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" parameters of the two glycosyltransferases.were studied in

In our’ laboratoxy high sialyl- and 'galactésyltransferase

activities Were in lung he énate.A differing b

using the detergent Trlton X-100 was als‘O chserved for. these

enzymes. ' Follouung this the various p!opertxeu and kinetic

detail in lung microsomes. The optimum pH .(6.8) , optimum

protein requi s (p5- and Dso~. fetuin,
250 pg) and a uneauty with time and ptotem concanttation
were established for sialyl~ andgalactosyltransferase. In . J

“adaiion, galactosyltransferase required Mn%* (12.5m) and

ATR(2mM) for tivity. sialyl catalyzed

the transfer of 2.3 nanomoles sialic acid-to fetuif acceptor

Ppef mg protein per| hour, and its apparent Km for C;I!’-sial{i:
acid was 0.33mM. . | Galactosyltranserase catalyzed the

transfer of 14.0 nanomoles of galactose to fetuin acceptor

per mg protein pa:[hcur, and its apparent Km for UDP-galactose

was 0.053nM, I ¥ o ) . i
Inclus:.on ofrtt‘m detergent Triton %-100, caused an:8-fold T

increase in the.activity of galnctosyltrvaferuse and the

Vinax rose 6— fold, from 0.33 i;_p 2.0, Sialyltransférase,

in contrast, . showed no dose— dependent response’to TEiton . ¢

X-100 and was virtually mtesboqsivé‘ to Triton even in small



(i)

dose. Little change in the Vam Of this énzyme in the presence
X : ‘L
of Triton was seen.g_" Lysolecithin caused a specific activation

o Other 1ipid speciés

of i galactosyl e wheén
added in a quantity ’ considered to.be physiological.-
sialyltransferase, however, showed a gensral inhibitory respoiise
to all lipid classes tested. An additive effect '
was-found on 'the glyccsyltransferases ‘Ll“nen Triton and upm
were added on an equimolar basis. . When! the Triton dose was
much greater than that of the lipid, tﬂe' effects of the latter
were masked by Triton. The one éxuepdon to this trend was
‘found with LysoPA (oleoyl) whose eéfecé_on either enzyme‘s‘
activity vas not completely masked by the Trifon.

An énrichment of both sialyl- and g;léctoayltransfe:ase
was obtained from purified l/gng'su:_f;chunt and lung lamellar
bodies.  During the isolation of lung surfactant, sialyl-’
transferase was, found in soluble form and il kobbayltiandtiEaEs
was localized in membrane-rich fractions., Major proteins
of ‘molecular weights ’164,uno,‘ 35,000, and 23-28,000

were identified in lung surfactant and lamellar body fractions,

as revealed by ‘Sns-gel electrophoresis.

A difference in the membrane localization and -soluble

+ nature of sialyl- and qalactosylttansferase in’lung tissue £s

discussed, with specific reference to the role of lysolecithin
in this system. The role of glycosyltransferases found in lung

‘surfactant and lamellar bodies may also involve membrane llpid

o changes in _affecting the function of these enzymes.. ' Possible

rel betveen gly ses and .

‘phuuphoupms are discussed.
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INTRODUCTION
g &
1. GLYCOPROTEINS - - -,

A. GENERAL U s
S y

The ‘last few years have seen a tremendous increase in <

interest in, and understanding of, the biochemistry of

membranes. One membrane associated activity is the
;

enzymatic glycosy_lation'of complex polysacgharides:qucn- B

1ipids and glycoproteins. Glycoprcte:ms are naturally

~oceuring. comp in which y and ins are

covalently linked. Their chemical composition reflects

the whole spectrum of the natural monosacchandes and amina-

'}6 ;000 to sevéral
millions. Glycoprctexns occur exther as soluble secreted
materials or ‘as intracellular membrane components. They are
also important components at the periphery of living ceils.
They are currently considered to be cell-surface receptors
to several piclogical effectors, including some hnrmnnes,
viruses and nutogens. Roles in' immunoprotection, cell‘—cell
1nteracuons in grcwth and dlfferenuanon of" both developmq

embryonic tissues and adult tissues have been proposed.

* Several glycoproteins ‘have.enzymatic activity, some’have blood-

.group specificity, and others have.a structuraL role, The
significance of the caxbohydréte moiety in: these compourids
is pot yet clear. In some it provides a part; jor possibly
all, of the functional site. 'In others its presence is -

probably more directly related - to thE'locgligation.og the

‘protein portion and possibly to its rate of turndver,




i . : .
* A major group of glycoproteins formed in this way el

1is that consisting of oligosaccharides linked to protein

through’ a p-N-glycosidic linkage between N-acetyl- 3
glucosamine and ‘the amide nitrogen of,an asparagine residie

3 of the polypeptide. chain. . Other glycoproteins may be linked
O-glycosidically to peptide bonded serine, threonine or
i hydroxylysine residues. Th‘erek are basically twa’general
types of uligo\sacchar‘id‘e units involved: the. simple and

the complex type: The former group usually contains two. 3!

ot B Nracetylglu ne resi to thie hsparagine
v | “with the.second reésidue usually carrying a mannose linked !

. . .
to further ose residues to give a

.The’ complex types _hav.e a similar, though generally smaller J
j ’ ’ core of mannose and N-acetylglucosamine ‘re\sidues and -attached

't this are small side chdins made up of N-acétylglucosamine,

galactose, and either sialic acid 5 Ficose residues. The

o g gk oligosaccharide ‘portion of these molectiles may play an impor-

tant role in theif localization in-the cell, their secretion '
and in their turnover. ’ \

: . . ) ey
. B. SYNTHESIS - ROLE OF éLYCUSYLTRANSFERASES 7 -

It is generally accepted that the protein moiety of these

~tibosomes are on the cytoplasmic side of ‘the membrane of the ”

. ER'and in some way, as yet not completely understood, the’

proteins formed there that are to be secreted, permeate the ;

i
1 ins is ized in the of RER. ' The,
|




membrane to reach the lumen. During progress through the _
Jumen of the SER and through the ¢isternae of -the Golgi
and Y v

ve glycosylati

occurs by a stepwise’ addition of monosaccharides to the
poiypeptide backbone as it moves through membranme channels
on its way out of the cell. (Hg;I) The qucosylfxana-
ferases comprise severa! families of enzymes each of which

catalyzes the following reaction:

gar-nucleotide + oligosa ‘id -gécgpt Ears
_sugar-oligosaccharide-acceptor + nucleotide.
Thus, chain elongation of the oligosaccharide units 'in the
complex ‘carbohydrates is effeoted by the addition of hono-.
_saccharide unxtl t.ku:ough the acuon of different glycolyl-
transferases in a specific sequence. The product of one
.e.x{zyne'relcdéln becomes the-acceptor for, and the aecéqin—
ant of the next reaction. The Sites at which sugars are
adaed to growing' carbonyarate chains lare airectly related

to the positions these occupy in the overall carbohydrate

L Each i _str bled within
a cell of .a particular genotype is specified by the mixture
of g).y_cosyui—ansfe;—gu present in that cell. The ‘multi-
glycosylcrun.afe_upé systems are arrayed along physically

S £ :
‘separate assembly lines, i.e, in different membrane.com-

" = s i .
partments of the same cell.. An extension. of. 'this idea is that
the glycosyltransferases are,actually requir‘ed for. secretion "

F A
of ‘glycoproteins and for their movement through the cell's




LEGEND FOR FIGURE 1°

L5

The abbreviations are: . i )
RER = ' rough-surfaced endoplasmit reticulum’ '
SER . - L= sﬁmoth~surfacedvendoplasl;nic reticulun
[} i . .= Golgi apparatus . 0
Sv,v " .. = secretory veéicle.

PM B L =". plasma melﬁ.bra‘ne P
BCT = extracellular space .

'.1‘1,12,'1'3 . % = > ! glj\(ccsy'{

N /,
The two kinds of discontinuous ‘Iines represent two types

* of glycoy in i is: one type of glyfo-
protein is within-the cistérnae of ‘the membrane system

and ig eventually ‘secreted, whereas the other type‘remains

the‘h"' ¢ process and is’
7 eventmllf incox’—poraged'i-néo plasma r‘nem.b‘:ane. The arrows '
xaéiacing from the glycosyltransferases represent the
process of glycosylation. ST ) ’

| 1,




FIGURE I. 'Di c ion of Gly

n
Synthesis in Liver Cell (taken and godified
from Schachter (84).




membrane system. In other words, they are involved in the

g

secretion of proteins into the circulation.

The glycop ns' sy; ized on

bound cibosomes ‘are srranged at the ‘cisternal face of the .
RER, but still firmly fixed .to the membrane. .The transform-
ation of membranes that contain newly fotmed components
into SER then takes place. Secretory, transport.vesicles -

derived from the Golgi form associations with the SER.

The Golgi vesicles then fuse with the pldsma membrane by

reverse pinocytosis and contribute to the expénsion of
the total cell zui:face. * In this way the biogenesis of
\ . i

cellular membranes is.brought apm’m by the transfer of

gl ins and glycosy £fom one
cell compa:unent to. anothet. .The intracellular membranes
are, thereiate, chemcauy altered during pasaaqe through
the cell due to the glycosylanon of glyccprctems destined

for. incorporation into, the plasma membrane (32). The

_overall compositions and sugar se 6f soluble,

glycoproteins and membrane glycoproteins ‘are similar. ‘They
share the same’mechanism of carbohydrate chain assembly and
alycosyltranserase. involvement. The biogenesis of surface
nenbrane is, the:efore, considered to be analogous: to_ the

secretcxy precess.; It is interesting that sialic a;m ami

fucose,’ as ‘terminal resi on the oli haride .chain,

may have special significance in the recognition mechanism
for membrane renewal and also in the process of exocytosis.




The study of the gly+sy1ation of glycoproteins is,
therefore, concerned with. two ilporta‘nt phenomena:

‘(1) the bi hesis of gly destined for
export from the cell, o ¥

"(41)  the biogenesis of plasma and intracellular membranes.

K i Several experimental approaches have been taken to under-
A &

stand these progessesi
)

(1) . kihetic aturlies by pulsing xintucc cells:with various
radioactive p:ecursors and tollowmq the incurpou- .

v . |
. o “tion of laba‘l into protein and lipid, by ext.her autor

gl g 8 S - radiography.or biochemical analysis,

(i)  subcellular localization studies on the variety of
glycosyltransferases involved in glycoprotei assembly,-
(1ii) “static studies on the’glycoprotein composition in': - i

« : s * subcellular organenes with respect to uansfamation

f membranes within the cell.

These ut‘udiea have resulted in a hypodlesis' of glyco-
o protein synthesis. The most fully studied of the glycosyl-
ation steps are thoag resulting in the addition.of the sld‘e-
chain sugars of tha complex type of glycaprotem. The ‘trans-
: ‘ ferases reuponsiblg occur mo!tly Sn the membranes of the

i RER and SER and can be solubilized and, in certain cases,

| : purified. They exhibit a high degree of specificity for s

2 4 2 . P
sugar donor and glycoprotein acceptor. This, In turn, con-

trols ‘the 1 chain on and of these




7 %, " s

[ - oligosacchar ides.

The preferred donor forms of \i-ac‘etqulucoé.alﬁiné and
galactose are’ the uridine diphosphate: sugars, whereas
guanosine diphosphate fucose.and éytidine monophosphate

" stalic acid donate the terminal fucose and sialic acid.

With regard to acceptor specificity the N- acetylgluco-

| sammyltraﬁsfetase requues a glyccprotexn carrying an T, 8

[ oligosaccharide group with a terminal mannose residue to

‘which the GICNAC is attached by a'p-glycosidic lxnkage.

The appropriate galactosyltransferases catalyze the forma-

o
PG SIS S

tion of a P-glycosidic linkage between galactose and a

[ GleNAc residue already linked to a mannose of an oligo-

saccharide. The sialyl and fucosyltransferases function

- most efficiently with a galactose acceptor already attached
6 a GlONAC and mannose. ' While all glycosyltransfeérases within

“.one family, such as the sialyltransferases, utilize the same .

sugar-nucleotide as the glycose donor (CMP-sialic acidy ) -
c each, of ‘these enzymes is, specific'for the acceptor molecule
or ‘iqs analogues. ' Some enzymes, such as sialyltransferase; i

are strongly influenced .in their rate by the nature of the
penultinate sigar and by thé position of the carbon atom
in'this sugax o which the 9alactose is attached., Some

s 5 transferases that catalyze the ‘transfer. and binding of a

. /sugar peptide-honded amino acids alao e}hihit a high

specificity for stretches of the amino acid sequence that
: - e > ]

[
|
)
i
i
i
!

contain “the acceptor:amino.acid. L
B s . el .




Thus, these operate ally in a
specific manner during the movement of protein from the

SER through the Golgi apparatus to the secretory vesicles

and pmgm membrane. The Golgi is.responsible for attach-

_mem_ of e outer sugars of the complex glycoproteins.
The transfer of proximal N-acetylglucosaminyl and mannosyl,

residues, the core sugars, .is less understood.  Aytéradio-

,graphxc studies in rat liver and ‘biochemical studiés on.
subcellulur fractions show that thsu sugars’ iFe ; qﬂded
‘mainly in the RER, ‘and are incorporated, at least in part,
while the polypeptide chain is still attached to membrane-
bound ribosomes (81): Clarification of biochemical aspects
in complicated by the difficulty i solubilizing and puri-
fying the transferase activity from RER. The fact that these
core-sugar transferases present in microsomal preparations

will not fi i with

but only with the pmau amounts of endogenous acceptor
pratei.n found_here, also lmts lt\ldiel in _this area.

Although some direct t_;lnsfét of n-negcquluco-anme and

to _posititps on £rom

appropriate-nucleotide donors has been observed, the transfer '
f£rom lipid-soluble donors by lipid Anc.mmuna. such as

" dohcho!. monophosphate has been more cl-arly demonstrated (31).

C. CONTROL OF GLYCDPRﬂmN SYNTHESIS

~The s of olige d

ic groupa is
controlled by a non-templats mechanism in which genes code for

a large variety of #lycosyltransferases. The post-ribosomal




regulation of ‘gly otein bi and i g

steps for glycoprotein biosynthesis are not directly coded
by a nucleic acid template. . Tt is,” therefore, conceivable
that the e)ustence and physical arrunqemem: of" batteries

of glycosy\

of different spe:ificities

and vagiations in dubstrate availability in the membranes

could serve-as control loci forthé rapid physiclogical y

: kLt
nucleotide, diphosphate sugar donors are formed in,-or trars-

perted to the cytoplasm on. the cuts;de of the membrane, ¥
while the growing glycoproteins aré situated on the inside
of, the memb¥hne. .The location of the transferases within

the ‘membrane, is not yet clear, although adequate evidence

suggests ‘they are tightly bound to the ER and Golgi membfanes.

If the enzyme is also on the inside of the membrane, the donor

has to pem&eace the merbrane. The rate of this process will®

possibly. change with the dynam:.c nature of the membrane. O

. Alternately, if the enzyms bmdges the membrane, the enzymic

reaction itself may result;in the transfer of suqau across
the membrane and’ the qnestion of i:emeamuty will not be
oriticall Obviously, the cellular levels of nucleotide-
sugars, their ‘access to the menbrane sites-and their alter- ’
native ‘metabolic pathways (i e. hydrolysis of UDP-sugars by

nucleotide py:ophosphatas‘e)wiu all act to control the tate

of ‘glycosyltransferase reactions.

The possible role of .glycosyltransferase enzymes:in.the

0 synthedis of secretory glycoproteins, in development; inter-




and in

‘cellular

a8’ related to transtor ctich and gromettiTa well docu-

\_—Howeve r,/i/null ese intra- ‘and intercellular 21

unctions, glycosyltxansfernses are probably amenable to

/phys:lolnqi’cul regulation.: fTo understand the pux‘poseful
and effective functien ‘of g!ycosyluansferasee L yive!

in xequlatmq the sequential addxuon a! qucosyl residues

on the nascent and growing polypeptide malecule, it is " :- .
5 -

~eénvironment of these '

essential to study the delicate mi

membrane-bound enzyme_a\. 5 " )

| V el -
II. CON'I‘RDL OF HEMBRANE EN!YHE ACTIVITY : e

The environment: M an enzyme in free solutinn cnnsists N3

of water,. substrates and ather mnlecules in the saldtion

2 A membrane-bound" enzyme alao exists in a chazactensuc

“'mi due o the ef siof the on

which it is located, and ﬂlarafpxe, its properti.es may. be

)iniluenced Bysi . . ) O 'v g o
i 1. ; '(L) general chemlcal and physical nature of &
© . the membrane, i.e. eomposition, lipoyh:.lic :

i nature, chque, dielectric cbnstant,

(14) by specific interactions with: 1ndiviaua&

molecules in its nmedinte neighbouthocd,

g ‘{ .. such as 1ipids, or h L0

i
{

|

| .

= . L) by ks xnmnuc action o Reighbouring |
|

i

|

mlecules .




A. EFFECTS OF DETERGENTS
Membrane protems can be tem\gd either extrinsxc or

intrinsic, depenqu on how they are 1solated from mem-—
branes. The extrinsic proteins are assumed to be bound
to'the membrane by mainly polar interactions with lipids
or other proteins (34). The ,intunsi;: proteins are tightly
bound to the membrane, only’being selectivély solubilized
‘by organic solvents or detergents, and they are presurably
held by hydrophobic interactions. Extrinsic proteins can
be considered, to behave in a similar fashion to water

soluble ‘proteins in'the presence of detergent, .and may be

1 d by lipi . The interacti ‘of
deterqent with intrinsic proteins, . however, is more cmnplex.

Helenxus and Simons (30) have comprehensively reviewed the

" effects of on the ¢ of , and

- the mechanisms by which detergents solub

lize the bilayer.
At prelytic concentrations of ‘detergent a slight adiprion
0€ the 1amellar strucfuze ‘of t’he bilayer qccurs, allowing

. easier passage of vsmal]. molecules ‘ac:‘oss {he membrane.- As
the détexgenn.t: Tover Ta patesd o Tyeid concenisations’ tiia

| permesbiTity barrier té mucromolecuisd iw-fost) ot the
‘Basic structire of the membrane is retained. Higher levels
‘of detergent cause lamellar-micellar phase transition and
thus silﬁﬁliizatipn into mixed micelles of detergent, lipid

and protein. At very high concentrations of detergent, in

which the binding capacity of proteins and lipids to deter-

gent is fully saturated, the protein and lipid bécomé sepatated,

into micelles pf either detergent and.protein, or detergent

4




and lipid. Additional detergent will caufe size reduction
of the micelles as the ratio of detergent to phospholipid -
increases. Sl y g

" Membrane solubilization\can be assessed by determination

of the ratio of to . This 3 is =,

approximate, sx.nce it takes into ‘account the total amount

of detergent, rather than just that bound to the '{nambrane.

However, if the amount. of is high’( Ly
2ig/ml) then free detergent will comstitute only a Qmall}
pruportion of tha total present. If this criterion is ob-
serveﬂ, then for Triton X-=100 the necessary ratio.of deter- E
gent to phosphiolipid for solubilization is 1.9 0.9 (30).
Quantities of detergent needed to reach & particular stage

" depend on membrane composition and on the detérgent itself.

The Triton X-100 to phosphohpm ratio is an adequate

for the of the extent of detergents
‘membrane interaction.
2 5 Ty N

The action of -on

d enzymic
- systems is manifold. It can result in.activation or inac-
tivation of several enzymic activities, fragmentation of

“ subcellular particles-and solubilization of membrane-

bound enzymes. © To Solubilize glycosy

one must get x_hem out of hydmphobm environments te one

where hydrophobic interactions are not possible, except
between .themselves. -Alternately, it may be possible to
‘substitute one "hydrophcbic environment. i.e, membrane interior,

for another, such as a mixed detergent micelle.
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The detezgent—grcteih I formed depend on' the
nature of the détergent used. . SDS.binds to'both peripheral
and integral proteins, which “therefore usually undergo
drastic conformational changes and a loss of biological
actxv;ty. Triton X-100, in contrast, interacts yredemin-
antly with those proteins which are found to the membrane
lipids by hydrophobic interactions and binds to the hydro-
phobic part of the amphiphilic protein. " At high Triton X100

" to phospholipid ratios, the more hydrophilic enzymes are’
susceptible to inactivation: No major ‘conformational '
changés or 1oas ‘of agtlviky,ususlly obcur With ‘the méré
hydrophobic enzymes in close associatit;n with lipid...These
engymés may show a stimulatory effect by TritonX-100
(where the enzyme is normally protected by its  strong
binding to.the 1ipid). Only a part of bound “detergent mole-

/ cules interacts, directly With the protein and the rest bind
co-operatively to form a micelle-like region on the surface .
of the protein. The orientation of the protein. (i. e.rhydro=

- phobic -and hydrophilic' parts) in two different phases is

preserved during solubilization. The protein-bound deter-

gent mimics the lipid environment in the membrane so that'

 the protein activity is preserved. The éfficiency of the
abkibn nf Triton ¥-100 on the-mctivity of wembrane-bousd
enzymes deperids on both the detergent/protein ratio and on

the concentration of protein in the reaction mixture.
The effect. of Triton X-100 on membrane enzymesis some-
times biphasic: activation.is observed at low detergent -~

" i

i
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‘ gents such as Triton ¥-100, which are normajly added to in

of the membzanes and t)lereby obscure the attempts to study e

concentrations and inhibition at higher. Optimm activation
swuniiy wosuresfohon, thennadid 35 wHY membrane bound. (By
causing an unfolding of the membranme protein chains; Triton
thereby p:omﬁtes the accessibility of the substrate to the
active enzyme sites for interaction): Only in 8 Fow-ddsed

where high concentrations of mild detergents cause .delipi-

dation'of the mémbrane proteif, does a loss of activity
result (i.e. removal of phosphollpids necessary for normal

enzyme activity). By the behaviour of the enzymes to various
Triton X-100 doses, one can infer somethlng about membrane S

placement, i.e. how deeply embedded the enzyme may be in the

lipid matrix.  Hoyever, it'is possible. that exogenous deter-

vitro assays of membrane-bound glycosyltransferases, exten=

'sively alter the organization of the lipid-protein matrix i

the in vivo physiological regulatinn Of these enzymes. ' It K

is known that at 5 -Triton

bilayers and artificial liposomes, become more sensitive

and fragile (33). Naturally occurring lipids such as

3
H
i
i
i

lysolecithin, when added’to in vitro enzyme assays, however,

do not ‘produce such:dns:ic effects on similar systems.
!

