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ABSTRACT 

A p r e p a r a t i v e  e l u t i o n  g e l  e l e c t r o p h o r e s i s  technique is desc r ibed  for 

u l t r a p u r i f i c a t i o n  of nucleosomes, dimers, and other nuc1eoprotei.n 

macrolsolecules. The appara tus  can accomodate 10-20 mg of sample and 

m u l t i p l e  runs can be obta ined  f r o n  one polyacrylamide gel. The e1uc:e is 

recovered usizlg an o rd ina ry  f r a c t i o n  collector and t h e  sample d i s t r i b u t i o n  

is measured by a n  i n - l i n e  U.V. monitor. The appara tus  has been used to  

f u r t h e r  p u r i f y  nucleosoues prepared by several different methods. 

Nucleosome core particles con ta in ing  precise DNA lengths (146 2 0.5 bp) 

have been obta ined  by t h i s  method f o r  c r y s t a l l i z a t i o n .  Nucleosomes 

con ta in ing  s p e c i f i c  longer DNA l eng ths ,  such as 168 bp and 175 bp, or 

s p e c i f i c  labels have also been obta ined  for biophysical s t u d i e s .  The ease 

of use and v e r s a t i l i t y  of the  system makes it  an a t t r a c t i v e  method for 

obtaining t h e  homogeneous samples required f o r  reproducible b iophys ica l  

studies of the nucleoprotein c o n s t i t u e n t s  of chrona t in  as well as o t h e r  

similar macromolecules. 
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INTRODUCTIOfJ 

A conmon problem faced by i n v e s t i g a t o r s  conducting b iophys ica l  s t u d i e s  

on nucleosomes and r e l a t e d  chromosomal particles is t he  d i f f i c u l t y  i n  

o b t a i n i n g  homogenous p r e p a r t i o n s  of particles of a specific type  and with 

t i g h t l y  c o n t r o l l e d  DNA l eng th .  Most such p a r t i c l e s  are prepared frca 

s o l u b l e  o r  s t r i p p e d  chromatin or i n t a c t  n u c l e i  by nuclease d i g e s t i o n  t o  

t r i m  t h e  DNA t o  length.  Unfor tuna te ly ,  i n  t h i s  type of procedure,  t h e  

d i s t r i b u t i o n  of DNA l e n g t h s  r e s u l t i n g  is r e l a t i v e l y  wide, e s p e c i a l l y  f o r  

p a r t i c l e s  o t h e r  t han  146 bp core nulceosones where no n a t u r a l  s topping  

places e x i s t  f o r  t h e  nuclease. Even i n  core  nucleosomes the  d i s t r i b u t i o n  

i s  no better than 146 2 3 b.p. of DE?A. Given a mixture  of p a r t i c l e s  wi th  

vary ing  DNA lengths and also d i f f e r i n g  p r o t e i n  composition, s tandard  column 

chromatographic roethods and sucrose  g rad ien t  c e n t r i f u g a t i o n  are o f t e n  

unable  t o  provide t h e  degree of p u r i f i c a t i o n  necessary t o  o b t a i n  

reproducib le  r e s u l t s  froin b iophys ica l  s t u d i e s .  

As a r e s u l t  o f  t h e  b a s i c  l i m i t a t i o n s  of p repa r ing  t h e s e  chromosomal 

particles, some u n c e r t a i n t y  has a r i s e n  in t h e  l i t e r a t u r e  because of 

d i f f e r i n g  r e s u l t s  from i n v e s t i g a t o r s  us ing  heterogeneous material for 

b iophys ica l  s t u d i e s .  Some unresolved a r e a s  inc lude :  (a) The presence o r  

absence of a p r e n e l t  in t h e  thermal mel t ing  of nucleosome core  p a r t i c l e s  

[Weischet et a l .  ( l ) ,  Simpson ( Z ) ,  Cowan -- e t  a l .  ( 3 1 ,  Paton -- et al. (4)]; -- 
(b) The presence or absence of an i o n i c  s t r e n g t h  unfo ld ing  t r a n s i t i o n  i n  

