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Tyrosino pn~tcin ki, i,ts,: ,tTPK) activity was detected in rat r~nal brush-border membranes (BBM) using poly(GiuS~Na,Tyr ~) us a 
snbstrate. Maximal TPK activity required prior detergent dispersion of tile membranes with 0.B5% Triton X-10O and the 
presence of vanadate, a Imtem inhibitor of phosphotyrosinc protein phosphatases, in the phosphorylation medium. Optimal 
conditions for measurement of TPK a¢livity were 10 mM of MgCI 2 and MnCI:, at 311~C and oH 7.0. TPK activity was inhibited 
by gcnistein, with a ICsu vain," of ]5 FM, while no inhibition was observed in the presence of I-{5-isoqulnulinesnlrnnvl)-2-melhyl- 
pipcTazinc dihydroehlnridc (H7), an inhibiter of serine4hr~:nnine kinases, TPK activity was cnrichc-[ z-hid in the BBM fraction 
relative to cortcx homogenatc. It was co-enriched with BBM enzyme markers, hut not with those of the ha~l.'neral membrane 
(BLM). The endogenous suhstrates of TPK in brush.border and basniateral membranes were determined by Western Met 
analysis using an antiphosphotyrosiac monoclonal antibody (PY20). Various phosphotyrosiuc-containing proteins were found in 
the BBM (3[, 34, 46, 50, fi3, 72, 91}, 118 and 170 kDa) and in the BLM (37,48, 50, 53, 72, 90, 130 ano 170 kOa). Addition of 
exogcn(ms insulin receptor to BBM and BLM increased the phosphorylatlon of most of the snbstrates. Sniubilizatinn of the TPK 
activity from BBM with 0.5°/,~ CHAPS and subsequent get filtration on Supardex 75 yielded two l~caks of tymsine prutcin kinas¢ 
activity with apparent molecular masses of 49 and 66 kDa, These results provide evidence for a non-receptor TPK activity 
associated with the renal tubular luminal membrane. 

Introduction 

Tvmsine proteilt kinase (TPK) activity was first dis- 
covered in association with transforming gone products 
of a number of sarcoma-inducing retroviruses and has 
been postulated to bc responsible for the transforming 
ability of these agents [1]. The supposition that this 
activity was confined to viral products was dispetled by 
two findings: (l) the capacity of q.hc cellular receptors 
for growth factors, insulin and somatomedin C, to 
catalyze phogphorylation of tyro.,ine residues; and (2) 
the existence of a group of ptoto,oncogenes encoding 
membrane.~'ssnciated non-receptor tyro..in,: kinases in 
normal tissues [2-4]. The relationship be;:ween once- 
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sonic transformation, growth factor receptors, and in- 
creased activity early in embryogenesis has linked the 
TPK activity to the regulation of cell growth, differenti- 
ation and development. In normal ceils, protein Wro. 
slne phosphorylation is a rare event since less than 
0.1% of all phosphoproteins are phosphorylated on 
tymsin~ residues [5], For this rea~n,  TPK activity was 
studied mostly in carcinomas and transformed ecii lines, 
in which it is overexpressed [2]. However, TPK activity 
has been identified in various normal mammalian tis- 
sues by using different synthetic substrates containing 
tyrosin¢ residues [6-8], 

The renal proximal tubule represents an interesting 
model for examining tyrosin¢ phosphoryiation enzy- 
matic systems in a normal tissue. Proximal tubular cells 
are characterized by the differentiation of the plasma 
membrane into two distinct components, the luminal 
hrnsh-bo:dcr membranes (BBM) alld tli~ antiluminal 
basolatcral membranes (BLM) which differ by their 
protein composition and the mechanisms by which 
metabolites enter and exit the cell [9-10], Protein 
phospho~lation has been studied extensively in plasma 
membranes of the renal cortex, it has been demon- 
strated that the cyclic AMP-dependent protein kinas¢ 
was predominantly localized in BBM [11] while acal -  
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clam-activated, phnspholipid-dependcnt protein kinasc 
was present in both BLM and BBM [12,13]. Stt~dics on 
specific bindi,.g of t~Sl-lnsulin on the cortex plasma 
membranes have established that the insulin receptors 
were located predominantly in the BLM [14]. A low-af- 
finity, high capacity binding of insulin has heen demnn- 
strated in BBM, distinct from the high-affinity insulin 
receptors associated with a TPK activity in BLM [15]. 
Nevertheless, no investigation on the TPK activity and 
the phosphotyrosine-containing proteins in the RBM 
have been reported and we must consider the possible 
existence of TPK activity in the re,al BBM. 

