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Abstract-Extracts from the leaves of tobacco plants (cv. Xanthi-nc.) whii are reacting h~~n~tiv~y to infection 
with TMV contain the four well-known pathogen&s-related proteins (PR-Ia, b, c and II), and in addition other PR- 
proteins which can be distinguished by ekctrophoresis and chromatofocussing. These proteins are referred to as N, 0, 
P, Q, R and 0’. TV, Q’ and R’ which have ekctrophoretic mobilities similar to 0, P, Q and R. Four of the proteins have 
been isolated and characterixed in terms of subunits and amino acid composition; R’ contains small amounts of N- 
acetylglucosamine. None of the proteins appears to have k&n-like properties or to interact with concanavalin A, and 
only R’ weakly interacts with wheat germ agglutinin. Proteins N-R’, like PRs I and II, are present in appreciable 
amounts in leaves treated with salicylate and in old leaves from flowering tobacco plants. 

INlRODUCllON 

Plants reacting hypersensitively to infection by viruses 
Cl-33 or to other pathogens [4], often make relatively 
large amounts of ‘novel’ plant-ooded proteins that are 
present in uninfefztai tissue only at very low concen- 
trations (m rig/g fr. wt; ref. [S] j These ‘pathogen&+ 
related’ proteins, PR-proteins (61, razeived attention 
following the suggestion that they may be involved in the 
mechanisms that lead to the localization of viruses or that 
confer some degree of resistance to subsequent infaztions 
on neighbouring tissue [see 1,23. However, no spaific 
role can yet be assigned to these proteins, nor has any 
biological activity been reported for those which have 
been isolated. And because these proteins can also be 
induced by exogenous chemicals such as salicylic acid [7J, 
by osmotic stress [S] and by flowering [9]. it has been 
suggested that they are part of a generak unspccifk 
response to stress conditions. Thii suggestion does not 
neces&ly m&e them less interesting they are unlikely to 
be the products of metabolic derangement and autolysis 
[see lo] and they may still play a role in mmimixing or 
restricting some aspaa of the str- that are imposed by 
the conditions which induce them [i]. Although their 
description as ~~o~n~~-r~t~ proteins has been 
critkixui as implying too mu& [I 11. it will be retained 
herq alternative suggestions such as ‘resistance-associated 
proteins’ [ 121 seem to imply even more. 

Typically the PR-proteins described for a number of 
plant spa& arc of low molecular weight, are acid-soluble, 
protcolysis-resistant and have a high mobility in poly- 
acrylamide gel electrophoresis (PAGE). Where there is 
more than one of them, 8s in cultivars of tobacco [6] or 
beans 1133 some of them are ChargGisomers whi& in 
tobacco at least, have related structures and antigenicity 
[ 143. But in tobacco leaves infected with TMV there is a 
further group of proteins of lower cbctrophomtic mobihty 
that are also acid-soluble, proteoiysis-resistant and 
which are not detcetabk or are present in much smaller 
amounts in uninfeetal leaves. Van Loon [lS] separated 

these proteins from Samsun NN tobacco into six com- 
ponents by eketrophoresis and provisionally designated 
them PRs N, 0, P, Q, R and S in order of decreasing 
mobility: we [ 101 resolved those of cv. Xanthi-nc. tobacco 
into 7 components by chromatofocussing and lab&d 
them N, 0, P, P’, Q, R and R’, as in the conditions used, P’ 
and R’ had virtually the same ckctrophoretic mobility as 
P and R. From what little is known about these proteins, 
they have no obvious relationship to PR-I. It was ractntly 
reported in brief that N is a charge isomer of PR-II [ 161, 
and when the evidence is presented these proteins ought to 
be renamed PR-IIb and PR-IIa respectively, in line with 
the suggested nomenclnture 161. Three of tbc proteins, 
probUy P, Q and R’, can be absorbed onto columns of 
chitin, and it was suggested that they may be loctins with 
afBnity for N-ace@ gluoosamme derivatives [lo]: such 
kctins have been reported in tobacco leaves and they may 
help confer nriaana to bacterial pathogens [17]_ The 
present work provides further information on these 
slower ml8rating PR-proteins. It dcscribod the isolation 
and composition of some of thcq their examination for 
kctin-like properties, and it reports their presence, along 
with the faster-migrating proteins, in leaves treated with 
sahcylic acid and the leaves of plants in Bower. 

