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Abstract. Comparison between the internucleosomal
distance found by X-ray solution scattering for chick-
en erythrocyte (23 nm) and sea urchin (30 nm) chro-
matin indicates that this distance is proportional to
the linker length. The diameter of the condensed sea
urchin chromatin fibers is about 45 nm which is signif-
icantly larger than in chicken erythrocyte chromatin
(35 nm). Trivalent cations (Gd, Tb, Cr) and the poly-
amines spermine and spermidine were found to induce
compaction at much lower concentrations than the
divalent cations but Gd, Tb and Cr induce aggrega-
tion before full compaction of the fibers. The influence
of hydrogen bonding is illustrated by comparison of
the effects of NaCl, ammonium chloride and alkyl-
ammonium chlorides on condensation. Solubility ex-
periments indicate that there is a nearly linear depen-
dence of the Mg* ™ concentration at which precipi-
tation occurs on chromatin concentration and confirm
the differences between cations observed by X-ray
scattering.

The chicken erythrocyte chromatin samples were
further characterized by their reduced electric dichro-
ism. The values found are consistent with the model
derived from X-ray scattering and are compared with
those reported in the literature.

Key words: X-ray solution scattering, synchrotron
radiation, sea urchin chromatin, solubility, condensa-
tion, electric dichroism

Introduction

In a series of previous papers (Perez-Grau et al. 1984;
Bordas et al. 1986a, b; Koch et al. 1987 a, b), a model
of the in-vitro structure of chromatin and its conden-
sation mechanism was developed. (For a review of the
various models of chromatin structure, see Sayers
1988). At low ionic strength, the structure consists of
an irregular chain of nucleosomes connected by
straight linker DNA. This structure gives rise in the

electron microscope to the zig-zag described by
Thoma et al. (1979), which corresponds, even at low
resolution, to a filament with outer diameter 25—
30 nm. In the absence of the H1/HS histones this su-
perstructure is not maintained (Thoma et al. 1979;
Bordaset al. 1986 a). This observation has been recent-
ly confirmed and extended by neutron scattering and
reconstitution experiments (Gerchman and Rama-
krishnan 1987). This view provides a basis for a satis-
factory explanation of what are discrepancies in some
of the hydrodynamic properties (Ramsay-Shaw and
Schmitz 1976; Ausio et al. 1984) when the structure is
described as a “10 nm” filament.

The model implies that the average separation be-
tween nucleosomes should have a narrow distribution
around a value that is proportional to the linker
length. Experiments, reported below, on sea urchin
chromatin which has a linker that is about 25 base
pairs longer than chicken erythrocyte chromatin con-
firm this. At increasing ionic strength a very rapid
equilibrium corresponding to a more compact struc-
ture is established in a continuous fashion, leading
finally to the formation of the so-called “30 nm” fila-
ment described by Finch and Klug (1976). In the latter
the short range order packing of the nucleosomes gives
rise to characteristic interference bands in the diffrac-
tion pattern of oriented fibers (Widom and Klug 1985)
which give unambiguous evidence about the preferen-
tial orientation of the nucleosomes. The irregular na-
ture of the partially condensed fibers has also been
established by electron microscopy (Subirana et al.
1985). The cation concentrations at which compaction
of the fiber and precipitation occur, depend on the
nature of the cation as well as on chromatin concen-
tration. In this context, the effects of various cations
(NH; , NMe, NEtS, Cr3*, Gd** and Tb*", sper-
mine and spermidine) on the compaction and solubili-
ty of chicken erythrocyte chromatin was investigated
to obtain a more complete picture of the interactions
involved.
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One of the outstanding problems in chromatin
structure concerns the path of the linker. This problem
has been addressed by several groups using electric
and flow dichroism methods with chromatin from
various sources. A survey of the literature indicates,
however, that the results from different laboratories
are not consistent. We present results of electro-optical
measurements on our chicken erythrocyte chromatin
samples which indicate that in the condensed form the
linker DNA must lie essentially in the plane perpendic-
ular to the fiber axis, in agreement with the X-ray
scattering model.

