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It has 'been shown that white skeletal muscle of
.:‘the rahblt contmns an enzyme that transfers the ¥
phosphate group from ATP 1o each of the two
-,:,,18 000 dalton light chains of myosin isolated from
;th]S tlssue [1 3] Although the function ol‘ this

. dence that myosm is present in the phosphorylated
‘fo,rm in resting muscle and that an enzyme is present
- in-this tissue which can bring about its dephosphory-
~ lation [3, 4].

In our preliminary experiments we reported that
the dephosphorylated form of the 18 000 dalton
light chain, Ml3 (nomenclature of Perrie and Perry
[4]) cither when separated from myosin or associated
with the intact molecule, was converted to the phos-
phorylated form, Mly, by incubation with prepara-
tions of phosphos ylase kinase such as the ‘40-precipi-
tate fraction’ of © ebs et al. [5] and occasionally with
protein kinase. During the course of this study how-

:-ever,.anumber of observations suggested thit the en-
zy e'qul" ed in the, phosphorylation of the ‘myosin

. light chain was not identical with eithor of these well-
-"l;:-,charactensed enzymes. For example, the- amino acid

nce of the phasphopeptide of 13 residucs isolated
"}ifrom chymotfyphc digests of M1y 13} is'veay difierent
- fromthat of the, phosphopeptide isolated from
phosphm'ylase [6\
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lt was ‘also noted that a cmde phusphorylasc ki-
1ase preparation that catalysed the transfer of the ¥
phosphate group of ATP to the 18 000 dalton light
chain component of rabbit white skeletal musclc was
also able to phosphurylatc the 19 000 daltun lig,ht
mf

_ chaln component [+)

lating the 19 000 dnmm light chniu or cardiac myomm
In other respects the cardiac myosin Iig!u chain conr
ponent that was plmsphorytamd appzared similar to
the 19 000 dalton lght chain component of crureus
muscle {7}, Crude whole sgrcoptatm from rabbit
white skeletal nuscle was, howeves, effective in trans-
ferring the y phosphate of ATP to the 19 000 dalton
light chain of myosin of rabbit cardisc musele §7].

As an cxtension of these findings we wish to repott
the presence of a kinase present in sarcoplasm, but
also associated with thres times precipitated my osin.
that is not identical with either phosphorylase kinase
or protein kinase. This enzyme, which we have pro-
vlctonally named myos'n light chain kinase fe. ATP:
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-‘- Peme et al [3] ; \iyosm in whxch 331 ihe JB 000 da]’-cxn

Tight chain’ component was in the dephosphmylateﬁ T
~ form w{l&dlsamynsm) was prepa:red by extracting min-:- v

ced L. dorsiand leg Tuscles of the rabbil with 2vol
~of 0.6 MKCI, 15 mM E-me:tapmeihanﬂl adjusted

were: aﬂequate TDI ]dentxﬁﬁa iion of the light chain -

" sin was lsolateﬂ froni three-times prempztdieﬁ
7 M}3 myson by the method of Permie st al. 3%,
~ "The method of Ebashi et al. 191 ‘was used for the

described by Perry and Cole 129]. o

- Phosphorylase kinase was pr epa:red from Tdbbln.
- white skeletsl muscle by the meihod-of C:Jhen {113
“with the modification that the injtial exiract was cens
“trifeped at 2000 g rather than 5000 g. A crude prepa-

ration used in some - stadies was obiained b | the addi-

- tion of ammoninm sulphate to 35% saturation to the

30 supernatant fraction” of Krebs et al. £5]. Tha pra- |

cipitate obtained in this way was also sukjected to
turther fractionation by the procedure of Cohen [11].

The myosin snspension in 0.05 M KC1 after two
. preparations was freeze-dried. 8 g weare oxtractad
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Crude ph@spnowlase kmase preparanons were

- 'll.fuﬁher fractionated on Sephamse 4B ay Gescribed by

" “Cohen [117 and the ability of the peaks pbt ained to |
o pH7.0 with saturates sodium bicarbonate solution .cmalyse the phosphorylation of the Miy uﬂmpnnent
and then proce: =ﬁ.1ng in the standard mannér [8]. This j. e
-;‘pmc edu:e ‘gave less pure prepazations @f myosin from - .
~yed skele tal and cardiac muscles but ‘the p?epaz'ﬂhbns - 'f . :samp’*e af M13~myosan v,ls_mh had] ';lnw_, Baﬁ@ngcnous :
© myosin light-thain kinase ,ctwaty and thserving 1 ﬁaa S

COMPOnENtS. “The complete Hght chain frastion of myc}- o

of myosin was ceierminéd. This was carsied ont by

‘incubz Zring. the pmtem in the pPal:s {(Bg: 1) witha. .

