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THE NATURE oF THE PHOSPHULIPASES A OF LUNG LAMELLAR BODIES

M. F. Heath and Wo Jacobsun

Strangewdays Research Laboratory, Cambridge, Us K.
SUMMARY
rabbit

Fhospholipases Ap and A, trom luny lysosumes have maximal activity

at pH 4.0 (Fige b)e Lamellar bodies trom rabbit lunyg contain phuspholipases A
which reseamble the lysosomal engymes i belag active at pht 4 and :’“”h’i“*'\
sensitivity to iohibition by calcfum fons (HUL Inhibition et 10 mM ™).
Lamellar body  phospholipases hvdrolyse dipalmftoyl phosphatidyleboline {con~
taloing 0L  phosphatidylplycerol and thus approximating the phosphelipld
composition of mature lamellar bodivs) at only 1i ot thelr rate ot hydrolysis
of unsaturated molecules (Tables | oand 1).  This substrate preterence corres=

ponds to that shown by phospholipases trom lysosomes.
SPECULATION

The substrate preferetces ot the lamellar body phospholipases may explain
the ability of these enzymes to coexist with surtactant phospholipld in the
mature vrganclles  In the developing lamellar body, phospholipase A, may have a
role to perform in the removal of unsaturated phosphatidylcholine molecules and
their remodelling to the dipalmitoyl species.

INTRUDLCTLON

Pulmonary surfactant, the material that stabilizes the alr-liquid inter-
tace in mimmalian lungs, is synthesized in the cuboidal cells ot the alveolar
epithelfume  The sarfactant is stered in these cells, prior Lo lis secretion,
in organelles lamellar budics. Lunyg Llamellar bodies have a well-
vstablished lysosomal nature (43 reviewed in b).  Since phospholipases A (kU
3.1.1.32) and Ay (EC 3.1.1.4) have been tound in lysosomes from a variety ot
(reviewed in 12), it would be surprising if the enzyme complement ot
lameliar bodies did not include thuesce phospholipases, and indeed we have shown
previously that they both occur in lamellar bodies from rabbit lung (4).

known  as

SOUTCES

The phusphulipases A of lysosomes are soluble enzymes (l.e. released into
the suspending medium when the membrane ot the organelle 1s disrupted), have
acid pH optima ‘h’,i(h litele activity at alkaline pll, and are sensitive to

inhibition by (47 (12). In contrast, most non-lysosomal phospholipases A are
dependent on ca* four activity and are active only at alkaline pH. Several ot
them, for example the microsomal enezymes, are membrane bound.

Seme  contusion has  arisen trom Lhe existence ol these two kinds ot

phouspholipase with such difterent optimal conditions.
reported that lamellar bodies do not contain phospholipases A,

but since their

incubatfons were carried out at pH 9 in the presence ot 10 mM Call, it was
unlikely that the lvsosomal enzymes preseat in these organelles would be
detected.  Subsequent authors have falled to recognize this fundamental point,
and have regarded the reports ot Heath and Jacobson (4) and of Garcla et al.
(2) as couflicting (7,9,10). Another ifnvestigation of phospholipase A act

fties in lamellar budies used some
10 mM CaCl,, and the substrate for
the lamellar body ltself (7).

incubations at pH &, but in the presence ot
the assay was the phospholipid material ot

Our  previous work (%) on phospholipases prepared ifrom lysosomes showed
that Lhe predominant phospholipids trom lung surtactant, dipaimitoyl
phosphat idylcholine and phosphatidylplycerol, were not read{ly hydrolysed by

the lysosomal enzymes, but did not investigate this property tor phospholipases

trom lamellar bodies. The presest report is chiefly concerned with phospho~
lipases derived from lamellar bodies and demonstrates their marked preterence
tor unsdturdated tather than saturated phospholiplds, and sensitivity tu tohib=

{tiun by calcium fons.
lung lvsosomes are also presented.

The pl optima of phospholipases Al and A, from rabbit

MATERIALS AND METHODS

Preparation ot extract contalning lysosomal phuspholipases &

The isolation of a traction trom the lungs of hew Zealund White
rabbits, and the preparation from this of a4 soluble extract containing phosphu=

Lipases Ap and A, were as described by Heath and Jacobson (3).

lysosomal

Preparation of lamellar bodies

Rabbit lungs werce homogenized in O.33 M sucrose = 10 mM Tris.HCL (pH 7.5),
lamellar body traction was obtalned by the techniyue ol Engle et al. (1)
The worpanelles were resuspeaded in 1 mM N..h:UTA -1 md Nai{u)s and disrupted by
treczing and thawing, and dialvsis overnighr. [t required, a soluble extract
was prepared as previously described (4).

and a

FPhospholipase assays
Asnavs were performed as described previoosly (4,9}, Substrates were pre-
pared as liposomes in 80 @M sodiom acetate bufter (ph 4.0} containing vither 10
mM Na,EDTA or 0 mM calcium acetate, and U.1 @l portions were incubated with
sl @l of lamellar body preparation, For determinations of pH optima, lipo-
soMes Wwere prepared in ol md sudium phosphate at ph 3.0, 4.0, 5.0, 0.0 and 7.0,
and were incubated with the vnzymes prepared from lysosomes.

