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xii
biantennary. Heavy chain protein fragmentation and
carbohydrate atudies indicate that mutanta 21 and 38
alterationa are due to an increase in oligosaccharide
proceaaing and reduction of unproceaaed atructurea. There
ia a trend of proceasing going from PC 700< 21< 38, In
additon, our resulta ahow how growth cell conditionsa can
affect the carbohydrate proceassing without altering the
determinanta of m chain oligosaccharide atructurea.

Studiea on the IgM molecule illuatrate the need for
precisely define atructure-function relationahipa. Thia
would allow the selection of the beat antibodies for

atudiea auch as those involved in inmunotherapy.









receptor (SRP receptor) located at ER membrane (S5, 6, and
7). Then, the protein ia glycoaylsted aa ia tranaported
acroaa the membrane. Rothman and coworkera (9 and 10) in
studiea of the mechaniama for tranaport through the Golgi
apparatua have deasigned a cell fuaion technigue which
regulta in the formation of hybrid cytoplaama containing
two diatinct Golgi populations. These astudiea defined three
sequencial compartmenta in the Golgi atack, where
tranasport-coupled glycosylation waa used to monitor
nrovement of a glycoprotein between two diatinct Golgi
apparatus populationa. Final carbohydrate proceaaing takes
place in theae cell compartmenta. |

2) Studiea on the apecificity of glycoaidasmes and
glycoayltranaferasea as determinanta of carbohydrate
structure. Robbina et al (11) compared the specificity of
rat liver glucvaidaases. Glucoaidaae i removea only the
terminal reaidue of the oligoaaccharide precuraor which
containa three glucose reaiduea. Glycoaidases II and III
are inactive towardas the aubatrate for glucoaidase I. High
Mannoee oligosaccharidea ariae by apecific mannoaidase
action on various mannocse reaidues from the oligosaccharide
precursor containing nine mannose reaidues (1).
N-acetylglucosamine transferaasea (GlcNAC-transferases) are
required for ﬁhe aynthesias of complex type oligosaccharidea

(12> . Schachter et al (13> have purified four of






structures at each of the five glycosylation sitesa on
murine IgM produced by MOPC 104E cells using 300 mHz proton
nuclear magnetic resonance (H-NMR). Figure 1 cﬁow: a
achemnatic drawing of the heavy chein (m) of IgM showing the
location of glycosylated asparagine residues.

In my own experiments, I aset out to stud§ IgM
procduced by a hybridoma cell line PC700. Thia antibody is
apecific for phosphorylcholine. Shulman (28) have
mutagenized cells and use a suicide selection method to
isolate cell lines producing altered IgM. My goal was to
compare the Qlycosylation of IgM from PC 700 with
atructures determinated for each glycoasylation site on MOPC
104E, and determine how glfcosylation is altered in

variants iasoclated by Shulman frbn PC700 cells.






CHAPTER 2

LITERATURE REVIEW

Glycoproteina: Struycture and Function

Glycoproteins occur in ce;ls both in &cluble and
menbrane bound forma, as well as in the intercellular
matrix and extracellular fluida. Planta, viruses, bacteria
and higher animal cella carry glycoproteina which aserve a
variet9 of functiona (1).

The presence of oligosaccharide chaina covalently
attached to the polypeptide backbone ia the feature that
distinguishea glycoproteina from cther proteina and
determinea some of their biological properties. A great
deal of effort has been exerted in recent yeara, to
relate structures of oligo-accharidei to specific
functionsa.

The body fluida are rich in glycoproteina aecreted
from varioua glanda and organs. Glycoproteina of blood
plasmea which include tranaport proteina
(e.g.tranaferrin),ceruloplasnin and immunoglubulinsa, and

many componenta of complement (29,30).



Other glycoproteina are enzymes such as ribonuclease,
deox&ribonucleeae and a-amylaae (31).

The vaat majority of cell membrane integral
proteina are glycoaylated., There ia increaaing evidence
suggeating that cell surface glycoproteins are involved in
a number of phyaioclogical functiona, including cell
interactiona, adhesion of cellas to a substratum, and
migration of cella to particular organa (32). For example,
neural cell adheaion moleculea or N-CAM are glycoproteins
present in a variety of apecies and appear early in
embryogenesia (32). The N-CAM moleculea are poatulated to
be involved in the formastion of cell-cell bonda aa
demonatrated in studiea using anti-N-CAM (£fab’) fragments.
The antibody fragmentsa apecifically block adhesion of
spigal cord neuritea and ﬁuscle cella, without altering
the cell morphology. CAM moleculea vary in their aislic
acid content according to tissue and developmental stage.
Edelman (33) haa propoaed that CAM molecules act asa
regulatora of morphogenic movementa that are essehtial for
early induction of differentiation. Studiea of cell
subastratum interactions have shown that aspecific changes in
cell sufface atructures are aaaocciated with mammalisn cell
traneformation; These changes include alterationsas in
oligosaccharide structurea of glycoproteins and
glycolipida. The asparagine-linked oligosaccharides of

