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Fig. 1 Domain structure of MLCK ™
The number corresponds to the amino acid number of the primary structure on translation of the full-length cDNA of bovine stomach MLCK!"!. The
location of the recombinant proteins used in this study(MLCK fragment is indicated by bar). CaM binding [ is calmodulin-binding site for regulating
kinase activity of MLCK ™. CaM binding Il is the calmodulin-binding site for regulating actin-binding activity of MLCK ™. The dots (¢ ) indicate

actin-binding(DFRXXL) motifs'"®. The asterisk(*) indicates an additional actin-binding site that is not regulated by the regulatory Il domain "

122 HEFFRIU S E . PO EEXS IE A BUILER
AW, FEYEMESSTRY, BS54 R IUILEK
R [RIJEE A 58%. Al R LBRE AT B IR AL
SEIG ARSI ISP, JRAT Tl - 2 T I e vt Ji v
VKA DU R AL R S, AR R PR IR TS e I E 4L
wE. FEES TR, XSS E A S 4
WA s R UR (100% ). % H Spudich 2% U6 Al
Kohama!" 7 VA HULE)

1.2.3  WERACWLEREE (0. S AR 1 2 B
T : 1 mmol/L DTT. 3 wmol/L JJL Bk & 1
0.15 wmol/L MLCK. 20 mmol/L Tris-HCI(pH 7.5).
60 mmol/L KCI. 0.1 mmol/L CaCl,» 5 mmol/L
MgClL. 0.3 pmol/L CaM. 0.5 mmol/L ATP-y-S.
25°C /K325 min, J10.2 mol/L EGTAZK 1L V. #5
A S R 4R 4R JE A 15 mmol/L MgClL2E i
FEHT2 hEL b, AR AL LBk & A 78 2 DOTE
40 000 g#5 0230 min, # L3%, JH0.6 mol/L KCI.
1 mmol/L DTT. 20 mmol/L Tris-HCI (pH 7.5) 2%
WFE 73 W D CUE, BV ERA5- B IR A B Lk 22 1 A TV
o K R IR A I WLER B2 1, 48 Superose TM6
100/300 GL (Amersham Pharmacia Biotech)#¢ k¢ it Ji€
I3 MBRAF IR AL FTHMMAIS 1y B,

1.2.4 WUERE A ATP Mg s EALN . K] Molecular

Probes A w] (] EnzChek 7 1% £ Il i 7] £ (E6646).
SN AR R B W R 1 mmol/L DTT. 60 mmol/L
KCl. 5 mmol/L MgCl,» 20 mmol/L Tris-HCI
(pH 7.5)» 0.2 mmol/L EGTA. 1/1000U [¥] PNP.
0.05 pmol/LBE MR AL M LBREE 1+ 5 wmol/L WL3h &
s AT EMLCK B B, n N &k JE
0.5 mmol/L ATP, itl3KA s . FERA 1 min idsg—
WA s fi, FLACES min. ZEHHEIMLCK F7 Bk
B, A0SR VER] . GSTX IR 2 AE 58 4 AH [R] ) 4 A
AT, RNAE25C A& T IRET, LLA10 minfg o1
ATPREEEALATP 23 fift = A= TEH U 1 2 R R Bl % 1k
PAAS I MLCK F BEB U AF ATPREVG M4 1, AR
J& MLCKAFLE I 75 R ATPHBEIE 1k 15 € ) HL AR Sk A
Xf ATPR S P

125 KAWL 22 32 3 & 3 . H Rhodamine
Phalloidin #51c £ i & 3 pmol/L I L3N 2
0.05% ¥ collodintl 4% 75 3% v, 160°CHEG T2 h.
I FH 3885 A 1 B s /N = FH AL 22 P (50 mmol/L
KCl. 30 mmol/L XM pH 7.5. 5 mmol/L MgCl,-.
1 mmol/L DTT) Fi el A4 (1 L3k 2 1, Bl /s
. FES min, HABGTIR YRR 45 A L
B#E . 0.5%BSAH 4, ¥ % f7 Rhodamine
Phalloidinbx ic ff13x10 > wmol/L L5 2 1 1) 28 i



2008; 35 (1)

