V’@Iuﬁm 283, number E mw»us

ADONIS UOH!WWIDNXGB

FEBS 0v321
1990 Federmtion of ﬁumpﬂm ﬂimk#mivai Sewlelles m:asm»*w:: n

S My 1991

Modulatwn of cofactor requtrement for the actwatmn of‘ protem
kmase C by heparm | |

Passable: ef’t‘ect at the regulatory dommn

Smd A C‘roueh .}’mhn A Hanten and I(hah[ Ahmed

C'v!!u!ar and Ma!s;'ndm Ewdmnf.v:r_; l.::hﬁmrar)' f ],SJ 4 mrr! Drp:mnwm cgf I,ﬂbummry Mmh‘c ine tmd Pmlm!ag,} LﬁMVt'H'il) uf
Mimwmm Srhtml af Mwﬂme. US54 and !f . Department of Veterans dffairs Medical C’mm Dm- Vererans Driw Mlmwupalir
‘ . MN ST, USA

, Rewwcd 20 Februnry 1991

Heparin was l’eund 1 sumulnte m¢ plmmharﬂnlmn ‘of histone Hl but not protamine sulfie s:ut.nlyaed hy Ca'*,fphmphahpzd deépendent prmein
Rinuse (protein kinuse € ar PKC), The «ffect of heparin on histone H1 phosphorylntion appeared (o be due (o an incredse in phosphatidylserine
affinity for PKC activation in the présenec of heparin. This effeet of heparin was nbolished when 1eypiinized, cofuctor-independent, PKC wasem-
ployeil to plmspharyl‘uc histone H1. These studics suggest that heparin acid at the regulatory domain of PKC. and cmph.lslze the |mporlz\net :

_ af the negative charge in mﬂucncmg the lencssubslu;.- of the substeate 1o PKC agtion. ‘

Prau:m Kinuse C: Hcparm: Ehbsphnrylmmn. chulamry damam

1. INTRODUCTION |

“Protein  kinase C (PKC)
phospholipids, and diacylglycerol for activation and
‘translocation from cell cytosol to membrancs. The
three most commonly studied isozymes of PKC (types

I, I{ and 1f1) are closely related in structure-and proper-

ties. They contain regulatory and catalytic domains at
the amino terminal half and at the carboxyl terminal

“half, respectively [1,2]. ‘The former domain has been.

shown to contain a conserved region with featurés of a

pseudosubstrate which has been proposed to maintain

the enzyme in the inactive form {3]. It has been sug-
gested that ihe binding of the allosteric cofactors.to the
regulatory domain of the enzyme relieves the:inhibition

exerted at: its catalytic domain [1,2]. Furthermore, it.-
- appears that, in the:membrane environment, polybasic

structures may contribute to an attenuation of PKC ac-
tivity (3], whereas the presence of negatively charged
environment on the surface of the membrane may
markedly influence the accessibility of the substrate to

| PKC action [13]. Thus, the nature of the substrate also
plays an important role in the cofactor interaction with -

the regulatory domain, For example, it has been shown

that phosphorylation of histone H1 catalyzed by PKC

_ is significantly enhanced by phospholipids and diolein,
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‘requires . Ca**,

whereas that of protamine sulfate or the éymhetic. pép- ;

. tide for PKC is uninfluenced by these allosteric cofac-

tors {1,2,4,5]). Analogous to this is the observation that
partial proteolytic degradation of PKC results'in’ the.

release of a fragment of the enzyme that retains its IS

catalytic activity but lacks the requuemem fcn allostcnc ‘

‘cofactors [1,2]..

In the present commuinication we prowde new

"‘ewdence to" suggest that charge properties at the
~regulatory domain of PKC play a major role in reliev-

ing the enzyme inhibition. For this, we utilized heparm
which is & well known n¢gat1vely charged molecule of
considerable biological significance [6]. Heparin is a

potent inhibitor of certain messenger-independent pro- -
- tein kinase reactions [7,8); however, we demonstrate

here that PKC catalyzed phosphorylation of histone HI
but not of protaniine sulfate is markedly enhanced in
the presence of heparin, This effect of heparin appears
to be mediated via its interaction with phosphatidyl- -

 serine binding to PKC and/or histone H1 substrate,

2. MATERIALS AND.METHODS
2.0, - Animals

Male Sprague-Dawley rats welgl'nrub 495 325°g, pumhaaed fmm :
Harlan Sprague:Dawley.Co., Indianapolis, IN, were used as a. source .

" of ventral prostate as des:.rlbcd previously [9].

