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Yorphologicel .tructures in the Cell associated with protein synthesis

Studies of protein synthesis in subcellular systéms is & problem not
only to the biochemists but also to the morphologists and combined efforts
of the biochemists and the morphologists have thrown new lignt on the
problem. The liver contains and is carable of synthesizing many different
types of proteins; because of the difficulty of isolating newly-formed
protein, investiration has been restricted only to a few. Of the different
proteins, plasma alburin is found in abundance and it has been now possible
to isolate and to demonstrate definitely iy immunological, electrophoretic
and solubility tests that there is newly formed albumin in the liver.
studies of the incorporation of the labelled aminoeacids have revesled
that this protein is synthesized by a particular fraction of the liver
cells rich in ribonucleic ecid. Now evidence is aeccumulating to establish
that the other fractions, namely the mitochondria ani the nuclei, zre also
carable of synthesizing some proteins.

Many investigators are working both in multicellular and unicellular
systems to explore the possibilities of the mechanism protein synthesis,.

It has been pointed out by Siekevitz (196C) that the nature of the purpose
of the protein being synthesized in the two systems are different - in the
unicellular gsystem the newly-synthesized proteins are used in the growth

of' the existing cells and in the manufacture of the new eells; the life apar
of most of the unicellular system being very short, one can neglect the
mechanism of replacement of the existing proteins in the cells. lHowever,

the life span of the multicellular system being considerably longer, one
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might totally forget the production of proteins for new cells and the
predominant feature of protein synthesis in these cells is replacement
of proteins already in the cells. The difference between the multi-
cellular and unicellular organism is not only functional but also morpho-
logical. 1In the bacterial cells there is no endoplasmic reticulum and
on homogenization no microsomes are obtained (ialade - 1958). .ellets
obtained from bacteris are much smaller and simpler and morphologically
they correspond to free ribonuclegprotein particles of pencreas. In
recent ycars the ribonucleoprotein particles seperated from the microsomal
membrane by using detergents are regarded as the site for protein synthesis
(Conn - 1959, Rendi & Hutlin - 1960, Korner - 1960) in which case a natural
guestion arises about the sites of protein synthesis in the bacterial cells.
Do the membrane-bound ribonucleoprotein particles and the free particles
behave in different ways in the two different systems? Answers to this
and similar types of guestions have yet to be obtained.

It has been demonstrated that ribonucleoprotein-like partic¢les are
present in the nuclei (Frenster et al 1960), and these particles remain
capable of active aminoeacid incorporation into their constituent ;roteins
(Frenster et al 1960). These observations suggest that there should be more
integrated-morphological.and biochemical study of these subcellular particles

The work of Porter et al (1945) and Claude and co-workers (1947) on
the study of the microsomal particles led to the discovery of the "lace-
like? network which iorter (1852, 1953) named the endoplasmic reticulum.

A clearer and elaborate’ definition of the endoplusmic reticulum has been
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given by ialade (1959) as an "extensive system of membrane bound vesicles,
tubules and flat vesicles or cisternae interconnected into a more or less
continuous network." The endoplasmic reticulum is present in many cells
varying in total volumes, general disposition ani detailed structure

from one cell type to another (izlade - 1956) and it has been sugyested

that the endoplasmic reticulun is directly or indirectly associated with
cell division. The variation of endoplasmic reticulum from cell to cell
has been reviewed by ialade (1956). Hartmann (1955) demonstrated the
existence of a double membranous layer around the nucleus and dense
particles seemed to be attached to the outer nuclear membrane (:ralade - 1955,
in the splenic reticulocytes the outer nuclear membrane is continuous

with the membrane of the endoplasmic reticulum (¥atson - 1957) and .alade's
observation of similar structures in the lymphocytes, granulocybes, macrophag:
parenchymatous liver cells and acinar-cells of pancreas led to the suggestio
that the nuclear envelope is a local variation of tne endoplasmic reticulum.
Their hypothesis may be a clue in the study of the “messenger" ribonucleic
acid.

The endoplasmic reticulum may be circular, oval, elongated or irregular
shape with their smaller diameter as 50 - 100 mp (ralade and Siekevitz
1956)., OLmall dense particles of 10 « 15 mp in diameter are attached to
the membrane of the reticulum and also scattered in the cytoplasmic matrix
and these particles correlate better with cytoplasmic basophilia than any
other known cellular component. 'hese particles are arrangec in double

rows and circles at the surface of the membrane limiting profiles (ialade
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and 3iekevitz - 1956)., The endoplasmic reticulum is bound by & thin
5 my membrane. Falade and Siekevitz (1956) have also shown that the same
dense compact bodies represent a constituent of the microsomes. The
biochemical composition of the microsomal and postmicrosomal fraction of
rat pancreas and liver as studied by them have shown that the microsomes
are characterised by high RNA/protein and phoscholipid/protein ratios, the
postmicrosomal fraction contains much less WNA and phospholipid prutein
without a reduction of the protein content in the same proportion. The
microsomes consist almost exclusively of closed vesicles limited by a dense
continuous membrane and are filled with a material of relatively low density.
These vesicles are all derived from the rough-surfaced part of the endoplasmi
reticulum. The origin of the smooth surfaced vesicles of the microsomes
has not been definitely ascertained, but they might be derived from the .
smooth surfaced part of the reticulum or from another source (ralade = 1658).
Birbeck and ilercer (1961) recently studied the cytology of cells which
synthesize protein and observed two types of cells viz.:= (i) retaining
cells which are characterised by free particles with a few a=cytomembrane
(granuler reticulum) and here the synthesized protein appears freely
throughout the cytoplasm and is not contained in the vesicles, (ii) the
secretory cells which are cﬂaracteriaed by abundant a=cytomembrane.
The retaining cells might again be of two class:= in one group oi cells
the cytoplasm is filled with specific protein and during proteiresynthesis

the cells contain free particles, the cytoplasm becomes completely filled
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with protein particles and tnen the particlea disappear. In the second
group of celle, protein synthesised is devoted to growth. Watson's
hypothesis (1955) of the nuclear membrane being a local variation of the
endoplasmic reticulum and nuclear ribonucleoprotein perticles being
transferred to the cytoplasm by means of the membrane is disputed by them
because of the absence o this connection in the retaining cells. Theae
structures can be related to chemical reactions occurring in protein synthesi:
1t is widely accepted to=day that a series of reactions is involved
in the protein synthesis as shown below:s=
(1) activation of the aminoeacid:e
Amino acid ¢ ATI + Enzyme =~ Al AH‘r‘-Enzy;ne + Ir,
(2) addition of nucleotide end group to a-iNAi;e
RNA + ATF + OTF w——» RNA=Fop oo a + PP
(3) binding of amino-acids to this s=ANAi:e
AL + ATF « RRA-Fop Gp A =—>RNA=KGp Cp.A, = AA + 1T,
(4) transfer of amino-acids;=
HNA=EGE GCioA. = Ah + aTL + CIF + Ribonucleoprotein particle «
soluble fraction o, reptides.
The main features of tnese series of reactions is that a coupled enerjy=
yielding reaction is necessary to make the synthesis proceed (Hoagland < 1960
veprivation of oxygen (Frantz et al - 1947) presence of respiratory inhibitor

(Ferber et al - 1951}, or uncoupling agents prevent protein synthesis.

changes in cell structure with diet

From the a'ove series of reactiom of protein synthesis the ilumportance
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of ribonucleic acid in the process is evident. In the case of liver
cells, the structure and KNA metabolism is influenced by diet. lMunro and
Ulark (1959) observed a variation of ribonucleic acid content of the liver
cell with variations in dietary protein and the change is essentially
confined to the endoplasmic reticulum of the liver cells. Hence, they
concluded that the supply of amino-acid for the reticulum is essential for
synthesis of microsomal Na. They have suggested that ?ibcnugleic acid
deposited during the formation of new reticulu» arose most likely from the
g-ila. The chenges in :i. content according to availability of exogenous
amino=acids can be related to the morpholegicsl changes of the reticulum
also. The effect of fasting was studied under electron microscope by
Fewoett (1955) and Bermhard and touiller (1956) independently, and both
. observed a reduction of the reticulum; within a few hours after administra=
tion of diet containing a large amount of protein, regemeration of reticulum
wes observed. rorter and Bruni (1959) have also demonstrated structural
changes in the hepatic endoplaswmic reticulum with diet and suggest that
alteration in morphological feastures rather than in biochemical mechanisms
may lead to some changes in the normal process of protein synthesis.

falade (1958) studied the structural variation of the pancreas of the
guineapig in the atarved and fed animels. In starved animals the zymogen
granules accounted for ayproximately 0. of the trypsin-activetable proteolyt
activity (mainly trypsinogen and chymotrypsinogen) of the cell and about
40 of its ribonuclease activity. The enzymatic activity of the microsomes

in the starved animels is low in contrast to the fed animal which is in
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agreement with the supposition that the endoplasmic reticulum is involved
in the production of the digestive enzymes. In fed animals, proteolytic
and ribonuclease activities are present mostly in the heavy microsomal sube
fraction than the parent microsomes, but in the starved animals no increase
in this subfraction over the parent microsomes has been observed.

Ashikawa (1958) studied the ultracentrifugal characteristics of
the microsomal particles from starving, nonproliferating and proliferating
yeast cells and observed in the starved cell: Lhat the stability of the
microsomes decreased and, at the samne time, a rapidly spreading advance
peak appeared, thus, an 805 component isolated from the logephase and
stationary-phase cell will give rise to 605 and 405 component, but in yeast
cells starved for 72 hours the 805 component becomes further degraded.
iurified KUl particles obtained from various sources show, that except
in'Z. coli, many of the physical properties of the :N. particles of
different sources are in good agreement. In pea seedling the 805 component
dissociates to give 6C, 41 and 26 units (retermann et al - 1954)., Jimilar
components have been found in KNI particles from bacteria other than Z. coli
(Alexander - 1956) and animal sources (retermann & co-workers = 1956).
T'he KRNI particles obtained from the rat liver shows that 833 component
dissociates to 635, 50, 46 and 300 units. The dissociation of 835 units
is dependent on magnesium concentration and pi (Hamilton and ietermann - 195
Ncwuillen (1961), studying the dissociation of 855 unit in the E. coli,

has put forward a tentative scheme for ribosomel synthesis as follows:e
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Tentative .cheme for Ribosome synthesis - (after Mcyuillen - 1961)

Nucleotides « amino-acids . Kucleotides Amino=acids

KNucleotides Amino=acids

C——> (:»-wb

|

This tentative scheme of ribosomal synthesis may rrovide a clue to
the mechanism carrying the genetic information and thus deoxyribonucleic
acid may exert its ultimate control in the process of synthesis at this
stage. The presence of RNI particles in the nuclei (Frenster et al - 1960),
and in mitochondria (iendi = 1959) supports this hypothesis.

In the present investigation some of the problems of protein synthesis
have been studied. In Section I the synthesis of prothrombin by different
fractions of the liver is described, In Lection II, we consider whether
this synthesis is any way related t. ribonucleic acid and if the synthesis
is energy-dependent. In Sections II1I and IV two types of iNi associated
with microsomes have been studied and their probable relationship in trans-
mitting genetic information an: their res;onse to dietary change have been

studied.
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srothrombin formmtion
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3 SECTION I

FROTHROMBIN FOLMATICN

iistorical Introduction

The coagulation of blood is known from the days of Hippocrates, and
both he and Aristotle tried to explain the phenomenon of coagulation on
the basis of environmental changes like cooling, contact with air, etc.
Their view was supported in the seventeen and eighteen century by uchroederw:
der Kolk, Bohn, lHoffman, Ludwig and others. That blood solidified on
cooling was disproved by lewson in 1772 on an experimental basis. Uther
physical causes like cessation of the natural flow of the blood were also
contradicted by John Hunter, who showed that blood can remain stagnant in
a vessel before coagulation occurs and drew attention to the fact that
menstrual blood remains liquid. That the process of blood coagulation
is a chemical one was supported by scholars like Calen who put forward the
view that "the formation of & coagulum is the road to decay". Like Galen,
Harvey also thought that the coagulation of blood took place due to decomposi
tion and decay following the death and could not occur in the living blood.
dome, rrevost and Dumas explained blood coagulation from the morphological
point of view and thoughl that the investin, membrane of the nuclei was
damaged in the decomposing blood and was no longer cajpable of preventing
the agglutation of the nuclei. Berzelius and Johnann Mtiller in the
subsequent period did not give support to this hypothesis. Midller showed

experimentally the existence of fibrin in solution in the plasma in his



=10=

famous experiment; though he did not explain the mechanism of conversion

of the dissolved. fibrin to the solid state. Virchow further modified the
hypothesis of Mlller and put forward the hypothesis that the fibrin exist

in an isomeric liquid state in its precursor condition and termed it
"fibrinogen®". ‘irior to Virchow, Buchanan's observation with hydrocele
fluid led him to postulate that two substances, namely (a, the liguid fibrin,
which was a stable substunce, and (b) a substence capable of converting

the soluble fibrin into an insoluble one, were necessary for coagulation.
Almost &l the seme time, Pruecke demonstrated that the vascular wall

played & role in maintaining the tlood in the liguid state; his observation’
is more important than his own interpretation of his own work. Jenis
isolated fibrinegen from blood by & salt precipitation metnod.

I'ollowing the nypothesis of EBuchanan and Vircho , Alexander demonstrated
the inportance of blood cells in the mechanisu of blood coagulation. Hias
name was more famous for nis original conception that blood coagulation
is a proucess of fermentation, i.e., that the bluod coagulation reaction
is an enzymic one. fle proposed the first theory of bloed coagulation and
statec thht blood ceoagulation is & chemical combination of two substances
and that the end troduct of the reaction is fibrin. .ater, ne modif'ied
his own theory and stated that a substance called "fibrin ferment"” or
"thrombin" was nceded to produce coajulation and presented his argument
regarding the ensymic nature of the fibrin ferment or thrombin. The fibrin
ferment was prepared by him by the addition of alcohel to serum - a process

later develuped by Cohn for the fractiomation of blood proteins. Alexander
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Sehmidt's theory can thus be regarded as the first classical theory of
blood coegulation and part of his theory was supported by Hammarsten (1875);
however, he disputed the part of Schuddt's theory which involved the role
of "fibrinoplastic substance® (paura=-globulin and he maintained that parae
globulin was no! essential for the coagulation. Gchmidt first used the
term "thrombin" to denote the substance previously known as the "f{ibrin
ferment” and gave tne name "protnrombin" to the precursor of turombin.
He thought that calcium salts activated the protarombin to form thrombin,
tut Hasmarsten differed from him. Hamﬁﬁtatqn also thought that prothrombin
which rus considered to be a nucleoprotein in nature, was released from
the formed elements into plasma after blood was shed, but .chmidt believed
in the existence of prothrombin in the circulation blood and that it was
activated by "zymoplastic agents" which are released from the leucocytes
without calcium salts being necessary. This difference of opinions, as
explained by -aul Vorawitz, was due to the different substances identified
as prothrombin. Fuld, Spiro and Morawitz, therefore, medified the classica:
theory of blood coagulation. “Fibrinogen, calcium salts, probably also
thrombogen (modern term - ;rothrombin, exist in the plasma of circulating
blood. Cutside the vessels the formed clements speciaily the platelets,
are disrupted by contsct with the foreign surface and, therefore, &ield
thrombokinase into the plasva. Thrombokinase in conjunction with thromboge:
and calcium salts from thrombin". (Morawitz,.

There was great controversy regarding the mechanism of conversion of

fibrinogen to fibrin and Hammarsten thought that it was due to a proceas
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of hydrolytic separation of fibrinogen into fibrin and his view was later
supported by Lechmierderberg (1897) and Heubwer (1905) but not acecepted by
all and another school favoured the opinion of the intramoleculsr rearrange=
ment of fibrinogen. The classical theory had alaso to face great criticism.
Thus Wooldridge (1893) suggested that the formation of fibrin was the
product of combination of two substances what were termed fibrinogen A and
fibrinogen B.  Nolf supported his view that thrombin was the product and
not the cauce of fi;rin formation. In comparatively recent years factors
like pro=serozyme, serogyme cytozyme (Bordet = 1920), disruption of protein
complexes by foreign surface (I'lckering - 19%48) have been suggested as factor
in the mechanism of fibrin formation.

It 1s arnold quick who has studied extensively tne mechanisa of blood
coagulation from the biochemdcal aspect and a n;w era of blood coagulation
theory started with him in 19385. e established the biochectical means
for the estimation of prothrombin on the basis of the classical theory.
dis method of estimetion of prothrombin was a major factor in the discovery
of Vitamin X and revealed defective coagulation times in the different
clinical conditions. .uick in his laboratory demonstratec that oprothrombin
is composed of two parts, namely a "labile component” or "component A" and
a "stable component" or "component L", This discovery also established
the discrepancy of prothrombin assay between his one stage method and a
two stage method devised by othera. The labile component of prothrombin
is decomposed if blood is stored. Component B (or atable factor) becomes

less in a=winsl poisoned with dicumarol, in deficiency of Vitamin K, and is
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destroyed by heating to 60°% and is removed completely by aluminium hycroxide
and other absorbents from oxalated plasma but not from plasma'in which
calciun is not removed and the prothrombin complex aas bDeen allowed to
remain intact. e believed that both components A and B are to a certain
extent groupespecific. !le founi that only a portion of pruthrombin is
in the active form in the plasma and the prothrowbinogen, the inactive part
of prothrombin of plasma is activated when the plasma comes in contact with
rough surfaces like injured epithelium, glass surfaces, etc. Cuick's
labile factor was afterwards termed "accelerator globulin" by Ware and
weegers (1948), prothrombin accelerator by Fantle and Nancy (1948), thromboge
by Nolf and Factor V by Owren (1947). Astrup renamed factor V "proaccelerir
and this tern has been accepted by Owren. Owren has demonstrated that
the presence of labile factor (Factor V or rroaccelerin), thrombtoplastin,
caleium and prothrombin together form an intermediate product called Factor |
or accelerin before the formation of thrombin; prothrombin, Factor VI and
calcium then form the throsbin which, reacting with fibrinogen, form the
solld coagulum, fibrin. #¥aximal activity of Factor V1 is dependent upon
Factor V and Owren, therefore, suggested that Factor V is integrated with
Factor VI wholly or partly.

vlinical and experimental evidence has shown that, in addition to the
above mentioned factors, some other factors ure necessury for coagulation
with thromboplastin and calcium and one such factor has been called
"prothrom‘t;in conversion factor"” (Owen & Bollmen - 1948), "serum prothrombin

conversion accelerator” (SiCi) (Alexander et al - 1949) and factor VII
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(f{oller, Loeliger and Duckert - 1951). The origin of this factor is
thought to be "proconvertin", an inactive precursor in the plasma. Owen,
therefore, renamed Factor VII "convertin"” and this ifactor is reduced in
gquantity by dicumarol therapy. lexander (1952) studied the biochemical
and physicel properties of this factor and found that it is relatively
silable, absorbable by barium sulrhate and barium carbonate, not precipitated
from serum or plasma respectively at pi 5.0 - 5.2 or 5.7; it can accelerate
the conversion of prothrombin to thrombin in the presence of thromboplastin,
Ac-globulin and calcium, accelerate the coagulation of mormal blood, heparini:
blood, thrombecytopenic blood, higher in canine then in human serum, lower
in bovine serum and it identical with convertin.
T'he above description of blood coagulation has been introduced with

two main purposes in view, viz.: (1) to show that, whatever might be the
mechanism of blood coagulation, prothrorbin is essential, and (2) to make
the reader familiar with the different terms used in connection with the
study of prothrowbin synthesgis. I'nough Schridt thought in his classical
theory of blood coagulation that prothrombin is necessary in the first phase
of =oagulation, recent studies have shown that it is not only esssntial

in tne first rhase of coagulation but also in the later phases.

troperties of prothrombin

Chough prothrombin is such a vital protein in the body, its exact
chemical nature is not yet definitely known because of difficultic-s in the

isolation of this protein from the other proteins of blood; ueegers and
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coeworkers have been able to fractionate prothrombin to yield a fairly
pure product. In recent years, electrophoretic separation, especially
continuous curtain electrophoresis, has been used to isolate prothrombin
from the other coagulation factors but how far the product is biologically
pure has ye.L to be established. Seegers (19€D) has fractionated the
prothrombin factor in ion-exchange columns, and claimed that the product
obtained by this method is quite pure.

‘he analysis of purified prothrombin has shown that the molecular
weight of this protein is a,proximately 63,000 which is twice the size of
the thrombin molecule. In the electropnoretic field prothrombin shows
one major component consisting of 87 =« 95. of the total prothrorbin which
moves along »ith alphageglobulin. [rothrombin is insoluble between pH 3.9
to 5.6, the isoelectric point being 4.8. rurified prothrombin goes into
solution in 30. sodium citrate solution (Seegers & tare - 1954),. The
ayparent turnover ol prothrombin is rapid and is nearly complete in 24
hours (4llen, 'loulder, “merson & Glatger - 1949), a nore recent and precise
cslioate bein: 20 hours; but the fate of prothrombin is not known though
it has been assumed that the fibrin consumes the prothrombin for the main-
tenance of the integrity of the vascular wall. ‘ne prothrombin is retained
on filtration through a 50. asbestos filter (Owren & «as - 1951) and has
antigenic properties (Halick & Seegers - 1956).

The analysis of dried prothrombin at first showed that it included
3.38. tryptorhane, 4.58. tyrosine und 6 carbohydrate (Jeegers, Loomis,

Vandebelt - 1945, Leegers, McClaughry ania Fahey - 1950). In more recent



Composition of purified bovine prothrombin

Table 1

Aspartic acid
Threonine
—erine
Glutamic acid
Proline
Clycine
Alanine
Valine
MNetnionine
Isoleucine
Leucine
Tyrosine
Fhenylalanine
Histidine
Lysine
arginine
Tryptophan
Cystine

Amide NH3
Neacetylhexosamine
Hexose
i'entose

Poc- Of Nz
frotein Ng

7.15
5.73
5,18
8.51
4.67
5. 69
4,38
Se 96
1.24
2,28
5452
2.26
2.78
3.40
7.48
17.90
3.10
2.50
6.49
o.w

98,83

Amino acid per
100 Gm protein

10.01
4465
68.19

12.85
54 52
4.49
4,09
4.88
1l.94
S.14
7.60
4,38
4,73
1.84
5.73
8.18
3.30
5.14

(s B
L]

D o
OSN’

105.84

Gma/moles/105CI

protein

75.30
59.20
53,80
87.40
40,00
58.80
46400
41,60
13.00
24,00
58.00
24.20
28.50
11.90
39.30
47,00
16.30
26.30
(68.20)
( 9.40)
(36.10)
( 2.50)

739, 60

(after Laki, Kominz, Symonds, lorand & Seegers - 1953)
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analyses, Laki, Kominz, Symonds, Lorand and Seegers (195%) have been able to
isolate altogether 138 aming=-acids and the composition of bovine prothrombin
according to their analysis is tabulated in Table 1. Though some of the
properties of prothrombin resemble albumin, the amino-acid composition of
two proteins is guite different. Thomas and Leegers (196C) have determined
the terminal amino~acid of bovine prothrombin and thrombin and observed

that irrespective of the procedure used for preparing ;rothroibin, the
C-termina! amino-acid differs according to the procedure applied, though

the Neterminal aminoeacid is always alanine, as shown in Table 1I.

fable 1I

C and N-terminal amino-acids of Thrombin and :rotareombin

s revaration N-terminal C-terminal
Thrombin Glutamic acid Isoleucine
rrothrombin {yrosine
lig(C ;4 only 4Alanine Glycine
srothrombin Lfyrosine
Mg(Ui)go + IRC=50 Alanine Glycine
Yrothrombin

Mg(OH)g ¢ DEAZ cellulose Alanine Serine

Bovine prothrombin, by ultracentrifugal analysis, is claimed to be
homogeneous (Seegers - 1953), but Ale:ander (1958) obtained at least two
components of purified hunan prothrombin on ultracentrifugal analysis, the
lighter peak trailing benind and becoming evident during the second half
of the run and comprising somewhat less than 10, of the total protein.

