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Dephosphorylation suppresses the activity of neurofilament 
to promote tubulin polymerization 
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The phosphate content of neurofilament was dlmmlshed by half, from 49 4 to 22 9 nmol/mg, by treatment 
with alkahne phosphatase Dephosphorylatlon decreased the actlvlty of neurofilament to promote tubuhn 
assembly This suppression was supposed to be mainly due to dephosphorylatlon of the 200 kDa subumt 
of neurotilament Dephosphorylatlon of the Isolated 200 kDa subunit caused suppression of Its actlvlty to 
promote tubuhn polymenzatlon These results suggest that changes m the phosphate content modulate 

Interaction of neurofilament with tubuhn 

NeuroJilament Tub&n Tub&n polymertzatlon Alkalme phosphatase 
Phosphate content 

Dephosphorylatron 

1. INTRODUCTION 

It has been revealed that neurofilament 
strmulates tubulin assembly and then causes gela- 
tton m vitro [1,2] This ability of neurofilament 
was found to reside in the protruding portion of 
the 200 kDa subunit [2,3] Therefore, it is 
speculated that the prolection of the 200 kDa 
subunit cross-bridges between neurofilament and 
microtubule. The 200 kDa subunit contains a 
number of phosphorylation sites [4-61 and these 
phosphate groups are located on the projecting do- 
mam of the 200 kDa suburut [7]. It 1s very mtrigu- 
mg whether phosphorylation/dephosphorylation 
alters the activity of the 200 kDa subunit to 
stimulate polymerization of tubuhn. This paper 
describes that the activity of neurofilament to pro- 
mote tubuhn assembly is reduced by dephos- 
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phorylatton. The suppression appears to be mainly 
due to dephosphorylation of the 200 kDa subunit. 

2 MATERIALS AND METHODS 

2.1 Preparatron of proteins 
Microtubule proteins were purified from porcine 

brain [l] according to Shelanski et al. [8]. Tubuhn 
was separated from microtubule protems [l] by the 
procedure of Wemgarten et al. [9]. Neurofilament 
was prepared from porcine brain [lo] and then 
purrfied by hydroxyapatrte column chromatog- 
raphy [l l] as described [l-3]. The 200 kDa 
subunit was separated from two other subumts [2] 
by the method of Getsler and Weber [12] 

2.2. Dephosphorylatlon 
Neuroftlament or the 200 kDa subunit was m- 

cubated with alkaline phosphatase (grade I, Boeh- 
ringer) m the reaction medium [120 mM Tris - HCl 
(pH 8.5), 1 mM MgS04, 1 mM PMSF, lOpg/ml 
leupeptm] at 30°C for 15 h. For the control expen- 
ment, 5 mM sodium phosphate, 1 mM l,lO- 
phenanthrohne and 2 mM EDTA were added m 
order to prevent the dephosphorylatton reaction. 
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After this treatment, alkalme phosphatase was 
removed from neurofrlament by washmg rt wrth 
centrtfugatton or from the 200 kDa subunit 
through gel filtration (Sepharose CL-4B, 
Pharmacra). 

2.3. Phosphate determmatcon 
Neurofilament or the 200 kDa subumt was 

prectpitated wtth and washed in trtchloroacetrc 
acid by the method of Stull and Buss 1131. The 
precipitate was ashed after addmon of 10% 
Mg(N0&.6H20 m ethanol, solubihzed in 0.1 N 
HCl and boiled for 15 mm [ 141. This solution was 
mtxed wtth the ascorbate-molybdate mixture, in- 
cubated at 20°C for 45 mm and then measured at 
820 nm 114,151. 

2.4. Protem determmatlon 
Protein concentratron was determined by the 

method of Lowry et al. [16] using bovine serum 
albumm as a standard 

2.5. SDS-polyacrylamlde gel electrophoresls 
SDS-polyacrylamide gel electrophoresrs was per- 

formed on 7.5% slab gels accordmg to the method 
of Laemmli [17]. Gels were stamed wtth 
Coomassie brilliant blue. 

