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ABSTRACT

N

2.

4

The 1-8 B was partially
purified, while the isoenzyme A was isolated to apparent
homogeneity which was verified by one band on SDS-PAGE and
anionic PAGE, as well as PAG-TEF alter treatment with

Endoplycosidase D or Glycopeptidase F.

NAG A o8 sef. . ited into 2 distinet isaenzymes containing
0% and 17% total carbohydrate and 6% and 13 siallc acid

respectively,

Amino seid analyses revealed 120 amino acids resuiting in a
peptide molecular weight of 6.4 kD, When corrected for the
carbohydrate content the MW was calcuinted to be S52.0 kb
NR-SDS-PAGE fave a molecular weight of 52.1 kD,
Detevmination 9f molecular weight using sedimentation
eguilibrium eentrifugation  revealed an  ageregation
phenomenon of the molecuie whereby it was not possiblie to

sequire the MW,

Iscelectric focusing revealed a pl of 4.97 for the NAG A

isoenzyme.

A ph optimum of 4.55 was found for hoth NAG A and B,



Optimom temperature for NAG A and B was 50°C and  40°C
respectively, MAY B was more high temperature resistaot

than NAG A

The X, value for NaG 4 was 0,497 mmol/L for the substrate

4-Nii 1-B i Reactian
specificity resided in the §-D-glycosidic bond. Substrate
specificity wos mainly for the N-Acetyl-Glucosamine residue
but  the N-Acetyl-Galactosamine residue shoved an 80% equal
substrate specificily in terms of the PNP-NAG substrate.
The dons b, Ag and acetate had the highest inhibitory
effect tovards NAG with Ki-values of 3.6, 8.5, and 23-31

smol/L respectively.

Subceilular distribution of the majar NAG iscenzymes & and
B uss very similar with FAG A wore localized in the
1ysosomes, while NAG B was found in both lysosomes and

mitochondria in equal quantities.
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CHAPTER GENERAL INTRODUCTION

LI ign for this  Study on  the Enzyme  M-Aeetyi-8-De

Glucosaninidase (HAG)

Urinary components such as albumins, globulims, creatinine, and
glycoproteins such as NAG have been used as jndicators of wetsbolic
abnorsalaties®’=*4, NAG was compated to creatinine, globulins,
neopterin and glucosideses’4®~3+4 snd Pound to be an early indicator
of kidney damage. MAG is a kidney enzyme, and since baboon kidneys
were freely available, this animal source was exploited far the
1solacion of §aG, [n order to determine the chemical and physical
characterastics of this emzyme, it was necessary to isolate the
protein  to homegeneity, Previous attempts have been made by various
authors to purify this glycoprotein o homogeneity270~3%¢, jut

withowt. confirmation,

Qnly HAG A 15 found in lov levels in nommal urine. With necrosis and
kidney disease NAG B appears in urine, along with an increase in
urinary NAG A levels. The appearance of NAG & in urine with kidney

disease is thought to De brought about by damage to the lysosomes.

Therefore, it was importamt to assess the subcellular lacalization
of this enzyme 4in the kidney and ta understand the mechanismis)
involved in the relesse of the isoenzymes during necrosis or other
damage brought atout in the kidney. By slucidating the mechanism(s}

anvolved in releasing HAG into urine, it would be possible to adapt




medication tovards the

dystunction occues.

specific lecws iw

the kidney where the

S —




CHAPTER. 2 LITERATURE SURVEY

2,1.0verview

Knowledge of glycoprovedns was limited, until it was discovered that
siycocon)jugates of the cell membranes are profoundly modified in
cancer celis®s The observation that the activities of homones,

enzymes, and Lramsport that are gl i are

diminished ov iwhibited by chemical medification of the glycan
woxeties, gave birth to the view thal glycaps are not by ceincidence
the products of different glycasyltransferases, but reypresent siznals
for cell to g¢ell recognilion, or of proteins and cells interactions.
Hove thaw 20 years ago it was found that the serological specificity
of blpod groups resided in the glycan structure of the cell. In 1953,
Gottschatk®+ 4t demonstrated that the elimination of sialic acid from
red bicod~cell membranes prevented the fixation of the influenza
viyus on them?, In 1963, Aub and co-workers® observed that the
abitrty of a cancer celi to apgiutinate is profoundly modified by
legtins or phytoagzlutining, Gesner and Glasberg® showed that rat
lymphacytes treated with fucesidase wigrate Lo the liver instead of
the spleen, The fucose present at the lymphocyte surface thus
<constitules a recognition signal of these cells by a receptor present

on the spleen cell-membranes.

At the beginning af research on the biological vole of elycoproteins,
sope authors considerad glycan asscciation with proteins to be

irrelevant, This hypothesis (upheld by Gottschalk®), stated that the




viosynthesis of glycans took place coincideatally vhem the failawing

conditions wera fulfilled:

(a) The presenca 4n the peptide chalns of a “coded sequence’ of
amino acids, for example the tripeptide Asn-X-Ser (or Tyr),
which codes for the conjusation Of the first 2-scetamida~2-
deoxy-D-glucose residue on L-Asn  in the case of N~
Giycosylproieing, or the sequence GLy-X-Hyl-Gly-i~Arg, which
directs the linkase O 3 residve f D-Gal with hydroxyl-L-Lysine
W91}, X and Y being diverse amino acids,

i3

The presence in the cells of spegific glycosyltransferases and
clycosylnucleotide precursors, Under these conditions, the
corpesitien and structure of the glycon would depend on the
relative conceotration of the “sugar nucleotides', If this
‘hypothesis was correct, the structure of the glycans would
dopend  on coincidence and chance, and vould never be definite.
Pollow-up experiments suggested that the glycans play an

imporyant biclogical reles-*,

The foilowing hypotheses are currently under investigation:
1Y) The induction of protein conformation based on glycan—glycan,
and glycan-protein interactions via the interplay of donic

forces, i.c. repulsive and attractive.

(2) Protection of proteins against proteoiytic attack based on the
obsarvation that numerous g lose their r te
proteases on treatment with neursminidases.

{3} Control of membrane permeability baosed am the observation that

chemical or enzymic wodificationm of the glycan B-Gal-{1-3)-a-

GalNae~(1~}~Tyr of the “antifreeze glycoprotein' of an antarctic




fiat abolishes the functlon of this protein, which lowers the
freezing point of blood by 2'C7, It was hypothesized that ac

the level nf cell the and

of water, and in consequedce, the movement of mineral lons and
organic substances of iow molecular weight is ldnked to the
slycans of membrane glycoconjugates. More particularly, it is
tinked to the relative number of hydrophilic sialic acid
tesidues, and hydrophobic fucose residues®, sny modification of
the composilion and  distriburion of the el surface
slyceconjugaves could lead to the disturbances observed in
transformed cells and cancer celis®,

The “Exit passport' hypothesis: In 1966 Eylor® observed that
#ost  extraceliular proteins are glycosylated and intracellular
prevesns rarely so, According to this author, the carbohyirate
vt in & biological active glycopeptide has a general vele and
be proposed that the carbohydeate acte as a chemical label
vhich, upen internction with a membrane receptor or carxier,
promotes the exocytosis of a newly synthesized glycoprotein into
the extracellular enviromment, He aiso believed that the
carbehydrate unit plays no  Curther functional role in
biologicatly acvive proreins.

The Recopnition-sianal concept proclaims that intercellulsr
recognition and association by protelns are bacause of speeific
carhohydeate groups that the ceils aarry, which play the role of

“astennae’ towards membeane Yeceptors®,

Findings wnich support this theory are:

(a) Erythropoistin, which stimulat the E ud of LR




Cigh abolishes the function of this protein, which lowers the
Ereering point of hicod by 2°C7. Tt was hypothesized that at

the level of eell the ori ion and

of water, and in cnnsequence, the movement of wineral ions and

arganie substances of law molecular wedsht 4s linked to the

siyeans of membrane glycoconjugates. More particularly, it is

Iinked to the relative number af hydrophilic sialie acid

residuss, aad hydrophobic fucoge vesiduss®. Any mudification of

the compositian aad  distribution of the cell surface

Mycoednjugares could lead to the disturbances observed in

transtormed cells and cancer cells®,

(4} The “Exit passport! hypothesis: In 1966 Eylar® ocbserved that
rost extraceliular proteins ure glycosylated and intracellular
proteins rarely sv. According to this author, che carbohydrate
umit in 3 biolowical setive glycopeptide has a generai vole and
he proposed that the carbohydrate =acts as & Chemical label
vhich, upow intervaction with a membrane receptor or carrier,

pronotes the

of a newly 4 in dnto
the extrocellular environment, He also believed that the
carbohydrate unit plays ne  further funetional rele in
biologically active proteins,

5

The Hecvognition-signal concept proclaims that intercellular

recognition and association by protcins are because of specific

carbohydrate troups that the cells carry, whieh piay the rale of

“antennae’ towards membrave vecoptors®.

Findings which support this theory are:

ta} which stimulat the € i of red-blood




(b)

ey

tay

eorpuscles in the bone warrow, and certaln hypophyseal hormones
become “blind' after treatmeny with neuraminidase, and are then
incapable of recognizing their target cells, or of acti g on the
regulatory system of adenyl eyclase'®,

The elimination of the terminal siamiic acid residues from
wimerous glycoproteins, in particular of serum glycoproteins

duminished their eirculating life time'®, For example, when al-

which turminal gal eroups,
wss exposed o §-D-Golaciovsidase, a&nd then injected into
animais, it prolenged the circulating time. The eliminacion of
the termpal pgelactosyl groups with f-D-Galactosidase, whith

exposes  NeAcetylplucosyl groups in the tverminal positions,

the 1~aeid in the
piasma, The terminal galactosyl groups are thus the recagnition
sugnals  of these sualoglycoproteing €or the hepatocytes and for
bindang the asile-al-ncid glycoprotein onto the hepatocyte-
vecbrane  proteins, A highly specific hepatocyte-membraue
receptor for galactoproteins, a sialylelycoprotein has been
walated, that loses ite property of rocognivion of Gal if it is
dosialylated by neuraminidase!*-t2, Therefore a “galactoglycan’
carries the recognition signal of a gialoglycan glycopsoteldn
embedded in the hepatocyte plasme wembrans, Any modification to
the glycan mekes both types of glycoproteins lose their acceptor
and receptor sense.,
Treatment of erythrocytes with neuraminidage reduces their
Lifotime from 25 to % days in Uhe dog, and is followed by an
uptake of the “asialo-erythrocytes' in the liver and spleen”,

Some types of virus, such as influenza virus and myxsvirug, can
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attach to ceils with the aid of slelic acid residues bound to
cell-membrane glycoconjupates, with the lacter playirg a part in

the infection of cells with viruses.

Glycoproteins play twa important roles:

The first is of a physico-chemical nmature. It concerns:

{1} The conformation of a peptide chain of glycoproteins and its
protection azainst proteolytic attack, and

(1) Tae  or and fon of water and the

movement of mineval ions and organic compounds ot the cell-

surface membranes,

The sccond 18 of a blochemical vature based on the concept that

slycans carry a recognition signal. The biglogical roles glycans

and glycoconjupates are:

(1} Glycocenjugates are ceil-surface antigens, and thear structure
and function ave modified in transformed cells and in camcerous
cells,

12) They play an dmportant role iu dntercellular . ihesion and
recognition, and in cell-contact inhibition.

{3} They are part of receptor sites far enzymes, hesmones, prorins,
and viruses,

{4} Glycan groups pormit the export of proteins from the cell.

15y The sugar component xesulates the cavabolism of ciremlating
proteins by different tissues, and the lifetimes of proteins and

even cells,
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2.2.Glyzoproteing

Glycoproteins are widespread, and they can be clessified in varisus
ways {sec table | page %}, The diversity in the nomenclature of these
compounds is, in many instances, confusing. 1n addition to the terms
glycoprotein and glycopeptide, such terms as sialoglycoprotein, acid
slycopratein, mucin, mucoprotein, eand fucopeptide are used, often
without adeguate restriction in theii meaninz, The term glycopratein
deserib:s 3 yelatively lew wmolreular welight compound thar  ds
predomisantly peplide~like in its properties and composition, with

sugar compounds covalently bonded at specific amino acid residues.

Giycoproteins serve a wvast number of  functions. There are
glycoprotear enzymes, horeones, and immunoglobulins. Glycoproteins
are found 1n bloed and secretions, din cell membranes, and in
conapctive Lassue, They are components of the structure of blood
vessels and skin, and are commonly found in epithelial secrecions.
Most  of the serum proteins contain carbohydrates, as do many of the
proteins present in milk and eps vhite, The gelatinous fluids of

certain tumors are rich in glycoproteinsi®.

4 given glycagprotein may be mumogencous with regard to its aming acid
sequence, but  heterogeneous with respect to its carbohydrate
comporents'® =%, The sugars that commonly occur in elycoproteins

include Gal, Man, Gle, N-acetyl -acetyls:

sialic acid, Fue, and Xyi. The carbohydrate content of a glycoprotein

wmay vary from quite Jow values, 0.8% for collagen, to & 50% in the




TABLE 1

Classrtacation of Corbohydrate Cuntaining Proteins

Group of Definitien Alternstive Examples
aopounds. nomenclature
Giycoprotems Substances of high molecular weight having many of Mucaproteins Ovatbumin
the physical properties ol a pratein, but
covalently bonded cartiohydrate component{s) Mucins Ceruloplasmin
Al Glycoproteins containing a high cancentration of Sialoglycoptoteins  Oresomucold
lveaprotein s1alac acad and having a low isoelectric point
Fraten Substanees of high molccular weight having m.'my of Mutosubstances Blood group-
polvasccharides  the physical properties of a pol
containing covalently bonded protein tumpumnl(s) Mucins Intrinsic
Mucoproteins substances
Gyt upeptades Substanges of low molecular weight having many of Mucopeplides Muramyl peptides
physical properties of a peptide,but containing ing Products of enzymic
cgvalently bonded carbohydrate component{s) degradation of
&lycaproteins.,
Feptado- Substances of low molecular weight having many of Mucopeptides Products of enzymic
wligosaccharides  tho physacal properting of an oligosaccharide, but Fucapeptides degradation of
rontaining covalently bosded peptide compouent(x} Giycopeptides glycoproteing




blood group substancesi#, Ths aming sugars are almost inveriably N~
acetylated, the hexosamines with acetyl groups, and sialic acid with
acetyl or glycosyl groups®~*°, DBrain tissue yields a large wumber of
glycoproteins, many of which are assoclated with synaptosomes,
microsomes, and axons®®. Urine contains a wumber of glycoproteins

that are identical with, or closely related to, serum

giycoproteins’®, and others that are compasitions similar to those of

mammalian giyeoproteins in gemeral. Uronic acid may sometimes be &

of such + The £all protein found in

urine, which has a relatively large proportion of carbohydrate as
sars of its structure, was originally part of the yemal-tubule

cells?,

2.3.Heterogeneity in Glycoprateins

Many 8l ing are mi due to

their moieties, ity may arise due to

zenetic variations as well as in the mechanism of sequence
biosynthesis of the sugar chain. Catabolism of glycoproteins may alse
eontribute to micrp-heterogeneity as well as deamidativn, The

of gly: containing car moieties that are

structurally very alosely related requires highly refined techniques.

Differences in the structure of glycoproteins manifest themselves in
a number of ways: The polypeptide chain to which the oligosaccharide
moieties become attached may differ?=2°, for example, a given amina
acid may be present either unsubstituted or glycosylated.

Ribonuclease & and B appear to differ solely by virtue of the latter
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having an ollgosaccharide moiety attached through L-Asn-34 from the
H-terminal end?*. Only about 35% of the heavy chains of rabbit gamma-
6 immnoglobulin in a form where a glycosyl group®® is bound to L~

threonine. In collagen®%, the carbohydrate moiety occurs in part as

2-0~a1fa~Dglucopyr 8 and in part as O~
D-galactopyranasyl groups, that is, both with and without addition of

the terminal groups. Variations of this type in the

structure of glveoproteins are sometimes referred to as peripheral
heterogeneity??, Analogous variations in the structure of various
ofigosaccharides in other alycoproteins occur; these include
fetuin®®, transferrin’t, Ba.-glycoprotein?®, and human-serum alkaline
shosphatase®s, The extents of their heterogeneity, as revealed by
electrophoresis in PAGE pels, were In all instances maxkedly
decreased after removal of their sjalic acid residues by treatment

with neuraminidase.

In addition to hetexogeneity of this type, which is primarily
concerped with the nonvedueing, terminal sugar residue(s), there is a
more complicated variation in the structure of the carbohydrate
roicties of glycoproteins, For examgle, the single oligosaccharide
that occurs in hen's—ezg albumin can contain differing or varied

concentrations of D-Man and GleNac4-2%,

in sunmary, a palypeptide chsin may have une or more oligosaccharide
units attached to it. The size of the carbohydrate chain attached at
ditferent points along the polypeptide may differ radically, as in
calf thyroglobuiin®®, which is reported to contain mine carbohydrate

chains consisting of five residues, and 14 larger chains, per




molecule of protein. The same characteristic is encountered in ox-

aorta gly: in®7, and

. 1 nay aiso
occur within s carbahydvate chain attached at a specific position to
the poiypeptide as Found dn egg albumin®®. Other variations in
structure may aiso geeur in that sialic acid or other types of sugars
may be present or absent*®, The main contributor to micro-
heterogeneity on PAGE and PAG-IEF is due to the charged carboxylic

group of sialic acid.

4.Chemico-Physaco Properties of

+4.1.Carbohydrate Companent

The carbohydrate composition and nature of the wonosaccharide
tesidues an typical glyeoenzymes can be seen in table 2 page 14, The
content of carbohydrate in most glycoproteins ranges between 2 and
502, with the commonest residues being D-Man and 2-acetamido-2-deoxy-
D-glucose, The D-Glu and D-Gal residues are next in abundance, and L-
fue, O-Xyl, L-Ara, and sialic acid also occur in a number of
glycoproteins. There does not seem to be a direct correlation between
the content of carbohydrate and the types of carbohydrate woieties
present in glycoenzymes, nor does there appear to be any covrelation
between the types of cavbohydrate present and the biological origin

of the glycoprotein®?,

There 1is a wide variation in the number of sugar residues present in
glycoproteins, varying from 8 in ribonuclease B to 800 in imvertase,

Typical molecular structures of the carbuhydrate moieties of




slycoproteins are represented in figure 1 page 15, N-Acetyl-
clucosamune or D-Man resil 28 occur at the reducing end of the
cavbohydyate chain as well as D-Xyl, The latter is also called a
bridge-carbohydrate residue. Formulas (a) and (b) in Elgure 1 page 15
depict highly branched structures and are commonly found as
components in mammalian glyceproteins, fungzl amylase and pineapple
bromelain®'. The terminal D-mannose residues in these glycoproteins
can be reroved by an a-D-monmosidase, indicating that these terminal

D-mannosyt residues are o~D-linked.