RIAME: NREOAREHREEABEEEATHBRUNKRES ATP BEFERALIES

093-

(50 mmol/L KCl. 30 mmol/L Bk ™ pH 7.6.
2 mmol/L MgCl,» 1 mmol/L ATP. 10U 7 # 441k
fitf. 10U S AL AT 10U M 256, 98t B et
TN E A WIEsh A, g E RE )
FEATHIALEF, ek 2 AshERG. SLRE25C4
PR R T2,

1.2.6 FEAFUER. KM Bio-Rad £ [ SOk 3k
ITHEABUE &, &t HH4E. BSAbrdEE
FRHEBS AFRHE Hh 2 73 ) v+ B4 I 2 1 ok JiE

1.2.7 Sl #r. KA SPSS13.0 A AT 4t vt
o B Class Fon, BEAT AN JT A

M 1 2 3 4 5 6 7 8
ku
— B
-— i =
—
s
— - =

(ANOVA), P<0.05 a4 X.
2 & R

2.1 MLCKFR BHFRIER &N

MLCK i B{ A E.coli BL21 T 42 IPTG %55, LA
Rl i R SR AR B A 28 S I R e 0 S 3R
B bE Kyt e . 212 P MLCK. F Bt 28 Glutathione
Sepharose 4B FIZAT 70 S alifb o, WO AR &8 Uk
B, 12%SDS-PAGER M IL4LE, 43 2 7 ot &
21462 kulfy 8 1 45 (K12).

9 1011 12 13 1415 16 17 1819 20 21

______ «—— 02 kuF6.5

Fig. 2 Expressed and purified the MLCK fragment by 12% SDS-PAGE
M : Protein molecular mass Marker; 7, 2: The supernatant and precipitate of the MLCK fragment expressed in E.coli BL21 with IPTG induced; 3: The
flow-through fraction of the MLCK fragment; 4~2/: The elution fractions of the MLCK fragment (The arrow shows the purified MLCK-GST fusion

fragment).
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Fig. 3 Phosphorylated myosin 20 ku light chain by MLCK

Unphosphorylated myosin was incubated with the MLCK fragment and
subjected to a 10% Glycerol-PAGE. ]: 0.01 pmol/L MLCK fragment
were added to unphosphorylated myosin. 2: 0.01 pmol/L full-length
MLCK were added to unphosphorylated myosin. 4 pmol/L myosin and
5 g calmodulin were used for lane / and 2 at 25°C for 20 min in the
incubation. The LC20 represented unphosphorylated 20 ku myosin light
chain; p-LC20 represented monophosphorylated 20 ku myosin light
chain; LC17 represented 17 ku myosin essential light chain.

W Y A% BE AT M 58 B MLCK # 18 1k (p-LC20), 1
MLCK v B AN e Al L EK 81 1120 ku i 45 42 5 0 1R 1L
(LC20). 17 kuy JE A B2 55 W) A BE 4% 5¢ 2 MLCK &
MLCK F B B2 Ak(LC17). W44k 1) JULER 2 1 1L
HAENEYE, B RIMLCK B & % B T i 1)
TEE.
2.3 MLCKF E X #ER L ANFkE R . HMM #0S1
ATPREGE %R 220

MLCK i B i R 46 WLER 2% 1 . HMM A1S1
ATPE &P AT B W S EH . BEEMLCK v Bt
RPN, WS PR R . R R B 1)
MLCK B i e A JULER R 1. HMM RIS T AH X i
M ZE(E4). LRI LGST R AR R E
I MLCKIS R S 40 77 (MIL-9) ko) e, 9 3
SRR AL I NLER 8% (A ATPEEG M (058 M. 45 3
BRI OR s 85 Y.

PRIEZA R & O E SR SEC R Smp))
I RN TH TV e (FH 3G 58 A5 B KR ) KK
fH(£1).



« 04 o EYNFSEYYIRHER

Prog. Biochem. Biophys. 2008; 35 (1)

10

Relative ATPase activity

SN B~ O

0.1 0.2 0.3 0.4

c(F6.5)/(nmol L")

Fig. 4 Effect of the MLCK fragment on phosphorylated
myosin, HMM and S1 ATPase activity
The ATPase activities of phosphorylated myosin, HMM and S1 were
measured in the presence of various concentrations of the MLCK
fragment and in the absence of Ca*" and CaM. The relative values of the
activity (ordinates) were plotted against the concentration of the MLCK
fragment (abscissa). @ —@: p-myosin; A—A: p-HMM; m—m: p-S1.

