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Sumary:Thecellularlocationof pbx@mproteinpp705wasdete.rmined inva- 
rirxsmxsecelllineswithrabbitantimusepp105 smm. Imnumfluorescen- 
ce was prdaninantly observed inthenucleoli inadditiontoadiffuselxt 
weaker fluorescem e of the whole nucleus. Cell surface fluorescence Ws ob- 
tained only with cells gram in suspension cultures. The presence of pp 105 
inrxxnelnmsetissuewasdmmstratedwithtissueextractsby imumbirding 
assays. Cross-reacting plmsplqmte inswiththe samenolecular weightwtxe 
detected in hcnnder and hman cell lines as wall as in chicken cartilagecells 
amlDrosophila enbqonic cells. E&ogemuspbxplmrylationof pp105 stxlied 
with pnxified muse nucleoli shawed optiml activity at isotonicity, pH 8.7, 
intbepresenceof10rfMmagnesium, 

Inprevtis sMiesweobserved thataplmspimproteinwithnolecular eight 

105 000 Da (pp 105) is one of the major proteins which becane accessible to 

erdcgencus plmsplmrylaticmon the surfaceof intact cells aftergrowthtran- 

sition fraa nonolayer to suspensicm cultures (1). The surface pp 105 wx 

faundtobe identicaltoapho~~p~~inpre~tinthecytosolic fraction 

after cell disruptionatlowmagnesiumconcentration in theabsenceof cal- 

cium ions (2). Isolation of the cytosolic pp 105 at high plrity allowed the 

preparationof specific antisera. In this paper, wzpresentdata onthecel- 

lular location of pp 105 using cell lines of various species amd ineumflm- 

rescence techniques. Uataonthepresemeof pp105 invariousnomalmuse 

tissues were estsblishedbythe imnumbirdingassay. 

Cells: The following cell lines were investigated: SlV 51A-232B mouse fibro- 
blasts, a subline of SV 40-transforsrad eml-nyonic cellsof SW mice;STU D1756 
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musefi.tmUasts,a sublinederiv& fmntransformationof STUrmuseenbryo- 
niccellswithRous sarca~virus,suFpliedbyDr.Kurth,Frankfurt,~; 
K42-A2hamsterfibroblasts,a sublinederivedfmnanSV40-inlucedhamster 
tumr; I-P29 hmsn colon carcirme cells (3); Drosophila embryonic Kc Ceils(4) 
obtainedfmnDr.sa~, !lXbingen,FIEG. Chickencartilage cellswmea 
primaryculturederived frcm1Oday~ld chickenembryos.~se emhryoniccells 
were prepared fran 18-day<ld embryos. L 1210 muse leukmia cells, 3T3, RMI 
and HeIa cells mre obtained frm Flow Laboratories. Suspension cultures ware 
established inMEEl (.spinnermdificationwitimutCa) (1). 
Tissue extracts, nuclei and nucleoli: Tissue extracts Were obtained by iymo- 
genization of minced tissue in PBS containing 0.5 Ml PSF, followed by two 
5 set cycles Of ultrasonication (Branson sonifier, 75W) and ceutrifugaticm 
at 2000 xg for 5 min. Kuclei and nucleoli were prepared fran suspension cells 
following the method of&&ramtsu and Q&hi (6) but using higher concentra- 
tionsofmagnesium (5m) in the first step. 

s: antipp105 serumwasobtainedbyirmmizingarabbitwith 1 aghighly 
purified native pp 105 (2) suspended in caqdete nmnd's adjuvant (l:l), and 

~st~2rrpnthslaterwith1mgpp1O5suspendedin~e~~~~s~- 

jwaut (1: 1). Pemxidase-conjugated a& FIT&conjugated goat anti rabbit I$ 
was plrchased frun Miles Laboratories. 

Immmobimlimg assay (Western blot): The metlmd of T&in et al.(5) ms nodi- 
fied. After electroplmresis and transfer of saa@es with 80 w  total protein 
of cell and tissue extracts, the nitrocellulose strips mre incubated in sa- 
turation buffer (10 r&l Tris-I-El pH 7.0 containing 0.15 M Ml, 0.1% sodiun 

a&de, 10% fetal calf senm, 10% goat preimnune serum, 3Bbovine se.mn albu- 
min). After 3-6 hr incubation at ram temperature, rabbit anti pp 105 serum 
(100 @/20 ml saturation buffer) ws added and incubated overnight. The strips 

