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AlSstract 

The presence of fucose- and 8alact6se-containlng glyco-

proteina ln the nucleu8 was lnvestigated using. radloautography_ 
3 

and lectin~cYtocheœistry. After H-fuco8e adminlstratlo~ to frol 

dorsal root gangl!a, auclear labellinsrwas observed ln satellite 

and Schwann cel18'at_~1~ tiae !ntervala.8tudted.
D 

Radioaute8raph­

ie silver grains vere evenly diatributed over the nucleoplasm at 

the earliest tl.as (S and IS min) but shoved a preferentlal 

localizatlon to the nuclear perlpherJ at the laet tlae interval 

(18 hr.). Aleo at 18 hrs, so.e cells exhibited lrregular 

expansionl of the nuclear envelope which showed heavy labelllng.' 

In varlous rat duodenal cell., .reactlon was localized over 
3 

nuclei, at aIl ti_es studled after H-galactose injection. 
~ 

At 5' 

hrs p'ost-injeetion, the'condensed chromatin of mitotic cel18 was 

a180 labelled. Lectln-bind1ng experlments using fucose-speclfic, 

ÙEA 1 and galactose-spetiflc ReA l lectins on sections of the 

above tissues embedded in Lowicryl K4H showed specifie binding of 

the nucleoplasm and nuclear envelope. The results of studies 

uelng these two techniques ,provi4e good evldence tor the 

active synthesls of fucose- and 
'-

galactose-uistence and 

cont.inlng glycoproteins in some animal cell nuclei. 
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HOU8 avou ';tudl~ al' aide de ~ .radloauto.raphie et des 
, / 

lectine. le. glycoproteine. du noyau. Ap~ès injection du fuco~e 

.. rqu~ au tritiua noUl avons observé, dans les ganglions spinaux 

de la grenouille, une 'TéaCUon radioautographique des hoyaux des 

cellules satellites et des cellules de Schwann et celà-. toue les 

intervales de telÇS après injectio11. 
3 , 

A 5 et 15 minutes après 

injection 

\ d' argent 

noyaui. 

du JI-fucose les radiosutoBraphies montrent des grains 
'. 

uniforae'.ent:·dhtribu.{s au dessùe du nucléop la8JDe des 

grains 

Aux intervales de tellps plus longs 

d'argent sont 10ca118.;'s surtout à 
(e.g. 18 heures) les 

',. 1 la peripherie des 

18 heures on 
, 

observe que des evaginations noyaux. Aprè. , 
, " ., , 

irregulieres de l' enveloppe nucleaire sont forteaent marquees par 
3 

le sucre radioactif. Après injection de B-galactose à des -rats , 
1 

nous avons aussi observe un marquage des noyaux de certaines 

cellules du duodenulIl et cela à tous les intervales de tellps, 
~ 5 Q.... , apres injection.' A heures apres injection nous avons note que 

.Q.e la chroll18t1ne' condensée des' cellules en division montrait 

une réact'ion rddioautographique.. L'utilisation de lectines qui 

se Hent spécifiquement au fucose ou au galactose sur dee coupes 

de déjà " ~ / 
tissus .entionnes et prealablement enrobes dans le 

Lowicryt K4'K nous a pe nais de ' , dellontrer la presence de ces deux 

dans le 
, 

et l'enveloppe nuclé'ai re de 8ucres nucleoplasllle ces 

cellules. Lee reSultats obtenus avec ces diverses méthodes ' pon 
~ , #1' ..... 

seulellent dellOntrent une pre8enc~, JI!Iis egalelllent une bioaynthese 

de glycoprotéines dans les noyaux de ~erta1nes cellules. 

./ 
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lutroclueti ... 

In the past twenty-five years, int~t;est, in cOllplel', 

carbohydrates has increased dr.Htie.Ily vith the recognition of 

"b their illlportance, in cellular and tissue econo.y. - So.~ of 'the 

biologic:a!' actlvities they ~re now known to be involved in 

include cell-cell or celI-matrix interactions, cel! activation 

and division, cel! adhe si on , c~l1 e?rface' changee in transforma­

tion and lIlalignancy, and bl.ood group 'antigenidty (Shrevel et al, 

1983). 

lt 1& now recognized that a great maj ority of c:arbohydrate-
, ~ 

èonta1.-ning aoleculee are glycoproteins, eneollpassing a wide range 

of structures. The extent. of g1ycosy1at10n ie Icnown to vary 

considerably in this clais of molecule from Ilycoproteins such 

" 

as collasen containins as little ae 1% carbohyd rate to others" -. 

such as lIueins ,collposed of up to 80~ c!lrbohydrate. Most 

secretory products of the ceU are glycoprotein in nature. The 
. 

saàie can be said ~or ,the lysosolRal hydrolases and for m.ost 

transIRelllbran~ proteins. 

The most cOIDIIl~)Qly occurring. fora of carbohydrate in 

glycoproteins 'la of an oligosaccharide side chain linked N-

Slycosldically to an asparagine resiclue of the polypeptide chain 

" ' 
(Kornfeld and Kornfeld. 1980). A sec:ond forlll is an 

ol1gosaccharide side chain United O-gly~osidica1ly to serine or 

threonine residues. , Included in this group are the 

glycosalllnog1ycans, which are unbranched 'chains of repeaUng --. 

(

dlSacchat:lde units so named because one of the tvo ,suger residues 

i"fhe repeaUns disaccharide, 10 alwayo an adno o.sor. Th.oe 

". 

'J 
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glycoproteill8 .,1th glyco ••• inoglyc:an chains- are referred' to a. 
proteoglycana (Al berts et al, 1983). The 001.:1 other e~.lIonly . 

occurring type of side chain in glycoprotelns occurs in meabera 

of the collagen fa.Uy (ICornfeld and KorafeId, 19~O) which have 

sugars O-glycosidically 110ked to hydroxylyalne. 

The b'loayothes1s of glycoproteins has been studied 

extensively in recent years and considerable data has been 

obt.ined related to the steps of synthesis and the intracellular 
, 

si tes at whlcb they occur: (Struclt and Lennar~. 1980; Lodlsh et 

al, 1981; Hubbard and .Ivatt. 1981; Alberts et al, 1983). lt la 

believed that the specifie enzy.es necessary for glycoaylation, 

le. the glycosyltraosferases, are confined to the lumenal 

surfacefl of the rough endoplaslllc daterase, the nuclear envelope 

and the saçcules of the Golgi apparat~s (Alberts et al, 1983). 
, ' ./ ~ "'If 

While all protein synthesis, Including, that of glycoproteins, 
\ l , 

beslD8.'on free ribosomes in the cytosol, th.e future glycQprotelns 

-
co.pl~te t)leir syothes!.s 00 r!.bosolles bound to the rER. The 

nevly formed polypeptide chain i8 vectorially discharged through 

"the membrane of the rEL In the c.ase of future secretory . , ' 

giycoproteins or those dest1ned . for the IUlien of lysosomes. the 
. , , 

chain passes entirely through the lIellbrane and the glycopr~tein 
. / 

rele8sed into the lu lien. Mellbrane glycoproteina, howeveJ;', temain 

perll~ently ~mbedded vithin the l1p1d bUayer via a hydrophobie 

portion of' t~~ polypeptide chain. From the rER, the polypeptidès 

aigrate by way, of tran.fer ve.ides to the Golgi apparat us. 
, .,f 

Soluble" proteine lIigrate w1 thin th4! lUllen of the various ." , 

co.partments, '''fle lIell'brane proteine aigra.te ~ithin the plane of 
, . 

the lIellbrane. 
'" 

" 
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Kucb of tlle evldence for !Ohe intracellular sites of 

, .~ 
gly~08ylat1on came fro. radioautographic expertaent,s, such as 

~~ ,~ 

tbose carried out in this depart.ent (Whur, Herscovics, and 

Leblond, 1969; Bennett, 1970; Bennett and Leblond" 1971; Bennett 

and O'Shaughnessy, 1981; Bennett et al, 1981). Tbe initial 

addition of N-linked oligoàaccharide side chains occurs while the 
, . 

polypeptide is in the rER or nuclear envelope, while tera-ha! 
, . 

glycosylation occurs in the Golgi apparatuil. The glycosyiated 

proteins are then dellvered via vesicles to lysoso.es, to the 

plasma aeabrane or to tbe cell exterlor. 

Thus, according to the above concepts,. the carbohydrate 

por,tion of glycoprotelns should exist on1y witMn the lUllen. or at 

the luaenal surface of the rER and tiuclear envelope, tra-nsfer 

yesicles, Golgi apparatus, Golgi-derived vesicles, endocyt'ic . 
. , 

vesicles and lysosomes; at the external surface of the plaslla' 

_ellbrane, or outs1de the celle 8-
......... .. " 

Since\other Intracellular sites such as the nucleoplasm are· 

not located along this "secretory pathway", they bave not usua11y 
, ~ 

beep considered to 'be s~te8 at which glyc~proteins are local~zed . 
(Albert.s et al, 1983). In the last fiftèen years· or so,' however, 

a number of reports have appeared in the literature suggesting 

the presence of glyco~onjugates in this compartment • 

. 
Evidence hom Literature. for the Presence of Glycoproteinà 

in Nucl~ 

Both biache_ical,' and ~ore rece~tly, cytoche.ical techniqùes 
. . 

have~been used to J,nvest1,gate the presenc-e of glycoproteins in 
, , 

the nucleus Includlng cOlllponenJ:s, of the nué:lear énvelope as well 

.. 

""--
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à, the nueleopla.~ 

1) Nuclear Bnvelope 

"-

, , 

In bioche.ical 8.tudi«!a', label ob.ta1ne4 in a nuclear fraction 

, .of baby na.llter Udney c~l1a after ,exposure' to la-glucosaalne or 
" ' 

,- .. ' 

, . 
3H-fueo~e (Ke.hgeglan and Gl1ck, 1913; B,uck et al~ 1973) vas 

cOllpletely reaoved fro. the Quelei by extenslve det:ergent . ~\. . , . -

.'fashing. This indicated that the l~be1 vas contalned ln the 

nuc1ear envelope subcollpart.ent •. ~ioche.ic:al analy81~ of rat -

llvèr nuclear envelope glY'eopro~eit?-8' revea1ed th.e preaence of 

significant a1l0unts of lIannose, glucose, and gluc08s.1ne and 
, "" ' .' ' 

1e88er'allounts of _alaet08e, galactossaine, and 81alle acld 

(Kawasaki and Yalla8hlv~, '1972; Franke et 81. 1976)., 

LecUn ,b!nding tp the ;nuchar envelope or nuelear surface 
, " . 

hS8 been observed in a ,variety of blochémlcal st':ldles., 'Nicolson 

, et al (1972) showed that àdd1tlon of, Con At WGA., RCA, or UEA 1 
'-.., , 

lectins to bO~\l\e livér' nuilei caused aggluti,nation, provid'lng 

évldence respectlvely for the presence of \1la!lnose, N ... · 
, ~ 

acetylglucosaalne or sialic acid, galactose and fucose, àa-:os.e_t~es 

at tbe surface of tbese nuelai. ' Con A vas found ta blnd ço the 
, . 

.lullinal surface of Inner and outer layera 'of the lso1ated nudear 
.' 

envelope of âmphibian oocytes (Feldherr et al, 1?77).', Similar­

ly,' Con A b.inding was obsènoed on the dsternal s~rf8ce of both 
" ' 

inner . an<l outer l~yers of the nuclear, envelope of laolated calf 

thyaocyte nuê:lei (MonnerQn and -Segretaia. 1974). la this 

particular study, blnding to rib08oaé8 oû ~he' çytoplaslllè surface 

of the outer layer vas 81so obsehed. Alter, exposure of lsolate4 

rat liver and hepato~a nuclel ta 3u~on A 'and 1a-R~A, 'binding to 

, , 

. " 
,., - , 
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the nuclear .~rf.e; va. deteetell br Ianeko et al (1912). After 

i,o~~~lon of the nucle~r euvelope of hu.an ly.phoblaltoid cella. 

and prote1n separaClon br SDS-PAGE, Gurtler et al (1919) found 

ICA- l 'bouncf st'tongly ta twa proteine, indlcating the presence of 

~alactole residues. Guinivati et al (1980) ideotified a nu.ber of 
o 

'glycQpeptidea using radiolabelled lectine 00 tva-dl"en81onal- gel8 
: 

of nuclear' .nv~lop. preparations froa Chinese ha.s~r ovary 

cella. Theae peptides Vère f~und to conuin residuea of luch 

sug.rs as 'aann~se, glucosamine, ,galactose and fucose. Gerace et 

al (1982) idenUU.d a 190-kilodaltott lntrins1c: aeabrane protein 

from SDs-p01yacrylaialde' 'gela of rat liver nucleer envelope 

proteins. laaunocyto'ebe.ic41 studies sbovéd that thi,s protein 

occ:urred specH,icaHy ,in the nuclear pore complexe lt stained 

poait1vdr vith the per~odi~ acld~Sch1ff procedu:re~ and bound CoIJ 

A but not WGA, indicating th.t 11: vas a hlgh-aannose type . " 

glycoprotein. Upon tr~atment of nuclear eovelopes vith Triton X-
, , 

100, the ,lycoprotein re1llaineCi associated vith the nuclear pore 

compleXe A glycoproteln' of sl.Uar aolecular vdght vas a1.50 
l , 

ldent1f1~d ln oÙl~r vert'ebrs;t~" ~pecie8 a~d of Drosophila 

.elanogaster· e1Dbryos (.F1Bhe~ et al, 1982). Flnally., COllpton and 
, " , '--

~ Co'urtney (1984) 1>rovided evidence' tllat soae' vlrus-speclf1c glyco-

proteins aS80dated vith the nuclear envelope of Herpes siaplu-' 

Infected cells vere resistant ta endoglycosidase B. 

In'cltocheaical studies, Con A has beell localized to the 

luainai surface of inner and outer nuclear ae.branes of variou 

'Cep types ~~irtaneo and Wartiovaara, 1976; 'Virtanen et al, 1980; 

Bourguignon and Butllan, 1982; Tartàkoff and Vassalll, 1983; Pinto . .-

'da Silva et al. 1981; Hart and Wood, 1984) indlcating _ 'the 

'i , . . ~ .. 
, . 

, ' 
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presence of .ennOle- or glucole;"contain1ng glycoproteinl. 

S1.Uar Con A blndlng oc:eur. ln the rough endoplasalc retieulum, 

end .uits the concept that the high-.enno8e type of ol1goseecha~ 

rid ..... ide chain (vith ea8oc1ated glueo.e reaidue8) ia added to 

glycoprotelns at thi. site. When WGA has been used in au ch 

studles, bindlng has not u8ually been ob8erved ln the nuclear , -, 
-' . 

envelope and rough endopla8ml~ reUculu. but is, 8een oo1y ln the 

Golgi apparat ua t lysosomes ~ secretory v,eslc}.es and pla8111a 

membrane (Virtanen et al, 1980; Tartakoff and VassalU, 1983; , 

10t'"riai and oPinto da Si,lva, 1984). Since thiS lectin would 

_a101y detect the $ialic acid residues of coaplex ol1gosaccharide 

side chains, the above resulcs suit the concept that such side 

, chalns are formed only in the Golgi- aparatus, and that, once 

'fotmed, the glycoproteins vith co.plex side chains do not flov 

back into the l'ough endoplasmic reticulu. and nuclear envelope. 

lt must be noted, however, that Vlrtanen and 'Wartiovaara (1976) , , 

did obterve WGA bindlng in the nucleal' envelope. Similarly, Ûa~t 

and Wood (1984)" found that the Con A hinding in ~he nuclear 

me.branes of neurons was endoglycosidase H resistant! indicating 

~bé presence of comples type Ollg0SSCCba;;~. 

2) Nuc1eoplasm 

, A number of biochemic!11 studies have reported the presence 

of glycoproteins in the nucleus withput speclfying their exact 
i 

di8tribution. Farr and Horlsberger (1978) lsolated a sulfated 
, 

and phosphorylated II-D-galactan frolll nuclei of the acellular 

slime iiold ~ polycephalum. Glass et al (1980) reported that 

SDS-polyacrylamide gels of .nuclear fractions of normal rat liver, 

, _ lJ 

, . 
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Navieoff hepato.a aad KAT-B r.~: •••• ary tu.or eella aIl .hoved 

bande vhieh bound WGA and Con A. Theae bands vere not reaoved 

vhen the nuelear fractions vere treated vith Triton X-IOO 

detergent. Glyc08aminô~lycans of the ehdDdroitin sulfate type 
-' 

vere" found in the nuélei of cultured 80use aelanolila cella 

(Bhavanandan and Davidson, 1975). The nuclei fro8 rat brain 
"'-

vere found to contdn glycosaminoglycans co~p-ri8ing 57% 
> ' 

chondroitin-4-sulfate, 7% chondroitin~6-suifate, 29% hyaluronlc 
-, 

acid and 7%-heparln aulfate (Margoli. et al, 1976). In addition, 

the sa8e nuclei -êontalned glycoproteina vith an average 
, 

composition of 30% N-acetylglucosamlne, 29% 8ann08e, 19% sialic 

acld, 15% galactose, 4% galactosamine, and 3% fucose. Fina1ly, 

in nuclei of regenerating rat liver, Furukawa and Terayama (1979) 

reported the presence of a sulfated glycoprotein whlch appeared 

to be mainly associated _ with the karyosol rather than the 

chromatin fraction. 