PmJLTs 

Separatbn of jmwins by chromato&iusing 

Eleven or twdve major protein components were 
routin+ detected by ekctrophoretic analysis of the 
fractions produced by passing extracts from virus- 
inf&ctalkrHcrdownacohtmnofion~under 
chromatofocussin g conditions. Although the sequence of 
separatorI proteins resembled that previously described 
[lo] difremwes wae observed from one experiment to 
another dcpubd@ upon the proportions of proteins in 
each kefaxtr;lct and the pH gradient developed during the 
sepamtioa.Inthecxperimentshownintheupperpartof 
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Fig. 1. Sepuation of kaf proteins by cbromatofoausing 
Upper. 43mg of a protein prqmratioo from TMV-irktai 
tobwx leaves (26 g fr. wt) WM pasad down a c&mm of ion- 
cxclmngc material (PBEW) under chromrtofocukg con- 
ditions, and fraction8 of the duate examined for pH (O), 
abaortmnce at 28Onm (histogram), and by ekctrophorcG~ for 
spdic proteins (W): the identity of proteins w8a aa8ignd from 
their ekctrophorctic mobility. AMougb N wu no01 deWted, itn 
usual position is indicated (Cl). Lower, 60 mg of a protein 
prcpamtioa from puowirlg kavca (70 g frdl weight) of eower- 
ing tobacco plaay was passed down a simitar electrofocussing 

column. and flactions of &late cxaminat in the same way. 

Fig. 1. the preparation contained only small amounts of 
component N and this protein could not be detected in the 
elutai fractions. However, small amounts of a new 
component Q’. which had the same ekctrophoretk 
mobility as Q but ‘chromatofd like P near pH 5.5 
was detected. Similarly, in another experiment 0 was re 
solved into two componcn& the new 0 being elutcd at 
pH5-52,almost 1 pHunithigherthantbeotber;inmost 
experiments however only one or the otbcr form of 0 was 
dctaztal. Sometimes PR-Ia requirad pHs below 4 before it 
was elutcd from the column. With the pH gradients used, 
R’, R, Q, P, Ic and Ia were separated and purified 
suf.6ckntly to be examined further. 

Most of the proteins in an extract of healthy leaves 
(W mg from 708 fr. wt) passed straight through the 
chromatofocussing column, as if they had pIs greater 
than 7. However, treoe amounts of proteins whose pH of 
elution and whose ekctrophorctic mobility suggested that 
they were R’ and R were detected. Slightly larger amounts 
of other components were elutal a1 pHs near 6.2.4.9 and 
4.5, but on ckctrophorcsis they gave diffuse bands of 
mobilitics 0.39.0.4 and 0.35 respectively. and could not be 
identified with any of the rccognixcd PR-proteins. 

Properties of purified proteins 

Separation of PRs Ia, Ic, P and Q from leaf extracts by 
chromatofocussing had no dacctabk effect on their 
ekctrophoretic mobility, and indeed this is the criteria by 
which they are identified. The mobilitics of R and R’ were 
slightly but consistently mod&d, so that on co- 
ekctrophoresis they could be convincingly separated with 
R migrating fastest. This may indicate some modification 
of tertiary structure during separation, or that the pro- 
teins interact in leaf extracts and the interaction is broken 
and not readily restored. 

On ekctrophorcsis in dissociating conditions (SDS- 
PAGE), Ia and Ic each gave a single mmponcnt whose 
molecular weight was judgad to be near 16500, rather 
higher than the expected 14 300 [6]: these SDSdcrivativcs 
could not be resolved on co-ekctrophoresis. R’ in the same 
conditions gave two smalkr, faster-moving components 
in approximately equal amounts whose apparent mokcu- 
larweightswcre14500and15300.P,QandReachgave 
rise to a single main component with only w of others 
or of material that ran with the elsctrophorctic front: the 
subunit from R was the faster migrating, with an apparent 
mokcuiar weight near 23 Soo, and it separated from the 
others during co-ckctrophorcsis. Those from P and Q 
both have apparent molecular weights near 27500, as 
Jamet et al. [16] also recently reported, and were not 
separated from each other in the conditions used. They 
may be charge isomers, but a more extensive comparison 
of their ekctrophoretic mobilitics is required lo test this. 

