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SUM]UARY

The work of this thesis is concerned. with investigating
the synthesis of chick embryo feather keratin. Three d.ifferenÈ

approaches \.{ere adopted. The first was to investigat,e proteín
synthesis in.cell-free systems prepared from chick embryo feathers.
The second was to isolate the nRNA's coding for chick feather keratin
and the third was to investigate the labe1líng of RNA in feathers
incubated in vitro. The original findings of this work can be

sumlnarized as follows : -
(1) a ceIl-free system prepared from 14-day feather lysate
was extensively investigated and, found. to be highly active in the
incorporation of amino acids into protein. ft was sholvn t.hat the
major product.s of the cell-free system were complete keratin chains,
id.entical with native feather keratin by several criteria.
I'urthermore , by isolation of labelled keratin N-termini it was shorvn

that about 508 of the chains were synthesised d.e novo. These neruly

initiated chains were N-acetylated in the system when labelled.
acetyl-Co.A. tr'as present. Investigation of the ionic conditions
necessary for optimal activity of the sysLem indicated that maxirnal

activity occurred at Iov¡er concentrations of K+ and. l,lg++ than hacl

previously been used in cell--free systems prepared from chick enr.br],o

tissues. Under tirese conditions, using inhibitors of initiation
of protein synthesis it vras found that greater than 903 of the protein
\^ras synthesised de 1ovo.

The naÈure of the protein products synthesised. in 12, 13

and 15-day ceIl-free systems was arso investigated. The major



products-of the 13 and. 15-day celI-free systems were found' to be

keratins, whereas under most conditions lit.tle or no keratin synthesis

was detected in the 1-2-d'ay system. 
,

(Zl the mRNA's coding for Lhe embryonic feather keratins were

isotated by phenol-extraction of l4-day feather potysomes and purified

by two cycles of sucrose-gradient centrifugation. Keratin mRNA

acÈivity !üas found to reside in a 12S RNA by translation in a rabbit

reticulocyte lysate cel1-free system. Moreover, there was no

req¡irement for any other component from feather tissue. The product

of the primed reticulocyt.e lysate system was found to be identical

to authentic keratin by several criteria. The N-termini of these

keratin chains were found to be N-acetylat,ed in reticulocyte lysate.
' No evid.ence \,va.s obtained to suggest that the keratin chains

were synthesised as higher molecular weighl precursors. The keratin

mRNA was shown to electrophorese as a single band when characterised'

on polyacrylalnide gels under denaturating cond.itions. The value

obtainecl for the molecular weight under these conditions indicated'

that the mRNA's must contain large untranslated region(s).

(3) the labe1ling of RNA was investigated ín L2, 13 and 14-day

chick embryo feathers incubated ín vitro for short periods. The

extent of labe]Iing was found. to d.esrease with increasing age-

Howeverr âD absorbance peak of 12S was found in RNA isolated from

12 and 13-day feathers. This species was not conclusively shown

to be j-dentical to the 12S keratin nRNA present in 14-day feather

polysomes.
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INTRODUCTION

A. GENERAÍ, COMMENTS

Feathers are an example of a terminally-differentiating

system. The embryonic chick feather gror{Is out from the skin

by a process of selective cell division and ttre cells then

fill wi-th an intracellular protein complex, keratj-n. The

eventual aim of the work described in this thesis is to obtain

an understanding of the molecular mechanisms involved in the

programming of these cells to proceed towards their differentiated

state.
T he ens,tZi.rg discussion is a brief description of the

morphological- development of feathers, and of the factors

known to affect this development. Results obtained on other

systems relçvant to the results presented in the present

study are reported in the appropriate chapters.

B

1. Morphology of the embryonic chick feather

The morphology of embryonic feathers has been cited

by numerous authors (for example, Watterson, 1942; Romanoff,

1960; Rawles , 1972) , and is iIl-ustrated in Figure 1.1. They

consist principally of a group of from t0 to 15 .barbs, attached

to a short calamus at the base. The barbs contain a central

core of medulla cells, surrounded by flattened cortical oells.
On the basal two-thirds of its length, each barb bears two

rows of barbules, composed of strings of single essent.ially

cylindrical, barbule cells, attaqhed end-to-end. All of these



FTGURE 1.I. STRUCTURE OF THE EMBRYONIC CHICK :'I'\'

FEATHER.

Figure 1.la. Feather from newly-hatched chickt

after discarding sheath.

Figure 1.lb. Diagram, illustrating details of the

structure of barbs and barbules'

B: barbs

BBL: barbules

CAL: calamus

C: cortex

M: medulla

(from Watterson, l-942)
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cells are dead, dehydrated and filled with keratin.

2. Development of the embryonic chick feather

The development of the embryonic chick feather has

been described in detail at the light microscope level
(.Davies, 1889; Strong, 1902; lVatterson, L942; lVessells, 1965),

and at the electron-microscope level (Kischer , 1963i 1968;

Kallman et aI., L967; Ivlatulionis , l-97O) . Reviews on

feather development are given by Romanoff (1960), Lillie
(1965) and Voitkevich (1966).

Between 5 and 6 days of incubatibn typical skin

(composed of dermis and overlying epidermis) is formed only

in the areas corresponding to the future feather-forming

areas. Ot',tside these zones, skin differentiates several

days later at a much slower rate. However, in the feather-

forming areas the dermis is individualised and can be distinguished

from the underlying mesenchyme by its high oellular density.

At the same time the ectoderm undergoes major transformations

in the'feather-forming areas. The basal layer finally acquires

its permanent coluflu-ìar epithelial structure. The periderm

lying above this basal layer also thickens and takes on the

appearance of a pavement epithelium. Thus, the undifferentiated

e,ctoderm becomes transformed into tipical embryonic epidermis.

Extensive evidence indicates that the dermis plays an important

role in theproliferation of the epithelial ce1ls. By about

eight days the feather primorj-da are clearly visible as a

series of epidermal thickenings in well-defined tracts. These

primordia continue to elongate by cell-division forming
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cylindrical epid.ermal outgrowths with mesodermal cores.

Subsequently, the si-nking of the germ within the

åtin and its progressive growth result in the for¡nati;on

of the feather follicre whose walls are formed by the areas

of epidermis directly continuous with the germ envelope.

The generative zone of the embryonic feather constitutes the

base of this epithelial cylinder and the,.feather increases in
size through the multiplication of these cells. Early on

the eleventh day, the rapidly dividing epidermal celIs in
the feather become organj-zed into a series of discrete
sectors, and. from this time the presence of several different
cel1-types all derived from the epidermal cells becomes

apparent. However, the bul-k of the tissue is accounted for
by the barb and barbule ce1ls. The core of the cylinder contaj-ns

two capillary vessels and a few cells of mesodermal origin.
After 12 days, the feathers rapidly elongate as a

resul-t of individual cell elongation and movement, as little
division takes p1ace.

Feather keratinizatíon thus begins at the sheath,

proceeding inwards and downwards from the apex, and ensures

that no active celIs are isolated from the two nutrient blood

vessels (Voitkevich, 1966). Large scale synthesis of the major

species of feather-keratins begins at day thirteen of embryonic

life, and eventually the barb and barbule cells fill with
keratin, whereas other celI types atrophy and the mesodermar

pulp is retracted. By about 17-18 days, development is
essentially complete.

At 2L days, the chick hatches and when the feathers
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drythesheathssplitopenandarediscardedasthedown

feathers open up to take on their typical fluffy appearance'

c. FACTORS AFFECTING KERATI}]CCYTE DEV]ILOPT4ENT

1. The influence of the dermis

Acentralprobleminthebiologyofskinisconcerned

with the elucidation of the origin and maintenance of a wide

variety of structurally a+d functionally diverse specifities

which the dermis presents' As Grobsþi¡ (L967) has pointed

out,oneofthemostfundamentalprocessesinembryonic
devetopment is the interaction or intercommunication betweert

ce11s and. tissues of different ontogenetic origíns. These

rheterotypic' interactions are responsible for the emergence

of a wide range of new differentiated cerr and tissue types '

It is now generally agreed that the familiar, regionally

distinctive differentiation of the epidermis is the result

of heterotypic interactions between epithelial and mesenchymal

precursors in ontogenY.

Inregardtofeatherdevelopmentishasbeenshown

that prospective feather dermis caused feathers to form from

epidermis destined under normal conditions to form surface

, epidermis or scale (Rawles , L963; lrlessells, 1965) ' Further-

more, it has been found that the epidermis in cutture failed

to keratinize when separated from the dermis and degenerated

(Mcloughlin, 196I; Wesse1ls, Ig62; Dodson' 1963). The

presence of living dermal cel1s is not necessary, dermis

killed by repeated freeze-thawing supports the epidermis as

well as living dermis (Dodson, L963) - To explain the finding
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of 'dermis specificity' the concept of a specific inducer

molecule has been proposed.. However, Vüessells (f968) regards

that this hypothesis as being unnecessary::to explain the

data. He pointed out that thís specificity could. be the

result of such factors as changes in mesodermal ce11 density,

or changes in mesoderm extracellular substances that mediate

environmental exchanges of epithelial ce1ls. Another

important factor to be kept in mind is that the epidermal

cells themselves may be involved in lateral intercellular

communication, that is each epidermal cell might influence

the development of the surrounding ce1ls.

The mechanism by which the onset of keratin synthesis

(cytodifferentiation) is controlled may be to some degree

unrelated to the control of morphogenesis. The dermal-

epithelial interactions resulting in feather formation begin

at about 5 daysr ês described earlier. However, keratin

synthesis does not begin until about 12-13 daysr ëts

determined by birefring'ence and X-ray diffraction (BelI and

Thathachari, L963), electron microscopy (Itlatulionis, L970) and

by a quantitative assay for the keratin proteins by analysis

on polyacrylamide gels (Kemp et a1., 1974). By this stage,

the embryonic. feather has almost completed its mor¡ihological

development

2. Vitamin A

Keratínization can be inhibited in certain epithelia
that normally keratinize .by a small excess of vitamin A in
the culture medium (Fell, L964) . Weiss and James (1955) found

that a brief exposure of dissociated 7-8 day chick embryo
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skin cells to a high concentration of vitamin A caused

ttre ce1ls to form cysts of actively secreting mucous

epithelium; furthermore, feather-germ formation vras supPressed.

The control cultures developed normally inÈo squamous keratiniz-

ing epithelial ce]ls which produced feather germs. Fitton-

Jackson and Fe1] (1963) investigated the changes in fine

structure that accompanied the mucous metaplasia induced by

vitamin A, using scaly metatarsal skin from L2-day chick embryos.

The most interesting observation from these studies was the

finding that the basal ce1ls of vitamin A treated skin recovered

when returned to a normal medium.

3. Hydrocortisone

The addition of hydrocortisone to the medium hastened

keratinization in skin explants from chick embryos, and the

feather grerms aborted (FeIl , 1962) . This effect has been

verified by a number of workers, for example, Sugimoto and

Endo (1969) , Stuart et al. (1972).

4 Chalones

. Bullough and Lawrence (1960) and Bullough (1965)

have postulated that epid.ermal cells secrete some substance,

capable of diffusing over short distances, that inhibits and so

controls epidermal mitotic activity. In subsequent studies

Bullough et â1., L967, Bullough and Lawrence, 1968) the

substance called epídermal chalone, in the presence of

adrenalin and a glucocorticoid hormone, had a marked effect

on epidermal mitotic activity, in vitro and in vivo- The

....
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agent appeared to be highly specific having no influence on

cell division in hair follicles or other tissues ' chal0nes

specific for other tissues have been reported (for a review

seeo'DellrLg72).Noeffecthasyetbeennotedon

featherfollicles,althoughtheepidermalchalonehasbeen

reported to inhibit mitosis in chick skin incubated in

culture (nothberg and EkreI, 197I) '

5. Epiderma rowth factor (EGF)1q

The isolation of a protein from the submaxillary gland of

rat whi-ch stimul-ated epidermal growth in vivo in mouse and in rat

has been reported (cohen, Lg62). Furthermore, its effects have

been demonstrated in organ cultures of skin (cohen, L965) '

IntheseculturesEGFstimulatedanetaccumulationof
protein and RNA with no detectable increase of DNA (Hoober

and cohen, Lg67). In later work (cohen and stastny, 1968)

it was reported that one of the initial cellular changes

inducedbyEGFwasaconversionofpre-existingmonomer

ribosomesintothepolysomes.Accompanyingthisalteration

therewasanincreaseinproteinsynthesisandanincrease

in all crasses of cytoprasmic RNA, âs assayed by sucrose

gradient centrif ugation

PituitarY hormones

Yatvin (1966a,b) reported that hypophysectomy of chick

embryosatabout36hoursofdevelopmentdidnotprevent
feather morphogenesis but did prevent the onset of keratinj-za'

tion as assayed by the increase in the level of polysomes
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observed to occur concomitantly with the onset of keratin
synthesis. In hypophysectomized. embryos this change did.

not occur.

Work in this laboratory (D.J. Kemp - personal

communication) using a more specific assay for keratin
synthesis, namely, 9e1 electrophoresis of the keratín proteins

has indicated that the onset of keratin synthesis is not

prevented, but merely delayed as is the development of the

whole embryo.

7. Prostaglandins

Kischer has made some studies on the effect of

prostaglandins on chick embryo feather development. He has

found (Xischer, 1967) that when prostaglandinss¡ere applied to
the back skin of chick embryo in culture, epidermal proliferation

and development were stimulated, whereas feather formation

wa suppressed. In a later sÈudy (Kischer and Keeter, 1970)

it was noted that many breaks or gaps in the dermo-epithelial
junction were induced by the in vitro treatment with
prostaglandin BI. Further analysis by electron microscopy

(Kischer, J-973) revealed that the epidermal mitochondria

underwent a marked alteration in morphology following treatment

by prostaglandin Bl. No such chanqes \,vere observed in the

periderm or dermis. Irlhen transferred to fresh medium, the

feathers again began to develop.
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8. Thyroxine

In early studies in vivo it was demonstrated

(Bartels, 1943) that precocious stratificiat.ion and keratini-
zation of chick embryo epidermis followed injection of
thyroxine into the all-antois. Studies in vitro have confirmed

this effect. Wessells (1961) reported that thyroxine initiated
keratinization of chick embryo skin curtured in a chemically

defined medium, and Kitano and Kuroda (L967) reported a similar
finding. The rore of the thyroid gland in the development of

feathers has been extensively reviewed by voitkevitch (1966).

At the time of onset of chick feather keratin synthesis

(12-13 days) the thyroid gland has begun to actively secrete

thyroxine (Shain et al. , 1972). By comparison the thyroid
gland of a newly-hatched pigeon is poorly-differentiated. rts
biological activity is minimal- and it only acquires the

typical microscopic structure by the fifth post-embryonic

day. Young pigeons are covered with sparse embryonic down

during the first thçee days after hatching. Quitls of the

contour feathers can be seen through the skin on the fourth
and fifth day after hatching. The growth of the feather
quills coincides precisely with the early phases of secretion

of the thyroid gland. From these results it appears that.

thyroxine may stimulate feather development but is not

essential for the initial formation of the feathers.

From the foregoing discussíon it is clear that most of
the epidermal effectors have an inhibitory effect on feather
development or have not as yet been assigned any clearly
ddined role in controlling feather development. fn this
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context, the conclusion of Braverman and Katoh.(lg7l) as a
result of their in vitro culture experiments using chick
embryo lens is particularly noteworthy. They found that if
that part of a chick embryo destined to form, the êyer the
lensr part of the brain and the surrounding head. region,
was removed before the lens had. begun to deverop and

placed in culture medium for four days, a structure resembling
the lens, synthesised a protein unique and characteristic
of the lens.

The lens of the cultured explant developed in an

abnormar way but the final result was the sarne. From this
they concluded that at least some for the biochemical and

morphogenetic activities of the embryos are rigidly and

separatery programmed rong before their expression and are
independent of immediate preceeding events.

D. DNA SYNTHESIS AND MIToSIS

Kischer and Furlong (I967) examined DNA polymerase

activj-ty during the development of chick embryo skin and

feathers. They reported that DNA polymerase activity was low
at early stages, reached maxima at the stages of feather germ

outgrowth and elongation, tlren d.eclined abruptly at the onset
of keratinization. Nuclear DNAse activity, in coirtrast rose
slowÌy to a maximum at the onset of keratinizatj_on. Rothberg

and Ekrel (197r) found that there was a peak of DNA synthesis
in shank skin of chicken embryos just prior to the onset of
keratinization, which declined abruptly as keratinization b"gc.r"

ït would appear from these results that DNA and
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keratin synthesis are mutually exclusive. Furthermore,

the gbservation that normal differentiation in vitro has not

been obÈained in the absence of mitosis in vitro strongly

suggests that mitosis is required at a crucial step on

the path towards keratinízation.

E. THE PATH TAY TO TERMTNAL DIFFERENTIATIoN

A1I the evidence presented in this discussion for
feather differentiation concurs with the model for termi-

nali,ler¡6,.1dïfferentiation presented by Modak (I972). In this
system the sequence of events leading to acquisition of the

a'tr
terminally differentiated state included, (I) cess/ion of

DNA synthesis and cell division; (2) activation of RNA

synthesis; (3) synthesis of lens specific proteins; (4) appear-

ance of strand breaks in the DNA; (5) de.crease and halt of
RNA synthesis; (6) nuclear degeneratíon and loss of DNA.

F. FEATHER KERATINS

(a) Keratin structure

The structure of keratin has been extensively

reviewed by Fraser et aI. (1972). Keratins are fibrous,
insoluble, intracellular proteins of high cysteine content

produced in certain epithelial cells of higher vertebrates.

Electron microscope studíes (Filshie and Rogers,

1962; Rogers and Filshie, 1963) have indicated that feather

keratin has a filamentous structure, the filaments being some

3 - 3. 5 nm in diameter and of indetermirti:ate length. The
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proteins are presumably cross-linked in vivo by disutphide

bonds (Goddard and Michaelis , 1934; Woodin, 1954).

(b) Embryonic chick feather keratin

Kemp (1,972) has identified the keratin proteins of

embryonic chick feather and developed analyti-ca1 procedures

for their routine identification at different stages of

development, based on the finding of Harrap and lVoods (L964,

a,b) that stable derivatives of the proteins could be prepared

.by reduction and S-carboxymethylation. Usíng such procedures,

three groups of proteins were apparent., designated the cF' B-,

and y-proteins. The major ( ß) group appeared to consist of

a heterogeneous family of related keratin proteins. The results

from N-terminal sequence studies showed that the N-termini of,

embryonic feather keratin proteins were acetylated. A series

of N-terminal peptides of increasing length was prepared from

embryonic feather proteins and the homologous N-terminal amino

acid seguences Ac-Ser-SCMC-PTï:-o=" vùere established, demonstrating

that feather keratins are a family of homologous proteins.

Quantititative polyacrylamide ge1 electrophoretic techniques were

applied to the study of tLre kinetics of keratin synthesis (Kemp

et a1. , 1974). It was shown that the rnajor,keratin proteins

were detectable by L2 days and attained a màxima1 rate of

synthesis after 13 days. Furthermore, the proteins were synthesised

in a coordinated fashion.

lrlalker (L97 4) has extended the studies on the heterogeneity

of the chick feattrer keratin chains. The number of discrete

keratin chains was investigated by examining fractions sf the
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the S-carbo>q¿methylated feather protein by polyacrylamide ge!

electrophoresis at two PH values and at least nineteen

prominent proteins v/ere found to comprise the down feather.'

Each of these proteins vtas remarkably similar to the others

with respect to molecular weight and amino acid composition.

sequence analysis of the l4c-sc*-tryptic pepti'des

of the down feather indicated that the electrophoretic variants

of feather keratin different from one another at only few sites

in the primary structure.



CHAPTER TWO

MATERTALS A}TD GENERAL METHODS
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À. MATERIALS

1. Tissue

In all experiments reported in this thesis (unless

stated otherwise) the feathers used were from embryos of the

domestic white leghorn fowI, Gal1us domesticus. Fertilized,

eggs \,vere obtained from the Parafield Poultry Station of the

Department of Agriculture, Parafield, South Australia. The eggs

were stored at 10o for no longer than seven days and incubated

at 3'1.8" , 54% humidity in a forced-draught incubator for the

reguired time.

Feathers from eggs which had been incubated a total of,

for example, L4 days, were d.esignated '14-day feathers'.

2. Enz s and rotei-ns

Albumin: Bovine serum, fraction V. Sigma Chêmica1 Co.,

St. Louis, Missouri, U.S.A.

crChymotrypsin: Bovine pancreas. Three times crystallised.

Vforthington Biochemical Corporation, Freehold, N.J. , U . S .A'.

- Insulin: Crystalline pig. Commonwealth Serum Laboratories,

Melbourne, Australia.

3. Radioactive Compounds

Acetyl-1 tl4cl -co"rrzyme A: 57 or 59 mC/mmole. Rad.io-

chemical Centre, Amersham, EngIand.

AIgaI Hydrolysate, [14c] (U) reconstituted protein hydrol-

ysate. Schwarz/Mann, Orangeburg, N.Y., U.S.A.

Adenosine-[2,g-3H]: 10 c/nmole. ïCN Chemical and.

Radioisotopes Division, Irvine, CaLifornia' U.S.A.
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L-Leucin"- tl4cl (u) : 312 mc/mmore. schwarz/Mann.

orotic Acid., 5-3H: 15 C/mmole. Sclwarz/Miâ.nn.

L-Serine-t3Hl (G) : L.7 g/rnmoIe. IcN' 3 & 6.3 C/mmo1e

Amersham, L.2 q,/mmo1e, Schwarz/Mann.

L-serine- tlacl (u) : 312 mc/mmore. schwarz/Mann.

uridine-[5,6-3H] z 43 c/mmole. schwarz/Mann.

4. Fine chemicals for specific procedures

a. Media for culture

Charity Waymouth: MB'752/1, Dried. Difco Laboratories,

Detroit, Michj-gan, U.S.A.

Chick tnbryo Extract: Commonwealth Serum Laboratories.

Foetal Calf Serum: Commonwealth Serum Laboratories.

Horse Serum: Commonwealth Serum Laboratories-

Minimal Medium Eagle: Dried. Difco.

b Extraction, reduction and carboxymethY Iation of proteins

Ethanolamine: BDH Chemicals Ltd., Poo1e, England.

Iodoacetic acid: Sigma.

2-Mercaptoethanol: Sigma.

Urea: reagents puro, Carlo Erba, Milan, Italy.

c. Polyacrylamide qe I electrophoresis

Acrylamide: Eastman Organic Chemicals, Rochester 3,

New Yorþ, U. S .4.

Ammonium persulphate: Ana1a R. BDH.

Bromo-phenol blue: BDH.

Coomassie Brilliant BIue R-250: Mann Research Laboratories ,
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Orangeburg, N.Y., U.S.A.

ethylene Diacrylate: Borden Chemical Co., Philadelphia'

Pe4n. , U. S.A

Formamide: Laboratory reagent. BDH

N ,N ' -methylenebisacrylamide: Eastman.

Riboflavin: BDH.

N ,N ,N I ,N | -tetramethylethylenediamine : Eastman.

'stains-all' , 1-Ethyl-2-13- (1-ethylnaptho If, Za]

thi a zolin- 2-yI idene ) - 2-me thylpropenyl l-naphtho [ 1, 2df thiaz oL ium

bromide: Eastman.

Toluidene blue: George T. Gurr, London, England.

d. Measurement of radioactivitv

1, 4-bis-12-l(5-phenyloxazoly) l-benzené: Packard Instruments

Co., Inc. , La Grange, U.S.A.

2rS-Diphenyloxazole: Scintillation grade: Packard.

Glass-fibre filters: Whatman GE/C. w ç R Balston

Ltd., England.

NCS Tissue Solubilizer: Amersham/Searler Arlington

Heights, Illinois, U.S.A.

Toluene: reagents puro, Carlo Erba and BOH.

e. Column chromatography

. CM-cel1ullose: Whatman CM-32.

DEAE-ceIlulose: Whatman DE-ll.

Dowex 1: AG 1-x5, minus 400 mesh, Bio-Rad laboratories

Richmond, California, U.S.A.

Dowex 50: AG 50W-X2, 100-200 Mesh, Bio-Rad.

Zeokarb 225: The Permutit Co. Ltd., London, England.
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f. Antibiotics

Chloramphenicol : Parke Davis, Sydney, Australia.
' Cycloheximide: Sigma.

Cordycepin: Grade III, 3 times crystallized. Sigma.

Pactamycin: Gift from ,Dr- B. May of this Department.

Originally from Dr. H.F. Lodish, M.I.T., U.S.A.

Dactincnrlzcil, Merck, Sharp & Dohme Research Lab., Rahway,

N.J. , U. S.A.

Penicillin G: sodium salt. Evans Medical Aust. Pty. Ltd.,

Melbourne, Australia.

5. Míscellaneous chemicals

muscle.

reduced

Adenosine 5' -triphos¡:haÈe : Crystalline from equine

Sigma.

Aurintricarboxylic acid : Sigma.

L-Amino acids: Mann Research Laboratories.

Creatine phosphate: Sigma.

Creatine phosphokinase: Sigma.

Diethylpyrocarbonate: Fluka AG, Buchs, Switzeiland.

N-ethylmorpholine: Eastman. This was distilled under

pressure before use and stored under nitrogen at 2 - 4o.

Glutathione: reduced. Sigma.

Guanosine 5'-triphosphate: Trisodium saIt, Type I, Sigma.

Heparin: from Hog intestinal mucosa, sodium sa1t.. Sigrma.

Phenol: laboratory reagent. BDH.

Phenylhydrazine: Sigma Grade. Sigrna.

Sodium lauryl sulphate: Sigma.

Sodium fluorid.e: Anala R. BDH.
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Sucrose: Crystalline, density gradient grade. Schwarz/

Mann.

Tris: Trizma Base. Sigma.

Triton X-100: Rohm and Haas, Philadelphia, Penns., U.S.A.

Urea: reag:ents pura, Carlo Erba and ¡¡¿1a R, BDH.

6. Miscellaneous materials

Dialysis tubing: Visking. BDH. The tubing r,'las boiled.

in LZ w/v NaHCoa before use (Thompson and orDonnell, 1965).

Homogenisers: Potter-Elvehjem type, 2 ml; chamber bore 7 mm,

clearance 0.075 - 0.10 mm. Kenco Scientific, Adelaide, South Australia.

5 m1, and 10 mI : clearance 0.1 mrn. Lab Crest. Fischer and

Porter Pty. Ltd., Sydney, Australia.

Millipore filters: Type HA, 0.45 Ur Millipore Corporation,

Bed.ford., Massachusetts, U.S.A.

Sterifil Aseptic Filtration Strstem: Millipore Corp.

B. GENERAL METHODS

The techniques that v/ere used routinely throughout this

work are described in the present chapter. AJ-l other procedures

are described in the appropriate chapters

sition of buffers for the

l-ysates

High sâlt buff er 1¡¡SB) .

2 50 mM KCl

1 ation of feather
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t0 mM M1CL,

10 mM Tris-HCI, pH 7.4 (from Heywood et aI., L967).

Medium salt buffer (MSB)

Z 00 m¡,t XCt

5.3 mM MgCL,

10 mM Tris-HCl pH 7.4.

Low salt buffer (LSB)

66.0 mM KCI

2 .Al tA MgCL ,
10 mM Tris-HCI pH 7.4.

2. Preparation of feather lysates

The standard method for the preparation of feather

lysates is described below. In some experiments this proced.ure

u¡as var.t"Ut d.etails of this aregiven in the appropriate chapters.

It should be noted that in the preparation of both

feather and rabbit reticulocyte lysates, rigorous precautions

were taken to minimise RNArse contamination. A1I glassware

I^ras washed. with 1 M KOH, rinsed carefully in bi-distilled

water and heated at 11Oo overnight. All solutions were

treated with 0.1% diethylpyrocarbonate and allowed to stand

overnight before use (Witliamson et â1., f971).

Hnbryos were removed from eggs and washed in Hanks'

saline solution (see Paul , 1970). i¡Iith Èhe embryo immersed.
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in Hank's solution the body feathers $Iere removed carefully

using watch-makers' forceps. The plucked feathers were

placed directly into ice-cold MSB. A1I subsequent procedures

r/\rere carried out at 4o . The feathers were washed four

times by centrifugation at 900 g for 30 sec. The tissue

volume was then measured in a graduated centrifuge tube

immediat,ely after the feathers had been centrifuged at 4000 g

for 5 minutes. The feathers were then resuspended in two

volumes of MSB containing 4 mM dithiothreitol and allowed.

to stand. on ice 10 min. For small volumes of feathers a 2 ml

Potter-Elvehjem homogeniser r¡/as used manually with 5-6 strokes

to disrupt the tissue. With larger volumes of feathers a 5.mI

or l0 ml- homogeniser was used, with I - I0 strokes. CelI

debris and nuclei were pelleted by centrifugation at 16,000 g

for 10 min at 4". The supernatant was decanted.

3. Incubation of feathers in vitro

AlJ- glassware used was washed in I M HNO3, well-rinsed

in bi-distilled water and autoclaved before use. All operations

hrere carried out in a sterile tissue culture cabinet. The

Charity Waymouth nedir¡n containing I .0 mg/L00 ml penicillin

and 5Z foetal calf serum was sterilized. by ultrafilÈration

using Millipore Sterifil apparatus.

The chicken embryos brere rinsed with the medium and

placed in a Petri dish also containing the medium. Plucked

fe.athers were collected. in a smalI volume of medium.

Samples of the feathers were added carefully to about. 2 or 3

ml of the medium contained in 25 ml Delong culture flasks.
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The flasks were then gassed for 20 seconds with a 5g COr-air

mixture and stoppered with serum caps. The flasks were

incubated at 37o with shaking at speed. setting 4-5 in a

Gyrotory Water Bath Shaker Model G76 (New Brunswick Scientific

Co. Inc., New Brunswick, N.J., U.S;4.).

After incubation for the required length of time the

feathers were chilled by addition of 20 ml of ice-cold MSB,

and the flasks placed in ice. The lysates were then prepared,

as described in the previous 'section.

4. Preparation of rabbit reticulocyte lysate

(a) Induction of anaemia in rabbits

Reticulocytosis was induced in rabbits by the method

of Evans and Lingrel (1968a), by daily subcutaneous injections

of 0.3 rnl/Kg of 2.5eo neutralized phenylhydrazine hydrochloride

in 47.5% ethanol (pH 7.0). Generally satisfactory reticulocyto-

sis (i.e., >90ã reticulocytes) was produced after 4 - 6 daily

inj ections .

(b) Collection of cells

Blood was col-lected from a marginal ear vein into

tubes containing 2.5 ml of cold reticulocyÈe saline (0.13 M

NaCl, 0 . 005 M KC1, 0.0074M lagclr) containing 2 mg 'heparin. All

subsequent operaËions were performed at 40. The blood was

diluted with the saline to 15 ml and the cells spun down at

41000 g for I0 minutes. The supernatant and 'buffyr coat of

lymphocytes were drawn off using a Pasteur pipette. The cells

v/ere washed in the saline solution three times by centrifugation.



22.

Before the final rinse a sample of the cells was collecÈed.

and incubated at 37o for 15 min in a fewrd.rops of stain (1å

w/v cresyl b1ue, 0.6% w/v sodium citrate, 0.68È w/v NaCI).

A smear was prepared from these ce11s to determine the d.egree

of reticulocytosis. Reticulocytes stain dark blue,

erythrocytes pale blue.

(c ) Prepa ration of reticulocyte lysate

The washed cells v/ere lysed. by ad.dj-tion of

l vol-ume of 1mM MgCIr. To aid. lysis, the cells were drawn

vigorously, several times, into a Pasteur pipette. One volume

of buffer was then added (200 mM KC1, 2.67 mM MgClrr t0 mM

Tri-s-HCl, pH 7 .4). The lysed cells were then centrifuged

at 16,000 g for l0 minutes to pe11et mitochondrial and membrane

fragments. The supernatant was collected for in vitro studies,

the pe11et was discarded.

5. Measurement of radioactivity
. For kinetic experiments 0.05 mI aliquots v/ere removed

from the incubation mix at the stated time intervals and pipetted

into I ml of cold water. Bovine serum albumin (25 ugm) was

ad.ded followed. by I ml of 202 TCA and the protein was allowed

to precipitate at 0o for about 30 minutes after all samples

had been taken. The protein was then collected by centrifugation

at 900 g for 10 minutes at 4o. The pellets were d.issolved in

0.4 m1 of 0.3 N NaOH to discharge labelled aminoacyl tRNArs and

reprecipitated. with 20? TCA. The precípitates:were collected

on !ùhatman GF/C glass fibre filters. The precipitates were
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hrashed with I0 ml of 5Z TCA and finally with ether. The

filters were dried in 2 ml vials at,1000 for I hour.

" Fractions from sucrose gradients of feather lysates

were each diluted with I ml of water and precipitated wit,h

1 ml of 202 TCA. The precipitates were collected. on Vühatman

Gî/C filters, and washed as above.

Fractions from sucrose gradients of labelled RNA were

diluted with I ml of water and precipitated. with 20? TCA in the

presence of 25 ug of bovine serum albumin as carrier.

Aliquots from fractions were precipitated with 202

TCA without carrier. Precipitation of fraction with and

without carrier revealed no d.ifference in the cpm retained on

the filters.