B.' EFFECTS OF MEMBRANE PHOSPHOLIPIDS

Despite its obvious importance, telatxvely little is
[

knbiin: about 1ipid-protein intsraction’in biological membranes. .

Menbranes afe dynamic, constantly changing in the nature
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“and distribution of its components. 'Membrane fluidity
{lcan be affécteﬂ by different combinations of naturally
occunmq phospholxplds in the membrane, and it is known
"‘that the topoqraphxcal distribution of phospholipids
\dii'fers in different membranes._ The appropriate 1lipid
fluiéir.y in the membrane is clearly important for the

“ dorrect functioning of membrane-bound enzymes, which must

o
“'possess’the correct r ion in the me to perform
its function. L

an < s ,

There is quite strong evidence for the presence of

a shell of immobilized:lipid around at Iéast some of. 'the

ymes,” and bly these lipids are
) necessary for the hctivity of ‘the protein.’ ‘The lipid re=,
quirement for:some enzyme'g is. rather non—sgecifié,‘ since
many 'cyp:_é of 1ipid can reactivate the enzymds to varying
degrees - merely the availability of a hydrophobic région

of the 1ipids is necessary.. In others, more specificity

is neéded - both polar and apolar parts of the 1ipid mole-

cule may be involved in influenéing. the :onfcrmatlon of the

A enzyme, Phospholipids with sipilar’ polar groups, but
aifferent fatty acid chipositions Have physical properties

©which reflect the' properties of their fatty acyl moitfes.,
For example, lipids with longex and more saturated fatty
acids” (less fluid) are-probably, less gEfective in inflv ¢
encing enzyme functioning. ~Some enzymes require certain

1ipid head-groups, and may even requife & certain Fatty




acid pattern. In vivo local change-in the membrane 1lipid
environment may prove to be’ a:factor in metabolic control.
Local removal and replacerient of ‘phospholipid head. groups

or fatty acids could.exert an allosteric control on a

. membrane enzyme.

The exact ‘effects of the -phospholipid environment on
membrane-bound enzyme catalytic activity (proper’conforma-

tion of ‘active sites) may vary with different enzymes

- located at different topographical areas in the membranes,

and therefore, each should be considered separately. An,
understanding of this relationship for each enzyme is
essential for elucxdat:ng ‘mechahisms of action and physm-
logical. regulation, the significance of membrane location,
and ‘the ways in which activity can’be altered: by various
agents’, 0,— : P . .

‘The evidence in favour of a specific role of phospho-, -

1ipidk in the regulation of membrane-bound enzymes, -is based
on two different experimental approaches:. In one type; the
membranes are ix‘sc treated with phospholipase &, or C,

tanming inactivation of the menbrane-bound enzyne, and then

* the demonstration of an obligatory requirenent of _phospho-

‘upms Eor the !ecnnst{tutxon of the enzyme back to an
active form is given (24).: . Mémbrane-bound ATPase; glucose-
‘6-phosphatase, - cytochrone -oxidase and UDP-gluco-ionyltrans-

ferase belong to-this category. .These enzymes require rather

" harsh treatments with organic'solvents in order to dissociate
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them. £rom lipids.  Several lines of evidence indicate

! R that phospholipids can be important, -riot only. for maintain-

: Yng:Eherproper conFomatii ol theinctive Hites bt siitetn
membfane enzymes, but also for their stability.” For example, '

it has been postulated that microsomal enzyme acyl-CoA-L-

e e s

glycerol-3<P-acyltranst requires ipids. for

normal catalytic activity, based.on evidence that treatment

of mi with ipase A and C-'leads to a decline £
s in-the activity of this enzyme, which, it is réported, is !
B 7

restored by phospholipids (2). - ]

However, it is not possible ‘to state that there is an
absolute requirement for phospholipids.. Since:phospholipase .

A and/or C which inactivate these enzymes are specific in

regard to their effects on the chemical bonds of “the.phos-
pholipid molecule, interprétation regarding the specific .
interaction” betveen the Phospholipid molecule and enzyme

4 § prateix;‘has remained mostly;speculative. For example, deter-

. gents, as well as. phospholipids, restore to normal the activity

of phospliolipase C-treated ATRase (54). In.mist situations, = ..

N zeponsmmcmn of the enzyne hy lipids is non- ific,

since. the native source, base or fatty acyl moieties of
phospholipids are-usually of no significance 0 ‘Teactivate

) . 'the enzyme. - It.may be that rather: than inactivating through
‘diréct action, hydrolysis of phosphollipids by phospholipase
A leads to unstable: forms of some microsomal enzymes. More

extensive studies have been done on the regulation of mem-
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brane-bound enzyme in'thié regard. Phospholipase A.
inactivated G-6-Pase, but t.hete was no corxelauon between
the hydrolysis of pho!‘pholiplds and the loss of enzjme
activity, .as the addition of EDTA completely stopped the

hydrolysis of ipids by pho ipase A but did not

oppose the decrease of G-6-Pasg activity. The authors con-

cluded that ipase-a emesi y an B
form of the enzyme (105). Phospholipase A treatment is
also known to labilizé, but not 1nac?:iyute directly,
a'cyi-caa—1-agylglycezopnosphoryxgho11ng acyltransferase
in rat liver microsomes. ; 3

zxperi.ments like these in wluch particular: up.\ds are
:ved from msmbxunes hy “ithe action of phospholipases,
ﬂetergents or ozga}mxc solvanr.s. tend to be contradictory.
Sometimes a particular 1ipid is reported to be necssssry
for an enzyme's activity, and other ‘times it sppears not
necessary. ' The problem lies:in deciding whéther the inacti-
vation of the enzyme is due to the removal of one specific
1ipid, or, due to the disruption of the membrane structure,
as a result of the lipid removal.
C. LYSOLECITHIN EFFECTS ON GLYCOSYLTRANSFERASES

BN a-.é experiments of -the second type, direct addition
af phosphclipldu has been shown to activate. a number of

membrane-bound enzymes. Hwkerjea et al (63~ 66) mventx-

“‘gated the sffaciy"of ghosphpupidl and vnthax npxd fucmn

on rat liver glycosyltransferase activities in the absence

e e ek A S 1 A AR R A e e




* of detergents/ While enzyme activity was barély detect- b
able in the absence of detergents, addition of exogenous
Iysolecithin caused a marked stimulation of ER or Golgi

‘menbrane-bound galacw:yl—- N-acetylglucosaminyl- and sialyls

into or protexnu.
In contrast to the othet membréne-bound enzymes described
.earlier, the lipid requirement of membrane glycosyltrans—

ferases was shown to be remarkably specific for lyslecithin,

i
i
|
1.

when compared to a number of other phospholipids and their
lyso-derivatives. Lecithin, lyso PE, lyso p§ and PG did
not activate the enzyme,. suggesting that both fatty aéyr'
and phosphorylcholine groups of the lysoleéithin molecule
are required for the observed activation. ‘The degree of

stimulation was similar when myristoyl-, palmitoyl—, oleoyl-

g . or stearoyl-lysolecithin were tested, and this activation

was observed well within the physiological concertration of *v

g - .. Aysolecithin in the rat Iiver cell. The normal ledel of lyso- = ° i
lecithin here is approximately 3mM (1.5 mg/ml), assuming its i
uniform distribution within the cell, although this concen-

tration would be much highea in the membrane. ~When the dose

i effect of lysolecithin was Studied in the presence of & -

saturating amount of Triton X-100 the lti.mula;ery/ffect was

" completely masked. - This woula expxaxn why the lysolecithin

activation of these glycosylers was not . .
before, wheurlfon x-1oo was includ-ﬂ in the ussay system, \

// Lcw concentxations of 1ysulecith1n affect’, molt membrane-
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associated enzyme activities in‘-one direciion or ‘the other.
The regulation of glycosyltransferases by phospholipids “is
‘probably médiated by a different mechanism £rom that of a
number of other.memb_rane-boﬁnd enzymes (20,29,54,59,63, 66,
§8,74,87,104,106).  The amount Of lysolecithin in the cell
membranes’of most mammalian tissues is dsterminéd by'a

‘Phosphoglyceride deacylation-reacylation cycle in which

b

iated lipase Ay mes act.on lecithin
in the membrane to produce 1lysolecithin which, in turn, can

be converted back to.lecithin by membrane-associated acyl

CoA: lyso ceride acyltral (catalyze the
3 °3 i A -
transfer of fatty acids from CoA esters to _lyﬂecri:ﬂﬁn) E

Therefore, the concentration of Lyaolegith/f; in different

memb:ane locations may be fu:thér varied dependmg upon “local 1 9

in hos ipase A,and acyl activities,
'(96). Br).ef y{e-xncubatlon of rat liver microsomes with
pﬁosphalzpase Ay was found to stimulate glycasyltransfexase
activity, dependent on a pre—lncubatxon lag time and an
alkaline pH favourable for the hydtolysxs of meibrane phos-

pholipid (63-66). - -

Several lines of evidem:e suggest that the stimulatozy

activity of ly ithin on r: i.s

derived from its detergent properties, which result from

the presence in the sare molecule of both a hydrophilic

region isﬂ—glycero-3—phosphq'ryl.—cha15.ne moiety) and a hydro-

phobic region’ (fatty acid ester moiety) with thé appropriate




3 i S
tive stimulation of transferase activity was observed with
= oF
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balance of ilicity and hydrophobicity (87). The

solubilizing effect by lysolecithin producing a micro-
micellet environment would facilitate the intéraction -
betveen the enzyme and the water solublé nuﬁggotiaii/sugar
substrate (86). Both Ttit_un,x-lﬂﬂ/and’ﬁ/s/olecithin' ‘have

An approximate addi-

been found to work synergs:i’c/a/ll s

a mixtureof equal’wéights of lysolecithin and Triton X-100

“in ‘the range of suboptimal detergent: concentrations,  again

illustrating that lysolecithin effects are due to the' sur-

factant properties of the entire molecule.
‘The high specificity of membrane glycosyltransferases in .
their 1ipid requirement can'be further illustrated. The

state of membrane fluidi'ty (affected by different cation

and ai . fatty acyl ¢hain lengths of
1ipids) can be affected differentially by different: combina-

tions of naturally/oceurring ipids in the

which, in turn, may regulate the membrane-bound glycosyltrans-

ferase activity.  For example, PI and PS, fwo acid

phos=

pholipids; are found o decrease galactosyltransferase
activity in both ‘1ysoiecil;hin and Tritor X-100 treated micro-
somal micell;es (67).. However, raising tl'_:i"rr&tt‘sn )é-luo
‘concentration to a high level caused an enhancement of the .
Triton X-100 stimulation by l;I and PS. " Electron microsuopicl
studies suggest that PI can effectively oppose the fluid-

ization (‘solubilization )

of the membrane components by




1ysolecithin, and Tetain the vesicil

tion of the membrane ponc with a ing effect

on the enzyme. PI and PS interact with.divalent metal-
ions and cause an increase in the packing density of the
1lipid fatty acid chains. At high Triton dos:

_where men-
brane - Bilayers bécome more sensitive and fragile, similari-
ties of PI effects on lysolecithin and Triton-treated

. microsomes disappear.

He' have seen how phospholipase A, and. acylcoA: lysophos—
phoglyceride acyltransferases opérate in‘a éyclic manner ,
in membranes to control " the Yoval 6F lysolecithin: Tymos & )
lecithin generated can, in-turn, greatly affect the general
properties of the membrane such as £luidity and -permeability.
The levels of nucledtides such as cAMP and cGMP are known
to regulate biological systems, such a8 horida "actior,

‘through i These eoti are, in turn,

regulated by the actions of adenylate cyclase and guanylate
cyclase, respectively. * Similar concentrations-of lysolecithin
have been found to stimulate guln;late cyclase and -inhibie
adenylate cyclase in mouse fibroblast microsames, (97). This,

“therefore, Suggests a model in which alterations of cyclic

levels in opp ions can be achi by
the action of a single agent at the surface of the cell, i.e.,
hornone or mitogen -+membrane [lysolecithin]- cyclic
i : L

. nucleotide response.

i
]
i
i

i
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In con]unctwn with thxs it is interesting that' cAMP. and
CGMP ".are £ouidl o prevent the precursnt ‘degradation in
nicrosomal galactosyl transferase assays by the glycosyl-
'nucleutide'pyraphosphatane. This effect leads toan averall
enhancm\ent of the transfer reaction, not by a 'direct stimu-
lation of the emyme, but throuqh the maintenance of. the

substrate level. Pyrophosphatase inhibition is. also - observed

with nucleotide tri-phosphates. like ATP.

These enzymé modifications by lysclecithin, coupled with =
the abservations that lysolecithin stimulates enzynes" in-
volved in consecutive steps Of qly
gest  that lysolecithin may play a wider role as a riembrane

protein synthesis ‘sug-

transducer for the co-ordinate activation or.deactivation af
groups of functionally related membrane-associated enzymes”
involved in {the¥ cellular progesses. Lysolecithin' generated
at ‘one part of the ceXl <could fum:’tinn-a‘s ‘a transducer. by
aiffusing ‘rapidly though the lipid proteins of the cellular :
rembranes to,modify the acuvny of nenbrane-associated
‘enzymes in other parts of the cell. In this context it is

possible, therefore, -that diffusion in the membrane plays

an important.role in the functioning of .membrane receptors.’ .

\

The occurtence of phospholipase Ain plasna menbraries (99);

the role of phospholipase Ag and lysoleca.thm in the fusion

* of membranes (77,95) and the squestinns -of Golgi and plasma

nenbrane fusion' in order to-exteriorize secretory glyco-

proteirs (14,77) may reveal Further interlinked processes




et

b x 1y thin and glyco
tnn!erue enzymes hlvu been rqccnuy shown to occur in
ln-un tissue fluids such -as ‘serus and amniotic fluid. The
level of t.helc‘ transferases are vfound to increase, fot
example, in the serm of patients with-liver disehsé (35-37;
62). :I:t is poni.ble: that defective lylolaclt_hln mtabclil‘m'
in the liver ny he nlatej,t:c a hypmacretlon and solubi-
,lization of the

-nzyma- 1nt0 the serum, and_ that membtane-

* bound enzymnl are: indeed somhm.ud ana secreted by -a ‘

X 'J.'he quco-y 1-
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o7 L -\m one : : :
A.  GENERAL y .
When considéred’ in the context of the Whole ammaliaii
-organi , the ling 'has,one function, the tra.r;sfer of 0e
- - from the envirorimént to the blood and COp £rom the blood
’ €0 the eavifofment. The body of knowledge regarding. the
functions of the. lung has increased considerably during
¢, the last fifteen to ;\;)enty years. The report that more :
than forty kinds of cells have been identified in the lung:’
" dlunztvaindioatan Chervariity GF metabolic activities and
o Gty functions that are inherent to e Wtiotp Loy 8 tce. e, ,

we have learned that the lung is a metabolically active

p ' organ, anabolizing and. catabolizing pharmacologically active
x substances, as well as b1ood—i,om= compounds, that it syn-
25 thesizes cumplex 1ipids, proteins and glycoprotexns. and

thab l.t perfem a defense fnnctxon for the Hhole body. We

g et also know that these t'nngtums directly and indirectly in-

* fluence the zespiratory function, which, in turn, affects

Viw g Y ﬂteot.het lung functions. . - ™ 2

i B_. i RESPIRATORX DISTR!SS SYNDROME

.- RDSsof the ne'uboxl%‘n a severe disorder of. the lungs

% o which is: respansihle for fiore ‘deaths in the pediatric ‘age
wrt BOTAT grnup than ar§other disease. - -It i5 hot so much a disease,
SR consequence: of deyelopriental imnaturity. Pzioé to

hxrth the. (et&l lungs}:xe fa\lled with fl\lld. . The mat effact

B gm T Mg at birth is that some of the fluid is displaced and an air- |

A O b i



1iquid ‘interface is formed ' at the surface: of the: atveolar

“sibrave., Bk delivery. the ;mfant must -initiate breathxng.

The first breath normally krequj.re‘s very high intra-tho_zacxc
pressures to expand the lungs with air. The healthy term
infant ‘wsually manages this without difficulty. On expira-
tion after the first breath, the. lungs normally rgtaxn up
£0 408 residual air of ‘the total lung volume. * Henqe. subse-
quent, breaths require far lcwer inspiratory pressures. - The.
net effect of the, 1iquid layer at the interface:is an in-
‘ward force tendu{g to collapse: the alveoli.- Thxs pressure
(surface tension) is high during expiration, vhen lung air
volune is low and’ therafore alveolar radius is decreased.

The terminal alveoli are lined with surfactant.material

whose activity affects ‘surface ension. For example,
the surface of the lung area is enlarged during ‘inhalation,
the increase in surface tension. contributes significantly
to the elasthxty of the lung tissue, enhancing the orqan s
elastic te}co;l. Conversely, when the surface area of the

lung-decreases during exhalation, the surfactant brings -

about a sharp decrease in surface te)asxon. This stabilizes

the au'ways of the” lung, preyerﬂ:s theu collapse, and allows

the organ’to\remain partially aerated. Snrfactant functions

(are thus, ‘two-fold: E s

(i) to. decrease _surface tension 50 that it requu’es‘

Yess pressure to hold’ t.he alveoli open,

(3i)  to maintain ‘alvesiar ‘stability hy varymg surface

tension wzch alveolar size.




. © In the prémature infant who is developing RDS, the .
‘iﬂ,mature lungs are forced to. take over the function of ,Qas )
exchange béfore lung cells are'able to maintain this func-

" tion. ' Normal uantities and/or qualities of surfactant -, . .
are not p}esen: 4 t58 alveolt BF these children and. the

alveoli afe, therefore, incapable of holding residual air,

and ' they  collapse with each breath. ' The same high -
inflating pressure is then required to initiate the next 5
breath and, again the alveoli collapse on, expiration. In
effect,’ the infant is forced to take his first breath again
dnd again and soon becomes exhausted.. It is not exactly

known whether the deficiency of. surfactant in some way ‘is

5 " due to'a lack of matiiration of enzymes ible for ; H
ffactant 1ipid components, an. inability to synthesize the

apoprotein of -surfactant, the synthesis of "defective"

surfactant, an inability to secrete surfactant, or a combin-

" ation of several of these factors.. '*

o ' - C. SURPACTANT 3 . o ‘

_ .Tovering the.single layer of epithelial cells over the

.: . baserient membrane (the external.cellular strface of the . . -
§ alveoli 6f the lung) is an acellular lining layer of vaziable
. P thickness (100-1,000 A%) that extends over the’ entire alveolar
\ surface. ""This is the only surface tﬁat»nomally comes into

5‘ direct c«‘:‘ntact with alveolar air. Pig‘ure 2 shows that. it is
! s ¢

made of three components: A -
< ; : 2

(i) the interface between the lining layer and alveolar air,
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FIGURE 2° c of the C of

<
' Surfactant Lining Layer and the Pathways of
" secretion (29b). . :
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e (3i)the
b

the sl su:face, £film".

;

(id) the bulk phuse of the lining lnyer (hypophase) .

agueous subphase.

erface between: the lxnmq layex and the

cell surface.