146 and 175 bp nucleosones between 3 and 7 mEl [Gordon e t  al. ( 5 ) ,  

Sch les s inge r  e t  al .  ( 6 ) ,  Uberbacher et al. (711; ( c )  The s t r u c t u r a l  

p r o p e r t i e s  of 146 and 175 bp nucleosomes below 1.5 micI i o n i c  s t r e n g t h  

[Sch le s s inge r  e t  al. ( 6 ) ,  Uberbachsr -- e t  a l .  (7)). A very important  example 

c- 

-I -- 

-- 
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of t h e  need f o r  t i g h t  c o n t r o l  of DNA l eng th  is t h e  e f f e c t  va r i a tdons  i n  

nucleosome DNA l eng th  have on t h e  c r y s t a l l i z a t i o n  p r o p e r t i e s  of core  

p a r t i c l e s .  I n  our  own c r y s t a l l i z a t i o n  work, we have found that in two 

crystal  forms , nucleosome cores  with DEJA approximately 2 base p a i r s  longer 

o r  s h o r t e r  than optimum w i l l  not  c r y s t a l l i z e .  A similar phenomenon has 

been repor ted  by Finch -- e t  aP.  (8) where their  nucleosome co re  p a r t i c l e s  

c r y s t a l l i z e  wi th  a b-axis dimension which v a r i e s  depending on t h e  p r e c i s e  

DNA l eng th  p re sen t  on t h e  cores .  

Recons t i tu ted  nucleosome p a r t i c l e s  of var lous  types  are also used f o r  

many b iophys ica l  s t u d i e s .  These inc lude  core  p a r t i c l e s  with s y n t h e t i c  DNA 

such as poly(dA-dT).poly(dA-dT) and a l s o  p a r t i c l e s  with modified or 

l a b e l l e d  h i s t o n e s ,  such as f luo rescen t  l a b e l l e d  c y s t e i n e s  of H 3 .  In 

r e c o n s t i t u t i o n  procedures a cons iderable  f r a c t i o n  of t h e  r e s u l t i n g  

p a r t i c l e s  may improperly reassemble,  or  be improperly l a b e l l e d ,  It is o f t e n  

d i f f i c u l t  t o  s u b f r a c t i o n a t e  these p a r t i c l e s ,  s i n c e  the molecular  weight and 

phys ica l  p r o p e r t i e s  are similar f o r  both the  improperly and c o r r e c t l y  

l a b e l l e d  or r e c o n s t i t u t e d  products.  

These examples demonstrate that  t h e r e  is c e r t a i n l y  a need f o r  improved 

methods of prepar ing  co re  nucleosomes. Furthermore, as b iophys ica l  s t u d i e s  

in the chromatin f i e l d  seek  t o  become more phys io log ica l ly  r e l e v a n t ,  it 

would be d e s i r a b l e  t o  work with homogeneous, w e l l  de f ined  systems of 

larger s i z e d  p a r t i c l e s ,  such as chroinatssomes, dimers, and oligomers.  It 

would a l s o  be advantageous to be a b l e  t o  p u r i f y  m a t e r i a l  of t hese  types 

wi th  s p e c i f i c  DNA o r  h i s t o n e  modi f ica t ions ,  d e f i c i e n c i e s  i n  h i s t o n e s  (such 

as 8 2 A  and H2R), or the presence of WIG p ro te ins .  It is only  through the  

use o f  homogeneous material t h a t  i t  will be poss ib l e  to e v a l u a t e  the 
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e f f e c t s  of such clodif icat ions on t h e  f u n c t i o n a l  s t a t e  of r eg ions  i n  t h e  

chromatin. 

P r e p a r a t i v e  g e l  e l e c t r o p h o r e s i s  is not a new technique,  bu t  i t  seems 

t o  have been l a r g e l y  overlooked by i n v e s t i g a t o r s  i n  t h e  nucleosome and 

chromatin area, perhaps p a r t l y  because the  appa ra tus  appears  t o  be 

complicated.  I n  a c t u a l i t y ,  t h e  technique is extremely useful and 

versatile, and i t  is  w e l l  worth t h e  t i m e  and e f f o r t  t o  make the apparatus  

work. The following s e c t i o n s  d e s c r i b e  t h e  methods and procedures used t o  

prepare s e v e r a l  d i f f e r e n t  t ypes  of material, along with  s p e c i f i c  examples 

i l l u s t r a t i n g  t h e  degree of s e p a r a t i o n  t h a t  can be expected using t h e  

technique. 

