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ABSTRACT 

Cystic fibrosis (CF) is a disease that is the -most common genetic 

disorder among Caucasian populations. CF appears to be epithelial in 

nature, involving the majority of the glandular epithelial tissues in 

the .body, and thereby re.sulti"ng in a usually- systemic symptomology. 

Whi'le the basic geneti.c defect has not yet been determined, one of 

the central aspects of CF symptomology is an apparent abnormality in 

the mucus secret-ions in C-F individualsi There.fore., the investigation 

of mucus_ glycoproteins is necessary, i.n o-rder to gai_n a 1llore. complete 

understanding of cysttc fibres ts. 

Mucus glycoprotetns, or mucins 1 are not single well-defined enti-

ttes~ hut a.re la_rye, h.i-gh.1,y- complex 1llolecules, They, apparently vary 

i.n composi.tton dependi._ng on their source, and even muct:ns .from the 

same source appear to be extremely heterogeneous w~th regard :o their 

aci_di_ty and the le_ngths of carbohydrate chai.ns, 

Th.i.s study tnvolved the isolqtion and ch.aracterizati.on of ·mucins 

from di'fferent sources. These muci_n isolates a-re cOJnpqred and 

contr~sted. The study, al so i_nvol ved attempts to demonstrate th.at 

h.amster tracheal e.ptthel ia 1 (HTE) cells grown in culture synthesize 

arid secrete mucins, and that the HTE cell system mqy prove useful in 

the investi_gati.on of muci.n synthesis and secretion. Attempts at 

i,v 



mucin antibody production and immunoprecipitation from the HTE cells 

are also included. 

The aim of this study is to investigate mucins from different 

sources, compari'ng and contrasting them, and also to show the possible 

usefulness of the HTE cell system in the study of the synthesis and 

secretion of mucus glycoproteins. In thts way it may be possible to 

gain a better understanding of the nature, structure, and eventually, 

the function of thts complex molecule. 
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INTRODUCTION 

Cystic fibrosis (CF) ts a disease, apparently transmitted as an 

autosomal recessive trait. (Wright and Morton 1968; Nadler et al. 1978; 

Bowman and Barnett 1976; Si_ng et al. 1982}, that is the most common 

genetic diso·rder amo_ng Caucastan populattons, Cf appears to be 

epithelial in nature, involvi_ng the majority of the_ glandular 

epi thel i a 1 ti.ssue.s in tne body, and resul ti:_ng in a frequently 

systemic symptomol_ogr! Cli.ntcal manifestations of the disease include 

dysfunction of the exocrine glands, chronic pulmonary disease, and 

gastrointestinal involvement (Bowman and Barnett 1976; Nadler et al. 

1978). CF patients, however, show a considerable amount of variability 

in the expression of these symptoms:, manifesting anywhere from on 1 y 

one to nearly all. 

Whi_ le the basi. c gene ti: c defect has not yet bee.n determined, one 

of the central aspects of Cf s.ymptomology is an apparent abnormality 

of mucus secretions in CF patients (Carlson 1977; Boat and Cheng 1978; 

Al daheff 1978).. Some invest;:gators have suggested that mucus secre-

ti.ons in CF fodividuals appea-r to be a6nonnally viscous (Boat et al. 

1977; Boat and Ch.eng 19781, produced i.n_ greater quantities. in CF 

i_ndivi.duals (Carlson 1977; Boat and Cheng 19781, more highly sulfated 

and/or having diffe.rent amino acid ratios than mucins from unaffected 

persons (Chace et al, 1985}_ p Most of the symptoms of CF appear 

l 
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to be derived from this apparent alteration in glycoprotein metabolism. 

For instance, the thick, excessive mucus secretions cause nutritiona·1 

problems due to ~alabsorptton in the mucus-blocked gastrointestinal 

tract. Chronic pulrnona·ry disease and respiratory failure are due to 

accumulations in the lungs; and block~ge of organ passages by mucus 

causes many other problems. Because of this central -role that these 

mucin-ltke_ glycoproteins, or mucins, appear to play, the study of 

mucins themselves ts an important facet of CF research. 

Muci_ns are not si.n9le, well~deftned enti.ti.'es, but are large, 

highly complex molecules:, Th.ey vary in compos.tti.'on depending on their 

source CA llen 1983; Si. lyerberg and Meyer 19.82). and eyen macins from 

the same source c\ppear to be extremely• heterogeneous with regard to 

th.ei:r acid;:ty and the le.ngth. of their carb.oh.yd-rate chai.ns (Allen 1983; 

Van Halbreek et al. 1982; Si_lverbe_rg and Meye.r 19.82; Kirn et al. 1985). 

Th.i.s mtcroh.ete.rogene.ity. amo_ng mucins i.s di.scussed in many pl aces in 

the literature (Allen 1983; Forstner 19.78; Rose et al . .1984; Harding 

et al. 1983; Roussell et qL 1983; Lamblin et al. 1984a; Carlson 

1968); and this reflects the problems associ.ated with isolating 

~nd ch.aracteri_zing ''mucin" molecules. Tfterefore. in order to 

~chieve some sort of isolation and cftaracterizati'on, the focus 

must be on the s1)nilari.ties i.nh.erent in mucus· glycoprote.ins. Mucins, 

or muci:n-like glycoproteins, do ti.ave several cfiaracteristics in cmmnon: 

Cal In thei:r nati_ye stqte they are unifonnly large molecules, usually 
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with a molecular weight in excess of 1 x 106 (Carlson 1977; Allen 

1983; Silverberg and Meyer 1982; Kim et al. 1985; Chace et al. 

1985); (b) They-are comprised of 50 to 85% carbohydrate, composed of 

fucose, galactose, N-acetyl-galactosamine, N-acetyl-glucosamine, and 

sialic acid (Allen 1983; Carlson 1977; Forstner 1978; Kim et al. 

1985}; (cl The ca·rbohydrate chains are frequently negatively charged 

due to terminal sialic· acid and esterified sulphate residues (Allen 

1983; Forstner 1978; Kim et al. 1985; Silverberg and Meyer 1982); 

(d1 The carbohydrate chains a-re 1 inked to the peptide backbone via 

O_-glycosidi.c 1 i_nkages between the hydroxyl groups of the serine and/or 

threoni.ne resi.dues and the N-acet,yl-galactosamine at the sugar 

chain's. reducing end -(Allen 1983;· Carlson 1977; Forstner 1978; 

Silverberg and Meyer 1982} ; Ce 1 This o.:.gl ycos i di c 1 i nkage is very 

alkali labile, releasing intact sugar chains upon alkaline 

~~elimination (Carlson 1977; Sharon 1975; Kim et al. 1985). 

F_i.gure 1 -gives a dlaigrammatic representation of a mucin molecule. 

Oli:gosacch.ari.de side chains which are typically found in mucins are 

sh.own attached to the protein backbone via O-glycosidic linkages to 

serine and threonine residues (Slomi.any et al. 1984~ Lamblin 

et al, 1984a; Van Halbeek et al. 1982; Hill et al, 1977; 

La.molin et al. 19840}, With these common characteristics in mind, 

i.t is possible to have, if not a 11well-defined" molecule at least a 

worki._ng defi.nitton of "mucins" to use as a starti.ng point in the 
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figure 1. A representative section of a mucin molecule. The carbohydrate side 
chains, attached to serine and threonine residues via 0-glycosidic linkages, are 
some that are typically found in mucins. 



isolation and characterization of these complex secretions. Using 

this working definition, mucin~like glycoprote1ns from different 

sources can be studied and compared. 
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The importance of investigating mucins from human sources is 

obvious because of their role in such disease states as CF. Studying 

mucins from other sources, however, can also be important, Research 

has shown that hamster tracheal epithelial (HTE} cells grown in culture 

secrete high molecular weight, polyanionic, or mucin-like, glycopro-

teins (.Rudi.ck et al. 19841, The addition of serum from CF patients 

to the HTE cells causes sti.mulati.on of the secreti.on of these mucin-

like molecules (Wooten et al, 1984}, suggesting that a CF serum 

factor alters the rate of glycoprotein synthesis and/or secretion. 

Since comparatively little i.s known about the synthesis of mucin-like 

glycoproteins> a system, like the HTE cell system, that could lend 

i.tself to the. study of these molecules, could prove to be invaluable. 

Investigati.ng the addition of 0-li.nked oligosaccharide chains, their 

time and site of addition during the course of glycoprotein synthesis, 

as well as i_nvesti_gati.ng the method of action of secretion, might be 

feasi,ble using thi.s system. The biochemical regulation of rnucin 

synthe.s. ts and secreti,on and i_ts re 1 ati onsh.i p to the eti o 1 ogy of CF 

could much more easily be looked at in a cell culture system than in 

who 1 e organs, However, fi. rs t it is necessa·ry to determine more about 

th.e mucin .... like glycoprotei.ns produced by the HTE cells in order to 
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gain insight into the regulation of their secretion. 

Thi:s study i_nvolves isolation and characterization of mucus 

glycoprotei'ns from both human and hamster tracfieal sources. The 

structures of the muci'n. isolates from tn.e two sources were compared 

and contrasted. Also tncluded in the study were. attempts at producing 

antibody to the i'solated human muci'n. Thi's anti ... human muci'n antibody 

could be very useful i'n exami·ni_n9 muci'n s·ynthesis in cells suspected 

to produce mucins, t.e. HTE cells, by tmmunopredpitation of mucins 

from HTE cells. Eventually, th.ts study could lead to the use of HTE 

cells to i_nvesti:gate the. function of th.i's complex molecule, and to an 

unde·rstanding of its ·role. in Of. 



