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Abstract

Tubulin, a potential target for anti-cancer drugs, has been purified in one step and obtained as flow-through fraction directly from an extract
of a mammalian brain tissue by adsorption chromatography on H-CELBEADS, an indigenously developed rigid, superporous cross-linked
cellulose based weakly hydrophobic adsorbent. The fibrous polymerized tubulin mass passed through the H-CELBEADS bed while the
associated proteins were separated by adsorption. The final tubulin preparation was obtained free from other proteins as seen on SDS—PAGE
Purified tubulin was obtained in a yield of about 29 mg/100 g brain, and its bioactivity, evaluated through its ability to bind colchicine, was
found to be preserved.
© 2004 Published by Elsevier B.V.
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1. Introduction and thus induce apoptosis in ceglg. This strategy is being
increasingly explored to create a repertoire of potential anti-
Microtubules constitute one of the major components of cancer drugs isolated naturally or synthesized chemically.
the cytoskeleton of eukaryotic cells that are involved, through The success of these methodologies is highly dependent on
their unique structure, in many crucial physiological func- the supply of pure microtubule preparations that can retain
tions like motion, mitosis, and other motility-related phenom- their biological activity for in vitro experiments and can be
ena such as the transport of subcellular organelles or changeprepared economically.
in cell shapd1,2]. Microtubules are made up of protofila- Thea andp tubulins (55 kDa each) are homologda$
ments that are polymerized form of tubulin, a dimeric protein, and form a heterodimer that further polymerizes to form
along with microtubule associated proteins (MAPs). Thus the microtubules. The assembly of tubulin to microtubules
tubulin is the main constituent of microtubules responsible in vitro requires the presence of GTP, stabilizing agents,
for maintaining the shape and dynamic equilibrium crucial calcium, maintenance of pH and temperature and also the
for the stability of the cytoskeletof?,3]. As a result, any phosphorylation of associated microtubule protdisLO].
compound that interacts with tubulin and disrupts its capa- Tubulin has a unique property of polymerization in vitro at
bility to polymerize or depolymerize can be expected to in- temperatures above 28 to form aggregates in the presence
terfere with cell mitosis. Tubulin has been known to interact of stabilizing agents (viz., glycerol, glutamate, etc.), and de-
with certain molecules called tubulin binding agents (TBAs) polymerization at 3C or lower into a clear solution. Most
that target microtubules and lock their non-equilibrium states reported purification strategies exploit this property of tubulin
and employ repeated cycles of temperature dependent tubulin
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proteins called MAP§12]. There are also reports on affinity 12,000x g for 45 min to obtain a clear crude extract. The
interactions of glycolytic enzymes with tubuljh3]. extract was polymerized in the presence of 4M glycerol
The more often used method of polymerization—depoly- and/or 1 M sodium glutamate, and 0.1 mM GTP prepared

merization cycles for purification of tubulin has limitations of in buffer A for an hour at a temperature varied in the range

being long, laborious and expensive with the purified tubulin of 25-37°C in a controlled temperature water bath. The tur-

fraction being yet contaminated with MAPs as also resulting bid solution obtained after the incubation was used for fur-

in loss of bioactivity of the preparatidi0,14] Commercial ther experiments as the polymerized crude extract. Typically,

tubulin preparations, while available at high prices, are un- one brain (about 60 g) yielded 80 ml of the turbid tubulin

stable which more often necessitates indigenous preparatiorextract.

as and when required. A technique that results in quick and

cost effective purification of tubulin can not only facilitate 2 3. Tubulin purification

purification in large quantities but will also result in speeding

up biomedical research involving tubulin. In this paper, we The chromatography experimental setup used for the col-

propose a technique for the isolation of polymerized tubulin umn runs consisted of a 25 mm inner diameter and 250 mm

in good yield from crude mammalian brain extract using a long borosilicate jacketed glass column provided with two

one step method under temperature independent conditions140 mm long BioRad ECONO adapters fitted with @

The technique involves purification on a chromatography col- stainless steel mesh distributorsin place of polymeric screens.

