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ABSTR:\C 1 

1 ht.' C\ topla.;;mlc dropleL a ~l1lalt localtzl'd outpOUChl\l~ nt c"toplasl11 of epldld"I11.11 

"'per111atozo.1 of unl-n()\\11 blOloglcal slgnl/!canl't', cont.llIl" n1l1l1erolls sacclIlal l'Il'nh.'l1h 

3" tht' near c,cl U"'I\ L' mell1branou ... COl11pl1l1l'l1! 1 hl'''l' ~al'cllle ... weIl' I ... olatl'd b\ 

o..llbu~lllllar fractlOl1allOIl hl ral\e al1tlh~)dll'''' \\hllh 1 111 111 lllWl.lbekd not onl\ .... Iu:llk ... 

III tht' dwplel III "'Ilu bu. al"'ll (illlgi ,lpp.lratll'" ; 1 ... omatll epllheltal ll'II" II11lng tllL' 

l'Pldld\ 1111" Immurwl\tochell1lcal '>Illdll'''' at the Il'lh! and ell'ctrol1 mlcro~loplC iL'\l'l" 

tllrthel le\ ealed thl' "'dLcular elet11el1b. ,\'. thL' e\.\ IU"'I\ e <"Itl' (If rl'aCllvll\' 1'01 (iolt~1 

app,Hatll<" l11arl-L'h )(,'\ H:, a 2,{) slal\ltran ... tl'ra<.,L' and Il 1,4 galactowltran ... IL'lao..,' 

-1 hl' 1""ll'llL'd dr0plt.'t fraction \\a~ enrlched 111 galachl<."ltran<.,kra<,l' .1I1d ... Iah Itr,lIl ... tel.l"L' 

.lL!I\ Ille ... and endogelwll'" gl\'co<,\ lallol1 a ....... I\' ... Idell!lfled the 1l10dl11catllln of "'L'\'l'ral 

l'Il d,lt!L' 110 ll<" gh copeptlde... In <"Itu kL'tln bll1lhng a ... ".1\ on elecllon nlll'! O<"LOP\ 

demon~trated D-galacto ... e and !\-acL't\ 1 galacto'"ul1lrtl' con~tltllcnh III thL' 'HIl'Lllle<., 

v.lthltl the droplet and also III the adjacent pla<,I11:1 membrane Ille glVLOwlatlng 

actl\'ltle" ln the saccular element~ ma\ be related tll pl.1<,111a mcmbr ane 1l1lHhflLatiolh 

v.hlch occur dunng epldld"mal ~perl1lato./oa maturatloll 
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RÉsuMÉ 

La gouttelette cytoplllsmique est une petite masse de cytoplasme présente le long 

de la queue des spermatozoldes épldldymalres Cette gouttelette contient presqu' 

exclUSivement des saccules applatls dont la fonction n'est pas encore préCisée Nous 

avons procédé a leur Isolation par fractionnement cellulaire et prépare des anticorps 

à partir de ces fractions Par Immunocytochlmle nous avons observé que ces anticorps 

réagissent non seulement avec les saccules des gouttelettes malS également avec 

l'appareil de Golgi des cellules épithéliales du canal épldldymatre De plus des 

antIcorps antl-TGN-38, antHx 2,6 slalyltransférase et P 1,4 galactosyltransférase, des 

marqueurs de l'appareil de Golgi, réagIssent également avec les saccules des 

gouttelettes Des gouttelettes Isolées montrent une actIvité de la galactosyltransférase 

et de la slalyltransférase et une modIficatIOn des glycopeptldes endogènes par 

glycosylatlOn L'utIlisation de lectmes nous ont finalement permIs de démontrer, par 

cytochlmle en microscopie électronaque, que le D-galactose et l' N-acetyl 

galactosamme sont des composants des saccules des gouttelettes et de la membrane 

cytoplasmIque adjacente La glycosylatlOn observée dans les éléments sacculalres dOit 

être associée aux modifications bIOchimiques de la membrane cytoplasmique des 

spermatozOIdes qUi prennent place au cours de leur maturatIOn le long du canal 

épldldymalre 

Vi 
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INTRODUCTION 

At spermlatlOn, spermatozoa wlthm tt!Stls are non-mottlt! and Int~rtd~ It 1" l1nt\ 

after thclr transit through the epldldymal tract that motlhty and fertlllty are .lcqulred 

One of the most consplcuous morphologH:al changes to occlir ta spermat%a dllflllg 

thelr transit throùgh the epldldymls IS the dlsplaccment of Ihe cvtoplasmlc dropkt 

along thelr talls (Fig 1), and Its subsequent detachmtnt mto the lumen of the corplI" 

and cauc\a epldldymldls (Hermo et al, 1(88) The cytoplasnlIc druplet IS.l "mali 

mass of cytoplasm that IS retamed by spermatozoa as they are releas~d l'rom th~ 

semlmferous eplthellum of the testls dunng spermlatlOn Cvtoplasmlc droplets ar~ 

ublqUltous to ail mammallan specles (Branton and Salisbury, 1947, Nlcander l'IQ 

Hafez and Prasad, 1976) and also to sorne non-mammallan ones (Bedford. 197q) 

Infertlllty IS very often found to be callsed by vanous gent!tlc and 

envIronrnental-mduced defects of the tad Barth and 01...0 (1989) revlewed that manv 

of these defects are assoclated ""Ith the trappmg of the cytoplasmlc droplet~ III the 

abnormal bend of the sperm's tad Stlldles have shown that cJaculates contall\lng ,1 

hlgh proportIOn of spermatozoa Wlth attached droplets are correlated wlth .1IterL'd 

epldldymal functlon and reduced feruhty (rt!vlewed by Hermo et al, 1(88), t urther 

suggestmg a connectlon between the fllnctton of cytoplasmlc droplet and fertlhtv 

The bulk of the late spermatld's cytoplasm, referred ta a~ the re~ldual hodv. \ .. hILh 

IS not retamed by sperma!ozoa but detached t'rom It dunng .... perr11latlon. 1" 

phagocytosed and dlsmtegrated rapldly hy the Sertol! I:elb IlIllng the -.elll 111 derou-. 

eplthellum (Morales et al. 198 ~) The segregation of the cy\oplasmlc droplt!t .md 

resldual body appears to be ~pecdlc, wlth the tlattened membranou~ dement .... termcd 

saccular elements, bemg consistently ret,lIned ln the I:ytopla~mlc droplt>t hlll not 

found In the resrdual body. whde organelles ,>ul.h as 1111tochondna, nbmlHlle" 

remnants of the endoplasmlc rellculum and Ilpld bodies are .... t!gregatcd Into the 

resldual body Thrs phenomenon not only <,uggests that phagocytosis of the re'>ldu.tl 

body by the Sertoh cell Involves a .... peclfic and selective mcchalllsm, but It al .... o le.Hi<. 

logrcally to the speculatIOn that the saccular elements seiecllvely retarned 111 the 

l 
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cytoplasmlc droplet by ~pt!rmatozoa may play a blOloglcal role 

Slnce ItS ongmal dlscovery by RetzlUs (1909), âforts have been devott!d to 

Investlgate dlfferent a!'>pects of the cytoplasmlc droplet Ultrastructural studles of the 

cytoplasmlc droplets revealed that numerous short, stralght or C-shaped, tlattened 

saccular e1ements wert! ItS sole content Although speculatIOns on the IdentJty of these 

membranous elements as dlsmtegratlng Golgi elements (Welgl, 1912, Gatenby and 

Woodger, 1921, Bell, 1929, Gatenby and Collery, 1943, Gresson and Zlotmk, 1945 

& 1948, Cavazoa and Melampy, 1954, Bloom and Nlcander, 1961) or endoplasmlc 

retlculum (Bloom and Nlcander, 1961) have been made, these elements have nt!lther 

been Isolated nor blOchemlcally charactenzed However, blochemlcal studles revealed 

the presence of vanous enzyme actlvltles ln Isolated cytoplasmlc droplt!ts ln 

partlcular, Iysosomal t!nzyme actlvltles were first found by Dott and Dmgle (1 qbg) 

and later confirmed by Garbers et al (1970) and Kaplan et al (1984) This has led 

to the vlew that the cytoplasmlc droplet IS a Iysosomal denved organelle and that tht! 

saccular elements wlthln may be lysosomes The fate of the droplets after betng shed 

t'rom spermatozoa ln the distal portion of the epldldymls was also mvestlgated ft 

appt!ared that the contents of detached droplets were taken up by the eptthellal clt!ar 

cells hnmg the epldldymal eplthehum (Temp!e-Smlth, 1984, Hermo et al, 1988) 

Desplte vanous investigatIOns performed on the droplet, the two fundJmental 

qut!stlons regardlng the cytoplasmlc droplets ~ttll remam unanc;wered Fnst, \\hat le; 

the true Identlty of the saccular elements found wlthm the cytoplasmlc droplets ) Tht! 

ublqUlty of cytoplasmlc droplets tn vanous mammahan specles and Its rccull,u 

dlsplacement along the sperm tatl, before Its subsequent detachment Junng 

spermatozoa epldldymal transit, ralse the second qut!stlon do es the cytllpl.bmlc 

droplet have a blologlcal functlon ln the maturation of spermatozoa ') As the ",~cclll.u 

elements are the near exclUSive membranous compont!nts of the cytoplasmlc Jroplt!t. 

It IS presumed that the blOchemlcal charactenzatlon of thls organelle- may pnn Ide ,ln 

IIlslght mto the functlOn of the cytoplasmlc droplet 

There are several objectives of the present study Flrst, to dt:::termlne 10 v .• hat 

structures the saccular elements wlthm the cytoplasmlc droplets correspond, the 
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cytoplasm of spermatlds at l.ltt! ~tt!ps of spt!rI11logent!sl~ \\111 be .\11.11\ .tell .11 the 

electron mlcroscoplc level The second objective of tlllS studv I~ to ~\ .llu.He the 

hypothesls that the saccular e1ements are Golgi e1ements For thls pllrpo,,"e. \VI.! flr..;t 

sought to Isolate, by subcellular fractlOnatlOn, the saccular dements of the 

cytoplasmlc droplet, to ralse antlbodles agamst these components and to .uulvlt! thelr 

polypeptIde compositIOn wlth the combmed use of polyacrvlamlde gel dectrophore~l,," 

and Immunocytochemlcal methods applted to Western blots ln addition. \\e 

dernonstrate, by morphologlcal analysis on Iight and electron mlcroscopv combllled 

wlth Immunocytochemlcal studles, that the cytoplasmlc droplet contallls IllO!-oclv 

organlzed saccules retamll1g Golgi charactenstrcs The t'Ill al objective of tlm "tudv 

IS to evaluate the potenttal functlOnal slglllficance of the cytoplasmlc droplet 1 hl~ 

purpose IS achleved by demonstratll1g the presence of lectlll bllldrng sacchandcs 

D-galactose and N-acetyl-D-galactosarnrne FlIrthermore, we attempt to demon<,trate 

the ablltty of these saccular dernents to glycosylate exogenous and cndogenoll~ 

acceptors Capablltty of glycosylatron by the cytoplasmlc droplet saccular dt!ments 

mfers a potentlal blologlcal role for these ~tructures The slgnlficance of the 

cytoplasmlc droplet relevant to sperrnatozoa maturatIOn will be dlscussed 

3 
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LITERA TURE REVIEW 

FUNCTIONS OF MAMMALIAN EPIDIDYMlS 

The epldldymls (Greek adjacent to the testls) IS a stngle, hlghly convolutcd duci 

contmuous wlth the ductuh efferentes, whlch are a series of tubules that anse from 

the rete testls Its length varies from 3 to 4 m la 80 m m horses (Maneely, 1 l)59) 

Hammar (1897), who characterlzed the organ mla four dlstmct reglOns based on the 

hlstologlcal features of the hnmg eplthelIum, pra\'lded one of the earllest stlldles on 

the morphology of mammahan epldldymls Such fmdmgs have been conflflllcd 

(Maneelev, 1955, ReId & Cleland 1957, Nlcander, IQ57, 1(58) and modlfled bv 

subsequent mvestlgators (Nlcander and Glover, 1973, Hoffer and Karnovsky, 1(81) 

fhe epldldymal duct 15 now generallv accepted as bemg dIVIsible mlo the mll1al 

segments, caput (head), corpus (body), and cauda (tall) Extendmg fro\11 the 

epldldymls IS a stralght tube, the vas deferens, whlch IS a muscular tube conncctlllg 

wlth the urethra that emptles to the outslde of the body 

Morphologlcal studles at the Itght mlcroscoplC level revealed that the lumlllai 

surface of the duct IS hned by pseudostratlfled eplthehal cells restmg on a basemenl 

membrane, WhlCh IS surrounded by a C1fcular layer of smooth muscle and connective 

tIssue wlth a nch caplllary network FI\le dlfferent cell types, namely, principal, 

narrow, clear, basal and halo cells, have been descnbed m the epl1hehum of the 

dlfferent reglOns of the epldldynlls Wlth the exception of the narrow cells, whlch 

are present excluslvely III the mltlal segment, ail other cell types are found 

throughout ail reglons of the epldldymls, although ln dlfferent proportIOn (sec Tabll~ 

A) 

Table A. Relative proportion of different ce" tJpes in dift'erent regioDS of the rat epididymis 
(Data from Reid and Cleland. 1957> 

RCg.IOIl" 01 Ccii t\pn 
CPldld\ ml., Pnnclpal Narro\\ l'l C ,II Ba\,t1 Ilain 

ImtlUl \cgmcllt 80% 1"1. '" (1% 12%, S'!;., 
Caput 77"/11 (l'!;., 5/1' ;In 11% 7% 
l'orpu" 69% (luI., (,'Yo, 21% 4% 
Caud.t 65'!/u (l'YI, IO'yu 21% 4 'v • 

4 



r---------~~----- --------------

• 

• 

fhe epldldymls ,.., an androgen-dependent organ (Orgebm-Cnst d al. 197". 

MaJumder and Turkmgton, 1976, Brooks, 1981 a) Androgen receptors on epldldymal 

eells have been Identlfied and ~tudled (Hansson et al. 1974) The synthesls of vanous 

epldldymal protems (deLarmmat et al, 1978. Jones et al, 1981, Moore et al. 1(90) 

and metaboltc enzymes of eplthellal cells (Brooks, 1981 b) IS stlmulated and regulated 

by testosterone Sorne of the protems Identtfied are chromosomal aCldlc protell1s 

related ta dlfferentlatlOn of epldldymal cells at puberty (Kadohama and Turkmgton, 

1(74) RegulatIons of epldldymal protem <;ynthesls by androgens both at the levels of 

DNA synthesls (MaJumder and Turkmgton, 1976) and translatIOn of the 

eorrespondmg mRNA (Brooks. 1987a) have been descnbed 

1) ENDOCYTIC ACTIVITIES IN THE EPIDIDYMIS 

Many mvestlgators have shown that the eplthellum of the epldldymls has the 

ablllty to absorb a large volume of fluld entermg from the rete testls and to mternaltze 

partleulate matter and protell1s found m the lummal flUld These actlvltles not onlv 

concentrate spermatozoa ln the epldldymal lumen (8-fold m caput and 2ü-fold ln cauda 

epldldymldls (Turner et al, 1984). but also modlfy the envlronment 111 ""hlch the 

spermatozoa are exposed to The mechanlsm of water absorptIon m rat epldldvmls 

IIlvolves passive diffusion followlng such dnvmg molecules as sodIUm (In cauda 

epldldymls) and chlonde (m caput epldldymldls) (Wong et al, 1978) The tran"'port 

of these IOns IS also dependent on androgens (Wong ,md Yeung. 1977) 

Usmg tracer studles wlth non-specifie markers. Hoffer et al (1973) oh ... er\ed 

tht!lr presence at mcreastng tlme tntervals tn coated pltS and veslcles, multl\ e"'lI.:ul.u 

bodIes, and fmally 111 lysosomes of the pnnclpal cells of the II1lhal segment '-'1I111l.u 

pathways for pnnclpal œlls of the caput and cauda epldldymldls have al..,o heen 

descnbed (Fnend, 1969. :\1oore and Bedford. 1(79) The c1ear cell IS another cell t\pe 

of the epldldymal eplthellum that IS weil charactenzed for ItS actIve endoc'ito\IS 

(Moore '.mu Bedford. 197Qa, b) Usmg the adsorptlve tracer catlOntc fcrrttln ln the 

cauda epldldymls, Hermo t!t al (1 Q88) demonstrated the presence of the tracer 

sequentlally wlth Ume wlthtn large coated and uncoated plIS and veslcles, numerous 

5 
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~l11all-slz~d uncoated \ e~lde<;. L"ndosomes. palt.! ,Uld den"e Illultl\ t.'''1 i: Id ,li blldle" ,Uld 

fmally ln secondary Iy!'>osom~s The nature nI' Ihe prott.!II1S found IWIIlI,III\ ln Ihe 

lumen and taken up by the eplthellal cells IS largely unknowtl rhen~"" e\ Idl'ni:I.' that 

androgen-bmdlllg protell1 IS taken up by prlllcipai cells prlmallly 111 the efferl'nl dud~ 

and proximal segment of rat caput t.!pllhdvll1llh~ (Attramadal t.!t ,11. 1'}H 1. Pl'lhllll'llIl 

et al, 1(81) Other protems such as a-2-macrogl()buhn and tran~ferrlll .He ,11,,0 t,lkL"1l 

up by rat caput pnnclpal œlls via receptor-medlated endocytosis HlH',ever. \dllie 

both of the latter molecules were shown to be taken up 1I11tlally III coated 1111" ,Uld 

veslcles. and subsequently II1ternalized and ~equestered \\-Ithm endo"lllllt.!... .ml! 

multlveslcular bodies. only a-2 macroglobuhn, Ilke the nonspecltlc tracer", \\.\ ... "'l'~'n 

111 Iy,>osomes, whde transfernn was reported to be recycled II1tO the epldldymal IUl1ll'f1 

(OJaklew et al, 1984, 1985) 

Besldes absorption of tluld and other partleUI,lte matters, the epldldymal eplthdllllH 

fllrther modifies the epldldvmal flUid by seLll~tlOn of protell1s ,md other "ub~tam:e~ Into 

the lumen The osmolallty (D'Addano et al, 1(80) and chemleal COJllI)(l ... ltIO/1 

(Brooks, 1979, Howards I!t al, 1979, Ll!ehl!l1l!, 1982. Ll!gault et al, 1(79) nt thl! nUld 

secreted by the epldldymls vary l'rom one ~t.!gment ta another St.!veral 111\'t!"llg.llor ... 

have demonstrated segmental lIlereases 111 concen tratlons of rnany III Ir ,,1 li 11\1 11<11 

substances, 1Ilc!l\dmg Ions sueh as potassium ,md phü~phoru ... , electrolvte ... (t 1.'\ Ille .\Ild 

March, 1971, JenKms et al, 1(80), ~l11all org,lnle rnolecule ... "uch as car \1 tille (\1.HqUI'" 

and Fntz. 1(65), lIlosltol (Hmton et al, 1(80) and glycerylpho~phorvlcho"ne (Bll!f\t! 

and Reltan, 1978) as weil as nllmerous protelns and glycoproteln5 (l.t.!.l d ,II 1'178 

Moore, 1980, FlIckll1ger. 1981. Brooks. 1 9SJ) 

2) EXOCYTIC ACTIVITIES OF THE EPIDIDY\lIDIS 

The raie of epldldymal epltht.!hal cells ln protetn <,ecrctlon has l\lll~ heen 

speculated Vanous studles ln the 70's dt.!monstrated that the clectrophoretlc p,lttern 

of protelll bands from epldldymal flUld dll'fers not only from pla~ma but .11.0 .\lll()n~ 

dlfferent epldldymal r~glOns (Barker and Amann, 1971, Amann et al, 1'>7). June .... 

1974, Kosklmles and Kormano, 197'5, Dacheux and Voglmayr. 1 ()81) I\Ulg 
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'tl)-galactose a~ marker ln I1ght mlcroscoplc radlOautography, Neutra and Leblond 

( 1 <J(,(J) provlded the flfst conVInCIng eVldence Indlcatlng glycoprotem synthesis and 

"cuctlon In epldldvrnal principal celb Then fIndlng<; wcre substantIated In later 

"'lIdll.~'" b\ other<, (f\.opccnv and Peck, 1977) Incorporation of labeled dmlnO aClds 

Illto proteIn~ h\ principal ccii" of the epldldvrlll<' ha.., been weil documented 

(\'cndrch and Durllat 1 %8. Kopecr1\, 1971, hanka and Kopecny, 1977} USIng 

clL'Llroll mlcro<;cop\ and radloautograph\, FlJcklllger (1981, 1983, 1985) further 

ut.!llloll"trated that sub~cquent to protCIn synthe~l~ In rough endoplasmlc retlculum, 

lahclcd amlllo aCld~ appeared over the Golgi apparatu<;, and later over the apical cell 

"llfl ace and flllally Inslde the epldldymal lumen ExtenSive efforts have smc';! been 

dl'\ otcd tll the studv of vaflou~ glycoprotems syntheslzed and <;ecreted by epldldvmal 

eplthellUI11 

Principal cell~ 111 a speclflc segment of the dl~tal caput and proximal COlpUS 

Cpluldvrllls In mouse, defmed hlstologlcallv by Pavlok (1974), were shown to secrete 

a protcIn termed sperrn maturatIOn antlgen number four (SMA 4) (Vernon et al, 

19!C) USlIlg Immunoeytochel11lstry wlth dlfferent specifie antlsera, secretIOn of 

\ élflOll<" other protellls bv principal cells 111 equl\'alent reglons of the epldldymls was 

al..,o lound In dlft'erent mammaltan specle~ Thc<,e vanous protellls IIlclude the 

epldldvmal-speclfIc protelns ln rabblt and ham<;ter (Moore, 1(80) and, ln rat 

epldldvnm, a 37 kD epldldvmal <;Iuloprotelll (Fave et al, 1980), a 33 kD aeldlc 

epldldymal glnoprotem (Lea et al, 1 (78). and a speclflc epldldymal protem (SEP) 

(f\.ohane et al, 1(80) Other example~ of protems seci eted by the epldldymls m 

~1I11Ilar reglOns lI1c1ude the acro~ome stabIllZlng facior (Thomas et al, 1984), bOVine 

fom:ard moU lIt Y protelll (Brandt et al, 1(78). and secretory protems of human 

epldldYllllS (Tezon et al . 198:;) 

A group of prolellls, knO\\11 as the mouse epldldymal protems (MEP), secreted by 

thl' princIpal cell~, were recently charactenzed and Immunolocahzed (Ran .. m et al, 

Iql)2) A member of these, MEP 7, a 29 kD glycoprotem. IS secreted m the distal 

capu!. corpus and c:lllda epldldymldls Ranklll et al (1992) suggested that thls protem 

not onl\' ha~ properUes simllar to to several other epldldymdl protems m other ammal 
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speCles, mcludmg CP27 (flId.lng~r t:t ,li. 1'188). PES (r\Hlrnl~I-[)dpl..'l·h l't .11. 

1973), protem IV (Jones et .11.1(80) ,1Ild a 12 \..D plol~ln (\Vong .mJ l ",mg. 1\)82), 

Lut p.-obably IS a homologue of the rat aClt!lc ~pldllh m.ll glycorpotl'1I1 ( \Hi) (1 1..'.1 

et al, \<.)78) and prolell1<; D and E (Brooks ,md Hlggm". 1'180) f\tl·p Il). ,1 18 Id) 

protem, IS ImmunolocallLcd \\llhll1 pnnclpal œil:; .lt the Junctlllll of thl' dl"t.\1 c.lpul 

and corpus Il IS slInllar to prolellls B .tnd C I"olated l'rom rat epHhdvllll" \1\ Ihoo\.." 

and HlgglllS (1980) and epl(.i1dv 111 al blildll1g protelll~ (fAP) 1 .U1d -; Ill)lll 1.11 l.l\ll1.11 

fllUd (Newcomer and Ong, \l)90) MEP l} l~ a 25 kD glvcoprotelll Illlll1UIlOlocall/l'd 

wlthm ail pnnclpal œlis of the distal caput .1Ild wlthlll onlv "oille prllll'Ip.d ll'II" 01 

the corpus .1Ild c.llIda epldldymls (Ranklll et .11, «)l)2, Vll'rula d .11. 1'1<)2) 

Eptdldymal protems of ~ltl1llar moleclIlar mass lIle/ude a 24 \..D protelll "eclèled bv 

the mld and distal caput epldldynlldl~ of the mouse (IImeneL et al. Il)l}()), .1 21l kl> 

protem found m the cauda reglO I1 of the l1lou~e eplthdvllll<; (MlIrphv and Luroll, 

1987), and a rat 26 kO ~per~ bllldlllg protelll pft~<;ent caudal flilld .Uld on Laudal 

spermatozoa but not ln the Lapllt epldldynllliI~ (Oboll et ,li, 1 <)87) Ali 01 the"l' 

prolems dlffer m thelr dl~tnbutJOn and bloLhellllcal propertles l'rom MEP ,) (IClIlklll 

et al, 19(2) A reeent studv fJolntlllg to .1 ""ll1lanty III the Immunoloeail/allllll of 

MEP 9 wlth the Yo <;ubunIt of glutatillone S-tramfera~e (Ven et al, 1 <)l) ~), "'lIgge"h 

that MEP 9 IS the mou,>c homologue ot thl" "'lIbUllIt of glutathlone S-tral1,>f~I.I"e 

Ali of the"c studlcs a~ weil a~ other~ not only Indlcate the e'.ocvtle fllnLllofl of 

pnnclpal cells but fllso demunstrate the leglonal vanatlon of protelll "cLretlon III 

dlt'ferent segments along the length of the epltlIdvml" Pre"lImably eadl ,1lLlC,"'IVC 

segment of the epl(lIdymls IS 10 fulfill "oille e""enll.11 ,mu perhap., cumulatlve rllie III 

the maturatIOn of the spermatozoa Re~ol\'lng tlle role of each sccretorv proteill'> .Uld 

the IdentificatIOn of the regulatorv factor" IIlvolved ln Ih "ceretlOn 1'> ulillai to 

understandmg the matllratlonal proeess of "perrnatoLoa 

Many of the secreted protems become ,l~~ouated \VIth '>permatozoa ln ... peurie 

reglOns (see section II 2 a), \ .. hde ~ome other,> .\ppear~ to he reab~orhcd ln lIlore dl,>tal 

reglOns of the epldldyml~ An exarnples of Ihe latter Indude a 37 U) ~p protelll, 

secreted by the eplthellal cells of the caput and corpu~ cpldldynlldl!-., wlmh 1'> 
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rl!absorbed by the cplthellal cells, posslbly c1ear ccII s, ln the cauda reglon (Faye et 

al, 1980) Fllckmger et al (1988) mdlcated that a 27 kD glycoprotem (CP 27), 

secreted by the dIstal caput-proxlmal corpus epldldymldls, IS reabsorbed m the distal 

corpus and cauda epldldymldlS by c1ear celis 

3) SIGNIFICANCE OF THE EPIDIDYMIS IN SPERMATOZOON MATURATION 

ln mammahan specles. spermatozoa shed from the testls are Immature, ImmotIle 

and Incapable of fertlllZlng the ovum Dunng thelr transit thought the epldldymls. 

they go through vanous morphologlcal and functlOnal changes that confer to them the 

ablhty to ascend the female tract, to undergo the acrosome reactIon, to penetrate the 

lona pelluclda and to effect a suecessful fertlhzatlOn The mlcroenVlronment of 

epldldymal lumen provlded by the epltheltal cells via vanous endoeytle or exocytIc 

process may have a crucial role m rendenng spermatozoa fertile The recent findIngs 

of a reglonal vanatlon of protem secretion m epldldymls, as descnbed above, further 

tllustrate the concept that perhaps eaeh successive segment of the epldldymls IS to 

fulfill sorne essentlal and cumulative role m the maturatIOn of the spermatozoa Such 

a concept was first mtroduced by Von Ebner (1888) and by Van der Stncht (1893) 

and remams weil accepted to date Among the most conVIncmg eVldence of such a 

blOloglcal role of the epldldymls IS the mcrease ln the abIllty of Immature sperm to 

hmd to the zona pelluclda and to fertillze oocytes after mcubatlOn wlth punfied 

cpldldyl11al proteIns (hamster Cusanleu ct al, 1984, Gonzales Echeverna et al. 1984. 

