STRUCTURAL, BIOCHEMICAL AND PHYSIOLOGICAL ASPECTS

OF A SYSTEMIC VIRUS HQST INTERACTION
by’

W.D. Boucher, B.Agr.Sc.(Hons.); Tas.

Submitted in partial fulfilment of the requirements

for the Degree of Doctor of Philosophy- -

University of Tasmania
Hobart

Wy, 1975.



This thesis contains no material which has ’been accépted for the award .
of any other degree or diplbrra in any Universi‘py and to the_best of my
knowledge contains no copy or .pa,ra.phrase of material previouély publishéd
or written‘by any other person except'where dué reference is made in the

text of the thesis.

W.D. Boucher.

Tnivers ity of Tasmania,
Hobart,

My, 1975.



TABLE OF CONTENTS

ACKNOWIEDGEMENTS 4o se oo oo oo se oo oo oo oo oc oo se oo

- SUMMARY

L] o® o0 LR J L] e LR ,.. LN L e ceo o0 L .0 .0 o0

LITERATURE REVIEW

VIRUS-HOST BIOCHEMICAL INTERACTIONS.s ve oo oo oo oo oo s

A. ENZYMES AND SUBSTRATES OF CELLULAR METABOLYSM. .; oo ..‘

1.

2.
3
4.
5.

6.
&
8.
9.

- 10,

Respiration Rates of Virus-Infected Tissues, .;f,_.ue-_
(2) Respiration rates following infection. e« o.-

(b) Respiration rates in tissues systemically ..
infected oo oo 00 se oo 60 o o« ce oe ee o0
- (¢) Respiration rates of local necrotic lesion

hosts L LR J e e ee LN ] LN ‘.‘.. . e L] LR 2 LA LN J

Respiration Substrate ConcentrationS.s ae s oo oo

CarbOhydIate_S.-.‘ % a0 we 06 09 se me se et as e .

Organic ACidSo . se o0 08 8¢ es oo oo ses o0 es oo ee

Enzyme Systems Associated with "Dark" Respiration.
(a) Embden-Meyerhof-Parnas pathway and pentose

" phosphate pathway enzZymeS. es ee oo 20 oo oo
(b) Tricarboxylic acid cycle and enzymes associated

with the mtOChondrion. 0 .-A..; 0o o2 ea oa s
Phosphoi'yla.‘bed CompoundS.. se 08 oo ae oo oo oo oo
Host Nucleic Acid SyntheSiSea es aa es se oo se oo
Non-Protein NitroZen ee oo 0o co se o0 .56 se oo o

Chloroplas-ts‘. LN ] e e e o8 o a oLe oo * & ae oL 0.9
Enzymes of Photorespiratione. eo oo se oo oo oo oo

11. Polyphenol Oxidases and PeroxidaseS.. .a ee o2 os

12.

13. Dehydrogenases and Miscellaneous Cellular Enzymes

ACid- Hyd—rolases‘ L] ®e OCe LR e ‘00 LN ] :Ol'l. e L X ]

B. VIRUS-HOST HORMONAL INTERACTIONS.e ev oo oo oo oo oo oo

1.
24
3
4&
5.

AuXiIlSoo oe ee oo c‘o e® 6¢ o0 00 0o 00 ca e oa ..

Allxin-Scopole‘thﬁ In‘beraC‘bionS_ . se o0 o0 a0 o<- . ... oe

Gibbérellins-. e 06 06 0 66 06 €0 e 00 e o6 ° o
Cytokinins. ee ‘00 e o8 00 o006 eo0 oo oe oo c’o e oo o

)

L 8
LI )
L
.:..

* e

e

‘Photosynthesis and other Functions Associated with

o .a

o e

Abscisic Acid and other Growth Inhibiting Substances.

VIRUS-CELL ULTRASTRUCTURE INTERACTIONS.s se vo as we oo on

1e
2.
30
4.

~ 5. Mitochondria and other Cellular Components and Organelles

Crysta.lljne InCluSions_o 00 -0 e0 00 .06 oo‘ ‘e.a oo ee
X-Bodies e 80 s0 o0& 00 O -obnn Oe 6@ 06 o6 oo w0
The‘NucleUS o0 ee 00 o; o; o oe ee 06 os 00 o0e 0O
ChloroplastSee so os 00 os ee o 0e se s0 se oo a0

.08
L 2
L =

oo
* e
Avl..
LI N

oe

-GENERAL INTRODUCTIQN.o 00 O0® 00 #0 00 OO .;‘°° ce o8 ¢0 se 00 o

Page Number -

(1)

(i1)

45

47



Table of.ConténtS'(éont}) S - _— - | Page Number -
"SECTIOH I
VIRUS-HOST GROWTH AND FHISIOLOGTCAL INIERACTIONS

INTRODUCTIONO. oo oo ;o ©O® 60 60 0= 00 0O O0O® 0O Oe.ee e O ;d ;a 51

MATERIALS AND NETHODS.; oo o; ce oe 80 0e e on-ou e9 o8 oe ;o - 52

1. Virus concentration and tissue distribution in leaves
showing well developed systemic symptoms.o oe se ee as oe DH2
(a) V_rus Concentratlonoo ee e6 06 00 O0Oe 08 0 08 00 oo 52
. (b) Tissue dAistributioNoee es oo so os os so so o oo eo 52
2. Trials to Determine the Effects of Virus Infection on _
’ PlantGroW—th LN 0“. o e o0 0.0 o e o e o e 0O o e O e oe Q0 ce oe >53
(2) Plant height, internode length, leaf length, v
leaf number and root weight ec ea «o s ¢ 00 a6 oa H3
(b) Leaf growth during disease development. oo o oo os 54
3. Determination of Fresh Weight per . Unit Leaf Area «¢ ee oo 54
4, Bstimation of Leaf Cell Numbers per Unit Leaf Area. .. .. -54
5. Ieaf Tissue Preparation for Light MicrosScopye os ee oo se 55
6. Trial to Determine the Effect of Virus Infection on :
"Flowering ReSpONSE so oe 00 se so s¢ o oo se ss o0 as a0 9O

: RESULTS AND OBSERVATIONS., o ao.n. ee e¢ 00 oo ;; Oe 0e o0 00 Oe 57

1. Plant Size as Alffected by Virus Infection. «e oo oo oo oo 57
2. Leaf Growth and Development Following Infectione ee oo oo 60
3, Effect of Infection on Leaf Cell SiZ€os oo so oo oo oo oo 64
4. Effect of Infection on Leaf Fresh Weighto. oo oo oo oo e 64
5. Leaf Tissue Age and Virus Concentration. .. oo «o oe oo oo 64
6. Virus distribution Within the Mosaic e se s oo 20 20 oo 69
7. Observations on Flowerlng Response as Affected by Virus
‘InfeCtlon Ge 00 ®s 0@ 00 80 Oe e 80 60 ee es se 0o o8 e 69

SHCTION IT
VIRUS;HDST BIOCHEMICAL INTERACTIONS

A. ENZYMES AND REACTIONS OF CELLULAR METABOLISM

mmODUCTIO]‘qOI -1 I.vODvOO‘OO‘Q“‘.'.O. o Qe ..O... e e A...IOQ Q- LI 3 73

MATERIALSA.NDIVIEI‘HODS'. ©Oe ‘40 0e® 0e 0O 6w 0¢ O l.,.. e® Q0o e O e 76

1. Crude’ Leaf-Tlssue-EnZJmes Preparatlon.o co oe oe e o.'o. 76
: é a) Purification and Concentration by Acetones. ee oo oo 76. -
i} b) Purification and Concentration by Dialysis «o oo oo 7T
2. Acrylamide Gel ElectrophoreSiS . ee ee os oo oo oo 0o aa 1T
3 Assays for Enzymes Separated.dby Electrophoresise eo ee oo 80
(a; Acid phosphatas€es <o os ce os so so eo s o0a =0 se 80
(b Rlbonuclease.oq ee ee 0e 00 06 o0e o8 s ses 03 e ‘oo 81
(C) -amylaseo- @0 0e 06 ©6 88 O GO 68 O o8 e e oo .81
- (d) EsteraSC. ee oo o+ s0 oe s 08 os oo ee so oo ss se Bl
(e) Leucine a2mino peptidase. s s+ oe oo s+ s0 o9 so oo 82
(f) Peroxldaseuo ee e 00 €8 0Oe 00 e€® e0 o8 oo 00 00 oo 82
(g) CatalasSE e e¢ oo 0o 00 00 00 0s se se s 0o se es e 82



Table of Coﬁtents (cont;) o | | - Page  Number

4. Direct Assays for Enzymes in Crudp Tlsuue Extracts. «o «» 83
(a) PhosphoglucOiSOmeTase <« oo os so 00 se 4o oe 0e oo 83
(b) Glucose~6-phosphate dehydrogenase eo e ou oo s oo 83
(c) Alcohol dehydToZenase «s ss so oo os ov oo s oo oo 84
(d) Cytochrome-C 0XidaSee we 0o oe os o¢ oo se eo oo oo B84
(e) Glutamate dehydrogenase and NADH 0xidasS€.. oe s oo 85
(f) Ribulose 1,5-diphosphate carboxylase o vo oe.os oo 86
5. Enzymes Assayed In Siltlle oo oe ec oo oo oo oo 0s e0 os ee 8T
) (a) Nltrate reductase . 0e 0@ .0 00 e0O oov;- 00 oe o0 @; 87
6. Chlorophyll DeterminationSe. ee oe os oce o0s es 00 00 oo oe 87

RESULTS. LR g l.o oe L 2 ce o 0 ee * e -.. ce .l.I. (-3 . e e FOO-vOO ..“89

1. BEffect of Virus Infection on Enzymes of the Respiratory B
Chain and]\/ﬁ_‘tochondria.. ‘e @e® 0O® 66 Oe 0% @6 0@ 00 OO O 89
ga) Cytochrome~C 0Xidases «s oo 00 4o oo so se e oe-0a 89
D) NADH 0Xid2SE oo se so oe so ee o8 oo se 0o oe oo sa 93
o (¢) Glutamate dehydrogenase. oo oe oo os ao oe oo oo se 93
2. BEffect of Infection on Enzymes Associated with
Carbohydrate MetaboliSme oo oo oo o6 oo ss 0e 0o oe sa oo 100
(2) PhosphoglucCoiSOmETase eo ee «i se oo oo o6 oo oe os 100
(b) Glucose-6-phosphate dehydrogenase «o o« se oo oa oo 100
. (c) Alcohol dehydrogenase eo oo ee oe oe oo so oo oe oa 104
. 3. Effect of Infection on the Photorespiratory Enzyme, B
i CatalSCeo os 0o o oe 06 es 06 0e 0o 0a se 0 o0 a8 o6 o 107
4‘0:‘Per0Xid.aSeoo‘-.'oo o e L g o o e o e oe LI ] o ..‘ oe - 20 [ 2% N 107
5. BEffect of Infection on the Host Photosynthetic Apparatus. 111
(a) Ribulose 1,5~-diphosphate carboxylase e« oo oo oo oo 111
(b) Chlorophyll "a se ve ee 0o es oo ss so o0 ss 0o eo 111
. (c) Chlorophyll a : chlorophyll b ratios e« oo oe ae oe 115
6. BEffect of Infection on Nitrate Reductase Activityoeo e« oo 117
T. Effect of Infection on the Acid Hydrolase’Group of I
Erlzmes.. e e o e Qe .0.0. ce e Qe e L 20 - D. L N o6 Qe 119
(a) ACld phospha‘tase.. 00 ee 0e ee ®0 O0e 08 e O O ce 119 .
(D) RIDONUCLEASE oo oo oo oo oa oo oo oo 0o 02 oo es oo 122
(C) —a.mylase.. ee 06 o0 ee ee 06 oo ®e 00 eo s so0 O 122
(d) Acid e8teYrasSC ec oe 00 ee ce oo oe e 00 ee a0 oe o 127
(e) Specific protease-leu01ne amino. peptldase.'o.-.. o 127

'B. ENDOGENOUS HOST HORMONES

mIrRODUCTION-c 0.0 o s L .0' L e0 Qe o e O e 0 o e o6 0O e 0..,.._09. e 130

vv MTEE?IALSAND METI.XODSO. Qe oe L ] e 0 e ‘oo o .?‘.'..OvG .;.;.. D..ﬂ. 133

1. Extraction and Partial Purification of Endogenous . ,

GrO\VthRegulators- @0 e oo O0e s 08 0e 06 00 00 e 06 e 133
(ag Gibberellic acid and abscisic acidie o+ oe o oo on 133
(b Cy‘{ao.tc.‘.nlpSoo'oo oe e * 0 LN ) e e Qe . e o - -] e e e 134
(C) AUXiINS 6o e0-0e 0e 08 0 0s s 00 0e 06 e 00 %0 OO 135

2 Separation of Growth Regulators by Thin Layer . = = '
Chrom’to@aphy. 0Oe ®e¢ 66 0O 86 8% 066 88 6 06 060 o0 oo o0 135
(a) Gibberellic acid and abscisic acide. eu os oe oo oo 135
(i) General conditions of chromatography. e« e oo 135

(ii) Chromatography of pure compounds and - _

- partially purified extracts o. ee oo oo oo es 136




Table of Confents,(cont:j - o | .. Page Number-

‘ (b) Cytokln.ms.. @0 se 60 66 o 60 o 0 Oe@ e0.%0 00 ed 137
e (C) Auxins .. e 00 os ee. 06 86 Oe 0o 48 20 80 &6 e o6 137
3. Physiochemical Determinations of Growth Regulators. .. o. 138
A (a) Gibberellin A-Bo 0 e S Ce ®9 60 08 e 40 e Ce e 138
gb) Abscisic acCideo oo 00 oe 06 o6 65 es o0 os ea 00 e 138
c) Indole acetic aCid ee oo o s 56 o0e 5o se oe oo os 138
4. Biochemical Assays of Growth Reguators. e« oe o¢ oe 00 oo 139
(a) Gibberellic aCideo os o= oe se s on se o6 60 a0 so 139
(i) Barley endosperm DioaSSAY ea oe oo oo oe os oo 139
(ii) Rumex leaf disc Di02SSAY «e oo s oo 2o oo oo 140 -
(b) Abscisic aCiles oo o o ss s a0 s so oe se e oo 141
(C) Cy’tOkininSoo 0 ee se a0 0 o-b’.no 00 OO0 O0e - 0e 00 oo0 142
' 21) Amaranthus-betacyanin production bloassay.. oo 142
- (ii) Tobacco. pith callus bio2ssa¥ee <o -as-ee oo -ee 143
(d) Auxins (Indole Acetic Acid) oe oe s oo oo oo oo oo 144

RE:SUIIIISO o e () LR ao * 0 o e c e oo - os 90 oe .80 00 Qe ce. O Q= 00.146

at

1e Gibberellin A3~like Activity in Extracts from Healthy
and Virus-Infected Plant TiSSUESc oe 00 oo so0 ose os o oo 148
(a) GA3%-like activity in extracts from young leaves
. and shoOtS o oe oo e ae 0o o5 e+ ¢o 0o o6 o0 o *. 14—9
(b) GA3-like activity in tissue extracts from mature
B o 1eavesS eo ee 0e 06 06 0 s+ 80 0e se 0 os 00 eo oo 14—9
2. ABA-like Activity in Mature Leaf Extracts from Healthy '
o and.ViruS;'IIlfe.O'ted Plan'ts.. oe 8¢ 60 06 o6 S e 0% O0Oe€ 00 e 149
3, Cytokinin Activity in Extracts from Healthy and Virus-
 Infected Plant TiSSUESes es oo se oe 00 o 08 s oo as oo 1957
(a) Cytokinin activity in young leaf and shoot _
'extraCtSo,o' ¢ Oe e o9 06 66 06 00 e e0 O 80 O 158 /
§b) Cytokinin activity in mature leaf tissue extracts.. 162
« (¢) Cytokinin activity in root tissue extracts .. oo «o 165
4, The Effect of Virus Infection on the Concentration of '
an Indole Acetic Acid-like Component in Young Leaf and .
Shoot Tissue EXtracts ec oe o¢ se oo 0o 2o oo 00 0o as oo 170

SECTION IIT

VIRUS-HOST~CELL ULTRASTRUCTURAL INTERACTIONS

]:NTRODUCTIONo. o e ».vD'O. O; ¢ 0 e e e Qe O._..‘_;. e e LN ] oe ® s e ... 174

VATERIALS AND VETHODS o+ oe oo ss se oo e oo oo su on oo so oo oo 175

1: Tissue Preparation ‘ee @6 €0 ee.0e 06 o e oe eo eo eo eov-v- 175

' Ea) Araldite-embedded tiSSUESee oo oe o0e eo. 0e oo eo se 17D
_ - (b) Glycol methacrylate-embedded tiSsues ce oe os oo oo 175

2. Sectioning and Post-Staining Techniques eo os 24 oo os oo 176

R_ESULTS AND OBSERVATIOI\[S.. ®0 oo‘ .0‘.0 oo- Ce 09 oo ."o ce 0o J,Ov..' 177 ‘

1. Chloroplast Structure and General Cellular Organization :
as a2 Function of Leaf Tissue AZCe ve-00 oe oo so oo oo 0o 177
-E)Vaywmgkﬁfmww.“;.“..“..“@.“1W

b) Immature leaf 1iSSUES «s eo oo ss os eo 0o o8 oo oo 189




‘Table of Contents (coﬁt:) ' » - o - Page Number

(c) Mature leaf tiSSUESes o+ oo so o 0s oe to oo so eo 196

(A) Senescing leaf tiSSUESee se oo oo oe 00 e os os o 199

2. Some Miscellaneous Observations of Virus-Infected and =~ '
Healthy Tobacco Leaf CellSe ee oo os eo0 o0s co o0s o oo oo 202

DISCUSSIONo 0 oo o0 oe 0_6 oe -'.o 00 68 0s e . 0s e S s se 08 00 205

B]:BLIOGRAPIIY.: oe o o_o o O0oe oo e Oe Oe° Oe O Qo-oo..o ¢o o 95226

APPE].\]-DICESQ ee e8& 0O 0O O O oo'oc. oo ee ©oe S0 o0 0-‘0- oe oe o




LIST OF PLATES

Page Number

Plate 1 -~ Uninfected and TMV infé@ted'fobaccb plants - . 58
‘Plate 2 - Mature leaves from wninfected and infected :
tobacco plants o : _ 62
Plate 3 - Mature leaves from wninfected and infected .
tobacco plants o . B 62
Plate 4'_ Ybung and 1mmature leaves from unlnfected v _ :
o and infected tobacco plants . 63
Plate 5 - Section through leaf of wninfected tobacco | o
-plant ' . . o . 66..
Plate 6 - Section through 1eaf of infected tobacco ‘
' . plant . Tt T T T e T
Plate 7 -.Section through border between light green
- island and dark green island tissue of .
infected tobacco leaf . 66
Plate 8 Apical'meristem'from»virus infected tobacco . :
plants, 12 weeks old A _ o _ 1.
Plate 9 - Apical meristem from unlnfected tobacco plant,
o 12 weeks old ' Y &
' Plate 10 - Apical.meristemvfrom an uninfected tobacuo . :

: plant, 12 weeks old » o T1
Plate 11 - Uninfected tobacco plahts,[15.wéeks old ' T2
Plate 12 - Infected tobacco plants, 15 weeks old T2
Plate 13 - Electrophoresis power unit and puffer tank ] 78

' Platé 14 - Elecfrophoresis'gel mould 18

' Plate 15 to 50 electronmlcrographs of virus 1nfected and

' uninfected tobacco leaf cells. :
Plate 15 - Virus infected leaf, 1 cm long ' - 179
Plate 16 - Uninfected leaf, 1 om long . 180
‘Plate 17 - Young infected leaf, 2 om long | 181
 P1a€év18v- Vlrus inclusions in oells of young Infectcd v '
1eaf, 2 cm 1ong o . , .. 182
Plate 19 - Plastlds in V1rus—1nfected tobacco leaf cells, . o
" Plate 20 -'Epidermis of wninfected leaf, 2 cm long . 183 .
Plate 21 - Gells of dark green 1Q1and tlssue in virus ‘
‘ .infected leaf, 2 cm long = - 184




List of Plates (cont;)

'Page’Number-'

Plate 22 - Cells of unihfected'leaf, 2 cm long - ; - 185
Plate 2% =~ ‘Plastids 1n cel s of wminfected leaf, -2 cm : :
' ~ long . : R : 186
Plate 24 - Plastids in cells of 1nfncted tobacco leaf, o
© 2 cm long _— _ ; ' - 187
Plate 25 =~ Plastids in cells of unlnfected tobacco 1eaf
: 2(nnlong v . . v o187
Plate 26 - X~body in cell of infected tobacco leaf, 2 em
- - long - ' : v S 188 .
Plate 27 - X-body in cell of tobacco leaf, 2 cm.long: . 188 .

‘Plate 28 - Cells on the border between light green and
dark green island of infected,_immature leaf - . 190

Plate 29 - Cell wall boundary between cells of adjoin.ing
' ' light green and dark green islands : o 191

Plate 30 - Plasmodesmta connections between- cells of . .
ad301n1ng light green and dark green islands o191

- Plate 31 - Cells of dark green 1sland tissue of 1mmature _ '
: infected leaf S o o . 192

. Plate 32 - Chloroplasts 1n cells of unlnfected 1mmature
C . leaf o ' o ©. 193

Plate 33 - Chloroplasts in cells of wninfected, immture =~ .
leaf : - _ 193

Plate 34 - Chloroplasts : in cells of unlnfected imma ture L
' leaf - o I 194

Plate 35 { Chloropléétslin célls of dark green island :
: tissue of infected, immature leaf . S194

Plate 36 - Chloroplasts in cells of light green island

‘tissue of infected, immature leaf = =~ . 194
Plate 37 - beody in cells of lnfected;'imﬁature’leaf s
Plate 38 - Cells of mture, virus—infeéted leaf 197
”'Plété'39 —vCells of mature, unlnfected Qeaf - o 197
Plate.40v-vChloroplasts in cells of mature, v1rus—lnfected | _-' 
- leaf . : . o | 198
Plate 41 =~ Chlbroﬁlasts_in'célls.of»mature,‘unihfécted leéf 198

:Plate‘42'- Chloroplasts in cells of senescing, v1rus— o :
- '1nfected leaf _ : N 200



List of Plates (cont.)

Plate
Piate
Plate
Plate

Plaie

43 - Chloroplasts in cells of senes01ng, V1rus-
-1nfected leaf s ;

44 - Chloroplasts in cells ‘of senes01ng, v1rus-
" infected leaf :

45, Plate 46 - Chloroplasts in cells of senc301ng,
uninfected 1eaf

47, Plate 48, Plate 49 - Single membrane-bound
organelle containing crystalloid core

50 - Invagination in outer membrane of a'chloroplast

~ Page Number

- 200
201
201

203

204



(1)

' ACKNOWLFDGEMENTS

I wish- to express ny gratltude to my supe£v1sor Professor GLoe Wade.i
Dean of the Faculty of Agrlcultural Science and Iecturer in Plant Pathology,
for his guldance and constructlve cr1t1C1sm throughout the course of_thls
study. | |

1 express'my thanks to_Profeseor K.Ca Nhfshall, former Reader in
Microbiolbgy,'for beneficial discussion and Dr“ R.Co anary, Senior
Lecturer in Hortlcultural SC1ence, for constructive crltlclsm on, the _pres-.
entatlon of_certaln agspects of this study. I also wish to express my ‘thanks
to Mr; R:~Cruickshank,bReSearch Assistant to Erofessor GCoa Wade,vfor-many
relevan£ aiscussions on the content of this work and.for technical_advice
and ass1stance. _

Many other people contrlbuted to the work of this the81s. In’partic?
ular, T WlSh 1o thank N& R DaV1es, former Eleotron throscope Technlclan
“for the Department of Zoology and NE D. NMnro, Plant. Pathologlst in the
"Tasmanlan Department of Agrlculture, for valuable technical ass1stance Wlth
'respect to electron microscopy. I also W1sh to thank Mr J Groot
Glasshouse Technician, for hie services invmaintaining~plants-used duringv
the eourseeof fhis study»and'NE; W:’Peterson; Head of the Technicel Staff,
for his willingness to nelp at all timee"" -

Fxnally, to my wife Robyn, I extend my speC1al thanks for her support

~and assistance in the flnal presentatlon of this the31s.



(Iii) N
B SUMMARY

A susceptlble'uobacco varletj infected with a mosaic-inducing straln
of tobacoo mosaic virus displayed certalnrslueratlons 1n-normal growth '
patterns. ‘This Work confirmed that such blants,_es a result of infection,
were reduced in plant_height;'internode length and 1eaf size. IhfectectJ
.plants also had reduced root systems. The-rate-of leafvgrOWth,'that is
the time7taken for leaves to reach full expansion size, was sirilar for
infected and rirus-free plants although the number of leavessforred over
a 6 week period follOwing'inoculation was slightly greater for virus-
‘infected_plants. Infection of young plants delayed both floWer.initietioh
and the appearance-of'ihflorescences. A reduced rate of cell division.
in sub-aprcal regicns appeared to be the major factor in reducihg piant
- size. | | | | |

The survival of plant.supportingvvirus synthesis eppeared to,be rel-
sted to certain.metabolic changes. Specific enzymes associated with pho?
torespiration and . "dark" resPiration.had lower activities in virus- -
infected piants. | |

Eniymes indirectly associated With chloroplasts and photosynthetic
pigments were‘also reducedVihvvirus—oontaihing tiSsues; :To some:extent,
the reduced potential of carbon fixation by photosynthesiS'was offset by
 a reduced cellular demand from carbohvutilized in photoresPiration and
"dark" resplratlon, thls enabling’ cells to support a level of virus syn=
thesrs. Normal act1V1ty of an enzyme associated w1th the Embden—Meyerhof-
'Parnas pathway of carbohydrate metabollsm higher act1vrtv of an’ enzyme |
associated wwth the pentose phOSphate pathway and reduced actrV1ty of :
an enzyme a53001ated w1th "dark" re3p1rat10n suggested that most carbo-
hydrates moving through the magor pathways of;metabollsm are channelled ’
Atowards v1rus synthe81s through convers1on to amino ac1ds. The high act-~
1V1ty of hydrolytlc enzymes in virus-containing tissues- suggeoted 2 hlgh
Arate of metabolism of carbohydrates and nucleic acids'that_would be=exp—

ected of cells supporting both virus syhthesis and cellular metabolism. B




»(iii).

Two features of virus.infected plants ensure their sﬁrvi#al: delayed
- onset of leaf séneecence and the presence of virus-free tissues witn leaf
mosaice; Biochemical and ultrastructural stndies revealed -that omer-
mature.leaveS‘on Virue-infected plants were meiabolioaliy active and com-
poeed of celis containing intact membrane systems. Most enzymes studied
Cin similarlyuaged leaves from wninoculated plants had‘éreatly reduced
‘activities and cells in these fissues contained membranevcomponents that
ehowed signs of deterioration and dieorganizaﬁion. _Yirus-free areasrof
‘moeaic diseased_leaves, referred to as dark green island tissues, were -
metabolically more active thanvcomparably aged tissues from uninfected
'plants: Enzymes associated with photosynthesis and-carbohydrate meiabo-
lism and photosynthetic Digments were at greatest levels in these tissues.
Of the three tissue types compared, V1rus—containing and v1rus—free tis~
sues from infected plants and leaf tissues from uninfected plants, dark
green island tissues had the greatest potential for photosyntheSis and
Vcarbohydrate metabolism. . |
Growth patterns of virnseinfeoted plants; delayed flower initiation'
and onset of leaf senescence, the altered activities of enzymes associa~- -
ted with chloroplaets and carbohydrate_mefabolism and the stimulated act-
ivities of enzymes in dark.green island tiesues suggested that basic res-
ponses'of plants to infeotion occurredfthrouéh shifts in endogenous”
growth regu1ator levels. . Bioaesays of the major growth regulators rev-
| .ealeo that although a gibberellin A3—like compound was unaffected by inf-'
'ection, cytokinin-like compounds and an 1ndole acetic acid-like compound -
were at higher levels in infected tlssues and an absrlsic acid -1like comp- '
ound‘was at a reduced level. The<altered balance of the'maaor growth
' stimulating and growth retarding hormones is sufficient to acoonnﬁ.for -

Amost of the measured and observed changes in. diseaeed plants.
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VIRUS-HOST BIOCHEMICAL INTERAGT IONS

Plents systemicall& infectedlwith viruses generally undergo changes in
pigment production,-growth development or 5oth. In some cases &irus infec-
.ticns:afe lethalt It is well documeﬁted'that infections of host plants with
viruses prcduce distufbances in host—tlant metabclism. Hoﬁever the neture
of such disturbancee is almost as varied as‘the number of'virus/ﬁost plant
combinatioﬁs reported‘in the literature. Some attempts have been made to
correlate symptom expressicn'with distuibances to vafious metabolites; cel-
lular enzyme'activities; host physiological-changes and the feflected mor- -
ﬁhological changes. The major problem_associated'with a review of this_nat—
ure. is thet most reporte in the literature concerning measurements onvcel—
1uler bicchemical functicns have tried to relate concentrations of various
'metabolites or enzyme-activities tc host tissue resistance or susceptibility
to infection,

 The purtose of this review is tc attempt to express the findings of
these varicuS'reports in terms of hoet reponse to infection.

A. ENZYMES AND SUBSTRATES OF cELLULAR METABOLISH

1 The Resp#ratlon of Tissues Infected by Virus

Porﬁn?(1959) concluded that dlfferent viruses have different effects
lpon;resplration end‘that effects on resplratlon can vary between different
hosts infected ﬁith the same virus, The physiological statebof:the tissue
:involved-is eo importaﬁt that it requires a very strict definition of exp- -
erimental conditions-when evaluating the findings of such studies. HoWever,:
brdvfded some differentiation is made with respect to'%ge of“infecticn and
type,,eome broad generalizations can be reached._; -
(a) ResPiraticnvrates'following infection

For most host—plant—virus combinations resulting in a systemic.infec- .
tioﬁ;‘either unalteréd»respitation rate or an increase in-resPiration'ratet
occurs. over the period from inoculation to symptom_appearance}v A-decrease"

in respiraticn over this period has not been observed from the literature,



Increased réspirarion‘rate eccurs for ineculated tobacco leaves for
three weeks following inoculation5vwherees young leaves present at the time
of inoculation showed no inorease (Owen, 1956). Initial:increases in resp-
‘iratienirate, following:infection of tobaeco epidermis with tobacco mosaic
' Virus; have been-reporfed b& Yamaguchi and Takahashi (i964) and Takahashi
and Hirai (1964). - Burroughs,’ Goss_and Sill (1966) measured increased resp-
- iration for barley follewing infection with brome—gress nosaic virus; They

also reported a similar increase in respwratnon rate for mature barley lea~ .

ves, seven days after 1nfect1en with barley yellow dwarf virus, However,
- Jensen (1968) showed'that respiration, of leaves not fully mature at fhe
time of infection, was unaltered. | |
;(b) Respiration rate of tissues systemically'infeeted byvvirus
‘Nény researchers have reported divergent and apparenfly contradictory
results on this type of infection. Nérrett and Bayley (1969) suégested that
'fnelgreatest reéson for this variatien was‘the nature of expression of res-
ults, that is, whether final respir ratlon rates were expressed on a dry or
fresh Welght ba51s or ‘on proteln~n1trogon, carbohydrate content or some’
other parameter, A1l of the precedlng parameters can be secondarlly changed
Aes a“result of>infectlon. Owen (1955b) pointed out that infection could
alter water content, dry-matter content and.grthh rate of infected leaves,
The effect of Virusvon'respiration Weuld therefore depend on the basisvused
to express reSults. | | |
There_havevbeen severél~reports of increaSed_respiration of_tissues
systemically infected'with virus. Borges.(1953, as cited by Porter, 1959)»

reported inCreased respiration rate of Brassica chinengis infected with-

' turnlp ‘yellow mosaic virus., Tobacco etch virus infection.of tobaceo caused -
a stlmulatlon in resplratlon rate, thch was marntalned throughout thevllfe
of thevplantv(Owen,,1957). BOth potato_rirus X .and tobaccovmosalc virus
infectien of N. . lurinosa, increased rate of respirétion by as mch as
thirty percent, once symptoms had appeared,(Owen, f958); Breme-grass mos-

aic virus- infection of barley plants also resulted in increased respiration




(Burrdugh,‘Gosé and Sill, 1966);:

_ Uhchanged respiration rates héve Been recorded for leaves andbfoots
6f‘oucumber-infeCted with cucumber mosaic virus (Rubin énd Zelehéva, 1964)
and for.bérley 1ea§es formed aftefvinfection.of plants With'barley yellow
‘dwarf virus (Jensen,‘1968).

?or some Virus/host combinations the initial increase in respiration,
following.inoculation, declined.ﬁith time after infection. With maize dw%rf :
mosaic virus én maize Tu and Ford (1968) foﬁnd that respiration rate inc-
reased by 6% six days after indculation. After nine<days; the rate ﬁas 32%
higher. At'day eighﬁeen the rate.had declined but still rémained higher :
compared with healthy tissue; Hdwevef, the éuthors pointed out that much
of the respiration increaée was due to mechanical damage caused at the time
of inoculatioh. A éimilar increasge in réspiration; followed by a decline
was reportéd for HQ~ru$£ica L._infected with alfalfa mosaic virus (Verhbyen;
19663 as cited by Merrett and Bayley, 1969). -

In soﬁe casés, the decline in réspiratibn rate with age of infecfion |
has préceedéd untiiireépiration.rate'had'fallen to below that of-COmpérable
healthy tissues (Owen, 1956; Takahashi and Hirai, 1964») . Although 'fespir-
afion rate of barley yellqw dwarf virus-infected.barley plants increased,
following inochlation,_it subsequently declined and from thirty five to
sixtynniné days after infection it was be1§w that for compérable healthy
fissués (Orlob and Arny, 1961);;.Respiratibn.rates of virus-infected tis;
sues that are beloﬁ'rétes.for comparable healthy tissues have been recorded
~ for youﬁgitobacQo leaves that Wéré.formed.after infection by fdbacco-moéaic
virus and were.shoﬁing systemic sympﬁoms (Owen, 1955b; Owen, 1956). Resp-
iration rate was 10Wer in,tomatd stem tissue infected'withviomato aﬁcuba‘
moséic virus (Merrett, 1960).

Where.respirationiraﬁe has beentdeterﬁined és_cam%on dioxide evoiution
.,it shoﬁld be realized that‘sﬁch reports are a measure of'bqth dark respir-
ation and photosynthetic respiration; When reSpiration.has been measured

as oxygen uptake, only dark respiration has}beeh.measured. As the two




- types of respiration couid bé,affected aifferently by iﬁfection, the way
in which respiratioﬁ has been meéSured could.also be é‘factor conﬂfibuting
to the confligting repérts cbncerningifhe effthAof virus infection on
respiiation’rate Of'tissues_sysiemipally_infécted by. virus.
>(c) Reépiration rates of local necrdfic lesion hosts
‘ Thé investigation of several host—plant/virhs combinations that res-
ulted in local lesion férmation has shéwn that at some stage in lesion dev-

"elopment uhere is an enhancement of host-plant resplratlon (Nbrreut and

fBayley, 1969) Increased oxygen consumptlon in leaves of Nicotiana
sylvestris L;vocourred fqllowing'inoculation with tobaccovmosaic:viiusv
(Parish, Zaitlin and Siegel, 1965); Similar increases in oxygen ﬁptake,
following toﬁacco mosaic infection have been‘recorded‘fér thé host plants
N. glutinosa L; (Yamaguchi and Hirai; 1959), aﬁd N. tabacum L. Xanthi
(Sunderland and Nbirett, 1965): Increases in respiration rate have also

been reported for Phaseolus vulgaris L. infected with southern bean mésaic

' virus (Chant, 1967) and for potatc virus X-infected N. tabacum L. cv. White
Burley (Owen, 1958): The rise in:respiration appears to be more relatéd to
-the development of disease'symptoms than to an increase in virus concen-
‘tration (Nbrrett and Bayley, 1969): This has ﬁeen most conclusively dém—
onstrated with those viruS/host'céﬁbinations where, under certain condit-
ions, the combination does not produce a necrotic 1ésion.; Under these cir-
cumstances the fespiratory increase is small (Sunderland and'Nbrrett, 16653
Pafish, Zaiflin ana Siégel, T9655;I_It has been suggested that the»inérea- 
sed respiration rates of infected tissues waszdﬁg tp increased numbefs of
mitochondria (wbihtraub Ragetli and Dwurama, 1964); However? more rec-
~ent work’ by Pierpont (1968) falled to Ponflrm thls report. |
| A recent report by Simons and Ross (1971) suggests that rosplratory

increases following inoculation are not permanent. Tobaccovmosalq virus
'infedtion, of the tobaééo variety Semsun NN,'resultéd in inéreasesvin oxy-~

gen uptake and increased activity of several enzymes involved in



- regpiration., However, with older infections these increases and activities
declined.

2. Respiration guootra te Concea,ratlon in Virus-Infected Tissues

Whitehead (1954) suggested that the-higher réspiration rateiofvpot~
afoes, infected with pOtétd leaf roll virus, was related toithe’amount of
available'substrate; He pointed but that the accumulation of starch in
leéves of diseased planﬁs occurred at a very early stage of develdpmeﬁt.
Such accpmulafions could be deliayed by:exppsing plants to cohtinuous»light
of low intensity;b Under these conditioﬁs the réspiratioﬁ of diéeased tis¥
sues apprbximated to that of healthy ones;

Mucﬁ work has been pubiished since then ooncerning.substrates which
~can be utilized in respirationvfor the'ultimafe reléase’of carﬁén dioxide:
As poiﬁted éut by Merrett and Béyiey (1969) a major problem in correlating
substrate concentration with respiration rate is determining Which éf the
nﬁmber of compounds pfesent in the plant is providing the carboh ultim-
ateiy releésed,as carbon dioxide. Nbsf ﬁélysaccharide reserves canvbe bro-
ken dbﬁh to their constituent sugars.which_in turn can be convérted.tb car=
bon d10x1de via the- Emoden—MéyerhﬂféParnas pathway, or the pentose, mono- -
phosphate shunt pathway, followed by the t“lcarboxych a01d cycle., Infor-
matlon on thevgoncentrat;on of-lntermedlates in uhese pathways'particul{
arly the Sﬁgar'phésphates,wbuld provide uéeful infoimation: However,
Merrett and Bayiey (1969) p01nted out that determlnatlons of sugar. phos-
phates, in plant tlssues, is difficult because of their low concentratlons;
- Proteins can beAerken downvto'tﬁeir constituent amino acids'and their car-
ﬁon ékeletohs feleased as carbon dioxide following deamination or traﬁs—' |
amination, Fa{s can ultimetely be brokén down to acetyl co-enzyme'A which
in turn can be fedvinfo_the tricafboxylic acid cycle;

3. Caxoohydrd+ﬁ“

In conciderlng the effects that carbohydrates mwy'hava on resplra—‘

tion two .other factors are important as they affect the concentration of



cerbohydrates io tﬁeiceli. ?hotosyhtﬁetic rete'and traﬁslocation have a
direct effect on-carbohydrate concentration and both ratesjmay be affected
by V1rus infection (Nbrret+ and Bayley, . 1969) . |

quden (1964) observed that, with yellows diseases of plants, the
carbobydrate/hltro gen ratio 1ncreased whereas nosalc diseases often dec-
" reased the ratio, Whitehead (19%4) reported increased starch in ieeves-of
potato infected-with_potato 1éa: roll virus, A similar:increaee in carb-

. onyarates was reported for sugar beet leaves infected wiﬁh beet yellows .

virus (Wauson and Watson, 1951) : InAbéfié&, leevesvinfected wifﬂ:oarie&““
yellow dwarf virus, accumulation of starch and soloble carbchydrates, esb-
Veciallj_reducing sugars, oocore;“Soluble carbohydrates were reduee&'in
.the roots.of infected piantS'(Orlob_and Arny, 1961). :Diseéees of the yel-
lows tjpe affect mosﬁly,the.phloem of the host (Esau,'1967):  It has been
~suggested that for these diseases, a virus-induvced stimulation of respir-
etion could_be_meintained,in the'leaf-oeceusevof increased availability
of‘subetrafe:(Nbrreft end Bayiey,_1969);i | | |
WYnd k1943) reported‘a deorease in.carbohydratee“for plants_infecfed
With'ﬁosaiovvirus dieeases. ~However; he concluded that no definife conc-
lusions-eould bevredched concerning fhe general behaviour of the totai car-~
Abohydrate fractlon of plants to virus 1nfe0110ns. Nhtthews (1975) conclu-.
ded that turnip yellow mosalc virus 1nfect10n of Chinese cabbage redubed
sagars by diverting carbon flxed in the Calv1n CJCle from sugars to org-
an1C'a01ds. Increased rate of carboxylatlon of phosphoenol pyruvate to-
: form oxalacetate, resulted 1n_h1gher levels of mlate and aspartate belng
formed. | | |
) :For'locei4}esi0n'ty§e infeotione, viruses haVe'beeo.reporﬁed to.decf
. rease both the synthesis and transloeation of etarch in'the regibn of fhe
lesion. During aetive photoeynthesis the starch eonteﬁt was lessicompered_
with neighbouring non-infected tissues, While after ; period-of darkness;

the ‘starch content was greater (Diener, 1963). However, Weintraub and



Ragetii-({964) repcrted nc differences in reducing sugars and sucroee in
N. giutincSe L. plants infected'rith tobacco mosaic‘virus, |

There are few reporis‘concerniﬁg the effect of Virus infecfionnon'
_pentose sugars. .Dunlap_(19§1) found thatdhealthydtobacco leaves contained
'tO.éT%-péntoses (expressed on a leaf fresh»weight_ﬁasie) while infected.
leavee contained 0.21%. Pentoses Were'reported.to-acccmulate'in areas sur-
rouﬁding 10551 necrotic lesdoﬁs cauéed cy‘tobacco mosaic virus on tobacco
(Farkas and Solymosy, 1962) | o

4. Organlc Acids

The ox1datlon of organic acids in‘the“tricarboxylic acid'cycle and

thedassociated coupling ofvthié cycle tc respiratory chain'phOSphoryiation
~ provides the rain source of ATP for rlants ip the dark. Orgenic acids.elso'
provide carbon skeletons for amino acids. o

: Increasee in organic acids foiicwing virus infection have been repor-
~Ated. ‘Porter and'Weinstein (1957) found more malic and citric-acid dn tob-
acco'leaveevseven daysdafter'inocuiation by cucumber‘nweaic virus. - This |
1ncrease appeared to be correlated with a virus- 1nduced stimilation of

. growth .When plants were exposed to 4CO

> followln 1noculatlon, less iso-

Atope was 1ncorporated into mallc acid and about the same amcunt into cit-

ric acid compared with healthy leaves (Porter, 1959) For Phxsalis

florldana, N. tabacum L. CVe. Whlte Burley and Lyconerlswcum esculentum
A systemically infected with potato virus X, potato virus Y and tobaccovmos~
‘alc v1rus,-1ncreases in 1eal oxalate, malate and 01trate occurred (Venekamp,
1959) Slmllarly, Schuster (1964, as olted by Merrett and Bayley, 1969)
"reported 1ncreases in su001n10, mallc and citric a01ds in Nlcotlnra ope01es
_ infected with tobacco mosaic' virus and Hyocyamus species infected w1th_pote
_ eto'virus.X. .

Some reports euggest that virus muitiplication ié.stimulatedvby crg-
cnic acidsf'»Tobécco,moeaicIVirus'mﬁltiplication-increesedvin tobacco 1eef'
discs floated .on distilled water plus one of - the organicvacids, citraie,'_

. L-ketoglutarate, succinate or malate (Nour-Eldrin, 1955). - Wiltshire



-(1956a) found that the uusceptlblllty of French beans to tobacco necrosis |
virus 1ncreased when the plants were kept in the dark Dark treatment dec—
reased the_content,ofrmalic, fumaric, su001h1c and glycolic acids and inc-
‘reased citric-acid.withouf affecting oXalic and malonic acids. None of -
these‘acids had mﬁchbeffect on virus synthesis when ihfiltrated‘into‘leaves;
Dark treatment of leaves of French bean ahd tObaCCO»increased'their euecep-
tibility to tobacco necrosis virﬁs and tomato aucuba nmeaic virus respec- |

Atlvely, but decreased the 1eve1 of ascorblc a01d However, infiltration of

leaves with ascorblc a01d also 1ncreased thelr susceptlblllty to these vir-
uses (Wiltshire, 1956b). Schlegel (1957,'aS’cited by‘Porter, 1959) found ;
_ that %obacco mosaic virus concentrafiongincreased 50% in tobacco.leafddiscs
'Qfloated‘on eolutions of organic acids. - The effectiveness of.organic'acids
was dependentvon.adequate-hitrogen-fertilization of planfs.priorﬂfo.dnoc—

' ulationv.v It was not known Whether the organic acids were effeotive 'jhdir—
ectly as energy qourcesior dlrectly as precursors in v1rus eynthe81s.

5. Enzyme Svstems Associated with "Dark" Resplratlon

(2) Embden-beerhof—Parnas pathway and peptose phosphate pathway
enzymes

Generaliy little change has beeh reported for the activities of enz-'
: ymee}of'glycolyeis,_following virus'infection; Boser (1958) looked at pot-
ato ieavee and tubers systemicaliy_infected Wifh:potaio leaf roll; streak
‘ ﬁirus, or-mosaic'virus and' found that etreak virus-had:no effeCt.on phos-
phoglucomutase, hexokinase and eﬁolase activities;v Leaf roll'and mosaic..
. v1ruses caused slight 1ncreases in act1V1ty of hexckinase in tubers and
- enolase 1n-leaf tlssues., The act1v1t1es of phosphoglucomutase and enolaoe
were reduced in leaf roll infected tubers.»

In leaves of N tabacum L CVa Whlte Burley locally infected w1th tob-
acco mosalc v1rus . the areas 1mmed1ate1y surroundlng 1e81ons showed 1nc—_
reased glucose-6-phosphate dehydrogenase and 6—phosphog1uconate dehydrog--'

enase act1v1t1es. No change 1n act1v1t1es occurred for phosphohex01som—

erase, penfose phosphate isomerase and malic dehydrogenase. Pentose sugars
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accumulated. in these’tissues and ribulose-5-phosphate, Wheﬁ added was.only

o glbwly metabolised: it.was sﬁggested thaf the 1ater>stages of the pentose :
phpsphate pathway couid not cépe with.strongly activated early stégés o

:(Farkas aﬁd So1ymosy, 1962).  For potato-leavés systemicéliybinfected with

» potato-ieéf roll virus, decréased éctivity of‘gluQOSe-6-phosphate déhydro-
genase -was féund to occur (Boser,'1959): Takahéshi (1971) found that in.
tobaéco leaf epidermis, systemically iﬁfectedeith tobacco mgsaic virus,
the activities of glucose-6-phosphate dehydrogenase and 6-phosphoglucose
dehydrdgénése were'unaltered: ‘Red&y ané"éfaﬂﬁggﬁr<;§;b)7répofééé_;e& 5;5;
enzymes fbr_glucoée-6—phosphate dehydrogenase in.plants infecfed With.pea
wilt.vifus. No quantitative or qualitativé changes in 6-ph§sphog1uconaté
dehydrogenase were observed. |

| Some affehtion has been given to the xelative roles bf<£he Embden-
Meyerhof-Parnas pathway and the pentose p'hoépha’cé pathway in tissues inf-

" ected with virué; -Soiymosy.ahd.Fg;kas"(1963) feyorted,that‘while:key-enz--
ymes of thé'peniose phosphate pathway (G-6-P dehydrbgenase,‘6—phbsphogiu-
conate dehydrbgénasé) increased in activities, enzymes of the_glyéolyﬁic
pathway (hexokina'se, gluéose Il)hosphat:e' isozﬁerase) showed unaltered éctivf '
itieé in 1o¢al~ieéion hoSts; The greatest-iﬁcrease in‘pentose.phosphate'
pathway enzymes appeared to oécur in tissues sgrrounding lesions;

- Bell (1964) founduthat‘when lesions appeared on bean plants’ inocu-

- lated with southern bean mosaic virus, the C6/C1 ratio (ratio of '»sugars
of the Embdeh-beerhof-Parnas rathway to sugars bf.the~pentose phosphate
pathway)'decreésed.sharply; suggesting that mqre'glucbse was being meta-~

'.bolisedxviaj{he pentose;phosphafe‘pathway.' However, although Merrett and
_Sundefland (1967) reported increased release of 14COé.from glucose—6-j4¢
‘and glucosé—1_14c for_a local-lesion tobac¢§ host infected with tobacco

" mosaic virus, _theré was no change in the ratio C6/C1, with virus infection.

For systemic virus infections; Tién and Tang (1963, as cited’by

,Mérreft and Bayléy,v1969) measured a'decreéée in the C6/C1 ratio during
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tne perioo'of maximam virus increase for tobacco'leaves.infected With tob-
| acco mosaic virus. - Bell (1964), on the other hand, found that the C6/C1

: ratlo increased when beans were systemlcally 1nvaded w1th souihern bean
mosalc v1rus. No change'ln the_C6/b1_pathway ratio was reported by‘Baur
et al. (1967), for the systemic infection of tobacco by tobacco mosalc'

| virus. They found that approximately 80% of resplratlon was - medlated via
the Enbden-kbyerhof-Parnas pathway and 20% via the pentose phosphate path~-
way. ¥errett and Bayley (1969) concluded that sufficient evidence did not
_'exist to supporfﬂthe hypothesis thet there was a snift in respjratory met—
abolism from the Embden—beerhof—Parnas pathway to the pentose phosphate
; pathnay . | |

(b) Trlcarboxyllc acid cycle and enzymes assoclated with the
mitochondrion-

Isolated»mitochondria are'capable'ofjcarrying out all the reactions
of the tricerboxylic acidocycle; However, counterparts Of.several'of'the
. mitochondrial enzymes are present in the soluble rractlon of the plant cell
Nbrrett and Bayley (1969) pointed out that in general the levels of a num-
ber of mltochondrlal enzymes and carriers, suchvas cytochromes,-su001nate
dehydrogenése, malete dehydrogenase, appeared-to be presenffin conStant |
relative proportlons in mltochondrla from W1de1y leferent sources. - They
'_suggested that a v1rus-1nduced change in the total amount - of one of the -

enzymes could result in a change in the amount of other enzymesgslf the

'cconstant relarive proportions of the'enzymes was to be maintained.

Takahashr and_Hirai-(1966).pointed ont that, although chloroplests nere
thevmajor site of-ATP generafion and amino acid'synthesis Vin green leeves,-
mitochondria were also capable of anino acid synthesis and incorporation
- into proteins. In fact in those tissues devoid of chloroplasts, mitochon-
drla were the ma jor source of amino a01d synthes1s.

There’are conflicting reports concerning the effects of’virus infec-

tion on the mitochondrial system, Contrary to some infections by obiigate--
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fuhgsl parasites, the-tricarboxylic acid cycle appears to be cperative in
'virus-infected tissues. 'Respiratoryjinhibitcrs which,blocked the operation
.of this cycle suppressed synthesis of tobacco mosaic virus (Ryzﬁkor, 1957,
as cited by Diener, 1963);5 Takahashi and Hixaij(1966) reported that mito-
‘chondria cf infected plahts gave increased uptake: of 14CF1eiJcine;. The -
authors'sugéested that aminc acid‘uptake represented increasedvprotein syn-

thesis by'the,mitochondria,‘although it was not known whether thisvinorea-

sed protein was a bound, fixed mitochondrial type or a .soluble type. No

changes in mitochondrial protein-nitrogen were reported fpriN: glutinosa
plants -infected with toﬁacco mosaic virus (Pierpont, 1968):' However,
Nambier and Ramakrishnan (ﬁ970) found increases.in mitochondrial—nitrogen
and succinic oxidase activity for.Capsicum andJCucurbida’infected with tob-
acco mosaic virus shd cﬁcurber mosaic virﬁs.

Martin (1958, es cifed'by Diener, 1963) observed an increase in cytc-
chrome~oxidase in tobacco mosaic virus-iﬁfected tcbécco leaves;.-Rubin_and
Ladygina'(i972) found that_for fobacco pldnts systemicaliy infected with -
tobacco mosaic virus,'oytochromeAS-oxiaese.activity decreased 24 hours afier
infection. For the local~lesion host N. lutinose, cytochroﬁe—C oxidase _
and succinic oxiaasé increased following inoculation. Pierpont (i968) on
the other hand reported a slight decresse in CytochronB~OXidase activity
for N. glutinosa infected with tobacco mosaic virus.

6 Phosphorxlated Compouﬁds |

‘ Phosphorylated nucleotides prov1de the -energy necessary for most cel-,
lular functlons. In addltlon they constltute a nucleotlde'pool on whlch. |
nucleic acid synthesis‘is dependent- |

For v1rus-host 1nte actlons of the local 1e31on “type, . an increase in
ATP levels seems characteristic. Increased ATP following tobacco mosaic
virus ihfection of-resistant tobacco varieties has been reported by :

. Sunderland and Nbrrett (1964 1965 and'1967)'and'for tobaqco-étch virus.

