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SOME P H Y S I C O - C H E M I C A L  P R O P E R T I E S  OF 

P I N N A  NO BILIS  T R O P O M Y O S I N  

C Y R I L  M. K A Y *  

Department o] Biochemistry, University o[ Cambridge (England) 

In recent communications BAILEY 1,~,a has reported the isolation and properties of 
a water-insoluble tropomyosin isolated from the adductor muscles of the bivalve 
Pinna nobilis, a member of the Pseudolamellibranch class. Preliminary viscosity and 
double refraction of flow studies (BAILEY 1) suggest that this globulin tropomyosin 
is extremely asymmetric. The present paper deals with the determination of the 
molecular weight of the protein by two independent methods: sedimentation-diffusion 
and light scattering. On the basis of the observed angular dissymmetry of light 
scattering, estimates of the length of the molecule have been made, assuming various 
possible molecular shapes. In addition, the following constants were evaluated: 
sedimentation constant, diffusion constant, refractive index increment, partial specific 
volume and frictional ratio. 

MATERIALS AND METHODS 

Protein samples 
These  were k ind ly  suppl ied  by  Dr.  K. BAILEY who prepared  t h e m  f rom the  whole a d d u c t o r s  of 
Pinna nobilis b y  t he  e thano l  m e t h o d  (BAILEy1,3). Mater ia l  p repared  in th i s  w a y  was  s h o w n  to 
be e lec t rophore t ica l ly  h o m o g e n e o u s  a t  p H  6.9; fu r the rmore ,  as an  ana ly t ica l  cr i ter ion of pur i ty ,  
i t  con t a ined  less t h a n  o .o5% t r y p t o p h a n .  All of t he  m e a s u r e m e n t s  repor ted  he re in  were  carr ied 
o u t  on t r o p o m y o s i n  p repa ra t i ons  dissolved in K C l - p h o s p h a t e  so lu t ions  of e i ther  of two compo-  
s i t ions :  o . 5 M  KC1, o.o35 M N a z H P O  4, o .o i5  M KH2PO4,  p H  7 or I M KC1, o.o35 M N a z H P O  a, 
O.Ol 5 M KH~PO4,  p H  7. Pro te in  concen t r a t ions  were de t e rmined  by  t he  mic ro -Kje ldah l  me thod ,  
t a k i n g  18.2% as t he  N con t en t  of t he  p ro te in  (BAILEY3). Al te rna t ive ly ,  concen t r a t i ons  were 
s o m e t i m e s  d e t e r m i n e d  in te r fe romet r ica l ly  by  m e a s u r i n g  t he  ref rac t ive  i ndex  difference, ,4n, 
be tween  so lu t ion  and  so lvent .  For  th i s  pu rpose  an  expe r i men t a l  va lue  of o.188o was  used  for 
t he  specific re f rac t ive  index  inc remen t ,  dn[de, of t he  p ro te in  (see below). 

Partial specific volume (e) 
Par t i a l  specific v o l u m e  d e t e r m i n a t i o n s  were m a d e  a t  2o ± o.05 ° C wi th  a p y c n o m e t e r  of 9.24 ml  
capac i ty .  Par t i a l  specific v o l u m e s  were ca lcula ted  f rom t he  equa t ion  (KRAEMER 4) : 

i - -  w 2 dw~ 
I - -  VO " (I) 

m dm 

where  m is t he  m a s s  of solut ion,  w 2 is t he  we igh t  f rac t ion  of t he  p ro te in  (o.oi t imes  t h e  concen-  
t r a t i on  by  weight)  and  0 is t he  dens i t y  of t h e  solut ion.  

Sedimentation 
The  s e d i m e n t a t i o n  m e a s u r e m e n t s  were carr ied ou t  in a model  E Spinco u l t r acen t r i fuge  a t  59,78o 
r .p .m.  (26o,ooo × g) a t  severa l  p ro te in  concen t ra t ions .  The  s e d i m e n t a t i o n  c o n s t a n t  a t  each  concen-  
t r a t i o n  po in t  was  ca lcu la ted  f rom t he  slope of a plot  of t he  log of t he  d i s t ance  of t h e  b o u n d a r y  
f rom the  ax is  of r o t a t i on  aga ins t  t ime .  An  al lowance of 0.o25 c m  was  m a d e  for t he  s t r e t ch ing  

