 2-acy1 éeter
is hydrolyeed but the l-acyl ester as well‘ "Evidence .
p01nted to tue eX1atence of two enzymes, phOSphollpase Al and
A2 designated- accordlng to thelr positlonal spe01f1c1ty and "ﬁl
which dliiered in prope?#ies. Phosphollpase.Al is heat lablle
and usually has an acid p{ optlmum (50 57458) whereas bl

phdsphollpaee A2 hus a pH optimum oi 7—7 5 and is heat E

2t
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- resis tant (44») :

- .
__..‘.). .
ol s
. .
N c.a .
-

\x I‘t has. been suggested that éomplete breakdown of

L

) !hﬁasphoglycerldes may;ﬁe accompllshed by the comblned

' " - lysosomal- enzyme of llver clea&es both acyl posmtlons of - T

"ﬂ’thSPholipase mlght be Just as, llkely. The recent worlk o v oh

'”Lactaqn of phoeﬁh@ll ase?&l a
”“phosphollpase activ'ty,mlbht be a@tylbutable to oﬂe{by the ‘3%
" other phospholipasehﬂ.e'ln 0 ‘

- there is yet no clear ev1dence ior such a suppoeltlon. 4

 On the other hanaluellors and’ Tapper (49) found that a

Pl and PC w1thout lysophosphatlde format;on. They dttrlbuﬂ@d

2. ”h{s—lmpllq§,$hat lyso-
5

Y,

iy J-u-l.

er words hyﬂrolysls b—t}”’ k,.l-

(S T
13

would be followed\by,gz act1v1ty and Vice. verse, however, S "ﬁl"
o s * - 1‘-..

this activity to a Q}pspholzpase of the‘type formerly ~

3

designated B (Jﬁh ' Perhaps in this case phosphollpase Al
and A2 might be. strongly coupled and prebent lysophosphatxde

: egumulatlon although the mther éxplanatlon that there is

' . PT
-y . . La’;,-

'here a eomblned acmlon of . phoSphol;paee A - and lyso—‘ _f~

i

of. Walte et’“i stronglJ favors the latter possibmllty (51). ]

.

0\

‘a) Snake venoms’

|
or pancreae. The snake venom enzyme 1§pm Crotalus adamanteus

Specificity'and‘general properties of phospholipase A2 .

P

2 . L.
. L]
. . . . ' .

. ¥

uost of the relevant studlas dealing with purlflcatlon 7,

Vo
have been pﬁriormed on phosphollpase.A2kfrom snake venom

- -

.'..ﬁ 4‘

s h : ' ._' o
| . .
. Y

. i . : -
L2 4 \ - 0
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, was flrst purlfied by Hanahan (59) who founF that it was

¥

lablle to. heat treatment in the alkallne range Jbut quite‘

stable’ln th 'a01d range tlll about pH 4 In fact thls

4

lwere ussd. bnake‘venom phosphollpqﬁe A TR ulr_d Ga at a ;:-

>

'concentratlon of about 10 MJ‘ior optl al act1V1ty. Long
9 .

and Penny (60) conpluded that Ca may serve as‘a brldglng
"‘i 1on between tne enﬂyme and substrate 81nce a Ca complex

6f enzyme, substrate and lgsolec1th1n pr301p1tates during”
I

the 1ypolytlc reactlon. As in’ nhe case of phosphollpase

C or D, ether & 1€ates pnosphollpase A (59) and Dawson,(&l)

;explaihs th

"

into the, 11p1d mlscelles CauSeB w1der syacing of the substrate
‘.

f

molecules\ Thls 1mprowe:%}he accdss of the enzyme to the
e
ester llnkages and prever 8 ths 1nhib1t10n of ¢h{\enzymatic

f

reacg}on by remOV1n6 the iatty a01d.10rmed.

-

" Further. purlflcatlon of‘phospnollpase A by‘baltO' .
r.

. and Hanahan snowe& the preserice of two enzymes in Crotalus

adamanteus venop vhlcn diftrered 1nve1ectrophoretlc moblllty ) }*
and 1solectric.am1nt but whlch edch eiﬁlblted the same.AZ

tspe ot act1V1ty (62) A very recent study by Wells and

hanahan have co*li:.rmed the e"cl tence of these two phos- Q
phollpa e‘A snzymes ana revg?;Fd ﬁhelr propertlas further‘

-(69). Bbth had a.liW - 01 about 30, OOOfand both | had gimilar.

'.// Nee T s

N
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were luenthdl dnd S0 were their Eeneral asbay requlremunts,

3

nowever tuey WLTE d&?arly sepafhble by dlsoﬂelectropnore81s. '

=y o

“On Lhe other hanu Wu and Tlnke{ (64) in thelr purlilcatlon

t——

\oi ph0ophollpa8e A irom Crotalus atrox snowed tne presence°-.

only one'tnzyme dlsplaylng A2 act1v1ty, havmnb a hw of "

1
30, 000, a 0pt1mum oi b 6-7 6 and dn optlmal temperature
fof 46 ‘It was actlvated by Ca and other dlvalEnt cations

lanu was quite rhsdstant to heat treatmcnt at aﬁld jo's AN Thus

'sedlmentdtlon and dlifu51on ooeiflc1ents.f Thelr pH optlma I

o
it is apparent tn&t the phosphollpases Aa of varlous bnake R ‘ﬁ

.’ "

_vehoms maJ dlffer appre01aoly 1n their propeztles howeyer 'ﬁf'fi.

)

: they all oeem to h&ve the same;noltlonal spec111c1ty."‘
- %

The bubatrate spec1ilclty of a cruue phosphbllpdse A= :ffﬁ

-

~
.preparatlon 1rom C. adananteus was studled in. detall by

o L.

- Jl‘

: ,/ P -
- Van Deenen and De Haasf(bb They. lound the enzyme spe01i}c o

o’

ior*the L-lsomers 0¢’3 phospho"lycerldes (sn-j phospkqglycerldes);\
_'bxcept for the water—aoluole short—chaln phoophatldes whlch

were hydrolysed Very c'lowly; the enzyme nds no preierence- "h‘

for tne type of tie constituent. fatty'aolds. The nature ofh 

the polai,pead—group 1n/the pnosphoryl momety turned out nozh‘ n
5%

-

to forn @ prerequ;81te\$1nce 1ts preuence appedred dlspensab
As far as prerequlsltes for substrate act1v1ty are concerne
AN

1t appears that ‘the compound needs only one acylester bond

v1cinal to the phospnoryl ester bond.
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PhouphOllp&Se A from ancreas was first partlally

_purlilea py Magee et al (66) and eppeered to hdve properties

';

51m11ar to the snake enzywes. Lonfllctlng resuLts ny

3}mon dnd bq?plro (67) woghxng w1tn p0r01ﬁe pancreatic.
enzyme 1ndlcated nowever that phosphatldlc ecid was degraded
to 2-monoacyl-sn—glycerol—; phosphate.; Thus in thls case

ﬁhospnollpase Al act1v1i% Seemed - to be present. . The

¥u1f¢erence in resultb obtalned by leon*and bhdplro was

explalned on the Da81s that their methOd for 1dent11ylng

the 1yso product, ylelded erroneous results (68) . On the_

other hand g8 mentloned prev10usl it is now knoWn'that

botn.al and AZ ac v1t1es are Preseni in this issue and that

a lack of Al ctiv1ty mlght be attrlbutabie to the heat
treatment Whlch is often a routine Btep 1n the purlflcatlon g

ol phoaphollpase A. { & - L. " o

b T
~

Reccntly%De Haas et al haVe purlfled two protelns -
from pouc1ne pancreas, one which they chaw&cterlzed as the N

zymogen of phosphollpase A2 (69) and the . other, phospho-‘-“
sy .

llpase A2 (70) ' The zymogen has a Mw of aoout 15, 000 appears

J to consist of a. Slngle polypeptlde chain terminatlng at

'
-ihe NHZ reglon in the amino acia sequence'" Glu—Gly-Glu—

' IIe%:erﬁhrgeﬁla. The N term1nal glutamic acid r951due hase!

Pl

no free —NHz'group- Phospholmpase Ais a proteln 6f about

+ R
13,800 -~ 500 appears to con31st of a 51ng1e polypeptlde

! . : 2 . : o

< .

\

g
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: Propertie of;phospnollpase Alr

o

_ Saturafion.' In contrast to the snake Vvenom phospnoilpase A

“le- oy -

o . : o

.. Ok
chain-terminating i alanlne (NH2) and cystlne (OOOH)

a2? croseed—llnked 1ntramolecularly by dlsu&flde brldges. - .
The- active enzyme can be released from the zymogen by '

pep;IEEEE‘EEt‘

?ancreatlc phospho

ipase A acts sterospe01ilcally

on -all common types of 5n—3 phosphogi“beﬁldes by hydroly51ng

exclusizely the fatiy a01d ester bonds at the glyce ral

Co-position regardless of chain lengtn or degree oﬁhug:;ﬁ;;

‘_\"""-—-_l.

the pancreatlc enzyme shows -a~marked preference for anlonlc'

_ phospho,L:LpJ.d -such as phosphatldlc acld CaI‘lellpln and - ‘

phosphatldyl glycerol. it requlreo Ca tor activatlon'(70).

b1
»

,m

_cholate. It is actlve on le01tnin but noton L—acyl-lyso-

A

79 3 : e

It is only recently that phospholipese A1, has been

recoggifed (6) and -thus rather little is known apout its .

properties. Besides its occurtrence in the several tissues’

*described (55, 55) ‘this enzyme was also feﬁnd in'brain'by

Gatt (71) who ahowed that 1t has a H optlmum of 4 0 and a

Km of & 10 4'.' A partmculate enzyme,—it requlres trltonix-l

100 for actlvatlon but is 1nh1b1ted oy the’ addltlon of sodlum

;ecitnin. ' ..' ' . 2 : Y

Pnosphoilpase Al is also preﬂent in the - lyeosomal

fractlon of aarenal medulla It has a low ﬂi optimum of

@ : - . - i o
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4.2 and does not seen to-réquire Ca for its acti?étion‘&SO)
There appedrs to ne a relatlon between phosPhollpase‘
Al act1v1ty and lipase act1v1ty of pancreas since nlghly

J

- purified pancreatlc lipase was found to act on the l- . o
p051t10n‘of pnpsphgglygerlde (72) . Vogel ana blerman (73)

also fpuﬁd with pbstfhéparin plasma that ;1paqe ‘and phos—
phalipase activity‘could not be separated. This‘phospho--_
llpase was agaln characterlzed as acting,on l-p051t10n ot

- PE (74). Eurtner stuales are required’ to establlsh whether
phééﬁhﬁllpase.Al 1s a true phosphollpase or just a lipase’

with broad substrate spec1f1c1ty. The evidence to date ‘I“

Ve
reveals howeVer that the actlon of purlfled lipase on

Ny phosphoglycerldes is qulte slow and qulte pOSSlbly phospho-

llPaSQ.Al is a distinct en%//g (75)

’ Lysophoupnollpase /)/// Co .'w
wur. : ' L. ‘ . - ‘ . .
Occurrenc';é; // \ | | - . . - : | : .

' et : : . . R
" Lysophospholipase was first recognized in rice and

bran by Contradi‘and Ercoli (76). It was also found to

occur in Penlcllllum notatum (77), Serratla plymuthicum (76)

}} snake venom t79)1 ana E. COll {39), and a number of mammallan
“tlssues (80). Noguchl (81) found that the rlcnest sources o
of lysophOSPhollpase are pancreas and : lung. Térpleé and :_'_7 ’ ﬂ;
Thqmpson (80{ studied the distribution of this enzquﬁig |

.'a variety of rat tissues and extended its occurrence in some
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" areas .of human braigg.- They indicated that intestine, 'lung

‘and spleen were the most'active'eources in rat while nervous
, .

- tlSSue and heart had llttle ect1v1ty I+ has also been

found in red blood celie and_gepber and lunder. (82) indicated

that the aged humen erythrocytes were 40-500 lower in = - '\
activity than the,young cells. . AN
E A '

'hode of actlon, spec11101ty and propertles.

‘not hnown whether the enzyme shows any p031t10nal spec1ilclty.'

