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INTRODUCTION 

Since a procedure has been established for the preparation of a water soluble, non- 
fibrous form of desoxyribonucleohistone (DNH) from the cell nuclei of rat liver and other 
tissues 1, considerable interest has arisen as to the nature of this protein and how it differs 
from the fibrous form which has been studied for some time 2,3,4. KUPKE, ELDREDGE 
AND LUCK a have reported on the sedimentation and electrophoretic properties of the 
non-fibrous D N H  after purification of the protein to constant chemical composition. 
Comparisons of the intrinsic viscosities of the two forms were also made to indicate 
that the fibrous form is much more asymmetric in the media studied, although the 
difference is less at higher ionic strengths. 

To characterize the non-fibrous protein further, the present series of viscosity 
studies, at different velocity gradients, made on D N H  in water, o.oo5 M NaC1, I M 
NaC1, and 2 M NaC1 was undertaken. In order that the axial ratios of the highly 
asymmetric particles could be estimated by use of the SIMHA equation ~ it is necessary 
to study a given protein as a function of velocity gradient, in order that an extrapolation 
to zero shear rate can be carried out. Some anomalous effects, to be described, became 
apparent by comparing the viscosity curves for the different velocity gradients. A con- 
sideration will be made of these effects in terms of degradative and aggregation reactions 
which are suggested. In addition, more accurate extrapolations to obtain reduced 
sedimentation constants are made possible by combining this viscosity data with the 
sedimentation data of KUPKE et a l l  

EXPERIMENTAL 

The type  of capi l lary v i sco ineter  used was t h a t  described by  DESREUX AND BISCHOFF 7. The 
first three v i scometers  which  were constructed were designed to give  ve loc i ty  gradients  of approxi-  
m ate ly  2oo, ioo,  and 5o sec -1. The exact  ve loc i ty  gradients  were calculated b y  means  of the  formula  
dV/dr = hdgr/2r]l, where  h is the  pressure head,  r is the  radius,  and l is the  capil lary l ength  in 
cent imeters ;  d is the  dens i ty  and ¢ is the  accelerat ion of grav i ty ;  ~] is the  coefficient of v iscos i ty  
in poises.  The  capi l lary radius  of O.Ol 4 am at first empl o y ed  was  found to be too  smal l  for efficient 
operat ion,  at  the  lowest  ve loc i ty  gradients ,  since the  f low t imes  were so long and capil lary became 
so readi ly  clogged. Therefore,  a fourth  v i s cometer  was  constructed  for wh ich  the  capil lary radius 

* Present  address: B i o c h e m i s t r y  Inst i tute ,  Univers i ty  of Uppsala,  Uppsala,  Sweden.  
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was 0.0247 cni, designed to have allout the sanle velocity gradient  as visconleter \V~. The dinlensicms, 
flow tinles for water ,  and calculated velocity gradients  are stminlarized in Table I. 

TABI_I" 1 

D E S C R I P T I O N  O F  T I I E  C A P I L L A R Y  V I S C O M E T E R S  

Pressure 
head 
cm 

I 6.1 
2 5.6 
3 3.5 
4 3 .1 

Capil lary cap i l larr  Velocity Flow t ime 
radius  length gradient a'ater 

cm cm see -  t scc 

o.o14 ;5.4 t86 II42. 5 
° . ° I 4  5 °.8 ~.5 t 8o74 
O ' O I 4  5 (-*.8 .53 2.58o.4 
o.o247 to1.6 42 471.S 

The viscouleters were immersed in a cons tant  t empera tu re  water  bath, regulated at  25.o" 
:k o.oa ° C. Time measu remen t s  were made by  use of a Cenco electric t imer,  reading to o.oi sec, 
or by s topwatches  which were cal ibrated against  this t imer.  Precautions of course were taken to 
insure m a x i m u m  cleanliness of the viscometers,  before measuring.  

All p repara t ions  of D N H  studied were made according to the procedure of LUCK *'! a[. t. For  
some of the studies, fur ther  terminal  purification s of the lyophilized mater ia l  was carried out, bu t  
in most  cases the lyophilized powder  was dissolved directly in ei ther  wate r  or I M NaCI, then clarified 
by  centr i fuging in the Spinco Model L, head :t~ 4 o, at  2o,oo0 R.P.M. for 15 minutes,  and the pH 
adjus ted  to the desired value. Concentrat ions in nlg of dry protein per ml were determined by 
phosphorus  (KING-CARPENTER method) analyses or the U.V. absorpt ion at  26o millicrons, the results 
of which were referred back to dry  weight  determinations.  The ext inct ion coeficients and analytical 
resul ts  obta ined for the prepara t ions  used are given in Table ]I .  I t  shlluld be especially noted tha t  
when the lyophilized material  is initially dissolved in i M NaC1 ra ther  than  water  a higher phosphorus  
content  (4.5 %) is observed.  

T A B L E  i1 

C O M P O S I T I O N  A N D  U L T R A - V I O L E T  A B S O R P T I O N  O F  V A R I O U S  S O L U T I O N S  O B T A I N E D  

F R O M  S E V E R A L  D E S O X Y N U C L E O H I S T O N E  P R E P A R A T I O N S  

Ext.  coeff . Lyoph  Dry wt  
Prepn.  Solvent  Treatment  O.D. wt  % P °1o N N I P  

No .  mg P / m  mg  mg 

I M N a C 1  

I 

I I I  
A 

I Water  
I I  Water  

\Vater 

\Vater  
\Vater  
(D.\V.K.) 

Lyophilized material  33.5 22.8 4.'29 16.i 3.70 
hea t  dried 
Lyophilized mater ia l  225 3.77 
t rea ted  wi th  i M NaCI 
and clarified 
Same; salt dialyzed off 258 3.71 4.60 I7.4 3.69 
Lyophilized mater ia l  258 1.92 4.08* 10.0 4.15 
treated wi th  water ,  residue 
extracted with t M NaC1, 
dialyzed, pooled, clarified 
Terminal ly  purified : water  ~ 3. r 8. i 0 3-67 * * 
solution dialyzed and 
clarified 
Terminal ly  purified 257 6.6 2.68 3.65** 
Terminal ly  purified 4.o8 16. 4 .t.Ol 

* The procedure for prepara t ions  l I  and i l l  had been modified slightly from tha t  used in prepa-  
rat ions A and I (i), to be described in a future  publ icat ion.  Accordingly, the solubility propert ies  
were somewhat  altered, i.e. a larger residue was observed  from the initial water  t reatnlent ,  which 
could be almost  completely dissolved by  a subsequen t  t r e a t m e n t  with I M NaC1. 

