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SMl4RY: Arrethodhasbeendevelopedtoisolate~~~musdep~~ franmicein 
goodyieldwithoutharshextracti~procedures.Ihe~~involvesperfusionofmxlse 
hindqusrterswithacalcim-deficientbuffer containing coUagenazaudhyaluronidase.lhisis 
followed by gentledismption, filtration,and differential centrifugatious.Theentdre 
procedure takesaboutsixhoursand the yieldisapproximtely 4~. protein fromlog. 
equivalentofhindqusrterrmscle.The pre~tioncontaincd predminautlyplasmmmbmnes 
tased on specific activitiesofmrker enzyms,electronmicroxopic data,and specific binding 
sites for insulin aud a -adrenergic ligand. Studies using such preparations frunleau, 4-5 
week old and 12-20 week old db/db mice showed marked reduction in the phcsphorylation of the 95 
ldk subunit of theinsuliureceptorof the obesemicewithmchangeininsulinbinding. In 
addition, there-a progressive reductioninimilin sensitivity in stinulating receptor 
phos#mylation in the db/db mice. Q 1986 Academic Press, Inc. 

EvIlammIo: FlasTammln-me isdlationfnmskeletalmclsclesfor~~calstudiesoften 

involvedlengthyextractionoftisfllehan)genatesusingsoluti~c~~~~ 

concentrationsof saltfollowd bylmgthysm-cse gradientcentrifugation. Vsrious 

mdificationsof this procedure yielded pla.9namnbranesofvaryingdegrees of purity(16). 

'Ihesepreparationshavebeenusedforcharacter~ti~studiesofp~msnbraneenzyrressuch 

as (Na+ ,K+ )ATPsse (6,7), and adenylate cyclaee (4,8), and nmbrane transport processes (5). 

Plssmmmbrane protedn yields varied fran16rqg/1oOgmuscle(6)dn enriched fractions, to 

2.7 ng/ 50 g. muscle tissues of highly purified plasmlemml vesicles (5).To stwly the role of 

theskeletalmusdein~etiologyofinsulinresistanceintheobese~usemodel,~needed 

to prepare skeletalmuscle plasmnembmmsofgood quality and inadequate yield toallcw 

examiuationofplasmnmbrau e-szsociated parameters suchas insulinbindiug, insulin-receptor 

linked protednphos$orylation,and theactivityof the glucose trausporter. ibis 
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cammskation describes (i) the r&hod of isolation and characteristics of such a plasm 

mnbrane preparation, and (ii) the use of such preparations to canpare insulin binding and 

receptor $kxphorylation in the insulin resistant obese+iiabetic mice. 

