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A cytosolic protein tyrosine kinase in rat adipocytes
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Previous studies suggested that insulin receptor tyrosine kinase (IRTK) is the sole tyrosine kinase in rat adipocytes. We now report that this celi
type also contains a cytosolic soluble protein tyrosine kinase (CytPTK) which is not related to IRTK., The enzyme phosphoryluied PolyGilu,Tyr
whith high effiviency at a rate of 20 £ 2 pmol PTyr/20 ug PolyGlu, Tyr/20 min/ug cytosolic protein. Upon gel filtration chromatography the enzyme
activity was eluted as a single peak corresponding to a molecufar mass of 53 + 3 kDa. Unlike IRTK, CytPTK activity was supported by Co® rather
than by Mn™, and it was not inactivated by N-ethylmaleimide. The enzyme was extremely sensitive to inhibition by staurasporine (IDy, = 3 nM)
as opposed to IRTK (IDy, = 8 gM). In addition, CytPTK. (but not IRTK) was largely activated by vanadate ions. Agemis which affect the
serine/threonine phosphorylation state of cell proteins did not alter CyiPTK aetivity when subjected to intaci adepocytes. In a cell-free system
CytPTK activity was largely reduced by pretrearment with immobilized alkaline phosphatase at physiological pH. The possibility that CytPTK
participates in insulin-independent regulation of glucose metabolism is suggested.

Protein tyrosine kinase; Glucose metabolisin;, Rat adipocytes

1. INTRODUCTION

The level of protein phosphorylation on tyrosyl
residues is extremely low compared to phosphorylaiion
on seryl and threony! residues in intact cellular systems
[1]. The amount of phosphotyrosine in cells comprises
less than 0.1% of the combined amounts of phaspho-
serine and phosphothreonine [1]. Nevertheless, ty-
rosine-specific  protein  kinases (E.C.2.7.11) have
attracted much attention in recent years for two
reasons: first, they are an intrinsic entity of the receptors
for insulin and most growth factors [2], and secondly,
they are transcription products of several oncogenes [3].
Recently, tyrosine kinase activities have been identified
in several normal tissues and cefls, including spleen,
liver, lung, thymus, brain, platelets and erythrogyres
[4-7]. Since they are devoid of ligand bnding ability,
they are referred to as ‘nonrecej<or’ PTKs. Tiese
kinases are present in particulate as well as in cytosolic
fractions and possess molecular masses varying from 40
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to 120 kDa [7]. Due to their low abundance in normal
cells, nonreceptor-associated PTKs have not been ex-
tensively studied. Their modes of participating in cel-
lular metabolistn are not known, neither are their natu-
ral substrates.

In mammalian adipocytes nonreceptor lyrosine
kinases have not been described so far. In this study we
report the presence of a novel cytosolic PTK in rat
adipocytes. The enzyme was partially purified and
characterized. Its possible role in regulating glucose me-
tabolisti in adipocytes is discussed.

2. MATERIALS AND METHODS

2.\, Preparation of rat adipocytes and high-speed supernatant fraciion

Rad adipocytes were prepared from fat pads of male Wistar rai-
{180-250 g) by treatment with collageniase [B] €' wall €Al uct wa”
obtained by humoyenizing the ceils in 50 mM HEPES, pH 7.4, supple-
mented with | mM phenylmethylsulfonylluoride, 10 gg/ml leupeptin
and 5 pziml aprotinin, and centrifuging thereafter at 40.000 x g for
60 min. Where indicated, the adipocytes were pretreated with NavO,,
HQ,, okadaic acid, bl-cAMP, isoproterenol, TPA for 40 min at
31C, or for 5 min with insulin. Cell suspensions were then supple-
mented with eqnal velurmes of 50 mM HEPES, pH 7.4, containing 2
mM NaVO,. followed by lysing of adipocytes. The crude cell extracts
were collected by centrifuging the cell homogenates through a silicone
oil Tayer [9]. Protein concentrations [10] were normalized and tyrosine
kinase activity was determined in aliguots,