The normal physical .state and exact chemical composi-
Hon of the alveolar lining 1aye'rrhasvnat yet been exactly
defined, either quantitatively or qualitatively. Extensive
research, Howiver;: Titloates Shat certain phospholipids, ’
pmtems and carbohydraces, in addicuin to inorganic moieties,
constitute the ctiemical matrix of this surfactant’ system. -
(Fig.3A). Components of the surfactant system are: produced
in great part, and possibly entirely, by the typs 2 epithelial
cells (éomgrising about. 6% of total cell ‘population in the
lung). These cells confyin in abundance,. not only the req-
uisite organelles (mitochondria,’ substantial RER, .Golgi and
secretory vesicles) but also the enzymés necessary for the
synthesis of 1lipids, proteins, and carbohydrates.
D.  ~'SYNTHESIS AND SECRETION OF SURFACTANT 5

Although we do not know the exac‘t molecular basis for

J o - v
the synthesis, secretion and extracellular fate of surfactant,

we do know the general sequence of events. Phospholipids
and proteins are synthesized in the endoplasmic reticulum;

perhaps modified in the Golgi cisternae, and then are trans-

' ported to concentric, osmiophilic, membranous structures, the




FIGURE 3.

(A) Model of Surfactant Structure at Alveolar
Surface. (s8) : ¥ %
(8) Model of Lamellar SPructure in Lamellar

Body. - (%)
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lamellar bodies. . These secretory granules, 1-2M in

aiameter, develop from multxvesicular bodies (pinched
‘off vesicles from the -Golgi): There is general agree-.,
_ment-that lamellar bodies are thé intracellular storage
éitas of surface-active ‘material. ‘They are secreted by
exocytosis. Once outside the cell, lamellar bodies unfold
§5 form tubular myelin (TM), a ynigue physical form of
surfactant, appearing as layers of membranes arranqe;
in a spherical granule (lattice structure). Gil and Reiss
(27)isolated TM from rat lung and they have shown that it
contains lipids similar to those in surfactapt. The TM .
may be assembled by, dn ‘active rearrangewent of, phosphos
1ipid and protein from a pool of building materials from
the lamellar bodies. Finali_y, tubular myelin is adsorbed
to. the' air-1iguid iiterfade to form the sufface £ilm (Pig.
2). In studies of developing lungs, the presence of -alver .
olar surfactant has bden correlated with the Eppasrasice and
number of lamellar bodies found in the fype 2 cells (27, 43,
59, 87). 7 \ o
E. ' COMPOSITION OF SURFACTANT - ]

Of the three components oF the WlVeola® 1ining layer, i

rlenst is known about the chenucal composn:l.on of the hypo-

phi 11 ndary. lv, the surface of ‘the epi-

thelial cell plasma membrane is analogous to that of other
Lt

cell ‘membranes, probably a lipid-protein:complex. It appears

that the type 2 cell hypophase .cell boundary contains a.

T OV I

et e i BN S
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high concentration of polysaccharides analogous to the
characteristic surface coatipg, the "glycocalyx” of many

cells (mucinous mucopolysaccharide and glycoproteins).
= :

i ical staining and the easy digestibility

~ with sialidase suggests a s‘i:lo_nucin in this layer (52).
This material is found in the same lavage fraction as
surfactant phospholipid, but its elahoratlon within, and
secretmn by the type 2. cells is dxfferent from surfactant
phospliolipid. ' It appears: before the onset of surfactant
or ‘the lamellar bodies. It is thick just before birth,
Gecreases with the onset of breathing in the newborn, and
increases again in mature adults (53). The-composition of
the hypophase, however, is still a matter of much conterr‘l-
porary debate and speculation.- The glycocalyx— uké’ carbo-
hydrate found here, may represent an active process of ex-
trusion of cellular material. For example, an active turn-—
over or shedding Of glycoproteins is known to take place at

" cell surfaces.. The type 2 cell has a thicker than average
glycocalyx, still attached firmly to the cell membrane by
hydrophilic forces, and leaving a 1ar9e.hydtuphilic frame-
work to extend rélatively large distances-into the extra-~

“cellular space.  With regard-to the lung surfactant system,
this hypc;phase region-glycocalyx may represent a well~
adapted system in Providing an area of restricted diffusion
of .matab_olites near the cell surface, or perhaps as a pro-"

tective filter system for surfactant secretion.
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It is now known that the surfactant system is a
complex association of lipid (primarily dipalmitoyl leci-
thin), protein and carbohydrate. , Careful ultrastructural

analysis of the i

of the also indi-

cates that it 1ipid, carbohy and protein,

giving the nce of a granular

acellular covering over the epithelial cells (Fig.3A).

“The hypophase also contains sutficieht concentrations ‘of
inczganxc,electrelytes Ai.e. Nat, K* CA / €17) to impart
optimal surface activity to the orqanic surfactants of i
“the nmnq layer. The Eurlfication of surface active g
mtez{a) from egdobronchial lavage' lu.i,d has been effected
by most- workers using differential and density gradient
cenuifugati;n in either salt or sucrose solutions (25-27,
3,48,82,105). This surfactant is the classic example of
the main of lung are by ecules

by lung cells, and the importance of ‘this to.the survival

of the organism provides for local and fine regulation of |

bi and y

?. EVIDENCE FOR SYNTHESIS AND SECRETION -

In recent years it has become evident that lung cells

are capable of synthesis, intracellular transport, and active

secretion of molecules which are likely to be components of

“the lung's surface active extracellular lining layer., A

large body of work has shown that the lung can utilize various

i A e o=

3
!
{
|
i
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substrates such as glucose, acetate, glycerol, and palmic
tate, to“form phospholipids (12, 23, 72, 85). Glucose also -
‘augments in vitro protein synthesis in the-lung. Glucose

|
also is found to be the source of the carbon skeletom in

lung epithelial glycoproteins (102)." In vivo studies have

_indicated that after the ‘adninistfation of radicactive
] sugars and amino sugars; radioactive glycoproteins appear
z ‘in the’lung in moderate amounts compared to other organs
(7, 79). e in vitro utilization 'of radioactive glucose
for glycoprotein synthesis by the lung has been demonstrated,
i xadloactivity sppesring o aiiinbrsugars; ralier: ‘than as
amino acids in protein (102). ]'..\mq snces can cho:pcrate

radiocactive leucine into prote' and, more specxfically,

into nonserum protein’ found.in a surfacg-acc;ve lung fze_ncbion

(19, '56).
Using lung lavaged alveolar type 2-cells radioactively

labelled sugars were incorporated into protein at the micro-

some level with subsequent transfer of this to particles

sedimenting at ‘15 000g (khown t3 contain lamella: bodies) .

Simultarieous incorporation (synthesis) at (-.wo or more sub—
dellular sites, but at dxfferent rates, was ruled out because
/ . the pro\:e].n specific activity in the cell homogenate was
constant throughout_t.he incluhation time, therefo!e illus- §

trating'real protein transport (55, 56). An in'vitro study

established the:lung as theé site of Synthesis of. the trams-

ported proteins, since inmediately following a-pujsed incu-
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bation of rat lung slices with tritiated leucine, mést

of the grains’ (70%) in the granular pneunocyte appeared

oyer the RER, with only about-11% over the lamellar

bodies. -After foxty minutes, 50% of the grains were over.

the RER and 30% over the lamellar bodies.j/ No change in
the distribution of radicautographic grains with time

was seen” over the nuclei o mitochondfia. Chevalier and
Collet (11) in, another. radioautographic study, :also using.
tritiated leucine, demonstrated a.flow of radioactivity
‘through the Golgi apparatus and the multivesicular bodies
6t lamellar bodies. They also provided. insight into
the intracellular transport of 1ipid and glycoprotein
precursors in the type 2 alveoldr cells. Using faaio—
active choline they Gemonstrated ‘that thé grains were

initially localized over the R then transferred throuqh

the Golgi apparatus into the lamellar bodies. Using radio-

active galactose, they demonstrated an initial appearance
of the silver grains over the Golgi (site of incarporation
of galactose into exportable glycoproteins) and then over

‘the lamellar bodies. Moreover, images of the discharge

of labelled lamellar bodies into the alveolar cavity from |

these célls was observed.  These three radioactive precur-

‘sors should have a relntively ‘high specificity for the

ipid, protein and.c ts of surfac—

tant.

_In vivo studies show that newly synthesized protein

!
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is releasgd by lung suces, and this release is inhibited 1
" by low ta&pen:uxe and cyanide, and stimulated by epineph-
rine and pnocax'pxne. indg;atlnq it is m’nctive, energy
requiring secretory process (56). In addition, the time

course of the initial distribution of the in vivo adminis- oA,
. ‘tration of radiocactive palmitate and proteins, between lung =
tissue and lung lavage returns, are very similar, and are

consistent with a P lati ip between

DPPC and protein in both these fractions. i

G.  SURFACTANT LIPID ' ;i - v,

The phosphatidylcholines of lung are unigue’ in that ' '

358 are ai The usual type of PC

found in anifals and plants contains a saturated fatty i
acid in the Sn-1, or<. position, and an unsaturated fatty
acid in the Sn-

, or P position, Palmitate occurs in both
positions in the commonest form of disaturated BC isolated
from lung, DPEC, éne main 1ipid found in purifiéd surface
active material. About 50V of the 1ipid found'in surfac-
tant is.DPEC. ‘Other lipids found" ‘here include cholesterol,

fdes dyl athanol

ine and in.

Phosphatidyl glycerol is also highly surface active and is

zed in' the mi and t s.n the lamellar
bodils. PG is the second most abundant ‘phospholipid in sur=
factant. 5 gt g »

" The unsaturation of: fatty acid chains of phospholipids

increases the average area per molecule and, therefore,

e i 5 i s i

‘increases t:'he intermolecular spacing between lipid molecules
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(pmgm{ayers) This influences. the enzymic hydrolysis

and on of dlvalent cation Surfactant's actwity

appears to, relate .chiefly to.its chmlcﬂ confxquratiun._ by ™
s;nce the molecule contains a hydrop}ulic choline“ group
and two hydrcphobxc saturated fatty acid side chains, ‘11:
~begomes oriented”on’the alveolar.: surface 80 that the satur-

ated fatty acids form a hthly stable, cnmpressibla, tension v

lowering film. 'In genetal.. a sepa:ation between. the hydtu—

s -.. philic and hydrophobic groups in a molecule causeﬁ :L‘t to.
orient at an air-water interface, 'The hydrophilic groups ~
tend to dissolve in the acqueous phase, while hydrophobic =

” : groups stay out of the ‘acqueous . phase. Ait_:hough both

“and DPMC species of lecithn are nearly equal.in’ their A
1ity tc; lower surfacé tension,/p-palmitic lecithin is’ . X ‘"
a much more e{fectxve surface active ‘ageht than the myx:xstu:
5 p:nduct because it i more stable. .It can mgintain its 7
et £ . surface actxvity for about 5-8 times longer than B myristlc leci-

. th).n (13, 47, 45 69). Techniques to charactérize surface

.. properties and surface tens:mn, using mnomoleculax films o
floated on Hy0 in a surface halance are used to zelate elect:o—
motive fon:es across the. surface to changes in. the composit on

B . and concentration of molecules 1n fhe -film. The marked Lowi~ .

) ; ering of surface tension by surfactant is due to ‘the packing

sof its 1ipid molecules into a close-ordered array at the Anter- \,
i i . face, and thus ls a mass-related property. When the inter-

i facial tensicm is decreased there is.a greater concentration




ioi'\mnlec;lles at thle interface than the conceptration in

- t,he bulk solution. Only DPPC has the necessary surface gk
pzopert].es and exx;e.s in sufflclem: amount to Tower' r.he
surfaée tension of the -alveolar m:erface tc less than

10 aynes/cm. . § . ; : L

H. LI:PID SYNTHESIS - FORMATION OF DPECIN LUNG

. Studies|of fetal lung phospholipid synthesis are difficult
E _io interpret’because there are species‘différences in r.he':‘
1angth.o¥ gestation; ensyme msturation timectables; asd’ '
even in the composition of surface-active lecithin.. Because
" techaniques for the isolation and growth of alveolar type
2 cells in culturé aré nov in the eerly stages of develop:
“ment (40,41,98), studies of the biosynthesis of Surfactant

1ipid have, of , been.carried cut in the

4 past on tissue homogenates, subcellular fractions; of by

in vivo uptake of labelled .. These itie

_ cannot necessarily be -equated with. surfactant production
in vivo. . !

‘Glycogen is probably:a ma]or source” of carbohyd:ate
suhstzat:e for PC synthesis in the alveolar type 2 cell.
Alveolar_cell .glucose may. be derived from glycagen break- .
down, or from circulating blood glucose. Glucose _ma.y be .-
catabolized to acetyl-Coh, a starting point for de novo
fatty acid synthesis. Fatty acid synthetase in-fetal lung .

" produces palmitic acid. . Lung fatty acids may also be derived

< -




from circulating fatty acids. Compared to other'tissues,
lung tissue is very active in thé general synthesis of
lipids. In contrast to the liver which incorporates most

of ‘the fatty acids into triglycerides, the lung favours

their i ion into ipids.  Glucose may also
be ‘converted into glycerol-3-phosphate. Circulating

glycerol ‘is. rapidiy incorporated into pulnonazy BC. In

* the absence of glucose in the 1ncuba|:10‘l_1 medium, lung

slices oxidize acétate to CO,, whereas when glucose is

present, ‘acetate tends to-be used for phospholipid synthesis.

o fatty acids’ combine with glycerol-3-phosphate resulr

ting in the formation of a diglyceride after the phosphate

tioiety is removed by Pa:p} Cholirie is

: to choline phosphate by choline kinase and then converted

to  cop-choline by, choline e cytiayl

The final stép in the' de’nove syfithesia o ve da e inter=
action of d;glycer;de with CDP—choline hy choline phos-
photransferase.’ These main pathways of. Lipid synthesis,

including fatty acid synthesis, acylation of glycerol and

the CDP-choline pathways, are localized in the microsomes. ..

There are several pathways for the synthesis of DPPC
in the lung that have Been demonstrated in yitro, but the

‘pathway

ble for the is of DPPC in surface
active material remains speculative. The major questions

are: Where are the tuo palmitates added, especially the

paimitate in ‘the Sn-2 po:‘ﬁio‘ny Do they occur in the

B
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initial.PA or diglyceride, or is 1 added by altering a
pre-existing unsatprated pC?

The four main pathways for PC formation in the lung
all start with diglyceride or intact phospholipids. De *

novo @ynthesis of lecithin proceeds via the CDP-choline
-

. and y The DPPC synthesis

by a ion of species- of

PE has been found to be small, and no preqursor-product '
relationship exists between the methylated intermediates

and surface-active lecithin. The activity of this path-

,way also declines just befofe birth, while the concentra-

tion of ctive lecithin conti to rise.. In
the fetal rabbit the composition of the alpha and beta

carbon acyl esters varies with the time of gestation.

Early in the E of 'pglmiuce is low,
e-pé.:iauy of the beta carbon. Between the 27th and 28th
(31 day term) days the concéntration of palmitate suddenly
increases at both the alpha and beta position. In the

. CDP — choline pathway that we have already discussed, choline

phosphotransferase is the only enzyme that can affect the

species’ of lecithin formed. This activity is found to be

quite high early in gestation, but then declines until term.-

In the past, the bulk of the evidence in the adult -animal

_ suggested ‘that the.major route of :lunq DPPC synthesis. was

by the CDP-choline pathway.  Moriya and Kanoh (70) measured




the radioacti‘}igy in different species of phosphatidic
acid, @iglyceride, and dphosphatidylcholine in lung,at
various times after the intravenous injection of [a]
palmitate and [Pn) glycerol. There wab a rapia rise -in
radioactivity:in the disaturated spécies of PA- and'aigly-
ceride, followed by a Fise in the specific activity of
DBPC. : Thése findings agreed with the precursor-product
relationship in the CDP-choline pathway. However, the
aistribution ‘of [34] paimi;ace in diglyceride and PC was

different,.and the increased radioactivity in position 2.

of DPPC could not be for by the holine
" pathway. This discrepancy cculd e accounted for by other
pathways of synthesis of DPEC or by different ‘specific
lactivities of substrates in different cell types within
the lung. ‘It is likely that, in whole lung, there are
 enertbnesine by all pathways and’ that, in studies with
isolated cell types, 6ne particular pathway will dominate. .
In other tissues there is .no data to show a selectivity of
_the utilization of diglyceride by CPT (91,103).
The third pathway for the formation of DPBC is by the
acylation of lysolecithin. This pathway converts one species

“of PC into another by removing one fatty acid and re-ester-

o 2
ifying it with another. 1In slices from rabbit lung there,

is evidence that-acylation of lysolecithin forms DPPC and
U 2

that unsaturated PC is converted to DPPC.- Lung contains

- microsomal enzymes that can acylate l-acyl-2 lyso PC.and

2-acyl-1-lyso PC" (25). *The’ important feature of lung

v

P



mictoscmal enzymes,’ as compareﬂ tg‘;hose ‘of the liver, is

the relatxve lack of specificity. of acylaticn of the one and

two posltlnn with saturated and unsaturated fatty acids (25).,

In liver, the acylatxc{{n reactwns form only \msaturated

»C, ,whe:eas in lung, the acylation reactions can readily .

form DPPC (i..e.,in lung, the fatty acid specificity of qucami-i\-
phosphate acyltransferase is responsible, for- introducing

saturated fatty acids at both the one and two positions).

We know .that, in the lung, the highest concentrations of

DPPC are found in purified surface active material and in

lamellar bodies (27,42). DPPC and PG are over 80% the total

. phospholipid in lung wash and lamellar bodies, but only

about 50% of that in mitochondria or microsomes (21). Lamellar

- bodies are found to have acyltransferase activity and they are

twice as active as mi: ia or mi in s zing

DPPC from PC in the. mi (5,60).

The fourth pathway found in the lung also converts

BC into ai PC. This pathway occurs in
adult rat lung and in fetal and adult rabbit lung (4,101):
This involves the trans-esterification of palmitate from
1-palmitoyl-lysophosphatidyctioline by the lysolecithin-
acyltransferase involving two molecules of lysolecithin, as

described by Abe et al (). Because most of the naturally

occurring lysolecithin would be 1-palmitoyl 2-lyso BC,
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this pathway is likely o synthesize DPEC in vivo as it
does in vitro. ' Studies in both the lung and liver suggest
that transacylation of lecithin fatty acid esters occurs

at a faster rate than the de novo synthesis of lecithin.

A pumber of studies in recent yeaxs have further

;alluded to the reacylatien—deaeylatxon pachway (far synthesis

of DPPC found in lung surfactant. Possmayer gt al (78)
studied the acyl specificity of, CDP-choline: 1~/z—_n-a1acy1-

glyoRral choline to ine. the st et

of the degree of unsaturation of the fatty acids-in the

aiacylglycerol on this. enzyme's activity. With the exception

of.1,2-dinyristoyl-sn-glycerol, the presence of diacylglycerols
with satifafed fatty acids at the gn-2 position did nof produce
& GrinlSutiniiarton 5F cor, adtivity tnirat lungmiciosonss,

* above that observed with endogenous éia;ylglycerol. )
Under optinal conditiéns, jusing cop [MC] choline, rat 1lung
microsomes CPT activity is markedly stimilated by exogenously
added 1,2-sn-diacylglycerols cnnt‘qining an unsaturated fatty -
acid at. the sn-2 position, especially if pelumna{; is the éacty
acid in the sn-1 position. It has also recently been shown
bf van. Golge (9?) and by Rooney M (80) that the preferred

substrates for choline phosphotransferase are diglycerides con-

taining unsaturated fatty acids,and therefore,the end product of de

5




used.

novo synthesis is most likely unsaturated l;c‘.

Snyder andrkalone (90) ‘used a homogenous population
of alveolar type 2 cells (induced as lung adenomas by ure-
than) and found that in lung microsomes, in the presence
of ATP, Con and Mg*' 90% of the A-c palmitate thatis
inco‘:pazated into 1-acyl PC is located at the 2 position,.
indicating. that surfactant DPPC. can readily be formed by

. 5.
insertion of palmitate at the 2-position of PC.molecules,

- presumably by a deacyl-acylation enzymatic sequence invol-

ving 2-lyso PC. The.control of acyl specificity at the
2-position is determined.by the relative concentrations

of the co-participating substrates, l-palmitoyl-sn-glycero-3

phosphocholine and palmitoyl-CoA. Microsome preparations

‘can catalyze significant incorporation of palmitic acid into
the sn-2 position, independent of PA formation as evidenced
byl gaGe Bt Bisgljeerol sphonphate and Saletu téns &
which inhibit cholirle phosphotransferase ‘did not influence
the incorporation of PA into DPEC. However, one must be
extremely cautious in interpreting results obtained on the
1ncprporacxon of specific Eatty acids 1nto surfactgnt PC,

since the ‘specificity varies thh the substrate concentrations

Moriya and Kanoh (70) have reported that disaturated

. diacylglycerols account for' 11% of the diacylglycerol pool

in rat lung. Only 1.1% Gf the BC'S produced £rom the en-.

dogenous diacylglycerols in rat lung microsomes were disat-
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urated., Th UC] aipalmitoylglycerol incorporated into
PC was small, even when this diacylglycerol was dispersed s
with egg diacylglycerols. A novel exchange reaction was

discovered in rabbit lung by XKyei-Aboage et al (49) ,in

which free palmitate can with an fatty
acid such as oleate at the 2 position of PC. The lung
contains enough 1-palmitoyl-~oleoyllecithin for.this to be.
significant: catt is required and’ phospholipase activity
is probably involved. At px;esentvit is stui not possible
to decide which of these metabolic routes serves as the -
major pathway for the production of DPEC in lung surfactant.

