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Summary. The three-diiiiensional configuration and 
cheiriicol composit ion of leptoniei-es in the inouse 
\ e i i t r i c ~ i l a r  ca rd iac  inuscle f ib re  were  e l ec t ron  
iiiicroscopically und iminuiiocytochemically in\-estigated 
~ising seinithin sections and specific antibodies agairist 
actin. the intei-mediate filament proteins desinin and 
viiiientin. anci the aciin-binding proteins a-actir i in,  
filainin and vinculin. The leptomeres appeared columnar 
in shape arid periodically segmeiited by electron-dense 
tiisc-like septa. The electrori-lucent areas betweeri these 
septa u e r e  composed of fiiie interl inked filainents 
running obliquely to the major axis cif the Ieptomere. 
Actiii was localized in the electron-dense lii-ies of the 
leptoineres but not in the fine filaments. No reaction 
was. however. detected for desinin. vinientin. \zi~iculin. 
rilainin and a-act in in .  The  preserit results suggest .  
therefore. that the leptomeres inay not have a contractile 
function. 
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lntroduction 

Leptoiiieres are  unique ir i t iacellular s t ructures  
first reported in the aviaii skeletal inuscle by Ruska 
aiid Edwai-ds i11 1957. The naine refers to its shoit .  
slei ider sa rcomere - l ike  appearance .  S i n c e  thei r  
discovery, these structures have been observed i r i  vario~is 
types o f  muscle fibres, such as the huinari extraocular 
skeleral inuscle (Mukono.  1966),  intrafusal muscle 
fibres oí' frog (Ka tz ,  1961 ) and rat (Ovalle.  1972) .  
cardiac iiiuscle fibres of hen, pigeon (Bogusch, 1972) 
and niouse (Thoenes and Ruska, 1960: Myklebust arid 
Seiiseri. 1978: Ono et al.,  1978). i i i  cultured skeletal 
iiiuscle cells (Miranda and Godiiiaii, 1973; Askanas 
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et  a l . .  1978) .  2nd in niyopathic skeletal (Lake  and 
Wilson, 1975) and cardiac inuscle fibres (Fujitn et al.. 
1979). These sti-uctures are composed of periodically- 
arranged electroii-dense irarrow bands bridged by fine 
f i loments .  aiid are  usually located ainong Z- l ines  
and be t~veen  the sarcolemnia and the Z-line in the 
str iated niuscle f ibres  (Ruska  and Edwards .  1957: 
T h o e n e s  and Ruska .  1960 :  Ka tz ,  1961:  Mi randa  
and Godrnan. 1973: Askanas et al.,  1978; Myklebust 
and  J e n s e n .  1 9 7 8 ) .  The i r  phys io log ica l  ro le  and 
biocheniical coinpositiori, however, are still unclear. In 
the present stutly. the three-dimensional corifiguration of 
the leptonlei-es in the mouse cardiac  muscles  was 
examined using stereci pairs of semithin sections, and 
theii- biocheriiical characteristics were iinnluriocyto- 
chemically determineti. 

Materials and methods 

Procedure for Electron M~croscopy 

Mice of dtlY sti-ain. aged 0. 1.  2. and 7 days arid l .  6, 
aiid 12 inonths,  wei-e employed.  The  aniiiials were 
perfused tlirough the left \,eritricle, uiider sodiuin 
pentobarbital anaesthesia. with physiological s. '1 1 '  111 e 
followeti by 2.5% gl~itaraldehyde in 0 . I M  cacodylatc 
buffer. pH 7.3, t'or 10 niin. The hearts were excised. cut 
into sinall blocks. and further fixed iri the sanie fixati1.e 
for Ih at 0-4 "C. The tissue blocks were washed in the 
above buffer tijr 20 inin, and postfixed in 1% O s o 4  in 
0 .1  M cacody la te  buffer ,  p H  7 .3 .  for  I h at  rooni 
teniperature. After ~vashing in the buffer for 20 min, the 
specimeiis were  dehydra ted  in a ser ies  of graded 
ethanols and propylerie oxide, and embedded in Spurr's 
low viscosity epoxy resin (Spurr, 1969). Ultrathin arid I 
yin-thick semithin sections were cut i n  al1 LTltracut E 
ultraiiiicrotome (Keichert AG, Vienna, Austria). and 
stained with uianyl acetate and lead citi-ate. Ultrathiii 
sectioiis  w e r e  obse rved  in a J E M - 1 0 0 s  e lect ron 
inicroscope (SEO[, Co., Tokyo, Japari) ciperated at 80 kv. 
and seinithiii sectioris were examined i r i  an H-700H 
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electron nlicroscope (Hitachi Co.. Tohyo, J a p a n )  
accelerated at 200 kv. 

