| e - - Leonard Ritter ) : , Lot T
, . v .
. é T * \ o

o N >
!
. . - ' " .
0w T A DISSERTATION o
. v N Y . t in / 3 o S
o . . . ! Ly
. N The Department . .
. S ) ’ ’ ‘
- l * b -
I \\ Of [ @
L4 l\\‘ .
N . N -
. ° Biglogical Sciences
. \\ \ ¥
’ o ~ 4
1 ~ d \\
‘ v ~ . +
- 1 - \7
A\ g > ~
, .~

A .

. Presented in Part1a1 Fulfillment of the Requirements fo;;:,
~. the Degree of Master of Science at
- T~ Slr George Williams University . ,
~. N ( Montreal, Canada . - '

-
.
< ¥ C . .

. "

- . 8 December, 1973 ) . e




-y

ABSTRACT

4

5

A 'STUDY, OF RIBONUCLEIC ACID PATTERNS OF FLAX AND TOBACCO
- "TISSUE CULTURES -

\

) Leona®i Ritter
- €
. v e
Fla# and tobacco, tissues, as well as .their cultured
systems, were investigated for'their RNA\prof;les and base °
éohpositiop: by acrylamide gel électfophoresis and ion-

exchange chrqmatography,. respectively. y

.The results indicate that‘whiIe the intact tissues

1

contained both ribosomal and chloroplast fractions, the ,
g .

latter were absent in the cultured tissues. There was much

»higher incorporation‘of 325 1abel into chloroplast RNA than
~ \

. \,‘
ribosomal RNA of light—treatéd flax cotyledons. Ribosomal

14
fractions of flak'callps‘were readily labelled from 32?.
\

The purine:pyrimidine ratio of flax callus RNA was

»

'l?wer~than that of either intact cotyledons or suspension g

cultures, and reflected inﬂvery high specific activities of
guanine in the callus tissue and of uridine in the suspension

culture. Base composition and base ratios of tcbacco callus

. l . .
and suspension cultures compared well with each other, but

substantially differed from those of the intact tissue.
Consideration is given to these differences in rela-

tion to changed metabolic patferns in cultured tissues.
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v, . I. INTRODUCTION . __
N .

:0 i /

’ ) glanf growth and development may be visualized' as éi

‘qgétinupus bnOCess in which a vari%ty”of natural constitueqté
are synthesized. It is a known fact that the different
organs andﬁtissﬁes of‘plants boésess’charactéristic chemdcal
compositioh (Karrer, 1958); vet, if the trahsmittance of
genetic information %n these speéififlgféansior tissues can
be considered constang, it wou;d seem logircal that they
would express théir characteristic metabolic patterns when -
.cultured 52‘!1359; In this regard, cultured.plant tissues
would $e expected toAEXPxess 'biochemical tqtipotency'

® (Krikorian and Steward, 1969). )

The conditions necessary for growth and development
are pkesﬁhably responsible for gene activation; and.ance
‘the sequence, genérQ—T)m—RNA————)protein, has been'seénin

. motion it would be expected to follow its genetic course.
However, this hgs not alway§ been -the case, sgpée several
D) g investiéations have revealed that most tissues of higher

@

plants “lose the biosyntheﬁic potential for their specific }
' secondary metabolites when cultured igf!iEEEL(Carew and
. Staba, 1965; Staba, 1969; Street, 1965;’ and references
therein). It would'thcn seem that bibchemicalltotipoten—

! cy of these cells is perhap$ largely controlled by some

N extrinsic factors, especially culture conditions.

4 .
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More recently, it has been recognized that the metabolism

-~

and behavior of «cultured cells may be significdntly moai-_
fied by several environmental- factors gSteward,'19b3;'

Street, 1966; Street, 1969) . This madification and the

I

conééauent loss of biosynthetic potential may be the resalt
f .
of alteration in the protein complements of the’ cultured

tissue (Liau et al., 1973).

. '

Flax cotyledonary tissue, which normally contains a

number of mixed 0- and C-glycoflavones (Ibrahim, 1969; -
Ibrahim and Sha&, 197Q) , -loses 1its bigsynthetic potential

for these compounds. when cultured in Vitro (Liau and Ibrahim,

1973). Induction of seconddry metabolite synthesis in -
. ) -
cultured flax tissue, by the addition of phenolic precursors;)

variations in growth substances, and expoSure to high light

~N\
intensities failed to reproduce the flavanoid pattern

characteristic of ‘intact cotyledons. :

£ It would, therefore, seem logical that changes in

tHe electrophoretic protein patterns_pgtween intact and

!

cultured tissues, as reflected by the loss of biosynthetic

protein, could be the result of modifications in the

)
. . A .
metabolism of nucleic acids.

K]

The present work has, therefore,—%oncerned itself

, .with invéstigation of the RNA profiles, as well as the

() .

determination of base composition and base ratios of flax

8
poses, parallel studies werempffformed with tobacco and
) ~

'itS\cglEured tissue. . . -/ -/qg//\\\

cotyledons and its cultqgéd tissue. For comparative pur- /,~T\~
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’ - II. REVIEW OF LITEBATURE ' B
. R .J‘

" Ribonucleic acids| most of which are found in nature

r ' are single stranded polyribonucleotides, are found in almost
@ ’ . ,

all cell fractions. It is a well known fact that leaf tis-

sues contain two distinct ribosomal species, approximately

. . ) ¢

. . 80s and 70s. The 80s species, which is siqilér'in size to
. / . . ‘

animal -ribosomes, appears to be the normal cytoplasmicC .. (
' > . 2 2™ ,

. ' r#bosome; whéreas the smaller species, which is similar in

. size to bacterial ribosomes, is characteristic of the

' » chloroplast (Loening, 1968). These ribosomes‘provide_the .

‘

i . mechanism.by which the amino acids ate polymerized to poly-

' e

péptidé chains. The template for”this process, messenger—RNA

(m=RNA), .is transferred -and attached to the ribosomes. The ’
1 - v
. . "amino acids are arranged on this template by more than 20 . :

different|aminoacyl trai fer-RNA's (t-RNQ) , which ‘constitlte .
y ]

& . \&l’ N » ‘ ) ‘
High molecular weight RN fom radish rpovs and |

Nt
ks

',, hypocotyls has'bgen resolved by gel ‘electrophoresis and

yielded fractions with sedimenta£}§n constantS'&S , 23s, 18s,

. . D
N 16s and 13s (Ingle, 1968). Thé 23s and l6s fractions were

found to be-gresenﬁ\gn all green tissues examined,in a ratio -
. S~ ' ’

of“fczi while they'were. absent in non—gyeen tissues. Total
) ‘ribonucleic acid extracted from non-green tissues was found - ’~\\
to “contain DNA, two ribosomal RNA fractions' (18s and 25s)

/
in 1:2 ratio and resolving as 0.7.°X lps and 1.3 X 106
4

. . ' .” ’ ? N

e RN




analysis. The initial procedure for the iéo!ation of RNA

ta”
.

daltons and the low mglecular weight'eomponents (4s) referred
AN

. . N B *
to as transfer RNA's (Ingle, 1968). Mitochondrial RNA would

not be expected to contribute appreciably. Extracys from

éreen tigsue'yield not ohly'the high molecular weight chloro-
r < . ¥

‘plast”Species;{but in1addition give rise to several additional

Jdow gk}ecular weight components, due to degradatlon of

v

chloroplast RNA (Ingle ﬁ# al., l970?& The absdiute molecular

weights of these components may vary in dxfféggnt plants and,

[

. therefg;e, their designated values.tend to be a fgeans of

identigdcation rathek than absoluté molecular size.

-+

The_fracéioﬂétion of RNA, by electrophoresis in poly-

~

[i]

acrylamide gels offers the poseibility of more precise
4 , . ! !

separation than can-+be achieved with sucrose density gradient
K

from plant material and for polyacrylamide gel electrophore-

Y

sis was first desﬂ&ibed by‘Loening (1965). satisfactory
methods were reported employing phenol (Loenlng, l967) and
a suspen5102.of benfbnlte (Click and” Hachett 1966) in the
isolipion of plant RNA, and 2.4% acrylamide gels for its,w
electrophoresis. . O
RNA profiles, obtained by standard methode, have

been shown to include tl{fe ribosomal species (25s and 18s),
the chloroplast species(23s.aﬁd 16s), the soluble species ‘
(4s), as well as'some'qinor components believed to be

degradation products of the—fjjor species (Loening, 1967).

