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Abstract *

IS

3

%Xellnatlon in the chick nervous system commences
.after the‘fourteenth day of embryonlq development. To
explore certain biochemical aspects of this process, a
study was undertaken of the transcrlption"of mitochom™
drial and messenger-like RNA 1in the nervous system of
pre- myelinating l4~day embryos and of myelinating 17-

day embryos and 3-day chicks. ) '

' Using differential centrifugation and ﬁlld "osmotic

shock" treatment of crude mitochondrial fractions, mlt?f

chondrial RNA could be i1solated from the brain and nerve

tissues of 1l7~day embryos and'3~day chicks in a relatively

pure amiundeg;adedform. The purified mitochondrial fracl

tion contained three major RNA components. Two of these .

' (having molecular weirghts of 0.72°and 0.45 million daltons
reséeatlvely) probably briginated from mltocthdrlal ribo-

B somes. The t?lrd mitochondrial RNA comptnent had an

electrophoretic mobility on polyacrylaﬂ}de gels similar

1 .

to that of transfer RNA.' Basé& analysis of the presumed
/

mirtochondrial ribosomal RNAs showed that these species

had significantly’ lower G+C contents than did their cyto~

plasmic counterparts. The labelling of mitochondrial rRNA
T .

and tRNA could be demonstrated both in 233!;992 in organ

culture. Mitochondrial RNA labelling could be selectively

Ly
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at both developméntal stages.
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inhibited by low doses of ethidium bromide. 9o estimate

the ~contribution of mltoéhondrial RNA labelling to that

of total, rapidly-labelled RNA.of the sciatic nerve, the

-

specific radioactivities of total nerve RNA and of.mito-

chondraial RNA were comparedFln 17~day embryos and 3-dpy

chicks. Less than 1% of the total radloactlvity in RNA

was associated with the.purlfied mitochondrial fractions

Therefore, the low-molecular-

welght, hlgh~spec1flc-act1v1ty RNA spec1es previously iso-

§

lated by Hu and Mezei (1971) from the myellnati:z nerve

presumally contained only a small proportion of 1%0chon—

drial RNA. These results, however, do not exclude the

4 -~

p0351b111ty that mitochondrial RNA synthesas plays an im-

portant, but as yet unrecognized, role in myellnogeneSLS.

’

To characterize some of ‘the me#senger-Yike or hnRNAs
in the deveﬁoping nervous system, brain and nerve tissues
per
of embryonic and post-hatch chicks were intcubated with

radioactive precursors in vitro. Radloact%ve RNA was'

1soléted, purified and fractionated on oligo(dT)-cellulose

»

columns into bound, poly(A)+ and unbound, poly{A)~ frac-

tions. Base analysis of these fractions indicated that

the adenylate content of the bound -RNA fractions was higher

than that of the unbound fractid¥s. After a 2 h incubation'

] e a »
time with [*H]-adenosine in vitro, the nuclear and cyto-

plasmic subfractiens of brains and sciatic nerves contalned

ey

¥
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» .
about 5-20% of poly(A)+ RNAs. The relative proportion

. - " A Y .
of poly(A)+ RNAs 1in the tissues decreased during devel-
. .

-

1
w

opment. Polyacrylamide gel electropheiagrams of pre-

* parations labélled in vitro showed that the bouﬁi: L, s
fractions contained heterodLSpersg RNA peaking mainly
between the 286 and 18S marker rRNAs. The poly(A);,RNK
fractions of the rapidly-myelinating ne;v; tissues of .
17—aay embryos and post-hatch chicks contained a rela-
tively larger proportion of smaller-~than-185 molecules
than’thQ§g 6f the pre-mye}lnatxng l4-day embryos. '

. -
To further characterize:the types of non-ribosomal

- P LY 4
RNA molecules in the developing sciatic nerve, the o~ e

v

inhaibitor S5-fluoroorotic acid was usgd in organ cultures |
to selectively sup ress the labelling'of‘rRNA in thas
tissue. 5-Fluoroorotic acid inhibited the labelling of

- - . -

matute rRNA 1n the sciatic nerve of l4~-day, 1l7-day em- : -
L 3

-

bryes ﬁnd 3-day chacks without affecting appreciably the

radioactive electrophoretic pattern of the heterodisperse

“
» . . -

. .
RNA species. Incorporation of [5-*Hluridine and [5-3H]

' orotic acid in the 5-fluoroorotic acid-treated embryonic

1
[

» ‘ 1}
hnerves was mostly anto RNA speciées larger than 18S, whereas, N

. . in %khe treated 3~day~ch1cﬁs. most of thHe radioactLVLty G

-

. appeéregazn heterodisperse RNA migrating between the 18S
and tRNAtgomponeﬁps. ‘Ribosomal RNA of purified polyribo-

somes w&s also found to- ber unlabelled in the presence of
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the'drug. The heterodisperse 5-fluoroorotic aczdoreslst&ht

RNA of theaembryonic polyribosomes contained relatively

- 41 "~ ]
: . " more large-molecular-weight RNA species (>18S) than that
of the 3~day chicks. These results are consistent with
h
! 3 i theshypothe31s that the embryonic nerve tissue contains
kY -
\ a larger proportion of hlgh—rnélecular-—welght RNA molecules
\g ~ tham does nerve tissue of young chicks or adults.
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Sectzgn I Introduction ‘
“‘ 3 3

The Present Investigation .

.

P

Electron microscopic, x-ray diffraction and chemical
studies of developing central and peripheral nerves of
animals of different species have shown that an association

must exist between a Schwann or glial cell and an axon

prior te the onset of myelin formation (for review see .

Davison & Peters, 1970). At different stages of dévelop-

ment, varying in time with species studied, the Schwann or *

glial cells multiply, invade thé nerve bundles, and wrap

themselves around the axons to form the myelin sheath -

(Peters & Muir, 1959). Therefore, myelinogenesis can be ,

regarded as a special kind of differéntigtion.' )
A great number of enzymes&;nd oéﬁ;r chemical consti-

tuents are syﬂfhes;zed\ln the nervous system just prior to ’

or during the active phase of myelinaticn. .For example, .

* -
1t has been shown tha% both axons and Schwann cells are’
actively synthesizing macromolecules such as RNA and pro-

teins in the myelinating nerve {Koenig & ﬁoell 1961; !

Peterson et ale«? 1968; Edstrom et al., 19

cal signals for the ainitiation of myelination are

known, but one may ass that myelinogenesis, like other

processes of cell differgentiation, 1s controlled a e

level of transcription, prdgessing of transérlpts, trans- .

A4

lation, or a gombination of thyse. To explore whether
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transcription plays an wmportant role in the control of
myelination 1t 1s.important to characterize the particular
transcription products in the developing peripheral nerve.
In the sciatic nerve of chick, myelin 1s laid down .

” most rapidly three to four days before and after hatching ~
(Geren, "1954). Therefore, as a first approach, the pattern
of RNA“syntﬁe51s was studied in organ culturg of the ”

~scia€1c nerve and brain frop l4-day and 17-day embryos,
and 3-day chicks. During these previous studies (Hu &
Mezei, 1971) 1t was established that the sedimentation and ]
electrophoretic properties of the rapidly~labelled RNA»

a species were“different in pre- ah@ post-hatch chicks. 1In
younger animals, the rapidly-labelled RNA was distributed
mainly in the high-molecular-weight region of the sucrose
gradient. However, as the animals became older more low-
molecular-weight RNA appeared in the less dense regi@ﬁ of
the sucrose»gradlen£i Studies on the pattern of methylaglon

h of RNA in the peripheral nerve of the chick during deveiop—
ment (Mezei & Hu, 1972) indicated that the rapidiy-labelled
high-molecularrweight RNA in the embryonic chicks might be
a m%xéure of ribosomal RN{ precursors and heterogeneous ‘

. nuclear DNA~-like RNA. In cén%rast. in the three-day chicks

during a short (O-z(hr.) pulse with both radiocactive uri-

dine and methionimre, methylation was almost entirely

limited to the tRNA species. Furthermore, the incorporation *

ofs uridine in the 3-day anamals revealed the presence of a
s \

Yﬁl | o .
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IUURUNINUN JEU o e e v . v— [P




. bulk RNA on gel electrophoresis. . .

s -
B e e [ —
f

I3 > bt - ~ e g
heterogeneous population of rapidly-lahelled, non- .

-
‘ -

methylated RNA spec1?3r_most of whiéh-mlgggted betweén

the smaller ribosomal RNA and tRNA;cémponents of the -

Pep +

In the present.investigation several hypotheses were
P .

"

considered concerning the nature of rapidly-labglled low-

- "

) molecular«weighE RNA of the peripheral nerve. Flgég,.this
RNA‘aéuld have beeﬁ transcribed -in” the mléschogdrla of the
peripheral nerve, since this RNA fraction was poorly methy-
lated and 1ts synthesis could be specifically reduced b&
1nhibltofé'of mltochondrla RNA synthesis, such as ekhidlpm
bromide and acriflaV1ﬁ§ (Mezei égf al., 1971). 1t is alsor
known that the number of mitochondria ﬁéf'cell increases

L}

during nerve development (Frleée & Samorxajsky, 19648) .

>

e

R
3 £

Furthermore, Nass (1969) has guggested.thatndtochondrlh ¢

celi differentiation in con-

* -

might play.a special role an

junction with nuclear genetic control mechanisms.

w !

, in the present investigation a mone detailed characterization

Therefore,

of the properties and labelling of mitochondrial ‘RNA was
. -
carried out in the developing sciatic nerve and brain of

-

chicken.

{ - = ’ » ! [
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For, these studiks the method of Hernandez et al.{1971)

) ] " v " . M
was adopted, which lnvolvgs 2\Berires of differential steps

" 1n sucrose media followed by osmotic shock treatment of
crude subcellular fractions from brain and nerve. This

technique was successful in ylelding mitochondrial RNA

- 4

3
)
oS,

.

© e g e e e -




P

in A was 1ncorporated in the purlfled mltochondrlal
“ fractions from both pre- and post~hatch anrmals. *Therefore,

he low—molecular—welght, thh‘SPGlelC*aCtlﬁttYrBFeCles -

i o w -

reV1ously demopstrated in myellnqt;ng nerve (Hu & Meze1,

- 1971) contained only a small pdrtlon of mitochondrial RNA.

Thezsecond‘hyﬁothesis concerning the nature of the
low moiecular~wé1ght, rapldly—labelfed and poorly—ﬁethylated
- . RNAjof the l7~day old, embryos and 3-day chlcks proposed
th these pol?nucleptldes could represent some of the
A fraction of the myellnatinqyéerve, because the methy-
1at~ n, ggdimentatlan and electrophoretic properties of
L o thase ﬁo ecules were similar to those of mRNA of most eucary-
;th'CEllS (Hiatt, 1962; Peterson, 197ﬂ§ Penman et al.,
r 1968; Nemer gg al., 1974; 1975).
There 18 increasing evidence khat a number of mRNAs
and hnRNA- from eucaryotlé cells contain adenylate—;lch
sequences (Edmondé & Caranella, -1969; Lim & Canellakis,‘1970£
Edmonds et al.,.1971; Nakazato & Edmogds, 1972), The pre-~
sence of these residues can be used to advantage }n the
selectmve isolation of mRNA free of other RNA specxes,
i since ;olyadenyllc sequences blnd preferentially to a
- variety of materials such as oligo(dT)—cellulose. poly (U}~

containing filter paper, and nitrocellulose (Millipore)
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filters (Lee et al., 1971). Moreover, a number of in-
vestigations have recently shown that a high proportion

of RNA synthesized by brain or brain nucleir contains

s o

molecules that are associated ;1th a polyadenylic acaid
sequence (DelLarco & Guroff, 1972; Banks & Johnson, 1973;
Hemminki, 1974; Lam et al., 1974; Mahony & Brown, 1975): R
Therefore, i1n the present investigation, the isolation :
and characterization of fthe ébly(A)ncontainlng RENA of the
developing brain and nerve tissue of chicks was attempted
h51ﬁg the technique of oligo(dT)-cellulose column frac-
ticnation. From total RNA of ;he éhlck peripheral and
central nervous system, thas proceduré yirelded an RNA
fraction which was retained on“éllgo-(de&ceflulose
columns and had properties similar to those described by
others for a variety of tissues and organisms.

If some o§ the 1ow—moleéular-we1ght rapidly-labelled
RNA represents the mRNA fraction of the develgping sciatic
nervs:\zt could contain a mixture of poly(A)-containing and
poly{(A)-deficient mplecules, since 1t has been shown that
not all mRNA molecules possess poly(A) sequencey (Nemer et
gi: 19?4;Ck11carek et al., 1974). Recently Wilkininson et

. al., (1971), Wilkinson and Pitot (1973),

al., (1973) showed that 5-fluoroorotic acid (5-Foro) may be
useful for the specific inhibition of rRNA synthesis, resul-
ting 1n the selective incorpdration of a labelled precursor

into cytoplasmic RNA having, several propertiqe of mRNA. In the

-
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present investigation, therefore, the effect of thas
inhibitor on the pattern of RNA synthesis of the devel-
oping sciatic nerve was investigated in order to further * ¢
characterize total mRNA during nerve development.

The data reported in this thesis show that 5-Foro }
inhibited labelling of mature rRNA of the sciatic nerve ~‘3

«

of developing chicks without affecting appreciably the

5

radiocactive electrophoretic pattern of the heterodlsaerse

RNA species . The radioelectropherograms of the 5-Foro-

resistant RNA species from the three developmental stages

were almost identical to those observed previously in this -
‘labor;tory after a relatively short "pulse" (30 to 60 min.)

by the radioactive precursor alone (Mezei & Hu, 1972). '
These, results are consistent wiéh the conclusion that the

embryonic nerve tissue contains a larger proportion of )
hlgh~molecular-fgight mRNA molecules than that of the

young chicks or adults. -
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"Literature Review ’ . .
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A. Myellﬂbgeqe31s as a differentiation model -

« 1. The nervous system and myelin

v

The nervous system i1s composed of an agg:pg%tlon of «
units, each cf:which comprises the nerve cell proper (which,
with all 1ts processes (dendrites and axons) 1s termed a

‘neuron) plus satellite cells such as neuroglia and‘astrocytes.q

”

The neurons are specialized’ for recep‘ion-of stlmull Aand

3 ‘ .

transmission and conduction of nerve 1mpulse.,

« In .the peripheral (PNS) and central {CﬁS) nervous sys-
N L ’ N ¥

’ teﬁs, the axons are of two types, myelinated, ahd unmyelinated,

and theapreseﬁg literature review will deal mainly with the .

-
L]

myelipnated ones: A typical myelinated neuron is shown in

Figure'l. - .

<
o . - }
\N c‘cnéﬂ » ' ’

Fig. 1. Diagram of a Neuron in PNS !
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E&rly in the seventeenth century Leeuwenhoek demon-

, Strated by llght micoxscopy, a sheaﬁﬁvéround the "axon

}Rossxter, 1962). Since then a gdeat deal of data has

accumulated on the structure of myellnated nexrve fibers -

~

and their associated cells. bW v

» s N v

A historical review of the s;rusiure of the PNS 1is

given by Bunge (1968) Work on the detailed structure of

myelin.began with polarlzed 1lght mlcroscopy. This te&h-~

nigque was.to give the first indication of the radial arrange-

’ -
ment of myelin lipid components (Schmitt & .Bear, 1939). A

1

number of investigators (Schmitt & Bear, 1939; Schmitt et
al.,'1941) obtayned x-ray diffraction patterns “from -peri-
pheral nerve prieparations which led to the suggestion that

the myelin sheathi§ constructed from layers, or lamellae:

¥

Each myellﬁ lamella contains two bimolecular lipid layers,

about SSA tHack, altennatlng with prote;n layers about BOAb

N A
w p ', “,

thack. *This work was conflrmed later by electron microscopic

*

studies (Sjpstrand, lQSO;.Fernandez—Moran, 1950} .

2;-Mye11nogene31s "7, . !
- (a) Mofphologlcal evldenqen .

-

¢ | Lt is generally accepted that the Sthwann cells
oriq;nate”from the embryologlcd{ eural prest cells whxeh’
migréte along the periph al_nerve and_cover the axons.

There is a very.élose coiSZ)ation bethen the axons and the

Schwann cells in their segmental distribution (Harrison,

1924).

The Schwann cdlls increase in number by mitosis after

-’

pow
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+ their 1nitiai 1gration into the developing peripheral
nerve, and form a:complete layer surrounding the entire
bundle of thé young nerve\ fibers. éhe Schwanh cells
ﬂext\sta;;uto invade tHe centrél core of the axons. These

]
invading Schwann cellsy which are undergoing mitosis, form

»

partitions between the axons until the latter are separated

into very small bundles (Peters & Muir, 1959).

, ¥ -

3, The formation of the perigherdl myelin sheath was
first studied with the electron microscope by Geren (1954).
In the sclatic nerve ¢of developing chicken, Geren noted

the spiral nature Pf the &arliest myelin 14mellae and was

EY
-y

able to correlatelthisawith the spiralling of the ainfdlded

Schwann surface membrane with its external mesaxon. Based

LXY

on these morphol&gicaf observations she suggéé;ed that the

v

myelin sheathdéﬁs1sts of a greatly—extendea Schwann cell .

membrane wrapped in a spiral mannexr around the enclosed

3

axons. Geren's postulation was sooh supported by Robertson

3 L] ]

.

(1955), who showed ,that the structure and the formation of
the myelinated sheath in vertebrate nerve tissue 1s consis-

tent with Geren's model of myelin formation.

L4

(b) Current concept of myelination

During development, an axon destined to become

&

myelinated lies in a furrow rndenting the Schwann cell

along i1ts long axis. 'The furrow containing the axon then

4

‘ 0, ; s
deepens, and 1its freq edges extend towards each other until

they come into close approximation. This leads to the
e v

H
o 1
a |
» 4
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complete envelopment of the axon by the Schwann cell, and
where the edges of the fyrrow meet, the outer surface of
their bounding plasma membranes’ come into apposition to

_ form the mesaxon, as it was termed b§;@assef4(1952). Once

*

the mesaxon is formed, it socop proceeds to elongate. The

elongatlon of the mesaxon takes place in a basically splxal

L3 .

fashion, and this leads to the productlbn of a loosely-
,c0113d mesaxon. Once a number of turns have been completed,

»

the éytoplqgm_ls lost between them. Therefore, the 'apposi-

%;Onuof the cytqplaémic surface of the consecutive turns

»*8f the meéaxon’lgadé to the:formatior of compact myelin

s v -

(Davisen & Peters; 15970). Figure 2 shows the prqcess of

o . s ' <
myellhatlon - B [ K -
I W 2 » -

.
. ¥ o
3

{c) Rélatlonshlp between cell types ’

' It was shown by Speldel (1964} that myelln for-

@&

mation in the PNS 1s thg result of an 1nteraction between’

PR *
) °

the axon and the Schwan# cells. Nelther the axon nor the

- a

Schwann cell-alone was able to form myelin (Peterson &

® <

Murray, 1955). Friede and Samerajski (1967) studied the

t

relationship between the number of myelin lamellae and

axon circumference, .and showed that ‘there is a constant

.

linear relationship between these two. The critical diameter

’

. for the nerve fiber which "1s to be myelinated was about 1l.lu
for fresh nerve, Therefore, they proposed that this rela-

tionship in adult nerve fiber may indicate the mechanism by’

whachysthe axon controls deposition of myelin during
f

! L )

“

-

i
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development. In 1964 Speidel emphasized that there 1s a

special affinity between myelin-emergent fibers and Schwann

cells, and that this affinity is greater than the one which

.

exists between Schwann cells and non-myelinated eﬁergent
fibers. Thiis he considered Schwann cells to m?ve preferen-
tially towards myelin-emergent fibers. Howeyer, theqcheqi~
cal basis of this affinity-is unknown. Speidel also specu-
lated that the axon does not partic;ﬁate metabdlicaiiy 1n,‘
the process of myelin fermafion, which i1s garried out

entirely by the Sghwann cell.

'

¢

Fig. 2 - Successive stages in the development of the
myelin sheath from the plasma membrane of a Schwann cell
(A, B, C). Relation of a Schwann e¢ell to several
unmyelinated fibers (D). (See Barr, 1972; p. 39)

1
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(d) Baochemical. evidence s

Myelinogenesis occurs at twoJlevels. The farst
1s concerned with the biosynthesis of theachémicél constitu-
ents, the second with their assembly. During myelination
the great increase in the enfolded surface of the Schwann
cells éuggests the incorporation of lipid and proteins‘into

)

the mye%in membrane in large amounts {(Geren, 1954). 1In
‘braln, during early development, many substancqs\ara in-
corporatéd as the result of two processes, growth and
myelination (Rossiter, 1962). Wells & Dittma; (1967) have
studied changes in lipids associated solely with myelination
of the rat brain during developmenti They found a geheral
increase in the content ‘of 21 different classes of llgids

during rat brain developmept: More specifically, the

%}ﬁlds considered to be associated solel§ with myellnatloﬂ
{such as cerebr051des, sphingcmyelins, triphoébhpin051t1des,
phosphatidic ac1d, galactosyl diglyceride, and ethanolamlne
plasmalogens) 1ncreased maximally durlng the dlfferent ‘
perlodggof myelination (Davison & Peters, 1970). My;ALn *
1solated from sciatic nerves of chicks was found'to.ﬁndergo

marked changes in lipid composition during development,

particularly in the phOSpholipid and cerebroside content

(Oulton & Mezei, 1973). .Yates .and Wherrett (1974) descrabed

|
1lipid changes occurring in post-~natal rabbit sciatié nerve

during development. Recently the lipid composition of chaick
4 "
brain and sciatic nerve during develdpment was determined

<

¢
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by Shaikh and Palmer (1976). ‘ '
”The activities of many‘enzymes in lipid metabolism in
rat braln are increéased durlngxthe perlod of rapid myel;natlon
{Salway et al., 1967; Davison & Peters, 1970). ; -
There are three major tyges of proteins present in
myelin: the proteclipiad protein; the basic protein(s) ané
Wolfgram, aeidic protein. Proteolipid’ proteins (Folcﬁ‘&
Lees, 1951), named beca&séléhey are soluble in orgahlc sol-
vents, ¢omprise approximately 50% and 23% of the total .pro-
teins in\CNS and PNS myelin regpectively (Wolfgram &
Kotorii, 1968). The basic protein as characterized by a
high content of basic amino acad rgsiéues and represents
30% éf-tﬁe total protein of CNS myelin and 21% of the total
protein of PNS myelin (Eng et éih' 1998). There is only .
one basic protein present in CNS myelin in most species -
(Sﬁoote;\& Einstein, 1971), whereas PNS ﬁyelln ccntdihs two
basic proteins. Of the myelin proteins, the basic protean
has unlquetlmmunologlcal properties. When injected into
edperimental animals, 1t causes a condxtion called experi-
mental ;llergic encephalomyelitas (EA%), characteraized by
hind~leg paralysis and pathological changes in the braan.
One of the basic proteans oé PNS myelin can produce a simi-
lar dlfease, experimental allergic neuritis (EAN), which
specifically affects peripheral éervous tissue. The Wolf~

gram protein (soluble in acidic chloroform-methanol)

accounts for 17% of the total protein of CNS myelin and

-
v »
.
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approximately 50%°of the protein of PNS myelin.

Besides the characteristic myelin protelqs, Levine
and Moore (1965) have described a bra1n—spéc1f1;, acadad
protein (S-100), which has been identified in glial cells
and axona) plasma membrane of most séecies (Pavison &

Peters, 1970). ) :

*Proteins, particularly those uhaque to the nervous
* e
system, have been studied during development (Greaney, /o

1961; Mokrasch & Manner, 1963; Einstein et al., 1970).

[}
a -

It has bgen found that the compositioﬁ ofuprélﬁ proteans’

changes .during development (Preﬁsky & Moser, 1967). There

B
e "

5 tor . ¢ " M
are changes in certain enzyme proteins and in the chemical

composition of the proteollpid'protq1ns {Davison & Petérs,

"

1970). Einstein et al. (1970) demonstrated that both the

basic proteins and the'broteoiipid proteins of mouse brain *u .

myelin increase significantly during development. Further-

v
- e
-

more, it was shown that the encephalitogenic protein accumu-~

lated in the CNS with 1;creasing age (Einstein & Céejter, h
1966; Eng et al., 1968). Levine and Moore (1965) found

that the acidic protein .(S-100) increased sharply durln;

the period of rapid myeilnatlon in the brain. Recently, a
Wiggins et gl. (1975) stydied myelin proteins ain rat sciatic
heﬁye during devéiopment. T£ey“showed that there'Qas less ’
change in the protein comgosxtion of-§c1at1c nerve myelin N

during development than in: that of the CNS. Shashoua angd

Wolf (1971) reported that at the onset of myelination there -

[y
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was a marked 1ncrease in the synthesis of basic myelin proteins and
proteolipid pmtems, and suggested that such an increase of proteins
and enzymes should be preceded by an abrupt synthesis of
the mRNA molecules coding for these proteins (Sh;;houa,
1974). The results of experiments yith mutant mice also
support this hypothesis. Three recessive mutations in
this species cause grossly defective myelination in the
CNS (Sidman et al., 1964:wMe1ér & MacPike, 1970). yandei’

et al. (1972) observed in these qputant a decrease 1in the .
rate of synthesis of several enzymes concerned with blosyn:
thesis of myelin lipids and a striking decrease in myelin
proteolipid proteins and basic proteins. Therefore, they
suggested that these results indicated, that the biogenesis

of gyslin is a coordinated phenomenon duklng which a series

of enzymes is transcribed and trqnslated in parallel as a
function of age. The regulation of this transcription can ‘

be envisaged either by ag induction of a myelin enzyme

operon, ﬁr Yy sequential transcription, ain which the syn-

-

is of bne enzyme or 1ts products regulated the trans- .

cription ¢f enzymes involved in latter stages of myelin

biosynthesais. '
o

\, C ot

{e) Involvement of RNA 1in growth and-differentiation -
. Experiments have been performed to investigate

the relationship between RNA and embryonic deveiopmen;.

Brown and co-workexs (Brown & Littna, 1966; Brown & Gurdon,

1966) demonstrated the synthesis of different types of RNA

«
v t
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during dévelopment of the toad embryc. In sea urchin and .
amphibian |embryos, interference with RNA synthesis alters

2

" the pattern of dlfferentiation. In the amphibian embryo,
low dqses of act1nom§c1n«D inhibit the development of the
nervous tissue (Tledm;nn,,£966). Experiments on the
specific hybraidization of a particular RNA from one devel-

»

opmental stage to hbmdlogous DNA, and the competition of
thlgxkindlng by RNAs frém varléus other developmental ’
stages, demonstrate that there are c¢hanging populations of.
m-RNA duglng sea urchin«d;;elopment (Whitely et al., 1966).
RNA changes 1n.the nervous system during developmént
have been studiédﬁln several laboratories (Dellweg et al.,
1968; Guroff et al., 1968; Yamggami & Mori, 1970; Mandel &
'Jacob; 1971; Shashoua, 1974). The experimental results
indicate changes in the brain RNA content and "rate of syn-
thesis as a function of age. Gene transcription and gene
expression during development has been reviewed by Denis
(1874) and Paul (19M), who suggest that the direction of
protein synthesis upon which developmeAt and dlffe}entlaﬁlon
depend 1s accomplished by recent“transcr1p§1on as well as
by stored m—~RNA. A

—~

B. RNA metabolism in eucaryotic cells

A general model for the steps in gene expression has
been suggested .by Jacob and Monod {1961). The model states \
that genetic information in DNA nucleotide sequences 1is

transcribed into complementary RNA sequences and that these

. - t

. s
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| are translated xntakéolybeptlde :haxnswwhich form the

1 final products of the gene.. Control of gene espression
B might occur at the leyel of either transcription or
translation, or at th? level of pxocessing&of RNA and

-

’ protein. It is becoming increasingly clear that’ in

both procaryotes and eucaryotes transcriptional regu-

lation is one of the important cohtrol mechanisms.

i ]

. . Thus an understanding of the events 1in transcf&ptlon

+* might provide some indications of how cell differenti-

-~

. ation is controlled {(Denis, 1974).

L3

nt

1. Differences between euca;yoteé and procaryotes
F

- ]

e

-

In‘ procaryotes, the ribosomes interact with mRNA
R immediatély after the start of RNA syé&he51§. As a re-

- sult a complex strycture i1s formed containing DNA, RNA

. polymerase, newly-formeq mRNA and ribosomes with their .

-

However, in the larger and \structurally-more-complex
eucaryotic cell, transcraption 1s uncoupled from trans-—

lation. Eucaryotes have a nucleus separated from

'Y

the
!

cytoplasm by a nuclear membrane. This nuclear membrane,

»

separates the processes of transcraiption and translation.

f The extra step of mRNA transport 1s essential in eucary-
otes (Georgiev, 1972). Because of the extensive physical

compartmentalization rn higher organisms, the nucleus,

| | |
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nucleolus, chloroplasﬁ, and mitochondria all appear to be
unique transcriptional sites with their own genetic in-
formation and their own transcraptional machinery {(Miller &

Beatly, 1969; Miller, et al., 1970). Furthermore, the

" DNA of eucaryotes is covered by proteins {MacGillivary &

] «T
Rickwood, 1974), such as histongs and acidic proteins,

which are probably involved in geneoregulation.

These complications make the study of transcription in
eﬁcaryotes d;fficult. Inhibitors which selectively inhabit
different transcriptidhal systems have become fundamental
tools 1n the 1gyest1qation of ,these processes 1n eucary-
otes, ané knowledge of Féanscriptloh in‘eucaryofes has been
derived mainly from the use of inhibitors (Penman et al., ®
1970a; Perry et al., 1970), such as actinomycin-D, fluora-
nated pyrimidines, ethidium bromide Tnd cordycepin.

2. Eucaryotic RNA pclymerases ’
In procaryotgs a single species of RNA polymerase

~

1sjthsgon31ble for all bNA-dlr?Ct%d RNA synthesis. How- ‘
ever, in euycaryotes each RNA synthetic system has 1its ;wn
RNA polymerase. This enzyme activity is.not only Jfound

in the nucleus but also in the nucleolus, mitochondria

and chlovroplasts. These dlfferent~polymerases, which show
different sensitivities to the drug a-émanltln, ﬂave been -
designated RNA polymerase I, II, III.and IV (Blatti et al.,
1970). Enzyme I is found in the nucleolus and is mainly

v U -
responsible for ribosomal RNA synthesis. ,Enzymes II and

o » *
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ITI are primarily located in the nucleoplasm. éolymerase
IV found in yeast might be a unique ye;st Schondrial
RNA polymerase; }t is“cowposed of only one polypeptide
component and 1s not inhibited by ;~aman1t1n. However,

1t lS'S&DSlthe to rifampicin. All the abave enzymes have
}he‘ba51c propertf&%gpf a DNA-dependent RNA polymerase,

* . .
2 or Mg 2 ions are reguired for their activities,

and Mn+
although at different optimal concentrations {Chambron,
1974) .- The.é;ﬁferential inhibition of the RNA polymerases
in eucaryotic cells by specific drugs simglifles the study
of tragscrkption in these organisms.
3. Types of Eucaryotic RNA
(a) Ribosomal RNA

{1) Properties: Ribosomes, the major components

'
N »

of the protein synthetic machinery in ‘all organisms, are
composed of two subunits which differ in size (60S and 408
for eucaryotes). Each subunit conthins an RNA species of
high molecular weight, methylated, stable, and having a
high G + C content. In addaition to the high-molecular-

werght rRNA species ribosomes also contain low molecular

" weight molecules such as "7S" and 5S" RNAs (Dalgarno &

Shine, 1973). T~

. {ii) Synthesis: The transcraption of rRNA is
o

. well-descraibed in eucaryotes (Burdon, 1971). °‘The genes for
rRNA are clustered in the nucleoclus (Perry, 1964). The'’

following experaiments suggested that nucleolar RNA 1s an
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. éﬁllgatorprrecursor of the rRNA of the cytoplasm. (1) Ir-

N

radiation of nucleoli with ;;,gltravioleﬁimlcrobeam re-
sulted in the cegsiflon of- cytoplasmic rRNA accumulation.
{2) Kln;tlc studies of radicactive precursor 1ngorpora}§on
into RNA showed’tﬁat the radieactive precursor was incor-

N

. porated into the nucleolar RNA very rapidly, whereas .
radioactivity only appeare& in c}toplasmlc rRNA after as
laguperiod. (5) When HeLa and L cells were treated with low
doses of actinomycin-D, which blocked nucleolar RNA syn-

. thesis, cytoplasmic XRNA accumula?ion was subseqhen&ly
also reduced. Since acEihomyciH~D binds to DNA and inter-
fers with RNA synthesis, ituis*wid;ly used to study RNA
catabolism in a variety of cells, lnhibitlng specifically
any further supply of newly-syntheglzed RNA.

Actinomycin-D was ﬁirst reported by Waksman and Wood-
ruff (1940) and was 1solated from Actinomycetes. It 15 a
peptide-containing antibiotic and a potent antitumor sub-

Kl

§tance but i1ts clinical application is limited by 1its

toxicity. The general action of actinomycin~D on nucleic
acids has been reviewed by Reich and Goldbergﬁ(1964). At
low doses it inhibits selectively the DNA-directed synthesis
of RNA, but not o NA, and markedly affects the rate of
incorporation of ::jllne and cytosine residues into the
growing RNA chain (Hyman & Davidson, 1970). A model based

on x-ray analysis for the structure of the actinomycin-

DNA complex has been proposed. According te this model,
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actinomycin-D 1is hydrogen-bonded to the g&anine residue
of helical DNA (Reich & Goldberg, 1964). Hyman and
Davidson (1970) sﬁggeééed that the G-C base pair is
essential fpr the formation of actinomzéin~D-DNh cogglex.
They also concb&ded that the effect of actinomycin-D on
RNA synthesis is mainly on“chgin elongation, although
the compouf*d may also have a minor effect on inataiation
and terﬁ}natlon. However, the rgsults of Wells and Larson
(1970) Hemonstr;ted that the presence of deoxyguanylic
acid 1s not essential for the actinomycin-D-DNA complex

p formation, but zathérexpartlcular nucleotide sequence

" seems to be necessary for the complex formation. At the
preéent there is still a greét deal of uncertainty..about

the mode of actinomycin-D-DNA complex formataion.