In other biochemical experiments, the chromatin fraction of 

nucl(!! has been isolated and reported t,o contain glycoprotein • 
... , . 
1.'\.1 ..... t 

Wh~~nônhistone chromosomàl .prote!ns of sea urchin embryo nuclei 
". 

vere run on SDS-polyacrylamlde gels, sqme high mobil1ty fractions 
, 

. stained with the PAS reactj..on, lndicatlng the presence of 

glycoprotein (Sevaljevic and Krtollca, 1973). Some of these 

appeared to conslst of hyaluronlc acid (which has a GAG structure 

although perhaps not linked to protein). Chromatin from the same 

nuclel vas found to bind Lens culinaris lectln (Sevaljevic et al, 

1979), as were several proteine of the' nuclear mstrlx (Sevalj evic:, 

et al, 1981) incUéating the presence of 

~ 

mannose resldues. 
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Noubiatone chroaatin proteine of rat Walter carcinoea celle vere 

foand to 'eontain 32% carbohydrate. as detera1ned by the oC.,. 

naphthol reaction (Tuan et ai," 1973). In a separate study, 

antibodies to a glycoprote1n .of HW 26,000 1solated fro .. the 

ebro.atin of Novieoff hepatoma cells vas found to be 

iaaunologically s1mUar to proteins found ln the chrolllatin of rat 

Walter carcino.a celle and 18 day old fetsl l1ver but not ln 

adult rat 11ver (Yeo.an et al, 1976). Furukava and Teraya.a 

(1977) de8cribed the presence of glycosam1noglycans consi8t1Dj 

_oatly of hyaluronic acid, !>ut so.e chondroitin sulfate as vell 

a.eoc1ated w1th the ebromatin fraction of normal rat liver. 

Goldberg et al (1978) dellonstrated a PAS-positive stdning of a 

variet;v of chromatin proteins a180 from rat liver and Novlkoff 

bepatoma cells; affinity electrophores1s vith different lectine 

shoved that these glycoprotelns contained N-aeetylglucosamin~, 

lIl:annose and fucose residues. Rizzo' and Bustin (1977) "also 

electrophoretically separated rat liver chromatin proteins and 

found that Con A spec1f1cally bound to three nonhistone pro teins ---of apparent molecular weight.69,000, 125,000, and 135,000. The 

69,000 HW band migrates with a triplet of bands reported to be ., 

the nuclear matrix protéin (Berezny and Coffey, 1975) or the 

nuclear pore:"dense lamina comples. (Aaronson and Blobel t 197,5). 

" Through the ~ of mièrococcal nuclease t mononucleosomeB 

vere d1gested from the nuciei of Ehrlich ascites tumour cells and 

vere electrophoretically separated- into three types (Miki et a~. 

1980). On the basis of Con A-binding ~nd labelling with 'H-
glucosamine. two out of the three types of nucleoaome contained a 

glyeoprotein with an apparent MW of 130,000. 

" 
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After expo8iDI BeLa cella to la-slucosa_ine or 3H-fucose, 

for 48 hr., uptake of label into a varlet y of nonhistone proteins 
r---. 

has been observ~d (Stein et al, 1975). ~~er la-glucosa_ine 

e~po8ure, the label resided pri_4rUy in glucosamine and 

salactosa_inè reddues. SOlDe incorporation of label into 
, 

p~oteln8 of KW 10,000-15,000, was observed; these cou Id be 

nea or tryptophan-containing nonhi,stone proteins. Fina11y, 

1 lias a180 taken up ioto into high molecular weight glycoa-

a Inoglycan8 whlch are "'likely of\ the chondroitin sulfate type. 

ln Frlend erythroleukemia cells or calf thymus cells, the 

" Igh mobility group" (HMG) of nonhistone protelns were eleetro-

phoretlcally separated on SOS gels and shawn to stain poaltively 

vith the PAS reaction (Reeves et al, 1981). Analyais of sugar 

residues released by aeid hydrolysis showed the presence of 

.annose, galactose and fucose residues. When Friend cells vere 

incubated wi th N-acetyl-3H-glucosamine, lu-mannose, lu-galactose 

and lu-fucose for 19 hrs and the HMG proteins then isolated, a11 

of the proteins incorporated each pr~cureor. Mild alkaline . 
borohydride reduct ion studies showed that Most of the 

ol1ftosacchadde ~ide chains of these glycoproteine were attached 

ta the proteln molety by N-glycosidic linkag~s. ... 

Flnally, the histon~ proteins may be glycosylated as shown 

in the studies of Levy-IHlson (1983) on nuclel of TetrahYlllina 

thermophila. In these studies, the cells vere cultured for 20 

hrs with'3H-fucose and the histones then extracted from the 
,," 

nue1el and separated o,~lectrophoret1cally. AH five histones (Hl, 

H2A, H2B, H3 and H4) were observed to fncorporate label. 

1 • 
1 
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.SlaUarly. a11 of the histones except 84 bound ~ europàeu8 l 

(UEA 1) lectln, and all.five histones bound Con A Indicating the 

presence of fucose and mannose resldues re'spectively. 

Tetrahya1na nuclei are 'uDUsual in that a very high proportion of 
p c 

the geno.e 1& t ranacribed (Stathopoulo,8 et al, 1980); If the 

glycosylatlon reaction vere correl.ted to the degree of 

tran8crip~na1 activlty, it say be aore difflcult to measure in 

the nuclei of mamsallan cells where the proportion or the genome 

that Is translated 18 ll"ch lower (Levy-Wilson, "1983). 

Cer~aln cytochemical studies have ~I80 detected the presence 

of glycoproteins within the nucleoplasll. Most of these studies 

have been carried out using lectin-colloidal gold cytochellistry 

on th!n sections of fixed. undlsrupted t~ssue. Horlsberger et al 

(1978) showed that the chromatin of nuclei of the acellular s11me 

.~ld ~ polycephalum labelled wih ReA 1. Con A binding,was 

observed in the nucleoplasm of rat hepatocytes (Roth et al., 

1983). The gold part lcie. were reported to be preferential.ly 

aS80ciated with condensed chromatin and the fi briller part of the 

nucleôlua and nucleolua-associated chromatin (Roth 1983). In 

nucle! of a variet'y of cell types in llzard ovarcies, Seve et al 

ci 984) shoved Con A and WGA bindiog ~a8 observed within oucle! as.(7 

weIl as over the nuclear envelope. Vith botft lectins, the J\ 

lectin-gold partic1es were diffusely distributed over the, 
, 

nu,?leopla.sm vi th 90me elumpa of gold particles local1z~d .over 

nueleoli (Seve et al, 1~84). Very recently, Kan and Pinto da 

Silva (1985) have shown that when the fractured surface of rat 

duodenal cell nuclei ia exposed to UEA l, the l~ctin 

preferent1ally binds to euchromatin. 

l , 

o 
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Ua1ng a .ono.pecifie antibody ta choradroit1n sulfate, Aquino 
, 

et al' (1984) revealed the presence of anUgen in nuciei of 801le 

rat neurone. Simllady. ln unfl~ed ultrathin sections of rat' 

cartilage, enersy dispersive x-ray analysla revealed t~~:presence 
, 

of .u~fur in nuclel, which agaln was preau.ed to reside most!y in 

8ulfeted glycos811inoglycana (Kitchell and Shepbard, 1984). 

In studies of cells undergoing mitoala lt bas been possible 

to cytocheaically locaUze lectin blnding sites on cbrollosomes, 
" 

tbus providlng evidence for tbe presence of glycoproteins in 

chromatin. In human lymphocytes, fluoresceln-conjugated WGA ~a8 
(' 

sbown to strongly bind to aitotic chromosomes as weIl as to the 

nudeop!,... of interphas.e nucU~i (Hoz~er and Furcht, 1980) vhile 

Con A did not bind to elther structure. Evidence of Con A binding 
, 

ta polytene chromo8omes of Drosophile melanogaster vas cited in 
1 

the same atudy, however (Hozier et al, unpublished data). 1n 

early metaphase chro1losomes labelled with WGA, a distinctive 

binding pattern vas evident (ROZier and 'Furcht, 1980). This 

binding pattern vas similar to the one reported 'by Kurth et al 

,(1979) in po!ytene chromosomes of s"Uvary gland cells of 

Cbiro1l0na. thullllaI e~posed ta fluorescein-conjugated Con A. It 

was furtbet found t,hat Con A preferentially bound, to 

tran8criptionàlly actIve regions of chromosome IV as represented 

by specifie "puff" regions. 

In cuttured 1I0use fibroblaste, fluoresce1n-Iabelled Con A 

and' WGA bave been observed un1for.ly~~1stributed throughout the 
, ~ 

nucleus. When the nuclei were t~ated vith DNA'ase to remove the 

cbrOlla,tin, lIoet of the fluoreacenée vae &lso removed (Ben-Ze'ev 

'. 

,) 
, . 
'," " , ' 

.., ... 
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and Abulah-a, 1983). Finally, Bra.well. et al (1982) abowed 
''!-··'L 

binding of fluorescein-labelled ReA land WGA to nucleoU of 

Reed-Stenberg eells indieating the presence of galactose and N--
o • 

aeetylglueosall~ne (and .aybe siaUe acid) reapectivély in this 

Bttuèture. 

While the above evidence certai,nly BeemB extensive, one lIust 
1 

re.ember that 1I0at of the studies bave been biochellical in nature 

and that there are disadvantages to this type of approach. There 

is an everpresent possibility of contamination of one subcellular 

fraction wlth another. l'his 18 partlcui~rl:y Il1por~ant when one 
. , 

ls investigating a structure vith only v~ry slla11 q,;,antities of 

~he lDo~~cule of interest (as 18 t~~ ~ase vith glycoprotein in, the 

nucleus), ainée even lDinO~ contalli.nation bY,a highly enrieh'ed . '. 
fractio'n (such as Golgi apparatus or plabma membrane.) could 

produce lIisleading results. In the ~solation of nuclei, for 
, 

~xample, what ls to prevent glfcoproteins (released from the 
~ '" .... 

"secretory pathvay" into the hOlDogenate) from" si IDply pas,si.ng. 

through the nuclear envelope 'pores into the nucleoplaslD? By a 1 

variety of criterIa such as enzyme studies or ùl ~rastructural 

examlnation, severai nuclear fractions or subfractions appear to 
..-

'--- '. be quite pure, but"'even in tbè purest fraction of "chromatin", 

for example, it is 4cknpwledged that some el~ent8 of nuclear 

lIembranê-;' _ or ev en cytop'Iasmlc could exist (tawcett, 1 ~66; 

Jackson, 1976b). 

The cy':ochemlcal studies (on undisrupted mate rial) provide 
, . 

much stronger evldence for the presence of nuc1ear g1ycocoo­

jugat~s. Even here, hov,ever, there. Is the poss1bility of 

artefactual positive 1ectin-bindlng results. 
ù 

..., 

• 
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Th~ strongest, evidence for the pre8ence of glycoconju,ates 

. in the nucleoplas. "ould be the loc:al1zation of label ta this 

81 te br radioautography after the administration of ·tritioated 

sùgars. This' wou~d als'o give some information of the dynamics 

Involved in the syntl)esis of ~hese ,glycoconjugates. Up unU,l now 

" 
however, such work hée' provided Uttle evidence for true nuclear 

labelliug. 

ln many of the radioautographlc 8tu4ies done with precursors 

8uch 88 la-fucose, a cert"a1n nutllber of sHver g~alns were se en to 
• L' ~ 

~ccur'over intracellular'sites other than the "seeretory-

'.lysQsoJlle" pathway at various time intervals after administration 

of the labelled precursor. One of the sites often exhibiting 

ovetlying grains has, in fact, been the nucleus (up to 4%, 
, , 

,Sennett ahd I.eblond, 1971; up to 6%, Brasileiro et al, 1982; and 
" ~ 

up ',to 16% in Hand, 1979). .Considering, however, the smaU 

percent age of the total grain COURt cOQstituted by these grains, 

and the posslbil1ty that they might have been due to' cross-fire. 

. . ~ 
from ,a compartment, in close proxim'iey with a much higher 

radioactlvity (ie., the Solg! apparatus), the reaetion was not 

J 
consldered to be significant. ""\ ..... 

Only occasional studies have suggested that nucleQr labelling 

could be attribut~d to nuclear glIcoconjugates. Affer 
~ (f" n 

, 

interventricular administration of .4H-N-aeetylmannosamine.to rats' 
( . 

a smal~ amount of label was detected in the nuelel 9f neurons and 

g11a1 cella of rat bra1n. Wh-en 3H-fuc6se VBS used in place of 

the la-N-acetylmannosamine, • very. little nu~lear labelUng .W8S 

observed (Reisert 19.7,8; Reisert' and Pl1grim, 1979). Similarly, 

) 

,. 
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follo.idg ~posure of cultured fibroblasts t~ 8a235S04' electron 

microscope radioautography revealed the presence of silver grains 

over, the nudei l, suggesUng the pre8ence of sulfated glycosa_ino-

glyèans (Frolllle et al. 1976). 

In reeent radloautographie 8tudie8~ hotfever, frog dors~1 , 

root gaugUa were pulsed !!!. .!!!!:2. vith 3H,..hrcoae, and then 

incubated for a further 17 hra in unlabelled medium (Lavoie and .. 
Bennett, 1983). Although the primary objective of this ).tudy 

was to eX4mine axonal flov of glyco~roteins in neurons, a 

striking uptake of label was noted in tbe nuclei of Schwanu and 

aatellite ~ells. Preliminary studies (Bennett et al, 1983) 

indicated that such reactiona a180 occurred at ahorter time 

interv8ts' after exp08u~re to radiolabelled fucose. Since fucose 
1 . ' 

iS.considered ~o he an ~pecific precursor for glycoproteins (see 

~DlscU88ion), tbe'se 'prelillinary, results bave provided 80me of the 
, ' 

. most Iconvincing evidenc'e ta date for t,he presence of nuclear 

·glycoproteins. " 

"­
ln the prese'nt proj eet:, the nuclear radiôautographic 

reactiona observed over Schwann ""'te1li te cella in 
, CI"'/ . , 

dors,l J;'oot ganglia exposed in vitro to 3H-fu(:ose for "ari'ous 

~ime periods have been\ examined in det~il noting changes in the 

distribution of the 1.abel with tille. To see ~f nuclear iabelling 

co~ld be observed at a very early tiae interval, ganglia were 

exposed for as .little aa 5 lIin. ~The gangUa vere alao exposed to 
1 

3u-fuc08~ in vivo to 8~e Ü, simUar réactions occurred and to see 

if 'nuclear reaètions were obs~rved in cell types of oiher 

" J' 
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To te",t whethelr or not the nucleaT reactions observed over 
" 

Schwann and- .. atelUte ceU oucle1 repruent a true metabollc 

incorporation of fucose iol;o g~ycoprotein8. .p variety' of 
o 

experl.énts, includlQg the use of cyclohexlaide to bloc~ protein 

, 4 
synthesis, vere perforlled. 

In anotheT ceU s, .. te., prE!~l.inary Ught microscope 

radioautographic findings have suggested the presense of nuclear 

labelUng ln' rat duodenal cells in vivo after 3a-galactose 
• --. ! 

adminiafTaUon. Thus, elect ron taicroscopic studies ha.~ been 
\ 

carried wit~ auch cells exposed to la-galactose f~r varylng ti .. e 

periods. 

Finally, electron mic.roscope cytochemical 8tudies have" been 
~ , 

carried out on the nuclei of' frog Schwann and satellite cel1.8 and 

rat duodenal epithel±al cells udng the lectine!!..!!!. epropaeus 

agglutinin l (UEA 1) and Lotus tetragonoloj)us agglutinin (LIA) 

for the in situ localizati'on of fuc'bse reaidues and Ricinis 

communia agglutinin 1 (RCA 1) f~r the localization of galactosE! 

reaiduea. 

" 

, " 
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MateriaIt ë lletboa 

Rad:loautographi;c Studies 

~. !!l ~ Incubation !!! Dorsal .lloot Ganglia ~ ladiolab!lled 
Sugars 

1) la-Fucose J' 

, , 
Dorsal root 'gangUa wece re.oved from adult bullfrogs (Rana, 

catesbeiana) via the exper1mental proceduré of Lavoie and Bennett 
\ , . 

(1983). The 8~d 9th dorsal roo,t gangila werë dhsected out 

from bath sides of the froB along with their nerve roots and 
~ -~~ 

,/ . 
spinal nerve. The f~)lal dissection was carried out in an 

oxygenated "nor •• !" lIedium, conststing of 20 mM N-2-
r~ 

~ydroethylplperazlne N'-2-et:hanesulphonlc acic!(BEPES) (Sigma . /./ .. 

Chemica! Co., St.Louis, Mo.), 5.S mM dextro~e,/ 1.8 lIM CaCl2 ' 2.0 

mM KCl, , and 114 1IlM NaCl at pH 7.4., /~The preparations were 

:,\ ~rans'ferred to a lueite 'chamber whert the compartmént e'antaining 
//~ 1: .... 

the ganglion was separated fr5>m compartments containing the nerve 
, // 

",' . // .. 
roots ',_d spinal ne9'.é by sillcone gr,ease barriers. This 

t / . 
procedure a];lo~/ihe ga~gl1a ta be incubate.d in a ver,! small 

/ 

volume, th~~- economlzing on the amount of uotope required. 
/' .' 

'ijle/'gangUa were .then incubatéd in 400 pl' ol "normal" medium 
/' . 

.-CÔ~~ainiItg L-(5,6-la)-fucol!le (New Eng1and Nuclear Corpo, Boato'n, 
0<> 

Ma., Spec. Act'. 60 Ci/mmal) at 'room tempe rature for 'varying time 

petiods. The incubation tillle periode inveetiga''ted a8 we1,1 t'he 
rr-. 

amount of rad10activity p~r Ume 'period can be summa~ized, as 

follows: 

. , 
, 

'5 lIin with 1600 pCi -
15 min with 1600 pCi 

- 30 min with' 800 pCi 
1 br vith ,800 pCi J' ,'''' 

1 hr with 800 JlC~ + l..pr post-incubation * 
1 hr witJt 400 pC~ + 17 hrs p08t-incu~ation * 

.u 

. - " 

.' 

' . 
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* Post-Incubatlott vas earrle~ out ln unlabelled normal med~m. 

