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ABSTRACT
The ation of te-ph. proteins in plasma is

significantly increased in response to .inflammatory agents.
Almost all acute-phase proteins are glycoproteins in which
the carbohydrate moiety i's Jattached to the peptide thrqugh
an asparagine nitrogen and rare synéhesized via duliéh_ol—

linked i iates.

glucocorticoid, has been shown to influence the biosynthesis
of these acgte-phase glycoproteins in experiments ‘' with
animals and in vitro. 3 - %

This the51s concerns various aspects of the q.lycosylat:ian

of acuts-phuse proteins during inflammation and dexamethasone ~

trea)tment in the rat. %, -
Turpentine-induced inflammation caused increased sialyl

and galactosyltransferasé act‘ivities in the ].ivér, while in

serum, only the éialyltransferase activity was_ incre.;sed. _
The formation of several-dolichol- linked 1ntemedlates

such as -dolichol phosphate mannose, dolichol pyrophosphate

N-acetyl chitobiose and dolichol Y oli ides
was increased in cultured hepatocytes, or their homogenates,

isolated froh inflamed rats. Dexamethasone treatment of

“-hepatocytes from-control and inflamed an{mals also caused an
increased formation of these intermediates. The increase in
the formation of dolichol-linked intermediates in inflammation

was attributed to increased dolichol e

'levels. In contrast, the increased levels of the intermediates

-
2 , a potent synthetic
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' y 6 in dsxai’nethasone‘ treatment were not due to-the endogenous °
@ dolichol phosphate but were host likely due to the ir,g.;caon
of glycosyltransferases involved in glycoprotein biggynthesis.
N These conclusions were based on the results obtained from
the ‘following expexjimeht_s: 1) 'estimation of the endcg_enous
dolic‘hcl‘ phosphate, 2) formation of do&chol phosphate \_/
mannose in presence of increasing amounts of exogenous
dolichol phosphate, and 3) formation of dolichol.and dolichol

phosphate from mevalonate.

" Experiments in'hepatocytes with .actinung}cin D and

" . (“ cycloheximide g that the i in dolichol-linked
‘intermediates was dependent on. the increased synthesis of
§lycosylatable ‘polypeptides of the' acﬁte-phase pi:oteins.

Nucleotide sugayr pyrophosphatase activities were increased d

only in tes, . the
‘—— ——— " nhucleoctidé sugar levels remained unaltered durinqﬁ_

inflammation and dexamethasone treatment. The piésehé s;:udy;
showing increased synthesis of dolichol-linked intermediates >

during the biosynthesis of acute-phase proteins in response

to inflammation and dexamethasonesreatment has provided new
> £ ;
‘information on the role of the dolichol pathway in glycoprotein

synthesis.
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14 CHAPTER I
INTRODU
1.1. INFLAMMATION

Systemic to inflammation, the acute inflammatory

process.

: Inflammation in mammals may be caused by various factors,
which include: ‘lucal injection of inflamm‘atory agents (1, 2),
thermal or mechanical injury (3) , major surqery (4) , bacterial
intectj.on or endotoxin injection (5,6). and necplastlc growth
(857w ' . e J = Q}

The, local reaction Of tissue to injury or infection is
termed acute inflammation, and the systemic and metabolic
changes that occur during inflammation are termed, the
acute-phase respo;xse (8). The local and syster;nic reactions

that occur during acute and chronic inflammation have been

described by Glenn et al., (9) in a scheme shown in fig. 1.
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AThe "Inflammatory Process"
DAMAGING AGENTS

. Ant igen-antibody reactions
Chemical~physical irritants
Bacterial infection

(1) = Trauma
others
LOCAL REACTIONS SYSTEMIC REACTION

(Acute Phase Response)

Venular dilation Increased body temperature
Slow venular flow Pain

Increased blood viscosity » Granulocytosis and a
Endothelial leakage lymphocytosis
Erythrostasis o Increased fibrinogen
Platelet aggregation Increased C-reactive
Thrompus formation (2)- protein

Fibrin accumulation -—————————) Increased a~ and f-gldulins
Neutrophil and lymphocyte Increased oy-glycoproteins

+ accumulation Decreased albumin
Phagocytosis of irritant Decre€ased Setum dron
and damaged tissues Increased serum copper
Leukocyte and platelet Increased mucoproteins . -
breakdown .Increased glycoproteins .
Increased lactate Increased- pituitary and
dehydrogenase adrenal function

Increased gamma—globulin
\3) (4)
PR(;MUPI\{ ) AND CONTRIBUTORY? PROTECTIVE MD‘INI-E[BI‘I.ORY?
OVERALL PROCESS
.(e)‘/ ) (s)
CELL DEATH AND NECROSIS RESTITUTION
- e R .
LEAKY MEMBRANES
Fig. 1.. Schematic diagram of inflammatory process. The
numbers in parenthesis indicate the order in which the

events are believed to occur. Reproduced ‘from Glenn et al.
) - ~ -
%
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Glenn et al (9) have suggested that’'the systemic reaction is
induced by the local reaction, which includes phenomena such
as venular dilation, endothelial leakage and oedema, placelet
aggregatioh, fibrin formation, leucocyte -accumulation,
release of l'y’sosomal enzymes from leucocytes and tissues,
Foinaion and releass of small moldcilar weight -mediators
(histamine, 5-hydroxytryptamine, kipins), mesenchymal cell
proliferation and others. ’ o '

Systemic response includes fever, pain, leucocytosis,
increased level of "acute-phase prote{ns,’ increased function
of the pituitary-adfanall system and decreased level of serum

iron. Various forms of inflammation are associated with an

inct“eased ility of ly: "1 T s and release of
acid hydrolasesr (10,11) . The f’z‘efease cilysospmal enzymes
has been referred to by Weissmann (12) as the "final cpiumcn
pathway" 1nlin£1§mmation. ' %

Fig. 1 shows that the sys}:emic response is accompanied
by various metabolic, humoral a‘nd physio]:ogic alterations.
Fever is considered a part of (i_he systemic response to different
types of stimuli, which pr videsn pertinent growth conditions
fof invasive microorganisms ,13) . Fever causes increased
ut{lization of nutrients to meet the elevated energy
requirements ‘of body cells, Increased c'gluconeogeneS):.s and

glycogenolysis, elevation.of amino acid degradation with

accelerated ureogenesis and aﬁmoniégenesls, increaséd
~ vel e

,catabolisi of somatic proteins, reduced ketogenesis “and
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hyperglyceridemia (8,13,14,15) are observed due to the high

4

energy requirement during elevated body temperature.

The systemic response is characterized by elevation of
a number of hormones, e.g. insulin, glucagon,
adrenocorticotroﬁiworﬁone (ACTH), cortisol, catecholamines,
growth hormone, thyroxine, thyroid stimulating hormone,
vasopressin and aldosterone (15,16,17). The precise role
of these hormonds in initiating the acute-phase response
has yet to be determined.

One of the important changes occurring during the
acute-phase response is in the: levels of some plasma proteins.
Table 1 lists the changes in the levels of some important plasma_
proteins that occur in response to experimental <inflammation.

Plas.ma proteins which increa‘se followlng lnflammatifm are
referred tcv/as "acute-phase proteins" (18), whereas, proteins
s‘uch as albumin which decrease in concentration, have been‘_
described as "negative acute-phase proteins" (8). At least i
two common features have been ascribed to the acute-phase
proteins, i) almost all are glycoproteins and ii) they are

synthesized by the liver (18,19,20,21,22).
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Table 1. Effect of in)i:tiun of croton oil into rats*.

Response )
Components analyzed S
Total Protein No change
Albumin Decrease
Fibrinogen . Increase .

. Glycoprotein Increase
Mucoprotein Increase
Alpha-globulins Increase
Beta-globulins Increase
Alpha-2-glycoprotein Increase

*The information in this table is taken from Glenn et al
(23).

When the principal events between the occurrence of
inflammation and the appearance of newly synthesized acute-
phase proteins in the blood are congidered, they ‘may be

presented in the form of the following chain of events as shown

in Fig. 2. ‘. !
*
EARLY INFLAM- FORMATION ~ STIMULATION  APPEARANCE OF
MATORY TISSUE OF INTER- OF THE LIVER AP-PROTEI
RESPONSE MEDIATE CELL IN THE B
HUMORAL
FACTORS
INJURY
_FACTORS
—~ .
1 2

—

5
I I. Hours
after imj

; 4 4
i J B is_inhibited by
by actinomycin D f puromycin or cycloheximide

Fig. 2. Sequence of events in the acute-phase protein response.
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Hormone-like factors, originating at the site of tissue

injury, are believed to be transported by blood to the liver

where they stimulate increaséd sy is of the ph
proteins (14,18). Work by Woloski et al (24) and others
(14,25,26,27,28) have suggested that leucocytes may exert an
indirect effect on the liver to stimulate acute-phase protein
synthesis by formation of such chemical mediators, as kinins,
pyrogen, histamine and cytokines. Woloski (29) has shown that
monocyte derived factor(s) are able to stinulate the process
characteristic of the acute-phase response in liver, including
elevated glycoprotein synthesis. The mechanism by which
these chemical mediatcrs_stimulate hepatic synthesis of the
acuterphase proteins is unknown. Although cytokihes are
able to stimulate the synthesis of the acute-phase protein,
the response appears to be 1owe.r than tha}: found following
trauma (24,29).
Trauma stimulates the pituitary-adrenal system, as well

as other endocrine gla:ds and it has been suggested that

hormones), ;uch as corticosteroids transported by blood,

. stimulate the synthesis of acute-phase proteins in the
liver. Corticosteroids have been reported to be involved in

stj,ml'xlating the acute-phase response resulting in enhanced

'synthesis of glycoproteins in inflammation (30,31). John and
Miller (32) using a 1iver\'perfusion system, have shown that

cortisol elevated synthesis of haptoglobin, fibrinogen and

an aj-globulin. Adrenalectomy caused a pronounced decrease
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in the synthesis of some of the acute-phase proteins in

r to tur ine inflammation. These were
restored to normal by replacement therapy with cortisol
(33,34‘) . A small increase of acute-phase proteins in
adrenalectomized rats after turpentine induced inflammation,
suggests that a second effector system other than corticosteroid
can mediate an enhanced synthesis of these proteins.

T;us, although hormones may be involved in the stimulation
of elevated, hepatic acute-phase protein synthesis, current
ideas suggest that cytokines and other mediators are also
required for full expressign of elevated synthesis of these

proteins. Clearly, the acute infl ry process re

a coordinated system to limit, modulate or otherwise direct
host respcnse during per‘iods of intense inflammation and

tissue destruction. \

1.2. cute- S oteins

This category includes several proteins with diverse
physicochemical properties (Table 2). Almost all acute-phase
proteins contain significant amounts of carboydrate and all
are synthesized in ljiver parenchymal cells. Vhen the

physicochemical properties of proteins listed in Table 2 are

compared, it appears that their ca drate content
with increasing isoelectric point. The oligosaccharide
chains of the acute-phase proteins are mainly of the asparagine

linked (N-unked)‘compl.ex type (35) and are synthesized via




8
Table 2. Physical and chemical properties of typical acute-phase proteins.*
. )
The data refer to human plasma except a ] and ap acute-phase globulins from the rat
and Cy-reactive protein from rabbit.
7

== Amount in Isoelectric Carbohydrate
normal plasma Molecular poiae = content.
Protein mg/100 mlL weight pl’ %
o) acid .
glycoprotein 75-100 44 000 2.7 41.4
Haptoglobin
(Hp, 1-1) — 30-190 85 000 4.1 19.3
2] -AT globulin .
(rat) 120 45 000 4.5 5 16
aj-antitrypsin 210-287 45 000 4,0 12.4
a-AP globulin 950 000
(rat) [ . approx.
Ceruloplasmin 27-63 160 000 . 4.4 8.0
Coreactive ,
,/;Zcein . 4] 138 000 ? ? 7
Cy-reactive 3
protein (rabbit) [¢] 120 000 ? ?
Fibpinogen 200-600 341 000 5.8 2.5 .
Seromucoid 61 E Heterogenous fraction . 25 = «
R - approx. N

¥ ‘
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dolichol linked inteme.diates (36,37,38). Alteration in the
carBohydrate moieties of some acute-phase proteins following
an inflammatory challenge has been obsel:ved (39).

Acute-phase proteins ar¥ of considerable interest in
practical and experimental medicine. Chanqes/ in their
plasma concentration are regarded as a sensitive (although
rathe; non-specigic) test for diagnostic and prognostic
assessmegts. The , biological activities of some of the
acute-phase proteins are well defined. Haptoglobin (HP),
combines with haemoglobin (Hb) to give a complex (HP.Hb)
thus removing he‘moqlohin from circulation (40). The involvement
of the adrenal gland in regulating the serum haptoqlpbin
level in r&§ponse~ to inflammation has beeh.,established. The
response of serunm haptoglobin to inflammation is impaired in
the absence of the aérenals' (41) ; Ceruloplasmin is believéd
to protéct cells from damage by jgenerating superoxide anion
radicals at the site of tissue damage (42). Inflgmmation,
pregnanéy, rheuma.toid arthrit®s (43) ,and injections of
estradiol to chickens (44) produée a significant increase in
serum ceruloplasmin. '

Fibrinogen is ipvplved in localizing infections t‘:hrough
«clot formation (13).’ ’ a p-antichymotrypsin, oj-antitrypsin
and o p-macroglobulin- are known as protease inhibitors
(45). Some acute-phase proéteins are icnown to inhibit certain
lymphocyte responsés in vitro;- these include C-reacive
prat‘;eins (46), @ j-acid glycoprotein (47) and «-fetoprotein
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(48) . ‘c-reacti‘ve protein (CRP), S member of acute-phase
proteins in humans yis normally undetectable in the plasma
but appears to increase by as much as 1000\ fold in response
to inflammation and injury. It is interesting t® note ‘that
CRP in humans and rabbits is a nonglycosylated acute-phase
protein whose physiological furction may be related to host
defense and repair (49,;0) s

The "liver is the site of synthesis of acute-phase

proteins, and the increased concentrations of these plasma

proteins have been shown to be jed by their i
'hepatic synthesis (8,18,35,51). During the acute-phase
T 3 y is of te-ph proteins is

accompanied by alterationg in ultrastructural elements _and
chemical constituents of the liver. Ther most important
alterations observed are: proliferation of the Golgi col:plex
(52) , dilation of the rough endoplasmic reticulum, increased
amounts of smoc(‘:h endoplasmic reticulum and increased synthesis
of plasma memhranés (53,54). There is also increased synthesis
of microtubules* (55,56), cytoplasmic actin (57), -RNA,
particularly ribosomal RNA (58), cholesterol and other
liplids by the endoplasmic reticulum (59). These alterations
are consistent with increased syntt:esis, transport and
secretion of acute-phase proteins.

There is no doubt that liver is the major organ involved
in acute-phase response. Th; liver is known to :esi:ond in

several ways during the acute-phase response includding
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activation of the glycoprotein biosynthetic machinery.
This thesis is mainly concerned with the involvement of
liver in the regulation of the synthesis of the acute-phase

proteins.

1.3. Glycoprotein Biosynthesis

The presence of oligosaccharide chains covalently
attached to the peptide lpackbone is the feature that
distinguishes glycoproéeins\from non-glycosylated proteins
and accounts for some of t:ht?ir physical and chemical properties.
Glycoproteins are broadly classified into two types: O-
glycosidically and -N-glycosidically-linked glycoproteins.
Virtually, all plasma glycoproteins aré N-linked glycoproteins
and are .synthesized by- liver. Therefore, only the synthesis
of N-linked glycoprotein will be outlined at length in this
thesis. The synthetic pathway can be divided into two
pa;:ts: (A) the synthesis of polypepti‘des and (B) the synthesis

of carbohydrate moieties.

A. e Synthesis.

The rough endoplasmic reticulum (RER) has been postulated
to possess a single translation-coupled translocation system
(in multiple copies) that effects signal sequence-mediated
translocation of all secretory proteins (such as acute-phase
proteins), 'lysosomal proteins and all integral membrane

proteins whose port of entry is the rough endoplasmic reticulum
g
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(60,61,62,63). The formulation of a‘n hypothesis for the
transfer of proteins across the membranes, is referred to as
the signal hypothesis.

The essential feature of the signal hypothesis (Fig. 3)
is the occurrence of a unique sequence of codons, located
immediately to the right of the initiation codon which is
present only in those mRNA's whose translation ;)ruducts are
to be transferred across a membrane. No other mRNA's contain
‘this unique sequence. Translation of the Qignal codon
results in a unique sequence of amino acid residues on the
amino terminal of the nascent chain. Emergence of this
signal sequence of the nascent chain from within a space in
the large ribosomal subunit triggers attachment of the
ribbson?e to the membrane, thus providing the tupclogica\l
conditions for the transfer of the nascent chain across the
nembran®  If the nascen€ /chain lacks the signal sequence,
attachment'of the ribosome to the membrane will not occur.

The attachment of the tiboBome to the endoplasmic reticulum
membrane is mediate:d through an 11s ribonucleoprotein, the
so-called signal recoqllxition particle (SRP), which has a
receptor on the endoplasmic reticulum membrane, termed SRP
receptor. SRP functions in decoding the information contained
in.the signal peptide of nascent secretory proteins (62,64)
for the specific attachment of- the translating ribosome to
the microsomal membrane (62). In the absence of endoplasmic

reticulum membranes, SRP specifically arrests the elongation
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SRP receptor

> ribosome receptor
signal peptidase

Fig. 3. Schematic diagram for co-translational protein
‘/t).anslocatmn across the rough endcplasmlc reticulum

membrane. Reproduced from Walter and Blobel

(62).
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of secretory protein synthesis in vitro just after the
signal peptide has emerged from the ribosome, thus preventing
the completion of pre-secretory -protein (many of which may
be potentially harmful to the cell) in the cytoplasmic
compartment. However, interaction of the arrested ribosomes
with the SRP receptor on the microsomal membrane results in
the elongation of the nascent chain which is then translc::ated
across the membrane.

The signal peptide is removed by signal peptidase
after the proteir: is transferred to the endoplasmic reticulum

-membrane.

B. Structure and synthesis of' N-linke ligosaccha es

glycoproteins. .

Glycoproteins are broadly classified into thpes: N-
linked and O-linked. Most acu‘te-phase proteins areW-linked
glycoproteins in which the carbohydrate chain is linked to
the polypeptide chain through an N-glycosidic bond., This N-
glycosidic bond is between the C-1 hydroxyl of \an N-
acety?glucosamine residue in the carbohydrate chain and the
amido nitrogen of an asparagine residue in the polypeptide
chain. The okher type of linkage, which is less common in
serim dlycoptotatiE), 1E Hie O-quco'sidic linkage normally found
Hetween N-acetylgalactosamine and either seriné or threonine
esidues on mucin-type gfyccprccelns (65). The O-glycosidic

linkage also occurs in collagen in which galactose is linked



f?

to hydroxylysine residues (66). The oligosaccharide of 0O-
\ -
glycosidic linked glycoproteins is formed by direct transfer

of individual sugars from the respective nucleotide sugar.

The asparagine linked oli ides have

structures but fall into two general classes, i) high mannose
type and ii) complex type (35,67,68). Botliclassés have a
common inner core structure at the reducing terminus as

shown if Fig. 4. =
High mannose’ type structures contain additional & -
linked mannose residues, while complex oligosaccharides have
sugars such as N-acetylglucosam#ne, galactose, fucose and N-
acetylneuraminic acid or sialic acid (Fig. 5). =
The existence of a common core structure in many of the
N-linked glycoproteins suggests a common mechanism of synthesis
for at least the internal region of the saccharide chain.
Parodi et al (69) reported in 1972 that a glucose-containing
lipid-linked oligosaccharide comprising approximately 20
monosaccharide units could be synthesized and transferred to
: protein in cell-free preparations from rat liver. Synthesis
of the oligosacharide’ por;lon, which is formed via dolichol-
linked intermediates, is now referred to as the 'dolichol
cycle!. After extensive investigation in different
laboratories, it has been found that the oligosaccharide
contains three glucobe, nine mannose and two N-acetylglucosamine
residues. The oligosaccharide moiety of this complex is

‘transferred to an acceptor protein which undergoes subsequent
, @ W
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modifications by removal and addition of sugars to produce
either high mannose or complex type oligosaccharides. This
process collectively is referred to as oligosaccharide
processing. - -

The involvement Jf lipid in the synthesis of complex
glycan in bacteria had been known for some time (70).
Behrens and Leloir (71) were the first to demonstrate the
participation of a lipid molecule in glycoprotein synthesis
in eukaryotes. Other groups (38,70,72) subsequently showed
that the intermediate 1ipid moiety-belongs to a family of
polyisoprenol alcohols, knowh as dolichol. In animal
tissues these compounds are usually composed of. 16-21 isoprene

units with 2 interhal trans-double bonds. The remainder of

the internal double bonds are cis-oriented and the ¢ -isoprene
unit is saturated (Fig. 6).
There are two sources of dolichéi in liver, the diet

and de novo synthesis (74,75). It has been determined that

de novo synthesis accounts for 98% of new dolichol in the liver
. (75,76). The major forms of dolichol found in mamm.\a_"(lian
tissues are either the free dolichol ‘or dolichol esterified
with fatty,acids (77). Furthermore, much og the cellular
dolichol is ‘distrihuted in fractions other than the endoplasmic
reticulum (78,79), where the enzymes of oligosaccharide'
synthesis are predominantly located (80). It is the dolichol
phosphate (Dol-P) and dolichol pyrophosphate (Dol~P-P)

which serve as carriers of saccharide residues in the
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Fig. 6.

—S8tructure of dolichol phosphate.

The dolichol
consisté of a linear chain of repeating isoprene

units in which the® ~isoprene unit is saturated.




20

assembly of N-linked oligosaccharide of glycoproteins (Fig.
6) (37,38,72,81).

Dolichol phosphate, cholesterol and ubiquinone follow
a common biosynthetic pathway from acetyl CoA to farnesyl
pyrophosphate. The isoprene chain is lengthened by the
addition of 13-20 cis-isoprene units to farnesyl pyrophosphate
which is catalyzed by the action of a long chain
SRy LIS LATAREL, SYREHSELS 15 SOGBYEAA by EHa ation
of the a-isoprene unit (82). Wong and Lennarz (79) have
shown that the microsomal fraction is the main site of synthesis
of dolichol. As shown in Fig. 7, dolichol phosphate can be
formed by two pathways, i) de novo synthesis from acetate

and ii) phosphorylation of dolichol. ' Dolichol is phosphorylated

by CT dolichol inase (84,85). The enzyme
catalyzing the revstaw reaction is & /dolichol phosphate
phosphatase and both the enzymes are present in liver microsome’
fractions (86,87,88). . * q

Sy is of the oli ide chains of N-linked

glycoproteins via dolichol-linked oligosaccharide intermediates
can be divided into three distinct steps: (1) assembly of
the oligosaccharide core region on dolichol pyrophosphate,
(2) }:he transfer of oligosaccharide from lipid carrier to
polypeptide and (3) processing of N-linked oligosaccharide,

followed by addition of terminal sugars (70,89).
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Fig. 7. Biosynthetic pathways of dolichol phosphate.

Reproduced from Mookerjea et al (83). . 4
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(1) Assembly of the oli haride chain on dolichol

pyrophosphate.
Leloir and co—wquers produced the first evidence for
the synthesis of an oligosaccharide containing glucose,

mannose and N-acetylglucosamine that was linked by a

pyrnphcspha'te bridge to dolichol. 011 ide py

dolichol (Fig. 8), which is formed by a series of reactions
termed as 'dolichol cycle' shown in Fig. 9, has been
characterized in studies -with liver and other tissues.

In the first step (reaction 1) Glc;'mc-l-l-"bq is transferred
from UDP-GlcNAc to dolichol phosphate to form GlcNAc-P-P-
Dol. In the second step (reaction 2) Glcphc-P-P-Dol is
converted ‘to B-GlcNAc-GlcNAc-P-P-Dol by receiving a second
GloNAc molecule from UDP-GLcNAC (90,91). The addition of

the first five mannose residues to this complex appears to

involve direct of >se from (reaction
3). Elongation of this MangGlcNAc,-P-P-Dol occurs by
transferring four mannose residues from Man-P-Dol (reaction
4). The final step’ (reaction 5) is the addition of three
glucose residues to MangGlcNAcy-P-P-Dol to form GlcsMangGlcNACy-
P-p-Dol.