In eucaryotes, the processing of hig

“

45 S YRNA precursor into mature 28 S and%l§ S rRNA 1is
particularly sensitive to low concentrations of this drug,
whereas+ normal or near-normal amounts of 4 S, 58 and
heterogeneous nuclear RNA are transcribed (Perry, 1963;
Perry et al., 1964; Perry & Kelly, 1968). This differen-
tial sensitivity is of Fandamental importance in the
study of all the other minor forms of RNA in eurcaryotic
systems.

{iii) Post-transcriptional modifrcation: With
the development by Loening (1967) of polyacrylamide gel

electrophoresis, a method for the separation of molecules

v
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, as large as rRNA, it has become possible to study in

a
2

srgietail the eyents"of nuclear .RNA processing. Weinberg"
et al. (1967) obtainedvinformationuconcbrnlng nucléalar‘
RNA' processing using ‘gel électrophoresag. Penman aqd
1. his.coworkers (Greenberg & Penman, 1966; Weinberg &
Penman, 1970) demonstrated that the rRNAs are synthesized
in the nucleolus as a’single transcriptionél unity; a 45 S,
rRl\Q precurs:or, which is subsequently cleaved s'peciflcally
into 41 S, 36 5, 32 S and, 20 S rRNA species; with the 32
species ultimately ylelding 28 5 rRNA, and the 20 S species \
"yielding 18 S rRNA (Burdon, 1971). Recently Wellauer and. "
Dawid (1973) investigated the secondary structure of TRNA
and its precursors by electron microscopy. The secondary-
structure maps and the measurement of various YRNA molecules
strongly suggested the same processing pathway that was

deduced previously by kinetic experiments. Therefore, the

process of rRNA maturation can be outlined as shown an Fig. 3.
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Fig. 3. Schemes for the processing of nucleolar RNA.
f {(Weinberg & Penman, 1970). ; <
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Greenberg and Penman (1966) studied the.incorporation
) of methyl'qroups into xRNA by 1ﬁéubating HelLa cells in the
‘- #  presence of {methyl*l4CJﬁethionine, and found that the ;
LAY {

methylated RNAs were located Yargely in the hs S RNA frac-~ . f
; ' t

-

] .
tion. That the nucleolar 45 S RNA serves as a precursor -

i [y ¥

of cytoplasmlc 28 S and 18 S RNA was demonstrated by incu- »

a bating HeLa cells previously 1abelled with [methy ~l46, .

methionine for various times 1n the presence of a large - .

: . . excess, of unlabelled mgthlonlne. Conccm1tant<w1th loss in :

®

o b radiodctivity in the '45 S material, inpreased 1abelling‘« . ,

occurred in the 32 S RNA of~the(nucreolus and 18 S'RNA of

the cytoplasm. This observatlon suggest that~c1eavage .- ’ .

s

: ‘ of 45 S BNA occurs in the nucleolus with a rapid exit of 18 § ”

»

i
i
S " RwA to the eytoplasm and a delay in the/release of the 32 § !

cleavage product. Loss of radloactlv;ty from the 32 8 com~

'\\ ponent was closely correlated with thq qppearance of radio-
b [

’ *  active 28 S. These.results also suggest that-most of the

R methyl groups found in rRNA are 1ncorporated into molecules

[

: . - at the 1eve1 of A5 S RNA 1n hhe nucléolus. Similar results

-

g : have been demonstrated by Zlmmerman/and Holler (1967) "How-
X ever, Salim and Maden (1973) report/d that in Hela celIs

additionai'methylatlons oécurréd a#fthe level of 18 S rRNA.

y: ‘ 56 Approx1mately 80-90% of the methyl/groups on the 18 S and

‘ " .28 8 RNA respe tgyely, consist of’ /Zlmethylrlbose un%ts

present as nugleotide resmdpe% (Aétardi & Amaldi, 1970).
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(b) Heterogeneous nuclear RNA

® 1

(1) Properties: When mammalian and avian cell

»

are briefly (<5' min.) incubated with radloactlvggRNA pre-
cursors and the labelled RNA examined by zonal sedimenta-
tion, a high proportron of the radioactivity is found to

[l '

sediment as material larger tpan‘45 S’rRNA pPrecursor.

. .The distribution‘of this high-molecular—weight RNA 1s

heterogeneous {Houssais & Attardi, 1966; Soeirc et al.,

1966). Using cell fractionation techniqugs (Scherrer *

" et al., 1966),this RNA, which has a DNA-like (low mol.$%

G+C) base composition, was found to bé localized outside

. the nucleolus. Georgiev and coworkers (fqr review see

[y

Geprgiev, 1972) have described an RNA fraction (design—

ated D-RNA) haﬁlng similar properties, and isolated by a,

hot phenol extraction technique. This RNA is also extract-

i

able by relétivelylﬁgh pH buffer (approx. 8.5) and is

metabolically unstéble (Brawerman, 1963). In 1966, Darnell's

group called this material "heterogeneous nuclear RNA"
(hnRNA) (Warner‘gg al., 1966), and demonstrated that it
was not a precursor of rRNA.

(22) Synthesis and degradation 'of hnRNA:

-

Georgiev (1972) suggested th;t hn RNA might be synfhes1zéd‘

in the form of a long polycistronic chain which contains

v

the nucleotlge spguences for several proteins. Recently,

[

Daneholt (1975) and Newlon et al. (1975) reported that in

0

©

Drosophila EPe hnRNA primaﬁi transcription product might
L]
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even[#e much larger than one can observe, since the pro-.

{
\ ‘ -{ .
In Hela cells the average halif-life of hn RNA has been

v
- o ¢

cessing time is very fast.

calculated to be 3 min. (Soeiro et al., 1968), ‘Whereas,
Perman et al, (1968) , Daneholt and Svedhem' (1971) have.

Y

v found that the average half-life of hnRNA is n?g more than,
25 minutes. These experiments, along*w1th'the results of
; short pulse labelllng, 1nd1cate that hnRNA 18 rapldly syn—
/;he31zed. Kinetic labellang experlments have shown that
not more than-10-20% of hnRNA migrates to the cytoplasm ‘
after processxng (Scherrer et al., 1966‘\ Attardl et al.,.
1966; Soeiro et al., 1968; Penman et al., 1968), suggest-,
'1ng that degradation of hnRNA occurs in the nycleus with

[

the ma;oiity of the products returning to an acid-soluble

[} ¥
A . \ - «

pool. )
a .o {111) Post~transcr1ptihnal modlf;catgjfyan
. e 47 L
possible mRNA precursor role: Aft\¥ the discoj of hn

RNA, a rapdlly~labelled RNA w1th similar propertles was
o

also found in the cytoplasm when Hela cells were treated
« with a lowldose éﬁ actinomycin-D. This cytop 5§mib RNA
| speciles was found to be associated with polysomés, and
,Pad a sedimentation value between 6-25 S and a DNA-like
base composition (Penmag et al., 1963). The template
'activ1gy of this RNA in a cell-free system Y7S also demon-

strated (DiGirolamo et. al., 1964). Scherrer et al.,

! (1966) showed by base analysais, autoradiograpﬁy and.pulse

ki
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. labelling experiemnts that the rapidly-labelled high-

moelecular-weight RNA was a polymer of 15,000 nucleo-
tides with the propertles of messenger RNAY Because

the chaln length of the cytoplasmlc messenger RNA is
roughly sequivalent to the 51ze of a monoclstronlc .

S

message for a given protein, ,it was suggested Ehat cyto-

plasmic mRNA 15 formed from hnRNA by specific cleavage,

ﬂtbzda nplexy mechanism which selects th§ specific_se-

»

quénces to/be translated (Georgiev, 13972).
ffﬁls suggestion has been supported by RNA-DNA hy-

4 -
braidizatio experlments. Competitive hybridization be-

"tween hnRNA and cytoplasmlp mRNA showed that the latter

ah
W 14

competed to a small-extent W1th total hnRNA, whereas

total hnRNA inhibrted completely the hybrldlzatlon of ’

*,
¢ 1

cyto lasmic mRNA to DNA (Shearer & McCarthy, 1966; Soeiro &

Darfell, 1970). Imaizumi et al. (1973) reported direct

evidence that hnRNA fromgdu erythroblasts does indeed

contain the same nucleotide sequences as the globin mRNA.

, : : . N
Lewin (1974) recently suggested that the repetitive sequence

content of hnRNA 1s usually greater than that of mRNA.

He -speculated that if hn. RNA molecules act as mRNA precur-

sors, then at least some repetitive sequences in hnRNA

act as elements that contrdl mRNA processing, since in

\ o
HelLa cells and sea urchin o'cytes the mRNA is largely de-

rived from the non-repetitive seqguence of these hnRNA. y

Other evidence also suggests the existence of precursor

¥

,
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mANAsS 1in the nucleus. It has been shown that cells trans-
fdphed by the small DNA tumor v%rus SV40 contain the virus
* DNA és“part of the cell genome (Lindberg & Darnell, 1970).

3 1%
' An such transformed cells, hnRNA molecnles considerably
v s
larger, than virus-specific polysomal mRNA are found to
hybxid:ze to virus DNA. Recent work has also estdblished

v X

tﬁéﬁ both hn?NA andthNA contain ajfairly discrete poly (A) :
seyment as part of the:polynucleotide chain (Lim & Canellakis, ¢
1870; Lee et él., 1971; D;rnell et al., 1971b; Nakazato &
Edmonds, 3972). Furthermore methylated rigonucle051des

]

form the on sequence m7é5'ppp 'Ympr (}n which' 7~

+ methyl guanosine 1s joined by a 5'~5' pyrophosphate linkage

* to an 02'~methylnuc1eoside re§idue ¥m) which has been de-
tected at the 5' terminus of both hn RNA and mRNA (Perry &
Kelly, 1974; Pé¥ry et al., 1973),

It has been suggested that \hnRNA 1s in the form of a
£ .

n RNA|which doés not leave the nucleus will be destroyed
apidly, whereas those hnRNA molecules desti§?@ to become
cytoplasmic mRNA are transferred to the membrane and then
inwe the cytoplasm to join the pre-existing pool. Some of
tﬂa éyéoPlasmlc mRNAs may then be activated and attached X

to ribosomes to form polysomes; others may be 1nactivated

and remain stored, or may decay at a constant rate (Georgiev,
" 1972).
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L such as the mRNA for hemoglobain iﬁ the reticulocyte and for

“» * L3
‘ - 28 - '
N THe above.observations and hypotheses suggest that

hnRNA is a precursor of cytoplasmic mRNA. However, it should

| " ‘be emphasized that conclusive experiments demonstrating the

. .

+

. ‘function of hnRNA are still lacking. B /

‘ -

() Messenger RNA
; (1)/éropert1es-% MRNK has been defined as "a poly- .,
nucleq¢1de wﬁ:ch determines the sequence of amino, acids in /
polypéaptlde chains." The mRNA as'a cdrrier 'of the informa— .
tion of the genome (Singer & Leder, 1966). Cytoplaﬁﬁic RNA 1is

classifed as mRNA 1f it possesses the following properties:

. 1f 1t is-rapidly synthesized and degraded (with exceptions of A

those sta?le mRNA molécules with a life time of several days,

s1lk fibroin in the silk worm); if i1t represents a very small ;

amount of the total cellular RNA; 1f it has a DNA-like base

! composition; and 1f 1t has a low content of methylated con~

“stltuents. It 1s found in association w1th ribosomes during

| proteln synthesis, and has the ability to dlrect ‘protein

é synthesis in a cell-free system. Messenger RNA can also .ﬁ

; * exist 1in the'form of‘r;Bonucleopiotein particles ("informo-

| " somes"), as stored mRNA which is not translated immediately

% : (Neyfakh, -1971; Glisin & Savic, 1971). "

§ M The ﬁtpdg of mRNA has,been greatly fac11itqged by the i
v« use.of inhibitors ;f TrRNA synthesis, such as actinomycin-

“ t
s D (Pérry,.l1962; 1963; Penman et al., 1963) and 5~Fluoroorotic

L
-
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acid (Cihak & Pitot, 1970; Wilkinson ét al.,’1871). The
fluorinated, pyrimidines have been used with @acterla a#

well as mammalian cells for both cllxical and scientific

3 4 + s k'S
Id

' s 1nvestigat10p§. Incorporation,of fluorouracil into ;

nucleic acids has been studled with.the aid of [Z—lécf (

L4

t fluorouragxl. Fluorourldyllc acld was the only radioactive

L

' pucleotlde identified in the RNA hydrolysates (Heidel-

X

P B,

bergér, 1965). This demonstrated the incorporation of r |
L3 ’ - :
fluorouracil anto internucleotide linkage in the total RNA

of mouse tissue,, It was showh the 5-Fluorouracil causes

a delaygq release of rRNA into the cytoplasm (Willen &

S s - ’
Stenram, 1967). Since 5-Fluorouracil is not an. efflcienﬂ

O st h
I
-
A

& N

* precursq‘ of hepatlc RNA (Wagner & Heldelberger» 1962),

I3

Wilkinson et al. (197L) 1nvest1gated MEchanlsm of action

‘of 5-Fluorovorotic acad (S—Foro). This analogue, thch

-‘ . V4 4 o .
undergoes metabolic conversion simllar to that*of orotic

.
BTl R g T =

. acid in rat liver (Hurlbert & Potter, 1952 954), is con-

. verted enzymatically to fluorurldlne nuc Otldes via the
{ following pathway: F-—orotate+F—0M +F- +F—UDP+F—UTP+F-—RNA

-

(Heidelberger, 1965). Experiments ith 5-Foro revealed

TR
that the drug 1s not only selectively' incorporated iXtQ

£

messenger—-like RNA, but that 1t probably also affects

LS

g g . e RS

the specific cleavage of the large ribosoflal RNA precursor

(Cihak & Pitot, 1970¥. This observation has been con-

s
8 s

firmed by Wilkinson et al. (1971). The lattet workers

- demonstréted that 5-Foro 1is incorporated into nuclear and

»
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cytoplasmic ribonucleoprotein particles containing

Tw

messenger-like RNA, while the labelling of 28 S and 18 S

I3

RNA is inhibited. Since 5fluoroorotic acid éppérently
does not affect the synthesis of 45 8 RNA, these authors
concluded that 5-fluoroorotic acid inhibited iﬁNA process-
ing. Hadjiolova et al. (1973) udied the pattern of
1;be111ng)of RNA in mouse liver Cells treated Qltn this
drug, and found that ihe labelling of 28 S and 18 S {RNA
was 1nh1b1teé. In contrast, the labelling of 45 5, 32 S
and 21 S precursor rRNA was:even greater in tréated mice,
due to accumulation of these rRNA components. Therefore,

they also con¢luded that this drug blocks rRNA maturation.

1

The early steps of rRNA maturation leading to the forma-
L] " -

tion of 32°'S and 21 'S precursor rRNA were not affected by
the drug, while the last steps occurring in nuclei, namely
conversion of 32 S to 28 S rRNA and of 21 S to 18 S rRNA,

were almost comp;etpiy blocked. In contrast, Hadjiolova .

1

et al. (1973) demonstrated that the labelling of hnRNA,

messenger-like RNA . in the 6 S to 20 S zone, and tRNA ‘
) .
remained unaltered.

u «

Thus the site of the inhibitory action of 5 fluaroorotic

acid 1s restricted to a definite stage in the maturation
X

of rRNA. At preéent it 1s dafficult to envisage a mechan-

a

1sm for the observed selective action of 5-fluoroorotic

acid.“'ﬂé 1s possible that the incorporation of* this com-

¥

pound into RNA chains prevents modificatidh of the molecules

4 a
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which 1s critical for the removal of the extra plecesvof

32 S and 21 S precursor bi ;peciflc endo- or exonucleases.
(i1) Synthesis and degradation: The current

concept of mRNA synthesis ih eucaryotes is that mRNA is

derived from hnRNA. The experimental evidence which

supports this idea and those common factors which they both

possess have been discussed in the previous section. How-
ever, one feature in which these two species of-RNA”dif er
1s stability. MRNA 1s much more stable than hnRNA,
though there are 1ndica%19ns thlat embryonic mRNAs have
much shorter half-lives than fhose of-afiult organisms
{Nemer et al., 1974; 1975). u
The initial approach to the study of mRNA stabaility
was to treat cells or organléms with a dose of actino-
mycin-D sufflcient“to arrest all RNA synthesais, and t
measure éhe guantity of ﬁkNA‘remalnlpg at various times
?fter administration of the drug. In Hela cells, high
doses of actinomyc1n-9 caused é gradual disappearance of
polysomes, with a decay curve suggesting a half-life of
3 - 4 hours (Penman et al., i%63). Measurements of the
decay of uridine—iabelled(TRNA in Hela cells after a chésg
with unlabelled uridine gave a hélf—llfe‘éf 2-3 days * P
(Murphy & Attardi,s 1973). Singer and Penman (1973) also
studied the decay of poly(a)-containing RNA in thesé cells

by a te¢hnique which did not involve the use of a chase

‘with cold uraidine, aﬂg found two classes of mRNA, wath

3
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half-lives of 7 hr. and 24 hr. KXinetic measuremnts of
% ..
labelling of poly(A)-cdntaining RNA in exponentially

growing mouse L-cells indicated a mean life time of 14.4

e s e S e

hr. for the mRNA (Greenberg, 1972). The explanation for °

}\ the difference between earlier and more recent results
v s

- 1ght be that one cannot equate pof&(A)~conta1ning RNA

. T .
. . with total A and that the actinomycin-D used in the

<//early experiments mlg?t have caused abnormal decay of
t PR

polyribosomes.
L }urther evidence of the ;elatlve stability of
euéaryotic,mRNA comes :from the observations that eucaryotic
t protein synthesis 1s not 1mmed1ate1ybéffected by inh;pl-

\ tors of transcription (Singer & Penman, 1973), whereaﬁ

t E3

’ f bactarial protein synthesis ceases within several minutes
after inhibition of RNA transcription (Levinthal et al.,

. 1962).

. (11i) Post-transcriptional modification; poly(d)

addition and Méthylation ("Capping"): Recent experiments

- »

; ; have demonstrated tha# a high'proportion of mRNA of mam-
malian aells,1§(covalentlyw11nked to a séqgenceeof poly-
) adenylic a;ld {(Poly(a)), 150—%00 nucleotides long, located
; . at the 3' tgrmﬁnus of the ﬁNA molecules {(Edmonds & Cara-
| mela, 1969; Limpé Canellakis, 1970; Edmdnds et al., 1971;
| . Nakazato & Edmon\\{;, 1972) . _The finding that both hnRNA

and mRNA have poly(A) sequences (Darnell et al., 197lb;

Lee et al., 1971) provides further evidence that at least”

e

i oy 1 ot i i e
B


file:///might

t-

L

‘ [T,

- 33 -

some mRNA molecules may arise vi; specxfic nuclear pro-
ucessingvof hnRNA. ‘
The' poly (A) sequence was originally detected in
__labelled mRNA by its resistance to pancreatic and Tl RNase
(Kates, 1970), by 1its ability to band to oligo (4T)-
cgiiulosé at high ionic strength, and by thesqﬁc1f}c tem~
perature or pH requirement for its extraction (Hadjivass-
iliou & Brawerman, 1967). It has been postulated that

¢

poly(A)_seqﬁences are transcribed on a DNA template, since
their synthesis is sensitive t: actinomycin-D (Edr;\onds et
al., 1971). Howeve}, since polykA) addition is not ain-
hibited to the same extent as hnRNA synthesis, Darnell
-et al. (1971a) have suggested that the synthesis of poly
(A) 1s probabiy not DNA-dependent, but }s a post-trans-~
criptional event following the synthesis eof hpRNA by
DNA-dependent RNA poulymerase. It was shown éhat the

poly (R) segment is synthesized by stepwise addition of
adenylatéﬁgbsidues to the 3' end of.the complete hnRNA Co
and mRNA. Poly(A) chain elongation has éeen observed
both i1n the nucleus and in the cytoplasm of mouse sarcoma
and chinese hamster cells (Brawerman & Diez, 1975).

Murthy et al. (1975) have shown that there are slight
differences in the size of poly(A) segments associated
with éifferent MRNAs. Globin mRNA contains a poly(A)
sequence of specific size; which, however, decreases as

a function of in vivo incubation time (Gorski et al., 1975).

I
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The process of poly(A) addition is sensitaive to
the inhibitor cordycepin. Cordycepin (3'-deoxyadenosine)
1s an analogue of adenosine, and probably inhibits the
normal 5'-<3' -phosphodiester bond formatiéh in polyribo-
nucleotides. Penman et al. (1970b) demonstrated that

i
this drug selectively suppresses the labelling of mRNA,

_ while  hnRNA is unaffected. Penman and h}s coworkers

concluded ;h&%\%? mammalian cells cordycepin has several
major effects on RNA synthesis. First, it inhlb;%é mRNA
and mitochondrial RNA formation. Second, it causes pre-
mature termination of RNA synthesis in the nucleus,
thereby producing shorter chains (Penman et al., 1970b;
Zylber et ‘gi., 1971). However, hn RNA synthesis per se
1s insensitive to this drug (Penman et al., 1970P).
These differential effects of the drug seem to be incon-
sistent with the idea of precursor-product relationship
of hnRNA and mRNA. However, 1t is possible that cPrdy—
cepin might interfere with post~tran§cr1pt£onal addatitn
of poly(A) onto the preformed hnRNA chains and cause the
production of 1ncomplete’ hnRNA. These incomplete mole-
cules then cannot pass to the cytoplasm. -
Enzymes responsible for poly(A) addition have been
detected 1in a variety of cells (Edmonds & Caramela, 1969;
Mans & Walter, 1971; Haff & Keller, 1973). 1t has been
postulaéed that poly(A) addition might be essential for

mRNA processing (Weinberg, 1973; Jelinek et al., 1973).

»

B T T JR T



-

¢
. R ——————pe. % s

PO

- 35 -

However, 1t“§as been clearly sh;wn that therg\gyé at

least two classes of mRNAs‘'without the poly(A) segment,
‘hamely the histone mRNA and a special mRNA in sea grchln
embryos (Adesnik & Darnell, 1972; Nermer et al., 1974;
1975). Furthermore, when polysomal RNA preparations
labelled in the presence of rRNA inhibitors are fraction-
?ted by the poly(A) selection technique, only 60 to 85% of
the radioactive RNA behaves like poly(A}+mRNA (Lee et al.,
1971; lLaindberyg & Persson, 1972). The experiments of
Milcarek et al. (1974) also suggested that 30% of the '
total polysomal mRNA lacks the poly(A) segment but be-
haves as mRNA 1n other respects. The latter authors also
demonstrated a close parallel between the kinetics of
appearance and decay of poly(A)+ and poly(i)‘ mRNA in

Helia cells. Therefore, besides histone and sea urchin
special mRNAs, other ﬁRNAs lacking poly{A) are also .
present in eucaryotic cells. Furthermore, mRNA that has
been stripped of its poly(A) segment is still an effective
template .for protein synthesis (Williamson et al., 1974;
Bard et al., 1974; Soreq, 1974). Therefore, it 1s con-
cluded that there are mRNAs which function even without
poly(A) segment. This suggests that the poly(A) segment
might not be responsible ;or the stability of mRNA and
that the addition of a poly(A) segment is not necessarily
the primary requirement for mRNA processing. As yet there

1s no clear role for the poly(A) segment of eucaryotic mRNA.

~
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Methylated nucleotides have been observed in hn
RNA and mRNA from mammalian cells (Perry & Kelly, .1974;
Desrosiers et al., 1974). The sites of methylation it
ecach case are at or near the 5'-termini of the mRNA and
hnRNA (Wei & Moss, 1975 Furuichi et al., 1975; Perry,
et al., 1975). On the average there are about 6.7F
methyl groups for each 3000 nucleotides of ]
mRNA and. 4 methyl groups for each 10,000 nucleotides of
hn RNA (Perry et al., 1975).- The 5'-terminal structure
has been identified as m—Gslppps'YmZp---, in whach 7- b
methyl guanosine is ined in a 5!'~5' pyrophosphate i v

. .

linkage to an o2 -methylated nucleoside residue, ¥Ym

(Wei & Moss, 1975; Furuichi et al., 1975; Perry et al.,

©1975). The biological role of thls methylated 5'-terminal

structure in animal cells remains to be detgrmined, but
"iv

its appearance in a wide variety of mRNAs and n RNAS 1is

indicative of an important function. Methylated residues

°1n)céllular hnRNA may be recognized as cleavage sites by

S

processing enzymes réspon51ble for mRNA formation (Rott-

v

man et al., 1974). It has been clearly shown recently

v L]

that the formation of the methylated terminal structure

r

("Capping" reaction) is essential for translation of
reovirus mRNA and globin mRNA (Muthukrishnan et al., 1978).°

These findings suggest that this methylated 5' termini

of mRNA may play a key role in regulation of protein, syn~

thesis in eucaryotic cells.
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(d) Transfer RNA

&
1

. Transfer RNA, a ‘Jow-molecular-weight, rela-
)
tively stable spncies of RpA, plays a vital role in

protein synthesis, accepting amino acids for transfer

n

to growing polypeptide chains on ribosomes. The pro-
perties and metabolism of tRNA have been reviewed ex-

tensively .by Letham (1973) and Nishimura (1974) .
A x

L

(d) Mltoéhqndrlal RNA C o
(i) Properties: Mitochondria from animal tis-
|
,sues contain ribosomes (havfng a sedaimentation coeffic-

rent of 55-60"S) whiph can bL dissociated into 43 S and

32 S subunits, Two RNA species can be isolated from

\
n these two subunits. The 43 § particles contain 18 &

RNA, while the 32 S part1c1e§ contain 14 § (Boxrst &
Grivell, 1971). The values éetermined by gel electro-
phor951s are slightly differént from the above Values,
which are determined by, sedlmentatlon déns;ty gradlents.
The values obtained by gel electrophoresis are betyeen

17 - 21.Sg for the large species of mitochondrial RNA and
12 - 13\SE for the small mitochondrial RNA (Bartoov et

al., 1970; Swanson & Dawid, 1%70). This discrepancy

\

appears to be due to the low G+C content of mitochondrial

A1

RNA coupled with differénces~1n thé ionic conditions and

|

temperature of RNA :fractionation in the different experi-

. " ;
- ments. These parameters are}known to affect the secon-

¢ |

dary structure of the RNA (Borst & Gravell, 1971). The

-~ |
I
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molecular weights of these two RNA species have been
accurately determlﬁed by electron microscopy under de- )
naturing conditions (Robbé;son et al., 1971) and by
band centrifugation (Dawid & Chase, 19723. For HelLa
§ cells and Xenopus cells the values are Q.SB - 0.56‘x 106
daltons épr thé@larger species of mitochondrial RNA and
| 0.30, - 0.36 x 10% daltons for ﬁheufggller specxes.ﬂ
Mitochondria from a variety éf sources contain
distinctive low-molecular-weight (4 S) RNA that is be-
lieved to correspdnd,hgt‘leastfl&rgely to mitochondraion-—
. . specific transfer RNA. Such 4.S RNA differs from 1ts
! , cytoplasmaic counte}part in nucleotide compoé&tion and in
degree of methylation (for re;iew see"Stewart, 1973).
f In addition, to the transfer-and ribosomal-like RNA
. : a heterogeneous fraction of mltoéhondrial D§A-specific
i RNA has been observed (Attardi ‘& Attardi, 1969). Its
properties have been difficult to charagterlze becau
of contamination by heterogeneous RNA of nuclear origin
associated with cytoplasmic membrane-bound polyrlboéémes
- ' ~ in the mitochondrié} fraction. Abelson and Penman (1972)
demonstrated a mitSchondrial-specific heterogenéous RNA
by selective 1nh1b1tlon'of nuclear RNQ synthesis. It has
been shown to contain a stretch of poly(A) approximately

55 nucleotides in length (Perlman et al., 1973). Hirsch

) and Penman (1973) 'reported that the properties of the

4 e

poly (A) -apntaining, heterogeneous mitochondrial RNA of

| -
P :
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: HeLa ceiﬁé, haq a poly.(a) segment at the 3'“end which
was also \complejlentary to mitochondrial DNA.

1i) QYnth351s: Thé occurrence of mitochon-

L3 3

drial RNA polymeé?§e has bgen reporﬁgd in Neurospora .

»

. b ‘ L,
and yeast mitochoﬁgria (Rintzel & Schafer, 1971; Tsai
) . 2 .
et- al., 1971). The enzyme consists of a single poly-

pepti@g ¢hain with é molecular yeight‘of 64,000, It -
1s sensitive to rifa@picin and re51stan§ to a~amanitin,
preferring native ﬁitochbndiral DﬁA as a transc;lptional
template. | Saccone et al. (1969) repprted~1ncorporation
of all four labelled ribonucleotide triphosphates into
rat liver mitoghondraial RNA. This RNA synthesisaw;s in-
hibited bf actinomycin-D, indicating that DNA is involved
in the process. The RNA synthesized in gig;ghhybridiéed
with liver mitochondrial DNA, but not with liver nuclear,
DNA, and more specifically, with only the heavy s%ranq of
liver mitochondrial DNA (ﬁé;st & Aaij, 1969). Attardi and
his co-workers (Atéa;di et al., 1970) extensively studied
mitochondrial RNA synthesis in Hela cells. They found
in long term labelling Studies that the mitochondrial RNA
hybridized almost exclusively with fhe heavy strand of ’
itochondrial DNA. This result was similar to those ob-
ained in liver (Borst & Aaij, 1969) and amphibian egg
mitochondria (Dawid, 19?2{. However, after pylse label—~
ling, both ﬁeavy and light strands of DNA were transcribed

almost equally indicating that symmetrical transcription

¢

sy e Nt b i

.
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occurred in vive (Attardi et al., 1970; Borst, 1972).
These results may indicate that mitochondria transcraib ’
both strands of their DNA, but soon: after synthesis mogé Y

of the light-strand transcriptional products are‘dégraded

e

or exported from this intracellular ‘compartment.

RNA synﬁhesis ih mitochondr}a of most cells is sen-
)sitlve to rifampicin (Tsai et al., 1971; Gamble & McCluer,
1970) . Preferential inhibition of mitochondrial RNA:synthesis by
ethidium bromiée has' also baenobserved with witochqndraia
from different sources (?egmanugg al., 1970a%, Therefore, ’ - ,

these compounds are the most widely used inhibitors in

studies of mitochondrial RNA synthesis. . /f//
Ethidium bromide, a trypanocaidal drug (2,7 /41amino~9-

lphenyl-lo—ethyl phenanthridinium bromide) ﬁas been found to

inhibié nucleic acid synthesis in vivo in a variety of or-
‘ianisms (Tomch%ck & Mandel, 1964). ’ip cell frge‘systeﬁél'?

ethidium bromide inhibits DNA polymerase and DNA-dependent

RNA pdlyme;ase activity. It is posyulated that the action (
of the drug is through the formation of a domplex between. &>
ethidium bromide and DNA. Wariﬂg (19643 characterized the
ethidium-DNA complex and obtained data to support the idea

thaé the primary binding of ethidium bromide to DNA involves

an intercalation pro;éss. In E. coli. ethidium bromide 1s a

very effective inhibltor of the RNA synthesis reaction cata-

lyzed by DNA-depended RNA polymerase (Waring, 1964). However,

the effect of ethidium bromide can be overcome by increasing

the DNA concentration. These results demonstrated that the .,
inhibition is related in a competitive

of



- a1 -

-

<

fashion to tﬁé amount of DNA present, and

indrcates that ethidum bromide inhibits RNA synthesis 1
‘ v % -~

-+ by.binding to the DNA template, resulting in a cQ?plex 3

s

which is not suitable for the action of RNA polymerase.

r

x
ke

ot e

°

&
., Richardson (1973) demonstrated in E. coli. that

9 , the-rate of RNA chain initiation was affected by low

P

" ;" doses of ethidium bromide. This sensitivity of RNA

L chain initiation to the drug might be caused by the

El

binding of ethidium bromide to the initiation site.

- There was a variation in sensitivity to the drug using

- v @ -
)

P different DNA templates, suggesting differences in* initi-
“ .

ation sites in various templates.

1y

At relatively low doses of,ethidlum bromide,
p )
’ mitochondrial RNA synthesis is also inhibited. In their

studies on the synthesis of RNA in isolated yeast mito-

bromide 1nh1b1teg the 1nconporatmon of radioactive pre-
cursors into RNAﬂ‘ With Hela ceBQs grow1ng 1§ culture’

as little as 0.2 ug. of ethidium bromide/ml. inhibits

¥ v

completely the synthesis of 21 § and 12°s RNA species

in mitochondria. In contrast, this low dose causes no

inhabation of the incorporation of radioactive precursor

in. RNA originating in the nucleus (ZylBer et al., 1969).,

It was shown by Radloff et al. (1967) that the
. closed circular miﬁbchondrlaL DNA could be seperated
easily from the linear nuclear DNA in a cesium chloride

density gradient when treated with ethidium bromide.

L)

“
L] . v
*

"o =
chondria, South and Mahler?(lSGB) reported that ethidium

%

%

o
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It therefore seemed possible that ethidium bro#tide might

L '+ selectively inhibit transcription’ of thte carcular mito-

N

‘ chondrial DNA by altéring:the tertiary structure of such

s

| ‘”mdlecules, e.g. by removihg or intrédueing superhelical
i ‘twists. The transcraiption of 11néér DNA might be less

§ensitivg sinqe’the drug does not produce large changes
in the te}tlary structure of such molecules (Radloff et

al., 1967; Bauer & Vinograd, 1968). Therefore, ethidium

bromide became a useful tool in the study of mitochondrial

¥

RNA synthesis. T

L3
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. iﬁg ribosomal RNA processing and methylation: Pulse-,

%
a

4

S

n
4

composition of mitochondrial rRNAs and their precursors.
. T . f : ‘ . .
strongly support the idea that mi;ochondflal ribosomal

v .