MATERIALS AND fiETRODS 

The appa ra tus  used was Buchler Model 200 p r e p a r a t i v e  polyacrylamide 

gel e l e c t r o p h o r e s i s  i n s t r u u e n t  (Poly-Prep) modified f o r  improved support  OF 

t h e  gel. The modif ixa t ion  cons i s t ed  of i n c r e a s i n g  t h e  i n t e r n a l  space for 

t h e  e l u t i o n  chamber from 1 m (usua l  va lue )  t o  approx ina te ly  3 m and 

adding a uniform layer of 3 mm diameter  s i l i c o n i z e d  glass beads over t he  

membrane which forms t h e  f loo r  of t h e  e l u t i o n  chamber. The i n s t r u c t i o n s  

supp l i ed  by Buchler Instruments ,  f o r  assembly and o p e r a t i o n  of t h e  

Poly-Prep were otherwise followed. 

The gel e l e c t r o p h o r e s i s  system f o r  t h e  s e p a r a t i o n  of nuc leopro te in  

p a r t i c l e s  has been desc r ibed  i n  t h e  l i t e r a t u r e  (Sollner-Webb & Fe l sen fe ld  

(9) ) .  The polyacrylamide concen t r a t ion  is 5% and t h e  buffer s y s t e m  is 0.lX 

Tris/Borate/EDTA which is d i l u t e d  from a 5X s t o c k  sofot€on con ta in ing  

0.425 M T r i s ,  (Sigma), 0.012 M Na2EDTA (Xallinckrodt), and 0.445 M b o r i c  



a c i d  (Xa l l inck rod t ) ,  pH 8.3. The acrylami.de s tock  s o l u t i o n  is 29:l 

acrylamide:N,N1-~lethylene-bis-acrylamide (Biorad Labora tor ies  - e l e c t r o -  

phores i s  p u r i t y ) .  A 10% ammonium p e r s u l & a t e  (Biorad) s t o c k  s o l u t i o n  w a s  

prepared and s t o r e d  frozen between use. For t h e  12 cm g e l s  usualLy poured, 

2.4 ml ammonium p e r s u l f a t e ,  6.0 m l  5X TBE, and 50 ail acrylamide s t a c k  were 

d i l u t e d  t o  300 m l  and degassed for  15 minutes. Polymerizat ion was 

i n i t i a t e d  by adding 100 p1 T E P E D  (N,N,N ,N -Tetramethylethylenediamine, 

Biorad). The g e l  s o l u t i o n  was poured us ing  a funnel  a t t a c h e d  to a s h o r t  

l eng th  of tygon tubing.  The end of the  tygon tub ing  was bevel  c u t  and t h e  

tub ing  w a s  placed in con tac t  with t h e  glass wall s f  t h e  appa ra tus  t o  

minim-lze a f r  bubble formation. The g e l  was immediately over layered  3-4 mm 

wi th  0.1X TBE us ing  a p e r i s t a l t i c  pump. The most uniform gel s u r f a c e  was 

obta ined  when the tubing  contac ted  t h e  s i d e  of the appa ra tus  several 

mil l ime te r s  above the gel s u r f a c e  being overlayered.  Cooling water ( 4 " )  

w a s  turned on as soon as t h e  s t a r t  of polymerizat ion was observed. 

Polymerizat ion vas e s s e n t i a l l y  complete a f t e r  one hour. A f t e r  removing the 

polyethylene g e l  cap, t h e  lower su r face  of the gel w a s  c a r e f u l l y  checked 

for  smoothness and any gel lodged wi th in  t h e  e l u t i o n  c a p i l l a r y  or a t  the 

perspex edge w a s  removed. The modified e l u t i o n  chamber w a s  f i l l e d  with 

e l u t i o n  bu f fe r  t o  j u s t  cover  t h e  g l a s s  beads before  the gel  column assenbly  

was a t tached .  This  ope ra t ion  w a s  performed c a r e f u l l y  so as not t o  d i s t r u b  

the  glass beads in t h e  e l u t i o n  chamber. 