Synth~:tie polymer subslrates are useful to evaluate 
and to partia!ly characterize the total TPK(s) found in 
a suhcetlular fraction and they are currently being used 
as substrates during the purification of different TPKs 
from various tissues [16-19]. In this report, we demon- 
strate the presence of a TPK activity incalized in the 
brush-bord,:r membrane of normal proximal tubule 
cells of the kidney by using a synthetic copolymer of 
glutamate and tyrosine, poly(Glu~"Na,Tyr-"), and iden- 
tify the phosphotyrosine-containing proteins of BBM. 

Experimenlal procedures 

Chemicals 
I'¢-'~:P]ATP and an anfi-phosphotyrosine muno- 

clonal antibody fPY20) were purchased from [CN 
Biomedicals (lrvine, CA). Poly{GluKt~Na,Tyr TM) 
(~Iy(GT)~ was from Sigma (St, Louis, MO), Other 
chemicals we~,: o," the highest purity available commer- 
cially. Purified insulin receptor was generously pro- 
vided b?, Dr. i~. Pu~ncr and Ms. C~line Brul ,~ [20]. 

Preparation of bntvh-border and ba.solaterul monblwtes 
The experiments were oerformed on Spraguc-12.~w- 

Icy male rats weighting 20tl-3oll g. BBM were prepared 
according to the method of Booth and Kenny [21]. 
BLM were isolated with u selfin;icnting Percoll gradi- 
ent method [22]. Purified membranes were resus- 
pended in 3(~) mM mannitol, 20 mM Hepcs-Tris (pH 
7.5), and stored in liquid nitrogen. Protein concentra- 
tion was determined with the method o~ F_,r,,l~ord [23]. 

Poly(Glu~°Na, Tyr 2a) phosphorylation assays 
BBM vesicles were diluted (to 2 ~ng protein/ml) to 

obtain ~ ~tlution containing 61t mM mannitol, 25 mM 
Hel:,¢~.Tris (pH 7.5) and preineubated for 1 It at .~°C 
with 0.05% (v/v) Triton X-10t} and proteinase in- 
hibitors (bacitracin (10 gg/ml), aprolinin {2 gg/ml), 
pepstatin A (10 p.g/ml], chymostatin (10 gg/ml)). 
TPK actMty was assayed by measuring the incorpora- 
tion of ~-'P from [y-~-'P]ATP into ~oly~GT), as de- 
scribed by Bourassa et al. [16]~ Assays in which poly(GT) 
,~as deleted wen~ performed and used as blanks. The 
assay was linear with respect to the amount of mcm- 

b~am p~oteln and time, up to 15 #g and 15 min, 
respectively (data not shown). Results were expressed 
as the mean +_ S,D. of three distract experiments done 
m triplicate. 

Phosphor,lotion of endogenous membrane proteh2s 
Phosphorylation of endogenous protein~ was curried 

out ;as described for the exogenous phosphorylation 
assays except that ~ly(Gf) was onitted and unla- 
belled ATP was used instead of [y)2P]ATP. The rent- 
lions were stopped by the addition of SDE sample 
buffer [24]. The samples were then heated for 3 rain at 
I(X)°C and proteins were separated by SDS-PAGE with 
9% polyaerylamide gels and a Mini Prote~m slab system 
(Bio-Rad), Phosphnrylase b (97.4 kDa), bovine serum 
albumin 166.2 kDa), ovalbumin (45 kDa), carbonic an- 
hydr~se (3: kDaL :~oybean trypsin inhibitor (21.5 kDa} 
were used as molecular weight standards. The gels 
were elcctrophotetieally transferred to [mmobilon-P 
{Milliporc, MA} with a Mini Protean slab system (Bio- 
Ra(IL PAnts were Mocked wilh 3% BSA and 1% ovat- 
bumin in saline buffer overnight at 4°C. washed three 
times with 1),05% Twecn-2tl in the same buffer, and 
incubated overnie, h~ at a°¢ " '~',lil.~ E"Sl-labcIled aqti-phos- 
phot~,,rosine (PY2111 at u concentration of liY' epm/ml 
[25]. Duplicate blots were ineubat,-d with PY20 in the 
presence of 5 mM phospholyr.~.~ine. The blots were 
then washed in saline buffer three times and exposed 
to Fuji film at -80~2 for I-3 days. 