**A somewhat  lower concentrat ion of protein  dur ing  the final dialysis was employed than  by  
D.W.I,2., with the result tha t  considerable precipi tat ion occurred during this dialysis, causing a drop 
in the phosptiorus composit ion.  

References p. r82. 
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For the most extensive viscosity studies, at different velocity gradients, on DNH in i M NaCl, 
the stock solution used was prepared by dissolving the lyophilized material in i ~.~I NaC1, clarifying, 
and adiusting to pH 5.4- This pH was chosen, as it is at this pH that  the ultracentrifuge photographs 
o[ KUPKE show that  the smallest diffuse peak near the meniscus (the histone-rich component), and 
it was desired to study the principle component only. In addition, further viscosity determinations 
were carried out at a single velocity gradient, on DN~I preparations which had been further purified 
to various extents, in order to determine the effect of purification. For the partial repurification, 
the lyophilized powder was treated first with water rather than i 31 NaCI, the resulting suspension 
then clarified in the Spinco L. Sodium chloride was added to the supernate to give a molar solution, 
and the pH adjusted to 6. 5. For the complete terminal purification s, the procedure was the same 
as just described, only in addition a dialysis at 4 ° C against i8 1 of water was carried out, followed 
by a second clarification in the Spinco L, and then addition of salt. 

Some separations of light and heavy components existing in I M NaCI solutions of DNH 
were made by means of prolonged runs in the Spinco Model L preparative centrifuge. Solutions at 
three different total concentrations, and two pH's,  5-4 and 6.5, were studied. The supernate and 
pellet fractions were each analyzed for nitrogen and phosphorus, and the U.V. absorptions at 26o 
millimicrons were taken. Wherever possible, the intrinsic viscosities and sedimentation constants 
were also determined. For run I, a solution at pH 5.4 was taken which had been used for viscosity 
measurement, and centrifuged in head @ 4 ° for 2oo min at 4o,ooo R.P.M. To test whether all of 
the heavy components had been sedimented, the supernate was run again for three hours and the 
resulting supernate analyzed. Two more solutions of different concentrations were then run together 
for 24 hours. A surprising phenomenon was observed in the centrifugation of the o.48 % solution: 
the material in the large, hard pellet formed was found to be almost completely insoluble in t M 
NaC1, and could only be dispersed by the addition of one tenth volume of saturated NaOH. It was 
therefore not possible to determine the intrinsic viscosity or the sedimentation constant for this 
fraction. 

RESULTS 

On c o m p a r i n g  t h e  cu rve s  of specif ic  v i scos i ty / c  v e r s u s  c o n c e n t r a t i o n  for  w a t e r  

a n d  o.oo5 M NaC1, s h o w n  in  Fig .  I ,  w i t h  t h o s e  o b t a i n e d  for  D N H  in z M NaC1 a t  p H  5.4 

a n d  6.5 (Fig. 2), i t  wil l  be  seen a t  once  t h a t  all  so lu t ions  of D N H  in I M NaC1 s h o w  

m u c h  h i g h e r  va lue s  of rlsp/C t h a n  for  lower  ionic  s t r e n g t h s  a n d  t h e  va lues  of i n t r i n s i c  

v i s cos i t y  are  a b o u t  four  t i m e s  as g rea t .  

I n  a d d i t i o n ,  i t  is i n t e r e s t i n g  to  n o t e  7o 

t h e  w a y  in w h i c h  v i s cos i t y  va r i e s  w i t h  

ve loc i t y  g r a d i e n t  for  t h e  case  of b o t h  65 

o.oo5 M NaC1 a n d  I M NaC1. F o r  ,~ 50 

D N H  in 0.005 M NaC1 the  v i scos i ty  

i n c r e m e n t  cu rve s  are  pa ra l l e l  a n d  dis-  .~, 55 

p l a c e d  u p w a r d  for d e c r e a s i n g  v e l o c i t y  ~--50 

g r a d i e n t s .  Th i s  is t h e  r eve r s e  of t h e  

s i t u a t i o n  e x p e c t e d  w h e n  pa r t i c l e  or ien-  4.~ 

t a t i o n  a lone  is cons ide red ,  as t h e  vis-  

cos i ty  in t h i s  case dec rea se s  w i t h  in- 4c 

c reas ing  s h e a r  g r a d i e n t .  T h e  s a m e  sor t  3~' 

of v i s c o s i t y  b e h a v i o r  is o b s e r v e d  for  

D N H  in I M NaC1 in t h e  h i g h e r  con-  3c 

c e n t r a t i o n  r ange ,  b u t  w h e n  t h e  p r o t e i n  

c o n c e n t r a t i o n  is r e d u c e d  be low o.z5 %, 

a s e c o n d  u n e x p e c t e d  effect  m a k e s  i t s  

a p p e a r a n c e .  A s h a r p  r ise  in  m a g n i t u d e  

/ 
bne Medium pH dr/dr 

c o 1 O005M 6.5 186 
2 Se# Z5 186 

3 85 
4 53 

o" 5 Wofer 70 186 

" e ~ o ~ o . . _ . . . .  ~ 

o:, ~'2 ~ o.~ o15 o16 o;7 o:~ a'9 ~.o 
C g/100 rnl 

Fig. I. Viscosity of solutions of non-fibrous DNH 
in media of low ionic strength. 

of rAp'C occurs  in t h i s  low c o n c e n t r a t i o n  range ,  i n d i c a t i n g  t h e  f o r m a t i o n  of pa r t i c l e s  

of g r e a t e r  a s y m m e t r y  on d i lu t ion .  Moreover ,  t h e  cu rv e s  are  seen  to  cross  e a c h  o the r ,  so 
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t h a t  the  values  of intr insic  viscosi ty  ob ta ined  by  ex t r apo la t ion  va ry  with  veloci ty  
grad ien t  as expec ted  by  the effect of par t ic le  or ien ta t ion  along the s t ream lines. 

