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INHIBITION OF MICROTUBULE FORMATION BY DNA
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SUMMARY, In vitro assembly of porcine brain microtubular
protein to microtubules is affected by calf thymus DNA,
Dependent on mass ratio of DNA/MTP microtubule formation
is partly inhibited or blocked, Microtubules formed in
presence of DNA are not to be distinguished from those
assembled without DNA by electron microscopy, Addition of
DNA to microtubules in assembly buffer causes their
disassembly.

BRYAN et al (1) have found RNA and other polyanions
inhibit in vitro assembly of beef brain microtubular protein.
It is proven by turbidity measurements that this action is
due in part to elimination of factors favouring microtubule
formation. It might be expected that also DNA is able to
cause an inhibition of microtubular protein (MTP) assembly.
Experimental results reveal this expectation.

MATERIAL AND METHODS

Porcine brain MTP was isolated and purified by two or
three cycles of disassembly/assembly using a procedure prin-
cipally described by SHELANSKI et al (2)., The first MTP
assembly was carried out in buffer I: 10 mM MES (2(N~morpho~
lino)ethanesulfonic acid), 40 mM KC1, 1 mM MgSO4, 2 mM EGTA
(ethylenebis(oxyethylenenitrilo)tetraacetate), 1 mM ATP,

4 M glycerol, pH 6,4 and the second and third one in buffar
II: 50 mM MES, 1 mM MgSO,, 2 mM EGTA, 1 mM GTP, 4 M glycerol,
pH 6.4. Isolated mlcrotubules ware stored at -130 oc,

1, Electron microscops assay of assembly inhibition

Isolated microtubules were resuspended in buffer II with-
out glycerol, for 30 min at O °C, and the resulting suspension
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centrifuged in a VAC 601 centrifuge (VEB Zentrifugenbau Engels-
dorf) for 60 min at O ©°C and 100 0O0Og. Supernatant was mixed
with calf thymus DNA (Isolation procedure see (3), protein con=-
tent 0.21 %, DNA was kindly provided by E, SARFERT, Dept,
Biochem,, ZIMET, Jena) at O O°C (DNA-concentration: 73 ,ug/ml,
MTP concentrations 0.015=-4,2 mg/ml) and incubated 30 fiin at
37 °C, To observe microtubules the mixtures were placed on
Formvar. carbon~coated copper grids for 30 sec and blotted with
filterpaper. Grids were negatively stained with 2 % uranyl ace~
tate (3 min) and observed with a SIEMENS Elmiskop I electron
microscope.

For detection microtubules 6 grids and 10 squares per grid
and per mass ratio DNA/MTP were investigated,

2, Turbidity assay of assembly inhibition

MTP solutions were prepared as described in 1, using buffer
I1I without glycerol and GTP., Free GTP and glycerol was separa=~
ted by gel filtration with Sephadex G~25,

MTP assembly was started by addition of GTP (final concen-~
tration 1 mM) at 37 ©°C immediately after mixing MTP with DNA and
monitored using the increase in turbidity at 368 nm (SPECOL
with EK 5, Standard Compensation Recorder G1Bi, VEB Carl Zeiss
Jena) by adapting the method of GASKIN et al (4), After 30
min incubation microtubule formation was proven by electron
microscopy.

3. Turbidity assay of microtubule disassembly

MTP assembly without DNA was performed for 30 min as des~
cribed in 2, Then DNA was added to a final concentration of
73 ,ug/ml and incubation continued for 10 min, Samples for slec-
trén microscopy were taken immediately before DNA addition and
10 min after incubation with DNA and prepared as described in 1.

Protein concentrations were determined by the method of
HARTREE (5) using bovine serum albumin as a standard,

(Terminology: Tubulin-main component of microtubules;
microtubule associated proteins (MAPs)=proteins copurify with
tubulin when microtubules are isolated by in vitro depolymeri=-
zation/polymerization procedures; microtubular protein-tubulin
and MAPs together).