Materials and Methods

Preparation of chromatin fragments from chicken
erythrocytes

The preparation of solutions of chromatin fragments
containing on average 70 to 90 nucleosomes in TE
buffer (5 mM Tris- HClL, 1 mM Na EDTA, 0.1 mM
Phenylmethylsulfonyl fluoride (PMSF), pH 7.5) fol-
lowed procedures described earlier (Bordas et al
1986a). The digested nuclear pellet was washed in
150 mM NaCl, 10mM Tris-HClI pH 7.5, 1 mM
EDTA, 0.5 mM PMSF and resuspended in 1 volume
of this buffer. Chromatin was extracted at about 10 mg
DNA/ml by immediately mixing this suspension with
about 7 volumes of TE buffer.

Preparation of sea urchin sperm, nuclei and chromatin

Sperm from Mediterranean sea urchins (Paracentrotus
lividus) obtained from Messrs Stevenino (Cannes,
France) at the end of March was collected with a
Pasteur pipette by stabbing directly into the gonads
of freshly dissected animals. The concentrated sperm
was diluted in at least five times the volume of an
artificial sea water (ASW) solution consisting of
0.42 M NaCl, 9mM KCl, 9.3 mM CaCl,, 229 mM
MgCl,, 25.5 MgSO,, 2.15mM NaHCO;. The sus-
pension was filtered through four layers of gauze and
centrifuged for S min at 200 g. The supernatant was
centrifuged for 10 min at 700 g to collect the sperm.
The sperm pellet was washed three times in the same
volume of ASW as the first dilution. The final pellet
was resuspended in a small volume of ASW and split
in aliquots of 2 ml which were carefully mixed with
3 ml of glycerol. These samples in plastic tubes were
rapidly frozen in a mixture of acetone and dry ice and
stored at —70°C.

For the preparation of nuclei, the samples were
thawed and diluted to obtain five times the original
volume (sperm + glycerol) in a solution containing

025 M sucrose, 50 mM Tris- HCl pH 7.5, 2mM
MgCl,, 1% Triton X-100 and 0.5 mM PMSF. Micro-
scopic observation indicates that the solution already
contains a large amount of free tails at this stage. This
solution was homogenized ten times at 500 rpm using
a tight fitting teflon homogenizer and centrifuged
5 min at 700 g. This pellet was resuspended in the same
sucrose solution as above without Triton to obtain
three times the original volume and centrifuged at
700 g for 5 min. This wash was repeated twice. The
pellet was resuspended in 2 volumes of the same diges-
tion buffer as used for chicken erythrocyte chromatin.
Chromatin was extracted following the same proce-
dure as for chicken erythrocyte nuclei. Similar proce-
dures were followed for the preparation of chromatin
fragments from Psammechinus miliaris obtained from
the Biologische Anstalt Helgoland. In both cases, the
chromatin fragments had on average 70—90 nucleo-
somes.

Results of histone analysis and linker length deter-
mination carried out as described earlier (Koch et al.
1987 a) are illustrated in Fig. 1.

Solubility experiments

After extraction, chicken erythrocyte chromatin was
first dialyzed overnight against TE buffer. This was
followed by dialysis at twice the final chromatin con-
centration used in the experiments for at least 5h
against five changes of a buffer with 5 mM T'ris - HCl,
pH 7.5, with 0.1% NaN; or 0.5mM PMSF (Tris
buffer). The cation and chromatin stock solutions
were all prepared immediately prior to use. After mix-
ing, samples and reference solutions containing ap-
propriate cation concentrations were left for at least
1h at 4°C followed by centrifugation of the samples
for 10 min at 20,000 rpm (about 6,000 g) in a Beck-
mann Airfuge A100 rotor. Immediately after centrifu-
gation, the supernatant and references were diluted in
Tris buffer to give an absorption A, in the range
0-1.0. The absorption of each sample was measured
against its reference at 260 and 310 nm in a Zeiss
DMR 10 spectrophotometer.

Effect of cations

For these experiments, chromatin in TE buffer was
dialyzed against several changes of Tris buffer to elimi-
nate EDTA from the solutions. Spermine - 4 HCl and
Spermidine - 3 HCI (Serva) were added from 1-5 mM
stock solutions in Tris buffer to final concentrations in
the range 0-1.6 mM - CrCl; - 6 H,O (Merck) was
added from a 2.5 mM stock solution in Tris buffer to
chromatin solutions in the range 0—1 mM. GdCl,
- 6 H,O (Aldrich Chemical Co) was dissolved at 2 mM
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Fig. 1. a SDS polyacrylamide (15%) gel of the histone complement of
chicken erythrocyte chromatin (4), Paracentrotus lividus (B) and Psamm-
echinus miliaris (C). b Agarose (1.5%) DNA gel after 20 min digestion with
Micrococcal nuclease. Lane A: ECO RI plus HindIII restriction fragments
of phage 1 DNA, B: chicken erythrocyte, C: Ps. miliaris, D: P. lividus

in Tris buffer and added to chromatin solutions to
final concentrations in the range 0—1 mM. Similarly a
4 mM TbCl; stock solution was used to obtain final
concentrations of 0—1.5 mM.