»

-




-

gur?&ermore, it haé‘been shown that the mobilities of RNA

. components 'ih 2.4% are inversgly related to tkeir sedimen-
tation coefficients and tﬁerefore, can be compared directly

to separations obtained by density gradient'centfifugation\
(Loening, 1967). Fractiondtion of total RNA from plant

tissues has bé;n reported by several investiggtors (Stutz

and Noll, 1965; Vedel and D'Aoust, 1970; Ingle, 1968) and

has yielded fractions with sedimentation congtanté of 25s, -

1

23s, 185{ l6s and 13s, in all graepn tissues exaﬁined. These
findings have ‘been reEently verigied by other workers ' N
(Leavér and Ingle, 1971; Hdrtley and Ellis, 1973). However,
the two chloroplast r-RNA spécics (23s aﬁd l6s}) may not be
'present'iﬁ a 1l:1 moiecuia% ratio as is, the case for ribosomal
RNA (Hartley and Ellis, 1953). Low recovery of the 23s
fractipn, together with the appearance of several smaller
components, nas been attributed to degradation of the heavy
cthropiast RNA (Ledver and Ingle, 1971; Ingle, 1968; Vedei
and D'Aoust, 1970). Furthermore, the apparent increases in
concentration of 18s, 16;, and 13s species‘hgve also been
related to .the degradation of the heavy chléroplast RNa. It
)
has also been‘suggested\zpéﬁ und!r most conditions the 23s
species is unstable and that its stability may vary in
different»plants (Leaver and Ingle, 1971). Positive identi-
ficaLh)n of the chloroplast RNA species, 23s and 16s, has

been further verified on the basis of cosedimentation with

E. coli RNA on sucrose gradient (billard and Schweirg, 1969;



Farber, 1967).. A
'Analysié of base compggit on is an essenéifl step in

the characterization of nucleic acids. For tpis purpose

. : : \
ribonucleig atids may be hydrolyzed to their monomeric

nucleotide units by enzymatic or chemical means, and the

separation of monomers tan be achieved by column chromato-
et
graphy. Both cationic and anionic ion-exchange resins have

4
been used for the Chromatographic separation of nucleid acid

v

bases (Katg and Comb, 1963; Carbon, 1965; Holness'andl\g

Atfield, 1971). . : ' -

3

Alkaline hydrolysis of RNA (0,3M KOH, 37°C, 18 hours)

has proven to be equally precisF and reproducible as enzyma-

- .o . : /)
tic hydrolysis (McCallum and Walker, 1967), refulting in a

mixture of 2'~ and 3'-ribonucleotides. While the 2'-~phosphate

and 3'-phosphate esters have been shown to be stable in
alkali, the phosphafé_groups migrate in acid to form an
equilibrium mixture of 2'- a;d 3'-pﬁosphatéb (thn, 1950},
The use of.an anion’exchanger and acidic sélvents has been
successfully employed in thé separation of ribonucleotides
as their“Z'- and 3'-phosphates (Kobayashi. and Yamaki;'1972).
It is well known that blant growth requlators = 4
(auxins, gibberellins, cytokinins and‘inhipiéors) excercise
their effects on growth and development through\nucleié acid
métabolism (Galson and Davies,1969; Paleg and West, 1972;

1

Skoog qnd Schmitz, 1972; Thimann, 1972 and references

o




e
¢

therein) - Since most tissue cultures, both callus and
)
///msuspension, require either an auxin, or both an auxin ahd a

cytokinin, for continued growth in Qitro, it would therefore

seem loq%cal that growth substances influence the nucleic .//

/ -
acid metabolism of these tissues. Auxin concentrations,

too low to cause much growth increase, were reported ‘to -
result in 40-50% increase in both RNA and DNA of cultured .
tissues (Silberger and Skoog, 1953). This was interpreted .

as partly due to a effect on decreased RN-ase activity

which amounts to 17% in wheat coleoptiles and 5@%

h in pea stems (True sgn, 1967) . o . J
While thefre are very few reports ‘dealing with the
changes of RNA and DNA ig tissue cplture§ (Steward et al.,
,1964; Street g&lél., 196%) , most however, concern themselves
with nucleic acid metabolism in intact tissues. Key et 3&..
(l967)\a;e investigated the requirement for RNA anékprotein
biosynthesis'in the regulgtion of cell elongaé&&n. They
reporﬁed that base composition of the isolated RNA was rela-
- . :
tively stable to the adhition of base analogs and inhibitors
of nucleic acid synthesis.' The same authors have also showé
that thle-the base analdg 5-flurouracil does no£ signifi-
. . -
canFly affect the base composition ¢of RNA, however, its
-~ effect tends to become more apparent as:the leggth of incu-
gation period with the base\analog increases. . Furthermore,

Eh@ specific activity of total RNA in the treated tissue

\
|
\
.
s

-

]
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falls to approximately 50% of the untreated, elongating soy-
T

bean hypocotyls)

]

Earlier work has suggested that auxins stimulate RNA

synthesis in intact tissues (Setterfield, et gl:, 1960) and

in tissue cultures (Patau, et al., 1957) . Later, it has
been reported that the synthetic auxin, 2,4-dichlorophen-
oxyacetic acid (2,4-D) may stimulate the synthesis of r-RNA
(Ingle and Kéy, 1965) and enhance the labelling ‘of both t-RNA
and DNA-like RNA in soybean hypocotyl sections'(Ingle and
Key, 1965). The same authorxs have also shown that-augin
increases the GMP/AMP ratio of newly synthesiied RNA.
Similar findings have also been reported (Trewavas, 1968).,
Srivastava (1967) has investigatéﬁ the effect‘of
6-furfurylaminépurine (kingtin) on tﬁe nucleotide composition
of total RNA fromgbarleyjieaves and ‘has reported %imilaf

nucleotide composition for fresh leaves and leaves'floated'

A

-~

on water or kinetin for -four days. =

An investigation of sycamore cell suspension for

,nucleotide composition revealed no change in the relative

composition of bases during a perdiod of three weeks ‘in
. p
culture, (Short et al., 1969). ‘A recent regort by Vasseur
(1972) further substantiates these findings with endive
tissue:\indicating ligﬁle‘gr no, change in base composition

of RNA for up to twelve days in culture. A more recent

study with a suspension culture from rice roots has revealed

7




that an RNA fraction, bound to nitrocellulose filters,

éxhibi;ed the same base composition for adenosine and

A o . , M
uridine as well as, for gquanosine and cytosine. Furthermore,

treatment of this bound material with ribonuclease yielded

v

a base content largely nade up of adenylic acid (Manahan et.

al, 1973). \

There 1is enough evidence to support the view that’

light stimulates RNA syntheSLS in tlssues~1n which light

'promotes growth (Loenlng, 1968 and references therein).

This is substantiated by the fact that, illuminatjion of
chinese'cabbage leaves after a period of darkness, caused

a rapidfproduction of polysomes. {Clark, 1964; Clark et al.,

.1964) , a process which reqdiies RNA synthesis. Furthermore,

»

‘ P NN

the .ribosomes from dark grown beans, corn and wheat were

4

' active ln incorporation of\amlno aC1ds after brief illumina-

-~
.

tion of plants. (Williams and Novelll, 1964) . Mohr (1972)

conSLders the increase in both protein and RNA s nthe51s in

-mustard seedllngs, after short exposures of red }ight, as
S

a positive photoresponse to the phytochrome system Pfr'

However; no changes were observed either in theg MAK (methy-
2 > : . .

" lated’albumin Keiselguhr)-RNA profiles or the Aincorporation

of labelled precureors into dark and light tre¢ated mustard
cot&ledons.

It can be seen from this exhaustive, theugﬁ*appafent-”
ly short, review that the literature is lacking in contrl—‘

butlons dealxng with the changes in base r tios of RNA in




' - ) ‘ 100

.

' ' .

plant tissue cultures. It is also. evident that there is

no information® th cémparison of profiles and base com-

* Soallam.

position of RNA\in/intact tissues and their cultured systems,

-This is in sharp 'contrast with the more advanced knowiedge

L «

- of nucleic acid patterns in cultured animal systems .

' .

(Amaldi and Attardi, 1968; Pene et al., 1968). Therefore,
this,inveétigation will attempt to demonstiate some of the

changes in ri?6nucleic acids associated with in vitro

culture of plant tissues. L
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. III. METHODS AND MATERIALS

Q ~~

A. Plant Material . . . .

_Linum usitatissum L. var Linott (Linaceae) and Nico-

tiana tabacum L. var Belgium KSolonacé%g) were used in the

)] /
présent study. In both cases steds were locally obtaineaj

and grown-under standard green house conditions with supple-
: .

& /. mental illumination.

B. Callus Culture

+ A

Flax cotyledoﬁs, exciseé from'seven day old seedlings,
were surface sterilized with approximately 3% sodium hypo-

chlorite (Javex diluted 1:1) for 5 min then rinsed thorounghly

with éterile water. Using aseptitc tkchniques, the tissue
L was cultured on solidified nutf;ent egium (Appendix A) in
,eight ounce presc;iption bottles. T callus tissue formed/
was subcultured on fresh media every‘four to éix wee?s;
Tobacco cé}lus tissue was originélly established from
stem pith Segments of three month old élants. The composi-
tion of the nutrient culture medium }s given in Appendix A.

In both cases the culture bottles were incubatedfin

a SHerer-Gillef incubator (Series 24) under continuous .illu-

" mination of approximately 2200 Int. lux at a temperature of

‘25 j'- l°C. ' . 3




C. Suspension Culture N ' .

A suspension culture was initiated from flax?Callus

.
i

by Dr. E. Bleichggtﬁuéing the techniqué of Stewhrd and

Caplin (l954j and its gfowth was maintained in a liquid s
\

medium (Apbeﬁdix'A) under constant illumination of approxi-
\ . -

mately 1000 Int. lux at a temperature df 26 + 1°C. The cell
- ,

suspension -was collected on cheesecloth uinder aseptic con-

¥

Q ditions and the transfer of inocuium to a fresh medium was
~ | :

usually made in thelproportion of 1:25. L : g

, \ _ ‘ 1The cell sugpension/culture of tobacco was initiated

. in.a'éimilar manngr and was maintained.in a liquid medium
(Appendix A) dﬁder thé same conditions of ligh? and tempera-
ture mentioned abpve. \y

Figure 1 shows the phytostat used for establishdng

and maintaining the growth of suspension cultures. ‘ '

D. Extraction of Nucleic Acids )

A modification‘of the phenol method (Click and
Hackett, 1966) was used for the. extraction ;f nué\@ic acids
in this investigation. The procedure consisted of freezing
the tissue on dry ice after which it was weighed and ground
with eighé volumes of a cold 55% solution of dimethyl . °

o sulfoxide (DMSO) in citrate buffer (Gusta and Runeckles,

14

1972, see Appendix B) in a Sorval omnimixer at full speed

for one minute at -77°C. The homogenate was allowed to

('

’

4




. ‘ .
' - L

Figure l:

Phytostat used for the 1n1t1at1pn and malntenance
of suspension cultures.