Che major peak had a sedimentation constant of 4,84 compured to Leeger's 4,84



The bovine prothrombin which is freed from proconvertin is also not
homogeneous in his observations, suggesting difficulties in the preparation

of purified prothrombin.

Activat.on of .rothrombin

The term "activation of prothrombin” is applied to the mechanism of
formation of thrombin from prothrombin with molecular changes occurring
inside the prothrombin proper. aring the activation process, changes
occur in prothronbin molecul s in different ways (ienner & Leegers = 1956),
and this formation of thrombin, as described in the blood comgulation theory,
is nothing but the moleculsr rearrangement of prothrombin. The activators
of prothrombin are found in three different anatomical compartments,
namely (i, tissues (intra-cellular), (ii, plusma and (iii) ilatelets.

‘augh and others (1960) have explaincd the mechanism of activation of

prothrombin from a hypothetical model of prothrombin as follows:-

- .

where ¢ is the carbohydrate subunit,
) T & O protein subunit,
X is the active site for thrombin activity by T subunit.
In activation mechanism the subunit T might posaibly reguire a specific
enzymic reaction to produce X, but the removal of U may or may not be
necessary for enzymic activation; alternatively subunit T may be thrombin
whose active site is masked by specific combination with C. In the
activation rocess, the subunit U is removed from its specific masking

combination. This removal of subunit ¢, as sug;ested by them, might occur
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partially or completely by enzymic action or by shifting O to unmask X,
although . rewains in the vicinity of X. The carbohyirate subunit C is
unnecessary for activation. Beceuse of molecular rearrangement, there
is degredation of rothrombin to several derivatives, the properties of
which have been exhaustively presented by Seegeérs and his coe-workers

in many pavers. augh and others have been able to isolate at least two
immunochemically distinct moieties present in the activated prothrombin.
Because of degradation of urothrombin molecules, much of the carbohydrates
and nitrogen hecomes goluble in 7 TCA solution early during the first
hour of activation. In the process of activation the N-terminal aminoe
acid of prothrombin changes to proline instead of' the usual alanine

(Seegers, Landaburn ani Thomas = 1959).

sutoactivation of Frothrombin

it has Leen observed that, when jpurified prothrombin is stored at
=20%, the prothrombin loses some of its original properties (Seegers et
al - 1955) but becomes cerable of accelerating conversion of prothrombin
to thrombin. This new property during storage is attributed to protarombin
proper (McClaughry and Ceegers = 19520 This new derivative of prothrombin
is called "autoprothrombin". This inactive prothrombin is also obtained
by addition of calcium and platelet factor to the prothrombin solution,
but no autoprothrombin is formed if platelet factor is pretreated with
ether and thus its lipid content is removed, showing that platelet factor

lipoprotein is important in the conversion of autoprothrombin to thrombin.
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Ltudies of i'rothrombin Synthesis

Liver diseases are associated with prolonged clotting time. This
simple clinical observation led to the hypothesis that liver, the site of
synthesis of other plasma proteéins, is also the site for the formation of
clotting factors. Toxic agents like chloroform and carbon tetrachleride,
which have a direct effect on the liver cells, cause a fall of prothrombin
level in the blood (Warner, Brinkhouse & Smith - 1956, Bollmen, Butt and
onell « 1940); even after 10 hours following chloroform anaestheais,
the prothrombin level decreases and reaches its minimum value within two
to four days and this is reputed to be due to liver damage (3Jmith, Wearner &
Brinkhouse - 1957)., ‘The actual experimental study of the role of the
liver in the formation of prothrombin - or rather of clotting factors as
a wiole - started in 1938 by Varner who found that after partial hepatectomy -
in rats there was a reduction of prothrombin level, the minimum level being
on the sixth day after hepatectomy and on the tenth day of operation pro-
thrombin level again returned to normal. Being encouraged by their results,
Warmen and Hhodes (1939) found that, after total hepeatectomy on the dog,
an imrediate reduction of prothrombin level took place. The works of Lord
and colleagues (1939, 194C), Munro, Hart and Munro (1945), Mann, Shonyo and
Mann (1951), and of Alagille (1954, 1956) supported this view and it was
definitely established that the liver is the site of origin of clotting
factors.

Because of the fact thnt the prothrombin in the elsctrophoretic field
moves with the globulin rather than the albunin, it has been assumed in

recent years that, like globulin, prothrombin might also have botn intra
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and extra hepatic origin. The idea that the yrothrombin :ight be of
extra hepatic origin dated beck to 1vYl€ when Jrinker and Urinker, after
doin; a perfusion through bone marrow, observed an increase in the activity
of prothrombin and they concluded that bone marrow was the site of origin
of prothrombin. In more recent times it hes also been shown that neither
the liver nor the bone marrow wlone but the reticulo-endothelial system as
a whole is the site for protnrombin synthesis (Heppich and Schnid - 1948,
Schinid « 1961, Jurgen « 1952,. 'here is a direct relationship between
the reticulo-endothelial hyperplasia in bone marrow and prothrombin activity
(Milletti and Ui-Paolo = 1951), but Ueutsch (1955) neither contradictine
nor supporting their viexs, and pointed out that tissue factor inevitably
contaminates the bone-marrow samples while puncturing &nd thus changes
the stability of coagulation mixture and hence the conclusion that activity
of plasma prothrombin is directly related to hyperplasia of bone marrow
could not be accepted in the strictest sense. sldtas (1Y58), by blocking
the reticuloeendothelial system concluded that blockage of this system
markedly depressed the prothrombin and proconvertin restoring action of
Vitamin K in dicumarol-treated rats. Liver is the chief organ of the
reticulo=endothelial syste of the body and so if reticuloeendothelial
system be taken as the site {or prothrombin synthesis, the liver in that
case also 1s the major site of prothrombin synthesis.

lasch and ‘toka (1953, demonstrated that the mitochondrial suspension
obtained from tne rat liver was capable of increasing its prothrombin

content when the mitochondrial suspension was incubated in veronal buffer
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with the sodium oxalate, and synkavit (Vitemin X) at 37°C at pi 7.9
(optimum) in an atmos here of oxygen and carbon dioxide. The increase
activity of jrothrombin hss been assayed by the usual method of Owren one=~
stage coagulation time. From their experimenﬁkl data, they sugre:ted

that proconvertin (Factor VII) is formed by the liver cells and before

being released into the general cireculation it is converted to prothrombin
in the liver and prothrombin thus formed is then circulated in the blood
and'a reversible process, i.e. conversion of prothrombin into Factor V;I,
takes place in the peripheral blood. Alkjaersig and Geegers (1955), contra:
to the hypothesis of Lasch and iloka, observed no additional formation of
prothrombin when mitochondrial suspension is adied to a purified jrothrombin
solution but they observed that autoprothrombin, whether derived from
purified prothrombin or from serum, can be converted to prothrombin by

means of liver mitochondria. Durmhart (1957) observed that, by addition

of cathepsin or a mitochondrial suspension at p 7.9, the activity of

the inactive protnrombin wae regained and that both substances under similar
conditions behaved almost in the identical way. o_he discarded the theory
of an oxidative mechaniam located in the mitochondria as the process for
reactivation of the inaclive prothrombin and sug ested that any of the
following mechanism migzht occur, namely (a) exposure.of 8 group substance
which had been covered, (b) folding of the molecule, (c) a polymerisation
reaction with or without transamidation, (d) a substitution reaction and

(e) cleavage or hytrolysis of inactive prothrombin to thrombin might be

responsible for the activation mechanism. The assessment of prothrombin
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activity was done by both the group of workers by the modified two-stage
methods of coazuluation of blood. “hether it is one-stage or modified-
tro~stage method which is used, all the techniques in mein do study a series
of reactions rather than absoclute concentrations of substances and hence

the coagulation tiwe is a compound of various phenomena including different
preliminary reactions such as contact with forei n surfaces, formation of
throsboplastin, conversion of prothrombin to thrombin and finally clotting
(Biggs = 1965). It may be mentioned here that vhen jpurified prothrombin

is incubated with 25 p.c. sodiun citrate, activation cccurs (Seegers et al -
1950 and they proposed that activation of prothrombip thus involved s
stepwise proteolytic degradation throuéh a cycle of prothrombin derivatives.
Parnhart (1960, recently observed that the regeneration of orothrombin-like
activity by cathepsin B and by mitochondria was uneble to form a clot of
thrombin and so she concluded that most likely a substance with a smaller
molecule is regenerated; her suggestion was based on the finding of pro-
thrombin derivative-I of Leegers and Alkjeersig (1958), as evidence of auto=
activation. [fool and ‘obinson (1959) studied the synthesis of coagulation
factors by liver slices using the conditions of Feters and Anfinsen (1950)
and were able to demonstrate the synthesis of Factor VII (precursor of
prothrombin) in the tissues until a meximum was reached. This did not
occur in liver homogenates. lecause of the importance of this plasma prote
and at the same time uncertainty of its origin the aim of the present study
has been to investigate the site of its synthesis in the subcellular structu
and also to explore the mechanism of synthesis of this important plasma
protein, follows conditions used to study the synthesis of other plasma

proteins.
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MATERIAL AND METHODS

Measurement of rrothrombin

fhere are two methods for the measurement of prothrombin - the one
stage method initially described by Juick (1935) and the two stage method
of %arner, Brinkhouse and Smith (1926). In the two stage method, thrombin
is formed from prothrombin and at invervals the formed thrombin is trans-
ferred to a standard solution of fibrinogen and the time taken for the firm
clot to form is recorded; the minimum time for firm clot formation is
taken when there is maximunm amount of thromtin formution, i.e. when all
the prothrombin is converted to thrombin. The one stage method measures
the effects of the amount of thrombin formed, the speed of its form:tion
and the reactivity of the fibrinogen. The advantage of the one stage
method over the two stage method is not its accuracy; in the latter it
may be necessary to measure the clotting time 5 to 6 times for a single
coayulation time whereas in the one stage method & single measurement is
sufficient. As in the two stage method, when prothrombin is measured by
the one stage method with different dilution of prothrombin, a hypertolic
curve is obtained which can be converted to a straight line by plotting
the reciprocal of the prothrombin concentration against the clotting time.

The original one stage metnod has been modified by Owren. Lven then
the effect of heparin,and anti-thrombin present in the plaama could not
be overcome and so Allington (1958) introduced a second dilution and thus
the effect of heparin in coagulation is greatly reduced. o carry out

Allington's one stage method for the measurement of the prothrombin the
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following reagents are necCessaryi=-

1)

(2)

\4)

(9)

Cwren's buffer-pli 7,35, fhis is prepared by dissolving

5.878 gm. of sodium diethyl barbiturate and 7.335 gm. of
sodium chloride in distilled water to which 210 ml. of

Ue.l N HCl added and the final volume is made up to 100U ml.
with distilled water.

vitrate solution. 'nis is prepered by dissolving 1.3 gm.

trisodium citrate (dehydrated, in distilled water from
which 240 ml. is diluted further to 1C0C ml. with distilled
water to give 26.6 m! trisodium citrate.

First dilutin solution is made by diluting 100 ml. of &.13.

trisodium citrate with ..9. sodtum c¢hloride and the final
volume is made up to 700 ml.

Second diluting fluid is made with 200 ml. of OUwren's buffer,

200 ml. of 25.6 m¥ trisodium citrate and 60C ml. of U.9
sodium chloride.

ireparation of Fibrinogen from Bovine plasma. For the

removal of prothrombin ty adsorption, the bovine plasma is
treated with citrate-washed barium sulphate. The citrate-
washel _ariu. sulphete is prepared according to Biggs (1957)
by suspending an! resuspending the barium sulphate in

0,008 ¥ trisodium citrate. The barium sulphate is

thus prepared to get rid of the fine particles of bLarium

sulphate which coul ' not be sedimented at 2000 r.p.m.
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The ox blood was collected in the slaughter house with
3.5 potassium oxalate as the anticoagulant as suggested
originally, but we have observed that Ty using potassium
oxalate in agueous solution the blood is hemolysed and

80 the calculated amount of potassium oxalate in the
proportion of 1:9 1s used in the powder form. Ilasma

is collected by centrifuying at 2000 r.p. . at 0% and

to each 100 ml. of plasma 2 gm. of citrste-washed barium
sulrhate as prepared above is added, the barium sulphate
plasma suspension is gently agitated for 15 to 20 minutes,
barium sulphate is removed by centrifuging at 2000 r.p.m.
at 09C. A second adsorption with barium sulphate is
performed and then the plasma is tested by the one stage
method by addition of a mixture in equal parts of adsorbed
plasma, brain extract and calcium chloride. If the
clotting takes place before 30 minutes, that shows the
plasma is not free from protnroﬁbin and a third treatment
with bariua sulphate is done and the plasma is tested again.
The adsorbed plasma is then stored in small cuantities

in universal containers with metallic screw caps at =129,

ireparation of thromboplastin. Thromboplastin is

prepared from fresh human brain collected from the hospital.
The brain is freed ol all blood vessels and membranes and

mixed up witn 150C ml, of U.9. sodium chloride and an
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emulsion is made with an Atomix blender. The emulsion
is then centrifuged at 2000 r.p.m. at 0% for § hour

and the supernatant is collected. The supernatant with
varying dilutions, namely 1:1, 1:2, 1:4, 1:8 with 0.9
sodium chloride, is tested for the shortest clotting time
by the one stage method and the supernatant then diluted
to that dilution which gives the shortest clotting time.
~“ome authors have recorded delayed clotting with 1:1
dilutions, but in our preparations it has been observed
that 1:1 dilution gives the shortest clotting time, as

shown in Table III,

Table III

Clotting time with various dilutions of the thromboplastin

Dilution Clotting time
1:1 10 seconds
1:2 20 seconds
1l:4 22 seconds
1:8 28 seconds

Finally Owren's bufier of 10. volume is added to the diluted thromboplastin
and stored unier the same conditions as the prothrombin-free plasma.
It must be mentioned here that the fibrinogen solution and the

thromboplastin preparation is never used after two months' storage and
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for daily requirement appropriate amounts of both are taken out from the
frozen state. The amount that is left after each day's work is not used
but is discarded.

apparatus for measuring prothrombin: In the other fields of biochemistry

laboratory methods have been extensively developed; for the measurement

of coagulation there is no precise instrument to determine the end point
of the clotting. Ieople working in this field used to tilt the tube this
and that wuy and the period is thus recorded when after tilting the licuid
does not move, indicating formation of a firm clot. To overcome this
difficulty we have devised a simple arrangement as shown in Fig. 1. To
an ordinary reagent bottle of about & litre capacity (E) is fitted one
T=tube and a second open-ended glass tube. The stem of the T-tube goes
almost to the bottom of the reagent bottle which is nearly half-filled
with weter, One limb of the T-tube is connected to a hand bellows and

the other limb to a syringe needle by means of rubber tubing. The tip

of the needle is slightly bent upwards like a fish-hook. By adjusting
the screws on both sides of the T-tube a constant pressure can be maintained
inside the bottle (E). The other parts of the ajpparatus are (i) a
chromatographic tank filled up with water, the temperature of water is

kept at 37°C with the thermostat (b), (ii) a table lamp (D) benind the
chromatographic tank, (iii) a wooden bar running across the tank and fitted
with & thermometer (B) and some terry-cliips for holding small tubes.

The tube (C) with 0.5 ml. of plasma, 0.5 ml. of thromboplastin and 0.5 ml.

of fibrinogen is incubated for 3 minutes to raise its temperature to that
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Apparatus for measurine nrothromhin famnos st e 48
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of the bath. VWhile waiting during the incubating period, a constant
pressure in the bottle is produced by pressing on the hand bellows so
that ismmediately after addition of 0,5 ml. of 1/80 M calcium chloride

at the end of the period, the needle can be put into the tube (C). The
air bubbles come through the needle at a constant rate. ‘hen the process
of coagulation reaches its end point the air bubble is arrested by the
firw coagulation. The time taken from the addition of calcium chloride
to the arrest of air bubble is the coagulation time. This device gives
such a precise end point that one can Judge the time to the fraction of
& second. The air bubble not only gives the end point but it also helps
in mixing the samples in the tube. The reproducibility of the method is

seen from the results tabulated in Table IV.

Table IV
reproducibility of coagulation time by one stage method with

varying strengths of prothrombin.

= trength Coagulation time in Lec.
1005 35, 35, 353 36

50 48, 48, 47

20, 71, 72

105 90, 90

The 100. prothrombin is made by diluting the plasma in the first diluting
fluid only and the subsequent strength of prothrombin is prepared by

diluting the 100,. prothrombin in varyin; proportion of second diluting

fluid.
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This device was originally used for our study in one stage method
only but it can be used for the twoestage measurement of jrothrombin.
After we developed this device a description for an automatic time
recorder was published by Toohey and Cook (1960). The main principle
behind their device is to some extent simdlar to ours - when there is firm
clot formation the continuity of the electric circuit is broken and thus
the automatic time recorder storps.

Uilution curve: For the measurement of prothrombin unit in terms of per

cent of normal strength a dilution curve as shown in Fig. £ is prepared
with diff'erent strength of prothrombin with 1/50 i calcium ohloride. From
this dilution curve using the formula

Yy=bx +a
the prothrosbin unit in the suspeniicn of the different fractions of liver
cells is calculated. Like Allington we have also found that 1/30 M calcium
chloride is the optimum strength and hence calcium chloride of that strength
has been used throughout this investigation,

stimation of irotein: . rotein of the different fractions in suspensions

have been determined after Lowry et al (1951) by diluting the mitochondrial
the microsomal (heavy and light) auspensions 1:40 and cell sap 1:100.

itrothrombin sctivity: In this study the prothrowvbin unit has been expressed

es follows in relation to proteinie

Units of prothrombin im U.5 ml. suspension calculated from the dilution curve

mgm of protein per U.5 ml. of the suspension.

snimals: Male albino rats weighing between 200 - 250 gm. of the Departmental
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The effect of different concentrations of calcium chloride

has been also demonstrated.
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stock has been used throughout this investigation. The rats were fed
on the usual stock diet.

sreparation of Homogenate and isolation of Fractions: The rat is killed

by striking it on the head, the liver is exposed immediately and removed
from the body an: washed with ice cold 0.25 ¥ sucrose solution, then put
in between two sheets of filter paper and thus the sucrose solution is
removed from the liver. The liver is tnen weighed and transferred to a
beaker in ice. It is then chopped with ice cold 0.45 ¥ sucrose solution
and finally homogenised with 0.25 M sucrose solution, using a total volume
of 2,5 times the wet weight of liver, in a lotter-Elvenhjem homogenizer
equipped with a plastic pestle by 8 « 10 up and down strokes. The
homogenization is carried out in ice.

The homogemate is centrifuged and different fractions are isolated
as shown in the flow sheet(Fig. 3).

A1l centrifugations nave been carried out at 0“C, the final one being
performed in a preparative Spinco and the rest in the MSE refrigerated
centrifuge. ‘e have separated the cytoplasm into (a2, mitochondria
(6,900 g x 10 min), (b) & heavy microsomes fraction ( 18,000 g x 1 hour),
(c) a light microsome fraction (105,000 g x 1 hour) and (d) cell sap, the
supernatant remaining from the last spin. The hecavy microsom:s deposit
at the bottom of the centrifuge tube as bright reddish sediment covered
with fluffy layer which have also been included as the heavy microsomes.

ireparation of medium: The medium for the incubation of the different

fractions is composed of:-
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Fig. 3

Scheme for preparation of different fractions of liver cell.

Liver homogenate

centrifuged
for 5 min. at
500 x g.
sediment uuﬂzrnatant
(unbroken cells and
nuclei « discarded) centrifuged for
10 minutes at
6,300 x g
o
Supernatant cediment
(itochondria)
centrifuged
for 1 hr. at
18,000 x g.
¥ —
: Sediment Suprernatant
(heavy microsomes)
centrifuged for 1 hr. at 105,000 x g.
¥ ¥
Sediment Supernatant

(light microsomes) (cell sap)
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NaCl = 04127 i, kel = 0,047 ¥, EHgOl - 0,0012 ¥, ¥g S0 (7g0) - 0.0012 ¥,

NaHCOy = 0.025 M, # 6.9,

RIESULTS
First we stuilied conditions which eventually led to evidence of
prothrombin formation.

Lelection of mediun for incubation: lLasch & koka (1918, incubated their

mitochonirisl suspension in veronal buffer and obtained activity at an
optimum pil of 7.9. To minimise the effect of calcium ions present in
liver they added sodium oxalate to the incubation media, though later
lernhart observed that the presence o1 calcium in traces in the incubating
media acceleratedthe initial reaction in prothrombin regensration by
mitochondria. lool & Xobinson (13999, on the other hanl incubated liver
slices in ieters & .nfinsen (1950) medium and olserve. the formation of
proconvertin in an alkaline medium. ‘e incubated liver alices in  eters'
medium and the subcellular particles both in :eters' medium over a different
pil range and in veronal buffer (pi 7.9) and observed that, when the liver
elices were incubated in .eteras( medium at 37°C in an atmosphere of
UgiG0g (95:5.) with constant shaking for periods up to 3 hours, there was
practically no increase in prothrombin activity. GSubcellular particles
in veronal buffer behaved in the same way, as seen in Fig. 4; but when
these particles were incubated in .eters' medium there was some increase
in prothrombin activity in the first hour, then the activity dropped due
to a change of il of the mediuan. The results obtained from a i range

of 7 - 8.5 has been tabulated in Table V. ‘e then tried with urebs-iingers
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Figs. IV and V

Mitochondria and microsomes of rat liver incubated in Peters
and Anfinsen's (1950) media, and in veronal buffer (pH 7.9)

@ 5% & Peters and Anfinsen's media.

% —~~ -~ X--~-X veronal buffer.
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Table V

Effect of varying pl of the incubating media (1eters & .nfinsen)

rFrothrombin Activiﬁx in Unit

Incubation .eriod in Hours

o 0 1 2 s
7.0 1.9 1.5 1.4 1.4
7.5 R e 1.3 1.9 -
8,0 1.0 1.4 1.8 1.1
8.5 1.7 1.4 1.5 1.0

(The heavy microsomal suspension was incubated with Feters and Anfinsen
medium up to a period of 3 hours in an atmosphere of %002 at 37°C

with constant shaking).
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bicarbonate solution with the omisaion of calcium chloride, as it has been
pointed out that the presence of celcium chloride in the medium is neceasary
only for the utilization of glucose (reters - 1950), moreover, calcium
chloride interferes with the estimation of prothrombin by starting coagulatic
before ine calcium is added in its eatimetion., At pl 7. there is some
increase in activity of prothrombin up to % hours of incubation as shown

in rig, Vi. From the figure it is clear that in the i range between

6.5 = 7.0 the increase activity of mrothrombin is sustained for a longer
period and so the fractions of the liver have been incubated in the modified
Krebs~iiinger's bicarbonate solution at a pi 6.9 in the conical flasks in

an atnosphere of 02:C0g (85:85.). The freshly prepared particles were
suspended in a solution of 0.25 ¥ sucrose solution (volure 1.5 x weight of
the wet liver taken). To obtain a uniform suspension, the particles in
the sucrose solution are transferred to tne homogeniser tube and at a very
low speed the peatle is moved up and down 2 - & times., To the suspenaion
one modified Xrebs~iinger's bicarbonate medium (volume 1 x original weight
of wet liver, has been nl'ed. Into eech incubation flasx, a total volune
of 4 mi. of the final suspension was taken.