formetion of by by polyacrylamide & mephnresxs

- in 6 Murea, pH 86 [3]. When incubation was carried -
' ontin 25 M Tris; 25 mM sedivm glyrermphns;;ha‘ie =
 {pH7.B), 1.25 mM theophyline, 12.5 mM magnesium
preparaimn of tmptm.n from ‘white skelgtal mn:.c%e otf
‘the rabbit. h WAS fractmnated into ﬁs camporxen*s as. -

accia‘te, 0.1 mM CaCis and 5 mM ATP, : pproximately

- 200 pg of protein from'peak 11 convérted alt the

- Mis comp@neni in 5 mgof M]g_mvmﬁ tyoms sabkit
ekeletal muscle 1o Mly in S min at 30°C. Protein ﬁ:}m

U peaksTand 11 zihé not effect algmﬁzan* amounts {L .

transformation | under jdentical congiticns. Peak

consisied essentiaily of phosphorylase kmasa AN d wn -

-‘ glecirophoresis on 5% pnlyﬂczy}amxﬂe gelin 83 mM

Tris—400 mM borc acid (pH 7.0), 0.05% : >dium dﬂ-
decyl sn}p}mif- i Imgreaieﬂ as four T banils %:mrmnnnﬂmg
tothe o, o, and componenis of phmslsho:@riasa e
Linase described by Cohen [11]. Unduer identical con-.

: ditions of (e"*e!., imp}ﬂo;resxs the protein in Peak 1M1 mi-

with 100 ml of 4 mM EDTA, 10 mM ’«’v-mpmapmeiha- L

nol, pH 7.0, in a pestle-typs homopeniser. The extract
after. I:Bninfuggahcn for 45 min at 30 000 g was dia-
_Iysed overnight againsi 4 mM-EDTA, i}.-.. Sucrose, 1
“mM DTT and then centrifuged for 30 mir at 30 OOD
£ to give about- 76 mil of clear supernatant of Lage =
0.5—1.0, This extract was used 23 a crude preparaiion

- of myosin ligh chain kinase !anﬁ Was punzzeﬂ ﬁ:riher '

' as descnbed in ﬂle texL. -

5_"’ 2 Assays an:i defwrmrmfmm

thspho:rylase kinase and protein, kmaue 285ays were 7

"f'camﬂﬂ ont as described by Cohen [11] and Reimann -

cetal. (12} resper:twely. ’Pmtem was ﬁetenmngd 33\7 *he o

nmethﬂd of Lowry et al [13].. , RS :
+"Protein precipitates and aczylamlﬂe ge}zs i !B‘p‘r'e- o

pareﬁ for **P determination by the Cerenkov m\.‘ihgﬂ

a8 descn”bed }Jri’f‘r’lm“ly poa 4. oy SEP]ATP was:

'*'supphed by_ ihe "Eadmchexmeal Cemre, A.mexsham, 5 : i
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‘ "Flg 1. Gal f‘xtrabon wx:f phusphmyldsa Xipmse. ’Ti]e :en?yme -

} .-zprepare& from’ {xﬁf} ¢ ‘Tabhit mubcle by, Tae meﬂmﬁ of.
- Coben |11 was u;hal;ysed against 50 mM sodium, gycen o— o
- phosphaté buffer IpH. 7.0),2 m3 EDTA; ' mM DTT and " o

- applied o 2 column of Scpharosc 4D 1:1.5 B 90 s‘m) .
el eqmjbrﬂed 3ga}ns’[ 1‘}353133331}?&1 - L
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) V_an. 2. Myosm hght ch.un kinase: actmty of mpreci pitated myosm. 4 mg myosin in 0.5 M KCI lncubmed in 25-mM Tris— 25 W
T glycerophosphatc (pH 7. .6), 12.5 mM magnesium acetate, | mM DTT, 0.1 mM ChCI;.S mM ATP. ‘Controls iltustrated on el o=
cach pairof gels, incubated without ATP. Total vol, 1 ml, 10 min incubation ut 25°C. Reaction stopped with solid urea (0.5 ghe i
and 70 ul applied to 8% polyacrylamide gel, 6 M urea, 20 mM Trls-80 mM glvelne (pH 8.6} 0, origin. {2) 200 ug 1 X ppled

myosin. (b) 200 ug 2 X ppted myosin. (c) 200 ug 3 X ppted myosin.

grated principally as one band corresponding to a
molecular weight of about 92 000. As this fraction
possessed phpsphorylase activity similar to that re-
ported for thc pure enzyme [15] it was considered to
cunsist mainly of t :is protein.