3. RESULTS AND DISCUSSION 

Alkahne phosphatase was effiaent m removmg 
phosphate groups from neurofllament. The 
phosphate content was reduced by half (table 1) 
The dephosphorylatron treatment affected the 
electrophoretrc mobrhty of the 200 and 150 kDa 
subunits of neuroftlament. However, the elec- 
trophoretrc mobthty of the 70 kDa subumt dtd not 
change after this treatment (frg.la and b) The 
same phenomenon has been reported by Juhen and 
Mushynskr [5]. It appeared that these alterations 
of the electrophorettc mob&y were not due to 
proteolysts but to conformatronal changes of the 
200 and 150 kDa subunit molecules by remova of 
phosphate groups. Thts ts supported by the fmdmg 
that the molecular masses of the 200 and 150 kDa 
subumts are overestimated m SDS-polyacrylamtde 
gel electrophorests [18] In other words, 
dephosphorylatron may cause a hrghly extended 
form of the 200 and 150 kDa subumt molecules to 
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Table 1 

Phosphate content of neurofxlament and the 200 kDa 
subunit 

Preparation Phosphate content 
(nmol/mg) 

Neurofllament 
Non-dephosphorylated 
Dephosphoryla~ed 

200 kDa subunit 
Non-dephosphorylated 
Dephosphorylated 

49 4 
22 9 

44 5 
33 

be folded to some extent. Thus may alter the con- 
figuration of the protein m SDS, giving rise to’an 
apparent reduction of each molecular mass. 

The dephosphorylatron treatment exphcrtly m- 

a b c d 
Fig 1 SDS-polyacrylamlde gel electrophoresls of 
neurofllament (a,b) and the 200 kDa subumt (c,d) a and 
c, non-dephosphorylated; b and d, dephosphorylated 
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fluenced the activity of neuroftlament to promote 
tubulm polymerrzation, causing network forma- 
tion (fig.2). The dephosphorylated neurofilament 
lost potency to a great extent in comparison with 
the non-dephosphorylated one. This suppression 
of promoting activity was ascribed to 
dephosphorylatron of the 200 kDa subunit, since 
the 200 kDa subunit was previously shown to be 
responsible for stlmulatton of tubuhn assembly 
and since tt was effectively dephosphorylated as 
shown m ftg.lb 

Therefore, we examined dephosphorylatron of 
the isolated 200 kDa subunit to verify this assump- 
tion. The treatment with alkaline phosphatase 
removed almost all of the phosphate groups from 
the 200 kDa subunit (table 1). The apparent 
molecular mass of the 200 kDa subunit was also 
lowered by dephosphorylatron (fig. lc and d). The 
non-dephosphorylated 200 kDa subunit showed a 

7 

- 
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Fig 2 Inhtbttron of cross-linking between neurofrla- 
ments and mrcrotubules by dephosphorylatton of 
neuroftlament measured by low-shear vtscometry 
Varying amount of non-dephosphorylated (0) or 
dephosphorylated neuroftlament (0) was combmed with 
tubuhn (3 3 mg/ml) and incubated at 34°C for 30 mm 
Then low-shear vtscosrty was measured by a falling ball 
apparatus The reaction medium contamed 84 mM 
Pipes (pH 6 7), 1 4 mM EGTA, 0 99 mM GTP and 
3.1 mM MgS04 GTP-regenerating reagents (1 4 mM 
phosphoenolpyruvate and 71 pg/ml pyruvate kmase) 
were further added to the reactton mtxture to avotd 
exhaustion of GTP by alkaline phosphate that slightly 