1 1  

The buf fe r  system w a s  based on TRE. The upper e l e c t r a d e  b u f f e r  

s o l u t i o n  w a s  0.1X THE and both lower e l e c t r o d e  b u f f e r  and t h e  e l u t i o n  

chamber bu f fe r  were 0.5X TBE. These bufFers w e r e  made i n  4 1 q u a n t i t h s  by 

d i l u t i o n  from a 5X TRE stock. The pH of these  bufEers must he maintained 



7 

a t  8.30 f o r  c o r r e c t  ope ra t ion  of the  system. D i l u t i o n  from a 1OX TBE s t o c k  

s h i f t s  t he  pH cons ide rab ly ,  whereas the use of a 5X s t o c k  usualLy was 

s a t i s f a c t o r y  without  f u r t h e r  pH adjustment. The upper and lower e l e c t r o d e  

b u f f e r s  were pumped by a p e r i s t a l i c  pump at  approximately 1 ml/.sin. 

E f f l u e n t s  from t h e s e  r e s e r v o i r s  were c o l l e c t e d  i n  separate con ta ine r s .  The 

e l u t i o n  bu f fe r  was drawn from the  reservoir through the  e l u t i o n  chamber 

then  up the c e n t r a l  e l u t i o n  c a p i l l a r y  by a per is ta l t ic  pump connected 

between the  c e n t r a l  e l u t i o n  c a p i l l a r y  output  f i t t i n g  and the f r a c t i o n  

c o l l e c t o r .  An elution buffer flow rate of 1 ml/min w a s  maintained, 

poured g e l s  were pre-electrophoresed t o  cons t an t  c u r r e n t  (23mA) befo re  

samples were run. Water j a c k e t  temperatures  were kept  at 2-7OC. The lower 

e l e c t r o d e  was p o s i t i v e ,  As pre-e lec t rophores i s  neared completion a sha rp  

Newly  

peak a t t r i b u t a b l e  t o  unreacted acrylamide products was observed by U.V. 

monitor . 
Nucleosome samples w e r e  prepared i n  0.1 X TBE, pH 8.3. The samples 

had voluues ranging from 2-3.5 mls and contained 10-20 mg of material. The 

d e n s i t y  of t he  sample solution was increased  by t h e  a d d i t i o n  of 1-2 mg 

c r y s t a l l i n e  suc rose  (Mal l inckrodt ,  a n a l y t i c a l  reagent  g rade ) .  A s m a l l  

amount of bromophenol b lue  dye w a s  also added. The s t anda rd  t e f l o n  . 

l a y e r i n g  tube  w a s  used t o  underlayer  t he  sample  onto t he  gel s u r f a c e  i n  t h e  

upper b u f f e r  cliamber. A 5 d disposable  sy r inge  w a s  used to a p p l y  t h e  

sample through t h e  l a y e r i n g  tube. The peristalt ic punps may be l e f t  

opera t€ng  du r ing  the sample loading.  The Poly-Prep was run a t  cons t an t  

power of 5 w a t t s  ( 200 V, 22-23mA). Frac t fons  of 8 ml were c o l l e c t e d  using 

a LKB 2070 Ultrarac 11 f r a c t i o n  c o l l e c t o r  equipped wi th  a LKB 8300 

Uvicord 11 U.V. d e t e c t o r  and an LKB 2210 single channel  recorder .  
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Elec t rophores i s  t i m e  of 10 hours was requi red  for e l u t i o n  of monomer 

nucleosomes. As t h e  sample  and dye separa ted  a clear, sharp  r e f r a c t i v e  

index boundary w a s  almost always observed a b  t h e  p o s i t i o n  i n  t h e  gel where 

the nucleosomes migrated. 

RESULTS 

U l t r a p u r i f i c a t i o n  of Nucleosome Core P a r t i c l e s  

In orde r  t o  o b t a i n  x-ray quality crystals of chicken e ry th rocy te  

nucleosome core  p a r t i c l e s ,  t h e  cores  obtained by micrococcal nuc lease  

d i g e s t i o n  of s t r i p p e d  s o l u b l e  chromatin [ L u t t e r  (10); Tgberbacher -- et  al. 