TASLE 2

Enzyme

Carbohydrate content sf some Glycoproteins.

Bislogical source

Carbohydrate ¥

Monosaccharides

alpha-Anylase
Gluegamylage 1
Glucganylase 11
Iavertase
beta-D-Gluvosiduronase
alpha-D-Gajactosidase ¥
alpha-D-Galuetosidase I
Rivonuclease B

123

Deoxyribonuclease A
Deaxyribonuclease B
Deoxyribonuclease &
Brorelasn 11
Bromelain If1
Protease b
Protease A
Protease B
Protease ¢

Protease D

Glucose oxidase

apergilive oyyase
Aspersillus niger
Aspargillus niger

Bovine liver

Broad bean

draod bean

Sgvine pancreas

Porcine pancreas

Bovine pancycas

Bovine pancreas

Rovine pancreas

eineagpie

Pineapple

Snake venom

Saccharcnyces cavibergensis
Ssecharamyces cavibergensis
Saecharamyces cariberensis
Saccharatyees caribergensis
Aspergillus niger

Monoamine oxidase

fumaga
Bovine plasma

Man, GlcNac, Gal, Xyl, Ara
Man, Gic, Gal
Man, Glc, Gat

Man, Giclac

?

?
?

Man, GloAc

Man, GicNac, Gal, Puc, Sialie scid
Man, Glotise

Man, GloNsc, Gal, Sialic acid
Man, GicMAc

Man, GleNac, Fuc, Xyl

Man, GichAc, Fuc, Xyl

Man, GlcNAc, Gal, Sialic acid
Man, Gie

Man, Glc

Man, Glo

Han, Glc

Man, GieMac, Gal

GloNac, Ara

7




FIGURE |

of the of some
moieries of mlycoproteins .
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Man L
van > thn fue Xyl | .
i
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Many giycoproteins have move tham one kind of oligosaccharide chain

per molecule. This 1s substantiated by the isoiation of different

types of & from of glycop

Variations alse exist in the sequence and residues of the

povtion of the lecutes™. The are
often branched since each hexose has four hydroxyl groups and each

hexosamine has three hydroxyl groups available for substitution,

In some glycoproteins, such as bovine HNase B, the carbohydrate
residues occur as a single chain attached to a particular amino acid
namely asporagine-34, The carbobydrate chain of ribonuclease B is an
octasaccharide (formula (c) in fiewre 1 page 15) composed of six
residues of D-mannose and two of N-Acstyi-glucosamine®®. Five of the
D-masnose residues can be removed from the octasaccharide by w-De
mannosidase, andicating that the D-Man residues are -D-linked whare

as the linkage betweon tha N-Acetylzlucosamine residues is B~D30-®s,

Riase from mawnalian souvees have several carbohydrate chains in
their structures, RNase Crom porcine pancress contains at least three
carbohydrate chains which are attached at Asn residues 21, 34, and
76, The carbohydrate chains present at residues 21 and 76 are
considerably more complex than at residue 34°7-°°. The carbohydrate
chains of the poraine pancreas isoeuzymes of DNasa and RNase are
similar®’, Since both ara from the same orgam, it may be possible
that the some pathways and enzymes are utilized for the biosynthesis

of their cavbohydrate chains.




Glyeocnzymes  such e  dnvertase,  D-Glucose-oxidase,  and
chloraperoxidase contain many carbohydrate chaine. Tuvertase contains
carbohydrate chains OF high moleeular weight, whose core modety is
deplcted diagrammatically by formula (d) in figure 1 page 15, Mo
other carbohydrate core moictics of glycoproteins are illustrated by
fornula {e) and (f) in Eigure 1 yage 15; these types are di- and tri-

saccharide Cragments of neutral The

of & contains ol fragments of this
type®©-8%,  Many such carbohydrate C[ragmenis must be present in
slucaamylose, see ables 2 and 1 pages 14 and 18 respectively.
Terminal D-Gal residues have been detected in glucoamylase mainly by

gse of the D-Gal oxidase reaction®®,




TABLE 3

Number and Types of Carbohydrate residues for some Glycoenzymes

Erzymes

Glucoamylase I
Glucoamylase 10
Glucoamylase R
Invertase

Ribonuclease B (hovine)
Deoxyraboucicase A
Deosyribonucicase B
Deuxyrsbonuclease €
Proteage b (Snake venom)
Glucase oxidase

Chiloroperaxidase

5.A.%s Sialic acid (NeuAc)

GleNAc

Han

§.4% Ara Ref,




TABLE 3

Number and Types of Calbohydrate residues for some Giycoenzymes

Enzymes

Glucoanylase I
Glucoamylase IT
Glucoamylase R
Invertase

Riboruclease B tbavine)
Deoxyribonuciease A
Deoxyribonuclease B
Deoxyribonucliease ©
Protease b (Snake venom}
Glucose oxidase

Chioroperoxidase

S.A.%= Sialic acid (NeuAe)

GleNAc

Man

Gle

Gal

§.4% ara Ref.




2.4.1,1,The Size and Number of Chains

‘The carbohydrate chain may be as simple as a single sugsr residue, or
a disaccharide, or as compiex as 15 sugar residues*?~*%, The
carbohydrate unit in a glycoprotein is generally less than 30.0 kD,
consisting of repeating units. There sre exceptions, such as soybean
hemagglutinin with a vatue of 45.0 kD¢, The factors responsible for
limiting the lemgth of the carbohydrate chains are as yet unknown,
Certajn structoral features such as terminal fucosyl, sialyl, &-D-
galactosyl or N-Acetyl palactosyl residues, may play a vole, alsa
kinetie factors, and the distribution of the various activated sugar

transforases during the passage of the nascent protein through the

rnae of the

2,4.1.2.The_Concept of a “Cove'

Certain sugar residues immediately adjacent to  the protein
carbohydrate iinkage are referred to as the linkage reglon of the
core fragment. These scquences appear to be exclusively associated
with a particular typs of protein-carbohydrate linkage see figure 2

page 20, i.e. Xyl-Ser, GleNAc-Asn or GalNAc-Ser(Thr).

2.4.1,3,8ignificance of the Carbohydrape Mnieties

The question of function for the carbohydrate chains in azlyccproteins

falls into two categories; binlogical and structural.




FIGURE 2

Oligosaccharide “Inner' Cores of Glycoproteins
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2.4.1.4.Biglosical Function

(1} Transeort
Carbohydrate residues play a role in membrane transport of
glycoproteins, Many proteins destined to be secreted are

siycoproteins, whereas cellular proteins are mnot.

The carbohydrate chain signals that the glycoprotein is destined
for secretion and alse signals for molecules to enter a cell. In
the latter process, nenraminic acid and D-Gal residues ave

important as discussed before,
13} Inmnologicat
Glycans of glycoproteins present on the surface of cell

rembranes contribute to the antizenicity of the proteinsi3s-tas,

1313 Intex

Interact

ng
Glycans of glyceproteins are importamt in the interadhesion of

cellsiao-131,

2.4.1,5.5tructural Function -

Carbohydrate residues affect intrinsic viscosity, Erictional rvatio,
diffusion coeffictent, and solubility™ of the giycoprotvins. It has
been suggested that the carbohydrate res:ues function as protective
agents for the protein moiety of slycoproteins, rendering them less
susceptible to proteolys:s and might also help in maintaining the

tridimensional structure required for activity in glycoenzymes. &

21
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peptide fold in the chain may be held in position through the

strategic location of carbohydrate chain along the peptide, and the

malecular i occurring with might be
hindered!P2-123,  fy the case of susceptibility to proteoiysis, the
carpohydrate residues interfere with the formation of the enzyme-
substrate complex, and hydroiysis of the molecule camnot oceur.
Remeval of some of the carbohydrate residues from the glycoprotein

often wmakes the molscule much more susceptible to enzymic hydrolysis.

However, the glycoproteins that are degraded in the lysosomes appear N

to be an exception; the peptide components of certain glycaproteins J

are degraded at the same rate by lysosomal hydrolases, rezardless of ‘ - .
vhether or not the oligosaccharide chains from the molecule are .

i
1.4.1.6.81aldc acids t

i .
The name Sialic acid (Mcusr) was created in 1957 by Blix, Gottschalk, Cw

aud Rlenk., $ialic acids are aiso called acylneuraminic acids*, H
Sialic acads are absent from most bacteria, and are rare in viruses,
Most viral sialic acids seem to be synthesized by the enzymes of the

host cell.

sialtc  acid mainly occur as a component af oligosaccharides,
polysaccharides, and glycoconjugates. Neu Ac forms an a-glycosidic
bond with galactose, N-Acetyl galactose or N-Acetyl glucose. Sialic
acuds are most ‘requently linked to Gal by wo=(2-3)) or a-~(2->6)
linkages, Sialic acids are usually the terminal residues of

oli chains of ins and other glycoconjusates of




the cell,

Secreted glycoproteins occurring in sersm, urine, and

espenjally products from the mucous glands contain a considerable

proportion of sialic acid*?,

Sialyltransferases are widely distributed in animals. In the transfer

reactions, different o-glycesidic linkages ave formed, and various

nugars are known to be binding partners of the sialic acid residues.

{a

}

Sialidases

Sialideses, or oacuraminidases, initiate the breakdown of

sialog jug and  siale-ol The primary
product of the hydraiytic reaction is the o-anomeric form of
free sialic acid, which an the case of NeuSAc, mutarotates in
aqueous solution, yielding wmainly the # anomer**?. Because
sialoglycacon)ugates are essential components of cells and body
fluids, and are involved in specific, biological Eunctions,
sialidases may become “toxic' enzymes wvhen present in non-
physiological amounts. Low levels of this leads to diseases,
such as mucolipidosis and sialidosis. Sialidases have a wider
distribution in mature than have the sialic acids. They are
found in the ortho- and para-myxo viruses'*4, which usvally do

not contain slalic acids.

function due to the Negative Charse of Sialfy nei

On the L 's of the accumulation of the negatively charged

siaiic acid vesi‘ues on cell membranes, it may be expected that




{e

these compounds otrangly influence the behaviour of cells and
giycoproteins, It is believed that more than 107 Neu residues
ave bound to the surface of a single human-erythrocyte!“®, This
estimate agrees with the 1.8x107 nagative chavges on the surface
of one human erythrocyte.  Membrame sialic acid preventa
aggregation due to electrostatic repulsion in biood platelets
and  erythroeytes, Sialic acids also contribute to the rigidity
of the cell surface, as shown by the dincrease in the
deformabiiity of sarcoma cells after emzymic remaval of sialic

acid residues.

Sialic acids may initiate the binding of cationic compounds ta
macromolecules and ceils; Sialic acids on the surface of L1210
nouse-leukemia ceils have been found to influence transport of
potassium ions through the cell membrane*“”; the uptake of 2-
aming-2-methylpropancic acid by HelLs cells is decreased after
treatment with sialidases. Sialic acid residues are also

important Ca®"-bindine sites in muscle cells!s”,

Influence af Sialic Aeids on Macromolecular Structure

Removal of sialic acids from submandibular-gland glycoproteins
drastically lowers their viscesity, Sialic acid residues cause
repuision of the oligesaccharide chains from the glycoprotein
core, giving some glycoproteins a rod-like structure**”, and an

Increase in intrinsic viscesity'4e,

‘the influence of sialic acids on the macromolecular confermation
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Tt Bl

seems to be the reasen for the proteclytic resistance of several
slycoproteins. An exanpie is the loss of proteolytic resistance
of the intrinsie-tactor and ite binding capacity for vitamin Bya
after removal of sialic acid, Similarly the protectian of
dopamine B-hydroxylase by slalyl residues against proteases has

been demonstrated!*®,

Anti-Recognitian Effect of Sialie Acids

The anti-recognition effect of NavAc has been wekl established
on a melecular level since the discovery that it masks the D-Gal

residues of serum-glycaproteins®®e,

Another site, except the liver, for the recogmition of
des:alylated glyeoproteins is the bone marrow's®, Sialic acid is
involved not only in the regulation of the life-time of soluble
serum giycoproteins but also of wammalian blood  cells,
Dustalvlated T-lymphocytes and thrombocytes ave reversibly
trapped in the liver amd veappear in circulation after

resialylation of their membrane clycocon)upates'da~tsa,

The chain length of the sialo-glycan seems not to be invelved in
this function, because shortening of the side-chains does not
affect the viabiiity of erythrocytes, It is considered that the
charged  carboxyl group plays ths main protective rale on sialic

acid residues Found in erythrosytes, The sialle acld and

contant  d in the course of the

arythroeyte life-time'®* maldng it nore susceptible for

o
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degradation.

There is cvidence for a ki, fect of thn 5.
sialic acids dn kidney glomerular-membranes. A decrease in the

sialic acid of the glomerular wmembranes is observed in some

renal diseases, and is presumed to be related to immunological

injuries to the glomerulil#s-ise,

2,4,2.Protein Component

The amino acids of glycoproteins are those found in tygical proteims.

Most of the isogiycoenzymes have identical amino acid compositions

and differ only in their carbohydrate components®?,

2,4.2,1.Conformatianal Structure

Riase A and B possess the same amino acid composition and sequence, N
and  the same catalytic activicy™@@-117-310, hur the two isoenzymes ¥

differ in that RNase B cont.ins a carbohydrate chain at Asn-34.

The enzyme gluco-amylas: have many short oligosaccharides chains
aleng its poiypeptide, It is thousht that the spacing of the chains
along the poiypeptide folds it dnte a rigid position!®,
Glycoproteins having this type of structure are extremely stable*!®,
Isoanzymes of dinvertase denature at slower vrates when the

Therefore, isoglycoenzymes

contents are in .

having & high contens of carbohydrate are quite resistant te

denaturation.




24,2, Protein-Carbohydrate Linkages

The principle linkages found betwsen the carbohydrate and the protein
component  of glycoproteins ave of the N-glycosyl and the O-glycosyl
types, The N-glycosyl bond is formed between the side-chain aming
growp of Asn and the hemiacetalic hydroxyl group of a N-Acetyl
glucosamine at the reducing end of the carbohydrate chain,
Giycopeptides having an N-glycosyl iinkage between the carbohydrate
and a% amino acid have been isolated Erom many glycoenzymes, such as
RNase B%7, The O~glycosyl tinkage in plycoprateins is formed between

the hydraxyl group of L-Ser or L-Thr residues, and the hemiacetal

hwdroxyl group of the carbohydrate residue at the reducing end of the

carbshydvate chain. The simplest “glycopaptide' compoment of a

glycoprotein would thus be an i or f-gl

residue. The AA sequences ©f several glycoeazymes around the point
of attachment of the zarbohydrate have besa worked out. (see figure 3
page 27), Several different types of glycopeptides can he isolated
from the same pivcaenzyme, indicating o heterogemeity for tha

protein-carbohydrate linkages in a single glycoprotein.

FIGURE )

Bridpe Besidues for for Asn

GleNAe

Gemf=r AT = ~BunSer{Thr) ~~C-->




The AA sequence arousd the N-glycosyl linkases is senerally of the :
type seen in Cleure 3 page %7, In this depiction, A and B are
unspecified amino acids. LeSer and L-Thr residues specify the .
transferases respansible for the attachment of a carbohydrate chain
ta the polypeptide, The hydroxyl groups of L-Ser and L~Thr, together
with the amide group of L-Asn, may be the acceptor substrate group in
the Tormation of the enzyme~substrate complex. The nature ol residue B
B in the peptide chain also affects the type of carbohydrate that ;
becomes attached to the L-asparagine residue. If the B residue is
polor, a carbohydrate moiety of greater complexity is found attached

to  asn?. In plycoonzymes contalning O-glycosyl bomds,  the

chain e,8, dn Y is linked to L-Ser residues of
the protein?”, Some glycoproteins ave known to contain both the N-
siyeosyl and the O-glycosyl bondsii®,
2.5.3josvnthnsis of Glycoproteins
2.5.1.Cellular Locole and Heactions P .

In mammalian systems, Studies with the porfused lives*®* and with
isotoptcally labeled carbohydrates have shows that the liver is the
wajor site of plycoprotein synthesis. Other mammalian organs and
tissues, e.g. the pancreas'®®, submaxillary gland'“®, thyroid,
reting, kidney, ond mammary gland'®?, are alsa fnvalved in

slycoprotedn symiiesis,

the biasynthetic pathway of glycoproteins can be divided into three

distinct phasts:
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Assenmbiy of the Polypeptide

This takes place on the ribosomes of the roush endoplasmic
reticulum (RFR) via the normal routes and reactions of protein

synthesisioo,

The “Bridge'-Car Peptide Linkage

The tinkage sugars of a GlesMansGlcNAca~PP-Dol unit are coupled

to specific

amino

acid  residues of the polypeptide chains by

transforases using the appropriate rucleoside  5'~{glycosyl

pyrophosphates).

This  is done

while the polypeptide chain is

still attached to the ribosomes®® and is <ometimes still being
synthesized on the ribosomes'®®, Nucleotidyl transferases are
responsible for the activation of Lhe hexosamine by way of
uridine 5'=(N-Acetyl-glucopyranosyl}itt, and glycosyl
transferases'®® for the attachment of the residues to ‘the
polypeptide, The glycosyl transfevases are membrane Ytound

enzymes't® found in the £R and Golgi,

onpletion of the Glycoprotain
The glycosylation of the 5l is completed by the

stepwisc addition of carbohydrate residues from nucleoside 5'-

(Blycosyl ) by to the
dotichul medisied partially glycosylated polypeptide. Some of
the addition accurs in the roglon of the RER, but takes place
mainly in the Golgi''*~*'5, The completed glycoprotein
accumslates in the Golpd prier to secretion into the circulatory

systemtae-tat,




2.5.2.61ycosylation

2.5.2.1, for Glycasylation

(a}

()

Peptide~Chain Gonfarmation
A Specific amine acid sequence for linkage is necessary, but is

A second requirement

not i far
is that certain vregions of the peptide chains must hrre a
specific secondary structure, since, glycans are lacated in the
loops of the peptide?2, Loops are senerally located at the
surface of globular proteins, making Asn accessible to
glycosyltransferases.  Additional proof indicates that the
carbohydrate moieties are positioned on the outside of the
slycoprotein, and is in agreement with the rale of recoznition
attributed to some giycans*®®, It is also possible that the
pretection against proteclysis is due to the masking of loops by

the corvohydrate!33-138,

Glycan Pripary Structure

Glycan structuras revealad certain eatures and for N-acetyle

lactosamine glycans the Eollowing vould apply:

(1) Neuac is bound to the C~3 and/or G-6 of the terminal Gal.

