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Fig. 1 Expression and purification of recombinant histone octamer

(a) Separation of recombinant histone octamer on HPLC by size exclusion chromatography. Superdex 200 columns was used. (b) SDS-PAGE analysis

of the collected fractions in (a). /: Fraction 6; 2: Fraction 7; 3: Fraction 8; 4: Fraction 9; 5: Fraction 10; 6: Fraction 11; 7: Fraction 12; 8: Fraction 13; 9:

Protein molecular mass marker.
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Table 1 Histone octamer titration

Sample
1 2 3 4 5 6 7 8 9
Histone octamer 7.0 73 7.5 7.6 7.7 7.8 79 8.0 8.1
DNA 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
5 mol/L NaCl 17.0 17.0 17.0 17.0 17.0 17.0 17.0 17.0 17.0
TE buffer 22.5 22.5 22.5 22.5 22.5 22.5 22.5 22.5 22.5

Histone octamer concentration: 5 g/L; 601DNA Concentration:1 g/L; TE buffer: 10 mmol/L; Tris-Cl pH 7.5; 1 mmol/L Na-EDTA; volumes
expressed in pl.

(@) (b)
Supernatant histone octamer concentration Precipitation histone octamer concentration

M __—

bp

/ - V4 -
60IDNA— wwww : “eswwweww w2200
! & 750

cr DNA —» . : 4
* 100

Fig. 2 Histone octamer titration analysed by a native gel electrophoresis
0.8% Agarose, post-stained with ethidium bromide. M: 1 kb DNA marker. (a) / ~16: 177bp_12 DNA array supernatant. (b) / ~ 16: Precipitation.
Arrows indicate the optimized ratio in which the 601 DNA array is saturated but the crDNA is not. After this point, the histone octamer will start to bind

the crDNA forming additional nucleosome cores.
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Fig. 3 12_177 nucleosome array reconstitution

(a) Electron micrograph (glutaraldehyde crosslinked samples rotary shadowed with carbon-platinum) of 177_12 arrays, TEM 120kV, 49k x

magnification. (b) Histograms showing distribution of nucleosome arrays containing a certain number of nucleosomes per array calculated from several

EM fields of 177_12 arrays.
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L FE LIS T TR, WPah Rk AU
PRANENT T4 B G 0 T — R BRIR (B 3) 454,
W HAE S 4T 1.0 mmol/L MgCl, (1135 b7 i i b 2
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A HYAEAE, XM DA 28 B At DR 35 (T 21 2 11 AR
L et RAIEHLE] . DNA LAk 250 3t [F] % 28
HROJT S A R T REOX PR F TR K

100 nm

Fig. 4 Negative staining of 30 nm chromatin fiber
Electron micrograph: TEM 200 kV, 29k x magnification, 2% uranyl
acetate stained, Scale bar: 100 nm. (a) Effect of MgCl, (1.0 mmol/L) on
the folding of 30 nm chromatin fibers. (b) Effect of histone H1 on the

folding of 30 nm chromatin fibers.

() G 10 J00 iy P A A T TR AH A, FRATD0 P A R 25 T
) 30 nm B 0 BT 25 Ky AT T EEER (I 5). B
Bogh vl W, Mg T BUY B 25 R 7 41 1 HI
FAAE T B B B (0 45 A7 i AN R) . Mg w] B
PRAE R AT 25K 1 (1 Sa, c): 1T 418 11 HI
A LLG IR SPAT S5 K IR, 5 OB 45 44 14 ith
(K 5b, d).
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50 nm

Fig. 5 Gallery of individual 30 nm chromatin fibers

(a, b) Negative staining of 30 nm chromatin; TEM 200 kV, 29kx magnification, 2% uranyl acetate stained, Scale bar: 100 nm. (¢, d) Cryo EM of 30 nm
chromatin; TEM 300 kV, 59k x magnification, total dose of 20 /A2 (a, c)folded in MgCl, (1.0 mmol/L) without H1. (b, d) folded with histone H1

without MgCl,. Negative staining or Cryo EM investigation of the compact nucleosomal arrays has revealed that the 30 nm chromatin fibers folding in