However, the observation that’pulmonary CPT only produced

limited ts of DPPC in vitro from thg pool
of microsomal. diacylglycerols or from those generated by

phospholipase C suggests that DPRC may not be produced in

vivo to any great extent by the de novo pathway for lecithin

synthesis (88).

I. TION OF OP) T
LUNG_SURFACTANT. .

The chemical composition of pulmonary surfactant has
evolved in a yay that promotes the maximum effectiveness in
its phyés.ological function. It contains a ‘sufficient amount
(enough to cover alveolar surface with a monolayer) of DPEC *
so_that a duplex film can reduce the surface tension of the
alveolar interface to thé low values ‘réquired for stabiliza-
tion of alveolar structure.. (<10 dyn’es/’cm), However, the
Physical state of ‘lipias'is,. ih part, deternined by other

upzd ‘and protein compounds in their immediace milieu. Pure

0 4 . S
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DPPC is jin a gel-like state at 37°C and its rate of

absorption to an'air-water interface is too slow to be
physiologically important in providing low surface ten—
sions and alveolar stability. ' It contains, in addition,
components, apoproteins, which enable it to adsorb to the
surface in times short enough for normal physiological re-
quirements. It is found'that pulmonary Subeastant cop- !
taining apoproteins adsorbs from @ saline subphase to its
air-liquid interface more rapidly than do sonicated lipids
extracted from the same material(W) Thus, the apoproteins
may accelerate the t;xttaceilulaz transport of pulmonary
surfactant to the alveolar interface ‘and; lin this manner,
insure that adequate Sionriks are available to the surface

upon demand. A single species (constituent) is’apparently

not able to manage ‘all ‘these fungtions, and the chemical

composition of thus nts a se

between the two fune:.ions. The price that is paid for this
“increased molecular mobility is that the surface film does
ot Havie &8 BIGH @ SEABIIEE) GE pice BIRC. Ahe). the Eal-
lapse rate is relatively rapid .and, of course, the replace-
ment rate must also be relatively npi:i. On the.other hand,
the collapse rate is snff,iciently slow at 37°C that surface
tension in normal alveoli can remain very low and stabilize
them fur long enough intervals to permit adequate -gas
exchange to occur between t/he alveolar gas and pulmonary

capillary blood (), L % N




‘generated(ff) After secretion, the composition and' structure

It is thought that a reservoir of surfactant exists
in the alveolar subphase and that part of this reservoir
can adsorb readily to the alveolar surface as .needed (in

<1 minute) . Randomly formed DPEC could be sequestered

! physically by apoproteins and ‘allow surfactant molecules

o re-enter the film during lung expansion and thus prevent
any continual depietion of sarfactant at the interface,

(surfactants aré expelled from surface monolayer during

£11m compression) (W), These Physical processes at the air- '
water interface could also control mitsholié processes = .
inside the type 2 cells, for example, tm'on of the ’
lamellar bodiés into the -alveolar lumen. -These aplmt

however, do not seem to do much’ to the mechanical or elec-

ins,
trical properties of the surfactant oncé the film has been

< e
of surfactant may change since large molecules tend to un-
coil when they reach an air-liquid interface and proteins

may be denatured.

Because ‘of their insolubility in agueous media, most
1ipids need a transport protein. The role of albumin in

the transport of fatty acids and the role of serum lipo-

- proteins in the transport of cholesterol ester and trigly-

Geride are well known examples. Similarly there are proteins

within cells like ipid RaRE o

transporting phospholipids. It is not unlikely that control

of intracellular 1ipid metabolism may reside, not with lipids
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and ‘their precursors, but in the specificity and, turn-
over of the’se p’ropo'seﬂ transport proteins. There is no
data on intracellular transport px;ateins in'the lung.
This is one reason, however, for the interest in" the -

apoproteins associated with surface active material.

King et al (43) isolated proteins from surface active
material in lung lavage and studied their physical and
chemicql_ properties. Apoproteins obtained from canine,
human’ and sheep sources were quantitatively precipitated
in 1:3 (VY/v) ethanol and ethér and.dissolved in" aduecus
solutions of 0.1% SDs, 69, 000, 34‘,000,» and 11,009 dalton

proteins vere resolved by polyacrylamide gel electro-

s in SDS and ‘2emercap . The two lower

molecular weight proteins were comprised of nearly 60%

hy aiino acid residués, making them comparable. in,
~hyd£uphohicicy to ‘proteins. found rnorinally 'in membranmes that
re poorly soluble in @queois solutions aRalaze thought to
be ed in 1ipid matrices. The surfactant protein showed
a ‘strong -affintty for phospholipid and contained twice as
many acidic as basic anino-acids. Purified surfactant
migrates as a lipoprotein through eight centrifugations, two
continuous density gradients, iscelectric focussing in pil

o adists, 1 isEAEeh Gal electrophoresis and during six
‘adaitional centrifugal flotations. This suggests that  there
may be large portions ofvbthe molécule made up exclusively of

hydrophobic residues and these might interact with the fatty
14 :




° fxltration and. gradient oentnfugauon techniques yxelﬂed <

acida mxeties of f.he phospholipids. As measured by

ive y these P are ated
50 — fold in pufified surfactant as compared to whole lung

homogenates.

Passero et al (75) isolated two proteins from the

lavage fluid from human i with alveolar

proteinosis (the alveoli and terminal bronchioles are
filled with PAS pos‘n:_‘we amorphous material) . -These

proteins migrate in 'sps pnlyacrylamida gel electrophoresis

with molecular wéights of 36,000 and 62,000 daltons. ‘The
uncertain etiology of this disease, which may be due to’
either the overproduction of surfactant by alveolar cells

or, a defective clearing of the alveoli, provides addition-

RO e SN S )

al interest in determining the origin of these proteins.

Bhattacharyya et.al (8) found these same two identical

glycoproteins in particulate material obtained by pulmonary

lavage from normal rabbits. . Both have hydruxyprpline and

2 zelatively large amouwt of glycine (Table 1. Gel :

fractxons from these two glywp!otelns with qahr:tose,

gal e, fucose, ne, 4nd sialic acid” (Table

1). The same two glycopr with the s ino acid_and
carbohydrate cmnpouition were also isolated from lamellar
bodies obtained utilizing differential and density gradient

cantri_fugatlonl. . In addition, similar relu}ts were obtained

in the lavage and lamellar body fractions of dog and chicken

(10) . The unigue, collagen-like g 2 are,

L



[ TABLE 1
> 527 0,
AMING AC/D' AWD CARSOHYDRAE CONPOSITION OF PURIFIED® GLYPROTEINS

AMINO ACID AND CARBOHYDRATE COMPOSITION OF TUR-ITD S22

* FROM RABBIT LUNG (8)

B Tamellax Body
Lavage glycopeptides| glycopeptides
. ) laiiid serin, 62,000 36,000 62,000 3_6,000‘
‘Aspaxtic acid 96.0 81.0 95.8 80.9
Glutamic acid - 115.9 90:5, 116.0 90L5
Threonine S| st 47.6 . 51.6 47.4-
Serine 48.2 48.6 48.4 48.7
v - | Proline | 53.6 62.0 53.5 62.0
Glycine 110.0 148.8 110.0+ . 148:0
Aanine 76.2 71.0 76.1  TU7L.1
) HalE-cystine 12.4 17.4 12,3 17-6
& /\\ { valine 63.5 65.6 63.5 65.8
" | Methionine 14.0 10.6 © 1401 10.6
. Isoleucine . 29.6 ' 44.5 29.5 4.6
Leucine 86.0 96.4, 86.1 9.6
Tyrosine 46.7 33.8 46.7 33.8
Phenylalanine 50.2 41.8 50.1 41.9
Lysine . 63.0 _  42.5 63.1 2.5
Histidine = ° 24.8 23.6 25.0 23.5
Arginine 50.3 58.4 50.6 58.4 -
4. nydrnxypmlme 8.2 12.0 8.3 1.9
Hydroxylysine 0 0 0 0 Y
NH-terminus - | valine ‘Threonire Valine . Threonine |

Aning acid compositions ares expressed as)residhes/l,nuﬂ, amino
— ~ |acids. The results are average of triplicate 1analy5es of 2-n

hydrolysates: no corrections have 'been’ mader for destruction or|
incomplete hyd;‘oly;is 2 :

Lavage glycopeptides| Lamellar bédy

g'ly_copept;iﬂes :
{ . | carbohyarate . .. 62,000 36,000 ' | 62,000 36,000 :
\ ‘ 5
E o o % 5 B 3 carbohydrate/peptide
| sialic acid 1.20 1.50 i 50
& ‘| Mannose 1:50 1.50 v
* | Fucose 0.60 0.60
calactose | 1.00 1.00
Glucosamine - 0.62 0.62

"The conpositions are of
‘per peptide. The methods of analysu are given xns,the next
Results are average Of triplicate analyses. .




[
i

. major proteins of- avian airways'(9). Because avian air-

ways contain no Clara, ciliated, or goblet cells, but do
contain typ€ 2 cells as the only secretéry airway cells
with lamellar organelles, it is.likely that in birds this

glyeop¥otein(s) | may be a produc'c of type 2 cells.

RO E OF HMEL'U\R EODIES

Lamellar bedies are the®, stotaqa or secrétory form

Of the surfactant system, and/these organelles appear

* simultaneously vwith surfactant activity in' the prenatal

lung. This suggests that lamellar bodies may be the ' .

source of these glycopepides. They may alsc function -

‘ to attach 1ipid, carbohydrate, and protkin moieties of ~ .

clear materials from the ‘alveolar surface or to alter the

surfactant before their release into the alveoli air spaces.

We know that the inclusion bodies contain ‘material capable

. of lowering surface temsion m less than' 18 dynes/cm, °

and that it contains si.lnila: mun:s of DPPC as surfactant’

(Fig: sc)(n,n),'rhese bodies have been, found to have relatively

high specific activities for enzymes usually found inf’ lyso-
somes—aryl sulfatase, p-D-galactosidase,~< - mannosidase,
. : ¢

acid atase, P a

and p—N—:-ic’etyl gh‘?eo—
saminmaseﬂ.'me function of* Lhese lytic¢ enzymes here’is

still not understood. {'hey may provide & eatibolic’ systen
£or the o ion of

Y such as sur-

£actant.- These enzymes are secreted .long vith the 1ipids °

s L \\ .
©of surface-active materiak. They may also. function to

5
‘5

@




functions of ot_he: lung cells, or to influe_nce the |
physico-chemical state of accompanying phospholipid,

a.nd, therefore, affect the surface actxv:.ty of the latter.

A pussxble effect on the qucaprotems assouated thh

surfactant may provide further function to these ‘enzymes,

" especially the glycosidases, as lamellar bodies are found

. to have a higher protein/phospholipid ratio than that of

alveolar surfactant(19,103);" '

K. HVIDENCE‘ FOR_GLYCOPROTEINS IN" éUl’(F)\CTAN'lYl

The proteins found in surfactdnt appéax to be unique .
to this 1\mg material, and they are not found anywhere
else in 1xvxng tissue. As a means of specifically identi-

fying and quantifying surfactant in biochemical and -physio-

logical i 'King and coll (44) developed

a for , capable of detecting

. S
0.02 to. 0.04 ug of apoprotein, and ‘@ontrol experiments
indicate that it is specific for surfactant. The competition

for antibody binding sites by whole surface active material

“‘can be quantitatively.accounted for in ‘the assay by the

. binding of .34,000 dalton apoproteins.
5.

: . B s .
Further evidence for the specificity.of apoproteins in

sixrfactam: comes from the fact that /hey are. not - found 'in

‘plasma or sexum. and they. huve been localized at. the alveolar

'interface | by immunofluorascance. These apoprocain! have beern’

puzined £rom sux fint. using p designed to separ-

ate away'soluble proteins’ (46).. . They are found, in tracheal

£luid of fetal lamb af a timé in gestation when morphologic




and biochehical evidence indi ‘that pulmonary sur-
factant is being secreted, and the secretion of apo-',
p&bce{ns ‘into tracheal fluid of fetal 1lamb can be stim-
: ulated precociously by the administration of dexametha-
\inar THa glucocorticoid activity of dexamethasone ha‘s»
been, Shown to accelerate the synthesis and secretion of
punwna:y sn:facunt(n). Bpoproteins have been found
“in human amniotic £luid at gestational ages in'which-

3 biochem,{cal and clinical’ evidence in iicates that pulmonary *

Mctmc is-presdit, . Changsyinsthe concentration ofi,
+.  apoproteins in amniotic fluid with increasing gesta-
' tional age is paralleled by the change .in the concentra-

tion of tive ipids, i \g the . -

secretion of pulmonary surfactant into ‘amniotic ‘£luid;

t, 5 . /ana again, that may be ted as

) a lipoprotein during fetal development (44).

> compon-

|

|

i

l s At the ¢ zation of

| ents is far from complete. The material is complex and a

¥z precise stoichi y among its has not yet

, been demnstrated.. Its composition may vary among animal
8 species, with age of the individual, during its passage
‘through the 1uné, and possibly even with the individual's

physioxogxc state. 3 Surfactant is probably' only ‘one of many

suhstances aecreted onto the alveolar surfaces. -Very few |

studies, to dats, bave betn done'Gn the:Bhysiblogis soles

. ©of the gl iné ‘in lung and their métabolic”
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"relationship to ghé 1ipid of surfactant -is still un- |
known. What about the order of -amino acids' in these
vglycoptoteu\s, and the nature and position of the carbo-
hydrate groups in these peptldea’ Such sequences must

determine the configuration af at least the peptxdes

and may influence the of other

g andEle: Eunct;onal properties of the .complex as a.
vhole.' Do the apoproteins of surfactant organize the
Struct\]te of the surfactant, Ln&acellularly, or in’ L

the alveolar extracellular space? ° : e

"iihat factérs influence the secratory process? N
Physiologic studies suggest that-reipiratory frequency
may be a determinant of the rate at which sirfactant is-
utilized on the alveolar surface (22, 58). Since re-
placement should keep pace with utiliz¥tion, respiratory
rate might be a determinant of secretion as well as
utilization. Examination of the appearance of radio-
active protein in surfactan; returns reveals that a greater
amount appears per un:{t time in the layage of specieS\With‘

high compared to those with low respiratory rates (57).

There may be two' replacement mechanisms for the ventil-

Latory-indiced depletion of surfactant in the'surface film /¢
of the duplex alveolar exuagex‘luxar lining layer. Firstly,
a greatey.rate of adsorétion might occur in small animals
of the surface-active material into'the surface: £ilm £re

the hypophase'of  the duplex lining layer. . These-animals'




.gréater per cent protein occurs per .unit time in 1avage
v

fractions from. species with high respiratory rates. The

‘into the hypophase from the lamellar body storage granules.

 enzymes, transfer fucose, Galhc, clcme,

have a hxghet respuato:y breath by breath replacement
of surfactant. This might be effected by a greﬁter amount
of protein in the hypophase which, .in vitro seems to’accel-

erate adsorption of surface-active material (42). A

second replacement mechanism would be the secretion of

surface-active material (also related to respiratory rate). -

'This would probably be: riot as fine a control as the first
mechanisti, i

IV. ' PURPOSE OF STUDY

In. accordance with the present interest in the f

function and biosy is of these A glyco-
proteins, this study was undertaken to.characterize and

. :
study the properties of glycosyltransferases in the lung

d larvage | us and lamellar bédies. It - 3
6 anticipated that studyicE Boie of these epzymes wolld
p:nv:\de fome clues to tha ci¥rent, much sought after
ansyers concerning thefir role in surfactant. and, in
lung in general. mycogyumnsfeuses ave previously been
found in the mucosal lining of canine xespi?atoxy tracheas,

as part of the tracheo-bronchial mucus secretions. These

qalnctose and sialic acid to their :espez:t.i.ve acceptors

{6). ' These secretions may contain comporients of alveolar -




secretion that have spread from the alveolar surface to ihe‘ '
surface of conducting airways. 'pDP-galactose glycoprotein

galactosyltransferase activiti( h.“ also previously l;een found
to be high in fetal lung. This activity was found to decrease

with gestational age and with no further changes after bifth

(38).  Changes in the of lung

contribute significantly to the'disease state and may be at-

| tribitable to abnormal properties of ?1yc$proceins (structural
changes),fﬂq should be a reflection of change in the activity
of the enzymes involved 1.n their bméynthesis or alterations
in the: physiological control mechanisms regulating their

" biosynthesis.: |




"MATERIALS AND METHODS :
1. MATERIALS ' !

A. Animals s k .
" Male adult Sprague-Dauley rats, weighing 300-400gm
,used in an experiments.vere ‘obtained. from Canadian Breeding

_Farms and Laboratories, St. Constance La Prairie, Quebéc.
They were kept under continuous light conditions with free
access to Purina Rat Chow (Ralston ‘Purina of Canada, Ltd.;
Don Mills, cntano) and arinking water. After recsipt of
shipped animals, they were conditioned in animal facilities
for at least one week prior to use. In some. experiments, ”
rabbits (weighing :6-8 1bs.), - were used for the study of

the properties of lung lamellar bodies and lung lavage. The
procedures used were exactly similar to those that utilized

rats.

Reagents

‘311 chemicals vere of comhercial origin, purchased

frum Fisher Scientific CD., Hahfax, Nova iScotia, and Serdary
“Research Laboratories (London, Ontaric). ALl organic solvents
were of analytical grade. o
‘c. Radioisotopes
¢ Radioactive substrates UDP-(U-l%C) galactose
(specific activity 0.30lmCis/mmol) and cMp-(4-14c) sialic -
acid (specific attivity 1.68 mGiy/mmol) were purchased from

New England Nuclear Coip., .(Dorval, Quebec)..

D. Souxce of Materials y v

% l.ecith:.x\ (€99 yolk) , Lysnleuﬂ:in (egg yolk) ‘sphingo-




myelin, cholesterol, ganglioside, ovalbumin, Triton X-100"

and fetal calf serum fetuin were purchased frém Sigma’

Chemical Co. (st. Lolus, Mo. ), Lysalecxf)un, (pig liver)

and (oleoyl - synthetic), Lyso PE, 1y=o PA (egg) and (synthetic)
and all other lipids used were obtained from Serdary Research
Laboratories (London, Ontario). All lipid preparations gave

a single spot on TLC. The molecular weight of 536 for

(94), and the molecular weight of Triton X-100 was calculated

“as 635 on the basis of a structure of polyoxyethylated
octylphenol (ethylene oxide : 9.7 units) (94) Actylamide,
bisacrylanide, m’mnmm persulphate, N,N,K)N' — tetramethyiene!
diamide (TEM.ED) and pure. ucdium dodecylsulphate, which were

aned fox polyaorymmme gel el cropt is, were

from Sigma Cl'!emical Co., sHuman «<l-acid glycoprotein used in
the preparation of some of the glycoprotein acceptars was a
gift from the American Red Cross-National Fractionation Centre;

‘Washington, D.C., U.S.A. O

f1. ACCEPTOR PREPARATION e

A Preparation of DS- and’ DSG-_ fetuin

Fetuin contains galactose in two different olignsaccharide
chains one containing sialic acid, galactose, amannose and
N-acetylglucosamine, joined to the peptide through an N-acetyl-
cjlncosamine-aspnragine linkage that is stable to mild alkali
treatment: the second, and mincv’z one, cqntéiins _sialic acid;
galactose, and Neacetylgalactosamine joined through fhe alkali<
labile 1ink‘nqe N-acetyl galactosamine fse:ine or —.threonine.‘

. lysolécithin was arbitrarily calculated (as oleoyl 1ysolecithin) -
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Sialic acid was removed from fetal calf serum fetuin
by mild acid hydrolysis (93). Sequential degradation of the
monosaccharides of fetuin was performed by periodate oxidation
followed by reduction with Na BH4 and mild ac¢id hydrolysis as

described by Spiro (93). When this method is used, only

ines and remain to the peptide portion
of fetuin. » . Lo
B. Pregaxatxun of DS - and DSG - -L. ,acid glycoprotem
) sialic ‘acid free £ = acid gly ein —

for sialyltransferase'assay was prepared by mild acid hydrulysis

(93). sialic acid and galactose depleted< | — acid glycoprotein

used -as acceptor for galactosyl e assay was

by the periodate oxidation and borohydride reduction method (93).
C. In Some experiments, native ovalbumin, a’glycoprotein
whose carbohydraté moiefy contains only N-acetylglucosamine and
mnnose was used as acceptor for qalactosyltransfetase.