(2) Fuc is coupled to C-3 of GlcNAc when the latter is part of
the N-acetyl-lactosamine chain hut to -6 of GleNAc when
the last-named ig linked to Asn.

{3) The C-4 of the terminal B-Man is coupled to a GleNAc,

{4

Subatitution in the Man~4 by supplementary sugars are on C=

4 for Man-4 and on C=6 for Mai-'4 {see Fig 2c page 20).

7




(e) Termination of Glycosylation
In most giyeoprotein structures it is observed that the

conjugation of & residue with sialic acid prevents further
substitution of the glycan moiety, The same can be said for
fucosyl additions, except that the fucosyl residue can itself be
fucosylated, The act of sulphation of sugar residues is also

alleged to be a final act of modification.

The locus opevandi of plycosylation is diffieult to determine.
As soon as the protein is in the ER, the signal geptide (if
present) is cleaved, and the first of the series of

glycosylation can commence.

2.5,2.2.The Dolichol Transfer

fatichols are long-chain poly-isoprencids (13-22 units) found in
eukariots'?”, The dotichol kinases needed for the activation af
dolichol 35 found in several mammalian-cell typesSe-i83,  The
phosphate donor is CTP. The newly synthesized dolicial phosphate is
then giycosylated by either GDP-Map or UDP-Gle¥Ac, to form the

lipid i . Dolichols differ in chain

lengths, and therefors dolichol glycasyltransferases differ?®:, The

3 unit of pol 1 acts as the acceptor of

tlycosyl moietins's?,

7
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{¢) Termination of Glycosylation
In most glycoprotein structures it dis observed that the
conjugation of a residue with sialic acid prevents further
substitution of the glycon moiety. The same oan be said for
I"wosyl additions, except that the fucosyl residue can itself be
fucosylated, The act of sulphation of sugar residues is also

alleged to he a final act of modification,

The locus operand’ of glycosylation is difficult to determine.
As scou a8 the protein ia dn the ER, the signal peptide (if
present) *s cleaved, and the first of the series of

slycosylation can conmence.

2.7he Doligchol Transfer

Dalichols are long-chain puly-isuprenoids {13-22 units) found in
rukariots!?7, The dolichol kinases nseded for the activation of
dolichel is found in several mammalian-cell types?®°-232,  The
phosphate donor is CTP. The newly synthesized dolichol phosphate is

then giycosylated by elther GDP-Man or UDP-Gle¥Ac, to form the

lipid derivati .+ Dolichals differ in chain
lengths, and therefore dolichol glycoayltransferases differ'¢!, The

h acts 88 the acceptor of

i3 unit of

slycosyl moictiestes,




GDB-Man + Dol-P —-> Man-P-Dai + 6Dp

UDB-Gle + Bol-P --> Gle-P-Dol + UDp

UDP-GicNAc + Dol~P w~> GlcNAc-PP-Dol + UMP

UDP-Glc + Dol-P -~> Gle-BP-Dol  + UMP

The transfer of the lipid-linked fragment oligusaccharide from Dol-PP
to the appropriate Asn on the polypeptide i1s catalyzed by

oligasaccharyltranserase'7o=171,

ta) is of the Dongr 01 ide Fragment

The dotichol linked D-mannosyl, G-glucosyl, and GleNAc residues
are used for the synthesis of the fragment. Fourteen sugars are
transferved stepwise From micleotide or dolichol-phosghate

carriers to the poly-isoprenoid,  Dol-P, to  generate

LeaMangGleNAc,~PB-Dol. The of the
1ipid donor proceeds in an ordeved fashioni6~16%, The lipid-
linked oligosaccharide biosynthesis occurs in  the ER.
MansgloNAc,~PP-Dol is synthesized on the cytoplasmic side of the
ER, and then tramslocated to the lumenal side, The mature
precursar, GlesMansGleNAc,-lipid, is then completed on the
lumenal side where it serves as the donor in polypeptide
glycosylation.

Fragnent to the Peptide

(b) Tranafer of Donor Oli

The donor oligosaccharide fragment from GlesMensGleNAcg-cP-Doi
is transferred to the polypeptide. Other fragments as small as
GleNAc-PP-Dol and Man,GlcNAc,-PE-Dol can also  serve as

donorsi7iers,
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Transfer of the dolichol domor to the acceptor proteln takes
place in the lumen of the RER, For this reaction to occur the
polypeptide must be tran.located from the cytoplasm into the

Tumen?®®,

Trimming of the Transferred Dol-Domor Glycan

Transfer of the donor fragmwent Gle;MansGleNAcs to the protein is
followed by trimming to a glycan contaiming only three nmannose
residues. To the trimmed donor fragment sialic acid, Gal, and
GleWAc is stepwise added directly by rranaferases, The
subcellular localization of these enzynes responsible for glycan

trimming is the ER!77-493,

Brapehing
The final steps in the synthesis of lipidwlinked oligosaccharide
are the coupling of two Glo residues via o 1,3 and & 1,2 to

terminal Man using Dol-PGlciS8wiés,

Addition of Rare Sugar Moieties
The Eurther elongation of the carbohydrate chain after the

attachrent of the trimmed Dolichol fragment occurred via emaymic
transfer of single sugar residues from glycosyl esters or
sucleotides to the non-reducing, terminal positions of the
growing chain®®-4®, Tramsferases acting upon uridine 5'~(D-
galactopyranosyl pyrophosphate)s®, and 5'-(D-glucopyranoside

pyrophosphate)®* resuit in the formation of B-D-galactosyl and

8-D-glycosyl groups being 1y added to the

chain,




The incarporation of sulphate into the carbohydrate chain of
glycoproteins occurs enzymically, after the sugar chain was

compteted, and is a post-ribosomal eventsa-se,

te

Haturation of Glycans
Finally, the chain-branches Neudc-Gal-GlcNAc and Fuc are added

prior to the appearance of the mature glycoprotein at the plasmu

mepibrane?33=140,

2.5.2.3,Topegraphy of Glycosylation

and the GlosMansGleNAc,-PP-Dol are

located en the lumen of the RER!®4~292,  peptides are only
slycosylated if they are inserted into microsomal vesicles and

secreted into the lumentes-—1se,

2.3.3 ide Linkages Specificity
A fairly high degree of specificity is imvolved in the coupling of
the carbohydrate moiety. An L-Asn woiety in a polypeptide is an

acneptor of only GleNAc*”

2.5.3,1.8ynthesis of N-linked Glycans

The al is transferred from the Dol ier as a fragment

to an Asn residue of protein in the lumen,




2.5.3,2.8ynthesis of O-iinked Glycans

The total mumber of Man residues found in 0-linked oligosaccharides
approximates that found 1in the N-linked giycams. The first Man is
transferred with inversion of confisuration, from Dol-B-Man to Ser or
The in the ER, Up to four Man can then be transferred Erom GDP-Man in
the Golzt ¥4, Purther elengation and modification of the glycan seems

to equivalent these processes found for N-linked glycans,

2.5, Sorting and

An imgortant aspect of the metabolism and synthesis of glycoproteins
1s the secretion of these molecules through the cellular membrand.
Same of the terminal sugar residues become attached to  the
giycoprotein as the protein passes throush the plasma membrane. For
example, in the synthesis of gamma-giobulis by lymph-node cells, the
termtnal N-acetyineuraminic acid residue is added to the molecule,
both inside and outside the cell, at essentially the same rate!®?,
The sialic aecid is thus added to the glycoprotein at the plasma
menbrane during passage of the macromolecule through the membrane'2z,
sinilar, the D-glycosyl transferase involved in attaching termimal D-
glyeosyl residues iIn the biosynthesis of collagen, 1s  found

exciusivel . un the plasma membrane®2s,

The carbohydrate portion of a glycoprotein is thus a marker for the
transport and acts as a director of these molecules to their Efinal

destination,

e




There are téo differont mechanisms whereby complete glycoprotein
molecutes are secreted from celis. (i) Molecules accumulate in the
Golgi membranes and are exocytosed as molecule packets by way of
Goigl vesicles'®®., (i1} Glycoproteins are transported through

channels ina of passing tially from RER

to SER, to Golgl bodies, and to the piasma membrane. There occurs a
successive addition of terminal carbohydrate residues to the molecule
with terminal sialic acid being added at the last membrane before the

Blycaprotein is released intu the circulatory system!Zs,

With the exception of the mitochondrial and some muclear proteins,
synthesis of all proteins destined for womcytoplasmic locations,
including those retained in the endoplasmic reticulum ad the Golei,

begins in the ER.

ER --> Golgi body --> Vesicles ~-> Cell surface.

2.6.Glycognzymes

2.6.1.1ntrodnetion

Blycoenzymes are glycaproteins, most being isoglycoenzymes, which
differ only in the carbohydrate portién of the molecules. The
hydrolase group of cnzymes contains the largest number of
slycoenzymes, with oxamples such as yeast invertase, fungal amylase,
clucoamylase, various ribonuclease, and gluco~ and galacto-

sidaspsed~es,




The interglycosidic bonds of the carbohydrate chains in most
Blycoenzymes have the a-D (L) conformation. Structures that are
highly branched are often encountered in the carbohydrate chains of

giycoenzymes.
2.8.2,8~Acetyl-B~D-Glucosaminidagey NAG

2,421, Introduesan

The enzyre N-Acetyi-f-D-glucesaminidase (£.C.2,2,1.30, RAG) is a
sialylglycopratein that 1s present in abundance in the epithelium of
the proximal remal tubule. WAC is dinvolved in the catabolism of

slveolipids, piveaproteins, and glycosaminoglycans®i®,

K-Aceryl-8-D-glucosaminadases are known to exist in multiple forms.

rigus isoenzyre forms have been isolated in uwrine and  tissue?®!.
The brochemical function of the different forms of NAG remain
unknown, and there 18 so clear refationship between the different
forrs, Interest in the isornzymes were preatly stimulated by the
dezangiratien af a deficiency af ore or both of the A and B
sscenzymes in certain diseases, and also by the appearance of NAG in

the wrine as 2 kidne. pathological indicator3e?,

#.6.2.2.Phyaical Properties and Oceurrencs

NAG 1s widely distributed in many tissues, abundant in organs wherw
high ratee of mucoid turnover wight be expected, particularly rich in

the Lidaey?3, Within the nephron, NAG activity is very hizh mainly



in the epithelium of the proximal convoluted tubule®??, NAG is a

hydrolase®!® with molecular weight of 112,0 kD*® to 140.0 kD322,

by 5 and 27.2 kD for Streptomyces

by equilibrium analysis.

At least eight  isoenzymes have been idemtified in tissues and body
fluids on the basis of molecular charge, thermal stability, and pH
optimum®®l, The two major isoenzymes. callec isoenzyme A and B
respectively, have been isolated by electrophoresiy?ot-2az.ais-zia,
The sialic acid contents and stability are differeat from each other.
By ion-exchange chvomatography at least up to six different fractions
having NAG activity has been isolated from human urine®:s-21a.8a3, yp
te date and to my knowledge no NAG isoenzyme has been purified to
hozogeneaty, In Tay-Sachs disease BAG A is missing but the activity
of NAG D 15 1nerrased93+394.394,  In Sandhoff's disease, both the A

and B asoeneymes are iackingaoavaans.zas,

2,k,2.,Bigc] a) Functions

NAG is important in the breakdown of mucopolysaccharides and of
glycoproteins, NAG catalyses the hydrolysis of the torminal N-
Acetylglucosaminyl moieties from glycopeptides and palysaccharides,
ar from synthetic substrates in which the amino sugar is linked to a
chromophoric group by a B-glycosidic limkage'®®-3%¢, NaG is believed
to specifleally zatalyze the hydrolysis of a terminal N-acetyl-8-D-
glucosamine residue Crom a f-D-glycosidic linked Man*#! (vefer to

figure 4),




FIGURE &

The substrate site of suscoptible to NAG catulytic attack

NeAcetyi- ta}
8N

Glucosamine v
t-acetyl
Map —— Bup —— e R
Glucosamine i .
H-Acstyl- /
8-b- ——
Gluzosamine (@)

b
R = Reat of Carbohydrate Chain 3‘ .
(a) » Bond cleaved by the hydrolytic action of NAG t ‘

it has  been suggested that terminal N-Acetylglucosamine of gk, P
slycaproteins serve as a lysosomal recognition marker of lysosomal

hydrolages3s,

Structurat studies of oligosaccharides released in the urine of

patients with exoplycosidase deficiencies have disclosed that all 1

these compounds Ppossess in common the structural feature of Man(Bl- SN
IGIeNAC at their reducing end*, On this basis it is postulated <
that the cetlular degradation aof N-glyeans is initiated by the -

splittang of a zlycan moiety by N-acetyi-B-D-glucosaminidase2se-289,

2.6,2,4.840 a8 o Urinary Indicator Enzyme i

With the description of increased activities in the urine of patients
with kidney diseases the use of urinary enzymes for diagnostic
purpoges was introduced®3®.244, It uas realized that various kidney

diseases - tumors excluded - may couse increased urinavy enzyme . :




levels. At least 45 ewzymes for the diagnosis of urorenal diseases

have been identified so far=*?,

Urinary NAG, known to increase in patients with renal disease, was

as an in & 1s of various types of renal
diseases210:239~338 g an indicator of rejection after kidney

transplantakion???-332,  and glso ia the assessment of nephrotoxicity

of drugs in man’ + The urinary of NAG has been

to have in renal disturbances in
association with various other diseases, i.e. diabetes mellitus®s?
and hypertension??, Urinary NAC thus gained importance, in addition
to osther urine parameters, such =3 o,~ and B-microglobuline®4®,
vetinol binding protein, albumin, transferrin, immunoelobulins, and

the classical creatining?s$.34s,

Tnvestigations of Prince®? in 200 patients with renal tramsplants
and 1500 determinations of NAG in urine revealed that in 70% of the
cases with an acute rejection of the transplant?*®-28% an increase of
NAG vas evideat 1 to ) days bofore any other test parameter turned
pasitive., Nedther immunosuppresives, diuretics, -wiiblatiece, nor
hypotensive substances - cxcept Gentamyoin®s' - dnere ww: urinary NAG
activity?4?, There is still controversy over the question if

Cyclosporia elovares urinary NAG levels2®e,

Definitive diagnosis of acute resal transplant rejection i often
difficuit, and may pose lmpossible if oliguria [Folicws
trangplantation. The renal tubular enzyme NAG is releasad into the

urine following renal injury, and may be secn as an index to tubular




damage, Daily measurement of Lrinary NAG has been proposed as an aid

in the di 48 of tant rejection®°®. Urinary NAG reflscts not

only renal injury, but also blcod sugar levels or bload sugar

control, and even indicak: of
changes?1 1213,
Drygs such as Cyclospord and other

drugs vhich are known to cause renal tubular damage20-32%, has been
studied, No speeific tendency is observed., WAG increases after

administration but veturns to the normal {evelg?22.23—aes,

The ipportance of NAG measurement au the urine is:

(a1 Farly detection of tubular kidney danages, e.g, diabetes,
nypertension, ect.

(b} Honitoring of acute and chronie renal diseases.

(c) Nonitoring of venal function during therapy with nephrotoxic
Adrugs.

1d} Testing for re)ection reactions after renal transplants,

2.7.Nephrotoxicity

A conbination of bicchemical events contribute to the susc.otibility
of the kidney o nephrotoxing®®s. lavestigations have rewviized that
frequently the initinting chemical moiety dis a metabalite of the
ingested toxin. This metabolite may be produced in the kiney as a
result of renal metabolism of the ingested toxin?¢*, The .y rvent din

ty of certain ds appears to be due to i .bulity

of the kidney to accumulate compounds to concentrations vfiiuvient to




induce organ-specific damage®®®. The biochemical function of the
kidney renders it susceptible to a variety of nephratoxim  Nephrons
are present in abundance and the human can function well with only
one kidney. This remarkable resevve capacity poses great difficulties
it the experamental detection of tubular siresses at low doses, and
at the present ther: 1s no ratisfactory method to evaluate subtle

tubular toxieity in man.

The Ridney is uniquely susceptidle to chemical toxicity, partially
begause of its disproportional high blood flow - 25% of cardiac

output?®?, The proximal tubule is the predominant site of action of

» The by which 1s produce renal
damage are rmumerous and complex. Various biochemical events
contribute Lo the susceptiditity of the kidney to several classes of
nephrotoxicity. With damage only jow molecular waight proteins
derived from serum, such as $2 micro plobulim, lysozyme, retinol
binding protein, and a-microglobulin, that can pass tf rough the
slomeruius arn released into urine, Because urinary RAG with such a
large molecular weight 1s too large to pass through the renal
slomeruii*'®, it is assumod to be derived Crom the parenchyma of the

tubuliaee.ate,

In qases with nephrotaxic syedrome urinary NAG is significantly

tigher. A possible lanation 38 that the and

process of renal tubular epithalial celis is inversely related to the
process of reabsorption through renal tubuli of small proteins
filcerad through the plomeruli?®®, If the clevated urinary NAG levels

are really due to the broakdown process, then urinary Ba micro-




{an index of tubr lar damsge}, woutd also be elevated

slobulin,
because no reabsorption can occur?i®, In practice elevated urinary
NAG levels were accompanied with novmal to slightly etevated urinary
> micro-globulin levels. Thus, urinary NAG in nephrotoxic syndromes
could mot be due to tubular damage uslone. Nephrotoxic syndrome is
also cauned by damage of the glomerular basal membrane and urinary

NAG wmost tikeiy originates from the glomerulif!s-2:7,

The importance of measurcment of NAG in tiseue and in urine is to be
of interest in the early detection of tubulac kidney dameges, for the
momitarir: of renal function during therapy with nephrotoxic drugs,
and for the testing of refection remctions after remal
transplants?*®,  In  pathological conditions dn  the tubular
tnterstitial region of the kidney, an etevation of the NAG
concentration cap be seen in the urine, The rise in excretion of NAG
3% accompanied by the appearsnce of the B isoenzyme of NAG, which is
normally absent from urine and serum, ealthough present in kidney

rissue®i®,

A method to deteect subpathogenic stress would alse permit the
investigation of nephrotoxin activity modification in humans. The use
of a urinary enzyme in renal toxicology is an old 4dea that has never
found acceptsnce due to the failure of varicus advocates to deal
adoquately with a sumber of difficulties dnherent din  this

application®®e,
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CHAPTER 3 EXPERTMENTAL RESULTS

a1 1 Approach tg the Isolation and Purification of Baboon

Kiduey NAG

One of the problems continuslly facing biochemists 3s the separation
and purification of biological compounds from a mixture of compounds.
Although the bicchemist may be primarily interested in studying
processes at the molecular level, his findings must be related to and
interpreted at the subcellular and cellular level, the level of the
organ, tissue, and whole organism, In order to determine the
copposition, mode of action and role of these compounds,
sophisticated qualitative and quantitative analytical techniques have

to te employed.

important in the isolation and purificatian of amy compound, is to
yield 2 product that is biologically inviolated, and thus as close as
possible to the natural occurring compeer. One of the most convenient

methods for achieving such separations is the use of chromatographic

2 Sevaral methods may be used sequentially
to achieve purification of a compound, such as: .

{a) Adsorption chromatography

(h) Countercurrent distribution and partition chromatography

{c) Ton-exchange chromatography

{d) Exclusion chromatography and

(e) AEfinity chromatography.

