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SUMMARY: Biologically active featherkeratinmPNAwh.ichdirects the 
synthesis of next or all the keratin pclypqtide chains, M.W. 10,000, was 
preparedeitbarbycellulose chranatographyorbydisscciationof~ 
particleswithNadodecylsulpha~. Both preparations gave1RNAbaxxlof 
M 250,000 on formamide-acrylamide gels indicating the presence of long 
untranslated sqment(s) wbselengthhasbeen conwvedduringthe 
evoluticm of tiividualkeratingenes. 

INTRODUCTION 

Theefnbryonicchick feather represents a useful sys&znfor 

characterisingtheevents involvedincyt&ifferentiation,and ithasanunber 

of advantages for investigatingkeratinsynthesiswfiencanparedtootherkeratin- 

izing tissues(1,2). The keratins of embryonic chick featbar (3) consist of a 

family of at least 25 homDlcqous polypeptide chains (4) all of MN about 10,000 

(4,5). The rapidonsetof keratin synthesis during embryonicdevelqxwnttakes 

place at abut 13 days and accounts for nrxat of the protein synthetic activity 

of the e&rycnic feather by 14 days (6,7). 

We have reported (1) the isolaticn of a 12s RNA species frun 14- 

dayfeatherpolyribsaaal RNA that directed the synthesis ofkeratin ina r&bit 

reticulocytelysate system. -re, this12s RNAwas sbwntcbe selectively 

lZoundtccellulose. Wenowreportproceduresforisolationofthis~inan 

apparentlybmgenecus form,as judgedbyelectrophoresisonpclyacrylamidegels 

in 98% formamide. Thezclecularweightof themRNAindicates thatitconbins 

longuntranslatedseqwwes, thelengthofwhichhavebeenstringentlyccwerwd 

duringtheevclubof the separatekeratingenes. 
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MATERIALS AND METHODS 

IhecelluloseusedwaseitkrWhaimmnStandardGrade (W.R.Halsbx, 

Hnglard) or Sigmacell Type 38 (Hatch 1268-1831-9; Sigma chemical Ccqany). The 

fineswerererrmredfranbothpreparations,wfiich~thentreatedwithO.1% 

diethylpyrocar~nateand stiredat2-4' inthepresence of 0.1% sodiun azide. 

['4cl-serine (120 nC/sM) was obtained frcm ICN P harmaceuticdlsIncorporated. 

Rigorousprecautionsweze obsen&tominimiseRNAsecontamination 

(1). Thepreparationofpolyscmas, ~lextractionof thepolysanalRNA, 

preparationofrabbitreticulccytecell-free systemandidentificationof the 

products obtained ware all as previously reported (1). PorpreparationofmPHA- 

proteinccqlexes (n@NP) aprwedure modified from those of Penbertin et aZ. (8) 

and Zehavi-Willner (9) was developed. Polysawswre takenupat5-lOnq/ml in 

0.0125 M KCl, 0.5 M Tris/MZl, pH 9.0 at OO. The mixture was then made 0.015 M in 

EM74 by the addition of 0.3 MEDTA/KOH, pH 7.5, incubated at 37' for 2 min. and 

chilledonice. 

Elecmsis was according to Staywv et at. (lo), with the 

ardificaticxx suggested (11) except that Zeokarb 225 was used in place of Aaberlite. 

Deionizationwas for 5hours. Ele&x@wxsiswasatlma/gel(8anx6nxndiane~) 

After ele&?qkxesis the gels ware stained with 0.5% tiluidine blue or with 'stains- 

all' (12). 

RESULTS AND DISCUSSION 

Purification of Keratin mRNA by Chromatography on Cellulose. Eukaryotic 

mRNAswithpolyA~~bindtocelluloseduring~~~onthisnraterial 

in high-salt buffers (13-15). Curbi&ingexperimentswith~prepar&byphenol 

extractionof featherpolysufes demnstratedthatatsaturation, about0.33 and 0.47 

A260 units of polysanal RNA bound respectively per ml of packed Whatman cellulose 

and Sigmacell 38. Ilndernan-saturatingconditi~,be~4%and7%offeather 

polyscmal~~tocellulosecanparedtoabout4%ofrabbitreticulocyte 

mm=. Avdlueofl%wsobtained forreticulocy@RNAbySchutz et al. 