FPLC gel phration of tytositw proteht kblase acavity 
from bnL~h-horder m,,mbranes 

The TPK activity associated will ~[1~.] was solubi- 
[ized by extracting the BBM proteins (Ill mg/ml) with 
0.5% CHAPS, I mM EDTA. and 20 mM Tris-HCI (pH 
~.131. M&:r incubation of the membranes for I h ;It 40C, 
the suspension was centrifuged at IO0{lO0 Xg for 311 
rain. Over 911% of the TPK activity, measured b? the 
poly(GT) phosphorylation assay, was solubilized. The 
supernatant vas applied to a Supcrdex 75 column 
elated with 20 mM Tris-HC1 (pH 8.0) and I).05% 
CHAPS at , flow rate of 0,5 ml/min, and 0,5 ml 
fractions were collected. Bovine serum albumin (67 
kDa), ovalbumin (43 kDa), chymolrypsinogen A (25 
kDa), and ribnnuc[ease A (13.7 kDa) were used as 
nmlecular weight standards. 

Results 

Tyrosh~e-s[~,'ci~c protein kilme activity 
The TPK activity associated with BBM was mea- 

sured by following the ~hosphorylation of an e',oge- 
no~s substrute, polyfGT;. En~mutic activity was as- 
sayed after I h of preineubation at 4°C in the presence 
of Triton X-100. Pretrealment of BBM with 0.05 and 
0.5% (v/v) Triton X-100 increased the TPK activity 
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TABLE l 

El/cut o[ pn'rn'armem of brmh-ir~rdrr ,,;,.'mhnrtlc~ e,ith Trifon X-IO0 
O~t tile TPK acti[ ity 

Brusl~-bmder membranes were prcincubated for l it with ~1 wi*h~ut 
Trit~m x-n~l in 2..5 raM Hepes-Tris |pH 75). 0(1 mM nl~l~ttilnl and 
protcinase inhibitor.,;. Tb,." re~!rtifm l~)i~llllrp W~I~ inrnhalt'd ti~r III rain 
at all°C and contained l0 gg of mem'nnmc protein, 5(] ~g ~}f 
poly(G'r}, I(! ,u~,,I h,.3zPlhTP ~3 pCi), 10 ram MgCI_~, t0 mM 
MnCI~, ~ltl ~ M Na ~VO~. 11.(~2% Trilnn X- I(1(| and 25 ram I leoes-Tris 
(ptl 7.O). 

Ttihm X-IfD Tyrosine kinasc aclivity 
t% '.'/v) (pmol/min per mg ptnlcinl 

a 44± 6 
0.{]5 83_ I I 
U, St} 56+_ 7 

1.9- and 1.2-fold, respectively (Table I). Pre-treatment 
of the membranes with 11,05% Triton X-J00 was thus 
used in all following assays. 