"enzyme w1ll also attach pure 1ec1th1n (89) The actlvators B

Dawsori, indicated that when'phOSPhetidylinositol;er

Lysophosphdllpase catalyzes the hydr01y81s of a single .

acyl estex linkage of 1ysophosphoglycer1des yleldlng a

: netermsoluble phosphodlester and fatty acid (44) 1t is

-l

bigratlon of tpe acyl group from the 2 to the 1 pOBlthn of 7
glycerol durlng 1ncubet10n and separetlon.procedures has
so far curtailed a clarification of this point."

The action.of lysophosphdlipese from Penicillium

nptatum dOeS not hydrolyze purliled ovalec1th1n but is

~active agalnst brain or s0ybean lysoleclthln. iIn thls‘.

organism, the action of lysophospholipase was not limited -

to monodcyi phosphoglycerides since further studies by .

dlphospholln081t1de are added as actlvators, the P. notatum

- are required to impart a net negatlve charge to the 1901th1n

cd

miscelles. Kates et al demonstrated that ‘the P. jgéétum | -

-~

- ’ °

™
|
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enzyme,phoepholiﬁase B, catalyzed.rabid"deecjletidn of'
| purlfded egg le01€h1n 1n the abseﬁce of y actlvator when

the substrate was ultresonlcally dlspersed.' The rate of -

‘enzyme hydrolySﬂs depends on the degree of unsaturatlgn (84) .

. In this case tne‘p0531b111ty of a combined act;qn of phce— 3

",pholipase AZ'and 1jscphospholrpase}.accohnﬁfhg for B‘activity,

ry

was'notprec%uded. Onczhe ofher hand %he pancreas enzyﬁe
w111 not attdck lecithy

even in uhe presence of slmllar
; actlvatlnb 1lpld8 (44) . Thus the spe01ficf%y dependL largely
on the phy51cochemlcal state of Lhe subetrate and cn the-
_gource of the enzyme. J . - [
. The general propertles of lysophosphollpase-also
vary with the source of enzyme. Accordﬁngly, the enzyme

from pancress is 81milar to. the enzyme isolated from liver,

having.e.pH'optimum of 6.0 whereas the enzyme from P. nofatumi

is most'active betweenij 3=4. The results of liarples and

Thompson (80) 1ndlcated that the lysophoephollpasee from

.,
L)

- mammallan tlseue are heat lablle.' Heatln at 6.0 for 15l
;'  minutes ccmpletely abolished the enzyme ect1v1ty ’ta aﬁd

.-LD'.Lﬂ had no an.gniflcant efi‘ect and aga:x.n unllke\ the case
_for phosﬁhollpase A, Dawson (85) showed that ethylether
nh{blts the lysophoenhollpase £rom rat 11ver. ,Shapmro

. (86) was able to purlfy the pancreasJenzyme 40-fold end
e{\etglllze lt in low ylelds. The purlfled enzyme requlred
no Ca ion and ether inhibited the actlv;ty. 'In contrast

o C - L ) . : e
the lysophospholipase identified in enake and bee venoms
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havg.  optimz between 8.0.and 10, aré»stable' £0 heéﬁt ‘
treatment and are activated by both Ca and rig ion (79) .-
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R /‘STﬁgEMENT og.PRoetgg

. 1In preliminary studies by Proulx and Van Deenen,
\

=Y
incubstion of PE with‘ . coli sonicates 1ed to ‘the eccumuJ'

&
letion of ‘GPE, and fatty acid. It was prOposed that these

fproducts arose by the combined ‘action of phospholipase and-

lyeophospholipase, however no direct evid nce for the
presence of the firet enzyme was given. ‘ . L,

" In the’ present etudies we have first attempted tc .

study the conditions which~might favor phespholipase A

ectivity in vitro and the eccumulation of lyso phOSpho-

_ glyceride, a key product of this;reaction. _ . .X;j

. . o .
Using Several labelled substrates.we have attpmpted
: to further charecterize this'enzime'with respect to

'ts.
pH optimum, its action requirements, its’ substrate and
‘positional specificity, its subcellular distribution and
. ‘ .

its suscepyibility to heat treatment.

We have also studied theiPH requirement for lyso- .

-phospholipase activity.

\.d\:}
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. MATERIALS AND METHODS

///Extfaction of 1ipids

T

Tl Fa

Total lipids were extracted quantltatlvely by the

;method of Bligh and Dyer*(87) mod;fled for our purposes.

To 1 volume of aqueous suspenslon or 1ncubatlon mlxture,

2. 5 volnmes of methanol and 1 volume of chloroformtyere
- added. The monoPha31c mixtire was then stlrred 20-30
;'mlnutes at room temperature and 1 volume oi each, chloroform

and water were added. A blph&SlC system formed which was
_,Btlrred ior an additional 20 minutes. After centrliugatlon;

’

the bottEm phase contalnlng the llplds was removed w1th a

AY

; pasteur ‘1pette and the top aqueous phase was ne—extracted
with 1 volume of cnloro:orm by stirring 15-20 mlnutes." j.
Atfter centrliugatlon, the second bottom chldroform phase wae
removed and pooled w1th .the tirst. Phe pooled extract wasg

then evaporated to dryness and kept under nltrogen or

dlosolVed i & known volume of ei@her'benzene or a\mlxt
of ohloroform.methanol‘1:9_(v/v). -Samples were eforeila .
-20°. ' S L v
] 32 ’ '
When P-laoelled phosphoglycerldes were extracted
' water was replaced by an 0.1M N a—phosphate buifer,;H 7 0
2
.to remove_all‘traces of 3 Pvlabelled ortho ohosphateﬂjfi’//_

" the lipids.
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Pregaration-of'iabelled subgtrates . . ;p"
. : ‘ . e
The: procedures followed were essentially those -
of Van Deenen et al (58 88, 89)
32 - | ~ :
(al_ P-labelled phOSphatidxlethanolamine and lecithin

About 2-3 grams of liver from a male rat 3-4 weeks

L

old, wes rinsed in ice cold Krebs-Ringer bicarbonate buffer
pH Teke IIt was then cut into small pieces and the mince
was introduced into a.AO‘ml zentrifuge tube containing 2 ml |

/ - X ' 32
of icd-cold Ringer buffer. 5 mC of P\brthophOSphate

‘(purchased fr:n Radiochemical Center, Amersham, England)
was neutralized with dilute NaOH and transferred to the
liver suspension. The mixture was incubated for 3-4 hours
at 37 with shaking and throughout the incubation period.

- a gentle streamfof oxygen was bubbled through the suspension.
The m;gture was diluted to 10 ml wath distilled water and b.
homogenized w1th & hand glass tissue grinder.ﬁ The homOgenete

“*““‘Gis then transferred to a large.pbntrifuge bottle and the
lipids were extracted as deseribed prev1ously. _' - ' !
- The lipid extract ‘was evaporated to dryness in vacuo
at 37 and dissolved in a small volume of chloroform. inn
1ncorporation of 15 20 uC was usually obtained for the total .
- lipid fraction. . . A L&
The labelled.phosphatides were_then separated by
thin layer chromatography onﬂactivated#silica—gel-c with‘a

)

[
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~ mixture of chloroform-methanpl—water 65 25 4 (v/v) as

-26= .

[ n B - B ’ ' ' a
. ' B
LA .

.solvent The nltrogen contalnlng llpldS were stalned-

reverszbly by sprajlng With & solutlon of Ponceau red

prepared as iollows' 2 £ms - of . uranyl nltrate and O, 05g

Ponceau red were dlssolved in 1 liter of 0, 01N HCl PE

—ir

and PC showed up as magdr red coloured bands and were

,1denti§1ed by - cochromaté"raphy w1th highly purlfled PE and

FC from egg yolk or with - synthetlc phosphatldes Obtained
from General Blochemlcals Corp., Ohlo. The stalned components
were scrapped O;f suspended ln 10 ml of water, and - each sub—

stance was ekxtracted by the modlfled Bllgh and Dyer pro-

‘cedure descrlbed prev1ously. Fn this procedure following

the centrlfugatlon step, the ‘water-s oluble products ‘as well
as the Ponceau red dye remain in the aqueous phase. whereas

the s8ilica gel separates out as well pached 1nterphase

 layer! The llpldS are recowered in the bottom chloroform

phase. The chloroform Phase for each fractlon was transferred
with a pasteur plpette to a conlcal flask and dried in vacuo.
Lach 11p1d was dlssolved 1n 1 ml 0f redistilled chloroform and )
then furtﬂer diluted to 10 ml w1§h methanol. Samples were
stored é¢ —20 °C. The purlty of each labelled substrate was

.cﬁgéhed by re—chromatography on 31110a gel G using: chlo/pform-

methanol—waﬁer (65:25:4 v/v) as solvent. Scanning each chrOma—.

"toplate Wlth a Chlcago Actigraph IT Radlochromatogram

;bcanner reVealed that the radlopurlty of each compound was
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. . v ! ' d
usually ‘over 9. A ‘typical purity check is 3ndtia in
\p.late -I.o. v - ", ‘ .

14 - o
{o) ~C- labelled Phosphatldvlethanolamlne o

and: Phosphatldylchollne ' -

(1) %ubstratéa lebelled in.the l-acyl ‘position

. 2.5 gms of llver irom P young.rat (2~3 weeks old)
" was. homogenlzed in 10 nl of 0.2 TrlB-HCl buiferQ;;\K

containing 0.125M, KC1 and (C, OOET/MgCl T0.3 ml of thls .
.suspenslon was added 1 ml of a 0. 2> TrlseHCl solution
.'contalnlng 75 mg of AIP (Lutrlt nal Blochemlcals Corp. 5
adjdsted tofpﬁ"7 4. ‘Finallj,‘ 0 W of stearic acid l~140‘lJ
'-(New Lngland Nuclear Corp ) ‘was added as a soﬁlcatedhA//f“;
'suspens1on 1n 2 ml ot 0. 2m Tris-HC1 bufier. The mixture -

" was - incubated wmth Sheklng i;; one hour at 37 .The 11p1us

were extracted dnu separated as described prev1ously
o : Co . _ - : D
(ii).Substra@es labelled in_fhe 2-acyl position |

i

; 4 gmns of llver we;e removed from a young rat

(2 =3 weekg 0ld) starved overnlght. The tissue was rinsed
~ and chllled in severdl volumesaof ice-cold 0.25M sucrose -
and then homouenlzed in 18 ml of O 25M sucrose. Nucled,_

mltochondrla and cell fragments were renoved by centrifugihg '
e '

at 13,000 8 for 15 mlnutes at 5 % uslng a Lourdes refrlgerated_




4 ml of RCl—Trls buffer ﬁi 7 4 end served as the sdurce of

‘o5ﬂ for 3- b nanues in a salt—lce m1xture. Tne sonlcate was
'transfer”ed to s 40¢ml uEﬁ§;1¢hFe tube and 2 ul oi mlcrosomal

.suspens;on was added. Tne mlxture was 1ncubated l hour at

-.28?, o i .' : K S\

R 4

-centrifﬁﬁ”. The Bupernatgnt was then eentrlfugeé for l . L

hour at 100 000 8 using a Splnco prcparatlve ultra—

centrlfuge. The crude mlcrosomal pellet was suspended in,

enzyme for labelllnc of the phosphatlde iractlons.- Poug
of a benzene solution of 1—240 lln01810 acxﬁ (New nn"land
nuclear) was eva?orated to dryness unger a nltrog%n stream._l

1 ml oi solutlon conLalnlng ab mg ATF, 0.7 mg Cdh and 20 -,

o |

Wi woles ‘of thlz, adjusted: to H 7. 4 was added over-uhe

11nole1c acid film dnd thd suspen51on was sonicated at

]

’ . e

37° w1th shaklng and was then stopped’w1th the addltlon of - v
2.5 volqus of methanol Llplds were extracted and’ 1solated
as previously descrlbed.' The radlo—purlty of each compound

was checked by thln layer chromatograpny (plate I).

"r

Dlstrlbut;on of rddloact1v1tg in ' L.