Moore and Hartman. 1986. rat Orgebm-Cnst and Fourmer-Delpech, 1982, Cuasnlcu 

ct al, 1984) The Idell!.~y of the medlators of thls effect and thelr mode of actIOn 15 

!>ttll unknown 

Orgebm-Cnst (1969) pomted out that convmcmg eVldence IS still lackmg as to 

whether the factors govermng the maturatIOn process of spermatozoa are IntrlnSle to 

the spermatozoa themsdves and Just reqUire Ume, or whether spermatozoa must pass 

through most of the epldldymls ln order to mature SdtJer (1989a) perfor'-lIed a senes 

of studles to mvestlgate the ferullty of a hundred and thlrty-nme human subJects wlth 

bdateral epld'dymal obstructIon who underwent vasoepldldymostomy performed by 

ITIlcrosurgery Passage of spermatozoa through dlfferent reglons of the epldldymldls 

9 
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IS thus bypassed In a group wlth vasoepldldynwstolll\ to the caput t:plll1d\ 1111 dl"; (1 ~ 

epldldymal tubule at the end of caput epldldymls IS dlwrted to the \ ,IS dderen..;. 

bypassmg the corpus and cauda epldldyrnls), the pregnancy rate by natural Intt:rcnur..;e 

was up to 43%, whde m the group where anaslomosls was performed ln the 1ll1l! 

corpus eprdldymldls (1 e spermatozoa dlverted from mld corpus epldldyr11ls to \,I~ 

deferens), the pregnancy rate \Vas 720
0. wlth a mean tlme 10 conceptIOn of ,1\ 

months ClInIcal case reports have demonstrated that lt IS even posslhle, III "Oille 

Clrcumstances, for spermatozoa whlch have never traversed any length of epldlJvllll'\ 

to fertillze the human egg (Silber. 1 (88) In additIOn, successful pregnancy frol11 the 

aspiration of proximal caput epldldymal spermatozoa combmed wlth III \ Ilro 

fertilIzatlon and zygote mtra-falloplan transfer m cases of Irreparable oh ... trulIlon 

(Silber et al, 1988) glves further eVldence that transit through the epldldyrnl" 1" not 

a mandatory reqUlrement for fertllIzatlon Although such eVldence was based on case 

reports, It nonetheless Indlcates the posslbduy that, at least ln human, epHl1dvrnal 

transit may not be essentlal to ~permatozoon development and fertIilty 

10 
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IL CURRENT CONCI;PTS OF EPIDIDYMAL MATURATION OF 
SPERMATOZOA 

ln a senes of studles performed m the 60's and 70's (8landau and Rumery, 1964, 

Bedford, 1966, Orgebm-Cnst, 1967, Horan and Bedford, 1972, Pavlok, 1974, 

Walters, 1979) where 'ipermatozoa Isolated from dlfferent reglons of the excurrent 

ductal systems, mcl udmg the testes, efferent duct, caput, corpus and cauda 

epldldymldls and vas deferens, were tested for thelr abllity to fertlhze ova, It was 

found that spermatozoa Isolated from the semlmferous tubules of testes are vlrtually 

IInmotIle and mcapable of fertllIzatlOn More Interestmg was the findmg that the 

percentage of the populatIon of sperm that are motlle and capable of fertIllzatlOn 

gradually mcreases as they move dlstally along the excurrent duct system Such 

observations hold true amongst ail specles of mammallan studled The process 

through whlch spermatozoa obtam thelr abIllty to fertlhze 15 termed epldldymal 

maturation, for It happens essentIally dunng thelr transit through the epldldymls 

The exact sIte of the epldldymls where the spermatozoa begm to acqUire thelr 

fertlltzmg ablhty vanes from specles to specles ln sorne specles (e g, the boar), Il 

IS the distal segment of caput epldldymls, whde m others (e g , the rat) It IS the distal 

segment of the corpus epldldymls (Dacheux and Paquignon, 1980) It IS unllkely that 

ail the spermatozoa gam thelr fertllIzmg capaclty slmultaneously sorne spermatozoa 

apparently become fertile rnuch faster (1 e, m a more proximal reglon of the 

epldldymls) than other (revlewed by Yanaglmachl, 1988) Generally "peakll1g, 

however, maturation of the great maJonty of spermatozoa of dlfferent mammJlIan 

specles IS belleved to be completed by the tlme they reach the distal caudal ,>egment 

of the epldldymls 

Studymg the mechanlsm and regulatIon of epldldymal maturation of sperm.ltozoa 

has long been one of the blggest challenges to spermatologlsts The d mlcal 

ImplIcations of understandmg sperm maturation Ile m solvmg problems of Infertllitv 

m human as weil as other 3111 mal specles Furthermore, mformatlOn as such would 

help devlsmg methods that can rellably mterfere or arrest such maturation process, 

whlch can thus be used for contraceptIOn m males 

11 
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Vanous studles have been performed to shed IIght on the processes mvolved III 

sperm maturatIon Morphologlcal changes of spermatozoa m vanous specles durmg 

then epldldymal transIt have been weil documented (Fawcett & Phlhps, 1969, 

Bedford. 1974) Most changes appear to mvolve vanous domams of the sperm head 

Includtng the acrosome (Leblond & Clermont. 1952h. F-awcett and Hollenberg. 146J). 

the subacrosomal spac~ (Fawcett and Hollenberg. 196,). and postacrosomal sheath 

(Pederson. 1972) Wlth the ald of electron mlcroscopy m conjUnctlOn wlth 

blOtechnology, modificatIOns m spermatozoa dunng epldldymal transIt have been 

studled at the molecular level (Hoffer et al. 1(81) 

1) ACQUIREMENT OF MOTILITY OF SPERMATOZOA 

The proportion of moule spermatozoa and the duratlon of thelr motlhty m VItro 

mcrease ln the dIstal segments of the epldldyml~ Although sorne motlle spermatozoa 

are found ln the cap ut epldldymldls. ln most mammals these spermatozoa have only 

a vlbratory or slow and meffectlve beat that often results m clrcular sWlmmlng 

patterns wlthout any slgn of forward progressIOn (Bedford, 1975) Assessment of 

sperm motlhty usmg photographlc measurements revealed that progressIve motlitty 

of spermatozoa m most specles appeared flrst ln the corpus epldldymldls (revlewed 

by Eddy, 1988) 

The mltlatton and regulatlon of sperm mOllllty have been shown to anvolve a 

vanety of factors (Majumder et al, 1990) A umfymg hypothesls for how these 

factors mteract to accompltsh thelr roles ln rendermg sperm motlhe IS lackmg 

Amongst the vanous factors mvolved. cychc adenosme monophosphate (cAMP) IS 

the best studled Il IS weil estabhshed that cAMP It>vels mcrease m sperm dunng 

epldldymal transit (Hoskms et al, 1974, Amann et al, 1982, Atherton et al, 198';;) 

and exogenous cAMP has been shown to stlmulate sperm motlhty (Garbers et al , 

1971, Hoskans et al , 1 (78) In rats, the level of a cAMP· dependent protem kmase I~ 

hlgher m cauda epldldymal spermatozoa than those ln caput epldldymldls (Atherton 

et al, 1986) The major role of cAMP ln sperm IS probably to medlate 

cAMP-dependent phosphorylatlOn of protems tha! are essentlal for both mltlatlOn of 
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Illotllltv m the epldldymls and maintenance of moullty (Garbers & Kopf, 1980, 

(,arher<, et al . 1982. HosJ..ms 1973) 

1 he prof tic of rat sperm protem phosphorylatlOn undergoes marked alteratIOn 

dUrlng epldldymal maturation (Chulovatnatol et al. 1982) Amongst the many 

candidate .... of phosphoprotelll~ IS a heat-stable glycoprotem of epldldymal ongln 

~11()wn a .... forward motllitv proteln (Acot! & HosJ..m<;. 1 cns. Hoskms et al. 1978) 

Il ha .... been Isolatcd from bovme epldldymal and semmal plasma and It appears to 

"llr~ III concert wlth mtracellular cAMP m the mltlatlon of forward mottllty m the 

Immature bovme caput epldldymal spermatozoon Slnlt1ar protems wlth dlfferent 

l110lecular wClght~ have been found ln other speclt!s where they are thought to be 

In\ o"'cd ln the development of sperm motdlty as the sperm moves from caput to 

Lauda epldldymldl<' Other phosphoprotems reported to mvolve ln the ImtlatlOn of 

<;perm motlilty mc1ude a 55 kD protem m bull sperm (Brandt & Hoskms, 1980) and 

111 dog and human a 56 kD soluble protem, known as axokmm, whlch was present 

ln ex tracts of Immature testls, mdlcatmg that Il was syntheslzed dunng 

<;permatogenesis (Tash et al , 1984) 

Transfcr from epldldymal flUld to spermatozoa of su ch substances as the camltme 

(Car~dlas, 197.\, Hmton et al, 1981, Castllas and Chalpayungpan, 1982, Inskeep and 

Hammerstedt, 1982), glycerophosphochohne (Infante and Huszagh, 1985). Immobllm 

(lIs<;elman and Cone, 1983), sper'11-motlllty mhlbltmg factor (Turner and Glles, 

Il)H~ l. sperm-motdlty qUiescence factor (Carr and Acott. 1984), durmg epldldymal 

maturation IS beheved to be Important m rendenng or regulatmg mobdlty to 

spermatozoa There are other mammahan sperm surface molecules that may Influence 

sperm transport In the presence of antlsperm antlbodles, these surface molecules may 

IIlteract wlth the antlbodles to cause spermatozoa wlth vigorous motthty to reslst 

for ward progressIOn and thus prevent ferttllzatlon (Bronson et al, 1985) In additIOn 

p-chloromercunphenylsulfomc aCld (PCMPS), a thlol reagent that does not penetrate 

the sperm plasma membrane, strongly mhlblts goat sperm flagella motlhty 

(J\1allllllder et al, 1 <)88). thls mhlbltlOn of motlhty cannot be reversed wlth the 

additIOn of excess of 2-mercaptoethanol or dlthlOthrelOtol (MaJumder and Chaudhun, 
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1984) ThlOl-contammg protems that muy be essèntlal for nagella moultt\ 1ll.IV thu~ 

be locahzed on the sperm outer surface The Identlty of these macromoleclll~" on the 

external cell surface that may serve as the 1110Iecuiar dctermmants of sperm l1111tllltv 

IS still unknown 

2) MODIFICATION OF SPERMATOZOA PLASMA MEMBRANE COMPOSI 1 ION 
DURING EPIDIDYMAL MATURATION 

It has long been speculated that the development of progressive motlhty and 

fertlhzmg abllity by 5permatozoa depends on modifications oceurnng dunng th!.!1f 

passage though the epldldymls (for reVlews, see Bedford, 1975, Hamilton, Ill7\ 

Orgebm-Cnst et al , 1975, 1981, Oison, 1984, Austm, 1985) Many 5urfaee ,llteratlOn~ 

on spermatozoa result from mteractlOns wlth the surroundmg epldldymal thllu Ilw',!.! 

modifications of extern.llly located macromolecules are often assoclated wlth 

restncted surface domams such as the plasma membrane covenng the '>perm head 

(Courtens et al, 1982, Brooks and Tlver, 1983, Rlfkm and Oison, 1984, Te.lOn et al , 

1985) ThiS suggests the speclficlty of thelr functlons m motlhty Of gamete 

recognitIOn events of fertdlzatlon (Fawcett, 1975, Kochler, 1 Q81, Ol..,on ,UlU 

Orgebm-Cnst, 1982, Lambert and Van Le, 1984, Pnmakoff et al, 1985, 1IJH7, I:ddy, 

1988, Yanaglmachl, 1988, Ley ton and Sai mg, 1989, Phelps et al, 19')()) ft 1'> 

Important to note that the modificatIOn m plasma membrane over the tall reglon,> 

durmg sperm maturatIOn have also been reported (Brown et al , IlJ83, Brook,>. l'IX 'i. 

Tezon et al, 1985. Obon et al, 1986) It thus appears that the entlre '>perm pl.l,>rna 

membrane, from the antenor end of the sperm head to the distal end of the "'pt!rrn tad. 

IS Itkely to change Ils chemlcal charactenstlcs durll1g epldldymal maturation ~l!vt!ral 

authors (Hamilton, 1'J7", Yanaglmachl, 1981. Eddy et al, 1985) propo..,t!u tIHl!t! 

pOSSible mechanlsms ..... hereby sperm ~urface IS modtfied dunng t!plJIJyrnal 

maturatIon 1) direct addition of new components to the <;perm ,>urface, Il) 10'><; of 

sperm-surface components, or III) unmaskmg or modification of pre-exl,>tlng "'perm 

surface mOlettes 
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a) Protems & Glycoprotems 

ModificatIOns of protelns and glycoprotems on epldlliyrnal spermatozoa havt! been 

studled most extenslvely m rat, although such modificatIOns Hl other speclCs h,'lve also 

been documented It IS thought that sorne of these protems have a functlonal role ln 

the development of ferttllzmg ablltty In the rat, there ha::; been several studles 

(Brooks, 1982, Faye et al. 1980. Lea et al, 1978, Wong and Tsang, 1982) dealmg 

wlth a group of slmtlar protems wlth a molecular mass ln the range of 32 kD It has 

been suggested that a protem of thls group mlght hav~~ a role ln the bmdlllg of the 

spermatozoa to the zona pelluclda (Orgebm-Cnst el al. 1975) Thesc ~tudles 

prompted a further InvestigatIOn by Brown et al (1983) to comp,are changes trI 

plasma membrane glycoprotems of rat testtcular sperm and of cauda epl dldy mal 

spermatozoa They found that umque to the plasma m~~mbrane of cauda ,~pldldy mal 

spermatozoa were 13 5. 32. 47, 84 and 150 kD glycoprotems of wInch ~he 32 kD 

proteJn was the most consplcuous 

A group of researchers (Oison and Danzo, 1981. Oison et al. 1987) demonstrated. 

by lactoperoxldase-catalyzed radlo-lOdmatlOn of the rat epldlclymal spennatozoon 

surface. that a 26 kO glycoprotetn appears on the plasma membrane of cauda "perm 

but not on caput sperm [rnmunohlstochemlcal studles usmg monospeclfic antlbodles 

obtamed agamst thls proteln showed that thls antlgen was not detectable on caput 

sperm but first appeared on sperm from the proximal corpus epldldymldls 

[n another senes of studles. a 30 kD (protem "0") and a 32 kD (pn"tem "E") 

protem Isolated and punfied from rat caput epldldymldls \Nere found to be .Ih ... \!nt 

frol11 testlcular spermatozoa but present on cauda spermatozoa (Brooks a:nd fllgglns. 

1980. Brooks 1981 a & h) Antlsera to proteln "D" and "E" respectlvely sho .... ed that 

they concentrate matnlv on the head of sperm (Brooks and Tlver. 1983) 

Several spermatozoon maturatlon-dependent membrane glycoprotellls. rangmg 

from 19 to 97 kD have also been ldenufied tn epldldymal lummal f1U1d (Lea et al . 

\978. Oison and Danzo, 198\, Jones and Brown, 1982. Wang and Tsang. 1l}82. 

Brown et al. 1983. Brooks. 1985, Hamtlton et al. 1986. Iusem et al. 1 lJ8<). 

Snvastava and Oison. 1(91) Such ftndmgs support the hypothesis that these 
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• lll','coprotems are secrel:ed by the epldldymal epuhelJum and subsequently bmd the 

spern; surface (Snvas1:ava and Oison, 1(91) There are many well-establtshed 

e\arnpl.~~. re'gardmg thls pOSSlblllty aCI dlc epldldvmal glycoprotem (Lea et al, 1 Q78), 

fnrward motlllty protem (Brandt et al, 1978. Acott and Hoskms, In8, Il)g 1 ). 

acro;;ome stablllzlng factor protem (Thoma<.. el al. 1 9S4). His-protems (RIf1.m and 

Ol"on. IQg"l. SGP-:: (S~,I\'ester et al. 1984. 1991. Hermo et al, IQqla). and 

androgl.'n deopendent plotems (Jonc'~ et a~. 1 <>80. Brown et al, 1983, Brooks ct al, 

199b. Brooks, 1987a & b. Moore et al. 1 Q90} have ail bcen shown to be secreted bv 

\ anou.., reglons of the epldldvmal eplthelJum and then become assoclated wlth the 

~pt'Tm ~,urfal'e 

"'-hnefelwr and Hamilton (198)) showed by perfusIOn organ culture of proximal 

ë,ncl distal rat caput epldldymal tllbule~ that at least rive polvpeptldes labelcd wlth 

[ 'Sj·methlOllllle are synlheslzed and secreted bv these cultured tubules and becomc 

é.issocla;ed \VIth lurmnal sperm Usmg retrograde' perfusIOn of the supenor and mfcnol 

l'flldldymal artenes wlth ["S]-methlOrlIne. Vreeburg et al (1993) devised a method 

to ',abel epldl dymal prntems III VIVO and to study the fate of the protems aftel 

~,,~crellcn, especlally whether they eventuallv bmd to spermatozoa These author~ 

reported bmdmg of three epldldymal proterns (2" kD, 30 kD and 32 kD) on rat 

f!Pldldymal spermatozoa The slgnrflcance of these protems, however, remalns to be 

eluclda~ed \JI' to lhls pC/lIlt, the mecham<;ms of aSSocIatIOn of these secreted protcms 

\Nlth the sperm mt~mbraJle remam questIOns, and It IS not clear whether these protem~ 

are Integral or surface cornponents of the plasma membrane 

Epldldymal seclre'ted protems may not account for ail of the new glycoprotell1s 

Imphcated to be acqUired Iby spermatozoa plasma membrane dunng epldldymal 

maturatIOn In vlew of the low rates of protell1 synthesls exhlblted by mammalJun 

'5permatozoon after spermlatlOn, t.he graduai modIfIcatIOn of ItS surface~glycoprotel" 

.;'onlent IS unhkely to be due to de nova glycoprotem synthesls wlth subsequent 

incorporation to Ils ?Iasma membrane Another pOSSlblhty 15 that through some 

unmaskmg or alterallOn events, glycoprotems (and other surface mOletles) are 

11l0dlfled. thereb~, rendenng matunty of sperll1atozoa as they pass through the 
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cpldldymal lumen Extrmslc glycosylatlon of pre-exlstlng sperm membrane protems 

IS an example of how sperm surface components may be modlfied (see sectIOn c) 

b) Llplds 

Llpld IS a major constituent of the plasma membrane and plays an Important role 

ln constltutmg the membrane structure by modulatmg the flUldlty of the 

blomembranes Consequently, the IIpld constltuents have a profound mfluence on the 

regulatlon of membrane functlOns The c'holesterollphosphol1pld ratio and the 

concentratIOn of phosphatldylsenne, phosphatldylethanolammE~, cardlOllpm, and 

l,thanolamme plasmalogen has been reported to decrease m ram spermatozoa durmg 

epldldymal maturation (Qumn and WhIte, 1967, Scott et al , 1967) A decrease ln the 

content of sperm total IIpld dunng transit of spermatozoa through epldidymls has 

also been reported m boars (Evans and Setchell, 1979), bulls (Qumn and White, 

1967), rams (Poulos et al, 1973, Dacheux, 1977), and rats (Dawson & Scott, 1964) 

ThiS decrease m the Ilpld content of sperrnalozoon as a consequence of epldldymal 

matunty may be due to Its utlltzatlOn as an energy source R~lports on changes of 

sperm hpld compOSItion dunng epldldymal maturation an~ rnostly based on Itpld 

cxtracts of whole "perm eells (Scott, T W, et al, 1967, EVéUlS & Setchell, 1979, 

Qumn & White, 1967, Poulos et al, 1973 Smce the plasma membrane represents 

Icss than 35% of the total cellular hplds (Lunstra et al, 1974), the data obtalned \\Ith 

whole ccli IIpld analysls are only of nommai use ln expl.:l1n1ng plasma membrane 

features m relatIon to ItS Itpld composltton (Rana et al , 1991) 

Data on IIpld compOsition of membranes denved from spermatozoa obtalned From 

boar (Nlkolopoulou et al, 1985) and ram (Park') & Hammerstedt, 1985) and goat 

(Rana et al, 1991) sho ..... ed sorne Slmllantles and dlsslmllaflues m respect of thelr 

alteratlon durmg 'iperm maturation Although phosphatldylcholtne and 

phosphatldylethanolamme were the major phosphohplds m the' sperm membrane of 

ail the speCles, marked dlfferences were noted m thelr maturatIOn assoclated changes 

The cholesterol/phospholJpld ratio IIlcreased dunng the epldldymal maturatIOn of ram 

(Parks and Hammerstedt, 1985) and goat sperm (Rana et al, 1991), but It decreased 
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In boar sperm (NIi .. olopoulnu et al. 19 8") ln addltlon. although Ihe nalulc \lt' 

glycohplds WNe dlfferent 111 goat and boar sperm membrane. thelr contents 11\ bnlh 

speCles decrease markedly dunng the maturation of the male gametes 

Recent studles have shown Ihal the "pld-phase tlUlduy of the !.perm pla-;ma 

membrane decreases slgl11flcantly dunng the epldldymal maturation nt' Ihe male 

gametes (Rana and MaJumder. 19(0) Ir IS weil documented that Ihe membrane 

mlcroviscosity IS greatly Influenced by cholesterol/phosphol1plll and 

saturated/unsaturated fatty aClds ratIOs of the hplds (Stubbs .md Smith. 11)84) It Ihus 

appears that the observed marked mcreases In the above-menuoned ratios of "pHI-; 

and fatty aClds dunng the epldldymal sperm matunty IS pnman1y respon-;Ihle for the 

maturatlOn-dependent changes 11'\ the sperm membrane flUldlty It has been "peculaled 

that the altered flUld state of the membrane consequent upon maturation may have ,\Il 

Important role III the regulatlOn of membrane functlOn wlth speCial reference to IOn 

transport. actlvlty of membrane-bound enzymes, maskmg and unl11a~kl\1g of çdl 

surface macromolecules (Stubbs and Smith, 1 Q84. Rana .md MaJumder, 1990) At 

present, however, httle 15 known regardll1g the blOloglcal slgnlfîcance of the 

dlfferentlal maturatlon-assoclated changes of the sperm membrane IIp\(1<; III the 

dlfferent specles 

c) Sacchandes 

One of the few modificatIOns of spermatozoa plasma membrane Ihat cor relate,> 

wlth the steady mcrease ln the ablhty of the ~perm head to adhere to Ihe egg lona 

pelluclda as the spermatozoa pass Ihrough dlfferent reglons of the epldldynll', 

(Orgebm-Cnst and Fournler-Delpech. 1982. Sali mg, 1982, Funakl el al. 111~n. 

Peterson et al, 1986) IS the graduai acqlllsltlOn of a negatlve ,>urface charge (Bedford, 

1963. Cooper and Bedford. 1971. Bedford et al. 1973. Bedford, 1979. Moore. Iln(). 

Holt, 1980, Yanagimachl. 1988) Such an 1I1crease 111 negatlve surface \.:hargc wa,> 

found to cOll1clde \VIth the Increase 111 the amount of lect1l1 bmdmg '>Ite,> (Nldwl,>oJ\ 

et al, 1977, Oison and Danzo. 1981, Hamilton and Gould, 1982, Hamilton cl al. 

1986) Holt (1980) quanufied and compared the denslty of collOldal Iron hydroxldc 
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(CHI) bmdlng ln ram caput and cauda epldldymal ~permatozoa and notlced a 

four-fold hlgher CIH-bmdlng m cauda spermatozoa Slmtlar results had been reported 

m other mammahan specles (Cooper and Bedford, 1971, Yanaglmachl et al, 1(72) 

prevlOusly The addltlonal findmg that the CIH~bmdmg eapaclty of cauda epldldymal 

~permatozoa was almost totally aboltshed by neuramlllidase treatment led Holt (, (80) 

to conclude that the the Increase m the net negatlve surface charge on spermatozoa 

dunng epldldymal transit IS attnbutable to the acquIsitIOn of 5lah<.. aCld groups on 

the sperm surface Furthermore, 5mce Flcoll washmg of epldldymal sperm dld not 

affect the capaclty of CIH~ bmdmg, he concluded that the slalle aCld carbohydrate 

groups were attached to protems whlch were mtegral components of the plasma 

membrane 

ln an attempt 10 Identlfy sperm plasma membrane protems whlch acqUire 

carbohydrate resldues dunng epldldymal maturation, OIson and Hamilton (1978) used 

a galactose~oxldase-Ifltlum- borohydnde procedure to radlOactIvely label sperm surface 

glycoprotems possessmg termmal D-galactose or N-acetyl-D- galactosamme resldues 

They found that cauda epldldymal spermatozoa of rats possess a 37 kD glycoprotem 

labeled wlth both carbohydrate resldues whlle no such protem was detected on caput 

or corpus epldldymal spermatozoa 

ln a recent m vitro studv of glycosylatlon of spermatozoa, Tulslanl et al (1993) 

... howed that the incorporatIOn of ['~C] fucose was the hlghest m plasma membranes 

of spermatozoa From the distal caput ln additIOn, It was determmed that the fucose 

label was mcorporated mto an 86 kD plasma membrane protem Boldt et al (1988, 

1989) suggested a role for L-fucose on sperm surface components m 5perm-egg 

fus:on In the mouse ThiS eVldence 15 based on observations mcludmg the followlng 

1) that L-fucose and ItS polymer (fucoldm and ascophallan), "",hen added to a (nI'ture 

of sperm and zona-free eggs. have a dose- dependent adverse effect on sperm~egg 

fUSIOn. and 2) that treatment of capacltated spermatozoa wlth alpha-L-fucosldase (an 

exo-enzyme that cleaves terminaI alpha-Imked fucosyl resldues) eaused inhibition of 

sperm-egg fUSion 

Extnnslc glycosylatton of pre-exIstmg sperm membrane protelns has been 
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hypotheslzed as a mechalllsm wherebv spermatozoa plasma membrane IS modlflt~d 

Thl;! presence of vanous glycosylatlOn actl\'ltles ln the contents of vanolls epldldvmal 

reglon" has been weil docllmented \'anou~ gh COS\ Itran:.ferase~ and glvcosldasc<; and 

"ome of then regulator\ protelll~ ha\'c been Idenufled m epldldVl11al tlllld 

(glvcosyltransferases by Lctts et al, 1 Q74. Redd\ et al. 197tl. Tadolllll et al, 1l}77, 

Bernai et al, 1980. Hamilton, 1 QgO, Hamilton and Gould. 10g2. Jones &. Brown, 

1982. CO<;SlI and BOltanl. 1984. Illsem et al. Il)S4. l'akase and Ebncl. 1984. 

"-.llI1efelter and Hamilton, 1 Q8~'. glycoslda~es 0' J....cmp and Kdhan, Il}78, Grandmont 

et al, IQS3. Champman and Kllllan, 1984, S"udlare" and Orgeom-Chnst, 198h) 

Whlle actlvltlCS of some glycosvlatlon enZ\'me~ su ch as androgen-dcpcndent 

glucosvl and mannosyl transferases (Iusem et al, 1(84) cOllld be found throughllut 

the whole epldldymls In rat. there has been stlldle .... showlllg that the ~nnchment of 

the aCUvltles of other glycosylatlon enzvllle~ dlffer 111 dlfferent segmcnh of the 

epldldVl11ls For example, Beta-N- glllcosal11ll11da~e, Beta·N-acetyl-galactosamll1llh ..... l' 

and Beta·N- galactosldase actlvltles have been found 10 he the tllghc<;t III Corpll~ 

epldldymldls (Chapman and KIIIJan, 1(84) Slalvltransfcrase (N-acctylneuranullvl 

transferase) actJvlty IS hlgher 111 eaput than cauda epldldvnlldlS (Bernai et al, 1(80), 

although sorne sialoglycoprotems m the epldldymal fltlld~ are produccd only 111 cauda 

epldldymldls (Toowlcharanount and Chulavatnatol. 198 ~) Hamilton (1980) Il1ca~lIrcd 

the enzymatlc actlVlty of N- acetylglucosallllne galactosyltransferase III nUld~ from rat 

rete testls and epldldymls By cannulatlOll of the rete and exudatlon of cPldldvmal 

flUld, Hamilton (1980) showed that the specIfie enzyme aetlvlly of 

galactosyltransfcrase m the Iumlllai flUld wa~ signlflcantly hlgher (.> 5 folds) III the 

rete than III the caput epldldymldls, the enzyme actlvlty per unIt volume of the fluld 

then decreased abruptly In the dIstal cauda ThIS decrea,>e m galactosyltram:feru!.c 

actlvlty led Hamilton (1980) to suggest that thl<" enzyme has a relatlonshlp to 

spermatozoon maturatIon An equally Important fllldrng was that thls enzyme, wlllch 

\vas shown to be more kmttlcally analogous to m"" galactosyltramfera~e than to 

serum galactosyltransferase, appears to be synthe~lzed and secreted by the te~U<, 

It IS Important to note that not ail glycosylatlOn enzyme~ are of epldldymal onglJl 



• 

• 

"or example, galacto~yltran,>ferase found ln epldldymal flUid appears to be produced 

ln the testls and concentrated ln the caput epldldymldls (Hamilton, 1 %0) ln 

addition, sorne authors reported galactosyltramferase actlvlty on the sperm ,>urfaœ 

(Durr et al, 1977, Shur and Bennett, 1979, Lopez et al. 1985) \'vhlch may be 

mvolved ln sp~rm-sllrface modifications dunng epldldymal maturation Tulslam et al , 