MATERIALS AND METHODS 

Materials 

The following were obtained from Bio-Rad Laboratories, Richmond, 

CA: acrylamide, bis-acrylamide, N,N,N'N'-tetraethylmethylenadiamine 

(.TEMED), ammonium persulfate, Bio-Rad Silver Stain Kit, DEAE-Affigel 

Blue, Bio-Gel_ A-5M, Bio~Gel P2 , Bio-Gel P10 , Dowex l-.x2 (Cl-), Dowex 

50-x2 (H+) and Dowe.x 50-..x8. Sephadex G-200 was purchased from 

Phannacia, Piscataway, N.J. -Freund's complete and incomplete adjuvant 

were from Difeo Laboratories, Detroit, Mtch, The following radio-

labelled materials were purchased from ICN, Irvine, CA: C3H)-NaBH4 
(100 mCi/mmol)., 35s as sulfuric acid in H2o (10 mCi}; (4,5-3H) 

L~leucine (55 Ci_/mmol)., (l-3H) D-glucosamine hydrochloride (.4-.10 

Ci_/mmol); (.u-14cl L-threonine (180-220 rnCi/mmol)., and (2-3H) D-mannose 

(25 Ci_/mmol). Pansobin was obtained from Calbiochem-Behring Corpo-

ration, LaJolla, CA. (.35s) L-methionine (1200 Ci/mmol) was obtained 

from New England Nuclea-r, Boston, Mass. Neuraminidase from Clostri-

dium perfringens and Boyine testicular hyaluronidase were purchased 

from Si_gma Chemtcal Co., St. Louis, Mo. Sodium Dodecyl Sulfate (SOS) 

wa.s. from Pierce Cnemical Co,, Rockford, Ill, Beta phase scintillation· 

cocktail was from WestChem, San Diego, Cal, Kodak. X-OMAT film and 

Kodak ..x-ray developer were obtained from Eastman Kodak. Co., Rochester, 

7 



N. Y. A 11 other chemi ca 1 s were reagent 9rade or the highest purity 

available. 

Methods 

Human Mucin Isolation. 

Human mucin was isolated from human tracheal lavage samples 

obtained from Ft. Worth Childrens Hospital. After receiving the 

samples, they were dialysed against deionized water and lyophilized. 

The isolation was then carried out on these dialysed and lyophilized 

samples by means of column chromatography using Sephadex G-200 

8 

(2.5 cm .x 100 cm) followed by Bio-Gel A-SM (l.5 cm x 90 cm). Both 

columns were run in a phosphate-saline buffer, _pH 7.6, containing 0.01 

M sodium phosphate, 0,15 M NaCl, SmM .8-rnercaptoethanol and 0.59 mM 

EDTA, fractions haying a volume of 2 ml each were collected and 

absorb~nce of these fractions was read at 220 or 280 nm for protein~ 

Voi_d volume material was retai_ned i.n each case, The samples were 

treated with bovine testicular hyaluronidase, as previously described 

lGallagher and Kent 1975}, between the two chromatographic steps in 

order to degrade any glycosaminoglycans present, Samples were 

di.ssolyed in a pnosphate-ci.trate buffer, pH 5.5, containing a.as M 

sodi_um phosphate, 0.05 M ci.tric acid .and 0.1 M NaCl. Hyaluronidase 

was added to the sample to a final concentrati.on of 0.25 mg/ml, and 

then the samples were i.ncubated at 37 °c for 18 h.. After A-SM 

fractionation, the samples were dialysed agai.nst deionized water and 
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lyophtlyzed. figure 2 shows the ove-rall isolation scheme used. 

HTE Cell Culture, 

Hamster tracheal epithelial cells were isolated and_ grown . in 

culture as prevto.usly described (Wooten et al, 1984; Rudtck et al. 

1984}. The cells were routinely g-rown in Ham~s F12 medium containfo9 

10.% FCS tn a 95% atr;5% CO2 tncubator at 37 °c, One. hundred mi 11 imeter 

di'shes of near confluent eel 1 s we·re tryps·intzed and then transferred to 

ro 11 er bottles. Two 100 mm di shes were used for epch. ro 11 e-r bottle. 

The cells we-re_ grown in 100 ml. of the medium i_n the roll er bottles 

under normal cell culture conditions, When the cells were nearly 

confluent, they· were labelled with. ei.ther 20 _,J,&Ci/ml (.35s)., 5 ,Ci/ml 

(-3H}-glucosamine or 5 .,uCi:/ml 2 ... (_3H}--mannose i:n 50 .ml of ·medium contain1"' 

tng only 5% FCS, and were incubated for 24 hours~ The "conditioned" 

medi~um was removed from th.e radioacti.vely la,belle.d HTE cells by aspira-

tion, centrifuged 10 min at 10,000 rpm i_n q Beck1m~n J ... 218 centrtfuge 

using a JA..-20 rotor to remove la,-rge deb·ris and floating cells, di.alysed 

agatnst dei_oni.zed water and l.yophilized, The HTE mucin was then 

isolated from these. crude media samples by- runn.ing them through the 

same ch.romatographi.c and enzyrnati:c steps ~s used for the i,-sol atton of 

the human mucin samples. 

Ch.a·ractertzatton of the Mucins, 

The isolated ·muci'ns were characteri.zed oy- the following means: 



MUCIN ISOLATION 

SAMPLES 

t 
DIALIZE & LYOPHILIZE 

t 
SEPHADEX G-200 GEL FILTRATION 

' VOID VOLUME 
DIALIZE & LYOPHILIZE 

t 
TREAT WITH HYALURONIDASE 

t 
BIO-GEL A-SM GEL FILTRATION 

t 
VOID VOLUME 

DIALIZE & LYOPHILIZE 

10 
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a) Protein determination, Protein was measured by the method of 

Bradford (1976) using bovine serum albumin as a standard. 

b) He.xose determination, Hexose concentration was measured by 

the Anthrone method (Seifter et al. 19.50)1 using glucose as a standard. 

c) Hexosamine determination. Hexosamine was measured by the 

method of Johnson (1971} using galactosamine as a standard. 

d) Sialic Acid determination, The concentration of sialic acid 

was measured as previously described (Jourdian et al. 1971) using 

N-acetyl-neuraminic acid as a standard. 

el .i-elimi.nation, Muci.n was analyzed by alkali-catalyzed 

~-elimination, because the presence of alkali-labile 0-glycosidic 

linkages is a characteristic of mucus glycoproteins. The ~-elimination· 

was carried out and followed spectrophotometri.cally as previously 

described (.Planter and Carlson 1975)_. Samples were dissolved in 

0,05 N NaOH to a final concentrati.on of 2 mg of sample/ml, and the 

absorbance of the sample was foll owed at 240 nm, ,8-el imi nation not 

only indicates the p~esence of 0-glycosidic linkages, but also serves 

to remove the carbohydrate si.de chains of the mucin from their protein 

core, The ,.8-elirnination was done using 0.5 N NaOH in 0.5 N NaBH4. 

After fi-elimi.nati.on. the mi.xture was acidifi.ed with glacial aceti.c 

aci.d added dropwise, deionized usi_ng Dowex 50-.x8 batchwise and dried 

on~ rotary evaporator, The borate, as methyl borate, was then 

evaporated off on the rotary evaporator by 2 to 3 add'ftions of methanol. 
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The pepti'de core. was s.ep~rated from the s_ugar chains via column 

chromat_ograph.y on Bio-Gel p10_ Cl. 5 cm x 50 cm}. The peptide was then 

dialyzed against water and lyophilyzed and its puri:ty checked by 10% 

sodi.um dodec.y-1 sulfate..-polyacrylamicte gel e·fectrophoresi_s (SOS-PAGE} 

(LaeJmJli 19701. 

fJ OHgosaccha,ride ·ch.~in ·am~lysts. Human mucin: When the oligo-

saccharide side chains were removed from th~ hwnan muctn isolate, the 

/,..e11.mtnat1:·on- was carried out in the presence of C3H}"'"NaBH4, This 

served to reduce and, th.us, radi.oacttvel_y- lqbel the reducing ends of the 

released carbohydrate chains. These labelled chq1:ns. were then analyzed 

by i:on.-excha_nge chromat_ography us i.:_ng Dowe.x 1,..x2 (cl''"}. and Dowex 50-x2 

(Ht) (75 mm .x 15 cm). Th.e sugar cha ins were a 1 so run on a Bi o..-Ge ·1 P 2 
sizi.ng colwnn Cl.5 cm x 85 cm}, Ten microltter aliquots of the frac~ 

tions off these columns were added to 4 ml of beta~phase scintillation 

flui.d each. and counted by- liqui.d scintillation spectrometry-, 

Negatively charged ol i_gosaccharide chqins U .e, those adsorbing 

to Dowex l-x2l were assa.yed for the presence of sialtc aci.d using 

neuraminidase (CasSid,y et al 1 1965}, The chains were dissolved in 

water at a 1% concentration with the pH adjusted to 5,0 with. acetic 

actd, Neuramtni.dase WqS added to a concentra,tion of 0,25 _mg/ml:, and 

the mixture was incubated at j7 °c for 1 h, Once the sialic acid 

was th.us removed from the carboh,ydrate chains, they-were rerun through 

the Dowex 1 .... x2 (Cl?"l ion-excha_nge colwnn to determi.ne loss of 
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negative charge, Negatively cha,rged chains were. also assayed for 

sulfate by reteas-ing the sulfate vfa methano·lysis (Slomiany et al. 