0.2 0.4 0.6 0.8 1.o 1.2 1.4 When  the values of in t r ins ic  viscosi ty  

/ ' '  F ~ . . . . . . .  f°r  D N H  in ° ' ° ° 5 M  NaCI' °b t a ined  bY 
ex t rapo la t ion  of the s t ra igh t  lines (Fig. z), 
are p lo t t ed  as a function of the veloci ty 
gradient ,  a s t ra ight  l ine is ob ta ined  which 

30@ / ex t rapo la tes  to 36.2. Using 0.642 as tile value 
| / Curve Med/um pH Velocity 

~ "1 grodJent , ~ ~ 2MNcCt ~5 ~a6 of pa r t i a l  specific volume for non-fibrous 
~ [ 2 1MNcC~ 54 ~S6 DNH*,  the  reduced volume fract ion intr insic  
]1 / 3 s5 viscosi ty  (v0) becomes 56. 4, which corresponds LI l 4. IMNoCI 53 

° ~ _  to an axial  ra t io  (t),/a) of 25.9 by  the SIMHA 
25 5 (c~r 2.5 hours use scJeS~, ' top) equat ion.  One intr insic  viscosi ty  de te rmina-  

t ion was also made  for D N H  in wate r  (pH 
7.o) at 186 sec -1, the line ob ta ined  being 

2oo~ ] v  shown in Fig. 1. Since in this  case de te rmina-  
']l~v.~\ v 2k___~__ tions at  o ther  veloci ty  gradients  ,,,ere not  
]_~_'_'2--_v.-g---v-----~ made,  i t  is not  possible to obta in  a reduced 

intr insic  viscosi ty  direct ly.  However ,  if the  
15°l-~-e~'~ effect of par t ic le  or ientat ion is considered 

1_.~~ 
4 to be opera t ive  solely, a reduced intr insic  

-¢,_a ~ ~ ---8- ~ -<~-_2_~ ~ ~ viscosi ty  m a y  be ob ta ined  b y  use of the SIMI~A 
equat ion  and a set of corrected curves for 

~ 0 0 1  ~ I I I , I J ! - -  
- -0 . I  a2 0.3 0.4 0.5 06 0.7 o.a the  various veloci ty  gradients  drawn up from 

Fig. 2. Viscosity of solutions of non-fibrous resul ts  ob ta ined  on a number  of prote in  pre- 
DNH in media of high ionic strength. Vari- pa ra t ions  wi th  va ry ing  asymmetr ies ,  each 
ation of ~1sp/C with velocity gradient shown, s tud ied  as a funct ion of ve loc i ty  gradient**.  

An axial  ra t io  of 24.5 for D N H  in water  is 
in , th is  way  de te rmined .  The value  is seen to agree closely wi th  tha t  ob ta ined  wi th  D N H  
in o.oo5 3 f  NaC1, and wi th  the  value of 25 found by  STEINER s for the non-fibrous form 
of D N H  e x t r a c t e d  from calf t hymus  gland b y  a procedure  involving the use of solvents  
of low ionic s t reng th  only.  

The axial  ra t ios  thus  ca lcula ted  do not  necessar i ly  descr ibe single molecular  species, 
since, especia l ly  at  higher  ionic s t rengths,  several  components  are a lways  present .  The 
ca lcula ted  axial  ra t ios  are, however,  weighted  square averages  of the a symmet r i e s  of 
the  components  present .  

In  I M NaC1, in the  concent ra t ion  range above  o.I5 %, the  curves  level  out  and  are 
reasonably  close to s t ra igh t  l ines which m a y  be e x t r a po l a t e d  to  zero concentra t ion .  
When  this  is done for the  de te rmina t ion  at  p H  5.4, a reduced  intr inis ic  viscosi ty  m a y  
again be de te rmined  by  p lo t t ing  the  intr insic  viscosi t ies  thus  ob ta ined  as a funct ion of 
veloci ty  grad ien t  and  ex t r apo la t ing  to zero. The value of v0 ob ta ined  in this  manner ,  

* The partial specific volume was determined by Dr. X. T. ELDREDGF. of this laboratory• 
** The protein preparations used to establish these corrections to the SIMHA equation were fibrous 

thymus DNH, by the procedure of MIRSKY AND POLLISTER z a complex of methylene blue and tobacco 
mosaic virus (TMV) in the end-to-end dimeric state, some preparations of TMV, and non-fibrous 
DNH in i M NaC1, as described in this paper. These preparations have been characterized by 
sedimentation analysis and other physical studies, as reported in the literature or by work pursued 
in this laboratory to be published. 
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which should cor respond  to the  componen t  exis t ing at  higher  concentra t ions ,  or as we 
shall  see the  pr inciple  componen t  descr ibed  from sed imen ta t ion  analysis  b y  KUPKE 
et al  ~, is 178, which gives an axia l  ra t io  of 50.4, (see Table  III). On the o ther  hand,  t i le 
more a symmet r i c  componen t  formed b y  d i lu t ion  of the  D N H  below o.15 % is found to 
have  a v 0 of 460, which corresponds  to  an axia l  ra t io  of 87. An add i t iona l  de t e rmina t ion  
was made  on D N H  which had  undergone  the  first s tage of t e rmina l  purif icat ion,  in t h a t  
the  lyophi l i zed  ma te r i a l  was t r e a t ed  wi th  wate r  and  the suspension clarified. The curve 
ob ta ined  (also shown in Fig.  2) ex t r apo la t e s  to  an intr insic  v iscos i ty  of 202, which is 
somewhat  lower than  the value  previous ly  obta ined .  An int r ins ic  v iscos i ty  de te rmina t ion  
was also carr ied  out  on a D N H  solut ion which had  undergone comple te  t e rmina l  purif ica- 
t ion,  a t  the  lower ve loc i ty  g rad ien t  of 42. The axia l  ra t io  ob ta ined  is seen to be exac t ly  
the  same as t ha t  ob ta ined  for the  solut ion which had  not  undergone  the final dialysis ,  
meaning  t ha t  th is  pur i f icat ion s tep does not  a l t e r  the  par t ic le  a symme t ry .  A large 
difference in in t r ins ic  v iscos i ty  does, however ,  resul t  f rom va ry ing  the med ium in which 
the  lyophi l ized  D N H  is in i t ia l ly  dissolved,  much  higher  values  be ing  ob ta ined  if I M 
NaC1 is the  solvent  r a the r  than  water .  Moreover,  the  difference is not  only  physical ,  for, 
as ment ioned,  use of I M SaC1 r a the r  t han  wa te r  for the  in i t ia l  solvent  leads to a higher  
percentage  of phosphorus  in the  p ro te in  in solution. 