* Pos tdoc to ra l  Fel low of t he  Life I n s u r a n c e  Medical  Resea rch  Fund ,  1956-57. 
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of t he  ro tor  a t  59,780 r .p .m.  (TAYLORS). The  t e m p e r a t u r e  rise of t h e  ro tor  was  recorded t h r o u g h o u t  
each  r u n  by  m e a n s  of a t h e r m i s t o r  located  in t he  base  of t he  rotor.  All t he  s e d i m e n t a t i o n  c o n s t a n t s  
were correc ted  to t he  v iscos i ty  and  dens i ty  of wa te r  a t  2 o ° C  as descr ibed by  SVEDBERG AND 
P~DERSEN 6, 

Dif fus ion  

Diffusion e x p e r i m e n t s  were carr ied ou t  in a m o v i n g - b o u n d a r y  e lect rophores is  a p p a r a t u s  con- 
s t r uc t ed  in t he  D e p a r t m e n t  of Colloid Science by  Mr. E.  G. R icha rds  unde r  the  superv i s ion  of 
Dr.  P. Johnson .  A s t a n d a r d  Tisel ius  e lec t rophores is  cell was  used  as a diffusion cell. I t  was  filled 
so t h a t  ini t ial ly t h e  ent i re  r igh t  l imb above  t he  b o t t o m  sec t ion  and  t he  left l imb of t he  top  sect ion 
con ta ined  solvent ,  while  t he  left  l imb of t he  cen t re  sec t ion and  t he  b o t t o m  sec t ion  con ta ined  
p ro t e in  solut ion.  The  s t a r t i ng  b o u n d a r y  was  fo rmed  by  m o v i n g  t he  t op  and  b o t t o m  sect ions  in to  
a l i g n m e n t  w i th  t he  fixed cen t re  section.  A fine s ta in less  steel  capi l lary  t u b e  was  t h e n  lowered 
in to  t he  cell to t he  level of t h e  opt ical  axis ,  and  t he  b o u n d a r y  was  s h a r p e n e d  by  t h e  t echn ique  
of capi l la ry  a sp i r a t ion  (at a ra te  of 36 ml/h)  in accordance  w i th  t he  procedure  of KAHN AND 
POLSON 7. The  m e a s u r e m e n t s  were m a d e  a t  2 5 :~ 0.oi  ° C. I n  order  to ensure  the  p re se rva t ion  of 
t h e  p ro te in  a t  t h i s  t e m p e r a t u r e  a drop of t h y m o l  was  added  to bo th  so lu t ion  a n d  so lven t  dur ing  
t he  dialysis  process  pr ior  to  diffusion,  T he  concen t r a t i on  g rad ien t  of t he  diffusing p ro te in  was  
recorded pho tog raph i ca l l y  over  a 7 2 h period us ing  t he  Schlieren s cann ing  technique .  Diffusion 
c o n s t a n t s  were c o m p u t e d  by  t he  m a x i m u m - h e i g h t  a rea  m e t h o d  (NEURATH 8) and  by  t he  m e t h o d  
of second m o m e n t s  (LAMMg). The  v iscos i ty  of t h e  m e d i u m  was  de t e rmined  exper imen ta l ly .  All 
of t h e  diffusion c o n s t a n t s  were correc ted  to t he  v i scos i ty  of wa t e r  a t  2o ° C, as descr ibed by  
GOSTrNG 10 . 

Light scattering 

Experimental .  Ligh t - s ca t t e r i ng  m e a s u r e m e n t s  a t  a w a v e l e n g t h  of 546 m #  were m a d e  a t  9 ° °  to 
t h e  inc iden t  b e a m  in a l igh t - sca t t e r ing  a p p a r a t u s  descr ibed by  GORING AND JonNSONaL Measure-  
m e n t s  of d i s s y m m e t r y ,  i.e. of t h e  ra t io  z of sca t t e red  in tens i t i es  a t  6o ° and  12o% were carr ied 
o u t  concu r r en t ly  wi th  t he  9 o~ m e a s u r e m e n t s .  T r o p o m y o s i n  so lu t ions  were clarified by  ini t ial  h igh  
speed cen t r i fuga t ion  (2o,ooo × g) for 3 ° rain followed by  u l t ra f i l t ra t ion  t h r o u g h  collodion m e m -  
b r anes  p repa red  as descr ibed by  GORING AND JOHNSON TM. All of t he  e x p e r i m e n t s  were carr ied 
o u t  a t  r o o m  t e m p e r a t u r e ,  18 4- 2 ° C. 