The effects of ZnCI 2, EDTA, vanadate and mdyb- 
date, which are inhibitors of various PTPases, were 
then studied, Phospborylat~on of exogenous substrate 
was allowed to proceed for 5 rain and the incubation 
medium was then diluted in the presence or absence of 
PTPase ifthibitors, in the abse,.~, of pTPr, s~ inhibitor, 
phosphorylation of the poly(G'r) was decreased by 
approx, 5{1% after 30 rain of incubation (Fig. 1). Vana- 
date or moIybdate, by inhibiting FTPases, stimulated 
lhe phosphorylation 2,25- and 1,25-fold, respectively 
(Fig. 1). The PTPase system associated with BBM was 
not affected by ZnCI2 or EDTA. To prevent the de- 
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Fig, t. Effects of PTPa.,;e inhibito[s on the rate nf incnrB)ratmn of 
~"P it, ~l~dC;]'). The. reaction mixture, contained 18 ~g af membrane 
protein. 511 ~,S of poI~GT}, 10 pM [?J:PJATP (3 pCi). B) mM 
M$CI:, I0 mM MnCI,, 0.02% T;iron X-IO0 and 25 mM Hupca-Tris 
(pl-I 7.0), After S rain ul incubation at 30°C, inhibitors were added 
(1.) and fl)e incubation was all~'cd to proceed for lh= indicated 
timn~, The final ¢oncentratir, ns w~tc 21111 t~M for vanudatc (o), 5 ~M 
for mt~]~bdale (~1, 100 #M for ZnCI~ {11} and [ mM for EDTA 
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Vanadale { I 0'6 M I or Okadaie Acid (lO'S M) 
Fig, 2, Effects of wmadale and okadaic acid tin the phosnhnrylation 
of pol~GT) catalyzed by BBM. TPK aclMty ',,ras as~ycd in the 
presence of vanadate 1o1 ur okadaic acid (*) under the ~:onditions 

described ill Table I. 

phosphorylation of the exogenous substrate, the assays 
were thus performed in the presence of vanadatc. As 
shown in Fig. 2, a 2-fold increase in basal TPK activity 
was ahlaip.cd in the presence of vanadate, while okadaie 
acid, a specific inhibitor of phosphoserine/threonine 
phosphatases [26], was without effect. 

Since kinase activity is strongly dependent upon1 
Mg 2÷ and/or  Mn 2. as cofaetors 12,3], TPK activity 
was also assayed in the presence of these two cations, 
Both cations caused the stimulation of TPK activity 
(Fig+ 3A), MnCI z was much more effective than MeCh. 
as a cofactor. TPK activity was optimal when both 
MgCI 2 and MnCI 2 were present at a concentration of 
10 raM, Tho tempera;urn dependence of pht~pboryla- 
tion showed a maximum at 30~'C (Fig, 3B), TPK activity 
allowed a ft,~itnal activiiy at pH 7.0 whereas it was 
much less active at acidic and basic pH values (Fig, 
3 0 .  Phosphorylation of poly(GT) by the TPK a~soci- 
ated with BBM was not stimulated by cyclic AMP (100 
pMh cyclic GMP (100/aM) or Ca ~+ (100 p.M) (data 
not shown), 

Recently, genisteirt, an isoflavone compound iso. 
luted from the fermentation broth of Pseudwnonus ~p., 
was identified as a highly specific inhibitor of tyrosine 
kinases [27~, As shown in Fig, 3, addition of genistein 
to the phosphorylation medium caused a dose-depen- 
dent inhibition of the TPK activity with a h~lf-maximal 
effect at about 15 tt M, This concentration of genistein 
is similar to that required to inhibit the EOF receptor, 
pp69 v'~r~ and ppl l0  z~s't~'~ [7.71. In contrast, l-(5-iso- 
quinolinesuffonyl)-2-methylpiperaziae dihydrochloridc 
(H7), an inhibitor of serine-threonine kinase [28], hdd 
no effect on TPK ~ctivity (Fig, 4). 

Since receptors with TPK activity are present in the 
BLM [14], we have determined whether the measured 
TPK activity was truly a component of the BBM by 
comparing the enrichment factors of BBM and I:ILM 
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for enzymatic markers and TPIC ~,-Olutamyl transpcp. 
tidase was highly enriched in the BBM used in this 
study while Na+/K+-ATPase (BL,M marker) was not 
enriched (Table II). TPK activity associated with BBM 
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Fig. 2,. Biochemical properties of the TPK a~ivity of th'. brash-border 
membrane. (A) The effect of Mi| '~+ and ~++z+ on "rPK atl;vity was 
assayed at different concentrations,of MgCI 2 with 0 (o), 5 to) and 10 
mM (O) of MnC[=~ (El) TPK aelivity was a~ay¢d at 4 to 50°C. (C) 
The effect of pH was studie, d with ~ mM of the following boffeP+; 
Mcs.TrLs (pH 5.0-6.5), Hepcs.Txis (pH 7,0-8,5), CHF.~.THs (p].l 