TABLE I I I  

INTRINSIC VISCOSITIES AND CORRECTED SEDIMENTATION CONSTANTS 
OBTAINED FOR DESOXYNUCLEOHISTONE IN VARIOUS MEDIA 

Ti,~e ol Wlocity [7] [,~l ° S2°°'w S2°°'w 
Prepn. pH standing Soh,ent gradient v ° b :a by extrapol, oJ 

No. days sec_t ml/g S S • ~t 

1 7.o Water ~86 29.7 33.4 52.o 24.5 l°-°5 lO.21 
A 6.5 o.oo 5 M NaC1 186 47.o 2o.o 19.7 
I 7.5 186 44-7 

85 40.4 36.2 56.4 25.9 
53 38.3 

[ 5-4 18 I M SaC1 i86 255 
85 275 296 47 ° 87 
53 287 

Same: principle component 186 166 
(by extrapolation of 85 I44 114 178 5o.4 

lower portion of curves) 53 123 
I 6.5* II I M SaC1 186 2Ol 372 77 13.2 15-°5 
I 6.5"* 18 i M SaC1 42 231 375 77 
I 6.5 17 2 M SaC1 t86 212 392 79 8.61 lO.17 

* Solution was prepared by  t reat ing lyophilized mater ia l  wi th  water ,  clarifying in Spinco L, and 
adding salt to  make a molar  solution. 

** Solution was  prepared  by  t rea t ing  lyophilized mater ia l  wi th  water,  clarifying in Spinco L, 
dialyzing agains t  water ,  clarifying, and adding salt. 

The seventh  column gives values of weight  intrinsic viscosity at  zero velocity gradient  and the 
eight values of volume fraction intrinsic viscosity at  zero velocity gradient. 

In  order  t ha t  a comple te  corre la t ion  might  be made  be tween  the  resul ts  of sedimen-  
t a t ion  analys is  and  viscosi ty ,  a v iscos i ty  de t e rmina t ion  at  186 sec -1 was also made  for 
the  remain ing  ionic s t r eng th  inc luded  in the  sed imen ta t ion  s tudies  5, i.e. 2 M NaC1. 
The curve,  shown at  the  t op  of Fig.  2, demons t r a t e s  somewhat  oppos i te  behav io r  from 
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% 
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tha t  observed for I dll NaC1, tha t  is, the sharp rise in magni tude  of ~?~vc occurs as the 
D N H  concentrat ion is increased rather  than decreased. 

When some of the initial solutions 

/ 
/ 

/ 

j /  ,7 / 

/ / /  

~~ Concn. Temp. 
/ , ' ~ y  g/fOOrnl °C 

/ "I 0.92 25 
/ 2 033 4 

3 016 25 

4 

~'o 2~ a~ 2o 50 do ¢o 80 do ,~o Time - hours 
Fig. 3- Time dependence of ~isp/C for solutions of D N H  

in I ,~ NaC1 at three concentrations.  

at higher protein concentrations were 
measured, the viscosity was found to 
increase markedly with time, such tha t  
differences between successive meas- 
urements were significant. Therefore, 
tile time dependence of viscosity was 
studied at several D N H  concentra- 
tions. The results are shown in Fig. 3. 
The pairs of points joined by dot ted 
lines represent the intervals during 
which the measurements  were being 
made at 25 ~', while during the other 
longer intervals the solution had been 
stored in the cold room, at 4 ° C. The 
surprising result is tha t  for a o.16% 
D N H  solution (undergone complete 
terminal purification), the initial 

value of rl~p/C observed right after dilution in I M Na(;1 is much lower than all values 
previously observed as a result of successive dilutions and several days of standing. The 
rise then occurs steadily over a period of days, to give a straight line, except at the 
very end, to reach finally a level corresponding to tha t  previously found. I t  is interesting 
to note tha t  it is at this concentrat ion that  the dip in the curves for ~j~p:C occurs. 
The rate of viscosity increase is seen to be slowest at the o.33% concentration and 
highest at o.92%. 

When the sedimentat ion rate determinat ions were made on D N H  in the various 
media 5, it was not possible to extend the concentrat ion range of the solutions studied 
to below o. 3 %, because of the diffuseness of the peak resulting at low concentrations. 
I t  is quite possible tha t  the accuracy of extrapolat ion might  not be too great, because 
of the tendency of upward curving of tile S vs. c curve as zero concentrat ion is ap- 
proached, which has been observed for such asymmetr ic  molecules as fibrous D N H  a 
and DNA 9. A more accurate method of extrapolation,  as suggested by SCHACHMAN AND 
LAUrFER ~°, is to plot values of ~ . S 2 o  .. . .  where ~]~ is the relative viscosity of the solution 
at the same concentrat ion as employed for the sedimentat ion rate determination,  as 
function of concentrat ion and extrapolate to zero. Since some of the I 3 I  NaC1 solutions 
show considerable viscosity change with time, the viscosity values used were at 2 ½  
hours s tanding after salt addition, (see dot ted  line in Fig. 2), which is about  the average 
time interval for the ultracentrifuge runs. Similar time variat ion of rZ~p.'C was also 
observed for D N H  in 2 M NaC1 at the higher concentrations. The upper  par t  of the 
sigmoid curve represents on the average about  one week of standing. Extrapola t ion 
of some of the results back to 21/,, hours gives a straight line, shown in dashes at 
the extended portion. This was used in the calculation of the relative viscosities used 
in the products  plot ted in Fig. 4. The best straight lines, fitted to the ~/r'S2o,~. vs.  c 
data  by the method of least squares, can be compared with the lines of $2o,,~, vs.  c. 
I t  is of interest to note tha t  the two lines of each pair extrapolate to the same 
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value of $20,~ for the media water and 0.005 2~I NaC1, and that  for I M and 2 M NaC1 
the values of $2o ~. obtained from the */r'S20, ~ plots are appreciably higher than those 
obtained by the plots of $20,, ,, alone. This is 
not too surprising since the particles are of 
comparatively low asymmetry  in the low 
ionic strength media, whereas they are highly 
asymmetric at the higtier ionic strengths 
and the viscosity behavior is complex. In the 
case of the o.oo5 31 NaC1 determinations, 
the solution used for the viscosity run at 
pH 6.5 (curve I, Fig. I) was prepared by 
KUPKE in the same manner and from the same 
DNH batch as used for the sedimentation 
runs. 

In order that  a more complete under- 
standing may be gained of the particle break- 
down and dissociation reactions occurring 
in I M NaC1, which have already been sug- 
gested by the viscosity and sedimentation 
results, some fractionation experiments were 
carried out, by the centrifugation of I M 
NaC1 solutions of DNH at three concentra- 
tions. The conditions used and the results 
obtained have been summarized in Table IV. 