(7 ) ]  were f u r t h e r  p u r i f i e d  by p repa ra t ive  gel e l e c t r o p h o r e s i s .  Before 

e l e c t r o p h o r e s i s ,  t h e  nucleosones showed some he terogenei ty  i n  DNA l eng th  

(146 t 3 bp). Small q u a n t i t i e s  of subnucleosomal s i zed  fragments and 

F-1 dimers were also presen t .  Figure I shows the e l u t i o n  p r o f i l e  from 

p repa ra t ive  e l e c t r o p h o r e s i s  of a r e l a t i v e l y  homogeneous batch  of nucleosome 

cores .  The sharpness of the  r i s i n g  edge of t he  w i n  peak ( f r a c t i o n s  22-23) 

provides  an i n d i c a t i o n  of t h e  r e s o l u t i o n  of the  gel. system. The t r a i l i n g  

edge ta i l s  cons iderably ,  t h e  width being pr imar i ly  the r e s u l t  OE DNA l eng th  

he te rogenei ty .  Of t h e  nucleosome cores recovered ( - 9 O X ) ,  material from 

f r a c t i o n s  25-25 c r y s t a l l i z e s  well while material from f r a c t i o n s  22-24 and 

29-33 does not .  'Chis i s  a t y p i c a l  r e s u l t  which demonstrates t h e  e x c e l l e n t  

s u b f r a c t i o n a t i o n  ob ta inab le  froa prepa ra t ive  (10-20 mg) e l e c t r o p h o r e s i s  ow 

even t he  b e s t  nucleosome co res  pu r f f i ed  by s tandard  methods. DNA gels from 

these  cores  are presented i n  r e fe rence  7. I n  a d d i t i o n  t o  s u b f r a c t i o n a t i n g  

the cores  according t o  DNA length, t h e  procedure removes subnucleosonal 



fragments ( 3 small peaks before  m i n  peak) and dimers (peak near f r a c t i o n  

70) 

P u r i f i c a t i o n  of KC1 s o l u b l e  co re  particles 

Many i n v e s t i g a t o r s  s t i l l  prepare  nucleosomes from micrococcal d i g e s t s  

of i n t a c t  nuc le i .  These nucleosomes usually con ta in  sone Hl histone and 

possess a r a t h e r  hetereogeneous d i s t r i b u t i o n  of DNA l eng ths .  D i a l y s i s  

a g a i n s t  100 mpI KC1 and 12 mM 1 f g C l 2  [Uberbacher c- e t  al.,  (711 p r e c i p i t a t e s  

t h e  r e s i d u a l  H1, contaminat ing dimers,  and some nucleosomes conta in ing  long 

DNA. T h e  r e s u l t i n g  nucleosomes, a l though considered homogeneous by many 

i n v e s t i g a t o r s ,  are in f a c t  quite heterogeneous; con ta in ing  cons ide rab le  

amounts of subaucleosomcs and nucleosomes with DNA ranging  up t o  about 

175 bp i n  s i z e .  F igure  2 shows t he  e l u t i o n  p r o f i l e  of KC1 s o l u b l e  F-2 

nucleosomes s u b f r a c t i o n a t e d  by p r e p a r a t i v e  e l e c t r o p h o r e s i s ,  T h e  main peak 

( f r a c t i o n s  57-66) is cons iderably  broader than t h e  corresponding peak for 

material prepared from s t r i p p e d  s o l u b l e  chromatin (F igure  1). It is 

ev iden t ,  however, t h a t  by proper ly  combinigg f r a c t i o n s ,  c o t e s  with 

reasonably homogeneous DNA l eng th  can be obta ined  from K C 1  s o l u b l e  

nucleosomes. The long t r a i l i n g  shoulder  (F igure  2) r e p r e s e n t s  nucleosones 

with  DNA l e n g t h s  ranging  between 150 and 175 bp wi th  165-168 bp cores at 

the  point of maximum h e i g h t .  Nucleoprotein of subnucleosonal  size i s  

ev iden t  i n  f r a c t i o n s  50-55. 

P u r i f i c a t i o n  of co re  v a r t i c l e s  con ta in ing  175 bD DNA 

Nucleosome core part ic les  with 175 bp DNA are prepared from a 

micrococcal nuc lease  d i g e s t i o n  of s o l u b l e  ch rona t in  [Crothers  I -  e t  a l .  (1111. 