tranaformed cellea appear to be larger due to increaasd
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b) The role of certain augara in controling the
lifetime of glycoproteina in the circulatory aystem of
higher animala, and regulation of glycoprotein uptake by
cella. Aahwell and Morell (42) have ahown that many native
and modified glycoproteina carrying exposed Gal, CGClcNac, or
Man are recognized by apecific liver receptora and removed
from circulation .

c) A fibroblaat receptor which ia sble to recognize
hexcze phoaphate is involved in the uptake of lysosomal
glycoproteina (B-glucuronidase, B-hexosaminidase, and
B-galactosidase). In these cella mannose-6-phoaphate is the
gignal to direct hydrolytic enzymea from the endoplaanmic
reticulum to lyasosomes. The exiatence of a receptor
mnedisted ayatem in cultured fibroblaat waa diacovered by
Neufeld and Ashwell (43) aa a reasult of studiea on genetic
disordera of mucopolyaaccharide catabolianm.

d> The removal of carbohydrate from gonadotropinsa
such az human Chorionic Gonadotropin (hCG) resulta in the
loaa of bioclogical activity, implying that the carbohydrate
ia eaaential for hormonal action (44,45). Reconatitution
experimenta using deglycosylated hCG failed to atimulate
hormonal activity measured by cAMP production (in
vitro) and progesteron; release (in vivo). In
addition, deglycosylated hCG acts aa a potent inhibitor of
hCG activity, aince removal of carbochydrate doea not affect

receptor binding.

13





















CHAPTER 3

MOLECULAR BIOLOGY OF IgM MUTANTS

Introduction

Antibodies are composed of two types of polypeptide
chaina, light (L), and heavy (H), which are in turn di?ided
into an N-terminal variable (V) and a C-terminal conatant
(C) region. In 19635 Dreyer and Bennett postulated that the
antibody polypeptide was encoded by two genes that were
joined together during the differentiation of
antibody-producing B cella (59). This was the initial
suggeastion that the coding sequencea for a polypeptide were
separated in the genome. In addition, it implied that
develoénentally regulated DNA renrrangenénta‘uere a
fundamental element in antibody gene expreasaion. Nucleic
acid analyses which include cloning, DNA hybridization and
sequencing have verified both of the suppositions and
ravealed that the antibody ayatem employa two diatinct
typea of DNA rearrangementa. They include variable region

formation and class sawitching, both of which appear to be

20






22
aignals (64). The ahort gene fragmenta are located on the
3’ aide of the V genea and on the S’aide of the J genea.
Each segquence has a stretch of about nine nucleotidea of
which a large portion are either A’a or T’a. The nonamer ia
followed by an interval of either eleven or twenty two
nucleotidesa, then by a aseven nucleotide aegment containing
mainly C’a and G’s. The nucleotidesa from the V gene may
form a stem by complementation with thoae in the J gene,
bringing both gene fragmenta togethaer. Then by a DNA
recombination mechaniam, the atem forming sequencea are
deleted (64). The flexibility of the recombinational aystenm
explaina in part the generation of antibody diveraity
(reviewed in 65).

During the expression of the rearranged gene in the
differentiatea B cell, the coding regions as well as the
intervening DNA between the J (L) and C (L) gene segments
arae tranascribed as part of a high molecular weight
tranacript. The intervening aequence is aubaegquently
renéved from the initial tranacipt by splicing to produce
the functional light chain m (66). This mRNA containa a

VLY, a J(L), and a C(L) coding sequencea (67).

The Heavy (H) Chain
The heavy chain gene organization wea revealed
uaing similer techniques aas for the light chain (23).

Studies from Hood, Tonegawa and co-workera demonstrated
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fragment as shown in Figure 10. The Scuthern maps do not
reveal any differencesas in gene patterns and cohfirms that
the C(m) 3’ end of the mutant cell lines are similar to

wild type cells.