All samples \^/ere counted in 2 ml vials in a toluene-

based scintillation f luid. (0.:St w/v 2,5-diphenyloxazole and

0. 03 5à w/v 1 ,4-bis[2- (S-phenyloxazolyl]benzene. A Packard

Tricarb Liquid Scintillation Counter was used for all rad.io-

activity determinations. Results are g'enerally expressed as

the acti¡al counts per minute observed in the aliquot, after

subtraction of the background va1ue. The observed counÈs per

minute were recorded usually for 10 min or 20 min. Quenching

\,vas monitored using the channel-ratio method, and was found

to be constant in each experimênÈ.

6. Densitometry of protein-containing polyacrylamide gels

Gels were stained. with Coomassie Brilliant, Blue R-250

in 10? TCA (Chrambach et a1., L967).

In early experiments the gels lvere scanned in a
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I Densicord I recording electrophoresis densitomeÈer

(photovolt Corp., New York, U.S.A.). the white light source

and. red filter (no.610) were used,. Normally, the sensitivit,y

setting used. was D1. The scanning speed, chart speed ratio

setting was !:2. fn a few experiments a Joyce Loebel Chromo-

scan (Joyce, Loebe1 & Co. Ltd. , Gateshed , U.K. ) was used. A

white light source and red filter (6211 were used. The

scanning speed, chart speed ratio setting was 1:1.

In later experiment,s the gels h/ere scanned at a

wavelength of 630 nm using a Gilford linear transport attach-

ment (Gilford InsÈrument Laboratories, Oberlin, Ohio, U.S.4.)

coupled to a lrl & W Recorder ( W & Vü Electronic Inc., Basle,

Switzerland) .

'Various sensitivity settings \^/ere used. to optimise

the resolution. The scan speed., chart speed ratio \^/as

normally 1:1.

7. Solubilj-zaLion of 1 a lamide e1s for radioactivit

determinations

The gels vrere frozen in dry ice and sliced into I mm

sections using a single blade type ge1 slicer (uickle Engineering

Co., Gomsha11, Surrey, England). Each section was placed in a

2 ml glass vial aqd solubilized, by treatment with 1.0 M

NH4OH overnight at room temperature. The solution was then

absorbed onto a GE/C glass fibre filter placed in the vial
and d.ríed at I10". Scintillation fluid was added to the

cooled vj-a1 , for radioactivity determination.
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8. Sucrose qradienÈ centrifugation

In most of the gradient centrifugations reported

in this thesis a Beckman SÌ^I41 rotor was used in either a

Beckman L2-50 or L2-65B ultracentrifuge. Linear sucrose

grad.ients were prepared as described by NoIl (1969 ) with the

heavy sucrose solution in the reservoir and light sucrose

solut,ion in the mixing chamber, using a two chambered. apparatus

similar to that descrj-bed by Britten and Roberts (1960). In

a few early experimenÈs the gradients were prepared in a

manner similar to that described by Sarma et al. (1969) . The

graclients contained concentrations of sucrose from 0.3 M

(L0.22 w/v) to I.1 M (37.62 w/v) in the appropriate buffer.

In later experiments sucrose from 10å w/v to 4OZ w/v

was used, without any change in resolution. The figure

legends contain the details of time, temperature and g force

used in each particular run.

9. Monitoring of absorbance profiles of sucrose

gradients

In early experiments the absorbance profiles of

sucrose-gradients was monitored. continuously at 260 nm using

a modified Optica Densitronic Spectrophotometer" (Optica U.K.

Ltd., Walthamstow, London) fitted with a 2 mm path-length cel1.

The profiles b/ere recorded usíng a TOA Mod.el EPR-2,Tçrecorder

(TOA Electronics Ltd., Tokyo, Japan) .

In later experiments the absorbance profiles were

monitored at 245 nm using an LKB Uvichord Ir ultraviolet

analyser (LXa-produkter AB, Bromma L, Sweden) equipped wiÈh a
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3 mm path length ceII and coupled. to a Hitachi-QPD-s3

recorder (uitachi Ltd.., Tokyo, Japan). Various sensit,ivity

settings hrere used depending on the concentration of material

on the gradient. In both of these analyser systems the gradients

vTere pumped ouÈ from the bottom using an LKB perpex peristaltic

pump, using a flow rate of 80 ml/hr. fn some experiments an

fsco model 640 density gradient fractionator (Instrumentation

Spec j-alties Co . , Lincoln, Nebraska, U. S.A.) was used . The

gradients were scanned aE Ar54nm using a 2 mm flow ceII.

10. Determination of S val-ues

The S values of Èhe minor RNA species on sucrose

grad,ients were determined. by the method of Martin and Ames

(1961). Tn the present work it was observed. that the distances

that the 1BS rRNA and tRNA species sediment from the gradient

meniscus are directly proporÈional to the S value. Thus a

plot of S value of the known RNA species versus distance

sedimented gave a straight line from which the S values of

óther RNA species could be determined..

1I. Electron microsco

All specimens were examined in a Siemens Elmiskop

1 electron microscope operated at SOkV with a 50 U objective

aperture. Specimens h/ere negatively-stained on the grid with

2Z (w/v) uranyl acetate.



CHAPTER THREE

TSOLATION OF FEATHER POLYSO¡4ES
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A. TNTRODUCTION

" It has long been established that polysomes are the

major site of protein synthesis within cells. This was shown

'in reticulocytes by warner et aI. (L962) , Marks et aI- (1962) ,

Gierer (1963) and in liver by wettstein et aI. (1963). It is

generally accepted that mRNA functions as a 'tape" the amino

acid. sequence of the protein being encoded in the nucleotide

sequence of the mRNA. The ribosomes attach to the mRNA'

translate it into an amino acid sequence and. detach on completíon

of the protein. Several ribosomes on a mRN/\ then constitute

a polysome. In support. of this hypothesis it was found that

polysome breakdown and. protein synthesis pr:oceeded synchrronously witLr a

step-wise release of monomers, and that the amount of protein

synthesised was proportional to the size of the polysome (NoIl

et a1. , L963). Furthermore, it was observed that the size of a

potysome was principally determined. by the length of its

associated mRNA. For example, in reticulocytes, synthesising

predominantely haemoglobin, polysomes comprised of 5-6

ribosomes are the major species (Rifkind et aI. , 1964) , and

conversely in liver it was found that the length of the mRNA

liberated from polysomes of a particular size increased as the

ribosome complement of the polysome increased (Staehelin et â1',

Lg64) . The tape theory was proven when Evans and Lingrel (196 9b)

reported. that the ratio of 18S rRNA to 95 haemoglobin mRNA

liberated. from reticulocyte polysomes increased in direct

proportion to the number of ribosomes in the polysome.

Isolation of pollzsomes from epidermal tj-ssues of
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mammalian species has met with limited success (for a review

see Freedberg, 19721. This has been due to a large extent, to the

naËure of the tissues themselves. Hair follicles for example,

are composed predominantly of fibrous protein rendering

homogenisation of the cells difficult. In add.it.ion large

amounÈs of RNA'se are sometimes present (Wilkinson, I970a¡

Steinert and Rogers, L97Ia). Polysomes have been isolated from

sheep ear epidermis (Priestly and. Speakman, 1966) , from wool

follicles (Wilkinson, L970a) and from hair follicLes (nogers

and Clark, 1965¡ Clark and Rogers, 1970; Freedbêrg, L970¡

Steinert and Rogers, 1971a) . Although large polysomes were evident

the majority of ribosomes were present in Èhe monomer fraction.

Whether this represents the true in vivo distribution is not

clear, but it appears to be more probable that extensive dis-

aggregation of polysomes occurs during the prolonged extraction

procedures. It has been suggested thaÈ during slow cooling of

polysomes, init.iation is selectively inhibited while chain

elongation and termination continue (Das and Goldstein, L968¡

Friedman et â1., Lg6g; t"lorimoto et al. , Lg72a).

The initial studies on the characterisation of chick

embryo feather polysomes at first sight appeared to have great

significance. It was demonstrated (Bell et a1. , 1965¡

Humphreys et al., Lg6q) that prior to the onset of keratin

synthesis (at 13 days of incubation) many of the ribosomes

were found as tetrameric aggregates, having a characteristic
tsquare planar' configuration, insensitj-ve to ribonuclease, and

inactive in protein synthesis. It was proposed that these

aggregates were storage forms of ribosomes and the mRNA.
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After 13 days the tetramer peak was not longer apparent. Instead

polysomes of 5-6 ribosomes, sensitive to disaggregation by low

concentrations of RNA'se rú¡ere predominant. Subsequentl!r

Byers (1966 , Lg67) reported tLrat ribosome crystatlisation could

be induced j-n chick embryo tissues by hypothermia. In a further

report Humphreys and BeIl (Lg67) concluded that the tetrameric

ribosomal aggregates were induced by the prolonged cooling of

feathers, prior to homogenisation, and furthermore' that they

did not contain mRNA. Polysomes prepared from 12 day embryo

feathers isol-ated at 37" were characterised by an absence of

tetramers and a normal polysome distribution.

Asaprerequisitetofurtherstudiesofprotein

synthesis in chick embryo feathers the polysome d'istribution

of feathers of several ages was reinvestigated. This chapter

details the results obtained'

B. RESULTS

1. Isolation of polysomes from I 4 and 15-dav feathers

usrng hiqh salt buffer' HSB

Feathers were initially collected' by the following method'

The chick embryos were washed with Eagle's medium and thé plucked

feathers coll-ected. in a Petri dish of the same medium (all at

room temperature). The feathers \^Iere then transferrea Èo ice-cold

buffer (HSB), which had the same composition as the buffer used

by Heywood et al. (1967) to prepare polysomes from chick embryo

thigh muscle. For the preparation of feather lysates, the

procedure of washing the feathers was identical to that d'escribed

(see Methods 2.F,2) but the composition of the high-salt buffer
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used in the subsequent homogenisation included the following; 0.1 å

w/v¡Triton X-100, to aid in the lysis of cells (Borun et aI.,

]-967), 0.2 mM dithiothreitol (ort) to prevent oxidation and

aggregation of the cysteine-rich keratins (Kemp and. Rogers,

1972). The use of high salt buffers similar to HSB has been

found to maximise the yield of polysomes from wool roots

(Wilkinson, L970a) and. from guinea pig hair folticles (Steinert

and Rogers , L97Ia). Deoxycholate was not used to release

membrane-bound ribosomes since the rough endoplasmic reticulum

is sparse in developing chick embryo feathers (Matulionis,

L970; Kemp, Dy.er and Rogers , 7974). In fact, deoxycholate

has been found to be of no advantage in the isolation of polysomes

from the wool root fo1lic1e (IVilkinson, 1970a). The absorbance

profiles of sucrose density gradients of polysomes isolated

from 14- and 15-d.ay chick embryo feathers is shown (Fig.3.1 a'b).

The profiles for these ages are similar to those d.escribed.

previously (Humphreys et aL., L964; Bell et al., 1965; Yatvin,

I966a) in that the major classes of polysomes are comprised

of _trimers to pentamers. Polysomes of this size would be

expected to have a role in the synthesis of proteins of about

the molecular weight of keratin (Heywood and Rich, 1968).

Polysomes from 16-day feathers showed. a similar size distribution

to L4- and 15-day feathers (results not shown), although the

yield was greatly reduced; by this stage the feathers are

extensively keratinized, rendering homogenisation very difficult.

The yield of polysomes $¡as expressed only on a packed

feather volume basis (see lengeds to Figs. 3.I, 3.2) as nej-ther

protein nor DNA content remains constant during development



FIGURE 3. 1. SUCROSE GR.ADIENT SEDIMENTATION OF

POLYSOIVIES FROI{ CHTCK EMBRO FEATHERS

Gradients (1I.6 ml, 0-3 M - 1.1 M sucrose)

were prepared in HSB a¡d centrifuged in an sw4l rotor

for t hr at I74,OOO (a.v.) at 4o-

The absorbance profiles of the gradients

\^rere monitored using a modified Optica spectrophoto-

meter (see Methods , 2.B9) .

Figure 3.Ia. Absorbance profile of polysomes from

14-day feather lysate, prepared in HSB.

The material rePresents the total

obtained from 0.I25 ml of packed feathers.

Figure 3.lb. Absorbance profile of polysomes from

tS-day feather lysate prepared in HSB.

The material rePresents the total

obtained from 0.T25 mI of packed feathers.
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(xemp, Dyer and Rogers, L974¡ P. Gibbs personal communication) .

2. Isolation of polysomes from l-4-, 15- and 16-day

feathers usinq med.ium salt buffer, MSB

In later experiments the KCI and M9CI2 concentrations

in the buffers used for isolation and homogenisation $/ere

reduced to 200 mM and 5.3 mM respectively (see Methods 2.82)

in readiness for the use of the lysates for cell-free

incubations. Furthermore' the Triton x-100 was omitted

as this has been shown to release RNA'se, presumably by the

lysis of lysosomes (Gianetto and De Duve, 1955), whereas the

concentration of dithiothreitol in the homogensiation buffer

was increased to 4 mM; as this has been reported. in o.ne instance

to be inhibitory to RNA'se at this concentration (goshes' L970).

The polysomes isolated under these conditions from 14-, 15-

and 16-day feathers, using feathers collected as described in the

preceding section were identi.cal to those isolated in HSB

(results not shown).

polysome profiles from feathers collected by the original

method using Eaglers medium to wash embryos and with feathers

collected in the same med.ium until- plucking was complete ' were

compared with polysome profiles obtained when feathers \^/ere

plucked from embryos washed in Hank's saline with the feathers

collected directly into MSB (see Methods 2.82). The two

methods were compared to determine whether the second method could

be routinely used to prepare lysates for in vitro protein

synthesis studies and for preparation of large amounts of

polysomes without undue polysome disaggregation. It can be



32.

seen(Fig.3.2arb)thatsomedisaggregationoccurredwhen

the 
"polysomes 

were isolat,ed. directly into MSB with a shift to

trimers and. tetramers. In comparison to this Èetramers and

hexamers predominated in the polysomes isolated from embryos

washed in Eagle's medíum.

TodetermineascloselyaSpossiblethetruemonosome

to polysome ratio existing in vivo polysomes f¡/ere prepared

from 14-day feathers in buffers containing 100 vg/mL of cyclo-

heximide to prevent polysome disaggregation during preparation'

Vühen prepared in this manner about 32? of the ribosomes

were found in the monomer fraction (profiles not shown) as

comparedto3Tzoccurringasmonomerswhenpolysomeswere

prepared in the absence of cycro¡eximide' rt is likely that

this represents the true distribution found in vivo' Although

this may be true in terms of being an average over the total

population of ribosomes of the feather the actual distribution

on a per cell basis is unknown, as the feather is more developed

towards the tip (Matulionis, L97O; BelI and Merritlr L967)'

3. Compariso n of polysome profil es of 14-d.aY feathers

prepared in medium salt buff êr, MSB, and Iow salt

buffer, LSB

The polysome profiles from 14-d'ay feathers were

examined after isolation in MSB (in the presence and absence of 0'1?

w/v Triton X-IOO) and, also in a buffer of low ionic strength

LSB (66 mM Kcl ,2-67mMMga!r, 10 mM Tris-HCI, PH 7 '4) because

maximal incorporation of amino acids was obtained in the ceII-

free system prepared in this buffer (see chapter 4 ) . No



FIGURE 3.2.

Other details are

3 .1 except that the gradients

MSB.

Note

spectrophotometer

_to (a).

Figure 3.2a-

A COMPARISON OF POLYSOIV1E PROFILES

PREPARED USING TWO METHODS FOR

COLLECTING THE 14-DAY CHICK EMBRYO

FEATHERS.

as given in Figure

were prepared in

that the sensitivity of the

was increased x2 in (b) as compared

Absorbance profile of polysomes from

feathers collected in Eagle's medium

at room temperature Prior to

preparation of the lysate in MSB at 4
o

Figure 3.2b Absorbance Profile
feathers collected

cold MSB prior to

lysate in MSB at 4

of polysomes from

directly into ice-

preparation of the
o
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significant difference was detected in the polysome regions

when either buffer was used (result hot shown) or whether

Triton X-100 was present (Fig. 3.3a,b). However, in the

region of the gradients sedimenting more slowly than the

monosomes the absorbance profiles are markedly different. The

two peaks of absorbance were assumed to be the srnall 1405) ribosomal

subunits and the large (60S) ribosomal subunits respectively
(McConkey and Hopkins, 1965; Girard et al. , 1965). For the

polysomes prepared in MSB there is almost no absorbance in the

605 region and an increased amount in the 40S region as compared

to the profile obtained in LSB.

4. Characterisation of poly some profiles from 12- and 13-

day feathers

Vfhen lysates !üere prepared from 12- and 13-day feathers

using HSB the polysome profiles \^/ere characterised by a single

peak of absorbance in the polysome region of the gradient

(Fig. 3.4a,b). On examination by electron microscopy (Fig. 3.5)

square planar ribosomal aggregates (tetramers) d.escribed by

Humphreys et aI. (L964) and Be1I et al. (1965) were found ín the

preparations. This result was obtained even though the feathers

were plucked at room temperature in Eagle's medium, conditions

under which the above authors had. claimed. that tetramer formation

was prevented.

In later experiments L2- and 13-day feathers were

isolated in MSB, and in these preparatj-ons a 1ow level of
polysomes hras observed (Fig. 3.6arb), and the tetramer peak

ü/as absent. However, some tetramers as well as polysomes h¡ere seen



FIGURE 3.3. COMPARTSON OF 14-DAY CHICK EMBRYO

FEATHER POLYSOMES PREPARED IN MSB OR

LSB AS ANAIYSED BY SUCROSE.GRADTENT

SEDIMENTATION.

sucrose, ,"," f;":": ii'.1."]: ;:";'1,: 
*,')=^,or

LSB (Fíg. 3.3b) . Centrifugation conditions h¡ere as

given in Figure 3.I. The absorbance profiles of the

gradients \n/ere monitored using an Isco density gradient

fractionator (see Ivlethods 2.89) .

Figure 3.3a. Absorbance profile of polysomes isolated

in MSB containing 1? Triton X100.

The material rePresents the total

obtained from 0.12 mI of packed feathers.

Figure 3.3b. Absorbance profile of polysomes isolated

in LSB containing 1% Triton X100 -

The material repr æents the total-

obtained from 0.f0 ml of packed feathers.
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"FIGURE 3.4 CHARÀCTERISATION OF POLYSO}'IE PROFILES

FROM 12 AND 13-DAY FEATHERS AS ANALYSED

BY SUCROSE GRADIENT SEDIMENTATION.

The preparation of gradients and the

monitoring of absorbance profiles was as given in

Figure 3.1.

Note that the sensitivity setting of the

spectrophotometer was increased X2 in (b) as compared

to (a) .

Figure 3.4a. Absorbance profile of polysomes isolated

from 0.125 ml- of 12-daY feathers.

The lysate was prePared in HSB.

Figure 3.4b. Absorbance profile of polysomes isoÌated

from 0.L25 m1 of 13-daY feathers.

The lysate was PrePared in HSB.



(
A

B
S

O
R

B
A

N
C

E
26

0n
rn

)

a m I = tn z { Þ o z



FTGURE 3.5. ELECTRON_MICROGRÀPH OF RTBOSOMAL-

TETRAMERTC AGGREGATES OBTAINED

FROM THE FRACTION SHOWN BY A BAR

TN FTGURE 3.4a.

Negatively stained with uranyl acetate.

Magnification: X100, 000.
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FIGURE 3.6. CHARACTERISATTON OF POLYSOME PROFILES

FROM 12 AND 13-DAY FEATHERS

Sucrose gradients v/ere prepared and

monitored as given in Figure 3.2.

Figure 3.6a. Absorbance profile of polysomes from

12-day feathers collected ín Charity

Waymouth's medium prior to transfer

to ice-co1d MSB.

The lysate was preParéd in MSB.

Figure 3.6b. Absorbance profile of polysomes from

13-day feathers.

Other details as given in (a).
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when a fraction corresPonding to Èhe tetramer region was

examined by electron microscopy (Fig' 3' 7)'

The ratio of monosomes to potysomes in 13-day feathers

was found. to be somewhat variable. In Some preparations a

considerable proportion of the ribosomes was present in the

polysome fraction, whereas in others very few polysomes \^/ere

observed.

ït was noted, by inspection of the 13-day embryo feathers

that the development varied somewhat from one embryo to another'

Since the onset of keratin synthesis occurs at 13 days (8e11

and Thathachari, 1963; Ben-Or and. BeIl, L965¡ Kemp, Dyer and

Rogers, Ig74) it is presumed that the variability in the onset

of keratin synthesis from one embryo to another was responsible

for the parallel changes in the polysome profiles at this age'

The absorbance profile of a sucrose density gradíent of polysomes

from 12-day feathers prepared. in low ionic strength buffer

(LSB) is shown (Fig. 3.8). The proportion of ribosomes in the

monomer fraction was about 652.

5. Polysomes in cell-debris fraction

The cell-d'ebris .fraction from 14-d'ay feathers (see

Methods 2.F,2) contained about 20s" of the total volume of a

lysate preparation. llhen examined by electron microscopy

it, was found to consist predominantly of fibrous keratin,

t.ogether with nuclear and. mitochondrial material. Hence the

d.ebris was washed twice by resuspension and recentrifugation

in MSB and the síze distribution of the released polysomes was

examined by sucrose-gradient centrifugation. It was found



FIGURE 3

acetate.

7. ELECTRON-MICROGRAPH OF POLYSOMES

COLLECTED FRO}'I THE FRACTTON SHOWN

BY A BAR IN FIGURE 3.6b.

Negatively stained with uranyl

l4agnification: X90, 000.
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FIGURE 3.8. ABSORBAilICE PROFTLE OF POLYSOMES

PREPARED IN LSB FROM I2-DAY FEATHERS.

The material present was obtained from

0.40 ml- of packed feathers- Gradients (11.6 ml, 10?

4OZ w/v) were prepared in LSB and centrifuged in

an SW4l- rotor for 1.5 hr, ât 174,OOO I (a.v.) at 30'

The gradient was monitored using an

Isco density gradient fractionator.
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that in fact about 15-20% of the tot,a1 amount of polysomes

was present in this debris. Moreover' the size distribut'ion

of these polysomes was ident,ical (results not shown) to

those found in the post-mitochondrial supernatant Prepared

by the stand.ard method (see Methods 2.82).

6. In vítro incubation of whole feathers

Lysates \,vere prepared in MSB buffer from 14-day chick

embryo feathers incubated in charity ttfaymot'til" medium (see

Methods 283)for various times. The polysome profiles from the

lysates hrere analysed in order to establish whether feathers

incubated in vitro maintained their protein synthetic áctivity'

unchanged from in ovo. The initial results, however, vlere not

encouraging in that marked disaggregation of the polysomesoccurred

{as in Fi.g. 3.9a), and the tetramer peak predominated in the

polysome region. ft was found that this disaggregation could

be prevented when the feathers were incubated in vitro in

medium containing a low concentration of cycloheximide (2.5v9/ml.).

The polysome content was then restored (Fig. 3.9b) to the level

observed to occur in vivo, whereas control feathers in the same

experiment incubated without cycloheximide exhibited the marked

d.isaggregation (Fig. 3. 9a) .

.In an attempt to overcome this disaggregation without

using a protein synthesis inhibitor, the following' were added

to separate incubations and the polysome profiles of. the

feathers analysed - 10% foetal calf Serum, 10% horse serum, 5%

chick embryo extract or a combination of 10ã foetal calf serum

and 53 chick embryo extract. However, none of these was



FTGURE 3.9. CHARACTERTSATION OF POLYSOME-PROFILES

FROM 14-DAY FEATHERS INCUBATED IN VITRO

The sucrose gradients $/ere prepared,

centrifuged and monitored as given in Figure 3.1.

Figure 3.9a. Absorbance profile of polysomes isolated

from 14-da.y feathers inci:bated for I hr

at 37o in Charity Waymouth's medium.

The lysate was prepared in HSB.

Figure 3.9b. Absorbance profite of polysomes isolated

from l4-day feathers incubated at 37o

in Charity Waymouthrs media containing

2.5 vg/m\ cycloheximide

Other details are as given in (a).
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effective in preventing the polysome disaggregation (results

not shown). In later experiments the concentrations of amino

acids were increased to ten times the leve} normally present in

Charity Waymouth medium. In addition, the highly resolving

Isco fractionation system was used to monitor the absorbance

profiles of the sucrose-gradients in these experiments.

Itwasfoundthatthepolysomed.isaggregationwasnot
i.ì ¡:-:.

as marked. as that noted. previously (Fig. 3.I0a), and' furthermore'

the increase in the concentration of amino acids in the medium

did not prevent- polysome disaggregation (result identical to

control). The level of polysomes was again increased in the

presence of a low concentration of cycloheximide (Fig' 3'10b) '

The most interesting observation was that in all three

incubation conditions tested., each peak of absorbance in

the polysome regj_on, representing each class of polysomes

was characteristically a doublet'

In the same experiment, 12-day embryo feathers were

incubated in medium in the presence and absence of 10 U g/mL

of cycloheximide. The control showed a reduced' levéI of poly-

somes and the presence of a substantial fraction of the ribosomes

in the tetramer peak, whereas in the presence of cycloheximide the

polysomes had built up to substantial aggregates with few

ribosomes in the monomer fraction (Fig. 3.11b). Again the

polysome of each distinct peak appeared to consist of doublets'

when the monosome peak of 14-day feathers (Fig. 3.10a'b)

is compared with the monosome peak of 12-d,ay feathers incubated

with cycloheximide (Fig. 3.Itb) it appears that either the

monosome population is not.homogeneous with respect to s value



FT.GURE 3.10. ANALYSIS OF POLYSOME PROFILES OF

14-DAY FEATHERS INCUBATED IN VTTRO.

Ihe sucrose gradients were prepared in

MSB and monitored as described in Fig. 3'3

Figure 3.10a. Absorbance profile from 14-day feathers

incub.ated for t hr at 37o in Charity Waymouth's medium.

The lysate was PrePared in MSB.

Figure 3.10b. As for (a) except that the feathers

\^/ere incubated in medium containing 2.5 lrg/mI of cyclo-

heximide.
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FTGURE 3"11. AIJALYSIS OF POLYSOME PROFILES OF

12-DAY FEATHERS TNCUBATED IN VITRO

The sucrose gradients were prepared in

MSB, centrifuged and monitored as described in

Figure 3. 3.

Figure 3.IIa. Absorbance profile of l2-day feathers

incubated for t hr at 37o in CharitY

Waymouth's medium.

The lysate was prepared in MSB.

Figure 3.1Ib. Absorbance profile of 12-day feathers

incubated for t hr at 37o in CharitY

Vtaymouth's medium containing 2.5 -Vg/mI

cycloheximide.

Other details as given in (a) above.



Ø m 9 3 rn z { l o z

A
B

S
O

R
B

A
N

C
E

 (
25

4n
m

)



37.

probably,thatthelargeribosomalsubunitsareinexcessor more

of monosomes.

7. P ration of somes fr om duck feathers

Polysomeprofiles\dereexamined'fromfeathersofduck

embryosofseveralagesrâsapreliminarysteptodetermining

Someparametersaboutthedevelopmentofduckfeathers.The

intention \,úas:'Èo use them to prepare cell-free systems (see

chapter 5). The species investigated was the Khaki campbell

Duck(Anasboschas),whichhasa28_dayincubationperiod.
Polysomeprofilesareshownforfeathersfromthe

embryos ranging from 14 to 19 days (Fig. 3.L2a-f ). There j-s

an increase in polysomes (relative to the monosome peak) at

day 15, with the region of trimers to pentamers as the major

polysome class size. The ratio of ribosomes in the monomer to

the polysome fraction was found to be much higher in the orbryonic

duck feather than in the chick embryo feathers after the onset

of keratínization. This possibly refl-ects some developmental

difference.Fromthepolysomeprofilesitappearedthatthe

onsetofkeratinizationoccurredataboutday15,andthis

s/as later confirmed by polyacrylamide gel electrophoresj-s of the

scM-derivatives of proteins of feathers from day 14 to L7 (see

Chapter 5). :



FIGURE 3.12. SUCROSE GRADTENT SEDIMENTAT]ON OF

POLYSOMES ISOLATED FROM DUCK EMBRYO

FEATHERS DURTNG DEVELOPMENT.

The feather lysates were prepared in

MSB (see Fig. 3.3 ) and centrifuged using the same

conditions as are given in Fig. 3.3.

Figure 3.12a. Absorbance profile of polysomes isolated

from 14-day duck embryo feathers (0.125 mt).

Figure 3.12b, 15-day feathers (0-25 mI) -

Figure 3.I2c. 16-day feathers (0.125 ml).

Figure 3.L2d,. 17-day f eathers (0.25 ml) -

Figure 3.I2e. 18-day feathers (0.25 m1).

Figure 3.l-2f, 19-day feathers (0.25 ml) -
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C. DISCUSSTON

I General comments

In the present study an increaseof polysomes has been

observed in the developing chick embryo feathers after the onset

of keratin synthesis, in agreement with the observations of

Humphreys et al. :1964) and Bell et aI. (1965) . Yatvin (1966a 'b)

reported that these molecular events require a functional

hypophysisrsincesurgicalremovalofthepituitarygland

prevented'theappearanceoftheincreasedpolysomelevels

normally occurring at 13 days. Furthermore, cohen and' stastny

(1968) demonstrated that polysomes were assembled from pre-

existing monomers when chick embryo skin was incubated in the

presence of epidermal growth factor (EGF) '

Theassemblyofpolysomesatthetimeofonsetofthe

synthesis of a particular protein has been described for a number

of differentiatj_ng tissues. Examples include, the appearance

of a high concentration of disomes in trout testis during the

period of rapid protamine synthesis (r,ing and Dixon, 1970); changes

in polysome levels d.uring t,he synthesis of lens crystallins

(Scott and. Bell , L965) ¡ shifts in the polysomes which parallel

the changing rates of synthesis of myosin, actin and tropomyosin

during chick embryo muscle development (Heywood and Rich ' 1968) ¡

similar such effects have been noted i-n tissues induced by

hormones. Palmiter et aI. (1970) observed the assembly of

polysomes from pre-existing monomers d.uring the secondary

stimulation of chick oviduct with either oestrogen or progesterone'

Further work by Means et aI. (1971) who investigated the primary

response of chick oviduct to diethylsti'Lboclicsterc-rl showed that



the increased polysome contenÈ resulùed from both a conversion

of pre-existing monomers and new ribosome synthesis.

It is Iikely that the polysomesseen to accumulate at

13 days in the present study are assembled from both pre-existing

monomers and newly-synthesised ribosomes (see Chapter 'l for

further discussion).

2. Effect of compos ition o f isola tion buffer on PolYsome

profiles

Thepolysomeprofilesfromlysatesof14-dayfeathers

prepared in either HSB or MSB were essentially identical ' However '

when the profiles of polysomes prepared in MSB $/ere compared to

thosepreparedj.nLSB,markeddifferenceswerenotedinthe

subunit region of the gradients. No complete explanation can be

given as to whether it was the increased concentration of KCI or

MgCl,orbothtogetherinMsBascomparedtoLSBwhichcaused

the change. Ït seems more likely that the true situation is

represented in LsB, since the profile in the subunit regj-on

obtained with this buffer more closely resembles the fractionation

obtained in other celt types by earlier workers such as Mcconkey

and Hopkins (1965) and. Girard et al. (1965)' Furthermore' Bryan

and Hayashi (I973) reported that ¡lg** concentration must be

kept as l-ow as possible during the isolátion of chick embryo

cerebral polysomes to prevent the alteration of ribosomal

subunits into more slowly sedimenting inactive derivatives'

Another independent line of evidence in the present work

supportstheabovecontention.Maximalincorporationand'

reinitiation in a Ll-day feather cell-free system was obtained
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in LSB (see Results 4.87) .

3. Sign ificance of the ribosomal tetrameríc aqgregates

Following the observations of Byers (1966, L967) that

the tetrameric aggregates of ribosomes could be induced by

hypothermic treatment of chick embryos further work by a number

of groups has not, as yet, greatly clarified the position of

the aggregates in the ribosomal biogenic and functional cyc1e.

(a) Studies in vitro

Little accord has been obtained in estimating the S

value of the tetrameric aggregates (Humphreys g!.al ., 1964¡

BeI1 et â1., 1965; Carey, L970¡ Morimoto et al., L972b). It

should be noted, however, that the ionic conditions used for

prqparing the aggregates were different in each case, and further-

more, that the reference S value was the monosome peak, for which

a different S value was used in each case. It has been clearly

established that the tetramers are comprised of a combination

of equal numbers of small and large ribosomal subunits

(Morjmoto et al. , 1972) , and that they have no endogenous mRNA

activity, but can be prj-med by poly U in vitro without the need

for disaggregating (Byers , L97I; Morimoto et a1. , L972a) . It
is generally agreed that they are dissociated by increasing the

concentration of KC1 in the medium (eyers, L97I¡ Carey and

Read, L97L¡ Morimoto et aI., I972a),but Byers (L97I) and. Carey
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and Rêad (L97i-) reported that dissociat,ion occurred, initially

by loss of the small subunits to form tetramers comprised

sole1y of the large ribosomal subunits, whereas Morimo.to

et al. (L972a) detected. dissociation of the tetramers directly

to monomers.

(b) Studies in vivo

Crystalline sheets of ribosomes, comprised of the tetra-

meric aggregates as the basic unit r^/ere originally observed

by electron microscopy in tissues of chick embryos

subjected to hypothermia but not at all in control (uncooled)

tissues (Byers, 1966, L967) . Moreover, crystals were not

observed by electron microscopy in interphase cells of rapidly-

cooled embryos, but were abundant in mitotic cells. Morimoto

et a1. (L972b) have extended. these observations to find that,

the aggregates can form in interphase cel-Is under conditions

which allow polysome disaggregation.

