Phosphorylation: a smart biological switch for electrostatic interactions in neurons
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Bio 101: Phosphorylation and neurodegenerative diseases

Handshake Analysis Matrices
Sidearm phosphorylation increases the negative net charge density of NF-M and NF-H, which results

with axonal caliber expansion: a prerequisite of normal axonal conduction and transport. To reveal the potential attractive interactions cross-linking N
i A . A mengan o fe2inp —p Complementary chain
Aberrant neurofilament protein the negatively charged tail together; and to relate the tail = ;ﬂgm‘“}ﬂ/&\h

charge distribution to our results, we employ a sequence-
based electrostatic model.

Complementary amino-acid sequences that contribute to
opposite chain interactions are represented by the matrix

phosphorylation is a pathological hallmark  Human NF-H phosphorylation 7 Phosphorylation site
of many human neurodegenerative
disorders, such as Alzheimer’s and
Parkinson’s diseases.
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Inter-filament tail interaction is modulated by phosphorylation — :NFM Phos
2D 3
The sidearms mediate both repulsive and attractive interactions between neurofilaments in the EO 2
condensed hydrogel. Phosphorylation significantly increases the net negative charge density of NF-M = "En )
and NF-H, thus altering the electrostatic interactions between the filaments. '-zL [ SR e
e
F - bt adr i
0.8) - 0‘3 i Number of AA | # in-vivo Fhe i
-u__?r‘-'w -u_?v | ' v v Y Protein Heads | 1 Phospho [ T:f’ge 300 500 Collapsed state Expanded state 2
400 500 500 600 700 800 900 [Phosphate § body e o
Trveew o ey | | R — = el G LI
400 500 500 600 700 800 900 s 1L 2 1ER] B e 600 i #600
n \ =T S g
) NE-H ~ NF-H (mouse) . -7.06 o : ! < =
_gé?‘wwwﬂm“ww % o | e Bl K6 %0 98.88 ; .g 400 ‘ i EE §400
= ( a-internexin -2 ‘ ih =
" "s0 0 700 0 e00 1000 =3 arin;mexm ws | oo | 1 2t L Q 200 Bl | H EZDU
o NF-H Phos Ehos B DR - i z 15« e ! Compression
3L response altered
o v e — A Ay 200 400 600 200 400 600
' 500 600 700 800 900 1000
Phosphate 1?,0'
Neurofilament tails as “smart” polymers addition (0/"‘-0'
. . . . +
4 . —K—5—P —
Phosphorylation modulates the |nte|: fllam.ent distance and promotes How do polymers react to net charge increase?
structural orientation
Measurement of force and inter-filament — Conventional charged polymers “Smart” charge distribution
distance with induced osmotic pressure shows Fil AT
differences in force response and structure. = Orientation No: charge | Yes:
| a7 | » 0
Cross- polarizing microscopy shows R — H‘ obstructs NF-L:NF-H
nematic (oriented) domains in NF-L and in ) , der:'hos orientation
phosphorylated ~ NF-L:NF-H  networks 4 10° \ 10 .
compared with an isotropic scattering of 2, :g, ”‘\’:“; 10* \_\
dephosphorylated NF-L:NF-H networks. Z \m 1 Tail size Increased due Fee! Decreased: OO
small angle X ray scattering profiles of  § 4 \: 10' X" to  repulsive {:% @ NF-L:NF-M ’\(\ ‘\5'*\*2
dephosp‘horylated ) N'F—L:NF—H netwo{rks 10° g 11(3‘ \ electrostatics. (:W's"\’f) s @pr;@)
agree with these findings: the correlation 10" herey ) b - —r e ) —( =
peaks suggest a lesser translational order. 0'01q(A")0 1 o OE(A”)M - W,

Synchrotron experiments SOLEIL

performed at SYNCHRGTRON i L sORATORY S: BI StrUCt { ,g

\CTIONS

Tel Aviv University Center for Nanoscience

Anar