Is5latim of muscle nm-kane vesicles. Procedures for the pertusion ot mmse hindquarters 
ware those described previously (o), except for the following mdifications. ‘Ihe perfusion 
&m used wes n&e up of Krebs Ringer bicarbonate buffer with &CL2 titted, and the 
inclusion of 1 I&I EIJTA. Hindquarters were perfused at 1 ml/ti for 15 min. without 
recirculation of perfusate. At this point collagesase and hyaluronidase were add& to a final, 
respective concentration of 0.15%. Flowrate was then increased to 2 m&in and perfusion was 
continued for 30 min with recirculation, The hindquarters at this point appeared grossly 
edmic. 9ci.n~ wre then revved and hindleg muscles were carefully excised snd transferred to 
a petri dish containing a smll voluua of an ice-cold solution of 1 I&I mj , pH 7.4, 2% ISA, 
0.5 I&I phenylmthylsulfonyl flumide (FNSF), and 10 ug/lCQ ml.each of aprotenin and leupeptin 
(Solution A), Bones and fat tissoas were carefully remved and muscles were teased into fine 
pieces using surgical forceps. ‘lhe voluns of this muscle suspension wes brought up to 25 ml. 
per hindquarter with cold solution A, and transferred to a Nalgene flask, which was then 
shaken at 120 stroks/min at rP C for 15 min. The suspension was filtered through coarse nylon 
filter and centrifuged at 103 x g for 1 min. Ihe resultant pellet containing predaninmtly 
broken myocyte frmts but devoid of 5’-nucleotiQse and adenylate cyclase activities, was 
discarded. Ihe Supernatant wxi centrifuged at 5oQ3 rpn in a E?e&mn Z-21 centrifuge for 10 
min. The SUpl,rnatant fran this step k0s centrifuged at 105,cxx) x g for 39 n&n, Ihe resultant 
pellet ms washed 2 times with cold solution of 50 nii Tris buffer, pB 7.5 containing Ml IVSF 
aad b&l dithiothreitdl (DlT)(sOluti~ B), rapidly frozen in liquid N2 and stored at -7O’C. 
unless otkwke stated, all &rane preparations me suspended in a solution (Solution C) 
containing Hepes (50 IIN), fl 7.6, and 0.5 ni’l mF, to protein concentratim of l-2 r&ml, for 
we in studies described below. 
Mxmination of marker enzyms activities. Adenylate cyclase (E.C.4.6.1.1) activity assayed 
in the presume and absence of GIP and epimphrim, 5’-nucleotidase (E.C.3.1.3.5) , and 
hketyi$ucd galactosyl transfer& (E.C.2.4.1.13) activities‘wxe ckaternrined as 
described previously (10). (Na+ ,K ‘)AlPase (E.C.3.6.1.3) activity wes llEasurdwingthe 
method of Reddy et al (4). K+-stimlated p-nitropknyl #osphatase (E.C.3.1.3.1) activity was 
assayed essentially as described by Kidwai et al (11). 
Chramtographic purification of plasm mkanes for insulin receptor studies. Muscle 
membranes from 16 mice were suspended in 2 ml of cold buffer containing 50 ti Hepes (pB 7.6). I 
nM FMjF, 1% Triton X-100 and 16 ug/ml leupeptin (Solution D) using a h&d-driven Pot&r-ELve$em 
hcmgenizer. Solubilization of the membrane suspemioa and the subsequent wheat gem lectin 
(!JGA) purification vas carried out by the method of Burant et al (12). Routinely, six-MO ul 
fractions fran the WSA colum were collected. Insulin binding activity ms present mainly in 
fractions 2 through 5. These fractions were pooled and used for insulin binding and receptor 
phosphorylatioIl tzcperdts. . . 
w of [ 125 I]-insulin, [ 125 I]-iodocyampindolol, and L3 H]cytochalasin B. Binding of 
[ 125 II-insulin was csrried cut accordin~Sto the procedure described by But-ant et al (12). 
Specific binding of the B-antagonist [ I]-iabxyampindolol ms performad as described 
previously (13). Binding of [ 3H]cytochalasin B was performd as described by Klip and Walker 
(14). 
F%siB mmbrane phospharylatian. SBpolyaaylamide gel eleXro&oresis and autorzxliogra~y. 
Rm#nxylation of endogenous nmbrane proteins were carried out by imxbating 50 ug m&x-axe 
protein or WS.+rified preparations in a total volume of 65 ul of solution B cmtaining 
tmgnesiun acetate (5 UN), mnganese acetate (2.5 &I), ATP (103 &I), and 3 &i [ y-32 P]A’IF’, at 
300 C for 10 min. The reactim was terminated by the addition of 65 3 of wle solution 
(15), and heated at loO” C for 5 min. S&polyacrylami& gel electrophoresis of thzxs smples 
wre perfornrxl according to the mxhcd of Iaemli (15), using 4% stacking gel and 7.5% 
resolving gel. 
@c&ad). 

G4.s were then stained with Coorrrassie blue, destained and dried on a gel dryer 
Rm$mylated proteins were detected by autoradiography at -70 Oc with K&k 

X-Qmt AR film and Cronex lightning plus enhancing screen ( Ikpont ). 
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REXISANDDLXESICN: Flasmnmbranesisolated franvariousani&Ltissueshavebwn 