Amino acid composition of plujtced proteins 

The amino acid content of the proteins P, Q, R and R’, 
expressed as residuea/ residues recovered, are gener- 
ally similar (Table 1). The content of glycine recovered 
was variabk, the larger values possibly indicating incom- 
pkte removal of glycinecontaining ampholines from the 
chromatofocussing buffers. Accepting the smalkat glycine 
values, the proteins contain 25-u)% of their residues as 
Asp plus Gly. R contained a high proportion of Cys 
residues; the 8% reported in Table 1 probably being an 
underestimate. R’ contained small amounts. approxi- 
mately 1 yO of recovered residues, of a substance that co- 
elutal with glucosaminc. No galactosamim or hydro- 
xyproline was detected in the samples. 

Previous studies [6,18] indicate a composition for PR- 
Ia which contains, for instance, more Glu, Val, Tyr and 
His, but kss Ik and Tbr than do the slower-migrating PRs 
(Table 1). These differences arc also noticeable in more 
rent analyses (Table 2) which also show the expaaed 
sidaritics between the compositions of the charge 
isomers Iq Ib and Ic. PR-II. which resembles Ib in its 
&nity for DEAEceIIulosc and its mobility during 
cbromatofocussing, differs from the PR-I charge-isomers 



The pathogcnmi5rcktuJ prot4h of toLluG0 kavca 

Table 1. Amino xcid composition of Wow rnigratin~ PR proteins (rai- 
dues/l00 ruidua rwvercd) 

P Q R R PR-Ia 

EL 14.9 6.1 142-17.0 6.7 15.6 8.0 15.0-18.2 8.6 15.S 4.1 
scr 6.1 M-7.9 4.3 5.1 6.6 
GIU 3.2 6.7 64 7.0 13.4 
Pro 7.5 6.0 8.7 5.6 3.5 
GIy 18.0 13.7-18.3 13.0-19.0 12.0-17.0 9.0 
Ak 9.6 9.2 5.9 8.4 11.2 

StiQ tr 5.2 2.0 0.5 2.1 3.9 4.2 0.7 8.0 1.0-4.0 6.5 0 lid 9.4 0.9 
Ik 5.4 5.0 3.4 2.7 0.6 
I&u 5.0 4.3 4.8 7.1 4.2 
TYr 3.5 3.8 2.5 3.2 8.0 
Pbc 4.2 4.2 4.9 3.5 0.9 
I@ 4.0 2.9 2.8 2.8 2.1 
Hk 1.3 1.2 0.3 1.7 4.0 

TrY nd nd nd ad 3.0 
ks 4.0 5.3 4.6 s.2 3.6 
Glucoslminc 0 0 0 1.0 0 

100 95-105 98-104 97-107 loo 

Two sunpla of ach protein were hydto@aI and aa+cd in duplicrtc. 
Raults were avera& except wbcrc the sattcr nude this inappropriate. 
Valuc~ for PR-Ia arc taken from Antoniw and Pkrpoiit [la]. 
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Tabk 2. Amino acid composition of some ‘fast-migrating’ 
PR-proteins (rwidues/100 r&due@ 

PR-Ia PR-Ib PR-Ic PR-II 

M 14.5 14.9 13.7 il.5 
Tbr 3.0 3.8 4.2 3.9 
!%r 5.1 4.4 5.4 4.8 
GIU 15.6 13.s 13.2 9.7 
RO 2.8 4.0 5.3 82 
GIY 9.4 10.6 9.2 7.6 
AL 11.8 11.1 12.7 9.5 
Val 11.6 12.7 10.1 5.6 
cys 0.1 0.2 0.4 0 
Met 1.7 1.3 1.2 1.4 
Ik 0.2 1.0 1.8 7.0 
Imu 4.0 3.5 4.1 7.0 
TYr 9.7 8.7 8.4 7.5 
Pbc 0.8 0.7 0.9 6.7 
I-Y& 0.9 2.1 2.5 5.4 
His 4.5 3.9 3.7 20 
Try nd nd nd xld 
hi3 4.3 3.1 3.3 2.4 

Proteinr w hydrolypsd and duplicate sunpkr an&d 
aa dacxibal in the Experimcntrd. 

hydrolysatcs as well aa by ioncxchange analyses. 
No phosphate component could be daactcd in the PR- 

proteins using methods that were expected to detect a few 
atoms pa molecule of the most abundant proteins. When 
infected leaves with expanding lesions were fed high levels 

of saP, the protein extracts made at low pH were * . 
radmamc but when they wcec suba to ckctrophor- 
c&s, none of the radioactivity detected in the gels could be 
attributed to any of the idmtiliable proteins. 