9.0-10.0), Otbor coz~didons were a~ described in Table L 
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Fig. 4. Effects o+ genistein and i-{5-isequinotines~lfonyll-2-methyl- 
+,;~'matine di,~,ydrochlodde (HT) on the pbosphmyr~sylatio.~ of 
poly(GT) catalyzed by BBM. TPK activity was assayed [a +'L¢ pre~- 
enec of geaistein (w) or H? (o) u~der eoadit~n~ de,,,criF, ed in 

Table I. 

was enriched 4-fold over the activity found in the 
cortex homogenate whereas that found in purified BLM 
w~s only enriched 2-fold, 

Detection of the endogenous substrares of the tyro,vine 
protein kinase 

Phosphotyrosine-eontaining proteins of BBM and 
BLM were deteet¢ci by Western blot analysis dsing an 
iodinated ami-p~.ospho~'rc, sine monoclonal antibody, 
PY20. Fig. 5 shows representative profiles of phospho- 
rylation obtained for the BBM and the BLM. A variety 
of  phosphotyrosinc-containing proteins was observed 
in both plasma membranes (Table I l l ) .  Duplicate blots 
incubated with phospho~rosine showed a complete 
abolition of the labelling (not shown), in agreement 
with the reported sp~cificiff of FY20 for phosphn- 
tyrosine [25]. 

To determine whether the endogenous substrates of 
these plasma membranes could be phospherylated by 
rcceptor-TPKs, we added a purified insulin receptor 
fIR) preparation to the phosphorylaxion mixture con- 
taining BBM or BLM (Fig. 5). Phosphory[ation per- 

TABLE II 
Comperam'e ennehrnenr of TPK aclirity and plasma membrane ma~ev 
envlme artiritie:~ for the BBbt and BL M 

Membranes were preincubaled for I h with 0.05% Triton X-100 in 
2.s mM H¢~s-T~k (pH 7,5), 60 mM mannilol and p~t¢inase in- 
hibitots, TPK ~ctiviw was .',ssayed as described in Table I, 

Fractions Enricha~¢nt 

y-glula:.yl Na+/K +- 
Iranspeptidase ATPase 

TPK 

8BM 14 +2.5 1.5-1.0.3 4.0::I: 1.0 
BLM O.'1.t 0.2 16.0+2,4 2.0::i:0,5 
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Fig. 5. Tyrosine-pl~sphu~ylated proteins from BBM and BLM. 
Auloradiogram of the irnmun~tol performed with the phospho- 
tyrosine-spc¢ifie antibody PY20. TPK activity/ W~, ~ =~l.'ed in the 
presence (+)  or !n the absence (~ )  of purified insulin rcceptm (ll.~.). 
Numbexs refer to the molecular wcighls Of the slandard proteins. 
TPK activity and Western blot were assayed as described in Expert- 

mental Procedures, 
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TABLE |[i 

Phmphorylatiou ~¢ the pr¢~i.~ vf BBM and BLM by eodolcenous TPIG" 
and by exogenous insulin ~'¢¢ptot 

Phospho~lation of BBM and BLM su~trates wan evalua!e~ by 
dcnsilometde scnnnin2 of the phospholyrosine-cont~lining pmleins 
detected by immunoblot. Purified insulin re,:-p:.~r was added to 
phospho~lotion mixtu[e containing BBM or ~U.]. The increase in 
phosphn~lotlnn was calculated from the area under each peak of the 
deusitometri¢ scanning of the immunohlnt, The results ate given as 
means :;: S.D. of five e~erirnenls, n.d,, not delectable. 

$ub~trates %oflotalph~pho~lation x-~ldslimulalionbylR 
(kDal BBM 9LM BBM BLM 

170±5.0 7.3±2A 15.0~5.0 3.0±0,5 3.2±0.6 
135±3.5 ~,d, 1~.6±40 n,d, 3.0±0.9 
11~±2,2 Iq3~4,8 n,d, t.~±0,5 n.d. 
~±1.5 7.511,5 21.fi±3.0 2.8±1.2 =.,±IA 
72±3.0 23.2±5,0 2fl,fi±6,fl 15±0.3 2,0±0,5 
53±1,5 5.0±!.~ 4.2±1.0 2,0±0.5 2,0±0.5 
59±1.2 6.1±1.5 4,0±1.0 2,2±0.5 3,0±1.5 
48~1.q n.d. 6.2±2.3 n,d. 2,7±1.3 
46±2.0 1q.2~3~0 n,d. !S±a? p~. 
37±1.5 n.d. 8,0±3.5 n,d. 3.6±2.3 
34±0.5 3.2±1,0 n,d. 2.0±0~ n.d. 
31±l.0 4,3~1,8 n.d, 1.8~0,4 n.d. 