Cm Domains are Deleted in
Mutant Cell Line 128

Mutant 128 cell line aecretes a (m) heavy chain
with reduced m.w. Preliminary data from Dr. Shulmen
‘' suggested that the chain loat the conatant domains:
C(my) and C(m2) (Figure 1). The rational for
mnapping thia cell line waa that the removal of the
Ci(m2) gene fragment would delete the restriction =aite
(Bam H1) at that domain <84). Thia event can either
originate a new very large fragment with a m.w close to
20kd conteining the V region and C(m3) and C(m4),
or cou;d create a new Bam Hl site that can generate a
fragment with m.w. identical or aimilar to that present in
the parental cell line. Figure 11 shows the Bam Hi
digeation of cellular DNA from PC 700 and 128. The lack of
a band running alower than PC 700 rule out the first
posaibility of having a aingle fragment containing the
complete rearranged gene. A mingle hybridizing mji2 Banm

H1l fragment running faater than the normal C(m) indicated
























CHAPTER 4
IMMUNOGLOBULIN M CHARACTERIZATION

Introduction

Glycoprotein Synthesisa

The initial atepsa in protein glyccaylation occur during
translation while the protein ia pasaing through the
endoplaamic reticulum (ER) (review 1). The sequence
Aan-X-Ser/Thr servesa a; acceptor for a block tranafer of an
oligosaccharide containing GlesaMangGlceNAc2. The
tranafer requireas only the three-amino acid acceptor sequence,
and occures before there ia sufficient translation for extenaive
protein folding. The oligosaccharide
GleaMangGlcNAc) ia aasenbled on the lipid carrier
dolichol pyrophoaphate by the atepwise addition of augar
reaiduea (reviewed in 89). Snider and Rogera (90) have examined
the tranamembrane orientation of oligoasaccharide-lipid
intermediateas in the ER ueing microaomea and the lectin
Coﬁcenavalin A which recognizes high mannose structures.
Man3 to MansGlcNAc2-lipid intermediates were found

at the cytopleamic side of the microsmomal membrane.

1)



Mang-g9GlcNAc2-1lipid and

Gle3MangGlcNAc2-1lipid compounda were found only in

the ER microaomal lumen. These reaults aupport the model that
oligoaaccharide-lipid ayntheaia ia completed on the ER luminal
face. Mature oligosaccharides (Glc3zMangGlcNAc2) are

then tranefered as a unit to asparagine reasiduea of naacent and
newly made polypeptides (91). Thua, initially all'glycosylation
aitea receive the same carbohydrate atructure. Apparently thia
mechaniam is required since glycoaylation occurs
co-tranalationally before protein folding givea three
dimenaional information that procesaing enzymea use to
determine the final carbohydrate atructurea (1),

Lennarz (92) utilizing denatured proteina containing
potential acceptora in an in vitro glycoaylation ayaten
eatabliashed that a prerequisite for glycosylatioﬂ is the
cccurrence of the acceptor -Aan- in the tripeptide seguence,
Aan-X-Thr/Ser, where X can be any amino acid except for
aspartic acid. However, only about 30% of the known tripeptide
aitea of eukaryotic proteina are glycoaylated. Theae resmulta
initially suggeated that the acceaaibility of the acceptor to
the membrane bound tranaferases of the lipid linked-pathway ia
a critical factor for glycoaylation, and would be regulated by
higher ordera of atructure (asecondary or tertiary) impomsed by

the primary aequence.

































Labeling studies of m chain implied that the
glycoaylation aite at CN8 (neareat to the amino terminua)
contained carbohydrate only part of the time. Chemical
analyaia which,includea amino acid and carbohydrate
cémpositions show that Aasn 563 is glycoaylated only 40% of
the time (118). The atructure of the minor oligoaaccharidesa
found at each of the aites need to be determined.
Preliminary atudiea indicate that each site haa a unigue
aet of heterogenecus ocligosaccharides. The rules
determining the relationahipa between atructure of
oligosaccharide and protein structure remain to be

elucidated.

Studies using Hybridoma Cells Secreting Altered IgM

One approach to obtain information about the rules
determining glycoprotein c;rbohydrate proceaaing ia to
study mutants that asecrete abnormal IgM (28,47.57).
Alteration of the proceasing events or of the protein
sequence, including changing the number of glycoaylation
aites and their poaition ahould allow atudy on the
regulation of carbohydrate atructures. PC700 a hybridoma
cell line which asecretes IgM apecific for ﬁhosphoryl
choline was produced by Dr. Mark Shulman while gorking with
Dr. Kohler in Basel (28,57). A deacription of the method
used to obtain mutant cells from PC 700 has been described

(Figure 3). The alterations include hyperglycosylation
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Proteins were detected by absorbance at 280 nM.
Peaka were pooled and analyzed by SDS-PAGE. The ma
containing materiael was rechromatographed over the aame

column using above mentioned conditiona.