]
-

¥
L 4

.
-
B
L d
? b
¢ L
{
L)
[3A
) v
o ,
¥ -
) .
”, : "
f s i
Y .
A P _
. R
- SR | - -
s =.0 : v
s "
- ,
- [
: A
/ -
- . o
]
4 -
L4 N .
v s
‘ ~
L]
L
a
-
.

a2 -
. .
.
.
A )
)
.
. ) o
: 3
.
. .
- ) B 1 L]
. ' .
M ]
I P ~
. .
" ] t
* -




‘dation during isclation. As well, th

' 14,
.

stand at -77°C fér 30 minl after which it was centrifuged
at 30,000 x gfor 10 min- at -30°C in.an IEC model B20
centrifuge. The supernatant was-discarded and the pelleg
was suspended in one volumg of a cold soiution of water-
saturated phendl:?uffer (2?1 V/Q), pH 9.5 (Appendix é). At
this point, the addition of a 0.5%-suspensioﬁ of bentonite

(5g/1) was found to be essential in eventing RNA degra-

addition of 1% of
sodium dodecyl sulphate (SDS) was fopind to facilitaég the
isolation of high molecular weight A as well as to
prevent degradaﬁion. Thé mixture was homogehized in a
Soryal omnimixer at full speed for one min. The homo-
gan?te was then égirred for 35 min. at 4°C after'which it
was centkifuged at 15,000 r.p.m. in an IEC (8 X 50 head)
centrj uge.for 10 min at 0°C. The agueous upper layer was
carefully drawn off and extracted with three volumes of
aﬁhydrou§ diethyl ether. The aqueous” layer was then sus-
pepded in three volumes of absolute ethanol at 0°C. The
samples were stored in this form for 24-48 hrs. during

-

whigh time the RNA precipitated.

E. Quantitative Determination of RNA

»

. '
The RNA precipitated from ethanol wés}qéntrifuged

at 19,000 r.p.m. at 0°C for 10 min. The supé}natant was

_decanted and the pellet was allowed to drain for 10 min in

the cold after which the samples were dissolved in a,
AN
L




minimum volume of the electrophoresis buffer (ca. l'mlf see

. oy \
Appendix C). The yields were determined spectrophoto-

metrically at 260 nm in a Unic&m SP800, ultraviolet-visible

P -

’ . ) . o
recording fspectrophotometeri? Twenty O.D. units were taken
o ‘

~N

to be equivalent to one ngLEf RNA‘}Chargaff and Zamenhof,

I

1948) . « . oo

F. Sudrose Dgnsity Gradient

-

R .

Sucrose density gradient'anaiygis of RNA samples,
pfepared from both light and cdark grown flax cotyledons,
was performed as described b;‘Cl;ck and Hackett (1966).
Essential}y, the method i;volved applyiné the previo&§ly;
pelleted’ RNA (ca. 1 mg ) to 23 ml of a 2-20% (w/V) suérosg\
gradient in 25 ml. plastic centrifuge tubes. The tubes |
were centrifuged in an MSE 3 X 25 ml. aluminum swing-out
_rotor at_25,000 r.p.m. at 8°C for 18 hr. The tubes were
then pierced through the bottom in a'BuCQler Universal

Piefcing Unit and 1 ml fractions -were collected dropwise.

The‘O.D. of individual fractiopé?Was read at 260 nm in a

-~
[

spectrophotometer.,

N

G. .Polyacrylamide- Gel Electrophoresis

| . I
The fractionation of RNA into its molecular Subunits
was accomplished by the use og'polyécrylamide gel electro-
phoresis as desc;ibed by Loening (1967). Stock solutions

were prepared as outlined in Appendix C. The'geys were

: [
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}

prepared by miﬂg?g 6.25 ml of ﬁhé diluted (5x) buffer,

19.7 ml of water and 5 ml of the stock acrylaﬁide‘éolution.
The resulting seolution was gently degassed and 0.25 ml of
a Freshly pfepgred 10% solution of ammonium persulfate and
0.025 ml of N,N,N',N'—tetramethylethylenédiamine were
added. Thé solution was carefully mixed and 1.2 ml was
immediately inject%d into 7 cm quartzstubes {I.D. = 5 mm).
Water was then carefully }ayered on the top of the gel to
ensure a uniform flat surface and the gels were allowed to
polymerize for about 36 min. Following pol?merization,

the tubes were mounted in the electrophoresis chamber
(Bucgier Instruments) and pre-run in the eleétrophoresis )
buffer "(see Appendix C) for approximately two hr at 4
mA/tube.

Aliquots of RNA (50-100 ug)-dissolved in the electro-
phoresis p;ffer cofitaining 10% sucrose were applied‘tp“the.
gels. The tubes were then run at 4.5 mA/tube and Gels'were
removea at thirty min intervals for scanningd,

- .The gelé %sfe scanned at 254 nm in'an %sco gel
Scanner, model 659 E;nstrumentation Specialties Co. Ltd.)

equipped with Type A dual-beam optical‘ unit and model UA-4

absorbance mqnitor.

.

~

32 ' N\

H. Labelling Experiments with “"P

~

_\\\\\~ Sodium orthophosphate—32P was purchased from New

England Nuclear Corp., Boston, Mass., as carrier-free,

' ' e

[

AN
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-
-

radiochemically purenuclide. The label,after dilution,
was administered to intact s€edlings through the roots.

In the case of callus tissue, the label was applied drop-

wise.to the surface of tissue in the culture bottles. 1In

the case of suspension cultures, the. excess nutrient

. \/ -
medium was discarded and the label’ was introduced into
the culture flask which was allowed to rotate on the

phytostat for 3 hr.

2

- In all cases th& administration of label was conduc-
‘ ~ .

ted under aseptic conditions and'maintained under constaét
, ]

illumination (approx. 250 f.c.) at a temperature of about

“ /

At the end of the metdbolic period, tissues were

25°C, unless otherwise stated.

thoroughly rinsed with water to remove the excess label

+

|

N . _ , \

‘ prior to extraction. \ |
’ \

)
»
I - Determination oflRadioaptivigx ‘ ) e
) ﬁ)

, . Radioactivity}was determined by liquid scintillation

counting using a Nuclear Chicago Unilux II or a‘Beckman

LSé—ZSO. Fifteén ml of Aquasol (New England Nucleéar) was °

usedy as the scintillator. : . <
. " The spec%fic activity of total RNA was detefmiﬁed‘ w \\\

by aisgolving oné&yl samples ih' 15 ml of ghe‘gcintillation

fluid in glass vials. Duplicate gels, after electrophoresis,

were carefully removed from the tubes and immediately

{
frozen on dry ice. They were tuenqiiced to 2 mm sections
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and trgpsferred to the scintillation vials. . Gel slices
A .

were solubilized by the additio

0.5 ml of a 30% , .

Lo .
solution of‘h§dr3§en peroxidg¢’ and incubation at 50Q°C

overnight, fol}owing'which,lSiml of scintiLlation liquid .
¢ W -
was added to each .vial. Samples were counted for 10 min e

-
©®

perlods or until 10,000 counts per mipute (cupym.) were
. N {
obtained.

Efficiency was determined by the channels ratio

i
method and found to be approximately 99% under the exper%—

mental conditions. Radioactivity was expressed as (c.p.m.).
" \

above background. ) ’

'
+J. Alkaling Hydrolysis of RNA

’ . Alkaline hydrolysis of RNA wds carrled

4 minimum volume of 1N KOH at 37°C for 18 hr. This/ method

\

has bheen reported to yield the 3.'-phosphate isomers |
(Merrified and Wooley,; 1952). The hydrolyzed sample was

., then neutralized prior to loading on the resin. column for,

ién-exchange chromatography. . - ;f/

“

K. Ion-Exchange Chromatography of Bases

A . » o 3 /
Ion-exchange column chromatography was essentially
\ : y - : "
carried out as described by Kobayashi and Yamaki (1972).

-

~” The resin used was an anionic exchanger in chloridle form

(agG)1 X 2, minus.400 mesh, Anaf?tical Grade, Bio-Rad Corp.,

New York ).




>
. ]

° ¢
o The resin was suspended in distilled water 'and L

. ¥ ' )
poured into a glass ¢olumn, 1 X 30 cm, to 20 cm height. A
. 7

100 ml of 2N KOH was alloweg to pass through at the rate of

1 ml per minute. This was followed by thorough washing'

with distilled water and charging with 150 ml of 4M formic

acid. .
. R Y ' ) (
(x The hydrolyzed sample, usually containing 200-600
ug, was applied to -the resin and aliowed to enter the resin

bed. Cytidine-3'-phosphate and adenine-3'-phosphate were

eluted with a linear gradient of 0-1.0M .formic acjd. - :
4 . o \ . ) -
Gggpos;ne—3'—phosphate and uridine-3'-phosphate were the

eluted with 4M formic acid. In both cases, the eluting

) ~ . @
solvent was pumped through at 1 ml per minute and a

recorder chart spegd of 4 inches per hour.' The eluant was.
continuously monitored .at 254 ﬁm through an Isco type A
dual beam optical unit equipped with a 1 cm-path length
quartz flow cell, and recorded on an Isco Qodel UA-4
absorbance. monitor. Blank values were automatically sub-

tracted with the eluting solvent serving as the reference.

N



IV. STANDARDIZATION OF TECHNIQUES " L .

-

. A. Estimation of RNA

The UV absorption spectrum of RNA as determined in
the specér hotometer is shown in Figure 2. The éuantity
of each sa:::L was estimated usiﬁg the value of 20 0.D.
units equivalent to one mg RNA (Chargaff and Zamenhoff,

.1948) .

