Parece no haber mds propdsito en la variabilidad
de los seres vivientes y en la accion de la seleccion

natural que en la direccion en la que sopla el

viento.

Charles Darwin, Autobiografia.
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Resum del treball I. Protein kinase CK2 is altered in insulin-
resistant genetically obese (fa/fa) rats.

En treballs previs s’havia observat, en teixit hepatic de rates Wistar, una
persistent copurificacié de CK2 amb un substrat present en preparacions de
membrana de fetge de rata que va ser identificat com a grp94. La grp94 és
substrat de CK2 i és una proteina que es sobreexpressa en situacions de deprivacié
de glucosa i hiperinsulinemia. Amb aquesta antecedents es va voler treballar amb
un model animal que presentés alteracions en la homedstasi de la glucosa. Les rates
Zucker geneticament obeses (fa/fa) es caracteritzen per presentar alteracions en
el metabolisme de la glucosa, principalment resisteéncia a insulina i hiperinsulinemia.
En el present treball s'’ha demostrat que la resistencia a la insulina esta produida
per una disminucié en els nivells de receptor que per contra no veuen alterada la
seva activitat tirosina quinasa. A diferencia del que ha estat descrit a la
bibliografia els nivells de grp94 totals no es veuen alterats a nivell de proteina en
rates de 5 setmanes mentre que s'observa una redistribucié de CK2 entre els
diferents compartiments subcel-lulars (disminucié a citosol i increment a la fraccié
membranosa M1) i una disminucié en els nivells totals de CK2. Els canvis en
contingut de CK2 correlacionen perfectament amb els canvis en activitat CK2.
L'associacio de CK2 i grp94 sota determinats estimuls podria servir per ancorar la
CK2 a membranes tot i que en el nostre model I'associacié de CK2 a membranes ho

requereix un increment de grp94.
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Protein kinase CK2 is altered in insulin-resistant genetically
obese (falfa) rats
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Abstract  Hepatie insulin receplor bevels in G-week-oll obese

(fudfa) rats were ghoat 2-fold kower than those from leam (Fal -~}
rats, which sgress with thelr imsalin-reskran aae, Sucear
prodein kinase CK2 adlivity and profcia content in livers from
obese (feffa) rats were similar to those of bean (Fal— ) animals
bai ilse extosolic levels were redoced 1o hall, due ts o decrease i
e ke catalytic subanit. Marked increasss in activity, dee
i riscs i the 44-kDa snd ¥hkla ctalytic subamiis, were scem
in the 16 00D = g sediments (W1 from insulin-pessiant rais, wih
mimlerale changes in the DO < g sodimemis (M2 The
inercase In CK2 binding te M1 did not require increases in the
maleoullsr chaperana prp%d, wiich was unslicred in insuline
reskstaml rars
© 1998 Federation of Furopean Blochombol Sodeties.

By worehi: Prowgin Kinnse CR 2D Grpd: Insulin seoeplor
Insuilin resistance; Obose (feifal rals Rat Tver

1. Imiroductien

Genetically obese Fucker rats develop severe maulin nesist-
ance and show marked hypennsulieeman as early as 34 seuks
of age |1] bui they maintain normaogl yoemaa until 8- 10 weeks
of uge [23] Zucker rans show marked alierations i lver
metabolism, which mcludes resisiance 1o contral of hepatic
glveogen synthase by maulin [2.4] and impairment of the gly-
cosy l-pliosphatidylinoatol sipnalling pathaay (8], Protein Kins
ase UKL 5 one of the possible targets for glycosyl-phosplia-
cidylinositol, whise produsction is stendated by insalin [3].
This protoin kinese may el os glycogen synihase by dircct
plosphorylation of the enzyme and through phosphorylation
of ihe inkibitor 2 of protein phosphatase | whach = a pre-
requisile [or o polentiates the aibsequent sction of glycopen
synihase kinase 3 (GSK 1) on these substrates. the lamer bead-
img v marked changes an their activity -5 Severd groups
Fave indicited that proten kinose CK2 i controlled by in-
wilin in human skeletal muscle. rat liver and in culbure cells
bl conlroversy exists concarning the type of clfect devected
[4].