Giycoproteins tend to have a charisma for some technigues, and an

N
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CHAPTER 3 EXPERIMENTAL RESULTS

3.1, Experimental Approach to the Isola

n_and Purification of Baboon

Kidney NAG

Ose  of the problems continually facing blochemists is the separation
and puritication of biological compounds from a mixture of compounds.
although the biachemist may be primarily interested in studying
pracesses at tne molecular level, his findings must be related to and
inzerpreted at che subcellular and cellular ievel, the level of the
organ, tissut, and vhole crganism, In order to determine the
composition, mode of action and rol: of these compounds,
sophisticated qualitative and quantitative analytical techniques have

to be employed.

Important in the isolation and purification of any compound, is to
»1eld a product that is biologicelly inviolated, aud thus as close as
possible to the natural oceurring compeer, One of the most convenient

methods for achieving such separations is the use of chromatographic

Several netiiods may be used sequentially
to uchieve purification of a compound, such as:
(a) adsorption chromatography
(b) Gountercurrent distribution and partition chromatography
{c) lon-exchange chromatography
(d) Exclusion chromatography and

(e) AEfinity chromatography.

Glycoproteins tend to have a charisma for some techniques, and an




animosity for cthers. Depending on various features of glycoproteins,
one being carbohydrate content and cumposition, one has to select
from all the techniques available the most applicable ones, in order
to ensure that certain criteria are met for the isolation and

Hamageneity can be ined usimg various

technigues, but once again, these techniques ali have limitations,
with deviations occurring when certain requirements are averhauled.
It s thus of the uttermost imyu-tance to evaluate results in this
vespect, and also to try and consolidate results o as to gain the

most tnformation out of it.

3.2.8ubeellulay Distribution of NAG

3.2.1.Coliection and Storage of Baboon Kidneys

Kidneys were obtained from Baboons (Papio ursinus) used in transplant
experizents. The mean wet weight of one baboan Kidney was 25 g.
Intact kidneys were snap-frozen in liguid nitrogen, and stored at
~20°C until sufficient material was obtained, The use of frozen
kidneys was preferred since this sdded to the process of disrupting

cell membranes.,

2.2,1,1.NAG Enzyme Assay

BAG activity was determined using the Para-Nitrophenol (PNP) method

where the PNP released from the PNP-NAG Substrate, (4~Nitrophenyl-N-

Mansheim GmbH), vas measured by

photometry in alkaiine solutien ay 405 am. The procedere is as

45




Eollaws: The substrate solution contained ! mg PNP-NAG substrate in 1
wl citrate buffer, 106 mmol/I, ol 4.5, The reaction was carried out
at 37*C as follows: Preincubate § mi, of Citrate buffer, 100 mmol/1
pH 4.5, and {08 ul of the sawgle to be determined, at 37'C for 5
minutes. Add § ml. of the substrate solution, and sllow the reaction
to concinue for & fixed time between S to 30 pminutes, Add 2. ml of
Borie acid buffer, 200 mmol/l pH 9.8 and measure the absorbance at
405 nm, using 2 PBye-Unicam SPB-400 UV/VIS  Spectrophotometer,
Distilied vater was used in the place of the sample and substrate
solution, in order to obtain sample and substrate Dhlanks

respectively, Activity was caleulated using the following equation:

eq 1

AbS.aas Bm X Total vol, (ml) x 1000

BAG activaty 1U/L) = —_—
x Twme {min) x Sample vol.{ml) x Lpllcm)

AbS.ans B % AbS.samere ~ ABS.paenic
Total volume = 3.1 mi,

Euus 7 18.5 pmol=' en~? for PNP

Time = Raaotion time in minutes.

Sargle vaiume = 100 ).

Lighe path length (Lpl) « 1 cm.

1000 : A coefficient For conversaon from U/ml to U/L.

3.2,1.2.Hodification of MAG Bnzyme agsay for Micvotiter Plates

To perform the ahove NAG enzyme assay in a microtiter plate weil, the
mnzyme assay was sc.led down s0 that the tatal reaction volume did
not exceed 0,16 ml, the well volume, A simple way vas to divide all
of the volumes of the standard assay by twenty, yielding a total

volume of 0,155 ml. In one microtiter plate 96 veactions could be
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performed concurrently. Plates were incubated between two Shandon
vater cooling/heating plates, connected to a constant temperature
water bath, A four channel micreplate pipettor (NICHIRYO Model 8400)
was used to malte transfer times between wells simost pegligible. The
plates were then read using a EASY ELIZA Reader EAB 400 (SLT

Laboratory Instruments Austria), fitted with a 405 wm light filter.

In order to ensure that values obtained from the Microtiter plate
method, using the EASY reader, correlate with the standard NAG enzyme
method, 25 NAG cnzyme assays were cancurrently determined in
duplicate. Using Pearsons corrclations coefficient, the data had a r
valve of 0.9972 for N~25. Because the correlation between the two
methods «was so good the microplate enayme determination nethod was
accepted and wsed for determination of enzyme sctivity of column

effluents, and also for kinetic studies.

3.2.1.3.Brotein Concentracion dop by Acid

Protein concentration was determined using the Bicinchoninic acid
{BCA) method of Smith et al®®9, The method is more specific, stabile,

and sensitive than the Lowry method for protein determination+s,

3.2.1.4.Materdals and Methods

Reagent A consisted of an aqueous salution of 1% BCA, 2% NasCDy,
0,16% Fa~tavtrate, 0.4% NaOK and 0.95% NalCO;. The pH was adjusted
with 0.1 M NaOH 1o pH 11.25. Reagent B consisted of 4% CuSC in

distilled water., Albumin, (Albumin Bovine, Sigma A-7030, MW=68.0 kD}
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A standard working roagent (SWR) was prepared by mixing 100 volumes

of Reagent A with 2 volumes of Reagent B.

The standavd assay procedure consisted of mixing 1 volume pample
{stendard or unknown) with 20 volumes of SWR. The solution was
ancubated at 0°C for 30 min. Samples were cooled to room temperature
and their absorbances were measured at 562 am versus a reagent blank,
Concentraticn of unknowns were determined from a plot of
concentration (20 to 200 Vg protein) against absorbances obtained for

the standard protein solution.

.22, of the Subcellutar Fractiens

$eparation of the kidaey into subcellular fractions was done by
modification of the methods of Shikke & Tappel?®”, and Williams and

Wiison2e®,

Two frozen kidneys, 100 g, were ize for 3 min.
at high speed 1n 16% w/v 10 wd Tris-HCl buffer, pH 7.4, containing
0,25 M sucrose, 3§ W CaCla, and { mM PMSF, din a Waring blender at
16°C, Differential centrifugation was carried put according to fisure

5 page 49,

fach of the nhtained subcellufar rich (ractigns were then suspended
in 10 nN Tris-HCl pH 7.4 buffer containing 0.4 M NaCl, and stirred

for 2 heurs at 37°C.




PIGURE 5

of kidney into various subcellular fractions

2 Kidneys (£ 100 8)
Homogenize®

Centyifuge**{7 min, 1,000 x g, 4°C)
> pellet £ Nuelear rich fraction

Stix""* supernatant {5 min. 37°C)

Centrifuge sunate (10 min. 3,500 x z, 4°C)
s Pellet = Mitoghondrial rich fraction

Stir supernatant (5 min, 37°C)

Centrifuge sunate (20 min. 16,300 x g, 4"C}

}.—-‘ Peliet 3 Lysosomal rich fraction
Stir supernatant (5 min, 37°C)

Gentrifuge sunate {100 min. 30,000 x g, 4°C)

- Pellet E Microsomat rich fraction

> Sunate 5 Cytosol vich fraction

* {0% w/v 10 m¥ Tris-HCl buffer gH 7.4, 0.25 M sucrose, 1 mM QMSP,
3 it CaCla

** MSE-50 Superspeed, angle rotor.
~*+ IKA Stirrer (Janke & Kunkel)

Fractions were subjected to cemtrifugation for 10 min. at 1000 X g,
and the supernatants retained. Each pellet was then washed twice with
aliquots of 10 mM Tris-iC) oH 7.4 buffer without WaCl, and

centrifuged as before. Gentrifugatic, was dune for 10 min. Sunates




vere combined and dialyzed overright against the Tris-HCl buffer

without NaCi and centrifuged as before.

Protein concentration was determined using the BOA method?®®, and

total NAG enzyme activity by the standard NAG enzyme assay,

The two major NAG iscenzymes, A and B, were separated by using &
Whatman jon-exchange DE 81 disk fitted in a Swinnex-Miilipore filter
holder. The sunate of each fraction was washed through the DE 81
£ilter three times., This caused NAC A to adhere to the filter paper,
The NAG 8 rich ringes were accumulated. NAG A was released from the
filter paper by washing Lt twice with aliquots of 10 mM Tris-HCl
buifer, plt 7.4, vontaining 0.8 M M3Cl, fTotal protein concentratdan

and NAG enzyme activity was then deteruined Loz al: the . .% sactions,

3.2.2.1.Results and Discussion

Protaase activity was minimized by the addition of 1 mM PMSF in the
homogenization buffer. Isotonic suerose and CaCla was used to

prevent the swelling and bursting of subeeilulac pavticles,

The release of membranc sssociated NAG Erom the subeellular particles
was obtained by stirring it in the sadd buffer containing 0.4 ¥ NaCl
as a choatrophic agent. Dialysis was performed against the same Nafl
free buffer since NaCl prevents the bindivg of NAG-A to DE-81 as well
as  to precipitate high ionic soluble proteins, Results oxpressed as

specific activity is preseated in table 4 page 51.
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TABLE 4

Specific Activity Di ot NAG
bubeellular NAG & NAG B Total i
rich fraction Hag
fueleus 3 3 3 151 ‘,
Hitochondria 10 15 25 111 .
Lysosones 22 18 4“0 L2 % s '
Hicrosones 11 5 16 2 41 ?v
tytosol 4 9 13 1 :2 E
~
From fizure 6 page 52 ir can be seen that the highest level of HAG
AtB that the mitochozdria contains move of B and the Iysosomes or .
microsomes ~ore of A, The idea that A comes exclusively from .
w

1ysosomes and B from the cytosoi was not supported by the results and
therefore the hvpothesis that A 1s @ Secretory product and B an

wag found in the !vsosomes (40%), It appears from the ratio of NAG !
;

!

i

[

necrosis product was not substantiated, ‘
|

|




Nucleys  Milochondria  Lyscsomes Microsomes  Cylosc!

Subesllular Fractions
NAG A

= Tolal NAG NAG B

FICURE 6

4 histogram depicting the subcellular distribution of total NAG, NAG
A isoenzyme species, and NAG B isoenzyme species. Note that the total
NAG enzyme activity was found predominantly in che  lysosomal
fraction,
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CHAPTER &

PURIFICATION OF THE NAG ISOENZYMES

NAG was isolated Erom the kidney since it has been found in abundance
in the epitheiium of the proximal renal tubule??®-372, purifjcation
of the NAG soenzynes was applied in such a way as to make use of the
differences in molecular charge of the Iscenzymes®7?~278, Thie was

best achieved by using ion exchange chromatography2??-2a1,

Step 1:H ization and

Tvelve frozem kidneys, with a total average mass of 330 g, were
allowed ta thaw to room temperature. 25% w/v ELGASTAT UHQ (Ultra high
quality) distilled Ha0 containing ! mM PMSP was added, and the
mixture was homogenized at 10°C for 5 min at maximum speed, with a
Waring blender. The solution was then stirred at 37°C at 300 vpm,
with an IKA stirver. After 2 hours dry NaCl was added to the solution
to veach a final concentration of 0,4 M, The solution was once azain

stirred for 2 hours at 37°ce6®,

Centrifugaxirn vas done at speeds corresponding to 30,000 x g for 40
min, in either a MSE Superspeed 5O cemtrifuge {25,000 rpm for §O
min.) or an HSE Hi-Spin 21 centrifuge (20,000 rpm for 1 h), both
fitted with an 8 x 50 mi, angle rotor. Supernatants were accumulated,
transferred to dialysis tubes (MW, cut-off betycen 12.0 - 14.0 kD)
and concensrated with polyethylens plycol (PEG 10,0 kD; ‘'lerck) to a

volume of 200 ml.




4,1:1.Results and Discucsion

Inactivation of serine type proteasas was achieved with the addition

of PMSF, Mater as hypotonic ngent wag used to burst the cells.
Dehydration of the supermatunt against PEG was used as a milder
concentration techuique since freeze drying was found to inactivate

NAG,

Step J:Con-A Sepha Affinity .

Conzanavalin-A Sepharose (155 Con-A Pharmacia) was preparativaly
washed with a 20 &M acctate buffer pH 5.8, containing 2 mM MnCla and
2 M MgCly thuffer A}, Concentrared supermatant from Step 1 was mixed
%3 i1 1ata0 ¥ith the Gon-A Sepharose, This solution was carefully
stirred for 2 thours at 37°C, and then centrifuged on a Beckman
desktop refrigerated TJ-6 cemtrifuge for 5 min at 2500 x . The
supernatant were kept and repeatedly subjected to affinity adsorption
by Con-A Sepharuse. The Con-A gal pellet was washed by mixing it with
buffer A containing 1 M NaGl (Salted buffer) Lo remove unabsorbed
prateins, The Con-a was then packed in 2 2 % 20 om column. Tva column
volumes of salted buffer and 2 column volumes of buffer A weve passed

consequently through the columm at o flow vate of 30 mi/h.

Adsurbed NAG and glyseproteiny were eluted from the Cou-A Sepharose
with buffer A containing 0.3 M methyl a-D Mannopyranoside (Merck M
37523, Fractions of 3,0 ml were collected and mondtoved at 280 nm.

BAG enzyme activity wae datermined ysing the microplate methed,




PIGURE 7
flowchart for Con-i affinity of NAG from the

homogenate

Kidney Homogenate

Concentrate with PEG

Hix Con-A Sepharose CL-6B

& Homogenate L:1 (v/v}
(v — 2 hat 37°C

Centrifuge 5 min. at 2500 x &

Supernatant  Wash NAG-Con A with buffer A cantaining
{a) 1.9 M NaCl and centrifuge as before

Pack Con-A Sepharose CL-65 column

#ash Con-A Sepharase CL-6B with
salted buffer A

Wash Con-A Sepharose CL-6B with
buffer A

Elute NAG and glyceproteins
with 0.3 ¥ methyl a-D Mannopyranoside

Regenerate Cun-A Sepharose GL-6B
with 0.6 M NaCl

Bemix Con-A Sepharase Cl-6B
with Supernatant (a)

Go to (b until NAG activity is
diminished

Buffer A:
20 mM Acetate buffer pH 5.8, containing 2 md MnCl, and 2 mM MgCla

Salted Buffer A:
Buffer A containing 0.4 ¥ NaCl




Tubes containing NAG activity were combined and concentrated to a

final volume of § ml using a Miliipore CX-30 ultra concentrator.

The Con-A was regenerated by washing it with 0.6 M NaCl and
equilibrated with buffer A, The supernatant subjected previously to
Con-A Sepharose adsorption was once again mixed with the regenerated
adsorbant. This process was repeated 2-3 times, desienated as €, Lo
€3, until no NAG enzyme activity was detected in the remaining

supernatant ~ see figure 7 page 55 for detail.

4.2:1,Results and Discussion

Con-A specificaliy binds glycoproteins that contain the trimannese N-
linked structure Man al->6 (Man al->3) Man®4”, and thus particularly
binds a-D-mannosidyl, o-D-glucosidyl, and other sterically similar

residues?®!, Lloyd has shown that bi-antennary complex structures,

and not tri- or t or linear ¥

chains, bind to Concanavalin-a®°?,

Con-A Sepharose was Lsed to extract glycoproteins from the crude
kidney mixture. MnCl, and MgCl, were added ta the buffer sin s Con-A
Sephargse CL-6B cuntaing a binding site for Mn®" and Mg®™ dons.

Removal of these ioms inactivates the lectin.

The Gon-A Sepharose CL-6B was washed with the NaCl rich buffer before
Man rich glycoproteins were released since NaCl in the buffer (0.1M
t 1.0 NaCl) sets glycoproteins with low affinity for Con-4

Sepharose CL-6B free??s,




Adneved glycoproteins were eluted from the column with wmethyl o-D
Hannopyranoside, Eluted profiles Cs, Ca and Gs differed in peak
height, and profile symmetry, with the G; peak being more distinct
and less tailing tham C;, while the Cs profile was just the opposite
in having a flat peak and long tail (See Eigures 8 and 8(b) pagss 58
and 58(b)). Attempts were made to selectively elute glycoproteins
from the column with linear methyl o-D manmopyranoside gradients (0
~> 0.6 M) but this resulted in broad, tailed peaks, Chromatography of
the second wash of the kidney homogenate on Gan-A, designated Ca, can

be seen in Cigure 8 page 58.

Poorer separation and elution of the glycoproteins from Gon-4
Sepharase C.-6B were ohtzined when a 50 nM Tris HCL pH 7 buffer

substitute buffer A.
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FIGURE #

Con-A Sepharose affinity chromatography of the kidney extractions
resulted in the release of mannose rich slycoproteins {inciuding NAG)
upon column ¢lution with methyl a-D-mannopyvanoside.
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FIGURE 9

Chromatogyaphy on DEAE-Trisacryl M oF the Con-A Scpharose NAG active
peak resulted in the separation of the two isoenzymes,  NAG B eluted
as ane mejor peak {(€.D,) having a shoulder peak (C.Da) &s a minor
contaminant. NAG A eluted from the column with a Iinear NaCl
pradient, resulting in two NAG A fractions designated as C,DGy and
€106a .