B. Sucrose Density Gradient

Sucrose density gradient analysis wa; performed on V/f
both 7-day old, dark- and ligﬁt-grown flax cotyledons' in
order to esgabiish the reliability of the electrophoretic
separation of RNA species. The results obtained are shown
i _ inn%igure 3 and appear to be in close aéreement with those
of Click aﬁd Hackett i1966) and Loening (1967), showing the
P presence of scoluble, chloroplast, and ri?ospmal-R&A. It
sAould,.howevér, be realized that the drbpwise collection
of-sémﬁles by a piercing unit does not allow -collection of
the highest molecular.weight fractions of RNA; the needle

of the piercing unit penetrates the bottom of the centrifuge

tube by approximately 2 mn.

. -
C. Acrylamide Gel Electrophoresig

Fractionation of RNA by electrophoresis in acryla-

mide gels offers tHe possibility of better resolution than

°
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. Figure 2: The ultraviolet absortion spectrum of ribo-
‘ nucleic acid isolated from 7 days old flax.
/ , - cotyledons.” '
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Figure 3: Sucrose density gradient fractionation of ribonu-
cleic acids isolated from 7 days old'dark (—e—),

h . and light- ( —o0— ) grown cotyledons.. a2 .
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by sucrose density gradient centrifugation. Several trial
experiments were required in order to establish the optimum
conditions for electrophoresis and ensure reproducible

results. With reqgards to the concentration of RNA sample

el

N applied it was found that concentrations of 75-125 .g

’dissolvsg il approximately 75 .l of buffer containing 10%
prcrr . .

' sucrose gave best resufts with good resolution. Runniﬁg
v ' times were also varied and it was found that all species
including the fibosomaljand soluble RNAs could be adeguately
separated in 60 min using approximately 15 volts per ggli The
tuges were héwev?r, removed at 30 min. intervals in order . !

to establish reference points with which the 60 min xun-.

:

coﬁld then be comparéd. ‘ -
Purity of RNA samples was found to greétly influence

the resolution of péaks: fﬁ the case of cotyledbnary tissué

it, was found that coniamination_of the mgterial with -seed ‘

coats during the extraction}and isolation of RNA resulted

in a brown-coldured product even after several precipita- _ -

tions with ethanol were performed. ., This colouration.later .-

- -

prevented the uniform entry of RNA into the gel and 1its

sepdration by electrophoresis. While the removal of seed

®

coat material fiom\cotyledons is a difficult task, there

A .
\

was no other alternative than their elimination prior to
F \ !

extraction to ensure successful electrophoresis. Further-

more, ther addition of dimethyl sulfoxide (DMSO) to the

oy
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dinitial extracting medium was found to be essential in

order to extract phenolic substances as well as the ribo-

nucleases from intact tissues. The cotyledonary tissue

¢
‘usually requires two treatments with DMSQO, before extrac-

tion with phenol—SRS, due to the presence of large amounts
o

of phenolic compounds (Ibrahim and Shaw, 1970). 1In the

case of cultured systems, one DMSO extraction was found to -

~

be adeguate. J .
Gels wereicarefully removed from the ‘quartz tubes

by reaming with a needle and,immediately frozen on dry ice.

Due to the unavailability of a suitable commerciél gel

slicer, gels were therefore sliced carefully by hand using

a single-edged razor blade while aligning the gel against '

a metric ruler. -Attempts were made to avoid unequal ‘gel

slicing in order to minimizqgcross contamination between

slices.

-

D. Base Composition of RNA

{ . &
Analysis of ba§e’ratios was performed on hydrolyzgd

RNA samples as described before. In order to establish

the reliability of the method emﬁloyed an alkaline.hydro-
lyzed sémple'(l mg) of yeast RNA was subjected to ion-
exchange column chromatography. As cgn'be seen from

Figure 4, the separation of nucleotides obtainéd showed P
good resolution of peaks. Calculation Qf Qfﬁk areas and

base ratios yielded results with an error of + 15% of

'
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- Fig¥re 4: Ion-exchange chromatography of the alkaline swmnou.%mwu.vnoasnnm of
N yeast RNA (1, mixture of nucleoside phosphates; 2, cytosine phosphates; ‘- -
- 3, adenosine phosphates; 4, guanosine phosphates; 5, uridine mv:owm\:mnomv. _
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published data (Biochemist's Handbook, C.; Long, Ed., 1968).

It shqgldf/howéver, be realized that the yeast RNA used for

o

zibh—exchange chromatography was of an unidentified source.

Furthermore it should be appreciated that yeast RNA base
ratios are highly species-dependent and may\ihps vary
fMarkham and Smith, 1952). 1In all cases peak areas wefe
manually calculated assuming triangular confiquration for
all peaks.

Optimum conditions for column. chromatography were

established after several trials, and it was found that

relatively small concentrations in a minimum volume (ca.:

j
150 wg in 0.5 ml of the neutralized KOH) yielded the highest

resolution of nutleotides. Flow rates were maintained
constant throughout any given run and absorbance sensitivity
was maintained at 1 0.D. unit for full scale.

The unavailability of spectral grade formic acid
produced a shift in baseline following the introduction of °
the 4M formic acid; however, this problem could not bé

avoided.

E. Nature of Plant Material

Several problems were encountered Fegar ing the
nature of the tissue systems used. Flax seeds. germinated
in the dark produced cotyledons which did not shed their

N
hulls at the desired growth stage. These seedNants, if

N
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not removed prlor to extractloT resulted in contamination
of RNA which ylelded poor electrophoretic patterns. It g
should also be pointed out that great care had to be taken "
during ;ollection of cotyledogg\}n orderfto avoid mechani-

- cal injury which results in increased ribdnuélease activity
and subsequent degradation of RNA(écrubbgiE al., 1972).

‘Callus tissue' and cell suspension cultures were ' -
found to be .fragile and susceptible to mechanical injury “
as.well. Several attemptg had to be made in order to
achieve successful iﬁcorporation of iabel intg 5 callus
culture system of flax and ih no caéé was it possible to

successfully label a tobacco callus culture.

RNA yields obtained for in vitro. and in vivo

tissue systems differed considerably, being several times.

higher in the latter. FurtHermore, total RNA was found
'toidecrease sﬁarply with/prolonged culture and the lowdst ,
yields were obtained with suspension cultures.

Several attempts were made to label chloroplast

hpreparations isolated from cotyledopary tissue or tissue
cultures. :Such atéempts, however, were unsuccessful
upossibly due to ribonucleic acid degrading acéﬁvitx which

'is known to be associated Qith the chloroplast ribosomes

(Howe and Ursino, 1972). - ) n

[
o
t
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*
. N -

L1 M



..

) V. RESULTS

In this investigation several systems of flax were
examined. For comparative purposes, parallel studies were
performed on tobacco and.these data will be~presented where

pertinent.

A. RNA Profiles

1. Flax tissues - . .
a. Intact flax cotyledons:

Flax seeds (ca. 50) were germinated aseptically in
. N
10 cm petrie dishes lined with cheese cloth for six days in

the dark. Each set of seedlings received'appgoximate}y 50

microcuries of 32? in the form of Na2 32PO4,

consisting of two petriedishes, was exposed to 'light (ca. 500

One lot,

f.c.) for a 3-hour incubation period (light treatment),
while a similar set was maintained in the dark for the same

period of time (dark treatment). At the end of the incuba-

tion period the cotyledons were collected on dry ice and

*
immediately processed for RNA isclation. The RNA profiles’

were determined by gel electrophoresis for-30 and 60 min.
followed by UV scanning. These profiles, shown in Figures
5 and 6 for the dark and light treatments respectively,
were run for 60+70 min during which time the low molecular
weight fractions (4s-9s) had run off the gels. ,These

figures show marked differences in the ultraviolet profiles

’
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as well as in the pat#ern of label incorporation. Whereas

-

fraction d was absent in dark grown seedlings, it was found

to occur in high concentration, in the light. Furthermore,

there was higher incorporation of label in fracgions b, 4,
N and f in the light thah in the correspording fractions of
the dark treatmept. On the other %and, only fraction e
[éontained a higher amount of label in the dark than in .
light. However, it is interesting to noté that most of &
.tﬁe activity in the'dark t{eatment épbeared in two low-

molecular weight fractions with no appreciable'correspon-

ding UV absorbing species (Fig. 5). .

M
. " b, Isolated chloroplasts:

_ The RNA profiles of a chloroplast preparation iso-
lated from seven days old‘cotyledons is shown in Figure 7
énd‘B fér 60 and 90 min. runs, respectively. "The présence
of a single ribosomal peak in the 60 min. profilé tends to
. m'. indicate a pﬁre chloroplast éreparation while its electro-

’ phoretic mobility after an additiona{ 30 min. run would

suggest that this fraction (d) is the chloroplast (23s)

~r

- species (Ingle, 1968; Loening, 1967; Vedel and D'Aousé,

1970). The presencé of a very broad peak area ahead oﬁ

fraction d (Figure 7), and its éonspicuous disappearance
after further 30 min. run (Figure 8), suggest that this

"peak , corresponds to a poorly resolved or partially degraded
P =P

c 2

' g J/; : . 4 :

\chloroplast.fraction (f, l6s).
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Figure 7: 60 min. profile of chloroplast RNA preparation
© isolated from seven days old flax cotyledons.
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c. Flax cultured tissues:

Figures 9-12 show the RNA profiles of 5-,7-,10-,. =
and 15 days old cultured tissues, respectively. In ;i;
cases, the cultures were initiated and-maint;ined as -
desStibed before. It can be seen from these figdégs tha£

I's
there appedrs to be no striking differences in RNA profiles

of the four cultures examined. Mainly these patterns
illustrate the presence of two high molecular weight ribo-
somal fractions (c and e) corresponding to the 25s and 18s

. specigs, jrespectively (M.W. 1.3 X 106

and 0.7 x 10%). The

occurrefice of these fractions is consistent wi€;>those

v reported in other plant systemé (Loenipg, 1967; Ingle, 1968;'
Vvedel and D'Aoust, 1970).