Previowd repons on grpsd parificatssn 1] have clarlied
ils persisient association with protan Kinose UK 2, which sug-
gested that i could serve 1o locate the kindse in membranows
fractions. Grp® ks a member of the siress proteins with chap-
T uuirir: II.:,I'I-| whose synthesis in culure cells 1= LT
emced by different metaboli siressom. 0 paricielar glicose
levels and insalin [14.13], Hesvever, s possible changes under
digbetie conditions seemn 1o e largely umesplored. In the

Corrospsonding author, Fax; (34 (3 5811264,
[E-naanld: iBby lidod aahis

present wark, ihe possible alicratiens in the comlent and sub-
cellular distribation of hepats grp®d and protein Kinpse CK2
have been wiudicd in young obee Fucker rals

2. Mlnteriale amd melhods

20 Mawrinls

Rabbil polyclenal aaniBodiis agaiaa o pepleake correspanding (o an
ilgrnal segan (reanlues o1y of hussan CRIa subunii warg ob-
tained feomn Upsiole Bistechmology Ine. This regiom w also prosnl
in humas CR 2" subaml (isshles 71920 engepl Tor tbe presence of
Val-E1in CK 2o insizad of Ik inthe cormesporading. prositon s Ok Jie
1% il thars il amiibssdy revognioes Botly CK 2o amd R 2" sulsasniis,
Immashilon [* was fram Milligone Mosse monockona | antizprmd from
chicken oviduot was (rom StressCen Biotechnidegses Corp. Rabbu
polychonal amtibody d0-0T) agains a peplide commesposding W the
C-lermizal n.,"jq,l-n off il pal bncsdan focepio, pueibed ran hver peoaon
kincwg UK and alhser reagents were obained as ndicated proviously
[ 1aaj.

F1 Neboeftalar froctimeaion

i Iy e e Aucker (ke mis and leam i Fai= ) hitgr-
mabes were puachesed from [FA-Crede (Franse) and fed ad b
wilh ordinary fal chm, The ammab ssed were & wevks of age ansl
they were klled by decapatation aflor mibd chor ancsthesas, The by
weight of the (Anifk Suckor mgs (196,12 + 5,2 ) was aboat #0 hegher
Than that oo 1k | Fal = Brigemates (1408 % 150 21 and a smilar n-
crense wis observod il the Fer woighil of the obew rats (52205 g
compancd L 1Eat &l the kan ras (&0 S0, T

Liver horsnpenates, obiaimeal as indsoned previously |1, sers can-
triliipedd ai SWEE @ for W0 e a1 48 and ghe pellet. abach comtamisd
the nscki, war sioned. The superasiant was contifuped again o
1600 x e for 31 min ol 45 and the sediment was stonod and desig:
e ngEnbrances fraction M1 The sapormatant was contrifaged =t
N e s g Govr S0 i il 450 amd dhe sdhimaenl wers diesgnatod miem-
branous fraction M2 whercas the supernatam corrspomled i the
ovtowalic Fraction, In all cases, ibe sediments deber nocka, M1 or
M2 werne resuspended with 13 mi of 30 mM Trn-BICL pll 7.5, aife
oomiaining 150 mM Nall 5 mbl EDTA and tle some proléms o
habwtors as w baller A (bl B Mambrape prodeins were solubilussd
with the sddition of Triton X-100 g 2% (ov) and pentle surmng lor
W) e al 470, and thewn eenariluged 61 130000 5 ¢ For S0 mibs at 450,