Theory. For  a s y s t e m  of po in t  sca t t e re r s  t he  tu rb id i ty ,  T, due  to concen t r a t i on  f luc tua t ions  
is re la ted  to  t he  molecular  weight ,  M,  according to  t h e  following express ion  given by  D£BvEl~: 

H c  I 
+ 2 B c  (2) 

T M 

where  c deno tes  t he  concen t ra t ion ,  B is t h e  in te rac t ion  c o n s t a n t  de t e rmined  by  t h e  t h e r m o d y n a m i c  
proper t i es  of t he  s y s t e m  a nd  

a 2 [dn\2  
32 % (3) 

H 
3 N ~o 4 

The  re f rac t ive  index  of t h e  so lu t ion  is g iven  by  n,  t h a t  of t he  so lven t  by  no; N is A v o g a d r o ' s  
N u m b e r  (6.02. io  23) and  ~0 is t h e  w a v e l e n g t h  of t he  l ight  in vacuo.  

E q u a t i o n  (2) is on ly  val id  for a s y s t e m  in wh ich  t h e  so lu te  par t ic les  are  smal l  in compa r i son  
w i th  t he  w a v e l e n g t h  of t h e  l ight .  W h e n  t he  par t ic le  size exceeds  a p p r o x i m a t e l y  one - twen t i e t h  
t h e  w a v e l e n g t h  of l ight  ( abou t  300 A) in ter ference  will occur  be tween  l ight  waves  sca t t e red  f rom 
the  s ame  par t ic le  (intrapartiele interference)  and  th i s  will resu l t  in a d i m i n u t i o n  of t he  sca t t e red  
l igh t  (DoTY AND EDSALL14). I n  order  to  p rese rve  t h e  usefu lness  of equa t ion  (2) unde r  such  c i rcum-  
s tances ,  i t  is necessa ry  to app ly  a correc t ion to  t h e  t u r b i d i t y  va lue  as ob ta ined  by  m e a s u r i n g  
t h e  sca t t e red  l ight  a t  9o °. T he  correc ted  t u rb id i t y ,  Te0rr., is g iven  by  t he  re la t ion:  

I 
T c o r r .  = l r ' .  - -  ( 4 )  

P(9o)  

where  T' is t h e  t u r b i d i t y  va lue  as ob ta ined  by  m e a s u r i n g  t he  sca t t e red  l ight  a t  90 ° in a ca l ib ra ted  
l i gh t - sca t t e r ing  p h o t o m e t e r  a n d  P(9o) is a pa r t i c l e - sca t t e r ing  fac tor  accoun t ing  for t he  decrease 
of s ca t t e r ing  due  to  intrapart icle  in ter ference  and  der ivable  f rom the  d i s s y m m e t r y  rat io  z (DoTY 
AND STEII~ER t~) . ' E q u a t i o n  (2) m a y  now be r ewr i t t en  to  t a k e  in to  accoun t  t h e  effect of intrapart icle  
in te r fe rence  as : 

Hc i 
+ 2 Bc (5) 

Z'corr ' M 
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Apart  from its use in determining the turbidity correction factor, the dissymmetry ratio 
affords a measure of the size of the protein molecule in solution assuming that  it can be represented 
by various possible molecular models. Graphs have been constructed relating the scattering 
dissymmetry to the characteristic particle dimension for spherical, coiled and rod-shaped particles 
(DoTY AND STErneR15; JOHNSO~le). 

EXPERIMENTAL RESULTS 

Partial specific volume 

Fig. I shows a plot of m, the mass of solution held by the pycnometer to w~, the 
weight fraction of solute for Pinna tropomyosin in a buffer solution of pH 7 and 
ionic strength of I . I  (I M KC1, o.o35 M Na~HPO, and o.o15 M KH2PO4). The slope 
of the line, dm/dw v was drawn according to the method of least squares and when 
used in equation (I) gave a value of o.736 4- o.0o5 for the partial specific volume. 
The ~ value of the protein was also determined at an ionic strength of 0.6 (0.5 M KC1, 
0.035 M Na~HPO, and o.o15 M KH~P04) and was found to be 0.724 ~ 0.005. Both 
of these values are in good agreement with a ~ value of 0.729 calculated for Pinna 
tropomyosin on the basis of its amino acid content and using the specific volumes 
of the amino acid residues as given by COHN AND EDSALL 1~. 

g.64  
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Fig. I. Plot of m (mass of a given volume of 
solution of tropomyosin for which the solute 

weight fraction is w2) against w~. 
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Fig. 2. Refractive index differences, ZJn, of 
tropomyosin solutions in phosphate-buffered 
KC1 (pH 7, ionic strength i . i)  measured be- 
tween tropomyosin solutions of different con- 

centrations and their respective solvents. 