' Figure 13 shows the RNA grofile of a 14 days old
cultured flax tissue which was incubated with 100 micro-
cdries of NaZHBZPO4 for three hours in the light. The
ultréyiolet profile of the isolatee& RNA shows the presence

. of two ribosomal species (c and e) corresponding to the 25s

$ and 18s fractions, respectively. The 1abelling‘pa£térn
indicates a high incorporation of activity in these riboso-
mal fractions witp the bulk of activity beihg preégnt in

fraction c. ‘

d. Flax suspension culture:

(-

Figure 14 shows the UV profile of RNA isoldted from

.
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Figure 11: RNA profile of 10 days old flax cultured tissue
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A
¢

Figure 13: RNA profile of flax 14 days old gultured tissue
(—— ) with label incorporation pattern- (=o— ). '«
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4 days old flax suspeﬁsion cultﬁre. {&,this case, as well,
Eﬁere exists only two ribosomél fractions (c 'and e) corres-
ponding to the 25s and lBs'species, resﬁéctively. However,
a high molecular wefght RNA sgecies was found. to occur
(fraction b) in this culture system. .

It is interesting to note in all flax culture sys-

tems examined, both callus and suspension, the distinct

absence of chloroplast ribosomal fractions which would be

1
A

expected to resolve as species f and 4 (l6s and 23s respec-

tively) (Ingle, 1968). // N {

2. Tobacco tissue:

-

a. Bud leaves:

The RNA profile of f&ung tobacco ;eaves taken fr
the terminal bud region is sﬁowp in Figure 15. In Fhis
profiie both fractions c and e (255 and 18s) are found to _
occur in thé expected ratio of 1.65:1 (Loening, 1967) while
fr;ctions d and f, charécféristic,of chloroplasts (23s and
16s) are present in a 132 ratio. This pattern shows, as
well, the presence of some low ﬁqlecular weight fractions

(e.g. g and h) which may have resulted from degradation of

other species (Vedel and D'Aoust, 1970).

B. Ion-Exchange Elution Patterns

The ipn exchange chromatographic patterns of the

alkaline hydrolysis products of RNA isolafeq from cotyledons

1Y

-

3

/
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of dark amd light treatment are shown in Figures 16 and 17,

(section A.l.a.), respectively. Molar extinction coefficients

an

of ind?vidual bases (Venkstern and Baev, 1968) were used to
calculate the molar concentration of the bases. The first
peak in the elution pattern represents a mixture of the
L 2'- and -3'-nucleotides which would be eluted first in the «
presence of acid condaitions (Bran, Haynes and Todd, 1950;
" Cohn, 1950). qfﬁ
As can be seen from the figures there appears to be
Co no difference in the adenosine phosphates? cytosine
phosphates,and the éuanogige phosphates of the two sysngs.
Calculation of peak areas and their corresponding base!
ratios (Table 2) shows that the ratio of purines:pyrividines
i1s approximately 50% lower in ﬁhe‘light treatment as
~~comp.ared with that in the dark.
Aliquots of the eluted fractions were counted for

radioactivity determination and the -calculation of specific
i

.,
~

- activities of individual bases (Table 3). These results
show that the specific activities of all bases, -except
guanosine phosphates ,were significantl& higher foreéhe
light treatment than that in the<Aark.
The elution pattern of a 14 days old callu;\eulture -
of flax c?tyledons is given in Figure 18. There éppears

- - to be a significant deviation fraom the patterns obtained

with the intact tissue with regard to the relative amounts
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]

Figure 17: Ion-exchange chromatography of tire alkaline hydrolysis products of "

light treated flax cotyledons., i
N . )
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% Figure 18: Ion-~exchange chromatography of the alkaline hydrolysis of RNA from '
- 14 days old callus culture of flax. . . .
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" Table 2: Molar concentration of RNA bases isolated from
various tissue systems.

¢
s Molar Concentration*(mM) Base Ratio
T
1ssue System C A G U~ Pur./Pyr. A*U/G+C
_ Yeast . : 1.2 0.520
Flax cotyledons ‘ . TP .
dorx frentmant 0.092 0.050 0.148 -0.023 1.6 ' 0.301
t ‘ . ’
. .- |
Flax cotyledons 4 4,7 ¢ 019 0.117 0.023 0.8 0.269

light treatment

Flax 14 days.old ) ’
callus culture 0.215 0.087 0.330 0.300 1.7 4 0.710

Flax 4 days old

Suamcnsion culture 0+051 0.025 0.080 0.011 1.9 . 0.275
~ . i
Tobacco young 0.164 0.099 0.381 0.263 . 1.1 0.664

leaves

Tobacco 10 days old

callus culture 0.180 0.089 0.370 ,0.100 1.7 . 0.344

Tobacco 4 days old p ‘
suspension culture'o’oeﬁ 9.037 0.119 A 0.015 %.2 .. 0.281
"

" . - /

*C, Cytidine
A, Adenine

G, Guatridine \\
U, Uridige \\\
Same symbols are used in Figures 16-22, )
# . Pr
4
— 7 - |
/
N i
P ‘ j
- .‘ - -~ ~ .
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Table 3: Specific -activities of RNA bases' (cpm X 106/umole)

3

Tissue Syspem /C)ij:. "‘-m‘Adeo ‘ Gua. Uri.
3 . - M /

Flax cotyledons,’ 88 -"166 . 101 yry
Dark treatment ) -
Flax cotyledons ‘175 - 468 . 100 - 381
Light treatment ' )

Flax 14 days'old 9 23 127 3990 . 24
~ Callus culture o

Flax 4 days old 64 1477 7 69 432
Suspension culture _ . - '
‘Tobacco 10 days old, 66 as 395 "359 .

callus culture ,
B B A |

D
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of bases and their®jspecific activities. This pattern: tﬁL

exhibits a normal’ ratio of purines:pyrimidines observed

1 4

e

o

among flax tissue systems investigated. Furthérmore, while

the specific activities of cytosine-, adenosine- and

uridine~3'~-phosphates were lower than those of the intact
‘\\; tissue, that of gquanosine-3'-~phosphate exhibited a:40-f9;d' .
increase. , - .
- - N

Figures 19-21 show the chromatographic elution

patterns of the other tissue systems examined. The elutions

S

pattern of the 4 days old suspension culture of flax
(Figure 19) appears to iook quite siwmilar-to those obtained
previously; ﬂowever, ca&guiétion of base composition

A (Table 4) ;hows substantiél differences in the guanosine

A " and uridine-'32-phosphate. ~ ‘

.. Y .

The 'elution patterns of young tobaggo leaves as
1

- well as the callus and suspension cultures of tobacco are
given in Figures 20-22, -Calculation of base composition

(Table 4) shows the yaun§ leaves ‘to deviate substantially
. 4 2

s

] .
from the callus and suspension cultures. It is interestindg

\
|
|
‘ 4 : | )
. .to note, however, that base composition for both the callus |
and suspension cultures of toﬁaccoappearsto be the same. |
F . . . .
- , Calculation of base ratios (Table 2) further substantiates J

-

this finding. . ' '
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= ;m.wmd_ﬂm 20: Ion-exchange chromatography of the alkaline hydrolysis products of
. RNA from young tohacco leaves. ~ \
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0 Figure 21: Ion-exchange chromatography of n:m mwxmt.:m :%mno:mwm vno&cnnm of

T \ RNA from 10 days old callus ocwncnm of tobacco.,

o - Base Composition (mM)
| - : . I = . ¢€,0.180 :
_\ .\ ! , ) . ’Q OQOWW
h' \ . « . ~ QQOOWQQ
. B : . . , B . .U, 0.100
, 0.60r : : _ e
| ‘ _ *
S+ _ o.s0f )
7 .S -0.40}" -
” o.wo.l e
7 9 r
| -
R 2 o0.20} -
| 5
W (o] . '
- 0

4 0.0t
0 . 15 30 45 60 "75 90 105 120 135 150 165 180 195,

i ~ " Elution vQlume (ml) « . , \M

- S _\ ﬁ : o .
i

Pr




a 4 days old suspension culture of tobacco. . -

: . ’ Base Composition (mM)
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Table 4:
tissue systems.

r

- Tissue System

Base composition’ (%) of RNA isolated from various

, Base Composition (%)

.

¢ A G U )
i cotytecons SR
Flax cotyledons w10 s 1
i A JERNE e
| Ml dasold o - moas w6 |
‘ Tobacco young leaves 1&1-11 42 29
Tbrecetdmeold 12 n s
e ol 2w 15 S0 7
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" VI. DISCUSSION

-
»

Flax cotyledons exhibited marked differences in RNA
profiles and base campositions from that obtained for either
flax callus or flax suspension gultures; Previqus work in
this laboratory has shown that callus inductién on flax
cotyledons cultured in ziEEQ'wés associaged with high RNA

L
levels when compared with the intact tissue (Liau et al,

1973).