L2 Tyrosine kitwase dotivity measuretients

Unless otherwise indicated. the standard enzyme assay mixiuse
tfinal volume 60 gt in 5 uM HEPES, pH 7.4) contained the enzyme
sobree (crude extingts, fracucas alter ¢olumn chromatography or
purificd enzymcel, 0 mM MpC' . Y mM cobalt (1D acetare and 100 uM
ATP. Following 30 min preincubation, the reaction was initiated by
acdding PolyGhy, Tyr tfinal concentration, 0.67 mg/ml), procesded fu
20 min it 22°C and was tauminaled by adding EDTA (20 mM) and
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wemzdate (1 mM). Baskslly the same procndure was apyphied when
WGA-agerow purified TRTK was wied exarpt ithat Mol (2 mM),
was subsiiteted for Co™, and inalin (1077 M) 20d Triton X-100
{0.1%) were prosent during the vesstion. The photpbotyrosine conment
of PolvGla, Ty was quandivated Yy RTA, wsing antitodies te phospho-
tyrosine {111

Pastialle parified insulin tecepior was prepaned from rat ver by
solobifiztion of plasma membrane fraction with Triton x-100,
adsorption 1o WiiA-agarese affinity colutim and elution with A-
acetyl-o-glecasamine as desctibed [12). Pastial purification of CyiPTK
activity was achioved Y Jhrommtography of the ande adipocytic
extract (B ml, ~10 g cyrowoti: proicin) ona colwmn of Cibasnom blue
3GA-aparose. The ool (2> 1 am) was pre-equilibrated and washed
with $0mM HEPES. pH 7.4, and eluted with the same bufter, contain-
ing 0.5 M NaCL The chuted proveins were diatyasd, lvophilized, and
reconsiitied in SOmM HEPES, pH 7.4, The matesial was loaded onto
a Sephades G-200 oolurtn (1.3 % 60 em), wiich was pre-equilibrated
and ehned with 50 mM HEPES, pH 74, st 7 (tlow vane 4 mih).
Tyrosine kingse wctivity was determined in the aliquots of collected
fractions (0.5 mi),

The data on figies and tablas are presented as the means £ S EM,
in = 3)

3. RESULTS AND DISCUSSION

3.1. HMenrification of CytPYK activity in rat adipocyres

Freshly prepared rat adipocyte suspension was
supported with proteases’ inhibitors and lysed in the
absence of detergents. The 40,000 x g supernatant was
initially examined for its PolyGilu, Tyr-phosphorylating
activity under the standard assay conditions applied for
IRTK 113] namely in the presence of 2 mM Ma®, and
10 mM Mg’". Under these conditions little phospho-

Table |

Phesphorylation of PolyGla, Tyr by CyPTK in the presence of virie
ous divalenl eutions and nucleotides

Reaction conditions CYIPTK aativity feiatrve
pmol Piyv/20 yp PotEnRCY
PolyGilu, Tys/20 %
min
Dhvalimt ions"
None ¢ = 0o 0
Vg™ W mM B tqs 1s
Mo 2 M 063 ~ 033 7
Mg 0 mM-Mn®, 2 mM 246 2 003 i5
Co™, 2 mM 7 2123 31
Mg, W Mot L 2 m 84 +3 100
Ca'*. 2 mwt 303 » 0467 U]
Ao, 2 pad HO2 5 GGus Y
Newlontides®
N B ]
ATP 5540 2 3 FLES
L 193 <2 )]
Ly Te 205 i3

e feaction sias catnicd ow i 50 et HEPES, pHl 7.9, wab 19 pip
ST PR ot ne deworib o pectinm 9, Pellia 0o 1087 guginl
s a0l vetnednet to M otre prementonn o o O ING foueey
with ATP (00 aM) 200 mdiceied draton cutism: 80, of with thy
et srchooniden FA00 (b s, Mg (10 MM s aad Lo 17 20 (s
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Fig. 1. Phosphorylation of PolyGlu, Tyr as a fumetion of the conventra-
tion of adipocyte erude extract. The crude extract was prepared as
described in section 2. The tyrosine kinase assay mixture (60 z1 final
volume in 50 mM HEPES buffer, pH 7.4) contained 0.1 mM ATP, 15
mM MgCl,, 2 mM Co®, PolyGlu,Tyr (0.67 mg/ml) and the indicated
concentrations of cytosolic protein. The subsicate was added subse-
quent 1o a preincubation period of 30 min and the reaction proveeded
for 20 min a1 23°C. The amount of phosphate incorpotated into
PolyGlu, Tyr was estimated by RIA.