Solutions of tropomyosin in phosphate-buffered KC1 solution (pH 7, ionic strength I . I )  

were prepared and were dialyzed against a large volume of solvent of the same 
composition. Measurements in the Zeiss interferometer, using white light (~ = 56oo A) 
to label the zero-order band, established the refractive index difference, An, between 
tropomyosin solutions and their respective diffusates. The protein concentrations 
were determined by the micro-Kjeldahl technique. The results of such measurements 
are given in Fig. 2 from which a value for dn/de of o.188 was determined. The Debye 
factor, H, in the light-scattering equation (see equations (2) and (3)) was evaluated 
for Pinna tropomyosin as 3.95" IO-S, taking the refractive increment of the protein 
as o.188 at 56o0 A and 2o ° C. In actual fact the light-scattering measurements were 
made at 5461 A (green light of the mercury arc) ; however GORING 18 has shown that  
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the value of dn/dc at 56oo A differs by only o.3% from that  at 5461 A, making any 
correction to the latter wavelength insignificant. 

Sedimentation 

Sedimentation determinations were carried out on tropomyosin dissolved in phos- 
phate-buffered KC1 solutions at two levels of ionic strength, 0.6 and I . I .  The peaks in 
the ultracentrifuge were symmetrical  and maintained a normal distribution with time 
suggesting that  the protein had all the features of homogeneity. Fig. 3 shows a plot 
of the s2o ' w values as a function of concentration. The data at both ionic strengths 
can be represented by  the single full line of Fig. 3 obtained by  the method of least 

s o squares. The sedimentation constant extrapolated to zero concentration, (20), is 3.1. 
This value is in good agreement with that  obtained by  KOMINZ, SAAD AND LAK119 
for tropomyosins isolated from a wide variety of sources. 

- - o ~ ~  

t i. t J I t 
0 0.1 0 2 0.3 0.4 0 5 O.G 

Protein concentration (g/t00 rnl) 

Fig. 3" S e d i m e n t a t i o n  c o n s t a n t s  of P i n n a  
nobilis t r o p o m y o s i n  in phospha te -bu f fe red  
KCI. The  circles (O) r ep re sen t  so lven t  
m e d i u m  of i M KC1, o.o35 M N a 2 H P O  4, 
o .o i  5 M K H ~ P O  4, p H  7. The  t r i ang les  
(A)  r ep re sen t  so lven t  m e d i u m  of o. 5 M 
KC1, o.o35 M Na~HPO4,  o . o i 5 M  K H ~ P O  4, 

p H  7. 

Fig.  4. A series of p h o t o g r a p h s  ob ta ined  
in  a diffusion r u n  on P i n n a  nobilis t ropo-  
m y o s i n  in p h o s p h a t e - b u f f e r e d  KC1 (pH 7, 
ionic s t r e n g t h  i . i )  a t  25 ° C. T he  p ro t e in  
concen t r a t i on  is 0.55 % and  t h e  ba r  angle  
is 30 ° . The  b o t t o m  p ic tu re  r ep re sen t s  t he  
di f fus ion r u n  a t  48 rain a f t e r  s h a r p e n i n g  
t h e  ini t ia l  b o u n d a r y .  The  o the r  p ic tures ,  
going f rom b o t t o m  to  top,  were t a k e n  a t  
154, 270, 379, 495, lO92, 1462, 1992, 2546 , 
2905, 3357, 3997, 4353, and  5441 m i n  
r e spec t ive ly  a f te r  s h a r p e n i n g  t h e  ini t ia l  

b o u n d a r y .  

