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Activity and suboellular distribution of protein kinase C were estimated 
in liver ~cytosol and membrane fractions of rats carrying a turpentine-induced 
inflarmcation. Protein kinase C activity increases significantly 8 h after 
treatment in the membrane fraction, with concurrent reduction in the cytosol; 
10 h after treatment the membrane-associated activity returns to normal, 
without concomitant recovery of that detected in the cytosol. The specific 
binding of phorbol dibutyrate to the liver membrane fraction increases txt 
overall the effect is less evident and delayed in time. The changes are 
associated to alterations in the phosphorylation pattern of some liver 
proteins. Liver pmtein kinase C activity and intracellular distribution seem 
to be affected by a treatment which is known toinduceanacute-phase 
response in the liver cells. 01990 Academic Press, Inc. 

The systemic reaction to tissue injury caused by either Fnflakrnation, 

infection or trauma, is referred to as the acute-phaseresponse (1) and 

includes consistent increases in plasma concentration of some proteins 

synthesized by the liver, known as acute-phase proteins (APP). This response, 

which helps the organism to face and overcome adverse conditions, represents 

a useful model to study gene regulation in the liver cells. Substances 

released from the focus of inflamnation, such as Interleukin-1 (IL-l) and 

Interleukin-6 (IL-6), start the chain of events that will finally lead to 

activation of APP genes (2, 3) but the steps betweenthese inflamnatory 

products and gene activation have not been clearly identified. Esrternal 

signals detected by surface receptors are translated into a limited 

repertoire of intracellular second messengers (4). In a previous work we have 

demmstratxd the activation of arachidonate metabolism in the liver of rats 
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carrying a turpentine-induced inflarfmation (5): in the present paper? we 

investigate possible changes in activity and/or intracellular distri?:uti~:~r~ of 

protein kinase C, Ca2+ -sensitive and phospholipid-dependent protein kinase 

(PK-C), in the liver of rats carrying a turpentine-induced inflammation. 

Although the in vivo substrates of PK-C in liver remain to be defined, 

phosphorylation of definite proteins could be iilvolved in APP gene 

activation, as described for other cell systems (6,7). 

MATEPIALS AND METHODS 

Male Wistar rats of 250 g were used throughout. Inflarration was induced by 
sukutanwus injection of sterile turpentine, 0.5 ml/100 g body wt. 
Injections were done so that animals of all groups were killed between 9 and 
10 a.m. Normal untreated rats were taken as controls after preliminary 
experiments showed that saline-injected rats did not undergo changes in PK-C 
activity at any time after treatifent. 

s~mJ.-tW ,‘<:I1 i. The liver was homogenized 
in buffer containing: 0.25 M sucrose: 20 mM Tris/HCl (pH 7.5); 2 r&! 
dithiothreitol; 5 $ EBTA; 2 mM EGTA; i r&l phenylmethylsulfonylfluoride; 20 
b&ml leupeptin; 1 m/ml pepstatin A. The post-nuclear supernatant was 
centrifuged at 105.000 x g for 60 min to obtain a final supematant 
(cytosol) and a particulate fraction (membranes). For the measurement of PK-C 
activity the membranes were dissolved in the buffer described above 
containing 0.5% Triton X-100, incubated in ice for 60 min and centrifuged to 
remzve the undissolved material. For the phorbol 12,13-dibutyrate (PBBu) 
binding experiments the pellet resulting from the first centrifugation was 
carefully resuspended in 20 r&l Tris/'HCl (pH 7.5). These preparations are 
defined as particulate fraction". The amount of protein in these fractions 
was estimated by the Bradford method (6). 
P_rrtein J&aqe C assay It was performed by measuring the incorporation of 32 
P from [ - 3+]ATP into calf t-s histone Hl (type III-S from Sigma) (9). 
The 4 react on mixture (ZOO#l) contained: 20 r&i Tris/HCl (pH 7.5); 7.5 mM MgC12 
; CaCl-7 500 @! in excess of chelatir concentrations; 50 

f" 
histone; 25~ 

phosphatidylserine; 1 m diolein; 10 nr& ATP; 0.2flCi f-32P]ATP and the 
enzyme preparation to be assayed (5~ protein). Basal activity was obtained 
by replacing CaC12 and phospholipids with 5 mM EGTA. The mixture was 
incubated for 10 min at 30-C: under these conditions the reaction proceeded 
linearly for at least 20 min and the activity was proportional to the amount 
of the enzyme. The reaction was stopped by the addition of 1 ml of 20% 
trichloroacetic acid and 200 a of bovine serum almn. The precipitates 
were collected on Whatman GF/A glass fiber filters and counted in a liquid 
scintillation counter. 
PHI w  R~S& - * The PDB.a binding assay was performed with 100,ug 

