IR B RFHE IR U

x Gifu University Institutional Repository

Structural and Functional Characterization of
NP25, a Single CH Domain Protein

&&2: English

HARE

NFH: 2008-03-24

F—7— K (Ja):

*—7— K (En): neuronal protein 25 (NP25), calponin
homology (CH) domain, homology modeling, actin
YERE : KUWATA, Hiromi, &, 2, MUTO, Yoshinori,
KUWATA, Kazuo, OKANO, Yukio

X=)LT7 FLR:

il

http://hdl.handle.net/20.500.12099/20960




I EABERL 545 1—7 (2006) 1

Structural and Functional Characterization of
NPZ5, a Single CH Domain Protein

Hiromi KUWATA"?, Takashi YOSHIOKA", Yoshinori MUTO?,
Kazuo KUWATA® and Yukio OKANO"

" Department of Molecular Pathobiochemistry, Division of Disease Control, Gifu University Graduate School of Medicine
®Department of Maternal and Pediatric Nursing, Gifu University School of Medicine
¥ Department of Basic Health Science and Fundamental Nursing, Gifu University School of Medicine

Y Center for Emerging Infectious Diseases, Gifu University

(Director: Prof. Y. OKANO)

Neuronal protein NP25 is a neuron-specific member of the calponin family proteins, which is known to interact with actin.
The secondary structure of NP25 is mainly composed of the helical segments as measured by its circular dichroism (CD) spectra,
and the three dimensional structure of the N-terminal half region (27 to 134) is quite homologous to the calponin homology
(CH) domain as inferred from the homology modeling method.

The actin sedimentation assay using three deletion mutants of NP25 in the C-terminal region showed that the short sequence
of 153-160 (RKAQQNRR) is very important for the interaction with actin, and the C-terminal 27 amino acids (173-199) also
contributed to some extent. The multiple sequence alignment revealed that the short actin-binding sequence of NP25
(RKAQQNRR) is well conserved among the single CH domain proteins, but not in the actin binding domain (ABD) proteins.
The NP25 sequence can be aligned with the myosin subfragment 1 with relatively low identity (15.4% ). RKAQQNRR sequence
can be also aligned with the F-actin binding region of myosin subfragment 1 (546-554), which forms the flexible helix-loop-

helix motif projecting to the interface between F-actin and myosin. The local structure of the interaction site of myosin with actin

is similar to that of the corresponding region of NP25, suggesting that NP25 interacts with F-actin like myosin.
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INTRODUCTION

The calponin homology (CH) domain is a protein mod-
ule of about 100 residues that was first identified at the N-
terminus of calponin, an actin-binding protein playing a major
regulatory role in muscle contraction. Three major groups of
CH-domain-containing proteins have been recognized on the
basis of sequence analysis. The first group contains proteins
with a single N-terminal CH domain (1xCH proteins) includ-
ing calponin, SM22, NP25, and other signaling proteins. The
second group contains those with two CH domains forming F-
actin-binding domain (ABD) including spectrins, dystrophin
and filamins. The third contains those with two ABDs in tan-
dem constituting 4xCH domains such as fimbrin and
plastin®?.

NP25 is a member of the first group of calponin family
proteins including SM22¢., mp20 and calponin, and it is only

observed in the highly differentiated central nervous system®.
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The calponin family proteins except NP25 are major compo-
nents of differentiated smooth muscle cells and are reported to
interact with actin*””. In rats, NP25 mRNA is detected in the
brain and spinal cord, but not in the liver, kidney, testis, ovary,
intestine, uterus, heart, or skeletal muscle®. This distribution
suggests that NP25 is expressed solely in the central nervous
system. When different regions of the rat brain were exam-
ined, NP25 mRNA was distributed widely, but not uniformly,
in the brain, with strong signals in the hippocampus, frontal
cortex, cerebellum, and midbrain®. This wide and differential
distribution of NP25 in the brain suggests that it may play an
important role in the functioning of specific neuronal systems.

Amino acid sequence information of rat NP25 suggests
that there is one casein kinase II phosphorylation site (residue
number 138-142), two possible protein kinase C phospho-
rylation sites (180-183, 198-201) and one ATP binding se-
quence at the C-terminal (191-200). According to the secon-

dary structure prediction, contents of a-helix, B-sheet and ran-



dom structure were 36, 17 and 44 %, respectively”. However,
there has not been any experimental evidence of its conforma-
tion nor of its biological function.