RNAs 1n Neurospora originate from a single common polyi

ucleotide precursor molecule (32 S in size) transcribed
H - * <

A

’ from the mitochondrial 'DNA (Kuriyama and Luck, 1973).

s

Competitive hybridization experiménts have shown that the

-3

¢ ¢ .

*

\\\\ ’ 32 S mitochondrial rRNA precursor molecules cdntain
3 nucleotide seq&ences-?naexcess of the content represented
. by the mature rRNAs. These extra sequences are equiva-.
lent to approiimatgly 20% of the total mass of the
precursor moleéule. y
| : One contggversial point is the degree of methyla-

tion of mitochondrial RNA. Dubin and. Montenecourt. {1970)

. .
* 5

’ (iii1) Post~transcriptional modf%icqtlon,“inplud-

Iabglllng, pulse chase experiments and.comparison off base
’ Y

-
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and Dubain and Fraiend (1971) reported that ribosomal

RNA of hamster cell mitochondrial is very poorly methyl-

ated, and $ftually no methylation was found by Vesco
\ .
and Penman (1969). However, Attgdi et al. (1970} .

* S
found significant methylation (oné methyl group/100.,.

nuc}gétldﬁs) of mitochondrial ribosgmal: RNA in Hela "

. 0

célls.. Dubin (I¥74) examined the state of methylation
«

LN s

of mitochondrial rBNA from BHK (Baby Hamster Kidney)

-

- cells. The level of methylation in mitochondria was

determined by [¥4C]” methionine, [H] mgngén;neuand

[32p) Pi multiple isotope labelling tec jques. He
estimated that there were 2.2 and 4.0 méthyl gxroups
per molecule of 17 S and 13 S RNA, respectively. From

base analyses, Dubin (1974) concluded that most or all

-

LY

of the 17 S rRNA molecules ‘gontained one ribose methyl-

ated residue per molecule and one less well-character-

1zed methylated residue; and that most or all of the

Y

13 S molecules contained one methylated c¥tosine resldue,

one Ns—dimethyladenlne residue and one presumed thymine

residue per molecule. The important conclusion of
Dubin's (1974) work 1s that hamster cell mitochondrial
rRNA is significantly methylated, albeit less so than

any cytoplasmic ribosomal RNA so far studied. However

»

[ 4

all these experiments are subject to the criticism tf;t

incorporation of the pethyl label from methionine

“

occurred into the heterocyclic purine rings (via the

TN

) # ‘
>
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* * ) ’
"l-¢ pool") rather than exclusively into the exocyclic

methyl groups. This objection has been met by ihcluding
formate or’ purine nucleosides in the growth medium

- )

(Lambowitz. & Luck, 1975}. ’ "

4
ey

. y . - .
The function of RNA methylation is unknown, but it

1s thought to play a role in RNA processing and ribosome

assembly (Maden, 1971?.’ The low level of hethylaplon of
. g K X
ribosomal RNA 1in mitochondria suggests that at most only

v

a few methyl groups per molecule are required for this

)

%
L3

process.

+

(iv) Mitochondrial RNA and development

V4

/ Studies have been carried out \to relate

-

changes in.mitochondrial RNA.synthesis, or in \the types
of RNA synthésized, to changes 1in developmental patterns
in the cell (for review see Stewart,-1973; Cantatore et

al., 1974). Hormones which affect!differentiation, such

A )

aé thyroid hormone and ACTH,'have been found to stimulate

»

mitoc ondrial RNA synthesis (Schimmelpfennig et al., 1970).

It has been found that human leukemic leukocytes contain
01rcula; dimer forms of mitochondrial DNA AClayton &
Vinograd, 1969), sugge;ting tﬁe“p0351b111ty that mutation
in mlt?ghdndrlal DNA m;ght cause abnormal mitochondrial
RNA ‘synthesig, inch in turn may be associated with oc~-
currence of tumoré. Cytoplasmic }esplratpry~def1c1ent
mth?tsEQE\yeast and Neurospora @a%e been descélbef by -

Kellerman et al. (19721} who showed $pat mitochondria

A

w e e -
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of a petite mutant of yeast lacked high-molecular-
weight RNA. 1In another mutant (the poky. mutant of

Neurospora) the rate of synthesis of the émall subunit

5 -

of mitochondrial ribosomes was much less than that of

the Larﬁe subunit during the log phase of growth

{Rifkin & Luck, 1971).

v 3

Although the area of organelle development and 1ts

’ :

relationship to the development of the whole organism

_1s only beginning to be 'explored, these mutants mlght o

\ .
provide a useful means to examine .questions cancerning

the nature of transcrapts formed in the organelle, and
the control mechanisms exerted on trascraption both T,
within qnd outside the mitochondria. Therefore,

&

information from these mutants should provide important,

insight into the involvement of mitochondrial RNA 1in

o [y
b

4. RNA 1n nerve tissue - . .

) Wlth;:%ifi/péét decade a number of’ investigations /
F - b N f s
"have sugge involvement of RNA in the process of ac-

., gquisition and storage of new patterhs of behavior. The

synthesis, distribution and possible function of these
macromolecules have been treviewed by a number of investi-
gators (Hydén, 1967; Glassman, 1969%; Mandel & Jacob, 1971;
Horn et al., 1973; Shashoua, 1974).

(a) Ribosomal RNA and transfer RNA

Brain cells contain all the knowntypes of RNA.
A ] )

»
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A
have been demonstrated in rat brain (Jacob/gg al., 1966;

-

3
s

The most abundant class of RNA molecules are the ribo-

somal RNAs. Synthesis of RNA and the bulk RNA components

Mahler et al., 1966; Dawson, 1967; Dutton & Mahler,

b o I

1968; Dutt?n et al., 1969), in chicken brain (Rose et

al., 1970; Hu & Mezei, 1971; Mezei & Hu, 1922; Judessg

Jacob, 1973), and in goldfish brain (Shashoua, 1973). !
The pattern of transformation of largef RNA macro- ‘

mélecules into rRNA and mRNA has not been extensively

studied in brain tissue. Gel electrophorétic analygis

of the products in rat brain nuclear RNA.sthedfthe

presence of 45 S and 31 § peaks (Tenchevaq& Hadjiolov, -

1969). Additional RNA peaks corresponding to 24 S, 22 S,

14 5, 9 8 and 6 S were also detect?d. ThéﬁZS $ and 18 8§ AN

rRNA were present in a ratio of 2:1 (Dawson, 1967;

Shashoua, 1973). These results were SLmil%r to those re-

ported for Hela cells (Scherrer et :él.. 1963; Penman, ,

1966; Weinberg et al., 1967). .

‘ Saborio and Aleman (1972) studied {14C]jprid1ne and

{methzl—3H] methionine incorporation into nuclear RNA of

rat brain. They found two types of RNA, methylated and

non-methylated; the methyla;ed species seemed Eo corres—

pond’to rRNA precursors. Mezei & Hu (1972)’found similar

results for the“rapldly—label}ed’high-molecular—welght

RNA species in chicken sciatic nerve. Judes and Jacob

(1973) reported the incorporation of methyl groups

L
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into 29 S, 18 S and 4 S RNAs in chicken embryonic cere-
bral hemispheres ig_giggg.' They indicated that ribo-
somal RNAs were methylated at the level of the early
precursor molecules (45 S) ©f rRNA. There were more
methy} groups incoréorated into 18 S than ainto 29 S
rRNA. It was, therefore, concluded that in the devel~
oping chicken cerebral‘hemlspﬁeres, the ﬁmlecular evénts
leading to RNA methylation were similar to those in mam-
malian cells (Greenbef§ & Penman,'lQGG; Zimmerman &
Holler, 1967). ) '

Studies of transfer RNA in brain tissue have been
reviewed by Mandel and Jacob (1971). Recent studies of
tRNA in brain and its role in protein synthesis have

/%een carried out in several laboratories; for details
see Murthy et al. (1974) and Borkowski and Brzuskiewicz-
Zarucwska (1975). : ‘

(b) ﬁéterogeneous nuclear and mRNA
yethods have been developed to obtain mRNA
from brain tissue (Brawerman & Hadjivassiliou, 1967; .
Murthy, 1968; Zomzely et al., 1970; 1971). The kinetics
of the synthesis of thesemacromolecules have been in- %
vestigated in several laboratories (Dutton et al., 1969;
# Murthy, 1968; Zomzely et al., 1971). Murthy (1972)

studied the time course of in vivo incorporation of(q

{14C]pr1d1ne and methyl groups of [methzl—BH]methlonlne

into the rRNA and mRNA of free and membrane bound -

” N Mt
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ribosome components of rat cortex. He found that the

rate of incorporation of [14CJuridine relative to

[3H]
methionine was higher in mRNA and discussed the 0;51b1e
role of the cytoplasmic RNAs in regulating cerebral.
protein synthesis. ,
Zomzely et al. (1570; 1971) reported that RNA could
be dissociated from purified cerebral polyribosomes of
rat brain in the presence of EDTA. The base comﬁosmtlon
of the RNA resembled that of rat DNA, This fraction of

RNA readily hybéidized with rat DNA and also exhibited

high template activity in a cell-free-protein synthesais

system. Poly{A)-containing RNAs were isolated from poly-

some preparations of rat brain. The poly(A)+ RNAs were

found to stimulate amino acid incorporation into poly- .

peptide chains 1in an in vitro ribosomal system, indicating

that they possessed messenger activity (Murthy et al.,
1975). Several investigators (Zomzely et al., 1971:
Lernerd & Herschman, 1972; Zomzely-Neurath et al., 1973;
Amaldi et al., 1973; Murthy & Roux, 1974) reported that

the synthesis of protein and of soluble brain-specific

proteins (8-100 and 14-3-2) on purified rat brain polysomes

in a homologous cell-free system. Since these brain-specific

'

soluble proteins have been implicated in neural activity
(Zomzely-Neurath et al., 1973) 1t was assumed that poly4
somes engaged in the synthesis of these classes of pro-
teins may play an important role in the unique function,

of the brain. -
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Hybridization experiments showed that RNA from

brain hybridized with homologous DNA to a greater ex-

tent than did liver RNA. These results indicated\the "

o, s

presence of a wider variety of mRNAs in brain than in

peripheral organs (Singh, 1965; Bondy & Roberts, 1968;

e A Yy

Hahn & Laird, 1971; Grouse et al., 1973). Wintzerith
et al. (1975) also demonstrated that pulse labelled
cerebral' hnRNA hybridized with homologous DNA to a .
greater extent than did cytoplasmic RNA. This suggested
that nuclei contain hybridizable components that are not
transferred into the cytoplasm. The hnRNA found in
brain sediments between Bojand 300 s (Stevenin EE al., .
1970). These molecules are very susceptible to the
action of rlboﬁuclease and the presence of ribonuclease.
inhibitors 1s indispensable if they are' to be obtained

in an undegraded form. The Feiatlonshlp between this
hnRNA and mRNA in the nervous system has not beén com-
pletely elucidated, but 1t seems probable that the hn

RNA and ﬁRNA are‘ﬁart of the same giant-sized molecules
synthesized in the nucleus (Mandel & Jackob, 1971). The
products of some cistrons wowld be transported lnté the
cytoplasm, while others would rémaln in the nucleus.
Their role and fate in the nucleus is unknown. The hal£¥
life of heaRNA in rat b;ain has been estimated to be

20 - 30 minutes (Singh, 1965), while the half-life of
mRNA 1in brain was determined to be 3 hours (Appel, 1967).

u
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Dutton et al. (1969) and Vesco and Giuditta (1967)
also demongfrated that  nuclear heter&disperée and cyto~
plasmic heterodisperse RNAs are present in brain and
have higﬁ turnover rates:
{c) RNA in axons
Althd;gh most of the RNA ig\?he nervous sys-
tem 1s synthesized in the cell body it has been demon-
strated that nerve fibers, and axons cdngain RNA ‘
(Edstrom gﬁ al., 1969; Koeniné,leGS; Hu & Mezel, 1971;‘
Lasek, 1970). Edstrdm et al. (1969) demonstrated that
the myelinated Mauthner fiber isclated from spinal cord
after incubation with radicactive material, showed RNA
synthesis. A considerable p;rt of the material sedi-
mented at 4 S, but part of the nucleic acid was recovered
at higher sedimentation values up to 30 S. Newly:synthe—

q

sized RNA was extracted from the isolated myelin sheath

¥

as well as from the axon. Isolated myelinated mauthner

5

fib*es were also incubated in vitro with RNA precuﬂgsrs.'

In this case incorporation occurred exclusively into

4

material sedimenting at 4 8 or lower. Similar results
have been reported insquid giant axen by Lasek (1970)

and Lasek et al. (1973).

’

3
It 1s still not clear whether axonal RNA 1s synthe-

sized 1n situ or transported from the nerve cell boéy.
Peterson and coworkers (1968;1970) reported the’?ofmationﬂ

of RNA and its transport down the sq@%ﬁic and opt#é nerves

-
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of the chick embryoc following aL injection of labelled

|
orotic.acid into the spinal cord and the posterior
o

e

chamber of the eye. Autoradiographic studies demon-

strated that labelled granules were present in the

1

axoplasm of both the sciatic nefve and the optic qef%e,

as well as in the Schwann gcell !heath of thetaxon. More
e 1

recent' studies indicated that RNA is also transported in

the chicken optic nerve axon {(Bondy, 1971), goldfish op-

\
tic nerve (Ingoglia gt al., 1973) and in the nervous

ystem of the rat (Ocﬁi; 1972) .,

The RNA content of sp cific neruons and glial

EN re

7

. . cells can be determined with tht a1d of microtechniques

2 . '
i to i1solate these cell types (Egyhazi, 1966). ® RNA metabo-
Lo A

lism Ih thesecell types has bee% studied extensively
i~ {Egyhazi, 1966; Egyhézi ﬁgﬂydén. 1966; Volpe & Giuditta,

\ .
. 1967). Differences in RNA metabolism were-observed tn'

'
1

neurons and ylial cells (Daneholt & Brattgard, 1966;

o ) ‘Volpe & Giuditta, 1967; Yapagihara, 1974; Soga & Takahashi,

T , 1975). Little 1s khownof the .RNA metabolism in 1isolated

H
Schwann cells due to the difficulty in isolating these

: N cells. ,

o

(e) RNA in subcellular fractions of nervous-system
4
| G
The occurrence of RNA including poly(A)-con-

|
taining RNA has been demonstrated in brain subcelluylar
|

particles such as mitgchondria; 'synaptosomes, microsomes
- 1
;- ' 4 \\ .
’ |
1

i

« J »
(d) The RNA of neyrons, g}lal cells and Schwann cells,
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‘out in the nervous system.
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and polysomes (Shashoua, 1953¢ Lim et al., 1974;

De Larco et al., 1975; Cupello & Hydén, 1975; Murthy

et al., 1975). Cupello and Hyden (1975) showed that :
RNA species wlth electrophore%ic characteristics similar

to those reported for liver mitochondrial RNA were ’ .
found in brain mitc@hondria; However, properties o&
their mitochondrial RNA preﬁﬁrétlon indicated the
presence of large amounts of cytoplasmic rRNA..VRecently:
fractionation of mitochondrial tRNA from calf brain Q;s
reported by Borkowski and Brzuszkiewicz-Zarnowska (1975).
Nevertheless, extensive studies on the characterization '

» .
and synthesis of mitochondrial RNA have not been carried

@
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Section IT

Characterization of Mitochondrialk RNA from Brain
and Peripheral Nerve of Developing Chick

A. Introduction ’ -

In recent years it has been reéognized that mitochon-
dria are not only subcellular organelles‘which serve to
provide membrane surfaces upon which energy conversion can
occur, but that they are also autonomous bodies containing
genetic informational moiecules, DNA (Luck & Reich, 1964)
and RNA (Borst, 1972), plus the components necessary to
protean synthesis (Gorden & DPeanin, 19568). The existence
of an abundance of ﬁitochondrla in a number of specialized
sensory nerve terminals i1s well-estaBlished (Merrllleés,
1960) . It has also been demonstrated that the content of
mltgchondria per cell ingrease§ during nerve development
(Friede & Samorajsky, 1968). Although the details are
st1ll obdcure, these results suggest that mitochondria”
may play an important role in the nervous system.

Recent studies have indicated that the sciatic v
nerve of chicks containsa class of relatively low-
molecular~-weight RNA components which sediment or mlgLate

ween the 185 and 4 S components of the bulk RNA (Hu &

Mezei, 1971; Mezel & Hu, 1972; Muirhead & ?73).

The RNA species become increasing ed by radio-
active precursors at a developmental stage at which

" ") o s
rapid myelination of peripheral nerve commences. ‘Fhe

'
‘\ )
1

L]

o
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sedimehtation and electrophoretic properties of the low-

molecular-weaght, rapi&iy—labelled RNA specires of the

' sciatic nerve are quite similar to those which have been
described for cytoplasmic RNA of other fully-differentiated é

eucaryotic tissues (Hia%t, 1962; Peterson, 1970). Fgrther— i

more, Labelllnq of these RNAs is inhibited by relatively . |

high doses of ethidium bromide (5-10 ug/ml of incubation ‘

medium) or acriflavine (¥ npg/ml of incubation medium)

L(Mezel et al., 1971), compounds which are believed to in-

hibit mitochondrial RNA synthesis selectively (Zylber et

al., 1969). Since the concentration of mitochondria 'in- :

, creases éurlng hyelinogenesis (Friede &. Samorajsky, 1968),

W

] 1t seemed possible that part of the rapidly-labelled RNA

¥
, N 1
; ©of the myelinating nerve might be transcriptional products
f of mitochondrial DNA. To examine this hypothesis, the o )
[ + v v
{

syﬁt@esis of mitochondrial RNA in the sciatic nerve was in-
+ > ’ *
vestigated. Since the amount of peripheral.nerve available
. for these studies was limitéd, brain tissue was used for

i preparation of bulk material in preliminary experiments.

-7

The first experimental approach was to isolate puri-

»

fied mitochondria whxch could be identified and charagter- - v

o

1zed by morphological {electronmicroscopy) and bio-

chemical means. It was expected, for example, that in
L \ .t
such preparations the activities of characterastic

i

! ‘~7markem enzymes (cytochrome ¢ oxidase) wguld be maximized,,

whereas those of enzymes such as lactate dehiydrogenase,

which are located G;inly in other subcellular compartments,
‘ \‘

’ o
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fication and characterization of mitochondrial RNA of

&

would be minimized (Salway, et al., 1967; [ Waksman et \\h\
-é.]_‘.’l 1968)0 ' N il

#
"

The second criterion for the investigation of ;
mitochondrial RNA 'synthesis was the isolation of these . ;
molecules in a pure, undegrédéd form, and|in reasgnable : i
and reproducible yields. Although mitochpndrial RNAs . !
have beén hsolated and characterized from a wide variety ;
of organisms (Borst, 1972),feéw such studies had been

carrigd ouFl nfnervoqs tissue (Borkowski, 1971; Cupello & ' :
Hydén, 1975). On the basis of other investigations (for .

4
review see Borst, r972),‘ip was expected}that mitochon-
3 . N o
drial rRNA from .the chigk nervous system|would show a “
different molecular weight distribution and base composi-

3

tion t?an its cytoplasmic counterpart ané that aits syn-*
thesis would.be sensitive to well-known ;hhibitofs of
mitochondrial transcraiption, such as ethadium brémldg.
Having estahlished methods for 1s§lat10n, puri- °
nervous tissue, 1t would be pos;1ble t0 compare the
pattern of labelling by specific precursors and the
specific activities of such preparations to those pre-
v1ousiy obtained in this laboratory (Hu & Mezei, 1971;
Mezei'et al., 1971) for total RNA of the chick sciatic

nerve. If the specific activities and the pattern of

labelling of purified mitochondrial RNA were comparable
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hY
to those previously demonstrated for the low-molecular-

welght,nrapidlyjlabel;ed RNA of the ﬁyellnat%ng nerve,

oneg caﬁld then postulatewthat these molecgles may have

originated from mxtoghon&riﬁ of Schwénn cells or axons.
Several methods are available for the pufifica-

tion‘of mitochondria from brain tissue (Gray & Whittaker,

62; Whittaker et al., 1964; Gorden & Deanin, 1968).
AY

erential and sucrose density gradient ceqyrlfugatlons

»

at a densityof 1.15-1.19 gm/cm’ ; while the density at ‘
which synaptosomes ban& is 1.13-1.17 gm/cn?.‘ Therefore, *
mltozhondrla purified by this method are in most cases“\k]
heavily-contaminated with synaptosomes (Whitigker, 1968;
Cotman, et al., 1971) As an»alternative approach v
ficoll-sucrose gradients were eméloyed by Cotman et é;.
(1971) to further rpsoixi the crude~m1toch3%drial frac-
tion of brain homogenates. Ff%oll, a synthetic high-
molecular weight polyééccharide cqntains no ionized groups,
but'is extremely soluble in a&ueous soluthn due to a

high cont;nt of hydroxyi groups. Ité advantage‘ln den—
sity gradient centrifugation 1s'that there 1s a slow
increase 1n osmotic .pressure w;th increasing conﬁb tration,
whereas in sucrose gradiénts the }élaﬁlonshlp between the
increase of osmotic’preséure and sucroseconcentration %s
almost Iinear (Pharmacia, ;&68). Fu{thermoge, ficoll~

\ .

. \ .
N L)
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' could be removed by centrifugation; leaving the mito-

t

¥

gradlents are less viscous than sucro®e gradients of
the same densities (Brown, 1968). Therdore, in the
present investigation preliminary eiperlmeqts employed
the ficoll-gradient mefthod of Cotman et al..(1971).
The majdy method of 1so{ation ;n? purification
of mitochondria \n this dissertation was that-of *‘k R

.

Haldar et al. (1967).) These authors subjected crude

.mitochondrial fractions to mild osmotic shock treatment.

In 1964, Whittaker et al. demonstrated that when syn-

© ) * ‘ 3
aptosomes were suspended in a medium hypoosmotic to
b } n

‘plasma, 80% of the synaptosomes were ruptured Haldar et al.

X vy

@196?)Q re smned that this method would be suitable for

-

the ;purlflcatlon of. brain ¥lt00h0nd¥1a heg‘nly—contamn.—
Toe¥ oy i '

nated w1th synaptosomes and other organelles, since

\

mltochendrla cquld tolerate ‘osmotic pressure change ‘

better than other orgenelles. These workers showed that

»

3 '

after braief osmotic shock treatmj;t‘of crude mitechondrial
; o

fractions, other cell organellee ad begn ;uptﬁré& and - =~ ¢

vt .
chondria in a relatively intact state. Haldar et g}} ’ -

(1967) and Hernandez et al. (1971) clalmeé thatithe

~
]

morphology and blologlcal Qctlv1ty of the mltochon ria .

[

after this brief osmotlc shock treatment were normal.

. - The purity of the mitochondria in the present

+

3

investigation was checked by electron microscopy, assay

. [} ’ P ny
of marker enzyme act1v1t1esﬂ_and &eterq}natlen of yields "

4

\

-

et -
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& ty
of mitochondrial protein .and RNA. Cytochrome c oxidase
was selected as a sutiable marker because this enzyme is
an integral part of the mitochondrial reépiratory chain;

15 firmly membrane-bound, being associated with the inner

membrane of the organelle. (Schnaitman et al., 1967). xf
It was shown in mouse brain that the su?cellular distra- t
bdﬁicn of c&tochrome c oxidase and lactate dehydrogenase \

\
was different: approximately 81% Qf cytochrome c oxi-

L]

dase activity was found in the mitochondrial fraction,
whereas\most of the LDH activity appeared in the soluble
cytoplasmic fraction (Waksman et al., 1968).

Hernandez et al. (1971) reported that the yield

’

of mitochondrial protein was 1 mg per gfam of wet tissue.

-

1
At present, considerable variation exists in the reported

values for the yield of mitochondrial RNA from a variety

of animal tissues. Kroon (1971) plotted the RNA content

]

gf mitochondrial fractions as a functaon the glucose-6- .

<. ~ ¢

‘pﬁbsphatase activity in these preparations and calcu-
lated the abfolute content of mitochondrial RNA by extrapo-

1at1ng\to zero concentration of this microsomal enzyme.

« \ . !

By thi$ approach,’ the "real” RNA content of normal“liver »

o
T

mitochondria was on the-order of 1 yg RNA/mg“protein. oy
Bartoov et al. (1970) reported a value of 3 pg RNA/mg
1 * 3

protein for plrified rat liver mitochondria, while a T,

U . R
value of 6.6 yg RNA/mg of mitochondrial protein was

found by O'Brien and Kalf (1967)..
. T3
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In the present dissertation the apparept size of

mitochondrial RNAs from chick nervous tissues was esti-

mated by gel electrophoresis. A number of recent reports
J. ]

have described discrete high-molecular-weight ﬁN% species

in m{tochondrla. These rRNA species have been shown to
sedlyent like bacterial rRNA-and more slowly than homo-.
logous cytoplasmic rRNA (Kuntzel & Noll, 1967; Rifkin et
al., 1967;JZylber et al, 1969; Vesco & Penman, 1969;
Attardi & Attardi, 1969). Montenecourt et al. (1970)

studied m%?ochondrlal rRNA 1n cultured hams;er and mouse

cells and found two species of mitochondrial RNA with

molecular weights of 0.72x106 and 0.42x106 dalton respec-

tively. Rabbitts and Work (1971) reported the existence

of 18 8 and 12 § RNAs in chick liver mitochondria. Mole-

cular weight determinations of these two species were
carriéd out by gel electrophoresis. The values obtained

6 dalton for the large and small

were O.'70x106 aqg 0.33x10
species, respectively: It should be emphasizged thaé due
to the uﬁhsual secondary, structhre and low G+C content

of mitochondrial RNAs, molecular weight determination of

these RNAs are very sensitive to changes in temperature

and 1onic strength of the experimental milieu (Grivell

et g;;, 1971). For example, Groot et al. (1970) demon-

strated that between 2° and 28°C, the relative mobality

of the small mitochondrial RNA component gradually de-

b

creased, and hence, the calculated apparent molecular

LY
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weight of mitochondrial RNA 1s 40% higher at 28° than

at 2°, v

4

In the present inyestigation an attempt was made

to analyse the base compoSition of mitochondrial RNA &6
further Eharacterize'these species in the chick nervous
system. Conventional methods of base analysis were not
sulLable for this purpose because of the low content of
mltgqhondrial RNA and the poor incorporation of 32p into
braig mitochondrihl RNA an vitro. Therefore, a method
was sought whic@ would require only a small amount of

RNA (ug levels) yet give reliable and reproducible re-

sults. Randerath et al. (1972) have described a pro-

¢ 2

cedure in whaich ?he base composition of rlbcpolyﬁucleo—
“tides can be determined by a tritlum labelling technique.
The maln‘advantage of this method are 1ts good resolﬁtlon,
great sensitavaty, simpiiclty and speed. Therefore,ithls
method was a@apted to analyse the base ratio of mitochon-
rial RNA from CthKE? brain. ¢

/ Mitochondrial RNA from rat liver and mouse L-cells
(Bartoov et al., 1970) and 'HeLa cells (Vesco & Penman,
1969) has characterastically low‘G+C content. Bartoov
et al. (1970) have §uggested that the extremitly low G+C
congz;t in mouse cell Q}toshondrlal RNA might be due to

contamination of this species with heterodisperse cyto-
.

plasmic RNA. TResults similar to those of Bartoov et al.

-

(1970) have bequrepbrted by Montenecourt and co-workers

»
>~

- [ —
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(Montenecourt et al., 1870; Dubia & Montenecourt, 1970)

+who compared the base composition of mouse L~cell and

%

-

S s

BHK cell mitochondrial rRNAs énd tRNA with thElf cyto~
plasmic counterparts. It was found that the G+C content
of the mitochondrial rRNA and tRNA were 47.7% and 46.2%[0
respectively, wﬂéreas that of the cytoplasmic 28 §, 18 S
rRNAs and tRNA was 64.5, 56.9 and 60.1%, respectively. .
The situation appears to be the same in Neurospora and
yeast (Rifkin et al., 1967; Fauman et al., 1969). On
the average the difference in the percentage G%UG+C ‘ R
content between mitochondrial RNAs (rRNAs and tRNA) and ¢
the analogous cytoplasmic RNA species is around, 15-25%
in various higher organisms. On the basis of the aqéve'\ .
results 1t is generally accepted that mltoéhondrlal RNA ©» . -
has a relatively low G+C content when coﬁpared“to its
cytoplasmic countérparts. . .

The effects of two inhibaitors offmltochondrlgl .

4

RNA synthesis, ethidium bromide andcordycepin, were® also
studied in the present investigation. It is now gen;rally
accepted that ethidium bromide inhibits selectively.
mitochondrial RNA synthesis (for review see Borst, 1972).
It has been,showp by DeVries and Kroon (1970) that ethidfum
bromide inhibits mitochondrial cytochrome ¢ oxidase for-
mation in regenerating r%; liver, presumably because |

transcription of ‘mitochondrial RNA is inhibited. Zylber

et al: (1971) reported that cordycepin inhibits mitochondrial

e - 3 3

P
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RNA synthesis, and that thas dru;jzpparently has no other ,
direct effect on mitochondria. The mechanism of cordy-

cepin 1nhibition of mitochondrial RNA syntﬁesls 1% quite .

PR

different from that of ethidium bromide, with cordycepin probably

acting at the level of the RNA polymerasel\

~ -
1 - '

f

B. Materials and Methods

Materials

ey

Ethidium bromide (2,7-diamino-9~phenyl-l0-ethyl-

.phenanthridium bromide)was purchased from Calbiochem.
(Los Angeles, Calif.). [5-3H]uridine (25.61c1/mm01) w%s
obtained from New England Nticlear Corp. (Boston, Mass.,
U‘%FE'* and [BH]KBH4 (9.3 ci/mmol) from Amersham—-Searle
Co:i (Arlington Heights, Ill., U.S.A.) respectively:

Acryla%ide and bis-acrylamide were purchased from Cagdlco i
Indus?rles Corp; Rockville, Maryland. Nucleosides were .
the products of Sigma Chemical Company, St. Louis, Mis-
souri. BSodium periodate was obtained from the Braitish
Drug ﬁguses LTD, England and was of analytical reagent
grade. Omnifluor (98% ppo, 2% Bis-MSB), medical x-ray .
film (KX‘Fdjl) and cellulose sheets on plastic backing
(No. 6064) were products of New Engiand Nuclear Corp; - ‘
Boston, Mass.; Fuji Co., Japan; and Eastman-Kodak,
Rgphestef. N.Y., respectaively. 'O;gaplc solvents and other

P

chemicals were of analytical reagent grade from J.T. Baker .

Chemical Co., Phillipsburg, N.J.- . . .

¢



e A A g e o s3ur

o
A bt . 1 AT

*

eliminated any substantial possibility Sf contamination (Shirley, 1974).

-
o RN, 4t WA

Methods »
A}
1. Preparation of the tissues and incubation procedure
Fertile eggs (White Leghorn strain) were obtained

from Lone Pine Farm LTD. (Berwick, N.S.) and incubated in

e

a rotating incubator (Humidair Comp.) at 37°C. To dassect

nerve tissue, the dorsal and leg skin of the embyro or of

b e

the hatched chick was excised, and the sciatic nerve was

exposed by severing the superficial muscles of %E? upper
thigh. The nerve was severed proximally near the splﬁal L
cord just distal to the spinal ganglia, and severed dis- .
tally just below the knee joint. Adhering material was
gémoved prior to incubation, The brain and nerve tissue

were kept in aseptically-prepared oxygenated incubation

1 v waci, 2.1x107° u CaCl,, 3
M Mgso,, 1.0x10°3 M NaH,PO,, l‘ZxIO—ZMglucose,

\
2 NaHC03 final pH 7.8) at 0-4°C until 0.2 g ¥

medium (1.2x10 5.6x10 ° M KC1,

8.1x10
and 2.4x10°
(nervé) and 10.g (brain) of tissue was accumulateda The -
nerves were then incubated for ‘the times indicated in 2-3
ml of 1ncuba;§:ion medium coptaining 50 uCi/mlof [5-3H] uridine
(25.6 mCi/hmole, New Engl?nd Nuclear Corp., Bostén, Mass.)
in shaking water bath at 37°C and under a cofstant stream
of ox&gen‘ After incubation the tissue was washed in 10°
volumes of incubation medium and drained on a piece of
filter paper. To testvthe possibility of bacterial coh-

tamination, aliquots of the 1n;§hatlon mixture were .

plated on blood agar. The low 1e;;i of colonies obtained

&
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2. Preparation an@ Purification of Mitochondria

s

(a) “bsmetlc Shock" treatment procedurez Brains

from freshly~killed chicks or s¢iatic nerves after.in-
cubation were rinsed three times with 10 volumes of
homogenizing medium éontalning 0.32 M sucrose, 0.5 mM
EDTA (pH 7.4) and -homogenized at 0-4°C in 10 volumes
of the_ above homogeniz1p§ medium in a Potter Elvehjem
teflon tissue gflnder {clearance 0.3-0.4 mm; Kontes
Glass Co., Vineland, N.J. U.S.A.) at a speed of 2560
r.p.ﬁ. for 1 minute. All the following steps were
carried out at<0-4°C Prior to subcellular fractionation, -

A

nerve homogenates were mixed with 10, volumes of fresh
chicken braip°hgmogegate of the samelﬂevelopmental stage ,*
to serve as a source of carrier mitochondria. hitochonf
dria were prepared and purified from the homogenates
acéordlng to the following procequre (Hernandez et gl:,
1971): After homogenization the mixture was centrifuged

at 700xg for 15 min. in a Sorvall RC2B centrifuge at 4°C.
The supernatant was saved ani“the pellet was washed once
wi?h homogenizing medium (1/3 of the original volume) and
the suspension was centrifuged as be?ore. The first and
second supernatants were combilned and centrifuged at 12,000\\
x& for 15 man. agd the supern;tan; was discarded. The
pellet from this sEép (125000:eg) constltutgd‘the crude
mitochondrial fraction.