2.2,'C‘hemlcals ‘ Ll ‘
Lysine-rich histone "H1 was obtained  from ‘Worthington

. Biochemical Corp., Frechold; NI. Diclein, phosphatidylserinel pro- :
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z 1. Purification of FA‘C‘ ‘
The provedure emplayed for partial pmifit’mlnn o!‘ Y wmml pro-
wmu PRE jsogymet wix as deseribel previously (10,13, Twa mala

‘walerms of PRC type 1 ar 2, and 1ype T or o) weere fdintifiad In
the prosilic eytosal |11} Cofacior-independeny farm of the PRC

was prepared by treaument of the purified enayme (33 xgsml with
Teypsin (1 gg#ml far ¥ min at Y0°C) ac described previousy HaJ.
Trypqmuminn wits wrmmmed by e mlemion af sm b«."m |rvmm i
hlbimr 123 muml)

2., Dmrmmauun af PKC werivity -

PKE netiviey mysays were <urried our m 300 ¢ aver u tlme course of

@ 3, anil 6 min in a reacton m&lium consisting of 10 mM
sagnesiom  aeente, 1.2 mM Ca(’l-' Privt EGTA, . 30 ppén
1:l\n§pl\amlylsennm 10 ppdml liodein,  O08% NP0, 01 mM
- PIATP (apee, aet. of 100=500 dpmlpmcalon\'l'l)) 20mM Tria-
HCH pH 7.5, and L mpsmi histone HY o protaming sulfate as
aubstrate, in w final volume of 0.15 ml. The reacron was initiated by
the addition of the eneymi and enminated wt the time periatls in.

dieated. PKC activity was expressed oy nmo!l Bp Incarpariaved v the

xuta‘s(rmellnnng, of - enzyme - pralgin v the . presence of
L~ /phospholipids minuss.  thai in. . the:

alvo sme mmmr rexulm.

3. RESULTS AND DISCUSSION

It is known that mammal Inslonc H! phosphoryh-‘

tion catalyzed by PKC requires the presence of

Ca?*/phospholipids, whereas that of protamine sulfate

can occur in the absence of these cofactors. The regula~

tion of substrate. phosphorylation by anionic lipids

(phosphatidylserine and diolein) is believed to relate to
their charge properties in providing a favorable en-
vironment for interaction of PKC with the substrate
{2,4,5]. Heparin, a naturally - ‘occurring negatively

charged polymer with numerous biological activities

[6], is known to influence cértain protein kinase reuc-
tions such as those catalyzed by messenger-independent
casein kinase I1 (see e.g. {7,8]). We therefore examined

the effects of heparin on phosphorylation of histone '
H1 and ‘protamine sulfate catalyzed by purified PKC,

from rat ventral prosaate cytosol. As shown'in Table I,
the presence of heparin (at 0.2~5 pg/ml) evoked a
marked  concentration-dependent

sulfate. Further, this observation was apparent for
both the type If and type 11 isozymes of PKC (Fig. 1).

Experiments were undertaken to determine if the
snmulatory effect of heparin on histone phosphoryla-
‘tion was mediated via its acrion at the catalytic or at the

regulatory domain of PKC. It was observed "that
heparin stimulation of histone H1 phosphorylation was -
independent of the ATP coneentration, suiggesting that .

the effect of heparm was not due to its interaction with

the catalytic domain of PKC. The apparent k., for ATP
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Table |

ﬁff«'{ af hcparhs oy phmphurytmmm ol Whiene Ill mu.l prmnmilw
: : wll‘mt em.i!ymt by PMJ

Percent change

Heparin CPRE activiiy
{upim¥) © tmal FPmgdhy
Fisiope HY ‘ \ .
oo . o 0T ‘ o
. ‘ 301 ‘ b i
T : B 219 ‘ +158
ST I 13 3 : ok 1
80 . ‘ gpsr R T
- Protamine sulfate o
.0 R |- T S p
s0 Co smbe o : S

The experimentul details for measurement af BPEC qctivity (owirds

“hivtene HT and protaming ux subsirates were as deveribed o seetion

3, Concentration of heparip was viried ax shown

(10 #M observed by us) remained unéhanged in the.

presence of 'S gg/ml of heparin in the reaction.

‘Likewise, the heparin sumuhuon of PKC activity oc-
~ eurred only in the presence of Ca** and heparin did not
~ replace the Ca®*

{data not shown).

requirement for the enzyme activity

‘Allosteric - cofactors - such. . as  diolein ' and
phosphatidylsezine‘produ:.c -an activation of PKC
(depending on the nature of the substrate) through ef-

' fects at the Ca*™ site (for diolein) or through modifica-
“tion of 1the regulatory domain via substrate-lipid
‘complex formation: for substrate interaction with the
- catalytic site. We therefore examined the effects of
~heparin ‘on diolein.and phosphatidylserine requirement

for PKC activity towards histone H1 as substrate-which

Fig‘.,‘l,“ Effect of h’e}:arin on phesphorylation of histone Hl‘ca‘talyz‘e_d
by type II and type 11} isczymes of PKC. Autoradiogram of gel

separated.  histone - M1 substrate - after
phosphiorylatici catalyzed by PKC isozymes in;ihe absence and
presence of heparin (3 xg/ml) s shpwn. Tanes 1 and 2, PKC type Il
isozyme; lanes 3 and 4, PRC type I11isozynie; lanes 1 and 3, control

w:thout hepdrm lanes 2 and 4, with heparm Arrow md:cates the

IDDSIT.lcm of lustone M,
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The expetimentai details for mesuremsent of PRC iic.livhy wgre the
samE 4 deveribed Iy seetion 2, cxept that phesphatidyiserine (PS)
‘ was mMed &1 the cunvEnfrations ;lmwn :