Di~usion 
Diffusion measurements were performed on Pinna tropomyosin at pH 7, an ionic 
strength of i . i  (ph0sphate-buffered KC1) and a temperature of 25 ° C. A series of 
photographs of a typical diffusion run are shown in Fig. 4, which serve to illustrate 
the excellent initial sharpness and symmetry  of the peak. Fig. 5 shows the results 
of the second-moment method of calculating the diffusion constant. The ordinate 
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represents the time in seconds and the abcissa is the square of the standard deviation, 
63. The diffusion constant is obtained by taking half the slope of the line of Fig. 5 

3OO£ 
b- 

200C 

100C 

0 10 20 30 40 50 
o 2 

Fig. 5. A p lo t  of  t ime  versus the square of the standard dev iat ion,  a m, for  a typ ica l  d i f fusion 
experiment with P i n n a  tropomyosin in phosphate buffered KC1 (pH 7, ionic strength I.I). 

and multiplying this quanti ty by the appropriate optical factors. The diffusion 
constant corresponding to the conditions of Fig. 5 is 2.47. lO -7 cmi/sec. For water 
at 20 ° as a solvent D becomes 2.21.1o -7 cm~/sec. Diffusion constants were also 
calculated according to the method of maximum height, area. The results of both 
methods of calculation are listed in Table I. 

TABLE 1 

DIFFUSION CONSTANTS OF Pinna nobilis TROPOMYOSIN 

Prot. conch. Method o] c2lculztion 
(g,'Ioo ml) 

Di~usion constant • Io 7 
(cm21sec) 

D25 D20,w 

o.21 M a x i m u m  h e i g h t ,  a r e a  2 .77  2 .48  
S e c o n d  m o m e n t s  2.45 2 .2o  

0 .55  M a x i m u m  h e i g h t ,  a r e a  2 .6o  2 .33  
S e c o n d  m o m e n t s  2 .47  2.21 

The ratio of the diffusion constant calculated by second moments to that calcu- 
lated from measurements of maximum height and area is generally considered to be a 
measure of homogeneity, a homogeneous system resulting in a ratio of unity. In the 
present case ratios of 0.90 and 0.93 are obtained. I t  is however difficult at the present 
time to state whether this departure from unity is a true indication of heterogeneity 
in our system for the following reasons. First, a slight overestimation of the height 
of the diffusion curves of the order of 5-7 % would account for the entire deviation 
from unity. This is most certainly a conceivable source of error with the sharper 
peaks, for here the tops are much more diffuse than their sides or the base line when 
viewed through a travelling microscope. Second, with our system consistently higher 
values for the diffusion constant (of the order of 7%) have been obtained by the 
maximum height, area method over the second-moment method for a good prepa- 
ration of bovine serum albumin. The second-moment method gave a value of 

R e f e r e n c e s  p .  4 7 7 .  
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6.66. lO -7 cm2/sec for D~o, in excellent agreement with that reported by BALDWIN 
et al. 2°. I t  has therefore been suggested 21 that with our system values of the diffusion 
constant obtained by the maximum height, area method may be subject to some 
systematic error which has not yet been properly located. This matter  is currently 
under investigation in Dr. P. JOHNSON'S laboratory. For this reason it is felt that 
the values of D obtained by the method of second moments are more reliable and 
they have been used exclusively in the calculation of molecular weights from sedi- 
mentation-diffusion data in this investigation. Furthermore, the method of second 
moments yields a weight average of D which is more directly comparable with light- 
scattering results which give a weight average molecular weight; on the other hand 
the method of maximum height, area yields a weight average of I / ~ / ~  which is not 
directly comparable with light-scattering measurements. Since the D values calculated 
by second moments showed no variation with concentration, they were averaged at 
the two concentrations to yield an average D20 ,w of 2.21. lO -7 cm2/sec *. 

Light scattering 

An example of measurements of the dissymmetry of scattering, z, at various protein 
concentrations is given in Fig. 6 for tropomyosin in phosphate-buffered KC1 (pH 7, 
ionic strength I.I). The dissymmetry values show no perceptible dependence on 
concentration and for this reason have been averaged at the different concentrations. 
The average z value is 1.23 as measured with green light of the mercury arc. This 
value can be used to calculate the molecular length, which has been done by means 
of the graphs constructed by JOHNSON 16. The effective wavelength of the green light 
in the medium employed is 4080 A, and from the measured dissymmetry of 1.23, 
particle lengths of 14oo A for a rod-shaped entity and 957 A for a random mono- 
dispersed coil are calculated. 

