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ABSTRACT 

We have choaen the •urine i•aurioglobulin M <IgM> as 

aystea to study glycoprotein bioayntheaia and carbohydrate 

proceaaing. Secreted IgM heavy chain <m> haa £ive 

glycoaylation aitea which location and structures have been 

determined. • chain variable region <VH> ia involved in 

antigen binding, while the constant region <CH> ia 

responaible £or the e££ector £unctions in which the 

carbohydrate plays an iaportant role. 

We have determined the carbohydrate structures 

present et each glycosylation aite 0£ IgM produced by a 

hybridoae cell line <PC 700) and ita derived autanta and 

coapered them t o IgM £roa ayeloaa cell MOPC 104E. PC 700 

autanta aecrete altered IgM. The alterationa include: 

delet ion 0£ one or more constant domains Cautanta: 128, 

313, and 562> and • chain hyperglycoayletion Cautanta 21 

and 38>. Gene analyaia indicated that deletions can ariae 

£rom two di££erent aechaniaaa. One 0£ theae involve a ma)or 

gene change Cautant 128>, while others coae £roa baae point 

autationa Cautanta 313 and 562>. Cella 21 and 38 did not 

appear to have m gene inaertiona. 

Determination 0£ puri£ied aingle glycosylation aite 

atructurea ahow that PC 700 m chain is proceaaed only to 

xi 



biantennary. Heavy chain protein £ragmentation and 

carbohydrate atudiea indicate that autanta 21 and 38 

alter ations are due to an increaae in oligoaaccharide 

processing and reduction 0£ unproceaaed structures. There 

ia a trend 0£ proceaaing going £roa PC 700< 21< 38. In 

additon, our reaulta ahow how growth cell conditions can 

a££ect the carbohydrate processing without altering the 

deterninanta 0£ m chain oligoaaccharide atructurea . 

xii 

Studiea on the IgM molecule illustrate the need £or 

preciaely de£ine atruc t ure-£unction relationships. Thia 

would allow t he selection 0£ the beat antibodies £or 

atudiea auch as thoae involved in iamunotherapy. 



CHAPTER 1 

INTRODUCTION AND RATIONALE 

Glycoproteina are a conplex group 0£ aacronoleculea 

widely distributed in nature. They have been £ound in 

virtually all £oraa 0£ li£e. Glycoproteina have been 

identi£ied in extra and intracellular fluids, connective 

t.iaaue and cellular membranes. 

Interest in glycoproteina ia due to the diverae 

biological £unctiona which they parfora. Theae include, 

a~ong other•, ianunological protection, enzyae catalyaia, 

horaonal control, blood clotting, aur£ace protection, cell 

adhesion and aolecular recognition <1>. Recent work 

continue• to aupport a priaary role £or glycoproteina in 

tunor aetaataaia <2>. 

The key atep in the trana£oraation 0£ a protein 

into a glycoprotein ia the glycoaylation of the peptide 

chain during translation. In aaparagine-linked 

CN-glycoaidic> glycoproteina, aoat Aan-X-Ser/Thr aequencea 

aerve aa acceptor £or the aaae carbohydrate atructure. 

A£t.er translation ia coapleted, the oligoaaccharidea linked 

l 



to the £olded protein serve aa substrates £or a nuaber 

0£ glycosidaaea and glycoayltrana£eraaes which act in 

concert to aodi£y <or proceaa> the carbohydrate to give the 

£inal structures Caee Cl> £or ·recent reviewl. These events 

occur begining in the endoplaaaic reticulua <ER> and 

continue in the cis and trans regions 0£ the Golgi 

apparatus <1,12,15>. 

In this section I will give a brie£ overview 0£ 

research into the process 0£ protein glycosylation. A aore 

detailed discussion will be presented in the later sections 

in the context 0£ my experiaent~ . 

The regulation 0£ oligoaaccharide processing is not 

well understood, mainly because 0£ the co•plexity 0£ the 

glycosylation ayate~ and the great di££iculty in obtaining 

carbohydrate structural data. Current research is in three 

areas: 

1) Studies on the pathway 0£ cellular glycoproteina 

through the endoplasmic reticulum, and to the cell aur£ace 

<3>. The aignal sequences on secretory, plaaaa •••brane 

and lysoaoaal proteins initiate the coaaon pathway through 

the ER-Golgi systen <4>. Using in vitro translation 

aystens it was possible to follow the £ate 0£ a nascent 

secretory protein. Firat, aa translation occura, the 

nacent protein signal peptides are recognized by a signal 

recogniton particle <SRP> which interacts with its 

2 



receptor CSRP receptor> located at ER membrane CS, 6, and 

7>. Then, the protein ia glycoaylated aa ia transported 

acroaa the aeabrane. Rothman and coworkers (9 and 10> in 

atudies o! the aechanisma £or transport through the Golgi 

apparatus have designed a cell £uaion technique which 

reaulta in the £oraation 0£ hybrid cytoplasms containing 

two distinct Golgi populationa. These studies de£ined three 

aequencial coapartaenta in the Golgi stack, where 

transport-coupled glycosylation was used to monitor 

aovenent 0£ a glycoprotein between two distinct Golgi 

apparatus populations. Fi~al carbohydrate processing takes 

place in these cell coapartnenta. 

2> Studies on the apeci£1city 0£ glycoaidaaes and 

glycoayltrans£eraaea as determinants 0£ carbohydrate 

structure. Robbins et al Cll> compared the apeci£icity 0£ 

rat liver glucosidases. Glucosidase I reaovea only the 

terminal residue 0£ the oligoaaccharide precursor which 

contains three glucose residues. Glycosidases II and III 

~re inactive towards the substrate !or glucosidase I. High 

Mannoae oligosaccharides arise by speci£ic mannosidase 

action on various mannose residues £rom the oligosaccharide 

precursor containing nine mannose residues Cl>. 

N-acetylglucosemine trana£ereses CGlcNAC-trana£erases> are 

required £or the synthesis 0£ complex type oligosaccharides 

C12>. Schachter et al C13> have puri£1ed £our 0£ 
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these enzy•ea. Studies using theae enzyaea provided 

inportant infornation about ateric £actora involved in the 

control 0£ oligoaac charide branching in glycoproteina. 

3> Studies of how the aysten functions to regulate 

the carbohydrate atructure on glycoprotei n a. Thia is the 

least underst ood area. Con£ornational protein atudiea and 

in vitro processing 0£ glycoprotei na have indicated 

that £actora auch aa oligoaaccharide chain accessibility 

and tiaaue aubatrate enzy•e-apeci£icitiea are involved in 

regulation 0£ proceaaing <14,15,16>. Thia reaearch ia 

coaplementary to the two approaches described above. 

My own reaearch ia an effort to further explore the 

capability 0£ the in vivo glycoaylation ayatea to 

deternine carbohydrate structures. Th• coabination of these 

approaches should greatly expand o u r understanding of 

cellular mechani•n• deternining carbohydrate structures. 

Mouse immunoglo bulin M <IgM> o££era many advantages 

as a aodel glycoprotein. The gene rearrangenenta produc ing 

the heavy chain gene have been extensively characterized 

<17-23>. The prinary anino acid aequence and the location 

of five aan-linked glycosylation aites are known <24, 25, 

and 26> . The heavy chain ia produced by tuaor cell lines 

end hybridomas that represent aeveral di££erentiation 

atagea <27>. Finally, Anderaon, Atkinaon and Griaea <26> 

have recently completed the atudiea on the carbohydrate 

4 



atructurea at each 0£ the £ive glycoaylation aitea on 

aurine IgM produced by MOPC 104E cell• uaing ~00 aHz proton 

nuclear ••gnetic raaonanca <H-HMR>. Figure 1 ahowa a 

acheaatic drawing of the heavy chain <•> 0£ IgM ahowing the 

location of glycoaylated aaparagine reaiduea. 

In •Y own experiaenta, I aet out to atudy lgM 

produced by a hybridoaa cell line PC700. Thia antibody ia 

specific for phoaphorylcholine. Shulaan C28> have 

•utagenized cell• a nd uae a auicide selection aethod to 

isolate cell lines producing altered IgM. My goal waa to 

compare the glycoaylation 0£ IgM £roa PC 7 00 with 

structures deterainated £or each glycoaylation aite on MOPC 

104£, a n d deteraine how glycoaylation ia altered in 

variants iaolated by Shulnan £ron PC700 cells~ 



u D c D D 0 D 
171 402 583 

4 5 ' , s 7 8 ,9 

2014 47 82 166 109 62 8 

Figure 1. Schematic drawing 0£ the heavy chain of 
lgM MOPC 104E. Shown are <i> carbohydrate attachaent sites 
end corresponding eaperagine residue locations within the 
polypeptide chain. Cii> the deaercation between constant 
<Ca> end variable <VH> regions. and <iii> the aitea 0£ 
cleavage by CNBr and £ragmenta generated <CN1-CN9>. 
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CHAPTER 2 

LITERATURE REVIEW 

Glycoproteinai Structure and Fynction 

Glycoprotaina occur in cell• both in aoluble and 

aenbrane bound £oraa, aa well aa in the intercellular 

aatrix and extracellular £luida. Planta, viruaee, bacteria 

and higher aniaal cella carry glycoproteina which aerve a 

variety 0£ £unctiona Cl>. 

The presence 0£ oligoaaccharide chain• covalently 

attached to the polypeptide backbone ia the £eature that 

diatinguishea glycoproteina £roa other proteina and 

deterainea aoae 0£ their biological propertiea. A great 

deal 0£ e££ort h•• been exerted in racent yeara, to 

relate atructuraa 0£ oligoaaccharidea to apeci£ic 

£unctions. 

The body £luida are rich in glycoproteina aecreted 

£roa varioua gland• .and organa. Glycoproteina 0£ blood 

plaaaa which include transport proteins 

Ce.g.trana£errin>,ceruloplaaain and iaaunoglubulina, and 

nany components 0£ coapleaent (29,30>. 
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Other glycoproteins are enzymes such as r ibon ucleaae, 

deoxyribonuclease and a-aaylase C31). 

The vast maJori t y 0£ cell membrane integral 

proteins are glycoaylated. There ia increasing evidence 

suggesting that cell aur£ace glycoproteins are involved in 

a number 0£ physiological £unctions, i ncluding cell 

interactions, adhesion 0£ cells to a substratum, and 

migration 0£ cells to particular organs <32) . For examp l e, 

neural cell adhesion molecules or N-CAM are glyc oproteina 

present i n a variety 0£ species and appe~r early in 

embryogenesis C32). The N-CAM molec ules are postulated to 

be involved in t h e £oraation 0£ cell - cell bonds as 

demonstrated in studies using anti-N-CAM <£ab~> £ragmenta . 

The antibody £ragments speci£ic ally block adhesion 0£ 

spinal cord neu rites end muscle cells, without altering 

the cell morphology. CAM molecules vary in their s i alic 

acid content according to tissue a n d developmental stage. 

Edelman (33) has proposed that CAM aoleculea act as 

regulators 0£ morphogenic movement s that are esaent i al £or 

early induction 0£ di££erentiat i on. Studies 0£ cell 

s u bst ratum interaction s have shown that apeci£ic changes in 

cell aur£ec e structures ere associated with mannalien cell 

trans£ormet ion. These changes include alterations in 

oligoaaccharide structures 0£ glycoproteina and 

glycolipids. The asparagine-linked oligosaccharides of 

trana£orned cells appear to be la r ger d u e to increased 

8 



terminal aialylation and/or increaaed branching (34,35>. 

Dennis and Carver <2> have shown that the metaatatic 

capacity 0£ malignant cell lines may be cloaely related to 

the acquisition 0£ certain aur£ace oligoaaccharides . A 

non-metastic mutant cell line contained a three to £our 

£old reduction in cell sur£ace a i alic acid. Furthermore, 

these cella attach more readily to £ibronectin and to 

collagen-coated aur£acea than wild type cells which ahow 

high metastatic capaci t y. Thia characteristic may prevent 

the cells (non-metastic mutants> £ron escaping their 

primary subcutaneous site. 

Types 0£ Carbohydrates Found in Glycoproteins 

There are £ive •aJor types 0£ linkages between 

oligoaaccharide and proteins. The aoat coanon on cellular 

glycoproteina include: N-acetylglucoaaminyl-aaparagine 

linkage or N-glycosidic, and 0-glycoaidic linkages. 

Glycoproteina containing the N- glycoaydic type · are the moat 

extensively studied and are reviewed here. 

The N-glycoayd1c-l1nked oligoaaccharides have 

heterogenenoua atructures that usually £all into two 

categories: "high-mannose" and "complex". Examples 0£ both 

types are given in £igure 2. Diagrams <a> and Cb> are 

complex triantennary and biantennary, while <c> ia a high 

nannoae type. Both claaaea have an inner core 0£ 

Mannoae3-N-acetylglucoaamine-2 
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<Man3-GlcNac2> attached to an 

High mennose oligoaeccherides contain additional a-linked 

•annose residues, while complex oligoseccharides carry 

other external sugars such as GlcNac, galactose <Gal), 

Fucoae <Fuc>, and s1al1c acid <SA> (1). Complex type 

10 

oligosaccharide can have s~veral branches, with biantennary 

complex oligoaaccharide <Figure 2b> containing two, 

while triantennary <£igure 2a> have three. For a wh1le it 

was thought that aialic acid acted as a termination signal, 

limiting the number 0£ structures £or•ed. This is now known 

not to be the genera~ case, since some N-glycosidic unite 

terminate in galactoae or NAcGlc. Recently several groups 

have reported the presence 0£ hybrid structures in 

rhodopsin. ovelbumin and aome lyaosomal hydrolaaes 

<36,37,38>. In these structures, one branch contains outer 

augara < Gal, SA, and/or Fuc> while the other contains 1 or 

2 Man residues. Yamashita et al (40), working on hamster 

kidney cells end their polyoma trans£ormants £ound an 

increase in tetraantennery oligosaccharides containing 

Gal-[1-4l-GlcNAc repeating structures in their outer chain 

moieties. A single glycoprotein may carry di££erent types 

0£ oligoaaccharidea as has been deaonatrated in VSV 

glycoprotein, ovalbumin, and murine IgM heavy chains 

<1,25,26>. Furthermore, a puri£ied glycopeptide containing 

a single glycoaylation site can exhibit a number 0£ related 

structures, celled microheterogeneity (1) . 
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Figure 2. Common structures of asparagine-linked 
glycopeptides. a> Co aplex Triantennary# b) Complex 
Biantennary# and c> High Manno ae. Fucose <Fuc>. Mannose 
CMan>. N-acetylglucoaamine <GlcNAc>. Galactose CGal> . and 
Sialic acid <SA>. 
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The pathways and reactions leading to the £ormation 

0£ asparagine-linked carbohydrates have been described in 

detail <1>. Regulation 0£ how a £orm 0£ glycoaylation is 

expressed at a given protein is not understood. Chapter 4 

includes a detailed description 0£ oligosaccharide 

biosynthea1s, assembly to the protein backbone, and aome 

in£ormation about regulation 0£ £1nal structures. 

Role 0£ Carbohydrate in Glycoproteina 

In recent years, the complete structure of 

carbohydrate units 0£ a number 0£ glycoproteina of well 

de£ined £unction have been elucidated in detail <41-45> . At 

the same time, attention has been £ocused on the intriguing 

question of the biological £unctions of the carbohydrate 

units. One of the aost important obaervations is the 

realization that sugar polymers can carry more information 

than polypeptides or polynucleotidea <31>. 

Demonstrated carbohydrate £unction include : 

a) The serological specificity 0£ blood group 

heteropolyaaccharide, which is dictated by specific sugars 

linked to a common core. Morgan and Watkins <41> 

demonstrated that the specificity of the maJor blood types 

is determinated by sugars. For example the di££erence 

between the blood types A and B lies in a single auger 

unit. In type A the determinant is N-acetylgalactosamine, 

and in blood type B galactose. 
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b> The role 0£ certain sugars in controling the 

li£etine 0£ glycoproteins in the circulatory aystea 0£ 

higher animala, and regulation 0£ glycoprotein uptake by 

cella. Aahwell and Morell <42> have shown that many native 

and modi£ied glycoproteins carrying exposed Gal, 'GlcNac, or 

Man are recognized by apeci£ic liver receptora and removed 

from circulation . 

c> A £ibroblaat receptor which ia able to recognize 

hexoae phosphate is involved in the uptake o! lysosomal 

glycoproteina <B - glucuronidaae, 8-hexoaaninidase, and 

B-galactosidaae>. In these cells mannoae-6-phosphate is the 

aignal to direct hydrolytic enzynea £ron the endoplasmic 

reticulun to lyaosoaea. The existence 0£ a r~ceptor 

aediated ayaten in cultured £ibroblaat was discovered by 

Neu£eld and Ashwell <43> aa a result 0£ studies on genetic 
I 

diaordera 0£ nucopolyaaccharide catabolian. 

d> The removal 0£ carbohydrate £rom gonadotropina 

auch aa huaan Chorionic Gonadotropin <hCG> resulta in the 

loaa 0£ biological activity, implying that the carbohydrate 

ia eaaential £or horaonal action <44,45>. Reconstitution 

experiments uaing deglycosylated hCG £ailed to stimulate 

hornonal activity measured by cAMP production <in 

vitro> and progeaterone release Cin vivo>. In 

addition, deglycosylated hCG acts aa a potent inhibitor 0£ 

hCG activity, aince removal 0£ carbohydrate does not affect 

receptor binding. 

13 
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e> It has recently been shown by Nose and Wigzell 

<46) that the carbohydrates 0£ imaunoglobulin G <IgG> are 

required £or certain antibody £unction. IgG isolated £ro~ 

cells treated with a glycosylation inhibitor had normal 

antigen binding and protein A binding capabilities, but 

have lost their ability to activate complement, to bind to 

the Fe receptor, and to induce antibody-dependent cellular 

cytotoxicity. 

Iamunoglobul1n M <IgM> as a System to 

Study Glycosylation 

Iaaunoglobulins Clg's) £orm a set 0£ glycoproteina 

that have the ability to bind other molecules with a high 

degree 0£ speci£icity. Inaunoglobulina have been used to 

study processes such as protein synthesis and secretion, 

gene expression and regulation <17-27>. Analysis 0£ these 

£unctions £acilitate the examination 0£ other events, in 

particular glycosylation and oligosaccharide processing 

<25,26,28,47>. 

All iaaunoglobulin classes have the same 

£undamental atructure, consisting 0£ £our polypeptide 

chains: two light CL> and two heavy <H> chains linked by 

interchain disul£ide bonds. The light chaina which are 

common to all Ig classes are either called Kappa Ck> or 

Lambda Cl). The heavy chains are apec1£i c to and 

determine the class 0£ immunoglobulin . ., 
( . 



In IgM the heavy chai n ia deaignated with the greek letter a 

<au). 

Each chain <L or H) conaiata 0£ t wo regiona which 

per£orm totally independent £ unctions. Th• variable CV> · 

region ia di££erent in every chain that haa been partially 

or completely aequenced (48>. Thia region ia located at the 

prot ein amino-terminal aide. The carboxy-terainal or 

Constant <C> region carries the same sequence £or each type 

0£ heavy or light c hain. A variable region £roa L chain 

combines with a V region 0£ a heavy chain to £ora the 

antigen binding site. There are two 0£ theae aitea per each 

basic structure . Antibody a££ector £unctions which are 

carried out by the heavy chain C region include : Fe 

receptor binding and compleaent £1xation. All Ig heavy 

chains carry carbohydrate aoietiea in the C region with 

their own characteristic auger content <26,49>. 

The IgM aolecule ia the aoat pri•itive 

immunoglobu lin in that it ia the £ i rat to appear in 

vertebrate evolution. Moreover, it ia the £irat 

immunoglobulin to appear during the ontogenic development 0£ 

the iaaune ayatea <50>. 

The IgM molecule ia ayntheaized by calla derived 

£rom the lymphocyte aerie& CB lyaphocyte>. Depending upon 

the atage 0£ development, the B cell expreaaea • chain at 

di££erent locations, including aubcellular , a a u r£ac e 

aeabrane bound or aecreted to t he plaana. The aature 8 
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lyaphocyte contains IgM •xpreaaed aa a aembrane bound 

glycoprotein, while plasma cells actively aecr•t• lgM 

molecules C19,~1>. 