III. ‘ PRBPARATIO“ OF EXPHRIMENTAL TISSUE

a. 'Dissection . 2

Rats were ed with i ritoneal injecr_inn

oi sodium pentobarbxtolr (SOmg/Ih 11ve weight) and the lunga
were then perfused in situ via the interior vena cava with cold

0.9% saline. The lungs were then immediately excised. All

'subsequent ‘operations were done at 4°'C. 'A'h’e tissue was blotted

dxy, weighed, finely minced with scxssors and then homcgemzeél
in twa volumes- of ’I‘KM buffez (50 mH Tris-HCl, pH 7.5, contnining‘
0.025MKCL and Smi Mg CL,) in 0.25.M sucrose, using a Pottei-
Elvehjem motor-driven homogenizet with'a loose fitting teflon

pestle (clearance 0.1-0.2 millimetexs ). The resulting-homogenate

was. filtered thl‘D\lgh‘éﬂD layers of cheesecloth. ‘
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B. Preparation of Crude Microsomes
Figure 4 shows the prepuration of crude microsomes
from lung homogenate. The Hémogénate was centrifuged at
10,000 r.p.m. for 10 minutes in a Sorvall RC-5 centrifuge
in order to/sedxment the cell debris, nuclei, and mitochondria.
The pasr_—micochondnal supernatant was centritugeﬂ at 100,000 xg
(38,000 r.p.m.) for one honr 1n a ‘Beckman ultracenttifuge
(deel L-50). to obtain the totalrmcrosamal ‘fraction as a

pellet. ] o . ) .




homogenate

_ centrifuged

10,000 r.p.m. .

in Sorvall RC-5,

10 min. ﬁnely minced lung

.decanted and

2.5 vols. TKM
1 l nnffu, PH 7.5

upid curd removed

Supernatant

centrifuged
100,000g
60 mins.

‘mitochondria, nuclei,
lysosomes and cell
debris discarded.

re-suspended in equal
volume of TKM Buffer.

- FIGURE 4 - PR OF ‘CRUDE (61)

U crude microlmnal pellet
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The microsomal pellet was suspended in TKM buttes 1:1 (v/v)
and then either used fresh for the assay of sialyl-and
galactosyltransferase, or else stored at -20° C (in 0.5 ml
aliquots to prevent repeated thawing-and freezing of ‘the

samples) . s

C. - Preparation of Surfactant

Surfactant particulate material was prepared from
lung lavage according to the method of Bhattacharyyaet al
(8). Fifteen to twenty rats were required in each experiment
to’ obtain approximately 50 mg of lavage protein.. The rats,

under sodium pentobarbital anaesthésia, underwent in situ lung

perfusion-via the inferior vena cava as described before:

"A 10 c.c. syringe with a blunt needle was then inserted into

the trachea.Cold lmM hypotonic EDTA in 5mM Tris-HC1 buffer,

P 7.5, was slowly injected and the lungs gently lavaged to

and fro. Ten to fifteen mls lavage material was collected

from each rat. The hypotonicity Of the lavage solution was
found to be necessary in order to increase the amount of protein
and particulate material inithe washings. An isotonic saline
solution removes all the. lipid but very little protein is,
obi.:ained if this is used for 1av;age washings. Figure 5
illustrates the procedure for isolating surfactant particulate
mat:.eriul. from_ starting lung 1;vage. Lavage was centrifuged

at 750g for 10 minutes to pellet down alveolar cells and other
3 e

"-broken cells removed by lung lavage. 'The supernatant was

centrifuged at 25,0009 15 minutes and the resulting precipitate '

re-suspended in buffer and gently homogenized. This.k




‘and lmM EDTA, pH 7.5, homogenize

STARTING LAVAGE

i
Centrifuged 750g,10 mins.

S i !
dlsg;{é:; _ .Supernatant
(alveolar macrnphases . Cent:xfuge 25,0009, 15 mins.'

and obher broken cells)

o PH T

T v
pzecxpxtate \ Supern\!tant discarded
suspend in-5mM Tris-HC1

containing 0.25 M, sicrose

gently.
Homogenate layered on 30% /

(in buffer wt/wt) sucrose 4
gradient and centrifuged .
75,000, 1 hour at 4°C in

: Beckmpn nltracentrifuge

L5-50. ‘ e x 7

N i d !
Interface removed, suspended
in 5mM Tris-HCl and lmM EDTA,
and centrifuged 100,000q,
30 mins.

Supefnatant o precxgltate collected
discarded. VT 2 and-washed 2 X with thé .

same buffer.

FIGURE 5;ISOLATION OF SURFACTANT MATERIAL FROM ~
v T LUNG LAVAGE.
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was Iayered on a 30% sucrose solution and. the gradient

’ to remove sucrose and other so{ublerprcteins.

then spun for one hour at 75,000g in the ultracentrifuge.
The surfastant material was localized in the interface that
resulted. This interface  suSbended in the same buffer,
was centrifuged 100,000g for thirty minutes.* The precipi-
tate collected was washed twice with this buffer in order )
All prep/a,ratfx;
s he ¥ E i
fractions’were saved for qilycosyltransfenseﬁa/ssay. :
b. . Preparation of Lung Lamellar Bodies y,
The methods used by most investigators are modifica-
tions of those of de Duve and co-workers (16,17) and utilize
dilierentxal and density gradient centnfuqations after a
cawpa:atively gentle homogenization. Lamellar bodies were - -
isolated from rat lung in this study acco:ding‘ to the lner.hod

of Di Anqu.!tine (J.a) Ratu, in groups of 10-

B, Here used and
the lungs excised in the same manper-as for micmsome and
lavage preparation, except that lung was suspended in two
volumes of 0.25M sucrose - 0.05M Tris-HCl (pH 7.2'- 7.3)'_
containing 0.1 M EGTA. .

’I’hi/s method for lamellar body isolation was preparuelve,
zathet than analytic, for f.l\e sake of puri.ficnticn oi these
oxganeues. 'rhereferé, be:ause volumes are discarded in’the
various fractions, total enzyme activity yield in each fraction
was' compromised for purify. Figure 6 shows. the method of ¢

isolatiog of the lamellar /botjies from stirting lung homogenate.




~ PIGHRE 6. n.ow DIAGW FOR THE PRBPARAI'ION-OF -RAT
LAMINAR

LUNG HOMOGENATE ; -

: 1,100° g, 20 mins i
0'25 M sucrose, 107 EGTA
= 0.05 M Tris-HC1,pH 7.2-7. 3\
e ¢

Supernatant Pellet ; . .

. 9,000 g, 15 mins. .
P il

Pel)iet ; ' supezla,tan't

(Fraction I)
Pellet "Wash" - ‘ " ;

N 23,000 g, 30 mins. H b

Supernatant : “pellet
” . e v 4
: ; Pellet “Wash® =
a = ' - \
23,000 g, 30 mins. b Residual
. : pellet after
wash’ (Frac-
¥ ) . tion Ila)
Pellet Supernatant . - " o
Pellet "Wash" =~ e
; 2 ‘ % %
Restdual . -] Dpiscontinuous gradient : .
e sk 0.25/0.90 ‘M sucrose 3 :
(Fraction:11b) | 1607500 9, 65 mins. P it

‘Pellet ~ Gradient interface *
f e mtex'hh » L 8

i v
Dilute with,0.15 M.KCl
0,000 g, 30-mins.

Pellet (Ptactim\ 111)
Concentric Lamellar.
o:gnnellea. .

- Supernatant

i N




R ferases.: - s »

Rat lung homogenaté was spun at 1,100, g for 20 i — )

ina Sorv&‘l.l RC-5 centrifuge in order to pellet down the

nuclear fraction. The supernatant layer and :Sh‘.ly that A .
devoid of loose pcuet, was then spun at 9,000 g fnr 15
minutes, after which u\e Aupexnatzmt containing the micro-
some fraction \(tractton I)" wag discude 'ﬂ:a remaining
-pe].let was cdrefully ovexlaxd with ? o5 = 1 o ml of Tris-HCl a5
buffer and then’ gently rocked to and ‘fro over the pellet

in ozder to wash out the lamellar bu’vdias from the mito-

" chcndrn]. £ra¢t3,o . This was :epeated until washings became
clear. Wis tdtal pellet wash was then centrifuged at

23,0009 £

mnur,es. after which the resulting pellet was
again subjected to a similar'wash. This vash vas centrifuged as

before, at 23,0009 for 30 minytes. The third pellet wash

was -then applied to a discontinuous gridienc,\ 0.25 wash/0.90M
sucrose and spun at 160,500g for 65 minutes, ualn; a 60 Ti
rotor’ in a’Beckman yltracentrifuge, model L5—50. -Upon cm-
pletion of. the run the g:adxent interface materhl was eollacbod
-wi.t.h a pastaux! pipette and" r.hen fnrther diluted with 0. 15M

Kel. “This na;e:inl was ceg&ﬂfugaﬂ at 20, 0005 for 30 minutes.
This< wash was neceusny “in oraer to relwva nny sucton remaining.
The pellet (Fraction III) containillg the l.amsllax bodies was
collected,‘ re-—lmpended 4n 0.05M Tris-HCl buffer and’ Eruaen at

1 =209 c. A small portion of "all fractions nbulned dnring the

hnlation p:ocedu;e was savad fur 1uter assay"of glycuuyltnnl-




! o .
1w ASSAY METHODS @ . 7
‘A, vGeneral o . ! . .

,-G]\ycasylt:nnsferases (sialyl and gnlactosyl ) vere ',

assay cdnditions were used:

@ Total ‘assay vol'u.me o! 50 pl.' 4 o

. -MES buffer; pH 6.8, 6.25 ,mox,ns,xl i AN B

in lung g (75 )g ¢ /assay), micro-

-somes (85-95 pg protein/assay),-lung lavage (5-6 jg protein/

assay) pnnhed lameunx bodies (1.0 yg/assay) and.in all
other intemed:.ate i:actions obtained ‘in the isolation pro-:
cedures.. (1.5 = 170 »ng protein). The enzyme assays were

ptopertlonal with the time of in:ubatian and with enzyme

“protein concentrations ﬁégd. Enzyme activities wex:e found . ¢

“to be :epreducible‘ within |8 '/.when assays . were tepsated undar

the.isame conditions. Unless otherwise specifidd, the following

. sxalgnzggsfe:ase' "

-MES buffer, pH 6.8, 6.25 ymol,in&pl. . ' <
~Triton %-100, 0.3%. (V/v) £inal cancent‘ratien 5 pl. -

-Desialized fetuin acceptor; 250 ng " Spls
-ovp- | [4-2%] stalic acid; 6.3 mmo1/0.01 yci/20, 000 c;p.m. in
,11

~aH,0, 15 »l, or amount xaquhed to adjus: the ﬂnal vnluma
-Enzyme preparaticn 15 .pl.

€. llactosxltranste:ase 2

-'l‘tlton %-100, 0.75% wan, s




-MnCl,, ©.625 ymol, 5 pl.
-ATP, 2mM, PH 6.8 ~.7.0, 5l (ATP was'included in this. .
_assay ‘to prevent UDP-galactose pyrophosphatase activity (§5) .

~Desialized and degalactosylated fetuin acceptor 250 ;g in 5 pl

14

~UDP -galactose. ““C: 3nmol/0.025 pci/49,500 c.p.ni. inspl. o

—dﬂzo 5 pl, ‘or amount required to.adjust.the final volume:

- S5 7o

i
f
|
P * * ~Enzyme ‘preparation, 15 pl.. .
i \

i Total assay volume 50 ul.

i

| " D. . Assay Procedure and i of Enzyme Activity.

Incubations of all assay, ingzed:.ents were carried ont

in mal‘l culture tubes in a shaking water bath maintained at a ?

constant 37° c for 60 minutes, The reaction was -then stopped *
with 1ml of TCA (10% W/V) /PTA (2\.W/V) in a 1:1 ‘solution and’
- e the _a;ﬁay tu.iaes vortexed and placed'on_ir:e. The precipitate’
: was,_£iltered under m;c'uan through glass fiber filters (Whatman
GF/A)and washed with a large excess of cold TCA-PTA (5%/18) R
ontaining 0.5% galactcse followed by 7’15 ethanol/ether
.(1:1 v/V) and then 5 nls ether. The paper discs were thsn . »
dried and transferred. to scintillation vials. Twelve mls of a
taluene—bned scintillation flu:ld contagninq 3.92 gms of PPO./
i (2 S-dxphenyluxuzole) and 80’ mg of . POPOP . [-1 4 bis-(s-phenyl-

oxayolyl - ) benzene [ /utre . The incoxpm:ation’of radio-
yolyl

activity 1nto exogenous acceptor protein waa measured 1n a-
ol B i
b : d Beckman LS 9000/ model liqnid scintillation countex and was' . .

recorded as counts per minute (e.p.m.).. This unit of measure-;

o, - ment was -then used in the’calculation of enzyme specific .activity.
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(nmol' sugar c'* ificorporated/mg protein/hour) by standard

g:ocedures. . :
§

To. determine u:e endogennus activities of both %8 i
ensymes, the e 5 gLy in P ;

was excluded from the reaction mixture and-a. émall $ (2-8) of
counts due to endogenous act:.vxty was-deducted for obtaining
«the results. Assays’ for glycosyltransferases utj.llz:.ng

endogenous .acceptors can qive msleadxng results:

(1) tissues frequently contain several glycosyltrans-

ferases that utilize the sdme sugar. nucléotidé but different

. and i ation into does

nut define whxch emyme is being measured,

(2) the endogenous acceptor,' not the enzyme, may be .

r.he rate linu.ting of’ such I > i1 Also,

the enzyme act&vxties vuth endugenons acceptoxs are’ low and

ditﬂcult to measure accurately. .

@
E. Assay of sia!.zl—- and Galabtus%ltrahs!era‘ses‘ in the
‘. . .Presence of Varying Amounts of Lipids and Detergents.

When the effect pf exogenously added 1ipiddon the |

assays of sialyl- and galactoaylh;anaferase were studied, they . %
‘were #aded in chloroform —methnol (2:1,V/V) toan empty ' -u
culi;nxe tube and taken to dFynesa under n;{.tzoqah.\ The micro- -
soie preparations vere then added and the lipids solubilized by
repeatéd vortexing prior to }:}\s’ addition of the other assay

- / X
ingredients. . Assa the glycosyltransferases vere the'




vortexing, -followed by addition of other assay ingredients,

5 ' . 72

volumes were doubled, ‘bringing the total volume of assay

~to 100 pl.

If Triton X-100 was omitteé from these -assays, the

volume was made up with au o. When Triton X-100 was to be

included in the assays containing 1ipids, it vas girse %

solubilized and added with the dried lipids by vaxtexinq,

after which the mic:qsome' preparation was added,with further

as before.  Further assay procedure was aaz. described in IV D.

k. P Optina _Studies

In the assaysused to test optimum PH requirements

(Fig 102 & B), the four -different, huffera studied were ﬂrst

added to all assay ingredlents, except for the nucleotide—

lugar-donor and the enzyme, and the various PH's were checked

" for copAistency after mixing. _'l‘he’pﬂ values plotted are those
of the fingllgséay uulll.ﬁibn (minus radioactive qubi’:rute} !
“rither than the pH of the stock buffer.solutions alone. A1l
assay ingrediem:s were increased 5-£nld when ‘the pﬂ proﬂ.les

were detemmed .

N subceilulax Marke';' Enzyme Assays : : .
'l‘ha “following enzyne aasays wam used to chatactariu
tne snbcellular Ex‘actions (Lh, Fnct:ions I,IX and III as shown
in ngur_e 6) obtained Quring the puxi‘ﬂc‘atiun of lung lamellar .
.bodies: iz & IR
(17 Acid Phosphatase ‘was asnayéd accnrding to the

method of schachcet etal (83) ns a mnrkex: for lamellar bodies.

V “ (ii) Succinate cytochxqme c reductase, a marker for: .

@




mi a and NADPH-cy ¢ (mi )
i -
were assayed according to Sottocasa et al (92).

(iii) Lactate Dehydrogenase, a cytoplasmic enzyme

marker was assayed ‘according to Morrison et al (71).

H. . Protein Determination

The protein in all uasue fract:ums used for enzyme

: lssay was determined by the method of Lowry et al (51).

using bcvme serum alhumin as a standard.

v. THIN LAYER CHROMATOGRAPHY . . . | S :
All lipids used in assay studies vith galactosyl- ¥
and sialyl were tested for purity on .-

TLC plates. The Plates were chaved according’ to the ‘manufac-
turer's xnstructlons using the "Quickfit" apparatus for
spreading the silica gel abso:bent slurry. These plates were
activated by heating to 110% fur one hour before uses

(4) - Spotting'-i. For single lipid standards, 25-50 pl

(containing, 100-200 pg 1ipld) proved the best volume to: use.

For ima i up to 100 pl were used.

Develnpment was by ascending chromamgzaphy in glass tanks;

ii) . Solvent Systems @ . 5 ok
Phospholipids - VRN T Ry

Z - /. chloroform/methanol/vater ' (6
¥eutral Lipids (tziglyceridesi
.n - hexane/dxetllyl ethex:/glncinl acetxc ac:.d/methanol

(90:20:2:3/VV)" L - : '

25:4/V:V) - bl

(iii) Chemcal visualization of -mg Layer Chmmatngrams X
5 ‘-phtes were praye with c ic acid‘’

-(+ N nitrate) ; G0 =g o

Every orgnic - ¥ Von' the S is-then

charred hy heaung the plata i

ovén at 100%°C.

(black spots ‘on whxte hacquound) o
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VI. ANALYTICAL POLYACRYLAMIDE .GEL ELECTROPHORESIS

Polyacrylamide geis (’7\, /) va;; ngpum‘l in - %
0:375 u - Tris-Cl butfer, pH 8.3 for 180 minutes
a current of 2mA/gel, according tq thé method of Davis *
(1s). 2 - o !

For mlecnlar-weiqh‘t‘»déteminatiqn, 'sﬁs/polyacrylanide

.gel electrophoresis was carrlad out as delc:lbcd by Weber

und Osbczn (100) . Holecula: weight' astimut%om for peptide

on gels were made with cy Lt’ C, fetuin, hy % nogen
myoglobin, bovine serum albunin ‘and ovalbumin as, standards.

Analytic gels were n.u.nod fiﬁt with &w-u-le :b{ua as'a

. guiés to dauminc an upptoxhute -obility range for the
- glycoprotein band. Amodifiza piigdxcxcius::hu: technique

was \luad to -uin for in the g

as dencrlhed by Glossman ..nd Neville (20) .

e

VII. mgpbucm;um OF DATA ~ ! LS

1 exp-rlmnn reported “in this thasi- were repelted . W
thrée or fknr times in dupl.icate and thu results were .- :
reproducible. ! g 2
Vi 5 ¥ + ' t, . - " 4 N

¥ . 2 ;
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1s not found. The effect of m:imn X-100 dosage’. on.. .

75

RESULTS

' 1. STUDIES WITHLUNG HOMOGENATE

Initially sialyl and galactosyltransferase activities
were méasured: In the- total lung hombgenate to ascertaif
the extent of their activity in lung tissue. In the past,
r.he ,study of glycosyltransferasea has. been confined mainly
to the upper trachea and the mucosal secretions of. the lung, :
witR 1ittle or no_study on whole lung tissue or its sub -
cellular fract:.ans. Fxgure 7 shows the rate of these two ,"'
senzgnes activities fieasured as ‘@ function of the amount’ ]
“of lung ‘homogenate protein. Both enzymes. are highly active

in lung nssue “"

Examination of varicus properties of the enzymes indi-
cated a differential requirement for the detergent Triton

X-100. Detergents are-used in the assay of qucésyl =

'erahsfexaaes ih membrane material, especially mh intact .

otganelles of closed vesicles,. where the enzyme n\ay be,
located on the ‘uter or inner face of the menb:ane. The '
detergents; -through a sol\lblll.zinq effect (mlcellar furmutlnn) o
ensure that the substr:ate is presented homogeneously to the

activity' sx:& Althouqh‘ the inclusion of mild detergents

" the t:xssue glycosyltraneferas activlty, 'rzitcm x—mo is

in'in vicro qucopzota;n utudiZg,has been found to optimize

certaxniy not. aprereqnxsitg/in vivo wherq thi’s detezgent




" nmol sﬁgm" /h

"'Lung Bomoqena:e Protein.

FIGURE 7. cxyg,o- Ltransfeusa lctivi.ty 4. g Function of X Gl




the enzymes'activities in lung homogenate is illustrated

'in Figure 8. The résults suggested that;. although -galactosyl-
transferase activity was dose-dependent up to 0.75% Triton',

sialyl Y was by large i of ' the

deterqent. The former enzyme's activity was highest at 0.75%
Trxt};v (ﬂnal auay dose) ‘while the latter. enzyme ‘was most

active usxng 0 JI

In these ipiEial trial ekperiments’ the specific activity
of sialyltransferase was increased two-fold inrat lung
microsomes over that of the total homogenate, where as

galactosyltiansfe:ase activigy rose six-fold in the'micro-

somes (Table,2). Again, for micr 1 galactosyl e

" as with lung , a large diffefence in activity ‘was

observed when Triton was axu\er included or onitted from
¢ the ‘assay (for microsomes; m. ight-fold difference in the
- specific uct_ivi.ty). Sialyltransferase activity in. the micro-
J soien Bhiwed GRLy & aasle tioS A1 increase when the
» éptim;nn 0.3%-Triton was.included in the assay ('l‘:able, 2).
v © - fable 2 alsc gives. the specific 'accivuie"; found in

v . the posr_-micrusnmnl supernatant, . for the two glyuosyl -

. A'pro 1ly higher sialyltransfetaae

‘activity was found in this fraction as compared to the . - -
+. galactosyltransferase. This explains, in part, why slalyl- '

transferase activity me'onxy tuo-£old vhen mcro"'s?mes , S

5 ‘were compared to total 1unq homogenate ;. and also why T ton

60 nad-1i le effect ‘on this enzyme’. ‘Most | intra- -

s
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TABLE 2

EFFECT OF TRITON X-100 ON GLYCOSYLTRANSFERASE ACTIVITIES

IN RAT LUNG TISSUE FRACTIONS. *

SPECIFIC ACTIVITIES

. |Triton Lung Micro- | Post
Addition | Homogenate|womes | Micro=
somal ®| -
Sypex-
L natant.
IAI +* 1.26° 2.26 0.74
. - 0.95 12| 051
AL + 2.30 ' 14.02 0.60
- ;0.45 1.75 0.30 P

Results as reported here represent the average of duplicate

analyses from three (10 rats/

*  Results are expressed as nmol/mg, protein/h

x Optimum Triton dose (sialyl-0.3%, galactosyl—0.75%)

used vhen included in assay.