1981). Methonolysis was performed with 0.05 M HCl in dry methanol at 

room tempe-rature for 4 h. The sulfate released b,y this means was 

assayed by the method of Terho and Ha-rtiala ll971l~ 

g} 0ligosacch.ari:de·chai.n analysi~·, · HTE. mucin: When the 

carbohyd-rate si:de chains were removed from the HTE muci:n isolate, the 

~el iminatton was carried out both in the presence. and in the absence 

of (3H}-NaBH4~ Running the/-elimtnation in the qbsence of (3H}-NaBH4 
allowed the metabolic label, originally introduced into the HTE ceJl 

culture, to be followed when analyzing the si.de chains. The analysis 

of the carbohydrate ch_ains was essenti:any the same as that done on 

the human mucin side. chains, Sulfate was. not assayed for, as one of 

the metabolic labels was c35s1. 

Polyacrylamide Gel Electrophoresis, 

Mucin was analyzed on 5% and 10% sodium dodec,yl sul fate ... po lyacry·l,.. 

amide_ gel electrophores1.s CSDS\"'PAGE} LLaemmli 1910) and on 3,5· to 7!5% 

and 2.2 to 6% linear gradient gels. /~eliminated mucin was run on 10% 

gels and 3,0 to J,5%_ gels, Th.e_ gradi.en~ gels were prepa-red in the 

to·11 owi_ng manner, A ge 1 ·mixture was prepared in which the acrylamtde 

concentrati.on. was equal to that of the. hJgh end of the. gradient, i ,e. 

7,5% for a 3,0 to 7 ,5% gel, Tn.i.s mixture was placed in a small 

flask with a stir bar and then placed on ice on a stir plate, A 



14 

second gel mixture was prepared having a much lower acrylamide concen-

tration. The concentrati'ori of th.is second gel mixture was either 1.0% 

or 0% dependtng on wh.ether the acrylamide concentration at the top of 

th_e gel was 3.0% or 2.2%. The gradi.ent gel was cast by pumping gel 

mate-ri.al from the hi:gh~percentage acr.ylamide solution (7 .5%) into the 

slan_ gel mold, and si~multaneously at the same. rate. pumping gel material 

from the low~percent_age solution into the hi.gh-percentage solution. 

Si.nee the ~i:gh~percent_age_ gel solutton was being constantly stirred, 

the percentage of acrylaroi.de tn it· was gradua 1 ly deC'r.eas tng as the 

low~percentage solution was added, Therefore the concentration of 

acrylami'de hei_ng cast in the_ gel_ gradw~Tly• de.creased, An LKB peris-

tali:c pump CLKB 2115 Multiperpex} equi.pped wi,th dual channels was used 

to generate the. li:near. gradi.ent and to i:nsure e.qual mixing and constant 

flow duri_ng the casti.ng period. figure ~· shows a d1)9r~m of the gra-

di.ent gel casti.ng system. TEMED and ammoni.um persul fate were added to 

both gel soluti,ons just prior to the cas.ti_ng, and the solutions were 

kept on tee thro_ughout, in order to slow down polymeri.zation of the 

acrylami.de untiJ the casti.ng was complete, The casti_ng should take 

approximatelr 20 minutes, 

In all the_ gels run, once the gel was cast, water was layered 

on top until pol.ymerizatton of the acrylamide had occured~ Then the 

water WqS poured off, and a stacking_ gel of 3,0% acrylqmide was 

applied to the top, This WqS done wi.th a comb in phce i.n order to 
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form wells to contain the samples once polymerization had occured. 

Samples to be electrophoresed were prepared i:n a di.ssocia.ting 

buffer containtng 800 J-4-1 0.125M Tris~HCl pH 6,8, 200,.wl 10% SOS and 

50 .l"l /J ~mercaptoethanol. Thts was dene i'n a s·ample:buffer ·ratio of 

1:2 v/v. The s~ples were boiled from 3·to 5 mtnutes, and then 101""1 

glycerol and 2 to 5 rl of. a 0.1% o,romophe.nol blue tracki _ng dye were 

added to each s~mple, foll owed by- vortex tng, 

Electrophoresis was carried out on the gels afte_r sample c1ppli~ 

cation at .15 ·mA. durt_ng stc1cktng and then at 30 mA,. Tne el ectrophoresi,s 

was di.sconti nued when the track.ing d.ye · re~ch.ed the bottom of the -gel, 

In clll cases, protein detection i'n the. gels wc1s. accomplished b,y-

silver st~ining, as described in the Bio~Rad Si1ver St~in Kit 

(Bio-Rad L~boratories}, 

Antibodr, prepqr~tion 

Antib.od.y\ to th.e huma.n ·mucin tsolate. \'!~S p:rep~red b.y, tmmuniztng 

with. 0, 5 mg humqn ·mucin isolate in 0, 5 ml wate.r mtxed w.tth an equal 

volume of Freund "s complete adJuvant, Thi's· mixture w~s tnjected intra~ 

muscularl1 once a week for 6 weeks and then once a month thereafter, 

Attempts to el tcit anti.body to the pepti.de port ton onl.r of the hwn~n 

muci_n isolate were done by two different methods~ One rabbi:t was immu~ 

nized by the same technique used for whole mucin antibod~ production, 

but onlt the peptide portton was applied~ A sepa-rate. rao_btt was immu.-

nized wi.tn 0.5 ·mg of isolated human ·muci:n peptide in water mixed with an 
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equal volwne of Freund"s i.ncomplete adjuvant to a total volume of] ml. 

This mixture was then injected subcutaneously in 10 sites on the 

rabbit's back at 0, 2, and 4 weeks and once a month thereafter. 

Antibody detection. 

Blood samples were drawn with a 10 cc syringe from an ear vein 

once a week from each rabbtt. These blood samples were assayed for 

the presence of antibody by means of precipitin line fonnation in 

double immunodiffusion plates as described by Ouchterlony (1968). 

The plates were phot_ographed unstained or staineo,,. as previously 

described (Uriel 1971} and then photographed, Ouchterlony plates to 

be stained were washed in 0.9% saline for 2 to 3 days to wash -0ut 

unpreci_pi.tated proteins, dried, and then stained with 0 .. 5% Amido 

black. (w./vJ. for 10 to 20 min, Excess stain was removed by washi.ng the 

plates in 1 M acetic acid until the ba~kground was clear. Antibody 

production was al so assayed for by means of -- a dot-immunobinding assay 

run as previously described (Hawkes et al, 1982} but using nonfat 

dr,y milk (.Blotto} ·as a blocki_ng agent instead of bovi.ne serum albumin 

(Johnson-··et ·a1, 19841 The antigen was dotted on a nitrocellulose 

fi.lte.r and dried thoroughly, Blotto was then added to block all 

non.-speci.fic binding sites on the filter. Serum from the rabbit was 

added and incubated overnight at room temperature, Serum was then 

removed, and the fi"lters were washed i.n TBS (50 mM Tris-HCl, 

200 mM NaCl, Ph. 7 ,41, and then incubated for 2 h at room temperature 



in pero.xi. dase.,..conjugated goat anti .-rabbit IgG, Filters were washed 

~g~i.n and developed in chloronapthol and hydrogen peroxide. 

Antibody Isolation. 

18 

Once antibody production was detected, 20 ml of blood was drawn 

from the rabbit at 4 week intervals, The rabbit was sedated first to 

make handli~g easier. A portion of the ear was shaved so that the 

veins were visible, A small slice was made across a lateral vein and 

blood was wtthdrawn via a vacuwn pump and suction apparatus that fit 

over the ear, 

The 30 ml of blood was. then allowed to sit refr_igerated for 20 min, 

and was then centrifuged at 10,000 rpm for 10 min in a Beckman J-21B 

centrifuge usi_ng a JA-20 rotor'!. The serum (10'!'"15 ml} was then aspirated 

off the top and retai.ned, The imnun_oglobulin w:as i.solated from this 

rahfii:t serum via DEAE:-Affi.gel Blue chromatography, as described in 

the Bto.-Rad DEAE~Aff.igel S:l ue product in format ton sheet (Bio-Rad 

Laboratories), A modification (Thaxton 19831 of the buffer used to 

equi_lihrate the column was made to get the best IgG bi.ndin9 possible, 

The buffer used was 0,02 M Tris-HC1, 0,035 M NaCl, pH 8,0. The 

immunoglobulin was the first unbound protein peak off the column, 

Tnts isolated antibody was then dialyzed aga,:nst detonized water and 

1yophilyzed, 



19 

Indi. rect Immunop·recipi tati on. 

The antibody produced against the total human rnucin molecule, 

anti--hwnan mucin irnmunoglobin, was used with protein A-bearing strains 

of the bacterium Staphylococcus aureus in attempts to indirectly 

irnmunoprecipitate mucin, or mucin~like molecules from HTE cells, in 

order to show the production of this substance by these cells. The 

technique used is based upon the substitution of Protein A from h 
aureus for the second anti.-IgG antibody in the indirect immunoprecipi-

tati.on (Kessler 1975; Kessler 19761, 

Confluent.HTE cells were first labelled overnight with either 

2;£ijml (14c} .... leucine, 2/'Ci/ml (14cl-threonine or 4,2),c.Ci/ml (35s) .. 

methionine, The medium was removed from the cells, which were then 

scraped loose from the plates in phosphate buffered saline (PBS). 
The cells were than centrifuged and resuspended twice i_n PBS, centri-

fuged and finally- resuspended i.n approximately 100 of 10% SOS. 