The presence of H1 (HS) and t h e  absence of a s p e c i f i c  stopping poin t  f o r  
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t h e  nuc lease  l eads  t o  an extremely hetereogeneous populat ion of 

nucleosomes. Nucleoprotein fragments r e s u l t i n g  from such a d i g e s t i o n  

inc lude  subnucleosomes, 146 bp cores ,  168 bp cores ,  175 bp cores ,  core  

p a r t i c l e s  w i th  DNA as long as 220 bp, dimers,  and o t h e r  o l igoners .  Column 

chromatography (Sephacryl  S-300 i n  this l abo ra to ry )  renoves most of t hese  

spec ie s ,  l eav ing  only  sone subnucleosomes, 146 bp co re  nucleosomes, some 

168 bp nucleosones,  175 bp nucleosomes, and some nucleosomes wi th  DNA up t o  

about 220 bp. The e l u t € o n  p r o f i l e  from p repa ra t ive  gel e l e c t r o p h o r e s i s  of 

F- 3 t h i s  type of material is shown i n  Figure 3. The two most prominent peaks 

r ep resen t  146 bp and 175 bp core p a r t i c l e s ,  r e spec t ive ly ,  wi th  168 kp 

p a r t i c l e s  p re sen t  on t h e  l ead ing  s i d e  of t h e  175 bp peak. The long t a i l  

fo l lowing  the 175 bp peak ( f r a c t i o n s  31-40) r e p r e s e n t s  co re  p a r t i c l e s  w i t h  

DNA from about 180 t o  220 bp. The t h r e e  s m a l l  peaks ahead of t h e  146 bp 

peak are s p e d f i c  subnucleosomal spec ies .  F r a c t i o n s  26 t o  30 from t h e  

second main peak can be pooled t o  y i e l d  relati .vely pure 175 bp nucleosomes. 

See r e fe rence  7 f o r  DNA and particle gels of t h i s  material.. 

F- 4 

P(3-pyrene)  maleimf.de - Labelled Nucleosomes 
For b iophys lca l  s t u d i e s  i t  i s  o f t e n  u s e f u l  t o  r e c o n s t i t u t e  nucleosome 

co re  p a r t i c l e s  from l a b e l l e d  h i s t o n e s  and n a t i v e  DNA, o r  prepare  

nucleosones wi th  s y n t h e t i c  po lynucleo t ides ,  such as poly(dA-dT)*poly(dA-dT), 

o r  a cloned DNA fragment. 

s i g n i f i c a n t  f r a c t i o n  of improperly reassembled molecules or  o n l y  p a r t i a l l y  

l a b e l l e d  molecules,  it is necessary t o  be able t o  I s o l a t e  the proper ly  

r e c o n s t i t u t e d  material. 

Since r e c o n s t i t u t i o n  methods usually y i e l d  a 

Figure  4 shows the r e s u l t s  of puriEyfng nucleosome co res  with 

N-(3-pyrene)maleimirle (NPM) l a b e l l e d  113 cys t e ines  o m  the prepa ra t ive  gel 
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appara tus .  These part ic les  have been unfolded and l a b e l l e d  i n  1.4 M K C l  

and then re fo lded  by s tepwise  salt d i a l y s i s  (12) .  It is c l e a r  from 

Figure  4 t h a t  t h e  popula t ion  of crude r e c o n s t i t u t e d  nucleossmes was q u i r e  

heterogeneous.  The ma jo r i ty  of material fo l lowing  t h e  main peak c o n s i s t s  

of nucleosomes wi th  DNA g r e a t e r  than 146 bp or wi th  DNA which has not  

r e a s s o c i a t e d  p rope r ly  t o  the  h i s tone  core. Also, these species show l i t t l e  

excimer f luorescence .  Low levels of excimer f luorescence  are also observed 

f o r  t he  material e l u t e d  p r i o r  to  the  main peak. These nuc leopro te in  

fragments are subnucleosomal i n  s i z e  and probably are the  r e s u l t  of 

improper reassembly of h i s t o n e s  and/or  DNA. The maia peak ( f r a c t i o n s  

38-43) c o n s i s t s  of nucleosomes with noninal  DNA l e n g t h  and t h e  h ighes t  

l e v e l  of exctmer f luorescence .  