Different experimental approaches have shown that a
multienzyme system is involved in the dolichol cycle which
spans the membranes of the rough endoplasmic reticulum, with
a portion of the enzyme ;axposed on both cytoplasmic and

luminal faces (93,94,95). According to this model, the delichol
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Structure of glucose containing oligosaccharide
linked to dolichol pyrophosphate. The sugars
marked with asterisks are derived by transfer from
dolichol monosaccharide donors; the others are
transferred from nucleotide diphosphate sugars. ‘

Taken from Spiro and Spiro (92).
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pyrophosphate moiety is believed to be involved in anchoring
the growing oligosaccharide chain to the membrane bound

multienzyme complex.

2. The transfer of oli ride from lipid carrier to
polypeptide:
It is now well established that synthesis of N-linked

_ glycoproteins involves transfer ‘en bloc of oligosaccharide

from the 1lipid carrier to the protein (70,72,81). There are
several lines of evidence which suggest that oligosaccharide
transfer occurs within the luneh of rough e)Z:plasmic reticulun
membra;?e (96,97). The prerequisite f’or»ql osylai:ion is the
occurrence of an \asparatjine residue in the tripeptide
sequence -Asn-X-Thr(Or Ser)-, where X can be any of the 20
amino acids except asparticn acid (66) or proline (98).
Another additional requirement for glycosylation. is the
occurrence of the N-glycosylated sequence in the 8 -turn of
polypeptide chain (99,100). Whether oligosaccharide transfer
is co-translational, or post-translational or' bth is
unclear. Studies with liver indicate that giycosylation of
o -acid ‘glycoprotein and fibrinogen is mainly a post-
translational event (101,102). However, studies with other
cell types on t;he glycosylation of immunoglobulins (97),
lactalbumin (103), ovalbumin (104) and viral gl&coproteins
(96) have provided evidence that glycosylation could also

be co-translational.
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There is an emerging consensus that in a variety of
systems the major ‘lipid-linked oligosaccharide t:as the
composition GlgsMangGleNAcp-P-P-Dol. However, the glucose -
residues are not seen in the completely glycosylated e
linked proteins. The glucose residues are removed after

being transferred to protein. Turco and Robbins%105) have

shown that gli aining oli ides are 8 times
more active thap.'glucose-free oligosaccharide as aonors of
the oligosaccharide chain to the acceptor protein. Based on
this evidence, it has been suggested that glucose is required
for the transfer en bloc of the ol’igosa'ccharide from 1’1p1d
to the protein and this concept has been supported by Si:iro
et al (106). The presence of glucose residues on the
oligossceharida 1ipid may alsc setve &s & recognition slgnal
for the oligosaccharide transferring enzyme.

3. P ing of the N-linked oli ide

It i_s now apparent that after the transfer of the
oligosaccharide from the lipid carrier to protein, three
‘ glucose residues are removed ‘to form the high mannose type,
and this is followed by furth}er processiﬁq through the
action of ec-mannosidase to yield variants of the hiigh mannose
type and the fonﬁaé;on of the core of the complex type of N-

linked glycoprotein. The first phase of N-linked

oli ide p ng involves the removal of glucose

resldues- by the action of specific glucosidases, ‘rmn the
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precursor oligosaccharide soon after its transfer to protein.
In most cases the oligosaccharide is completely deglucosylated
before :;ny mannose residues could be removed, but %
reports suggest that in a few cases one or two mannose residues
are removed while glucose is still present on the oligo-
saccharide (107,108) .

After glucose residues are removed, the pro;ein-liﬁked
oligosaccharides contain only mannose and N-acetylglucosamine.
In a variety of cells, this intermediate has the composition
MangGlcNAcp (107,108). Variants of the high mannose type
oligosaccharides of mature glycoproteins are thought to
aris.e by removal of a vari_able number of «=-1,2-Man residues
from HangéicNAcz during processing: If four of these residues
are removed, it results in the formation of MangGlcNAc,
species containing «-1,3 and @ -1,6-mannose, which may be
converted to the endo H-resistant, complex oligosaccharide.
Further removal of two mannose residues-from MansGlcNAcy
results in the formation of the core structure ManjGlcNAc,,
common to complex type N-linked glycoproteins. Addition of
'outer sugars' like N-acetylglucosamine, galactose and N-
acetylneuraminic a¢id results in the formation of tl}Ae’ complex
type\ﬁ-linked glycoprotein. ' <

The first step in the conversion of MangGlcNAc, to
complex oligosaccharides is catalyzed by GlcNAc transferase™
I, which adds ‘a single N—acetquﬂcosamlne residue (109) on

the a-1,3-linked mannose residue of the MansGlcNAc, structure.
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w The reaction of GlcNAc trghsferase I is apparently essential -
for further processing of the « -1,3-linked and « -1,6-

linked mannose residues by specific mannosidase(s) (110).
The GlcNAC(Min) 3GlcNAc, structure is a substrate for GleNac
transferase II which initiates the secorid antenna. Thé
structure so formed (GlcNAcyMansGlcNAcy) is the substrate for
GlcNAc transferases III and IV. GlcNAc transferase III can
act t:o form the bisecting structure (111); GlcNAc transferase
IV can act to catalyze the addition of GlcNAc in # -1,4-

linkage to the mannose residue in a-1,3-linkage to the core'

. to initiate the third antenna <(109). The complex
oligosaccharivde can be completed by addition of galactose,
fucose and N-acetylneuvrag\inic acid by galactosyl, fucosyl and

\ sialyltransferase enzyme'; located mainly in the Golgi complex.
1.4. Role of the nucleotide sugars

As activated glycose donors nucleotide sugars play a

c"encral role in the synthesis of oligosaccharide chains of

glycoproteins. The scheme fo;— the synthesis of nucleotide

sugars is shown in Fig. 10.0 It is valid, for different organisms

and tissues including liver. N

' The enzymes involved in nucleotide sugar synthesis are
located in the cytoplasm (112,113) with the possible exception
of the sialic acid-activating enzyme found in the nuclear
fraction of a variety of tissues including liver (112).

The intracellular concentration& of nucleotide sugars

are under stringent control. The synthesis of the nucleotide

L . - ' “ ’
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sugars can be regulated by controlling the first enzymatic

step in the sequence of reactions involved in their synthesis.

L-Glutam\ine': -fructose 6-phosphate aminotransferase is the
key enzyme in the formation ,of UDP-GlcNAc, UDP-GalNAc and
CMP-NeuAc from glucose. This enzyme performs the transfer
of an amino group from glutamine to fructose—6-phosphate.
The resulting Schiff's “base undergoes enolization to form an
aldehyde center at the C-1 position and the ring'is expanded
fmmv the fur‘anese to the pyranose form (114)-. This enzyme
is inhibited by UDP-GlcNAc. .UDP—GlcNAc is forméd from
GlcNAc-1-P and UTP (115), GlcNAc—1-P can be derived from
glucose or GleN (glucosamine) (Fig. 10) .. GlecN is first
acetylated and subsequently phosphorylated by a specific
kinase to yield GlcNAc-6-P, which is then transformed to
GlcNAc-1-P and finally converted to UDP-GlcNAc. UDP-GalNAc
is formed from UDP-GLcNAc by UDP-GlcNAC 4—epimerase (116).

CMP-NeuAc is formed from UDP-GlcNAc. The first enzyme
involved is UDP-GloNAc-2-cpimerase which is inlibited by
CMP-NeuAc, thus exercisinq:; negative feedback on its own

N

synthesis.

GDP-Man is formed from glucose via fructose-6-P, Man-6-
P and Man~1-P (Fig. 10). Gpp-Man is also -formed from
mannose. The formation of GDi’-Man from Man-1-P is catalyzed
by GDP-Man pyrophosphorylase (117). GDP-Man, is a précursor

for the formation of GDP-Fuc which requires the formation

of an i ate, GDP-4-k d by Man
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Fig. 10.

Biosynthetic pathways of formation of nucleotide
sugars. Abbreviations: Glc, glucose, Man, Manno‘se,
Fru, Fructose, GlcN, glucosamine; GlcNAc, N-
acetylglucosamine; Gal, Galactose; GalNAc, N-acetyl-
galactosamine; Fuc, Fucose; NeuAc, N»

acetylneuraminic acid; P, phosph}:te.
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oxidoreductase (118). GDP-Fuc can also be synthesized from
Fuc yia Fuc-1-P (Fig.10). '

UDP—Gal‘ is formed from UDP-Glc via epimerization by
UDP-Glc-4-epimerase. Galactose can also be, converted to
UDP-Gal. Galactose is first phosphorylated at carbon atom
1 by galactokinase to yield to Gal-1-P, which can be converted
to UDP-Gal either by hexosec—l-—phosphate uridylyltransferase,
in a reaction involving, UDP-Glc or by galactose-1-phosphate
uridylyltransferase, in a reaction which involves UTP.

The intracellular levels ,of nucleotide sugars is also
;:c‘:ntrcgrlile; by their cataboligm. Nucleotide sugax:'
pyrophosphatases which hydrolyze nucleotide sugars have been
identified in various tissues (119,120,121). ,The specific
roles of these hydrolgtic enzymes are not known, -but theirn
role in regulating cellular nuclectide sugars can be prédicted.
1.5, xport or s ion of glycoprote

" The biosynthesis of plasma membrane, lysosomal and
secretory proteins and the process of their intracellular
transport are thought ‘to largely utilize the flow of
in:raceilula‘r_membranes’ «(122) . According to this model
these proteins are sypthesized on polysomes attached to the
rough endoplasmic reticulum. They are then segregated in
the cisternal spac'e of the rough endoplasmic reticulum, and
,are transported: through' the smooth surfaced Velements of the
endoplasmic reticulum to ‘the Golgi gp;;ara:us where the
different classes of proteins are thought to become concentrated™

£ oL prote
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at specific sites, since they have been programmed for
secretion or sequestration in specific cellular organelles.
The "differentiated" region of the Golgi gives rise to
vesicles containing lysosomal, secretory and/or membrane
proteins. These vesicles eventually transfer their contents
to the appropriate pre-existing cellular organelle by
membrane fusion or exocytosis.

* The various compartments of the endoplasmic reticulum-

Gooy system are to be functionally connected
byﬂahs of a shuttle, wherein small vesicles bud off from
one compartment and fuse with the next compartment. These
vesicles apparently travel along well defined paths as they

move through the various intracellular compartments of the

endoplasmic reticulum-Golgi membrane system. Exactly How

these' membrane vesicles recognize the appropriate proteins

is unkmown. 'The selective assortment of ly 1y Y
and membrane proteins must require a very sophisticated’
intracellular recognition system. The recognition system is
presumably composed of‘discrete molecular entities withim -
che‘ structural matrix of the endoplasmic reticulum-Golgi
complex which recognize specific molecular structures on the
exported products. In some cases, it is assumed that it is
the oligosaccharide of the glycoproteins which determines
the ultimate localization of proteins. Most, if not all,
lysosomal acid hydroiases are glycoproteins and there is

evidence that routing of these enzymes to lysosomes requires
idencs o

#
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the specific oligosaccharide moiety (123,124).

' . A unique terminal sugar residue, mannose-§-P, has been
identified on lysosomal enzymes. Sly and Stahl (124) have
suggested that the mannose-6-P binding site is localized in
a specific region in the GERL (Golgi-endoplasmic reticulum
lysosome) complex and function to bind and concentrate
glycoproteins with terminal mannose-6-P residues for packaging
into vesicles which then deliver the glycoproteins to lysosomes
(125) . P

1.6. t 0 esen .

During the acute-ph , the sy is of
. certain serum proteins termed "“acute-phase proteins" is
significantly increaded (2,9,18,126,127). Almost all acute-
phase proteins contain significant amounts of N-linked
carbohydrate and are synthesized yia dolichol-linked
intermediates (37,38) in the liver parenchymal cells. It
has been shown that turpentine injection into rats causes a
6-fold increase in the level of @ l-acid glycoprotein in

serum (2,126). Besides «j-acid glycoprotein, several other

ki
acute-phase proteins are also known to increase aur@ the
acute-phase response due to the increased synthesis by the

3 P

liver. B /

The mechanism of increased sy s of the p
proteins in response to inflammation is largely unknown.

= Glucocorticoids (128,129) and certain macrophage factors
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(130,131), i.e. cytokines, hepatocyte stimulating factor (HSF)
and interleukin-1 (IL-1) have been proposed to be involved
in the induction of the acute-phase proteins.

Recent studies using adrenalectomized rats have shown
a pronounced decrease in the synthesis of certain acute-phase
proteins in response to turpentine induced inflammation
which were restored by replacement therapy with cortisol
(33,34). Glucocorticoids have also been shown to increase
the synthesis of certain acute-phase proteins, eg. fibrinogen,
@ -macrofetoprotein and «j-acid glycoprotein in intact and
adrenalectomized rats (132,133,136,137) as well as in hepatocyte
suspension culture (32). Similar results were also obtained !
using hepatoma tissue culture cells (133) and perfused 1iver
(134) . §. ..

Although glucocorticoids may be involved in the induction
of the acute-phase proteins, current theories suggest that
macrophage factors and other mediators are also required for
the full expression of the elevated synthesis f these

proteins./\\‘he effect of IL-1 and HSF on the increased

y is of the p proteins has been demonstrated
(131). Studies using adrenalectomized rats have shown a
small i of the acute-ph. proteins after turpentine

induced inflammation (132,133,135), suggesting that a second
effector system, other than glucocorticoid, may also mediate
the increased synthesis of the acute-phase proteins during

inflammation.
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Cytokine, the acute-phase mediator, increased the
synthesis of o j-macroglobulin, fibrinogen, ®;-acute-phase
globulin, aj-acid glycoprotein, haptoglobin and ¢;-proteinase
inhibitor in cultured rat hepatocytes. These cytokine
effects on the acute-phase protein synthesis required the

of e (138). Regulation of monokine

production during an inflammatory challenge is complex
(139,140). For instance, glucocorticoids inhibit IL-1
production (140), as well as pituitary and leucocyte production

of - ACTH. “The Y i 1 ticoid, -

inhibits by 75 percent production of HSF by peripheral blood

monocytes (141) which suggests a feedback inhibitory loop.

. These data indicate a regulatory interaction between the

monocytes and the pituitary;adrenal axis. Tissue injury or
inflammation elicits HSF and IL-1 production, which in turn
regulates the synthesis of the acute-phase proteins. These

nonokines also activate the pituitary-adrenal axis and

" increase gl ticoia ations. These steroid

hormones may then act on hepatocytes to enhance plasma
acute-phase protein synthesis; on r‘ncnccytes to block HSF and
IL-1 synthesis: and on pituitary cells to inhibit ACTH
release and subsequent glucocorticoid production. Langstaff
et al (15) have shown ‘ghat inflammation invariably results
in a marked increase in serum cortisol concentration in rats.

The aims of the px;sent studies were to demongtrate the

effects of turpentine induced inflammation and of dexamethasone
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on the factors involved in the synthesis of N-linked
carbohydrates of glycoproteins. Increased activities of
several nucleotide sugar: glycoprotein glyccsyltransfense%
have been demonstrated in liver membranes from inflamed rats
(52,53). .

Since the synthesis of N-linked glycoproteins depends
on a functional dolichol cycle, the effect of inflammation
and dexamethasone on the synthesis of dolichol linked

intermediates wag studied.

— Inorder  to minimize ~exXperimental variability thats _
occurs” when using whole animals to study the effect of )
various hormones, in vitro experiments are often used.
Therefore, a hepatocyte suspension culture system was developed
and used in the present studles.

The effect of dexamethasone on the activities of mannosyl
and N-acetylglucosaminyltransferases was determined in rat
hepatocytes from normal and inflamed rats. Experiments were
perfcmed to syntHesize and characterize the dolichol linked
oligosaccharide using intact hepatocytes and/or homogenates.

since dolichol functions as a oligosaccharide carr‘ier
during the assembly of N-linked glycoproteins, it has been
‘suggested that alterations in the levels of dolichol and
dolichol phosphate ::ould regulate the synthesis of N-linked
glycoproteins. . Experiments were carried out to determine

the rates of synthesis of dolichol and dolichol phosphate

using mevalonate as a precursor.
4
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Nucleotide sugar pyrophosphatases have been implicated
in the regulation of nucleotide sugar levels, which in turn,
are important factors in the synthesis of N-linked
glycoproteins. Hence, the levels of the hepatic nucTectids
sugar pools were measurgd and the effects of inflammation
and dexamethasone on the nucleotide sugar pyrophosphatase
activities were determined.

The results of the present studies have provided new °

information in our uaerstanding of the role of glucocorticoids
and inflammation on the control of dolichol-linked intermediates

involved in thd synthesis of N-linked glycoproteins.
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CHAPTER II
MATERIALS AND METHODS
2.1. MATERIALS
GDP-[U-14CImannose (269 mCi/mmol); UDP-N-acetyl-D-[U-
l4cjglucosamine (283.8 mCi/mmol); D-[1-l4C)manncse (48.6
mCi/mmol) ; (RS) - [5-3H] mevalonolactone (30 Ci/mmol); CMP-
14-14c)sialic acid (1.8 mCi/mmol); UDP-[U-14C] galactose
(47.2 mCi/mmol) ,were purchased from New England Nuclear\

corp., Lachine, Quebec, Canada.

GDP-D - mannose,, UDP-N-acetylglucosamine, UDP-glucose,
¥ .
dolichol phosphate, collagenase (type IV), streptomycin

su'l‘fgte, Penicillin G, cycloheximide, actinomycin D, Triton

. X-100,” were, from Sigma Chemical Co. (St. Louis, MO,»U.S.I(.),'

Waymouth''s Medium MB 752/1 wa% from Gibco Laboratory Supplies,
Grand Iéland, N.Y., U.S.A. and frozen horse serum was from
Flow Laboratories, Melean, VA, U.S.A. The phosphate salt of
daxamethasum‘e was from Organon (Canada), Toronto, Ont. and
DEAE cellulose (DE-52, microgrannular) was from whaCman,,'
Eng):and. Sources of other chemicals were: Biogel P-4 (minus
400 ‘mesh) from Bio-Rad Lab., Richmond, CA, 94804, U.S.A.
Turpgnt:ine oil fr;m Record Chemical Inc., Toronto, Canada.

P-nitrophenyl

D P! ide, p-i 1-a -D-paltoside,
p-nitrophenyl - o -D-maltotrioside, - p-nitrophenyl- o« -D-
maltotetraoside, p—’nitrophenyl- a -D-maltopentaoside, P-
niﬁrcphenyl- uv—Q-maltohexaoside, P-nitrophenyl- a« =D-

maltohépéabside were from Calbiochem Biochemicals, La Jolla,




CA, U.S.A.
2.2. ental Procedu.
A. nd io infla io)

Male Sprague-Dawley rats (300-350g body- wt.) were
maintained on a diet of Purina Laboratory Chow and water.
/ These rats were divided into two groups and inflammation was
induced in one group by.a- subcut{:neous injection of 0.5ml

turpentine per 100g body weight ihto the dorsolumbar region.

———  —— —The-rats used- arcomolsvgreﬁrﬁ-ecced with—0.5 ml/100g
body weight of sterile 0.15 M sodium chloride. After injection,
rats had access to water but no food fc;' 18 h. Hepatocytes
were isolated between 10 and 11 a.m., 24 h aftér injection

of turpentine.

B. on of Hepat tes

Fig. 11 depicts the liver perfusion éystem used for the
isolation of hepatocytes. The buffer reservoir was a 26 cm
wide glass beaker whose temperature was maintained‘ at 37°c.
A plastic disk consisting of tw‘o vertical tubes was placed
in the bgaker and connected to the oxygenator. The oxygenator
was a glass cylinder 10 cm high and 1.5 cm wide with four
openings; one inlet f‘or gas mixture (95% 03, 5% CO3); one
inlet for perfusate; one outlet connected to the cannula
(and the liver); Snd one outlet for the gas and shunted
perfusate (bypassing the liver). The steel cannula had a

sharp tip with a movable plasiic cover which was used to
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Fig. 11.

02~‘C02

pump

Schematic diagram of the liver perfusion.system.




41
prevent the breaking of the portal vein during the insertion

of the sharp tip of the cannula. The various parts of the

system were connected with appropriate sized tygon tubing.

Rats were anesthesized with ether and the peritoneal
cavity was opened by a midventral incision. An oblique
incision was made in the mesenteric part of the portal vein
and the cannula was immediately inserted. The cannula was
clamg‘:ed and non-circulatory perfusion was started instantly
in situ with oxygenated Hank's Buffer (142) at a flow rate
of 40 ml/min. The vena cava was cut open and the liver was
removed. | After 4 min of perfusion with Hanks buffer, the
reservoir beaker was emptied and replaced with a modified
Har;k's buffer containing 0.12% (w/v) collagenase and 4 mM
ca**. After 15 min of circulating perfusion with modified
Hanks buffer, the swollen liver was excised from the cannula
and the cells were dispersed with a pair of scissors and by
gentle 'stirring movements in Waymouth's Medium. The dispersed
cells were fiitered through four layers of sterile gauze to
remove any remaini‘?g. ccnne?tivs,tissue and clumps of cells.
The' filtrate was centrifuged at 70xg for 1 min at 4°C to
obtain the cells. T)‘:ese cells were washed three more times
and finally suspended in Waymouth's Medium écntaining 17.5%

(v/v) heat inactivated horse serum.

C. to s

Unless otherwise specified, a suspension of hepatocytes
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(1x106 cells/ml) was incubated in a 150 ml Erlenmeyer flask
with Waymouth's Medium supplemented with 17.5% (v/v) heat
inactivated (heated at 56°C for 30 min) horse serum in a
total volume of 40 ml and flushed continuously with 05/C0,
(19:1) gas mixture, either in the presence or absence of
dexamethasong. In all experiments ‘the medium contained
- penicillin-G (60 i.u./ml) and streptpmycin sulfate (0.05
mM). Cells from control or inflamed rats were incubated

either in the absence or presence of a single or different

b
dosages of dexamethasone.. The cells in the absence of
. were with equal volume of 0.15M soditm
chloride solution. The cell suspension was maintained at -

379C with gentle shaking. Dexamethasone or other additions
were made 1 h after the cells were incubated, and the incubation
‘was aliowed to continue for a further 12 h or other specified
periods. In some experiments [l4C] mannose (0.4 uCi/ml of
incubation medium) was used in the incubation. For the
subfractionation study the cells were washed twice with ice
cold 0.25M Sucrose solution after the incubation and homogenized
in 0.04 M Tris-HCI® (pH 7.4) containing 0.25M sucrose as
descrik;ed in Section D. In some experiments cycloheximide
or actinomycin D were added to the incubation. These inhibitors
inhibited macromolecular synthesis by 90%, but the cell
viability under these conditions was maintained at 85-90%.
To estimate the number of viable cells during incubation,

lactate dehydrogenase activity was monitored periodically
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(143). Tryptan blue-exclusion test (144) was also used to
estimate viability and showed a similar high l‘evel of viability.

D. actionation of hepa tes
The cells were washed with 0.25 M sucr{;s; solution,
suspended in 10mM-Tris/HCl buffer, (pH 7.4) containing 0.15M
sodium chloride and homogenized in a glass mortar with a
—- —Teflon Pestle for about tem strokes at 500 rev/min. FUrtheér
disruption of the cells was done’ by sonication using the fine
‘tip of a Branson Sonifer (Model S-125; Branson Instryments,
Melville, Long Island, N.Y., U;S.A.) at a setting of 0.5A.
Sonication was performed in a cooling bath for a total of 30
seconds with 10 secg for each burst at 2 mifh intervals.
The homogenate prepared in this way was used for enzyme
assays. In some experiments, the homogenate was centrifuged
at 105,000xg in a 50 Ti fixed-angle rotor for 60wmin. The

pellet obtained was r in the izing medium,

designated as a 'total membranes preparation, and used for

- enzyme assays (in experiments to study nucleotide sugar
pyrophosphatase, Chapter VI;‘.‘

To prepare different subcellular f'r;sctions, the homogenate

was centrifuged at 480xg for 10 min in Sorvall SS-34 rotor

~ to remove the debris and nuclei. The supernatant was removed

apd .cantrifuqed at 4300xg for 20 min and the pellet resuspenged

.
For the preparation of total microsomal fraction, the

in the homogenizing buffer. .
suspension of the disruptéd cells was centrifuged at 10,000xg

( ”

(
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for 20 min in a Sorvall SS-34 rotor. The supernatant was
removed and centrifuged at 105,000xg in a Beckman LS-50
ultrace%rifuqe for 60 min using a 50 Ti rotor to give the
total microecial fraction. It has Den shown trevievely.
that the microsomal vesicles obtained by the sonication
procedure exhibit, the same properties as vesicles obtained
by other procedures (145). The marker enzyme assays for
subcellular fractions were done as described by de Duve et
al, (146) and protein measured by the wethod of Lowry et al.