I t  was at first thought that  the 2oo 
minute period of centrifugation was not 
sufficiently long to cause complete sedimen- 
tation of the heavy component. Therefore, 

7 /  

ol . ,  Na:, o.A.L/ 

"lO - " ' o . , . . 1 F I  N a C I  

8 " "  "--c~v... 
"-V..V~V ~ 

6 " ~ v  2MIVaCI 

4. - - -  S2o, w 

I I I 
~ o) a~ oJ~ 03 ,o ,2 ,.4 

C g/fOOml 

Fig. 4. Comparison of the plots of sedi- 
menta t ion  constants  t imes corresponding 
relative viscosities wi th  those of the sedi- 
menta t ion  constants  as a flmction of 
concentration, for D N H  in various media. 

the supernate was run again for another three hours, with the result that  a very small 
pellet was formed. However, there was very little decrease in average asymmetry  as a 
result of the second centrifugation, meaning that  very little of the more asymmetric 
component initially present could have been sedimented. The twenty-four hour period 
used in run I I  was actually too long for the desired separation, as ultracentrifugal 
analysis of the pellet showed the presence of some light fraction, the presence of which 
also explains the fact that  the N/P ratio observed was higher than for the other heavy 
fractions analysed. The sedimentation constant calculated for the faster sedimenting 
of the two components has a value a little lower than that  of the principle component 5, 
and for the lighter component a somewhat greater value than the one obtained for the 
diffuse or histone-rich component. The sedimentation constant calculated for the pellet 
fraction of run I roughly corresponds to the value for DNH in 2 M NaC1. 

The results of chemical analyses show varying degrees of unequal distribution of 
nucleic acid and histone between the supernate and pellet fractions, indicating dissocia- 
tion, but in no case is the splitting complete. As the initial DNH concentration is in- 
creased, the fraction of material going into the pellet is increased, and the supernates 
are found to be more nearly pure histone as indicated by the much higher N/P ratios. 

Re#fences p. r82. 
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' f A  I~LF. IV 

CHEMICAL ANALYSES AND PHYSICAL STUDIES ON ThE FRACTIONS OBTAINED 
BY THE ULTRACENTRIFUGATION OF SOLUTIONS OF D N H  tN I ,'l/[ NaC1 

R u n  I: o,o388 % D N t l ,  pl  l 5 - 4 - T i m e  of s t a n d i n g  s ince  sa l t  a d d i t i o n :  20 clays.  

Fract ion  Time o/ I "cd. l ,,taI 
ullracent, ml  mg 1' 

S u p e r n a t e  l 200 1]lili 2 2 . 0  O.25() 
] l  18o 

Pel le t  1 2o0 2.o o. i22 

% tot . l  q~o,a, d V d r  It,] ~.0 ,, ,~ 
"\" t~ .\7 l~l /racl.  '~el 1 

• t .34 77 .o* tNo ~30 
t ~";(~ 135 _' _'() 58 
5.:; I ~0 

2.0S 23.O 7'3( '  

I {un  I I :  p H  6.5. T i m e  of s t a n d i n g  s ince  sa l t  ad i l i t ion:  3 d ay s .  T i m e  of ul t racentr i fuga t ion  : 24 hour s .  

l 'alal 
So lu t ion  Frac t ion  Vol.  

A. 0 .0535 % S u p e r n a t e  22.o 0.0,; 5 
D N l l  P e l l e t  2.2 o.. 41 ~ 

B. 0 .482 % S u p e r n a t e  
D N H  i .  t o p  2.o o .0075 03. 5 

2. b o t t o l n  9 ,o  o .o7o2 30.4 
P e l l e t * *  4,0 2.25 2,0o 

'!~, o/tectal d V  dr  
.V 1' .V in lracl. >'"- "' ~' scc ~ bil v ° ba 

9-9 43 .2* 85 IO 5 18o 51 
2.93 50.8 f a s t  1o.41 53 t()4 27i  04 

s low  1.63 

29. 9 85 28 40 -'3 

0o. 7 

* T h e s e  v a l u e s  were  d e t e r m i n e d  b y  d i f f e rence .  
** T h e  pe l le t  w a s  first  e x t r a c t e d  w i t h  4 nil of w a t e r ,  w h i c h  was  a n a l y z e d  for i / h o s p h o r u s  on ly  

and  f o u n d  to  c o n t a i n  o.o12 m g  P.  

DISCUSSION 

The reversed variation of magnitude of ~£p/C with velocity gradient from that 
expected for DNH in o.oo5 M NaC1 and in I M NaC1 for higher protein concentration is 
a phenomenon worthy of further consideration. There is a possibility that the flexibility 
of the particles is a factor involved. However, KUHN A~D KUHN n have shown that even 
for polymers having the maximum flexibility, that is zero shape resistance, the variation 
of specific viscosity with velocity gradient is a horizontal straight line, and that for all 
other particles there is a falling off of viscosity as the shear rate is increased. This ex- 
planation, therefore, is not sufficient. It would appear that orientation of the long axes 
of the various particles formed more or less along the stream lines by causing the solution 
to flow has resulted in a kind of reversible aggregation which increases the viscosity. 

It might be asked why sharp peaks down to very low concentrations are not 
obtained for DNH in 1 M NaC1, when the particles formed are quite asymmetric and a 
higher 0 S,eo .... is obtained by extrapolating *lr'S2o .... values to zero concentration. The 
answer is to be found in the fact that the extensive particle breakdown apparently 
occurs in the o.I to o.2 % concentration region, particularly as shown by the results of 
viscosity-time studies for the o.16% solution. The time at which all analytical ultra- 
centrifuge runs were made was shortly after salt addition, meaning that in this region 
the sub-particles formed were of minimum asymmetry, not having had a chance to 
reaggregate, since by Fig. 3 at least 5 days of standing are required to bring the value of 
~p/C up to the level found initially for higher DNH concentrations. 