Th.i.s mi_:xture was then boiled for JQ min and centri.fuged again. The 

supernatant from this final centri-fugation was used for the indirect 

imnunoprecipitation of mucin, 

A modification (Hadzopoulou 1982) of the original technique 

of Kessler (19751 was employed that uses Pansorhin (heat killed 

6acterta of ··h'aureus wtth protein A presentl, This method allowed 

pretncubati.on of the HTE cellular roateri.al with the protei.n A adsorbent 

and non .... immune i_mmun_o.9lohulin, thus initi'ally removi._ng any 
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nonspeci fi ca lly adsorbed materi a 1 and a 11 owing specific immunopreci pi-

ta ti on to occur in the presence of the anti .. h.uman mucin antibody. 

In thi.s procedure, 50 pl of the cellular material was diluted 

10-fold with PBS-plus (PBS, pH _7.4, containing 0.1% SOS, 0.5% nonidet 

p .. 40, 1 mM .EDTA, and 40 mM cold leucine, threonine or methionine, 

depending on which label was used). The mixture was incubated with 

30 pl Pansorbin for 1 hat room temperature and then centrifuged 

4 min in a microfuge to remove all non-specifically bound proteins. 

The supernatant was incubated for 20 min at room temperature with 20pg 

non .. ;mmune immun_oglobin, followed by the addition of 30 _,J Pansorbin 

and another 1 h incubation. Material was pelleted again by centri-

fugati.on and discarded. The supernatant was then incubated with 20 ,µ9 

of anti-human mucin immunoglobin at 4 °c for 24 h. Then 20 pl of the 

hacterial adsorbent was added for 10 min at room temperature, and the 

mixture was centrifuged in a microfuge to collect the innnunoreactive 

material. TEte pellet was suspended in 200 ;J PBS-plus, layered on top 

of i ml . of 1,5 M sucrose and centrifuged ·for 10 min in the microfuge. 

Pellets were then washed in the PBS-plus unti.l the radioactivity in the 

washes reached ha~kground. The pellets were then dissociated and 

analyzed by SOS-PAGE as described above. 

fluorographic detection of radtolabelled proteins. 

Radi.ol abell ed immunoprecipitates that were run on SOS-PAGE were 

then analyzed by fluorography. After staining, the gels were 
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impregnated with EN3HANCE (New England Nuclear} for 1 hand then dried 

under vacuum with a Savant SGD-200 slab gel dryer. The dried gel was 

then placed in contact with Kodak X-0MAT AR film and exposed at 
0 -80 C. The film was then developed using Kodak X~ray developer. 

Hemagglutination. 

Since it has been detennined that human mucin has some of the 

same antigenic determinants as red blood cells (Forstner 1977), 

anti.body produced in response to human mucin, anti-human muci n immuno-

gl obi n, should not only react with the human mucin but should also 

cross-react with red blood cells. This was tested by standard 

hema_ggl uti nation procedures (Gibbs 1977). Fresh human red b 1 ood 

cells were washed 3 ti.mes in physiological saline and then diluted to 

2% in sali.ne, 50 pl dilutions of the anti-human mucin antibody were 

set up in mi.croti_ter plates, alo._ng with so..,....1 dilutions of anti-A 

or anti.-B antiserwn and saline blanks, The 2% suspension of red 

blood cells was added to the microtiter plates in a 1:1 (_y/v} ratio 

with the diluti"ons, The plates were shaken to mix the soluti.ons, 

allowed to stt for 30 mi.n at -room temperature, and then overnight at 

4 °C, The plates were then observed for the presence or absence of 

"nuttons" of red cells i_n the bottom of the wells, 



RESULTS 

Mucin Isolation: Human 

Human mucin was isolated from tracheal lavage samples as described 

in Methods. Dialysed and lyophilyzed lavage samples were dissolved in 

buffer by overnight stirring in the cold and then run on a Sephadex 

G-200 column (.2. 5 x 100 cm}. Figure 4 shows the profile of proteins 

eluted from the G-200. The first protein peak, the mucin fraction, 

was the void volume peak, as detennined by Blue Dextran exclusion. 

The fractions contained in this peak were combined, dialysed against 

dei.onized water and lyophilyzed. This sample was then dissolved in 

the phosphate citrate buffer described in Methods. Bovine testicular 

hyaluronidase was added (Q,25 mg/ml}, and the mixture was incubated at 

37 °c for 16 h. The mixture was then run through a Bio-Gel A-SM 

column (l,5 on .x 90 cm}. f_i.gure 5 sh.ows the protein profile eluted 

from the A-SM column, Again, the void volume peak was the first 

protei.n peak off the column, This material was combined, dialysed 

and lyophilyzed and considered to be the isolated mucin. This isolation 

scheme was used to isolate mucin 20 times, with comparable results 

ea ch t i.rne , 

Mucin Isolation: Hamster Tracheal Epttheltal 

HTE cells were incubated in radtolabelled medium as describid in 

22 
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Figure 4. Sephadex G-200 chromatography of human mucin sample. 
Samples were dissolved in a 0.01 M sodium phosphate, 0.15 M NaCl, pH 
7.6, and applied to the G-200 column equilibrated with the same 
buffer. Two ml fractions were collected. A: retained, void 
volume or 11rnucin'' peak. Each dot represents 20 experiments. 
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Figure 5. Bio-gel A-SM chromatography of human mucin sample. 
Lyophilyzed samples are treated with 0.25 mg/ml hyaluronidase for 
18 hand then applied to the A-SM column equilibrated with a 0.01 M 
sodium phosphate, 0.15 M NaCl buffer, pH 7.6. Two ml fractions are 
collected. A: retained, void volume or "mucin" peak. Each dot 
represents 20 experiments, 
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the Methods section. After 24 hrs of labelling, the .. conditioned" 

medium off these cells was dialysed against deionized water and 

lyophilyzed, The media samples were then run through the same isolation 

scheme as that for human mucin, Figure 6 shows the protein profile 

eluted from the G-200 column, This protein profile was the same for 

all samples, whether they were labelled with c35s), l3H).-glucosamine 

or 2-(3H},-,mannose, The votd volume peak came off first, followed by 

a large peak of included proteins. When these same fractions were 

counted for radioactivity, the results are shown in Figures 7, 8, and 

9, with figure 7 showing the profile from the (35s1 labelled 

cells 1 Figure 8 from the (3Hl .... glucosamine labelled cells and Figure 9 

from the (2-3H)_-mannose labelled cells. In the case of the (. 35s) 

labelled cells, the majority of the label, approximately 90%, occured 

i.n the void volume peak, the muci.n fraction. Wi.'th the (3H}-glucosamine 

and (2'!"3H1""mannose labels, the label was spli.t between the mucin 

fraction and the included proteins that elute from the colume after it, 

In the case of t3H}-g.lucosamine, approximately 45% of the label was 

found in the mucin fraction. With (_2-3H}-mannose, about 50% of the 

label occured in the mucin fraction. 

figure 10 shows the protein profile off the A-SM column. Again, 

this Profile was basically the same for all three radiolabeled samples. 

However, the radioactive counts off the A-SM are shown in Figure 11, 

12~ and 13, with figure 11 representing the (35sl labelled sample, 

Figure 12 representing the (3H)-glucosarnine labelled sample and 
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Figure 6. Sepha·dex G-200 chromatography of HTE cell mucin sample. 
Samples were dissolved in a 0,01 M sodium phosphate, 0.15 M NaCl 
buffer, pH 7.6, and applied to the G-200 column equilibrated with the 
same buffer. Two ml fractfons were collected, A: retained, 
void volt.m1e or ·11mucin 11 peak. Each dot represents 6 experiments. 
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Figure 7, Sephadex.G-200 chromatography- of (35s1 35abel1ed HTE cell 
mucin sample.· HTE cells are 1a6e11ed 24 h with C S1. Media off 
these cells is dialyzed, lyophi'lized, and then dissolved in 0.01 M 
sodium phosphate, 0.15 M NaCl buffer, pH 7,6, The sample is then 
applied to the G-20.0 column equilibrated in the same bu.ffer, Two ml 
fractions are collected. A: void volume or "mucin" peak. Each dot 
represents 3 experiments. 
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Fi.gure 8. Sephadex G-200 chromatography. of (3H}.-g1 ucosamine 
l~belled HTE eel 1 rnucin sample. HTE cells are laf>elled 24 h with . 
( H}-glucosamine. Media off these cells is dialyzed, lyophilized, 
and then dissolved in 0,01 M sodium phosphate, 0,15 M NaCl buffer, 
pH 7.6. The sample is then applied to the G-200 column equilibrated 
i.n the same buffer. Two ml fractfons are collected, A: voi.d volume 
or "muci n" peak. Each dot represents 2 experiments, 
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Figure 9. Sephadex G-200 chromatography of [2-3H1-mannose la~e11ed 
HTE cell mucin s_arnple. HTE cells were labelled 24 h with (_2- H)-
mannose. Media off these cells was dialyzed, lyophilized and then 
dissolved in 0.01 M sodium phosphate, 0.15 M NaCl buffer, pH 7.6. 
The sample was then appli.ed to the G-200 column equilibrated in the 
same buffer, Two ml fractions were collected, A: void volume or 
"muci_n~•. peak. Each dot represents 2 experiments. 
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fi.gure 10, Bio-gel A-SM chromatography of HTE cell mucin sample, 
Lyophi)ized samp:les were treated with 0,25 mg/ml hyaluronidase for 
18 hand then applied to the A-SM column equilibrated with 0,01 M 
sodium phosphate, 0,15 M NaCl, pH 7,6, Two ml fractions were 
collected. A: void volume or "mucin" peak, Each dot represents 
6 e.xperirnents. 
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Figure 11. Bio-gel A-SM chromatography of. (35s1-l~gelled HTE cell 
mucin sample. HTE cells were labelled 24 h. with ( S}. Media off 
these cells was run through a Sephadex G-200, treated with hyaluron-
idase for 18 hand then applied to the A-SM column equilibrated in a 
0.01 M sodium phosphate, 0.15 M NaCl buffer, pH 7.6. Two ml fractions 
were collected. A: void volume or 11rnucin" peak. Each dot 
represents 3 experiments. 
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Figure 12. Bi o-ge 1 A-SM chromatography of (_ 3H} .... gl ucosarni ne31 abe 11 ed 
HTE cell rnucin sample. HTE cells were labelled 24 h with ( H}-
gl ucosami ne. Medi.a off these cel 1 s was ·run through a Sephadex G-200, 
treated with hyaluronidase, and then applied to the A-SM column 
~quilibrated in a 0.01 M sodium phosphate, 0.15 M NaCl buffer, pH 7.6. 
1wo ml fracti_ons were collected, A: void volume or "mucin" peak. 
Each dot represents 2 · experiments, · 
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Figure .13, Bio-gel A~SM chromatography- of (2-3H}:-mannose 1ab31led 
HTE cell mucin sample. HTE cells were labelled 24 h with (2- H}-
mannose, Media dff these cel 1 s was run through a Sephadex G-200, 
treated with. hyalu-ronidase, and th.en applied to the A-SM column 
equilibrated with 0,01 M sodiwn phosphate, 0.15 M NaCl buffer, pH 7.6. 
Two ml fractions were collected, A: void volwne or 11mucin'' peak. 
Each dot represe·nts 2 experiments, 