The extensive studies of ribosome crystallization in

chick embryos by Barbieri and co-workers, has not as yet shed

any significant 1íght on the nature and conditions of formation

of the aggreqates. Possíb1y the most significant finding to

date is the observation (¡,taraldi and Barbieri , 1969) that the

average size of the aggregates varies in different'organs of the

hypothermic embryos and is strictly dependent on the degree

of differentiation of the part,icular tissue, crystallizaÈion

decr easing as the degree of differentiation increases.

Similar1y, Morimoto et a]. (L972b) reported that the proportion

of ribosomes involved in tetramer formation decreased with increasing
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age of the embryo. Furthermore, other evidence has been

obtained showing that ribosome crystals can be ind.uced by

hypothermic treatment of adult chicken tissues, either in organs

affected by Marek's disease or in rapidly-proliferating cell lines

(Simoni et al. , 1973). Hence, the crystallization phenomenon is

not restricted to embryonic chicken tissues. To date there þas

been only one report of ribosome crystallization in uncooled

tissue (t"lottet and Hamm¿r, Ig72). The aggregates h/ere observed

in degenerating nerve cells from the posterior necrotic zone

of d.eveloping chick limbs.

Considered overall- no consistent pattern emerges from

the data to postulate a reasonable theory as to the role of

the aggregates in the control of proteì-n synthesis.

Although it has been reported (uorimoto et al., L972a)

that no difference exists in the protein complement of

ribosomes isolated from the tetrameric aggregates and ribosomes

from polysomes the resolution obtained. on the one-dimensional

polyacrylamide gel system was not sufficient to draw this

conclusion. Further work, possibly using a two-dimensional

polyacrylamide geI system, similar to that developed for

E. coli ribosomes by Kaltschmidt and Wittman (1970) is

required to separate the proteins. It is clear that the present

stud.ies do not further clarify the role of the riUosomat

aggregates in the control of protein synthesis.

The results described in the present chapter on the

presence of the tetrameric ribosomal aggregates in 12 and 13-day

feathers prior to the onset, of keratinization are in some

agreement with result described previously (Humphreys et al.,
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1964; BeIl et al., 1965) . It is presumed that in earÌy

experiments of the present study the time taken to pluck the

feathers was too prolonged, resuling in polysome d.isaggregration

and the consequent formation of tetramers. The Same effect

was observed in early experiments on the incubaÈion of 14-day

feathers in vitro, where marked polysome disaggregation had

occurred, the tetramer. peak predominated in the polysome

region. Presumably tetramers had formed. rapidly when the incubated

feathers were chilled prior to homogenisation. Morimoto et a1.

(I972a) reported that tetramer formation only began to occur

after two hours cooling; however, ín the experiments described

here the time required for the processing of the feathers \^/as

considerably less than this.

4. Tn witro incubation of 14-day embryo feathers

Pronounced polysome disaggregation occurred when 14-day

f eathers were incubated in vitro in Charity latraymouth's medium.

This disaggregation could only be prevented by addition of a 1ow

concentration of cycloheximide to the culture medium. It has been

observed in other work that addition of a low concentration of

cycloheximide to certain cel-1 lines preferentially inhibits

transl-ation whil-e initiation is essentially unaffected. This

results in a decrease of ri-bosomes ín the monomer fraction and a

concomitant increase in the polysome region (Stanriers, 1966; Hogan'

1969; Fan and Penman, L970i Stanners and. Becker, L97L). The

results of the present work suggest that the rate of initiation

in vitro had decreased relative to the rate in vivo.

Tt is interesting to compare the effect of cycloheximide

on the L2 and 14-day f eathers incubat.ed in vitro. In the
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presence of cycloheximide the polysome d.istribution in 14-day

feathers was essentially identical to that found in unincubaÈed

feathers, whereas cycloheximide caused the accumulation of large

polysomes in the incubated 12-day feathers. This result would

tend to suggest that 1-2-day feathers do not contain large amounts

of cytoplasmic keratin mRNA whích is translated at very low effic-

iency, because if this was the case the cycloheximide should induce

a polysomal distribution identical to that of 14-day feathers.

. . 
tr"."asing the concentrations of amino acids to ten times

their normal concentrations was ineffective in preserving the in vivo

levels of polysomes in feathers incuhated in vitro (cf. Jefferson

and Korner, l-969). However, under all conditions tested in the

later experiments polysome peaks v/ere noted to be doublets. This

phenomenon was first described by Hoerz and McCarty (1969, L97I)

in reticulocyte lysates incubated in the presence of 10 mM NaF and

attributed by them to be polysomes each with a 40S subunit attached.

t'larked polysome disaggregation of isolated tissues incubated

in vitro has been described previously. Thus, Jefferson and. Korner

(1969) reported that the marked polysome disaggregation occurring

in perfused l-iver could be prevented by increasing the amino acid

concentration to ten times the normal serum leveI. Bernelli-Zaggera

et al. (1972) reported a similar effect in rat liver slices incubated

in vitro, whereas Ekren et aI. (1971) showed that .both insulin and

high amino acids were required to stimulate polysome formation in

perfused diabetic rat livers. A similar beneficial

effect of high amino acid concentration j-n reducing polysome

disaggregation was ."found to occur in perfused rat hearts

(l,torgan et al. , 1971abr). fncreased toxicity of the medium í

has also been shown to promote polysome
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disaggregation in HeLa cells (Vlengler and Wengler, L972\. It

is 
"possible 

that the cause of polysome disaggregation in feathers

íncubated in vitro is símply that the j-ncubation medium was

originally formulated for a mammalian cell line (Waymoutht

I959). Another possibility for the d'ecreased polysome

content in incubated feat,hers is that the pH of the medium

may not have been optimal. Whatever the cause, the feathers

respond. to the in vitro coniditions with a decreased rate of

initiation of translation, resulting in decreased 1evels of

polysomes and this lesion appears to be primarily the joining

of the large ribosomal subunit to the initiation complex, as

found for other systems both in vivg and in vitro.

In relation to the appearance of the doubleÈs in the

present results, it has been found that the large (60s)

ribosomal subunit accumulates in both amino acid-starved liver

in vivo (wunner et al. , L966) and in diabetic muscle

(Stirewalt et al. , L967i. Furthermore, it has been well-

established with ce1I culture Iines that polysome disaggregation

occurs when amino acids become depleted in the medium and

this can be reversed simply by replacing the deficient amino

acid(s) (nliasson et al., L967; Hogan and Korner ¡ L968i van

Venrooij et â1 ., 1970; Lee et aI., L97La) and. in o.ne case this

was shown to result directly from a decreased rate of initiation

(Vaughan et aI. , L97L) .



CHAPTER FOUR

KINETTCS AND CHARACTERTSATION OF PRODUCTS

OF CELL-FREE SYNTHESTS
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A. INTRODUCTÏON

' Recent advances in the understanding of the mechanism

and. control of protein synthesís in eukaryote cells has largely

util |zed, cell-free systems derived from rabbit reticulocytes.

The work of Lamfrorn and Knopf (L964) has shown that initj-ation

of globin synthesis proceeds at a high rate in lysate systems

in comparison to fractionated cell-free systems (Schweet et al.,

1958; Knopf and Dintzis, 1965). Indeed, with some modification,

globin synthesis in such systems can proceed for a short time

at rates comparable to that in intact cells (Adamson et al. ,

1968 , L969). Similarly, interest has been revived in the use

of the post-mitochondrial supernatant from rat liver ce1ls for

studies of protein synthesis (Richardson et aI., I97I). These

authors have shown this system to be more active, and to have a

higher level of de novo protein synthesis than the more fully-

fractionated. systems previously used.

The synthesis of a number of cellular structural proteins

has also been achieved in their respective cell-free systems.

Examples include myosin (tteywood and Rich, 1968; Low et ê1.,

I97L) , crystallins (Strous et al. , L97L) and collagen (Lazarides

and Lukens , I97I¡ Kenvar et aI. , L972, L973; Diegelmann et al.,

l-g73). As noted previouslY, studies of protein sltnthesis in

cells of epithelial origin have lagged. behind those of other

systems. Recently, a fractionated ceIl-free system from hair

fo1licles of the guinea pig was prepared. (Steinert and Rogers '
1971a). It was reported. that the low sulphur keratin proteins

(Steinert and Rogers, 1971b) and the high sulphur keratin proteins
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(Steinert and' Rogers, Lg73) r¡/ere synthesised' in this system'

However,thedenovosynthesisoftheseproteinswasrather

" Iow"

Thischapterprimarilydescribesstudiesoncell-free

systems prepared from 14-day chick embryo feathers' Preliminary

studiesoncell-freesystemspreparedfromL2,13andls.day

feathers are also rePorted'

B. METHODS

and incuba tion of the c e1 l-free sYstem1. PreParation

for determination of the kinetic s.. of inco ration

LysateslverepreparedfromfeathersusinÇeitherMSB

(2O0mMKCI,5.3mMMgClr,l0mMTris-HCl'PH7'4)orLSB

(66mMKcl'2.67mMMgCI,llomMTris_HCI,PH7.4).Thestandard

incubation mixture contained in a volume of 0'5 mI, the foll0wing

components; 0. 37 mI lysate (preparecl using either LSB or MSB

buffer), 0"25 mM GTP' 1.0 mM ATP,15 mM creatine phosphate'

50ugmcreatinephosphokinase,and]-gaminoacids,eachaÈa

concentration of 0.01 mM. The concentrations of ATP' GTP'

creatine phosphate and creatine phosphokinase were adopted' from

the method of Adamson et al. (1968). ATP and' GTP were prepared

aSastocksolution,neutralizedtopHT.0withKoHandstored

frozen Likewise creatine phosphate was prepared. as a neutralized

stock solution. Creatine phosphokinase was alwayS prepared freshly

before use. when a particular tabelled' amino acid was present

thecorrespondingunlabelledamino-acidwasomitted.For

Iysatesprepared'inMSBthefinalcompositionwasI50mMKcl,

4 mM Mgclrr 10 mM Tris-Hcl, PH 7'4' For lysates prepared in



LSB the final composit,ion was 50 mM KCl, 2 rnM NfgCLr, 10 mM

Tris-HCl, pH 7.4. The cell-free sysÈems r^/ere incubated at

either 25" or 37" for the times indicated (see legends to

Fígs., 4.I, 2, 3, 4, .6, ,10,.L2, ,15).

2 Pre aration of 14-da feather celI-free s stems for
determinatj-on of ionic conditions for optimal activity
Feathers \.vere plucked from two embryos washed. in Hanks'

saline. Feathers were plucked as rapidly as possible and placed

in a Petri dish containing Hankst .saline, at room temperature.

When sufficient feathers \^/ere collected. al-iquots were removed and

placed in ice-coId LSB or MSB. The lysates \^¡ere then prepared

as described. previously (see Methods 2.8.2) except that care

was taken to ensure that the packed-feather volumes in the two

buffers were identical. CeII-free systems were prepared from the

lysates to give finar concentrations of 50 mMr 100 mM and 150 mM

KCl, and at each of these KCl concentrations the MgC12 concentration

was varied from 2 mM to 8 mM in increments of 2 mM. The cell-
free systems \,vere allowed to stand on .ice for 30 min prior to
incubation at 37" to allow equilibration in the new ionic
conditions.

3. Characterisation of proteins synthsised in .feather

cel1-free syste¡ns

Vfhen characterisation of proteins synthesised. in cell-

free systems, prepared in either LSB s¡ MSg buffer was required

the cell-free systems were usually scaled up. Vlhen serine was

to be used as the labelled amino acid, the lysate was dialysed.
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for 2.5 hours against either MSB or LSB buffer but. containing

only 0.5 mM dithiothreitol, with a buffer change afÈer 1.5

hours. The dithiothreitol concentration was not increased

in the j-ncubation mixtures prepared from dialysed lysate. Aft,er

incubation of these cell-free systems at 37o, the ribosomes

were pelleted by centrifuation at 4o for I hour at 190,000 (a.v)

in a 'Beckman Ti50' rotor or a 10 xlO ml rotor of an 'MSE Super-

speed 65' centrifuge.

4. Preparation of reduced and carboxr/methyl ed 1 abelled

proteins from po st-ribo somal supernatants

To each 2 mI of post-ribosomal supernatant from the ce1l-

free incubation mixture 10 mI of urea/B-mercaptoethanol,/ethanol-amine

solution was added, and 2 cycles of reduction and carboxymethylation

were performed as described by Kemp et aI. (L974) except that the

initial reduction step was for t hour, and the centrifugation

was omitted.

5. Polyacrylamide ge1 electr resis of labelled proteins

synthesised in lGLEro

Samples containing known amounts of labelled protein were

co-electrophoresed with l-00 üg of carrier on soluble ethylene

diacrylate cross-linked gels at pII 7.5. The carrier protein

consisted of reduced and carboxymethylated SCM-feather keratin

from newly hatched chicks. This method as well as the subsequent

staining, slicing and determination of radioactivity was as

described by Kemp et al. (1974). It should be noted however,

that several systems were used to measure the absot'bance profiles
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of Lhe stained keratin bands

to Figs. 4.7, B, 13, L4, 16

(.';ee Method 2.86 and legends

for details).

6. Analysis of polysome profiles in the feather cell-free

system by sucrose gradient centrifuqation.

Fourteen-day feather lysate was prepared in MSB buffer.

The final volume of the incubation mixture was 1.0 m1, 0.75 mI of

which was feather lysate 4c-I",r.irr. (5 uc) was ad.ded, to label

the nascent peptid.es. At the indicated tj-mes of incubation 0.25 ml

samples were removed and pipetted into 0.25 ml of buffer containing

100 U g/mL of cycloheximide at 0o. For the control (unincubated

lysate) 0.175 ml of lysate was add.ed to 0.325 mL of the buffer

containing I00 u g/ml of cyclohexi.mide at 0o.

Each sample was layered over a 10 - 40% sucrose gradient

(w/v, prepared in the buffer), and centrifuged flor I hour at

174r000 g (av.) 3" in a 'Beckman SW41' rotor.

The gradients lvere monitored for absorbance at 254 run'

using an LKB-Uvicord II ultraviolet analyser coupled to a Hitachi

ePD-53 recorder. Thírteen-drop fractions were collected manually

for determination of radioactivity.

The fraction of total ribosomes in Lhe rflonosome and

polysome regions respectively was determined by cutting out and

weighj-ng the monosome and. polysome peaks from the absorbance

trace of the sucrose gradient.

7 Deproteinisation of feather lysates
- Aliquots of feather-lysates prepared from known values

of packed feathers were deproteinised using the method of Stein
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and Moore (1954). Briefly, 5.0 mI of a saturaÈed solutj-on of

picric acid was add.ed per mI of feather lysate, ât room temperature.

The insoluble protein-picric acid complex was removed by

centrifugation at 3,000 g for 30 min. The excess picric

acid was then rernoved by chromatography on a I x I cm column

of. Dowex 2. The eluate collected from the column was taken to

dryness by rotary evaporation at 40o.

8. Amino acid analysis

The concentration of free amino acids in the feather lysates

was determined by the procedure of Piez and Morris (1960) using

a Beckman L20C analyser modj-fied as described by Hard.ing (1971).

C. RESULTS

For initial stud.ies of celI-free protein synthesis, 14-day

feathers were chosen as these were known to be highly active in

keratin synthesis in ovo (Kemp et al. , 1974). Lysates were

prepared using MSB (see lrlethods 2.82). It was shown in the

previous chapter (see Results, 3.82) that polysomes from 14-day

feathers could be successfully isolated using this method.

1. Kinetics of incorPoration in the 14 -d.ay f eather

cell-free system

The kinetics of incorporation of labelIed amino acid into

protein were assayed by determining the acid precipitable

counts in aliquots taken from a ce11-free system at intervals

after the beginning of the incubation (see Methods 2.85) . The

results of a typical experiment are shown in Fig. 4.1. The



FTGURE 4.I. KINETTCS OF AMINO ACTD INCORPOR.A,TION

rN A T'EATHER CELL-FREE SYSTEM PREPARED IN

MSB.

The cell-free system (0.5 mI) incubated

at 37o with 0.5 pc of L4c-leucine (s. A.ct. 312 mr:/mM)

as described (see Methods 4.8.1). Aliquots (0.05 ml)

were removed at 0, 5,10, 15,20r 25r 30 min. for

determination of acid precipitable counts incorporated.

Radioactivity represents cpm/O.05 ml aliquot.

t{ control
l¿, chloramphenicol (200 pg/ml)

o< cycloheximide (200 Uglm1)
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inítiat rate of incorporation was maintained for only about

5 min and then decreased rapidly. After about 20 min of

incubation essentially all activity of the system had ceased.

In the presence of a high concentration (200 U g/mJ-) of cyclohexi-

mide, a specific inhj-bitor of protein synthesis in eukaryotes,

protein synthesis was reduced by about 90?. Chloramphenicol

(200 U g/ml-) however, had essentially no effect. From this

result it was concluded that no miÈochondrial peptide formation

occurred and that bacterial contamination could be excluded.. It

was found that both the rate of incorporation and the total

incorporation values for different lysate preparations under

j-dentical conditions Ì^/ere fairly constant. For example, the

total incorporation was always within 202 of the maximum. This

finding in addition to the fact that the total incorporation

was high enabled the system to be ínvestigated. more fully without

the need. for further fractionation.

2. Effect of inhibitors of initiatíon on cell-free otein

synthesis in medium salt buffer, MSB

To determine to what extent, if ânY, de novo protein

synthesis was occurring in the lysate system inhibitors of

initiation of protein synthesis namely pactamycin, aurintricarUofytic

acid (ATA) and NaF hrere added to the cell-free system at conc..tl.-

tions which have been shown to preferentialty inhíbit de novo

protein synthesis (Conconi et a1., 1966¡ Marcus et a1., 1970¡

Macdonald and Goldberg, L970i Stewart et al., L97I; Stewart-B1air

et al. , L97L; Lod.ish et al., 1971). In the presence of the

inhibitors, protein synthesis was reduced by about 40? (Fig. 4.2).



Ff GURE 4.2.

Figure 4,I.

EFFECT OF INHIBTTORS OF TNIT]ATION

ON AIVITNO ACID TNCORPORATION IN A

I4-DAY FEATHER CELL.FREE SYSTEM

PREPARED ÏN MSB.

Other details are as gÍven in

¡-r control
o--o ATA (f x 10

¿rro, NaF (f x l0
n pactamycín

-4M)
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Two of the inhibitors ATA and NaF l¡¡ere then tested.

on a ce11-free system prepared from rabbit reticulocyte lysate

as described (see Methods 2.84 ) to confirm Lhat they were fully

active. In this system both ATA and NaF reduced incorporation

by about 7OZ (Fig. 4.3). This result is in good agreement with

the published data on the effect of these inhibitors on a

reticulocyte cell-free system (e.g., Mathews, L97L; Lodish et al

L97I; Hunt et al. , 1972¡ Shenk and Stollar, L972) -

3. A comparison of incorporation at 25" and. 37" of a feather

,

ce11-free system prepared in medium salÈ buffer, MSB

The kinetics of incorporation of a 14-day feather"cell-free

system incubated at both 25" and 3T" is shown in Fig. 4.4. It

can be seen that although t,he rate of incorporation was much

slower at 25" than at 34" the maximal incorporation obtained was

essentially identical .

4. Relation of 1 some rofiles to e1n thesis in the

buffer of medium ionic strength, MSB

To determine whether the rate of breakdown of polysomes

incubated in vitro correlated with the protein synthetic activity,

a cell-free syst,em prepared in MSB in the presence of 14C-leucíne

to 1abel the nascent peptides. Aliquots were removed from the

ce1l-free system for analysis of the polysome distribution by

sucrose density gradient centrifugation (Methods 4.86) . The

results are shown in Fig- 4.sa-e. rn the unincubated

sample of lysate (Fig. 4.5a) about 63% of the ribosomes were

present in the polysome region. On incubation of the cell-free



FIGURE 4.3. EFFECT OF INHIBTTORS OF INITIATION

ON AMINO ACID INCORPORATTON OF A

RABBIT RETTCULOCYTE CELL-FREE

SYSTEM.

A 0.5 mI reticulocyte lysate ceIl-free

system h/as prepared (see Methods 2 -B - 5 and 6 -B - 4) and

incubated at 37o with 1.0 pC of l4c-leucine (S. Act.

316 mC/rnM). Other details are as given in Figure 4.1'

o-¡ control

^l¿ NaF (I x fO-2 t'l)

o< ATA (1 x 1O-4 ì4)
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FTGURE 4.4. COMPARISON OF THE KINETTCS OF AI4TNO

ACID INCORPORATION OF A 14-DAY FEATHER

CELL-FREE SYSTEM PREPARED IN MSB AND

INCUBATED AT BOTH 25o and 37o.

Other details are as given in Figure 4.1-

H,

^-olD_or 3l
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FTGURE 4.5. ABSORSAT{CE PROFILES OF POLYSOMES

IN A T4-DAY FEATHER CELL-FREE SYSTEM

PREPARED TN MSB AND INCUBATED AT 37O

The celI-free system (1.0 ml) was pre-

pared as described (see Methods 4.8.6) and incubated

at 37o with 5 pc of 14c-.1gur hydrolysate-

Aliquots were removed at various

intervals for analysis of polysome and radioactivity

profiles by sucrose gradient centrifugation (see

Methods 4.8.6) .

(a)

(b)

(c)

(d)

(e)

unincubated control

incubated 2 min.

incubated 5 min.

incubated 10 min.

incubated 20 min.
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system-for 2 minutes at 37o, polysome breakdown was already

apparent as a decrease in the polysome region greater than

penÇamers (Fig. 4.5b). Furthermore, the tot.a1 amount of ribosomes

in polysomes had decreased to 522. The nascent protej-n chains

were labelled and radioactivit,y representing completed released

chains was present at the top of the gradj-ent. By 5 minutes

(Fig. 4.5c) polysome breakdown was well-advanced with only 30U

of ribosomes present in the polysome region although nascent

chains were maximally labelled at this stage. Few polysomes

remained after 10 minutes incubation (Fig. 4.5d) and label on the

nascent chains had decreased markedly. In fact, the maximum

labe11ing of nascent chains at this time was over the monosome

region of the gradient. By 20 minutes very litt1e absorbance

was detectable in the polysome region of the gradient and

radioactivity was present only in the monosome region and as

released chains at the top of the gradient (Fig. 4.5e).

5. Use of sulphydryl reasents in the preparation of the

lysate extraction buffer

Fourteen-day feathers \À/ere collected as described (see

Methods 4.82 ) and equal aliquots \,rere then placed in ice-cold
MSB buffer, without sulphydryl reagent, with 4 mM DTT present

or with 9 mM glutathione in the buffer. The feather lysate was

prepared as described previously (see Methods 2.82) except that the

particular buffer used. for the isolation was then used in all
subsequent stages of the preparation. The activiÈy of the three

lysate preparations was compared in ce11-free systems. Aliquots

were removed at varíous time intervals for the determination
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of acid precj-pitable radioactivity. The kinetics of incorpora-

tion were similar for all three preparations (Fig. 4.6). However,

maximal activity was obtained in the presence of DTT. Least

activity \,ras obtained in the system prepared. using MSB buffer

alone.

To determine whether equal amounts of polysomes lvere

released from the feathers under the three conditions, polysomes

hrere pelleted from the lysate preparations and redissolved in

water to determine their absorbance values. It is apparent from

Table 4.I that the amount of polysomes released in the presence

of dithiothreitol, was twice that with MSB alone whereas gluta-

thione only marginally increased the yield of polysomes.

It can be seen from a comparison of the absorbance

ratios at 260 nm and 280 nm (Table 4.1) that the protein

contamination of the polysome pellets was greatest in the

preparation containing glutathione and. least in the MSB prepara-

tion. The values of absorbance ratio obtained are very similar

to the value obtained (1.85) for polysomes prepared from chick

embr-yo brain (Bryan and l.Iayashi , L973) and frorn homogenised

whole embryos (1 .83) by Morimoto et al . (I972¿t) -

6. Nature of the protein products synthesised in the 14-day

feather ceIl-fr:ee system

The results presented have indicated that the ce1I-free

system prepared. from 14-day feathers was useful for investigating

protej-n synthesis in feathers under cell-free conditions. The

major question then to be answered was to determine the nature

of the products synthesised in the lysate system. A major part



FTGURE 4.6. THE EFFECT OF SULPHYDRYT

THE ACTIVTTY OF A I4.DAY

SYSTEM PREPARED IN MSB.

REAGENTS ON

FEATHER CELL-FREE

were prepared from equal

in MSB, MSB containing

mM glutathione

lysate. Other details

4 mM DTT

9 mM glutathione

CelI-free systems

volumes (0.25 mI) of feathers

4 mM DTT, or MSB containing 9

during the preparation of the

are as described in Figure 4.I

¡r{, MSB,

H MSB,

o--¡ MSB.
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TABLE 4.L. EFFECT OF THE PRESENCE OF SULPHYDRYL

REAGENTS DURTNG THE PREPARATION OF FEATHER

LYSATE ON THE YTELD OF POLYSOMES OBTAINED.

I4-day feather lysate prepared in MSB'

ín MSB containing 4 mM DTT' or in MSB containing 9 mM

glutathione. The polysomes \^/ere isolated by centrifuga-
tion from equal volumes of each preparation, dissolved
r-n H 0, and the absorbance at 260 nm and 280 nm recorded.

2

A A 280 ozeo/ozeo260

MSB

MSB+gmMglutathione
MSB+4MMDTT

0. 309

0.38'1

0 .626

0 .1s9
0.2r5
0.33I

L.9 4

r.77
t. B9
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of the characterisation of the protein products was performed

by Dr. D.J. Kemp of this Department. The results will be

described here only in brief. For a full description, refer to

Kenrp (I912).

(a) Polyacrylamide qel electrophoresis of in vitro

synthesised protein

Cell-free systems were incubated with 14"-I"r-,"ine, 3H-=utin"

1^or -=C-algal hydrolysate respectively to 1abel the synthesised

products. The post-ribosomal supernatants rlirere reduced and

S-carboxlzmethylated ¿s described (see Methods 4.84). Aliquots

of the freeze-dried. preparations were mixed with native SCM-

keratin and subjected Èo electrophoresis on soluble (ethylene

diacrylate crosslinked) polyacrylamide gels at pH 7.5. The

absorbance profiles and radioactivit,y profiles are shown (Fig.

4.7a-c) . The absorbance in the keratin region of such gels

was contributed almost entirely by the added carrier protein,

whereas the absorbance in the low mobility regions was contributed

by proteins in the lysate samPles.

The mobility of the major peaks of radioacLivity

coincided precl-sely with the keratin bancts BZ-g5 (ot Kemp and

Rogers , LgT2) for material 1abelled. with 14"-l-eucine, 3H-""tirr"
1¿.or -=C-alga1 hydrolysate. Some radioactivity co-eLectrophoresed

with the a and Y proteíns. The results show that the major

protein products synthesised in the cell-free system were the

keratin bands ß2-ß5.



FIGURE 4.7 . POLYACRYLAMIDE GEL ELECTROPHORESIS

AT pH 7.5 OF LABELLED PROTEINS SYNTHESTSED

IN A 14-DAY FEATTIER CELL-FREE SYSTEM

PREPARED IN MSB.

After reduction and carboxymethylation on the

polysomal-supernatant fraction an aliquot was mixed with

100 ug of 21-day embryonic feather keratin and subjected

to electrophoresis on I cm soluble 7.52 polyacrylamide

gels in 4 M urea. Electrophoresis u¡as performed at 2 n.A/

gel until the bromophenol blue tracker dye band just

reached the bottom of the ge1s. Bands were stained

with Coomassj.e B1ue, and scanned on a rDensicordt

densitometer. Keratin bands g2 ß5 are indicated-

(a) The cell--free system (l.O mI) was incubated at 37o

for 45 min with 5 üc of l4c-leucine (s. Act. 3I1 mc/mM).

One third of the total prod.uct was loaded-

(b) The ceIl-free system (4.0 mI) was prepared from

dialysed lysate and incubated for t hr. with 25 uC of
3H-""rir," (S. Act. I.2 C,/m.t¿t) . One fifteenth of the

total was loaded.

(c) The cell-free system(1.0 ml) was incubated for I

hour with 10 uC of 14c-.1g"1 hydrolysate. one third

of the total was loaded.
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(b) Polyacrylamide gel electropho resis at pH 2.7

Co-electrophoresis of the in vitro synthesised proteins

labelled with 14C-l.l-,.irr" and embryonic feather keratin on poly-

acrylamide gels at pH 2.7 is shown in Fig.4.8. fn this system

a totally different fractj-onation of keratin chains j-s obtained

(Kemp and Rogers, 1972). Again the radioactivity profile corres-

ponded closely to the absorbance profile of the unlabelled

feather keratin confirming that the major protein products

synthesised in vitro l,rere keratin chains in bands A and B

(of Kemp and Rogers, L972) .

(c ) Co-chromatog raphy of in vitro synthesised protein

with chick embryo feather keratin on DEAE-cellulose

and Sephadex Gt00
3Protein labelled in vitro with H-serine was co-chromato-

graphed. on DEAE-cêllulose vrith 100 mg of embryonic feather ..

keratin. The major peak of radioactivity co-chiomatographed

with the peak of absorbance contributed by the major keratin

proteins. Lower peaks of radioactivity corresponded to

absorbance peaks known to be.the s and Y keratin proteins (Kemp,

Lg72; Walker , Ig74). "" "' '' 
.. ¡ '

)
The major peak fractions of 'H-serine labelled protein

from the DEAE-cellulose column were pooled, dialysed against

distilled water and freeze-dried. A sample (5 mg) of this

material was then analysed by chromatography on Sephadex G-l00.

The major peak of radioactivity precisely co-chromatographed with

Èhe peak of absorbance corresponding to the major keratin proteins.



FTGURE 4.8. POLYACRYLAMIDE GEL ELECTROPHORESIS

AT pH 2.7 OF LABELLED PROTEINS SYNTHESTSED

IN A 14-DAY FEATHER CELL-FREE SYSTEM

PREPARED TN }'1S8.

Details of the procedures are as given in

Ficure 4.7a except that the fractionation was by electro-

phoresis on a 10* 'soluble polyacrylamide ge1 in 2 M

urea at pH 2.7.

Keratin bands A-H are indicated.
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(d) Isolation of the N-terminal dipeptide from in vitro

synthesised keratin

. It was suggested by Èhe studies using inhibitors of

initiation of proteins synthesis that de novo synthesis of

keratin was occurring in feather lysate. To confirm this a ceII-

free system was labeI1ed with 3H-=.tirr., under which conditions

a proportion of the N-terminal serine residues of t.he in vitro

synthesised feather keratin chains should contain labelled

serine. To test this predict.ion the in vitro labelled proteins

were mixed with unlabell-ed feather keratin and digested with

trypsin, chymotrypsin and pronase. The N-terminal peptide was

then isolated by Dowex-SO chromatography. Fractionation of the

Dov¡ex-50 eluate by chromatography on Dowex-I revealed one

major peak of radioactivity, co-eluting with Ac-Ser-SCMC.' This

dipeptide has been shown to be the N-terminal dipeptide of mosÈ

or all of the embryonic feather keratins (Kemp,L972).

The percentage of chains initiated in the celI-free

system was estimated by determining t.he specific activity of

serine in the undigested protein and. in the N-terminal dipeptide.

From these values it was calculated that about 50? of t,he chains

were synthesised de novo (Kemp, 1972) .

(e) Characterisation of proteins labelled by incubation
L4of the cell-free system in the presence of C-acetyl-

CoA

Since the mechanism for N-terminal acetylation of keratin

was apparently active in the 14-day feather celI-free system

some aspects of the méchanism were investigated. It was found
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that incubation of a feather cell-free system with 14c-acetyl-

coA resutted in the incorporation of labe1 into acid-precipitable

ma.terial . Accordingty, the post-ribosomal supernatant from a

cell-free system incubated with 14C-.".tyl-CoA was prepared

for fractionation by polyacrylamid.e ge1 electrophoresis at

pH 7.5. ft was found that the main peaks of radíoactivity

co-electrophoresed with the carrier keraÈin bands ß2-35' Much

of the label however ' \¡¡as associated with peaks of lower

mobility.