Reaction: Lasch and Hokas (1953) observed that H 7.9 was the optimum pH

for prothrombin formetion when they incubated mitochoniria for activation
of prothrombin. Alkjaersig and Jeegers (1955, also maintained the same

pil for the formation of prothrombin for autoprothrombin with the addition
of mitochondria. Barmhart (13{7, demonstrated that at pi 7.9 there was

activity regeneration of prothrombin but with lowering of pll the rate of
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prothrombin formation increased and he maintained that the optinum pil

at which to study protnrombin formation is 7.5; below pi 7.0 there is
loss of some activity of prothrombin. Cur samples have been incubated
at il 6.9 and we have, &8s pointed out before, observed that between pi 6.5
to 7.0 the formation of prothrombin activity lasted for a longer time
(Fig. VI). The former group of workers have incubated the sanples for
a period of 1 hour only and we have also mnoticed that for that period of
incubation il 7.5 is best, but for the longer period of incubation a pii
range between 6.5 to 7.0 is the best; at pii 6.0 there is only a very
slight increase in activity and it has been observed that an extreme of
either acid or alkalin: reaction clumping of the jarticles occurs after
1l hour incubation period.

Activity associeted with different fructioms: Having found activity with

the modified Krebs medium, we examined different cell fractions. From
Table VI it is evident that in the first hour of incubation there was no
significant increase in activity of prothrombin in the mitochondrial
suspension, but some increase in activity was observed at the second hour.
"rom the very beginning of incubation the heavy and the light microsomal
suspension showedi aynthesis of prothrombin, the effect being more marked
in the case of heavy microsomes and after t o hours' incubation period

the synthesis is more or less a steady one. In the cell sa , prothrombin

concentration declines during incubation,
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Fig. VI
Effect of incubation of heavy microsomes in
different p of modified Krebs-Ringers bicarbonate

solution on prothrombin formation.
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Table VI
Synthesis of Irothrombin by the different fractions of the liver cell
incubated in C.Z5 M sucrose + modified Krebs-iiingers bicarbonate solution

at p 6.9 at 37V with constant shaking.

rrothrombin Upits/mgm of irotein

Samples Incubation .seriod in hours
0 1 2 3
“itochondria
lean 5,37 3.76 4.66 : 3.68
el 1.10 1.15 Ce 60 O.94
=t. error V.64 0,68 0,36 Ue58

Heavy %;proaomea

lean S 70 5.07 8.10 8.80
;Jl .. U.47 u.zl 0.87 l.oc
St. error Ue28 Ol C.81 CebP

Light llicrosomes

iean 2.77 3.80 4.48 4.47
Sede C.76 0.82 UeS7 .64
<t. error 0.45 C.48 0.5 UeS7
Cell Sap

Mdean 1.00 0. 77 o738 0.70
Sells .58 ved?7 Jedd Ued4
St. error C.32 0.28 0. 26 Ce26

(The result is the average of 8 experiments with a single rat in each).
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Lffect of incubation in nitrogen: For the synthesis of proteins in vitro

by liver slices, an atmosphere of oxygen is essential. Lasch and Koka
(19583) incubated mitochondria both in 0g:C0g and Ng:iCOg atmosphore and

found that in both instances there was an increase of prothrombin activity,
though synthesis was more pronounced in UgiCOg atmosphere. fhe effect

of two different atmospheres has been tried by us. 1In one set of conical
flasks, the suspension of heavy microsomes was taken under the same conditior
as described before ani gassed with 0giCOg for about ; minute, and the

other set were gassed with NgiCOg for the same period of time; all the
‘flasks were then incubated at 37°C with constant sheking, and uvrothrombin
measured at different time intervals. The resulis are tebulated in

Teble VII. ‘he results showed that, up to the end of the second hour

of incubation there is no significant difference between the two samples

but there is a highly significant difference between the two samples when
are incubated for a 3ehour period. Gtefanini (1949) studied the effect

of ultrafiltration and carbon dioxide on the antithrombin activity of fresh
and stored human plasma, and noticed that, when thrombin plaswa mixture

is incubated in an atmosphere of COg, Og and Ny, the clotting times in the
first two minutes in all three samples were almost ecgual, whereas during

the tnird minute of incubation the clotting time in the Ny atmosphere was
almost double that of the other two. This delayed effect of Ng might expla:
the difference of prothrombin content in the lust hour of incubation between
the two different atmospheres. 1t might also be due to effects of oxygen

lack on microsome integrity.
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Table VII
Effect of oxygen and nitrogen atmosvhere on the synthesis of prothrombin.
Conditions for incubation have been described in the text (mean data

from three experiments).

Irothrombin Units/mgm of [rotein

Sample Incubation .eriod in Hours
0 p 2 3

023002

lean 2.70 5.55 6.35 6465
Sedds Q. 52 UeB4 CelB 0,07
bt. error Q.30 Ued7 0.09 C.04
N2;002

lean S 08 4,95 5.70 3.90
Selle 0.35 0,38 0.71 Q.14

St. error Vel .21 U.dl L eU8
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Effect of Ni': FPool and Robinson (1859) observed in liver slices that

with the addition of dinitrophenocl to the incubation medium there was
inhibition of the synthesis of prothrombin and Factor VII and suggested

that the mechanism of prothrombin synthesis by the liver slice might involve
oxidative phosphorylation. It is known that the mitochondrial particles
are associanted with engymes that promote oxidative hosphorylution and that
dinitrophenol inhibits the jrocess.

To test the action of dinitrophenol on the prothrombin activity
associated with microsomes of the liver we designed the following experiment.
The same heavy microsomal suspension was teken in two sets of conical flasks.
To one set we added C.,2 ml. of 0,25 N sucrose solution, the pl of which
had been previously adjusted to 6.9 and this was regarded ss the control
series. To the other set 0.2 ml. of dinitrophenol (3 x 10™% i1, pd 6.9)
was added and incubated as before and the amount of prothrombin units measure
at different time intervals. The results are shown in Figure VII. It
is clear that there is no significant difference of prothrombin synthesis
in both the groups up to the end of 2 hours incubation period, but again
at the third hour the microsomal suspension incubated with the dinitrophenol
showed a marked inhibition of prothrombin synthesis, the cause of which

cannot be explained.

Cffect of disintegration of the microsomal particles: Douglas and Munro

(1958) have shown that there is an apparent increase of the amylase content
of the different cell fractions of the pigeon pancreas following treatment

with ballotini beads, the marked and significant increase being in the
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Fig. VII
Effect of dinitrophenol:- 0.2 ml. of dinitrophenol
(& x i M, pH 6.9) was added to the system and
incubated under the same experimental conditions as the

control.
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microsomal (heavy microsomes) fractions. This suzgests that inactive
amylase is present in the interior of the vesicles and when the vesicles
disintegrate the pre-existing awsylase is released. The increase in
activity of prothromvin in the microsomal particles might also be the only
release of the preformed protein, especially since the synthesis of proe
thrombin occurs without any addition of energy source or any exogenous amino-
acids. To test this 2 ml. of the microsomal suspension adjuste’ to pl 6
was taken in a 5 ml, universal container and 1 ml. of fine glass beads
(Ballotini No. 1%, English Glass Co., Leicester) was added. The container
was covered with ice and attached to a Nelco-micro blendor. The blendor
was then run at full speed for 2 minutes, then allowed to stand to permit
settling oi the glass beads. The supernatant was taken and incubated under
the same conditions laid before and prothrombin is measured. The control
group was untreated. In another set of experiments a portion of the
incubated sample (control group, was taken out and treated with the
ballotini beads and prothrombin was then measured. The results have
been tabulated in Table VIII and in Fig. VIII.

From the tabulated results and also from the figure it is clear
that there is no difference in initiel prothrombin activity between the
control ani the test groups. In the test grou; (suspension first treated
with ballotini beads and incubated thereafter) the activity failed to rise
significantly and there was a considerable difference from the control
series from the second hour onwards, but in the other group where the

suspension was treated with bellotini beads after incubation there was no
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Fig. VIII
Effect of disintegration:- The heavy microsomes

were incubated and then disintegrated with ballotini
beads ( ‘ ), and by ultrasonic vibration
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such difference between the control and the test group (Fig. VIII).

The lowering ol activity in the first test group after 1 hour of incubation
may be due to alteration of pi of the suspension; when disintesrated with
ballotini beads, the suspension became slightl& alkaline. ‘hatever might
be the reason for the fall it is certain that there is no release of
prothrombin bound to the microsomal vesicles, otherwlise there would have
been a higher wvalue of prothrombin from the beginning.

For further confirmation the microsomal suspension in another series
of experiments was disintegrated by ultrasonic vibrations and in that case
also no difference of prothrombin activity has been noticed from the control
group (Fig. VIII,.

This experiment also suggests that the increased activity of prothrombin
is not due to contact of the protnrorbin with the glass surface of the
incubating flasks as it has been suggested that contact with glass or a
rough surface accelerates the conversion of prothrombin to thrombin
(WVaaler - 1958).

“ffect of extra energy supuly to the system: although the use of

nitrogen and of dinitrophenol did not show any imnmediate effect of deleting
oxygen sup ly on prothrombin formation, we thought it advisable to determine
whether addition of ATY and ‘A Dr to the medium might provoke an increased
rate of synthesis. “hen the system is incubated with an added supply of
all” we did not notice any more synthesis of prothrombin tham the control
group which is incubated without any supply of ATi. (lable IX). Straub

and others (1961) have demonstrated the synthesis of amylase with amounts
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Table VIII
Effect of disintegration of the microsomal particle on the synthesis of
prothrombin. The conditions for incubation and disintegration have
been describe: in the text. The result is the average of three

experiments = one rat in each.

frothrombin Units/mgn of Frotein

Samples Incubation l'eriod in Hours
¢ 0 1 2 S
Control:
Mean 3.03 5467 6.40 7.10
Sl 0487 Ce49 0610 Ue 90
=te error Ced9 0.29 0.06 0e 53

Test (suspension treated with ballotini ani then incubated)
lean 5427 4,50 3«87 2,59
Dedde 0095 1025 U-76 w.l5

st. error 0.54 0.72 Jekd V.09
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of ATH in the system as high as 50 umole in the incubation medium. le
therefore thought that the concentration of ATI as high as only 1.5 microe
mole per ml. might not be sufficient to stimulate an increased synthesis
of prothrombin, and in another set of experiments where the system was
incubated with ATI as high as 15 micromoles per mi., no extra synthesis
of prothrombin was observed (Table X); rather, towards the later period
of incubation the higher concentrations imhibited formation and there

was a tendency for destruction of prothrombin te occur, as shown in

lable X.

Clark, Goodlad, Chisholm and Munro (1960) have demonstrated that
there is an increased content of ATI in rat liver after feeding with
carbohydrate. Experiments were, therefore, carried out in which the
rats were fed with 3 grams of glucose at 2 hours prier to killing, As
shown in Table XI, there was an increased synthesis of prothrombin as a
result of this pre-feeding treatment. The microsomal particles are known
not to have the capacity to use carbohydrate in vitro and so we have not

tried to see if there was any effect of addition of glucose to the system.

Uxidative phosphorylation and prothrombin synthesis: In the
study of the incorporation of labelled amino-acids into the protein in

mitochondrial systems it was observed that the addition of DiN (new

nomenclature NAD) or DiN and ATi stimulated incorporation (Roodyn, Reis

and Work =1960, 1961). Glock et al (1957) have determined the total
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amount of &N, [x NH (new nomenclature Nidlg), T-N and TrNd (new nomenclature
NiDl end NaliHg respectively) in the normal liver tissue, respectively
598 + 10, 182 + 8, 7 + 1 and 217 + 5 pgma per gram of liver tissue.
The addition of eguivalent amounts of these mucleotides to the incubating
mixture used by us did not stimulate the formation of prothrombin
activities as seen from the results presented in Tuble XII and Table XIII,
lather, it has been observed that in the groups where UIN or T:N has
been added alone or along with AT, the synthesis of prothrombin is
much less than in the control flasks prepared from the same livers.
DyNH was much less inhibitory (Table XII) and TiNi seemed not to affect
formation at all (Iable XIII;.

Since some proteolytic enzymes (trypsin and papain) can convert
prothrombin to thrombin (Alexander - 1958), the amount of protein in
the microsomes was exanined during incubation under our conditions.

The extent of protein loss was small (Table XIV).
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Table IX

Effect of addition of Al and ... to the system on protarombin formation

by heavy microsomes. (Verying amounts of AT. and U were dissolved in

KiBsg@olution and the i was adjusted to 7.0 before adding to the system.

in
IThe microsomal suspension in 0.20 M sucrose incubated modified {iB solution
at 37% in an atmosphere of 09:C0g (95:5:) for I hrs. At the end of 1y hrs.

a fresh amount of ATI and AD! solution was added to each flask to compensate

for loss of AT/ and AL during incubation);

Concentration rFrothrombin Units/meg. ‘rotein
in pmoles per
Sample mle incubation Incubation . eriod in Hours
mediun
0 1 2 3
Gontrol ¢] 1.25 2420 3.00 320
+ AP 0:8 4.9 L0 1.80 2+ 90 2,40
1.0 1.13 1.90 2.50 1.90
1ed 1l.4%5 2440 Se15 10
+ ADL OUsd 1.20 1.98 2.75 2.%
18 1,80 2.22 2.90 2.60

The results are the average data of two experiments.
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Table X

Effect of nigher concentration of ATL and AU on prothrombin formation

by heavy microsomes. (is before, the ATL and AU, were made in a solution

of K18 and the pi 'was adjusted to 7.0. Varying concentrations of AlY
and AlLr were added to the system at the beginning of the experiment and
at the middle of the 3e«hr. incubation period. The system was incubated

as before. The results were obtained in one experiment).

Concentration irothrombin Units/mg. Frotein
in pmoles per
Sample ml. incubation Incubation seriod in Hours
medium
O 1 2 )
Control 0 0«70 1.60 2,3C 250
+ ATF 2 0.60 1.20 1.90 2,50
4 0.60 1.50 1:10 0.80
8 \“070 0060 U.GO 0060

15 C.60 U.60 050 0.30
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Table XI

sffect of feeding the rats with glucose before killing on prothrombin

formetion by heavy microsomes. (Kkats fasted overnight were given 3 gm.

glucose and killed 2 hrs. later; control animels were kept fasting.
The conditions of incubation of the heavy microsomes fraction were as

before. 'he results are the average data from three experiments,.

wample Incubation reriod in Hours

0 1 2 S

rYrothrombin Units/mg. Irotein

Control:
Mean UeB3 1.50 1,93 Z4e953
8.0, 0429 Q.34 0440 Ve 50
St. error 0,13 Cel9 0.23 0.29
Test:
llean 0+90 2,00 3427 4.20
SeDe 0.26 .54 0,51 Q.40

=t., error 02120 Qe 20 0.18 0.23




Sffect of AN and U.NH to the incubating system on prothrombin formation
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Table XII1

by heavy microsomes.

dissolved in KKB solution and the il was approximately adjusted with

(DiN and D:NH in varying concentrations were

indication paper to 7.0 and then added to the incubating mixture.

The system was incubated in I solution at 37° in an atmosphere of

0giC0g (95:5.) for 8 hrs. with constant shaking,

the average data of two experiments).

'he results are

Concentration Incubation ieriod in Hours
in micromoles
Sample per ml, of
incubation
mixture
¢} 1 2 3
) Frothrombin Units/mg. irotein
Control 0 1.60 5.08 4.20 4455
+ DN 0.5 l.45 2:18 2,30 220
1.0 1.55 2025 2.40 2050
1.6 1.80 2,30 2.38 2+15
+ JFNA Ced 1.50 2:15 2.80 3.10
"Qed 1+45 2.15 2.85 S«20
120 1.60 2,25 2.75 305
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Table XIII

Lffect of TiN and Ti:NH on crothrombin formation by heavy microsomes.

({i'N and Ti'N{ in varying concentra.ions in KRB solution, adjusted to
pl 7.0, were added to the incubation mixture. 'he system was incubated
in K88 solution at 37° in an atmosphere of 0:C0 (8535, ) for 3 hrs. with

constant shaxking. The, results are the average data of two experiments).

Concentration Incubation .eriod in Hours
in microsoles
System per ml. of
incubation
mixture
0 1 2 bs)

Frothrombin Units/mg. rrotein

vontrol none 1.05 1.90 2,70 310
+« TrN Ue 001 C.95 2,00 2.70 2,65
+ 1IN 0,005 1.06 2.05 2.70 Ze4D
+ TiN 0,010 1.10 2,15 2,85 2.75
+ TrMH C.250 1.05 2.10 2490 3.60
+ TINd Ce SO0 Ce9d 1.85 2,50 305

vontrol~ none 1.20 1.70 2,70 Se 2

* TEN « ATF* 0,010 (TiN) 1.20 1.80 2,20 2.30

+ 1.50 (ATP)
« TITH « ATP* 0.250 (TPNH) 1.00 2,00 2.20 1.9C

+ 1.50 (ATY)

¥ Result of one experiment only.
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Table XIV
Yrotein content in pgm per UO.0 ml: of the heavy microsomal suspension
at different incubation perieds. (.9 ml, of the suspension drawn
from the incubating flask is diluted 1:40 and 1 wml. of this diluted
solution is taken for the estimation of protein by lLowry's method.

The result is the average of estimations on eight different samples.

Frotein in pegm per CU.5 ml. suspension

Incubation .eriod in Hours

0 1 2 3
Mean 1378.0 1318.0 1379.0 1%25.0
Sele 204.8 142.2 200.6 175.7

st. error 78:1 50,0 71.6 62.7
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DISCUSSION

The results presented here definitely indicate that when the different
fractions of liver cells are incubated in the conditions described in the
experimentel section, the capacity to form prothrombin is associated with
the uicrosomes and notably with the heavy microsomes.

;o0l and Hobinson (1959) observes a net increase of Factor VII on
incubation of liver slices; about 80 of this increase was in the tisaues
and 20U, in the incubation medium. A muen smaller guantity of ~rotnrombin
was formed in the tissues and none appeared in the medium. In contrast
to lasch and =oxa (1955) they failed tu obtain any evidence of synthesis
of Factor VII and prothrombin by mitochondria, and hence supgested that
intact cells were necessary for the synthesis of Factor VII. fheir findings
regarding the failure of synthesis of Factor Vil and prothronbin by
mitochondria corresponds to our findincs but we do not believe that intact
cells are necessary for prothrombin synthesis as we observed a considerable
increase of protarombin activity on incubation of the heavy microsomes
under our conditions.

rool and ‘obinson (1359 further noticed innibition of synthesis by
the liver slices on addition ol sodium cyanide, dinitrophenol, chloroform,
dicumarol, or tromexan to the wmedium, when kept in the cold, or when
incubated in an atmosphere of nitrogen, and they suggested that the whole
process is energy=dependent, requiring oxidative-phosphorylation, and
probably vitamin K dependent. ‘ur finding that the system is not affected

by addition of metabolic inhibitor like dinitrophenol (& x 10™%, i 6.9)
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to the incubation medium (Fig. 7) indicates that increased activity in our
cell free system is not energy-dependent nor dependent on oxidativee
rhosphorylation. The resultis showing that there is no effect on formtion
of grothrombin by addition of NAiJ, NilHg, NADF, NiliHg to the incubation
mediun further supports the view that the process is not one of oxidative
vhosphorylation. Similar observations have been obtained by Nisman (1958)
in the study of incorjoration of activation of anino-acids by the disrupted
protoplasts of L. goli where' the addition of ATY and diphosghate nucleotide
to the incubation flasks did not increase incorporation. In our study
also the system has been incubated in the same conditions and our observation
are also similar to his findinus. e have further observed tnat addition
of an energy source (AT: or ADi) to the incubation medium did not increase
the activity of prothrombin though an energy-generating system is known
to be essential for the synthesis of other proteins by liver microsomes
from amino acids through carboxyl activation. ‘ith nigh concentration
of ATL or AU: there was some inhibitory effect on the formation of prothrombii
most probably due to adsorption of prothrombin by phoaphate.

Unlike Lasch and oka (1953) our system does not need any addition
of' serum to the incubation medium to obtain prothrombin activity. <light
prothrombin activity associated with the mitochondria and light uicrosome
fractions in tne initial stage of incubation is not signixo‘icant and might
be due to contamination with the heavy microsomes in the preparation of
different fractions, as all the fractions usei for the study are unwashed

and rather crude preparations. irothrombin activity associuted with the
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heavy microsomes was not increasei after disruption of the particles with
ballotini beads or with ultrasonic vibration, showing that increased
;rothrombin activity during incubation was not due t9 release of pre=
existing prothrombin, in contrast to the sug estion of ool and Robinson
that increase of Factor VII in the tissues and in the medium on inculation
might be a simple passive release process. "hough they observed an
inhibitory effect of synthesis of Factor VII and prothrombin by the liver
slices in an atmosphere of niirogen, Lasch and Koka (1953) did not observe

a similar finding in their study of mitochondria, nor did we in our
observations up to & twoshour perieod of incubation, after which the inhibitor;
action of nitrogen may hav:- arisen from structural effects on micromsomes.
¥From the availaile data it is not possible to explain the mechanism of the
increase in activity, nor are we in a position to say that this increased
activity of prothrombin af'ter incubation represents synthesis of prothrombin
by the microsomal particles, for the whole process has occurred witnout

any addition of an energy source or an energy-generating system, nor are

fre¢ amino-acids added to the medium.

SUMMARY
1., The microsomal system of the liver is capable of showing an increase
in prothrombin setivity when this fraction is incubated in a modified Krebs-
iingers bicarbonate solution. 'he hsavy microsomes (sediment obtained

after spinning the mitochondrial supernatant at 18,000 g for 1 hour) are

seen to be more active than the light microsomes in this respect.
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2. Whether the particles are incubated in an atmosphere of UgiCOg or
N,:COg, there is no effect on the increment in prothrombin up to 2 hours
of incubetion,

S« ire=treatment of the rat with glucose 2 hours before killing
resulted in a considerably increased rate of formation of prothrombin.
This effect is aprarent throughout the whole period of incubation.

4. The early stages of this formetion are not dependent on oxidative
phosphorylation, since incubation of the heavy microsomal particles with
dinitrophenol, NiD, NAlHg, NAD:, NADiHg or mixture of ATP and NADK, ATF
and huunjia does not inhibit nor increase the formation of prothrombin.
After some 2 = 8 hours of incubation, there is an inhibitory effect of
UrN or TiN which is not shared by DFNH and TiNH.