fi_gure 13 representi_ng the (2)H}-mannose 1 abe 11 ed samp 1 e. In the 

(35s1 and (3H}. _-gl ucosamine 1 abell ed samples, the radioactive counts 

were spread throughout the column, with only about 19% of the (35s) 

and 32% of the C3H} .... glucosamine label found in the mucin fraction. 
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In the case of the (_2,..3H1 .. mannose label , most of the counts are found 

tn the matertal that comes off the column after the void volume frac-

ti.on, with only 1% found in the voi:d volume, In all three cases, only 

the votd volume fraction was retatned, so much. of the radioactive 

label was lost at . th.ts step, The retai.ned voi_d volume peaks off the 

A""'SM column.were com6tned, dtalysed against deionized water and 

lyophilyzed, This fraction was considered to be the isolated HTE 

muci.n, 

Mlici_n Ch.aracterization 

The isolated muci.ns were tested for protein, hexose, hexosamine, 

si~lic acid and sulfate contents, as described in Methods, The 

results of these assays are gi vine in Tab. 1 e l ,_ Hexose and hexosarni ne 

levels were very si.milar between the human and HTE -muci.n samples. 

Stalk actd levels were lower in the human muci.n than the HTE. 

Levels of a 11 the compounds tested were found to be with i. n ranges of 

va 1 ues reported i_ n the li:tera ture, Human muci n was found to be 13. 25% 

protei.n b.y wei_gh.t, wh5le HTE mucin was 17 ,0% protein by· weight. 

Both HTE and human mucin isolates were ~-eli_mi.nated with NaOH, 



HEXOSE 

HEXOSAMINE 

SI ALIC ACID 

SULFATE 

TABLE I 

MUCIN COMPOSITION 

HUMAN a. HTE a 

0.90 1.04 

1.90 1.80 

0.28 0,1-15 

0.07 NA 

REPORTED+ 
RANGES 

0.61-1.92 

0.82-2.27 

0.20-0.99 

0.03-0.61 

a 
VALUES GIVEN ARE MG/MG PROTEIN., WHIC~ IS 13.25% BY WEIGHT 
OF TOTAL HUMAN MUCIN MOLECULE., AND 11,0% BY WEIGHT OF 
TOTAL HTE MUCIN MOLECULE, 
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+-IHESE RANGES WERE TAKEN FROM VALUES BcPORTED IN THE _ 
FOLLOW! NG SOURCES: JABBAL., il, AL, Jl9/b; CHACEJ .EI, Al., .,198~; 
SA5,HD.EV., .fI_ ... ru..,19'80; HERZBERG., .EI.,AJ., .,1979. ALL VALUES ARE 
.MGiM!.i PROTEIN, 
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Alkaline }I-elimination causes the type of reaction shown in Figure 14, 

where the addition of NaOH causes the release of the carbohydrate 

chain and the formation of an unsaturated derivative of serine or 

threonine. These derivatives have a characteristic absorption in the 

ultraviolet spectrum, so their formation can readily be detected 

at 240 nm as is shown in figure 15, When this reaction was carried 

out in the .presence of NaBH4, the released sugar was converted to 

the corresponding sugar alcohol and the serine and threonine deriva-

tives were converted to alanine and 2-ami.nobutyric acid respectively. 

In the presence of l3H)~NaBH4, both the oligosaccharide chain and the 

peptide c~~in would be radioactively labelled this way, As can be 

seen in figure 16~ ,-elimination carried out under reducing conditions 

Un the presence of NaBH4} gi_ves an imnedi.ate ri.se in absorbance 

caused by the formati'on of th.e double bonds, followed by a decrease as 

the double bonds are s.aturated. 

Oltgosaccharide chain analysis _ 

After fl-elimination the oligosaccharide chains were separated 

from the peptide core of the mucin molecule by Bio-Gel P10 column 

chromatography, With the human mucin samples, fa-elimination was 

carried out in the presence of (3H}~NaBH4 in order to radioactively 

label the ol i.gosaccharide chains. ftgure 17 shows the protein profile 

and the pattern of radioactivity off the p10 column. All the human 

mucin samples show this same basic profile, with the peptide core being 
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ft9ure 14, The ~~elimination reactton. X ; the oligosacchartde side chain, R : 
H for serine, CH3 for threontne, R~ and~~ ·: other amtno actds or the peptide chain. 
*H : trittated hydrogen molecules from the (~H]~NaBH4, w 
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Figure 15, Alkali-catalyzed/-elimination of mucin sample, Mucin 
sample was di.ssolved i.n 0,5 N NaOH at a 2 mg/ml concentration and 
incubated at 50 °c, Absorbance at 240 nm was measured at various 
time points, Each dot represents 15 experiments-, 
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figure 16. Alkall-cat()lyzed)hel lmlnallon of mucin sample under reducing conditions. 
Mucir1 sample was dissolved fn 0.5 U tl,10M, 0,5 N NaBH 11 at a 2 mg/ml concentration and 
incubated at 50 °c. /\hsorbance al. 240 nm was measur~d at various time points. Each 
dot represents 8 experiments. 
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ftgure 17, Bto~gel ~a chromatography of rnucin'sample,.8-eltrninated 
i.n the presence of C Hl-NaBH4. 3 Mucin sample was ,8-elirninated in 
0.5 N NaOH, 0,5 N NaBH4 with ( HJ-NaBH.4 present, · The final product 
was dried on a rotary evaporator, dissolved in deionized water and 
appli.ed to the PlO column equilibrated in 0,005 M soatwn phosphate, 
0,075 M ·NaCl buffer, pH 7.6,' Half ml fractions were collected. 

:· CPM profile off column, • • 
protein profi:le. off column, A: pepti'de peak~ Each dot represents 
10 experiments. 
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in the first prate.in peak, the void volwne peak, and the oligosaccha~ 

rides coming out later. WhJle tfi.ere-w-as some radioactivity associated 

wTth the peptide core, as ts expected, most of the radioactivity 

present ts associated with the ol _igosaccharide chains. 

When tfte HTE .mucin samples were~-elimi:nated, thts same basic 

profi'le was observed, with the metabolic l~b.el betng associated with 

the oligosaccha-ride chains Cfi.gure 181, HTE mucin samples labelled 

wHh. (2-3H1-mannose were not ;~eli:minated si.nce . the.re was not enough 

label left after isolation to allow it to ne followed further, 

The fractions off the. P 10 column compri.s i_ng the o li_gosacchct ride 

chains were comfline.d, ~nd dried down on a rotar,y evaporator. Furtn.er 

testing was done on this sugar pool, The ~ugar chains were dissolved 

i:n water and run on a p2 s.izi'_ng column! FtW.Jre 19 s.h.ows the sugar 

chain profile off the P2 column, Carboh..ydrate chai:ns off the. p2 
column range in size from ~1 sugar res.i.due to 9 _to 10 s._ugar residues 

long, The. le_ngth can be de.termi_ned by- g·raph.ing the elution volume of 

the chatns ys, mole.cular we_ight usi:ng the elution yolumes of standqrd 

sugar chains of known molecular weights, figure 20 shows the plot 

used -for th i. s purpos.e, Sugq r chains from the orJgf:nq l sugar pool 

we-re al so ·run on ion-excha_nge columns, Dowex J-.)(2 Ccl-1 a.nd Dow.e.x 

50 .. x2 {H+) to detect the presence of ch.arses on these. mole.cul es. 