Recently we demonstrated an interaction of human NP25
with filamentous actin (F-actin) by using a combination of
cosedimentation assay and fluorescence resonance energy
transfer (FRET)?, and increased expressions during neural
differentiation”. F-actin is involved in various cellular func-
tions, such as intracellular trafficking, cell shape, coordinated
cell movement, and differentiation in response to various ex-
tracellular signals'. Globular actin (G-actin) is involved in
cell proliferation, whereas F-actin is involved in stress fiber
formation and differentiation. Since dynamic changes in actin
organization in cells are considered to be controlled by various
actin-binding proteins', the actin-binding capacity of NP25
might be implicated in the regulation of the stress fiber forma-
tion or in the differentiation of neural cells. It therefore
seemed of interest to investigate the interaction of NP25 with
F-actin to gain further insights into the mechanism of NP25
function.

There have as yet been no attempts to characterize the
three-dimensional structure of NP25or its F-actin binding
mechanism. Here we first characterized its three-dimensional
structure and investigated the molecular mechanism by which
NP25 binds to actin, using the circular dichroism, the homol-
ogy modeling, the actin sedimentation assay and the multiple

sequence alignment.

MATERIALS AND METHODS

¢DNA constructs and protein expression

cDNA constructs of wild type and three mutant NP25s
(Figure 3) were PCR-amplified with Pyrobest DNA polym-
erase (TAKARA) and subcloned into pCR4Blunt-TOPO. The
primer sets used were as follows; for wild type: upper (5’-AG
GATCCCAGAGATGGCTAACAGGGGCCCG-3’) and lower
(5-AGAATTCCTACATGATCTGCCTGGGCATCCC-3’);
for A174-199: upper (5-AGGATCCCAGAGATGGCTAAC
AGGGGCCCG-3’) and lower (5’-AGTCGACGTTCTGTCC
CTGGCGA-3); for A153-199: upper(5’-AGGATCCCAGA
GATGGCTAACAGGGGCCCG-3’) and lower (5’-ACACG
TGAAACCAGGATGGCTCTCC-3’). To construct A153-
160 fragment, the small fragment of amino acids 161-199 was
first PCR-amplified using the primer sets of upper (5°-ACCC
GGGTTTTCCGAGGAGCAGC-3’) and lower (5’-AGAATT
CCTACATGATCTGCCTGGGCATCCC-3’), then ligated
with the fragment of A153—199. The obtained clones were se-
quenced and subcloned into pGEX-3X vector (Pharmacia).
Using these constructs, proteins were bacterially expressed
and purified with glutathione beads, and then cleaved from the
GST-tag with factor Xa.
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Actin sedimentation assay

Binding of NP25 to F-actin was examined using a sedi-
mentation assay essentially as described previously?.
Briefly, 2u g of purified NP25 proteins of wild type and dele-
tion mutants were incubated for 10 min at room temperature
with 10 g of actin (Sigma) in 200 £ of buffer containing 2
mM Tris-HCl, pH7.4, 0. 2mM CaCl;, 0. 2ZmM DTT, and 0.5
mM ATP. Actin polymerization was induced by adding KCl
(75mM) and MgCl, (2mM) at room temperature for 1h, and
the samples were centrifuged at 100, 000 g for 1h at 25°C. Su-
pernatants were carefully removed and aliquots of the super-
natant and the pellets were analyzed. The samples were mixed
with loading buffer and analyzed by SDS-PAGE on a 10%

acrylamide gel and stained with Coomassie brilliant blue.

Circular dichroism (CD)

All the circular dichroism (CD) measurements were
made using an Aviv 202 stopped-flow circular dichroism
spectrometer. Far-UV CD spectra were recorded between 180
and 260 nm, using a 1-nm slit width and a 0. 1-cm path length
cell thermostated at 20°C. Typically, CD signals were col-
lected for 10 sec at each wavelength. Thermal unfolding of
wild type NP25 was monitored by measuring the CD signal at
218nm containing 100 M of purified NP25 in 50mM phos-
phate buffer (pH6.0) with 100mM Na,SO, in a temperature
range from 5 to 85°C with a heating rate of 1°C/min. Secon-

dary structure was estimated using the program, k2d™.