14‘ - - "x
th £ labelled substrates "7 . LN

1
o . ] . 14 ' '
The ddstrlbutlon-of 1-7 C StEarlC acld or llnolelc
acid within each'ester pos 1tﬂon was estlmated H& degradiFg

each labelled sunstrdte with phospholipase i (B 4) .

from Crotalus ‘adamanteus venom. (Slgma Chemlcals) 1 uMole-

%
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‘
iV~
o T
) “ .o K] -
. % )

PO




o

Lo T s T

. ° ¢ ."‘7'~ )
“ e s
subatrate (j"¢XIO cpm) ‘wWes, added as ¥ methanol-ohloroforﬁ

solut;on to a 12 ml conrcal tubecanu-evapordted to drynese o

‘w1th a stream-of nltroben. The llplde were tncn redlssolved

in'} ml- Of ether and layered over l ml solutlon of 0. ﬂﬁ

‘borate bufﬁer cyntalnlng 1 mg snaue venom and 5eumoles
of Ca012 v The mlxture WaB V1gorqu31y agltated at room

N

temperature for 3 nours A control contalnlnb no enzyme :&

was frepared in the same manner.' Most of the.. et@;r was then .

Mremoved by eVaporatlon 1n vaouo at 37 and folloW1ng ilpld

,extractlon, the reactlon iroducts were separated by thln

layer 6“romdt05raphy u81ng actlvated 81lica—gele plates

" and a mlkture of chloroﬂorm-methanol~water (65 23 ¢4 v/v)
‘I.as solyent._ The seperated components were 1dentif1ed by

-co chromdtogrdphy w1tn unldbelled, hlghly purlfled lyso—

phosphatldes, tuemr dl&CVl analocues ang- stearlc or ilnolelc
acigd. Ehe spotg wereareveaied w1th iodine vaporo, marked,
’and then freed from lodine by a gentle ilow 6f warm alr.‘
Thé component were then’ scrapped oii the plate dnd eluded
by . suspendlng the- 5111ca—gel—G in 1—2 ml of water and 5 ?‘
qektractlng by the MOdliled method oi Bllgh and Jyer. “h |
The products as well as any unhydrolyeed Substf;te’
were then counted‘as uescrlbed lﬂ a sectlon followlng "
Aiter correctlon for I- 2w non-enzymatlc hydroly51e5any

radloact1v1ty in the lyoophosphogl cerlqe was takén &s.{. f

-

\v\the amount of l{%el in tnepl pOBlt;OH and llkew1se any



=-3] =

"'radioaCtivrty 1n the iatty acid iract16n was 1nterpreted :

-as labelling in tne 2 pObltlon. Assayed in thls manner, ey

 the deslgnated l—(stearoyl-l- 40) phosphoglyceqldes .
contalned approxlmately 88-90f of thre label in the 1 “ LTl

14
position and 2-(11noleoyl—l— C) phoSphoglycerldes contalned &

RIS
90~ 92% of the label in the 2 p051t10n. '

o E .

Doubly-labelledgsubatrates

,These were'prepared by\le1ng varlous ppoportlons
. 32
: ol. P-labelled phoswhoglycerl e with elther l (stearoyl— o )
v 1

C)—phosphatlde or 2 (llnoleoylml— 40) phosphatlde.

t

| Preparatioh of Iysdphosphoplycerides

4 /f : " . . :
YE and 3¢, eithef dbld, or lebelled in the l-acyl .
/ Q.-
ester. posltlon wlth stearlc acmd 1-140 or wlth 52 P-ortho-

phosphate were converted to thelr l-monoacyl analogues by

. o .
Hxhe actlon of phosphollpase A2 (LC .1. l 4) from Crotalus

adamandeus venom. The reactlon mixture was carrled out as “

descrlbed 1n the preceedlng seotlon. The lysophosphoglycerlde
formed Was’ ettracted by the modlfled method of BllBh and

Dyer. a;d 1solated by prepdrative thln layer chromatography
'uslng slllca—gel—G and system A as solvent.. Tne product R
:-_revealed by the Ponceau red sfaln was eluded by the ex-

trqctloh mgthod prevlously described for the prenaratlon of

'other labelled phosphatldes. The purlty was chequd by re-

- 3 . p
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running inte 8dme chromatographic aysteir.(.plate I).
Preparation of sn—glycero—3-phosphoryl ethanolamlne :
NS

ey

and- sn-glycero-3~phosphoryl choline N

The water—soluble ‘Phosphodiester der1Vat1ves of PE .

_and PC were prepared by the mild alkallne hydroly51s method.
of Dawson (90) as’ modlfled by Benson and- Ferrarl (91).

0.5 ml of chloroform solvent contalnlng 10 umole -of hlghly
gurlfled, eold or 32? Iabelled phosphoglycerlde was trans— '
‘ferred to a flask contalnlng 5 ml of- 1ﬂ toluene ‘in methanol;
and 5 ml of 0.2N methanollc KOH. The mlxture was 1ncubated
exactly 15 mlnutes at 37\! then plunged 1fn 1ce a’nd 5 ml of
ice-cold water were \added together with 2 drops & 156
phenolphthalehlln eghhnol. A 30w (w/v) suspehsion o
'/ Dowex 50 was added drop by drop while Stlrfifg V1gorouely -
the mlxture under 1qe until the plnk color dlsappeared.
The mixture was %&eﬁ oe?trlfuged and the supernatant
together with a 3 ml‘water and a 3 mI metnanol rinse of
,”tne resin were pooled an@.evaporated to dryness at 50%C i
1n.1§§59. A mlxture oi 100 ml chloroform, ‘50 ‘ml 1sobutanol
and 75 ml of dlStllled water was shaken and allowed to -
separate 1nto two phases. The re51due was then taken up
with 1 ml of upper phase and 2 ml of 1ower phase and after :
v1goroue shaklng the mixture was - centrlfubed to separate .

‘both phases. The.upper.layer‘contalnlng the phos@hodlester
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‘.cPreparapicn of P;labeiled phosphoryl choline [

‘;!733? ‘

R AT

. was used -as chppmatographic‘staﬁaard,

!

.‘v‘ . .“ f 32 -- . ) ' o ‘ . . \

'

T‘: , 3é —— - g - ,///i

' 5 umole of B 1abelled le01th1n obtalned blo-
synthethlcally were dlS olved in 5 ml o " ether contalned
in glass atopperad flask.‘ 1 ml of 0.1 borate buffer ﬁi
7. 0‘con§aln1ng 5 m Ca012 and 1 mg of phosphollpase o from
Cl. welchll was adaed to the flask and the mixture was .
shaken V1gorously for 4 hours at room tempera%ured The °
ether was then clstllled oii 1n va@ho and the water phase

was extracted by the modified method of Bligh and Dyer.'

" The upper phase thus obtalned was concentrated tn 0. 5 ml

and used as chromatographlc standard. ' Cold synthetlc o—

phosphorylchcllne and o—phosphoryletnanolamlne obtalned from

bigma Chemicals were also used as chromatographlc reference

ccmpounds..

Chromatographic Procedures . +
. ’ £

(a) Chromatography of Water—scluble compouhds

.

Watcr-soluble producta were separated and 1dent1f1ed .

by paper chromatogracgy u31ng 29 solvents systems {4) phenol—

: wa%er D 2 W/W and (B Propanol—ammonla—water 6;3:1 v/v.

Tanks were saturated.24 hours before use, eath ‘with

the appropriate solvent. An aliguot eof 25-50 ul of extract

fral

i
[

K T
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contalnlng labelled product was applxed w1th a Hamllton
.eyrlnge as a small spot 4 inches from one endoia strlp of
ﬂhatman Lo 3 mm paper. Several other &llquote each con- - -
-talnlng a comparable amount of non-labelle; E. coll extract
'were egplled as spots alined with the redloactlve sample.‘
.Over eacH of these unlabelled spots, 3= Eklo3 cpm of a —
;dlfferent labelled nEference compound was also ‘applied. The
' 501Vent was allowed to descend 18 houre, the paper was then
removed the front was marked and the solvent was allowed
to evaporate off completely in a fume hood. Labelled

~

componente were 1aent111ed by scanning the ehromatograms

'

w1th a Luclear Chlcago Actlgraph I1II Radloscanner equlpped

w1th 4 pl detector. Spots’were also revealed by spraying -

W

with nlnhydrln (92) Peripdate-Schiff reaéents or ammonlum J‘

!

~molybdate—perchor1c deid. reagent (93) however these dld

'
AFH

not always glve conclusive resulte because ol 1nterfer1ng

non—labelled substances bresent 1n the extract. The Rf

. =3
~values of a number of reference compounds are given in

" Table(i)
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Table. (i) \
——— ' — f
Compound - : f. -
A -B
. Pl = . 0008 0.07
o 1 R : '
| - GE 2 "0.20 0.0
- 32 ‘ _h X . .
. GPE-F T L0460 ©0.44] %
. 3 \ ' l D‘ . .
GIE | 0.62; 044
eec. b w | 0.96 " 0.54f
t ) 1 ~ .
GPC é : 0.96 -
v S 2 -
GEC-P° 0.96 0.54
hE 1 i '
PhE "~ C0.35 0.30
’ l r . -
.| Pno o 0.75 . 10,35
. ' 2.7 ) . ) o .
2rg-"%p* 0.76 0.35
(1) obtained commercially (2) prepared from ? Y~phos—, -

phoglyceride isolated from rat liver
parent phgsphatide isolated from
P (liver). by the action
~Abbreviations:. Pi, inorganic pho
phosphate; GYE, -glycero
phosphorycholine; PhE

‘from PE->

phorylcholine.

B{}j

P

(3) prepared from the
eggyolk. (4) prepared

of phospholipase C.
sphate; GP, DL-glycero~3-
phosphorylethanolamine; GPC, glycero-
s Phosphorylethanolamine; PhC, phos-

R
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{ b): Ghromatography of Lipids

 #ipids were separated by thln layer chromatography.
- A elurry of elllca gel G (25 gms/50 ml water) was spread
Las a layer 0.25 mm thick on glass platee-(2OK20 cm ar

i}

5X20 cm) uvihg'Deeaga‘equipment.- Thicker: layere of up to

. 1. 5 wn were also used for prepdratlve chromatography The

.

plates were allowed to stand 15 mlnutes at room temperature_

ghd' then actlvated 2 hours at 110°. They wére then used

edlately or stored in a deelcator—cablnet.

&

(i) 'Pho's pholipids

. ‘ fhosphollplde were separated by first runnlng the

' plates in a mlxture of chloroform-petroleum'ether-acetlc
acid (system C) and after brief darying in ﬁlr, the platee
were transferred to & eecond solvent (D) composed of
chloroform-methanol—water (65 2b 4 v/v) A ﬁﬁrst run in

“-solveﬁ{—a—agg 1mportant only when hlghly labelled fatty__

- aomd fr qtlons were present along with the phbsphollplds.
buch wae the case for ‘experiments deallng wlth the blo—
'_synthe81s of 4C--labelled llpldB. Solvent C-4+D permitted

. a dlstlnet separatlon of fatty a01¢e from 1abe11ed phos-

1lpld8.

=y




 (i1) Neutral lipids

Neutral llpids were separated, ysing as solvent
" a mixture of petroleum ether 60/90—ether—form1c acid in

the proportion 75 25; l.b v/v systemeE) or in the pro- .
'+ ‘portion (55 35z 1.5 v/v) system (F), bystem "separates :

all neutral 11p1de except monoglycerlde which remains close

10 the phOBphOllpldB at the orlgln.. System F separates

monoglycerldes from PhOSphOllplds however fatty, acidsand -

trlglycerldes move closer’ together. Typlcal_Separatlon

.are 111ustrated in plate II.

¢

Ra@ioiéotope.bounting procedures

“Preparation of counting sample

£
4

1 ' C - o S 520
Lipid components, singly—labelled with P were
usually counted in ome of two manners, (1) after séparation

of, llpldS by thln layer chromatography, the plates were

-

' scanned u51ng an.Actlgraph III Radlo Activity bcanner equlpped

w1th a dlgltal 1ntegrator and a gas flow detector. The

eff1c1ency of countlng was estlmated at about 20-25% u51ng

RN stanuard for each plate.'
(11) After chrgxatikraphy the samples were scrapped

“off and transferred 1o llqnld sclntlllatlon vials contalnlng

15 ml oi 0. 5 PPO (2 S—dlphenyloxazole) and 0.05% dlmethyl

tor

EOPOP (1. 4*bls—2-(4fmethyl-5-phenyloxazolyl)—benzene) 1n .