contaminates the neuroftlament preparatton 

04 - 
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Fig 3 Inhrbttron of the 200 kDa subumt-Induced 
promotron of tubuhn polymerrzatron by dephospho- 
rylatton of the 200 kDa subumt a, tubulm (3 2 mg/ml) 
alone, b and c, dephosphorylated 200 kDa subumt (0 38 
and 0 75 mg/ml, respectively) was added; d, non- 
dephosphorylated 200 kDa qubumt (0 34 mg/ml) was 
added The reaction medmm contamed 85 mM Popes 
(pH 6 7), 16 mM EGTA, 10 mM GTP and 3 1 mM 
MgS04 GTP-regeneratmg reagents (I 1 mM phos- 
phoenolpyruvate and 53 pg/ml pyruvate kmase) were 

further added to the reactton mtxture 

significant acceleration of the mittal rate of tubuhn 
polymertzation and a slight enhancement of 
assembly at steady state (ftg.3, cf. a and d). On the 
other hand, the dephosphorylated subunit scarcely 
exhibited either acceleration or enhancement of 
assembly (frg.3, cf a with b and c). Hence, we con- 
clude that the dephosphorylatton of neuroftlament 
causes neurofrlament-dependent assembly of 
microtubules to sequester and that this IS mainly 
due to the removal of phosphate groups from the 
200 kDa subunit. Moreover, the speculation may 
be made that the conformatron of the prolecting 
domain of the 200 kDa subunit 1s swayed by phos- 
phorylatton/dephosphorylatton, thereby causing 
modulatton of the activity to promote tubuhn 
assembly. Sternberger and Sternberger [ 191 have 
also documented the posstbrhty that phosphoryla- 
tion may hold the key to the function of neurofila- 
ment in vivo 

ACKNOWLEDGEMENTS 

This work was supported m part by Grants-m- 
Aid for Sctentrftc Research from the Ministry of 
Education, Science and Culture of Japan (nos 
57440004 and 57380016). 

241 



Volume 185, number 2 FEBS LETTERS June 1985 

REFERENCES 

[l] Mmaml, Y , Murofushl, H and Sakal, H (1982) J 
Blochem 92, 889-898 

[2] Mmaml, Y and Sakal, H (1983) J Blochem 94, 
2023-2033 

[3] Mmaml, Y., Endo, S and Sakal, H (1984) J 
Blochem 96, 1481-1490 

[4] Jones, S M and Wllhams, R C Jr (1982) J BIO~ 
Chem 257, 9902-9905. 

[5] Juhen, J -P. and Mushynskl, W E (1982) J Blol 
Chem 257, 10467-10470 

161 Wow, J , Hutchlson, S B and Llem, R K H 
(1984) J BIOI Chem 259, 10867-10874 

[7] Juhen, J -P and Mushynskl, W E (1983) J Blol 
Chem 258, 4019-4025 

[8] Shelanskl, M L , Gaskm, F and Cantor, C R 
(1973) Proc Nat1 Acad SCI USA 70, 765-768 

[9] Wemgarten, M D , Lockwood, A H , Hwo, S -Y 
and Kxschner, M W (1975) Proc Nat1 Acad SCI 
USA 72. 1858-1862 

[lo] Runge, M S., Schlaepfer, W W and Wllhams, 
R C Jr (1981) Blochemlstry 20, 170-175 

[Ill Llem, R K H (1982) J Neurochem. 38, 142-150 
[12] Gelsler, N and Weber, K (1981) J Mol Blol 151, 

565-57 1 
[13] Stull, J T and Buss, J E. (1977) J Blol Chem 

252, 851-857 
[14] Ames, B N and Dubm, D T (1960) J Blol Chem 

235, 769-775 
[15] Chen, P S Jr, Torlbara, T Y and Warner, H 

(1956) Anal Chem 28, 1756-1758 
[16] Lowry, 0 H , Rosebrough, N J , Farr, A L and 

Randall, R J (1951) J Blol Chem 193, 265-275 
[17] Laemmh, U.K (1970) Nature 227, 680-685 
[18] Kaufmann, E , Gelsler, N and Weber, K (1984) 

FEBS Lett 170, 81-84 
[19] Sternberger, L A and Sternberger, N H (1983) 

Proc Nat1 Acad SCI USA 80, 6126-6130 

242 