( 19(3) reported 80-90°'0 of four glycosyltransferase (slalvltransferase, 

fucosy 1 transferase, galacto~y 1 transferase, and N -acety 1 gl ucosamlny 1 transferase) 

actlvltles to be pre~ent tn soluble form ln the epldldymal tlUid lhe rematntng 

10-20% of total enzymes actlvltles IS assoclated wlth spermatozoa fraCtlons Tulc;;lanl 

et al (1993) quantlfled the actlvltles of four glycosyllransferase (slalyltran~ferase, 

fucosyltransferase, galactosyltransferase, and N-acetyl glucosamInyltransfera~e) ln 

epldldymal flUid obtamed from five representatlve reglOns of the epldldymls On 

measunng the sperm-assoclated glycosyltransferase actlvltles per 106 spermatozoa, It 

was found that only sialyltransferase and fucosyltransferase actlvltles dlsplaved a 

graduai reductJon as spermatozoa moved from the rete testls to the distal cauda 

epldldylnldls They further suggested that the hlgher levels of the two enzy mec;; on 

caput spermatozoa could be due to thelr bmdtng to the endogenous sugar acCt!ptor 

rnolccules on the sperm surface, and subsequent release followmg ~equentlal 

sialylation and fucosylauon of the molecules ln the proxlr,lal and dl~tal caput 

"permatozoa, where actlvltles of slalyltransferase and fucosyltransfcrase. re~peCII\ elv, 

were fOlmd to be hlghest 

d) Other macro-molecules 

Wlth the advantage of thelr speclficlty, monoclonal antlbodles have been l1,>ed to 

exanllne sperm-surface changes dunng epldldymal maturatIOn Studles U,>lllg th~ 

Immunologlcal approaches have complemented blochemlcal studles ln !Uenllt\ Ing 

nmnerous macro molecules on sperm surface that correlate wlth sperm I11JturatlOn 

111 epldldynlls 

Two rat sperm-surface antlgens that first appear III the caput epldldymls \\ere 

Identlfied (Gaunt et al, 1(83) one was present on the postacrosomal portIOn of the 
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h~ad (Iuentlfled \\Ith monoclonal ,1I1t1bod\ 1 Ht,). ,ml! th~ 1)lh~[ \\,1" 11l1l1\)[1111\ 

dlstnbuted over the I?ntlrt~ "pl?rm <;urfaœ (ldl?ntJfl\?J \\llh ,\Iltlbodv ~l>t) 1 hl' I.ltlt'r 

antlgen was susceptible to anttbodY-lnduceu patehlllg ,md \\.IS ob~e[\ ed to hl' In"~IIL'd 

Into the egg surface lIpon fertlll.latlon (Lea d,II. Il)7g) 

Two illHIgens \vere also luentlfleu on h,llll .... ter "perm,ltol.oa Ihat \\t.~re I1Wdlfll'd 

dunng maturation (Cameo and Blaquler, 1976) One was over the h~,ld .lt .11\ 

apparently hlgher concentratIon and on a grl?ater percl?ntagc ot cauua epldldvlll.11 

sperm than on testlcular ~perm (Identlfil.!d hy antlbodv HM 3 1) l'he "ther \V,I'" 0\ l'r 

the entlre tatl and appeared to be pre::..:nt 111 hlgher concentrations on empu ....... p~111\ 

than on caput or cauda sperm (I(~entlfied by antlbody HM 5 8) Antlbodv IIM l 1 

blocked ferttllzatlOn ln .. Itro, whereas HM ) 8 reduced f'erttllL:atlOn ln vllro dlle 10 

sperm agglutmatlon 

In the mouse, a 28 kD antlgen (Identlfled \VIth monoclonal antlbodv 1 Il 1) \Va ... 

present over the enttre 'iurface of ~perm.ltozoa from the te.'.tls or caput epldldVl1lldl~. 

but was present only on the tlp of the head of ~perm from the cauda ~I'llhdvmldl"" 

(Gaunt, 1982) USlllg monoclonal antlbodles ln mou .... e. nther .... tudles ldenttfled t'lllll 

sperm-maturatlOn antlgens (SMA) whlch were re~trteted over reglOns of the .\IltenlH 

acrosome (SMA 1), postenor acrosome :U1d mldplece (SMA 2), whole he,ld (SMA 

3). and whole tall (SMA -l) (Feuchter, 1981) SMA -l wa., .... ccreted by the epllhdlUlll 

111 the dlstal-caput-proxlmal-corpus reglon of the epldldyml .... as an H" Id> WllIporll'llt 

and was cleaved to a q kD c0mponent upon ,Ittachmcnt to the <"ur!aLè ll! the 

flagellum (Vernon et al. 1l}82. Vernon et al. Il)X" Vernon et .11. Il)H7) 

3) POTENTIAL ROLE OF GALACTOSYLTRANSFI'R:\~E IN BINDIM. !O:'-J,\ 
PELLUCIDA 

We have dlscussed the IInportance of l,..lrbohvJr,ltc<, on rnacromolecule .... \Ild how 

they can be modl fied by glycotransferase!'> and/or gIYC<lhyurola ... cs RCLcntlv. the 

potentlal role of a glycosyltran!'>ferase. narnely gal,\Lto.,yltramfera~e. lin "perrn 

membrane as a receptor for zona pelluclda blndlng has recclved a lot of ,lttent!On It 

has been proposed that gamete recognItIon I!'> dependent on "perm \urtaLe 
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larbohydratc blndlng proteln~ wJth hlgh affinlty and speclficJty ta complex 

glycaconJugates of the egg coat (see revlew by Macek & Shur, 1988) It IS not 

,>urpnslng that interactions between l:omplementary cell surface protems and 

glycoconJugates partlClpate ln fertlhzatlOn, Sin ce a number of somatlc cells appear to 

utillze a SI mllar paradlgm for Intercell ular recognitIOn (Damsky et al, 1984, 1 vatt, 

1984) 

EVidence supportlng such a functlOnal role of galactosyltransferase Include genetlc 

~tudles ln mouse It was found that ln a straln of mlce that have a genetlc 

prediSpositIOn for Increased fertlhzmg abIllly al50 possess an elevated sperm-surface 

galactosyltransferase actlvlty (Shur and Bennett, 1979) However, sperm from 

recombinant stralns of these ml ce dld not show elevated galactosyltransferase actlVlty 

or Increased fertlhzmg abliity (Shur and Hall, 1982a) Several mvestlgators reported 

that certam reagents that perturb sperm galactosyltransferase mhlblt sperm-egg 

blndlng Competitive substrates for the enzyme, alpha-Iactalbumm, and other enzyme 

'iubstrate analogs mhlblted sperm bmdmg te the zona pelluclda (Shur and Hall, 1982a 

& b) Affinlty-punfied galactosyltransferase and UDP-galactose produced a 

dose-dependent inhibitIOn of sperm bmdmg to the zona pelluclda and caused "perm 

bound to the zona pelIuclda to be released, presumably due to competitIOn of blndmg 

'iubstrates on the zona pelluclda (Lopez et al, 1985) In addition, monospeclfic 

antlserum to the enzyme produced a dose-dependent inhibition of sperm bmdlng to 

the zand pelluclda and concomltantly blocked sperm galactosyltransferase actlvlty 

(Shur and Hall, 1982 • ,b. Lopez et al, \985) 

Interestlngly, It was suggested that galactosyltransferase 15 present throughout ail 

"tages of spermatogenesls, dunng whlch tlmt! It redlstnbutes wlthln the plasma 

membrane from a unlform, dIffuse distribution on pflmary spermatocytes to a 

restncted domam overlylng the dorsal surface of the mature acrosome (Scully et al , 

1987) It was. however, not clear why Immature sperm that possess surface 

galactosy Itransferasc are infertIle One plausible explanatlOn was provlded by 

McLaughlm and Shur (\987) who noted the presence of hlgh level of actlvltles of 

soluble galactosyltransferase and alpha-Iactalbumm ln epldldymal flUid Earher stUides 
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have shown that both galactosyltransferase and alph.\- lactalbulllIIl call Illhlblt caud.\ 

epldldymal sperm from btndtng 10 the zona pell'tclda (Shur and Hall, 1')H2a & b. 

Lopez et al. 1985) These data led McLaughhn and Shur ( 1987) to suggesl that caput 

epldldymal flUid are able 10 mhlblt the bmdtng of mautre cauda epH.hdymal 

spermatozoa to the egg zona pelluclda However, even after removmg Ihe IIlhlbltOrv 

epldldymal secretIOns by repealed washtng and centnfugatlon, the zona pelluclda 

bmdmg abIllty of caput epldldymal sperm are never as weil as cauda cPldldvmal 

spermatozoa (McLaughlm and Shur. 1987) Thus, as potnted out by Ihese author'\. 

there appear to be factors other than the presence of soluble epldldyrnal IllhlhltorS Ihal 

regulate the fertlltty of epldldymal spermalozoa 
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IIL_ fHE CYTOPLASMIC QJiQ1'1ETS 

The cytoplasm of spermauds ln testls undergoes drasue reorganIzatlOn at the later 

~teps of ~permIOgenesls Spermauds begm wuh a substanual volume of cytoplasm 

contammg vanous organelles for thelr metabolIsm, whiie spermatozoa eollected In the 

cJaeulate contaIn only a minImal amount of cytoplasm Between these two stages of 

maximum and mInimum amounts of cytoplasm, the spermatozoa retam a srnall 

volume of cytoplasm as they pass along the epldldymls ThiS mass of cytoplasm 15 

tcrmed the cytoplasmlc droplet T"lS structure was first desenbed by Retzlus In 1909 

ln bull and appears to be unIversal among mammahan specles The cytoplasmlc 

d[(,plet eventually detaches from the sperm taIl In the distal part of the epldldymls 

The process of detachment, descnbed In detall later, Involves the movement of the 

cytoplasmlc droplet along the sperm tall Such a phenomenon IS noted m l11any 

mammals (Branton and SalIsbury, 1947, Nlcander, 1956), mcludmg human (Hafez and 

Prasad, 1976), and also In snakes and blrds (Bedford, 1979) whlch, IIke mammals, 

also produce sperm WIth cytoplasmlc droplets The passage of the cytoplasmle droplet 

15 In fact the most promInent morphologlcal change of spermatozoa dUrlng thelr 

epldldymal mlgl atlon and maturation 

The blOloglcal slgnlficance of the cytoplasmlc droplet remams a mysterv ,wlOng 

<;permatologlsts and thelr vlews towards the potentIal roles of thls organelle are 

diverse Whiie some Investtgators speculated that the droplets play a role ln the 

nounshment of the -;permatozoon as It passes through the epldldymls (\1onlem ,md 

Glover, 1(72). others held the vlew that the organelle IS devold of any ..,pecl,11 

functlonal slgmficance lt has even been suggested that the cytoplasmlc droplel mJy 

cause damage 10 matunng ~permatozoa and therefore must be remo .. cd ,l~ 

spermatozoa mature In the epldldymal lumen (Temple-Smith, 1984) Intere,>tlnglv, 

IIlferuhty appears to be related to the cytoplasrmc droplets Lagerolf (1934) r~ported 

that spermatozoa \\Ith the draplet retamed In thelr antenor pOSItion show .1 rOOf 

fertlhty and eJaculates contammg a hlgh pereentage of such spermato.lOa are 

consldered to mdlcate J spermatogenetlc dlsturbance The assoclatlOn betv.een 10<;5 

of feruhzlIlg capacltv .lOd a hlgh proportIOn of eJaculated spermatozoa retammg thelr 
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droplets \Vas also not~d bv CUmllllll'i ,md (,Il)\~r (lq(l~) \\ho lI~l'd .lItlfll'l,11 

cryptorchldlsm as a model to ~tudy the patholog~ of th~ reprnductl\e "",,11.'111 1 hl' 

aSSOciatIOn between 111 fertl1ltv and the ret~ntlOn of th~ droplet hv "\k'IIll,\!O/ll.1 III 

eJaculates has al50 been \\ell documented also III bovlIles (Barth & 0,,"0, II)l)O) 

Vanous congenital or acqUlred ddect~ of spermatozoa, ~lIch as Dagll k~ defL'ch, 

distal mldplece reflex and corkscrew defect mvanablv "how retenti on of n tl'pl.l~IlIIC 

droplets at the site of sperm tall where abnormal l1lorphology IS l1lost ron"pIClIOIl., 

In addltlon, the same authors reported that the correlation between the IlIgh 

percentage of droplets surroundmg the neck and proximal 111ldplcce rcglon (\HO\lIll,1I 

droplets) of spermatozoa and decrease ln semcn qllallty for fertlllLatlO1l (B,lIth ,Uld 

Oko, 1990) On the other hand, hlgh percentage of droplets r;lIrroundlllg the Illidplelc 

Just proximal to the anlllllllS (distal droplets) IS not consldcrl'd a "l'flOU" prublL'1ll 

The cytoplasmlc dropl et has ther~fore gall1ed ~ome 1 mportance as a n\l)rphologlt:al 

mdlcator of sperm maturation (Bloom and Nlcander, 1961, CUlTlIlllll'i and (,lm/cr, 

1970, Cummms, 1973, Bedford, 1(78) 

1) SPERMATOZOA CYTOPLASM REORGANIZATION IN SPERMIA nON 

The process whereby the spermatld leaves the <;emlmfcrou~ eplthelllll1l of k.,tl., 1., 

termed spermlatlon :\lorphologlcaliv. the 1110,>t COn'ipICllOUS change,> of Ihe I,IIC 

spermatld pnor to spermlatlOn IS the reorgalllLatlon of the cytopla.,m ,lI1d Ih 

organelles Such a reorgalllzation process of '>perm cyt()pla~111 has been dt:",ulhed III 

several mammahan specles ln deta" by Leblond and Clermont (1 ()'i2,1) ln dt:krllllrll: 

the vanous steps of spermlOgenesls 

The cytopbsm of early spermatld 'ihows the well-documenled ultra,>truclure \~llIdl 

mcludes condensed mltochondna, a Golgi apparatus m Juxtapo'>ltlOn to Ihe de\, eloplng 

acrosomlc system, a \, t;!~lcular endoplasmlc rellculum, a dHomatold hody ,md \Ollle 

small c1usters of dense parllcles Dunng ~permalld developrllent, the Ciolgl .lpP.Hatu,> 

IS dlsplaced to the distal or postnuclear cytoplasm and adopts a more loo.,eiv .ur,trll~cd 

and more veslcular ~tructure ft Jppears ta dlmlJllsh ln volume by the Ir,lIl.,h:r III 

veslcles to the surroundll1g cytoplasm, as descnbed by Clermont (1 <J'i6) ln ,111 ,Ittempt 
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III dc .... cnbe the formatIOn of cytoplasmlc droplet'. In bull and rabblt, Bloom and 

\ lutnder (1961) ob~;erved the appearance of numerou<; scattered veslcular and tubular 

mClllbranou<; elem.:!nh In sperm cytoplasm These authors suggested that these 

clement'. are pO .... ,.lblv denved from the dlmlnIshlng Golgi apparatus. the endoplasmlc 

rCIllululll, whl'.h al .... o veslculatc<" and mltochondna, whlch swell and dlsmtegrate near 

Ihe dc\'elopIng mlddle plecc at thls step 

(ollcomllanl wllh the caudal movement of cVloplasm dunng spermatld 

dt.'\ dopmenl 1 .... the appearance of a system of cytoplasm.c filament extendIng from 

tllL' nuclear membrane and termmatll1g freelv ln the cytoplasm Just caudal to the 

aUO"On1e Th ..... s\'stCI11 of ftlarnentc... IS mlcrolubular m nature and was termed the 

III ,Ill l hette b\' von Lenhos<;elo. In 1898 (von Lenhosse\.., 1898) The Involvement of the 

1ll,IIH:hctte III reorganmltlon of spermatld cytoplasm has long been speculated 

(Mdllto'.h and Porter. 1967. IllIson. 1(68) Fawcetl et al (1971) provlded eVldence 

Iha1. III a number of specles. the manchette ma\' act as a framework or conveyer for 

tran .... por\ of veslcle<., III cytoplasm 

Il wa~ also noted that late In spermiOgenesls the caudal spermatld cytoplasm IS 

11l\ aglnated by processes of Sertolt cell cytoplasm. and II was postulated thal these 

procc" .... c'. wcre re~poJjslble for "pullmg off' a large bulk of spermatld cytoplasm (de 

Kre<;tcr. 1969. Morales and Clermont. 1982) ThiS large bul" of cytoplasm IS termed 

re~ldual body (corps resldual de Regaud) by Regaud (1901) Assoclated wlth the 

111\ aglllation of spermatld cytoplasm by Serto!! cell processes, there IS a progressive 

l110vement of the spermatld toward the lumen of the semmlferous tubule That portion 

llf the cvtoplasm destmed to forrn the resldual body IS Imked ta the spermatld by 

progrcs<.,I\e!v attenuatmg connectIOns Ail connections are lost eventually, and the 

re"IJual bodies are retamed and phagocvtosed by the adjacent SertolJ ce Il 

("lIlgslcv·Smlth and Lacy. IQ5CJ, Lacy, 1(60) while the sperm IS released to the 

lumen 

Pra('tlcallv ail of the vanous organelles of the spermaud, mc1udmg the Golgi 

wmple.... endoplasnllc retlculum. nbosome~. hpld mcluslOns, mltochondna, 

llllCTotubular remnants of the manchette and electrondense remnants of the chrornatld 
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hod\ along wlth a great part of cytoplasm. are IIlcorporated mw the lt~sldl1al body 

Th~ released spermato.wa. however. do retam a small portIOn of cytoplasm along 11'­

nlld-pleCe Thl~ remnant of cytoplasm IS the C\ loplasmlc droplet Th~ contcnt·. of 

c\ lopla~l1l1c droplet 1I1c1'Jdc some membrarwu<, cll'l1lcnt!-> tcrmcd saccular clement-.. 

thal aggregale togethcr at Ollè polc of the c\ topla<;m (Herlllo et al , 198P,) The 1110'-1 

IntL'reo.,tlng on<;en atlon 1<, that these saccular elemenh prc<;urnably deTlveJ l'rom thL' 

... permalld are ne\ er found ln the re<;ldual nod\ dllrlll~ the segregation of "permatld 

l.\topla<'111 (Lan IqbO. Dletert. 1%(1. Sap<;ford el al. IQ6Q, Fouquet. 11}74) 

( on\ er<,el\ most organelle, found wlthm the re'ildual body are not found wltlml thl' 

C\ toplasl11\(: droplet (HerJllo et al, 1988) Such a selective segregatIOn procedure Ilot 

onl\ suggests that a hlghl\ regulated mechal1l<,rn of cytopla~m reorgalll.lation 1'-

111\ oh cd. but also lead,- olle to speculate that the saccular elel11ent~ retallled hv thl' 

"perrnatozoa ma\ have a potentl dl blOloglcal rok 

2) CYTOPLASMIC DROPLETS IN EPIDIDYMAL SPERMATOZOA 

The positIOn of the cytoplasl11lc droplet relatl\ l' to the mlddle plCee of thl' 

flagdlum vanes accordll1g to the location of the ~permatozoon wlthll1 the lumen of 

the excurrent duct system Hermo et al (1 Q88) obseT\ ed that Hl efferent duct~ of raI'" 

droplets were arranged around the neck reglon of spermatoLoa flagellum, whlle 111 the 

II1ltl3l segment and cap ut epldldymldl~. the P0<,ltI0I1 of the droplets wa~ dl<;placcd near 

the annulus or the pomt of JunctlOn between the Illiddie and principal pwce of the 

flagellum in the corpus epldldymldl~, the drorlet. still located at lhe levcl of the 

annulus, was noted to be dlsplaced laterall\' and 111 the proce,>,> of pmchmg off. m the 

cauda epldldymldls, Illost spermatozoa appeared free of dropleh SII11IIar 

observations have been reported on dlfferent speue'- (Bloom and Nlcander, 19CJ l, 

Bedford, 1975, 1979. Kaplan et al , 1 Q84, Barth and 0\..0, 1 Q(0) 

The fate of the cytoplasmlc droplet,> 111 epldldvl1l1dl'> ha~ becn studlcd by ,>everal 

autll,lfS 1 emplf'-Sm IIh (1984) 1 dentl fi ed a reglo/) 0 f specialized prll1clpal celle., m 

brushtalled possum epldldvnlldl~ that sequestef and phagocytose free mtact droplet,> 

form the lummal ITIllieu ThIS proce~:> appeared 10 be ~electlve 111 that drople .... ,>tlll 
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attat'hed ta spermatozoa were not cngulfed Hermo et al (1988) sugg~'sted that when 

droplets detach from rat '>permato.loa, they qUlckly break up and releas,e thetr contents 

dlrectly mto the lummal flUid Usmg tracer studles wlth catlOnIC ierntm, vanous 

mternal structures of the cytoplasmlc droplets were seen wlthm the endocytIc 

organelles of the epldldymal clear cells, suggestmg a possIble endocytIc raie of c1ear 

cells ln the dIsposaI cytoplasmlc droplets In rats 

.3) CHARACTERIZATION OF CYTOPLASMIC DROPLETS 

Stnce Its first descnptlon m 1909 by Retzlus, the cytoplasmtc dlOplet has been 

studled morphologlcally by vanous Investlgators RetzlUs (1909)'s ongmal deSCriptIOn 

of the bull's cytopiasmtc droplet contammg a dark, oval body was confirmed later 

by Redenz (1924) Recent morphologlcal studles of cytoplasrntc droplets ln rats 

(Hermo et al, 1(88), uSlng electron mlcroscopy, revealed numerous flattened 

membranous saccular elements commonly aggregated at one polle The saccular 

elements appear to be ln close proxlmlty to the plasma mernbranle delirnIttng the 

cytoplasrnlc droplet, though wIthout any slgns of conttnUlty The asymmetncal 

dIstributIOn of the saccular elements IS not observed m several other arllrnal specles 

studled (ram and rabblt by Bloom and Nlcander, 1961, Brusht,uled possum by 

Temple-Smith, 1(84) Other e1.!ments found ln rats cytoplasmlc droplets tnclude 

~ome sphencal veslcles of 60- 70 nm dlameter ln prox!mlty ta the saccular e1ements 

and some 35 nm dlarneter and electrondense partlcles scattered randomly Wlthlll the 

cytopla~11l (Hermo ..;! al, 1988) The saccuiar elements, however, are by far the most 

abundant l1latenal wlthtn the cytoplasmlc droplets ln ail animai SpeCle!, ~tudled 

The nature of these ~accular elements remams emgmatlc Early In\estlgators 

establlshed the presence of .ugentorhllic and osmlophdlc elements tn the cytoplasmlc 

draplets From testas and ~pldldymls of vanous specles (Welgl, 1912, Gatenby and 

Woodger, 1921, Bdl, 1929, Gatenby and Coliery, 1943, Gresson and ZlotOlk, 1945, 

1948) ThIS observation was uOIversally Interpreted as an indicatIon that the 

cvtoplasl1llc draplet contamed Golgi apparatus and \ ... as supported by a subsequent 

studles (Cavazos and Melampy, 1954) 8100m and Nlcander (1961) suggested that the 
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wntnbutlOn of the ~ndop!asmlc rt!t1culul1l to the contt!nt of the c)topla~ll1lc dll'p!t.·l 

should also be consld~r~d In Vlt!W of th~ dose rdatlon~hlp bet\\een the (iolgl 

apparatus and lysosomes as postulated by Novlkoff (1 q(1) :uld the "ub"eljuent 

confIrmatIon of the role of GolgI comple ... m the ongm of pnmary ly"osol1le~ III .1 

vanety of tIssues (Novlkoff et al, 19(4), Doit and DlIlgle (1968, 1l)6l» ... ugge"'led a 

re!atlOnshlp of cytoplasmlc droplets and lysosomes Other IIlvestlgators "ugge"'ll.!d th.ll 

the saccul.u elements may represent a unique membranous element \\Ith httll! 

relatIonshlp to other organelles (Hermo et al , 1 (88) 

a) IsolatIon of cytoplasmlc droplets 

The first attempt to Isolate the cytoplasmlc droplet was performed by Dott ,1Ilt! 

Dmgle (1968) who employed a muItI-step centnfugatlon and fdtenng metlwd tn 

separate spermatozoa from cytoplasmlc droplets ln bull semen rhe ... eparallnn nI' 

spermatozüa From droplets appeared complete although punty or pn ...... lole 

contammatlon by other semen component III thelr droplet preparatIon wa!. not te ... ted 

Garbers et al (1970) cntlclzed traumatlc nature of <;uch IsolatIon procedure III Ihe 

IIltegnty of the cytoplasmlc droplets In an attempt to separate spermatoltl.l l'rom 

cytoplasmlc droplets, ""hlch were shown to contaa.lll1ate the enLYme profile ... of the 

former, Harnson and White (196q) devlscd a method u~tng ... Iow cooltng and ..,torage 

III mllk diluent overnlght to Isolate cytopla~nllc droplct'i t'rom ... emen of hull. hUM ,md 

ram Usmg a sImple dlscontmuous sucrosc-denslty gradient, Garber., et ,II (1 (170) 

managed to separate cytoplasrOlc droplet t'rom buvlne epldldymal "perlll ,110 l'(l,l. 

ylcldmg a preparatIOn of droplets that relamed the baSIC morphology of the or l!.l/lcllc 

In an attempt to study blOchemlcally the mffcrenccs III vartous cnL}'lnc .ILII\ Ille.., 

between rat cytoplasmlc droplets that are still retameu hy "permatowa and Ihme Ih,lt 

have detached from "permatozoa (termcd "1 mmature" and 'mature" li ropl eh. 

respectlvely), Roberts et al (1 (76) devlsed a protocol emploYlIlg repcated tl..,"UC 

homogenlzatlon to mecha!1lcally force the detachment of "Immature" droplel'" from 

spermatozoa The resu\tant preparation of "permatoLOa and droplets were then p,l ... ..,ed 

through a column of dry glass wool, whlch preferentlally blllds the flagella of 
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"'pt!rmato.lOa, yleldmg a preparation of cytopla~mlc droplets 

b) Polypeptide compOSItion 

The polypeptide compositIOn of the membranous saccular elements of cytoplasmlc 

droplets was first analyzed by Kaplan et al (1984) usmg two-dimenslonal gel 

c1cctrophoresls About 20 polypeptides that are mostly aCldlc were Identd'ied wlth 

Coomassle Blue and approxlmately 100 polypeptides were revealed wlth 

stlver-stammg methcd The authors also reported that the polypeptide composItion of 

saccular elements, whlch was estlmated to compose 879% of total membrane of 

cytoplasnllc droplets, shows IIttle resemblance to that of the spermatozoa plasma 

membrane and concluded that the saccular elements are dlstmct structures from 

plasma membrane 

c) Enzyme contents 

Many mvestlgators have studled the e'nzymatlc contents of the cytoplasmlc 

droplcts ln vanous :,pecles Information as such could be helpful ln recognlzlng the 

potenllal fUllctlon of the droplet and al<;o ln deducmg the ongm of the droplet's 

contcnts by reveahng thelr sllTIllanty m enzyme profile to other organelles Doit and 

Dlngle ( 1968) reported that ln bull and ram lsolated spermatozoa retammg cytoplasmlc 

droplets contamed hlgher actlvltles of several enzymes common ln lysosomes. than 

"peramtozoa that were devOId of cytoplasmlc droplets Based on such findlngs. the 

allthors suggested that the cytoplaslnlc droplet~ contams Iysosomal bodle'i rhe:,::! 

allthors further suggested that the aSSOCiation of mfertlhty and hlgh proportIOn nf 

cJaculated spermatozoa wlth retenti on of the droplets IS due to the large quantllV of 

hydrolases w.thm the draplet that mterfere wlth the fertllizatlon proce,>s rhe 

Ivsosomal nature of the cytoplasmlc droplets was further supported by Garbers et .11 

(\1)70) who studlcd the enzymatlc profile of Isolated cytoplasmlc droplets from 

bovlIle 

rytochem~cal mari .. ers weil J...nown to label vanous comp.:>rtments of the Golg! 

apparatus (Imddle saccules NADPase, trans saccules TPPase, trans tubular network 
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eMPase) do not show any r~actlon to th~ ~accular d~m~nts or olhl'r \ ~"lclll.\f 

elements of the cytoplasmlc droplets t Clermont et al, 1l}81, Tang et al, 1 \)H2. 

Thorne-TJmosland et al, 1988, Hermo et al, 1(88) ln additIon, G-b-Pase as .1 marker 

for endoplasmlc retlculum falled to react wlth rat cytoplasmlc droplets (Henno t!t al . 