X-ray solution scattering

All experiments were performed on the double focus-
ing monochromator mirror camera X33 (Koch and
Bordas 1983) in HASYLAB on the storage ring
DORIS of the Deutsches Elektronen Synchrotron
(DESY) using a quadrant detector (Hendrix, Gabriel,
Boulin unpublished) and data acquisition and evalu-
ation systems described earlier (Boulin et al. 1986).
The values of the radius of gyration of the cross-
section (R,) and of the extrapolated forward cross-
section scattering (I (0),), which is proportional to the
mass per unit length, were obtained from plots of
log (sI (s)) vs s*, where s=2sin 6/4, 28 is the scattering
angle and A the wavelength.

Electro-optical measurements

Chicken erythrocyte chromatin solutions prepared
as described in TE buffer, were extensively dialyzed
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against dichroism buffer (0.3 mM NaCl, 0.2 mM
Tris - HCl, pH 7.5, 3uM EDTA, 0.5mM PMSF)
which had been carefully degassed. The measurements
were performed as described by Marquet et al. (1988)
and references therein. Condensation of chicken eryth-
rocyte chromatin with Spermine, CrCl; and MgCl,
was followed at A,qo=045.

Results

X-ray scattering

Sea urchin chromatin. The repeat length determined
from the DNA gel shown in Fig. 1 is 210 base pairs
(bp) for chicken erythrocyte chromatin, 240 for Psam-
mechinus miliaris and 250 for Paracentrotus lividus.
The histone analysis of Ps. miliaris chromatin in Fig. 1
is in agreement with that of Widom et al. (1985).
Figure 2 illustrates the changes in the scattering
pattern of Ps. miliaris upon increasing ionic strength.
At low ionic strength the interference maximum is
shifted to lower s-values than in chicken erythrocyte
chromatin. The interference function illustrated in
Fig. 3 was determined by dividing the scattered inten-
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sity by the pattern obtained after prolonged digestion
with micrococcal nuclease as described earlier (Koch
et al. 1987b). The average internucleosomal distance is
23 nm in chicken erythrocyte and about 30 nm in
Ps. miliaris and P. lividus chromatin.

The mass per unit length of Psammechinus miliaris
chromatin in TE buffer determined relative to F-actin
(Koch et al. 1987 a; Greulich et al. 1987) is 28 +2 - 103
daltons/nm. Taking an estimate of 310 kDa for the
molecular weight of the repeating unit, this corre-
sponds to approximately 1.0 nucleosome/11 nm. The
radius of gyration of the cross-section is 14 nm, signifi-
cantly higher than the value for chicken erythrocyte
chromatin (10 nm) measured under identical condi-
tions.

Above 20 mM NacCl a band develops in the scat-
tering pattern at s=0.035 nm 1. Precipitation occurs
above 60 mM NaCl. The mass per unit length does not
increase by more than a factor of 8 between 0 and

60 mM NaCl, when the first signs of precipitation oc-
cur.

Monovalent cations

The values of ,/1(0), of chicken erythrocyte chroma-
tin solutions as a function of the concentration of

NaCl, NH,Cl, N(CH;),Cl and N(C,H;),Cl are

PP
<

Fig. 2. Solution scattering pattern of chromatin fragments from
Psammechinus miliaris (Ps.M) (2 mg DNA/ml) as a function of
NaCl concentration. The bottom curves are the patterns of solu-
tions of chicken erythrocyte (CE) and Paracentrotus lividus (P.L.)
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Fig. 4. Dependence of the ./I(0), for a solution of chicken
erythrocyte chromatin fragments (A,¢,=60) on salt concentra-
tion for NaCl, NH,Cl, N(CH,),Cl and N(C,H;),Cl
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Fig. 5. Changes in the relative length of the chromatin fibers
(A60=060) as a function of cation concentration. The arrows
indicate the concentrations beyond which precipitation occurs
with trivalent cations

shown in Fig. 4. NH,Cl is a more efficient condensa-
tion agent than NaCl which is in turn more efficient
than the alkylammonium salts. There also appear to
be small differences in the effect of salts with different
anions (not shown), NaCl being more efficient than
Na,SO, and NaH,PO,. Ammonium sulphate is more
efficient than sodium sulphate.
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Divalent and multivalent cations