16 

There are tuaora 0£ the B c•ll lineage corresponding 

to each 0£ these developaental atagea which perait ready 

analysis 0£ the iaaunoglobulin expreaaion. The B cell ia 

represented by B cell lymphomas and the plaaaa cell by 

plasmacytonaa or ayelona cella , each conaiating 0£ a clone 

0£ cells derived £rom a single cell. The calla produce a 

single hoaogeneoua apeci£ic type 0£ ianunog~obulin aolecule. 

Moreover, a aingle cell lineage can be analyzed in both 

stages becauae a B cell lyaphona carrying aeabrane bound 

IgM, upon cell £uaion with the appropriated ayeloaa cell 

lin~ will £orn a hybridoaa, which i• induced to aecrete lgM 

C27>. The induction 0£ the aurine plaaaacytoaaa by 

intraperitoneal inJection 0£ ainaral oil, waa one 0£ the 

moat important diacoveriea 0£ aodern aolecular iaaunology 

C53,54>. There ia a vaat literature indicating the validity 

0£ using theae clonally expanded iaaunoglobulina to atudy 

nornal iamunoglobulina C53>. Recent £indinga uaing aouse and 

human lymphomas indicate that cell trana£ormation <leading 

to the clonal expansion> result £rom an increase in the 

expression 0£ a normal cellular product. The trana£ormation 

aay be due to the translocation 0£ a relevant chro~oaome 

£rag•ent carrying region which brings the gene(s) under the 



the in£luence 0£ highly active promoters, or next to 

enhancer sequences (55>. 

Origin 0£ Cell Linea Producing Altered lgM 

In ~ddition to myeloma and hybridoma cell linea 

that produce normal IgM, it is possible to use cell lines 

that syntheeize abnormal immunoglobulina to elucidate 

changes occurring in many 0£ the phenomena related to lgM 

synthesis.· Altered properties may include: structure 0£ the 

binding site, interaction with complement, £oraation 0£ 

polymers, s ize 0£ the m Heavy c h ain and glycosylation 

(56,57). 

Two general properties recommend t he aouae 

immunoglobulin system £or biochemical studies. First, it 

is relatively easy to isolate mutants in wh1ch lg 

production is qualitatively or quanti tatively altered. 

Second, lg comprises a relatively large £raction 0£ the 

protein made by these cells, £acilitating the co~parison of 

the mutant with the normal products. Shulman and Kohler 

recently described the selection 0£ an IgM deletion mutant, 

and Scher££ has isolated an lgG producing mutant 

<28,57,76>. It is important to point out that theae 

mutations a re similar to those naturally occurring. Kenter 

et al (58> have studied two variant cell lines that produce 

short IgG heavy chains . The alteration is due to C-terDinal 

delet1ons caused by premature termination 0£ the translated 

17 
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product. Carbohydrate enelyaia 0£ variant heavy chains show 

di££erential glycosylation in oligosaccharides derived £ron 

HL <heavy and light. hal£mer> and H2L2 <aonomer> 

secreted £orJRs . The heavy chain 0£ HL £orn contains More 

carbohydrate. In add i tion, the parental cell line contains 

mainly high mannose type oligosaccharides, while variant 

heavy chains carry complex type as predominant apecies. 

Thus, mod1£ications in heavy chain primary structure in 

these mutant cell lines lead to alteration in 

glycosylation patterns. 

Shulman et a~ <57>, have isolated a group 0£ 

hybridoma cell linee which produ ce altered IgM. The suicide 

selection method uaed yield mutants which produced IgM that 

was unab l e to bind antigen or to activat e complement. 

Further analysis 0£ these mutants show that JR chai n s were 

altered. The alterations include, among othera, 

hyperglyco sylation and delet i ons 0£ £ragnents 0£ heavy 

chains . Figure 3 shows the scheme used to obtain autant 

cell li nes by t he suicide selection method. 

Here, comparative studies 0£ the parental and 

mu tant cell lines are being presented. Studies coaprising 

genetic mapp ing 0£ both types 0£ cells, and gene product 

analysis 0£ the hyperglycosylated lgM. 
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hydroxy-N-auccinic eater CONS>. Mutant numbers 21 and 38 
ere celled "hyperglycoayleted". Mutants 108,. 128, 313 and 
562 were designed ea "deletion" . 
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CHAPTER 3 

MOLECULAR BIOLOGY OF IgM MUTANTS 

Introduction 

Antibodies are coapoaed 0£ two type• 0£ polypeptide 

chains, light <L>, and heavy <H>, whi c h are in turn divided 

into an N-terminal variable <V> and a C-terainal conatant 

CC> region. In 1965 Dreyer and Bennett postulated that the 

antibody polypeptide was encoded by two genea that were 

Joined together during the di££erentiation 0£ 

antibody-producing B cella <59>. Thia waa the initial 

auggeation that the coding aequencea £or a polypeptide were 

separated in the genoae. In addition, it iaplied that 

developaentally regulated DNA rearrangeaenta were a 

£undaaental el••ent in antibody gene expraaaion . Nucleic 

acid analyaea whieh include cloning, ONA hybridization and 

sequencing have veri£iad both 0£ the auppoaitiona and 

revealed that the antibody ayatea aaploya two diatinct 

types 0£ ONA rearrangeaenta. They include variable region 

£oraation and claaa awitching, both 0£ which appear to be 
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part of a precise program of DNA rearrangement that occur 

during di££erentiation <17-23, 60,61>. 

Antibody Gene Familiea 

The Light <L> Chain 

Antibody molecules are encoded b y three unlinked 

gene £am1liea: two £or light <L> chains, lambda <l> and 

kappa<k>, and one £or heavy <H> chains. The light chains 

are encoded by three g~ne segments, V<L> <variable>, · 

JCL> (Joining>, and CCL> <constant>, which are separated 

in the genomes 0£ und1££erentiated cells <20) . In the 

embryonic mouse DNA, several hundred V genea have been 

ident1£ied. They encode the £irat 95 amino acids 0£ the 

light chain <kappa>. The remaining portion 0£ the variable 

region is encoded by the J gene a aequence located 

downstream £roa the V gene, near the constant-region gene. 

The J gene ia repeated £ive tiaes at intervals 0£ about 300 

nucleotides C62,63>. During B cell di££erentiation a V<L> 

and e J<L> gene segment are Joined together by DNA 

rearrangement to generate a VCL> region. Extra V's and J'a 

segments <and the long non-coding aequencea> between the• 

are deleted <review 65). 

The DNA rearrangeaent ia teraed variable region 

£ormation or V-J Joining. Nucleic acid sequencing ahowa 

that certain £eatures 0£ the light chain genea have been 

conserved and appear to play a role aa recombination 
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signals C64>. The ahort gene £ragaenta are located on the 

3' aide 0£ the V genes and on the S 1 aide 0£ the 3 genea . 

Each aequence haa a atretch 0£ about nine nucleotide• 0£ 

which a large portion are either A'a or T 1 a. The nonaaer ia 

£ollowed by an interval 0£ either eleven or twenty two 

nucleotidea, then by a aeven nucleotide aagaent containing 

aainly C's and G1 a. The nucleotides £roa the V gene aay 

£ora a ate• by coapleaentation with those in the 3 gene, 

bringing both gene £ragaents together. Then by a DNA 

recombination aechaniaa, the atea £oraing aequencea are 

deleted <64> . The £lexibility 0£ the recoabinational ayatea 

explains in part the generation of antibody diversity 

<reviewed in 65>. 

During the expression 0£ the rearranged gene in the 

di££erent1ated 8 cell, the coding region• aa well as the 

intervening ONA between the 3 CL> and C CL> gene aegaenta 

are transcribed aa part 0£ a high aolecular weight 

transcript . The intervening aaquenca ia aubaequently 

removed £roa the initial tranacipt by aplicing to produce 

the £unctional light chain a C66>. Thia aRNA contain• a 

VCL>, a J<L>, and a CCL> coding aaquancea <67>. 

The Heavy <H> Chain 

The heavy chain gene organization waa revealed 

uaing a i ailar techniques aa £or the light chain <23>. 

Studiea £roa Hood, Tonegawa and co-worker• de•onatrated 
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that at the embryonic atage, the heavy chain locua ia 

conatituted by a large nuaber 0£ V<H> genea, at leaat ten D 

(diversity> genea <23,68>, £our £unctional J<H> genea and 

eight C<H> genea. Figure 4 ia a acheaatic repreaentation 0£ 

the complete gene locua. 

Each V, D, and 3 gene aequencea are aurrounded by 

recoabinational aignala <aiailar to thoae in the light 

chain>. Early in B cell di££erentiation a coaplete variable 

region is £oraed by two DNA rearrangeaenta. First, V and D 

genea are aaaeabled together £ollowed by the addition 0£ a 

3 gene. H6od and aaaociatea <69> £ound that heavy chain 

variable region £oraation £ollowa the aaae aechaniaa aa the 

V<L> region. The extra piece 0£ genetic in£oraation <D 

gene> aultipliea the coabinatory poaaibilitiea 0£ creating 

antigen binding aitea <68>. 

The aouae C<H> gene locua, in undi££arentiated 

cella, conaiata 0£ eight genaa. The arrangeaent apana cloae 

to 200 Kb 0£ DNA <Figure 4>. The aequenca ia Mu, Delta, 

Gamaa 3, Gamma 1, Gaaaa 2b, Gaaaa 2a, Epailon and Alpha 

<reviewed in 70>. Depending on the heavy chain type, the 

C<H>-coding regiona are coapoaed 0£ two to aix atructural 

doaaina, moat 0£ which conaiat 0£ 100 aaino acid• that are 

aeparated by aaall introne <a•e later> <20,61,70>. 

Koahland at al <27>, in atudiea with cell linea 

which produce di££erent iaaunoglobulina deaonatrated that 

the atage 0£ B cell development ia diatinguiahed by the 



Organization of Mouse Immunoglobulin Heavy Chain Genes 
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Figure 4. Schematic diagram 0£ genomic DNA coding 
£or the aouae iaaunoglobulin heavy chain genes. Coding 
aegaenta represented by boxes and non-coding regions by 
linea. Variable region constituted by gene £ragments: 
Variable <V>, Diversity CD>, Joining CJ>. Constant 
regions Cgraek letters): Mu <a>, Delta Cd>, Gamma Cg> 1 , 
2a, 2b, and 3, Epsilon Ce> and Alpha Ca>. 
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type 0£ heavy chain gene axpreaaad. The pre-B lyaphocyte 

aakea a Mu heavy chain conatant region linked to a apeci£ic 

variable region. The heavy chain raaaina inaide th• cell 

until ayntheaia 0£ the light chain ia coapleted . Light and 

heavy chaina coabine to £ora coaplete IgM aoleculea, which 

are expreaaed aa •••bran• bound glycoproteina. Th• 

aubaequent atepa in lyaphocyte aaturation are antigen 

driven. Mat ure B calla ayntheaize IgM aa a aeabrane bound 

receptor. The terainal atage 0£ B cell di££erenti ation i• 

th• plaaaa cell which ia coaaitted_ to ayntheaize and 

aecrete large quantitiea 0£ a •ingle aolecular apeciea 0£ 

antibody. 

There are cell lines that repreaent each 0£ the 

aaturation atagea 0£ B lyaphocyte. Lyaphoaa calla have 

propertiea aiailar to aature B cella, while ayaloaa and 

hybridoaa cell• raaeable plaaaa calla <£ully di££erentieted 

calla>. The call linea ere clone• which produce a aingle 

apeci£ic antibody. Studiea on th• genetic& 0£ antibody 

production have relied heavily on the availability 0£ 

ayeloaa end lyaphoaa cell linea <27>. 

Several atudiea uaing ayeloaa cell linea indicate 

that IgM diaappear £roa the cell aur£ace £ollowed <during 

aaturation) by a•c~etion 0£ IgK, IgG, or IgA <21,71>. Heavy 

chain genea isolated £roa genoaic librariea ahow that each 

0£ thaae claaaaa 0£ iaaunoglobulina haa a d1££erent heavy 
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chain conatant region, but the antigen apeci£icity or 

variable region reaaina the aaae. A aecond DNA rearrangaent 

aediatea claaa awitching to generate expr••••d alpha <21> 

and gaaaa chains <21,72,73>. The proceaa ia called heavy 

chain claaa awitching. 

Clo•• analyaia 0£ the aequencea around the geraline 

and rearranged genea ahowed group• 0£ repetitive DNA 

aequencea <Switching aegaenta) located about 2 kb 5~to each 

OCH> gene. The awitching <S> aegaenta contain aeveral 

coaaon tandaaly repeated DNA aequencea <S aitea> <74>. Each 

C<H> gen•• have apeci£ic and di££ererit S aegaenta. The 

aignala aediata a recoabination event that JOina a S ait• 

aequenc• to another S ait• located next to a downatreaa 

conatant-region aequence . Conatant region• which are 

located in between the S region• are deleted. Thua, the 

variable region ia now next to a di££erent conatant region 

which in turn ia going to be expreaaed by the cell. In 

auaaary, two diatinct type• 0£ DNA rea~rangeaenta to occur: 

a VD3 Joining and a C<H> awitch. Th• aolecular requireaenta 

and aechani•• 0£ regu lation 0£ C<H>-g•n• awitching reaaina 

to be elucidated <17,21>~ 

Moua• C<a> Heayy Chain Gene Organization 

Th• IgM conatant heavy chain gene, C<a>, appear• to 

play a pivotal role in B cell aaturation. All 
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iaaunoglobulin aecreting cell• initially expreaaed IgM 

<27>. Furtheraore, th• IgM aol•cul• can appear 

aucceaaively in two £ora~, one bound to th• B cell aeabrane 

and the other ••cretad. 

Uhr and Vaaalli <S1,7S> uaing carboxyp•ptidaae 

analyaia and detergent atudiea 0£ th• IgM protein, 

indicated that the heavy chain neabrane bound £ora enda in 

a ahort aequence 0£ hydrophobic amino acids, which anchor 

th• antibody to the cell aeabrane. The aecreted au chain 

lacka thia hydrophobic sequence. The&e ob&ervationa 

originated the aearch £or the C<a> gene organization. 

Early and Cori <18,61>, by extensive hybridization 

analyaia uaing C<•> probes, independently deternined that a 

aingle C<a> gene copy ia preaent in both enbryonic and 

di££erentiated calla <IgM producing>. The ONA context in 

both cell• ia di££erent. Gene restriction aapping ahow that 

in calla aecreting IgM, C<n> is located cloaer to the VOJ 

than in undi££erentiated cella. In addition, cella 

aecrating other ianunoglobulina have the CCn> gene deleted . 

Aa aany other eukaryotic genes, CCm> gene containa 

coding and non-coding aequencaa. R-loop hybridization 

analyaia 0£ CC•> clonea and mRNA iaolated £rom MOPC 104£ 

cella <which ••inly secrete IgM but produce ao•e aeabrane 

bound IgM>, ahow that about 90~ 0£ the aoleculea have two 

to £our R-loopa, while the rest 0£ the •olecules contained 



28 

on• aore hybrid loop <18,19>. Th••e reaulta augg••t•d two 

population• 0£ aRNAa. Th• location and diatribution 0£ the 

coding, and interv•ning aaqu•nc•a waa con£iraed by det ailed 

reatriction aapping and aequencing <18,19,61>. Early et al 

<18,19> concluaivaly daterai n•d th• genoaic origin 0£ the 

two ·aRNA population• uaing RMA blotting and hybridization 

to apeci£1c cDNA clonea. Both aRNA were tranacribed £roa 

the aaae C<a> g•n• which ia conatituted by aix coding 

aaquencaa, C<•1> to C<a&>• Both aRNAa w•r• 

id•ntical £roa C<a1> to C<a4>, but the aeabrane 

bound £ora had two •Xtra coding aequencea. Figure 5 ahowa 

the reatriction aap 0£ Ca gene containing the £irat £our 

coding regiona . The laat two coding gene• £or th• aeabrane 

bound end war• £ound about 2 kb downatreaa C<a4>, and 

code aainly for hydrophobic aaino acida <18,19>. 

Proceaaing 0£ nuclear RNA appear• to be reaponaible £or 

deteraining th• relative l•v•l• 0£ au(aeabran•> aRNA and 

aa<aecreted) aRNA produced in di££erent cell typea. 

Splicing event• reaoving the atop codon at the end of 

C<a4> and the reat 0£ the non-coding aequencea, leada 

to •••bran• bound aRNA. Poly A tail addition to CCa4> 

£oraa aecreted aRNA <18,22>. DNA rearrangeaent doea not 

play a direct role in controlling either £ora. 



~ 
e 

ec 91 
c 
c.l 

cu 

---0ifif .j: :::::::::: :::::L ·: ·: :: ::: il. :: 

-

Figure 5. Restriction aap 0£ the mouse m chain 
gene. The Eco Rl £ragnent shown contains the co•plete C<m> 
gene. Bam Hl cleaves at the Middle 0£ C<m>. Shaded areas 
are coding sequences. Linea are non-coding sequences or 
introna. The lower portion 0£ the £igure correspond to 
n12 cDNA clone uaed as probe £or hybrization 
experimenta. 
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Mutation• to the C<a> Gene 

Having de£ined th• atructure 0£ iaaunoglobulina and 

ita baaic gene organization, aeveral groupa have began to 

iaolate cell line• that ~ecrete altered iaaunoglobulina 

<28,57,76>. Th• rational• £or obtaining theae cell lines ia 

to provide a aeana 0£ identi£ying the atructural baaia 0£ 

IgM £unction, and 0£ atudying the biocheaiatry 0£ IgM 

ayntheaia and proceaaing. 

At the gene level, there are certain advantage• £or 

producing autanta. Firat, as aentioned above, only one 

chroaoaoae dir•cta the ayntheaia 0£ lgM <18,1~>. The other 

chroaoaoae ia ailent. There£ore, altered Ig ayntheaia ia 

doainant. Second, the preaence 0£ non-coding aequencea 

between the V region and each 0£ the constant .doaain genes 

givea a aechaniaa to partially correct errora. I£ there ie 

a deletion around a aplic• site, the procaaaing could go on 

to the next aite, and delete the doaain (or doaaina> in 

between <18-23,61>. 

The iaolation 0£ cell• autated in genea £or 

noneaaential protein&, auch •• iaaunoglob lina ia 

relatively aiaple. Schar££ and hia colleague& C76> 

diacerned autant clone• aaking altered Ig by teating £or 

antibody-dependent precipitation around coloniea in agar. 

Kohler <28,57> deaigned a aethod 0£ selection by which 

cell• aecreting wild type antibodiea coaait auicide. Figure 
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3. For autant •election, c•lla w•re treated ao that 

phoaphorylcholine <PC> waa covalently bound to the cell 

aeabrane,and then were grown under conditiona 0£ liaited 

di££uaion. Under theae condition• cells secreting IgM bind 

PC on their own aeabrane. Thua, in the preaence o! 

coapleaent the wild type cell• are killed and aut ant cells 

producing altered iaaunoglobulin a urvive. The aucceaa 0£ 

thia auicide aelection waa aaaeaaed by aeaauring the 

reaction with apec1£ic rabbit anti-aouae <•> aeru~, and by 

protein A plaque £ornation. Initial characteri2ation 0£ 

autationa a££ecting the IgM aolecule included: partial C<a> 

protein deletion, polypeptide addition, and CCa) abnoraal 

glycoaylation· <~7,77>. 

In thi• chapter, the C<n> gene atructure 0£ autant 

cell line• which aecrete heavy chain with deletiona and 

hyperglycoaylated heavy chain were analyzed uaing the 

Southern aethod <78). Several pointa £acilitated theae 

atudiea: <a> Noraal C<a> reatriction enzyae aapping <£igure 

4>, and aaquencing have been publiahed, £or MOPC 104 E and 

other hybridoaa cell linea that aecrete lgM (18,20>. <b> 

cDNA clones that code £or noraal C<a> gene which can be 

uaed aa probea are available<£igure 5> <18,19>. <c> Di rect 

coapariaon 0£ autanta with the parental and wild type cell 

linea. The uae£ulneaa 0£ other techniquea to de£ine genetic 

alterationa are diacuaaed. 



Materials and Methods 

Cell Linea and Culture Conditions 

All cells were derived £ro• the hybridona cell line 

PC 700 which aecretea IgM apeci£ic £or phoaphorylchol1ne 

(57>. The cella were gi£ta 0£ Dr. M. Shulaan £roa Toronto, 

Canada. Hybridoma cells were grown aa auapenaion cultures 

in Dulbecco~a •odi£ied mininal essential aediua <DMM> 

<Grand Island Biological Co., Santa Clara, Cali£orn1a> 

aupplenented with 15 ~ heat inactivated £etal cal£ aerua, 

non-essential amino acids, streptomycin and penicillin at 

concentrations 0£ 50 aicrograna/ml and 50 unite, 

reapectively. Flaaka containing cultures were incubated at 

37 0 in a 5% co2 ataosphere. 