Procedure for lmmunocytochemistry 

Pi-eparation of Tissue 

Mice of ddY strain aged 6 and 12 nionths were 
eniployed. The heart was perfused thi-ough the left 
ventricle with ice-cold physiological saline followed by 
ice-cold 2% paraforinaldehyde i n  0.1M PBS, pH 7.3. 
The heart was extirpated, cut into small blocks and fixed 
in the saine fixative for Ih at 0-4 "C. fol lo~ved by 
washing in 0. IM PBS for 30 min. In order to block the 
free aldehyde groups, the tissues were inimersed in 
50mM NH4Cl in 0.1M PBS for 30 inin, and wiished in 
O.1M PBS for l2h.  The tissues were dehydi-ated i n  
graded ethanols a progressively lower teinpei-atuses, 
dowii to -35 "C (Carlemaln~ et al.. 1982). rmbedded in 
Lowicryl K4M and polymerized under LTV irradiation in 
a low temperature polymerization apparatus (Dosaka 
EM. Co.. Kyoto, Japan) for 24h at -35 "C, and for a 
further 3 days at room temperature. Ultrathin sections 
were collected on Parlodion-carbon-coated nickel grids. 

Priinary antibodies 

Anti-actin aniibody: mouse anti-actin antibody IgM 
class clone JLA 20 (Oncogene Science Inc.. Uniondale. 
NY, USA); anti-desmin antibody: inouse anti-desmin 
antibody IgG 1 class clone DE-U- 10 (Sigma Chemicals 
Co.. St. Louis. MO, USA); anti-vinlentin antibody: 
inouse anti-vimentin antibody IgG 1 class Clone V-9 
(Signia Chemicals Co.. St. Louis. MO. USA). os goat 
anti-viinentin polycloiial antibody (ICN Biomedicals, 
INC.. Irvine, CA, USA); anti-vinculin antibody: mouse 
anti-vinculin antibody IgG 1 class clone hVIN- 1 (Sigma 
Cheinicals Co.,  St. Louis. MO: USA); nnti-filaniin 
antibody: mouse aiiti-filamin antibody IgG1 class clone 
FIL-2 (Sigma Chemicals Co., St. Louis, MO, USA): 
anti-a-actinin: mouse anti-0.-actinin antibody IgM 
isotype (Sigina Chemicals Co., St. Louis. MO. USA). 

Secoridary aritibodies 

Goat anti-mouse IgM antibody coniugated with 
10 nm colloidal gold (Zymed Laboratorie5. Inc., San 
Francisco, CA, USA); goat anti-mouse IgG antibody 
conjugated with 5nm colloidal gold (Sigma Chemicals 
Co., St. 120uis. MO, USA): rabbit anti-goat IgG antibody 
conjugated with 10 nm colloidal gold (Zynied 
Laboratoriej. Inc., San Francixo, CA, USA). 