Preparation and Fractionation of m Chain Glycopeptides
Purified heavy chaina (about 4-& mg for mutant
cell lineas 21 and 38) were dissolved in 70X formic acid
(re-diatilled), followed by the addition cyanogen bromide
(CNBr) (4 mg/ mg of protein) and incubated at 4 ©C for
22 hr. The soclution waa.lyophilized and resauapended in é M
guanidine-HCl buffer followed by the addition of an equal
volume of 0.2 M NH4HCO3. The cyanogen bromide
glycopeptidea were reaocolved by gel filtration over an ACA
S4 column (150 % 1.5 em) uaing the same elution conditiona
as for ACA 34. Fractions correaponding to individual CNBr
glycopeptide fragmentas were pooled, dialysed and

concentrated for chemical analyaias (25).

Carbohydrate Analyaia

Glycopeptidea were hydrolyzed according to the
method of Grimea and Greegor (1235) using 2 N
trifluorocacetic acid. Neutral and amino sugarsa (including
2-deoxyglucose aa internal atandard) were converted to

their correponding alditol acetatea by reduction and
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Results Part I

Studies'of IgM Produced by Cell Lines
PC700, 21 and 38

Shulman et al. isoclated cell linea 21 and 38 from
uutagen;z;d PC700 cella. Both linea ayntheaize
immnoglobulin M (IgM) which heavy chain (ma) is retarded on
SDS gel electrophoreais relative to the ms chain fron
PC700. It waa eatimasted that thease ma chaina had incressed
apparent molecular weights of 6000 to 8000. IgM produced in
vthe presence of tunicamycin (& glycosylation inhibitor)
results in the aynthesis of secreted m chainas that
co-migrate with wild-type m, thua suggeating that the m
chaina of 21 and 38 were normal in their polypeptide chain,

but abnormally glycosylated (57).

Analysia of m Chains by SDS-PAGE

In order to characterize the changea occurring in
both cell lines, secreted and intracellular m chaina were
bicsynthetically labeled using 35-S methionine. Labeled
chaina were immunoprecipitated using anti-m entisody, and
tested for sensitivity to Endoglycoaidase H (endo H)Y. Endo

H hydrolyzes the glycosidic bond of the
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Figure 15. Concanavalin A-sepharcse elution of
3H-Man glycopeptides. Pronase treated glycopeptides
from PC700, 21 and 38 m chains were fractionated by
affinity chromatography. Arrows indicate atart of elution
with buffer containing 10 mM a-Methyl-glucoside and 0.1 X
a-Methyl-mannoaside. Fraction aize was 1 ml.
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Table I. Percentagea of Mannose labeled glycopeptidesa
fractionated by Concanavalin A.

- e A W e S S e T T G e Gh NS TP TH Sh En e YD D D P e GE G D D e e D Gh WD P W e G D e G SR G e ws e

x
Cella Fxl FxII FxIII COMPLEX
MOPC 104E 36.0 46.0 15.5 81.5
PC 700 S3.5 21.0 23.5 74.5
21 47.0 35.0 18.0 82.0
38 72.0 22.0 €.0 96.0

All exprimente in 0.5% NP40O.

The major peakas fron Con A affinity chronatography were
pooled. Fxl waa the material that did not interact with
the column. FxII and FxIII bind to Con A with differential
affinitiea. Percentagea calculated from the total applied
radicactivity.
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The carbohydrate chemical en;lyses require large
amounta of starting material. Theae amounts can only be
ocbtained from aacitea fluid. The approach taken was to
purify IgM from aacites fluid which contain miligram
amounta of entibody-(see later, table III), isolate m heavy
chains from IgM, and finally determine the sugar
compositicn for the complete m chain molecule and for each
glycosylation aite. While aacites fluid containa IgM with
more procesmsed oligosaccharidea, the differenceas in SDS gel
electrophoreasia rateas that define hyperglycosaylation are
maintained. It.ia critical that all of the comparisons use

IgM produced from cells grown under identical conditiona.