‘. Plate IT -, Sepq.ré.tibn of 1ipids-

-




toluene. Countlng was performed in a Mark I Nuclear

Chicago Spectrometer. A quench curve ggs Prepared with

addition of . 1ncrea51ng amounts of chloroform to & serles

- of 32 P standards ‘and plottlng the change in ‘channel ratlo
as a iunctlon of eif101ency. Although both me}hods gave
- comparabie results method (i) was preferredrln most oi

Ithe 1ater experlments. .

14

“Singly-labelled C lipids method

oo

Procedure (i) was unsatisfactory in this case since the

efficiency Varied between 1 and %% and variations due to
the thickness of the gel layers could not be corrected
satlsfactorily by spotting a 140 standard on each plate.

heﬁ?od (11)-was satlsfactory prov1ded 4% Cab-o-s1l (a thixo- -Jb

“tropic gel) was added +0 the scintillation fluid to suspend

1

the 81lica gel. -A separate querich curve was prepared for
countlng in the presence of Cap-o~ Sll.“'

‘ Forx doubly-labelled substances, method (11) did not
prove satlsfactory and elutlon was periormed as follbws-
the components was scrapped oif the plate, suspended in 5-

lO ml of water and the 11p1d was extracted by the method of

Bligh and Dyer. The, chloroform phase thus obtained was

—_—

evaporated to - dryness_and dlssolved in- a small volume°of

methanol. Samples were counted in the 501ntlllat;on mlxture ’
2

descrlbed for: method (11) Quench curves for E P—l4c

vt
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1
f

:51multaneous countlng were made uslng chloroform as quench

and an external sta dard (57 94)

Aqueous extracts were counted as'O'l 1, sliouot ,
in the sclntlllatlon fluid described ior method (11) to . *.m\
'whlch 2 ml of Trltonéx 100 was added per-v1al.
-Waterrsoluble,components‘on paper chromatograms -
: were_cbunted by method (i). -
_ .

Culture and preparation.of E. coli
, 7 :

-~y -

E. COll stralns 015 andgd - 0118 were supplled by
Dr. li. Beaulieu of the Department of Bacterlology, University
of Ottawa. Tne cells were cultured to an early statlonary
phase (OD O 25) 1n a2 medium’ contadnlng pe llter' 15g

625
of oactopetone, I@ of yeast extract 20g glycose and 5 gm

sodrum chlorides.’ The purﬂty of the culture waS»routlnely

-

)

| checked by - the Gram staln and by culture on Pchonkey
plates or cltrate slants. Typlng of the Strains was klndly
performed cyIur. D Peters, Laboratory of Hygiene, Depart— '
-ment of Netional Health and Welfare. | '
‘ The cells were collected by centrlfugatlon at

8000 rpm in a Lourdes refrlgerated centrlfuge kept at v
5 C. The sedlment was washed once w1th fresh medlum and
finally suspended on an approprlate buffer descrlbed subsew
-quently for each experlment. The suspension was then

b

sonlcated li)mlnutes in ice at 125W using a Blosonlk 11



41
nltrasqnicator.- In preliminary trials'nnbroken celis were ’
removed by centrifuging the sonicate 10 min, ‘at 3000 rpm ’
, (26); however this ‘step proved unnecessary since no, signi-
-ficant difference in the results obtained when sub equently
the whole cell sonicate was used, Protein, assayed by the.
Lowry method . (95) was maintained at a concentration. about

20 mg/ml by dlluting the sonicate with an appropriate “amount

v L 1 ) - e
of buffer. - | -~ ' -~ |
. - e

1>
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Fhospholipase A setivity - E

s

The 1ncubat10n mixture contalned 1 ml of whole ' ) ' o

cell Sonlcnte (20 mg proteln), 0. 1 ml of 0 2 CaCl2 0.1 ml N

-fodlum lauryl sulfate or sodium deoxychdlate and 0.8 ml -

- of 0. Md approprlate bufferu: The substrate, 1 2 umole of .
labellea phosphoglycerlde was dissolved in I ml of. ether . 1-"|..'.5
and layered overLthe aqueous extract. Incuba};en waS'

~carr1ed out at room temperature for up. to.4 hours wlth

&

v1gorous Shaklng. - o ' L o e :‘

b7 Y
\ . 1 ’ .
On some occa51ons the. substrate was soniczted at .
AR & e
. 100w for 3-=5 mlnuteu in. bulfer and 0.8 ml of thle buspenslcn

il

"contalnlng 1-2 umole of substrate was added to tke 1ncubat10n

'mlxture. In this case ne ether was presenn in the system

For H studles the follow1ng gyefers were used' y ‘J
. o B 4.0-—5.7 " OJflI-'I aqetate bu‘ffer_ )
'ﬂ _ :;£Hf5i8f7'4 o } _ ‘O.nﬁ:phesphate
&“‘ﬁi'§£0_7_¢2.l N n" : Ohﬂ\\plstldlne ' )f
d ‘g{'7;4{9.0 : ‘ 0.1 Tris-HC1 or bord'te ;
ﬂ{fQJQ;li.O' o 0.1k carbpnate'or-borate:

-~

PR
: : S S '
&Lysophospholipasenactivity ﬁ. . _
- - . .i’ 'l . ‘\‘ . - .
Identical cdnditions as for phospholipase A were = "+ |

used except that la elled lysophosphoglyeeride served as

substrafe,apdmca and_detergeﬁf'were“omitfed;_ | - \\;z

j - | -



-1norganlc phoephate was - the mal
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The presence of phospholipese A and

lysophosphollpasaia; coli 015 and 0118 ' LT

;-
. »
In a prellmlnary 1nvest1gat10n we tested‘Our E. c011

sonlcaxee for the presence oi lapolytzc enzymee u91ng as

32

’eubstrates, P labelled PL and 1 (etearoyl—l— C)-PC.

The 1ncunat10n Was cerrred:out at B 7. 4. 1p borate burfer '
. e

and 1n the presence of uOC and Ether. These condltlone were

) darbltrarlly chosep from known condltlone iavorlnr animal

l
Tphospholieaeeve. As. cen oe seen irom rlg. l B. COll 015

degraded 3 P to 1yso re nd'water— uluble proaucts. At~

-~

8 5 m concentratlon of noc, lyeophOepnollpase was not
W

o
_ compietely 1nh1b1ﬂrd\since water—goluble proaucts also

*iaécumulated. o”e%er phoophollpdse A act1v1ty was clearly =

demonstrated unuer tnebe conelt*ons.
v .
-]

Lhe aoueoue phase, obtalned following . the BllghéDyer

PN . _I "q f
extrectlon of a @‘hours lncubatlon mixture ‘containing no

a .
deteﬂgent were concenﬁreted to a small volume and subaected

~‘1:cr'pepe:c chromatobrapay Identliloatlon of the proaucte
AU -
hdgs periorﬁed bj coohromatogrephy.wltn relerence comnounde

ae-deecrlbed 1n mheluethods.

-

4@ can be seen in Lable'Iw

product but. GPE<and GXC

fwere eleo present 1n 31gnl;1can: amOunts together w1th glycero-

phospnaEe and, phosphorylethanol dine and pmoephorylchollne

which were present 1n only trace

~As Cdn be seem from Flg. 2

‘uantltles.

. coll'Olls degraded .
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' PERCENT OF TOTAL CPMRECOVERED

I-fOURS OF INCUBATION

Fig. 1. 32P tabelled phosphatldylethanolamme (2umoles} dussolved in2mi
of ether was incubated at room ternperature for various time$ with 1 mlof -
broken E. coli 015 cells. The cell suspension was sonicated 15 min at 100 W -
using a Biosonik Il ullrasonlc prabe and contained per milliliter: 15-20 mg

- of protein, 4 mg sodmm deoxycholate, ‘100 ‘umoles’ of borate buffer, pH 74,

ahd 10 umole CaCly. Labelied pwducts were separa(ed with chiorof orm-

‘methanol-water, 65: 25 -4, v/v/v on activated silica gel G (A) PE (o) 1yso-

- PE; (E3) water- solub]e prbducts

o

N
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-Table I.- Pecovery .of Water~Solublp Products
’ by Paper Chromatography
: ." 5 - .
Substrate Labelled % of total cpm recovered
' ‘ v Product - as water-soluble product
" A Be .
. 32 . .
or P=-PE v ' '
Pi’ 22.5 . 35.0
GP ! B Ys 106.C -
GPE 9.7 9.0
" PhE 1.8 -
P-PC | .
Pi 18.0 27.6
o GP 8.9 110
o .. GPC. . . 0/5_' or.8
e O I - Ul
R . o - 1," o .

— -
N . - 7
. - /

The mixture wagq inicubated for 4 hours in the absence of
detergent and other conditions were the same &s stated
_for Fig. 1. ‘The aaueous phases obtained after the Bligh-
"D er extraction were COucentratpd to a small volume.
water-soluble fractions were spotted on strips of Whatman
"NG. 3 mm filter paper and chromatorraphed in ,a descending
system with (A) .phenol-water 5:i2 wa (B) propanol-ammonia-
‘water 6:3:1 v/v ‘as solvent. Labelled components were
‘identified by scauning the chromatograms with a Nuclear.
Chicago Actigraph I1I Radieoscanner. For abbrev1at10nu
see Table Methods-. . N .

49
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ﬂ s . HYDROLYSISIOF I{STEA,ROYL'-f-MC)PC '
'J{ - BY £ COLI OL1B-SONICATES .o
- ) oo ' ‘

-
, -

PERCENT OF TOTAL DPM RECOVERED

* HOURS OF INCUBATION -

)

L

Y — et e

“Fig. 2. l{s\qtearoyl-1-140)-phosphatidylcholine {1 umole) was ipcubated -
.. for various tim s with E.-coli 0118 under the conditions stated jér Fig. 1.~
The products were sepafated on activated silica gel. G with petroleum ether:

- ether-formic acjd, 75:25:1.5 v/v/v. (0) Fatty acid; (&) PC; (Q3) digiyceride.

,/"L.‘ . - - ] . . 1“ e

N



. lypolytic enzyme operating for both strains

| .. ‘ _47_‘- ] '. . "'.' !
.! ' ) _.,.’ .

-,

some labelled DG was ,also produced Identlcal results

were obtalned w1tﬁ“\ coli Olb actlng onrelther thls same

3
substrate or the Pn anologue.

It appears from these results that phosphollpase A
is a predomlnant ehzyme An the two E. coli studied. Lyeor

phospholibese‘activity was'aleo indicated and was no%— b

completely 1nh1b1ted with b i DOC- L ,} e T

Furthermore e1nce w1th 140 1abelled subetra es c e

Y

lagel was located malnly in the 1-acyl ester p081t10n and
.-j- -

since the hydrolytlc product in tnls case was malnly

W

'labelled fatty acid, 1t.seems Ehat the 'prkdominant

i K. coli is

‘-phospholibase Al‘dgepite the ruther nigh ™ cohd__'g;tionen

<t

used.

'

" The effect,bfidetergents.on lysophospholipase

' - gand phospnolipase A

-

Since lyeophosphollpeee was aleo present in. our
E. c011 sonicates we studled conditions which would inhibit
this enzyme and at'the same time f&éiur phospholipaSe‘A
activity. Slnce detergents haVe olten been used to 1nh1bit :
mammallan lysophosphollpdse (66 ) we tested. the efiect of SDS.

)

dnd DOC in our system. s e _ ,
Flg. 3 shows the erfect of 1ncrea51ng concentratlonea
of 305 and DOC on the hydroly31e of -1- (stearoyl~l- C%ulyso~

Pi. At concentrations highner than 20 nmq S5SDS was &s efféﬁtrwe

a5 DOC in inhibiting lysophospholipase activity. The

§
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o | THE EFFECT OF DOC AND SDS ON LYSOPHOSPHOLIPASE - &/
100 . ACTIVITY INE.COLI OIS | _

% OF HYDROLYSIS

- ™ 3 A -
CONCENTRAT%ON'OF'DOC AND $D§ IN mM
- ‘ : ' Flg 3. l-(steaoyl -1- 140) IysoPE (1- 2umoles) dissolved in 2 ml of ether was incubated -

at room temperatuce for 4 hours with 1 ml of sonicated E. coli ‘cells, various concentra-
. tions of DOC and SDS and 0.IM of Tris-HC1 buffer, pH 8.4. The ptoducts were separated
as stateq for Fig. 2. (0) with DOC (@) with SDS. .
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inhipltlon was not complete however even at a 50 o
.concentratlon. The enzyme from.E. coli- appeare to be

more—re51etant to detergents than mammallan lysophospho-

A

lipase. whleh is. completely inhibited by 5 Yt DOC {97). As

-can - be seem from Table 11 addltlon of DOC’ greatly

stimulated the accumulatlon o{ lyeophosphoglycerlde when /
2
_3 P- labelled PC or PE Were ueed as subetrate.' ThlS could

AN
AR

be explalned by‘inhlbitlon of lysophosPhollpase.' waeVer
14

when, 1—(stearoyl-l- was used as. aubetrate, labelled

fatty acid -producti n was also enhanqu'by DOC addition and

4

it seeunms therefor .that detergents exert thelr action at

_least partly by- t1mulat1n5 phosphollpaue A a01t1v1ty.