Reaction of proteins u.5 gt~o~ot~, lectins Or ~gtut~ 

When extracts of infected leaves were allowed to trickle 
through a column of colloidal or non-colloidal chitin, 
three proteins, probably R’, P and a component of Q. were 
absorbed [lo]. They were recovrred fret from other 
proteins by washing the column with phosphate-&ate 
buffer, pH 5.4, or more quickly by using Tris buffer at pH 
7.4. The absorption is not likely to be an ion-exchange 
reaction invoMng free, deacctylated amino groups in the 
chitin; for neither these proteins nor any of the others was 
absorbed onto a column of chitosan in which over 90% of 
the amino groups are unacetylatal. 

One of the proteins, either R or R’, weakly but 
pcnxptibly reacts with immobilized wheat germ Win: 
when leaf extracts (1 ml containing about 5 mg protein) 
were passed through a aMnn (23 ml) of wheat gum 
lcctin-Sepharosc 6MB, the first fractions of duate are 
depleted of about halftheir [R + R’], while latter fractions 
ax%aincd twice as much. A weak interaction of protein R 
with the lectin would be consistent with its small content 
of N-acctylglucosamine (Table 1). None of the major 
proteins was absorbed or retarded when extracts were 
passed down columns of immobilizai N- 
acetylglua8samine or conatnavalin A, making it unlikely 
that any of them arc lcctins spazilk for N- 
acctylglucosamincor arc a-D#xosyl-containing glyco- 
proteina Although traced of two proteins with ckc- 
trophoretic mobility similar to PRs 0 and P were re 
covered when the concanavalin A columns was washed 
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with borate, the amounts detected seemed too small for 
the proteins to be any of the recognized PR- constituents. 
No lectin-like haemagglutinating activity [19] could be 
detected in extracts of healthy or virus-infected leaves 
using trypsin-treated erythrocytes [Dr. D. Bowles, per- 
sonal communication]. Both types of extracts had a weak 
agglutinating activity against fseudomonas solanaceurtitn 
at concentrations above 63&m] [Drs Young and 
L. Sequeira, personal communication] but it was absent 
from purified preparations of proteins R. R’ and Q. 
Similarly, only a weak agglutinating activity was detected 
against Erwinia amylowwa and it was present in extracts of 
healthy and infected leaves [R. Goodman, personal 
communication]. 

Extracts of leaws fiom@wering plants 

Three batches of plants were allowed to grow until 
flowering by which time they were about 100 cm tall and 
the bottom leaves were brown and withered Extracts were 
made from the yellowing leaves between 40 and 8Ocm 
above soil level, excluding any that had necrotic blotches. 
Following electrophoresis the extracts produced a pattern 
of proteins which resembled that derived from virus- 
infected leaves (Fig. 2A) indicating the presence of the 
slower migrating PR-proteins as well as the faster-moving 
ones [9]. Co-electrophoresis emphasized the similarities 
of the two types of extracts (Fig 2B). Moreover both sets 
of proteins were relatively resistant to proteolysis, being 
little a5kted by incubation with a mixture of trypsin and 
chymotrypsin [20) that almost completely digested the 
proteins in extracts of healthy leaves The proportions in 
which the proteins appeared in extracts of old leaves 
differed from that in extracts of virus-infected leaves. 

Fig 2. Elaxrophorcaic~ of proteins in laf extr;rctr. (A) Extracts 
of the proteins (320&40& of TMV-infd (-) and of 
8owcring (- - -) tobaeeo plants were cketrephoreKd separately 
in 10% polyaetyluni& gels which WeXe stained and scanned. 
(B)Tk ame extra& (160&20~ WII) WQC co- 

ckctrophoresed ill the same aXlditiooa 

Referring to the proteins by the symbols used for the 
corresponding protein components of virus-infected 
leaves, differences that were consistently observed were 
that R was better resolved from the fast moving minor R’. 
that Q was present in smaller amounts and sometimes 
resolved into two components, and that 0 was very 
prominent: PR-Ic was not detected in two of the extracts 
and only present in small amounts in the third. Fraxer [9] 
noted that this protein was less evident in extracts of the 
higher leaves of flowering plants. 

