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expense o f the t r a i l in g  one, presumably due to p ro te o lys is . The p u r if ie d  
p ro te in  usua lly  showed only (F ig . 1 ).

The s o lu b il i ty  p roperties o f t i t i n  were s im ila r to  those o f myosin and 
C-prote in in tha t i t  aggregated in low s a lt  (<«J.2M) or pH (<7 .0 ).

n (s a n
C(h?aràt j, ,BW n'jro^ ^ r ^  1ar p ro te in  tha t escaped discovery u n t il

reCe,>tly  because it s  extremely high chain weight ( approximately 
Wang et a l . ,  1979) precludes entry  in to  normal

I t  makes up approximately 1'.)% o f the p ro te in  mass
0 ‘"ns

e'astjc f l ]  antl has been proposed to form part o f a set o f  long itud ina l 
V i tton 06015 runnin,J through the sarcomere (Wang, 1982). The precise 
irra,,yene„ t Sucb f ' aments is  s t i l l  unce rta in , but one p laus ib le

?.)<„ Pe as connections between the ends o f th ick  filam ents and
ere they might serve to ce n tra lize  the A-band in the

- theS r
S r  ,* {jg mechanism o f which is  not otherwise obvious (Magid, 1983).

ten,« ,l,dS pr°P°sed that such filam ents are a major fac to r a ffe c tin g  
Berness.
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QuiJh I

and co-workers had studied the p roperties o f a 
ca'1ed connectin which has recen tly  been shown to  contain t i t i n ,  

'Stoia s ’ la te r ia l also contained other pro te ins (Maruyama et a l , ,  1931; 
a l- . 1983).

^ til
i t i t

S i r ln and connectin have been studied under denaturing cond itions , 
ev*lope(i  ̂ Pertie s  in the na tive  sta te  were not known. Recently we have

v,*nts ethod fo r the is o la t io n  o f t i t i n  w ithout exposure to  denaturing 
ar>a We

rePort here some o f i t s  p roperties .

!HTJfied native  t i t i n

*01,

iflS ,  jq fPesfl 'V o f ib r i l  suspension (prepared by the method o f Knight and 
^  x g ~ Contain ing  approximately 1 g p ro te in  was centrifuged fo r  5 n1n 

dn(1 supernatant removed. To the p e lle t  was added a quan tity

( i i )  Sedimentation v e lo c ity  c e n tr ifu g a tio n

Sedimentation v e lo c ity  a n a ly tica l u ltra c e n tr ifu g a tio n  o f the p u r if ie d  pro te in  
showed most o f the p ro te in  m igrating as a s in g le  hypersharp peak (F ig 2 ) .

The sedimentation c o e ff ic ie n t ( S20. i-J ) 0 f  th is  boundary when extrapolated to 
zero concentration was 13.4S.

( i i i )  C ircu la r dichroism spectroscopy

C ircu la r dichroism spectra o f these preparations in d ica te  a very low if-he lix  
content and a la rg e ly  random c o il conformation. These data may be 
s ig n if ic a n t  in  view o f the possible e la s tic  character o f t i t i n  and the high 
random c o il content o f e la s tic  prote ins such as e la s tin .

( iv )  E lectron microscopy

(a) A fte r spraying and shadowing

T it in  specimens a f te r  spraying and shadowing revealed two types o f s tru c tu re ; 
long, th in  s tr in g s  and sm all, g lobu lar s truc tu res ; frequen tly  the two were 
associated (F ig . 3 a ).
Tne s trin g s  were about 4U A° in diameter and were heterogeneous in  length up 
to  maximum o f about 8ÜÜU A0. Their tortuous tracks were suggestive o f 
considerable f le x i b i l i t y .  Sometimes aligned sections o f the s trin g s  could 
be seen and very occasiona lly  such sections could be seen to  be jo ined  by 
very th in  connections tha t -nay be s ing le  polypeptide chains (F igs 3b and c ) .

(b) A fte r layering  and shadowing

Some reduction in the com plexity o f these images was observed i f  the 
specimens were layered ra ther than sprayed onto mica, excess liq u id  being
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hoUr$ ° f  the Pe l l ^ t  was e a s ily  dis lodged. I t  was then dialysed fo r 

k d^ainst 2 volumes o f water, fo llow ing  which p rec ip ita te d  myosin

s1on wac .
1 eu ÄVfc 5 immediately centrifuged fo r 1 h a t 15000 x g. Tne

a,,.. "  • ’ Myauion a t 6000 x g fo r  30 min. The supernatant was
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* 5i) Changes o f a so lu tion  conta in ing 0.1M KCl, 1 mM EOTA, 0.3
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' rate ,
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pH 7.9 at 4 C and pumped on to a column (1 .5  cm x 42 
ce llu lo se  (Whatman DE52) eq u ilib ra te d  in th is  b u ffe r.

^  ute-d ^  WdS ^  ml/h  and 3 ml fra c tio n s  were co lle c te d . Bound prote in 
L S t  d° approx la t e l y  lin e a r s a lt  gradient running from 0.1 M to  0.4 

v o W  o f 2 ’ •
The t i t i n  peak fra c tio n s  were concentrated 

*ft 1 to 35? ° ° f  So' * d ammonium sulphate ( Schwarz-Mann, Special Enzyie
saturation followed by ce n tr ifu g a tio n  at 8000 x y fo r  30 min,

(|o'°n Cont ^ Pel1etS were resuspended and dialysed overnight against a 
CqiJ ’* Th(i j 'Jin9 0.5 M KCl , 1 mM EOTA, 0.3 mM DTT, 50 mM Trfs-HCl , pH 7.9

U.ij r„ ' lia1ysed pro te in  was then passed through a gel f i l t r a t io n  

r un
n v ( i. .

