
? rev ious ly  a s t r e a m i n g  d ie l ec t r i c  s t u d y  has  b e e n  maq 

s o d i u m  h y a l u r o n a t e  2. I t  was  s h o w n  t h e  diele 

)us  s o l u t i o n s  of t h e s e  s u b s t a n c e s  c a n n o t  pos s i b l y  be  

omolecu le s  in  t h e  e l ec t r i c  field. T h e s e  r e su l t s  ca s t  ~, 

,, a s s u m p t i o n  t h a t  t h e  d ie lec t r i c  p r o p e r t i e s  of  h i g h  1 

f r o m  r o t a t i o n s  of  t h e  m a c r o m o l e c u l e s .  

[n o r d e r  t o  i n v e s t i g a t e  t h i s  p r o b l e m  f u r t h e r  a s t r ea  

~een m a d e  of  H e l i x  P o m a t i a  h e m o c y a n i n .  Th i s  p r o t e  

lg d i e l ec t r i c  t h e o r i e s  s ince  i t  c an  eas i ly  be  o b t a i n e d  

b e e n  ca r e fu l l y  s t u d i e d  b y  o t h e r  m e t h o d s ,  i t s  m o l e c  

r k n o w n  t h a n  for  m o s t  o t h e r  p r o t e i n s .  

[-Iemocyanin was prepared according to the method of B 
tia snails. The hemocyanin solutions obtained were dialyzed 
for about four hours each time. The electrolyte-free soluti¢ 
different ways. In most cases the solutions were immediat¢ 

) ro te in  is p a r t i c u l a r l y  s u i t a b l e  f 

in  p u r e  fo rm,  a n d  also,  s in  

m o l e c u l a r  d i m e n s i o n s  are  t h e r e f o  

BROHULT 3 from hibernating He 
three times at 4 ° C with distill 

solutions thus obtained were treated 
~diately used for measurements in t 

prep. A). In some cases (prep• B) the solutions were stored for fo 
formed (c[. BROHULT 3 p. 15) was removed by centrifugation befc 

nts were also made on a freeze-dried preparation (prep. C) ma 
~en the freeze-dried hemocyanin was redissolved a small insolut 
mtrifugation. 
)lutions were determined by nitrogen analysis according to Kjelda] 
tnin was taken as i5.15 %3 
various concentrations were studied in the streaming dielect 
• In this apparatus the solutions to be investigated are placed 
concentric cylinders forming the measuring cell. The inner cylind 
Lo give a velocity gradient between o and Io,ooo sec -1 in the c 
adicular to the stream lines, and between o and 3,6oo sec -1 in t 
rallel with the stream lines. The dielectric constant and the condt 
to these velocity gradients were determined between o.I and 6 1~ 

dtical velocity gradients 1 (Gc) the viscosity of the solutions wc 
simeter. The reaction of each solution was determined with a gl~ 
streaming dielectric experiment. The meter was calibrated befc 

i t  h a s  

b e t t e r  k n o w n  

Hemoc 
Pomati  
water  
three L 3 
streaming dielectric apparatus (prep. 
days at 4 o C and the precipitate 
measurements. A few experiments 
from the dialyzed solutions. When 
portion had to be removed by centrifu~ 

The concentrations of the solutions 
The nitrogen content of hemocyanm 

Hemocyanin solutions of 
apparatus previously described 1. 
the annular space between two 
is rotated with various speeds to 
where the electric field is perpendi¢ 
cell where the electric field is parallel wit 
tance of the solutions subjected 
at 20 ° C. 

To enable calculation of critical 
measured with an Ostwald viscosimeter. 
electrode pH-meter  before each 
each measurement. 
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REP. A, 3,4 % - -  pH=6.9 electr ic  field v t3 N 
~I O I tJ I I 
REP. B, 2.~o% pH--ZO tG¢ lines• In  Fig.  

