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Abstract-The hypersenslhvlty of Nlcotaana tabacum cv. Xanthl to tobacco mosax vu-us mfection leads to 
the production and accumulation of a great number of phenohcs (flavonol glycostdes, caffeoylquuuc, 
feruloylquuuc and g-coumaroylqumx aclds, glucose esters and glucosldes of cmnarmc and benzolc aclds) 
An mcrease m temperature mtiblts the hypersensltlve reaction, resultmg m the dsappearance of these 
substances. The ddferences between the healthy and mfected leaves become nnportant when the synthesis of 
the vuxs 1s practxally brought to completion and the hypersensltlvlty taken hold The phenohc compounds 
do not appear to be responsible for the necrotic hypersensltlvlty and thex production 1s one of the secondary 
effects of the vnus mfectlon 

INTRODUCTION 

TOBACCO mosaic vnus (TMV) when maculated mto a plant, especially mto Nzcotzuna, can 
either produce a systemic infection (Nzcotiana tabucum cv. Samsun) or necrottc local 
lesions (Nicotzana tabacum cv. Xanthl n.c.). In maculated Xanthl the virus remams confmed 
to the necrotic tissues and to its immediate environs. This hypersensitive reaction serves to 
protect the plant from the effects of systemic virus infection. It has been shown’ that TMV- 
induced local necrotic lesions prevent the development of new lesions on subsequent 
inoculation. 

The behaviour of TMV m Xanthi also depends on the temperature at which mfected 
plants are growing. At temperatures below 29”, the strain produces only necrotic local 
lesions,2 but the speed with which these lesions develop and the size they reach is increased 
by raising the temperature. At about 30”, the type of reaction changes, and the plants 
develop systemic symptoms.2 

The experiments conducted so far with regard to the biochemistry of the hypersensitive 
reaction are almost unanimous m emphasizmg the role of the phenohc metabohsm m 
plants.3 In the case of several host-parasite complexes, phenol accumulation or the very 
intensive oxidation of polyphenols are processes leading to the hypersensitive reactlonP 

BesW reported that 6-methoxy-7-hydroxycoumarm (scopoletm), a normal constituent 
of many plants, accumulates m Nzcotzana tabacum L. around primary lesions of tomato 
spotted wilt vtrus (TSWV) infection and around TMV lesions m N. ghtznosa L. A shght 

1 A. F. Ross, virology 14,329 (1961). 
a C. MARTIN and M GALLET, Con@. Rend 262,646 (1966). 
3 G. L. FARKAS and Z. I(IRALY, Phytopathol. Z. 44, 105 (1962). 
+ G L. FARIVIS and F. S~LYMOGY, Z’hytopathol. Z. 53,85 (1965). 
S R J BEST, A&traI J Exptl BIOI Med 14, 199 (1936) 
6 R J BEST, Austral J Ekptl Blot Med 22,251 (1943) 
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accumulation was noted m plants systemically infected with these viruses. This same 
compound had been reported m other plants infected by various pathogens 

Hampton et al.’ reported that two umdentified fluorescent compounds accumulate m 
TMV-infected hypersensitive tobacco, but not m systemically mfected tobacco Both com- 
pounds appeared at the time of lesion formation and were localized around the necrotic 
lesions Netther of the compounds was scopoletm In prevtous mvestigatlons8*g we have 
reported a sigmficant accumulation of several phenohc compounds m TMV-maculated 
leaves of Xanthr at 20” The present work concerns the ldenttficatlon and quantitattve 
differences of certain aromatic compounds found m leaves of Xanthi at 20” and 30” before 
and after TMV moculatton 

RESULTS AND DISCUSSION 
I Phenolrc Compounds m TMV-maculated Leaves of Xanthr at 20” 

Phenohc compounds accumulated m Xanthr leaves showing TMV-induced lesions are 
hsted m Table 1. Analyses of these phenols (chlorogemc acids, rutm, feruloylquimc and 
p-coumaroylqumic acids, feruloylglucose, scopohn) made m relatron to time on healthy and 
TMV-infected leaves at 20” are depicted m Fig 1. 

(a) Total phenols. The total phenols m the leaves were significantly Increased as a con- 
sequence of TMV mfection Their levels reached a maximum between 60 and 156 hr after 
inoculation, and then dropped below the level of the control leaves. 