1nfect10n of tobacco byJBayley and Merrett (1969) A decrease. in levels
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of ADP appeared to oceur”with increased 1e§el$ of ATPI(Shnderlend and.
Merrett, 1967).'_Leca1 lesion hosts treated with ihe oxidative phoephoryl—
ation uneoupler, 2,4—dinitrophenol (DNP),vﬁhich increased respiration rate
‘of uhinfected.tissues, characteristiceliy;showed no. further increase in
respiratioh‘rete folloWing infection (Sunderland and Nbrretf, 1967):E These
,,auihpfs sugéested that virus infection brough about an wncoupling of res-
piration ffom"oxidative phosphorylation, as reflected bybe‘decreased ADP/
ATP. ratio.. Nbrretf and Bayley (1969) proposed that in local lesion reac-—
‘tlons hlgh resplratlon rate could be due to either ADP avallablllty not
,belng llmltlng or respiration proceeding without oxidative phosphorylation. -
. Certaln pathogenic fungi have been shown to produce toxins that have a sim-
ilar hncoupiing effect on reépiration to DNP (Krupa, 1959):‘ However, as
Merrett and Bayley (1969) 901nted out, no such uncoupling agents have been
demonstrated in v1rus—1nfeoted tissues. It has been suggested that ATP
concentratlon plays a role in v1ra1 resistance for local-lesion hosts.
Bayley and Nbrrett (1969), in an 1nvest1gatlon of the effects of tobacco
' etch ‘virus on tobacco, found that addition of" adenlne increased the levelr
" of ATP in healthy tissues and 1ncreased tlssue res1stance to virus 1nfec~
tion.' No increase in respiration rate occurred_following adenine treat-— .
ment. Also, high ATP levels and viral resisfance Were;characteristie_of
tissues surrounding'iocal 1esiohe. “Rubin ahd LadyginaA(1972)'postulated_
thet in resietant fobacce‘varieties, such-as K;v 1utinosa; 2 maintenance
or activation of.energy conversion processes of mitochondria are character-
fistie"'being associated with increased mitochondrial'ATP hontenf and a
emalntenance of. 1norganlc-phosphorous uptake, 24 hours after 1nfect10n.
The chloroplasts in such dlseases also dlSplayed enhanced phosphorylation,
ATP content and 110nt-1nduced ATPase act1v1ty.

Both inereases and decreases in ATP levels ‘have been reported for tlb-

Vsues systemlcally 1nfected with v1rus.' Porter and WelnSteln (1957, as

01ted by Porter, 1959) reporued decreased 1eve1» of non—nuclelc acwd




organic phosphorous in tobacco,ieaues, 7 days following iﬁoCuiatioﬁ with
cucumber uosaic virus. Decreeees in ADP and ATP 1evels were also reported
in tobacco callus cultures uystemlcally infected with. tobacco mosaic virus
(Su.nderla.nd and Merrett 1963b ), Bozarth and .Brownmg (1970) studied the
dlurnal flactuatlons of the nucleotide pool of virus- -infected and. healthy
bean leaves. The concentratlon ‘of ATP varled-ln a srnular‘manner for Loth
infected and healthy“tissues, with the Jowest quantities occurring during1
the light and‘hlghest quantltles durlng the dark perlods. A higher conc-
entratlon was found in diseased tlssues at—all tlmes of sampllng, 5 davs A
afoer 1noculat10n. No consistent dlfferences were found in the nucleotide
Vpool or phosphoryiated nucleotides of guanosine, uridine, cytidine, AMP
 and ADP? Unlike_local«lesion:tissues; DNP has been showu'to stimlate res-
.piretion in bothvhealthy and‘systemically_infected tobacco tissuee | |
(Takahashi and Hirai, 1965)7 |

7;%Host Nucleic Acid Synthesis

Mbst studies on host nucleic a01d synthe81s in v1rus;1nfected tlssues
have been concerned uwth changes that occurred 1mmed1ate1y f011ow1ng rnoc—
ulatlon. The earller reports gave details on total exiractable nuclelc
301dS,IWhlvh usually included viral nuclelc acrd Consequently, increases
in total nucleic acids were often reported. Both ribose nucleic'acid and

deoxyribosenucleic acid-phosPhorous increased iuﬂtobacco‘leaves infected
with cucumber mosaic'virus.(Porter:end'weinstein, 1957,‘as cited by Diener,i
_~1A963)u‘~a A 31m11ar increase in nucleic a01d-phosphorous for tobacco mosaic
v1rus-1nfected tobaccos was reported by Elbertzhagen (1958) Basler and
| Commoner (1956) divided the nucleic a01ds,'extracted from TMV—infected |
tobaccos into buffer soluble-and’buffer insoluble at pH 7:03 Only the
.'1nsolub1e fraction was reported to be affected by lnfectlon; It was found
R that, prlor to the appearanoe of detectable v1rus, the level'of 1nsoluble
nucleic’ a01ds increased above that of healthy controls. The level dec-

lined durlng the perlod of maximum virus SJnthe31s and frnarlf eSUabllvhed
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at a level'conparable with healthy'tlssues.

lore recent_reports sﬁggest:that'the nucleic acid fractions'ﬁost
i’affected bj systeﬁic‘infections-are associated with the chloroplasts.. A
decrease-in thls fraction has been.ﬁidely”reported. Mbhamedoand Randlcs
p(1971)_in§estigated-the effects ofptomato_spotted wilt virus.infection on.

. the chloroplast ribosoml nucleic acids (rRNA) of tobacco leaves; lt was
found.that'infection led to a reduction in chloroplast (7OS) ribosomes,
However, chloroplast rRNA still 1ncorporated 32P-—orthophosphate while their
concentration declined. Incorporatlon of radzoactlve label ceased 2 days
after infection. It was concluded that for this virus and lettuce'necro~
tic yellows virus infectims some 709 Gegradation of 70S ribosoml RNA occﬁxred_, On
the»other'hand, 12 hours after the appearance of TMV symptoms chloroplast
ribosomes ceased to incorporate'labelbi Although only small net losses of
7OS rRNA occurred, synthe81s of. {OS rRNA was 1nh1b1ted.»

Hirai and Wlldman (1969) showed that isolated chloroplasts, from TNN—
infected tobaccos, had a reduced capac1ty»for the lncorporatlon of nucleo-
side triphosphates into RNA;< They concluded that during the period of max-
imum virus synthes1s, chloroplast rRNA and messenger RNA (nRNA) production
from chloroplast DNA ceased. Oxefelt (1971) studled the effects of 2
strains of tobacco mosaic virus on the RNA type content of tobacco leaves.
Both strains were reported to strongly-inhiblt chloroplast rRNA synthesis
although inhibition was more complete in flavum—lnfected than in vulgare- '
infected leaves. Substantlal degradatlon of chloroplast rRNA was shown to
oceur as a result of infection, With the amount of RNA degraded greatly"v
exceeding the.total.amount of viral RNAvsynthesised. " Cytoplasmic rRNA
was not affected by_infection,_bﬁt the content of transfef RNA (tRNA) was
slightly reduced. ' - |

Fraser (19771) concluded that the effects of tobacco mosaic virus inf-
ection on.the.RNAlsvof tobacco leaves, immediatelyifollowing.infectioﬁ; |

" depended on the age of the tissue when infection occurred. In young
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vleaves,FVirus reduced hqst RNA»synthesis chpetition and in.elder_leaves
maintained RNA synthesis,_which wae.necessary‘fof viral'protein_syntheéisf
- It was fouﬁd, that once leaves had reached about yB'of.theif fiﬁalkleng£h3_
most;perameters of growth weie resistant to TMV infeetion,'espeeielli cyt-
oplasmic rRNA and,tRHA»accumulations. Chloreplast.rRNA was the only fype»
to show a reduction with infection. There was some e#idence that cytopla-
smic rRNA- Wasvactually higher in older 1eaves follow1ng infection but this
- was thought to be due to an 1nh1b1t1ng effect on rRNA.breakdown rather
_ than a'stlmulatlng effect on synthesis.
In confraét.io the above reports, Xato and Misawa (1971)esﬁggested |

that cucumber mesaic virus infection-gf fobacco 1eaves.suppreesed nuclear .
‘DNA~dependent RNA eynthesis.in effected cells, It was found £hat cellular
ribonucleic acid synthesis ceased following inoculation., They did not
differeﬁtiate between‘cytoplesmic and ofganelle ribonucleic aéidS.

| Few reports have appeared concernlng types of nuclelc acids other than
ribosomal nuclzic a01ds. Johnson and Young (1969) analysed for transfer
RNA's (tRNA) in tobacco leaves, systemieally infected with tobacco mosaic -
virﬁs, fer berioas of up to 9 days following inoculatieh. 'In mature'fis—
"sues, infecticn decreased the total tRNA level, while in young. tissues no
change in the total amount of tRNA was. found The only tRNA species tQ
 show a change 1n,elui10n prof11e,_follow1ng 1nfeqtion,.Was that for phen-
ylalanlne, in young tlssues. Hoﬁever, with increasing time after inocul~
atlon, the elutlon profile for thls tRNA tended to that which was typical
..bforzhealthy tlssue. A | | -

8. Non-Protein Nitrogen

There have been many ieportS-COncerning changes in non—protein'nitroé_
geﬁ’following virus infections:"Nbst reports felate to Chenges»invf%ee
'~: amine acids.and amides, which togetheriWithvammonia, erevimpertant cong~-
tituents of the soluble nitrogen pool»of the:ﬁlant; vConcentrationsvin

this pool could affect protein synthesis and respiration rate.
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'Both ihcreases:aﬂdvdeoreases in a rahge of'nitrogenous compounds -
'i'have been reported;for'a'nuﬁber of hostrvirusocQﬁbinations:' Andreae'and
VvThoﬁpson (1950) demonefrated greaﬁlyvreduoed'levels of-tryptophané and
‘tyrosine in leaf roll-infected potato tubers. Allison (1953) on the
other hand sugges+ed thatvthe-onlv coﬁsistent differences forla number of
potato varletles 1nfected w1th leaf roll, were 1ncfeases in glutanlne and
Eii:glutamlc a01d Results for tyrosine and tryptophane varled between pot-
‘ato varietiesu Accumulatlon of plpecollc a01d appeared to be a oharacter—
istic of Western-X dlseased peach leaves (Dlener and Ibkker, 1954) Inc~
.reases din free amino a01ds and amldes, followxng 1nfectlon, have been
reported by'Bozarth and Dlener (1963) for ﬂ; tabacum systemloally 1nfec—“
fted wlth either potato v1ruS»X, potato virus Y, or-a oombination of bofh.'
Sﬁudies on free amino acids and amides of intact tobaoco plantsfaffer
inooﬁlation with tobacco‘mosaio Qirus, refealed net_increases inpéerine,
glutamine andaasparagine,'maximum concentrations being reached 48-120
_ hours after infection (Porter, 1959).’;Harpaz and Applebaun (1961) found
increases in asparagine in maize seedlingsviﬁfecfed-with maize dWarf ﬁosf
'aio Virde. IhcfeaseS'in asparagine and gluﬁamine were also feported, for
-:'the firsf>foliage leaves of tomato infected With tomato.spotted ﬁilt virus
-'(Selman gﬁ_él., 1961)” ﬁigher levels of glutamio acid, glutamine'and'asp—
araglne occurred in N glutlnosa one to two days after symptoms of 1ettuce
necrotic yellows appeared (Randles, 1971). Decreases in ammonia, free |
:1 amino acids and amldes, during the perlod of tobacco mosalc virus synthe- -
_Yels, were reported by'uommoner and Dletz (1952) ‘This report was conflr-v
med by Commoner and Neharl (1953) who descrlbed deficiencies ‘in glutamlne,'
:glutamlc acid, aspartlc ac1d asparaglne and sorlne followvng 1n¢ect10n
with tobacco mosalc vxrus._
Many faotois haVe.been shown'to influencevthevlevels of nitrogenous  -

compounds exiraotable from diseased tissues. :Souevof these modifying fac-

.tors-may account for the lack of consistency in results which have



._ appe'areci in the literature. The ilitrogen status of plants; prior to infec-
.tlon may have an 1mportant effect on whether virus synthcs s occﬁis at the
expeose.of host protein synthesis or concomitantly with itf',Commoner-and
‘Nehari (1953) and_Commoner eﬁ_gl. (1953).ooncludedlthat most hitrogen:fof
tobacco mosaio virus syntheSisfooﬁes from.iree_ammohia within the cell and
that changes -in non-protein nitrogep, such-aSlamides and amino.ecids, ref-
1ected-£he wifhdrswal of ammonia for %ooaoco mosaic virus synthesis. Thﬁs
further substantiated an earller reporu by Wildman et al. \1949) Wno con-~
cluded from electrophoretic studles, thst TMV was syntheS1sed at the dir-
ect expense of a normal protein fTaction. On the other hand, 'Holden and
| Tracey (1948) have shown that for well feroilized tobacco D ants, the uotal
nitrogen contenu of TMV—infected plants was higher than that of healthy . |
plants; Non—érotéin nitrogeo ooﬁ{ent has been shown to vary:with the'aee
. of infection. Elbertzhagen - (1958) found def101en01es of total-nltrowen
and alcohol—soluble-nitrogen in TMV-infected and potato virus X-infected
tobscoo leaves during_the esrly stages of infection. However, at later
stages of infection totel-nitrogen, protein—nitfogeh and/élcohol-soluble*_
nitrogeniwere highe; ihsinfectéd leeves.' For tobacco olahts'infncted With
bpotato virus X, the conoentrations of free amino a01ﬂs and amides were
_1ower at:the time of rapid systemic spread of the v1rus. In symotomless :
leayes.and leaves with older iﬁfecﬁions, fhese_pools_wefe higher than in
.ncomparable healthy leaves (Nﬁczyhski;.1961)? ‘Karaseck (1963) has shown
thet'for tobacco systemically infected oith'tooéoco npséic‘virus, increafl
ses in freebemino'acids and amides -occur. immédiately following inoculation,.
followed by decreases after 216 hours from 1noculat10n.‘ |
The effect of V1rus infection on the measured levels of nltrogenous
pools in the host can vary with theAtissue type deternuned. In virus als-
easesiothhe yellows type, infection induced 0pposi£e effects on levels of
nitrogenous compounas iniroots'and.leaves. "Sugsr beet plants infectedl

-with beet yellows virus had lower levels of total-N, protein-N.and
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_insClubie;E iﬁ’lea&és comparéd with heaithy plant.leawes; Infected rooks
. on the other hand had higher ievels of all classés”of nitrogenous comp=-
’-ognas, especiaily soluble—N:(Diener, 1963):] Orlob and Acny (1961) reéériy
ted'similar findings for p1ants infected with barley yeliow dwarf Qirus.'
The severity of the infecting virus strain has also beenishéwn-to

'»induce differenﬁ host responséS'in terms qf altered anﬁno acid éomﬁosition
and inoiganic nitrogen content. For maize infected with maize dwarf mos-
aié virus, twelvg amino acids increased, three showed no consistgnt rela-
tionship, three decreasea and all ammbnium'compounds and aﬁides inoreaéed'
pompared wifh.healthy plants. A morevseQere>strain of maize dwarf mosaic
virus induced greater changés in amino acids than a milder strain (Ford
~and Tu, 1968);', | o

| Dienerv(1963) w#rned’thaﬁ-the method of tissue extractién for amino
_acids and amidesvéould introduce a further yariabilit& in reported res-
uits.‘ There are several fepérts of both'aspaiagine énd glutq@ine acéum—-
ulationé iﬁ'vifusfinfected tissues. Howevér,'gﬂutamine_ié'easily hydro;.
lysed.énd_sih¢e hot wétér 6£ hot ethanol was used fo extréct amino.ééidé
_ aﬁd.amiaés; in SOme’ofkthe gtudies where only aspafagine acCumﬁlation Waé

' feported, Ehesé results for asparagine may be'ndsleading.

9. Photosynthesis and Other Euncﬁions-AséQciafed with Chlorobiasts
.“Chlorosié which is typica1 of hggy v@rus diseases, makes it obvious

fhat‘either chloréphyil is not synthesiied at the'sane rate as in healthy
plants,-or;is destroyed (Diener; 1963);§ Reducéd chlorophyll as a result
of mosaic iﬁfegtion of ﬁobaccb'héé’béen reported by DickSon‘(1922, as
cited by Peterson and McKinney, 1938),_Elmer'(1925; as ¢itéd by Peterson
and M:Kimiey, 1938), Duhla_p (1928) ari_d Péfersqn- and,I_'JIcKJ'zme‘y (193'8).‘

The effecfjof‘Qiius iﬁfection'on the host pigment system can aependv'
‘on the type of infection,i Matthews (1973).inve3tigat¢d six leaf ?igmants |
in ChineSé'cabbagé infectéd with tprﬁip-yélldw mbséic virus. The effGCtS :

" of infection on the levels of chlorophyll "a" and "b" and the ¢arotenoids,
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‘/3-cafoteqe, 1ute1n, v1olaxanth1n and nooxanthln, aepended on'whether ana-
1yses were done on inoculated leaves or.leaves systenucally 1nvaded by the
v1rus. Elght days after 1noculatwon,the concentratlon of plgmenus fell to
68-85.percent the levels in healthy tlssues, Thls fall Wasiattr;buted to
vébhet loss of éigments."For>1eaves fresth af the time of inoculation but
systémiéaliy'invaded to induce vein—cleéring.symptoés,-the six pigments

. remained uhchznged wtil 10 aays after inoculation: Beyond'this period
pigment production became 1éss, compared withugggltgy;ﬁigsues,;@95;té_%i
-cessation in pigment synfheSis: For tissues systémically infected'aﬁd-sho-
wing cleérly definedvmosaic symptéms of 1igh£;green and dark gﬁeenisland
tissues,‘dark green islaﬁd tiséue.formed contributed to a renewed_increase.
in chlorophyll, on a per plant bas1s. It was concluded that éffects‘bn

for v1rus repllcatlon. - Kato and Misawa (1974) found that for tobacco
-'1eaves sygtemlcally 1nfected W1+h cuoumber mosaic virus, chlorophyll was
reduced but carotenoids increased, 10 days-following'inoculation. An inc-
' iease in.caroténe‘COnfenﬂ and a decrease in chlorophyll was also iéported
for?tobapchpiaﬁts infécfed with TMVV(Elmer,'1925, as cited by'Bawdén,‘u
1956). Peterson and McKimnney (1938) on the other hand rép'or'b‘ed that car-
étene content decreaéed‘following_moSaio inféctions’of tqbacéé.

The mechénism by‘ﬁhigh leaf piéments are feduced,'fdllowiﬁg‘infection
of a systémicAnatﬁre, is prbbably alsd dependent.on the type of infection
énd age. of infection. Peterson.and'NbKinney (1938)'reported drops ih chl=~
orophyll, carotene and xanthophyll 1n mosaic dlseased tobacco. Associated_
© with reduced chlorophyll was a hlgher chlorophyllase activity. In healthy
'plants, however, the level of chlorophyllase act1v1ty'was directly propor-
tional to chlorophyll content

Bailiss (1970a) investigated infeétions‘of.cﬁéumber cotyledons with
cucumber‘mosaic virus..bThe devélopment'of chlorosis, following’inoggla-

tion, was associated with increaSed'chlorophyllase activity. As wéll as
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catelysing the breakdown of chlorophyll1to'chlorophyllide and phytol it~
was also pointed out that thiS'enzyne aleo probably.catalyseslthe syne
thesis of chloroPhyll during early leaf deVelopment.".It wae propoeed that
'the enzyme was bound in the chloroplast lamellae and that virus infection
resulted in a.disruption'of.the chloroplast, releasing the hound enzyme .-
1 for chlorophyll degradation. However, for cucunber rnosaic virus induced
yellowing of systemically infected tobacco leaves, Kato and Nﬁsawa:(1974)
suggested that;the reduction in chlorophyll Was'not_due to the action ofl
the enzymeichloroPhyllase: The amounts_of.chlorothllides and pheophor—
bibes were negligible in infected tissues. 'lnfection also greatly red-~
ucedAthe activity of chloronhyllase. Fnom their results it appeared that;l
in tobacco leaf tissues, chlorophyll.was converted to pheophytin, a form
lacking magnesium in chlorophyll The apnearance.of'pheOphytinlwas pre=-
- ceded by a stimlated proteolytlc act1v1ty which released chlorophyll from
a proteln—chlorophyll complex. |

Vlrus infaction is generally acccmpanied by a feduction in photosyn- -
Ithetic rate;. bwen (1957)'reported a 20 percent lowering of photosynthetic
rate:for tobacco plants infected with tobacco etch virus, Infection of
tobacco by either potato virus X (systemlc _nfectlon) or tobacco mosaic
- virus (local lesion 1nfectlon) reduced photosynthetic rate by 20 percent
but’only after the appearance of symptoms (Owen, 1957). Reductions in
photosynthetlc rate have also been reported for.corn 1nfected with maize

dwarf mosaic virus (Tu and Ford, 1968) and barley infected with barley

', yellow dwarf virus (Oflob andvArnyé 1961);

A possible cOnsequence of infectionvis e reduced nunber of chloro-

' plasts rather than lmlpa:red chloroplast ac+1v1ty.. Ma,gyarosy et a_l_ (1973)
concluded that although squash mosaic virus 1nfectlon resulted in fewer

v chloroplasts, isolated chloroplasts showed no dlfferences Wlth teopect to

‘products of photosynthetic CO, fixation, rates of cyclic and non cyclic .

2

phosphorylation and activities of phosphoenol pyruvate carboxylase,
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ribulose 1,5—diph6s§hate carboxylase and’ﬁélate dehydrogenase;- However;
most reports suggest that virus infection affecté'directly bhotosynthetic
pigment cdntent and/or rates of-r%mfions'associated'With carbon. dioxide
fikation-aﬁd_AT? fdrmation by the chloroplast; | |
Earlier work by Robert$ et al. (1952) for potato virus X-infected
potatoes and’ Spikes and'Stout'(1§55) fdr'éhloréplaSts iéolated from sugar
beets infected with beet yellows vifﬁs‘implied'that reduced photoéyhthetic
aétiviﬁy_gf infected tissues reflects more than reduced Phéto;yg?bgt?én;> 
pigment; For tobacéo infected with tobacco mosaic virus, the ﬁill reéc-
tion was reduced in chloroplastS'isélated fiom diseased leaves (Zaitlin
and Jageﬁdorf, 1960);' An instance of increased chloroplast activity as a
reéﬁlt of virus ihféction has been réported by Geeffeau and Bove' (1965); 
The Hili reaction rate and both cyclic and non-cyglic phosphoryiation inc-
reased, inthinese cébbage infected with turnip yellow mosaic virus, during
the period of répidivirﬁs replication féllowiﬁg inoculation. Nore recént
work;.repérted by ththews'(j973) for turnip yellow mosaiC'Qirus infectiﬁn
of_Chinese cabbage,:has shown thét.in‘young, systémically infectea»leéf'
tissues, a stimuléinn of phosPhoenol:pyruNate carboxylase and aspartatev
amino transferase,activity_pécurred; When infected plgnts were éxposqd td
14002, more label epfered organic and amino acidéand‘;ess label entered
sugars and sugar phésPEates; However, it was also found that the folloﬁ—
ing proteins and enzymes remained unaitefed‘uhtil virus concentration_haa
réachéd its maiimum,‘when.they féll subSﬁantiélly;.688 ribosomes, Fraction
I ffotein, ribuldse diphosphafé carboxylése and the overall rate of carbon
fixétion; Matthews (1973) élso pointed out that these changeé were shown
to'occur only in turnip yéliow mosaic virusQinfected Chinese cabbage; ' |
'_Iﬁcreases in phosphoenolpyruvate carboxylase gnd aspartete amino trans-
ferase did nét'odcuf in tobacco ﬁosaic Vifus—infected_tobaccos. :
‘ ~-fixing gnzyme, ribﬁ1Qse-

- Marked reductions in the cancehtration of'CO2

1,5-diphosphate carboxylase (Fraction I protein, 18S protein) have been



shown to oceur as a.reselt of systemic>infection_wifh some virﬁsesi ‘Pratt
,-(1967) investigated chlorophyll content and COz-fixing enzyme levels in
healthy and virus—infected leaves of five plant'SPecies infected wi{h six
viruses.-vReduced-levels-of chlorophyll in infected leaves Were»always
aecompanied by similar reductions in 188 protein; It was suggested that
these reductions resulted from a partial repression of the genetlc mechan-
~ ism of. the chloroplast and that the repression was not necessarlly a func-~
.tion of virus concentration:' A similar meehenism for the effect of virus
infection on chloroplast function was suggeste& by Hirai and Wildman (1969)
who concluded that ribosomal RNA and messenger RUA productlon, from chlo-
Iroplast DNA, was SW1tehed off by unknown'regulators durlng the period of
.grand TNN'accumuiation: The Flavum strain of tobacco mosaic virus stren-
e gly inhibited Fraction I protein syﬁthesis in systemically infected tob-
acco while the Vulgare strain caused less inhibition (Oxefelt, 1971).
Kato and Misawa (1974),found e”reduction in Fraction I protein following
,infection.of tobacco ieaves with cucumber.mosaic virus; They proposed
that the reduction was due meinly»to.a supfression.in synthesis ef.the
‘smaller subunit of - this protein, the smaller subunit being translated from
nuclear DNi-dependent RNA.

-~Within leaves, chloroplasts are a prime site for ATP formation: ‘The
 Hill reaction ahd cyclic and non-cyclic phosbhorylation.in 1eaVes incfea-
sed foliowing the inoculaiion-of Chinese'cebbage'withsturnip yellow mosaic
virus“(Goeﬁezu'and-Bove','1965)M’ However, phosphorylation and the-Hill |
reaction were decreased in 1solated CthTOplaSus of tobacco mosaic Virus?
infected tobaccos (Zaitlin and Jagendorf, 1960). Rubin and Ladygina (1972)
s1m11arly found a “eductlon in the Hill" reactlon for up to 20 days, fol—'
lowing 1noculatlon of tobacco -with tobacco mosaic virus. In order to more
clearly'elueidate the»effect of infection, Rubin and Ladygina (1972).;nve—
stigated;theveffec{s-of various chloroplesf bhosphorylat;en inhibitors on

~ uncoupling of photosynthetic phosphorylation and the interaction of such
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uncoupling with>virus-infection; ~ They concluded that with a spéqeptible '
~ tobacco host,.infecfion-had ité~gfeatest efféct 5n non-phcspherylation

eleéfrdn.flow. _That.is, the 1ong Qﬁvéleng{h photochemical reaction con=
cerﬁed ﬁith lighﬁ-induced eléctioﬁ'transport and involving cytéchromes ngn

and "b ", was inhibited.

10;'Enzymes of Photorespiration

» | Photoreépiration in a'sequence:ofvenzymatic reactions wﬁich converts
the end produﬁt of phptosynthetic_cqz f?xatipn,Aglycqlate, ?Q.glycine
(Kiéaki and'Tolbert,'1968; Vigil, 1973%a; 1973b); These.enzymatic reac- =
tions are cdmpartmentalized, within leaf cellé, in single membrane-bound
organelles termed peroxisomes or microbodies (de Duve and Baudhuin, 19663
Kisaki and Tolbert, 1968; Frederick and Newcomb, 1969; Baker gihgl;, 1973;
| Bibby'and Dodge, 1973):‘ Tﬁe»iﬁitial step'qf photofespiration is'the.cxid-
ation of glycolate'bj glycolate oxidasé,'with the loss of carbon dibxide; 
This step is also responsible for the géneration of hydrogen.peroxide:
Catalase,.a major enzyme constituent of microbodies~is-involved in.the
breakdown of hydrogen peroxide (de Duve and Baudhuin, 1966; Tolbert g ,;L;,
1968; Peierabend and Beevers, 1971; Murry et al., 1972; Baker gt al., 1973).
For diseases of a systemic_nature,'some reduction in photorespiration app- -
ears to be associated with obvious symptom development:r | |
Wynd (1942, 1943) fouﬁd thét catalase was greatly reduced in leaves

ofﬁtobaccq éhoWing mosaic‘symptoms: Dark green'leaﬁes ﬁére found to have
a greater catalase reaction than light green leaves, even though 5oth were
from healthy plants; - Dark gréen areas of mosaic leaves contained more
catalasé'than light green areas;' Decreased catalase was élso shovm for
virus-infected leaves of tdmgto and tobacco (Vager, 1955) and for barley
yelloW'dwarf-lnfected barley plants - (Orlob and Arny, 1961). The activity
of glycolic acid oxidase was markedly reduced in leaves of tobacco show-~
ing defin;te‘systemic symptoms as a result of infection With‘cucumber mos=~ .

“aic virus and in a variegated mufant of tobacco (Solymosy and Farkas,
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.1964);:'Healthy tisenes and green,:yirus—free tissues ef the moeaic had
. a higher enzyme activity; Virus-infeeted tissuee_and yellew tissuesvof_
‘the variegated mitant also had reduced levels of enzyne substrate and
'flavin_nwnonucleotide (FMN):’ It was sugéested that ehloroplasfs played
an active role in fhe,regulétion of the level of“glycelic acid oxidase.
No changes in the 1soenzyme pattern of catalases were- detected in peas.
1nfected with pea wilt virus (Reddy and: Stahmann, 1970)

A For_infections of the local lesion type, there is conflicting evidence
for the effect of infection on photoreSpiratien; Sdlymosy and Farkas:.'
(1964) found decreased activity'of glycelate oxidase in the chlorotic halo
areund local-lesions resulting from infection of E: tabacumbL; cv:"White
Burley'with the para-strain of tobacco mosaic virus. Pierpont (1968) on
the other hand, feund no changes in activity of glycolate,oxiﬁase 40—68
hours'aftef inoculation of.leaveseof H; glutinosa L: with tobacco mosaic
virus; Measurement of enzyme activity coincided with the time of maximum
,synthesis'ef the virus. - Although most reepiretory enzymes_increased then

'deereased,-followiné infection of a local—lesien tobéceo host'with.tobacco
- mosaic virus, catalase; ﬁogether»with iaerox:i_das_e,_remained»highexj.in'act~
”.inity (Simgns'ananOss, 1971); | -

1. ]?’olypheno'| OXJdaSeS and Peroy1dases

These two enzyme syutems have been exien81ve1y 1nvest1gated in stud-
ies on.metabollc,changesAresultlng from v;rue }nfeet;en, ‘Polyphenol ox1d—'-
;asesewere once'thovght to be ferminal respiratory oxidasee, transferring

electrons ‘directly. to'oxygen;‘ However, it has since been phown that this
'group of enzymes has a very low affinity for oxygen (Nbrrett and Bajley,

1969). Bonner (1957) suggested that‘phenel_oxiaeses funetloneq by trans-
. ferring'electrons frem_phenols to a'cytochromea

.There hane been many renorts of increases in phenol oxidases foilewing
infection of plant tissues with viruses, especiailyifor'the locai lesion
type of infection; Best (1937) revorted that expressed,sap'from'tomato S

and tobacco plants infected with tomato Spotted wilt virus, contained higher
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levels of an oxidase enzyme, tentatively identified as tyrosinase. This

enzynb oxidized phenvol, catechol, gquinol and tyrosiné in the presence of

- oxygen. A local 1esion infection of Nicotiana tabacum L. cv."White Burley"
- with tobaccc mosaic virus resulted in increases in NADPHz—dependent quin-

.oné'oxidoréductase, NADPH, oxidase and O-diphenol oxidase  activities

2
(Farkas and Solymosy, 1962).

Reports of such increééeS‘folloWing infection led to the early.hypo-
thesis that q@inones, pfoguoed és a conéequenge of polyphenol bxidase'act-
' ivity, were ;esponsible for the observed tissue necrosis (e;g.'Solymosy '
gi,gl., 19593: lHowever, more recent evidence suggestis that ihcreasés in
polyphénol oxidéses,'following infection, are more a consequence of the
'hypersensitivé reaction than thé caﬁse of it. Kikuchi and Yamaguonl (1960)
demonstrated the appearance of 1ncreased O-diphenol oxidase acu1v1uy one

day after the flrst'51gns of-v131ble'1es1on formation in E,'glutlnosa inf-
. ected with tobacco mosaic virus.- Van Kammen and Brouwer (1964)’fouﬁd that
O-diphenol'o#i&ase activity not only inéreased in tﬁe area of the necrotic.
lesion but increased throughout,leaves of H; tabacum cv. "Samsun" locally
infected with a'strain of tobacco @osaic'Vifus; Fritig'and Hirth (1971)
‘.éoﬁpluded from théir“stﬁdiés on:phEnyi propanoids aﬁd-qoumarins iﬁ tobacco
mosaic virus infected tobacco leavés éhowing a 1§ca1 lesion type reaction,
kthat no significant’éhanges in the ﬁiosynthésié of chlorogenic acid, umb =~ -

elliferone, scopoletin énd scopolin occurred uh il at least two days after.
" infection. High Iincreases 1n these compounds appeared after 1e31on forma-
tion. Van Loon and Geelen (1971) also concluded, from studies of tobacco
mosalc virus 1nfect10n of a local lesion tobacco cultlvar that changes in

.polyphenol ox1dase act1v1uy did not precede lesion formation.

Enhanced: O- dlphenol ox1dase activity has also been reported for tis-
sues systemically infected with virus, Merrett (1962) reported a peak in
0-diphenol oxidase activity eight daystfollowing inoculation of

Lycopersicvm esculentum cv,. "Moneymaker™ with tomato aucuba mosaiq virus,

Similarly Nye and Hampton (1966) reported increases in activity for- this

enzyme in leaves of H;-EQQQQEE L; cv;_KY26 systemicaliy infected with
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tobacco etch virus; They recordéd thé-greatest.increase‘in the chloroplast
fraction but suggested that infection fesultéd in the activation of inac-
tive forms of the enzyme rather £han new Synthgsis;' |

-The other group of‘enzymeé most repcrted in métabolio studies of
virus-infected tissues is-the.peroxidases:  Peroxidases cétalysoAthe oxi-
dation of various metabolites,»especially phenolics, using hydrogen pero; »
xide as the oxidizing agent: HoWever, little:Skmbwn; of thé importance of
ﬁeroxidases in overall ceilular metabdlism: Their location is mainly in
the cytoplasm with soﬁe activity iﬁ the chloroplast and mitochondrial
fractions, |

-Inéreased perosidase activity as é result of virus infectién-is'well
documented. Vager (1955)_reported increaséd peroxidase activity for virus-
infected leaves of tomato and tobacco. Orlob and Arny (196f)-fecorded sim-
ilar incréases_for barley leaves infected with barley yellow dwarf virus:
In addition-to a general increase in peroxidase activity'there aie several
reports of increases in the number of isoenzymes of pe*oxldases following
1nfect10n. Two new isoenzymes appeared in young bean leaves 1nfected w1th
southern bean mosaic virus.(Farkas and Stahmann 1966).' ‘The number of

1soenzymes of perox1dase, in Nlcotlana glutinosa, increased. from five to

" 8ix with 1nfectlons of tobacco mosaic virus and potato virus X° (Bates and -
Chant,_1969; Chant and Bates, 1970).' The number'of positively charged iso-
enzynmes of_peréxidasé increased in pea blants infected with péa’wilt virus
'(Reddy.and-Stahmann, 1970):’ However, investigationsvof peroxidaSe_isoen—
.zyme chénges with infeéiion'for,tiséues of various ages has led to.the con~
clusioh that n§ new isoenzymesvare inducgd as a result of_infection:v |
Solymosy:gi_gl;-(1967) statéd that changeé in isoenzyme paﬁferns are a
Vv.function of the host and not the virus. NOvacky and Hampton (1968) inves-
tigated:peroxidase isoenzymes from several virus/host-plant'conbinations
and compared the patterns with those from young and senescpnt healthy tls-

‘sues. Quantitative, but no qualltatlve changes in perox1dases were 1nduced
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. and senescence were not identicalg' Thevaere-unablevto detect any new
' 1soenzymes resul ing from infection, Novacky and Hampton (1968).suggee~
tted that in the report 61 Farkas and Soljmosy (1966), the new Jsoenzymeb,
occurnlng as a result of virus. 1nfect10n, were plenent in young, healthv
tlssues, but at very low levels. Similarly, Esanu and Dumltrescu (1971)
;concluded tnat uobacco mosaic virus induced no new 1soenzymeu-of perox1d—
' ases in tobaccos. Infectien 1nduced_the earller appearancevpf an isocen- -
zyme thatvnormally appeared tewade'leaf matunity:

A1though peroxidases have been weli reponted their role in infec;
~tion and hostvreactions is 1itt1e'nnderstood : Van Loon and Geelen (1971)
suggested that peroxldases have a 31gn1flcant effect in 11m1t1np lesion
enlargement in hypersens1t1ve hosts. Treatment of a sen51t1ve tobacco
vvariety; infeeted with_tobacco'moeaic virus, with actinomycin D.reduced
 lesion size and at the‘aame time increased neroxinase actinity by_fifty:
percent:; Sﬁchvtneatment had no effect on.polyphendl_oxidaee:activity;}

12. Acid Hydiolases

AeidfhyﬂrblasesbmeStiy appear'to be asseciated With single membrane-
bound vacuoles in'the cell cytbplasm éailed lysosomes.j Metile et al:
(1965) and Seradenl (1967) have shown that lysosomes of plants contaln
proteases, rlbonucleases (RNAasee) //3-anwlases, ol~glucooldases, phos-
| phatases? esterases, aryl sulphatases and NADHfdlaphorases.' Hall and
Davie (1971) were able to show that yacﬁdles of naiz_é.roots"é'onta'ined |
'naphtnol“AS;BI phoéphatase,_esterase;'aryi sulphatase, glucuronidase and
/G-glyceronhosphatase: | | | |

There have been few reperts eoncerning tne‘invelvement of.lysosomes
and acid hydrolases in disease development. Kordeva,'Pottenroth anﬁ Wilt
(1972) p01nted to the’ 1mportance that thvs clacs of enzymes ray have Jnv'
the development of a disease. - Dur;ng 1nfeet10n of mouse perluoneal phag— '

ocytes with rickettsiales, lysosomes retained their integrity and host
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cells were not damaged." HOWeve'r, 'w'ith»infection o-f L-ce'ils, ,early- leak-"
. age of 1ySosonal acid phosﬁhatase info the» eytopiasm of nacrophages ind-
| uced e. rapid, V‘progre'ssj-.ve ‘and ir_refrersiblé cell damage.’ | '

For tissues infected with plant vj_ruses, sor.w eases have been c‘iteci
" where -hydro.lase ‘ac‘:tivity d‘ecreased‘ with infection . Decreased protease
activity was found 1n robaceo mosaic virus-infected tobaecos (Holden and
Tra.cey; 1948).. Phesphetese activi’f;y was reperted to be lower in sugar
: bee+s mi‘ec*ed W1th beet yellows virus (Sommer, 1957, as cfced by Dlerrer,
1963) Apart from these reports, most other_ reports suggest that some .
mcrease.lin acid hydrolas'e activity is associated Wifh v1rus J'_nfection;
; In partlcular, rlbonucleaue activity is most cons1stent1y reported to inc~
rease followmg infection. Wolffgang and Keck (5058) found that the act-
| ivity of phosphatase was hlgher in tebacc'o_mosalc kus-mfected leaves
_ compared W1th healthy leaves, Increased .RNAase a.'c'tivity vas 'essoeiate_d
" with tobacco leaves show:.ng necrotlc, local lesions. (Reddl, 1959) Enzy-:vne'
a.ctlv1ty was highest ‘m mature lea_.ves and lewest in young 1ea.ves. It was
cencluaed that the 4arr'01mt of" tobe,ceo mosa'i-c v:irus'syrlthesised and “che‘r‘lmn-‘- :
ber of 1e51ons per leaf- correlated wrbn the RNAase actlvz.ty of Jche tissue.
Dlener (1961) also reported higher RNAase act1v1ty in- v:.rus-moculatea
leaves, but pomted out that other factors, dlstmct from v1rus rnfec blO;ljl,'
could lead to .increasea' ribonuelea,se activity in 1ea.wres'.‘ ‘Ra.rAld_les (19:68) |
_studied ribonﬁc.lea,se isoenzyme c};anges “in Chirlese Cabbage s’jstemically
.' infec‘:ted with turnip yellow mosaic virus, Infectien raintained thebin.ten-' ‘
s:.ty of one- 1soenzyme whlch, in healthy tlssues, soon dlsappeared a.fter ‘
. cell division ceased. The other two isoenzymes, present 1n healthy t1 g~
.sues, mcreased J_n actlvn.ty wrth J_nfectlon, Vnrus-free areas in the mos-
aic. of. mfected leaves were reported to have similar actlvptles to healthy
tlssues. Although no qualltatlve or q_uantltatn.ve changes in 1soen..ymes .of
acld and alkal.me phospha.ta,se were detected for pla.ntu mfected with pea’

) w11t vn.rus, Athe number of es+era.>e 1soenzymes increased a.nd their mobili ty
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and intensity were altered (Reddy and Stahmann, 1970).

* 13, Dehydrogenases and—Nﬁscellaneous Cellular FEnzymes
Dehy&rogenases participatefin'various energy transformation reactions

throuén their association-wlth nicotinamide adenine dinucleotides andvdinu—
~ cleotide phosphates (NAD, NADP). |

'Dehydrogenases nave been reported.to increase following vlrus infec-
tlon (Yanachh1 and leal, 1956, as 01tea by Dlener, 1963) Reddy and
Stahmann (1970) reported no changes in isoenzymes of glutamate dehydrogen=
ase .for plants J‘nfected with pea wilt virus, However., new isoenzymes. of
NAD~ anvaADP-dependent malate dehyﬂrogenase were reported for infected '

, tissues;z Both NAD/NADH and NADP/NADPH2 ratios were found to decrease in

2
leaves of N glutlnosa showrng necrotlc local les1ons as a result of tob-
acco mosaic virus inoculations (Sunderland and Nbrrett 1963a) This dec-

rease was shown_to be due to accumulatlons of NADHZ»and NADPHZ.

However,
_for bean leaves with 5~day-old southern bean mosaic virus infectlons, no
dlfferences in the levels of NAD and NADP could'be shown (Bozarth and
Brownlng, 1970) Increased levels of all nlcotlnamlae-adenlne-dlnu.cleotldeQ

were found. in tobacco callus tlssues systemlcally 1nfected Wlth tobacco

" mosaic virus. (Sanderland and Merrett, 1903b).

Ascorbic acid oxidase has also been reported to increase folloving =
virus infection;' Increases occurred in toﬁatolinfected With‘potato virus -
X or tobacco mosaic virus (Zachos,c1955, as cited by Diener, 1963) and in

potato virus. Y tolerant potato plants infected W1th potato virus X
(Roberts_et a1., 1952). | |
A cytoplasmic protease, vlth a pH.optlmum of 5 5 1ncreased in act1v1ty
following 1noculat10ns of tobacco 1eaves w1th cucumber mosaic virus (Kato
and Misawa,'1974) | |

: Some ev1dence suggests that spec1flc amino transferases increase lol-

low1ng virus 1nfect10n. lh+thews (1973) found tnat aspartate amlno trans-

: feraseplncreasec in activity 1n,Ch1nese cabbage 1nfected with turnlp.
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yeliewvmoeaic virus.g Altheugh glutamic,aeidwalanine tfansaminase»inoree—
Sédiin;tobacco mosaic virus—infecfed tobaceo_leaves; the»second day.after'
inoculation;.bﬁ.the.third dzy.the activity had dropped to,fift& percent

. of’the'normal leVel and remained at this level wntil symptoms appeared -

' (Gubanski and Kurstak, 1960);l |

' B. VIRUS-5OST HORMONAL TNTERACTIONS

Lﬂany”pafheiegieéi.éﬁa'pﬁyéielegical”diseases of plants have been rep-
.orted fb induee changes in the heei éiéntlhormonal:system.'»A»physiqlogical
‘disorder of fobaccos tefmed "frenching" was shown to be associated With
reduced indole acetic acid (iAA) content of affected plants (Kefford, 1959;
Woltz and Littrell, 1968); The disease was characterised by the develop-—
v'menf of nuﬁereue swqrd4shaped,'na£row 1eaves,'1030 of épical dominance and’
a féiluie of vinternod.es to elongate. Kefford (1959) found that Sevelelj
"frenched" tips contained 2.16‘pgﬂ IAA/kg fresh weight, while normal tls~w
“sues conoalned 13 72,uo/kg. |

Certaln bacterial diseases have been shown to brlng abouu an increase
iﬁ IAA levels of their hosts. Crown gall, bacterial wilt and olive knot
411 bringiaboui'an_iﬁcrease in host TAA 1evels; partly due to their own
| qontribuiions_to the host TAA pool (Sequeira;'1973);

A feature of diseasesvcaueedvby many.obligate.parasites; in particu- '
lar rusts and milde%s;.is a stimulaﬁion ef hosf nefabolism in the area of
infection: The secretlon of cytokinins by‘plant Dathogens, or by host
~ cells in response to 1nfect10n. has been frequently suggested to account
.for altered transport and accumulatlon of metabolltes associated w1th such '
infections (Sequella, 1973) Althoagn cytok*nln-llke compoundu are extra-
ctable from dlseased Llesues, mout °v1dence guggeSus that the main cyto-
kininflikeiactivity comes from increases in host'cytokinlns (Seque;ra,
1973).

Literature on gibberellins, as natural‘growth regulators in plants,'

had its origin with the ‘discovery that Gibberella fuiikuroi produced
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substances in culture that induced the exaggerated growth responses of
rice plants infected by this pathogen_(Stdwe_and Yamaki, 1957), Apart-
from a few species of Gibbgfella; gibbereilin-like sﬁbétancés‘have also

been detected in Agrobacterium tumefaciens and certain species of

- Rhizobium and Verticillium (Sequeira, 197%).
Growth inhibitor_substancés have been shown to be affected by some

diseases. A correlation was shown between decreased tobacco stem intexr-

node élongation; maximum_ﬁultiplication of Pseudomonas solanécearum.and A
increased érowth inhibitor content of stems; 4 to 12 days following ino-
culation of plants with this pathogen (Steadman and ségueira; 1970). It
was also shown thai'when pure abscisic acid was applied to'roots; term~
- inal buds of petioles; éf toﬁacco piants; é fedustién of internode 1ength
odcurred; which lasted from 8-10 days foilowiﬁg a single_treatment;ﬂ Tom=.

ato plan+s inoculated with Verticillium albo-atrum had a'five~fold inc-

rease in abscisic acid from aplcal leaves (Pegg, unpubllohed as. ulted
by Sequeira, 1973)
| Unlike many fungal and,bactérial.diseases;‘viruses‘maké no unique-
By cbntribﬁtion'fo fhe hormone pool of the hoét; Changes in levels éf plant
- hormones aé a result of wvirus infection_refléct‘an altered host synthésis
of endogenous growth regulators.

1. Auxins

The eailiest reports of virus—iﬁduced; host ha;mone changeé mosﬁly k
related to aux_ns. Sequeira-(1963)-summarizod the earliér»feports by
:.'suggvstlng that although auxin levels could be reduced at advanced stages
of infection by many v1ruses,'there was no agreement as to the signific-~
ance of this change aﬁd sbmé reports even suggested that no decréaSes
océﬁrred at'all, | | |
- Decreases in auxin-1ike sﬁbqtanCes folléwing'infection have been:
: reported by Séding et al (1941, 1945), Grieve (1943) Pavillard (1952,

as 01ted by Porter, 1959), Pav111ard (1954, as 01ued by. Porter, 1959) and
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Hirata (1954); Crieve (1943) determined auxin levels  by the Avena col-
eoptile curvature bioassay, for tomato plants infected with tomato apotted
wilt virus. hux1nu were dﬂflned as- "non-dl fusible, ether exiraotable mat-
erial', It was suggested that the lovier levels of auxins in infected
leaveé-coﬁld be a result of increased degradation. favillara (1952; as
cited by Porter, 1959) reported lower aux1n levels in stunt ed uobaéco.

niosaic virus—infected tomatoes, while lower_aux1n'1evels were also found
in potato plants 1nfec»ed with potato virus X plus virus Y, or potato 1eaf
roll virus (Pavillard, 1954, as qited by~Porter, 1959). Auxin levels were
also lower»in botatb tubers from piénts infected With—leaff;oll firuso
Infected'tissueé»notAonly had a lower auxin content; but a higher'content
of at least two growth inhibitors (Baumeister,_1951).

| An increase in the level of auxins, for tpmato.plants infected with
tomato spotted wilt,'was reported by Jones (1956; aé cited by-Pérter;
1959);'_Increased-"acid promotor" was also repérted frq@ Jupin pdds; for
plants.inféctei With'pea mosaic-#irus; 'The promotor waé active in the
"wheat cqleoptile straight-gioﬁth bioassay_and had é similar Rf value.to
IAL in papér chromatography:--Ihfected‘lupin pods had three tlmes the
yield of piomotor cdmpared_with healthy ppds.(van Stevenlnck 1959)

A problem of soﬁe of the earlier.au#inﬂnépofts;ﬂwas_that only crude-
éxtracfion proceduresvwere employed which did not differentiate'fetween
‘the various growth regulators.’ As.més{ bioassays are sensitive to two or
more growth_regulafors, these results should be viewed with some
reservation, | | |

2, Auxin~Scovoletin Interactions -

“A fluorcscert substance, present in pTants and._ncrea51ng in concen—v
tration following infeciion with many viruses, was descrlbed by Best (1936)
and later identified as scopoletin (Best, 1944)f The only clear evidence
“and domplete agreeméﬁt; from earlier reports, éoncerns,incfeases iﬁ sdo?
poletin in solanacéoﬁs hosts infected with sevéral-?iruéesp _Diener'(1963)»

suggested that scopoletin behaved as a growth inhibiting_substance, which
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under-certéin conditions could promote theIAGStruction of auxins. How-
.ever; wbrk-done by;Goodwin énd Taves (1950) establishea doubt as to the
role>6fAséopoletin as a growth.inhibitor, Their work showed, £hat.scopm '
oletin, one of a number of coumarin derivatives;'had only an initial inh-
_ ibitory'effect on Avena root growth réte; when appiied aL't.'IO"3 M concen-
tration. - Roots récovere&, énd further treatment with scopoletiﬁ had né
other effects on root growth. It was also pointed.out‘by'the above res-~
earchers, that scopoletln was normally preqent in 1n1ncted tlssues at a
'concentratlon of 5 x 10" 5 M.

It.has been suggested that the stunting effect of some viruses on
their hosts is due to scopoletin inhibition of auxins (Bawden and Pirie,
1952). Pavillard aﬁd Beauchanp (1957,: as cited by Diener, 1963) repor-
ted higher Igvels oi,scopoletin in tobacco mosaic»virus-infectea tobacco -
and suggested that this compouﬁd was responsible for thé 1bwef auxin
levels in those plants?’ waever;.avreport by Andreae (1952) sugéested
that rather than being inhibitory to IAA, scopoletin prolonged IAA act~
ivity in vitro by competitive inhibition ﬁith IAA—oxidase;' It was fur4
ther Suggésted that elther, scopoletln and IAA were OKldléed by a simi-
‘lar, but aliferent enzymv, whlle comnetlng for hydrogen perox1de, or the
oxidizing enZJmes were 1dentlcal Wluh scopoletln being prefere ialliy
~ attacked. |

3. Gibberellins

It is well recognized that a common effecf of virus infgotion, cn
ﬁlant growth, is stunting;, Some'fesearchers ha&e suggested thatvsuch
utuntlng may be due to v1rus-1nduced alteratlon of hormone actlon
(Goodma.n et al., 1967; ’Viatthews, 1970). Diener (1963) concludpd that it
was likely that stunting of V1rus-dlseased plants was in mgny‘cases cau-
sed by a virus-induced reduction of the effective_cohcentration of gib-
bereliih—like compounds . .