formed with the preparation of IR alone revealed a 
phospho~rosine-containing protein of 90 kDa which 
corresponds to the autophosphorylated IR B-subunit, 
Addition of IR increases the phosphorylation of most 
of the substrates (Table liD. The range of stimulation 
of the phosphorylation by IR varies from 1.5-fold for 
the 46- and 72-kDa substrates of the BBM to 3.6-fold 
for the 37-kDa substrata ol the BLM. 
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Fig. b. Gel fiLtration of sot.blitzed BBM oa Saperdex 75. TiLt extract 
of BriM t~ ml, 9 mg of protein) was chromatoi~'aphed on a Sup~rdex. 
75 column and elated as described in K~perimemat Puxedurns. The 
TPK activity was assayed by the phn~phorylation of poly(GT;., us 
desc~Lbed in Table i. The ~sition of the peaks or TPl¢. activity was 

evaluated from the elation prn file of slandard proteins. 

Determination of  1he apparent molecular masses o f  tyro- 
slat' protein kinase(d o f  brash-border membrane, 

FOllowing solabilization of BBM with 0,5% CHAPS, 
a profile of TPK activity was obtained by FPLC on 
Superdex 75 (Fig, 5). Two distinct peaks of activity with 
molecular masses of approximately 49 and 66 kDa 
were detected. Most of the TPK activity (80%) ¢lutcd 
as proteins of approx. 49 kDa and was enriched at this 
stage about 20-fold compared to the activity found in 
the membranes. 

Discussion 

TPK activity associated with the brush-border mem- 
brane of rat proximal tubules was characterized by 
measuring the phosphorylation of an exogenous sub. 
strata, ~ ]~GT) ,  previously shown to be an excellent 
substrata for this class of kinases [16-19]. Intact BBM 
did not phosphewlate pol.~,GT) a~ eflictently as mem- 
branes solubilized with 0.05% Triton X- I~ ;  this may 
suggest that the catalytic site of the TPK is present on 
the inside of the BBM vesicles, since intact BBM arc 
oriented predominantly right-dale-out [29], This is in 
agreement with the localization of the catalytic domain 
of most TPKs on the cytoplasmic side of plasma mere. 
branes [1], The TPKs detected in BBM appear to be 
very similar in some of its biochemical characteristics 
to several other TPKs. It is most active near physio. 
logical pH, requires both Mg ~+ and Mn 2+ for maximal 
activity and is sensitive to genistein, a specific inhibitor 
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of the TPK,~. We found that addition of vanadate, an 
inhibitor of PTPase [30], was necessary to measure an 
optimal membrane-dependent phospho~lation of 
poly(GTl. The coexistence of TPK and PTPase in 
BBM is consistent with the' m~el of protein phospho. 
(ylation-dephosphorylation which seems one of the es- 
sential regulatory systems for maintaining the lotto- 
cellular phosphotyrosinc contenl at low levels [5]. Inhi- 
bition by vanadate and insensitivity to EDTA were also 
reported fur the PTPases found in crude p~-cparations 
of rabbit kidney plasma membranes [31]. However, in 
this latter case PTPase was found to be sensitive to 
ZnCI.,, in contrast with the PTPase activity reported in 
this pa~r. 

More than 99% of the amino acids phosphorylated 
in a normal cell are serine and threonine residues [51, 
and it is well established thai the renal BBM has 
serinc/threonine phosphorylation-dephosphoryladon 
systems [32]. In order to study a ,,',mssibte contribution 
of these non-TPK activities to the phosphoryiation of 
poly(GT), membranes were incubated in the presence 
of okadaic acid, a specific inhibitor of serine-threonine 
ohosphalascs, or in the presence of H.7, an inhibitor of 
serine-threonine kinases. These inhibitors had up ef- 
fect on the incorporation of 32p into poly(GT) (Figs. 2 
and 41. Consequently, tilese results exclude the possi- 
ble participation of the endogenous phosphorylation of 
serine/threonine substratcs in the evaluation or in the 
regulation of TPK activity. 