Samples were dtssolved in water and applted to the columns, Adsorbed 

Jnole.cules we:re eluted off the Dowex 1 .. :x2 CCl,-\1. usi:ng 0!5 M NaCl and from 

th.e Dowex 50.-.x2 (.H+l ustng 1.5 N armnonium hydroxide, No sugar chains 
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F_i,gure 18. Bto-gel PlO chromatog3~phy of ,.g-eliminated HTE muci.n 
sample previously labelled with C S1, Mucin sample was ~-eliminated 
in 0,5 N NaOH, 0,5 N NaBH • The final product was dried on a rotary 
evaporator, dissolved in ~ei.onized water and applied to the PlO 
column equi.lib·rated i.n 0"005 .M sodiwn phosphate, 0,075 M NaCl, pH 7.6. 
Half ml fractions were collected. • • : CPM profile off 

,column. 3' • : protein profile off column. A: peptide 
peak, Each dot represents 4 e.xperi.ments, 
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Figure 19. Bio-gel P2 chromatography of ft-elimination-released 
oligosacchari'de side chains from muci.n sample, After the ca·rbohydrate 
side chains were separated from. the peptide core of the rnuci"n on Bio-
gel PlO, they were dri'ed down on a ·rotary evaporator, dissolved in 
deionized water and applied to the P2 co 1 umn. Ha 1 f ml fractions were 
collected. M: point where monosaccharide standard comes off the 
column. D: disaccharide standard~ T: tetrasaccharide standard. 
Each dot represents 15 experiments, 
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Figure 20. Molecular weight estimation of the oligosaccharide chains 
obtained by /J .-e\imfnation. The Bio-gel P2 column was calibrated 
with mono-, di-, and tetrasaccharide standards (tndicated by the dots). 
II -elimination-released suga·r chains eluted from the P2 column all 
along this range. The arrow -represents chains approximately 15 
sugar residues iong. 
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were retained on the Dowex 50-X2(H+} column suggesting that none of 

the molecules were positively charged. The pattern of radioactivity 

off the Dowex l-X2(Cl~} colt.mm is shown in Figure 21. The two groups 

of carbohydrate side chains, negatively charged and neutral, were then 

run back on the P2 sizing column separately. Figure 22 shows their 

profi 1 es off the co 1 umn, A 11 the 1 ong carbohydrate chains , those 

approxi.mately 7 restdues long and longer, are negatively charged. 

The neutral s;ugar chai.ns make up the medium and short chains. 01 igo-

saccharide side chains released off the HTE rnucin isolates demonstrated 

this· same basic pattern 

N_ega,ti.vely charged sugar chains were further tested to determine 

possible explanati.ons for the negative charge. In order to test for 

the presence of N~acetyl neura.minic acid, the negati.vely charged 

chatns were treated wi.th neuraminidase, as descri.bed in Methods, to 

remove the si.a1i.c acid and then rerun through a Dowex 1-.X2(Cl~l to 

dete.nni ne 1 oss of neg~tive cha_rge, The sarnp 1 es off the Dowe.x co 1 umn 

were th.en put back through the p2 column. ThP. ·chromatography resw}ts are 

shown in figure 23, Whenever the long, negati.ve.ly charged carbohydrate 

chatns were treated with neuraminidase and the sialic acid removed, 

the same results occured, There remai.ned a group of long chains that 

were still negattvely charged, There were also fi.ve distinct classes 

of chai.ns th.at were shorter and no 1 onger negattvely charged, 

Tn.ose carbohydrate chQ.tns stil 1 negatively· charged after 

neurami.ni.dase treatment were tested for the presence of esteri.'fi ed 
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Figure 21. Dowex l~x2 (Cl-1 ion-exchange chrornatoyraphy of oligo-
saccharide si_de chains released from muci.n sample~ Oligosaccharide 
side chqins were di.ssolyed in deioni_zed ·water and applied to the 
Dowex 1 .. x2 column, Negati.vely charged chai.ns· that stuck to the 
colwnn were eluted using 0.5 N NaCl. One ml fractions were collected, 
A: neutral chains that did not stick to the column, B: negatively 
charged cha ins eluted with NaCl. Each dot represents 16 experiments, 
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Ftgure 22, Bio-gel P? ch.rornatograph,y--· of oligosaccharide side chains 
off human muci.n sample, After flein~ separated by, ion-exchange 
chromatography, the( negati.vely,- cha:rged and · neutral chains were 
separately- dri'e.d down·, d1~s:sohed in deiontzed water and applied to the 
P2 co~LDTin. ~ne and a half ml fract~_ons were collected, • • 
negatwely, cn.qrged carhohydrate cfta,ns,----·-·••-: neutral 
caroohy~rate chatns, Eacn dot represents 8 expertments, 
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Figure 23, Bio-gel -P ch.ramatography of neu·raminidase treated 
ol_igosacchari_de side ~hains. N_egatively ch.arged carbohydrate side 
chains were treated with. neuramini"dase, separated via ion-exchange 
c~romatographr, an~ then t~e different_gro~ps were appli~d ~o the P2 column separa1:ely-, · One ano a half ml rrac1:1uns were col Jected. 

• • : · negatively charged ol igosacchari-de chai11s; 
• • : negati:vely cha_rged ch.ai_ns after neuraminidase; 

-•·•-: neutral chains after neuraminida·se. Each. dot represents 
5 experunents, -



sulfate residues. The residues were removed from the sugar chains 

via methanolysis and th~n assayed for. The sugar chains were then 

retested for loss of negative charge on the ion-exchange column. 

figure 24 shows the P2 column ·profi'le of these chains after metha-

nolysi,s and Dowe.x 1-X2(Cl-} chromatography. Release of the sulfate 

residues resulted in a range of sizes of neutral sugar chains, and 

there was still a group of long, negatively charged carbohydrate 

chains, 

Polyacrylamide_ Gel Electrophoresis 

Mucin was an~lysed via SDS-PAGE as described in the Methods 

s.ection, Ftgure 25 shows tot&l hwnan mucin i.solate run on a 2.2 to 

6:0% linear gradient gel, The mucin appeared as a smear high in the 
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gel, Fi_gure 26 shows the peptide core from JJ-el iminated rnucin samples 

run on a, 10%_ · ge 1 , Many bands were found on the ge 1 s of the ,-e 1 tmi na ted 

samp 1 es from bottt the hwnan and HTE muci,n samp 1 es, 

Mucin- Anti.body · Production 

Antib.od.y to the total human mucin molecule was p,roduced i.n a 

rabbit as descrifled in Methods, Figure 27 shows the results of double 

i_mmunodi:ffuston experiments. Si_ngle preci.pi_ti.n lines were obtained 

between the . anti.gen i. n the center we 11 , the tota 1 human muci n mo 1 ecul e, 

~nd the serum oo.tained from the imnunized -rabbit'·-s 6lood, The 

preci.pi.tin lines occured usi_ng strai_ght raob.tt's serum and also at 

a 1·:2 dilution, 
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F_igure 24, B.io'"'gel p2 chromat_o~raphy- of oligosaccharide side chai"ns 
with. the su1 fate remoyed, The sulfate -residues we.re removed from the 
n_egati.vely charged chai.ns via metn.anolysis, The chains were then 
separated via ion-exchange chromatography and the atfferent groups 
were applied separately to the P2 ·column, One and a half ml 
fractions were collected. * al : negatively charged oligosaccharide si·de chains 

• • : negati_velY· charged chai·ns after methano1ysis 
-a-·••-: neutral chai.ns· after methanolysis 
Eacn dot represents 3 experiments. 
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ftgure 25, Human muctn isolate on a 2,2 to 6.0% SDS,-polyacrylarnide 
linear 9radi.ent slaEt gel. Th.e muctn isolate was dtssolved tn 800)-(.1 
Tri. s, pH 6. 8, 200 10% SDS, 50 ,µ.1 ,A ""111ercaptoethano 1 , boi'l ed 3 min, 
and then vorte:xed with 10 p.l glycerol and 3 tracking dye. This 
mixture was then applied to the9el, The gel was stained wi"th silver 
stain for protei-n . . Lane a: ph.osphorylase A, molecular weight marker, 
(93 k). Lane b: human muciTI isolate, 
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14k-

figure 26, ... eltmtnate.d muctn sample on a .10% SOS-po1yacrylamide 
gel. Muctn samples were ,8.-eliminated in a.SN NaOH, and then the 
oligosaccha,ride chains were separated from the peptide portion via 
Bio-gel PlO chromatography-. The peptide part was dried down on a 
rotary evaporator, dissolved in electrophoresis 6uffer, boiled, 
vortexed wi'th glycerol and tracking dye, and run on the 10% gel. Gels 
were silver.-stained for protein. Lane a: molecular weight markers, 
phosphorylase A (93 k)., bovine serum albumin (68 kl, lysozyme _ (14 k). 
Lanes b. and c: ,8-elimi_nated HTE mucin samples. Lanes d - f: 

... eliminated human mucin samples. 
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Fi.gure 27. Doub 1 e-diJfuston i_JJJJJunopreci pttati on of anti"-hlDl1an muci n 
antibody~ Serum taken from the immunized ·rabb.it'-s blood was tested 
for the· prese.nce of anti:,-.h..uman muctn anti"b.ody-, The center well of 
both plates contai11s h.uman 1nucin (20pg). The other wells of both 
plates contai"n: 1 : non-immune serum 

2 : undiluted immune serum 
3-8: serial dilutions of immune. serum~ with well 3 

being 1:2, well 4 being J:4, etc, Plate A is stained and plate Bis 
unstained. 



54 

Indirect Irmnunoprecipitation 

Using the isolated anti-human mucin antibody, attempts were made 

to indi"rectly immunoprecipitate mucins- from radiolaf>elled HTE cells, 

as described in Methods. Fi.gure 28 shows autoradiograms of the 

immunoprecipitates ·run on 5% and 10% SDS-polyacrylamide gels. Many 

protei.ns bands were i.rnmunoprecipitated by the antibody. 