(147) using bovine serum albumin as standard.

E. Preparation of migrovgomes from rat liver ~

| The method used for the preparation of microsomes was
as described by Caccam et al (148). Rats were sacrificed by
exsanguination under ether anaesthesia and the livers
removed. All subsequent procedures were performed at 4°C.
Weighed livers were homogenized using a Polytron homogenizer *
in 1.3 volumes of 0.05M Tris-HCl, pH (7.4) t;ontaining 0.25M
sucrose. The homogenates were centrifuged at 20,000xg for
30 min in a Sorvall RC5 centrifuqe using .a type S5 34
rotor. The supernatants were decanted and recentrifuged at
145,000xg for 75 minutes using a type 40 rotor in a Beckman
L5-50 ultracentrifuge. The subsequent mlcx;osomal pelleis
were washedr and then resuspended in homogenizing buffer to

a final protein concentration of 20 mg.ml™1.
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F. [Enzyme Assavs "

In all enzyme assays reported in this thesis, unless
otherwise stated, the conditions used were such that product
formation was linear with respect to incubation time and
amount of enzyme protein in the incubation mixture.

1) os: ferase

. Hepatocyte homogenates or other subcellular fractions
(0.3mg protein) were incubated with GDP-[14C] mannose (14
nmol) in a final volume of 80ul containing 6.5-mM MnCly, 1.5
mM EDTA, 19 mM Tris/HCl buffer, pH (7.4) and 0.03% (w/v)
Triton X-100, Dolichol phosphate in chloroform/methanol
solution, when included in the incubation, was first evaporated
to dryness and then solubilized in the required amount of
Triton X-100 by sonicatién in a Branson (Shelton, CT, U.S.A.)
ultrasonic sonicator. Incuba}kons were performed at 37%

either for 1 min or as stated otherwise in the text. Dolichel

was as outlined in Fig. 12.

1) tvigl vl -

Hepatocyte homogenate (0.3 mg protein) was incubated
with UDP-(l4c)-N-acetylglucosamine (16 nrffl) in a final

volume of 310ul containing 6.5 mM Tris/HCl buffer, pH (7.4);

/G.SNH MnCly; 1.5mM EDTA; Triton X-100, 0.15%(w/v) and dolichol

phosphate. Dolichol phosphate was first evaporated to
dryness and then inlubilized ip the required amount of Triton
X-100 by sonication. Incubations were performed at 379¢.

(GLcNAC) 1-3P-P-Dol was extracted as shown in Fig. 12.

/

. B
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Reaction stopped with 2 ml CuCl3;
(2:1) and 2 ml water i
~ | 9

vortex g centrifuge

Organic phase pellet (in’aq.phase)
(Man-P-Do1)

or
EGLCNAS) | _p—f-p-DoL
centrifuge

« pellet ag.phase

Extract withCkl3:
MeOH:H20 (1:1:0.3)
after water wash

0l : 1120 extract Pellet
Y (bol-P-P-ol igosaccharide)

( . ®

1 -
Fig. 12. jdolation of dolichol linked sugar
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ii1) sialvitransferase

Enzyme assays were in a total volume of 50tl containing
either serum (0.7-0.9 mg protein), liver homogenate (75-150m
g protein) or liver microsomes (10-20yg protein); 6 nmol CMP-
(14c)sialic acid; 6.25nmol MES-buffer, pH (6.8), and 500ug
asialofetuin (fetuin depleted of sialic acid). Use of
asialofetuin measured mainly the synthesis of N—linke-d
glycoprotein, although a small percentage of N-linked
glycoprotein structure .is also present in fetuin. Triton X-
100 when included was used at a concentration of 0.5%
(w/v) . Incubations were done at 37°C for 60 min and terminated
by the addition of iIml, of 5% trichloroacetic acid/1%
phosphotungstic acid mixture, 1:1 v/v), Preesipitates were
filtered under suction:through 2.4 cm glass fibre fg’.lters
(No. 934 AH, Reeve Angel) and washed with 10 ml trichlorcacetic
acid/phosphotingstic acid mixture and 7 ml of ethanol/ether
(’1:1, v/Vv). The disc‘s were dried and counted for radioactivity
in a toluene based sclntillatio‘n‘golution using a/Eeckman
LS-9000 Scintillation Counter.

iv). ¢ | actosvltransferase

The assay volume of 50ul contained either serum, liver
homogenate or liver microsomes as above; 3 nmol UDP-
[1,4C]qalaccose, 6.25 nmol MES buffer, pH (6.8), and 250ug
asialoagalactofetuin (fetuin depleted of sialic acid and
galactose). Assays were incubated at 37°C foi‘ 60 min and

the radioactivity ihcorporated into the product was measured

. : ‘.7
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as described for sialyltransferase.

Enzyme activity in the of was

less than 3% of that obtained in its presence.

v) Succinate:cytochrome c

The activity was measured using subcellular fractions
of hepatocytes in Quartz cuvettes of 1 cm light path. The
final incubation mi'xtur-e contained 0.05M potassium phosphate
buffer, pH (7.4), 0.2mM potassium cyanide, 0.04mM oxidized
cytochrome C and 0.05mg protein in a total volume of 3 ml.
The resction was started by adding 0.08K sodium sucsinate
and the change in optical density was recorded at 550 nm.
Molecular extinction coefficient (e= 18.5 mM~1l) of reduced
cytochrome ¢ reduktase was used for calculation of enzyme
activity.

vi) NADPH

The activity of NAD) y rome c r vas

as described for succinat Y c-r , except
that the incubation mixture contained 0.03M NADPH, instead
of sodium succinate. Efzyme activity was measured as described
for succinate: cytochrome ¢ reductase.

vii) _g-glucuronidase

B-Glucuronidase was assayed by measuring the liberation
of phenolphthalein from phenolphthalein- # -glucuronide.
Incubation in a final volumé of 1 ml containing 1.25 mM
phenolphthalein- § -glucuronide, 75 mM acetate buffer, pH

(5.2) and subcellular fractions (0.1 mg protein) was carried
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out for 15 m‘inu(‘.es at 379cC. The reaction was stopped by
adding 3 ml of a solution containing 133mM glycine, 83mM
sodium bicarbonate and 67 mM sodium chloride pH (10.7) and
the mixture was centrifuged for 15 min at 2,000 rpm. The
supernatant was used to measure the liberation of phenol-

phthalein by measuring the optical density at 560 nm.

Characterization of formed by 1 and N-acetyl-

glucosaminyltransferase

The glycolipid in the lower phase of the

chloroform, 1 (2:1) from the

assay was characterized as dolichol phosphate mannose as
described previously (149). The glycolipid from the lower
HRikE ot W-asstyiSIdessniRyICiavAtataNs HdaRy Was apied
under nitrogen and subjected to mild acid hydrolysis (150)

and applied to Whatman No.l1 paper. GLcNAc and N,N'-diacetyl-

chitobiose were on e lanes.

ing paper chroma was carried of{ in a solvent

consisting of 1-butanal/pyridine/water (6:4:3, by vol).

Bands corresponding td N,N'-diacetylchitobiose and GlcNAc
were cut from the lanes’ and counted ‘for radioactivity in
toluene/omnifluor. Standards were visualized with
aniline/diphenylamine reagent (151). N

wviii) s of oli ride lipid

[Y4c-mannose)oligosaccharide 1lipid was prepared by

(
incubating hepatocyte homogenate (0.8mg protein) with GDP-
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tl4c)mannose (3.14 nmol) and unlabelled GDP-mannose (0.23
mM) in a final volume of 310ul’containing 0,5M Tfis/HC1 (pi
7.4); 10mM MnClp; 2mM UDP-GlCNAc, 1.2 mM UDP-Glc and 0.03%
(w/v) Triton X-100. Dolichol phosphate, when included, was
first evaporated to dryness and then solubilized in the required
amount of Triton X-100 by sonication.  Incubations were
performed at 37°C for 15 min. In some experiments, the
pyrophosphatase inhibitors, ATP (100kM) and dimercaptopropanol
(5 mM) were used. Dimercaptopropanol was added just prior
to initiation of the reaction and nitrogen was blown over the
incubation mixture to prevent oxidation of dimercaptopropanol-~
Mn complex. The‘reaction was terminated by addition of 2
ml of chloroform/methanol (2:1, v/v) and 2 ml water. The
chloroform phase was removed and the aqueous phase containing
the pellet was extracted 2 more times. The pooled chloroform
extract was disca“rded. The pellet was washed 3 times with
2 ml water to reduce the background count due to unreacted
radioactive substrate. The pellet was eXtracted 3 more
times with 2 ml of chloroform/methanol/water (1:1:0.3, by
vol). The extracts were pooled, dried under nitrogen and
. stored at -20°C in a minimum volume of the same solvent for
further analysis of oligosaccharides. i
For oligosaccharide lipid synthesis in intact hepatocytes, .

the cells (1x10® cells/ml) were incubated as described
previously with the exception that 0.4-0.6 & Ci of

{14cjmannose/ml of incubation medium was included in the
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medium. At the end ‘of inclthaticn, the cells were centrifuged
at 70xg, for 1 min at 4°C and washed 3 times' with 4 ml of
ice cold-Hank's buffer. The labelled cells were immediately
ispersed in 4 ml chloroform/methanol (2:1, v/v) and 2 ml
Wi t{f.”\’rhe subsequent extraction and isolation procedure
was identical to that described for the isolation of
oligosaccharide lipid —in hepatocyte homogenate except that
the volume of extractant was increased to 4 ml. The residual
pellet after, extracgion with chloroform/methanol/water
(1:1:0.3, by vol.) was digested with tissue solubilizer and
counted to measure the incorporation of radiocactivity in

the protein fraction. ’

G. Purification of oligosaccharide 1ipid by DEAE-cellulose
chromatography. )

DEAE cellulose (DE-52, microgranular) was converted
into the acetate form by soaking overnight in 1M acetic
acid. E;(cess acid was removed by filtefing the resin, which
was then washed with water followed by methanol (2 litres).
The resin was packed to a height of 7 cm in a 0.8 cm-diameter
column and washed with methanol (50 ml) and then with 50 ml
chloroform/methanol/water (10:10:3, by vol.). The sample
was applied in chloroform/methanol/water (10:10:3, by vol).
and eluted with a sequential discontinuous gx‘:‘aﬂiant of
0,10,25,100 nM ammonium acetate in the same solvent -at a

flow rate of 30 ml/h. Samples were taken for liquid
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scintillation counting of radiocactivity. Appropriate
fractions were pooled and the solvent evaporated on a
rotary evaporator under reduced pressure at 37°C. Ammonium
acetate_yas removed during freeze drying by repeated addition

of water. 13

H. Analysis of oli ide derived from oli ide-

The oligosaccharide was released from oligosaccharide-
lipid by hydrolysis in 0.02N HCl containing 20% methanol for
20 min at 100°C. After cooling, th: solution was neutralized .
with 0.1N NaOH and an ‘'equal volume of chloroform.was added
to partition ‘the lipid. ‘The upper aqueous phase was removed
and freeze dried. The ollgosaccharide was d&ssolved in 0.1M
pyridine acetate buffer, PH (5.0) and applied to a 1.5 x 170
cm column l:f Bio-qel P-4 -(minus 400 mesh) equilibrated with
0.1M pyridine acetate. A flow rate of 4 ml/h vas maintained
by use of a peristaltic pump and fractions (0.4 nl) were
collécted., Aliquots of 100-200n1 were removed for determination

of radioactivity. The column was calibrated using blue

dextran, p-nitrop! yl g -D- pY ide, p-nitrophenyl=-u

D-maltoside, p-nitrophenyl-c-D-maltotrioside, p-nitrophenyl-

a-D-maltotetraoside, p-nit 1-a-D-malt tad ids, p-

nitrophenyl- o -D-maltohexaoside, . p-nitrophenyl- ¢ =D~

maltoheptaoside, and the following standards: Mansslc\iAc,

Man,GlcNAc, MangGlcNAc, MangGlcNAc. (Kindly supplied by Dr.
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Stuart Kornfeld, Dept. of Medicine, Washington University of

School of Medicine, St. Louis, Missouri, U.S.A.).

I. Nucleotide Sugar P tase

Assay of UDI ylgl activity
was carried out essentially using the method of Mookerjea

(152) . ,Unless otherwise specified, each complete assay

mixture contained 6.5 mM Tris/HCl buffer, pH (9.0): 6.5 mM

MnCl,; UDP-({l4c)-N-acetylglucosamine (0.4 nmol); 2.5 mM
unlabelled UDP-N-acetylglucosamine; 1.6% (w/V) Tx;ir:on X-100
and 80yl 'total membrane preparation' in a total volume of
30041. Unless othervise s,{;citiea, after 5 min of incubation
at '309C, the reaction wag stopped by adding 100ul of ethanol
and a drop of 5% acetid acid.‘ Insoluble precipitates 'were
removed by. centr’ifuq:a ion at 2500 rpm for 10 min and the
supernatant was applied as a streak on Whatman 3 MM paper.
The descending chromatographic separation of the products of
the reaction was, performed using a solvent system containing
75 ml of ethanol and 30 ml of 1 M sodium acetate buffer, pH

-
(3.8) (153). The segments of chromategram corresponding to

uD ine, N-acety: ine

and N-acetylglucosamine were cut out and ‘counted in a toluene-

based scintillation solution. Py

activity was also measured using the incubation mixture

described for ‘etylg ne pyr , with

the exception that GDP-[14c)mannose (0.14 nmol) and unlabelled
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GDP-Manhose (1.3 mM) were used, instead of UDP-[l4c)-N-

acetylglucosamine and unlabelled UDP-N-acetylglucosamine.

J. Isolation an a, on o cle:
hepatocytes. ~

Nucleotide sugars were extracted from whole cell homogenate
according to the method Wescribed by Knym (154). Hepatocyte
homogenates (1 ml) were mixed vigorously for 1 min with 1 ml
of pérchloric acid (3.5%, w/v) on a vortex mixer. The acid
mixture was then added to 1 ml of 0.5 M tri-N-octylamine in
Fréon solution. The solution was mixed vigorously for 3 min
and the aqueous phase was removed with a Pasteur pipette.
The pH of the resulting mixture was between 4 and 6: The
mixture was frozen immediately after extraction.

In some experiments [l4C]-labelled nucleotide sugars
were added prior to extraction from hepatocytes to test for
recoveries. following high pressure liquid chromatography
(HPLC). It was found that greater than 90% of the labelled
nucle_otide sugars was recovered from the HPLC column._

The nucleotide sugars were quantitated on an anion exchangé
column (75 x 7.5 mm) using a Perkin Elmer S‘eries 4 high pressure
liquid chromatograph equipped with a Perkin Elmer LC-95
UV/visible spectrophotometer detector operating at a wavelength
of 254 nm. The high concentration eluant was 0.5 M KHPO4,
pH 4.5 (A), the low concentration eluant was 0.005 M KH3P04,
pH 4.0 (B). The eluant A was used with a linear gradient of
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0-9% for 30 min; 9-46% for 15 min and 46-100% for 45 min
with a flow rate of 1 ml/min. Peak areas were electronically
integrated using a Perkin-Elmer Model ICI-100 integrator using

CTP as a standard.

K. Biosynthesis and isolation of [3H]dolichol and [
phosphate.

Hepatocytes isolated from control and turpentine-inflamed

Hldolichol

rats were incubated in 150 ml Erlenmeyer flasks in Waymouth's
Medium under a continuous stream of carbogen (95% 03, 5%
€oy) . The cells were pulsed with 1 mCi of (RS)—[5—3H]—
mevalonolactone (sp. activity 30 Ci/mmol), for 2 h prior to
termination of incubation, after which the cells were
transferred into centrifuge tubes and washed 3 times with
ice cold Hank's bufferJ_(pH 7.4) and extracted with 20 ml of
CHCl3:MeOH (2:1, by vol.) and 20 ml of water according to
the procedure described by Coolbear et al (155). After
centrifugation the chloroform phase was removed and the
aqueoi.ls phase aontaininq the pelleEB was re-extracted. The
chloroform phases from these extracts were pooled together.
Thin layer chromatography was performed on Silica gel F-254
(E. Marck, i;ermany), after evaporation of the solve;lt and
re-dissolving the 1lipid in 0.5 ml chloroform, using a
solvent system of chloroform/ methanol/28% ammonium hydroxide

(65:35:5, by vol.). The bands corresponding to standard

dolichol and dolichol e vere off and
i
i
1

- : \




56 .
with chloroform:methanol (2:1, by vol.) and the products
were further purified by HPLC on a C-18 reverse phase

column as described below (Section L). L

L. Purifi on_a itati A)1-dolichol and [IH]=
dolichol e by HPLC. L]

A Perkin Elmer series 4 high pressure 1iquid chromatograph
wit'h a Cjg reverse phase column gfa\x 4.6 mM) maintained at
room temperature was used to quantitate dolichol and dolichol
phosphate.. The mobile phase used for dolichol vas an isocratic
mixture of isopropanol: methanol (1:1;( v/v) at a flow rate
of 1 ml/min. "Dolichol phosphate was eluted with a 1:1
mixture of isopropanol and methanol containing 10 mM phospr.\oric
acid (156,157). The variable wavelength Perkin Elmer LC-95
UV/visible spectrophotometer detector operating at a wavelength
of 210 nm was used to monitor dolichol and dolichol phosphate.
Fractions corresponding to authentic dolichol and dolichol

phosphate were podled, dried under nitrogen and counted for

radin\activity. R
M. olation a on_o; =}
from rat liver and mi

Isolatidn and purification of dolichol and dolichol
phosphate were exactly the same as described in section L.
At the time of total lipid extraction, [JH)—dolichol and [3H)-

doiichol phosphate were added as tracers to allow corrections
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to he made for dolichol and dolichol phosphate 1:7t during

extraction and purification. Recoveries of label fr dolichol

and dolichol phosphate after HPLC were about 80 and 60 percent
ol and dolichol phosphate

respectively. Peak areas: for do,

were electronically integrated using a Perkin-Elmer model

LCI-100 integrator.
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CHAPTER III
EFFECT OF INF! TION ON STIA

ACTIVITIES IN LIVER AND SERUM OF RATS.

3.1. Introduction !

As discussed in the general introduction, certain rat
serum protein components which are known as 'acute-phase
proteins' are significantly increased in respgnse to
inflammatory agents such as turpentine. Jamieson et al
(126) have shown thataj-acid glycoprotein and w;-macroglobulin,
the two major acute;phase proteins are significantly increased
in the serum of rats after furpentine induced inflammation.
The increase in these two proteins during an inflammatory
challenq\e‘ is due to their ‘increased synthesis by "liver
(20). In addltion to increased acute phase proteins, rat
liver sialyl and galactosyltransferase activitie‘s are also
increased 2-3 fold, 24~48 h following .onset of inflammation
(163) . °

There are several reports that m‘a‘lignant diseasei in
humans are accompan}ied by elevated serum sialyl and galactosyY-
transferase activities (53). An elevation of their act‘ivity
in the serum of cancer patients has been related to alterations
in glycoprotein ‘Synthesis in tumor cells. Elevated serum
and liver sialyl and galactosyltransferase activities have
also been reported in rats bearing tumors (158,159). 'm:
mechanism by which these enzymes are secreted into blood is

not understood, and even less is known about any functional
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role that these enzymes may have. Bernacki andyKim (158) have
suqqeste:? that the elevated 19915 of serum sialyltransferase
were probably the result of tumor cell surface shedding of

sialyltransferase activity into the blood stream. However,

"7 T number of recent studies have shown that the increased

sialyltransferase activity observed in rats-and patients
wich: 1‘\!a1ignant cancers may be .the result of changes in the
normal liver cells, ruthex than due to the shadding of the
enzyme from the tumor cel],s (159,160) . | K

Although sialyl and galactosyltransferases are located
primarily in the Golgi apparatus, there is some ‘evidence
that these *enzymes 'are also present on the plasma membrane
(161,162). The @gresent studies were undertaken to investigate,

the effect oﬁturpentine—induced inflammation on sialyl and

. galactosyltransferase activities in the liver and serum of

rats when the sy is of glycoproteins is enh .

3.2. RESULTS

The results of the effect of inflammation on liver
homogenate, microsomal and serum sialyltransferase activities
are shown in Figs. 13,14 and 15 respectively. ‘l‘urpen:ine—
induced inflammation caused a 1.5 fold increase of
sialyltransferase activity in liver homoqenates and microsomes.
The effect was apparent 18h after turpentine treatment and

'shoved a maximun inchdase 36-48h following- inflammation.

.Sialyltransferase actiyity in'berum started to' increase at \

b
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t_iifferent “times and the enzyme activity 'was
me‘asured. The results are expressed as mean
S.D. from four sep;rate experiments and the
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values starting from 18 h point are < 0.01.
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Rats were injected with turpentine or saline
(0.9%) at oh and the animals were sacrificed at
different times and the enzyme activity was
measured. The results a‘r’a expressez} as mean .+
S.D. from four separate experiments and the
symbols are (o), control and (A), inflamed. P

values starting from 18 h point are < 0.01.
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in the rat serum.

Rats were injected with turpentine or saline’
{(0.9%) at Oh-and the animals were sacrificed at
different times and the enzyme SSELGIEY vaa
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18h and reached a maximum (4-fold increase) at 48h after
injection of turpentine (P < 0.01).

Liver homoggnate, microsomal ‘and serum galactosyl-
transferase activities are shown in Figures 16-18. The’
activities in homogenates and microsomes started to increase
18-20h after turpentine injection and reached a maximum (2-
fold) at 36-48h (P < 0.01). Unlike serum sialyltransferase
activity, the serum galactosyltransferase activity did not
increase significantly due o turpentine induced inflammation
(P = 0.08). - b

Similar results were obtained by Kaplan et al (163)
using liver slices from control and inflamed rats, who have
shown the release of sialyl and galactosyltransferases into
the medium. The maximum activity of, the sialyltransferase

(

was at 48h after inflammation. L

. Y

3.3. DISCUSSION .

The present studies show that the, liver sialyl and
galactosyltransferase activities were increased following
the onsek. of Yurpentine-induced inflanmation. The
sialyltransferase ‘activity  was- found to be increased in
serun; whereas serum galactosyltransterase activity did not
change significantly when compared with the control. As it
has been mentioned previously, .serum proteins which are

i in ion during inflammation are termed

acute-phase proteins. By this criterion sialyltransferase
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“Rats were injected with turpentine or saline
(0.9%) at Oh and the animals were sacrificed at
different times and .the enzyme activity was
measured. The results are ndan + S.D. from
four separate experiments .and the symbols are
(0), vcontrel and (A), inflamed. P values

startifly from 12 h point are < 0.01.
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Effect of inflammation on galactosvltransferase
activity in the rat serum. &
Rats were injecced ':i'th ,turpentim; or saline
(0.9%) at K;h and the animals were ‘sacrificed at
diéferent timés and  the enzyme act;vity was
measured. The rasult‘s are mean i S.D. from
four separate experiments and th; symbols are (O
), control and (A), inflamed. . P value at 24 h

point is = 0.05.
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could be termed as an acute-phase protein, as suggested by

“Kaplan et al (163).

There is a ‘controversy about the origin of serum
sialyltransferase. Since the liver is the main source of
serum glycopro!.:eins, it has been suggested that it may also )
serve as a source for serun sialyltransferase (158). Hudgin
and Schachter (164) compared the properties of porcine liver
and serum sialyltransferase and observed that the serum activity
closely resembled that of the liver enzyme. Several studies

have demonstrated that serum sialyltransferase activity is

¢elevated in patients with a variety of liver diseases (165,166)

suggesting that sialyltransferase activity in serum could be
secreted from the liver. However, a number of studies have
also shown elevated levels of sialyltransferase in tumor
:J.ssue suggesting that the elevation in serum sialyltransferase
act1vity may be due to shedding of the enzyme activity from
the plasma membrane of neoplastic cells (158,159).