" e Supernatant cbtdined after.100,000 g £inal microsome

centrifugation




cellular glysosyltranferases are bound with varying degrees
of tenacity to the menbrane system of the cell. A difference
betveen ‘the two glycosyltrans Eerases in this respect was |

indicated in these lnitial'experinents. ' - :

I1. PROPERTIES OF SIALYL- AND GALACTOSYLTRAMSFERASE -
ACTIVITY IN LUNG MICROSOMES . 3 <

» : * e
# ™
_Rat lung microsomes were used to at\ldy the pxcpexn.es

g of t.hese tvo glyeosyle:anstaraseu in ma:a dauu.

K

A. TIME AD_PHOTEIN DEPENDENCE
B e i L i

; The dapendance of sialyl~ and galactosylt:ansfezases
nctlvit; on pxotein concentration and hmuhatlon thne are

1 erdtea in Figure 9, A-D. Microsomal sialyltransferase .
v_activity was pxopcrdbnal up -to. about 90-100 pq of pxoteln
"/(pig. 9C). Sinilar proportionality was observed :for
’gmca;osyuxamcaxau (Fig.'9D) . The sctivities-.of both

en:ynes vere linear' du:'inq a sixty‘ minute assay mncnbation-'

tita (Fig. 9 AB). I v glycosy‘n

aullys a 15 }ul mierosome suspension (!0-90 pit] px:ntein),
‘v was empluyea ier sixty minutes to maintain the opumum

vrate of nctivity. i T s Y .
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‘Pigure 9.

S

Gl.ycolylnnuf rase Activity in Lung Microsomes as-a Function
of ‘Tncubatdon Time (4,B) and Enzyme Protein (C,D)
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| phosphatasé activity leading to thé hydrolysis of uridine . :

*B. NUCLEOTIDE REQUIREMENTS iy i N

83

The tequiraments ior Tritun, ATP, and MES buffer, are

shown in table 3, secticn A, nslng the complete assay sya—

tem as_ described in’mterialu and Methods. Section B gives

_the relntxve efsecc ‘Of ‘using different exogenous acceptors

and Sec:icn C shows ‘the effect of varyinq the augar—donur C
substrate concenttatxon ‘on each. enzyne. in the presence . |

and the absence of Tntnn X-100. secuon D gives the cation
requizements for qalactusyltransferase.

Cellular levels of UDl;-augat donor. substrates are

known to control their own bioe'ynthgsis by a negative

C : . e
faedbic,Qveﬁhanism. As well, liver microsomes have

shown very active uridine diphosphate-galactose pyro-

dtupﬁosphatefﬁlactose into galactose-1l-phosphate,” and
finally into galactose. This proyides an alternate meanb~_ .
of preventing the excessive accunulation of nycleotides
in the cell but cén a].so ‘affect .the kinetic prcpertles cf s

the “galactosyl

, . Both glycosyl-

and nucleotidersugar py enzynes -

Tare in the‘cy and a

action of both on nucleotide-sugar substrates may exert a

control on protein glycosylation ‘reactions. A number of

1 1des und their

ves, ie., CTP, ATP, GTP, and
[CoP-choline have been !ound to inhibit ‘the.action of

pyrophusphatase and in past studies using uver tissue (65) =




TABLE’ 3.

- PROPERTIES OF GBYCOS!LTRANSEKRASES IN RAT I-UNG HICROSOMES

SIAL!LTR)\NSFE]}ASB
(nmol/mg protein /h):

GALACTOSYLTRANSFERASE

| (nmol/mg protein/h) .~

. |-+ Ds —fetuin 2.5

A. Requirements

A, Requireinent‘s i

& o - \
Complete * . 2.4% | complete JRRE LR
- Acceptor 0.4, |- Acceptor 0.4
- Triton X-100 “ 1.3 |- Triton x-100 1.75
- MES L Al - MES © - 9.50

. Protein Acceptors '+

- Acceptor " 0.4

l-DSeqeacid glycoprotein 0.82
4DS-Mucin (submax) 0.7

+DS-Mucin (stom.) 0.28

C.. Effect ‘of CMP-sialic acid|
Apparent m(+Triton) ,70. 33my|
A(~Triton) 0.5 m
(+Triton) 10
(-Triton) 6.66

]

- ATP ' 7.41

B. Protein Acceptors
.- Acceptor - 0.4

+ DSG — fetutn 13.2

+ DSGoy-acid glycoprotein 2.9
+ Ovalbumin ¥ 1.0

c. Bffeit of UpP -gajactase -
Apparent Rm‘(+Tziton) 0.053mM

o -Tritnn) 0. 05711‘@1

Vmax (+Txitun) 2. ﬂ
(-T;iton) 0.33
D. cation ‘Requirements .
+ 2t 13.5 .
n?t oy 1.5
- w2y ca?” o 1.0
el © g

.1.‘

+ Complete assay sybtem used 2s described in Materials & Methods

+ nu exogenous p:otexn accaptnx values are recorded at 250 »g dose




the addition of nucleotide ATP was necessary for maximum

stimulation of glalu:talyltruuter

sialyltransferase activity was unchanged whether or

" not ATP was included. Omission of ATP from galactosyl- :
transferase assay, however, resulted in 50% decrease in
2, enzyme atu.vgcy (Table 3R), inaicattng the preuance of .
v e /'um»-gauccoae nucleotide pyrophosphatase in rat-lung b
microsomes. The stimulatory effect of ATP.on qflactgsyl-‘

transferase is partly related to its inhibitory effect

on the py due to i ot
C..OPTIMUM pH POR THE ASSAY s g 2 e :
Enzyme activities were studied as a Function of Qif-
ferent buffers with different pH. . The al‘pay cecﬁns.qne is
described in uaterial- ‘ana” Methods. In Figure 10A stalyl-
tnusferaaa is most clu:ly activa with MES buffer at a pH é
of 6.8. Galactosyltransferase (Fig. 10B) showed a much
broader pH and biiffer reguirement for. optimun sqtivity,
although, as with the former enzyme, MES bu!far,’px 6.8
- gave the ‘maximum effect. This less .lpecuic requirement
could: alau account for the fact that omission of MES from

the assay caused a smaller decrease in the galactosyl - /'

transferase activity than with sialyltransferase (Table ‘3a),-
v 7
MES buffer, pH 6.8 was used in all subsequent assays for

both enzymes. ; .




. LEGEND FOR FIGURE 10 (A,B)

Buffers” (6. zs,nnl ). used fe: the assay were nxs, el 6. 4-7 z,

S, - ci\:nu-rhosphuto, pH 5. 1-5 Qi cncodyluta, pﬂ 6. s-7 2 y

'rru-xcx, pH 1 9-8.6 " * 3
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transferase Activity in Lung Microsomes.
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D. ACCEPTOR CONCENTRATION 0
R >
In figire 11, A and B, the effects of varying the dose
of jously added glycopr on the

#are illus For galactosylérans-.
" ferase and especially sialyltransferase, fetuin, depleted of
‘the npp;'eyria;:a sugars stimulated the highest activity. The
- acceptor sites'of both ns—qn}‘;-uss-tatqin were saturated at
a higl.x aér:e;;t‘or-enzyme' pré_teln ratio (3:1) . Table 3, séétlon
', -shiows that for galactosyltransferase a 250 Jig dose of DSG- 3
fFetuin .produced a 33-fold stimulation over endogenous acceptor :
activity alone, while sialyltransferase gave only a E—fol;lv

© increase in act’ivity. More emiogénouh acceptor activity, as-

with the sialyl as to galactosyl-

transferase may be indicated in rat lung microsomes. . 3

E. CLTIOHV REQUIREMENTS

Galactasyl i >’ i with the addi- N

tion of different concentrations: of #nZt is show in Figure
" 12, and in Table 3, ‘section D. m

Haxinal stimalation cccured at n’co;aea'nencion of 12.5 mM,
nr.har divalent cations were tested at ‘this dose, but they could
not replace the; abmlu:e zequirel\ent shownfor an'. The puu~-
ence or. absence of this cnuonpndudm change in the specific
activity oE aialylu‘lnl!une as had p:cvidusly ‘been obsexved L
in Imhtlc fluld (713).
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'acid and UDP-galactose on ‘each glycosyltransferase acEivity,

° amounts.

F. . EFFECT OF VARYING.SUBSTRATE CONCENTRATION

1 ¥ 2
Figures 13, A and B, illustrate the effect of .varying,

the irations of sugar-d 2 cHP-sialic

:espei:tivaly. The substrate concentration was varied .in the:

presence and m the absence of Triton x-1on. The 'ﬁaultl

of the Bucuration curves were - ploﬂted on the basis of lﬂcMis-
Menten kinetics accotd»im; to the method of Li.neweavet and Burk

(50) and ‘they, are shown as inserts in these figurés. -The Km

and Vmax values obtained are given in Table.3, section C. ’rhe 2

remarkable stinulatory etfect of Triton on gauccosyluansse:-

ases is evident at all x of the tested
(Fig. 13 B). The apparent Km value for uDP,-galaEto:e was cal-
culated to be 0,053mi. ‘ There was v;.zy"uc'ue change in the
Km valué when the enzyme was usayed in' the  presénce or b~
uenca of Triton. However, ’.l'riton )\ad a p:oiound eirect ‘on the
Vmax ‘of t{‘e enzyme, which was imteaseﬂ six~ fold, from a valuev
of 0.33 to 2 Q in the p:esence of 0.75% Triton X-IDB. Little %
change in eu:har the Km or t_he Vmax was obsetved for sialyl—

transferase when the effect of Triton was plutted. All subse~-

‘quent assays used sugar-do; tes is near sa
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III. EFFECT OF DETERGENTS AND PHOSPHOLIPIDS ON SIALYL- AND

| GALACTOSYLTRANSFERASE ACTIVITIES IN LONG MICROSOMES.

Y ~

A, 'TRITON STUDIES L . . P

Initial experiments using rat lung microscmes illustrated
a ma:ked_dif»f\ere‘pqev in the glycosyltransterases' response to
the detergent Tritor X-100. Inclusion of Triton in the assay
led 'Fo an8-fold stimulation of galgg‘;_dsyltxansfer.as_ej, as com-

pared to only 2-£g1d with sialyltransferase (Table 2).. Enzyme.

s . 5
. activity plotted ‘against varying Triton concentration is shown in |

Bigure 14. A strong requirement of both eénzymes.for the deter-

gent, ie.; Triton X-100, has been-determined in past studies

using i.iver,"kidney andintestine ‘tissue (66,45,74). Figure:
14 gnves a dif.cerent picture for lung tissue. Galactbsyltrans-
ferase xequuea a uancentx'at:.un of 0.75% (in final assay'vel-

ume) Triton to’producé the 8<fold stimulation in lung. Homoge-

nate and micrdsc sialyl ,om the other.hand, < -,
Tequired only-0.3¥ Triton to produde its maximum increase (2-

‘fold) in activity. [ Tn addition to the-small Triton requiremént.

sialyltransterase was virtualy unresponsive to varying concentrations

of Triton (Figure 14). In the same figure galactosyltrans— §

ferase ill a more Steristic e res-

ponse. ' If the enzymes'concras‘cing behaviour. toward the deter- .
gent acticn of Trxton x—loo signifies a dxfference in the sol-
uble nature’ and/or membrane localization, then it is also in--

teresting that sialyl ; activity & ; only 25

fold when mlcrosomes are isolated frcrm total lung homogehate,

whereas che qalactosylcransferase increases 6~ fold in xts ac~
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B.. LIPID STUDIES
Lir1n eruni=s

-‘Past studies on liver F(SG), intestine (\7Mrand kidney . (45)

have shown (’J‘lat lysolecithin, when added in increasing cancantration
= gteatly stimulates both galactosyl- and sialyltranferasmen— :

zymes: through detergent—uke action. The shape of the curve was

sigmoidal for all species of 1yaolecxthxn. Since t’he 41ysole-

cithin effect was first claimed to result in a specific acti-

vation for th;e glycosyléransferase enzymes, mo;'.@ detailed in- .

-vestigations have been conducted in liVer tissue (63-66). The .

authors COnClI:Iﬂéd tx:om these studies th.;t tﬂe‘ glycosyltrans-‘

ferase stmulat:.cn was due to the specific detergent-uke ef-

fects of the entire %ysolecxthin molécule, with the apw:opriate .

Th

balance of hydrophilicity and icity: - Othexr pl i

Y P!

lipids and their lyso-derivatives failed to'activate these

‘enz.ymes. Liver microsomes were agaiIn studied in a test run
using exog‘eno}lsly‘.added lysolscithin. The samgle protein was
firsg adjusted to that of rat- lung'ldicrqsmnés. R Fi.?utes 15,
A and B, confirmed these earlier studies by illustrating a sin-
ilar sigmoidal stimulatory effect.of both enzymes with in-
creasing lysolecithin dosage (egg and umle}{oy:u. ; o 5
When applied to lung mieioscmes, a _different]’picture has
‘emerged. Figure 16 B shows a st‘imulation of galactosyltrans-
ferase by all 'six lysolecithin species. used.The inc‘regs,e in' the
activity of the enzyme vas largest when linoleoyl lysolecithin was '

tested at different concentrations..Specific activities measured
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with the. lysélecithin family.'
* B

for this enzyme in the lung were higher than that found with’
liver umples. at all concentrauons of lysaié%ithin test-
ed. The, maximal effect in 1ung was scill less, however, than

('.hat observed thh opt-i.mum Triton X-100 (0.75%). Sialyltrans-

ferase (Figure 16 A} in contrast, shoved a-definite inhibitory -

response to im:x'easan lysolecithin doses. At the maximun
200 pg of exogenous lysolecithin a 30-40‘ decrease in activity

was observed Ecz all ‘species:tested (Table 4 A,B).

: Table' 4 (A,B) al'so shows tlig effect of va:ibus other lipid

on-glycosyl érase activity. All other 1ipid

classes were either inhibitory or meutral ~in their effect on

sialyltransferase activity, when added in 25 and 200 pg a-

mounts.. For galactcsyltnnaferase the ma;o:!.ty of Iipids, oth- ’

er than lysolecithin, were inhibitory with increasing dosage.

.Exceptions to this were lecithin (egg, dipalmitoyl, dilino=~

leogh and'PG which all showed a stimulation of the'enzyme ac—

tivity, although the effect was: smaller than that observed

The rolé of lysoiecithin, as with the ﬁlld non-ionic Triton
X-100, in tﬁe, activation of glyco‘mtransferages, is prohébly

related to the solubilizing of the membrane (micellar-forma-

/ : : o5 ¥,
tion) and ced’ ction of: the enzyme with
the substrate. It is important to know,if lysolecithin and
Triton act the same way; on the “same part of the enzyme or

its membrane environment to affect activity. “In some case§ a
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ZFPEL'I OF LYSULEZCITHIN AND OTHER LIPIDS ON (‘LYCOSYLTRANSPERASE
\ ACTIVITY IN RAT LUNG HICROSDMES

| i

Experinent 1 smmmmmsum\sz | GALACTOSYLTRANSFERAS!
teiule, 7
—Triton, - Lipid. 1258t 1,65
+Triton only 4 2.43 - 13:5 -
i Additions * Additions
.25 ng 200ug | 25 ng 200 nq
Lysolecxthln, legq - 1.24 0.84 1.84 7.12 "
myristoyl 1.09 0.64 3.18 7.64
Ipalmitoyl 1.17 0.82 1.58 7;83
{Lindlenoyl'|" 0.98 0.4 1.70 6.05
Tinoleoyl 1.2 0.74 1.34 10,08
Lecithin egg /" 1.19 ¢ 0.99 0.83 1.37
5 dipalmitoyl| 1.23 1.29 0.96 2.84
pig liver 1.22 1.38 1.24 1.05
dilinoleoyl| 0.96 0.7 2.08 3.55
“Spingomyelin . | e 0.99 1.70
PE, dioleoyl 1.12 1:09 1.46,
Ps =N g 1.05 0.92 1.42,
PG 0.82 0.42 1.93 2
PI, \yeast | | 1.03 0.98 1.42 3
P¥, - 'pig lxvgr ‘118 0.81 1.83
Lyso PA egg 1.06 0.29 |
pnlmit:oyl 0.90 0.79
oleoyl 1.04 0.24
Palmitic Acid 1.12 0.77
Myristic Acid 0.96 0.26
Linoleic Acid 0.44 0.21
Linolenic Acid 0.34 0.11 0.73
1,2-Diolein (1,24 0.97 5 1.01
Triolein 1.18 1.21 0.78
Cholesterol’ ’ 1.13 +0.60 312 |
Gangliosides 0.92 0.54 1.33 0.55

T 59 of 1ipid added to the assay total volume,of 100 ul

+ 0.75% Triton was used in galactosyltransferase agsay

. 0.3% Triton was used in sialyltransferase assay.




TABLE 4B 105
a 2 % 5
EFFEC'I‘ DP LYSOLECITHIN AND D'.I'EBR LIPIDS ON. GLYC(SYLTRAIISFBRASE
ACTIVITY IN RAT LUNG MICROSOMES *

|
e s

) Experiment ! SIAL ERASE *|GALAC!
- over: controllChange over Contral)
“ ~Triton, -Lipid 100
\+Triton only 194.4 " 818
: ; Additions ' ndditions
o s 25mg- 200 pg | 25 ng 200 pg
Lysolecithin, egg 99.2 67.2° . 111.5..- 431.5
3 myristoyl 87.2 51.2 192.7
“ 1 palmitoyl 93.6 65.6 95.8 i
linolenoyl | 78.4 36.8 103. - < i
- - linoleoyl 9. 59.2 81.2 i
Lecithin, . - egg 95.2 79.2 50. i
dipalmitoyl | 98.4 103.2 58.3 :
pig liver 97.6 94.4 75.:
dilinoleoyl | -76.8 63.2 126. <.
Spingomyelin 93.6 79.2 |, 102.8
PE, “dioleoyl 89.6 87.2 88.9
PS ’ 84. 73.6 86.1
3 BG - 65.6 3306 |-a19.
PI, yeast 82.4 78:4 4| 86.1 5
PI, . pig liver 94.4 64.8 11.1 !
.| Lyso Pa, egg 84.8 23.2 | 158.3 a3
palmitoyl 72. 63.2 - | 105.6
: oleoyl. 83.2 - | 19.2 83.3
| Palmitic Acid - 89.8 614" | '69.4
Myristic Acid - 77: 20.5 55.6 A
Linoleic- Acid 35.5 16.9 61.1
Linolenic Acid 27. - 8.4 58.3 i
1.2-Diolein/ ' : 99.4 77.7 108.3. 1
Triolein 95.6 | 97. 72.2 5 o
Cholestercl 90.4 47.6 258.3 i
|cangliosides o] s 434 80.6

* Control (-Ttriton,-Lipid) was setat 100 and all other ‘sample
' (specific activities) were expressed.as a per cent change
! _in relation to this control.