Bacterial Strain and Trana£oraation 

Escherichia coli X.1776 ia a derivative atrain 0£ 

E . coli K12, and waa donated to ua by Or. L. McReynolda. 

Bacteria waa grown in L•Broth containing thyaidine <20 

agll> at 37 oc. Cella <l-2 x 10 8) were harveated 

£rom 100 al 0£ culture and washed in tria-aaline bu££er <10 

aM Tria-HCl pH 7.0, 140 aM NaCl>. The pellet waa 

resuspended in 30 al 0£ CaCl2 bu££er <70aM CaCl2, 

lOnM Tria, pH 7.0 and 140 aM NaCl> <81>. The cell 

auspenaion waa allowed to &tend £or 20 ain at ooc. 

Calcium treated cells were harvested and reauapended in 5 
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al 0£ the aaae bu££er. Thia auapension waa aixed with a 

plasmid containing solution in a ratio 2:1 <vlv> and held 

et 0 oc for 20 ain. After 5 ain et 37 oc. eliquota 

0£ 100 microlitera were apraad over L-broth agar plat•• 

containing tetracycline <20 •icrograa/nl>. Tetracycline 

resistant trana£oraanta were obaerved a£ter incubating at 

37 oc for 48 ha. Iaoleted colonie& were teated for 

ampicillin aenaitivity <SO>. 

Puri£ication and Analyaia 0£ Plaaaid 
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Trana£ormed bacteria cella were grown in L-broth to 

late exponential phase <ADSOR8ANCE 600 nM=0.3>. An aliquot 

0£ 25 ml was then used to inoculate one litre 0£ M-9 aedia 

aupplenented with tetracycline <12 aicrograa/nl) and 

thya idine to a £1nal concentration 0£ 20 aicrograa/al. DNA 

plasmid anpli£ication waa achieved by adding 

chloramphenicol <20 aicrogram/nl>, a£tar the calla reached 

the late exponential phase. Cella were harveatad and lyaed 

as recommended <Betheaa Raaearch Laboratories, BRL> in 

order to prepare a aaaple £or NACS chronatography Caee 

later>. Brie£ly, collected calla <usually 1 to 2 gas wet 

weight> were reauapended in 70 al 0£ ~O aM Tria-HCl <pH S> , 

SO aM Na2EDTA, and 15~ Cw/v) aucroae. Lysozyme waa 

added to £inal concentration 0£ lag/al. A£ter incubation at 

roo• temperature £or 30 min, the aolution waa •ade o.s K 

with potaaaiua acetate. Cella were then lyaed by adding 



aodiua dodecyl aul£ate <0.5%>, and incubated £or 30 ain at 

0 oc. The lysete wea aubJected to centri£ugetion £or 30 

ain at lOKxg. The aupernatant aolutiona waa aJuated to O.S 

M NaCl with solid NaCl and nucleic acid precipitated with 

80% ethanol et - 20 oc. The dried pellet we• 

reauapended in 4 al 0£ 0.05 M NaCl bu££er containing 10 aM 

Tria- HCl <pH 7.2>,1 aM Na2EDTA <TE bu££er>. RNAae Tl 

<Sigaa > waa added (one unit I unit 0£ Abaorbance at 260 

nn>, and i ncubated £or 15 nin . The aolution waa extracted 

twice with phenol and al~ohol precipitated aa above. The 

pel l et was then reauapended.in O.SM NaCl TE bu££er and 

directly applied to a NACS 37 coluan. Two hundred 

nicrograna 0£ pBR322- •12 were recovered £roa one litre 0£ 

M-9 aedia. 

NACS-37 Chroaatography Conditi ons 

NACS <purchased £roa BRL> aaparationa are baaed 

prinarily on ion- exchange aechaniaaa. NACS ia coapoaed 0£ 

a thin £ila 0£ trialkylaethylaaaonium chloride covering a 

particulated reain. The anion exchanger interact• with the 

phoaphate reaiduea in nucleic acida. Once bound to NACS, 

the nucleic acida are eluted by increaaing · the aalt 

concentration. The NACS - 37 coluan <1.0 x 15 ca) waa 
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packed at a £low rate 0£ 2.0 al/ain i n 2.0 M NaCl 

containing TE ClOaM .Tria-HCl, 1 aM EDTA> bu££er. The .coluari 

waa equilibrated with 100 al 0£ 0.5 M NaCl TE bu££er. 
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Figure 6. Column chromatographic purificat i on 0£ 
plaamid DNA. Sanplea were loaded on pre-equilibrated 
NACS-37 column <0.5 M NaCl column buffer>. Fractions were 
collected and detected by aonitoring the ABSORBANSE <ABS> 
at 260 nM. Firat peak repreaenta non bound material . 
Plasmid containing fractions were eluted with 0 . 8 M NaCl 
buffer. 
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The aample was loaded on the coluan and 4 al £ractiona 

collected. A large volume 0£ atarting bu££er waa uaad to 

elute non-bound aatarial. The bound £raction waa eluted 

with 0 . 8 M NaCl TE bu££ar. The nucleic acid contai ning 

£ractiona were aonitored by abaorbance at A 260 na. 

PBR-322-•12 eluted with the high aalt bu££er < Figure 6>. 

Peaka containing nucleic acid• were dialyzed, concentrated 

by ethanol precipitation and analyzed in agaroae gela 

[Figure 7 <a> and <b>. 

Cellular DNA 

H gh aolecular weight cellular DNA waa prepared 

£roa cell• grown in tiaaua culture <1 al 0£ packed cella> 

uaing atandard procedure• (83>. 

Brie£ly, the call pellet auapended in 0.1~ M NaCl, 

0.1 M EDTA <pHS.O> waa lyaed by adding SOS to a £inal 

concentration 0£ 1~, digeated with pronaae <Calbiochea > 

<100 aicrograaa/al> and further deproteinized by 

extraction• with phenol and then chloro£ora-iaoaayl alcohol 

<24:1>. Following dialyaia against 0.15 M NaCl, lOaM Tria 

CpH 7.4>, laM EDTA . The DNA waa then digested with RNAae A 

<20 aicrograaa/al> <SIGMA> for 1 hr at 37 oc. The 

aolution waa extracted aequencially with phenol and 

chloro£orM-iaoamyl alcohol and dialyzed against 10 •M Trie 
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CpH 7.4>, laM EDTA. DNA concentration wa& estiaated by 

deternining the abaorbanc e at 260 nM. (abaorbanc e at 260nm 

1~= 200). 

Endonucleaae Oigeation 

Eco Rl, Patl, and Baa Hl were purchaaed £ron New 

England Biolaba . DNA digeations were carried out £ollow i ng 

atandard conditiona provided with the enzyme. Four times the 

aaount 0£ enzyae needed to completely digeat the 

bacteriophage lambda DNA waa uaed to c leave the cellular 

DNA. A£ter digeation, reaction mixtures were precipitated 

wi t h 2 voluaea 0£ ethanol at -20 oc overnight. The 

pelleta were reauapended in 10 aM Tris <pHS.O>, 1 aM EDTA. 

Agaroae Gel Electrophoreaia 

Nucleic acid aamplea <10-20 ug £or Southerns, 

0.5-1.S ug £or plaaaid a nalyaia> were aeparated by 

electrophoreaia in horizontal alab gels <23x14x0.4cm> 

containing 0.8 or 1 . 0 ~ agaroae <BRL Laborat oriea> in Tris 

acetate bu££er, pH 8, containing 1 •• EDTA. Samplea were 

aixed with an equal volume 0£ starting bu££era Clx Tris 

acetate bu££er/10~ glycerol/broaophenol blue> and were run 

at 25-30 V £or 20-24 hr C78> 
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Figure 7. Agaro•• gel •lectrophore•i• 0£ pleaaid 
pur1£1cation. Total lyaat• and £rectiona eluted £roa MACS 
37 were analyzed. A£tar alectrophoreai• gel• were ateined 
with ethidiua broaid• end photographed. ?a> Lyaete and 
aateriel that did not react with the coluan <aeinly aaell 
RNA £ragaenta>. 7b> Lyaat• and coluan bound £ractiona. 
Th••• £rectiona contained th• thr•• pleaaid £oraa: 
auparcoiled, open circle and linear £ora. 
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Preparation 0£ Prob•• 

The •12-plaanid DNA uaed aa a apec1£ic probe 

£or • gene ia ahown in £igure 4. Complete plaaaid DNA 

<0.2-0.4 aicrograna> waa labeled by nick tranalation uaing 

BRL Nick Tranalation Kit <82> and 32P-dCTP <apecific 

activity 0£ 3000 Ci/anol> purchased iron New England 

Nuclear, Boaton, MA. Radioactivity incorporated waa 1-2.Sx 

10 8 CPM/nicrogran. 

Trana£er and Hybridization 

Following agaroae gel electrophoreaia, ataining 

with ethidiua broaide (5 aicrograaa/Ml> and 

ultraviolet-£luoreacence photography, the DNA £ragments 

were trana£ered to nitrocellulose £1ltera CBetheaa Research 

Laboratoriea> by the aethod 0£ Southern <78>. DNA £ragaents 

were denatured £or 15 ain in alkali <0.1 M NaOH, 0.1 M 

Tria-HCl>, and then neutralized uaing 0.3 M NaCl, 3xSSC 

bu££er £or 30 ain. Trana£er £ro• 4 •• gela waa carried o u t 

£or 20-24hr. Nitrocelluloae £iltara were rinaed in 2X SSC 

<0.3M NaCl, 0.03 aodiua citrate>, dried at rooa 

taaperatura, and heated at 80 oc under vacuua for 2 hr. 

Pre-hybridizationa uaed 0.2~ Ficoll, 0.2~ bovine aerua 

albunin, 0 . 2~ polyvinylpyrolidine, 6x SSC £or 2-4 hr at 68 

oc. Hybridization reaction aixturea contained 0.1 M 
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NaCl, 50 aM aodiua phosphate <pH 6.S>, 5 aK EDTA, 0.5% SOS, 

0.2 ~ Ficol l , 0.2~ bovine aeru• albu~in, 0.2~ 

polyvinylpyrolidine, and the denatured probe <l-2x10 8 

CPft>. After 24-36 hr at 68 oc, the filters were w~&hed 

aucceaaively at hibridization teaperature, in the £ollowing 

bu££era: lM NaCl, 50aM Tria <pH 8.S>, 2aM EDTA, 1~ SOS £or 

1-2 hr with one change; O.SM NaCl, O.S aM aodiua phoaphate 

<pH 6.5>, O.S ~SOS £or 1 - 2 hr. Finally, the £iltera were 

rinaed with 2x SSC at rooa te•perature and dried. 

Autoradiography in the abaence 0£ intenai£ier acreena uaed 

Kodak OMAT £11•. Expoaures varied £ron 1-6 hr. 

Reaulta 

We uaed the Southern blotting technique to co~pare 

gene atructurea in call lines that aecrete altered IgM 

<78>. Gene rearrangeaenta are coaaon in cells which produce 

antibodi••· Eabryonic and di££erentiated B cella have a 

aingle C <a> gene copy £ora ed by DNA rearrangeaent. Thua, 

it waa neceaaary to conaider whether rearrangements 0£ the 

0£ C<a> DNA aequencea occur in the genoa ea 0£ the cella 

producing deleted or hyperglycoaylated heavy chain 

aoleculea <28,57>. Deletions or additions 0£ £ragnenta 

within the expreaaed C<•> gene ahould alter the aize 0£ 

restriction enzyae £ragaenta <18,78>. Separated £ragnenta 
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were hybridized with a labeled CC•> probe to identi£y the 

£rag•ent containing the conatant region gene. Figure 5 ia a 

acheaatic repreaentation 0£ the complete heavy chain gene 

and the cDNA •12 probe uaed £or these experiaents 

<18,19>. 

Plaa•id Containing cDNA Puri£ication 

The •12 cDNA clone represents about 1 kb 0£ the 

conatant C<a> 3' end 0£ the gene <Figure 1) <18>.The cDNA 

clone which contain& CCa3> and C<a4), and aoat 0£ 

C<a2> conatant doaaina ia inaerted in pBR322 

plaaaid at the Pat 1 aite <SO>. pBR322- •12 waa 

conatructed by Early et al (18> at Lee Hood'a laboratory . 

The plaaaid was uaed to trana£ora E. coli X 1776 by using 

the CaCl2 ahock technique <81> • The trana£oraanta were 

identi£1ed by their reaiatance to tetracycline ClO ag/al). 

A£ter 12-18 ha 0£ chloranphanicol aapli£ication, the 

cleared lyaate waa prepared aa deacribed in aethoda. 

The •12 containing fragment waa isolated uaing a 

NACS 37 coluan <Betheaa Reaearch Laboratories>. RNA and 

DNA aoleculea react with di££erant a££inity to the column. 

Bound aaterial i• eluted by changing the aalt 

concentration. The lyaate waa applied to a pre-equi librated 

coluan and extensively waahed with O.SM NaCl in TE bu££er 

until the eluate waa easentially £ree 0£ abaorbance at 260 



nM. Plaa•id elution waa carried out with O.SM NaCl in TE 

bu££er. The elution pro£ile ia ahown in Figure 6. The 

£ractiona were pooled and analyaed in 1~ agaroae gela 

<Figure 7>. The aaterial eluted at O.SM NaCl contained 19w 

aolecular weight RNA and DNA £ragaenta <Figure 7a). The 

three £oraa 0£ plaanid DNA eluted at 0.8M NaCl are 

aupercoiled, open circle end linear £or• <Figure 7b>. The 

puri£ied plaaaid waa dialyzed and concentrated by 

lyophylization. 

Analysis 0£ Plasnid 

We teated the £ragnent pattern a£ter digestion 

with apeci£ic restriction endonucleasea to ahow that the 

isolated plaaaid contained the •12 inaert. Aliquots (50 

ul> 0£ each reaction were loaded onto a 1.4~ agaroae gel 

<Figure 8). The undigested lane contains the plasnid £oraa. 

Eco Rl digeat ahowa a aingle £ragaent 0£ 5.2 kb with alower 

aobility than p8R322• The Patl digeat ia coapriaed 0£ 

aeveral £ragaenta, the largest contain• the coaplete 

pBR322 <4.36 kb>, and 2 aaall £ragnenta each 0£ about 

0.5 kb which aigrate cloae to the £ront dye. pBR322 

£regaenta were uaed as a.w. atandaraa to calibrate the gel. 

The total aize 0£ the inserted DNA was about 1 kb. It ia in 

agreeaent with the sequence data obtained by Early et al 
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Figure 8. Agaroaa gal alec trophoraaia 0£ 
restriction DNA £ragnenta. pBR322~•12 <0.5-1.5 
aicrograma> war• cleaved with the anzyaea indicated and 
electrophoraaed in a 1.4- agaroae gel. Stained •• in £igura 
7. 
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<18>. The puri£ied plaaaid waa then nick-tranalated in t he 

presence of 32P-dCTP ea deacribed in •ethoda <82>. 

Nor~ally 1 x 10 8 CPM were incorporated per •icro9ran 

0£ plasmid DNA. 

Identi£ication of the Parental C<n> Gene and 

Comparison with Derived Mutanta 

Genomic DNA atudiea have shown that the C<m> gene 

is completely contained in an Eco Rl £ragment ClS>. In 

normal B cells the £ragnent ia 13.0 kb <79>. Figure 5 . 

Myeloma and some hybridoma cells present a single £ragment , 

indicating that both chronoaones have been rearranged 

C60,79>. The presence of non-coding regions around the 

constant domains make possible the deletion of complete 

coding regions without altering the expression 0£ othera 

(47>. Any deletion or addition should alter the size of the 

Eco Rl £ragment. 

To test £or C<•> alterations, cellular DNA was 

prepared £rom mutant cell linea 21,38,128,313,and 562, and 

from PC 700 <parental) and MOPC 104 E <wild type> . The 

method uaed has been described elaewhere <83> • ONA fro• 

all cell lines was digested either with Eco R1 or Bam Hl 

enzymes, then examined by using Southern blot hybridization 

<78>. 
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CCm> gene mapping and comparison with other cell 

linea which produce normal IgM waa required to deteraine 

that the parental cell line <PC 700) haa the correct gene 

ai2e. PC 700 Chybridoaa> and MOPC 104 £ Cayelona) cellular 

DNAa were digeated with Eco R1. Following staining, the gel 

was uaed to prepare a Southern blot which was hybridi2ed 

with the C<m> probe. Both cell linea preaented a single 

13.0 kb restriction £ragment that aigrated with identical 

mobility <Figure 9). Thus the parental cell line appeara to 

have retained the wild type C<n>gene . 

Having de£ined the aize 0£ the parental cell line 

constant gene, it waa poaaible to deternine 1£ these 

methods could detect any DNA alterations in nutant cell 

lines that secrete abnoraal IgM. Figure 9. A aingle Ca Eco 

Rl £ragment 0£ 13.0 kb which hybridize with •12 waa 

present in all cellular DNA. The lack 0£ bands that run 

slower or £aater than the parental cell line £ragaent 

indicated the abaence 0£ a aayor change in C<a>. 

To £urther analyze the autanta, a aecond 

restriction enzyme was chosen. Ban H1 cleaves the Ca gene 

at the middle 0£ C<m12> <84>. Figure 5. Thus thia 

en2yme can be used to analyze the 3~ end. Thia £ragnent ia 

12 . 5 kb long. Again, all cell lines <but with the 

exception 0£ 128 cell line see below> presented a single 
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Figure 9. Southern blot fro• ayeloaa and hybridoaa 
cella. Cellular DNA• £roa indicated cell• were digeated 
with Eco Rl enzyae and electrophoraaed in 0.8~ agaroae 
gala. Reatriction £ragnenta were trana£ered to a 
nitrocellulloae paper and hybridized with 32-P-label•d 
•12· 
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fragment aa ahown in Figure 10. The Southern maps do not 

r eveal any di££erencea in gene patterns and con£irns that 

the C<m> 3 ' end 0£ the mutant cell lines are similar to 

wild type ce l ls . 

Cm Domains are Delet ed in 

Mutan t Cell Line 128 

Mutant 128 cell line secretes a <n> heavy chain 

with reduced m.w. Preliminary data £rom Dr . Shu lman 

· suggested that the chain lost the constant doneins: 

C <m1> and C<•2> <Figure 1>. The rational £or 

napping this cell line was that the removal 0£ the 

C<m2> gene £ragment would de l e t e the restriction aite 

CBem Hl> at that donain <84>. Th i s event can either 

originate a new very large £ragment with a a.w close t o 

20kd containing the V region and C<a3> and C<a4>, 

or could create a new Baa Hl site that can generate a 

£ragment wi th m.w. identical or aiailar to that preaent in 

the parental cell line. Figure 11 shows the Bam Hl 

digestion 0£ cellular DNA £rom PC 700 and 128. The lack 0£ 

a band running slower than PC 700 rule out the £irat 

possibility 0£ having a single £regnant containing the 

complete rearranged gene . A aingle hybridizing •12 Baa 

Hl £ragme nt running £aster than the normal CCa) indicated 
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Figure 10. DNA blot s froa ayeloaa and hybridoaa 
cells. Baa Hl digested cellular DNAa were treated aa 
described in figure 9. Arrow indicates 12.5 kb. 
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<Figure 11> not only deletion at the gene'• 3' end, but the 

£ornation 0£ a new aite. Dr . Shulnan haa now aequenc•d the 

complete region . He has shown that the removal 0£ C<•1> 

and C<•2> occur by deleting an intron portion located 

at the S' aide 0£ C<m1>, and moat 0£ the intron a t the 

5' end 0£ C<a3>. The autation leaves intact the aplice 

aite at 3' aide 0£ V region and the 5' aide 0£ CCa3>, 

there£ore they can be correctly spl i ced and expressed <77). 

Furthermore, the break and reJoining 0£ introns can lead to 

the £oraation 0£ a new restriction site • There are several 

potential sites where this can occur. The Joining 0£ the 

5'end side 0£ 128 deletion to the S' aide 0£ CCa3> exon 

could originate a sequence CCTAGG which Baa Hl can cleave. 

This type 0£ reJoining could £orn a £ragaent 390 basea 

smaller than the parental £ragment which explain £eater 

migration 0£ the 128 band. It ahou ld be point ed out t hat 

this reJoining leaves the splice site intac t and in phase. 