wre then hashed 5 times in 10 mM Tris-HCl/O.lS M NaCl pH 7.0 and incubted 

for 72 hr with pemxidase-conjugated goat anti rabbit IgG diluted 1:lOOO With 
wzhingbuffercontaining-10% fetalcalf serum, 3% bovine serumaUmnin and 
O.O2%a&thiolate. After 5w~.heswithw~hingb~ffer, theperoxidasereac- 
tion ms developed with a mixture of 20 ml 25 mM Tris-El pH 7.5, 4 ml 4*0- 
ro-1-nap-1 (3 rrg/methaml) and 8 fi h-en peroxide (30%). 
Indirect imaumfluorescerze: suspension cells, isolated nuclei and nucleoli 

ware absorbed to poly-lysine-coated glass slides and incubateA with fetdl 
calf serum for 10 min to block free poly-lysine. Adhereut cells ware used di- 
rectly. For fixation, the san@eswerewashedwith PBS, i.muhtdwithl%(~- 
face staining) or 4% formaldehyde inpBs (intracellular staining) forlomin 
atromtmperature. Thereafter, the sampleswerewashed twicew+hPBS for 
5 min, incubated in a 1:80 dilution of anti pp 105 serum for 40 min at 37Y, 
E&A 3tiaeswithPBSand then imubatedwitha1:80dilutionofgoatanti 
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rabbitIgGconjugatedwit.hFIICfor 45min.Afterwashing, the sampleswzre 
mounted in glycerol/PBS (9:l). Fluorescence was observed with a Zeiss II R 5 
microscopeandpbotographedonXodak-Tri X-Pan film. 
Standard pbxpkxylation procedures: AliFts of isolated nucleoli, cellular 
sonicates and tissue extracts were brought to 37'C and pkqkorylated in a 
lxffer with final concentrations of 50 a@! sodium pbxphate pB 7.8, 10 s&l ma- 
gnesiumchloride and 10 rtM I3-nwxaptoethanol by adding [Y-~~PI ATP (30 @i/ 
100 fl sample volume; specific activity 40 Ci/nsol). After 2 min the reaction 
WIS stopped by adjusting the samples to 10 Ml EDNA (pB 7.0) and 1% SDS, fol- 
lowed by 5 min heating at 1OO“C. When san@es were used for Wprecipita- 
tion (7), pbxpbxylation was stopped by 5 n-N p-clilo ro-mercuriphenylsulfonic 
acid (PCMPS; Signs Chen.). 32P-incorpxation into pp 105 was determined after 
SUSpolyacrylamidegel electropbxesisardautoradiographyof thedriedgels. 
Thereafter, thepp105 bandswerecutout, soaked inwaterand solubilized 
with Soluene (Packard In&r.) followed by determination of radioactivity. In 
viva plrxphorylationwas established with logarithmically growing S+IU 51A-232B 
suspension cells (IO' cells/500 ml) by a 12 hr @se with 1 nCi 32P-ortt0plxx- 
phate inpbxphate-freemedium. 

RESULTS 

Cellular localization of pp 105: A rabbit antisera against electropbxetical- 

ly plre pp 105 was used to characterize the location of pp 105 in SIU 5lA- 

232B suspension cells frcxn which pp 105 was isolated. !lbe specificity of the 

antisfxumwastestedby Mprecipitation (7) and the irmunobinning assay 

(5) using endogenously phospbxylated cellular sonicates. Nxt sarfples showed 

only pp 105 as reacting protein. In a few cases, Kxe additional cross-reac- 

ting ccqonents with 98, 92, 87, 83 and 60 KDa were identified, containing up 

to 45% of total 32P Wrporated into the inmunoprecipitated proteins. The 

intracellularlocationcauldbedexnxmkratedby strong innunofluorescerzeof 

nucleoli, pratly in the periphery, and a diffuse lx& W fluorescen- 

ce of the whole nucleus (Fig. la). The background fluorescence of the nucleus 

is absent when isolated nuclei we studied (Fig. lb), hut fluorescence is 

still strong in nucleoli even after isolation (Fig. lc). All other mouse cell 

lines tested, inc1WGr-q nouse embryonic cells (Fig. le), yielded similar re- 

sults. Cell surface fluorescence was sMied with non-pennsabilized cells. 

Only suspensioncells showed surface fluorescence, partlywithacapping phe- 
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Figure 1: Immmofluorescent micro~py using rabbit anti pp IOj serm 

and goat anti rabbit IgG conjugated with FIX as second antibody: The speci- 
men MS fixed with 4% formaldehyde and prmabilized with nWhano1. (a) SKI 

51A-232B suspension cells; (b) isolated nuclei; (c) isolated nucleoli; (e) 

muse embryonic cells; (d) SIU 51A-232B suspension cell fixed only with 1% 

formaldehyde without permeabilization. 

rxcxw.non (Fig. la). Wmunobirding studies with tissue extracts from mrml 

muse thyms, spleen, lyqh nodes, liver, kidney, brain, placenta and epidi- 

dyml fat pads, slmwd significant amunts of pp 105 in all tissues. Inter- 

species cross-reactity of anti muse pp 105 .cxzun has studied with cellular 

sonicates of hamster and hman cell lines, chicken cartilage cells arrd LXo- 

sophila embryonic cellsusing the innnmobtiirq assay. All cells exhibited a 

cross-reacting main protein in the range of 100-105 KDa (Fig. 2a-e). 