- for the  diele( 
-l'l l I t G¢ funct ion of th 

RE~B, 1.89% oH=7.0 w a s  a s t rean  
' " ~' ~ g  t h a t  is there  

G¢ cons tan t  or 
gradient•  All  
cyanin  were 
tween 0. 7 and 
solution.  The 
of hemocyani  

. . . . . . .  _W_AIE R.. ! =2%0._3 . . . . . . . .  creasing concc 
t ion d a t a  a v 
of hemocyan i  

VELOCITY GRADIENT, G,=ec "t calculated•  
• i .  S t r e a m i n g  d i e l ec t r i c  r e s u l t s  for  h e m o -  Whereas 
n i n  a t  2o ° C. E l e c t r i c  field p e r p e n d i c u l a r  

s t r e a m  lines. C o n c e n t r a t i o n  in g r a m  p e r  dielectric unit 
m l  so lu t ion .  G~ is t h e  c r i t i ca l  v e l o c i t y  

s t r eaming  die 
was be t t e r  tk 

:ause values  for the  impedance  of the  measur ing  c 

' concen t rauon ,  f r o m  low concen 
value  of 3.7 die lect r ic  uni ts  p 

:yanm per  IOO ml of solut ion 

the absolu te  accuracy  of 
cons tan t  was 

units ,  the  accuracy  with  whic 
die lect r ic  effect could  be obsei  

t han  o.I  dielectr ic  units .  Thi 
cell a lways  were determine(  

ned ia t e ly  before  and  a f te r  measurement s  a t  a g iven veto 
1re er rors  such as those due to t e m p e r a t u r e  changes  in 

• sion curves  are shown for var ious  concen t ra t ions  of he 
c inc rement  was independen t  of the  ve loc i ty  g rad ien t  in 
~quencies were also• The  cr i t ical  f requency  var ied  from o.6( 

to I . I  Mc for concen t r a t e d  solut ions (3•1%). A t  high freqt 
was observed  amoun t ing  to  a p p r o x i m a t e l y  half  a diele( 

er IOO ml of solution• An  exac t  de t e rmina t ion  of the  1 
however,  not  possible since the  accuracy  of the  br idge met  
,ve 7 Mc. 
here the  electr ic  field was para l le l  to the  s t r eam lines a sl 
was observed  a t  frequencies below I Mc. The d ie lec t r ic  

7 wi th  increasing ve loc i ty  gradient•  The f requency of 

0 5,000 

Fig. 
cyanm 
to stre~ 
IOO 

gradient for laminar flow. 

because  
zero ve loc i ty  g rad ien t  immedia te]  
grad ien t .  By  this  p rocedure  
measur ing  cell are e l imina ted .  

I n  Fig.  2 some dispers ion 
cyanin.  Since the  dielectr ic  
solutions,  the  dispers ion fre( 
for d i lu te  solut ions (o.78 %) 
cies a dielectr ic  decrement  
uni t  per  g hemocyan in  per  
f requency decrement  was, howevel 
used is h igh ly  reduced  above  

In  the  exper imen t s  where 
s t r eaming  dielectr ic  effect 
c rement  increased s l ight ly  
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2. D i s p e r s i o n  c u r v e s  o f  h e m o c y a n i n  a t  20  ° C. Cr i t i ca l  f r e q u e  

IO 

]uencies (vc) indicated by arrows. 

[elix Pomatia  hemocyanin molecule have been carefuU2 
methods of investigation 4. Sedimentation analysis a am 

the molecule to have an extended shape with a lengt] 
axis 2b ---- 125 to 15o A. The molecular weight is 8. 9. IO 
n data. At certain changes in pH and ionic strength th 
with its longer axis so that  the fractions have the sam 
ale. At low ionic strength and pH = 7, which were th, 
m, the molecule is undissociated and stable. Measurement 
~es a rather  harsh t reatment  of the molecules, gives 
le dimension of the minor axis of a molecule dissociate( 
of molecular dimensions from electron micrographs o 

80  

0.1 O.2 0.5 

Fig. 

The properties of the Helix 
studied by many  different 
streaming birefringenceS show 
of 2a ---- 89oA and a minor 
calculated from sedimentation 
molecule dissociates parallel 
length as the original molecule 
conditions for this investigation, 
on monolayer 6, which involve: 
thickness corresponding to the 
into eights. Determinations 
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ndent of the velocity gradient. T 
~ctric field conditions are non-idea 
he small increases observed. I t  is 
dectric constant with increasing v 

operties was observed for the hem, 
1 C, which gave highly viscous s( 
much higher (2 to 5 times) increm 
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alues 2a = 890 A and  2b = 125 A gives the  r e l axa t i  
42" IO -6 sec. for ro t a t ion  of the  long axis and  vb = 7.~ 
axis 8. I t  is of in te res t  to  compare  these  va lues  wi th  
the  dielectr ic  dispersion.  The  lowest  observed  va lue  t 
vlc. This  va lue  corresponds  to a r e l axa t ion  t ime  of c 
,~pancy of a fac tor  of 34 be tween  the r e l axa t ion  t 
"ular d imensions  and  t ha t  ob t a ined  f rom die lect r ic  
; of expe r imen ta l  errors.  I f  average  values  are used  t 
:tric d ispers ion frequencies,  the  discrepancies  are ev, 
be concluded  t ha t  the  dielectr ic  d ispers ion canno~ 