2) la-G.i'actose .!!!!! ~-N-Acetyllll8nnosaaine 
:. " . -

ln expe-rimental ~nditions identleal to those in the 
'. 

rad~Olabelled fucose eitperlmenu, frog dorsal ganglia were 

1IJi~ubàted for 1 br vith 1 .Ci of 3U-galactose (60 Ci/mmol, New 
1. \ 

Ensland Nucléar) or 4 br vith 1.5--lDCi 3a-N-acetylmannosamine 
'. 

~. (2800 mCi/.mol. New England Nucl~ar), ~Ute-precursor for 
.1 

sial1c acid. 

'After incubation with the 8bove.~adiolabel1ed sugars the 

ga~glia preparations were fixed by immersion fixation in 2.5% - .. ~ 

slutaraldehyde in 0.1 M sodium phosphate buffer (pH- 7.4) at 40c 

for 2-3 h~. The gangHa vere' then trimmed away from their roots ~ . 

,and splqal nerve, and cut ln half lengthwisê and prepared for 

radioa.utography. } 

Be 'Egeriments to !:!!! for Non-Metabolic Bindlng of Exogenous 
-Fucose E2. Nuclei of Frog Dorsal Root Ganglion Schwann 
~ Satellite ~ 

,1) Treatm!itof Ganglia ~ Cyclohexll1ide before Incub~t1on 
~ ..... Pucose 

. . 
As a test to examine the posslbil'lty that the nuclear 

reactlons observed after àdmlnlstration of~.3H~fucose ,were as a 
.... 

~ , . 
result .of a non-metabolic binding of ft'e'e radiolabelled fucose 1;0 

the nucleus, experiments udng the prote1n synthesis Inl1ibi tor 
1 

cyclohexilli,4,e were carried out to exhaust the endogenous supply 

.of acceptor glycbprotein molecules~ In these expertments, the 

dorsal root gànglia were first incubated in 400 III normal medium 
• •• 

eontainlng 200 ps/ml cycloheximide f'or 8 hrs followed by a 1 hr 
, .. ~ .... 

incUbatIon wi th b6th cyclohexlmlde and 3a-fucose. The sansHa 

. , 
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fro. one,aide of the frog served as tbe experiaental tissues 
, , 

vhile those on the other side vere used as the corresponding 

control tissues - (ie. incubated vith la-fucose ooly). 

2) IncubatMn.2!. 1)iC\ Sections .2!. Frog Dorsal ~ GangUa 
, vith -Fucose -.--

As a second test, 1 pa sections of dor8al root gang~ia 

eabedded in Lowtcryl K4M vere mounted op glas8 slides and incu­

bated with 100 III of normal Ilédium containing 200 pcf: lu-fucose 

for 1 hr. Tbe sections vere then stained witb Iron bellatoxyl1n 

and' processed for l1ght microscope radioautographic 8tudies. 

c. !!!. !!!2. Exposure .2!. Frog Tissue !.2. ~-Fuéose 

approxiaately 30 g vere anestbetized vith 

thoracic cavity was open~d and the heart 

exposed. Tbe frogs :vere given an intracardiac injection of 1 aCi 

3H-fucose in 0.15 ml saline. °Tbe opening intotbe tborax was 

" "~hen sutured and the animaIs allov;d to recover from the 

anesthetic. Frogs were sacrificed at 30 min or 1 hr after 

injection of the radiolabelled fucose. The dorsal root'gaqglia 

',and other selected tissues were rellloved and immediately fixed by 
, . ' 

.' immersion in 1% glutaraldehyde- 4% fonaldehyde fixative in 0.1 M 
~~. 

sodium cacQdylate buffer (pH 7.4) at 4°C for 2-3 hu. Hard 
\ 

tissues vere decàlc1fied in 4.13% disodiu. BDTA (Warsbawsky ~n? 

Moore, 1967) at 4°C. 

. ' 

D~ !!!. !!!!? Exposure ~!!t Tissue to ~-Galactose 

10ung Sherman rats of'approximately 40 g vere aneéthetized 

the ext~rnal jugular vein 
/1 

exposed. The 
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rata vere' given en intrajugular injection of 2.5 - 5.0 IRC! of la-

, . ga1acto~e (4 Ci/ •• ol, New Englanei Nuc1.ea'r). Animale vere 

perfused intracardially al 15 .1'n, 1 hr, and S hr vith a"2~S% 

glutaraldebyde fill;ative in 0.1 K 80diua phosphate buffer pH 7.4 at 

réJo. Cemperature for 10· arin. Pleces of duodenua and o,theli 

selected tissues vere removed and further fixed in the same 

fixative for an additional 2 hrs 'at 4°C: 

E. Procesains of 'Tissues !2!. Radfoautography " , 

AH tissues vere post-fixe~ either'ln 1% ,osmiùIR tetroxide or 

1% potassium ferrocyanide-reduced o8~ium tetroxide, dehydrated in 
; 

ascendi-qg grades of ethyl alc:ohol, ,cleared in propylene oxlde, 

~qd embedded ln Epon or JEHBED -812 (J.8. EH Services, Hontreal). 

For light microscope, (LH) radioautographic studies, sections' 

1 J.118 in th1.ckness vere eut and IRolinted on glas,8 s'lides. The 

sections ver.:e stained vith Iron hemat'oxyl1n, coated vith Kodak 
'" 

NTB2 emulaion, exposed in darkness for various Ume periods and' 

,then developed with Kodak 0170 developer. 

For electron micr08cope..,(E~O radioautographic studtes, thin 

sections with a straw interference color were eut u8~ng a diamond 

knife and mounted on colloidtn-covered slid~s. The slides were 

then carbon coated, coated with IUord L4 emulsion, and exposed 

in darkness for various time periods. Deveiopment was carried 

out with e1ther Kodak D19b (filamentous g.rains) ~r ,by the 

sol~tion physical fine grain d~velopment procedure (Kopriwa 

1975)" 'After developlD'e~tJ areBS of ~ollo~din containlng sections 

vere transferred to copper gr1.ds. The colloidin coat was removed 

by immersion of the grids in glac~al acetic Beid, and the 

" ., 

) 

, .' 
',t. 



, t 

, , 

j 
l 
1 

r 

, t 
1 , 
1 , 

, , 

1 
.1 

i 
~I . 1'" ... , . "' 

1 
1 
1 

.. , 

, , 

20 

sections vere finally statned vl,th,aq-ueou8 uranyl Rcetate and 

lead citrate. Grids vere exallined vith a Seillans r or Phill1ps 

301 electron microscope and EH radioautographs taken • 
• 

F. Analysia of !!! Radioautographa 

EH radl0autographs of frog dorsal root gang lia preparatipns 

vere exa.tned fo~ the presence of reaction over the nucléi of 

Schwann and aatellife cella. Prints of labelled nuclei vere 

analyzed uaing a KOP 3 apparatus (Carl Zeiss Inc.) to d,eterlline 
• 1 

• the distance from the centre of each grain to the nearest portion , 
of the nuclear- envelope 'at the varl0U8 time periods after 

administration of radlo1abelled percursor. In radloautographa 

developed by the solution physical fine grain procedure, each 

silver particl~ vas considered 8S a separate grain. At least 350 

grains were me8suréd from elect ron micrographs for aach time 

interval. From this data, the mean half-distance of the grat~s 

from the nuclear envelope was calculated according to the method 

of Kopdwa et al (1984). 

j . 
1 _ 
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A. Tissue ~aration 

Dorsal root gang lia preparations were 'disaected out ~f 

adult bullfrogs as descrlbed as described ab ove. The ganglia 
, 1 

vere initlally fixed :ln 0.5% glutsraldehyde ln 0.1 M sodium 

phosphate buffer pH (7.4) st 4°C for 15 min, and then transferred 

to t.% formaldehyde (depolymertzed ~rom paraformaldehyde) in 0.1 H 

sodium phosphate buffer (pH 7.4) at 40 C for 20 min. ,Finally, the 

gangHa were put into 4% forma1dehyde in the same buffet but at 

pH 9.0 for 3 hours. This fixation method (Eldrid et ai, 19~3), 

.od1fled by Grant et al (1985) was tound ta give adequate tissue 

aorphology whlle retaining antigenlc1ty. AfteJ:' several rinses in 

a 0.15 H w8shing buffer (pH 7.4), the material was treated with 

0.5 H NH'4C1 in phosphate buffered saUrie ,(PBS) at ro-om 

temperature for ,1 hr to block free aldehyde groups (Roth et al, 

1983). ... 

Rat duodenal tissue from 80 g animaIs Was fixed, ~y 

Intraèardlac perfusioQ with 0.5% glutaraldehyde in 0.1 H sodium 

phosphate buffer (pH 7.4) at room tempe'rature for 10 min, 

- .... 
followed by immersion fixation in 4% formaldehydè in the same 

b!,lffer firat at pH 7.4 (20 min) and then at pH 9.0 (3 hrs) at 4°C 

(Eldrid et al, 1983). As with the ganglla, the tissue was washed 

and treated with 0.5 M NH4Cl in PBS. 

'Post-fixation of the tissue in osmium tetroxide was omitted 

due to the reported deleterous effect on antigenicity (Bendayan 

and Zo111nger, 1983). Osmium tetrox1de a1ao inhib1ta the UV-

induced polymerization of th~ chosen embedding medi~m, the low 

.' 
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tellpersture metbacrylste res1n Lowicryl K4H (Ohellische' We.rke 

L«?wi, Lc?wicryl Information Manua!). , Mter fixation, a11 tisaues 

were dehydrated in asce~ding grades of methanol, as follows 

(Grant et al. 1985): 

30% Methanol - 5 mid at 4°C 
50% Méthanol - 10 min at -lOoC 
75% Methari'ol - 10 lIin at -20°C 
90% Methanol - 15 min (x2) at -200 e 

For the infiltration steps which followed, the bottles of 

- tissue wer'e coostantly agi tated on a rotator placed in the 

freezer beforehand. Tissues were inf11trated as t'ol1owa: 

1: 1 Low1.cty1:Methanol l hr st -200 e 

2: 1 Lowicry1 : Methario1: 
, ' 

1 hr at -200 e 

100% Lowicryl (x2) < 

Beem capsules (#JBS-301-1), f1lIed w1th 10w1cryl and pre~ 

cooled to -20 0 e, were used for embedding. The ti'ssues were 

dropped into the capsul,es, which were then se~led and plaeed in à 

clear rack 20-30 cm from à UV-source. Polymerization was done', at 

-20°e' for 2-3 daya. ,Rotation of the black' rack 1800 was 

necessary to ensure even polymerization (Grant et al, 1985). 

" 

B. Preparation of Lectin-Colloidal Gold and Gal-BSA-Gold Complexes 

1) Preparation of Colloidal Gold 

" Colloidal gold (10-14 nm partiele size) wa~ prepared by the 
t t~ I 

method of Frens (1973) as modified by' Gr,ant et al (1985)., A 

O.OU (v/v) chloroauric ac1d solution, obtained by adding 0.5 !Dl 

of a 2% ehloroauric acid (BDH Chemicals, Montreal) to 100 ml of 

doubly distilled deionized water (DDH 20), was heated to a 

rapid boU in a thoroughly eleaned 300 ml èt=len .• ~yer flask whlle 

; .. '. 
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" vigorouely 8tirre~ vith a magnetic 8ti~ bar. Just after boiling 

cOllllenced. 4 ml of 1% sodium citrate dihyd"ride (Sigma Chemicai 

ço.) vas added dropwise. The mixture iamed!ately took on a deep 

violet color and boiling was eontinued unt!1 a wine-red color was 
\ 

achieved (about 5 minutes). When this stage vas reached ~he 
\ 
\ 

flask vas ~mmediately plunged lnto an icebath to hait the 

reaction and 'Yield uniform spherical particles 10-14 nm in size. 

, Upon cooUng, a test sample of 10 al of the colloidal goid 

preparation was "measured into a small polystyrene beake,r. -A 0.1 

M K2C03 solution was used to bring the pH' of the sample to a 

specifled'pH depending on the macro.olecule that was to be 

conjugated to the go Id sol~ To protect the pH electrode 

(Horisberger et: at. 1981), 1 ml of 1% polyethylene glycol (PEG) 

MW 20,000 (Sigma Chemlcal Co.) was fint added to the test sample 

before . the pH was determined. The amount of K2COJ needed to give 

the deslred pH vas noted and subsequently added directly to 

experimental 10 ml preparations. 

2) Synthesis of the Galactose-Terminated 'Bovine Serum Albumin 
Neoglycoprotëin (Gal-BSA) 

The neoglycoprotein referred to as Gal-BSA was synthesized 

uaing the method of Wilson (1983) as modified by Kay et al 

'(1984). This synthesis coupled lactose (a disaccharide of 

glucose-galactose residues) to bovine -serum album in (BSA) ,via t,fi; 

glucose moiety giving rise to a neoglycoprotein with terminal 

galactose residues. Briefly, 0.8 g lactose hydrate (Sigma 

Chemical Co.) was added to 0.2 g BSA (Fraction V.,:\'Sigma Chem1cal 

Co.) in 20 ml of a 0.2 M potassium phosphate buffer (pH 9.0). The 
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coupl1ng agent' vas 0.5 g sodium cyanoborohydride (8iglla Che.lcal 
l' " 

Co.). Once the three reagents vere gently but thoroughly aixed, 

the 8olution was inC'ubsted for 72 hrs st 370 C vith occasional 
s ' 

agitation. ' The incubation was followed by dialysis against 4 

changes (100 volulIes) of DDH20 to rellove excess lactose and 

Jlodiulll cyanoborohydrlde. Success of the coupl1ng and pu rit y of .. 
the preparation vere assessed by gel electrophoreses run against 

,.t. BSA standard. The coupUng ,was j udged qui te complete and the 

purity ~igh enough that no further purification was necessary. 

The Gal-BSA glycoprotein solution was then al1quoted anll frozen 

until immediately before use • 

. 3) Lectin or Gal-B8A Neoglycoprotein Conjugatlon to Colloidal' 

~ 

Lotus tetraBonolobus agg~utinin (LTA). lli!. europaeus l 

aggluHnin (DEA 1) and Ricinis communis 1 (ReA 1) were purchased 

essentially saI t-free from Sigma Chemical Co. The lectins vere 

dissolved in DDH20 aterlle-flltered through a 0.22 pg ml11ipore 

fUter. Aliquots were then frozen 'until immediately before use 
.. 

at which time, they were microfuged to remove microaggregates. 

The pH of 10 ml of coiloidai goid sol (10-14 nm part1.cle 

size) was adjusted ta 6.3 for conjugation to LTA and UEA 1 

lectins (Roth et al, 1983) while for the Gal-BSA glycoproçein it 
, 

vas adjusted ta 6.0 (Geoghegan and Ackerman, 1977). The gold 

preparation was added to 0.2 ml of the macromolecules, each 

" sl1ghtly in excess in. concentration of that needed ta .stabil1ze 

the gold (ie. 150 Ilg LTA, 250 pg UÉA 1 and 250 ilS Gal-BSA) as 

determ!ned by microti tre assay (Geogtlegan and Ackerman, 1977) • 

• 
The solutions were mixed for 10 minutes and allowed ta let 'stand 

1 
~ 
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'. 
for another tvo .loutes on ice.-,! o:n.en, 0.2 ml of 1% PEG vas added 

to further stabl1ize the colloidal gold. Thé lectin-go~d or 

,Iycopr9teln-goid ve~e then centrifuged" for 30 1Iinutes lit 60,000 

x g,at 4°ç. The clear supe~natant vas carefully plpetted off and 

discarded-Ieaving a red 81urr,Y at the bottom of the cèntrifuge 

tube. This ,l1urry vas recovered vith a second pipett;e taking 

care not to include thé amaH' black pellet" (unboun'd go"U 

particles) on one,side of the centrifuge tubéa The'conjugated 
, 

materiai vas then resuspended 111 3 ml of 0.02 K Tris buffered 

'saline (TBS) contatnin, 0.02% PEG. and thèn sterile-flltered 

through a 0.22 pg .Ul1pore fUter, treated vith 0.5 mg/ml BSA ln 

the same TBS sdlution used to resuspend the slurry. 

c. Cytocbemlcal Labelling ~ ~ Sections 

Thin sections of frog d9rsa1 root ganglia or rat duodenum 
, 

(,old or strav Interference color) vere eut on glass knives and 

coll~cted on formvar-covered nickel grids. AlI incubations vere 

done at room tempe rature and conslsted of transferrlng the grida 

section-side down from dro~ t~ drop of various S;lutio.:Ds" 

depending on vhlch labell1ng technique (direct or indirect) vas 

used. For aIl assays tvo buffer solutions vere repeatedly used. 

The first (Buffer A) consisted of 1% BSA and 0.2% PEG in 0.02 M 
, 

TBS at pH 7.4. The second (Buffer B) vas Buffer A vithout the 1% 

(BSA.' 
, 

1) Direct Labelling (One Step) 

The grida vere placed on 25 JlI:drops of the ~ol1ov1ng 

aolutions: 

, 0 
... " 



l, 

; , 

Î""'; 

1 

1 
r 
i 

f 
! , 
t " 

. 

1" " ! . 
! 
1 
t . 
[ 

; " . ' 

26 

'~ 

1) Buffer A ... ' (U)' 111n) 

2) Lectitt-gold (50 pg/1IÙ in Buffer' B) '(60 min) 
-'" . 

3) Buffer A '·A (l0 min) 

4) Buffer B ( 5 min) 
", 

5) Buffer B ( 5 min) 

Mter step 3, grida vere rinsed vith Buffer A from a squirt 
, . 

b~ttle before step 4. Alter step 4 grida were rinsed with' Buffer 

B before step' 5. Following ~tep 5. grid,s vere rinsed vith DDH20 

and allowed to air dry. 

l 
2)' Indirect Labelling (Two Step) 

The grids were tr.ansferred sequent:1ally from drop to drop' of 

the following solutioqs: 

1) Buffer A (l0 min) 

2) Native'RCA 1 lectin (100 pg/ml in DDH20) (JO min) 

3) Buffer'A ( 5' min) 

4) Gal-BSA-gold marker (25 pg/ml in Buffer B) (60 min) .. 
S) Butfer A (l0 inin) 

6) Buffer B ( 5 min) 

7) Buffer B ( 5 min) 

Mtet' 8tep 5 grids were rins'ed witf Buf'fer A f~9m a sqtlirt 

bottle before step 6. Mter step 6 grida were rinsed with Buffer 

B from a squirt" bottle before step 7. 
. 