7. Determination of the ionic conditions for oPtimal

activit of the celI-free s s tem ed from 14-da

feather lysate

To determine the ionic conditions for optimal activity

of the feather lysate cell-free system lysates \^/ere prepared'

in a low salt buffer (LSB) or in MSB' Equal volumes of

packed f eathers \dere used for each preparation (¡itethods 4 .82) .

cell-free systems were prepared from the lysates with concentrations

of Kcl of 50 mM, 100 mM and 150 mM. At each of the three

concentrations of KCI, the MgCl2 concentration was varied

from 2 mM to I mM, in increments of 2 mM. The ceIl-free

systems were then incubated at 37o, and aliquots were removed

after 30 min of incubation to assay the cpm incorporated into

acid-precipitable protein. The results in Fig. 4,9, clearly

show that maximal activity of the system was obtained in buffers

of low ionic strength as compared to that of higher ionic

strength ( > 100 mM KCl). At either 50 mM KCI or 100 mM KCl

the activity of the system decreased rapidly when the Mgc1,



FTGURE 4.9 . DETERMTNATION OF THE IONIC CONDTTIONS

FOR OPTIMAL ACTTVTTY OF THE CELL-FREE

SYSTEM PREPARED FROM 14-DAY FEATHER

LYSATE

Feather lysate was prepared in either

LSB or MSB and adjusted to various KCI and MgCl,

concs. Each cell-free system (0'5 ml) was incubated

at 37o with 0.5 uC of 14c-L".,"ine. The results shown

on the figure represent the total cpm incorporated into

a 0.05 mI aliquot after 30 min. Each point represents

the average value obtained from three separate experiments.
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concentration was greater than 2 mM. In contrast '
maximal activity of the system in the presence of 150 mM KCI

wás obtained with a MgCl2 concenÈration of 4 mM. However, it

should be noted that the maximal activity obtained at the two

lower K* concentrations was approximately d,ouble the maximal

activity obtained in the presence of 150 mM KCI-

Effect of inhibitors of initiation on protein synthesisB

in low ionic strength buffer, LSB

To determine to what extent de novo protein synthesis was

occurring in LSB, a cell-free system was incubated. at 37o in

the presence of the inhibitors of initiation, ATA and NaF, in

an analogous manner to that descr j-bed previously for MSB. The

results are shown in Fig. 4.10. In the presence of either

of the inhibitors of initiation, the initial rate of

íncorporation was unaf f ected, but protein synthesis \^/as red'uced

by greater than 80?. In fact the total inhibition would be

greater than this because the control had not reached maximal

incorporation at the time the last sample was taken. Chain

initiation is obviously much more efficient under these conclitions

than i-n MSB.

9 Relation of polvsome profiles to protein synthesis in

the low ionic stren h buffer LSB.

To determine whether the rate of polysome breakdown

correlated with the eñhanced rate of protein synthesis in LSB

as Compared to MSB an unlabelled feather celI-free system' hlas

incubated at 37" in LSB. Aliquots of the reaction mixture were



'FTGURE 4.10. EFFECT OF TNHIBITORS OF INITIATION

ON PROTEIN SYNTHESIS TN A 14-DAY

CELL-FREE SYSTEM PREPARED TN LSB.

Other details are as given in Figure 4.L.

Fc control
t}-fl ATA (1 x f O-4 ¡,t)

¡-å NaF (f x tO-2 t'l).
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removed at various time intervals for analysis of the polysome

profiles by sucrose-gradient centrifugation. As expected the

rate of polysome disaggregation was much slower under these

conditions than in MSB (Fig. 4.lla-e). No significant polysome

disaggregation had occurred after 5 minutes incubation, and

polysomes consisting of trimers to pentamers were stiIl present

after 10 minutes incubation. By 20 minutes the proportion of

ribosomes present in polysomal aggregates had decreased, although

some large polysomes were still evident'

Aliquots of the same cell-free system hTere used for

measuring the kinetics of incorporation into TCA-precipitable material

both at 25" and 37". The kinetiCs of incorporation are shown in

Fig. 4.L2. Two facts should be noted (a) the rate of

incorporation at 37" correlates well with the rate of polysome

disaggregation, âs shown in Fig. 4.Ila-e; (b) the rate of

incorporation at 25" was slower than at 37" and the maximal

incorporation obtained' was somewhat lower'

10. Synthesis of keratin in cell-free svstems pr epared

in low (LSB) and medium salt buffer conditions (MSB)

To determine whether there was any significant difference

in the relative amounts of label incorporated into the different

keratin bands synthesised in low salt buffer (LSB)'and medium

salt buffer (MSB), lysates v/ere prepared from equal volumes of

14-day feathers, and the cell-free systems incubated with
14"-leucine to label the in vitro synthesised proteins. A1íquots

of the reduced and carboxymethylated post-ribosomal supernatants

were co-electrophoresed with scM-feather keratin on polyacrylamide



FIGURE 4.11. ABSORBANCE PROFILES OF POLYSOMES

IN A FEATHER CELL-FREE SYSTEI{ PREPARED

IN LSB AND INCUBATED AT 37O.

Details as given (see Methods 4.8.6) except

that LSB was used, and. no labelled amino acid was added.

(a)

(b)

(c)

(d)

(e)

unincubated control

incubated 2 mÍn.

incubated 5 min.

incubated 10 min.

incubated 20 min.
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FIGURE 4.L2. COMPARISON OF KTNETICS OF A.Ì{INO ACTD

TNCORPORATION OF A I4-DAY FEATHER

CELL-FREE SYSTEM PREPARED IN LSB AND

INCUBATED AT 25o and 37o.

. The,cell-.f,ree system (0.5 ml) was prepared

and incubated at 25o and 37d with 0.5 uc of 14c-

leucine (S. Act. 316 mc/mM) . Aliquots (0 - 05 m1) hlere

removed at 0, 10, 20,30, 40,55, 70 min- for system

incubated at 25o and 37o, but two additional aliquots

removed at 90 and 100 min for system incubated at 25o -

Radioactivity represents cpm incorporated per 0-05 mI

aliquot.

L 
^25

o

e. 37
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gels at pH 7.5. The radioactivity profile of the gels are

shown in Fig. 4.L3a,b. Under both ionic conditions the relative

ratios of radioactivity of the keratin bands B2- ß5(of Kemp and

Rogers , L972) were very similar.

11. Comparison of protein synthesis activity in cell-free

systems prepared from 12, 13 and lS-day feathers

with the activitY of the 14-daY system

(a) Protein synthesis in 15-day feather cell f ree svstems.

When the same volumes of tissue were used in the preparation

of 15-day lysates (in MSB) as for 14-day lysates (in MSB also)

the maximal activity and kinetics of incorporation were found

to be very similar (results not shown). To compare the protein

products of the 15-day lysate with those of 14-day lysate a ce1I-

free system was prepared from 15-day feathers and incubated

with 14C-I"rr"irr" as label. The rad.ioactivity and absorbance

profiles of a pH 7.5 polyacrylamid.e ge1 of the co-electrophoresi5

of an a1íquot of labelled protein from the post-ribosomal

supernatant with SCM-keratin is shown (Fig. 4.L4)' The major

product synthesised was the keratin proteins, namely bands

g2- ß5.

(b) Protein synthesis in I3-day feather ce-I1-free

systems

The extent of Protein sYnthesis

incorporation of 1abe1 by the cell-free

equivalent volumes of embryonic feathers

variaþÌe:1.in. 13-day feather preparations.

in terms of the total

systems derived from

was found to be

Presumably this was



FIGURE 4. 13. POLYACRYLAMIDE GEL ELECTROPHORESIS AT

PH 7.5 OF LABELLED PROTEINS SYNTHESISED

TN I4-DAY FEATHER CELL-FREE SYSTEM

PREPARED IN LSB OR MSB.

Other details as given in Figure 4.7,

except that the gels were not stained -

FIGURE 4.13a. The cell-free system (0-25 mI) was pre-

pared in LSB and incubated at 37o for I hour with 0.5 UC

of I4c-leucine (S. Act. 3l'2 mc/mM). one quarter of the

total was l-oaded.

FrcuRE 4.13b. As for Figure 4.13a except that the cell-

free system was prepared in MSB. One half of the total

h/as loaded.
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FTGURE 4.14. POLYACRYLAT{TDE GEL ELECTROPHORESTS

AT pH 7.5 OF LABELLED PROTETNS

SYNTHESISED IN A 15.DAY FEATHER

CELL.FREE SYSTEM PREPARED TN MSB.

Other details are as given in

Figure 4.7. The ceIl-free system (1.0 mI) was

incubated at 37o for I hour with 5 uC of 14c-1.rr"irr"

(S. Act. 311 mC/mM). One-third of the total was

loaded.



(t
r

D
E

N
S

IT
O

M
E

T
E

R
 T

R
A

C
E

U
I

1- ãB m

æ o o

2 su
l

l-o 3 ut m nå

C
¡) o N
) o å o

Þ
À

)
I

C
^)

)
(

o{
-2

C
P

M
 X

 IO
R

A
D

 I
O

A
C

T
I 

V
I T

Y



63.

caused by the variability of embryonic development as discussed

previously (see Results 3.84). H6wever, the kinetics of

incorporation and. extent of incorporation and extent of

inhibition by specific inhibitors of initiation was similar

to that found in 14-d.ay lysates. The nature of the protein

prod.ucts synthesised in the 13-day cell-free systems was

investigated by analysis on polyacrylamide gels at pH 7.5 as

described previously. The radioactivity and absorbance profile

of a gel is shown in Fig. 4.I5. It can be seen that the

major products of the cell-free system were the keratin proteins

of bancl s BZ- ß5.

(c) Protein sYnthesis in 12-day feather cel1-free

systems

preliminary experiments using MSB for preparation of the

t2-day lysates indicated. that on the basis of the same packed

feather vol-ume, the capacity for protein synthesis of 12-day

feathers was very limited when compared to 14-day feathers.

This result was obtained using either 14C-I"o"ine or 14c-="tir,"

as label. In an attempt to increase the extent of labelling the

L2-d,ay lysate was dialysed, as described for 14-day lysate

(see Methods 4.83) to lower the endogenous amino acid pool.

The kinetics of incorporation are shown in Fig . 4.L 6 and, i-t can

be seen that they are very similar to that of 14-day feather

lysate. The level of incorporation of 14"-l"rrcine or 14C-""tirr"

\^ras increased. four-fold after dialysis of the lysate. The

activity of both the dialysed and lysates was

reduced by about 50i3 in the presence of NaF, an inhibitor of



FIGURE 4.15. POLYACRYLA¡{IDE GEL ELECTROPHORESTS

AT pH 7.5 OF LABELIED PROTEINS

SYNTHESTSED IN A 13-DAY FEATHER

CELL-FREE SYSTEM PREPARED IN MSB.

Other details as in Figure 4.7 .

The cetl-free system (0-5 mI) was incubated at 37o

for I hour with 5 uc of l4ct1.r.t.irr" (s. Act. 3l.6 mc/

mM). The total product was loaded.
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FIGURE 4.L6. KINETICS OF AMINO ACTD INCORPORATION

OF DTALYSED AND UNDIALYSED 12.ÐAY. :'

FEATHER CELL-FREE SYSTEM PREPARED TN MSB.

The dialysed and undialysed cell-free

systems (0.5 mI) were incubated at 37o Ín the presence

of either l uc of l c-leucine (S. Act. 316 mC,/mM) or

1 uC of 14C-=.r (S. Act. 316 mC/mM). Aliquots vlere

removed at O, 5, 10, 15, 20 , 25, 30 , 45, 60 min , f.or

determination of acid precipitable rad.ioactivity.

Radioactivity represents cpm,/O.05 mI aliquot.

s-Ð dialysed *

orc dialysed +

¿-^ dialys ed +

er undialysed +

r-¡, undialysed *

C- leucine

C-leucine *
O " I,,1 NaF

C-serine
14c-leucine

14c-"".i.r..

I4

L4

I
L4
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initiation. This value is very similar to the d'egree of

inhibition of protein synthesis observed in unilialysed 14-day

feather lysate also prepared in MSB. Furthermore, this result

indicates that no d.eleterious effect was prod'uced by d'ialysing

the lysate.

Nature of the proteins synthesised in the l2-dav

feather ce1l-free sYstem

To determine whether keratin was synthesised' in 12-d'ay

lysates, dialysed and undialysed lysates were incubated in two

separate experiments with either 14C-="tine or 14C-teucine. The

post-ribosomal supernatants were prepared as described'

previously. A1j-quots of these sune.rnatants hlere co-electrophoresed

with SCM-feather keratin on pH 7.5 polyacrylamide gels. The

radioactivity and. absorbance profiles of the gels are shown

in Fig. 4.I7b,c. some difficulties were encountered in the

running of such gels in that a large amount of unlabelled

protein was present in the lysate. Consequently' comparison

r^/ere made with a control gel run separately with carrier SCM-

keratin alone. Indications of some keratin.synthesis were

observed when I4"-serine was used as label but only in ¡he

dialysed lysate whereas no keratin synthesis was detectable

when I4"-teucine was usqd,-"Y"o in a lysate dialysed to reduce

ï,,i.-.r 14c-="tine r,zas used in thethe free amíno acid PooI.'

dialysed lysate the relative ratios of labe1 incorporated into

the keratin bands 3Z-85 appeared to be very similar to that

obtained for keratin synthesised by the dialysed 14-day feather

lysate in the presence of l4g-""tirr". Some extra bands of



FIGURE 4.L7. POLYACRYLAM.TDR GEL ELECTROPHORESIS

AT pH 7.5 OF LABELLED PROTETNS

SYNTHESISED IN DIALYSED AND I.]NDIAIYSED

12-DAY FEATHER LYSATE PREPARED IN MSB.

Other details as given in Figure 4-7,

except that the gels were scanned for absorbance at

630 nm using a Gitford linear transporter (see Methods

2.86) .

FfcURE 4.1-7a. Absorbance profíle of 100 Ug of 2l-day

embryonic chick feather keratin.

Keratin bands g2 ß5 are indicated-

FfcURE 4.I7b. The ceII-free system (0.5 ml) was

prepared from either dialysed or undialysed lysate and

incubated at 37o for I hour with 0.5 uC of 14c-=.ti.,"

(S. Act. 120 mc,/mM) - The total was loaded'

e-c dialysed

Á--¿ undialysed

FIGURE 4.I7c. The celt-free system [0-5 ml) was

prepared from either dialysed or undialysed lysate and

incubated at 37o with 0.5 1rC of I4c-leucine (s. Act.

316 mC,/mM). The total was loaded.
er dialysed
¿r+ undialYsed
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labelled protein \^/ere detected in the lower mobility regions

of the geI. The results demonstrate that the major protein

prod,ucts of. the I2-4ay cell-free system are non-keratin

proteins, with only traces of keratin being synthesised:

It is clear that keratin synthesis can be detected provided

that l4c-=.rirr" is used. in a d.iarysed lysate and not 14c-1""ti""

presumably because the content of this amino acid' is higher

than 1eucine in embryonic feather keratin (Kemp and Rogers'

L972).

The free amino acid concentration was determined' (see

Method.s 4.87,}'.) on equal volumes (0.5 ml) of dialysed and

undialysed lysate. It can be seen (rable 4.2) that there

was approximately a two-fol-d decrease in the concentration of

serine during d.ialysis. Moreover, the pool of free leucine was

negligible even in the undialysed lysate'

D. DTSCUSSION

1. Kinetics of incorporation of the feather ceII-free

system prepa red. in MSB buffer

: The kinetics of incorporation in the feather cell-free

system, prepared in MSB buffer were found to be very similar to

the kinetics of incorporation of rabbit reticulocyte lysate

incubated. at 3'lo , without the addition of exogenous haemin

Furthermore, results obtained in the present studies were

identical to those reported for reticulocyte lysate for example

(Lamfrom and Knopf, 1964; Adamson qt aL'r 1968; Maxwell et aI"

IITL; Baf kow and Korn er,.I97L; Hunt et aI . , 1972) . The rat'e of

breakdown of the polysomes incubated in vitro was found to



TABLE 4.2. FREE AMINO ACTD COI'ICENTRATION IN DIAIYSED

AND UNDIAIYSED 12-DAY FEATHER LYSATE.

The amino acid concentration was determined

as described (see Methods 4.B.7 and 8) on equal volumes

(0.5 rnl) of dialysed and undialysed lysate'

Dialysed Undialysed
conc. pmr/per ml

Aspartic acid

Serine

Glutamic acid

Proline

Glycine

Alanine

0.r30

0.106

0.2I2

0.060

0.164

0.086

0. 210

0.175

0. 4Is

0.065

0.245

0.135

Other amino acids were only present in trace amounts.
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correlate well with the protein synthetic activity of the

system. Moreover, the complete disaggregation of the poly-

somes l-n an orderly manner suggested that all were active in

protein synthesis. It should be noted, however, that there

was no increase of ribosomes in the polysome fraction apparent

at any stage during the incubation in vitro. This is

to be contrasted to the results of Lamfrom and Knopf

(1964) who observed an increase, during the eary stages

of the incubation in the polysome fraction of rabbit reticulo-

cyte lysate incubated at 370. Nevertheless, the inhibition

of incorporation by the inhibitors of initiation of protein

synthesis together with the isolation of the labell-ed N-terminal

d.ipeptide (N-acetyl-ser-SCMC) clearly demonstrated that

initiation r,tTas occurring in the feather lysate. However, the

extent of inhibition of protein synthesis in the feather

Iysate by inhibitors of initiation was far less than that

obtained using the inhibitors in a rabbit reticulocyte ceII-

free system. å priori, there appeared to be no reason for

the lower efficiency of initiation in the feather cell--free

system as compared to that of the rabbit reticulocyte system,

unless the in vitro conditions I¡/ere not optimal and hence

these were investigated.

,
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2. Determination of the ionic conditions for oÞtimal activity

of the cell-free system Prepared from 14-day feathers

. The possibility that the concentrations of K+ and Mg++

were not optimal were the first parameters to be investigated,

aS the concentrations of all other components necessary to

support protein synthesis !úere identical to those in the lysates

prepared from rabbit reticulocytes. It was found that the

incorporation of labelled amino acid was increased by two-fold

in the lower ionic strength buffers (í.e., 50 or 100 mM KCI and

2 w1tvl Mgclr) as compared to the incorporation obtained using MSB.

Furthermore, the extent of de novo protein synthesis in

the l-ower ionic strength (LSB) conditions was equal to that

observed in the reticulocyte cell-free systemr âs measured by the

effect of the inhibitors of initiation on the tevel of incorporation-

The rate of polysome breakdo\^rrì was assayed in a cell-

free system under the same conditions, and again the rate of

polysome breakdown \¡ras much slower than in the celI-free system

prepared using MSB. In addition, some increase was apparent

in the proportion of polysomes present during the incubation.

That is, the rate of initiation must have exceeded the rate of

translation resulting in an increase in the sj-ze of the polysomes

(Lamfrom and Knopf, 1964).

The finding that the low ionic strength buffers were

optimal for protein syntehsis in the feather celllfree system

was somewhat surprising in view of the fact that buffers of

moderately high ionic concentration have been routinely used in

the preparation of ce]I-free systems from both adult and

embryonic avian systems. For example, it was reported
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(Jernigan et aI., Lg72¡ L973) that the polysome yield from adult

chicken liver was greater in a buffer of high ionic strength

as compared to low ionic strength buffer. Likewise Lazarides and'

Lukens (Lg7L) reported that concentrations of I50 mM KCI and 7 -5

mM MgC12 were optimal in a reconstituted cell-free system

prepared from chick embryo wings and legs. ft should be noted

that the concentrations of KCI and MgCl, chosen originally for the

feather cell-free system were used in a chick embryo muscle cell-

free system (Heywood adn Nwagwu, ]-969) and determined to be

optimal in a reconstituted muscle cell-free system prepared from

salt-washed ribosomal subunits (Rourke and HeywQod, L972) '

Moreover, another line of evidence indicated that high concentra-

tions of KCI should be optimal for cetl-free systems. It has been

shown (Valberg et.al. 1966¡ Lubjn, 1967; Quissell and Suttie ' :-.973)

for reticulocytes and a number of cell-lines that the intra-

ceIlular K* concentration lies in the range 120 150 mM.

Contrary to these lines of evidence the feather cell-free

system was found to have optimal activity when prepared in

buffers of low ionic strength. Likewise, Sarkar (1973) has

reported that the highest amino acid incorporating activity was

found when chick embryo muscle was homogenised in B0 mM KCI

and not in the 250 mM KCI medium of Heywood et a1. (1967) . The

results obtained in the present study may be explãined by the

finding (see Results 3. B3) that the ribosomal subunits behaved

anomalously in MSB, âS compared to LSB. In tlepresence

of l-ow concentrations of KCI the concentratj-on of ltg++ for

optimal activity of the system was found to be 2 mM. In

contrast the optimal Mgcl 2 at 150 mM KCl was 4 nM. This
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finding can be related to the studies by Hultin et âI. ,

Ig73r oD the stabilisation of ribosomes by ¡ng+*. These authors

found that at low concentrations of Kt, concentrations,of totg++

above 1 - 1.5 mM markedly reduced the st,ructural and functional

stability of the ribosomes. vüith increasing K* concentration
J-f,the Mg' ' concentration needed to stabilise the ribosomes

increased aIso.

In the same context, Manchester (1970) reported that

the free concentration of Mg++ in solution is far below the
-l-atotal Mg' ' concentration when the binding by nucleotides and

binding by CI- is taken into account. The binding by Cl-

becomes significant when the solution is of the order of 100 mM,

and greater with respect to KC1 concentration.

3. Use of sulph 1 reagents in the preparation of

feather 1 sate

It has been standard practice to include a reducing

agent, usually 2-mercaptoethanol in the preparation of cell-free

systems. It has been less conìmon, however, to include a

sulphydryl reagent in the buffer used to prepare the lysate.

It was recognised that it could. be of advantage to include a

sulphydryl reaqent in the preparation of lysate from chick

feathers to prevent aggregation of the cysteine-rich keratins

(Kemp and Rogers, 1972). Furthermore, it had. been shown (Steinert

and Rogers, L971a) that addition of d.ithiothreitol (DTT) maximised

the yield of polysomes extracted from wool follicles. It

should be noted. that use,of 2-mercaptoethanof was avoided

in the present work because recent reports indicate that it is
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inhibitory to cell-free protein synthesis (Maxwell et al ' ,

1971; Adamson et a1., ITTL; Hunt et al" L972)'

"Theratesofincorporationinafeathercell-free

system prepared in MSB containing DTT was greater (measured

on a packed feather volume basis) than a system prepared with

either glutathione or with MSB alone. However, when the yierd

ofpolysomes,determinedaSmgipermlofpackedfeatherswas

determined it was clear that while less polysomes were liberated

in the presence of glutathione their activity was greater than

those released in the presence of DTT. A similar finding was

reported by Huston et al. (1970) for the preparation of lysates

from rat liver. These authors found that the presence of

gtutathione in the extraction buffer enhanced the activity of the

cell-free systern whereas DTT had essentially no effect'

4. A com arison of incor ration in feather celI-free stems

incubated in either MSB OT LSB AI 25" and. 37"

No stimulation of incorporation was observed' in a cell-

free system incubated. at 25o, in the presence of MSB or LSB'

as campared to the incorporation at 37". As expected, the rate

of incorporation at 25o \,ì/as somewhat lower than that at 37 " '

This is to be contrasted with the results obtained in the

reticulocyte celI-free system, incubated without exogenous

haemin.Ïnthissystemithasbeenreportedthatthetotal

incorporation at 25" is significantly greater than at 3'7" '

(Adamson et al., 1968¡ Maxwell et al., L97L¡ Gross and RabinoVíL4',

L973; Hunt et al. , L972) , This effect has been attributed'

(Gross and RabinowíLz, Ig73) to the rapjd formation of an
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inhibitor of chain initiation at 34o, but which forms srowly

at 25". ït has been postulated that there is a temperature

dependent conversion of a proinhibitor to an irreversibl-e

inhibitor. This conversion is slow at 25" but occurs rapidly

at 34o. The proinhibitor is inactive at 25" but not at 34" '

Furthermore, the proinhibitor can be inactivated and' its conversion

to irreversible inhibitor delayed by addition of exogenous haemin

to a cell-free system incubated at 34" '

The role of haemin in stj.mulating protein synthesis is

at present unresolved. several reports have indicated that

haemin not only stimulates the synthesis of globin in reticulocyte

lysat,e but also the translatj-on of exogenous mRNA's (l'odish and

Desalu, L973¡ Mathews e! aI., 1973)' Furthermore' Beuzard

etaI.(Lg73)reportedthatlraeminmarkedlyenhancedprotein

synthesis in ascites celIs and lysates prepared from the cells '

These findings cannot be reconciled lvith the observation of

Giglioni et al. (1973) that the simultãneous injection into

Xenopus oocytes of exogenous haemin togehter with the a and ß globin

mRNArs, results in the selective stimulation of cr g10bin chain

synthesis only. Hence the answer to the question as to whether

haemin is a control element in the translation of proteíns

generally must await the results of future work'

5. Nature of the Protean products s thesised in l4-day

feather ceI1-free sYstem

Theresults,frompolyacrylamidegrelelectrophoresisat

two different pH values, DEAE-cellulose and sephadex G100

chrornatography demonstrated' that the major products of the
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cell-free system b/ere identical by these criteria, to

embryonic feather keratins. All radioactive protein species

had'absorbance counterparts, âs determined by each airalyÈical

technique. The observation that keratin was the major product

of the I4-day cell-free system is consistent with the observation

that the synthesis of keratin accounts for the major part

of the protein synthetic actívity in ovo in 14-day chick embryo

feathers (KemP et aI. , 1974) .

Isolation of the labelled N-terminal dipeptide of the

i, ,lE synthesised keratin confirmed thatinitiation was occurring

in a cell-free system prepared in MSB. Furthermore, the

incorporation of 14c-r."tate, derived from 14c-t."ty1-Co-i\ into

the N-terminal confírmed this result, implicating acetyl-CoA

as the in yivo acetyl donor. similarly' shih and Kaesburg

(1973) found that acetyl:CoA could act as the N-termínal acetyl

donor to in vitro synthesised viral coat protein.

No significant difference was detected in the relative

ratios of 14e-.1-"u"j.ne incorporated into the keratin bands ßz-95

synthesised in feather lysate in high salt (MSB) and lov¡ sait

(tSB) conditions. This is to be contrasted with the findings

of Lodish and Nathan (Ig72) for the reticulocyte system' These

authors reported that increasing the ltg++ concentratíon in a

reticulocyte cell-free system, by a factor of two"caused the

selective inhibition of 3 globin chain synthesis, resulting

in a two-fold excess of o to ß chains being synthesised' The

present results would, tend to indicate that no translational

control of this type is operative in the feather system'

although it must be borne in mind that small changes in the
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relative ratios of the labelled kerat'in bands may not be

detected as each band consists of several discrete keratin

chains (walker , L97 4) -

6. Nature of the protein Products svnthesised in ceIl-free

systems from 12, 13 and 15-dav feathers

(a) Thirteen and. 15 -da feathers

The spectrum of proteins synthesised in 13 and 15-daY

feather cell-free systems was very similar to those of the

14-day system. The major protein products in both systems were

the keratin proteins. Furthermore, there was little difference

detected in the relative ratios of labe1 incorporated' into the

keratin bands g2 - ß5 as determined by polyacrylamide gel electro-

phoresis at pH 7.5. Moreover, the results indicate that af,ter

the onset of feather keratin synthesis at 13 days of development,

of the embryo the translation of all the keratin mRNA's is coordin-

ated and that there is no sequential switch-on of the separate

keratin genes. This result is in agreement with the find'ings

of Kemp (Lg72) who estimated that the relative amounts of each

keratin band of protein synthesísed ín viyo remained approximately

constant after 13 days of development. There ís however, Do

definite evidence to indicate whether alt keratin genes are

expressed in each feather cell type

(b) Twelve-daY feathers

The level of incorporation of labelled amino acids

1ltras very low in cell-free systems prepared from 12-day feathers

as compared to that of celI-free systems prepared from old'er
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ages. This was not unexpected in view of the earlier findings

(see Results 384 ) that very few polysomes were present at

thi's stage.

After dialysis of the lysate the maximal incorporation

was increased by four fold, and equal to the level of incorpora-

tion obtained in undialysed 14-day cel-I-free systems ' This

would be presumed to result from the removal of free amino

acids and hence an increase in the specific activity of the

Iabelled amino acids in the system. The fact that the level of

initiation l,vas not increased by dialysis confirms this view'

Nevertheless, the change in the amino acid pool was found to

be only a two-foId decrease after dialysis. One explanation

of Lhis paradox may be that, the charged-tRNA's present in the

lysate became deacylated during d.ialysis and hence more effectively

charged. with labelled amino acid's when incubated in the cell-free

system.

No keratin detected in undialYsed 12-daY

some keratin sYnthesis could

labe1 but not 14c-l"rr"irr"

incorporated into the keratin

those observed in the othervery sj-milar to

lysate. However,

be d.etected us ing

and the relative

bands ß2 -ß5 was

ages tested.

synthesis was

after dialYsis
r4c-=..ine as

ratios of label



CHAPTER FIVE

INITTAL ATTEI"IPTS TO TSOLATE FEATHER KERA.TIN MRNA
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A. ÏNTRODUCTION

Feathers of the embryonic chick are ideally suited

to the isolation of keratj-n mRNA since at 14-15 days of

development of the embryo, keratin synthesis accounts for

t.he major part of the protein synthetic activity of the

feather cel1s (xemp et al., L974). Definitive evidence for

the isolation of the mRNA,which codes for a particular protei-n'

is t¡r-e translation of that mRNA and identification of the

protein product in a system which does not normally synthesise

the protein under investigation. This is true for aIl but

very special cases. Sí1k fibroin consists of alternating

glycine and alanine residues and the mRNA has a very high

G * C content which enabled identification by partial seqJrence

anâlysis (Suzuki and Brown, L972). 
i !.

Vühen.this work was begun a 95 RNA species from mo'use

reticulocybs had been demonstrated to direct the synthesis

of mouse B globin chains when added to a rabbit reticulocyte

IysaÈe (Lockard and Lingrel, 1969). This was in fact the first

definitive d.emonstration of the translation of the mRNA from one

mammalian species in a cell-free system from another. An

earlier report (laycock and Hunt, L969) describing the synthesis

of rabbit, cr and ß globin chains in a cell-free system from

E. coli Primed with the 95 RNA from rabbít reticulocytes has

been found to be unrepeatable (NoII et a1. , L972; Gielkens

et aI., 7972). Closely fcllowing this work, Heywood (1969, 1970)

reported. that myosin mRNA isolated from chick embryo thigh
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muscle could only be Èranslated by ribosomes derived. from

chicken reticulocytes if the homologous (those derived from

muscle) but not if the heterologous initiation factorS were

present. The overall evidence at that time favoured the view

that initiation factors for translating various mRNArs were

not species specific but were specific for mRNA's within a

particular differentiated cell line.

The origínal method used by Marbaix and Burny (1964 )

to demonstrate the presence in reticulocyte polysomes of a

minor RNA species which sedimented at 95, and had the expected

propert,ies of globj-n mRNA (for a review see Chantrenne et â1. ,

L967) was to dissociate the reticutocyte polysomes using slts

and to separate the RNA species by sucrose gradient centrifuga-

tion. This 95 RNA was shown unequivocally to contain globin mRNA

by Lockard and Lingrel (1969) using the same method to isolate

the mRNA.

The 9S globin mRNÀ has also been released as 14S

ribonucleoprotein complex (RNP) using EDTA to dissociate the

reticulocyte polysomes (ltuez et aI. , L967¡ Lebleu eÈ al ., 1971).

This chapter describes the i-nitial attempts to isolate

the chick embryo feather mRNA from 14-d.ay feathers using both

of the methods used to prepare globin mRNA.

B. METHODS

1. Dissociation of feather polysomes by SDS treatment

Eleather polysomes at a concentration of 5-10 mg/mL \^Iere

resuspended in buf f er (2 OmM sodium acetate, 5 mM EDTA, 0 . 5 so w,/v ,
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SDS, 40 mM Tris-HCl, pH 7.4) . The polysomal suspensions

were kept on ice, then incubated at 37o for 5 min, cooled and

immediately layered over the sucrose gradients.

2. Dissociation of feather po1vsomes bv EDTA treåtment

Feather polysomes at a concentration of 5-10 mg/ml r,tlere

resuspended in buffer (150 mM KC1, 30 mM EDTA,20 mM Tris-HCI'

pH 7.4). In most experìments the polysomal suspensions were

kept on ice for 30 min, incubated at 37" for 5 mj-n, cooled

and immediately layered over the sucrose gradients. rn some

experiments, however, the procedure was varied. in that the composi=

tion of the resuspension buffer was altered and the polysomal

suspensions \^/ere not incubated at 3'7" prior to load.ing onto

the sucrose gradients. Refer to t,ext for details.

3. Identification of products synthesised. in feather

cell-free s stems

(a ) Prepa ration of rabbit qlobin

Rabbit erythrocyÈes were collected and washed as

described for the coltection of reticulocytes (see Methods 2.8.4b)

The erythrocytes were lysed by the ad.dition of I volume of HZ0.