Ultrathin Louicryl sections were preincubated in 
0.02M Tris-buffered saline (TBS) containing 1 C/c bovine 
serum albumin (BSA) at room temperature, and then 
~ a s h e d  in 0.02M TBS for 15 min. Incubation with the 

first antibodies. diluted at adequeate concentrotions in 
0.02M TBS containing 1% BSA, \vas pesforined foi- 60 
iiiin at rooin temperature in a moist chainber. Aftei- 
washing with 0.02M TBS for 15 min. the sections weie 
reacted with the secondary antibodies. diluted in 0.02M 
TBS containing 1% BSA, for 60 min and then washed in 
0.02M TBS for 15 min. This was followed by fixation in  
2% glutaraldehyde in 0.02M TBS Sor 15 i i i in .  iind 
washing in  0.02M TBS for 15 rnin. The sections ~vei-e 
stained with uranyl acetate and lead citrate, iind obser\.ed 
in a JEM-100s electron microscope (JEOL Co.. Tokyo. 
Japan) operated at 80 kv. 

Results 

The leptomeres were composed of periodically- 
ai-ranged electron-dense liiies alternating uith electron- 
lucent aseas of 35-45 nin and 120-200 niii i i l  width. 
respectively. together forming a siriated pattern \vhich 
extended for 0.5-2 yni in length and 0.1-0.4 yiii in width 
(Figs. l .  2). 

Leptomeres were often observed i n  the cardiac 
muscle fibres of both ventricles, but they were nevei- 
found in atrial cardiac muscle fibres. In longitudinal 
section. the leptoineres were usually located ainoiig 
the myofibrils, flanked by two mitochondria, n t  the level 
of the Z-line. Their axis was ~isually perpendicular. 
and occasionally parallel os oblique to the axis of 
the inyofibrils, and they were always connected m.ith 
the Z-line (Figs. 1 :  2 ) .  Leptonieres were soinetiines 
also found just beneath the sarcolenima. in which case. 
their axis was parallel to the surface of the inyocardial 
cell. and connected the Z-linr to the sarcolemina (Fig. 
3). In cross section. the leptomeres were also situated 
ainong myofibsils and bound to Z-lines ( F i z .  4 ) .  
Occasionally, these structures were randomly distributed 
in the vicinity of the intercalated disc (Fig. 5) .  Iii s~ich 
instances, they were always connected to the Z-band os 
to the niat of electron-dense material iinniediately 
subjacent to the sarcolemma at one end. Leptonieres 
were never observed independently in the cardiac 
muscle fibre. 

Sonletimes these structures were also seen iii  close 
apposition to T-tubules (Fig. 6).  and to the terminal 
cisternae and the reticular portion of the sarcoplasmic 
reiiculiim (Figs. 1 ,  2). 

The hish electron-dense lines had a Z-line-like 
appearance and exhibited a fuzzy pattern which 
resembled that seen at the joint between actin filanients 
and the Z-line (Figs. 2. 3).  Its electron density was. 
however, higher than that of the Z-line. The electron- 
lucent aseas were made up of fine filainents OS aboiit 
5 nm i n  dianieter running obliquely tu the majos axis cif 
the leptomeres. 

Three-dimensional views of 1 yin seinithin sections 
reirealed that the leptomeres were Sor the most 
past columnar or parallelepiped structui-es. divided 
into periodical segnients by electron-dense. disc- 
like septa (Figs.  8. 8 ' ) .  The fine filainents i n  the 
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electi-on-lucent ai-eas i-an obliquely to the major axis were clearly nioi-e abundant in 12 month-old than in 6- 
of ihe leptoniere, in many directions, forining inexhes month-old mice. No niorphological differences coulci be 
(Fig\ .  9. 9 ' ) .  Ai-ound the leptomere thei-e were closely recognized between the leptomeres of young and adult 
appo\cci iiiitochondria and T-tubules, but i t  could not be mice (Fis.  7).  
confiirnecl u,hether the leptomeres were connected to 
them. Immunocytochemistry 

Leptomeres were hardly ever found in young mice up 
to one month. However. in niice aged between 6 aiid 12 The results of the i r i im~inocy toche~~~ica l  study are 
months, these structures \\ere frequeiitly observed. and summari~ed in the Table l .  