5« The increased activity is not due to release of preformed prothrombin
bound to the microsomal vesicles as there is no ingrease in activity when
the microsomes are disrupted with ballotini beads or with ultrasonic

vibration.
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SECTION I1

Introduction

Chservation of ribonucleic acid in abundance in the groliferuting
and in rotein secreting tissues (Cas ersson ani Uchultz - 1u85), in the
exocrine parts of the pancreas, in the pepsineproducing gastric mucosal
cells, in the liver cells, in the nerve cells and in the young oocytea
and embryoes undergoing diffe- ntfation, and a much less ritomucleic acid
in the noneyroliferatin, and none-secreting tissues like heart ani kidney
led to the hypothesis that ribonucleic acid of cells in aome way or another
is closely related to protein synthesis. (litudies on microorganisms
revealed a closer and guantitative relationship between the ribonucleic acid
content of the cells and the rate of protein synthesis. 1t has been
observed in some ':cteria that the richer ths &%\ content, the higher is
the rate of incorporation of labelled amino=acids and is another positive
evidence for the relationship of iWl. and protein synthesis (£eller et al -
19864, Littlefield et al - 19585, Allfrey, Daly and Virsxy - 1.0%, Borsoek
et al - 1050, /lultin - 1950, Oiekevits = 196%Z). It was demonstrated by
groups of workers (Caldwell et al - 195U, Northyrop - 1903, faje - 1962,
irice « 1984, in different laboratories that, during the logaritnwic phase
of growth of bacteria, the aynthnesis of ribonucleic acid runs purallel
with the synthesis of yrotein. Gale ani Folkes (1953) found that the
capacity of disru ted staphylococci to aynthesize protein is dependent upon
their nucleic acid content. The capacity of synthesizing the enzymes after
removal of nucleic acid could be restored by addition of Uii, in some cases

the Khs of the san: bacteria.
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Chantrenne (1.6 ) studied the problem from a different angle and
showed that the synthesiz of a specifiic enzyuwe protein is associatec with
synthesis of a new and poseibly specific &ia; in recent years his comclusion
has been subjected to criticiam and it is believed to-dsy that simulteneous
synthesis of wlia is not necessary for protein syntnesis. . itowever, the
most recent evidence on messenger (N4 suggests that it is used only once
ani this must be resynthesized.

Jirect evidence of the relationsnip of ~ia o protein synthesis haa
bezn demonstrate. Ly the faet that ribonuclease strungly_innibits,tne
incor eration of labelled amjno-acids into protein in vitro experinents
Allfrey et al - 19685, Zamecnik and feller = 1ud<, . traub, Ullmann & Acs =
19568), thougn it must be admitted that ridonuclease is also able to change
the jermeability o! _lant cells to ions (Lansing ani Qﬁaiithal - lub2), teo
evoke mitotic abnernelities (xaqhann et al - 10564, 1957), to inhibit cell
division, to liberate hyirolytic enzymes in homogenuntes and to deatroy
protoplasts albonuclease does not inhibit respiration or phusphorylation
in cells but it inhibits the incorsoration of amino=-acids inte protein
and thus can be rejarded as having direct action on protein synthesis.
no work of Ledoux (1584, on zscites tumour cells, showing the initial
stimulavion of ~Nis synthesis by ribonuclease, suggested that ribonuc. ase
might inhibit protein synthesis by formin a protein complex rather than
eplitting the Na, 'his view was later su;ported by fultin et al (19567).
Prachet (1l¥54, 15560, 1996, observed that i the protein synthesizing system
is expesed to ribonuclease for a period of 30 mimutes there is coaplete

blockuge of protein synthesis, although during exyosure to ribonuclease for
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such & short period oniy a part of ali is degraded. it has been
therefore suprested that a partial degradation and ‘or with structural
modification of ANA or destruction of certain type of ANa is sufficient
to [revent the synthesis of protein (Jeener - 198¢). Bruchet and Uix (1u8y,
Sugpested that this certain specific type of HNA ia acluble N4,

in the cellular level tae ribosomes contain about 80 of the total
cellular i, ittlefield, felier, (rose an! Zamecnik {(1lUS5, have suggested
thet the cytoplasmic ribonucleoprotein particles sre the site of initial
incor oration of free amino-acide imto protein. e free ribosomes are
considered to be res onsiltie for the synthesis of the cells own protein
and the microsomul elements (endoplasmic reticulum) ay rrovide for the
synthesis of exportable protein (ietermann et al - 1954, amecnix,
stephenson ani Hecht (1lubé) have outlined & four-ste; series of resctions

in synthesis of srotein as follows:-

BBl = 5

AA~ AN - ;;1 + B=i{NA
Eg

Ade RIRA

AA=INA ¢ FN:

GT: ) aj
AT:

pertide chain-iN.

teptide ciain=-ill + Lipoppotein membrane

Siologically identific) vroteim 1
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The first two steps in the incorporation reaction can be studied in
the absence of microsomes. To-day 1t 1= accepted that the formation of
the amino-acyl adenylste compound is an enzymic reection and this reaction
is independent of ribonucleic acid, though a small inhidbition of activation
has been observed by Van der lecken and Hultin (190%) if the i © ensyme
is preincubated with the ribonuclease., The activated amino-acid in absence
of the acceptor dissocistes tuo & very emall extent. The transfer of
activated azinv-acyl adenylate intermediate to s-iZN. 1s performed by the
activating enzyme itself (Berg ani Ofengard - 1858). That protein ean be
synthesized in absence of lipoprotein meterial has been shown by Littlefield
and Keller (1957), and Simkin and Work (1957), though recently Hunter and
Codson (1961) demonstrated that in bacteria the greater part of the labelled
protein is found in the phosphblipoprutoin fraction. ure ribosomes are
formed alwoast wholly of WA and protein, and the lipoprotein material of
mierosomes 1s chiefly assoviated with the membrane of the endoplesmic
reticulum. ialade (1955) and Siekevitz and (mlade (1953, 19569) have
sugyested that the mewmbrane serves to concentrate anl! to store the srotein
product formed by the ridosomes.

In the present investiguiion it has been the intention to investigate
the probable role of i@Ni in prothrowbin synthesis by heavy microsomal

particles,
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saterials and Vetnhods

Animals: “ale albino waite rats weighing betwesn 170 - &10) gma. from
the depurtmental stock have been used in the present =tudy.

(re amtion of iicrosomes: (ne preparation of heavy microgsuses has already

been discussed in .ection I and because of the high activity of prothrombin
formation assocliated with tals fraction, the present study nas been limited
only to that fraction. The hsavy uicrosomml fraction wae suspended in
Ve&u N sucrose solution and -incubated in the modified Lrebs-Ringers
Bicarbonate solution (! 8.9, as descrilted in Lection 1.

regaration of lembrane: ror the preparation of the wesbrans from ribo=-

nucleoprotein particles the liver has been homogenised in . .25 !/ sucrose
solution in @ times volune instead of the usual 2.5 times. The heavy
microsomes were obtained by centrifuzing at 18,000g for 1 hr., the supernatant
after initial centrifugation of the liver homogenate for lu minutes at

6, 500g . The micrososal fraction was then suspended in .45 ¥ sucrose
solution (same volume as the original weight of the liver) an! for unifora
suapension it was nomogenised at low speed, & - I up and down strokes.

-ne mi. of suspension was taken in tubes for preparative ultracentrifuge
\vrinco Todel L, to each =1, of suspension, 10U ml. of sodiun pyrophosphate
\anhydrous, . .'l., solution in 0.25 M sugrose sulution is added in such

& way tonat the final concentration of sodium yyro hospnste soiution in

the tube becomes .1 ¥. The [l of sodium pyrophosphate in sucrose solution
was adjuste! with concentrated hydrochloric acid to 7.4. Tne suspension

waes then centrifuged in the preparative ultracentrifuge for 1 ar, at
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106,000 x g, ané the sediment thug osbtained was the membranous jart, the
rivonucleoprotein jarticles becoming soluble in the yrophesrhats and
a pesred in the supernstant (Sachs, 1963), ‘he mexbrsnous jortion wes
then suspended in 0,25 ¥ su¢rose solution and incubated in the modified
Krebse-finger “icarbonate solution (p¥ 8.9) in the same way ae the heavy
microsomel fraction.

Estisstion of  rothrombin: (rothrombin has been assayed snd has been

expressed in the seme way as described in the Uection I.

Sstimation of -ibonucleic 'e¢id: vibonucleic acid wes catimeted by the

ususl perchloric acid methed by sdding 5 ml., of C.4N perehloric acid ag

0% %o ) ml. of the sample, centrifuged at 09 for 10 sinutes at 2,000 r,.pome.
he precipitate is troste! twice with & ml. of U.4N perechloric ind at ;
709 for 0 minutes with stirring every O winutes, the supernstants thus
obtained were jooled, and the U.V. reading was tacen at 260 and 290 myu.

The amount of Ko resent was calculsted from a ataniard yeast HNa.

The difference of 2. and 290 mp for the standard ¥4 was U.165 for lu,.ll

micrograms of #NA.

RELULTS

Effect of Kibonuclease: CUgata (1960, observed the iphitition of incorporatiog

of liC-leucim into microsomrl ;rotein when ridbonuclesnse as low as 0.20 pgm
per ml. added to his system. Ullsann and Ltraud \}95?) noted the sane
effect vith nAigher concentration of ribonuclease (20 ugin per ml.;; and

- foningsberger atill increased the concentration of ribonuclease u; to

100 mp ' per =l. The ribenucleaseo concentiat ion aided to our aystem of -
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heavy microsomes in the study of protnrombin formation waz higher than
that used by these workers, but we also obaserved that, when the system
was incubated with ribonuclease, there was no significant aynthesis of
prothrombin as seen in Table XV. After incubation of the system with
the ribonuclease for 1 hour there is loss of A to a level 83 lower
than that of the control group; even when the system is kept for 1lU te
if minutes in ice with ribonuclease there is & drop of KNA by 18.. /laoat
the sume degree of loss of KA in 5 to 1! minutes has been noticed by
Champmen-/nresen ani irescott (1956) from whole amoeba,

Straudb et al (1960) attempted to define the role of microsomal HNA
in the synthesis of amylase. They incubated the syasten first «ith the
addition of i alone and in another instance with "activated™ .Ha by
incutating with AT.. In the former case they found no difference of
synthesis of amylase but in the latter case there was aynthesis of amylase.
Similar results have been achieved by ‘oningsberger (1080). He noted that,
when crude yeast protoplast system incubated in mannitol phosphate buffer,
and glucose there was increased incorpomtion of 14g valine. Like utraub
and coe-worcers, we also did not find any alteration of prothrombin aynthesis
when microsomal RNA or g 5 enzyw HNA were added to the incubating system.
The result has been shown in fable XVI. Che microsomal suspension  repured
as usual was texen in three incubating flasks, onc was taken as control, to
another was added microsomal iWis and to the third pH O engyme uiii without any

energy source. all the flasks were then incubated as described under
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Effect of ribonuclense on tne synthesis of  rothrombin: leavy microsomal

fraction susrended in . 2% ¥ sucrose solution iz incubsted in wodified
Arebs-iingers Bicarbomete solution (ul 6.9) at 37°0 with constant
shading in an atmogphere of Ug:Clg. ibunuclesse in Arebs-idingers
Picarbonate solution (i 7.0) is added to the incubsting flast to mike
the finmal concentration .28 mgm/ml. Me prothrombin and Nio wes
estisated at different intervals; r(1oteln was determined at the
beginning and &t the end of incubation. ine resalts are the average

of three experimenta,

Jrothrombin Usnit/mgm of ‘rotein Al in ugm/iele 7
system Incubation jeriod in Hours
v : 2 z U 1 2 8
wontrol
Vean 1.6 8,60 . $.87 . 577 19.97 18.00 17,80 17.00
SsD. Le%2 Q.70 ve8l 1,00 3,78 2.82 &G.44 1.9
“t. error 0.88 .42 0.47 0.88 2.18 3.01 1.40 1,07
+ nibonuclease
«ean 1,30 L.33 .77 1.8 16.30 2.0 &.10 1.7
- P Uedd Ced 9 ‘.4l Q.48 4,10 9,71 0,79 0,18

Lt. error 0.23 0.28 0.%8 0. &8 8.37 43 0.45 Q.13
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methods and rothrombin, protein, and K. were measure’ at different
time intervals. From Table XVI it is evident thet synthesis of ;rothrombin
does not difier in the atner tro systems from the control group.

_rotarombin activity associuted w_it_._gz, nmhmm of the migrosomes: [t has

been observed that the pyrojhoeghats renders aloost B0 « 85 of the
microgomal Wi soluble and the resultant pellet is entirely compoused of
gewoth mesbrane and about 15 - 20 0. remains associsted with it

(vachs = L987). plegelsan (1057 andi dlunter et &l (1957, sujjested

that the components in the initial stage of protelin synthesls in bacteria
are falrly closely related to the cytoplasmic wesbreme. Theic view has
been au, jorted by Lchacntachabel an® colleagues (1955 apd Mo orguodale lni
2illipg (1959, ‘nese worgers worcing om . goll have observed that e
ligoprotein wembrane containing some A4 is a much more active site of
vrotein synthesis than free rilosomal particles obtaimed in the same
experiment., recently Dutlsr, Codson ani dunter (138l observed tnat the
initial site of incorporation of anino-acids was mainly in the lipoproteine
ricn wedbrane fraction and in the Ccytoplsse the swino-scids a peured in
greater amount at & later stage. In cur uresent inveut.igatian also the
membrance ortion seems to b able to form prothrombin as evidence from
Table IVII, It is cienr f‘;'m\ the Table that the rower of formation of
proturombin by the wasne ! microsomes does not differ from the mesmbranous
portion of the microsomes fraction. 1t hiés been obaerve. taat 28 - X

of K. is asaociated with the meabrune. In the mesbrans jart at U hour

incubation, the 2. is about 75 less then the washed microsowel Ni and
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fable .‘".Yi

dTect of addition of microsomal N an! pi & NA on the syntheeis of

srothrombin: The sdervsomaal M. and

i O MA prepared after Noagland
et al (1l908) with phencl were adled to the incubation aystes (without
rior incubation with AT) ). ne systen wus lncubated as belore

ani jretarowkin, protein amd (NA deternined at different time reriods,

‘he resulta are the data from a single experiment.

rothrombin Unit/mem . rotein Afia in pgnel, of Luspension
sam;le incubstion  eriocd in lours

g 2 2 o) (& i < p:]
control 1.40 2.10 2.70 2.0 18.% - - 12,00
+ Nicrosamal

AR~ 1.00 2.00 2.3 &2 17.00 - - 14.80

¢« 8 8
engyme  1.40 2.40 1.80 2,20 20,70 - - 17.90




--

towarda the end of ttx'e‘ incubation period the ‘i present in the sowbrane
is about 20 of the total NA associnted with the washed nicrosomes,
The total protein in the membrane at C and '.‘, hour incubation peried
respectively is 6€ and 72 of the total srotein in the microsomes.
Similar loes of proteln in the mewbrens of the microsomes after sucrese
(Ve25 M, pyropnosthate (0.1 M, gM 7.4) has also been odbserve! previously
in this laloratory (Logsn - unpublished;. chs ueing pyrohusphste of
the sams solar strength an' the samne i fof the fractionation of =icrosomes
observe’ 39 loss of protein in the mosbrans and thus our findings are in
clogse sgreement to his.

he chewical -Amlynll o1 the membrane fraction shows that it is rieh,
in jhospholipid. The works of G'Arien (1966;, .arkar and others (1258),
sug;ested thet conversion of protarombin to thrombin is catalysed by an
enzyme which needs  hoz nholipid as well as calcium fur cumplete scii.ation
\ »rkar - 1958,. That the increased sctivity of rotarombin associsted
with the aembrane is not due to its high content of phosphalipid is
proved in another set of experiments where ribonuclease was added to the
incubating flasks containin: the wmewbrane suspension in .25 | gucreuse = ‘
Aredbe-iincers bicarbonate. ‘m this inatance there was no increased
activity of protarumbin (Table AVIII). In this esperiment tne heavy
wicrosomal fraction taken as the control group were the umhcd fractions
ani as in the previous experiment the synthesis of prothroabin by the
untreated mevbrane is llightly higher than in the control group. The XNA

in this untreatei fraction at O hour and 3 hours incubation period is 28
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"fahle XVII

_ynthesis of prothrombin by mesbrane of microsomal fraction: The heavy

microsomal {raction was treated with sodium pyrophosphate (0.1 1, ol 7.4,
to solubilise the ribonucleoprotein particles. The sediment obtained
was guspended in 0.25 ¥ sucrose solution and incubated at 37°C with

con: tant shaking in an atmosphere cf Vgiuly. Prothronbin, SNA and
protein were estimmted at different time intervals as described in

the text. ‘'he renults are the data from one experiment.

irothrombin Unit/mgm , rotein MNA in pga/ml. of uspension

Cample incubation .eriod in liours
0 1 2 z € 1 z b
Control 1.60 3.70 6.50 9.20 25,40 25.60 24,40 22.00

T‘at 107 506: 8.4'&1' go:’L‘ 6.&) 7.70 '4..& 4-&




Table AVIII

=

fiect of rioeniuciease added tu the

~

secbrane frection on Wie syathesis

ef “reothrowbin; ne mgm of ribunuclesse in Trebs~lingers Licarbhonate

solution was added to the incubatin asks with & sl concentretion

»s
r-'

of 1 mam per al. of suspension and ircubated &8 delicre, he control
ruap was the unwashed heavy microsomes, the test _roup wan tae

susvension of the derosemtl meabrane cLtained after treatmsnt ol the
neavy wicrosomel fraction with _ yrophocapghate (.4

’ »k?.“!]o fhc

results are the average of ter expariments.

rothrowbin Unit ‘mgs frotein ENA in umm/wl. of Jusrension

wanple Incubation seriod in Hours

Inwrshed
Tﬂicrosoms lolw‘ 2.:(»’ 507'. 4.?~ :ﬁ-: oc‘)\\ h}..E‘C‘ 21.0\.} ‘ -w

Cembrane 1.70 380 8.20 $.380 - £.9 5.80 4.60 3.10

leabhrane +
ribonuclease 1 .35 1.30 1.30 L.40 @& 1480 ) 100




and 1.,85 of total microsomal :Ni respectively in contrast to the mesbrane
treated with ribonuclease where at O hour and at & hours incubation the

NA 18 35.5. and 4.8 reaspectively.

DISCUSSION

The results ;resented above indicate that HN. is soue or other way
related to the formation of prothrombin by the heavy microsomes when
incutated under our conditions. The liu.citory effect of ribonuclecase
in ;rotein asynthesis is well established though the mechanisw is not
clearly understood. in our syaten also, the ribonuclease definitely
inhibited prothrosbin "synthesis" and this alone shows that the increased
activity of prothrombin on incubation is not a mere nutonctivati'on [TOCess .
fhe inhibitory effect of ribonuclease in the synthusis of prothrowbin by
the membrane of the microsomes after pyrophosphute treatment also
demonstrates that the increased activity is not due to the high  hospholipid
content of this fmaction, for 20 « 25. iiNA present in the original microsome:
and not left in the mambrane is biologically active amd is cupable of
"synthesizing" prothrombin®,

Jeener (1800, observed thst the decrease of protein synthesis by
ribonuclease was associatel with an alteration of bhase ratio of the Hi, witi
an increaale of 10. in uridylic acid. Ledoux an! Vanderhaeghe (1957) noticec
that in the cells of ascites tumour ribonuclease causes both in vivo amd in
vitro a rapid alteration in the metabolism of ribonucleic acid with more thar
100, increased incorporation in urecil and cytosine btut slightly or no libers

tion of guanine and adenine. They alsv notliced that during the first stage



of action the motabolism of protein is not altered. Though tloet ua ' k)
others (1961) atiributed the cause of inhibition of pmum synthesis _
by ribonuclease to inhibition of respiration we are me inclined to ”
believe that a spoeiﬁ.o base pattern is essential for protein synmelj.s :
in our subsgquent studies (to be discussed later;, we obscrved that the o o
base ratio of the ribonuelsic acil associated with the mesbrane and with
the ribonucleo rotein rarticles is culte different; similarity of the .
base ratio in the muclei ani the membrane Wi Moa“ taat tne buse ﬁﬁ& 3§
%

of the ribunacleic acid ssscciated with the mevbrane d‘m be sptaﬂ.ﬁcto G

proturombin formation. o suppert this hypothesis further study h m

1.  irotarombin forvation by heavy microsomes of Liver is dependent on v
ribonucleic acid, since addition of ribonuclease to the i,wmnng system

| markedly inhibits formation of prothrombin, But the hddi’c‘!.u Ouf sarples |

of ri‘mmcloio acid prepared from heavy microsomes or i 8 wu does not
alter the process of nynt.hca:h ‘ '

4,  The microsomal mewbtrane preparva after pyroe mnhne Qmmt is
capable of syntheslzins prothrombin. lere again the muvi._z,y is not
specifically associated with the nigh content ol ;h-.mrhol;pid but with ! Lol
ribomucleic acid in the membrane. The incremsed activity .“ “rotarombin

on incubating the membrane is cospletely irhibited by sddition of ribonuclease

. 4
Ll Tl

to the system.
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Introduction

’ne endoplasmic reticulum, as explained previously consistz of a
membrane to which are attached the ribosomes, electron dense varticles
wnich are recognised to consist of about 40. KNA an! 60 protein.

Various chemical vrocedures nave been used to separate the ribosomal
component from the mesbranous portion of the endoplasmic reticulum. ‘he
KNA of the original endoplasmic reticulun (microsomes in the homogenised
cell) does not, however, aprear exclusively in the ribosomes separated by
chemical treatment from the membranes. The guestion thus arises, is the
“NA not a pearing in the ribosomal component of the endoplasmic reticulum
a different species?” iwo main lines of evidence can be summarised in
support of the idea that a distinct and separate form of %« is associated
witi the membrane. Une comes from solubilization of the reticulum membrane
with deoxycnolate, leaving ribosomes as an intact sediment. e other
approach is by using pyrophos hate or SUIMA, which by cholating with

** cause disrustion of ribosowes ani leave the membranes intact.

Ve
Using deoxycholate to solubilize the merbrane the different workers

have obtained different amounts of HNA in the ribosomes as shown below:
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ceoxycnolate soluble RN. in rat liver ulcrosomes

in A in Uther
Hibosomes Supernatant AemArks
salede & Jlekevitz 80 - -
(1956)
Takanami (1959) 40 8 3 suguested that KO
' solubilized ;ortion
might contain A
of high ¥4, activity.
Woul€, woulller & 4084 45 -
Cheuveau (1959)
Kaf't & Zeigel (1960) - 23 Sgqw 5=63
Livkevite & .sulade S5=4d - -
(1960)

4« difference of bese composition of sl swmong sub=fractions of the
cytoplas» has been sugpgested by Heid and Barbara (1508) in rat liver and
by lHays (1860) in roots. The base composition of a=-ili differs from the
base composition of ribosomal-RN. (Junn - 1989). he imjortence of base
composition of :lNa in protein aynthesis has been sug,ested by Usawa and
Otaka (1959), who showed that incorporation of légoleucine was directly
proportional to the content of pseudouridylic acia in NA.

In the present investigation it has been one aim to study the base
composition of different fractions of KNa from liver and szome other propertiea

of LNA associated with the membrane of the endo;iss:de reticulum.
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MATEAIAL® AND METHODS

animals: Jale white albino rats weighing between 175~4lY gms. from depart-
mental stock were used throughout the present iﬁveatigation. Unlesas
mentioned all rats were fed with the departmental stock diet and the rats
were starved overnight before killing, to minimise the glycogen content
in the phanol-extmctod RNa (Mirby - 1956;. In order tu alter protein
intake in the dietary experiments, each rat was caged individually and
was trained to take the following diet at particulsr times:-

In the morning: S gms. of dextrose

+*
1.0 gm. of V.i.x,

In the afternoon &t about 4 p.m.:

4 gu. of high or low orutein diet.

The diet wus nixed with some water to prevent spillin:. ‘the type
of diet that was given to the rats gives & total caloric intake of about
40 keal. per day to sach rat. In addition, one group of rate were fed
with 2 gms. of casein and C.5 gns. of sodiun bicerbonste 1 nour before
gilling; thus this fed group of rats was in the abasorptive state when
killed. The others were in the poust-absorptive ctate.