The lysed cells were then centrifuged at 381000 g for 30 min

to pellet the ceII debris. The supernatant was decanted and

treated €o remove haemin using the method of Schapira et al.
(1968) as modífied by Lane et al. (1971). The globin was then

exhaustively dialysed againsL HZO and freeze-dried.
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(h) Fractiona tion of feather Post-ribosomal

superna tants by CM-cellulose chroma tography

The method of fractionation of the rabbit. q and ß globin

chains was essentially as described by Rabinovitz and Fisher

(1964) . Globin (10 mq) was dissolved in 1.0 mI of the

column loading buffer (0.04 M pyridine, 0.4 M form.ic acid) '

This solution was then added to the post-ribosomal supernatant

(see l"lethods 4.83) from the feather cell-free system. The

mixture was then treated to remove any traces of haemin as

d.escribed in section (a) above. The protein pe1let obtained

was redissolved. in 2 mL of. the loading buffer and dialysed

against 1 litre of the same buffer for 2 Ì;rr, with a buffer

change after I hr. The keratin which was insoluble was removed

by centrifugation for t hour at 381000 g at 4o. The super-

natant was decanted and fractionated on a I' x I cm column of

Whatman CM 32 cellulose. The gradient used for elution of

the globin chains was prepared in a Technicon varigrad

(g chambers). Each of six consecutive chambers of the varigrad

contained equal volurnes of the loadj-ng buffer in the following

multiples of concentration (1r 3, 5.r 7 ,I ,11) . A total grad]ent

of 300 m1 per column was used and 6 mI fractions were collected

using a flow rate of 15 mL/hr.
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C. RESULTS

I Liberation of mRNA from 14-d.ay chick feather

1 somes usl-n SDS

The 14-day chick feather polysomes were prepared in

MSB by methods previously described (see Methods 2P2 and 486) '

The pelleted potysomes were rinsed with MSB and resuspended

in a buffer containing 0.5å sDS (see Methods.sB2). The

absorbance profile (OZOO) of the RNA liberat'ed from the polysomes'

as analysed by sucrose gradient centrifugation, is shown in

Fig. 5.1. The major peaks of absorbance, are the IRNA,

sedirnenting near the top of the grad'ient, the 1BS rRNA and the

28S rRNA sedimenting near the bottom of the gradient' There

is clearly no minor p""l of RJJA sedimenting in. the 5.-17s region,

although there is some evidence of a shoulder sedimenting

on the trailing edge of the lBS rRNA peak. The experiment

was repeated essentially as'desirfbed, with a minor modification

in that atiquots of the SDS-dissociated polysomes were layered

over tO3 - 40% w/v sucrose gradients prepared in the same

buffer but without SDS.. The gradients were centrifuged in a

Beckman 'SW4l' rototr 
.(ref,er 

to legend to Fig. 5-2 for detaits)

as it was found. that this system had superior resolving'pouTert

to the 'SW25' rotor PreviouslY used.

In this experiment two minor RNA species were detected

sedimenting in the 5-175 region, that is, between the IRNA

and 1BS rRNA peaks. The absorbance profile of one such grad.ient is

showrl in Fig.5.2, The sedimentation coeff ícj-ents were determined

using the method of Martin and Ames (1961) as d'escríbed (see



"FIGURE 5.1. ABSORBA}üCE PROFTLE OF RNA LIBERATED

FROM 14-DAY CHICK FEATHER POLYSOMES

BY TREATMENT VIITH SDS.

The polysomes were dissociated as

described (see Methods 5.8.1).

1.0 mI of the PolYsoma1 susPension

(5 mg) was layered over a gradient (28 mI,, fSZ - 30?

w/v, sucrose) prepared in the same buffer (see

Method.s 5.8.1) and centrifuged in an SW25 rotor at

64,700 g (a.v.) for 16 hr. at 40-

The absorbance profile of the gradient

v/as monitored using an Optica Spectrophotometer.
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FTGURE 5.2. ABSORBA}ÍCE PROFILE OF RNA LIBERATED

FROM 14-DAY CHICK FEATHER POLYSOI4ES

BY TREATI{ENT WTTH SDS

Other details as given in Figure 5.1

and in text. .' ''. 
"

An aliquot (0.75 ml) of dissociated

feather polysomes was layered over a gradient (I1.6 mt)

and centrj-fuged in an S!'I41 rotor at I47,640 g (a.v.)

for 16 hr at 40.
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Methods, 2.810) and found to be 12S and'

However, these two species could not be.

in a series of experiments' even though

for preparation and dissociation of the

maintained.

80.

14S respectively.

detected reproducibly

the standard conditions

polysomes were

2. Liberation of mRNA from::rabbit reticulocyte ysornes

dissociation with SDS

. polysomes were prepared (see Methods 2.P,4) from rabbit

reticulocytes. The reticulocyte polysomes were resuspended in

buffer contaj-ning 0.5% SDS using identical cond.j-tions to those

described for d.issociation of the feather polysomes, and

analysed by sucrose gradient centrifugation. The result is

shown in Fig. 5.3. In this case, in addition to the major

peaks of absorbance of the tRNAr 1BS rRNA and 2BS rRNA species,

a minor but significant component was present sedimenting

in the 7 -I7S region. The S value of this peak was calculated

to be about 9. In a series of experiments, using reticulocytes

fr-om several rabbits the results were entirely reproducible

in that the minor RNA peak sedimenting at about 93 was always

detected.

3. Attempted release of keratin mRNP from feather polysomes

by EDTA treatment

The polysomes prepared in MSB buffer \^/ere resuspended

in a buffer containing 30 mM EDTA as described (see Methods 58.2).

The sucrose gradient centrifugation profile is shown in Fig . 5.4.



FTGURE 5.3. ABSORBANCE PROFTLE OF RNA LIBERATED

FROM RABBTT RETICULOCYTE POLYSOMES

BY TREATT{ENT WITH SDS.

The rabbit reticulocyte polyscimes

(3 mg) were dissociated with SDS as described for

that of feather polysomes (see Ivlethods 5.8.I). The

polysomal suspension (0.75 mI) was centrifuged using

identical conditíons to those given in Figure 5.2.
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FTGURE 5.4. ABSORBANCE PROFILE OF I4.DAY FEATHER

POLYSOMES DISSOCTATED WITH EDTA.

Feather polysomes $lere dissociated by

treatment with EDTA as described (see Methods 5.8.2).

An aliquot (0.75 ml) of the polysomal

suspension was layered over a gradient (11.6 mI, I03

402 w/v sucrose) prepared in the samè buffer and

centrifuged in an SVü41 rotor at 20I,I25 g (a.v) for

16 hr at 40.
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Two minor peaks (designated A and B on the f igure) , vrere

detected, sedimenting between the tRNA peak and the small

ribosomal subunit which had sedi-mented almost to the bottom

of the gradient under the conditions used for centrifugation.

The fraction of the gradient containing peak B was collected

and precipitated by the addition of two volumes of ethanol

(see Methods 6.82). However, resuspension of the pelleÈ obtained

from this fraction proved to be very difficult. The pellet

\4ras almost insoluble in the EDTA buffer used to dissociate

the polysomes, and dissolved only slowly when incubated aÈ

37" in the presence of 0.53 SDS. When the pellet fraction

was partially dissociated in the EDTA-buffer and examined by

electron microscopyr using negative staining (see Methods 2.811)'

it was shown to consist predominanlly of ring-shaped

particles, about 9 nm in diameter, and with a central core

about 3 nm in diameter (Fig. 5.5). The rings were observed

to be stacked together in cyclindrical aggregates comprised of

four rings. Examination of fraction B from.ducrose gtadients

before ethanol precipítation also revealed the presence of the

rings (result not shown). No particles of this nature

were detected in the fraction corresponding to the peak A region

of the sucrose gradients.

4 Reproducibility of feather polysome dissociation

by EDTA treatment

fn two further experi-ments, results identical to that

shown in Fig . 5.4 were obtained.. ïn latei 'þreparations however,

the original results could not be repeated. That is very little



FIGURE 5. 5. ELECTRON MTCROGRAPH OF MATERIAL

TSOLATED FROM THE PEAK B RSGTON OF A

SUCROSE GRÄDIENT SIMILAR TO THAT

SHOWN IN FIG. 5.4.

Negatively stained with uranyl acetate.

Magnification : X240' 000.
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absorbance was detected in the region of peak B of the earlier

gradients (nig. 5.6). In comparison the amount of material

sedimenting in the region of peak A was greatly increased

(Fig. 5.6). The partially dissociated small ribosomal

subunits from one such experiment were collected' from four

gradients, dialysed against MSB buffer and' redissolved in

buffer (20 mM sodium acetate' 5 mM EDTA, 40 mM Trj-s-HCI, PH 7 '4) '

The solution was then made 0.5tå with respect to sDS to

dissociate the subunits. The sucrose-gradient profile of the

RNA liberated from the subunits is shown in Fig . 5.7. In

addition to the major peaks of absorbance of the IRNA, lBS

rRNA and a smaller 2BS rRNA peak two minor peaks sedimenting

in the 7 - 17s region were evident. The s value of these two

species was calculated to be L2s and 14s respectively.

In an effort to obtain more reproducible dissociation

of the feather polysomes by EDTA treatment, variations in t'he

cond,itions of release v/ere investigated'. For example, the

feather polysomes \dere resuspended, in a modified buffer in

which the concentration of KC1 was reduced from 150 mM to 25 mM

and the pH was increased from':..4 to -7,8. One aliquot of the

polysomes was left on ice prior to loading on the sucrose gradients,

whereas, the other was incubated at 37" for 5 min. and cooled

prior to loading on the gradients. However, the briginal

result still could not be obtained; no peak was observed in

the region of the grad.ient, where peak B was originally detected

(results not shown) .



FIGURE 5.6. ABSORBANCE PROFILE OF 14-DAY FEATHER

POLYSOMES DTSSOCIATED WITH EDTA.

Other details are as given in Fig.5.4
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FIGURE 5.7. ABSORBANCE PROFTLE OF RNA LIBERATED

BY SDS DISSOCIATTON OF THE SMALL

RIBOSOIqAL SUBUNITS FROM I4-DAY

FEATHER POLYSOMES.

The small ribosomal subunits isolated

from four gradients similar to that shown in Fig'

5.6 were dissociated by treatment with SDS and analysed

by sucrose-gradient centrifugation as described in

Fig. 5.2, except that the centrifugation was at

2OL, I25 g (a.v.) .
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5 Release of mRNP from rabbi t' reticulocyte- po lysomes

'by EDTA treatment

. Rabbit reticulocyte polysomes were resuspended in the

original EDTA buffer (150 mM KC1' 30 mM EDTA, 20 mM Tris-HCl'

pH 7.4) at a concentration of 5 - 10 mg/mI. The method used

was identical to that used initiatly to dissociate the feather

polysomes. The absorbance profile of the RNPrs released is

shown in Fig. 5.8. This profile is similar to that obtained

in the initial preparations of RNP's from feather polysomes.

îwo additional peaks of absorbance (designated A and B in

Fig. 5.8) were again present in t!" region of the gradient

between the IRNA peak and the small ribosomal subunit. fn a

number of preparations the results were completely rcpeatable,

both under the originat conditions of d.issociation as well as

when the modified buffer was used with a decreased concentration

of KCt at pH 7 .8.

The 'fraction of t.he gradient containing peak B was

examined by electron microscopy before ethanol precipitation

and fouird to contain a few of the rings. Howeverr these rings

\^/ere 13 nm in diameter, which was considerably differenL from

the size of the rings found to be associated with the feather

polysomes. Furthermore, they were never observed in great

abundance.

6. Translation of the reticulocyte 95 g lobin nRNA and

lobin mRNP ticles in the 14-da chíck feather

celI-free s stem

A ce11-free system was prepared from 14-day feather



FTGURE 5.8. ABSORBAI{CE PROFILE OF RABBIT RETICULOCYTE

POLYSOMES DISSOCIATED BY TREATMENT WITH

SDS.

Other details are as given in Fig- 5.2

except that the centrifugation was at 20L, 1-25 g (a.v.).
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lysate using MSB (see Methods 48.1). Reticulocyte RNP

particles (fraction B of gradíents identical to that shown

in Fig. 5.8)r was dialysed against MSB (see Methods 48.3) to

remove sucrose and EDTA.

The post-ribosomal supernatant was prepared from

the incubation mixture ancl treated for the removal of traces

of haemin that might be present from contaminating erythrocyte

in the feat-.her lysate (see I'tethods 58"3). The product so

obtained \^/as co-chromatographecl with t0 mg of carrier globin

on a column of CM-32 cellulose (see Methods 5.84).

The absorbance and radioactivity profile obtained

is shown in Fig. 5.9. The peak of unlabelled protein eluting

near the gradienL front was previously shown Èo be keratin. The

main peaks of radioactivity co-chromatographed with the unlabelled

carr:ier q and $ globin chains. ft should be noted, howeverr t,hat

the peak of radioactivity associated with the unlabel-Ied cI'

chain did not precisely align with it; rather the peak of

protein-bound radioactivity chromatographed one fraction

ahead of the peak of absorbance of Lhe unlabelled carrier o¿

chain. The nature of'the labelled protein which el-uted just

ahead of the a and ß globin peaks is unknown. The total radio-

activity present in the q. chain peak was 2818 cpm whereas iL was

3L7L cpm in the ß chain. The q and ß chains of rabbit globin

are k¡rown to contain L7 and. 18 leucine residues respectively

(Dayhoff , L969). Hence the ratio of o to ß chains that \^/ere

synthesised was almost u"nity. This experiment was repeated

several times using both the globin mRNP complex and the 95

gIoÏ:in mRNA. In al-l of these however, it was found that the



FTGURE 5.9. TRANSLATTON OF RABBIT RETICULOCYTE

MRNP IN A 14-DAY FEATHER CELL-FREE

SYSTEM AS ASSAYED BY CHROMATOGRÄPHY

ON CM-CELLULOSE

A feather-cell free system (2,0 ml)

r^ras incubated with 2.5 uC of 14C-1euci¡e (S.Act.

312 mc/mM) for t hr at 37o in the presence of - |

AZ.O units of reticulocyte RNP. The post-ribosomal

supernatant was treated to remove traces of haemin

and chromatographed with 10 mg of carrier globin on

a column of cM-32 celluIose as described (see

Methods 5.83). Each fraction (6 mt) was precipitated

\^rith TCA for determination of radioactivity.
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st.imulation of synthesis of the s chain of globin hlas greatly

enhanced compared to ß chain synthesis (Fig. 510). The total

incorporation of radioactivity in the feather cell-free system

r¡vas either unaffected, or slightly decreased by the presence of

the exogenous globin mRNA, whereas the ad.dition of the mRNP

complex invariably lowered the total incorporation 10-15 fold as

compared to the control.

7. Translation of phenol-extracted total reticulocyte

polysomal RNA

In one experiment about I00 Ug of phenol-extracted

reticulocyte polysomal RNA (see Methods 6,81) was added to

a cel1-free system and incubated at 25o for 2.5 hr with 14C

algal hydrolysate. The post-ribosomal supernat¿¡l v/as co-chromatog::ar¡-rhed

with 10 mg of carrier globin as in Fig. 5.9. The absorbance

and radioactivity profiles are shown (Fig. 5.11a). In this experiment

the ratio of the in vitro synthesised o and B chains was about

unity. To completely confírm that the in vitro synthesised

o añ¿ ß chains were released into the supeinatant fraction the

polysome pel1et was treated # a similar fashion to the supernatanL

fraction and co-chromatographed with carrier globin. ft is clearly

evident from the profile of absorbance and radioactivity that very

little completed chains remained on the polysomes åfter the

incubations of the cell-free system (Fig. 5.l1b).

B. The proteins of embryonic duck feather

For reasons di'scussed 'in the Introduction to this chapter

from duckit was considered that a cel1-free system prepared



FIGURE 5.10. TRANSLATION OF RABBIT RETICULOCYTE

GLOBIN MRNA IN A 14-DAY FEATHER

CELL.FREE SYSTEM AS ASSAYED BY

CHROMATOGRAPHY ON CM-CELLULOSE

Details as given in Fig. 5'8 excePt

that the volume of the ceII-free system was 2.0 ml

to which 35 Ug of rabbit reticulocyte mRNA was

added.

Aliquots of the column fractions

(2m1,/6 m1) were precipitated for the determination

of radioactivitY.
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FIGURE 5. It . TRANSLATION OF PHENOL-EXTRACTED TOTAL

RETTCULOCYTE POLYSOMAL RNA IN A

14-DAY FEATHER CELL-FREE SYSTEM AS

ASSAYED BY CM-CELLULOSE CHROMATOGRÄPHY

I00 U g of reticulocyte polysomal RNA

was incubated in a 2.0 ml 14-day feather cell-free

system with 2.5 uC of 14c-.Ig.1 hydrolysate' The

system was incubated at 25o for 2.75 hr. The lysate

was then fractionated into the ribosomal and post-

ribosomal supernatant fraction. Each of these fractions

hras then chromatographed on CM-32 ceIluÌose. Aliquots

of the column fractions (2 m1/6 mI) were then

precipitated with TCA for determination of radioactivity'

Figure 5.10a. Chromatography of the post-ribosomal

supernatant.

Figure 5.10b. chromatography of the ribosomal pellet

fraction.
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embryo feathers could be particularly useful for assaying RNA

ob¡ained from chick embryo feather polysomes for mRNA activity.

The spectrum of proteins synthesised in d.uck feathers was

investigated from embryos ranging in age from 14 to 17 days t

to determine, (a) t.he time of onset of keratin synthesis;

(b) whether these proteins were similar to those of chick embryo

feathers. The method adopted was identical to that described

by Kemp et aI. (L974) for determining the onset of keratin

synthesis in chick embryo feathers. Briefly, feathers plucked

from 14, to L7-d.ay duck embryos were reduced, carboxymethylated,

centrifuged. to remove insoluble debris, dialysed and freeze-dried.

Equa1 quantities of protein (100 Ug) from each a9e were fractionated

by polyacrylamide gel electrophoresis at pH 7 .5. The gel of 14-

day feather protein showed no clearly defined bands, the major

peak of absorbance was present in the low-mobility region of the

gel (Fig. 5.12). There was, however, a rapid increase after

this time in several bands of similar mobility to the major bands

(ß2 -ß5) of chick embryo feather keratin shown for comparison.

It shoutd be noted that this result is in agreement with

the finding that the polysome content increased in duck feathers

after L4 days of incubation (see Results 3.8.7).

. The proteins of 16-day feathers were also characterised

by polyacrylamide gel electrophoresis at pH 2.7. Comparison

of the electrophoresis of the SCM-derivatives of chick feather

keratin (Fig. 5.13a) with those of duck feather (Fig. 5.13b)

indicates that the major protein band. from duck feathers waS

found to be almost coincident with band B (of Kemp and Rogers,

Lg72) of chick embryo feathers;'furthermore, the leading edgeo¡



FIGURE 5.I2. POLYACRYLAMIDE GEL ELECTROPHORESIS

OF PROTEINS FROM DUCK EMBRYO FEATHERS

DURING DEVELOPMENT

Samples (t00 ug/geJ-) of reduced and

carboxymethylated protein preparations from duck embryo

feathers at I4-L7 days of development were subject to

polyacrylamide gel electrophoresis at pH 7.5 and stained

with Coomasie Blue (see legend to Fig. 4.7) -

CF: for comparison the electrophoresis

of chick feather keratin is included. The chick keratin

bands ß2 ß5 are indicated.

O: origin+ : anode.
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FIGURE 5.13. COI4PARISON OF THE PROTETNS OF

DUCK EMBRYO FEATHER AND CHICK FEATHER

BY ELECTROPHORESIS ON POLYACRYLAMIDE

GELS AT pH 2.7.

Samples (IO0 1rg/geL) of reduced and

carboxymethylated proteins from 16-day duck feathers

and. 2I-d,ay chick feathers were subject ed to poly-

acrylamide ge1 electrophoresis at pH 2'7 as

described (see Fig. 4.8 )

O: origin : cathode.

Figure 5.13a. Electrophoresis of 100 ug of chick

embryo feather keratin-

Keratin bands A - H are indicated.

Figure 5.I3b. Electrophoresis of 100 Ug of 16 day

duck feather keratin.

Figure 5.13c. Co-electrophoresis of I00 Ug of chíck

feather keratin and 100 Ug of duck

feather keratin.
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this band coincides with band A of chick keratin. Several

minor protein,bands of duck keratin were observed to be

"almost coincident with the minor bands C E of chi.ck

keratin. Co-electrophoresis of duck and chick embryo keratin

(Fig. 5.13c) confirmed that the protein species present from

each f eather type did not resolve into individ.ual bands.

It was clear from this result that thìs system was

inad.êquate for assaying for chick feather keratin mRNA

activity as the products could not be -distinguished from

those of the homologous mnÑA's.

D. DISCUSSION

1. Comments on the dissociation of polysomes bv SDS or

EDTA treatment

The method of Marbaix and Burny (1964) was adopted

in initial attempts to release keratin nRNA from chick

embryo feather polysomes. Howeverr Do minor species of

RNA could. reproducibly be released with a sedimentation

coefficient expected for a mRNA coding for protein of molecular

weight about 10,000 (Ì,Ialker , L9741 . Furthermore, it was known

that the keratin protein chains hrere heterogenous (l{alker , L97 4)

and it seemed possible that this heterogreneity could be

reflected in a similar heterogeneity in the siz'e of the

mRNA's coding for the keratin chains. As a consequence, it

would. have been impossible to detect the low concentratíons

of each mRNA species from the absorbance profile of sucrose-

gradients of feather-polysornal RNA.

The dissociation of feather polysomes with SDS was
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variable whereas the dissociation of rabbit reticulocyte
polysomes \^/as completely repeatable. A species of RNA,

sedimenting at abouÈ 95 was d.etected in all reticulocyte
preparations. This RNA has been shown to code for both,

the cr and g globin chains (Housman et aI. I L97L; Lane et al .

L97I; Mathews, 1972; Metafora et aI. , 1972; Sampson et aI. ,

L972; Lockard and Lingrel , L973).

The ínitial results were encouraging when an attempt

was made to release the keratin mRNA as a mRNP complex using

the method of Huez et aI . (L967 ) and Leb1eu et al. (1971).

Two peaks of absorbance were detected sedimenting between

the IRNA and the parti-al1y dissociated. smallrj-bosomal subunit.

Both Huez et al. and Leb1eu et aI. described an RNP complex

(designated peak A on Fig. 5.4) sedimenting at about 95

which contained the 55 RNA-protein moiety dissociated from

the large ribosomal subunit. Furthermore, the same authors

had shown that a larger RNP complex contained the 95 globin

mRNA. Hence by analogy again it was expected that peaks A

and B (fig. 5.4) isotated fronthe EDTA-dissocj-ated feather

polysome would contain respectively the 55 RNA-protein complex

and the mRNA species coding for the keratin chains. However,

after ethanol precj-pitation of the peak B fraction of the

sucrose gradient, the pellet so obtained was found to be

virtually insoluble even in the presence of 0.53 SDS.

Examination of the resuspended pellet fraction revealed the

presence of large numbers of rings about 10 nm in diameter.

In subsequent experiments no peak of absorbance was detected

in this region, whereas the absorbance in the peak A
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region of the gradient was consid.erably more Prominent.

Complete dissociation of the smal1,ribôsomal subunits from

several such gradients revealed, ,in addition to the major

RNA species two minor species of RNA with sedimentation

coefficients of 12S and 14S respectively. It should be

noted. by way of comparison Èhat the dissociation of rabbit

reticulocyte polysomes by EDTA treatment was always completely

reproducible. Furthermore, the results were identical to

those obtained by Huez et aI. (L967) and Lebleu et al. (1971).

In retrospect it is clear that neither SDS dissociation

nor EDTA treatment of polysomes was reproducibly releasing

the keratin mRNA. In some experiments minor species of RNA

sedimenting at L2S and. 14S respeötively were detected. In

the following chapter the 12S RNA species is shown to contain

the mRNA coding for chick feather keratin. It is interesting

to note that Kennedy (1972) reported that Semliki Forrest

Virus RNA could not be released from infected chick embryo

cells using either SDS or EDTA treatment of the isolatécl

polysomes. Pulse-labelled mRNPrs have been prepared by EDTA

Lreatment of polysomes of both chick embryo retinal tissue

(Sarkar and Moscona, I97I) | and chick embryo cerebral polysomes

(Bryan and Hayashi, L973). The mRNPrs released were

heterogenous in S value when fractionated by =rréto"" gradient

centrifugation. In neither case however, was it proven that

any of these RNP particles contained a translatable mRNA.

2. Nature of the ring:s

During the course of the present work similar findings
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of ring structures were reported by Narayan and Rounds (1973)

in the media they used to culture cells of malJ-gnant origin.

These particles were reported to'be composed of protein,

but also contained small quantities of RNA and DNA. The

particles were found, after cell fractionation to be

associated predominantly with the polysomes. It is interest-

ing to note that similar particles were independently

detected as components of polysomes from HeLa cells by

Spohr et al. (1970). In a further report Narayan et aI.
(I973) have reported that the particles could be detected in

the media used to culture a large number of human tissue

samples obtained from pathological and non-pathclogical

conditions. However, very few of tlre particles vüere

detected in media used to culture non-malignant tissue

samples. Particles of similar size and topology have also been

detected in ce1ls infected wi.th mouse leukemia virus (Schafer

et al. , I972) and from avian myeloblastosis virus (Bolognesi

et. al., Ig72) - In these reports the particles were reported

to be composed of protein onJ-y, although no evidence was

presented confirming the absence of RNA or DNA.

In the present study, small number of the rings \,vere

seen in the sucrose gradient fractions containing the mRNP

complex released by EDTA treatment of rabbit retículocyte

polysomes. They \^¡ere not nearly as abundant as those released

from the feather polysomes by EDTA treatment. Moreover, their

size was significantly greater than those seen in feather polysome

preparations. Harris (1970, I97L) has observed rings of a

similar size in reticu locytes to those reported in the present study.
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Thê rings could be seen by electron microscopy loosely

attached to the membranes of human and bovine erythrocyte

"ghosts. Furthermore, Harris suggested that the rings he

observed may be absorbed cytoplasmic contaminants.

3. A note on the siqnificance of infection of

experimental material with virus

The adult bird population from which the fertitised
eggs \^/ere obtained fot the present work r¡/ere known to have

been infected by several viral diseases (Bray - personal

communication). The initíal preparations of polysomes for
release of RNP's were made during the winter months when the

adult birds were known to have been infected by the foJ-lowing

viral diseases, Marekrs disease (a tumourogenic Herpers

virus), avian leukosis, avian bronchitis, and avian encephalo-

myelitis (Bray). Marek's disease is not thought to be

transmitted vertically, but some doubt sti1l remains on this
point (Purchase et âI., 1971) . However, it may be significant
that the only known site where the complete virus can be

detected in adult birds is in the feather follicte epithelium
(Ca1nek et aI., 1970) .

The origin of the ring-like particles observed to be

associated with the chick feather polysomes must remain highly

speculative. It remains to be establj-shed aÈ to whether the

occurrence of the particles is associated with i.a pathological

condition. Nevertheless, it does emphasise that caution

must be used in studi-es on chick embryos unless adequate
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controls are maintained to exclude the possibility of viral

infection.

4 Translation of rabbit qlobin 95 mRNA and. mRNP

complex in 14-day chick feather lysate

Rabbit globin mRNA and the mRNP complex were trans-

lated in a feather cell-free system. Nevertheless, the

ability of the globin mRNA or mRNP to compete with the

endogenous mRNA was rather low as shown by the low efficiency

of the incorporation. The protein products of the system were

characterised by the CM-ce1lulose chromatography. Further,

confirmation that authentic rabbit globin was synthesised in

t,he lysate is desirable. However, analysis of the prod.uct

by tryptic digestion or by co-electrophoresis of the in vilro

synthesis product with carrier globin on SDS-polyacrylamide

gels was precluded by the 1ow specific activity of the

il vitro synthesi-sed protein. Furthermore, the in-viFro

synthesised o chain did not precisely co-chromatograph with

the unlabelled q chain carrier. Such a finding is not

without precedent. Nascent a chains isolated from reticulocyte

polysomes were found to chromatograph one f:raction ahead.

of the carrier o chain isolated from the supernatant fraction
(naglioni and Campana , 1966) . A similar effect'was noted

by Schreier and Staehelin (1973). The q chain of globin

synthesised in a homologous reconstituted cell-free system,

primed with rabbit globin nRNA, \^ras found to be displaced

slightly from the in vivo synthesised q chain when assayed.

by chromatoEraphy on CM cellulose. It is possible that the
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low rate of globin synthesis in feather lysate could

reftect the need for tissue specific initiation factors

"not present in feather lysate (cf . Heywood, I970¡ L97L¡

Rourke and Heywood, L972). However, a more probable explanation

is thaÈ the in vitro conditions were nofoptimal for globin

mRNA translation. The feather cell-free syst.em for these

experiments was prepared in MSB. Under these conditions

the capacity of the ribosomes for de novo synthesis of

protein is rather low. The reason for the enhanced degree

of translation of the s chain mRNA in comparison to the ß

chain mRNA remains obscure. It has been shown (Lodish and

Nathan, Lg72) that increasing the ug++ concentration in

reticulocyte lysate by two-fold caused the selective inhibi.tion

of ß globin synthesis. However, variable ratios of o to ß

globin chain synthesis has been observed in heterologous

cel1-free systems primed with globi-n mRNA. For example, the

ascites system generally synthesises an excess of ß-globin
(Mathews, L972; Mathews et â1., L972; Housman et al ., L97L;

Sampson et a1. , L972) even though the globin mRNA derived

from reticulocytes is known to contain more mRNA for o-globin

than for B-globin (r,oaish , I97I) . In a cel1-free system from

liver, however, orglobin chains are produced in excess (Sampson

et al. I L972). The globin mRNP complex was translated in the

feather cell-free system with a similar efficiency to the 9S

globin mRNA itself. Similarly, the finding that globin mRNP

can be translated in several cell-free systems as efficiently

as free 95 mRNA has been reported by several workers

(Lingrel et â1., I97l; Sampson et aI., L972; Olsen et al. , L972\.
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There is now general agreement as to the number and

molecular weight of the proteins bound to severäI mRNArs

(elobet, L972; 1973¡ Lebleu et al . r L97I; It{orel et al. , L97L,

I973; Bryan and Hayashi, 1973). Nevertheless' some controversy

remains as to whether the variable amounts of minor protein

bands presenÈ in the mRNP are contaminants or fulfilI some

functional rol.e (for a review see lfilliamson, J-973). Moroever,

the proteins of the mRNPrs do not appear to be the ribosomal

initiation factors (¡ludel et aI . , L973).

It is obvious that before any final conclusions can

be drawn about the ability of the 14-day feather lysate

to translate globin mRNA and mRNP further studies must be

undertaken. The variabilit.y of response of the system to the

added mRNA and mRNP and the variable ratios of a and $ globin

chains synthesised cannot be reconcíled on the present d.ata.

The titration of the globin mRNA and mRNP should be done in

the feather ceIl-free system using a range of KCl and MgCl,

concentrations. This wilI provide information as to the

optimum concentrations of mRNA to prime the system and

furthermore, the optimal conditions of the system for its

translation. When these conditions have been determined it

will be possible to conclude whether or not the apparent

preferential synthesis of o globin chaj-ns is in fact real.



CHAPTER SIX

TSOLATION OF T'EATHER KERATTN MRNA AND TTS TRANSLATION

TN A RABBIT RETTCULOCYTE CELL-FREE SYSTEM
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A. INTRODUCTION

The approach to the problem of the isolation of

feather keratin mRNA was alt'ered following the unsuccessful

attempts to obtain reproducible results in isolating it

either by SDS treatment of polysomes (to release the free

mRNA) or as an RNP complex by treating polysomes with EDTA.

During the period of this earlier work Berns et al . (L972¿,\

had reported that the mRNA coding for the l-ens crystallin

protein ûZ (mol. wt. 19,000) had an S value of 14. When this

was compared with globin mRNA which was 95 and coded for a

protein of 16,000 mol. wt. it was obvious that keratin mRNA

could. be larger than the 6-75 expected for a mRNA coding for

a protein of mol. wt. 101000. The presence of a sequence of

adenylic acid residues (poly A) associated with vaccinia virus

6RNA was reported by Kates (1970). Further work indicated that

this could be true of most eukaryotic mRNA species (Lim and

Canellakis, ITTO; Edmonds et a1., I97L; Darnell et a1., L97Ii

Sheldon et al., l97L). Moreover, Lee et al- (1971b)and

grawermann et al. (Ig72) reported that polyA-containing RNA

species \^rere lost into the phenol phase, during the phenol

extraction of polysomes if high concentrations of salt were

present in the aqueous phase. The mod.ified approach used

\^/as phenol-extraction of Èhe L4 day f eather polysomes (l,ee et al- ,

LgTLb)followed by assaying this unfractionated RNA in a rabbit

reticulocyte lysate ce|I-free system. It was becoming

increasingly clear at this time that the reticulocyte lysate

system was capable of translating mRNA species isolated from

cells of non-erythroid origin. Examples of such mRNA species
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trairslated include those of immunoglobulin lighÈ chain

(Stavnezer and. Huang , L97L) ¡ ovalbumin (Rhoads et al. , L97L¡

R.osenfeld et aI. , L972a,b) ¡ histones (Gallwitz anð. Briend.l ,

L972) ¡ crystallins (Berns eL al. , L972al .

The initial aim was to establish that keratín mRNA

was present in an undegraded form in total polysomal RNA and

could be translated in reticulocyte lysate without the addition

of any other component from feathers. The mRNA species itself

could then be isol-ated by assaying in the reticulocyte cell-

f::ee system, fractions obtained by sucrose gradient centrifugation

of the polysomal RNA. The present chapter describes the success-

ful isolation of feather keratin mRNA using this approach.

B. MBTHODS

1. Precautions taken Èo mi-nimise RNÄse contamination

Rigorous precautions were .t aken to minimise RNAse

contamination at alt stages during the preparation and trans-

Iation of the mRNA. AII glassware was washed. with 1 M KOH

before'use, rinsed thoroughly in bi-distilled water and dried

at I00". AIl solutj-ons vÍere prepared in aIkali washed glass-

ware and treated with 0.1? diethylpyrocarbonate overnighL before

use (williamson et â1, , 1-97I) . Pipettes were given a final

rinse. in bi-distilled water containing 0.1Íà diethylpyrocarbonate

and dried at 110o overnight before use. Dialysis tubing used

to dialyse rabhit reticulocyte lysate was allowed to reach

boiling point in bi-distilled water containing 0.Iå diethyl-

pyrocarbonate and. 1% NaHCO, and then rinsed twice in bi-distilled.

water.
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Plastic disposable gloves vlere worn when preparing

the lysate for dialysis. Ethanol and phenol vTere re-distilled

before use in alkali washed apparatus which had been. dried

at 110" overnight before use.