In the intact tissue, marked differences have been
observed in this study in both the RNA profiles and the
patterns of 32P incorporation of dark and light treated coty-
ledons (Figures 5 and 6). "Examination of these profiles
reveals the presence of a shoulder (a) as well as a clearly
resolved peﬁk (b) in both dark and‘light tfeatments. These

>

fractions may be cdmpatible with DNA (Ingle, 1968), and an

unidentified high molecular weight RNA, respectively. Current

evidence supports the view that RNA fractions with molecular

6

weights greater than 1.3 X 10  (25s) may enter a 2.4% acryla-

mide gel (Sakai and Takebe, 1970; Poulson and Beevers,’l973[.
Therefore peaks ¢ and e which occur in both dark and light
treated cotyledons are most likely the ribosomal (cytoplas-
mic) species, 25s and 18Bs, respectively. These RNA species
are present in the expected ratio (1.65:1), taking into

consideration the degradation of chloroplast RNA (Loening

and ,Ingle, 1967; Ingle, 1968).
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It is also evident that peaks d and f represent the -
> ~ chloroplast species, 23s and I&s, in both dark and light
// treat&ents (Eigures 5 and 6). It should be borne in mind
that the ratios of heavy to light chloroplast RNA can not
be determined accurétely from acrylamide.gel profiles due to
some degradation which results in fractions g (Figure 5)
and g, £ and h (Figure 6{. Reference has been made earlier
(Sgction IV) to the soluble fraction which separates after
30 min electrophoresis. However, in order to resolve both
chloroplast and ribosomal fractions, after further 30 min,
the soluble fraction runs off the gel., Similar observations
on ribosomal and chloroplast RNA have been reportgd with
‘ ‘ pea epicotyls (Ingle, 1968; Poulson and Beavers, l970f, and
cucumber cotyledons (Vedel and D'Aocust, 1970). . ‘ -
The high degree of label incorporation into peaks d |
"and f (23s and l6s respectively) of the light treated co£y-
ledons is consistent with the view that light stimulates
RNA synthesis, especially the ribosomal chloroplast species
(Loening, 1968 agd references thereih). However, the low .
: activity obgérved ih these same .species in the dark treat-
ment further';upports the view 6f possib;e.degradétion of
chloroplast RNA. ° Additional support may be derived from
'+ examination of base camposition and base ratios (Table 2)
where the uridine content of dark treated cotyledons wastwo

thirds that found in the light treated tissues. This may

be compared with the publishéa data which indicates littlf

Y

[
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incorporation of uridine(into chloroplast species (Sakaij

and Takebe, 1970; Ssymank, 1973). -

,Eﬁé presenée of a highly labelled peak, Qithout a . “\

corresponding UV absorbing fraction and resolving at about

13s in the dark treated cotyledons (Figure 5), may be -

attributed to the presence of messenger-like RNA. This
fraction’WOuld be expected to occur in very small concen-

32

tration and its-recognition from T7P labelling shouﬂ%ﬂbe

considefed circumstantial. However, Poulson and Beavers
(1973) reported a similar low molecular weight fgaction J
which separated in acrylamide gels of 27 days old pea
cotyledon RNA. The fact that this fraction was not associa-
ted with ribosomal preparations,and that its production
coincided with initial phases oflgermination, led £hem to
relate it to m-RNA. Although the occhrrence of stable m~-RNA,
responsible for directing prgtein synthesis, has béen sugges=
ted in mature seeds (Marcus and Feeley, 1965; Weeks and‘
Marcus, 1939), however speculation on the nature of this
fraction in flax should be treaV%ed with caution.

The lack of label incorporation into ribosomal RNA
in either light or dark treated tissues issevidently due to
the late stage in which the cotyledons were labelled.

Flax tissue cultures, both callus and suspension, were
found to contain two high molécular weight RNA fractidns

6 6

which correspond to the 1.3 X 10° and 0.7 X 10~ (25s and 18s,

respectively) species and resolved as the ¢ and e peaks,
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¢
respectively (Figures 9-12). The presence of these two

N FL

- fractions is consistent with the known composition of .

ribosOmai (cytoplasmic) RNA (Loening and Ingle, 1967).

It 1is interesting-to note the distinct absence of the chlo-
roplast fractions in RNA profiles of both green gallus and
suspension cultures. The' absence of chloroplast RNA and

the presence of the ribosomal fractions (25s and 18s) would

. tend to suggest that the chloroplasts of flax. cultures are

either morphogenetically underdeveloped or that their dis-
tinct ribosomés are lacking. While the ultrastructure of
flax chloroplasts was not investigated) Laetsch and

Stetler (1965) have shown that the chloroplasts of tobacco

callus éultpre exhibited significant morphogenetjc changes

when compared witg,the functional chMoroplasts oﬁftgs intact
\ e
tissue. There is an evident lack of information in the

)

bétanical literature on the profiles and composition of ./f
nucleic acids in the chloroplasts‘in relation to their
ultrastructure and functional aspects in in vitro systems.
It is interesting to note, as well, the absence of
certain phenolic moieties, especially flavonoids, in flax
culture systems (Liau and Ibrahim, 1973) which are charac-
teristic metabolites of the intact(éotyledons (Ibrahim and
Shaw, 1970). Furthermore, the correlation between the loss
]

of flavonoid formationoand the absence of chloroglast RNA

species in flax cu}furég"may imply that the chloroplast is
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a likely site for flavanoid sygthesis. It has recently been

shown that cinnamoyl and flavonol compounds are synthesized
in the chloroplasts of spinach and Jarley, respectively
(Oetmeier and Heupel, 1972; Weissenbock, 1972). The lack

?f incorporatio; of label into any of the chloroplast ribo-
somal species is further implication of the loss of bfosyn—
thetic activity in the chloroplasts of cultured flax tissues.

The differential amounts of label incorporation
into the ribosomal fraction of flax callus culture (Figure
13) may be attributed to uneven rates of entry, into the P
cytoplasm, of the ribosomal 25s and 18s from the 45s RNA \Q’;i
where the heévy ribosomalrfractibn showed an increased rate
of synthesis. A similar obsexqation has been reporéed in
chick skin fibroblasts (Emerson, 1971).

The determination of base composition, base ratios,
and Specifid_activfties of RNA bases of the tissues examined
indicates a unique and interesting trend. Whereas the base
composition of flax callus cultdrg contrasts with that
of the cotylgdanary tissue, the suspension culture exhibited
a significant decrease in the levgl of guanine and a mgrked
decrease in the uridine content (Table 4). While the
specific activities of bases from both cailus and suspension
cultures vary with respect to each otger, both vary with
respect to flax cotyledohary tissue (Table 3).

It is interesting to note that the specific activity

of guanjne in flax callus is 10-30 fold gfeater than that of

e )

3

o
L
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* All species are present in ‘the expected ratiog
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=

any other tissue system investigated. While ﬁhe high
specific actfﬁity of guanine in the callus culture may appear
exéggerated it may not seem unreasonable if the spécific
activity of the other three bases are compared with those of
the suipension culture, It is evident that while the
spedif&c activity of adenine is almost constant in boéh
cultures, those of cytidine and uridine increased by three
and 20 fold respectively in the suspens?pn.culture. The;e
differe;ces may very well account for"£géffélatively

high specific activity of guanine in flax callus culture.

The current state of knowledge of cultured systems is defi--
cient with respect to base ratios of intact organs and their -
cultured tissues. Recent reports which deal with' the base
composition of callus and suspension cultures concern them-
selves Yith the ch;nges in base complements as a function of -
the age of tissue in culture (Short et al., 1969; Vasseur,
1972; Manahan et al., 1973). None of these reported on the

changes in RNA composition of intact tissues cultured in

vitro.
———————— i

¥

Examination of Figure 15 shows that pcco leaf RNA

ribosomal -

N &

contains all constituent fractidths including

(25s and 18s), and the chloroplast RNA species I23s and 16s).

for ribosomal
and chloroplast species which would tend to suggest little
or no degradation of chloroplast RNA to other lighter frac-

tions.
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Determination of the base composition and base

rétios of tobacco leaf RNA and its cultured tissues\(Tables
- 3 'and 4) reveals that while both callus and sugéension

cultures have approximately the sﬁhe base complement they

both deviate significantly from that of the intact tissue.

Base composition of leaf RNA was found to be significantly

lower in cytidine and adenine contentg, while it was sub- -

stantially higher in uridine when campared with fhat of the
\ »

culture% tissue. Bas:{ratiQi’(A+U/G+C) further support
these observations where young leaves exhibit a ratio more

o

than twice that of either the callus or suspension cultures. =
It may be difficult to evaluate the significance of®
A base composition and base ratiqs in total RNA preparations.

However, the data should be interpreted in terms of compara-

tive differences in RNA composition of the intact tissues and

their cultured systems. Two main,phengﬁgha may be related

to these differences, namely (ak the disappearance of the
! - |

. {
‘ chloroplast species in both flax and tobacco tissue cultbres

in which case the base composition would represent all RNA
X - ¢ o .
Q w
fractions other than the chloroplast -species, (b) the changes

in the_metabolic patterns of flax cultures, both callus and

—
an . R ( \‘
suspension, would be .a reflection oflévanges in base compo-

v 3 3 . “
sition Qf;z:ggA as a result of culture conditions. ‘ .
It would also be interesting to investigate the T :

~—patterns of ribosgmal preparations from intact cotyledons 4{:

-

1 ]
e % .
- . )
o 1] .
,
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VII. ' SUMMARY

' M 4
~

oA
1. Total RNA isolated from flax and tobacco ti§sues, as

i »

well as their in vitro cultured systems, was examined for its
C J
proftyé by .acrylamide 7e1 electrophoresis and ‘analysed for

its base compositien by chr#matography of the hydrolysis

" products on an anion exchanger. .

2.’ Both ribosomal (255 and 18s) and chloroplast (23s and 16s) € |

N
fradgions were present im,flax}cotyledons and tobacco leaves.

‘Lower molecular weight ¥ractions-appeared as ded¥adation
. , . o, \ . e
produc?s of chloroplast RNA. Labelling experiments with 32P

. -
. #° _exhibjted limited incorporation of label into the ribosomal®

, fractions of both dark and light treated flax cetyledons.
The chloroplast fractiong, on the other hand, were highly

o A
labelled in the light. 3 ‘ . .
\ . ) - ’ ,

3. The RNA profiles of cultured flax cotyledons and, of both

callus tissues and cell syspensions showed the presence of

two ribosomal fractidns which were readily labelled with 32?.

A\

. . ‘ .
- A heavy ribosomal RNA fraction was found to occur in suspen-.
. N ; .

sion cultures.
4

. B - @

4. ‘Determinatfbn of the base composition and base ratios of

¢

~flax totyledons and its cultured tissues revealed that: -
(a) The pgrine:pyrimidine ratio of flax callus RNA was much
! lower than that of the intact cotyledons; this was reflec-

!

ted in a very pigh specific activity'of guanine in the
¥




: callus 'tissue. « o~

(b) The purine:pyrimidine ratio of flax callus was 50%

4

: lower than that of the suspension culture, The latter

N

ekhibiped'a low guqnine‘and a much higher uridine -
content as compared-with those of the callus tissue.
A

(c) While the base composition and base ratjos of tobacco

LY

- callus and suspension'dultures compared well with each

other, they differed substantially from those of the .