umn packed with H-CELBEADS, an indigenously developed The column was packed to a bed height of 100 mm. The lower

rigid, superporous cross-linked cellulose based weakly hy- adapter was connected to a BioRad ECONO pump, while

drophobic matrix. the top adapter was connected to an online Hitachi UV-vis
1100 spectrophotometer working at 280 nm, and further to an
ISCO Retriever Il fraction collector. The absorbance readings

2. Experimental atthe spectrophotometer were recorded on a continuous chart
recorder. All experiments were performed in up-flow mode
2.1. Materials at linear flow rate of 100 cm/h. The matrix was first equili-

brated with 2.5 bed volumes of aqueous equilibrating 80 mM

Tris—HCI buffer, ethylene glycol-0;is(2-aminoethyl)- Tris—HCI buffer containing 1 mM EGTA and 3mM MgS0O
N,N,N’,N'-tetraacetic acid (EGTA), magnesium sulfate, pH 6.8 along with 4 M glycerol or 1 M glutamate and 0.1 mM
guanosinestriphosphate (GTP), glycerol, monosodiumglu- GTP. The polymerized crude brain extract (80 ml) was then
tamate and all other chemicals used were of reagent graddoaded on to the column while the column and feed extract
and purchased from S.D. Fine Chem. Ltd., Mumbai, India, were maintained at a temperature between 25 aricC3%
and SRL Pvt. Ltd., Mumbai, India. Freshly cut goat brain desired in the experiment. The flow-through fractions (25 ml
was obtained from local slaughterhouse in an ice-cold pack.each) were collected and analyzed for protein and turbid-
Deionized water was used in all the experimental work. ity following which they were centrifuged at 12,0009 for

The adsorbent media used in this work was indigenously 30 min at 37C. The pellets were de-polymerized at@
developed hydrophobic H-CELBEADS that was prepared us- in pH 6.8 25 mM Tris—HCI buffer containing 1 mM EGTA
ing a proprietary procedure which involved cross-linking of and 3mM MgSQ to obtain the pure depolymerized tubulin
a cellulose derivative in a porogen solvent and hardening of preparation. The column with adsorbed components on the
the dispersed beads in an aqueous solution. H-CELBEADS, amatrix was cleaned-in-place with 0.5 M NaOH, washed suf-
beaded superporous adsorbent with a distributed surface aroficiently with de-ionized water, re-equilibrated and re-used
matic hydrophobicity, can be obtained from Resindion Srl, without any loss of performance.
55 via Roma, Binasco, Milan, Italy. Image analysis of the
H-CELBEADS indicated that beads were near spherical in 2.4, SDS—-PAGE gel electrophoresis
shape (sphericityy0.85) and had a particle diameter between
150 and 20Qum. Porosity analysis by mercury porosimetry Protein analysis in the crude clear extract and the final
gave an average pore radius of 33,00and a pore volume  de-polymerized purified tubulin preparation was done on

of 60%. SDS-PAGE on a vertical Mini-PROTEAN Il cell (Bio-Rad,
CA, USA) with 12% acrylamide in running gel. The bands
2.2. Preparation of crude tubulin extract were silver stained.

The goat brain maintained under ice-cold conditions 2 5. Assay for protein
(~4°C) was cleaned of all the blood residues after the
meninges were removed. The chopped brain tissue was then Total protein concentrations were estimated by the Brad-
homogenized in a near equal volume of 80 mM Tris—HCI ford method15] using the micro-assay Bio-Rad protein as-
buffer containing 1 mM EGTA and 3 mM MgSQat pH 6.8 say procedure and with bovine serum albumin as standard
(buffer A). The homogenate was cold centrifuged aC4at protein.
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2.6. Turbidimetry assay 6.00

Bioactivity of the purified tubulin was qualitatively tested /‘\
by checking the inhibition of polymerization of tubulin — \
through colchicine bindinft,8]. Tubulin polymerization was I
carried out on a Jasco V-530 UV-vis spectrophotometer for
the purified tubulin samples. Microtubule assembly was fol-
lowed by rate of increase in turbidity at 350 nm at°&7in
10 s time interva]16]. Each polymerization reaction mixture ’
contained 1 mg/ml of purified tubulin, 1 mM GTP, 80 mM Glycerol
Tris—HCI buffer, 1 mM EGTA and 3mM MgS& pH 6.8 and 1 N \
1M glutamate. Same reaction was repeated in the presence 0.00 o
of 1 mM of colchicine. The extent of reduction in appearance o 2 4 6 8 10 12
of turbidity reflected the bioactivity of purified tubulin. Fraction No.