Re/erences p. ±X2. 
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Studies on the supernate and residue fractions obtained by centrifugation reveal 
that  in general there is a dissociation of DNH in I M NaC1, to yield a less asymmetric,  
more histone-rich component in the supernate than in the residues. However, additional 
effects were observed to result from tile reduction of the total DNH concentration 
below o/ o.3 o ,  indicating a very complex break-down of the particles at low concen- 
trations. As the concentration is decreased, both the amount of material  in the supernate 
and the percentage of DNA in the fraction increase, as evidenced by the decreasing 
NIP ratios. Furthermore,  the asymmetry  of the components of this fraction increases 
markedly, and there is also a well-defined lowering of the sedimentation constant of the 
main component in the pellet fraction, (Table IV). One possible interpretation which 
may  be made of these results would be as follows: The DNH solution at the higher 
concentration of o.48% in I :1I NaC1 dissociates partially into a depolymerized, less 
asymmetric histone which remains in the supernate and a small amount of depolymerized 
nucleic acid of varying particle size, the presence of which accounts for the gradient 
of phosphorus concentration found in the supernate. On decreasing the DNH concentra- 
tion to o.o535%, without changing other conditions, more nucleic acid appears in the 
supernate, meaning that  there is more dissociated nucleic acid in depolymerized form. 
The increased intrinsic viscosity obserw~d could be explained by the increased amount 
of asymmetric DNA present. A comparison of the sedimentation constant of lO. 4 found 
for the heavy component with the value of 13.o obtained by KUPKE et al. 5 for the principle 
component at the same concentration (by extrapolation), reveals that  a small portion 
of the original particle must have split off. Also, the fact that  the $20,~. observed for 
the slow moving boundary was over 1 ½ times his value for the diffuse component at 
higher concentrations can be explained by  the occurrence of some aggregation of the 
light components. 

This process of splitting off portions of the original particle by the action of salt is 
seen to be carried even further as a result of further dilution of the DNH and standing. 
The effect of dilution would appear to be the splitting off of a greater proportion of DNA, 
which can then undergo aggregation, explaining the viscosity increase with time. The 
$20.~ , was also determined for the principle component in a o . I6% solution of DNH in 
I M NaC1, pH 6.5, which had stood at 4 ° for 7o days, and found to have a value of 
9.45 Svedbergs, which is lower still than the value for solution A, run II .  This and the 
fact that  the solution has lower initial asymmetry  suggests that  more histone as well as 
DNA splits off at this concentration. On reducing the concentration to zero, the steep 
viscosity rise can be explained in terms of further length-wise splitting, to give particles 
having a maximum axial ratio of 87, or 77 in the case of the terminally purified prepara- 
tions, as determined from the values of intrinsic viscosity (Table III) .  

A consideration of the differences in the viscosity curves obtained for I M NaC1 
and for 2 M salt is also of interest. I t  will be noted that  the intrinsic viscosities observed 
for the two media at pH 6.5 yield values of axial ratio of 77 and 79, which are the same 
within the experimental error. Thus, at low DNH concentrations in I M NaC1, the 
particles split to a more asymmetric form, just as they do in 2 M NaC1, only in this case 
the splitting apparently occurs over the entire concentration range. In addition, at the 
ionic strength of 2, by  the rise in magnitude of r£p/C occurring with time at concentra- 
tions above o.2%, aggregation of the split fragments is seen to occur, which increases 
the asymmetry  further. This type of splitting is similar to that  suggested by BERNSTEIN 
AND MAZlA TM for the dissociation reaction occurring in I M NaCI. However, the cross- 

Re/erences p. 182. 
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wise  s p l i t t i n g  of D N H  in  z M NaC1 w h i c h  a p p e a r s  to  occu r  a t  o . I 6 %  w o u l d  1,e mc~re 

a n a l o g o u s  to  BERNSTI.;IN AND MAZIA'S d e g r a d a t i o n  r e a c t i o n .  

U s i n g  t h e  v a l u e s  of ax ia l  r a t i o  a n d  -,0 be0, ,  o b t a i n e d  as  d e s c r i b e d ,  i t  is poss ib le  to  

c a l c u l a t e  s o m e  r o u g h  v a l u e s  of m o l e c u l a r  w e i g h t  b v  use  of t h e  e q u a t i o n :  M ' ' a -  

6~r1 S° ° .~ ' / / / °N2a  (3V/4n)~ a ~a. T h e  f r i c t i o n a l  r a t i o  (/.//0) is o b t a i n e d  f r o m  t h e  ax ia l  r a t i o  
I - - - V o  

h y  use  of t h e  PI~.RI{I~" e q u a t i o n .  In  t h e  c a l c u l a t i o n ,  n o  h y d r a t i o n  is a s s u m e d ,  so t h a t  in 

ef fec t  t h e  m o l e c u l a r  w e i g h t  b e i n g  c a l c u l a t e d  is t h a t  of t h e  e f fec t ive  h y d r o d y n a m i c  el l ip-  

so id ,  d i s c u s s e d  b y  SCHERAG~ ~XD ~IANDELKlqZRN 14. A l t h o u g h  t h e  v a l u e s  t h u s  o b t a i n e d  

a re  n o t  t r u e  p a r t i c l e  we igh t s ,  t h e  r e l a t i v e  d i f f e rences  for  t h e  d i f f e r en t  m e d i a  will a t  

l e a s t  be  va l id .  T h e  m o l e c u l a r  w e i g h t s  c a l c u l a t e d  for  D N H  are  3oo,oo in w a t e r ,  82o,ooo 

in o.oo5 M NaCI,  965,ooo for  t h e  p r i n c i p l e  c o m p o n e n t  in  I M NaCI,  a n d  f ina l ly  865,ooo 

in 2 M NaCI.  T h e s e  r e s u l t s  a rc  e n t i r e l y  in a c c o r d a n c e  w i t h  t h e  p a r t i c l e  s izes  s u g g e s t e d  

b y  t h e  s e d i m e n t a t i o n  r e s u l t s  of KtTpI(l~; el al.:'. T h e y  i n d i c a t e  t h e  o c c u r r e n c e  of agg re -  

g a t i o n  to  r o u g h l y  a t h r e e - f o l d  e x t e n t  in all s a l t  s o l u t i o n s ,  w i t h  i nc r ea se  of a s y m m e t r y  

a t  h i g h e r  ion ic  s t r e n g t h s  b u t  no t  in  0 .005:11  NaC1. T h e  m o l e c u l a r  w e i g h t  d e c r e a s e  

in  z M NaC1 f r o m  t h e  v a l u e  in m o l a r  sa l t  w o u l d  c o r r e s p o n d  to  s p l i t t i n g  off ~f I o %  

ol t h e  p r i n c i p l e  c o m p o n e n t .  