[y

The crude mitochondrial fraction was suspended in
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_was recentrifuged at 9000 x g for 15 min! The supernatant

Awaier. The above mixture‘ﬁfs mixed well and centflfuéed

_In prellmmnary experiments an attempt was made ;ﬁ@purlfy .

hopogenizing mediuﬁ'(l/; of the original volume of the

1
é

hémogeﬂété}-ana subSected“to centrifugation for 15 min.
at 8000 x g; tKe supernatant was discarded and the pellet
saved.. The pellet was resuspended in homogenlzlng medxum

{(1/3 of the orlglnal hqmbgenate volume) and the mixture

» 7

and the top fluffy material were discarded. The pellet
was resuspended in homogenizing medium (1/3:of the orlginaj S
Jhomogenate volume) and subjected to low speed centrifugatl n

(700 x g) for 10 min. to eliminate any remalining corntamination

L]
u

hy'nuclelcm cell debris.. The supernatant from this step Vas

L 3 ©
-subjected to centrifugation at 5000 x g. The pellet from .
,( #
thls step was then subjected to a m1ld osmotic shock treat- s

ment’ as feilows: dlstllled water at 4®° was added to the* °

5 +

pellet in. the vatio of 1 ml/g of tissue‘and the mlxture was \ i

+

shaken gently for 5 mlﬂ} at 4°b. After thas step the

osmotic pressure ofi the mixture was raised.by alding albu-

) N 3

min (10 mg/ml) in the ratio of 0.2 ml/ml of added distilled X
-V
at 9000 x,g for 10 min. The resultlng pellet was ﬁgshed ) !
twice by resuspension 1n 15 ml of the homogenlzlng ﬁéglgm,
followed by centrifugation at 9000 x g. The final waéged \
pelle; consisted of ﬁurified itochondria. The overal} ue

A,

procedure 1is shown in Fig. 4. , e ’

(b) BuoyanQ density sedimentation 13 ficoll gradients:

P

PRV SN o -
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i Brain'and. nerve tlssue hpm 3éque in homogenlzlng medium ’
- ;t #l c 6y Iy -
Gbﬁtrlfuge at 7 f‘“g’ o R
- ;J j W,/F i .
Sup rnatant Nuclei andipell debrls a )
4 “ < - S - -
: " ‘Resuspend 1ﬁ homogenlzing mediun and centrifuge at 700 x g i -
. /‘7‘; ': - d & Sy
. Supernatant ,”* Pellet (700 x g pellet) ! -
- N [ s Y
Centrlfu?i}?t 12;000. x g /#/ ) ' .o
. . ; . .
Supernatant \+¢rude mitochopdria resuspended )
tdiséarded) . ; ® s T e
< . Centrifuge at 8000 x g ’ .
- Supernatant k}kﬁbPellet resuspended . . e 1
. {d1scarded wash 1) . N

)

(da

g Subernataht & fluffy- materazal
(discarded wash 2)

Centrifuge -at 9000

xg i !

Pellet rfsuspended‘

Centrifuge at 700 x g

i

Supirnatan?($)~k? Pellet (discarded)

Centrifuge at 9000 x g

PN

/

Supernatant Pellet tesuspended

scarded wash 3)

. Osmotic shock treatment

3
€

Fig. 4 Procedure f£or Pre-
paration of Osmotit Shock :
Treated Mitochondria .

For experamental details, see
Methods in Sectzion II .

® s

Supernatant
(discarded)

-

4

. +
. Centrifuge at 9000 x g

Wash 2 x with homogenizing medium
and centrifuge at 9000 x g

Supernatant <5 Purified Mltochondrlé ,
{discarded) ‘

e
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brain mitochondria using ficoll-suqugs gradients to

- i

further fractionate crude’mitochondrial preparations (Cotman

N (3]
™ 0

et al., 1971). The crude mitochondrial fraction was sus-
pended in 3 ml. homogenizing medium and layéred on a dls—h;
contiguous ficoll gradienchompoggd of 3 ml:oj each of

10%, 20%, 30% ficoll in 0.32 M sucrose. The brad;ent was
prepared at room temperature £22°C) and was allowed to

stand for one hour at 4°.' The crude mitochondrial pre- ‘
parat%on was layered on the gradient, which was then spun

at 106,000 x g for 70 min, in a Beckman L265B ultra-
entrifuge in a Ti4l rotor at 4°C. This procedure gave three
frac;ions,de&gnaggd M1, M2, and M3, respectively, in

order of increa51§g Qen51ty. Fraction M1, the top—moét
layer, probably consisted of myelin. Mitochondria were
expécted to band at the highest density position (fraction M3).

@ ©

& t3. Extraction of RNA n

a

k3 * » * &
Puraified mitochondria were suspended in 5 volumes of"

2 R

a solution containing 0.0l ¥ Tris(pH 7.2), lxlO—eAICaclz,

i

- -
1x10 °'M suogose, 0.3% SDS and 0.04% purified bentonite

{Brownhill et. al., 19%9) and an equal volume of a solution

1

containing 2x10°2 M sodium acetate (pH 5.0) 2.8x10° % ¥ Licl,

>

a

2x10”%VY MgCl,, 1% of. (w/v) SDS and 0.01% bentonite. After,

three cycles of freezing and thawing to disrupt the mem-
branes, 2 voldmgs of water-saturated phenol, preheated to 60°C
» ¢ % ] ‘

, ! '
were added. The mixture was heated in a water bath at 60°C for

1

5 min. and shaken vigorowsly after which 1t'was cenfrlfuged
at 8000 x g for 5 min. in a Sorvall RC, B

8
e s * )
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centrifuge at h° C. The aqueous phase was removed and
the interphase was re-extracted with 1/4 of theﬂorlglnal
volume of the.Tris buffer and acetate buffer, respectively.

~

Centrifugation was répeated as in the above-step and the
resulting aguepus phase was added to the prev%ous one. \
The combined aguecus supernatants were re~extracted with
an egual volume of phenol at 4° ¢ for ; min. The RNA was
precipitated from the aqueous phase by .addition of 2
volumes of 95% ethanol and the suspension was allowed to
stand ,overnight at -20° C. The RNA precipitate was col-
lected by centrifugation ané dissolved in 2-3 ml of a
dialyzing solution containing 2 x 10~2 H\i?dlum acetate

- _ .
(pH 5.0), I'x 107" ¥ NaCl, and 0.03% (w/¥) bentonite..
The RNA solution was then dlélyzgd against 800 ml of the

above solution for 6-8 h at 4° C. The dialyzing solution

‘was changed three times during this period. After dialysis,

the RNA was,precipitated-by addition of 2 volumes of cold
95% ethanol and allowed to stand overnight at -20° C.
recipitate was dissolved in 0.2 ml of the dialyzaing

1on, and centrffuged at 800 x g for 5 min at 4° C
o ‘"‘lr\

13

to remove the bentonlte particles. ?he RNA preparations
were monitored for\purity by determining the ratio of the
ultraviolet absorbance at 260-280 nm. The ratio‘ln‘éll

cases was greater an 1.90. For purposes of comparison,

total brain RNA wag extracted by the same procedure.
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4. Gel Pt%Fa;qtﬁun “

'Polj;crylamide‘gel elecﬁrophoresis was penformed
eésentially as desgrlbed by Baishop et. g;: (1967). The
géls were éreparedvffom an aqqeous“%tock solution con~’
taining 15% acrylamide, recrysﬁaliized from acetone, and_

' 0.75% bas—acrylamide, recrystalllzed from 95%.ethanol.
To prepare 2 6% {(w/v) polyacrylamlde gels, 5 ml 3E Buffer
(0.12M Tris basp,\0.0GM Sodlum acetate, 0.03M Sodium EDTA

. titrated with glacial asetic acid to pH 7.6) were mixed -
with 246 ml of acrylamide stock solution and 7.1 ml of
dfstilled water.) The mixture was degassed for 15 seconds,
then 0.025 ml of \TEMED (N,N;NﬂN‘"L Tetramethyl ethylene
dlggine) and 0,25%ml of 10% ammoniuM‘peﬁgulfate were °
add;d in §ucc35519n, W1th‘thorough mixing after each ad-

a dition. Cj;indrlcal gels’ (0.7 ém dia. and 7 ‘cm length) |

+ '
LN wereﬂcast b

3

plexiglags tubes. Dialysis tub1n§ was ,

kY ' s [y 2 N
wrapped around the bottom of each tube to prevent the

" solution f£rom escapinéﬂdurxng polymerlzhtlon, and to pre-

« L

. vent the gels from sliding out of the fubes during elec- .
’ 3 2 N il
trophoresxsl, The gels were allowed to set for 30 main.
¥ N 5
E Buffer (i/3 dilueidn of 3 E Buffer) containing’0.2%

Sp$ was then layeredwan the gels and they were left

» . ) e
. standlng for an@dkher 30 min.’ X " .
. Gels wexe pre-run for one'hour rh a Canalco ‘elec— ‘
, J/cfizjagﬁbresis apparatus&£Canalco Industries Cprp, Rockv;lle# *

Maéyland) with a Canalco power pack at 5% 0 mxilliﬁperes (MA)

N
, SO N .
CN , « - . Bt
* 4 ~
. 2 . . v s - M L '
& ¥ -
‘ .
»
»
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per gel. The electrophoresis buffer was E buffer c¢ontain~
A

-

ing O.Z% %DS. @

Y
1Y

5. Fractionation ,
For resclution by polyacrylamlde gel electrophoresis

s
20~60ug of RNA in 20% sucrose was layered on top of each gel,
and electrophoresis wis contlnued for '2 h at 5m A/gel The
gels were removed frqm‘their plestlc tubes and scanned at \
260 nm in order to obtain a profile of ultraviolet~ahsbfb1ng

components. The gels were then fyozen on dry ice"and sliced.

%

The slices (lmm) were laid on fiber glas's discs and digested

3

A

with 10% NH,OH 1n a closed chamber overﬁlght at room temper-
i < Y

.ature. The discs were then dried,+placed in 10 ml of a scain-

L E mined by an. 1nternal standardization method) Samplgs were .

. tillation fluid (containing 4 gm omnifluor per liter gf

]

toulene). Countlng eff1c1encyafor tritium was 36% (detii—

2

- Y
counted for 10 min. in a Phalips liquad 501nt111ation analyzer.

3

6+ Assay of Activities of Marker Enzymes.

Marked engyme studles were performed on 3ll the frac-

L

tions collected durihg the ml%ochonérlal purification pro-

S

cedures. The activities of L-lactate:NAD+oxidoreductase

e

(Lactate dehydrogenase,)E.C.1~L-L’27) and ferrocytoghrome

»

C: oxygen oxidoreductase (cytochrqye ¢ oxidase, E-C+1<9+3-1)

were determined using a Cary model’ 16 K spectrophotometer

(Céfy Inséfuments, Monrovia, Cdﬁlf.). ", .

{a) Lactgte dehydrﬁ%enasa. Lactate dehydrogenase, .
’ \4\" g -
a soluble enzyme“(Salway et al., 1967) catalyses the )

o

reaction: Pyruvate + NADH + H' = Lactate.+ NAD?". The ‘-
O ~

PO B T ————— H'_;‘.“\", ' ———— - T e — e
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activity of this enzyme was determined by following the

decrease in absorbance at .340 nm due to the oxidation of

’»

NADH. Reaction mixtures contained (in a final vol&me of

[
T

3 ml) 10 umoles Na pyruvate, 0.2 pmoles NADH (freshl

4 72 4
reaction was started by addition of 0.05 ml of sample

prepared)/ioo pmoles KH2P0 -K.HPO, buffer; pH 7.4. The

(Kcrnbergt 1955). One unit of enzyme activity was de~

a4

\fined as that amount of lactate dehydrogenase which

L]

changed the absorbance of NADH at 340 nm by 0.001 per

a L}

min., at 22° C., Specific activity was expressed as units

per mg protein, which was determined by the method of

14

Lowry et al. (1951).

' (b) Cytochrome C Oildage:“Cytochrome c oxidase is

&

ap enzyme of the mitochondrial transport system (Waksman .

et al., 1968). It oxidizes réduce% cytochrome c and is
1tself oxidized by oxygen. Cytochrome oxidase was assayed
‘by‘ﬁhe method of ngpersteln & Lazarow (1967) wpich mea-—
su?gs the decrease in absorbance at 550 nm due to the’' oxi-
‘dation of reduced 5§tochrome C. Incub?tlon mixtures con-
tained 3.0 ml of a reduced cytochrome c solutlon; and

the reaction was started by addition of 0.05 ml of sample.
“The reduced cytochrome ¢ solution was prepared by mixing
30 ml of a solutlo; of cytochrome ¢ (1.7 x 1074 1n 0.03M
phosphate buffer, pH 7.4) and 100 ul of a freshly-prepared
solution of sodium hydrosulfite (1.2M). Air was bubbled

through the solution for 15 min. to remové-eXCess

»

1

¥

3

.
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-
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hydrosulfite. One unit of cytochrome c¢.oxidase was
defined as that amount of enzyme whach results in a

decrease in the absorbance at 550 nm of 0.001 per min#

e

"at. 22° C. Specific activity was expressed as units

per mg. protein.

” @

7. Base Composition of RNA

BN

* Determiqatlon of base compositions of different
RNAs was carried out essentially according to the method '

»}(/\\bf Randerath et al. (1972).

® (a) Prép&}atlon of tratium~-labelled potassium boro- '

hydride solution: tritium-labelled potassium borohydride

{Spec. Act. 9.3,ci/m mole) was dLssolvedlln stanéardlzed
CGszree 0.1NKOH and unlabelled KBH4 {(in 0.1N KO0H) was =~ | ‘ '
added to §1Vevf1nal specific acthgiﬁy of 2-3 cl/m moles
at 0.1 M”tq.a} potassium borohydrlgé concentration.’
The solutlgn was storéd in small portions (approx. 50 ul
each) at -70° C. S

{b) Enzymatic digestion of RNA: to each ng RNA was

adéed 30 n moles Bicine [N, N-Bis(Z-hydroxy-ethyl) glycine] .

Na buffer (pH 8), 10-n moies MgFlz,,Q.ZQ mg venom phog~ ™
-phodiesterase, 0,20 pg tibonuclease A, 0.15 itg.'alkaline .
phosph;%ase and water to obtain a final cqncentr;ti;nﬁaf

1 ug RNA/5 pl "incubation mixture. Incubation was"at 37° ¢ .

for lG“hou;s.“ The en;yme digest was then diluted with ot
d1§tllléd water to obtain a.final concentration of

1 ug RNA/ 30 y1. * : ' \

®

» '

\\,J i
o
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(c) sodium periodate oxidation and potassium

borohxﬂrlde reduction: Five ¥l of Nal'o4 {12.2 mg/SOml)
v ¢ solution was added to each ug of the digested RNA, and
the solution was allowed to stand in the dark for 100
min. at 22° C. After the oxidation reaction, the mixture
was placed i1n a well-ventilated  hood, 0.5 pl of traitiated
' potassium borohydride solutien (@-3 ci/ ammole) was added

and the mixture ﬁas allowed’to react in the dark for 100

min. After qpe reducti?n step 25 pl of 1 N acetic acad | :

was added to stop the reactlon ana release excess tritium
' gas, The mlxthre was allowed to stand for another 30 min.
then evaporated to dryness and the dry residue dissolved
in 5 ul 0.1 N Formic ac1é. It was found that the above

procedure was most conveniently carried out with 6 pg of’ -

s 0

RNA. '

6
il s

(d) Than layer chromatography: 12~18 pl (3 pl per

.

.portion) of RNA digests (in formic acid) were applied to

20 ¥ 20 cm ceilulose sheets with a microsyringe and re- -. ’
] ' ) soived by two dimensional thin layer chromotography. The )
. ‘ solvents were: (I) (first dlmension{ Acetonitrile/Ethyl
R - acetate/n=butanol/1sopropanol/6N NH,OH/ (4:3:1:2:2.7) and’
(II) (second dimension) t—amylalcopol/Methyl éthyl ketone/
’ acetonitrile/ethyl acetate/water/Forﬁlc acid/( 4:2:1.5:2:2:0.18)

‘ .. s iv/vl. Devplopment in the flISt diﬁen51on was to 17 cm from

! . - . < '.”n

the orig;n.“ Aﬁter drying lﬁ a stream of cool air, then in
N

a stréam “of warm air (50- 60° ¢) for 2-3 min., the chromatogram

Eo———

o
N
TR
o)
\
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was developed in the second dimension with solvent II to

+

. 5 cm on a Whatman No. 1 Wick attachgd to the top (the

-

6rlglna1 raght hand side) of the sheet by stapling. After
the second dimension, sheets were dried for further
manlpulatiogs.

(e) Auto-radiographic detection, extraction of com-

e RN et S, e i

pounds and liguid §91qt;;;§§;ggmcouq§£ggja medical Q(ray
film (Kx Fuji) was exposed directly on the cellulose
sheets in the dark for 7 days. Compounds were located ‘
by superimposing the exposed x-ray film on the chromato-

gram. Areas on the chromatogram corresponding to the .

%

compounds were cut out and eluted in 5 ml 2N NH4OH for e ]
2 hr. with constant shaking, washed 3 trmes'w1th an addi-~
tional 1 ml NH,OH, gndomade up to a final volume of 10.Q
ml. Aliquots (0.2 ml) were counted in 6 ml "Aguasol" (New
Engiqnd Nuclear) in a Philaips laquid scintillaﬁlon:counter.

The entire procedure is summarized in the following secheme

+

(Fig. 5). : . y
- . d

8. Elecéron microscopy #

»

Electron microscopy was carried out by Mr. Bora

Merdsoy (Biology Department, Dalhousie University). .

C. Results . .

1/ quiflcaéion of mitochondria by buoyant density in

*

¥

ficoll-gradients.

Electron microscopy, RNA fractionation studies and

[

. - wm o - ! R,
W~ - + »1@.*%;#‘%1& - * I ' ’ P
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) RNA

W

Ribonuclease A
Snake venom phosphodieéterase
Digestion to nucleosides Alkaline phosphatase

pH 8.0 37°C’16 hours

A\
. s . 4
Adenosine, Cytidine, Uridine, Guanosine

N Oxidation | Naio 4 PH 6 22°C 100 min.
HOCH2 pase
P " 0 | -\‘
Vv ' ” HH

Nucleoside Dialdehyde = I\ ‘

cc :
@ T '

00 v

Tritjum incorporation | KB H, pH 7-8 22°C 100 min.

. .

HOCH Base-
2
0 .
V) .
Tritium=-labelled grlalcohols = T 7
. C-H ~H
e ’ ]
e OT T
l . »
L C
™. TLC of aliquot .
. and K N . .
, Liquid Scintillation $ b .

counts/min. of., 4 nucleoside 1§1alcohols

Fig. 5, Base composition analysis of ribopolynucleotide by
en;ymasaf digestion and stoichiometric traitium incorporation.
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assays of marker enzymes indicated that thas procedure
did not‘give satisfactory results. For example, a

significant increase in cytochrome c oxidase activity was

&

3
was somewhat decreased an this fraction (Table I). Elec-

not observed in the M., fraction, although LDH activaty

tronmicrographs, of material from the M_layer showed that ’

3
this fraction was contaminated by other subcellular

particles (Fig. 6). GelfeIectrophoresis'odeNA extrahted
from the M2 and M3 bands fndicated the bresence of 28 8,
18'S and 4 S5 RNA components. An extra peak corre§pond1ng
€0 a species 'of 0.45 x 106 daltons was also observed by
both ultraviolet absorbance écannlng and radioactive
labelling téchglques, as shown in Fig. 7 and Fag. 8.
Therefore, in subsquéht ;xperlments,'the puréflcatlon
procedurge of Hernandez et al: (1971) was adaptea for the
investigation of the thsiqo-chemlcal properties of mito-
chondr;al RNA.

2. Purafication of mitochaga\la‘Py m1ld "osmotic
shock" treatment.

”

preparation was checked by several procedures. Fig. 9

A and B shows the electron micrographs of crude mitochondrial

fraction and purfied mitochondria obtained by mild osmotic

[

shock treatment of mixed brain and nerve tissues from 3-
}
day chiacks. Whereas electron microscopy of crude mito~

chondria indicate contamination of these fractions by

N ; - B Lo RS
S 63

Electron microscopy: the purity of the mitochondraial

o gt e
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other cytoplasmic membranous elemengs, osmotic shock .

treatment results in a fairly pure preparation, although
some unidentified membrane fragments are also noticeable.
3. Marker enzyme specific activities and yield of RNA.
in the subcellular fractions.
The data in Table II indicate .a definite enrich-

o

ment of cytochrome. ¢ oxidase spe01ﬁ;c activity in.fhe
purified mitochondrial fraction. In contrast: while the .
cytochrome c oxidase specific activity became ;qcreasingly 1
greater duringwpuriflcation, lactate dehydrogenase specific
activity decreasedl especially in those fractions of high
cytochrome ¢ oxidase activity. The reéBvery of total
cytochrome c oxidase activity in "osmotic shock" treated
mitochondria was 29%, reiatlve to that present in the
initial homogenate whereas the recovery of LDH was only

5%. RNA and prétein contents of the mitochondrial frac-—
tions were progressively reduced during the purification
procedure., These results, therefore, «ndicate an effec-
tive separation of mitochondria from othef subcellular
organelles. The behaviour of LDH activity in different
subcellular fractions 6f chicken brain was unusual,

since the specific activity and i recovery or this enzyme
was greatly increased after the removal of nuclear and
mitochondrigl fractions. This might indicate that there

were endogenous inhibitors of LDH activity in total brain

homogenate which were-removed in the nuclear and in crude

.
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mitochondraial fractions,

which showed increased cytochrome c¢ oxidase activity.

A

Table 1

-

tivity of LDH was still decreased in those fractions

Comparigson of Specific Activities of Marker

Nevertheless, the specific ac- .

L Enzymes in Subcellular Fractions From
" Dlscontinuog§ Ficoll-Gradients
», R
rd
Fractions Units of Units of

Cytochrome c
oxidase/mg protein

Lactate dehydro-
genase/mg protein

Total

‘Crude Mitochondria

11.0

13.7

4.3

9.5

5.3

7.7
5.5
6.3
5.1

3‘7

Enzyme activities and units were determined and defined as

described in Methods.

b

e



Fig. 6.
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Electtonmicrogréph of M,
(magnification x 12,500). )

¥

layer of Ficoll éradlent
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Conditions of RNA extraction and
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Comparigort of Marker Enzyme Activities, Protein and RNA Contents of Subcellular Fractions ’

-

’

»

P

Table II

-

e

Fractions | Units of Cyto. c | Cyto. ¢ Oxid Units of LDH mg Protein/g | ug RNA/g .
Oxidase/mg Protein Recovery LDH/mg Protein| Recovery Wet Weight | Wet Weight
% of Total ! % of Total of Tissue of Tissue
iTotal homogenate 12.5 100 8.0 Joo 17.9 1300
- 'S
Supernatant after 9.3 95.0 7.5 123 ——— ——— N
700 x g : ¢ -
i N . N
Supernatant after : ‘ . t
12,000 x g . 3.7 30.7 12.9 200.7 } R N éo
Y - ” - ‘ (?’
Pellet of 12,000« | .0’ . ’
x g (crude 14.7 64.5 8.1 60 4.3 22
- mitochondraia) : . . ,
Combined washess | » - ) ) ) R )
1,27%0f crude |’ 1.8 27%"\ 7.3 57.7 — ——
mitochondria ¢ i | - .
Juspension of - ) ’ . ‘ '
"osmotic shock ~ 57.0 s 28.8 6.0 4.7 0.50 3
mitochondria” . . .
. 5 - 3

- -

rd
. F P
Enzyme specific activities anl vhits and protein content were determined and defined as déscribed in Mater:ials

Methods in Section II.

at 260 and 280 nm accordlng to Warburg and Chrastian (1942). A

- o

-

~ B
*

",

RNA content of the purified RNA extracts was determlﬁtd from thezrxabsorb;nce ratios
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- x 10 dal;pn and 0. 72 X }0 dalton are 31gn1f1cantly\Eh— . -

o

i

4. Charactexization of RNA by polyacrylamxde gei‘
“}‘ w * ” [
electrophorésls. . . YT .

~ 3 L)

E¥y

The ratio of absorbancé.ap 260 to that of 280 nn

fbr the RNA was'consistentiy 1.9 or ﬁlghei, an 1ndication .

~

that the»ﬁfeparatlons were relatlvely free of protezn. -

Flg. 0 shows the ultravxolet scans cf the gel alectro~

pherograms of RNA from total homogenate and the mitochon— e §
“

drlal fractlons.

”nooa

The total RNA contalns the expected 28 s »
and 18 S rRNAvana 4 s tRNA components. Although crude ‘
m%tochondrlal RNA is heavily contaminated by the two

cytOplasmlt: rRNA‘;pedles, ﬁhe 28 S pedK is greatly re-
duced 1n the oimotlc shock-treated preprartloﬂdwi

Furthermore, RNA species Wlth mnlecular weights of 0.45

rlchgd in purified mltochondrla (Rig. 10 C”)a The malar cot e
ratio of these two RNA species was found. to be 1.12¥0.02 - \
(mean'* $.D.) by meaaurement of the peak area by welght

of the 0.72 x 10 ,and 0.45 x 10 da%;on species (the area .

»

{
}
!
of a blank gel was subtracted fogp these measuremeﬁts)..“ R i
|

5. Determination of ‘melecular welght,by'polyacryiamide

.
-

gel electrophoresis. )

¥ .

Molecular weightsof mitochondrial RNA components'

were est;mated graphically assuming an 1nverse linear re-~ -

b e ek

lation between mobility and the logarithm of moleculay

o

weight, as descyibed by Bishop et al. (1967) and Loening :

-

ig. 10) ,V
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(l9ﬁ7). RNA from E. coli was purfflad according to

Hayashi and Spleqalman (1961) and wasuused,as an internal

standard.:- On thc basis-of a cbnsensus in the litera~

-

ttire the 23 S and 16 S rRNA components of E’ éoly w
6. 6

.;and_0., 50 X 1ﬂ daltons

* g 9 “
. respedtively. ' AL

7
'S

assigned values of 1.10 x 10

W

F;g. 11 shows that the molecular weights ™

-

of the'ma]or m1tcchond¢1a1 RNA comgonents weie 0,72 x 10

and 0.45 x 1o° dalton resp&ctlvely. .

v

6. Conversxon of standard nucleosldes to, nucﬁ%<cldel

v

tr;alcohcﬁs. . r .

0 ¥ ¢ ] ¢

In order to explorauthe quantltative aspects of .

the Method-?f Randerath for polynucleotlde base cqmp051-

ar d

tion determlnation; 30 nmoles of each of,the four major
“* LN « 1“
ribonuc1e051des,(adenoslne, uridlne, guan951ne and ecyti- ,,
* 4
dlne) were sub;ected'to sodium per;odate ‘and trltlated

P

borohydrldaqxeactans as stated ineMethods..’The spéblflc

act1v1tles of the«nucleoside trlalcohogp recgvered from

Y

- -

the flnalfiry resldues were: , - . 2tk

U -

.. Al = 0.60 uczﬁn,mél. i v e
7 " > U“g O.GO’HCl/n.mO . s ‘) “x
C' = 0.58 pyci/n mo " ;

y G‘ =+ 0 .57 uci/n mol. ' " -

.
. P

. The results 1ndicated a sAmllar extent of conversion of -

&

the four nucleosides to nucleoside trialcohols. . s

t "

. ' The rellitive pcdltiona»of thleauq’nuclcoslde

o n

m‘érlalcohcls after thin layer chromategraphy and x-ray

x

fmlm detection are showp in Fig. 12. . )
I "
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C R ,are the 23 S .and 16 S rRNAS of E. coli. The two

points marked "Xy, X" are the 28 S and .18 S rRNAs of
chicken brain.” The two peaks of chickeh braxn mito-

. chondrial RNA were found to ‘correspond to _the points-

. of X, and ¥3 for 0.72 x 106 and 0.45 x 10° dalton RNA,,

speca.es reSpecta.vely. o X .
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- 7. Base composition of mitochondrial RNA and braan

[y )

total RNA

The results of traitium exchange and thin layer
chromatography of RNA digests are shown in Fig. 13 and
Table III. Fig. 13 indicates that the"relativé positions

of nucleoside trialcohols from the mitochondrial RNA
wdigest were comparable to those of the standard nucleosx%g
triralcohols. Table*IXIqlndicates;that the G™+ C content
L S

=

. of mitochondrial RNA was lower than those cfﬂéoyal brain o
RNA. The base composition @f total brain RNA was simi-
lar to the base ‘composition of chicken fibroblast RNA - >
! reported by Sholtissek s(1965). The base ratio of Qheat
germ RNA determinéa‘%n the présent~inve§tigat10n was very |
cl§pe to the base rat;o determined by another method

(Lane, 1965). These experiments, therefore, indicate that

the tritium exchange metlod.pf Randerath'et al. (1972)

-
-

yields results comparable to’those reportéd by other
methods and is a reprédueible and satisfactory proéedure
foxr the analy51; of very small amauhts of nonradloacgave
A specimens. Base compositions of rat Jdiver ribosomal
and’' rat liver mltochondfzgllRNAﬁQere also included ‘
for comparison. The G+C content of rat liver mitochon@r%al

RNA 1s slightly lower than that of chicken brain mxtochon- -y

drial RNA reported here. ) . L

8. Pattern of labelling of brain mltochgndrlaL‘RNi. S
In vivo experiment. t

To investigate the incorporation of label into
54
+~ mitochondrial RNA 1in vivo, [5-?HJuridine (50 uci/embryo)

*

iy - b g BB Sl . .- R ——— - e
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Fig. 13. Two dimensional TC separation of a mixture of
i mltochcndgial RNA digest, Details of methodology are
described in Materials and Methods of Section II.
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%.Base Ratios of Méfochgndrlal RNA and Brain Total RNA
) . Bases 7 . o
“)‘ RNA Samples C G A U G+C/A+U
*Mito.-rRNA 30.2+0.8 20.1+ 1.1 8.0+ 0.5 21, 6+0 .7} 1.01'x 0.01
total brain RNA 31.1. * 32.9 17.7 18.2 1.78 -
wheat germyRNA . 25.6 3l.0, - 22.7 20.7 1.30
Reported ¥ . )
wheat germ rRNA ) - 25,8 31.3 . 24.{ " 18.8 1.33
{(Lane, 196Q - . ,
chicken fibroblast RNA 31.6 33.3 ° 18.2 ‘ 16.9. 1.85
(Sholtissek, 1965) T .
Rat LivéfF18lS RNA Ql\'ZQ.S 32.4 J 9.8 18.0 « 1,64
28 S RNA - > 32.2 '33.0 i 17.8 17,0 1.87
Mito. rRNA /' - 24.9 21.6 2 30.5 22. 9 0.87
{Bartoov, 1970) . — . » o . . .
BHK 18 S RNA e »25.8 31.1 21.2 1 21.9 1,32 7
. 28 S RNA « 2809 kxF 35.5; 17.8' 4 18 2 103.9
Mito. rRNA 23.5 “27.4 , -] 24.5 24.3 1 1,04 .
(Dubin & Montenecourt, 1970) . . ‘
a » < ’\y\
™ Mitochondrial RNA and brain RNA,were extracted and treated with enzymes,.sodlum per1~
odate and traitiated potassium borohydride as descraibed in.Methods of section II. The
base composition of mitochondrial RNA represents ‘the mean +S.D. of three separate ex-
priments. The data of brain RNArepresent the mean; of two determinations. Only one
analy51s was ¢tarried out for wheat germ RNA. - o P N
*Mitochondrial rRNA<was precipitated (as verifred by gel analysis) from total mito-
chondrial RNA in the presence of 1 M Nacl. RNA precipitated by this treatment was p
asgndled to “be mitochondrial rRNA. . .
- Wheat germ rRNA was a gift’ from Dr. M. Gray . - . s
- - . ‘ .
= Loy - ’ - .“f -
" TN ~_ b , e
» . . ‘t,‘ , . - r J . i
A A o e g : - - - R > e *‘“W s
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. was injected iﬁtb the air space of 15-day chick embryos.

After 48-hr. incubation in ovo, RNA was extracted from .

total brain tissues. and from the purified mitochondrial

-~

ooy A e e = g

fraction. The electropherogram of Fig. 14 A shows that

B the radiogctivity profile coincades with the u.v. absor—

4 bance pattern (obtained in a dlfférent experiment) as )
shown in Fig. 10 A. Three major radioactive peaks, cor-
responding to the 28 S, 18 S and 4 S components of the

‘ bulk RNA can be observed. 1In contrast, in the purifaied

mitochondrial preparation, the relative amount of radio-

-

activity in the 28 S rRNA component is reduced, in com- “

. parison to the significantly labelled 0:72 X 106 and
0.45 x 106 dalton RNA (Fig. 14 B). 1In this experiment,
’ - a very sharp peak was found around fraction number 52. -
o ‘ The natufe of this spec%es is not known at the present.

. 9. Pattern of labelling of nerve mitochondrial RNA.