1(88) These findmgs, comblned \VIth th~ morphologlcal disstnllianty of the 

cytoplasmlc droplet contents wlth any olher known organelles, led lIenno et al 

(1988) to speculate that contents of the cytoplaslllic droplet IS unique, although, as 

these authors pomted out, the posslblllty that the saccular elements are denved l'rom 

organelles ln spermatlds that had lost thelr enzymatlc charactenstlcs c.mnot he 

dlscounted 

ln bovl11e cytoplasmlc droplets. Garbers et al (1970) reported actlvltles of "t!wral 

enzymes assoclated wlth mtermedlary metabolism, namely, aldolase, 1.lctale 

dehydrogenase, sorbitol dehydrogenase and glutamate oxaloacetate tranS.llllll1aM' 

Harnson and White (1972a, b) also noted the actlvltles of three glycolytlc enzYmes, 

namely hexoklnase (HK), glucose phosphate Isomerase (GPI) ,Uld I.lctate 

dehydrogenase (LO), ln bull. boar and ram cytoplasmlc draplets USlllg hlgh "'H!ed 

sedimentatIOn. It was further noted that HK was partly membrane bounJ wl.de (i!'1 

and LOH were entlrely soluble III cytoplasmlc draplets (Harrison and Whlle, 1 t)72b) 

Desplte the presence of the vanous metabohc enrymes, incubation of I,>olated hOVlIlc 

cytoplasmlc draplels wlth 5 mM glucose dld not show mcasurable ..,uh..,tralc 

utdlzatlOn, oxygen consumptlOn or lactlc :lcld production (Garbers ct al. 1 (J70) 

Slmdar results was noted uSlllg 6 mM SUCCIllIC aCld as ~ubstrate «(jarber~ l!t ,II. 

1970) These findlllgs led Garbers et al (1970) to conclude lhat the l.vtopl.'''IllIC 

draplets are metabollcally lIlert ThiS Vlew, however, was not supported bv Roherh 

et al (1976) who, USUlg C~CI-glucose as substrate, ~howed that rat cvtopl.I~IllIC 

droplets were capable of syntheslzmg Inosl101 III "permatozoa Intere<;tlllgly, '>LJch 

actlVlty was apparently h:gher ln draplels lhat were "tdl retallled ln "permato,wa 

These authors speculated that cytoplasnllc droplets 15 Important III "permatol.oa 

maturation ln the epldldymls po~slbly through ItS raie III lIlo~ltol .,ynthe'>l'> and 

metabollsm 
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A dlfference ln enLYme actlvlty ln cytop1a<;mlc draplets of spermatozoa Isolated 

from dlfferent segments of the epldldvm1s and more distal part of the excurrent ductal 

~ystt!m was noted Roberts et al (1976) compared the profile of actlvltles of ten 

dlfferent enzymes ln "Immature" rat cytoplasmlc droplets (1 e those that are still 

retatned by epldldymal <;permatozoa) ta the "mature" ones (1 e those that detached 

from spermatozoa) Of the enzymes Investlgated, most of whlch were of Iysosomal 

ongtn prevlously reported ln the studles by Dott and Dtngle (1968) and Garbers et 

al (1970), the actlvltles were slgmficantly hlgher m Immature cytoplasmlc droplets 

Such a dlfferentlal pattern of enzyme actlvlty was also noted tn other mammahan 

specles Usmg cytochemlcal methods at the Itght microscopie level, Monlem and 

G10ver (1972) locahzed alkahne phosphatase actlvlty tn rabblt and ram cytoplasmlc 

droplets The enzyme actlvlty m rabblt cytoplasmlc droplet was found to decrease 

~Igntfîeantly dunng spermatozoon epldldymal transit The addltlOnal fmdtng of a 

reductlon m alkahne phosphatase actlvlty tn degeneratmg spermatozoa, mduced by 

artlflclal eryptorehldlsm, led these authors to speculate a potenttal role of the enzyme 

m carly maturation of spermatozoa tn the epldldymls 

Desplte the efforts of the aforcmenuoned tnvestlgators on the study of cytoplasmlc 

droplets, there remams several crucial questions to be answered Flrst, what IS the 

functlOn of these ~accular dements') The saccular elements not only are the must 

promment structures wlthm cytoplasmlc draplets of ail animai specles studled, but 

they are also selectlvely retalned wllhln the cytopla<;mlc droplet dunng late steps of 

spermlOgenesls These fîndmgs mfer that these saccular elements mlght have a 

~pccltic role, whlch may be the key to understand the functlOn of cytoplasmlc 

droplets Secondly, dlfferent studles have clearly mdlcated a reglonal vanatlOn m 

actlvltles of dlfferent enzymes ln cytopalsmlc droplet from dlfferent segment of the 

~"current ductal system A crucial question that anses IS why such a vanatlOn 

evolved Ftnally, are these saccular elements remnants of organelles tn late 

spermatlds. and. If sa, what are they 0 Although Iysosomal en7.)lmes actlvltles have 

been found tn cytoplasmlc droplets, direct eVldence on whether these enzymes are 

assoclated wlth the saccular elements IS still lackmg Knowmg the ongm of these 
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MA TERIALS AND METHODS 

L ULTRASTRUCTURAL ANALYSIS OFJ.AI~~PJKMALlD IN 1111: II·S Ils 

Testes were obtamed from adult Sprague-Dawley rats welghlllg from l'iO - -l'i0 

gm Each rat was anesthetlzed via an Intrapentoneal I!1JectlO1l of ,:;odlum p~lltOb.1I bll.ll 

The testes of the anllnals \Vere first perfused \VIth lactated Rtngds 'iolut\01l (.\bbolt 

laboratones Ltd. Montreal. PQ) followed by 2 5 0 (, glutaraldehyde (M F (':\ 1 III . 

Montreal, PQ) 111 0 1 M sodium cacodylate (M E C A Lld, Montreal, l'Q) hufler 

contammg 05 % CaCI~ (Sigma Chcmlcal ('0, St LOllls, MO) uSlIlg a rt.'tmgl.llit.' 

abdommal aorta perfusIOn technique The abdommal cavlty was tJpcncu .\IIt! Iht.' 

abdommal aorta was carefully t:xposed and c1eared of connective and adlpo~e tl""Ut.''' 

A ligature was placed around the abdommal aorta Just supenor to the left relul .\llcry 

and left untled Testes were then carefully removed t'rom Ihe scrotum Cm:ulall\Hl ln 

the lowest part of the aorta was c1amped off \VIth a h\!mostat .md a 1 H-g.lUge l1t.'cdle 

(Becton DIckInson & Co, Rutherford, N J ) was msened ln a retrogradc dlreLllon IIltn 

the abdommal aorta supenor and pro'Xlmal to Ils bIfurcatIOn The IIgalurc \\.1" IH:d 

as 500n as the flow of laclated Rmger's solution \Vas establlshed and Ihe Idl rL'n.ll 

vem was eut open to allow eXit of flUld The flow of Rmger's was cea~ed .1'" ... oon 

as the testls was observed 10 be c1eared of blood After Imnrnmg off the LO,lI11:LlI \, c 

and adipose tissue, the testes were sllced Into ~111;>:1 plecc'i (0" mm') and pl.lLt.'d ln 

the same fixatIon for 2 hr at -toC rhe po~lf'ixatlOn, dehydratlon. Fpnn-embcddlll~. 

sectlonmg and slall1l11g procedures were IdentIcal to Iho"e descnbcd below III ,edlllll 

V 1 After postfixatlOn wlth 1 % aqueous o~mIU!Tl tetroxldc, '.orne ot Ihc Il''''lle 

samples were treated wlth 1% tannlc aCld (Sigma chel11lcal Co, SI LOul .... \101 ln 

cacûdylate buffer (pH 70) (3 x 20 mm) and finally wa~hed ln 1% ..,OdIUIll ... ull.llc III 

cacodylate buffer (20 mll1) (Slmlonescu and Stnllone'icu. 1 (J76) hdore 

Epon-embeddmg 

Electron mlcrographs were taken wlth a Philips -lOO e1eclron mlLro"cope "t,ll;e.., 

of spenmogemsis were deterrnlned UStng cntena descnbed by Ll!blond LUld ( lerrnont 

(1952b) 
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Il STEPWISE PROCEDURES FOR ISOLATION AND SUBi RACTIONA nON 
OF CYTOPLASMIC DROPLETS 

1) PERFUSION AND DISSECTION OF EPIDIDYMIDIS 

Spermatozoa were obtamed from the epldldymldls of adult Sprague-Dawley rats 

welghtmg from 350 - 450 gm Nlne rats were us€~d per expenment and they were 

anesthetlzed wlth 04 ml sodium pentobarbual The epldldymldls of the ammals were 

perfused wlth lactated Rlnger's solution usmg a retrograde abdominal aorta perfusion 

techmque as descnbed above ln section 1 After tl!lmmlng off the connective and 

adipose tissue, the epldldymldes were separated accordlng to Reid and Clebnd (1957) 

Into the caput (lncludmg the mltlal segment, the proximal and distal caput) and cauda 

(lncludmg the proximal and distal cau da) Ali the subsequent procedures were 

performed separately for the caput and cauda epldldymldls on lee or at 4°C The 

tissues were nnsed m a buffer contammg 025 M suc rose (Sigma Chemlcal Co, St 

LOUIS, MO), 50 mM Tns-HCI (Sigma Chemlcal Co, St. LOUIS, MO) and 25 mM KCI 

(Sigma Chemlcal Co, St LOUIS, MO) at pH 74 (STK buffer). Protease mhlbltors 

mcludmg phenylmethyl-sulfonyl fluonde at 1 0 mM (Sigma Chemleal Co , St LOUIS, 

MO) and aprotmm at 100 umts/ml (Sigma Chemlcal Co, St LOUIS, MO) were added 

to thls buffer For the galactosyltransferase blOchemlcal assay wlth trypsmlzatlon 

(sectIOn VII), thls last .,tep of protease mhlbltor addition was omltted 

2) ISOLATION OF EPIDIDYMAL SPERMATOZOA AND CYTOPLASMIC 
DROPLETS 
The caput and caudal portIOns of the epldldymldls were separately slJced Into 2 

mm sectIOns m STK buffer The mmced tissue suspension was then vortexed Itghtly 

to faclhtate the exuda!lon of spermatozoa from the lumen of the epldldymldls ThiS 

suspension was then fiitered through a 150 um Nltex nettmg (Thompson, \10ntreal, 

PQ) to remove eplthellal tissue and to obtatn a spermatozoa suspension m STK buffer 

The spermatozoa suspension was washed by a 15-mm, 3000 g centnfugatlon The 

sperm pellet was resuspended m 5 0 ml of STK buffer and the supernatant was 

centnfuged at 80,000 g for 15 mm to collect any freed cytoplasmlc droplets mto a 

pellet whlch was then resuspended m 1 0 ml of STK buffer The pellet suspensions 
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were pooled and passed through a 1 5 IIlch-long 20-gauge needle (Becton DII.:kmson 

& Co, Rutherford, NJ) four tlmes usmg a 10 cc syrmge (Becton Dlcklllson & ('O. 

Rutherford, NJ), whlch, as evaluated by phase- contrast nllcroscopy, detached the 

cytoplasmlc droplets sull retamed on the sperm tads 

3) SUBFRACTIONATION OF THE CYTOPLASMIC DROPLETS 

The resuItmg homogenate was centnfuged at ISO x g for 10 mm ln order to tloat 

the detached cytoplasmlc droplets mto the supematant The supematant (S fractIon) 

was loaded onto a 4- step sucrose dlscontmuous gradIent (06 MIO 8 Mil 0 Mil 2 M) 

prepared In 50 mM Tns-HCl and 25 mM KCI buffer, pH 74 and centnfuged at 

200,000 x g for 1 5 hr usmg a Beckman SW 41-TI rotor Each of the cellular fraction 

collected from the 5 mterfaces of the gradient together wlth the ongmatmg S fraction 

and pellet (P fraCtion) were analyzed by electron mlcroscopy and assayed for protem 

concentratIOn and galactosyltransferase, slalyItransferase and aCld pho'iphalase 

enzyme actlvltles 

III PREPARATION OF IMMUNE SERUM AGAINST THE SACCJll<I\R 
ELEMENT FRACTION 

FractIOn 3 (08 Mil 0 M STK) from the dlscontmuous gradient prepared l'rom 

whole epldldymldls was collected and solubdlzed ln 0 5 M Tns-HCI (pH (8) 

contamlng 2 a % SOS and ) 0% ~-mercaptoethanol for 5 mm at looae The denatured 

protems were then emulslfied ln an equal volume of Freund's complete adjuvant 

(Sigma Chemlcal Co, St LOUIS, MO) and 100 ul of thls suspensIOn (1 ug protem/ul) 

was InJected mto each pophteal lymph node (Newbould, 1965) of a New Zealand 

whIte rabblt The rabblts were boosted IIltramuscularly wlth the antlgens emul~,lfit!d 

In Freund's mcomplete adJuvent (Glbco Laboratone'i, Grand Island, NY) at ,- wk 

Intervals and bled 7-10 days after each boost The Immune serum was <,tored fro.len 

at -70°C 
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IY ANALYSIS OF POLYPEPTIDE COMPOSITIONS 

1) SODIUM OODECYL SULFATE POLYACRYLAMIOE 
GEL ELECTROPfiORESIS (SOS-PAGE) 

Cellular fractIOns collected from each mterface of the dlscontmuous gradIent and 

from the supernatant and pellet of the tirst centnfugatlon were dlluted ln 50 mM 

Trls-HCI and 25 mM KCI buffer, pH 74 (TK) and pelleted Each pellet was 

resuspended m TK buffer :md assayed for total protem concentratIon as descnbed m 

sectIOn VI 3 Samples contammg 30 to 60 ug of protem from each cellular fractIon 

were solublhzed m a solutIon of 2% sodIum dodecyl sulfate (SDS) (Mallmckrodt 

Canada Inc, Pomte-Clalre, PQ) and 5% p-mercaptoethanol (Sigma Chemlcal Co, St 

LOUIS, MO) for 5 mIn at 100°C and loaded on a Imear gradIent (8-18%) 

SDS-dlscontmuous polyacrylamlde gels (SDS-PAGF) accordmg to the procedure 

descnbed by Laemmh (1970) 

Apparent molecular masses were determmed from the moblhty of the followmg 

standard protems (Pharmacla low molecular welght protems, Plscataway, NJ) 

phosphorylase b (MW=94 K), albumm (MW=67 K), ovalbumm (MW=43 K), carbonlc 

anhydrase (MW=30 K), Soybean trypSIn mhlbltor (MW=20 1 K) and a-Iactalbumm 

(MW=144 K) The gels were stamed wlth Commassle Bnlhant Blue (Bio-rad, 

Richmond, CA) 

2) WESTERN BLOTIING 

Electrophoretlc transfer of polypepude bands, from the gels of fractIon 3 Isolated 

from caput, cauda epldldymldls or whole epldydmls, to Immobilon paper (MIIllpore, 

Mississauga, ON) was carned out on a Hoefer Transpher Apparatus (Hoefer SClenufic 

Instruments, San FranCISCo, CA) accordmg to the techmques of Towbm et al ( 1979) 

and Towbm and Gordon (1984) After SOS-PAGE, preparatlve gels of polypeptides 

were IInmedlately transferred onto methanol- pretreated Immobiion paper m a solution 

of 25 mM Tns-HCI. 192 mM glycme and 20% methanol (pH 83) Electrophoreuc 

transfer was carned out at 05-06 A for 3-5 hrs After removal from the transfer 
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apparatus, the blots were washed ln three 15-mln changes of 10 mM Tn't-He!. lll)O ° 

NaCI and 0 5% Tween-20 (pH 74) at room temperature For a permanent rel.:ord of 

the protem bandmg pattern, the Irnrnobllon blots were stumcd \VIth Commas"'l\! 

Bnlhant Blue 

3) IMMUNOBLOTTING 

Washed Immobllon stnps transferred wlth polypeptIde bands of the ... accular 

elements of the cytoplasmlc droplet were first blocked wlth 5% goat serum ln 1 WBS 

(20 mM Tns-HCI buffer WIth 09% sai me and 0 1% Tween-20) for 2 hr at room 

temperature The stnps were then Incubated for 2 hr at room ternperature wlth 1) 

affintty-punfied anttbodles agaInst a 2,6 slalyltransferase (see sectIon VIII), or 2) 

antlserum agamst P 1,4 galactosyltransferase (see sectIon VIII), or 3) polvdonal 

antlbodles rmsed m rabblts agamst the saccul:>f elements of the cytopla~mlc droplet 

Antlbodles were dlluted III TWBS wlth 0 1% bovIne serum albumm (BSA) and 1% 

goat serum The dilutIons used were determmed empmcally and reflect the optImum 

concentratIOn and labelmg that mInlmlL::ed non-specIfie labelIng The ... trlP" ""cre 

subJected to four S-rnm nnses In TWBS, followed by a JO-mm wash wlth <i°o goar 

serum ln TWBS After incubatIOn for 2 hr at 37°C In a 1/1000 dilutIOn of <,econdary 

antlbody (alkahne phosphatase-conJugated F(ab ,)2 goat antl-rabblt Immunoglohulln (j 

[IgG), Cappel-Cooper BIOmedical Inc, Malvern, PA), the stnp~ were agarn ... uhJcctcd 

to four 5-mm nnses m TWBS, and th en rmsed for 2 mm In 50 mM Na-glvLlnare 

(Sigma Chemlcal Co, St LOUIS, MO) wlth 05°/'0 Tween-20 (pH () h) rhe 

phosphatase reactlon was developed accordmg ta McGadey (1970) by IIllllnallng 

t.' ots III a solutIOn composed of 001 % of NItro blue tetrazoltum (Sigma (hernllal 

Co, St LOUIS, MO), 0 005% and 5-bromo-4-chloro-3- màolyl phosphate and 4 mM 

of MgCl~ of m the 50 mM Na-glycmate solutIon for 10-20 mm Control" lon'>l<,ted 

of replacmg pnmary anubodles wlth affinlty-punfied anubodles agaln"r l,>oaClln'i 

(Oko et al, 1991) or agalllst a-tubulms (Hermo et al, 1991a) III semllliferous 

eplthehal cells In the case of the polyc1onal anubodles ralsed, prelmmune serum was 

used as a control 
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PREPARATION OF THE CELLULAR FRACTIONS FOR ELECTRON 
MICROSCOPY 

1) EPON EMBEDDED SECTIONS 

Cellular fractIons collected from each IIlterface of the dlscontmuous gradient were 

dlluted ln STK buffer and pelleted Pellets were fixed wlth 2 5 % glutaraldehyde 

buffered ln 0 1 M sodium cacodylate contalnmg 005 % CaCl> pH 74, overnlght at 

4°C Flxed pellets were then submersed m 2% type IX agarose (Sigma Chemlcal Co. 

St LOUIS, MO), allowed to sohdlfy, and washed tWlce wlth the 0 1 M cacodylate 

buffer The pellets were subsequently post-fixed wlth 1 5% potassium ferrocyamde 

(Fisher SClentlfic Co, Fan Lawn, NJ) reduced 1 0% osmIUm tetroxlde (M E C A 

Ltd, Montreal, PQ) (Kamovsky, 1971) for 1 hr at 4°C After belng washed tWlce ln 

o 1 M cacodylate buffer, the pellets were dehydrated m a graded senes of ethanol 

solutions 50%, 60%, 70%, 90%, 100% (3 tlmes), each for 10 mm at room 

temperature The pellets were then passed through two 1 j-man washes of propylene 

oXlde (Anachemla Canada (ne, Montreal, PQ), mfiltrated an ail mixture of 

propylene oXlde/Epon 812 (M E C A Ltd, Montreal, PQ) for 1 hr, a 1 2 mixture for 

6 hr, and a 1 3 mixture for 15 hr at room tempe rature on a rotator at con~tant 

agitation Tissues were then placed ln pure Epon 812 for 6 hr wlthan a vacuum, 

embedded m block-molds and mcubated at 60°C for 48 hr Thin tissue sections of 

sllver mterference colors were cut on a Relchart-Jung ultramlcrotome wlth a JI.mlOnd 

kmfe, mounted on 300 mesh uncoated copper gnds and stamed wlth 4 00 uranyl 

acetate (M E C A Ltd, Montreal, PQ) for 5 mm and 6% lead citrate (M E C A Ltd. 

Montreal, PQ) for 2 mm (Stemnpak and Ward, 1964, Reynold, 1963) The ultr.lthm 

sections were exammed under a Philips 400 electron microscope 

2) UL TRATHIN FROZEN SECTIONS 

Cellular fractions were tixed wlth 4% paraformaldehyde (Fisher SClentlflc Co. 

Fair Lawn, NJ) ln 0 1 M sodium cacodylate buffer (pH 74) wlth 0 1% CaCI: (WIV) 

for 1 hr at 4°C The fixed suspensIOns were then pelleted at 10,000 x g and the 

resultmg pellets were embedded ln 2% type IX agarose, allowed to sohdlfy, v.ashed 
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tWlce wIth 0 1 M cacodylate buffer contaInlllg 7° 0 sucrosc .md \!qUllibrated for .l 

mInImum of 30 mm wlth 2 3 ~1 sucrose (Tokuvasu, 1978) The pellets \Ver\! frol\!1l 

dlrectly In ItqUld-mtrogtn-cooled propane and stored Ifl IIqUld mtrogen (LlIld\! lllllon 

Carblde, Toronto, ON) Ali the subsequent steps were based on the frozcn 'o\!CtIOIl 

procedures developed by Tokuyasu (1978, 1980), Gnftiths et al (1984), ,md (icu/t' 

et al (1984) A Relchart-Jung uItramlcrotome equlpped wlth an FC -4D cryochamber 

eqUlhbrated at -100°C was used for tissue sectlOnlllg Copper gnds (200 rnesh) havlIlg 

formvar films were carbon-coated and then rendered hydrophlhc u~lI1g a 

glow-dlscharge apparatus Ultrathm sections were cut, Plcked up wlth a copper Inop 

filled wlth a 23 M sucrose solutIon and transferred onto the gnds Each gnd was 

then kept at room temperature on a drop of 5% fetal calf serum (Glbco Laboratont!", 

Grand Island, NY) In 20 mM TIIS-HCI buffer, 09% salllle buffer at pH 74 ( l'BS) 

contammg 0 1 % (w/v) bovme serum albumm (Sigma Chemlcal Co, St LOUIS, MO) 

The stammg and embeddmg procedure of Gnffiths et al (1984), ongllHllly 

descnbed by Tokuyasu (1978), were used The gnds contammg the "eetlOns were 

first nnsed for 10 mm III doubly- delOnIzed water (ddH~O) and then floated for 'i 111111 

on drops of 2% aqueous ur an y 1 acetate whlch had been adJusted to pH 7 l wlth 

oxalte aCld (Sigma Chemlcal Co, St LOUIS, MO) and ammolllum hydroxlde (Sigma 

Chemlcal Co, St LOUIS, MO) After rlllsing tWlce for 1 5 mm on drops of ddH,O and 

transferred onto drops of 05% methyl cellulose (Lab Grade Ae5900, Anachcl1l1a 

Canada Inc, Montreal, PQ) contaInlllg 04% aqueou'i uranyl acetate for 10 1111n, the 

gnds were plcked up wlth a gold Joop blotted to remove exce5~ methyl Lellulo ... e, 

dned and examllled on a Philips 400 electron mIcroscope 

VI ENZYME ASSA YS OF CELLULAR FRACTIONS 

1) GALACTOSYLTRANSFERASE ASSA y 

Galactosy Itransferase (UDP-Gal 2-acetamldo-2-deoxy-D- gl ucosy I-gi y copcpllde 

galactosyltransferase) actIVlty III the cellular tractIons obtallled from the dlsconllnuou., 

gradIent were assayed uSlllg a modlfied technique for the GolgI apparat us (Brctz and 

Staubh, 1977, Howell et al, 1978) based upon the transfer of UDP-[ 'H ]galactoc,e to 
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the exogenous acceptor, ovomucOId The donor sugar conslsted of UDP-CH] galactose 

(Uridine dl phosphate galactose, [galactose- i - 'H(N»)., Du Pont Inc, Markham, ON, 

that was dned wlth mtrogen and resuspended wtth UDP-galactose (UndIne-5' 

Dlphosphogalactose, 'iodlUm salt, Sigma Chemlcal Co, St LOUIS, MO) to a speclflc 

actlvlty of 0045 uCi/nmol The IncubatIOn mIxture contamed 00441 mM of 

UDP-galactose (02 uCi), JO mM sodIum cacodylate buffer (pH 65), 20 mM 

adenosme triphosphate (dlsodlum salt) (SIgma Chemlcal Co, St LOUIS, MO), JO uM 

MnCI~ (SIgma Chemlcal Co, St LOUIS, MO), JO mM p-mercaptoethanol (SIgma 

Chemlcal Co, St LOUIS, MO), 02 % (v/v) Tnton X-100 (SIgma Chemlcal Co, St 

LOUIS, MO), 4 0 mg/ml ovomucOld (Sigma Chemlcal Co, St LOUIS, MO) and JO ui 

of the cell fractIon sample (S-20 ug protem) glvmg a final volume to the reactlOn 

mIxture of 100 ui IncubatIons were carned out for 15 mm at 37°C and stopped by 

the addItIon of 1 0 ml of Ice-cold 1 % phosphotungstlc aCld (J T Baker [nc. 

PhtllIpsburg, NJ) ln 0 5 N HCI The mIxtures were kept on Ice for JO mm to allow 

precipItatIon of the protem and then pelleted by cetnfugatlOn The pellets wcre 

resuspended and repelleted tWlce In 1 0 % phosphotungstlc aCld After bemg dned 

overntght, the pellets were dlssolved In 0 5 ml of ION sodIUm hydroxlde (SIgma 

Chemlcal Co, St LOUIS, MO) and mcubated at 65°C for 1 hr, OlmI of each sample 

was mlxed wlth 5 0 ml of sCIntIllatIon cocktaIl (Optl-tlour, Packard instrument Co, 

Downer Grove, III) The radIoactIve content of the pellets was determlned In a Packard 

Spectrometer model 460 (Packard Instrument Co. Downer Grove, III) and cpm 

converted to dpm by the channels-ratto and external standard methods (Wang and 

WlllIs, 1965) 

The effect of the protease trypsm on galactosyltransferase actlvlty was studled as 

fûllows 70 ul (20-JO ug protem) of cell fraction from fractIOn 3 (Interface between 

o 8 M and 1 0 M sucrose buffer) of caput epldldymal spermatozoa was mcubated for 

1 hr at O°C wlth trypSIn (type IX from porCIne pancreas, SIgma Chemlcal Co, St 

LOUIS, MO) at dlfferent concentratIons (0 1 ug/ml, 1 ug/ml, 10 ug/ml, 50 ug/ml and 

100 ug/ml) ln 50 mM Hepes buffer (SIgma Chemlcal Co, St LOUIS, MO) wtth 5 mM 

KCL. 1 mM CaCI, and 1 mM MgCI:. In the presence or absence of 0 1 % (v/v) Tnton 
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X-IOO The galactosyltransferase assay wa~ performed as dcscnbed .Ibm e l'he 

enzyme actIvlty of cach trypsInlzed sample \Vas e,prt~ssed .IS a percentage of the total 

enzyme actlvlty of a control sample wlthout trypzmlzatlOn 

2) SIAL YL TRANSFERASE ASSAY 

The assay for slalyltransferase (CMP-N-acetyl-ne~lrall1lnate D- galactosvl-glvcoprotclIl 

N·acetylneurammyl-trans-ferase), \Vas modlfied From Bretz ct al (1 9S0) l'he donor 

sugar conslsted of CMP_[lH) N-acetyl-neurammlc aCld (NANA) (C'vtluane ". 

monophosphate slallc aCld, [slallc-9- 1H]-, Du Pont Inc ,Markham, ON) that \Vas dned 

and resuspended wlth CMP-NANA (Cytldme ,,'- monophospho-(NANA), ammonium 

salt. SIgma Chemlcal Co, St LouIs, \fa) to a speCifie actlvlty of 43 uCJ/ul11ol The 

incubatIOn mIxture contamed 1 0 mM of CMP-NANA (043 uCJ), 100 mM 

cacodylate buffer (pH 58), 40 mM p-mercaptoethanol, 04% (v/v) Tnton X-IOa, 17 5 

mg/ml of aSlalofetum (Sigma Chemlcal Co, St LOUIS, MO) as an exogenous acceptor 

for slalyltransferase and 60 ui of the cell fraction sample (10-40 ug protem) glvmg 

a fmal volume of 100 ul Incubations were carned out for 30 111111 under Identlcal 

condItions as ln the galactosyltransferase assay above The washmg and countlllg 

procedures were also Identlcal to those used ln the galactosyItransferase assay 

3) ACID PHOSPHA T ASE ASSA y 

ACld phosphatase actlVlty was determIned at 37°C by Illcubatlng "0 ul (1 ()- 10 ug 

protem) of each cell fraction from the dlscontll1uous ~ucrose grademt wlth 2 0 mM 

para-mtrophenyl phosphate (SIgma ChelTIlcal Co ,St LOUIS, MO) ln 100 mM <,odlum 

acetate (SIgma Chemlcal Co, St LOUIS, MO) buffer (pH 5 0) ln a total volume of 

500 ul for 15 mIn The reactlon was stopped by addlng 1 () ml of 0 2S M NaOH fhe 

released para-mtrophenol was measured spectrophotometncally (Beckl11an Du-8 

spectrophotometer) at 40C; nm usmg a para- nttrophenol standard curve 

The amount of protem ln the cell fractions for ail of the enzyme a~<,ays wa~ 

estlmated as descnbed by Bradford (1976) (BIO- Rad Richmond, CA), U<,lng bOVine 

serum albumm as the standard 
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\:'.LL ENDOGENOUS GL YCOSYLATION ASSA YS 

Isolated saccular elements from fraction 3 (08 Mil 0 M STK) of the 

dlscontmuous gradient, prepared from cap ut epldldymldls, were a~sayed for 

l>ndogenous glycosylatlon as descnbed prevlOusly for rat laver Golgi fractions 

(Bergeron et al, 1982, 1985) For galactosylatlon, the reactIon mixture, contalnang 

25 uCa of UDP_[lH] galactose, 30 mM sodium cacodylate buffer at pH 6 5, 20 mM 

adenosme tnphosphate (chsodlum salt), 30 mM MnCI~, 30 mM p-mercaptoethanol, 

15 ug protem of the sample fraction and protease anhlbltors (1 0 mM PEF ABLOC 

(Centerchem, Inc, Stamford, CT), 200 umts/ml aprotanan, 1 0 uM papstatan (Sigma 

Chemlcal Co, St LOUIS, MO», was mcubated at 37°C for 15 man For sialylatlon, 

the reactlon mixture, contammg 25 uCa CMP-eH] NANA, 100 mM sodium 

cacodylate buffer at pH 5 8, 40 mM p-mercaptoethanol, 35 ug sample protetn and 

protease anhlbltors (as above), was mcubated at 37°C for 15 man The glycosylatlon 

reactlons were stopped by addmg equal volume of 10% tnchloroacetlc aCld (Fisher 

SClentlfic Co, Fair Lawn, NJ) The preclpltated protems were dlssolved ln sample 

preparation buffer contatnang 40 M urea and separated on a 5-15% SOS-PAGE, as 

descnbed an sectIOn IV 1 After staanmg, the gels were Impregnated wlth EN 1HANCE 

(Du pont Inc, Boston, MA) and processed for radlOautography (Eastman Kodak Co , 

X-OMAT AR, Rochester, NY) 

VIII IMMUNOC.YTOCHEMISTRY OF CELLULAR FRACTIONS __ .\~D 
EPIDIDYMAL TISSUE 

The source of the antl-p 1,4 galactosyltlansferase was from Dr E Berger 

(Physlologlshes Institut, Zunch, SWltzeriand) and was antlserum N7 ralsed to n.ltl'. c! 

human mllk galactosyltransferase (Chllds et al, 1986) The antHl 2.6 

slalyltransferase was from Dr J Paulson (Cytel COIp, San Diego, CA) and \\as IgG 

affanlty punfied from bactenally expressed sialyltransferase (TaatJes et al, 1(88) The 

antl- TGN38 was antlserum obtalned from Dr K Howell (University of Colorado. 