Table 1. Localization of actin, actin-binding proteins and intermediate filaments in leptomeres in the mouse cardiac muscle fibre 

LEPTOMERE NORMAL CARCOMERE OTHERS 

Periodic dense Iine Filaments A-band 1-band Z-line 

anti-actin 
anti-desmin 
anti-vimentin 
anti-vinculin 
anti-filamin 
anti-tr-actinin 

+ + + ICD (+) 
around the T-tubule (+) 
around the nucleus (+) 
ICD (+); both ends of 2-line (+) 
ICD (+); both ends of Z-line (+) 

? 

ICD. intercalated disc; +: positive; -: negative; ?: unclear 

Fig. 1. Longitudinal section of a ventricular cardiac muscle fibre of a 12-month-old mouse. The leptomeres are situated among Z-lines and flanked by 
mitochondria. Their axis is usually perpendicular to the axis of the muscle fibre. Bar= 0.5 lim. x 30.000 



Fig. 2. Leptomeres consist of periodically-oriented Z-line-like electron- Fig. 3. A leptomere situated between myofibrils and the sarcolernma 
dense Iines bridged by 5 nm-thick filaments Bar= O 1 ~ i m  x 92.000 connected with the Z-line The Z-line-like Iines exhibit a fuzzy pattern 

Bar= 0 1 iim x 71 000 

Fig. 4. Cross section of  a ventricular muscle f ibre Showing two Fig. 5. Leptomeres are randomly distributed in the vicinity of the 
leptomeres Note that these structures display the same morphological intercalated disc Bar= O 5 pm x 32 000 
characteristics and continuity with the 2-line as in longitudinal section 
Bar= O 5 [im x 44 000 
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Fig. 6. A leptomere in close apposition with a triad Electron-lucent Fig. 7. A leptomere observed in a ventricular cardiac muscle fibre of a 
areas (arrowhead) are seen in the fine filament areas among the 2-day-old mouse No fundamental morphological differences are 
electron-dense Z-line-like Iines Bar= O 5 l m  x 85,000 found between the leptomeres observed in adult and in young mice 

Bar= O 5 Lim x 36 000 

Aiiti-actin antibody 

Positi\e labelliii~ was detected on the actin filarnents 
in the 1-band aiid the A-band of the myofibrils, and at the 
inteicalated disc.  Gold particles were found on the 
Z-liiie-lilx electroii-dense lines of the leptornei-es, but 
the fine filariieiits of the leptorneres were negative 
(Fig. 10). 

Figs. 8 and 8'. Stereo pair of a leptomere in a 1 lim-thick 
section. This columnar leptomere is segmented by a disc-like 
electron-dense septa. Bar= 0.5 um. x 35.000 

Aiiri-desinin aiitibody 

Desmin rintibody reaction was positively 
f o u n d  a round  T- tubu les ,  but both  the f ine  
filaments and the Z-lirie-like electron-dense lines 
of the leptoineres were negative (Fig. 1 1 ) .  

Anti-vimentin antibody 

Gold  par t ic les  were  d i s t r ibu ted  i r i  the  
cytoplasrn arciund initochondria, nucleus, and 
on the riiyofibrils. They were also found in 
rhe nucleus, specially around the nucleolus (Fig. 
1.3). No posi t ive  react ion was  seen in tlie 
leptomei-es í Fig. 12). 

Aiiti-1-inculin antibody 

Pos i t i \ , e  l abe l l ing  wah obse rved  at  the  
intercalated disc, on the Z-line, and between the 

2-l ine and thc sarcolemnia, which coincide with the 
position of costanieres (Donowski et al.,  1992).  No 
i-eaction was, hu\%.ever, detected on the leptomeres (Figs. 
14- 16). 

Anti-filumin antibody 

Gold particle deposition was found at the periphery 
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([leptomeric complex,,. in the human extraocular 5keletal 
ni~i\cle (Muhono, 1966) and in hen cardiac Purkinje 
cella ( B o g ~ 1 5 c h .  1975) .  re \pect ively .  were  not 
encountered. 