Glutamate

\ \

3.00

Amount of protein (mg)
—

Fig. 1. Protein chromatograms of flow-through fractions of polymerized
3. Results and discussion brain tubulin crude extract on H-CELBEADS equilibrated in 80 mM
Tris—HCI buffer, 1 mM EGTA and 3mM MgS# pH 6.8 along with 4 M

. . . . . lycerol/1 M glutamate and 0.1 mM GTP. Linear flow velocity: 100 cm/h.
In addition to tubulin, the mammalian brain extract is 9 9 4

known to contain proteins that are associated with mi- g spension of ‘polymerized’ tubulin. Superporous deriva-
crotubule formation. These microtubule-associated proteins;i;eq CELBEADS. an indigenously developed rigid beaded
(MAPs) are closely bound to the tubulin polymers constitut- ayix when used in a packed bed configuration, has been
ing the microtubule and are, therefore, difficult to separate gpqyn to facilitate through passage of fine particulate matter
by traditional methods of pur|f|cat|o.n. T_he most widely usc_ad on account of its large porg&l]. Further, since most proteins
method employs repeated polymerization and depolymeriza-p4e some degree of surface hydrophobicity, an hydrophobic
tion steps in attempts to exploit the property of tubulin being y4sorpent appeared a better choice than an ion exchanger.
th_e only protein capable of poIym_erl_zat|on—depolymerlzatlon Use of the superporous weakly hydrophobic H-CELBEADS
with respect to temperature variation between 37 ah@ 4 55 therefore, expected to result in the through-flow of the
[16]. In one report, tubulin was purified on a strong anion ,,\ymerized tubulin (microtubules) while adsorbing and re-
exchanger after two cycles of assembly—disassembly in aNtaining the soluble proteins from the brain extract.
attempt to increase tubulin yields and simplify the purifica- Figs. 1 and 2are the chromatograms obtained on the H-
tion [17]. CELBEADS column when loaded with polymerized brain
There have been some reports whereby attempts have beepyyact in 1M glutamate and 4 M glycerol, respectively, in
made to further simplify tubulin purification. Notable among presence of 0.LmM GTP under conditions mentioned in

these are those based on affinity interactions with specific e methods section. The use of the microtubule stabilizing
tubulin binding agent$13,18,19] However, this approach
though capable of giving pure tubulin in one step, requires
preparation of complicated and expensive affinity adsorbents.
Rapid purification of tubulin on membrane ion-exchange
chromatography has been reporfd]. lon exchange based
purifications of tubulin involve adsorption of tubulin on to
the solid matrix (resin or membrane) and subsequent selec-
tive elution of the molecule in an ionic buffer of appropriate
strength.

For the present work, it was decided to develop a novel
‘negative’ purification technique that would combine the
unique property of temperature induced polymerization of
tubulin and the possibility of complete adsorption of all the
other soluble contaminants including MAPs from the tissue
extract. This was possible if all soluble components from 0
a suspension of polymerized tubulin were adsorbed while 0
the particulate suspension of tubulin would pass unadsorbed Fraction No
through an adsorbent column. For this purpose, an adsorbent . . .

. . . L . Fig. 2. Turbidity chromatograms of flow-through fractions of polymer-
matrix WaS reqUIred such that in addition to bemg Capable of ized brain tubulin crude extract on H-CELBEADS equilibrated in 80 mM
adsorbing all soluble components, the packed bed of the cho-ris_Hcl buffer, 1 mM EGTA and 3mM MgS§ pH 6.8 along with 4 M
sen adsorbent should remain unclogged in the presence of finglycerol/1 M glutamate and 0.1 mM GTP. Linear flow velocity: 100 cm/h.