Abgquots of he sample. meleding the oytoselic fraction, were them
subgected 1o partial punfication by cheomatography on DEALE-
Sopharese. 003 ml of the semnples was added 1o comioal contmfige
tubei thal contamed . mi of withed DEAE-Sephanme proviosly
aguilibraved in bufer B sapplemanted wath 0175 fvlvy Teom X- [0
Thae rwintumre wax penthy wirml osgrnighn a1 450, and then contrifuged
al TN e Foe & mim al 450, The resin was washed three timee with
1 enl of buffer B and the retamed protons sere clutal b aashag e
gosan wilh % ol of 08 & Wl in bulfer B ased ooared aned wse.
Prebrminary expermenty showed tht undder these conditions all the
rmmusadeteciable grpdd and peotein kinase CKY pecsent m Lhe ex-
tracis were retainad by the column ansd were quanmnaively recovensd
o b uakes (lala isd sluvswii), Te asoiin of [\lllrldill recoveresd in
this itep ded not vary belwees leam snd obese rals when wefenned per ¢
of wet tissue (pwt). and 2 was hi m eviosal (288 % 022 mplpwth
aned musclen | 188 20,1 % mplgwth than in M1 (0 042002 mg'gwt) and
M2 0122 0T naplgs). Adisgasss of e selubilioel pratzine olsained
froew the M frastion werg alie subgeiisd 1o t']'ln'rlh.-lt-l'\lﬂrﬁ]'\lh:- an [
1123 emi whent-perm beevin-Sepharose column and ihen clated with

O] - STORMRES 19 0 © 1998 Foderalson of Furopean Beochemical Soceties. Alll rights nesorved.
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5 M Neaceuplepeplucosansio s indicased provioady |19], in order 1o
partaly punly imashs recoplor

XE Assgrre

Prodcen kinase CKZ sctisaly was asayed s dessnbed provicasly
[10] using 4 mg'ml J-comein and 124 |.|"l.i [#=PIGTF as substrases.
Umo wmit of prowin kinaee CRI actialy is dofined as she amount
thut cmnlyzes tke tamsfer of 1 nmol of phosphaie from [EYFGTE
tiv [fecasein per mein st 30°C Inealin receptor pyrosize kimase activity
o pollilu Tyl (A1) and reteplar alephasploniabion wene as-
sayed ns described previowsly [H§ The protein concentratios in the
samples was delcymingd by ibe Bradiord meihesd [16] using bawing
srnm albumim ad standang

Far immurclsgicnl amay:, ampkes were subjected to SDSPAGE
angd teanderred 1o Imimobalon P nssmnbrancs [10]. Elockong was pér-
Formied sl 595wy off powdered sl mulk i 2% M TasHCL pH
841, beffer cominining 150 m% MeOl 5 mM KO asd 6,195 viv Tween
20 (TTHS) for 2 h o 32°C, Thereafier, the membrancs were wanhed
three times wilhh TTHS and incusated for 1 'h aa 22%C with cliker anii-
imagkin recoplor antibodbos (dileted 17150), ants-CK Joha" amlibodics
(shiluged VN0 o anb-prpdd asibeshes [dhilutad 17MHED and then
the menshranes were rinsed shroe times with TTES The immamaooms
Peacs wae visualisnd by ihe alkali;e phosphatess reasiion wing

Lean
¥ sDa- - e -
Cibsns
e - - -
12 3 4 8 6 7T % 3% W
Fraction number
b X}
330k - -
i
a8
Il - # =

Fig. 1. Wheai-garm lectn-Sepharose chromatographsy of the sobuhi-
I|..l:;.v|] I'H.'Fltlm profeins (rem kean amd obese rats, Rat hwer nsm-