)menon of a ro ta t ion  of the  whole hemocyan in  tool 
n e n t  be caused  b y  a ro t a t ion  of the  macromolecules .  
t was po in ted  out  above  tha t  the  hemocyan in  molec 
Les in to  eight  subuni t s  of the  same length  as the  w 
xpe r imen ta l  condi t ions  a lways  were such as to ke( 

be discussed 
,,rties could  arise f rom ro ta t ions  of these subuni ts .  Th( 
t t ion of t i le small  uni ts  migh t  poss ib ly  occur wi th in  th 
c ted  to an electr ic  field. I f  t h a t  is the  case, the  dielec 
o ta t ion  of the  e ights  a round  the i r  longest  axis  since t 
t ha t  poss ibly  could  give a r e l axa t ion  t ime not  too f 

cycle region. F u r t h e r  the  subuni t s  mus t  be assumed  t, 

mo[ecme is Duut ot a n a  easny (11 
whole macromolecule .  Thou8 

keep the  hemocyan in  molecu 
should  also here whe ther  the  dielectr  

subuni ts .  Though  h ighly  improbable ,  su( 
wi th in  the  large macromolecules  whe 

die lect r ic  inc rement  should be dt 
t h a t  is the  only t ype  of mov  
far  from tha t  observed  in t t  

a s sumed  to have  a f ixed dipole momei  
: axis. I f  the  dielectr ic  inc rement  were due to such a ro ta t ic  
ole moments ,  e i ther  free in the  solut ion or wi th in  the  macr  
dectric cons tan t  should  be observed  when the longer ax 
,,d pe rpend icu la r  to the  electr ic  field (as opposed  to rando  
vhen t hey  were para l le l  to it. Though the  ve loc i ty  gradiel  
ur  expe r imen t s  was not  capable  of comple te ly  or ient i r  
s, the  g rad ien t  was st i l l  sufficient to orient  the  molecules  t 
inc rement  should  change b y  more than  o . i  d ie lect r ic  uni 
which a s t r eaming  die lect r ic  effect could be observed.  Th 

lat  the  p a r a m e t e r  a = G/Ob = 8,ooo/I1,9oo = 0.67 (G : 
~ry diffusional cons tan t  for ro ta t ion  abou t  the  smal l  ax i  
of magn i tude  of I o %  "completely" or ien ted  molecule,  

ic cons tan t  was ever  observed  when the electr ic  field w 
lines, and  thus  also pe rpend icu la r  to the  h y d r o d y n a m i c a l  

the  ex 
undissocia ted ,  the  poss ib i l i ty  
p roper t i e s  
a rotat i ,  
sub jec t ed  
to  a ro t a t ion  
m e n t  
megacycle  
pe rpend icu la r  to the i r  longest  
of the  subuni t s  wi th  f ixed dipole 
molecules,  an increase in dielectr ic  
of the  molecules  were o r ien ted  
or ienta t ion)  and  a decrease when 
(G~ = 8,000 sec -1) used  in our 
all  the  hemocyan in  molecules 
an ex ten t  t h a t  the  dielectr ic  
which was the  accuracy  wi th  which 
is ev ident  from the  fact  t ha t  
ve loc i ty  g rad ien t  and  0b ro ta r  
cor responds  to in the  order  
Since no increase in dielectr ic  
p~rpendicu la r  to the  s t r eam lines 
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esults  which have  been  a t t r i b u t e d  
D W Y C K O F F  7 have succeeded in i 
which has p roper t i e s  ve ry  simil~ 

r p ic tures  i t  was concluded  t ha t  e 
ul ts  ob ta ined  from sed imen ta t ion  
t different  me thods  are in agreeme 
nac romolecu la r  compound  wi th  w. 