tylating activity was observed (Table 1). However, when
Co™ was substituted for Mn?*, the extent of phospho-
tylation increased largely. Following large scale charac-
terization, the optimal divalent ions requirement was
found to be Co™ (12 mM) plus Mg> (10-15 mM);
Mn**, Ca®* and Zn** did not support phosphorylation.
ATP was the preferred phosphoryl donor, although
UTP. and GTP could also be utilized to some extent
(Table 1).

3.2. Quantitation

Figure [ represents the extent of PolyGlu,Tyr phos-
phorylation at increasing concentrations of high-speed
supernatant fraction. No dcsectable phosphorylation
was observed at 0.1-0.2 ug cytoselic protein. Phospho-
rylation was linearly increased at the range of 0.5 to 2.5
#g cytosolic protein. The specific activity amounted to
20 £ 2 pmol PTyr/20 pre PoiyGlu,Tyr/2C ainiug cyto-
solic protein. This is an extremely high activity; compar-
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Fig. 2. Blution pattern of CyiPTR activity on Seplustes G-200 col-
wean. Panially punified CotPTE sus louded on Sepbadon G200 col
wrn 10,3 = 60 oo, equilibrared and cuted with 5 misd HEPES, pH
A Aty of cach fracon (0.5 mi) were avaved for CyPTi
axinaty woder wiansdan? condiens s dewibied i skation 2,
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ison of the PolyGlu, Tyr-phosphorylating activity of the
detergent-soluble plasma membrane fraction (i.e, that
of IRTK [14,15)) to that of the cytosol seems to indicate
that the cytosolic PolyGlu,Tyr-phosphorylating ca-
pacity of adipocytes exceeds that of the plasma
membrane by more than one order of magnitude (not
shown),

3.3. Partial purification of CytPTK activity

About 100-fold purification of CytPTK was obtained
by two consecutive purification steps. Chromatography
on Cibracon blue-agarose (which binds proteins having
ATP-binding domains) led to ~20-fold purification and
subsequent step of gel filtration resulted in further ~S-
fold purification (Table I1). The enzyme activity
emerged as a single peak from Sephadex G-200 column,
suggesting predominantly one species of soluble ty-
rosine Kinase in rat adipocytes with molecular mass in
the vicinity of 53 + 3 kDa (Fig. 2).

3.4. CytPTK is not related to IRTK

In addition to the different requirement for divalent
ions (Table I), and different molecular mass (Fig. 2),
CytPTK differed from IRTK at least in 3 more criteria;
(i) the enzyme was not inactivated by N-cthylmaleimide
(Table III); (i) it was effeviivesy mhibited by siauro-
sporine (EDyo = 3 nM, Table I11); and (iii) its specific
activity was increased 3-—4-fold when high-speed super-
natant was obtained from vanadatc-pretreated adi-
pocytes (Fig. 3). Neither of these criteria is valid for
IRTK (Table 11l and [13,16,17)) strongly supporting the
view that these two tyrosine kinases do not relate at all
to each other.