Homology modeling and multiple sequence alignment
Homology modeling was conducted using ICM-3. 0 soft-
ware (Molsoft LLC, La Jolla, CA)". Proteins with homolo-
gous sequences with NP25 were searched in the Protein Data
Bank database. The most probable structure was generated ac-
cording to the alignment routine in the ICM, and finally the
energy-minimized structure was generated. The ICM program
has the unique loop prediction routine and the identification
routine of the strained parts of the design, and previously pre-
dicted conformation of the new 7 residues loop exactly
matched the crystallographic data within an error of 0.5A™.
Multiple sequence alignment for comparing the actin binding
sites was performed using CLUSTALW (http://align.genome.
jp/)'"®. The loop structure of the C-terminal half of NP25 was
generated by the software Insight II (MSI, Inc), and the sur-
face potential was calculated by MOLMOL (http://www.mol.
biol.ethz.ch/wuthrich/software/molmol/).

RESULTS

Secondary structure

Purified wild type NP25 was finally concentrated to 40
1 mol at pH7. 0. The obtained CD spectrum is shown by ® in
Fig. 1.
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Fig. 1 CD spectrum of NP25 (@) (100, M, pH6.0, 50mM
phosphate buffer with 100mM Na.SO,). Contents of o-helix, B-
sheet and random structure were calculated to be 27%. 22% and
51%., respectively. Theoretically generated curve was also plotted
( ©) using the program, k2d"

The spectrum apparently shows the helical characteristics
with relatively high helical content. To quantify the contents
of the secondary structure, we used the software k2d"'. The
theoretically predicted CD curve is shown by ©in Fig. 1. Ob-
tained contents of the o-helix, B-sheet and random structures
were 27%, 22% and 51%, respectively, which are essentially
consistent with the results of the secondary structure predic-

tion”.

Structure of the N-terminal half

Homology modeling of NP25 was conducted using the
homology modeling tool in ICM 3.0". Although more than
10 proteins were initially selected as candidates in the homol-
ogy modeling procedure, most of the generated structures
were composed of random coil or small segments of [3-sheets,
and were apparently incompatible with the CD spectrum of
NPZ5. However, among the candidates only calponin and
myosin'” have high helical content. In fact, the NP25 se-
quence was quite homologous to the CH domain (identity =
45.5% ). The three dimensional structure of NP25 was mod-
eled according to the CH domain structure” and the tenta-
tively generated structure was further optimized by the energy
minimization procedure. The finally obtained structure in-
cludes only the region corresponding to the amino acid resi-
dues from 27 to 134, the N-terminal half, and does not include
the C-terminal half of NP25, i. e. from 135 to 199.

As shown in Fig. Za, the final model structure is compact
and also globular, consisting of a core of 4 helix bundles (I,
I, IV and V1), which are connected by long loops with two
short helical structures (11 and V). Three of the core helices of
(111, IV and V1) form a triple-helix bundle in which helices 111
and VI are approximately parallel with helix IV. The N-

terminal helix I lies perpendicular to helices I1T and VI and the
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{a) A stereoview of the model structure of NP25 con-

CHD

Fig. 2
structed by the homology modelling based on information on the
solution structure of the CH domain™. (b) Surface electrical poten-
tial of NP25 calculated using MOLMOL. Blue and red colours ‘in-
dicate positive and negative charges, respectively. (c) Surface elec-
trical potential of CH domain of calponin calculated by MOLMOL..
Blue and red colors indicate positive and negative charges, respec-
tively.

two short helices (Il and V) are located close together at the
N-termini of helices 111 and VI, respectively. A 3, helix is also
present in the loop between helices IV and V. These configu-
rations of various segments are quite comparable to those of
the CH domain determined by solution NMR"™. Thus, the
three dimensional structure of the N-terminal half of NP25 is
essentially the same as that of the CH domain.