Isolation of nuclei: Koat of the acid-zoluble constituents ani soxe of

yroteins are lost during isolation of nuclei in the usuzl citric metnod
(Smellie et al - 1935,. Nuclei imolated in the non-squeous phuse are
metabolically inactive; whereas nuclei lsclate with sucruse remain active

metabolically and are considered to be "surviving nuclei® (Naora et al - 1861
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Composition of different .det

digh Protein "iet

42,0 gme. argarine
67.0 gma.  otato starch
69.0 gua. Clucouse

240.0 gms. Casein

iow irotein Jiet

4%Z.0 gme. Margarine
189.0 gms. otato starch

180 C gms. Glucose

V.' ul‘. Diet

32.5 gme. Sodium chioride
13C.0 gms, "446"

250.0 gms. Vitamins in starch
62.5 gna. /igar powder

77.5 gms. Vitamin margarine
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"446" Lslt Mixture

NaCl -
K citrate -
B0 o
Call, (r0,) 2 -
Lal Oy -

Fet*** citrate m,o-

Ca 013&'120 -
kAl (50, jg4,0 -
Na F -
Kguog -

Vitiakm for V.M.R.

2435.198 gms
£33,000 gma.,
174,000 gma.
800,000 gms.
388.000 gms.
S6.UUU gms,
0400 gms.
U200 gnms,
0,400 gms.
Q.002 gms.

92,000 £mB .

iyridoxine hydrochlor 25 mg.
Hiboflavin 25 mg.
Aneurine hydrochlor 25 mge.
Nicotinic 100 mg.
Biotin 5 mg.
~enaphthene S mge
Calcium pentothenote 0.2 gm.
fara-amino bensoic acid .5 gm,
Inositol 1.0 gm,
Choline chloride 10,0 gm.
Foliec leid trace

yotato starch

500 gm,
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but suc-ose alone ia not sufficient to maintain structural integrity.
The mediun requires calcium or magnesiun to maintain the integrity of
nuclei (illfrey, VMirsky and Usawa = 1957,, 4 very nigh anount of magnesium
is observed in nuclel isulated in 2.2 ¥ sucruse without caleiuam chloride
(Vaora et al - 106l;. An optimum amcunt of magnesiwn in cells and nuclei
is essential for its enzymic effect, specially the enzywes concerned with
phospnorylation and salso the synthesis of 3. (Kornberg = 1387, Grunberge
Yanago, Urtiz and Ochoa - 1956} and proteins (Hoegland, Feller and Lamecnik -
1556) though it has been claimed that the presence of celcium or magnesium
in traces preciyitates the nucleoproteins (iliuskemp = 1301, Certer - 1940,
neplacenent of sucrose by U.l U Tris buffer, C.25 N glycerol or U.20 U
etnylene glycol, all with caleium caloride, causes loss of all sagnesium,
or 48.8 1loss of calcium when calcium chloride is replaced with magnesium
in the above (Naora et al - 156l). Lelease of mugnesium from nuclei is
correlated with the loss of nucleotides, aml nence, in the isolation of
nuclei, sucruvse with calcium cnloride is used to prevent tne loss of
magnesiun and thus to prevent the leoss of nucleotides.

In the isclation of nuclel we have adoprted tne metnod of “ilczok and
Vharasy (luu; with slight modifications. Jur procedurs for isolation
of nuclei is as follows: the mata were lightly annesthetised with ether,.
the abdomen was opened immedintely snd the live: wes perfused with ice-
cold 0.25 ¥ sucrose + C.,UCL8 ! celcium chloride (inalay) through the portal

vein. “hen the liver became rale, it was removed wiile the perfusion
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needle was in situ. The liver was washed with ice=cold V.20 X sucrose «
0.0018 M calciwn chloride, dried in two layers of filter papers, weighed
and homogenised with 10 vols. of 0.25 M sucrose + 0,0018 i calcium chloride.
The homogenate was filtered through 4 layers of nylon gauze, and the
filtered homogenate was then centrifuged over a density gradient oif sucrose
and calcium chloride, as shown in the flow sheet. All centrifugations
were carried out at O% and all glass ware and tubes used had been cooled
in ice previously. The last centrifugation was carried out in an lleueBSe
superspeed head, when special care was taken to keep the diameter of the
centrifuge tube less than 15 mn. and to adjust the height of the contents
inside the tube. If tubes of proper diameter are not selected, or if

the height of the contents inaide the tube is more or less than 15 cm.,
instead of obtaining a light yellow precipitate of nuclei at the bottom

of the tube, a red layer mixed with other cytoplasmic material is obtained
at the surface of the 2.2 ¥ sucrose solution. The specific gravity of

2,2 ¥ sucrose is such that at 30,000 g only the muclei can be precipitated.
'he photograph (rMig. 9) of the isolated nmuclei by our method showed that
the nuclei were very clear and free from other cytoplasmic material.

Before proceeding to extract the iNA, the isolated nuclei in each batch
were examined under the microscape to see if the nuclei were free enough fron

other contamination.



Fig- 9

Isolated nuclei photographed in phase=contrast microscope
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Diagramatic Scheme for Isolation of Nuclei

Liver homogenate in 10 volas. of
0.25 W sucrose + 0.0C18 N calciunm
chloride, filtered through nylon

gauze, centrifuged for 5 minutes

&t 7\.0 r.‘k:.fn.

¥ ¥

sediment supernatant

(discarded)
centrifuged over 1,34 ¥ sucrose +
0.0018 ¥ calcium chloride for
10 minutes at 1,800 r.p.m.

- v

Jupernetant sediment

(used for

ae aration of resuspended in 0,40 il sucrose +

microsomes)
U.18 ¥ calcium caloride and
centrifuged over 2.2 ¥ sucrose
for # hour at 30,000 g.

1r B
tupernatant sedinent

(discarded) (1ight-yellow coloured nuclei)
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. reporation of icrosomes: Ffhen the nuclel were isclated topether with
other fractions, the supermatant after cemtrifugation at.?00 r.p.m. for

2 minutes was further spun for 5 minutes at 5,500 g and the spun su_emﬁmt

wvae then centrifuged for 1 hour at 18,.0&)'3 to get the sedinent of
(heavy microsomes). At other times, the liver was homogenised in 9 vols.
of 0.25 V¥ sucreose solution, the homogenate was then centrifuged at 6,500 g
for 10 minutes to sediment the unbroken cells, nuclei, and mitochondria’ i
and the supernatant thus obtained was further centrifuged for 1 hour at
13,000 g; the sediment from this was regarded as the microsomes { "heavy
microsomes”, A further microsome fraction ("light microsomes") was
obtained by centrifu,lug the supernatant flull from t;hia fraction at

185,000 g for 1 hour in the Lpinco ledel L centrifuge.

sreperation of post-microsomal pellet: Jhe supernatant after centrifuging

down the microsumes was further ajun for 3 hours at 105,000 g to obtain

the "poste-microsomal yellet".

‘ractionation of microsomeg: Gachs (1958) observed that, with itwreas,i‘lg 3

amounts of "Il and there is a jurallel decrease in the incor oresting ability
of the microsomal pelletes. In our ;mlimhur-y.stwlies:w have observed

that treatment of microsomes with OU.1 ¥ sodium ;yru;fhas;ﬂhatc in ©.28 ¥
sucrogse solution gave u separution of microsomal HMN& sinilar to that obamﬁ
with sodium deoxycholate, i.e. into meshranous and ridbosomal fractiona. .
‘urther, it hes beea observed that, =ith tuls strengta of sodiun ;_-WO
all the lipuprotein is let't in the pyrophosyhate-insoluble pellets (uovuﬂ;; -

and Yunro - unpublished). Ilence, we have maintain:d the same strength
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of yyroghos heute tarougnout our study. fne microsomal particles wére
suspended in 0,28 U sucrose solution in such &« way that 1 ml. of suspension
contained the microsomes obtained from 1 gm, of liver. 1 ml. of this
uniform suspension was takem in the centrifuse tube and to it 10 al. of
sodiun pyrophos hate (adjusted to i 7.4, was added to make the final
concentretion of sodiuwa pyroghosphate U.1 X. Thus each centrifuge tube
contained liver microsomes obtained from 1 gwm. of liver. Sachs (1958)
observe: that, to obtaln a good sepuration of the membianous part of
endoplagmie reticulum from the ribonucleoyrotein particies, the allquots

of uicrosomes suspension should have a finsl concentration of about 3.5 -
4.0 mg. of protein per wul. In our investigations it has been observed
that, if microsomal suspension sbtained from 1 gm. of liver be treated with _
10 ml. of sodium pyrophosphate (pil 7.4, O,1 ¥), a good separation has been
obtained. In our prelininsry investigation, it nas alsc been ubserved‘
that, by varying the i of sodium pyrophosphate or tae period of contact

of the microsomal suspension wita sodium pyrophosphate at 0%, there was

a greater amount of HA rewoved from the pellets at g 9.5 than at pl 7.4,
without any extraction of li oprotein at these two pii range. The i
uk;oaen in the present studyvas 7.4. fhe microsomal suspension wita sodium
pyrophosphate was taen spun for 1 hour at 105,000 g, when the meabrane |

sedimented at the bottom of the tube.

~xtrection of WNL: The different fractions were suspenied in and M. was
eitracted with rhenol (lloagland et al - 1588, slightly modified. it has

been observed (Littauer - 1u6l, that maximun yields of #N. were obtained
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if the phenel treatment were carried ocut at 20%C; this prejerstion contained
very little polysacharide and the amcunt of protein is about U.3.. 2NA
extracted with phenol at 0°C, on the omex; hand, contained about 2.0 to

4.0 protein and (. yield was also somewhat lower (Littauer - 196l).

Un the other hand, stability of :microsomes is depenient upon temperature

ani & warked change in m\icroaome-s is observed when the microsomes are kept
at room temperature even for a ghort period (f{anson et al --3860), For
this reason we have decided to extract the :JiA with phenol at 4%.. To

the suspension of the membrane and the nuclei and to the supernatant an
equal volume of fresaly prepsred 90, phenocl was edded with constiont shaking
for 1 hour at 4%. ‘e agueows layer was seéjarated by centrihtgation at
2,000 repsm. for 1 hour at U°.. = The vhemol layer was then mixed with
distilled water and the agueous lsyer was again separsted after centrifugation
at 2,000 r.pem. for 1 hour, and this was repeated twice. {he pooled
aueous layerzs were then treated with ether to remove henol. AN~ was
precipiteted as the potassium salt (by adding potassiua ecetate, 2 ,. pd 5.0)
with ethanol. A thus obtained was tnen dlalysed by first Jlssolving

in water and dialysing against running distilled water. The sample of

KHA prepared by us contained 0.1 protein when estimated by Lowry's method.

Lydrolysis of Wf.: WNA thus prepared was hydrolysed in .38 i at 3790
for 18 hours (Crosbie et al « 1953). The use of higher concentration of
AUL couses deamination of eytidylic acid (Jevidson and Umellie - 1952),
wvhereas use of U.3N KO does not cause any such deamination and at the

same time gives & complete Aydrolysiz of WNA im 18 hours. . fter hydrolysis,
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C.l ml. of the sampls was diluted to 4 ml, ani the Y.V, absorption at 260 =m.
was read. The rest of the aydrolysed sample wes neutralised with concen~
trated (10 N) perchloric acid in the cold to minimise the sclubility of

potasaius percholate. The excess amount of potassium was removed as

potassium perchlorate by centrifugation for 10 miputes at 2,000 r.p.m. at
0%. The clear supernatant which contained the hydrolysed product was _
then concentrated by freeze-drying over HgiO,. The dried powder was then
dissolved in an appropriate amount of distilled wuter (pf 7.0) 80 thut
C.1 ml. of sample contained 0.20 - 0.24 mgm. nucleotides.

“hromatograchy: C.l ml. of this concentrated hyirolysed . ... then applied

to ‘hatman paper No. 1 snd two-dimensional chromatography was carried out

in (1) disorropancle-water (7:7, v/v) with ammonia in the vapour chase for

80 hours (Lipshits and Chargaff - 193C), (ii) ammonium-isobutyric buffer

pl 3.8 for 14 to 16 hours (Msgasanik - 1950). 7¥ith each batech, &« blank
sheet was treated in the same way and after the second Jiinension the

papers were dried thoroughly for 6 to 8 hours.

ldentification of nucleotides: When phenoleextracted Wi . iro . mwast was
hydrolysed as described above ani separation was perforned by two-dimensional
chromatography, the separatlon of nucleotides occurred as shown in Pig. 10.
Spots 1, 2, 3, and 4 were identified as guanylic, uridylic, cytidylic and
adenylic acid by reeding the eluate at pif 1.0 on a J... 500 spectrophotometer.
For the identification of pseudouridylic acid, the chromatogrea had to be
exposed to the filtered U.V. lamp for a few minutes before any fluorcscence

could be seen; this then lay between guanylic and uridylic acids. The
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Fig. 10

Separation and identification of membrane-RNA nucleotides by two-dimension
chromatography
1l = guanylic acid 2 = uridylic acid

adenylic acid

H

4

S = cytidylic acid
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mability of that area correaponis to the mobility iata of pseudouridyliec
acid (4llen and Javis - 1957) and when the elunte from the spot was read

in water at pi 1.0 and at ul 13,0, the meximun absorption wees obtained at
264 mu and 286 mu respectively. The published maximum absorption for
pseudouridylic acid at these two (il velues is 26% my cn? 286 mu respectively
and thus the spot in detween the guanylic and uridylic spots is confirmed
as pseudouridylic acid.

.stination of nucleotides: The nucleotides, after being ldentified on the

paper, are marked very carefully so as not to overlap the area and each
fraction was then eluted with water by capillary flow overmi.uv, at

room temgerature. Courresponiing areas from the blank sheet were also

cut out and eluted similarly. Later (see below) blank areas ¢n the same
paper were used. The final volume for the different nucleotides in the

el e 800 spectrophotometer were obtained (5 ml. for adenylic eni uridylic,

8 ml. for eytidylic and guanylic and 4 ml. for pseudouriayliec;. 4n
eryropriate amount of normal hydrochloric acid was added tv each fraction

of the eluste to give the final strength O.1 N acid and readiin » were usually
taken at 260 and 280 mu. ‘ne molar extinction coefficient used for adenylie,
guanylic, cytidylic and uridylic were those of ¥yatt (1955, and for
pseudouridylic was that of Javis and Allen (1957). The 280:200 mp
absorption ratios were determined experimentally and coincided with those

by Yyatt for all =rots (1955).



RESULTS

—etermination of vaper Blank: In preliminary experiments in this laboratory,

it has been observed that equel areas cut from the same sheet of filter
paper do not give identical optical density figures, even the corresponding
areas of different sheets run in the same tank do not give the same figure;
however, the 280/260 ratio of the opticel density of the blank corresponding
to the different arecas of nucleotides i: und to be constant. The
absorption spectra of pure nucleotides individuslly differs in all cases
from that of the blank. Taking these two facte into consideration, it
i3 theoretically posaible to calculate the amount of the coutribution of
the paper blank to the abeorption of the spot by neasuring the optical
density of two wave-lengths es follows;-

7, -0&; . W

, P ==

2 < B2
‘here T, = optical density of nucleotide plus paper blank at)\l.
Ty = optical denaity of nucleotide plus paper blank at Ng.
¢ = comwentrution of nuclectide.
él = extinction coefficient of nucleotide at\;.
€y = extinction coefficient of mucleotide at M.
By = optical density of blank at)‘l.

Bg = optical density of blank at Ag.
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i.e. lezo u.éle = Tg.Bl -\;.gal
or C(g,B, - EgB ) = T8y = T8

Thus C = TiPg = TaBy

é18g - g8y
By
BlTl'Tz
"B

333‘51 -€2
b |

Bl g Ml
lﬂ__én

B &
“ B
:B-f.'rl-'l'z
'éz 1'3251

It is seen from the above that the concentration of mnucleotide can
be found if the molar extinction coefficient of ure nucleotide and the
ratio of jure nucleotide at the two wave-lengths (N +Xg) are known, the
other factors, i.e. By, Bg, Ty and Ty are obtained from the experimental
data.

The two wave-lengths chosen in the present study were 260 and 280
becoause the 280::00 oy tlcal density ratio of the blank is guite constant,

whether the blank area corresponds to adenylic, guanylic, cytidylic or
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uridylic acid. Jsecondly, the maximum absorption of adenylic, guanylic,
cytidylic and uridylic are respectively 257, 257, 478 and 262 my. Tnus
for adenylic, guanylic ani uridylic acids, the avsorption at 280 mu is
considerably nhigher than at 280 mi:, and for e¢ytidylic acid, the absorption
is nigher at 280 mgp.

Chromatograms were run to compare the recovery of nucleotides by the
conventional use of blank areas and by u.c new procedure using differential
spectrophotometry. Ul.Cl mi. of chromatographically pure solutions of
adenylic, guanylic, cytidylic and uridylic acids were applied to the wWhatman
pe.er Ro. 1, and cnromatograms were run. The amount appliect was estimated
by measuring the optical density in U.IN hydrochloric acid at 260 and 280 mu.
‘he percentage recoveries obtained by the two procedures has been shown in
latle XIX.

From tne Table, it 1s evident that the average percent recoveries in
the new procedure are slightly better in some cases, though the difference
over the conventional use of blans areas is not significant. I(luwever,

Lhe variability of recovery for individual nucleotides, as estimated by

the new procedure varies between 2.5 to 6.9 , whereas the stanliarddeviation
by the conventional procedure varies between 7.0 and 21.5 . This reduction
of variability of recovery showa the accuracy and is a Justification of

use of new procedures in the estimation of mucleotidea.

.ase comwsition of wla isolated from different cell fractions of rat liver:

The base composition of phenol-extractable JiA isolated from nuclei,

wnole microscmesa, membrane of microsomes ani ribosomes has been studied and
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“Zable KTX
recoveries [rom the ssperation of known emounts of nucleotiles by meana
of chromatosraphy. OUsloulated by formais using ajpropriete bhiank and

using @80:200 mp readings. The results are r:iui: & cnromatograms.

G - _ ——-

-hromatogram \denylic fushylde - Cytidylie Uridylic :
No. __4cid ieid Redd -~ heid ;
R a8.2 97.8 . 108.9 :
. $4.1 - 99L.7 94.6 162.2 ‘
2. 94,2 97.5 9.0 . 8.7
4. 5.3 98.1 90.4 90,0 :
5. 98. 9 MW i GTE 93,8 3
8. 8.7 B9.0 105.2 - .0
PUREOUSER .
Yean 6.7 95.0 e A g |
3.0, 8.5 89" > 4.0 6.9 . B
‘t. errer T SRR - aY . ) 1.8 2.8

y decoveries from the separation of known amounts of nucleotides by means

of chromatogra hy calculated by subtraction of an a;propriate blank run

on a separate sheet of éhromto;m;hy paper.

- 8 108,38 96.8 977 116.9
25 08,2 4.9 ' 106.0 01.1
5. “u‘ 103.3 88."0 8002
Vean 98,5 83.8 5.4 97.4
O-Do 7.\-’ 21.5 11.0 1509

~t. error 4.2 19,1 GeS 9.2



the results have been tabulated in Table XX. From the Table it is seen
that the amounts of guanylic acid and cytidylic acid in the membrane ANA

are higher from the other fractions, though the difference of these two
nucleotides of mesbrane- . Ni over that of nuclear . is not significant,

« significant difference in nucleotide composition is observed between

the wembrane and the ribvsomea. The difference in adenylic acid concentrati
in the membrane=-ulls and in nuclear-RNA is within experimental error and
hence not significant, but the amounta of adenylic acid and uridylic acid,
specially the latter, in the membrane-~ilNi and ribosomsl-ciiis are highly
significantly different. In the nuclei and in tne membrane, except in

tro experiments, we did not notice any evidence of presence of pseudouridylic
acid; the amount of pseudouridylic acid observed in the iro experiments

was also very low and because of our inability to detect lﬁy evidence of

the presence of this nucleotide in Na of membrane fraction, we thought

it to be due to contamination from incomplete separation of ribosvmes from
the membrane of the microsomes. This might be due to uneven andi none
uniform suspension of heavy microsomes in U.20 ) sucrose solution before
treatment with pyrophosphate, ani hence, in subseguent experiments, the
microsomes were suspended in U.20 i sucrose solution by homogenieing the
microsomes in low speed. in such preparations of microsomal suspension,

no peseudouridylic acid in the mombrane-ikN. was detected. 'he pseudo-
uridylic acid content of the whole microsomes and in the ribosomes is almost
identicel, the difference beiny again within experimental error.

It has been claimed by Nonier et al (1960, that, wnen .Ji. is extracted
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lable XX

Nucleotide composition of different fractions of liver: NA from nuclei

(isolated in 0.Z5 ¥ sucrose + 0.,001l8 M calciun chloride) whole wicrosomes,
microsomal mesbrane and ribosomes extracted with egual volunes of phenol,
hydrolysed witn 0.3N KO at 379 for 18 hours and the nucleotides

soparated by two-dimensional chromatography.

sample Average Adenylic Guanylic Cytidylic Uridylic .seudo-
of Acid Aeid Aeld Acid uridylie
acid
Nuclei 3 expts.mean 18.7 S1l.8 S1.3 18.4 0.0
S.J. 2.4 l.8 1.5 2.5 O.o
ote error 1.4 1.0 U.B 1.1 Dol
“hole 2 ex;*ts. mean zl.o &4'04 2708 1707 2.9
microsomes ,
- e ;-"o 101 .J-B 0.4 l.: 0.0
(.it- error 008 ~.6 005 1.0 U.‘
lembrane U expta., mean 17,00 34,10 32.20 16.80 trace
Sakle l.?c 1-50 5.60 1086
Lt. error C.78 0.68 1.62 Ds81
dbosomes 5 expts. mean 20,90 27,00 27.10 23,00 2ol
S0, 2.29 3410 S50 4.80 2.30

t. error U.98 1.30 1.50 2.00 1,00
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with phenol at ruom temperature, the cell wall is ermeabls to small molecules

{ee.g. 8ills) but does not allow the extraction of ribosomal iNi. This is
especially true of nuclei, where 'henol cannot extract the nucleolar <Ni
\esifTrey - 1961, S0, in a serles of experiments, the nuclei, mesbrane
and ribosomes were treate! with 30 col! trichlorcacetic acid (1CA), allowed
to stani in ice at least for half-an-hour, centrifuged at 2,000 r.pem. for
10 minutes. ‘he sediments were wazhed tvice with 10 TCa. 'he washed
sediments were then digested directly witn 0.3V 404 for 1 hour at 379,

It has been observed by Fleck and dunro (1962) that by this treatment

the whole amount of .NA could beextracted with very little protein contaminati
if digestion is yrolonged, the amount of XA extracted remains more or less
the same but the amount of ;rotein present is increased considerably. Se,
it can be accerted that after 1 hour digestion with U.3N EOH at 37°C the
winole amount of RNA has been extracted. After digestion, the sanple was
neutralised with cold percihloric acid (iCa 1ON,, washed twice with cold

:CA (U.5N) an! the pooled extract was further digeste with XUl (final
concentration - U,3IN) for 18 hours at 3790, neutralised with cela .Ca,
freeze d:ried and applied on "hatman paper No. 1 as before for separation

of nucleotilea by two-dimensional chromatography. The results obtained
from direct extracted /A and phenol extractable «NA are snown in Table XXI.
It is clear from the results presented in Table XiI that identical results
for the different nucleotidea of different fractions by these two procedures
are obtained; the pseudouridylic acid concentration tends to be gr=ater

in Jii extracted with phenol from the ribosomes.



Table XXI

Conparison of base ratios of |Jin extracted with phenul and with algall

AKA from nuclei, mexbrane and ribosomes were extracted with equal
volumes of 80, phenol and after Fleck and ‘unro's (1v62) modification of
the Schamidt-Thannhauser (1i45) method (digeation 1 hour in 0.3 alkali).
HNA thus obtained by the two different methode were hydirolysed vith
C.3N KO for 185 hours at 37%., The nucleotides weare separated by twoe
dimenaion.n.l chromatography as descriled in the experipental section.