The application:bf gibbérellig_acid to virus-infected plants has‘
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been reported to reverse the sfﬁnting-effeét of.infection.A_Sth effect~
ive tréatnent was ieported for severe etch virus-infected pofaté plants
(Chés_si.n, 1957, as> oitea by Steadman and Sequeira, 1970),' ringspot a‘nd>
yellows infected Mbntmorency‘oherrY'tfees (Hull and Koss, 1958, as>§ited. .
by Steadman and Sequeira, 1970) ard tobacco leaf curl infected_plénts
(Variani, 1963, as cited by Steadman and Séqﬁeira; 1970). The stunting
induced by’%orn stuntz‘éster.yelicmmﬂand'wound-tuﬁop Virﬁse could alsc

be reversed Ey the application of gibberellic acid to infected plants
(Maramorosch, 1957).> It should be noted however, that gibberellic acid
treatment did nov alﬁays completely overcome thé stunting induced ﬁy inf-
ection and has not been reported.tofaffécf symptqms:: Chessin (1957, as
cited by Steadman and Sequeira; 1970) found that gibberellic acia treated
plahtS‘fﬁiled to reach the fiﬁai height of control‘plants: It Wouldbbe.,
unjustified to _extrapoiate on the;results of these experiments lo the.
sitvation within a host plant following infection. Many of {hese reports
may simply:représént a norﬁal'plant responéé fb apblied hormone , irresp- |
ective of the.mode“of.action of virus infection on reducing plant growth.
Sevefe etch virus-induced growth défects in tobhacco were reduced by spray-
Aing plants with gibberéllic acid (Stein, 1962)} Infected plants t&pieally
showed depressed internode 1ength and deiayed'flowering. Leaves present
at the timé of inoculation begame smzller with infection, alfﬁough'leaves'
formed later.were'1argerlcon@ared'with heal{ﬁy éoﬁtrol plaﬁt'tissﬁes. :Inf—
ection also increased the rate of leaf formation, AS'flowering Was delaygd,
 iﬁfected ﬁlantsvprOduced more leévés: 'Spraying with gibberélliq acid res-
to#ed, to some degiee,,elongafion and brqﬁght abou£ earlier'floweringﬁ
‘Gibberellic acid treatment aiso reveréed the reduction in leaf size caused
by infection. However, it waslalso pointed out that sprayihg healthy ﬁla-
, nts;with'gibberellic‘acid also inéreasea‘iﬁternéde length, brought about
earlief floweriné and increased ihe rate»of formationAof leaves, ﬁhoggh

‘not affecting the number of leaves formed.
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Endogenous piant gibberellins have'beep reported as either reduced
following’virus infectibn or'unaffected. Some reports support the idea
“that virug-induced_héét Stﬁnting_is associated with reduced»lévels'of
gibberellins. 'Rédﬁoﬁion in ehdogenousvgibberellins'was associated wiih‘
stunting of barley plants4infec{ed with barley yellow dﬁarf'virps (Ruséeil
~and Kimmins,”1971); Chromatogfaphic séparation of plant extracts sugges-
ted that gibberellin A3 (GA3) was the important gibberellin. However, it
was pointed out that stunfing was related more to reduced rate ofncellv '
division, which could.also be affectéd by gibberellins. Bailiss (1973)
foﬁnd that early infection of cucumbers with cucumber mosaic virus redu-
céd net assimilation rate, proﬁoted’the>stuﬁting of roots and reduced stem
and leaf growth, Reduced levels of endogendus gibberéllins (probably GAT
and GA3% as evidehcéd ffom paﬁer and thin layer chromatbgraphy studies)
were associated with infected plants. Budagyam.gi @l, (1964) on the other

hand; could find no differences in the levels of endogenous gibberellins

between healthy and tobacco'mdsaic-virus—infected Nicdtiana §y1véstris
and.thont'tabaCCO 1eaveé. Stupting is- an important féature of tomato
aspermy virus—infected'tomafo.plants-yef Baiiiss (1970b) couldifind no
differences in the levels of-endogenoﬁs gibbereil;ns between healthy and

: infected‘plants. It was_foﬁnd ﬁith fhis disease thaﬁ reducéd internode
length ﬁés due mainly to reduced subapical‘mitotié.activity; .Applied,
éxqgenous CABlcoula par£ly'ovércome this effect thfough increasing ceil

" size, however,.treated plants never aftained tﬁe size éf_healthy.controls;
Nhﬁy of the investigations concerning endbgenous gibbereliin levels
were cdnducfed in ignorance of the antagohistic effects of the growth
'-retarding hormone abscisié'acid on both plant_action of gibberellins and
bioassay résponses; :Abscisic acid is extrécfediwith gibberellins and can
only be éeparaied from them under.certain conditions of chrqmatography.

. 4,1Cxi§kinins i

Most reports related to cytokinin-virus infection interactions
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concern the effects of applyinévsyhthetic cytokinins tO»Qirus;infécted
-plants and a_ss,:essﬁng the effects on virus synthesis. Kiraly et al. (19653)
concluded that applioatibnlof purine and_nonuﬁurine cytokinins to tobacco
énd bean plants deoreased their'sgsceptibility to infection with tobacco
mosaic'virus and reduced the nuyber of local lesions. _Similarly,ANakagaki
(1971) showed ‘that appiied kinétin~decreésed both susceptibility té and
multipliéation of tobacco mosaié virus in detached beaﬁ 1eaves.v A reverse
effecf with applied cytokinins was reported by Milo and thai Srivastavia
(1969), who found that the effe‘cts. of applying'various.cytok.inins to res-
-istant_and susceptible hosts, ihfeqted with tobacco mosaic virus, depen-
ded on the host and the type of cytokinin applied. Virus synthesis wés'
stimulated by all cybokinins applied to N, glutinosa and N. tabacun.

5: Abscisic Acid and Other Plant Growth Inhibitors

Apart from the earlier reports, which 1mpllcated scopoletln as a
growth 1nh1b1t1ng oubstance, very little has been publlshed on the effects
of virus 1nfect10n on recognized growth 1nh1b1tory substances. Van |
SteVeninck (1959) recorded three.gr0wth inhibitors as actiVe'constituentsl
in healthy and'pea mosaic vifus-infectéd lﬁpin pods. Plént_material was
extracted with ether, separatea by paper chromatograpﬁy in isopropanol:’b
ammonia:water (8:1:1) and assayed for in the wheat coleoptlle stralght _
growth test. A weak, acid soluble inhibitor (Rf 0.3-0. 4) was detected
in mture pods only, A neutral inhibitor (Rf, 0.9)_gave a-strong fluor-
escence under ultra violet lighte However,'the most potéﬁt‘inhibitbr
. (rRf, 0.55-0,75) waé present in béth immature and ﬁature pods; Tn immature
linfected pods; this inhibitor was present in éﬁounté 2/5 of that in'heal-
thy,_ihmature'pods.'.ln mature pods, infectioﬁ resulted in.2% times more
inhibitor compared with healthy pods. This "potent" inhibitor appéared
to be analogous with " finhibifor" ﬁreviousiy reported in the literature..

Bennet-ClaQ:k and Kefford (1953). first described "iﬁhibitor/i

" Ether-soluble extracts of bean shoots and éfem, purified on paper
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ehromatogrems develobed in ieopquanol:ammonia:water coniained an inhib-
_itor to the wheét coleoptile straight growth teet end pea root expansion
test (Rf 0.6-0.7 from paper chromatograms) ‘A similar. inhibitbf was elso
descrlbed 1n extracts from potato tubers (Bemberg and Larsson, 1961)
Steadman and Sequelra (1969) reported that bacterial induced stunting of-
tobaccos was correlated with an-increased content of’an.inhibitor with
properties similar to’those'of "inhibitor78{vcomplex"._ Milborrow (1967)
and Steadmen and Sequelra (1970) have both.ldent ified ab30131c acid
((+) ABA) as the major component of the "1nhlbltor76 complex",
Ethylenebprodﬁction has been showh to be'essociated with local lesion_
.formation. Ross and Williamson (1951) reported a stlnmlated productlon_.
of a volatlle, eplnasty-lndu91ng substance, lrom.V1rus 1nduced local les=~
1ons. This materlal was assumed to be ethylene. Ethylene production was
shown to be greatest in leaves inoculated with viruses that induced nume-
rous, large, necrotlc lesions. It was conoluded that ethylene productlon
was a cqneequence of necrosis and not the cause of it, Géborgdnyi 23 gl.
(1971) also found incleased ethylene evolution associated with local les-
ion.ferhation. They suggested that local virus infection was associated

with local senescence With.anAincreased evolution of eﬁpyleneQ

 VIRUS-CELL ULTRA STRUCTURE INTERACTIONS

Most ultrastructural research envvirus-infected tlssues has concer-

, ned’thOSe diseases which produce obvious, visible<synmtoﬁs}> Thelmoséic-

‘ type diseases havelbeen examined more closely; Ultrastructural changes,
oceurring following infection,vary depending pﬁ‘fhe_particular:host-virus
combination., Aparf fﬁom chlofoplasts, alterations toipthervcellular org-
anelles are usually specific for particular,virus-host plant interactions,
. With most diseases, some disturbance in'chloroplaef etructure'can be seen, .
although again, the nature of the'structural change is virﬁs-hosi intera-
ction dependent. The only wnique structures descrlbed for virus- 1nfected

cells are virus crystalline inclusions and X-bodies., Nelther of these two



38,

types of structures have been observed in healthy tissue.

1. Crystalline Tnclusions

A ﬁbét obvioﬁs wltrastructure feéturé of virus-infectéd cells is the
presence of virus particleé, _With some host-virus associations aggréga-
tion.of vifus particles occurs to produce a fegular oY amorphous cryéta1~
iiné stfucture. There have been many reports describing, wifh the aid of
a light microscdpe, érystalline inclusions'in_viruu—infected plants. Most

déscriptions are similar to that reported by Goldstein (1924) for mosaic

virus-infected cellsvéf tobacco.

With the aid of electron microscopy, crystalline -inclusions of toba-
cco mosaic virus have been described in the-ceil cytoplasm of a numbér of
hbst plants (Steere, 1957;.Wéhrmeyer, 1957, 1959, 1960; Shalia, 1959,
ﬁakata and Hidaka, T960,-as.cited by Matsui and Yamaguchi, 1966;
Kdlehméinen gi_gld 1965);."Infections bybother rod—éhap;d viruses have also
been recorded to result in crystalline inclusions'in the cytoplasm of inf-
ected cells. Crystalline inclusions have been recorded for ﬁetunia fihg—
“spot virus (Rubidjﬂpertos, 1962) and red-clover vein mosaic-like virus
(Rubio-Fuertos, 1964).

Pﬁrified'preparatiqns:of tobacco ringsﬁot virus, squash mosaic virus
land tﬁrnip yellow mésaic'virus.all-produced hexagonal virus crystéls
(Steere, 1957); .For cfysfals.of tobacco mosaic virus, rods of TMV were
arranged-pardllel_within_each Iayéi of the crystal with vérious 1ayersv
oriéntafed tO'prbduce a,herringbéne ?at{ern (Steere, 1957). |

There have been few reporté of crystalline virus ihclusioﬁs within
éellular Orgahelles;, Intranuclear inclusions have been recorded»for tob-
acco etch'virus infections. Crystalline‘inclusions of tobacco etch virus

(Riverside strain) occurred in the nucleus of infected leaf cells of

" Datura stramonium (Matsui and Yamaguchi, 1964a, b); - Inclusions of tobacco
' severe etch virus have also been recorded in the nucleus of infected

tobacco ‘leaf cells (Rubio-Fuerios and Hidalgo, 1964).. Crystalline virus

- inclusions- have been demonstrated within chloroplasts of sugar beet
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infected with either beet yellows virus or Weétern'yellows virus

(Engelbrecht and Esau, 1963)., Chloroplasts of Beta vulgaris infected with

temato,rjngsPot virus (Engelbrecht and Weier, 196,, as cited by Matsui and
Yamaguchi, 1966) and beeﬁs infected with beet mosaic virus (Fﬁjisawa.end
_.Matsui; 1965, unpublishea'data cited by Matsui and Yamaguchi, 1966) also
contéined cryétals of virus; , |

_2.{X-Bodies |

The term X-body was first used. by Goldsteln (1924) to describe round,
oval or amoeb01d bodies present only in virus-infected cells. Such light
vmlcroscope-v1sible structures were also reported by Goldstein (1926 1927)
and Sheffield (1931, 1934):' Matsui and Yémaguchl (1966) descrlbed X-bodies
as ihtracyfoplasmicjqbnermal organelles encountered,wlthln vlrus-lnfecyed
cells., ‘They are generai1y coneidered'to form as abhost,ceil,response to
virus infection. Because of:the generaiized definition of Xjﬁodies;jdee-
cripfioﬁs'of éhaﬁe,.structﬁfe and composition have varied greatly. Some -
confusioﬁ does efiSe concerning the term,'"x—bodiesﬁ;'-Whereas,the term
was used.originaliy to describe 1ight-mieroscope visible.cellulaf abnorm-
alitiee.arising'out of virus ihfectieh, the tefmehas since been exiended
to 1nclude certain cytoplasmic abnormalltles v131b1e Wlth the ald of an
'electron mlcroscope. Through the broad use of this term, some sbructureo,
earlier disignated as Xrbodies;'have been subseqpently shom to be vifus
f1nc1u31on bodles. , . _ _

Rubio (1956) and Rubio and van Slogte*en (1956) descrlbed certaln |
.1ight m;crosoope v131b1e structures, assoclated Wluh broad been mottle
_and cabbage black ring virus'iﬁfectiohs, as X-bodies. When viewed with
.en electron microscope, these stfuctures Were‘found to beﬁcompesed-ent?'
‘irely of_ﬁirus partiéles..,Hoﬁever, the mejof shortcoming of this report,
and indeed with most of'the-eariier'reporte, was thaf inadeqﬁate'fixatives;'
and embedding materials were vsed. For the reports of Rubio (19)6) and

‘Rubio and van Slogteren (1956),7t sues werc either unfixed or fixed in
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alcohol-chloroforﬁ—acetic'acid: "X—oodies", for viewing Wiﬁh.enielectron '
microscope,_weie remoued from tissues cy'rupturing cells and allouing the
~cell contents to flow out into the surrounding water, Inclusiousvwere
transferred, by capillary pipettes, to electron uicroscOpe guids~for vieu—
-ing; Under these conditions, only virus particles-apoearedfas distihct
Vstructures:‘ Any other material appeered amorphous; Another earlier rep-
ort by Matsui (1959) descrlbed X—bodles in tobacco leaf cells 1nfected
© with tobacco mosaic . VLrus, as elther elllptlcal bodles composed of dense
granules and 11p1d droplets or dense, granular perlferal zones en01081ng :
a‘vacuolsr-like soace. Virus partlcles were rarely seen w1th1n ths% boies.
The use of adequate flxatlves and embeddlng procedures has revealed
a'greater structural~detail associated with X-bcdles. Shalla (1964a) and
‘Hibino and Matsui (1965, as cited by Nhtsul and Yamaguchi, 1966) described

a certain strucbu1e within the cytoplasu o? leaf cells of Lycopers.icum

~ esculentum and Nlcotlana tabacum infected Wlth tobacco mosaic virus. This
body appeafed asva dense, filementous eggregate, in fhe_cytoplasm,bcomp-
osed mainly;of a loose tangle of tubules; 'Soﬁe Vifus particles were scat-
tered throught these_bodies,-while virus iﬁclusions were often detectable
‘at‘theif surfsce; Similar tubular structures in the cytoplaém'of-TNNf '
infectedetobaccovplants were repofted'by‘Kolehmaineﬁ ej_gl; (1965): The
most common structure was described esboccurring'in upordered gfoués o?'
well-ofiehted masses.of tubes in the cytoplasm:‘.The_complex arrangemeut.
of tubules Was 1nverpre‘ted as complex foldlng and exiens1ve branchlng of
. the endoplasmlﬂ reticulum, Wlth virus partlcles in 1ts folds. For the
same host-v1rus comblnatlon, Esau and Cronshaw (10 Ta) described X-bodies
as. membraneless assemblages of endoplesmlc retlculum,'ribosomes, virus
perticles and,virus-releted‘material in the forﬁ of wide filaments indis~
tinctly resolvacle'as bundles.of'tubules:illn a further papef (Esau and
Cronshaw, {967b) it was pointed out that these tubules bore some Simil-

A eritieS-in'appeerence and staining properties to tubular components of



sieve element protoplaqmbin'tobacoo; Howovel, 1t>was also noted thot
'tubules of tnp X-component differed by the straight form of the tubuleo,
the-greaterkdegree'of order in the arrangement of the,tubules,ih the:agg-
- regates, and to some extent, size: Kassanis and Turner (1972) gubgested
that X—bodles in TNNFlnfeoted tobacco may be predOTlnantly coat Drotexn.

A different type of X—body“was described for E. tabacum leaf cells
infected with tobéccoisevere etch_virﬁs. These bodies appeared to be
enclosea oy the tonoplast aﬁd contained cytoplasmic ofganellesosuch as
mitochondria and chloroplasts, as Well as scattered virus partlcles -and

rosette-like bundles of virus partlcles (Rubio~Huertos and Hidalgo, 1964)'

A s1m11ar type of body was descrlbed by'Rublo—Huertos (1964, as cited by

Matsul and Yamaguohl, 1966) in cells of Plsum sativum infected with a
v1rus which had properties 31mllar to redfolover vein mosalc-llke virus,
Rubio~Huertos (1952)_identifled cytoplasmic areas, in oean_leaf cells
ilnfected w1th netunla ringspot virus, as X-bodles. Although’£hese struc-
tures were des<r1bed as contalnlng parullel arrargements of fllamentous
or doughnut—llke structureg, electron mlcrograp 1S presented showed poor
detail and no structural organlzatlon recognlzable as cellular in 011g1n.
.In a later’ publlcatlon by de Zoete et al. (1974), these structures were .
refexamlned. They often appeared ad;acent-tovthe.nucleus aod contained::_
-mitocﬁondria and osmophilic élobules: At higherlmagnifications, rays of'
vesicles-could be seen to penetfate theoe_structuies, fofming é'kind of :
reticulum, |
‘Amorphous iﬁcluélon bodies induced by'potato Qirule weio shown to
consist of collateral‘bundles of smooth or beaded shéets,'usually ioterf
SPerséd,ﬁith vifus particles (Shalla and Shepard, 1972)::uThese structures
_ ﬁerebdestroyed when tissues were_exposed to pernangénate. They_wero dlso‘
éusceptible to breakdoﬁn by the proteolytic enzyme, subtilisin.i'Ferritih_
aﬁtibody'labelling revealed that these struotureslweré dntigenically ure-

lated to potato virué X or its depolymerized strucﬁural‘proteih.
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. COW'pea'celisoinfected with the:spherical virus, cow pea mosezic virus,
’contained structurés, visible with o light microscope, known as "cytopath-
ologicaivstructures"; Van der Scheer and Crocnewcgen (1971) stodied thésev
strucfures With.ap electron mic;oScope: The inclusion bodies, which>were
ustélly in ciose éssociation with nuclei , wére'COmposaé of memfranous
structures and tubules Wlth virus~1like partlcles sury ounded by an outer
sheath The-nuclei of infected-cells were also observed to contain mem-~
branous structures 51m11ar to those of the cytoplasmlc lncluS1ons. Sime
11ar inclusions were reported in cells of a number of host plants lnfected
with the spherlcal vlrus, Brazilian eggplant mosaic v1rus‘(K1ta3;ma and

Costa,A1974):. As weli as being‘composed of membrane-~bound vesicles and
tubules, thése cytoplasmic ioclusiono,included mitochondria, dictyosomes,
endoplasmiczreticulum, lipid'dropléts and peroxisome—likeAstructureo;

Not:all X-bodies have been described ao fairly complex cytoplésmic
structures. 'Spioach leaf cells, infected with sugar beet moéaic virus, .
were reported to confain Xﬁboaies'which were simply described»as vesicular
proflles of the cytoplasm (Fualsawa and Nhtsul, 1965, as cﬁ:ed by Matsui
and Yamaguchl, 1966) |

3. The Nﬁcleus -

From the bulk of eV1dence to date, it can be concluded that very few
V1ruoes are cons1stently a58001ated with the nucleus. Only.tobacco etch
'-virus'has been consistently demonstrated to occur within the hoét cell

nucleus (Rublo—Huertos and Hidalgo, 1964; Nhtsul and Yamaguchi, 1964&,

1 964b)

There have been some reports of tobacco mosaic virus ass001at10n Qith
the:nucléus. Goldin ¢nd Fedotina (1962 as cited by Mrtsui and Yamaguchi,
1966) found crystalline inclusions of TMV in both the nucleus and cyto—
plasm. However,'Nhtsui and Yamaguchi (1966) pointed out,that the methods
of fiiation and embedding, in the éboﬁc'report, were inadequate; Tobacco

- mosaic virus particles were also obzerved, within the nucleus of tobacco _
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~cells, by Reddi;(1964):"HoweVer,'in.this report, nuclei were isolated
from'planﬁﬂcélls, disfupted and their contents examined on'a‘grid,‘folf'
lowing negative‘staining:' Somé virus particles'were deﬁbnstrated by this
technique. AEsau and'Cfonshaw (1967b) défecfed aggregates of TMV particles
in the nucleus of_sjstemically infocted 1eaf.cells-ofAtobacco:

Hibing and Matsui (1965, unpublished data as cited by Matsui and.
Eamaguchi,l1966)‘have demonstrated an intranuclear space for huclei of
,ﬁobacco~cellé; This épacé_was shown to be an extension of the cytoplasm |
into tﬁe ﬁucleus. Vifus paiticies ﬁerevpbsefyed within'this.space. Virus
synthesis in cells undergoing mitosis could also accounf-for some virus
particles being entrgpped by nuclei. 'Cellé in differentiating.m§s0phy11
tissue of H;‘tabacum L;, systemically infected with TMV, divided in‘thé'
presence of_largé accumuiafions of.the virus. During mitosis, virus pér~
_lticles and aggregates.of particles were seen scattered among the'chrbmo—
somes-and continued té be associated with them un£il the iater stages of-‘
mitosis. When the new daughter nuclei becéme'encloséd_Wifh'ﬁﬁcléar'envé—
- 1opes;_viius particles were usually left outside (Esau.and Gi11, 5969):

Foi tobacco moséic virus, iso1ated'reports of virus associatioﬁs
With'nupléi canvgsuaily be attributed to értifacts of fixation and embea-
diné, artifacfs associated with thin sections or chance encapfure of
virus particles‘by'dividing cell nuclei., Apart from an odcaSionél &sso-
ciation with vifus particles, there have been no reports of other.strubt;.
uralbabnormalities of nuclei in TMV—infected host cells.

_4;£Chloropiasts

The Qarlieét conclusion dréwn'frém electron ﬁiérogréphs of,tobacco
mosaic virushiﬁfectéd tébacco'leaf cells was that chloroplasts were fully
Jdisintegrated and Virus pafticles were agsociated with'the fragmenfs
(Scotlaﬁd ot al., 1955). However, in the light ofvr{ecent 1mowledge cornc-
erning fixatives itvis'now kﬁown.that the above OBServed~eff¢cts-wére”dpe '

to improper fixation and embedding.techniques.



Generally, mostlrepOrtSICOncerning the mosaic induced by tobacco nosf
aicvvirns\have failed to detect virus»particles in the chloroplast
(Matsui, 1958; Nakata and Hidaka, 1961, as cited by Matsui and Yamaguchi,
1966; Gerola et al., 1960a, 1960b). Matsui (1958)»concluded that there
was no real evidenceAfor an association of TMV partlcles with chloroplasts.
However, Boardman and Zaitlin 09}5;» found tobacco mosaic virusvassociated
.with a chloroplast fraction_isolated.from»infected leaves. This fraction

contained 0 6-4N2 percent of the total oell virus. Esau and Cronshaw '

(1967a) observed small aggregates of tobacco mosaic virus in chloroplasts
of sys temlcally infected tobacco plants. The lack of a membrane surround—
ing these particles, and the use of orthodox fixation and embedding pro=-
cedures suggests that this Was a real case of TMV-association with chloro-
plasts; Shalla (1964) has observed vacnoles or vesicles in the chloropl~ :
~ast stroma'for tomato leaves infected with TMVQ As these vesiCles cont- |
' ained mitgphondria as well as virus particleS'it vas concluded that:they
represented projections of the chloroplast;-enclosing cytoplasm. It was
suggested'that such'Vacuoles would account for the-report of Boardman and
Zaitlin (19582, b). | o

' Generally, in tobacco leaves showing very mlld mosaic symptoms;v
chloroplasts appeared normal in structure. For leaves showing more severe’
-symptoms, chloroplasts showed some dlsorganlzatlon of the stroma 1emellae
; and. grana, dlsappearance of the grana and starch accumulatlon, although
Afull d1s1ntegratlon of chloroplasts was rarely encountered (Natsul and
Yamaguchi, 1966)? In young leaveS‘whichvhad developed a systemic infec-
tion,chloroplasts could havé reduced grana lamellae or a total absence of
grana (Gerola et al., 1960_3,,.196’013);‘ N

Similar chloroplast abnormalities have.been;reported ’or other virus-~-
host combinations.' Maize chloroplasts in plants infected w1th maize mos-
aic virus I, were characterized by di olntegratlon of the stroma and grana

lamellae and a lack of osmophilic granules'(Herold et a_ . 1960)
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cucumber plants infected with cucuﬁber virus 4; chloroplasts exhibited;
fat deg*adat;on, dlslntegratlon of grana and stroma lamellac and the
appearance of elllptlca1 granules (HrSel, 1Q62 as cited by Matsui and
Yamaguchi, 1966). Disintegration of grana and stroma lamellae and.the
appearance'of oil dreplete-has'also been reported forlchloroplabfs of
Wheat leaves infected with wheat striate mosaic virus (Lee, 1964)." |
There has been‘only ene well documehted case of chloropiasts being
the site for synthesis of the 1nvad1ng v1ru“. Ushiyama and ththews
(1971) -studied chlorop last abnormalltles in Chinese cabbage infected with
.turnlp-yellow mosaic virus: They concluded. that chloroplasts in infected
- cells always contained small, double-membrane-bound, periferal Vesicles:
Other chloroplast.abnormalities such as redﬁction in size and number of-
grana and increases in phytoferritin and the number.of osmophilic glob-
ules were considered secondary-effects of infection since they were not
typical oﬁvall infected eells and they were not present at-ﬁhe Very early
etages of infection. .Staiﬁing properties of these vesicles and more rec-
ent evidence (Matthews, 1973) points to the vesicles as sites of replica-
tlon for the V1rus - ‘ | |

5. Mitochondria and Other Cellular Components and Organelles

Khowledge concernlng structural changes of mltochondrla, Wlth infec—~
tion, is sparse to date. It can be stated however, that at present no
virus partlcles haxe been observed within mltochondrla. |

Gerola et al. (1960a b) observed that mitochondria were hardly rec-
lognlzable in cells w1thln yellow areas of the mosaic induced in tobacco
by tobacco mosaic virus.: Glant mltochondrla (6 10 times normal size)
were observed w1th1n X-bodies associated W1th tobacco severe etch virus
infections. (Rubio-Huertos and Hidalgo, 1964).

The only virus-induced change to celihlar.erganelles; in cucumber
'piants infected with cucumber green mottle moseic virus, was the presence

“of strikingly enlarged and degenerate mitochondria (Hatta et al., 1971).
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Such mitochond:c;ia ¢ontained small vesicles which were bordered b.y‘ a ﬁnit
membrane .', Most of the vesicles were repor'te'd to occupy the space -bet,v}een
the euter and. 'in.ner ﬁitochondrial membranes_,.; From the staiﬁing reaction
-of the_se;vesi.cles, it was felt that they represented sites of synthesis
of viral nucleic acid within the cell. If this susmise is correct this
- would be the first reﬁorted case of mitochondria being direc;cly involved
with virus synthesis:’ Vacuolised mitochondria in cucumbevr plants infected
with cucumber virus 4, had been previously reported by Hr€el (196,_, as
cited by Matsui and Yamaguchi, 1966).

erue-mduced alterations of other cellular membrane systems have
been rai‘e’ly rei)orted."' - Vesicles and osmoi)hilic ‘granules were found assvoc-.
iated with the golgi apparatus of cells of cucumber leavee .i:nfecﬂied vwi‘bh'
cucumber virus 4 (.Hr§e1,' 1962, as cited I.)yvl‘fbtsui and Yaniaguehi, | 1966) .
I‘Iltrast'r»uctura_l disorganization of cellular membrane systems has~,5een obs-
erved for cer.tain" other diseases in plants;' Goodman and Plurad (1971 )
found Wideepread damge fo membrane’s end pal-'ticulate cellular oomponents
in tissues 'éhpwing a. hypezr"ser;sitive vreaction i.nduced_ by baétefciai inifecé
tions: "I‘h.e plasmalemma, tonoplast and membrane ei"micrebodies vwas prof:-
~oundly damaged within 7 hours of infection. Israel end Ross (1967) rep-
orted that e com'mon‘fea‘tture -i_n leaf cells of tobacco plants iﬁfected with
a 1oca1-i'l.esionhbj_nduoing straj_n of tobacco mosaic virus ,' was .the presence |
‘of smgle-membrane-bound "spherosome*" containing a s:.ngle orys‘ta" line
body. The crjstallme bodies were present’ in mesophyll cells in the zone
periferal to a ne'érotic, lesion. Kitajima and Costa (1974). observed that
peroxisome-like bodies (mcrobod:.es") usually acéi‘mrulated around or within
4Bra2111an eggplant mosa:.c v:rus-mducca mclusmns. These crystafllj_ne,
- contents were reported to have, undergone somedissol—utioﬁ processes . It.
was suggested that tﬁe chan'ge' in internal sfruc-ttxre of the peroxisome~like
~bod1es mdlcated mobilization of associated enzymes and that this mobll-

ization was reflected in the increased metabolic: actlva.ty of infected ce_l_ls.



_GENERAL INTRODUCTION
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In most biochemical end physiclogical gtudies of host responses to-
diseeses, the major problem has been to djfferentiate'between hosf'bio—
synthetic sysuems and those oxithe pathogen., _Virus diseases of plants
offer an opportunity to study host responses'duiing the development of a.
disease;' Apart from the contributions that viruses make to the biosyn~
thetic.pathways of.nncleic acid and protein synthesis, most other aspects
of cellular metabolism, that are measurable, can.be fairly confidentiy
assumed to be of host_origin:v- N

Virus diseases nepnesent competi{ion between virus synthesisband host
cell homeostasis; The marmer in which host plants respond to'infections
by viruses is variable and complex: Reports from the literature have
shown that many aspects of tissue metabolism can be affected during the
-course of development of a virus infection:‘ of tne numerons viruS/host
combinations,'reported in the literature, jnfection has been shown to
affect such cell functions as photosynthesis, respiration, carbohydrate‘
and protein syntheSis, energy transformations and many‘other lesser bio-
synthetic pathways. There is also some evidence for altered plant horm=~
one synthesis following infection.

Sone neneralinaiions from reported metabolic and ultrastrucﬁural
'disturbances in diseased tlSSUMS have been attempted in tbe literature .
rev1ew. However, such generalizations are made difficul* by the W1de
range of host/virus combinations that have been studied. Even for the
much reported tobacco mosaic viius, a wide range of host plants, virus
strains,.tissue ages'and stages of infection heve'been'investigated: The
situation has been further complicated by the use of different perameters :
which haﬁe been used;-particularly biochemical'end physiological data;

It is intended, in this report, to inves{igate as fully as pOSSible,_
the biochemical and wltrastructural ch 1anges which accompany a woll Gotab-
lished systemic diseacse and relate these changes to the patterns.ofvgrowth

and symptom development typical of the disease., In this study, the
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mosaic disease inducgdby_tobaccb ﬁosaic virus in a Sﬁsceptible tobacco
host was the system investigated.

biseases of thé ﬁosaic type have certain chayacteristiés thch dist=-
inguish them from other systemic plant virus,disegses;t Primarily they,ére
diseéses of fhe photos&nfhetic organs of the ﬁoét; As with mosf-systemic
diseases three separate phases are recognisable in the.development of the

disease.

1. Inoculation and development of the disease. in inoculatéd tissues;
This earliest stage of disease development is usually aCCOmpanied.by gen-

eral tissue.yeliowing:f

2:'Translocation to_and-éystemic infection of tissues already present
at the time_of inoculation. Infected leafAfissue typically develops vein-
clearing and.diffuse.mottle patterns. |
3: Invasion and infection of meristem tissues: Leayes infected while
at or near the apical meristem develop.the'charaoteristic symptqms of fhe
disease;,éuoh s leaf distortions,.leaf colour patferns and:genéfal growth
responses: |

The relative importance of each stage of diséase.development'on ult-
imate plant growfh'and reproduction will depend on the age of thé plaht .
Qhen infection ocgurs;. Plants which develop the chafacteristiclsymptoms

of the disease are usually infected while young.

With some mosaic diseases; the leaf patterns of yellow-green and dark

- green areas have been shown to be composed of infected and virus-free

cells reépectively»(Reid aﬁd Mot thews, 1966; Chalcroft and Nhtthews; 1967;
Atkinson and Metthews, 1970). For the mosaic induced by turnip yellow
mosaic virus in Chinese cabﬁage;'only thoée Jeaves less than 1.0 centi-
meter long at tre time they became systemically infected, developed fhé char-~
_acteiistic mosaic pattern (Reid and Nhttﬁews, 1966):3'It has been sugges-
ted that mosaic patterﬁsvdid ﬁo? develop if 1eaves'héd passea the cellﬁ

division stage (Doke, 1971):'_Reid and Matthews (1966) considered that
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the mpsaic‘péttern»ﬁaé“determined oy eYent§'taking-placé.in leéveS'in_ '
which cell di&ision was taking place aﬁd'that each distinct island of
‘tissﬁe,in the mosaic represented the progeny of a single éeil: Thé‘moéfA
aic'diSease'éf tobacco is also characterised by fhe development of highly.“
abnormal 1eaves; Tepfer and‘CheSéin'(1959)A5uggéstéd that the "Shoew‘
A string" leaves of tobacco resulted directl&;from the-abéence of; or‘red—
_ugéd aétivity-of ihe~margina1 meristems of the‘leaf pfimordia. ‘Retarded
shobt_and leaf growth»of-young, infected»tobacco-plants has also been
i.repqrted-as typical of the disease (Takahaéhi; 1972), |
,-Fof.this report-of a study of hosf'biqchemical and ultrastruéfufal

changéé-arisiﬁg from a systemic_infection‘of the mosaic type; the spec-—
~ific aims are as follows: o
1. To reaffiimwprevious réébrts as to the distribution of wvirus Within
v_the leaf mésaic; :f | |

2, To deterﬁine the effects of the disease_dn certain.host é:thh.'
parameters; |

34 To establlsh the blochem¢ca1 and ultrastructural chafaote%1stlcs
of dlseased ﬁlssues by‘cpn@arlson between healthy and 1nfeoted tlssues
of the same age for.a range of fissue ages.

4. FTom comparlsons between healthy tlséues and v1rus—free and v11us-
‘. infected tlssues w1th1n the 1eaf mosalc, to determine which nost T'esponses v
are a dlrect conseqpence of virus synthe31s/host cell competltlon and -
_-Which responseé.form pa:t of a-more_geﬁeral'response or adaption to the
dlsease. |

5. To establlsh the ma, jor blochemlcal and ultrastructural changes

responsible for the,character;stlc macrosynptoms of the disease. -
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General Conditions of Virus Tnoculation and Planf Growth

Nicotiana tabacum L. var. Hickory Prior was-u.éed' é,s the suscéptible-
hds’c plant throught this work.  Tobacco 'mosaiclz virus (U1 straiﬁ Suﬁpliéd :
by Dr. Richard FJ_cancki, Waite Research institute; Adel-aide, S.A) wa.s choseﬁ
as the d-isease agent because of the well defined leaf ‘mosaic patterns
this virus induces in N .. tabacum, .

Pléh'ts w)rere grbown' in .a_, U-C pd:tj.ng mix aﬁ_d‘ received a weekly nutrient
~ supplement. -of Hoa,g‘l'and's_-'solutic-)n . Both heal't:hy_ and infected piants were
grown under .fluorescén'l-:_', "Gr'ow Lux" tubes, proxiiding 14 houré con%;iriuous _'
1i_ghting:"\ 'All virus inoculationsvweré performed on plénts at thév‘ 5-8 leaf
stage of gmm'h_-;* Infected and health& plants, although grown together on .
the sarﬁe ‘bench and under the same bank of | 1igh‘ts, were sepé,rated' from each
other by bui‘fer rows of the \'rirus. resistent tobacco species Nicvotéiana

glutinosa L.



SECTION I

VIRUS-HOST CROWTH &

PHYSIOLOGICAL INTERACTIONS



INTRODUCTION

‘The purpose of“this section is to define and'confirm'the physical
characteristics of the diseése: Genefal stﬁnting has been reported for
susceptible tobacco varieties infected with tobacco mosaic’virus, Tt is
'importént, in donsidering the developnént'of thefdisease, to establish
what degree of growth retardation occurs and whether this:retardation is
‘2 manifestation of'reducéd cell.sizé;_reduced cell.%unbérs or‘cbmbinations

| of these effects,
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MATEBIALS NEWHODS

1. Virus Concentration and Tissue Distribution in Ieaves Showing .

Well Develcped Systemic Svmptoms

(a) Virus concentration
’VAVtrial was designed to measure the_tissﬁe'age/Virus céncertration

préfile for plants on which leaves were showing well developéd ﬁosaic pat-
terns. Virus concentration'was.meaSured by the infectiﬁity of leaf. extra-~
. cts in inducing 1ocal necrotic lesions on the re81stant hog t plant
ﬂ;ggi;gg@_glut;nosa L. Inoculum was prepared by grinding pre-welghmd dls~
!sedted-leafiti§5ues iﬁto 10 ml-of“Q,O5'M‘boric aqid/borate,buffer,_pH 8.Q;
Wherever possible, virﬁs»infected;_yellow/green tiséuéé; were dissected
from the: leaf mosaiq_pattern;'_For»tiSSUes of the meristem and at leaf
position 1 from the apex, disseciion was not bossible;i Ten fold»dilufions
”ﬁere pfepare& from each eiiracf-to give a diluﬂion'seriés of 10-1 510’2,
’10 5 and a total. of 21 treatmants. Ten millilitres of each dilution ext-
ract were tranglerrod to 2 5 cm x 5. 0 cm glass vials. - Falf leaves of

N. glutinosa were inoculated.' All but.2—3 leaves Wefe triﬁmed froﬁ each
.'plant, ﬁith>a11 remaining 1eéves bging about the same size and;colour;
Plants were grouped into 6 blocks of 4 pléﬁts each, with a total of 227
half leaQes per block: Each half'leaf‘waslassigned;'af random, a’ nunber
from 1 to 21 to corréspond with the number éf-freatmenté and dilutions.
Hélf ieaVes were dusted with carBorundum (400 mesh);_a 6 cm x 2 cm plant
label dipped into the inbculum.was dravn- over the ﬁppér surface of.the
leaf, A new-label_was ﬁsed fo:.each tieatment dilution: . Each treatmenf
dilution and_eabh leaf age'was repiigatéd 6 times on half 1eaves.in each
block:' Lesioné.were_counted, pér half leaf, 3-4 days later;-‘ |

(b) Tissue distribution | .

. Leavés;jat leaf ?osition 8 from.the stem apex,<were remoVed from

healthy and virus-infec_téd tobacco plants. Half gram fresh we ights of

the three tissue types; healthy, yellow~green<islahd.tissue and dark green
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.island tissue, were dissected from the leaves and each type ground in
10 ml 0,05 M borate buffer, pi 8,0, A 10-fold dilution series was prep-

ared for each extract to give final dilutions of 10"1, 1Of2

, 1070,
‘Niéotiana glutinosa plantsiwere-trimmed to 2-3 leaves per plant and arra-
nged into 6 blocks of 2 plaﬁts:' Inoculations.of'treatﬁent,dilutions‘to
half leavesw@m;as preyiously:des¢ribed:,'Lesions were counted.3-4 days

later.

wv?:iTrials to Determine the Effects of Virus Infection on Plant Growth

(2) Plant héight, internode length, leaf lehgth, leaf number
and ropt'weight' | |

A trial was designed to_fest the effect of virus infection on the
above .parameters 6f flant growth:” The two:freatmenfs were virus-free and
virus-infected plants:“ The trial was designed Qith five replications of |
each treatmenf'in three blocks giving a total of fifteen.replications pexr
treatmént;i.Plants were érranged in blocks accoraing to initial plant size
so that any influence of initial SiZe'on fhe resulis was avoided:v Plants
Wére inoculated with tobacéo mosaic virus (TNN) at the 6—8'1eaf stage of_
developmeht; As it was intendea to counf tﬁe'gumber of leaves at the end
of the tfial, and as bloéks'confainéd pléntsAWith different leaf ﬁumbers ‘
prior to inocﬁlation, the fourth leaf ffom the apex of each planﬁ, at the
time of,inoculation,was»designaféd as leaf numﬁer one:'.Indculum was pfep-
aféd from virus—infectéd leaves byimaceréting tissues in distilled'water:
_Leaf number one, on éach p1ant; wés.inoculated:;_Duriné_the period of
plant growth (6vweeks),vieaf rumber one -and the later formed leaveé,_num—
bers 5 andv9; were mafkea with paint spots with a different colour for 1
each leaf position: This ensured that Whenvleaf ienéth*measurements'Were
taken, leaves of the same age formed after’infeqtibn$Were compared, - After
6 weeks, a nunmér of measﬁrenents were-taken from each plant;' Plant
héight was iecordedvfrom the soil 1evéi in eééh pot to,the.sfem aﬁex;

Leaves were counted betwéen leaf number 1 and the youhgest visible leaf
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near the nlerietenl;' | The youngest developed 1eal' was usuall;'yv ,O-:Bv cm 101153;.'
The length of leaves at leaf numbers 5; 8 and 10 were recorded together
with the mternode length between 1ea.f n’wn"oers 5 and 6:

Root weights weI"-e determlned by removidg all plants fifom pots and ‘
carefully waehing the sand/peat mixture from_the roots,” Root-oalls were
cut from sbems blotted dry and the total fresh welght of root material,
for v1rus~1nfected and healthy planus, recorded.

(b) Leaf growth during disease development

A trial was set up to measure leaf growth during the course of dev-
elopment of the disease:. Leaf growth was eetimated from the leaf area.
approximation of 1eaf length:ﬁultiplled by leaf Width:i There were 9.rep-
lications of infected and non-infected plants. Prior to inoculation pla-
nts were chosen for ﬁniformity of size and leaf number:‘ Infected plants
were inooulated with virus at‘the 7-8 leaf stege of d.evelopm.ent;E At the
fime ofvinoculation leaf number 4, from the base of each plant, was mar-
ked with a painﬁ'sPot,;'_ Dﬁring ‘the course of the trial, every third leaf
formed along.the shoot wes-merked with a paint spot of a particular col-
our to ensure than compariscns were made between leaves of.the samevage:
At weekly iﬁterVals, measuremenfs of  length aﬁd width.weie taken from

marked leaves anduconyerted to leaf area approximafions.

3;'Determlnation of Freeh WeightApef Unit Ieaf Area

. Discs of‘leaf tissue were punched fromvhealthy and virus-infected -
leaves at the same leaf position from the apex of each.blant: vForvleaves
of the same age;v10 disos were punched from each leaf With a cork borer,
0.55 cm lnternal diameter;_ Discs of tissue were also selected from the
differen{'tlSSue types of thevmoseic: |

4, Estimation of Ieaf Cell Number per Unit Ieaf Area

Three O, 55 cn diameter dl°CS were punched from healthy and infected -
' tooacco ]eaves of" tbe same age. Leaves at 31m11al pOS1t10ns from the

‘apex were chosen. For lnfected leuves, discs were also. removed from the
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different tissue types.7-Sefé_of-diSOS'wére sliced into 1 om widé -strips,
.immeised iﬁ»6 ml of cell separatihg medivm and infiltrated under ﬁacﬁum.

Cell‘séparatiﬁg-medium consistéd of 0.5 percent Aspergillus pectinase -in

0;05 M.oitréte buffer, pH 6.0, SiripS'ﬁere incubated for 2 days at 28°%C.
with'OCcasional vigorous shaking té encourage cell»separation:' Cell nim-
.bers were estimated from cell.counts in 4 micrélitre drpélets. A11 proc-
'edures were duplicated.,’ All counts were converted to cell numbéré.per

unit leaf area,

'5. Leaf Tissue-Preparation for Light Microscopy

Leaf.Sections;'S.mm'x 5 mm, Weré dissected from leaves and sliqed
info 1 mm strips at one edge to give a "comb" effect;—‘Tissues were vac-
ﬁum.infiltrafed and.fixed iﬁ'1 percent équeoﬁs osmium tetroxide for 1 hour,
After washing with 3-4 changes of distilled water,tissueé wéré dehydrated
in-a graded'alcéhol series, Following two-chanéesvin'epoxy prépane; tis-
sues were infiltrated with a:1:1 (v/v) mixiufe of'epoxy'ﬁrOPane and aral-
_dite forv24.hour§:' The epoxy propanefwas évapo:ated off and sections
transférféd to a fresh araldite mixture and left at room temperature for
two days,i Séctions'were set in araldite by holding at 60°C for 24 hours.
One micron thick éectionS'were cut on an LKB ultfamicrotbme, sections
stained with methylené_ﬁlue and_examined withvévLéitz light'microscopé.

-.For Composition of éraldite, see . Appendix 50,

6. Trial to Determine the Effect of Virus Infection on Flbwering
'Résponse

A photégraphic iecofd was<médg on the exieﬁf'bfiinfLIEscénce forma-
tion of virus-infected and healthy plants of the-Samevage. The time of -
'flower_initiation was determined on dissected meristems by observing the -
structuré and shape of the apical ﬁeristem and aésociated initials,
Plants for fhis'purpqse were gfown under " 14 hours of continubus light
wifh supplemental lighting being proVided from,banks-of "Gro-Lux" {luor-

escent tubes, Infected plants‘wére inoculated at the‘S leaf stage of
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'deveiopmeht; Yeristens were .dissected from both healthyband infected
plants at the intervals 3, 6 and 9 weeks following inoculation of virus-

infected plants.

~
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- .. RESULTS AND OBSERVATIONS

1, Plant Size as Affected by Virus Infection

Stunting wgs'a general characteristic of.tobacco_plants infected with
the Ut strain of tobaccobmbsaic virus and was most prbnbunced'fpr élants
that were young when infected'(seeiPlate 1).. Plants with 5-6 week old
infecfions attained heights 5% percent of that for healthy coﬁtrol plants
 (Figure 2). fParalielihg.the redﬁctionAin.plant height was a reduction of
internode length, The internode between 1eaves_at nodes 5 and 6, numbered
from the original iﬁoculated leaf near the base of each planf; waé reduced
to an average of'60 percent for virus-infected plants compared With-unin—
oculated control plants (Figure é). The number of leaves formed per-piant
was little affecied.by virus infectior. Infected plants averaged 12 lea-
ves per plaﬁt, formed above the original iﬂocﬁlated 1eaves,'compafed with
11 1eaveé per plant for healthy control planﬁs:' The extra 1eéf’formed |
per infected plant during the 5-6 weeks following inoCulation was stafis—
_ tiéally‘significant at the 1_percen£ level of probability (see Appendix .
6). It would seem therefore that virus infection stinmlateq the rate of
- formation of leaf primordia and hehce thé rate of apiéal-mitétic céll
,division; | |

Reductions iﬁ plant héight-and internode length with virus infection
were accompanied ﬁy reductions in leaf.size as aséessed by leaf 1ength.
The differenceVin-leaf length between 1eavés of the same age frqm healthy
and infected pianfs,.became‘more proﬁounced-with 1eaf age (see Figure_i)f
 Leaf length reductions of 20 percént ﬁere typical bf mature and immaturé
leafes‘from infected plants;:‘These reductions were statisticaliy signifﬁ
icant at the 1 percent level, of probability (see Appendices 1 and 2 res-
pectiyely).AbThe_slighf'reduction in iéngth of young leaves, (node 10
from thévériginal inoculated leaf), was not statistically significant
‘(see‘Appéndix 5)2 

As well as rétarding the size of the aerial.portipns of tobacco
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Plate 1

Healthy and virus-infected tobacco plants (foreground) photographed
4 weeks after inoculation. Leaves marked with the same coloured paint

spot occur at the same leaf node above the original inoculated leaf (leaf
node 4 from the plant base).
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Figure 1

Relationship between leaf length and leaf node position from plant
base. The effect of virus infection on reducing leaf length is statis-
tically significant at the 1 percent level of probability for leaves at
node positions 5 and 8 above the orlglnal inoculated 1eaf (see Appendlces
1 and 2 respectlvely)

&g  Virus-infected

e B Healthy control .. .

Figure 2 o ';k

The effect of virus. infection on plant height (left), internode
length (centre) and root fresh weight (right). Measurements on plant
heights are presented:in Appendix 4. The reduction in plant height
- following virus infection is significant at the 1 percent level of prob-
- ability (see Appendix 4). . Measurements on the length of internode 5/6
are presented in Appendix 5. Reduction in internode length of virus-

1nfected,plants is significant at the 1 percent level of. probablllty (See
Appendix 5).

“Virus-infected

Healthy control
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- plants, virus infectien also reduced,roof si;e (Figure 2); The fresh
weight Of_roots harvested from infected.plants Was 40 pefcent less coﬁp~
ared with healthy plants.

Statistical analysee‘of the'measufed parameters of plaht lrrow‘l:h
revealed a s1gn1flcanu initial plant size Jnteractlon viith subsequent
growth retardlng effects of virus infection on plant height (Appendlx 4),
internode. length- (Appendix 5) and 1eaf length (Appendlces 1, 2). Planﬁs
were arranged in blocks, prlor to 1noculatlon, accordlng to 81zeo Para~
" meters of growth from blocks contaxnlng plants of greamest 1n1t1a1 size

were least affected by lnfectlon.

_2. Leaf Growth and Development Following,lnfecfion
_ Thelexient’of reduction in leaf size caﬁsed Ey virus infection'wes
related to the age Qf the léaf with resﬁect to fhe ‘time of inoculafion-
>(see Figure 3). Lea&es~thatAwere well feimed at the time of inocuiation
(leaves at noaee, nembered from the planf base u@wérds) Were.little-affec%
' ted, in terms of leaf erea approximation; by iﬁfeetion; Léaves af ﬁodes
v.8 11 from the plant base ey 511 of which would have been present ae_legf |
primordia at the time df inocplation; shbwed'the greatest reducfiens in
leaf area following infectiqnhWith up to 64 percent reductions being
measured.’

These leaves, on development were typlfled by greatly reduced 1eaf
'iamlnae.and general distortion (see Plate§,2, 3). Leaves which developed
effom primordia forned'sﬁbseguent'to ihfection (ieaves at nodes_12f24 for -
the trial plants) were generally'less affected by'infection'ﬁith reduc—v':
tions in leaf area approximétions'of 25—30 pereehf being recorded, .

. Alﬁhough'later formed leaves'shewed some distorfidns and rédpped lamina
growth they were gemerally more normal in shape (Plate 4). From all leaf
" measurements taken, dif’erencee in grewth betwean health& and infected

~ leaves of the same age did not become apparent untll after leaves had

attalned lengths gmeater than 5 cm., The effects of virus infection on



Figure 3

Relationship between leaf growth and time after inoculation. The
- actual figures plotted are presented in Appendix 7 and represent the -
means from measurements on 9 plants each for both virus-infected and
healthy controls. The following key indicates the node position, from
“the base of healthy and infected plants, occupied by leaves on which
measurements were taken. Infected plants. were 1nocuh1ted on the leaf-

“at node pOSlulon 4 from the plant base.
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*
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X 15
&
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o
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(""*;"). Léavés from virus-infected plants
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Plate 2

Leaves at nodes 8 and
9 from the plant base.
Leaves at node 9 are marked
with a yellow paint spot.
The upper leaves are from
virus-infected plants and
the lower two leaves are
from healthy control plants.

Photographed 4 weeks fol-
lowing inoculation.

Plate 3

Leaves at nodes 10 and
11 from the plant base.
Ieaves at node 11 are marked
with a blue paint spot,
The upper two leaves are
from virus~infected plants
and the lower iwo from
healthy control plants.

Photographed 5 weeks fol=-
lowing inoculation.
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Plate 4

Leaves at nodes 15, 16, 17 and 18 from the plant base, photographed
6 weeks following inoculations. The upper leaves are from a virus infec-
ted plant and the lower leaves from a healthy control plant.
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leaf area were therefore most pronounced'durihg the phase of growth asso-
ciated'with>CG11 enlargement.,

3:¢Effect of Infection on Teaf Cell Size

Reductlons in leafvgrowth became most obvious during the groﬁth

phase associated with cell enlargeﬁent:aud therefcre some effect of‘inff
ection on cell enlargement was'expected.' However, for most leaf ages stu-~
Adied,'the number.of cells per wnit leaf area remained fairly constant
within the comparison of healthy versus ln{ecteg lrghtpgreen end_darg B
green island tissue (Figure'4):’ Only fcr very young leaf.tissuesAwas_
" there a slgnificant difference_in the number of isoleted cells from heal-
thy and infected tissues.' For these leares,infected,tissues seemed to be
nwre resistant to ensymatic:disruption Which'may havevreflected'differene
ces in the structure of cell wall pectlns.

Sections through healthy and 1nfected leaf material revealed that
1nfectlon had its greatest effect on the height of palisade mesophyll
cells. Palisade cells ofvlight green islané tisSues were short and blo- '
cky (Plate 6) compared with cells of dark green island tissues (Plate 7)
and 31m11arly'aged healthy tlssues (Plate 5)

4. Effect of Infection on Leaf Fresh Weight

Vrrus 1nfect10n resulted in a hlgher fresh wei ght per unit leaf area
- for both light-green’and dark greenvisland tissues of the mosaic compared
.withvhealthy coutrol tissue:(Figure 5):’ The.greatest difference in fresh
weight_between leaves from healthy and infeCted plants occurred with very
young tissues with,a.50 percent'inerease in unit leaf area .fresh weighé;

resulting from virus infection: For older tissue-ages compared, the inc-

rease in fresh weight per unit leaf area, as a result of -infection, var-

ied from 6 to 12 percent.