The decrease in relative length of the fibers, which is
proportional to I(0)x!, upon increasing cation con-
centration is illustrated in Fig. 5. The values for MgCl,
at this chromatin concentration (2.5 mg DNA/ml}) are
given for comparison. ZnCl, is more efficient than
MgCl, in condensing chromatin. The trivalent cations
Tb3*, Gd3* and Cr3* have similar effects on conden-
sation. Compared to other cations, however, there is a
very abrupt precipitation above a critical concentra-
tion. This critical concentration depends on the nature
of the cation, as indicated by the arrows in Fig. 5.
Reproducible results were obtained, especially with
Gd3*, only when using solutions from fresh reagents.
The trivalent metal cations are less efficient condensa-
tion agents than spermidine (Spd3*) and spermine
(Sp*™).

Solubility

The dependence of solubility on MgCl, concentration
of solutions of chicken erythrocyte chromatin frag-
ments in the concentration range 1 <A,4,<75 is illus-
trated in Fig. 6. In all cases there is first a small in-
crease in apparent absorbance followed by a rather
sharp decrease in solubility. The concentration corre-
sponding to the midpoint of the solubility curve in-
creases approximately linearly in this range of chro-
matin concentration. Solubility curves in the presence
of different cations at a fixed chromatin concentration
(A,60=20) are shown in Fig. 7. Results (not shown) for
other metal chlorides at a higher chromatin concen-
tration (A,q,=40) indicate that the efficiency of the
cations as precipitating agents is Mn < Cd <Co < Ni
< Zn and also confirm that for the earth alkali cations
the order is Ba~Sr~Mg<Ca. Similar results (not
shown) were also obtained by light scattering.

Electro-optical measurements

The dependence of the reduced dichroism of chicken
erythrocyte chromatin on spermine concentration is
illustrated in Fig. 8. In the absence of multivalent
cations, the reduced dichroism is slightly negative.
Extrapolation to infinite field yields a reduced dichro-
ism of —0.135. The negative reduced dichroism de-
creases with spermine concentration and changes sign
at a spermine/phosphate molar ratio of 0.12. The de-
crease in negative dichroism which accompanies con-
densation takes place before the onset of aggregation
characterized by a rapid increase in turbidity. Similar
effects were observed with CrCl; and MgCl, with a
sign inversion at 0.09 mM Cr** and 0.45 mM Mg?*
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Fig. 7. Solubility of chicken erythrocyte chromatin (A4, =20)
in the presence of various cations

respectively. Fully condensed fibers displayed a posi-
tive dichroism in the range 0.01 —0.04 with a saturation
at fields above 6 kV/cm.

Discussion

The X-ray scattering results for sea urchin chromatin
give further proof of the assignment of the band near
0.05am~ ! in the scattering pattern at low ionic
strength to the distance between successive nucleo-
somes (Koch et al. 1987b). The band which develops
at0.035 nm ! in the log (sI (s)) vs s plots above 20 mM
NaCl corresponds to the first side maximum of the
fiber transform. A similar band has been observed at
0.045 nm ! in the pattern of condensed chicken eryth-
rocyte chromatin (Bordas et al. 1986a) and has been
described in the pattern of nuclei in physiological salt

Fig. 6. Solubility of chicken erythrocyte chromatin
as a function of MgCl, concentration at increasing
[MgCl,]mM . :
chromatin concentrations
50

0 sp¥*
~0.04-
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Fig. 8. Field strength dependence of the reduced dichroism of
chicken erythrocyte chromatin at 260 nm for increasing sper-
mine/phosphate concentration ratios in dichroism buffer

conditions (Williams et al. 1986). Its origin is different
from that of the band appearing in the range s =0.025
nm ™! in gels (Bordas et al. 1986a) and nuclei (Lang-
more and Paulson 1983; Bordas et al. 1986a; Not-
bohm 1986). The latter arises from the side by side
packing of the condensed chromatin fibers.
Assuming a uniform cylinder, the fibers of sea ur-
chin chromatin have an outer diameter of 40—45 nm.