AL RO Dt

sten on DEAE-Trisacryl M

DEAE-Trisacryl M (LKB} was washed with 20 wM potassium phosphate pH
6.0 and packed In a 2 X 40 cm column, regenerated with the same
vuffer containing 0,5 M NaCl and afterwards equilibrated with the
same buffer without the NaCl.

Each of the C; to €y concentrates was individually subnitted to DEAE-
Trisacryl i anion exchange chromatography. Three millilitre fractions
were eluted with 20 m# potassium phosphate pH 6.0 buffer (buffer B),
The Elowrate was 30 ml/hour. After 120 ml was collected, & linear
NaCi gradient (0 -» 0.4 M) was applicd (100 w! buffer B + 100 ml
buffer B containing 0.4 M NaCly. The Froctiens vere monitored at 280
nm, and for epzyme activity, Collected peaks were concentrated to a

roxisunm volume of 5 ml with a Millipore CX~10 ultra coucentrator.

#rotein using the acid  meth » and
lotal NAG activity, using the standard NAG enzyme assay, were

determined for all the peaks.

4,3:),Results and Discussion

Glycaproteins carrying a negative charge at meutral pH will bind to
DEAE-trisackryl M. Glycoproteins with high Sialic acld content are
usually strongly bound and elute with hish salt concentrations,
Charpe heterogenelty due to variation in Sialde acid content can give

rise to broadening of the peaks®t,
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Separation of the isoenzymes on the anion exchanger DEAE-Trisacryl M
16 due to the difference in molecular mett charge, resulted in the
NAG B iscenzyme not binding to the exchanger at all. NAG B resulted
in o large symmetiical peak C.D, and a swall shoulder peak CyDa.
Seleciive desorption of the ratained NAG A lsoenzyme was done with
the agplication of a NaCl gradlent, Twe clear-cut symmetrical NAG &
peaks, DG, and (DGa were eluted - see figure 9 page 59, The
respective Ca and Gy fractions differed siightly in symmetiy and area

of the peaks,

DF4i. Serharose CL-6B was used in previous isclations, but was found

t0 be less effective an isoenzyme separation.

4.3:2.Pooling of Isoenzymes
Matching fractions wvere combined, eg. CiDa + CaDy + OaDy were
combined to form C-Da, and were then concentrated ta a maximm volume

of $ml using a Millipore CX-10 ultra coocentrator, Total NAG

artivity and protein coneentration were determined as before.

3tep 4:Purification procedure for NAG A

bobrl of the NAG A on _DEAB-Trisacryl M

The NAG & isoenzyme fractions, d.e. C~DG, and C-DGe, weve subjected
to DEAR-Trisacryl M rechromatography with a shallow BNaCl gradient
(150 nl 20 m# buffer B + 150 1 buffer B containing 400 mM NaCl). A

flowrate of 30 ml/h was applied, The BAG active peaks weve pooled,

AT TR
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concentrated, and activity and proteln content was decermined as

before.

%.4:2.Results and Discussion

Rechromatography on DEAE-Trisacryl M of the A isoenzyme fractions,
©-DGy and U~DGa, with & shallow NaCl gradient elininated some
inactive protein peaks. Active peaks were designated with an
additional (R) ta indicate rechromatography on DEAE. See Figure 10
page 63 For DEAE-Trisacryl M rechromatography of C-DG:, and figure 1t
vage b4 for DEAE-Trisacryl ¥ rechromatography of G-DGa, yielding G-

DG, fR) aund C-DUR) vespectively.




2.5

EIER
- NAG activily
200 e Abs. 280 nm
inc
M
6.2
0.1

10 180 200 220 40
€lutlon volume (ml.)

FIGURE 10

Bechromatography of the NAG A isoenzyne fraction C~D&y or DEAE -~
Trisacryi M, A more shaliow NaCl gradient of 20 mi (150 w!- to 200 mM
(150 ml) vas applicd to the column resulting in one single NAG enzyme
active peak C~DGy(R) to be elu
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FIGURE 11
Rechromatography of the NAG A isoenzyme specie C~DGa on DEAE-
Trisacryl M. Envichment of the NAG A isoenzyme fraction C-DG, was
achieved by rechromatography with a shailow NaCl gradient of 200 mM
(150 mi) to 400 mt (150 ml). One NAG enzyme active pesk C-DGa(R) was
elutad from the column,
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Step 5:Hydvoxylapatite Chromatography

Bic-Rad Hydroxylapatite (HTP) was suspended in 20 mM buffer B and
allowed to settle for 30 min. A cloudy upper colloid was decanted,
and a 2 x 60 em column was packed, Two column volumes of buffer, at a
flowrate of 20 ml/h wers pumped thvough the columm. The FAG A
isgenzyme fraction C-DG,(R} was applied to the colums and 3.0 wl
fractions were coliected. After one cr amn volume of buffer 8 had
passed through the column (¢ 210 ml), a linear gradient af 20 md ta
1.0 M potassium phosphate pH 6.0 buffer {200 ml of each) was applied
to the colums, The collected fractions were monitored at 220 am, and
NAG enzyme activity was analyzed using the microplate method. When
all material had beea displaced from the colunm, the HTP column was
washed with one column volume of buffur B containmg 0.4 M Nacl, and

folloved by tvo column volumes of buffer B,

Fraction C-DGa(R} was subsequently applied to the HTP column as was
done for €-DG.(R}., Active peaks were poaled and cuncentrated as
before. Protein content and NAG activity were determined as before.
4.5:1.Results and Discussion

HTE pruved to be able o purify complex proteins®®®, According to
Bernardi and Kawasaki neutral and acidic glycoproteins compete for
catlonic proups on the adsorbent with the phosphiate diors of the
hutferaen,

HTP chromatography of each of C-DG,(R) and §-DGa(R) resulted in a
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large NAG active peak (H,) with a <maller adjacent NAG aztive peak
(Ha). Prior to these peaks, 2 to 3 unknoun inactive prutein peaks
appeared, For C-DG(R) all protein eluted fvom the column between 150
i and 300 ¥ of the applied 20 mM to 1.0 M potassium phosphate pH
6.0 gradient, Por (-DGa however, protein eluted from the column
betueen 400 wM and 800 ml af the applied 20 wd te 1.0 M potessium
phosphate BH 6.0 gradient. The gradient was always prevailed ta 1.0 M
phosphate buffer in order to emsure that all protein was eluted from
the HTP, The applicable peaks were named accordingly, e.g. G-DGa(R)-
Hy and C-DGa(R}-Ha in the case of C-DCa(R), See figures 12 and 13

pages 68 and 69 respectively.

4.5:2 of NAG A T on_HTP

The 2 x 60 cm column was reconditioned by washing with one column
volume of 1.2 M potassium phosphate buffer, and ther twa column

volumes of buffer B,

The four A isoenzymes obtained so far, being G-DG.(R)-hy (figure 12
page 68), C-DGy{R)-Hs (figure 12 page 68), C-DGa(R)-H, (figure 13
page 63), and C-DGa(R)-H» (figure 13 page 63),_ vere subjected tn HTP
rechramatography. The same lowrate, fraction volumes, and buffers as
for the original HTP chromatography was used. More shallow phosphate
gradients were used as indicated on the profiles, Active peaks were
concentrated. NAG activity and protein content was determined as

before.




4.5:3.Results and Discussion

By varying phosphate gradient levels the four A isoenzymes weve each
eluated in such 2 manner as to allow clear—-cutting of the profiles,
elininating contaminants. The abtained fractions (see fisures 14 to
17, pages 70 to 73), designated with and additional (R), were

subjected to anfonic PAGE (see figures 20,1 and 20,2 pages 82 to 83).
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FIGURE 12

HTP chromatography of NAGC A isoenzyme specie C-DG,(R). after
application of the sample and passage of one column volume (% 210
nl), a 20 sM {200 ml) to 1.0 ¥ {200 mi) phosphate pH 6.0 gradient
applied to the column resulted in all protein to be released between
150 =M and 300 nM of the gradient. NAG enzyme activity appeared in
one major peak C-DG:(R)~Hy, and in a smuller adjcining peak C-DG;(R)-

Ha.
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FIGURE 13

KTP chromatography of NAG A isoenzyme gapecie

(20 m¥ (200 m1) to 1.0 M

69

€~DG,(P). One column

volume {2z 210 ml} of buffer B (20 mM potassium phosph te pH 6.0 was
passed from the colums after sample application, The wuplied zradient

(200 ml) potassium phosphate ph 6.0)
resulted in all protein to he r=leased from HTP between 400 mM and
500 mM of the eradient, NAG enzyme activity appearsd ia one major
peak C-DGa(R)-H,, and in a adjoining pesk C-DGa(R)-Ha.
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FIGURE 14

Rechronatography of NAG 4 isoenzyme specie C-DGi{R)-H; on HTE. After

sample opplication and the passing of one column volume (& 210 mi) of

buffer B (20 mM potassium phosphate pH 6.0), a 100 m¥ (200 mi) to 200

o (200 ml) potsssium phoophate pH 6.0 gradient applied to the calumn

resulted in a single NAG enzyme active peak C-DGi (R)~H(R).
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FIGURE 15

Rechromatography of NAG A isoenzyme specie C-DG.(R)-H; on KTE, One
column voluge (¢ 210 mi) of buffer B was passed through the column
after application of the sample. A linear gradient of 150 yM (200 ml)
to 350 mM (200 ml) potassium phosphate pH 6.0 subsequently applied to
the TP column resulted in the retrieval of NAG enzyme activity in
one peak designated as G-DG: (R)-Ha(R).
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FIGURE 16 : .

Rechromatography of NAG A isoenzyme specie C-DGa(R)~H: on WTP, After LR

somple application, one calumn volume (& 210 ml) of buffer B was .
pagsed through the calumn before a 400 mM (200 ml) to 650 mM (200 m1)
potassiun  phosphate pH 6,0 gradient was applied to the column, This .
resuited in ane NAG enzyme active peak designated as G-DOa(R)~Hy(R).
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FIGURE 17

Rechromatography of NAG A isoenzyme specie C~DG2(R)=K. on HTP, One

column volume (& 210 m1) of buffer B was
after the sample was applied to the column.
mM (200 mi) to 850 mM (200 ml) potassium

pasged through the columm
The application of a 500
phosphate pH 6.0 gradient

appided to the column resulted in one single peak G-DGa(R)-Ha(R).
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Step §:Purification Procedure for NAG B

4.6:1 of the D Tsoenzyme on DEAE - Trisaeryl ¥

Rechromatography of the fractions ¢-D, and C-D, wers performed on the
regenerated DEAE - Trisacryl M column, Each fraction was loaded onto
the column and the B isoenzyme was eluded with a 20 wM potassium
phosphate pH 6.0 buffer. A flowrate of 30 ml per hour was maintained,
and 3,0 ml fractions were colleeted, Active fractions were pooled,
concentrated with a Millipore CX-10 ultra concentrator. Protein
concentration and NAG activity vere assessed in the same manner as

before,

4.6:2.Results and Discussion

Kechromatography of the NAG B isoenzymes on DEAE - Trisacryl ¥
sndicated more isoenzymes, Absorbance 220 wum profiles coincide on the
NAG B iscenzyme activity profiles (405 mm), The resulting peaks were

given an extra (R)

to indicate . with a
subseript 1 or 2 indicating the peak origin, The (fractions were
labeled C-Dy(R);, (figure 18 page 75) and C~Da(R), and C-Da(R)a

(figure 19 page 76).
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FIGURE 18

Rechromatozraphy of the NG B specie C-Dy on DEAB-Trisaeryl M. The
¥AG B isocnzyme was cluted directly from the column with a 20 mi
potassium phosghate pH 6.0 buffer. All the NAG enzyme activity
(Abs.405 nm) appeared in one peak, Absorbance 220 mm profiles
coincide on the NAG B isoenzyme activity profile (405 nm), except to
the right where thexe is a continuation in the absorbance at 220 nm
even after a decrease in the NAG B isoenzyme (-D, emzyme activity.

s
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PIGURE 19
Rechramatograghy of the BAG B specie C-Da on DEAE-Trisacryl M. A 20
¥ potassium phosphate pH 6.0 buffer vas used to elute the NAG B
isoenzyne spacie C-Ds. NAG enzyme activity appeared in one major peak
€Dy (R)s, and 2 smailer adjoining peak C-Da(R)a.
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§tep 7:Attemnts to purify the B Isoepzyme on CM - Sepharese CL-6B

isoenzyme 8  fractions were sublected to cation  exchange

M - CL-6B (Bh ) was packed intc a 2

X 40 cm column, and subsequently respectively loaded with the four
NAG B iscenzyme fractions, Duffer B was used to collect 3.0 ml
fractions., After the elvant of one column volume, the column was
subjected to 3 0 -» 0.8 M NaGl gradient prepared in buffer B, NAG
active peaks wore pooied and concentrated, Protein content and NAG

enzyme activity vere determined as before.

4,7:1.Results and Discussion

The subjection of the NAG B isoenzyme fractions to CM Sepharose
chromatography vesulted in no significant separation or elimination
of any imactive peaks, Protein peaks (220 nm) overlapped campletely
with NAG active peaks. Variation of the NaCl gradient slope, column
size, different buffers with different pH values, and also with
different eluant speeds made no difference in profiles. This

purification step was omitted.

$tep 8:Exclusion Chromatosraphy

Both NAG A asd B fractions obtained after rschromatography on DEAB,
wers submitbed to exclusion chromatography on Sephacryl $-200 ( 2 x
40em, )}, Fractions of 3.0 ml were collected at a flawrate of 25 mi/h.
Ahsorbance at 220 nm was  read for all tubes collected, and the

microplate method was used for enzyme activity detexmisatlonm.




The isosnzymes lost batween 80X te 95% activity with the submission
of NAG to this kind of exclusion chromatography. Even with the use of
differant buffers with various pH values, or with Sephadex G200 as an
altermative gel, cnzyme activity was lost., It is thus umderstandable
uhv this purification method and wmolecular weight determination
~ethod was declined, Similar separation results were obtained by
Gibbons%,

1.8:2, iamide Gel Eled of Isgenzyme Eractions

All the obtaraed 1soamzyme fractions separated and collected up to
this stage vere subjected to a modified aniomic Laemmli continuocus

PAGE methodae 397,

of the Gel_Chamher

'sing a Hoofer Hodel SE 600 vertical gel vnit, two 150 mm spacers
vere assembled between two 18 x 16 x 0.3 cm giass plates in @
sandwich like mamner 1n a casting stand. Having been sealed at the
bottom with Parafila, the two moulds were rinsed with a 0.2% v/v
Patterson auta-static wetting agent. The moulds were turned upside

down and alloved to dry,




4,814, of the Gel (1087, 2.7 % C)

TABLE §

-

ition of the 102 T, 2,74 €

stoel: Soluf

s

Acrylamude / Bisacrylamide
0% 7, 2,6 C)

1.5 M Tris-#il pH 8.3
Ha0t rELEAY
Ammoniun Persulphate (102 viv)

TEMED

then filled with the tank buffer.

flask, with a ragnetie stir bar placed inside,

A small vater layer wan placed on top of the gel,

The gel was allowed to polymerize and after

volume

36wl

22,5 nL
36 m,
600 UL

20w

The separating gel was prepared according to table 5 page 79,

deaerated, and stirred for 10 min. at room tomperature,

poiymerize with the aid of a flucrescent lomp.

4 hours the

removed, FEach wnll was then ringed with ELGA distilled water,

except,
for the addition of armonium prrsulphate, Prepared in a 125 mb vacuum

the salution was

While swirling the flask, the requived volume of ammonium persuiphate
was added. The gel sotution was carefully poured inside the sandwich
ould, and a conb was immedlately inserted into the top of the mould.

and it was left to

vas

and
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4,835.Pre-Electrophoresis

Gels were mounted in the 10°C precooled Hoofer electropharesis tank
containing 4 liters af 25 nmM Tris / 192 n¥ Glycine pH 8.3 tank
buffer. With a Hamilton syringe, 10 ni 10% bromophewol blue solution

vas injected onto one of the wells and used as a tracking dye.

A constant current of 15 mA vas applied per gel, with the voltage and
vattage Settings at maximum output, This process was terminated when

the dve was a 4 em from the battom Of the gel.

4.8:6,Electrophoresis

samples, dissolved in the mentioned tank buffer, coataining 45 g
protein, were applled with a 50 ul Hamilton syringe, Since two gels
were run simsltanecusly, 2 total current of 60 ma was applied to the
zels. Electrophoresis was stopped when the tracking dve was within §
cm from the bottom of the gel. Another 10 ui dye was placed onto the
same gel channel, and electrophoresis vas resumed. The nels were
finally released £rom electrophoresis uhen the dye was omce again

within 0,5 cm from the bottom of the gel.

4.8:7.Gel Staining and Destaining

Gels were left overmasht in 2 17.5% TCA solution, The gels were then
once rinsed in distilled water, und stained using the Picrate &
Coomassie blue method of Stephano, Gould et al?®®, Fur L to 24 hours

the gel was soaked in a 250 mh. 0.1 M picric acid solution (adfusted



te pH 7.0 with Nab) containing 50 ml of 2% Coomassie Briliiamt Blue
R250, dissolved in 45% methancl, and 10% acetic acid. Destaining was
achieved overnight by rinsing gels frequently in warm tap vater ta a

transparent background with biue bands.

4.8:8 Results and Discussion

Results can be seen in figure 20 pages 82 to 83, All the B isoenzyme
fractions showed & high degree of heverogeneity, and it is for this

reason that purification was directed to the A iscenzyme,

The faur NAG A isoenzyme fractions show some similarity on PAGE,
especially becween C-DGy(R}-Hy{R) and C-DGi(R)-Ha{R)} (see figure 20
page 82 to 83). The C-DGa(R)}-H. (R} fraction formed two discrete bands

vhich was the reason why it was onwaxds used for purification,

Step 9:Purification of C~DG,(R)-H,(R) by PAGE and Gel Slicing

As can be recalled from PAGE {.igure 20.1 page 82) the fraction C-

DGafR)-H (R} contained 2 bands and it was decided to use semi-

preparative PAGE and gel slicing to separate them,

4.9:1,Procedure for Gel Slicing

A PAGE gel was prepared as described in table 5 page 79, Deviatisn to

the method occurred when a toothlest comb was used to create a ‘trough

rather than a multi well slot., The C-DGa(R)~Hy(R) fraction (500 ug)




FIGURE 20
Anlonic PAGE of the for NAG A and four NAG B species,
FIGURE 20.¢

A 104 T, 2,74 C anionic PAGE of the 4 NAG A species and the 4 NAG B
species  Nate that the NAG A, i9oenzyme specie C-DGz(R)-Hj(R) appears
as only two distinct protein bands (Lane 7)
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FIGURE 20.2

& photographic veproduction of the 10% T, 2.7% C anionic PAGE gel of
the 4 NAG A species and the 4 NAG B species as depicted in figure
20.1 on page §2, The index is the same as for figure 20.1.
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vas loaded into this well, making eure that the sample was evenly

spread. Electrophoresis was carried out as before.