~ _ Kaplan et al (163) have shown, using rat liver slices,
that the increased serum sialyltransferase activity during
inflammation originates from the liver. The enzyme in the
medium of liver slice experiments and the serum enzyme were
found to have similar properties. The pH optima and apparent
Km values with res/pect to CMP-NeuAc and rat and human asialo-‘
«)-acid glycoprotein were very similar for the serum, liver
slice and medium sialyltransferase activities.

It is not clear vihy turpentine-induced inflammation causes

SO,
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release of sialyltransferase from liver. It has been observed
that purified sialyltransferase exhibits micro—hetereqensitx
due to proteolytic cleavage of a polypeptide not required
for catalytic activity, perhaps the polypeptide portion of
the enzymes associated with the Golgi membrane. In view of
the *rge number of changes that have been reported on
inflammatior; (53,163), it‘ is possible that proteolytic release

of b d sialyl se could occur in response
to inflammation. Marked increase of sialyltransferase, but
not galactosyltransferase, h;\s\etum after turpentine treatment
indicates that the former enzyme is not as tightly embedded
in the Golgi membrane. This may cause a preferential release
of sialyltransferase from the liver in inflammatory conditions.
Evidence of a differentidl arrangement of these two enzymes
on the lipid bilayer of Golgi membranes, has been presented
(167). The changes in serum enzyme activity probably reflect
the state of integration of these enzymes in membranpus
structures. It is conceivable that exclusive incréased
release of sialyltransferase into serum of turpariéine-traated
rats represent a specific change of the membrane organization
of this enzyme in Golgio“apparatus.

The significance of the int‘:reased level of sialyl-
transferase in serum under inflammatory cond‘it&ions is »nat
known. The. liver enzyme is responsible for catalyzing the
addition of sialic acid to the terminal position (ot N-

linked complex type: oligosaccharides, but the involvement

( .
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% of the serum enzyme in the glycosylation of serum glycoproteins
seems unlikely, because of the absence of asialo-ptotein
acceptors as well as nucleotide suéurs in tpe blood. The
serum sialyltransferase increased on inﬂamnatiohr"may be )

B3

as an ph P protein. .

The increased serum sialyitransferase activity may
result from translocation of Golgi membrane to the cell
.surtace membrane, and sialyltransferase is, thereby, shed
into extracellular space. Thus sialyltransferase may be merely
a byproduct of membrane turnover wi‘thout having any
extracellular metabolic role. 1If' sialyltransferase proves
to be elevated in serum in all other types ofvinflammation,
it may Be possible to use measurement of this serum enzyme

as a marker for acute inflammatory conditions.

'

E in liver e glycosyl es have

been ascribed to Golgi membrane proliferation in inflamed
rats (52). The overall increase in the synthesis of acute-

phase glycoproteins | and their oligosaccharide moieties

appears to be related to i glycosyl:

activities in the endoi&lasmic reticular and Golgi membranes.
It has been shown previously in our laboratory that dolichol
phosphokinase activity is incredsed within 12h after turpentine
injection (}68) resulting in greater amounts of dolichol ’
phosphate in the microsomes. Further studies showed that
dolichol pho‘phqk'inase activity is localized in the rough

endoplasmic reétitular membrane fraction (168). Howév‘er,
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studies by Lombart et al (52) show that the ultrasfructure
of rough and smooth endoplasnic (raticular me) anes is
normal even 24 h after turpentine injection. Therefdre, a
generalized proliferation of 'Golgi membrané, as observed
24h after turpentine injection, cannot adequately explain
the elevation of dolichol phophakinasle activity at a much
earlier time and at different sites. Furthermore, elevated
mannose and glucose incorporation into Man-P-Dol and Glc-P-
Dol in rough and 'smoo;:h endoplasmic reticular fractions
within 24h after inflammation (168) suggest that events of’
dolichol-linked glycosylation of the oligosaccharide in the
core region of the glycoproteins may be regulated by a
mechanism other than Golgi prol‘ife.raticn. In view of the
above discussion it appeared logical to extend further work
primar’ily related to the dolichol 1linked mechanism of"

glycoprotein synthesis in inflammation and othe} conditions.
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CHAPTER IV
EFFECT OF INFLAMMATION AND DEXAMETHASONE ON MAN-P-DOT, AND
{GLCNAC) 3 -2=P~P- THESIS IN LIVER MICROSOMES AND
HEPATOCYTES. -

4.1. Introduction . \

It has been mentioned earlier, that|initiation of the
érecursor oligosaccharide results in the f?mation of GlcNAc- |
'P—P-Dul and its conversion to GlcNAcz-P-P-D\“cl. Both the first
and second GlcNAC residues are donated by UDP-GlcNAc. The
complete oliqosacchvaride lipid is formed by sequential
addition of mannose residues to (GlcNAc)y-P-P-Dol. The
innermost four or five mannose residues are trax;\sfa'rred directly
from GDP-manndse. The last four mannpse‘\‘ residues are
transferred from Man-P-Dol. At the presénc time, the
mechanisms which regulate the chain 1en\qths of the
oligosaccharide lipids are not clearly under\s‘tood. Kean
(169) has reported that Man-P-Dol is an allcster\:ylc activator
of N-acetyl-glucosaminyltransferase which caéé\llyzes the
biosynthes&é of GlcNAc-P-P-Dol. Dolichol phosphafe glucose
(Glc-P-Dol), while not an activator of the reactfk\;n, acted
as a negative modifier of the stimulation by Man—l;\—Dol, by
acting as a competitive inhibitor of the stimulation.
Chapman et al (170) have repnrted that class E thy.-l-neqative
mutant mouse lymphoma cells, wl‘\ictz are unable to synthesize
Man-P-Dol, producé a lipid- linked oligosaccharide having

sugar chains much smaller in size. Thus, Man-P-Dol may
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.
function to modulate both-the rate at which saccharide
units are assembled through the pathway due to its stimulation
of GlcNAc-1lipid synthesis, as well as their sizes by functioning
as a sybstrate. )

Dolichol phoephate (Dol-P) acts as the "1lipid carrier"

in the assembly of pyr -linked oli ides, and
also as an acc‘eptcr for the sypthesis of the sugar donors
Man-P-Dol and Gl‘c-P-Dol. Dolichol phosphate appears to be
synthesized predominantly in endo(plasmic reticular membrane.
Héwever, most of the cellular dolichol is found in fractions
other than en;ioplasmic FatrenLi (157), where the ehzymes of
oligosagcharide lipid synthesis are predominantly located (80).
Thus, the active involvement of the pool sizes of dolichol
and dolichol phosphate in different cell compartments in
protein glycosylation is unknown. Keller et al (171) have
suggested that de novo dolichol phosphate synthesis is
regulated in the pathway, at the level of dolichol phosphate
synthetase: Dolichol phosphate can also b‘le ;ynéhesized in
liver from free dolichol', by the CTP-dependent reaction

(85). The enzymes that :iephosphorylate dolichol pho‘sphate

or convert dolichol.pyrophnsphate to dolichol-phosphate

have been detected in cell free preparations.

The biosynthesis of membrane and scluble glycoprotein.

has been studied during estrogen induced differentiation of
the chick oviduct by De Rosa and Lucas (172). They have

concluded, on the basis of indirect evidence,-that the
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mtracellular level of dollcnol phosphate is inc.reased in
oviduct membranes as a result of estrogen treatment.

Induction of phasphoxylation of dolichol during embryohic

- development E:f the sea urchin has been studied by Rossignol

et al (173). Gastrulation of sea urbhl? embryos requires the
s}(nthesis of N-iinked glycoproteins and ~is preceded lliy
synthesis of_ dolichol and dolichol phosphate. By us‘ing
membrane preparations from embryos at various stages of
development, these aut’hor_s shcwerd' that dplichol kinase

activity was increased several fold over the time course of

development.  Carson and Lennarz (174) used’ compactin, a' -

potent inhibitor of polyisoprenoid biosynthesis, to establish
5 e

a link bet dolichol pho bi s and gastrulation.
The resulta gﬁggestfed that there was an impairment of protein
glycosylancn concurrent with the inhibition of dolichul

phosphate synthesxs by compactin.

“As mentioned previously in » general introductien,

synthesis of glycoproteins is increasda during inflammation
! .

’
and on dexamethasone treatment. Thus, experiments were

perfomd using rat liver microsomes and hepatocytes from
control and inflamed ' rats  to de(:emine the effect of

1nf1am|nat10n and “dexamethasone on. the formation of Man-P-

Dol, (GleNAc);-p-P-P-Dol dolichol and dolichol phosphate.

4.2, ults =

A. - Effect o mation on tI 3 i E—
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-

from GDP-[X4c) m: in rat uver mi

- Micxosomes were prepared from cantrol rats and rats 24

wa’"

h after turpentina 1njection and the :omatmn of Man-P-
Dol was measured as a function of incubation time (Fig.
19). The reaction rate levelled off after 7 min of incubation.
The rate of 'Man-P-Dol synthesis was higher in microsomes
obtained from inflamed.rats compared to controls.

Fig. 20 shows the t'or.mation of Man-P-Dol as a function

of GDP-[“C] aitration. Mi were

24 h after injection of turpentine and incubated with 0-10
nmol af ‘GDR-[14C) mannose.- At all concentrations of GDP-
14c] mannose used, the production of Man-P-Dol in the
mi‘.crosomes‘trom inflamed rats was at least 2 fold highe;
compared to cont'rals;‘ . -

The gftdct ‘of inflammation on M’an-P-ucl production over
a 72 h period was ust‘.udied (Fig. 21) o Increase in the levels
of Man- -P-Dol was obsefvéd as early as 6 h after induction of
inf‘lammation and the maxdmum production was attained at 36h

(P < o, 01) Howe%er, the rate of synthesis decreased after

"36h. - | £ . .
'S . .
B. ’ Effect of increasing of . dolichol
‘on the formation af -P-Dol from GDP-{14¢) mannose
£3

Microsomes prepared from 24 h inflamed and control rats

were ingubated with 0-20 nmol of dolichol phosphate and the
. . i P




ng protein)

o

-

"% Man -P_Dol- (pmol/m

s

Fig. 19.

(A), 24h inflamed rats and incubated with

6 .
TIME(min)

)

u- )
Formation of {14 ~P-|
3
time. 3
Microsomes ”ére prepared from (0), contT.G:nd

{14c) mannose. At fhe times indicated, the
incubation mixturés were ext’:racted’ and the
radioactivity in [l4c]Man-P-Dol was measured.
Results are mean + S.D. from th‘ree separate

experiments.




Fig.

20.

S .
76 ’
« '
A

. l '

€ L g

n

\ oo
- B

510

3 -

2 8

B

g :

c

o.
A

& .
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. ~ GDP-mannose(nmol) =
I 'fon of 'rlic1 into Man-P-pol

as a function of GDP-{14C) mannose concentration.
(0) Contzol and (A) inflamed liver microsomes
prepared from rats 24h after injection of saline

and turpentine rqspectively, were 1ncubated tnr

‘s min with 0-10 nmol of snp—[“c] arhade and,

1pcubation mixtures were extracted( to measure
the radioactivity in Man-P-Dol: Results are

mean values from three séparate experiments.
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%IMan-P.Dol- (pmol/mg prot/Smin)

Fig. 21.
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o
-
N

on as function

Thé ion of 1

of time of inflammation.

Microsomes were prepared at the times indftated

aftes dnjectlon of tucpentine end Incubsbed
with 6 nmol of G;Jp—tlécy“mqnnose for. 5 min and
incubation mixtures were ‘extracted fox Man-P-
Dol.  Symbols are (0), control and ( a2y,
inflamed. Mean values of three experiments are

presented.
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resulting incorporation of [14c] mannose from GDP-[14C) mannose
into Man-P-Dol w&ks calcﬂdlated.as the ratio of activity in

inflamed microsomes to that in controls (Fig. 'zz)r;;’withj_o

¢ .
addition of dolichol phosphate the rati \obtained was 2.2.

In presence of 3.3 nmol of dolichol ph6¥phate, the ratio
decreased to 1.7 and as the amount of dolichol phosphate was

further increased, the ratio approached unity.

¢. I of dolichol and dolichol on

ma:lng._inn.ama&i_n

The dolichol and dolichol phosphate concentratiuns of

rat liver were increased during inflammation (Table 3). At
24 h after turpentine treatment, ‘the dolichol and dolichol

phosphate concentrations in rat. liver homogenate wexe‘

“increasea about 6 and 2-fold ¥espestiveLy, ¢ There, s 186

an increase of dolichol and dolichol phosphate concentrations

in microsomes.

cor;lbear and Mookerjea (168) had previously attempted

to me total ons 6f dolichol by testing -
: y
the ability of lipid from the mi -of- turpentine i

‘trea£e§ animals to stimulate th'é‘ dolichol l;hosph'ate dependent

mannosyltransferase. The enzyme was stimulated 30% by the
lipid extract from control microsomes and 50% by lipid extract. ) » Tt

from microsomes taken 24-36 h after turpentine administration.

Increased transfer of mannose was attributed to increased

dolichol phosphate concentrations’, although the actual
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10
DOLICHOL -PHOSPHATE (nmol,)

on incor: ion of [d4cy se from

cpp [ldc) into Man-P-Dol

Microsomes prepared from control and i_nflamad
rats were incubated with 0-20 ;:mpl of, dolichol”
phosphate and 6 rmol of GDP-[14C] mannose for-5__
.min and incubation mixtures were extracted for
Man-P-Dol. ° Results are present_ed as the ratio

of inflamed to control activities.
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3 Table 3. Effect of turpéntine-induced inflammation on dolichol and no.p.wnsﬁ phosphate
. ’ o no:mﬂ#nmﬁo:m in rat liver wwam microsom Results are presented as mean i
+S.D. from 4 separate experiments. s :
5 N
. l L
.,. mcsummrwnnw " microsomes . 5
o o dolichol dolichol phosphate dolichol dolichol phosphate R
. z Treatment (ug/g wet tissue) (ug/g wet tissue) (ug/mg protein) ‘(ug/mg protein)
Control 2935 7 3.740.6 0.1240.04 0.0640.02 k
: ’ 12h inflamed Lagror " s.7s0.a0 0.3 +0.06* 0.1240.02% .
24h inflamed 155+13% ) 6.6+0.4% ) 0.4 +0.07% 0.14+0.03% .

tmwmﬂwmwnw:nwv\ different from control (P <'0.01).
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amounts o} dolichol phosphate were not measured. The ;.Resent

results (Table 3) indicate that - dolichol phosphate -
concentrations increas’e dramatically during inflammation

and this increase was detected within 12 h (P < 0.01),

D. Effect of inflammation and one on . the
incorporation of [14c] Man and 14¢) GlcNAc into Man-P-Dol
and (GLoNAC);_,-P-P-Dol from respectivelabelled nucleotide -
ugars in te obtained from control and

Fig. 23 shoks the time course of the transfer of [l4c)

mannose from GDP-[4c] ; into 1 in, hej te
tes from control and inflamed nrai:s
-

were i with 1uM s ne for 12 h. The rate of

Man-P-Dol formation was in general -higher when exogenous

dolichol phosphate wds used (Fig. 23B). The reaction rates

increased rapidly within 1-2 minutes. The rate of Man-P-Dol

formation in the hepatocytes)from inflamed rats was higher
than in hepatocytes from contrcl rats. Dexamethasone (1uM)
increased the rate of. Mah—P-Dol fomation in hepatocytes
obtained from both contro#, and inflamed rats (Fig. 23A and

B). ¢ i

Fig. 24 shows theL tylgls inyl
activity in hepatocyte hom genates obtained from control ard
inflamed rats. The pattern of increase of activity on

inflammation and dexamethasone treatment was similar to that
|




1

. Hepatocytes 'isolated from cantrol and 24h

L turpentine inflamed rats were incubated with 1y
ut M dexamethasone in Waymouth's medium for 12h.
. The enzyme activity was.geasured in,the cell
. homogenates. 0, control; %@ , dex ethasone.
o A, inflamed; A, inflamed and dexamethasone. A,
in absence of exogenous Dol-P; & , in’ presence
,of Dol=P (7.5 nmol). Results are mean # S.D. "
from 3-5 different experiments. In Fig. 233, P
5 values between control vs' inflamed groups (I)
L are < 0.01--at—times -1/2- to -4 min; - between ]
control vs dexamethasone groups (II) are < 0.01
AT ) at times 1/2 to 3 min and between inflamed vs
L / inflamed dexamethasone groups (III) are < 0.01 -

at times 1/2 to 4 min. Correspondingly in Fig.

23B the P values for I, II.and III are < 0.01. oy

N
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Fig. 24. Incorporation of [14c) GleNAc from UDP-{3c) GloNAc
‘ into (G1cNAC)j.p=P-! S
Hepatocytes from control and inflamed rats
’ were incubated either in the -absence or presence
of dexamethasone (1:M) in Waymouth's medium for
12h. Activity was measured in the cell homogenates.
0, control; @, dexamethasone;A , inflamed; A ,
/ inflamed and . ’. 4 of
exogenous Dol-P.; &, in presence of Dol-P (7.5
/ nmol). Results are mean + S.D. from 3-4 different
experiments. P values between control vs
it inflamed groups are < 0.01: between control .vs
/ dexamethasone ¢roups are < 0.01 and between

inflamed vs inflamed + dexamethasone groups ar&”
< 0.01.
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observed for mannosyltransferasd gxctivity.' .
Fig. 25 shows the ratev..o.t ‘Man-P-Dol formation as a
_function of protein concentration in the assay. The homogerates
from inflamed rat hepatocytes incorporated more label in\ta
Man-P-Dol (P < 0.01). Treatment of hepatoiytes With
dexamethasone caused a fﬁrthér increase of Man-P-Dol synthesis
in both control and inflamed groups (P X< 0.01). éxogenous
. dolichol phosphate caused an increase of Man-P-Dol px:cductibn
in all expetimenta._ s .
Fig. 26 shows the results of Man-P-Dol formation in’a
1 min assay for mannosyltransferase. Dexamethasone v a
dose of 0.1-10yM increased the rate of Man-P-Dol formation

in hex}atocyt;'ss froni both control and ipflamed rats (P <

0.01). However, at 100uM 3 » the 1

formation was decreased in both groups.

The Man-P-Dol formation in hepatocytes of control and ,
inflamed rats was ;naintained at a steady level for about 12h
(‘Fi_g. 27). The hor!\oganates’ from inflamed rat hepatocytess

incorporated more. label into Man-P-Dol compared to control

(P < 0.01). Addition <f asone to the tes

resﬁ.}ted in an increase of Man-P-Dol fcmation(when the assays
i 5
were _done either %n the presence or absence of exogenous

dolichol phosphate (P < 0.01).' \ =

»Table 4 shows the effect of 1uM dexamethasone on Man-

P-Dol formation in the  of tes from
control and inflamed rats. Dexamethasone caused a.significant
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Hepatacytes isolated from control and 24 h

inflamsd rats were incubated either 1n the

(1uM) in
Waymouth‘s medium for ‘12h. Incubation for
enzyme activity was carried out for 1 min at
..379C, 0, Control; @ , dexamethasone; A

’
"inflamed;A. inflamed and dexamethasone. A, in
absence of exogenous Dol-P., R , in presehce of
exogenous Dol-P:+(7.5 nmol). Results are mean from
three different experiments’.
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Fig. 26. co trations of dexamethaso;
F o C] Man_from GDP-[idic]
lan-P-Dol . C
-Hepatocytes' from (O ), control and ( A ),
inflamed rats were 1ncuba.ted with 0.1 - 100y M
in 's medium for 12h.
Incubatd.‘on for enzyme activity was carried out
min at’ 37° A, absence of exogenous
Do:-m B, presence ot Doi-P (7.5 nmol). Resultg,
are mean t S. D, from 3-5 differént experiments.
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Fig. 27. wmmusﬂlﬂummw
mannose fxom GEE .C] mannose into Man-P- *

Hepatocytes fram contx:ul and inflamed rats were

i n the W),
for Aifferent periods of time and enzyme activity
jthe cell homogenates. O,

was measured in
H control, @ , dexamethasone; A , inflamed;, ‘ ‘
- inflamed and
exogenous Dol-P; B, presence of Dol-P (7 5
Results are mean + §.D. from 4-6 different

nmol) .
experiments.
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Table 4. Effect of on the sy is of Man-P-Dol by rat hepatocytes. .
. @ J hd

Hepatocytes isolated from control and inflamed rats were incubated in Waymouth's

medium for 12h either in the presence (lyM) or in the absence of dexamethasone. Enzyme

activity was measured in homogenates. Each valueé represents the mean + S.D. for six

different experiments.' s

Man-P-Dol Synthesis =

- | without dolichol phosphate  with dolichol phosphate

Treatment , (pmol/min/mg protein) (pmol/min/mg protein) ' . -
saline control (0.9% Nacl) 2.2640.36 3.2140:27

Dexamethasone 3.4 +0.32% 5.0640.5*

Inflamed 4TI 424 5.28+0.62% <3

Inflamed and dexamethasone “ 6.4740.39% 8.16+0.65+ -

*Significantly different from control (p ¢ 0.01). . "

*significantly different from inflamed (p < 0.01)
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increase (1.5-2 fold;”P < 0.01) -of Man-P-Dol formation in

both control and inflamed rat hepatocytes, when the assays

were performed with or without dolichol 5
Results in Table 4 show thak Man-P-Dol_formation is about 2-

fold "greater in the  hepatocytes from inflamed rats.

variations of endogenous nucleotide sugar pools might

affect the rate of synthesis of Man-P-Dol. It has been
shown in this thesis (Chapter VI) that endogenous pool

sizes of GDP-Man, UDP-Glc and UDP-GlcNAc are not altered ih

‘inflamm&tion and The i
rate of i ion of .[Y4c) T into 1 in

experimental groups probably repr .the true i

rate of synthesis.

E. .Effect of increasing amount of dolichol

on of Ma

hepatocyte homogenates.

The increase of Man-P-Dol formation observed in inflamed

GDp-114c] ‘mannose by

ana 2 tes' could be ‘explained
either on the basis of an i level of us dolichol
35 or i BE riase(s) activitfes.

In these conditiéns,‘ if the increase of Man-P-Dol is due tc‘

“.an increase of endogenous level®of dolichol phosphate with

no alteration in the enzyme level, then the level of dolichol
phosphate should be thie limiting factor for the formation.of
Man-P-Dol. Use of saturating amounts of exogenous dolichol

L]
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! phosphate_ into the assay should result: in no dicfa?eﬁ of
' " Man-P-Dol formation between inflamed, defamethasone trehted
and control groups. If the vesults are presented as ratios

of inflamed to control or dexamethasdhe treated to untreated,

the ratios should approach unity. On the other hand, if the

¢ levels of Man-P-Dol formation are due to increased level of
mannosyltransferase enzyme, the hepatocyte homogenate from

. «
inflamed rats or dexamethasone treated cells should continue

to synthesize more Dol with dolichol

compared to their controls. In this case, if the results

are presented as ratios of inflamed to_gontrol or
+

eated to , the ratios should ‘hot

approach unity. To test these possibilities, the Man-P-Dol
formation assays were performed in the presence of different

ancuht of ‘exogenous dolichol phosphate.’ The rates of Man-P-

Dol\formation with saturating amouhts of dolichol phosphate
’(:n nmol) (Table”5) indicated no difference in the level of
activity\hetwaen control and inflamed preparations. -1In
contrast, mannosyltransferase(s) activity was greater in the

of exoger dolichol in 34

treated cells, and the higher level of mannosyltransrerase
activity was maintained even in the presence of 30 nmol
dolichol phosphate.

The results obtained from with inc ng

amounts of dolichol phosphate as presented in Table 5 were

k, replotted as the ratios of Ma 1 on in
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Table 5: Effect of exogenous dolichol phosphate on the incorporation of [14C] mennoSe from epe-{14c] Eﬂbm/

. i dn

\ & g . P
Hepatocytes from control and inflamed rats were incubated in Waymouth's medium for' 12 °h either in the

absence or presence of dexamethasone (1uM). Enzyme activity was in the in the of
increasing amounts of dolichol phosphate (0-30 nmol). Results are mean §.D. from 3-5 n,rmmmnm_i experiments.
' bl

in hepatocy

(Prol/min/mg protein)

N\
Amounts of Control Inflamed Ratio Control Dexameth-  Ratio Inflamed Inflamed + Ratio
dolichol phosphate B/A sone  * c/a ~ Dexamethasone D/B
(1) a B - A € B D ;
240.3 3.540.5 1.75 240.3  3.140.3 1.5  3.540.5  6.010.5 1.71
- .