Denver, CO) and has been descnbed and charactenzed an LUZIO et al (1 <NO) 

Anttbodles agamst the saccular element (antl-SE) was prepared as descnbed ln section 

III These antlbodles were assayed at both hlgh and low concentratIOns on the tissue 
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The dilutIOns used therefore retlect the optImum cnncenlr.ltton and I.lbèllllg l'nI ~ach 

antlbody preparation that 1l1Inllntzed non-specIfie labeltng 

1) LIGHT MICROSCOPY 

Rats used for the preparatIon of hght mlcroscopy were flxed vIa perfusIOn throllgh 

the abdommal aorta, tirst wlth lactated Rmger's solution followed by Boulll's fl\.dtl\C 

for 10 mm The entlre procedure were carned out al room temperature .. \ftcr the 

testes and epldldymldls were removed, they were cut III half longltudlllallv, and 

placed m the same fixative overntght On the followmg day, the tissue was o.;lIoJcctcd 

to several washes In 70% ethanol The testlcular and epldldymal tIssue \Vas then 

subJected to routme hlstologlcal procedures and embedded m paraffin 

Paraffin sections (S um In thlckness) were eut and mounted onto glflo.;S "lldco.; 1 he 

ttssue sectIOns were deparaffimzed wlth xylene (Fischer SClentlfic Co , FaIr Lawn, NJ) 

and hydrated m graded ethanol solutIOns Dunng hydratlOn the ~eetlon'i \Vere 

Incubated In 70% ethanol eontalntng 1010 lithIum carbonate (SIgma Chernleal ('0 , St 

LOUIS, MO) for 5 mm m order to mactlvate any resldual plcnc aCld remallltng l'rom 

the fixatIOn procedure In order to ellmmate endogenous peroxldase acttvltv, thc 

sectIOns were aiso mcubated for S min m ethanol contammg 1 % (v/v) hvdrogen 

peroxlde (Sigma Chemlcal Co, St LOUIS, MO) Followmg hydratlOn, the ..,CLtIOIl'> 

were washed fnst m a 300 mM glycme solutIOn (Sigma Chemlcal Co, St 1 OUI", 

MO), to block any free aldehyde groups, and then ln dl~ttllcd water Ihe Il ........ uC 

sectIOns were placed bnetly ln 20 mM Tns-HCI bufTer wlth 09% ')alllle al pli 7-t 

(TBS) contammg 0 1% (w/v) bovlIle serum albumm 

The sectIOns were subsequently blocked m TBS contalllmg 10% go,ll .... eru/ll 

(Sigma Chemlcal Co, St LOUIS, MO) for 1 S mm followed by IIlcubatlon lor 1 hr 

wlth pnmary antlbodles at vanous dtlutlons m rBS After the complcllon (lI Ihe 

pnmary antlbody incubation, the tIssue sectIOns were washed four Urnes, li 111111 e;ll:h, 

wlth TBS contammg 0 10 0 Tween-20 (Sigma chemlcal Co, St LOUIS, MO), hlm.ked 

wlth 10 % goat serum 111 TBS for 15 mm and IIlcubated for 1 hr wlth goat antl-r.lbbll 

IgG conJugated to peroxldase (Sigma Chemlcal Co, St LOUIS, MO) that was Jtluted 
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1/2'iO In TBS 

Followmg several washes m TBS contammg 0 1 % Twet:n-20, the 

Immunoperoxldase reactlon was developed by mcubatmg the sections for 1 ° mm ln 

a solutIon composed of 003% hydrogen peroxlde and 005% 3,J'-dlammobenzldlne 

tetrahydrochlonde (Sigma Chemleal Co, St LOUIS, MO) 10 TBS contamlng 0 0 i M 

Imldazole (Sigma Chemlcal Co, St LOUIS, MO), pH 76 (Straus, 1982) ThiS 

permltted the deposltlon of an Insoluble brown polymer at the site of the 

antlgen-antlbody reacuon (Heyderman, 1979) The shdes were subsequently rmsed 

tWlce 10 TBS eontammg 0 1 % T~een-20 (5 min each) followed by two nnses ln 

dlstilled water (1 min eacn) The tissue sections were then counterstamed wlth 0 101
0 

methylene blue (Aldrich Chemlcal Co, Milwaukee, WIS), dehydrated ln an ethanol 

gradient, and mounted m Permount (Fisher SClentlfic Co, Fair Lawn, NJ) 

Rabblt prelmmune serum at a dilutIOn of 1/100 was used as a control for the 

polyclonal antl-SE antlbodles Affimty punfied antlbodles agamst a host of other 

membranous protems, mcludlng the rnsulIn reeeptor and epldermal growth factor 

receptor, were used as controls for antl-galactosyltransferase, slalyItransferase and 

TGN-18 antlbodles 

2) ELECTRON MICROSCOPY 

a) Lowlcryl embedded sections 

Rats used for electron microscopie Immunoeytochemlstry were perfus':!d ""Ith 

lactated Rmger's solution followed by perfusion for 10 mm through the abdominal 

aorta wlth 025% glutaraldehyde and 4% paraformaldehyde ln 0 1 M phosphate 

buffer contalnmg 50 mM lySine at pH 74 Followmg perfusIon, the epldldymldes and 

testes were removed. sltced lnto small pleces (0 5 mm 1), and placed ln the same 

fixatIOn for 2 hr at .toC They were subsequently washed several tlmes ln 0 1) M 

phosphate buffer and 0 9°,'0 saltne (PBS) (pH 7 4) contammg 4% suc rose followed by 

IIlCUbatlon m PBS wntamrng 4% suerose and 50 mM NH 4CI for 1 hr at rc The 

tIssue sampi es were then washed m PBS and dehydrated In a graded sertes of 

methanol solutIOn 30% at O°C. 50% at - 10°C, 70% at -35°C and 90% at -35°C 
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(twlce) for 15 mm each The sampi es were sub~eqllently IIlflltrated \VIth il 1 1 ratIO 

of Lowleryl/90% methanol solution for 1 hr at _,,,cT and a 2 1 ratio o\'eflllght.lt 

-35°C The next day the samples were embedded ln Low1cryl K..tM (J B FM service" 

Ine, Dorval. PQ) and polymenzed at -35°C llnder UV radiation (Grant cl al. 19K'i) 

Ultrathm s~ctlon were mounted on formvar coated I1\ckel gnds 

For trr.m'Jnolabehng, the ultrathm tissue sections on gnds were tloated for W mm 

on drops of 20 mM Tns-HCl butTer wlth ° go,o saline at pH 74 (TBS) con talll IIlg 

o 1 % bovme serum albumm and 5% fetal calf serum pnor to a 1 hr IIlcubatlon \VIth 

pnmary antlbodles Pnmary antJbodles were dlluted to thelr optimal concentratlon<; 

wlth TBS Followmg pnmary antlbody mcubatlOn, the sections were wa~hed for " 

mm (x 4) ln TBS eontalllmg 0 1 % Tween-20, bloeked wlth 5% fetal calf '>t.!rul11 III 

TBS for 15 mm, and mcubated for 4S mm wlth a 1/20 dtlutlon of goat antl-rahbl! IgG 

conJugated to 8 nm collOidal golcl partlcles (Zolllllger Inc, Montreal, P() III l'BS 

The sectIOns were then washed for 5 mm m TBS contammg 0 1 % Tween-20 (x 1) 

followed by '.wo S-mm wa!>hes ln dlstJlled water The control antlbodles were 

Identlcal to those already mentloned under Itght mlcroscoplC ImmunocytlH.:henmtry 

m section VIII 1 Counterstamlllg of the tissue scctlons was donc wlth 4°'0 uranyl 

aeetate (2 mm) followed by 6% lead ctlrate (30 seconds) 

b) Ultrathlll frozen !>ectlons 

PreparatIOn of the cellular fractions for frozen sectlOnlllg was de,>cnbed rarller 

(section V 2) Ali the subs~quent steps were performed at room temperature and 011 

the same day Incubattons and washmgs were done accordlllg to J,m,>,>cn Llfe 

SCience Produets (1985) For Immunolabeltng, the gnds were l'irst IIlcubated for 1':; 

mm wlth a blockmg reagent (10 % fetal calf serum III TBS (pH 74) contallltng () 1 % 

bovme serum), followed by IIlCUbatlon 'Nlth the pnmary antlbodles at thelr optllnal 

dilution After three 5-mlll washes wlth 1 % fetal calf serum III TBS, the grill!> were 

agam IIlcubated wlth the blocklllg reagent for 1 S mm The gnds were th en IIlLubated 

on drops of colloldal gold (8 nm)- conJugated goat antl-rahbit IgG (/ollinger Inc. 

Montreal, PQ) at l dilutIOn of 1/20 followed by three 5-mln washes ln TBS and two 

5-mm washes 111 ddH,O The stammg and methyl cellulose embeddmg procedures are 

47 



• 

• 

already descnbed ln ~ectIon Y 2 Controls used were Identlcal to those already 

mentlOned m sectIon VIII 1 

t~L LECTIN BINDING ANAL YSIS OF EPIDIDYMAL SPERMATOZOA 

The presence of D-galactose and N-acetyl-D-galactosamme- contamlng 

glyco-conJugates were detccted by usmg Rlcmus Commums Agglutmm 1 (RC AI) and 

Helix Pomatla lectll1 (HPL), respectlvely, conJugated to colloldal gold The collOldal 

gold partlcles (15 nm) was prepared uSlng the sodIum citrate method descllbed by 

Frens (1973) DIrect RC AI-colloldal gold (GC) and direct HPL-collOldal gold (Ge) 

complexes were prepared accordlng to the method of Roth and Bmder (1978) 

DHect lectm-colloldal gold (15 nm) labelmg of ultrathm Lowlcryl sections was 

performed usmg aiS dilutIOn of lectm- gold complex mOlS M phosphate buffer and 

09% saline (PBS) at pH 74 Tissue sections were first mcubated at room temperature 

on a drop of PBS for 5 mm and then transferred onto a drop of ReAl-CG or 

HPL-CG for 1 hr The sections were then washed wlth PBS followed by double 

,hstllied water and dned on fllter paper (Whatman InternatIOnal Ltd, l\1<udstone, 

England) As controls for RC AI and HPL bmdmg, sectIOns were mcubated at room 

temperature m the presence of blockmg sugars D-galactose (02 M, Sigma Chemlcal 

Co, St LOUIS, MO) or N-acetyl-D-galactosamme (02 M, Sigma Chemlcal Co. St 

LOUIS, MO) The tI~sue sectIons were cOl'nterstalned wlth ur an y 1 acetate and I~ad 

CItrate, as descnbed IP. section YlII 2a, rlfld were exammed on a PhIlips 400 dectron 

1111 croscope 

K STATISTICAL ANALYSIS 

The results of enzYme speclfic actlvltles of each subfractlons ln exogenous 

radioactIve blOchemlcal assays were analyzed by smgle factor analysls of .. ~Hlance 

test (ANOVA) and Student Newman Keuls (SNK) test to detect any sll;mficant 

dlfference ln enzyme actlvltJes locallzed ln each fractIOns Two- tatled palfed Student's 

t-tests were used to detect any slgmficant dlfference between the enzyme speclfic 

actlvltles of the correspond mg subfractlons Isolated from caput and cauda epldldymal 

spermatozoa 
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RESULTS 

L UL TRASTRUCT!J.B.E_ OF THE CYTOPLASMIC DROPLETS [~ THE 
~XCURRENT __ QUCT SYSTEM 

1., the lumen of the t!fferent ducts and II1lual segment of the epldldymls, the 

cytoplasmlc droplet rctalns It<; pOSItIon as a small outpouchmg of cytoplasm evenly 

arranged around the sperm's tall at the level of the neck plece (Bloom and Nlcander, 

1961, Fawcett and ho, 1C)65, Fawcett and PhIlhps, 1969, PhJlhps, 1975. Bedford, 

1979, Kaplan et al, 1984, Robane and Hermo, 1988, Hermo et al , 1988) 

The ultrastructural features of the contents of cytoplasmlc droplets of spermatozoa 

found In the lumen of the Initiai segment and caput epldldymldls are "1 ustrated In 

figures 2-4 The major ~tructural feature of the droplet was the presence of numerou~ 

tlattened saccular elements whlch tended to be aggregated together and occupv one 

pole of the droplet (FIg 2) The latter findIng was consIstent wIth the obsef\ allOns 

by phase contrast 111lCroSCOpy on lIVIng spermatozoa from caput epldldymldls where 

the saccular elements of the droplet contmually enclrcle, as an aggregate, the outer 

l'lrcumference of the droplet m close proxlmlty to the plasma membrane The 

saccular elements were <,tralght or C ·~haped In appearance (Flgs 2-4) [n approprIate 

~ectlOns of the saccular elements It was apparent that they were dlsc or pl.lte-llke 

structures and not tubules (FIgs 2,3) ThiS latter findmg was confirmed on grazIng 

'-occtIons by electron mlcroscopy m prevlous ~tudles (Fig 4) 

The saccular elements often showed \VIde areas of close approXImation 10 lllle 

another but equally large are as of separation [n other cases, thelr edges were III clo"e 

proxlmlty to thase of others (FIgs 2,3) Areas where saccular elements came III do ... e 

proxlmlty to one another revealed the presence cf an Intervenmg. finely filamt!lllou", 

dense matenal (FIg 3) ln additIOn, consistent wlth a prevlOus morphologlcal \Iudv 

of the cytoplasmlc draplet (Hermo et al, 1(88), a few of the saccular del1lents 

appeared to be c10sdy ,l~~oclated wlth the plasma membrane, althollgh conllllultv 

netween the two was not obser .. ed (Fig ..t) 
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1L 
The Golgi apparatus lIndergoes mar\..eù changes ln ItS ovcrall confl!~ur.lttnn .\Ild 

appearance dunng the course of "permlOgenesls (steps I-Il) ln early ~pt.'rl1l.ltld ... ( ... tep ... 

1-7) the Golgi apparatus was hemlsphencal and occupled tht! craIllai poh' lit' th\! 

nucleus (FIg 6), v.hert! a role III the formatIOn of the acrosome h,l'" IlL'l'll 

demonstrated (revlewed bv Clermont et al, 19Q O) At step 8, the GolgI .lpparatus \\,1'" 

observed at the caudal pole of the nucleus next to the developmg taIl wlth a ... phcncal 

morphology and thereafter was observed free m the cytoplasmlc lobe nf the 

spermatld Morphologlcal analysls of steps 9-15 spermatlds revealed a d.I ...... lcally 

onented GolgI apparatus wlth stacked saccules and assocmted veSic\es (FIg 7) 

By step 16, the GolgI apparatus appeared less mtact wlth dlspersed ~accllle,> IWW 

eVldent (FIg 8) A notable feature at thls step was that several flattened .... \Ccul.tr 

elements were seen ùlstant to the Golgi apparatlls At steps 17 & 1 H uf 

spermlOgenesls, the GolgI dpparatus was no longer observed as a morphologlL.lly 

recgolllzable structure ThiS event comclded wlth the presence of many tlatteneu 

saccular elements whlch were observed ellher frt!ely dlstnbllted III the '>lHl('lIndlll~ 

cytoplasm (FIg 9) or ln loose aggregates (Fig 9 Inset, FIg 10) It ~hollid he l10led 

that sorne saccular elements abo pre~ented a C - shaped appearance whlch. \'vh\!n CIlt 

111 a cross sectIOn, appeared as clrcular elements <.,lIrrollnded by a double mell1brane 

(Fig 10) 

At early step 19 of spermlOgenesls .;;ome ve~tlges of the GolgI app.u ,II LI'> .tre 

Identlfied as small aggregates of several tlattened ,>accular dcments whlch ... !tow no 

definable onentatlOn and few veslcular profiles (Fig Il) rhe mo.,t <.,allent fe.llult.! ni 

thls step IS that numerous saccular clements are loosely dlstnbuted throughnllt Ihe 

cytoplasm 

Morphologlcal analvsls of late ~tep 19 spermatlds revealed a ,>egregatlon (lI IlIlu,>ed 

mltochondna, granulated b')dles, endopla~mlc retlculum, nbo,>orne<., <lIld 'llher 

organelles tIlto the resldual body destmed for phagocytosls by Sertoll Lell., (\lorale,> 

et al, 1985) The tlattened saccules, on the other hand, congregated wlthln the ,>m,dl 

mass of leftover cytoplasm I,n the neck reglon of the tad whlch by late ,>tep l'} V.,1'> 
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recognlzable as the cytoplaslTIlc droplet (Fig 12) Il should be emphaslzed that the 

'iaccular elements were not found 10 resldual bodies and that the superfl uous 

organelles present ln resldual bodies were not found m the droplets Furthermore the 

flattened saccular elements of the draplet were slmllar ln morphologlcal appearance 

and dimension to those found loosely dl~trIbuted m the cytoplasm of ~permatlds 

begrnnmg at step 16 (compare Figs 4 & 8), and to the tlattened saccular elements 

composmg the GolgI se en 10 earher steps of spermlogenesls (compare F Igs 2 & 7) 

ill ISOLA nON OF SACCULAR ELEMENTS OF THE CYTOPLASMIC 
DROPLET 

Saccular membranous elements of the cytoplasmlc draplet were Isolated from 

spermatozoa obtamed from both caput (mcludmg mltlal segment, proxIma: and distal 

caput) and cauda (mcludmg proxImal and dIstal caudal epldldymldls Slnce the 

correspondrng fractIons obtamed from spermatozoa of these two reg IOns of the 

epldldymls were morphologlcally Identlcal, the followmg descnptlon of the Isolation 

procedure and the results obtarned were applicable to spermatozoa Isolated from both 

caput and cauda epldldymld!s To assure that the cytoplasmlc droplets were Jetached 

l'rom the spermatozoa, the mltlal sperm suspensIOn was subJected to a shear force by 

passlIlg It through a 20 gauge needle several umes The suspensIOn was then 

centnfuged at low ~peed Into a supernatant (S) fraction, contamlng predomlnantly 

cvtoplasmlc drap lets, as determmed by electron mlcroscopy (FIg 13), and a pellet (P) 

fractIOn contalnmg spermatozoa (Fig 14) It IS Important to note, however. that a 

o.,ubstantlal number of cvtoplasmic draplets were strll found ln the pellet and thus the 

supernatant was only representau've of a fractIOn ennched rn cytoplasmlc droplt!!,> 

The cytoplasmlc droplet-ennched supernatant was subsequently 

~ubfractJonate the droplet on a 4-step sucrase dlscontmuous gradient Bv 

ultrastructural analysis of the 5 resulttng fractIOns, Il was found that the ,>Jccular 

clements m questIon reslded mamly 10 fractIOns 3 and 4 of the gradient 

FractIon 3 of the gradlt:nt, corrt'spondrng to the mterface between 0 8 \1 and 1 0 

M sucrose buffer (sp grav.ty 1 105/1 130), was compnsed of numerous plasma 

membrane-enclosed Jroplets contatntng flattened, stralght and C-shaped ~.lccular 
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dements, resembhng thost! round \\llhlll dropll!h III .... Itu I!XC~pt for.1 Il):- .... of 

cytoplasm (Fig 15) Wlth the exception of Ihe plasma membrane founu "urrnundln~ 

these dlscrete packets of saccules, no <;Igm flcant contall1lnatlon hv olher .... penn 

components was found 

Immunocytochemlstry usmg polyclonal antlbodles ral~ed agalll~t fr,H:tlllll 1 

(anu-SE) (see section VII) was found to label the droplets of ~perl11ato/oa III Ihe 

lumen of the epldldylTIlS usmg Itght lTIlCroSCOpy, over the saccular dements \lI' 

cytoplasmlc droplets III ~Itu by e1ectron mlcrosl..Opy and over Isolateu "'acŒlar 

elements usmg electron mlcroscopy of ultra-thm frozen sections 

Fraction 4 of the gradient (0 6M/O 8 M ~ucrose buffer, "p gravlty 1 OHUt 1 1 O'i) 

was also charaetenzed by saccular membranous e1ements (Fig 16) s!mtlar III ..,lIe ,\IId 

shape to those descnbed for fraction 3 above However, m contra~t ta fraction 1 (Fig 

15), the saccular elements III fraction 4 (Fig 16) were not round ln dl~Mcte padet .. 

enclosed by a plasma membrane but rather were loosely arranged throughout the 

fractIOn 

Although sorne saccular elements were found ln the other three IIlterface" of the 

dlscontmuous sucrase gradient (1 e, fractIOn 1 or the pellet fractIOn, fracllon 2 

between 1 2 M and 1 0 \1 ~ucrose, and fraction 'i between 0 6 M and () 2'i M 

sucrose), these elements did not predomlllate as III fractions 3 and 4, but ralher \\Iere 

IIltermlxed wlth vanous other sperm fragment,> and compont!nt<; 

IV POLYPEPTIDE COMPLSITION OF lttt )Ù\ÇClJt-t\~ E11_:~U:t',n S 

Polypeptide compoSItions of vanous Isolated <,ubcdlular fraLl 10 Il ." t rOI1l 

spermatozoa from III III al segment and caput cpldldymldls were analYLcd on X 10 1 XO/o 

gradient polyacrylamide gels (Fig 17) Fractlon~ S (Iane S on hg 17), ""llII.:h 

represents a erude extract of cytoplasmlc droplets, contams numcrou,> polvpepllde 

bands at the range of 15 to 100 kD Major peptide bands were oO'icrvf.!d at 21, ·t l, 

445, 68, 75 and 80 kD SubfractlOnatlon of fraCtlon S Ylelded fractions 1 10 R (Ianc 

1 to R on Fig 17) ln fractIOn 3 (Fig 17 lane 1), where saccular elernl!nt'> of 

cytoplasmlc droplets were observed by clectron mlcro~copy, ,>even major pl!Plldc 
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band~ of moleculrr maS5es 33, Jh J, 44 S, 68. 7", 97 and 110 kD were Idenufled SIX 

of these se ven polypeptides (except the 68 kD one) were more promlnent than ln the 

onglnal crude extract (1 e fraction S), representJng an ennchement of these 

polypeptides Note also that the dlstnbutlOn of polypeptIdes Hl fractIons 3 and 4 was 

<,Imllar 

The transferrect polypeptide bands of Isolated saccular elements from fraction 3 on 

Western blot (Fig 18 lane H) were comparable to those found on polyacrylamlde gels 

(FIg 17 lane 3) Polypeptide compositIOn of fraction 3 Isolated from caput epldldymal 

'ipermatzoa (Fig 18 lane H) was dIstinct from that Isolated from cauda epldldymal 

<,permatozoa (FIg 18 lane T) On Immunoblots, antlsera ralsed agamst Isolated 

<,accular elements from 5permatozoa of the entlre epldldymls (antt-SE) bound most 

~trongly to polypeptides of caput saccular elements of molecular masses 17, 36 and 

445 kD (FIg 18 lane H3) On the contrary, Immunoblots of cauda saccular elements 

(Fig 18 lane T3) showed promJnent ImmunoreactlOn wlth antl-SE between 30 to 70 

kD 

V SUBCELLULAR DISTRIBUTION OF GOLGI APPARATUS AND 
LYSOSOMAL ENZYME ACITIVITES IN EPIDIDYMAL SPERMATZOA 

The actlvltles for the enzymes galactosyItransferase (GT), slalyltransferase (ST) and 

aCld phosphatase (AP) were first determmed for the initiai pellet (P) and 'iupernatant 

(S) fractIons of spermatozoa obtaJned from the initiaI segment and caput epldldvmldls 

('l'able 1) The relative specJtlc actlvltles (RSA) of GT and ST were found 10 be more 

than 2-fold hlgher ln the supernatant than ln the pellet (p ..... O 005) ln the case of ,\P. 

aIl of the enzyme acuvlty was locallzed m the supernatant (p<O 001) 

The supernatant fraction. ennched ln cytoplasmlc droplets obtamcd from the initIai 

segment and caput epldldymal spermatozoa, was subsequently subfractlonated mto 5 

(hscrete fractions (1 to 5) by Isopymc centrifugatIOn on a dlscontlnuous sucrose 

gradIent (see IsolatIOn procedure above) The enzyme actlvlUes of the correspondmg 

~ubcellular fractIOns (1 to ~) and of the resldual (R) fractIon (composed of the 

contents of the leftover sucrase gradient) were presented. accordmg to de Duve et 

al (1 (75), ln Fig 19 The hlghest GT and ST sppclfic aCUvlty was found ln the 
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fraction 3 (p<O 005) \ .. lth the fraction 4 (p' 0 005) a dos~ ~~cond 1 Ile IlIghe ... t tilld 

ennchment (4-6 fold) of the specifie aCtlvltles of these two Golgi l11ar~er en" 11l~ ... 

cOlnclded wlth the prc:!dommance of saecular membranous dements found ln fr,ll'tlOn ... 