2. Phenol extract j-on of polysomal RNA from chick

embryo feathers and rabbit reticulocytes

The method of Lee et al-. (I97l-b) was used except that.

extraction \das carried out at room temperature. Centrífugation

to separate the phenol and aqueous phases was at 5000 g for 10

minutes at 15o. The combined aqueous phase vrere pooled and

precipitated overnight at -15o by the addition of 2.5 volumes

of redistilled ethanol and 0.1 volume of I M NaCl. The RNA

was collected by centrifugation at 20,000 g for 30 minutes at

-10". The supernatant was decanted and. the RNA dried either

using a stream of dry N, or in later preparations, in a vacuum

desiccator over fused CaCLr. For assaying in the cell-free

system, RNA samples lrere dissolved in 10 mM Tris-HCl , pH 7.4

and. aliquots were taken to determine the concentration. The

absorbance of unity in a 1 cm cell at 260 nm (AZOO = 1) was

assumed to be a concentratj-on of RNA of 40 Vg/mI (Rosenfeld

et aI. , L972a) .

3. Preparation of rabbit ret,iculocyte lysate

Lysate was prepared as described (see Chapter 2.8.4) .

In initial experiments lysate was freshly prepared before use,

Lor later experiments larger batches were prepared and st,ored

as 1 ml aliquots in liquid N2. No loss of activity was found
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on storage for three months.

4. Dialysis of reticulocyte lysaLe

Lysate was d.ialysed at 1o for 3 hours in 500 ml of Lhe

buffer used for d.ilution except that the DTT concentration was

lowered to 0.5 mM. A buffer chanie was made after 1.5 hours.

5. Composition of cell-free system

The reaction mixture contaíned, in a total volume of

0.5 ml: 0.37 mI of lysate' I mM ATP' 0.2 mM GTP, 15 mM creatine

phosphate, 50 ¡tg creatine phosphokinase, 10 nmoles of each of

the 19 amino acids (minus either seríne t or leucine whichever

was used as the label) , l0 mM tris-HCI pH 7 .4. The concentrations

of KC1 and MgC1, were adjusted to 125 mM and 3.8 mM respectively

by adding aliquots of I M KCl and 100 mM MgClr. fn some

experiments the lysate volumes r¡¡ere altered. (refer to figure

captions for details).

tfre reticulocyte ceIl free systems were incubated at

25", to.overcome the need for adding exogenous haemin (Adamson

et aI.r 1968; Hunt et â1., L972; Gross and Rabinovitz, 1973).

6. rd.entif ication of Products synthesised in rabbit

reticuloc te1 sate

The post-ribosomal supernatants were prepared by centri-

fugation of incubation mixtures at 1901000 g for I hour (4oC)

in a 'Beckman Ti 50'rotor using either antL:50'or'L2-501

ultracentrifuge. The supernatanLs v/ere treated to remove

haem using the method of Schapir:a et aI. (1968 ) as modif ied. by
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Lane et al. (1971) .

7. Prepa ration and S-carboxYmethY lation of haem-free

post-ribosomal supernatants of incubation mixtures

The method was essentially that described by Harrap

and V'ioods (1964aþ) as modif ied by Kemp et a1. (I97 4) . The

centrifugation step was omitted. The S-carboxymethylated

proteins were dialysed exhaustively against d.istilled water and

then freeze-dried.

B. DEAE-celtulose chromatography of SCM-proteins from

retj-culocyte lysate supernatants

The freeze-dried preparations were each dissolved in

2 mL of buffer (8 M urea, I mM EDTA and I0 mM Tris-HCI, PH 7'0)

and fractionated on 1 x I cm col-umns of DEAE-cellulose. Elution

was with a linear gradient of KCl (200 mI, 0-0.15¡f ) dissolved

in Lhe loading buffer. Flow rate was 10 mL/hour and 6.0 ml

fractions were collected.

Aliquots from fractions were treated with 20e" TCÀ' for

the determination of acid. insoluble radioactivity.

9. Pol ac 1amíde 1 elect horesis of radioactive oteins

Samples containing known amounts of protein were subjected

to potyacrylamide gel electrophoresis at pH 2.7, using ethylene

diacrylate as Èhe cross-linking agent as described by Kemp "t 31.

(Le74 ) .
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10. Electrophoresis of radioactive proteins on gy1 trea/

SDS qels

' Known aliguots of radioactive proteins were co-electro-
phoresed with ScM keratin on the SDS/BM urea ge1 system devised by

Swank and Munkres (1971). After staining and scanning the gels

at 515 nm the gels \^/ere sliced into l mm sections and counted

in the NCS-based toluene scíntillation fluid of Ward et al.
(L970) as modifíed by Hopgood (personal communication). This

scintillation fluid was prepared using 0.3 ml NCS and 0.025 ml

8 N NH4OH for 2.2 mI of toluene, POPOP/PPO. Aliquots of
2 ml dispensed into 2.5 ml scintillation vials. The gels lrere

serially sliced. into 1 mm sections and each section was placed

directly into the scintillation cocktail. The vials were

capped and allowed to stand at room temperature for 24 hours,

before counting. A check revealed that there was no further

increase in radioactivity rel-eased from the ge1 slice after this

time.

11. Immuno recf itation of keratin s thesised in rabbit

reticuloc e lysate

Antisera against native adult feather keratin was raised

in a goat by Dr. D.J. Kemp.

Generally, two equal aliquots were taken from post-ribosomal

supernatants of the incubation mixtures and to each was added 10 UI

of goat anti-keratin serum or 10 Ul of normal serum. The mixtures

welîe then incubated. at 37"C for I hour. Rabbit-anti goat serum

(50 ¿¡ was added to each.tube to precipitate the goat serum protein.

The mixtures vTere allowed to stand at 4o to complete the
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precipitation. The protein was pelleted by centrifugation

at, 31000 g for l0 min. The supernatants were decanted. and.

thg pellets resuspended in I mI of polysome buffer to remove

non-specifically adsorbed material. The protein was allowed

to settle by standing the tubes on ice for 15 min. and

recentrifuged. The protein pel1et was resuspended. in the buffer,

collected on GF/C discs and dried at 110" for determination of

radioactivity.

It should be noted that the overall efficiency of the

two step immunoprecipitation procedure in precipitating 1abelled

keratin from the ceII-free system was only about 50U (Kernp,

personal communication) .

12. Isolation of acetylated N-terminal peptides from

keratin synthesised in the lysate system

Labelled keratin synthesised in vitro was mixed with

40 mg of SCM-feather keratin and dissolved in 4 mI of 0.2 M

N-ethylmorpholine acetate, pH 8.3 and incubated with 1.0 mg of

chymotry.psin, for 24 hours at 37". The enzymic digest was

ad.justed to pH 5.2 by the addition of acetic acid and immediately

fractionated by chromatography on Dowex AG 50W-X8, 100-200 mesh
-l-(H' form), (Narita, 1958; O'Donne11, 1971).

The bound fraction was eluted from the col-umn with

70 mI of I N NH4OH. Both fractions were taken to dryness by

rotary evaporation at 40o. The residue of the non-bound

fraction was dissolved in I m1 of water and applied to a column

of Dowex lx8, -400 mesh.(formate form) and eluted with a non-

linear formic acid gradient (270 m1, 0.1-0.5 M) (Kemp, L972).
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The eluate was automatically monitored by the nin-

hydrin reaction after alkaline hydrolysis using a Technicon

a'utoanalyser and 3 m1 fractions were collected. Aliquots (1 mI)

h/ere dried at IOO"C and counted in NCS-based toluene scintillation

ftuid (see Methods 6.10)

13. Polyacrylamide qe1 electrophoresis of RNA samples

Electrophoresis of RNA in 9BZ formamide \,üas based on the

system devised by Staynov et al. (1972) with the modification

suggested by Gou1d and Hamlyn (1973), except that Zeokarb 225

was used instead of Amberlite to deionize the formamide.

Acrylamide and bis-acrylamide were recrystallised before use

(Loening , L967) . Cylindrical gels (B cm x 6 mm diam.) $/ere

prepared in Perspex tubes and overlayed with water to give

level get surfaces during potymerisation. The gels were allowed

to polymerise overnight at 37" and pre-electrophoresed for t hr

at 1 mA/gel before use. The RNA samples were dissolved in 50 U1

of J-oadíng buf f er (Gou]d and Hamlyn , L973, and shaken at 37 "

for 15 min in a water bath before loading. Electrophoresis was

carried out at 1.0-1.5 mA/gel until the tracker dye band. of

bromophenol blue just reached the bottom of the gels (about

24 hr). In initial experiments the gels were soaked for 3 hr

in 104 HAc, and stained in 0.5% toluidene blue (dissolved in

55 mM NaAc, 0.1 mM EDTA, pH 5.5). The gels \^/ere destained

overnight in distilled water. In later experiments the gels

were stained. us.ing 'stains all' (oahlberg et aI., 1969). The

gels were scanned in a Gilford linear transport attachment

coupled to a l¡I & tr{ recorder. The distance that the RNA bands
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migrated from the origin was thên accurately plotted'-

RESULTS.

1. Characterisation of Proteins synthesised. in a reticulocyte
c

celI-free system in response to add.ed 14-d feather

polysomal RNA

Fig. 6.1 shows the radioactivity profiles obtained by

chromatographic separation on DEAE-cellulose of carboxymethyl-ated

retj-culocyte cell-free system post-ribosomal supernaLants after

incubation of about 75 Ug of phenol-extracted 14-day feather

polysomal RNA. The main peak of radioactivity eluting at the

gradient front was the in vitro synthesised globin. This had

a much higher specific activity with 14C-.1goI hydrolysate

than when 3H-setine was used. In Contrast, the peak eluting

after globin, in the region expecLed for keratin was labelled

to a .greater extent relative to globin when l4c-="tine was used

as the 1abel. To determine whether the radioactivity in the

latter fraction was synthesised keratin the fractions indicated

were poo'Ied, exhaustively dialysed against distilled water and

freeze-dried. Atiquots were co-electrophoresed with unlabelled

keratin on soluble polyacrylamide grels at pH 7 .5. The gels

r^/ere prepared for counting, âs described., (see Methods 2.86 t7) .

Fig. 6.2a-c shows the results obtained. The major

peaks of radioactivity precisely coincided with the major

keratin bands ß3 and 94. The absorbance in the keratin region of

the gel r¡/as almost entireJ_y due to added carrier protein,

whereas the absorbance in ù,he lower mobility region of the ge1

was due to protein from thê lysate co-chromatographing with



FIGURE 6. I. CHARACTERTSATION BY DEAE CELLULOSE

CHROMAÎOGRAPHY OF PROTEINS

SYNTHESISED IN A RETICULOCYTE

CELL-FREE SYSTEM TN RESPONSE TO ADDED

FEATHER POLYSOMAL RNA

Figure 6.Ia. A reticulocyte cell-free system prepared

as described (see Methods 6.85) was

incubated with 2.5 ltC of 14c-.1gt1

hydrolysate at 25o for 3 hr in the

presence of 75 Ug of phenol extracted

L4 day feather polysomal RNA. The post-

ribosomal supernatant was prepared as

d.escribed (see Methods. 6.8.6 & 7) and

fractionated on a column of DEAE-cellulose

(see Methods 6.8.8). Aliquots (1 m1,/6 mI)

of the column fractions vrere precipitated

\^/ith TCA for determination of radioactivity.

Figure 6.lb. As for (a) except that the celI-free system

was incubated vrith 3H-serirre

(25 UC, S.Act. I.2 C,/mM) .
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FIGURE 6.2. POLYACRYLAMIDE GEL ELECTROPHORESIS

AT PH 7.5 of IN VITRO SYNTHESISED

PROTETN.

The soluble gels were Prepared and

stained as described in Figure 4.7.

The gels lvere scanned using a JoYce

Loebel Chromoscan (see Methods 2.8.6) and sliced (see

Methods 2.8.7 ) for determination of radioactivity'

Figure 6.2a. Electrophoresis of 100 Ug of embryonic

chick feather keratin.

Keratin bands 92 ß5 are indicated.

Figure 6.2b. co-electrophoresis of 100 úg of feather

keratin with the material, ísolated from

pooled fractions (2) as shown in

Fig.6.la.

Figure 6.2c. As for (b) except that the material was

isolated from the pooled fractions as

shown in Fig. 6.Ib.
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keratin. IL was not present in the gel of unlabelled keratin

alone (Fig. 6.2a). Pooled fraction one' from the 14c-u.1g-1

hydrolysate labelled preparation contained no radioactivity

on the ge1 (result not shown) and was presumed to be endogrenous

protein synthesis of the reticulocyte cell-free system. From

this result it was concluded that keratin was synthesised in

reticulocyte lysate in response to the added feather polysomal

RNA. It appeared that it was advantageous to use radioactive

serine for following keratin synthesis presumably as the content

of this"amino acid was 508 higher in keratin at 12 moles per cent

(Kemp and Rogers, 1972 ) than in globin which has I moles per cent

(Dayhoff, L969).

The experiment was repeated using dialysed reticulocyte

lysate to lower the endoqenous serine pool and hence increase

the specific activity of in vitrg synthesised product. It is

known that the leve1 of free serine is very high in reticulocytes.

(p. Tolstoshev - personal communication). Fig. 6.3arb shows

the radj-oactivity profiles obtained by DEAE-ceÌlulose chromato-

graphy of the products synthesised j-n vitrg in response to the

addition of about 200 Ug of feather polysomal RNA and control

lysate, that is, lysate incubated. without exog'enous RNA. As

before, addition of the feather RNA resulted. in a peak of,

radioactivity chromatographing in the region expected for keratin

whereas this peak was essentially absent in the control.

Confirmation of the nature of the product was obtained by

co-electrophoresis of the pooled fractions with carrier keratin

(result not shown).



FIGURE 6.3. CHARACTERISATION BY DEAE CELLULOSE

CHROMATOGRAPHY OF PROTETNS SYNTHESISED

IN A RETICULOCYTE CELL-FREE SYSTEM IN

THE PRESEN CE AND ABSENCE OF FEATHER

POLYSOI,IÄL RNA.

Figure 6.3a. Details as given in Fig. 6-1a except that

dialysed retj-culocyte lysate (see

Methods 6.8.4) was used.

No exogenous RNA was added and the cell-

free system was incubated with 3n-

serine (10 uC, S.Aet. L.2 c/mM).

Figure 6.3b. As for (a) except that approximately

2OO Ug of 14-d.ay feather polysomal RNA

hras added to the cel1-free system.
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2. Sucrose qradient sedimentation of 14-d.ay feather

polysomal RNA

Fig. 6.4a shows the absorbance profile of total feather

polysomal RNA fractionated by sucrose gradient centrifugation.

In addition to the major peaks of RNA, the 18S,28S rRNA's

and tRNA peak (which also contains the 55 rRNA from the 605

subunit (Comb and Zehavi-Willner, 1967; Knight and Darnell,

L967 ) two minor peaks of RNA sedimenting at l2S and 14S

respectively \^/ere apparent. The S values of these minor RNA

species r,'rere estimated (Fig. 6.5a) using the method of Martin

and Ames (1961) as described in MethodsòB.11.trrlhen the centrifugation

conditions were altered (see Fig. legend for details) the 14S

RNA was unresolved from the 18S and RNA and. a further RNA species

sedimenting at 95 was observed (Fig. 6.4b). This result should

be compared with the absorbance profile of total phenol-extracted.

rabbit reticulocyte RNA shown in Fig.3b.4c. The result is in

accord with the published data (for example, Williamson e: aI.'

I97L; Lingrel et a1. , L97L) in that there are three minor RNA

species sedimenting in the 7 - 17S region, with S values of
9, 12 and 15 respectively (see Fig. 6.5b). The 9S RNA

isolated from rabbít reticulocyte polysomes codes for the q and ß

globin chaj-ns (Housman et a1., L97I¡ Lane et aI., I97L; Mathews,

Lg72; Metafora et â1., L972¡ Sampson et aI., 1972;'Lockard and

Lingrel , 1973). The I ã and 15S RNA species are of uncertain

origin (williamson and Morrison, I97l-\.



FTGURE 6.4. SUCROSE GRADIENT SEDIMENTATION OF POLYSOMAL

RNA

Figure 6.4a. About 25 AZAO units of 14-day feather poly-

somal RNA were dissolved in 0.5 ml of

buffer (30 mM NaAc, 20 mM EDTA, 40 mM

Tris-HCI, pH 7.5, 0.53 SDS) and layered

over a 10-40? w/v sucrose gradient

prepared in the same buffer, but without

SDS.

Centrifugation was for 15 hr at I47,638 I
(a.v. ) at 4o. The absorbance was monitored

using an LKB ultraviolet analyser (see

Methods 2.8.9') .

Figure 6.4b. Details as for (a) except that the

centrifugation was for 16 hr at 20I, l-25 g

(a.v. ) at 40.

Figure 6.4c. About 50 AZOO units of phenol-extracted

rabbit reticulocyte polysomal RNA was

analysed in a similar manner to that

given in (a). Centrifugation conditions

bh7ere as gaven
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TTCUNE 6.5. ESTIMATION OF S VALUE OF RNA SPECIES

DETECTED BY SUCROSE GRADIENT SEDIMENTATION

Figure 6.5a. The IRNA (4S) and the 18S rRNA l^tere used

as standards (see Methods 2.8.10) to

determine the S value of the two minor

peaks of RNA shown in Fig. 6.4a.

Figure 6.5b. The S value of the three minor peaks of

RNA shown in Fig . 6.4c hrere determined

by the method described in (a).
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3. Experiments to determine the location of keratin mRNA

activity in the sucrose-qradient f,ractionated feather

polysomal RNA

A total of approximately 100 A26O units of polysomal

RNA was centrifuged on 4 gradienÈs.

The absorbance profiles of all 4 gradients were identical

to that shown in Fig. 6.4a. The gradients were pooled as shown

into the 2BSt 18S, 7-I7S and tRNA regions. The RNA in these

fractions was ethanol precipitated, and dried as described

(see Methods 6.82). The fractions (half of the total 7-L7s

region RNA only) were incubated individuatly in 0.5 mI reticulocyte

ce1l-free systems using 14c-I"ocine to label the in vitro

synthesised products. Figure 6.6a-e shows the radioactivity

profiles of the chromatographic separation on DEAFì-cellulose

of SCM-derivatives of the products in the post-ribosomal

supernatants prepared as described previously. In this

experiment unlabelled SCM-keratin was chromatographed to

determine precisely in which fractions the keratin eluted.

Fig- 6.6f shows the absorbance profile (AZgO) of the unlabelled

keratin. The greatest amount of labelled amino acid incorporated

in the keratin region was obtained with the 7-17S RNA (Fig. 6.6c).

A lesser degree of incorporation was obtained with the added

¿RNA and lBS RNA species (Fig. 6.6b,d). The 2BS RNA significantly

lowered the total incorporation and no labelling in the keratin

region was apparent (Fig. 6.6d). To completely substantiate

that the labelled material was keratin the índicated fractions were

pooled, dialysed and freeze-d.ried. Aliquots were co-electrophoresed

on soluble polyacrylamide gels at pH 2.7 (see Methods 6 .eg) with



FTGURE 6.6. CHARACTERTSATION BY DEAE-CELLULOSE CHROMATO-

GRAPHY OF PROTEINS SYNTHESTSED IN A

RETICULOCYTE CELL-FREE SYSTEM TN RESPONSE

TO ADDED FEATHER POLYSOMAL RNA FRACTIONATED

BY SUCROSE GRADIENT SEDTMENTATION.

Figure 6.6a. A dialysed reticulocyte cell-free system
I4

o
(0.5 ml) was incubated with 1.5 UC of c-

leucine (s. Act' 312 mcrlmM) for 3 hr at 25

No exogenous RNA added.

Other detaitrs as given in Fig. 6.la.

Figure 6.6b. As for (a) except that the tRNA fraction

was isolated from 14-day feather polysomal

RNA and incubated in the cell-free system-

Figure 6.6c. Addition of 7-L7S region RNA.

Figure 6.6d. Addition of 1BS rRNA fraction.

Figure 6.6e. Addition of 28S rRNA fraction.

Figure 6.6f. chromatography of 10 mg of chick feather

kerati-n.
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labelled SCtr4-feather keratin carrier

The results are shown in Fig. 6.7a-d. Keratin bands

A;E of Kemp and Rogers (1972) are indicated. Clearly the maximum

stimulation of radioactivity incorporation which is co-incident

with the absorbance profile of keratin occurred with the added

7-L7S RNA fraction, with lesserstimulation of incorporation by

the 18S RNA. No counts above background were present in eit.her

the control lysate (i.e., without added RNA) or with the |RNA

fraction (Fig. 6.7a,b). The results from both the DEAE-column

chromatography and polyacrylamide ge1 electrophoresis at pH 2.7

demonstrated that the 8-175 RNA fraction was the one most

highly enriched in keratin mRNA activity.

The experiment was repeated exactl-y as has been described

except Lhat l4c-""rine was used to label the ih vitro synthesised

protein. The DEAE-column profiles obtained are shown in Fig. 6.8a-d.

In agreement with the previous result the main stimulation of

keratin synthesis was promoted by the addition of the 7-I7S RNA

fraction (Fig. 6.Bb), with progressively less stimulation by the

18S and 2BS RNA species (Fig. 6.Bc and d). The IRNA fraction

gave 1it.t1e or no stimulation of keratin synthesis. The fractions

from the DEAE-cellulose columns were pooled as shown and prepared

for polyacrylamide ge1 electrophoresis. Fig. 6.9a-c shows'on1y

the radioactivity profiles of the samples electrophoresed on

soluble polyacrylamide gels at pH 7.5. ft should be noted that

for samples 6.9b and c the total material obtained was electro-

phoresed whereas for 6.9a only one quarter of the total material

obtained was loaded onto the gel.



FIGURE 6.7. POLYACRYLAM]DE GEL ELECTROPHORESIS AT

pH 2.7 OE rN VrTRO SYNTHESTSED PROTEÏN

The pH 2.7 gels were prepared as given in

Figure 4.8. Keratins bands A - E are indicated.

Figue 6.7a. Co-electrophoresis of the material isolated

from pooled fractions showed in Fig. 6.6a'

with 100 pg of chick embryo keratin.

Figure 6.7b. As for (a) except that material- was isolated

as shown in Fig. 6.7b.

Figure 6.7c. As for (a) except that one-hal-f of the

material isolated as shown in Figure 6.7c

was electrophoresed.

Figure 6.7d. As for (a) except ¡¡¡s material was isolated

as shown in Fiq . 6 .6 d.
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FIGURE 6. B. CTIARACTERISATION BY DEAE-CELLULOSE

CHROMATOGRAPHY OF PROTEINS SYNTHESÏSED

TN A RETICULOCYTE CELL-FREE SYSTE}4 IN

PGSPONSE TO ADDED FEATHER POLYSOMAL RNA

FRACTIONATED BY SUCROSE GRADIENT

SEDIIVIENTATTON .

Details as given in Fig. 6.6 except that

the cell-free system (2.0 m1) was j-ncubated with 3"-

serine (10 üc, s.Act. r.2 c,/mM) .

Figure 6.8a. Chromatographic separaÈion of in vitro

products synthesised when feather tRNA

added.

Figure 6.8b. Addition of 7-I7S region RNA.

Figure 6.8c. Addition of lBS rRNA.

Figure 6.8d. Addition of 28S rRNA.
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FIGURE 6. 9. POLYACRYLAMIDE GEL ELECTROPHORESTS

AT pH 7.5 OF IN VITRO SYNTHESISED

PROTETN

The pH 7.5 gels were prepared as

described in Figure 5.7a, except that no carrier

keratin was added.

Figure 6.9a. El-ectrophoresis of one half of the

material isolated as shown in Fig. 6.8b.

Figure 6.9b. Electrophoresis of material isolated
as shown in Fig. 6.8c.

Figure 6.9c. Electrophoresis of material isolated
as shown in Fig. 6.8d.
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4. Purification of the B-I7S r ion RNA s r_es a

second cycle of sucrose gradient centrifugation

To determine which species of RNA sedimenting in the B-17S

region coded for the feather keratin the RNA from this region of

4 gradients similar to that shown in Fig. 6.4a were pooled,

reprecipitated and recentri-fuged on a sucrose gradient (see legend

to Fig. 6.7a). Fig. 6.10a shows the absorbance profile obtained.

Clearly the major species present (other than the IRNA and 18S

rRNA species) are the 14S and 12S species with the 95 RNA

sedimenting as a shoulder on the 1-2S RNA peak.

For comparison Fig. 6.10b shows the profile obtained on

recentrifugation of the 7-L7S pooled RNA fractions from rabbit

reticulocyte polysomal RNA. A plot of S value, taking the 45

¡RNA and lBS rRNA as standards, indicated that the S values of

the three peaks were g, 12 and 15 respectively. That is, the

same species of RNA were resolved in the recentrifugation as in

the first purification run (see Fig. 6.5b).

5a. Assay for keratin mRNA activity in purified feather

pol-ysomal RNA fractions

The I2S,14S and lBS peaks of RNA isolated from feather

polysomes isolated from a second. cycle of sucrose density

centrifugation were isolated as shown (see Fig. 6.10a). These

fractions were tested for keratin mRNA activity in a reticulocyte

cell-free system. Incubation mixtures of 0.5 ml, each containing
't ¿.5 uC of -oc-serine to label the products lrere used.

For comparison, t'otaI 7-L7s region RNA wãs added to one

incubatj-on mix. Fig. 6.1la-e shows the DEAE-chromatography profile



"FTGURE 6.10. PURIFICATION OF 7-I7S REGTON RNA

SPECIES BY A SECOND-CYCLE OF SUCROSE-

GRADIENT CENTRIFUGATION

Figure 6.10a. The 7-L7S RNA from four gradients of

feather polysomal RNA was pooled as

shown in Fig. 6.4a and rerun on a

gradient prepared as described in

Fig. 6.4. Centrifugation was for

l-6 hr at 2OI, L25 g (a.v.) at 30.

Figure 6.10b. Recentrifugation of 7-L7S RNA from

two gradients of rabbit reticulocyte

polysomat RNA pooled. as shown in

Figure 6.4c. Other details as in

(a).
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FIGURE 6.11. KERATTN MRNA ACTTVTTY IN PURIFIED FEATHER

PoLYSOMAL RNA FRACTIONS AS ASSAYED BY

DEAE-CELLULOSE CHROMATOGRAPHY OF TN VITRO

SYNTTIESISED PRODUCTS .

Details of chromatography of post-r'ibosomal

supernatants as given in Fig. 6.1.

Figure 6.l]a. Radioactivity profile of fractions eluted

from the column when no exogenous RNA

added to cell-free system.

Figure 6.llb. Crude 7-I7S feather polysomal RNA added'

(40 us).

Figure 6.IIc. 12S RNA (25 Ug) added.

Figure 6.IId. t4S RNA (22 ug) added-

Figure 6.11e. 18S RNA (45 ug) added.

Figure 6.11a'. Absorbance profile (AZgO) of unlabelled

protein eluted from. the column r:ttn shown

in (a) .

Figure 6.11b'. Absorbance profile (AZgO ) of (b).
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of the post-ribosomal supernatants (prepared as described

previously). For the control reticulocyte cell-free system and the

8-I7S RNA the absorbance profile (AZAO) of the fractions and

conductivity are shown as well as the radioactivity profile.

b. Analysis of in vitro synthesised products by polyacrylamide

ge1 electrophoiesis at pH 7 .5.

The results of polyacrylamide gel electrophoresis at

pH 7.5 of the ceIl-free products synthesised in the lysate in

response to the addition of the I2S,11S and 1BS RNA fractions

are shown in Fig. 6.L2a-c. These results confirm that the

main stimulation of keratin synthesis in the celI-free system

was obtained from the I2S RNA species, and to progressively lesser

extents, from the L4 and lBS RNA fractions.

c. Analysis of in vitro syn thesised products on SDS/BM urea

1 ac lamide els

In addition to establishing that the keratin synthesised

in the cel-l-free system co-electrophoresed with unlabelled SCM-

keratin at both pH 7.5 and pH 2.7, the in vitro synthesised

prod.uct was also characterised by co-electrophoresis with SCM-

feather keratin using the SDS polyacrylamide ge1 system devised

by Swank and Munkres (197I). The result is shown in Fig. 6.13a-c.

Un1abelled SCM-keratin is seen to run as predominantly one major

band (Fig. 6.13a), wíth minor peaks even though (as has been

discussed in the Introduction) the chick feather keratins have been

shown to consist of a family of about 25 homologous proteins, all

of about 10,000 daltons. Comparison of this absorbance profile



FIGURE 6.T2. POLYACRYLAMTDE GEL ELECTROPHORESTS AT

pH 7.5 OF CELL-FREE PRODUÇTS

SYNTHESTSED TN RESPONSE TO THE ADDTTION

OF 12, 14, and 18S RNA SPECIES.

The electrophoresis was carried'out as

described in Fig. 6.2.

, 4-í.ort" 6.I2a. One quarter of the maÈeria1 isolated as

shown in Fig. 6.lIc was electrophoresed.

Figure 6.12b. One half of the material isolated as

shown in Fig. 6.lld was electrophoresed.

Figure 6.I2c. Electrophoresis of one-half of..tþe.. ,..

material isolated as shown in Fig. 6.IIe.
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FIGURE 6.13. ANALYSIS OF IN VTTRO SYNTHESISED

PRODUCTS ON SDS/8M UREA POLYACRYLA¡'IIDE

GELS.

Electrophoresis staining and determination

of rad.ioactivity was carried out as described (see

Methods 6.8.10). Densitometry was as given in Fig. 4-7.

Figure 6.13a. Electrophoresis of 100 ug of unlabel-Ied

feather keratin.

Figure 6.13b. Co-electrophoresis of 100 Ug of feather

keratin with one half of the material

isolated as shown in Fig. 6.11a.

Figure 6.13c. As for (b) except that one half of the

material i-solated as shown in Fig. 6.I1b

was electrophoresed.
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of unlabelled SCM-keratin and. those of the co-electrophoresis

analysis of the products (material obtained from pooled fractions

shown in Fig.6.1laobt,ained from a control reticulocyte ceII-free

system (no exogenous RNA ad.ded) shows that some proteins

contributing to the absorbance profile were derived from the

reticulocyte lysate. Absorbance and radioactivj-ty profife of

the SDS polyacrylamide gel in which unl-abelled SCM-keratin was

co-electrophoresed with labelled protein synthesised ín the

cell--f,ree system in response to the added B-17S RNA are shown

in Fig. 6.13c. No cpm above background was detectable in any

region of the gel other than the keratin band.

(d) Immunoprecipitation of the cell-free product

Specif ic immunoprecipitatign (=1* .Methods 6 ¡f il of the

in vitro synthesised product from the post-ribosomal- supernatants

of the reticul-ocyte lysate to which B-I7S feather polysomal RNA

had been added provided further evidence that keratin synthesis

was promoted bythe e<ogenous RNA. Table 6.1 shows that about

17.6Íà of the radioactivity in the lysate. precipitated by goat-

anti-keratj-n serum whereas only about 0.84% of the radioactivity

was precipitated in the control incubation.

Îf allowance is made for the finding that about 50% of

the labelled keratin in the post-ribosomal =rrp"t.t.tant was

precipitated by the anti-serum (see Methods 6.1I) it foll-ows

that about 35% of the labe1 in the sûpernatnat protein represents

keratin.



TABLE 6.1, SPECTFTC IM¡4UNOPRECIPITATION OF CELL'FREE PRODUCT'

RNA

None

]-I7S

Total cprTr,
incorporated

20 t057

l_8 r 311

Anti-keratin
serum cpm

169

3 t228

nor¡nal serum

195

% of total
cpm ppt" by
anti-kergtil
serum

0,8

17,6

Egua} aliquots (0.2 ml) of the post-ribosomal supernatant of a
reticulocyte cell-free system (0.5 m1) íncubated. in the presence
and absenèe of 7-l-7S feather polysomal RNA were precipitated
wíth either normal serum or anti-keratin serum as described (see
Methods 6.8.1I). The radioactivity is expressed as per 0'2 ml
aliquot.
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(e) Acetylat.ion of the N-terminal serine residues of

keratin synthesised in vitro

The keratin synthesised in a reticulocyte celI-free

system was tested for the presence of acetyl-blocked N-termini.

An aliquot of l4C-="ti.r. tabelled cell-free product, ísolated

by DEAE-celluIose chromatography (Fig. 6.IIc) was digested with

chymotrypsin and the blocked N-terminal peptides isolated on

Dowex 50 (see Methods 6.812). The total radioactivity in the

blocked peptj-des eluted from the column was 4484 cpm compared

to 59958 cpm in the bound peptides, giving a ratio of about L:L2.

Since keratin synthesis must have been completely q9 novo' the

specific activity of the N-terminal serine residues should be

identical to the specific actÍvity of each internal serine

residue. It has been established that there are about 12

serine residues per mole in ernbryonic feather keratin (Kemp and

Rogers, Ig72) and thus the result obtained agrees well with the

expected value.

Fig. 6.I4 shows the absorbance and radioactivity profile

obtained. after fractionation of the N-terminal peptides on Dowex I

(see Methods 6PI2). The peaks of absorbance marked A and B

have beenshown to be Ac-Ser-SCM-Phe and Ac-Ser-SCM-tyr respectively

(Vtralker, L974). Label was coincident with both of these peaks

indicating that both of the inajor N-terminal peptides were

acetylated in the cel-I-free system. It is uncertain whether

peptidg X is an N-terminal- peptide (Walker, personal communication).