/

The effect of\ fH on phospholipase A activity

" When E. coli soniéate was inéuba’ted"with'3 E 1abe11ed

kPE in the’ presence of ether at various piH, lysophospho-‘ -
g% ceride proddctlon exhiblted 2 peake, one at pH 5 and other
at pﬁ 8. 4(Flg. Q. Nhereas the. act1v1ty at ac1d #H could - v

be detected without addlt}en of detergent the activity o
L N - .
at alkallneeﬂi required bDS or DGC. The same two peaks )

-

l‘

were obtained when the buider comblnatlons were cha d_-
~ ~ds described in t%e liethods or when_;he substrate-wae added
. as a sonicated s spension rather than en.ethereal‘eolutioﬁ.'
.JWhen.DOC was omitted, lysophosphoglycerlde product1on was _
maintained at acid H dbut greatly reduced g% alkal;ne M. . - R
At the 1atter jo's 08 there was 1nstead a elightlg increased o A

‘."f v productlon of water-solubreeprodurts(Flg. o) The increase ;-

L) ] " L { -
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Table II.  Effect of Deoxycholate Ou-the.Break—,‘- ,T'. Coa,
- ‘down of Phosphoglyceride in E. coli 015 =~ . . =
Substrate Condition 9% of total‘épm'recovefed
: ] .~ as product ;
. : : B LysoPE; LysoFC N -— g
32 ' _ I WL A
P-PE | .. -DOC - 2.0 -
o ~ poc Y - o260 - L
1.3 L ‘ v
P-PC - | ~ =DOC |« - . "
‘. poc - . 25.0 -
o T - P Lf‘ . . —
- Fatty Acid LysoPE. !60
25 ¥ R D i — ——
c~PE | Doc v oL 26.0 7 1.0 3.4
DOC - 4346 2.3 4.8
32 I o o T _ o
P-labelléd or l-{acyl-l1-""C)-phosphoglycerides were
incu¥zted for-4- tours yn the presence or abseuce of
30 .mM DOC. "Imcubationfconditjons and separation
. procedures were.as stated for|Fig. 1 and 2. . ..
- , . L . ‘
. N 0
! B
_— /
., #
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 THE EFFECT OF pH N PHOSPOLIPASE A ACTIVITY ON HYDROLYSISE. COLI - -

100 =

" 50

0=

'\.»)

Fig. 4 The_ incubation mixtuce contamed 1 umole of 32P Imelled PE. dlsso!ved in Z‘ml :
gt ether, L ml of whole cell sonicate, 20 umoles CaCly; the pH was varied with the follo- ' ) i
wing Buffer' (A\) 0.IN acetate buffer, (&) 0.1M phosphaﬁ better, (@) 0.1M Tris-HC1 ' o

buffer with m*‘ DOC, (@) 0.1M bicarbonate buffer with 36m™ DOC, all final concentra -
1t was incubated for 4 hours at room temperatuce. and the sepacation of/labelled components

was purrmmed onder the conditions stafed for Fig. 1. © - -

\/ . . . ' ) o . &
- ’ : A AN S



% HYDROLYSIS

s
. L
? . 4
{
> EFFECT OF pH ON HYDROLYSIS OF 32p-{ ABELLED

PE BY E. COLI.015 SONICATES IN THE ABSENCE

. " OF DETERGENT
50 s J
A0 - '
: N

LY .’ .
w,

30 -~ '

¢ — pii-—P

e & .

Flg 5. The incubation conditions and the separatioh of Iabellbd tomffonents wer
for Fig 4. (@) lysoPE, (&) water- soluble ptoaucts

Y 50, 60 3 10 . B0

Y

9.0

eas descnbed

v

v
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- 1n water-soluble products at alkaline pH did ﬁot match

\

5%

e \ . : a
o

-

ae
g ~-

. AN . bt - -
! . PR -

t

the fall in 1ysoPE ‘production and this wis taken as a
further indlcatlon that dhtergent not only 1nh1bits lyso—\.
phosphollpdse but actually stlmulates phosphollpase A
act1V1ty in the a&kallne range. S “_ d . lj}” ;F
.When 2- (llnoleoyl 1—4C)PE was. used as substrate

in the presence of DOC, hydroly81s -at acid: pH resulted in

lysoPL accumulatlon although small amounts of fatty a01d

w

were‘also iound. At alksllne pH, lyso- ;p_and fatty a01d

* were produced 1n almost equal amounts (Fig. 6 Theué

1

1ndlcated that at il 5 phosphollpase Al is a predomlnant

‘ enzyme whereas at alhallne st both.Al and A2 are present in

results 1nd1cated the p0581b111ty that at least two types ‘ﬂ_

of phosphollpase A w1th dlfierent pH optlme are present

1n E. Coll- Furthermore the result w1th 2 (11noleoyl 1 4@)?”

-about equal proportlons. In thls experlment performed as

part of our early studles, an arbltrary concentratlon of

“DOC’ (bmﬂ) was used” 1nstead of the hlgher concentrstlon ( 30mM)
~needed for the almost complete 1nhib1tlon of 1ysophospho—. S
lipase act1vrty. Consequently, part of the 1abelled fatty . -
acid oroduction mlght have resulted from lysophosphollpase | iS
act1v1ty. Fromra strictly equalitative p01ntrof view, the >//
results with 32P'.a1.'1d'14C-F‘?Joorroborate each other in that ’
lrrespectlve of tbe products analysed two jo's! optlma //—(//l

.were reVealed. _ S . N ;
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% HYDROLYSIS

o " HEFFECT OF PHOSPHOLIPASE A ACTIVITY ON THE -
HYDROLYSIS OF 2{LINOLEOYL-1-14C) PE IN €. COLI OIS

P 4
]

-
40 -
30~
20 =
-
30 - 40 50 & 70 80 0 - 100
Fig. 6. The incubation conditions and biffers used were the same as stated {or Fig. 4. The products wese
separated as stated for Fig. 1 and 2. (&), fatly acid (@) lyso PE. .
| . o
‘J:‘




separated as staled for Fig. 1 md 2. (&) fattyacid (@) lyso PE

':.

P

A

E ~54=
« ) ’G e
pH EFF ECT OF PHOSPHOLIPASE A ACTIVITY ON.THE i \ o ‘
L HYDROLYSIS OF Z{LINOLEOYL -1-14C) PE INE. COLI 015- b /
S S S |
- - é |
: ! 0 - ; . } s / /
N ‘ }{ | C/
| . s "’ T ] ' //
. .'. - . J
| ‘/40-& o / !
'« 0=
2
>
o
=
DA
st
= . )
w
R N
) o+ &0 . 10 80 /. 90 w._o |
F|g 6. The incubation cenditions and butfers used were the sanfe as st d lm Fig. 4. The products
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o ;H optimum of 1ysqphoephollpaee ot ‘ S o "

-be a phosphollpase AY is acthe at acid ph "if

© o =55- :

Whenel-(stearoyl-1-140)-1 soPE was used as sonlcated |

substrate in the absence of- detergent and ether at varlous

“ .

pﬁ, lyeophosphollpase act1v1ty was detected malnly in

-
u

_the alkallne range and peak act1V1ty was found at m.10

Flg. 7, Thue from these varlous experlments deallng w1th

the effect of ﬁi, it can _be connluded that most of the

LS S

, lypolytlc enzymes of E. 0011 snow optlmal act1v1ty in the ’

: alkallne range ,however one of these, whlcd appears to : -

T e

Positional epe01flclty of phosphollpase k g t _ o

14
of l—(stearoyl—l— C)PL and 2 (llnoleoyl-lﬂl4C)PL to labelled

P

To further test the p051tlonal spe0111c1ty of L [

"

-phosphollpase act1v1ty at elther pH optlmum, the degradatlon

fatty a01d and lyeo PL was followed under optlmal condlﬁigfi;_h S

" A's can_be seem from the results in Table 111, at

: 14
w5, l (stearoyl-l- C)PE was degraded malnly to labelled

‘.-labelled lyso PE. 1uls 1ndlcated that at aold pH, phoe— B

fatty ac1d whereas.a-(llnoleoylnl- C)PE ylelded malnly

v

.phollpaee Al was the predomlnant if not the only lypolytlc

n_enzyme operatlng e B Q'

. 14 _
-l—(stearoyl—l— C)PE was degraded malnly to- labelled

At @ 8. 4 in the preeence of 30 ol DOC or SDb

fatty ac1d although elgnlflcant amounts .of lyso FE were

""also produced. Conversely, -(llnolebyl l—- C)PE was

L

' ;}ijraded malnly to labelled lyso YE although an appre01able‘

Y Ji'f . - ' N o
. 4‘\ : . ’
e M -
@& . . .
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%HYDROLYSIS -

4 500 - 60 . 70 .80 . 90~ 90 110

o g o e o —

Fig. 7 The mcubatlon conditions were the same as for Fig. 4. except that 1{stearoyl-1- Hey. lysoPE was used a5 sonj-

~ cated substrate in the absence of delergem and ethei. The fatly acid produc! was separated by TLC ‘with petraleum ether-

ether-formic acid, 75:%5:1.5 v/v/v { &) acetafe buffer, (A) phosphate buffer, (.)Tr_ls of borate buffer, (@) car-

; bonate or borate buffer ali 0, lM

e Y .

=
».

%
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"Table III. » ‘Hydrolysis .of" C-uabelled PE
L . 8ubstrates by E..egoli Cl5 Sonicated
A Cells. - - T '
Subsﬁrate.u o h " pH % of tetnl ¢y recovered
e CeeglEo o nl L REproduct <
| . o | Lyso PE thtv Acid
oy l[ - :.‘ R T ;
i1 stearoyl -1-""C}-PE.| 5,0 47 “ -29.3
. ' -] . ‘ R R B 3
b Sy L& - 12,90 L 4,G.C
o h - B - e
l? (linoleoyl-l- C)-FE|-‘&,4, | Lo., L= 15.4
1 ' ) o . e

. At pH 5 the incubatidn mixture u

uu111y cout31ned 1 ml

of F. coli sonicate, 10 mM Ca, 0.95 ml of O.1M acetate:

buffer. 2 umdles of l- (stedrovl
cin 1. mk oP ether was then added.

oH 8.4, similar. couditidus were
- mixture was buffered with 0.1MN
" laurvl sulfate wig 1uc1uded The’

‘at. room temrerature wlth v1roroms shaPln;

.

.

1-110)-15 dlsaolved
At this pH, sodium

usaed. except that the

ris-HCl and sodium
frure was iffcubated

FG? 3 hours.

* - lauryl sulfane .or sodium deoxchOl:Le\was omlbbed.-h At

| J—




AT ) "‘5§ft

ount oi fatty acld was dlSO iormed. Thus ifjgeemed

!

a4 that at alkallne jo's 88 both phosphollpaae an& A2 were'

\

actlve. - v

These COHClUblOHS were iurthez bu ported by results /1

"obtalned w1th doubly-labelled eubetrates. Far theue
| ekperlments l-(eteeroyl l— C)PE or the 2—(11noleoyl—lml C)
) analogue was admlxeg in uliﬁerent preportlon; with 52 Pm |
o such that varylng 3 P/14C ratlos were obtalned in the | T
| substrate. - i ) ;ﬂ , : "~. L SRR )

!