4 cm) conta in ing Bio Gel A5U-M e q u ilib ra te d  In the d ia ly s is
'n . r un
^  COr|Cen^r d ra te  ° f  lb  m l/h . The t it in -c o n ta in in y  fra c tio n s  were 

**y the add ition  o f so lid  ammonium sulphate to 35*

h „ s

°the r procedures see T rin ick  e t al . (1934).

removed by ce n tr ifu g a tio n  (F ig . 4 ).

Wow on ly  the long s trin g s  could be seen and the g lobu la r p a rt ic le s  were 
la rg e ly  absent. S im ila r ly  the aligned sections o f the s trin g s  were no 
longer observed. We te n ta tiv e ly  a t tr ib u te  these d iffe rences in  appearance 
found a f te r  spraying or layering  to e la s t ic it y  in t i t i n  revealed by the high 
shearing forces accompanying spraying.

(c) A fte r negative s ta in ing

Neyative ly stained t i t i n  again shows long th in  s trin g s  o f diameter about 40 
8, but these can now be seen to have a beaded appearance, the spacing between 
successive beads being about 40 8 (F ig . 5 ).

(d) Negatively stained th ick  filam ents

Beaded s trin g s  very s im ila r  to negative ly  stained p u r if ie d  t i t i n  can also be 
seen associated w ith  separated native  th ic k  fila m en ts . These can be seen 
emanating from the ends o f the filam ents in c o i ls  (F ig . 5a) or running 
alongside the cross-bridge regions (F ig . 6b).

We have observed both these appearances on a s in g le  h a lf f ilam ent but have 
never seen more than one strand alongside a cross-bridge region at any one 
p o in t.

Discussion

Although t i t i n  monomers are extremely large they are too small fo r the 
longest o f the s t r in g - lik e  structu res seen by e lec tron  microscopy to  consist 
o f only one such polypeptide cha in . Since a c y lin d r ic a l p ro te in  molecule of 
mass 10b dal tons and diameter o f 40 8 would have a length o f about 1500 8 , 
some sort o f polymer seems l ik e ly ,  possib ly an end-to-end one. I f  t i t i n  
cons titu tes  10« o f m y o fib r il and there was one t i t i n  filam ent 40 8 wide per 
th ic k  filam ent 1t would have a length o f about 2^<m.

In te re s t in g ly ,  only about a h a lf o f the t i t i n  present In m y o fib r ils  1s 
capable o f being libe ra ted  by high io n ic  s tren g th . That fa c t tha t
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SDS/polyacrylamide gels o f t i t i n  o ften  show a doublet ind ica tes th a t some 
p ro te o lys is , in add ition  to  the high s a lt  concentration, may be necessary fo r 
s o lu b il iz a t io n .  However, th is  does not necessarily  mean tha t a l l  the 
lib e ra te d  t i t i n  chains are degraded, since p ro te o ly tic  cleavage at the ends 
o f a lin e a r polyner could s t i l l  leave undegraded monomers in  the m iddle.

The fa c t tha t t i t i n  strands are found a t the ends o f th ic k  filam en ts , 
together w ith  th e ir  approximately 40 8 p e r io d ic ity ,  suggests th a t they are 
associated w ith th ick  filam ents in  v iv o . A small part o f the t i t i n  present 
in  m y o fib r ils  may well form e n d -f i1 aments, recen tly  id e n t if ie d  s tructu res at 
the t ip s  o f th ick  filam ents (T r in ic k , 1931). End-filaments have a s im ila r 
p e r io d ic ity  to  t i t i n  (43 8 ) ,  although they appear s l ig h t ly  th icke r and more 
r ig id  and there fore  may involve more than one t i t i n  strand.

P rec ise ly  how t i t i n  and end-filam ents are arranged in v ivo remains unclear. 
Although several possible s tru c tu ra l arrangements have been put forward, 
there is  not yet s u f f ic ie n t  evidence to d is tin g u is h  between them. Locker 
(1934) has suggested th a t e la s tic  filam ents (termed gap-filam ents by him) 
connect the ends o f th ic k  filam ents to  the Z - lin e , whereas Wang (1982) has 
proposed tha t t i t i n  filam ents are part o f a system la rg e ly  independent o f 
th ic k  fila m e n ts . More d e f in ite  conclusions w i ll requ ire  antibody la b e ll in g  
data, preferaDly obtained w ith  antibodies to the na tive  pro te in  and using 
muscle where the t i t i n  has not suffered any p ro te o ly tic  degradation.
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F ig. 3 Electron microscopy o f t i t i n  a f te r  spraying and shadow! 9*
(a) F ie ld  o f  molecules
(b) Aligned sections
(c) Aligned sections w ith  th in  connections 
Scale bar in  (c) ind ica tes 5000 A
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F ig. 4 Rotary shadowed t i t i n  a f te r  layering  and 
shadowing. Scale bar ind ica tes 5000 A

( a ) (b)

th ickF ig. 6 T i t in  associated w ith  negative ly stained native
(a) Strands a t the end of a filam ent
(b) Strand running alongisde the cross-bridge reg 
Scale bar in  (b) ind ica tes 2000 A.
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