S:fLeaf.TiSSue Age and Virus Concentration

Virus concentration reached a maximum soon after leaves passed the

“cell division’staget(Figure,6); Por.leaves older than leaf position 3
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Figure 4

The relationship betwéeﬁ leaf cell numbers per unit leaf area and
leaf age. All points plotted on the graph represent the mean of two
independent estimations. - : o

Figure 4 Key

(@———————® ) Ileaves from healthy control plants

(O-------0) Light green island tissue of leaves from infected
plants : :
(A_—- ------ A') Dark green island tissue- of leaves from infected

plants
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Plate 5
Transverse sectlbn through an ‘immature healthy tobacco leaf. Note

the columar appearance of the mesophyll p¢llsade cells beneath the upper
leaf epidermis. - :

(Nhghifidation 800 X)

Plate 6
Transverse ééction through an “immature leaf from a virus-~infected

tobacco plant. Note the blocky appearance of the mesophyll palisade cells:

(Megnification 800 X)

Plate 7

, Transverse section across the border between light green/dark green
‘island tissues of an immature leaf from a virus-infected.tobacco plant. .
Note the transition in shape of mesophyll palisade cells on either side
of the border.. The cells of the light green island are blocky in appear-
ance ‘(right hand side) compared with the colummar shaped cells of the dark
green island tissue (Ieftﬂ,hand side).

»(Nhgnification'BOO X)
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Figure 5

Relatlon of leaf tissue fresh weight per unit leaf area to leaf
age for tissues from healthy control leaves (@———@ ), light green
1sland tissues (El—- ----0) and dark green 1s1and tissues (A— —A)
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Flgure 6

Relatlon ‘of virus concentration to leaf tlssue age for plants
showing well developed mosaic leaf patterns. Virus concentration was
assessed from the local lesion score on % leaves of Nicotiana glutinosa
follow1ng inoculation with 19af tissue extracts from virus- 1nfectﬁd
plants (see Appendvx 8) :




. No.

Lesion.

Log

=]

v L4 L4 X y v a4

2 . 4 86 8 10

Leaf. Position = From  Apex



69.

from fhe’stem'apex,virus'concentration;.expressed on aitissue fresh Weight
basis,rremainedbfairly constant;: The period of "‘maximum virus inorease
appeared to be aesociated with those fissues betweeh the_mefistem and
leaf position 3 from the apex., Virus concentrations determined for the
- merictem and leaf position 1 were probably underestimated as it was.not
‘posSible to sepafate the 1iéh£ greeh tissues from the nmeaic:' To enable

a more'direct coﬁparison with other results, virus concentration was exp~
ressed on a_tiesue fresh weight basis. For a quantitative estimefion of .
virus:conoentratiOn in tissueS'of different agesabvirus levels could have
.'been more‘appropriately expreesed on a per‘cell basis to take info accouet
the deereese in cell numbers per grem of ieaf tissue as leaves enlarge
towards maturity:. The period of constant virus concentrationeoccurriﬁg

in tissues,elder than leaf position 3rfrom‘the apex would then become.a
feried of linear increase in_eoncentratidn as the number_of.cells per unit
fresh weight of leaf tissue declined with leaf-expension: However, irres- -
pective'ofhthe basis used to.exprees the results, the period of maximumv
virus increase would still be restricted to those leaves between the meri-
. stem and leaf position S:from the stem apex.

6. Virus Distribution Within the Mosaic

Dark greeﬁ island tissue dissected from a well‘defined leaf mosaic‘;
- pattern contained abouf 6 percent of the apparent'concentratien of virus
extracted from light green island tissues (see A@pendix»9):“ About 5 per-
cent of the virus level associated with dark green island,tiesues could,
be attributed to nen—specific lesion formation and a function of the ine—
'culating'technique."With greater care in diesecting dark green island
tissues from light-green island tissuee the virus ievei associated with

this tissue type could be much further reduced:

7. Observations on Flowering Response as Affected by Infection

Trial plants used for determining the effects of virus infection on

plant growth were not immediately discarded following final nleaswrerrzexli;s'



70.

but 1left on bencheé iﬁ the.gldsshouse'for several weeks. It soon became
apparent that healthy‘control plants flowered well ahead of virus-
infected plants.

To further 1nvest1gate the effect of infection on fléwer 1ﬁ1t1atlon,
' merlstems were dlssected from heal+hy and diseased plants, 3, 6 and 9
weeks follow1ng'1noculat10n._‘Three weeks after inoculation the meristems
of both infected andAhealthy plants-ﬁere in the vegetative phase. A.vegn
_ etative meristem was recorded when the apicalAzone was domed and surroun-
ded by leaf primordia:_»Six weeks after inoculation the meriétems.of heal-
thy plants had undergone floral inifiation (Plates_9, 10) while the meri-
stems of infected plants-weré stiil vegetative (Plate 8):' Nine Weeks fol-~
lowing inocﬁlation,hedlthy planfs had produced obvious inflorescences
(Plate 11) whereas’ infected plants.still appeared to Be in a state of veg-

etative growth (Plate 12).
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Plate 8

) Dissected apical meristem from a tobacco plant with a 6 week-old
virus infection. = Plants were about 12 weeks old from the ddate that
seeds were sown. Note the leaf primordia about the domed apical meristem.

Plate 9

Dissected apical meristem from an uninfected tobacco plant about
12 weeks old from the date that seeds were sown. Note the flower pri-
mordia surrounding the central meristem.

Plate 10

Dissected apicallmeristem from an wminfected tobacco plént'12 weeks
old from the date that seeds were sown., Wote the advanced development.
of flower primordia surrounding the meristem. o






Plate 11

Healthy tobacco plants,
15 weeks old from the date
that seeds were sown. Note
the well developed
inflorescences,

Plate 12

Tobacco plants, 15
weeks old from the date
that seeds were sown and
infected with virus for
9 weeks. Note thne absence
of inflorescences.



SECTION II
VIRUS-HOST BIOCHEMIGAL INTERACTIONS

A, ENZYMES & REACTIONS

0OF CELLULAR METABOLISM



INTEODUCTION

A number of'enzyme systems were chosen to repfesent the major meta-
'_oolie pathwaysvin tobacco leaf cells. The following is a brief analysis
of the relative importance of‘these enz&mevsystems in cellular metatoliSm,

\The hydrolase group of‘eno&mes including.phosbhatases, esterases,
amylases, ribonuoleasesAand speoific proteases, hasnbeen shown to'be
chiefly associateddwith‘1ysosomes. These enzymes nere chosen for study -
because they are important,in the'metabolism‘of carbohydrates, nucleic
~acids, nucieotides and phosphoprOteins. In addition to the oreakdown of
these compounds, hydrolases elso participate in condensation feactions,
in. Wthh ester 11nkages are syntheS1 ed, bThey are alsc involved in trans-
phosphorylation and transesterification reections. Hydrolases are gener-
"elly involved in breakdown and restructuring reactions essential for the
recycling of metabolites in.metabolically active cells;

Photosynthesis_in plants'has two ma jor fnnotions. The photo-s&stem,'b
, comprisingdof aenumber of cytochromes'andvphotosynthetic_pigments; is inv-
- olved in the conversion of light energy.to chemical-energy by the forma—
tion of high energy phosphates; The other major contribution_of photo%
'synthesis.and chloroplasts to the-oell is the'production of basic carbon -
skeletons fron gaseous caroon dioxide. This reaction is dependent on pyr-
idine nucleotides and~the Caivin cycle enzymes. The flrut enzymatlc sequ—
ence of carbon dioxide flxatlon is- controlled by rlbulose 1 5-d1phosphate
A carboxylase.- | | ; |

,Respiration onnthe,other;hand'oan be viewed as;oon@etingqnith oelluf';
lar biosynthesis fof'carbonxoompounds prodnced byaphotosjntnesisoq Two B
distinct types of resplratlon are now: recognlzed mltochondrlal or dark
vresplratlon and photore3p1rat10n. The breakdowmn of fats, carbohydrates e
~and protelns ylelds products, Whlch When fed into the Krebs cycle, can‘

be coupled to oxldatlve phosPhorylatlon with the ultlmate nroductlon of

high energy phosphates.. The.terminallchain of electron transfer is
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mediated by>the cytochromes and their associated oXidases; Mitochondrial
integrity_and'hencé respiration potential, can also be estimated from the'

activity of other enzymes anmally"associated with this'organelle; .Glut-

amate dehydrogenase and reduced pyridine nucleotide oxidase are localized

in mitQChQndria (Matsﬁmotd gi_gl.,'1971);.'Photprespiration competes more
diréctly for products of photosynthesis and invélves a reaction sequence
from glycolafe to glycine; dﬁring wﬂich hydrogen peroxide is ?roduced as
a by-prbauct; Reactions of photorespiration take place ﬁifhin microbodiés
(seevliterature review). Catélase, a major enzyme constitueﬁt éf'micro-
bbdies;is;involved in the détoxificétion of hydrogen peroxide;” The twéxi
ma jor patﬁways of éarbohydrate'metabolism, in: the cell, are the hexos-
phosphate pathway and the pentose ﬁheébhate pathWay; Two major enzymes
in théSe pathways are phosphoglucoisomefaée gnd glucose—6—phos§hate.dehy-
drogenase: Alcohol dehydrogenase represents the termindl.reaétidn in>the
breakdown of carbohydrates (glyéolysié);

| Reducéd ferridoxin is formed as‘tﬁe terminal reaction of phofosystem-
electron fléw_duriﬁg phofdsynthesis; .Oxidation of ferfidoxih is.acéompf
lished through:carbonzdioxide fixation and convefsion of nitrate to ammo-
nium; Althougﬁ nitrate reduc#ase isviocated butSide.{hé chloroplast, its -
activity is indiregtlyideﬁendenf_on photosynthesis'by its direct.aSSOCia-
tion'with the chloropléét-bound nitfite reductase reéction; |

‘The rolé of pequiaases»in;cellular'metabolism is still little under-

stood. 'A measure of the activity of this enZymé dogs alléw comparisons
between tﬁe system under inﬁéstigation and the mahy reports concerning
this énﬁyme in'virus;infected tissﬁes;'
- A ma jor probiém in this sectioh was the chooSiné of suitable units

for expressing enzyme activities when comparing healthy and virus-infected

' tissues of the same chronological age. Enzyme activities for quantitative

studies are usually quoted as units of subsirate consumed or wnits of rea-

ction pfodﬁct formed per unit reaction time per unit tissue fresh weight,
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dry Weighf, total soluble protein cohtént.or carﬁohydraﬁe content; Tracey
(1948) has shown that tobacco mosaic virus infeotion affected both fresh-
énd dry weights of tobacco plants. Total soluble brotein and carbohydﬁate
~ content have also Been shdwn to be affected by virus infection:v In this
éection it was decided to express all enzyme activities on a uhit'tissue
_ fieSh weighf baéis, bearing'in ﬁind that this paraméter is affeéfed by inf-
ection, particularly in very young'tissues. R |
For Quaﬁtitafive‘work{ enzyme agtivities should obviously be expres-

sed in terms of substrate or reécticn product.cohvefsion: Héwevef, rela-
five éctivities.rathér th;ﬁ absolute activities are-morg_usefuily reported
here, as the most meaningful iﬁterpretafions'concern con@ariséns befweeﬁ.
tissues of the same‘age;. Expressing activities as absorption per unit
fresh weight of leaf tissue is adequate er relative coﬁparisohs.

- For those enzymgs'separated and assayéd for in aCrylamide'gels, a
. measure of'relative activity of &arious isoenzymes has beeﬁ estimatedvby
rating the'COIOur inténsity, producedviﬁ the'enZymevassay,_oﬁ a scale befu
weeh zZexro and'fiye where five represents bgnds Witﬁ highest.c§1oui devel-
- opment. Although inadequate,fpr quantitative assays, a reasdnable esti-
mate éf-relativé enzyme éctivity, within tissues of the same age, can be

made;
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MATERTIALS & METHODS

ﬁiyCrude‘Leaf-TiSSﬁé¥Ehzyﬁes Prepératiqh'“
A méjbrip£ob1éﬁfwith ciudé ibbaocﬁlleaf'tissue enzyme preparations
was the inactivating action of phenolics on enzyﬁes dqring the conéentra~
tioﬁ of ext:acts; This probleﬁ was_partly_overcbﬁe by'incorporatihg spe-
cific ghenolics inhibitors in the ex{racting buffer; Most phenolicsvwere'
removed during the'céurse of acetone preéipitation of proteins.  Although
ace%one is uéeful in concentrating and removing.phenolics frém érude ext~
racts, its uée is limited to those enzymes whose actiﬁities:aré little
' éffected by'acetoné dehydrationf  Adid hjdroléses and enzymes of carbb-
hydréte metabolism ﬁere concenfrated fﬁom crude exirécts by acetone prec- -
ipifation:' Fdr the other enzymes assayed for, concentration was achieved
' by'dialysis.>

Compd;isons between healthy and iﬁféCted;ieaf tissues were made on
a similar égé basis;v Leaves éf the éame age were harvested aqcording to
‘their position from the apex of the plant. The firs+ visible leaf? usu- . .
ally O, 5 to 1 O cm long, was des1gnated as leaf p031t10n 1 The_first
fully expanded 1eaf, or mature leaf, usually Qccurred ay‘léa% positions
10 to 12; Senesdiﬁg tissues éorrespondéd to leaves on'uninfécted plants
fhat showed signs-'of chlorosis. For comparisons of tissues withithhg
1éaf mosai¢, islénds.of tiséue were‘dissected out using a séaipel.
| (a) Purlflcatlon and concentration by'acetone

Leaf tlssue, (O 5 gm fresh. welght), less mldrlbs and larger velns, |
was ground with a mortar and pestle, to a ‘slurry with 2 ml of extrac— '
ting buffer. The buffer used was a tris%citrate buffer, pH 8;7; ContaihQU-
" ing 0.1 mM 2-n_iefcaptoeﬂ~,an91 (2-ME) and 0.1 mM sodium diethyl- |
difhiocérbamate (DIECA) (foi Buffer ﬂomp051t1on see Appendly 10) Extrac-

ting buffer was stored at 4°c priof to being u~ed. Two volumas of ch11~

led acetone (- 15 C) were added to the freshly ground leaf tlSSUb slurry
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and the_extracts'Were‘étore&‘in polythene dehtrifuge.ﬁubes,'hela in cru—i-
shed ice, till centrifuging. :ACetone—iﬁsolﬁblé-protein'was recovered by
centrifuging at SOOOfé for 10-15 minufes at.OOC". A1l Centrifugétions

were perfo*med in an "MSE High Speed 18" refrlgerated centrlfuge. The
protein pelle - was redlssolved in 1 ml of extractlrg buffer by szandlng
at 49C for»at least 2 hours.' For some experiments 1 percent Triton X~1OO
~was included in the éxfractingAbuffer to ensure cémpleté disrupiion of
lysosomes andvother cellu;ar organelles; However, extracting in ﬂon-

iéotonic solutions was in itself satisfactory for disrupting}membrane— )
bound'brganelies; . Resuspended extracts were centrifuged'at 25,000 g for

20 minutes at 0% to rempvé,undissolved'residues; Final concentration of -

extracts was achieved by a further acetone'@recipitation_(Z volumes of

chilled acetone), centrifugation at 5,000 g for 15 minutes at 0°C and

resuspénsion of the ‘pellet ih.OfOS ml of extracting buffer.
(b).PurifiCationvand concentration by dialysis

Dissected leaf tissue Wasvground with 5 ml of extracting buffer (as
used in tﬂe frcvious}method) to a slurry and stored in.centrifuge'tubes
held in crushed ice, fill centrifuging; ’Extracté.weré clarified by cent~
rlfuglng for 30 mlnutes at 38,000 g at O C Supernatants were loaded'-
into a Minicon-B Concentrator dialysis auparatus (5 ml capa01ty per well,
15,000 MW cut-off, 0,05 ml final volume, manufactured by Ami_gon
quporafién) and allowed to concentrate overnight at OOC; .Final volumes
Were adjustéd_to 0.2 mlAwith'extracting buffer prior to rembval from thg
dialysis apparatus. | | .

2:iAcrylamide'Gél Electrophoresié

The power unit (Plate 13) delivered either consfant current or const-
ént voltage (0-50 mA, 0-300 V;_respectively): The electfode vessel appa-
ratus (Piate 13)'was constructed of perspex-and the cathode and'anode,'
compértmenté eaéh cbntained platinum electrodes. The'general technique
used was that essentlally reported by'Raymond and We intraub (1959) for

‘ horlzontal—slab electrophore81s u31ng a dlscontlnuous buffer system as



Plate 13

Electrophoresis power unit on the left, with either constant
current or comstant voltage control. Eﬂevtrophoresi tank uwnit on the

‘right, constructed from perspex and partitioned into two buffer compart-
ments, each with a platinum. elec+rode.

(Magnification X /5)

Plate 14

Gel mould constructed (above) and dlsassembled (below) Plate with '
well formers constructed of perspet and other components of glass.

(wagnification X! /5)
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reported bnyfnstein (1964). 'The ﬁoula'used_to construct gels (Plate 14)
was méde up_éf glass and pérspex conponents. The éssenbled moula was held
\%ogether With adhesivé tape, along thﬁee edges; 1§aving_the tﬁp of>the
mould open,- Wéil_formers ({.5 mm wide, 4.0 mm long and 2.5'mm déep) were
aligned 15 mm from the fop edge of the perspex plate. The final gei dim—'
ensiohs were T2 mm wide, 80 mm long and 3.5 mm.{hick._ Cels weréﬂremoVed:;-
from'their>mou1ds by removing the adhesive tapes and dissassembliné the
moulds. Gels.ﬁere sﬁppoftgd on a glass siab during electrophoresis.
Clear‘abrylémide gelsvwere preparéd from the basic chemicél constit-
uents of acrylamide, NN-methylene'biséqrylamide, FHLNQN"—tetramethyl éthyf
lene diamine and ammonium persﬁlphate, dissolved intoﬂgel buffer.(see
Appendix 10).. For the_proportiéns of the above constituenté‘to construct
7.5, 8.0 énd 10 percent acrylamide gels see Appendix. 11, " Gel components
were made up in tris-~citrate buffer (see Appendix 10); The first threé
'constituénts can be mixed without pdly’merizafion’occﬁrring° “Prior to
pouring'thé unpolymerized gel into a mould, émmonium persulphate cfystals,
‘were added and stirred %o disSolve,‘.Gels polymerized in 10-15 minutes,
‘depending on 1abbfatory_temperatureé.
| For electrophoresis of crude enzyme preparations, polymérized gels
 were removed from their moulds and placed on a flat glass plate in the
electrode or tank vessel, With the gei wells-nearéét the cathodé éompart—
'ment. Thebeleétrode'compértmenté of the tank.ﬁessei were supplied with
fresh tank buffer (see Appendix 10); Contact between the electrode com§¥
- artments and'fhe gel was establishéd {hrough'tank-ﬁufféi;séturaﬁed.muSlin
wicks,.dipping,iﬁfo each compartment and buttiﬁg to,fhe leading and taiif
ing edges of thé'gel._-It waS’important'that no air bubbles were presenf 
along the ZOne'qucpntaétibetween wick and gel. Gel wells were filledn
_With gel buffer with the aid Qf a finély drawﬁ Quf micrq?ipeﬁte to avoid
surface.spread.qf_the buffer. Gels were pre-electrophoresed ﬁntil'the

tank buffer had reached the gel wells (usually about 10,minutes).' Wells
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to which érude eﬁzyme extracts were to be added were blotted dry with fine
strips of filter paper and extracts 1oaded as.aesciibed previously. At
1east one well for:each gel was filled with abdiluts'solutioh of broms-

- thymol blue in gei-buffer. This dye acted asba.marker dye for the bound-
tafy betwsen»tank and gel buffer:in the gel and thus served to indicate>the
buifer front. from Whiph Rf-values Weie calculatsd;- For both pre-
electrophoresis and sample electfophoresis a constant curreﬁt of 15 mA
was used for s;single gelt This cqinsiaed with a startihg voltage of 60.

- If twovgels wefe run simultaneously the 6C volt starting voltage wss aéhi-
E eved by a current setting of 25 mA, - A run was concluded when the)tracker_
dyé had moved about 5.0 em from the wells. Prior to specific enzyme loca~-
lization, gels Were,uSuélly sliced horizontally into twd or three'fhin
glabs. This allowed for at least three different enzyme deferminations
per gel rwm. The apparatus.used for gel slicing was a Gradipore ge1 s1i—'

cer, model 342.000/4.'

. 3.'Assavs for Enzymes Separated by Elecfrgphoresis

| Ali tissue extrasfs were preparéd by the.séetpné precipitatibﬁ
_methdd.' | | |

(2) Acid phosphatsse
Gel siices were washed for 10 minutes in 0.1 M acefaté buffer,_pH

5.2, Slices were tban incubatedvin-a.solutioh5of 100 pﬂs 0.1.Mrscetate'
buffer,»pr5;2vcohtaining 20 mg- L-naphthol acid phosphafe_(potassium
salt), 20 mg magnésium_chloridé and 50 mg naphthanyl Diazo Blue B, Gels
: were stained for>a minimum of 60 ﬁinutes at ZSOC;- Areas of phosphatases .
activity'appearsd as red-purple bands. The distaﬁce of each band from
the origin was reéorded together with an intensify rating for each band.
Intensities fmm‘#ery faint (rating of 0.,25) to the maximum'stainiﬁg_int-
v ensity,(rating of 5.0) Werejrécorded fsr_esch gel. A1l compaﬁisons were
run in the snevésl.v Valués of Rf for each band were détérmihed'from the

-.raiio'of distance of migration of a particularvband to the distance of



81.

the tracker dye from the well.’
(b) Ribonuclease (RNAase)
The ﬁethod used was esséntialiy that repofted by Randles (1968),
For RNAase localization in gels, 10 perceﬁt acrylamide gels were made up
containing 0.3 mg per ml of high molecular weight, wheat germ ribosoﬁal
RNA. Following-electrophoreSié, gel slicés wefe washed in 0.1 .M éodium
acetate buffer, pH 5,4, for 15 minutes. Strips were then.iﬁcubated in
‘buffer for 2-3% hours at 3700. Gels were stained in a solutioﬁ of 0;02
percent Toluidine Blue‘for'30 ﬁinutes and destained overnight; in ﬁater.
Zones of RNAasevactiviiy appeared as clear bands against a blue—staining'
background. Bands were recorded by their Rf values and staining
intensities. |
(¢) A-Amylase
» Acrylamiaevgels‘were prepared containing 0;2 percent soluble starch.
Gel siiceSgwere washed in 0,05 M phosphate buffer, pH 6.4 fér 15.minuteé.'
Slices weré then inéubated for 30-60 minutes, in fresh buffer»solution,
at 28°C, Following incubatién, the buffer was ﬁeplaced by a solutiop con-
taining 0.005 percent iodine aﬁd 1.5 perceh£ potassiu@ iodide”(w/;) and
kéllowed to stéin until the backgfouhd colour of the gel was blue-black.
Areas éf AL ~amylase activity abpearea aé'elear zones against.the.dark'back_
" ground. Bands were recqraedvby-theii Rf values and intensity ratings.
(d) Esterase |
- . Gels were washed for 15 minutes in 0,05 M phosphate_buffer; pH 6;4
then iﬁcubated for 15 minufes'in é_Oaf perceht solution of olfngphthol
. aceétate in phosphate buffef.b This.solution.was prepared by dissolving
5 mg o-naphthol acetate in 0.25 ml acetone, then adding dropwise, with
' 'cohstant7stirring, to 25 ml-of'water. The final volume was made up to
50 ml with the phosphaté‘buffer; 'FolloWing iﬁcubation (2800) gels were
trénsferred to a2 staining solution of naﬁhthanyl'DiazovBlue B (50 mg in

50 ml distilled water) for 10-20 minutes. Zones of esterase activity
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appeared as red .to purple bands., Bands were recorded by'their Rf values

-and intensity’ratings.

(e) Leu01ne amino peptidase
Gels were washed for 15 minutes in 0.1 M sodium acetate buffer, pH
5.2,; Slices were then incubated for 60 minutes, at 37 C, in a SOlution
of 1-1eucy1-'/3 -napnthylanﬁde (40 mg in 100 ml of buffer). The substrate

was then replaced with fresh medium containing 50 mg per 100 ml of Black-

K-Salt (Kbch Light) and gels incubated for a fuither 60 minutes at )7 C

Zones of enzyme activity appeared as purplish bands,-which were recorded

by their RE values and intensity ratings.

(f) Perox1dase i

Gels were washed for 15 minutes in Citrate—uhosphate buffer, pH 4. 4._
Slices were_then incubated, for 15 minutes at room tenperature,<1n_a so1~
ution of 1'percent hjdrogenlperoxide and 0"06 percentiguiacol in.citrate-

phosphate buffer. When preparing the incubation medium, guiacol was first

dissolved 1n a minimum volume of alcohol thea added drop wise, with- VJg—

>Orous swirling, to the buffer. Zones of peroxidase activity appeared as

- ‘blue bands, which were recorded by their Rf values and intensity ratings."

(g) Catalase

R ] Acrylamide'gels,were prepared confainingv0;2 percent_solublerstarch.
Following electrophoresis, gels were washed for 15 minutes in citratee
phosphate buffer, pH 4. 4. Catalase was localiaed in gel slices by incub— o
ating slices in buffer containing 1 percent hydrogen perox1de ( / of 100
volume) for 15 30 minutes then trarsferring the slices to a O 5 percent
solution'of pota381um iodide. Isoenzymes were located as clear zones
against a blue-black background of sta_ned starch Recordings oF Rf val—
ues-and band rating 1nten31t1es had to be made w1th1n 10 minutes of trans—
ferring the gel slices_to the votassium iodide solution. -Aiter'this tlme,

bands began to fade.
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4. Direct ! ssays ‘nzvmes in Crudo Tl%sue Extrdcts

(a)'PhOSPhoglucoisoneraée (adapted from a metho& réportéd by
' Buell.gi_gl;, 1958 and Nelson and Lyﬁn Wakefield,»1972);
Cfodé leaf enzyme éitract was prepared by the scetone préoipitation-
methodvfrom 1.0 gm'fresh leaf material with a final oxtract volume of »
0.1 ml; vEnzymé substrate of.46 A 2;sodium giucose—6—phosph$te,'1 ml of
0;05 M:tris buffer, pH 7.6 was incubated with 0,05 ml of crude enzyme

preparation for 45 minutes at 380C. A control consisting of 1 ml of enz-

yme substrate and 0,05 ml of distilled water was incubated along with the
v»leaf tissﬁe'extracts. _Enzyme activity wﬁs determined by measuring the
amount of fruotose-6-phosphaté formed from;the_substraie. A O;1omlva1i~
vquot of incubate was miiod with 1 ml of fresh reageﬁircomprising 40 vol~
umes of 20 N Sﬁlphhiic.acid and 1_Voiume of glacial acetic acid contain-
ing 0;4'péfcent fesorciool ana 1 percent thiourea. After heating in a
water7bath at 6600 for 20 minuiés,'solutions were cooled and diluted to_,o
5 mlk withiﬁater. 'FructOse-6—phosPhate produvzed was deferminea as absorb-
 ance at 500 nm against a sﬁbstrate blank. .Fruotose standards (10, Te5y
5.0, 2;5; 1.0.ana 0;5 mg/ml)'were.also assayed for in the above-.colour
“developing reaction aod-g fructoSo concentrétioniagainst absoroance s{an-;
défd curve constructed. |
(b) Glucose—6-phosphate dehydrogenaoe (after the method of
Schnarrenberger et al. (1972) |

- Crude 1eaf extract was prepared by the acetone pre01p1tat10n me thod
from 1 .0 gm fresh weight of leaf" nnterlal w1th a flnal extract volume of
1.0 ml. - The substrate medium composition, in 0,05 M tris bqffer,opH 8.8,
'was_ao follows: | | | |
Te5 mM wrf magnesium chloride
250‘pMiwrt NAD

2 mM wrt glucose—6-phosphate (sodlum salt)

Engyme. activity was.followed spectrophotometrlcallyb1n'd Hitachi UV
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Spectrophotometer. Three:mi of assay'miXture-were‘pipetted.intova gquartz
curvette and the.percentage transmittance at 340 nm adjusted to read 100.
The reaction was started hy adding O;S'ml Of crude 1eaf extract'to the .
curvette, etirring for 1 minute then following- the change_in absbrbanoe.
by taking readings at 1 minute intervals for 5 minutes. Leaf tissue extr-

 acts awaiting assay were stored in crushed ice containers. Ideally, the
v percentage transmittance at time-zerovehould be,hetween 40 and 50,

: (c) Alcohol dehydrogenase o
Leaf enzyme extracts were prepared as for glucose-6-phosphate.dehydro-
genase determination. Enzyme activity was followed spectrophotometrically
at 340 nm wavelength eettlng. The assay mlxturebln 0.05 M tris buffer,
pH,7.6 was as follows: | | |
© Fthamol - 0,002 ml per 1 ml buffer
NAD - .5 uboles per-1'ml buffer
‘magnesium chloride - 1 plole per 1 ml buffer
'Three mlllll1tles of assay mlxture were pi petted.lrto a quartz curvette
and percentage transmittance adgusted to read_100. The reactlon wa.s
- -started by adding 0.5 ml of crude leaf extract and thoroughly etirring
:for‘1 minute; Absorbance readings were taken:at'J minute intervals'for
5 nﬁnntes. | | )
(d) Cytochronﬁ-c ox1dase (essentlally'after the method of
Ma.tsumoto et al., 1971)

: Crude enzyme extract was prepared from leaf homogenates by the dlal-
ysis concentration method. One gram fresh weight of starting materlal '
was rednoed to_a final volume of O;é ml; Enzyme activity_wasufollowed
spectrophotometrically.by the oxidation of.reduced oytochromerC; Reduced :
cytochrome-C was prepared by the method»of Horie and Nbrrison (1963). To
| prépare 10 m of 1% 1 o4 M reduced cytoolfmome-C', 5mlof alx 1074 m k

solution of cytochromeQC wasvtreated'mith S.O'mg of.solid sodium dithion-

‘ ite; The reduced thochrome42 was then passed through a colum, 2 cm in
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diameter andb4 cm high-centaininé.Dowex 1 resiﬂ»in tha acetate’ferm, and
ﬁashed throﬁgh’the'resin-with distilled Water. This treatmeﬁt’reﬁoveda
excess @ithionite and products of dithionite oxidationJ  The final solu-
tion of eytocﬁromeﬁf.eontained-acetate ioﬁe ana haA’a ﬁH of about 5;7;
_ The aseay mixture, .at a fjnai velwne of 3 ml in ai-curvette was as follows'v:
1.5 ml 0.1 M potassium phosphate buffer, PH 7.0,
1.5 mi-1'x.10-4 M reduced cytochrome-C
. Prior to addition of enzyme,. ferCentage;transmittan9e>at”550.hm-was adju- '
eS£ed to read 30; The reaction waSZStarted by adding O:OS'ml ef crﬁde leaf
enzyme aﬁa thoroughly miking_fer 30 seeonds; Spectrophotometer readings
were,thanitaken at 30 second intervals for up to.5 minutes;

.-(e) Glutamate dehydrogenase and.NADH oxidase (after the method

of Natsumoto.gi_al;, 1971)

Crude leaf enzyme extraets Qere prepared frem 1.0 gm fresh weight of'
1eaf-material by the dialysis concentration methed; Final extract volu-
ﬁes were'O;Q ml.. Enzyme reactions were followed by absorbance changes a{
340 nﬁ wavelength;i Transmlttance was adJusted to read 100 percent for
3 ml of assay mlxture. Crude enzyme was added w1th thorough stirring for
one minute to allow for ten@eratu:e equilibrafion; Spectrobhotometer
rieadings were faken'at 30 second infervals fof pefiods of up to 5 minutee.

" The assay solution for glutamate dehydrogenase was conmosed of the follow—
1ng, in 10 ml of 0, 05 M trls-HCl-buffer, pH 7 6
5 mg aL-ketoglutarlc acid

0.5 mg NADH.

53:5 mg_'ammonium'chleride_
The reactign'ﬁas started by adding 0.05 ml of crﬁde_leaf enzyme. The
'v-assay;solutiOn for NADH oxidase.was made tb_as folloWs;.
O;Baml df O:T.M:phdsphate buffer, pH‘7;2:
0.2 ml of 1 nM. NADH
0;5 ml of 1.2;M sucrose

1.8 ml of distilled water



- The reaction was stafted by'adding 0.1 ﬁl ef.erude leaf enzyme;
(F) Ribulose 1 5 dlphOSphate carboxylase (assay method after -
A Chen, McMahon and Borgorad 1967,

Crude leaf enzyme was prepared from 1 0 gm fresh welght of leaf mat-
erial by the dialysis concentrat;on method. The flnalrextract volume was
adjusted to,OQé ml;. EBnzyme reactions were carried out in 2 ml élass vials
with thevfollowing assay solution.composition per fO ml of 0:05 M tris;Hcl
buffer, pH 7.6€: |

© 0.00391 gn Ribulose diphosphate

0.0024 gm Sodium EDTA

0.046 gm Glutathioﬁe |

v0;051 gm NhgneSium_ehloride (6H20) 
To'OQQle'of assay solutionﬁwes,ad@ed 0,05 ml of crude leaf eniyme;- The
feaction was started by'adding-0;2 ml of 14C-sodium bicarbonate (10C P8
per ml, specific activity of 10 )JCi.per m)., After a 5.0 minute _incube- |
tion at.28bC, thelreactioﬁ was Stoéped and'unreacied bicarbonate removed
by adding 0;2 ml of 5 N hydrochloric acid per Vial: AThe residual radiq
activity iﬁ each vial was counted in a Uniluxvliquid scintillation coun-
ter by fransferring 0:1 ml of reaction product to TO m; of,DIOTOL-iiQuid
‘scintillation fluid; Vials with scintillator were left in the counter |
>overnight to eliminate light-stimulated emissions. Samples-were counted
for 1 minute and enzyme act1v1ty expressed as counts per minute, follow-
1ng a correction for a zero blank The zero blank was made up of assay
solution with distilled water replacing crude‘leaf enzyme extract. The
‘composition of DIOTOL 1iéuid,scihtiilat0r tsed, was es follows:

500 ml Toluene |

500 ml Dioxane

300 ml Methanol -

104 gm Naphthalene,
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6.5 gn PPO (2,5-diphenyloxazole)

130 gm {(POPOP) 1,4~di(2—(5-phenyloxazolyl))-benzehe

5; Enzymes'Asséved In Situ
(a) Nitrate reduciaee (after the method of Rendail,'1969)_

. Tissue disce Were-removed from tobacco leaves of a specific aée-by.
punchihg out 10>discs ﬁith a cork bbrer, 4 mm inside diameter. The ten
discs were weighed and their-fresh weight recorded. The discs were infil-
trated.w;th nitrate substrafe by transferring 10>di$ee te five millilitres
of'nitrafe substrate (6;1 M potassium nifrate in 0.05 N[phesphate Euffei,

' pH’YJQ)-ahd for;ing and releasing a vacuum 4-5 times. Tubes,containiﬁg
discs and subetraée.were stoppered and incubated»in the dark at 2890 for
60 minutes. Nitrite releaeed was measured by adding to eech fube the_fol-
lowing reagents: _ | |

'(i).2:5 ml 1 percent sulphanilaﬁide (W/v) in 25 percent hydro-

o chloric acid .

(11) 2 5 ml O, ,02 percent N—(1—napkthjl)~ethylene dlamlne 2HC1
The colour produced was measured in a spectlophotometer set at 550 nm.,

'Enzyme activity was expressed as.anles‘Nitrite/gm fresh'weight of
leaf tissue/hour and was estimated by the fellowing equations

ppm Nitrite xv217;4-  f ' 60

fresh Welght tissue (gm) R Incubation timef(minsi)
Where ppm Nltrlte Absorbance 550 nm x O, 82 (0 82 was the sloPe of a
plot of nitrite concentratlon agalnst absorbance 550 nm).

6 Chloronhvll Determlnatlons

Leaf chlorophylls were extracted froﬁ 10.dlSCS, each 4 mm dlaneteL,'
punched'from leaves of various ages. Discs were weighed and exiracted in
-5 ml of absolute ethanol overnight at 400: Extrects were scanned in a
Unicam SP.BOC Ultraviolet Spectrophotometer'between wavelengths‘850-nm

and 450Vnm.' Chlorophylls "a" and "b" were determined from the recorded .
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traces and expressed as_absorption per gfam fresh weight of leaf tissue.
Chlorophyli "g" was measured from its peak of absorption at 660 nm and

chlorophyll nbﬁ.from.its péak af‘430‘nm°



89.

- RESULTS

ﬁ, Effeet”of Virus Infeetion oh‘Ehzymes'ofithe Respiratory Chain’

and Nhtochondrla

(a) Cytochrome43 oridase
Erlzyme e,ctivitiee for the COnlparisone healthy vereus infeo‘ted light

green and dark green island tiseues are presented graphreally in Figures
T, 8, 9 and 10:‘ From immature tissue cOmparisens (Figures‘7 and.8) the
.greatest enzyme act1V1ty was aseocrated with tlssue extracts from wnin-
fected plerts. Act1v1t1es in 1nfected-derk greer-reland-tlssuesuwere 1ess

compared with healthy tissues of the same chronologlcal age but greater
than the activities in llght green island tissues from the same lcaf
As»leaves matured, enzyme activities in infeeted light green island tissues
exceeded the activities in comparably aged healthy tissues (Pigures 9, 10).

A profile for enzyme reaction rates yersus 1eaf tissue age. (leaf pos-

ition from the stem apex) was constructed using reaction rates derived
from the siope-of individual enzymevactivity profiles (Figures T, 8, 9
and 10) for the comparisens healthy versus infected light green and dark
igreen 1sland tissues (see Figure 11). In winfected tobacco ieaves; cyto—
chrome-C ox1dase act1v1ty reaches a peak Just prlor to mauurlty or full
lleaf expan51on and thereafter declines rapldly with the onset of senes-
cence; Reection rates.ih extracts~of ipfected dark green island tissues,
more closely the proflle of healthy tlssue extracts._ The sharp rise in

enzyme act1v1ty as healthy leaves approach maturlty may be analogous to.
the cllmacterlc rise in resplratron rates of’ many frults as they. approach
maturlty. 'No sharp rise in enzyme act1v1uy occurred in infected, llghu
green island tlssues. Reactlon rates in light green island tissues rem-
ained falrly constant in extracts fronnover-mature leaves (1eave° that had
reaehed full expansion;size)'and displayed nd decline as was typical for

- over-mature uninfected leaves.,
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'_Figure T
Cytochrome-C oxidase activity (Abs. 550 nm/gm fresh weight of leaf

tissue) versus reaction time for young leaf tissue extracts (leaf
position 6 from the stem apex). For points plotted see Appendix 12.

(O———o0) - Healthy tissﬁe»

(O~----0) - Light green island tissue

Figure 8

Cytochrome-C oxidase activity (Abs. 550 nm/gm fresh weight of leaf
tissve) versus reaction time (minutes) for immature leaf tissue. extracts

(leaf position 9 from the stem apex). SE of points plotted = 0.028.
(See Appendix 13) : :

(0————0) - Healthy tissus
- (o---- —D) - Light g'reen island tissue

(v —- ) = Dark grve’en island tissue
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Flgure 9

o Cytor*lrn:ome-b oxidzse activity (Abs. 550 nm/gm fresh welght of 1euf .
tlssue) versus reaction time (minutes) for mature leaf tissue extracts

leaf position 10 from the otem apex). SE for points plotted = 0,0128
see Appendlx 14), ) :

(0—0) - Hea.lthy tissue
) - Light green island tissue

(a—- ——«A) - Dark green island tissue-

Figure 10

Cc ochfome—C oxidase activity (4bs . 550 nm/gm fresh weight.of leaf
tissue) versus reaction time (minutes) for senescing leaf tissue extracts.

(leaf position 11, 12 from the stem apex) SE for points plotted = 0.0317 -
(see Appendix 15). _ ' ' '

(O————0) - Healthy tissues

(o------0) - Light green island tissues
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Figure 11
Rela.tlon betweén cytochrome-C oxidase reaction rate (chantre in
Abs. 550 nm/minute/gm fresh weight .of leaf tlssue) and leaf tissue age
(leaf position from the stem apex). .
(O————O) - Healthy tissues
(0------0) - Light green island tissues

(A—-—-—A) - Dark green island tissues
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(b) NADH oxidase

Enzyme agfivity in immature (leaf position 6 from the stem,apéi).and
mature leaves (leaf posifion 10 ffom the sfem apex) was reduced‘with firus
iﬁfection; The activity of NADH oxidase wﬁs less in both light green and
dark sreen island tiésues from infected leaves coﬁpéred'with~similar1y
aged Eéaithy leaves (Figurés 12 éﬁd_13); In over-mature leaf tissues,
howeve?,‘enzymé activity was greater in light greén'islanq tissué conpared
- with legf_@iSSﬁe'of the same chronologioal_age from healthy plants (Figure
14). Enz;ymé activities in light green and dark green is-l-ea,nd bissues of
mature infected leaves were similar;

"Reaction rafes, as estimated from the slope of individudl enzyme rea-
“ction curves (Figures'JZ, 13% and,14), for each-comparis&n.are presented
in Figure 15. Enzyme activities in uninfected leaf tissues declined rap-
idiy;once'léaves reachea maturity.‘ No fall in activity Was measured for
infected:over—matﬁre,1ight greenbisland tissue. |

'(c) Glutamate dehydrogerase B

The ratio of énzyme acﬁivity in light greén isiand fiééues to activ—"
- 1ty in 31m11ar1y aged leaves from unlnfected plants varied with chronol-
'oglcal age-o10 tho leaves° Enzyme act1V1ty was less in young, 1nfected
light green island tissues than Ain healthy leaf tissue of the same age
. V(Figure 16). However, fpr irmature, mature and over-mature comparisons,
vactivity waé'greater in infected, 1ight greéﬁ,island leaf tissue (Figuxes
17; 18 aﬁd 19). ﬁnzyme activity in dark’gréeh islands from immature and
ﬁaﬁure infected leaves was less corpared with light green island tissues
from.the same ieaves énd,siﬁilar to activities in healthy leaves of a
.comparable agéi(Figﬁres.i7 and 18);

'Reaction rates, constructed from.the élopes of individual enzyme 3
reaction.graphs (Figures 16, 17, 18 and 19), for healthy and.v;rﬁs-
infected»tissué compérisohé, varied wifh leaf tissue age (Eigufe'20).

o Enzymé activity in healthy 1eafvtissues'increased as leaves matured but



Figure 12 - -
' NATH oxidase activity (Abs. 340 nm/gm fresh weight of leaf tissue) .
versus reaction time (minutes) for young leaf tissve extracts. (leaf
position 6 from the stem apex). For actual values of points plotted sece
Appendix 16. ' o :
(O————0) - Healthy tissues

: (D— - ——— —Q) - Light green island tiS'sues_

Figure 13

NADH oxidase activity (Abs. 340 nm/gm fresh weight of leaf tissue)
. versus reaction time. (minutes) for immature leaf tissue extracts (leaf

position 9 from the stem apex). For actual values of points plotted see .
 Appendix 16. ' : o

(0“———0).'- Healthy tissues

(O0--- - -+ 0) - Light green island tissues

(A— -—+«—A) - Dark green island tissues
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Figure.14.

NADH oxidase activity (Abs. 340 nm/gm fresh weight of leaf tissue)
versus reaction time (minutes) for mature-senescent leaf tissue extracts
(leaf position 11 from the stem apex). For actual values of points
- plotted see Appendix 16. o L

) (o—————o) - Héalthy tissues -

(O------0) - Light green island tissues
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Figure-15

Relation between NADH reaction rate (change Abs. 340 nm/minute/gm
fresh weight of leaf tissue) and leaf tissue age (leaf position from
- the stem apex). - : : '

(C*“—;—*13) - Healthy tissue
(@----- O) - Light green island tissue

(a) - Dark green island tissue
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- Figure 16

- Glutamate dehydrogenase activity (Abs. 340 nm/gm fresh weight of

leaf tissue) versus reaction time (minutes) for young leaf tissuve extracts.

(leaf position 6 from the stem apex) For values of plotted po:nts see
Appendlx ‘17.

(O————O) - Healthy tlssues

(D——-—-—-Cl) - Light green island tissue

Figure 17 | | |
 Glutamate dehydrogenase activity (Abs. 340 nm/gm ‘freeh"‘welgh't of -
leaf tissue) versus reaction time (minutes) for immature leaf tissue

extracts (leaf position. 9 from the stem a.pex) SE of pomts plotted
-0 053 (see Appendlx 18) .

(O————O) - Healthy tlssue
(C}-- --- -Cl) - nght green 1sland tlssue '

(A— - 4— A) - Dark green 1sland tlssue .
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Figure 18

Glutamate dehydrogenase activity (Abs. 340 nm/gm fresh vn,lgh’c of:
leaf tissue) versus reaction time’ (mlnutes) for mature leaf tissue extracts

(1eaf position 10 from bhe stem apex) SE of points plotted = 0,076
(see Appendix 19) : ’

(O————0) - Healthy tissue

(O-=-----0) - Light green island tissue

Figure' 19

Glutamate dehydrogenase activity (Abs. 340 nm/gm fresh weight of
leaf %issue) versus reaction time (minutes) for senescent leaf tissue
extracts (leaf positions 11, 12 from the stem anex) For value of
pom‘bs plotted see Appendix 17)

(o——0) - 'Healthy tissues

(0------0) - Light green island tissues
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Figure 20
v Relation between glutamate. dehydrogenase reaction rate (change in
"Abs. 340 nm/m_nute/gm fresh weight of leaf tlssue) and leaf tissue age
‘(leaf position from the stem apex) o '
(O——————O) - Healthy tissue
(0-----0) - Light green island tissue

(a) - Dark green island tissue ‘
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declined in o?er-nntufe leaves.v In liéht green island tissues from Virus;
infected leaves, reaction rates inoredsed sharply as leaves matured aﬁd
remainea consfant in over-mature'leaves. |

The xelatlonslwp between virus- 1nfected 1light green island 1eaf tis~
esue aﬁd leaf tissué from wninfected tobacco plants was similar fof all
miteehondrial enzymes studied. Enzyme activities were less in young inf-.
ected leaves than in young healthy leaves but were greater in mature,
i 1nfected 1eeves than in matu_e healthy leaves. Whlle thP act1v1t1es of
all enzymes declined in over-mature healthy leaves, activities remained
consfant'invleaves of a similar chronological age, from virus-infected
. plants.

2, Effect. of Infection on Enzymes Associated with Carbohydrate

Metabolism
(5) Phosphoglﬁcoisomerase-

Reaction.rates for the Embdenfﬂbyerhef—Parnas pathway enzyme; phoépho-'
glucoisomefase?.aé presented in Figuré'21, ﬁere recorded as mgm equival=-
.enﬁs of fructose-pﬁoduced during a 45 minute incubation period. AbsorB—
ance>500-nm data for the_comparieons healthy versﬁs infected light green
and dark green islahd'tiesues was convertédvfo fruetdse equivelents using
a standard curve of. fructose conceﬁtration.plottedxagainst abserbance-
500 nm (see Appendix Zl).

Withinveach tissue-age comparison; enzyme activity'was similar for
'healthy and infected llght green and dark green island leaf tlsbue. Enz~
yme act1v1t1es were compared in yovng tissues (leaf. p031t10n 4 from the
stem apex) and mature leaves (leaf position 8 from the stemfapex), . Enz-
yme activity, expressed on a tlssue fresh weight basis, increased with_
_leaf age but decllned in over-mature tissue. .

(b) Glucose- 6-phosphatp dehydrogenase (G 6—PDH)
Enzyme act1v1t1es for individual treatments are presented in Figures

22 and 23 and summarized as reaction rates in Figurel24. Enzyme act1v1ty
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-Figure 21

Phosphdglucoisomerase reaction fate (mgm Equivalents of fructose
produced in 45 minutes reaction time/gm fresh weight of leaf tissue) for

extracts of leaf tissues of different ages (leaf position = from stenm
apex).

- SE of points plotted = 0.418 (see Appendix_20).

Healthy tissue

E:

Light green island tissue

ﬂ\?.ﬁ
N . o
S&g Dark green 1slapd tissue
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i Figure 22

. Glucose-6-phosphate dehydrogenase<activityA(Abs; 340 nm/gm fresh
weight leaf tissue) versus reaction time (minutes) for young leaf tis-
sue extracts (leaf position 6 from the stem apex). " o

~ SE of points plotted = 0.0075'(seeprpendi$ 22);

(0———0) - Healthy tissue -
(D—;-—4~—D)*-'Light greenvislahd fissué

" (A—-——A) - Dark green island tissue

'

Figure 23

 Glucose-6-phosphate dehydrogenaseuactivity (Abs. %40 nm/gm fresh
weight leaf tissue) versus reaction time (minutes) for mature leaf tis-
sue extracts (leaf position 9 from the stem apex).-

SE of points plotted = 0.0111 (see Appendix 23).

(0————0) - Healthy tissue
(O-----1) - Light green island tissue

(&A—-—-—A) - Dark gréen island tissue
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- Figure 24

Relation between glucose-6-phosphate dehydrogenase reaction rate

(change Abs, 340 nm/minute/gm fresh weight of leaf tissuve) and iesaf tis~-
sue age (leaf position from stem apex). :

Healthy tissue

+ . . “
Light green island tissue

Dark green island tissue
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was greater in young leaf tissues froh virué«infécted plants when cbmﬁf
ared with similarly:ageé tissue from healthy plants (Figures 22 and 24).
For the.comparisén of light greeh versus dark greenAisiand tissue from
the same ieaf s enzyme aé‘t-i{rity.was.llighex' 1n dark greeﬁ isl_é,nd 'tissue.
‘Enzyme activity rélatiOnéhips between mature healthy and;virus-infected |
leaves were similar to those in young leaveé, except for the comparisoﬁ»
. light green island versus dark green island tisspes from the same leaf,
where activities were.the same (Figures 23 and 24).f»_»_.
() Alcohol dehydrégenase |

Enz_yl;xe ‘activities for thé‘ comparisons healthy versus infected iight
green and dark green island leaf tissues are presented in.Figure 25
(youné tissues at leaf position 6 from the stem apex);and Figure 26 (mat-
ure tissues at leaf poéition 9 from the stgm apex);  All activities are .
summarized as reéction rates (Figﬁre 27) from the changés of absorbance
340'nm during é 5'min.ireactionvintervall |

-_Thé effects of infection on enz&me activity depended on the age of

leaf supporting viius synthesis; For the_éomparison immaturelﬁalﬂnrvemﬂs
immature infectedvlight green'and.dark green island tissues, enzyme,éc£~
‘viVify was reduced in leaves from,infected;plaﬁts (Figurés 25 and 2%);. In .
- a comparis§n'of £iSsue types from mature tobacco 1eaves,benzyme activity
was higher in leaves from infected plants (Figures 25 and 27). For the
: comparison light green island versus da:k.green island leaf tissue;,enz~
yme acfivity in darkwgreen.islands Was,gréater,comparedzwith light green.
islands from‘the same‘lééf for both young and mature leaves fiqm infec—A_
ted plants (Figures 25, 2% and 27).

EnZymes'of_carbohydrdte.metaboiism, in éarticular thé pentdse phosf'
phate pathway enzyﬁe, giudose-é—phosphafe dehydfogenase and thé terminal
enzymebof glydollysis, alcohol dehydf§genase,*Wére more,active_in:extré—
cts of mature lea&es from virus-infeotéd plants than.similarly qged*

leaves from-healthy plahtsn Within leaves fromvvirus-infected'Plantss
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'Flgure 25
Alcohol deh,/drogenaoe activity (Abs. 340 nm/gm fresh Welght leaf
tissue) versus reaction time (minutés) for young leaf tissue extracts

(1eaf pos;tlor\ 6 from the stem apex)..

SE oi~p01nts plotted = 0.00394 (see Appendix 24).

" (O———0) - Healthy tissue
,-'(C'l———-'— ~-0) ~ Light g"ree_nisland tissue' -

(A~ — - =4) = Dark green iéla.nd tissue. -~

. Flgu.re 26

Alcohol dﬂhydrogvenase act1v1ty (Abs. 340 nm/gm fresh weight leaf .

- ‘tlssue) versus reaction time  (minutes) for mature 1eaf tlssue extracts

(1ea¢ p081t10n 9 from the stem apex). .

. SE of p01nts plotted = 0, 011 (see Appendlx 25)

(O——-—O) - Healthy tlssue
(o--= —--CI) - nght green 1sland tissue

(A—- — - —A) -~ Dark green 1sla.nd,tlssue
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Figure' 27:
" Relation between alcohol dehydroge'nas'e reaction rate ‘(change, in

Abs. 340 nm/minute/gm fresh weight of leaf material) and leaf tissue
age (leaf position from stem apex). ' : ‘

Healthy tissue

" Light green island tissue

o & Dark green island tissue
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all enzyme activities were highef in dark green island tissues eompared .
with ad301n1ng light green 1sland tlssues.