To compare the structural characteristics of the NP-25 N-
terminal half and the CH domain, we calculated their surface
potential profiles. Although the global shape of the model
structure of NP25 is quite similar to that of the CH domain as
described above, the molecular surface of NP25 is almost uni-
formly positively charged as shown in Fig. 2b, and this feature
is quite different than that of the CH domain, which has both

positive and negative charges, as shown in Fig. Zc.

Actin sedimentation assay

Three kinds of deletion mutants in their C-terminal
halves were constructed, as illustrated in Fig. 3.

Using these mutants, the actin sedimentation assay was
performed to map the binding region of NP25 with actin. As
shown in Fig. 4, the band of wild type NP25 (as shown* 1)
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Fig. 3 Scheme of the constructed deletion mutants. A153-160, A
173-199 and A153-199 lack amino acid residues 153-160, 173
199, and 153-199, respectively, of the wild type sequence (Acc #
XMO002852).
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Fig. 4 Profile of the actin sedimentation assay on SDS-PAGE us-
ing a 10% acrylamide gel stained with Coomassie brilliant blue.
The expected sizes of NP25s of wild type (% 1) and various mu-
tants, A153-160 (% 2 ), A173-199 (* 3 ) and A153-199 (* 4 )
are indicated. The band of actin is indicated as *0. S and P indi-
cate the supernatant and the pellet, respectively.

was observed in the pellet, indicating strong interaction with
actin.

Compared with wild type, weak bands of A153-160 ( *
2 ) or A173-199 (% 3 ) were observed in the pellet, and also
in the supernatant, which indicated that these mutants could
still bind to actin, though their interactions were relatively
weak. Between these two mutants, A173-199 bound more
strongly than A153-160. On the other hand, A153-199 (*
4 ) was observed only in the supernatant, showing that it
failed to interact with actin. These results indicate that the in-
teraction site with actin exists between 153-199. Lower affin-
ity of A153-160 than A173-199 mutant suggests that the se-
quence between 153-160 (RKAQQNRR) of NP25 is the ma-

jor site of interaction with actin.

Structure of the C-terminal half and actin binding site
Amino acid sequences of NP25, actin binding domain
(ABD) proteins, and single CH domain proteins were com-

18, 19]

pared using multiple sequence alignments ™. In general, sin-
gle CH domain proteins have the characteristic sequence cor-
responding to residues from 153 to 160 in NP25 sequence, as

shown in red characters in Fig. 5.
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NP25 ——————————————MANRGPSYGLSREVOEK | EQKYDADLEN-—— K 29
Sm22 ESsesmanas et MANKGPSYGMSREVQSK | EKKYDEELEE—R 20
K1AAO120 VSALLSSPLERSPQPPPP | GMANRGPAYGLSREVQQK | EKQYDADLEQ-————————1 48
ht == EVKNKLAOKYDHOREQ——————E 17
mp20 ~——————————MS—————LERAVRAK | ASKRNPEMDK—————E 22
myophi lin SRR AR L NSNVPPPSGLSYOVKKKL EGKRDKDOEN————E 29
NP25 LVDWI |LQCAED | EHPPPGRAHFOKWLMDGTVLCKL INSLYPPGQEP | PK | SES——— 83
SM22 LVEW! | VQCGPDVGRPDRGRLGFQVWLKNGY | LSKLVNSL YPDGSKPV-KVPENP—— 83
KIAAO120 L |QW1 TTOCRKDYGRPOPGRENFGNWLKDGTVLCEL INALYPEGQAPVKK | OAS-——— 103
hi LREW | EGVTGRR | GN—————NFMDGLKDS | |LCEF INKLGP—GSVKK INES——— 62
mp20 AQEWIEAI | AEKFPAGQ———SYEDVLKDGOVLCKL INVLSP——NAVPKVNSS———— 69
myophilin ALEW!IEALTGLKLDRSK-———LYED|LKDGTVLCKLMNS IKP-——GC IKK INEN-——— 76
NP25 ~—KMAFKOMEQ! SQFLKAAETYGVRTTD | FOTVDLWEGKDMAAVORTLMALGSVAVTKDD 141
SH22 ~PSHVFKGMEQVAQFLKAAEDYGY | KTDMFQTVDLFEGKDMAAVORTLMALGSLAVTKND 142
KIAAD120 ~—THAFKOMEQ! SOFLOAAERYG INTTD | FOTVDLWEGKNMACYQRTLMNLGELAVARDD 161
hi —TONKHOLENTGNF [ KAI TKYGVKPHD | FEANDLFENTNHTOVOSTLLALASMAKTKGN 120
mp20 ~GGO-FKFMEN | NNFOKALKEYGVPD IDVFQTVDLYEKKD | ANVINT | FALGRATYKHAD 127
myophi lin ~ATMPFKIMEN | SAFLEAMKGYGVPVADLFQTVDLFEKKD | AQVTRTLFALGRTCOTHPE 135
NP25 GCYRGEPSHFHRKAGONRRGF SEEQLROGONY | GLOMGSNKGASQAGMTGYGMPRO IM— 199
Shi22 GHYRGDPNWFMKKAQEHKREF TESOLQEGKHV | GLOMGSNRGASQAGMTGYGRPRG | 15— 201
K1AAD120 GLFSGDPNWFPKKSKENPRNF SONOLOEGKNVY | GLOMGTNRGASQAGMTGYGMPRO I L— 219
hi KVNVG————VKYAEKOGRKFEPGKLREGRN | | GLOMGTNKFASQUGMTAYGTRRHLYDP 175
mp20 —FKG-PFLGPKPADECKRDF TEEGLKAGQT | VGLOAGSNKGATOAGON-LGAGRK ILLG 183
myophilin ~~YSG-PVLGPKLATENKREF TEQOLREGONVVSLOYGSNKGASQAG | N-MGKQRM IND~- 190