(14),~usedamuchgreater inputratioof PNAtocellulose. 

1007 



Vol. 60, No. 3,1974 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Thebound fractionof feathexmwas greatly enriched in12S 

RNA, although mt all of the 12s RNA bourd (Fig. la,b). The bnmd fraction contain- 

ed peaks of RNA sedimntir~~ at 6, 9, 18, 20 and 28S, as did the bourd fraction of 

rabbit reticulccyte RNA (not shcwmcf. F&f. 16). l%ebindingofr&xanal~to 

cellulosehasbeenobs?mEd previously (17). 

Wehavereported (1) thatthekourxJ12S~wasnrxeactive 

indirecti~kkeratinsynthesisinarabbitreti~~lysatethanthe~-~~ 

US m. Inadditim,keratin~activity sedimentingatgreater than12SwaS 

alsoevidentinti~boundfraction (Expts.land2,Tablel). BolmdFN?lwasthere- 

foretreatedv&hfolmml ‘de in order to dissociate any aggregated RNA and the 6S-28s 

peaks vierfz each isolated by two successive cycles of sucrose gradient centrifugation. 

(Fig. lb&). The yield of 12s RNA on the gradients was increased by a factor of 

TABLE I: TRANSLATION OF PURIFIED CELLULOSE-BOUND RNA FRACTIONS 

rJo RNA 
6s 
9s 

12s 
18s 
20s 
28s 

T Experiment 

1" 

nd 
nd 
nd 

894 
636 

30 
78 

2 3 4 

-55 86 19 
nd -23 138 
nd -26 -11 

1103 762 1041 
185 -68 104 
386 35 113 
172 20 93 

Ineqerimmtsland 2,12-28s WAfractionsmre abtaineaby sucrose 
gradientcentrifugaticmof #elWAasdescribedinFig. la. The12Sm 
kxpts. 3 and 4) was isolatedby two cycles of sucrose gradientcentrifugation 
(Figs. lb ti c) and the other fractims (experimnts 3 and 4) were isolated 
inasimilarmanner. 

Afberethanolprecipitaticmanddrying in wcuo, the individual final= 
preparations wre @ken up in O.OlM Tris/Kl, pB 7.4. Samples (4 ug) were 
translated in 0.1 ml retiailocyte lysate system and the lysates were assayed 
forradioactivekeratinby imnuncprecipita~~asdescr~ (1). Results are 
~zessedasimun~ecipitableqxn inccqoratedper'O.lml system, after sub- 
tractionof them-innnme serumoontmlperformedanea&s~le. 

*InExperimntl, the totalpreparaticms of12-28Sm fracticms &-after 
sucrose gradientosltrifugatim of 3.0 A260 units of cellulose-boa WA, were 
added tia 0.2ml system. 
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-SE DIM E NTATIDN 
FIGURE 1. Sucrose gradient centrifugation of feather polysomal RNA 
fractions isolated by chromatography on cellulose. RNA (300 A260 units) 
was fractionated on a column (1.2 x 75 cm) of Whatman standard-grade 
cellulose as described (14). The RNA bound to cellulose but eluted 
with water and the non-bound RNA were separately collected by ethanol 
precipitation, dried in vacua and dissolved in 1.0 ml of 0.1 M Tris-HCl, 
pH 9.0. Aliguots (0.5 ml) were centrifuged on lo-40% (w/v) sucrose 
gradients in buffer containing 10 mM KCl, 2 mM EDTA, 20 mM Tris-HCl, 
pH 7.6 for 16 hours at 41,000 rpm in the SW41 rotor. (a) Bound fraction. 
(b) As for (a) except that the RNA was taken up in 75 1.11 of 98% 
formamide (37', 10 min), then chilled and diluted with 0.45 ml of buffer 
immediately before loading. (c) RNA isolated as shown by the bar in 
(b) was collected by ethanol precipitation, 