Organ culture experiments.
: Sance brain mltochoqﬁrial RNA was shown to be.éag— ;
/ . nificantly labelled in ovo, the capacity of nerve tissue

to synthesize thgsé species was investigated in organ
‘ " culture. Fig. 15 A to F shoWs the pattern of radioactivity 4
; on gel~electrophe¥ograms of RNA from tdbtal homogenates,
! crude and purified mitochondria of 17-day embryonic and
2 . 3-day chick sciatic nerves. The time of incubation with

! ‘* [5-®H]uridine was 2.0 hr. Fig. 15 A, B, D and E demon-

!

n strated components having electrophoretic mobilities of

s e - o -

R
- e~
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Fig. 14. Electrophoretic patterns of RNA from total :
brain (A; 72 pg RNA applied) and purified mitochondria
of 17-day embryonic brains {B; 50 ug RNA applied).
Chlgk embryos (15-day old) were labelled with 50 pCa
JI5~°Hj-uridine/embryo for 48 h ih ovo. Conditions of
the experiment, RNA extraction and fractionation are
described. 1n Methods and text. Arrows represent the
position of 28 S, 18 S and 4 S RNA peaks of the bulk-
RNA determined by scanning of gels at 260 nm. Samples
weré counted for 10 min.
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Fig. 15. Electrophoretic patterns of nerve RNA from
total homogenates of 17-day embryos (A, 22 ug RNA ap- e
plied) and 3~day chicks (D, 21 pg RNA applied; crude
mitochondria of 17-day embryos (B, 127 ug RNA applied)
and 3-day chicks (E, 126 pg RNA applied); purified

mi1tochondria of 17-day embryos (C, 64 ug RNA applied) ‘

and 3-day chicks (F, 36 ug RNA applied). Sciatic nerves.
from 90, 17-day embryos and 60, 3-day chicks were incu-
bated with 100 pCai ‘[5-3H]-uridine/ml*of incubation
medium for 2 h. Conditions of RNA labelling 1in organ
culture, extraction and fractionation are described in
Methods. Samples were counted for 10 min.
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%S'S 18 s, and 4 S RNA become 51gn1flcant1y labelled in . '

.

Jrpe—

both total RNA and crude m;tochondr;al fractxons from

pu
the 2 developmenta es, 'The 0.?2:@nﬂ 0.45 x 106 .

tions were.also labelled. (Figs. 15 B, C, E and F).
Furthermoge. "Figurne 15 C and F shows that the proportlon -

of radloact1v1ty in the 28 S region of the electrophero—

4 n

grams was reduced in purified mitochondrial RNA,- parti-.

B ‘
..cularly from the 17-day embryonic nerve. The molar ratio !

of radiocadtive 0.72 to 0.45 x 106 dalton species was 1.07

0.06'by measurement of the radioactive counts iy the peaks

0of0.72 x 10? and 0.45 x 196 dalton species, a result com- ’

4

—

parable to that obtained from the ultraviolet scan of these
preparations (compare Fig. 10 C). These results indicate ;
that mitochondrlgl RNA became labelled in organ cultﬁre )
after a 2.0 hr. incubation period. . 1
* 10. Effect of ethidium bromide ! \

Since ethidium bromide is believed to éelectively
inhibit mitochondrial RNA synthesis (Zylber et al., 1969},
the effect of‘éifferenﬁ doses of this drug on the label® .
ling of purlfied mitochondrial prepargtions‘Was investi-
gated. 1In §6me experiments, for comparison, the effect
of the drug on RNA synthesis in the "700 x g" pellet
fraction (which was greatly enriched in nuclei and whole

cells) was also examined.

Preliminary experiments with high doses of ethidium
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bromide (5 pg/ml of incubation mixture) indicated an
. « -y
overall inhibition of incorporation of [5-'H]Juridine

+ )

into ‘the crude nuclear and purified mitochondrial
fractions. However, when 0.5 pug of ethidium bromide/ml
o? incubation medium was used, the pattern of radio-
activi;y in RNA from ethidium bromide-treated tissue
showed a selective inhibition of labelling of the 0.72
and,0.45 x 196 dalégn species and the tRNA in the puri-
flédemltochondrial fraction (Fig. 16 A“and B)s In
contrast, 1:83\}ing of RNA species in the "700 x g

pellet," and especially of high-molecular-weight mater-

ial, was not selectively inhibited. Similar results

. were obtained with 3-8ay chick sciatic nerve (Fig. 17).

\

11. Effect of cordycepin.
Cordycepin (5 pg/ml of incubation meaium) also
inhibited the i;gorporation of [5-%Hluridine into the

0.72 and 0.45 ©/10% dalton species of purified mitochon-

dria, although the inhihition was not as definite as
that obtained with ethidium bromide (Fig. 18 A)}. The
"700 x g pellet” fraction showed marked inhibition
between the region o$ 28 § and 4 S, whereas the label-
ling of fractions heavier than 28 S were relatively
unaffected.

12. Comparison of specific radioactivities of RNA in

subcellular fractions of sciatic nerve.

To estimate the cont§$bution of mitochondrial RNA

? "o e s—
.
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FRACTION NUMBER

Fig. 16. Effect of ethidium bromide (0.5 pg/ml of
incubation medium) on the labelling of RNA from puri-
fied mitochondria (A and B) and "700 x g pellet" (C)
of 17~-day embryonic nerves. The time of incubation
was 2 h (A) and 4 h (B and#®). Solid line represents
radioactivity in control and dotted line représents
readioactivity in ethidium bromide treated prepara-
tions respectively. Conditions of RNA labelling in
organ cultuyre, extraction and fractionation are de-
scribed in Methods. The amounts of RNA applied on gels
for the control samples in A, B and C were 33, 45 and
24 ug, and those of ethidium bromidetreated prepara-
tions 40, 54 and 24 ug respectively. Samples were

counted for 10 min.
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Fig. 17. Effect of ethidium bromide on the labelling of

RNA from purified mitochondria of 3-day chick nerve. The
] time of incubation was 4 hr. For further details see

legend of Fig. . Samples were counted for 10 man.
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Fig. 18. Effect of cordycepin (5 ug/ml of incubation
medium) on the labelling of RNA from purified mito-
chondria (A) ahd 700 x g pellet (B) of 17-day embryonic
nerve: The time of incubation was 4 hr. The protocol
for RNA labelling in organ culture, extraction and
fractionation are s ed ‘ian Methods. The amount of
RNA applied on gels £ the control samples in A and B
were 40 and 20 ug and those of cordycepin treated pre-
parations 49 and 25 ug ?spectlvely.
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¢ X - . Table IV .
¢ ‘. Specaific Radloact1v1t1es of RNA and % Recoveries of Radloactxvity !
and Cytochrcme c Oxidase Activaty from Total Homogenife .
T . ,Crude Mitochondria and Purified Mitochondria of
" el » N - N .
- Sciatic Nerve at two Developmental Stages ¢ ) .
‘ % Recovery of Cyto. ¢ % Rec. of Rad., -
Specific-Radioactivity: % Recovery of Radio- Oxidase Activity an % Rec. of Cyto.
Practions Counts/min:/g. tissue activity in fractions fractions (from Table II) ¢t Oxidase Act.
” ‘17-day’ em. 3~day chick 17-day em. 3-day .chack ) .17-day Embryo 17-day Embryo
- - . .
total , - e 7 i , . - .
homogenate 3.1 x 10 1.5 x 10 10qQ 100 § 100 g 1 (/::>
P, i .‘ e [
Crude . 4 - 4 -4 -4 -5 . =
mitochondria 1.9 x 10 0.66 x 10 6 x 10 4 x 10 —_ 4.5 0.92 x 1o <
L 2 ./6
Purified 4 . : 4 ‘_4 -4 T
mitochondria 0.8 x 10+  0.33 x 10 3 x 10 2 x 10 . 28.8 1.0 x 10
e - : " - ) P . o
‘RNA was extracted and purified from the subcellular fractions as described in Materials and Methods. Specific . .

radioactivities were expressed as counts/min/g wet weight of nerve tissue, since in each case cold brain RNA
was added to the preparations at the beginning, of the fractionation procedure to facilitate precipitation of
nerve mitochondrial RNA. Data for % recovery of radiocactivity and % recovery of cytcm ¢ oxidase activity wete

obtained from dlfferentsexperlmenhs. . , . . ..
& - . K N
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o ' labelling to that of total, rapidly-labelled RNA of the -

v

sc1at1c nerve, a cqmparlson was made of the specific

‘5 - ‘o “ o

5 radloact1v1t1es of total nerve RNA and crude and purlfled

g S mitocheondrial RNA from 17-day embryos and 3-day chicks

$

after.a 2 h incubation of the tissues, w1th [5-*H]uridine ~

1] » i

1n organ culture. Table IV shows that the, §Pec1fic acti-

» =

»
L

i

4
2 .vities of the!Frude and purlfled m;gpchondrlal RNA pre-

paratlons were much 1ower than that of the totul nerve RNA.

Y » -

v . Less than, one per cent of the total radioaetivity in RNA

was ihcorpsratpd into the purified ‘'mitochondrial RNA

t - fractions from«both develoﬁmental stages. The recovery

G

b +  of cytochromesc cxldase activity in' the mltochondrlal

oy - fraéfzgks was much higher than that of the radloact1v1ty
l."

in mltochondrlal RNA  (Table IV) lndlcatlng that the low

*
»

av

w%hmcofporatlon of radloact1v1ty 1nto mitochondrial RNA was
‘not- due to preferentlal loss of mitochdndria during the

isolation and purification procedure.

- v

- vt
D. Discussion. .

*

Purification of mitochondria from brain homogenates is

complicated because a variety of subcellular ‘structures

-

in this tissue band in the same density range during ’

1sopycnic centrifugation in sucrose gradients (Whittaker,

1968; Cotman et al., 1971). é herefore, SPElelc pro-
cedures are needed to 1solate se subcellular organelles
from nervous tissue. In the present investigation the

procedure of Hernandez et al. (1971) was adopted. This

-

.

]
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osmotic shock treatment:of crude mitochondrial fractions
from sciatic nerve and brain tissue of chicks was success~-

ful in removing a considerable amount of- membranous con-

u

-~

taminants {Fig. 9 & Table II).

There are further problems which must be overcome in
ks f’
N the isolation of RNA from mitochondria, particularly gérom

the;?efiphe al nefvé. These include: (1) the low content ,

of RNA in mitochondria; and (2} the presence of ribonu-
clease in this organelle (Rahman, 1966); (3)contamination

e 2

by cytoplasmlc ribosomes; and (4) the relatively small

“ amount of peripheral nerve tissue aVallable for these ¢

studies. The first and fourth problems can be solved by

labelling the tissues with radioactive RNA precursors,

2

such as [5-?H]uridine, and isolating Mhe labelled nerve ,
RNA in the preséhce of a car£ie; tissue guch as brain. -
However, it is diffkéﬁlt to label nerve and brain RNA in
-vivo due to the low permeability and incorporation of
™ radioggtive precﬁrsors in these tissues, particularly in °
ovo (Judes et al., 1973). This dafficulty can be par-
tially overcome by incubating isolated nervous tissue in
prgan cultule for relatively short periods of time (Hu &

v

’ Mezei, 1971, Judes et al., 1973)J. However, using these

-

LS

»

an vitro techniques one must cosBSider the consequences of
the use of artdificial conditions and the great sensitivity

of nerve cells to tissue damage, such as Wallerian degen-

eration, activation of degradative enzymes, etec. (Wolman,

‘ Fand ™ »

P S,
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1968; Porcellati, 1972). Both the in wvivo and in vatro

" appraoches have been used in the present investigation,

x

with partial success.

-
-~

In order to solve the second problem; the RNase in-

" hibitors bentonite and SDS were included in the extraction,
- A

S

medium. The third problem was partially overcome by os-
&

. .* motic shock treatment and several washings of the mito-~

chondrial fraction with sucrose-EDTA solutions.

Several lines of evidence presemted here enable
‘one to conclude that the purity of osmotic shock~treatéd
mitochondr}a of chick nervous tissue is compar?::e to

that of highly-purified mitochondrial preparatl‘ s from

other tissues. First, the morphology of these preparations

indicated that most of the particles had the appearance

4

of typical mitochondria (Fig. 9), and being similar to

those obtained'by Hernandez et al. ,(1971) for osmotically-

shocked mitochondria of rat brain. Second, the removal
. - o

of a cons;dq{iple amount of cytoplasmic contaminants was
indicated by the decreased specific activity oﬁ\iactate

“dehydrogenase and the increasedspecific acaitivity of

cytochrome c oxidase in the osmotic shock-treated pre-

s

parations (Table II). The amojint of protein and RNA

also reduced by this treatment, "indicating ,removal

1ﬁ§ﬁ;ities. The pattern of distribution of t

3
enzyme activities in the subcellular fractions of chick

nervous tissue was very similar to that obtained b§

A ]
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ﬁhksman (1968) for mouse brain. Thlrd, the RNA conténh

1
L3

of purlfled mitochondria from Gthk bralns was about

6 ng/&g proteln, a yield which is within the range re~
» ported,by others for highly-purified mltochondrla\from
" other organisms; (0'Brien & Kalf, '1967; Bartoov et al.,

1370; Krézn, 1971) . However, the yield of mltochondriai .
proteln per gram of wet weight o} brain élssue was onl¥
about one third of ,that reported by Hefﬁandez et al. '
(1971) for rat ®ortex: (which contaxns mainly cell bodles).
Thls dmscrepancy may be due to the fact that whble braln
tlssue, 1ncludlgg white matter contaiping mainly nerve,
fibers, was useﬁ; as the' starting mategial in the present
investigation. ' . .

The following properties of RNA extracted ffom the
osmotic shock-treated subcelluldr fractions allso provide
evidence thit the§e species are indeed mitoch}ndriél com=-
ponents. Pirst, ultraviolet eléctropho}etlc patterns of
purified mitochondrial RNA indicéteé that_t?e 28 S cyto-
plasmic component was greatly reduced and that two RNA*

species with apparent molecular Weléhts of 0.72 x lO6

LI

and 0.45 x 106 dalton, together with a component the

si1ze of tRNA, constitutad the major sbecxes in purified
mitochondria (Fig. 10). The 0.72 and 0.45-x 10¥ dalton -
species were extracted in an equimolar ratio, as expected
1f these molegpies arise from a mitochondridl ribosome

L3
containing one heavy and-one light rRNA species. These
?

T
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http://moleejfti.es

(S

L e e St i g o oy W

€
5
o

-

‘e

T e . , } . e o e e

P

- . , "
) data.are compa;Lble to publlshed values fo? the mole~
, cular welghts of mitcchondrial rRNA &E BHK cells and
”mouse cells (Dubin & Montenecouﬁt, 1970) . Second, the
o °#G+c content of the mltochondrlai RNA species was sig-
nificantly lower than that oftotalchlck brain RNA.
« Third, the synthesis 6; these RNA s ecies was sengitlve
to low doses of speC1f1c inhibators of RNA synthesxs,
such as ethidium bromlde ;nd cordycepln. ‘ )
Working with chicken liver mitochondrla; Rabbltt§
. and Work (1971) rLcently described the presence of 55 S
., ribosomes, wh;%h contained two rRNA species of lower
molecular weights than those obtained in the present ¢

investigation. Gel electrophoresis of chick liver mito~-

Al
4

chondrial RNA was carried out at 4°C, whereas the expe%ir
meq;s reported in the present investigaflon were éerfgrmed
at rcom temperature.. Althoﬁgh the effects of temperature
and_ ionic strength on thé‘eiectrophoretlc mobility of
brain mitochondrial RNA were not explored in the present
investigation, the differences in the experimental condi-
tions might account for the differences bewteen the-mole-
(cular weights reported here and those obtained by Rabbitts
and Work (1971). It is unl¥ké1 that there are variag;ons
in the sizes of mitochohdrial'RNA species in different
tissues from the same animal. Experiments in which mito-
chondrial RNA 18 extracted from the liver and brain of

the same animal and Ctompared under identical conditions
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nervous %issue are ﬁef&tiveiy scarce. Recently, Cupello i
and Hyﬁén (1?75) reported the presence of two RNA speéaes.
in rat brain mitochdndria, ;%th electrophoretic charac-
teri;tics samilar to those reported for liver mitochon-
drlal RNA by Aaji and Borst (1970) and Groot et al. o
(1970) ‘HoweVer, their mltocﬁondrlal preparatlcns were
heavily contaminated with 28 § and 18 S rRNA.

One mustalso consider the possiblity that 'the 0.72
and 0.45 x 106 dalton mitochondrial RNA species observed

|
in the present investigation are degradation products of

either a larger mitochondrial RNA molecule or of the

%9/5 and 18 Sdéytoplasmic,rRNAs.. However, this seems

unlikely in‘view of the presence of the RNase inhibitors
bentonit% and SDS in the RNA extraction medium.

The G+C content of a variety of mitochondrial rRNAs

15 relatively low (for review see Grivell & Borst, 1971;

L4

Borst, 1972). Although Borkowski (1971) reported that
mitochondrial RNAs from calf brain contained high con-
centratipns‘oﬁ guanylic and cytidylic nucleotides, the

relatively low G#C content of chicken brain mitochondrial ..

A

RNA #as similar to (though still somewhat higher than)

that :@ported for othef organlsms (Sholtissek, 1965;

~

Bartoov et al.; 1920- Dubin & Montenecourt, 1974Q; Table

-’

III). In the Present 1nvest1gat10n,mltochendqlal ﬁ@A was
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‘precipitated from 1 M Nacl and, presumably, represented

mitochondrial rRNAs. The/difference between.the G+C

- content in mitochondrial rRNA and the homologous total
RNAs 1n the present investigation is’around 15%, which
falls within the rénge of 1?—25% differences reported
"by othersfor different organisms. The slightly higher

w “ G+C contént in the chick brain mitochondrial RNA might

! be a reflection of true differences in the base composi-

!
tions of mitochondrial RNA from various organisms. This

suggestion is supported by the great variation an base,

0

composition of mitochondrial DNA among different species

<

(Borst & Xroon, 1969). For example , the G+C contents
of mitochondrial DNA from sea urchin and domestic chicken

were found to be 43%.and 50% respéctively. on the basis

"
I sy e b e trey

of these latter results it seems reasonable to expect that
. the base composition of\mltochondrial RNA may also be
dlfferent‘ih different %pecies. However,'éontamlnation
~ bxcthe homolégcus cytoplasmic RNA, which might havée caused
1 . ~an apparent increase of the G+C content in the‘mltoch?ndr;al
RNA preparation, cannot be completely excluded at present.
’ . There are only a limited number- of investigations
'/ﬂ o ~ dealing with the in vivo labelling of mitochondrial RNA
in animal'tissues; most of these studies have emﬁloyed
‘ mammalian cell lines and used relatively low doses of ’

. "ﬁétgnomycin—n to suppress selectively cytoplasmic rRNA '

", synthesis (for review see Graivell & Borst, 1971). The
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. electrophoretic profile of brain mitochondrial RNA label-
led in vavo in the present investigation was similar to
that from the sciatic nerve incubated with the precursor .

* for 4 hr. in.orgah cultu;e (Fig. 14, 16).' This, there-~
foren supports the hypothesis that the ﬁroperths of

E

mitochondrial RNA are similar in the PNS and CNS. The

. ]

pattern of labelling of RNA from purified mitochondria

~ vy

*

showed a relatively low pérc tage of total radlbactivity .

.dn the 28 8§ cytoplasmic §§§C§§eC1es, 1ndicat1ng‘§hat

K the purification pfodbdure'yieldeﬁ reasonably pure miﬁo~
chondrial species (Fig. 14 B,ulg C and 16 A,B). Further- “

g mo£;, the lérgef mitochondrial RNA component contained

about EW1ceqthe radicactivity 65 the smaller component.

hese results which are simi¥ar to those reported by
¢

Grivell and Borstg(lQYl) are expected if the two mitochon-
drial RNA speCLeé §re~synthésized at an equal‘ragg and
are components of a itochondriél ribosome. An extra
w\.;adi active compdhiﬂi w1thbslngt}y hiéhen‘electrophor-
et} {mobi}ity thap that of the 0.45 x 106 dalton Specieé
. Qaé”;ISG\appafE \in one of the electropherograms of

the mitochondrial RNAs labelled.in vivo. At the present ,

'

1t is not ¢lear whether thais radiocactive material repre-
sents an artifact or is a'true radicactive mitochondrial i
RNA“épecies, since only one in vivo experiment was carried ~

out and the presence of this radiocactive component was
. Y
not as prominent on electropherograms of the in vatro
P
L4 s "’#EH

LS

B T e — —— 4 - B s i

e

ol s

Ity - w0 5

F .

WP



-109- ' . .

»

labelled preparatioﬁs. In a study of‘RNA synthes:is

in chicken liver mitochondria in yivo, Rabbitts and

)

Work (1971) found that a subcellular particle carry-
ing nascent polypeptide chains sedimented with an S

value of 55 on sucrose gradients, suggesting that

Yt 4 -t P}

mitochondrial ribosomes are capable of carrying out

4

protein synthesis. The EEAZEXQ labelled RNA was
extracted from these 55 S mitochondrial raibonudcleo-
protein’particles and characterized by gel electro-
horesis. The sizes ‘of thé two ‘mitochondrial, riboso-
mal RNAs were similar to ‘those reported in the present
investigation. Comparable results' have been obtained

with BHK cells, in which 55 S mitochondrial ribosomes:
‘ 1]

containing 18 S and 12 S RNA have been identified !

(Rabbitts & Work, 1971).

L] £l

It is now generally accepted-that ethidium'‘bromide

inhibats selectively mitochgadrial RNA synthesis (for

review see Borst, 1972), although Jigh concentration

» L)

of this mutagenic dye inhibit nuclear RNA synthesis as
well (Meyer et al., 1972). .This latter observaticn
might explain the inhibation of the rapidly-labelled o

RNA of the sciatic nerve of l17-day embryos and 3~day .

¥
i

chicks observed in this laboratory using 5 ug'et@iqium
bromide or acriflavine per ml i0of incubation medium

(Mggei et al., 1971). When a 1low dose of ethidium
4 ' " ) - ;
bromide was used (0.5 ug/m1\of incubation medium) the
%

Y e e
o
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drug selectively inhibited the labelling of the 0.72 x 106 .

and 0.45 x 106 dalton RNAs, and the tRNA component of the

sciatic nerve mitoc¢hondrial fraction (Fig., 16 A and B).
*

However, some heterodxsperse)g;thldium bromide~-resistant ~
s )

species were still apparent in the osmotic shock—-treated
preparations, perhaps indicating cytoplasmic RNA contami-
nation., " ¥

Accorglng to Zylber $§ al.({1971), cordycepin’ is
also a'selecti#% inhibitor of mltochondrial transcrip%ion.
The pattern of inhibition obtained in the present in-

vestigation with 5 ug/ml cordycepin is quite similar to

)

" that reported by Zylber et al. (1971) fc} HeLa cells.

Zylber gt al. (1971) also clalme& that the half-life of
mitochondrial rRNA in cordycepin-treated HelLa cells was
approximately 3 hr. It is rather surprising to find such
asshort half-life for rRNA species, and'it 1s possible

that this result was due to,the.toxic side effects of, the

rather high dose of the drug, with consequent accelerated

ngradatlon of mitochondrial RNA. 1In the present investi~
$

gation; the turnover rate of mitochondrial RNA was not

investigated because of the low levels of radioactivity

A

incorporated into the mitochondrial RNA species both in

p————

vivo and in organ culture.

The conclusions of the present dissertation regarding

3

the identity and purity of the mitochondrial RNA prepa-

rations of the chick nervous system could.be further

P&
.

.
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substantiated py the following experiments: (a) hybridi~

zation of labelled RNA with homologous DNA from mito-

nucleus; (b) extraction of RNA from puri-
fied mitgfhondrial ribosomes and ribosomal s;bunits;

(c) examination of additional marker enzymés known to be
specifically associated with cytoplasmic microsomes,

such as Glucose—s-phospﬁatase (Shirley, 1974); (d) mix- v

i

ing experiments with homologous, radioactive ribosomes ¢
&

%

of the cytoplasm to exclude a specific association of
radioad%iVe degradation products with the osmotically-
shocked purified mitochondrial preparations. .
To examine the quantitative contgibution of mito- W
chondrial transcription in the synthesis of rapidly-
labelled RNA of the myelinating embryonic and post-
hatch nerves, the specific ragioactivities of total .
herve RNA and purified mitochondraial R§A were compared ..:
aéter a relatively short incubation of these tissues with
{5~ °H]uridine. Less than 1% of the total radroactivity
'in RNA was incorporated anto purlfled,mitochOndrlél s
fractions at both developmental staées. Therefore,. the
low-moleculéf—welght, high-specific-actavity specie;
previOuslyflsoIated by éu’and Mezei {1971) from the mye-
finating nerve presumably contained only a small pro-
portion of mitochondrial RNA. On the basis of the present

investigation, (particularly those in section III and IV},

1t is now pbstulated that most of the above zpecies repre-

- 1
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sent mRNA of the peripheral nerve.

Studies by Gurdon and Brown (1966), DeTerra (1967)

provided evidence that the cytoplasm exerts a powerful
infldence over both DNA and RNA synthesis in nuclei.

For frog eggs, Weber and Boell (1962) glaimek that the
reqgion of highest mitochqurial activity becomes the . q
center of differentlatloé. Qpcording to Nass (1969)

i

nuclei and mitochondria interact strongiy in earlyw.

embryonic ¢ells. Since mltochoiiwia are necessary for -
' ¢

- the large amounts of enerqgy reqyired at the stage of

rapid myellnatiop, it is possible that mitochondrial E
transcription is especially important in the myelinating

nexve. It is clear, for example, that although the
combaned mitochopdrial translational products account ;
for only 5-15% of the mito’idrial membrane, they are |
indispensible for the assembly of a functional mito-

chondrl?n (for review sae Schatz & Mason, 1974). Further-

PR .
chondria in Schwann cell cytoplasm increases during de-

!

more,'ft has been shown that the concentration of mito- §
|

velopmegé {Friede & Samdrajskl, 1968). Although ?he !

results of the present investigation indicate that RNA

synthesis of nerve mitochondria QDQ; not cohtribute

significantly ain quantita?ive tef;;\?b the overall

labelling of 10w»molgcular-weight total RNA Spé01es,yit , .

is still possible that miteochondrial translatibnal pro-

ducts could specifically interact with nuclear gene

13 .
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products tp give special signals for starting cytodif-
ferentiatibn process(es). It 18 also possible that the
onset of myelination might be controlled by an inter-

action of mitochondrial and, nuclear genes in the de-

veloping nervous system. '
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., Section IIIX

Isolation and Characterization of Polyadneyiate—Cdntaining

k - - RNA of Brain and Netrve Tissue of Develpping Chicks
S - " ".

-
* »

2

A. Introduction
Results of experimentg-reported from this laboratory

(Hu & Mezei, 1971; Mezei & Hu, 1972) have indicated thag

®

2
part of the rapidly-labelled RNA of the sciatic nerve has
properties similar to those described for mRNA from a-
Milcarek et al., 1974; Nemer,g;, al. 1975):§1These pro-
perties are especially evident in the heterodisperse RNA
fi . of the rapidly-myelinating sciatic nexye of 3-day chicks.

- This RNA has a relafively short half-life, is poorly'

» . methylated and sediment$ or migrates between the 18 S and
4 S components of bulk
Two hypotheses have n advanced to explain the
origin of these RNA species. \The first hypothesis .con-
sidered that these species origjinated in the mitochondrial
. compértment of the peripheral nerve. However, the results
described in Section‘II of this thes;s’showéd thatr only a
! very small proportion of radioactive uridine .incorporated
into RNA was found in mitochondrial ﬁNA after a relatively
short (2 hr.) incubation period. The second hypothesis

assumed that most of the rapidly-labelled, low-molecular-

weight RNA (smaller than 18 S and larger than 4 8)

*

variety of eucaryotic tissues (Hiatt, 1962i.Peterson, 1970;

——
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\eucaryotic MRNAS and large heterogeneous nuclear RNAs

represented the mMRNA fraction of the sciatic nerve. In

+

subsequent experiments, éherefore. an atgsgpt was made

to further characterize these species of RNA in nerve
tissues from different develgpméntal stages.

E

There is 1ncrea51ng eviden&e Rhat a number of

~

contained adenylate-rich sequences abqut 200 nucleotides

long at the 3'~0H termigms (Kates, 1970; Lim & Canellakis,

1970; Lee et al., 1970; Edmonds et ad., 1971; Darnell

et al,, 1971 a,; b).’ Moreoyer, a number of investigations
(Delarco & Guroff, 1972; Bangs & Johnson, 1975; Hemminki.'
L974 Lim et . al., 1974. Murthy et al., 1975; Berthold

et al.,11975) have recently shown that a haigh proportlon

-

of RNA synthesxzed in brains &f rodents and chicks contalns

%

mboleécules associated with polyaden%late sequences.

The prurgence of a poly(A),ssgmeﬁt in most eucaryotic

mMRNA provides a critera fop“its identafication, as well

- L]

as a method’ for its isolation. The poly(A) segments can’

"

be adsorbed on‘Millipore filters at high ienic strength (Lee

et al., 1971) orannealed to poly(d) immobrlized on glass

.3

fiber filter (Sheldon et al‘, 1972) It was first res

ported by Gllham=(1954) that the poly(A) content of a
polynucleotlde can be,measured by a technique’ dependent on

the hybridization of poly(A) sequences to oligo (dT)-

2t

DRp—

cellulose. onlaglcally—actlve rabblt globin mRNA has been

I ] / AN
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purified by this procedﬁre an& yas shown to direct syn-
theqis;of globin in awcell-free extract {Aviv & Ledar, 19?2).
Oligo (dT)~cellulose is hlghlﬁ‘bffective in selegtively

binding mclecules\contalni;g'a poly(A) segment, without
-retaining RNA molecules known to lack them, 1.e. tRNA, 5 s
'RNAfgpd ribosomal RNAs (Nakazato & Edmonds, 1972). 1In
studying the behaviour of ribosomal RNA on oligo(dT)~
cellulos% columns, Faust et. 3&. {1973) fbﬁnd that the

bulk of the rRNA (898.6%) was notla§sorbedxwhen RNA was
applied in buffers of high ionic strength. This unbound
ufractfbn was found to contain no poly(A)+ RNA species.
However, poly(A)+RNA in which the poly(A) segment is
shorter than 20 nucleotides does not bind to oligo(dT)-
cellulose (Hendler et. al., 1975). ?he binding efficiency )
of oligo(dT)-cellulose was studied by Milcarek et. al.

(1974), who showed thét after unla?elled cytoplasmic RNA

had been passed twice aver ollgo(dép—cellulose less than

4% of the poly(A)+ RNA was present in material which did

not bind to oligo(dT)-cellulose. This result indicated

that most of the poly(A)+ RNA in bulk cytoplasmic RNA is
bound to oligo(dT)-cellulose. DeLarco and Guroff (1973)

~,

have shown that brain "messenger RNA" binds to oligo (dT)-
5

*fjﬁgellulose, but not to oligo(dC)-cellulose. Neither of
these materials bound brain or E. coli ribosomal RNA.
Therefore, it is helieved that oligo~(dT)-cellulose

column chromatography us a reliable technique for

4
]
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isodating and characterizing poly(A)+ ngﬁs and hnRNAs
from myelinating CNS and PNS of chiéks. ’ ,
Delarco and Guroff (I§72) fou;d that a high proportion
{up to 40%) of the total radiocactivity in RNA newly-syn<
thesized by rat brain either ig.gigg 160 min. labelling)
or in vitro (g? min, label@igg)°wa§ bound to oligo(dT)-
celdulose. With 10-@ay—old rats, a higher proportion of
total brain RNA was bound to oligo(dT)-ceilulose than 1in
the case of the adult animals. Furthermore, the specific
activity of the bound RNA was always higher than that of
the unbound RNA. On the basis of this experimental evi-

.4

dence, these workers concluded that both in vivo and in

vitro brain produces RNA which bainds to ollgo(dT)—éellulose.

In both whole animals and -tissue slices a somewhat greater
proportion of the RNA synthes%;ed by young aqimals appeared
to have poly(A) sequences than did RNA synthesized by
adults. Thus, not only is the young animal making more RNQ
but a greater proéortion of this RNA appears to be messen-—
ger RNA. In a recent report, DeLarco et al..(1975)
demonstrated more convincingly that the amount of poly(A)+
RNA 1n these species was greater in the brain tassue of
l0~day-old rats than in adult brain. The average poly(A)
sequence in the brain RNA of 1l0-day-old rat was shown to be
somewhat longer than in adult brain RNA, The proportion

of total rat brain RNA binding to oligo(dT)-cellulose was

’
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5.9 - 7.2% for adult animals but 7.9 - 9.1% in the case of
the 10~day-old ratl In these in vitro experaiments, RNA

from the nuclear frad%ion was bound to oligo~(dT)-cellulose

to a relgﬁively greater extent than was&total RNA or RNA
from the cytopi;smic fraction. The bound RNA fraction was
a better template for in vitro protein synthesis experi-
ments than the unbound fractions. These experiments aré
consistent waith ?he hypothesas tpat the bound RNA fraction
contains some of the mRNA species of the rat brain. Lim
et al. (1974) reported the isolation from rat brain of
poly (A)~containing kNA which in Xenopus oocytes directed
the synthesis of myelin-specific encephalitogenic. protein.
Mur%hy et al. (1975) also isolated from rat brain, poly
(A)+ RNA which directed protein synthesiis. Hemminki
(1974) showed that 60% of the cytoplasmil RNA from 9 to
lB—day—old‘Ehlck brain was bound to oligd( é;:;ellulose,
whereas only 30%0f the nuclear RNa fragtion was retained
by this material., Berthold et al. (1975) demonstrated
that in rat brain incubated with *?p for 2.5 hr., 30% and
20% of ﬁoly(A)+ RNA was present in the nuclear and cyto-
plasmic RNA fracgions respectively. lThe mean molecular
size of nuclear poly(A)+ RNA was always larger than the
cytoplasmic poly (A)+ RNA. ,

DeLarco et al. (1975) examined (as a finction of

time of labelling of the subcellular RNAs) the proportion
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-nerve have not been carried out to date.

-

of the labelled. RNA which was bound to oligo(dT)~cellulose.
For the nuclear fraction the amount of bound radloactiye
RNA was 16.7% a; 1 hr., increasing te 18.4% at 8 hr., and
decreasing to 12% atW24 hr‘ and to 4.§% at 144 hr. For
the polysomal fraction the amount of bound RNA was 10.0%
atql hr. and decreased to 5.8% at 24 hr. and to 3.1% at

1 hr. These experiments suégest that this pattern was

»

‘due to the relatively higher turnover rate of the poly(aA)+

RNA compared with stable RN§ la%iing poly{(a), the label-
1i®y of the latter 1ncréasing steadily dﬁring long incuy-
bation periods. Therefore,f;he proportion of radioactive
poly (A)+ RNA bindlpg to oligo(dT)-cellulose depends bg
the proportion of labelled non-poly(A)=RNA present in the
RNA preparations. The above ainvestigations then indicate
that ‘the nervous systéms from different species contai;
and synthesize poly(AL+ RNA species which represent some
of the mRNA of these tissues. However, extensive‘studles
of poly(A)+ RNA in developing chicken brain and sciatic
s

The experaimental approach for this problem was to
1solate total "rapidly~labelled" RNA with constant effi-
ciency and high yield ﬁ;om the tissues in question.

