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Abstract

Dynamin is a protein essential to endocytosis. Dynamin 2, a dynamin isoform, is expressed
most intensely in testicular tissue; however, precise localization has never been studied. There-
fore, we investigated the expression of dynamin 2 in rat testicular tissue using immunohistochem-
ical methods, and discuss here the physiological function of this protein. Testicular tissues were
obtained from Wistar rats at 10, 21 and 63 days of age. Immunohistochemistrical examination
and Western blot analysis were conducted using dynamin 2 specific antibody. Western blot anal-
ysis showed that expression in 21- and 63-day-old rats was more intense than that in 10-day-old
rats. Dynamin 2 expression was observed using immunohistochemical method in the seminiferous
tubules of all rats. In the 63-day-old rats, the expression was intense, especially in spermatids in
the earlier maturation stages and in spermatocytes, and was observed in Sertoli cells. However,
in spermatids, the expression gradually declined as spermatids matured to spermatozoa. In the
21-day-old rats, the expression was evident in spermatocytes and Sertoli cells, but that in the 10-
day-old rats was weak. Intense expression of dynamin 2 during spermatogenesis suggests that this
protein plays an important role in this process.
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Dynaminisaproteinessentialtoendocytosis.Dynamin2,adynaminisoform,isexpressedmost
intenselyintesticulartissue;however,preciselocalizationhasneverbeenstudied.Therefore,we
investigatedtheexpressionofdynamin2inrattesticulartissueusingimmunohistochemicalmethods,
anddiscussherethephysiologicalfunctionofthisprotein.Testiculartissueswereobtainedfrom
Wistarratsat10,21and63daysofage.ImmunohistochemistricalexaminationandWesternblot
analysiswereconductedusingdynamin2specificantibody.Westernblotanalysisshowedthat
expressionin21-and63-day-oldratswasmoreintensethanthatin10-day-oldrats.Dynamin2
expressionwasobservedusingimmunohistochemicalmethodintheseminiferoustubulesofallrats.
Inthe63-day-oldrats,theexpressionwasintense,especiallyinspermatidsintheearliermaturation
stagesandinspermatocytes,andwasobservedinSertolicells.However,inspermatids,the
expressiongraduallydeclinedasspermatidsmaturedtospermatozoa.Inthe21-day-oldrats,the
expressionwasevidentinspermatocytesandSertolicells,butthatinthe10-day-oldratswasweak.
Intenseexpressionofdynamin2duringspermatogenesissuggeststhatthisproteinplaysanimpor-
tantroleinthisprocess.

Keywords:dynamin2,endocytosis,spermatogenesis

D ynaminisa100-kDaGTPasewhichplaysan
importantroleinendocytoticprocesses［1］.In

recentyears,ithasbeendemonstratedthatthefunction
ofdynaminisessentialforclathrin-mediatedendocytosis
ofsynapticvesiclesinnerveterminals［2-5］.Further-
more,experimentaldatainvolvingculturedcellshas
revealedthatdynaminregulatestheentryofmolecules
intothecellviaendocytosis［6,7］.Duringendocytosis,
dynaminassemblestoformapolymeratthecellsur-
roundingtheneckofclathrin-coatedpitsandpincheso

thevesiclesfromthecellmembrane［8,9］.
Thereareseveralisoformsfound in dynamin:

dynamin1isexpressedexclusivelyintheneurons,
dynamin2isubiquitouslyexpressed,includinginthe
testiculartissues,anddynamin3isexpressedinthe
neurons,lungsandtesticulartissues［3］.Althoughthe
functionofdynamin3isnotevident,thatofdynamin1
anddynamin2hasbeeninvestigatedintensively,andit
hasbeendeterminedthattheseisoformsparticipatein
endocytosis.Dynamin2isexpressedintenselyinrat
testiculartissues［6,10］;however,itspreciselocaliza-
tionhasnotyetbeenstudied.
Ontheotherhand,spermatidshavebeenstudiedin

detailandtheirdevelopmentcanbecategorizedinto19
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stepsdependingonmaturationstageinmaturerats,with
higherstepnumbersindicatinggreatermaturation.Dur-
ingSteps1to8,spermatidsareroundspermatid,while
duringSteps9to19,theyareelongatingspermatids
［11］.Eachseminiferoustubulecanbeclassifiedintoone
of14stagesaccordingtoitscompositionofgermcells
［11］.
Inthisstudy,weinvestigatedthelocalizationof

dynamin 2 in rattesticular tissues using these
classifications.Inaddition,thephysiologicalfunctionof
dynamin2isdiscussed.