> : : SR
f i intact tissue.
3 1 \

*
-~

. . These differences were discussed in relation to
- L8

changes in metabolic patterns of cultured tissues.

-

B




63.

LITERATURE CITED

< A

Amaldi, F. and G. Attardi. 1968. Partial sequence analysis
of ribosomal RNA from HeLa cells. J. Mol. Biol. 33:
737-755.

-

Biochemists' Handbook. 1968. (Ed. C. Long). E. and F.N.
Spoon Ltd., London. '

Carbon, J.A. 1965. The 'e¢ffects of nitrous acid on the
activity of E. coli transfer. ribonucleic acid.
N .Biochim, onphys. Acta 95: 550-560.
y z2
. 5
| C rew D.P. and E.J. staba. 1965. Plant tissue culture: T
: \ its fundamentalﬁ,dappllcatlon and relationship to
medicdnal plant studies.  Lloydia. 28: 1-27.
Changaff, E. and S. Zamenhof. 1948. The isolation ‘of highly
polymerized de-oxypentose nucleic acid from yeast
.3 cells. J. Biol. Chem. 173: 327-335.
. Clark, M.F. 1964, Polyribosomes from chloroplasts. Biochim,.
Biophys. Acta. 91l: 671-674.
Clark, M.F., Matthews, R.E.F. and R.K. Ralf. 1964. Ribo-
soles and polyribosomes in Brassica pikinesis.
" Biochim. Biophys. Acta 91: 289-296.
' Click, Robert E. and D.P. Hackett. 1966. The isolation
of ribonucleic acid from plant, bacterial or animal
, cells. Biochim. Biophys. Acta 129: 74-84.
Cohn, W.E. 1950. Heterodeneity in pyrimidine nucleotides.
J. am. Chem. Soc. 72: 2811-2812.
(\ - -~

-~ . 'Cohn, W.E. and E. Volkin. 1951. The structure of ribonu- \
: : cleic acids. Nature (Lond.) 167: 483.

/

Dlllard, W.L. and H.G. Schweiger. 1969. RNA synthesis in
Acetabularia. Protoplasma. 67: 87-100. . -

Emerson, C.P. 1971. Regulation of the synthesis and the
stability of ribosomal RNA during contact inhibition
of growth. Nature (New Biology) 232: 101-106.
* Farber, f.E. 1969. Studies on, RNA metabolism in Acetabularia
med terranea. Biochim. Biophys. Acta 174: 1-11,

!
=




I - . N '.~ 64.
e A ]

»

- Galston, A.W. and P.J. Davies. 1969. Hormonal regulation
in higher plants. Socience. 163: 1288-1296.

Gusta, L.V. and V.C. Runeckles. 1972, The isolation of
nucleic acids from wo@dy tissue using dimethyl sul-
foxide. Can. J. Bot. 50: 1085-1090.

Hartley, M.R. and R.J. Ellfs. 1973. Ribonucleic Acid
synthesis in chloroplasts. Biochem. J. 134:
249-262. : —

- .

Holness, N.Jx~ and A. Atfield. 1971. Chromatographic
separation of mononucleotides derived from transfer
ribonucleic acids. Biochem. J. 121: 371-377.

Howe, R.C. and D.J. Ursino. 1972. Ribonucleic acid degra-
ding activity associated with ribosomes from spinach
leaf chloroplasts. Can. J. Bot., 50: 691-695.

Ibrahim, R.K. 1969. Chromatographic and spectrophotometric
evidence for the occurrence of mixed 0- and C-glyco-
flavones in flax cotyledons. Biochim. Biophys. ‘
Acta  192: 549-552. L

Ibrahim, R.K. and M. Shaw. 1970. Phenplic constituents of
the oil flax. Phytochem. 9: 855-1858.

Ingle, J. 1968. SynthesiS and stability of chloroplast
’ ribosomal-RNAs. Plant Physiol. 43: 1448~

4 Ingle, J., and J.L. Key. 1965. A comparative evaluation of
‘ the synthesis of DNA-like RNA in excised and intact
plant tissues. Plant Physiol. 40: 1212-1219.

Ingle, ‘J., J.V. Possingham, R. Wells, C.J. Leaver, and U.E.

' Loening. 1970. The properties of chloroplast ribo-
somal-RNA. In: Symposium of the Society for ,
Experimental Biology. Cambridge University Press, .
London. .

Karrer, W. 1958. Konstitution und verkommen der organischen

pflanzenstoffe. ” Birkh8user-Verlag. Basel und
- Stuttgart. ) ‘
. {
Katz, S. and G. Comb. 1963. A new method for the determina-
o tion of the base composition of ribonucleic acid.
: J. Biol.Chem. 238: 3065-3067.

»




65.

‘ ! \

Key, J.L., N.M. Barnett, and C.Y. Lin. 1967. RNA dnd
protein blosyntheSLS and the regulation of cell
elongation by auxin. Ann. N.Y¥. Acad. Sci. 144:,
49-60.

N
\

Kobayashi, K. and T. Yamaki. 1972. Studies on soluble RNA
binding indoleacetic acid in etiolated mung bean
hypocotyl sections. Plant Cell Physiol. 13: 49-65.

Krikorian, A.D. and F.C. Steward. 1969. Biochemical
differentiation: _The biosynthetic potentialities of
growing and quiescent tissue. 1In: Plant Physiology,
a treatise,vol v, pp 227-327 (Ed. F.C. Steward),
Academic Press, New York and London.

Laetsch, W.M. and D.A, Stetler. 1965. Chloroplast structure
and function in cultured tobacco tissue. Am. J.
Bot. 52: 798-804. :

- Ny
Leaver, C.J. and J. Ingle. 1971. The molecular, integrity .
of chloroplast ribosomal ribonucleic acid. Biochem.
J. 123: 235-243.

t

" Liau, D.F., R.K. Ibyahim and R.M. Roy. 173. 'Changes in

soluble proteins and nucleic acids associated with
callus formation on flax cotyledons. 2. Pflanzen-
physiol. (in press). ’

Liau, S. and R.K. Ibrahimi 1973. Biochemical diﬂ@%;entiation
in flax tissue culture - Phenolic compounds? Can. J.
Bot. 51: 820-823.

Loening, U.E. 1965. Synthesis of messenger ribonucleic
acid in excised pea seedling root segments. Bilochem.
J. 97: 125-133. _ -

Loening, U.E. 1967. The fractionation of hifgh~molecular
weight RNA by polyacrylamide gel electrophoresis.
Biochem. J. 102: 251-257.

Loenihg, U.E. 1968. RNA strulture and metabolism. In:
Annual Review of Plant Physiology. Annual Reviews
Inc., Palo Alto, California. pp 37-70.

Loening, U.E. and J. Ingleé. 1967.. Diversity of RNA compo~- w

, nents in green plant tissue. Nature (Lond.) 2153:
.363-367. '

Manahan, C.0., AJ) App and C. Stxll 1973. The occurrence

of polyadenylic acid in the~RNA of cultured rice
sissue. Plant Physiol. (Suppl.). Sl: 39.

r | ’y

Y
: 1 .




'66.
4

~

: -

Marcus, A. and J. Feeley. 1965. Protein synthesis in
.- imbibed seeds. J. Biol. Chem. 240: 1675-1680.

Markham, R. and J.0. Smith. 1952. Cyclic nucleotides pro-
. duced by ribonuclease and by alkaline hydrolysis. C
: Biochem. J. 52: 552-556.

McCullum, M. and P.M.B. Walker. 1967. ‘Hydroxyapatite
fractionation procedures in the study of the mamma-
lian genome. Biochem. J. 105: 163-171.

Merrifield, R.B. and D.W. Wooley. 1952. The structure and
mlCIOblOlOglCal activity of some dinucleotides from:
yeast ribonucleic acid. J. Biol. Chem. 197: 521.

Mohr, .H. 1972. Lectures on Photomorphogenesis. Springer-
A Verlag, New York.

Murashige, T. and F. Skoog. 1962. A revised.ﬁgdium for the .
rapid growth and bio-assay with tobacco tissue cul-
tures. Physiol. Plant . 19y 473-497.

Oettmeier, W. and A. Heupel. 1972. Identificati
flavonoids and cinnamic acid derivatives fro ach .
chloroplast preparatlons. Z. Naturforsch. 27b:
177-183. -

rPaleg, L.G. and G.A. West. 1972, The gibberellins, 1In:
’ Plant Physiology, a treatise, Vol. VIB, pp. 146-181 ]
. (Ed. F.C. Steward). Academic Press, New York. ° '

patau, K., N.K, Das, and F. Skoog. 1957. 1Induction of DNA

. synthesis by kinetin and indoleacetic acid in
excised tobacco pith tissue. Physiol. Plant. 10:

949-953, ' —

Pene, J.J., E. Knight, Jr. and J.E. Darnell, Jr. 1968.
Characterization of a new low molecular weight RNA
_ in Hela cell ribosomes. J. Mol. Bio%. 33: 609-623.
Poulson, R. and L. Beavers. 1970. Nucleic acid metabolism
i / during greening and unrolling of barley leaf
a segments. Plant Physiol. 46: 315-319,

Poulson, R. and L. Beavers, 1972. 1In: Plant Growth Sub-
stances. Proc. of the 7th Intern. Conf., anberra, s
° Australia, 1970. (Ed., D.J. Carr), pp. 646-654.
gpringer-Verlag, New York.
. - / ,,u

v [V : * .
\_______ - ' "



67.

the development of cotyledons of Pisum sativum L.
iophys. Acta  308: 381-389.