It has been known for some time that RNA fractions

enriched 1n components with a DNA-like base composition

can be obtained from animal cells by differential phenol
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extraction (Georgiev & Mantieyd, 1962). iTreatmeﬂi of
rat liver with agqueous phenol at low temperature (4° ()
prefe:entlally releases rRNA into the aqueaqus phase,
whlle re—extractlon at elevated tempei?ture A60° C)
yields RNA components with a nuplg@tldelcom9051tlon
simidiar to that of DNA. A similar separation has been
obtalned by Sequentlal phenol extractions with neutral
and alkaline Tris~H¢l buffer (Brawerman, 1963;° Hadji-

vassliou & Brawerman, 1965). The RNA obtained at alka=-

line ;H 1s observed to be pantlcularly rich in adenyllc
acid, with a DNA-like base composition and high template
activlty (Hadjivassilou & Brawerman, 1967;-Brawerman et
al., 1972; Lee et al., 1971). Thais selective extraction

of poly%A)'rich RNA by high pH buffer takes advantage of

a tﬁe fallure“of poly(A)-containing RNA molecules to enter

the agueous phase at pH 7.6. The behaviour of these RNA
moieculgs in Tris-buffer 1s highly dependent on tHe ionic
strength of the water~phenoi mixture., Phenol extraction
in the presence of sodium acetate {pH 5:2) at 60° C also
ieads to the appearance of the poly}A}-containing yole:
cules in the agueous phase (Edmonds & Caramela, 1969;
Mendecki et al., 1972). ?herefore, tge "hot phenol”
(60° ca extraction procedure followed by re-extraction i
of the pheno AWaéer igterphasé with pH 9 Tris-buf?ep was

adapted in the investigation reported here to obtain total



‘proportio

RNA (poly(a)’

of chicks.

and poly {(A) ) from brain and dérve tissues

3

L4 [

RNA fractions containing poly(A) sequences (poly(A1+

RNAY, could then be lsdlated and identified by their ca§a~

01ty to bind to ollgo(dT)ncellulose at hmgh ionic strength.

It was expected that such preparatlons would have base '

.

compositions similar -to that,of homologous DNA, and coh-

tain a high proportien of adenylate residues. Furthér-

more, on the basis of “previous investigations on brain

& 1

®
v

tissue of various spe01es, it was eipected that nervous

]

%

tissues from embryos Wlll contaln a relatlvely hlgher

from post~h

ipoly (A) RNA molecules than nerve tlssue

¥ »
X

h anipals. ' o

-

3
-

, With the methods available for extractipn and puri-.

af

[l Al ' ?
fication of these poly(A)+ species, 1t became possible, to

compare the polyacrylamide gel eIectropﬁoretic patterns

of this RNA with those obtainéd previously for total

rapigly-labelled RNA of the corresponding developmental

stage. If a sizable portion ofépoly(A)+RNA could be iso=

B

lated from embryonic and post-hatch tissues and 1f it

was found that ‘the averagé molecular size of the poly(A)+

RNA decreased during nerve development one could conclude

that at least part of the rapldly—laﬁelled RNA observed

previously in

14
1

mRNA or hnRNA.

Y

the peripheral nerve was poly(A)+, probably

-

-
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// 1. Preparation of tissues '
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B. Makerials and Methods * . * .
« 4 {
Materlals ' ‘ ‘ f

[2—3H]—Aden051ne (19.3; 10.8- ci/mmoles) was purchased

from New England Nuclear Company (Boston, Mass., U.S.A.);

‘0ligo(dT)-cellulpse was obtained frem Collaborative Re-’

e -
search Inc. (Waltham, Mass., U.S.A.), other reagents

. +

were as described in Section II Materials.

Methods

Bfgin and nerve from various developmental stages

was dissected and stored in oxygenated incubation medium:
' b L s
at 0-4° C, untail- enough material was: accumulated for in-

4

cubgtion. The 1ncubat10n medium contained 48 ml of an
aseptically-prepared solution of;gﬁg igﬁq”4,M NaCl, \
A !

2.1 x 1073 i cac1,, 5.6 x 1073 ¥ xC1, 8.1 x 107° ¥ Mgg0,,

1x103u NaHzPo4. 1.2 x 1072 M\é ucése and 2.4 e 10

M NaHC03; (Krebts~R1n§er-bic§rbdnate~g}ugose ! ‘ium pH 7
1 ml of a mixed solution of MEM amino acids (50 x) golu-

tion and MFM vitamins (100 x) solu%{on(z s 'L v/v) (érand

Island Biological Company, érand“Isl;nd, N.Y.‘ and 0.5 ml
freshly-prepared glutamine solution (29:2 mg/mli. The

prain was then sliced into 0.4 mm slices dlth McIlwgln

i

-8),

1

tissue slicer (Mickle Laﬁoratory %ngineering Co., Gomshall -

t

Surrey, England).« The sliced braln or dlssgéted nervexwas 6

pre—lncubated for 15 min. at a concentratlon of lg tlssue/

5 ml of 1n¢ubatlon nedium, then [2- 3H]—adenos:me (100 ‘pci/ml)
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was added and incubation was continued for 2 hr. under

L ]

a constant stream of 95% 02‘: 5% CO, mixture.

2. RNA extraction

» »{a) Total RNA extraction: Total RNA was extracted as

described in "Methods", Seétion II; except that the

(’& ‘,"
interphase was re-extracted with 5 volumes of 0.0l M Tris-
4

)

buffef (pHf 9).

1

TN (b)/Differential temperature extraction of nuclear

and cytoplasmic RNA: The extraction procedure of Hu and

"Megei {1971), waE”followed, with some modifications. After

incubatidn, the' tissues were rinsed three times with un-

labelled incubation mediyh,and,homogenized in a Duall \

e

tissue grinder (Kontes laboratories) for 1 min. at 2500

»

rpm’at 4° C with 5 volumes of a solution containing
N Ny

0,01 M Tris (pH 7.2), 0.01 M CacCl 0.01 M Sucrose, .

2!
purified Wentonite (Brownhill et

0.3% SDS and 0.04%

-+ 1959). After homog ation, 5 volumesjof a solu-

? 3

\ -
tion\fontaining 2 x10 2 H sodium acetate (pH 5.0),

1

2.8 x 10} _y1icl, 2x 10704 Mgal

21
bentonite was added. The mixture wa$ vigorously shaken
with 2 volumes of water-saturated phenol, at 4° C for'5 d

min. and then centrifuged at 8000 x g for 5 min., after

which the aqueous layer s removed. Subseguently theﬂ},»f

phenol-water interphase was re-extracted at 37° ¢ w1té a

d R

solution containing 0.01M Tris (pH 9.0), 0.01 M Caﬁlzf

¥

1

s

1% (w/v) SDS and 0.01%

-

A

aun
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Mo,

3

. o.oﬁm Sucrose, 0.3% {(w/v) SDS, an& 0 04% {w/v) pﬁrl-

fied bentonite. After vigorous shaking for 5 min. the
3 » L

ﬁ;xpure was centrifuged at 8000 x g for 5-min. The

" <

aqueous layer was removed and combined with the agueous

I

layer,obtained from the first "cold~phenol; extraction.
Afté? one more:“cold;ﬁhgnol" extraction of theucémblned
agueous phase, RNA waé precipitated and purified as de-
scribed previously in “Methoés,“ Section II. The RNA

from the ahove extracts was designated the "cold phenol

¥ R *
RNA fractai and was assumed to represent the ¢ytoplas-
*mic RNAs of t tissues. -
" To obtain® the nudlear fraction of the calls; the -

phenol-water interphase remaining after the "cold phenol"
extractions/was re-extracted at 65° C with 5 volumes of
a preheate/ (65° C} 1:1 mixture of the solutions used ;p

A .
the init1al "cold phenol" extraction procedure . After

A p—— i ac

shaking for % min. at 65° C the mixture was rapidly cooled,
5 L

centrifuged, and the aqueous layer was re-extracted with

an egqual volume of cold phehol for 2 main., then RNA was

i olht and purified from the aqueous extract 3? described

aboJe. The RNA from this extragt was designated “the hot
|

phenol RNA fragtion“ and was assumed to contain the nuclear

RNA .0f the tissues.

3. Oligo(dT)-cellulose column chromatography

Poly (A)+RNA from total "Hot phenol"™ and "Cold phenol"

-
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fractions was obtained by fractionating these RNA pre-
parations on’ ollgo(dT)-cellulose columns accorqﬁgg to

the procedures of Edmonds and Caramela (1969), with some

b

‘modifications. Oligo(dT)—cellulose (70 mg.) was sus-

pended 1n blndlng buffer contaln}ng 0.0l Tris (pH 7.6),
kY
0.4 M Nacl, 0 061r4 EDTA, and loaded in a 1 ml. syrlnge‘

The c?éﬁmn was washed 5 times with 1 ml. banding buffer
- { N Y )

and placed at 4° C for 30 min. Oné ml. of RNA sample

dissplved in the pin@iﬁg buffer and containing 40-406

yg RNA was applied on the column. The fraction which

passed through the column was collected and re-applied
’ . e

on the colimn. This fraction was then collected to-~

gether with 3 x 1 ml. of binding buffer used to further

»

wash the column. The collected fractions obtalned with,
blndlng buffer at 4° C were designated the poly(A) “RNA
Samples. The column was then washed 4 more times with 1

* *ml. binding buffer .and afterwards brought to room tem-
d

L4

2
peratdre®for 30 min. After this step, the column was

placed into a 37° C room fori5 min. and the poly(A)+RNA

N
&

fraction was recovered waith 4 x 1 ml. eluting buffer

containing 0.01 M Tris (pH 7.6), 0.00lM EDTA. The column

., was then hed with a further 4 x 1 ml. of eluting buf-
fer. Aliguods (0.2 ml.) of the unbound fpoly (A) jand

bounq‘(poly(A)~%RNA fractions and of the final column
\ T '
 washings ,were counted in 6.0 ml. Aquasol (New England

& + oy

”»

. P e
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Nuclear Corp., Boston, U.S.A.) in a liquad 50§nt111ation

8

tated with 2 volgmes of ‘absolute ethanol as described

previously, after addition to the 4 ml  fraction of 0.5"ml

bentonite-treated 20% sod;um acetate solution and 150 ug

’

of unlabelled brain RNA as carrier. The re-precipitated
RNA samples were chéiacgefxzed by 2.6% polyacrylamide,
‘gel elgétrgphoregis, as described previously in "Methods, "

Section’'II.

4. Base analysis

4 P

RNA from the bound and unbound fractlbns was repre—~

L]

cipatated as described above, but without caryier RNA.

After centrifugation the RNA was dissolved in dlstill&4

water and subjected to enzymatic digestigly and base analy-.

C.’ Results’

" 1. RNA extractions : Z

RNA was' extracted from brain and nerve tissug by
several different methods including: (1) the "hot-phenol®
method used previously (Hu & Mezei, 1971); (2) the

thermal fractionation method combined with pH 9 buffer

S S - s . - e g
*.. r’,(,m-‘ - 3 )

+
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(0.01 M Tris) extraction described in "Methods" of this
section; and (3} the chloroform-phenol extraction pro-
cedure reported by Perry:et al.(1972) (Table VI);
bele v ;ndicates that similar and reasonably:
reproducible yields were obtained using the first tyo
extraction proce&dres for brain and ehbryonic nerve
tissue. However, methéds which utilized an extra pH 9
buffer ext;action step generally increased yields.
Theiefore, the “hot-phenol™ procedurekcombined with an,
extra pH 9 buffer extraction step was used for the ex-
traction“of total RNA in subs;quent experiments. Saince '
the chloroform-phenol praceéure caused losses of bulk
RNA (Table VI) this method was not utilized. Table V
also indicates that the wyield of RNA decreased in both |
brain and nerve tissues during developﬁent.

2. Calibration of oligo{dT)~cellulose column ,

To calibrate the oligo(dT)-cellulose columns a

[*H}-poly () stock solution was prepared in binding buffer '
(Miles Lab., Inc., Elkhart, Ind.). Increasing amounts of

the stock solution contalnlng\G.O x 104

dpnn/ml, 0.42 ng
poly {A)/ml, were pésséd through the columns as described
above. Fig. 19 shows a linear relationship between the
amoufit of [?H]—polyYA) applied and [?H]-counts recovered
in tﬁg'bound-fractiop. Almost 95% of the applied counts

were foqnd to be bound on the oligo(dT)-cellulose and no

saturation of the column couwld be achieved even with 1.0 ml

« »

x
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.
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Tabl

eV

v

Brain and Nerve Tissues of
¥

s * Different \iages of Development : )
’ RAA content jng/g wet weight of tissue
Exfraction procedure Extraction prgcedure
according to (Hu & ;described in"Methtds"
Tigsue | Age of Animal Mezei, 1971) 1 of th;s-seg}hqn :
l4~day embryo 1150250 l 1305250 \/
Brain | 17-day embryo | - 858+57 : 11162123
1 3-day chack 732&80 ' ' 808:}50 .
14-day embryo 492152~ | 12007188~
Nerve | l17-day embryo 61134 ° ! ~1115%170 -
3-day chiack 52020 72568
. < .

@ ¢ o,
RNA was extracted from tissues as indicated in the reference
and “Methodg," Section III. The yield of RNA was determined:

from measurement of absorbance of the purified RNA préparatiOns
at 260 nm and 280 nm accordyng to Warburg and Chraistian (1942},
Reslilts represent the mean #S.D. of three separate e::x:per::.nme.nts.'“€
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Table VI ) S -
T, Yield of Nerve RNA from 3-day Chick Extractéd by Different etholls.
) ‘] s Combined pellets after centr:.fugation
: . \4‘11 f}\actn.cn X of nerve homogepate at.700xg & 12000xyg
Methods Sp.Act. cpm/ui_;tRNA RHAug/g tissue Sp.Act. cpm/ug [.NA RNAUG/g tissue

" Extraction proceddre

according Hu & 1251 ! "7 70 e 24OQV//{ ’ 130 )
Mezel (1971) . '

i ) "& -8 s , R :\"

’ggfsl)agpff“er only (10mM 998 42 ’ 2000 140" . -
Chlorofokm-phenol : e .

(Perry et 'ali, 1972) 1650 38 . ’ 1675 " 80

3 » > w
~

« o

3-day chick nerve was dissected and incubated with [*H}~uradine fpr 2 hr.
tion was obptained as descrabed in "Methods," section*ivV.

.
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Fig. 19. Relataionship between amount of [®H]spoly(A)
applied and amount bound on oligo{dT)-cellulose columns.
Experimental details are described in "Methods" of
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of [’H}poly(a), since the amount of [?H]-polyYa) added
was’stlll far below the oapacity of the column.

To evaluate the reproducibility of the fractionation
procedure, different amounFs of [®H]-adenosine-labelled
brain RNA ("cold phenol" fraction) from l4~-day embryos
were applied on the oligé (dT)-cellulose column. Fig. 20
shows that the % bound RNA was independent of the amqunt
of RNA applied to the column. The same brain RNA was
found not to bind to cellulose alone. This result indi-
cates a high degree of reproducibility for the technique.

Furthermore, Fig. 20 demonstrates that 70 mg of oi&go(dT)—

cellulose was not, saturated even with 360 g of the brain gya

{according to information supplied by manufacturer [Col-
laborativg ﬁes. Inc.] 100 mg of oligo(dT)~cellulose binds
approximégply 4.7 OED. units of poly(a)).
3. Behaviour of purified wheat germ ribosomal RNA on

oligo(dT)~-cellulose column

To test further the specificity of oIligo (dT)-cellu-
lose chromatography, purified wheat germ rib;somal RNA
was applied on thas mategial. Table VII indicates that
all the RNA applied on the column was recovered in-the
unbound fraction, very sm;lI amounts of u.v. absorﬁing
material were found in the bound fraction, and this extra
u.v. absorbing material was also found in the unbound .

l
fraction. Thas material probably represents background

u.v.~absorbing impurities eluted from the ollqo(dT)~celluloé;

itself.

-
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RNA g applied - .
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Fig.” 20. Relationshfg)hetween amount of [*H]-RNA applied
and % of total RNA bound on oligo(dT)=-cellulose columns.
l4-day embryonic hrains (1 g.) were sliced and incubated

in incubation medium (1 g/5 ml) with 100 uci/ml .[?H] adeno-
sine (19.3 ci/mmole) for 2 hr. RNA was fractionated into
"cold” and "hot" phenol fractions as described afh Methods.
"Cold" phenol-extracted RNA was applied to, the column
according to the procedure described in "Methods," Section®
III.
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' Table VIT = -

Recovery of Ribosomal RNA after

0ligo (dT)~Cellulose Column Chromatography _ -

»

-

'Fractions * 1 absorbance units .recovered

&
e (= * e & .
Unbound i ‘ ©10.2
Bound Q.l o
N (]
One ml of wheat germ ribosomal RNA solution (10 .
absorbance units/ml) in high 1onic strength .
buffer was fractionated on an oligo(dT)-cellulose .
column as descgribed in "Methods" of.Section III.
Wheat germ ribosomal RNA was a gift from Dr. M.
Gray. ’ .
a ' ' - L
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4. Proportigm of total and thermally-fractionated RNA
. retained ¢n oligo (dT)~-cellulose columns

Table VIII\shows the results of experiments to de-
termine the propértion of poly(A)+RNA in the total rapidly-
labelled RNA from brain and nerve tissues of animals of
different developmental stages. The fesults indicate that
thg ﬁroportion of poly{A)*RNA in braih and merve decreases
as the animals become older.

A} ‘:_3%
fable IX shows the results of experiments to determine

the proportion of poly({A)+RNA in thermally-fractionated

brain and nerve RNA at éifferent developmental stages.
The results aindicate thaé in both the "hot" and "cold
ph%nol" fractions the proportion of poly(A)+RNA decréases
during development. The hot-phenol fractions always QOQ—A
talﬁed a higher proportion of poly (A)+RNA than‘the cold-
phenol fractions. A

5. Base analysis

o -
P
v

To ‘démonstrate that the RNA fractions retained on
oligo (dT)-cellulose columns were indeed enriched in adeny-
lic acid, total RNA from l4-day embryonic brain was frac-
taonated as described in "Methods," and the base compo-

sitions of RNAs from the unbound and bound fractions ob-

b

tained after this procedute were determined according to -

the procedure described in "Methods," Section II. Table X

3
shows that the RNA fraction retained on the column had a

1

5
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Pgﬁag?t of Total RNA Bound on Oligo{dT)-Cellulose Columns
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Table VIII

% of Binding

3

Tissue Age of Animals
l4~dag embryo 21.3 - 27.3
Brain 17-day’e@mbryo 12.8 - 16.1
3-day chick 7.1 - 7.8
14-day embryo - 16.2
Nerve 17-day embryo 4.4 - 8.3
3~day chick 2.2 - 4.6

RNA from brain and nerve tissue’was labelled with [2-3H]

adenosine (10.8 ci/mmecle) for 2 hr., and then was extrac-

ted and fractionated on oligo(dT)-cellulose columnsg
described in the "Méthods" of this section.

indicates the average of two detérminations in one sgparate

experiment.

»

Each vallue
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Table IX

i

Percent of Cold~Phenol Extracted RNA and Hot-Phenol
Extracted RNA Bound on 0ligo(dT)-Cellulose Column

; 7
. C ' , ' % of Banding
Tissue | Age of Animal  "Cold-phenol" RNA | "Hot-phenol" RNA
14-day embryo '  10.5-22.6 27 -39
Brain | l17-day embryo .5.2- 6.2 24 ,5-30.5
3-day chaick 4.8~ 6.0 7.3-11.8
l4~day embryo 6.4 ———
Nerve J17-day embrio “ 5.1 8.5
* 3-day chic 3.8 3.9

b

RNA from brain

and nerve tissue was incubated with [2-%H]

"adenosine (19.3 ci/mmole, or 10.8 ci/mole) for 2 hr. and

then was”extracted and fractionated on oligo(dT)~-columns

as described in the "Methods" of this section.

Each

value 1s the average of two determinations in one separate
experiment.

»?
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Table X

Bdse Analysis of Oligo(dT)JCe%lulose Bound and Unbound RNAs

= ==—Base ' {
. © G+C/A+
Eractlon‘s\\m ¢t .@ a U, ! G+C/A+U| A/C
Unbbund | 28.7 33.5 21.8 16.0 L2765 | 0.76
Bound » . 20.2 29.7 32.2 17.9 A» 1.00 | 1.60
1 s
Reported
Qvalalbuéi§ mRNA . " \
¢ (Woo et alu, 1975) | 20.7 .21.0, 33.3 25.7 0.72 | 1,56
Poly(A) rich 10-12 § . . i
RNA. (Hadjaivassiliou : - ’
& Brawerman, 1967) 22.4 23.0 32.2 22.4 0.83 ' 1.44-

S

Total RNA of l4-day embryonic brain was extracted and frac-
tionated by oligo(dT)-cellulose column chromatqgraphy as

described in "Methods."

The unbound and bpound fractions

were reprecipitated, dissolved in distilled water, and
their base composition determined as described in "Methods"

of, Section II.




{ H
other systens (Table X).

N 7
\\

mrelatlvely high A content compared to that of the unbound

4’

fraction., Moreover, the G+C/A+U ratio for the bound
fraction was 1.0, similar to the base ratio for DNA
(Greenbergy & Perry, 1972). The base composition of-the
unbound fraction was close to that of transfer RNA (Dubin
& Montencourt, 1970), as well;as to total brain RNA (Table
V), probably due to the high proportion of tRNA present
in the unbound fractions (see Fig. 21A). The mole % of

I
A in the bound fraction was similar to that re?orted in

¥

$. Gel fractionation of poly(A)+ and poly(A) RNA from

l4-day embryonic, l17-day embryonic and 3-day chick

brain

N

Fig. 21 shows radioelectropherograms of total brain
¥

RNA from three developmental stages. The tl;nrée major radioactiv
o f =3
peaks on the gel, pattérns ofﬂthe unbound fractions (A.B.C,)

correspond to théizes, 185 and 4S$components f the bulk *

]

RNA. The presence of some hlgh—moleculér—welght RNA,

probaply represeﬂt1n§ﬁrRNA preéurso;s’or@ag?regates is
also apparent in these fractions from &oquer animals‘(Af
However, the resolution of RNA on the 2.6% gels 1s not
sufficient to clearly define the nature of the heavy RNA
SpeélESu In the bound fractions (Fig. 21 D.E.) of i4~day
and 17-day embryonic,brain, the RNA is mainly dlsérlbuted

in the high-molecular-region of the gels, whereas’'in the

S
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Fig. 21. Electrophoretic patterns of total RNA fractions ~
of l4-day embryonic (A,D), 17-day (B,E) and 3-day chick
(c,F) brain, fractionated by oligo(dT}<cellulose chroma-
tognaphy. Brain tissue {1 g) was sliced and incubated in
incubation medium (1 g/5 ml) with [’H]adenosine (100 uci/
ml) for 2.0 hr. as described in "Methods." Total RNA was
extracted as described in "Methods." The RNA was then
separated by oligo{dT)-cellulose into poly(A)” (udbound, A,
B,C) .and poly(A)+ (bound, D,E,F) RWA fractions and charac=
terized by 2.6% polyacrylamide gel electrophoresis as de-
scribed in "Methods,"” Section II. The arrows aindicate the
position aMd sedimentation values of the three major peaks
of bulk RNA, obtained by scanning the gel at 260 nm.
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*case of 3-day chick brain {Fig. 21 F.) a large proportion

of the total radioactivity is disfributed in,the region
between the X?§ and 285 markers., o peak qorresponding
to the 48 RNA\;pec1es can be seen these gel patterns;
however, radiocactive pe;ks migrating in the position ¢of
the 28S ‘and,.18S rRNA specles are apparent in some cases.

These results indicate that in l4-day and 17-day embryonic
»

i~

brain the poly(A)+ RNA contains a larger proportion of
high-molecular-weight RNA species than does that of 3-day

. Y%

chick braain. 2 .
For comparison, total RNA from 14—;:;¥ﬂ17—day embryo-

nic and 3-day chick brain was further fractionated into '

"cytop}asmlc" and and "nuclear" fractions u51n§ the "“cold-
phenol? and "hot-phenol® extraction procedure described .
in "Methods" of this section.’, Fig. 22 and Fig. 23 sﬂow

the radioelectropherograms of RNAs extracted by the "cold- .
phenol”™ (A.B.) and "hot-phenol” (C.D.) procedures from
14-day and 17-day embryonic brain. As 'expetted, the un-

bound fraction of the "cold-phenol" extracts contains

-

. three major cytoplésmlc RNAs, the -285, 185 and 4S5 com-

ponents (Fig. 22A, 23A). The bound fraction of the
"cold~phenol” extract contains mostly heterodisperse.RNA
species, peaking around the 185 -* 288 region (Fig. 22B,

23B). No definite 4S componeﬁt is apparent in these pjg~

parations, indicating a reasonably good.resolution by the

8
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.in the legend of Fig. 21.

H * v
' -141~ TN
L § [ s
L4 . ( ‘
| - .
A 2 8 \
200+ "Cold phenol® ~ ] " Cold phenol" -
unbound { bound
400 . .
85185 )
300 .
m- ks
£
E
@ 1004
\ <
3
o
0
s qu phenoln tlHd Dhﬁn iu
100+ unbound bound
, 285185 AS . 785185 S ,

b P

0 2 & ® W0 .2 o 60

)
\\ GEL SLICE NUMBER . e

4

Fig. 22. Electrophoretic patterns of RNA fractions from
l4-day embryonic brains, fractionated by oligo(dT)-cellu-
lose chromatography. Brain tissue (1 g) was incubated
waith [’H] adenosine for 2 hr. as described ih the legend
of Flg. 21, and. fractiochated by cold-phenol extraction

into "cytoplasmic" (A.B.) and by hot-phenol extraction
into "nuclear™ (C.D.) RNA, as described in "Methods".
The RNA om these extracts was then separated into

poly (A)+ and poly(A)~ RNAs, as described in the legend of
Fig. 21. The-gel patterns of these poly(aA)~ (A.C.) and
poly(A)+ (B.D.) RNA fractions were'obtained as described

X ? Ny ;

S .

i

Samples were counted for 10 main.
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Fig. 23. Electrophoretic patterns of RNA fractions from'
17-day embryonic brains. Brain tissue was incubated as
described in legend of Fig. 22; "cold" and "hot phenol"
RNA was extracted, fractionated by oligo(dT)-cellulose
chromatography and characterized by polyacrylamide gel
electrophoresis, as described in Fig. 22.
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. chick nerve contains three major radioactive RNA species,
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"« . oligo{dT) fractionation procedure. In contrast, the un-

bound’ RNA in the "ho%—Phenol" fraction is mainly distraibuted
.An thé high molécular weizht region >18S8 (Fig. 22C,. 23C).

This shift towards the appearance of very high-molecular=-
welght, hetgxpdiséefse species is also evident for the

? radloueleétrépherééram of the bound, "hot-phenol" fraction .

. (Fig, 22D, 23D). These patterns are expected, 1f the "hot-

4

SR s S N SR e o

phenol" RNA fraétlons contain a mixture of rRNA precursors
an& hlgh—moiécular—weight hnRHASs .
Unfortunately, not enough labelled materlél could he
ay chick brain after "hot" and "cold-
‘ghenol" extraction and oligo(dT)-cellulose fractionation
“ﬁ for meaningful polyacrylamide gel analysis. 0
, 7. Gel fractionation of poly(A)+ and poly(A)™ RNA from
l4-day, 17-day embryonic and 3-day chick sciatic nerve. .
. Fig. 24(A.B.C.) indicates that the unbound fractions
from total RNA of l4-day, l7-day embryonic nerve and 3-day
representing the 285, 18S and 4S RNA of nerve tissue. ?heseu
results are simalar to those obtained for brain RNA. 1In
_contrast, the bound fractions, (Fig. 24 D.E.F.) show‘the
presence of a high proportion of heterodisperse RNA éﬁeciﬁs
with a mean molecular weight distribution E:éBS in younger
animals. The bound fraction of 3-day chick nerve RNA is

s mainly distributed around the 28S and 185 region (Fig. 24F)
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with a relatively high percentage of the radicactivity
present in molecules =188. No radivactive 45 peak g%n
be detected in the oligo(dT) bound fractions, however,
contamination by the 285 and 185 YRNA species cannot be
excluded. :

To compare the size distrlbqtion of the boﬂﬁd nerve
RNA from these three developmental stages, the proportldh
of the total radioactivity in each of the polyacrylamidé
gel fractions was plot}ed against fraction number. Fig.
25 indicates that 91% of the total counts in thé bound
fraction of l4-day embryonic nerve was distributed 1n‘
the region between fractions 1- 30 (218S). For 17-day
embryonic nerve .73% of the label was in the same area,
whereas for 3-day chick nerve the proportion was 62%.
Most of the experiments with post-hatch animals gave a
similar result. rHowever, one experiment (results not
shown) showed a different pattern indicating an a?parent
shift in the poly(A)+ RNA distribution to a high molecu-
lar weight, peaking .around 288, and with 70% of the total
radicactivity in the first 30 fractions. This difference /
might be due to aggregation of poly(A)+RNA (caused per-
haps by the higher RNA concentra£;on used in‘'this particu-
lar experiment)y or to some other factors, such aé the

A
different batch of bentonite (an RNase inhaibitor) used in

o

the extraction procedure, biological variations or partial

'

N g B e

o

e

P R A

e o

VPP W



.
l

st

P
:

(S—

. o
w15
LY
A . B 2000 ) ¢ j,
~ P
285 185 45 sy 185 s 1 85185 s
| | | | |
20 10 8001
10 . 500 a0 ‘
£ | IR N "
- P
£ AS1s 45
S

- GEL SLICE NUMBER "

"

Fig. 24. Electrophoretic patterns of total RNA fractions
from l4-day, l7-day embryonic nerve and 3-day chick nerve.
Nerve tissue was incubated,, total RNA was extracted, frac-
tionated by oligo(dT)-column chromatography and character~
1zed by polyacrylamide gel electrophoxesis, as described
in the legend of Fig. 21. e
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Fig. 25. Percentage distribution of total counts of oligo
(dT) -cellulose bound RNA. RNA from l4~-day embryonic (----7,
l7-day embryonic ( —— ) and 3-day chick (- --) nerve were
fractionated on polyacrylamide gel. The percentage distri-
bution of total counts were calcuflated from the gel patterns
:0f the bound fractions of Fig. 24. The arrows andicate the
positions of 288, 18S and 4S RNA markers determined from

the U.V. scans of these gels. .
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degradation of RNA preparations. However, the general
trend of these results ind;cates Ehat tﬁe‘average si1ge
distribution of the poly(A)+ RNA d;pinishes during nerve
development .

For comparative purposes, an attempt was made to
fractionate total nerve RNA from these three developmen=~ 5
tal stagesinto "cytoplasmic” and "nuclear“ fractions..
However, due to the small alounts of nerye tlssue avall~
able from l4-~day embryos, not enpugh radloactlve ﬁNA -
could be recovered for polyacrylamlde gel fractionation.

Fig. 26 shows the radioelectropherograms of RNA from
17-day embryonic nerve extracted by .the "cold~phenol"
(A.B.) and the "hot~phenol".(C.D.) procedure. The unbound
fraction of the cold-phenol extract contains }hreg majo;
cytoplasmic RNAs, corresponding to the 28S, 158 and 4S
RNA components of tép bulk.RNA (Fig. 26A), The bound
fraction of the cold-phenol eé&ract containsg mostly hetero-
disperse RNA species, peaking around the 288 region (Fig.