Hernagglutination 

Isolated h.LD11an mucin was tested for its antigenic si:milarity to 

6lood group·antigens, This was done by testing the antibody produced 

in response to the human mucin, the anti~hLDnan mucin antibody, for 

tts ability. to _qggluti,nate red blood cells, ftgure 29 shows the 

results of the hemq_gg1 utinatton s.et up as described in Methods, The 

absence of "buttons" of red eel ls in dil uti ens of the antibody 

tndtcated that the antt-human ·mucin antibody does cross-react with, 

and cause aggluttnation of red blood cells, 
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Figure 28. Autoradiographs of iIJJtJunoprectpitates from HTE cells. HTE 
cells were labelled with (14c)-threonine overni_'ght, collected., washed 
with PBS and boiled ': 10 mtn in 10% SOS. The cells were then centrifuged 
and the supernatant was imnunop·rec i pi ta ted with anti-human-muci n 
·antibody as described in Methods. The irmJunopreci.pitates were run on 
5% and 10% SDS-poly~crylami"de gels which were then dried and auto- . 
radiographed at -80 C. Lanes a-c: 5% gel. Lanes d and e ; 10% gel. 
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Figure 29. Direct hemagglutination of human red blood cells using 
anti-human-mucin antibody. Anti-human-mucin antibody was isolated 
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from rabbit serum via DEAE-Affi -gel Blue chromatography. The isolated 
antibody was dissolved in 0.91 NaCl to a concentration of 10 mg/ml. 
This was then used to set up the hemagglutination in microtiter plates. 
Columns a ... f: different i_solati.ons of anti.-human-mucin antibody. 
The top row of wells contained 50 ul of 10 mg/ml, followed by serial 
1:2 dilutions down the plate, i.e. the second row down contained 50 ul 
of 5 mg/ml , third row contained 50 ul · of 2. 5 mg/ml, etc. Column g 
0.9% NaCl with no antibody, Column h: serial 1:2 dilutions of 
anti-A antiserum. The top row of wells was undiluted. 
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DISCUSSION 

The study of mucus.,..type_ glycoproteins, including their isolation 

and characterization, has been an ~rea of increasing interest over the 

last decade. As the malfunctiontng of mucins or mucin production has 

been implicated tn the etiology of more and more dtseases, from 

i.nfertility to peptic ulcers to cystic fibrosis, research in this 

fi.eld has grown. A compartson of the results of th.is research has 

proven to be confus.i._ng. Tb.e confusion stems from several reasons: 

1, Muci.ns have been tsolated from a myri._ad vari.ety of,,sotrrces; J~j:g, 

monkey, toad, s·heep and even human (Chace et a 1 • 1985; Kim et a 1 . 

1985; Qureshi, et al, 1979·; Hill et al! 1977; H.erzbe_r.9 et al. 

1979}, 2. Muci.ns have be.en i.s.olated and purifi.ed i.n a multi.tude 

of different ways, from coll.mm chromatography to enzymatic degradation 

and proteolysis to thiol -reducti.on, many of which many h.ave resulted in 

an isolated molecule -very different from natiye mucin (Chace et al. 

1985; Kim et al, 1985; Ja6ba1 et al, 1976; Boat et al, 19761. 

3, Muc'tn.-like gl.ycoprote.tns are extremely heterogeneous molecules, 

apparently havi_ng_ a.s many- dtfferences as s i.mtl ariti.es between any two 

mucin moledules (Allen .1983.; Hardi_ng 18841, Whi.le there are certaln 

characteristics used to classi'fy muci.ns as mucins, a microheterogenetty 

exi.sts in :the c~rbo~ydrate side ch.atns of these molecules that 

i_ncl udes. both di. fferences tn carflohydrates present, and differences 
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in charge due to varying amounts of sialic acid and esterified sulfate 

residues. Even mucins isolated with the same technique from different 

parts of the same source, e,g, human gastri.c vs, human bronchial vs. 

human cervical, apparently manifest a degree of structural dissimilarity 

(Qu·resht et al, 1979}. Mucins are excessively polydisperse. 

This study dealt basi.cally ~dth a comparison and contrast of 

mucins i.solated using the same technique from different sources, human 

trqcheal and hcUI1ster tracheal epithelial lHTE) cells. The study also 

i.nvolved attempts to further study mucins produced by epithelial 

cells via i.mmunol_ogi.cal means usi.ng anti.body produced against isolated 

muctns, 

Th.e substances i_solated from both the HTE cells and the human 

trachea 1 1 av age samples appeared to be muci n-1 i.k.e glycoproteins on the 

basis of the characteri.stics used to classifymucins as such. Both 

tsolates were large molecules, hei'ng excluded in the yoi,-d volume peaks 

from ooth Sephade.x G-200 and Bi o ... Ge 1 A-SM co 1 umns (Figures 4, 6, 5 and 

10 respecti.velyL Both appeared to be mainly carhohydrate, with the 

human mucin 6eing only 13.25% protein and the. HTE muctn hei.n.9 only 

17% protein't He.xose, he.xosamine, stal i_c actd and sulfate were present 

tn amounts comparable to those reported in the li:terature lTahle 1), 

Some of the caro.ohydrate side chains were negati.vely charged9 The 

ol_i.gosaccharide si.de·:chai.ns were linked to the peptide back.hone via 

plkali_-lahile 0.-gl.ycosi.dic li.nkages, In the prese.nce of NaOH, these 

Hn~a_ges were broken, releasi._ng i.ntact carbohydrate ch.ai_ns, All of 



these characteristics su_ggest that the isolates from both. sources 

were mucins. 
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When isolating mucins from the HTE cells, the cells were labelled 

with one of three di_fferent -radi.oisotopes, (?5s1., (3H}_ ... glucosamine 

and (2,..3H}-rnannose, (.35s} was used in order to detect the presence of 

sulfate i.n the isolated mucin. (3H}.-g1ucosamine was used because 

glucosamine i.s a common sugar found in mucin carbohydrate side chains. 

(2)H) ,-mannose was used because man nose is a sugar not norma 11 y found 

i.n rnuci.ns, For th.is reason, (2-3H),-mannose was used specifically 

ins teaa of 1-(3H}-mannose so that i'f the man nose was converted to 

another sugar vi:a phosphomannose isornerase the label would be lost. 

Only if i.t were i.ncorporated as mannose would the mucin be radio-

actively labelled, 

In looki._ng at the results of this labelli_ng, i.t can lie seen that 

after·G-200 fraction~tion the major of the t35s} label was found in 

the void volwne, mucin peak, whi_le the (3H).-glucosami.ne and (2-3H)-

mannose labels were split fai.rly evenly between the void volume and 

the included serum protein peaks (Figures 7, 8 and 9L Th_i_s s.u_ggests 
· (35, that while most of the S1 was tncorporated solely into the mucin 

fraction :1 the HTE ce 11 s incorpo.rat€; gl ucosami.ne a,nd man nose. into both 

the mucus glycoproteins and other secreted proteins. This suggestion 

is supported by a study in the literature that reported that the sugar 

label and an ami.no i3Ci.d la6.el are i.ncorporated at approximately the 
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same rate ;·nto HTE cell secreted protei.ns (Rudick et al. 1984).. 

After further chromatographic fracttonation of the G-200 void 

volume peak on the Bio-gel A~SM column, the results were slightly 

dtfferent, The (.35s} and (3H.1,":'gl.ucosamine labels were found not only 

in the voi.'d volumn, mucin peak, but throughout the column (_Figures .11 

and 121 suggesting that these substances were found in more than just 

the mucus glycoproteins secreted from the cells. In the case of 

(.2-3H) .. mannose however, almost none of the label was found in the mucin 

fracti.on (Fi.gure 131, This. suggests that mannose was not i.ncorporated 

by the HTE cells into the mucus glycoprotei.ns which they secrete. 

Th.i.s accords with reports in the li~terature that rnucins contain no 

mannose (Allen 1983; Kim et al. 19851, 

,' ... eliminat,~on of mucin isolates from both human and HTE cell 

sources resulted in the -release of oli.gosacchari.de side chai.ns that 

can be separated from the. peptide portion of the molecules vta Bio-

gel P10 colwnn chrornatograph,y, f_i_gure 17 sh.ows that a small void 

volume, peptide portion, came off the column first, followed oy a 

1 arge range of o 1 i gosacchari. de ch.a i-ns whi: ch contain the maj ori.ty of 

the radtoactive label, These carflohydrate chai.ns. from either source 

range in si.ze from one to ten or more sugar residues 1 o_ng (.F_igure 191. 

The oligosaccharide chai.ns isolated from the human and HTE mucin 

sarnpl es w.ere analyzed vi:a ion-exchange chromatography• and were found to 

he composed of two separate groups, a group of negattvely charged 

caro.ohydrate chai.ns and a group of neutral chains, On further analysis, 
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by ·running each group separately back through the P2 sizing column, 

it was found that the negatively charged oligosaccharide chains were 

specifically the long chains, those having approximately seven or more 

sugar residues. The neutral carbohydrate side chains were all medium 

length and short (Figure 22}. This finding apparently holds true for 

the ca·rbohydrate chains from b.oth hwnan and HTE mucins. 

Negatively charged chains were assayed to determine if the nega-

tiye .cha_rge was due to sialic aci.d presence by removi_ng the sialic 

acid with neuramini.dase and then testi.ng f.or loss of negative charge. 