This is in agreement with the value found by electron
microscopy (45 nm) by Zentgraf and Franke (1984)
and in contradiction with the electron microscopy re-
sults of Widom et al. (1985) who concluded that the
diameter of the condensed fiber is independent of the
linker length. A diameter around 45 nm is also con-
sistent with the experimental value of the radius of
gyration of the cross-section (16 nm). The interference
band in nuclei and gels would then be expected to
appear at s-values below 0.025 nm ~*. This is possibly
why this band was not observed in sea urchin sperm
nuclei (Langmore and Paulson 1983) or in oriented
gels (Widom et al. 1985). Alternatively, as also sug-
gested by the latter authors, the fibers are too closely
packed to still give rise to this band. Precipitation of
sea urchin chromatin at salt concentration around
70 mM was also observed by Widom et al. (1985).

The mass per unit length of the condensed fiber of
chicken erythrocyte chromatin (Koch etal. 1987a;
Greulich et al. 1987) and for sea urchin chromatin ob-
tained by X-ray scattering before the onset of aggrega-
tion is between six and eight nucleosomes per 11 nm,
in agreement with the electron microscopic deter-
mination of Thoma et al. (1979) on rat liver chromatin.
Electron microscopic observations yield values up to
12 nucleosomes/11 nm for other echinoderm sperm
chromatin (Williams et al. 1986). This suggests that full
compaction in vitro is only achieved after the onset of
precipitation. Extrapolation of the mass per unit
length for sea urchin chromatin indicates that a value
of 12 nucleosomes/11 nm would be obtained at
80 mM NaCl. Given the larger diameter of the fibers
this would correspond to the same nucleosome pack-
ing density as in chicken erythrocyte fiber with 6—8
nucleosomes/11 nm. A value of 12 nucleosomes/11 nm
was also recently obtained by sedimentation experi-
ments on rat liver chromatin (Walker and Sikorska
1987). These authors also give an outer radius of
40 nm for the condensed fiber. It is however difficult to
see how such a fiber could be formed with chromatin
having only a linker of 34 bp crossing the central part
of the fiber. The result contradicts the electron micro-
scopic observations of Williams et al. (1986) and pre-
vious X-ray measurements (Koch et al. 1987a). The
aggregation properties of rat liver chromatin above
80 mM NaCl suggest that the value may be on over-
estimate in this case.

The fact that there is a relationship between fiber
diameter and linker length is an argument in favour of
models in which the linker DNA runs across the cen-
tral part of the fiber. The relationship between linker
length and fiber diameter is not, however, an argument
against solenoid or coil type models.

Although enzymatic digestion experiments (Stay-
nov 1983; Drinkwater et al. 1987) have also been inter-
preted as resulting from the fact that successive nu-
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cleosomes in the chain are not adjacent in the 30 nm
filament, the point cannot yet be considered to be en-
tirely proven.

The effect of cations on the condensation confirm
that at least in vitro, there are distinct processes of
compaction and of aggregation as also suggested by
Marquet et al. (1988). Some of the aspects of compac-
tion of the fibers at low ionic strength and in particular
the competitive effects of monovalent and divalent cat-
ions (Borochov et al. 1984; Widom 1986) can be ex-
plained in terms of the polyelectrolyte theory of
Manning (1978). The empirical approach of Tam and
Williams (1985) is, however, more useful in under-
standing how structural requirements introduce selec-
tivity. In particular, the abrupt precipitation observed
with Gd and Tb can be explained because the lantha-
nides have few requirements on coordination num-
bers, angles or bond lengths and thus easily cross-link
the fibers. A similar explanation applies in the case of
Cr and may also explain some of the differences be-
tween divalent cations. In general our results with
monovalent cations (Koch et al. 19872a) do not con-
firm the observation of Tam and Williams (1985) that
the larger cations would be more efficient in inducing
compaction of the fibers.

The greater efficiency of ammonium chloride com-
pared to NaCl and to the alkylammonium chlorides
illustrates the importance of structural effects like hy-
drogen bonding, as opposed to charge, in determining
the efficiency of condensing agents. This is further con-
firmed by the low levels at which the polyamines, sper-
mine and spermidine, induce compaction. Although
these studies have only a physicochemical relevance,
they suggest that unless precautions are taken, nega-
tive staining in electron microscopy may easily result
in cross-linking of the fibers. Furthermore they suggest
a partial explanation for the very high toxicity of some
heavy metals. Trivalent chromium, for instance, in-
duces cross-links between nuclear proteins and DNA
(Wedrychowski et al. 1985).