Fractionation of Ascites Fluid by Gel
Filtration Chromatography

ﬁr. Darrel R. Anderaon carried out the purification
and fractionation of the IgM from PC 700 cella. In
parallel, I purified IgM fron 21 and 38 cells. We both were
involved in the structural studies. The purification and
column elution profiles steps were identical for 21 and 38,
thua only part of the data uaing ascitea fluid from mice
with tumors carried by line 38 are inclucded. Ammonium
aulfate precipitated proteina from ascites fluid were
reasuapended in Tria-Borate buffer (aese methoda), and

directly applied to ACA 22 Ultragel colurn. Proteins are
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Figure 20. Gel filtration chromatography of
proteins from mutant 21 ascites fluid. Cella were
intraperitoneally in)ected into mice, and ascites tumors
drawn off. Fluid used as source of IgM. After ammoniunm
sulfate precipitation, proteins were resuspended in
Tria-Borate buffer (pH 8.3) and separeated by gel
filtration over an ACA 22 column. Proteins were followed
by ABSORBANCE (Optical density) at 280nm (closed
circles). Igm containing fractionas determinated by enzyme
linked immunoassay (ELISA, open circlea). Arrows
correspond toc pentameric and monomeric IgM. Dimer foram
eluted between the two markers.
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Table III. Comparison of IgM found in ascites

f£luid.

Cells Polyrer IgM Elisa

form Rg/20 ml of U/50ug of
ascites protein

PC 700 '
Pentamer 180-190 0.74
Monomer 20-21 0.26
Total 200-211

21 )
Pentamer é6- 7 0.11
Monomer 40-46 0.20
Toteal 46-53

38
Pentanmer 2- 4 0.05
Monomer 35-40 0.22
Total : 37-44

Aacites fluid was ammonium sulfate precipitated and
fractionated over ACA 22 agarose gel. Peaks containing the
varioua IgM pooled and analyzed. Eliaa determination as
deacribed in materials and methods.
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Table IV. Carbohydrate composition of complete

D e > e S D S e G G e D D S R G TN R D D S P S S S D P TP G D G G D W WS YR G S WS P e e R G WS WS e W e e

Cella Molar Ratio

Fuc Man Gals= NAcGlc
PC 700 0.35 3.00 3.10 2.20
21 2.60 3.00 7 .00 4 .30
38 1.50 3.00 6.00 5.40

= The galactoae valuaa are high due to bleed off from the
ACA ultragel columna. :

Purifed IgM heavy chains from ascites fluid were hydrolyzed
and used tc prepare alditol acetates (125). Gas liguid
chromatography performed aa deacribed in Materials and
Methoda. Deoxy-2-glucoae uased aa internsl standard. Mannoae
valuea atandarized to 3.00 moles.



11

Table V. Sialic acid levels in IgM heavy chains.

o n D ED Ge T S - D WS S G SR e R s D We D WS G CD D R WS D ED GD G G W We WL D D s P G WP SR GO MD GRS EE S e R e e G e

Cells nRg/mg of
protein
MOPC 104E 4.8 +/-0.40
PC700 3:5 +/-0,25
21 5.0 +/-0.10
38 4.5 +/-0.20

- e G WP e S D ED D e T WP R G G S M W D S WP G G P D W S MR W D MR MR D M G e D G e e s WS s D En e G e W e e S e

scalculated from 2-4 experimenta. Heavy chains from IgM
secreted from myeloma and hybridoma cella were hydrolyzed
under mild acid conditiona. Sialic acid content
determinated by the thiobarbituric acid aessay (126).
Protein determinationa were performed by the method of
Lowry (8). +/- indicate atandard deviationa.
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Isoclation and Characterization of
m Chain Glycopeptides

The location of the five glycos&lation aites and
primary amino acid saquence of normal m heavy chain have
been previously deacribed (figure 12) (24)..In addition,
the complete atructurea at each aite haa been determined
for IgM MOPC 104 E (myeloma) (26) and are ashown in figure
12.

IgM purified from PC 700, 21, and 38 were cleaved
with cyanogen bromide into nine fragmentas. The fragments
were resolved on Ultragel ACA 5S4 (figure 27) and £followed
by absorbance at 280 nm. The column was pre-equilibrated
in 3 M guanidine buffer and standarized with MOPC 104 E m
chain cyanogen bromide fragmenta. In general both mutantsa
(figure 28) and parental cell m chaina glycopeptidea gave
very similar elution profiles. The largest peak
(mnw=18,105, calculated from proton-NMR obtained atructures)
deaignated aa CN6&6 containa the two ocligosaccharides located
at saparagine reaiduea 332 and 364. CNS, CN7, and CN8& (
wifh mw=12,230, 9,430, and 6,815) have one glycosylation
aite and eluted as expected (25). The peaka were pocled and
used for chemical analyasis. In CN8, from the me aynthesize&
by PC700 and 21, the peptide content waas very low but there

waa sufficient carbohydrate to proceed for carbohydrate.
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Figure 27. Fractionation of PC 700 m chain
cyanogen bromide glycopeptides by gel filtration. The
cleavage mixture was applied to an ACA 54 column, and
eluted with 3 M guanidine HCl buffer. Fractions (1 ml)
were collected and protein detected by abasorbance (ABS)
at 280 nm. Four peaks corresponding to glycopeptidea CN6,
CN7, CNS, and CN8 were collected and poocled.
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Anderson and Grimes (25) showed by amino acid compositions
that these methoda of purificction gave peptidea free of
.contamination from adjacent glycoaylation sitea. The fact
that both parental and mutant lines aecrete heavy chaina
with identical cyanogen fragmentation patternas, confirm the
proper location of methionine reaiduea. It ia very likely
that no other protein alterations have taken place. Tﬁis
again argues that the retarded mobilities of mutante heavy

chainas are due to cligosaccharide side chains.