Piacuasion 

We have studied three types 0£ IgM producing cells: 

a)Cells which have abnoraal a polypeptide chain but 

do not have det~ctable gene alterations • 

b)Cella which secrete IgM with abnormal polypeptide 

chains, but have have detectable alterations, and 
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c>Cella which secrete IgM with nor~el polypeptide 

chain, no detectable gene alterationa, but with 

hyperglycoaylated au . chaina. 

lgM with polypeptide a chain reduced in aolecular 

weight aay ariae £roa two di££erent aechaniama. Mutationa 

can lead to t~e £oraation 0£ a atop codon which in turn can 

halt protein ayntheaia. Theae have noraal gene 

arrangeaenta <aee later>. On the other hand, deletions can 

be produced by complete removal 0£ one or aore constant 

gene doaaina <Ca gene is rearranged). The una££ected C<a> 

domains would be expressed becauae the aurrounding introna 

contain correct aplicing aequencea. 

Finally, the third claaa 0£ autationa are due to 

changes in the a chain autat iona are due to changea in the 

• chain glycoaylation pattern& .The characterization 0£ 

nutanta 0£ thia type is presented in chapter 4. 

The results preaent~d in thia aection illuatrate 

that •yelona CMOPC 104E> and hybridoaa cell line CPC 700> 

carry the aaae CCm) gene £ragaent <Figure 9>. The gene 

product• vary upon glycoaylation procaaaing. Restriction 

enzyae mapping and hybridization with a C Ca> gene probe, 

ahow that both IgM producing 8-cella contain only one 

£unctional a gene, lacking 0£ any non-£unctional a gene 

(18,77) . 
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Mutants cell linea producing heavy chaina with 

reduced aolecular w•ight were expected to have gene 

deletions. Preliminary atudiea indicated that the a chaina 

have loat coaplete conatant doaaina Caa deterain•d by 

aonoclonal antibody aapping> CS?>. Furtheraore, the 

conatant doaaina <C•1-4> are aurrounded by introna 

<61>. Mutation• leading to the inactivation or loaa 0£ a 

doaain would not a££ect the expreaaion 0£ other doaaina 

<77>. Unexpectedly, cell lines 313 and 562 preaented an 

EcoRl £ragaent with identical aobility aa the noraal 

£ragaent ·cFigure 9). Their aacretad a chain& lack CCa3> 

and C<a4) doaaina, but their corresponding gene 

£ragmenta were present aa deaonatrat•d by the noraal aize 

Baa Hl £ragaent <£igure 10>. RNA iaolated £roa theae cells 

and £rom the parental cell line diaplayed identical 

•obility <77). Thua the decreaae in au chain aize aight 

ariae £roa point autationa leading to a atop codon. Theae 

kinda 0£ alterationa would not be det•cted with our 

aethoda, unleaa they £all in the enzyae restriction aitea 

used. 

On the contrary, autant 128 originate• £roa a 

di££erent aechaniaa. Thia cell line aecretea an IgM which 

ia de£icient in C<•1> and C<a2> doaaina <57,77>. 
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Rl £ragaent containing the C<a> gene ia reduced in 
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aolecular weight <77, and ay raaulta>. In addition, the RNA 

lacka a large £ragaent <650 baaea> which ia conaiatent with 

the protein aize <77>. Recently, Shulman haa publiahad DNA 

sequence data deaonatrating that the autant 128 Constant • 

gene has loat a £ragaent £roa the middle 0£ the intron 

located between the ~ gene and Ca1 doaain to near the 

end 0£ the intron in the S' aide 0£ Cm3. The Saa Hl 

£ragaent reduced aize could coae £roa the £oraation 0£ a 

new Sam Hl aite at/or cloae to the reJoining aite <77>. The 

addition 0£ two baaea <A-G> at the reJoining aite could 

originate thia aite. The expression 0£ gene product <128 a 

chain> is consistent with the aechaniaa •entioned above, by 

which splicing procaeda by Joining the neareat £unctional 

5# and 3# aplice aitea. Thua it ia poaaible to alter one or 

more C<a> doaaina without a££ecting the expreaaion 0£ the 

other <domains>. Thia bring• the poaaibility 0£ atudying 

the £unction 0£ each iaaunoglobulin doaain independently • 

There are aeveral raporta where intron atructure haa been 

altered without large e££ecta on the level 0£ gene 

expraaaion (84,85>. 

Mutant• 21 and 38 which heavy chaina preaent 

retarded aobilitea in SOS PAGE <47>, with an increase in 

their aw ranging £ron 6-8000 dalton. Both cell linea ahowed 

normal gene rearrangaent which indicate that their 

phenotype ia not due to an gene inaertion, but rather a 



change in their glycoaylation pattern. In Chapter 4, I 

preaent data de£ining the typea 0£ changea occurring in 

their IgM aoleculea. Shulman and coworker& (84) have 

constructed a vector carrying the £unctionally rearranged 

heavy <mu> and light <Kappa > chaina. A a1ailar cloned 

vector haa been auccea£ully trana£erred and expreaaed in 

hybridoaa cella <88>. Introduction 0£ thoae vectors 

carrying au chain to autanta that have abnoraal 

glycoaylation would give in£oraation about the cellullar 

processing enzyaea that apeci£y mutant glycoaylation 

patterna. 



CHAPTER 4 

IMMUNOGLOBULIN M CHARACTERIZATION 

Introduction 

Glycoprotein Syntheaia 

The initial atepa in protein glycoaylation occur during 

translation while the protein is passing through the 

endoplasmic reticulum <ER) <review 1). The sequence 

Asn-X-Ser/Thr aervea as acceptor £or a block trana£er 0£ an 

oligoaaccharide containing Glc3Man9GlcNAc2. The 

trana£er requires only the three-~mino acid acc~ptor sequence, 

and occurs be!ore there ia au!!icient translation £or extensive 

protein £olding. The oligoaaccharide 

Glc3Man9GlcNAc2 ia aaaeabled on the lipid carrier 

dolichol pyrophosphate by the stepwise addition 0£ augar 

reaiduea <reviewed in 89). Snider and Rogers <90) have examined 

the tranamembrane orientation 0£ oligoaaccharide-lipid 

interaediatea in the ER uaing microaoaea and the lectin 

Concanavalin A which recognizea high aannoae atructurea. 

Man3 to Man5GlcNAc2-lipid intermediates were £ound 

at the cytoplasmic aide 0£ the microaoaal membrane. 



Man6-9GlcNAc2-lipid and 

Glc3Man9GlcNAc2-lipid compounds were £ound only in 

the ER aicroaomal luaen. Theae results aupport the aodel that 

oligoaaccharide-lipid ayntheaia is coapleted on the ER luminal 

£ace. Mature oligoaaccharidea <Glc3Man9GlcNAc2> are 

then trane£ered as a unit to aaparagine residues - 0£ nascent and 

newly aade polypeptides <91). Thua, initially all glycosylation 

sites receive the aame carbohydrate structure. Apparently this 

aechaniam ie required aince glycoaylation occura 

co-transletionally be£ore protein £olding gives three 

diaenaional in£ormation that processing enzy~ea uae to 

determine the £inal carbohydrate structures <1>. 

Lennarz <92> utilizing denatured proteins containing 

potential acceptors in an in vitro glycoaylation systea 

eatabliahed that a prerequisite £or glycoaylation is the 

occurrence 0£ the acceptor -Aan- in the tripeptide sequence, 

Aan - X-Thr/Ser , where X can be any amino acid except £or 

eapartic acid. However, only about 30~ 0£ the known tripeptide 

aitea 0£ eukaryotic proteins are glycosylated. These results 

initially auggeated that the accessibility 0£ the acceptor to 

the membrane bound trana£eraaea 0£ the lipid linked-pathway is 

a critical £actor £or glycoaylation, and would be regulated by 

higher orders 0£ structure <secondary or tertiary> imposed by 

the prinary aequence. 
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Delineation 0£ glycoprotein polypeptide and 

oligoaaccheride are required be£ore we can begin to understand 

the £actora which determine glycoaylation <93>. More recently, 

atudiea on protein c:on£ornation uaing the Chou Faaman technique 

ahowed that glycoaylation aitea are usually associated with 

reverae b-turna or loopa <94,95). Theaa studies support the 

concept that glycoaylation aite accaaaibility ia a determinant 

0£ structure. 

Carbohydrate Proceaaing 

Following glycoaylation, a group 0£ enzynea act by 

removing and adding carbohydratea in a synchronized manner 

leading to the £inal oligoaaccharide atructure<a> • Thia ia 

called "carbohydrate proceaaing" and occura in the rough 

endoplasmic retic~lun <RER> and Colgi apparatua. 

A£ter high aannoae precuaora 

<Glc3Man9GlcNAc2> are trana£erred to the aaparagine 

residues 0£ the nascent proteins, the polypeptides are 

transported £rom RER to the Golgi apparatus. It ia not known 

how the proteins move £rom one cell compartment to the ether . A 

common hypothesis ia that small vesicles bud 0££ £ro• a 

apecialized region 0£ the RER, containing a sample 0£ the 

luminal contents and membrane proteins. These veaiclea 

subsequently £use with vesicles 0£ the cia-<or proximal> region 

0£ the Colgi cisternae (96>. Secretory and membrane bound 



glycoproteins mature through this intracellular pathway at 

di££erent rates. In addition, processing 0£ oligoaaccharides 

leads to the £inal carbohydrate structures <97>. In several 

systems including vesicular stomataitia virus CVSV> in£ected 

ceLls (98), chick embryo £1brobl st, yeast cells Cl,91> and 

more recently in human hepatoma cells <100), the N-linked 

oligoaaccharide processing can be divided in three phases. 

These include: removal 0£ glucose residues, removal 0£ the 

initial mannose residues, and synthesis 0£ complex 

oligoaacchsrides accompanied by £urther removal 0£ mannose. 

Removal of glucose residues £rom the oligosaccharide 

Glc3Man9GlcNAC2 occurs soon a£ter trana£er to 
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protein. Kinetic studies in VSV in£ected cells show that a£ter 

20 to 30 min the last glucose residue is reaoved (101>. Robbins 

et al <102> have shown that rat liver glucosidases I,II and III 

are integral membrane proteins that appear to be localized at 

the ciaternal sur£ace 0£ the RER. Glucosidase I removes only 

the terminal residue 0£ Glc3Man9GlcNAc2. The second 

activities, glucoaidase II and III can convert Glc2 or 

Glc1Man9GlcNAc2 to Man9GlcNAc, but is inactive 

towards the glucoaidase I substrate. The role 0£ glucose in 

glycoprotein synthesis has been explored by Lodish a n d Kong 

ClOO>. DeoxynorJirimycin, a specific inhibitor 0£ a-glucosidase 

I and II, greatly reduced the aecretion 0£ a-1 antitrypsin and 

a-1 antichymotrypsin. Other glycoproteins were normally 



secreted. These results were interpreted to suggest that 

Man9GlcNac2 oligoaaccharide aight be part 0£ the 

recognition site £or transport speci£ic receptora £or soae 

secretory proteins. 

A£ter glucose residues are removed, the 

Man9GlcNAc2 intermediate ia then rapidly procesaed in 

an ordered aequence. The £our outer a(l-2>-linked mannose 

residues are removed by one or more apeci£ic a<l-2>­

•annosidaaea . There ia evidence that, at least in part, the 

enzymatic removal 0£ mannoae residues occurs in the rough 

endoplasmic reticulum. Biaho££ and Korn£eld (103) have 

presented evidence £or an a-mannosidase in the ER 0£ rat liver. 

New evidence has cone £ron recent work by Lee and Atkinson 

showing that the oligosaccharid•• 0£ nascent chains 0£ VSV C 

protein £roa nenbrane bound polya6nes have already loat glucose 

and mennoae <104> . The beat evidence supporting the concept 

that all £our a(l-2> nannoaes can be reaoved in the ER used 

rotavirus SA11 speci£1c glycoproteins. The viral glycoproteina 

nature in the ER, and have Mans oligoaaccharidea <105>. 

Hickman et al <106) examined the processing 0£ lgA heavy chain 

in plaamacytona cells. In theae cella three 0£ the outer 

mannoses were removed in the ER while the remaining mannose and 

£urther carbohydrate proceaaing occurred JU&t be£ore IgA 

secretion. These observations explained the reaulta 
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0£ several groupa that had £ound partially proceaaed 

glycoprotein oligoaaccheridea accuaulating in th• ER <107>. 

Li and Korn£eld <108> have ahown that in IgK 

<hunan>, VSV G protein and ovalbunin, the aannoae reaoval 

ia not random but rather ia apec1£ic £or each individual 

glycoprotein glycosylation site. Thus, high aannoae 

oligoaeccharidea 0£ aature glycoproteina are thought to 

arise by the renoval 0£ a variable nuaber 0£ a<l-2>-Men 

reaiduea from Man9GlcNAc2. Man5GlcNAC ia 

generally believed to be the aaalleat high nannoae 

atructure found in membran e bound and aoluble 

glycoproteina. ~-linked oligoaaccharidea that do not 

retain high aannoae atructurea are converted to coaplex 

oligosaccharidea in a Golgi-aaaociated proceaa. 

Man5GlcNAc2 1• critical in the £oraation 0£ coaplex 

oligoaaccharidea aerving aa aubatrate £or 

N-acetylglucoaeminyl trana£eraae I, the £irat atep in 

oligoaaccharide proceaaing. The enzyae catalyzes the 

reaction where a GlcNAc residue ia trana£ered to the 

eCl-3)-aannoae rea1due which ia followed by the reaoval 0£ 

2 Man reaiduea by mannosidaae II. The 

GlcNAc-Man3-product 0£ theae reactiona can be acted on 

by a aerie• 0£ glycoayltrana£eraaea which trana£er GlcNAc, _ 

Gal, aialic acid and £ucoae reaiduea, to £ora bi-, tri-, 

and tetrantennary coaplex oligoaaccharidea C91>. Soae 
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examples are shown in £igure 2. Recently, hybrid atructurea 

have been detected in aeveral glycoproteina auch aa 

ovalbumin and lyaoaomal enzymes C37,38). These atructurea 

contain one arm proceaaed to contain one or two Man 

residues, and one or aore antennae containing GlcNAc, 

Gal<l-4>GlcNac, or aialyl-Gal b-<1-4>GlcNAc, linked to the 

Man a-Cl-3) arm . In vitro ayntheaia uaing hen oviduct 

aeabranea ahow that hybrid atructurea appear to reault £roa 

the limited action 0£ mannoaidaae II, which inhibit• aide 

ara proceaaing C12>. 

The involveaent 0£ cell aeabranea 0£ the RER, Golgi 

apparatus and cell aur£ace in glycoprotein bioayntheaia are 

0£ obvioua aigni£icance. Each intercoapartaental trana£er 

in the ER-Golgi aystea ia neceaaarily accoapanied by a 

sorting decision. Conaiderable indirect evidence auggeat 

that clathrin-coated veaicles play a role in the .aorting 

process <109). The Golgi apparatus ia the locua where the 

aaJor proceaaing eventa occur. Fractionation atudiea have 

supported earlier obaervationa that thia organelle waa 

compartmentalized. Warren and coworkers have preaented 

electron-aicroacopic atudiea uaing derivatized lectina 

which de£ine cia, aedial and trana ciaternae ea 

coapartaenta of t~e Golgi apparatua Clll,112>. Aa protein• 

are exported £roa the ER, they aeea to enter the Golgi 

atack at one end <the cia £ace) and exit £roa the atack at 

the other end <the trans £ace> . 
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In a di££erent epproach, Roth•an and other• have 

provide valuable in£oraation about th• coapartaentation 0£ 

aaparagine-linked oligoaaccharide proceaaing i n the Golgi 

apparatus <110,113). Equilibriu a aucroae density gradient 

centri£ugation 0£ aeabranea £roa chineae haaater ovary 

cell• partially reaolved two aeta 0£ enzyaea. The £irat aet 

contained: Mannoaidaae I, N-acetylglucoaaaine Trana£eraae 

I, Mannoaidaae II and N-acetylglucoaaaine trana£eraae I I. 

Theae can be aeparated £rom later-acting 

galactoayltrana£eraae and aialyltrana£eraae. Rothaan ahowed 

that the four anzy•ea that trana£ora the high aanrioae 

residue into Man3-reaidue containing outer GlcNAc, were 

£ound at lower denaitiaa than glucoaidaae I <ER located> . 

Sialyltrana£eraae, the laat enzyme in the pathway, 

co-distributed with Galactoayltr na£eraae wh i ch ia 

restricted to the trana £ace 0£ the Golgi coap l e~ <114 >. 

Cqntrol 0£ Carbohydrate Processing 

The events occurring at the atage 0£ proceaaing are 

the leaat underatood. The protein linked oligoaaccharide 

auat be recognized by the aodi£ying enzyaaa to obtain the 

£inal structure<•> . The proceaa ia £urther complicated due 

to the oligoaacc haride heterogeneity. A aingl• 

glycosylat1on aite aay have both high aannoae and coaplax 

atructurea creating het erogeneity which re£lecta 

di££erencea in the bioaynthaaia 0£ the c arbohydrate aoiety 



Cl>. The atructure 0£ the £olded and perhapa coaplaxed 

protein is likely the moat iaportant 1n£oraation uaad by 

theae enzymes £or processing C93>. 

Examination 0£ the location 0£ oligoaaccharidea in 

di££erent glycoproteina atrongly ·auggeated that the loca l 

environaent around aaparagine reaidue playa an iaportant 

role in the deteraination 0£ the acceaaibility 0£ enzyaea 

that process the carbohydrate to their £inal £ora 

CllS,116>. In another approach, Haieh, Roaner, and Robbins 

used endoglycoaidaae H Cendo H> which cleaves only high 

mannose type oligoaaccharidea to. probe the relative 

acceaaibility 0£ the aaparagine-linked oligoaaccharide 0£ 

El and E2 glycoproteina in intact Sindbia virus C14,15>. By 

using virua grown in a autant ce3 line that aakea only endo 

H aenaitive oligoaaccharidea on glycoprotaina, they could 

show t hat aitea which were aore aenaitive to endo H in 

intact virua would have bean proceaaed to coaplex 

oligoaaccharidea in noraal cella. Sites which were 

relatively reaiatant, were generally high aannoae type when 

virua waa grown in noraal cella. However, the aaae aite 

could be proceaaed to either coaplex or high aannoae type 

oligoaaccharidaa depending on the kind 0£ cell. 

Factor• other than acceaaibility aay alao in£luence 

the extent 0£ o ligoaaccharide proceaaing. Williaaa and 

Lennarz uaing an in vitro ayatea £or glycoaylation 0£ 

bovine ribonucleaae B ahowed that whil• bovine pancreaa 
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Golgi aeabranea £ailed to proceaa thia enzyae in it• native 

£ora, the denatured £or• waa readily proceaaed. In 

addition, the rat liver ayatea waa capable 0£ aodi£ying 

both native and denaturated ribonucleaae, indicating the 

poaaibilitiea 0£ tiaaue and/or apeciea-apeci£1c di££erencea 

in the aubatrate apeci£icitiea 0£ one or aore enzyaea <16). 

Finally, Pollak and Atkinson (93> in a coapariaon 0£ the 

types 0£ oligoaaccharidea with their poaition in the 

polypeptide chain, have ahown that complex oligoaaccharidea 

are generally located toward• the aaino ~erainua 0£ the 

polypeptide, and high aannoae are located towarda the 

cerboxyl terainus • Thus, proceasing £requently occurs in a 

gradient £roa the N-terminus to the C-terainua £or a large 

variety 0£ glycoproteins. While this trend ia remarkable, 

there are a number 0£ exceptions. Human IgD contains a high 

aannoae oligoaaccharide at a aite near the N-ter•inus, 

while two aore sitea £urther down in the chain have complex 

atructurea <117>. More structural data 0£ known 

glycoaylation sites are required be£ore we can understand 

how cells determine the £inal glycoprotein carbohydrate 

atructurea. 