_. * 

:-L. 
L.. 

' 

Fig. 12. No reaction for vimentin is detected in  the leptomeres. 
Bar= 0.5 um. x 66.000 

Early  s tudies  by Ruska  and Edwards  ( 1 9 5 7 )  
docuinented the presence of leptomeres in adolescent 
inyotendon junction of the developirig skeletal muscle of 
the thrush. Caesar et al. (1958) also reported siiiiilar 
patterns in the impulse conducting systein oí' the sheep 
heart. These authors assu~ned  the structures to be a 
prodrornal pat tern  f r o m  which new riormomeric 
myofibrils would arise (Ruska and Edwards. 1957; 
Caesar et al.. 1958). Challice arid Virigh ( 1  973 J. oii the 

Fig. 13. Weak anti-virnentin positive reaction is observed around the 
nucieus Bar= 0.5 prn. x 40,000 

1 4 ,: . , : ;  - 1 5 -. .. ..-. 
8 .  

I I 

Fig. 14. Anti-vincuiin antibody reaction can be seen on the arnorphous 
electron-dense substance just beneath the sarcolemrna of the 
intercaiated disc. No reaction is noted in the desmosome. Bar= 0.1 prn. 
x 41,000 

Fig. 15. Gold particles showing the anti-vinculin antibody reaction are Fig.  16. This leptornere shows no deposition of the anti-vinculin 
observed at both ends of the Z-band Bar= O 1 pm x 51 000 antibody reaction Bar= O 5 l ~ m  x 61,000 





Leptomeres in mouse cardiac muscle 

othei- Iiurid. offers thc possibility of using muscle cells 
ilieriiselves as a control to examine the affiriity between 
the coniractile proteins and their antibodies. 

The fine filarneiits, ineasuring aboiit 5 nin in diaineter 
eiicouiitered i i i  vririous crll types, including muscle cells, 
are geiiei-ally considered to be actin fi laments.  In 
leptornei-es. hoive\,ei-. actin was localired in the Z-liiie- 
like electi-un-dense lines. but not in the fine filanieiits. 
Thesc fiiidings s~igg:st that the 5 nrii f i laments in 
lcptuiiieres inriy be a filainentous pi-otein diffei-erit froni 
~ictin. aiid thiit the Z-line-like septa iiiay be niade up of a 
fclt-like iiicsh\\,ork of either filanieiitous actin or actin 
iiionoiiicrs. 

a-actinin is a coristituent of Z-lines in thc striated 
iii~i\clcs aiid of dense bodies i r i  the smooth muscles 
(Pollard aiid Cuoper. 1986: Gerisch et al., 1991 : Stromei-. 
1992). Ho\i.c\.er. in spite uf their siriiilarity, this protein 
N-as iiut found i i i  the  Z- l ine - l ike  dense  l ines  in 
leptciiiieres. In the preseiit stiidy. positive labelling for 
a-actiiiiri was nevei- found in the Z-lines of 1-bands nor 
i i i  the electroii-dense subsarcolenimal substaiice of the 
intercalateci discs regardless of the concenti-ation of 
iiiitibudies, the fixaticin conditions arid the pre- or post- 
einbedding inethod eniployed. The fiict that none of the 
f o ~ i r  kiiids of iiionoclonal anti-a-actinin aritibodies 
eiiiployed (obtained froin rabbit. bovine. porcine and 
chickeii wurces) yielded positive staining n-iay be due to 
their species specificity.  Tidball ( 1 9 8 7 )  noted the 
iiiolecular heterugeneity betweeri ttie Z-lines at the ends 
of iiiiiscle cellh and non-terininnl Z-lines. narnely, that 
the terminal Z-lines of myofibrils coiitairi very few or no 
a-aciiriin coiiipai-ed with non-terminal Z-lines (Tidball. 
1987). It is thus pcisnible that the Z-line-like. electron- 
ciensc lines iiiay also contain no a-actinin. 