The BBM preparations were almost free of BLM, 
suggesting that the BBM-assoeiated TPK activity is not 
due to a contaminating BLM enzyme. This is also 
supported by lhe strung phosphorylation of poI',,(GT) 
obtained with BBM (82 + 10 pmol/min per mg of 
BBM proteins) compared with that obtained with BLM 
~35 + 7 pmol/min per mg of BLM proteins). These 
values correspond to enrichment factors of 4 and 2 
over the homogenatc, respectively. On the basis of 
these results, TPK activity appears to be an intrinsic 
component of the BBM ol the rat proximal tubufe. 

Although some substrates with similar molecular 
weights were found iu the BBM and BLM, the major 
substratcs recognized by the BBM-associated TPK (46 
and 118 kDa)were distinc! from throe recognized by 
the BLM-asst,ciatcd TPK (91, 135 and 1711 kDa). This 
suggests that the TPKs associated with these plasma 
memtnanes could work through distinct celiu-ia~ ' !;ath- 
ways. 

Addition of an exogenous insulin receptor (IR) to 
the BBM and BLM increases the phosphorylation of 
most substrates. Although proteins of both the BBM 
and the BLM could he phosphorylatcd h e this receptor 
tyrosine kinase, the substrates of the BBM had a lower 
reactivity. Moreover, the o'!i~[ati~n b.~ IR obtained 
for the major substrates in the BBM (46, 72 and 118 
kDa) was only 1.5-fotd, while it was much stronger for 

the major BBM-associated substrates: 2.7-, 3.0- and 
3.2-fold for the 90, 135 and 170 kDa proteins. These 
differences suggest that the tymsine.containing pro- 
teins associated with the BBM could be substrates of 
another class of TPKsr 

Receptors with tyrosine kinase activity ale known to 
be high-molecular weight proteins; molecular masses of 
170, 185, > 30tl and > 350 kDa were estimated for 
EGF, PDGF, IGF-I and insulin receptors, respectively 
[4.]. iu ihe p.,~.:.ent study, ge ~ filtration of solubilized 
BBM revealed two peaks of TPK activity with apparent 
motccular mas.~s of 49 and 66 kDa. The smaller sizes 
of the molecular m::sses reported here indieatc that 
these kinase activities are distinct from the receptor 
tyrosinc kinascs. This is in agreement with the known 
segregation of receptors to the hasolateral side of these 
cells [14]. The similarity of the apparent molecular 
mas~es (49 and 66 kDa), evaluated for toe TPK by gel 
chromatography and two major phosphotyrosine- 
containing proteins of the BBM (46 and 72 kDa) may 
represent an autophosphorylation of the TPKs. How- 
cve~, further investigations will be necessary to confirm 
this interpretation. 

In spite of several report~ nn the TPK of normal and 
SOBS.'2 transformed cells, their role is still unclear. In- 
volvement in cell hansformatio~', and in regulation of 
cell growth has been suggested but the physiological 
function of the non-receptor TPK activity in normal 
cells remains largely unknown [I]. Because the genera- 
lion and maintenance of the polarized cell phenotype 
is a multistage prn~ss [33], alterations by genetic mu- 
tations or environmental factors at any stage in devel- 
opment could have direct consequences on tiss,3e rune- 
lion. Interestingly, approx. 85% of human tumors are 
carcinomas that are derived from epithelia, and many 
carcinomas are characterized by morphological changes 
in cell polarity [33]. 

The mechanisms implicated in the regulation of the 
transmembrane it'ansport processes inwlved in the re- 
absorption of important solutes tram the glom~:rular 
ultraiiltrate remain largely unknown, hut protein phos. 
phorylation has been suggested in the regulation of the 
activity of the Na"/phosphate eo-transpor.ter [34-361. 
Further characterization of the BBM proteins, which 
undergo tyrusine phosphorylation, should provide in- 
Vrmation regarding the physiological functions of the 
l e g  activity associated with BBM. 
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