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Purification of recombinant yeast histones
NOTE 1: This is not a trivial undertaking, but will give you the opportunity to work
with nucleosomes in vitro (so well worth it if you intend any biochemical analyses:
essential to publish well). Budget > a month to get this up and running.

     Step 1: Histone expression (H2A, H2B, H2A.Z, H3, H4)

NOTE 2: Histones are a pain to work with, being highly charged proteins that
precipitate on a whim. Expression is tightly regulated (requiring specialized E.coli
strains) with short inductions at RTo. Read the appropriate section of the protocols
page (http://mckeogh.googlepages.com) for general notes on recombinant protein
expression.

1.1 Transform expression plasmids (see NOTE 3) into an appropriate expression strain: eg.
BL21/DE3 RIL (Stratagene) contains extra copies of the argU (AGA/AAG), ileY (AUA), and
leuW (CUA) tRNAs. Grow 50ml seed culture E.coli  overnight at 37oC. Sub-innoculate next
morning (1/100  to 2L) and grow to OD600 ≈ 0.4 at 37oC. Chill the cultures 15min on ice and
induce with 0.2mM IPTG at RTo. Harvest after 3h (H3 or H4) or 4h (H2A, H2A.Z or H2B).

NOTE 3: Histone expression plasmids (transform to expression strain: NB. KanR)
H2A BE391 / b3199   pET28b-H2A (C-term HIS tag ?)
H2B BE392 / b3200   pET28b-H2B (C-term HIS tag ?)
H2A.Z(Htz1)BE403 / b3257   pET28b-Htz1 (N-mutants also available)
H3 BE393 / b3201   pET28b-H3 (C-term HIS tag ?)
H4 BE395 / b3203   pET28b-H4 (C-term HIS tag ?)

Co-expressing H2A-H2B (or H2A.Z-H2B) or H3-H4 has been reported to increase
expression, presumably by stabilizing the histones.

Htz1-H2B BE394 / b3202   pET28b-Htz1-H2B (C-term HIS tag ?)

1.2 Collect cells by centrifugation (5K, 10m, 4oC) and transfer to falcon tubes with ice-cold
ddH2O. Collect again by centrifugation (5K, 10m, 4oC): Freeze pellets –80oC.

     Step 2: Preparation of Histone Inclusion bodies

2.1 Thaw pellets RTo / 10 mins and place on ice. Resuspend completely in 30ml TW buffer. Lyse
by sonication on ice (6 x 15s pulses, 50% output, 40 duty cycle). Collect pellet by centrifugation
(14K, 20m, 4oC) and discard the supernatant.

2.2 Resuspend pellet in 30ml TW buffer. Lyse by sonication on ice (6 x 15s pulses, 50% output,
40 duty cycle). Collect pellet by centrifugation (14K, 10m, 4oC) and discard the supernatant. Do
this twice more but use 30ml Wash buffer. Store pellets at –80oC.

     Step 3: Solubilization of Histone Inclusion bodies

3.1 Soak pellets in 120µl DMSO: RTo, 30 min (mince with spatula to break up pellet). Add
5ml Unfolding Buffer and ensure even suspension by sonication (2 x 20s pulses, 50% output, 40
duty cycle). Mix by rotation: RTo, 1hr. Remove insoluble material by centrifugation (14K, 20m,
RTo) and collect the supernatant.
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3.2 Dialyse supernatant (RTo) against 3 x changes (500 volumes) freshly made Urea Dialysis
Buffer: 1h, overnight, 1hr.

     Step 4: Ion exchange chromatography

Involves two ion-exchange steps: (i) a negative step with Q Sepharose (see NOTE
4) to remove impurities, followed by (ii) a positive step with SP Sepharose (see
NOTE 5) to bind and elute the histones.

4.1 Collect insoluble material by centrifugation (14K, 10m, RToC). Remove the supernatant
(avoiding any viscous material), 0.45µ filter and add to 8ml Q-Sepharose Fast Flow (see NOTE 4)
pre-equilibrated in Urea Dialysis Buffer. Transfer to an Ecoco-Pak column and mix by rotation
(RTo, 1h).