re-centrifuged as in (b). 
taken up in formamide and 

about 2-4 by the treatment with formamide (cf. Figs. la,b). TreatN8Xltwithforammide 

andre-centrifugation~shedtbe~activityfran~species~~at 

greaterthan12S (Expts. 3 and4,Tablel),butdidnotaffectthe specificactivity 

orsvalue (tishanm) of12Skeratin~(Expts.3and4,Tablel). Other- 

have also been cWerved to aggregate (18-20). 

The aboveresults suggestcaution inthe interpretationof 

experinlentsindicatiIlgthepresence of highM#mPNAprecursorsif aggregationof 

mREA has not been rigorously precluled (21). 

Purification of Keratin mRNA from mRNP. Rabbit globin mRNA released fran 
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SEDIMENTATION 

FIGURE 2. SuQosegradientoentrifugatianof~-treatedpoly~. 
Pol~frcHnfeathersarrabbitreticulocytes~dissociatedwith~ 
as described) were centrifugedfor14hcurs at3 cm sucrose gradients 
(10 - 40% w/v, in buffer amtaining 0.015 M KCl, O.OlM Tris/HCl, @-I 7.5) 
at 41,000 rpn in an SW41 rotor. (a) EDDktrea&dfeatberpolysanes 
(44 A260 units); (b) EYTA-treated rabbit reticulocyte polysanes (55 A260 
units). 

polysamsasmRNP-ax@zxesbytreatm.ntwithMpA (22,23) wasofgreaterpurity 

than that cbtaird by dissociation of polysarm in Na dodecyl ml&ate (24,25). 

Featherpolysanes,wtwdissociated~th~andfractianatedby~segradient 

centri~ati~yiel~~partiallyresolvedRNppeakSaS ShaulderSOnthe 

trailing edge of the smll ritxxmal sub-unit (Fig. 2a). U~&~~identicalcoxlitions 

rabbit globin mRNP was clearly resolved (Fig. 2b). ThefeatherRNPpeakswere 

collected (see Fig. 2a), ethanol precipitated and dissociated with 0.1% Na dodecyl 

SUlphate. ThereleasedRNAwasanalys&bysmrose gradient centxifugation (Fig. 3a, 

b) . Themajor FNAspecies fruntbe faster mting RNP fractiq (Fig. 3a) 

sedimntedatUS,but species sedimenting at5, 7, 9,14 andl8Swalsopresent. 

vkeslowrsedimntingRNpfractionwasenrickdin9SRNA (Fig.3b). Tkpre- 

daninant~species franrabbitreticulocytemRNP (Fig. 3e) wasglobi.nmRNA 

eedimenting at 9s (8,22). 
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SEDIMENTATION 
FIGURE 3. Sucrose gradient centrifugation of RNA fractions obtained 
from mRNP's. All samples, after ethanol precipitation and drying, 
were dissolved in 0.1 M Tris/HCl, pH 9.0, containing 0.1% Na dodecyl 
sulphate, and centrifuged for 16 hours at 3' on sucrose gradients 
(10 - 40%, w/v, in buffer containing 0.1 M NaCl, 0.01 M Tris/HCl, 
0.001 M EDTA, pH 7.4) at 41,000 rpm in the SW41 rotor. The samples 
were, (a) Feather mRNP fraction 2 isolated as shown in Fig. 2a. 
(b) Feather mRNP fraction 1 isolated as shown in Fig. 2a. (cl 
Cellulose-bound fraction of RNA from mRNP; RNA was isolated by phenol 
extraction of mRNP from pooled fractions 1 and 2 as in Fig. 2a. The 
RNA obtained (2.15 A260--units) was fractionated on a column (1 x 15 cm) 
of Whatman cellulose. (d) As for (c), but the non-bound fraction. 
(e) mRNP from rabbit reticulocyte polysomes, isolated as shown in 
Fig. 2b. 