Fractionation of m PC700 Glycopeptides

From MOPC 104E studies, we found that each cyanogen
bromide fragment is a mixture of the same polypeptide
containing different but closely related carbohydrate
atructures (26). Peptidea containing the glycoaylation
aites were treated with pronase and further fractiocnated on
P-6 Biogel. The profilea of glycopeptides on P-6 were
assayed by their carbohydrate content using the phenol
sulfuric acid reaction, and are shown in figure 29, The
shaded areaa were collected as the major oligoaaccharide
apecieas, and carbohydrate compoaitiona determined by

gas-liquid chromatography.
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galactose and fucose which ias indicative of a hybrid.
structure. Fraction CN&6C has a high mannocae type
compos;tion.

CN7 (A,B,C) appear to have complex atructurea, 74
ia £ully completed (containsa sielic‘ecid and fucoae) while
the reat of molecules appear to be pertislly processed. 7D
composition resemble a high mannoase type oligosaccharide.
CN8 haas a complex type oligosaccharide at fraction 8A,
while B and C are high mannoae type by composition.

Cyanogen bromide fragmenta isolated from 21 ma
chain were d;rectly used for obteining carbohydrate.
compoajitiona. We were unable to purify material for pronsasase
treatment and subsequent P-6 fractionation. Table VII
ahowas the valuea obtained from each glycoaylated fragment.
Galactoae valuea were very large (not ahown) due to the
contamination from the column aupporta. Thua only fucoae,
mannoae and N-acetylglucosamine were determined. Total CNS
and CNé have complex fucosylated complex structures. On the
other hand, CN7 and CN8 appear to have mixtures of high
mannose and complex oligosaccharidea. These results are
coneisﬁent with the labeling experimenta and total
compoaitione from the intact chain. We eatimated that the
purification ascheme would have to be asceled up by a factor
of 100 to have aufficient material for complete compoaition

determinationa and proton-NMR characterization.
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glycosylation sitee . Thia theesis i1as an initial atep
towarda learning how carbohydrate atructures are
determined.

IgM heavy chain from mouse myeloma and hybridoma
cell lines provide a basic model by which mechanisma of
glycoaylation processaing can be studied. Our laboratory has
recently purified the heavy chain from IgM produced by MOPC
104E, isolated individual glycosylstion sitea and
determined major carbohydratea uasing proton nuclear
magnetic reaonance (286).,

Studiea preaented here define the differencesa
between the glycosylation of IgM from MOPC 1042; a
hybridoma PC700, and two mutanta from PC700 (21 and 38)
that-synthesize hyperglyccaylated IgM (57). The analyses
include producta from tissue culture and aacitea grown

cells.

Carbohydrate Studies of m Chains from
Cells in Tissue Culture

Hyperglycoaylation in mutant cell lines (21 and 38)
producta can be demonatrated by incubating cella with
35s- Methionine. The secreted immunoprecipitated ms
chaina have retprded aigration when compared to the
parental cell line product (PC 700). Shulman et al,

originally suggested that the difference was due to
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hyperglycoaylation aince tunicamycin aboliahea the
differenceas (57 ).

Endo H was used to probe m chain oligosaccharide
structureas. The analyais revealed that intracellular
processing of (mi) chains from PC700, 21 and 38 cells was
not completed until the time of secretion. Thisa
susceptib{lity of the intracellular m chains ha=s been
deacribed for a number of aecreted glycoproteinsa including
IgA, and human chorionic gonadotropin (45,98). The
appearance of several bands upon treatment indicated that
some of the glycocaylation aites are pa;tially processed as
waa confirmed by the augar labeling experimenta. The fact
that the mi chaina have.the aame mobilitiea in the abaence
of Endo H ias one piece of evidence that hyperglycosylation
is not‘due to an increase in the number of glycoaylation
aitea. Thia conclusion ia consiastent with the genetic
atudiea we deacribed in chapter 3.