Because of the appreciable angular dissymmetry of scattering shown by tropo- 
myosin solutions it was necessary to correct the turbidity values, as obtained by 
measuring the scattered light at 9 °0 in our calibrated light-scattering photometer, 

Z 
J 

'1.2: 

• j 

I t t 
0., 0.2 o13 0:4 0.5 0:6 1.C 

~O 1.1 
x 

u ~1.0 
TIC 

0.9 

0.8 

0.7 

I t t I I I 
c (g /100  rnt ) 0"60 0.1 0.2 0.3 0.4 0 3  0.6 

Fig. 6. L igh t - s ca t t e r i ng  d i s s y m m e t r y ,  z, as a c ( g / l O 0  mr) 
func t ion  of concen t r a t i on  for P i n n a  t ropo-  Fig. 7. Hc/vcorr. versus c d a t a  for P i n n a  t ropo-  
m y o s i n  in phospha t e -bu f f e r ed  KC1 (pH 7, ionic m y o s i n  in phospha te -buf fe red  KCI (pH 7, ionic 

s t r e n g t h  i . i ) .  s t r e n g t h  I . i ) .  

* A n o t h e r  diffusion r u n  was  carr ied ou t  a t  concen t r a t i on  o.48 % and  yie lded a D~o,w va lue  
of 1.95, w h e n  c o m p u t e d  by  t h e  m e t h o d  of second m o m e n t s .  Because  of a m a r k e d  a s y m m e t r y  
of t h e  peaks  wh ich  s u d d e n l y  deve loped  du r i ng  t h e  las t  24 h of t he  run ,  it  is suspec ted  t h a t  t he  
s ample  had  developed a bac ter ia l  c o n t a m i n a t i o n .  For  th i s  r eason  it  is no t  inc luded  in t he  average.  
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by the particle-scattering factor, P(9o), in accordance with equation (4). From 
JOHNSON'S graphs the factor for correcting the turbidity for rods and coils of the 
above specified lengths is I. 26. (Actually the value of P (9 o) depends upon the particle 
shape as well as the dissymmetry ratio, z; however, at the levels of z obtained for 
tropomyosin, the dependence on shape is negligible.) The values of Hc/zco~r., as ob- 
tained for Pinna tropomyosin in phosphate-buffered KC1 (pH 7, ionic strength I.I) 
are plotted as a function of c in Fig. 7, where the best straight line has been drawn 
by the method of least squares. The intercept of Hc/voo=. at zero concentration is 
the reciprocal of the weight average molecular weight, M, according to equation (5)- 
The observed intercept value of 0.73" lO -5 yields a molecular weight of 137,ooo 4- 500o. 

DISCUSSION 

The molecular weight of Pinna globulin tropomyosin can now be calculated from 
the sedimentation-diffusion data using the usual Svedberg equation (SvEDBERC AND 
PEDERSEN6) : 

R T s  
M (6) 

D (I - -  v0) 

where R is the gas constant, T the absolute temperature, 0 the density of the solvent, 
and the other quantities are as previously defined. Using s = 3.1. lO -18, D = 2.21. IO -7 
and ~ = 0.736, a molecular weight of 131,ooo is computed. This value is in good 
agreement with the value of 137,ooo 4- 5,000 found by light scattering. 

The ratio of the frictional resistance of the hydrated molecule to that of the 
anhydrous equivalent sphere,///0, may be calculated from the constants obtained in 
the above determinations. This ratio was calculated by  two alternative methods using 
equations given by  SVEDBERG AND PEDERSEN 6 which involve: (a) s2o ' ~, and D~o ' w and 
(b) S2o, ~ and M e, the molecular weight determined by a method other than sedi- 
mentation-velocity. Both of these methods of calculation yielded a value of 2. 9 for 
the frictional ratio of the protein. This value, one of the highest ever recorded for 
a protein of comparable molecular weight is indicative of the pronounced asymmetry 
of the tropomyosin molecule, a fact already observed for rabbit tropomyosin (BAILEY 
et al.**). 

Measurements of the angular dissymmetry of light scattering are compatible 
with the view that the tropomyosin molecule is either a rod of molecular length 
14oo A or a random monodispersed coil of length 957 A. It  is possible to make a 
choice between these two models using an approach which HOLTZER AND LOWEY 23 
applied to the interpretation of similar data for myosin. They assumed that the rod- 
like model was made up of a rigid string of spherical beads of individual diameter d 
and of total length L. The theory of KIRKWOOD AND RISEMAN z4 and KIRKWOOD AND 
AUER 25 relate d and L of the above model with the experimentally observed intrinsic 
viscosity, (~), and sedimentation constant, (S). In the equations given, d is the only 
quanti ty not directly measured; hence the consistency of the rod model depends upon 
whether a single value of this quanti ty fits both the viscosity and sedimentation 
behaviour. KIRKWOOD AND AUER 25 have given the following viscosity relation: 

24" ~ . j 2  
(~/) (7) 

9000 lnJ 
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where J is the axial ratio and ~ is the partial specific volume. Using a value of o.736 
for ~ and 2.40 for (~) (BAILEY1), a value of 72.1 is obtained for J .  The light-scattering 
length for a rod model is 14oo A, and this fact together with J yields 19. 4 A for the 
diameter. 