Mouse IgM Heavy Chain as 

a System to Study Glycoaylation 

IgM heavy chain Cm> ia 576 amino acids long and 

contains £ive glycoayletion sites which are located at t he 
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Constant region (24,25,26>. Figure 1 ahowa an schematic 

diagram 0£ the <•> chain. The exact location 0£ all aitea 

0£ glycoaylation and the primary aminoacid sequence has 

been reported by Kehry et al <24>. Glycoaylated residues 

include Aan 171, 332, 364 , 402, and 563. Huaan heavy c h ain 

IgM contains an identical n uaber 0£ g l ycoaylation aitea; 

however, the oligoaaccharide correapondi~g to aaparagine 

364 in aouse IgM is ahi£ted to aaparagine 395 in the human 

<22S>. Mouae myelo1\a IgM heavy chain, derived £roa MOPC 

104 E cella, when cleaved with cyanogen bromide breaks into 

nine peptide £ragmenta (£igure 1), £our 0£ which contain 

aaparagine linked aitaa 0£ glycoaylation. Three 

glycopeptidea <CNS, CN7, CNS> carry a single site including 

Aan 171,402, and 563 in the intact heavy chain. Another 

glycopeptid~ <CN6> ·contains two aitea 0£ glycoaylation at 

Aan 332 and 364. Our laboratory has developed a complete 

acheae 0£ pur1£1cat1on atepa to iaolate each glycoaylation 

site and analyze the carbohydrate atructure<s> <25>. All 

aitea contain multiple oligoaaccharide structures. Anderson 

et al <26) have determined3 by high resolution Hl-NMR the 

•aJor atructurea at each 0£ the glycoaylation aitea. These 

atructurea are ahown in £igure 12. CNS ia completely 

bientennary, while CN6 and CN7 ere trientennary with nearly 

complete aialylation 0£ the galactose residues • The 

•aJority 0£ the glycopeptide £ro• CNS ia a h igh mannoae 

oligoaaccharide, containing aurpriaingly Man3. 
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Figure 12. Summary 0£ the maJor oligoaaccharides 
on IgM %ro3 MOPC 104E. Aaparagine linked carbohydrates a t 
eaino ecid poaitiona: 171 <complex bientennary>, 332, 364, 
402 < coaplex trientennary>, end 563 <high mannose type>. 



Labeling studies 0£ m chain implied that the 

glycoaylation aite at CN8 <neareat to the amino terminus> 

contained carbohydrate only part 0£ t h e tiae. Chemical 

analyaia which.includes amino acid and carbohydrate 

coapoaitiona ahow that Aan 563 is glycosylated on l y 40% 0% 

the tiae <118> . The structure 0£ the minor o l igosaccharidea 

£ound at each 0£ the aitea need t o be determi n ed. 

Preliainary atudies indicate that each site has a unique 

aet 0£ heterogeneous oligosaccharides. The rules 

deteraining the relationships between structure 0£ 

oligoaaccharide and protein structure remain t o be 

elucidated. 

Studies using Hybrido•a Cella Secreting Altered IgM 

One approach to obtain information about the rules 

deteraining glycoprotein carbohydrate processing is to 

atudy mutants that secrete abnormal IgM (28,47.57>. 

Alteration 0£ the processing events or 0£ the protein 

sequence, including changing the number 0£ glycoaylation 

aitea and their position ahould allow study on the 

regulation 0£ carbohydrate structures. PC700 a hybrido ma 

cell line which secretes IgM specific £or phosphoryl 

choline was produced by Dr . Mark Shulman while working with 

Dr. Kohler ~n Basel <28,57>. A description 0£ the method 

uaed to obtain mutant cells £rom PC 700 haa been described 

<Figure 3>. The alterationa include hyperglycoeylation 
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(cell linea number 21 and 38> and polypeptide deletion 

<cell lines nu11ber 128, 208, 313 and 562> :Ero• the 11 heavy 

chain. The £oraer mutants were uaed to analyze 

glycoaylation. 
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Our initia~ atudiea 0£ PC700 11 chain glycopeptides 

ahowed that thia cell line aecretea a heavy chain wi th 

oligoaaccharides that are not identical to MOPC 104£ m 

chain. Thua , we elected to deteraine the structures at each 

glycoaylation aite £or IgM £roa PC?OO cells both £or 

compariaon with 104£ IgM and with the product 0£ the mutant 

lines 21 and 38. Results part I include bioaynthetic 

labeling experiaenta to determine the overall di££erences 

between the heayy chains ayntheaized by the parental cell 

line and the autanta . Reaulta part II contains the chemical 

analysis o! the IgM £rom theae cell lines. 

Material• and Methods 

Ascites Fluid 

Hybrid Fl mice <OBA x BLAB/c) were priaed by 

intraperitoneal inJections 0£ 0.5 al 0£ priatane 

<2,6,10,14-Tetramethylpentadecane>. Cella <4x 10 7> 

harvested !roa a large culture :flask were resuspended in 

two 111 o! Dulbecco#a Mini11un Mod1£ied Media <DMM> and 

intraperitoneally inJected into the Fl mice <OBA X BALBlc>. 

Tuaor-aacitea £lu1d waa collected a£ter about three weeks, 

and after centrifugation was &tored at -20 °c . 



Bi oaynthetic Labeling 0£ Immunoglobulin K 

Hybr i d o ma cel l s were washed in DMM and reauapended 

in 5 ml o f Methionine free DMl'I. After 30 •in at 37 oc 

the cells were collected by centri£ugation . Cells were 

reauapended in 1-2ml 0£ Methionine £ree DMM auppleaented 

with 2~ fetal bovine serum and 35s-Met C800 Ci/MMoll 

<New England Nuclear> to a £1nal concentration 0£ 10 

microCu/ml : The culture& were incubated at 37oc for 

6-8h~ in a 5~ C02 atmosphere. Media lacking radiolabel 

was added every 2 hr to maintain the pH at 7 . 4 . For 

carboh.ydrate labeling, D- C2-<3>-HJ Mannoae <18 . 4 

Ci/mmol> and L-[3-HJ Fucoae Cl5 Ci/maol> <New England 

Nuclear> were added to 100 microCu/ml £inal concentration 

in complete DMM. Cella were used aa s o u r ce 0£ aubcellular 

heavy chains <mi> , and the aµpernatant £or secreted IgM 

Cms >. Cella were washed twice with 10 al aliquots 0£ PBS 

<10 mM pho sphate bu££er saline> , and lyaed with det ergent 

containing bu££er <0 . 14 MNaCl, O.lM Tris-HCl pH 8.0, 0.5% 

Triton X, and 0.05 M paramethylaul£onic acid). The aolut ion 

was stored at 4 oc overnight followed by centrifugat ion 

to remove insoluble cellular debris . 

Immunoprecipitation 

Extra-or i n tracellular Cai and aa> aaterial was 

immunoprecipitated with <20 microliters> rabbit anti-aouae 
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<•chain &pecif~c>. After overnight incubation at 4 oc, 

an aliquot <40 aicrolitrea) 0£ protein A aa a 10~ 

auapenaion 0£ Staphylococcua aureua <Panaorb, Calbioch~m) 

waa added and incubated £or 1 hr at low temperature. 

Protein A-iaaun~coaplex waa collected by centri£ugetion and 

the pellet waahed twice with lya~a bu££er. I9M waa eluted 

£roa the coaplex by reauapending the pellet in 1% SDS 

bu££er <O.lM Tria-HCl pH 8.0) and boiling £or £ive min. 

Endoglycoaidaae H <endo H> Aaaay Conditions 

Endoglycoaydaae H reactions were carried out 

eaaentially aa described by Tkacz (119>. Endo H was a gi£t 

£roa Dr. P. Atkinson. Saaplea were resuspended to a final 

volume 0£ 0.5 al containing 0.1~ SDS, O.lM 

citrate/phosphate bu££er pH 5.5, and 10-15 aicrounits 0£ 

enzyae <4.01 U/ml>. Reaction aixturea were incubated at 37 

oC £or 12hr. Three volumes 0£ cold acetone were added to 

atop the enzyae reaction and precipitate the proteins. Endo 

H treated proteins were washed twice with cold acetone, air 

dried and reauapended in electrophoresis bu££ar <aee 

later>. 

SOS-Gel Electrophoresis 

IgM waa analyzed in slab aodiua dodecyl sulfate 

<SDS> gala using the Laemali system <120> . The samples were 

prepared by diluting 1:1 with 2-£old aaaple bu££er <60 mM 
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Tria-HCl pH 6.8, 2" SOS , 10" glycerol> conta'ining 

b-aercaptoethanol <unless otherwiae apeci£ied> aa reducing 

agent and boiling £or £ive ain. Reducing gela contained an 

a~ aeparating gel and a 4" stacking gel. In non-reducing 

conditions a gradient 0£ 4-20" -acrylaaide waa used with a 

3.S " atacking gel. The gradient aaker waa purchased £roa 

BRL. Electrophoresis waa at 40 V £or 16-22 hr, until the 

tracking dye had reached the bottom 0£ the gel . Separated 

proteins were £ixed by soaking the gel in 10" TCA £or 1 hr. 

35-s-Met-pro~eina were directly viaualized by 

radioautography! The aenaitivity 0£ the autoradiogram waa 

increaaed by placing the gel in 50al 0£ Enhance <New 

England Nuclear). Dried gels were covered with X-OMAT £ilm 

<Kodak> and atored at -60 oc for 10-15 doya. Gela 

containing unlabeled proteins were atained £or 1 hr at 37 

oc with a 1.2~ Cooaaaaie blue aolution and deatained 

overnight in 50 " aethanol, 10" acetic acid solution. 

Protein Iaaunoblotting 

Iaaunodetection 0£ IgM waa per£oraed aa described. 

C121>. A£t•r el•ctrophoreaia, gels were placed in a 

trana£arring caaaette on top 0£ a nitrocellulose membrane 

<Millipore 0.45 aicroa HAWP> and covered with blotting 

paper. The coaplete caaaette waa then poaitioned in the 

trana£er unit CHo££er> containing £our litres 0£ tank 

bu££er < 20aM tria-base, 150 aM glycine, 20~ methanol>. 
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Electroelution waa carried out with 60-80 V £or 22 hr. 

A£ter trana£er, the aeabrane waa incubated with tria-aaline 

bu££er <0.9~ NaCl. 10 aM Tria-HCl pH 7 . 4> containing 5% 

bovine albumin <Sigma>. The £ilter waa trana£ered to a 

aolution containing 4% rabbit anti-mouae <• chain apeci£icl 

IgG <Kappel> and incubated overnight at room temperature. 

The nitrocelluloae aeabrane waa then waahed with 200 al o! 

tria-aaline bu££er containing 0.05 % NP40 <2 ti•ea) and 

rinsed with tria-aaline bu££er. The iaaunocomplex waa 

detected by autoradiography a£ter incubation with 

1251-protein A <2-5 xlO 6CPM/ •l> £or 30 •in. The 

nitrocellulose paper was covered with a X- ray £il•. and 

expoaed £or 24-36 hr uaing intenai£ying acreena. 

Enzyae Linked Iamunoaaaay <ELISA> 

Phoaphorylcholine-bovine serum albuain <PC-BSA> waa 

prepared in our laboratory <122>. Diluted PC-BSA was 

diapenaed in aliquots <SO a i crolitera> over 96-well plates 

<Dynatech, Alexandria, Virginia> and incubated £or 2 hr . 

A£ter rinaing with PBS <phoaphate bu££er aolution>, PBS-1% 

BSA waa uaed to block the platea. Aliquots containing IgM 

<S0-100 aicrolitera> were added and incubated £or 1.5 hr at 

37 oc. Non-reacting mater i el waa reaoved by rinaing 

with PBS. Add £i£ty aicrolitera/well 0£ a££inity puri£ied 

antibody to aouae IgM covalently coupled to alkaline 

phoaphataae <Kirkegaard> waa added and the reactiona 



incuboted for 1.5 hr at 370. The wella were r inaed with 

PBS and an aliquot 0£ enzyae aubatrate <p-nitro-phenol 

phoaphate, lag/al> <Sigma >, diaaolved in diethanolanine 

bu££er <pH 9.8> added. Incubations were £or 1 hr at 25 

oc. Enzyae linked iaaunocoaplex waa detected by 

abaorbance at 405 nM. 

Pro naae Digestion 

73 

Iaaunoprecipitated aubcellular and aecreted chains 

were reauapended in one al 0£ O.lM Tria- HCl <pH 7.8) bu££er 

containing O.OlaM CaCl, 0.01 - ~ SOS, and pre-digeated 

pronaae <Calbiochea> <re£: nodi£ied £roa Peraonen <123). 

Pronaae waa added daily £or 3 daya to a £inal concentration 

of 0.5ag/al. Incubation waa carried out at 37 oc under 

toluene to inhibit bacterial growth. The pronaae digested 

aaterial waa t hen boiled £or £1ve ainutea to deat~oy enzyae 

activity. 

Fractionation 0£ Radioactive Labeled Glycopeptidea 

Pronaaa glyeopeptidea were £ractionated by gel 

£iltration using a 8iogel P-6 coluan < 8iorad Laboratories> 

<1.2x135 ca> equilibrated with 0.2M NH4HC03, pH 

8.0. Dextran blue and phenol red were uaed. aa internal 

atandarda £or Vo C£x 33-35, 1al/£raetion) and Vi C£x 83-85) 

reapectively. In addition, the colunn was calibrated with 

MOPC 104E CN6 pronaae glyeopeptide <Figure 18> which 
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contains aainly triantennary and aone high aannoae 

atructurea aa deternined by 1H-NMR <26>. One al £ractiona 

were collected and aliquot• aonitored £or radioactivity or 

carbohydrate content by the phenol aul£uric acid aaaay 

<127>. Radioactive glycopeptidea were detected by adding 

three al 0£ liqui£luor containing cocktail <New England 

Nuclear> and counting in a scintillation counter 

<Beckaann>. 

Lectin A££inity Chroaatography 

Concanavalin A <Con ~) chronatography 0£ pronaae 

glycopept1dea waa conducted eaaentially aa deacribed <124). 

A £ive al coluan <0.9x 7c•> 0£ Con A-aepharoae <Pharnacia 

Fine Cheaicala> waa pre-equilibrated using SO al 0£ Con A 

bu££er <0.15M NaCl, 0.01 M Tria, pH 8.0, 1 aM CaCl2, laM 

MgC12 and O.OS~NP40> with a £low rate 0£ about 20 al/h. 

Pronaae glycopeptidea were diaaolved in Con A bu££er 

<O.S-1.0 al) and directly applied to the coluan. Material 

that did not interact with Con A waa with eluted starting 

bu££er <20-30 al>. Retained glycopeptidea were eluted with 

the aane volune 0£ 10 nM a-aethyl glucoaide, £ollowed by 30 

al 0£ 100 mM methyl mannoaide. Fractions <one ml> were 

collected and aliquota uaed to deteraine radioactive 

content aa deacribed above. 



Aacites Fluid Fractionation 

Aacites £luid C20 al> waa precipitated twice with 

50~ ammonium aul£ate and applied to a coluan 0£ ACA 22 

Ultragel <LKB) <100 x 2.5 en>. Elution bu££er contained 20 

aM Tria Borate, 0.15 M NaCl, 0.02~ NaN3, pH 8.3 • 

Fractions <£x) <100 dropa/£x) were collected and protein 

content determined by abaorbance at 280nM. IgM puri£icat1on 

was £ollowed by enzyae linked innunoaaaay and SOS-PAGE 

immunoblotting. Peaka containing aonomeric IgM <Figures 21 

and 22> were rechronatographed under the aane conditions. 

Isolation and Puri£ication 0£ Heavy chaina 

Monomeric IgM waa concentrated by anaoniun aul£ate 

precipitation (50%) and reauapended in 0.25 M Tris-HCl pH 

8.2, 6M guanidine-HCl. Dithiothreitol <DTT, purchaaed £roa 

Sigma> waa added to 10 nM (£inal concentration> to reduce 

diaul£ide bonds. A£ter a £our hr incubation at roon 

temperature, iodoacetaaide <Sig•a> was used to alkylate t he 

aul£1de £ree bonds <25 aM £inal concentration>. Reduced 

proteins were immediately loaded in a pre-equilibrated ACA 

34 Ultragel column <100 x 2.5 en>. Fractions 0£ 100 dropa 

were collected using 3 M guanidine-HCl, 0.2M 

NH4HC03 as elution bu££er. 
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Protein& were detected by abaorbance at 280 nM. 

Peaka were pooled and analy2ed by SOS-PAGE. The aa 

containing material waa rechroaatographed over the aaae 

column uaing above aentioned conditions. 

Preparation and Fractionation 0£ M Chain Glycopeptide& 

Puri£ied heavy chaina <about 4-6 ag £or autant 

cell linea 21 and 38> wer~ diaaolved in 70~ £ormic acid 

<re-distilled), £ollowed by the addition cyanogen broaide 

<CNBr> C4 ~g/ ag of protein> and incubated at 4 oc f~r 

22 hr. The solution waa lyophilized and reauapended in 6 M 

guanidine-HCl bu££er £ollowed by the addition 0£ an equal 

voluae 0£ 0.2 M NH4HC03. The cyanogen broaide 

glycopeptidea were reaolvad by gel £iltration over an ACA 

54 ~oluari <150 x 1.5 ca) uaing the aaae elution conditions 

ea £or ACA 34. Fractions corresponding to individual CN&r 

glycopeptide £ragmenta were pooled, dialysed and 

concentrated £or chemical analyaia <25>. 

Carbohydrate Analyaia 

Glycopeptidea were hydroly2ed according to the 

aethod 0£ Griaea and Greegor <125> uaing 2 N 

tri£luoroacetic acid. Neutral and aaino augara <including 

2-deoxyglucoae ea internal standard> were converted to 

their correponding alditol acetates by reduction and 



acetylation with 0.3 N NaBH4 and acetic anhydride. The 

volatile alditola were reauapended in acetone and inJected 

into a gaa chroaatogreph. Gaa liqu id chroaatography waa 

per£oraed on a Hewlett packard aodel 5700 equiped with a 

£laae ionization detector uaing a glaaa coluan < 6 £eet x 

1/8 inch ) packed with 3~ OV225 on Supelcoport <Sulpelco, 

Inc. Bella£onte, PA> • Sialic acid waa hydrolyzed £roa 

glycoproteina or glycopeptidea by diaaolving the dialyaed 

aa~ple in 0.1 N H2S04 and incubating a t 80 oc 

£or one hr. Sialic acid content wea quentitated by the 

thiobarbituric acid aethod <126>. 

Phenol Sul£uric Aaaay 

Carbohydrate content waa alao deterained by the 

phenol aul£uric aaaay aa described by Duboia et al <127>. 

Saaplea were diaaolved in water <0.4 al> and treated with 

<10 microlitera> 80~ phenol reagent <80~ aolution> £ollowed 

by rapid addition 0£ one al 0£ concentrated aul£uric acid • 

A£ter 30 ain et room teaperature, the abaorbancy at 480 n~ 

waa uaed to calculate the augar concentration. Mannoae and 

Galactoae were uaed ea atandarda. 
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Results Part I 

Studies 0£ IgM Produced by Cell Linea 

PC700, 21 and 38 

Shul•an et al . isolated cell lines 21 and 38 £rom 

autagenized PC?OO cella. Both linea synthesize 

iaanoglobulin M <IgM> which heavy chain Cma) ia retarded on 

SOS gel electrophoresis relative to the aa chain £rom 

PC700. It waa eatiaated that these as chains had increased 

apparent aolecular weights 0£ 6000 to 8000. IgM produced in 

the presence 0£ tunicaaycin Ca glycoaylation inhibitor> 

reaulta 1n the ayntheaia 0£ aecreted ~ chaina that 

co-aigrate with wild - type a, thus suggesting that the m 

chains 0£ 21 and 38 were noraal 1n their polypeptide chai n , 

but abnoraally glycosy l ated C57>. 

Analyaia 0£ a Chaina by SOS-PAGE 

In order to characterize the changes occurring in 

both cell linea, aecreted and intracellular m chains were 

bioaynthetically labeled using 35-S aethionine. Labeled 

chains were iaaunoprecipitated uaing a nti-a antibody, and 

teated £or aenaitivity to Endoglycoaidaae H Cendo H>. Endo 

H hydrolyze• the glycoaidic bond 0£ the 
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N,N 1 -diacetylchitobioae core structure N-linked to 

aaparagine, reaoving ~he bulk 0£ the glycan aoiety. The 

enzyae ia apec1£ic £or high-mannoae type oligosaccharidea, 

and will not hydrolyze coaplex oligoaaccharides <129>. 

Figure 13 ahowa the analysis by SOS-PAGE <reduced 

conditions> 0£ the intracellular m chaina £ro• autant and 

wild type cella. In the absence 0£ Endo-H, heavy chains 

£rom the autant cells had the aaae aobility aa the parental 

cell line <PC 700> <Figure 13 -Endo H >. Endo H treat~d 

chains run with £eater mobilities Cdue to the loaa 0£ 

carbohydrate>, and the autanta and parental cella produced 

IgM with aiailar susceptibility to the enzyae. These 

reault~ indicate that inside the cell, autant and wild type 

products have aiailar or identical levels 0£ carbohydrate 

processing. Thia experiaent implies that hyperglycoaylation 

ia not caused by the presence 0£ additional glycoaylation 

aitea on IgM £rom the autant linea. 