Tne results are expressed in terns of molar ratioe, with adenylic acid = 10.

sample Average alkcali RNA _henol = KNA
of A [+] C | G c U Ps

Huclei S ex'r'ts. 10.0 16685 1446 968 040 10,0 170 18,7 9.9 Vel

“embrane X expts. 10.0 2l.4 18.3 10.8 0.0 10,0 20.1 18.9 9.9 Us0

Aibosomes exptl. 10.C 13.9 14.8 13.8 C.7 10.C 13.4 13.4 11.0 1.0

The results for the base composzition of membrane and of ribosones
are from o experiments for phenol extractable YN\ and 2 experiments
for direct alkaline digestion.

4 = adenylic acid
¢ = Cuanylic acid
C = Cytidylic acid

U

Uridylic acid

P rseudouridylic acid
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In the BNA directly extracted with alkali from nuclei and membrane,
once more we did not detect any pseudouridylic acid, confirming our previous
findings with the phenol-extractable Wi. In this procedure for HNA
e;tmcfion also, the amounts of guanylic and cytidylic acids are again
higher in the membrane fraction.

Finamore and Volkin (1981) studied two types of Ni in the amphibian
egiy, one of which was readily dissolved in the cold by l.0N (CA. They
observed more uridylic and adenylic acids in the acid=soluble portion of
Aike over that found in the acid-insoluble portion of the NA. There was
an equivalent decrease in yuanylic acid and cytidylic acid in the acide-

soluble ., as compared with the acid-insoluble &N.. Consequently:

(G + U)goruble = (6 +U)insoruble
i .
(A # O)poiubile « ¥ * O insaiubie
Similarly, we have also observed that:
(G 2 Wpaiet « (G ¢ V) tiirntie s (0 + Uridosomss
and

(A + C)puclet = (A + Clpeubrane = (4 *+ C)rivosomes

Our results from the rhenol extractable-iNi are as follows:



Fraction C + U w + 0

Huclei 1.8 ¢ 18.4) = 50,2 (18,7 + 31.85j= 50.0
Jembrane (34,1 « 16.8) = 5.9 (17.0 « 22.2)= 49,2
“ibosomes (7.0 + 28.0) + 5040 (20.9 « 27.1)= 48.0

fuls is also true for the (N. extracted by direct alikali digestion
for 1 hour at 379C,

Thua, it is sugsested thut the high guanyliec acid content ;lus
low uridylic acid content in the nuclear-:N. and in the mewbrane-:Na
are equivalent to the low guanylic acid and nigh uridylic acidas content
of ribogomal-:Ni; an. .igh cytidylic acid content plus low adenylic acid
content in the nuclear and in the membrane-ili.. are equivalent to the low

cytidylic aecid plua high adenylic acid content of ribosomal-ilii.

Lffect of nutritional status of rats on base composition of iUl of different

fractions of rat liver: The effects of nutritional status on the morphologica

structure of the liver cell and on the bilosynthesis o1 1N\ have already
been discussed in the general introductioa section. kecently, it nas been
observed (irosser, ¥allinson and ¥unro - 158v) that the inclusion of
protein in the diet increases the amount of KNA per 100 g body weight in
the post-microsomal ;ellet but there is a decrease in the ability of tnis
fraction to accept labelled amino-acids, sugyesting addition of & new type
of HNi, inactive in the uptake of labelled amino-acid in the post-microsomal
pellets. because of this, we have studied the base composition

of XNa of different fractions of rat liver, including the postemicrosoral
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fraction, The rats were fed with different diets as described under the
experimental section. The results obtained are tabulated in Table XXII.

From Table XXII1, it is clear thaut feeding with Z g. of casein « 0.0 g.
of sodium bicarbonate before killing (fed-rats) causes a significant
lowering of the amount of suanylic acid and cytidylic aeid in the membrane=
KNa, This occurs when protein was given to animals previously on lowe
protein diet (22.3. down to 17.3.) and to animals previously on adeguate
protein intake (26.80 to 17.0 ). & similar significent lowering of
guanylic acia wus observed in the ribosomal-iNi in the fed grou e from
that of the fasted groups (l8.9 to 13,8 and 16.8. to 1ll.4. respectively).
The amount of uridylic acid of wembrane-iNa in low protein group d4id not
alter witn prefeeding, but in the nigh protein group the amount of uridylie
acid waz lowered significantly when the rats were prefed with casein and \
sodium bicarbomute (12.0 to 2.83.). In the postemicrosomal pellets in
the nigh protein fed grou; there was a elight alteraition of besze composition
but it is not ai;nificant, but the amounl of 2sudouridylic acid in the fed
EToup wag sighificantly raised. A signilicant increase of this nucleotide
was 8lso observed in the ribosomal-ENA in the two fed groups as compared
wita the tro fasted groups.

It is of particular interest to note that a significant difference in
base compousition between the fasted ani fed groups is meinly limited to
guanylic acid which is reduced both in mesbrane and ribosomal-:dia in the
feu groups, the effect being more marked in membrane-:iA and when the

protein was fed to the group previously received high protein regime.



Table XXII

Lifect of nutritional status of rats on base comos.tion of (NA of

different fructions of rat liver: N. extructei either with phenol or

with alkali and hyirolysed with « ,3N KOH for 18 hours at 379C. Dase
composition studied as described under experimental section. iesults

are expressed as molar ratios with adenylic acid = 10.

Fraction Yutritional No. of A G c U is
tatus Sxpts .
Y.embr&m LFs faat 3 10.0 22.5 2t'05 905 Q0.0
Lol . fed 1 lu-O 1705 leob 8.0 \).U
Hel o fast P 1050 2641 . 255 12.0 O.U
.., fed e 10,0 17,0 19.8 9.8 0.0
Ribosomn L.« fast 3 10.0 18,9 15.9 8.4 0
LQ-’ e fed l 10-'~) 1508 1607 l(.f.s u-b
Het o fast a 10.\)- 14,8 16,1 Pe 2 Led
Heio fed 2 10,0 1l.4 13.8 9.5 2.2
irost-micrososmel L.. . fast X 10,0 18.8 15.8 8.7 0.9
pellets
He.k. fast 1 10,4 185.% 15.9 9.2 U.8
Hoi's fed i & 10,0 17.1 16.4 1007 sl
LP. = low protein
H.P. = high protein
A = adenylic
G = juanylic
S = cytidylic
U = uridylic
8 = pseudouridylic
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Soteola column ohromto,grn:m of membrane-3XA: Because of the difference
of membrane A compared with tae riboaomal-RNi, we decided Ato fractionate
the phenol-extractable-il. from the wembrane in an lcteola (lon-exchange
adsorbent of celluloss treated with epichlorhydrin and triethanolamine)
column as described by Goldthwait (1958). A column of .8 em. in diameter
and 3.0 cm., high was used. “cteola was washed with 1N HCLl, water followed
bty 1 Nad and water until the pil of washing was neutral. Cradient system
consisted of a constant volume mixing chamber containing 25 ml. of 0.0L 2
potussiun=phosphate buffer, pi 8.85 into which flowed 200 ml. of 1N NeCl
buffered with 0.0l ¥ potassium phosphate, pH 6.85. The s solution was
run through the column and 5 ml. collected in each tube uni ortical densities
‘at 460 mp were measured. The resulta are shown in Fig, XI. .« smail
volume of ultraviolet-absorbing material with 1 X DEUJVI was obtained, but
most of the KNA associuted with the menbrane was obtained by using an

N, O gradient elution. After the @Jor portion of uEaA bnaae.iatei with
the nembrane had thus been eluted, a small volume of Ni was eluted with

1N NaG. This elution rattern may be compared with the pattern obtained
by the same techaigue in thia laboratory from other liver-cell fractions
(Fige X11). I am indebted to Hius. Jean lciean for permission to reproduce
tnis diagram. It will be noted that menbrane-s<Ni (Fig. iI) reseables

most closely postemicrosomel Wi (Fig. A1I) in pattern, having more Uy

absorbing material in NeCl gradient than found with whole microsomal NA,

Sltracentri study: 4 series of experiments were carried out to

Jelermine the sediment coefficient of nembrane«iNa. Tho XA wuas extracted
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with phenol and 4 was dissolved with water so that the sample contained
approximately 1. RNA. Fhen the ultrucentrifugal run was carried out at
59,780 r.p.m. at 1790 we observed a sedimentation coefficient (uncorrected;
between 2 - 35 on two occasions.

Bosch and coworkers (196l1) have observed that simple dialysis against
double distilled water leads to degradation of some mlerogomal ‘ULl fractions
and suggested dissolving the N in  CO ¥ phos hate-buffer witnh 0.2 i
lall and dialyliﬁg aguinst this solvent. sccordingly, we prepared,
dissolved anl dlalysed our &NA in C.20 KaCl containing Q.05 U potassiune
vhoszhate buffer. The sanple was run in the ultracentrifuge at 08,750 rypem
and sedinentation coefficient at 17°C found to be s and 2.55 (uncorrected)
on two occasions. This suggests that the «Ni associated with the mesbrane
is of low molecular weight and corresponds in sise to s-iNi.

The ribosomal «NA removed from the microsomes by pyrophosphate treatment
is not suitable for molecular deteruinations because of disintegration by
this reagent, but we nave compared uembrane-.Ni with whole microsomal RNa
for molecular size. The phenoleextractable-iNi from the wnole microsomes
was dissolved in water and dialysed against running distilled water and
ultracentrifugal run was carried at 44,770 r.p.m. The sedimentation
coefficient (uncorrected) for the whole microsozmal iNi was founi to be

about S04 and with a smaller peak.
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DISCUSSICN

The finding of an lAse-sensitive system for prothrombin formation by
heavy mlicrosomes led ua tu examine the nature of the ANA assoclated with
the membrane of these nicrosomes. These studies heve provided us with
data on (&, nucleotide composition, (b molecular size an’ heterogeneity
by Lcteols column chromstography and (¢, molecular size by ultra-centrifugal
s;udies. 1l these Qove emphasized that the 1. assoclated with the membran
is a distinct species. de shall now consider how this svecies of Jlla is
related to the JiA patterns observed in different fractions of the liver
cell Ly other workers.

The base composition of REA fro: different svurces has been studied
by many investigators and their results along with our results have been
tabulated in Table XAIII for comparison. Loms have in fact, like ourselves,
isolated the nucleotides which includes pseudouridylic acid; much of the
published data, however, are for total base composition in which the
pseudouridylic and uridylic acids both appear as uracil. From Table XXIII
it is clear that our results for mucleotide composition of NHi. from the
different fractions of rat liver cells are in close a;proximation to the
results of other workers. The slight difference in some cases iz not
significant, in some ceces i iz algnly siynificant as for example oo ler
and cowarkers' (1960, resulta for the base composition of ribosomale lii
are highly different from our resulta, but they hyirciysed the Wi in
1N NaGH at 30°C for 1 hour and thus may well have degraded the «N. to a

sieater extent (Hutchison and Munro - 196l). 5o, the significant difference:
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Table ‘XIII

Comparison of base composition of WA from aifferent sJurces. [he results
are expresse’ as molar ratio with adenylic acid = 1U. &4 = adenylic acid,

G = guanylic acid, C = cytidylic acid, U = uridylic secid, :s = pseudouridylic

acid.
Cell- Crigin neferences Cell-nucleotides
fraction
. A C o | N
kate (1) Yclndoe & (a) 10.0 14.8 14,3 12.9 -
liver Davidson
(1952) (b 10.0 " 13.4 12.1 11.7 -
Kuclei ' (8) "lson & (a) 10.0 12,7 14.:6 1¢.4 -
chargaff
{1982) (b) 10,0 13.0 14.9 11.5 -
\b) Alljrey &
S'-‘.iraiq 1.0 16.2 14.2 8.8 0.0
(1969)
(4) iTesent
investigation 1l0.0 16.3 18.7 9.0 .0
Yhole Hat- (1, vrosbie et
microsomes liver al (1938) 10,0 16.9 14.7 10,8 ~
(2) Lipshite &
erﬂuff 10,0 16.4 15.4 3.8 Qe 7
\1460)
(&) :‘Tresent
imesti_f‘tion 10.0 14,3 13.1 B.3 l.4
(1) Chauveau et
al (1282 10.0 18.% 15.9 11.0 De©Q

Vembrane of Rate (Z) iresent
microsomes liver investigation 10.0 20.1 18.9 O ¥ 0.0
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Cell=-

Urigin Leferences vellenuclectides
fraction .
i G ) J a8
(1) Yagasanik
(1958) 10.0 - A7.8 15,8 "10.1 -
(2) Chauveau et
“ibosomes Kate al (13¢2, 10.0 1l6.6 16,1 12.¢ -
liver (3} {resent
1mati£atian 10,0 16.2 16.2 13.7 LS
Hibosomes Yeast (%) Vonier et
al (1360) - 10,0 10.7 7.7 10.1 Oed
. c0li (8) Spahr &
(705 values Tissieres
from 50u-505) (1959) 10.0 18.5 B.7 8,7 -
B, coli (6) Me uillen
SQU ‘mtive} (lgﬁl) 10,0 12.6 Be2 9.6 -
SUs (native) 10,0  l4.1 8.1 7.7 -
0. (Gerived by ) 10,0 13.1 .8 8.8 -
505 (dissociation ) 10.0 14.4 Beb 746 -
of native 7C8)
E. coli (1) Spahr &
Se i Iisnierea
(1959) 10O - 27.8  15.8 8ol 1.5
B: eoli (2} Yeyuillen
(1961) 10,0 17.2 14.7 8.7 -
Yeast (&) Vonier et
al (1860) 10.0 © 15.8 18.3 " 10:8 2.1
least (4, Usawa (19£3) 10.0 13,4 11,85 10.% 2.1
. Yeast (5) Usawa (1989) 10.0 158.2 11.7 1ll.2 2.7
rat=liver (38, Goldthwait
(1959) 10, 1544 9.6 8.7 -
nateliver (7) Lipshitz &
~hargaff
(1960) 10:0 14,8 14.5 B.5 1.6
(8, Chauveau et
al \1%2) 10.V 15.8 14.7 11.4 -
| o8 te Hat=-liver (1) Goldtnwait
microsomal (1259) 10,0 18.2 9.6 Y. De%

KNA
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are more likely due to different procedures adopted for extraction of uNA,
for hydrolysis of RNA and even for separation of the mucleotides. IAllfrey
and Mirsky (1959) using ©.5N KOH for hydrolysis of nuclear iNA at 389

for 24 hours obtained & low result for cytidylic acid and possibly again
thais may be due to deamination of cytidylic acid to some extent with that
strength of alkalli; but they did not observe any peak for pseudouridylic
acid from the Dowex-l column eluate, nor did we in cur nuclear NiA extracted
by phenol or by direct alicali digestion with O0.3N Z0H for 1 nour at 379C.

The base composition of membrane=iNi studied by us and by Chauveau et
al (1962, shows a definite difference from that of ribosomal-ilii, not only
by abaence of pseudouridylic acid in the membrane- ', but also with a
higher quantity of guanylic acid and cytidylic acid in tals fraction than
that in the ribosomal-ilii, ‘hese findings not only support the earlier
concept of heterogeneity of microsomal-iNA, but also give some evidence of
the presence of another species of LA in the membrane fraction of the
nicrosomes.

The base composition of membrane-iNA is more alike to the base compositic
of muclear il., not only by absence of pseuldouridylic acid in both instances,
but also by a higher quantity . -uanylic acid and cytidylic acid.

Similarly a higher amount of these two nucleotides has been observe: .o
s=iNA by other investigators. Ldstrom et al (1¥6l, have recently cobaerved
an identical base composition of ‘Na of whole cytoplesm and nucleolus from
the starfish Oocytes and the composition is markedly and significantly

diiferent from the composition of :(Na from the nmucleoplasm. Though there
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are other differences between the whole muclear <A and cytoplasmic iNa,

even then it is suggested by them that at a given moment cytoplasmic HNA

iz completely derived from the nuclear-ila, From the simiiarity of base
composition of the nuclear, membrane- N. and s~iNi except for pseudouridylic
acid content, one can suggest that the same iNiA entity is present in the
three fractions if it is assumed that pseudouridjlic acid combines with
s=illi at some later period. fhis hypothesis ls further supported by

the study of molecular sizes of ...s present in three fractions. ‘e have
already shown that membrane-ilis and s-ilii are small. sendi and “arner (1960
'nave reported that thymus nuclei contain & low molecular weight “Ha with

a sedimentation coefficient of 45. The sedimentation coefficient of s=alld
has been determined to be 5 = 4. The sedimentation coefficient of
nembrane-iN. is also found to vary tetween & - 4u. oSimilar obaservation
has been noted by Auff et al (1980) who treated the ribonucleoprotein particli
with V.5 . sodium deoxycholate and found approximately 28. of NA and 44.

of protein in the supermatant fluid. Ultracentrifugal analysis of this
ANA by the UV absorption technique revealed a small boundary with SguW
between & and 65. The XA of ribosomes consists mainly of two conp.lents
with sedimentation coefficients of 15 - 185 and 23 - 28. (Timasheff, Brown,
Colber and lUavies - 1958; Littauer and Fisambern - 1lud9; iall and Doty -
1959; waeda - 1960) suggesting that membrane-iNA nus guite a different
w=value from ribosomal-ilia. It has also been noted by !all, LStorck and
splegelman (1361), Utaka, Cota and Usawa (1961) and kcCarthy and ~ronson

(1961) that RNA in the 705 ribosomes showed the existence of two metabolically
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active types - one corresponds to the large /(NiA moleculee (255 and 163)
and the other consiste of smaller (4 - 108 ENA); though recently it has
been claimed (Cox and Arnstein - 1952) that amaller molecular weight RNA
from microsomes is the degraded product of the larger one formed as an
artefact during isolation. The former groups of workers on the other
hand, suggested that 40-i84 is the basic unit of all JNA. If this hypothesi
is taken to be a correct one, from our findings we can put forward that the
meubrane of the microsomes contains the basic unit of all iiix. ‘hether
this basic unit has come from the nucleus or not we caruwt say wita the
present data and further work will be necessary to support this hypothesis.
But one can assuxe that most probably during the process of =membrane
development from the muclear membrune, as suggested by Darer and coworkers
(1960), the baaic unit (45-iNA) of the Hli is also carried from the
nucleus into the coytoplaan, ie shall defer to our general discussion the
guestion of "messenger" iNA.

from the results obtained by us another obvicus result ia taat the
base composition of the Ma from the different fractions of rat liver under
the influence of diet varies, most marked. n! significantly in the membrane-
KNA with a significant lowerin; ( guanylic and eytidylic acid content
waen the rats were prefed with caszein. The pattern of the membrane- '
tends to be that of ribosomal-ilNA. #dhether this change of pattern of base
composition of membrane- N. is anything to do with the srotein synthesis

or not we do not xnow,
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SUMMARY

l. /A method for the estimation of nucleotides with less wvariation than
the usual metnod has been developed and described.

2. 'he nucleotide composition has been deternined for whole microusomal-
dNA, nuclear A, membrane-ilNA and ribosomal-idNA. The RNA assoclated
with membrane prepared from the whole microsomes by treatment with
pyrophosphate (O.1 &, pi 7.4, has been shown to have an umusual nucleotide
composition, notably an absence oi pseudouridylic acid and a nigh cuantity
of guanylic and cytidylic acids. Absence of pseudouridylic acid has also
been obaerved in the nuclear- i,

S« The nucleotide composition of the KNA from the different fractions
including the post-microsomes has been found to be dependent on diet.

The amount of guanylic and ¢ytidylic acids of membrane-ilii and ribosomale
ANA is significantly lowered in protein fed animals. This change of
pattern is markedly significant in the membrane-:NA. The pseudouridylic
acid cvontent of ribosomal<iN: has been found to inorease significantly
with the inclusion of protein in the diet.

4. fhe molecular size of (Ha assoviate ith the meubrane nas been
studied by Ecteola column chromatography and by ultracentrifugal study

and found to be low in comparison to that of whole microsomal- . and

rivoscual=<Ni.



' SECTION IV

Studies of incorroration of “op by the HRNA of different

fractions of rat liver
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SECTION 1V

Introduction

1t is accepted that there is specificity in protein synthesis, and
this genetic information is derived from the DNA., ZExcept for muclear
proteins, the actual synthesis of protein takes place in the cytoplesm,
more specifically in the ribosomes, DNA itself is confined to the
cﬁromosomal elements of the cells, "% on the other hand is present both
in the nucleus and cytoplasm. Because of this widespread presence of RNA,
the specificity of protein synthesis derived from the UNA is supposed to
be carried by the ribonucleic acid; whether that <NA is a stable RNA of
ribosomes or an unstable intermediate or "messenger"” RNA is not yet definitel;
established,

The studies of HNA associated with the different components of ribosomes
have sugpested that the smaller molecular sigzed RNA is the precursor of
the larger molecular sized RNA, 1t has been demonstrated by different
investigators, including ourselves, that the membrane of the microsomes
contains a small portion of the total cytoplasmic ribonucleic acid. Our
data show that the nucleotide composition o! membrane-iNA is different from
that of ribosomal-rNi, suggesting that membrane-iNi is a distinet species
from the ribosomal-RNA. Ye have also shown that the nucleotide composition
of nuclear-RN/. is more alike to that of membraneeiNA.

There is a great 2-.. of -vidence to suggest that nuclear-iN. is the

precursor of the cytoplasmiceiNi., Can the membrane-iNA, which is similar
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in many respects to the nuclear RNA, be also the precursor R¥A of ribosomesa?
Can the kNA associated with membrane be the carrier of genetic information
in the protein synthesis?

In the present investigation, we h' v~ attempted to answer these
questions by incor oration study of 52p jnto the nuclear=ii., membrane-NA

and ribosomal-IKNA.

Jateriale and ‘ethods

animals; llale white albino rats weighing between 175 = 205 gms. from
departmental stock have been used. I'ne rats were caged separately in
individual cages and were fed with diets as described in Uection III.
Fifty pc of 52, « injected into the gluteal regions of the rats which
had been starved overnight. In the fed groups, the rats were fed with
2.0 gm, of casein « 0.5 gm. of sodium bicarbonate 1 hour prior to o2y
injection. The rats were sacrificed at different intervals after 94p
adninistration.

Freparetion of different subcellular fractions: The rats were lightly

anaesthetised with ether, the liver as perfused with ice~cold C.20 ! sucrose
0.,0018 i calcium chloride. 'he liver was then removed, washed with the

same solution, dried in between two layers of filter papers, weighed and
nomogenised with 10 vols,. of iceecold 0,25 M sucrose + 0,0018 i calcium
chloride, filtered through the four layers of nylon gauze and a portion of
filtrate was taxken for isolation of nuclel; from the remaining half of

filtrate, microsomes were separated. The microsomes pellets were then
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suspended in 0.25 ) sucrose + 00,0018 I calciwn chloride, treated with
Vel i sodium pyrophosphate solution in 0.25 i sucrose (pi 7.4) for the
isolation of ribosomes and membranes. For the isolation of nuclei,
microsomes, membrane and ribosomes the same procedure as described in
~ection 111 was adopted.