extensivelyusedtoelucidate~~andneuro~~tteractians~~relatetointeraction 

betzwxn theeeagentsand their specific cell-surface receptorsand, in &einstances, 

subeeqli?ntmkllationofplasm mmbraneassociated biochmical events. Aamgtheaniml 

tissvesfrequentlystudied,theskeletal~lehasprovedtobecneofthoselessamenableto 

~anapproach.~prohlenfreq~~yencotnteredisinobtaininga~~fraction 

reasomblyfreeofcmkmdnations fmmtmctwal cmponenta ofmyofibrillarorigin,and 

succeededinobtainingskeletalmusdeplama~anepreparaticHlsofvaryingdegreesof~ty 

(14).Theyields inall instance.9wereverylow. PmptedbythegocdquaIityofpIasm 

nrrdmms prepared fmintactk@x@es (16)and adipocytes (17)isolated by col@enase 

digestion,~attanptedtoexplorethepossibilityofpreparing~~~muscle~~by 

perfusion of~~hindquartersdthco~andhyalurmidase. (xn prkmryobjectives 

weretoprepare skeletalmwcle plaamnmbraws in gocdyieldand ofacceptablequalityto 

studyboth~t~andfunctionalaspectsoftheskeletal~einsulinreceptorininsulin 

resistantstates.In~sregard,thisap~~~dallowstudiesfocusedonthecell 

surface-associatedpoolof theinsulin receptor. 

Activitiesofseveralplaslra~~~~,as~as~of5'-nucleotiQse, 

aleas s@.ficruarkrenz+m, are presmtedinTable1. Specificactivityofadenylate 

cyclase is canparable to that reported by w and czo-mrti (4,18), but k than that 

fomd inhighlypurified nmtmneabyseilerandFleisther(5). Ccmiitimofassayinthe 

latter reportwere notdescribedtiver. Activityofthis enzymes increased three foldby 

GI'P,andnearlytenfoldbyGIPplusepine@rine('Mlel,legend). clunparedtotkereported 

by KiM et al (Z), and Schapira et al (3), our nmbraneprepsraticmhastxigkr 

5’-mkdeotidase activity hhile those of (Na+ , K+)A'lPasewrecaqm-able.TheK++ti~~~Lted 

p-nitro&enyl&osphatase,tichisapartislreactionofthe(Na+,K+)A'IPase, fomdinthis 

prepsrationws prti auinantlyoua~seilsitive.'Ihese~suggestthatour~ 

prepxationisrichwith mnbmneaofsurfaceorigin. Ikain%ble1alsorevealedminor 

c~~ti~ofnritolondria,sarcop3asrricreticulun,andgolgi~. 
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e31g~t~ ~yclase a 23.2 LO.11 
S~uchtik b 22.1 21.5 
(W,K+)NPaaeC 6.0 LO.9 
K+&nulated#~~+~~phas~latase~ m 52.5 
Csk~1tr~erase.a 5.17 LO.75 
NAIHCyt.creductase f  0.025 
NAmcyt.creductase g 3.02 

( mtencne iIlsmsitiw ) 

a-pllolescAEBfon&/ti.Illg.pmtejn. 
Activities with GIP (1 IIM) wre 79.5 20.52, 
snd with GlT + epinepkb (1 N were 237~ 2.41. 

b-UdWt%fPcxXWH&d/hr.rqg.~ti. 
c -umles [~32P]ATPhydmlyzd/iu.~. protein. 
d -mk~p-ni~lphosplate hykcQzed/tu.q.pmein. 
e -uw@actoaeN-acetylgl~ galacmay1transferaseactitity: 

pies substrate czom!rted/ min. ng. ptein. 
f and g-Prtivitiesareocpressedin~definedby~~etal.(3) 

ss th ammt of pmtein that caused a change of 1.0 O.D. per ti. 
at5XJrm. 

i%n@ologic&t verificationof thisn~&~~prel~~-ationwscarried cutbyelectron 

microscopy (Fig. 1). 'Ike rnsnbrane preparation contains predaknantly vesicles of heterogeneow 

sizes, rangingfranroughlyO.1to1.Ou.lhis bearsrena&ableresmUancetothepla~~~ 

tmnbrane(Fl) fractionisolati byKidwietal(2).i%.xx uxzankuticnwithvesicles 

c~~cristae-likeintendls~t~~el~~(p resnnablyruitazkikia)canbe 

tisu&zed.'Ihe electrophoreticm3bility profile of proteins separated by SE-polyacrylamide 

gel electrophoresis (Fig. 2) is sinLlar to that reported by Reddy et al (4) for their 

plasralamEil preparation. k%r protein bands ofapproxkately ZO-, 65, andlCX?-k&wxealso 

found in higtily purified skeletal muxle plasm nx&rane preparations (5). 