© 7.5 3.840.6 mkrlo.m 1.5 3.840.6 5.3240.4 1.4 5.740.6  8.9+0.8 1.56

is 5.440.4 7.040.7 1.29  5.440.4 8.1:0.6° 1.5 7.040.7  12.040.9 1.71

o
22.5 7.540.2 9.040.7 1.2 7.540.2 '12.040.7 1.6 9.040.7 © 15.5+1 1.72 .

| : -
30 940.4 10.141 1.1 940.4  13.540.9 1.5 10.141 16.641.1 1.64

T3
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from inflamed to saline controls, and dex‘amethasone treated
ce}l homogenates to untreated hepafocyte homogenates (Fig.
28). With no addition of dolichol phosphate, the ratio &f
enzyme activity in inflamed to control was 1.&,‘ On incubation
with 7.5 nmol dolichol phosphate, the ratio /decreased to
1.5. ~ As the 'amaunt of dolichol phtphatg was‘ further
increased, the ratio approached close to. unity.

In contrast the ratios of enzyme activity of inflamed
+ dexamethasone to inflamed, and control + dexﬁ»ﬂthascne to
control were 1.7 and 1.5 respectively‘ when the assays

contained no

dolichol - ln‘ the presence of increasing
. amounts of dolichol phosphate, the. above ratios remgined
high and did not decrease nor apprcéch unity, like the ratios®

between inflamed and control groups without any dexamethasone

5 - treatnent.
) ~
o F. Effect of inflammation and 2 on the synthesis
of (3H1-dolichol and [3H]-dolichol from [3H]
mevalonate.

Carson and Lennarz (174,175), have demanstrated that

in s®a urchin embryos, a rise.in dolichel phoephate level occurs = -

that correlates with glycop:! ein sy is. : i
Moreover, compactin, a specific inhibitor of dolichol synthesis
was able to decralse glycoprotein synthesis by 50%. Since

the icellular C ion of dolichol phosphate regulates
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Fig. 28,  Effect of dolichol on the
incorporation of [34¢) Man ftom GDP-[4CT mannose -
. into Man-P-Dol in te

Experimental details are as i;| Table 5. Results
-are presented as ratios of activities between
inflamed rat to controls in the absence of

Control vcel,ls in presence

dexamethasone (@),
to in absence of dexamethasone (0), and inflamed-

' rat cells in presence to in absence of dexamethasone

(o). . ’
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the synthesis of Man-P-Dol (176,177), it was interesting to
examine the synthesis of dolichol and dolichol phosphate in
cells using [%H] mevalonate as a precursor. This Wi
particularly important since glucocorticoids Induce the

activity. of hydroxymethylglutaryl CoA reductase in Hela

cells (178) and this enzyme implicated in the regulation

of dolichol synthesis (179). N .
Hepatocytes ‘were incubated with [3H] mevalonate, and
the formation of [3H]-dolichol and [3H]-d911chol_ phosphate
was measured as described in Material and vethods. The results
in F‘igs. 29 and 30 show that the rates of synthesis of [3H]-
dolichol and [3H]-dolichol phosphate were about 2-fold
- higher in hepa‘tocytes from in;lame ts compared to
controls (P < 0.01). .,Addition of f;x‘:methasonq (1uM) to the
ceils increased the synthesis of t}:ese two 1ip'\ds by 20-30%

after 12 h incubation of hepatocytes from control-and inflamed

rats.
G.. oh ide on the increase
of m 1_ang 1a1 inylt; during

“inflammation and

During the increased demand for glycoprotein synthesis,
cells can increase their glycosylation capacity by several
possible mechanisms. These igclude (a) 1ncreasing formation
of duiichol‘ and dolichol phosphate, (b) increasing the

qn;ouht of nascent chains of proteins available for qucosylgéion
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H1-dolichol in hepatocytes.
Hepatocytes ‘from icontrol and inflamed rats were
incubated either ini the absence or presence of
dexamethasone (1“M). The cells were pulsed with
{3H)mevalonate for 2h before the termination of
incubation. [3H]-dolichol was isolated as described
in 'Materials and Methods' section. Rebults are
mean + S.D. from 3-5 different experiments.[],
Control;jjj, Dexamethasone; intlamed;lm, inflamed
and dexamethasone.
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N
i
nijggg of ggxgmg;h_gsone on _the incorporation of
[<H] mevalonate into [?H]-dolichol phosphate in
hepatocytes,

Hepatocytes from control and inflamed rats were
incubated either in the absence .or presence of
dexanmethasone (1WM). The cells were pulséd with
[3H)-mevalonate for 2 h before the termination
of incubation. [3H]-dolichol phosphate was isolated
as described in "Materials and Methods" section.
Résults are mean + S.D. from 3-5 different
experiments. 4
, control; [, dexamethason
Inflamed and dexamethasone.

+ Inflamed;
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and (c) increasing the number of glycosyltra’nsferases
(171,176,177,180)’. It has been mentioned previously in the
introduction, that inflammation and dexamethu‘scne—\.induced
increase_ in acute-phase gfycap:ocei(a; was the result of de
novo syx:t‘hesi‘s of proteins. Hence, it was of interest to
study the ;_g:’gggt of an RNA synthesis inhibitor (actinomycin
D) and a préfein translation inhibitor (cyclohexinide) on the
glycosyltransferases induced by inflay\\macion and dexamethasone
treatment. )

The effects of actinomycin D on the inflammation and
dexamethasone-induced increase) of mannosy} and N-acetyl
glucasaminyltranafera;se are shown in Table 6 and 7. .
Administrati‘nn of actinomycin D together with dexamethasone
to x'Q:he incubation medium completely suppressed iiia dexamethasone
i;x;u_:ed incvase of mannosyl and N-acetylglucosaminyltransferase
activities. When actinomycin D was added 4 and 8 h after
addition of dexamethasone, only a pértial increase of activities
was observed for both the enzym}f Actinomycin D failed to
block the inflammation induced increase of enzyme activities
when it was added to hepatocytes from inflamed rats (Table
T

The effects of eycloheximide on the mannosyl and N-
acetylglucosaminyltransferase activities induced by inflammation
and dexamethasone treatment are shown in Tabla.s and 9.
C)}clohaximide completely blocked the dexamethasone induced,

increase of enzyme activities either in hepatocytes from




Table 6. Effects of dexamethasone and actinomycin D on the formation of Man-P-Dol and (Glma)l_z—

2-P-Dol in hepatocytes gbtained from control rats.

Hepatocytes were cultured for 12h. Addition of dexanethasme (1uM) and acummycm bl lug/ml)

were at t=ch unless otherwise indicated.

Bnzyme activities were measured in the homogenate either

in the Esence or absence of exogenous dolichol phosphate. Results are mean + S.D. from 3-4 different

experiments.

Treatment

No addition

Dexamethascne alone
-

Dexa. +Actinomycin D

Actinamycin D alone

D;avﬂct- D at t=4h

Dexa.tAct.D. at t=8h

Synthesis of dolichol-linked Intermediates

—Dol

[¥4c] (Glavac); p~P-P-Dol

2:710.69
4.341.2%
2.4 #0.07
2.4 40.05
3.4 +0.5%

3.7 40.6*

—Dol-P +bo1-p
(pml/nu.n/m;_ protein) (pmol/min/mg protein)

4.540.25 -
6.9+1.75%

3.5+0.67

3.410.32

5.081.1+

5.5+1.48*

¥, +. significantly different fram control (*p < 0.01; + p < 0.05).

0.4540.04 -
0.8 +0.07*
0.4 +0.03
0.3 40,02

0.56+0.05+

| 0.6440.05*

-Dol-p +Dol-P
(pmol/min/mg protein) (pmol/min/mg protein)

0.95+:26

"1.7240.5¢

0.8 0.25
0.8 40.32
1.2 +0.45%

1.5 40.56*

*
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Table 7. Effects of dexamethasone and actinamycin D on the formation of Man-P-Dol and -(GlaNAc)) o=
P-P-Dol activities in hepatocytes obtained from inflamed rats. ..ﬂ?m< gé details are as in

A,m.g.,@ 6.

Treatment Synthesis of dolichol-lirked Intermediates ~
L
[14c] Man-p-Dol \ - [14¢] (Glawc);p-P-P-Dol
-Dol.P +Dol-P -Dol-P +DolP .
(prol/min/mg pretein) (pmol/min/mg protein) (pmol/min/mg protein) A?nm\ah\ﬂ protein)
3 > : :
No addition ' 5.3¥0.95 : 7.341.0 0.9 40.1 1.640.2
Dexamethasone alone ° §.4+1.3* wu‘mw.w.mn 1.5 +0.17* 2.8+0.5%
Dexa. +Actinomycin D 4.241.2 6.740.63 . 0.83#0.03 °1.540.23
Actinomygin D alone  4.840.6 6.740.3 0.7940.1 1.440.23
Dexa.+Act.D. at t=th  6.440.7% 9.040.7+ ' 1.1 40.4% . 1.940.3%
Dexa.Act.D. at t=8h  7.1+1.0% 10.1+1.0% 1.2 400 2.310.5%
. s - e g -

e
*, +, significantly different from inflamed (* p ¢ 0.01; + p < 0.05).

~
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| Taple 8. Effects of and imide on the formation of Man-P-Dol and (GlaWAc)]—-P-P-
i Dol in hepatocytes obtaifed fram control mgs. oo \
‘ Hepatocytes were cultured for 12h. Addition of (14M) and imidé (100yg/ml)

4

4 were at t=ch unless otherwise indicated. Engyme activities were measured in the homogenate either in the
presence or absence of exogenous dolichol phosphate. Results afe mean +S.D. from 3-4 different experiments.

& o

Treatment Synthesis of dolichol-lirked Intermediates
(143 Man-p-Dol . | e (GlaNAc)) --P-P-Dol
N -~
~pol-p T 4o -Dol-p +DoL-P
"\ (prol/min/mg protein) (gmol/min/mg protein)  (pmol/min/ng protein) (pmok/min/mg protein)
. ) .

No addition 2.940.7 4.140.4 © 0.540.1 0.940:02

Dexamethasone alone  4.440,5% " 6.510.85 0.740.2* 1.440.04*
| “Dema.cyclohexinide  2.640.4 3.680.2 0.440.15 0.7540.04

Cyclohenixide alone  2.480.3 3.440.4 0.440.1 0.640.03

Dexa.Cycloneximide  2.5:0.3 3.510.2 0.440.1 0.740.05

at t=fh *

Dem.iCyclcheximide * ¢ 2.6+.4 3.610.6 . om0 . L 0.840.06
T s ’ . , s =

*significantly different from control, (p < 0.01). . ) ¥

&
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Table 9. Effects of nd-cy i n the of Man-P-Dol and (GlaAc))-2-P-P-Dol

in hepatocytes obtained from inflamed rats. The experimental details are as Table 8.

‘Treatment ) ‘ Synthesis of dolichol-linked Intermediates
Iy

[14c] Man-P-Dol [14c) (GleNAc);—p-P-P-Dol

—dol-P +Dol—P -Dol-P +Dol-P
(pmol/min/mg protein) (pmol/min/mg protein) (pmol/min/mg protein) ;.B(:E,\__n protein)

No addition 5.241.2 6.810.3 0.840.03 1.410.3
Dexamethasone alone  7.8+1.2% . 12.84.0% _ 1.310,02% S 2.740.7%
Dexa.+cycloheximide  3.540.6 4.940.4 0.6740.06 T 1.240.4
Cycloheximide alone  3.640.1 5.040.5 0.640.05 1.140.1
Dexa.+cycloheximide  3.810.1 5.440.6 i 0.640.04 1.240.2
-at t=th \
Dexa.+cycloheximide  4.0$0.1 5.640.5 0.740.08 1.140.1 -

at t=8n . .
. . N
*Significantly different from inflamed (p < 0.01). : P

.
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controls or from inflamed rats. No increase of activities.
‘was observed whenv;yiohsximide was added even 4 and 8 h after et
the addition of dexamethasone.
H. Studies on the incorporation of.[14c) mannose into Man /~
=P-Dol in intact hepatocytes.
In ordér to assess if the increased formation of Man-. °
P-Dol, as observed in earlier experiments, with hepatocyte
homogenates also occurs in intact heéatocytes, experiments
" vere performed in which incorporation of [14c] mannose from
(%4c] mannose into Man-P-Dol vas measured. The hepatacytes
e from control and 1nflamed, rats were incubated with
‘ dexamethasone, and [14C) mannose. incorporation'studi_es were
performed as described in "Materials and Methods". ’ H

Fig.'31 shows the formation of Man-P-Dol as a function

B ‘of incubation time. The ion of i <

over the period of incubation. Hepatocytes from inflamed

rats inct X4c) e at a rate about 2-fpld
higher compared to controls (P < 0.01). Dexamet}!'.:sone (1uM)
Slso caus.ald an increase of this incérporation in hepatocytes
obtained from both control and inflamed rats,; whvich was

statistically significant (Table 10).

I. Subcellular distribution of 1transferase
Table 11 shows the results of marker enzymes of various

N * subcellular fractions from a single representative experiment
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4 8 2 0 b 8
TIMECh) ) . TIME(h)

fect o lex: one_o! CO;

C i1

Hepatocytes isolated from control and inflamed,
rats 'were incubated either in the absence or
presence of dexamethasone (1 uM). The cells
were -labelled with 0.4uci of [14¢)mannose/ml
of the incubation medium throughout the entire.
period of incubation. Man-P-Dol was extracted
as' described in 'Materials and Methods'.
Panels (A) and (B) are experiments from control
and inflamed rats respectively. Solid symbols
are dexamethasone treated; open symbols untreated
cells. Results are mean +'S.D. from triplicate
experiments. .
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Table 10. Effcect of dexamethasone on the incorporation of

[l4c] mannose into Man-P-Dol in rat hepgtocytes.

Hepatocytes isolated from control and inflamed rats
wers Lncubated for .[Zn, elfiier Hin: presence (it} ‘ox absence
of* dexamethasone. The cells were pulsed with 0.4uCi of
[l4c] mannose/ml of incubation medium for 6h before the
termination of incubation. The incorporation of radioactivity
ingo Man-P-Dol was determined as described in the Materials
and Methods sections, Values are given as means + S.D. for
five experiments. (*Significantly different from control (p
< 0.01); * significantly different from inflamed (P < 0.01).

Incorporation of [14C] mannose
" . into Man-P-Dol (DPM/106 cells)

. Treatment . :
\ - -
+
saline ) 324450 >
Degamethasone 497+69*
Inflamed 594+187*
Inflamed and dexamethasone ’ 8494207+
'S
b
< - ’ -




.4.3. DISCUSSION *

C
with hepatocytes obtained from control and jurpmtine treated

ats. These tivities were not changed due to either

inflapmation or e tr

activity was enriched .in microsomal fractions (60% of total
activity is recovered in this fraction) in all the experiments
.(Table 11). Both the gpecific activity and the total enzyme
activity were increasl\)n’:he_ microsomal fraction Jas a

resuit of either inflammation and dexamethasone treatment.
5 ]

-
. Increased formation of Man-P-Dol and (GLCNAC)j.p-P-P-

Dol was uhse.rved in microsomes and hepatocyte homodenates
obtained_ from inflamed rats. In a variety of 1nt1am|natox:y
and pathological conditions, elevated qucosyltransfez"asa
actgvities have heen previously o‘bserved. These pathalogiéal
conditions include: various liver diseases (155,1&6) ”
pax;tia‘l hepatectomy (181) and neoplastic diseases (182,183).
Increased a;:tivity of several nucleotide’);ugar: glycoprotei;—:
‘glycosyltransferases have also been demonstrated in liver
membranes from inflamed rats,(52,53).

’ It has been shown by vgrious workers (18,35) that there

is glycop! in biosy sis during inflammation.

our studies have shown incréases in the.formation of Man-P-

Dol and (GlcNAc)j.p-P-P-Dol, the intermediates for

oli ide 1ipid sy is at a time of elevated

glycoprotein biosynthesis. This observation is consistent




Treatment i

Control

Dexamethasone

Inflamed

Inflamed and
dexamethasone

Table 11. Subcellular localization -of manmsylt:ansferase and other W enzymes.

Values in parentheses indicate the total activity.

106

& Enzyme Activity -
\
v
Succinate: NADPH: cyto
chrame ¢ reductase chrome ¢ 8
(mol of cy c  @mol of ferase (prol of

Subcellular fraction
enate
Debris
(4&) g pellet)
Mitochondria
(4300 g pellet)

Microsomes
+(105000 gdpellet)
Hcmngenate

(480 g pellet)
ia
(4300.9 pellet)

(105000 g pellet) +#
Homogenate :

(4300 g pelle!.)
Microscmes

(105000 g pellet)

Homogena

Debris (Aa)g pellet)
Mitochondria

(4300 g pelle't)

(msooo g peuec)

0.028 (3.25)
0.0015 (0.01)

0.18 (2.61)
0.006 (0.18)

0.032 (4.03)
0.005 (0.05)

0.22 (3.02)
0,007 (0.21)

0.033 (4.15)
0.0018 (0.02)

0.22 (3.02)
0.008 (0.24)
0.031 (3.9)
0.0019 (0.02)
0.2 (2.75) |

0.008 (0.24)

reduced/min per

+ mg protein)

0.07 (8.7)
0.002 (0.02)

0.015 (0:2)
0.24 (7.2)

0.072 (9.0)
0.003 (0.03)

0.01 (0.14)
0.23 (6.9)

0.074 (9.25)
0.0035 (0.035)

0.1 (1.37)
0.25 (7;5)
0.071 (8.8)
0.001 (0.01)
0.08 (1.12)

0.23 (6.9)

acid released/min
per mg protein)-

0.013 (1.62)
0.002 (0.02)

0.07 (0.93)
0.006 (0.18)

0.012 (1.5)
0.001 (0.01)

0.06 {0.84)
0.006 (0.18)

0.015 (1.87)
0.002 (0.02)

0.1 (1.37)

0.007 (0.21)
0.013 (1.62)
0.001 (0.01)
0.08 (1.12),
0.006° (0.18)

product /min
per 'mg protein)

2.05 (258)
0.9 (9)

1.2 (16.8)
4.95 (148)

3.1 (39%)
1.1 (11)

1.5 (20)
7.2 (216)

. 4.0L (505)

1.1 (1)
1.6'(22) "
9.5 (285)
5.69 (717)
1.2 (12)
1.7 (23.5)

13.3 (399)‘




with the gly

protein sy is in inflammation as
previously observed (35).

Dexamethasone, a, potent synthetic glucocorticoid has
been found to influenge the biosynjthesis of glycoprotaj:ns
(133) . Dexamethasone, when added to hepatocytes obtained from
either control or inflamed rats, caused an increase of mannosyl
and N—aqetjlglucosaminyltransfeyase activities. .« It is
believed that glucdcorticoids, in common with other steroid
hormones, exért their effects via interaction with nuclear
DNA (184). It is generally accepted that steroids enter into
the cell by} diffusion and after binding to specific cytoplasmic
receptors, migrate to the nucleus. A number of authors have
suggested that the uptake of glucocBrﬂcolds by rat liver
cells involves a car:{er—mediated, energy dependent,.process
(185,186). ‘It is generally qccepted that qlwccort;ccid has
to enter into the cell to produce its physiological” effects.

Glucocorticoid hormones appear to produce many of their
physiological effects through modulatii/ng the activity of
specific enzymes or proteins in target cells, most often as
a result ofaan increase in their rates of synthesis. 1In
addition to the synthesis of acute-phase proteins,

glucocorticoids gl is, glycogen on,

amino acid conversion to O, and ‘urea production in liver.
An increase of mRNA synthesis occurs within 10 minutes after
glucocorticoid administration, indicating some of these

effects may result from ‘direct action of the glucocorticoids

\




~ on liver. g

Studies in this thesis have examined the effect of

X ofi h ytes from control and 24 h inflamed
rats. It has been shown that M dexamethasone saturates the
glucocorticoid rec/:;ptars in hepatocytes (187). In hepatocytes
from both control and inflamed x‘ats/, dexamethaso_ne at doses
Of 0.1-104M increased the rate of Man-P-Dol formation. However,”

a higher dose of (100u1) the Man-P-

Dol formMation in both control and inflamed conditions.

The observed increase in Man-P-Dol formation may be
interpreted on the basis of the elevated’'levels of either
endogenous dolichol p‘hosphate or the relevaﬁt enzymes. Our k .~
yesults from the experiments using various, concentrations of 8
exogenous delichol phosphate in the assays would tend to
support the .former interpretation when the results from
inflamed rats were compared against ‘}:he controls (Figs. 22
and 28). The formation of Man-P-Dol was 2 fold higher in

. microsomes . or hepatocytes fr‘om intla:meﬁ rats compared to
controls. When increasing amounts of exogenous dolichol
phosphate were used in the assays, the increase in ‘the ratio

. of mannosyltransferase (or Man-P-Dol formation) activity
resulting from inflammation approached towards unity. The
ratio decreased to un'i’ty at 20 nmo;[ and 30 nmol of exogenous
y dolichol phosl;hate in microsomes and hepatocyte homogenates
¢ respectively.
4 : In contrast, the increase of enzyme activity resulting
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from tr compared to
was unchan;;ed, even when the assay mixture contained up to
30 nmol of exogenous dolichol phosphate. The response of

mannosyltransferase activity to dolichol

is greater in the from treated

cells. The increase in activity cannot be ‘abolished with

-increasing. amount of dolichol te which
suggests that the increase in dolichol phosphate m“ay not be
of major. significance in the augmentation of Man-P-Dol
formation, in the case o'f‘ the experlmenta with dexamethasone
treatment.

It was, therefore, ccngluded’trom the results withv

T omi and hepatocytes from inflamed’ rats that the

Mherease in mannosyltransferase was due to an increase in
the endoge;mus conce}xtration of the d&lichcl phosphate in t.he'
liver and there was no true increase of enzyme nctivi"ty. Itl
is w‘%_rthy to n:)te that H/axtord et al 5177) have found dolichol
phosphate levels to be about three fold higher in membranes

from actively myelinatinq"pig brain white matter than in
preparations from no‘myelinating adult brains. A study of
the level of Man-P-Dol synthesis in membranes from the
oviducts of chicks beforé and after estrogen induced
differentiation indicates that the primary factor in enhanced
. synthdsis is an increase in the level of dolichol phosphats’
rather than mannosyltransferase(s) (176). )
In this theéis, direct evidence for the increase of
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dolichol and dolichol phosphate level during inflammation
has been provided by measuring dolichol and dolichol phosphate
in homogenates and microsomes obtained from inflamed rats.
Similar increase of dolichol and dolichol phosphate during
inflanmation was earlier /ahown by Rip et al (188). .

Additional direct evidence for the increase of dolichol,
and dolichol pk{osphate during inflammation has also been
provided by incubating the cells with [3H] mevalonate. A
similar increase in dolichol and _doli:chcl phosphate sy:at.hesis
from labelled acetate has been observed in developing sea urchin
embryo, where a significant amounts of N-linked glycoprotein
synthesis is required for the maturation cf the smbryo
(174). Rcssiqnol et al (189) had shown, usinq 1sopren01d )
precursors of dolichol chain, that dolichol synthesis precedes
dolichol phosphate synthesis. Dolichol is phdSphorylated by
a CTP-dependent dolichol kinase in The ?.ndoplasmic reticular
membrane. The increase of dolichol kinase activity was
found in liver microsomdl membrane from inflamed rats
(168). Similarly, a dolichol kinase activity was fdund to
be present in sea urchin embry‘o, and its activity increased

as the embryo proceeds on (173). By

these regults indicate that both de novo synthesis of the
polyisoprenoid chain c;f dolichol and its phosphorylation by
dolichol kinase play a role in the increase in N-linked
glycopn;tein synthesis in inflammatien and in some other

cases like developing sea urchin embryos. Adair and Keller

= ~ -
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(76) -have shown that de novo synthesié is responsible for
maintaining the hepatic pool of dolichol and dolichol
phosphate. For a 10 gm liver, an in vivo rate ¢f synthesis
of 1.7-2.6 nmol/day of dolichol phosphate ).las been calculated.
By dolichol feeding studies, the dietary contribution to
the liver dolichol pool was less than 0.046 nmol per 30 h.

A salvage pathway is another alternative way, under different

physiological conditions, to control the hepatic dolichol isv?l.