DISCUSSION 

P r e p a r a t i v e  gel e l e c t r o p h o r e s i s  provfdes an e f f i e i e n t  and v e r s a t i l e  

method of prepar ing  very pure samples of nucleosomes and r e l a t e d  species. 

We have obta ined  e x c e l l e n t  s u b f r a c t i o n a t i o n  of 10-20 mg samples of 

chronosonal nuc leopro te ins .  This  is in c o n t r a s t  to  use of t h e  Poly-Prep 

f o r  p r o t e i n  i s o l a t i o n  where appa ren t ly  maximum loading is approximately 

2 mg [Chrambach and Rodbard ( 1 3 ) J .  We found t h a t  a p a r t i c l e  g e l  is good 

f o r  s e v e r a l  runs of material, whereas p r o t e i n  gels with  s t a c k i n g  reg ions  

can only be used once. These po in t s  sugges t  that the  p r e p a r a t i v e  g e l  

system is much more u s e f u l  for nucleopro te tns  than p ro te ins .  

Before the sys tem worked as demonstrated,  a number of problems had t o  

be solved.  A t  f i r s t ,  the most annoying problem w a s  a terldency of the  gel 

t o  slip downward and block the e l u t i o n  chamber. Polyacryamtde gels 
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c ross l inked  with bis-acrylamide also s w e l l  wi th  t i m e .  This swe l l ing  

process  c o n t r i b u t e s  t o  eventual. blockage of t h e  e l u t i o n  chamber. The 

apparatus  used is supp l i ed  with c i r c u l a r  nylon sc reens  which can be 

a t t a c h e d  under the  g e l  u s ing  adhesive s t r i p s .  The purpose of t he  s c r e e n  is  

t o  support  t he  r e l a t i v e l y  s o f t  g e l s  above the e l u t € o n  chamber. 

Unfortunately,  t h i s  remedy was not t o t a l l y  success fu l .  The b e s t  approach 

found w a s  t o  fill t h e  e l u t i o n  chamber wi th  3nm diameter s i l i c o n f z e d  glass 

beads ( a f t e r  a d j u s t i n g  the chamber t o  the  c o r r e c t  he igh t ) .  The beads not 

only s u c c e s s f u l l y  support  t h e  gel, but s e r v e  t o  minimize the volume of t h e  

e l u t i o n  chamber. The r e s o l u t f o n  was not adve r se ly  a f f e c t e d  by thZs 

mod i f i ca t lon ,  but in f a c t  seemed t o  be somewhat enhanced. 

As mentioned, t h e  pH of the  g e l  and b u f f e r  system i s  extremely 

c r i t i ca l .  D i l u t i n g  10 X TBE stock s o l u t t o n  t o  0 . 1 X  or 0.5 X TBE r e s u l t s  in 

a s i g n i f i c a n t  pH change. For t h i s  reason,  LO X TBE s t o c k  is not 

recommended. Even when b u f f e r s  are prepared from m 5 X TBE stock, i t  is 

recornended t h a t  t h e i r  pH be r ead jus t ed  be fo re  use. I f  t h e  pH of t h e  

system is  i n c o r r e c t ,  t h e  nucleoproteins  being sepa ra t ed  w i l l  not r e s o l v e  

and a very broad peak w i l l  r e s u l t .  

Another d i f f i c u l t y  encountered is t h a t  a f t e r  a c e r t a i n  amount of 

t i m e  t h e  g e l  shows signs o€ aging. Warning symptoms of gel aging include 

some loss of r e s o l u t i o n  and a s l i g h t  s e p a r a t i o n  of t h e  gel from t h e  glass, 

e s p e c i a l l y  at the  gel ' s  upper su r face .  Sometimes t h e  ag ing  of the g e l  

manifests  i t s e l f  c a t a s t r o p h i c a l l y ;  t h e  gel sags inward and p u l l s  away from 

t h e  g l a s s  w a l l s ,  r e s u l t i n g  i n  channel. formation. Adhesion of the g e l  t o  t h e  

glass can be improved, t hus  reducing t h e  risk of c a t a s t r o p h i c  f a i l u r e ,  by 

t r e a t i n g  the  g l a s s  with methanolic KOH befo re  pouring tile g e l .  
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A l t e r n a t i v e l y ,  an adhesion promoter such as S i l a n e  A 174 (Pharmacia Fine 

Chemicals) can be used. Usually it  is p o s s i b l e  t o  run 3 5  batches of 

material through a g e l  before replacement is necessary.  