3 and 4 ACld phosphatase, a Iysosomal m.u~cr enzyme, was also round to he 

ennched ln the fractions 3 (p<-O 01) and 4 (p~ 001) However, the fold ennchmènt 

(maximum of 2-fold) of ItS speclflc aetlVlty was conslderably Icss than tha. for the 

two Golgi marker enzymes 

The exact percent recovery of the proteln content and enzyme :letlvltle" for the 

vanous fractIons relative to the whole supernatant fraction IS presented ln Llble 2 

The absolute values for the speclfic actlvltles of GT, ST and AP ln fraction 1 were 

determmed as bemg 3 542±0 47 nmol/mm (mg proteln, 1 1610 15 nmol/mm mg .U1d 

396±736 nmol PI/mm /mg, respectlvely The magnitude of the Golgi marker ènlVl1lt! 

actlvltles were comparable to those found m Isolated rat hver Golgi apparatus 

(galactosyltransferase Hmo et al, 1978b, Bretz et al, 1980, Bergeron t!t al. 1 <)82. 

slalyltransferase Bretz et al, 1980) 

The effect of trypstnlzatlOn on galactosyltransferase actlvHy IS shown 111 figure 21 

Unoer Tnton X-IOO free Incubation conditions, the enzyme actlVlty decrea!>ed 1IlIII,IIIv 

to around 60% of the total actlvlty at low tryp<;m concentration The percent.lge nI' 

enzyme actlvlty dld not decrease any further desplte the mcrea~e of Ir. p.,m 

concentratIOn by another ten-fold ta 100 ug/ml On the other hand, ln the IHe ... enLe 

of Tnton X-IOO, galadosyltransferase actlvlty decreased .,harply to 17° 0 nt Ihe 101.11 

enzyme actlvlty at a minimal concentratIOn of trvp<;m A further IIlCrea.,l' III 11\ p ... ln 

concentration caused gal actosy 1 transferase actl VI ty to decrease ta helow 'i 0 
0 lIt 101 ,li 

enzyme actlvlty 

Correspondmg fractIons, as those obtalned above for caput ... pcrmat%a, v.ere .• ho 

obtamed for cauda spermatozoa and a<;se<;sed for GT, ST and AP en.l)'llh! .h,II\IIV 

Surpnsmgly. no slgntflcant ennchment of the Golgi marker enzyme actlvltle., V..l'i 

found ln any of the fractions (Table 3 & Fig 20) ln fact, the ab ... olute <,peLlflL 

actlvltles of the two Golgi marker enzymes ln the ~accular dement fral.llon ... l .lI1d 

4 of the cauda epldldymal spermatozoa were found to be more than 10 ume,> lov.cr 
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than that of the corr~~pondlng fractions ln caput epldldymal spermatozoa (p~ 0 001) 

Such a drastlc decrease 1/1 Golgi marker enzyme actlvlty was not observed for aCld 

pho~phatase actlvtty Rather, a comparable actlvlty profile was obtal/1ed between the 

correspondtng caput and cauda fractions 

y~ IMMUNOCYTOCHEMIC AL DETECTION OF GOLGI APPRATUS 
MARKERS IN _THE EPIDIDYMIS 

1) L1GHT MICROSCOPY 

Survey sections through the InItiai segment of the epldldymls that were probed 

wlth the trans GolgI network protem (antl-TGN- 38) antlsera revealed an Intense 

Immunoperoxldase reactlon product over the supranuclear reglon of the eplthellal 

pnnclpal cells Itnlng the tubules (FIg 22) Immunoreactlon was also observed as 

dtscrete dense dots ln the tubular lumen At hlgher magnlficatlon. the reactton ln the 

pnnclpal cells was dtscer/1lble as a dense anastomotlc network localtzed ln the 

supranuclear reglOn (Fig 23) ThIS Immunoreactlve area of the cell corresponds ta the 

reglon of the Golgi apparatus No reactlOn was evtdent over the remal/1der of the 

cytoplasm or nucleus of the cell In the tubular lumen at hlgher mag/1lficatlon, the 

ImmunoreactlOn was locallzed over dlscrete bodies, located along the sperm tat!, v.hlch 

correspond to the cytoplasmlc droplets (Fig 23) No statnl/1g was detectable ovcr ather 

reglons of the tat! or head of spermatozoa Slmt!ar reactlons wlth antlsera to H"j;.J-18, 

as demonstrated here for the Irlltlal segment, were found throughout the remal nder of 

the epldldymls (results not shown) 

Immunoreactlon wlth antl-p 1,4 galartosyltransferase (antl-GT) Immune '>erulll 

revealed an tntense reactlon, over the supranuclear reglon of the eptthellal pnnllp.ll 

cells of the tnlttal segment of the epldldymls (Fig 24), slmt!ar to that "hov"n for 

TGN-38 anttsera Llkewise an Intense reaetlon was observed ln the sperm tat! o"er 

dl~crete bodIes \\hlch corresponded to the cytoplasmle droplets Upon do,>el 

exammatton of the Immunostammg reactlon tn the eytoplasmlc droplet, It "\-as tound 

that the reactlon was predommantly localtzed to one pole. cotneldmg \\-lIh the 

locatIOn of the aggregated saccular clements (FIg 25) Agam, no ImmunostatnJr.g was 
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detectable over other reglons of the t,li 1 or h~ad nt' "'p~II1l,1I0.l0a ln l't'ntLbt tn th~ 

strong reactlOn observed over the ~\'topla~mlc droplet \\lth the niN- H~ ,lIltl ... er.l 

throughout the epldldymls, the antl-GT reactlon \Vas undetectable III the n tnpla ... mll': 

droplets of the corpus and cauda epHtldymldls Hov.ever, the reactlvltv rem~\Ined ovt'r 

the supranuclear reglon of the pnnclpal cells (Fig 27) 

Antl-a 2,6 slalyltransferase (antl-ST) antlbody also excluslvely reacted wlth the the 

supranuclear reg IOn of the pnnclpal ccII and the cytoplasmlc droplets wHllIlt tht' I!llllai 

segment and caput epldldymldls (Fig 26) However, as III thls case wlth anti-G r 
antlbody, no reactlon ln the above locatIOns were obserwd ln Ihe rematnder of the 

epldldymls 

In summary then, regardless of the vary mg reglOnal lI11munostamlllg dlstn hutlOn'i 

seen III the epldldymls, the three a1lt1bodles agalnst Golgi markers were found nnlv tn 

react wlth the Golgi apparat us of the pnnclpal cells and the cytoplasrlllc droplets of 

the spermatozoa 

Controls usmg normal rabblt sera, prelmmune sera, .mtl-EGF and antl-ln ... lIhn 

anttbodles dld not show anv reactlon over the epltheltum or sperm III the eplJldVIl1I'> 

2) ELECTRON MICROSCOPY 

Immunocytochemlstry performed at the ultrastructural level on 1 oWllrvl 

embedded tissue wlth the three anubodles agamst Golgi markers (1 l', ,11111-1 (iN, 

antl-GT, antl-ST) confirmed the speCifie cellular '>Ites and thelr locall.latlon,> ,It the 

laght microscope level Desptte the variations ln IInmllno-gold labellllg Inlen'>ltv 

observed wlth these four antlbodles, the gold partlcles were present exclu"'lvL'lv Ilver 

areas contalnlng the saccular elements of the cyt0plaSll11l: droplet~ ot ... pcrlll.tt%a 

(Flgs 28-30) No other reglons or organelles, Includmg the plasma melllhr,lIle. ""ere 

labeled As III the case of LM Immunocytochemlstry, the antl-GT ,mJ ,1Il11-~ r 

antlbodles were found to label more ~trongly the saccular elements ln '>permat%(t of 

the millai segment and caput epldldymldls, whde III corpus and cauua eplJldvrnal 

spermatozoa, slgnlfieantly weaker ImmunorcactlOns were observed wlth the ... e two 

anttbodles On the other hand, correlatmg wlth our result'i on LM 
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Il11rnllnocytol.heml,>try, antl-r(JN-38 antlbodlt;!~ were found to label the :"lccular 

e1ernent~ of spermatozoa from ail reglonc; of the epldldyrnls 

Frozen sections of Isolated saccular elements (fraction 3) obtamed from the Initiai 

<,cgrnent and caput "pcrrnatozoa were labeled Intensely wlth both antl-ST antlbody 

(Fig ) 1) and wlth antl-GT antlsera (Fig 32) Correspondmg to our results ln LM 

IInrnunocytochemlstry, Isolatc:!d saccular el~ments obtamed from cauda sperrnatozoa 

were only weakly labeled wlth these two antlbodles (Fig 33) 

Yll !MMUNOCYTOCHEMISTRY STUDY OF THE ANTI-SE ANTIBODIES 
RAISED AGAINST ISOLATED SACCULAR ELEMENTS 

Antlbodles ralsed agalnst Isolated saccular elements (antl- SE) were tested on 

Imrnunoblots of polypeptides of saccular elements from caput and cauda epldldymldls 

('ice section IV) To fUither demonstrate thelr speci fiClty, 1 mm unoctychemlstry on 

tissue ~ectlons were performed USlng hght rnlcroscopy, antl-SE was found to label 

mtenscly over dlscrete bodies of the sperm tad correspondmg to the cytoplasmlc 

draplet (Fig 34) No Imrnunostamlng was detectable OHr other reglons of the tad or 

Iwad of spermatozoa ln additIOn. the antl-SE anubodles also label the supranuclear 

reglon of the eplthellal prinCipal cells At hlgher magmficatlon, the Immunostammg 

was cOllfirmed to be on the cytoplasmlc droplet and Golgi apparatus of the prinCipal 

œlb (Fig 3)) Such stalnlng pattern was consistent throughout the entlre epldldyrflls 

At the electron microscope leve!, antl-SE labeled Intensely the saccular d~rnc:!nts 

of the cytoplasmlc droplets m Situ (Fig 36) No other reglOns or organelles, Includmg 

the pla~l1la membrane, were labeled Ultra-thm frozen sections of Isolated saccular 

dements were Intensely I.lbeled wlth antl-SE antlbodles (Fig 37) The Inten~lty of 

labehng dld not dlffer qgnlficantly between Isolated fractions from caput or cauda 

epldldvrnal sperrnatozoa 
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Lowlcryl embed~d tl""lIe sections at the dectrnn 1111CroSCOpu: 

gold-conJugated Rlcmus Commums Aggluttn1l1t 1 (ReAl) ,md lIelix POl1latl,1 lectlll 

(HPL) bound to the saccular elements of the cytoplasnllc droplet as weil as the 

adjacent plasma membrane of InitIai ~egmellt and caput epdldvmal "permatMll,1 (FIg ... 

38, 39) In the presence uf correspondtng competitive sugars D- galllLto ... e ,ml! 

N-acetyl-D-ga\actosamtne, speclfic lectm-gold labelmg was not observeu 

LX ENDOGENOUS GL YCOSYLA TION ASSA ys. 
In order to assess further the functlOnal slgnlficance of the cytoplast1llc droplet, 

111 vitro glycosylatwn of endogenous polypeptides by the Isolated saçcular demellt 

fractIOns was performed as descnbed prevlOusly for rat IIver Golgi fra..:tlOn ... 

(Bt!rgeron et al, t 982, 1 q85) Incubation of the mtact fractIOn 3 wlth UDP-\ 1111 

galactose or CMP-['H] slallc aCld III the absence of detergent and/or allV membrane 

perturbants, revealed that several polypeptide bands on the Isolated sacclilar element 

fraction were radlOactively 1.1beled by ['H]-galactose and [IH]_ '>Ialic aCld (hg ·Hl lane 

2 & 3) A large number of polypeptides of molecular masses betwecn 29 and 2HO J..D 

were acceptors for glycosylatlOn wlth UDP-[ IH ) galactose Polypeptides of ll1olecul.u 

masses 144, 20 4, 14 ~ and 62 J..D served as major acccptors for (' MP-[ 'II [ "'Jalle 

aCld When companng the two glycosylatton profIles on SDS-PAGE to the ('ooma ...... lc 

blue stamed profiles, It was eVldent that the '>Ialolabeled glycoprotcln dld 1101 

correspond to the major polypeptide bands of the fraction., whlch wcre oh.,el" e,l .lt 

12,44 S, 68, and 110 kD (Fig 40lane 1) 
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DISCUSSION 

The Golgi apparatus IS lIblqUltOliS to ail eukarvollc œlb .Uld I~ 1I..,1I.1Ilv defllll'd llll 

morphologlcal grounds as an mtraœllular 

cisternae orgamzed as a sacclilar stack \lylth .bsoclated \ eSlcles 1 he lllg.\IlL'lIe h.l'" 

been demonstrated to be a ,,\te of rL'gulatlon of prolem ,l'CfctlOn wlth 1l10dillC.lllllll 

1 eactlOns such as termInaI glyco!:.y latlOn, 'iulphatlon and phosphorv latllln OCC11I1lllg III 

secretory and membrane protelns ln transit and '>Oftll1g of mcmbrant.! .\IlU ullllcnl 

proteIns occurnng at the eXit or trans-pole of the organelle (sec Pa\'el~a, 1 qH7 fOI 

a revlew) In thls study we provlde morphl)loglcal. blochemll:al .md 

ImmunocytochelTIlcal eVldence, bath In Vitro and III VIVO, that dUflng ~pelllllllgclh.''''I ... 

the Golgi elements are subsequently segregated, from other spermatld orgalll' 1 IL,..,. 11110 

the cytoplasrmc droplet of 'ipcrmatlds at "permwllon These clement,> .Ire rct.\Il1ed 

wlthlll the cytoplasll1lc droplet dllflng 110;; distal 11lIgratIOn along Ihe LilI 01 

spermatozoa ln the caput t.!pldldynlldls and ItS cpn,>equent detachment l'Will Ihe laii 

beglllnmg m the corpus and endmg ln the cauda t.!pldldyn1\(.hs 

L ULTRASTRUCTUJ{AL ANALYSIS OELAJESJ>ERMAHD IN 1111' 11· .. ·111-; 

In an attempt to observe Ihe formation of the cvloplasmlc droplet, the Lvtopl.l'.llI 

of late spelmatlds ln rats was examlned Illorphologlcally by electron IllICf(J..,LOPV It 

has been ~nown for a long tlme that the Golgi .lpparatu~, whlie IllOrphollll!IL.lllv 

Identifiable III spermatlds at early steps of "'perrlllogeneo.,lo." \ .... a'> nut fOllnd III 1l1.llllIe 

spermatozoa (revlewed by Clermont et al. ICJ(1) Il appear,>. III our ... tllLlv. 111.1' the 

saccules of the Golgi apparatus begm to ,>egregatc from one .muther al ..,tep 1 Il .lflll 

17 of spermlOgenesls Thl" :.cgregatlOn ocellrs LonCIHentlv wlth tht.! .Ippe.u ,lIll e III 

the cytoplasm, of the looselv scattered !:.aecular clement<, MorphologlL.dlv the 

IIldlvldual saccular clements resemble the "acculc~ of the (jolgl ',tad" ob..,en.<:d .11 

earher steps of spermlogene~ls At ,>tcp 19 of "'pe/ll1logerw'>I'>. the .n.t'UIM L'1L'IllL'tlh 

congregate and are packaged mto the droplet, whlle the rem<lIrllng organellt.:o., «,uLl. 

as mItochondna, f1bosomes, remnants of the endopla~mlc retlelilum and Ilpld bodle"l . 

along wlth the bulk of cytop~asll1, are phagoeytosed by the Sertoll <-ell.., to 1!H1Il Ihe 
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re'>ldual bodlc,) Thl~ ~I.!qut.!nct! of ob<,ervatlons Il.!d liS 10 Invcstlgate the hypothesls that 

the ~accular clements of the cvtoplasmlc droplet are Golgi denved (Fig ·ll) 

li ISOLA TIQ,~_ QL __ ~~iACCULAIL_ ELEMENTS FROM CYTOPLAS:YlIC 
QROPLETS 

{h,mg a 4-step dlscontlOuous <,ucrose gradlt.mt, we developed a sImple and 

reproduclble method for the l~olatlOn of the saccular elements of the cytoplasmlc 

draplets Although there have been several studles reportmg the IsolatIOn and 

blochemlcal charactenzaoon of the cytoplasmlc droplet of spermatozoa ln vanous 

l11ammahan specles (Dot! and Dlngle, 1968, Garbers et al. 1970. Momem and Glover. 

1972, Roberts et al , 1lJ76, Kaplan et al, 1984, De Vries and Colenbrander. 19(0), thls 

<;tudy I~ the first to Isolate and blOchemlcally and Immunocytochemlcally chaJacteflLe 

the saccular elements ln the cytopla'imlc droplets 

An essenllal feature of our I~olatlon protocol IS the use of a multl-step gradient 

whlch not only allow~ us to study the vanolls cellularlsubcellular components of the 

crude cytoplasl11lc droplet fraction, but also provldes a less traumatlc enVllonment 

than protocols used bv other InveslIgators (Dott and DlI1gle. 1968, Harrison and 

White. 1969, Garbers et al, 1970, Roberts et al. 1976) The gradatIon of buoyant 

dcnslty aVOlds abrupt changes ln the centnfugal forces and thus reduces the sheanng 

forces expencnced by parucles as they sediment Furthermore, as sedimentation 

occurs on Interfaces of butTer, harsh pelletlng of subcellular fractIOns agaln~t the tube 

wall IS avolded, thus allowmg better preservatIOn of the morphology and Integnt\ of 

the ..,ubcellular structure~ for further analysis 

l'he buoyant denslty of the sucras\.! Interfaces wherc the saccular element'i were 

Isolated were 1 1302/1 IO'i4 (fractIOn J) and 1 1054/10797 (fraction 4) Intere~tll1glv, 

these values correspond to that of the heavy and IIght Golgi subfractlons, re~r:ectlve\y. 

t'rom lat hepatocytes (Bergeron ct al, 1(82), supportmg our hypothesis that the 

saccuiar elements of cytoplasmlc droplets are Golgi elements 
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The punty of the Isolated frawons of sacclIlar ~I~m~nts \\.b ~,al11ln~d h" ,-'IL'clroll 

Imcroscopy and showed that contamInatIon ov oth~r \'Islbl~ œlllliar ~11\lClllr\: ... \\.1'" 

minimal Furthermore, polyclonal antlbodlèS r~\Ised agalllst the I~ol.\ted fractIOn \\l'IL' 

found to speclfically Immllnolabe! the sacclliar elemclit III situ, the ab.,l!I1l'l! of anv 

cross··labelmg on other cellular structures confrrms Ihe punty of our sacclIlar dellll'nl 

preparation 

DISTRIBlJTION_~O,,-,-F GOLGI AP--.pARA1:J)S _ MARJd~R I·N/yr-.lI· 
ACTIVITIES 

USlllg radIOactIve glycosylatton a~says, slglllficallt fold- l!IHIChl1ll.'nt of 

galactosyltransferasc and sialyltrarisferase, two well-known marker enzyme!'> f( 1 11ll! 

GolgI apparatus (Berger and Hesford. 1985, Roth and Berger, 1982, Roth et .\1, \IIH\ 

Strous et al, 1983), were Identlfled ln the lsolated fractlon~ of saccular demenb t'rom 

the mltIaI segment and caput epldldymal spcrmato.lOa rhe ~pCClfiC ,\(.:11\ lite.., ot 

galactosyltransferase and slalyltrarlsferase, measlIred by eXl)genous glycowlallOll, have 

been reported III variOllS studles U~tng dlfferent I\\cllbatton medIa and ClHllllllon.., ln 

general, for galactosyltransferase the reported specIfie acttv1ty III rat 11\. er (iolgl 

ranges From 3 5 to 13 nmol/mg protelll/mm (!-Irno el al, \978a, BretL el .11. \ C)HO. 

Bergeron et al, \(82), and for sialyltransferase 1<; 8 to \4 nmol/mg/mlll (Bletl' ('1 al, 

1980) The galactosyltransferase and slalyl tran!'>ferase aell vltle'> of l ,>ol.lled '>.Il Lulal 

element fractions were 2 1 and 1 1 nmol/mg proleln/mln, re'>pecttvcly .\Ithough the 

absolute speCifie enzyme acttvltleS of the two Golgi marker enLymc" \Vere I(\wer. the 

order of magnitudes of the values agree do<;e!y to Iho,>c reportcd ln the iller.IIlHt: lm 

rat IIver Golgi appar.ltus rhese Jata "ugge..,t that the "accular L'lemt:lIl" ... h,lre III 

common wlth the GolgI apparatlls the locallzatlofl of (, r and ST and "Uppllrl (l\H 

hypothesls that the saccular elemcnts are GolgI elemenl<; nr Golgi denvcd 

Galactosy 1 transferase on the sacclIlar element fraLtlon 1 S re<'l~tan t to Irv P..,\rll l'aIIOIl 

111 the absence of the Jetergent TrIton X-IOO l'he initiai drop ln cnl'yllle alllvlly ,II 

low tryPSIll concentration 15 Itkely due 10 tryp!:>1n mactlvatlon of free 

galactosyltransferase present III a soluble t'orm ln the <,ubfractlon 1 hcrcafter. de..,pIlt· 

G L 
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thc Inereast! ln tryp~1n Icvels. the cnzyme aetlvlty does not decrease any further A 

'>Imtlar kmf:tlc pattern of galactosyltransferase actlvlty at vanous trypsm concentratIOns 

IS also observed ln the rat Ilver Golgi apparatus (Flelscher, 1981) It has been 

propo,>ed that such a resistance to trypsmlzatlOn IS related to the topologlc, or spatial. 

arrangement of the enzyme ln the Golgi saccule (Flelscher, \98\, Strous et al, \983) 

Accordmg to thls model, the membrane-bound galactosyltransferase IS sltuatt!d ln the 

mtcnor of the Golgi saccule, whtle trypsm ln the medium IS on the exteflor slde of 

the ,>accule and thercfore will not be able to tamper wlth the enzyme In the presence 

of Tnton X-IOO, on the other hand, the Integnty of the Golgi saccule membrane IS 

dlsrupted and the enzyll.e IS thus exposed for tryp~ln degradatlon The fact that 

galactosyltransferase ln bath the droplet saccular elements and m Golgi saccules show 

sirndar kmetlcs ln trypslnlzauon 5uggests that the spatial arrangement of the \:mzyme 

relative to the membranous milieu of the two organelles are slmJlar 

IV IMMUNOCYTOCHEMISTRY ON LIGHT AND ELECTRON MICROSCOPY 

The presence of galaetosyltransferase and slalyltransferase on Isolated ~accular 

dements of cytopla5mlc droplets was Implled by the hlgh fold-ennchment of enzyme 

aCltlvlUes m our blochemlcal assays Such findmgs led us to employ 

Iml11unocytochemlstry at the Itght and electron mlcrosco~e levels to morphologlcally 

Incallze the enzymes to the saccular elements Although the antlserum agalnst 

galaetosyltransferase we used has been reported to be human speclfic, It also contalns 

antlbodles to sugar re~ldues (Chtld et al, 1986. Watzele et al, 1991) For thls rcason. 

wc lIsed, m addition. antlbodles to proteln affinlty-punfied antl-IX 2,6 slalyltramferase 

.rnd antlsera to TGN 18 for our ~tudy POSitive Immune reaetlons were demonstrated 

wlth ail these antlbodlc!<; on the saccules of the dropl(;;t. the Golgi reglon of c!pltheltal 

pllnclpal epldldymal cello; and the Isolated saccular elements, provldmg further 

eVldence that saccular elements from cytoplasmlc droplets share slmtlantIt!s wlth the 

Golgi apparatus 
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The plasma membrane of the head and tad ~)f "'pel mato.lO.l \\,l~ /wt (1.',lctn ~ tn ,\Il\ 

of the anubodles The absence of IIll!11unolabeimg \\ Ith g,llarto..,\ Itr,\Il',r~1 ,l"'\! 

antlbodles on spermatozoa plasma membrane IS of partlcular IIltere ... t Plt!\ IOU'" 

rnvestlgattons have reported the presence of ~perm-surface gal~lI.:to ... \'ltr,lIl ... fl!r,l"'è 

actlvlty ln the head or at least the acrosome of mouse ~permato.lOa (Shur ,1Ill! Roth, 

1975. Durr et al, 1977. Shur and Hall. 1982a & 1982b. Lopez ct ,11. II}X'i, "iŒII\. d 

al. 1987, Lopez and Shur. 1 Q87, Mclaughllll and Shur, 1987, Scullv et al, l 'lX7 

Scully and Shur, 1988. Shur and Neely, 1988, Senau and Storev. Il)XX, 

Fayrer-Hosken et al, 1 qq 1. Mrller et al. 1l)l}2.) Con~lderable eVldence h,l'" heen 

pre~~nted that surface galactosyltransferase III the mouse spefmuto,l.Oon l11ètlt,Ih!., 

sperm-egg recognition (Shur and Hall, 1982a & b. Lopez et al, 1l}8'i, Scullv d ,II 

1987, Hathaway and Shur. 1988, Shur and Neely,1988) Our rc,>ults do not I.lHl!lrl11 

the presence of galactosyltransferase on "perm plasma membrane lIowcver. v"hether 

su ch a dlscrepancy can be explamed by the low speclficlty/affinlty of the ,1Iltloodle., 

we used to the partlcular sub-type of galactosyltran.,ferasc, If It eXI.,t.,. on 'perm 

plasma membrane remalns to be answered 

Our negatlve result concurs wlth the findrngs of Tulslam et al (19l)()) v .. ho ,11"'0 

found no galactosyltransferase actlVlty ln plasma membrane preparation., 01 hUIll,ln 

epldldymal sperm ft IS of mterest that ln one .,egment of thclr rnve.,tlgalJon dL'.dln~ 

wlth the obtentIOn of contamrnant-free human -;permato7oa from a dl"'U)flllIlUOU., 

percol! gradient, the authors reported that llt!arlv ail of the 1IlI.',I ... IH ,Ihlt! 

galactosyltransferase actlvlty was found at the top of the gradient Ulll ... l ... ti11 \!. III 

semmal plasma, unldenufied veslcles and other \t!<'lclL'~ <,uch as the L'y 1l1pl.t..,1lI11. 

droplets ThIS latter observatIOn. based on the results of our ,>tudy. <,ugge ... '" Itl.lt tht' 

source of galactosyltran~ferase rn tht!lf Iight fraction wuld h.lvt! been el1lan.t(ln~ !rolll 

the saccular elements of the cytoplasmlc uroplet We further "uggc~t thL' pO ... ..,lhdIlV 

that 111 the initiai Investigation reportrng the pre"ence of galaLlowl. ,Ult! 

slaly!transferase ln the moust:: ~perm plasmalemma (Durr et al. 1 ()77. ~hlJr ,tilt! 