After step 7 grids 'were 

rinsed. with ODH20 and allowed to air dry. 

J) Contrbls ~ Labelling Specifity . . , 

Thin sections of a ti-s8ue kqown t:o 'cont:a1n ,lectin_-b1nd'bg' 
~, .' . 

.. .. 
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proteiDI . for the lectine used in' this' stu'dy, vere Incubated 

alongslde sections of expert.ental tissue and cbecked for gold 

partic1e labelliug. In thia vay ve ver,e 4bl~ ta test the abil1ty 

of. our probes to labél fucoae or galactose r~sldue8. The tissue 

used for this purpose vas rat duodenull. The 'glycocalyx of the 

~rypt and vill~ colulloar cells, as well as the muc;ln of goblet 

cells" are knovn to· contain glycoprotelns vith resldues of these 

tvo sugars and will blnd these lectins. 
L. 

!xpe~lmèntal controls cO~s1sted oi addition of OS H of tbe 

appropriate inhlblting sugar (L-fucose or D-galactose) to the 

lectin-gold or Ga~-BSA-gold preparations before Incub~tion of the 

sections. A further control vas done for the galactose-labell1ng 

experillents by omitting the native lecUn.8tep and only uslng the 

,',' Gal-BSA-gold. In this vay ve could aIso check for endogenous 

, . galactose-binding molecules ln the nucleùs'. 

D. Electron MicroscopY 

• After incubat1on,~ all grids vere stain~d vith aqueous 

uranyl acetate <for'" 10 min and lead citrate for 2 min. Grids vere 

examined vith a Seimanns 1 or PhUl1ps J01 electron microscope 

and: 1I1crog~aphs taken. 

," E. Analysis of EH H!crographs 
\ 

EM mlctographs of lectin labelling e~per1ment8 vere analyzed, 
, .. 

vith the HOP 3 apparatus to determine if there "vas spec:1.ffc 

lectin binding to nuclei. Counts of gold particles!J1112 vere don~' 
. 

for euchromatin, heterochro.atin and,' vhere applicabl~, "nuclel'ili, 
, 

from both experillentaI. and control preparations and, compared. 

.' 

• 

l ' 
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1. a.d1.oaatotP'aeldc Studi_ 
• 

A. Appearance of ~!!!. Nudei 2! Schwann ~ Satellite f.!!!!. 
!! Prog Dorsal ~ GangUa ,after ExpoBure !2. Radlolabelled 
'SuUrs . 

1) Morphological Descdption E!. Dorsal ~ Ganglion 
Cella ' 

I!l the light microscope'(LM) (Fig. 1), one can see that in 

the peripheral reglon of the ganglion, there la a concentration 

of neuron' ceU bodies. Attached to the periphery of these' 

neurons are gUal cella referred to as satellite cells. Only the 

nuc1e! can be seen at this magnification. in these highly 

attenuated cells. More centrally ln the ganglion, there ls a 

c.oncentration of both myellnated and unmyelinated axons. 

Associated wlth these structures are the Sehwan~ eells, ,another 
- \ ...,~. 

type of glial cell which are slmUer but not identical to the 

t.atellite cells. The nuclei of these cells, 1ike those of the 

satellite cdls, are lts most prominent .feature' due to a 

gener'ally flattened' ceU sh~pe. . ~ ~ 

At th~,ultra8trüctural 1evel; the nuelei of the Sc.hwann 

cells are obser~ed to- Ile close to the myelln sheath of the 

axons. In botb Schwann and satellite cells, the nuelel tend to be 
\ 

e10ngated w!th some indentations, though tbe satelllte ce11" 

..... 

nucleus 18 usually more irregular (Flgs. 10,12) than that of the ' . 
Q l .' Schwann' cell (Figs. 9,11). The ehrolllatin pat terns ob8erved in 

, ... ··~h8' nùc~eu8, ~re similar in both cel! types_ A band o~ condensed 
, , 

chromatln' (heterochromatin) of variable thlcknes9 18 u9ually 
, ' 

foulld just Inslde the nuclear envelope (Figs. 5,6, 15,1~). Hore 

.. 
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Interlorly the nuelei eonta1.n areas of condeosed chroma tin, 

simllar to that found perlph~rally, interspersed among finely ~ 

sUppled regions of nucleop,lasll. whlch conta1n che dispet;'sed 

~hrom~tin (euchr~matin). A nucleolus 18 soraefimes, but Mt 
" .~ 

always, visible (Plgs: 9~1O, 14, 15). 

ln dorsal root gangUa incubated for 18 hours, tM Schwann 

-ceU (P1gs. 21 and 22) and satellite ceU nuc:lel occasionally 

exhibit areas 'where the perinuclear spae,e between the outer and 

inner nuclear .membranes becomes greatry' enlarged. At these 

places, the outer nuclear membrane remains covered by ribosomes. 

The lumen maintalns i ts contlnulty with the remainder of the 

perinuclear space. 

In some profiles of Schwann cella, very litUe cytoplasm is 

included (Fig. 9) but in others (Figs. 6-8) an appreciable amount 
b 

of cytoplssm can be seen. The Golgi appa!atus can usua11y be 

.... 
d1st1nguis~ed but the inherent densi ty of the cytoplasm often 

• 
makes 1 t d1fflcult to Identify other cytoplasmic organelles 

c8a rlY, In sa telli te cella, the cytoplas mie organelles are 

,generally 'easier to visualize (Figs. 14,16). Nulllerouè invagln-

ations of the plasllla membrane (Figs. 10,12,14) aré also a 

prominent feature of satellite cells. 

In bath Schwann and satellite cells.' par.alle! arrays of 

• ~ n 

typical rER cons1sting of flattened ribosome-studded clsternae 
i 

can be C)bserved (Figs. 13,14). In some satellite cells, bowever, 

enlarged spherical profiles of rER"fll1ed with a homogeneous 

material, can also he seen (rlgs 10,14). Si.l1ar cytoplasmic 

"-profiles appear in botb Schwann celI (Fig. 21 and 22) .and 

satellite ceU nuclei after an 18 hour incubation whlcb resemb1e 

) , 
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" 

the enlarge1lents of the perlnucleàr .pace also seen in thèse' 

particular cells (Fi~8. 21-23),_ 

, 
"\ 2) Radlô,ttOgraph1C Reactions Observed aft-er Exposure 

---- to -Fue08è' r - , 

At\< early 'time intervals after in vitro incubation with 41-
o 

fucose, reaction vas loc,lized over the nuclei-of many Sc~wann 

and satellite cella. ';[his was tiret observed in the light 

m~cr~scope (Figs, 2 and 2a) a'nd Iater confir'med at the 

ultrastructural leve1." At 5 min after adm-1nistration of 38 _ 

fucose, sllver grains vere d~stributed over both peripheral 'and 

interior regions of nuc1ei (Figs. 3 and 4). Sat.ellite' cell 

nuclei (Fig. 3) were gen,eraUy slightly less labelled than those 
1 

of the Schwann cells - (FIg. 4) at slmllar radioautogrÊlphic 
>' , 

exposure times. In the cytoplasm of b6th cell types, label vas 

routinely observed in the Golgi apparatus (Fig. 3) • . 
Mter in vi1:ro incubations 15 and 30 minutes a~d 1 hour, 

..rtuclear reactions were similarly 9bserved (Flgs. 5 .... 8, Il, 12)~ The 

Mstributl~n 'pattern of silver ,grains over both, central and 

perlpheral areas of the nudeus vas 81 .. llar t.o that observed at 5 

minutes. 

In in v!'vo studies, where' frogs vere 84crificed 30 minutes . ~ 

and 1 hour after injection; nuclear J:'eac,tlons were also obserVed 
. " ? " 

in Schwànn and satellite cells with a' di:sJ:ribution of label 

"-
cloaely r~8embling tha.!: l)~~erved ln .!!!. vitro ex:periments at' 

corre,sponding time interva1s (Figs, 9,10,13.14). 
, ' , 

After a 2 hour in vitro experiment (1 hour incubation with . - ", , 
1 

3H-fucose and 1 hout' post-incubation in unlabelled m.edlum), again 

è. " .. " 

: 
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thé grain d1strlbution over the nucleus and the' c.1toplaslI 

resembled that of earlier ti*e intervals' (Pigs 15,16). 

• '3 
On the other band, at 18 hours (1 bour incubation vith H-

fucose W'ith a- 17 hour post-incubation) react-ion vas sUlÏ 

local1zed over tbe nucleu8~ but the silver grain distributfon vas 

llralllat1cally al tered.' The grains were nov mostly confined ,to the 

periphery of the nucleus, close ta the nuclear envelope (Figs. 

17-20). Some 1.abel was st1l1 afJsociat,ed wit.rthe Golgi 

'ill'paratus, but a substantia:i reaction vas observed to occur 

diffusely over the rest of the cytoplasm and the .. yelin. ln 

occasiona! cells, where the perinuclea1." spaces vere expanded in' 

certain areas, a large nu.ber bf silver grains were localized 
, 

over the pe'rinuclear spaee itself (Figs, 21-23). 
\ . \. 

When measurements vere mad? of the d~~tance betveen each 
l " ' ( 

nucleoplasmic silver g-rain and the nearest portion of the nuclear 

envel,ope, and the meall' half" distance calculated (i.e. t;h~ 

-distance vithil1 vhich half the total grains were found), the 

values shown in Table 1 were obt~ined. From this table it can be 

readUy seen that th~ mean half-distances of the sllver grains at 

the early tille intervals (ie. 5 min to 2 hrs) greatly exceed the 

mean half-distance for grains frQm an artifieial tritium-

lab~lled stra.1ght line source. T-h1,., is found to be true 

regardless of the type of silver grain measured (ie. fila.entous 

or fine grain) At 18 hrs (l w+'t 7 post-incubation), hovever, 

the,.calculat-:d m.ea~ half.-distance for the silver grains ia less 

than that from the same artific1al tritiull-labelled l10e source. 

This is true for'measurements with both filamèntous and fine 

grain si-Iver grains. 

. , . 
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3) ReauJ.ts of E!periments to Test for Non-KecaboUc 
Binding ~ Exogenoua ~-=P'iiCOse ~ Nuclei ~ Frog 
Dorsal Root Ganslion ~ 
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In frog dorsal 'root gangUa incubated for 8 hrs in the 

presence of cycloheximide' bef'ore incubation in la-fucose, there 

wa~ a marked inhibition ~f reacUon over, h.oth the GoI.gi appsratus 

and the nucleus' vhen compared to correspon~Hng' control sections. 

SimHarly, when 1 pm thick sections of lowicryl-embedded 

"" ' frog dorsal génglia or rat duodenum vere 'incubated for 1 hour 

with 1 mçi/ml la-fucose, there was no si~nificant binding above . 
background to the nuclei or any other structures in the Schwann 

or satellite cells of the frog or cplumnar cells of the rat 

duodenum. 
, , 

4) Radioautographic Reactions Observed over Nuclei of Frog 
Dbrsal ~ GanglMi Schwann and sa.glIfte Cells ~~'- ': 
,Amin1stration of -Galactose ~ -N-Acetylmannosamine 

t~ 'frog dorsal root' ganglia :lncubated for 1 h.r with ',;3.It­

ga14ctose or 3S-N-acetylmannosamine ln identical in vitrQ 

conditions to those used in tlle ln vitro 3a-fucO~e"<1experiments, 
<. --

little -or no appreciable nuclear reacUon was observed ovet the 

nuclei of Schwann and satellite cells, even after loug radioauto':" 

, ,graphie exp os ure times. 

B. Radioautàgraphic Reactions Observed o~,r Duodenal 
Epithelial Cells after Injection of -Galactose 
~ Young~ . 

A substantial radioaut,ographic raactio,n was observed over 
.. 

nuclei of d.uotienal epithel1al cella of young rats sacrificed 15 

min after an intraven~us inj ection of' ~-galactose. These cella 
-

included the goblet cells. the ;'l11us colullnar c.ells, and 

" 
" 
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'especially the cr:ypt colùllnar cella (Flgs 24-26). The grains 

vere d1atributed ~venly o'\)'er bot~ perlpberal and l·nternal regioDs 
~ 

" 
of. the nucleus vith some grains over or near nuclèô1ar alateria1. 

, '., 
In the cytopla:"8m, the crypt columnar ,cells often exhlbited a 

.. 
Slllal~ Çolgl local1zed reaction (Fig •. 25) while ln the goblet, and 

,v1'llus columnar cells the reaction vas much mo-re substantial , 

(Pig. 26). 
. . 

In, tissues tak~n from rats sacrif1ced 1 br after i~) ection 

of 3s-ga1actose, reactlon again oecurred over the nuclei of the' 
• 1 . 

above aentiQned ceU types of tbe duodenumo . In the vil1us 'cè1ls; 

• 
J:lowever» th~ nuclear reaction was ac-companied by a part1cular~y 

heavy cytopla.smic reaction (Fig. '27) in .which SOme label relllained 

localized ta the Go1:gi appar~tu8 and more was a8so~.~,ated wi th the 

làteral. and apical plasma memb~anes. • 

'F io:a 11 y , ln rats killed' 5 houts 3H-ga~actose 

injection, heavy reacti~n re~alned ove nuclei of ·the 

duodenal dllus and crypt columnar cells (Fi s. nd 33); In 
... 

tbe nuclei of non-:divlding crypt, cells, 'the s,lIvet grains 
" , ~, 

retâined their distribution over both pe'r1pheral and internal 
, 

regions, with some appearing to be assoclated wl th nucleol1. 

Reaction also appeared over di viding cells. The nucleaI' envelope 

vhen present was not sign1ficantly labelled (Fig 31). aod most of 
, .. ' 

the silver grains appeared to be a.8soc1ated wtt~ the c~~(1~.~8ed 

chrQmatin of forming chromosomes (F1g~. 31 and 32)., .. . 
Endothelial cells and fibroblasts of ,the lamina propr1a alao 

occasionally showed nuc1ear labellt,ng at: a11 .time inte'i,vals 

(Figs. 27, and 30). 

'. 
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the ele~~ron microscope had a 80mewhat dlfferent appearaDce froll 

that of conventional EpOD sections. Structures contalning hlgh 

amounte of lipid ie. the .yelin she'ath of axons, or cellular 

lIem,branes, wete Dot weIl preserved due to the dehydration 

procedure' which uses methanol. The nucleus was easlly ident1fled 

in lowieryl sections (Figs. 36-39,42,43) but its °nuclear envelope 

appeared as a thin halo-lUte space surrounding the n 

A band of condensed chromatin of variable thickness was 

at the nUClear periphery Just Inside the nuclear envelope. 

Clumps of tbe same heterochromatin were also observed more 

internally interspersed throughout the euchromatin regions. 

These latter regions appeared as light-staining areas containlng 

a ~arker-staining 'wlspy mate rial. Unlike Epon-embedded material, 

it was often difficult at times to make a clear distinction 

between areas of heterochromatln and euchromatin in the 'more 

internaI regions of the nucleus, as the smaller clumps of 

"heterochromatin seemed to blend ln with the wispy mater:ta~ of the 

,'euchromatin areas. Nuc:leoli when present were seen as darkly 

stâining, roughly ci"rcular bodies which were reticulated in Some 

éells but not ln other;s .. These structures were muc~ mpre 

f~equent~y observed in rat duodenal columnar cells, partly owlng 

to the fact that there were not as easlly' identifiable in 

. 1 

lowlcryl sections, of ,irog Schwann and sa.tel11te cèl1s. 

'.;, 
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B. Results El.. Labell!'ng Experimenta.!.!!!!. Fueose.Specifie 
Lectins 

1) Lectin-gold Specificity 

The glycoealyx of duodenal erypt and villus eolumnar cells 

and the mucin of goblet cells, aress known ~o contain 

glycoproteins vI th fucose reaidues, were heayiIy labeled by both 

the UEA 1 (Fig. 34) and LTA lecHn-gold. The addition of 0.5 M , 
" 

fre-e L-fucose to the lectin-gold complexes as a c~ntrol . W&S 

--- ' -effective in abol:1.shing most of th_e UEA 1 (Fig. 35~ as .well as 

the ,LTA labell~ ind!cating the' spe'clf1city 

fucose residues. \. 

of our probes fOf. 

2) Labelling of Frog Dorsal ~ Ganglia Schwann.!!!!! 
SatelU. te CeU Nuclei 

) 

In lrog dorsal root Schwann and satellite cells, a deflnite 

specifie labelling of nuclel was observed using preparations' of 

UEA 1 lectin-gold (Figs 38 and 39). Gold particles were found to 

be associated with both the nucleoplaam and to a lesser .extent, 

the nuclear envelope (Fig 38). Within the nucleoplasm, the 

euchromatin in experimental preparations had an average of 91 

. 2 2 
partieles/pm whi'le the heterochromatin had' 66 particleJ/}lm (Bar 

Graph 1). The addition of 0.5 M free L-fucose to the l .ct:!n-gold 

was able to inh! bit 52% of .!=he euchromatin labelling meaning at 

'leaat half of the labelling was specifie. Heterochromatin 

14belling decreased by 63% indicating almost two-thirds of the 

labelling was jJpecific (Fig 39). When the amount of specifie 

labelling was assessed for each type of chroœatin by subtracting 

control or nonspecific labelling from total labelling, it was 

revealed that the euchromatin and heterochromatin specifically 

) ~ 
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bound UEA 1 leetin almost to tbe 8ame extent with bindlng to 

euebrollatin only slightly hlgher. A mueh emaUer amount of 

specifie bind1.ng to the nucleus vas observed when LTA leétin-gold 

was used ln place of UEA l. 