B

At pH v there was a very large increase in the
32 14 14
P/ C. ratlo of theg&gso product when the C- label

was 1n1t1ally present in the ‘l-acyl poeltlon of the substrate'

Tom

} (Table 1V). The 1arge varlatlons 1n~the B/A - values can v

: 14
_be explained by the fact that only very few, C counts

_ Were recovered in wnﬁ lyso Ebvproduet.v It could be eetlmgted
irom the. inecrease 1n ‘ P/l C ratio- oi the/@roduct that no e
more than 5% to less than lp of tne phuophollpése act1v1ty

was of the‘A2ktype at acid’ ﬁi (The v, 1-acyl 1syo PE i
. —-\__/'_‘,\_/

formed due to phosphollpase A2 ?' ratlb 1n\substrate/ratlo

° in product X 100) ~ wuen 2-(linqleoyl-1— C)~_2 P-rE
. was ‘the substrate ét’;H 8. 4 (Tabdle V) there was agaln a’ '
;31gn1flcant 1ncrease 1n the 523/140 value of the lyso ‘
product 1ndlcdt1ng the presence of both.el and A2
act1v1ty. From thls 1ncrease in ratio it was eStlmated
‘-tha? between 60—70w 01 the act1v1ty at alkallne jo's!
f'was-due 4 pnbsphollpase Al and “the remalnder,u to

e phbspbolipﬁse Al. L L : ) - o '
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 Table.IV., Ratio of € and P Acthlties of
' . Ly50phosphjt1di£ Ethanolamlne from
.+ l-(Stearoyl-l-*4C)~32P_Phosphatidyl
: f/)J + ‘Ethanolamine by Sonicated E. coli
T Cells at pH 5.

: . ! : : : —
. . PE . _ a! Lyso PE - B/Am! *
SR T ons o Ry U
ooy PG AU .P/_ C i
. ;_.pﬁ}, i-_ (R) .
L wa T ool 2L 20
| 6.2 f T 4287.0. i - \139(;_ ‘ \
',: - The- c0nd1}1on3 vere esrentially those descrited for

Table III except that DOCwas uot added and the double-
labelled substrate used was prepared by -mixing for
ach experiment _a different proportion-of’'l- (stearoyl-

- -~ LC) -PE w1th 32p.. labelled substrate. .
1} r;- ) - r1-
. k ' s ’
\ D ~ :
¢ _
. ] 3
Al ! T
) \—_ _
U
%

\ c ’ ) . I



. 32 —

Ratio .of th aud P Activitggq‘of

.Lysophosphatidyi Ethggolamine from
2-(Linoleoyl-1-14C) <#2P-Phosphatidyl.
Ethanqlqmineapy Sonicated E. celi
Cells”¥t.pH 8L -

| Lyso PE - l o B/A
ST - 1t
. L
L ST a0 |
1.16 . .. 1.0 _ ©1.55
570 7,27 CLas |
— A —— . e e ___.":'!|, o o

The. conditions wire'the same as Table_III'and Iv
except ‘tilat the t4C~label was in 2-position ind

Tris-HCl buffer, pH 8.4 was used iJl}he nresence

of-3C mM sodium lauryl suifate.

f

cg
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The effect of Ca on phoépﬁoligﬁse.A

' : = - . ’ e : y
- in our later experlments.. Neverthel §s, tlie concentrqtlon

to tle eanme. In any event 1t does appear that phpsphollpase

of Ca was necessary ‘for detectlbn of phosphollpase A E

“\;When 5. —labelled P was 1ncubated in the presekce : ,‘;/)

of 1nc§fa31n" concentratlons of Ca the act1V1tJ increased

'proportlonall* up to a concentratlon of about 20 .mi at ' e

pH 5 (Plg. 8) and 5 m. or less at fl b.4 (115. 9) /uhj_;s

'1mportant to note hOWever that addition oi ‘DGC, (which is

P :
necessary. at afkallne pH), to the calclum—contalning :

\

1ncubat10n mlxture, :esulaea in the formdtlon ‘of an 1ngolub1e

©complex. | When 5DS substltuted for DOC . prec1p1tate also., :-' -

formed but'whlch_almost completely q;ssolved-upon addition-
01 ether to .the inqubation;mixture. SDS'was'therefore-usedTh T

e
[T

/‘\
of added Ca can be only tentdtlvely stated dnd it is

—

11%3;5 that only a part of thls added Cd is truly ac@b551b1e

o

! . -

| dct1V1ty dt eltuer pH optlma is Ca dependeht.. i

| . . e

-

As Table VI 1llustrdtes, 1g also stlmulates at elther

e, . /--v.
i but:to a lesser extent than Ca. Zn, Cd and Gu and ‘ "

" BDTA were somewhat'inhibitory; Howévér this iatter study

‘was ccmpllcq%ed by the fact that concarrent addltlon

act1v1ty at either pd and counteracted the efféct df ionic

inhivitors. Iurtheruore at’ alkdllne H the dlvalent
Rt "y -

'cationsitehded-to form 1nsoluble prec1p;tateslw1th the

:anlonlc detergenta\usea.

u

8
‘AN 1n¢ezeat¢ng result anpeurlng 1n Table Vi 1s the

-fact tnat on addltlon completely ;nhlbltea the act1v1ty at



i

" o OF HYDROLYSIS

) -6z- \/
s X - . _
) ‘ THE EFFECT OF CaON PHOSPHOL!PASEﬂ A ACTIVITY IN
T E.COLI 0I5 AT pH 5.0 ' .
100 1 . . - - L
4 ‘ ! -
-w_: ".’ . ;.).(.‘"\ . .
4 _
. | -
T P
60 = - : ' '
40 A o )
20 =

bl

w2 -0 w80
v CONCENTRATION OF Ca INnM '

" Fig. 8 ‘ The_inc,ubaﬁon mixture Gontained (O-SOmM)?ZF"-IabeHed PE (2umoies) dissolved

| *in2ml of ether, 1. mkof sonicated:E. coli cells 0.8 ml'0.1M acetate buffer, pH 5.0 and 0.2
- ml CaCly solution final concestfation. The mixjyre “was incubated 4 hours at room

-lemperature. Ehe labelled lyso PE product was, separated with chioroform-metharial-water ,

65,:25_:4., v/V/



% OF HYDROLYSIS

40 =

. _ { - .
-b - o . LI
oot ":u\. v,
: o ="

v THE EFFECT OF Ca ON PHOSPHOLIPASE AWACTIVITY

. INE.COLIOISATpHBA -+ EXU I

!

1w .. A S TR C s

“LONCENTRATION OF CaINmM

Fig. .- The incubation co,nditibﬁs were the same stated for ig. 8. except that Tris-
HC1 buffer pH 8.4 was used in the presence of 30m ' DOC. The Isbeiled iyso PE product
was separated with chioroform-methanol-water, 65:25:4, v/v/v. ' . ,
: i e :

T

ol .
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- - Table VI. Effect of Various Cations and Sodiof -
.\ : Lauryl Sulfate on Phosphollpdse P
o | Act1v1tv _ . .
S ‘{.,-,l:,‘; o ‘
- AT TN L % of total cpm recovered
'////f - : } as lyso PE -
L ) Vs " -
Lt . Additi;{n - pH 5 pi 8.4
‘ no'cation,'ne deterrent -‘LJE“TMMMGH_-“_Eimmm“QH
" | 30mMM sodium leuryl su;fete_; 1.0, 5.8
. 7 R P o
. CaCl , 10 deterpent ] 22.6 4.C
' : | . . - .
/ CaCl , 30mM sodium lauryl sulfat,e; 1.8 34.9
. - -
| NgCl | 113 a 8.6
CaClz, EDTA 4 S ‘§ .;6.0 RN 5
f. { S
CaCly, CuCl, Lo 20.6 - 2641
A pac;z, ¢nCl,, ‘ 20.7 23.5
‘\\\\ ’ o .

' Except otherwise state at pH 5, no- detergent waq added
whereas at pH. 8.4, 30 mM DOC was used. All Cation and
EDTA final concentratlou vere maintained at 10 ‘M and
2 mM respectively. - Other 1ncubat10u condltlons ‘weré. as
stated for Table ILI :



! 5 On the other hand as these end our other results

4

. 4

, show, DOC oT bDb addltlon at alkallne - not only permlts _ ST

/

' tnere was llttle or no eiffect -on. the act1V1ty unless detergent .« %

detectlon of phosphollpase ﬁ act1v1ty ﬁut enhances it e
(Tables I1 and v1) . L : o "

‘J' '
The effect of heat treatment on phosphollpase.A act1V1ty

: 32
. W1th | P—PL as substrate, tne efiect of heatlng

E. coll sonlcate at 65 " for various times at ph 5 and 8.4

are shown in Flga 10 znd ll,- o ‘ -_'_ e
‘!hen the?sonlca'te was heatea a“b pH 8.4 w:Ltnout deterge,n‘t S e

and the act1V1ty was tested athpd 5, there was a small gradual —

increase of act1V1ty \1th3t1me.‘ 4hen tested at i 8 ' '1

was qmesent in- tne sonlcate during the ‘heat treatment. In

%ﬁla latter case . tnere was .a. m&rked ‘J&}“ln acﬁ1v1ty (Flg lO)
when thls experlment was repeated by heatlnb at

pH 5 and the act1V1ty was tested at. elther pﬁ optlm%g

(Fig.- ll), results szmlar to those descrLbaﬂnjl"lg. 10 were .
obtalned. ' .' c _“ - P o M
‘From tnese latter experlmente it seens thet:severai

types oi phouphollpaue A are present in L. coli, oﬁe‘phos—
]

pnollpage Al which is sglghtly act1Vuted by “heat treatment

has a pd optlmum of pi 5 fhe other pho phollpases Al

.' and\AE have an alkallne pd optlmum of .8.4 and at least one

-of] theue 1eflablle to hedt treatuent in the preeence of ‘. o

eeteroent, which at lower temperatureq normally enhances the

1
»
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% OF HYDROLYSIS

| --( O } -The sonicate was heafed at pH 8.4 without detergent andl tested at pH 5 0 in .

" 100

o EFFECT OF HEAT TREATMENT ON PHOSPHOL!PASE A
. ACTIVITY INE. COLI

80 =

B
N
&

+
¢

b}

, “ (_ - 10.?: | | A \ _ 1

“TIME IN WINUTES AT 659

. Flg 10.. ( a) E colu sonicate was heated at pH 8.4 wulhout delergent and tes;ed at

8.4. 30mM DOC and 32P-labeiled phog;phatudylethanuiamme (2uificles) dissoived in‘ether
was added alter heat treatment. The. other mcubahun conditions were the same as for Fig.4.

the absence of detergent and other condmons were the same as (A)

ﬁ K

- (.) - The,sonlcale Was heated at pH'B4 and lested at 84 but 30rnM DOC was ptesem

dunng the heat treatmenf and duri ing thg assay

ks

Y

o~

N,
B
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% OF HYDRDL-YSIS_

!

67~
-l { i
. ! N
EFFECT OF HEAT TREATMENT ON PHOSPHOLIPASE
A ACTIVITY IN E. COLI 015 ' )
100 g N
- . A oK B
‘. 50-?7 - ' . .
. , ) H [k

!

"\ TIME IN MINUTES AT 65°

an 11. (A) The sonicate was heated at pH 5 without detergent and tested at pH 8.4
in the presence of 30mM DGC. The .other incubation conditions were as for Fig. 10.

U .