Fig. 5 Multiple sequence alignment of NP25 with single CH do-
main proteins, NP25, SM22, KIAA0120, hl calponin, mp20 and
myophilin are used for the alignment.

This region includes a relatively high content of posi-
tively charged residues lysine (K) and arginine (R). On the
other hand, actin binding domain (ABD) proteins do not pos-
sess such characteristic motif around their corresponding re-
gions.

To gain further insight into the structural characteristics
of the F-actin binding region of NP25 (153 to 160), we con-
ducted the homology modelling analysis down to much lower
). We found that the NP25 is also

homologous with the S1 domain of myosin but with low iden-

similarity (less than 20%

tity (15.6% ). Alignment results displayed in Fig. 6 indicated

........................................... Po#.#.R-V..K#.
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Fig. 6 Sequence alignment of NP25 and myosin. In the top line,
amino acid symbol, +, — and # indicate the identical. positively
charged, negatively charged and hydrophobic residues, respec-
tively. In the bottom line, red bar and green arrow indicate the o
helix and B sheet, respectively. NP25 structure is predicted to be
mainly helical. Major F-actin binding site of NP25, RKAQQNRR
is marked with a square. Furthermore, this region is predicted to be

homologous to myosin S1 Domain.
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Fig. 7
main of myosin (yellow). Grey and red indicate the helix and loop,

{a) Superimposition of NP25 (grey and red) on the S1 do-

respectively. Superimposition of NP25 and F-actin was performed
using ICM-3. 0. (b) Location of the F-actin binding site in myosin
(magenta). This structure mimics the F-actin binding region of NP
25, residues 153-160. The corresponding region of myosin S1 do-
main is the residue from 546 to 554, which constructs the actual ac-
lin binding site, that corresponds to the C-terminal part of helix-
loop-helix structure (helix from 516 to 542, loop from 543 to 546,
and helix from 547 to 558). (c) Surface potential of the loop re-
gion (546 to 554 of S1. WFPKATDTS) of myosin calculated by
MOLMOL. Blue and red colours indicate positive and negative
charges, respectively. Lysine 546 forms a kink extruding the posi-
tive charge to the actin side. (d) Surface potential of the loop re-
gion (153 o 160, WFHRKAQQN) of NP25 calculated by MOL-
MOL. Blue and red colours indicate positive and negative charges,
respectively. Arginine 156 forms a kink similarly to myosin pro-
Jjecting the positive charge to the actin side.

that the F-actin binding region of NP25 could be assigned to
the C-terminal part of the helix-loop-helix structure.