?hecondusiollsctrawnbased~enzyme~~profile~f~rsupportfmnslnface 

menbraneli~bklingstulies. Eindingsitesfora $-adrenexgicligandwre~toreside 

predcnrinantly in the plasralermal fraction (10). We found our membrane prepzuation to be rich 

in specific bjnding sites for the selective B-adr~cantagaCst [1251]Cyp,withaBumof 

84fiml/mgprotein, a valueuxrqarable to that reported byF&ddyand&el(19)in their 

plasmld fraction, and aKd of0.57nM.Tbese findings, in~~tiondthdat.a on 

admylate cyclase (Table I), dswmstrate the preserw offunctional Lklrenoreceptorsun@ed 

to their effector syst511, i.e., adenylate cyclase. j%gluzo~ transporter vas measwed wing 

289 



Vol. 137, No. 1, 1986 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

[ 3H]cytochakdn B binding. 'Ihe mmber of D-glwme- inhibiidle [3H]cytoAlasinBbinding 

sites inour preparationws402 61~l/mgpmtein,tichis in therangeof thoseobservedby 

KLip and WC&r in their Fl fraction of the rat skeletal m.wle humgenate (14), one cmtaining 

plasmmnbranesandlightmbranesofTtukuleorigin. 

?heskeletal~leisoneofthekeytargettissuesforinsulinactions. F&centstudies 

usingp~rnembranesfrwnlivers,adiposeti~sanderythrocyteshavepro~si~i~t 

insightrelatjng to t.hem&mlar strwtureand functionsof thecell surfaceinsulin receptor. 

Similar infonmtion for the skeletalmusAeislimited. Specific binding ofl25I-imkinin 

our plamanmnbrane premtionws %of total binding. Chramtogra~c purificationusing 

W&agaroseresulti routinely ina 1CLfold purificationandayield of %of specific insulin 

binding activity. A l&fold purificationof thehumn placental insulin receptorwsreported 

by Fujita-Ymqxhietal (2O)using~&@arose. Scatchardamlysisofbindingdatayieldsa 
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INSULIN - + - + - + 

FigureZ: Fhctro&oreticmbility prufileofmuse ekeletalmuxlemmbraaeproteina, and 
theeffectofinsulinontheirphosFhorylationbyendoggDusproteinkinases.~eA~a 
typicalprofileofcarnasSieBluestained~proteins~~~byscGge1 
electrophoresis.IanesBlthroughB6areautoradiograrsofP-asphoproteinsincrudemembranes 
(lams1and2),T?iton+olubilizedlrrmbranes (lanes 3and 4),aadW%purifiednembraaes 
( lanes 5and 6).Fa& preparation wa i~uta!xdtitb(+)c~r withwt (-) lOnU/ml fasulin for 
Xl miaa. at 24 C prior to incubation with [Y~~P]ATT as deszribed in the mxhcda. The arrow on 
the far right of the figureindicateaaphcqhoproteinbead correqmdingtoappxentrmlecular 
weight of 95,m daltuna. 

. . ce plot with binding constants (K in ) of 2.58 x lO-+Mand 4.5 x l&j M and awiml 

nunber of binding sites of 1.43 and 12.1 prol/ mg protein respectively. Along with the 

purification of ix4iLin specific binding activity, insulin-stimilated protein phosphorylation 

can also be demnstrated in our preparation (Fig. 2). At least ten distiwt phosphoprotein 

tands~reobserved in thecrudemmbrsne preparations, no&of hhichwzre not affected by 

Triton solubilization. Protein phm#orylation in tkse preparations was nonetheless 

maffected byirmlin. Incontrast, irmtotion of tkW%purified preparation with ins&in 

for only 30 min. resultsd in significant increase in phoqhorylation of a band of protein(s) 

withsnappsrentn~lecular height of 95,KDd&on&ichcorrespondsto that of the B-sxbmit 

of theinsulinreceptor. kcentrepxts(21,22)stronglyiniplicated this receptor subunit 

@sphorylation as an integra.l canponeot of the biological function of the insulin receptor. 