MaterialsandMethods

Westernblotanaly-
siswasperformedaspreviouslydescribed［12］.Tes-
ticulartissueobtainedfromWistarrats,aged10,21and
63days,waslysedwithlysisbuer(6.25mMTris-HCl,
pH 6.8, 0.25M sucrose, 2 SDS, 1.25 2-
mercaptoethanol),andsamplesweresubsequentlyprepar-
edbysonication.Approximately30μgproteinwere
subjectedto6 SDS-PAGE.Thesampleswerethen
electrotransferredtonitrocellulosemembranes,followed
byincubationwithblockingbuer［10 equineserum,
5 skimmilkandTBS(10mMTris-HCl,pH7.6,150
mM NaCl)］for2h.Membranesweresubsequently
incubatedwithprimaryantibody(anti-dynamin2goat
polyclonalantibody,purchasedfromSantaCruzBiotech-
nology,SantaCruz,CA,USA)dilutedby1 gelatin
andTTBS(20mMTris-HCl,pH7.6,500mMNaCl,
0.05 Tween-20)solutionfor2hat37°C.Membranes
werethenincubatedwithHRP-conjugatedsecondary
antibody(Bio-Rad,Hercules,CA,USA)dilutedwith
theidenticalsolutionutilizedfortheprimaryantibodyfor
1hat25°C.Targetproteinwasvisualizedwith0.05
4-methoxy-1-naphthal(AldichChemicalCompany,Inc.,
Milwaukee,WI,USA).

Immunohisto-
chemicalanalysiswasconductedfollowingthetechniques
previouslydescribed［13］.Wistarrats,aged10,21and
63days,weredeeplyanesthetizedwithsodiumpentobar-
bital.Testiculartissueswereremovedandsubsequently
fixedwith4 paraformaldehydein0.1M phosphate
buer(pH7.4).Sampleswerecryo-protectedwith10
sucrosein0.1M phosphatebuer(pH7.4)for2h,
frozenembeddedwithTissue-Tek(OCTcompound).
Theblocksofrattestistissuewerecutinto10μlsections
usingacryostat.Thesectionswerethenthaw-mounted

onglassslidesandwerethenincubatedwithblocking
buercontaining10 rabbitserum,10mM sodium
phosphate(pH7.4)and150mMNaClfor30min,fol-
lowedbyincubationwiththeprimaryantibody1:200
dilutionovernightat25°C.Thesectionswereincubated
withrabbitsecondarybiotinylatedantibody(VectorLabo-
ratories,Burlingame,CA,USA)andwithABCreagent
(VecstatinABCKit,VectorLaboratories),andsubse-
quentlystainedwithDAB-HO andcounterstainedfor
cellnucleiwithhematoxylin.Glycerin-embeddedsections
wereobservedwithamicroscope.Negativecontrol
sectionswerestainedusinggoatseruminlieuofthe
primaryantibody.
Inthe63-day-oldrats,eachspermatidwascategorized

intooneof19steps,andeachseminiferoustubulewas
classifiedinto14stagesaccordingtothecriteriapresented
byPerry［11］inapreviousstudy.

Results

Westernblotanalysisrevealedthepresence
of100-kDadynamin2-specificbandsinallrattesticular
tissues.Dynamin2expressionwasapproximatelyidenti-
calin21-and63-day-oldrats.However,dynamin2-
specificbandsinthetesticulartissueof10-day-oldrats
weresiginificantlylessintensethanthoseinthetissueof
olderrats(Fig.1).

Intensedynamin2signalsweredetectedin
theseminiferoustubulesofthe63-day-oldrats(Fig.2).
Eachseminiferoustubulewasexaminedusinganenlarged
view(Fig.3A-E).Atallstages,themostintensesignal
wasobservedinspermatocytes,bothprimaryandsecon-
dary.Sertolicellsandspermatogoniaalsoexhibiteda
positivesignal.Signalswerealsoobservedininterstitial
cells,althoughonlyweakly.
InStageIII,Step3roundspermatidsandStep16

elongatingspermatidsweredetected(Fig.3A);more-
over,thecytoplasmofStep3roundspermatidsdisplayed
anintensesignalcomparabletothatofspermatocytes.On
theotherhand,thecytoplasmofStep16elongating
spermatids,whichwaslocatedintheinnerportion,
demonstratedalessintensesignalrelativetothatofboth
spermatocytesandStep3roundspermatids(Fig.3A).
Step6roundspermatidsandStep18elongating