In contrast to the intracellular m chains, secreted
producta from 21 and 38 are much leas senaitive to Endo H
which ia conaiatent with the preaence of predominantly
complex type oligosaccharide unita. Thia waa confirmed by
analyaing the atructurea found at each of the IgM heavy
chaina secreted from the mutants and parental cells.
3H-mannose was used to radiocactively label both complex

and high mannose structures. 38 ms 3H-mannose
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triantennary oligoasaccharideas that are nearly completely
eialylated and some high mannose atructures. When we
compared CN6 glycopeptidea from IgM grown in ascitea fluid
with tiaaue culture cell, we cculd show that the latter waa
processed less (figure 18).

Furthermore, complete ma chains derived from
ascites grown MOPC 104E, PC700 and 21 cells were completely
reaiatant to Endo H digeation (figure 19). Thisa ia in
contrast to our studies on labeled IgM from tissue culture
(figure 14). Under these conditions, PC700 ms chain were
completely aensitive to endo H, while 21 chaines were
partially reaiatant to the mame enzymatic digeation. IgM ma
chain secreted from each of the cella have a characteriastic
rate of migration in SDS gels (from either type growing of
conditions). PC?QO product migrated with faster mobility
than 21, 38 and MOPC 104 E chaina (figurea 19 and 26).
Parental and mutant cell heavy chaina retained their
phenotype of differential nigratiﬁn regardless of whether
IgM ia prepared from aacitea fluid or tiaasue cultured
media. Thus the determinants for their characteristic
carbohydrate processing ia present in each cell. The fact
that procesaing occura in all three cell linea suggeats
that PC700, 21 and 38 have a aspecific set of enzymes for
defining their ¥1nal carbohydrate atructurea. The productsa
obtained from tiasaue cultured cella are likely to be

intermediateas of those obtained from agcites fluid.
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oligoaaccharidea st CN8 (Table VI). In addition each sgite
contained minor components which appear to be procesassing
intermediatea. Note that each aite carriea a particular
aet of atructures which in turn are different £rom thoae
seen in other aitesa. The finding of only biantennary
atructures at PC 700 me is the moat remarkable difference.
The preasence of only biantennary structures, and reduced
proceasing obaerved in tissue culture cause the increased
mobility of IgM from PC 700 cells.

21 and 38 m chains are fragmented by CNBr into
peptidea identical to PC 700 and MOPC 104 E. 21 m chain
appears to have three complex aitea located on CNS5S and CN&,
with all of them biantennary type. CN7 and CN& have
rixtures of complex and high mannose oligosaccharides. The
reduced amounts of IgM obtained from mutant aacites,
prevented further analysea. Thie pointa out aome great
difficultiea in gaining structural information from
glycoproteins.

All four m chaina (MOPC 104E, PC700, 21 and 38)
should have the same constant region. Thus the difference
in IgM carbohydrate procesaing appears to derive from the
cellular mechaniamas for glycoasylation. The antibody changes
could result from the ;vailablllty of certain
glycoayltranaferases required to initiate the branching
aynthetic pathway, or from the competition of two or more

enzymes for a common intermediate which may be reduced in
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the normal glycosylation pattern and PC 700 waas abnormally
glycoaylated. On the other hand, PC 700 IgM binds
complement while 21 and 38 secreted antibodies do not. In
thia function, PC 700 appears to carry normal carbohydrate.
In fact antibody produced by cells at various
differentiastion atages could have different carbohydrates
for different functiona. Thia bringa up the importance of
uaing antibodiea of aimilar apecificitiea but with
different carbohydrateas in biological asaays of antibody
effector £uncti$na including: ability to bind Fc receptore,
complement activation, antibody- dependent cellular
cytotoxicity, and antibody-antigen clearance and
compartmentalization (i.e. some typeas of antibodies
circulate in lymph, othera only in plaamad). Definition
of the important functiona of carbohydratea of antibodies
would allow the deaign of monoclonal antibodies with
appropriate carbohydrate for apecific £ﬁnctions (i.e,.
antibodies directed for tumor therapy might change in
effector functiona depending on their carbohydrate ).

In aummary, I have presented genetic and chemicsal
analyaias of several cell linea which asyntheaize IgM.
Cella : MOPC 104E, PC 700, 21 and 38 have the aams= Cm gene
arrangement and aecrete IgM with identical consastant
polypeptide chain region. Their gene products differ in
polymeric form of secretion and glycosylation. Myeloma

cella (MOPC 104E) can procesa m chain oligoaaccharides to
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triantennary structures, while PC700 only to biantennary.
Mutanta derived from PC700 cella (21 and 38) aecrete IgM
with triantennary atructures. Thease appear to originate
from mutations in the cellular glycosylation-processasing
machinery. Heavy chaina have an increase in carbohydrate
proceasaing in the order PC700 < 21 < MOPC 104E < 38, We
have shown that hybridomas can have major changes in
carbohydrate processing. Thia obeervation could have
important implicationsa on the use of monoclon;l antibodies.
Finally, the availabilaty of PC-specific monoclonal
antibodiea with differencea in procesaing could allow us to
determine the functions of antibody carbphydrate. It may
become poassible in the future, to design antibodies with

carbohydrates that determine effector functionsa.