One of the slaso plates were vemoved, a 1 om wide vertical strip was
eut off on both sides and kept for colour development. The rest of
the gel was sliced with o surgical blade inte 2 mm wide horizontal
slices, working from the top to the bottom. Each gel slice was then
carefully removed and placed in a separate glmse tube containing 1 ml
of a 100 sM citric buffer, pH 4.5, With a glass rod each gel slice
was pushed underncath the buffer. The tubes were shaken on a orbital
shaker avernight at 4°C in order to vewsve as much enzyme from the

el as possible.

The barder vertical strigs wers subjected to fixation, staining and
sestaimng us descrided vefore, The gel strip was then scanned at 540
om 0n a Golscanner accessory of the Pye~Unicem spectrophotometer, NAG
enzyme activity was determined with the Microtiter plate method For
each of the slices, NAG uctivity together with the zel scanming

profile was plotted against tube number - see figure 21 page 85.

Tuo peaks vevealed NAG activity and were pouled sepavately. Fach
fraction was filtered through Whatwan v 1, to remove gel particles,
and then concentrated as before only after an aliquor for re-PAGE was

taken,
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e NAG ocilully 405 nm
a.a Abs. 540 nm

NAQ A-2

20 25 30 -ll"v 40 45 50
Gel Slice nr.
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FIGURE 21

A plot of rel-sliced numbers vs the Absorbawce at both 540 wm (scan
of stained jrotean bands) and 405 nm (NAG enzyme activity) of the NAG
& apecie C-Mu,(R)-Hy(R)




4,9:2,Besulta and Discussion

Scamning of the stained border vertical gel strips resulted in 2

prominent peaks, which coincided with the NAG activity prafiles. The
resulting two NAG A fractions on PAGE from C-DGa(R)-Hi(R), were then
designated as follows: The major peak NAG A-1, and the minor one as
WAG A~2. (see figure 21 page 85). Re~PAGE of each of these fractions
resulted in a single tand, corresponding to their original &I values.
NAG -2 had only 21% enzyme activity in comparison to NAG A-1. NAG a-
1 wos then 4ssessed for homogeneity amd chemical - physical
characteristics,




PHYSICO-CHEMICAL CHARAGTERISTIGS AND HOMOGENEITY ASSESSMENT OF NAG Aw

1

with high content tend to be asymmetric

maleetles with high frictiveal rafies, high intrinsic viscosities,

and large virial i + Since is found

in a high degree in glycoproteins®#,  this phenomenon causes
paucidispersity of these molecules dus to a varia.don in carbohydrate
composition, mostly in sialic acid and mannose  content?®S,
Paueadaspersity fs the appearance of the same macromolecule in
different ionic species in an analytical pracedure due to deamidation
of Asn and Gla, as well as a variation in the carbohydrate - sialic
acid content?®, Polydispersity may also occur and is revealed with
nelecuiar weight determinations. Polydispersity arises from a slight
difference 1n molecular shape, charpe, and molecular interactions

which contrihute to heteroganeity,

The NAG A~ isulated isoenzyme was subjected to PAGE in step 4 (page
B1) and one single band was obtained on aniomic PAGE, Using IEF
{Iscelpctric focusing), NB-SDS-PAGF (Non Reducing SDS-PAGE) and R-
S5DS-PAGE  {(Reducing SDS-PAGE), it was possicrle to assess the
howogeneity of the disoenzyme, and =also to derive chemlcal and

physical characteristics regardiug this molecule.
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5.1.Physical Charagveristics

5.1.1.PAG-Isoelectric Focusing of NAG A-1

In 1EF amphoteric substances like proteins, are separatad due to the
properties of the ampholites which creates a pH pradient #n an
electrical field, Proteins wigrate to the point at which they possess

00 nett charge, which is their isceiectide point (pI}.

S.1.1.1.Preparation of a 52 T, 3% ¢ Polyacrylamide Gel

Assenbly of the gel costing mould was done according to the procedure
described In the LKL application note {LKB 2117), Preparation of the
gel was done according to table & page 90, After deaeration of the
solution, 1.5 mi ammonium persulphate selution (1% w/v) and 30 ul of
TEMED were added, The solution was swirled in a 50 ml flask, and then
poured into the meuld (115 x 230 x 1 mm), and left to polymerize for

on¢ hour in front of a fluorescent light source,

5.1.1.2.Mounting and Prefocusing of the Gel on the Apparatus

A specht Scientific cooling bath, set at 10°C, was connected to a LKB
Flat Bed 2117 Muitiphor 2 Electrophoresis Unit, A LKB 2297 Macrodrive
5 Pover umit was uaed os the power source, The prepared gel vas
pluced onte the cooling piste after 2 ml of liquid paraffin was
spread acruss the cooling plate. An anode clectrode paper strip
sosked in 1 M phosphoric aeid, and cathode electrode paper soaked in

1 H sodium hydroxide, were applied to the gel to accommodate the
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platinum electrodes across the length of the gel.

Prefocusing of the gel was performed for at least 14 hours until the
pH pradient was cstablished. This was observed when the current
applied settled at constant value, The pover supply settings to the
gel were as follows: 25 Watts, with current and voltsge settings at

maximan.

5.1.1,3,8ample Application and Gei Running

Six IEF markers fvom a Sigma IEF marker kit (IEF MI, pH range 3,55 -
9.3) and Methyl red as a tracking dye (pI = 3.75), see table 7 page
90, were applicd as standards in a 50 ug/1Spl concentration, with a
Homiiton microsyringe onte LKE sample applicater paper strips.
Samples wore applied din 200ug/20ul, 100ug/20u1, and 50ug/20u1
concentration. Electrophoresis was carried out in the same manner as
for prefocusing, After 45 min, of electrophoresis, the sample
applicator paper strips were carefully removed, and electrophoresis

wag resumed for another hour.

5.1.1.4.Pixing, Staining, and of the Gel

The gel, ieft on o glass plate, wos fixed for ome howr in a 3.5%
sulphosalicylic acid and 11.5% trichloroacetic acid (w/v) fixation
solution, Gels were then destained in a destaining  solution
consisting of 25% ethano: and 8% acetic acid {v/v)., The gels were
stained for one hour in a staining selution consisting of 460 we

Coomassie Brilliant Blue R250 pex 400 ml destainlng solution,




TABLE 6

Stock Solution
29,12 Acrylamide stock
©.9% Bis stock

87% (v/v) Glycerol

Pharmalyte  pH 2.5 - 5

Pharmalyte  pH 5 - 8

Water {Elzastat)
TABLE 7

ul Calibration Standards for IEF

¥ Sample

1 Amyloglucosidase

Trypsin Inhibitor

3 f-tactoplobulin &

5 carbonic Anhydrase 8 (Human)
6*  Myoglobin

6~ Myoglabin

A NAG A-l

Std, = TEF $tandards from Siama
* Standards run on the same tract

std,
std.

std.

4 Carbonic Anhydrase B (Bovine) Std.

std. ”

std.

Sed.

Preparecion of a 5% 1, 3% C IEF-Polydcrylamide Gel

Voluse (1)

7.0
1.4
1.4

30.2

Migration
Distances
{mm)
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Destaining was achisved by leaving the gel overnight in the
destaining solution.
5.1.1.8 i of the pX for the NAG A-1 isoenzyme .
[X3
e
The different distances migvated for the different pl standards aud :
samples are listed in table 7 on page 90. Migration distances against '
pl values were plotted in order to determine the pl for the NAG A~l H
isvenzyme (see figure 78 page 110).
5.1.1.6.Results and Discussion =
The NBAG A~i iscenzyme did not appear as cne single band on PAG-IEF,
but showed ane major band at pl 4.97 and 18 bands having pI ranging *
from .55 to 5.85, * - !
5.1,2.Hopopenpity Assessment K k
i - .

“
5.1.2.1.Homogeneity Assessed by PAG-IEF . . ‘
Due to the hieh desree of micro-heterogencity found on PAG-IEF for !
¥AG A-1, and since NAG A-i appeared as only one band on anionic PAGE,
three commercial enzymes were used to remove carbohydrate moieties
€rom the NAG A-1 isoenzyme to eliminats charge micro~heterogeneity.

a1
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iment of NAG A-1 with Giycosidases

Giycosivases hydrolyses internal glycosidic bonds, releasing in part,
or all of the carbohydrate moiety. The ultimate aim was thus to
selectively remove some or all of the carbohydrate moieties from the ¢
NAG A-1 zlycoprotein that are believed to be respansible for the :
appearance of the 19 bands betveen nearly one ph unit on TEF, and

then to resubmit it to PAG-IZF.

5.1.1.3.Choice of Glycasidases

o~
.

Endog|veosidase b, (Boehringer 752991, 0.1V, optimum pH 6.5 and MW

1s 280.0 kD) hydrolyses (Man)s(GleNac)s from glycoprateins containing

the trisaccharade (Man) ol->3 (Man) Bl-4 (GleNAc), as part of the

carbobydr resudue. The ducing terminal 1 residue *

not substituted by any other suger is cssential for specificity, It . S

hydrolyses sugar chains that are linked to N-acetylglucosamine, or v N

(Fue) al-sb (GleMAc), or iGleNAc) => Asn, or to (Puc) xl->6 (GlcNac) : L

= Asn. i . . 1

Endoglyeosidase H. pH optimum of 5.5, (Boshringer 886424, 0,1U)
hydralyses  {Man)s{GlcNac)s from glycoproteins comtaining the
tatrasaccharide (Man) a=>3 (Man) «l-»6 (Man) Bl-i (GlcNAc) as part of

the chain, It also sugar chains linked tg N

acetyl to and to G .

Giycopeptidase F, {Boehringer 903337, 20U, pH optimum 7-8, MW of

35.5 KD} cleaves high Mannose glycans from glycaproteins between Asn




and GleNAc.

5.1,2.4 of NAG A=t with

The procedure of Kobata®'® was used. Since each of the glycosidases
had a different optimal ph for activity, a 50 mM Gitric buffer gH 5.5
vas used for Endoglycosidase H, a 20 mM potassium phosphate buffer pH
6.5 was used for Endoglycesidase D, and a 20 mM Tris-HCL butfer pH

7.4 was used for the Glycopeptidase F.

In an Eppendorf 1 mg af NAG A-1, and 0.1 U of the glycosidase was
wade up to 0.5 m buffer, This was done for each of the three
slycosidases. The mixtures were carefully shaken. Out of each
Fgpendorf 125 u1 vas removed, and this was added together in another
Eppendore, The four eppendorf vials were sealed, and then placed in a

Labotech incubator at 27°C for 60 b,

5.1.2.5.[EF of NAG A=1 treated with

Since cach of the Olucosidases were present in such a low
concentration, it was reasoned that they would not be visible on PAG-
IEF. An 1EF gel was prepared as described in section 5,1.1 page 88,
Out of euch eppendorf vial 40ug/2081 vas applied to the TEF gel. The

sel was run, removed, and stained in the usual manner,
5.1.2.6.%esults and Discussion

The glycosidases had the following effoct on NAG A-1 as seen an  PAG-




0P

Endos: D i i since one single
band eppeared on IEF (see (b) on f£igure 22 page 96), This means that
NAG A~l thad a-Man residues occurring as unsubatituted sugars on the
ron-reducing terminal of a carbohydrate Cragment having a

trisaccharide (Man) ai-2) (Man) §1-4 (GleNac) in its moiety.

Endoglycosidase Il had 2 selective eEfect on NAG a-1, since 12 of the
ariginat 19 bands vemained on PAG-IEF (see (c) an figure 22 page 96),
This means that the remaining 12 bands had carbohydrate fragments
thac were not susceptible to Endoglycosidase H, indicating that the

carbohydrate moiety was not a tetrasaccharide.

£, like D, eliminated all occurrences
af heterpgeneity, since oaly one peak appeared ov IEF (see (d) on
figure 22 on page 96), This indicates through the specifieity of
Glvcopeptadse F. that the carbohydrate maiety on NAG A-1 is linked
to the peptide via GleNAc umit Asn, It can be accepted that
carbohydrate moicties on NAG A-1 are high in Man, and complex in

structure.

The action of the combination of the three glycosidases om NAG A-1 on
1EF was wot successful n ciimnation of hotorogeneity (see (e) on
figure 22 page 96) since more bands appearsd under these conditions
than for NAG A=l subjected to Endoglycosidnse K, ALl of these
glycosidases are plycoproteis, and it is likely that they have
exerted soma complicated catalytic action upon each other, or the

substrate enzyme,




¥AG enzyme activity was determined after the subjection of NAG A<l
to the different glycosidases. No enzyme activity for NAG A-t could
be detected after subjection of NAG A-1 to Glyeopeptidase F, however,
after subjection of NAG A-1 to Endoglycosidase H or Endoglycosiduse B
no loss o enzyme activity was found. The combination incubatdon
shaved a 17 1oss in activity, Loss o activity was believed to be
dur to the couplete removal of the carbohydrate portion(s) of the
siyeoprocein, vhich may have resuited in a conformational chauge or

denaturation of the isoenzyme.
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FIGURE 22

PAG-IEF  pattern of NAG A-l untroated, and treated with
Endoglycosidase D, Endogiycosidase H, and Glycopeptidase F
individually and together. Standards used for the detrtmiration of
the pl of the differcnt NAG A~1 species are alsc displayec,
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Index

1 -6 : pl atandards (See table 7 page 90}
fa) : Untreated NAG A-1
(b) @ NAG A=l treated with Endoglycosidase D
fc) + NAG A-l treated with Endoglycosidase H
(d) : NAG A-1 treated with Glycopeptidase F

() © NAG A-] treated with Endoglycosidase D and H, and
Glycopeptidase F
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5.1.3.Molecular Woight Of NAG A-1

The molecular weight of the NAG A-l dspenzyme was determined using
both sodium dodeeyl sulphate <-PAGE (SDS-PAGE) and sedimentation

equilibrivm analytical centrifugation,

5.1.3.1,olecylor Weight by 5DS~PAGE

Both veducing SDS~PAGE (R-SDS-PAGE) and non-reducing SDS-PAGE (NR~
SDS-PAGE) were used in determining the molescular weight of the NAG A-
i isoenzyme. Shapiro®®®, and Weber and Osborn®*" reported that
proteins digsolved in SDS  exhibit electrophoretic mobilities dn
polyaeryiamide pels which are o direct function of thelr molecular
weight (NR-SDS~PAGE} or of thetr sub-unit{s) molecular weight [R-SD5-

PAGE)SI0-238

5.1.3.2.Progedure for MY Determination usine SBS-PAGE

A rodified Laemalia®&=2®7 continuous buffer system ~as employed for

SDS-PAGE, Apparatus and assembiy of the glass plates were done

according Lo the method previously described for PAGE as on page 78.

5.1,3.3.8r1 of the 10% T, 2.7% ¢ Gel

The geparating el solution was prepared in a 250 mi flask according
ta table 8 page 100, except for the addition of ammonium persulphate.

The solution was deaerated under vacuum Eor 10 win, whereafter the

[




Haight 9E NAG A-1

The milecular weight of the NAG A-l isoenzyme was determined using
both sodium dodecyl sulphate -PAGE (SDS~PAGE) and sedimentation

equilibrium analytical centrifugation,

501,31 wleight By SDS-PAGE

Bath reducing SDS-PAGE (R-SDS-PAGE) and non-veducing SDS-PAGE (NR=

SDS-PAGE) were used in determining the molecular welght of the NAG A- o

1 4scemzyme. Shapiro®2®, and Weber and N=born3% reported that E |
proteins dissolved in SDS exhibit electrophoretic mobilitdes in
polyacrylamide pels which ara a direct function of their wolecular
weight (NR-8DS-PAGE} or of their sub-unit(s) molecular weight (R-SDO- *
PAGE) 230-336, ¥

5.1.3.2.Procedure for MW Determinatdon using SDS-FAGE o

A modified Laemmii?®®=2%% contimuous buffer system was employes for
SDS~PAGE. Apparatus and ossembly of the glass plates warm u 2

according to the method previously described for PAGE a8 ou pagy /8.

5.1.3.34 of the 1037, 2.7% C Gel

The separating gel solution was prapared in a 350 wl flask sccording
to table 8 page 100, oxcept for the addition of ammonium persulphate. K

The sclution wos deacrated under vacuum for 10 mim, whereafter the
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ammoniun persulphate was added. The £lask was gently swirled, and the

solution was paured into the mould. The gel was left to polymerize.

5.1.3.4,Preparation of Molecular Weight Standards and NAG A=l

Electyan molecular weight markers far SDS-PAGE (BDH 44264) with

molecular weight range from 32,3 kD to 78.0 kD {see tables 9 and 10

pages 100 and 101 respectively), were used as melecular weilght

standards. For R-SDS-PAGE one miiligram of the mixed marker solution
or NAG A-1 was dtssolved in 1 mi of treatment buffer (0,125 M Tris-

IicL pH 6.8, 4% SDS, 20% plycerol, 10% mercaptoethanol). For NR-SDS-

PAGE the samples and standards were dissoived in a treatment buffer

not  containing  the mercaptoethanol. Samples were dncubated for nne

hour at 60°C in & water bath, where after the standards were cooled

and kept on ace until noeded.

5.1,3.5, Electrophioresis Conditions
With a Hamilton syrinige, 25 Wg/25B1 standard and ¥AG A-1 were loaded
in a glycerol dense layer under the buffer onto the gel. Phenol red

€0.1%, 15 L) wos used os a tracking dye. Gels werc subjected to

alectrophoresis as described under “Electrophoresis' on page 80.

5,1,).6,Rosuits and Discussion

The wmigration distancer of the BDH MW standards chtained frow ter
SDS=UAGE gel {soe figures 23 and 24 poges 102 to 104} were plotter

against their logie MW's as stated in tables 9 and 10 pages 100 aud




awnonium persuiphate was added. The flask was gently swirled, and the

solution was poured into the mould. The gel was left to pulymerize.