Isbwhiecd weils 255 {wivl Toaten X-100 wore applicd
w0 8 whest- p.-rm lectin-Sepharose that was cluted witk 0.3 M V-ace-
tykp-glucesamine as imdeatsd in Section 1 Fractions were analveed
for the preseece of msulin pecepion. o: The imdicated fractions were
suiected to SDE-PAGE under reducing conditions using 7.5% (whv)
pal!.am‘lunﬂ-: el Eransfemed omie a membrams and chocked for
resciiee with nmibodies nguinst insulie recepior faoobunit, b Frss
dons 2-5 worg pooled amd subfocied e astophospbosylation wiik
ﬁ-n FIATF mn the peowcnde o absmos of emchn The reachon wan
stopped with the addstien of ample dectrophoresis bulfer amd the
mmbures wire subjidied 1o SOS-PAGE wnder non-redisang ondi-
Lwdis nsnig & 7.5V (vl poelyacrylanude gl e sulcssdeogmaphed.
Vibhes om the sde of ibe plots indicnge ike npparent A, of the
bands
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Fig. 3 Towl prossim kinsse CKD ¢omtent and cawdyviic sctivity in
the subcellelar fmctions from lean and obew mis 2z CK2 actinvty
m e cemiples from (b dilcrent seboellulas Gracsion, Jdaciminsd
wiang [ FGTP ard fecascin @i oobriteates, win relemed per g off
will tissug. b Values of ol CKI catalyie subunits {(CKIp, or
at, s alse the kepend 10 Fug. 3) were alss caprcisd per g ol Iew-
af. Opon bars correspend 10 bban rats and solid bars o ohese rats.
P S 0005 compared o kean rais

BCTRNAT alkaline phosphatssesconjugated subsraies, and the intens
iy ol the basds was quantiilad by densomery,

Samtisticnl analyes of ke datn was perfommed wilk Student’s ot
The dlaka scpuswml meams £ 3EM,

i, Resalis

31 Baulin eecepror bevels n decrin-Seplarose eluntes obutoed
Fravn fean and b rats

Estracis lrem rat liver membranes sene obtained and sub-
wcied fo chromatography in wheatl-germ kcim-Sepharose as
malscaned im Seetion 2. The lution prodile of insulin refepros
Pesubunit profein from genciically obese (faff) rais was sim-
dar ta that shserved with ther kan littermates {Fig. la), bat
the amoust detected in the ohese (falfs) rats was aboat hall
thid present in the Jan rats, Fractions 3-3 were pooded and
nsed for imsulin binding and tyrosine kinase activily assays.
When compared with therr lean litlermiabes, the pooled frace
tions from obese rals also showad a two-fold decremse in in-
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Leasn
s S =2
Obess
S &= = e
Huc M1 M2 Oyt (]
Subcedlular fraction

Fig. b Ismunadscison of CRI cualyt subanite e (ke hepais
subccBular fractions (vom kean and obese rats. Sanaples of cach sub-
edlbular Fraction (Mocde, MI, M2 and Cylol) obmmed were sub-
jected o SDS-PAGE undar reducing coaditioss using o W0 (wi)
polvacrylamde gel, trassicored oato & membeans and chocked for
resction wilh amtibodies agies prosin kimse CE3ofon® subunis.
Total protein applied b0 ke gl was 6 jag G nocla, 10 g Gar 80,
14 pg for M2, end T3 pg for cytosol, Protein binse CKE parified
frem ral bvar (001 g wpper blod, 005 jig lower blot) was amalyesd
urder the sams condiins as podlve controls. Velues on ke kil

denale the apparent M, of the bands apd the position comespond-
ing to 1ke @ and o sobunits of penfied et bver CK3 are indeaied
on the right

sulin-stimulvied receplor auolophosphorylation (Fig. b
witich was accompanied with a decrease in s tyresine kinase
activaly towards polv{Cilu:Tyr) (41} from 225419 mllimg
predein in kean rais 1o 145+ 28 mUPmg protein in obese ani-

mals,

22 Provetn Eiurse CRZ ocuviny and Drsnmederediion

Prodein kinsse CK2 activily, eaxpressed per g of wet liver,
was higher in eytlosol ard nuclei thas in the membrane frac-
tions in contrad (fafal rats. Alserations of the ¢neyme activity
on feasein (Fg 2a) were detectod i\m obese nsulin-resistant
(faifa) rats, with an imcreass im the membranows (mactons and
a marked decrease n the cytosol.