spermatidsinStageVI(Fig.3B),andStep7round
spermatidsandStep19elongatingspermatidsinStage
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VII(Fig.3C)weredetected.However,thesignalsof
roundspermatidsofStep6(Fig.3B)and7round
spermatid(Fig.3C)wereweakerthanthatofStep3
roundspermatids(Fig.3A).Thesignalsofelongating
spermatidsofSteps18(Fig.3B)and19(Fig.3C)were
alsoweakerthanthatofStep16spermatids(Fig.3A).
Step9elongatingspermatidsobservedinStageIX(Fig.
3D),andStep12elongatingspermatidsobservedin
StageXII(Fig.3E)expressedmoreintensesignalsthan
Step16spermatids(Fig.3A).Nospecificsignalwas
evidentineitheroftheseminiferoustubulesinthenega-
tivecontrolsamples(Fig.3F).
Intensedynamin2signalwasalsopresentinthe

spermatocytesin21-day-oldrattesticulartissue(Fig.
3G).Noimmune-specificsignalwasdetectedinthe
seminiferoustubulesinnegativecontrolsamples(Fig.
3H).
In10-day-oldrattesticulartissue,dynamin2expres-

sionwasweakinthespermatocytes(Fig.3I).No
immune-specificsignalwasdetectedintheseminiferous
tubulesinnegativecontrolsamples(Fig.3J).

Inourobservations,themostintensedynamin2
expressionwasapparentinspermatocytes,roundsper-
matidsandSertolicells.In63-day-oldrats,round
spermatidsintheearlierdevelopmentalstagesshowed
intensesignalsincomparisonwiththoseofspermatocytes,
howeversignalintensitydeclinedasthespermatids
matured.

Discussion

Thepresentinvestigationdemonstratesthat100k-Da
dynamin2isexpressedin10-,21-and63-day-oldrats.
Dynamin2expressionin21-and63-day-oldratsismore
intensethanthatin10-day-oldrats.Immunohisto-
chemically,dynamin2expressionin10-day-oldratswas
significantlyweakerthanintheolderanimals.Itisknown
thatspermatogenesisbeginsataround15daysafterbirth.
Lessintenseexpressionofdynamin2beforetheonsetof
spermatogenesissuggeststhatthereexistsastrongrela-
tionshipbetweenthisproteinandspermatogenesis.Since
dynamin2expressionseemstobeidenticalin21-and
63-day-oldrats,itispossibilethatthephysiologicalrole
ofdynamin2hasalreadybeenestablishedby21daysof
age.
Dynamin2signalwasexpressedingermcellsand

Sertolicells.Ourstudydemonstratesawiderangeof
localizationofdynamin2signalinthecytoplasm.The

LocalizationofDynamin2inRatTestesAugust2002

Fig.1 Dynamin2expressioninrattesticulartissuesbywestern
blotanalysis.Lane1,10-day-oldrattestis;Lane2,21-day-oldrat
testis,Lane3,63-day-oldrattestis.A100-kDaproteinwasdetected
inallrats,however,expressionin10-day-oldratswaslessthanthat
inolderrats.

Fig.2 Dynamin2localizationinrattesticulartissues(ABC-DAB
staining,hematoxylinstainingwithanti-dynamin2antibody,Bar＝

50μm)Dynamin2signalsweredetectedinseminiferoustubules.
Romannumeralsindicateeachseminiferoustubulestage.
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mostintensedynamin2signalwasapparentinthe
spermatocytesin21-and63-day-oldrattesticulartissues.
In63-day-oldrats,roundspermatidsinearlierstageof
maturationshowedanintensesignalincomparisonwith
thatdetectedinspermatocytes.Theintensityofthesignal
declinedasthespermatidsmatured.Dynamin2expres-
sioninspermatogoniawasweak.Dierencesinsignal
intensitieswerenotdetectedinSertolicellsinanyofthe
stages.
Sertolicellsareconsideredtodirectlyinfluencesper-

matogenesisbyprovidingnutrientsandsecretingvarious
substancesforgermcells.AdjacentSertolicellsform
tightjunctionstocreatetheblood-testisbarrieratanage
ofbetween16and18daysinrats［14］.Seminiferous
tubulesarepartitionedintothebasalandadluminalcom-
partmentsviatheblood-testisbarrier,withthelatter
containinggermcellsaftertheleptotenestage,suchas
spermatocytes,spermatidsand maturespermatozoa
［15］.Thedevelopmentofgermcellsinadluminalcom-
partmentsissustainedexclusivelybySertolicells［16］,
whichmustobtainvarioussubstancesfromoutsideofthe
seminiferoustubules.Endocytosisofseveralproteins,
suchastransferrin,isreportedtobeactiveinthebaseof
Sertolicells［17,18］anddynamin2isthoughttoplay
anessentialroleinthisprocess.
Electron Microscopy studies have shown that