, 3) Labe111ng E!.!!E. Duodenal Columriar Cell Nucle! 

The nuc1el of duodenal epi theUal columnar cells were also 
j 

f,ound to be specifically labelled by UEA 1 lect:in-goid (Flgs. 36 

and 37). Label was aS80ciated wl th the nucleoplasm, the 
f 

nucleolus, and to a lesser extent, the nuc1ear .envelope (fig 36). 

Wlthin the nueleoplasm, .the euchroaatin and heterochromat1.n agët$'il 
" ~. 

shoved nearly equal l.evels of specifie leetin blnding. Lectln-

gold particle counts showed an average of 115 particles/pm2 for 
, 

euchromatln which was inhib~ted by 83% in controls and 105 
, 

, 2 ' 
partlcles/llm for the heterochromatin which was inhibited by 88%, 

in controls (Bar Graph 2). 
.. ,~ , 

Nucleoli averaged abou~ 132 

particles/llm2 in experimental preparations which decreased by '1'% 
1 

in control preparéltions. Again. Some specifie labelling o~ tbe 

nucleus was observed with LTA lectln-gold but .much ress than that 

seen with UEA 1. 

c. Resulta .2!. Labelling ,Experiments' with 'the Galactose-Specifie 
Lectin 5 • 

1) Lectin-glycoprotein-gold Specificity 

The glycocalyx of duodenal crypt'and villus çolumnar cells 

and th~ mucin of goblet cells, areas "also known to contain gly'co-

proote1.ns w,ith galactose resldues, exhibited heavy labelling 

when iJi-éubat~d with native ReA l followed by Gal-BSA-gold (Fig, 

40)~ The addition of 0 .. 5 M free D-galactose to the native- lectirr 

) , 
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as a c.ontrol vas effective in aboiishing sost of the labelHng 

which delloRstrated the specificlty of our probe for galactose 

re8iduea. 

2) Labelling of !!!. Duodenal Coiumnar Cell Nuclei 

Rat duodenal columnar cell nucl~i vere found t~ be 

8~ecifical1y labelled by the ReA l probe (Figs 42 and 43). As 
~ '. ,. • ~ t ,~ 1\. 

" with UEA l, the .labelling was localized to the nucleoplasm~. the 

. ~ 

nucleolus, and to a smaller extent, the nuclear envelope. In 

contrast to the UEA 1" findings, however, the euchrolllatin vas ,lIluch 

more lsbelled than the, heterochromatin. The euchromatin averaged 

105 partièles/pm2 vith a 77% inhibition observed in ~ontrols 

while the heterochromatin had only 66 particles/pm2 ,with il 58 % 

inhIb'i tion in confrols (Bar Graph 3), Nucleol1 averaged 121 

particles/pm2 which decreased by 73% in control samples. 

When th~ incubation step with the native ReA 1 vas omitted 

and sections vere incubated only with the Gal-BSA-gold complex 

the riuc.lear binding was practically n11. 
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1. Iadloau~CJIl'apb1.c StucUea 

, A. Reactions Ob8§rved ~ Frog Schwann and Satellite Ce11 
Nuclei after ~-fuco8e Ad~ni8tration ' 

1) Nature of Labelled Molecules 

A number of biochemical studies have shown tnat administered 

~H-fucose serves as, an highly specifie precursor for fuco~e , 

resldues.of glycoprotein and glycopipid molecules, since after 

administ ration - of labelled fucose there ls no appreciable 

conversion to other sugars or breakdown to metabolites; Instead 

the sole fate of the injected label i~,to be either excreted 

unaltered froll the body or incorporated as fucose residues into 

newly syntheslzed glycoprotelns (Coffey et al, 1964; Bekes! and 

VinzIer, 1967; Kaufmann and Ginsberg, 1968; Herscov!cs, 1910; 

Schachter and Rodin, 1913; Atkinson 1915) or ta a lesser extent 

into glycolipids (Bosmann and Martin, 1969). 

In\ rats and mice, Gould (1977) found that after 3H-fucose 

. 
was,administered 10cally to the sciaçic nerve, label was taken up 

. 
by Schwann cells. The laBel was at first localized to the G?lgi 

apparat us but later migrated mainly into the mye!in sheath. 

Biocbemical analysis showed that most of the label was associated . 

with a myelin glycoprotein, and aIl the label remained in fucose 

residues. At one day after administ ration of 3a-fucose, Gould 

noted the presence of some label associated with the nuclear 

envelope "but at no tl me were sllver grains found witbin the 

Schwann cel! nucleus". The present work confirms the fact that 

rat Schwann cell nucle! do not appear to become signlf1cantly , 

.' 
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làbelled after' administration ~f 3s-.fucose. 

In the present work, all of the frog Schwann or satellite 

cells exhibiting nuclear reactions also showed a Golgi reaction 
~. 

at short time intervals after exposure to 3U-fucose. Thus. 

utùess the same cell type ca., metabQl1ze 3a-fucose d1.fferently in' 

dtfferent cell compartments, !t appears highly l1kely that the 

nuclear labe1l1ng represents 3U-fucosè labelled glycoproteins.' 

It was concelvable, however, that the radlolabelled fucose 

appea~:f,ng in nucle! had not been metabol1cally 1ncorporated and 

was simply pound to some nuclear component such as an endogen9ùs 

lectill-l1ke substance. Some evldence for the presence of lectins 
, 

in nuclei has ,been reported by Sevalj evic et al (1977) and Seve 

et al (~985). The results of experiments address1ng this 

question from the présent wort indicàte, however. that non-

lIetabolie bindlng do'es not account for the nuclear labelllng. 

For example, when sections of Lowicryl K4M-embeddel dorsal root 

ganglion tissue were exposed to 3U-fucose label' and then 

processed for radioautography, no nuclear labelling (abo~e 
, 

v _ 1 

background) of S't!'tr.wann or satellite, cells ~as ~bserved.' ev en 

atter l0!lg exposuJ;'e times. Sll1lilarly, when CYCI~heXimide was 

admln1stered to the dorsal root ganglion for several hours ln 

order to inhibit prote in synthesis and exhaust the cellular ., 
<:9 

supply of newly synthesized glycoproteins available for 

fucosylatlon, and followed by exposure of the ganglia to 3U_ 

fucose for 1 hr, it was found that react10n over the cytoplasa 

and over the nucleus was equally inhibited. 
- , 

A third argum~nt ,that the ~-fucose label associated with 

Schwann and satell~t~ cell nuclei in the present study repr~sents 

. -. 
." 
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l8.bÙ incorporated ioto glyc~prot,eio8 comes from the fact that 

the pattern of labelling W~8 observee!' to change wi.th after time 
, 

ls-fucose admlnistrat:1on. Ibus when the gangUa were exposed to • 

JH-fucose for short periods. le. S min to 1 hr, the label was 

distributed throughout the nudei. whereas in ganglia exposed to 

3H-fucose for 1 hour an~ .'t'hen incubated in unlabelled medium for 

17 hrs, Most of the sllver grains were d1stributed over the 
'" . 

periphery of the nuclei. The above change in distribütion of 

label' over the nucleus wit'h time, after initial 3H-fucose 

exposure is inconsis.tent with the concept that the r.eaction 

simply represents labe,l bound to the nuclei since 8uch binding 

sites could not be expected to change their position relative to 
,0 

the Ume that the 3a-fucose was administered. 
~ 

Finally, as discussed below. the ,lectin binding experiments 

of the present studies provide independent evidence for tb,è 

~ presence of fucose ~ontaining glycoproteins in frog Schwann and . ' 

,; 

satellite cell nuclei. lt thus appears that the' nuclear label 

obset'ved in the present study represents label metabolically 
'l...... , 

lncorporated. "into nuclear glycoproteins. 

2), Distribution of Nuclear ~ 

At aU time intervals up to~2 hours atter initial exposure 

'to 3H-fucose lab.e].., those Schwann and satellite cells which 

e~hibited nu.clear reactions had the silver grains localized over . 
both' peripheral and 'internal regions of the nucleus. Since the 

.. 
resolution of the radioautographic process, even ueing fine grain 

1 < 

development at the electron microscope leve!, Is not 8uf'ficiently 

precise that one can asslgn the sourCe of a silver grain to a 
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sl te Immediately beneath it, ft was eonceivable that .the ' 

Internally located grains were derived from label residing at 
, . 

the nuclear periphery, ie. perhaps with1n thë' nuclea~ envelope~ 

To test this possibUity, ~he distribution of' aIl grains 

oceurring over the nucleus (tn terms of their di~tance. fro\ll .the 

nearest portton of the nuclear envelope) w.as compared wtch the 
, . 

distribution ~observèd, when an artificial tr1tium-labelled 

straight llne ,source was used under identical c1rcumstances in 

the same laboratory (Kopriwa et al, 1984). In the present study, 

the nu~lear enve~op'e consti~u'tes an irregular o'lal or circul.ar-

line source rather than a straight line; a theoretical source of 

such geome'tty should give~rlse to a grain distribution (on the 

inside of the' 'Cirele) with à slightly great'er half:"di~tance than' 

that of a straight line (S'alpeter et al, 1969). Nonetheless, the 
\ " 

caleula'ted Mean hâtf-distance at ,early time intervals sfter 

ini Cial exp08ure to 3H-fucose was 'far in axcess of the ha1f-
'" 

, , 

distance expecteçl if aU of the silver grains ~a~ originated fro~ 
" 

label in the nuclear envelope (Table 1). -These ;resu'les imply 
1 • 

~. ' 
that at least some of the nucleat label observed st these time' 

intervals represents glycoproteins 1ocate'd witqln the nucleoplaslD 

, its,elf " while the remalnder' of the label coul~ represent 

• - "'@ 

glycopro,teins within the nuclear envelope. , 

The same problem 'with ,resolution occurli withiô V the nuçl~us 

, when ?ne attempts to assign si1ver grains to dis'persed 

'chromatin, condensed chromat:1ri, o.r nucleolar, moltterlà,l, and ls 

compounded by difficulty in cons"istently identifyi~g' the exact 

limits of these components. The peripherally loca,ted g~ains (if" 

" 
\-

" 
", 

" 
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scored to the structure directly beneath their centre) vould 

.' mostly be 'assigoed to condeosed chrollatin sinc~ this foras"-an 
~ 

almost continuous liniog for'the nuclear envelope. Within the 

intetior regions, however, more grains lay directly over 

dispersed chromatin than over the condensed type. At later time 
" 

intervals after initial exposure to 3H-fucose~ the 

radioautographie reaction over Schwann and satellite cell nuclel 

was more localized to the nuelear periphery. Thus, the Mean 

half-distance .of the grains to the nearest portion' of the nuclear 

envelope'~as equal to or less than that e~pected if thé grains 
) 

had origipated from label in the envelope (Table 1). It. should 

be noted that locallzation of reaction to the nuclear periphery " 

does not neeessarily imply that the label resides ln the nuelea'r 

envelope itseolf. Grains occurring over the nuclear periph'ery 

could also represent labelled Molecules in the peripheral nueleo­

plasm or even nearby cytoplasm. In a few cells observed at the 

18 hr time interval, however, the perinuclear space had become 

gr~atly enlarged in areas, and here reaction was elearly 

loeal1zed over the perinuelear space and! or the inner and oute.r 

nuclear melllbranes (Figs. 21,22). 

The reason for the change in distribution of the label with 

t1m~. after exposure to ~-fucose ls not ·clear. There eould be a 
\ 

. 
migratton of labelled nucleop~asmic glycoproteins from central 

regiQn~ the periphery due to some physiologleal event or 
a 

pathologica~ event (ie. marglnation of the chromatin) after. 18 

llrs of ln vitro conditions. The margination effect se'ems 

unlikely as MOSt of the cells at 18 hrs show no apparent signs of 

physiolpgical distress. 

\ 
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Alternatively, there eould be two co.pletely,separate 

reactions occurrins: Qne in the central nucleoplsa1D and one ln 

the nuclear envelope or peripheral nudeoplaa.. By 18 hrs the 

central, nucl~opla8l1llc reactlon, would have disappeared pos8ibly 
o (J 

,., due to rspld turnover of ~he glycoproteina while reaction' over 

the n~clear envel'fe or perlpheral nucleQplasra re.ains prominent," 

reflectlng a slo'fer turnover. 

- B. L~elling of Rat 'Duodenal Cell Nuclei ~ Injection of 
-Galactose 

, 1) Natu~e of Labelled,Haterlal 

Galactose, 11ke fucose, 18 a termlnal sugar of glycoproteln 

(and 81~collpld) side chains, and lt Is added to newly 

synthesized gl,coprotelns'in the Golgi spparatus ln a great 

variety of cel! types (reviewed by B~nnett, 1984), Ineludlng rat 

'duodenal coluranar cells {Bennett, 19~O). However, slnee injected 

3a-gâ\act~~e~ ls' not .!iS specifie a precursor f.or galacto,se 

resldues " of glycbpr~telns as is la-fucose for fucose resldu~s" 
If- ) -.', 

somewhat fewer conclusions cao be, ~rawn a~ ta the nature of the 
, .. ~ ~ .. 

ouelear labell1ng ln the present s'tudy. Berscovlcs (1969) 

showed, '.for exa.ple, that a slgnificant 1?rQporUon of the label 
~ ~~ l' 

of ad.inlst~rèa 14c-galactQse bec~me: inco;;'orated into mannose 

residues of newly synthes1z~d thyroglobulin. ~alactose, may a1so' 
:t!", 

he utllized in the biosynthesis of glycogen; which 18 lnown ,t~ 
\ ' 

s01leti1les exist in the nuc,leoplasà. No~ethele8'8~ tre~tlllent of 
' ... \ -

s,ections with a.ylase did not affect theo reactlon observed aft.er 
" 

la-galactose adminlstrstio~ (Bennett, unpUbl1S~ed)to' '.~;.4icat1ng 
.(- ~', 

that "the label la t'lDt in. glycosen. Sl"IIlUar}"y, thè' :Sl'e~~fic, 

,'. 
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bindlDg of Ilicinu8 co.ituu!s agglutinin 1 (IlCA 1) t,a t.he 

nucl~~las. and nudear envelope (dl~cU88ed ~lov) bas pr,ovided 

independent evldence for galacto'se-containlng glycoconjugates at 

these ,sItes. 

2) Distribution ~ Nuclear ~ 

At all time intervals after injection of ls-galactose, Ulost 
~ , 

of the epithel1al columnar cells of the crypt and'viLlus'of rat 

duodenuUl exhibi ted n,uclear reactions. Occasional goblet cell, 

fibroblast and endothelial cell nuclei vere aIso labelled. The 

. ' 

s11ver g,t'ains were distrlbuted .aver both the peripher'y and the 

i':ltemal regions of the nu~léi. As disc1,lssed above, the presence 

.of 'lIany graiDS over internaI regions Il1pl1es t~at at ,least some 

of theàe arose' from labelled Îlolecules of -the nuc1eoplasm. As in 

Schwann and satellite, cells, t,he perlpbe,rally locat.ed grains 

c~uld represent l.'!.t;l in the band of .condensed ch~oll~1:,in u.~lng 

the iluclear envelope' or the envelope i tself, and ~Olll~, grains mây 

even be due to cro8,sfire from nearby 'cytoplàsm~c 8~Ul'Ces. Within 
'l" :: 

the lnterior regions, the great , .. ajorlty of t~~~ ~ral'ns we~e ovey--

dlt1persed èhromatin. 'in cèll1.8 un~'e,rgOlng ~it~8i8~ on the other 
" 

hand, ,the fragmented nuclear envelope',(when present)'was not" ,- , 

, , , 

sign1ficantly l~belled, and grains'w~~ 'found ta b!associated 
" . 

_ with the condensed chromàtil1 ,of forming éhroàos-omés. . ." ~ .. . " , 
The, 

;--. , ,.. 
frequency w1th wh1cn siher grains we,rè found over or near 

tI,; nueleoli. and/or ~ucleo1ar-ass~ciat';d ch'rOllUJ't1n leads us to 
" \ " - J Il ~ , 

bèlieve t.hat label ',rè8ides in' e;ither 01' bOl;'h of tbese"nuclear , 

components as weil. - " ~. .. 
, " 
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. Lectins have bec;olle important C)'tochèll1.cal tools co ~tudy . " .' ; 

, . 
), 

" J • 

t~e iocaH~atlon of glyçoconjugate,s b,e,cause. of thdr un1:qu~: ' _ . 

ab'nity to recognizè a~d. ,binC! s~ec;1fie c8~bohydrate. groupa iR a -
.,,' - , • ~ • 1 

f _ ' , .. , • 

reversibl,e nori-é,ova~en;t maMer ,(Nicolso~. 1914~ Br.o~n and Hunt, 
, i. ~ 

197~;~oth, 1981;: ~chl",eYer !!:t a~. ~983; ~ori~bêr~èr/ ~9~4).: " 
- .. "" - ,. , 

A·lectin l.s,usuallY ,considere,d ta he 'specifi,e towards ~,:,' ~ 
•• '-' { .. " J," _..' • f,' _ \ 

spécifie. monosa'ccaride(s) ·oJ:' espec;1a1-ly t~' cer~à1:n s-pécifi,c 
~ ... '" " - ~, .' , 

" oligosacéârtde~ cont~inlDg that Bugar: '~n f,act Î ft :haa beèn' 
" 

',sh~wn that t~e·a:Ùin,lty ?f a 'lecti-n texpTe8,~e~ 11). t~r.8 ~f a 
, _ ~ " 1 • ~ 

• .. t" , 1 . ' - ... 1 • 

',' :bind'h~g cO'rts~an't) for the speci~ic free augar mày be a'ever:al 
\, • 1 1 • 

magn1,tùd~8 lower than for· the glycoco~,{ugate contdning tpat 
, " 

s'uga~' (Ko~nfeld et ·~1. 1975). Recent 'ev1'dence (Debray et ,al, ' 

1981) a180 indieates tha't! the protein core of glycoproteins 41ao' . ' 

m~y pllf.Y a ra le in lectin af~inity. 'rtlus, the true 'recognition 
," , 

:~ites_ may be' t;er~i~~l and/or core 8ugars,. 'dépend!ng on the 

le,cUn. (tU'c 01 Il on , 1.974; Sharon' Jn'd Lia, 1975). MoreoyeJ:', . ' , . 
~~ffe'rent lectine with the' aame monosaccaride, 8pecificity do ,n~t 

, . 
, rec.()gnize 1dentieal sugàr aeque-I'lces and linkages on aay given 

, glyean ',and ,tbe~e'fore might bind with lIuch different affinit1es,. 