5.1.3,4,Proparation of Molecular Weight Standards and NAG Art

E£leetran molecular welght markers for SDS-PAGE (BDH 44264) with
moleculur weight range from 12,3 kD to 78,0 kD {see tables 3 and 10
pages 100 and 101 vespectively), were used as molecular weight
standarde. Far R-SD5-PAGE one milligram of the mixed marker solution
or NAG A-l was dissolved in 1 mi of treatment buffer (6,125 M Tris-
HGL pH 6,8, 4% SDS, 20% glycerol, 10% mevcaptoethanol), For NR-SDS-
PAGE the samples and standards were dissolved in a treatment buffer
not  containing the mercaptoethanol. Samples were incubated for ome
hour at 60'C iz a water bath, where after the standards were conled

and kept on ice until needed.

5,1.3,5,Eluctrophoresis Gonditions

with a Uamilton syringe, 25 wg/25u1 standard and NAG A-] were loaded
in & glycerol demse layer under the buffer onto the gel. Pheno! red
(0.1%, 15 uL) vas used as a tracking dye, Gels wers subjected to

eiectrophoresis as described under “Electrophoresis' on page 80.
5.1.3.6.Results und Discussion
The wigration distances of the BOH MW standards obtained from the

SDS-PAGE pel {ave figures 31 and 24 pages 102 ta 104) were plotted

agninst their logio MW's as stated in tables 9 and 10 pages 100 and
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101 respectively, to pive the inear graphs s found in fisures 29

and 10 pages 111 and 112 vespectively.

Subjection of NG A=l 1o BRS

DS-PAGE resulted in a single band
appearing at a migration distance of 33 am from the sample well which
gave a calenlated MW for NAG A-1 of 52,1 kD, Since only onz band
ppeared nn ¥R-3DS-PAGE th's vas taken to be another confirmation of
husopenerts of BAG A~1. This MW of $2.1 KD ubtained correlates with
the rolecular waipht derived from the amino acid composition, which
was WS kD oand rultiplied by 1043 to acccunt for the  J0%
contyidution of the carbohvdrate moiety, Various authorsI®=333 have

shoun that SOS-PAGE 15 subject to unpredactable arrars in molecular

weight 1om with having move than 5%
castavdraten,  They ehiew that plvesprotelns migrate more slowly on
4DS-PAGE  than standard polvpeptides of the same mass do. This
amm ilgws behaviow of givcoptoteans on SDS-PAGE results fram both
sberswnt hwdiadveimae  behaviour and  from decreased binding of SDS

rpaml o polupeptades of equal masst e

An onusual and  unexprcted  phenomenon oceurred  when NAG A-1 was
wubjected to R=SDS-PAGE. Twa yather high MW bands appeared at a
migration distance of & mr and % ma from the sample weils, From the
~tandard  cmive maleculsr weights of A8.8 kB and 83,5 kD was
valeulated fgpe table 10 page 101, firure 24 pages 103 and 104, and
figuee 30 page 112, Theae high molecular weight syecies appearing
under reducing conditions (102 2-mercaptoethanol), way have resulted
from aggivgation due to distinet combinations of the glycoprotein,

This phenomenon could be explained from the documented cobservations

e e




and flexibility, and in general

result in sggregationd?4-29%,

TABLE &

that under vreducing conditions glycoproteins modify their rigidity

their molecular shape which wmay

Composition of the 10% T, 3.7% & Separating Gel

Stogk Solutions vol.
Acrylanide / Bisacrylamide 0
1303 T, 2.6% ©)
1.5 o Tris-HCl et 8.8 22.5 mh
Hal 36 mL
Armomaum Persulphate 600 L
TRMED 110% v/v) 30w
505 (10%) 900 L
TABLE 9
Digt £or N-SRS-PAGE Standards and NAG A-l
Protein Migration Distgnce MW (D)  Los MW

Erom well (mm)

1 Myoglebin

2 Carhowic Anhydrase
3 ovalbumia

4 Albumin

5 Ovotransferrin

NG Ay

100

17,200 4.22
30,000 4,46
45.000 4.68
66,250 4.81
76,000 4.88
52,100 4,71
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TABLE 10

Distances for R-SDS~PAGE Standards and NAG 41

Protein digration Distance MM (D)  Log MY
fxom weil (mm)

1 Myaglobin 62 17,200 4.22

2 Carbonic anhydrase 38 30,000 4,46

3 Ovalbumin % 45,000 4.68

& Albumin 15 66,250  4.82

5 Ouvstrassferrin 12 76,000 4.88
NAG A-1 6 88,800 4.95
NAG A-1 8 81,500 4,92




FiouRe 23

Non-Reducing SDS-PAGE of NAG A-i

FIGURE 23.1
Photographic reproduction of. the NR-SDS-PAGE gel of NAG A-1

Index of lanes to both figures 23.1 and a3.2

{a) NAG A-Y
(b) Standards - refer to table % page 100

FIGURE 23,2

Graphic reprodyction of ihe NR-SDS-PAGE gel of NAG A-l
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FIGURE 24
Reducing SDS-PAGE of NAG A-{
FIGURE 24.1

Graphics reproductlon of the R-SDS-PAGE gel of NAG A-j
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Indes to both, figures 24,1 and 24.2
(a) Standards - refer to table 10 page 101
(b} NAG A-1 :




FIGURE 24
Reducing SDS-PAGE of NAG

FIGURE 24,2

of the R-SDS-PAGE gel of NAG A=l

(a} b} (v)

Index
(a) Standavds - vefer to table 10 page 101

b) NAG A-1
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§.1.4.Anatytical Ultracentrifugation

Another method employed [or NAG A-1 mnlecular weight determination
vas sedimentation equilibrium ultracentrifugation. This was kindly
done at the Department of Biochemistry of the University of Port
Elizabeth by Dr. D. Litthaver an a Beckman L2-75 B preparative

uitracentrifuge equipped with a scanning attachment (280 om filter)

A double sector cell (12 mm) with quartz windows was used in a

Beckman An-D votor at 20°C,

5.1.4.1 of the Caefficient for NAG A=-1

A total of 5.4 v of Eresze dried NAG A-1 protein was dissolved in 1
™ of @ 50 T¥ potossivm phosprate buffer pi 6.3 containing 0.1 ® ¥E1,
T the reference gell 400 WL of buffer vas added, while the samplo
crli contained 50 uL of FC~47 oil and 350 WL of the 5.4 me/wl NAG A~
solution at 20°G. The ultracentrifuge was rus at 45,000 vpn for two
hours to achieve high speed velocity. The first scan was taken at
13,5 min,, and then agzin almost every 15 winutes, A total of 7 scans
were used to plot time against displacement (logio X) of the specific
scam (see figure 25 page 107), resulting in the determination of the
sedinentation costficient (s),

5.1,4,2.Caleulation of the Coeffiniant (s} for NAG A-1

The value of 8 was calculated using least squares linear regression,

resulting in 8=3,17729,
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B = L{W?

eq.2
1+8 = 10-*2 See. ad.d
5.1.4.3 Bquitibrivm U fugation

Meniscus depletion was achieved by overspeading For 2 hours at 45,000
cpm, fulloved by the cquilibrium speed 10,000 rpm for 68 h,
Caleulation of the MV was derived from the plot 0f 10Bio Assame

against r¥, using the gradient (d log A/d r?) applied to the equation

2,038 1 dlogw A
e X e

x— ea.h
t1=vp) Wt ar?
4.606 x RT
e % ¥ 00,5
Cvpy
v = Partial specific volume (em®/g)
p = Solution density (z/om)
R = Universal gas constant, §,313158 X 107 ergs/degree mole
T - Temperature (293K
w = Rotor angular velocity in radials per second (2rr.p.n/60)
A - Absorption at 260 nm
r

Distance of radius (cm) from retor ceatre,
pradient = {d log A/d r?)
(i-vp) = 0,680 (assumed for NAG A)
The sedimentation equilibrium plot resulted in  a  non-linear
relationship belween v? and L0gjo Aseo, inddcating that NAG A-l
underwent self-association to form apgregates of different molecular
weights. This observatlon, as described by Stone and Reynelds®?”,
occurs as a result of interactions of peptlde and carbohydrate
moieties with the soivent®®, The rosulting average molscular welght

of 37,6 kD calevlated from 1 data vas 1y

disregarded - refer to figures 26 and 27 on pages 108 and 109.
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FIGURE 25
flot of time (min} apainst Log X for the determination of the
sedimentation coeffieient (8) for FAG A-1
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FEGURE 21 . .
Prot af 57 1r-radial distance otueen the rarticle and the centre of w
roration an em) agast log A0 nm x 100, Non-linearity of the ‘ -
seizentatisn equilibiiue plot can be imdicative of heterogeneity, ! i
polydisprrsity or of molecular snteractions (ref 295), For NAG Al .
the rolecular weisht averige for the original undisturbed ssmple was
obtained through integrat on over the whole cell, \
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FIGURE 27

Plot of AZ80 nm ngadnst MW (kb),

plot 15 once apaln indicative of heterogeneity,

molecutar interactions.

4 less parabolic appearance of the
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PH = 497

3 S YOO S S U SO R
12 30 40 5 60 70 B8O 90 100 10 120
Distones {mm) frem anode (+}

FIGURE 23
Catibration curve to determine pl Of NAG A-1 by PAG-IEF. Migration

distances in mm from the anode against the known pI values for
certain proteins were used to derive a pl value of 4,97 for NAG A-1.
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Wigratien (mm)

FIGURE 23 . ‘

Non-Reducing SDS-PAGE for NAG Al molscular weight determination. LA
Piot of the molecular weight of the proteins standards mentioned in
table 9 page 100 apainst their mipration distance in mm, This .
resulted in NAG -1 havang o molecutar weight of 52.1 kR, }
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FIGURE 30

Reducing SDS~PAGE for NAG A-1 moleculsr weight determination. Plot of
the molecular veight of the proteins standards mentioned in table 10
page 101 against their migration distance in mm. The appearance of
two high MW bands (88.8 kD at 6 mn and 83.5 kD at 8 mm), is most
likely due to the aggregation of NAG A-1 under the reducing
conditions.
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5.2.hemical Characteristice

5.2.1.Amino Acid Composition of NAG A=l

5.2,1.1. and Detection of Aming Acids

The BAG A~1 isoenzyme fraction (£500 ve) was dissolved in 200 wl of 4
N methane sulphonic acid (NSA), and then hydrolyzed for 20 hours at
110°C in an evacuated hydrolysis tube?*, Thereafter 80 ul of 10 N
KOH was added to stop the hydrolytic action of the MSA, A pH
adjustment of the NAG A-1 hydrolysate was made to phi 2.2, resultini,
in a final protein concentration of ¢500 yg / 330 Rl. The aminu acid
compasition uf 250 W1 of the hydrolysate vas then determined on a
Beckman 1148 amino acid analyzer by the method of Spackman'* et al

at the Department of Biochemistry of the University of Port Elizabeth

under the supervision of Dr. R. Naude.
5.2.1.2.Results and Discussion

The amiso acid composition of the NAG A-1 isoenzyme is presented in
table 11 on page 115. A total of 320 amino acids yields 2 minimum
molecular weight of 36.4 kD for the peptide. There is a high Asp
(01, Ser(18), Thr(l8), omd Glu(54) content. These amimo acids ave
vital for glycan attachment to the peptide. The number af Pro(15)
residues is average, since high Pro mumbers in the area of

3 izes the of a noiety to

the peptided?s,

111




There is a total of 27 basic amine acids (Lys=15, Arg=12 ), and 84
acidic amino acics (Gln=54, Asn=30) proving the peptide to be acidic,
Micro-heterogencity is cnhanced if any deamidation of the Asn (30)
and Gin (54) residues occurred. The hydrophobic (nonpelar) amino
acids total to 102 (Ala=20, Val=24, Leu=25, Ileu=14, Met=6, Tyr=i3),
vhile the polar amino =cids tatal 118 (Ser=18, Thr=té, Asn=30,
Gln=54), explaining some of the hydrophilic character of the
giycoprotein. This is also affected and dinfluenced by the
carbohydrate content, especiaily by the sialic acid content of the

carbohydrate moiety?!”.
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TABLE 11

Anino Acid Molar Ratig
e 6 (5.6)
HIs 7
LYs 13 {15.2)
ARG 2 1Le
ASN 0 (29.6)
THR 16 (18,7
SER 18 17,7}
GLY 54 (54.4)
PRO 15 {15.1)
wlY 22 21.7)
LA 0 (20.2)
4 o5 2 (s
VAL ()
MET 3 {5.9)
TR WAy
LEU 25 (24,6)
™R [EEENTE R
PHE 21 {20.9)
Nt 162 -
Tatal 320

15

Amino Acid Composition of the NAG A-1 isoenzyme

157

2288
776

1553
2788
2195
3083

16483
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of the Content of NAG A~ and A-2

5.2.2.1.Brocedure for Total Carbohydrate Content

The carbohydrate content of the HAG A-1 and A-2 isoenzymes were
determined using the method of Graf€*:®  for unhydrolyzed
zlycoproteins. Standards of 50 to 200 wg D(+) glucose versus A620 nm
vere used to compile a standard graph which was used to determine the
total carbohydrate content of ¥AG A-l, and alse of the NAG A-2
fraction obtained Erom PAGE, Standards and samples were determined in
trapiicates. The protein content was determined by the BCA method of

Smith?es,

0f each glucbse standard 4 mi wes carefully mixed with 8 wmi of the
anthrene reagent (0.4 2 anthrone / 200 ml 96% sulphuric acid) and
teft to stand for 20 min. to ool at room temperature, After an
wmternal zere calibraticn at 820nm was made to compensate for the
viscosity of the sulphuric acid for each sample, the A620 was read

and a standard cusve was compiled {see Cipure )1 page 117).

Horse radish peroxidase, with a total carbochydrate content of 18%,
was used as a test of accuracy for the method*?, With the protein
caacentration determi ed with the A220mm - A235em wmethod, and
carbohydrate content determined with the anthrone method, Horse

radish peroxidage was found to contaln 16.3% carbohydrate.
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0, 0.15
mg Glucase

FIGURE 11

Standard curve for total carbohydrate content detexmination of NAG
A~ and A-2 iscenzymes. Five plucose standards were used to compile

the graph following the method of Graff>'®
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The carbohiydrate content of the isoenzyme NAG A-1 and NAG A~2 were
determined in the following way: 1 ug of the NAG iscenzyme was
dissolved in | mt of 10 =M sodium bicarbonate solution pH 8.5,

Dilution of 1, 10, and 2§ wg/4ml were used in the determination,

§,2.2.2.Besults and Biscussion

NAG A-1 contained 30,5% total carbohydrate and NAG 4-2 had a content
of 17,A%. This high carbohydrate content for the NAG A-1 glycoprotein
may explain some of the awkward phenomena experienced during
igalation and purification of NAG, Glycoproteins with more than a 5%
carbohydrate content exert strange and unusual behavior on various

analytical and preparative techniques®2®-333, for example, ion

exchange and exclusion of these ! deviate
with vegard to their oluant volumes, retention times and peak

profijes??e,

5.2.3 of Sialic Acid Content of NAG A=) and A~

The totai slalic acid content for NAG A-1 and NAG A~2 vere determined
since neuraminie acld residues influence the nett charge of

piycoproteins,

5.2.3.1,Hethod for Sialic Acid content

Only selective hydrolysis of the zlycopratein is necessary for the
release of sialic acids, Samples (1 ma/mi) were hydrolyzed in 0,1 ¥

NaDH at 25°C for 30 min,

us




The method of Aminoff924-92% wgs used for total sialic  acid
determination?®4-3%%,  The samples (}, 10, and 25 ug/m}) and a blank
were treated with 0.25 ml periodate reagent (0,035 M periadic acid in
62.56 aM HaS0s pH 1.2 ) for 30 min, ina 37°C water bath, Sodium
arsenite, 1 ml of a 2% w/v sodium arsenite solution in 0.5 M HOL, was
added to reduce the excess periodate. After 2 min, 2 ml of the
thiobarbituric acid reagent (0.1 M 2-thiobarbituric acid in water, pH
adjusted to pH 9.0 with NanH) was added, covered and heated in a
boiting water bath for 10 min., The celored solueions were cooled an
ice and then shaken with 5 ml of acid butanol. Centrifugation was
applied to separate the two phases, The butanol phase was read at 549

am,
4 relationship of 10 oM of N-acetylneuraminic acid giving an
absorbance of 0.35 at 549 nm was used te calculate the sialic ecid

contengIe-ans,

3.2,Results and Discussion

The NAG A-i iscenzyme had a total of 6.1% sialic acid content, while
Lhe NAG A-2 fraction had a 0.8% sialic acid content, Sialic mcids in
mammalians oceur atways as terminal non-reducing residues?®, Since
the sieilc acld cantest Lnfluances the nett charee of slycoproteins,
micro-heterogeneity of a molecule may arise dus to the dnconsistent
removal of sialic acid residuss during the life span of the

moleculs®?”,
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CHAPTER 6

ENZYMIC AND KINETIC PROPGRTIES OF NAG A AND B ISOENZYMES .

Enzymic activity is affected by factors such as pH, temperature, and

chemical components Such as anjons, cations, metals, co-factors and
substrate analogues. For NAG A the C-DG2{R)-Ha{R) fraction, and for
HAG B the C-Da-(R)a fraction wes usud right through the enzymic and

kinetie determinations, in order to correlate results,

6.1.Enzymic Properties '
6.3, 1.Effort of pH on NAG A and B Isoenzyme Activity 2
Giyeoproteins are rich in Glu, Asm, Lys, Are, and sialic acids. These
woleculns are all greatly affected by pH. This could lead to

inactivation and denaturation of the enzyme399-3ce, .

h.1.1,1.Methods and Procedure for pH optimum

The standard NAG activity procedure was modified in the following
witr, A 22 M Glerde acdd and 20 WM Tri-Soddum Citrate stook
solutions were individually prepared. The citric acid solution vas
titiated against the tri-sodium citrate. The wide range started from
eR 2.5 to pH 8, having 0.5 pH dncrements. The provess of titraticn

o was controlied with the aid of a Phillips 2 digis pH meter, A narrow

P range was also prepared with the starting and ending pH values of
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o8 4.0 and 5.0 respectively, having increments of 0.05 plt units.

‘The PRE-NAG substrate (0,29 wcl/L) and 0,2 mol/L borate buffer (NaQH

titrated) was prepared s before.