androgen-bindingproteinistransportedfromSertolicells
togermcellsbyclathrin-mediatedendocytosis［19］.Itis
recognizedthatspermatogenesisisdependantupontestos-
terone［20］.Infact,basedontheresultsofanexperi-
mentusingtransferrin,itwasreportedthatthetranspor-
tationoftransferrinviaendocytosisinspermatocytesand
roundspermatidsisactive,whilethatinelongating
spermatidsisinactive［21］.Inaddition,immunocyto-
chemicallocalizationofclathrinplacesitslocalizationat
thesurfaceofprimaryspermatocytesandspermatids

Fig.3 Dynamin2localizationinrattesticulartissues(ABC-DAB
staining,hematoxylinstaining,Bar＝10μm).A,63-day-oldrat
(StageIII):Step3andStep16spermatidswerefoundinthe
seminiferoustubules.TheintensityofsignalsinStep3spermatids
wasidenticaltothatinspermatocytes,whilethatinStep16sper-
matidswasweak;B,63-day-oldrat(StageVI)andC,63-day-oldrat
(StageVII):Inthesefigures,spermatidsofSteps6and18(Fig.3B)
andSteps7and19(Fig.3C)spermatidsaredetected.Thesignals
inspermatidsofSteps6and7waslessintensethanthoseinStep
3spermatids,andthatinspermatidsofSteps18and19wasless
intensethanthatinStep16spermatids;D,63-day-oldrat(StageIX)
andE,63-day-oldrat(StageXII):Step9(Fig.3D)andStep12(Fig.
3E)spermatidswereobserved.Expressioninspermatidsofboth

Steps9and12wasmoreintensethanthatinStep16spermatids;F,
63-day-oldrat(negativecontrol):Nospecificsignalwasdetectedin
theseminiferoustubules;G,21-day-oldrat:Signalsweredetected
mostintenselyinspermatocytes,andwerealsoobservedinSertoli
cellsandspermatogonia;H,21-day-oldrat(negativecontrol):No
specificsignalwasdetectedintheseminiferoustubules;I,10-day-
oldrat:BothspermatocytesandSertolicellswerefoundinthe
seminiferoustubules.Signalsinbothtypesofcellwereweak;J,
10-day-oldrat(negativecontrol):Nospecificsignalwasdetectedin
theseminiferoustubules.N,spermatocyte(nucleus);n,round
spermatid(nucleus);＊,elongatingspermatid;arrow,Sertolicell
(cytoplasm);arrowhead,spermatogonia.
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［22］.Inthesameexperiment,intensedynamin2expres-
sionsweredetectedinbothspermatocytesandround
spermatids,andthisexpressiondeclinedasthesper-
matidsmatured.Thesefindingsarethoughttobeconsis-
tentwithourcurrentunderstandingofspermatogenesis
andtransportationofneutrients.Spermatocytesand
roundspermatidsundergomeioticstages,hence,these
cellsarethoughttoneedtoimportmorenutrients.This
suggestsarelationshipbetweennutrienttransportationin
spermatogenesisanddynamin2expression.Recent
reportshaveproposedthatdynamin,inadditiontoits
roleinpinchingo clathrin-coatedpits,alsoservesasa
regulatoryfactorforthecoatedvesicles［23］.
Thefunctionofendocytosis-relatedproteinssuchas

amphiphysinIandsynaptojaninintesticulartissueshas
beenanalyzedinseveralrecentstudies［24,25］.
Specifically,intenseexpressionofamphiphysinI,which
bindstodynamin,hasbeenshowninSertolicells［25］.
Ithasbeenclaimedthat,basedontheincreaseof
expressionlevelsofamphiphysinI,endocytosisinSertoli
cellsmaybecomesignificant,coincidingwiththeonsetof
spermatogenesis［25］.Asaresult,afunctionalrele-
vancebetweendynamin2andamphiphysinIissuggested.
Basedontheobservationthatdynamin1isintensely

expressedinneuronsbutshowsnearlynoexpressionin
testiculartissues［3］,dynamin2couldbeproventobe
essentialfortransportationprocessesintesticulartissues.
Inthisstudy,wesuggestthatdynamin2playsan
importantroleinspermatogenesis.
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