Iiiterineciiate filameiits play a criicial iule in the 
iiiairiieiiance of the stiiict~iral organization of the cardiac 
inuscle fibrc (La~ar ides ,  1980: Tok~iyasu et al.. 1983; 
Thoriiell et al.. IC183). Desmin is a m-jor comporient of 
the iiitermediate fi laments in striated inuscle, and 
extends transversely and longitiidinally as a three- 
diiiiensional lattice encircling and interlinking the 
peiipheral regioris of Z-lines of individual myofibrils. 
aiid connecting the Z-lines with sarcolemma. sarco- 
plasiiiic reticulum and T-tubule (Lara r ides .  1980: 
Tokuyah~i. 1983: Thornell and Price, IC191 ; Stroiner. 
1992).  Viinentin, a n  insoluble structurnl protein, has 
breii rcportcd ti) be localized i i i  the interiiiyofibrillar and 
perinuclear sarcoplasm arid to co-localire witti desmiii 
(Lararides. 1980: Stromer, 1992). Thc localization of 
thcse two components described in the present {tudy 
coincided with previous reports. However. no gold 
particles indicating the existeiice «f desinin arid viinentin 
\vere obsei-ved in leptonieres. 

Filamiii is a high molecular weight actin-bindirig 
protcin which induces F-actin gelation and stimulates 
actin polyiiierization (Gomer and Lazarides, 1983: 
Koteliaiisk!, et al., 1986). The localization of this protein 
i n  mouse cardiac  miiscles coincidcci with that of 
pre\ , ious i-eports (Kciteliansky et al . ,  198 1. 1986) .  

Ho\vever.  i i i  leptoiiiei.es, f i lamiti  was  not fuuiid.  
Viiiculin, a 130 KD actiri-bindirig protein. ha4 beeii 
rcported to Iocalire at costarneres, which are electron- 
dense plaques betweeii the Z-line and the sarcoleniriia 
iind i n  the intercalated disc of cardiac rnusclc fibres 
(Pardo et al.. 1983; Sliear and Bloch, 1985; Doriuwski et 
al.. 1992). Tlie present res~ilts regarding vinculin are i i i  

agreeineiit \\ i t h  previous  repor ts .  In leptomercs .  
h o ~ ~ c v e i - .  no posi t ive  sti i ining was de tec ted .  The 
iniriiunocytocheiiiical resiilts sugges ted  that no 
contractile proteins ns exainined here are present in the 
leptoincies. 

I i i  the intrafusal inuscle fibre, a close relationship has 
beeri ubserved betweeii leptomeres 2nd nerve terininuls 
(KLIIL. 1961 : Ruiiipelt and Schm:ilbruch, 1969). These 
au thors  suggcsted that Ieptomeres  inechaiiically 
influence tlie sensory ner\.e. Apposition of leptoineres 
aiid ner\,e teriiiinals has also been reported in cardiac 
iiiiiscle (Bogusch. 1975). However, in our inriterials, 
S L I C ~  a close relationship of these structures was not 
observed.  Froin the fact that leptomeres locate in 
interfibi-illar positioii connecting adjacent Z-liries or 
Z-line iind sai-coleniriin. many authors assumed that these 
sti-uctui.es were involved in niechanical functiciiis 
(Thoenes aricl Ruska, 1960; K;I(Z, 196 1 ; K~irlsson and 
Andersson-C'edergren. 1968: Virágh and Cliallice, 1969: 
Runipelt and Schinalbr~ich. 1969) such as stabilizing the 
cellular configuratiun (Bogusch, 1975) or increasirig the 
rigidity of the cell (Virágh arid Challice. 1960). The 
i-esults o f  [he  present  stiidy lend support  to  the  
inechanical function. Moreover, they seerii to indic;ite 
theii- re la t ionship to ag ing  and their  pathological 
etiology. and suggest that they are not involved in the 
coiitractile acti\,ity of the cardiac muscle fibre. 
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