particulate fraction incubated in a final vol. of 5OO/ul, containing: 20 mM 
Tris/HCl (pH 7.5); 1 ti dithiothreitol; 5 ti M&12; 150,4~M CaC12; 1 q 
J-globulin; 25 nM L3H ] PDBu in the absence (total binding) or presence of 
500-fold excess of radioinert PI& (non-specific binding), as described by 
Moruzzi et al. (10). The incubation was carried out at 25-C for 20 min. Bound 
Fmu was recovered by addition of polyethvlene glycol (15% final 
concentration) and centrifugation at 16.000 x g for 15 min in an Sppendorf 
Microfuge: the pellet was finally dissolved in Protosol (New England Nuclear) 
and radioactivity was determined'by liquid scintillation counting. Specific 
binding was calculated as the difference between total and non-specific 
binding. Saturation and Scatchard analysis of PD& receptors was performed in 
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liver rrembranes from control and 8 h turpentine-treated rats, at 2.5-50 r&I p 
HIPI&. 
Fflz2-B Phosphorylation of endogenous membrane proteins 
was carried out as described above, but in the absence of histone. ETA or 
CaCl2 or CaCl2 plus phospholipids were added at the concentrations indicated 
above. The reaction was stopped by the addition of buffer to reach final 
concentration of 2% SDS; 62.5 mM Tris/HCl (pH 6.8); 10% glycerol; 5% 
Jkrercaptoethanol and 0.001% bromophenol blue; samples were analyzed by 10% 
polyacrylamide SDS gel electrophoresis (11) and autoradiography. 
Statistical analysis was performed by Studentt's t test. 

RESULTS 

kl_nase. The subcellular fractions were used immediately after isolation. 

PK-C activity of control animals was in agreement with other authors (12). 

Experiments at earlier times of treataent revealed no changes (data not 

shown) bat 8 h after turpentine injection the activity of PK-C increases 

significar~tly in the membranes, with a concurrent reduction of the activity 

measured in the cytosol, that becomes 59% of the control value (Table 1, A). 

Later on (10 h) the membrane-associated activity returns to the normal level, 

without any concomitant recovery of the cytosol-associated activity. As 

protein content of the cells might change during the acute-phase response, 

PK-C activity was calculated x g of tissue (Table 1, A). 

jQYezt of Be tr t -It on L3H '1 wr@ activi,v. t PK-C 

associated with cell membrane components can also be assayed by [?-I]PJEu 

binding in the presence of physiological concentration of Ca2+ (10). 

Turpentine treatment increases the specific binding of PDBu to the 

particulate fraction of rat liver (Table 1, B) but overall the effect is less 

evident and it does not show a strict oorrelation with the trend of PK-C 

activity; at 8 h in fact the increase in binding is small and the level of 

significance is reached later on (10 h). The binding activity declines at 12 

h, but is still significantly higher than normal when calculated x g of 

liver. Saturation and Scat&a&. analysis of PII& binding by 

membrane-associated PK-C 8 h after treatments~wthatapparentKdis the 

same as the control (5.6 k 0.3 and 5.a +_ 0.3 nM, respectively), whereas the 
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Table 1. Effect of turpentine tmtznxt on protein kinase C of rat liver 
A : enzyrw activity of particulate and cytosolic fraction3 

B : [%I phorboldibutyrate binding to membranes 

A 

a = 
h = 

Particulate fraction CMosolia fraction 

Timgoftreawt a I2 a h 

Gx-ltr&a (12) 

8 h (8) 

10 h (10) 

12 h (5) 

a =prd 
h q FiDd 

209 ? 17 6539 t 451 140 2 11 9436 2 554 

349 +_ 33% 10642 +_ 779* 82 z 7* 5285 _+ 71eW 

171 2 12 6190 + 348 72~ 7* 5517 _+ 684* 

223 f. 14 7983 + 437 169 _+ 13 11010 + 812 

B 

[3HkDEWrrg of protein 
L3H]PDBu/g of liver 

Timeoftreaat a h 

controls (7) 2.8 _+ 0.16 86 + 6.9 

8 h (5) 3.52 + 0.36 105 + 13.4 

10 h (6) 4.27 _+ 0.41* 141 + 13.7* 

12 h (5) 3.25 _+ 0.20 117 + 6.7* 

Activity and binding assayed as described under Materials and Methods. Means 
It SEM, number of animals in parentheses. Negative result4 (P > 0.05) obtained 
1.5, 3 and 6 hours aftertreatzrentare notrepx-ted in the table. 
* significantly diffezwt vs. Control: P < 0.01. 

number of specific binding sites is higher (5.5 t, 0.4 and 4.6 + 0.4 ml/rrg 

protein, respectively). 

m-0~ Additicm 
2+ 

of ca and phospholipids to the incubation medium results in an increased 

phosphorylation of several membrane pr&.eins (Fig. 1). A similar pattern is 

observed for control and 8 h turpentine-treated rats, but in the latter the 

extent of pkbosphorylation is greater than in the former, in particular in the 

60-80 k&t range. F'.tvbins m?levant ti the present investigation, such as pK-C 

itself, which is capable of autophosphorylation (9), and receptors for IL-l 
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Assays were performed as described InMaterials and Methods section and 12.5 
y9 of solubilized mbrane protein were electrophoresed in each lane. 