(Q) 'The sonicate was heated at pH 5.0 without detergent and tested at pH 5. 0 in the o
- absence of DOC. | . ;
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. combined aqtivity at thig.pﬂ./« e L : '
A o o . L -
. fhe subcellular dlstrlbutlon oif phosphollpase A : R
‘ o 1ab1e VIiT summarlzea prellmlnary results. obta;}ed \\
" When the F%bcellular dlstrlbutlon of phosphollpase,A was i - \TB
stuﬁledgat alkaline ph=w1th l—(stearoyl~14l40)-PL as { -
A : ' 4 ) . . . . . ) ‘ ] !
> Bubstrate. It ig evident from these results _trat both '
__phospholmpaée Al and” phquhollpase A2 are partlculate _ ! ;
f‘ eﬂzymes although small amounts of act1v1ty Were alsa \
) : ' .
h - ) :ecovered in the supernatant ana culture medlum iractlon.
> ’ ) ": . . . . ' . . . . .
!‘” - ¥
C /' I . ’
o EA : .
- ) ||' i ¢
+ 4\ . M )
: : £
: R
AN :
;.' . r
-E - -l B
) 7 ) 8
r-J
P9 /o oy
1 ) 3 .
P P
o A
o I § ‘j’. — g . X '\"
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N
'I

* ] ml’of'suspension'waq used for incubatbion.
020 ml of medium was uded for incubation,
Calculated from total lavelled Fi hydrolysed.
: B P

. . . IS

Twenty five ml of BE. coli cells sonicated in borate.buffer;O.lM,

" 8.4 were centrifuged at 100,000 g for*l hr. "The sediment .-

was -resuspendéd in 20 ml of ‘the buffer (protein concentration -

20 mg/ml), the supernatant was adjusted to a volume of-24 ml .
with burfer (2.8 mg protein/ml) and the medium was -not buffered . .
but’ was adjusted to, i 8.4 wijh NaQH. Other incubation conditions

were escentizclly those described for Table III.
L ‘ . i L L . . . . . -<~
b ‘l . o
) . .
,\,[ ~
N ' ’ A, o
\ .
.o - v f
- i '{Lul o ~
- L ~
.- 6 :
., . :
. a by

,- l- A ' ' Z- :"" ’ . - . Y _69_ . ‘.r ':E . B ; - .'»
. . . Y ‘w-l . .. ‘ ) ,
Lo Table VII "« ' : '
. ». .  The Subcellular,distribution 4  __ -
54 2> . . of Phospholipage A\ in E. -coli 015 o v
R e T . . . .
R e - e e e ey
Subcellular -. Distribution of } .. Total Activity-as umoles
Fraction : redioactivity in - Qf subsirate hydrolysed:
. - © - | products as % of ° - per total volume of each
- substrate cpm added fractfon/hr.
T ¥ Iyso PE R - __Mf o A
Particulate* . |  14.0° 54.0 - 8.0 -
i o S . J } o L
,‘_quernatant*» ~ 2.0 B4t . 1.0
. o ~ ' , : . . . . - N - e o . . :
Culture ledium ; - 1.2 = 3.4 | R e BN
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' Although the mai&-péthwa&s leading to.phosphoglyoeride

",

synthesis in E. coli haVe been well established bj {ennedy's

i

©group (29), the catabollsm of these lipids is not yet com- | -
- pletely resolved. Edrlier studles w1th E. colr’NCTG 2076
'r' ;‘() ) dld not reveal deflnltely-the presence of phosphollpase
A, Howevernthls strarn dld deﬂrade PE to GPE and ratty acid

at-a clow rate and tbe results 1pd}cated a comblned action - .
-8 I [

7~
7 j\s\\\\\\ofﬂphosphollpdse A’and lysophosphollpase under the 1ncubatioo)j}>

[ ""‘-—_ . . . . . - R .
L condltions _used. i - : . . -“" S v

o

i
!

P = ' ST

The_presencetofAghospholrpase A in E. coli

. Using high concentrdtgons of Dgg or SDS to: unhrﬁrt lyso-

o

_phosoholﬁoahp actrvrty we haVe been successful 1n clearly "
demonstratrng ‘the accumuiation of labelled lysopho lyCﬁrldes

H
[P

as a key product of 32P—1sbelled phOSphOllpld deﬂraddtion r'
1n v1tro. Both stralns of E. COll used rq thlo 1nvestlgatlon,

,

“ strains 015 and Ollo, po sgssed pnospuolrpase‘A actlvity

whlch in the alkallne pH réﬁge could be detegted only in the

8

T _ presence of detergents. Besmdes inhlPithL lyvophosphollpase -
~ the detergents used‘m@y?have solubllited the ohosphollpase A,

\ ) .

: whloh as our results show is a part1cu1ate enzyme,andfthus
r.d ;‘J : ?promote efogeneous substrdte envyme interactlon.; In earller '
sstudles (iS) faiWuro to add suff4c1ent'amounts of detergents_rh
. weuld exp1d1n why phosphollpase ‘A was. not reddrly detected ll o
dZthough the p0531b111ty that different stralns ‘of " E. COll |
mrght contarn dlfferent 1eVels of this enzyme could also offer
°part of the expldnat}on.l In a reoent paper {8 pdbllshed

. .
! K ‘S-
LI -
-

~
by
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ﬂ. 3

-concunrently, with ours (40) Nojina and Okuyam& a]do chdrac—

‘terized phospho. pa"e A ln f. CQli B. In addltlon, they were

PR S Te—— _ \\\s

. able. to. show: that phogpholease ¢ was prevent and dccounted

"forﬂQV% of. the w&tcr—uqldgle breFIdown product of ;‘PL-. . ‘

g . ‘ B .V ! . 0

labe]led PL IR _ : o

"

> . . ‘ ., '
: . . . .

It would seem that. 4 differénbe exists with regDect to

leﬁg%s;and'types ofapho pholnpdoeu found in. Verouq,F o $

. S _ .
At e : SO ot ) e L :
Hl;_ékidLnb. In E.-col%ﬂ?l“ phesphclipase O 1s tidb leduLJy ,

. détéctable.umder the CONstLONS of incubat¢on uued e - have

A

not utudicd 1heqe COHditLONu ettenolvely s&nce our maln

~ . e

- Interest waa ponccrned th1 furtheT Lhalacterl 4tlon of phoa-

.

Taarid

Y

pholibaée A, An analo s &1 tuation exists wieh other-baotérlau

Fof eyamplé, on ﬂ Qereus the level'.of DthphO]lpO1VtLC ac-

LLVLtV varlec exgeNSLveJV hetween deferent ﬁ“rdlng ()8)

-, [}

, It‘io ppdrent frow«thiu dLoQU Qn that .one cannﬁ% -
\, . .

1

: . . \.‘._/\
always enezdl ge about hﬁ Dreqence or ¢mportdn\e of an

. l, enayne in a - rtqculdr tvne of ormanLQm uane deferent utralnc
' . 4 . a - .
- mdy ngDLdy dlfferent enzyﬂe paQEErns. "Moﬂeover.certaln of-‘

& 1

T these. naymeﬂ mlght be quLtL usc eptLble t0 LnducLLon, or‘

thelr IQVLLF mlﬂht reflecf thL cu]ture COnstLOHS, the age of
TN . ’.
th organ sms and’ the’ COHstLOI of as ay uved.;

~
an

é-» ' Phogpholedsc A has now beeﬂ detected 1n four %rains'
- ‘ .Y and'welQ Lhdrdctertved 1u thtee og Lhese by two Lndependent ,  Ty
N e

‘ba'\- - wmrhero (8 ho) . It wou1¢ seem that thl 1ygolyth en Jme

.“ -' a1 . . ) B

hgs a faLrly wlde occurrence dmonp E. 9011 sfrdlna -

—————
5 . —_— — .
. Lo T -
3 . . N g .

i
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Relevant to this. discuss1on is the relatively recent -

and’ iwteresting findlng that certaln stralns of E. coll’ (about

200 of those examined) are hemolytic, .and - thet one of the

hemolySLns present ;i hemolysin is secreted 1nto +he medium,

\1 ?l

is proteinaceou" and requlres Ca for 1ts action . (99)

would be interestlng .0 see if th<::i§9r not thL nheﬁolytic,"

factor possesses phOSphOle&Se acti ,-slnoe some of the

'_ oropejrtJ.es 01” ot hemolysm of E. coll seem to pardllel ‘those

‘Qf the hémolyttc 06t0xln of. Cl. welchii whsch is known to

. S
possess phosphollsjse_c ectivity (100).. _ 7 :
. i = :
. Ld { I )
. ‘ )
/ L a ]
. v ‘\'\.
; ! \
- ) ‘\ - ¢
. , o e
) _ o ‘ Lo {
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“C 7 ifmibitory (50).e. . - |

-73fi-'.

Subétrate sﬁecifﬁpity of phogﬁholipasé A"

i
:

Although in our present thvestlgatlon the substrate

Sp&ClllClty was. not studied in detall, in out early wqu

performed at pH 7.4, we obtalned ev1dence t“at both P‘

- _ 1
group have’ shown that phouphollnase A can degrade 40—

1abelled Y¥G, uynthealzed irom 11ver . by the trdnbphog

phatldyldtlon redctlon with phosphollpace D and blycerol
32 .

or (7) P -1abelled PG 1solated irom.n. c011 _ Thus phos-

pnolipaue A act1v1ty at alkdllne UH seem“'to have- {dlrly

-

/}oau subotrate sne01i101ty. The spec11101ty at a01d pH

hau not yet been utudled 1n aetall.- .u-f

Cation Reauirements -~ - . : . L ’

. . w
- - .

' iﬁfefesting'is'dﬁf~findinv that Ca’ dnd Mg are

p———

‘ requlred 1or PthDhOllpa e acthlty at eltner H . Z'Thrt

Ga be neeued for phosphollndse Al aCthlty appe&rs to be'

,amwﬂnuoai fe“ture partlculdr to the E. 0011 enzvme.

' Phosohelluaue Al act1v1ty of anlmal tlssues is not actlvated

- £
by calcium and;at h;gher concentrgtlona, thls ion'is

. u
\ -

¢

.

g v

s
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‘ﬂ-On.tbe otner o nd lysophoupholl‘

hoae of act;mn, posltlonal §p8011101ty and .

: o T
~T4~ ‘ '

L

otner pronert;eu of phosphollpdge A

- -

x

Whether the ﬁ([L_-acthity _dé‘{:‘ected ‘at .5 is due 0
. - : ’ . bl . ' ! ‘ . ‘ : "
a different enzyme than. the one respo

' ble for Al-activity
at alkalmne B is a d1£ 1Cult queatl ,/%0 hnswer at present.

BeSldEu dg@*erences in thelr 88 optlma, the act1v1tles beem
to dlsplay dxiierent uuUCEPtibllitle towards dgtergept

“or heat- treatnent. busceptlblllty to‘heat'ﬂt ﬂlkalihe jeat

-~

depends however on the preaence oi deterbent and we attrlbute

~ . r . LK

Bn1°'t0 the llheiy DOSSlb llt vnat tue dEuer rent s%fﬁblllaes

Lne enayme 4nd rendérs Lt more lablle.- ho compaquon caq'-
'z LA
be mzde with respect to tqe \mceptlblllty o;.ootn act1v1t1eu

to heat tredtment olnce, “t ;H 5, ueuergent 1nh1b1ts phos-

LT

pnollpaueqa, rurtneruora wa huve at pre enu nO'hrguementur

L

’disprqving:t 1e Pof“lbllltﬁ *1at- ne'aCulon of By 1is mqrely

-

e . o }
to.shift the pﬁ opulmum from f’to 8. 4, dlthoubh Dhyolco-

e
cheL 1 meldnutlon of sitch phenofenon’ uould ve aliilcult.

-

1se'acﬁivity increaseé from
o5 upwards and could account'foﬁ thé‘fall of uhospho—

11p se A actLV1ty as measurcd by 1ysoPL accumul n DLtween
r.‘..'

J3's b und G 1n the auuercc oi actergent.

It is uncertaln'whetlen alLullre phogonollpaue A

Y e »

'displaylng botﬂ.ﬂl ana AQ c»1v1t1eg rcprooents one o* two

CNoymes. - Injmosy oLner orbanlumo studlcd Al und A2




ﬁ allqllne ﬁl in E. colm.i I any. evenpﬂ&%=as c;rtaln thqt

,.uroup ( personnal c¢mmunlcat10n to Dr.-Froulx) hf shown = !,

, e H_' ) .'.. _75'__ . _' o . '".. .

-actljltles hdve been resolved. as aeparate enzymes (57) but

-

it 18 posulble that Y J¢ngle enzyme thlng/;reference for

L certaln tynes of fdtty acvl groups mxght be operatlnb at -

+ l

a phogphollpaqe B as- deucrlbed tor P. Notatum, (83) ig not

L?

xnvolved nere svnte the»accumulatlon of 1Juophouphoglycer1de
can be cleullg uemonuﬁfatyﬁ in the prcsence 0 detergentg.