TABLE 1. PHENOLS ACCUMULATED IN XANTHI LEAVES SHOWING TMV-INDUCED LESIONS AT 20” 

Phenohc actds Coumarms Flavonols 

3-Caffeoylqumrc acid 
(chlorogemc acid) 

4-Caffeoylqumlc acid 
5-Caffeoylqmmc acid 

(neochlorogemc acid) 
Qun~c esters 3-Feruloylqumic acid 

4-Feruloylquimc acid 
5-Feruloylquimc acid 
3-p-Coumaroylqumlc acid 

1 -Caffeoylglucose* 
I-Feruloylglucose* 

G1ucose esters 1-o-Coumaroylglucose* 
1-a-Coumaroylgentlobrose* 

Glycosldes 

Mehlotosrde* (o-coumanc Scopolm* (scopoletm Rutm (quercetm 3-rutmosrde) 
acid glucostde) 7-glucosrde) 

Mehlotic acid glucosrde* Cichonm* (esculetm Nicotiflorm (kaempferol 
7-glucostde) 3-rutmoslde) 

Vamlhc acid glucostde* Scopoletm* 
7-gentrobrosrde* 

p-Hydroxybenzorc acrd glucosrde* Isoquercitrm (quercetm 
Gentlslc acid glucosrde* 3-glucosrde) 

l Phenol8 which were produced m Xanthr leaves showing TMV-Induced lessons. 

’ R E HAMPTON, R SUSENO and D M BRUMAGEN. Phytopathology 54, 1062 (1964). 
8 J TANGW and M GALLET, Compt Rend 269,589 (1969) 
9 J TANGUY and M GALLET, Compt Rend 269,773 (1969) 
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Fro 1 CHANGES m PHENOLIC CON CENTRATIONS m TMV-rnocuwraD wws OF XANTm AT 20”. 
Control plants (January 1968)(O). Control plants (April 1968)(A): TMV-infected plants (January 

1968)(O); TMV-mfected plants (Aprd 1968)(& 
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(b) Induxdualphenols Vnus-infected leaves had considerably larger amounts of caffeoyl- 
qumrc acrds than drd the correspondmg unaffected leaves These substances increased m 
concentratron rapidly between 60 and 156 hr after moculatron. The chlorogemc acids 
content m TMV-infected leaves, 72 hr after inoculatron, was more than twice that of the 
controls Thereafter, chlorogemc acids levels decreased and fell to a level comparable with 
that of the control plants. Rutm increased m similar manner, and reached its maxrmum 
concentration 72 hr after moculatron with TMV During this per-rod rutm level was ap- 
proxlmatrvely twice as high m infected leaves than m correspondmg healthy leaves The 
formatron of local necrotic lesions was accompanied by an increase m the levels of feruloyl 
and p-coumaroylqumrc acids. These compounds were present m small amounts m un- 
maculated leaves The greatest increase m the productron of feruloylqumrc acids was 
observed 108 hr after moculatron (120 pg per g fr. wt ) Thereafter, feruloylqumrc acids 
content dropped and remained steady Just above the level of the normal plants p-Cou- 
maroylqumrc acid content reached a maximum between 60 and 108 hr after moculatron 
with TMV Feruloylglucose and scopolm could not be detected m healthy leaves but both 
compounds were found m leaves bearing local necrotrc lesions They could not be detected 
until lesions were apparent, 1 e 36 hr after moculatlon About 72 hr after mfectlon the 
lesion was completely necrotic The greatest increase m the producuon of scopohn occurred 
108 hr after TMV-moculatlon The concentratron of feruloylglucose showed a remarkable 
increase between 120 and 156 hr after mfectron with the virus 

In brief, the accumulation and productron of phenohc compounds m TMV-inoculated 
leaves were detectable several hours after the appearance of the local necrotic lesions. The 
differences between the healthy and infected leaves became important when the synthesis of 
the vnus was practically complete and the hypersensmvrty established These variations 
occurred between 60 and 156 hr after moculatron. Thereafter, they had a tendency to 
disappear gradually 

II Phenobc Compounds m Xanthz Leaves Systemrcally Infected wzth TMV 
At temperatures above 29”, the plant developed systemic symtoms Thus process was 

associated with a decrease m total phenohcs content. lo They began to decrease about 
36 hr after moculatron, and they dropped quickly below the level of the controls (Fig 2). 
There was a relative decrease from 10 to 20% m concentration Thereafter, differences 
became less apparent and 180 hr after moculatron diseased leaves contained relatrvely more 
total phenols than the correspondmg normal leaves Leaves systemically infected with TMV 
showed a character&c rapid decline m amounts of chlorogemc acids and rutm (Fig 2) 
These decreases took place between 36 and 156 hr after moculatron with TMV. The caffeoyl- 
qumlc acids content m systemically infected leaves was about half that of the controls 
Rutm levels decreased m a similar manner. Wrthm 204 hr after inoculation, levels of 
chlorogemc acids and rutm m diseased leaves were comparatrvely higher than levels found 
m the correspondmg unmoculated leaves Coumarms, glucosrdes and esters of phenohc 
acids which were formed m the leaves showing TMV-induced lesions, could not be detected 
m leaves systemically infected with the virus 