3 EEfect of Infectlon on the Photoreuolratorv Fnzvme, Catalase

Vi;usAinfection did not induce new and specific 1«oenzymes of cata-
iase (Figure 28); However, 1nfect10u did reduce the number of 1soenzymes
ofvcatalase.nordally present in irmature and mature leayes. 'For-healthy
control plants there were two isoeniymes ef catalase in immature and mat-
‘ure leayés<(1eef_poeiﬁioh~7 and 10 from the apex respecthely):> Onl& the.
“slower miérating ieoenzyme was pfesent'in_yeung and senescing leaf bis-
sues. With virﬁs infection thednumber of isbéenzymes, in immeture and. maf-’
" ure leaf extracts, was reduced to one fast-migrating band for ligﬂf green
ielands. The isoenzyme pattern fof.catalase ﬁas.similar in heaithy lea~
&eS'and dark green island<tiesﬁes from virus-inféctedeleaves; Tofal‘cata; :
laee activify fepresenting a summafion of isoeﬁzyﬁe iﬁiensitiea for each
leaf tissue type/age combination is presented in Flgule 29.. CatalaSe act-
ivity was much reduced. in light green island ulssues of all ages compared
>W1th both healthy and v1rus 1nfected dark green 1<1and tissues.- The cata-
lase act1V1ty/leaf age proflle for healthJ and dark groen 1s1and tlssues
was 31m11ar. Catalase act1v1ty in young leaves from 1nfected plants reu-
resents comblned act1v1t1es 1n light green and dark green 1slands as lea-
ves were too small for tlssue dlsseetlen._ The hlgher level of catalase in
young, infected leaves is’probably due to the contrlbutlon from dark green
islend~tissues: | | |

_4;'?erokidase

Petterns 5f individual»isoenzymes of-peroxidaee, separated and'ehar—
.acterized iﬁ acrylamide; aie preeented in Pigure 30? Tebacco plants diad
not produce a spe01flc 1aoenzyme of peroxidase 1n response to infection.
However, in both 1mmature and mature 1eaves from v1ruq-1nfected plantu,,
infection-induoed a fast, negative migrating isOanyme that was absent'

from comparably aged 1eaves from uninfected'plants but presént in young
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Figure 28

Zymogram of CatalaSe_isoenzymesvin tobacco leaf fissue ekt?acts,
separated in 7.5%. acrylamide gels. Intensity ratings of gel staining
reactions are presented in Appendix 26. o ' o

¥
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Flgure 29
Relatlon between: total ca.talase actlv:Lty (sunmation of zymogram
intensity ratings, see Appendlx 26) and leaf tissue age (leaf position
from stem apex) '
. (O——0) - Healthy tissue"
(O0------0) - Light green island tissue

(A-——- .+ =8) - Dark green island tissue
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Figure 30

Zymogram of peroxidase isoenzymes in tobacco leaf tissue extracts;
separated in 7.5% acrylamide gels,
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and senéscing 1eaﬁés from!healthy ﬁiants:' This fast~migratiﬁg_i$6én2yme
(rf 0365) was present in both 1ight'gréen and dark gﬁeen island tissues
.of infeéted leaves. The pattern of slow, positive‘migratipg isémnzymes
was similar for all tissue ages 1rrespect1ve of +helr virus status..
The summation of 1nd1v1dua1 1soenzyme “intensity rahlnga fo rive-a’
total peroxidase estimation for each tissue type/leaf age is presentéd
| in Figure 31,' ferpkidase activity was higher, foriall leaf tissue age
"comparisbns,.in extracts ﬁroﬁ virus-infected‘leaQes con@gred with leaves
- from virus-free plants; Within infected leaves, peroxidasejactivity.ﬁas
greatest in 1ighf'green island tissues compared with adjoining dark green
islaﬁds;-' - | |

. 5;'Effect of Infection on thé Host Photosynthetic Apparatus -

(a) Ribulose 1,5-diphosphate barboxylasé (RUDP carboxylase)

" Enzyme activities for the leaf tissue comparisons healthy versus
infected light green and dark gfeeh islands are presented in Figure‘32.
_Enzyme activities were greatef in leaf extfécts from virus-infected pla~
nts compared w1th similarly aged. leaves from.unlnfected plants. Withinv
.mature leaves from infected plants, enzyme act1v1ty was higher in dark :
green islands compared w1th}ad301n1ng light green 1sland_t1ssues.:' |

(b) Chlorophyll "a"

The level of chloroph&li "a".réaChed a maximum in immature and mat-
ure leaves on wninfected plants (Figure 33). In light green island tis-
‘éues of'virus-infected leaves thé"higheét 1eve1'of chloroéhyll occurred
at leaf position 9 from fhe'stem apex which corresponded fo seneséihg‘
leaves at the éame.leaf position on healthy plants. Tbe'greatest amounts
of chlorophyll were extracted from ddrk green island tissues of infected
leaves., Chlorophyll "éﬁ levels remained low and constant in light green
' island'tissues of:young leaves from infected'plants, whereas chloréphyll
'increaséd_in comparably aged leaves f£om uninfected plants. This lag:

period or period of zero chlofophyll ngt synthésisvwas associated with
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Figure 31
Relation between total peroxidase ao’clva.ty in leaf tissue extva.ct.:
(summation of intensity ratings of isoenzyme staining reactions in gels-
‘see Appendix 27) and leaf tissue age (1ea.f position from stem apex).
(O—-————O) - Healthy tissue
(O------0) = Light green island tissue

(A—-—.-8) - Dark green island tissue
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Figure 32
Ribuloie 1,5~diphosphate carboxylase activity (radioactive counts/
minute x 107/gm fresh weight of leaf tissue) versus leaf tissue age (leaf
position from stem apex). '
(0————0) - Healthy tissue
(0~ - - - -0) - Light green island tissue

(A———A) -~ Dark green island tissue
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Figure 33
Chlorophyll "a" levels (expressed as Abs. 660 nm/gm fresh weight
leaf tissue) as-a function of leaf tissue age (leaf position from stem
apex). ' s '
(O0———o0) - Healthy tissue
(D.—f—- - -n0) - Light green island tissue

(&—+—--A) ~ Dark green island tissue
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leaves from infected plants up ﬁq leaf position 4 from lhe stem apéX;
'Howéver, the initial lag periad in chlorophyll gt build up was-compen-
sated for to some extent by the extended leaf age When chlorophyll LU
reached a maximam compared with healthy plants. |

.Extractable chlorophyll "a" levels fell rapidly in over-mature lea-
ves from'healfhy.plants (léavésubccurring below pOSitioh 8 from £he stem.
apex); The rate of ﬁedlinevofvchlorophyll "a in Qver?maturé leaves
from. infected plants.was much lass in lightfgreen island tissues comp-
ared with similarly aged tissues from healthy leavés. ‘

(¢) Chlorophyll "a" :‘ahlqrophylll"h" ratios

“Chlorophyll "a" has two absorbance peaks; the maximum one at 660_nm.
Chloroph&ll "h" has absorbance maximas ata642 nmvahd 430 nm;. Chlorqphyll-
a:b ratlpé weré constructed from the chlorophyll‘"a" peak at 660 nm ana
" the chlorophyll "b" peak at 430 nm (Figure 34). | |
A Ratibs plofhed against leaf age for the fissue compariéons healthy
versus 1nfected llght green and dark green 1slands show a similar rela-
tionship to the chlorophyll "a"/tlssue age proflle (Flgure 33) leferent
proflles for healthy, light green island andvdark~green 1sland tissues
would be expected if chlorophyll "b" synthesis was little affected in
‘tissuesvfram viruseinfecfed plahtsai Chlbrophyll "a" level has already
‘been shown to be.affeqted by infection (Figura.BB): If both-pigmen% sys~
'temé had been similarly affected’hyfvirua infectidn, ratios within a'sln-.
'gle'leaf age compafiaon would be'the same for,hgalthy and ihfected tis=~
__sﬁas.' Chlorobhyll a:h ratios for healthy_leavés and'infegted,'dark green.
island leaf tissues reached a peak invimmatuxfe leaves (1éaf 'po'sitioh 8
" from the stem-apex) and both profilas were bimodal in'shape; .In cont~ "
rast the chlorophyll ratlos fox: 1nfected llght green 1sland 1eaf tissues
reached a max1mum ln leaves that corresponded to mature-senesc1ng leaves

at the same leaf position on healthy plants., Chlorophyll ratios also
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Figure 34 _
Chlorophyll a:b ratio (ratio of Abs. 660 nm to Abs. 430 nm) as a
function of leaf tissue age (leaf position .from stem apex).
(O———0) - Healthy tissue -
(O---- -D) ~ Light green island tissue

(&—-—--A) - Dark green is'la'nd tissue
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. declined in young 1nfected 1eaf tlssues furthen suggestlng that chloro~
phyll g synthe81s was belng suppressed The decllne in chlorophyll
a:b ratlo for young, light green 1sland tlssues 001nc1ded W1th the 1ag

_ period in chloropnyll frgy synthes;s for these,tlssues. ‘The chlorophyll:
ratio was highest in ihfecred, dark greenlisland?fissues suggesting that
either chlorophyll "b9>synthesis'was’suppressed er_chlorophrll "a" syn-
thesis waé,stimulatéd;- | B -

Overall virus 1nfect10n 1nduced an increase in the activity of the
carbon dioxide flxlng enzyme, rlbulose 1 S—dlphosphate carboxylase.
'nghest enzyme act1v1ty was aSSOC1ated with pﬁeded, dark green 1sland;tisf
sues; Light green island tissues’hadkredueed enzyme activity coﬁpared'
Withvdarklgreen island tissues.frompthe same 1eaf; vChlorqphyll "an lev;
els and chlorophyll a:b ratios rere less in infected,llight green island
leaf tissues comparedAWith dark'éreen islands and similarly aged leaves
from healthy plants. FChlorophyll'"aﬁ levels and chlorophyll a:b.ratios
were hlgher in 1nfected dark green 1sland tlssues compared with healthy
leaves of similar chronolovlcal ages. There was a lag in increase of
_chlorophyll "a" level in ‘light green 1sland tlssues from young 1nfected
1eaves but the max1mal 1evel of chlorophyll "a" in light green 1slands
was ass001eted with older leaves on 1nfected plants than ‘the leaf age for:
maximum chlorophyll “a" COntent_for healthy plants. Chlorophyll "o lev-.
els did not appear'to be nmeh affected by infeetion. | |

6"Effoct of Infection on Nitrate Reductase Activity

Nltrate reductase act1v1t1es determlned for healthy end llght green_
‘island t;ssues.from infected planis, are-presented in Flgure 35. Leaf
tissue age/enzyme.activity prefiles'for pitrate reduetase'clesely paral-.
"~ led the chlorophyll "e":level/leaf'ége profiles forvhealthy.end light
green islandvtissues; ‘Enzyme activities were ﬁighest-in leaves from
_ healthy plants and reached a maximum iﬁ immature to mature leeves (leaf"

" position 8-9 from the stem apex);v



118.

Figure 35
Relation between nitrate reductase reaotlon rate (nMoles nltrlte/

gm fresh weight leaf tlssue/hour) and leaf tissue age (leaf position
from stem apex) o

- (O———0) - Healthy tissue

{o----- D) - Light green island tissue
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In,general,enzyme activity was_loﬁer in light green island tissues
fréﬁ'infeéted plénts} Highest_activity_fdr iight green island was asso-
ciated with tissues from>1ea#es at leaf position 10 from the stem apex,
whereas.the-activity in leaves a£ fhe same position on heaithy plants

Was declining;

7;1Effect of Infection on the Acid Hydrolase Group of Enzymes
~ The gel'pattérnsfbf’iSbéhzyhes fbf'specifié hydrolytic,enzymes are’

presented as zymograms. The tblcknecs of bands in the zymograms are pro—i

- portional to the.colour stalnlng 1nten31tles-of bands in gels. Accordlng
to theirIStaihing'infensities in écrylamide gels, isoenzymes were rated
from 1 to 5 on an 1nten81ty ratlng scale w1th rating 5 belng a331gned to-
1soenzymes giving the most 1ntenue staining reactlon and ratxng 1 the
least. 1ntense but ea311y dlscernable reaculon.. Two other ratlngs were -
also used to record bands which gave only faint reactlons, "vE" for,very :
.fainf'and barely diécernable bands and "f" for faint bahds;' On an inteh—
sity rating scale, "vf" has a value of 0.25 and "£" a value of 0.5.

Total enzymé éctivity fof specific enzymes»ié a suﬁmatign of indiv-
idual isoenzyme intensity ratings. | |

(2) Acid phosphatase

One isoenzyme of_acidvphosphaﬁése (rf 0207);,present.in extraéts from
virusfinfectea leaves of various ages-ﬁas’absent'from.healthy tissues
_(See Figufe 36):. It is possibie.that this particular isoeniyme is pres-
ent in healthy tissues ypungér-tﬁan those assayed for here and so it can-
not be propredzwith»any certainty that'virus infeqtion indﬁced»fhe égpé
earance of a new and specific isoeﬁzyme of acid phosphétase. Some-iso_
-'enzymes; piesent;in young 1eaf'tissue éxtracts from heélthy plants,_di;—
appeared.as'leaves:aged, however the fuli comflement of'isoenzfmes was
maintained ‘in similariyxaged 1eaves from virﬁsfinfecféd plants”(Figure 36):_y

'Tdfal acid phosphatase activity for eaéh fiséue age cpmparison is

presented in Figure 37:_ Phosphatase activity'was greatest in éxtrgctsh
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Figure 36

Zymogram of acid phosphatase isoenzymes from tobacco leaf tlssue
extracts, separated in 7.5% acrylamide ‘gels.
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Figure 37
Relation between total ac'i.d.phos'phatase_ actiVity in leaf tissue
extracts (summation of intensity ratings of isoenzyme staining reaction
in gels - see Appendix 28) and leaf tissue age (leaf position from stem -
apex), : : T
(O——O) - Healthy tissue
(0----- D) - Light green island tissue

(A—-—- —A) - Dark green island tissue
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froh infected leaves compared'With heélthy leaves of the saﬁe chrénolQ

ogical age. Within infeéted 1eéves, total phosphatase activity was‘

greater in liéht‘green island tissues than in adjqining dark greeﬁ

islands., | |
(b)ARibonuclease (RNAase)

Two primary-isoenzymes of ﬁNAése, one at Rf 0.2 and the bthér at-
Rf 0.87, were present in»tobécco leaf tissues of Qarious ages'(Figuré 38);'
The staining intensitieé»of_poth m@jorvﬁands were greater~§ar 1ight green
and dark green,island,tissuéslfrom'infécted leaves:thaﬁ for ;oﬁparaﬁiy
aged leaf tissueé from wmminfected plants,

Total RRAase activities, asﬂprésghteq?iquigure_39,vWere;highest in
leaf tissues from infected plants compared wifh ieavés at the same posi-
tiqn from'the stem apex from heélfhy plants; Actiﬁities in light greeﬁ ‘
island tiséues~eiceeded activities>in adﬁoining dark green islands of
infected leaves;

.(c)’ai-amylase

Infectién’delayed fhe:disappeérance of a slow, negative-migrating
isoenzyme of £ -amylase (Rf O:bB)_as.iéaves maturéd (séevFigure 40): |
This isoenzyﬁe, preéent in ektracts:of young leaves from uninfectéd Pla‘
nts (leaf'pOSition'B from the étem apex) was absent frém immature, ﬁafure'
and senescing leaves from the_same plants (leéf pééitions T, 10 and 12'
from the stem apex.iéspectively);'vln extractslfroﬁ}infected leaves, the.
'sléw—migratiné isoenzymes were preseﬁt'in light green and dgrkAgreen
islands of immaturelleaves.  AllAthree major isoenzymes of amylaseb(ﬁf's A
0,08, 0. 23, o. 49) gave more 1ntense staining reactlons for extracts from
1nfected leaves compared with 51m11ar1y aged leaves from healthy plantu.
Leaves from 1n1ected plants were more actlve with respect to total anﬁbse
act1V1ty than 1eaves of a 31m11ar age from healthy plants (see Flgure
41). Light green island tlssues from 1nfected leaves had grggter amylasé

activity thannadjdining dark green island tiséues.'
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Flgure 38

 Zymogram of ribonuclease (Rl\IAase) isoenzymes from tobacco leaf
extracts. sepa.rated in 107 acrylanude gels.
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Figure %9

Relation between total RNAase activity in leaf tissue extracts
(summation of intensity ratings of isocenzymes staining reactions in
gels - see Appendix 29) and leaf tissue age (leaf position from stem

3 . R .
apexl‘. - A

(O————0) ~ Healthy tissue
(O-----0) - Light green island tissue.

(A—-—-—-A) - Dark green island tissue
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Figure 40

Aymogram of a(-amylase isoenzymes from tobacco leaf tissue extracts
separated in 7. 57 acrylamide gels., :



ok

91

- aa
L0 L

3oL s ¢

N



126.

Figure 41 ' -

Relation between total éL—amylésé activity in leaf tissué- ey:_tracté
(s_wmnation of intensity ratings of isoenzyme staining reactions in gels -
see Appendix 30) and leaf tissue age (leaf position from stem apex).

(O————0) - Healthy tissue
(D——-—-——?:]) - Light green island tissue

(A——_——‘..A) - Dark green island tissue
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(d) Acid esterase

’Thirfeen-iséenzymeé of esterase were detected in:extraéts Qf tobacco
leaves_and'éll th;rtéen isoenzymes.wefe present-infexifacfs §f 1ight green
vaﬁa dark green islands from infected leaves (see Figﬁie 42):-_Isoénzymes
that migrated towards the ancde (RC's 0.05, 0.16, 0.28, 0.37, 0;50,: 0.68)
 were more active in ma{ure tiséue eiiracts of light green and dark green
isiands'from'infécted leaves than in-éxtraots from healthy‘leaves of the
same'chronological age;“Isoénzymes that migrated towards_thevoathode{
during electrophoresis, were more active in youhg tissue extracts from
health& plants compared with exiracts'of light.greeh and dark green
islands from infected'leaves. | |

“(e) Specific proteése - leucine amino peptidase

Isoeﬁzymes ﬁere énly detected .in extracts of young and immaturéilea—
ves from wninfected plants (see Figure 43); Enzyme aétivity was greatést
in the yqungér leaf tissues: ) | |

Except for-the speéific protease, leucine amﬁhé_pépfidase, activit- -
ies of the acid hydrolase group,bfvenzymes were'generally.higher in-lgaveé.
;ffom'Qirus—infecféd plants compared With leaves vaa similar age from unin-
- fected plants. Within 1ea#es from‘infécted plants, enzyme actiVities were
éreater in light green islands tban in adjdihing darkvgreen iélands; - Gen-~
erally, ho'§irus-specific iSOeﬁzymes could be clearly demonétratéd in ext-~
facté from infectéd plants. The greatei humbefs'of-isoenzymes, for spéé-
ifié hydroly{ib enzymeé; in tissue exiractsbfrom mature, viruéfinfeéted
leaves comﬁared with mature healthy leaves éould be attributéd'io the
, maintenance of specific isoenzymes, preéent in yowng héalthy tiésues butv

absent from mature healthy tissues.
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| Figure 42

" Zymogram of acid esterase isoenzymes from tobacco leaf extracts .
separated in 7.5% acrylamide gels. For the value of intensity ratings
see Appendix 31). ' R

-
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Figure 43

Zymogram of leucine amino peptidase 1soanzymea rfrom tobacco 1eai‘
extracts separated in 10% acrylamide gels.
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SECTION IT .
VIRUS-HOST BIOCHEMICAL INTERACTIONS

B. ENDOGENOUS HOST HORMONES



INTRODUCT 10N

The growth resPonse’bf virus diseased plants and %he 5iochemicai
activities of both tissues suppoiting virué_synthesis énd virus;ffée'
tissuesAadjoining vifus-céntaining fissues, suggests that manj hosf.res-
ponses to infection ére the feéult of altered'hormonevactivity;.

At present, four éléSseS of compowunds are.recpgnizedlas_plant horm—
onés.: These are:-~ auxins, gibberellins, Cyfokinins and abscisic acid.
Although each gréup_of}Compoﬁnds haé'some uniQUe aotiqns Within thg_p1ant,
many of their roles overlap. In many instances, a specific actién of one
hdrmone can be ahtagonized.By'one of more of thé ﬁther harmones.: Thé'
interactions betwéen hormones coﬁplicatenbpth:the interpreta{ion of res~
ults and the bioassayé of specific compounds; Generally, plénf.hérmones
 fall into two broad categories, those promoting growth and those inhibit-
. ing growth and enhancing.senescencé.f Auxins, gibbereilins and éytokinins
fall into the fiﬁst category while-abscisic acid constifutes a.growth
inhibitor_f | | | |

| The aﬁxin, indole acetic acid (IAA) has ﬁéen reported presénf in
tobacco (Kefford, 1959) together with the gvibberellir.ls“_AT and A3
.(Sembanéf and.SchreiBer,.1965) and abscisic acidb(Steadman and Sedueira,.
-1970)?  Little infornéfion ﬁés been reported concerning the identity.of
tobacco»cytokinins. | |

Plant hormones éag[be‘estimated in tissuevextracté by biologicall
fassays or physical_andbchemieal methods. Physical and-ghemiéal methodé
~ provide the most ﬁreéisé'iﬁformation as to identity_and concentration.
ﬁowever,'such determinatioﬁs aﬁe restricted to those comﬁound§ that have u

been chemicélly identified and whose properties have been'accﬁrately"doc-
~umented. :Aﬁscisib acid auxinsianq‘someygibberellins can be accurately
asséyed for by such methdds'(e;g. gas-liquid Qhromatography). A major
probiem'in using physical and chemical assay procedures is that prior:

knowledge of the chemical identities,of specific growth substancesierm_ﬁ

particular hosts is required. In many instances=£he'specific'identityvof v
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vhormones:from a hosf"plant are unknown;: dther problens,arisingvfrom:the
use of physical and Chenical assays are the higher degree of purity’of'
v'tlssue exiracts required and the lower sens1t1V1ty of such as says coup-
ared w1th blologloa1 assays..

For all'maaor groups -of growth fegulators a number of bioassays have
been developed; Bioassayssvary‘in their'suitaoility foi a paiticular
~cdmpound;» This especially applies for-bioassays of_gibberellins. Bio—»

 assays also vary in thelr sens1tlv1t1es to a group of compounds, their

1ncubaolon'periods and ﬁhe degree_ofvpurlty of plant exiracts required
for a gooa response: -Where ever possible, moreethan one oloassay was
used, or tested,.for each type of plant hormone . Bloassays.for the.four
msjor.groups of plant hormones are included he“e;.

Earller reports ooncernlng the blologlcal assays of plant hormones
were often mlsleadlng due to.a failure to appreciate that extractlon pro-.
cedures employed did not give separatlon of auxins, glbberelllns and
abscisic acid; Thisvproblem has been largely ouercome since the introd—
uction of chroma{ographic'techniques; Biological assays_for.auiins, gib;‘
berellins'andvabscisic acid, reported herei involved the removal of'zones
‘from fhlnvléyer chromatography'plates corresponding fo'the:Rf values cf
IAA, glbberellln A3 and abs0131c a01d A'number of thinulayerﬂcnromato-
;graphy support media and solvent systems were tested for maximmm separa-
__tion of these three compounds.

'Thelconcentrations of hormones in partially purified or chromatog-.
raphicallyfseparated.planf extracts as_determined by a bioassay, are mostt
acurately estlmated from dose/fesPonse curves. ‘That is, the bioassay fes-

vponse to a dilution series of the extracts. Concentratlon is dete*nuned

- from parallellsm between resnonses to known growth regulators and unknown

‘potential growth regulators. This concept assumes that the 1dent1ty of a
particular hormone in the exiract is known. Even in 51tuatlons where the -

specific identity of a particular hormone is in doubt, a dilution serics



of the .extract .s.hould. still be tested in tﬁe bio'assay: This .ensurés' that
a dose/response curve of some order Will be'bbtainéd and>that any inhib;
itors to the particular.bioassay; whethéi of plant,>sblﬁen£ or chrématog~
raphy'>supp§rtvmedium origin, will be dilutéd out Béyond the range of sen-

sitivity of the bioassay.



 MATERIALS & METHODS .

1. Extraction and Pertial PurificatiOndof'Endogehous Growth
'Regglatgrs | |
" (a) Gibberellic acid and abscisic acid
Both yodng and mture leaf tissuevwere removed from healthy and

virus—infected plants and extraoted for growthAharmones: Yoﬁng'tissues
Awere harvested from plants with 30 day old infections while mature tis?
sues Werevharvested from'p1an s infected for 40 days. leaves at leaf
§0sitions 10, 11 and 12 from the shoot apex were harvested for mature
tissue exiractlons, Young tissues included the termlnal shoot,~apex and
ﬁpper 5 leaves. | |

. One hundred grams fresh.weight of leaf tissne was deep frozen;_ Fro-
zeﬁ material was broken'up by hand and freeze—dried" .Freeze;dried.leef
material was homogenized in 250 ml of pre—chlrled 80 percent methanol
(-15 C) and shaken overnight at 10 °%C in stoppereﬁ flasks. Insoluble leafi
materlal was removed by'vacuum flltratlon and th~ filtrate reduced to the.
‘aqueous phase on a rotary evaporator, at 35 C Evaporatlon was stopped
when all methanol had been removed, This point wgs reoognized when cond--
ensation.appesred in the‘neok of the‘evaporating flask. BEvaporation bey-
ond this point can resolt.in substsntial-1osses'of~gibberellins and abs- .
cisic acid. The pH of the aqﬁeous phese wss‘adjuSted to 2.5 Withr10 Ndl _
Ahydroohloric acid and the extract partitioned three times with 50 ml vol~
umes of re—distilled"e{ﬁyllacetate;‘ Phase'sefaraﬁions were performed in -
phase separating‘flaské;r To the combined ethyl acetate fraction, half a
volume of 5 perceﬁt sodium bicarbonate-was added, the phases thorodghly
shaken and-separated The ethyl acetate fractlon was discarded.- The
bicarbonate fractlon wa.s partltloned a further three tlmesvarth 50 ml
volumes of re-dis tllled ethjl acetate, dlscardlng the ethyl acetate. The
pH of,the bicarbonate phase.was then adgustedvto 2,5 with 10 N hydro—

ohloric acid, and partitioned three times with ethyl acetate. The ethyl
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acetate fractionsIWEreiretained, pooled, and.évaporéted;to diyness on a
rotary evaporator at 3500:' The residue was takeﬁ ué in 3 ml of-.
re~-distilled methanol and stored at 4 °c to be further»purifiéd £y>thin
layer chroratogran"ly. | | |
(v) Cy‘tokj.niﬁS A

- Young ahd mature leaf tissues were harvestéd from plants with 30
day old infections. A1l leaf material had well defined mosaic patterns.
For mature leaf tis_sueé, 150 gm fresh Weight of -tissues, at 1eaf'p.q_si— |
tions 10, 11 and 12 frqm the apex, were hamestve._d,» d'ebép frozen and fi?feeze~
dried. One hundred gm fresh weight of young tis_suev,' including the ,_u_pper? B
most 5 leaves ‘andvmeristem» Was_similariy prebaréd. Root méterial was
harvested from pot-grown planfé by removing the pla_'nts car_efuily and.
thoroughly washing the roots... Root rhaterial was 'deep—fidzen and vfreez.e_
dried and 1.0_ gm freeze~dried weight used in subseq_uent- bsolvent extractions.:;

The extraction pfocedu:ce employed was essentialiy that re.ported by
van Staden, Tlebh and Waremg (1071) Freezé-dr’ied méterial was hbmogeh-
_ ized in 200- 300 ml of pre-chllled 80 Dercent methanol, shaken overnlgh‘t
‘at 10°C and flltered to remove msoluble __res:.dues. The pH of the flltrat_e
wés adjustedbto 2.5 with 10 Nv_hydrochloric acid and the aqueous fiaction
- partitioned three times against 50 ml volumes of re-distilled ethyl ace-
tate, discarding the ethyl acetate. The pH of .the aqueous fraction was
“then adausted to 7 O, Wlth 10 N sodlum hydrox;Lde and the aqueous fractlon
partitioned tw1ce wrbh 50 ml volumes of water-saturated re-dl..,tllled
.n-butanol. The pooled n~butanol .fractlons constltute_d the "but_anol—r

oluble—fractlon": Tris-HC1l buffer (pH 82) vas added to the aqueous

phase to a flna.l concentratlon of’ O 1 M. P«hgnes:.un chloride (O 01 M) andv
alkaline phospha_tase (1 mg per 10 ml extract) were ‘added to l:hevaqueo_as |
v.'extra,ct aﬁd tﬁe solution incubated for 24 hoin:s at BOOC? Followi_ng p’a.rt-?
1‘b10m.ng w:.th two 50 ml volumes of water—saturoted n-butanol, the butanol

fractions .fere pooled to constltute the "Water—-soh,lb1 e-:ractlon Butanol
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phéses were evaporated tb &ryness, on a_rotary evaﬁérafor at‘BSOC and the
residués taken up in 2.5;3;0 ml of re;diStilled'methanol and sféréd'at
1%. | .
- (c) Avxins

Young ti5sues,‘inéludihg’the upper‘shoof, meristeﬁ and leaves to
1eéprosi£ion 5 from.the stem apex, Wére harvestéd,from.planfs with 40-
‘day-old infections. | - N

OQe;hyndrea and twenty grams fresh ﬁéightmgf tissue was hqmégenized-
with 200 ml of ethyl acetéte_at 2°C for 2 minufes.' The-reéulting'slurry
waéishakeﬁ ati10°C for at least 12 Hours; Insolubie residue was removed
by filtering and the filtrate washed with a further 100 ml of ethylkacet-
ate. The ethyl aéetate fractioné were_pooled'énd partitioned agaiﬁst fOO
ﬁl of 5 percent sodium»bicarbonaté;' Aftérvseparating_the two phéées in a
separating.funnel,'fhe ethyl acefate fraction wés discarded. Theva o£
the bicarbonate fractiOn'was adjusted to 3;0 with 20'per§ent ﬁhbsphoric_
-acid aﬁd the'acidified extract phase-Separatad againét’two 50 ml volumes
. of re-distilled ethyl»acetafe; Thé ethyl acetate fréctions were retéinéd;_
combined and stored at ~15°C ovefﬁight; - Ice crysta;s which formed were °
separafed from the-ethyl acetéfe 5y'filtering.' The efhyl acetate frac-
,tion was evaporated to dryness ﬁnder feduced préssuré at 35%3, fhe residue
rediséolvedvin 3 ml of iedistilled ethanoi,and.stored.in‘stoppered glass

tubes at 4°C,

2 Separation of Growth Regulators by Thin layer Chromstography (TIC)
. (a) Gibberellic acid and abséisic acid |
.(i) General conditibns of chromatograpﬁy
A.numbef of TIC support media and solvent_systems weré tésted to det-
ermine the optimum_combihatibh for gréatest sebaration of giﬁbergllic acid
and abscisic acid, -Sﬁpport media of cellulosé CC415 Kieselgel G %ypé €0
and~Kiesélgel'GF254 were»spfead o&er thoroughly_washed glass plates (20 cm

'x 20 cm) to a depth of 400 microns., Pure compounds or partially“pu;ified'



, exiracts were layered ano plates wibh a Rodder Sfreakef; delivering_O.S—_
1:0 ml bér plate. Solvent_éystems-empldyed were; iéopropanolzamhonia
(s;g:'0;88):Water (10:1:1)3 toluene:ethyl acetate:acéticiacid_(40:5:2);
ethyl acetate ohloroform'acetlc acid (15: 5: 1) A1l plates were run until
the solvent front reached a pre~sc+1bed llne, 14 cm from the orlgln.'

- (ii) Chromatography of pure compounds and partlally
. purified extracts
.Chromatogréﬁhy 6fupartiéliy'pﬁrified extracts was achieved by strea-
king 0.75¥1 .0 ml of' f'irial‘ methanoi extract on TIC plates of Kieselgel GF254.
As well as preparing plates for: healthy plant extract and 1nfected plant

“tissue exiract, a third plate was prepared with a 1 O ml mixture of GAB,
(+)KBA and some plant extract for determlnlng the Rf values of pure comp~
ounds relative to_any mz jor bands from the plant extracts. This allowed
for a more accuréteﬂestimation of the posiﬁion of these compounds on -
plates st“eaked with partially purified extracts. Pla%es were run toge-

~ther in ethyl acetate chloroform'acetlc a01d solvent for GA3 1solat10n anu

© toluene:ethyl acetate:acetlc acid for ABA isolation until the solvent

,fronts had migrated 14;0 cm‘fiom the origin:' Plates were rémoved from;the
chromatogfaphy tankiand dried for 30460 minutes béneath a wafm air blower,

The Rf valuesvof GA3 and (+)ABA were determined by physiochemicaiA |

._mefhods and their positidﬁs,'relative to majo# plapt zones gi?ing étrong (

'fiuorescence undér long wave length ultraviolet lighf, estimated:i The ﬁos-

'itiohs were then m;rkéd onto thé_plates stféaked-with tissue extracts énd
a 2.0-3.0 cm wide zone écrapédifrom ééch plate about the theoretical pos-

'ifionévof the pure compounds:' Bach zone was scraped into a 25 ml glass.
test tube énd stored wnder vacuum in a-deéiccator>fa:>24 hours, to ensure
Vcbmplete'evaporation of'chioﬁatography,solvents.' | |

| Plate zones to be assayed for GA3 activity, were taken up in 5:0 ml
of O:DO5_M_citrate buffer, pH-6:0;124 hours prior to seﬁtiﬁg up a bioassay

and tubes stored at 4°C. 'Plate zones' to be assayéd for ABA activity, were



137,
taken up in E;O’ml of 0:005 Mﬁcitrate'buffér, pHv6;0}’-

In order to further verify tﬁe‘identity of an ABA—liké compound.,
tissue extracts were chromatographed in two distinct solvent syétems:
The appropriate'zone from an ethyl acetate:éhloroform;acetic acid solvénf
rﬁn plafe was scraped off and extracted with three lots of msthaﬁol; AThé
methanél extrac£ was evaporated to diyness and the residue redissolved in
1.0 ml of methanol, This éxt:éct was streaked onto a fresh TIO plate of
KieselgeivGF254.and Tun two times in toluene:ethyl acetate%aqetic:acid
Solvent system: A platé streaked with pure ABA was treated similarly to
plates étreaked with plant fissué extracts and used for the_purposé of
locating the position, on TIC plates, of abscisic acid.

A 3:0 cm wide zoné, about the Rprosition of pure ABA, was scrabed

from each plate and taken up in 3.0 ml 0,005 M citrate buffer, pH 6.0,
overnight at 4°C .' |
.. () Cytokinins

The conditions of chromatography were similar to those used for gib-

berellins and abscisic acid purification, For: cytokinins in tissue ext-
racté, 0:5 ml of final methanol soluﬁle exifact was stiéaked onto TLC"
plates layered with Kieselgel G- type 603' Plétes'were'run in an iéopfop-'
anol:ammonia:wafe;‘solventISystem: The;solvent.run of 14.0 cm was divi-
ded into 10 edual width zones, from‘the origihlto the solvent front and
~ each zohe-carefully.scraped off into a glass test tube. Tubes were stored
.under vacuum in a desiccator for 24 houré;i Twenty four hours prior to
setting up a bioassay,>each'zone was taken up in.5.0 nﬂ M775.ph¢sphate
buffer, pH 6:1, COnfaining 1 mg per ml of tyrosine: ’ |
| (¢c) Auxins - |

One ml df ethanol éolubie, final plént extract was streaked onto a
TIC plate of Kieselgel G type 60 and run in isopropanol:ammonia:water sol-
vénf;‘ A 3:0 cm wide zone was scraped from each plate, corfespondihg to a

region about the Rf of indole acetic acid (IAA), The Rf of IAA.was
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determined by running a TLC plate, streaked with 0.5 ml of IAA (100'ppm-

in‘ethanol)band 0.5 ml of partially purified tissue extract, together

with platee streaked with tissue extract alone;"The positionsvef any
.major bands fluorescing under leng wave_length ultraviolet iight, were
AAmarked’on the plate and the zone of IAA developed by phjéiochemicel meth-_
ods. From the p031tlon of bands of plant orlgln -on plates streaked w1th

‘plant tissue extracts and the relatlve p031t10n of TAA from the control

plate,le"%ine'correepopding to. the theoretrcatmpeertiep ef IAA Wes'merged_
on eaeh plate. A plate ZOne_was'ecraped off from eround this line. Fol-
lowing vacuum desiccation, plate zones were suspended in 10 ml of 0.05 M

citrate-phosphate buffer, pH 5.0, eontaining 2 percent sﬁcrose and stored,
in the dark, at 4°C. | B

'3, Physiochemical Determinations of Growth Regulators'

(a) Gibberellin A3 |
Water:conc. sulphuric acid (30 70, /v) was eprayed.over-a TIC plate:»
Gibberellin A3 gave a yellow—green fluorescence under-iong wave lengthi
ultraV1olet llght. o
| (b) AbSClSlC acid
- Abscisic acid strongly absorbs short wave length ultreviolet iight.
On ultraviolet 11ght sen81t1ve plates of Kleselgel GE254, ABA appeared as
a purple band agalnst a fluore801ng baokground
(c) Indole»acetlc acid

Colour developmeht of indole acetic acid wa.s achievediwith Ehrlich'~

‘reagent. Chromatograms were sprayad with- 10 0 ml of a solutlon of 1.0 gm

-dlmethylamlno benzaldehyde dlssolved into 50 ml of 24 percent hydrochlo-

ric acid plus 50 ml of 96 percent ethanol. Plates were warmed to 50 C.for

20 minutes then exposed to vapours of aqua regia. Indole acetic acid

appeared as a_deepvblﬁe band.
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4o Biological Assays of Growth Regulators

(a) Gibberellic acid
‘ (1) Bar’ley endospern .bioa,ssay
Gibberelldns stiﬁulate o -amylase production in barley aleurone lay- -

ers. Amylase activity is determined from the'coneentratien of free.sug_
‘ars in the reactant, folloﬁing the.incubatioh of barley endosperm pieces
>in dilute soiutiohs of gibberellie acid; The amount - of sugars released
from_starchbis preportional to the concentration dfwgibbe;ellic aeid-dn 
the test solutlon. Tﬁe method used was essentially that deseribed.by
Coombe Gohen and Paleg (1966a, 1966b) . Seeds of a commercial, awned,
brewers barley'were graded for unlformlty of size. vCracked-and'diseased
seeds were discarded., An excess of seeds required for an assay were coun=-
ted out and soaked in 50 percent uulph.urlc acid ( / ) at 25 C for . 3 hours .
- to remove husks and sterilize seeds. Acid was decanted off and seeds
‘were‘shaken viéorously for 30 seconds_in autoclaved; distilled water and .
decanted:qﬁiékiy: Seeds'were_washed in sefeiel ehanges of water:until
the pH'of the surreﬁnding solution was stable; Seeds. were then soaked
in sterile‘weter for 24 hours at 0-2°C. |

| - A1l SUbsequent operatdensswere oarriedrout in»sterileloendifions in
a laminar air flow wnit. Ail viels, implements and solutions (exeept |
gibbefellin stdckxsolufions) were sterilized" Seeds were cut transvers-
ely, 4 mm from thelr dlstal ends, dlscardlng the embryo portion of each
seed. Endosperm portions were transferred to a petrl dish of distilled
' waﬁer until.enough segments had Been'cuf for a compiete'bioassay;_ Endo-
sperm pieces were then rinsed‘in distilled water and spiead over a moist-
ened filter paper disc within a petfd dish., Two endosperm pieces were
transfeffed to.eachAvial (2 inch x 1 inch glsss vials) along with 1.0 mi
of solution for testing; Vlals were canped and incubated, in tbe dark,
‘at'28°C for 24.hours; Fol1ow1ng incubation v1als were stored at 20 .

Sugar levels in the 1.0 ml incubates were deter'minedby the Anthrone reag-
“ent method as described by de Bruyn_gj_gl:‘(1968):
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Anthrene reagent was prepared.by-dissolviﬁg 0"1 gm of anfhrOﬁe per
,100 ml of 76 pe;cent ( / ) sulphurlc ac1d heating in-a blollng water
bath for 15 mlnutes ollowed by rapld coollng. Fresh reagent was prep{f
ared_for each,bloassay and was used.3—24.heurs after preparing: Frozen
vials, containing 1.0 ml‘of reactant,fwefe thawed at reom temperafure and
diluted to.10 ml with distilled water; " Filter paper cups, made By forming‘
Ai950 cm Whatman No;1’filter paﬁer discs over the end of a 25 ml_glass'test
tube, were inserfedvinﬁo_each“vial:;Lgme'nﬁl;ilitrevof solption wa.s ﬁith—;f
drawn from_each.cup andetfansferred to 25 ml glass.teSt fubes; Nine mii—'
1ilitres.of ahthrohe reagent were pipetted into each tube, the contents
thoroughly stirred and heated_in a'boiliné watér bath for S.minﬁtes;‘
After cooling,vthe colour of each:tUbe was measured by the absorbance at
625 nm wavelength against a blank prepared from water plus reagent; :

A standardicurve for assay respohse'to gibberellin A3 coneentration
Vwas.determlned for each separate assay. Dilutions of a stocklsolution of
GA3 (10~ -6, gm per ml) were prepared in O 005 M101trate buffer, pH 6. O to _'

8 1079, 10719, 101" gm per m1.

- give final coneentratlons of 0, 10,7, 10.
- For chromatogfa?hy'zones suspended in 5 ml of'buffer, dilutien series, in
butfer, were prepared to'give dilutibns'df 1, /55 1 /25, 1-'/1"25.” Each com-
plete bloassay comprlsed of a dllutlon series of healthy and 1nfected o
Atlssue extracts purified by thin layer chromatography and GA3 standards.
AEach fissue exiract dilution and.GAB standard was replicated four times;

(ii) Rumex leaf disc bioassay

This bioassay relies on a gibberellin-induced inhibition of chloro-~

fhyll breakdown, in the dark, in leaf discs from[Rumex:obtusifius L; The -
" method was fjrst-_réported by .Whj-"ce and Luckwill (1966) and 'l_:h_e'. niethod_rep_—
. orted here is a modification of the-originallmethod as used by.Hoad (Pérse
 ona1 comﬁunication): | |

Biocassays Were performed in 5 cm plastic petiivdishes pﬁ 5 cm discs

of Whatman No.1 filtervpaper; One millilitre of test solution or GA3
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stapdard was pipetted onto’each filter paper diSC:. Test solutlop-dilﬁ—
tions and GA3 standafds were prepared inbdiStilled water. Discs of leaf
tissue:were remoyed from_matureﬂggggglleaves, with a 6;5 mm aismeter cork
borer, and floated on distilledxwater. Nhtpre leaves from near the tase
of a plant were chosen and all discs yere punched from one leaf. Eight.
to ten discs.were'transferred to each petri’dish, with phe uppernleaf sur-
face up-and tissues incubated in the dark at 28°C for'7’days, or until
diScsrineﬁbdted With water'hsd just turned. yellow. Chlorophyll was est-
imgted by extractlng eaoh set of leaf dlSCS w1th 10 ml of methanol over- o
- night at 4% and;measuring the‘abso;bance, spectrophotometrically at 665
nm wavelenguh. Chlorophylllloss was expressed'as the ratlo of absorbance‘
of leaf discs after an 1ncubat10n perlod,to the absorbance of leaf discs
prlor to the assay belng set up:_

For the bloassay of plant extracts, 3. 0 cm Wlde zones,.cor*espondlng :
o the Rf of GAZ, were 3e1aped from euch TLC plate ana suspended 1n 3 O
d;stllled water,; A two~£old dllutlon_serles_was made,up from each plate j
: ,éone suSPepsionebw. | | | -

| (b) Absc131c acid

, The stzmulatlon of ol-amylase 1n.bar1ey aleurone 1ayerskby glbberel- .
lic .acid 1s.1nh1b1ted by'abs01s1c a01d. The extent of 1nh1b1tlon is deD->
:endent upon the concentratlons of glbberelllc acid and abs0151c ac1d _
(Chrlspeels and Varner, 1966a 1966b 1967) The baS1s of this 1nterac-
: tlon was used as an assay method for ABA by Barton et al (1973) -
method reported here is a modlflcatlon of the above technlque which essen-
tlally employs the oarley endosperm.bloassay for. glbberelllns as reported
by Coombe, Cohen and Paleg (1966a 1966b) Condltlons forhthe bloassay
and settlng up procedures Were as reported for the barley endosperm blO“_'
-assay for glbberelllns. However all 1 O ml 1ncubates 1ncluded 2. 5 X. 10 -8

gm per ml’ GAB. Dilution series of TIC plate zones and abs01s10 acid s+an-

dards were prepared in 0.005 M citrate buffer, pH 6.0. To each”dilution
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was added_a Lalf volume of buffer and a half volume of 1077 gm Per ml
GA3 to give final gibberellic acid concentrations of 2.5 x 10-8-gﬁ per ml.

A 5-fold dilution series of abscisic‘acid was prepared to give final con-

'6, 4 x 1077, 8 x 1078, 1.6 x 1078, 3.2 x 107,

6.4 x 10-10 and 1.28 x 10-10 gn per ml.. Reactants for bioassay included,

centrations of Z'i 10
in addition to plate zoneadiiutions and pure abscisic acid, a zero cont-
i fo1'and a GA3 control (2;5 x 1078 gﬁ per ml;): |

(c) Cytokinins | R

(i) Amaranthus-betacyanin production biocassay:
The~Amaranthus'assay is based on the-cytekinin-induced formafioh of

betadyanihs.in'cotyledonszxﬁ_hypoeo{yls from A; caudatus seedlings, incub~
~ated in_the.dark in the pfesenee of.tyrosine; The method used was that
developed by Biddington and Thomas (1973). This technique was finally

adopted for all cytokinin results reported here.

 Seeds of Amaranthus caudatus B; were sown on moistened’filter paber
- discs in 9:0 cm"giessnﬁeffimdiSﬁesvand allowad to-gerndnate in darkness
at 2260 for 96 hours. All subsequent bioassaj'procedures Were'carrieds
ouf under safe green 1ight; After 3 days gernunatlon, seedllngs were
sfrayed with distilled ﬁater_to faellltate seed coat removal. On day 4
the seed coats_were femoved and exﬁlanfs, consisting of the upper portidn-.
of‘fhe.hypocotyl plus fhe cotyledens, wereveuf from the Seedlings; Expla-
nts were used es the bieaSSay sections, sets of ten being transferred to
»5“O“cm.p1astic petri disﬁes;_>Each dish contained three layers of 5;0 cm- 
| Whatman No. 1 fllte* paper dlses mo*stencd with 2. 0 ml of “7 phosPhatek
buffer, pH 6 1, contalnlng 1 mg/ml terslne and the cytoklnln to be ass-~
ayed for. Dishes were 1ncubated in the dark at 22 % for 18 hours after
which the explants were transferred to 3 ml of dlstllled water. Beta—;
'cyanln was exiracted by two cycles of freezing and thaw1ng and the optical

densities at 542 nm and 620 nm determlned

A cytok.nln standard reuponse curve was obtalned from dlluLlOPS of
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kinetin (6-furfurylamino'purine);  The ‘final concentrations of kinetin -

6, 2x1077, 2x 107, 2%x 10 gn per ml.

includéd'were 2 x TO-

A.blank using solvent_oniy was also run in each éssay.' Both
n-butanol soluble and water soluble éytokinins were chromographed, ﬂhe
plate divided into 10'équal zZones eéoh of which was asséyed; |

Total cytokinin-like activitylof’partially purified extraéts was
deterﬁined on the fina1>hethan§i soluble fractions for n—buténol soluble;i
and»water_solﬁble>cytokinins: As-theég extracts confained many othéf céﬁ-
centrated plant compounds, a dilution series‘of each.exiract was prepared.
in bufferéd tyrosine. One ml of methanolve&iraét was ‘evaporated to.dr&;
ness and taken uﬁ'in 5 ml of'M775 phosphate buffer containing tyrosine.
For the‘aséay a five~fold diiution seiies of each extract was prepared
_.plus a buffér-tyrosiﬁe'dontrol. :

(ii) Tobacco pith callﬁs biﬁassdy

The growthvdf>tbbaéco pith,calluses_is extremely sensitive tovcyto-”
kinin'condentration;ﬂ At low concentrations, growth is stimulated while
at high concentraﬁions.growth is retarded; '

Callus tissue for cytokinin assays was deriV§d from pith cells of .

Nicotiana tabacum L; var. "Hickory‘Prior"; ‘Stem segments from tobaccc

were surface sterilized by swébbing with alcohol and fiaming; The endé;
‘:werevcut off to exposeAfreshvpith tissue and the pith ﬁaé rembvéd With> '
a smll, sterile cork borer. Cores were cut into discs 3-5 mm thick and
» tiansferred to plastic petri dishes contéining sterile cilture medium.
Dishes were sealed ﬁith parafilm, to minimise moisture loss and ihcuﬁa-
' ted at 68°F under continuous white light; Callus growth culiture mgdium
vﬁaé essentiéliy_that repbrted'by Nagata and Takebe (1971)>and contaiﬁed
0.2 ppm kinetin and_OfQ pﬁm naphthalene aéétic acid, (FdrVComplete comp-
, 6sition see'Appendix 32):1 Calluses were ﬁaintained by regular, monthiy
sub-culturing to this basic medium._ The'same medium, but without kine-

tin, was uséd.to assay for cytokinins in éx%racté;‘ In the bioassay, tent
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callus piéceé, each 3-5 ﬁg ffesh weiéhf, were transferred to a petfi dishJ
containing 2Q ml of sterile cuiture medium blus cytdkinin.' Dishes wefe’,
incubated. for 3 weeks.unaer fhé previdusly mentioned coﬁditiOns:. Callus’
~pieces were weighed and their fresh weights recorded. All bioassays were
carried oﬁt in duplicate. |

Calius response to_kinetin was determined by adding kinetin to thé
, incompleteAgrowth mediun to give final concentrations. of é;O, 0.2, O.ﬁ,.
0,02, 0,01 and 0,002 mg per ml. For bicassay of partially purified tis-
- sue extracts, 1:0 ml of methanol extract ;as evaporated to dryness and
fhe residvue taken up in 2 ml distilled water. A 10-fold dilﬁtion series
~ was prépared for each extract. .

(d) Auxins (indoie acetic acid) B
Auxins pfomote‘cell elongation in béth_roots and shoots; The coleop-
tile straight gr0wth test biéassay is a deVelopment of this property.
The method used hére was origiﬁally reportedAbyiBentiey'and Houéley (1954)
and modified by Hancock gj_gl. (1964):".Bar1ey séeds,‘of a commercial
. brewing variety,:were soéke&“in.distilled water overnight. Seeds were’
sown in plastic trays on'layers of Wet.tiSSﬁe paper and incubated in thé;
dark at 22°C for 4 days: -All'subsequent steps»in&olving‘the germinated
 seed were carried out under. a Kodak safe red_light: When coleoptiles -
weré about 2:0 cm‘loné, a 1.0 cm section; excluding the apical 3 mm,_was
cut from eéch:_ Coleoptiles were chosen for ﬁniformity of sizé and lack
of curvature, One centimetre lbng sections Wére cut With’é device incor=-:
porating two razor biades sébaratéd from each other and<join¢d.to a1 qﬁ
wide block of perspex. This ensured that allvéections were cut to the
- same 1ength; For the bioassay, 5 cm plastic petri dishes were used, eacﬁ
containing 4 ml of test soiution: The assay medium was coﬁposéd‘of indoie_}
acetic acid dilution or TIC plate zone dilution in 0,05 M citrate/phosphate
buffer,,pH 5;0:E Ten colebptile seéments were tranéferred to éach dish

and carefull& floated on the 4 ml of solution; Dishes were placed in
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flastic traysion moisténed_tissue papér and inoubétéd for 18-20 hours
at 22°C in the dark. _The lengths of coleoptile seé;ments were meéusuréd
withvthé aid of a photographic enlérger. |

A bioassay r.esponse curve to auxins was set up using a final conc-

8 6

. - - =7 - -
entration range for indole .acetic acid of 0, 10 ~, 10 ‘, 10 ~, 10 2

gm/ml., A 5~fold dilution series was pi‘epared for each TIC _plé,te zZone .
' ‘The above buffer system plus 2 pércent. sucrose was_-'used foi‘_ all ‘d'ilﬁ'bions

and each treatment was duplicatéd:_



i46.

RESULTS
~ Results from'bioassays on plant hormones are commonly expressed in

terms of a known standard and presented as "standard hormone. equivalents".