EndogenouSphosphorylatianof isolated~leoli: Theelectroplwretic pattern 

of plxxplmproteins resulting fran endogemus pimsplm-ylation of nucleoli (Fig. 

2f) shows pp 105 as a rtein nucleolar ccqonent. The tim ccurse of nucleolar 

phospbxylation of pp 105 is given in Fig.3a. Optiael reaction ms observed 

at pH 8.7 (Fig. 3b) ard isotonicity (Fig. 3c) inthepresenceoflOmMm=qne- 

sium (Fig. 3d). In the latter case, phospbxylation ms perfonwzd in 0.1 M 

Tris-I-Cl Ixffer pH 7.5. At zero magnesia concentration, i.e. in the presen- 

ce of 2OnMEDTA, pp105 was notphospbxylated. The isoelectric @ntofpp 
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Figure 2: Western blot of cellular sonicates using rabbit anti wuse 

pp 105 serum: (a) n~use SIlJ 51A-232B cells; (b) hamster K 42-A 2 cells; (c) 
human I-V 29 cells; (d) Drosophila embryonic Kc cells; (e) chicken cartilage 

cells; (f) autoradiography of the pkq$oprotein pattern derived fran endo- 

gerxxs phosphorylation of purified nucleoli (arrows indicate pp 135 and pp 

105). Cross-reacting proteins have lrplecular weights of 98 KDa (a-e); 87 KDa 

(e); 83 KDa (a), 60 KDa (a). 

Figure 3: 
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Erdcgewus phospkxxylation of isolated nucleoli fran SlU 

51A-232B suspension cells: (a) time uxrse; (b) dependence on pH; (c) +'P=- 

dencx on NaCl mncentration; (d) depzndence on magnesium concentration. Each 

sample representing one dot contained 2Opg nucleolar protein. 
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105 varied bet- p1 5.9 ard 6.2. Furthmmre, thepatternofplmsplmmim- 

acidsofpplO5 resulting franendogmousphxpl-mylationofisolated nucleo- 

limscanparedto invivo~sphorylati~oflogari~~llygrowing suspm- 

sioncellsduringa 12 hrpilsewith 3zP-orthaphosphate. Theratiosphxplm- 

serine: pbxpMhreonine detmnined by thin-layer electroplmresis (8) after 

4 hr hyrolysis in 6 N El at IlOYl, were 65:l after in vitro and IO:1 after 

invivoplmspkzylation; phosphotyrosinecouldnotbedetected. 

DISCUSSION 

Phosphoprotein pp 105, orginally detected on the cell surface of nouse sus- 

pensioncellsbyendogen~s phospkxylati~of intact cells (I) cculdnowbe 

identifiedasamajornucleolarproteinusing inmnofluorescencetechniques. 

Its locaticm is not restricted to nucleoli, a weaker pp 105~specific fluores- 

cenceHasobserved inthewlmlenucleus.Themaintemxeof itsnucleoklo- 

cationduringdisrupticnofcells required thepresenceof calcim. Celldis- 

ruptioninthe absence of calcim at low magnesium concentration (0.2 M) 

renderedmstpp105 intoa soluble formwhichcauldbeisolated franthecy- 

tosolic fraction (2). Plxxpboprotein pp 105 is nest likely identical with the 

majornucleolarproteinc 23 franratNovikoff he@cnm cells havingaaole- 

cular weight 103-110 000, p1 5.2-5.5 exl a phospkxaerine: phxphothreonine ra- 

tic 35:l (g-11). Analogy to C 23 protein k~s also assuned for a 110 000 Da 

acid-solublenuclearphosphoy?roteinfrannrxlseascites fearcam cells (12) and 

for a 100 000 Da nucleolar and riboscmdl @qbqmo+x infrunhmnsterovary 

cells (13). In only case (9), intracellular location kes studied by kmuno- 

fluorescence yieldi.ngaC 23 locationdifferentfranthatobserved byus. 

This discrepancy is a=ost likely due to an experimental artifact, since the 

autbxsdidnotprefixcellswith4% formaldehydebeforepermeabilization 

withacetone~h,inowcexperi~e,canleadtoelutioniuYl~~ 

scrption. Tbdate,therehave beennc reports of -105 surface fluorescence 

of suspensicm cells analqs to our obeervattis. Investigations of the na- 

ture of cell surface pp 105 are ths subject of further studies. 
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