Secreted heavy chains were analyzed aa described 

be£ore <£igure 14>. PC700, 21 and 38 ayntheaized chaina 

that aigrate with d1££erent aobilitiea, with heavy chains 

£rom the autanta migrating slower than PC?OO. At the aaae 

tine, aecreted IgM £roa 21 and 38 ia auch leas sensitive to 

Endo H. The aigration 0£ Endo-H treated 21 and 38 aecreted 

• products also deaonatrated heterogeneity in processing as 

ahown by the multiplicity of banda. 
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Figure 13. Intr•c•llullar <ai> heavy chain• 0£ PC 
700, 21 and 38 autanta. Radiolabeled intracellullar 
preparation• were iaaunoprecipitated with rabbit anti-aou•• 
IgM. The precipitate waa aolubilized and treated or not 
with endo H. Product• analyzed by SDS-PAGE under reducing 
conditiona. 
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Figure 14. Secreted <••> heavy chain• fro• PC 700, 
21 and 38 autanta. Radiolabeled aecreted IgM waa analyzed 
aa deacribed in £igure 13. 
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Fractionation 0£ Pronaae Glycopeptidea by 

A££inity Chronatography 

In order to deternine the type 0£ atructurea carried 

by each individual a chain, we labeled aecreted IgM £rom 21, 

38, and PC700 cell• by incubating calla in the preaence or 

3'H aannoae £or 4 to 8 hra. Secreted • chains were 

iaaunoprecipitated uaing anti-• antibody and pronaae treated 

aa deacribed in aethoda. The pronaae glycopeptidea were 

directly applied to lectin a££inity columns. Concanavalin A 

ia a plant lectin that haa the ability to diatinguiah 

between di££erent typea 0£ oligoaaccharide atructurea 

<124,130). Tetra and trianntenary coaple~ atructurea, and 

£ully proceaaed biantannary oligoaaccharidea are nQt bound 

by the lactin and aay thare£ore be aapa_rated £ron partially 

procaaaed biantennary coaplex and high aannoae atructures. 

The later two atructuraa are aubaequently eluted with the 

addition 0£ 10 aM a-aethyl-glucoaide and 0.5 M 

a-aethyl-0-aannoaide respectively. Figure 15 ahowa the 

£ractionation 0£ the typea 0£ atructurea produced by pronaae 

treataent 0£ the aecreted IgM £roa each cell line. Tri and 

tetraantannary aan-linked and £ully aialylated biantennary 

oligoaaccharidea are contained in the £rection I. Fraction 

II includea partially proceaaed biantennary type 
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Figure 15 . Concanavalin A-aepharoae elution 0£ 
3H-"en glycopeptide&. Proneaa treated glycopeptide& 
£ r oa PC700, 21 and 38 a chaina were fractiona t ed by 
a££inity chroaetogrephy. Arrows indicate atert 0£ elution 
with bu££er containing 10 mM a-Methyl-glucoaide and 0.1 K 
a-Methyl - aannoaide. Fraction aize was 1 ml. 
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Tabl• I. Parcentagea 0£ Mannoae labeled glycopeptidea 
fractionated by Concanavalin A. 

Cella 

MOPC 104£ 
PC 700 
21 
38 

FxI 

36.0 
53.5 
47.0 
72.0 

FxII 

46.0 
21.0 
35.0 
22.0 

All expriaenta in 0 . 5~ NP40. 

FxIII 

15.5 
25.S 
18 . 0 
6.0 

COMPLEX 

81.S 
74.S 
82.0 
96 . 0 

The maJor peak• £ron Con A a££inity chroaatography ware 
pooled. Fxl waa the aaterial that did not interact .with 
the column. FxII and FxIII bind to Con A with di££erential 
a££initiea. Percentages calculated £roa the total applied 
radioactivity. 
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oligoaaccharid••· Fraction III includes the aaJority 0£ 

high aannoae containing glycopeptidea. The percentage 0£ 

each £ract1on are coapared £or the autant linea, PC700, and 

MOPC 104E in the data 0£ Table I . MOPC l04E calla produce 

IgM with a heavy chain that contain• 81 - complex and 15 ~ 

high-•annoae oligoaaccharidea. In SOS-PAGE MOPC 104E chains 

run with identical aobility aa the product £roa 21 calla. 

algM £rom 38 haa alower aobility, and appears to be the 

moat proceaaed to complex oligoaaccharidea <Table I>. Theae 

studies con£1rn the prelininary data auggeating that 

processing 0£ carbohydratea is quite di££erent £or the 

nutant linea <57). In addition, it ia evident that the 

hybridoma c lla and MOPC 104E di££er in the 

oligosaccharidea 0£ IgM. 

· To £urther characterize the type 0£ atructurea 

preaent st each 0£ the heavy chaina (both aecreted and 

intracellular>, cella were incubated with 3H-Mannoae 

and 3H-Fucose, and IgM innunoprecipitated and treated 

with pronaae. The glycopeptidea were £ractionated by 

Bio-gel P-6 chromatography. Fractionation ia baaed on 

molecular weight, but generally triantennary structures are 

aeparated £rom high aannoae type. The Bio-Gel P-6 column 

wae calibrated using puri£1ed pronaae glycopeptidea derived 

£rom MOPC 104E £raction CN6. The CN6 atructure haa been 

determined by proton-NMR to be a £ully aialylated 

triantennary oligosaccharide <26). 
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Intracellular 3H-Man labeled heavy chaina Cai> 

were isolated £rom detergent extracted cells. ai £roa 

PC700. 21 and 38 calla <Figure 16 a, b, and c. closed 

circles> gave pronaae glycopeptidea with aimilar elution 

profiles. The included peak aigr•tes between the 

triantennary and high •annoae aarkers. IgM £rom PC 700. 21 

and 38 is a mixture that appears to include 

oligoseccharides with varying amounts 0£ partially 

processed and unprocessed oligoaaccharides. The aubcellular 

£orm 0£ IgG C52) an~ other cell lines Chybridoma >, 

generally have only high-aannoae oligoaaccharidea. The 

analysis 0£ IgM in their secreted <ms> £ora shows a totally 

di££erent picture C£igure lG a, b, and c, open circles>. 

There is a change in the glycopeptide profile £or IgM £roa 

PC700. About 50 % 0£ the glycopeptides now elute closer to 

the complex triantennary marker, auggeating that the 

carbohydrate aoieties have been £urther proceaaed prior to 

secretion. Glycopeptides £rom 21 as give an elution pro£ile 

which is aiailar to the parental cell line, but with an 

increase in the higher molecular weight £ractions <Figure 

16b, open cicles>. Mutant 38 gave the largest ahi£t, 

consistent with the suggestion that the oligosaccharidea 

£or this cell line are the aoat processed. The ••Jority 0£ 

the glycopeptides are running as triaantennary or with 

higher molecular weight <Figure 16c, open circles>. 
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Figure 16. Gel filtration of 3H-Mcnno&e 
glycopeptides. 
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Sumaarizing the above reaulta, the three cell linea 

ayntheaize heavy chains which inside the cell give aiailar 

glycopeptides. Upon aecretion, the proceaaing which we 

preauae ia in the Trana Golgi reaults in the carbohydrate 

d1££erences £or the autant linea. Theae data alao con£1rmed 

the low concentration 0£ high-aannoae type oligosaccharides 

and the reaistance to Endo-H enzymatic activity £or IgM 

£ron the autants. 

Analysis 0£ Complex Glycopeptidea 

Tritiated £ucose waa used to aetabolically label as 

and ai. Fucose is £ound in N-glycoaidically linked 

oligoaaccharidea on complex atructurea, and not on 

oligomannoaide atructurea. Fro• the atudiea on MOPC 104E, 

£ucoae is linked to the aoat internal GlcNAc reaidue, i.e. 

the residue attached to aaparagine <l>. The addition 0£ 

£ucose to the core Man3GlcNAc2Aan is a late 

Golgi-localized process occuring .along with the enzyae 

steps leading to coaplex £ully processed oligoaaccharides. 

Fucose labeled pronaae glycopeptidea were isolated 

as described £or t~e aannoae labeled glycopeptides and· 

£ractionatad by Bio-Gel P-6 gel £iltration. In all cell 

lines the intracellular glycopeptidea eluted in two aa)or 

peaka <Figure 17 a, b, c: closed circlea>. 
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Figure 17. Gel filtration of 3ff-Fuco&e 
glycopeptidea. 
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In PC700 mi. about 20 ~ of the label haa been 

incorporated into the £raction with higher aolecular 

weight, with the remainder in the retarded £raction <Figure 

17a). Glycopeptidea £roa lgM aecreted by 38 cell• ahowed a 

similar pattern with 24~ and 76 ~ 0£ the radioactivity 

respectively in theae £ractions • C~igure 17 c>. Mutant 21 

mi pronaae glycopeptidea ahowed an elution pro£ile with the 

radioactivity ayaaetrically di•tributed in both peaka 

<Figure 17 b). Fucoae labeled pronaae glycopeptidea 

derived £rom ma heavy chains deaonatrate the trend 0£ 

proceaaing in each cell line. In PC 700. 38 ~ 0£ the 

radioactivi~y ia eluted aa in the intracellular £ora, while 

the ••Jority 0£ the glycopeptidea are now with the aore 

proceaaed £ract1on <Figure 17 a: open circlea>. In both 

autanta.<£igure 17 b.and c: open circles> secreted•• 

£oras incorporated radioactivity only in glycopeptidea 

eluted ahead <higher aw> than the trientennary aarker. No 

atructurea with the low intracellular aw where £ound. Table 

II preaenta a aummary 0£ glycopeptide distribution 

determined by the £ucoae labeling. 
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Table II.3H Fucoae labeled glycopeptidea 
£roa intracellular and aecreted a chaina. 

- " -
Cella a c:hain Fx I FxII 

PC 700 lfti . 20.0 ao .o 
•• 62.0 38.0 

21 •i 55.0 45.0 

•• 100 . 0tt 

38 ai 24 . 0 ?6 . 0 

•• 100.0• 

•Total radioactivity incorporated. 
Heavy chain& <ai and ••> were biosynthetically labeled with 
3H-Fucoae. 
Iamunoprecipitated chaina were then pronaae treated and 
glycopeptidea £ractionated by Bio-Gel P-6 £iltration 
(£igure 17>. FxI ia the £raction that elutea with or c l ose 
to the triantannary aw aarker. FxII e l uted with the high 
aannoae marker . 
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Results Part II 

Cheaical Stud1ea on Carbohydrate £ro~ IgM 

Structure deternination 0£ the carbohydrates at 

each glycoaylation aite 1a required to £ully understand the 

changes occurring in 21 and 38 • chains. Cheaical 

characterization needs large aaounts 0£ material which can 

not be obtained £roa tiaaue culture aedia. Aacitea £luid 

which can contain ailigram amounts 0£ antibodies was 

chosen as a aource 0£ IgM. 

The approach taken waa to £!rat puri£y lgM £rom 

21, 38 ~nd PC 700 aacitea £luid, then isolate the heavy 

chains £roa the light, and £inally aeparate and determine 

the oligoaaccharide atructurea at each glycoaylation aite. 

Preliainary atudiea in our laboratory indicated 

that autationa were not the only origin 0£ variation in 

carbohydrate atructure. We have obaerved that lgM £roa 

cell& grown in tiaaue culture can di££er dramatically £roa 

the lgM that the aane cell• aecrete into aacitea £luid. Aa 

an exaaple, we coapared glycopeptide pro£ilea £or CNG, a 

cyanogen bronide cleavage product £ron lgM produced by MOPC 

104£ cella. The atructure 0£ the two oligoaaccharidea in 

thia £ragnent £ron aacitea £luid IgM haa been character i 2ed 

by 500 aHz NMR C2G>. The oligoaaccharide chaina are mainly 
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triantennary type, with nearly complete aialylation. 

Mixtures 0£ p.uri£ied pronase treated CN6 derived 

froa cell• labeled in tiaaue culture with 3H aanno&e 
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and aacitea £luid <detected by phenol aul£uric acid aaaay 

a ince the £ragaent fro• aacitea fluid ia present in large 

exceaa> were fractionated over a P-6 coluan <Figure 18>. By 

thia crude coapariaon it can be aeen that the phenol 

aul£uric acid aaaay ahows auch aore •aterial in the larger 

peak. The radioactivity ia £ound in higher amounts in the 

peak corresponding to high •annoae oligoaaccharides. As 

atated above, we have observed that the aacitea fluid IgM 

can have nearly coaplete triantennary oligoaaccharidea 

while the tiaaue culture product contain only high aannoae 

oligoaaccharidea. Another example 0£ changes in proce~aing 

depending on the aource 0£ IgM coaea £roa compariaona 0£ 

Endo H aenaitivity. Partially puri£ied aa heavy chains £ron 

MOPC 104E, PC 700 and 21 grown aa aacitea fluid were 

incubated in the presence or absence 0£ Endo H and examined 

by iamunoblotting uaing anti-• IgG antibody and 

125-I-Protain A. Figure 19 ia the autoradiogran 

obtained. In contraat to the producta fro• cella in culture 

where PC700 is very aensitive and the 21 a chain ia 

partially reaiatant to Endo H <Figure 14>, aacitea derived 
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Figure 18. P-6 gel filtration 0£ MOPC 104E 
cyanogen bro•ide £rag•enta. Mi xture• 0£ puri£ied pronaae 
treated CN6 derived £rom cells labeled. in tiaaue culture 
<CPM> and aacitea £luid <ABS 480 na> were £ractionated 
over a Biegel P-6 column. Fractiona 0£ 1 al were 
collected. Radioactivity and carbohydrate content 
determinated £ro• i dentical aliquota. 

.-0 
. 0 / 
"'-So :-::-- ------;o~ 
~772-00 10 0 N ~\ 

--~----



0 
u 0 
~ ~ 

~ ~ 
-+-+ 

., 

Figure 19. Electrophoretic blotting 0£ IgM heavy 
chain• £roa MOPC 104E, PC?OO, and 21. Protein• £roa aacitea 
£1uid grown cell• were aaaoniua aul£ate precipitated and 
aeparated on an SDS-polyacrylaaide ge~. Protein• were 
blotted and • chain• iaanunodetected uaing rabbit anti-a 
antibody. The blot• were treated with 12~I- labeled 
protein A and autoradiographed •• daacrib•d in "aatariala 
and aethoda" <121>. 
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chaina are completely reaiatant to thia enzyme. However, 

the di££erences in aobilitiea between PC700 and 21 are 

£ound regardlesa 0£ whether IgM ia prepared £rom cultured 

cells or aacitea £luid. The proceaaing d1££erencea are 

alwaya in the direction that cultured cells have aore h1qh 

aannoae and partially proceaaed products. It aay be that 

these structures are precuraora to the products preaent in 

aacites £luid. 

Puri£1cation 0£ IgM Heavy Chain £roa 

Aacitea Fluid 

Our maJor goal waa to deteraine how the 

carbohydrate £rom IgM produced by autant a 21 and 38 

di££ered £roa PC 700. Since IgM £roa PC 700 cella appears 

t o be glycoaylated d1££erent than the IgM £ro~ MOPC 104E , 

we aet out to do coaplate carbohydrate on PC 700 aa well. 

Our obJective waa to determine the nature 0£ the proceaa~ng 

changes £ound in PC700, .21 and 38 relative to the IgM £roa 

MPC104 E cella. The aolecular alterations in IgM chains may 

be due to several reaaona including extra aialic acid 

residues, · and or branching. To £ully deteraine the changes 

occurring in the secreted <aa> chains, it was necessary to 

compare the proceaaing at each glycoaylation aite £or both 

the parental and mutant lines. 
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The carbohydrate chemical enelyaea require large 

amounts 0£ starting aaterial. Theae aaounta can only be 

obtained £rom aacitea £luid. The approach taken waa to 

puri:£y IgM £ron aacites £luid which contain ailigraa 

amounts 0£ antibody <aee later, tabl e III>, iaolate m heavy 

chains £ron IgM, and £inally d ternine the auger 

composition £or the complete m chain molecule e n d £or each 

glycoaylation site. While aacitea £luid contains IgM with 

more proceaaed oligoaaccharidea, the di££erencea in SOS gel 

electrophoresis rates that de£ine hyperglycoaylation are 

maintained. It is critical that all 0£ the compariaona uae 

lgM produced £ron cells grown under identical cond1tiona. 

Fractionation 0£ Aacites Fluid by Gel 

Filtration Chroaatography 

Dr. Darrel R. Anderson carried out the pur1£ication 

and £ractionation 0£ the IgM £rom PC 700 cells. In 

parallel. I puri£ied IgM £ro• 21 and 38 cells. We bot h were 

involved in the atructural studies. The puri£i c ation and 

coluan elution pro£iles atepa were identical £or 21 and 38. 

thus only part 0£ the data using aacitea £luid £roa aice 

with tunora carried by line 38 are included. Aanoniua 

aul£ate precipitated proteins £ron aacites £luid were 

resuspended in Tria-Borate bu:££er <aee methods>, and 

directly applied to ACA 22 Ultragel coluan. Proteins are 



aorted baaed on their aize within the coluan range 0£ 100 

to 1200 kd. IgM ia coapoaed 0£ n-heavy and k-light chaina 

which can be polymerized to various extents. Monoaera have 

two light and two heavy cheina <n2K2> Joined by 
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disul£ide links. Pentameric IgM contain• £ive 0£ auch 

nononera Joined by n-n diaul£ide bonds, and one 3 protein 

<mw lOKd >. Due to di££erencea in their aw, the £oraa can be 

puri£ied and independently studied. In addition, antibodies 

secreted by these cells lines have the ability to bind 

phosphorylcholine <PC>. 

The PC apeci£ic antibody . was £ollowed by an Enzyne 

Linked Immunoaaaay <ELISA> CFigure 20, open circlea>. In 

this technique plaatic wells are coated with PC-albuain, 

and incubated with a source 0£ anti-PC IgM £ollowed by 

phosphataae coupled goat anti-nouae lgM <57>. p-Hitrophenyl 

phosphat e is added to quantitate the imauno-complex 

<measured abaorbance at 405 nM>. Proteins were £ollowed by 

abaorbance at 280 nM CFigure 20, closed circles>. Figure 20 

shows the elution pro£ile obtained £ron mutant 21 ascites 

£luid. Four maJor protein peaks were detected, with only 

two giving a strong ELISA response <PC - apec1£ic> , eluting 

with the monomer <SS> marker. The aecond ELISA positive 

£raction ia running with the PC 700 pentaaer <l9S> marker , 

and haa a low protein content. Mutant 38 an gave identical 

elution pro£ile and ia ahown in Figure 21. To con£irm the 
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Figure 20. Gel £1ltration chroaatography o f 
proteins £roa autant 21 aacitea £luid . Cella were 
intraperitoneally inJected into • ice. and aacitea tuaora 
drawn 0££. Fluid uaad aa aource 0£ IgM . A£ter anaon iun 
a u l£at• precipitat ion. protein• were reauapended in 
Tria-Borate bu££er <pH 8.3> and aeparated by gel 
£ i ltration over an ACA 22 coluan . Protein• were followed 
by ABSORBANCE <Optical den ity> at 280nn <cloaed 
circlea>. Iga containing £rac tiona deterainated by enzyae 
linked ianunoaaaay <ELISA. open circlea> . Arr ows 
correspond to pentaaeric and aonoaeric IgM. Diaer £ora 
eluted between the two aarkera. 
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Figure 21. Gel filtration chromatography of 
proteins froa autant 38 aacitea fluid. Fractionation and 
methods of det.ection ea described in figure 20. The errowa 
indicate t~e points were pentaaer~ diaer and aonoaer IgM 
eluted <£ro111 PC700 cells>. 
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IgM is detected by Coomaaie blue stain <Figure 22> or by 

protein innunoblot ting <Figure 23> <121>. Both detection 

aethoda, indicate that only aoae 0£ the atain~d proteins 

reacted with the anti-a antibody. Other proteins detected 

by Coomaaie blue are mainly aeru• components. All £ractiona 

contained a band that aigrated aa pentaner. In addition, 

the unreduced IgM 0£ autants had two other bands with dimer 

and aonoaer mobilities respectively. The latter coaea £roa 

the region with higheat PC apeci£ic antibody and protein 

content <£raction 100>. Fractions containing lgM were 

pooled and rechromatographed over the aaae colu mn to 

increase the puri£ication 0£ each popu lation. Soae 0£ the 

other £orma detected on the gel include hal£-aer <HL 

chains> and .unlinked• chains. PC700 and MOPC 104£ <IgM 

producer> pentamers were uaed aa aarkera. 