The model structure of NP25 was constructed by the ho-
mology modeling based on the reported structure of myosin.
Then, superimposition of NP25 to whole myosin is displayed
in Fig. 7a, though some portions that are not homologous are
disrupted in the model. Intriguingly, NP25 corresponds as a
whole to the S1 domain of myosin.

The F-actin binding helix-loop-helix motif of myosin is
displayed specifically in magenta in Fig. 7b.

To get closer insight into the actin binding loop, we cal-
culated the surface potential of that loop in myosin. As shown
in Fig. 7c, the region projecting into the actin is composed of
lysine 549 with a positive charge. On the other hand, the cor-
responding loop of NP25 is also characterized by a positively

charged residue, arginine 153, as shown in Fig. 7d.
DISCUSSION

The N-terminal half of NP25 is essentially homologous

to CH domains of single CH domain proteins, and is compact
and also globular, consisting of a core of 4 helix bundles (I,
III, IV and VI) (see Fig. 2a). They are connected by long
loops with two short helical structures (II and V). Three of
the core helices of (ITI, IV and VI) form a triple-helix bundle
in which helices 11T and VI are approximately parallel to helix
IV. The N-terminal helix I lies perpendicular to helices 111 and
VI and the two short helices (Il and V) are located close to-
gether at the N-termini of helices II and VI, respectively. A
310 helix is also present in the loop between helices IV and V.
In spite of the above common structural features between NP
25 and single CH domain proteins, their surface potentials are
quite contrastive, as shown in Figs. 2b and Zc¢. The surface of
NPZ5 is essentially surrounded by positive charges, while the
CH domain of calponin has both positive and negative
charges. This characteristic feature of NP25 may provide the
structural foundation for the difference of biological functions
between NP25 and calponins'™'.

It has been argued that multiple CH domains in ABD
proteins have strong F-actin binding capacity, but the CH do-
main in single CH domain proteins such as calponin is insuffi-
cient for F-actin binding™"'. Thus, single CH domain proteins
are considered to possess the actin-binding site outside of the
CH domain. In the present study, actin sedimentation assay
demonstrated that the actin-binding site of NP25 located be-
tween 153199, especially at residues 153160, which is dif-
ferent from those of the CH domain of this protein. The con-
served domain search analysis also revealed the presence of a
calponin-like repeat (CLR) sequence at 174-197 of NP25 as
well as the N-terminal CH domain. The CLR is a short con-
served sequence consisting of 23 amino acids, which is ob-
served in the C-terminal region of calponin and SM22. Family
members of single CH domain proteins have tandem repeats
of CLR, which regulate stabilization of actin filaments®™ . Our
results of cosedimentation assay showed stronger interaction
of the 153-160 sequence with F-actin, and weak association
of the 173-199 sequence corresponding to the CLR with F-
actin was also observed.

The 153-160 sequence is notably conserved in single CH
domain proteins when analyzed using the multiple sequence
analysis. This motif is characterized by tryptophan and pheny-
lalanine followed by characteristic positively charged resi-
dues, such as lysine or arginine (see Figs. 5, 7c & d). As
shown in Figs. 7c & d. this loop forms a kink extruding the
residues with positive charge onto the actin side, thus forming
the actin-binding site. The preceding tryptophan moiety may
work as a switch, since NP25 also has an ATP binding site at
the C-terminal region.

In the homology modeling analysis, the corresponding
region of the 153-160 in NP25 is assigned as the residue from
546 to 554 in the myosin subfragment S1, which constitutes



the actin-binding site clarified by x-ray crystallography, which
is shown in magenta in Fig. 7b. This region corresponds to the
C-terminal part of helix-loop-helix structure (helix from 516
to 542, loop from 543 to 546, and helix from 547 to 558).
This region also changes its conformation upon binding with
actin, while binding of ATP to S1 disrupts the actin-binding
site and changes its conformation again. Thus, this region is
quite flexible and actually the three dimensional structure by
x-ray crystallography could not have been determined by the
ordinary method, but by the special computer simulation tech-

nique"”

. The conformational flexibility may be essential in
this region in order to conduct the biological function, i. e.
binding to the F-actin. Although the physiological function of
NP25 is not yet clarified, the above findings will help the un-
derstanding of the structural and local functional features.
Also, this tendency may be somewhat persistent in other sin-

gle CH proteins such as SM22.
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