1
i



delicate balance st be. struck between“qGtivation’by ‘detet-

; gents and lipids and inactivation of thé gnzyme. - In'an ef-
fort to hélp clarify the mechanisms of action of exogenously’
a8 added detergents’ and lipids on' the glycosyltransferases, ‘the

ect Of dxfferent doses of lysuleclthln was studied in the

prasence of a satufating concentration of Triton (0.75%,
0.3%). For' the galactosyltransferase enzyme, both lysoleci-
thin: and Triton individually show a strong stimulation with.

increasing doses. ﬂgui—g 17 B illustrates that, in combina-’
tion (750 g Triton and’increasing amounts of lysolecithin,
up to 200 g "the stimalatory effect of lysolecithin on the f
enzyne is completely masked by the Triton X-100. Figure'l7 A-
1llnstrates a“sinilar masking effect of the- nornal inhibitory

|
action of 1ysolecithm on sialy;ttansfensa. These masktng

_effects ‘would ‘explain why any stjimulatory or inhibitory action

by lysolecithin was. never observed lin- past studies, when the
1ipids were added to in vitro assays in.the presence of Tritor
" x=100" ‘. ' :
In view of “these flndlngs 14pia representatives from var-.
| ious classes were agdin added iy tu doses, this time in the,
presence of one-half the maximum Triton stmu}atory dosage.
. Bs noted earlier; une-hal‘f.'mxil;lm"l‘zitnn-\‘lose (0.158) pro-

duces little change- in 'the activity of sialyltransferase.
b 1 a -

Galactsyltransferase, on the other hand, drops by almost 50%.,

"‘when 0.375% Triton is used instead of 0.75%. " This is shown
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" again in Table 5. ‘It was previously mentioned that an addi- 2
tive or synergistic. effect can result when Triton and lyso- - -

lecithin #¥& combined on an egual molar basis to the assay

system (Pg. 22).. Lysolecithin and Triton are similar in
ﬂ\éir molecular weights (536 and 635 respectively) . 'l‘a!:le 5°
illustrates that when lysolecithin (100 pg, 200 pg) and a sat-
urating amount of ’l'ritqn (300 pg: 750 pq) are added together,
both sialyl- and galactosyltransferase activities are again
masked by the Triton. At on(’s-half maximum Triton ‘dose; .how—.
ever, a different picture emerges. For sialyl::;nsfezase,
when 0.158% Triton (150 pg) is a‘dd‘éd» with 100 and 200 g of " v
lysofgcithin. (linoleoyl) the resulting specific activities

are ndhily additive inveffect, and the inhibitory respor ‘&
normally observed with lysolecithin’ aloné is still seen. A .

one~half maximum Triton dose for galactosyltransferase (375 )xg)"

is not simi
, lecithin (linoleoyl) and the lipids are theiéfore masked by Triton.

This trend is alao found when 1ipids other than lysolecithin

are added ‘in 25 and 200 pg amounts with one<half maximum

Triton. ‘The génezax inhibitory trend observed with these Tip-

ids ‘on ‘the galactosyltransferase (Table 4 A} is not found in !

_combination with Triton and the galactosyltransferase activity

that results is that for the nornal valie of 0.375%|Triton a~ .

lone.

R

lar in molar mass to 'the 100 and 200 pg-amounts of lyso-
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'EFFECT OF TRITON AND LIPID COMEINRTIDNS ON GLYCOSYLTRANSFERASE

ACTIVITY IN RAT LUNG MICROSOMES
{ . _ - -
Experiment SIAI‘IYLTRANSFERASE | GALACTOSYLTRANSFERASE|
(nmol/mg protein/h) | (nmol/mg 'protein/h)
—Triton,-Lipid" 1,09 ) 177
+1riton ( 1977 s 13.6
+Triton (& 1.94 p 7.86
. —Additi ~ itic
. ) /1.00 ng 200 pg 100 pg 200 pug
Lysolec:.th:.n(l:.noleoyl)
-max. Trito: 2.03 1.95 13.1 12.3
Lysolecnhm(hnoleoy B
Max. Tr.lton 2.69 2.41 8.2 9.3
i Addit di
259 . 200 ng| ., 25 ng 200 pg
PCegg + Triton (!xmax.') 2:.22 3.0L 6.99 7.21
Lyso PA(egg)+ Trdton(kmax] 2.11 2.34 7.76 5.93
Lyso:PA (oleoyl)+Triton ; J 3
. -, (4max) 0.80 . 0.34 3.34 141 .
Lyso. PA. (palmitoyl) 2.17 2073 S6.75 o638
+ Triton{}max) . s n
PG " g p J1.87 . 2.49. 7.32 . 8.40
| Linoleic Acid, . 1.7 [ -2.18 7.50 " 4.64
Gangliosides ° " | |~2:08 " 2.59 710 - 6,38

* Maximum Triton is 0.3% for Sillyl-, 0.75¢ for Galactosyl-

% maximum Triton is 0.15% and 0.375% fespectively.




The one exception to this trend was found ‘with Lyso PA
(olecyl), Even in'the presence of Tritén its inhibitory ef--
fect from 25 td 200 pg 'is seen, with little influence of
Triton on the magnitude of the specific accivity. 1:; this
regard it is interesting that Mookerjea (68). found a marked
inhibition of galactosyltransferase (lysolecithin and Triton
tfeated) by ‘lyso-oleoyl phosphatidic acid: : This suggested

that lysophosphatidic acid with an unsaturated fatty acyl

" “moiety can interfere with the interactioh between lysoleci~

thin ‘or Triton X-100 and the enzyme protein. Lack of any
inhibitory effect of the enzyme’ by egg yolk or palmitoyllyso:

phatidi¢ acid suggested

fo the author' that pn;per lipid-lipid
and. 1ipid-protein interactions to inhibit the enzyme required,
a membia.}e fluid state which was better provided by an unsatur-
ated fatty acid species,.suchas oleoyl.

When 1ipids other than lysolecithin wemmixed with one-
half maximum Triton (150 pg) and tested for effects on the *
sialyltransferase a similar trénd followed. ' At 200 jig of
1ipid, ‘the effécts on activity were additive due to the simi-
lar molar ratio. between Triton and upid. At only 25 pg of .

1ipid,- however, the sialyltransferase activity that resulted

was that normally observed for Triton (0.158) alone: As in'the’

case of galactosyltransferase, the oleoyl species of lyso BA

showed. exceptioi to these trends.Oleoyl PA illustrated.its nor-.

mal' level of inhibition With little’ influence on activity due

to the added presence of Triton. -

.




v TISOLATION OF SURFKCTANT FROM RAT LUNG LAVAGE
6.7 w

* Increasing evidence for the presence of glycoproteins o

" closely associated with lung surfactant 1ipid has come- to

light in recent years (B—lﬂ, 42-44, 46, 75-76) . . Their fux"u:—
tion¢in this system ls stil]. unknown, nlthough studies. of the
turnover rate of pulmonary surface active materialhave. shown
that these ptnte:l.ns are secteted from the alveolar cell in
con]unctlan with the secretlon of the surfactant u\tc the

N L
a

These eins may e aid in the de—
livery (adsorption) of phospholipids to the aix/vater inter=
face £rom bulk suspension. Where'in the cell these glycopro-
teins are formed, ie., where the sugars age attacped; and

where and'wheh they are brought into association with. sur-
i :

‘ factant lipid is not as yet known. Are the glycoproteins ad-~

ded to thE lipids after the lamellar hody stage, or do they
accompany the 1ipid on 'most of its - intracellular journey?

In an effort to answer these questions we locked for possible
glycosyltratisferase activity in lung ‘surfactant.

< & B . [
Surfactant was purified according to Bhattacharyya et al-(8).

Ses Materia‘ls and Methods, Figure 5. Table 6 compares the
specific activities of ‘sialyl- and galactosyltransferase in
all fractions’saved d\n:zng the "isolation. procedure. In stax‘t—
ing lung lavage sialyl- and galactosyfransferase activities
were~préportional within a two hour incubation time and w to "

6 pg Of lavage protein ~(Figure 18, A to D), and both enzymes
E : N
. ]
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TABLE 6

.'GLYCQ%XLTRANSPBRASE AL‘J‘IVITY‘ IN RAT LUNG LAVAGE FRACTIONS*

LAVAGE rﬁcwtau + STALYL AL ERASE|

(nmol/mg pzotexn/h (nmol/mg protein/h)

Triton . “Triton
+ - + &

Starting Lavage 2.80 2.39 449 - .-, U 0.96
750gPellet Mg AN 0.95 8.61 4.53
750g Supernatant 4.23 : 3.14 6.18 v 369
25,000gSupernatant 9.52 7.52 1;,.22 . 6.87
25,000gPellet ?. 91 2.73 9.18 2.13
Gradient Pellet 237 2.09 8.91 2.99
Gradient Interface 5.98 5.71° 5.04 2.01
100,00085ugernatan:" 4 7.38 6.87. 6.21 4.14
100,00QgPellet 2.31 2.28 9.54 2:.37

"4 Refer to Figure 5, Materials and Methods, for isolation
neq’uenée of lavage Eractions.

»+ " Ihese-studies and preparations were also conducted on rabbit

lung tissve and the results iollm-ed (—_he lame trend. Only

xat results ari

e
x (4 experiments, 10-15 rats each) and found to be

repmaucmle .

i
i
1
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showed good activity in this starting material. 'puring thé
1501;&1«::& procedure sialyltransfefase activity was found
highest in soluble form, whereas most of the galactosyltrans;
fétaée activity was always associated with the membrane frac-
tions. 'sialyltransferase gave a consistent 3-fold increase
in activity in the supernatants over the pellet fractions._
Table 6 also compares enzyme activities with and without the
presence c; Tx;iton x-1uo.' Again, the same trend as in rat

lexpaceien was obse:ved Addition of Triton showed-little

increase in the s;alylttnnsferase in all lavage fractions.

For the galactosyltransferase, however, a 4-5 fold diiferex‘me
in activxty was observed with and without Triton, in ‘the

4 utnx‘t’.ing lavage, 25, 000g pellet, and the final surfactant )
pellet:. In all other fractionms, a substantial increase in

activity was also seen when Triton was includéd in the assay.

* Our method of surfactant isolation was preparative rather
than’ analytic and-volumes were discarded in the various frac-
tions. A small yield was therefore compromised for punty
; and 100% of eachternzyme s activity may nog h.ave been recovered
ih all. fractions. - Table 6 shows, however, that both sialyl-
¥ 3 and galact&syltransferase activities were enrich‘ed in the final
N [purified supernatant and particulate matter respectively, in comparxsor
to the statting lung lavage.

- ¥ .

H




v. ISOLATION'OF‘BB?éAAR BODIES FROM RAT LUNG TISSUE

Glycosyltransferase studies were extended to :nAg “of the
lung: 1anellar bodies.. Having found activity présent in Iung
suzfactant, it was of grea«: interest to f:.nd nur. whether these
characteristic membrine secretory structures; responsible for
sto:age, /secretion and perhaps. synthesis of the various com-
onénts of: the surfactant systen, would also have any glych
syltransferase 'activity. It is known that lamellar bodies are »

eventually secreted out of the cell into the alveolar air

“spaces, where they contribute surfactant lipids, glycoproteins

and possibly, functional hydrolases. . Increasing evidence for
the presence of éiycoproteins associated with surfactant lipid
enhanced our interest. in these lamellar bodies. These struc=
tures were isolated accordmg to the method of Di: Augustine v
(18), hgure 6 (Matenals and Methods) All fractions were

saved for, further enzyme assay. Table 7 illustrates the ac-
tivities for sialyl- and galactosyltransfexase found 'in the
various fractions. An enrichment of both sialyl- (3t-fola)

3fd ghlbctosyliranstorass (S-cold) Jan be sedn ih the purified :
lamellar bodies.. In order to monitor the purity of our iso=
lation technique, marker enzymes were assayed. Because of-

the veéry small amount of protéin recovered from the pure lamel-

lar body, final pellet: assay of these subcellular fractions

were limited to only a few marker enzymes in-each experiment.

i
)

i
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B GL¥C05YLTMNSF’EFASE'AC‘TIVITIBS IN SUBCELLULAR FRACTIONS , .
OBTAINED DURING THE PURIFICATION OF RAT LUNG' LAMELLAR BODIES . . .
= 3

LUNG FRACTION*  SIALYL GAL
(nmol/mg " protein/h) (nmol/mg protein / h)

Th 1.32 2.68

Pellet I' PR tie . T 18
“Supernatant. I ! 0.84 223 L e
Supernatant II. ° 0.90 < 2.4

Resudial Pellet I 1o - 3.08

Pellet Wash I .° ' .92 . 2.58 .
Stpesnatant III B . 153, "
\Resi\iual:l’ellet Ty 1.41 2.96

Pellet Wash II Co.  s.08 JEE . .63 , i
Gradient Pellet 6.7 S

Gradient Interface . 9.4 .. .t EREART NT '
20,0009 s;;pexnatané 12.Y .7 " 10.8

20,0009 . Pellet <4023 . - 13.78 ‘.

*

Rabbits were also used in this study, = and, ‘although not
- included, the results were similar to rat data présented - °
here. Refer to Figuré 6 for isolation sequence'of lung .

fractions. i

- Résults shown represent the average of four separate
experiments, 10-15 rats/experiment)’. - -

I3
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Table 8 summarizes the results obtained -from studies of

" marker enzymes of selected subcellular fractions obtained

during lamellar body purification. ‘The values reported here .

‘are lower but comparable to those obtainéd by Di Augustine.

(18) using rabbit lung preparations. = The specific activity

6f acid phosphatase was maximm in the final purified lamel-

lar bod'i)es (2.5-fold increase in ‘20,000 pellet over that of -
¢

RP,). Low e ions of succinic-cy c

J:
in the final lamellar body fraction indi¢ated that mitochon-

drial contamination was mininal. No measirable NADBH-cyto-
chrome C reductase or lactate dehydrogenase could also:be
found in these highly purihed fractions. Alkaline p'hospha-
tase, G-6-P and §'-nucleotidase which usuaily give maximal

. ‘ - 5
localization in the lamellar body fraction were not studied.

: Ty




TABLE 8

ACTIVITY oF MARKER ENZY;{ES IN LAMELLAR BODY SUBCELLULAR
. FRACTIONS * ¥ ®

MARKER ENZYME SUBCELLULAR FRACTION

.82 npz’ 20,000,
- Pellet.
w ' : , .
AGID PHOSPHATASE . 5 152 386
i u i
SUCCINATE' CYTOCHROME \
| C REDUCTASE 3 . 10 s ]
NADPH-CYTOCHROME' . « ' s | o
C REDUCTASE 28 4 1
IDH (Lactate Dehydrbgense) | . 49 5

" *Activity is expressed as nmol substrate utilized per-minute
© per mg of protein.. Values are the average of duplicate
analyses of rat lung subcellular fractions.
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VI.'  POLYACRLAMIDE GEL ELECTROPHORESES

Polyacrylamide gel electrophoresis was carried out on "’

lung .lamellar body and suxfactunt fractions ‘in -order to ex—

" tend numerous past studies (5-10, 43, 44, 46/ 75) indicating

the pzeaence of speclfl.c glycoproteins in these systems. This

was ‘'Of particular importance: in our worl

where high glycosyl-
tuns_fexa'se’activitiea‘v were detected in both lamellar bodies
and ling lavage/surfactant. Figre 19 illustrates the pro-

tein and carbohydrate staining patterns of various lung frac- .

" tions, subjected to gel ele sis Davis gel el m-

resis (f‘x;ure 19 a) was run in order to vlew the overall smn-
ple. proteln content. Lamellar bodx.es, lung lavage and' sur-
fncta.nt samples aIx revealed smua.r protein staining in the

lover molecular range. Lung lavage illustrated many amucml "

minor bands throughout the gel.. ¥ .

. - " Pigures 19 B,C show SDS-gel electrophoretic runs. for .the

staining of proteins and. carbohydrates; respectively. ~Hole—

cular veights were plotted as a finction of the relative mo—

bilities calculated for each protein band according to the

“method) of Weber and Osborn (100), as' shown.’in Figure 20. The

PHIT “(rich in lamellar bodles) and’ starting lung lavage

showed a maj&r protein corresponding in gmlecu‘lar weight to BsMFig‘.
198).. Purified lung surfactant (100},“unn g pellet) and purified
lamellar bodiss revealed a protein of mlecular weight 64,000,

Both pirified fractions of lamellar bodies and ‘surfaceant - |

revealed a major protein band of molecular weight 3‘-36,000.




“This band was also seen in the PWII and lavage fractionms. . ¢

1

1 adaition, these latter two fractions demonstrated intery )
mediate mnar prot:ein bands in the 45—65,000 nmlecnlat uelght
xange. Lamellar bodies, lung lavage and purified surfactant 1
Q gave mihor protein bands between 23,000° ami 28, 000

molecular weighr.s . . .

mifuse carbohydrate bands vere found irthe 1;-25 1000
molecular weight range for lamauar hodiss usc) and’ in.the

25-35,000 range for p\l!‘lfled surjactant (19 C)

i %
. .
) Y
- E %
e ' .
y X .




. " LEGEND FOR FIGURE 19

X< p:;ocem ‘band can—espondmg £o Bsn

T+ - 23-28K

Davis Gel meetragho:esis ’

20-26 ug ‘sample protéin applled/gel. Proteins were.

stained with cocmassie blue

BSA standard * .

Lung lamellar bodies (20, 000 pellet)

Lung lavage

Purified, lung surfactant (100, 000'g pellet)

SDs=Gel zlecfxoghores;s'

2025 ug. sample protein applied/gel. ‘Proteins were

sta;ned with coomassie hlue. o
(i)  BSA .standard

(ii) ' Chymotrypsinogen/ standard .
(iii) PWII -~

(iv) * Purified lung 1ame11ar bodies (20, 000 pellet)
( v) -Lung lavage

(vi} P\J:lfied lunq surfactant

'SDS=Gel' Electrophoresis o

20-25 ug sample protein applied/gel.  Carbohydrates

‘were stained W thA PAS method. ¥

(4) Fetuin standard

(ii) Ovdlbumin -Standard

(iv) * Purified lung 1amenar bodl.es .
(vi) ‘purified lung: surfactant Fost o

P /

° UG‘K prnte.\n band~ . .

* - +34-36K ntein haﬂd . "

otein Bard
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\ Although the is of the’ portion of i
glycoproteins is not controlled by a nucleic acid template, 1

this process is under genetic contfol effected through the - :

" @irection of ‘the is of the glycosyl by the

DNA template. The glycosyltransferase activity is also
controlled by substfate and cofactor availability and other
environmental influences. The process of completion of

" ', carbohydrate units is regulated by the step-wise attachment i

# of sugar id by glycos: 3 e As proteins pass
thyotihiuts the’ mambiane: tisss: Savymes may no;: always have the -
-opportunity to act on the carbohydrate unit.  The specificity of
vat foua glycosyltransferases, although hiéh, is not absolute.

The possibility of substituting one sugar for another exists, i

and this could contribute to of gl and: ¢ )
perhaps even to serious structural alterations in diseases, in

! '
‘ which abnormal amounts.of a particular sugar nucleotide-might

be available. All these factors therefore stand out ag logical

points for rapid physiologic regulation of the synthesis and
perhaps also the release of glycoproteins. ' They could alse —

be loci where pathologic processes operate to control the rate

C of glycoprotein synthesis or.to alter the nature of the

e b product formed. ;

Interest of glycoproteins' in medicine is incfeasing. There ', .

are many examples of glycoprotein .alts‘:ationn in ceri:ai‘n

metabolic disorders,’ including cofonary' disease, cancer and

i cystic fibrosis. Glycois’]?manateraien, however, in all these

/




*testis.  The studies presented here are the first of its kind
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disorders," are -amenable to physiologic regulation: Because of

the ly varied incti of gl ins in all

oxganisms it is ;unportam: that a complete knowleﬁqe of the "

steps of cheu biosyrthesis  is . accumulated. | This shouﬁd 3

lead to eliicidation of methods of control and perhaps regulatxen

of some diseasé processes.

Work. with cell-free systems has greatly el d the path-
ways of glycoprotein synthesis. Subcellular 156a11za‘cian of

glycosyltransferases has been carried out extensively 1n liver,_

thyroid, salivary gland, Ehrlich ascxtes cells, Hela cells and’

to examine the properties of glycosyltransferases in sibcellular '
() v

fractions of whole lung tissue.  ° : .

Both sialyl- and galactosyltransferase enzymes in lung tissue
were found to be most active with MES buffer at pH 6.8.

sialyltsansferase, however; was mich more specific in this .

requirement, while galactosyltransferase exhibited nigh activity -
over a broader' range of pH and different buffers. Sialyltrans- )
ferase also showed-a more specific exdgenous ‘acceptor requite—_’
ment £han galactosyltransferase: DS-fetuin associated activity '

was much higher than that found using DSe(;-acid glycoprotein

galactdsylt:ansferase, but only slightly above the dbility of

{
i
§
or D¥-Mucin. DSG-fetuin was also the best acceptor-for the g
i
Dsz.—acid glycopxotexn. A divalent cation requirement provided !

i

by #n?* was required in the assay of qqlactosyltransfezase as -

was the nucleotide ATP. = The role of AT in the assata/

v . /

i
. ) .
i1
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bound molecules

espeqially imMportant in the lung microsomes where UDP-
galactose substrate was used-in near, but not saturating amounts,
and the nucleotide was theréfore able to protect the sugar-

donor from pyrophosphatase action.

Growing glycoproteins are located on the inside of the cell
membranes. If the glycosyltransferases are also located on the
inside, ‘the spgar-pugleotide donors must permeste the'membrane
in order for the reaction to take place. The rate of this ~
pxocess will possibly change with the dynamic nature of the
memhrane. It howevez, the enzyme bndgea the’ memb:ane, or -
ig }ocaieﬂ‘on the outside of the membrane the glycosyltrans-.
ferase reaction itself will cause sugars to' be transported

across the 8 , and esbility problems will not exist.

¥hen increased pamabilxty of sugar-nucléctide is required in

the in vitro ntu.l:ion, detergents are employed in.order to

solubilize the membrane stem.