Some purificat’nn of myosin light chain kinase was
achieve d by subje. g peak [l matesial to further gel
filtration. Difficulties in purification were cxperienced,

. however, as; the myosin light-chain kinase was only a .
- minor component and a more satisfactory preparation
- for furthzr purification was obtmncd by dlrcct extrac.
- tion of freezé-diied myosin. ‘
L ﬂy in: these T 'Pstlgatmns it was- noted that when
. freshly: prepared | three-times prccipitamd myosin,
-j-;:‘whlch ca ntamed littlc MLy, was incubatcd with:5.mM
ATP 0. l/mM CaCl;, 12.5 mM magneszum acatatc,

: 25 mM Tris 25 mM sodium glycerophosphate (pH

<. 8)all the MI; ‘was converted into: M1z, after 15— 30
7_25 C: On storage at.0°C, however, _thc myosin
“ligh chain kinase ‘activity of myosin preparations -
: 4':often ecreased. Comnaﬁmn af thg vnl‘g: of “hﬁs'\hn. "

l--uv

ation on‘ mcubahon of myosin w1th ATP undcr the

conditions described in fig. 2, indicated that the

light chain kinase activity decreased with successive
reprecipitation during the preparation. Thercfore, as a
compromise between yield and purity, twice precipi-
tated myosin was taken as starting material for prepa-
ration of the kinase. Although the enzyme could be
extracted from myosin gels by treatinent with 4 mM
hDT A more conccntmtcd oxtracts Were oblamed {rom

the saimié, bun the cluate proitio was as filustrated in

fig. 3. Myosin Hgl ¢ chain idnase activity assayed by
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Fig. 3. Gel filtration of myosin light-chain kinase
preparation. Enzyme prepared from 17 g of {reeze-dried
mycsin as described in text, dissolved in SO mM

sodium glyccrophosphate buffer (pH 7.0), 2 mM EDTA,
3 mM DTT was applied to a Sepharose 6B column

(1.5 X 90 cm) equilibrated against the same buffer.
Aciivity assayed in 25 mM Tris~25 mM sodium glycero-
pho:phate (pH 7.6), 12.5 mM MpCl;, 1 mM DTT, 0.1 mM
CaCl;, 10 mg/ml whole light ¢hain fraction of myosin,
20-50 .2/mlenzyme, § mM [y P]ATP (1 uCi/pmole).
Incubated S wiin at 25°C; 0.1 ml wsed fov determination

of 32P. Void vol. indicated by arrows. 0, E3g¢; 0, specific
activity.

the rate of incorporation of covalently bound *?Pinto
the protein of the whole light chain fraction isolated
from white skeletal muscle myosin was associated
with the first peak to be eluted, Fraction A (see fig.

3). At pH 7.6 1 ml of this fraction of £380 = 1 (i¢.
approximately 1 mg) transferred 0.3—0.8 umoles of
323P per min to the light chain fraction of myosin when
assayed as described in fig. 3. The level of activity is
comparable with that of bovine cardiac protein ldnase
with protamine as substrate at pH 7.0 [16].

When judged qualitatively by conversion of Ml
into M!, observed by polyacrylamide ge! electrophore-
sis of whole myosin in 6 M urea at pH 8.6, the en-
2yme possessed maximum activity in the range of
pH 7—8. It was inactive in the absence of CaCl;, ie.
with 1| mM EGTA added to the incubation medium
described in tig. 3. Addition of 3'-§' cyclic AMP pro-
duced no significant effect on the activity either in
the absence or presence of CaCl.
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On electrophoresns in 7% polyacxylarmde 1 S% gly—
cerol, 6. 2 mM Tns 20 mM glycine buffer (pH 8. 6) the

possibile ..
to idéntify the componeut or:components with which.
the erzymic activity is associated; the melecular =~
weights of the components present suggested ‘that the
enzyrae was not u'lentical ‘with phosphnn‘!ase kmase
[11] nos with protein kinase [12]. This conclusion
was confirmed by the inability of myosin light-chain
kinase to catalyse the transfer of >?P to shesphory-
lase &, trovonin and casein when incubated st pH 7.6
with SmM [7-22PJATP. The pre, aration catalysed
the transfer of *2P from [y-*2P:ATP o0 the whole
light chain fraction of myosin f »m rabbit cardiac mus-
cle (N. Frz2arson and S. V. Perry, unpublished obser-
va:.ons).

Ve cosclude that myosin light-chain kinase differs
in several properties from phosphorylase kinase and
protein kinase and represents an enzymr not previous-
ly reported in the literature. The extreme sensitivity
of its activity to Ca®" is similar to that of the tropo-
nin—tropomyosin regulatory system and implies that
it will be fully active during that stage of the contrac.
tile—relaxation cycle when the myoftbrillar adenosine
triphospharase activity is hig' . 1ts function cannot as
yet be stated but this correla ion strongly suggests
some role in the chemical events occurring during
muscle activity as does the fact that light chains that
can be phosphorylated are found in all types of myosin
from striated reuscle [3} and in myosin from blood -
platelets [17]. The close associatioa of the enzyme
with myosin purified by the standard procedures may
also be of significance. As myosin light ¢aaia kinase
was previously unrecognizad it was probably present
as a contamirant in practically all of “he mvosin pre-
parations whick have to date been uscd for kinetic
studies of ATPzse activity. The signif cance of the
presence of an active system such as this, also using
ATP as substrate, for the interpretation of the results
of sucy “avestigations, puarticulariy in those siudies on
the tran:ient state kinetics, requires 1o emphasis.
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