E'lasm mabranes me thus prepared fran lean, 4-5 w&-old, and 12-20 week-old obme-diabetic 

(db/db) mice to correlate insulin receptor binding and phosphorylation with insulin biological 

actionstichw previously desxibed (9,23)in the developrent of skeletalmuzleinsulin 

resistance. Eiecal &aracteristicsof all three preparationsware similar except for 

adenylatecyclaseactivitywhkhvas 7%and K%of theleancontrolinyom~ and old dbmice 
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T&!ld!: jhsilinbmd r~~~~~tionactivitiesincrude,andwheet~ 
-agglutinin(wz4)purifiedskeletal.~le~ fran lean, your and old db/dbmice 

Lean db/db db/db 
(4-5 wks) (12-20 wks) 

Insulin binding (fmol/mg protein) 

Crude membrane 532 5 612 6 302 4 

WGA-purified 338~ 50 2742 43 385~ 48 

95 kDa Subunit phosphorylation (2 of lean)* 

WGA-purified 100 50.4 39.5 

Datap-tedareavezages~SEMofthreeexperirnents. 
* ~ti~~ofphosPlorylaticnofthe95kIZ1subunitoftheinsuLinreceptor~caniedout 
by~~cscanningof~a~~~~ribedinl~ofFig.3. 

respectively. SpecificKndingofinmlininnmbraws frcmthemildlyh~cyouag 

db~~(9)~uraltered~ethatin~~fmmthedlder,swerelyhyperinsulinarricdb 

mice deuwsed to 62%of the lean control (Table 2). This is the first repcat of an unaltered 

insulin binding toatargettisswin the obes+di~beticnxxseat thisage. Itisalso 

importanttopointoutthatthestatusofinsulin~~inthetwoagegrcupsofdbnrice 

shxnherereflestpredaninan tlythoseoftheplasmwnbranec~$&~ihsuCnbindingto 

W&purified receptors showedno significantdifferexe~ tkthree prepsrations(Table 2). 

contrarytoinsulinbinding,plosFhorylationofthe95~peptideintheabserwofinsulin 

kBs~and39%ofleanccgltrolsinthe~andolddb~usep~~~respectively. 

~e,resultsinFigure3showednnlrkedreductionsininsulinsensitivitytos~te 

receptor~phoryla~. klf4raxjkLeff&vecctxeMratiaIofinsClin decBBedfrall3ti 

intheleanto8nMandlOnMintheyoung~dddb~~respectively. lhisokrvedshift 

ininsulinsensitivityintheobesenrice~highly~~~~ible. ?henukralstkmiiaticmws 

about2-foldintheleanbutQlly7Ct%inboththeobesemxlsepreparationsindicatinga 

~ininsulinrespcikveness inthisaspectofinsulinsction. llEseshi.ftsininsulin 

senski~tyaodresponsiveness in receptor phce~rylatia~ clazly p3ral.M those be previously 

desc~~farinsulins~ti~ofglucosetr~tintheperfusedhindlimb~leofthe 

twagegroupsofdbnkce(23). Ck~datazilso demnsWCefla&ssxiationbetweniwailin 

bindingandstimulationof~pt~phosphorylationaswellasglucose~~intheyoung 

dbmice. Asimilar deftxt in theinsuZnreceptorkinssehas been described fornxnocytes 
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1 
0 Loan mica 
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o Db mlco(l2-20 wk8) 
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Insulin (LogM) 

tich hadncmml insulin bindingactivityfranan insulin resistantpatient(24). A recent 

study using gold thioglw~inducced obesetie(25), in contra&, showda ~allel decrwse 

inbothinsulinbindingand receptor kinaseactivityata non-insulinresistxntstate, and a 

mrkedreductioninirmiLinrespmsiveness butnotinsensitivityhentheanirral became 

insulin resistant. Hohever, these investigators used whole hmgmates of mleus muscle 

purified byWC&-lectinasa receptor murceanda synthetic substratemsusedto assaykimse 

activity(25). lhsseand our studies suggest key differences betwen genetically tranmit~ 

and chemically induced ksulinresistancein the relatiomhip be- insulin binding and 

post-receptor activity ,in particular receptor phoqhrylation. 
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