NOTE 4: Q Sepharose™ Fast Flow (Amersham 17-0510-01: 300ml = $303) is a
strong anion exchanger with excellent flow properties and high capacity for proteins
of all pI values. The ion exchange group is a quaternary amine which remains
charged and maintains consistently high capacities over the entire working range:
pH 2-12.

4.2 Stand the column and collect the flow through fraction. Wash resin with 8ml Urea Dialysis
Buffer and pool with the flow through. Confirm complete elution by checking the last drop by Bio-
Rad Protein Assay: if protein is still eluting wash resin with successive 500µl aliquots of Urea
Dialysis Buffer and combine with the pool.

4.3 Inject sample pool slowly onto an Econo-Pac Column packed with 8ml SP Sepharose Fast
Flow (see NOTE 5). Collect Flow Through. Wash column with 20ml Urea Buffer (200mM NaCl)
(collect this wash). Elute with 10ml Urea Buffer (600mM NaCl), collecting 1ml fractions. Check all
(including flow-through and washes) by Bio-Rad Protein assay: if elution peak has a long tail
collect more 1ml fractions.

NOTE 5: SP Sepharose™ Fast Flow (Amersham 17-0729-01: 300ml = $303) is a
strong cation exchanger. The ion exchange group is a sulfopropyl with a broad pH
working range.

4.4 Determine the yield and purity of each fraction by 15% SDS-PAGE followed by Coomassie
staining. Also check each fraction on a 1% Agarose-EtBr gel to confirm an absence of DNA
contamination. Pool desired fractions and dialyse against 3 x changes (500 volumes) ddH2O at
4oC: 1h, overnight, 1hr.

     Step 5: Lyophilization

NOTE 6: For long term storage the histones are lyophilized and stored at –80oC.
Pick appropriate aliquots per tube: remember that you have to mix preps to
reconstitute nucleosomes.

5.1 Collect insoluble material by centrifugation (14K, 10m, 4oC). Remove the supernatant
(avoiding any viscous material), 0.45µ filter and determine the concentration by Bio-Rad Protein
assay. Aliquot to 1.5ml ependorffs and pierce the lids with a 21G needle (CARE: hot needle).
Vacuum lyophilize in a speed-vac microfuge (RTo): this will take up to 8 hours depending on the
volume in each tube. Store tubes at –80oC.
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Buffers:

Wash buffer  (ddH2O to 1L)
50mM Tris pH 7.6 (1M) 50ml
100mM NaCL (5M) 20ml
1mM EDTA (500mM) 2ml
5mM β-ME (14.25M) 350µl
Protease inhibitors as standard

TW buffer
Wash buffer + Triton X-100 to 1% final
Protease inhibitors as standard

Unfolding Buffer  (to 50ml)
20mM Tris-HCl (pH7.6) (1M)   1ml
7M Guanidine-HCl  33.4g
10mM DTT (1M) 500µl

8M Urea  (to 2L)
Urea (mw 60.1)  960g
Warm ddH20 (by microwave)  to 2L

Urea Dialysis Buffer (to 500ml) (to 2L)
7M deionized Urea (8M) 437ml  1758ml
10mM Tris-HCl (pH8) (1M) 5ml   20ml
100mM NaCl (5M) 10ml   40ml
1mM EDTA (0.5M) 1ml    4ml
5mM β-Me (14.25M) 175µl    700µl
Protease inhibitors as standard

Urea Buffer (200-600mM NaCl)  (to 50ml: for Ion Exchange, Step 4)
7M deionized Urea (8M) 43.7ml
10mM Tris-HCl (pH8) (1M) 500µl

200mM NaCl (5M)  2ml
600mM NaCl (5M)  6ml

1mM EDTA (500mM)  100µl
5mM β-Me (14.25M)  17.5µl
Protease inhibitors as standard