Inamimnological delecton of prodein binase CE2 catalyiic
subusits revealed a st of different bansds present moall af
the samples From eiBer bean or obese mts. with the Tk Dea
amd 4-kDa ones being the more abumdant ones (Fig 3
whose mobilily codcided with that of the CE2a and
CHa" subapits present in purifisd CE2 preparations From
ral Fver eytosol. Simee both CE3u and CE2a' are catabyti-
cally active and can substitute for ench other in forming CK2
hobosimeviee [1T) e valies on the vl CEIoMa" oomeal
were also considered. 'When total protein kinose CH.2 content
{30k 4 24-kDa) subunis was expresssd por g ol wet o it
became evident that most of the protan Kinase (K2 was
present in eviosol and nocki in both control and obess
S rats iFig. b)), Furthermaore, the changes i protem kinase
CE2 detected m menchrane fractions and i cytosol correlated
wilh alierations (s teial CK2 content, bal the nse in CK2
conteni observed in the mombraecous Mctions was sulbsias-
tially lower than the desreass abmrvesd in cytosel This indi-
cales that the changes ohserved in obese (Mol rafs were not
samphy due bo transboecation of the eroyme but w a decrease in
todal cellular protem kinase CKJ.

The resalts shown in Fig. } iedicate that the changes in
CE2 were not doe 1o similar alerations in both catalyte

213

subanits, In onder 1o quantify these changes, fractions from
zach expermment were analyrsed by Western blot using different
amounts ol cach ample and then the ntensity detocted in the
dkDa and 19:-kDa bands was normalized 1o the proton
applied 10 the gel The daia obained for coch band in theee
aefferent expermients performed in different wecks were
poolad and their means £S5 EM. ane shown in Fig 4. As
can B abssrved, ihe obcse rals showed marked acecasss im
b dd=kCka basd i M (448 & 1, 380ald), amd more moderaic

a
13- o
B o ,
g . £
g -
JON o sl 1
b
1504 o J_I
E‘ 1004 »
g d -
6 i
: ﬂl 1 n
c
445 4
£.q
ool
£ .l
g 1004 =
b - g |
L On L Op L Ok L D

MHue M M2 Gyt
Subeellular fraction

Fig. 4 Subccllular distnbuison of proicin bines CK2 caialyic sub-
waits m kan amnd ohese male. Thieo deflerent proparations of cach
suhcellular fraction from lean and obese rals were analymed sc indis
eied im the kgend to Fag 2, peng el Bas pwo Jdifferem) ameounls
of pnl protein in ke mage of 19 43 pg for nucbe, 333 pp for
ML 414 g for M2, amd 4-9 g e cosal. The imcmaty of the
harsds detecied with antibodics againa profein nese CR2ofa" subs
wniis wae guamiified by densitomeiny ans their waslucs dvidesd by ihe
amtenml ol peoslen applsed W the el The dala oftamed werg
pocked and ke meams S EM. are shemm. a: Quantification of
ORI (#-kDa) b Cuantdiksison of UELD [(#ekDa) < Caapilli=
catica of 1oda]l CKI eminlyise subumits (C 3. or o+a'l. Opea hars
corpeipoed 1o kan st and solid bars 1o ohese s * P =004 gom-
jpared io leam rabs.
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Fig. 5 lesunodetscton of gl in bepatse subcelhiar Frictions
fom Jean and obess nls. Samples of each roboellular frachon (Tu-
e, M, M and Cylosol) oblained Mrom ban of obees fals aller
DEAE chromatogriphy wese subjeoted te SIS FAGE wnder sedar
ing corditiors wemme a P4 (wivl pohacrdamide ael, tramclered
eale 4 membrane and checked o tacton with antibodies EEATil
Ep. Each indhidun]l fractiom was ousayed wiing two diferent
amouris of iotal peodein appbed 1 the pel. Theis values wete 86l
the iame for lean and obess rats within sach facton and ans indl.
wabed im the Agure. Values on the kit demodo the apparcat &G of
e bands.