FIGURE 6.L4. ISOLATION OF ACETYLATED N-TERMINAI

PEPTTDES FROM KERATTN SYNTHESÏSED

IN VTTRO

Approximately three quarters of the

ce1l-free product isolated as shown in Fig. 6.llc

was used. The chromatographic separation of the

blocked N-terminal peptides on Dowex-SO is shown.

A570

H cpm.
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6. Effect of addition of exoqenous RNA on endogenous

incorporation by the reticulocyte cell-free system

" Table 6.2 shows the total incorporation obtained in

several experiments in the presence and absence of various

feather RNA fractions isolated by sucrose gradient centrifuga-

tion. It is apparent that the addition of tRNA' .1BS rRNA

or 2BS rRNA to the cell-free system markedly reduced the

total incorporation, when either serine or leucine was used

as label. The degree of inhibition by a partícu1ar RNA

fraction varied markedly and the effect of these RNA species

was not constant relative to one another.

In most experiments the addition of this 7-I7s

RNA fraction slightly l-orverdthe total incorporation. However'

in two experiments its presence stimulated the total-

incorporation aS compared to the control. Moreover, it'

shoutd be noted that the addition of 7-L7S RNA (40 ud)

stimulated the reticulocyte system to a greater extent than

L2S RNA (25 U9), purified by two cycles of centrifugation

when the effect of the two RNA fractions was compared in the

same experiment. However, it is clear from the DEAE-column

chromatography of the in vitro synthesised products (see

Fig. 6.IIb,c) that the 12s RNA stimulated a greater amount

of keratin synthesis than did the 7-L7S RNA.

7. Estimation of molecular weight of keratin mRNA on

poly acrvlamide gels containing formamide

Keratin mRNA prepared by two successive cycles of

centrifugation was electrophoresed alone and with RNA



TABLE 6.2. EFFECT OF ADDITION OF' EXOGENOUS RNA ON

ENDOGENOUS TNCORPORATION OF THE

" RETICULOCYTE CELL-FREE SYSTEM.

Aliquots (0-02 :$1), ,were removed for determination
of acid-precipitable radioäctivity fronl cell-free systems

incubated in the presence of vaiious feather RNA fractions.
The radioactivity is expressed as cpm incorporated. per aliquot
of t ml of incubation mix.

It should be noted Lhat different batches of
reticutocyte J-ysate \{ere used in each experiment.

RNA added 3__H-Serlne
I 0uc/m1
(S.Act. I.2c/

mM)

3__H-Sert_ne
I 0uclm1
(S.Act . I.2c/

mM)

t4c-1"oci-ne
3uclml
(S.Act . 312mC/

mM

None

tRNA

7-L7S
18s
28s

792

808

422

513

L979

987

158 9

1r1 I

T7 947

16878
24636

L47LB

6L32

Total incorporation of experiment described in Results 6.C,5.
Label used was 4 yc/ml 3n serine (s. Act. I.2 c/mM).

RNA added cpm incorporated in (0.2 ml)
per I ml incubation mix

None

7-t7s
L2s
14S

18S

9s26
347 04

18 568

2LB7 4

16900
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markers in gels containing formamide. An absorbance scan

of the mRNA co-electrophoresed with markers is shown in

Fig. 6.15. An estimate of the mol. wt. of the keratin

mRNA was obtained by plotting the distance migrated by the

markers against the 1og of mol. wt. Using this method a

value of 230r0OO was obtained for the mol. wt. of the keratin

mRNA.

Rabbit globin mRNA and keratin mRNA were also

prepared by EDTA release of the mRNP complex from the

polysomes, followed by sucrose gradient centrifugation for

purification of the mRNA liberated f,rom the isolated mRNP

complexes by sDS (prepared by D.J. Kemp). IL can be seen

(Fig. 6.16) that keratin mRNA prepared by this method electro-

phoresed as a single sharp band, whereas the globin mRNA

split into twô aiçcrete bands. Keratin mRNA prepared by

the same method was co-electrophoresed with RNA markers

(Fig. 6.17b). In this particular run the mol-. wt. was

estimated to be 250,000. At the same time an aliquot of the

same keratin mRNA preparation was co-electrophoresed with

globin mRNA (also prepared from the mRNP complex) and with

markers (Fiq. 6 . 17a ) . Comparison of Fig. 6.I7 a and b clearly

shows that keratin mRNA did not migrate as far

and must therefore be of higher mo]. wt. The mo]. wt. of

globin mRNA in this run was estimated to be about 230,000.

It. should be noted that the keratin mRNA prepared

by first isolating the mRNP complex electrophoresed on geIs

as a single sharp band (Fig . 6.1ß ) whereas by comparison the



FTGURE 6.15. ESTIMATION OF MOL. WT. OF KERATTN

MRNA BY ELECTROPHORESIS ON

POLYACRYLAMTDE GELS CONTAINTNG

FORMAMIDE.

Details of the ge1 electrophoresis

are given in Methods (6.e.13). Gels were stained

with toluidene b1ue.

O; origin *z anode

K: 12S keratin mRNA (f Ug)

I: 165 E. coli rRNA (Z Ug)

2¿ 23S E. coli rRNA (2 ug)

3: 28S reticulocyte rRNA (Z Ug)
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FTGUFJ 6.16. ELECTROPHORESTS OF KERATIN mRNA

AND GLOBÏN mRNA ON POLYACRYLAMIDE

GELS CONTATNING FORMAMIDE.

O: orígin +: anode

Details as given in Fig. 6.15, except

that gels were stained vüith rstains-al1'.

G globin mRNA (Z U9)

keratín mRNA (4 Ug).K:



o

+
KG



FIGURE 6,L7 .

Figure 6.17a. I.

2.

3.

K.

G.

ESTIMATION OF MOL. WT. OF KERATIN

mRNA BY ELECTROPHORESIS ON

POLYACRYLAIVITDE GELS CONTAINTNG

FORMAMIDE.

lBS reticulocYte rRNA

2 85 reticulocYte rRNA

feather tRNA

keratin nRNA

globin nRNA.

Figure 6.:-7b. As for (a) , no globin mRNA present'
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mRNA prepared by phenol-extraction of the polysomes was

a more diffuse band (Fig. 6.15) and was obviously impure'

D. DISCUSSÏON

t. Comments on the translation of keratin mRNA in a

reticulocvte cel1-free svstem

The experimental results presented in this chapter

show that chick embryo feather keratin can be synthesised in

a cell--free sys tem prepared from rabbit reticulocyte lysate

in response to an added I2S RNA species isolated from chick

embryo feather polysomes. Furthermore, there was no

requirement for specific initiation factors or any other

component from feather tissue. The keratin synthesised in

the reticulocyte ce11-free system was found to be identical

to native chick embryo feather keratin by a number of

criteria. However, evidence that any amino acid substitutions

had occurred. could only come from peptide analysis of the

in vitro synthesised Products.
' No evidence was obtained to suggest that higher

molecular weight precursor chains to keratin were synthesised

in the reticulocyte cell--free system. A mechanism for specific

cleavage of a keratin-precursor protein woul-d not be expected

to be operative in reticulocyte lysate in view of the finding

(Stavnezer and Huang, I97I; Mach et al. , 1973) that the 14S

mRNA coding for the immunoglobin light-chain directs the

synthesis in reticulocyte lysate of a precursor protein

containing about 20 extra amino acid residues.

It is noteworthy that the relative ratios of 1abel
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incorporated into the electrophoretic bands of keratin

92 ß5 synthesised j-n both the reticulocyte ceII-free

system and the 14-d.ay feather cell-free system vtere similar

when l4c-serine was used as label. Hence it could be

concluded that the various mRNA species were translated at

the same relative rates in both the homologous and hetero-

logous systems. This should not, however, be taken as

unequivocal. Tt has been shown that each of the major keratin

bands on high pH polyacrylamide gels can be fractionated

further into separate proteins (waIker, L9741. Some minor

changes in the relative rates of synthesis could occur but not

be detected using this fractionation system'

2. Acetylation of the N-terminal serine residues of

keratin svnthesised in reticul-ocyte lysate

Since the keratin chains synthesised in a reticulocyte

cell-free system behaved in an identical manner to native

feather keratin by several criteria the N-terminal sequences

vùere isolated ând shown to be identical to the acetylated

N-terminal sequences isolated. from native feather keratin'

An analogous situation has previously been reported

by Berns et al. (I972a); a main structural protein of lens,

the native oAr-crystal-lin has an N-terminal acetylated

methionine and this acetylation was found to occur when the

lens crystallin mRNA was translated in either rabbit reticulocyte

Iysate or on anl ection of the mRNA into xenopus oocytes (Berns

et al., I972b). Hence the present finding strengthens the

view of Strous et al. (1972) that the acetylation mechanism
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is universal and recognises either a particular amino acid

sequence of the protein chain or some feature of its secondary

structure.

3. E fficiency of keratin mRNA translation

In the present study no detailed attempt was made

to determine ttre exact saturating value of exogenous RNA in

the system, for the following reasons: (a) the 12S keratin

mRNA was detected and purified by two cycles of sucrose

gradient centrifugation but it was obviously impure as shown

by electrophoresis on formamide-contai:ning polyacrylamide ge1s.

A possible@ntaminant was the L2S mitochondrial rRNA, reported

to be a contaminant of the mRNA coding for the immunoglobulin

light chain mRNA (Brown1ee'et â1., 1973); (b) it was observed

that the activity of the reticulocyte'ceIl-free system and

its stimulation by exogenous RNA varied from'one preparation

to another. Palmiter (1973) has reported a similar finding;

(c) it has been reported that the stimulation of a cel]-free

system by an exogenous mRNA is markedly influenced by the

ionic conditions of the cell-free system (Metafora et al.

Ig72; Sampson et â1., L972; Palmiter, 1973; HaIl and

Arnstein, I973) .

Heterologous protein-synthesising systems have been

used extensively for the assay of specific mRNAr s but there

have been few determinations made on the efficiency of the

exogenous mRNA translation rè'lative to endogenóus mRNA.

When the keratin synthesised in the reticulocyte ceIl-free

system was precipitated using the keratin anti-serum (see
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Table 6.I) . about 35? of the total label incorporated

was precipitated, when allowance \^/as made for the finding

"that the immunoprecipitation was only 50% efficient. This

value is very high when compared with values reported by

others for the total incorporation into protein coded by

exogenous mRNArs. For example, it was reported (Rosenfeld

et aI. , I972a) that when a saturating concentration of hen

oviduct RNA added to a reticulocyte lysate only about 3Z

of total radioactivity was precipitable,with antiovalbumin

serum. Howeverr âs discussed previously, it was found in

thepresent study that the use of l4C-""tirr" in the

reticulocyte lysate favoured the l-abelling of keratinr âs

the number of serine residues per mole is gireater for

keratin than for globin. When l4C-leucine was used-as label

the ratio of cpm incorporated into keratin to those

incorporated into globin was not nearly so favourable. For

example, for the experiment described in Results (6.C3)

summation of the cpm incorporated into globin as compared to

cpm iricorporated into keratin as assayed by the DEAE-cellulose

chromatography of the in vitro synthesised (see Fig. 6.6c) ,

protein indicated that only 4 'o of the radioactivity \^ras

incorporaÈed into completed keratín chains.

. From these results it is clear that it is
L4_pieferable to use *'C-serine in the reticulocyte cell-free

system when assaying for keratin mRNA activity because it

gives an apparent enhanced incorporation of labeI into keratin.

Although the main activity of keratin synthesis was

initially determined to be promoted in the reticulocyte
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celI-free system when the 7-I7S RNA fraction was added,

and finally located to a I2S RNA species, some keratin
synthesis activity was noted in the higher S value

fractions. A probable cause was the aggregation of the

mRNA with the lBS rRNA species. This effect was observed

some time ago (Staehelin et â1., 1964) . More recently, the

aggregation of mRNArs during isolation has been noted

(Palmiter, I973; Schechter, I973; Skoultchi and Gross , I973).

It should be noted that the I2S RNA fractíon

isolated from chick feather polysomes by two successive cycles

of centrifugation was contaminated by a minor RNA species

sedimenting at 95. At this stage of the work it could not

be ruled out that the 95 species was not the keratin mRNA.

However, when the present study was nearing completion,

feather polysomal RNA was purified by cellulose-chromatography.

The 125 was purified from the contaminating 95 species and

shown to code for keratin in a reticulocyte cel-I-free system.

The 95 RNA did not stimulate keratin synthesis (Kemp

personal communication) .

4. fnhibition of endo enous- otein s nthesis

added RNA

ln most experiments the addition of exogenous RNA

to the reticulocyte cell-free system depressed the

incorporating activity of the system to some extent. This

depression was particularly marked when the tRNA, IBS rRNA

or 2BS rRNA fractions were added. Moreover, in most

experiments addition of the 7-L7S RNA containing the keratin
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mRNA depressed the incorporation, although not as markedly

as theother RNA fractions tested. It is important to

point out that in these experiments the RNA r¿as not

quantitatively assayed and thus all that can be said is

that there was a marked inhibition of íncorporation by the

exogenous RNA. This observation appears to be universal

for all mRNA preparations tested in the reticulocyte ceIl-free

system (Lockard and Lingrel I 1969; Stavnezer and Huang,

L97I; Gallwitz and Briendl, 1972; Rhoads et a1., I973i

Stewart et al., 1973). This inhibition has been examined

in detail (Rhoads et al., 1973¡ Stewart et â1., 1973) and has

found to result from inhibition of de novo protein synthesis

by high concentratj.ons of exogenous mRNA, tRNA or rRNArs.

As a result, increasing concentrations of added RNA

frequently produce a non-linear response if the concentrations

are high enough. The most satisfactory solution then to this
problem is to work at the highest specific activity of labelled

amino acid so that very low level-s of exogenous RNA can be

assayed, thus perturbing the system as little as possible

(Rhoads et aI., 1973) .

5. Estimation of the mol. wt. of keratin mRNA by

polyacrylamide geI electrophoresis

When it was established that a 1-2S RNA species

isolated from the chick feather polysomes coded for the

keratin proteins it was important to know whether the mRNA

was as large as the S value indicated or whether the value

r^/as anomousl.y high as a result of conf ormational ef fects.
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Hence the mRNA was analysed by polyacrylamide ge1 electro-

phoresis using formamide to denature the RNA, a system

devised. by Staynov et aI. (I972) for removíng conformational

effects due to base stacking and pairing.

By co-electrophoresis of keratin mRNA with rabbit

globin mRNA and RNA markers it was found that the keratin

mRNA had a higher mo1. wt. than the globin mRNA. It is

noteworthy that in some runs the globih mRNA prepared from

mRNP was resolved into 2 bands on the formamide ge1s. This

resúIt is in agireement with those reported by Gould and

Hamlyn (1973).

However, in the co-electrophoresis run with keratin

mRNA only one band was observed, in agreement with the

results obtained by Lanyon et aÌ. (1973) for the 95 mouse

globin mRNA isolated as an mRNP complex. Furthermore'

these authors reported that electrophoresis of the mouse

globin mRNA on 6Z gels in aqueous buffer showed only one band

:Kazazían et aI. (1973) have also reported that rabbit globin

mRNA (isolated from an mRNP complex) yielded only one band

when eJ-ectrophoresed on 62 gels in aqueous buffer.

As reported by Gould and Hamlyn (1973) the mo1. wt.

estimate of globin mRNA varied from 219,000 236'000 for the

slower moving component of the two bands, and from 1981000

2I3r000 for the faster moving component. From this resu1t

and from the fact that the moI. wt. values of the standards

were originally determined in aqueous buffered gel systems

(see Staynov et aI., 1972) it is clear that the estimates

of the mol. wt. of the keratin mRNA could have a considerable
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degree of error. Nevertheless, it has been clearly

established that the keratin mRNA has a lower mobility

and hence higher mol. wt. than globin and yet it codes

for protein chains with moI. wts. considerably lower than

those of globin.

Embryon.i-c feather keratin is comprised of at least

19 homologous peptide chains all with a mol. wt. of about

10,000 (lrlalker, 1974). Only one band was obtained when the

keratin mRNA was electrophoresed on formamide-containing

polyacrylamide gels and thus all of the mRNArs coding for

these proteì-ns must be of almost identical mol. wt. Active

keratin mRNA has been shown to bind selectively to cellulose

during chromatography (Kemp personal communication), and

presumably therefore contains a poly (A) sequence (Schutz et al

1972; Delarco et al. , 1973) . An mRNA of 250,000 mol.wt.

would contain about 800 bases, of which only about 300 would

be required to code for an individual keratin chain. The

length of tre untranslated sequence (s) is greater than that of

any poly (A) sequence reported and may represent additional

sequence (s) required for translational control.

,



CHAPTER SEVEN

RÃ.DIOACTIVE LABELLING OF FEATHER RNA
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A. TNTRODUCTION

1. The synthesis of mRNA in Chordates

One of the central problems of eukaryotic cell

biotogy concerns the elucidation of the origin and faÈe of

mRNA. Among the primary products of transcription in the

nuclei of animal ce1ls is a population of high molecular

wej-ght RNA molecules (UnnNa) , with a DNA-like base

composition. This HnRNA is extremely heterodisperse, with

sedimentation coefficients ranging between 30S and 1005.

Most of this newly synthesised RNA is quickly degraded

within the nucleus, so that only a small fraction is trans-

ported to the cytoplasm. It has been suggested that the

HnRNA may be a precursor to cytoplasmic nRNA (for references

see review by Darnell, 1968). Several theories of gene activity

regulation in animal- cel1s postulate that mRNA sequences are

interspersed between longer regulatory DNA sequences which

may be transcribed (ceorgiev, 1969; Britten and Davidson,

1969; Crick, L97L; Paul , 1972). This would account for the

Èranscription of very large llnRNA precursors to mRNA.

The precursor-product relationship of HnRNA and mRNA

is supported by several $¡-ee+eraf lines of evidence. The

recent finding that some HnRNA and most mRNA species contain

large covalently attached sequences of poly (A) , at the 3 ' -OH

terminus, and which appear to be synthesised in a post-

transcriptional step is consistent with a product-precursor

relationship. The exploration of the physiological role of

poly(a) has been facil-itated by the use of an antimetabolite,

cordycepin (3'-deoxyadenosine) . This drug which terminates
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RNA chains prematurely stopped the synthesis of some RNA

molecules but not others. For example, in cells treated

with cordycepin, rRNA synthesis hras quickly halted, but

incorporation of labe11ed precursor into HnRNA was not

affected. Nevertheless, mRNA failed to appear in the cyto-

plasmic polysomes, although some RNA containing attenuated

poly(A) sequences did appear in the cytoplasm. (for

references see review by Darnell et aI. I 1973) .

Me1li and Pemberton (I97 2) have shown that HnRNA

from duck reticulocytes hybridised with RNA strands comple-

mentary to the 95 duck globin mRNA. In an analogous manner

Imaizumi et aI . (I973) established ¡¡¿f a,rr.tí'.messenger DNA

prepared from the d.uck globin mRNA by the RNA-directed DNA

polymerase hybridized with HnRNA molecules of various sizes.

Evidence of a more direct nature of the precur,sor-product

relationship of HnRNA and mRNA has been obtained by demonstrating

that HnRNA of high molecular weight from embryonic mouse

erythroblasts coded for the synthesis of the cr and S globin

chains when inj ected into Xenopus oocytes (!,iil1iamson et aI.

L973) . Similarly, Stevens and Vüilliamson (L972\ have reported

the t'ranslation of poly (A) containing HnRNA f rom murine

plasma,cytoma cells into the heavy and J-ight immunoglobulin

chains; and by use of the ingenious finding that the

immunoglobulin protein bound to the heavy chain mRNA went

on to isolate and purify the HnRNA precursor to the mRNAt

coding for the immunoglobulin heavy chain (Stevens and

Vfilliamson , I973) .

It should be noted that there must be some reservation
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to these results, âs some controversy stil1 remains as

to whether HnRNA is actually of very high molecular weight

or ùs simply aggregated lower moI. wt. RNA. Bramwell

(l-972) has presented strong evidence to support his

contention that thÏs is the case, by showinq that HnRNA

had a much lower S value when run in strongly denaturing

cond.itions. Equally, Holmes and Bonner (L973) have shown

that under strongly denaturing conditions HnRNA was not

disaggregât.ed to lower mo1. wt. species. To add further

doubt about understanding the mechanism for processing

of HnRNA Kumar and Lindberg (L972) have shown that under

conditions designed to rigorously prevent both aggregation

of RNA and contamination by RNA'se the cytoplasmic mRNArs

were of the same order of size as the HnRNA, thus disputing

the need for extensive cleavage of HnRNA, Recently, Reuiz-

Carrillo et aI. (1973) presented strong evidence that

HnRNA of duck reticulocytes directed the synthesis of duck

globins j-n the Krebs ascites ceI1-free system. Rigorous

precautions were taken to ensure that aggregation of the

rnRNA was prevented. Furthermore, to rule out the possibility

that 95 duck globin mRNA cosedimented. with the HnRNA rabbit

globin mRNA was ad.ded as an internal control. No rabbit

globin mRNA activity was detected in RNA fractions sedJ-menting

at, greater than 45S.

ft has been observed that aII mRNArs examined to date

contain poly(A), with the one notable exception, the mRNA's

which direct the synthesis of hístones (Adesnik and Darnell,

L972; Schochetman and. Perry, 1972). Moreover, histone
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mRNA appears in the cytoplasm without any appreciable lag
after exposure of the cells to radioactive RNA precursor,

whereas t,here is a 1ag of about 20 min before poly (e)

containing mRNA becomes associated with the polysomes

(edesnik and Darnel1, L972; Schochetman and perry , L972¡

Greenberg and Perry, L972).

2 mRNA transport in eukaryotes

Early studies on the transport of mRNA i-n eukaryotes

indicated that newry synthesised mRNA was transported to the

cytoplasm complexed wíth the small ribosomal subunit, for
example, McConkey and Hopkins, 1965¡ Girard et al. , L965.

Later evidence, based on the buoyant density analysis of the

native 40S ribosomal subunit fraction, suggested the exj-stence

of mRNP particles distinct from the native 40S subunits, these

part.icles were called infoimosomes (for a review see spirj-n,
196q). some doubt was thrown on to this theory when it was

reported. that non-specific RNA-protein interactions could occur

in cytoplasmic extracts of animal ce1Is (Girard and Baltimore,
L966; Baltimore and Huang, 1970). Extensive studies by

scherrer and co-workers (spohr et a1., L97o; spohr et. al., L972¡

Morel et al. , L973) have shown that the mRNp complexes are

stable in sorutions of high ionic strength and are composed

of specific proteins complexed to the mRNA. Furthermore,

there is now general concurrence with the results of Morel et al.
(fgZ¡) on the number and mol. wt. of the proteins bound. to mRNA

(elo¡el, 1973¡ Bryan and Hayashi, L973). Gander et al. (1973)
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have isolated a 20s RNp particre from the postribosomal
supernatant fraction of duck erythrobrasts. This particle
contaj-ns the 9s mRNA's of all duck grobins. signifÍcantly,
t'he protein complement of this complex is completely different
from that found on the mRNp released from polysomes, suggesting
that this may be a form of translati-onal control. The

controversy as to whether newly synthesised mRNA can be

detected bound to the 4OS subunits has been revived by Zehavi-
Willner et aI. (1973) . These authors studied the distribution
of RNA in rabbit retÍculocy ês by exposure of anaemj-c rabbits to
32n for 2 hr prj-or to sacrifjce. They found. that most of t,he

radíoactivity associated with the 4OS subunit appeared in the 9S

RNA peak. Buoyant densit,y anarysis revealed two forms of 40s

subunifs, one which they proposed was the initiation complex

contained the 95 globin mRNA the other d.id not. No reconciliation
can be made at present with these findings and those report,ed
by Legon et- al. &973 ) who detect,ed. no 95 globin nRNA associated
with the 40S subunits from rabbit reticulocytes.

3. A note on the stabilit vof mRNA in eukaryote cel-ls
Most studies in the past decade on the half-tife of

mRNA in mammalÍan cel1s have utilised actinomycin D to inhibit
further transcription. The assumption has arways been that
actinomycin D did not greatly perturb any other process within
the celIs. rt was of course recognised that actinomycin D was

cytotoxic if used for prolonged. periods. The stability of many

nRNA species in rapidly.growing- tj_ssues v/ere estimated using
this method. to be about 3 -4 hr (for example, penman * .1.,
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1963; Craig et al.r 1971). Nevertheless, in some differentiating
cell lj-nes there were arways crear examples of mRNArs whose

translation was insensitive to actj-nomycin D. Examples of
these include le¡rs crystallin mRNA's (Stewart and papaconstantinou,

L967) ¡ cocoonase mRNA (Kafatos and. Reich, 1968); trout testís
protamine mRNA (Ling and Dixon I 1970) . In relevance to the

present study is the finding reported by Bell and Merrill (L967)

that proteín synthesis in 12-day chick embryo feathers was

:.nsensitive to actinomycJ-n D treatment ind.icating that keratin
was synthesised on a stable template.

fn all st.udies involving the use of actinomycin D

to measure the half-life of mRNA the assumption has been that
the decay of protein synthesis observed in the presence of the

drug resulted. from the decay of the nRNA coding for the

particular protein. Singer and Penman (L972) have recently
proven this assumption to be incorrect, and thus have thrown

d.oubt on the validity of all experiments where the drug was used

to measure the half:life of nRNA. They have shown that the lesion
resides in the capacity of the ribosomes to reinitiate on the

mRNA, that is to sâyr the availability of the mRNA is not the_,

rate limiting factor to protein synthesis. These findings
have been independently verified by craig (1973). Furthermore,

the liie-time of mRNA of rapid.ly growing cells has now been shown

to be of the order of one to one and one-half cell-generations
(Greenberg, 1972; Singer and Penman, 1972¡ Murphy and Attardi,
1973; Craig, 1973). It follows then that the half-Iife of
mRNA species of specj-alised proteins of terminally differentiating
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cel1s is probably not significantly greater than that of
the bulk of the mRNA species of rapidly growing cells.
The situation is still complicated by the finding that in

differentiating cells the synthesis of the specialised proteins

hras not inhibited by the drug. Moreover, in the case of lens

crystallin mRNA, Stewart and Papaconstantinou (L967 ) reported

that while the translation of the mRNA was sensitive to

actinomycin in young calf epithelial ceIIs, the translation was

insensitive in ad.ult epithelial cel1s. A similar stabilisation
of template activity in the yolk sac erythroid cells from

foetal mice has been reported by Djaldetti et aI. (1970) . These

workers found. that at 12 days of gestation addítion of acÊinomycin

D to the cel1s resulted in a decline in haemogtobin synthesis,

while at 15 days the celIs were insensÍtive to the drug in this
respect.

4. The synthesis of rabbit globin nRNA

'It has been emphasj-sed in other sections of this work

that reticulocytes have been wideÌy used to study many aspects

of protein synthesis, and this is also true of RNA synthesis.

Some time ago Marbaj-x and Burny Ã964) observed that a 95

RNA isol-ated from rabbit reticulocyte polysomes was labelIed

with 32n to a much higher specific activity than either the

rRNA's or IRNA when rabbits were injected witLr 32e prior to

isolation of the ce1Is. This RNA had many of the properties

expected for haemoglobin nRNA (for a review see Chantrenne' et a1. ,

L967). Much later Evans and Lingrel (1969b) compared the rates

of synthesis of rRNA and the 95 RNA in mouse reticulocytes, by
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collecting cells at various times after injection of 32,

into anaemic mice. At short times of raberring only the

reticulocytes from the more mature erythroid cells present in
the circulation were tabelled.. At ronger laberling times,
labelled reticulocytes from the early erythroid cel1s appeared

in the circutation. It was found that in the more mature cells
the specific activity of the 9s RNA and hence its synthesis

was greater than either of the rRNA's whereas in younger cells
somewhat less 9s RNA was synthesised. From this study it h/as

concruded that rRNA synthesis \^/as maximar at earry stages

of development, while 9s RNA synthesis \¡/as maximar in more

developed cells. This 9s RNA was subsequently shown to be the

globin mRNA (Lockard and Lingrel, L969).

The ísolation of a l2s RNA species from r4-day chick
feather polysomès, coding for the keratin proteins was

reported in the preceding chapter. rn the present chapter
results are reported on the in vitro labelling of L2,13 and 14-d.ay

feathers with RNA precursors in an attempt to determine the temporal
relationship of keratin mRNA synthesis to the onset of keratin
synthesis in an analogous manner to that described for the
synthesis of globin mRNA.

B. METHODS

1. Cellulose chromatoqraphy of RNA

RNA was fractionated on a column (I.2 x 15 cm) of
v'ihatman standard-grade ceIIulose as described by schutz et al.
(1972) . The fines lvere removed from the cetlulose which was

then treated with 0.12 diethylpyrocarbonate and stored in the
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presence of 0.IU sodium azíde'

The RNA which bound to the cellul0se and eluted

with water was collected and recovered by ethanol preci¡>itation.

The non-bound fraction was collected and treated separately'

C. RESULTS

omÞarl-son of RNA profiles f rom L2, ll3 and l-4-dav1. A c

feathers

Whenpolysomesfroml3-dayfeathersandtotalpost-

mitochondrial lysate from 12:day feathers rarere phenol extracted

by the method of Lee et al-. (1971b) and analysed by sucrose

gradient cenl-rifugation the absorbance profiles were found

to be essentiatly identical to that obtained from 14-day

phenol-extracted feather polysomes in that two minor species

of RNA with sedimentation coeffj-cients of L2 and L4 respectively

v/ere observed in addition to the rRNA peaks (results not shown) '

Since the same peaks <.¡f absorbance were obtained' in the L2,

13 and. t4-day feathers some aspects of the labelling of these

species was investigated in these three ages'

2 RNA labellinq of incubated feathers

Feathers \^¡ere cultured at 37o in Charity. !Ùaymouth's

medium containing 10% foetal calf serum as described (see

Methods 2.83). In the initial attempts to labe1 the RNA'

3u-uridine \^/as added to the incubations at a concentration

of 50 ß/mL. Lysates from the feathers was prepared in MSB

(see Methods 2.t,2) and the post-mitochondrial- supernatant
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was then fractionated into the polysomal and post-polysomal

supernatant. The RNA was phenol-extracted from each

fraction by the method of Lee et aI. (1971b), and analysed

by sucrose gradient centrifugation (see Ivlethods 5.8-1) .

Fractions rarere collected from the gradients for the determina-

tion of acid-insoluble radioactivity (see Methods 2.8.5).

Table 7.L shows the total incorporation of 3H-uridine into the

post-mitochondrial supernatant fraction of 12, 13 and 14-day

feathers incubated for various times. ft is clear that the

incorporation per mI of packed feathers rapidly fell with

increasing age of the feathers. Furthermore, it was observed

that the labelling of the rRNA and tRNA species was appreciable

but relatively little 1abelling vüas detected in the 7-I7S

region of the grad j-ents. The results are not shown here

as they are essentially identical to the later results shown.

To determine whether another nucleic acid precursor

might give enhanced labelIing 3"-.d*nosiné was used to labe1

L2, 13 and 14-day feathers. The results of the total label

incorporated into the post-mitochondrial supernatants are

shown in Table 7.2 Clear1y using similar concentrations of
?
'H-adenosine as were used for uridine labelling the total amount

of labe1 incorporated was markedly increased. However, the

label1ing again decreased with increasing age of feathers.

The phenol-extracted RNA from the polysomal and post-polysomal

supernatants v/ere anaÌysed by sucrose gradient centrifugatl-on.

The results, ho'.,/ever, were essentially identical to those

obtained with 3H-uridine labelling except that the specific

activity of the IRNA and rRNA peaks was enhanced.



TABLE 7.I. RELATTVE RATES OF TNCORPORATTON OF RADTOACTIVE

URTDTNE TNTO THE CYTOPLASMTC RNA FRACTTON OF

FEATHERS OF VARIOUS AGES INCUBATED IN VTTRO

Feathers were incubated in vitro for various
times as described (see Methods 2.B.3) and aliquots of the
rysate were acid-precipitated for the determination of
radioactivity.

Experiment 1.

Feathers were incubated. in vitro for 5 hr at 37o with 10 uc/mr
of 5 3H-ur j-dine ( S . Act. -n clltl'i}4¡

Day cpm incorporated,/ml
feathers

T3

L4
80 r 000

16,885

Experiment 2,
Feathers vsere incubated in vitro f or 4 hr with 20 C/mI of

35,6 H-uridine (S. Act. 43 C,/rnM) .

Day cpm incorporated/ml
feathers

T2

13

ls 13 s0

rI2,700 .



TABLE 7.2. RELATIVE RATES OF INCORPORÄTION OF RADIOACTIVE

ADENOSTNE INTO THE CYTOPLASMIC RNA FRACTION

oFFEATHERSoFVARIoUSAGESINCUBATEDINVITRo.

Other details are as given in Table 7 '1-'

Exp eriment 1.