In contrast, the results p ented in this thesis wjth

~treated tes, show a lack of any effect’

. .
of increased of dolichol added

to the assay on the ratio of Man-P-Dol formation in

dexamethasone treated to untfaéted hepatocytes. This
that tr of ytes probably
resulted in a true i of the yltr o i

similar increase of, glchsyltrénsferase. levels: galactosyl-
and sialyltransferases was observed in endometrial tissues
of ovariectomized rats after estrogen administration (190).
A study by Ramachandran et al (191) has shown Atha‘t. dexamethasone
causes an increase in the formation of Man-P-Dol in Hela
cells. The response of mannosyltransferase activity to
peXogenous dolichol phosphate was greater in the homogenates

from dexamethasone treated Hela cells, suggesting that

affects yl in an i

manner not involving the increase in the concentration of

cellular dolichol phosphate. This conclusion was substantiated

L 4
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by' the result presented in this thesis that dexamethasone
was found to have little effect én the synthesis of dolichol
and golichol phosphate‘ from [3H]-mevalonate.

It seems that inflammation induced leu.cocyte-derived
regulat‘:ory factors (cytokines, IL-1, HSF) and hormones fro‘m
endocrine tissues.might be involved in the control of dolichol-
linked saccharide synthesis in vivo. Leukocytes .derived
factors regulate the acute phase response including the
synthesis of a acute phase protein and pitu‘itary-adrenal
axis is also activated during the acute phase response. It
has been shown that HSF andtIL-l were potent stimuli for
ACTH release in AtT-20 pituitary tumor cells (141). This
communication b;atween the immune and neuroendocrine systems
probably explain the synergistic. mode of action of
glucocorticoid hormones and HSF to induce the hepatic
synthesis of acute phase proteins (135).

We has{'e examined the relationship of Man-P-Dol and

(GlcNAc) 1.3 1 sy is to peptide sy i

by incubating cells with protein synthesis inhibitors.

Actinomycin D blocked the one induced r of

Man-P-Dol and (GlcNAc)j.p-P-P-Dol synthesis when it was

added with 5 in ‘éontrol hepatocytes. .
But the responsé was partly maintained when actinomycin D
was added 4 and 8 h after dexamethasone stimulation.
Act.inomycin D also failed to block the inflammation induced

increase of Man-P-Dol and (GlcNAc) 3 .p-P-P-Dol synthesis,
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when it was ddded with 1sone in

from inflamed rats.

Cycloheximide, a potent inhibitor of protein translation,

inhibited the inflammation or sone induced i

of mannosyl and N-acetyiglucosaminyltransferase activities.

The mechanism by which these inhibitors affect glycosylation

is not known. ' 8
one obvious explanation for this inhibition is that

these inhibi?ots cause an extremely rapid accumulation of

GDI ¥ ized pre nantly from *stores
of unlabelled mannose. This would result in'a greatly lowered
specific radioactivity of labeled GDP-mannose in the homogenate,

which would be manifested by an apparent inhibition of

ide lipid sy is

Another possible explanation is that these inhibitors
‘gould alter the dolichol phosphate or enzyme(s) levels in the
cells which is revealed by a decrease in the saccharide
lipid synthesis. : {0

The specific activity of mannosyltransferase uctivity‘
was found to ‘be highest in microsomes, although somewhat
very little activity was present in mitochondrial and debris
fraction respectively (Table 11). The cross contamination
of the aell’ fractions and the consequent appearance q‘:
microsomal enzymes in non microsomal fractions are not
unexpected. There was a small decrease of recovery of

mannosyltransferase activity in microsomal fraction in all
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three experimental groups.. This may be due to translocation
of enzyme into cytosol fraction. Since our conclusions are
based on the specific activity of the enzyme, this apparent
translocation of the enzyme will not affect the.conclusions.
In fact, in most of our studies, enzyme changes noted in
whole homogenates, which included the total enzyme activity
of the cell. It has been mentioneq previously that dolichol
phosphate is the major intermediate in N-linked glycoprotein
biosynthesis. Dolichol phosphate was found to be present in

highest concentration in rough endoplasmic reticular membranes

(188) . .Since dolichol phosphate has major involvement in N-*

glycosylation, the of Y1 erase activity
in microsomal fraction to initiate glycoprotein synthesis

seems plausible.
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CHAPTER V ,
EFFEC N (s)
OF DOLICHOL —[I}!]@.D Qn‘ggﬂ_qgﬂmgng AND GLYCOPROTEINS IN
H TE: '
5.1. INTRODUCTION : .

It has been mentioned previously that the precursor oligo-
saccharide-1ipid is assembled in the membrane of the endoplasmic
reticulum from the nucleotide sugars: UDP-GlcNAc, GDP-Man
and UDP-Glc. The first sugar added to dolichol phosphate
is GlcNAC-P with the formation of GlcNAc-P-P-Dol. Then six
more sugars are added directly from the nucleotide sugars
to yield thé key intermediate MangGlcNAcy-P-P-Dol, to which
seven outer sugars are added via. the dolichol phosphate

linked i iates 1 and Gl

compounds (Man-P<Dol and Gle-P-Dol) are made from dolichol

phosphate and the respective nucleotide sugars.  Upon

completion, the Glcy lcNac, oli ride can be
transferred from its lipid carrier to.growing polypeptide
chains in the membrane of the endoplasmic reticulum.

Tt is apgarent that the biosyntijesis of this oligo-

saccharfde 1ipid involves many different enzymes. Although

all df the enzymes involved in oligosaccharide lipid synthesis

(38,95) have been well characterized, little is known about
the ways by which cells may regulate the activity of these

enzymes. Each enzyme may have an important regulatory role

. These two

\J




in the biosynthesis of the lipi.d linked oligosaccharide
intermediates.

It is well estabi%shed that dolichol phosphate acts as

the "lipid carrier" in the a‘ssembly of oligosagcharide lipid

rand for the synthesis of May—P-Dol and Glc-P-Dol. Dolichol

phosphate may itself have a role in controlling oligosaccharide

) lipid synthesis. Supplementation of exogenous dolichol

. - ~—phosphate to mouse LM cells, by preincubation of the cells

’ 3 for 1 h with dolichol phosphate, resulted in a 300% increase

of oli ide lipid sy is when to non-— 8.

supplemented cells (192). Carson and Lennarz (175) have
demonstrated that during embryonic deveiopment of the, sea
urchin,. a rise in dalit‘:hol phosphate levels occurs that
correlates with enhanced glycoprotein synthésié. Other : '\
investigators have postulated that the synthesis of the
lipid linked oligosaccharide may be controlled by translation
of the nascent peptide itself (192,193). This was based on
the finding that the administration of inhibitors of protein, ,
translation’caused a decreased incorporation of radiolabelled
sugars into lipid linked olig‘nsaccharides.

Regulation of the pathway may also occur by the modulation
of the specific glycosyltransferases which transfer sugar,
units onto dolichol phosphate. Activities of various
glycosyltransferases may be controlled by allosteric mechanisms.
Kean (194) has reported that GDP-mannose stimulated the

incorporation of radiolabelled N-acetylglucosamine residues
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from UDP-GLCNAC into (GleNAC)q.p-P~P-Dol. The stimulating
effect of GDP-mannose has also been seen for the transfer of
the terminal glucose resig_.ue to the high mannose lipid-
linked oligosaccharide (195). It is possible that the presence

of this nucleotide sugar is important for the metabolic

regulatioh of lipid-linked oli ride biosy is. If
nucleotide sugars are important for this pathway, then
l;iechanisms that limit the availahizllty of ese molecules
may also play a role in the regulation. %

Synthesis Of glycoproteins in liver has been shown to
be increased during inflammation and in dexamethasone treatment.
This might cause an alteration in the assembly of

oligosaccharide 1lipid. Hence, experiments were carried out

to study the effect of inflammation ‘and dexamethasol on
the incorporation of radjpolabelled sugars into oligosaccharide
lipid and proteins in rat hepatocytes. The oligosaccharide
lipid intermediates fc:rmed during this treatment/ were

characterized by gel filtration chroshtography.

5.2. RESULTS

A. Effect of inflammation and on:.Ehe
incorporation of [}4c) from GDP-[34c) into
oligo ide’ 1ipid in .

The rate of formation of oli haride in hep yte

homogenates was linear up to 20 minutes of incubation and 1

mg of homogenate protein (results not shown). Fig. 32 shows
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Fig. 32. Effect .og dexamethasone on the rate of
- oli ide lipid by te

{e)

Hepatocytes. isolated from control rats, were
incubated for 12 h in Waymouth's medium either
in the presence (M) or absence of dexamethasone.
The enzyme activity was measured in homogenates
in the absence (A) and in presence (B) (7.5
nmol) of + dolichol . Solid
symbols, ' dexamethasone treated cells; open

ols, untreated cells. The results are mean
+°S.D. from three experiments.
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the incorporation of [l4c) into oli ide
lipid as a function of time of incubation. Hepatocytes were

prepared from control rats and incubated for 12 h either in

the absence or presence of e (1'le) “

prepared from these hepatocytes were incubated with (;DP-
[14c) mannose in the presence (7.5 mmol) or absence of dolichol
phaspha&e. The Ancuhationv mixture was extracted for the
[Man-14cjoligosaccharide 1lipid. Dexamethasone treatment
resulted in an increase of the formation of [man-l4c)
oligosaccharide lipid by about 3~-fold either in the presence
or absence of dolichol phosphate (P < 0.01).

Fig. 33 shows the incorporation of [14c] mannose into

oli ide 1lipid in tes obtained from inflamed
rat. ytes were i either in the absence or

of (1uM) for 12 h. ‘Homogenates
prepared from these s were i with GDP-
[14c) in the or of dolichol

phosphate and the incubation mixtures were extracted for
[man-14c] oliqoé[accharide 14pid. In hepatocytes S AT T
rats the formatiom of oligosaccharide lipid was 1.5-2 fold
higher compared to controls (Fig. 32 and 33; P < 0.01).
Addition of dexamethasone to hepatocytes from inflamed rat
resulted in a further -increase of the formation of fman-l4c]

oligosaccharide 1lipid by about 3-fold (P < 0.01).

g 0
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INCORPORATION OF [ 14C)MAN INT

A i
™R ° 20 4 ey P
examethasone or ate of

esls e] 0C' ke (-]

S O] S
Hepatocytes isolated from inflamed rats, were
incubated for 12 h in Waymouth's medium either |
‘in the presence or
The enzyme activity was measured in homogenates
in the absence (A), and in presence (B), (7.5
nmol) of dolichol Solid
symbols, dexamethasone treated cells, open
symbols, untreated cells. The results. are mean

S.D. from three experiments.

“
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B. Effect of increasing its of dolichol
on [man-14c) oli ride 1ljpid is in te .
homogenates.
o
Since the addition of to tes

a greater jncrease of [man-14¢] oligosaccharide 1ipid formation

with dolichol + the effect of increasing

concentrations of dolichol phosphate (0-37.5 nmol) on the

synthesis of [man-l14c] oligosaccharide was studied. The

formation of oligos de lipid i in control,
inflamed and dexamethasone treated-cell homogenates in assays
conta;ning increasing concentration:of dolichol phosphate
(Table 12). Dexamethasone-treated cells had a higher rate
of oligosaccharide iipid formation at cpncentratiohs up to
30 nmol of do‘lichol phosphate, but a further increase of
dolichol phosphate decreased the rate. Results in Fig. 34

show the ratios of [man-l4cC]oligosaccharide lipid formation

the groups over untreated

groups as a function of increasing amounts ,of dolichol
| <

h The “ ‘treatment of thhell’s from
either control or ‘\cinﬂ}med rats-maintained a higher rate of
oligosaccharide 1 v‘pid formation in the‘presence of increasing
concentrations of dolichol phosphate. In contrast, the
increase in the fratio of oligosaccharide 1lipid formation
between hepatocyt: ‘s from inflamed over control rats achieved
a value clos'e to \jnity as the amount of dolichol phosphate

in the assay was increased (Fig. 34).
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Table 12. Effect of dolichol on the i ion of [14C] mannose into oligosaccharide lipid.

Hepatocytes prepared fram control and inflamed rats were incubated for 12 h in Waynvut_h s nedum\ either in
presence’ (1uM) or absence of Enzyme in the in the

of increasing quantities of dolichol phosphate (0-37.5 nmol)\.—'q:e Tentts /ate-sican + 8.D. fram three separate
axperuraws.

[Man-14c] oli e in
(Pmol/mg protein/5 min)
- v
Amounts of Control Inflamed Ratio Control Dexameth— Ratio Inflamed Inflamed + Ratio
dolichol phosphate B/A - sone c/a Dexamethasone D/B
(nmol) A B A c B D

5.540.5 9.9+1.2 1.8 5.5+0.5 12.4%1.4 2.3 9.9+1.2  25.442.2 2.5

7.5 1041 16.5+2.1  1.65 104k 2443 2.4 16.582.1 4345 2.6

15 1441.8 22.4+1.8 1.6 1441.8 3545 2.5 22.441.8 58411 - 2.6

22.5 1943 26.443.2 1.5 1943 5047 2.6 26.443.2 72413 B

30 28+4.3 3545 1.25 28+44.3 - 7846 2.8 3545 98414 2.8

d -
37.5 2645 3045 11 2645 60+6 2.3 3045 91418 2.8
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Fig. 34. E&@Mﬁus_qﬂxzhmmm_ﬁh&
ion of [43C] into oli ide

. Hepatocytes prepared from control and inflamed
rats vere incubated in Waymouth's medium for 12
h either in the presence (1uM) or in absence of
dexamethasone. Enzyme' activity was measured in
the homogenates in the presence of increasing
quantities of dolichol phosphate. Results are
presented as ratios of activities between inflamed
and control in the absence of dexamethasone (
- @), Control cells in the presence and in the absence
of dexamethasone, (0) and inflamed cells in the
presence and in the absence' of dexamethasone (
o).




L
124
c. u@mmmmmmﬂmw
oligosaccharide 1ipid synthesis induced by inflammation and
dexamethasone treatment. “

Several laboratories (107,193,196) have reported that
ln}éibition of protein synthésis leads to inhibition of the
incorporation of (14c) mannose into oligosaccharide lipid.
It therefore seems likely that the mechanism of this inhibitory
effect is related to regulation for N-linked glycosylation,
since the various' drugs employed inhibit protein synthesis
by different modes of action (107,193,196). It was suggested
previously that an increase of acute-phase glycoprotein
synthesis by inflammation and dexkamethasone treatment was
the result of de novo protein synthesis. It was therefore
impot}:;nt to sﬁudy the effect of an RNA synthesis inhibitor
(actinomycin D) and a pirotein translation inhibitor
(cycloheximide) on the induced increase of oligosaccharide
1ipi§l formation. Tables 13 and 14 show the effect of
actinomycin D on the increase of oligosaccharide 1lipid
synthesis by inflammation and dexamethasoffe treatment in
hepatocyte homogenates. Adnministration of actinomycin D
with dexamethasone at 0 h to hepatocytes obtained from
control and inflamed rats completely suppressed the
Qxamathasons effect on oligosaccharide lipid synthesis.
When actinomycin D was added 4 and 8h after the addit—.ion of
dexamethasone, only a partial increase in oligosaccharide
1lipid ‘synthesis was observed in both types of hepatocyt;s.

®
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Table 13. Effect of actinomycin D on the dexamethasone
induced increase of oligosaccharide lipid synthesis in
hepatocytes obtained from control rats.
Hepatocytes were cultured for 12h. Addition of
dexamethasone (1uM) and actinomycin D (lug/ml) were at t = O
. h unless‘otherviise indicated. Enzyme activities were measured
in the nomogenate with or without exogenous dolichol phosphate.
Results are expressed as mean + S.D. from 3-4 different
experiments. *, +, significantly different from control (*p

P <0.0l; + p < 0.05).

-
> [man-14cloligosaccharide lipid .
U . s .
' Treatment - (pmol/mg protein/15 min)
=
-Dol-p “*+Dol-p
No addition , 4.4+0.8 8.841.1
Dexamethasone alone ’ 10.5+2.5% 22.042.0%
Dexa.+actinomycin D ) 3.840.3 7.940.8 4
Actinofycin D alone 4.140.5 7.640.7
s
Dexa.+actinomycin D at t=4h 5.4+0.1% 9.741.1%
Dexa.+actinomycin D at t=8h 8.0+1.6% 15.640.7%
—
4
\ ¢
v .
L
) §
J
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Table 14. Effect of actinomycin D on dexamethasone and

inflammatiomm induced increases of oligosaccharide lipid
formation in hepatocytes obtained from inflamed rats.  The
experimental details are as in Table 13. *, significantly

different from inflamed (*, P < 0.01).

[Man-l4c]-oli ide 1ipid

(pmol/ng protein/l5 min)

Treatment y -Dol-P ° +Dol-P
No addition ’ 8.410.8 14.5+0.2

Dexamethasone alone 20.6:0.9% | 41.745.2¢
" Dexa.+actinomycin D 7.4+0.4 13.5+2.9
_Actinomycin D sloiie f 7.840.9 12.6+0.4

Dexa. +actinomycin D at t=4h| 13.3+2.1% 21.2+3.2*

Dexa.+actinomycin D-at t=8h 15.741.7* 26.3+4.3*%

4
L. ~
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Act’:inomycin D failed to block the inflammation induced
increase of oligosaccharide lipid synthesis when it was

added to the hepatocytes obtained from inflamed rats. !
Tables 15 and 16 show the effect of cycloheximide on the
inflammation and dexamethasone-induced increase of
oligosaccharide lipid synthesis. Cycloheximide completely
blocked the dexamethasone induced-increase of oligosaccharide
lipid_furmation in hepatocytes either from control or inflamed
rats. When cycloheximide was afdded 8 h after dexamethasone,
no increase of &.:ligosaccharide lipid formation was observed.
Cycloheximide also partially blocked the inflammation

< 5
induced i of oli ride lipid sy is when it

was added to hepatocytes from inflamed rats.

D. Studies on the incorporation of [14C] mannose into [man-
14¢) 014 aride 1ipids and gl ins in intact
epatocytes from control and i e .

Hepatocytes isolated from control and inflamed rats

were i with [14c) either in the presence or

of and the i ion of (14c] mannose
into oligosaccharide lipid and glycoprotein was monitored
for 12 h. Fig. 35 shows the results of incorporation of

tl4c) into oli ride . 1ipid.” Inflammation

increased the incorporation of [}4c) mannose into’
oligosaccharide lipid by about 1.5 fold. However, in both
control and inflamed hepatocytes, the incor-poration of
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Tabfe 15. Effect of cycloheximide on thé dexamethasone
induced increase of oligosaccharide lipid synthesis in
P

hepatocytes obtained from control rats.

Hepatocytes from control rat were cultlred for 12h.
Addition of dexamethasone (1uM) and cycloheximide (100ug/ml)
were at t = oh unless otherwise indicated. Enzyme activities
were measured in the homogenate with or without exogenous
dolichol phosphate. “Results are expressed as mean + S.D.
from 3-4' different experiments. *Significantly different

from gontrol (p < 0.01).

s [Man-14c] olfgosaccharide lipid]l

(prol/mg prDt}in/lS min)

Treatment -Dol-P +Dol-p
No addition ’ 7 5.040.3 9.440.4
Dexamethasone alone ‘ 12.4+0.7% 24.642.5%
Dexa.+ cycloheximide | 4.3+0.1 8.0+1.0
Cycloheximide alone’ 4.040.6 8.4+1.3

Dexa. +/cycloheximide at t=4h 4.5+0.1 10.6+1.8

.
Dexa. + cycloheximjde at t=8h +0.2 8.2+1.3
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’
Table 16. Effect of cycloheximide on the inflammation and

dexamethasone induced increasé of oligosaccharide lipid

synthesis in hepatocytes obtained from inflared rats.

Hepatocytes were isolated from inflamed rats and cultured

for 12 h.

The experimental details are as in Table 15.

*Significantly different from inflamed (p < 0.01).

\

Treatment

No addition

Dexamethasone alone

Dexa. + cycloheximide
Cyeloheximide alone

‘Dexa. + cycloheximide at t=4h

Dexa. + cycloheximide at t=8h

[Man—l‘*c]c'uwochande Lipid]

(pmol/mg protein/l5 min)

-Dol-p
9.0+1.9
21.84_-_1.9*
6.6+1.4
6.2+0.8
6.6+0.7

7.240.3

+ Dol-p
15.6+1.8
45.2+4.5%
10.9+1.8
10.8+2.0
10.742.2

11.340.9
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TIME(h) TIME(h)

P de 1
i ion into olj ride 1ipid in

o s
Hepatocytes (20x106 cells) isolated from control
and inflamed rats were incubated with ] mannose
(0.4, Ci/ml of incubation medium) eItier in the
presence (1"M) or
Pangls, (A) and (B) are cells from control and
inflamed rats respectively. Solid symbols,
dexafethasone treated cells; open symbols,
untreated cells. Results are mean # S.D. of
three experiments.
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(l4cy into oli ide 1ipid was increased

about 3 fold by dexamethasone treatment. Fig. 36 show the
incorporation of ([14c] mannose into cellular protein.
Inflammation increased the incorporation of [l4c] mannose
into cellular protein about 1.5 fold. A similar increase
of incorporation jnto cellular protein was observed in
hepatocytes from control and inflamed rats by dexamethasone.
The stimulation of ([14c) mannose incorporation into
oligosaccharide lipids and glycoproteins was statistically

significant (Table 17).

E. Effect of cell density on the (14c] mannose incorporation
into Man-P-Dol, [Man-. 'MQL_LL'!J.QMMELQJDQ_EF_Q_LE_
in intact hepa;ocytes.

To elucidate whether the incorporation of [14C) mannose
into Man-P-Dol, oligosaccharide 1lipid and. glycoprotein
depended upon the cell density, hepatocytes from control and
inflamed rats at various cell densities were incubated with
[1"C] mappage either in the absence or) presence of
dexamethasone. Table 18 shows the effect of various cell

densities on the i ion of (4¢c) into Man-p-

Dol, oligosaccharide lipid and qucopzci:elns. The highest
incorporaticn‘of (14cimannose into these products was
observed when the cell density of 0.41x108 cells/ml was
used in the incubation medium. However,“the effects in

different experimental groups remained unchanged up to

&
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b 8 12 0 b 8 12
TIME(h) TIME(h)

Effect of dexamethasone on [14 mannose
1t 3 tein

Hepatocytes (20x106 cells) isolated from control
(A) and inflamed (B) rats were incubated with [14c]
mannose (0.4yCi/ml of incubation medium) either
in the presence (Solid gymibol*) (ltM) or absence
of dexamethasone (Open symbol). The samples were
withdrawn at appropriate times and incorporation
of [*4C] mannose into cellular proteins was:measured
as described in 'Materials and Methods' section.
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Table 17. Effect of dexamethasone on the incorporation of
(14c] mannose into oligosaccharide l1ipid and cellular proteins.

Hepatocytes (20x106 cells) isolated from control and
inflamed rats were incubated with 0.4uCi of [l4c] ll\annege/ml
of incubation for 12h either in the absence or presence of
dexamethasone (luM). The incorporation of radiocactivity
into oligosaccharide lipid and glycoprotein were determined
as described in 'Materials and Methods' sections. Values
are mean + S.D. from five different experiments. *Significantly
different from control (P < 0.01).

\
kd % Incorporation (d.p.m.)/106 cells) into:

T:eat’ment ; Oligosaccharide N-linked
lipid glycopra_tei_n
Control - . 417477 215+45
Dexamethasone . 10;381308" 383+109*
!nflan';ed " 687+187* 363+85*
Inflamed and dexamethasone  1787+205% 642+244*

r B
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Table 18. Effect of cell density and one on[l4c] incor, ion into Man-
P-Dol, oligosaccharide lipid and proteins. ! e
Hepatocytes isolated from .control and turpentine-inflamed rats were incubated for 12h
either in the presence or absence of”dexamethasone. The cells were incubated in Waymouth's 2
medium supplemented with 17.5% (v/v) heat-inactivated horse serum in a total volume of 20 . .
ml and were labelled with 0.4uCi of [l4CImannose/ml of incubation medium for 6h before the R

termination of incubation. The incorporation of radioactivity into different fractions was
measured as described in the Materials and Methods section. Results given are means +
S.D. for triplicate experiments.

Incorporation (d.p.m.) into: 5

1076 x Cell density - WMan-P-Dol Oligosaccharide N-1linked

Treatment (cells/m1). ~ & . 3 lipid glycoprotein
saline 3.2 . 5835+1020 6448+1077 ° 3553+216.