The sedimentation equation given by  KIRKWOOD AND RISEMAN ~4 (assuming 
Stoke's law for the spherical rod segments) is: 

(S) = ( I -  ~Tq0 ) d2l,, ~ r ' ~ ]  / (IS V ~]0) (8) 

where Q0 and ~0 are the solvent density and viscosity respectively, N is Avogadro's 
Number  and the other quantities are as previously defined. Substituting 3.1" IO -is 
for (S), 1.o39 for ~0, 0.0098 for ~0, 0.736 for ~ and 137,ooo for M into the above 
equation and solving for d yields a value of I7. 5 A. This value is in good agreement, 
within the limits of error of all the experimentally measured quantities, with the 
value of d determined from the viscosity data, suggesting the adequacy of the rod 
model. 

On the other hand the improbabili ty of the random coil model can be shown 
by  invoking the FI.oRY-Fox relation 26 for (~) viz: 

R 3 
(v) = a ~ - -  (9) M 

where ~b is a universal constant, 2.1. lO% R is the length in the case of a mono- 
dispersed coil and M is the molecular weight. Substituting 137,ooo for M and 2.4 
for (~) into the above equation yields a value of 538 A for R. This value is decidedly 
too low when compared with the value of 957 A obtained by light-scattering for a 
random monodispersed coil model. 

I t  may  also be of interest to compare the dimensions suggested by the rod model 
for Pinna tropomyosin (length 14oo A, average diameter 18. 5 A) with those to be 
expected if one assumed that  the molecule were a fully extended a-helix. Since the 
average amino acid residue weight is 115 (BAILEYS), the number of amino acid 
residues in a molecule of average molecular weight 134,ooo is 1165. The s-helix of 
PAULING AND COREY 27 has a translation of 1.47 A/residue. Therefore the construction 
of the 1165 residues of the molecule into an m-helix would lead to a length of 1713 A. 
The average diameter is calculated to be 15.4 A, a value based on the average side 
chain extension of several proteins and the diameter of the a-helix (WAUGH28). The 
experimentally observed dimensions of the molecule are thus not compatible with 
the view that  it is a fully extended a-helix. Whatever  the precise configuration, the 
possibility of a double chain for the molecule is excluded. 

I t  may  be significant that  the light-scattering length is equal to twice the period 
of 725 A found in intact fibrils of paramyosin (HALL et al39; BEAR a°) and also equal 
to the 14oo A repeating period of HODGE'S reconstituted paramyosin, to which he 
gave the name paramyosin long-spacing fibrils (HODGEal). 
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SUMMARY 

The molecular weight  of the water-insoluble t ropomyos in  isolated f rom Pinna nobilis is 137,ooo 
-+- 5000 by the technique of light scat ter ing and 131,ooo by  sedimentat ion-diffusion.  The sedi- 
menta t ion  cons tan t  ext rapola ted  to zero concentrat ion,  s°0, is 3. I-  lO -13 and the diffusion constant ,  
D20,w, 2.21. lO -7 cm2/sec. The frictional rat io is found to be 2.9, one of the highest  recorded for 
a protein of comparable  molecular weight.  The part ial  specific volume is 0.736 ~: 0.005 in good 
agreement  wi th  the  value of 0.729 calculated for Pinna t ropomyos in  on the basis of its amino 
acid content .  The observed angular  d i s symmet ry  of light scat ter ing is compatible wi th  the view 
tha t  the  molecule is either a rod-shaped ent i ty  of length 14oo A or a r andom monodispersed coil 
of length 957 A. The greater  probabi l i ty  of the rod-shaped model over  t ha t  of the  r andom coil 
is discussed in the light of the theories of KIRKWOOD AND RISEMAN, KIRKWOOD AND AUER and 
of FLORY AND FOX. I t  m a y  be significant t ha t  the length is equal to the  period found in recon- 
s t i tu ted pa ramyos in  fibrils of inver tebra te  smooth  muscle. 
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