The rapid decline m phenol content m leaves systemically infected with TMV between 
36 and 156 hr after moculatron might be drrectly related to a extensive vn-us multlphcation. 
Martn? reported a rapid synthesis of vnus durmg the iirst 96 hr followmg TMV-moculatron 

lo J. TANGW, Compt Rend 271,74 (1970) 
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Fro 2. CHANGES IN PHENOLIC CONCENTRATIONS IN TMV-INOCULATED LEAVES OF XANTHI AT 30" 
Control plants (May 1969)(O), Control plants (February 1970)(A), TMV-mfected plants (May 
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FIG 3 CHANGES IN PHENOLIC CONCENTRATIONSINXANTHILEAVES MAINTAINED AT 20” FOR 108hr 
AND THEN TRANsFERRED TO 30”. 

Control plants mamtamed at 20” for 108 hr and then transferred to 30” (February 1969)(O). 
TMV-mfected plants mamtamed at 20” for 108 hr and then transferred to 30” (February 1969) 
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After thus flush of vu-us synthesis, phenohc compounds such as caffeoylqumrc acids and 
rutm increased m concentratron Virus multrphcatron m Xanthr leaves systemically infected 
with TMV might lead to an increased utrhzation of some metabohtes which play a part m 
the phenohc synthesis These metabohtes could be used m the host-phenol metabohsm 
when the vuus reaches its maxrmum concentratron m maculated leaves 

Marked changes were also observed m the phenohc content of TMV-infected leaves of 
the cultivar Samsum In this plant, systemic mfectron was accompamed by an increase m 
chlorogemc acids,ll scopohn and rutm levels This process led to an accumulatton of 
p-coumaroylqumrc acid. However, numerous compounds detected m Xanthr leaves showing 
local lesions were not found m TMV-maculated leaves of Samsun 

III Phenohc Compounds m TMV-maculated Leaves of Xanthl after Changes m Temperature 

(a) From 20” to 30” (Fzg. 3). Virus-infected plants kept at 20” for 108 hr and exhrbrtmg 
100-150 local lesions per leaf, were transferred to 30” This transfer, leading to a systemic 
mfectron m Inoculated leaves, was associated with a decrease of all the phenols exammed. 
The decline m phenol content was apparent about 48 hr after a transfer to 30”. Scopolin, 
feruloylglucose and numerous umdentrfied compounds which were found m TMV-mocu- 
lated leaves bearing necrotic local lessons, disappeared m infected leaves 84 hr after a 
transfer to 30”. In these condmons chlorogemc acids and rutm levels were reduced to about 
40-50x below those m correspondmg healthy controls Feruloylqumrc acids content de- 
chned from an mitral value of 137 pg/g fresh wt. (m TMV-inoculated Xanthi leaves mam- 
tamed at 20” for 108 hr) to nearly 30 pg 84 hr after transfer to 30”. p-Coumaroylqumrc 
acid showed a srmrlar dechne 

(b) From 30” to 20” (Fzg 4). Plants maculated with TMV and kept 36-48 hr at 30” 
developed systemrc mfectron. The hypersensitive reaction was mrtrated on transfer to 20”. 
The hypersensmvrty then affected the majority of the infected cells of the leaf In these 
experiments, necrotrc lesions began to appear about 8-10 hr after a transfer to 20”. From 
the 30-20” change m the thermal envrronment a rapid nse m phenol content occurred m 
TMV-maculated leaves l2 Production of chlorogemc acid m TMV-inoculated leaves, 
followmg a 60-70 hr exposure at 20”, increased approxrmatrvely two- or three-fold over 
unmoculated controls. Under the same conditrons the rutm level was about twice that of the 
controls, and the concentratron of p-coumaroylqumrc acid and feruloylqumic acids in- 
creased rapidly. Feruloylglucose and scopohn were found several hours later when the 
lesions were well defined. 

With the change from 30” to 20”, no accumulation of phenols was observed prior before 
necrosis became vrsrble m TMV-inoculated leaves. These results Indicate that phenohc 
substances do not induce the formatron of local necrotic lesions and illustrate a srtuatron 
where production of phenols is a result rather than the cause of the hypersensrhve reaction. 