The results for Gd and the polyamines follow the
same trends as those of Sen and Crothers (1986) ob-
tained by electric dichroism, although the values of
reduced dichroism obtained by this group for chicken
erythrocyte chromatin are much more negative than
ours (see below). Marquet et al. (1988) also found the
same behaviour for the polyamines and Tb by electric
dichroism but the values of the reduced dichroism for
chicken erythrocyte chromatin were similar to ours.

The main purpose of the solubility experiments
was to give a definite proof that the X-ray scattering
measurements reflect compaction of the fibers and not
aggregation. The experiments confirm the differences
between cations observed by X-rays and are broadly
in agreement with the results of Borochov et al. (1984).
As already observed by Borochov et al. (1984) there is
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an increase in turbidity corresponding to compaction
of the fibers followed by the onset of aggregation. The
results also show that contrary to a widespread belief
(e.g., Widom 1986) at higher chromatin concentra-
tions, there is an approximately linear dependence of
the Mg?* concentration at which precipitation sets in.
This has a physiological relevance since chromatin
concentrations in nuclei can be as high as 30 mg/ml
(For a review, see Kellenberger 1987) or about five
times higher than in most of our X-ray experiments or
several hundred times higher than with optical tech-
niques.

The values of the reduced dichroism in Fig. 8 fur-
ther characterize our samples of chicken erythrocyte
chromatin. They are in agreement with those found
independently by Marquet et al. (1988) using slightly
different preparative methods. For uncondensed chro-
matin the values (—0.02 at 6 kV/cm) are much less
negative than those of McGhee et al. (1980) (—0.28) or
of Sen and Crothers (1986) (—0.15) at the same field.
Whereas our values for condensed chromatin are posi-
tive (+0.04) these authors still find negative values of
—0.08 and —0.04 respectively. Previously, Lee et al.
(1981) and Yabuki et al. (1982) had however reported
positive values around +0.05 for condensed chroma-
tin stabilized by cross-linking with dimethylsuberi-
midate. The experimental values of flow birefringence
determined by Harrington (1985) for fractionated
chicken erythrocyte chromatin are negative at low
Na*t or Mg?* concentrations and positive for con-
densed chromatin. The intrinsic contribution obtained
after correction for the form effects remains, however,
negative throughout the range of condensation. In
contrast with these results, Marion et al. (1985) found
a positive birefrigence independently of the degree of
condensation. Dimitrov et al. (1987) reported a re-
duced dichroism value of —0.10 at 5kV/cm at very
low ionic strength but a value of +0.02 value above
2 mM NaCl confirming the sign inversion previously
detected by flow techniques (Makarov et al. 1985). For
neuronal chromatin which has a short linker (<20
base pairs), Allan et al. (1984) found a negative electric
dichroism throughout the range of ionic strength
whereas flow dichroism yields negative values at low
ionic strength with a sign inversion around 10 mM
NaCl in the case of Erlich ascite chromatin which also
has a linker of about 20 base pairs (Kubista et al.
1985). The origin of these differences is still unknown.

The negative values for uncondensed chromatin in
Fig. 8 are in agreement with our structural model
(Bordas et al. 1986b; Koch et al. 1987a). The “beads
on a string” model of McGhee et al. (1980), which cor-
responds to the more negative values observed by
these authors gives values of the radius of gyration of
the cross-section which are incompatible with the X-
ray scattering results. For the condensed form the ob-

served positive dichroism requires the linker to lic in
the plane perpendicular to the fiber axis if one takes
into account the preferential orientation of the nucleo-
somes determined from the scattering pattern of ori-
ented gels (Widom and Klug 1985). A more detailed
analysis of the consistency of the dichroism and X-ray
scattering data will be presented elsewhere.

As shown earlier (Koch et al. 1987 a), despite the
fact that different conclusions may have been drawn,
there is substantial agreement between the experimen-
tal X-ray data of several groups working on different
types of chromatin. The solubility experiments prove
that these results correspond to compaction of the
fibers and not to aggregation. Our results also confirm
other reports on the dependence of fiber diameter on
linker length (Zentgraf and Franke 1984; Williams
et al. 1986). The situation is different with electric and
flow dichroism results where the contradictions could
probably best be resolved by measurements using dif-
ferent techniques on the same samples. A stronger em-
phasis on consistency between the results of different
methods would certainly help to narrow down the
number of possible models for the structure(s?) of
chromatin.
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