65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

ell

141

Leder, P. 1982. Sci. American 246, 102-11S.

Gilmore, H., and R. Wall. 1978. Proc. Natl. Acsad.
Sci.75, 342-355.

Schibler, U., K. Marku, and R.P. Perry. 1978.
Cell 15, 1485-1509.

Wood, L., and S. Tonegawé. 1983. Proc. Natl. Acad.
Sci. 80, 3030-3034.

Hood, L. .1982. Cell 19, 981-992.

Shimizu, A., N. Takasaashi, Y. Yaocita, T. and Honjo.
1982. Cell 28, 499-50¢.

Marcu, K. 1982. Cell 29, 729-721.

Kataoka, T., T. Kawakami, N. Katahaahi, and T. Honjo.
1980. Proc. Natl. Acad. Sci. 77, 919-923.

Maki, R., A. Traunecker, H. Sakano, w..Roeder,
S. Tonegawa. 1S80. Proc. Natl. Acad. Sci.
77, 2138-2142.

Nikaido, T., S. Nakai, and T. Honjoe. 1981. Nature
292, 845-848.

Melcher, U., and J. Uhr. 1976. J. Immunol.
116, 409-415.

Schaerfif, M., S. Weitzman. 1976. J. of Mol. Bioly,
103, 237-252

Baezynaky, L., J. Murialdo, N. Pennell, C. Filkin,
and Shulman, M. 1983. Nucleic Acids 11, 7471-7485,

Southern, E. M. 1975, J. Mol. Biol. 98, S03-517.

Nottenburg, C., and Weisaman, I. 19%81. Proc. Natl.
Acad. Sci. 78, 484-488. ‘

Bolivar, F., R. Rodriguez, M. Betlach, and H. Boyer.
1977. Gene 2, 75-93.

Cohen, S., A. Chang, and L. Hau. 1972. Proc. Natl.
Acad, Sci. 69, 2110-2114. '




84,

87.

88.

89.

90.

a1.

3.

94.

as.

96.

97.

Rigby, P., M. Dieckman, C. Rhodea, and P. Berg.
1975. J. of Mol. Biol. 113, 237-2%1.

Groasa-Bellard, M., P. Oudet, and P. Chambon. 1973.
Eur. J. of Biochem. 3&, 32-38.

Goldelber, G., E. Vanin, M. Zrolka, and F. Blattner.
1981. Gene 13, 33-42.

Sharp, A. 1981. Cell 23, 643-646.

Cullen, B., Kopchick, J., and Stancey, D. 1982.
Nchelc Acids Research 10, 6177-61%90.

Ochi, A., R. Hawley, M. Shulmen, A. Trasuneker,
G. Kohler, and N. Hosumi. 1983. Proc. Natl. Acad.
Sci. 80, 6351-6€355.

Ochi, A., R. Hawley, M. Shulman, N. Hozumi. 1983.
Nature 302, 340-342.

Snider, M. D. 1884. in "Biology of Carbohydratea"
Vol 2. Academic Preas.

Snider, M. D., and 0. C. Rogera. 1984. Cell
38, 753-761.

Kornfeld, S. and R. Kornfeld. 1980. in "Biochemisztry
of Glycoproteinse and Proteoglycana" Plenum Presa.

Lennarz, W., and W. Plesa. 1977. Proc. Natl. Acad.
Sci. 74, 134-138.

Pollack, L., and P. H. Atkinson. 1983. J. of
Cell Biol. 97, 293-300.

Aubert, P., N. Helbercque, and M. Loucheux-Lefevre.
1981. Arch. Biochem. Biophvya. 208, 20-29.

Beeley, J. 1977. Biochem. Biophya. Rea. Commun.
76, 1051-10SS,

Rosenfeld, M., E. Marcasantonio, J. Hakimi, V. Ort,
P. H. Atkinson, D. Sabatini, D., and G. Kreibich.
1984. J. of Cell Biol. 99, 1076-1082.

Lodieh, H., N. Kong, M. Snider, and G.Stroua.
1983. Nature 304, 80-83.

142