In a4dftion to the above lIentloned apec1f1city. formation 

and dissodation of léatin-glycoconjugate cOlI.plexes &180 depends . 
" .' ' ' ~ . , 
o~ ~ar~ableB such as pH, temperature, charge effeèta. ionté, 

. , 
strength, b1nding eapacity and 4v141ty, effecta as weIl (reviewed 

by Horisberger,,' 1984). 

'The fu'C08~"8pecif1~' l'ectlns u'se~ the present 6t~dy., 1e • 

• 'j> ~ 

" 

" . 

, " 

" ' 

,; . 
: "" 

" ' . ... ~, 

, l, 

.' \ 
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!!!!. europaeus l ag.glutinin (UEA 1) an~ Lotus tetragonolobus ' 

agglutln,1r\ (ioTA)". botq 'recognize, t.etaina! non-teduc1ng fucose 

'-~esldue8; th!!y have 8o~e specific1ty for free L-fucose, which 'ls 

add~d to lectin-gold prepatations as a control, 
. ' 

but show a mueh. 

gtea~el' af,flnUy for IIqre eoml'léx glyeans with penultimate 

gaia~tose resldues (Pei!er~ jt al, 1~78; D~b~ay et ~l, 1981). 
, '. 

The ~wo lec~in.s have different affin1,t:l.es, however1, for var10us 

,ol1~os~cca,r1d.e conformat1,ons containing these terminal ,sügars • 

p~'eriet~ et, al, 1978) and there~ore t~ amount of 'bindlng on a 

section. might be, very different depending on the types of fucose-
, , 

. containlng oltgo8~ccaride8 present • 
• , 1 •• • . . . , . 

, Tb!!, galactose-specifie lectin used ln the present study" le .. 
, 

, Ri'cinls' comllun1a agglutlnln (RCA:' 1) baaically re-cognizes tel'm,lnal 

. galactose residues (Debray ~t~ 19lU) and 'free D-galaçto8~ 18 an "" . 

..• H~e.~,~e .f.bibHO.~Y· .~a; for this le.~ln in control 

prepatatl'Cins. ' . , , 

'" . 

, 'Si,nce 'lectl~s in' thems~l~e~, are not 'el~c:tron d~n'8~f a means 

of vlsual1:Z1ng thei'r, bi~dlng t(> ti8~ue s~ct:lons is nec~ssar'Y.' 
, . --~--

. ' . ,~ ---- ------ ~ > 
the'leetins '.ay thus he conjugated to par~c;..1I_1ate-îii8r1ters, sucn 

as ,colloidal gold or fer'ritili, or to- markera which ~an pro~uce 
f --'- 1 

.' <-~~ 
electron dens~ pr~cipltates such ail peroxidase in -the presene~ of 

diamlnobenzidlne (DAD). 'Ort the other hand, the lectine may he, 

'radlo1abèlled' ând detected hy radioautogra~hi. 
, .. , 

Colloldal gold was chosen in the présent w,ork to visuaHze 
> ' 

,l ' ... " ! 

lect1n-b1nding al tes ove'r the other ,méthods for li numbel' of 

tea~ons, Lectln-g<?ld éonjUg~te8 ,all,ow a-. precise local1zaÙo~ of 

- lectin "blnding sites un,Uke l-ectin-peroxidàae' conjugates whlch 
. " ) 

,are, 8,ubject ~~ d~ffu810n of ~he reaction prOdu,cts, (Horhbérgér, 

l , 
" 

" , , 

'. 

: 

, ' 
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1984), or radioautography which does .Dot provide near!y as great 

a resolutlon. They h,ve several advantages over ferrith 
J> ' 

coojugates as weIl, in ~hat lectin-ferritin conjugates produce 

more non-specifie labelling 'on tissue sections and requi,re 

.pu·rificati~n steps unnecessary ,,1th colloiclal gold conjugates 
; , 

Both dire~t,. and indirect labeliing' pr~cedures were, used in 

theée experiments. The indirect procedure off ers ,som~ advant~ges 

\ 

over, thè -'dlr,ect labelling procedure. The indirect, system seells 

. ço st/ow a' highet: blnding sensitivity tl\an the direct one 
,-

~·<j(Te.1II1ckJ\i.~1975; Hori!lberge,r, l"981) and avoids the direct 
1 

p.ro~edure.";~~blem of contaminants such 'as ft'ee lectin fJ:n~/t)r 
,!' " \ l' .'» 1 

~-eçt1n-Iectin c~mplexe8, irt -th~ probé. which c~n rise tci ~rroneo~ , ' . '- . 
of'. '" 

binding resu1ts (Schr'evel et aIl 1983). The indirect method'of 
- ) " . 

,labelli~g relies on" the fact tha~ lectins have ,multiple bl~ding 

s'ites (reviewed by Sehreval 'ét al,' 1983). Sections-are first , . 
, , . 

, , 

labelled with the native lectin followed by a glycoprotein 

specifie for that l~cÙn conjugated to 'colloidal gold. For, the 

use of this method lt' is therefore neceasary to have a 
, , 

glycoproteih avallable with the prope:r spe'cifidty. , 

Wlth the knowledge that terminal g~lactose residue~ are the 

most important binding determinant for ReA 1 lectin, Bnding a 

glycoprotein with high speclficity for this Ieetin was relatively 

easy. We chose to make a.synthetie glycoprotein using a modified . ~ . 
method of Wilson, 1979.' Such a preparation gives, a glycoprotein 

with up to 20 galactose resldues on a single molecule of bovine, 

serum albumine 

o .' 

" 
, ~ , 

.\ ,... .~. 

• - • 

" 

.. 

" 

" , 
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the unavallabllity of a 'glycop'rotein at the ti.e of these 

.expertllents with a high afUnity for DEA 1 prevented the use of 

the 'ind~rect technique in the present wor~. rheréf~re, the 

1 direct procedure. using UEA 1 lectin-gold was used ta label the 

fucose residues of glycoconjugates. lt ha8. been sho-wn that 

lec~in8 do not lose their ability to ~ind sugars after being 

conjugated to gold particles (Horisberger, 1984), and the 
1 

sensitivity of our probe proved to be ade"qu~te 8S evidenced by 
, , 

the' high specifl~ labe~ling of areas of tissue sections known to" 

contain.fucose residues. 

The embedding medium 'for the tissues used ln the lectin 

cytochemlcal studies, thè low temperature resin Lowicryl K4M, was 

"chose~ ,because of t~e' .finding~ of Roth (1-983) that àp~cific 1 ... 

, . vi '-' .' ' , 
labell,ing ,with lect,in-gold on lowicryl-embedded sections of r:at 

, . 
, liver was màny times that found on conventional Epon sections • 

. He a180 found 'that rat l1'l'er hepatotyte nuelei were signiflcan~ly 

-
labelled wlth the lectin Con A on sections of this ~aterlal.,Thi~;, 

W8S the fint time that nuelear labelliflg had been deseribed in 

mammallan cells using lectin cytoehemisry. 

- B. Labellin~ of Nuclei with UEA ! Leetin-gold 

The specifie Iabelling of the nuclear envelope and nucleo-
" 

plasm of frog' Schwann and satellit'e eeli nuelei wlth UEA 1 

,leetin-gold provides strong evidenee for t~é existence of fucose-

eontainiog glycoproteiris in these nuclear compartménts and, as 

diseussed above, provides addlti~nal evid~nce. that the radloaut~ 

graphie reaên-on.o'b~~rved -over the nuclel of thes~ 'eeUs after ' 

expo8ure to 3H-fucose repre~ents label metabolieally inCQ~porated 

" t 

'. ' 
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into nuelear glyc:oprotelns. Labelling of the nuclear envelope 

inc:luded both the inner and outer membranous layers, 8S weIl as 

the perlnuclear space between them, but on the whole the nuclear 

envelope did not label heavily in comparison with the ~ 

nucleoplasa. In the nucleoplasm, the ,diffuse euchromatin and 
1 

c'ondensed heterochromatin were speciqcally labelled with UEA 1 

almost ta the Bame extent although,binding to euchromatin .was. 

marginally higher. . The euehramatin in experimental preparations 

was signiflcantly mor.e labelled than the heterochromatin in terms 
/ 

'of tota~ pa'èti'cles/~m2 bùt the perce~tage of par~icle9 bound 

SPéclfically was hlgher for the he,terochromatin as evidenced bY. 

the fact that the campeUng' specifie sugar caused an 11% higlÏer' 

inhibition of' heterochro"matin-assoaiated labeUing than euehr.o-

matin labelling. Thus, the difference in specifie labeUlng was " 

not as pronouneed as the total labelling for ~he two types of 

chromatin. 

·The specifie labelling of rat "duodenal columnar eeU nuclel 

with UEA t l~ctin-gold ,indleates these nuelei also -contain' 
1 

glycoconjugates ~ith fucose residues desplte the lack of a 

, radioautographie reac'tion with 4I-fueose. As in frog Schwann and 

satellite cells, bath the nuclear me~brane and nueleoplasm were 

labelled; in addition, however, there wes a strong labelling of 

the nucleolus as weIl. This W8s not evide.nt in nueleoU of the 

frog êJorsal root ganglion eells but as mentioned earlier, 

nucleoli in these cells were not as frequently se,en and/or 

readily identifiable in lowicryl ,sections as those in rat 
\ 

duodenal columnar cells. The pattern of chromatin labelling in 

the nucleoplasm with UEA 1 resembled that of the Schwann ana 

. , , 
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satellite cells 8S euchromatln and' hèterochrom8tin exhibited 

nearly equal levels of specifie binding. The" chroma tIn of 

'duodenal columnar cells o~ the whole, however, was found to 

contain a higher number of specifie binding sites/)lm2 th~n the 

S~hwann and satellite cell chromatin at equa1 1abell~ng 

concentrations of UEA 1. The oucle011 of the duodenal columnar 

cells, however, had an even hlgher density of specifie bind,ing 

sites than the chromatin component. 

The nuc1ei of both the frog and rat cells did not label 

nearly as much w!th LTA. As meptioned earlier, the dio lectin'S 

do have slightly different specificlties and this might, explaio 
" 

the differing results. 

The control or nonspecific levels of'l~belling are 

acknowledged t~ be higher than ide'al in the labelÙng. r~8ults for 

frog dorsal 'root Schwann and satellite cells as evidénced by the 

fact that on1y partial inhibition of labelU,ng was achieved in 

the presence of the inhibitory sugar. The reBsons' for this a're 

not totally clear but ln uslng SO Jlg/ml UEA l lectin-:gold as a 

standard for aIl la~ellini experiments, we May be over the 
\' ' 

optimal .1ectin bindini~ concentration for these cells. Accordlng, 
, ' ;) 

to Roth (1983), total labell1ng and background labelling Increase 

if this happens. When sections were incubated with lower 

concentrations of lectln-gold in earll~r experiments in our 

laboratory, they sh,owed lees nonspeciflc blndf.ng but the amount 

of specifie bound~ng W8S no greater than that seen using 50 

pg/ml. This latter concentration was used a8 a standard because 

lower concentrations were suboptimal,for the labelling of the rat 

'" 
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\ 
duodenal columnar cel! nuclei. 

Another posai ble reason for the high background ùl1ght be 

that the leetin has a much hlgher affinity" for a nuc'lear 
l 
glycoproteini than for the free inhibitory sugar and therefore the, 

sugar can not completely compete out aIl the lectin-gold binding 

sites. These hlgh affinity gly~oproteln8 might not be present ln 

the rat duodenal cells. lt should aIs a be noted the nucleus 
~ 

itse1f ~ays ,8eems to blnd some gold partlcles non-speclflcally 

as weIl, raising background labelUng for a11 nuclear 1abelling 

experiments. 

C. Labelling of Rat Duodenal Columnar CeU Nucle! vith E. ! 

The label!ing pattern of rat duodenal columnar eelI t'luclei 

vith ReA 1 was in Many ways similar to that seen wlth UEA 1. The 
lj 

same nuclear envelope components, le. both membranes and 

perinuclear space 'were speeifically labelled although not as 
\ 

heavlly ElS the nucleoplasm. Both the euchromatln and 

heterochromatin were spt;cifically labelled by ReA 1 but in this 

cas~, the euchromatin W8S mueh more sa chan the heteroehromatin. 

'The nucleolus again showed the highest levels of specifie lectin 

labelling in, the nucleus although in this case lt waa only 

slightly higher than that of the euehromat~n. Nucleolar binding 

" 
'le not completely surprislng becauee, as mentioned in the 

Introduction, Bramwell et al (1982) also reported blnding of ReA 

1 leetin to nucleoli. Our control experiments showing 

ractically no' bindlng to the nucleus of just the gal-BSA-gold 

m rker argues against the poss~~,~e presence of endogenous 

actose-bindlng lectins. 
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. The presence ot galactose-conta:lnlng nuclear glycoproteins"' 

lndi~ated Py these'lectl~ studies supports the idea that th~ 

nuclear reactlons seen after the administration of 3a-galactose 

mig~t at lea8~ ln part be éttributable to newly synthesized 

s'alae tose-contalni ng glycoproteins. However. the p08sibilty 

still ~xists that Some of the 3a-galaetoae was converted to Ja-
mannose and that endogenous receptora for this sugàr could be in 

the nucleus • 

. The findinga of the prese'nt study, show!ng DEA l binding to 

both hetexochromatin.and eu.chromatin, dtffer somewhat from recent 

results of Kan and Pinto da Silva (1985) where UEA 1 lectin was 

shown to bind preferentially to euchromatin in rat duod~nal 
~ . 

. cella. Roth (1983) coneluded, on the other hand, that the Con A 

b'il1ding sItes in the nucleus of rat hepatocytes were more 

associated with heterochromaUn. The difference in these findings 

we feel may possibly be attr!buted to differences in the fixation 

procedure or in their preparative technique. An association of 

the bindlng sites with euchromatin could be exp,ected sinee 

biochemical studies of Reeves et al (1982) have reported the 

presence of galactose and fucose in HMG proteine, which have been 

shown to be preferentially assoclated wi th active DNA (Goodw:ln et 

al, 1982). lt has been shown, however. that, the most active 

. 
region of the dlspersed chromatin occurs in the region just 

adj acent to cO:lldensed chromatin (PuV'ion, 1981) which could help 
" 

explain some binding to the heterochromatin a; wèll as 
euchromatin. An additionsl point to be consiàered is the 

possible artefact intr~duced by the fixation proces8 as de8cri~ed 

by Sandoz (1985). In quick freeze etudies of tissue he reported 

>', 

',' 

. ' 
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that routinely,fixed nuclel showed an lncresse in their amount of .. 
heterochromatin. Therefore some of the heterochromatin binding 

might really represent artefactual translocated euchromatin 

bindlng. '. 
• 

III. S1SWf1c:anc:e.!!. Ileaults 
0, 

lt i8 imP9rtant to polnt'o~t that the two techniques used in 
'. 

the present work provide diffl!rent, although somewhat 
t 

complimentary information regarding the study of -glycoproteins. 

Radioautographi~st~dies relate to the syntResla and locallzatlon 

• of newly formed glycoprotelns. A positive radl~autographlc 

reaction over a glven' site is indicative of t'he presèI:tce of newly 

formed glycoproteins which infers 1) existence of glycoproteins 

in general at that location and 2) that these glycoproteins are 

being actively aynthesized possibly due to turnover. The lack of 

a reactlon does'not negate the possibl1ity of existence of 

glycoproteins there. -but only in~U.<:ates tpat ~here are no ne~ly 

syntheslzed gl~coproteins, possibly because of no glycop~otein 

turnover. 

Lectin blndlng studies, on the other band, label a11 
o 

accessible existing glycoprotelns for "'which the lectin shows some 

specif~city, but do not give information about the turnover of 

the glycoprotelns. Some information i8 provlded- about the nature 

of the glycoprotelns present since the _spec1fi~1ty of the lectin 

18 known. The lack of a reaction again does not necessa~ily 

Imply that there are no glycoproteins present, since the lectin 

. beiDg used mày show rw.,spec1ficity for the glycoprotein molecul~s' 
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Inatcessible to the lectine 

-Thus, It Is possible to get a positive radioautographi~ 
~ ~ 

reactlon a~d no lectin binding if a class of .renewinB 

glycoprotein is present whlch lncorporates the label but does 

not bind to 'the lectin used. Alternatively, lt is possible to 

get posittve lectin binding but a,nègativ~ radioautographic 

reactton if glycoproteins are present whlch bind the lectln but 

are' not being renewed. 'lt 18 conce.ivable tha t thls latter 

situation may oc~ur in rat duodenal col,umnar cells whicb have 

~ignif1cant nuclear bindlng of fucose-specific lectln, but 
, , 

exhibit 'liccle or n6 nuc'l'ear react!on after' 3H-f..cose 
<t#~ ! 