26B)~. No definite 18S or 4S components are apparent in

this preparation. The unbouné material 19 the hot-phenol
fraction 1s ma%nly distributed. in t?é region between 18S
and_ 285, with some heavrer material also present (Fig. 26C).
The bound fraction in the hot—phenol extract 1s dlst;ibuted

in the 285 region; no 4S8 peak can be seen (Fig. 260)

Total RNA ﬁrom 3-day chick nerve was also fractlonated
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Fig. 26. Electrohporetic patterns of RNA fractions of 17-
day embryonic nerve. Nerwe tissue was incubated as de-
scribed in the legend of Fig. 22. RNA was extracted from
the cold-phenol and hot-phenol fractions then these
materials were subfractionated by oligo(dT)-cellulose
column chromatography and characterized by polyacrylamide
gel electrophoresis as described in the legend of Fig. 22.
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into "nuclear" and "cytoplasmic" fractionsﬁy "hot" and
“éold—phenol".extractan pfbcedureé, The gel patterns
of the ugbounélana bound fracéion of1"c$ld—ppenol” R
\e;tracted RNA were similar to those of the total RNA
(results not shown); however, not enough radicactivity
was recovered from the bound fraction of the "hot-phencl%
extract to obtain meaningful polyacrylamide gel, patterns :
for these preparations. M

D. Discussion

There are several variables which must be considered |

in studies on poly(A)+ RNA. The first i1s the efficiency |
of RNA extraction. Preferential isolatign.or loss of .
certain RNA species could greatly affect the results,’
especially if the amount of binding is exéressed as a %.

of the total ﬁNA applied to oligo{dT)-cellulose colﬁmns.
Therefore, it is important to ascertain that;RNAﬂis ex-
tracted from tissues of animals of dlffefent éevelopmentél
stages with coﬁstait efflciencg and without preferential
loss of certain species of RNA. 1In the pr§sent investi-
gation dlfferent'procedures werg tested, and it was Found
that the hot-phenol-SpS procedure colbined Yf&h dg alka—‘
line Trais buffe; extraction step gave RNA prepdrations J
with a consistent vield (Table V). The:amount of RNA
obtained from l7-day embryos and_ 3-day chicks was some-
what hlgheruu51ng this method . When total RNA content

’
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0f developing chick brain and sciatic nerve was deter-~
mined by a TCA precipitation method (Shaikh & Palmer,
1976) the reguits indicated that the content of RNA at
different developmental stages decreased by appr;x1mately
50% as the age of the animals increased (going from 13- 1
day embryo to 4-day chicks). 1In the present study yields
of\RNA from l4-day embryo to 3-day chick nervous tissues
were lower than those reported by Shaikh & Palmer (1976)
for comparable stages. However, the relative decrease in
the RNA content during development was similar. This
indicates that ‘although the extraction and purification
of undegraded RNA may result in losses, these losses are
simirlar for each develqpmental stage. The second variable
1s the Eindlng specificity and efficiency of the oligo(dT)-
cellulose. Although it is generally accepted that this
material binds only those RNA molecules possessing poly (A)
sequences at least 20 nucleotides long (Hendler et al.,
1975), the methodology and results using this technique
vary a gréﬁt deal from one laboratory to apother, depending
on the procedures of RNA extraction, time of incubation
with radioactive precursors of‘other factors (Hemminki,

4; DelLarco et al., 1975;tBerthold et al., 1975). 1In
the present investigation satisfactory results $ere ob-

tained by the following criteria: (a) purified wheat germ

rRNA was not bound on the oligo(dT)-cellulose column
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{Table VII). (b) The percentage binding of total brain
RNA was found to be lndepéﬂdent of the amount of RNA
applied (Fig. 20); whereas the same brain RNA was found
not to bind tgﬂordinary éeliulose. {c) When radioactive
poly(A) was applied to the, column, 95% of the radio-
active material was recovered ,in the bound fractlo; and

there was a linear relationsbAp between the radiocactivity

in the oligo(dT)=-cellulose @pound fraction and the amount

o

of radioactive poly(ad) applied (Fig. 19). (d) Base analy-
sis of the oligo(dT)-cellulose-~bound RNA demonstrated
that these)sPeC1es had high A and low G+C contents, p£o~
pérties similar to those of poly(A)+ RNA from different
tissues or speéies (Table X). (e) Preliminary experi-
mehts from thas laboratory indicated that over 80% of
the‘gllgo(dT)—cellulose bound fraction,, when reappliedb-
on a gecond oligo (dT)~cellulose column was recovere? in
the bound fraction (Murphy, C., 1975; personal communica-

©

tion). -

The third variable, important in the characterization
of poly(A)+ RNA molecpyles by gel electrophoresis, is the
possibility of aggregation of these moledﬁles duﬁlng the
isolation or fract19nat10 procedure. .In the'p;esent in-
vestiqation this Problem zas partially overcome by using
hot-phenol extractiopns followed by rapid cooling. Pre-

'ﬂZmlnary experiments using ingubation at 37°C wath
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dimethylsulfoxide (DM30 ) or heat treatment for 4 min. at
60°C in the presence of SDS followed by rapid cooling of
14:day embryonic brain or 17-day emﬂiyonic nerve RNA v
preparations before”gel—elec%rophoresis indicated no ex-
tensive aggregation of these Saﬁples (personal communica-
tion froq C. Murphy). Therefore the electropherograms. of
x oligo (dT)-cellulose bound and unbound fréctmoﬂs of RNA
preparation xeported in the §re;ent invéstigat}on are
likely to cgn in no significant aggregatibnﬁa;tif&éts,
although a developmental stage-dependent aggregation of )
the po%y(A)+ RNA molécule§ cannot be excluded at presqpt. v
- Future experiment’s using dlsaggrééatigg conditions su;h~
' as DMSO, heat treatment and gprmamlée'géls sﬁould resolve.
this problem (Mach et al., 1973;- Nemer et al., 1975;
Ouellette et al., 19;5). q “ | "
In the present investigation, certain 5evelo§meh;a1
. stage-dependent changes weré found for the poly(A)+ RNA ﬂ
of the CNS and PNS of chicks. For easy comparison, the |
results are summarized in Tgble XI. For example, the
. percentage of newly~synthesized poly (A)+ RNA from both
y X brain and nerve tissues (either total or thermally~-
fractLSAateq RNAs) became smaller with increasing age of
the animals (Table XI). These results are similar to )
those obtalnéd for rat brain (Delarco & Guroff, 1972;

DeLarco et dlw,:1975).
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Bummary of Results of Oligo(dT)-Cellulose Bound RNA Fractions
B . From Different Developmental Stages.and Different RNA Fractions
— T { - . - -
) ﬁBlndth = % of Oligo(dT}~Cellulose
) T T . . . Bound Material Heavier
: v Total Hot-Phenol Cold-Phenol than 18S RNA.- on Gel
" Tassue. Age of Angmal  RNA .. RNA - RNA Electrophoresis “{Total RNA)
*  1l4-day emb. 21.3-27.3 27. -39 _ 10.5-22.6 93
. Brain 17-day emb. 12.8~-16.1 24.5-30.5 5.2- 6.2 98
- . . " ..3~-day ch. . 7.1- 7.8 7.3- 7.8 4.8- 6.0 57
’ - 14-day emb. 16.2 —_— 6.4 . 91 ° ’
i Nerve 17-day emb. 4.4-8.3 - 8.5 5.1 - Ny 73
i 3—da¥ ch. 2.2-4.6 3.9 3.8 - < 62 ,
@ P . i * ﬁ‘ * i

-
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\ - .
Data are combined frqmaTables VIiii, IX, Fig. 21, and Fig. 25.,
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. The decrease in relative pIOpOrtl'Ol‘ of poly(A)+ RNA .
. 1n the post-hatch animals might be due to several factors.
First, the requirement for mRNA synthesis and translation
might be greater in the l4-day and 1l7-day emﬁ&yonic ner-
L ;ous system, sin at thése stages of nerve dev;lopment
myelination has just commenced. In the nérvous system \

-

~however, enzymes and other constituents necessary for this

N of the 3~day old chlck mxsllnatlon 1s still active;

process are already available, and the s&nthe;is of new
!

AY
LN -

QA

mRNA species might ‘not be las extensive as in the younger :
? ¥ 1) * A3 *

- e a

anifmgls. Second, nﬁcleases tleaving the poly(A) segment

°

ngjfgat" mqy?@g more active in the post-hatch than an
t o A}
the embryt j&Ac

~

rck. Cleayagg of poly(A) sqﬁpents from

* ’ 1 .
mRNA® 11y the Q}&g j?hlck may have been ‘so extensive that
)* N

its resultiﬁg mRNA spgcies no longer bind to gllgo(dT)~‘

* , -
cellulose, behaving instead like poly(A)~ kNA. With respect -

i

to this latter hyéotheszé,'the*repoft of Sheiness and

Darnell ¥(1973) 1s especially notewoxrthy. fheaé 1nvésti*

gators claimed that the poly(A) segment an HeLa cell . ’

Y

cytoplasmic RNA becomes shorter with time and that the . o

N a

mRNA may eventually lose ﬁost, or all of 1tsipoly(A) o

segment. Thus fallure~to detect,po}y(g) on mRyA does

nag constitute Qroof that 1t!ﬁas ne;er there. Sheiness
v and Darnell spéculated that éhis §hor£en1ng of.poiy(A)‘

segmeﬂts in the cytoplasm might play an important *
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physiological role in the utilization of mRNA during pro-

tein synthesis. However, other experiments indicate that ,

[ %
this age dependent shortening of poly(A) segments does

not hinder mRNA from actively particaipating in protein
synthesis' in vitro «(Sheiness & Darnell, 1973).
-The third reason for the differentd&l proportions

l

of the poly(A)-éontaining RNA in the pre- and post~

hatch nervous system of chlcg might be:changes during
nerve deyelopment ain the pool ;lzes of precursors en- |
gaged erther in mRNA or in bulk RNA synthesis. The ex-
periments 1in +this thesis, and those'reported by others
for brain tissue cannot daistinguish among the above-
mentioned possiblities.

Preliminary experiments indicated that the hot-
phenol fractions, presumably representing the nuclear
compoylent pf brain and nerve tiséues frOM“£4—day and
17-day old{embryos, contained a ﬁlgher percentage of
ébly(A)+ RNA than the cold phenol (presumably cytoplasmic)
fractions (Taﬁle XI1). Thése results are similar to
those reported by Delarco et al.' (1975) and Bertholqd
et'al. (19752) who demonstrated %ﬂét inhratﬂhgaln the

percentage of bound nuclear RNA was always higher than
1 . )‘.' +

in the case of .the cytoplasmic fraction.

L
In contrast, Hemminki *(1974),showed that after 10
s

hr. of labelling with [*H]uridine in vivo 60% of the
\ 1
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total radioactivaty in cytoplasmic brain RNA of l3-day

old chick embryos was bound on oligo(dT)=~cellulose
columns, whereas in the nuclear fragtion only 30% of ‘
the total radioactavity was bouhd. Mahony and Brown
j1975) reported that in rabbit brain there was 7%
polf(A)~conta}n1ng RNA in the nucleay fraction, ahd 13%
in the polysomal RNA fraction, after 1 hr. Jf in vave
incubation. These results are hard to reconcile

with those of other investigators (Delarco et al., 1975)
and with the results of tﬁe present invest%gation. it
1s unlikely that there i1s such a high proportion of
cytoplasmic poly (A)+RNA in any tissue, especially after
the relatavely long radicactive labelling period used

by Hemminki (1974). It is pf;bable that the chloroform-
phenol extraction procedure used by him led to prefer-
ential loss of rRNA and isclation of poly(A)+LRNA—r1ch
fractions from embryonic chick brain (see results in
Tgbleggﬁ).' The greater proportion of poly(A)+RNA in th@
cyt0p1asﬁ1c fraction than in the nuclear fraction in
Hemminki's work might be explained by the relataively
long-term in é&gg labellaing conditions used in his experi-
ment. During the 10-hr. incubation period sufficient
time would have elapsed for part éf the hnRNA to be pro-
cessediand transported into the cytoplasm, whereas the

B t

remainder of ;he hnRNA could have entered into the

\
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rapldly-turning-oyer nuclear pool. The experimental de-
sign in the present ihv;stlgation was different, It 1s
plausible that during the 2 Mr. in vitro incubation
éerlod'usedahere a greater proportion of the radicactivaty
was incorpdrated into the nuclear fraction as hnRNA,
allowing relatively little time for the processing of the
presuﬁed mRNA p;?cursors into the cytoplasmic components of
nervetxﬂls.Tﬁe discrepancy between the results of

Hemminki (1974) and~thosg reported by DelLarco et al. (1975)
and those of the present investigation can be further’n
explained by the age difference in the experimental ani=-
mals used in the experiments. Hemminki used 9~13 day

old chick éhbfyos, whereas the present investigation
utilized olderx aniﬁals. Since in the total RNA prepara-
tion the labelling of the poly(A)+ RNA dec¢reases with .
increasing developmental stage (Table XI) possibly the
capacity of l3-day old or younger embryos for poly(A)+

RNA synthesas ;s even greater than that reported in the
present investigation for the l4~day animals. Further-

more the processing of hnRNA might be more rapid and

efficient in the very young embryonic brain than in that

o*

of the adult. Preliminary experlﬁbntﬁhby Lam (personal

o

comminication) indicate that this 1s thue for the devel-
" e

AN

oping rat brain. s

To investigate the utility and reproducibility of

.
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the thermal-phenol RNA fractionaﬁlon technique, the
electrophoretic properties of‘“cold“ and “hoi phenol”
fractions from brain and nerve RNA have been investi-
gated. Those fractions presumably repf%sentin;‘thg
gytoplasmié and nuclear RNA species were then further
fractionated into poly(a)+ and poly(A)~ molecules by
oligo(dT)-cellulose chromatography (Fig. 22, 23, 26).
As expected, the poly(ad)~-, cold-phenol-extracted RNA
fraction cohtained mainly 28S, 18S and 4 5 labelled 3NA
spe01és. The cytoplasmic “cold phenol" extracts also
contained some RNA species of size greater than 28S.
The nature of these high-moTecular-weight moiecules in
the "cytoplasmic fraction™ is undetermined at present.
They might represent nuclear RNA contamination, since
there may be no clear-cut separation of nucleaxr from
cytoplasmic RNAs by the\thermgl fractionation methoé of
Georgiev and Mantiva (1962). Or the appérently high=-
molecular-weight RNA species ig the "cold phenol" RNA
fraction might be aggregated lower-molecular-weight RNA.
Finally, thas high-molecular-weight RNA might represent
the so-called "giant cytoplasmic RNA" recently found in
other éeveloping systems such as the sea urchin embryo
Giudice et al., 1974). Nonetheless, except for these
high-molecular weight\RNA species, the results obtained

v

by the cold‘phenol fractionation technique in thé.present

&
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inveét;gation agree with those oxiginally reported by
Georglev apad Mantleva (1962) who claimed that cold phenol

; ,,aﬂw‘ :\‘

.extrabts of‘eucarygtlc cells contain mainly rRNA and tRNA

PRSI

specmes. The boun& fractlon of the cold phenol extract

"u »

. contalnszmamn}y hlgh—molecularwwelght, heterodisperse RNA,

'. g:“ ‘e ~.
; w peakxng in the 288 regaion of the elctropherogram (Flg. 228,
oy 4823B, 26B). However, contam n by 288 and 1BS rRNA

«
o

specles cannot be excluded at the present. Gel electro-
. oo ' phores;s dld not show the presence of prominently-labelled
’v‘ﬁfn thRNA specxes in thas fraction, as expected 1f the bound
1 . R RNA of cold phenol extracts contains mostly poly (A)+ R&A

nolecules.™ The electrophoretic pattern of rat brain bound
VE

n [
s 4

o nicrosomal RNA described by L1m et al.(1974) 1s similar

L q ' to tho%e obtained in the present investigation for Ehg

é bound RNA of cold phenol extracts of chicken brain and
nerve. The majorit’ of the poly(A)+ RNA of rat brain was
also centered arou¢z the 28S region of the polyacrylamide

. ; gels. However, tﬁ; electropherogram shown by Lim et al.

{ (1974) did not andicate the presence of very high-molecular

weight 3NA°on the top of the gel; probably because they

treated their RNA with DMSO before application of these

samples on the gels, 1In céntrast, the gelﬁpatterns’ob—

E o ,

f high-molecular-weight RNA, of apparent size >28S. RAlthough

i the RNA species in the first 10 gel-fractions might have -

#

tained in the present investigation always showed some very

~

-
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been true high-molecular-weight molecules, the possaibility
of aégreéatlon of the RNA cannot be excluded at present,
the RNAﬂpreparation was not treated with Dmsgébefore poly~
acrylamide gel fractionation, and it i1s therefore possible
that some of. the chick brain and nerve RNA fractions con-
tained aggregates., However, the probqbility of aggregation
was reduced in the hot phenol fractions, where RNA was
extracted at elevated temperature followed by mapid cooling
(see "Methods" of this section). Extraction at 60°C fol-
lowed by rapid cooling is sufflélent to prevent aggregatlbn
qf most RNAs (Gross & Goldwasser, 1969). 1
The radioelectropherograms of bound a d’unbo nd RNA
fractions of the hot phenol extract gyowed o definite rRNA
or tRNA peaks (Fig. 22C, 23C, 26C), as expected if the hot-
phenol extracts represent the nuclear fraction of the ceils.
It 1s possible that the species which did not bind hé
oligonT)+cellulose contained a mixture of poly(A)‘*hnRNA
and nuclear rRNA precursors. ‘Tﬂe large size of these’
molecules,ulndlcated by their polyacrylamlde-gel patterns,
is consaistent with this hypothesis. A lar%j)percentage of
the radloagt1v1ty of the bound RNA of the hot-phenol extract
was distributed in gel fractiong heavier than 28S. This
pattern is similar to ?he profile of poly(A)+ RNA from rat
brain nuclei reported by Lim et al.’ (1974) and Berthold
et al. (1975), and might represe E\E?e poly (A)+ hnRNA of

the chick nervous system.

~

. e

D P e




i g s gl = -

e

A 2

©

°/

o
@

A further developmental stage~dependent change was

-

noticeable in the properties 6f poly(A)+ RNA fractions .

from brain and nerve tissues when the eletrophoretic o
[}

3

prépertles of thése preparations were investigated., The
bound total RNA of l4-day and 17-day embryonic brains was
hétérodisperse, with an average molecular size larger

than 288 (Fig. 21D.E, Table XI). These results are simi-

lar to the combined patterns of nuclear and polysomal

poly (A)+ RNA of rat brain (Lim et al., 1974) and are S
consistent with those obtained for the "dold" and "hot :

~

phenol"'bound (presumably poly (A)+) fractions of l4-day B
and 17-day embryonic brain RNA (compare”Fig. 21 D,E with <
Fig. 22, 23).., In contrast, the total bound RNA from .- .
brain tissue of 3~da§ old chick was distributed on poly-
4dcrylamide dgels in the regions 18S - 285 and <185 (Table
XI). These results indicate that the size of the presump-
tive poly(a)+ 3NA molecules becomes smaller during later
development (l7-day embryo to 3-day chiék). .

The above developmental changes were also apparent .
for the presumptave poly(A)+~;erve RNA (Fig. 24; Table .
XI). The gel patterns of these fractions from l4-day
embryos, 17-day embryos and 3—day\chlcks indicate that
the average size dlstributlon'bf éhe bound molecules
decreased graduallilas the animdls became older. In the

l4-day embryonic nerve 91% of the total oligo(dT)-cellulose i

A
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?ounﬂ ;adioaqtive ﬁNAﬂwgs distraibuted in gel fractions ﬂn
to 303tzf553, wbereas‘tﬁ; proportion in‘the same gel
fractions of zhe RyA froﬁ 17~day ©ld embryonic and 3-day
chick nerve was 73% and 62% respectively (Fig. 25, Téb}e
XI). . S T ; . !
The change in size of the poily (A)+ RNA 1a-comparale
with thosé Féb;rted previously for the sedzmentation and | °
electkopﬁgfeiic pr?perties ?f*rabidly-lagéiled total \
nerve RNA (Hu & Mezei, 197f; Mezel & Hu, 1972): Thege
results then indicate that some of the rapld}y—labeliedg
species represents themeNA fracﬁlon of the sc}étic ne%ye.
Furthermore, it is 1ntergst1ng't? note thatﬂtpe polyiA)#

RNA of nerye tissue.from the three developmental stages

P < s A

always contained labelled material peaking in the. region . o
sllghtly'greaﬁer than 28s during gel ei@éE&ophorééis (Fig. Y ’
25) . These results are very‘samilai tp those concerning i
polysomal poiy(A)f RNA reported by Lim et éiu ?i974) and .
Dgﬂarco et al. (1975). Based on these re;uLts ope might

specul;te that there‘a;eiélso common‘ﬁRNA SPegies in »

nervous tissued of chicks or other species regardless of

& Pepers,“l97 Y. . b L ; \ \t

%

\

ey
results present:jiln this section are from ome experiment ' .

Howev r,flt should be emphasized that some of the

toa
N

3

only,. and therefore, more extensive investigations are -
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Y “

X gl

[N

PR



-

.

- panmor e e s R s B o < oy

. L}

.needed to clearly elucidate the nature and characterastics

of ollgo(dT)—cellulése bound RNA of the chick nervous

o
v

system.q Such experlments would involve determination of
) 1

the location and size of poly(A) segment on these molecules

s
o

(Edmonds et g_]_._ 1971; Lee et al., 1971), the study of the
template §ctiv1%y of the poly(A)+ RNA spééles in protean ",

synthesis '{Bviv & Leder, 1972), and mixing experiments in

A ¥ ¢ -

., Which labelled nmerve or brain tissue from one developmental
-

‘ ‘stage would be’ éxtricted and analysed in the presence of

o

;arge amounts Qﬁiunlabelled tlssue from another developmental

stage. Suéh«addltlonal experiments would provide addifional

¢

‘ {W@ssurance that the reLatlve proportion and the electrophor-

LAy
>

éggc properties of poly(A)+ RNA remain unchanged and charac-

¢

terlSth for a particular devefopmental stage. Lo
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. Section IV - .
.-
Effect of 5-Fluoroorotic Acid on the Synthegis of .

. *RNA in Chick Peripheral Nerve During Development

) . .
, ' A, Introduction

%

1

Studies descraibed in Section II and III and previously- :

published reportg from this laboratory demonstratet that

]
the sedimentation afd-electrophoretic properties of the

raédlly~labelled RNA of the chick 501at}c nerve changes
during development (Hu & Mezéit 1971; Mezei & Hu, 1972).
A noticeable change in the physico-=chemical properties

. L3
of this RNA occurred in the 1l7-day embryonic nerve, during

‘

the onset of rapad myelination of peripheral nexrve. It

was considered possible that myelinogenesis 1s accompanied

.! - by the switching "on or off" of certain groups of genes'ln

a

- neurons and/or satellite cells and that some of the frac~
tions of the rapidly-labelled RNA represent different popu-—
lations of mBRNA of these cells. This hypothesis was sup- .

ported by the.results of ex&eriments described ifi Section

! 111, wqgch indicated that a significant portion of the

A

' <
rapidly-labellgd RNA of the chick CNS and PNS contained
poly (A) séquences. Furthermore, poly(A)+ RNA fractions
labelled in vitro in the.rapidly-myelinating nerve tissues

Y

. of 17-day embryos and post-hatch chicks contained a rela-

N .

o

tlvely larger proportion of Polecules smaller than 18S °

- than dld the poly (Ay+ RNA of the pre«myelx\atlng l4-day embryos. v

4
. b4 o
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It has been shown recently that certain mammalian
(HeLa) and embryonic sea urchin cells contain mRNAs VL

lacking poly(a) sequences (Milcarek et al., 1974; Nemer

v

et al., 1975; Dubroff & Nemer, 1976). Milcarek et al.
(1974) demonstrated that about 30% of HelLa cell mRNA T
- lacks poly(a) when labelled in the presence of different

rRNA 1nhibitors, such as 5-Fluorouridine and actinomycin- «

-*

D. They found that 5-Fluorouridine had little effect on
the amount of [3.]adendsine incorporation into poly(A)+
mRNA and appeared to be less toxic to cells than was

actinomycin-D. Nemer and his coworkers (Nemexr, 1975;

Nemer et al., 1975) demonétrated that in sea urchin em- ° *

]

bryos the poly(A)+ and poly(A)~ mRNA had similar metabolic
properties, and the ratio of péiy(A)+ to’ poly(A)™ mRNA

changed during development. On the basis of these results
it was considered lmportant to study some of the physico-

chemical properties (such as the behaviour‘on polyacryla-

LS

mide gel electrpphore51s) of total mRNA\in the developing

3 LC nerve.
-o . ! A 3 o
»

There are-serious technical problems in examining the Al
%

properties of mRNA, expec1ally“poly(A5‘ mRNA, Presumptive ,//

v
¢

mRNA must be studied in the presence of a much largef
amount of raibosomal RNA, and steps must be taken to anhi-

bit “selectively the labell;ngbof the ribosomal componénts.

.

Recently a number of gnyestlgafg;s negonted that ?—Fluoroorotlc

/
‘
'
a

3
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acid (p-Ford) inhibited maturation of rRNA precursors in \k§§
® i
3 * * j

eucaryotés, and caused selectlve incorporation of labelled -

? precursors into cytoplzsmlc messenger-like RNA (Wilkinson '

‘et al., 1971; Wilkinson & Pitot,>1973; Hadjiolova et al., -

1973). Since the base analogue’ -seemed to be a useful.

-

&

o

tool to distinguish between messenger-like RNA and rRNA, .

- ,\ a

> the effect of the-drug oh the labelling of nerve RNA'°

S e
R

.
bt

during deéelopment was investigated. If 5-Foro is a selec- .

Lo tive inhibitor.of rRN3 synthesis in this tissue one would .

*expegt the electrophoretic prééertles of the radioactive

\

'5~-Foro resist nt RNA species of the l4-day, 17-day embryonic

\ . and 3-day chick nerve to be comparable to those observed -

- »

previously in this laboratory after-a relatively short
4 PO 13
*
- *pulse" (30 to 60 min.) by the radiocactive precursor alone \
’ . 3 i
£ + [Mezeil & Hu, 1972), - .o - \ .

B. Materials and Methods Y S

.o "
Kl

Materials. [5«3&]'Ur1d1ne {spec. agt. 25.6 ci/mM),

v 4

. [2—‘“C]5—fluoroorotlé aéld (spec. act.'8.3 mCi/mM), [5-%H] -~

»

l Tt ' orotic acid {spec. act. 12.2 cx/mM) were purchased from . ’

L3
- i N

- New Engiand Nuclear Corp. (Boston, Mass., U.S.A.). Act1no~

v a -
-

,mycin D de 5—flu9rgorotlc acid were generous gifts of x

Mexck, Sharp and DoQ@e of Canada, Ltd. (Montreal Canada) %

v W LN \

»

gé . and Hoffmann—-Li’ Roche Inc. (Nuthey, N:J% 07110) respect:r.vely.
]

. Methods. . o " > N

3 — ) . \,‘, . .

1. Pneparatlan of tissue, isolation of total nerve Rﬁi

2 4 a S "‘

_and gel electrophore51s. N .

4 >
w o
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- Most of the techniques us%d here have been described

<]

in detail in previous’sections and,publications.

v

* nerves from pre~ and post-hatch chicks (White Leghorn

Sciatic

A, . *
strain) were,dissepte&\and incubated as described in

[P

Section II. RNA was extracted from the nerve %issue, puri-

I fied and analysed by elettrophoresis on 2.6% or 2.4% Xw}v)

polygcrylgmide gels as described Ey Mezei and Hu (1972)

and'i? "Methods?,bSectlon II. The absorbance Egttefns
v of the gels at 260 nm are n&t included on the .figures

of'thls section; however, they were similar for all of

' 1 - &y
. the RNA prepagatlons (for ref.,seé Meze1i and Hu (1973)).

LY

Three major absorbance peaks were obtained each time,

corresponding to the 285, 18S rRNA and 4S (tRNA) compo=-

[T (2

. m?rf“ts éf the bulk RNA. v ‘
. '\ L' Lo .
- 2. Preparation of'total sciatic nerve polyr1bcsome§;

* ¥ » n I P

j meﬁai'sciatlc nerve polyribosomes.were prepared
oy ’ v
” according thMeans et al..(1971) with some modificatiens.
{

¥

. After incubation, nerve-tissue (lg wet weight) was homo-

\ s . .
gqﬁlzed in 2.5 volumes of'a homogenizing medium contain-

s -

1 X .
ing 0.025 M KC1, 0.01 M MgCl,,°0.25 M sucrose and 0.035

2!
o Py
M Tris~HCl pH 7.6, for 2 min. at 2500 r.p.m. at 4°C in'a

Al

+ Potter Elvehjem teflon tissue grinder (Kontes Glass Co.,

LA

Vineland, N.J., U.5.A.). All subsequent steps were carried:
. out a%l4°c. The nerve homogenate was then mixed with 6

volumes of fresh(chlckgn brain homogenaté of the same ,

a o

4

¢
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developmental stage as the nerve tissue to serve as a
source of carrier polyribosomes. The combined homo-
genates were centrifuged at 1080 x g for 10 min. \The

A

superngtant was further centrifuged at 14,000 % g for .
20 min. )The resulting post-mitochondrial supernatant

w§s mlxea gently with 5% (w/v) deoxycholate solution in
homogenizing medium to obtain a final concentration of v

1% (w/v) deoxycholate ingthe solution. After 10 min,

-

stgndlnq wlth occasional shaking, 6 ml of the deoxycholate-
treated post-mitochondrial supernatant was layéfed over

3 ml of 2 M sucrose in the homogenizing medium. The
gradlentg were centrifuged in & SWT14l rotor at 110,000 '
X g for 3.5 h i1 a Beckmaq d2~-65B ultracentrifuge. RNA

was extracted from the polyribosome pelidet by the hot

~B
3
Ay

phenol-sodium dodecyl sulfate extraction as described in .
-~ = ° & b

Section II, except that the phenol-water interphase was

Lreeiﬁracged with a pH 9 Tris buffer (0.0l M).

C. Results

!’b

1. Effect of ac#inomycin D

To compare the effects of a known inhibitor of >

L4

transcraiption with those'of 5-Foro the pattern of RNA

Vlabelllnguld 3-day chick 501atié nerve was investigated
after incubation df.the tissues with low dose of actino-
mycin D ¢0,1 ug/ml of incubation medium). flg. 27A and

B shows that the drug suppressed somewhat the incorporation

%

»

X

o

- * ﬁwcvu?ﬁuuan Ll v e >
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of [5~?H] uradine into the two rRNA peaks after a 3.0 h

“inbubatlén period, without affécting the pattern of
labelling of the heterogeneous species migrating between
the 185 and 45 components., The pattern of labelling -an
theuprqsence of actlnomyc1n.P was 51m}1ar to that ob-
tained previcusly for "pulse~-iabelled™ (0.5 ~ 1.0 h)

RNA of 3-day chick sciatic nzrve (Hu & Mezei, 1971).

2. Effeéct of 'increasing doses of S5-Foro
. Since most investigators have used 5-Foro in vivo
a dose-responsg relationship had to be determined for
the sciatic nerve in vitro. Fig. 28 shows that when the
same amount of nerve tissue (b.GNg wet wéight) of 3-day
chicks was 1nbﬁbated for 3.0 h with [5-3H] orotic acid -
in the abseﬁée or 1n the presence of increasiﬁg amounts
of unlabel%s? 5~Foro; the base analogue almost completely
1nh1b1ted'the‘lncorporatlon of orotic acid into the 28S
and 18S rRNA peaks.  This inhibition was evident even at
., the lowest” dose of drug used (0.5 um;ie/ml of irtubation -

medium) . The pattern of labelling of the heterogeneous’
speclies migrating betweensthe,l188 a?d 45 components was
relatively unaffected by the drug. The overaill] patterns

- w

of radigactivity of the 5~Foro treated p;eparatlons‘Were

~

similar to.that obtained with a low dose of actinomycin D
(compare Figs. 27a, B-and 28A, B, C and D). However,

increasing doses of 5~Foro caused a progressive decrease

LR
~

»

t

-

. .
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COUNTS */ MIN

GEL SLICE NUMBER

. H
Fig. 27. Effect of actinomycin D on the labelling of total
RNA from the sciatic nerve of 3~day chicks. Nerve tissue
from 20 3~day chicks was preincubated for 15 main. in the,
presence or absence of the inhibitor and then incubated with
100 uCi [S5-*Hluridine/ml for 3 h. RNA was extracted from
the tissue, fractionated on 8-cm long x 0.7-cm dia. gels of
2.6% (w/v) polyacrylamide for 120 min., and slices of the
gel were-counted as described in Section II. The arrows
indicate: the position and sedimentation values of the three
major peaks of the bulk RNA, obtained after.scanhing the gels
at 260 nm. (A) control nerve; 23 ug RNA applied, (B) actino-
mycin D treated nerve (0.1 ug/ml of incubation medium); 22

, Ug RNA applied.
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Fig. 28. Effect of increasing
doses of 5-Foro on the labelling
of total RNA from the scaiatic
nerve of 3-day chicks.r Nerve
tissue (0.6 g wet weight) of 3=
day chicks was incubated with .
100 uCi [5-%H]ofotic acid/ml for
3 h. Conditions of incubation,
extraction of RNA and fractiona-
tion were the same as described
in the legend of: Fig. 27 and ®
"Methods".. (A)r control nbrve;

28 ug RNA applied; specific ac-
tivity 1407 cpm/pg RNA; (B)

nerve incubated waith 0.5 pmole/

ml of 5-Foro; 30 ug RNA applied;
specific activity 650 cpm/ug RNA;
(C) nerve incubated with 1.0 umole/
ml of 5-Foro; 33 ug RNA applied;
specific activity 465 cpm/pg RNA;
(D) nerve incubated with 1.5 umole/
ml of 5-Foro; 33 ug RNA applied;
specific activity 384 cpm/ug RNA.
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in \the specif{p activities of the nerve RNA.
3. Comparison of gel electrophoretic patterns of RNA
labelled by [?—l"cls—Foro and- [5~°H] orotic acid.

The results of Wilkinson et al. (1971) demonstrated
that [2~'"C]5~Foro was selectively incorporated into non-
ribosomal raibonucleoprotein particles. Therefore, the
pattern of incorporation of labelléd 5-Foro and labelled
orotlcqacid into total nerve RNA was compared. Fig. 29A
and B shows that after 1 h of incubation‘the radioelectro-
pherograms of RNA labelled by either{2-!"C]5-Foro or [5-°H]
orotic acid were guite similar. Most of the radioactivity
abpearedcbetﬁéen the 18S and '4S components, aléhcugh the
RFA labelled by the base analogue contained relatively -
ﬁof&i}%dioactiv1ty in fractions heavier than 28S. After 3

Wh of incubation the 285 and 188 rRNA ana‘4s tRNA peaks
showed imcorporation of [5-°Hlorotic acid in the dontrol
‘ né£ve, w@ereaé the eletropherogram of RNA labelled by [2-'*C]
.5-Foro was not changed significantly from that seen after 1 h
(Fag. 29C). This latter figure also demonstrates the good
resolution of the gel electrophoretic technique for the
mixed orotic acid angd anglogue-iabelled RNA preparations.
4.'Effect of unlabelled 5-Foro on the incorporation of
[5~3Hloro£ic/éc1d into ne%vg RNA of 3~?ay‘chlcksf

Time study. . ] <&

The effect of unlabelled 5-Foroc on the incorporation

]
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Fig. 29. Polyacrylamide gel
electrophoresis of -RNA £rom
3-day chick sciatic nerve in-
cubated with either [5-°H]
orotic acid or [2-}*Cl5-Foro
for.1 h or 3 h. Nerve tissues .
of 15-20 3-day chicks were in-
cubated with either 100 uCir of
[5-3H]oxotic acid/ml or with

3.3 uCi of [2-'"C}5~Foro/ml.
Conditions of incubation, ex- -
traction of RNA and fractiona-

<

tion were the same as descrihed P é
in the legend of Fig. 27, and .
"Methods”. (A) Nerve tissue Z .} .
labelled with [5-*H]orotic acid 3 1ok 10h a0 |
for 1 h; 39 ug RNA applied; (B) ' Aoah .
nerve tissue labelled with [2- } ANy
t*C]5-Foro for 1 h; 90 ug RNA gk 41 B a0l
applied; {C) co-electrophoresis T &
of mixed RNA samples from nerve e Y .
tissues labelled for 3 h with «J{A ] 156:
either [5-%H]orotic acid (6 ug. R S .
RNA) {—) or with [2-!"C]5-Foro ¢ o
- {56 pg RNA) (====- ) Ll ST e 100
' - .
A0F : 50 :
: P
a 1. 1 l’!"‘ D
o 20 1] 60 ‘0
‘ ) . GEL SLICE NUMBER  +
% - i-\
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of radioactive orotic acid into total nerve RNA of 3fday

\ o

chicks was followed as a function of time. Fig. 30A and B

shows that after 0.5 h and 1.5 h incubation time a very
diffuse patternwas obtained for the control preparations.
Most of the radioactivity appeared between 28S and 4 S )
componénts of the bulk RNA., However, after 3 h, three
distinct radloacti;e peaks, correspogﬁing to the 285, 185

and 4S8 components were evident in the control (Fig. 30C),

as was shown previously for control preparationé after thas

*

length of incubation time (Figs. 27A, 28A .and 29 solid line).