1.6 8312¥993 10178%906 4861¥314

0.82. 4843%1087 5412%782 2678%512

: 0.41 2665¥787 2912¥502 1373%233
Dexamethasone 3.2 6776+1371 7408+1573 3857460 1
16 § 11556¥1336 25814%4650 6483¥339

0.82 7021%1693 13741%2646. 46817549
0.41 4451%710 7375¥1935 2414%748. -
. » o SE L
Inflamed 3.2 6566+1121 70024991 41924229 -

1.6 12384%1033 16223¥1312 7162¥329

0.82 7361¥983 7213%929 3282+292

0.41 43101310 4252¥739 2205%414
Inflamed and 3.2 682341094 7521+989 45244253

dexamethasone 1.6 17929¥898 38354%1409 . - 9626¥409
0.82 9213%772 16343¥1021" 4322¥339 |

0.41

5949¥1013 11926%1125 3476¥173
=




1.6x106 cell/ml.

F. Analysis ligosaccharide 1i
Results in Figs. 32,33 and 35 show that there are
differences in the amount of oligosaccharide lipid formation
when the hepatocytes, either from control or inflamed rats,
were tx"ea;.ed with dexamethasone. However, the oligosaccharide
‘ii;’vid preparation contained all the oligosaccharide
intermediates of the délichol cycle. In order to determine
if inflammation and dexafnethasone treatment caused a changé 3
in the distribution of the varlous intermedlates, the
oligosaccﬁa;ides were separated on the basis of t‘heir
" sizes. ' This was performed by mild acid hydrolysis of the
oligosaccharide lipid complexes to remove the lipid, followed
by fr‘act‘:ionation of the oligosaccharides on Bio gel P-4 column.
Cell-free' oligosaccharide 1ipid preparations were
analyzed by gel filtration chromatography and the results
,are shown in Fig. 37. The oligosaccharide profiles from four
different preparations were ;ery similar, and consisted of
three peaks. Results show no preferential increase c;f any
pan‘:‘icular peak. The amount of radioactivity under each
,A'peak was préporciénately increased by inflammation and
dexamethasone -treatment.
[Manl4c) oligosaccharide 1ipid was prepared by incubating
the cells with [14C) mannose. Gel filtration chromatography

profiles of these oligosaccharides are shown in Fig. 38. The
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After mud acid hydrolysu of the lipid 1mked
oligosaccharides, the free oligosaccharides were
fractionated using bio gel P-4t¢column as described
in 'Materials and Methods' sections. Panel ‘A,
control; Panel B, dexamethasche treated control
cells; Panel, C, inflamed, Panel D, dexamethasone
treated cells from inflamed : rats. . Arrows

- indicate the elution position'of standards: Mg,

MangGlcNAcy ;' My, Han—,GlcNAc1, Hs, Hanaslcu.\cl.
Mg, Hangslcm\cl, 1, Mannose. !
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% Isolated oligosaccharide, after being, hydrolyzed
by acid were fractionated in bio gel P-4 column
according to theé procedure as described in
'Materials and Methods' sections.- Panel, A,
control; Panel B, dexamethasone treated control
cells; Panel C, inflamed; Panel D, dexamethasone
treated cell from inflamed rats. Arrows indicate
the elution position of standards: Mg, MangGlcNAc):
M;, Man;GlcNAc,; Mg, ManaGlcNAcl. MangGlcNAc, ,
1, Mannose.
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oligosaccharide profiles of the four difrerenlt preparations
consisted of four peaks. This result does not indicate a
preferential increase of any particular peak, instead the
amount of radicactivity under each peak was im;reased by
inflammation and dexamethasone treatment. .
5.3. DISCUSSION

Hepatocytes prepared from control and inflamed rats
were ‘incubated either in the presence or absence of
dexamethasone (1uM). The homogenates prepared from the
hepatocytes were used to prepare oligosaccharide lipid.
The formation of oligosaccharide lipid was about 2-fold
higher in inflamed rats cohpared to controls. Addition' of
dexamethasone to the incubation caused a 3-fold increase of
oligosaccharide lipid formation in hepatocytes frop either
control or inflamed rats. Similar results were obtained
when the cells were incubated with [14C] mannose in the
presence of dsxame;:hasone. It was shown in Chapter IV that
dexamethasone caused a 1.5 to 2-fold increase in the formation
of Man-P-Dol and (GlcNAc)l_z-P-P-Do;'l in hepatocytes obtained
from both control and inflamed rats. The results showing &
lesser degret‘a of stimulation of (GlcNAc),.p-P-P-Dol compared

to oligosaccharide 1ipid formation by dexamethasone, suggest

that dexamethasone may activate some step(s) in the elongation

of sugar gchains from (GlcNAc);.»-P-P-Dol to oligosaccharide

lipid. The increased stimulation of oligosaccharide lipid

V€




formation may not be merely due to the increased specific
radioactivity of GDP-man, UDP-GlcNAc or dolichol phosphate,
since such a change must be reflested initially in the
incorporation of radioactive 1labels into Man-P-Dol or
(GlcNAc) 1-~P-P-Dol. .

We have examined the effect of exogenous dolichol phosphate

on oligosaccharide 1ipid synthesis in hepatocytes from control

and inflamed rats treated with &
dolichol phosphate has been: found to increase the

oli

ide lipid sy is in the hepatocytes.
The increase bbserved in oligosaccharide 1ipid synthesis,
either in inflamed hepato;:ytes or after treatment with
dexamethasone, may be interpretated on the basis of elevated
levels of either endogenous dolichol phosphate or the relevant
enzyme(s) involved i}x oligosaccharide lipid synthesis. It .
has been shown previously (Thapter IV) that the increased
formation of Man-P-Dol is due to elevated levels of endogenous
dolichol phosp’hate in inflammation, whereas in dexamethasone
treatment, the increase is due to higher levels' of
mannosyltrangferase activity (149). The results presented

in this thesis: using dolichol support a

sinilar postulate that the increase observed in ol igosaccharide
1ipid synthesis during inflammation is probably due to
higher levels of endogenous dolichol phosphate. In the
presence of lovﬁmounts of dolichol phosphate (7.5 nmol),

the formation of oligosaccharide lipid was increased in
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control, inflamed and dexamethasone treated hepatocytes. -
A

. When increasing amounts of dolichol phosphate were tsed in
the assay, the ratio of oli ide 1ipid is between
inflamed and control hepatocytes unity. -

This indicated that the enzyme(s) levels in inflamed hepatocytes

. were probably not altered compared to controls, the increase
seen being due to higher amounts of en’;c:qenous dolichol
phosphate formation in inflammation (149). .On the other
hand, when increasing amounts of dolichol phosphate were

used in the assay, the ratio of oligosaccharide lipid synthesis

and ytes did
2 " not decline. This result suggests that tfeatment of the

* with 8 probably resulted in a true \
increase of enzyme(s) involved in the assembly of
oligosaccharid; ds. This conclusion is similar to the

one previously made for Man-P-Dol synthesis during inflammation

and asone treat (Chap' 1v).

We also examined the effect of actinomycin D and

cycloheximide on the increase of oligosaccharide 1lipid

’ synthesis in inflammation and ‘dexamethasone txeatn;ent.
% Actinomycin D blocked the dexamethasone induced increase of
vligosaccharide 1ipid' synthesis, when it was added

simul 1y with It failed to suppreds

the increase when the addition was delaged for 4 and/8 h
after- addition of dexamethasone. Actinomycin D also failed

L3 to block the increase of oligosaccharide lipid synthesis

.
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induced by inflammation. Cycloheximide; on the other hand

141

inhibited the dexamethasone induced effect completely. It
also partially inhibited the inflammation induced effect.
Studies in sever‘al laboratories (107,192,193) have suggested

that the observed block in oligosa ride 1lipid sy is

by protein synthesis inhibitors might result from a deficiency
in dolichol phosphate, since this compound would not be

—re by of the oli ide chain to

protein in the Qf newly sy ized glycosylatable

proteins. . This might also explain our observations on the

cycloheximide effect on oligosaccharide 1ipid synthesis.
Furthermore, Grant and Lennarz (192) have shown th;t

the

y is of labelled oli ide 1ipids was
markédly inhibited in the presence of cycloheximide in mouse

IM cells. They tested the hypothesis that in LM cells,

o “limitation of dolichol phosphate synthesis was the reason
' for inhibition of oligosaccharide 1lipid synthesis by
cycloheximide, and concluded that this was not the case.

They preincubated the cells with doiichol phosphate and then

o1i ride 1lipid is was red in the

or presence of cycloheximide. Oligosaccharide .lipi\:l synthesis
was matkedly (300%) stimulated by preincub‘atm'n with dolichol
phosphate, indicating that as in other systems (174,175),
“ golichol phosphate’ is the limiting factor for the synthesis
of oli’gosaccharide “lipids in vivo. sMore importantly in

relation to the cycloheximide effect, ‘when cells were
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preincubated with dolichol phosphate and then treated with
kY
cyclohexim;de, the same marked inhibition was observed as in

cells not pre-exposed to dolichol phosphate. Thus although

LM cells apparently can utilize dolichol

from the culture medium for enhanced oligosaccharide 1lipid
synthesis, this enhanced availability of dolichol phosphate
cannot relieve the inhibition caused. by cycloheximide. Our
studies show that, cycloheximide treated cell homogenates can

utilize exogenous dolichol phosphate and increase the

oli ide lipid synthesis, but could not relieve the
inhibition caused by cycloheximide.

Gei filtration elution bprofiles of oligosaccharides
isolated from control, inflamed and dexamethasone-treated

h te i

with GPD-[14¢]-mannose were
found to be similar. In each case only three peaks a,b, and
c were obtained. These peaks were identified on the basis

of a comparisén with elution positions of homologous series

of trifium labeliéd high mannose oligosaccharide. standards.

Peaks a and b have beep ld?ntlfied to have the composition
ot mﬂl’!']-Glt.:“ACz and mangGlcNAcy respe‘tiveiy. :I’he. largest
oligosaccharide peak ¢ was not identified. N

Gel filtration elution p:‘ofiles" ot. oligosﬁccharides
isolated from control, inflamed and de&amethgsone treated
intact hepatocytes incubated with [14c] mannose were also
simn;r. In this case,»‘ho‘waver, four peaks were elutéd and

. peaks a,b, and d yere ‘identified to have the: composition of
« manqGlcNAc;, mangGlcNAcy and mansGlcNAc, respectively.

* .
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CHAPTER VI .
E CT OF F =]
s OPHOS P} E ACTIV:

6.1. lngroducticn.
"Acute-phase proteins" in serum, contain significant

amounts of N-linked oligosaccharide, which are synthesized
A

‘via the dolichol pathway in rat liver parenchymal cells,

The synthesis of these proteins is increased during inflammation
and dexamethasone tr‘eatment. In the previous chapters (IV
and V), it has been reported that incorporation of [“C] mannrqse
and [14c]-N-acécyrglucosamine to Man-P-Dol, (GlcNAc)j--P-P-
Dol, oligosaccharide lipid and N-linked glycoproteins was

increased in cultured hepatocytes from inflamed rats.

Dexamethasone, added to the hepatocytes obtained from control .

and inflamed rats, also increased the synthesis of the above
products. :

“Nucleotide sugars are éssential as sugar donors in the

synthesis of dolichol linked intermediates involved in N-

linked glycoprotein synthesis. Nucleotide sugar
pyrophosphatases, whi;:h hydrolyze nucleotide sugars, have
been implicated in’ thé regulation of the metabolism of
nucleotide sugars in vrelation to glycoprotein synthesis. In
Jbacteria, the action of a nucleo€ide sugar pyz-o‘phcsphatnsé
has been suggested to'glay a role~ in the regulation of

intracellular concentrations of various nucleotide sugars
.




(197). Kean and Bighouse (198) have characterized a cytidine
5'-monophospho sialic acid hydrolase from rat. liver, and have
speculated that it may play a. role in regulating the
concentration of CMP-sialic acid within the cell.

It has been reported that nucleotide sugar pyrophosphatase
and phosphodiesterase present in various tissues might have
a shared. activity against -certain phosphodiester bonds
(199,200). A recent study by Rous§eau et 11} indicated that
a similar phosphodiesterase activity had been i;xduééd by various
glucocorticoids in a waE hepatoma cell line (201). This
observation indicates that a specific increase in nucleotide
sugar pyrophosphatase activity miéht 'be induced by the
administration of dekamethasone. Inflammation also ir;cregses
the non-specific hydrolytic activ'ity of .phosphodiester )aonds
in different tissue systems (202). Nucleotide-sugar .
pyraphosphétase activities have been s\hown to be affected in
a variety of physiological and pathoiuqical conditicns (203) .

Glycosyltransferase reactions have been found to be
affected l;y the presence’ of highly active nucleotide sugar o
pyropho;phatuses. The focus of the studies in this chapter

“has bee;\ to determine if the nucleotide sugar pyrophosphatase
activity is affected during inflammation and dekamethasone
treatment. The present study was.also undertaken to investigate
whether the rate of formation of the Man-P-Dol, (GlcNAc)j_p-

|

presence of nucleotide pyrophosphatase inhibjitors. ~ The
. | .

P-Dol and oli ide 1lipid g in the

.
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level of nucleotide sugars was also determined from control,
and dexamethasone treated hepatocytes and in hepatocytes
from inflamed rats.
6.2. Results
A. L of nucleotide sugar activity b

dexamethasone.

Hepatocftes isolated from control rats were incubated

in the presence of 1,M dexamethasone for 12 h, since this

ation of sone is known to saturate the
glucocorticoid receptor and evoke maximal effect on tyrosine

aminotransferase in rat liver cells (187). Fig. 39 and 40

show the effect of on GDP- pyr

and !IDP-Glch pyrophosphatase activities as a function of
time and enzyme protein concentration, respectively. The
products’ of GDP-mannose and UDP-GlcNAC pyrophosphatase

reactions were Man-1-P and GlcNAc-1-P, respactiveiy. The

‘initial rate of Man-1-P formation was 42 and 71 nmol of

(14ciMan-1-P/min/mg protein for and

treated 'total -membranes preparation' of hepatocytes,
respectively (P < 0.01). The initial rate of GlcNAc-1-P
formation was similarly 32 and. 59 nmol of [34C] GlcNAc-1-

P/min/);ng protein (P < 0.01).

Fig. 41 shows the effect of on
s R
ahd UDP-GlcNAc pyrophosphatase activities in hepatocytes

incubated for 0-12 h. The results show that the level of
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Hepatocytes isolated from control rats and
cultured fQr 12h in presence of dexamethasone

(LyM). 'Total membranes preparation' was
prepared as‘described in 'Materials and Methods'
section and used for the enzyme assay. o,

uDP-

i @ A
GLONAG pyrophosphatase; B, GDP-Man pyrophosphatase.
Results are mean + S§.D. from 3-6 different
experiments.
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Hepatocytes isolated from cantrol rats and
cultured for 12 h in the presence of dexamethasone
(LuM). 'Total membranes preparation' was
prepared as described in 'Materials and Methods'
section and used for the enzyme assay.O control;
@, dexamethasone treated. A, UDP-GIlcNAc
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Results are mean + S.D. from 3-6 different
experiments.
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om .
Hepatecytes isolated from control rats were ° s
uM over a period
of 12h. "rotal membranes preparation' was prepared
following procedure as described in 'Materials
and Methods' section and was used for the enzyme
assay. A, UDP-GlcNAc pyrophosphatase, B, GDP-Man
pyrophosphatase. 0, control; @ , presence of
dexamethasone; A , dexa. + actinomycin D; m, Co
dexa + cycloheximide. The results are mean :
from triplicate determinations from three
different experiments.




UD; ~,1 gl PY activity sz inc.reussd
about 2 fold (137 nmol/mg protein/5 min to 223 nmol/rg protein/s
min) over a 12 h period of incubation in dexamethasone
treated cells (P < 0.01). Similarly GDP-mannose pyrophosphatase
activity was increased from 196 nmol/mg protein/5 min to 327
nmol/mg protein/5 min by dexamethasone treatment (P <
0.01). The initial increases of enzymatic activities
occurred as early as 8 hour of incubation and continued up
to 12 h. The results in !jiq. 41 also show that the increase
of GDP-mannose and UDP-GlcNAc pyrophosphatase activities
were completely suppressed when actinomycin D or cycloheximide

were added in combination with dexamethasone.

also i the and UDP-
GlcNAc pyrophosphatase activities in hepatocytes obtained from

inflamed rats. However, no increase of activities was

‘observed in inflamed rat hepatocytes cr‘:v‘npared with controls

(Fig. 42).
B. Mechanism of effect on the i of
nucleotide sugar activities.

The possibility that the increase of nucleotide sugar
pyrophosphatase activity was due to a Flirect action of
dexamethasone upon the enzyme itself was investigated. The
direct addition of dexamethasone to the assay did not affect
the enzymatic activities (results not shown), suggesting

that stimulation is not due to a direct effect of dexamethasone
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Fig. 42. Effect of dexamethasone on nucleotide sugar

C. ids
se. ] h_in he cyte

ame: ats.

Hepatocytes isolated from inflamed rats were
cultured in the presénce of dexamethasone (I M)
over a period of 12h. 'Total ‘membranes preparation'
was prepared following procedure as described in
'Materials and Methods' and was used for the enzyme

assay. A, UDP-GlcNAc py: B,
pyrophosphatase. . 0, control,A , inflamed; A ,
\ inflamed + dexamethasone. The results are mean

o from 2-3 different: experiments. .
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on the enzyme. As shown in Fig. 41, the enzyme activity
increased as early as 8 h by dexamethasone. A lag of B’h
fot renie. tricEeEs of pyrophosphatase activity is consistent
with the fact that the stimulation of the specific activity "’
of the enzyme is probably due to the synthesis of new enzymes.
To investigate this possibility, inhibitors of macromolecular
synthesis i.e., actinomycin D and cyclotteximide were used in
‘the hepatocyte cultures. If the mechanism of induction
N

involved i gene iption and translation

into protein, then inhibitors of RNA transcription and
‘protein translation should prevent the induction of enzymatic
activity. As shown in Fig. 41, induction of pyrophosphatase
activities was greatly inhibited in the presenc‘e of actinomycin
D or cycloheximide. When actinomycin D was added at 0 h, the
stimulatory’ af‘fect -of dexamethasm—:e on GDP-mannose
pyrophosphatase activity was abelished’ (Table 19). But,
addition of actinomycin D, 8 b after the adaitdon of
dexamethasone resultéd‘ in a‘n escape from the inhibitory
effect of transcription inhibitor. At this time actinomycin
D only inhibited 11% of the activity due to dexamethasone.
Similarly, the effe;t of addition of cycloheximide at 8 h of
incubation of hepatocytes in presence’ of dexamethasone .
showed an escape from inhibitil.g:n by the translation vinhibitor.
At this time cycloheximide only inhibitéd 18% of the activity
due to dexanmethasone. Addition of  actinomycin D and -

cycloheximide at different times of 'incubation of the




Table 19. Effect of actinomycin D and cy¢loheximide or
sugar activity in te culture.
\ GDP-mannnose % of
N pyrophosphatase control
(rmol/mg protein/
Treatment. 5 min)+ SD
Saline 19546 0
Dexamethasone alone 32645 167
Dexamethasone + actino— 174418 89
mycin D
ne + actino- 231415 18
mycin D at t=th
Dexamethasone + actino- 292+14 149
mycin D at t=8h
Dexamethasone + cyclo- ~180+14 92
heximide
Dexamethasone + cyclo- 214417 110
heximide at t=th
+ cyclo- 267418 137

heximide at t=8h

tocytes were isolated from control rats and cultured for 12h.

D (i g/ml);

irmid

are set at 100 when the effects of dexamethasone
\ activities are set at 100 when the effect of uxhlb].tors are compared.

152

dati

luced sti

Inhibition (%)

47

29

11

45

18

UDP-GLGNAC

135414
222418

120410
157421
186417
118421
169423

18149

134

n indy of nucleotide
Results are mean + S.D. from three different experiments.

% of Inhibition (%)

control from dexametha-
* _ sone stimilation

‘“ _

164 o )

95 42

116 29

138 16

87 47

125 30 )

18

. Addition of dexamethasone (1yM) and

(100ug/ml) were added t=ch unless otherwise indicated.

e compared against: control.

Control values
stimulated
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hepatocytes in the presence of dexamethasone also showed a
similar effect on UDP-GLCNAC, pyrophosphatase sctivity
(Table 19).

The other possibility, that dexamethasone induces a
rapidly turning over factor, which in turn enhances the
catalytic activity of nucleotide sugar pyrophosphatase
activity or an inhibitor of enzymatic activity, present in
control cells being lost after treMtment with dexamethasone,
was examined by appropriate Q{ing‘experiments. The increased
activity in mixtures of cell“homogenates from control and
dexamethasone treated cells was strictly additive (Fig.
43). This ruled out the possibility that dexamethasone promotes
thé appearance of an soluble uctiv;tor or removal of an

soluble inhibitor present in control cells.

[
We also examined i ‘the

Vpax ©f the nucleotide sugar pyrophosphatases or affinity
for the substrate. The apparent Km of the enzyme was similar
in dexamethasone treated and control cells (Table 20).

However the Vpay Of the enzymes were increased for both UDP-

GlcNAc and GDI by tr (Table 20) .
C. Glycosyltransferase activities in the pres
of nucleotide sugar pyr inhibitors.

The study of glycosyltransferase reactions in a variety
of animal tissues has shown the presence of a highly active

nucleotide sugar pyrophosphatase, which may affect the
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» Table 20. Kinetic parameters of nucleotide sugar pyrophosphatase activity in control and ‘
treated . Results are mean values fram three different experiments. -
% \
° -
. ) Control Dexamethasone
GDP-Man Pyro- UDP-GlcNAc pyro- GDP-Man pyro- UDP-GlcNAcpyro-
ase
Apparent Km, mM 0.43 0.47 0.43 0.47 2
Vmax, nmol/min/mg r 0.07 0.12 0.1 0.22
protein -
- )
pH for maximal activity 9-10 o-te 9-10 9-10

The cells were incubated-either in the absence or presence of luM umxwiﬁ_wmgm.. Enzyme
assays were done as described in "experimental procedure”. To establish pH optima, 100 mM
¢
acetate (pH 4<5); 100 mM phosphate (pH 6-8) and 100 mM glycine-NaOH (pH 9-10.6) buffer
S E

systems were used. o
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Pl glycosyltriﬂnsferase assays. The methods most often ut111zed

to control such degradation have involvsd Yhe addition of a

wide :Jariety of. nucleof’de mono—‘, _dx—, and triphosphates to

serve as competitive ihhibitors (204,205). However, at a

~————concentration adequate to spare sugar nucleotide substrates,

"the added nucleotide is often inhibitory to the glycosyi- s

‘. transferase reactions (206). . It was reported that sug‘ar‘

nucleotide degradation . by zn”-reguiring nucieotide

pyrophosphatase is éffectively inhibited by the addition -of

the chelator 2, 3 ‘dimercaptopropan-1-ol, along Vwith lcw
concentrations of nucleotides (207). As dex:z:;ethasone .

increases the nucleotide sugar pyrophosphatase activities,

as well as tylgl nyl and 3 yltransferase
activi: ieos, it was of interest- to -study th;: etféct of
pyroﬂgsphatase inhibitor on the dexamet!lasone induced
increase of glycosyltransferases. & ¥ ’

P .
i) Effect of nucleotide sugar p inhibitor:

o di opanol and ATP, on N -
activity: )
% . The effe:{:t of dimercaptopropanol and ATP on the

incorporation 6f [14C) GloNAc into '(GlcNAC)j;.p-P~P-Dol in

p yte ations is shown in .Fig. 44.
Dexamethasone increases the N-ac'étylglucnsaminyltrans!‘?erase .
‘activity compagyed to controls (Fig. 44), either in the

h . &

. presence or absence of nucleotiﬁe pyrcbhcsphutase inhibitors, .
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Effect of dexamethasone on N-acetylglucosaminyl

Hepatocytes  isolated from control rats, were
with (1uM) in Way 's
medium for 12 h. The reaction mixture consisted
of "total membrane ‘preparation" (0.3 mg);i UDP-
14c)-N-acetylglucosamine (1.6. nmol); 6.5 mM
Tris/HCL buffer (pH 7.4); 6.5 mM MnClp; 1.5 mM
EDTA; Triton X-100 (0.15% w/v) and dolichol
phosphate (7.5 nmel) in a' total volume of 310
1. Incubations were performed at-30°C. A, No
addition of' inhibitors; B, Addition of 5 mM
dimercaptopropanol and 100kM ATP. O, control;

o, dexamethasore~treated. Results are mean %
. S.D. from three different experiments.