i M2 (188 £ 0.51-fold) with elight decreasse (0,34 £ 0. 10-fald)
in the cytosolic fractior (Fig 2a). On the otker hand, the 39-
kDa band mereasod (2,00 £ 0.43-foldh i b1, did ol vary or
decrensad alightly (07320.21.Fold) in M2 and wan markedly
reduced in he cytosolic fraction (0U34 &0.04-feld) (Fig Ish
This analysis showed that the tod2] amouet of protein kinase
CE? catalytic nubunits increased (Big. 3¢) da M1 (249 20,76-
foddy, did not essentially vary in M2 (1,07 £ 30-£0]dp and in
the nuclear fracton (111 20.24-fold) and decreased o (he
cylosabc [racton (G447 20.06-f0ldy from obes2 (fifa) rals
compared 10 iheir lean litermates,

44, Nubeelfular diarnburen of grp®d i fean and obese raf
Inera
[mammunodetection of grp®4 showed that it wes much mors
abuadant ia the ML Eesction than in the M2 fraction (Fig 5L
Mo differences were observed between the lean 2nd obese rats
concerning be presence of prpdd n the M1 fraction. Smolar
reFulls were obtained in thres differenl sxpenments (data not
ghowah Multiple bands were deteded witk the anti.prpd
aativady @ {be ramiples from nucld, Whether they comespoad
te diffsrent protdos bomodapous to prpM of degradation
products derived from it i voknown, Sight differences in
the distribotion of the thees major bands were detected be.
tween the lean and obese rals, with an imcrease o the lower-
M, form assocated with a decrease of the nlomediate-Af,
band. However, when the three bands were consideed togeth-
er oo differescss were observed betwem the lean and obese
rats. Mo baads were datected m cytese] from sther leam o1
abeis ratls,

. Digcusing
Covwmsregalation of hepat msulia receptons has beea obs
served previcusly in obese rats, bul s discrepancy exisls con-

cermng the affects oa inpndin receptor iyrodoe kinase activity
gnce both decresses and imcreseess have been reported [6 9]
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The data obtaised in o present sudy would agre: with the
idra That the msalin fesistance shawn by the obese {fiafa] ras
ie dus mainiy to 8 decresse in the number of ipsatin recepiorns,
Ia turn, these receptan wonld nol presenl mardon] difsrences
in ther tyrodine kinase sutopkosphoryation activity when
compared with these from lesn controls

The effect of infulin on protein kipass CK2 in whole ani-
maale and d5 cell enltotes is 4 matter of coatravarsy SoBerRing
nat omly the response induced but aleo its link to changss m
CK2 protan coatent [9,18 2. Previous stadiss @ steeplogis
tocin-dinbetic rate [21,22]) have shown that total protsin kinase
CK2 activity per @ of tevns was uasfecied in Hver aed skel.
etal muscle, althouph in the latter the specfic sctivity of the
eniyme decreased by 3. On the otker band, protan kinass
CK2 activity in buman skeletal muscle from msulin-resistant
fap-diabetic patients was fvond to be Bigher than that from
normeal ingulm-sensitive or iesubin-resstan diaketic humsang
but ao diferences 18 CK1 protssn were defected either bes
twesn the three proups [13] More recently. it has been shown
that the ircreass in mudesr proisn Hoase CK2? acivity de.
teckrd in insulm-stiranlated Chirmese humaster ovary celle aver-
expreswing human nsuln receptors [CHOGHIR)] was Aol
licked to alterabions m either the total oucesr CK2X proten
of the maboellalar disteibotion of CK2 subusite [34]. Ia con.
tract, changes o CK2 protein have been thown 1o suppast
taoth the iccreais @ proben kinass CR2 sctivily da tumor calle
[@,25,24], and ity decrease in the brain cortex of whizophrenic
and Alshemser patients [17]. The data obiadned @ oar prescat
work show that botk the deaosss in hepatio proten kinass
ORI activity detected 1m cytosnl asd iy morcsss ia the meni-
braoouws fraction M1 from insulin-resistant obess (faific) rats
were 18 agreenacnt with the chasges in the amouat of ensyme
prolEn sbesrved in thess fractions. This would suggest thal
under thess comlithons the control of proteln kinase CR2 was
exerial through chacgpes in Lhe ensyme prolsn lesels ralher
that by aliering ite inirinsic caialytie actity.