- Initial i using lung i11 &

marked Gifference in the response of sialyl- and galactosyl-

t.ransferase towards the mild, non-ionic Triton x—loo detetgent.
Triton x-mo improves membrane solubility (aabetrate aioaresy
1h5.11ty to the enzyme) by. producing mixéd micelles of lipid,’
protein and datargent. It binds to the hydrophobxc patt of
the amphiphilic glycoprotein and in s0:doing nindos. thi upm

envunnmant of the membune mteriot. Only a part ofrthe

directly with the protein
and the rest bind cooperatively to form a micelle- like zeqj.cn
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‘on thé pxo_te/in‘ sux‘Z‘acz. In, so doing, ‘small amounts of Triton
! do not penetrate or change the confor‘mation of the enzymes.
nuzing'vsmuhuizaciéxi optisun activity oceurs while the enzyme
is still, memb}ane— bound, due to an unfolding of the memhrane /
protein c\ilalns, and in this way the orientation of hydrophobxc

and hydrophilic parts of ‘the enzyme is preserved.

In lung \tlssue, the behaviour of sialyl- and. galactosyl-
transferase towards Triton X-100 signifies a difference in the g
soluble nature and/or degree of binding of the enzymés inside
the ;u:lemhrane.v Sialyltransferase requires very little Triton
(0.3%) for a maximum 2-fold stimulation of ‘activity in" lung -

and mi : dosage beyond 0.3% in

lung homogenate, however, -1 ed toa decline in actxvity.
“Triton ¥-100 produced a 1axge stimalation. of galactnsylttans-’
. ferase activity in luhg homogenate and in microsomes (8-fold
increase). .A dose-dependent relationship was obtained up to
Q.%sg conc. -+ which produced the highest a’ctivm}. Again in
lung homogenate, as with the sialyléransferase, increasing
dosage: beyond this maximal conc. led to-a sharp decline in
activity. n microsomes, higher conc. than 0.75%'did not

change the enzyme activity in either way. \
P t

It.appears.that .s;a;l.ylt:anéferase exists. in much more".
soluble form than the galactosyltransferase. A greater per-
centage of activity was found in the post-mtcrosumél
supernatant than in the microsomal membranes, when these

fractions were compared to the starting lung hémogenate.
i ;




Galactosyltripsferase, on the other hand, increased 6-fold

in’ the microsomes gver that found in lung homogenate. This,
together. w1th the fact that Triton dramatically increasés the
activity of this enzyme would indicate that lung gafaccosyl-
transferase is a much more deeply embedded (intrinsic) enzyme,
forming tighter hydrophobic interactions in the membrane. As

increasing amounts ofi Triton are added to the microsomes tight

iy ic interactions which act to constrain the
galadtosyltransterase ate elinipated, ‘and midelles are forméd.
“ Ii"this contekt, it i jitaresting that the ‘stimulatory effect
of Triton on'the galactosyltransferase was evident at all

ions of the UbP-galactose tested. Although

Triton X-100 addition had little effect on the Km, the Vmax
. of the enzyme was increased 6-fold. Little change in either the
Xm or Vmax of the sialyltransferase was observed in the presence

of Trlton.

; ¥, : .
| The decrease or leve!!.\ing off of galactosyltransferase

* activity at, friton' dogés above 0,758 could be due to'the totai
delipidatior of the membrane enzyme (removal of phospholipids
necessary for normal enzyme activity.and conformation) or even
denaturatlon of the enzyme. wher; the detergenc level is ‘in-
creased beyond that ‘necessary for membrane #olubilization, the’
binding capacity of thie proteins and 1ipidé.to the detergent

becomes fully saturated, -and mixed micelles become separated

into P! in and 1lipid. "~ The sialyltrans-
ferase, as a much more extrinsically localized or even a near-
soluble membrane enzyme, forms predominantly’ polar interactions
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with ixpias or ;. and may be released by the .

Triton, lipid-free. Thus, a relatively smaller amount of Triton )
would be required to produce the small increase in activity  _ |
associated wjth the maximal solubility attainable. The in-
hibitory~effect on the sialyltransferase activity in lung
homogenate, at doses, beyond 0.3%, ~may be because the

Triton has.a greater denaturing eéffect at a smaller dose with

/the more hydrophilic enzymes. .The efficiency of Triton dépends -
on the dec'e;:g_ent/pzoteih ratio and also on the amount of protein
in the reabtion mixture. Triton X-100,-however, {aihokia nabiirdi”
detergent ‘in the in vivo situation, and it is possibla,th‘at_

in vitro. addition ulterswthe"1ipid;protein organization and =,
thetéfore hampers the study of the physiological regulation of
these enzymes. At very high Triton doses membrane bilayers

are known to become sensitive and fragile.
. - 5 7,
Di.ffe:ent memb:ane enzymes in different areas of a mﬁmbrane
are affected in different ways by their lipid environment. In. ', )
addition, the phcsphollpid distribution is diffetent in different .
* membzanes. It is important to understand this in order to learn ’
about the mechanisms of.action, physiological regulation, and .~ .
‘how the enzymes can be affected by various agentvs; For an .
|enzyme to function correctly, it requires the correct conformation
“of its active sites produced by the appropriate £10idity ‘in the
\membrane. ‘This ?s affected by different combinations of
“‘ phospholipids.. . For example, some enzﬁes need only a hydrophobic
| environmesit while others require both polar and apolar parts of

the lipid molecule, provided by certain head ‘groups and fatty
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acids. Localized in vivo removal and replacement of,)phasphollpiﬂ
headgroups or fatty acids could exert an allosteric control on

membrane. enzymes.

The effect of lysolecithin, a naturally occuring membrane
1ipid, with detergent-like action, was therefore tested for,

effects on glycosyltransferase activities in the lung. Now

. ‘concentrations of ‘lysolecithin affect most membrane-associated

enzyme activities in one direction or the other. In liver

tissue; the addition of Mﬂcithin within the physiological
concengration in the cell resaTis spacifis, increase in tie
activities of both sialyl- and galactosyltransferase. It was
doncluded that the iysolecithin-effgéf on'liver microsemes was

due to the surfactant propérties of the éntire molecule (a

balam{e of hydrophobic and hydrophilic groups on the same molecule)

and the resulting membrane solubilization.

In lung mi s, the glyc showed a
differing response to lysoledithin. Sialyltransferase
activity was inhibited and this inhibition increased with

greater dosage of lysolecithin. This was true for all species

of lysolecithin tested. In » gal

-
activity rose sharply with increasing dosage of different

species of lysolecithin. Linoleoyl produced the strongest
increase in activity (7-fold).. Thid stimulatory effect was, as

with liver, quite specific for lysolecithin.t Most other lipid

- classes were neutral or inhibitory.  Lecithin species

(aipalmitoyl, dilinoleoyl) and PG weré also stimulatory although.




the effect was less than that Eound thh lysclecxchm. ‘These
opservaticns perhaps {1lustrate a specxfxc tequxr\ement for the
£akty acyl snd’ phosphorylcholine groups of lysolecithin, on the
part of galactosyltransferase. Lipid species other than :
lysolecithin were similaily inhibito;ry when tested with

| sialyltransterase. These results illustrate a clear difference
in the soluble ‘nature ‘and/or membrine location of sialyl- and ?

galactosyltransferase in the lung. i o B
) oy s J

L I gengg;l, glycosyltransferases are very specific in their
1ipid requirements, whosé different properties -(ie..different
fatty acid chain lehgths and'degrees of unsaturation) affect
membrane f£luidity. ' Galactosyltransferase, as a deeply embedded
membrane enzyme would probably require a aiffetent phospholipid
en.vimmen: in vivo than that of sialyltransferase. :Lysolecithin
may increase the fluidity and therefore permeability of the
 membrane, concurrent with a less restraining effect ‘on
galactosyltransferase. In this'regard it is interesting that
‘in studies with liver microsomes-(67) ‘both PI and PS decreased -
galactosyltransferase adtivity in both lyso and Triton-affected
microsomal micelles. This was due /to the increased paéking
density’of lipid fatty acid chains by PI and PS, as :eve;lga

by electron microscope.

It appears that Triton and lysolecithin work in a similar
manner (same part of the enzyme or its membrane environment)
to activate the qalactosyltrnnsfazase. With sialyltransferase,

there is a d!licate balance between activation and ‘hacnvauon
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when detergents and 1:(;3:&: are employed. With regard to this

- situation lysolecithin is inhibitory and Triton.has little
effect. All lecithin species are ineffective when measured

at low and high dose, whereas the more unsaturated linoleic

and ‘linolenic acids inhibit sialyléransferase and produce a

very ‘low activity. Asa 1oa;e1¥ bourfd enzyme sialyltransferase
‘wtabn dn Wote dcloble Soie Thin yalsctomyltransfesies.” ThE s
fluidizing effect of Triton and lysolecithin may solubilize
the former enzyme so that camplete deup.&dutien or munbrane—
diuocutxon occurs, with the result thm: enzyme activxty is
decreased J(due to removal of lipxds ne(:eunry for optimum 3

ractivity).

In order to better compare the influence of the concentration
< B i

of Triton and lipid, these spkcies were mixed together. When

optimal Triton dose was added to increasing amounts of lysolecithig

a masking effect by Tritop was seem and the activities of both

" enzymes were those associated with Triton alone. Lipids were

then mixed with a sub-optimal dose of Triton (one-half that
required for maximum stimulation) in order to decrease possible

" membrane disruption associated with lipid and protein separation

caused by high Triton dose. This would prévide a more
realistic picture of lipid effects on the enzymes. When 0.375%
Triton was uﬂed, Mpid effects at: all doses ,(lysolecithin

and others) on qaluutouyltransfetase vere again masked by the

When a -optimal dose of mriton (0.15%) vas
added to 100 or-200 pg of 11ipids, the affect on sialyltransferase
activity was nearly additive. It is known that when lysolecithin

A : -




6" p 8
and subapti‘mal amounts of (Triton) are i o

synerq:stxp or additive effects on enzyme activity may.result.
One-half maximal Triton dose for qalactosyltrﬂnaferaae 37559,
is sfill greater than the maximum 200 pg of lipid in combination

with it. This'may explain the complete masking effect observed

in ¢he case of galactbayl . Another i ion
may be that, in the case of galactosyltranserase the solubilizing
effect of Triton is stronger than that observed with lysolecithin.
Slalyltransferase, fowever, is not:effected to any large extent
by Triton, and this more soluble erizyne may be affected more;

or at least On ‘an equal basis, by lipid addition anﬂ x'emnvaL

L

In this regard it is i ing that when ly v\'dir

. 20id (oleoy) was’ combined with siboptimal Triton dosage the
normal inhibitory effect on the ‘sialyltransferase persisted,
with not influehce by Triton on the. amount of activity obtained.
The same efféct was &bserved with qalactasyltxar;sfetase,
althouz;h With this tightly -bound: membrane enzyme, Triton ‘had a “,

slight influence'én the inhibitory effect of lyso PA.
A

" mhus the glycosyltransferases may be affected by phospholipids
in a'manner different from that of other membrane-bound. enzymes.
The conceptration of lygolecithin, which may specifically

‘regulate glycosyltransferase in“lung, may vary in different

1 i ing on local di in the actxvxty

of ipase A, and acyl

| The biogenesis of surface membrane is analogous to the
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cellular ¥ Multigl 1  exist in

all intracellplar membranes. Rapidly renewing Golgi and other

' membranes enriched with glycosyltransferases play a role in the

.:apid renewal of plasma As gl ns and glycosyl-

transferases move along the membranes, destined for export or « .
“ incorporation into the plasma membrane, the membranme compositior
changgé due to sugar addition reactions by the glycosyltrans-

ferases.  Since Golgi es are 1y the

Of plasma membranes it isinot surprising that some glycosyl-

, may be 4’& from the Golgi lpparatus “nto the' "\,
plasma The s-6f plasma rane is’ o
linked to exocytosis (secrs of gl - into'the .

circulation. Sialyltransferase oatalyzes the transfer oi thn
terminal sugar residue, sialic acid, to the glycop:otei.n
ncceptor ain. This enzyme, thereiota, may have special
significance on, the xqcoqrdtion mechanism for llel.brune ranewal

and on the process of emcyt_osu. .

Glycosyltransferases were studied in ;he lung surfactant.

. 'ﬂ\is uyn— is u:en-ung \uth regard to uc:etoty processes.
Lung surfactant'is uynthelsized and packaged in the epit!:nelul
type II cell and then sedreted via membrapots organelles, ’the_.’
laiellar bodiesi ‘These structires (originating from the Golgi)
may function, in addition 'to secretion’ of surfactant out Of the
cell, to attach the’ upiﬂ, carbohydrate -nd protein bafure L

xolea e. G *

\Once out of the alveolar cell, the lamellar bodies are




rearranged into a’structure called tubular :myelin, whose function
may be to assemblé the_ final form of surfactant from a pool of.
building maté;}als of the lamellar bodies. Surfactant is then
adsorbed to the air-water interface for function. Thé exact

chémical nature of sirfactant is.still not understood. The | -%

‘material is secreted as a lipoprotein with similar changes in

both protein and lipid occuring during gestation, It is spec-
ulated that apoproteifis may aid in the absorption: of DPEC to .

the air—;ntexface fast eneugh to meet phys:l.oluqlcal requ).rements
(Fig: 2). The added glycoprotein confers less'stability on the
surfactant and the collapse rate of this material is more rapid

(98). ,King (43) has isolated three proteins of molecu\az'

Tweights 69,000, 34,000, and'11,000. Theilatter two.are very

hydrophobic, like those found 'in membranes and strongly

associated ‘with lipids. Bhattarcharyya (8) has isolated three

bands (36,000, 69,000, 62,000) of proteins commoh to both
lung surfactant and lamellar bodies. The two major bands,

(35 000, 62,000 contained 1a high percentage of sialic acid,’

" mannose, galactose, fucose, and glucosamine, ‘of which .

mannose, sialic acid, and galactoge représent the greatest pex
cent per-peptide. These' same glycoproteins have been isolated

from human, dog, rabbit and chicken lungs. The greatest variation

-among species with regards to the 36;000 glycoprotein are the

.xe€lative amount of individual suqazs, especially the sialic

dcids (9). ¢

The main problem in the study of this system is that
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surfactant composition’is féund to vary with the spetues, age,

passage through the lungs apd the physiologxcal state. The *

exact funétion of the glycoproteins associated with surfactant

is, at present, an open question. Where the cazbohyqrgce, protein
and Tipid are actually  sttahed is also unknown. The nature and
position of the carbohydrate may in'fluehce surfactant function
and structure either intra- or extracellularly. This has .
the:efcre led to increasinq interest 1n‘the Bpecificxty and
turnover of transport. proteins. It is uqueuted that the '
carbohydrate content facilitates the. turnover of some proteins.
sialic acid and galactose seem to be, interrelated in this
funceion. Studies on the survival of human plasma = antitrypsin
inatcate ‘that exposure of galactose by removal of sialic acid
Qecxeaaes the cixculatory half-life from 1B hours to 30 minutes

107).

‘We found high, siaxy‘i- and galactosyltransferase in

purified fractions of lung surfactant. Thxoughaut all inter-’

" ‘mediate fractions Triton was found o have the same g{fect on

these two enzylnes as were found in microscme studies.
~Sialyltransferase activity came out in soluble form whereas
highest_galactosyltransferase ;ctivi.ty .was located in the.
memb;a'ne fractions. 'In the purified lamellar bodies

slalyltransierase was enriched “19-fo1a and galactosyltransferase,

5-fold. SDS-gel’ el c ) sis revealed g i of

similar molecular weight as. those pxeuuusly isolated. A protein
migrating like BSA  was £o\md in PWII (rich inm lamellar




36,000

bodies) and lung lavage ‘(containing surfactant) although this
protein 414 siot"rebain in the purified fractions. -only lung’

surfactant contained a ;:rotexn of molecular wetht 64,000, Both

‘surfactant dnd lamellar bodies did contain a glycoprotein

similar to that obtained by Bhattacharyya (8), of molecular weight
. "

The finding of glycosyltransferage activity in lung surfactants

and lamellar bodies is very interestin Their functions here, in

" relation to'the secrqtion and functioning of lung surfactant are .

not known. This study represents the first finding of the'
activity of these glycosyltransferases in this system. Lamellar
bodies have nimerous hydrolases similar to those observed in
lysosomes ' (186). Enzymes such as B-D-galactosidase, a(} mannosidase
glucuronidase, peN-acetylglucosaminidase usually serve as an ‘
intracellular digestive system for . the overproduction of- deszalsiy
sronucEd. (Lisias; glydoproteinss protaine, polysacchar.i;és) :

These intraceilular enzymes Of the'lamellar bodies are secreted
along with surfactant lipids into the lung lining layer. -Lamellar.
bodies have been found to contain a higher protein/phospholipid -
ratio than that of alveolar suifactant. 'These hydrolases may
therefore influence the physico-chemical state of accompanying
1ipiq (surfactant lipid) by regulating the aount of glycoprotein
components in the "glycocalyx-like® hypophase Of the extra-

cellular lining layer. ' The glycosyltransferases activity we

have found in these lamellar bodies may Function to assemble ,
glycoproteins intracellularly, or after secretion outside the

celll

i
:
|




_synthesis but more: likely by the alteration of pre-existing
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We have found a differential effect of lysolecithin-and '
other lxplds on the acbivatinn of sialyl- and galactosyl-
transferase (in lung mcrosomes) . An inverse 'telationship '
exists between the concentration of lysolecithin and‘le,cfthin
in ‘the membranes, ‘depending on the activities of phospholipase
A, and acyltransferase. Increasing evidence in the lung. now
indicates that the two palmitates-contained in the DPPC . of lung

surfactant are not added in the :initial diglyceride by ‘de povo

unsaturated BC, involving 3 A, and acyl
(78,88,90). The lamellar bodies are found to have acyltransferase
activity and they are twice as active as mitochondria or microsomes

in ing DPPC from PC in the micro-

‘somes (5,60).

With regard to glycosyltransferase function, the biogenesis

_Of plasma membrane is linked to the process of exocytosis. Golgi

and plasma membrane fusion to exteriorize secretory glycoproteins

“is well documented (14, 77). The role of phospholipase A, and

lysolecithin. in the fusion of membranes is also well known

(77, 95). An increased level of glycosyltransferases in the
serun of patients suffering from liver diseases has been found.
The lysolecithin — lecithin cycld conu‘pueé by acyltransferases
and phoaphonpase A, may. prove to be an important physiological

“mechanism for regulating glycosyltransferases in vivo. There-

fore defective lysolecithin metabolism in tissues in the

disease state may be related to a hypersecretion and solubiliz-
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ation of these' enzymes into serum ox extracellular space

(increased cell turnover.of cell suréace) . . \

,In-this context, it is intefesting that.Golgi snd menbrane

Bl e b5 exteriorize the secreted qucopx‘otelns, and also.a normal

micmtubule functinn has been found necessazy for protein secret:.on.
Colchicine, a disruptor of the microtubule system, not only
inhlbxts exocytosis. of glywprotelns from the cell, but also _
causes an increase .in the serum level of glycosyltransferases

(61b). 1In the lung, colchicine has been found to inhibit the
sdctive secretion, of pilocarpine-induced protéin secretion inta a
surface-active fraction of lung lavage returns (57). A decreased
secretion 6f. BC from lung slices into lung lavage was also

. ‘
noted after colchicine treatment (18a).

In the lung, the synthesis of the DPEC component of sur-
factant and the glycoprotein found associated with it may be
under the physiological control of lysolecithin metabolism and
synthesis.. Iysolecithin may function as a membrane transducer
for the co-ordinate dctivation and deactivation of different
groups of enzymes in different parts of the cell. For example,
lysolecithin affects the fluidity .and permeability of the

" glycosyl e : ' Lysolecithin is also found to

increase the amount of cGMP, and decrease the concentration of

* cAMP, in the cell (97). :The exact role of lysolecithin in the:’

co-ordinated production and secretion of the components of
surfactant' will be bettér- understood when isolated type II cells

are used specifically for this purpose.’ .How and when the




glycosyltransferases found in lamellar bodies and in lung
surfactant function will require further ‘study. Their specificity
- of action for normal surfactant i\;nction may ‘be an important
control mechanism. Any alteration.in their action may contribute
to the abnormal surfactant found associated with RDS.. The sialyl~
and gahctoéylbransﬁe:as'es we have £ound in lung surfactant may
be a normal constituent in this material, or, may be due to a 7
' hypersecretion of these énzyme's f£rom the plasma membrane or

lamellar bodies caused by changes in lipid metabolism. It is

- mv."e_:e'gting that the only 1ipid species to show a similas
stimulation of gélaeeosylér;nsfera_se as that of lyéolecithin_,
‘vere DPPC and PG. These two lipids are the main componénts of
1un§ surfactant with surfage-active properties., The precise
relationship between the phospholipid metabolism and glycosylr.

ql; eifh synthesis in lung tissue

would require’ further study, although the results presented in

thisfthesis may be considered as a beginning step towards that

understanding.
i ¥
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