3.5. CytPTK aqetivation is unique to vanadate ions

The fact that vanadate, which is a potent inhibitor of
tyrosine dephosphorylation [18,19] enhanced largely
CytPTK activity (Fig. 3), may reflect the necessity of
tyrosine phosphorylation for the maximal expression of
the enzyme activity. This conclusion is supported
further by the observation that oretreatment of the
crude extracts with immobilized alkaline phosphatase

Table 11
Partial purification of CytPTK from rat adipocytos

Purification siep Protein  Activity  Specific  Purifica-  Yield

mg units"  activity tion (%)
upite me ' fald
40,000 :: 4 9.6 8.000 830 | 100
supernatant
Cibacron bhluc [{X-]] 7.370 17.970) R 92
3CGAagarose
Sephadex G-200  0.03% 300 81580 98 9

" One unit is defined as the amount of the enzyme which produges 20
pmol FT¥yr per 20 min under standard assay concitions Jeseribed in
seption 2.
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Fig. 3, Effect of insulinomimetic and counter-regulating agents on

CoPTK activity. Adipocytes (5 x 10° cells/ml) were pretreaicd with

the indicated reagents for 40 min at 37°C, or for 5 min with insulin.

The cells were disrupted by freezing/thawing procedure and the crude

extracis were collected as described in section 2. The tyrosine kinase

agtivity was evaluated by the amount of incorporated phosphate in
PolyGlu,Tyr as described in Fig. 1.

markedly reduced the phosphorylating capacity of
CytPTK (Table III). Alkaline phosphatase of animal
and bacterial origin has been reported to exhibit high
specificity toward phosphotyrosine substyates at neutral
pH [20,21]. Whether CytPTK by itself undergoes activa-
tion by autophosphorylation as do many of the tyrosine
kinases described to date [2,3,7), is a matter of further
studies. The large stimulation of CytPTK activity ob-
served in vanadate-pretreated cells seems to be a unique
feature of this insulinomimetic agent. The other insuli-
nomimetic agents studied here including okadaic acid
[22.23], H,O, [24.25], TPA [26] and insulin by itself, as
well as some agents that counterregulate the actions of
insulin such as isoproterenol and blycAMEP {27] failed
to alter CytPTK activity when applied to intact adi-
pocytes (Fig. 3). It could be concluded therefore that

Table 111
Effects of different treatment on CyiPTX and IRTK activity

Conditions pmol PTyr20 v Ralaty - aavn
PolyGlu, Tyr/2t waje -4
CytPTK. activity*
Basal W0 3 100
NEM. | mM 2 2 9
Stauresporine, 3 nM 1 +2 50
Staurosporine, 10 nM 2003 10
Alkatine phosphatase (7 unitsrml)® >1 £ 0.7 »5

IRTK (liver)

Basal 6413 100
MEM T ;M 15+2 54
Staurosporine, 2 uM ol 2 95
Staurosporine, 10 M 24 14 1R

*Assayed with 1 op oorosolie protein in the presence of indicared

inhibtors, Mg® (10 mM; it 67 (2 M), as described in section

2. " Immobitized alkaling phosphatase was added prior 1o the assay

for M min at 37°C and wi. removed thereafier by cemrifugation,

* Assaved with 1 ug WGAagarase purified IRTK in the presence of

indicated inhibitors, Mg (10 M) Mna™ QoM 107 M insudin, and
0.1% Triton X-100.
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CytPTK activity is not affected under conditions that
elevate ceflular cCAMP levels. increase serinefthreonine
phosphorylation state of cellular proteins, activate pro-
tein kinase C or affect cellular cvents mediated by in-
salin.

Asmnmwdabo’e.uvcmicofummptorﬂﬁs
found n other mammalian tissyes is stifl unknown [7].
Our observation that VO, activates CytPTK supports
the view that this cnzyme participates in the vanadate-
depemdent effects in activating carbohydrate and lipid
metabolism i rat adipocytes. As shown previously, va-
nadate mimics virmually all the biological effects of in-
sulin in this cell type. probably in a postreceptor manner
as it docs not modify insulin receptor function [17]. It
is tempting o speculate therefore that the lack of
stimulation of CHPTK by insulfin mayv reflect the dif-
jerences in the mode of action between insulin and va-
nadate on carbohydrate and fat metabolism. However,
further studies will shed light on the participation of the
nonreceptor PTK in the metabolisn of normal adi-
pocytes.
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