AC KNOWLE DG E ME NTS 

T h e  a u t h o r  w i s h e s  to  e x p r e s s  h i s  a p p r e c i a t i o n  of t h e  he lp fu l  s u g g e s t i o n s  a n d  a d v i c e  

o f fe red  b y  Prof .  J .  MURRAY LUCK a n d  Dr .  D. W.  KuPI<E. H e  a lso  e x p r e s s e s  g r a t i t u d e  to  

Dr .  KUPKE for  s u p p l y i n g  s o m e  of t h e  m a t e r i a l  used ,  a n d  to  ROI~ERT PERTHEL a n d  

WILLIAM DUM.~S, S t a n f o r d  R e s e a r c h  I n s t i t u t e  ( ; l a ss  Shop ,  for  t h e i r  e x c e l l e n t  w o r k  in 

c o n s t r u c t i n g  t h e  v i s c o m e t e r s .  

T h e  w o r k  was  p u r s u e d  w i t h  t h e  a s s i s t a n c e  of a g r a n t  f r o m  t h e  A m e r i c a n  C a n c e r  

Soc ie ty ,  r e c o m m e n d e d  b y  t h e  C o m m i t t e e  on  G r o w t h  of t h e  N a t i o n a l  R e s e a r c h  Counci l .  

!-;UMMARY 

t. Complete viscosity-concentration determinations were carried out  at  three velocity gradients 
for non-fibrous desoxyribonucleohistone (DNIt) in o.oo 5 I I  NaC1 and x i~l NaCI. The variat ion of 
specific viscosity with  velocity gradient  at  a given concentration was found to be the reverse of 
tha t  expected, i.e. viscosity decreased with decreasing gradient, for DNI-f in o.oo 5 3! NaC1 and in 
1 M NaCI in the concentrat ion range above o. ~ 6 %. 

2. An addit ional  anomaly was observed for the behavior of DNH in 1 3 i  NaCI: the viscosity 
curves rose steeply on decreasing the protein concentration below o.16 %, indicating the formation, 
on dilution, of a more asymmetric  component.  The values of intrinsic viscosity obtained were found 
to increase with decreasing velocity gradient,  as expected by the result of particle orientation. 
according to the principle of s t ructural  viscosity. 

3. ]n addition, the intrinsic viscosities were determined at one velocity gradient  for DN H in 
water  and in 2 M NaC1. Values of axial ratio for DNI{ thus obtained were as follows: 25 in water 
and o.oo 5 M NaC1, 5 ° for the principle component  and 77 for the asymmetric component  in t 3t  NaCI, 
70 in ~ M NaC1. 

4. The values of S°0, ~: determined by extrapolat ing *]r'S2o, u, to zero were found to be highm 
than those resulting from extrapolat ion of S~o,~, vs. c, for molar and 2 3 t  salt only, as expected for 
particles of high asymmetry.  

5. To gain a more complete understanding of the manner  in which the particles break down 
in I M NaC1, s o m e  m i x t u r e s  w e r e  f r a c t i o n a t e d  b y  centrifugation, and the supernate and r e s i d u e  
fractions studied separately. I t  was found t ha t  as a result of dilution of D N t t  and increasing the 
length of t ime of standing, increasing amounts  of material  and especially of DNA were found in 
the supernate, and the average asymmetry  of the supernate fraction also increased. In addition, 
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d i lu t ion  and longer  t i m e  of s t a n d i n g  caused  a decrease  in the  s e d i m e n t a t i o n  c o n s t a n t  of the  main  
c o m p o n e n t  in the  pe l l e t  f ract ion.  If  the  t o t a l  concen t r a t ion  is o . i6  o//o, the  in i t i a l  v i scos i ty  is much  
below the  s tab le  leve l  a nd  increases  s lowly w i t h  t i m e  as agg rega t ion  occurs, and the  s e d i m e n t a t i o n  
c o n s t a n t  of the  p r inc ip le  c o m p o n e n t  is a t  a m i n i m u m .  

RI~SUMI~I 

l. La  r e l a t ion  en t re  viscosi t6  e t  c o n c e n t r a t i o n  pour  des so lu t ions  de ddsoxyr ibonuc ldoh is tonc  
(DNH) non fibreuse dans  NaC1 o.oo 5 M e t  NaC1 t M a 6t6 6tudi6e sous t ro is  g r a d i e n t s  de vi tesse .  
La  viscosi t6  sp6cifique A une concen t ra t ion  donnde va r i e  en fonct ion du g r a d i e n t  de vi tesse ,  en sens 
inverse  de celui a t t e n d u ,  c 'est- / t -dire  que la viscosi t6  d iminue  q u a n d  le g r a d i e n t  d iminue ,  dans  le 
cas de D N H  dans NaC1 0.005 3 I  e t  t 31, e t  pour  une c o n c e n t r a t i o n  supdr ieure  A o. i60{). 

2. Le c o m p o r t e m e n t  de D N H  dans  NaCI z 3 I  prdsente  une anoma l i e  supp l dmen t a i r e  : les courbes  
de viscosi t6  s 'd l6vent  r a p i d e m e n t  quand  la c o n c e n t r a t i o n  en protd ine  t o m b e  au dcssous de o. t6 %, 
t r a h i s s a n t  la format ion ,  pa r  d i lu t ion ,  d ' un  compas6 plus  a symdt r i que .  Les  va l eu r s  de la viscosi t6 
in t r ins6que  a u g m e n t e n t  q u a n d  le g r a d i e n t  de v i tesse  d iminue ,  en ra ison de l ' o r i en t a t i on  des pa r t i cu les  
e t  con fo rmdmen t  au p r inc ipe  de la v iscosi t6  s t ruc tu ra le .  

3. Les  viscosi tds  in t r ins~ques  on t  dtd de p lus  dd te rmindes  pour  un g r a d i e n t  de v i tesse  dans  
l ' eau  e t  dans  NaC1 o M. Les  va l e u r s  du r a p p o r t  ax ia l  a insi  ob tenues  son t  les s u i v a n t e s :  e5 dans  l ' eau  
et  dans  NaC1 o.oo 5 3 I ;  5o pour  le compos6 pr inc ipa l  e t  77 pour  te compos6 a s y m d t r i q u e  dans  NaCI 
J .1I; 79 dans  NaC1 o M. 

4. I,es va l eu r s  de 0 S,2o,~,, d4termin4es  en e x t r a p o l a n t  ~]r'S2o, w jusqu '~  o, sont  plus  61evdes que 
celles qui  rdsu l t en t  de l ' e x t r a p o l a t i o n  de ,S'2o, w e n  fonction de C, e t  ceci s eu l emen t  en so lu t ion  sa l ines  
M e t  2 M ,  rdsu l t a t  p rdv is ib le  pour  des pa r t i cu les  tr6s asym6t r iques .  