Bennett, 1979), the washed sperm fractions that were found enrrched 1t1 thL' t .... o 

glycosylatlC'n enzymes could have been contamrnated wlth enzymes onglllattn~ trom 

?-) ) 
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the <,accular dement~ ùf the cytoplasmlc droplet. thls hypothesls would requlfe 

expen mental proof 

V_ ENDOGENOlJS Cil YCOSYlATION BY SACCUlAR ELEMENTS 

We have demonstrated the presence of galactosyltransferase and slalyltramferase 

on the saccular elements by Immunocytochemlstry RadlOblOchemlcal assays 'ihowed 

that those two enzymes were active ln vitro The functlOnal slgnlflcance of the 

<;accular elements was further eva!uated by two approaches In the present study ln 

the flrst, endogenous glycosylatlOn was attempted wlth both UDP-[lH] galacto'ie and 

CMP-[ IH] slahc aCld as glycosyl donors for galactosyItransferase and 

~lalyItransferase. re'lpectlvely Incorporation of nucleotlde sugars bv both 

galactosyltransferase and slalyltransferase were observed ln endogenous polypeptlde~ 

The incubatIOns were performed ln the absence of cytosol or any membrane 

perturbants (detergent and, for CMP-['H] slahc aCld, hlgh concentration of :\ln:) 

(Bergeron et al. 1 (82) These fmdIngs thus suggest that, besldes the relevant 

glycosyltransferase and endogenous polypeptide acceptors, the nucleotlde <"ugar 

transporters were functlonally active ln cytoplasmlc droplet saccular elements 

The second method of a~sessmg the abJllty of glycosylatlon In Situ of the saccular 

clements was by lectm stamlng assays Both Re A 1 and HPl stammg revealt:d hlgh 

concentrations of the cognate sugar ligands (galactose and N-acetyl galacto<,.lmme. 

respectlvely) over saccular elements of the cytoplasmlc droplet A stnkmg ob~er\ .ltlOn 

1<, that the assoclated plasma membrane was also reactlve to lectln blndlng 

Complernentmg these results was our earher observations revealmg spot dSSOlï.1!I0n~ 

of saccule membranes wlth each other as weil as wlth the adjacent pl.hma 

membranes Such m~mbrane assoCIations were alsa Idenl1fied prevlOusly bv f'nend 

and Heuser (198\) as fUSion mtermedlates and may slgnlfy a site of exchange rhe<;e 

results provlde clrcumstanl1al eVldence whlch IS consistent wlth tramport of 

glycoconJugates from the saccular elements to the adjacent plasma membrane 

However. definltlve proof for such a umque transpoit system wIll ulumately Jepend 

uron the abIllty to follow the newly denved glyco-conJugates from the <;acclliar 

b4 
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eI~ments to the assoclated plasma rnembran~ of t?pldldvl11al ~pt?rll1atO?o.l ln "Itu 

Yi SIGNIFIC ANCE OF THE MATURA TID_N-DI;J:>J;.NDEt{(J21l\llNl l'liON OF 
GL YCOSYL TRANSFERASES ACTIVITIES -.l~_ SACCULAB ELFl\1FN 1 S 
OF CYTOPLASMIC DROPLETS 

Dunng epldldymal tramil, the cytoplasmlc dropl~ts are tiIsplaced dl~tallv .llong th~ 

mld-plece of the sperm talls and eventllally begln 10 detach from the "pt?rm t.lIl.., 111 

the cauda epldldymldls In thls study we proœssed the ~accular elements from drnplt?t-; 

of caput (lncludmg the mltlal segment, proximal and dIstal caput) and cauda (Illdudlllg 

proximal and dIstal caudal epldldymal spermatozoa separately l).,lIlg dedron 

mlcroscopy, the morphologlcal appearance of the saccular elements ln the t\\/O 

dlfferent reglOns of the epldldymls were slmtlar, whether they were observed ltI ..,llu 

or III Isolaled subcellular fractions On companson of thetr polypeptIde comp0..,ltlon" 

on SOS-PAGE, however, subtle dlsslrnJlantles were observed Such an nb,>~rvatlon 

was further IIlustrated by the lilfferences ln labehng patterns on unmllnoblots wlth 

antl-SE antl-sera These fmdmgs may Imply that the saccular elements are lInder~llIllg 

modificatIOns III thelr peptIde compOSitIOn dunng spermatozoa epldldVlllal tr.\fl'>U 

Indced, as we found on blochemlcal and ImmunocytocheiTIlcal analy ... e.... "'\l'cular 

elements from caput and cauda epldldymal spermatozoa do have "Igndlcance 

dl t'ferences 

Flrst, contrary to saccular elements l'rom caput epldldymal ... permatolOa. tho"e 

Isoiated from cauda epldldymal spermatozoa "how a much lower fold· enn~hmen' ot 

galactosyltransferase and slalyitransferase ln fact. the ab,>olute speclflc .ILllvltle" ,II 

the two enzymes ln the saccular elements of cauda epldldymal cytopla~ll1lc dropleh 

are iliore than ten tlmes lower than that of the correspondlllg fractIon,> trom l.lput 

spermatozoa Consistent wlth such flnulIlgs were our observatIon,> th.lt the 

Immunolabelmg wlth anll-GT antlbodles on '~accular clements from Lytopl.l"mlL 

droplets of cawla epldldymal "permatozoa was abo '>Ignlficantly lower th,tn on thme 

of caput epldldymal spermatozoa Our findmgs ~upport the hypothe"'l'" that the 

contents of cytoplasrnlc droplet ~accular elements undergo sorne modIfication dunng 

spermatoloa epldldymal transIt Moreover, ... uch modificatIons appear to br! ',eIeLllvt.! 
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A., the levels of galacto~yltransferase and '>Ialyltransferase decrease, levels of 

TGN-38, as analyzed by Imrnunolabelmg, do not dlffer slgmfieantly ln the ~accular 

elements from caput to cauda epldldymldls The mechanl<;m and slgmficance of sueh 

modificatIOns remam to be elucldated 

The presence of glycosyltransferases ln epldldymal flUid (Ourr et al, 1977, Shur 

and Bennett, 1979, Hamilton, 1980, Lopez et al, 1985, Tulslanl, 1993) and thelr 

dlfferences ln fold ennchment ~n vanous reglons (Bernai et al, 1980, Hamilton, 1980, 

Tulslam et al, 1993) have been weil documented Tulslanl et al (1993) recently 

reported that although the maJonty of glycosyltransferases actlvltles were pre~ent ln 

,>oluble form m the epldldymal flUld, 10-20% of the total actlvltles are assoclated wlth 

epldldymal spermatozoa They further demonstrated that slalyltransferase actlvlty 

a~soclated wlth spermatozoa gradually decrease as spermalozoa moved from the rete 

testls to the distal cauda epldldymldls This drop m enzyme actlvlty complements the 

flndmgs of Bernai et al (1980), who demonstrated that caput, but not cauda, 

spermatozoa can replace dlslalo-fetum as an acceptor of slahc aCld m slalyItransferase 

a~says ft also complements the data of other mvestJgators who found that the amount 

of slallc aCld bound to the sperm membrane Irlcreases rapldly to reach a maximum 

ln the ~orpus epldldymldls (prasad et al , 1973, Laporte et al , 1 Q75) 

The conslstency of the diminutIOn of glycosyltransferases actlvltles assoclated 

wlth whole ~permat(llOa and saccular clements of cytoplasmlc droplets supports the 

vlew that perhaps the saccular elements represents the mam ~ource of 

glywsyltransferases ln epldldymal spermatozoa Consldenng further the faet that the 

dlll1mutlOn of glYco~vltransferase actlvltles ln cytoplasmlc draplets comcldes wlth the 

maturation of spermatozoa dunng thelr epldldymal transit loglcally leads one to 

"'peculate a possible blOloglcal role for the cytoplasmlc droplet ln epldldymal 

spermato.LOa maturatIOn 
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}1L THE IDENTlTY OF fHE S~(,CUL:\lL~lç~JENTS __ IN l'Y 1 OPL.\S~t1C 
DROPLETS 

Early work by Dott and Dmgle (1968) compared tht: actlvltv of aCld pho~phata<;e 

ln Isolated cytoplasmlc droplets and spermatozoa of the bull and ram .Uld roumi Ihat 

the enzyme actlvltles ln spermatozoa wlth cytoplasmlc droplers werc ~Ignlfl\:anlly 

hlgher than that ln spermatozoa devOId of droplets On thls basls, they <;ugge~ted that 

the cytoplasmlc droplets were modlfied lysosomes ln our study, we evalu.ltcd Ihe 

speclfic actlvlty of aCld phosphatase on the Isolated saccular elements Although 

localtzed ln the saccular element fractIOn, the fold ennchment of aCld pho~ph,lla.,e 

speclfic actlvlty was low and was dlspersed throughout the fractIons of the l'nllre 

dlscontmuous gradient Our results thus dispute the Idea that the cytoplasmlc dloplet 

IS a modlfied lysosome Prevlous investigation supporttng our daam Includes III .,lIu 

EM cytochemlstry for .lcld phosphatase usmg a number of substrates (Herrno et al , 

1988) whlch fatled ta show any reactlvlty ln the cytoplasmlc droplet 

Other posslbllttles of the ongtn of Ihe saccular e1ements of the cytopla~mlc draplet 

have been consldered ln a rccent work by our group (Oko et al, 1(1) ~), ,1Il11.,cra 

speclflcally agatnst the endoplasmlc retlculum (Louvard et al, 1(82) and an 

endoplaslnIc retlcular membrane protetn calnexlI1 (Wada et al, 1991) farled 10 ft'act 

wlth the cytoplasmlc draplets of epldldymal spermatozoa or late (~tep II» .... perlllatld., 

ln testls In additIOn, tracer '~tudles for fluld phase or adsorptlvc endm;Ylo.,l., by 

injectIOn of catlOntC fernttn, anlontc ferntrn or hor.,e-radl.,h peroxlda~e 10 1 ulllen of 

the rete testls showed no deposltlon to the saccular clement,> of the droplet~ (Oko et 

al , 1993) These re~ults suggest that the saccular t!lcment~ are prohably unrel.lted 10 

the endoplasmlc retlculum and, furthermore, not a lomponent of the endocYllc 

apparatus 

A tentatIve Identification of the saccules of Ihe droplet as betng (Jolgl derlved 

(FIg 41) was supported by our resuIts on the morphologlcal, bICIl.hemll..l1 ,md 

Immunocytochemlcal charactensttcs of the organelle, .md on thetr and Ily to 

glycosylate endogenous ~ub~trates The presence of aCld pho<;phata~e actlvlty wllhln 

the saccular elements of the droplet dues not dIspute a Golgi ongln, a!'> It ha~ becn 
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clocuml!nted that the cnqme IS normally present wlthm the saccules of the Golgi 

apparatus (Smith and Farquhar, 1966, BertohnI and Hassan, 1967, Fnend and 

Farquhar, 1967, Cheetham et al, 1971. NyqUist and Mollenhauer, 1973, Farquhar et 

al, 1974, Hmo et al, 1978a & 1978b) Further investigations that could serve to 

support our hypothesls may Include the u~t;" of the antIbodles we ralsed agamst the 

saccular elements, wlth proper affimty-punficatlOn, as probes to trace If the ongm of 

sorne of the polypeptide components are related to the Golgi apparatus dunng 

spermlOgenesls m the testls 

This study ralses two major related blOloglcal Issues Fust, the Golgi apparatus tn 

VIVO can be modlfied structurally Into an unstacked arrangement of saccular elements 

whlch stIll have the capaclty to endogenously glycosylate protems Secondly, 

epldldymal spermatozoon may have an mtnnslc maturatiOnal capaclty to glycosvlate 

protems by utlhzmg such Golgl-denved saccular elements These Issues and related 

questIOns Will be dlscussed In the context of what IS already known about naturally 

occurnng and expenmentally Il1duced modifIcations of the Golgi apparatus and about 

the acquIsitIOn of glycosylated protems on the plasmalemma dunng epldldymal 

maturation of the spermatoloa 

VOL MODIFICATION OF THE PLASMA MEMBRANE OF SPERMAT_OZOA 
DURING EPIDIDYMAL TRANSIT AND THE POTENTIAL BIOLOGICAL 
ROLE OF THE SACCULAR ELEMENTS 

Dunng spermatozoa epldldymal tranSit, It IS firmly estabhshed that thelr rl.l~ma 

l11t.!mbrane IS modlfied by the additIOn or alteratlon of glycoprotems (Ol..,on and 

Hamilton, 1978, Hoi t, 1 Q80, Brown et al, 1983, Oison et al, 1987, Tulslan 1 I!t ,11 , 

1<)93, see also revlews bv Eddy, IQ88, Orgebm- Cnst, 1987, Yanagmachl 1\)88, 

Robalre and Hermo, 1 l)S8) However, the outstandtng questton remams as to how 

such modIficatIOns are accomplished 

Oison and Hamilton (1 (78) suggested three posslblhtles of how the pla!:.malemma 

of epldldymal spermatozoa could acqUire "new" glycoprotems 1) the protem coulcl 

be secreted by the epldldymal eplthel!um and subsequently bmd to the sperm ..,urface, 

2) sorne unmaskmg or modIficatIOn event, that IS, extnnslc glycosylatlOn, ocr urs to 
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pre-exIstmg membrane protems. 3) the protem 15 stored \\lth1l1 !>permatO.loa .md .• lt 

sorne pomt dunng maturatIOn. a specifie mtnnslc tnggenng event causes Il ln he 

mserted m the ltpld bllayer of the extracellular space 

ACQUIREMENT OF NEW PROTEINS SECRETED BY EPIDIDYMAL 
EPITHELIUM 

Precedents regardmg the first posslblltty are many For example, aCldlc epldldvmal 

glycoprotem (Lea et al. (978), forward motlltty protem (Brandt et al, 1978, Acott 

and Hoskms, 1981), acrosome stabtllzmg factor protem (Thomas et al, 1(84), 1I1~ 

protems (Rifloll and Oison, 1985), SGP-2 (Sylvester et al, 1984, Hermo et al . 

1991 b), and androgen dependent protems (Jones et al, 1980, Brown et al. (I)X l . 

Brook et al, 1986, Brooks 1987 a,b. Moore et al, 1990) have ail been showl1 10 ht! 

secreted by vanous reglons of the epldldymal epltheltum and th en to hecome 

assoclated to the sperm surface ln faet Klmefelter and Hamtlton (198Ci) ~howed by 

penfuslOn organ culture of proximal and distal rat caput epldldymal tubule<; Ihat at 

least five L-C'S] methlOnme labeled polypeptides are syntheslzed and ,>ccreted bv 

these cultured tubules and become assoclated wlth lummal sperm However, 111 .dl the 

above cases the degrt!e or mechanlsms of associatIOn (e g receptor medlated) of the,>e 

secreted protems wlth the sperm membrane are unknown, It 1<; not known \vhcthcr 

these protems are mtegral or surface components of the plasmalemma Furthcrrnore. 

these epldldymal secreted protems do not :lccount for ail of the gly\.:oprotl!lIl'> 

Impltcated to be acqUired by the sperm plasmalemma dunng epldldymal tr.IIl"11 Il 

IS thus prudent to also evaluate the other two rosslbllltles of how new gIYLoprotl!lIl" 

are acqUlred, whlch suggest an extrmslc mechanlsm to glycosylate prc-exl"tmg 

plasmalemma protems or to Illcorporate stored glycoprotellls mto the pla!>malcllll11,1 

2 MODIFICATION OF SPERMATOZOA VIA AN EXTRINSIC MECHA~I~M 

The second posslbtllty of extnnslc glycosylatlOn assumes that Ihere woulJ be 

glycosyltransferases secreled IllIO the epldldymal lumen by elther the <;emlOlferou') or 

epldldymal epltheh um ln consldenng thls hypothesls, Hamtlton (1980) evaluatcd the 
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kmetlcs and actlvlly of one of the glycosyltransferases, namely, N-acetylgluco~amme 

galactosyltransferase, ln tlUids from rat rete testes and epldldymls, and concluded that 

the enzyme IS IIkely to be syntheslzed and secreted by the testls Furthermore, the 

')peclfic actlvlly of thls enzmye was hlgher ln the rete testls than m the caput 

epldldylTIldls This abrupt decrease ln enzymatlc actlv!ty, whlch IS cOlncldent wlth the 

tlme of acqulslllon of fertdlzlng ablhty by spermatozoa m the rat, led Hamilton 

(1980) to speculate that IhlS enzyme has a relatlOnshlp to spermatozoon maturation 

Such a vlew tS shared by a number of authors who reported that sperm surface 

glycoconJugates are modlfied relatlvely early ln epldldymal transit (Durr et al, IS'77, 

Orgebm-Cnst, 1987, Hammerstedt and Parks, 1987, Eddy, 1988, Yanaglmachl, 1981~) 

A recent studles by Tulslanl et al (1993) supported the hypotheSlS that e ..... lnnslc 

glycosylatlOn contnbutes 10 the appearance of new glycoprotelns on plasma 

membrane of epldldymal spermato.wa They provlded eVldence that a translent blndmg 

of smlyltransferase and fucosyltransferase to endogenous sugar acceptor molecules on 

the sperm surface occurs (both enzymes showed a hlgh actlvlly ln caput spermatozoa) 

These enzymes subsequently release from the 5perm surface m the distal part of the 

epldldyml5, after slalylatlOn and fucosy1 atlOn of the acceptor molecules As 

acknowledged by these InVestlgators, addltlona! proof for thls mechanlsm Iles ln the 

detectlOn of endogenous nucleotJde sugar donOis Furthermore, an ImmunolocalizatlOn 

of the~e glycosyltransferases onto the sperm membranes 15 Imperative because the 

exact location of these enzymes cannot be precisely determmed by blochemlcal Illeans 

J THE POSSIBILITY OF INTRINSIC GLYCOSYLA TlON OF PLASMA 
MEMBRANE PROTEINS RY THE SACCULAR ELEMENTS OF 

CYTOPLASMIC DROPLET 

ModificatIOn of 5permatozoa plasma membrane via an mtnnslc mechafllsm Implles, 

to a certam extent, .m autonomous charactenstlc of spermatozoa ln maturation Such 

an Issue was filst ralsed by Orgèbln-Cnst (1969) who pOlnted out that convlnclng 

eVldence 15 still lackmg as to whether the factors governlng the maturation process 

of spermatozoa are '"tnnslc to the spermatozoa themselves and Just requlTe tlme, or 

whcther spermatozoa must pass through most of the epldldymls III order to mature 
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The work by Silber et al (Stlber, 1988, Sllber et al, 1988, Sil ber. 1 l}S9a, l '1j{9h. 

Sllber et al, 1990, Asch and Sil ber, 1 qq 1) supports the notIOn that a fUllctlOnmg 

epldldymls 15 not a sine qua non for spermatozoa maturatIon Usmg hUllHUl ..,ublects 

wlth congenttal absence of the vas deferens as a model, they showed that 

spermatozoa asplrated from vasa efferentla and dlfferent reglons of the epldldVlllIdls 

can resuit ln pregnancy by ln Vitro fertdllatlon III 11°'0 of cases (Sllber et al, 1l)I}O) 

Moreover, ln human subJects wlth btlateral epldldymal obstructIOn, who had 

undergone mlcrosurglcal anastomosls of vas deferens to epldldymal tubule prol{lI11al 

to the SI te of obstructIOn (vasoepldldymostomy) to allow spermatozoa to bvpass thl! 

blockage, pregnancy by natural Intercourse can be achleved ln 31 % to 56%1 of cases 

(Sllber, 1989) 

SpeIlnatozoa released from semtnlferous tubules have the maJonly of then 

cytoplasm, except for the saccular elements, segregated lOto the resldual bodies whlch 

are phagocytosed by the Sertolt cells This phenomenon Impltes a lack of the regular 

machlnery, ln partlcular of a functlOntng rough cndoplasmlc retlcular sy'item, reqUired 

for extensive blosynthetlc processes III the cells ln vlew of thlS, It IS not ,>urprt..,lI1g 

that, up to now, mûst lllvestigators are III favor of the extnnslc meChalll'illl III 

rendenng spp.rmatozoa maturatIon 

Hermo et al (1994) establtshed four cntena to be met ln order for Illtnl1"iIC 

glycosylatlOn of spermatozoa plasma membrane to be feaslble Flrst, cpldldymal 

'ipermatozoa would have to have a compartment 111 whlch to store functlonally adlve 

glycosyltransferases smce new protems are no longer syntheslzed at tlm ..,tage of 

maturatIOn Second, the protems or sub~trates (1 e endogenous acceptor'.) 10 he 

glycosylated would also have to be III plentlful supply '1 hlrd, If the 

glycosyltransferases were to be stored ln a membrane compartment, as they are III the 

saccules of the GolgI apparatus, a functlOnally actIve nucleotlde 'iugar tran"'rhHter 

system would have to be present Ftnally, there would have to be a mechant..,m for 

the transport of newly glycosylated acceptors to and Into the plasma memor<lne of 

epldldymal sperm The saccular element system ln cytoplasmlc droplets analy/ed JO 

th!s study appears to meet the above cn terla 
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1 hl! exduslve lucail/allon of giycosyltran~ft.!ra~e ln the ~pcrmatozoon, ,l~ 

e,>tabl15hed by blochelTllcal analy~l~ and confirmed by Immunocytochemlstry, <;atlsties 

the flrst crlterlon Our endogenous glycosylatlOn assays showed con\ mClnglv that 

labeled 5ugars were tran~ferred Into ~everal endogenous protems ranglllg ln molecular 

ma~scs from lOto 145 kD Moreover, as the incubations were done ln the Jb~ence 

of detergcnts and membrane perturbants, nucleotlde sugar transport through the 

..,ac.:cular membrane mo<;t probably IS operatlllg Fmally, the hlgh concentratIOns of 

the cognate sugar ligands over the saccular clements and the adjacent plasma 

membrane, and thelr as~oclatlOns wlth each other, as we observed on electron 

IniCroSCOpy, provldes Clrcumstantlal eVldence on the transport of glycoconJugates 

l'rom the saccular elements to the adjacent plasma membrane 

ln conclusIOn, the 'iaccular elements III cytoplasmlc droplets of epldldymal 

"permatozoa are IIkely to oflgmate from the Golgi apparatus (FIg 41) Its abdlty to 

glycosylate endogenous protems Illay represent an example of an IIltflnslC mechanlsm 

whereby spermatozoa acqUlre new glycoprotems The contributIOn of such a potentlal 

way of plasma membrane modificatIOn III spermatozoa epldldymal maturation 

dcmands further Inve~tlg,ltlOns 
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SUMMARY 

The cytoplasmlc draplet of epldldymal spcrmatozoa IS a small locallzed outpouchmg 

of cytoplasm of the '>perm's tall, found ln aIl mammallan speCies studled Its 

blOloglcal slgmficance IS unknown E:lectron mlcrascopy revealed flattened 

rnembranous clements, termed saccular clements, as the near exclusive membfanous 

component of the draplet ln thls study, wc analY7ed ultrastructually the cytoplasm 

of ~permatlds dunng '>permlOgenesls m an attempt to determme the ongm of the 

saccular elements m the cytoplasmlc droplers The droplet first appeared Just pnor to 

the detachment of late step 19 spermauds from the Sertol! ccII m the semlmferous 

tubules of the testls The loss of Golgi saccular stackmg m late spermatlds (steps 17-

18) was comcldcnt w!th the disperSIOn of flattened rnembranous saccular clements ln 

the cytoplasm of these œlls and thelr segregation mto the cytoplasmlc droplet of "tep 

19 spermatlds This sequence of events suggested that the saccular elements \Vere 

(Joigi denved 1'0 analyze whether these saccules share blOchemlcal prapertles wlth 

the Golgi apparatus. the saccular elements of the cytoplasmlc drap let were lsolated 

by subcellular fractlOnatlon and thelr polypeptide composition was analyzed u~mg 

polyacrylamlde gel e1ectrophoresls [mmunocytochemlcal studles at the IIght and 

electron 1l1lCroSCOpiC levels revealed the saccular elements of the cytoplasITllc draplet 

as the exclUSive ~Ite of reactlvlty for Golgi apparatus markers TGN 18, Cl 2,6 

~'oIalyl-transferase and p 1,4 galactosyltransferase Antlbodies ralsed to the I"olated 

thctlon 1I1lmunoiabeied saccules of the draplet ln Situ as weil as Golgi appar.ttus ln 

~omatlc cells of the epldldymls and other tl~sues ln additIOn, III situ lectln blndlng 

assay on eIectran mlcroscopy demonstrated the presence of D-galactose and :--"-.ted\ 1 

galactosamll1e ronstltuents ln the saccules wlthm the draplet and also ln the ,lu,.tœnt 

plasma membrane L;~lng r,ldloactl've glycosylatlOn assays wlth exogenOLJS ;l\ .. Lt!ptur __ , 

the lsolated 'iaccular traction \Vas found 10 be t!nrll.:hed ln g3lactosyltransfera~e ,md 

slalyltransferase aetl VI tles 1 n l>ndogenous glycosy 1 atlOn a~say~, glycosy 1- modlll cation 

of endugenous peptides of 62, 34 5, 204 and 14 4 kD by slalic aCld and a I.Hge 

number of polypeptides ùf molecular ma~ses between 29 and 280 kD by g,llacto<,e 

was Identlfied ln vlew of the close proxlrnlty of the saccular elements to the 
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spermatozoon plasma membrane. the ~electl\ Itv of lectln hlndlllg to thl",e "'lle.., ,lIId 

the eVldence that these saccules are (,olgl elements capable of endngenou.., 

glycosylatlOn, thls study suggests that Ihe ..,accular elcmcnts of the l\ lopla~l1lll' 

droplet have a potentlal role for modlfYlIlg the pla~ma membnUle of ~pcllllaloloon 

dunng transit through the epldldymls 
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1) 

PRiNCIPAL CONTRIBUTIONS OF THIS WORK 

Flrst morphologlcal analysls, at the electron microscope level, of the 

diSSociatIon of the Golgi apparatus and the fate of ItS components 10 late 

spermatld cytoplasm dunng spermlogenesls 

Il) IsolatIon and punficatlon of the saccular elements of the cytoplasmlc droplets 

from rat ep:dldymal '>permatozoa that can be used for blochemlcal and 

morphologlcal analysls 

Ill) DemonstratIOn of the polypeptide components of the saccular elements and 

thelr subtle dlfferences between those from caput verses cauda epldldymal 

spermatozoa 

IV) Production of speclfic anubodles agamst components of the saccular elements 

Such antlbodles may be further punfied and USf.>r! as probes to trace the ongm 

of vanous components of the saccular elements dunng spermlOgenesls 

V) Demonstratlon of the locallzatton of Golgi markers enzymes, 

galactosyltransferase and slalyltransferase actlvltles to saccular elements uSlOg 

blOchemlcal assays 

VI) ProvldlOg eVldence suggestlOg that the topology of galactosyltransferase on 

the saccular elements IS slmtlar to that found ln rat Itver Golgi apparatus 

VII) DemonstratIon of the abliity of the saccular elements to glycosylate peptides 

endogenously usmg radlOautography 
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VIII) Demonstration of the presenœ of Golgi rnarkcrs cn.'\' IllC". 

galactosyItransferase. slalyltranstèrase and trans Golgi network prolèlll 

(TGN-38) ln the cytoplasmlc droplet saccular elements us mg lI11munolabdlllg 

at hght and electron mlcroscoplc level 

IX) DemonstratIOn of the maturatlOn-dependent modificatIOns m actlvltlC'" of (illlgi 

marker enzymes, galactosyltransferase and slalyltransferase on ~,lcclilar 

elements of cytoplasmlc droplets dunng spermatozoa epldldymal transit 

X) DemonstratIOn of the presence of lectm bmdmg sacchandes, D-galactose and 

N-acetylgalactosamme, over the saccuiar elements and adjacent rl.l~l1la 

membrane, suggestmg the posslblhty of transport of glycocon)llgates from 

saccular elements of plasma membrane 

XI) Proposai of the hypothesls that the saccular elements of <,permatoloal 

cytoplasmlc draplets are Golgi saccules that may 

slgmficance ln epldldymal sperm maturation 
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Fig. 1. Dlagram Illustratmg the posltlùn of the cytoplasmlc droplet of the 
spermatozoon In the testls and dlfferent reglons (If the excurrent duct sv ... tem 
and Its suggested ultlmate fate The bulk of the late spermatld's cy\opl,\ ... m. 
referred to as the resldual body, detaches and IS phagoçyto'ied by Sertoll cell .... 
Itnmg the semmlferous eplthellUm In the testl'i and ductull dfcrcnte'i, the 
droplet surrounds the neck reglon of the flagellum (arrowhead), whde ln the 
caput epldldymldls, the draplet appears near the JUllctlOn of the mlddle and 
pnnclpal plece of the tlagellum (arrow) fhe droplet show,> a laIerai 
dlsplacement 111 the corpu'i epldldymldls (curved arrow), ~llggestmg (hal II 1 .... 

bemg shed, whlle 111 the cauda, mo"t ~permato.wa are devold of dropkl<o 
Whde Intact droplets are nOI con~pICUOUS, thel r contents are found free III the 
lumen as weil as wtthtn the endocytlc organelles of the epltheltal clcar ccii ... 
ThIs suggest3 that once droplets are released from spermatoLoa, thcy break up 
tn the lumen. ltberatmg thelr contents, whlch appear ta be cndocyto ... ed 
selectlvely by c1ear cells. presumably to be degraded wlthm thelr 1l11llleroll ... 
secondary lysosomes (L) (Reproduced from Hermo et al, 1(88) 
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Fig. 2. Electron mlcrograph (EM) showmg a cross sectIon through the tad of 
a spermatozoon at the level of the cytoplasmlc droplet ln the lumen of the 
tnltlal c;egment of the epldldymls The saccular elements (S) occupy one pole 
of the droplet, they appear as f1attened elements whlch may be falrly stralght 
(short arrows) or C-shaped (curved arrows) III appearance They may be 
c10sely stacked together (üpen arrow) or loosely dlstnbuted The edge of one 
of these elements 15 occaslonally c10sely assoclated wlth anotrer saccular 
element (long arrows) There 15 al~o a close apprOXimatIOn of the edge of 
these saccular elements wlth the plasma membrane of the droplet 
(arrowheads) m mltochondnal sheath, ODF outer dt:nse fibers, A axoneme, 
v veslcles x 45,000 

Fig. 3. Hlgh power electron mlcrograph of the saccular elements wlthtn the 
cytoplasmlc droplet of a spermatozoon III the lumen of the tnltlal segment 
The tlattened or C-shaped saccular elements (curved arrows) show arcas of 
closely approxImatIon amongst one another (short arrows) but large gaps 
between such elements are also eVldent (astensks) The edges of the saccular 
elements often contact one another wlth sorne fine filamentous dense matenal 
mterventng (long arrows) ln addItion, the saccular elements corne III clo~c 

proxlmlty to the plasma membrane (arrowheads) x 75,000 
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Fig. 4. Tangentlal section through the cytoplasmlc droplet of a spermatozoon 
In the lumen of the l\1Itlal segment of the epldldymls Numerous flattened 
saccular elements appear m the droplet wlth a falrly stratght (short arrows) or 
C- shaped (long arrows) appearance, sorne are t1ghtly packed together (curved 
arrows) wh!le others are loosely dlstnbuted GrazIng sectIOns through the 
surface of the saccular elements (astensks) reveal a dIse or plate hke 
appearance Thts confirms the saccular, as opposed to tubular, nature of tlH~ 

saccular elements Sorne of the saccular elements present small vestcular blebs 
on thetr surface (arrowheads) Small veslcles (v) also appear In the droplet 
ODF outer dense fibers, m mltochondna x 55,000 

Fig. 5. Electron mtcrograph of a section of the cytoplasmlc droplet ~hoWIng 
numerous saccular elements Besldes adoptmg a C· shaped appearance 
(arl'Ows), on appropnate sections, the saccular clements may appear as 
sphencal bodies enc10sed by a double membrane (cuved arrows) Often a 
stgmficant portion of the saccular elements IS In contact wtth the plasma 
membrane (arrowheads), although fusion between the two structures are never 
observed x 45,000 
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Fig. 6. Electron mlcrograph showmg the .;ytoplasm of an carly spermatld 
An Intact Golgi apparatus Juxtaposes ta the acrosome (ACR) and the nllclcu~ 
(Nu) IS shown In early spermatJds the GolgI c;accules are ln an ordcred. 
stacked-hke appearance x 38,000 
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Fig. 7. Electron 111lcrograph showmg the Golgi apparatu'" of ,\ ... tep 10 
spermaud At dus step the Golgi IS "phencal and large Sevelal .,tad., of 
saccules (S) formmg the compact zone (CZ) Me pf\~~l.!nt ,1nd connected ln e.\Ch 
other by tubules 1/1 the ~o-called mtersaccular connectmg non-compact ;'(lIlL'.., 