‘Presentation of results in this manner is onlyhreally justified when par-

alleiism has been demonstrated for the dose/fesponse curve of an unknown -

‘and the standard (Bailiss and Hill, 1971):_ Quoting absolute values of

“hormone levels in plant tissues is only justified if 1osses.incurred dur-

ing extraction and chromatography are determined It was not.considered
necessary, in this work, to Dresent final results. as absolute ooncentra-‘
tlons. Nbre 1nterest lles in the relative changes in hormone levels

rather than absolute levels, .For this reason, final results in this‘sec-
tion are~expressed es ratios of hormone levels between healthy and infeo-

ted tissues of a similar age. ASsuming that losses of hormone during

extraction are the same foi healthy and infected tissues; given the same

initial weights prior to extraction, hormone levels in virus~infected -

tissues, relative to levels in healthy tissues, gives sn adequate asses-

sment of the effects of wvirus infection on host hormone metabolism.
The preliminary extraction procedures employed allowed for no separ-
ation between auxins;.gibberellins and absoisic acid. Final'separetion

was dependent on thin 1ayer chromatography (TIC) using a suitable solvent

System. The Rf values for pure compounds of gibberellln A3, ‘indole acetlc_

acid (IAA) and abscisic acid (ABA), on TLC plates run in various solvent

systems is presented in Table 1. The most suitable solvent system for -
the isolation of a GA3-like oompound and its separation from rmajor plant

. fluorescent bands waS'ethyl acetate:ohloroform:acetio acid (¥CA). Abs~-

cisic acid on the other hand was best isolated from other major plant
hormones and fluorescent bands of plant origin in a toluene:ethyl acetate:
acetic aCld solvent system (TEA) -Indole. acetlc acid and cytoklnlns WLre

isolated on TIC plates developed in 130propanol ammonisa: W“ter (IAW)

oA e



TABLE T

Rf values of GAB, ABA and TAA on thln layer plates coated w1th

vKleselgel GF254 or Kleselgel G60.

Solvent System

Isoprepanol:Ammonia:Water
- (10.1.1)

Toluene Ethyl aoetate Acetlc a01d

(40:5:2)

Eﬁhyl acetate ChloroForm Acetlc acid
| (15 5: 1) |

Rf ABA

0.72

0.13

0.87

" Rf GA3

0.64

0,50

Rf TAA

0.66
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1o Cibberellin A%-1ike Activity in'Extracts from Healthy and Virus-

Infecfed"Plant:Tlssues -

T4 has been ‘ﬁrevib{i'sly?éétablished that the .major-gib’berellin_s’ in
tobaeco are;gibherellin,Aliand_A5:i.These:gibberellinsrare difficult to
‘separate and with'the'extraefion aad'purification procedures employed
here, would almost.Certaiﬂlj beetogether in thevfinal extfact;A Both giﬁ—"
v_Befellins'give good responses in theebarleyiendesperm biocassay and the .

. Rumex senescing leaf disc_bioassay;; Although the lower sensitivity renge,
of the Rumex leaf.dlsc biqassay ﬁas suiiable.for the.tobacQo leaf extracts
tested, certain other characteristics of the bioassay made its use unsuit-
vable. The leeg incubation timeVOf the assaYl(at least 7 deys under the
;conditiens employed)vallewed for fungal growthsviﬁ‘the bioassey dishes.,
"'This'could only have been'avoided byvemploying aseeptic extracting,vperl~
”fyieg and bioessaying techniques_of purifying ﬁhe final extraetsbtc exc-
lude most other plantvconstituents. Fungal'grqwths were only a problemv.
for tissue exfrects tested'and never ecourred when pure compounds_were
, bioassayed. "The naturevof the biocassay response, retardation of leaf
 disc seneScenoe, is-ho% specific bﬁt a general mefabelic reaction:' Sen-
escence is eSSOCiated'with many biochemical changes in.the cell any of
lWthh could be affected by normal plant constltuents concentrated during
the extraction procedures. ThlS was in fact suggested from the bloassay '
results fdr'tissue extracts. Somercomponent(s) in the extracts were
toxic to theileaf.discs;v ' | |
. '_The Rumex leaf'disc_bidassay for gibberellins.was_not suited to the
conditions of tissue extraction:and degreevof extract pﬁrificatioh rep—
-orted here and was abandoned in favour of the barley endosperm bloassay.

The barley endosperm bloassay for glbberelllns has the advantages of’
a short 1ncubat10n time (24 hours) and a mae specific mechanism of reup—e
" onse (1nduced o(-amylase °yniheS1s in aleurone layers) The problem of

“toxic plant constltuents in tlssue extracts was therefore minimized.
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Asceptic techniques were used in set.tj_ng up each bioessay and this, tog¥ :
ether with the short iﬁoubation time ensured minimal cohtanﬁ11atien of
_incubates. The only disadvantagee of 'thev parley endosperin »bi.oa.s'say ,Were
its sensrtlvn.’cy to ot.-vr pLant horp011es and the tlme involved in se tting -
up the bloassay. Seml’clvmy to abscisic acid requlred a.dequate 'sepax-
ation of the globerellms from ubSClSlC acid by th:n layer chromatographv. ‘
The time mvolved in setting up the bioassay imposed a limit to the num-
ber of extracts and extra_c{ dilutiens that »eou‘lld be tested at any .one
Atime by the one person. A’standai'd curve foi‘ the respoﬁse of the _’earlefj _
endosper}n bioassay to a coricentration range of GA'B is presented in Fi'g.hl‘en |
' 44..' The xesponse cu'rve for the v--’bioas_sayvrepresen'ts the average ;‘espc.)ns.e'
' ever' eix i_ndependen'tvb-i-oassays; vper_formed at different times . (see Appendix
53). |
(a) GAB—like- activity in extracts from young leaves and shoois'

The barley endosperm bioassay respOnee Yo av-'five—fold dilution series
of TIC purlfled plant ex‘tracts ‘is. presen‘ted in Flgure 45. . bilufioh- cur-
ves for both healthy and J_nfected tlssue extracts had 4 similar sha,pe ard ,
'were parallel w:Lth the dose/response curve for GA; over the upper dilution
. range (see Eigﬁ;‘e 44). Both h_eal‘thj_ and virus-infected tissue 'e:ftraé’c.
‘cu:cfves are superimposed and ther.e appears to Abe ;ﬁo e_ffe.c’c' of vj.ru_s infee-
tion on GA3-1ike' activi’cy 1n yelmg tissue. exffacts . | N

(b) GA3—11ke activity in tlssue extracts from mature 1eaves :

No measurable GA3~1like activity was detected from relevant TIC plate
zones of healthy and J_nfected leaf tlssue extracts.v Dose/response curves
for both* extra.cts gave no responses in the barley endosperm biocassay. over'

~ the flve-fold dilution series of each tested (Flgure 46)

2 ABA-llke ACth"‘tV in Mature Leaf Ex'tracts from Healthy and VJrus-_ -

Infected Plants

Absc:.s1c acid inhibition of the barley endosperm bioasseybfor gibber-

ellins is demonstrated in the dose/response curve of ABA concentrations



Figure.44

Relation between log, . gibberellin A3 concentration (gm/ml) and
induced K-amylase activity in barley endosperm picccs (free sugars prod-
uced by amylase developed photocolorlmetrlcally w1th anthrone reagent and
measured at 625 nm wavelength)

Standard error of plotted points = 0.0526 (see Appendix 33)
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Figure 45

Relation between gibberellin»Airliké activity in young tobacco tis-
‘sue extracts (plotted log

, of purified extract dilutions) and induced
AL ~amylase activity,in'bar?e

¥y endosperm pieces (_free sugars liberated
developed in anthrone reagent and measured at 625 nm wavelength),

Standard error of plotted points = 0.0338 (see Appendix 34)

(O—0) - Extracts from healthy tobacco plants
, ([J—,——‘— -0) - Extracts from virus-infected plants

(a) - Sterile water control
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Figure 46

‘Relation between gibberellin A3-like activity in ‘mature tobacco
leaf extracts (plotted log 0 of purified extract dilutions) and
L ~amylase activity in bariey endosperm pieces v(free sugars liberated
deveioped in anthrone reagent and measured at. 625 nm wavelength).,

Standard error of points plotted = 0:0265 (see Appendix 35)

(O——O) ~ Extracts from healthy tobacco plants
(- - - -~ -0) - Bxtracts from virus-infected plants

(&) - Sterile water control
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versus the bioassay respense to 2;5 x 1078 gm/ml.GAS (Figure‘47):e.The
nature of the'response_varied,with the concentratlen of gibberellic acid.
A number'of GA3 condentratibns Werebtested in the bioassay against ABA.
etandards and tissue extract dilutidns. GA3 concentration of 2,5 X 10;8
gn/ml. was fonnd to gite the mest Suitable linear response over the range
;of dilutions of tissue eitracte tested.
Dose/iesponse,cnrves forvhealthy and infecteditissue eitraets, chrom-

Aetogrammed'twice in-a-toluene:ethyl acetate;aceticbacid solvent system are -
presented. in Figure 48: Both healthy»and infected tissue extract curves

are parallel and exhibit the same form as the standard ABA dose/fesponse ’

curves; In estimating the ABA ratio of healthy : infected. tissue extracts;

P

the absorbance figures for the dilution of each extract: were used

'/ 20 an
(see Appendix 37). The dlfferencee in absorbance 625'nm wits between
healthy and infected extracts at the above dilution and the 2;5_x 10_8.
GA3 control line is Oj?O’ana'O.ﬁO_respectively. From the standard ABA/
'r&mmewweﬁemnwmgwmmmmmmofﬁxmmaﬁdmm
estimateds | | |

'Healthy tissuelextract —'8:92 X 10;8,gm EquivalentstBA/mlu'

Infected tissue extract -'%3.,55 x 1078 gm Equivalents ABA/ml
The ABA ratio of healthy : infected.tissue extract is 2.5 : 1. In extra~
cts from mature leaves, there was more than twice the level of abscisic
ac1d in healthy tlssues compared with 1nfected tlssues. “To further ver;.
‘ify the nature of the ABA-like growth substance and 1ts relatlve concen-'
trations in healthy and v1rus—1nfected tlssues, tlssue extracts from mat—
ure leaves were purified by TLC in two different solvent systems, ethyl
acetate: chloroform°acet1c acid and toluene ethyl acetate: acetlc ac1d
Dqse/iesponseveurves for the relevant TLC plate zone:are.presented'zn
Figure 49;: Again both curves narallelled cach other and the_ABA standard
doSe/ieeponse curve., Using theiabsorbance 625 nm figures_for the 1_: 50

,extract dilutions (see Appendix 38) the ABA ratio ef tiealthy : infected
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Figure 47

Relation between log, abscisic'acig concentration (gm/ml) and

A ~amylase aotivity“induceg by 2.5 x 10~ gm/ml GA3 in barley endosperm -
" pieces (free sugars liberated by amylase developed with anthrone

reagent and measured at 625 nm wavelength). : '

‘Standard error of plotted points = 0.0416 (see Appendix 36)
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Figure 48

Relation between abscisic acid-like activity in mature tobacco
leaf tissues (plotted as log,. of purified extract dilutions) and. GA%-
induced «L-amylase activity in barley endosperm pieces (sugars liber-
ated by amylase developed with anthrone reagent and measured at 625 nm
wavelength), Leaf extracts purified on TIC plates developed in toluene:
ethyl acetate acetlc acid solvent system. - c

Standard error of plo’cted pomts = O 0507 (see Appendlx 37)

(O———O) - Extracts from healthy tobacco plants
(0~—- - —0) - Extracts from virus-infected plants

-8

A) - 25 %10 /ml GA3 control
(4 gn
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Figure 49

Abscisic acid-like compound from tobacco leaves purified on TIC
plates developed in ethyl acetate:chloroform:acetic acid solvent system ~
‘and further purified on TIC-plates developed in toluene:ethyl acetate:
acetic acid solvent system. '

Graph represents relation between abscisic acid-like activity in
mature tobacco leaves (plotted as log,, purified extract dilutions) and
GA%=-induced « =-amylase activity in ba.r?ey endosperm pieces (free sugars

liberated developed with anthrone reagent and measured at 625 nm
wavelength).,

Standard error of plotted poj_nts“——— O.':'0388 (see Appendix 38)

(O————0) = Extracts from healthy tobacco plants
(>-----0) - Extracts from virus-infected plants

(a) - 2—.:'5 x 10—8'g'm/ml GA3 control
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leaf tiésue.extraqfsvwa8’2:24 5.1; .This confirﬁ@dvfheiresults oﬁtained
from a single solvent system extract purifiéation. v

The Rf positions of the,ABA—like growth.inhibitér in two diffefent
solvent systems and its dose/fesponse characteristics in-the bér1ey.ehdo—
sperm bioassay suggest that this particular inhibitdy is _p?obébly

~ abscisic acid.

3. Cytokinin-like Activity in Extracts from Healthy and Virus-

Infected Plant Tissues
A number of bioassays were tested for theif suitability with cyto-v
- kinins in tobacco leaf tiséue:exiraéts;' Nﬁch of thé.earlier work invol-
ved using the tobacco pith callus bioassay; However, there were.seve:al
reasons for abandoning thié techniqﬁe as a bioassay for tissue extféct 
cytokinins. An incubation bériod of 3—4iweeks restriCted the number éf
extracts that'could be tested; Striﬁgent.éSce?tic conditioﬁé of.culturev_
~ had to be maintained to avoid fungal énd bactéri#l growths in culture:
Althéugh the bibasséy is among.the most‘sénsitive for cytokininé,'ﬁhe |
‘V'final volume of culture medium per assay dish énd the degree of replica-
tion required, resﬁlted'in high final dilutions of each tissue éxtract:‘
Tobacco pith calluses were very>sensitive'to'other plant cchstiﬂuenfs,‘
“and traces of chromatography solvenfs in:thin layer chromatography plate -
, zones:‘ Sterilizdtion of ﬁhs final culture media may élsé havevreduced
ﬁhe activity'of extracted, endogenoué cytokinins.,. |

.Although the.methods are not reported here, tWo other cytokinin biq¥ |

assays were briefly tested:'.Théée'Were the barley root growtﬁ inhibitipn.'

bioassay as reported by van Onckelén and Verbeek'(1971);and Verbeek et al,
(1969) and the radish cofylédon.expansipn bioassay as reported by Letham
(1967)." The barley rooflgrowth-inhibitionvbioasséj'ﬁas discounted bec-
ause the 1argé'éséay medium voiume requirea per test, together with rép~“

lication and dilution of plants extracts, resulted in excessive final

','dilution values of the partially_purifiedvexirabts{'4Also a high
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statiStiCal rariability wae associated with the bieassay; Thezradishv
"cotyledon.expanSion bioaseay.was re jected because the 1oﬁer limit of sen-~
sitivity was too high (0.01 ppm klnetln) to detect cytoklnlns in tobacco
leaf extracts. | | |
~ The bioassay finaliy adopted for'measuring'cytokihin~coneertrations
n_was‘the Amaranthus-betacyanir pigment production biocassay. Final assay'a
 volumes (2 ml per assay dish) ailowed for an-'adequate dilution series and
replication per test extract. The bioaesaytdisplayed some sensitiyity to
concentrated‘plant,constituents and soivent'traces in the final pUrifiedp
~extracts, however, such inhibitiehs Were’readily:overcomevby.diluting the
final extracts, Thevsensitivity_ofvthis biocassay was at 1eaSt eduivalent
to the tobacco pith callus‘bioassay. ’The bieassay is.npre‘sensitive'to :
naturally occurring'cytokinins such ae zeatin and ite deriratives and
6-benzyl adenine than the synthetic hormone, kinetin (Biddington and
tThomas, 1973) The short 1ncubatlon time for the bloassay (18 20 hours)
.allowed the USu of non—asceptlc technlques durlng extractlon and sett_ng'
up.of the_bioassay and also minimized_the effects of interactions from
other ﬁormonesvthat-could'have been present in the extracts. A standard
v_re3ponse curve for klﬁetxn-lnduced betacyanln plgment productlon by
~Amaranthus explants is presented in Figure 50
(2) Cytoklnln-llke activity in young leaf and shoot extracts
Extracts from healthy and 1nfected tissues were separated on
: dKieselgel G60 TIC plates in isopropanol°ammonia'water-(10:1:1; v/ ).
':Bloassay of all TIC plate zones revealed two maJor Zones of act1v1ty. A
-slow-mlgratlng zone . of act1v1ty at Rf'O 0.2 and a faster- mlgratlng zone
-of act1V1ty at Rf O. 5 -0. 8. |
| Cytoklnln-llke act1v1ty at both Rf ranges was greater in tissue ext-
| 'racts from virus- 1nfected plants for both the n-outanol soluble fractron .
(Pigure 51) and the water soluble fractlon (Figure 52). The hlgher cyto-

klnln ac»1v1ty of 1nfected tissue extraots as separated and purlfled by

.vv‘
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Figﬁre:BO

. Relation between log kinetin-concentrétion-(gm/ml) and betacyanin
production»by Amaranthus explants (measured as Abs. 543 - Abs. 520 nm).'

Standard error of plottedfpoints = 0.0112 (see Appendix 39).
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Figure 51

Cytokinin activity in n-butanol soluble fraction éf extracts from
_ young leaf and meristem tissues. . -

Relatlon between TIC plate zone and betacyanln ploduc’clon by v
Ama.ranthus explants (Abs. 542 nm - 620 nm)

For statlstlcal a.nalys1s and actual vaiue of points plotted see
Appendix 40, :
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Figure 52 -

Cytokinin activity in water soluble fraction of extracts from young
leaf and meristem tissues., Relation between TIC-plate zone and _
betacyanin production by Amaranthus explants (Abs. 542 nm - Abs. 620 nm).

For statistical analysis and actual value of pcints ﬁlotted see
_ Appendix 41. :
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TIC was.-verified frOm dose/response curves of the_n—butanolfsoluble'frac—

tions from both healthy and virus-infected tissue extracts (Figure 53).

Both healthy and infected tissue extracts produced 2 curved response.over

the dilution range tested; The ratio, infected tissue extract. : healthy
tissue extract, of cytokinin-like activity, was calculated from the kine-

tin response curve using the‘1/ extract dilution data (see Appendix

25

42). The ratio of kinetin equivalents (gm/ml) for infected versus heal-

thybextracts was 3.55 l.
It can be concluded therefore, that in young tissue extracts from

tobacco plants, infected with tobaceo mosaic virus, there was a higher

level of extractable total cytokinin-like compounds than in comparably

aged. tissues from uninoculated plants. Components of total extractable,

3cytokinin—like compoundsﬁfrom_virus—ihfeoted;plaﬁts;cseparate@:ongmlch_,»

plates ~were also more'activevin the bioassay enmloYed.than individualv'
components of unlnfected plant extracts. | |
(b) Cytokinin activity in mature _eaf tissue extracts

‘Cytoklnln act1v1ty'1n n-butanol‘soluble fractions was greater in
extracts from'virus-infected'plahts. HighervcytokininlactiVity‘was det=
eoted at both major zones of activity on TIC plates (Figure 54);; A'di1~
ution series froh the h-butanol soluble extract85 assayed for in the
Amaranthus—betacyanln productlon bioassay, also revealed a higher cyto-
klnln actrv1ty in 1nfected tlssue extracts (Flgure 55) The ratio of :

cytokinin actiVity_(gm equivalents kinetin/ml) for infected versus heali-

'thy tissue eitracts, was 1.33 : 1. This flgure is based on the 1/125

dllutlon flgures for both healthy and 1nfected tissue extracts. .Ektracts -

from v1rus-1nfected plants*were more 1nh1b1tory to the bloassay at the

lower dllutlons tested and therefore calculatlons to determlne the cyto-

'klnln act1v1ty ratlo Were based on the 1/125 dilution data.

There were no maJQr dlfferences in cytoklnln-llke act1V1ty between

 the water soluble fractions from mature leaf extraots. There is some
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- Figure 53 -
Cytokinin activity in n-butanol soluble fraction of extracts from

- young leaf and meristem tissues. Relation between log, . extract dilu-

tion and betacyanin production by Amaranthus explants tgbs. 542 nm -
Abs. 620 am).

Standard error ofvpoints plotted = 0;0020 (see Appendix 42):

(0———0) - Extract from healthy tobacco plants
(o-- - - -0) - Extract frbm‘virus—infected plants

(A ) - Distilled water control
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Figure 54

Cytokinin activity in n-butancl soluble fraction of extracts from :
mature leaves., Relation between TIC-plate zone and betacyanin productlon
by Amaranthus explants (Abs. 542 nm - Abs. 620 nm).

For statlstlcal ana1y31s and actual value of p01nts pTOtted see
Appendix 43. :
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Figure 55-.

Cytokinin éctivity in water-~soluble fraction of extracts from
mature leaves. Relation between TIC-plate zone and betacyanin productlon
by Amaranthus explants (Abs. 542 nm - Abs. 620 nm).

For statistical analys1s and actual value of p01nts plotted see
Appendix 45. :
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'éuggestion frdm_fhe:éhfdmatographs’of watér_Soluble fractibhé of a
-slightly]higher éytokinin activity at both low and high Rf valuss.for
extracts from healthy tissués (Figure 56): H0wever, baséd on the’ext~
-ract dllutloqs/bloassay response curves, there was no difference in toial

cytoklnln act1v1ty bloassay reqPonse curve for exiraﬁts from healthy and -

. between healthy and virus-infected mature leaves (see Pigure 57). The

failure'pf wafer—soluble-extracts to induce a dose/response curve was
iprqbably a functioniofAICW cjtokinin actiﬁity;and éphibitors-of plant~>
Srigin in the-éoncenfrated tissue extracts; ADilﬁtions, neceésary té eli-
minate thé effect of any inﬂibitors preseht,,pfobably'1owered cytokinih
levels bélow the sensitivity of the'bioassay; |
(c) Cytokiﬁin activity §f root tissue extracts

As for leaf and stem tissue extracts, root.extracts.were sépérated
into'n-buténdl soluble cy{okinins and water soluble cytokinins; For both
n-butanol»fractidns and water soluble fractions, the cytokinins of chro-
matographéd extracts did not clearly separale into two majof zones of -
' activity: Most of the cytokinin~like activity from fhe nfbutﬁnol'sqluble
fractions, occurred beyond Rf_0;4 (Figure 58);' Thére is some suggéstion
from the TIC-plaue profiles of a. hlgher cytoklnln act1v1ty in extractu
from 1nfected plants. -The picture for water soluble fractlons from roots
- is more’cbnfusing and ﬁ¢ valid conclu#ions, with;réspect to virus-induced
élterations'to pattefhs of cytokinin-activity; caﬁ'be’dfawn»from these_
chromafdgraphs (Figure_59);.- : |

Aé no major zones of cytokinin—like activity were found»followingi
TIG of foot éxtracts it was not consideied nécessary to.prodﬁcé dose/
.response curves for these extracts; |

In summary, ettracts from leaves and ‘shoot s,vseparated on thin 1ayer
chromatograpby plates, were resolved into two magor areas with cytoklnln-
like activity.v Host activity,,as determined by the Anaranthus—betacyanln

piguent pioduction bioassay, occurred at Rf of 0:6 - 0;7. Some'activity
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Figure 56
- ' Cy*tokininvactivity' in n-butanol soluble fraction of extracts from
mature leaves., Relation betweer log, . extract dilutions and betacyanin -

production by Amaranthus explants (AbS. 542 nm -~ Abs. 620 nm).

‘Standard error points plotted = 0.0031 (see Appendix 44),

(0———0) - Extract from healthy tobacco plants
(o-- - 0) - Extract from 'vi,rus-'infe'Cted plants

(Aa) - Distilled water control ~

Figure 57

- Cytokinin activity in water soluble fraction of extracts from mature
leaves. Relation between log, . extract dilutions and betacyanin pcoduc-<
tion by Amaranthus explants (AQS. 542 nm - Abs. 620 nm).

Standard error of points plo'tted = 0O, 0013 (see Appendlx A6)

(0———o0) - ‘E‘xtract. from healthy tobacco plants
(O---- ~EI)‘ - Extract from virus-infected plants

( A ) - Distilled water contrél
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Figure 58

Cytokinin activity in n-butanol soluble fraction from tobacco roots.,
Relation between TIC-plate zone and betacyanin production by A: aranthua
explants (Abs. 542 nm - Abs. 620 nm).,

For statlstlcal analys1s and actual value of points plotted see
Appendlx 47.
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Figure 59

Cytokinin activity in water soluble fraction from tobacco foots.

"Relation between TLC-plate zone and betacyanin productlon by*Amaranthus
explants (Abs. 542.nm - Abs. 620 nm).

For statlstlcal analy31s and actual value of p01nts plotted see
-Appendix 48. :
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élso dcctrrea‘at Rf 0 ~ 0.2, Both young and matuié’leaf:extraéts from
.infected-planfs had’higher,concenfrations of n-butanol sﬁluble cytokinin-
like compouﬁds éémpared with simiiafly’aged-iissues from uninfeqted |
'_plénts.'-Cyfokiﬁin-liké cqmpoundé atbthe above Rf values, as resblﬁed on
. TIC plates, were at a higher level in n—buténol.soluble extracts from
_infected plants thanvsimilariy’res61véd,'n-buianol_soluble comégunds
froﬁ uninfected blanté. |

,Wafer solublé qompounds»with'cytpk;nin—like~activitj,:?esolved into
two major regions of activity on TLC_piates3 ﬁere at a2 higher 1eve1 in
v'young.leafvtissues_frdm iﬁfected plants compared'with similarly agédvtis_
sues from unihfected élants. However, in a CbmpariSOn'between_matﬁré
leaves fromiinféctéd and uninfected plahts both cytokiniﬁ types, as sep-~
jaiated on TIC pléfes, were at a higher 1evel:inveitracté from wninfected
plants. _. |

Resultsvfor n-butanol soluble ahd_waﬁerlséluble.compounds,With cyté—
kinih-liké-activify; separated by thin léyer 6hr§ﬁatogiaphy, Wére conf-
irmea by.£helbioassayvres§onsebt6 dilution1serie$,of'orude n—butanol  \
solubie_and wéter soluble fractions of leafvtissﬁe extracts. Cytqkinin;'v:
like compoimds ﬁa.tissue'extraété from tobacco roots ﬁere hqt resolved.
vin.two distinct zones of activity by_thiﬁ layer chrométography;
| V_Thevgeneral pfofile of levels of ¢ytokiﬁinflike'compounds,.as sep;
‘arated by TL¢; were similar for n-buténol soluble and water soluble:frac—
tions ofva pafticular leaf age tissue.eitréct. ‘If is possible that:ﬁuch,
of_thé'activity.in»the water soluble fractions is due té inconplete ﬁért—. 
1itidhiﬁg of qompounds between aqueOUS'énd n-butanoi phases. Iﬁ_may be
/more appropriafe to pédl-p—butanOl»soluble,and aqueoué so1ub1e fractions‘
‘and conéider'the total extractable cytbkinin-like‘actiVitj;' Howevér;~gs -
'it‘hés.beén a usual practicé tdidifferentiaté’betwéen n4butan01 SOIUblé:
and water solﬁble cytokinins énd ¢onsider thém separately, individual.'

résults will be considered in the discussion.
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4. The Bffect of Virus Infection on the Concentration of an Indole

v  Acetic Acid¥1ike Component in Young Ieaf and Shoot.Tiésue Extracts

The bafley Coleoptile s%réight growth bioasséy Was found>to be"mest:
suitable for auxins When compared with the. pea roo+ growth bicassay as .
reported by Leopold and Guerpsey \1953)0' Both bloassays have poor lower
vliﬁits of'sensitivity to indole acetic a01d,_re1at1ve to bloassays for
other.grOWth reguleting'substances.. Thej'were sensitive io concent¥ated
planf conetituents aﬁdvsolvent-traces in~thin 1ayer"ehromategraphy plate_
zones and are sensifive te.othe£vhormones; The.pea-root growth bioassay

(tested But_not fepo#ted heré).had'the added disadvantage of-high etate
istical veriability beth within the ene bioessay and between bioassays;
Provided fhin iayer chromatography plate»zones were diluted beyohd fhe
effective.réﬁge of action of:unknoWnninhibiﬁing substances (about a1 iﬁ
:200 dilution for. the system employed here) the barley stralght growth
test was relatlvely satlsfactory.. — | ,
Crude plant extracts were purlfled by TIC on Kleselgel GbO in an_‘,
1sopropanol ammonla water (10:121, / ) solvent system. A plate zone
'correspondlng to the Rf of indole acetlc acid wes removed from each plate
and tested for_aux1n-11ke activity using the_baxley coleoptlle stralght
growth bibaséa&. The bioassay’reséonselte'a‘concentration range of IAA
. is presented ihrFigure 60. The-bioassay asfueed was sehsitive to atileastv
0:01 ppm IAA, | | | -

‘Bioessay reeponse'fo‘a five~fold dilutienAseries of eacthDQ puri;'
fied blant exiract'is.preeenfed‘iﬁvFigure 61."A negative respoﬁse.was
 obtained at the lover dilutions tested, with both healthy and virus-
infeeted tissue extraets being similarly effective in-inhibiting'the bio~‘
- assay. However; at én eitract-diiution of 1 :AZSO,;both extrects gave‘a“
positive rTésponse in the bioassay. Using the 1 : 250 dilution data for
- each extract (see Appendix 49) a.fatio of IAA-like aCfivity for virus-

infected versus healthy,tissue extracts was obtained. The'ratio,'in
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Figure 60

Relation between log 0 indole acetic acid concentration (ppm) and
barlay coleoptile length tmm).' Lo

. Standard error of points plotted = 0.1602 (see Appendix 49):
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.Flgure 61

A Indole acetlc acid-like act1V1ty in purified extracts from young
leaf and meristem tissues. Relation between log,lo extract dilution and
' barley coleoptile length (rm).. '

Standard error of pomts plotted = 0.1602 (see Appendlx /19)

(O—-—-—O) - Extract from healt thy tobacco' plants
(D— -—-- --D) - Extract from virus-infected plants

(a) - Dlstllled water control
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terms - of ppm IAAbequiValents/mi, wésvi.ii.::1 (Infected : healthy).
Results for auxin;liké activity in tissue extracts would have been
ﬁore cénclusive if the doée/response curves for the‘different'ﬁissue
extracts had pafallelled fhé ddse/&eéponse cumve‘for‘pure IAA, .However;A
further eﬁtfact.dilutiéﬁ would probably have reduced the auxin content
to-a level-below the.sensiﬁivity>of the bioassay.' A more desiréble dose/_-
response curve for the'tissﬁe extracts, over the dilutions=emp10yed,.could

- only.haVe been achieﬁedibyvusing a.¥gngthier»purifipation:p?ocedure.



SECTION ITII
VIRUS-HOST

ULTRASTRUGTURAL INTERAGTIONS



' INPRODUCTION

Fine structurai detail”of virus—infected plant_¢elis has only been
poésible since the use of aldehyde and osmivm fixétives. Unidue to'ali
A§irus4infected cells is the presence of virué~particles, usually;in.son@
.éggregaﬁed fofm, Amorphous inclusion bodies or Xchdies are also assoc-.
iated with a number of virus diseaSes. With diseasés-of-the mosaic fype,‘
the most consistentiy ieported structurally defecti?e host organelle is
the ohloroplast. Virﬁs effects on chloroplast‘struciurevvary-with the
particular.virus and the‘strain present. The severity of mosaic éymptpms
induced in tobacco by fhe Uf.strain of tdbaccq ﬁosaic'virus, varies with .
the age of the tissue. The chief purpose of this section is fo:determiné
to what exteﬂt the pattern of biochemical éhanges>are associated with
strﬁctural'changes iﬁ cell organelles, in diséased ﬁissues of different
: ageé. The other objeciive of this section is to confirm the virus-free
nature 6f dark green island ’cissu__e in the mosaic and compare these tis-

sues strucfurally with virus~infected and healthy tZssues.



175,

VATERTALS & METEODS

1. .Tissue Preparation

'Leaf»tissue,squares,'5 mm'square,.Were,disseoted from tobacco leaves,
,,To facilitate firing and embedding of tissues, the edge‘ofbeaoh tissue
piece was.cdt into 1 mm wide strips, giving.a "comb" effect. All tissﬁ,s
Were'fiked.immediately following dissectioh.
(a) Araldite—embedded'tissues
Tissues were infiltrated uhder_vacuum and fixed for 1 hour in 2-6
percent glutaraldehyde in 0.1 M cacodylate~HC1 buffer, pH 7.2; 'Fixative
~was washed from theitissue squares With four changes of fresh buffer and.
two changes of distilled water. Following fixation in a 1 percent aque=
ous solution of osmium tetroxide for-1 hour, tissues were washed with
several chanées of water:to remove excess osmium then stained in 0.5‘per-
cent aqueous uranyl aoetate for 2»hours; Tissues were dehydrated.in a
graded alcohol series (30 50, 60, 70 80 90 95,. 97. 5, 100 percent alc~
ohol, / ) allowing at least 15 minutes in each alcohol dilution. TWo
.changes of absolute alcohol were followed by two changes of epoxy prop-
ane., Tissue pieces in glass v1als were soaked for 24 hours in a 1 3 1
mixture of epoxy propane and araldite " / ). Epoxy propane was . allowed
to evaporate off by uncapplng the vials and standlng for 24 hours at room
temperature._ Tissues were transferred to fresh araldite and 1nf11trated
for 2. days at Troom temperature. Araldite was polymerized at 60°%C for 2
days. (For composition of araldite mixture used,;see Aopendix-5d).
(b) Glycol methacrylate embedded tissues: |

v‘_The method used was essentially'thatlreported by Leduo and Bernhard
(1967); -Tissuesiwere fixed with 6vpercent glutaraldehydebin 0.1 M phos-
phate buffer, pH 7;2, for 1 hour folloWing vacrum infiltration. Glutar-
aldehyde was rinsed from the sections'with'several washings of distilled
water. Dehydration was achieved ln a graded concentration series of.gly-‘

col methacrylate in’ water with 20-mihutes in each of 60, 80, 90vand_97
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Dercent ¢ / ) glycol mcthaﬂrylate and 20 minutes in unprepolymerlzed
embedding mixfure. Tissues were then infiltrated overnight with prepoly- -
mer.’ Embeddiné:mediumdused was T parts of 27 percent glycol methacrylate
in distilled water and 3 parte of n-butyl methacrylatewcontaining 2 per-
, cent (w/v) benzoyl peroxide (10 percent paeie). v?repolymer.was“formed
‘from embedding medium‘by heafing sufficient medium to justdcover the bot-
tom'of a conicalelask wmtil small bubbles jpst appeared, then rapidly
‘cooliné fhe flesk and contents by plunging into a beaker of ice water.
The final prepoljmer had a viscosity simllar to treacle. | |
Sections in prepolymer were transferred to gelatin capsules_dnd poly-
merized under long wavelengfh ultraviolep_lightdfor 24 hours at 200;

2. Sectioning ahd Post-Staining Technicues

A1l sectioning was done with an IKB ultramicrotone, using glass
knives: Araldlbe sections were pre—trlmmed 'with a razor blade. Glycol
methacrylate-embeddea tlssues, dvue to their brlttlenesu, were . trlmmed by
filing._ A1l sections were mounted on. 200 mesh copper grids, coated W;th
collodion/carbop fllms'and post stained in O;S percentiaqueOus uranyl
' acetate and Reynold's lead citrate'(for comoosition see Appendix 51);
Grids were placed, sectlon 31de down, on drOplets of water for 2-3 min-
utes, then transferred to droplets of uranyl acetate for 10 minutes, -
‘pGrlds were washed with water, placed on droplets. of lead citrate for 3
minutes and 1mmed1ate1y washed in a stream of distilled water.v Grlds'
were blotted and air-dried.

Sectlons were examlned with elther an AET EMSB or a Philips EM 201

electron microscope.
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RESULTS & OBSERVATIONS

1. Chloroplast Structure and General Cellular Organizetion as a

Function of Leaf Tissue Age '

© (a) Very young leaf tissues.
Typical oeli structure<fof léaves about 1 cﬁ 1§ng_(leaf position 2
~ from théjstem»apex)»is,presehted in Plate i5 and.Platej16;'-Crystalline
.virus incluéion bodies; though neither large nor numerous, were present.
in leaves at this very young age (Platev15); _Apart from the presenée
or‘absehce of virus inélusion bodies, there was vefy little differénce.
in ultrastructure between heélthy and infected cells in leaf tiséuesAof
this age. Chloroplasts of’héalthy and infécted tissues wére ﬁndeveloped
wifh poorly diffefeﬁtiated»grana and stoma 1ame11aé. Nhﬁy'chloroplasté>
of healthj'and infected tissues.were charactérized byva densely stained
‘region, probabiy lipoid in composition. |

~ Virus~induced cell structural éﬁﬁorﬁalities became more pronouncgd
in 1eaves_ét 1eéf pbéition 3 from the stem apex_(leaves 255 cm 1ong);,
At this age, cells within the 1eaf were still at'an active stage offcéll.
‘division (Platé'22): Chloroplast abnormalities, most pronoun@ed-ih inf=
écted tissﬁes_bf this age, were associated wi£h1£he earliest.visiblé 
f differentiation befween'gfeen and yellow island tissues of the mosaic.

- Large accumulations of virus partiCIes, mostly és crystalline.§irus
inclusions, were regularly present in virus-infected cells.frdm'yelloﬁ'
areas of leaf mdsaics‘(Plates 17, 18). Although crystallire inclusions
were numerous ahdjbccupiedi_much o£_the cell VOlume, virus partiéles were
.only loosély oiganizedeithin the aggregateévﬁith their long axes roughly
;parallel. | | o

_Chlproplaéts'in tissues with virus accumuiationsrdisplayed obvicus
différences in.infernaliétrucfure compared with chlofbplasﬁs in cells
~ fiom virus-free green tissues of-infeéted leaves and leaf ée}is from '

‘healthy plants.
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Nhny’chloroﬁlasts df virusfinfectéd célls had.a'densely stained reg-
ion near théir cen{rés (Plates 17, 18, 19), ﬁrobably prolamellar bodies
~ and resembled in appearance the devenerate chloroplasts in 1eaf epldermls[
cells of similarly aged healthy tissues (Plate 20) Plastids, present 1n. 
' epidermal'cells of young 1eaves, seldom developed so that the mature leaf’
epidermis was generally de?qid of chiOroplasts; .Grana devélopment was
generally.poorer in’chiorpplasté assbciatéd with yellow, virus;infected
leaf tissﬁes. In cémparison with chloroplasts in virus-containing cells,
chloroplasts’ofivirus—free, green island tissues (Plate 21) and chloro-
plasts in leaves from uﬁihfected plants had better developed grana.sys—
tems and a general absenée of the denée staining or prolamella bodies.

A difference in starch granule size between healthy celi_and infec-
ted cell chloroplasts was also most obv1ous in leaf tws sues éf this age.
Chlcroplasts in cells containing virus partlcles generally had 1arger
starch granules (Plates 17, 18, 24) than chloroplasts in cells of green,
virus-free tissues (Plate 21) or héalthy'control tissues (Plates 23, 25).

Another most obv1ous feature of V1rus—conta1nlng cells in 1eaves 2=~ 3
.cm long was the presence of Xrbodles in the cell cytoplasm (Plates 26, 27)'
In very young 1eaf tissues such bodies were mostly composed of tubular,
dense-staining structures more or less randomly organized and 6ften edja-

cent td'cell nuclei, -
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Plate 15

‘Section through virus—infectedvtobaCQO»leéf’from leaf poéifion 2

. from the stem apex (leaf about 1 cm long). Tissue fixed in glutaral-

_dehyde, embedded in glycol methacrylate and post stained with uranyl
acetate/Reynold's lead citrate. Note the negative staining of the
nuclear membrane and outer plastid membranes.

. (v = virus inclusion, pl = plastid, sb = starch body, dsb = dense
staining body, n = nucleus, nm = nuclear membrane)v> ’

Magnification 14,300 X
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Plate 16

_ Section through a healthy tobacco leaf at leaf position 2 From the
stem apex (leaf 1 cm long). Section fixed in glutaraldehyde, embedded
in glycol methacrylate and post stained with uranyl: acetate/Reynold'
lea.d citrate. Note the negative staining membranes of the nucleus and
plastids. Plastids contain a dense stalnlng body (prolamella body) and

. well developed starch bodles.

_ (p1 = plastids, sb = starch body, dsb = dense staining body, n =
nucleus, nm = nuclear membrane ) o : :

Magnification 5+950. X
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Plate 17

‘Section through a virus-infected leaf at leaf position 3 from the
stem apex (leaf 2 cm long). Tissues fixed in glutaraldehyde/osmium

" tetroxide, stained with agueous uranyl acetate, embedded in araldite and
post-stained with uranyl acetate/Reynold's lead citrate. Note the num- -

-erous inclusions of virus particles and the poorly developed plastids.

(er = endoplasmic reticulum;_pl = plastids, m = mitochondria, n =
nucleus, nm = nuclear membrane, dsb = dense staining body, sb = starch

body, ps = plasmodesmata, va = vacuole, Vv = virus inclusion)

Magnification 9,520 X
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.Plate 18

Section through a virus-infected tobacco leaf at leaf position 3.
from the stem apex (leaf 2 cm long). Section fixed in glutaraldehyde/
osmium tetroxide, stained with aqueous uranyl acetate, embedded in N
araldite and post-stained with uranyl acetate/Reynoldé’lead citrate.
Note the massive inclusions of virus particles and the poorly developed
plastids. ' ’ '

{p1 i'plastids,'dsb = dense staining body, n = nucleus, v = virus
inclusions, ps = plasmodesmata) ' :

Megnification 13,160 X
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Plate 19

Plastlds in virus-infected tobacco 1eaf cells of . ]eaves at 1eaf
position 3 from the stem apex. Sections fixed in glutaraldehyde/osmlum
tetroxide, .pre-stained with uranyl acetate, embedded in araldite and
post-stained with uranyl acetate/ﬁeynold s lead citrate. Note plastids
with poorly developed stroma lamellae and grana and large starch bodies.
and dense staining bodies (pro—lamella bodies). :

(sb = starch body, dsb = dense stalnlng body, v = virus inclusion)

Magnification 21,200 X

Plate 20

| Sectlon through the epldermls of a healthy tobacco 1eaf at leaf
position 3 from the stem apex.. Section fixed in glutaraldehyde/osmlum

tetroxide, pre-stained with aqueous uranyl acetate, embedded in araldlte'_ 

and post-stained with uranyl acetate/Reynold's lead citrate. . Note the
.poorly developed plastlds with large starch bodies and dense staining
bodles.

- (pl = plastlds)

Magnification 10,380 X -
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Plate 21

Section through dark green island tissue from a virus-infected
"leaf at leaf position 3 from the stem apex.  Section fixed in glutar-
aldehyde fosmium tetroxide, pre-stained with aqueous uranyl acetate,
embedded in araldite and post-stained with uranyl acetate/Reynold's
lead citrate. Note the absence of virus inclusions and the well deve-
loped plastids contalnlng stroma lamellae and grana. Plastids also
- contain only small starch bodies (lightly. stalnlng bodies). Very few
plastids have a pro-lamella body. .: :

(n = nucleus, pl = plastid, ps = plasmodesmata, va = vacuole)

Megnification 3,570 X
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_.Plate 22

Section through a healthy tobacco leaf at 1eaf position 3 from the
stem. apex (leaf 2 cm long). Tissue fixed in glutaraldehyde/osmium
tetroxide, pre-stained with aqueous uranyl acetate, embedded in araldlte
and post-stained with uranyl acetate/Reynold's lead citrate. Note the
cell, upper left of theplate, which is in an_active state of cell divi-
sion with an absence of a nuclear membrane and chromatin material scat-
tered throughout the cytoplasm. Cells are commected to each other via
numerous plasmodesmata. Plastids.are generally well developed with a
small starch granule and very little pro~1amella body (dense stalnlng
body within plastlds) . 4 .

(ch = chromosome, er = endoplasmic reticulum, n = nucleus, nm = .
nuclear menbrane, m = mltochondrlon, pl = plastid, ps = plasmodesmata,

va = vacuole).

Magnification 9,520 X
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Plate 23

Section through a healthy tobacco leaf {leaf position 3 from the
stem apex). Tissue fixed in glutaraldehyde/osmium tetroxide, pre-
stained with aqueous uranyl acetate, embedded in araldite and post-
stained with uranyl acetate/Reynold's lead citrate. Note the well
developed plastids with small starch granules (light staining bodies)
and an absence of pro-lamella bodies (dense staining bodies).

~

(m = mitochond»rbion, n = nucleus, pl = plastid)

Magnification 13,160 X
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Plate 24

Section through virus-infected tobacco leaf (leaf position 3 from
the stem apex). Tissues of both Plate 24 and Plate 25 fixed in glutar-
aldehyde, embedded in glycol methacrylate and post-stained with uranyl
acetate/Reynold's lead citrate. Note the negative contrast of outer
membranes of cell organelles.and nuclei. Plastids show poorly. developed
stroma lamellae, little grana and relatively large. starch bodiess

(n = nucleus, pl = plastids, v = virus inclusicn, x = X-body)

Magnification 6,120 X V

Plate 25

 Section through a healthy tobacco leaf (leaf position 3 from the
- stem apex) Plastids show well developed stroma 1amellae, rudimentary
grana and relatively small- starch bodies.. ‘ :

- (n = nucleus, pl = plastid)

Magnification 6,120 X
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Plate 26

. X~body in a virus-infected tobacco leaf cell {leaf position 3 from

- the stem apex)., Tissue fixed in glutaraldehyde, embedded in glycol meth-
acrylate and post-stained with uranyl acetate/Reynold's lead citrate.
Note the dense staining tubules of the k—oody and the. prox1n ty of the
‘X-body relative to the nucleus. :

(n = nucleus, nm = nuclear membrane, v = virus inclusion, x = X~body)

Magnification 10,380 X

Plate 27

X~body in a virus-infected tobacco leaf cell (leaf position 3 from
the stem apex). Tissue prepared as for above. The X-body consists _
mostly of dense staining tubular components arranged more cr less randomly
and in fairly close association with the cell nucleus. ‘ :

(n = nucleus, nm = nuclear menbrane, t ﬁ,tubules)

Magnification 26,100 X
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: (b)_Immature 1saf'tissue
Leaves a£ 1eaf.position:6 from-the,stém apex,‘which included leaves .
- 13-16 cm long. (uhat is ab ou% haif' {he'leng_t}_l.;‘of..ﬁ_}lly .expé.rided: Aj._éa,Ves')l |
. were de31gnated immature leaf tlssues. ImmatureAieaves from infected
plants_were clearly dlLferentlated into light green and dsrk green island
tissuss; Sectiohs across fhs border betwéen light.green and dark,green'
bareas of %he'mbsaic patternfconfirmedsthat cells of dark green island
tissues, alfhough aajacent'fo virusjsénfainiﬁg cells of light green island
tissues, were devoid of virus particles and X-bodies (Plate 28). Cells
of dark green island tissues (Plate 31) had‘the uitrastrpctural appear-f
ance of leaf cslls_fiom uninfected leaves of a comparable ags (Piate 52);
There was no evidence for physical isolation of celis at the border bet-
.;weeﬁAlight.gresn and-dark gresn_islénds; Adjscent‘célls frow ad301n1ng
.tissﬁss ‘were connected.by’normal-sppéafing plasmodesmata (Plates 29, 30);
-Chloroplasts from light green island tlssues (Plate 36),and daxk
. green 1s1and tlssues (Plate 35) of virus- 1nfected 1eares st-leaf positior
6 from the stem apex and chloroplasts from healthy contrsl tisSues (Plates
33, 34) of a similar chronologlcal age were 81m11ar with resPect to shape
and 1nternal deve10pment of grana, stroma 1amellae ‘and starch granule 31ze;
.X-bodies, present in virus-containing cells from light green island
tissuss, were characterized by dense-staining tﬁbules, small'crystalliﬁe
virus inclusions and freé,virusvparticles; -Such quies_were usually.ih
close promikityAto the nucleus and surrcunded by.crystalline‘virus.inclu—

sions and various ceilular'organelles-(see Plate-37):



Plate 28

Section across the border between light green and dark green island
tissues from a virus-infected tobacco leaf (leaf pesition-6 from the stem
apex - leaf 1% cm long) Tissue fixed in glutaralcehyde/osmlum tetroxide,’
pre-stained with aqueous uranyl acetate, embedded in araldite and post-
stained with uranyl acetate/Reynold's lead citrate. The cell at the upper
right is a dark green island tissue.cell. Note the absence of virus from:
this cells The cell at lower left is a light green island tissue cell.
Note the massive crystalline inclusions of virus in the cell cytoplasm.
Plastids in both cells are similar with respect to shape, development of
stroma lamellae and grana and starch body size.,

(n = nucleus, v - virus inclusion, va = vacuole)

Nbgnification'5,950 X
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Plate 29

Cell well boundary between a cell from dark green ‘island tissue .
(upper left) and a cell from light green island tissue (lower right).
- Tissue fixed in glutaraldehyde/osmium tetroxide, pre-stained with agueous
uranyl acetate, embedded in arzldite and post-stained with uranyl acetate/
Reynold's lead citrate. Note the nlasmodesmata comnections between the
two cells. - - ' - :

(v = virus inclusion, x = X-body)

Magnification 27,680 X

 Plate 30

Cell wall boundary between a’ v1rus-free and v1rus-conta1n1ng cel1
from adjoining light green and dark green islands of infected leaf tis-
sue, Tissues prepared as.above,. Virus-free cell on the right and virus-
-infected cell on the left. Note the abundance of plasmodesmata connec-.
tions between the cells, o '

(ps = plasmodesmata, v = virus inclusiorn, va = vacuole) .

Megnification 10,380 X
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Plate 31

Section through dark green island tissue from a virus-infected
- tobacco leaf .(leaf position 6 from the stem apex), Tissue fixed in
glutaraldehyde /fosmium tetroxide, pre-stained with uranyl acetate;
embedded in araldite and post-stained with uranyl acetate/Reynold's
lead citrate. Note the complete absence of virus and X-bodies. . .

(n = nucleus, pl = plastid, va = vacuole)

B

Magnification 5,950 X
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Plate 32

Section through a healthy tobacco leaf (leaf position'6 from the
stem apex),’ Tissue fixed in glutaraldehyde/osmium'tetroxide,’pre¥
stained with aqueous uranyl acetate, embedded in araldite and post-
stained with uranyl acetate/Reynold's lead citrate,

(n = nucleus, pl = plastid, va—= vacuole)

Magnification 6,460 X

-Plate 33

Chloroplasts in leaf cells of a healthy tobacco plant (leaf pos~
. ition 6 from the stem apex). Tissue fixed in glutaraldehyde/osmium
tetroxide, pre-stained with aqueous uranyl acetate, embedded in aral-
~dite and post-stained in uranyl acetate/Reynold's lead citrate.

_ " (m = mitochondrion, n = nucleus, pl. = plastid, sb = starch body,
va = vacuole) - : 5 - :

‘Magnification 14,840 X
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Plate 34

_ Chloroplasts in healthy'tobaccobleaf cells (leaf position 6 from
the stem apex). Plates 34, 35 and 36 represent tissues fixed in glut-
‘araldehyde /osmium tetroxide, pre-stained with aqueous uranyl acetate,

. embedded in araldite and post-stained with uranyl acetate/Reynold's lead

' citrate. ' ' S

Magnification 9,980 X

Plate 35

Chlordplasts in dark green island tissue cells of virus-infected
leaves of tobacco (leaf position 6 from the stem apex).

Nhgnification_B,OOO X

Plate 36

vChloroplastS'in-light green ‘island tissue cells of virus-infected
tobacco leaves (leaf position 6 from the stem apex). )

(m = mitochondrion, va = vacuole)

' Magnification 19,300 X






Plate 37

X-body in a virus-infected leaf cell of tobacco (leaf position 6
from the stem apex). Tissue fixed in glutaraldehyde/osmium tetroxide,
pre-stained with aqueous uranyl acetate, embedded in araldite, post-
stained with wuranyl acetate/Reynold's lead citrate. Note the randomly
organized tubular structures in the X-body and the presence of a virus
crystalline inclusion within the X-body. The X-body is also in the
vicinity of the cell nucleus. - : : :

plastid,.

nucleus, nm = nuclear membrane, pl
vacuole )

tonoplast, v = virus inclusion, va

il
]

- (m = mitochondrion, n
t = tubular components, tp

Il
n

Megnification 30,940 X
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(c) Mature leaf tissues
By the time leaves had reached full expanéion size (usually about
leaf position 14 from the stem apex) chloroplasts had beguﬁ to show signs

of structural degeneration. Howevef, chloroplasts in cells of light .

 green island tissues (Plates 38, 40) did notvshoﬁ.the same degree of dis-

organization that was evident in chloroplasts of compafably'aged healthy
tissues (Plates 39, 41): Chloroplasts.of healthy tissues contained more
osmophiiic'globules_(Plafe_39) and @ispldyed'greater_disorganization of »

the stroma lamellae (Plate 41);'
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?late_BB"
Section through a mature, virus-infected leaf (leaf position 14
from the stem auex) Plates 38 and 39 represent tissues fixed in glut-

araldehyde /osmium tetroxide, pre-stained with aqueous uranyl acetate,

embedded in araldite and post-stained with uranyl acetate/Reynold's lead
01trate.

(n = nucleus, pl = plastid, va = vacuole)

Magnification 6,460 X

Plate 39.

_ Section through cells of a mature, healthy tobacco leaf (leaf pos- -
ition 14 from the stem apex). Note the numerous OsmOphlllC globules
- (dark-staining globules) W1th1n the chloroplasts.

| (va = vacuole)’

~ Magnification 6,460 X






Plate 40

Chloroplasts. in a mature leaf cell of virus- 1nfected tobacco - (leaf
position 14 from the stem apex). Plates 40 and 41 represent tissues
fixed in gluta aldehyde/osmlum tetroxide, pre-stained with agueous
uranyl acetate, embedded in araldite, and post-stained with uranyl
acetate/Reynold's lead oltrate.“_Note the presence of well developed

- stroma lamellae and grana. ' '

- (gr = grana, sl = stroma lamella)

‘Magnification 29,000 X

Plate 41

Chloroplasts in a mature leaf cell of healthy'tobaéco (leaf pos=~
ition 14 from the stem apex)., Note the disorganized stroma lamellae

(s1).