Lesion development was associated with a marked increase m polyphenoloxrdase (PPO) 
activrty Previous experiments m our laboratory I3 showed that the vn-us-induced actrvatron 
of PPO drd not precede the appearance of lesions. In TMV-infected leaves kept at 20” the 
maximum PPO acttvrty was found 3 days after moculatron, when necrottc symptoms were 
visible. The actrvatron of PPO 1s not responsible for the development of necrotic lesions and 

I1 C MARTIN, Dzssertatzon, Pans, France (1958) 
I2 J TANGUY and C MARTIN, Compt Rend 271,497 (1970) 
I3 F. CABANNE, R SCALLA and C MARTIN, Compt Rend, 268,59 (1969) 
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FIG 4 CHANGESIN PHENOLIC CONCENTRATIONS IN XANTHI LEAVFZ~MAINTAINED AT 30” FOR 48hr 
AND THEN TRANSFERRED TO 20” 

Control plants mamtamed at 30” for 48 hr and then transferred to 20” (January 1970)(O), TMV- 
mfected plants mamtamed at 30” for 48 hr and transferred to 20” (January 1970)(a) 
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the formation of toxic qumones and their polymerized products are unhkely to be respon- 
sable for lesion development 

EXPERIMENTAL 
Plant materzafs Tobacco plants were grown m a greenhouse to the 4-5 leaf stage (about Z-months-old) 

and transferred to a controlled environment room 3 days before moculatlon m which the temperature was 
controlled from ZO-30”, and hght was provided at 8000 lx with a 16 hr photopenod Inoculation was made 
Hrlth a punfied preparation of TMW on the upper leaf surface of a mature leaf, maculation of Xanthl 
always resulted m 100-l 50 lesions per leaf 

AuUzentzc compounds I-Feruloylglucose and l-caffeoylglucose were isolated by paper chromatography 
from the petals of Petzuzra hybrzak I4 3-Feruloylquuuc acid, 4-caffeoylqulmc acid and 5-caffeoylqulruc acid 
were obtained from coffee beans, 15-17 3-p-coumaroylquuuc acid was isolated from cider apples I* Mehlotm 
acid was obtamed from the acid or enzymlc hydrolysate of an extract of Dzpferyx o&rata I9 The other 
compounds were obtamed from commercial sources 

Ziktracfzon Leaves were extracted with methanol and conserved m the methanol for 24 hr After centn- 
fugmg and re-extractlon of the residue, the supematants were combmed and evaporated m wcuo to a small 
volume The concentrate was filtered and the filtrate washed successively with hght petroleum The extract 
was evaporated to dryness and then made up to a known concentration with 50 % McOH 

Separatzon and purzficatzon of phenolzc compounds by chroma~ographzc procedures These water-soluble 
and alcohol-soluble components were subjected to paper chromatography on Whatman No 1 and No 3 
papers Solvents were BAW (n-BuOH-HOAc-HIO, 4 1 5, upper layer),BEW (n-BuOH-EtOH-H,0,4 1 Z), 
BAm (n-BuOH-2 N N&OH, 1 1, upper layer), BPW (n-BuOH-pyndme-HzO, 14 3 3), KFW (I-BuCOMs- 
HCOIH-HzO, 14 3 Z), and 2 % HOAc With the exception of BPW, all systems were descendmg Separations 
were usually accomphshed wth BEW by one-dlmenslonal chromatography on Whatman No 3 The band 
correspondmg to the desired compounds was cut from the chromatogram and then eluted wrth 70% EtOH. 
The eluate was concentrated and punfied by repeated chromatography as necessary m BAW, BPW or 
2 % HOAc. 

Zdentzficarzon of phenolzc compound Phenohc compounds were identified by fluorescence and R, values, 
spectral measurements, ldentlficatlon of the aglycone and the non-phenohc compound produced by hydroly- 
SIS and co-chromatography mat least SIX solvents with authentic matenals The UV spectra were determmed 
m 95% EtOH In measunng the spectra of compounds eluted from paper chromatograms allowance for 
the unpuntles m the paper was made by usmg eluates of an appropnate paper blank Dlagnoshc shifts were 
determmed by addmg to solutions m the spectrophotometer cells (about 3 ml) 3 drops of 5% AK& m 
EtOH, (2) 3 drops of 2 N NaOH, (3) excess NaOAc, (4) the precedmg plus 0 75 ml of a saturated HsBOs 
m EtOH 

HydroZyses Alkaline hydrolysis was effected at room temp with 2 N NaOH for 30-60 mm The solution 
was acldrfied and extracted urlth ether, the ether washmgs taken to dryness and the residue taken up m 
EtOH and transferred to a chromatogram The non-aromatic phase was concentrated to a small volume. 
This concentrate was exammed for the presence of qulmc acid and sugars by paper chromatography. 