)ns the  r o t a r y  diffusional cons tan t  
emocyan in  molecule.  The  shortesl 
en the  smal les t  axia l  d imensions  
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iing to the permanent  dipole theory. 
In the previous streaming dielectric investigations ( 

um hyaluronate 2, it was found that  the state of the 
.'obably an important  factor determining the dielect 
suggested tha t  the dielectric properties were main[ 
r of an ice-like hydration shell surrounding the macr, 
e impossible that  the dielectric properties of hemocy 
to the hydration structure of the molecules rather  
macromolecules themselves. This question will be furl 

The authors would like to express their sincere t] 
.~arch Laboratories LKB, Stockholm, Sweden for hil 
dems of the authors, for many  stimulating discussion 
with the preparation of the hemocyanin solutions. 

thanks to Dr. SVEN BROHU 

his never failing interest in 1 
discussions as well as for his advice a 

.lid t he  dielectric i n c r e m e n t  h a v e  been m e a s u r e d  for Hel ix  P o m a  
| to  ve loc i ty  g rad ien t s  in order  to or ient  the  molecules  in re la t  
n dielectric proper t ies  wi th  t he  ve loc i ty  g rad ien t  was  observed  w[ 
dar to t he  s t r e a m  lines. The  r e l axa t ion  t ime  ob ta ined  f rom dielect 

b y  a fac tor  of more  t h a n  30 f rom the  r e l axa t ion  t ime  calculat  
)ns. I t  is conc luded  t ha t '  t h e  dielectric proper t ies  c a n n o t  arise fr( 
lecules or  of the i r  e ight  subun i t s .  

n c r 6 m e n t  di41ectriques on t  4t6 mesur6s  pou r  des  so lu t ions  d ' h 4 n  
ci 6 t a n t  soumises  A Fac t ion  d ' u n  g r ad i en t  de v i tesse  qui  or iente  
Lps 41ectrique. Les  propri4t4s  di61ectriques ne  c h a n g e n t  pa s  q u a  
h a m p s  41ectrique 4 t an t  perpendicula i re  A la di rect ion d '4coulemel  
en  p a r t a n t  de la f r6quence  de la d ispers ion  di41ectrique diff~re 
r t i r  des  d imens ions  mol6culaires  connues  d ' u n  fac teur  de p lus  de : 
les propr i4t4s  di41ectriques ne  r4su l t en t  ni  de la ro t a t i on  des  mac1 
m des  h u i t  un i t6s  d o n t  c h a c u n e  de ces macromol6cules  es t  cons t i tm  

problems 
help 

The  dielectr ic d ispers ion a n d  
h e m o c y a n i n  so lu t ions  sub j ec t ed  
to t he  electric field. No  change  in 
t h e  electr ic field was  pe rpend icu la r  
d ispers ion  f requencies  d isagrees  
f rom k n o w n  molecu la r  d imens ions .  
r o t a t i ons  of t h e  whole macromole~ 

L a  d ispers ion  ainsi  que  l'incr6mq 
cyan ine  (Helix Poma t i a ) ,  celles-ci 
mol4cules  pa r  r a p p o r t  au  c h a i n  
le g r ad i en t  de v i tesse  varie,  le chain 
Le t e m p s  de r e l axa t ion  o b t e n u  
t e m p s  de r e l axa t ion  calcul4 ~ pa r t i r  
N o u s  en t i rons  la conclus ion  que  les 
moMcules  ent i~res  ni  de la ro t a t i on  des  h~ 
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it must be inferred that  the diele 
he eight subunits of the macromc 
st be sought for the physical proces 
lutions like those of hemocyanin. 
a new theory which indicates t[ 

proton distribution could be of in 
lecular solutions. Whether  their 
obtained cannot yet be definitiv, 

s far as the dielectric dispersion i 
be expected that  the dielectric inc 
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zA TSAMMEN FASSUNG 

das dielektrische Ink remen t  von H/ii 
r gleichzeitiger Einwirkung eines Gesch 
u orientieren. V~;ir konnten  keine "~nde] 

lwindigkeitsgradient  nachweisen, weni 
ie Relaxationszeit ,  die sich aus der Freq 
der Relaxationszeit ,  die nach bekannt~ 
mehr  als 3 o. Daraus  wurde geschlossen, 

on der ganzen Makromolekiile oder ih 
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