Magnification 14,840 X ' o






"(d) Sehescing'leaf tissués
Senescent breakdown of cellﬁlaf compoﬁents was more advanced in

éellévfrom‘healthy leaves., Chloroplaéts'in cells of healthy seﬁescing
tissue had very liftle recognizable inﬁernal structure (Plates 43, 45,
46);- These chloroplasfs.had mch reduced stromi lamellae and grana and
éoﬁtained numerocus globules and Very 1arge, degenerate starch granuleé.

v On the other hand, éhloroplasts in cells from light.green islénd tissues,
although showing.some signs of structural degeneratidh; 8till contained
much érana end stroms. lamellae. - Starch granuleé gave étaining reactions

more typical of chloroplasts from less mature tissues.



Magnification 10,380 X |
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. Plate 42

" Section through'sehescing,HVLruq—infectﬁd tobacco leaf cells (leaf”

_ p031tion 17 from the stem apex). Plates 42 and 43 represent tissues

fixed in glutaraldehyde/osmium. tetroxide, pre-stained with aqueous uranyl

‘acetate, embedded in araldite and post-stained with uranyl acetate/
-Reyncld's lead citrate. Note degenerate ohloroplasts with large starch ,

bodies and occasional globules.

(gl= globule, sb = starch body, v = virus inclusion)

Magnification 6,920 X

Plate 43

Section through senescing, healthy tobacco leaf cells, (leaf pos-

ition 17 from the stem apex)., Note the chloroplasts with large and deg~
- enerate starch bodies and numerous globules,

(gl = globule, sb = starch body) . - - L

-
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Plate 44

- Chloroplasts in senescing, virus-infected, tobacco leaf cells
(leaf position 17 from the stem apex).  Plates 44, 45 and 46 represent
- tissves fixed in glutaraldehyde/osmium tetroxide, pre-stained with
aqueous uranyl acetate, embedded in araldite and post-stained with
uranyl acetate/Reynold‘s-lead citrate. Note the disorganized stroma .

- lamellae and the presence of grana. :
(¢r = grana, sb = starch body)

Magnification 14,100 X

Plate 45 -

Chloroplasts in a senescing, healthy tobacco leaf cell (leaf pos—
ition 17 from the stem apex). Note the lack of organized chloroplast
structure and large and degenerate starch bodies., Also note the deg-

enerate mltochondrla.

(m = mltochondrlon, sb = starch body)

Magnification 16,000 X

Plate 46

Chloroplasts in a senesclng, healthy tobacco leaf cell (leaf pos-
ition 17 from the stem apex). Note the extent of degene*atlon of plastlds.'

Magnification 10,000 X
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2. Some Miscellaneous Observations of Virus—lnfectea and Hzalthy

Tobacco Lieal Cells

Slngle membrane-bound organelles containing a crystallold core were
seen’ more frequently in v1rus—conta1n1ng cells of llght green 1sland tls—
vl»sues (Plates 47, 48, 49) than in healthy +1ssues. »ﬂhe shape and struct-
ure of these’organellesranc their proximity to ohloroﬁlasts suggesfs
.fthat they are mlcrobodles as descrlbcd by Baker et al (1973), Bibbj and
Dodge (1973), Frederlck and Newcomb (1969) and WTlﬂley (1968) Slmllar
unlt—membrane—bound oraanelles were observed in cells from unlnfeoted |
. tobacco leaves but such bodles rarely cont 1ned a crysta1101d core.

: Other cellular organelles rnclud_ng mltochondrla and nuclel apveared
fo be llttle affected by vxrus ‘infection with respect to shape and struc-'
ture, It was noted however that mifochondria,'alorg.with other memorane
'structﬁres in the oell,vwere more degenerate in size andksfruoture in
.cells from unlnfected sene301ng tobacco leaves oompared W1th leaves of
‘.a 31m11ar chron01001cal age from 1nfected plants (see Plate 45)

Invaglnatlons in the outer chloroplast memorane were also occas1on-
’ally observed (see Plate 50) Similar chloroplast_invaginations were |
reported by Shalla'(1964) who suggestedvthst,suchvirvaglnations of the _Y
.outer membrane_aocounted for some_of thelreportedtobservatioﬁs of virus

particles within tobacco leaf cell chloroplasts.



N
Q.

AN
.

Plafé e

Section through a 1eaf cell of v1rus-1nfected tobacco 1eaf (leaf
position .6 from the stem apex) - Tissue preparation for Plates 47, 48
49 as previously described for araldite embedding. .Note the close asso-
ciation of the mlcrobody with chloroplasts and the crystallold core OL
the nlcrobody. :

(mb = mlerobody, n = nucleus, nm = nuclear membrane, pl = plastld
va = vacuole, x = X=-body)

Magnlflcatlon 13,000 X

Plate 48

~ Microbody in virus-infected tobaCco'leef cell (leaf position 8
from the stem apex). Note the S1ng1e membrane surrounding the organelle
and the crysta1101d core.

(mb = mlcrobody)

Nhgnification 60,000 X

:Plate 49

throbody Wlth crysta1101d core in. a vxrus-lnfected leaf cell of
tobacco (leaf position 14 from the stem apex) y

_(m = mltochondrlon, mh = mlcrobody, pl = plastid, va = vacuole)

. Nhgnlflcatlon 19 300 X
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Plate 50 -
Section through chloroplasts in a cell of dark green island tissue .
from a virus-infected tobacco plant (leaf position 8. from the stem apex).’ v

Note the invagination in the outer membrane of the chloroplast on the

- (i = invagination, g = grana, sl = sti‘oma lamella, st = stroma) _

Megnification 86,500 X






" DISCUSSION



vPiant viyus diseases of the mosaic—type rebresent a suocessfpl
interaetion betweenehoet—cell‘supforted virus synthesis and eellulai
metabolism. Unsuccessful‘interaotions between invading viruses and host
'planis,_ which result in pr'ematur'e-_hbst’ death or limited virus synthesis,
have no:significaﬁee in evolution of virus/host ﬁlant combiha£ions and |
prbbaely represent unsuccessful andvincidental_associations brought about
by man's cultural practices. _If.a living system is exposedvtodan enviro-
”nmentai'stress and if fails to make the heoeesary physiologica1 and bio-d
chemlcal adaustments, it may elther dle or fall to reproduce 1tse1f Bec—
ause of the simple blochemlcal nature ‘of viruses and thelr dependence on,
host cell blosynthetlc pathways for reproductlon;»Vlrusvlnfectlons can be
viewed as internal‘environmental stresses.'

Stuntlng is often‘as3001ated with virus 1nfectlons and for fhe sus-

ceptlble tobacco varletJ'Nlcotlana tabacum L var. "Hickory Prlor" 1nf—

ected,w1th the»Uj strain of tobacco mosaic V1rus, stuntlng was an‘obv;ousv
featuie of the dieeese. :Plant height; internode length, leaf size and
oot weighf Wefe‘allsreduced in plents showing well developed_symptome.'
.A similar reducfion in'gfowth fof'TMV—infeefed tebacco'flants wae reperted
by Takahashi (1972) . The extent to which flnal plant growth 1s reduced :
depends on the age of plants when 1nfect10n occurred.

" The effect of virus infection‘on ‘subsequent plant growth_rate depe
-ends on fhe age of fhe.infectioh when measurements of-growth are taken;
The magnltude of the reductlon in growth of a leaf, follow1ng virus infe-
ction depended on the stage of leaf growth development at the tlme of
dlnoculatlon. 4Cell-dIV151on as.a-manr;factor-contr;butlng.to 1eaf_growth.d
ceases te be impoftant'once tobacco leaves':eaeh e»leﬁgth of 3-4;cm;
Cell enlargement'contributes moet to-leaf,growth beyond this lehgth.. Ne:
" measurable diffexedcee in leaf growth rate and final leaf size occurred

. for any leaves greater than 2 cm long .at the time of inoculation. This
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confirms the reﬁort byYTakahashi (1972) that no differences in tobacco :
leaf shape occurred fill 15 daye after inoculeticn'with TMVJ The'éreat‘
est reductione in leaf size occurred for those leaves differentiated as
leaf primordia, ut 1ess than 2 cm long af the time cf ihoculation; Not
only were these leaves greatly reduced in size but they also dev1ated »
“most from a’ normal 1eaf shape.. All 1eaveg dlfferentlated subsequent to
1nfect10n,dlsp1ayed elmllar_patterns,of growth reduction. Reduced plant
_size.cen be a function of either reduced cell size, reduced_ceil numberef
or both; Results in>Section I suggest that‘the rete of formation of
leavesiis greeter fcr virus—infecteddplants; Tekaheshi (1972) concluded.
 that virusiinfecticn-had no affect Ontthe numhef of~1eeves formed; These
results indicete that the rafe of apical mitofic cell divisicniie greeter,
or at leest-unaffected'in virus-infected plants; The differences in leaf
cell size between'healthf'and Virus-infected'plante.do~not.seem great
enough to account for'fheidifferences in final 1ee£ siZe; Although mee-
ophyll palisade cells were blockier . in virus—dnfected'ieavee with well =
developed‘moseic patterns,”the numberdof cellseper wmit leaf eree.were

the same foi'virus—infected and healfhybleaves,cf a similar chronclogicai'
age;' If must be pointed out.that-aseeesmeuts cn leaf cell Siie were onl&
conducted.on leaf tissues displayihg classic moeaic syn@toms;_;Reduced

- cell size_may have contributed to the grcss'reductions_in leaf size for
those 1eaves that were differentieted But eﬁall'at'the time of inocula-~ -
tion. ‘As nedther finaldcell siZe nor.rate of apical mitotic cell divi-
'81ons seemed to be- affected in leaves W1th well deflned mosalc eymptoms, "
‘the only explanatlon for reduced leaf size and probably reduced plant
size is a reductlon in the rate of sub—aplcal mlbOth cell lelSlons.
‘BalllSS (1970b) con81dered that the most 1mportant feature conurlbutlng
to reduced plant»grcwth for tomato 1nfected with aspermy v1rus,‘was a
Areducticn in sub-apical miﬁotic activity;' Reports,elso suggeétvﬁhat pat—

terns of mosaic symptom development are established during the period of
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cell division. Ibke'(%971)-con¢1ud¢d that cell division and induced
. chloroplast abnorﬁalities were the major factors in'producing a:mceaic
diseases This confirmed a report by Reid and Matthews (1966) who con-
sidered that the moseic patternfwas'determined byieventé'teking place
in leaves in which cell division»was taking place: The abhorma}'ehape
of some- leaves on TMV-infected tobacco plants has»been attribufed to the:
absence of, or reduced activity of the naréinai.meristems cf.deaf prim—’.
ordia (Tepfer and Chessih, 1959); | |
Virus infectivitj assays of tissue-extracts from leaves of different
chronological age revealed that the maximum rate of virus syntheeis occﬁr-
red‘in fhose leaves younger thanbleaf position 3 froﬁ the stem épex:'
Tﬁis was confirmEd by the large accumulétions-of.virus that were observed
in thin sections of infected 1eaf'ceiis_from 1eaf‘tissdes less than 2.cm
1ong; Celle in.an active state of.division were alsodobserved in 1eef'
tissues of this age. Esau and Gi11 (1969) pbserved that differentiating |
mesophyll cells.of tobecco divided.iﬁ the”presence of large accumulatdons
of TMYi Virus perticies haVe‘also'been detected in the'epices of infec-
‘ted plants (Roberis et al., 1970; Faed and Matthews, 1972). It is prop-
osed therefore that high rates of virus synthesiS'in-actively dividing
'sub—aplcal cells and leaf prlmordla reduces the ratevof cell lelSlon
and that reduced cell numbers rather than reduced cell size is the major
factor contributing to reduced size. of vlrus-lnfected_tcbacco plants.
Reduced rates-cf_cell divieion and cell exﬁaheion,if it_cccure, are
probably the direct expression of virus-induced ﬁetabolic'disturbances
_in cells supporting'virue syﬁthesié.‘ Virus diseases of the mosaic type
result in two distinct leaf tissue types that have been referred to, both
here and in the literature, as dark green island tlssue and llght green
island tissde; Previoue reports'established that virus was concentrated
in light green iéland.tiésues and thatvdérk green-island tissues-were

relatively free  of . virus (Reid and Matthews, 1966; Chalcroft and
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» Mattheﬁs, 1967; Atkinson and.Nhtthews, 1970), Virus inféotivi%y studies
and observations on cell ultfastructure reported here confirmed that cells v
in the dark gfeen islands of infected leaves.contained little virus and-
weievstructurally ideﬁtical¥with cells from healthy control tissues of
the same cﬁronological age. Because of the two distihét tissﬁé;typeé Qf
mosaic-diseased plants, a comparison can be made betﬁeen virus;infected
ahd virus~free tissues within the one plant organ. Changes in metabolic
activitieé }or the comparispn dark green island tissue versus heélthy
contrél tissue provides informatioh'on the indirecf biochemical respon-
ses of the plant to ihfection. - The more difect effects of virus multip-
1ica£ion oﬁ cellular metabolism'are'assessed from biochemical changés"
- occurring in 1ight.green_island tissues compared with dark green,islandé
..and heélthy control tissues. | |

Together with_reduced plant size, reduced photbéyntheficipigments
are the most_obﬁious characterisfics of planté wifh mosaic virus diseaseé.
Photosynthesisvis the”primary.metabolié function éf plant leaves and the
transioééjion of producfs,of_phdtosyﬁtheticféarbon dioxide fixation cont-~
rolé the amoﬁnt of growth madé by roots-ana Shoots. Reduéed photosyhthe;
tic rate has been reported With diseases 6f thé mosgic_type,,Whether mea~

2
Ladygina, 1972). A reduction in photosynthetic pigment levels is obvious

sured és CO,, uptake (Owen; 1957) or Hill reaction rate (Rubin and»

 from the nature of thevdisease. ‘Measured chlorophyll "a" levels in dis-
~eased and healthy tissues confirmed prévioué reports of reduced.chlbrophyli
leveisvaccompanying diseaseé of the mosaic type.h Higﬁ levels of chloro-
phyll "a" in virus-ffee tissues’of_thé_mosaié, doﬁpgred.withuhealthy,con;n.
trol-tissués, suggests that_vifus”infectianﬁndirectly,enhandés.eithef
.vchlorophyll-"éﬂmsyqthesis or ch}oropiastvnumbers; The;ratios of chloro-
phyll "a" levels to-chlorophyll'"b" levels, for the con@arisons,uhinfec- .
ted leaf tissues versus.lightvgréen island and dark'gréen island leaf tis-
sues from infected plants, have a siﬁilar ?elative felationship.(dark

°
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green 1ala.nc1 tissue > leaf tlssue from unmoculated plants } light g'reen
1sland tlssue) 1o chlorophyll g " 1evels within any leaf age comparlson
Such a élmllarlty would occur if chlorophyll a’ synthes1s and not- chloré- _
phyll "b" s‘yn‘thﬁsis was affected by infection, |

Ac’ﬁivitj of the.carbon dioxid: fixﬁng enzyme ribulose 1,54dipho$phate
ca.r’boxzylase' wéts higher m-lea_x}és from infected plant'sf. HéWever, “the 'com;
parisoh.between light gree'h island and dark green island tissues indicates
that s.ome' »re&uction of enzynme activity 1s assoéi'a‘ted with cells supporting
virus Synthes'is. T_here is.v__a' net increase in'_erizyme activity in iight_
greeﬁ iélaﬁd‘fissuesrelative. to healthy control tissue of a éimilai chro-~
_ nological age. Gex;xerally, vj_‘cusv'infec_tio_ns; have beeﬂ réported to brir;g
about a net decrease in the activity of RulP carboxylése (Pr.att, 1967;
Oxelfelt, 1 971)_. Hoérever, these reports mostly concerned the é_hanges
. which occu:r'r'ed immediately followinrf inoculationv, whereas the results rep-
orted here refer to enzyme act1V1t1es in tlssues w1th well establlshed
J_nfectlons. Mag,yarosy et al. (1973) found that squash mosaic virus inf-
ctlons had no. effect on RulP carboxylase activity. |

The results for chlorophyll "a" and RuDP carboxylase suggest that
, ‘thé control of synthesis of these two chloroplast' conrponents are indep-
' endent of each other. Sakano and Wildman (1973) reported that RuDP car-
' boxylase activity in etlolated tobacco shoots was s1m.11ar to the act1v1 ty
_ in normal green tobacco leaves, Thelrv-result_s also suggest_ that the sup-
- pressing effe_ctsv of vi;rﬁs infec’c’ién on chléroplas't-v funcfion' rray be v'more
specific than a general inactivation of chloroplast activity. If it is |
assumed- that photosynthetic fue v.is redﬁced 1n 1_ight .green iisvla..nd tissues
of infected leaves, then the level of Chlorophyll-_'.'a" is p,robaﬁly an imp-
Qrtant limitjng factor. Phétosynthe‘biq ’vpigments are a component of tﬁe
: phot()systems in photosyntheéis. By transferv_ng electrons from water, the

photosystems generate ATP a.nd reduced pyridine nucleotide Dho.,pha Les

(NADPHQ). vThe-la}tter i_s essential for 002 fixation via the Calvin vcycle.
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Tobacco mosaic virus.infeotion of tobacco has been shown to have its
greatest effect on photouyntheuls by 5uopreas1rg non-cyclic electron flow
and hence ultlmately h%DPH generatlon; It‘would appear that the rate
limiting step of,carbon_dlox1de,flxatlon in TMV—ihfected.tobacoo plants
is l\‘ADPH2 availability. B

Ultrastructural obsefvations in chloroplasts.from.young leaf tissues
' indioates'that virus replication interferes with chloroplast development.
Reduced photoeyhthetic.pigment ih young, virus-containingbcells was‘assoc-
iated wlth reduced stroma lamellae ahd grana. As well as evidence for
suppressed»chloroplest function and development iniyouhg, infected leaf
celle, it cannot be'discounted that reduced chloroplast numhers contribute
to. the measured reductions of photos&nthetic pigment and RulP carboxylase
activity. For leaves Oleer than those at leaf poeition 6 from the steh
apex (that is leaves g:;&eater than half fully grown) no ultrastructural
‘differences Wefe detected betweeh chloroplasts from healthy, light green
island and.darkvgreen iSland leaf £issues. ‘The level of ohlorophyll nat
'lncreased in 1nfected leaves as the tlssues matured but only exceeded the
levels in comparably aged healthy leaves when those tlssues were . into bio-~
chemical.senescence. Reduced levels ofAchlorophyll "a" for infected lea-
ves between. leaf position 6 from {he sfem.apex and full expansion sizé
may reflect dlfferences in chloroplest numbers per cell. o

Although tissues supportlng virus synthe51s have a reduced potentlal
for photosynthe31s, this may be- compensated for to somé extent by the very..
‘high potential for photosynthe51s in dark green island tlssues of the same
" leaf. Both’ photosynthetlc pigment- content and RuDP carboxylase act1V1ty
were higher in these.tissues compared With'healthy leaf tissues of a sim-
-ilar ohronologlcal age.

The mode of action of’suppress1on of - chloroplast function and devel-
opment in young lnfected cells is difficult to deflne from the results .

reported here. Actinomycin D treatment of tobacco leaves has been shown’
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to prodﬁce similer s&mptoms-fo ?irus jnfection.(Hirai aﬁd”Wildman,. 967)
It was suggested that the antlblotlc blocked access of mRNA to specific
sites on host cell DNA zpd that this action was similar to that of virus.
Partlal représsion of the genetic mechanlsm of. the chloroplast was also
suggested by Pratt (1967) and Hira: and Wildman (1969) " The lack of con-
vincing ev1dence for a direct involvement of chloroplasts in virus syn- -
thesis iﬁdicates.that virus.replication interferes.with.cell genetic cont-
rol over chloroplast development and action. BEighty six nuclear genes
that oontrol'chloroplast development haye been identified in barley (von
Wettstein et al., 1971). Although it is generally accepted that chloro-
plast DNA-codes for'chlorophyll synthesis,_nuolear genes have been ident-
ified that control the insertion of chlorophyll into photosynthetio memb=~" .
:ranes (von'Wettstein et al., 1971); »Theechloroplast enzymebRuDP carboxyl-
ase has two sub-unit.oomponents; one- of ﬁhich is coded for by chloroplast
DNA and the other by nuclear DNA (Kawashima and Wildman, 19713 von |
Wettstein éi.él-; 19713 Singh and Wildman; 1973; Alscher-gitgl.; l974;
:;Roy and Jagendorf, 1974); There is evidence forzthe’synfhesis of:proteins'
'and nucleic acids of chloroplast ribosomal sub-umits on 80S, cyfoplasmio
ribosomes (Spencer et al., l971' Kloppstech and Schweiger, 1974) . and it -
has also been quggested that chloroplast DNA-dependent RNA polymerase 1s
_synthe81zed on cytoplasmic ribosomes (Kloppstech and Schwelger, 1974)
_There is ample opportunity for factors external to the chloroplast to
impede'normal chloroplast funotion and developmenf. Chloroplasts appear
Vto be particularly sensitive to environmental stresses. Gerola and Dassu
(1960) reported that under.conditlons”of nutrient sﬁarvatioh, loss of
‘chloroplast colour oocurred'accompanied'by the appearance'of'large starch
grainsrand'disappearance.of lamellae. This descrlption fitSVVery oloselyl N
tne observed ultraatructural characteristics of chloroplasts in. young,' |
_ v1rus-1nfected leaf tlssues. Suppressed chloroplast development in voung,

virus~infected cells may 31mp1y reflect nutrient starvatlon w1th1n the -
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cell througﬁ reohannelllng of ﬁetébolltes towards virus synthesis.

The profile of leaf itissue age versus nltrate reductase activity for
heélthy'and virus~infeoted tissues closely followed the chloropﬁyll gt
1éve1/ﬂpaf tissoe age profile. ”ﬁitrate reductase activity'was reduced
in tissues supporting virué-synthesis. Nitrate reductase is lirked, ind-
irectly, to chloroplas{ function by its association with nitrite redﬁot—
ase (Magalbzes et al., 1973). The nitrate/nitrite reductase gystem is
coupled to photosynthesis through its requirement for.NAEPHz,(NBgalhaes

et _L 1973); Therefore, both nitrite reductase and CO, fixation via -

2
the Calvin oycle compete directly for NADPH': There is'also evidence that

2
hitraté reduotase synthesis competes with the‘chloroplast systemkorotein.
synthesis for ATP (Knypl, 1973). It has been éstablishéd (Rubin and
Ladygina, 1972), earlier in this sécﬁion, that the photosystéms aha their
NADPH2 generating capacity are affected by;Virus iﬁfection. Reducéd nit-
rate reductase activity in infected tissues is_probably'a'direct reflec-
tion of reouceu chloroplaét fﬁhcfion and numbers.

As pointéd.out'in the introductioh to SectionvII, catalaée is a major
enzyme constituent of mlcrobody 1ocallzed photoresolratlon. This enzyﬂe
wa.s greatly reduced in act1V1ty in 1eaves support_ng virus synthe81s.

' The activity of enzymes of photoresplratlon,have been correlated_w1th fhe-
level of chlorophyll synthesis (Kuczmek and Tolbert, 1962; Dézsi and .
Farkas, 1964) and it is ten@tlng to conclude that the act1v1ty of ca+aTase
is a consequence of reduced chloroplast act1v1ty. However, catalase‘act-'
'1v1ty remined low in virus-infected tlssues as they maturea, wbereasv
chloroplast‘functlon increased. More recent ev1dence saggests that act~
ivationAof photorespiration is 1ndependent of»the chloroplastnsyotem.
.Feierébend and Beevers (1971) demonstrated that although all onzymes of
"photoreqpirafion incréased in activity when‘exposed to light, the effect
- of 11gnt on mlcrobody enzynes was independent of chlorophyll formatlon or_

the concomitant development»of functional chloroplasts. Virus=- 1nfected



tissues were obéerved to have>a higher incidence_of'microbodies with
crystalloid cOree.' Sueh paﬁa crystalline. cores, deﬁeloped by reorganiz-
afion ana.compactibn of mafrix maferial, have been shown to Qonfain_cata— o
lase (Vigil, 197%a). Catalase isolated in this form na} be biologically
less active, | |

As catalase. is important;in photorespiration,eii,may ﬁé inferred that
»photorespirétion rate in tissues supporting virus syhthesis is greatly
reduced. The importanee efbphptorespiration in ihtermediary metabelism
of leaf cells is supported by the loss‘ofecarbonvdioxide during the course
ef glycolate oxidation (Vigil,:1973a).» Such a CO loss would greatly
affect photosynthetie efficienc&'qf plants with high ectivities of micro—
boay enz&mes. Vigil (1973%a) peinted out thatfit was nof surprizing:thaf
'the synthesievand oxidatien of glycolate inblight, as part of'photoresﬁ—
.1rat10n, severely limited growth and - crop product1V1ty Most troplcal
plants (C4 pathway plants) do not have photo;esplratlon accompanylng pho-
.tosynthe31s in the sams cell and are more eLflclent producers of dry mat-
ter (Vig11,\1979a). Tobacco leaves on the other hand have been shown to.
'have a high acfifity‘of glycelate oxidase (Nbss; 1967)}» If a pleﬁt»cell\
’ievto'maintaiﬁva reduced level of metebolismvand synthesie inithe.pree-e
'eﬁce of 1arge'accumulations efvvirus, it becomes necessary to coneerve
»againet.earbonvlosses. This is partly ecﬁieﬁed in febaceo'leaf eells %nf—
ected with TMWV by reduC1ng photoresp;ratlon rate.

The other magor loss of CO, by cells is through dark" resplratlon.

2
or "mltochondrlal" re8p1rat10n. From respxratlon the cell generates A”P
-at the expense of carbon elther-fixed in phefosynthesis or obtained from
translocation. Systemic- infections, between the'period of inoculation

and symptom appearance and virus diseases of the local 1es1on type geﬁ-iv
'erally result in resplratlon 1ncreasee (see llterature rev1ew) From the

few reports where advanced system_c 1nfectlons were analysed resPlratlon

‘rates were found to be lower in infected plants (Owen, 1955, 1956;_Nbrrett?
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19603 Orlob-énd Arny, 1961;‘Takahashi and ‘Hirai, 1964),

bytochromé-u oxidase activity was greatlj rﬂduced.ln leal tissues-
.supporting virus synth931s,-espec1a11y in younger tissues. Enzyme act-
ivity in Virus-freeiaﬁeés.bf4infected leaves was less compared with siﬁ- '
ilarly aged'heaifhy tiésue butvgreater than adjbiniﬁg light-green island .
tissues, Aswcytochrbme-C oxidasé'is_the:terminai_enzynﬁ of reséiratory '
chain phosphorylafion, its activity repfesentsv"dark",respiratioh rafe}
The reduced:respiration rate'of dark green'island.tiésues may be assoc-
iated with the highef phétosyﬁthetic potential of these tissﬁes. By
glimiﬁating most other féctors, Mangat>gi;gl,f(1973) concluded that “dérk"_
respiration rate, invphotosynthetic.tiésues, was coﬁﬁrolled by thé'amount
of phétosynthefically prodpcedvATP. Thé.measured activities of two othef_’
mitdbhoﬁdrial»enzjmes, NADH Qxidase and glutaﬁate dehydrogenaSe, suggests
fhat mitochondr131 activity in’genéral is reduced in'cells supportiﬁg
virus synthesis. ﬁubin and Ladygina'(1972) reporfed losses of mitochon-
diial ATP énd reduced inorgahic phosphate uptake by tobacco léaf_cell mit-
-ochondfia_follqwing infection with TMVQ Virus.infection-may-alSo.reduce
réspiration raﬁe by rédubing §xidative phosphorylationvwhich is directlj«
-couéied to the terminalvelectron'transpoftvsyétem of the resﬁiratory
chain;. Oxidative phosphorylatlon becomes a rate llmltlng step when ATP
is reduccd. Low ATP and ATP levelu have been recorded for TMV-lnfected
tbbacdo_plants,(Sunderland and Merrett, 1964; Rubin and Ladygina, 1972).
High respiration ratesiére usualiy asscciated with plant cellsvinv91Véd
in transport or maﬁufacture'and'release of assimilates. Reduced féépipa~
tion rat;:of virus-infected tiésues may aiso imply_a reduced tréﬁélocation. '
rate of carbohydrates,  In cells sﬁpporting virﬁs synthesis, méré,carboh
v'is made évailable fof virus-syhthesis and esséntial celluiér nﬁt;bolism
v by.reduéing lQSSes incurred tﬁrbugﬁ photofespiration, respiration.and
prbﬁably translocétion.. Reduced photosynthesis and reSplrat¢on in infec~

. ted cells may also be effectlve in restralnlnv virus synthes1s as °uch



cells have a reduced.energy budget because of a lower potential for'ATf
generation. ‘As well as being a precursor of'nucleicvacid synthesis, ATP
is alsodinvclved in profein synthesis. ' | o |
The_major pathways of‘carbohydrate metabolism ih the cell,ras asses—
sed.frcm the activities of key enzymes, were little affected by“virus'inf- _
ection;' Embden—Meyerhof-Parnas'pathway activify,'as indicatedvby the act-
iuity of phosphOglucoisomerase, was similar for virus~infected,,virusffree
. darkigreen island and healthy controlotissues'for all leaf age comparisons.
There was somevsuggestion from the activity of glucose—6-phosphate dehyd-
rcgenase'invthe various tissue types that the pentose phosphate pathway of‘carb-
ohydrate.ﬁetabolism was stimulated in virus-infectedotissues;‘ The‘differ~
.ence_in enZyme activity.between health& and virus-ihfected leaf tissue
was most pronounced for leaves that-had'just_reached naturity; This dif=-
ferencedin activity my be due to a rapid decline ih activity in mature
healthy leaves rather than a stimulation of activity in infecfed_leaVes;
The-resPthe of alcohol.dehydrogenase activity; the terminai‘anyﬁe A
.of glycolysis‘ih plants, to virus infectionfdepehds on fhe age.of'tissue
analysed;' In'young leaf.tissues,.virus infectionjsubpressed'enzvﬁe act-
ivity whereas in mature tlssueg enzyme activity was hlgher with 1nfec»10n..
The general conclu31on that can be reached on carbohydrate mctabollsm
in tobacco is that the major»pathways of netabolism are not reduced inv-
uplants With'weil esbablished infectionseﬁ'Because reSPiration is reduced o
-in v1rus—1nfected leaves 1t must be assumed that a greater proporu1on of -
carbohydrates moving through these pathways are dlrected 1nto o;her path-
ways such as. amlno acid syntne51s. Kennedy and Laetsch (1973)~havé'shown

'that the flnal products of CO, fixation depends on 1eaf age.. Young to

2
mature leaves fixed 002 prlmarlly 1nto organic and amino acids. Senes-~
cent 1eaVes,showed.a quan*itative shift'of'primary prodncts towards phog-

‘phorylated,compounds;r Virus synth951s makes heavy denanis on nuClelv

acid and protein synthesis in infected cells. By maintaining norral rates
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of carbohydrate:metabolism, conserviﬁg cell carbon by reducingvlosses:
thcough photorespiration, "dark" respiration and translocation and by
-converting intermediates of the na jor pathways of oarboh&drate setabolisﬁ
- to amino acids, tirus—infected cells would be better able to support both
virus synthesis and biosynthesis essentiallto cell survival,

The full role of hydrolltwc enzymes in p]arrt cells is not altogether clear
 Aa wellasten¥;1nvolved in the intermediary metabolism of carbohydratcs,
nuclelc a01ds nucleotldes and phOsphoprotelns it has also been suggested
that they are 1nvolved in moblllzatlon of nutrient reserves (Flgle“ 968?
- Sauter, 1 CT2;3 Wllson, 1973), chloroplast development (Nﬂod21an0Wsk1, 1972),

cell division (Wilson, 1973) and senescence (De Leo and Sacher, 1970)a
Most acid hydrolases are localized within 1ysosones although.some have
been shown to be associated with other membrane components of the cell;
ATPase is generallyvconsidered to be-associated with theAehdoplasmic iet—b
iculum; Specific acid phosphates implicated lﬁ stgar>traﬁsport haﬁe.been.
demonstrated in association-with the endoplasmlc retlculum, golgi appar-
atus and plasmallema (Flgler, 1968) Spec1f;c-ac1d phOSphatases in toba-
¢cco have also been detected in the cell wall fraotion (Suzuki andisato; -
1973). o
“Acid hydrolase activity was generally. higher in lea'fv tissues from
virus~infected plants. Increases in'specific hyﬂrolytic enzyme’activities,
-as a consequence of v1rus 1nfect10n, were also reported by WOIflgang and
Keck (1958), Diener. (1961) Randles (1968) and Reddy and Stahmamn (1970)
Enzyme activities reported here were greatest in tissues supportlng virus
synthesis and lowest 1n_hea1thy control tlssues of a similar age. Increa-
sed hydrolase activity in both tissuentypes of,virus-infected.leaves'again_
suggests that these tissues have higher rates of carbohydrate-tuinover
and protein and_nucleic'acid synthesisoff | |
Peroxldases rave beeniextensively stodied invrelationvto virus;infe

infected tissues although little is umderstood of their role-in
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:intermediary celiolar metabolism; The enzyme'is locafeddmainly in the
'cytoplesm:ﬁiih eone-aotivit& in’fhe.chloroplast ahd ﬁitoohondiiel>frac—
‘tion (Ffederick,and Newcomb,.1969); Both increased.peroxidase eetivity
-and inoreased'nunmers of isoenz&mee of peroxidase have'been #eported for
virus—infeoted tissues (Veger, 1955; Oflob and'Ainy, 19613 Farkés and:_i
Stahmann, 1966; Bates-and'Chant,v1969; Chant and Batee, 1970; . van Loon
3 and‘Geelen,-1971); Increases in the number:of isoenzymes of peroxidase;
following virus infection, have been’ shown to be due to stabilization of
isoenzymes’usually only aesooiated with immature healfhy-tissues and/or
earlier’eppearance>of isoenoymes usﬁally associated-wdth matﬁre healthy
- tissuee:(Novacky and Hemnton, 19683 Solymosy et al:, 1967; Esanu.and‘.
DumltreQCJ, 1971) Peroxidase act1v1ty in TNV-lnfected tobacco leaf tis~
sue,. as. reported in Sectlon 171, confirmed the above reports. Highest
enzyme activity-was associated with virus-conteining tissues Whiie the
'act1v1ty in dark green island tissues was 1noermed1ary between the aot—
1v1tles 1n 11ggt green islands and healthy contrel tlssue 0¢ a s1m1]er'
.'age. |
- There is some sﬁggestion from the liteteture that peroxidase mayloe
~ involved in auxin metabolism.v Raa (1970) reported that peroxidese'had the '
ability to act as an indole acetlc acid oxldase and cataly uhe-oxidative
degradation of IAA in v1tro. It was,postulatedithat the-enzyme couid_play 2
a'role in the regulation of IAA concentration in higher plantS; ohe could
 postulate that this could lead to growth abnormalities. Gove and Hoyle |
(1974) similaply foundvfhat all pero#idase isoenzymes of horse radish and
‘yelloW'biroh had IAA-oxidase,éotivity. |
As'weii as interactipg Withvspeoifio pathways of oellular metabolism,

 virus infection has two major effects on overall cellular metabolism.
thabolism wﬁs'geneiai‘y suppressedwin'youngfleaf tissues supporting act-
ive virus uynthe31.>, whereas 1nfectwon prolonged active celluler metabol--

'1sm‘and delayed blochemlcal senescence once leaves matured. For *he
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. conparison light green island tissue versus nealthy oontrol~ tissue of a
.fsimilar chronologioal age, cytoohromexCFoxidase, glutamate dehydrogenase,
NADH oxidase,‘ohlorophyll "a"_and alcohol dehydrogenase werekgreatly red~
uced in &oung vifus~rnfected tissues but higher in mature,dinfected tis—
'snes. Leaf tissues appear to reCover‘fron the suppressing effects of

- virus synthesis as they mature. This is supported by observations of leaf,
cell ultrastrnoture changes as leaf tlssues mature, -Chloroplasts,in part--
».icular, displayed“signs of_deyelopmental suppression in_young,”yirnSTLAM_“_“
 infected leaf cells; However, by the time leaves had reached half their
full Size; there were no obvious structural differences tetween chloro-
plasts in virus-infected and healthy leaf cells.

Nhny blochemlcal systems decline in activity as healthy tobacco lea-~
VeS»mature. Enzymes ass001ated with carbohydrate metabollsm (glucose—6- _
phosphate dehydrogenase, alcolol- dehydrogenase), enzymes 1ocal:zed within
mltochond.rla (cytochrome-C ox:.dase, glutamate dehydrogenase, NADH-ox:Ldase),
chlorophyll Nan level, ‘chlorophyll a : b ratlo and nitrate reductase act-
ivity declined in‘healthy 1ea£"tissues oncelleaves reached maturity (full
leaf expansion);4 Chlorophyll concentration ls a particularly sensitivef
indicator of blologlcal senescence. Holden (1973) pointed out'that chlo--
rophyll "a" was destroyed more rapldly than chlorophyll "b"'in detached,
sene301ng leaves, leadlng to a decrease in the chlorophyll a '+ b ratio.
Decline in the Chlorophyll a:b ratio-is typioal of over4matﬁre tobacco
1eaves (Whitefield and Rowan;-'1974) ' Leaf tissue from virﬁs-infected-' '
plants, of a s1m11ar chronologlcal age to over—mature healthy leaf tissue,
were typlfled by unaltered or increased act1v1t1es for glucose—6—phosnhate
;dehydrogenase, alcobol dehydrogenase, cytochrome~C ox1dase, gluuamate
dehydrogenase and NADH ox1dase, whereas chlorophyll "al level and chloro-
lphyll az:b ratlo showed low rates of decllne.' Hydrolytlc enzymes had |
similarvprofiles of‘tissue extract age.versus‘enzyme-actrv1ty for both

Virusfinfected'and healthy‘leaf tissues of-similar chronological ages
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except th@t enz yne ‘activities were generally greater in virus-infected
lea? tissue exiracto.' In the past, high actlvltles of hydrolytlc-enzvmes
have been aq5001aLed w1th senescence, however it is nOW'generllly accepfed.
that senesuence is eJuher a88001ated with enzyme releaue from lysoscmes |
(Butler, 1967; Berjak and Villiers, 1972) or new enzyme synthesis indep-
enﬁent»of_lysosomal enzyme synthesis (Abeles gi;gl;, 1968; De Leo aﬁd-
Sacher, 1970; Matile and Winkenbach, 19713 Martin and Thinenn, 1'97_2).;'
lefe rent stages of leaf development for virus-~infected and healthy »
leaves of a similar'chroﬁological age could account fpr the differences
in metabolic activily between these leaves as they mafured. Howeve:,
measurements of ieaf:growfh reported in Section I indicate that leaves of
tﬁe same chrenological ege, on healthy and-virﬁs-infected plants, reach
- full ieafiexpansion size at the same time, suggesting'that”these leaves
are at a similar stage of_grbwth development.’ Further support fer a,virus'
‘infeetioﬁ iﬁteraction with the oﬁset of leaf seneseence is prOvidedifroml
ultrastruc{ural obeervations of cells in qver-mature leaves.. Seneeeﬁce.
in'healthy'tobacco leaf cells was assoéiated;with ebvious chloroplast deg-
radation. Disorganizatioh andlloss of stroma lamellée and grane, numer-.
ous large osmophilic globules aﬁd ieﬁge atypicai’starch granules-Were.gen—
erally characterlstlc of these chloroplasts. -Disorganized and disfupted
tonoplast, plasmallema and endoplasmic retlculum, reduced cytoplaomlc .
staining, presumably through loss of ribosomes and degenerate mltochondrla
were also typical of senescing leaf cells from wninfected tobacco plants.
Degencration of structure in cells-from similarly aged virus-infected
tobacco. léaves Wes less prenounced' Chloroplasts had some organlzed
strom lamellae, recognizable grana, fewer osmophlllc globules and normal=~
'.1ooking starch granules. Cell cytoplasm was better stained and membrane.
. Systems Wéfe mere intact;' It is eoncluded therefore, on the basieiof
1biochemi¢a1 aﬁalysis end ultrastruetural ebserVétiohs, that mature leaf :

tissues from virus-infected andeheaithyltobacco plénts, wnile of a.
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similar.chronological age are not attﬁhebsame physiological'and biochemf'
ical stage, | | |
The deleying of senescence in virus-infected pla.tu suggescs that
plants respond to infection,'by'alﬁerations in the'balance of mechanisms
.that»control evefall growth and bioSynthesis;v Hormones-are'basﬁc regul-
ators of plaht growth, development.and bios&nthesis;' Metabolism ef virus-
freé tisSﬁes from infected 1eaves, compared with.similar1y aged_heelthy
control leaf tlssue, further suggests thau the 1nd1rect effec S'Ofvvirus:V
» infection on host plant metabolism are medlated througn a shlft in the': 
. balance of‘endogencus plant»growth regulators._'The level of chlorophyll_'
."aﬁ and the aetivities of ribulose_1,S-diphosbhate.carboxylase, glucose—
6fphosphate dehydrogenase and alcohol_aehydxogenaseVwere mueh higher in
aark green island tissues from infee{ed 1eaves: The,delay:in fldwer_ini*
-tiation and appearance of obvious inflorescences withvvifus:infecfion’also.
 sugges£s aﬁ interaction between virus infeetion aﬁd host hormone synthesis.
~ A1l major classes of plant growth regulators werevassayed in tlssae -

Aextraets from virus—~infected and unlnfected tobacco planto. Glbberelllc
acid was the only hormone assayed that. showed no change invaetivity with:
Qifus infection.' Generally; the growth premoting hornwnes; cytokinin,and
auxin, were more'acfive in yeung.tissﬁe extracts from Virus;infected :
'vplants. In maturevleaf_tissﬁe'extraets,vn-butanol soluble cytokiniﬁs were
'greaier in activity and the growth inhibifof, abscisicvacid was 1ess'in
act1v1ty for extraccs from virus-infected plants. On the results obtai-
ned glbberellln A3 -like act1v1ty in extracts from young leaf tissues was
not affected by infection while the actlv¢ty in mature tlssue - extracts .
was too low to be detected in the bloassaya

| The onset of leaf senescence is usually a35001ated w1th decxlpes in
auxin, glbberelllns and cytoklnlns and an’lncreaSe in absc131c a01d
(Beevers, 19683 Aadloott, 1968 Addicott and Ljon, 1069) Ad&icott ahd

vLyon (1909) oonsliered th2 two maaor blochemlcal roles of abscmsmc ac:d



to be the inhibition of glbberell;n induced qvnthe3¢s of h'drol&tlc enz-
ymes and the promotjon of bloehemlcal ohengos at senescenne and abselssmn°
"That is, the shift from mature, stdble phy81ologv to the degenerate chan-
ges eseociated with shifts in proteins and levels of enzyme aetivities;’
Abécisichacid has also been shown to reduce the rate of photosynﬁhesis
(Nﬁttelhetsef and van Steveninek, 1971) Where its greatest'effe6£ was

shown fo be on.reducing ribulose'1,S—Qiphosphate'cerboxyiase.activity
(Poskuta et al., 1972), The high activity of hydrolase enzymes. in lignt
green and dark green island tissues from.infected_leeves may be an:eipreé—
sion ofiah ihereased gibberellih»tovabscisicVacid ratio; Gibberéllichacid- '
enhanced'eynthesis of hydrolytic eniymes»has been .reported by Chrispeels.
and Varuer (1966b), Ram.Chandra and Duynstee (1968) and Jones (1973).
Abscisic a01d competltlvely 1pteracts with glbberelllc acid to reduce its -
effective control over throlase enzyme synthe51o (Chrlspeels and Varner,
1966&, 1967, Varner and Johrl, 1968; E&lght 1968; Barton et al.y 1973;
Sequeira, 1973) | | |
| Reauced act1v1ty of ab30131c acvd in mature leaves from virus- _nfeﬂted
eplants would be sufficient to.aecount for delayed blqchemlcal 1eaf.senes-
cence, The effeetiveneés of reduced abscisic acid aetivity in infeetedv
‘leaves is fﬁrther enhanced however, by a hlgner n-butanol soluole cyto-
klnln act1v1ty compared with 31m11ar1y aged unlnfected leaves., . It has’
been well reported that cytoklnlns delay the onset of senescence (Anderson
"and Rowen, 1968: Beevers, 1968, Fletcher et al., 1968; Osborne, 1968
Kende, 1971; van Staden; 1973; Riclimond andAVenshak, 1974). Although
cytokinin action has been reporfed_te reduce hydrolytic enzjme activity _'
(Kence, 1971; Wyen.gi,gL, 1972) this action appears to be-reetricted to
speeific enzymes (Wyen et'al.,-1972). The-effectiveness of éytokinins

in delaylng sensscence 1is probably through 1nh1b1t1hg the synth951s of
speC1flc catabolic enzymos Whlch normally cnly appear in’ over-mature tis-

‘sues (Abeles et al., 1968- Ander°on and Rowan,_1968- Vbrtln and Thlmann,



1972); CJuOklnlnS Hay a] S0 act to retard .eafvsenescence.by:maihtaining _
ihe.integrlty of cell_membrane systems. Schaeffer and"Sharpe»(1971)idem_
onstratedvtﬁat eytokinins enhanced the-eyntheeis ofdmembrene components

as well as i)reserving'm_ethyl.'groupsu Cytokinins'were deteoted in.bofh
equeous and n~butanol extractioh,fractions of ﬁature.tobacco leaves, Bio-
assay activity of n-bufanol soluble oytokinin—like compownds in mature
leaf extracts from infected planis, was hlgner oompared.ulth a similar
fractlon from mature 1eaves of unlnfected plants.. Usrng an 1de§§;oa1 ext-
raction procedure to the one employed here, van Staden (1973) identified
free baeee'and/orvnucleosides in the n?butanol soluble fraction whereas
the weter.soluble»fraction'oortained mostly nucleotide derivatives.' Free
bases.and nﬁcleoside derivatives.are most active in promoting cell divi-
sioh and.delaying.senescence (van Ste,den,.1973)_o It was also pointed out
that phosphorylation of free.bases and.nucleosides.reduced their effect-

iveness es control agents. Cytoklnlns reported here (see Sectlon I1)

© . were resolved 1nto two major zones of act1v1ty on thlp layer chromatog-

raphy plates, a slow-mlgratlng zone and a fast—nlgratlng zone (Rf 0.6-
0.7). Miller (1965) suggested that a slow mlgra+1ng zone (on TLC plates)

with cytoklnln activity, was a mononhosphate derlvatlve of the faster-

- migrating zone, However, 1t cannot be dlscounued that the alow—mlgrablngv

zone of act1v1ty in water-soluble fractlons my S1mp1y reflect 1ncomp1ebe .

hydrolysis by alkaline phosphatase; The slow—nugratlng.zone and fast-

‘migrating zone of cyfokinin-like activity for the n-butanol-soluble frac-

tion. of mature leaves increased as a result of infection.

- In young tobacco tissues, including immature leaves and meristems,

all types of cytokinins were higher in activiiy for plants Withvwell dev=-

~eloped symptoms. As previously mentioned, n-butanol-soluble‘cytokinins

are involved in promoting cell division. This Woﬁld”expleih'why the rate

of cell division in the apical meristem was not reduced with virus infec-

‘tion but may be greater astevidenced from the number of leaves formed



following.inoculation. Cytokining have also been implicated as control
mechanisms‘in_the regulation of a number Qf other cellﬂbiochemicél sys£~ '
ems. Cyfokininé étimulate chloroplast and photoéynthetic activity by=reé—
. ulating chlér¢phy11 synthesis (Fletcher, Teo and Alj, 1973). and specific
photosynthetic enzyme activities (Feieiab'end, 1969, 1970; Kende, 1971
Shindy _eiil_ » 197%; De Boer and Feierabend, 1974; Fletcher 6_31 g;, 1974).
Hiéh chldrophylll"a"_levels in dark green island tissues of infeéted iea~
ves, high RuDP caiquy}ase!acﬁivity‘ég }ight gr¢¢n>i§}and agg;dark green
island 1eafvfissues and the rapidvrecovér& bf'chlorophyll g M Synihesis
in virus;éontaining tissues éll point to the possible imﬁorténce.of étim—
ﬁlated cytokinin acti&ity in:virus;diseaSed plants. Synthesis of eniymes
of.tﬁe penfose bhosphate pathway of carbohydfaté netabolism may be regu-
lated by cytokinins (Feierabend, 1969). -Cy"t{bki'n_ins. may also control tran~ -
siocation'(Shindy gj_gl.,-1973).. The ingfeasé in activity of enzyﬁes of
the:penfOSe phospﬁate péthway following virus infeétion,‘which is repor-~
ted in thié thesis and by others (e.é.vFarkas and S61yﬁosy, 1962; Solyﬁqsy
and Farkas, j963; Reddy and Stahmann; ﬁ970), may.theréfore be due tb étim?
ulated synihesis‘gf cytqkihins. | |

. The potenﬁiai for products of COQ'fixatiqn to be translocated from
shoots to ioots is greatly réduced in tobacco piantsvwith mosaic virus
infections. :ﬁéduced rates.of phqtosynthgsis and the synthesis of vi:al
protein and nucleic acid in cells supporting virus replicafiqﬁ results
in a high i&cal demand-f§r<carbbn compounds. SuppfeSsed root growth in
virus~infectéd‘§lants may simply refisét a reduction in the supply of
carbbhydrates. Roots are generally cbnsidered tp be the major site for
éyﬁthésis,oflcytokinins and as cytokinins énﬁdﬁcé photosynfhetic rate,‘
translocation and'carbohydiateJmetabolism, étimulafed»gynthesis.of'gy{o¢
kinins is posSibiy a responsé;to-carbbhydrate,starvation.

The activity of an indole acetic é.cid (IA4)-1ike compougé, in young
tobacco tissué extracts, waé'éléo greater'in.virﬁsfinfécted pianté. High



ievelszof iAA.enﬁance kinetin stimulatién of_chioroplast enzy@e activity
(Feierabend, 1970). A kinefih/IAA'ihteraction has alsc been suggested for
the activation:of fast-migrating isoenzyﬁes.of peroxidase in tobacco cal-
'1uzcwtmws(mm, 97”.

In summary, it has been establlshed that toba ;:co. plants infected with.
a mqsaic—indpcing'strain of_tobacco mosalc v1rusvweré characterized by -
reduced size of both shoofs and foﬁts. 1t was confirmed that the 1eaf'
mosaic patfern was made up of two distiﬁct tissue types,.light greeh~is1-
ands of v1rus-conta1n_ng cells and dark green islands of virus-free cel]s.
The greatest rate of virus synthe31s occurred in those leaf tissues youn-
ger thanileaf~position 3 from the stem apex. Neither reduced celi size -
nor rate of apical mitotic cell divisions could account for fhe measured-
reductions in ﬁlant size and it'was suggested that reduced. plant size &as-
a fﬁnctionvof fe&er sub-apical mitotic cell divisions in cells supporting'
virus synthesis. Although pianf and 1eaf.si2e were reduced in:viras—
infected piants, deléyed flowering and a higher rate of leaf fofmafibn‘
(apical mitotic cellvdivisions) establish a potential for more leaves to
be prodﬁced prior to flower initiation.

Competition between virué syﬁthesis and éeliﬁlar netaboiism was most
pronowced in young ieafvtissues wheré»Iactivities of énzyﬁes aésociafed
with fespiration, phoﬁoresPirationvahd-chlo:oplasts_together with chlo?o-"
'phyll "g" level were reduced. With aging, &irus-iﬁfected cellén showed.
blochemloal and ultrastructural signs of recovery and delayed senescence;'
The kigh demand for carbon for viral protelr and- nuclelc synth951s and the-

-reduced potentlal for CO flxatlon by photosynthe31s in v1rus-1nfected

2
tissues was componsated for, 100d11y, to some ex%ent by'reduved cell dem-
‘and for. carbon by photoresplratlon and "dark" resplratlon. The high act-
ivity of hydrolybic enzymes - -in. virus- 1nfected leaf tlssuos, 1ndlcaued

the high rate of cellular metabolism of nucleic acids and proteins accomp-

anying virus infection. .
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| Twobimportant features ensﬁre'the'surVivai of'plants'infectedeith
diseases of the mosaic type; the natufe of tissue types in diseased.iea—
vves éﬁd changeé invthe balanceiof endogenous growth regulators.” The pres-
ence of virﬁs-free tissues in diSeaSes of.the mosaic Type hasvsprvﬁ&ai |
significance in that.the.high photasjnthetic potential of thegé_ﬁiéSues
.probably éomﬁensétes, to some degree, for the loss in photosynthefic pot-
.ential of tiésues sﬁpportiné virus'synthesis. Higher activities of -growth
régulating hérmongs.sqqh as cytokinins and auxins and:reduced_adtivity of
the growth retarding hoimone, ébscisic écid} were generally chéractefiétic
of diseased ﬁlahts. A high cytokinins to ;bsciSiq acid,ratib'in_infected‘
tissues.would account for an'incréased’rate of apical nd{otio cel; divi-
Sion; cell metabolic_recqﬁefy és tissues mafured,Adeiayed‘ohset of'senes—
cence, stimulated photosyhthétic acfivity énd'carbohydrate ﬁetaﬁoliém and
presefved cell membréne»infegrity. Auxin (indoléAaéétic acid-~like comp~
oﬁna) has-been‘reportéd to énhanqe Haﬁy.of the cytokiﬁi? effects; lA high
‘gibberellié‘a;id to.absciéic.acid'rafio-in infeCted_piants-ﬁould:en3u:e'a_
.potential for acti&ity_of hydrolyﬁic,enzymes;.necesséxy‘fpr the;maintenan¢e_

of a high turnover of nucleic acids ahd proteins in virus-infected'tissués;
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Leaf length (cms) measurements f

~ original inoculated. leaf.