Alternatively,RNAwaspreparedfrcmthstotdlfeath=-mRM,by 

pher&extracticnandt&nfractionatedoncellulose. Tfie12San39SRNAspecies 

bound selectively to the cellulose (Fig. 3c and d). 12SRNAaMainedaSshawn 
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a bed ef 
FIGURE 4. Polyacrylamide gel electrophoresis of RNA in the presence 
of 98% formamide. Conditions were as described in the text. 
(a) Cellulose-bound 12s feather RNA, prepared as shown in Fig. lc. 
(b) As for (a), but the non-bound 128 fraction. (c) 12s feather RNA 
from dissociation of RNP with Na dodecyl sulphate, prepared as shown 
in Fig. 3a. (d) Globin mRNA, prepared as shown in Fig. 3e. (e) As 
for (~1, but with the addition of E. coZi 16s and 23s rRNA, and rabbit 
ret%iculocyte 185 rRNA and 4-5s RNA. (f) As for (e), but with the 
addition of globin mRNA as in (d). The gels shown in (e) an: (f) 
were run in a separate experiment on RNA preparations different to 
those shown in (a) - (d). It should be noted that the globin mRNA 
preparation shown in (f) contained only one band, while that in (d) 
contained two bands. K, keratin mRNA; G, globin mRNA. 

(Fig. 3a) also bound to cellulose. The12SRNAfranthepreparationassbownin 

Fig. 3a was shown to bs active in directing synthesis of keratin chains 82 - 65 

by translating it (26) using the wheat mtbryo cell-free system of Efron and Marcus 

(27). 

Determination of the Molecular Weight of Keratin mRNA. ElectropbXesis 

of RNA on polyacrylamide gels in the presence of 98% formamide is a technique of 

high resolving powz uncu@icated by oonformatiand effects (10,11,25) for ths 

estinmtion of the molecular wzight of RNA. 

1012 



Vol. 60, No. 3, 1974 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNlCrlTlONS 

The 12s Matin mRNA obtained fran mRNP (Fig. 3a,c) or by cellulose 

chrana&qraphy (Fig.lc) reproducibly yielded only one discrete baud when 

electrcphoresedon f onmmide gels (Fig. 4a and c). In contrast the non-bout-d 

12s fraction contained several bands (Fig. 4b). We have prepared rabbitglobin 

mmmfranmm~ under the above conditions andhaveobservedbothdouble (Fig.4d) 

and single (Fig. 4f) bards in independent preparations respectively as reported 

by other workers(11,25). 

my co-elecwresis of the keratin mRNA with REA species of knmn (10) 

W (Fig. 4e aud f), a value of 250,000 was obtained for the Ew of keratin mRNA. 

The Wof featherkeratinproteinsdmauds about3OOnucleotides intheaoding 

sequfmeofmRNA. Availableevidence indicates thatti%anRNAis notpolycistronic 

andthatkeratinisnotsynthesisedas alargerpolypeptideprecursor (28). There- 

fore, about500 nucleotidesof themRNAmustbenon-ccding seguence(s). Since 

keratin mRNA binds selectively to cellulose the presence of a polyA .squeme (13-17) 

isindicated. Theuutranslat&regionislongw thananypolyAseqwnce reported 

andlE%~COllklitl .seqeme(s) required for translational control. 

mJaryonic featherkeratinis anprisedof at least25 hamlogous 

polypeptidechains (4) andthemfor at least4 andprobablyallof these is 

presentin12sRNA. T~WIIIRNAS ading for thesechainsmstbeof almstidentical 

MS, as they migrate as one band on formamide gels(Fig. 4). This result suggests 

thatthelengthofthenon-coding .secpmx(s) has also been stringently amsemed 

during the evolutionof the imdividual keratingenes. 
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