RESULTS AND DISCUSSION

Twice reassembled MTP in buffer II without glycerol forms
microtubules in all investigated concentrations (0,015-4,2 mg/ml).,
In the lowest concentrations the microtubules are very seldonm,
Assembly of MTP in MTP/DNA mixtures, however, reveals results
partly different (see Table 1).

The number of microtubules diminishes with increasing ratio

DNA/MTP, Above a ratio of 0,5 no microtubules can bs observed.
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Table 1

Electron microscopic assay of microtubule formation,
MTP assembly in presence of calf thymus DNA, DNA~
concentration: 73/ug/ml, MTP twice polymerized/

depolymerized
MTP~-concentration DNA/MTP results
mg/ml mass ratio
0,015 =~ 0.15 4,9 - 0,5 no microtubules
0.75 0,10 microtubules only
in some preparations
1.50 =~ 4,2 0,05 - 0,02 microtubules in all

preparations

The inhibition of MTP assembly by DNA is confirmed by turbidity
measurements (see Fig. 1).

Relatively to the control without DNA the half maximal
value of turbidity is reached at an DNA~concentration of 8/ug/ml
(15 min values of turbidity) corresponding to a mass ratio
DNA/MTP of 0,006, A practically complete inhibition of micro=-
tubule formation is produced at a DNA/MTP ratio of about 0,02,
This value is markedly lower than that received by MTP twice
assembled/deassembled (Table 1), This may be due to a higher
purity of MTP three times polymerized/depolymerized, Microtu=-
bules formed in presence of DNA are electron microscopically
not to distinguish from those assembled without DNA,

In many articles it is shown that basic proteins favour the
assembly of tubulin to microtubules or that they are necessary
factors for the assembly under special given conditions (6)~
(13). On the contrary polyanions, a.g. RNA, inhibit microtubule
formation (1) via complexation of positively charged assembly

promoting compounds and lowering their actual concentrations in
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Figure 1, Effect of DNA on MT assembly. (A) Assembly in the
presence of DNA, MTP concentration: 1.25 mg/ml, DNA
concentration: a, O,ug/ml; b, 7.3/ug/ml; C, 14.6/ug/ml;
d, 21,9,ug/ml., (B) Oisassembly of/MT by DNA, MTP/con-
centration: 0,57 mg/ml, The arrow indicates the addi~
tion of DNA to a final concentration of 73,ug/ml.
Elsctron microscopical control for microtuéules:

MT prasent, (=) MT absent,

this way. It might be possible that such a mechanism is acting
also in the case of DNA and is inhibiting partly or completely
microtubule formation., The MAPs are positively charged and can
be trapped by DNA, On the other hand a binding of tubulin to

DNA should be considered, It has been suggested (though dis-
puted (14)) that tubulin is a main component of nonhistone chro-~

matin proteins (15,16). Formation of DNA-tubulin and/or DNA=~
MAP complexes would lower the actual concentrations of tubulin

resp., MAPs, In conssquence the conditions for microtubule for-
mation are becoming more unfavourable. The activities of tubu~-
lin and MAPs necessary under special conditions for microtubule

formation can bacome too small to fulfill the conditions for
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microtubule nucleation and/or elongation, This is in accordance
with results recently reported by WICHE et al (17) which say
that MAPs and tubulin in presence of MAPs bind to purified DNA
and especially to satellite DNA sequences.

The observation that DNA causes microtubule disassembly
does not need a new inhibition mechanism for interpretation
beside the two ones mentioned, In vitro under steady-state
conditions microtubules are in an assambly/disassembly "equili-
brium" (18).

At present it is not obvious whether DNA (and also RNA (1))
inhibits MTP assembly also in vivo, It must be taken into account,
however, that microtubular organizing centers (MTOC) like kine-
tochores, centriolar satellites or nucleus associated organelles/
spindle pole bodies in fungi contain RNA (19)~(21). DNA is found
in/or in near association with kinetochores and spindle pols
bodies (22,23)., For centrioles the results are controverse
(discussion see (24)), These nucleic acids seem to be substan=-
tial components of MTOC and may play togethar or alone an im=
portant role in the function of MTOC structures e.g. for ini-
tiation of microtubule formation and processes that are related

to this and/or anchoring of microtubules,
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