Lxtraction of «N4 from the different fractions of llver cells: OUne half

volume of 30,. (w/v) A=R trichloroacetic acid (TCA) was added with stirring

to the water suspended nuclei, and the membrane and to the solubilized
ribosomes in pyrophosphate solution and allowed to stand for ;5 hour in ice.
The precipitated material was centrifuged down and washed twice with ice=
cold 10,. (w/v) 1CA. The precipitate was extracted successively with
acetone, ethanol, ethanol/chloroform (3:1), ethanol/ether (5:1) (twice),

and ether. The residual material wus dried at room temperature and the
dried powder was then digested with 0.3N XOd for 1 hour at 37°C. After
digestion the sample was cooled in ice, neutralised with cold concentrated
10N perchloric acid (iCA), and the pi of the sample was brought down to pi 1.
with 2.1N :CA and then centrifuged at 2,000 r.p.m. for 10 minutes at Q9C.

The precipitate (protein and UNi) was washed twice with C.7If [C.; the three
supernatant fractions thus obtained were pooled and digested with KCH

(final concentration 0.3N) at 379 was continued for 18 hours. This procedur
minimizes release of peptides from protein. After the second digestion,

the sample was cooled in ice and then neutralised with ice-cold concentrated
(1ON) iCA., rotassiumeperchlorate from the solution was removed by

centrifugation at 0% for 10 minutes at 2,000 r.p.m. The neutral solution



=106=

wag then made acidic (/1 4.U; with iCi before application o nucleotides
to the paper for ionopnoresis.

.eparation of nucleotides: The hydrolysed XNi sample containin: about

80 ug of phosphorus was applied in =2 narrow band on Whatmen 3'% paper

72 x 7 cm. Ionophoresis was carried out in citric acid = trisodium
citrate buffer (pH Z.5), at 720 volts for 138 hours as descriled by lavidson
and Omellie (1982). After 18 hours, the ionophoretic strijs were dried
in an ultra-violet lamp and the nucleotide fractions were identified with

a filtered U.V, lamp, The areas for the individual nucleotiles was mapped
carefully, cut and the nucleotides were eluted from the -aper with water,
The eluates of the different fractions were pooled ani radiocactivity was
measured. In one or two experiments, the efficiency of scparation was
chec<ed by usinz paper chromatograrhy to separate the nucleotides (Lipshitz
and Chargaff, 1960).

Estimation of radiosctivity: & ml. of the pooled eluate was taken into the

liquid counter and counted for 10 minutes in a liquid counter (Veall).
The specific activities of different fractions have been expreszsed thus:
Sp. activities = counts/minute/100 pg phosohorus.

si . mtion of phosphorus: 5 mls of the eluate was taken and total phosphorus

was determined by a micromodification of illen's method (1940).

Estimation of imorgenic rhosphorus: The supernatant obtained after sedimenti

the microsomes (13,000g for 1 hour) was treated with one=half volume of ice=
cold 30, ™A (w/v), allowed to stand for 5 hour in ice, centrifuged at

2,000 repem. for 10 minutes at 0%, the precipitated material wus washed
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twice with iceecold 10 TCA (w/v). The inorganic rhosyhorus present in
the pooled supernatants was precipitated as the magnesium salt,
:g(nu4)r04, by addition of Mathison's (1905) reagent (la to 10 ml. extract).
The mixture was mde alkaline with 10 NH}OH and kept in the refrigerator
overnight. After standing overnight, the sample was filtered through
& Whatmen No. 42 paper, washed repcatedly with 1C. Ni,0i and the precipitate
was then dissolved in 1N HC1. 'ne amount of inorganic phoschorus was
then determined by Allen's metnod (1940).

A difficulty arose in connection with the use of HCl to Jizzolve
the lg(Niy)i04 for estimation, if the Allen estimation ./ inorganic phosphate
is carried out without digestion. We have observed that if different
volumes of 1IN Uol arc added to definite amounts of inorganic phosphorus,

the readings of L.i. 600 at 640 mu varied as shown below:

mi., of 1.ON
HC1l added (0] 1.0 1:8 2.0 245 3.0 b7 4,0 4¢5 5.0

O.us at 800 o 063545 06340 04330 06820 063U0 04275 04250 0,190 U160 Ueldd

I

. 'hn amount of molybdate and amidol reagents were added for ";"eillen to
each tube).

These varying readings could be corrected il the solution in 1N HCl was
digested with 1C¥ 1,30, in a similar manner to total phosphorus. The

effect of this is shown below. (The phosphate solution is not of the
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same strengtn as above).

mle of 1.ON
dC1l added L0 1ed 20 2.8 8.0 38 4,0 4.0 260

——

C.De at 640 mu 0,169 0,168 0,160 0.1656 0.176 0,175 0.170 0.168 C.172

(The awount of molybdate and amidol reagents added for ; -Allen).
Conseguently, the inorganic hios horus in 1IN HCl solution was digested
with an appropriste amount of 10N H,50, to obtain a clear sample and the

inorganic phosphorus was determined from this clear digested samjle

according to Allen's method (1940).,

sewa ration of nucleotides: 1In the long ionophoretic run, Javidson and

Smellie (1ludZ) obeerved an adeguate separation of nucleotides when the
extraction and hydrolysis of KNi were carried out as descriled by Lavidson
et al (1951); but in such & separation, the uridylic acid from 94/ _labelled
HN&a was found to be accompanied by two components that appeared only in

the autoradiograph and not in U,Ve. print, indicating traces of hignly
Maiionctive material, In our case also, the separation of nucleotides

was adeqguate, though we have not examimed the strip by autoradiography.
Lxcept cytidylic and adenylic acids, guanylic acid and uridylic acid were
far away f'rom :n ther, and the band for the inorganic rhosphate
(recognised by radioactivity) was always at the extreme end of the paper.

Ve marked the areas under the U,V. lamp, and hence the contaminants that



=100=

might affect the uridylic acid were not likely to be included. However,
occasionally we used to get & band between the cytidylic acid and the
adenylic acid, especially if the initial digestion period for extraction
of RNA was prolonged more than 1 hour. ‘henever we have ol=-rved this
band, it was marked ani eluted separately. The optical densities of
this eluate were examined on each occasion at pi 1.0 frow 220 = 30U mu
and within this range of wave lengths we did not observe any peak for any
nucleotides. fhe eluate was then examined for radioactivity and on each
occasion we observed that this extra component did not contain sny
significant amount of radiomctivity. Consequently, in ur study of the
radiocactivity oif the nucleotides of different fractions of liver cells we
have not incluued this band.

For further confirmation that the eluted material did contain no
materials other than the nucleotides, in a series of experiments the
same hydrolysed material was subjected to ionmophoretic and chro=atographic
separation and the nucleotides thus separated by the two procedures were
compared. The results are shown in Table XXIV, from which it can be seen
that the radioactivity of the individusl nucleotides separated by the two
rroce Jares are identical, within the limits of error of the methods.

opecific activity of dNA of different fractions of liver cells: The

incorjyoration of “2; into the WHA of nuclei, meumbrane and ribosomes wus
studied at intervo1 of 1 hour, & hours and 8 hours after administration
of 525 and the results are tabulated in Table XXV, The rats were fed with

low protein (fasted overnight), high protein (fasted overnight) and high
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Table XXIV

vounarison of o, activities obtained by lonophoresis and chromatogreiny

scparation of nucleotides: OSCU pc of 52, injected into the gluteal region

of rat and A was extracted from the liver cells with direct alkali
digestion (1 hour at 279% with 0,31 XCi), the acidic solution was applied
on ‘hatman 3¥{ paper for ionophoresis and neutral solution for chromato=
graphy on ‘hatman No. 1 paper. The results are the average of two
expoeriments.

Sp. activities = counts/minute/loe pg phosphorus

Fractions Ionophoresis vhromatography

Nuclear adenylic acid 5,440 59740
(1 hour after 2 Guanylic acid 5,230 3,120
administration) Uridylic acid 5,160 59030
Cytidylic acid 3,080 3,620

Nembrane Adenylic acid 3,662 4,000
(& hours after 98, Cuanylic acid 1 9.650 8,850
aduinistration) Cytidylic acid 12,400 10,800

Uridylic acid 9,950 6,240
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Table XXV

Uptake of 52; by MNi of different fraction of rat liver: 50 pc of 52,

was injected into the rats under different dietary regime namely -

low protein fasted, high protein fasted, high protein fed. =Na was
extracted by direct alkali digestion with U.Ji aull for 1 hour at 57°C
(Fleck and llunro - 19562) followed by 13 nours hydrolysis with U.30 KOG
at 37°C. Ionophoresis was carried ocut as described by Javidson and
amellie (1962).

Sp. activities = counts/minute/100 pg phosphorus

Fraction Nutritional Sp. activities after hour administration 4
status
1 3 : 8
L.y fasted 452 2572 2056
Nuclei Heie fasted 356 1812 1808
Heis fed 746 1858 1915
Let« fasted 8% 450 1532
Membrane H.i's fasted 4 206 707
Heio fed 102 012 378
Leoo fasted b 147 1062
Kibosomes Hero fasted 2 80 359
Heiy fed 1 183 42

Sp. activities of inorganic phoschorus

Leis fasted Z7B75 20785 14341
Hei's fasted 13553 12058 971
Heis fed 16085 12,551 8526

(Kesults for L... fasted are from 2 experiments, and for Hei'. fasted

and fl.:. fed are the average of 3 experiments).
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protein (fed protein 1 hour before administration of the isotope).
It is obvious from the results that the higheat incor oration of

52; is in the nuclear i in between the 3 and 8 hours after injection of

52:; at 8 hours the incor,oration is more or less the same as at 3 hours,
with a tendency towards decline. This finding is in accord with the
earlier findings of otherswho have observed a very much more rapid uptake
of 92 by nuclear :Na than the cytoplasmic RNa, The activity of nuclear
K. rose rapidly and fell sharply after administration of tu: ilsotope
(Smellie - 1955).

In our experiment after 1 hour of adwministration of %2, the mesbrane-
KNA showed some radiosctivity but none whatsoever in the ribosvmal KN. in
that period. The uptake of isotope by membrane-ill., though much less in
comparison to that by nuclear-zNA at 1 hour, is gradually increasing
whereas uptake by the nuclear- NA is gradually decreasing. From 3 hours
onwards there is incorporation of 5% into ribosomaleiiNA., The uptake of
isotopes in the membrane«ili. even after 8 hours aduinistration of isotope
is still significently higher than that of ribosomal-RNA.

Another interesting result presented in lable XXV is that with the
variation of diet there is also variation of incorporation of 52p, In
the nuclei after 5 and 8 hours of administration of “2f there is no
difference between the H.:. fasted and He.i, fed though the difference is
guite significant between the L.:. fasted and H... fasted or H... fed at

these periods, whereas, in the membrane and ribosomes, the difference between

the low protein fasted and high protein fed is not significant af'ter 3 hours
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of administration of isotope; but the difference between the L... fasted
or Hel's fed and H.!:. fasted is significant. At 8 hours the differences
in uptake of S2p by the ribosomal RN.i of the three groups are significant.
In general, prefeeding of rats with protein before injection restores the
capacity of uptake of S2p,

Though this observation was consistent, we performed another series
of experiments with high-protein=fasted and high-proteine=fed groups of rats.
250 pe of 52; were injected into each rat in the gluteal re iun and RNA
was extracted directly »ith slkaline digestion and hydrolysed as before.
In this series of experiments instead of pooling the eluates of different
nucleotides together, we measured the uptake of isotope by the individual
nucleotides separately and the results have been tabulated in Table XXVI,.
From the results it is obvious that the Sp. activities (counts/minute/100 pg i
between the individual nucleotides of muclear-iNi and ribosomal-iNA are not
very different, but it is merkedly different in the case of membrane-iNA,
Similar large discrepancies between the individual nucleotides of nuclear,
deoxychglate-soluble and ribosomalefNA have been observed by Shigeura and
Chargaff (1958). The way they extracted and ayirolysed the RNA is slightly
different from our method; moreover, the discrepancy between the individual
nucleotides in our case is limited only to the membrane fraction, a fraction
rich in phospholipid and phosphoprotein. High Sp. activities are seen in
the two nucleotides (cytidylic and uridylic acids) which are at the two
exireme ends of the ionophoretic strips. We, therefore, assumed that it

might be due to contanination and so a pilot experiment was performed.
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Table XXVI

Sp. activities of individual nucleotides of KNA of different fractions

of rat liver: 250 uc azk was injected into each rat and RIA was extracted

by direct alkali digestion followed by hydrolysis for 18 hours in O,3N ACH
at 37°C., The separation of nucleotides was curried out by ionophoresis

(Davidson and Smellie - 1952).

‘raction Nucleotides Sp. activities

1 hour d hours 8 hours

Cytidylic acid 4,000 14,500 16,000

Nuclei Adenylic acid 2,440 14,650 > 18,500
Guanylic acid 3,230 14,500 12,400

Uridylic acid 4,160 15,200 13,900

Cytidyliec acid 2,082 12,400 27,900

ilembrane adenylic acid 267 o062 3300
Guanylic acid 2135 9,650 6,400

Uridylic acid 2,950 11,950 21,400

Cytidylic acid 214 3,380 8,100

iibosomes Adenylic acid 154 2,330 8,500
Guanylic acid 158 2,580 8,350

Uridylic acid 174 2,400 8,150
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One hundred pc of 32 were injected into the rat and &NA from the three

fractions was extracted with phenol under identical experimental conditions

as described in Section III. The RNA was hydrolysed with U.SN KUH at
37°%C for 18 hours. The separation of nucleotides was carried out by
chromatography and the nucleotides were eluted and radiocactivity was
measured in the individual nucleotides. From the results in Table XXVII,
it is seen that, in the phenol extractable Hiii of the membrane, the uptake
of individual nucleotides does not vary so much as in the case of direct
alkali extraction.

So, in a series of experiments, the high-profeinpfaated and higheproteine
fed rats were injected with 250 pyc of 52 and then KWNA from the membrane
and from the ribosomes was extracted by 90.. phenol and hydrolysed with
O.3N X0 for 18 hours. The separation was again carried out by ionopnoresis.
The uptake of individual nucleotides was measured and the results have been
tabulated in Table XXVIII. [rrom this table, it is evident that one hour
after isotope administration, the uptake by the ribosomal-iNi is much less
than into membrane, and as in the case of direct alikali digestion the
uptace by the ribosomal-NA gradually increases.

It has been shown by us and also by others that the muclear=-kNA does
not contain any pseudouridylic acid, and if the hypothesis that nucleareRNa
o8 the precursor of cytoplasmic KNa be accepted as & correct one, it is
difficult to believe that the pseudouridylic acid is also derived from the
nucleus. To study this we have performed a further experiment. As pesudo=-

uridylic acid cannot be separated by the ionophoresis, this nuclectide

i



Table XXVII

Sp. activities of individual nucleotides of membrane-ilA: 2350 pc of

53, were injected into the rats and killed, one after administretion of

isotopes. The KNA was extracted with vhenol and the extracted RNa
hydrolysed with 0.3N KOH for 18 hours at 379C. The hydrolysed RNA was
separated by chromatography.

" Spe activities = counts/minute/100 g of &

No. of Expeiluent Nucleotides Spe. activities
1 Adenylic acid 9,750
Guanylic acid 74780
Cytidylic acid 74350
Uridylic acid 11,850
2 Adenylic acid 416
Guanylic acid 598
Cytidylic acid 448
Uridylic acid 516
o) adenylic acid 74850
Cuanylic acid 7,680
Cytidylic acid 7 4450

Uridylic acid 11,630




Table XXVIII

Sp. activities of RNA of different fractions of rat liver: 250 pe of

52; were injected imto H.i'. fed and H..',s fasted rats ani the N/ from

the membrane and the ribosomes was extracted with phenol, ny 'rolysed with
0.3N KOH for 18 hours at 37°C. The nucleotides were separated by
chromatography . The individual nucleotides are eluted, Sp. activities
measured separately., The results presented here are:-

Sp. activities of nucleotides
Zaverage of all nucleotidea;

Fraction Nutritional Sp., activities at
Status
1 hour 8 hours
Membrane Fasted ase 2,020
Fed 532 3,518
idbosomes Fasted 70 3,088

Fed 68 2,445
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wus separsted by chromatography as described in Section II1l. The
nucleotides are eluted ani uptake of 32; nepsured and the results ere
tabulated in Table XXIX. From the presented results it is evident that,
like other nucleotides of ribosomal-iNA, uptake of "2, by pseudouriiylie
acid at the earlier periods is very low and gradually increases. ‘It seens
that uptake of 52, by pseudouridylic acid tends to be lover than the
other nucleotides.

In another experiment where the rats were injected witn 100 pc of
9% and killed 18 hours after injection, the uptake of the isotope by
the ribosomul-wlNA is now significantly above the uptake of 32: by the
nucleotides of membrane-iNA at that tiwe period as seen from the results

in Tuble XXX,

wISCUSSION

Irom the results presented above three important facts are obvious:
(1) the uptake of “%; by the RNA of different fractions of rat liver cells
varies with the variation of diet, (ii) the uptake of 52, in the ribosomale
i at one hour af'ter administration is almoat negligible, and (iii) the
uptake of pseudouridylic acid is also very low and gradually increased with
incresase of time interval after injection of isotope.

Our finding of the highest uvtake of 9%t by the livereiNA in the low
protein fasted rats are in concord with the earlier findings of Clark et al
(1957) who observed a higher uptake of 32, by liver ﬂNw.from the normal
liver fasted overnight and lowest in case of rats fasted after a proteine

containing diet. .refeeding of rets with 2 gms. of casein and C.15 gm.
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Table XXIX

Sp. activities of pseudouridylic acid in comparison to other nucleotides

of rat liver ridbosomes:

250 pe of S

2,

were injected into each rat, NA

extracted with phenol and hydrolysed with C.3% KOH for 18 hours at I79%.

Separation of nucleotides was carried out by chrumatography.

Sp. activities = counts/minute/100 g I

Nucleotides Sp. activities
1 hour S hours 8 hours
sdenylic acid 0 958 9,800
Guanylic acid 8 LY R 4,860
Cytidylic acid 23 908 1,120
Uridylic acid 11 1,720 5,060
rseudouridylic acid 0 395 895
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Table XXX

Sp. activities of nucleotides of membrane and ribosomal-iNi: 100 pe

of 9% were injected into the gluteal re;.u. the rats and after 16
hours KNA was extracted wita phenol, hydrolysed in C,3N KOH for 18 hours
at 37% and separated by chromatography.

Sp. activities = counts/minute 100 pg ¢

Fraction Spe activities of different nucleotides
adenylic  Guanylic Cytidylic Uridylic Iseudouridylic

Membrane 365 0ud 587 410 (0]

Ribosomes 1,640 2,100 2,080 1,545 480
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of sodium bicarbonate prior to administration of isotope ra;idly restored
incorporation to a high level. Thus, our findings support the earlier
hypothesis put forward by Clark et al (1v57), namely that the rate of breake
down of RNA is influenced by the availability of amino-acids. Munro and
Clark (1960) further suggested that the variation of RNA content of liver
with the variation of diet seems to occur mainly in the endoplasmic reticulum.
though it is difticult to reach final conclusions at the present stage, it
seems from the rresented results that there is a tendency for tne effect

of diet on ujtake of 98} to be greater in the case of the membrane-iNA.

Cur observation of high initial uptake of 2} by the membrane-iNA
corresponds to the findings of Shigeura and Chargaff (1958) though differs
from the findings of Lachs (1958). The former group of workers sugyested
that inorganic phosphate as a precursor of H<NA moves thus:

Cellsap RNa __ deoxycholate=soluble s (membrane) —3 ribosome RNA
because the initial incorporation observed was greatest in the mupernutant
fraction (supernatant obtained after centrifuging at 105,000g for 1 hour)
ani next in the deoxycholate-solubilised fraction. ‘e have not examwined
the supernatant fraction, but fron _ur findings it seems that inorganic
phosphorus as a precursor of LNA moves in the following manner;-

Nucleus —p Nembrane of microsomes > KN: particles

cur findings are in a way quite similar to the findings of otﬁqr investigators
who have observed by incorporation studies, including the autoradiographic
technique, that when KNi precursors are presented to a cell they are first

incorporated into the nuclear-ull. and later appear in the aytoﬁlasu. Theze
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findings support our hypothesis of movement of RNA in different cell
fractions. (Georgiev, Samarina and Zbarsky (1961) recently concluded

that the macromolecule that participates the synthesis of ribosomes and
"soluble=-iiA", probably belonging to the nucleochromosomal apperatus, passes
into the cytoplasm by way of the nuclear sap; this fraction was considered
to be synthesized from free nuclectides and may serve as a precursor of
cytoplasmic «Ni. ierry and coeworkers (196l), studying the kinetics of
nucleoside incorporation into nuclear and cytoplasmic RNA in tissue culture
cells, suggested that either all the KNA is made in the nucleus and transe
ported to the cytoplasm as such, or some complex intermediate is made and
then transported to the cytoplasm. Studies of molecular sizes of KNA of
different fractions of liver cells and uptake of 52, by the RNA supports
the concept that a basic unit of KNA is synthesized in the nucleus and

this basic unit is then transported to the cytoplasm. It this is so,
pseudouridylic acid combines with the ribosomal-zNi at some stage of

transportation.

SUMIARY
1. After injection of 52, jnto rats, uptake of 5% js nighest from the
beginning in the nuclear=iNi, the maximum being attained some time between
S to 8 hours.
2. There is some incorporation of 52, in the membrane-xli one hour after
administration of 52&, guite low activity at that period being observed in
the ribosomal-iNi. The activity in both fractions gradually increases up

to 8 hours after administration of isotope, the activity in the membraneeiNA
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is higher than the ribosomal-ikNA; at 16 hours after 32, injection the
activity in ribosomel«ilNA is higher.

3« The activity in the pseudouridylic acid of ribosomal-ilii is initially
low like other nucleotides. The uptake of 52, by this nucleotide gradually
increases with increasing time intervals after administration of 32#.

but may be less than that of other ribosomal-RNA nucleotides.

4, The uptake of isotopes by the ENA of different fractions varies with
the nutritional status of the rat, the highest being in the low protein
group fasted overnight, and lowest in the high protein group fasted overnight.
ne capacity to incorporate is markedly stimulated if the rata are prefed
with protein just before injection of isotope. 'here is no difference of
uptake of isotope by the nmuclear INA between the high protein fasted and

nigh protein fed groups 3 and 8 hours after administration of 92p,
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GENERAL DISCUSSION

fhe formation of prothrombin by micrososes:

The presenteday accepted view on protein synthesis is that the amino-
acid is first activated by its specific activating enzyme, forming an
engyme bound amino-acyl adenylate compound. This amino-acyl compound, by
means of the same activating enzymes, reacts with an RNA molecule sjecific
for the particular amino-acyl adenylate-engyme complex, with the esterifica=-
tion of the amino-acid on the 2' or 3' hydroxyl of the terminal adenosine
of {NA, the adenylate moiety of the activated compound bein: released.
Many investigators, including Littlefield et al (1955) and Simkin and Work
(1957), have shown that the ribosomes incorporate labelled aminoeacids more
rapidly than the membrane of microsomea., GSince then, the ribosomes particle:s
have been isolated from the nucleus (/renster et al - 1960) and from
mitochondria (Rendi - 1959) and it seems that no protein synthesis takes place
except on riboaomea. On the other hand, initial high incorporation of
labelled aminoeacids into the protein of the lipid membrane of the microsomes
as pointed out by Spiegelman (1959) and Campbell (1961) sugrests that the
nembrane of the microsomes also plays & part in protein synthesis. The
nature of this action is =till in doubt.