Results show that when sialic aci.d was removed from the long, negatively 

charged chains, five di.sti net c 1 ass es of shorter, neutra 1 carbohydrate 

chains result. Also, a group of long, negatively charged chains 

persists eyen after sial ic aci.d removal (F_i_gure 23}, This. group was 

then tested to determine if the remai.ni.ng n_egatiye charge was due to 

esterified sulfate resi.dues. Upon removal of this sulfate via 

methanolysis., a range of si.zes of shorter neutral chai.ns resulted, 

as well as a group of long chains that were still negatively charged 

(.F,i gure 24 L Th.ere fore, a 1 th.ough. both s i.a 1 i c acid and esterifi ed 

sulfate account for the mqjority of the negati.Ye charges on the 

oli_gosaccha-ri.de side chains, they appa-rently do not account for all of 

it, 

Mucin isolates ·were also analysed via. SDS~PAGE, The total human 

muci_n, because of its size, does not easily enter polyacrylami.de gels. 

figure 25 shows the h.uman mucin molecule run on a 2.2 to 6.0% linear 



gradient gel, The muci.n appeared as a smear near the top of the gel 

when stained with silver stain. Similar results have been reported 
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in 3,3% and 4.0% acrylami.de gels statned with peri.odi.c acid-Schiff (.PAS) 

reagents for carbohydrates (.Boat et a 1. 1976; Herzberg et a 1. 

19.79.; Jabflal et al. 1976}., although. with 4,0% acrylamide the mucin 

bcirely ente·rs the gel, The peptide portion of _6 .. eliminated ·mucin was 

a. 1 so ana lys.ed by SDS-PAGE. Fi_gure 26 shows 10% ge 1 s of various 

,s,-,el tmi.nated. mucin samplesr The pattern of protei.ns appeared to be 

basi:cally the same for all hwnan samples with about 4 main bands and 

mc1ny smaller bqnds, The pattern was di.fferent for _.8 .. eliminated HTE 

·mucini although there were still many bands present. This multitude 

of pepti:de bands was perh.aps not too surpri s i_ng, s i nee mucus glyco-

proteins appe~r to inter~ct strongly, although nonspecifically, with 

other proteins CA11en 19831. Also, mucins have been reported to exist 

as subuni.ts that are joined by disu.lphide Elands and/or a 11 li.nk" 

peptide (.Mantle et al. 1983; Allen 19831, Boat et al. (19761 

have reported that ,8-elimination produces small glycopepti.'des, The 

pe.pti.des found on the 10% gel ra.nge in size from greater than 93K to 

ti-round 14K, 

Once the mucins had been isolated and characterized, attempts 

were m~de to further s.tudy them f>y trying to look at mucin synthesis 

i.n HTE cells Viq 'tmnunological means. In order to do this., the 

isolated b.uman mucin was used to elici.t antiliody production i.n rabbit 

as descrioed in Methods.. Anti.body to the who 1 e human rnuci n mo 1 ecu 1 e 
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(_a,.,hJn antibody} was produced b.y- the rabbit, thougn the titer was very 

lowi As can be seen in figure 27, a stngle precipitin line occured 

between the muctn ant1'gen in the center well and rabbi't serum containing 

Ute eli.ci._ ted a.-.hm antibody. This preci'pitin reaction also occured at 

a 1: 2 di. l utton, but was weaker there, Attempts to increase the titer 

of the antibody were not successful, 

After the presence of the a-fun antibody was detected vi'a the 

douole tmmunodiffusion, the i_munoglobuHns we·re isolated from the 

ri:\b6i_tts serum as descri.bed in the Meth.ods section, Thts isolated 

antibody was then used to try- to indi.rectly tmmunoprecipitate mucins 

from HTE cells, figure 28 shows the results of autoradiographs done on 

the. 10% and 5% gels of the tnmunoprecipi.tates from these indirect 

imunopreci p·i tat ion experiments, Eyen when prei ncuba te.d to prevent 

non ... speci.fic bindi._ng, the a .... hJn anti.body appears to immunoprecipi_tate a 

multi_tude of substances, The ant;Jiody does not appear to oe very 

speci_ftc, 

Si.nee it has been reported in the 1 iteratu·re. th.at mucins have 

s tmi. l ar, iJ not the sa,roe, anti-geni'c deterrnim~nts as are. found on the 

surface of red blood cells C~ loyd and Kabat 1968J_ the a'P"hro antibody 

was tested for its ability to aggluttnate red blood cells. Figure 29 

s.hows the result of the hema_ggl.utination assay, Antibody produced in 

response to h.wnan ·rnud:n a_ggl uti.nqtes red b 1 ood cells, suggesting that 

ta.e a.--hm qnti'oody recognized the carbohydrate portton of the mucin 

molecule. This result is in contrast to the ftndings of others tn 



the 1 i. terature. The 1 aboratory of G. Forstner has e 1 i cited anti body 

production in rabbits to human intestinal goblet cell mucin (.Jabbal 

et al. 1976; Qureshi et al, 1979} in a manner that was very 
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simi_lar to that used in this study, They report that their resulting 

anti.body does not aggl uti_nate erythrocytes, and apparently recognizes 

a "naked" pepti_de porti'on of the muci.n molecule, They also find that a 

s.peci fi c three dirnens i ona 1 configuration of the mo 1 ecul e is necessary 

for full antigenicity (Mantle et al. 19841, Other investigators 

s_u_ggest that both pepti.de and carbohydrate resi.dues are necessary for 

ant_igenici.ty (L thermi.tte et al, 1976}, 

Wh.ile the antigeni~c determinants for the mucin molecules are 

sti_ll debatable, it seems to be the general consensus that antibody 

eHcited to one type of mucin molecule exhibits variable cross-

rea.cti.vi. ty w.-ith other muci.ns. Antibody produced in response to human 

i:ntes tin~ 1 muc in shows cross-reactivity with dog, monkey and rabbi. t, 

but not with. rat, ptg, or toad (Qureshi. 19791, Therefore, although 

prel i.mi_nary double innnunodiffusion results su_ggest some cross-

re~cttvi.ty o.etween hamster trach.ea 1 ti.ssue and th.e a-hm antibody, the 

i.n~bil i. ty of the anti.bod.y to. i.rnmunopreci pitate muci.ns from HTE cells 

could be a function of its inaoi.lity to recognize the HTE mucin. 

Another possib.i lity i.s that the titer of the antiliody was too low to 

i;mnunoprectpttate ap·preciable amounts. of muci_n, or that the rnucin 

ttsel f i.s not produced tn any great amount, probably less than 

of the protei. ns secreted norma 11 y- by the HTE ce 11 s, Attempts to 



e.licit antibody production to the peptide "core" of the human mucin, 

with the carbohydrate side chain ,removed, were unsuccessful. 
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Th.e study of mucins is still a ferti'le area of investigation, and 

undoubtedly,, the HTE cell system will prove to be invaluable in many 

respects, Stnce these cells produce and secrete mucin-like glyco-

proteins, mucins themselves could be studied from this system. HTE 

cells could also feasibly be used to study the biochemical regulation 

of muci,n production, from the bi.osynthetic pathways of O•glycosyl ati on 

to the final addition of staltc acid and sulfate residues~ The study 

of JJllJci,:n bi.osynthes·is. in o_rgan culture has been hampered by the 

complexi:ty of the ti_ssue, which i.s not a factor tn HTE cell culture. 

Therefore, this system ma,y prove to be ideal for mucin studies, 

The investtgatton of mucus glycoproteins can basically be 

considered a study i.n compa·risons~ Altho_ugb. a,11 muci.ns appear to have 

i.ri common the cMracteris.ti cs outlined in the Introducti,on to this 

w:ork, th.e more reports that come out i.n the 1 i_terature, the more 

dtfferences. are detected between muctns, These reported differences 

frequently appear to Eie contrAdi.ctory, b.ut thi_s is apparently a function 

of the number of dtfferent sources and techni_ques used for mucin 

tsol qt ion and characterization, As each specifi.c ·muci.n i_s more 

deftni.ttve1y charactertzea, it can he seen that -mucus 9lycoproteins, as 

a cl ass of compounds, rema.i.n as complex and heterogeneous as ever, 

Thts study- has s·hown that muci_ns i_s.ol ated from two di. ffe·rent 

sources, human trach.ea and hamster trachea 1 epi the 1 i al ce 11 s, have the 



inherent similarities expected .of mucins, as well as predictable 

differences. Both contain all the characteristics of mucin-like 

glycoprotei'ns, although to different degrees. As can be seen in 

Table 1, the composition of both muctns falls within the range of 
values reported tn the lite·rature. for oth~r mucin tsolates. The 

study a 1 so has shown that al though p·roductton of anti.body, to muci n 

can be eHcited in rabbi,'-t, the. produced anti.body, may. not be able to 

be used tn qny s.ys tern other than that to which it i.s produced, It 

appears that the anttge.nic determi'nants of di'ffere.nt muctns could 

di.ff er cons i'derably. 

While many tnroads have been made tn the study of mucin-1 ike 

glycoprotet-ns, a 1 q_rge area has yet to be covered, More research 
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in this area wi.11 probably haye to go i.n the directton of definittvely 

chara.cterizing each separate mucin molecule, ust:n£ such methods a.s 

HPLC and mass spectroscop.y-; however:, ~i th. the amount of mi crohetero~ 

geneity be.ing -reported for this- molecule, i:t still may, not be possi.ble 

to accomplish. thts to the. extent of de;ftntng normal versus abnonm~l 

mucins. Probably the most promi'si·ng approach to take at thts poi.nt i.s 

to use the HTE cell system to stud_y- the biochemistr.y- of muci.n sysnthesi,-s 

and secreti_on, since this study has shown th.at HTE cells produce 

muctns, Immunological studte.s of muci.ns i.n HTE cells may still be 

possi.ole, but the. antibody used will probabl_y-. naye to be elicited 

against HTE muci:n isolqtes, not mucins from other sources, Usi_ng these 



methods, it may be possible to gain a clearer understandi.ng not only 

of individual muctn structure, but also of the biosynthesis and· 

secreti'on of these untque, comple.x glycoprote.ins, 
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