HESULTS
Phospholipases Al and A, trom rabbit lung lyvsosomes each hdave maximal
activity at pH 4.0 (Fig. 1)« The peak is sharp for '\1' but A, shows H3% ot

maximal activity at pH 5.0 The cach enzyme fs less than 154 ot

it pil hatl and above.

activity ot
maximal

The activities ot phuspholipazes & of lamellar bodies are shown in Table
1, and ot the soluble extract trom lamellar bodies in Table 2. soth salucated
and umsaturated phosphatidylcholines were used ds substrates, in the preseoce
and the absence of Ga®' . Calcium ifons (lU mM) were dnhibitory, than
0% ot the activity rempindng.  When the substrate cunsisted ot irLs ut
saturated and unsatutated wmolecules, almast two-thirds ot activity was
directed  apainst  the  latter  (Table  J). Activity dipalmiteyl
phosphatidyleioline containing 0% phosphatidylglyeerold resemnling
the phospholipld composition ot the mature
than against the unsaturated specles (Tables 1
of phospholipase A In the soluble extract wis
under optimal conditions.

not more

vidal
the
apainst
Lamd thus
lamel lar budy )} was vuery
and 2). The 1|-r.-cl11r
0.9 nmolamin ' per my

et Less
activity

protein

DPPC/ PG dl[li‘CJp‘leitﬂyl phosphatidyleholine @ phosphatidylplyeeral,  9:l
ol fmul
“Expressed as g percentape ot the value tor PUPC bs substrate in the abscoce ot
caleium ions
Given where available
DISCUSSLIUN

The pH optima of lvsosomal phospholipases A trom rabbit lung are very
similar to those described tor phusphulipuses from other lysosomal svurces
(1) The presence of these enzymes 1o subcellular tractions will be over-
looked 1t incubations are made at pH b or 9. These phosphollipases are also

sensitive to inhibition by calcium fons (9,12), & commun vemponent ot phospho=
lipase assay media.

The cncyﬂes ot lamellar bodies cun bhe demonstrated at ph «.U in the
absence of Ca™ . The presence of caleium fons (10 mM) causes marked inhibition
{Tables 1 and 2). Substrates rich in dipalmitoyl phosphatidyleboline are
hydrolysed much less readily than unsaturated speciless A similar result was
found in earlier studies ot phosphulipascs prepared trom lysosomes (5).  Acidic
phospholipids have also been shown Lo be poor substrates (12) and we showed
previously that one of them, phosphatidylalycerol, appears to inhibit the
hvdrolysis of dipalmitoyl phosphatidyleholine by Lhese coeymes (3). The

phospholiptd  stored {n  mature lamellar bodies consists  priocipally ot
dipalmitoyl phosphatidylcholine and phosphatidylglycerol, so it
particularly poor substrate fur tiw detection of

torms "
Lysosomal phospholipasces.

The de nuve synthesis of phusphatidylcholi in the tung tostly
molecules with an unsaturated tatty acyl residue at the J-pusitton, and nut the
dipalmitoyl species required for surtactant. These molecules aust
converted to dipalmitoyl phosphatidyleboline by remodelling processes (revicwed
In L1). Remodelling consists of the removal of the unsaturated tatly acld by a
phospholipase Ao, followed by its replaccment with a palmitoyl residue by the
action ot an acvitransterase.  As we have supgested (4=t} the
phospholipases in lamellar bodices may fu the carly stapes ot lamel lar
budy furmation, when unsaturated phosphattdylebolines  must  be  removed,
phospholipase 4\: facilitating the remedelling of these unsaturated molecules to

pruduces

therefore be

previously
be usetul

dipalmitoyl phosphatidylcholine. In the mature organelle, however,  the
phospholipases should tdeally be inactivated. The untavorable physicocheaival
nature of these phosphollplds may prevent the enzymes trom acting (), as may

the relatively dehydrated state ot the fnterior ot the lamellar body ¢ 3,8).
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TABLE 1
Phospholipase A activities of disrupted, but unfractionated,
rabbit lung lamellar bodies

Substrate! calt Phosphull[\aau A Activity ratiod
(mM) activity Apihy
POPC u Lo U.8:1
POPC v 3 0:1
DPPC/PG [t} 1
5 [Eh 0
TABLE 2

Phosphulipase A activities of the soluble extract from
rabbit lung lamellar bodies

Suba(mtrl (:.:lf Phuaphull]miu A Activicy l'nr.luJ
{mM) activity Al:"z
POPC 8] Luo 2:1
POPC o 20 u:l
USPC/DPPC 4] bl
DPPC/USPC u 34
DEPC/PG U I
DPPC/PG 10 o

lAth’L‘VldL fons used:

POPC E—palmi[oy]-Z*l“’Clulr.-nyL phosphatidylcholine dispersed in egyg phos—
phatidylcholine "
USPC/DPPC  unsaturated Ll C]phosphatidylcholine dipalmitoyl phosphatidyl-

choline, il pal/mol
DPPC/USPC  di[*4C]palmitoyl
choline, l:1 mol/mol

phosphatidylcholine unsaturated phosphat idyl=

Copyright © 1980 International Pediatric Research Foundation. Inc.
Q03 1-3998/80/1404-846802.00/0

2.8 r
2.0 F
4]
'y 1B I
b
0
L
o
>
I 1.0+
=
0.5
0.0 &
2 3
Fig. 1. Effect of

lysosomes.
performed as

Assays of phospholipases A} ( A&

described

in

the

text.

pH

Vertical

A)
Lines

pH on the activity of phospholipases A trom
(O -ems

and A,
Tepresent

rabbit lunyg
0 ) were
SEM  (u=4).

Printed in U.S A.



	THE NATURE OF THE PHOSPHOLIPASES A OF LUNO LAMELLAR BODIES
	SUMMARY
	SPECULATION
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSIONS
	REFERENCES