Feathers were incubated in vitro for 3 hr at 37o with 20 vC/

of 2,8-3H adenosine (S. Act. 10 c,/mM)'

Day
Incorporated/mI

feathers

L2

I3
L4

920,000
47L,420
24,960

Experiment 2;

Feathers were incubated in vitro at 37
o for 4 hr with 20 yC^/ml

of 8 , 3n--d"nosine (s - Act. 24 ' 5 c/rtt'tr) '

Day Incorporated/m1
feathers

L2

13

4r5 ,625
248,000
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The l-abeIIing of 13-day feathers was also attempted
2

using JH-orotic acid by incubating the feathers in Charity

b/aymouth's medium for 4 hr. The lysate was prepared in

MSB and fractionated into the polysomal and post-polysomal

supernatant fractions as described previously. The

absorbance and radioactivity profiles are shown in Fig ' 7 'L'ârb'

As mentioned previously the absorbance profile of I3-day

polysomal RNA was found to be essentially identical to that shown

for 14-day polysomal RNA in that again there were two minor

peaks of RNA of L2S and 14S respectively in addition to the

rRNArs. The main peaks of radioactivity coincided with the

lBS and 2BS rRNA's, although a peak of very high specj-fic

activity \¡/as repeatedly detected sedimenting at about 20S'

Some labe1 was detected, coincident with the 12S and 14S

species, the specific activity of these species being greater

than the rRNA species. There was little labetling detected

in the IRNA region. In the supernatant fraction the main

peak of label coincided with the IRNA 'fraction. It shoutd be

noted, that there is no absorbance discernible in the region

where the rRNA's would be expected to sediment. The conditions

used for separating the two fractions (1 hr, 190'000 9, see

Methods 4.8.3) had been calcul-ated to completely sediment

the monosomes (spinco publication Ds-327) however, it is clear

that under these conditions the ribosomal subunits had also

been completely pelleted. fn an effort to determine whether

longer IabelIing times would enhance the labelIing of the

presumptive 12S keratin mRNA, 13-day feathers were incubated

overnight with the highest specific activity 3H-uridine available -



FIGURE 7.1. SUCROSE GRADTENT SEDTMENTATION OF LABELLED

RNA TSOLATED FROM 13.DAY FEATHERS

INCUBATED TN VITRO.

' I3a{ay feathers were incubated in vitro

for 4 hr (see Methods 2.8.3) with 20 uC,/mI of 3H-orotic

acid (S. Act. 15 mclmM).

The lysate was prepared in MSB and

fractionated into the polysomal and post-polysomal

supernatants. The RNA from each was phenol-extracted

and analysed by sucrose-gradient centrif'¿gation (see

Fig. 6.4).

Figure.7.La. Absorbance and radioactivity profile of

RNA isolated from supernatant fraction.

Figure 7.lb. As for (a), RNA from polysomal fraction.
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The absorbance and radioactivity profiles of the polysomal

and post-polysomal supernatant RNA fractions are shown in

Fig. 7.2.b and a respectively. It can be seen that the

specific activity of the 12s and 14S RNA species was very

high relative to the specific actívities of the rRNA species.

Furthermore, there was no peak of radioactívity discernible

in the 2os region gradient as was fcund in the short term

labelling with 3H-orotj-c acid. For the supernatant fraction

(see Fig. 7. b) the major peak of absorbance was found to be

in the IRNA region and the main peak of radioactivity coincided

with this fraction. Moreover, there was neither significant

absorbance nor radioactivity present in the 7-1-7S region

of the gradient. Tt is possible however, that a minor peak

of RNA could have been occluded by the large amount of tRNA

present.

3. Comparison of l2SRNA species by cellulose

chromatoqraPhY

. To investigate the relationship of the 12s RNA species

observed in the l2-day feather lysate to the I2S keratin mRNA

isolated from 14-day feather polysomes a comparison was made

of the binding of the two 12S species to cellulose. Equa]

quantities of both phenol-extracted I?' and 14-day feather

polysomal RNA were fractionated by chromatography on

cellulose using the method of Schutz et al. (L972) (see Methods

7.8.1). The bound and non-bound fractions from each age \^¡ere

collected and ethanol precip.itated. It was found that about

5.72 of the 14-day RNA was cellulose-bound. By comparison,



FTGURE 7.2. SUCROSE GRADTENT SEDIMENTATTON OF LABELLED

RNA TSOLATED FROM 13-DAY FEAIHERS INCUBATED

TN VITRO.

Details are as given in Fig. 7.I except

that feathers r^tere incubated for 16 hr with 20 UC/mI of
a

5 , 6 -'H-uridíne [S . Act . 43 C,/mM) .

Figure 7.2a. Absorbance and radioactivity profile of

RNA from polysomal-supernatant fraction.

Figure 'l .2b. As for (a), RNA from polysomal fraction.
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4.72 of the 12-day RNA was bound. to cellulose. The bound'

and unbound fractions were then analysed by sucrose

gradient centrifugation. The results are shown in Fig. 7'3a-d'

It can be seen (Fig. 7.3b) that a signficant proportion of

the 12S RNA from 14-day feathers was bound to cellulose,

together with a small amount of the rRNA species. By

comparison (Fig. 7.3d) a minor amount of the 12s RNA

from 12-day feathers was bound to cellulose, most was present

in the non-bound fraction (Fig. 7.3c). It should be noted

that the most of the 14S RNA's isolated from either age r¡/as

not bound to cellulose-

4. Fraction of reticulo te ol somal RNA ceIluIose

chromato ra h

Rabbit reticulocyte polysomal RNA has been fractionated

by ceIlulose chromatography resulting in the retention and

enrichment of an RNA fraction with messengier properties

(schutz et aI. , L972) . To ensure that tre cellulose-chromatography

was satisfactory rabbit reticulocyte polysomat RNA was chromato-

graphed on cellulose using identical conditions to that described

for feather RNA. The bound and non-bound fractions were analysed

by Sucrose-gradient centrifugation. The results are shown in

Fig. 7.4a,b. It can be seen that the bound fraction (Fig. 7.4b)

was enriched in the 10S globin mRNA whereas the unbound fraction

contained only a smaIl quantity of los RNA' but did contain most

of the rRNA. The result is very similar to that obtained by

Brawerman et al. (197I) using nitrocellulose filters to

selectively retain the mRNA and the result obtained by Aviv



FIGURE 7 .3. SUCROSE GRADTENT SEDIMENTATTON OF RNA

FRACTIONATED BY CELLULOSE-CHROMATOGRÄPHY

TSOLATED FROM 12 AND 14-DAY FEATHERS.

Sixty-five ArUO units of RNA from L2 or

I4-day feathers \Á/as fractionated separately by chromato-

graphy on ce11ulose (see Methods 7.8.1). The bound and

unbound fractions were collected separatêly and redissolved

in formamide (75 uI), heated I0 min at 37o. Each sample

r,ras then diluted to 0.50 mI with 0.1 M Tris-HCl, pH 9.0,

and was loaded onto a sucrose gradíent (11.6 mI, 103

402 w/v sucrose, prepared in 10 mM KCl, 2 mM EDTA, 20 mM

Trís-HCI, pH 7.6) and centrifuged in an SI¡74I

rotor for 16 hr at 20L,125 g (a.v.) .

Figure 7.3a. 14-day RNA, cellulose non-bound.

Figure 7.3b. 14-day RNA, cel1ulose bound.

Figure 7.3 l2-day RNA, cellulose non-bound.

Fígure 7.3d. \2-day RNA, cellulose bound.
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FIGURE 7.4. SUCROSE GRADIENT SEDIMENTATION OF RNA

(FRACTIONATED BY CELLULOSE CTIROMATOGRAPHY)

TSOLATED FROM RABBIT RETICULOCYTE

POLYSOMES.

20 Ug of phenol-extracted rabbit

reticulocyte polysomal RNA was fractionated by

cellulose chromatography (see Fig. 7 .3). Centrifugation

cond.itions as for Fig . 7 .3. Time of run 12 }nr.

Figure 7.4a. Cellulose non-bound RNA. One-quarter only

loaded.

Figure 7.4b. Ce1lulose bound RNA.
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and Leder

bound to

(I972) who

cellulose to

13s.

used oligodeoxythymidine covalently

fractionate reticulocyte polysomal

of. Iabelled

RNA

5. A arison of the bindi to cellulose

RNA from 12- and 1 4-day feathers

Feathersisolatedfrorl2..dayembryoswerelabelled

with 3"-u.d"rrosine in Charity Waymouth's medium as described

(see Methods 2.8.3). The post-mitochondrial supernatant

was precipitated overnight by the addition of ethanol and

collected by centrifugation (see Methods 6.8.2) . The total

cytoplasmic RNA was phenol-extracted using the method of Lee

etal_.(197Ib)asdescribedinMethods6.B.2.Similarly,l4-day

feathers \^/ere labell-ed in vitro with 3"-.d",,osine and the

polysomal RNA was then phenol-extracted. The RNA preparations

from both ages chromatographed on cellulose as described

previously. The RNA from the bound and unbound fractions

of both ages was analysed by sucrose-gradient centrifugation'

The absorbance and radioactivity profiles are shown in Fig'

7.5a - d. It can be seen that no significant amount of labelled

I2S and 14S RNA species from the L2-ð'ay preparation was bound

to cel-lul-ose (Fig . 7.5ù. Furthermore, the major fraction of

this RNA, as judged by the absorbance profile was found in the

unbound RNA (Fig. 7.5b). In contrast much of the labelled

RNA in the 7-L7S region from 14-day feather RNA was

cellulose. bound (Fig. 7.5c) i moreover' the peaks of radio-

activity had absorbance counterparts in this region,

indicating that the bulk of the L2S keratin mRNA at this age



FIGURE 7 .5. SUCROSE GRADIENT SEDTMENTATION OF LABELLED

RNA (FRACTTONATED BY CELLULOSE CHROMATO

GRAPHY), ISOLATED FROM T2 OR 14-DAY

FEATHERS TNCUBATED IN VTTRO.

L2 and 14-day feathers were incubated

separately for 3 hr at 37o in vítro (see Fig. 7.I) ,

with 20 vC/mI of 2,8 3H-.d"nosine (S. Act. 10 c/n',M).

The total cytoplasmic RNA from 12-day feathers and

the polysomal RNA from 14-day feathers were each phenol-

extracted and fractionated by cel1ulose-chromatography

(see Fig. 7.3) . Each fraction was then analysed by

sucrose-gradient sedj-mentation (as given in Fig. 7.I)

except that duration of run was 12 hr, at 20I,I25 g (a.v.).

Figure 7.5a. Cellulose bound 12-day RNA.

Figure 7.5b. CeIlulose non-bound J-2-day RNA.

Figure 7.5c. Cellulose bound 14-day RNA.

Figure 7.5d. One-quarter of cellulose non-bound l4-day

RNA.
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was ceIlulose-bound.

6. The effect of cord in on RNA thesis in 12-

and 13-day feathers

Thirteen-day feathers \^/ere incubated in two flasks

containing Charity Waymouth's medium and in addition 0.05 Vg/mL

of actinomcyin D to suppress the 1abelJ-ing of rRNA (Perry,

1963; Roberts and Newmann, 1966; Penman et a1. , :-.968) -

After a 25 min preincubation 3U-uridine was added to one flask

and 25 vg/ml of cordycepin to the other, which was then

incubated a further 10 min before the addition of the label

(Penman et aI., 1970). Both preparations were incubated

for 4 hr, before the feathers were chilled by addition of

cold MSB (see Methods 2.8.3). Lysates prepared from both

preparations were then fractionated into polysomal and post-

polysomal supernat¿¡¡ fractions respectively. The RNA

species present in each fraction was isolated and then analysed

by sucrose*gradient centrifugation. The absorbance profile

and radioactivity profile of the supernatant RNA fractions

and the polysomal RNA fractiors are shown in

Fig. 7.6a-d,. It can be seen that the actinomycin D

had very litt1e effect on the labelling of the feather rRNA.

By comparison the supernatant fraction of RNA from the

cordycepin-treated feathers had a number of radioactive

peaks in the 7 - 17S region, with absorbance counterparts

(Fig. 7.6c) . These peaks hrere absent from the polysomal

fraction (Fig . 7 .6d), v¡hich had a similar level of radio-

activity coincident with the lBS and 2BS ¡pN6 ¿s did the



FIGURE 7 .6. SUCROSE GRÀDIENT SEDTMENTATTON OF LABELLED

RNA TSOLATED FROM 13_DAY FEATHER INCUBATED

IN VITRO IN THE PRESENCE OF TNHTBÌTORS

OF RNA SYNTHESTS.

13-day feathers were incubated for 4 hr

in vilrg (see Fig. 7.L) with 50 uC^/ml of 5,6-3u-,ttid.in"

(S. Act. 43 C/nM) present and-with either 0.05 vg/ml

actinomycin D or actinomycin D + 25 Vg/mI cordycepin.

The RNA was isolated from the polysomal and post-

polysomal supernatant fractions ttrd fractionated by

sucrose-gradient sedimentation (see legend to Fig. 7 .l

for method). Time of run L2 ]nr, ât 30.

Figure 7,6a. Supernatant RNA + actinomycin D.

Figure 7.6b. Polysoma1 RNA + actinomycin D.

Figure 7.-.6c. SuÞernatant RNA + actinomycin D *

cordycepin.

Figure 7.6d,. Polysomal RNA + actinomycin D *

cordycepin,
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incubation wíth actinomycin D a1one. Nevertheless, there

r^ras no absorbance peak of I2S RNA in the cordycepin treated

preparation, whereas it was clearly evident in the preparation

treated only with actinomycin D (rig. 7.6b).

Twelve-day feathers were labelled for 3 hr with 3H-

adenosine as a control and in the presence of a low concentra-

tion of actinomycin D (0.05 Ug/ml) together with cordycepin

(25 Ug/ml) . Lysates \^/ere prepared in MSB from both

incubations (see Methods 2.8.2) and centrifuged to maximise

the resol-ution on the sucrose gradients of the ribosomal subunits

from the monosomes (see legend to Fig. 7.7 for details) .

Fractions vüere collected from the gradients to determine the

acid-precipitable radioactivity. The major peak of radio-

activity in the control incubation (Fig. 7.7) coincident

with the small- ribosomal- subunit peak, with progressively

lesser amounts over? the large subunit region and the monosomes.

Presumably the labelled peak at the top of the gradient was

IRNA. Between the IRNA and the small ribosomal subunit there

was a low level of heterodisperse labelling. The cordycepin

treated preparation showed markedly reduced label-ling over the

ribosomal subunit region tFig. 7 -7') . Furthermore' the labeIling

in the region just greater than IRNA \4las enhanced, a peak of

1abe1Ied RNA ofabout I2S became ,filorê prominent-

D. DTSCUSSION

1. General comments

The resultsof RNA labelJ-ing

whatever RNA precurþflr was. used for

in vitro indicated that

labelling the level, of



FIGURE 7.7 . SUCROSE GRADÏENT SEDTMENTATTON OF LYSATE

PREPARED FROM I2-DAY FEATHERS TNCUBATED

TN VITRO IN THE PRESENCE AND ABSENCE

OF CORDYCEPTN AND ACTINOMYCÏN D.

;12-day feathers were incubated iq vitro

for 4 hr with 50 uC/ml of 2,8 3H-u'dtt'osine (S' Act'

10c/ÍM)inthepresenceandabsenceofactinomycinD
(0.05 Vg/mL) plus cordycepin (25 U g/ml) ; Lysate was

prepared in MSB from each of the feather preparations '

Bach preparation was centrifuged separately on a sucrose

gradient (28 ml, 10 30 w/v sucrose) prepared in MSB'

Centrifugation was for 16 hr at 52t635 g (a'v') at 30

in an SW25 rotor.

a-{

H

A(zs¿)

control
+ actinomYcin D and cordYcePin
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Iabel incorporated into the RNA was low; Furthermore, the

absorbance profiles of phenol-extracted RNA !'/ere very

similar from l-2-,13- and 14-day feathers, in that two minor

species of RNA of L2s and 14s respectively r¡/ere detected

in all three ages. It could be significant that under the

conditions of labelling :us€d it was shown (see results 3.8.6)

that some polysome disaggregation occurred in 14-day feathers

and extensive disaggregation was apparent in 12-day feathers.

However, it shoul-d be noted that labelling of RNA in ovo

with either 3H-uridine or 3H-"d"rrosine resulted in much

lower leve}s of labe1 being incorporated into RNA, neverthe-

less, the spectrum of RNA synthesised was essentially identical

to that found in vitro (Adams personal communication).

Studies on the tabelling of RNA Ín cultured 12- and

13-day feathers have previously been reported by Bell and

Merrill (L967). This work is difficult to compare with the

present studies as litt]e detait of their methodology was

published. From their data it can be seen that the peaks of

radioactivity in lysates of 12- and 13-day feathers was mainly

coj-ncident with the ribosomal subunit region but with a second

peak of high specific activity Sedimenting at about B5S 955.

Whil-e label- was evident in these higher S value regions there

r,vas little absorbance contributed by polysomes. . Some evidence

was presented in BeIl and Merrill's results on RNA labelling

to show that the highest specj-fic activity RNA sedimented

in the 7-I7S region when labeIIing times were short.

However, the labelling was very heterodisperse, and not

localised over any particular absorbance peak. There \¡/ere
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no absorbance peaks which corresponded to the 14S RNA nor

the I2S keratin mRNA. It may be signficant that the transport

of labelled heterogenous RNA was more rapid than was observed

in the present study and may represent release of some nuclear

RNA into the cytoplasmic fraction. careful studies by many

workers (for example, Perry and Kel1ey, 1968; Plagemann' 1969)

have cautioned that nuclear disruption during preparation

released into the cytoplasm highly labelled RNPrs which

cosedimented with the polysomes. That this may have occurred

in the study described here must be borne in mind'

stud'ies on t]^ e labelting of :l ' 9 and It day chick embryo

skininorganculturehavebeenreportedbySorianoand

I)esveux-chabrol (1971). In this work it was found that the

specific activity of RNA extracted from 7 and 9-day skin was

higher than that extracted from ll-day skin. Furthermore' the

total amount of label incorporated was of a similar order to

that found in the present study. with long times õf labelling

two species of RNA sedimenti-ng at 6s and 255, respectively,

and with a base composition similar to that of DNA were observed

in the polysome fraction. The resolution of the sucrose

gradients was not adequate to resolve these species with

any measure of Precision.
wilkinson (1970b) reported in vivo labe1ling studies

on wool follicles. However, using either 32n or 3tt-uridine

the only cytoplasmic species labelled in periods up to 4 hr

were the rRNA and' IRNA sPecies'

StudiesonthesynthesisofspecificmRNA|sin

terminally-differentiating cel1s have not yielded weII
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defined anshTers concerning the nature of the temporal relation-

ship of mRNA synthesis to the onset of its translation. The

study by Evans and Lingrel (1969b) referred to earlier

has indicated that the synthesis of gtobin mRNA lagged to

some extent the synthesis of rRNA, although in older cells

the synthesiswas concomitant, with therRNA synthesis

declining prior to that of mRNA synthesis. Nevertheless,

it is not clear from that study, whether the synthesis of

the mRNA preceeded its translation, that ís whether the mRNA

is stored prior to translation. No clear picture has

emerged from the labelling studies of embryonic erythropoietic

ce11s. Terada et aI. (f971) investigated RNA synthesis in

the yotk sac erythroid cells from 1I- and 13-day foetal

mice by incubating the cell-s in culture medium with RNA

precursors. While two species of RNA of 95 and 14S respectively

were observed to be labeÌIed, in addition to the rRNA and tRNA

species, neither had the properties expected for globin mRNA.

The 9S species did not co-electrophorese with authentic globin

mRNA and furthermore, its synthesis was inhibited by hydroxY-

urea (an inhibitor of DNA synthesis), indicating that it was

probably histone mRNA, since histone synthesis appears to be

coupled to the Gl phase of the cell cycl-e. By comparison,

-'Teintraub et a1" (L972) reported that erythroblasts from four-

,iay chick embryos synthesised a labelled 10S RNA species when

incubated in vitro. The synthesis of this RNA species r,,tas

insensitive to cytosine arabinoside, an inhibitor of DNA synthesis.

The synthesis of polyribosomal RNA in duck erythroid

cells has been investigated by many workers but the results
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obta.inedbyPembertonandBaglioni(1973)arethemost

relevant to the present studies. very immature erythrocytes

were obtained from anaemic ducks and incubated in vitro

for various times with 3H-uridine. rt was found after I

hour of incubation that the amount of labe1 in the polysomes

hras very low and furthermore, very heterogeneous'

It was only after 4 hr of incubation that clearly

discernible labelling of the rRNA's and tRNA became apparent.

Moreover, the amount of label incorporated after a 24 hr

incubation was not significantly greater than that incorporated

after 7 hr of 1abelling. The specific activity of a tos RNA'

which was shown to be globin mRNA was significantly higher

than that of the rRNA species at all times after 4 hr of

incubatj-on. The results obtained in the present study \^Iere

very similar to those d.escribed above in that little labelling

of polysomal- RNA was detected in labelling periods of less than

3 hr.
Inthepresentstudyitwasnotedthata20sRNA

species was labelled during in vitro incubations. It could

be argued that this may have been a cytoplasmic precursor to

the I2s keratin mRNA. some evidence was presented by Marou n

{

"t =1. (1971) PurPorting to show that there was a 165 cytoplasmic

precursor to globin mRNA. However, in the study by Pemberton

and Baglioni ( Ig73) mentioned previously no polysomal precursor

to lOS gtobin mRNA was detected by the very sensitive

technique of hybridization of RNA to DNA complementary

to globin mRNA. In the present study very little keratin

mRNA activity was found in the IB-2BS regions of sucrose-



gradient fractionated l4-day feather polysomal RNA (see

Results 6.C.3) and in fact, none was seen if the RNA was

disaggregated with formamide prior to analysis (Kemp

personal communication) .

I42.

2. Ce 1lu1ose- chroma tographv of L2- and 14-day feather RNA

Eukaryotic mRNA,s bind to cellulose during chromatography

on this material in high salt buffers (Kitos et al. , 1972i

schutz et aI., 1972; Delarco and Guroff, 1973). In the present

study it was found that the major part of the L2s keratin

mRNA isolated from 14-day feather polysomes was cel1ulose

bound, and therefore presumably contained poly(A) sequence(s) '

Furthermore, the bound fraction of this I2s has been shown to

be enriched in keratin ¡RNA activity (Xemp - personal

communication). It is obvious that evidence must be obtaj-ned

to show definj-tively that the L2S RNA isolated from 12-day

feathers is keratin 6RNA lacking poly (A) . It is interesting

to note that maternal mRNA of sea urchin eggs becomes poly-

adenylated following fertilization (S1ater et aI', I972, L973;

wirr, L973) .

It is possible that the onset of keratin synthesis

is preceded by polyadenylation of pre-existing keratin nRNA

in and analogous manner to that described f'or the polyadenylation

of pre-existing sea urchin mRNA after fertilization' Furthermore'

it has been found in this same system (Skoultchi and Gross '

Lg73;GrossetaI.'1973)thatthematernalhistonemRNA

is l0cated in the subribosomal fraction before fertilization'

It would be of extreme interest to show that the mechanism
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of mRNA storage in the

is a mechanism general

cytoplasm Prior Lo translation

to all eukarYotic cells '

3 The effect of corclycepin on thc labelling pattern

of 12- and I 3-da feathers

It was observed thati the low levet of actinomycin

D used did not supress rRNA labelling to

in 13-day feathers. The reason for this

possibly it was the result of keratinized

feather-sheath being relatively impermeable to the drug

in the case of the feather. This also may explain the

observation that there was progressively less labelling in

t3-and14-dayfeathersincomparisontol2-dayfeathers.

Furthermore, the presence of cordycepin did not suppress the

l-abelJ-ing of the rRNA species, although very

h/as incorporated into these species in l2-day

irrthepresenceofactinomycinDandcordycepin.Themost

interestingeffectofcordycepinonl3-dayfeatherswasthe

observation of several peaks of, absorbance with radioactivity

counterpartsinthesupernatantfraction;thiswasnot

observedinthepresenceofactinomycinDalone.Itisof

interest to compare these findings with thos e of Lavers et aI.

(Ig74), in which the effect of cordycepin on the I4S mRNA

codingforlens0-crystallinwasinvestigated.These

authors found that when lens tissue was incubated with

cordycepin the pre-existing lens cr-crystallin mRNA lost its

template activity for reverse transcriptase. This enzyme

requires a poly(a) sequence as primer. Moreover, most of the

any

is

great extent

not clear but

cells of the

little labe1

feathers
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radioactivity over the 14S mRNA peak was no lonqer present.

In the same context it has recently been reported (Nature

New Biology News and Views, 245, 161, l-973) that there is a

non-mitochondrial poly (A) activity in the cytoplasm. Since

poly (A) length may correlate with the lifetime of mRNA

(Darnell =! -I. , 1973) such an activity could be involved

in a translational control phenomenon.

4. Comments on future Prospects

The studies reported in this chapter are of a

prel-iminary nature but are reported in detail and dicussed

in relation to the pertinent and extensive work of many

authors. This has been done because j¡ is an area of great

importance in the overall understanding of the events involved

in the terminal differentiation of keratinocytes, and the

experj-ments performed to date, indicate the general direction

in which the work should Proceed.

The results of the labelIing studies indicate that

label-ling of feathers in vitro is not likely to provide much

definitive evidence for the existence of kerati^n mRNA stored

in the cytoplasm prior to the onset of keratinization-

Label-1ing studies could only provide definitive evidence for

this if it could be shown that - ten- day embryo feathers

contained a t2S RNA species which could be proven to be

keratin mRNA. I¡urthêrmor€r these studies are beset by a problem

hitherto unmentioned in the corÈext of RNA labe11ing, namely

that a gradient of differentiation exists in the feather,
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hrith the most differentiated cells being at the tip of the

feathers (Matu1ionis, 1970; Kemp et aI' ' I974) '

Thisineffectmeansthatsomecellsofl4-dayfeathers

are no further developed than most of the cel1s of 12-day

feathers, making interpretations of results exceedingly

di fficult.

Themostinterestingfactsobtainedinthepresent

study relate to the finding that a 12S RNA species, presumably

not containing poly (A) was present in large amounts in l2-day

feathers.IfitcanbeshownthatthisiskeratinmRNA,

by hybridization to DNA complementary to keratin rnRNA it will

beaverysignificantresultintheunderstandingofthe

control of mRNA activity within developing embryo feathers

and possibly in other differentiating tissues. Furthermore'

it should be possible to show that príor to keratinization this

I2Sspeciesislocatedinthepost-polysomalfraction.
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The aims of the work'' reported in this thesis were

directed towards the eùentual understanding of the mechanísms

operatíng at the mol.ecular level to control the onset of

keratinization in the developing chick embryo feather.

Although Some achievements have been made towards this aim

the results obtained have mainly left more intriguing

questions to be answered.

The results described in Chapter 4 demonstrated that

a ce11-free system prepared from 14-day feathers was active

in the dg novo incorporation of amino acids ínto protein.

Furthermore, the major product of the system was feather

keratins, which had, as far as the assay System v/as able to

resolve, the same relative rates of synthesis as occurs

in vivo. The most significant finding was that the system

had an efficiency for de novo prot e in synthesis greater than

that of reticulocyte lysate when the ionic conditions were

optimized. It should be of general use for investigating

the mechanisms of protein synthesis and possibly for the

translation of exogenous mRNÀrs.

Sonte experiments were conducted to compare the

kinetics of incorporation in 12, 13 and 15-day feather cell-free

systems. Vühile it was observed that the kinetics'and the nature

of the products of the 13 and 15 day systems \^tere similar to

the 14-day system it appeared that the 12-day system may

warrant further investigation. Although the experiments on

the l2-d,ay feather cetl-free system were done in the non-

optimal MSB conditions, preliminary experiments (not reported



r47.

,:.r! .'
in'thistithesis) have indicated this system, when prepared in

LSB has the Same relative rate of de novo incorporation aS

has the 14-day system prepared under the same conditions. The

total incorporation, however, \¡/as some four-fold' lower'

It should now be possible to determine whether

some form of translational control is operative at the time

of onset of keratinization. If keratin mRNA is stored in the

cytoplasm prior to the onset of keratinization there would

appear to be three main possibilities for controlling this,

(a) there may be a ribosome bound inhibitor of protein

synthesis which is removed at the onset of keratinization.

A similar situation has been reported to exist in sea-

urchin eggs prior to fertilization (Metafora et aI.

1e71).

(b) an inactive mRNP complex could undergo some modification,

for example, by loss or exchange of certain proteins

of the mRNP complex to allow ribosome binding to occur.

Such an event has been suggested to explain the difference

in the protein complement of free globin chain mRNP in

comparison to polysome-bound globin-mRNP of duck

reticulocytes (Gander et aI., 1973) .

(c) the mRNA itself could und.ero some modification. Prelimj-nary

work described in chapter 7 indicated that there was a

12S RNA species in l2-day feathers which lacked poly (A) .

poly-adenylation of this RNA could precede the onset

of keratj-n synthesis. This mechanism is another described
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to explain the increase in protein-synthetic activity

following the fertilization of sea-urchin eggs (Slater

et al., I972, I973i !ùitt, L973) .

(d) there may be a specif ic iniüiation factor or IRNA require-

ment for keratin mRNA, with either one of these being

the controlling element in the 'switch-on' of keratin

synthesis. This woul-d appear to be rather unlikely

as the keratin mRNA can be translated in an heterologous

system without the need for any other components of

feather tissue.

The preparation of the highly active cel1-free systèm

will altow these possibilities to be investigated by careful-

fractionation and recombination of various components from 12

and 14-day feather celI-free systems.

Unquestionably, the most significant finding described

in this thesis \^¡as the isolation of a L2S RNA species from

14-day feather polysomes, which coded for, as far as it could be

discerned, the complete complement of feather keratin chains,

identical to native feather keratin. This mRNA was translated

ín a rabbit reticulocyte ceIl-free system without any requirement

for other component(s) from feather tissue. This.system has

been somewhat superseded in usefulness by the finding (Kemp

and Schwinghamer personal communication) that the keratin

mRNA can be translated in the wheat embryo system of Shih and

Kaesburg (1973). This system has an important advantage in

that the endogenous protein synthetic activity is very ]ow,
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allowing for easy identification of the protein products of

the exogenous mRNA.

The results of attempts to isolate keratin mRNA

aS an 6RNP complex !üere described in Chapter 5. However, it

has been found (Kemp - personal communication) that by

treatment of polysomes with EDTA at pH 9.0 (Zehavi-Wi1lner'

I97O) the mRNP can be reproducibly released. The mRNA from

this mRNP runs aS a single band when electrophoresed under

strongly denaturing conditions. Furthermore' this result

corrfirmed that the mRNA's coding for the keratins all- had

essentially the same molecular weight, indicating that large

untranslated sequences must have been rj-gorouslY conserved

during the evolution of these separate species.

The purified mRNA has now been used as a template

to direct the RNA-dependent DNA polymerase of avian myeloblastosis

virus, to produce a DNA copy of the mRNA. This can be used

to determine the reiteration frequency of the keratin genes

in the chick genome and to determine if specific amplification

of -the keratin genes occurs in the feather tissue. It has
lq.ul

been suggested (Kemp , I97 2') Lthe large number of keratin

chains present may simply refl-ect a need for a high rate of

mRNA production at the time of onset of keratinizalion.

However, this would seem to be an unlikely possibíIity for

the following reason. The reiteration frequency of globin genes

in the erytrrp{e tic series of mouse (Harrison et 41., 1972)

and duck (Bishop and Rosbash, l-973) has been determined. Even

though these ce]ls produce predominantly haemoglobin only I-3

globin genes \^/ere found to be present. Suzuki et aÌ. (I972)
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reported a similar finding for the reiteration frequency of

the genes coding for silk fibroin in the silk glands ín

Bombyx mg51. Furthermore, they presented calculations to

show that transcription of each fibroin gene was sufficient

to account for the large amount of stable ¡RNA present.

No amplification of the genes coding for the immunoglobulin

light chain was detected in myeloma cells (Deltovich and

Baglioni, l 973). From these results it would appear that

neither gene reiteration nor amplification is necessary for

the production of large amounts of mRNA in cells committed

mainly to the synthesis of a particular protein'

using the DNA copy of keratin mRNA it should be

possible to determine the nature of the nuclear RNA precursor

to keraLin mRNA. This may produce significant results, as

the keratin genes may be closely linked on the chromosome

giving rise to the possibifity that the gene-battery may have

only one controlling element so that all the keratin genes may

be transcribed as a single HnRNA species which is subsequently

cl-eaved, to produce the discrete keratin mRNA's. It should be

noted, however, that as yet no precedent has been reported

in eukaryotic cel1s for this postulate.

As discussed in chapter 7 the main disadvantage

of the feather system as an example of a terminally differentiating

system appears to be that the feather cells are not phased in

development, the onset of keratinization occurs at the feather

tip, and the feather sheath then spreadingiinwards and downwards

(8e11 and Merrill, L967; Matulionis, 1970). Such a situation

could conceivably cause erroneous conclusions to be made on
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protein synthetic activity of a l4-day feather cell--free

system as compared to a 12-day system when in fact both would

coñtain a míxture of cytoplasmic components from both

compl-etety differentiated and undifferentiated cells, with the

only variable being the ratios of the two cell types in each

preparation.

Furthermore, it would be of advantage to obtain

culture conditions in which the onset of keratinization could

be studied in a chemically defined medium, to enable investiga-

tions to be made into the effect on keratinization of hormones,

vitamins and antimetabolites. To date this has not been

achieved but a priori there appears to be no reason why this

cannot be done. Piatagorsky et al-. (1973) have reported that

explanted lens epithelia undergo many changes characteristic

of maturing fibres. A similar result was noted by Brarrerman

and Katoh (1971).

Despite this shortcoming the progress made on the

understand.ing of the events involved in the terminal

differentiatj-on of the chick embryo feather justifies further

investigation and it would seem that the most exciting

phase of this research lies in the near future.
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