‘requires: both of these cofnctors for maximal

" ‘phospharylation. In results not shawn, it was observed
that at varied concentrations of cliolein, the stimulatory
effect of heparin on phosphorylation of histone HI by

PKC was essentially the same at all coneentrations of

diolein, i.c., it was enhanced by about 2-fold, as also

" observed in the absence of added diolein. This result-
suggested that heparin did not substitute for diolein at.
~its site(s) of action. It is generally believed that dnolem o

activates PXC by reducing the requirement for Ca®*
lack of effect of lieparin on diolein rcqmrcmcnt may be
related to its lack of effect at the Ca®" site. .
Since activation of PKC with histone H1 as substrate
. also requires phosphat[dylserme the effect: of heparin
was studied at - varying  concentrations of

phosphaudylsenn«. (Table II). Heparm stimulated the.

PKC activity towards histone Hl in the absence of
phosphatidylserine; _howcvcr, ‘the presence ' of
heparin, a maximal stimulation oijKC ‘activity was
obtained at significantly lower concentrations of
- phosphatidylserine (10 xg/ml phosphatidylserine plus

5 ug/ml of heparin as compared with that at 100 pg/ml |

‘of ‘phosphatidylserine in..the absence ‘of heparin).
Kinetic analysis showed that heparin produced a 6- -fold
decrease in the apparent ky, for phosphatidylserine, and
as  expecied, ‘at’ relatively higher concentrations of
phosphatldylserme the effect of heparm was at-
teriuated.

The  above-described observatmns suggested that

" heparin-induced lowering * of the requirement for

" phosphatidyiserine in the 1eact:on may relate to an ef-
fect of heparin at the regulatory domain. To test this

hypothesis, effect of heparin on trypsinized PKC was.

" studied. Trypsinization of PKC results in its cleavage
into the catalytic (~51 kDa) and regulatory fragments;

" however, the former behaves as a cofactor-independent 4
PKC. 1t.is clear from the data in Table I1I that heparin

~stimulation of  histone. H1 phosphorylation was
abolished when trypsin-treated enzyme was used.
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Eﬂ‘cﬂ m’ prarm on e aeuivity af uypﬂmmﬁ th: mwarm muune ‘- S
HI ai sibsiraie :

F’mf: aetivhy (nmt@l" “psmgehy
Mo cofactony - Wit eofaciors - JPKC

Intdel enayme : o :
Nape : 00 L1200 CRGOO

Hepwin ¢S apimll 0 230 R a0

“Teypsinized enzyme . o ‘- B

SNene - - oMOa. . M0B . 6
Heparin (5 x3/mil} X200 3200 RN

- PKC activiry ef the intact and 1rypsinized enayme was measured in

the presence of 1he Complate Rssny SysIem as desmhed I seeddon 2,
except that phosphmidyiscrl[w. dioleln, and Ca** were omined when

wistiys were ederled out in the dbsenee aof viigus cofnelars us shown.

APREC represents the difference of epayme aclivity with or without
wolaerors added under each experimental condivon

It has been suggested that the interaction of a given
substrate with various domains of PKC may determine
the activity of the enzyme rtowards the particular
substrate [2,5]. With regard to protamine sulfate as

‘substrate, it is known that ifs phosphorylation catalyz-..
ed by PKC is not significantly enhanced'in the presence
- of phosphatidylserine and diolein [2], giving rise to the -

proposal that protamine sulfate interacts strongly with -
PKC resulting in its aggregation in a binary mixture. -
This results in the presentation of the substrate to the -

proximity of the active sites even without the cofactors, =
‘On the other hand, histone H1 phosphorylation by

PKC  may depend on its association with |
Ca®*/phosphatidylserine/diolein complex [2]. We pro-

pose that heparin action on the regulatory domain of
- PKC is mediated largely via its lipid-binding domain. .
" This is based on the following observations on heparin
‘action: (1) it lowers the Kmapp for phosphatidylserine
. dctivation of PKC; (2) it has no effect on the activity

of PKC towards protamine sulfate as subsirate; (3) it -~
has no effect on the kinase. activity of the cofactor~

‘mdependem catalync fragment of PKC. Thus, heparin
~ may alter the interaction of certain substrate/phospho- =

lipid complexes and comnbute an additional negatively
charged surface resu}tmg in gr eater accessnmhty of thc

'substrate to the enzyme.
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