' Virus Status

Healthy
- Controls : -

- Virus-
_infedted '

Source of Variation

Virus Status
Blocks
. Main Error N
Within Plots Error

.:Ii

25.5
| -27e5
E 12600

12.0

21,5

248,

Appendix i

22,0

24.0
22,0

“23;91'_ "'

Blbck;Nb;_

I
_: _2430_3
;22;0;
2.0

) 30.6 3

.23,0

22.0

20,5
19,0
20,0

,v19.5.

. Analysis of Variance

4

£
1
2

' 2,

24

. 8.S.
165,65
- 46.03

162.5.

Total -

.  29

376;65"x

1T
19.0
2.0

20.0 -

ép leaves'atfnode;pésition;5-abové»the

Means

191
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Appendix 2

Leaf length (cms) measureméntS'fbr leaves at nodebposition 8 above thev
original inoculated leaf., '

Virus»Statﬁs - Block No. : » Means
1 II CIIT
18.0 15 13
, 20,5 20 T
Healthy ~ | . o
Controls .21 ’ o 18-j o 19
21, 18 : 15
18 20 13 178
1 13 - 1450
9 . L 175 6.5
Virus- _ ' . o :
infected , 15 - 14 _ 12.0
18.5 - 15 13,0
19 T 155 14

Analysis of Variance -

Source of Variation = .d.f, © - 8.8. - M.S. . F ratio -
Virus Status 1 106.4 3 106.4 S 13.35%%
Blocks . 2 64.9 32.5 . 4,08%
Error 26 207.25 = T+97 .
Total 29 . 378.55 -
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Appendix 3 -

Leaf length (cms) measurements for leaves at node position 10 above the
original inoculated leaf. ’ ' o

Virus Status Block No.
I T
6 6 ‘
T 7
Healthy
Controls 13 o _13
9.5 5
2.5 5
.1 4.5
Virus- '
infected 45 5
11.5 6.5
1 10
Analysis of Variénce_
‘Source of-Variation d.f. ' S.S.
Virus Status 1 12.68
Blocks 2 36.63
. Brror 26 313.44 -
Total. 29 -

362.7

- II1

1.5

'MoSo .
12,68

18.3%1

12,0 -

- Means

55

. F ratio
1.06 N.S..

1 053 NoSc' '
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-Appendix 4

Plant height (cms) mcasurements for healthy and virvs-infected plants
5-6 weeks fol]ow1rg inoculations.

Virus.Status" i o s _ Block_No.r ', o | o Means
o R T . m

15 | ,22 '. : 10

19 a9 17 B

Healthy 33 30 | , | %

Controls » N
' 21 : 20 16

18 20 19 19.5

95 95
6. 8.5 B
 Virus- e o .
infected - BRI L
22 6.5 )

IV s 6 10,5

~ Analysis of Variance

Source of Variation - d.f. . 8.8. .. M.S. - F ratio
Virus Status - , 1 - 644 .. - 644 - - 29 *%
' Blocks = . . 2 : 1177 - 88.5° . . 3.4 %
Error : 6 - 265 21.7 o
" Total 9 1,386 .- .

v



252,

Appendix 5

Internode length (cms) for hode_position 5-6.'v

Total

Virus Status Block No.
T I
2.5 3
4 4
Healthy 5' 3
Controls
5.5 3
3 3
2 3
| 0.5 5
" Virus- ' .
infected ..1.5 15
3.5 1.5
3 2.0
Analysis of Variance
Source of Variation - d.f : S.S.
-Virus Status’ 1 12.68
Blocks 2 - 8.33
Error 26 19.74
29

40.75

Means-

IIT

105
1.5
0.5 1.9

"M.S. ' F ratio
12.68 16 *x

4.97 : 5.5 *
0.759 ’
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Appendix 6

The number of leaves formed after inoculation, counted from the fourth
leaf from the apex at time of inoculation.

Virus Status

Healthy
Controls

~ Virus-
infected

Source of Variation

1

11

12

N

10

12

Rk

.13

13

13

Block No;
1T
10 
11

.13>
11

11

12
12
11

172,

14

Analysis of Variance

d.f. "~ 8.8,
Virus Status 1 10.83
Blocks 2 3430
Error 26 19.37
29

Total

. 33.50

11
10
11
11

10

13
11
1"
11

12

M.S e
10.83
1.65

- 0.745

1

11

12

ratio
5o
.2 N.S.

NS



Days afﬁer 1

inoculation

19
26
33
40
o
54
61
68

- 82

47 44

147 24

254 .

~ Appendix T

' ’ a ' s > 2
~ (Mean leaf area approximations) cm’

Leaf node position.from plant base X Virus status

H- I

151

415 81
464 99
. 469 101

469 101

28 -

12
: H
3.2
81 -
| 268 2
351 2

1351 2

2.8

81
04

64

15

H I

1 40 26

202 129

335 226

348 237

348 237

18

H I

21

13 11|

175 90

234'119

299 164

315 188
322 198

f'322 198

48 34 |

150 75

198 116

254 148

256 {64_

24

H I



'Leaf Posifionv
. from Apex

: 0]
(Meristem)

1

1

0

2

‘Lesion scores for infected leaf tissue of different ages

3
0
2

11

4
0

L

22

12

15

: "

-0

n

9

20

7

Appendix 8 .-

- Lesion Numbers per half Leaf for ‘IO"3 Dilution

-
E

]
',16

8

Average No}iLesioné
‘per half Teaf
0.167
4.67
.11.17
- 10.50
10.00
10,50 -

11.67

Number iesions per Gram
Fresh Weight Material
1,427
9,340
22,340 -
2{,006 |
20,000
21,000

23,340

Log Lesion
Numbgrs
3615
13,97
435
4 52

4430
4432

- °age



Yellow-Green
Moszic Tissue

Dark Green
Mosaic Tissue -

vHealthy Control :

Tissue

Appendix 9

Lesion scores for comparisons of tissues
making up the mosaic and uninfected tissues
of the same age (Leaf Position 8 from Apex)..

Lesion Nu.mbegg per half Leaf - Average Number Lesions Number Lesions
~for 10 “ Dilution : o .per ha_lf Leaf " per Gram Fresh Weight

12 3 4 5 6

16 49 31 30 152 27 - 50.72 . o ‘.101,440

-'_o._ 2 2 0 - 1 12 347 R 6,352

1. 0 0 0 0 0 0,67 sz

Log Lesion -

. Number -

L5
N
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" Appendix 10" -

Buffers used in leaf. tlssue ext“actlons for enzyne analys1s and
buffers used 1n electlophore81s. - -

; (a\ Acryladee gei buffer and 1eaf t1ssu9 eytractlon buffer
trls 38 mM S 4. 598 g/lltre
01trlc ac1d 2. 5 mV - 0.5254 g/litre

(pH 8. 7 at 25 c)

:(b) E1ectro§horesis tank buffer -
| »boric’acidv S = .22 g/lltre
sodiuh tetraborate_" ; 15 75 g/lltre

" (pH 8.8 at 25° C)



'f_Appendix 11

Composition of acrylamide gels used for electrophoresis.,

(2) 7.5% Gel 7.5 g acrylamide

' 0.1875 g NN-mzthylene blsaorylamlde
0,10 ml N,N,N, 'N'—tetramethyl ethyiene dlamlne
0.10 g ammonium. persulphate

(Make up to 100 ml with tris-citrate buffer) -

(b) 8.0% Gel 8.0 g acrjlamlde :
o 0.20 g N,N-methylene olsacrylamlde'
0,70 m1 N,N,N,'N' -tetramethyl ethylene dlamlne
0.10 g ammonlum persulphate :

(Mke up to 100 ml with tris-citrate buffer)

(é)f1g% Gel

10 0 g acrylamide

0.25 g N,N,-methylene blsaorylamlde

0.10 ml N N,N, 'N'-tetramethyl ethylene dlaane
0.10 g ammonium persulphete '

(Make up to 100 ml with tris-citrate buffer)v
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- Appendix 12

Reactlon rate d%ta for cyuochrome-c ~oxidase in extracus from young
tobacco leaves (leaf position 6 from the stem aney)

‘Reaction Time (mins.) ‘Abs. 550 nm/g fresh Wt

0o .
0.224 .
0.368
0.492 -
0.588
0.680
0.760
0.824 .
0.896 -

 Healthy

DA BRWWOND = =
\ ‘
N T B RS

0.152 .
0,260 .
1 0.348
0.432
0.500
0.568
0.63%6
0,696

X -
vtowum

' Infected»
(1ight-green
island)

UI"-PA\N\N[\):\)—\—L
. L] [ 3 B
(S IR |



260.

. Appendix-13

Reaction rate data for- cytocnrore~C oxidase in. extraﬁts From 1mm3ture
tobaoco leaves (1aaf p081tlon 9 from the sten apex) .

Abs. JSO nm/gm frcsh Wt

‘Virus Status

'>'R§a¢tibn.Time,(hinp)j

Rep I

Rep II  Rep 111 Mean
1 0. 0. 0. 0
1.5 | 0.220 0.152 0.328  0.23%
_ 2 0.428'5"0.284 0.592 0.428
L 2.5 0.5 - 0,388 0.76 - 0.5€9
Healthy. 3. 0.688 0,496  0.848  0.677
' 3.5 0.776 . 04592 0.924 0.764
4 0.86 © : 0,680 0,992 0.844
1. .0 0o 0. 0.
1.5 0,140 0.132..  0.128 0,133 -
L 2. 0,240 . 0,228 0,240 0.236
Infected 2.5 0.356 - 0.316 - 0.336 0.336
(light green 3 0.428 0.384 0.420  C.411
" island) " © 3.5 0.500  0.456 . 0.508  .0.488
‘ 4 0.568  0.516- 0,588 . 0.557
1 0
. . 1.5 0.176
- Infected , - 2 - 0.320 -
- (dark green: 2.5 0.460
island) . 3. 0.596
B 3,5 0.712
4 0.816
Split-Plot Analysis of Variance
.Source of Variation d.fe S.S. - M.S. P ratio
_ Reps 2 - 0.149106 - 0.074553 1.2
Virus Status 1 0439324 . . 0.39324 7.905
Error (a) 2 0.099487 = - 0,049744 - :
Reaction Time - 6 - 2.25805 - - 0.376341 157 **
TxV -6 - 0,102888 0.017148 7.163 **
Error (o) 24 _0,057453- -~ 0.002394. . .. o
CTotal .41 0 3.060224  C

SEx = 0.0282 " -
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" Appendix 14

Reaction rate data for cy'tochrome-C ox1dase in extracts from matwe

. tobacco leaves (leaf p031tlon 10 from the Qtem apex) .

_Virus Status
Healthy
Infected

llgkt ceen
( go
island)

Reaction Time (min.)

VPR WWNON—- =
°
w, v wm \n

© Abs,
Rep I
0
- 0,088
0156

0,220
0.284
0.336

.0.388

0.440

0.488

0
0.096..

0.172

0.308

0.364
0.416

04460
0.504

Rep IT

0
0.100
- 0.168
. 04228
“0a.272
0.324
0.376

. 00416

0.448

0.120
04184
0.228
0..280

0.324

0.364
00404
0.436

550 nm/gm:fresh wt.

Vean

0-
0,094

. 0.162
0.224
0.278
0.3%29
0.382
0.428
0.468

0.108
0.178
0.238
0.294

0.390 .

0.432
0.470"

(Qbﬁt.)l



vAppendii 14 (cont;)

Virus Status

Infected
(dark green
island)

262,

Reaction Time (min:),

Rep 1. Rep 1II -

0.080

0.140

0..240
0.276

0.356 -
0.364
0.404

Split-Plot Analysis of Variance

Source of Variation d.f. SeSe
" Reps 1 0.0025
Virus Status 1 0.00082 -
Error (a) 1 0.0006782
" Reaction Time 8 0.78322
VvxT 8 0.00036
Error (b) 16 0,0052858 .
Total 35 0.792864

SEX = 0,01285 -

M.S.
- 0.0025
0.,00082
0.0006782

. 009540
- 0.000045
© 0,00033

Mean

‘F ratio

3.686
1.209

288 **

1
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Appendix 15

.. Reaction rate data for cytochrome-C oxidase in extracts from senes-

 cing tobacco leaves (leaf position 11, 12 from the stem apex).

Virus Status

Healthy

Infected

‘Source of Variation

IR DWW N =
b 4 .
(GRS TS, SR

[

U B W D R = =
) [ ]
G, IR IR RN

Reaction Time (min.) o

Abs. 550 nm/gm freéh_wt;

Rep T

0.
0.072

0.132

0.184

04236

0.388

0.276
0316

0.348

- 0‘-
0.132.

0..228

0.304

0.428

0.492
0.540
10,584

- Rep II -

.0 .
0.068
0.108
0.148
0..208
0,236
0,264 .
0.288

0.
0.076
0.124
'0.168
0.204 -
0.248 -

. 0.308
- 0,340

Split-Plot Analysis of Variance

.S58

"def.
" Reps 1 0.08841
. Virus Status 1 - 0.,053%21
~ Error (a) 1 - 0.02112
. Reaction Time . 8 0.56933
Tx I 8 . 0.01376
Error (b) . 16 - 0.03211
Total

SEx = 0.03168

35

0.77794

MQS L] C

10..08841
0.05321
10.02112

0.07117
0.00182

- 0,0020068

0.284

o Yean

0 :
0.070
0,120
0166
"0.206
- 0,242
- 0,276
. 0,306
0.338 .

0. ,
0,104
04176
- 0..236
0..288
0338
0.388
0.424
04462

. F ratio

4,186

- 2.519.

35,46 **
1
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- Appendix 16

Reaction rate data for NADH oxidase in extracts from young,vimmature
and mature-senescent tobacco leaves (1eaf position 6, 9 and 11 from the

stem apex).

Virus Status

Healthy

Infected
. (1ight green
island)

VInfected

ark green
(dark |

- island)

Reaction Time (min.) (Yomg) (Immature)
1. 0 0
1e5 0.072 0.060
2 0.116 0.100
2.5 0,168 " 04132
3. 0.212 0172
3.5 0.252 - 04200
1 0.288 0.228
4.5 0.320 0.252
5 0.352 - 0,280
1 0 o. .
1.5 - 0.044 0.032
-2 - 0080 0.056
2.5 0.108 0.072
3 0.140" 0,096 .
3.5 0.168 0,112
4 04192  0.128
4.5 0,216 0.152
5 0,240 0.168"
1 . 0o .
1.5 0.036
2.5 - 0,080
3 0.100
- 3.5 0.124
4 0.136
4.5 0.152°

Abs, 340 nm/gm fresh wt.

0.164

(Mature-
Senescent)

0.
0.024

- .0.04

0.064
0.072
- 0.096
0,112 -
0,128
0.144

0.
0.032
0,064
. 0.084
L 0.112
0.136
0.156
0,180
0,208



"Appendix 17

Reaction rate data for glutamate dehydrogenase in extracts from young
and senescent tobacco leaves (leaf positions 6'andﬁ11-12-from the stem-apex).

Abs; 34O nm/gm fresh wt.

Virus Status  Reaction Time (min;) -~ (Young) = (Senescent)
1 L T
1.5 o 0.104 - © 0.048
2 | 0,204 0.080
Healthy - 2.5 o 0,296  0.128
'3 - | 0.388 0472
3.5 - 0.472  0.188
4 . 0.548 0232
1 0 0
1.5 ; -~ 0.076 0,052
2 . 0,140 04104
- 2.5 0.196 - 0.156
~ Infected - S ' IR : ‘
(1light green 3 S 04264 ; 0,204
island) 2 ) S e . :

4 | 0.388 0.284
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Appendix 18

Reaction rate data for glutamate dehydrogenase in extracts from
irmature tobacco leaves (leaf position 9 from the stem apex).

. Abs. 340 nm/gm fresh wt .

Virus Status Reaction Time (min.) Rep I Rep IT~ = Mean
1. 0. -~ 0O 0.
1.5 0,064 0.096 - 0.080
, 2. 0.124 0.200 . 0.162
- Healthy 2,5 : S 0.172 0,296 0,234
3 . 0.212 0,380 . . 0,296
3.5 ' 0.256 0,480 0,368
4 - 0.312 0.560 - 0,436
1. 0 : 0 0
145 : : 1 0.088 0.172 0,130
L 2 0472 0.320 0.246
- Infected _ 2.5 , 04260 0.472 - 0.366"
(1ight green 3 ' - 0.328 0.608 0.468
island) = 3.5 0.400 0,736 0.568
4 0.468 0.844 0.656
1. 0 B 0 . 0.
: 1.5 0.064 0.088  0.Q75
Infected 2 - 0.120 0.184 - © 0.152
(dark green , £ 2,5 , 0.176 . 0.248 - 0.212
" island) 3 B 0.228 - 06352 - 0.290 -
__— : 3.5 0.276 - 0.440. 0.358
4 0.324 0.528 - 0,426
Split-Plot Analysis of Variance
Source of Variation = - d.f. . - SeSe . MdSo F ratio
Reps S 1 0.210611 © 0.210611 19.72 *
. Virus Status 2 ~0.151087 T 0.075543 7.074
Error (a) : 2 . 0.,021%359 . 0,010679 1937
Reaction Time 6 14190127 0198355 - 36 **
T xV 12 0.055548 0.00463 = - 1
Error (b) ' 18 0.09923 - 0,0055127

Total : 41 1.727962

SEX = 0.053
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Appendix 19

Reaction rate data for glutamate dehydrogenase in extracts from mature
‘tobacco leaves (leaf_position 10 from the stem apex).

- . _ Abs:'340 nn/gm fresh wt:f

Virus Status Reaction Time (min.) Rep I Rep IT =~  Mean

1 0 o 0.
145 0.048 0.068 - 0,058
2 0.088 . 0.144 - 0.7116
. Healthy 2.5 0.120 0.212 - 0.166
- 3 0.144 . 0.280 - 0.212
3.5 0.204 0.344 0,274
4 0,240 . 0.420 0,330

-1 0 0 0
145 0.072 0.164 ~  0.118
Infected 2. 0.144 0,324 0.234
(1ight greén 2.5 0.204 - 0.476 10.340
island) 3. 0.268 . 0.600 0.434
3.5 0.328 0.728 - 0.528
4

0.388  1.000 ' 0.694

Split-Plot Analysis of Variance

; o S;S; .- . MJS. - F ratio

Source of Variation d.f
_ ‘Reps o 0.225%365 = 0.2253%6 3.9495
Virus Status 1 © 0.20298 - . 0.,20298 34557
Error (a) 1 0.05706° - 0.05706 4.939
Reaction Time- 6 0.76461 . 0.12743 - 11.03
PxV 6 0.09111 0,01519 -~ - - 1.315
Error (b) 12 . 0.13864 _ 0.011553
‘Total 27 o

1.47976

SEx = 0.076
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Appendix 20

Reaction rates for phosphoglucoisomerase in tobacco leaf tissue extracts.

Virus Status/ = ng E.qu’iv_alents/gm Fresh wt. Leaf Tissue/45 min.
Leaf Position from Apex . S . ,
' Rep I Rep IT° Rep IIX - Mean
4 2.0 29 2.9 2.6
‘Healthy 8 . 3.6 35 40 3.4
12 | 24 05 - 3.6 2,16
Light green- 4 1.9 2.5 40 2.86
Island . , : ,
S4an 8 . 2.9 44 4.5  3.84
Dark greén R ' ' | L )
Island 8 S 3.9 E C o 30.9 - 3-§ : 3.86
Analysis of Variance
Source of Variation : d.f: o ' SaSe M.S. v F ratio
Reps = 2 3.974 - 1.987 3,524 N.S.
Virus Status/Leaf Age 5 8.06% 1.613 2.86 N.S..
Error , - 10 5.639 - 0.524 -
Total - . 17 - 17.676 '

. SEX = 0,418
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Appendix 21_{

Standard curve of fructose concentration versus absorbance 500 nm. o

054

o
&

Abs SQOnm "

0:1{

-y

(SN

-"Y'm'g/_ml - D- Fructose
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Appehdix 22

’ Reacfion rate data fof glucose-6~phosphate aehydrogénase'in extracts
from young tobacco leaves (leaf position 6 from the stem apex).

Abs. 340 nm/gm fresh wt.,

- Vicus Status ~ Reaction Time (min.) ~ Rep I - -Rep II °  IMean
1 o 0 S0
2 0.0264 ~  0,0188 - 0,0226
R 3 © 0.0%396 . . 0.0316 - 0,0356
Healthy 4 0.044 0,0444 ~ 0.0442
5 0,044  0.0508 - 0.0476
6 0.044 - 0,064  .0.054
T - .0.0484- 0.0704 = 0.05%4
1 0 o0 0 o
2 0.016 0.016 0,016
" Infected - 3 0,032 © 0,064 . 0.048
(light green 4 © 0.0396 . 0,064 - 0.,0518
island) - 5 10,0396 =~ 0,08 = 0.,0598
A 6 - 0.044 - 0,08 0.062
1 o 0 0 i
2 ©0,0176 . . 0,012 . 0.0148
~Infected . 3 -0.0484 - 0.044 - 0.0462
. (dark green 4 . 0,062 - 0,072 0,067 -
' island) - 5 - 00,0708 0,072 . 0.0714
: 6 0.,0752 -~ . 0,088 ~ 0,0816
7

0.0800 10,104 0,092

Split-Plot Analysis of Varience.

" Source of Variation d.f. S.S. . M.S. F ratio
~ Reps. ' 1 0.0C16145 - 0.,0016145 . 2.895
Virus Status 2 .0,001736 . 0,0000868 S
" Error (a) 2 0,00112" 0.0005577 - -
Reaction Time 6 .0.026267 0.004378 39 *¥
T xV 12 0.00151 . 0.000126 * .~ 1
- Error (b) 18 © 0.,00204 . - 0,0001132 :

- Total - v 41 : 0.0%42854

SEx = 0.00752
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.  Appendix 23

Reaction rate data for glucose~6-phosphate dehydrogenase in extracts

from mature tobacco leaves (leaf position 9 from the stem,apex).

Virus Status

SEx = 0.0111

Reaction Time (min.) Rep T "Rep 1T
1 o 0
2 0.0176 0
3 0.0176 . 0.016
Healthy - 4 0.0264 0,032
o 5 0.0308 0,064
6 0,0352 0.064
7 0.0352 0,064
1 0 S0
2 040 0.032
Infected 3 0.0308 0,056
(Light green - 4 0.0396  0.068
island) 5 0.0484 0,08
6 - 0.0528 0.08
7. 0.062 0.092
1 0} o
, 2 0,0088 - 0,020
Infected 3 0.0264 0.040
(dark green 4 ~ 0.0352 0,06
island) 5 10,0352 0.092 -
6 0.0396 0.10
T 0.0396 0.112
Split-Plot Analysis of Variance
- Bource of Variation d.f. S.S. . M.S.
Reps = 1 0.0053%314 0.00533%14
Virus Status - 2 0.0026361- 0.001318
EBrror (a) - 2 - 0.0009373 0.0004686
Reaction Time 6 '0.023045 '0,0038408
TxV 12 0.0007925  0,000066 =
~ Error (b) 18 0.0039478 0.0002193
Total 41 0.0366901 ‘ :

Abs. 340 nm/gm fresh wt.

" Mean

0
0,0088

. 0,0168

0.0292

" 0.0474
10,0496
- 0.0496

0.0248
0.0434

- 0,0538 .

0,0642
0.0664

- 0.077

0

0.0144

- 0.0332

0.0698

0.0758

F ratio

11.377

- 2.8126

17.51
1
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"Appendifo4

' Reactlon ra,te data for alcohol dehydrogenas° ,'.n extracts from young
. tobacoo leaves (leaf position 6 from the stem apex).

Abs .' 340 nm/gm fresh W’t.

L .. Virus Status

Reaction Time (min.) Rep I Rep IT  Mean
1 0 0o 0
2 0.0088 0.008 - 0,0084
I 3 0.02 0.012 0.016
Healthy 4 . 0.032 0.02 0.026
5 0.044 0.028 0.036
6 0,053 0.034 0.0435
7 0.062 0,038 . 0,05
1 0 0 0o
2 0.008 0,008 0,008
Infected 3 0.008 0 0,004
(1ight green 4 - 0.016 0,008 0.012 .
island) 5 0.016 0,014 0.015
- 6 0.016 0.014 0,015
7 0.016 " 0.018 0,017
1 0 ' 0. 0
: 2 0.006 - 0.0048 0.0054
Infected 3 0.020 " 0.0072  0.0136.
(dark green 4 0.0%2 - 0.0096 0.0208
island) 5 0,032 . . 0.0142 ~ 0.0231
6 0.032 0.0166 0.0243
7 0,040 0.0192. - 0.0296
Split~Plot Analysis of Variance
Source of Variation d.f. S.Se M.S. F ratio.
- Reps 1 0.0008428 ©  0,0008428 - 8.6976
Virus Status 2 0,0017079 " 0,0008539 - 8.8122
Error (a) 2 0,0001938 0.0000969 3.1158
~ Reaction Time. 6 0.0049495 0.0008249 26.5
. T xV 12 0.0010671 0.0000889 2.859
Error (b) 18 0,0005609 - 0.0000311 2
0.009322" :

Total

SEx = 0,003537

41



Appendix 25

Reaction rate data for alcohol dehydrogenase in exiraﬁts from matur° ‘

tobacco leaves \1eaf p031t10n 9 from the stem apex).

Abs: 340 nm/gm fresh wt;'

Virus Status Reaction Time (min.) . Rep I Rep IT
1 0 0
2 0,0102 0 _
. - 3 ) 0001 02 . 09006
Healthy 4 0.0128 0.012
. . 5 0.0128 - 0,018
.6 0.0154 0,018
T 0.0284 - 0.024
1 - 0 0
' _ S 2 0.018 0,004
- Infected 3 0.03 0401
- (1ight green 4 0.048 -0.012
island) 5 0.068 0,016 -
. 6 0.074 0,02
-7 - 0.08° 0.024
1 0o ; 0.
; _ 2. 0,026 - 0,008
Infected 3 0.036 0.014
(dark green 4 0,052 0,022
island) 5 0,08 0.022
6 0,106 0.028
7 0.114 0.036
Split-Plot Analysis of Variance
Source of Variation ~d.fS "8.8. . M.S.
" Reps 1 . 0.006633 . 0.006633
Virus Status ‘ -2 - 0.,005165 . 0.00258
Error (a) 2 - 0.00298 _ 0.00149
Reaction Time 6 . 0401304 0.00201
- T xV 12 © 0.,00224 © 0,000187
Error (b) 18 0.00442 - - '0.000245

Total 41 0.0334762

.SEx = 0,011

Mean -

0
0.0051 -

00,0081

0,0124
0,0154
0.0167.

0,0262

0.011
0.02

0,03
- 0.042

0.047
0.052

0.017
0.025
00037
0.051
0,067

0.075

F ratio

4.452
1.732

8.204
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- Appendix 26

C.avté,lase Intensity Ratings -

_ ‘Intensity Rafing
Virus Status Node Position - Rf 0,11  Rf 0.17 = Total Ratings
4 2 2
5 3 3
Healthy g 7 5. 5 10
10 5 5 10
; 12 5 5
Infected + o
Virus-Free 5 4 4
7 2 2
Infected : .
| 10 1
R 5 10
Virus-Free 1 > Z
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Appendix 27

Peroxidase Intensity Ratings

Virus Status  Node Position|Rf =0.7

Healthy

v - Infected -

- Virus-Free
(Infected)

5
(

10

12

5

1

0.5

Intensity Raﬁings'

Rf -0,16

1

05 |

055.

0.5

045,

0.5

RE 0.56
0.5
1

4

0.5

RE 0.65

5

Total;Ratingsv
3.5
2.5

9 -
11
8.5

13.5

5.5



Virus - Node
Status - 'Position
5
' T
Healthy
10
12
-5
Infected 7.
10
5
Virus-Free T

(Ihfecﬁgd) 10

276,

Appendix 28

Acid Phosphatase Intensity Ratings

0.25

0.25

0-5

Rf
0.23

Rf
0.32

2

2

1

Ihtensity Ratings

"Rf .
0.47

045

0-5

005

0.25

1 0.5

0,55
0.25

0.25

0.25

0.25

0+25

0.25

Oos

Rf

0,62

0.25

0.25

0.25

0.25
0.25

0.25

205
- T.25
10,25
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Appendix 29

" RNAase Intens ity Patings

Intensity Ratings

Virus Status Nod_e Position | Rf 0.2 | Rf O.84 Rf 0.87 .Total Ratings
5 3 2 2 T
» T 3 0.25 1 4.25
Healthy : ’ o
’ 10 3 0.5 1 4.5
12 2 0.5 1| 305
5 5 | 1 3 9
Infected T 5 |1 3 9
| - 10 4 | 3 8
5 4 0.5 3 Te5
Virus=Fraze v '
(Infected) o 7 4 0.5 2. 6.5
- 10 4 0.5 2 6.5




- Virus Status

Healthy

Infected +
YVirus Free

Invfevcted .

 Virus-Free
(Infected)

Node Position-

10

12

278,

- Appendix 30

"Rf 0.08"

0.5 -

A ~Amylase Intensity Ratings '

Intensity Ratings

-Rf 0,23

9
2

1

RE 0.49

10425

0.5

0.5
045

2..

0.5

_0.5_'_:.

‘Total Ratings
2.25
35
1.5
25

5

4.5
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- Appendix 31

Esterase Intensity'ﬁgtings:

Virus Status  Node Position 'Rf'-o°225 Rf -0.18 Rf'éo.jz'-.Rf 0.05
5 {2 | 3 0.5 | 2
7 | 4 | 4 | 3

‘Healthy , o
' 0. | 1 1 4

W~

-—

12 2 .1 - 4

Infected - 7 | o5 | 2 | 2 5

Cviewsmee 7 o1 b2 |2 |
(Infected) - ) : R O | ' .




Appendix 31 (Cont.): . -

Virus Status

~ Healthy .

‘Infected

Virus-Free
 (Infected)

- Esterase Intensity Ratings

Node Position

R 0,16
5
3
.

1 0.25

Rf 0.23

0.25.>

0.25

0425 ..

005

0.25

o.és |

0.25

005 . ..

Rf 0.41

0.5

.[:v_(Cont.)



Appendix 31 (Cont.)

 Virus Status

- Healthy

Infected

Virus-Free .
,(Infected) '

281,

Bsterase Intensity Ratings

Node' Po'bsiitiobn
g
1
10

12

" Rf 0.5

.
1.

0.5

'Oa5f

0.5

0.5

Rf 0.55°
0.25

0.5

0.5

: 005

Rf 0.68

Rf 0.74

0.5

o;ésv

10.25

v 05 ,

'_0;25 .

0.5

0.5

Kf 0.8

':0.5‘

0.5

0;5'
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Plating medium for tobacco pith callus culture.

282,

_‘Appéndix 32

Major Elements (mg/litre)

MigN05

CaCl,.2H,0

MgSO0, . TH,0

HEFO,
‘. Naz—EDTA
FeSO
b/}

Final pH adjusted to 5.8

;7H20

Minor Elements (mg/litre)v

825 H,BO;
950 MnSO 4'.4H20' .
220 - _ZnSO.4.4H20
1233 KT :
680 Na2M064.2H.29
373 CuS0,.5H,0
27.8 CoS0,, . TH,0

IOfggniés '

" Sucrose | © 10 g/litre

.ﬁeso-inositbl. 100 mg/iitre-

"Thia.mme-ml' 1 mg/litre =

D-lamnitol 0.TM

with KOH before autoclaving.

6.2
22.3
8.6

0.83

0.2

0.025

0.030



v Apjendix 33

_ Average response of the barley endosperm biocassay to a concentraticn
. range of GA3. T T e e .-

Abs. 625 nm of Indepéndeht Bioassays

GA3 Concentration (gm/ml) . I II IO W v VI  Mean
Control - 0,150 0.213 0.182 0.370 0,428 0.339 0,281
10"11 0.161° 0.227 0,172 0,343 0.417 0,312 0,272
10710  0.237 0.240 0.185 0.415 0.460 0,394 0,322
1077 0.580 0.466 0,301 0,498 0.547 0,605 0.500
107 1 0.957 0.882 0,653 0.759 0,921 0,996 0,862
4071 1,126 0.904 0.771- 1.081 1.090 1:095 1,011
‘.Analysis of Varisnce
Source of Variation - d.f. | S.S.° MmS. . F ratio
| Bioassay o 5 . 0.2897 . . 040579 10,5 ®*
_GA3 Conc, 5. 3.0824 0.6165 - 111 **.
Error - 25 0.1384 . - 0.0055 ° :
- Total : 35 3.5105 a

SEx = 0.0526 -

'95% Confidence Limits of points plotted on graph == 0.108
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Appendix 34

.GA3-1ike activity of a TIC plate zone for young leaf tissue,extracf;'

Extract Diluﬁion '

Control
Healfhyz1/125.-
Healthy 1/25
© Healthy 1/5_

" 'Healthy 1
" Infected 1/125
Infeqfed-1/25 ’
Infectedj/5
Infected_1,

643 (107 gm/mi)

L
0.297
0.237
0.278
0.321

0.534

.0.274.
0.325

04369,

00385 - -

.0.469-'

- ‘Absorbance 625 nm

IT IIT

0,299 0.344
0,385  0.429
0.224 0,310
0.352 . 0.438
0.364 0,527

04349 - 0.220
0,282 .0.359, |
0.392 . 0.380 -

04516

 0.491

 Analysis of Variance -

Source of Variation - dl.f S.S.
' Reps _ 3 0.024416
Extract Dilutions 9. 0.22175
Exrror 27 0.12%813%
- Total 39 0.36998
SE_ = 0.067T
SEx =

:090338

0372

0,648

v

09295>
0.459

0,525

0,420

0.392 -
0.364
' 09362 :
04520

'0.577

. M.S.

© 0.00814
0.02464
0,00459

95% Confidence Limits for points plotted on graph = - 0.069

'-F ratio
1477
- 5.373 **
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Appendix 35

GA3~iike éctivity of a TIC plate zone for mature leaf tissue extract;

Extract Dilution = - .~ Absorbance 625 nm

| . I TIT . Mean
Control ' 0.367 - 0.395 :0.359 . 0.374
Healthy 1 © oses 0337 017 0.380
'Hgalthy 1/5 L 0.359 :n.. 0.374 { ' 0;4Q6 04380
Healthy 1/25', - O°398: '-09310 © L 0.340 04349
Healthy 1/125 : .,°°374 04380 0,299 - 0.331
Tnfected 1 0.435 04337 0.409 00394
Infected o o044 0. 0.303 0,397
Infected 1/25' 0359 50,352 04357 '_' 04356
Infected 1/125, . 0340 o0 0.392 -  05544'

Analysis of Variance .

Source of Variation-. d.f;’ ' S.5. . M.S, ©F ratio

: Reps ' 2 0.001708 . . 0.,00085 -1
Extract Dilutions 8 - 0.01266. ~ 0.00158 I
Error - 16 0.03%3%72 .. -0,002108
Total _ ' 26 0.048087 B
SE_ = 0,0459
| SEx = 0.0265

95% Confidence Limits of pbints plotted,on graph = b 0°056,
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Appendix 36

Response of the barley endosperm_biodssay to a dilution series of

abscisic acid,

. ABA Cdncentration
(mg/m1)

GA3 Control
2 x 107
>‘4.x,10-7>-

8 x 10_8
156 x 1078
3;2ix 10;9
| 10

10

6.4 x 107
1,28 x 107

Source of Variation

Absorbance 625 nm

S - 2 I

' 0.857 1,075 1.005
0.444 0.409 04359
0,367 fo,417 0.573
0.847 0,821 04740
1.106  1.05% 1.023
o,.99ﬁ ' 1.073 0.941
1,009~ 1.168 0.877
0.945 1.045, - 1.020

‘Analysis of Variance

S.S,

d-.‘f.-
Reps L .3 0.02339
ABA Concentrations 7 ~1.93308
Error 21 - 0.144912
Total 37 2.10138
SE_ = 0,0831
SEx = 0.0416

S IV - Mean

1.073 1.002
0,380 0.398
0.472  0.457
0.778 0.797
0,849 1,008
0.950 0.989
10,982 1.009
1,094~ 1.026
M.S., F ratio
©0.007796  1.13 N.S.
0.27615 40 **
0.0069 |

95% Confidence Limits of points plotted on graph = = 0.086
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Appendix 37

‘ABA-like act1v1ty;of a TIC plate zone (Rf 0. 15 -0. 30) foliowirg tﬁo

separations of mature leaf eytract in TEA solvent.

- Extract Diiution

" GA3 Control
.Healfhy 1/2
_Healthy-1/8
Héalthy 1/20

‘Healthy 1/50
Infected'1/2
Infeétéd'1/8_
Infected 1/20

1
Infected /50

 Sterile Water Control

-Source of Variation

1T

1.301

0,362
0.523

1.305.

1.420

0.3%82

© 0.909

1,301
1.444
0.450

Analysis ovaariance

d.f. " SeS.
Reps 2 - 0.04495
Plate Zone Dilutions 9 5.3614
Error 18 0.138915 -
Total 29 5.5453
SE = 0,0878
SEx =

0.,0507

Absorbance 625 nm

IIT

1.276 T

04451

10.991

1.278

0.233

1.158

1.372

0.352 .

M.S.
0.02248

- 0.5957
-0,007718

95% Confidence Limits of points plotted on graph = p 0.106

 Mean
1.243
©.383
0.467
1.093
1.369
0.367
. 0.918 .
1.299
1,429
o

F ratio
-2.91 N.S,.

7 *x
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Appendix 38

ABA~like aCblV1ty, following separation in pure solvent systems, in
- mature leaf tissue extracts. : :

Extract Dilution

" GA3. Control
. .
.HEalthy“ /10
1.
Healthy . /50

| Eealthy 1/250

]
Healthy /1250

Infected 1/
Infected 1/

1 ’.
Infected /250

1
Infected /1250

1.183

0.312

0.903

1,138

1,124

0.367

1.027

1,183

1,183

‘Analysis of Variance

Absorbarice 625 nm

I1
1.221

0.429

0.877 .

1.073

1.074
0.498
1.042 m_'

1.216

1.098

S'Q'So'

Source of Variation - dof
Reps 2 0.01468
Plate Zone Dilutions 8 - 2.5798
Error 16 0.07234
Total . 26 2.66697
SE_ = 0.0672
SE}C:

0.0388

95% Confidence Limits of points plotted on graph =

IIT

1,012

0.364

' Of799 :.

1.042

1,102
0.253

1.138

1.153.
1473

 M.S.
0.00743

0.3225 -

0.00452

¥ 0.082

Mean
1.1%9
0.368
0.860
1.084
14100
0.373
1,069

1.184

F ratio

1. 643
71 *%
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Appendix 39

Standard responoe curve dats for klnetln 1nduced betacyan;n produotlon :
by Amaranthus caudatus explants.

Kinetin Concentration Betacyanin Level Mean Abs;.(542Qééo) nm
(gn/m1) = [abs. (542-620) nm} o
I oI
o C ou0s2  0.032 . 0.037T
2x 107 0034 0,031 0.0
2x 1078 0,047 0.063  0.055
2x107 1 0,134 0,159 - 0.147
2% 107 | 0.116.° 04162 o 0.139

Analysis of Variance -

cl SoSo' . A IJ.[.SQ"v' " . . F I‘a'tiO

Source of Variation - d.f ,
Reps -1 0,00055 0.00055 = 2.2 M,s,.
Kinetin Concentrations 4 0.02523 .~ 0.00631 25 *¥ -
Error 4 0,00101 0.,00025 - :
Total 9 0.02678
SE_ = 0.016
SEx = 0,0112

" 05% Confidence Limits for graph points = ¥ 0,031



290,

Appendix 40

Cytokinin activity of TIC plate zones for n-butanol fraction of young
leaf tissue extract, o . :

Absorbance (542-620)-nm' |

Plate Zone (Rf) ' Healthy Extract Virus Infected Extract

Control ~ =~ - 0.0147 . 0.0173

0-o0.1 o . 0.0%01 S 0.0%50
0.1 - 0.2 _' ©0.0145 | L - " 0.0170
0.2-05 0 o.0202 | o 0.0215
0.3 - 0.4 - o oot0 0.0111
04-05 . 00179 oot
0.5 - 0.6 o 000213 o 0;0393:
0.6 -0.7 0.0343 .' . | 0.0381
0.7-0.8 - 0.0213 . 0.0168
0.8 - 0.9 B | 0.0179 - -~ o.0158

0.9 - 1.0 o 0.0167 o 0.0158

Analysis of Variance

Source of Variation . 'd.f.' . SeS. : M.S.. . F ratio -

Virus Status . ' 1 0.000011 - 0.000011 . Q.5
Plate Zone - 10 0.00115 . . 0,000115 - 527
Error 10 ~0.00022 - 3 0.,000022 .

Total ' o 21 0.000224 -

SE = 0.0047.
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Appendix 41

Cytok;nln activity of TLC plate
of young leaf tlsbue extract

zones for the watpr soluole ¢ractlon

Absorbance (542;620) nm

Total 2

E = 0.0022

VPlate Zone (Rf): _ | - Héalthy Extract _ - Virus Infected Extracf
 Contzol . - O 0168 10,0137
0-o0a 0.018% -0.0218
0.1 - 02 . 0.0223 . 0.0208
0.2 - 0.3 ” 0.0170 | 10,0180
0.3-04 0.0155 0.0144
0.4 f o:5 o -  | 0J0144 0.0144
0.5 - dlé'; | - 0:0168 0.0168
0.6 - 0.7 f o o.0158 0.6228‘;-
0.7-08 - 0.0180 0.0192
08-0.9 . 0.0205 0,058
0.9-1.0 . 0.,0180 © 0.0169
Ana1y31s of Variance » ‘
‘Source of Variation . d.f. - S.8. 7_ ‘M.S. F retio
Plate Zones , 10 0.00016 - 0,000016 3.2
 Virus Status | 1. 0,00000007  0,00000007 1
Brror 10 .__0.00004996 * * 0.000005 -
0.002099 '
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~ Appendix 42

Cytoklnln act1v1ty of tissue exiraot dllutlons for n-Butanol fraction
of young 1ea£ tissue extract.

Extract Dilution

_»Confiol
" Healthy 1/25
iHealthy 1/,125
| Heglthy.7/625_
'_Infected 1'/
" Tnfected /

125'
Infected /625-'

Source of Variation

Absorbance (542—620) nm

I B R e o " Mean
0.0225  , 0.0202 0.0283 - f 0.0237
0.0249 | o.Q3é1 ‘.‘: ‘0.0331:, 0.0300
10,0309 0.0214  0.0285 0.0269

0.0296 0.0249 | 10;0271:-'.__ 0.0272

'..600438_’ 0.0395 0.0517 - 0.0450
0.0296 »000274‘ L 0.0377 _-'  0,0316
0.0250 0,050 - 0.0343 - 0.C2el

Analvysis of Variance

dl.f. © S.S. © M.S. . F ratio

Reps 2 0.000187 ~ 0.000093 . . T.96 **.
Virus Status 6 0.000864 10.000144 12,29 **
Error. 12 0,000141 . .. 0,0000117 -

Total 20 0.00119 ~
SE = 0.0034

~ SEx = 0,0020
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Cytokinih actiVity of TIClpla‘te zones . for the n-Butanol soluble
fraction of mature leaf tissue extract :

Absorbance (542-620)'nm '

Plate Zoné (Rf) L ﬁealthy Extract ' " 'Virus infected Extract -
Control 00159 o 1 0.0168
0-0a S0.0195 0.0275
0o - 0.2 - 0.0222 L 040254
0.2 —'o°3. S vo;o169 - . 00,0240
0.5-0.4 . 0.0169 0.0227
0.4 - 0.5 . ooms5 . o.003

0.5 - 0.6 o o225 o 0.0285
0.6-0.7 .. o022 00261
0.7 - 0.8 f-  - o o.0146 7 o.0238

0.8'-0.9 T RV o 0.0262

0.9 -1.0 . 0.0157 '_ : 0.0239

Analysis of Variance

Source of Variation d.f. - S.5, - MeS. F ratio
Plate Zones o 10 "~ 0.0000965 0.0000097. - 2.1%
Virus Status = 1. 0.000258 . 0.,000258 57 *¥
' Error ' 10 0.0000453 0.0000045

Total 21 0.0004003

~SE = 0.0021



" Extract Dilution

Control

Eéalthy:1/5

Hezlthy 1/25 S

" Healthy 1/125

Infected. /
Infected /

Infected /125

- PO
\O
S
o

Appendix 44

Cytoklnln activity of extract dilutions fo* the n-butanol soluble
‘fraction of mature leaf tissue extract. -

Absorbance (542-620) nm

T 15 S CmIr een
0.0542 0.0572 ! 040545 | ’_6.0552
0.0789  0.0718 0.0731  0.0746
10,0697 0.0608 0.0608 0;0638
0.0502 30.0649'.. "o.oseé o 0.0573
0.0529 0.0597 '0.6634;" ' VO°6587
~0.0542 0.0645 0;6506 | "_. 0.0564
0;0641-_1" 10,0607 o 0;05781' :' 0.2609

. Analysis of Variance

d.f. 8.8. Y& M.S. F ratio

~ Source of Variation
. Reps ' 2 '‘0,00004 0,00002 . 1
Exiract Dilution- : '6 - 0.,000827 - - 0,0001%8 4.82 *
Error ' 12 0.000%4% 0.0000286 4 :
Total 20 0.0012099
'SE_ = 0.0053
"SEx = 0.003%1 .
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Appendix 45

~ Cytokinin activity of TIC plate zonés'fofdﬁhe water soluble fraction
of mature leaf tissue extract.

Absorbancev(542-620)vnm'

Plate Zone (Ef) . Healthy Extract " Virss Infected Bxtract

Gomtzel  0.0171 - I 10,0195
0-04 0026 0.2
0 -0.2 - 0.0267 - 0.0241
0.2 = 0.3 e 0.0250 . - 0.0228
03 -0u4. 0.0251 . 0.028
04 -05 Coo0.0217 . 0.0i81
0.5-0.6 - o022 0 0.0203
0.6 = 0.7 o o.0169 : 1 0.0215
0.7 - 0.8 - .I_‘-o.0262 N ' 0.0249
0.8 - 0.9 - : :‘o;oéds' o '_* . 0.0214
0.9-10 . 00158 . 0,019

"Analysis of Variance

Source of Variation a.f. . 8.8. M.S. - . T ratio

Plate Zones - 10 _° 0,000126 - 0,0000126 - 2.97
Virus Status o 1 - 0.000000%.. .0,000000% - 1
Error . 10  0.000042 0.0000042

Total - 2 0,000168 .

SE = 0.0021
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Cytokinin activity of extract dilutions for the water solubvle: fraction
0r£ mature leaf tissue extract. :

Extract Dilution o _ Absorbance (542-620) nm

_' I S+ ITI © Mean
Comtrol = . . 0.0228 0.0239 0.0275 . 0.0247
Healthy 1/5 ,' K  0.0242 - 0.0215 . 0.0219  0.0225
Hbgifhy 1-/25 | ﬁ 0.0254 0,6214- 0.0205  0.0224
Healthy '/, | 0.0251 . 0.0237 0.0230  0.0239
Infected 1/5' o »040218 0.0169 0,0180 0.0189
Infected 1/25 o 0.0238 '_ 0.0266 0.0251 o _0.0252
Infécted.1/ o 0.0227  0.0263 - 0.0275 - 0,0255

125

Analysis of Variance

Source of Variation dJf. 8.8, M.S, - F ratio

Reps = | -2 0.0000022 0,00000711 0.2
‘Extract Dilutions 6  0.,000095 . 0,000016 3,134 *
| __Error 12 0.0000605 0.00000504
Total T 20 . 0.000157 |
SE_ = 0.0022
SEx = 0.0013
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Appendix 47

~ Cytokinin activity of TIC plate zones for the n-butanol soluble
fraction of root tissue extract .

Absorbance (542—620) nm

Plate Zone (Rf) Healthy Extract  Virus Tnfected Extract

Control  0.0234 SR 0.0235
0 = 0.1 S 0.0241 - ' | 0.0217, 
0.1 - 0.2 . oo192 © 0.0169

0.2 - 0.3 o ; S 0.0191 o ’Q.d192

03 -04 0,015 00,0135
0.4-05  0.0285 o o.0%2

| 0.5’5»006 - .22 © 0.0274

0.6 - 0.7 - o 0.0191 - :‘ , 0;0203
0.7-08 0,046 0.0

0.8 - 0.9 '»» 0.0180 040273
0.9 - 1.0 = ' i f:wo o158 . | - 0.0204

An2lysis of Variance

~ Source of Variation - d.f, . S.8.. M.S. F ratio
Plate Zones = . 10 ©0.000547 . - 0.000055 . 7.24
Virus Status -1 0.0000085 = = 0.0000085 a2
Error_ L 10 0.0000755 0.00000755 '

Total . 21 0.00063

SE = 0,0027



Appendix 48 .

Cytokinin activity of TIC plate zones for the water soluble fraction
-of root tissue extract. ’ ) '

Absorbance (542-620) rim

Platé Zone (Rf) ~ Healthy Extract Virus Infected Extract
Gontrol  o.ote4 R  0.0233
0-0a 00,0205 » S  0.0%66

o1-02 0.2 - 0.0227
0.2 = 0.3 'l_ - 0.0227 o "000215
03-04  0.02600 - 0.0274
0.4 -0.5 O o0.0238 o 0.0215
0.5 - 0.6 Co0.0249 . 0,020
0.6 - 0.7 0.0202° 1 0.0296
0.7 —.0;8 : :_ . _o.ozozi  -" o 040191
o8-09 090203 . o.0202
0,9-1.0  0.0202 - © 0.0237
Analysis of Yariance

'Sourcé of Variation aJf. . S.S. . M.S. P ratio

Plate Zones : 10 . 0.000179 050000179 2.77
Virus Status : : N ~ 0.,0000245 © ~  0.0000245 397
Error , 10 _0,0000645 - -0.0000065

Total , - 21 0.000268

'SE = 0.0025



Appendix 49

RquOLue of the barley coleoptile siraight glowth bioassay to. otandard
so]utloqs of JAA and chromatogrammed. young tissue extracts.,

IAA Concentrations (mg/ml) © ' Mean Coleoptile Length (mm).per dish
and Plant BExtract Dilutions ' :
, I IT - Mean
Zero Comtrol - 11.58 132 11,45
0,01 ppm TAA | 1.4 11.86 - 11.65
0,10 ppm IAA 11,62 12,28 11.95
1.00 ppm IAA - 12.40 12.51 124,46
10 ppm TAA. . | 12.86 13.49 13.18
Healthy Extract /., BTN 11300 11
Healthy Extraot'1/50 11440 1.75 . 11.58
Healthy Extract 1/256 11449 11,79 11.64
Infected Extract '/, 10,95 .57 0 11.26
Infected Extract 7/50 K 11,58 11.49 C11.54
Tnfected Extract 1/250.. 11.83 o 11.81 11.82
Anzlysis of Variance
Source of Variation . aif; - 8.8. M.S. : ¥ ratio
Reps o 0.33382 - . 0.33382 6.504 %
tnmg and Extract Dll'ns 10 6.34121 . - 0.63412 12,36
Error . . - 10 0.51323 = 0.5132 ,
Total 27 7.18826 o
SE_ = 0.2265
SEX = 0.1602

95¢% Confidence Limits of points plotted on graph = T 0.357
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Appendix 50

Araldite Composition

 Araldite M - - 10.8ml
'Araldite;HY964 (Hardener) | 9.2 ml
i)YO64 (Accelérator)_ o - ' O.ol16~ml
Di-ﬁ Butyl phthalate (Plasticiser) ~  0.75 ml

Mix thoroughly for 5 minutes and store at -20°C wntil used.



~ Appendix- 51

Reynold's Tead Citrate

Tn a 50 rl volumetric flésk,:dissolve 1.%3 gm lead nitrate and 1.76'gm.
- sodium citrate J_nto 305»1 ,frelshly boiled and cooled distilled water. Shake
intermittenﬁiy and vigorously for 30 minutes to produce a White'érecipitate.
Add 8.0 ml of 1N sodium hydréxide, dilute to 50 ml with preboiled water and
mix wtil preéiﬁitate dissolves:"Kéep'stoppéred and discard Wheﬁ a ndtice_

~

able white precipitate occurs.