The subbegtlon/has been made that Al uct1v1tj may

."be dué to llpade w1ub broad oDEleLCltJ rgther than to a

'

- d1°t1nct1ve phoupholipaue (6 ). Reéon work by, Van Deenen‘

il

th&t Dartlally pur flea-pbo DhOllD 094;1 1ron uancreau lS

much moere actlve dg phocnno lycerluou uh? fon *rlglycerldes
and, 10.11kelj'to Lc an onvyme dig tlnct from- 11uase.‘ Furtner~
rore 11p actl 1u3 hasg rever beeH Cl@ﬂ“lg cnardcterlzed

J’

in b.'co11 and fs dei1n1telb absent in one. Ialn uthdled

GDl) 'fheVbrtnyless tnls poxnu would need 1uruber elari~

fleutlon uulnj varJouP tvne of trm, dl— nd monoglvcerldeY ‘
L .
‘as Fuhsfrute “to uee li flrot of all, 11pas actlylty-qan
be déuCCue&\Lp ouT strains. )
- 2 L . ’

6bv:ously compllc 3 at,t‘ m?p01nt b" tne preuence oi lygp—

/ . '.
nho nnollge e," be nced lOI‘Ltllnhlbitor 01 JlS enzvme and

.;- Coas .

Any ZluCUS sion on tne' pecificity and mode of -agtion is
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On tne nur1¢1cutlon Eréégdureu ior phos pholipaée A,-
R R

- ]

EurlflC#thA of the ‘enzyne. (s) concerned with the

' | ad 1vlt1es at ac;d and alhallne pH w;ll be most frultfully ’$;k;5;

- \-—’\

dmade ualr ubsorqte 1abellea Mith 4& at elther acyl T

NN 4
. Positions. U51ng Cmsubvtrate we hﬁVe deuected-alkallne
?
'phopphollp se Al and A2 in the narﬁﬂculate fi

‘dctlon malnly;
Prellnlnary res sults inwthig labora 053 ha.e 3 ibétédrthaf:
the acia phospholibéée:is-al 50 parmmé/i te bound. iéhﬁp |
suocellular ¢ractlon&t10n would ueeuhg UQGIUI initial- step - : 'i
in ‘the pur1i104t¢on of theue eﬁaymes. LdP@UlyG, heat |

14
_tre _jucnt utudled w1th P —lhbelled sube ratcs 1nsteaa ol
. "2 \
’ g P—labellea ouost“ates mlgnt dllOW de¢1n1Lc concluuLono

p' to. be dee as to Wthh actgv1ty 1u SLSCGPt“blC unacr’ngse _ _f

& - ‘.

o “condltlona ‘and n1uht favor ‘purification o_ ono 01'tne N
- ! '. _*-‘ - . . ) . H
) enaymco. ine f1na1n" ant SUD and DOC enhhnce cU1v1uy S

) ugiiulf 11ne pH w117 no "doubt orove to be use;ul 1n the . "”"-g -

~puqlilcation 01 ine partlculate eﬁz mc éLﬁCC *t may per it

'1t~ volublllzdﬁyﬁn wltnuut 1080 of bctLv1LJ. ﬂ; e . LT

One swgnlxlcant aupeCu oi ‘the xork diseussed sgffabf

'"13 Lnﬂbklu na aeflned tne-complex4ty Ql,pnOSPPOLiPaSé éf o L
. act1v1ty<1n,m;'coll an ﬂuéf-iven'at least'%rﬁliminafy'

. s Y . . . . : v .

1niormat10n on some . o¢ tne Uenc*al pvonertleo of ohE'. G ‘

P .ot L . \

';enzyme (s) wnlc% will no doubt ne uselul 1n.geulbn£;g Lo

'purlflcatlor procedurcu; S ) .

+ .
- . e 4

ab
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/’ Purlfylné phospholmpaae Al from any uource whatever

ki

would be an 1mportant achlevement in lﬁuelf i A ould aluo

e verv ugeful ah & ﬁlocnemlp al tool {or Lhe‘prepdr t;On

:of 2-mono CJI‘hhoupho lycerldes. Coupled with purlfled

lysophouphollpaae it could help. dete*m¢ne the p031t10na1,

@ optimum of lysdphOSUhOIipaée e -

__f;_, -
bpe011101ty or Lne lhtter enzyme and “thugs avé%g some. of Lhe‘»

separatlon—nroceuure whlcn enhance dcwl m1grat10n. L. coli~

&
vy _/A

aPPears todbe-o*rlch ource of nhoun»olln Se Al und nooror
snurce of- DhOSDhOlanuG A2 Purlflcqtlon o phosnhollpase

Al ¢rom.u. COll *atner tnan anlmal tleHEu un1cn contain.a

3

Vdrlety oi enually or more dctlve lypolytlc eﬁz;ues would

seem a lOblcal cu01ce.' T

n

, . " . .‘-] . -

Y

-

*

Wé haVe con*lxmed tne pregencc of lyoopholwp

dCLlVlty in E. COll. Tne enzyme appears to oe acfiVe 6ver‘
h

“

-é'w1de rPnge ol yH and dlsnlay optlm;l hct1v1ty at il 1OP

N

under *nc condn,lon.;L med. It i?utﬂOlCo une lysophophollnaue

;v of rnuhe und boe venomﬁ wlth respoct to” 119 ﬁi reoulncmentu

[

“(79) nlthouﬁh we have present ed ev1dence that the 1-acyl

1ygonnqspJ0~lycer1dé 1s hydrolyued, 1ﬁ is not known wneth;)

R




i L/ ! ) 7 ' J'l"

'_‘actlvity on lysophosphoglycerldes._ We have no evidence

." !

‘ completely agalnst ‘such op hypothesis although in E. coli

; at least the pH optima of the phosphollpase A activ1t1es
are’ all below that of lysophosphoiipase. |

V' The possible role of phosphollpase A 1n'% COll

- \

Opr'results:togethey with prEV10u3LY report&ﬁmw
S

evidence indicate that all'the enzymes Q§cessary for
i 3 : ! . : ~ g

present 1n'

' E>-coii (see scneme No.1). ~!The lnltial steps in the -
.breakdown are catallzed by hosphollpase A (8*39 aO Al) _:.%“ka
' The enzymes for the de novo synthe31s of phospho- o

: :glycerldes-have also been well. characterlzed 1n v1tro (36)
:Thus lt is hlghly probable thaﬁ‘turnover of the phosphatides -?
ﬂde ndyo. 13 a normal process in E. coll. Nevertheless one,

‘can suppese that the extent of - turnover de nove would be . PN

- 1nfluenced by.the’ env1ronmental condltlons of growt and

-

e probably the age of the cells.

E ;;513. A dlfflculty 1s now apparent from our results fo h

it was shown b; several 1nvest1gators that' PE in contrast
to the other phosphatlde does not turnover under nanmal/
condltlone of growth'ﬂnd yet 1n vitro our results ehow
‘that PE can be degraded by*phosphollpase A. {Tne work « ¢
tﬁ of . Okuyama clarlfles this: point. somewhat. He shenen ‘_n;";i

--\_‘;. D . .".. L

- . R T N -
o : . - . Lo . L
. .. , B .
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. SR
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k . i e
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. e ' \ o
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1ble Role of—Phospholipase A,

. phosphatase -~ e S




& . e ‘j N . " . RE Ca T | K
'”that'Pu as well es -the 9.her DhOuphdildeS do turnover
[ '
durlng a llve hour 1ag perlod associated with tie aduptlve
S Mbe—— -

processes ol B. c011 e\posed to cold. Eurthermbra that PL
"15 a table pool under normal browth condltlons nas. been

uhown wlth cha e expreriments on cells labelled only(MJth

5 . .

3 P. There 13 therelOre, no ev1dence to date predludlnﬂ
ﬂ: »

partlal turnover of Pm or other phoophoglycerideb even under

normal condltlons or. turnovor de novo of Pﬂ‘under altered

: condltlons. B o "'- “, & SR

' . -14 o
" on'the:-. “labelled cells durlng the lag dld not further sy

) clo e exémlnatlon of tne reeults of Okuyamq (23)

n

reveals that durlnb the 5 hour 1ag nerioa d QClated“M;jh,

coid expoqure, there Vas & net gynth651 Dl'S mu moles'of IR

phosnnovlycerlde whlcw B oceeded v1a de ovo process;. lhere_;".

wa yet anotaar p00l _f g mu mole° of phounhatlae wblch

.

turned over durln tnlu perlod.: One cannot’ aScertain_whetHei'
' a de HOVO prote°s or a, partlal “tyrnover. process was involved

i
N

in tnlg caue xnce_hlssstraln ol~ﬁﬁ coli'also"DOSSessed

u;phosphpllpase C and DG kinase. Chagé exnerlments periormed

, ¢- .
" Cldllly bnxs pOlnt altnougn tnay 10 1na1cate tnat 0=

labelled phouphollplds turned ove dt a dllierent rate #han“*

+ L

. 3 , : R
'tne ‘P—labelled phouuhonlycerldeé huc as Okuyama o

hmmueli concludeu, altkough pnosphollna e A 1s llkelV td ;_\'

. 3 . "
e a;key.enzyme~1n the de novo ﬁurnover of pnosphqglycerldES.
- ,I . . T ‘ | '.. ]" ' "’ . - . :_,.' | .' . "'—- . - ' - . ’".'. LS

L A
SN SR AN . {,
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1n E. coll it may also iuncggon in the partial turnover

_of acyl groups as part of the Land's chle.‘ Purthermorej ”

partlal tu;nover mlght be affected via phos pnollpase ¢

present in certaln B c%;g utralns A Ib ;sfnot yet qublble-
: Y

~4
to a551gn quantltatlve 51gn1flcdnce to anyone turnover

' pathw &y at nre ent although it iz rcauonable tO' kcume fhet"~
: phosphollpaue.ﬁ is ré;ortant in Such prdcesseu. R U}
I . W1th reonect to the p0051b¢11ty of . phosphollpase A

1nvolvement in the part1a1 turnover of acyl @roups, there -

L

hlu only very 1nd1rect eV1dﬁnce that such -a Drocess mlrnt

v

n

oceur 1n.L. COll. AlthOugh l}gophosphoglycerlue acylatlng

art1v1ty haq been detected in v1tro (41) there mu.to daue
no ev1&ence tnat both thlu‘cnzyme dndﬂuhosphollpaue A can

Dperate in a. cycle 1n V1vo. An annlogous case eA1 ts An

. anlmal LlSuueu where both uheSe enzymes may be present'in‘ C

- thuue, buL are both enzymeu prebenu Ln h same types ¢ .’

. of cell° or 1s the subcellulur dlgtrlbutlon of these.enzymes
'favorable for he operaﬁkon oi a cycle?. These questions
TS . : B 'r

o -

M atral remain 1argely unanswered. ’ o O e
- In tie. case-o; E. coli tne andwer hoﬂlﬁnpe easier .

4o obtéin;. By labe lllng the acyl groupr OL tne phospho-'

A 14 : s :
glyeeride” w1th .G~ and alter a chaee, by degrddlne txe_n'y

phOathtldeS w1tn endke venom phos nnolmpa etA one. can

ootaln 1niormdulon as ta che rate 04 turnover in the . e

.y . . : . . . ] I -i
fas P ) Wt . '
- L ) - K b

’
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. : v
1 and 2 ester p0$1tlons. If these rates were diiierent
2N . .
qe was the case for H Paralniluenvan (43) then thc Lands =~ - - .
'fcycle wduld be functlonal. . ' "_ ]-. _'  ':-_'. D
‘Conglusion - - 7 I Ol :\:' L - S
’ . " ' ’ ‘._ . LT . ‘ Y )
In summary, one can conclude that Lhc iore—dlacuused
experlmcnts have dle&mly demonbtrated th dCtAVltleS oi o .
, phosphollpase.Al dqa.AZ as well -as 1ybophospholeaae in .
"-_"L co#1 and nrellmlndrw stud&ea have aluo revouled Lhe prq»s ; ‘_"
propertles oi thi 5¢€ lypolytlc enzymeL; mncse propertlea ,

tnelr purlilcat' i, a.CéhdlfIOn Wplch muat be iulillled; <
Deiore 1urtner under tandlng thelr SUQCliLCltj and mode of. | B
'actibn.; Oux re ulta and alucuaulon-also polnt to the _fi;'-'f‘
1mportdnce oi eut bllthng more cleurly thekpqthwayu ;.
- 1nvolved wltn the turnower of phosphoigycerldas predent 1ﬁ ﬁng"‘p
this or”anlzm and to’ revedl ﬂorc clearly the }ole {s )fE?f SR ot

phosphollpaoe A. __5-;: ':~ " T A
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