Table 1 Effect of the MLCK fragment on phosphorylated
myosin, HMM and S1 ATPase activity

V mx(-fold) K./(pmol - L)
Phosphorylated myosin ~ 19.426+1.669 (3) 0.486+0.106(3)
Phosphorylated HMM 15.681+2.903 (3) 0.333+0.056(3)
Phosphorylated S1 42.893+17.908(3) 2.347+1.187(3)

The numbers in parentheses refer to the number of experiments;

P <0.01.

(a) _ (b)
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Fig. 5 Effect of the MLCK fragment on actin filaments in vitro motility assay by fluorescence microscopy (x100)

Phosphorylated myosin was diluted with buffer containing 50 mmol/L KCI, 30 mmol/L imdazole(pH 7.5), 5 mmol/L. MgCl,, 1 mmol/L DTT; actin
filaments were labeled with Rhodamine-Phalloidin. Fluorescence micrographs of actin filaments moving on phosphorylated myosin in the absence
MLCK fragment(a) or in the presence of 3 nmol/L and 30 nmol/L MLCK fragment (b and c).

Table 2 Number of actin filaments binding to smooth
muscle myosin with the MLCK fragment

Table 3 Velocitiy of actin filaments on smooth muscle
myosin surface with the MLCK fragment

MLCK fragment/(nmol-L™") Number(xzs) P(a=0.05)
0 1 696+295(6)
0.3 1789+422(3) 0.377
3 4239+1193(4) 0.011
30 5397+535(4) 0.000
100 5 142+620(3) 0.003

MLCK fragment/(nmol-L ") Velocity(x+s) P(a=0.05)
0 0.8030.018(4)
0.3 0.827+0.028(4) 0.534
6 0.864+0.049(5) 0.100
30 0.867+0.049(5) 0.085
100 0.877£0.046(5) 0.048
300 0.926+0.036(4) 0.003

The numbers in parentheses refer to the number of experiments.

The numbers in parentheses refer to the number of experiments.
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MLCK With Its Non-kinase Activity Regulates
Phosphorylated Myosin ATPase Activity and
Velocity of Actin Filaments In vitro Motility Assay”

LIANG Ming-Li", CUI Ying?, LU Guang-Yan?, GAO Ying'?"
("The Department of Biochemistry & Molecular Biology, Dalian Medical University, Dalian 116027, China;
?Key Laboratory of Medical Cellular and Molecular Biology, Dalian Medical University, Dalian 116027, China)

Abstract Myosin light chain kinase (MLCK) is a multif unctional regulatory protein of smooth muscle
contraction, which includes an N-terminal actin-binding domain, central catalytic domain, calmodulin-binding
domain, and a C- terminal myosin-binding domain. Myosin phosphorylated by the catalytic domain of MLCK is in
an active form and interacts with the actin filament to contract smooth muscle. This mode of phosphorylation is
widely accepted as the regulatory mechanism for actin-myosin interaction. However, there are a number of
observations that are not explained by this mechanism. An MLCK C-terminal fragment (MLCK fragment)
containing the myosin-binding domain have been previously engineered but devoid of a catalytic domain, which
has confirmed how myosin is stimulated by this non-kinase pathway. A recombinant GST-fusion protein of the
MLCK fragment was expressed in E.coli and detected by SDS-PAGE. Through Glutathione-Sepharose 4B affinity
chromatography, a single pure band of the MLCK fragment was obtained. The phosphorylated myosin ATPase
activities of the MLCK fragment, as well as its proteolytic fragment HMM and S1 were measured with the
EnzChek Phosphate Assay Kit. The MLCK fragment stimulated phosphorylated myosin ATPase activity (V=
(19.426 £1.669)-fold, K,=(0.486 +£0.106)pmol/L). Similar stimulation figures were obtained by measuring the
ATPase activity of phosphorylated HMM and S1. The data suggests that MLCK could activate phosphorylated
myosin, HMM and S1. In addition, in vitro motility assays demonstrated that increasing amounts of the MLCK
fragment increased actin-myosin interaction and sliding. Also, the velocity of actin filaments could be enhanced on
a gizzard smooth muscle myosin surface with the MLCK fragment. It is conclude that the non-kinase C-terminal
domain of MLCK is independent of the phosphorylating mode for activation of myosin.

Key words smooth muscle contraction, myosin, myosin light chain kinase(MLCK), myosin Mg*-ATPase activity,

In vitro motility assay
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