" , 'il 
administration. Si milarly, the ~ack of upt~ke of lu-N-acétyl" 

~ , 

mannosamine and 3B-galactoae in the nuclei of frog dorsal root 

." S~hw,.nn and, 8atel1~te cells does not rule out the presence of any 

siaÙc acid- or galactose-containing prote~n8 at this site. 
'&:l 

An adjunct to the above propos~l ié that tho~~ cells w~lch 

'do sbow large numbers' of nuclear reactions, such as the fro~ 

dorsa~ r~ot gangHa a"fter ~dministrati~n of 3H-:-fucose, do, not 

necessarlly contain more glycoconjugate~ in the nucleus than 
," 

other çell types but 18ay contain glycoprotelns wh1ch rapldly 
, ' 

turnover' chat other cell types either have les& of or donlc have 

at 'aIl. 

, The present results therefore give strong ,evldence that the 

nuclei of frog dorsal root gangliQn Schwann and satelli te cells 
, 

and rat duodenal columnar cells contain glyc9proteins, ·and these 

must undergo a continuous renewa'l aa indicated by the rapid 

appearance of 3H-fucose and 3H-galactose label in these nuclei 
b • 

, . 
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alter ex~)C)sure to the isotopes .. Soae of the lab'élled .olecules 

appear to be localized to the nuclear, periphery, ,and Illay reslde 

in the nuclear envelope. ln cert;aln Schwann and satellite 
, 

'cells, the- presence of reaction, over· enlargements of th~ 

perinuclear space provides definite evidence that, at least ln 

i:he~e instances, labelling of tne env,elope occurs. 

As mentioned ln the Introduction, localizatlon of galactose­

or fucose-containlng glycoproteins is n~t~expected in the nuclear 

envelope if terminal sugats are only addl:!d to newly synthesized 

glycoproteins in the Golgi apparatus ~ith no lIlig~ation occurring 
'. 

back to the rER or nuclear envelovew Kere, however, we are 

seeing evidence ~or terminal region ~ugars at this site and,' th1s 
, , 

means that elther 1) transferases for termioal reglon sugars also 
Q 

occur. in the n~clear envdope or 2) tbere 18 a back migration of, 

glycoproteins to the nuclear envelope frOID thè Golgi apparatus. 

ln a.11 of the celI' t'ype's' ekamined, (t least ,som,e of the 

lab~!'l appeared ta reside in glycoproteins o! the"nucleoplasm. 

Again, 8uch a location, ts.not expected if aIl glycoproteins 
- \ 

~eceive ~heir, CarbOhy~~ate -reSidues, via glY~()SYltrans_\rase (_ 

enzymès situated on the ruminaI sfde of the ~uclear envelOJ-- ) 
.. rough endoplaslllic reticulum-Golgi apparatus pathway. According 

, ,: to such a model, the hydrophilic ~arbohydrate group of the newly 

'synthes1z~d soluble or membrane g"rycoproteins (or glycolipids) 

woulcl then be on the luminal s'ide of t~ese ,compartments, ~nd ft, 
18 not thought that such molec.ules wou Id be a,ble to pass through .. 
the Qleabranous wall' in arder ta Qligrate to sites outside 'of t~e 
), " 

.. "secretory-Iysosomal", path-way. The present tadioautographic 

re'sults., dong with the lèc-tiri-bin'ding ~videnée of the present 

. , -, 
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stody do. nOI)t!theless, provide ,strong evidence that such 

nucleoplasmic g~ycoproteins exist and thus support the many cyto­

chemlcal and biochemlcal results of other workers in the 

l1terature as dlscuBsed ln the Introductlon. 

The fact that substantial reactlon ls observed over .any of 

1 

the Duclei of Schwann and satellite cells as early as five 

~~nutes after initial expostlre to ,Ju-fucose in the present study, 

indicates either that nevly synthesized glycoproteins must 

migrate extremely rapldly from the traditional site of fucose 

ition (ie. th Golgi apparatus) or that the fucosylation of the 

roteins must occur withln t;he nucleoplasm itself. There 

a few reports that thè nucleus does contain glycosyltrans-
. 

ferases mediàting the addition of N-acetylglueosamlne, -~N-acetyl-

galactosamine, mannose and galactose (athough not fucose) to 

endogenous' gly,:oproteins (Richard et al" 1915), and manno.s)iation 

of non-'histone proteins has been reported (Berthillier' alJd Got, 

1'982'). ' The exact nuclear localization of' thèse enzymes is not 

, .clear, ,however, and as' in sim,1.l,ar b~oche1Dlcal stuClies i,t ls 

possible that the~r presence is due to a conta.mination of the 

nuclear fraction. 
, -

- -Given that nuclear W.1yco'proteins do indeed exist, the . 
'fundamental question ~f'wha~ thei~ funationàl significance might 

"0 \ 

be arises •. To date, this question' remains unresolved, ~ut' the 
, ( 

location and'associatidns o~ thesé molécules with certain Quclear 

structures aay give us some clues as to possible roles in Quclear 

structure and/ or' f unction. 

The giyloproteins ln the-"fl~clear enve16pe lIIay 
,t 

; , , 

'. --

,.:. 

'1;" \ ~ 
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i.portant structural roles sueh .. a. ln anehor1ng tlle nuclear pore 
> 

co.plex to th, rest of the, nuclear envelope (Gerace et 41, 1982). 

Other funetions _ay Inelude an Involvement ln ,Iucb aetlvities as 

nuelear mellbraae-medlated transport, across the membrane or 
~' : 

through the nuclear pores, or enzymatlcally cat_lyzed reactlpns" 
, 'P '. 

whleh occur st least in part st the levei of the nuclear membrali!!'· '; :; , 
Q, l,', 

or any combinatlon of the above (Stein et al, 198.1).' :Ae'" ' 
~ , , " '.' 

co.ponents of the "aecretory pathway" the glyeoproteina may alao 
.? 

be destined to ultimately migrate to other cellular locations.. . 

," 

ln th~ nucieoplasm, glyeoprotelns .aay ha';e 'ta struct~~a'l role ' 

ln the organ!zat10n of nueleoplasmlc contents, a funetiona! role 

ln such ac:t1vities as DNA replieatioo OI: RNA transcription or 

agdn, an iov~lv~ment in both stucture and function. r The "high . 
mobil! ty group· (HMG) nonhistone chromatin-associated. proteios 

ha~e been shown to be preferentially 88soclated with, active 

nucleosomes (Bauyev et al, 1979; 'We1sbrod et' al, 1980; We1sbrod 
.. • ~ • 1 

et al, 1982) and to blnd Vla"tbelt .carbohydrate portion to the 
, ' 

nucle"r matrh: (Reeves and Chang, 1983). It has beeo suggested 
~ Ir il - \ 

that these HNG glycoprotelns serve 8S structu.ral, rather than 
, " " , 

ge~e-speciUc E;egulatory coœpone.nts of chroaatin (Reeves and' 

Chang, 1983) Bowever, ln addition to their proposed.!!!..!.!.Y2. 

structural role in c:hr~lI8tin, II vit ro atudles have alao show,n 

, ' 

'tJlat these glycoproteins specifically reC!ognize and interact w1th~ (/ 

'~I active nU;'leosollles an~ confer" o~-'them the property of /. 
• 

preferential sensi.tivity 'to digestion by DNase 1 (c:ited by 
l, • 

... 
and Chang', 19B3) and' a1so cause partial inhibition of malllmal),an 

\. 
tissue .cttlture ceU bistotte ,dea~tylase ~nzy1Des. Thelle " ' , 

act1vities 8ù,gges~ éhat the HMG protelns' mijJbt hav~ more than ... 

" , 

\ , 

, " 

" 

", 
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'" , 

.' !' ' 

:just • struttural role' i~, !ts. i.nvolveaent vl~h ,chroaatin. 

Tbere 18 81so sOlle evideaee that htatOIJé8 Hl. BU. B2B. and, 
è< -

Hl! are glycopr6te1>t18 in Tetraliy.en~ ther.op~lla (Levy-W I1son, 
\ 

,1983) e6ntainlng ,1I,anrfo~e ,and fucose. The latt,er three histones _ ~ " 

-a~eo s.al1 protei~8 'respo~s1ble for folding the DKA into nue1eo-

sOlles and Hl histone seems to be Involved 'in packing nucleosolles 

into the 30" nm .f1ber. 

Reports 
, • il 

which' ind1cate. tha t' transforlled cell~s -or / 

r_,generating 'ce~18 'd.1tfer in teras of nuclear glycoprote1n, 
.' , 

conte,nt' froll' normal cells (T1,lan et al, 19"73; Yeoll~n ~t al. 1976; 

G<?ldberg et al', 1978; Futukawa et al, 197,9) suggest that 
, , 

\.. . 
, carbohydrate-conta1ning lIolecules could play a functional raIe in 

the l'egulatian of DNA synth'ests. This theory :Ls '. further 
, ' 

,supported'by a'var1ety .ot wo'rt dooe in!!!. vitro (Schsffrath et 

al', 1976;" Winterbourne and Sal1sbury~ 1'98,1; and F:urukawa and 
/ ,. 

• l, , ... ~ 

Bhavanandan_ -1976 and 1983.) whlch Ind1ca·tes'that some forms of 

g;lycosallfinoglycan can' stillulate or inhibit DN! syn~hes18. 

br, K1nosh1~a ~1974) sU8g~st8 . t~co8a .. 1noglycan8, lliay 

Wor~' . 
, , 

also ' 
, l * Jl, J'" ~ 1 

MiTe a some sort of' r~guolatory ,roh in RNA aynthes18. 

. If Il'U~' be elll~h'a81zed aga~n that ~hese' f'unction8 

.!rpe~ulàtl~e ln term8 of 'w,hat real1y goes on 'ln v{1Î'o. 8ut'1~ 18 . "., ,,~ --
, ' " - ( . 
certain that progreqs alf to the nature and fbnction ~f nuc1ear 

glycocojugat~ will proceed alore rapldly ~S more people aecept th~, 
. ft • l, , • • J T ~ 

fac,t that theae lIolecules 'can and do ex1st.-
1> 

IV .COIlC1ua100s ' 
, 

. ln' conclusion. tbh .work presents. sOlle of tl1e' Urst 
/ . 

cytoche.ical evfdence that glycoprote1ns conta1nlng re8idu~s of 
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., 0 'i'" 

the teril1nal aUfara i~coSe and galactose e~bt ln th. nuclei ,of 

sO"~-"~.P~i bian [~nd " a8 ... ~lian caU types, whl1e' a1so lbdléating 

that. et le.st ln eoae cases, thése .~~cule8 are bein( ~cti~el~ . . , ,_ ,,1 , ' 
added or renewed., Future etudies w111. focus on eluc1d.t;ing the 

nature of these obeerved gl)'coprotelna. 
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Pigure liegends 

1 

, Pi, ,1: Light aicrocope photograph of a .e~èt1on of' fros dorea1 1 

, ,. ~. . 
ganglion at 10w lI.agnifieation. -\ i:f. 100 

At the periphery of the gang1io·n.(right side of photo) 

~ervJ! cell bodies', (Ne) are observed. Nuclei of satellite 

cells (a.a11 arrows) are ,séen at the peripbery of the 
'. 

~neuronal .. ·cytop1asm. Kore 0 lnterlor~y ln < the ganglion 

,(l~ft side, of photo), . collections of lIlyelinated and 
, .... , ~ 'I ~ ~ • 

1<, 
unlllyeUn~~ed ,~"", (4) are found. Maoclated with t~ese 

axone are Schwann cella Uarg; arro1fhèads) •. 

, r \ .' 
1.' 

, . 
• 

;-

. Figs 1 ;.'".,. , 

2-2a: bt..,h~ 'lIiéra.cope radloautographa of a Schwann ce~l (Fig 2) 

" -

• j • ~ • , " 

and.a s.at'\!lUte eeU (Pig 28) af~er a 5 min in, vitro 
! ' ,,~. "w " 

:~bb.~~~n '.tllt,h· ~~f~~08e. _ .. \ x 400 
, . 

\ In Fig 2, '{'.eaction 'i8<1Qcalized over the nucleus; of a ..... 

Schw'aniq. é~i:i (large arrovbead), 1ying i next :to a . , 
\lI.yel1nate~ ,axone . The' nuc1~u. (n)' of' a neùron ie 

" 
, \ 

',unlabel,led. ~rains a180 appear~ over neuronal cytoplaslIl 
'" .. • j '~ .. l ' .J1. 

~. ' 

, , 1 , 

.. , (He). e 2a" It'ea~~n l~ ~C?cal1ze~; .~~ the ~~el'8U8' " 

(arro,,) and the GolgI apparatu8. (G) of .'. 8.~ell~te c~l1, ... ," - . '.' ,~, 
" 

, . :l.i Whi,eh '18 8ee,n"bO~d~t'1ng,.on a neû~q~ c,ë"~'l: ~O~Y.~ '~~~è~~O,n, ~':~"~ 
:- ;11 18 8180 ~b8erVed o!et;, ~h~ neuro~l c:ytoplaslll (tic?~ "'.' - '.' ... 
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Pi, -3: Electron .icro,ac'ope (EK) radioautograph ot' a eatelli te 

Fig ,4: 

" 

" 

, " 

. . 
. cell of a frog dorsal root ganglion aftel:' a 5 ,.in 

incubation !!!. ~ "ith ~-fuco8e'" " 

Expoauré: 3ao (F1laaentouagrain developà8Rt) x 1-7,000 

Reaction la loçallzed over both peripherai and IIOl:'e 
Q 

intedor regiona of the !lucleu8 CN) and to the Golgi 

apparatua (G). 

Nc; Neuronal cytoplaall 

EH raaloautograph of a Schwann ceU of a frog dorsal root 

gangHon alter a Salin 10 vitro incubation vith 3S-...... 

Expoeure: 3 110 (niallent'oue grai~ developaent) x l1~OOO" 

Reaction 18 obaerved over both peHpheral and central 

regions of the nucleus (N). 

Ax; Axoplaea, Hy;.Kyelin 
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, " 

" 

Eleçt~9n alè:ro.cqie rad1oautogragh of ~ s~tell1te ~el1 

,of a frog ,dorsal root ganglion after a 15 1I1n l,ncubat1,on 

in vitro wlth 3u-fucose. -- .: "". .. 
Exposure: 12 mo (Fine grain developman~ x 18.000 

Reaction 18 ob8erved over both lnterior and perlpharal 

'regions of the nucleus. 

pli; Plasma Membrane 

EM radioautograph of à Schwann ceU frOIl a. fto.g dor8~1 

root ganglion after a 15 lIin!!!.!!l!.2. -incubation w1tb ~-

fueoae. 

Bxposure: 12 ma (Pine 8ra~n develop~ent) x 21,OO~ ., 

'...1 
~ Reaction 18 local1zed to both central and perlpheral 

areae of the nucleus (N) and ta the 'Golgi aPl?aratus (G). 

My,; Hyalin, hi Axoplasm 
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7-8: Electron microscope radioautographs·of Schwann cells of 

a frog dorsal root ganglion after a 30 min in vitro 

• incubation vith lu-fucose. 

'Exposure: 1 mo (Ftl8Î~~)OU8 grain developaènt) x 11-,200 

Labell1ng is observed oyer both the nucleus (N) and the 

Golgi apparatus (G). In the nucleus, reaction occu~s 

c 

over both central and peripheral areas. Occasional grains' 

\ ',can be seen scattered over the Schwann cell cytoplasm as 

well as over the myel1n (Ky) and a~oplasm (Ax). 
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Fig 9: Electron microscope radioautograph of a Schwann cell of 

a dorsal ganglion of a frog killed 30 min after injeetion 

of 3u-fucose~ 

Exp08ure: 5 mo x- 10,000 
f 

Reaction ls observed over the nucleu,s (N). SUver grains 

are seen over peripheral and Interlor nucl,ear regions. 

The nucleolus (n) is unlabelled. Occasional gra~ns 

appear ~~er the myelin (My) sheath which surrounds the 

axopla8J1l (Ax). 

'Fig 10: Electron microscope radloautograph of a satellite cell 

next ta the cytoplasm of a neuron cel! body (Ne), of a 

dorsal root ganglion of a frog killed 30 min after an 

. injection of la-fucose. 

Expos\P'e: 5 ma (Fllamentous grain development)' x 11,500 

Reaction 1s primarl1y localized over central and 

peripheral regions of the nucleJJtt" (N). The nucleolus 

(n), however, ls unlabelled, although li number of grains 

sre seen close bYe In the cytoplasm, one grain may be 

s8sociated vith the Golgi apparatus(G). Typ1cal rough . 

endoplasmic reticulum (rER), w1th Its characteristic 

ribo8oae-studded, fIat tened saccules, 18 unlabelled. 

Oecasionally, however, unusual spherlcal profiles 

c?ntainlng a homogenous materlal may be observed (arrows) 

which resemble rER. The lower one of these bas a silver 

grain over it. 
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Fig 11: Electron 1Il1~ro8cop'e radloautograph of ~ Sc:hwann ceU of 

'. a frag dorsal root ganglion inc'ubated in viUo vith 3Îl~ --
fucose for 1 hr. 

gx~osure: 35 days x 9,000 

" 
Reaction ls mostly:localized to the nucleu~ (N). 

Labelling occurs over central and pertpheral.nuclear 

regtons. The nucleolus (n) also shows aome lab~lltng. A 
o 

, amaU number of grdns lIlay be seen in the cytoplasm. 

! 
~ 

f;ly; Hyelin Axi ·A.xopiasli " ' 

t 
y , () 
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~ 

Fig '12: Electron microscope radioautograph of a satellite cell .-

" { 
l 

f''' 
of a frog dorsal, tMt ganglion 'inc:ubated ln 'vitro vith 

..,. ~.~ , 

,'la-fucose for l'br., ,,' 
. , 

i . " 
, Exposure: 3S days 

" 
lt 18,000, 

.. ' 
,; 

" ~ Reaction i8 seèn over the nucleus (N), and over the Golgi 

apparatus (G). Silver grains are observed ovet 

perlpheral and tnterior nuclear regtons. 
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Fig"i3: Electron microscope ~adioautograph of a Schwann cell of 

a dorsa~ root'ganglion 

lnj ection of lu-fucose. 

of a frog killed 1 hr after an --,. 