Lane 1,~6: in the presence of ETA 
Lane 2,5: in the presence of CazI 
Lane 3,4: in the presence of Ca + phospholipids 

Mol. wt. markers are indicated on the right side: brw&et on the left 
indicates the bands relevant to the present investigation. 

(13) and IL-6 (14), areknown tobandin this range: itwouldbe tempting, 

thou& entirely speculative, to relate the increased phosphorylation of these 

proteinstothe changes of PK-Cobserved inthepresentexperimts. 

DISCU6SION 

Our resul.ts provide direct evidence for an increase in m-c activity after 

turpentine treatment of the animal that induces an acute-phase response in 

the liver cell (1). PK-C has been detected in both membranous and soluble 

phases of tb hepdocylxs and a number of extracellularsignals,whose 

mechanism of action app3ar to involve phosphatidyl-4,5-bisphogphate 

hYdrolYsis (4, 151, are known to cause tzanslocation of FK-C to membranes 
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(15), our results show that turpentine-induced inflanxnation operates 

according to this scheme. with an increase in the membrane-associated 

activity at the expense of the enzyme in the cytosol. We advance the 

-thesis that the enzyme, once associated to membranes, can undergo a 

Parthd prote01ytic cleavage, with retention on the membrane of the 

PljRu-receptive regulatory site (16), and concurrent release to the cy-b301 of 
2+ 

the fragment containing the catalytic site, that would lose its Ca and 

phospholipid dependence (17). This possibility has alreacdy been described 

118). Our interpretation is supported by: 1) the discrepancy in time between 

increase of PK-C activity (8 h after treatment) and increase in P.DE!u binding 

(10 h Elfter treatment); 2) the decrease 
2+ 

in cyta3olic Ca and 

phospholipid-dependent protein kinase activity which persists at 10 h, while 
2+ 

CB and phospholipid-independent kinase increases by 17% (data not 

reported). 

The functional significance of PK-C intracellular relocation is difficult to 

define and the results of experiments in vivo hardly allow to identify any 

specific mediator of this effect. The cytokine most likely involved in the 

hewitic acute phase response, IL-6, has been recently shown to trigger the 

association of its receptor with a new possible signal transducer, (14). 

However, PK-C activation could be related to mAlti-hormone changes (19) 

occurring in an organism carrying a turpentine-induced inflation: 

catecholamines, through +receptors (15), and insulin, by de nova phosphatidic 

acid sYntkesi5 (201, could well be responsible for the increase in 

diacylglycerol, leading in turn to the activation of the enzyme. A role of 

PK-C in t& synthesis of acute-phase proteins is suggested by the observation 

that the tumor promoter 12-0-t..etradecanoylphorbol-13-acetate (TF'A), as well 

as a synthtic diacylglycerol, can induce the synthesis of fibrinogen mENA in 

a liver cell line (21). But FK-C cannot be envisioned as a trigger, because 

activation of acute-phase genes starts before the changes observed inthe 

present experiments (22), although it may be involved in the maintenance and 

in the fine tuning of the response. Indeed, It has been reported that TpA 
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participates in the stimulation of acute-phase genes and it is crucial to the 

regulation of responsiveness of liver cells to IL-6 and IL-l, in pa& by 

modulating available cell surface receptor activity (23). Activation of pK-C 

might explain other phenomena which accorrrpany the turpentine-induced hepatic 

acute-phase reaction, such as increased amino acid influx (24), which can be 

stiIY#.1lated by PK-C (25) ; activation of the Whole protein synthetic rm&inery 

(26), some SHOPS of which C~I be influenced by PK-C (27); enhanced pr&ein 

glycosylation (28) and secretion (l), phenomena which can be both potentiat,ed 

by PK-C activation (29). 

Although PK-C phosphorylates mny protx~?ins in vitro, the in vivo substrates 

in liver remir~ to be defined (15). But the alterations in the 

phosphorylation pattern detected in this res:sPm%-work suggest that the 

changes in PK-C are functionally meaningful. Only when the targets of pK-C 

are defined it will be possible to assess more precisely the role of the 

activation and intracellular relocation of this enzyme in the response of 

liver to inflarrmation. 
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