MgCl, (1.0 mmol/L) without H1 consist of two rows of nucleosomes running parallel to each other. The histone H1disturbed the parallel structure.
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A

AR FP AR ZLZAF,  linker DNA [
FEARFEI(10~70 bp), S BER E 75 AN E K
JEE 20 5 A FE RN R (R e S . TR AN A ()
linker DNA [ 8 X6 Gt 5 s 2R S5 A IR 52, M o

L M3 ok e 1 52 K R o S 30 A i 5
(end effects)®, FRAT I T &4 50 4> HE
JG 1) 200 bp 601DNA JFi i pWM530-200_50, Ff F)
FHRTET I [ ) 7 2343 31 73— 1 & 418 1 HIL
(1) 30 nm et et 4e, WKl 6 fivs. HTaHERN
B, RATEAHER I DNA 7F 30 nm 42 (0 i 4] 4

(b)

>4

Fig. 6 Gallery of individual 30 nm chromatin fibers
(a) 177_12 chromatin fibers, TEM 200 kV, 29kx magnification, 2% uranyl acetate stained, Scale bar: 50 nm. (b) 200_50 chromatin fibers, TEM 120 kV,

68kx magnification, 2% uranyl acetate stained, Scale bar: 50 nm.
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200 bp IR 4F4E 4% 100 4, FIH 1.8 1Tk
NG B8 R 1) pixel size M HLRAE, & L H A%,
A 2oR: 177 bp G0 R EH AL (27.844.0) nm /&
A7, 17 200 bp B 1) H A2 4 (32.843.9) nm A AT,
HAA I ERAF (P <0.05).
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YA F0BE 7 V5 AR AT G €0 JoT 2T 48 (1) RS 40 25
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Fig. 7 Electron micrograph of 177_12 chromatin fibers
(a) TEM 200 kV, 29k x magnification, 2% uranyl acetate stained. (b)
TEM 300 kV, 59k x magnification, total dose of 20 e/A% The original

EM picture was negatived for comparing purpose. Scale bar: 100 nm.
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Abstract Genomic DNA in the eukaryotic nucleus is hierarchically packaged by histones into chromatin. The
plasticity and dynamics of higher-order chromatin fiber have been widely thought as the key regulators of
transcription and other biological processes inherent to DNA. Elucidating how nucleosomal arrays can be folded
into higher-order chromatin fibers is essential to understand the dynamics of chromatin structure. Although the
structure of nucleosomes, the fundamental repeating unit of chromatin, which comprises 147 base pairs of DNA
wrapped in 1.7 superhelical turns around an octamer of histones, has been solved at the atomic resolution, there is
still much controversy over the chromatin structure at the higher-order level. Here, we built an in vitro chromatin
reconstitution system which adopts histone octamers and arrays of 177 bp and 200 bp repeat of the Widom 601
DNA sequence. Taking advantage of this system, we have obtained highly regular spaced and soluble nucleosome
arrays, and folded the arrays into 30 nm chromatin fibers with the existence of linker histone H1 or MgCl,
respectively. Several electron microscopic techniques, including metal shadowing, negative staining and Cryo-EM,
have been used to investigate the morphology of the reconstituted 30 nm chromatin fibers. Our results suggest that
both histone H1 and divalent Mg* can help the formation of 30 nm chromatin fibers, but the resulted chromatin
fibers display different topologically architectures. To investigate how the length of linker histone may affect the
architecture of chromatin, we measured the diameters of the reconstituted 30 nm chromatin fibers with different
nucleosome repeat lengths (NRLs) of 177 and 200 bp and found that these two classes of chromatin fibers present
different diameters (P < 0.05).

Key words 30 nm chromatin fiber, transmission electron microscopy, higher-order chromatin structure, in vitro
reconstitution
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