,Exposure: 2 ma (Filamentous grain ~evelopment) x 14,.000 

Reaction occura over both the nucleus and the cytoplasm. 

In the nutleus (N), sUver grains are both centrally and .... 

~er1ph~rally located. The nucleolus'(n) also shows 

lab~lliDg. In the cytoplasm,- labelling Is obse.rved over 

the Golgi appar.atus (G) • Typt.cal rough' e~doplas!dc 

..; reticufull (rER), c:ons'lsting of, ~lattened, ribosome studded 
.. 

saccule~, can be seen but ls not heavily labelled. 

, 
~ig 14: Elec~ron microscope radioautograph of a' satellite ceU 

\' 

of a,dQrsal root ganglion of a irog killed 1 hr after 

lnjeetion of la-fucose .. 
" 

Exposure: 2 mo x14,OOO 

·Both n~clear and, cytoplasm~è: label1ing 1s observed. 

Sllver'grains over the nucleus (N) are distributed o,,!ér 

perlpheral and Interior l'egions • Muêh;' of thé 

cytoplasllic reactiolJ, oCcurs over t~e "Golgi apparatue (G). 

Typica! rough endopla~mie reticulum (rE~), consisting'of 

flattened, rlbosome-studded saccules Is not sUQstantially 

labe!led. However,. unusual rER-like profiles 

(arrowheais) someUmes have several grains associat,ed 
\ 

with theœ. 
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Fig 15: Elect~on .icroaeope radioautograph of a Schvann ceU o-f 

if. 

1 • 
\ ~ a d6rsal root ganglion after a 1 hr!!!. vitro incubation " 

vith "lB-fucole fotloved Dy a 1 hr post-incubation i,n 

o 
unlabeUed .edlu •• 

\ 

" Expoaure: 8 ao x 13,600 

Reaction is locaItzed to the nucleus (N), vith nuclear 

grains still dlstributed over 'both interlorand periphery 

.' ,regiona. Avay fro. the nucleus, gr\ains appear over the 

GOlgi apparatui CG). Occaaional grainl are also observed 

,over the .yel1n of a .yeÎj.nated " uon. 

o ' , 

" Fig l~: Electron microscope r~dio~u~ograph ,of a satellite cell 
, 

, 

fro. a dorsal rdot ganglion after a 1 hr in vitro" 

. incubation vith 3H-fucoae' 'folloved by a 1 hr poat-

, i~cubat1on in unlabelled aediu •• 

. Expo8ure: 8 110 x 11,700' 

Labell1ng ls obserV'8d over the nucleus (N), vhere it 18 

still found over both peripheral and interior locations. 

In ~he cytopla •• , grains are local!zed over the Golgi 

ap,paratua CG). 
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Figs 
17-18: Electron microscope Tadioautographs ()f Schv'inn cella of 

J, 

a dorsal root ganglia after a 1 hr !!!. vitro incuba,tion' 
~ 

vi th 3H-fucose folloved by a 11 hr post-incubation in 

unlabelled medium. 

Exp~sure: 1 .o(F~lamentou8 grain . 
, development) 

l ' 

(Fig 11) x 10,000 
(Fig 18) x 12.000 

Reaction 1s local;1zed over the nucleus (N), and ,the 

eytoP1a7 In the noele ... : .Uve' grain·. are .oady 

focallzed t.o per~pheral' areas. In the cytoplaam, the 

Golgi apparatul (G) shows-soae .1abelling but acattered 

',gr,aina ar,e àllO observed over the relt of the cytopla •• 

and the myelin aheath (K,). 
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F~g 19 Electron.m~croaeope radioautog.raph of a Seltwann ee~ of . 
a 'rog dorsal root ganglion after a 1 hr in vitro 

incubation vith 3H-fueoaê followed by a 17 hr post-
• 

incubation in unlabelled medium. 

Expo.ure: 4 ao (Fine grain developaent) . . '" 
x 11,000 

Muc1ear labelling ia found aoatly over peripheral regions 

of the nucleus (H), - The nueleolue (n) 18 also labelled. 
" 

In the eytopla •• , ailver grain. appeal' over the Golgi 

apparatua (G) a8 weIl a. other regions. Occasional . 
grains are observed over the a1eUn (My) vhieh enaheath, 

the neuronal axopla.a",(Ax). 

" 

Fig 20: Electron aicroscope radioautograpb of~a satellite cell 

of a frog dorsal root ganglion after a 1 hr in vitro 
, -

~neubation vith 3B-fueose f~lloved by a 17 hr poat-

incuba~ion in un~belled sediua. 

Expolure: 4 ao (Fine grain develop.ent) x 13,800 

Nuclear labelling iit found .0s~liY over the periphery of 
- .' 

the nucleus (N). Avay fros the nucleus, sllver grains 

oecur over the G~lgi apparatu8 o(G). The eytoplaas of 
• 

neuron.l eell bodies (Ne) appeara above and ~elow the 

saielUte cel! and silver grainl are 10caUzed over the 

pla ••• aeabrane.' 
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Electron microscope radioautograph of Sch~nn cella of a 

dorsal root ganglion after a 1 hr tn ~ltro incubation , - ,\ 
vi th 3B-fucose folloved by a 17 hr post-lncubati'on in 

unlabelled aedlu •• 

Expoaure: 4 110 x 17,400 

lleaction whlcb le locaHzed over the nucleus (N) 18 

conflned to mostly perlpheral areal. In lo.e places (A), 
,; 

the Ipace bet"een the outer nuclear me.brane (ONK) and 

the inner nuclear me.brane (INM) has becô.e greatly 
." A 

enlarged. At tbele places tbe outer nuclear membrane 

remains covered by ribosomes (arrôwhead). The lumen of 

this space remains ln contlnuity vith the remainder of 

the perlnuclear space (arrow). At these enlargements of 

the perlnuclear space, reaètlon appears over the 

perlnuclear apace Itaelf, 118 weIl Il~ over tbe lnner and 0 

outer nucl'ear .e.branes. Rtbosome-studded profiles (B), 
/. ~ 

which rese.ble t~e enlargeaent8 at A. are observed "in the 

cytoplalm, and exhibit many overlylng silver grains. 
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.Fig 23: Bleetron .1ero.eope radio.~tolrapb of a.8atellite eell , 

of a dora.l root ganglion after a l' br iD vitro" -
incubation vith 3U-fuco,e follovad by a 17.br.poat­

lncubatlon ln un1~belled lIediua. 

Exposura: 1 110 x 17,500 
c 

, 
Nucleer labelling 18 conflned to very perlpberal resions 

of tbe nucleua (N). In 80lle placee (A),o the epace 

'betveen tbe~ outer n~eleer aell~ane (O~K) and inner 

nueleer lIelibrane (INM) haa been beeolle enlarged. 
Il 

R.ibôloae-etudded profilel reaeabllng these enlarle_ents 

(1), are oblerved "in t~e cytoplalll, and o.ften conta,~n 

label. 
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Fig 24: Electron IIi cr08 cape ,radioautograph of a duodenal goblet 

\ 

cell and yi~lus coluanar cell of a rat kl~led 15 lIin 

after injection of ls-galaêtose. 
o 

Exp08ure: 6 110 X 10, 600 
o 

Reaction 18 locallzed over the Duclei of both the goblet 

ceU (N) .-nd the coluanar ceU (N'5. The labelling Is 

seen ln peripheral and Interior regions of the nucleus 
; 

9f both ceU types. The nucleoU (n) ln bothucells are" 

a1so labelling. Outaide the nucieus, silver grains 

" appesr over sécretary granules (Ss) and the lateral ceU 
1 

mellbrane (la) o.f the gOblet cell. 

Fig 25: Electro~ microacope radioautograph of a duodenal crypt 
. , 

b,ase colu_nar cell of a tat killed 1,5 lIin after 

injection with 3g-gaiactose. 

Exp08ure: 9 110 x 9,600 

Reaction la observed ov'ft. the nucle-u8 (N) and, the ... 
JI'. ".' ".,\".... ~~ 

cltoplull. "In the 'nucXèfi1J\'" 'a"!lver graina are 

distrlbuted over bath centra~ and perlpheral areas. Soae 
1 • 

grains are seen over the nucleolus. ln the cytopla811, 

labellins ia observed in the Golgi apparat'u. CG). and in 

the lateraI cell lIeabrane (la). 

lM; Baselleut. ~abrane 
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Fig 26: Electron lIlicroscope readioautogràph of a 'ection of rat 
Cl _ .. \ 

" 

, ' 

duodenal vlllua of a rat ltilled ,1 hr after injection of 

Expoaure: 9 110 x 11.000 

Reactlon la locallzed over the n~cle1 of vl1lu8 coluanar 

cella (H) and 'the nucleU8 of a goblet cel! (Nt) .... here it 
o 

~ 

la obaerved over both peripheral and 1nterior auclear 

reit~n8 of both cel~ types. Tbe nucleol1 (n) of tbe . , 

goblet and columnar cells are a180 labelled., Outaide 
J 

tbe.nucleus, label,ia 'obaerved in tbe Golgi apparatus 

(G) of batb cell types altbougb the labell1ng ls heavièr . . 
in the goblet celle Graina alao appear over tlle 

aicrovill1 (KVf'.and the lateral cell lDembrane (l.) of' 0 

the v:l11u8 coluanar cells and the aecretary granules 
!. 

(ag) of the goblet cells. 
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Fig 27: Electron microscope radioautograph of duodenal crypt base 

columnar cells of a rat kllled 1 hr after i.!ljeetion with 

3B-g 

Exposure: x 10,000 

Reaction 18 local1z,ed over the nucleus. witb both 
--J 

perlpberal and interior region. are labelled. The" 

nue1eolus (n) seen in one of the cella 18 alao labelled. 

Outside the nucleus, sl1ver grains appear Qver the 

lateral ceU membrane (111). 

Plg 28: Electron microscope radioautograph of a section ~f lamlna . , 
propria ·of deodenulII of a rat killed 1 hr after 10j ection 

wi,.th 3H-gplactoae. 

Exposure.: 9 110 xl.2,OOO 

Reaction occu~s over the nuclei (N) of soae f~broblasts. 

The amount of labe1l1ng per n':1c1eua 8eems qiiite variable, 

however. compa~1ng thte nuclei at the top of th~ . , 

radioautograph to the o~ et the bot tOll. Silver grafns 

can, be seen over Interior and/or peripheral regions of 

the nucl~i. A labelled nucleolu8 (n) 18 &een iA the 

bot tom fibroblàst, 
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Fig 29: Electron 1I1croscope radioaut<»graph 'of a duot.lenal cryp~ 
, 

b,ase vith ac:-co'lÎpanying' ba ••• ent lIellbrane (BM) of a rat' 

" 
killed 5 hrs after injection vith lH-galactose~ 

Expohre: , ma x 8,700' .' 

Reactiàu ie again local~zed over nuclei o( crypt b.àe 

colu.nar cells. Nuclear grains are diétributed both 

per~ph.erally and inter1orly. A nucleolus (n) in one of 

" ~he 'coluanar celle la labelled. Avay fro'. t~e nucléus, 

soae grains can be seen' over tbe lateral cell a'e.brane 

(la). G; G~lgi apparatus. 

Fig 30: Eleétron .ii:ro~cope radioautograph of' a dubdenal crypt 

b'ase vith accollpanying ba8ell~nt' lIellbrane .. eparat,ing it 

froa~he unde~l,lng lallil18;' propd.a of a rat killed 5, hrs , 

after injection of Ju-galactole. 

Exposure: ~9 ao x 9.,700 

Labe~ling' occurâ in the nuclel of an endothelial eeU ,(if)' 

- .nd a p~ricyte (N') of a blood velsel in the la.1na 

propria', and in th, nucleus of â crypt base colullnar 

cell (N:') .. 
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Fig. ~, 

31-32: Electron .icroscope radioautographs of a sectIon of 

, . 

. . . 
~ duodenal crypt'festuriag cells uodergoing aitoaia fro. a . ~ 

rat kil1ed 5 hrs after injection vith la-galactoae. 

!xpoaut~: 9 ao x 10,000 
, \ . 
Reactlon 18 local1zed over the condeneed chro.atioa (c) 

of the cella undergoing altoaia and nuclei of surroundlng 

crypt Colu.Dar cella. Figa 31 and 32 show cells at 

,(liff~rent .itotlc stages but labelllngla sean in both. 

Fig :lI is at the prophase stage vhile Fig 32 18 from a 

later .t~get p0881bly metaphase. Silver grains appear 

over nücleo~ (n) of .everal cella. Scattered graina are 

obaerved over the- aicrovilli eNV) and lateral c .. l~ 

aeahranea (la) 'of the crypt coluanar ealla. 
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Pig 33: Blectron aicroscope raclioautograph of a •• cUon of v111us 

of a rat killecl 5 hrs after injection of' 3U-galactoae. 

·~'bpo.ure: 9 .0 x 8,200 

Reaction ia observed over the nuclel of both a v111ua 

colUIIIDar cell (N) and, ,to a lesser extent, a pair 
. 

of goblet cells (Nt). Sllver graina .ppear over both 

peripheral and interlor areas of the colu.nar cell 

,nucleus. In th18 case, labelUng to be 8!!ea. confined 

to the nuclear periphery of the goblet éell •• 
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Figs 
,34-35: Electron micrograpbs sboving specifie labelling of 

1 

. --Lovicryl K4H-eabedded sections of duodenal ~11u8 cells 

vitb a preparation of DEA 1 leetin-gold. Fig 34 is from 

an experimental preparation wbile Fig 35 is from a 

control p~~parat1on vith .5 K fueoae added to the leetln-

gold. li: 28,500 
, 

In 'tg 34, ,intense labelling of the secretory granules 

(sg) and the lateral ce II membrane (lm) of a goblet cell 

ia observed. The microvllli'(KV) of surrounding colum~r 

cells'exhlblt a simllar beavy labelliug. In Flg 35, 
" 

labelllng of aIl structures is largely abollahed. 
~ Q , 

Secretory granu"les, lateral cell membranes, a'nd 

alcrovilli are aIl mostly frea of leetln-gold. particles. 
, ~, 
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:t­Electron l11.crographs showing the specifie latielling of 

, duodenal villue co1umpar ce11 nuclei vith a preparation 

of UEA I lectin-gold. Fig 36 18 is fro. a expertllental 

. prep~ration while pOig 37 18 from a control preparation 

wtth .S' K fueoae added. 
o 

x38,OOO 

In-Fig 36, heavy labeIling of the nucleus 18 obaerved. 

Gold' partleles are 8s8ociated w1th the nuc::lear envelope 

(NE) and the heterochrollatin and .euchrollat1n of the 

nucleus (N). Away froll the nucleus, the cytoplaslI and 
r 

Iateral cell - .. embrane 0 .. ) are also-..labelled. 
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Figs 
38-39: Electron mierographs showing the, specifie labell1ng of 

-Schwann cell nuclel of frol dorsal root gangUa wlth a 

preparation of UEA 1 lectin-gold. Fig 38 is froll an 

experillental preparation while Fig 39 ls froll <4 control 
1 ~ 

preparation v~th .5 if fucose added to the lectin-gold. 

x 36,000 

In Fig 38, heav, ~~belling of the nucleus Cn) la 

observed. Gold part1.cles are associated vith both the 

heterochrolllatin and éuchrollatin of the nucleoplaslIl as 

weil a8 the nuelear envelope (NE). Ava, from the 

nucleus, the pla.slla lIellbrane (PH) shows little or no 

labelling. ln Fig 39, nuclear (N) labelUng ls largely 

reduc:ed. 

CT; Connective tissue ~; Pla8u lIembrane 
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Figs 
40-41 : 
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, -. 
Electron m1crographa ahowing the IJpec1f1c labell1ng of 

duodenal v11lua colullnar cella with a preparation of ReA 

l lectin follciwed 'by Gal-BSA-gold.. Fig 41 i8 fro. an 

'experimental prepal'tlt1on 'whllé Fig 40 is from a control 

preparation with .5 MD-galactose added to the Gal-BSA-

gold. x 37000 

In' Fig 41. w the microvllli (MV) and·lateral celi mèm~ne 
J : 

~f a villus columnar cell ia heavily lab.lled. Go d 
II'> " 

particles are alsb associated vith the cytoplasm 

.' including mitochondr~à (Dl). In Fig 40, labelling of the 

microvilli (lIlv) and lateral cell membrane (1m) is largely 
.' 

abolished. There arê'far fewer less goid partieles 

a880ciated with the eytoplasll as well, although sOlle non­

specifie label1ing 1& observed. M1.tochondria (m),.are' 

free of partiele8~ 
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~ig8 
42-43 Elect;rou. lIl.ic:rographs showi-ng the specific labellit;1g of 

.' 
nuclel of duodenal columnar eells with a preparation of 

ReA 1 lectin follolted by Gal-BSA-gold. Fig 42 ls fro,m 

an èxperimental preparatlon while Pig 43 is fro. a 
, \ 

control' preparation with .5 H D-galacçose' added· to the 

Gal"'BSA-gold. x 33,000 

In Fig 42, heavy labelling of the nucleus (N) is 

observed. Gol,d particles are aS80ciated with the nuclear 

envelope (NE)', - "wi,th the eue~ro~atin and heterochroma-

tin of the nucleoplasm and the nucleolus'. (n) also sholits 
, 

considerable labelling Partieles are scahé'red through-

oout the cytoplasm and seen l'abelling lIIitochoJ1dria (m). 

,The lateral cell membrane Çlm) 8180 ia heavily, labelled. 

In Fig 43, the labelling of nuelear.:structures is la~gely 

reduya in t,he control preparation. Silllilar~y, the 

number of gold particles i~ the cytoplaàm ia much' lower. 

Hiiochondria (m) lateral cell membrane {lm) are 

uniabelled • 
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