Tab le III auaaarizea the eati•ated t otal PC 

speci£ic IgM contained in 20 al 0£ aacitea £luid. Cell 

line PC 700 secretes 200 ag 0£ IgM while lines 21 and 38 

have 4-S timea leas IgM in aacitea £luid. The distribution 

0£ their pol ymerized £orns also di££era. Mutants aecrete 

30-£old leas pentaaer and twice t he amount 0£ aonoaer than 

normal. The IgM £ron the autanta axhibita regular 

PC- binding <57 >, and ELISA absol ute unita drop £ollowi ng 

their antibody content . The reduc tion in lgM content in 



102 

UJ .. 
21 0 I- --f ... 

0 
u 0 0 ao 0 
Cl. .... .. 0 .... 
0 

.... ao ... 
u x )(' )(' x 

~ Cl. u. LL LL LL 

Figure 22. SOS-PAGE analyai• 0£ £ractionated autant 
21 aacitea £luid. Aliquot• £roa ACA 22 gel £iltration 
£ractiona were electrophor•••d through a 4-20~ 
polyac:rylaaid• gel under nonreducing c:onditiona. Separated 
protein• atained with Cooaaai• blue. Pentaaer IgM £roa PC 
700 and MOPC 104E uaed aa aarkera. Migration 0£ pentaa•r­
diaer and aonoaer £oraa are indicated by th• arrowa 
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Figure 23. Protein iaaunoblotting 0£ £ractionat•d 
autant 21 aacit•• £luid. Conditona uaed were •• deacrib•d 
in £igure 22. A£ter •l•ctrophoreaia, the protein• were 
t~ana£ered to a nitrocellulo•• paper by •l•ctroelution. IgM 
polyaer £or•• were iaaunodetected uaing anti-• chain 
entiaeru• end 12~-I protein A. 



Celle 

PC 700 

21 

38 

Table III. Coapariaon 0£ IgM £ound in aacit.ea 
:£luid . 

Polyl\er 
:for• 

PentaJ1er 
Monoaer 
Total 

Pentaaer 
Monoaer 
Total 

PentaJ1er 
Mono11er 
Total 

IgM 
ag/20 al o:f 
aac:itea 

180-190 
20-21 

200-211 

6- 7 
40-46 
46-53 

2- 4 
35- 40 
37-44 

Eliaa 
U/SOug 0£ 
protein 

0.74 
0.26 

0.11· 
0.20 

0.05 
0 . 22 

Aacitea :fluid waa aaaoniua aul£ate precipitated and 
:fractionated over ACA 22 agaroae gel . Paaka containing the 
varioua IgM pooled and analyzed . Eliaa deteraination aa 
described in materials and aethoda. 

104 



105 

aacitea £luid £rom 21 and 38 calla could coae £roa either 

low protein ayntheaia or an increase in degradation 0£ 

altered heavy chain. It is not known whether the 

di££erencea in aecreted £orna <pentaner va aonoaer> are due 

to changes in glycoaylation. We have evidence that the 

rates 0£ ayntheaia 0£ IgM £ron PC 700_ 21_ and 38 are 

comparable when cell• are grown in tiaaue culture. 

Isolation and Puri£ication 0£ In•unoglobulin 

Heavy Chain& 

Mixtures containing reduced and alkylated nonoaera 

<SS> £ron each cell line were applied to ACA 34 Ultragel to 

separate the heavy chain £ron other polypeptide& (light 

chain>. Elution bu££era contained 3M guanidine to keep•• 

in aolution. Three ••Jor protein peaks <abaorbance at 280 

nM> were £ound <Figure 24>. The excluded peak repreaenta a 

large aw glycoprotein £roa aouae aerun. The aecond and 

largest peak contain• the heavy chain- while the laat peak 

haa aaall proteins including the light chain . Figure 25 is 

the SOS-PAGE analyaia 0£ £raction I and II. Proteins were 

stained with Cooaaaie blue. Fraction II haa two band•- one 

running alower (aa expect ed £or •• £roa 21> and a aecond 

protein with £aster aobility than PC700. Both protein• 

react with anti-a antibody (data not ahown>. The later 

appeara to be an unglycoaylated £ora 0£ the heavy chain. 
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Heavy chaina were rechroaatographed over the aaae coluan. 

No £urther atteapta were aade to aeparate both chains. 

Mutant 38 gave an identical pattern through the 

puri£icetion atepa. Partially puri£1ed IgM £roa PC 700 and 

MOPC 104 E were uaed aa aw markers. We obtained 7-10 ag 0£ 

puri£ied heavy chain per 20 al. 0£ aacites £luid . Aliquots 

containing 40-60 aicrograaa 0£ • chains were analyzed by 

innunoblotting aa deacribed above <121). Figure 26 ia the 

autoradiograa showing the three cell line•. 21 and 38 

product• aigrate with slower aobilitiea than the parental 

cell line IgM. 

Total Sugar Coapoaition 0£ • Heavy Chaina 

Purified • heavy chaina £ro~ PC 700, 21 and 38 cell 

lines were uaed to deteraine auger coapoaitiona by gaa 

liquid chroaatography CGLC>. GLC allows aeparation, 

identi£ication and quantitation 0£ all Cbut aialic acid> 

aonoaaccharidea in a single procedure <~4). The 

glycoprotein ia hydrolyzed with acid and the augara are 

then reduced and acetylated to their correaponding alditol 

acetatea <118,125>. The volatile alditol acetatea were 

aeparated and quantitated uaing 2-deoxy-D- glucose as an 

internal standard. Table IV show the coapoaition Cin •olar 

ratio> 0£ the intact aolecules. Mannoae values were 

atanderi2ed to 3 aolea. There ia an increaae in the nuaber 
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Figure 24. Purification 0£ IgM heavy chain 
secreted £ro• 21 cella. Reduced and alkylat ed aonoaer IgM 
were applied to ACA 34 Ultragel. Heavy chains separated 
£ro• other proteins and el uted i n fraction II. Fraction I 
contained aggregated aaterial and fraction III waa ma i nly 
light chain. Elution bu££era contained 3 M guanidine HCl 
to keep aa in aolution. Proteins detected by ABS 280na. 
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Figure 25. SDS-PAGE analyaia 0£ puri£ied 21 •• 
chain. Fr action• I and II £roa ACA 34 gel £iltration 
chroaatography were pooled, dialyzed and electrophoreaed 
over an a- polyacryla•ide gel <under reducing condition•>. 
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Figure 26. Autoradiography 0£ iaaunodetected PC 
700, 21, and 38 a chain•. Puri£ied heavy chain• were 
aeparated in a SOS-PAGE gel, and analyzed by protein 
blotting aa deacribed in "aateriala and aethoda". 21 and 
38 cell product• aigrate alower than PC 700 a chain. 
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0£ aoles 0£ NAcGlc in both autanta 21 and 38. Fucoae and 

galactoae content £ollowa the aaae trend with 21 a heavy 

chain being larger than 38 . The Gal values were elevated 

due to the leaking 0£ thia auger £roa our gel £iltration 

columns. The ratio NAcGlc/Man increaaea in 21 and 38 a 

chains, again indicative 0£ £urther processing . The cell 

line 38 produces IgM wi th t he highest ra t io which agreea 

with the possibility that t riantennery structures <3 molee 

0£ aan/S moles 0£ NAcGlc) are been produced. The 21 m chain 

presented a lower aolar ratio <3 moles 0£ man/4 . 3 moles 0£ 

NAcGlc> which ia indicati ve 0£ mixtures 0£ bi and 

triantennary s t ructures. 

IgM puri£1ed £ron MOPC 104E, PC 700, and mutants 

2l·and 38 were treated under Mild conditions to re l ease the 

aialic acid. Th ia sugar was then det ernined by _ 

th iobarbituric acid method <126). Tabl e Vis a s ummary 0£ 

the sialic acid con t ent/mg 0£ protein. PC 700 cell product 

haa the loweat amount 0£ aialic acid while t he heavy chains 

£roa the two autanta have a i alic acid concentrations 

aiailar to IgM £roa MOPC l04E. These results are in 

agreeaent with H-NMR data 0£ MOPC 104E and PC 700 which 

have ahown that the latter cell l ine carries mainly 

biantennary structures and a large eaount 0£ u nprocessed 

oligoaaccharidea <aee later>. 



Table IV. Carbohydrate coapoaition 0£ coapleta 
IgM a chaina. 
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--------------------~·- - - - ----- - ---------------------------
Cella 

PC 700 
21 
38 

Fuc 

0.35 
2.60 
1.50 

Molar 

Man 

3.00 
3.00 
3.00 

Ratio 

3 . 10 
7.00 
6.00 

NAcGlc 

2.20 
4.30 
5.40 

• The galactoae valuaa are high due to bleed 0££ £roa the 
ACA ultragel columna. 
Puri£ed IgM heavy chain• £roa aacitea £luid were hydrolyzed 
and uaed to prepare alditol acetates <125>. Gas liquid 
chroaatography per£oraed aa deacribed in Materials and 
Methoda. Deoxy-2-glucoae uaed aa internal atandard. Mannoae 
values atandarized to 3.00 aolea. 



Tobl• V. Siolic ocid level• in IgK heavy choina . 

Cella 

MOPC 104E 
PC700 
21 
38 

ag/ag 0% 
protein 

4.8 
3.5 
5.0 
4.5 

•/-0.40 
•/-0.25 
•l-0.10 
•/-0 .20 
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--------------~- --- ------------------------- ---- --- - -------
•calculated £rom 2-4 experiments. Heavy chains £rom IgM 
aecreted £ron ayelona and hybridoma cells were hydrolyzed 
under aild acid conditions. Sialic acid content 
deterainated by the thiobarbituric acid assay <126>. 
Protein determination& were per£ormed by the method 0% 
Lowry CS>. •/-indicate atandard deviations. 



Iaolation and Characterization of 

a Chain Glycopeptidea 

The location 0£ the £ive glycoaylation aites and 

priaary anino acid aequence 0£ normal a heavy chain have 

been previously described <£igure 12) <24). In addition, 

the complete atructurea at each aite haa been determined 

£or IgM MOPC 104 E <nyelona) <26> and are ahown in figure 

12. 
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lgM pur1£ied £ron PC 700, 21, and 38 were cleaved 

with cyanogen bromide into nine £ragmenta. The £ragmenta 

were resolved on Ultragel ACA 54 <figure 27>·and followed 

by abaorbance et 280 nm. The column was pre-equilibrated 

in 3 M guanidine bu££er and atandarized with MOPC 104 E m 

chain cyanogen bromide £ragaenta. In general both mutants 

<figure 28> and parental cell m chaina glycopeptidea gave 

very similar elution pro£ilea. The largest peak 

<nw=18,10S, calculated £ron proton-NMR obtained structures> 

designated aa CN6 containa the two oligoaaccharidea located 

at aaparagine residues 332 and 364. CNS, CN?, and CNS < 

with mw=12,230, 9,430, and 6,815> have one glycoaylation 

aite and eluted as expected <25>. The peaks were pooled and 

uaed £or chemical analysis. In CNS, £rom the ma synthesized 

by PC700 and 21, the peptide content waa very low but t~ere 

waa au££ieient carbohydrate to proceed £or carbohydrate. 
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Figure 27. Fractionation 0£ PC 700 m chain 
cyanogen broaide glycopeptidea by gel £iltration. The 
cleavage mixture waa applied to en ACA 54 coluan. and 
eluted with 3 M guanidine HCl bu££er. Fractiona <l al> 
were collected and protein detected by abaorbance <ASS> 
at 280 nm. Four peaka corresponding to glycopeptidea CNG. 
CN7, CNS. and CNS were collected end pooled. 

114 



e· 
c 

0 
CIO 
~ 

. en 
m 
c( 

21 
.0 

.o 

.o4 

.02 

10 30 50 

I 

-·-

J" 
j 

c 

70 
F X. 

90 110 
No. 

130 

115 

Figure 28. Fractionation 0£ 21 • chain cyanogen 
bronide glycopeptidea by gel filtration. Condition• uaed 
ea described in £1gure 27. Fractions <1.3 al> were 
collected and protein detected by abaorbance <ABS> at 280 
na. Four peake corresponding to glycopeptidea CN6, CN7, 
CNS, and CNS were collected and pooled. The agaroae colunn 
was atendarized with CNBr £ragaenta £roa MOPC 104 E and 
PC700 JA chaina. 



Anderaon and GriMea <25> ahowed by amino acid compositions 

that theae aethoda 0£ puri£ication gave peptides £ree 0£ 
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. contamination £ro~ adJacent glycoaylation aitea. The £act 

that both parental and autant linea secrete heavy chains 

with identical cyanogen £ragmentation patterns, con£irm the 

proper location 0£ aethionine residues. It is very likely 

that no other protein alterations have taken place. Thia 

again argues that the retarded aobilitiea 0£ autanta heavy 

chains are due to oligoaaccharide aide chains. 

Fractionation 0£ m PC700 Glycopeptides 

Fro• MOPC 104E studies, we £ound that each cyanogen 

bromide £ragment ia a mixture 0£ the same polypeptide 

containing d1££erent but cloaely related carbohydrate 

structures <26>. Peptides containing the glycoaylation 

aitea were treated with pronaae and £urther £ractionat ed on 

P-6 Biogel. The pro£1lea 0£ glycopeptides on P-6 were 

aaaayed by their carbohydrate content using the phenol 

aul£uric acid reaction, and are shown in £igure 29. The 

shaded areas were collected aa the maJor oligoaa~charide 

ap~ciea, and carbohydrate compositions determined by 

gas-liquid chromatography. 
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Figure 29. P-6 gel £iltration 0£ PC 700 a chain 
glycopeptidea. Cyanogen broaide pronaae treated 
£ragmenta: CN5, CNG, CN7 and CNS, £ractionated into 
aeveral peaks. The shaded area• ware collected as •• Jor 
oligoaaccharide apeciea. Carbohydrate coapoaitiona were 
obtained £roa both ••Jor and ainor . coaponenta. 



Carbohydrate Coapoaitiona 

All £our PC 700 CN pronase glycopeptides 

£ractionate into several peaks with compositions shown in 

data 0£ table VI. In all cases there ia a small portion 0£ 

the total glycoaylated aaterial eluti n g ahead 0£ the maJor 

peaxa. By composition this peaks contains only galactoae 

0£ a high molecular weight . As noted be£ore the agaroae 

columns release saall quantities 0£ high mw galactose 

containing aaterial. and are separated £rom the IgM 

glycopeptides on the Biogel P-6 column~ 
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CNS pronaaed glycopeptide has a aaJor peak. CN5A 

with a coapoaition corresponding to a biantennary, £ully 

sialylated structure. The aecond large £raction CNSS 

contains aaJor •onoaaccharides Man and NAcGlc with only 

trace 0£ galactoae and £wcoae. Thia suggest a small amount 

0£ high aannoae at this site . CN5C appear to be an 

incomplete processed s t ructure with nearly identical moles 

0£ aannose and glucoaamine. Galactoae ia detected in small 

amounts . 

CN6A has the c omposition 0£ a £ully aialylated 

biantennary s t ructure. CN6D complex s t ructure ia very 

similar in composition to £raction CN6A, but contain leas 

aialic acid. 68 contains more moles 0£ aan/ mole 0£ peptide 

than those £ound in complex atructurea, tho ugh it carries 



Table VI. Carbohydrate compositions 0£ P-6 puri£ied 
pronaae treated cyanogen bromide glycopeptidea isolated 
£rom PC700 IgM heavy chain. 

CN5A 
a.d. 

CN5B 
a.d. 

CNSC 
a.d. 

CN6A 
a.d. 

CNGB 
a.d . 

CN6C 
a.d. 

CNGD 
a.d. 

CN7A 
a.d. 

CN7B 
a.d. 

CN7C 
a.d. 

CN7D 
a . d. 

CN8A 
a.d. 

CN8B 
a.d. 

CN8C 
a.d. 

Molea 0£ Carbohydrate I Mole 0£ aaparagine 

Fuc 

1.2 
0.2 

0.2 
0.06 

0.6 
0.1 

1.0 
0.01 

1.7 
0.2 

o.o 
o.o 

0.5 
0.1 

1.0 
0.2 

0.6 
0.1 

o.o 
o.o 

0.7 
0.1 

0.3 
0.1 

0.1 
0.07 

0.6 
0.1 

Men 

2.8 
0.3 

2.S 
0.1 

0.3 
0.07 

2.S 
0.2 

5.3 
0 .1 

3.4 
.0.6 

2.1 
0 . 3 

3.5 
0.1 

3.4 
0.1 

1.8 
0.1 

5.1 
1.2 

1.6 
0.04 

7.5 
0.3 

2.1 
0.1 

Gal 

2.6 
0.2 

0.7 
0.2 

0.7 
0.06 

2.8 
0.02 

2.2 
0.9 

0.5 
0.1 

2.2 
0.4 

3.3 
0.4 

1.0 
0.1 

0.4 
0.1 

0 . 4 
0.1 

2.6 
0.1 

1.2 
0.2 

0.2 
0.07 

NAcGlc 

5.2 
0.4 

1.7 
0.2 

0.1 
0.01 

3.3 
0.03 

2.5 
0.3 

1.7 
0.1 

4.3 
0.6 

2.2 
0.3 

1.9 
0.3 

1.3 
0.2 

1.3 
0.4 

2.0 
0.1 

1 .7 
0.6 

1 . 7 
0.02 

SA 

2.3 
0.01 

0.4 
0.3 

2.1 
0.1 

0.4 
0.1 

0.3 
0.01 

0.2 
0.1 

3.6 
0. 1 

0.4 
0.1 

0 . 0 
o.o 

o.o 
o.o 

1.3 
0.1 

0. E» 
0.1 

o.o 
0 . 0 

a.d. atandard deviation. 3-5 di££erent determinet~ons. 
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galactoae and £ucoae which ia indicative 0£ a hybrid 

atructure. Fraction CN6C has a high aannoae type 

compoaition. 

CN7 CA,B,C> appear to have coaplex atructurea. 7A 

ia £ully completed <containa sialic acid and £ucoae> while 

the reat 0£ aoleculea appear to be partially processed. 70 

compoaition reaemble a high mannoae type oligoaaccharide. 

CNS haa a complex type oligoaaccharide at £raction BA, 

while B and C are high mannoae type by composition . 

Cyanogen bronide £ragaenta isolated £rom 21 ~a 

-
chain were directly used £or obtaining carbohydrate-

conpositions. We were unable to puri£y material £or pronaae 

treatment and aubaequent P-6 £ractionation. Table VII 

shows the values obtained £rom each glycosylated £ragment. 

Galactoae valuea were very large <not shown> due to the 

contamination £ron the colunn supports. Thus only £ ucoae, 

aannoae and N-acetylglucoaamine were daterained. Total CNS 

and CN6 heve co•plex £ucoaylated coaplex atructures. On the 

other hand, CN7 and CNS appear to have mixtures 0£ high 

aannoae and co•plex oligoaaccharidea . These results are 

consistent with the labeling experiments and total 

conpoaitions £ron the intact chain. We estinated that the 

puri£ication acheae would have to be scaled up by a £actor 

0£ 100 to have au££icient material £or complete coapoa1tion 

determinat ions and proton-NMR characterization. 



TABLE VII. Carbohydrate co•po&ition& of 21 m chain 
cyanogen broaide glycopeptidaa. 
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---------------------------------------------------------.--

CN5 
CN6 
CN7 
c~ 

Fucoae 

•• 
•• 

Mannoae 
C aolar ratioa> 

3.0 
3.0 
5.2 
3.6 

•• present but not quantitated. 
--abaant . 

N-acetylglucoaamine 

4.0 
2.5 
2.0 
2.0 

Cyanogen bromide £ragmenta iaolated £ro• 21 a chain were 
uaed to determine auger compositions by GLC. The 
glycopeptides were reduced and acetylated to their 
corresponding alditol acetatea. 2-deoxy- D-glucoae- included 
a• internal standard. 