5- Afin de m i e u x  pr6ciser  la  facon don t  les pa r t i cu l e s  se r o m p e n t  dans NaC1 I )[, que lques  
mdlanges  on t  6t6 I rae t ionnds  pa r  cen t r i fuga t ion  et  le s u r n a g e a n t  e t  les f rac t ions  rdsiduelles 6tudides 
s6par6ment .  En  fonct ion  de la d i lu t ion  et  du t e m p s  6could apr6s celle-ci, des quan t i t 6 s  e ro issantes  
de p rodu i t s  e t  pa r t i c u l i 6 r e m e n t  de D N A  resten~ dans  le su rnagean t ,  e t  l ' a sym6t r i e  moyenne  du 
s u r n a g e a n t  augmen te .  En  outre,  apr6s d i lu t ion  et  repos prolongG ta cons tan te  de sdd imen ta t ion  
du compos6 pr inc ipa l  du culot  d iminue .  Si la concen t r a t ion  to t a l e  est  6gale 5~ o.oi6,  la viseosi t6 
in i t ia le  es t  tr~s en dessous du n iveau  s tab le  et  a u g m e n t e  l e n t e m e n t  avec le t e m p s  au fur e t  ~ mesure  
que l ' agg rdga t ion  progresse;  la cons t an t e  de s6d imen ta t i on  du c o n s t i t u a n t  pr inc ipa l  es t  it son 
m i n i m u m .  

Z U S A M M E N F A S S U N G  

~. Es  wurden  vol ls t / indige  V i s k o s i t M s - K o n z e n t r a t i o n s b e s t i m m u n g e n  bei  drei  Geschwind igke i t s -  
g r a d i e n t e n  an n ich t  f ibr i l l i i rem D e s o x y r i b o n u k l e o h i s t o n  in o.oo 5 M NaC1 und  i M NaCI ausgef i ihr t .  
Es  wurde  gefunden,  dass  sich die spezifische V i skos i t a t  bei  e iner  gegebenen  K o n z e n t r a t i o n  mi t  den 
G e s c h w i n d i g k e i t s g r a d i e n t e n  u m g e k e h r t  ve r~nder t e  wie e r w a r t e t  wurde,  d.h. ffir Desoxyr ibonuk leo -  
h i s ton  (DNH) in o.oo 5 l l I  NaC1 und  I M NaC1 in e inem K o n z e n t r a t i o n s b e r e i c h  i iber  o.16 % n a h m  
(lie Viskos i t~ t  m i t  a b n e h m e n d e m  Grad i en t en  ab. 

2. F i i r  das  V e r h a l t e n  yon  D N H  in i ~1I NaC1 wurde  eine zus/~tzliche A n o m a l i t ~ t  b e o b a c h t e t :  
Die V i s k o s i t ~ t s k u r v e  s t e ig t  s te i l  an, wenn  die P r o t e i n k o n z e n t r a t i o n  u n t e r  o .16% v e r m i n d e r t  wird,  
dieses V e r h a l t e n  ze ig t  die B i ldung  e iner  s t / i rker  a s y m m e t r i s c h e n  K o m p o n e n t e n  bei  der Verd i innung  
an. Die V~Terte fiir die " i n t r i n s i c "  Viskosit~tt  n e h m e n  mi t  a b n e h m e n d e n  Geschwind igke i t s  zu, wie 
es a ls  Folge der  Te i l che no r i e n t i e rung  auf  Grund der  S t ruk tu rv i skos i t~ i t  zu e r w a r t e n  war. 

3. Zus/ i tz l ich wurden  die " i n t r i n s i c "  Viskosiz~tten fiir D N H  in ~,Vasser und 2 M NaC1 bei e inem 
G c s c h w i n d i g k e i t s g r a d i e n t e n  b e s t i m m t ,  l.;s wurden  folgende \Verte  fiir das  Achsenverh / t l tn i s  des D N H  
gefunden  : 25 in  ~Tasser und  o.oo 5 M NaC1, 5 ° fiir (lie H a u p t k o m p o n e n t e  und 77 fiir die a s y m m e t r i s c h e  
K o m p o n e n t e  in I M NaC1 und 79 in 2 M NaC1. 

.0 die durch  E x t r a p o l a t i o n  von '~lr X s20,~ gegen 4. Es  wurde  gefunden,  dass  die \Verte  ffir .','-,0, **, 
nul l  e r h a l t e n  wurden,  h6her  l iegen,  als  die durch  E x t r a p o l a t i o n  von  s2o, w gegen c gewonnenen .  Dies 
gi l t  nu r  ffir mola re  und  2 M Salzl6sungen,  wie es fiir Te i lchen  hoher  A s y m m e t r i e  zu e r w a r t e n  ist. 

5- Um ein vo l l s t l ind igeres  Bi ld  fiber die Ar t  und  Weise,  in der  die Te i lchen  in I M NaC1 a b g e b a u t  
werden,  zu erhal ten ,  w u r d e n  einige Mischungen  m i t  der  Zent r i fuge  f r ak t i on i e r t  und  die (~ber- 
s t ands -  und  R i i c k s t a n d s f r a k t i o n e n  g e t r e n n t  un t e r s uc h t .  Es  wurde  gefunden,  dass  als  E r g e b n i s  der 
Ve rd i i nnung  des D N H  und  l~ingeren S tehen lassens  gr6ssere M a t e r i a l mengen ,  insbesondere  DNA,  im 
l~bers tand  gefunden  w u r d e n  und  die du rchschn i t t l i che  A s y m m e t r i c  der  l J b e r s t a n d f r a k t i o n  ebenfal ls  
gr6sser  wurde .  Da r t i be rh ina us  ve r u r s a c he n  V e rd i i nnung  und  1Xngeres S tehen lassen  eine A b n a h m e  
der  S e d i m e n t a t i o n s k o n s t a n t e n  der  H a u p t k o m p o n e n t e n  der  Rf i cks t ands f r ak t ion .  SVenn die Gesamt-  
k o n z e n t r a t i o n  o . i6  betrXgt,  l i eg t  die Anfangsv i skos i t / i t  e rheb l i ch  u n t e r  der  be s t~nd igen  H6he  und 
n i m m t  im Laufe  der  Zei t  m i t  z u n e h m e n d e r  Aggrega t ion  zu und  die S e d i m e n t a t i o n s k o n s t a n t e  der 
H a u p t k o m p o n e n t e n  h a t  ein Min imum.  
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