One must a l s o  consider that dur ing  the  l i f e  of t he  gel, s m a l l .  amounts 

of free acrylamide arid polyacrylamide are cons tan t ly  leachiiig i n t o  sazples 

migra t ing  through the gel. This type of contaminat ion is g e n e r a l l y  

considered to be non-dialyzable.  As f a r  as we can a s c e r t a i n ,  t he  level of 

t h i s  contaminat ion seems t o  be q u i t e  small s fnce  i t  has not i n t e r f e r e d  wi th  

t h e  growth of good nucleosome crystals;  c r y s t a l l i z a t i o n  should be a very 

s e n s i t i v e  assay €or  contaminat ion of t h i s  kind. The l e v e l  of acrylamide 

contaminat ion is c e r t a i n l y  much lower us ing  the  Poly-Pr2p than i f  g e l  

c rush ing  is used to  recover  material. Depending on the  a p p l i c a t i o n ,  i t  m y  

be d e s i r a b l e  t o  remove acrylamide contaminants by gel chromatography, 

The p a r t i c l e  gel formulat ion (5% acrylamide)  i s  most u s e f u l  f o r  

m a t e r i a l  sized between subnucleosomal fragments and 175 bp nucleosones. 

Prepa ra t ive  g e l  e l e c t r o p h o r e s i s  used to  prepare  nucleosomal dimers,  

o l i g o u e r s ,  short chromatin,  o r  t h e  DNA from such species must use  an 

a l t e r n a t i v e  gel formula t ion ,  s i n c e  i t  is d i f f i c u l t  t o  reduce the  ac ry lan ide  

concen t r a t ion  below approximately 3% and s t i l l  o b t a i n  a g e l  which r e t a i n s  

the  mechanical s t r e n g t h  necessary t o  support  i t s e l f .  The l i k e l y  approach 

is t o  use polyacrylamide - agarose or  agarose  formulat ions.  Composite gels 

with  0.5% agarose  and 1.5% - 3% polyacrylamide have good mechanical s t r e n g t h  

and pore s i z e s  u s e f u l  for s e p a r a t i n g  dimers and oligomers.  The TRE 

(pH 8.3) buf fe r  sys tem c a n  still be used i n  these  formulat ions.  
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FIGURE LEGENDS 

FIG. 1. P r e p a r a t i v e  g e l  elution profile from a r e l a t i v e l y  homogeneous 

ba tch  of nucleosome cores .  The width of the t r a i l i n g  edge i s  p r imar i ly  the  

result o€ DNA length heterogenei ty .  Only nucleosome cores  from f r a c t i o n s  

25-28 are s u i t a b l e  f o r  c r y s t a l l i z a t i o n .  

FIG. 2. P r e p a r a t i v e  g e l  e l u t i o n  p r o f i l e  of K C 1  s o l u b l e  nucleosomes. 

F rac t ions  57-66 r e p r e s e n t  t he  main nononer peak, while  the t r a i l i n g  

shoulder  r e p r e s e n t s  nucleosomes wi th  longer  DNA ( f r o n  150 to  175 bp) . 
F r a c t i o n s  50-56 are subnucleosomal. 

FIG. 3. P r e p a r a t i v e  gel e l u t i o n  p r o f i l e  of a crude mixture  of 175 bp 

nucleosomes. The t w o  most prominent peaks r ep resen t  146 bp and 175 bp core 

p a r t i c l e s ,  r e s p e c t i v e l y .  F rac t ions  31-40 represent core p a r t i d e s  wi th  DNA 

from about 180 t o  220 bp. 

FIG. 4. P r e p a r a t i v e  gel e l u t i o n  p r o f i l e  f r o n  a crude mixture of 

NPI.1-labelled nucleosome core particles (-1 Normalized excimer 

f luo rescence  from f r a c t i o n s  i n  t h e  e l u t i o n  profile (---I. 

( f r a c t i o n s  38-43) consists of nucleosomes wi th  nominal DNA l eng th  and 

maximal excimer fluorescence. 

The n a i n  peak 
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