Poulson, R. and Légbeavers. 1973. " RNA metabolism during
Biochim.

Sakai, F. and I. Takebe. 1970. RNA and pifotein synthesis
in protoplasts isolated from tobacco leaves.
4 Biochim. Biophys. Acta  224: 531-540.

Scrubb, L.A., A.K. Chakravarty and M: Show. 1972.
Changes in the ribonuclease activity of flax coty-
ledons following inocuYation with flax rust.

Plant Physiol. 50: 73-79.

Setterfield, G.,/J Neelin, E. Neelin, and S. Bayley. 1960-
Studles on basic proteins from ribosomes of buds of
pea seedlings, J. Mol. Biol. 2: 416~ 424.

Short, K.C., E.G. Brown, and H.E. Street. 1969. Nucleic
acid metabolism of Acer pseudoplatanus L. cell sus-
. pensions, J. Exp. Bot. Zg: 579-590.

Slbberger, J. and F. Skoog. 1953. Changes induced by IAA
in nucleic acid contents and growth of tobacco pith
tissue. ‘Science 118: 443-445.

gkoog, F. and R.Y. Schmitz. 1972. Cytok&nlns. In: Plant
- Physiology - a treatise, Vol. VIB, pp 181-282, s
~~(Ed. F.C. Steward). Academlc Press,' New York.

Ssymank, Volker. 1973. Incorporation of different labelled
precursors into chloroplast RNA of Chlorella.
Planta (Berl.) IIT: 157-166. .

Staba, E.J. 1969. Plant tissue culture as a technique for
the phytochemist. In: Recent Advances in Phyto-
chemistry (M.K. Seikal and V.C. Runeckles, Eds.),
Vol. 2, pp 75-106. Appleton-Century—Crofts, New
York. . , s

Steward, F.C. 1963. Effect of environment on metabolic
patterns. In: Environmental Control of Plant
Growth, (L.T. Evans, Ed.), pp 196-214. Academic
Press, New York and London.

‘ »

Steward, F.C. and S.M. Caplin. 1954. The growth of carrog-
tissue explants and its relation to the growth factors
present in coconut milk, I(A). The development of
the quantitative method and the factors affecting
the growth of carrot tissue explants.. Ann. Biol.

30: 386-394. '




Steward, F.C., M.0O. Mapes, A.E. Kent and R.D. Holsten,
1964. Growth and development of cultured plant
cells. Science 143: 20-27.
A
Street, H.E. 1966, The nutrition and metabolism of plant
. tissue and organ cultures. In: Cells and Tissues
. in Culture (Ed., E.N. Willmer), Vol. 3, pp 533-629.
Academic Press, London and New York.

Street, H.E. 1969. 1In: Plant Physiology - a treatise,
\\ vol. VB, pp 1-181, (Ed. F.C. Steward). Academic

Press, New York and London.

Street, H.E., H.A. Collins, K.C. Short, and I. Simpkins.

2 1969. Hormonal control of cell division and expan-
sion in suspension cultures of Acer pseudoplatanus
L: the action of kinetin. 1In:  Biochemistry and
Physiology of Plant Growth Substances - Proc. of the
6th Intern. Conf., Ottawa, Canada, 1968, (Eds., F.
Wightman and G. Setterfield). The Runge Press,
Ottawa. >

v
Street, H.E., G.G. Henshow and M.C. Biuiatti. 1965. The

culture of isolated plant cells. Chem. Inc. 1:
27-33. :

Stutz, E. and A. Noll. 1967. Characterization of cytoplas-
mic and chloroplast pelysomes in plants~ * evidence
for three classes of ribosomal RNA in nature. Proc.

! Nat'l. Acad. Sci., U.S. 57: 774-781.

Q™o

Thimann, K.V. 1972, The natural plant hormones. In:
Plant Physiology - a treatise, Vol. VIB, pp 3-145, '
N l(Ed F.C. Steward). Academic Press, New York.

¥

- Trewavas, A:J. 1968. Effect of IAA on RNA and protein

€

synthesis, Arch., Biochem. Biophys. - 123: 324-335.

Truelsen, T.A., 1967. IAA induced decrease of the’ ribonuclease

activity in vivo. Physiol. Plant. 20: 1112-1119.

Vasseur, J. 1972.,,Incorporation d'acide orotique-l4c et
: d'uracile-""C dans les ribonucléotide de fragments
' de feuilles d'Endive culturés in vitro. C.R. Acad.
. Sci., Paris (Série D), 275: 2865-2868.

~

Vedel, F. and N.J. D'Aoust. . Polyacrylamide gel .
analysis of high molecular weight ribonucleic acid
from etiolated and green cucumber cotyledéns. Plant
Physiol. 46: 81-85. .

N, .

. T - .

A




i -

S e

5 -

/ i \]

Venkotern, T.V. and A.A. ‘Baev.
Nucleic Acid Compounds.

1968.

IFI-Plenum,

In:

69.

Spectra of
New York.

pp 9-12.

~ Williams, G.R. and G.D. Novelli.

o
s N H N
B e P I N NP L S W SR

D.P. and A.-Marcus. 1970.
the presence of diethyl pyrocarbonate.
Physiol. 44: 1291-1294.

‘Polyribosome isolation in
Plant

Weeks,

/

Welssenboch A, 1972, Act1v1ty of phenylalanine ammonia-
lyase and changes in the amount of flavanoids during
germination of Impatiens baloamina seeds in light
and darkness. Z. Pflanzenphysiol. 66: 73-81.

/

1964. Stimulation of an

1n ‘'vitro amino acid incorporating system by illumina-
tion of dark-grown plants. Biochem. Biophys. Res.
Commun. : %Z, 23-27.

aki, T. and K. Kobayashi. 1972. Auxin in s-RNA fraction
of mung bean hypocotyl. In: Plant Growth Subs'tances.
Proc. of the 7th Intern. Conf., Canberra, Australia,
1970. (Ed. D. Carr) pp 196-205.  Springer-Verlag,
Berlin and New York.

A

-




- \\,/

=  APPENDIX A

-

and Suspension Culturxes °

Nutrient Culture Medium for Callu

+ A8

The nutrient culture medium used throughout this
. 8

investigation was essentially that of Murashige anduSkoog
(1962) with some modification as to the amounts of the

different vitamins and growth substances. The composition

» of the medium used for the maintenance of flax and tobaccq

’

callus cultures was as follows:‘:

- . ¢

€

Chemical . \mg/l . o

a.- Macro elements

CaCl.,-2H,0O

27 4% 440

MgSO, * TH,0 370 )

KNQ3 1900 ' l ’ )

NH,NO, 1650

KH, PO, 170 ‘

! : :

- (
FeSO, - TH,0 , 27.8
Na,EDTA ' ' 37.3 ./
- 'y
- ‘ '

b. Micro elements F

) . | —
. - W :

MNSO,, + 4H,0 - 22.3 5 ,

zns0,-4f,0 o 8.6 j-'\

H,BO, _ : ] 6.2 oD ‘

< ’ 3 0
NayM00,2H,0 - - 0.25 . e
. . CuSO,“5H,0 P 0.025 ]
A} ' ‘ ) .
7N . v
.-
.. LA
* » . ‘
| .




.
e,

CoClz'GHZO f

o KI

0.025
0.83

c. Vitamins and other organic supplements

Njcotinic Acid 0.5

éyridoxine-ﬂCl Q.5

Thiamine-HCl1 1.0

Clyciné ) ,'6:0

Myo-inositol 1,€00 .-

Sucrose 30,000

Agar 700

.Coconut water . . -10% (v/v) |

d. Growth substances.

\

a-NdphthalgneAceticAcid (NAA) . 2 )
- s G-Eurfurylgh'nopﬁfine (Kinetin) “O:é- o -
\ ’ T '

The medium used fOr the suspension cultures was essentially

the same excep§ agar and coconut water were omitted.

S "v:v

L e
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ENDIX B
” » ’ i S -
RNA Extraction Buffers .
. P m ]
a. DMSO-Citrate Buffer:
Chemical ~+ Concentration
TRIS (hydroxymethylaminomethane) e ’ 0.01M
NaCl oo U gasw
. .
Sodium citrate ' 0.015M
. : “ ) \
2-Mercaptoethanol =~ .- ) . 0.01M
) !
Adjusted to pH 7.7 with HCl
b. 'Phenol-Bwuffer:
) .
Spdium Glycinate te. 0J1M .
| -
,NacCl i : oY 0.1M *

Disodium. (ethylenedinitrilo) tetraacetate(EDTSrfo.OlM

/-

-4
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- .+ APPEYDIX C 5)
. ”; s aq R . . ' \
acrylamide Gel Electrophotesis Stock Solutionsr and
\
Buf\fe : N
« - ; . . .
a. Stock acrylamide solution: . ’ ’
’ Recrystallized acrylamide - . 15 g
v P °
Recrystallized bis-acrylamide “u 0.75 g ,
Water to a total volume of 100 ml ° . .o
L L “ , ,
b. Stock concentrated buffer: % ‘ -,
: +#
TRIS (hydroxymethylaminomethane)” 24,2 g
Anhydrous sodium acetate ! e 8.2 g
° DisodlumrEDT@-ZHZO A 1.85 ¢
X Water to abtotal volume of 1000 ml ST e '
. . e . N ” -
pH adjusted to 7.8 using acetic acid ) o ,
- ' : t -
c. Electrophoresis buffer: diluted 5 X. ‘
- - T om . ' ‘ I
i . ¢ H { . o ¥ -
- e M ' -
« .. Fa ) ’
. & lag \ o
[ 4
l , - )
~ = N Al -~ - 1 & J
a 4 |
. -—
' h:—' . i) ' f
[ ‘e ; * * ]
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