The possible physiologikal implcations of the chasps o
proten kinase CK2 are unkeown bul would alier the phos-
pharyladan lavel of af lest some of i woltipls pratsn subs
strates [17.018). The obese (falfa) rats show impaired contral of
glycopen syathess ard protem dinase CKT may afect it by
phofphordlaton of glhycogen symthase or through protem
phosphatase.] by phosphorylaticon of mbibilor.? |6 8] loailm
receptor subsirate 1 (IR31) s soother sakstrate for protem
kdnaee CEZ [28]) with pateatial implications in (he allerstiong
obeerved in insulin resistance. Bver the msulin raceptor deslf
seens 1o be a sabitrate foc protee koase CK2, baf contros
VErEY exisly oa this matter due, af least in part, 1o ths presence
in redeploe prepatationg of prpfd, ad other protem sub.
strates for thkis emzyme [10) I.u.cml:mm' experiments with
syatketic peplides corresponding (o poctons of the sequence
of the f-subunii of msulin receptor have demomstrated that
Thre.]160 Jocated ia the sctvition [odop i dadesd & target for
proten kinas CKL and its effciency i3 enhanced by prior
phosphorylaton of Tye=1163, oo of the autophospharylation
sites present m this eequence [29] However, whether this res-
idne i alse phosphorybied fn wive and has any efect on
receplar  sctivity fe still vecRswm. The amilsety m the
changes in hepatic inroln recephor protaa coateat and aatos
phosphorylation activity obseved in obese (falfa) mis would
wagpet that the akerations in eiiher eytosolic of mombrane.
baied protein Mnase CK2 did pot mfaencs the tyrosine kin-
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Ak Activily of tosulin receplor io these jnsalin.-ressant ae.
mals

The reason for the mereassd assocdation o profem kmass
CE?Y with the membranos fmctions couwld regde m the Enct
that ibe membranes of the epdoplasmic reticalum comiain
prpdd and olber mlepral and peripheral proless that s gub.
strates for protein idomase CK2 [10.3031), bot which one of
these componenls perves 1o anchor the enryme i# valaows. In
any casz, this possible binding would not require sn imcrease
in grpRd4 eince its total content el Dot vany in obee (i)
rals. The sbwence of changes o the levels of total prpad in the
livers af obepe (falfe) rats, which have imslin levek 5 10-fald
Blgher (han lean fale i 6 coatsast wilk (b obiervalioa that
inyulin induces grp¥d in L9919 cdls even o the pressoce of
glucogs [13) apd it cowd reflect that the obsse (faffy) rats
also show inzoHn regstance to the induetion of grp®d.

The differences i the pattere of protem kinass CKT cats-
Iptde nabunite detscted m eytorsl acd mamchranocs (ractions
[rom obess (o) rals are iolriguing. Charges in (he pallerm
of catalytic gabunits bave been descnbed previously io human
kdaey candnomas [26) aed i8 repeneralieg fal Swer foeld
[3Z} Ths nature of these bands canmot be folly ascertamed
with the dats a0 bacd bt die H-kDs band woald mest Hely
corespond o the CKIo subumil As regards the 39.kDa
bard, it coukl correspord either to the CE2a' subunit or 10
garne profealyie fragment derived from CK2e In any case,
cur date show that the changes delectad in obese (faffa) rats
are nod due merely 1o changes in the criosolic membrane dis-
trbulnon of (hese bwo forms and supgest that the pechameme
that comtrol the levels of the catalytic subunits of protein
kdmame CKI are altered m theve insulie.renslant asimale,
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