Reaction were carried out in triplicates din microtiter plates as
described on page 46, Double concentration citric acid buffers was
uged to compensate for the dilution caused by substrates made up in

wager,

The enzyme fractions were diluted to have moderate reaction tames ta
assess pll optimum. Reaction were performed at different time reriods

€1, 5, 15, 30, 45 min,)

6.1.1.2,Results and Discussion

A typical bell like plot was obtained for MAG A and B. Different pi
speetrums of activity for tha two isocnzymes were obtalned. The wide
vH spectrum wns used to indicate the pH spectrum tor p optimum. The
narrow pil range was used tu demonstrate the optimal pH point

specifically,

Both the isoenzynes had an optimum b at 4.55 as derived from the
narrow pll range, sce figure 33 page 126, Differences in the wide pR
range (see figure 32 poge 125) were as follgws: The A isoenzyme
showed o sharp decline in activity between i 3.5 and PR 4,0, while
activity was still found at pH 8.0, The B isoemzyme shoved the some

deciination buy between pH 3.0 and pH 2.5, Activity for B was also

m




more drsstically diminished at the higher pH values than for the &

isoenzyme,

6.1.2.Effect of on NAG A and B

Temperature has a twosome effect on any enzyme: First on the

catalytic reaction dtself, and secondiy thermal imactivation, and

by becomes important only at
high and is at low .
6.1.2.1.Procedure . for Tempevature Optimum i for NAG

Lsoenzvmes

The standard assay for NAG was used for the optimum temperature

A constant h, accurat: to within
wo degrees Celsius, and calibrated with two Chembab 0-100°C
thermometers, was used, Triplicate reactions were performed at 5°C
1stervals starting at 15°C and ending at 70°C, The reaction mixture
was incubzted separate [rom the enzyme, at the specific temperature
for 5 min, prior to the addition of the euzyme, Termination was
achieved after 15 min. or 30 min, with the addition of the boric acid

buffer,

©.1.2.2,Results and Discussion

The optimal temgerature for enzyme activity for the two isoenzymes

differed by 10°C (see fizure 34 page 127). The aptimal temperature

was 30'C for isoenzyme A, and 40°C for iscenzyme B. 1The B isoenzyme




vss move high temperature resistant, while the A isoenzyme was more
10% temperature resistont, Differences ie oprimal temperature spectra
may be attributed to differences in total carbohydrate content for

the isaenzymes.

6.1.3.Heat Stability of NAG A and §

Heat stability of the NAG A and B isoer wmes were assessed by

at  wvhich the can tolerate heat

foe a Fixed time duration without losing enzyme activity.

6.1.3.1.¥othod for of Heat Stability

Isbensyme Activity was determined os before but after storage at a
certain temperature conditions, Isoenzymes were frozen at -~12°C, or
were fresze dried, or Snap frozem with liquid nitrogen, and then
afteruards cxposed Lo room temperature (19°C) for certain time
intervals, NAG was alsc incubated at temperatures 30 to 7¢°C, din 5°C
intervals, for ome hour before redecermination of the enzymic

activity.

6.1.3.2.Results and Discussion

NAG isocnzymes purified up to this level appear Lo be well protected
againet temperatures above freezing point and below 40°C, Temperature
batow freezing point caused inactivation. Tamperatures above 50°C and
“0°C Cfor §AG A and B respectively had identical results as for the

optimum temperatare determination,
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6.2,Kinetic Progerties

The rate of the enzyme-substate formation is depemdent on affinity
and specificity of the enzyme for a given substrate®®, It is
important to determine Ky s a characteristic of the enzyme and to

determine the substrate specificity,

6.2.1.Determination of Ky for the NAG Isoenzymes

Hethod used for K, Petermination

K was rmined from the Line plot. The standard NAG
assay was rodified for this purpose, Iscenzyme preparations were
ancubated with the substrate concentrations varying from G.lois m ta
3.0 mM av 37°C for 30 min, Determinations vere done in triplicate.
pifferent isoenzyme concentrations were used to determine  the

antercept for K, determination.

£.2.1.2.Results and Discussion

NAG A and B falloved typical Michaelis-Menten lkinetics, The
reciprocal values of absorbance at 405 am. taken as NAG activity, and
the reciprocal of substyate concentrations in mmol/L, wvere plotted,
K values were confirmed using the Kenes plot. Identical K. valuves of
0.497 mmol/L with PNE~NAG as substrate was found for both isoenzymes.

(see figure 35 page 128},
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FIGURE 32

Wide pH range for the determination of the pH optimum for NAG A and B
isoenzymes,
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FIGURE 33 s -
Narrow pH range far the determinatine of the natraw pi optimum for LA
NAG A ond B isoenzymes.
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FIGURE 34 N
Oprimum vemperature plot of RNAG isoenzyme  activity for the *
determination of the optimum temperature for NAG A and B isoeh :ymes. ]
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FIGURE 15

Lineweaver - Burk plot for the Km determination of NAG isoemzymes.
Three different NAG isoenayme concentrations (E1, £2, and E3), and
e  different 4-Ni 1 substrate
conentrations (8,187, ©.375, 0,75, 1.5, 3.0 nN) vere used for the Xu
detevmination,
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& Aficity for NAG

Different substrates were systematically varied from the NAG-BNE
substrate and tested for ¥AG activity. The ten chosen substrates were
tested on both isoenzymes. Enzymes may have wide or narrow
specificities in terms of reactinn as well as substrate structure.
Trypsin, for example, has a wide reaction specificality (i.e. it
hydrolysis either peptide -, oster - or amide bonds) but a narrow
structural specificity (i.s, it hydrolysis only bonds formed by Lys

and Arg)3eTmsta,

6.2,2,1 af. and Reagtion Specificity

The microplate method for WAG activity was adapted. The BNP-NAG
substrate was  substituted ocach time with one of the ldiated
systematically related substrates, Reaction times were varled from §
min, up to 45 min. in 10 minute intervals, Substrate concentrations
were varied [rom 6.32 to 0.0752 M. Incubation of the plates were made
for 5 min. at 37°C prior to enzyme addition. Lineweaver-Burk plots
were used to obtain K., values.

6.2.2.2.Rasults an

No difference in substrate specificity was found hetween the two
1s0enzymes. The K values for o given substrate was identical for
both isoenzymes (see table 12 page 131), In table 12 the relative

rates of hydrolysis ace compared with PNP-NAG taken as 100%,
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dficity, i.e. the

s scen from table 12 on page 111 NAG Shous & very narrow xeaction

affindty for a-D-glycosidic bonds.

of B bonds with no

The structural specificity was

narrow in terms of NeAcetyl substitution but less specific in terms

of the hexose molety for instance the substitution of Glc

by tal

reduced the relative activity ouly by 20%.
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TABLE 12

and X valuee for various

relative rare
{soenzynes A and B

Substrate % Relative
Bate
Nitrophenyi-N 100
{BNP-NAG)
B-8i N 3
P-Hitrophenyl-B-D-glucopyranoside [
fefiitrophenyl-§-D-Galactopyranaside °
P-Nitrophenyl-B-D-Fucopyranoside 0
P-Nitraphenyl-B-D-Hannopyranoside 0
P-Nitrophenyl=N-Acetyl-B-D- i
Puiy -Acetyleg-D-Gal 0
l’-‘ 8
P-Nitrophenyl-N-Agetyl-i-Thio~g-D- 36

Glucosaminide

* ¥m in mnol/L compared to the PNP-HAG substrate.

o Infinite.

131

0,497
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6.3,Effost of Inorganic and Organje Yons on the Activity of NAG A and
B_isoenzymes

Metallic dons may undergo valence chenges in accepting or donating
electrons to or from substrates or enzymes in order to allow a
certain enzymic reaction to ocour’®?. In same peptide splitting
svstems, metallic lons joins with groups on the substvate molecule in
a chelating manner to destabilize the bond that is to be split®®?,
Another exanple is the requirement for Ma®T in the formation of the

N-Glycosldic bond®®” between adenine and ribose-5-phosghate.

6.3.1.Method Eor Testing the Influsnce of Compounds

By adapting the NAG microplate method, the effoct of 26 different
cprapounds, each at 5 different concentrations, and each of those at 4
differant substrate concentrations for both the A and B isoenzymes
w1y determined. The offect of compounds wos tested at 100 mM, 50 m¥,
25 oM, 10 m¥, and 5 wM. Gompounds were each first prepared as stock
solutions, and then dissolved in 0,1 M citric buffer pil 4.5. Some of
the citrate buffer and compounds to be tested formed precipitates due
1o the cholatlng effoct of the citvate buffer, These compounds were

tested either at low concentrations, or Vere omstted Exom the assays.

Substrate concuntrabions used were varied between 0,1875 md to 3.0 mM

4-Nitrophenyl-N 1 The complete Yeaction

mixture wag prepored, except for the additlon of the iscenzyme, and
incubated at 37°C for 5 min, prior to the addition of the enzyme.

Aftor reaction? termination absorbance was read at 405 nm, as before,

2

i
i
{




T .

iy

6.3,1.1.Results and Discussion

Ka values, expressed in mmol/l, were calculated Erom Lineweaver-Burk
and Dixon plots, See Yizures 36(a) and J6(b) pages 136 and 136(b). &
computer program E2-FIT (Versian 1.1., Medical Products Dept., B.I.
Du Pont de Nemours & Co) was used for the analysis of all the enzyme

data in this dissertation,

A1l dnhibition encountered was uncompetitive (refer to figures 36(a)
and 36(b) pages 136 and t36(b) indicating that the metal ions do not
compete with the substrate for the active centra. Uncompetitive
inhibitivn occurs when an anhibiter combines reversibly only with the
enyme-subgtrate complex to  fovrm a4 enzyme-substrate-inhibitor

corplex, shich cannat yield praduct,

There wag a great similarity of inhibition batween NAG A and B when
the activities were compared {see tables 13 and 14 pages 134 and 135
raspectively). This could be due to identical catalytic cemtra or

amino acid sequences.

From tables 13 to 15 {pages 134 and 135) it can be seen that it is
possible to derive vhe following:

(1) Neither Na, K, Al, Li, €1, N0y, or SO. are inhibitors of NAG.

©2) Ap followed by Pb were volatively strong inhkibitors.

1) Acetate, F and Cr were moderate inhibitors,

(4} The divalent Sons Mn, Mg, Cu, Sm, Fe and Ca were poor inhibitors
but it could be due to the chelating effect of the citrate

burfer,
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TABLE 13

Ky values and

inhibition of uncompatitive

HAG A isognzymes

Inbibitoy
Compound

AsNO,
Ph-Ac
cd-de
Comac
Znmhe
NHamsc
K-ac
Na~hc
NaF
ercla
HnG1,
Halla
2uS0,
SnCla
Fella
caCly

Ac = Acetate

Y
(mrol /L)

{nhibitor concentration
H 10 25 50 10

percentage Inhibition

5 9 2 A7 9%
&7 18 BT
3 5 13 2 51

14

G (uM)
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TABLE 14
Ky Vaiues and Anhibition of upcompetitive Inkibitors of
BAG B isognzymes R '
K
Inhibitor & Inhibitor congentration ;
Gompound Canot/1) 5 10 50 100 (m0)
Percentage Inhibition
AgNOy 3.4 5 10 2% 48 97 )
Ph-sc 3.1 EIE TN T AT
ca-e 29.5 2 5 1 om 4 ‘
Co-Ae 23,0 k) 5 13 2% 52 ;
e 1K) 35 1 % 5 ~ !
NRa-ac 8.8 205 12 3 4 -
Kehe .2 15 o1 % s : i
Na-Ae 20.6 3 H v 27 54 1
NaF 2.7 T8 12 U A7 .
£rély 7.5 2 4 0 20 39 i
WiCla 61,4 to2 s u oz *
Yatla 2.1 V25 ouom T
cusn, 60.2 tor 6 u o om . N '
sncly 88.4 0 o 1 1 2
Fetls 5.2 o o o0 t 2
cacls 8.3 0 1 2 5 9
Ac = Acctate
TABLE 15
Gompounds found to have no Inhibitjon on NAG astivity |
AlCLy CHAPS. HEPES kel KNO, Lict ?
5 Li50, Was$0.  Ba€l  NaNos  Tritom X-100
; 135
; .
PN




FIGURE 36(a)

Reciprocal plots of reaction velocity (v) and substrate eoncrntration
fs) of the NAG A specis withowt {a) and with rhe uncompetitive
amhibitor Baf at (b} 10 mM, (cj 25 md, and () 50 wd NaF.
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FIGLRE 36(b}
Dixon plot of the NAG & specie at concentrations of 0, 5, 10, 25,
3G, and 100 md CrCl, at four different substrate voncentrations
0.375(a), 0.75(b), 1.5(e}, 3{d) mM BNP-NAG). All inhibition
encountered was uncompetitive,

136{b)
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CHAPTER 7 CONCLUSION
Baboon kidney NAG isoenzymes were isolated by adapting and modifying
previaus attempts of ather workers27°=2ei. To nmy  knowledge
purification of the iscenzyme was not achieved nor homogeneity
confirmed. The purification of NAG A is summarized in figure 37 on
page 140, and the enrichment of purification is presented in table 16
page 141, Con A~Sepharose affinity- DEAE~ amd RTP- ipn-exchange
chromatography and selective rechromatography resulted in  two
distinct bands on  10% T, 2.7% ¢ anionic PAGE with & 109 fold
purification. By performing semi-grepavative anionic PAGE followed by
el slicing, the two bands were individually extracted from tn gel.
The major band proved to be homogencous on NR-SDS-PAGE with a
molecular weight of 52,1 kD and a purification nf 316 Fold. On R-SDS-
PAGE two high molecular weight aggregates of BAG A were obtained with
molecular wveights of 8.8 KD and 8.5 KD respectively. Using
sedimentation equilibrium Ultracentrifugation NAG A also vevealed an

azgregational phecomenon.

On PAG-IEF the NAG A-1 fraction displayed micro-heterogeneity between
pH 4.55 and pH 5,85 where 19 distinct bands could be observed.
Selective removal of certain carbohydrate moieties with the use of
glycosidases resuited in a selective reduction of 7 banda by
Endozlycosidase H (12 bands vs 19 bands) while Endoglycosidase D and

Gliycopeptidase F consolidated axl bands into ome (pl 4.57) to confimm

and can ty be assigned to variation of
the carbohyirate moieties.

The awine acid composition vevesled 3 twtal of 320 amino acids



yielding a peptide molscular weight of 36,483 kb. Amino acids
involved in carbohydrate sttachment, like Asm, Ser, Thr, aad Gly,
were prominent in numbers. The peptide was clagsified as hydrophilic

with an acidic character,

NAG A-1 vevealed & J0% carbohydrate content imcluding 6% sialic
acids. The high sialic acid content is most likely responsible far
the heterogeneity on PAG-1EF, The high carbohydrate content may also
explain the unconventional behaviour of the eqzyme on iot-exchange

chromatography, PAG-1EF, anf sudimeatation  equilibrium

centrifugation.

Far the calculation of kinetic parameters, a V-* against 5~ plot
tasvlied in a4 K. value of 0,497 mmol/L, Substrate and reaction

specificity was assessed by subjectimg § structural related

substrates to PNP-NAG A and B. The p-M ~R-scetyl-
-D-Galactosaminide substrate had a 803 relative activity in
comparison to the PNP-NAG substrate revealing a specific requivement
for N-Aetyl aming hexoses but not 5o specific for the kind of hexo~
pyranose moiety (Glucose vs Galactose) The teaction specificity was
very specific being anly for B-D glycosidic bond and not for a-D

bands.

The effect of inorganic ioms oa NAG A and B activity vas

investagated, It was (ound that silver, lead and acetate were the

most potent uncampetitive ihibitors to ¥AG.

A ©H optimun of 4.55 was Eound for both the NAG A and B isoenzymes,
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The optimum tomperature Cfor the NAG iscenzymes vas 50°C for A and
40°C for B, fThe difference in heat stability for the A and B

isoenzynes indicated that NAG B was stable at high temperature.

Assessmer of the subcellular distribution of the two major NAG
isoeazymes in the kiduey revesied that the A iscenzyme was found
profoundly is the lyscsomal fraction, wiile the B iscenzyme was

distriduted equally amongst the lysosomal and mitechondrial fraction,
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FIGURE 37

F for NAG A and B Tsolation

12 Kidneys
L

Romogenization, Extraction
and Concentration
&

GCan-A Sepharose  (Cy)

Iscubation and  (Ga)

chromatography  {0s)
n

DEAZ Chromatography

I 1
A NAG B
6,06, (C,DGa) (€1Ds)  (€aDa)
(CaDG,)  {CaDGa) (GaDy}  (CaDa)
(CaD6:)  {C3DGa) (€ab:)  {CaDa}
Pooling Eooling
£6-DG,)  (C~DGa) (G=Dy)  (C-Da)
DEAE Rechramatography DEAE Rechromatography
(€=DG, (R))  (C-DC2(R)) (C-Di(R)) (6-DaiR}}
HTP Ghromatograyhy C Sepharose™
€206, (R}, ) (C~DGa (R)=H; )
1G~DG, (R)~1ls ) {C-DGR)~Ha) Sephacryl §-200"*
L
HAG B

HTP Rechramafography
{C-DG {R)~H, (R} (C~DGa(R)«H\{R))
G0, (RImHalR}  (C-BOa(RY-HalR))

PAGE and Gel Siledng of C=DGa(R)=H.(R}

1
NAG A-1 (Major band) NAG A~2 {Minor Band)
* No purification ** Teaetivation of enzyme
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TABLE 16
Purification of N~ 1=B-] i Aand B N
{Puriescation Total | Tetal  |Specdfic |Vield JEnrich- |
stop Units | Proteins [Activity [(X) | ment ;
{x 1000) {me) (U/ne
proten) )
lextraction 865 43000 208 100 1 '
con=A ¢hr. sass en 659 66 32 g
4G & i
DEAE Chir, 202 am 066 2 4 ~
DEAE Rechr. 1956 156 w2 &0
WTP Chr, o4 67 mar 17 107
e Rechr. E 2035 15 s
Gal Siicina: . *
150 4-2 274 1 2833 3 109
Iso a-1 165 2.5 g0 2 16
LY R
G B
DEAE Chr. e 207 [t 15 20 |
DEAE Rechr. 986 226 w362 u 2t J
o ohr, 986 226 4362 n i ;
A ladt (I of enzyme activity was definad ps vmol of produst formed ;
por hour determined by the standard assay, }
chr, Chromatogruphy
1s0. Isoenzyne .
1
. .
N
ey s
, . s
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