(NeZ) On the CIS face. the cis-element (C) \., \'\~\blt.: ~ublacel\t tr. whlch ale 
many 'ihort, tlattened membranolls ~accllks of the compact fOIlL' \1 the 
edges of the saccult;s. cid,lted tubules (1) are pre..,ent ..,ervlllg 10 llllllh:ll 

saccules of one stack \VIth those of ,tll adjacent ~tad. On the tran.., face. manv 
tubulo-veslcular profiles (v) of dlfferent "'\J:I.!S are present IIlLludlng \\h,\t 
appear to be detached saccular clement,> (arrows) CI~ternae of endopla.,m\c 
retJculum (ER) appear a~ large (~llated Irregularlv ... haped elements contalnlllg 
a flocculent rnatenal, they appear on bath the CIS and tran.., face of the (iolgl 
stacks as weil as m the surroundmg cytoplasrn '\ ) '\,000 

Fig. 8. Cytoplasm of a step 16 spermatld Stacks of Golgi ..,accule.., (S) are 
!ess elaborate and conspiCUOUS, and enveloped by <;mall vee.,lcle.., (v) It le., not 
unt.! thls step that some tlattened saccular e1ement<; (arrow..,) are ..,een. they are 
seen at a distance from the Golgi apparatus, whlch 1'> no lorll~er <,pherllal 
Otlated clstemae of endoplasmlc retlculum (ER) are found c\o..,e tn the (iolgr 
stacks as weil as 1/1 the ..,urroundmg cytopla~m:\n ana~tomotlc tuhular 
network (curved arrow) 1<, present on thl' tran,> face of the Golgi <,laLk<, x 
42,000 
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Fig. 9. Cytoplasm of a step 17 spermaud Flattened saccular elements (curvcd 
arrows) are randomly dlstnbuted ln the cytoplasm Elements of the 
endoplasmlc retlculum (ER) are dllated. megular 10 appearance and contaIn 
a flocculent matenal Cross sectIOn through the tall reveals mltochondna (m) 
formmg the mltochondnal sheath, 9 coarse outer dense fibers (ODF) and il 

centrally located axoneme (A) Inset Small area of cytoplasm of a step 17 
spermatld showmg the remnants of the GolgI apparatus Small ve~lcular 
profiles (v) and only a few short flattened saccular elements (curved arrows) 
not tIghtly stacked together are eVldent ln the VIClnlty of clsternae of 
endoplasmlc retlculum (ER) A few C-shaped saccular elements (arrows) are 
also seen 10 thls aggregate, they appear as sphencal bodies enc\osed by a 
double membrane when cut across both arms (arrowhead) x 45,000 

Fig. 10. Cytoplasm of a step 18 spermaud shoWIng the remnants of the Golgi 
apparatus at hlgher m:.gmficatlOn In matenal treated wlth tan",c aCld Several 
flattened saccular elements (curved arrows) are present In an aggregate al<;o 
contammg dIlated clsternae of endoplasmlc retIculum (ER) and sphencal 
bodIes enclosed by a double membrane (arrowheads), the latter correspond 
to appropnate sectIOns through saccules whlch are curled and c.;how li 

C-shaped appearance These structures Incl udmg a few small veslcles (v) are 
embedded In a cytoplasmlc amorphous moderately dense matenal (a~tertsks) 
A slm!lar matenal also appears sandwlched between f1attened saccular 
elements and ER clstemae (arrow) x 50,000 
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Fig. Il. Cytoplasm of an early step 19 spermatld In the upper corner a ~mall 

remnant of the GolgI apparatus (arrowheads) IS present contammg saccular 
elements (arrows) and small veslcles Randomly dlstnbuted throughout the 
cytoplasms are many short flattened saccular elements (arrows), some of 
whlch also appear at a close dl stance to the GolgI remnant Clsternae of the 
endoplasmlc retlculum (ER) are plentlful and appear as ddatcd clements 
connected by short bridges x 35,000 
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Fig. 12. Late step 19 sperrnatlds ln the lumen (Lu) of the semlnlferous tubule 
at stage VIII of the cycle of the semlnlferolls eplthehllm pnor to spernllatlon 
These spermatlds are still closely assoclated wlth cytoplasmlc proce~"cs of 
Sertoh cells (S) Cytoplasmlc droplets of these spermatlds appear at the levcl 
of the connectmg plece (CP) or neck reglon of thelr talls The droplets contaln 
many flattened sacclliar clements (arrows) whlch are loosely arranged or 
closely stacked, they contam only the occasIOn al small veslcular profile (v) 
and a few sphencal bodies wlth a double membrane (arrowheads) The 
plasma membrane ln the reglon of the droplet shows several InvagmatlOn or 
pltS (P) N nucleus, A acrosomlc system of the spermatld head, NE nuclcur 
envelope x 27,000 
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Fig. 13. Electron mlcrograph of crude supernatant of epldldvmal spermato.l.oa 
homogenate from initial low speed centrifugation (1,500 g) ln the supernatant 
fractIOn, numerous cytoplasmlc draplets (CD) are found In addltton 10 

saccular elements (arrowheads), many of the droplets contalll an 
electron-dense matnx, Clrcumscnbed by thelr plasma memblane (pl) rhls 
fractIon was then further fractlonated at 200,000 g on a dlscontmuous 'ilicrOSI! 

gradient x 17,500 

Fig. 14. Electron mlcrograph of the crude pellet of epldldymal "'permato,wa 
homogenate from Illlual 1,500 g centnfugatlOn Vunous 'itructurc'i of the 
spermatozoa predommate wlth occaslonal findmgs of ~ome cytopla~mlc 

droplets (CD) ST sperm talL N nudel, P perforatonum x 20,000 
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Fig. 15. Electron mlcrograph of fractIOn 3 (08/1 0 M STK pûffer) showlOg 
numerous flattened, stralght (arrows) or C-shaped (arrowheads) saccular 
elements, enclC)sed Wlthm a remnant plasma membrane (PM) Ag agarose 
embeddmg matenal, arrowheads sphencal bodies wlth a double membrane, 
v veslcular profiles x 32,500 [nset Isolated Golgi apparatus flOm the 
eplthehal pnnclpal eells from pellet of the orlgmal sperm homogenate Note 
that the saccules (S) of thls Golgi apparatus are ughtly packed, of larger sl!.e 
and assoclated wlth numerous small veslcles (v) and tubules (T) ThiS 
appearance IS not found wlth the saccular elements of the cytoplasllllc 
dlOplets x 29,000 
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Fig. 16. Electron mlcrograph of fraction 4 (0610 R M S rK ouffer) "howlng 
saccular elements (arrowheads) wlth simllar morphologlcal appearancc as 111 

fraction 3 ln contrast to saccular eIements ln fraction 3 where they are 
enclosed wtthm a plasma membrane ln a more dlscrete fashlOn, herc thcy arc 
freely and more loosely arranged throughout the fraction ... 31,500 
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Fig. 17. Polypeptide composItions of vanou.;; Isolated fractlOlh on ,\ 
Coomassle Bnllta.llt Blue-stall1ed 8-180

0 hnear gradient SD~- P:HiF .\11 
fractions \Vere Isolated from ~perl11ato,wa l'rom the IIlltlal "~gl1lent ,1Ild C,\put 
epldldynus Major polypeptides obse[\·ed on fraction S, \"hl...:h r~pt~~~l\h ,\ 
crude extract of cytoplasmlc droplets, are of molecular masses 21, 41, t4 \ 
68, 7"., 80 kD ln fraction 3 (I:me -'), seven malor peptide b,mds \Vere 
observed at molecular masses .3 " 363, 44 \ 68, 7\ ln, III) !..D SI'\. of the.,e 
polypeptides were more prol11l1lent than 111 the original clude e\tract (fraction 
S), thus representlllg an enrlchment ot the~e polvpeptldes Note .. 1.,0 the 
slmdanty of polypeptIde composition of fractIon ~ (Ialle ) and 4 (Iane 4) P 
Crude pellet (fractloll P of fable 1) of the InitIai centrifugatIOn nt 
spermatozoa homogenate S Supernatant (fri!ctron S of T,lble 1) of Illltlal 
centnfugatlOn Lane 1 to R fraction 1 to R, respecllvely, of tlH' .,ubcellllLIf 
fractlOnatlOn dlscontll1uous gradIent on whlch fraction S \Vas overl;\Id, a., 
descnbed III Table 2 Approxlmatelv 100 ug was loaded onto each lane e\ccpt 
the last lane (lane S) whlch was loaded wlth ".0 ug of fraction S Mob:lllar 
mass of standard polypeptIdes are denotcd by numuer x 1000 

Fig. 18. Western blots Immunostamed wlth antl-sera (antl-SE) r,u~ed agallht 
fraction 3 Isolated from .;;permatozoa of the entlre epldldymls Lane fi and 1 
Coomassle 8nl11,1I1t Bluc-stamed blots showlIlg numerous polvpeptlde band" 
transferred l'rom SOS-PAGE of fraction 1 I.,olated l'rom Cdput (Iane Il) ,Illd 
cauda (lane T) epldldymal spermatozoa Promll1cnt peptIde band., ,Hl lane " 
are comparable to those observed on SOS-PAGE (l.lI1e ) of Fig 17 ) l,Ille 
H3 and T3 simllar to lane H and T re~pe( tlvelv and 1Il11l11111mtall1ed wlth 
ant.-SE Note the dlfferences ln the Immuno~talllll1g pattern., Ol! L,lput (111) 
and cauda (T3) fraction 3 Polvpeptldes at 17, ,h ,lI1d 44 "\ kD trom Laplll 
fraction 3 (H3) were proml/lently recogl1lL.ed by the ,mIl-SI: wra whde 
Immunoreactlon \Vas most mtense between JO to 70 Id) on cauda IraLl1011 1 

(T3) Molecular mass of st:mdard polypeptides are denoted by number x 1 (JO!) 
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Table 1. Spermatozoa of the mltlal segment and caput cpldldyl11ldlS 
fraetlonated mto a pellet (P) and a supernatant (S) fractIOns The cn0'mc 
actlvltles for the S fractIon were as follows Galactosyltransferase 0 1 qt 0 (H 
nmols galactose transferred min/mg protem, SIalyItransferase 0 114 tO 02 
nmols slallc aCld transferred min/mg protem, ACld phosphatase 68± Il 6 nmols 
PNPP hydrolyzed mm/mg protem 

Percent of total recovered protem or enzyme actlvJtles (mean±Standard 
DevIation, n=3) 

R S A RelatIve speCIfie aetlvltles are ealeulated as the percent rceovcrcd 
enzyme aetlvlty/percent recovered protem (mean±Standard DevIatIOn, n=-3) 

N D not detectable 
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Table 1. Distribution of Golgi and Iysosomal marker enzymes. 

FractIOn P 

Percent 

Protem 74 2±3 5 

GalactosyItransferase 58 7±5 9 

Sialyltransferase 

ACld phosphatase 

57 5±7 7 

ND 

RSA 

o 79±0 07 

o 78±0 02 

ND 

Fraction S 

Percent 

25 3±3 5 

41 3±5 9 

42 5±7 7 

100 

RSA 

1 65±O 25 

1 68±055 

3 90±0 50 



Table 2. DIstnbutlon of recovered enzYme actlvltIes of cell fractIon~ The 
supernatant fractIon Isolated from the inItiai segment and caput epldldymal 
spermatozoa, as descnbed ln Table l, was overlald on a dlscontlnuous 
gradIent of 06, 08, 1 0, 1 2 M sucrose ln 50 mM Tns Hel. pH 74, 25 mM 
Kel wlth aprotmln and PMSF as protease mhlbuors Each mterface of the 
gradIent from bottom to top of the tube was collected (fractIOns 1-5 wlth 
fractIon 1 the resuspended pellet) wlth the remamder of the matenal collected 
and deslgnated fractIon R Allquots of the fractions were then evaluated for 
the mdlcated enzyme actlvltIes and protem content The absolute values of 
layer 3 were protem. 274±81 8 ug. galactosyltransferase. 3 52 tO 474 
nmol/mm/mg protem. slalyltransferase 1 357±0 146 nmol/mm/mg protem. aCld 
phosphatase 396±73 6 nmol PI/mm/mg protem The results have been 
averaged from three fractlOnatlons (n=3) ± standard error 

Table 3. DIstnbutlon of recovered enzyme actlvltIes of cell fractIons from 
cauda epldldymldls FractlOnatlOn was carned out m a slmllar way as III Table 
2 The absolute values of layer 3 were protem, 511 ± 134 ug. 
galactosyl-transferase. 0 285±0 0779 nmol/mm/mg proteill. sialyltransfcsase 
o 0877±0 0213 nmol/mm/mg protem, aCld phosphatase 324±53 9 nmol/mm/mg 
protem The results have been averaged from three fI actlOnatlOns (n -1) t 

standard error 
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• Table 2. Oistri biution of recoverd enzyme activities of cell fr"actions 
isolated from caput epididymal spermatozoa. 

Fraction Protem Galactosyl- Sialyl- ACld 
transferase transferase phosphatase 

(%) (%) (%) (%) 

Layer 1 32 8 :+: 9 57 9 57 ± 3 77 160±715 320 ± 2 78 

Layer 2 708 t 224 666 ± 1 32 246 ± 1 07 867 ± 1 82 

Layer 1 527 ± 1 57 306 ± 403 200 ± 2 15 968 ± 3 02 

Layer 4 195 ± 076 126 ± 3 89 148 ± 141 899 ± 260 

Layer 'i 779 ± 2 73 8 59 ± 065 965 ± 4 16 5 50 ± 249 

Layel R 43 1 ± 72 31 9 ± 598 370 ± 1 65 352±105 

Table 3. Oistribiution of recove."d enzyme activities of cell fractions 
isolated fmm cauda epididymal spe."matozoa. 

Flactlon Protelll Galactosyl- Slalyl- ACld 
transferase transferase phosphatase 

(%) (%) (%) (%) 

Layci 1 310 ± 794 388±152 257±\33 498 ± 983 
Layer 2 722 ± 250 707 ± 0762 5 Il ± \ 37 980 ± 4 54 
Layel 3 657 ± \ 72 965 ± 1 7\ 963 ± \ 87 13 5 ± 5 32 
Layer 4 363 ± 0365 6 \ 0 ± 0360 443 ± 202 326 ± \ 63 
Laycr 5 609 ± 3 19 3 68 ± 0635 126 ± 778 200 ± 092 
Layer R 45 \ ±18 6 34 8 ± 400 426±143 216 ±II 2 

• 
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Fig. 19. Cell fractions from the initiai segment and caput epldldymldls The 
results on Table 2 are presented as a modlfied de Duve plot descnbmg thc 
mean (n=3) of three fractlonatlOns wlth relatIve ennchments of enzyme 
actlvlty ln the fractions of the gradIents plotted as a functlOn of the rdatlve 
protem content recovered for each frachon of the gradIent Slgnificant rold 
ennchment ln galactosyltransferase and slalyltransferase actlvltlcs are ob<.,crvl!d 
ln fractions 3 and 4 
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Fig. 20. Cell fractions from cauda epldldymldls The results on Tablt: 1 are 
presented as a modlfied de Duve plot descnbmg the mean (n=1) of three 
fractlOnatlOns wlth relative ennchments of enzyme actlvlty ln the fractions of 
the gradients plotted as a functlOn of the relative protem content recovered for 
each frachon of the gradIent Slgmficant ennchment of enzyme actlvltlCS arc 
not observed m any fractIOns 
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Fig. 21. Effeet of trypSInlzatlOn on galactosyltransferase actlvlty of l'iolat~d 
saceular elements ln fractIOn 3 from initiai segment and caput epllhdvmal 
spermatozoa eytoplasmlc droplets The vanatlOns ln percentage CIlI.Yllle 
actlvlty at exponentlally Increaslng levels of trypsm ln the incubatIOn medllllll 
are shown m the presence (dotted Ime) or absence (solld hne) of the 
detergent Tnton X-IOO Enzyme aetlvlty m medium free of trypStn repre~ents 

100% Note that In the presence of detergent. galactosyltransferase actlvlty 
decltnes to below 5% at 1 ug/mi of trypsm whde In the absence of detergent, 
the enzyme actlvlty mamtalns around 60% even at trypsm level of 100 ug/mi 

Table 4. Effeet of trypStnlzatlon on galactosyltransfera~e acttvlty ln the 
presence or absence of Tnton X-100, as represented on FIg 21 Each .. alue 
IS reported as the mean (n=3) of three expenments wlthln one ,>tanJard 
deVlatlon 

33 

• 

• 



• Fig. 21. Effect of trypsinization on galactosyltransferase activity 
100 ~ 
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Table .s. Effeet of trypsinization on galactosyltransferase 
activity in the presence or absence of Triton X-IOO. 

( 'llIlc~IltratlOIl 0.1 1.0 10 50 100 
of tl)'p~1Il (~lg/m 1 ) 

"" FnJ: aet 91 7±3 73 941±839 630±418 74 6±14 6 53 1± 687 

"0 Enz aet 17 7±1 96 4 47± 168 .3 07± 416 3 14± 745 4 II± 167 
\Vith fnlon 
'\-100 



Fig. 22. Low power Iight mlcrograph of seve rai tubules of the 111Itlal segment 
of the epldldymls Immunostamed wlth antl-sera agamst TGN-38 (dilutIOn 
1 20) There IS an mtense Immunoperoxldase reactlOn (arrows) ln the form of 
a beaded cham overlymg the supranuclear reglon of the eplthehal principal 
cells Immunoreactlvlty (arrowheads) also appears over spermatoLoa III the 
lumen (Lu) m the form of small dlscrete dark dots fT mtertubular "pace x 
100 

Fig. 23. High power Itght mlcrograph of adjacent tubules of the Iflltlal 
segment of the epldldymls Immunostamed wlth antt-TGN-38 antlbody Intem.l' 
Immunoperoxldase Immunoreactlvlty (arrows) appears over the Golgi 
apparatus of the principal cells An mtense reactIon (arrowheads) IS also 
eVldent over the cytoplasmlc droplets of spcrmatozoa ln the lumen (Lu), whlle 
the rema:nder of the tatIs of the spermatozoa are unreactlve IT Intertllblliar 
space, Mv Illlcrovdh, n nuclel of prmclpal cells x 600 

Fig. 24. LocahzatlOn of galactosyItransferase ln epldldymls High power Itght 
mlcrograph of the initiai segment of the epldldymls Immunostamed wlth 
antl-sera agamst P 1,4- galactosyltransferase (1 50 dtIutlOn) The Golgi 
apparatus of pnnclpal cells 15 mtensely reactlve (G) a~ are cytopla~mlc 

droplets (arrowheads) of spermatozoa m the lumen (Lu) n nuclel x 600 

Fig. 25. LocahzatlOn of galactosyltransferase m cytopla~mlc uroplets On 
further magl1lficatlon, It was eVldent that the Immunoreacllons are 
predommantly locahzed tn one pole of the cytopla~mlc uroplet (alrowhcad-,), 
comcldmg wlth the locatIOn of the aggregated saccular clements x 1000 
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Fig. 26. LocalizatlOn of slalyItldIlsferase In epldldymls Iligh power Ilgh! 
mlcrograph of the Imtlal segment of the epldldymls Immunostalncd Wllh 
affimty-puflfied anubodles agamst ex 2,6- slalyItransferasc (1 10 dIlution) 1 hl: 
Golgi apparatus of pnnclpal cells IS Intensely reactlve (G) as arc cy!opla~nllC 
droplets (arrowheads) of spermatozoa III the lumen (Lu) x 600 

Fig. 27. Light mlcrograph of the corpus epldldyml" IllllllunO'.tamcd \VIth 
antl-sera agatnst P 1,4-galactosyltransferase (1 50 dilutIOn) ln contra!'>! to thl: 
initial segment ln Fig 24, Immunoreactton 10 cyloplasmlc droplcl,> 
(arrowheads) ln the lumen (Lu) of the corpus epldldvml~ was much \waker. 
although reactlon to the GolgI apparatus (arrows) of the cplthcllal pflllClp.1I 
cells (p) remams comparably mtense x 600 
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Fig. 28. Lowlcryl EM 1 mmunolocahzatlon of 10-nm gold-decorated sccondary 
antlbodles to pnmary antlbodles agamst P 1,4- galactosyItransferase (1 50 
dilutIOn) wlthm droplt!ts of the caput epldldymldls Gold partlcles 
(arrowheads) are sltuated over the saccular elements (S) There IS no labelmg 
over the matnx of the droplets. the plasma membrane (Pm) of the droplct or 
sperm head A axoneme. AC acrosome. N nucleus of the sperm hcad, 
ODF outer dense fibers. P perforatonum, m mttochondnal sheath, Lu 
lumen of the epldldymls x 40,000 

Fig. 29. LOWICryl EM ImmunolocaltzatlOn of 10-nm gold-dccorated ~cc()nJary 

anubodles to pnmary anttbodles agamst TGN-38 (1 2 dtlullon) wtthm droplcts 
of the caput epldldymldls Gold parucles (arrowheads) are '>Ituated oVt!r the 
saccular elements (S) There IS no labeltng over the matnx of the droplets. the 
plasma membrane (Pm) of the droplet or sperm head A axoneme, ODI­
outer dense fibers, m mltochondnal sheath, Lu lumen of the epldldynm x 
40,000 
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Fig. 30. Lowlcryl EM tmmunolocaltzatton of 10-nm gold-decorated secondary 
antlbodles to pnmary antlbodles agamst a 2,6- slalyltransferase (1 5 dIlutIOn) 
wlthm droplets of the caput epldldymldls Gold parttcles (arrowheads) arc 
sltuated over the saccular elements (S) There IS no labehng over the matnx 
of the droplets, the plasma membrane (P) of the droplet or sperm head A 
axoneme, ODF outer dense fibers. m mltochondnal sheath x 40,000 

Fig. 31. EM of an ultra-thrn frozen sectIon obtarned from fraction J of caput 
epldldymal spermatozoa cytoplasmtc droplets tmmunolocaItzed wlth u. 2,6 
slalyltransferase The 12-nm tmmunogold partlcles (arrowheads) are 
speclfically found over the pale stnattons correspondrng to the 'iaccular 
elements (S) x 30,000 
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Fig. 32. EM of an ultra-thm frozen section obtamed from fraction 3 of caput 
epldldymal spermatozoa cytoplasmlc droplets unmunolocallzed wuh antl-scra 
agamst ~ 1,4 galactosyltransferase showmg abundant gold partlcle~ 
(arrowheads) on saccular elements (S) x 48,000 

Fig. 33. On ultra-thm frozen section obtamed from cauda Cpldldy mal 
spermatozoa cytoplasmlc droplets. Immunoreactlon (arrowheads) wlth 01.4 
galactosyltransferase was slgmficantly weaker S saccular clements x 48,000 
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Fig. 34. Low power hght mlerograph of seve raI tubules of the mltlal segment 
of the epldldymls Immunostamed wlth antl-sera ralsed agamst fractIon ] 
(anti-SE) Immunoperoxldase reactlon praduct 1S present over spermatozoa ln 
the lumen ln the form of discrete dark dots (arrowheads) Immunoreaetlvlty 
(arrows) also appears over the supranuclear reglon of the eplthehal principal 
cells x 100 

Fig. 35. High power Itght mlcrograph of adjacent tubules of the Inlttal 
segment of the epldldymls Immunostalned wlth antl-SE anubodles An Intense 
Immunoperoxldase Immunorea("~lVIty (arrowheads) IS eVldent over Ihl! 
cytoplasmlc droplets of spermatozoa ln the lumen, whlle the remamder of the 
tails of the spermatozoa are unreactlve Intense Immunoperoxldase 
Immunoreactlvlty also appears over the GolgI apparatus (G) of the pnnclpal 
cells n nuclel of the pnnelpal eells x 400 
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Fig. 36. EM of a LOWICryl sectIon of a cytoplasmlc droplet ln situ 
Immunolabeled wlth anU-SE anubodles Gold partlcles (arrowhcads) decorate 
ttle saccular elements (S) occupymg one pole of the draplet ODF outer dense 
fibers, m mltochondna sheath x 45,000 

Fig. 37. EM of an ultra-thm frozen section obtamed from fraction 1 
Immunolabeled wlth antl-SE The J 2-nm Immunogold partlcles (arrowhead'» 
labeled over the pale strIatIons correspondmg to the saccular clements (S) x 
30,000 
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Fig. 38. Lecttn labeltng of cytopiasmlc draplets wuhm the caput epldldvm1dls 
RICIflUS Communts Aggl uttnm 1 (Re A-I) collO\dal gold (1 Snm) dccOi <ltcd 
sectIon of the droplet shows numerous gold partlc1es (arrowheads) over the 
saccular elements (S) occupymg one pole of the droplet mdlcatmg the 
presence of D-galactose c.ontatntng glyco-conJugates Label IS also seen ovcr 
the plasma memblane (arrows) A, axoneme, ODF, outer dense fibers. 111. 

mltochondnal sheath x 45.000 

Fig. 39. Lectm labeltng of a cytoplasmlc droplet wlth HelIx Pomatla Icctm 
(HPL) col\OIdal gold complexes The maJonty of gold partlcles (arrowheads) 
are present over the saccular elements (S) mdlcatmg the presence of N-acctyl 
galactosamme contatnmg glvco-conJugates Gold partlcles are al50 5een over 
the plasma membrane (arrow) A, axoneme, ODF. outer dense fiber." m. 
mltochondnal sheath x 45,000 
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Fig. 40. SDS-PAGE of polypeptides of Isolated cytoplasmlc droplets from the 
mltlal segment and caput epldldymls (tane 1) and endogenolls substrates for 
glycosylatlOn wlth UDP-[\H] galactose (Iane 2) and CMP-[ \HI sialle aCIIJ (Iane 
3) Major polypeptides stamed by Coomasslt! bnillant blue (C) were ()b~t!rved 

at 12, 44 5, 68, and 110 kD (upward pomtmg arrows), Identlcal to those III 

Fig 17 The major smloprotem acceptors (SA) were observed at 62, 34~, 

204, and 144 kO (horizontal arro~s) Galactose-Iabeled polypeptides (Gal) 
were observed between 29 and 280 kO Moleeular mass markers are IIldu.:ated 
on the left Approxlmately 100 ug protem was loaded on each of lanes 1- 3 
The exposure ume for the x-ray fi lm (tanes 2 and 3) was 1 Illonth 
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Fig. 41. Dlagrammatlc representatIon Iilustratmg the Golgi apparatus of carly 
spermauds, ItS fate m late spermauds and presence ln eytoplasmle droplets 
In early steps of spermlOgenesls (steps 1-8), the GolgI apparatus (G) 15 

hemlsphencal, formed of stacks of saccules and IS found next to the 
acrosomlc system (AS) overlymg the nucleus (N) In steps C)- 16, the Golgi 
apparatus becomes sphencal and occuples the cytoplasmlc lobe (CL) of the 
spermatld In steps 17-18, the Golgi apparatus IS no longer vIsible as a 
dlscrete entlty, but rnany randomly dlspersed saceular elem~nts (S) occupy the 
cytoplasmlc lobe At step 19 of spermlOgenesls, the saccular elements 
segregate themselves at the site of the cytoplasmlc draplet (CD), whlle the 
other organelles (unused mltochondna, endoplasmlc retlculum, hpld bodies, 
etc) collectlvely become ageregated wlthm the resldual bod~ (RB) The latter 
IS eventually phagocytosed by the Sertol! tell where It IS degraded The 
cytoplasmlc draplets of spermatozoa 10 the semmiferous tubules of the testls, 
rete testJs (RT), efferent duets (ED), and initiai segment (lS) are posltlOned 
at the level of the neck plece of the tat! ln the caput epldldynlldls, the draplet 
dlsplaees Itself along the tall to now occupy a pOSitIOn next to the annular 
(An) of the tall ln the corpus epldldymldls, the droplet IS laterally dlsplaeed, 
while ln the cauda epldldymldls, many droplets are detached from the "perm 
The saccular elements occupy one pole of the droplet but ln living "peclmen<; 
they can be seen vortexmg the clrcumference of the droplet ln do<;c 
apposltlon to the plasma membrane The combtned eVldenee for the 
morphologlcal and blOchemlcal presence of Golgi markers and lecttn stalnlr.g 
wlthm the saceular elements of the droplet and modificatIOn of endogenou'l 
glycoprotems suggest that the saceular elements are modlfied GOlglrrGN 
components 
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