Discussion 

The general pathway 0£ asparagine-linked 

oligoaaccharide assembly and processing has recently been 

reviewed <1,13>. Following the trans£er 0£ 

Glc3Man9GlcNAc2- £rom dolichol diphosphate to 

naacent proteins <89,90>. the glucose rsiduea are rap1dly 

removed by glucoaidases located in the endoplasmic 

reticulum <ER> <11,13>. Oligosaccharide processing beg1ns 

at the ER and continues through the Golgi apparatus 

catalyzed by a series 0£ highly speci£1c glycosidases and 

glycoayltrans£erases to yield the various classes 0£ 

N-glycosyl oligosaccharidea. The branches <antennae) that 

occur in N-glycosyl oligoaaccharides are usually initiated 

by the incorporation 0£ N-acetylglucoaamine to a 

Man5GlcNac2-Aan core. In fact, branches can be 

initiated on this core in at least seven di££erent ways, 

leading to the formati on 0£ multiple complex 

oligosaccharide structures (13>. 

Regulation 0£ carbohydrate processing is not well 

understood. We do not know the protein structure and 

cellular g l ycosylation systems interact to deteraine a 

particular set 0£ carbohydrate structures at individual 
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glycoaylation aitea • Thia thesis is an initial atep 

towarda learning how carbohydrate structures are 

determined . 
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I g M heavy chain £roa mouse •yeloma and hybridoaa 

cell linea provide a basic model by wh i c h aechanisma 0% 

glycoaylation p r ocessing can be studied . Ou r laboratory has 

recently puri£ied the heavy chain £ro• IgM produc ed by MOPC 

104E_ isolated indivi dual glycosy l ation aitea and 

determined •aJor carbohydratea using proton nuclear 

aagnetic resonance <26>. 

Studies presented here de£ine the di££erencea 

between the glycosylation of IgM from MOPC 104E, a 

hybridoma PC700_ and two mutants £roa PC700 <21 and 38> 

that synthesi ze hyperglycoaylated IgM CS?> . The analyses 

include products from tissue culture and ~scitea· grown 

cells. 

Carbohydrate Studies of • Chains from 

Cel la in Tiaaue Culture 

Hyperglycoay l ation in mutant cell lines C21 and 38> 

products can be deaonatrated by incubating cells with 

355 - Methi onine. The secreted immunoprecipitat ed ma 

chaina have ret arded aigrati on when compared to the 

parental cell line product CPC 700> . Shulman et al, 

originally auggeated that the difference was due to 



hyperglycoaylation aince tunicaaycin aboliahea the 

di££erences C57 >. 
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Endo H waa used to probe a chain oligoaaccharide 

structures. The analysis revealed that intracellular 

processing 0£ <ni) chains £ron PC700. 21 and 38 cells was 

not completed until the time 0£ secretion. Thia 

susceptibility 0£ the intracellular n chains has been 

described £or a number 0£ secreted glycoproteina including 

IgA~ and human chorionic gonadotropin <45.98>. The 

appearance 0£ several bands upon treatment indicated that 

some 0£ the glycoayl ation aitea are partially processed as 

was con£irmed by the sugar labeling experiments. The £act 

that the mi chains have the aame mobilit1ea in the absence 

0£ Endo H is one piece 0£ evidence that hyperglycosylation 

is not due to en increase in the number 0£ glycosyletion 

sites. Thia conclusion is consistent with the genetic 

studies we described in chapter 3. 

In contrast to the intracellular a chains. secreted 

products £ron 21 and 38 are nuch leas aensitive to Endo H 

which is consistent with the presence 0£ predominantly 

complex type oligosaccharide units. Thia was con£~rned by 

analysing the structures £ound at each 0£ the IgM heavy 

chains secreted £ron the mutants end parental cella. 

3H-mannose was used to radioactively label both co•plex 

and high mannose structures. 38 •& 3H-Mannose 
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glycopeptides presented the largest amount 0£ complex type 

structures, £ollowed by 21 ms and PC 700 glycopeptides. The 

high-menno~e content is reversed. 38 m chain contains the 

least amount, then 21, and PC700 ma with the largest amount 

<Table I>. Both 21 and 38 ma are more similar to MOPC 104 E 

lgM than to PC700 ms. In addition to containing more 

complex type oligoaacchar1des, there is a change to more 

processed structures <branched> 1n the ms glycopeptides 

£rom the mutant cells, as shown by their gel £iltration 

behavior <£igure 18>. On the other hand, the subcellular mi 

ch~in 3JH-mannose glycopeptides £roa all three 

di££erent cells had very similar types 0£ atructurea 

<£igure 16>. The retarded mobilities 0£ the as heavy chains 

£rom 21 and 38 cells are related to the type 0£ 

glycosylation patterns that they carry. Thia ia a 

combination 0£ a reduced amount 0£ high •annoae type 

oligosaccharidea concomitant with an increase in processing 

of their complex structures. 

Closer examination 0£ the complex oligosaccharides 

Ctritiated-£ucoae labeling> carried by the secreted a 

chains showed again that this increase was caused by 

branching. There is a gradient 0£ processing 0£ complex 

structures in IgM produced by theae three cell linea. PC700 

IgM having the least processed oligosaccharide structures, 

£ollowed by 21 and 38 cell lines <£igure 17>. PC700m chain 
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has processed structures, but these never reach the size 

<branching) 0£ those present in 21 and 38 ms chains 

<£iguree 16 and 17). Note that when comparing 

glycopeptides, di££erences in nolecular weight could be due 

to the polypeptide or carbohydrate . In all our experiments, 

the glycopeptides contain identical polypeptide sequences. 

Another problem could be that the same peptides with 

di££erent carbohydrate chains could have di££erent pronase 

susceptibility. Anderson and Grimes <25> showed that this 

doesn't occur £or glycopeptides £ron IgM by deternining 

amino acid compositions 0£ glycopeptides having high 

mennose end complex oligosaccharides. The di££erence in 

column elutions are thus due to carbohydrates. 

We do not know the aigni£icance 0£ the mutant cell 

line alterations. The £act that there are three cells that 

secrete an antibody with the same antigen speci£1city, sane 

polypeptide chain but · d1££erent glycosylation brings the 

possibility 0£ studying cellular aechaniana regulating 

oligosaccharide processing and the biological role 0£ 

carbohydrates on antibodies. 

The £unctions 0£ noat complex carbohydrates remain 

unknown. but there are evidence that the branching 0£ 

N-glycosyl oligosaccharidea on the cell sur£ace may play a 

role in oncogenic trana£ormation. Takasaki et al (34> £ound 

that trans£ornation 0£ BHK cells by polyoma virus led to a 
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reduction 0£ biantennary oligoseccherides, end an increase 

in tetrantennary atructurea. Studies on mammalian l ectins 

have shown that oligoaaccharide chains are involved in the 

inter-and intracellular transport 0£ glycoproteins. Ashwell 

<42> has e~tenaively characterized the Gal and 

Ga1Nac-speci£ic lectin preaent in hepatocytes. Furthernore, 

Baezinger <29) has demonstrated that the rat hepatocyte 

system can bind galactose residues 0£ biantennary or 

triantennery structures, but only the latter can be 

endocytosed. Nose and Wigzell (46) have demonstrated tha t 

oligosaccharide side chains play an important role in the 

biological £unctions 0£ immunoglobulins . They prepared 

monoclonal tr1nitrophenol-apeci£ic antibodies <IgG2b>, 

normally glycoaylated or depleted 0£ aaparagine linked 

carbohydrates by treating the hybridoma cells with 

tunicamycin. The carbohydrate-deficient antibodies have no 

detectable d1££erences in the antigen binding capacity. 

However, loss 0£ carbohydrate had drastic consequences on 

antibody e££ector £unctions. Protein A binding ability was 

unalterated <this feature requires integrity 0£ constant 

domains CH2 and CH3> but the aglycoayl ant i bod ies have lost 

the ability to bind Fe receptors on aacrophages. The mouse 

macrophage Fe receptors recognizes sites on the CH2 domain 

(52 > . The absence 0£ carbohydrates in antibodies lead to 

impaired complement activation end antibody-dependent 



cellular cytotoxicity. Furthermore, antigen-antibody 

complexes £ro• such carbohydrate-de£icient antibodies 

£ailed t o be eliminated rapidly £rom c irculation. 
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It ia iaportant to de£ine the role which apeci£ic 

carbohydrate structures play in above antibody £unctions. 

Hybridoma cells PC 700,21 and 38 which secrete antibodies 

with carbohydrate di££erences can be used to de£ine the IqK 

carbohydrate involveaent and structural require•ents £or 

the constant domain £unctions. 

m Chains £rom Aacites Grown 

Cells are Fully processed 

Our studies using MOPC 104£, showed that cheaical 

characterization required'. levels 0£ IgM £ound only in 

ascitea £luid. Our original hypothesis had been that 

labeled IgM £rom cells in culture and in ascitea £luid 

would have the saae carbohydrates. In £ac t, we originally 

added labeled IgM £rom c u ltured· cells to aacites £luid to 

£ollow IgM and glycopeptide puri£1cation. Froa these 

studies, it quickly became evident that processing waa 

quite di££erent £or IgM £ro• cultured cells and ascites 

£luid. For example, cyanogen bromide £ragment CN6 containa 

two glycoaylation sites <sites 332 and 364) <26> with 

structures that have been determined by H-NMR £or IgM £roa 

aacites £lu i d <26>. The two glycoaylation aites contain 
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triantennary oligosaccharidea that are nearly completely 

aialylated and aoae high aannoae structures. When we 

compared CN6 glycopeptidea £rom lgM grown in aacitea £lu1d 

with tiaaue culture cell, we could show that the latter was 

processed leas (£igure 18>. 

Furthermore, coaplete as chains derived £roa 

ascites grown MOPC 104E, PC700 and 21 cell• were completely 

resistant to Endo H digestion <£igure 19). Thia is in 

contrast to our atudiea on labeled IgM £rom tiasue culture 

<£igure 14>. Under these conditions, PC700 as chain were 

completel y sensitive to endo H, while 21 chains w•re 

partially resistant to the aaae en2yaatic digestion. lgM ma 

chain secreted £rom each 0£ the cells have a characteristic 

rate 0£ aigration in SDS gels <£roa either type growing 0£ 

conditions>. PC?OO product migrated with £aster mobility 

than 21, 38 and MOPC 104 E chains <£igures 19 and 26>. 

Parental and mutant cell heavy chains retained their 

phenotype 0£ d1££erential aigration regardless oi whether 

IgM is prepared £rom aacitea £luid or tiaaue cultured 

media. Thus the deterainanta £or their characteristic 

carbohydrate processing is present in each cell. The £act 

that processing occurs in all three cell linea suggests 

that PC700, 21 and 38 have a apeci£ic aet 0£ enzyaea £or 

de£ining their £inal carbohydrate structures. The products 

obtained £rom tiaaue cultured calla are likely to be 

intermediates 0£ those obtained £roa aacitea fluid. 



IgM Polymeric Forma Secreted by Mutant Cella 

Both MOPC 104E and PC 700 aacitea grown ~ells 

aecrete large amounts 0£ pentameric IgM <25.26.57>. PC700 

derived hyperglycoaylated autanta <21 and 38 cella> 

produced IgM with altered carbohydrate. Mutants aecreted 

IgM mainlY. aa monoaera <H2L2) <£igure 20 and 23> 
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(57 and my dat a>, although thia £orm ia not apeci£1c £or 21 

and 38 cella. PC 700 also secretes aonoaera. The isolated 

m chain £rom monomers aecreted by PC 700 does not exhibit 

hyperglycosylation. showing that hyperglycoaylation ia not 

aimply due to the polymeric nature 0£ the antibody. 

Pentaner £ornation requires Joining protein CJ> (40>. It ie 

not known i£ autant cells 21 and 38 lack, or hav~ reduced 

anounta 0£ this protein. In addition, it could be that 

hyperglycoaylation ia reducing pentamer £ormation . 

The aaounta 0£ IgM obtained £ron autant cells grown 

1n ascitea £luid are greatly reduced <table III>. This can 

not be attributed to changes in the rate 0£ ayntheais, 

which estimated £rom our labeling atudiea 0£ cell• in 

tissue culture conditions are aiailar £or theae cella. On 

the other hand, the type 0£ atructures carried by the heavy 

chains can a££ect their circulation in vivo <46>. It is 

possible that the mutant aecreted IgM ia removed £ro• the 

aacites £luid by apeci£ic receptor ayatena £or the 

oligoaaccharidea. 
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The variation• in glycoaylation and polymerization 

£oraa observed in IgM secreted £ro• 21 and 38 cells do not 

a££ect the antigen combining aite, aince their antibodiea 

react we l l with phoaphoryl-chaline <•eaaured by ELISA>. One 

or more 0£ the Fe £unctions appear to be altered, becauae 

these mutants were selected by their inaenaitivity to 

antibody dependent complement aediated cytotoxicity C57>. 

Carbohydrate Structures in Coaplete aa Chains 

Total auger compoaitiona 0£ puri£ied m chaina £roa 

PC 700, 21 and 38 cells provided additional evidence £or 

the changes between the immunoglobulina produced by these 

cells <Table IV> . PC 700 m chain haa a NAcGlc/Man molar 

ratio C2.2/3.0) indicative 0£ mainly biantennary 

structures. Mutant m chains presented increasing NAcGlc/Man 

ratios C4.2/3.0, 5.313.0). The 21 cell product appears to 

have a mixture 0£ bi and triantennary structures , while 38 

a chain haa mainly triantennary complex oligoaaccharides. 

Sialic acid, added last to the oligosaccharide chain, is 

also increased £or 21 and 38 cells relative to PC 700 

<Table V>. The hyperglycosylation di££erence ia caused by 

t he processing steps leading to complex oligoaaccharides . A 

trend in branching is shown going £rom PC 700<21<MOPC 

104E<38 m chains. PC 700 like other hybridoma cella 

apparently retains a number 0£ high mannoae 

oligoaaccharides, and yet mutants derived £rom this line 
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process £urther to complex oligosaccharides. Mutants make 

aainly triantennary oligoaaccharides instead 0£ the 

predominant biantennary £ound £or PC 700. The terminology 

used by Shulman ia not correct. PC 700 is de£ined as 

noraal, and the mutants as hyperglycoaylated. In £act, by 

carbohydrate composition, the cell lines 21 and 38 may be 

more like MOPC 104 E in processing and PC 700 abnormal <see 

below>. 

Carbohydrate di££erences in Myeloma and Hybridoma I9M 

Carbohydrate compositions obtained £rom puri£ied 

single glycoaylation sites demonstrated the maJor 

d1££erences between MOPC 104E, PC700 and 21 m chain. 

Anderson et al C26> have determined the maJor structures 

at MOPC 104 £ • chain. The aame procedure was £ollowed to 

characteri2e hybridoma cell products. CN5 £rom MOPC 104E m 

chain carries a single glycosylation site in which the 

aaJor oligosaccharide structure is biantennary. The next 

three s1tea C£rom CN6 and CN7> have triantennary 

structures, while CNS has a high mannose structure as maJor 

component. Proton-NMR <250 mHZ> spectra taken 0£ the ma)or 

PC 700 structures con£1rm the carbohydrate structures 

proposed £rom the composition data. Results presented here 

showed that PC 700 m chain have biantennery atructurea in 

£our glycosylation aitea <CNS, CN6 and CN7) and a 

combination 0£ high mennoae and complex type 
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oligosaccharidea at CNS <Table VI>. In addition each site 

contained minor components which appear to be processing 

intermediates. Note that each site carries a particular 

aet 0£ structures which in turn are di££erent £rom those 

aeen in other sites. The £1nding 0£ only biantennary 

atructurea at PC 700 Ms is the most remarkable d1££erence. 

The presence 0£ only biantennary structures, and reduced 

processing observed in tissue culture cause the increased 

mobility 0£ IgM £rom PC 700 cells. 

21 and 38 m chains ere £ragmented by CNBr into 

peptides identical to PC 700 and MOPC 104 E. 21 m chain 

appears to have three complex sites located on CNS and CN6 , 

with ell 0£ them biantennary type. CN7 and CNS have 

mixtures 0£ complex and high aannose oligosaccharides. The 

reduced amounts 0£ IgM obtained £rom mutant aacites, 

prevented £urther analyses. This points out some great 

d1££iculties in gaining structural information £rem 

glycoproteins. 

All £our m chains <MOPC 104E, PC700, 21 and 38> 

should have the same constant region. Thus the di££erence 

in IgM carbohydrate processing appears to derive £rom the 

cellular mechanisms £or glycosylation. The antibody changes 

could result £rem the availab~l~ty 0£ certain 

glycoayltrans£eraaes required to initiate the branching 

aynthetic pathway, or £rom the competition 0£ two or more 

enzymes £or a common intermediate which may be reduced in 
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PC 700. Schachter et al <13> have partially puri£ied 

aeveral glycoayl-trans£eraaes which are involved in the 

control 0£ oligosaccharide branching. We do not know i£ the 

enzyae £or triantennary structure synthesis ia missing or 

ine££ective in PC 700 cells. Dr. M. Shulman has designed 

an approach to de£ine the molecular basis 0£ glycosylation 

in 21 and 38 a chains. He has constructed a trans£ection 

vector which contains the heavy an~ light chains £or a 

2,4,6-trinitrophenyl-apeci£ic antibody C87,88>. The 

~ntention · is to trans£ect PC700,21,and 38 and see whether 

the spec1£ic antibody is glycosylated di££erently. I£ the 

noraal gene leads to a hyperglycoaylated produ~t when 

trans£ected into either mutant cells, then the de£ect is 

probably at the cellular level. The aame vectors ~ould be 

used £or site apeci£ic mutagenesis, which will allow the 

study 0£ the relationship between · protein sequence and 

glycosylation. 

IgG studies have shown that the carbohydrates play 

an important role in the heavy chain constant region 

£unctions <46). PC 700, 21 and 38 produce IgM with the same 

antigen spec1£icity but aaJor carbohydrate d1££erences. The 

di££erencea expressed by the carbohydrates can be used to 

de£ine their biological £unctions. It is important to note 

that ell the known imaunoglobulin carbohydrate structures 

have been derived £rom studies on antibodies synthesized by 

tu~or cell lines. We assumed that MOPC 104E IgM represented 



135 

the normal glycosylation pattern and PC 700 was abnormally 

glycoaylated. On the other hand, PC 700 IgM binds 

complement while 21 and 38 secreted antibodies do not. In 

this £unction, PC 700 appears to carry normal carbohydrate. 

In £act antibody produced by cells at various 

di££erentiation stages could have di££erent carbohydrates 

£or di££erent £unctions. Thia brings up the importance 0£ 

using antibodies 0£ similar apeci£1cities but with 

di££erent carbohydrates in biological assays 0£ antibody 

e££ector £unctions including: ability to bind Fe receptors, 

complement activation, antibody- dependent cellular 

cytotoxicity, and antibody-antigen clearance and 

compartmentalization (i.e. some types 0£ antibodies 

circulate in lymph, others only in plasma). Definition 

0£ the important £unctions 0£ carbohydrates 0£ antibodies 

would allow the design 0£ monoclonal antibodies with 

appropriate ~arbohydrate £or specific £unctions (i . e. 

antibodies directed £or tumor therapy ~1ght change in 

e££ector £unctions depending on their carbohydrate>. 

In summary, I have presented genetic and chem1cal 

analysis 0£ aeveral cell linea which synthea1ze IgM. 

Cella : MOPC 104E, PC 700, 21 and 38 have the same Cm gene 

arrangement and secrete IgM with identical constant 

polypeptide chain region. Their gene products di££er in 

polymeric £orm of secretion and glycoayletion. Myeloma 

cells <MOPC 104E) can process m chain oligosaccharidee to 
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triantennary struc tures . while PC700 only to bientennary. 

Mutants derived £ro~ PC?OO cells C21 and 38> ~ecrete IgM 

with triantennary structures. These .appear to or i gi nate 

£rom mutations in the cellular glycosylat i on- proceasing 

machinery. Heavy chains have an increase in carbohydra t e 

pro cessing in the order PC700 < 21 < MOPC 104E < 38 . We 

have shown that hybridomaa can have maJor chan ges in 

carbohydrate proc~aaing . This observation could have 

important 1mpl1catio~a on the use 0£ monoclonal antibod i es . 

Fina l ly, the availability 0£ PC-apeci£ic monoclonal 

antibodies with di££erences in processing could allow us t o 

deteraine the £unctions 0£ antibody carbphydrate. It may 

become p ossible in the £uture, to design ant ibodies with 

carbohydrates that det ermine e££ector £unctions. 
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