Acid hydrolyns consisted of 1 hr refluxmg m 1 N HCl followed by ether extractlon of the aglycone The 
aqueous fraction contalmng the sugars was neutrahzed mth &-n-octylmethylamme.l” concentrated under 
reduced pressure at 40” and chromatographed 

For /&$~cosldase hydrolysis the phenohc glucoslde was dlssolvcd in 1 ml Hz0 @OH absent). Two 
drops of an acetate buffer pH 5 were added and this incubated wth 1 mg fl-glucosldase, for 14 hr at room 
temp The solution was heated at 100” to destroy the enzyme and transferred to a paper chromatogram on 
which reference spots of the suspected acid and sugar had been placed 

Separation of phenohc acids and coumarms was accomphshed through one-dmensronal chromatog- 
raphy on Whatman No 1 m TAW (TolueneHOAC-HtO, 4 1 5, upper layer) TwoaUnenslonal descending 
chromatograms on Whatman No 1 were used to separate these compounds. The tit solvent was BzAW 
(benzene-HOAc-H1O, 6 7.3, upper layer), and the second was Na F (HC02Na-HC02H-H20, 10 1 200) 
as described by Ibrahlm and Towers zi Flavonols were chromatographed on Whatman No. 1 with Forestal 
(HOA-HCI-H20, 30 3 IO), and BAW 

I4 J B HARB~RNE and J J CORNER, Bzochem J 81,242 (1961) 
I5 C. LENTNER and F. E DEATHERAGE, Food Res 24,483 (1959) 
I6 J CORSE, E SONDHEIMER and R LUNDIN, Tetrahedron Letters 18, 1207 (1962). 
l7 E SOND~, Arch Bzochem Bzophys. 74, 131 (1958). 
Is A. M WILLIAMS, Chem & Znd 120 (1955) 
I9 L A. GRIFFITHS, J Exprl Bof 13, 169 (1962) 
2o E. L Sm and J. E. PAGE, .I Sot Chem Znd. 67,48 (1948). 
*I R K IBRAHIM and G H N TOWERS, Arch Bzochem Bzophys 87, 125 (1960) 
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Phenohc acids, coumarms and flavonols were Identified by direct comparison with known specimens for 
colour reactions, absorption spectra and R, values Phenohc acids and coumarms were vlsuahzed under UV 
light before and after exposure to NH3 They were also located by theu colour reactions when chromato- 
grams were sprayed with dlazotlzed p-mtroamhne *2 

The sugars were separated by one-&menslonal paper chromatography m BAW and APW (EtOAc- 
pyndmcrH*O, 2 1 2, upper layer) and located by dlppmg m amlme hydrogen phthalate,*3 and heating at 
100” for 5 mm 

QUINC acid was separated m BAW m IBW (zso-PrOH-n-BuOH-H20, 7 1 2) and m EAW @tOH- 
NH40H-H20, 20 1 4) and detected by the penodate-mtroprussate-plperazine reagent 24 

Quantrtatrve determmatron Determmatlon of total phenols was based on oxldatlon with the Folm 
Clocalteu reagent 26 The intensity of the resultmg blue complex was estunated with a spectrophotometer 
(the complex had X,.. at 725 nm) Standardlzatlon was made with chlorogemc acid The same method was 
applied on a microscale to mdmdual compounds separated by paper chromatography 26 Paper blanks of 
comparable size to some of the phenohc spots were always included to determme background colour The 
concentration of the identified phenohc was then ascertamed by comparison with suitable standard Data 
reported are the average of two rephcates (7-10 plants/replicate) with two determmattons for each replicate 

la T SWAIN, Blochem J 53,200 (1953) 
z3 S BAAR Wochem J 58, 175 (1954) 
24 R A CARTWRIGHT and E A H ROBERTS, Chem & Znd, 230 (1955) 
25 H G BRAY and W V THORPE, Methods of Wochemzcal Analysrs (edlted by D. GLICIC), Vol 1, p 27, 

Interscience, New York (1954) 
26 R W KEITH, D LE TOURNEAU and D MAHLUM, J Chromatog 1,534 (1958). 
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