In contrast, the gel patterns of the 5-Foro-treated samples

were similar at each incubation period, and even after 3 h

resembled those produced after a short 0.5 h or 1.5 h "pulse"

with [5-?H]orotate alone (Fig. 30D, E and F). No radiocactive

peaks, corresponding to the 28S and 18S rRNA components were
apparent in any of the 5-Foro treated RNAs. However, the
presence of 5-Foro led to a considerablé decrease in the
overall specific activaty of the RNA. °
5. Effect of unlabelled 5~Foro on the incorporation of
[5-*H]orotic acid into embryonic nerve RNA.
The ‘effects,of S5=-Foro onithe pattern of RNA synthesis
in embryonic nerves were also investigated. Fig. 31A and
B shows that after 1.5 h incubation; the yvadioelectrophero-

grams of RNA from l1l7-day embryonic nerve _incubated in the

presence of unlabelled 5~Fdro and [5~7H]orotate were quite

——— - mnn .-y - - .

e
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r"". Fig. 30. Polyacrylamide gel electrophoresis of RNA from,
3-day chack sciatic nerve isolated at various tile inter-
vals following 1ncubat%on’with either 100 uCi/ml of [5-%H]
orotic acid or with [5-H]lorotic acid and unlabelled 5-Foro
simulatneously. Conditions of incubation, extraction of
RNA and fractionation were the same as described in the
legend of Fig. 27 and "Methods." (A, B and C) nerve tissue
labelled with [5-%H]orotic acid for 0.5, 1.5 and 3 hp 32,
16 and 40 pyg RNA applied respectively, (D, E and F) nerve
tissue labelled with-[52H]orotic acid in the presence of
0.7 umole 5-Foro/ml for 0.5, 1.5 and 3 h; 16, 30 and 30
ug RNA applied respectively.
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similar to that of the contrbl J.ncubated wlth [5~38]: a‘w 3

[]
o M
[4 "o

orotate alone. Howéver, the overali r&dloanxve proflle» -
A

.h

of the FNA was different from that of the 3-day ghlcks;

1
o

relatlvely more radioactivity appgared in fractibns K
heavier than 18S. a;ter 3 h of 1ncubatlon with [5~3H]

orptic acid alone, radiocactivity appeared dastinctly 1n

. 4

the 288 and 185 rRNA components of the cohtrol prepq;a—‘ .

-

tion. (Fig. 31C). ' In contrast, the gel paﬁférn of RNA -

-

labelled in the presence of 5~-Foro was not changed’ sig-
niflcantfy from, that seen after 1.5 h of incubation
1Y L

(Fig. 31D}. Furthermore, the’ radioactiye préfile of the, *

» M o ot .
RNA labelled for 3 h in the preésence of‘the base analogue‘
was very similar to that~r¢por£ed prév1ously~fbr the B

-
“

rapldly-labelied RNA from the 17~day qmbryonlc nerve e

- v

.t o

(Meze1 & Hu, 1972), S cthLGerable proport;on of rad;o~
oL v

act1v1ty was dlstrlbumed 1n fnactxcns heavxer than ZBS.

The effect of'the 1nh;b1tor ‘on the 1l4-day embryonlc -
nerve preparatlon.was 31mllar/to'¢hat ebserved wlth the

‘vlder’ embryos. ‘Kfter }lloflncubatlon,

of radlaactlve ordtic ac1d in the 289 and 18S rRNA peaks

- 2

the incorporation

was 1nhybited, wheneas no effect was ev1dent ln thé LRNA -

a '

reglon (Fig. 32A and;B). . L

a n
™ "

. .
4 A .

The dlfferential'ggﬁec;iaf 5-Foro on the labelling - .

(3 hr.) of RNAbfrém dlffqreﬁtvdegelopmental stages can be

f b - > ¥
more cledrly demonstrated wheh the percentage qf the total
) L » "
. , T 7 ,»
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Fig. 31. Polyacrylajide gel electrohporesis of RNA from
scidtic nerve of thirty 17-day. embryos isolared at various
- tfaime- intervals TollowZng incubation wzth either 100 pCi/ml
of [5-3H]orptic acid or with [5-'Hloyotic acil.and unlabel- :
led 5-Foro simultaneously. _Conditioms of incubation, ex-
traction of RNA and fractionation were the same as described | '
in the legend of Fig. 27 and 'Methods.! (A and C) nerve ’
tissue 1abelled with .[5~3H]lorotac: acid for 1.5 and 3 hj |
%0 and 48 ng RNA applied respectively, (B and D) nexrve A
t1ssue labelled with -[5~?H]orotic acid in the presence of .
0.7 umole 5-Fotoyml for 1.5 end 3 h; 75 and 48 ug RNA ap-
plied respectiveiy. " : 4
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Fig. 32. Polyacrylamide
gel electrophoresis of
RNA from sciatic nerve
of sixty l4-day embryos

. 150lated following in-

cubdtion with either

100 uCi/ml of ([5-%H]
orotic acid or with
[5~2H] orotic acid and
unlabelled 5«Foro simul=-
taneously. Conditions

of incubation, extrac-
tioh of RNA and frac-~
tionation were the same
as described 1in the legend
of Fig. 27 and "Methods."
(A) nerve tissue labelled
with [5-'HJorotic acid :for
3 h; 433 ng RNA applied;
{B) nerve tissue labelled

.with [S5-%Hlorotic acid in

the presence of 0.5 unole
»s-Foro/ml for 3 h; 36 ug
RNA applied.
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counts 1s plotted against the fraction number for'each“ ' .

reparatxon (Fig, 33)« ThlS figure.illustrates that the

jkulk of the radxoactzvmty in the RNA fractlons of treated .t

1 .-

l4-day embfyonlc and l7-day ambryonlc nerves dppeared - s

Xaxnly in"'the hlgh-molecular—welght region with dlmlnlshed .

8 Sand 185 RNA' peaks (Flg. 33 A, B). Thg“hlgh~molecpla;~

weiéht RNA and,heterodispersei3w~molecular-wélght RNA were
less affected by 5-Foro. These reswlts support the hypo—
thesis that the hlgh—moleqular-welght RNA -in younger ani-.

mals is malnly heterogeneous nuclear RNA and large rRNA

precursors. In contrast, the RNA in the high.molecular-

weirght region was more éffe;ted by 5~Foro in the‘3-day
nerve preparations, indicating that_t&ise species consist
mainly of 285 rRNA and some of its precursor molecules.
Actinomycin-D, at the specific dose used, does not seem to %
inhibit as extensively as 5-Foro the labelling of 285 and 18S
rRﬁA and rRNA'species larger than 18S. ’ .
. Since thése experiments indicated that the pattern of
labelling of RNA molecules larger thah 288 was relatléely
unaffected by the drug én the'embryonic nerve, the radig-
aé£1ve RNA preparations were fractionated on 2.4% (w/v)
gels to obtain better resolution of thg very high-mplecular-

weight species. Fig. 34B and 35B sMow prominent radiocactive

peaks corresponding to molecular weights of 2.6 x 106 and

3.0 x 106 daltons, respectively, in the 5-Foro-treated
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Fig.‘ 33. Percentage distribution, of ‘total counts of PlEA K b
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Fig. 34. Polyacrylamide gél electrophoresig on 2.4% (w/v)
gels of RNA from sgiatic nerve of l4-day, embryos..
isolated from nerve tissues of 60 embryos following incu- .

bation for 3 h with.either- [5-*H]orotic acid alone (A), Qqr

with [5-%H]lorotic acid and unlabelled 5-Foro simultaheously
(B), as described.in the legend of Fig. 32 and "Methods." -
Control RNA (33 ug) -and 5~Foro treated RNA (36 ug) were -

fractionated on 10-cm long x 0.7 cm dia. gels of, 2.4%

RNA was ° °
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embryoﬁ?%lnerve RNA. These RNA spec1es are also apparent

in tng control gels, which show several other radloactlve )
peaks including the exten51ve1y~labelled 28s and 185 rRNA
molecules. . "

g

6. Effect of 5-Foro on the incorporation of [5-?Hljrotac

[y

acid into polyribosomal RNA of sciatic nerve: a dev- ‘

N -

-

- "

elopmental study.

To investigate the’effect of 5-Foro on synthesis of
mature rRNA {cytoplasmic), the labelling of polyribosomal
RNA was explored in the presence or absence of the inhai-
bitor in,embryonic and post~ha§§h animals. Theggﬁlad line
in Flg-'éGA and B shows that the two rRNA species became ~ .
dastinctly labelled "in the control polyribosomes after a
2 h incubation period with the labélled precursor in organ

i

culture. In contrast, no signlficant.fzgloactiv1ty could

be seen in the 285 and 18S polyribosomal RNA peaks in -
nerves anéiated in the presence of SwForo: Furthermore,
the dotted line indicates that the labelling of the hetero-
disperse, S-Foro—5551stant RNA 9; the 3—da; chicks contained
relatively more RNA species smaller than 18S-than did- that '
of embryonic nerve. An attemgt was also made gﬁ ascertain
whether the diffiignce'in the size of eqbryonlc‘and post- T
hatch polysomal hNA(;as due to differential extraction Q;',\
RNase degradation of 'these spec;:; dur1 g the cell fraction=-

atkdd qg RNA extraction procedure: Im)these experiments

¢
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Fig. 36. Effect.of 5-Foro on the labelling of polyribosomad

RNA of the sciatic nerve from 3-day chickS and 17-day em-
bryos. Nerve tissue from 3-day chicks (A) or 17-day em-

" bryos (B) was incubated. for 2.0 h wath [5-%H]uridine (100

uCi/ml) in the absence (—— ), or .in the presence -(~===-— 3
of 0.5.umole 5-Foro/ml. RNA was extracted from the poly-

.ribosomal pellet, purified and fractignated as described

in the~legend of Fig. 27 and "ﬁethods.f In, each case ap-
proximately 31 g of IRNA was applied on the gels.
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Fig. 37. Electrophoretic pattern of polysomal RNA of )
. mixed sciatic nerve, Nerve from 3-day chick ( —- ) _ |
N ~ and 17-day embryo (s--- ) were incubated in [!“Cluri-

N dine (l2.5’§gfml an8l [*#]uridine (100 uc/ml) respec®™”
. tively. RNA ¥Xtracted from the mixed polyribosomal
pellet, purified and fractionated as described in the
legend qf Fig. 27 and "Methods." ,
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nerve tissue from 17-day embryos and 3-day ch%cks was
incubated with 'H and !*C-labelled uriglhe, respectiveif,
~l/ and after ﬁ.o hr of incubation the nerve tissues ﬁere
combined and polysomal RNA was isolated, pur;fled{ ex-
tracted, and fractionated as described 1n'“Mgthods“ of
%, thas section (Fig. 7. The gel patterns 1n‘fig. 37 .
indicate that the;ﬂacfrophoretic'proflle of RNA from

l17-day embryonic polysomes was somewhat simildr to that

PORI.

shown in Fig. 36 (solid line). There was a higher
proportion of 285 and 18S RNA in the 17-day embryonic
nerve than in the 3-day chick nerve, in which more low-
{ molecular weiéﬁt“§§§ spe01e§ were apparent (klg.‘37f.

i ﬂ‘;s result demonstratesthat the size difference of

ca¥

*»
RNA species between 17-day embryonic and 3-day chick

.
[

’ nerve RNA 1s not caused by preferential extraction or -
degradation of RNA in 3-day”chick nerve. However, the
proportion of the 28S rRNA peak in the 3-day chick pre-

paration was‘smaller than that shown for the control

“

Fig. 36 solid line). These experigents, herefore, do

. ™~
not exclude the possiblity that during the incubation

1 graded in the sciatic nerve of 3-day chicks.

*

D. Dascussion
Two general techniques have been used to label mRNA,
v

-
Al

1

‘or 11 fractionation procedure RNA 1s differentially de-

- in eucaryoteiik One utilizes a "pulse label" brief enough

/

.y - .-
V’g& ® il 4 - 4 *
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to allow a significant incorporation into cytoplasmlc
mRNA (bgp not rRNA ow tRNA) (Spohr et al., 1970), whereas

. the other involves the administration of labelled pre-
cursor in the presence of appropriate doses of actinomycin-
D to inhibit rRNA transcription selectively (Penman et

al., 1968). Rreviously, using the first of these tech-

niques it Has bewn shown that the sedime;tatlon and elect
trophorétic piopertxes of the’ rapidly-labelled RNA of the—
sc1atlé nerve were different in the 1l4-ddy gmbiybs, 17-day -~
embryos and 3-day chicks (Hu & Mezei, 1971; Me;ez & Hu,
1972). 1In the preseni investigation, inhibition of rRNA
labglling wag also attempted by using a relatively low

*

dose of actinomycin-D (0.1 ug/mi of incubation medium), .
and 1t was found that the drug’é:; indeed suppress the
incorporation of radioactive precufsor into ‘the 288 and
185 rRNA components (Fig. 27). The,pattern of 1;belllng

in the preseﬂce'of act%nohyc1n-D was similar to that ’
observed"prev1ously for the "pulse-labelled" nerve RNA of
that partaicular dé&elopmental it&ée. However, inhibitaion
of rRNA /labelling was not complete. Previous investiga-
élons from this laboratory ‘(Mezei, 1970} and others: (Kennel,
1964; Pastan & Friedman, 1968) have®emonstrated that
actinomycin-D has many toxic side effects unrelated to-RNA

metabolism. Furthermo?8, the short ~pulse technique has

the inherent disadvantage of focusing mainly on those

- e
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mRNAS wlth rapid synthetic rates,. and therefore probably
LI 2
with rapxd turnover rates as well.‘ Recently Wilkinson

¢

et al. (1971) reported the seldctive 1nh1bltlon of rRRA

L]

synthesis in rats by 5-Foro. On the basis of thelr :

. relative toxicities 5~Foro appgared'to‘be sﬁpe:idi to
& .

-actinomycin~D as a ?ppci%icrmnhibltOt of rRNA tranécrlp- .
tion (Wilkinson ég gg., 1971; ¥Wailkinson & Pitoé,“l973:’ *
Crhak et al., {373). The results of the present investi-
gatiok confirmed that 5-Foro was a selective inhibitor ;

of rRNA labelling in the gﬁlatic nerve of chicks for at

4

least 3 h during incubation’of tissues 1in ordén"bulture. -

A number of organlams lncérporate fluorinated R "
pyrlmldlnes into thelr RNA (Hexdelberger, 1965) Because
e
experiments by Wilkinson et al. (1371) and’ Cihak et al. .

{1973) indicated that radioactive 5-Foré was selecélve%y

g’
the .electrophoretic propergies of sciatic.nerve RNA label~ - . k
led by [2~ C]ijoro 1 rg&q\ lture were alsc investi- ° ' ﬂ*

gated. In confirmation of thé\results of the above in=

lneoﬁiirated 1ntp nonribosomal RNA of rat liver in vivo, ¢ i

vestigators,;adﬁnactlve 5-Foro was incorporated into ) =
heterodisperse RNA species of 3-day chicks. (Fig. 29). Y

: [
* No discrete peaks of radioactive 5-Forp appeared in .the’

285 and 18S regiofs even' after 3 h of incubation with the

x " -

radioactive base analogse"(Fig.'§9c dotted laine). .=

N C b
. Recently a number of investigators demonstrated ;kit‘*’“’—”vrfiﬂ
[ '\
- . f"!* \;
) . e el
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5~Foro blocks selectively ithe ldst steps of iRNA“haéﬁra— o

-~

3
-
®

K
I

E »~

- s o

tion in certaln'rodents (Wllklnson et al., 1971 ‘Wllklﬂ* .

. 5 : Y "tl.w

son & Pltot, 1973, Hadjlolova et al., 1973)» Adcarding T .
to Wilkinson and Pitqt (1373), 5~ fluoroﬂnmdlne only S

slightly inhibited the formation of the initial 458, rRNE
precursct or the 385 rRNA intermediate in Novikoff' rwt. ., = 3
hepatoma cells. Inhibition of 325 rRNA precursor pro- ’ - .

duction was greater than that of the larger précurson LS

-
e s

molecules, but less than that of the mature rRNA moleculgs’. ° >

s
¢ : o
¢ s
-
. a
.
S
] T
L. el AT s i K~ % =

¥

According to Hadjiolova et al. (1973) the labelling of - .
nuclear and cytoplasmic 288 and 185 rRNA was almost

¥

- ? »
completely inhibited by 5-Foro in mouse liver in vivo, -

e R L T

while the transcraption of 455 precursor rRNA and its

early processing to 32S and 21S rRNA were not affected

14
ke
s

3
by the drug. Since in the present investigation, no de~- ~ .
tarled kinetic ﬁnalysis was carried out of the varaious

rRNA precursor species labelled in the presence or absence

of the base analogue, definite conclusions could not be

L

made about the mode of inhibition of rRNA maturatron bx;\ . .

-

5-Foro ir the sciatic nerve. However, results indicated
- 4

that even after 3 h of 1ncubat10n a 51gnlflcantly~labelled
~ £
RNA specxes of molecular weight around 3 x 106 daltons

persxsted in the S-Foro treated embryonlc nerves, whereasb

' Y
1

the 1abelllng of mature rRNA was significantly inhibited

(Fig." 34B, 35B). Based on.methylation and pulse-chase
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> ta .

. experiments, it was previously concludedm%hat thé 3 x ld ’

. 7 daltén RNA spe01es”Was one of the hxgh~molecnlar~we1ght Coe .

0w L

f . rRNA precursgrs of the sciatic nerve (hezél & Hu,,1972).,

The results of the present investigatiop ln*embryonlg

o

nerve tissue are, therefnre, at least con51s;ent thh

&>
a0

the suggéstion of“wllklnsqn andaPltot (L973) and 5@d310-

lova et al. (1973) that S-Foro interferes with & % deflnlte
" step of,wRNA maturation 1nyqugryot;c‘cells. Since 1n
» . 7 3=day nerve there~&aé~ho accunmulatidn of hlgﬁ-molecular .

-
el . -u © e

. § , ™ WElght5(>2BS) materlal in’tﬁé drug-treatéﬁ nerve, one may

T speculate that S—Foro 1ncreased the degradation of 458

N RNA. precurscrs in thls tlssue. The flndlngs of Hadjiolova

- .

.o w‘*“et al_@(1973)q to-the gffect that thls drug caused the -

v ‘ 2

appearance of”rapldly—labelled degradatlon products in ¢
, the cytoplasnic so}uble RNA fraction also support the
above speculation. Furthermore, according to' Hadjiolova

hd 1

et al. (1973), the base analogue did not affect the pa{tern of

! = e
synthesis of a number of other species, including heterogeneous
a - ’x
nuclear RNA, messenger-like RNA of cytoplasmic polyribosomés,

free post-miérbsomal ribonuclgoéroteins and tRNA. The .

*

results of the present investigation also indicate that

\ the labelling of tRNA was not affected appreciably by the

v
\ .
. o R u .

drug. \

ks

) The- radicelectropherograms of the 5-Foro-resistant

- RNA gﬁecies of the three developmental stages were almost
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identical to those ;ggerved previoué;yﬂln this laboratory )

o L7

after a relat%vely short "pulse" (ﬁo'to‘Go min.) by the . .

.
.

i
i d M » . i
radicactive precursor alone (Mezei & Hu, 1972).. There was . . 1_

»

a developmental-dependent change in the eleckrophoritic * . .
profiles of these preparations, and these cﬁanges were '

apparent eveén after 3hr incubation with the: radicactive . .

@ 4
&

precursor in the presence of the imhabjtor. . .

The incorporation of both labelld 5-F§gd,'and radio- =+ 7

Ly

active oroticracid in the presence of unlabelled S—Eofo:) .

v
v M i

into the nerve from 3-day chicks revealed the presénce
of a heterogeneous population of RNA, most of which A .
migrate between the smaller tRNA and tRNAtpqméoﬁeﬁts,oﬁ . . v ¥

the bulk RNA. Previgus studies gemdnstfated. that in the

” ”
w

ﬁest-hatch‘anlmals @osE of theseiheterodiqursé spééles ) -
had a low methyl content and that their sedimentation, ’

- and electrophoretic properties were very s;mllér £o those

, of the c§top1asm1c RNA of other fuily-dxfferentiated

? vertebra;e,tlssues (Hiatt, 1965; Peterson, 1970; Mezei &
Hy,~ 1972}, NThérefore, these und&zggthylated, rapidly-
%abelled,“S—Foro*and actinomycin—D;resistant RNA fractloﬂ;*

may represent some of the iunctlonal'mRNA of the cytoplasmc °
: P

N
3
¥

. t

» .

i
i

fractions of the séiatic nerve. However, the possibility ¥

. “

excluded that the 1ow~moleéular~We1ght, 5-Foro=~

:
< - A .
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éevelopmenial Eiages might have different sensitivities
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g ,
. . . toward this drug. A base analysis experiment might pro-

Angans

L ge « *
. o 41de an answer, to this quesstion. Recently Gayrett et X ;;b
v iigu (1973 rePOfted that the 5-Foro resistant-RNA of rats

- .had a DNA{llke'base compOSLtlon.

& -

. ., | A Prev1ous results from this laboratory indicated that

b

L3

. the pulse Labelled“ RNA 1n the embryonlc nerves was a ‘ .

. ' . »

., maxture of rRNAeprecursors and heterogeneous, mostly . ) .

1
. ;? hlgh-molecd&ar*weaght, méssenger -like RNA (MSZEL & Hu, ) ’

-

i . v P '3 .
1) - 1972). . If S—Fpro 25 a seiectlve inhibitor of rRNA -~ !

synthesis, the gel,patternof efmbryonic nerve , RNA labelled’ N

» -
- - . ... . . Ja

“? T ’ .in the presence of 5—Foro“§hould contain a large proportion 8
3{ . *  of high-molecular-weight- rRNA precursor*species even after é
§
]

\ Ce long incubation peraiods. kesultg’with uniabelled 5-Forq

* . x v v " » » &

have borneout this expectation;.’relatively more radio- 4

, jetivity was distrlbuygd 1n.frac£ions heavier than 185“6‘ v
. ‘in the embryonic 5-Foro-tredted preparations. When‘thése N e

. R&A preparations weée examined further o%‘more péfous gels >
.4 the presence of at least gng prqmlnenévrﬁNA preéurgoi': ’ N . {
K species (Fig. 34, 35) could ke alscernedl_ These results
. are thus cagglstent'with previd&s resultgdanq indicate " '

s

——

- éha&htﬁe large-molecular-weight, rapidly-labelled, 5-Foro-

al

.
4
rup————_——
>

L] rQﬁlstantxf%actlons may represéhtaa mixture of rRNA pre-

L 4 .
cursors and heterogeneous 1arge—molepular—weight RNA of ~

-
oo & .-

- the nuclear fraction of the embryonic nerve. .
¥y
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Since the selective inhibition of rRNA maturation

) by the base analogue could be a useful tool in di;tin-
guishing between the different types of mRNAs present
in the polyribosomes of the deyeloping nerve, the
effect oﬁ‘the lnhibitor on polyribosomal RNA labelling
was exp}ored. As in the case of total RNA, 5-Foro °
*comple{ely gpolished 1abelliﬁg of polyribosomal rRNA

(Flgv}365 and B). ' Furthermore, bhe 5-Foro~resistan§
) R&A of the é-day cﬁlck nerve contained relatively mote

RNA ‘smaller than 18S than did that of“the embryonic

nerves. Recent studies by Yamagamr and Morai (1970) and

* Zomzely et al. (1970) revealed that the stability of

éertaln large mRNA-ribosome complekes in rat cerebral
'péréex declined with age. In this connection, results
of aﬁéther study indicate that the adult brain may‘pro—
dpqe a higher proportion of relatively small mRNA mole-
éﬁiesbxgomzely t al., 1970). Therefore, resylts on the
5-Foro-resistant total and polyribosomal RNA are consis-
tent with the hypothesis that the embryonic nerve tissue
contains a larger proportion of high-molecular-weight
mRNA molecules than ?oes that of young chlcks or adults.
However,'tﬁe experxments’described in this section
do not exclude the possiblity, that the small size of

these molecules in the post-hatch animals 1s the result

of differential degradation of the RNA occurring either
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in vavo or in vitro (Fig. 37). A previous report from ° o
this laboratory (Mezei & Hu, 1973) indicated that the B NN
total and latent alkaline ribonuclease activities of - ; ’
the particulate fractions®' of the sciatic nerve increased . #
’.
. . 3 '
significantly during development. ; 5,
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In multirellular org4nisms an ordered programme of

'y . . «

changes occurs during the development of the maturé or-’
4 genism  from the fertilized egg®to produce the final .’
pattern characteristic of normal development. In general,

[} t @

two classes of processes can be retognized. 'The first

* H

is the emergence of functionally and morphologically- )

distinct qéll types. The other is the association of °

* cells 1n precise patterns‘to form tissues and organs.

3\
\ + . -

Although thé ,exact mechanisms of these processes are

s ’
unkfown at present, there 1s evidence indicatimg that one
‘ .

.

- of the regulatory modes in différehtiatlbn is at the
l;vel of transcription, to produce characteristic patterns
of,iNA molecules at partwular devélopmental‘stagesn
The purpose of the present dissertation was to ain-
g vestigate the nature of these characteristic patterns
durlqg myelination, a special ca&e of cell'differentlatlon
which occurs during development of certain peripheral

5

and central nerves. During the course of these an¢ pre-

vious stuqles it was shown that the sciatic nerve of the
" chick indeed exhibits a pattern of RNA labelling which
1s characteristic of certain developmental stages of the

animal. Some of the RNA molecules had properties similar
* * ‘
]
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"o those|of mRNA or hnRNA of other fully-differentiated

aq

"{ vertebrat®-tissues. These RNA species were rapidly-

‘o .

labelled, undermethylated, and had a relatively short

. half-lmf@. The synthesis of these RNA specles was re-

-

. ”\w;;ﬁtégt to the effects of low doses of actinomycin-D
: ~and 5-fluoroorotic acid, and a portion of the RNA

population’ was enriched in poly(A) sequences. The

electrophoretic and sedimentation properties of these
. A h]
molecules xééled at. different developmental stages.

Sciatic nerve 'RNA from l4-day and 17-day embryos contain *
a larger proportion of high-molecular-weight RNA species
(=>188) than did that of the post-hatch animals. Little

of thas 'rNa originated in the mrtochondrial fraction of
the cells, although mitochondria of brain and nerve tis=

'y

sue synthesized RNA both in vivo and in vitro.

THe above results suggest that RNA‘%?tabollgm is

important and has é*speciflc, probably reéulatory func<
4 i
tion in the peripheral nerve. A great number of enzymes

and other chemical constituents are synthesized, in the
nervous systep just prior to or during the active phase

of myelination. Nerve cells at a cratical developmental

stage may "“turn on" the synthesis of specific messages
which either separately or in a collaborative manner
direct differentiation of these cells to carry out their

specific functions, such as myelination of certain axons.
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Although a wery small amount of mitochondrial RNA was . .
- {ﬁ !
synthesized at &;fferent d lopmental stages, it is \ *
. v
still possible that mltoc ndrxal translatlonal pro— , .

ducts could SpElelcally interact with thewnuclean*gene
’ - ) R
proddﬁts to give special signals for regulation of

myelinogensis. However, the results of this the51s
support the above hypotheSLS only in a very qualltaﬂnve ;)
and indirect way. More concluslve 1nterpretatlon of the

data 1s compllcated for the followlng reasons:

*
s »

{1) Since RNA of sciatic nerves could not be label-~

i N N s »

led efficiently in vivo, all of the experiments with this Lo

>

tissue had to be carried out under in vitro cohditions. .

-y ‘ “ i
It 1s possible that degradation of, the rapidly-labelled . S

RNA occurs during the isolation procedure. To‘chxcumméﬁt .
thas pdssmblllty adequgte precautions could be made (see

methods %ectlons II-1V). However, breakdcwn of 3§fjmay
A Y

also occdr*durlng incubation, as the result of increased

Riase activity due to tissue damage. In this respect the

-

isol and cultured peripheral nerve ‘can be regarded as

ian degen ration (Mulrhead & Mezel, 1973) It has hﬁen

*,-

the number of lysosomes increases in the '

! T
- 4 " - .

‘degeneratlng nerve. Lysosdhes are known to contain de~ \N\
gradative enzymes and have been impligated as a source of

degradative enzymes for the destruct:ion of the myelin

ol | SRR - T e s s i o & -
M . u” I IR



, sheath during the early stages og‘Wallerlan degenerataion ) -

(Poxcellati, 1972). ' i -

®

- . » « »
1, - R

(2) The.results may reflect mere changes in the

. . relatlve proportlon of thuclel and cytoplasm,Ln the

v

perlpheral nexve dukring myellnatlon. It is known that , -
durlng rapld myel;nétlon the cytoplasm of Schwann cells
increases greatly (Friede’ & Sambrajskl, 1967)?

B 2 KN

‘(3) The QEIatlvely hlgh‘ﬁroppxtlon of low-miolecular~

. . weigﬁfibleS), mRNA~like molecules in the myellnatlng,

b

. ’ . post—-Hatch anxmals may be the resn}t of relatlvely faster -
r ' "

i ’ . proce551ng of hnRNAatthat stage of nerve development.

- ) a'“ P »

. It has been shown for example. that in sea urchin embryos

sk oW

lk ' during the early developmental stages a special class of

x

low-molecular-weight mRNA appear&éd in the cytoplasm after .
- ¢ 4 ®

a very. short lag period (<5 min.) (Nemer gé'gl., 1975). ’,

s a“ ’ *

To determine if this is the case for sciatic nerve mRNA
: g

ke °

at a certain developmental stage, kinetic studies should
be carried out in which the Jabelling characteristics of

.

nuclear and cytoplasmic RNA are followed as a function of.

' time . e »

\]

(4 The changes in the electrophoretic and sedi-

Aa
'

mentatidn pattexns of RNA could be the result of .activation *

of specific ribonucleases at different stages of devel- ~\;

. ment: In this context previous studies from thas lab-

orétony\have indicated changes in the actaivity of the

i -

&
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;lkaline ribonuclease system of the sciatic nerve during
development4 (Mezei & Hu, 1973).

* (5) The differential labelling of gértain RNA species
during development could refiedf ghanges of the specifac

pregursor pools for these molecules. For techhical and
practica reaséhs the size, specific aétiv;ty and possible
compartmentalization of the RNA precursor pool(s) of the
sciatic nerve have not been determined in the present
inVestigatiqn. The woik of éprbloli et al. (1973) estab-
lished that the:size of the rotal RNA precursor pool was
decreasing, although the rate of‘toial RNA -synthesis of
chick embryos was relatively constahﬁ during the 3rd to

"12th day of embryonic development. Jude et al. (1973) .

showed that the specific activity of [H] ufiﬂgne—
containing material in the acid—so&gble pool of chick -

' embryb cerebral hemispheres did not change betwéen 6 and
10 days but 1nc;easedsmgn1flcantly (20%) at 14:days. The,
specific activity of UMP from tqtal RNA relative to tha‘_
of the precug;or was constant between 6 and 10 days, and
decreased by about 20% between 10 and 14 days. dJudes and
Jacéb (1973} also indicated with [2H]uridine as a pre-
cursor, that the rate of'rRNA synthesis did not change

signifaicartly Letween 6 and 14 day, althoééh the rate of

tRNA synthesis increased smgnificantly.

To determine 1f these changes occur in the developing

-

r
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scratic nerve, the sizes, specific activities, and pos- .
sible compartmentalization of the RNA precursor pools

should be determined for the l4-day and l17-day embryonic

~

fﬁfﬁ~i:§9& post-hatch stages. ' :

(6) Any interpretation of the data in this disser-

~an

tation is further complicated by the fact that they have

" &
been derived from an organ containing a mixture of con- )

stituents such as Schwann cells, axons, myelin sheath

v

and connective tissue sucafﬁs peri - epr - and eudoneuriums’

These cells and their subcellular fractions may have quite

-

In order to arrive at a clear-cut interpretatigon of thel .

data 1t would be necessary to carry“outﬁghese experiménts

on .separate axons or Schwann cells,‘:;ﬁ:;;éy cultured

a

1 - rd . ¥
neurons apd Schwann cells ainder Congltlpns wheré myelino-

genesis can be artificially induced, maintained and con-

}I‘ L a i

trolled. Using these well-established cell llnes»and/or

@

mixed cell cultures‘the appearafe of speclflc gene pro- ‘7
5

ducts such ag\mRHA and pr@telh classes.ceuld be then

‘

followed quantltativelyﬂand characterizedxhs.a function

of myellnatlon. However, these experlments would not be

N

feasible until such tite as,fji‘necessary technigues become

»> -

-~ ¢

«

. »
different synthetic capacities for RNA, and ot?:f matefials.*
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