=k — Glycerol
/ \ —l— Glutamate

Absorbance at 345nm-turbidity
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Table 1 0.174 4
Comparison between the yields of de-polymerized purified tubulin with glu-
tamate and glycerol induced 3 polymerization of the mammalian brain
tissue homogenate as determined by protein analysis I
Agent Protein (mg) E g 8 BT
<t -
Crude Bound  Flow-through  Depolymerized pellet “_,: 5
Glutamate 184 1586 2594 3112 8 o
Glycerol 184 16305 2095 76 & ‘
o *
S +
3 .
agents like glycerol and glutamate helps in induction of poly- < &
merization of the tubulin and also stabilizes the microtubule. G e—— . . ‘ ‘
Figs. 1 and Zhow that glycerol induced polymerization gave 0 100 200 300 400 500 600
a flow-through fraction with higher turbidity that was also Time in seconds

associated with a distinct protein band. On the other hand,

glutamate induced polymerized extract gave a broad turbid Fig. 4. Microtubule assembly of tubulin (- - -) in absence of colchicine; (—)

band associated with two unresolved protein peaks (fractions'” presence of colchicine. Solution (1 mg/ml) of depolymerized tubulin in
. . . 80 mM Tris—HCI buffer, 1 mM EGTA and 3mM MgSQpH 6.8 with 1 M

1-8).Table 1gives the comparison o_fth_e two runs made with glutamate and 1 mM GTP incubated at&.

glutamate and glycerol as polymerization promoting agents.

While the flow-through protein was larger in case of gluta- gave maximum yield (about 29 mg/100 g brain). This can be
mate, the purified tubulin yield was lower than that obtained attributed to two possible reasons. One, the reduction of hy-
with glycerol. This was seen to be the result of the difficulty drophobic interaction with temperature between associating
experienced in de-polymerizing the palletized tubulin form tubulin molecules results in less compact aggregates that are
the turbid fractions in case of glutamate assisted polymer- easy to ‘de-polymerize’. Secondly, a higher temperature may
ization. However, glycerol assisted polymerized extract gave affect the structure of the associated tubulin molecules lead-
turbid fractions that gave easily soluble pellet and a higher ing to their inability to dissociate fully later at lower temper-
tubulin yield. All further experiments were performed with  atyres.
glycerol as polymerizing agent. Fractions 1-5 thus were col-  The bioactivity of the purified de-polymerized tubulin
lected as tubulin rich fraction$-{gs. 1 and 2 preparation was assessed by turbidimetric analysis whereby
Most reports dealing with tubulin polymerization and the capacity of the protein to polymerize in the presence of
depolymerization steps indicate the corresponding temper-glutamate was evaluatefiig. 4 shows the change of turbid-
atures as 37 and°C [5,14,16] Chromatography experi- ity with time in presence and absence of colchicine. It can be
ments using these temperatures gave a tubulin yield of aboutseen that while purified tubulin gives an increase in turbidity
5% of the total extract protein amounting to approximately with time, presence of tubulin binding colchicine does not
15 mg/100 g brain. With some of the reports stating maximum show any appearance of turbidity.
obtainable yields in excess of 25 mg/100 g, it was decidedto  The SDS-PAGE presented fig. 5 demonstrates effec-
modulate tubulin polymerization through change in polymer- tiveness of the single step strategy used for purification of
ization temperatur¢22]. Fig. 3 demonstrates the observed tubulin. It can be noted that the crude extract contains sig-
effect of polymerization temperature on the percentage (of nificant amount of contaminating proteins mainly MAPs and

total protein) yield of de-polymerized tubulin. It can be seen Tau proteins in the entire marker molecular weight range
thatin the range of temperature tested, a temperature°@ 25

g 10 r- \ I:ane1
3 Lane 2 Lane 3
<
E 7
@ g —— 66.2
> — .
o e .
§ — i
=
k) o iy —_— oG
2 o
5 = - :
C:} 0 ' | | ' LA 215
25C 28C 32C 37C
- e 14.4 |

Temperature of polymerization —

Fig. 3. Effect of temperature of polymerization on the %yield of purified Fig. 5. SDS—PAGE analysis. Lane 1: crude brain tissue homogenate; lane
tubulin on total extract protein. 2: purified tubulin preparation; lane 3: low molecular weight markers.
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(14-66 kDa). These contaminants are absent from the puri- quick, and cost effective and should go some way in mak-
fied tubulin seen as a single band at molecular weight ofabout  ing tubulin easily available for biomedical research.
50 kDa.
The column after obtaining the flow-through fractions was
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