In the present investigation, we have observed that only the heavy

microsomes of the rat liver are capable of increasing prothrombin activity

of the preparation on incubation. The other fractions, namely the
mitochondria, the light microsomes and the cell sap do not show such an
increese in activity of prothrombin. Before further discussion, it will

be better to mention here that isolation of pure prothrombin is cguite diffic
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and hence incorporation experiments cannot be suitably extended to tne study
of the synthesis of protnrombin by the different fractions of the liver
cells, as in the cemse of albumin synthesis. The method whicn has been
applied to measure the prothrombin not only measures the prothrombin but
also Factor ViI. 5o, Lac increased activity of “p: o rombin" by the heavy
microsomes on inqubation does not necessarily include protnrombin but also
Factor V1I which is, however, an inactive precursor of prothrombin, and
hence, whether the obscrved increased activity is due to conversion of

actor VII from its inactive form to its active form protnrombin or simply

a new formation of prothrombin by some other mechanism, tne net product is
increased activity of prothrombin, The heavy microsomes include ribosomes
attached to the reticulum memnbrane, whereas the light microsvmes mainly
consist of the free detached ribosomes. The increased prothrombin formation
by the heavy microsomes wmight be due to the attached ribosomes, thus
supporting the earlier view (Cohn = 1958, Kendi and "lultin « 1960, Xorner =
1960) that KN, particles prepared from liver are active sites of incorporation
only when they are bound to the membrane of the microsomes; otherwise the
membrane of the microsomes alone would be specific for the observed increased
prothrombin formation. 'nis view iz more acceptable because of the distribue=
tion of enzymes in the two fractions. Fouts (1v61l) recently demonstrated
that the roughe-surfaced vesicles of microsomes are less active per mg. of
protein for a number of enzymes, in comparison to the concentration of these
enzymes associated with the smoothesurfaced microsomes.

Formation of prothrombin by the heavy microsomes on incubation cannot
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be regarded as the synthesis of protnrombin in the truest sense, and
definitely not through the carboxyl activation  rocess, because, whetaer

the membrane or the iN: particles be the sites of protein synthesis, both
systems need a su;ply of energy and aminoeacids. These were not supplied
exogenously in our ex; riments. splegelmman (1559, -heerved in the membrane
fraction of bacteria thet omission of ATY or the 5'enuclectides results in

a drastic loss of incorporation observed over Z.5 hours. Lipmann (1949)
was the first to sugreat that formation of peptide bona was by way of
phosphorylated intermediates, and Lamecnik and feller (1964 supported his
view by demonstrating that incorioration of labelled amino=acids into
protein could be obtained by activating the syatem by addition of AT. and

of substrates like rhosphocreatine for the continuous regeneration of AT:.
'he new formation of prothrombin by the heavy microsomes of the rat liver
cannot therefore be a simple process of synthesis through the carboxyl
activation mechanism as the increased activity has been observed witnout

any addition of AT: or A end without any aminoe=acidas. Addition of als

or Au: alone also does not alter the picture up to a certain concentration
of AT: or /Di. If a very high concentration of AT. or ADI (15 umole/ml.)
be added to the system, there is some inhibition of formation of prothrombin
towards the end of incubation time; most probably the high concentration

of thosphate adsorbs the prothrombin from the system. lowever, the increased
protarombin activity by the heavy microsomes on incubation on the other hand
is not due to a simple release phenomenon of preformed prothrombin. Jouglas

and unro (l9i9) obtserved an inuctive form of amylase which could be released
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as an active form by disintegrating pancreatic microsomes with ballotini
beads and tney concluded thet the inactive amylase of fresh pancreatic
microsomes is present in the interior of the vesicles. in our case, we
disintegrated the ndcrosomes with ballotini beads and with ultrasonie
vibration; no release oi _reformed prothrombin was 1 crved, suggesting
that the increased activity of prothrombin by the heavy microsomes was not
due to release of preeexisting prothrombin.

The mitochondrial system is capable of forming AT. and though it is
possible that this Ali may be used for tie synthesis of protein, it has
been demonstrated by Roodyn and others (1861) that, wnen Al:r was trapped
with hexokinase, there was still incorporation of aminoeacids into protein,
sugresting that the aynthesis of protein by the mitochondirial system might
ge indevendent of availability of energy source. Though our prepsration
of different fractions of liver cells were not purified ani there was every
chance of contamination of one fraction with another fraction, it seems
unlikely that there could be sufficient contamination of heavy microsomes
with mitochondria to explain the formetion of prothrombin by the heavy
microsomes without any addition of energy source. In this connection, we
would like to mention the very interesting result of increased prothrombin
formation by the heav, microsomes of the lLiver cells when the rats were
prefed with glucose two hours before killing. ‘e cannot offer an explanatior
for this but at the same time we do not think that it is due to increase
amount of AT: in the liver after feeding the rats with glucose, since adding

AT. to the medium does not have this effect.
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flork by Creenderg et al (19562), Winnick (1950), and Siekevitz (1952)
have showed thaet conditions for obtaining the incorporation of labelled
amino=acids are also the conditions for promoting oxidativeephospnorylation;
addition of UN: inhibits the protein synthesis. The biosynthesis of protein
studied in the cellefrec o, tem of bacteria is inhi »? in an atmosphere
of nitrogen (Beljanski et al = 1958)., The incorporation capacity, once
inhibited either by incubating in the atmosphere of nitrogen or by addition
of dinitrophenol, cannot be restored by addition of aTr, which might be due
to failure to reach the active site. ‘he capacity of formation of prothrombi
by the heavy microsomes is not altered if incubated in an atmosthere of
nitrogen: carbon dioxide instead of oxygen: carbon dioxide; nor by
addition of NI’ to the system up to 2 hours. 4t the third hour period
of incubation in nitrogen or in presence of Ul there is some inhibition
of prothrombin formation, nust probably due to disintegration of microsomal
structures in the absence of oxidative phosphorylation. This experimental
evidence suggests that formstion of jrothrombin by the heavy microsomes is
not dependent on oxidative phosphorylation in the initial =stage. Ihia
view is further supported by the fact that addition of NiD, Nalilg, NAlW,
or Nalkiig to the qystem does not increase the formation of prothrombin by
the heavy microsomes, but after 2 hours o:i incubation, there is an inhibitory
effect of NAD and NAJF, though not with NaDHg or with NaJiige The absence
of an inhibitory effect with HNAlHg and [AUiHg could not be explained. it
might be due to presence of lidigecytochrome=cereductase and Naiilgecytochrome

reductase in the microsomes, but that cannot be ascertained. That it 4is
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not due to simple oxidative phosphorylation is su;gested by the fact that
formation of proconvertin (Factor VI1; by the liver cells is not influenced

by dicumarvl and vitamin £ (Lasch, .fisterer and Schimpf - 1957).

The occurrence of .INi in the microsome membrane and its relationship to

prothrombin formation:

ne increased activity of prothrombin 'y the heavy microsomes on
incubation is not autoactivation. ‘natever might be the mechanism, there
is actual formation of new prothrombin which is evident from the relationship
of ribonucleic acid to the prothrombin formation as well as from the experime
mentioned above with ballotini beads. The ribonuclease destroys the
integrity of Ni structure and is capable of inhititing the formation of
prothrombin by the heavy microsomes. This sugyests that the process of
formation of prothrombin is related to ribonucleic acid which might carry
out the transformation of precursor protein to prothrombin., otraub et al
(1¥60) observe that a "soluble system" of pigeon pancreas alone camot
form increased amount of pancreas amylase on incubation at 37°C. lowever,
synthesis occurred when AT., threonine and arginine were added to the system.
A significant increase in synthesis was also observed when soluble system
was incubated with "specific g NA" (ANA extracted from the pancreas granules
and this specific g RNA after incubation was able to replage the +T:, arginimn
ani threonine. If «NiA from the nonincubated sample be added to the soluble

systen there was no synthesis of amylase; this sugpested that g-#Ni in
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presence of /li, threonine and arginine, is converted to amylasee=specific-
g=“NA which in turn acts on the precursor protein to convert it into amylase.,
Vhether the same principle is applicable or not to the formation of prothromb:
we do not know, but addition of phenoleextracted iflA from the heavy microsome:
or pi 5 enzymes does not alter the formation of prothrombin. 'he inhibitory
effect of ribonuclease on prothrombin formation, not only observed in
case of heavy microsv «. nlone, but on prothrombin formation by the isolated
membrane. Though there are few instances in which it has been shown that
the mesdbrane of the microsomes might be more intimately concerned with
yrotein synthesis, the function of the membrane has yet to be established
definitely. The capacity of the membrane of microsomes to form prothrombin
in our case 7ight be another piece of evidence to support that hypothesis.
We can, however, definitely conclude that the ribonucleic acid associated
with the membrane has some biologicu. .<tivity, because addition of
ribonuclease to the system inhibits the formation of vrothroi'in in parallel
with loss of the KNa.

The one gene = one ribosome « one protein hypothesis has lost much of
its ground and from experiments on virus infection of bacteria Brenner et
al (1961) have suggested the presence of an unstable intermediate or
"messenger” RNA carrying the information from genes to ribosomes for protein
synthesis. This unstable intermediate or "messenger" NA has the same base
composition us the DNA of the virus. .ivia messenger HNA is not only a
minor fraction of total .NA (not more than 4.) but is also heterogeneous

in size and is distributed unevenly in the different subunits of the bacterial
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ribosomes. Nomura, Hall and Spiegelman (1v60) studied the specific
messenger s formed on phage infection and observed a lower sedimentation
constant (85) than the sedimentation constant of ribosomeleidNA (163 and 235).
Gros et al (1961) also obtained a similar sedimentation constant (85) for

the newlye-synthesized messenger idia which has a rapid turnover and which

they found to be attached reversibly to ribosomes depending upon the magnesius
concentration (messengc: Vi), They did not observe any appreciable synthesi
of typical 165 or 235 ribosomale-iRlNi during phage formation in the cell.

The kinetic study noted by them revealed that 165 KN.. molecules always become
labelled before a;preciable labelling of 235 IN. molecules and sugpgested

that 235 A molecules form from two 165 chains. Gimilar observation has
been noted by Aronson and WoCarthy (1961). They also observed a species

of HANA with sedimentation constant of 4«85 in all the componente of ribosomes
and this WNA becomes labelled very quicily and suggested that this lower
moleculer weight RNA is a precursor of the 285 and 185 RNA (ribusomaleiNA).
From all tnese studiecs, it seems probable that a rapidly turningeover type

of HNA, "messenger RNA", of molecular size (45 = 125 in various ceses) is
present in bacteria. Our own incorporation studies with “2; into the
different fractions of rat liver H#NA it was found that, next to the nucleare
RNA, the inembrane-ili shows the greatest radioactivity at 1 hour after 5%,
administration, whereas at that period the ribosomal KN4 has no incorporation
of 94, inc ultracentrifugal analysis ol the membrane«ikNA has showed the
sedimentation constant for this fraction of RNA is very low (Se4S) and is

similar to the sedimentation constant of some of the nuclear RNA's (itendi «196€
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Hence it is suggested that the low» molecular weight ZN.: in the membrane
might be the precursor of the ribosvmal-ilNi, and be a form of mammalian
messenger HNA,

Astrachan and Volkin (1968) first reported the existence of a species
of =ZNA related to the composition of DNA. It has been suggested that the
key to the genetic code lies in the base composition of the messenger or
template iNA (Leslie « . .6l) which, by all indications, is produced as
singlee-stranded polynucleotides on the INA "master genes". 'ne symmetrical
base ratios of UNA (A = T, C =C) is a recognised feature of the LNA duplex,
the asymmetrical base ratios of WiA being a different molecular species of
single-=gtranded template KNA (Leslie « 1961). In our study the base
compositions of HN-: of the different fractions of rat liver cell are
"symmetrical” (A = U, G = C). Ve have not studied the base compusition
of KNA extracted with ice-cold dilute sulphuric acid to remove the histone
protein and about 50, of the original RNA to obtain the asyw . iricnl base
composition (Leslie -« 1961). It was not our intention to test the genetic
coding system: however, when we compare the base composition of our KN
frow tne different fractions of' the rat liver cell with the base composition
of duplex UNA of the liver cell (A = 29, T =29, C = 21, G = 21, Leslie »
1961, we observed the reverse order betwoen the base composition of nuclear
\2 = 18,7, U = 18.4, C = 31.3, G = 31.8) and membrane-Ni (4 = 17.0, U = 16.8,

Ze2, G = 34,1) with the base cuupousition of UNA.

ts

R
‘he origin of membrane-idis from nuclear H{lii is supported by other

data, namely (i, the well established events of rapid labelling of nuclear
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RNA followed by gradual levelling out of the difference between nuclear

and ribosomal-iNA, {ii) the morphological origin of the membrane of the
endoplasmic reticulum being in the nucleer membrane (Barer and coe=workers =
1560)., In concord with our findings, Schulman and Bonner (lY62) recently
observed in Neurospora Crassa, & deoxycholate (JU.)-solubilised s fraction
with a high specific activity approximately eight times that of the
particulate iUis lraction, and they suggest that this DOCesolubilised fraction
contains the nevily=synthesized iNa. 'hey have noted thet there is a
naturallyeoccurring ONA<=RN.: hybrid in the 20C soulubilised fraction of micro-
somes (membrane, which fulfils some of the requirements of an intermediate
in the transfer of genetic information from ONA to RNA (Uchulman and Honner =
1962).

Munro and Clark (1958, nave suggested that the breakdown of liver RNA
when the diet fails to supply all the essential amino-acids is due to
disintegration of the s-RNA. They have suggested the hypothesis that the
supply of amino=acids for endoplasmic reticulum (microsome,) formation
determines the course of reactions;

acid soluble precursor compounds > 8-RNA ——> microsomal-iNA
In our case, we have observed a significant alteration of nucleotide
composition o! RNi of rat liver with variation of the nutritional status,
with a significant decrease of guanylic acid in the fed group. In the
membrane ., a decrease was also noticed in the cytidylic acid content in
the fed group. 524 incorporation study aleo reveals a significantly high

incorporation of the isotope in the membrane NA in the prefed rats. On
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the basis of these findings we can further modify the earliier hypothesis
of Munro ard Clark (l§59) that chenges of iNi comntent of liver cells
with the protein level in the diet seems to occur in the XNo associated

with the membrane of the endojplaamic reticulum of tne liver cell.
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SUMMARY

The present investigation may be considered to consist of the two parts.
The firast part (bections I and 1) deals with the formation of protarombin
which snowed that prothrombin formations occur in the liver micrpsomes
and is dependent on the integrity of their .Na. In the seconi part
(«ections 11l anu 1V) resulis of investigation on some of tne physical and
chemical properties, including the nucleotide composition and 52, incorporatic
of the different fractions of cell i, have been presented.

Jection I - .rotarombin formation by the different fractions of rat liver:

L. The microsomul aystem of the liver is capable of showing an increase
in protarombin activity when it is incubated in a modified Zrebs inger
bicarbunate solution. the heavy microsomes (sedizent odbtained after
spinning the mitochondrial supernatant at 18,000 g for 1 hour) are seen to
be more active than the li nt microsomes in this respect.

Z. shetner the particles are incubate! in an atmosphere of 0g9:U0y or
NgiCOg, there is no effect on the increment in prothrombin up to 2 hours
of incubation.

S .re-treatment of the rat with glucuvse 2 hours before killing results
in a considerably increased rate of formation of prothrombin by incubated
microsomes. nis effect is a;parent throughout tne whole period of incubatiol
4. The early stages of this formation are not dependent on oxidative
phos horylation, since incubation of the heavy microsomal particles with
dinltrophenol, NaD, Nilkig, NaD:, Nabiflg or mixture of AT: and NaD., ~T. and

NAD! ilz does not inuibit nor increase the formmtion of | rothrombin. After
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some 2 - & hours of incubation there is an inhibitory effect of N.J or Nalu
which is not shared by Niiig and NAD:Hg. AT. in bl h concentration
innibits prothrombin formation towards the later part of incutation.
O I'ne increased asctivity is not due to release of preformed prothrombin
bound to the microsomal vesicles, as tnere is no increasc in activity when

the microsomes are disrupted with ballotini beads or with ultrasonic vibratior

wect on 11 - Helationship of ribonucleic acid to protarombin formation by

microsomal sarticles:

l. irothrombin formstion by heavy microsomes of liver is dependent on
ribvonucleic acid, since addition of ribonuclease to the incubating system
markedly inhibits formation of prothrombin. DBut addition of samples of
ribonucleic acid prepared from heavy microsomes or pif 5§ enzyne from cell

sap (containing sZNA) does not alter the process of "synthesis".

24 The microsomal membrane, prepared after pyrophosphate treatment is

still capable of synthesizing protarombin. Jdere again, the activity is

not specifically associated with the high content of phos;holipid but witn
ribonucleic acid in the membrane; the increased activity of prothrombin

on incubating the membrane is completely inhihited by addition of ribonuclease

to the syatem.

Lection 111 - The nucleotide composition of ribomucleic acid in different

fractions of rat liver:

l. 4 method for the estimution of mucleotides by paper chromatogrephy

with less variation than the usual method has been developed.



Lo 'ne nucleotide composition has been determined for whole microsomale
AL, nuclear- NiA, menmbrane-iali.. and ritvosomml-iNi. (ne RNA associsted with
membrane prepared from the whole microsomes by treatment with pyrophosphate
(0.1 ¥, pil 7.4) has been shown to have an unusual nucleotide composition,
notabtly an absence of pseudouridylic acid and a high guantity of guanylic
and cytidylic acids, as compured with ribosomal-idiA. rbeence of pseudo-
uridylic acid nas also been observed in the nuclear-iNA. The nucleotide
composition of nuclear and membrane-ilNa are very close to eacn other. It
iz thus ;ossible that membrane-iN: arises from nuclear-iHlA.

Se ‘ne nucleotide composition of the Jii from the different fractions,
including the post-microsomes, has been founi to be dependent on diet.

I'ne amount of guanylic and c;tidylic acids of membrane-xila and ribosomal-«NA
is significuntly lowered in proteinefed animals. his change of pattern

is most marked in the membrane--NA. The pseudouridylic acid content of
ribosomal- No has been found to increuse significantly with the inclusion

of protein in the diet.

4. The molecular fine of KNA assocliated with the membrane has bLecn studied
by ECTEOLA cellulose column chromatography and by the ultracentrifugal study
ani found to be lov in comparison with that of whole microsomal-ilN. and

ribosomal=iJiA,

section IV « Studies of inmcorroration of 32; by the :Jil of different fractions

of rat liver:

1. After injection of %2, into rats, uptake of the isotope i= highest from

the beginning in the nuclear-iNi, the maximum being attained some time between
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3 to 8 hours after administration.

. 2 There is some incorporation of 3’4 in the menbrane=iNA ons nour after
adoinistration of the isotope, but very low activity at that period is
observed in the ribosomalesiA. . The activity in both fractions zradually
incresses up to 8 hours after injection of 38;, the activity in the menbrane-
HNA even at that period being nigher than in the ribosomal-iNiA; at 16 hours
after 320 injection the activity in ribosomale:{i is higher than in the
membrane-illi, These findings are consistent with the formation of membrane-
iNa first from nuclear-aNA,

S 'ne uptaxe of isotopes by the 3. of different fractions varies with
the nutritional status of the rat, the nighest being in the lor prutein
group fasted overnight, and lowest in the high protein group fasted overnight.
The capacity to incorporate is markedly stimulated if the rats are prefed
with protein Jjust before injection (1 hour) of isotope. There is no
difference of uptake of isotope by the nuclear-iNi between the high proteine

fasted and high protein-fed groups ¥ and 8 hours after administration of 52,

From these findings, it has been concluded that the prothrombin molecule
can be finalised by the microsome membrane, a type of INA associuted with
the membrane being essential for the process. The membrane ~NA appears
to arise from the nucleus and to differ from rivosvealeNi, It say represent

a form of messenger :=lNa,
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Studies on the synthesis of liver-proteins

with particular reference to Prothrombin

by
Pratul Goswami, M.B.B.S., D.Phil.(Med.)

The formation of prothrombin by liver cell particles has
been studied under in vitro condi tions. Mitochondria, a heavy
microsome, and & light microsome fractions were isclated from
rat liver and were incubated in a modified bicarbonate buffer
solution at pH 6.9 in an atmosphere of oxygen. The heavy
microsome fraction showed an increase in prothrombin activity.

This increased prothrombin activity by the heavy microeomes)
lasting throughout a three-hour incubation perioq)was also seen
if the system was incubated in an atmosphere of nitrogen up to
a period of two hours. Feeding the rat with glucose before
killing resulted in a considerably increased rate of formation
of prothrombin by the incubated heavy microsomes. In spite of
this observation, it was found that the early stages of prothrombin
formation by the heavy microsome fraction was not dependent on
oxidative phosphorylation, since incubation with dinitrophenol,
nicotﬂﬁide-adenine dinucleotide (NAD), nicotinamide-adenine
dinuecleotide phosphate (NADP), and the corresponding reduced
forms NADH, and NADPH, and adenosine-5'-triphosphate (ATP)
neither inhibited nor increased the initial formation of prothrombin,

thoigh some effects after two hours of incubation were seen, but



were regarded as non-specific.

The increased activity of prothrombin during incubation
was not due to release of preformed prothrombin bound to the
microsomal vesicles, as.there was no increase in activity when
the microsomes were disrupted. Prothrombin formation by the
heavy microsomes was, however, dependent on the ribonucleic acid
of the membrane of the microsomes. Prothrombin formation was
not seen if the system was incubated with ribonuclease, but this
inhibitory effect of ribonuclease was not restored by addition
of samples of ribonucleic acid prepared from microsomes or by
pH 5 enzyme prepared from cell sap containing soluble ribonucleic
acid (sRNA). Mierosomal membrane, prepared by treatment of
the microsomes with socdium pyrophosphate, showed an increase in
prothrombin activity when incubated under the above conditions.
This increment in activity was also inhibited with ribonuclease.

In view of the involvement of ribonucleic acid in the
formation of prothrombin activity the nucleotide composition
of ribonucleic acid in the whole microsomes, nuclei, microsomal
membrane and ribosomes was studied. The ribonucleic acid from
the membrane of the microsomes showed an unusual nucleotide
composition, notably an absence of pseudouridylic acid and a
high quantity of guanylic and eytidylic acids, as compared with
that of the ribosomes. Absence of pseudouridylic acid was

observed in the ribonucleic acid of the nuclei also. The amount
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of guanylic and cytidylic acids of the membrane-ribonucleic acid
and ribosomal-ribonucleic acid was significantly reduced in
protein-fed animals, the change of pattern being most marked
in the membrane-RNA. The pseudouridylic acid content of ribosomal-
RNA was found to increase significantly with the inclusion of
protein in the diet. The molecular size of ribonucleic acid
associated with the membrane was found to be low in comparison
with that of whole microsomal-RNA and ribosomal RNA when studied
by ultracentrifugal analysis and by ECTECLA column chromatography.
The uptake of 32? was initially highest in the nuclear-RNA,
the maximum specific activity being attained some time between
3 = 8 hours after injection. The membrane-RNA showed some
incorporation of 32P at one hour after administration, but little
activity was found at that time in the ribosomal-RNA. The activity
in both fractions( gradually increased up to 8 hours after injection
of 32P, the activity in the membrane-RNA even at that period
being higher than the ribosomal-RNA. At 16 hours after injection,
the activity in ribosomal-RNA was now higher than in the membrane-
RNA. The capacity to incorporate 32P was markedly stimulated
if the rats were prefed with protein one hour before injection
of isotope.
From these findings it has been concluded that the prothrombin
molecule can be finalised by the microsome membrane, a type of

RNA associated with the membrane being essential for the process.
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In view of the similarity between the nucleotide composition
of the membrane-RNA and nuclear-RNA, and the labelling pattern
of the membrane-RNA, it is suggested that membrane-RNA arises
from the nucleus and may represent a form of messenger RHNA.
This concept would be consistent with electron micrograph
evidence of the origin from nuclei of endoplasmic reticulum,

from which the microsomes of disrupted cells are derived.