7% . 3

-~

) .
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dimercaptopropanol and ATP. Dimercaptopropanol specifically-
chelates zn2*, necessary for nucleotide sugar pyrophosphatase
activity, but it does not Bind the divalent cations required
for glycosyltransferases (208). The initial rate of N-
acetqulucosmﬁuyltransferase activity was 1.4 fold higher
(22 versus 16 p!lu‘:l GlcNAc)min/mq pr‘oteln) in hepatocytes
treated with dexameth:;sone in the absence of dimercaptopropanol
and 'ATP (Fig. 44A). Addition of these inhibitors did mot

8 m’ar)v(edly ‘increase the 'initial rate of enzyme reaction (1.7

"tuld, 52 versus 30 pmol GlcNAc/min/mg protein) in dexamethasone
treated cells, 3 but did increase the capacity of the
dexamethasone treated cells to a greater ex‘tent tha’nl control
cells (Fig. 44B). 1In the absence of (inhibitord, the total
capacit‘y of N-acetquluccsam?nyltransﬁarase capacity was 28
pmol of GlcNAc/10 min/ng protein ‘in dexamethasone treated cells,
comi':ured to 20 pmol of GlcNAc/10 min/mg pro&:ein in control
cells (1.4 fold). With inhibitors these values were increased
to 235 and 105 pmol of GlcNAc/10 min/mg protein respectively
(2.2 fold), (Fig. 44B). ° T

E

ii) Effect of nucleotide sugar Y inhibitors

di 1_and ATP on Ltr activity:

The initial rate of [14C] mannose, incorporation into

Man-P-Dol was higher in from

treated hepatocytes compufad to control (1.4 fold, 216 pmol

-Man/min/mg protein versus 160 pmol Man/min/l;\q prcn_:ein)
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(Fig. 45A). Similar to -the results shown for ﬁ-g;acyl-
glucosaminyltransferase, dimercaptopropanol and ATP-did mot
markedly increase the initial rate of enzyhe activity in
hepatocytes treated with dexamethasone (1.8 fold, 900 pmol
Man/min/mg protein versus 500 Pmol Hun/mi.n/mq protein)
(Fig.- 45B). The capacity of control cells for mannose
incorporation without dimercaptoprepanol and ATP, K was 165
pmol' Man/5 min/mg protein compared to 250 pmol Man/5 min/mg

.protein (1.5 fold) in dexamethasone treated cells (Fig.

45A). In the of dimer 1 and ATP, this
capacity was ijcreased to 850 pmol Man/5 min/mg protein in

control cells after tr the

capacity was increased to 1925 pmol Man/5 min/mq' protein

(2.3 fold) (Fig. 45B).

D. Effect of dii 1 and ATP on the incorporation =
of [14c) from GDP-[14c) into oli ‘charide

Table 21 summarizes the results of the effect of
dimercaptopropanol ‘and ‘ATP on the synthesis of olligosaccharide

1ipid in membranes prepared from control, inflamed and
2 ~ :

tes. A 2.5 fold increase in

. t . ) x|
the incorporation of [l4c] into® oli ide

lipid was d in cells. Addition

of pyrophosphatase inhibitors, dimercaptopropanol and ATP,
»

to the assays, increased the syTthesis Qt oligosaccharide lipid »

g R
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" Reaction conditions were as descrifed in Fig. 44

except that -0.28 nmol of GDP-[‘%C] mannose was
used instead of UDP-[l4c]-N-acetylglucésamine.
A,-No addition, B, Addition of dimercaptopropanol

.and ATP. O, control;e® , dexamethasone treated.

. from three different

Results are mean
experiments.
'
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s Table 21.  Effect of dimercaptopropanol and ATP on the
incorporation of [l4C] mannose into oligosaccharide lipid by
membranes derived from control and dexamethasone treated
hepatocytes. i

'Total membranes prep\aration' was prepared as described
in 'Materials and Methods' section and used for the enzyme
assays. The reaction mixture consisted of 6.5 mM Tris/HCL,
PH 7.4; 6.5 mM MnClz; 1.5 mM EDTA; Gpp-[14c] mannose (0.56
nmol); 0.32 mM unlabelled UDP-glucose and UDP-N-acetyl-
glucosamine, dolichol phosphate (7.5 nmol); 0.15% (w/v)
Triton X-100 and 0.3 mg protein in a total volume of 310ul.
After 5 min of incubation at 30°C, the labelled oligosaccharide
lipid was extrac¢ted following the procedure outlined in
'‘Materials and Methods' section. Results are expressed as

mean dpm/mg protein/5 min from three experiments.
>

Treatment of Assay Condition Mannose[14cJoligo-
hepatocytes ' . saccharide lipid
synthesis in
membrane
: 100uM ATP + Incorporation in DPM
5 mM' Dimercaptopropanol
- L
% Control - s 547 N
Control + . 1168 .
5 i ‘ 1297 =
Dexamethasone i I »
Dexamethasone N + . 4788 “
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in dexamethasone treated cells to a greater extent than in

controls.

E. o] c! It g ols in t)
A [y

culture:

The i,evels of three nucleotide sugars, UDP-N-acetyl
élucusamine, GDP-mannose and UDP-glucose were measured in
control, inflamed-and dexamethasone treated cells. This
study on/the level of nucleotide sugar pools was expected to
beaialcorralati’on with nucleotide sugar pyrophosphatase
activity.  The levels of UDP-GlcNAc, ¢DP-mannose and UDP-
glucose in hepatocytes under different coraitions are; shown
in Table 22. The lo;vels of these nucleotide sugars preslent
in control, inflamed and dexamethasone treated cells‘ were
‘not changgd, although we have observed changes in nucleotide
sugar pyrophosphatase activities in dexamethasone treated
conditioné.

‘\
6.3. Discussion . A

The results presented in this section indicated that

nua\lsutide sugar pyrophosphatase activity was increased in

thev‘\\ tes by de):gg P < enzymatic
activities were observed as early as 4 h after administratien
of d;ecamethuscne: Similar findings have been described’ for
a fev}\ other enzymes ' induced Sy certain qlucocox.jticcids

(Chapter 4 of this thesis, 201,209). In hepatocyte systems,
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Table 22. Levels of nucleotide sugars in hepatocytes.

Hepatocytes isolated from control and inflamed rats
were incubated in the presence of dexamethasone for 12 h.
Nucleotide sugars were extracted from the hepatocytes by
perchlo’tlc acid and were measuted by a linear gradient of
phosphate buffer by HPLC as described in' 'Materials and
Methods' section.  The values are means + S.D. from five
different experiments.

Nucleotide sugars (pmol/mg protein).

Treatment . UDP-GlcNAc GDP-Mannose UDP-glucocse
Control ':«mog 3243 . 535411
Dexamethasone 373814 3435 577422
Inflamed 32647 3744 ’ 565+22
% %
.
’
‘ -
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it is thought that the mechanism of induction involves the
binding of the st—e‘xji\d to a cytoplasmic receptor, which is
then translocated to the nucleus. once it reaches the
nucleus, the hormone-receptor complex recognizes and interacts
with specific regions of DNA to subsequently stimulate
transcription of specific mRNA. The méséaqes aré then
translated into protein in the cytoplasm and the modulation
of enzymatic activity is observed. Results of actinomycin
D and cycloheximide effects on the dexamethasone induced
nucleotide sugar pyrophosphatase activities are consistent

with the of effect on RNA and

protein synthesis.

De;(amethasane increases tyrosine aminotransferase and
alkaline phosphodiesterase I in a rat hepatoma cell line
(201). It is also known (201) that one enzyme is responsible
for both alkaline phosphodiesterase I and nucleotide sugar
pyrophosph8tase activities. Thé similar competitive inhibition
of phosphodiesterase activity with varioué nucleotide sugars
and’ similar time course of induction with identical pH
profiles for both activities, indicate that one enzyme catalyzed
both reactions. A shared activity by alkaline phosphodiesterase
and nucleotide sugar pyrophosphatase activity was also
demonstrated in rat liver (199,200). 1

+ The exact vphysioluqical function c’:f nucleotide sugar

pY alkaline’ i remains

although various authors have speculated a possible function
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of its activity in’ the plasma membrane. A concomitant
increase‘cf nucleotide sugar pyrophosphatase activity with
the increase in intracellular adhesion (210) has led to the °*
speculation that enzyme induction and cellular adhesion may
be functionally related. )

The nucleotide sugar };yrophoéphatase may provide an
alternative control mechanism for regulating nucleotide
sugars within the cell. Feedback inhibition of nucléotide
sugar biosynthesis has been demonstrated 1n"ra\:’ liver and
bacteria (211,212). In these systems, the nucleotide sugars
inhibit the first enzymatic step in their biosynthetic
pathway. The enzymatic\aydrolysis of the nucleotide sugars
could be another mechanism for, regulating nucleotide sugar
concentrations within the cells. )

Nucleotide sugar pyrephosphatasa.is known to be ‘a‘
membrane bound enzyme and the enzymatic activity has been
found in the plasma membrane as well as in the endoplasmic
reticulum (121,200). It seemed unlikely, therefore, that
nucleotide pyrophosphatase could regulate nucleotide suqar\
levels in different cell compartments, s{nce the membrane
location of the enzyme would likely make it inaccessible to
the cytoplasm which contains the major pools of nucleotide
sugars. This is supported by our finding, that. there are no
differences in nucleotide sugar pool sizes (UDP-GlcNAc, GDP-
Man and UDP-Glc) in control and dexamethasc;ne-treuted cells,

despite a higher specific activity of nucleotide’ sugar
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pyr in treatment.
» our findings on the parallel increase of nucleotide sugar
pyrophosphatase and glycosyltransferase by dexa}nethasone, and

the of py inhibitors on the expression

of glycosyl in treated cells, underline
the importance of measuring the pyrophospl‘fa’;ase activity..
Welply et al (213) have reported’the concomitant increase ‘of
nucleotide sugar pyrophosphatase and glycosyltransferase
activities in conditions. of enhanced N-linked glycoprotein
;yntheais in developing sea urchin embryos., In developing
rabbit skeletal muscle, mannosyl and glucosyltransferases
were elevated 6- and 5-fold respectively in neonatal rabbit

skeletal muscle compared to adult. The neonate also exhibited
. .

4-fold er GD) pyrop activity than
adults (214). These examples are similar to our observation
. of a parailel increase of nucleotide sugar pyrophosphatase
and glycosyltransferase activities. However, a precise role
of nucleotide sugar pfrophosphatase in’overall glycoprotein
synthesis, 'is not known. One may speculate that this enzyme
controls the substrate levels‘for glycosylation by lowering
their level at the site of syﬁthesis of lipid linked saccharides.
P

and, thereby, triggering an increase of glycosyltransferase "

activity. Further’ inv‘estigations will be ‘necessary to

ascertain such regulatﬁry)ole of nucleotide sugar
» o
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pyrophosphatase in glycosylation of protein by devising
methods to measure the levels of nucleotide sugars in cellular

, compartments.
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CHAPTER VII

DISCUSSION

Certain glycoprotein 1e\.rels iln serum 1ncreas; in response
to e;cperimental il::flammation by turpentine injection
(12§,215,216) . These protéins are known as 'acute-phase
proteins' and most of them are glycoproteins. The mechanism
of induction of hepatic synthesis of acute-phase proteins in

rsspcnéa to inflammatory stimuli is largely unknown. Macrophage °
=~

(130) and ticoids (128,129) have been implicated
as mediators responsible for the induction of acute-phase
proteins.  u j-Acid glycoprotein, ome of the major acute-

"'pna\fe proteins and its mRNA, are elevated by administration
of glucocorticoids in adrenalectomized and normal rats (133),
and in hepatoma cells (HTC‘) in culture (217,218). Turpentine-
induced acute-phase inflammation also induces « ;-acid

glycoprotein synthesis and elevates = o'j-acid glycoprotein

-
mMRNA levels in normal and adrenalectomized rats (133,219{. .

This suggests independent regulatory processes for induction
by glucocorticoid and by other mediators of the atﬂ:ute-phase
ra‘séonss. It has been shown very recently ‘that dexamethasone
and turpentine induce several ' acute-phase proteins in

adrenalectomized and normal rats (135). Combined treatment

of the rats with and tur ine showed a
.~
synergistic increase for a few acute-phase proteins and an

additive increase of a few others. Glucocorticoids may
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influence the synthes'is of acute-phase proteins by more
than one mechanism. As in vitro, these hormones mayl\exert
their effects dirac‘tly on the liver cells by affecting some
of the subcellular processes involved in N-linked glycoprotein
synthesis. Alternatively, the changes in the synthesis of
‘these proteins” could be induced indirectly, occurring
secondarily tg the effects of these hormones on the‘metabci’ic
pathway of other organs or .tissues. To elucidate the
possibility that acute phasta protein induction by glucocorticoid
is due to a direct action of the hormone on the liver cell,
we decided to use isolated hepatocytes in our ‘studies.
This system alsq' reduces -the complexity usually observed
with stud‘ies in intact animals. Since inflammation and
dgxamethasone induce the synthesis of N-linked glycoproteins
it was of special intergst to determine the factors regulating
the assembly of glyct‘:pzoteins in liver. Such regulatory
factors can include changes in the activities of relevant
enzymes, the levels of nucleotide sugar and dolichol phosphate,
-as well as- the expression of mRNA's for glycosylatable proteins.

7.1. Role of dolicHol | te in glvcoprotein is:

It is now established that dolichol phosphate availability

is-a major regulatory factor for glycoprotein assembly in

several systems (220,221). Indeed, Lucds and Levin (176)
provided evidence that the increase-in-.endogenous glycosyl--

transferase activities of estrogenized chick oviduct can be




attributed to insreases in the availa);iuty of. endogenous
dolichol phospha:é. It has also i:egn shown that increased '
darl'ir:‘hol ‘'kinase activity accompanied these events (222).

i ° “The results presented in Cha;)ter' IV support the possipiliey  *
that the increase of dolichol linked intermediates during 2 {
\inflammation was due to increases in endogenous level of »
dolichol phosphate. It hHas also hehﬁn shown by Rip'et” al

v (188) that dolichol phosphate levels are indeed increased

in the liver during  inflammation. Results presented in

this thesis provided th

idence that synthesis of dolichol

and dolichol phosphate from mevalonate Was increased “in._

inflammation. g -
~ .
@ @ i : : ’
7.2. Role of d 0. {: cOS! S -
'in requlating N-linked gl Stein sy is. 7 ' |-

In addition .t° E‘nzmnés controlling thw&entraticn of
dolichol phosphate, there a;e—a varilraty of other steps that .
could regulate the complex hiosynth%tic pathway of dolichol /
- linked uliéosaccharides (Fig. 9). These include the activity .
) of g‘lycu;yltransfe.rases in the sequential addition of sugar

units to do\l;chol phosphate, ultimately resulting in the

~_ . .
production of a mature oligosaccharide chain containing two

\ R-acetylglucosamine units, nine mannose and three glucose ™~
residues. We have assessed’ the \rate of formation of Man-P-

g [
° ™~ Dol, (GlcNAc)j-p-P-P-Dol and oligosaccharide 1lipid in

hepatocytes from control -and infla{ned rats. Also the
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effects .of dexamathasone on the synthesis of tha above

products have baen studied in hepatocyﬁe cultures. The
te were i ted with GDP-[14C] mannose
and an increasing amount of deg ichol te.

The higher rate of formation of these dolichol 1linked

$ 2
intermediates was observed even at saturating concentrations.

of dolichol in reated ytes.

This result suggested\that the increased rate of formation

by dexamethasone was> due to\ a true increase of

glycosyltransferase activity. A similar fmdan of a tirue

increase -of enzyme acti\rity was reported for developing sea
urchin embryos (223) and in mice during estrogen treatment
(224). An 1ncrease of dolichol linked gly/cosrfltransferase
activity has been reported\ in’ a number of casés during
stimulation of N-linked glycoprotein isym;.hesis. During
de‘velcbnier'\t of rabbit skeieta\l\, muscle £r5n neonate to the
adult, when glycu;rotein synthesis is reduced, there is a
reduction in the level of fétivity of enzymes involved in
the fom‘atinn of Man-P-Dol and Glc-P-Dol (214), as well as
in the level of a sialyltransferase éctivity involved in' the
synthesis of complex N-linked'oligosaccharidés ‘(225)‘. The
formation of Man-P-Dol and (Glz?c‘)l_z-P-P-Dul was increased

about 1.5 fold by dexamethasone in cell free preparations and

intact hepatccytas concomitant with increased glycoprotein'

biosynt,hesi»s (Chapters IV, V).

Incorporation of [14c] r into oli ride




| .

1ipid was increased about 3 fold by  dexamethasone. The
increased 1ncorporaticn of *[c] mannose or [4c) N-

acetylglucosamins into dolichol- 11nked saccharides is not

merely due to the :anreased levels of GDP-mannose, . UDP-

GlcNAC o Alteration of the dolichol phosphate level. ' In

this r.hesis, we yave provide_'d eviden;:e that the levels of
f;hese precursors of dolichol 1linked saccharides are not
changed by dexamethasone treutmentlichapte IV and VI).
The results presented in the thesis suggest that d;cametpasnne 1

probably activates Some enzymatic steps for the formation of

‘ Man-B-Dol, (GloNAc);.y-P-P-Dol and. the elongation of sugar

Ghains from' (GlcNAg)j_p-P-B-Dol to dolichol '1inked

oligosaccharides. o v
. 5 ¢ . .
7.3. e S =
synthesig)
'?As d¢scribed in chapter I, acute-phase ptctbfﬁs \a{;/a
ke

induced during inflammation and in dexamethasone treatment.
Most of é ese acute-phase proteins are glycoproteins containing
N-linked .compfex type c’arbohydrate' chainjs'.' Complex gype
carbohydrate chains are synthesized through the *dolichol
paﬁhway and by direct transfer e‘f sugar from nucleotide

sugars. The‘refors, expgrimenté were -performed to investigate -

the level of nucleoiade sugars in .during
quqoprcte.{n synthesis. This may provide us with an insight
into the role of the nqcleotide sugar pools 151 the control

%

.
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of dolichol-. linked saccharide biosynthesis. . Thg level of

nuc1edide sugars in thé cell can be regulated by the alteration

in their biusynthetic or degradative enzyme activities, In

this thesis we hmle studieq txka leotide sugaxr Y
activities, which hydrolyze the GDP—mannose and UDP=GlcNAc

* in hepatocytes. The results haye shown that dexamethasone

increases both nuclecti'de' sugar pyrophosphatase activities:

in cells obtained from »contr/d’l and inflamed rats ' (Chapte®
VI). Howeveér, there was no ajfference in the pyrophosphatase
" activity in the cells from ihflamed: rats qémpared to controls.
!)es[;ita the ' increase of /Z .

ucleotide 'sugar pyrophosphatase

activities by d'examech:/v’ne, ‘the levels of total cellular

UDP-GIcNAC, - '6DP-manhos¢ #nd .UDP-glucosé were not changed

+ (Table 22). A =
g iy AR e 5 < i
Thersfore, these results do not support the jdea that
thp 1nareased Eyht?ESis of sacc.haride lipid is due to dlanges
\
in"-the level of ymcleot:ide sugars. The synthesis Of ‘lipid
1linked saccharidés and the transfer-to protein ocours.within
the lumen of tHe endoplasmic reticulun (95,226). In mntﬁst

the synthesis/of the nuclestide sugars occurs in the cytoplasm

% of the cell (113,227). ‘Therefore, the sitra of synthesis and

the site gf utilization of the nucleotide sugars -for lipid
/

linked ide sy s are by the:
: % Sk 5
of the gndoplasmic reticulum. The exact mechanism responsible

for the movement of the nucleotide sugar moieties across this

5 N 5
membrane .into the lumen of the endoplasmic reticulum is not

o
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well understood, although recent work has indicated that

some sort of transport ‘mechanism may exist for, . oextali
nucleotide sugars (228). The membrane nucleotide sugar
pyrophosphatase is probably located in the endoplasmic reticular
menbrane’ (2290,  Sinbe the yuclectiaw sugars need to approach
the surface of endoplasmic reticulum for their L\_xt;i-lizatlon

in the 1ipid linked saccharide synthesis and protein

' glycosylation, nlicledtide sugar pyrophosphatasé enzymes

localized there could have dramatic effects on the ccnqentratlen
of the nucleotide sugar within the, endoplasmic retjiculum.

The enzyme may decrease levels of nucleotide sugars within

the lumen Gf(the endoplasmic reticulum without affecting -

eytoplasmic iévels, and a reduction in cellular pool sizes

may not be’ observed ‘Hickman et al (230) hava shown increased.. -

nucleocme sugar pyrophnsphatase activity coupled with a

incold de 1ipid synthesis in pl toma
cells. The résults Presented in this thesis indicate that
1ipid linkéd saccharide synthesis is higher in dexamethasone

treated cells even though nucleotide pyrophosphatases are

~ also i by If it s true that nucleotide

pyrophosphatase reduces the nucleotide sugar level at the

.site of synthesis of lipid-linked saccharided, the - cells

possibly compensate the Loss duo to lowering of the nucleotide
sugars by triggering the increased enzyme activities in

endoplasmic reticulum involved im synthesis of lipid linked

ides. Similar il of glycosyltransferases. and
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. nucleotide sugar pyrophosphatases have been observed in

developing sea urchin embryo (213) and in developing'skeletal Y
Lgping sea 1 » embryo (213) eloping skeletal —

muscle '(214), where the biosynthesis of glycoproteins are

~‘enhanced.
ks réssi s, of s- encot
- s co) 4 esis as reldted
to the* of and inflammation on dolichol
qlycosyltra ]

Another important factor relat;l.ng to the induction of

glycasylation during enhanced acute-phase protein synthesis .

is ‘the role of. polypaptide‘ accepters. It is known frcm a
number of studies'  that N-linked glycasylaticm is a
cotranslationél ptocess that occurs in t‘ne rough endoplasmic

reticulum. A number of studies. have shown that formatmn of

mMRNAS and glycosylatable nnlvnbnflr!n: are i inth

zjcugh, endoplasmic reticulum during inflammat:lon,\ and - in-

‘dexamethasone treatment (133). These observations are

supported by the fact:that inckeased synthesis of acute

phase-proteins are inhibited by actinomycin D. (215,231) and

puromycin (215,232). The results ‘regarding the inhibition

! of synthegis of delichcl linked seccharida by act:momycin D

and cycloheximide presented in this thesis indicate that

glycosylatubie polypeptides for vacute phase proteins  are

essentlul for the fomation of dollchol linked saccharides. -

However, limited results obtained with the eftacts of




* phosphate during inflammation.

‘polypeptide formed from these mRNAS.

176 T Jid

actinomycin D a\i;xd cycloheximide in. the present work did not
distinguish if él:le effects" of dexamethasone stimulation ars
on the synthesis of polypeptides and/or on the glycosyl-

transferase enzymes.

/

7.5. Conclusions
In summary, the inflammatory process and the effect nf
dexamethasone on thls process, provide a number of useful
observations about t:he synthesis of N-}inked quccprotains
in rét liver. In this organ N-linked glycoprocabn synthesis
is increased during inflammation and by dexamethusone
,treatment,. A series of prior events set the scene for the

onset ‘of glyccprotsin synthesis. These include imduc(_:io'n

" of dolichol. kinase and synthesisﬁof dolichol and dolithol

The major new 1ntormution

+h 4

aninduction of qucosyltrnnsierasa
acti.vitiss in hepatocytas particulariy during dexamethasone
treatment.

However, no cqrrelations were observed between

the céllular -levels of nucleotide sugars, activities of
nucleotide sugar pyrophosphatases and “induction of dolichol-
linked saccharide synthesis. It also seems likely that the
formation of dolichol 11nked saccharides is tegulated by
mRNAs, encéding the acute—phase proteins and the qlﬁmﬁyl&le

It remains to -be

‘establishedfwhethqr these processes ari also accompanied

by changes in ‘the activity of the enzymes inv‘olved in the.
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ultimate transfer of the fully formed oligosaccharide from
5 ; > ’
dolichol pyrophosphate to the newly synthesized proteins.
v
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