When extracts of the leaves of Bowering plants were 
passed through the chromatofocussing column, the main 
proteins were retained and eluted in the same order, and at 
similar pHs as were those in extracts of virus-injected 
leaves. In the experiment sutnmar ixed in the lower section 
of Fig 1. both components of 0 and of Q were detected as 
well as those of R and P. when R and R’, recovered from 
the eluates, were electrophoresed in denaturing con- 
ditions, they gave SDS-products which migrated similarly 
to those derived from the R and R’ of virus-infected leaves, 
those from R’ forming a duplet of fast-moving bands. 

The extracts of leaves from these plants, again like those 
of virus-infected Icaves, contain three proteins which can 
be absorbed onto chitin at pH 5.3 and eluted at pH 7.4: 
their ekctrophoretic mobilities are indistinguishable from 
P, Q and R’. The amounts in which they are present, 
judged from spectrophotometric scans of the gels and 
expressed per dry weight of extract, are only about 2 y0 of 
the amounts present in extracts of virus-infected leaves 
These amounts are at least ten times higher than those of 
the questionable traces of similar proteins extracted from 
the healthy leaves of non-flowering plants. 

Extracts of sahcylate-treated leaves 

Expanded leaves of 2Ocm high tobaoco plants were 
sprayed with 2 mM salicylate as described by van Loon 
and Antoniw [21]. and extracts made from them 7 days 
later. Ekctrophoresis demonstrated the presence of eight 
major bands of protein which resembled those of the 
proteins PR-Ia to R, but without Ic (Fig 3A). Co- 
electrophoreais with an extract of virus-infected leaves 
con5rmed their similarity (Fig. 3B). Most of the proteins 
were absorbed by the chromatofocussing column and 
eluted similarly to those of virus-infected or old leaves as 
in Fig. 1, except that the protein Q’ was eluted at a lower 
pH (4.6) and no Ic could be detected. Three proteins of the 
extracts, whose R, s correspond to those of P, Q and R’, 
were absorbed onto chitin at pH 5.3 and eluted at pH 7.4; 
their amounts, per dry weight of extract were about half 
that of extracts of virus-infected leaves. 

DISCUSSION 

Some of the properties of the 13 major proteins 
detected in extracts of infected leaves are surmmukd in 
Table 3. At least two of the slower-migrating proteins, R 
and R’. can be detected by electrophoretic techniques in 
healthy leaves of non-flowering tobacco plants. They 
increase about SWfold following infection, a much 
smakr increase than the 2OOO&fokl one reported for PR- 
Ia [5]. They may not therefore be strictly hovel’ proteins 
in infected plants, but they have enough properties in 
common with the PR-I proteins, such as acid-solubility 
and proteolysis-resistance [ 15,201, to be considered with 
them as part of a concerted response to infection. The 
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Tabk 3. Summary of prop&es of PR-proteins from N. tabcacua cv. Xanthi-nc. 

Elution-pH on 
chromato- 

Number of foalssing 
PR-protein subunits M,’ isomers (- PI) Compodtioo 

la 1 14200 4.0 Rektivdy rich in 
lb 1 14220 

1 
4.1 

1 
potentiaBy acidic (- 29%) 

IC 1 14100 5.2 and aromatic AAS (- 12%) 
II 2 I 29000 

23000 
1 4.5 

N 5.0 
0 4.3 
CY 5.2 
P I -27500 5.5 

: 1 -27500 5.2 6.0 
Q 5.5 
R I -23500 6.8 Relatively rich in Cys/2 (- 8%) 
R 2 I _ 14500 7.0 Some N-mxtyl 

_ 15300 ghlcos&nc (- 1%) 

l Molecular weights quoted from the text arc not strictly compuablc with those taken from refs [6,23]. 
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(A) 

Fig, 3. Ekctropboresis of proteins in leafextracts. (A) Extract of 
proteins of TMV-infectal plants (----; 130 &30 4) and of 
sdicyktetrcatal plants (-; 215&30~) wae daafopbor- 
cscd separatdy in 10% polyacrylamide gds which were then 
stained and scanned. (B) The same extracts were mixed and co- 

ekctrophorcsed in the same conditions. 

presence of most of the proteins in large amounts in the 
leaves of flowering plants and also in salicylate-treated 
leaves indicates that they are part of a conarted response 
to other stimuli even when the stimuli may trigger protein 
synthesis by different mechanisms [IS]. This does not, 
however, imply that all conditions which stimulate the 
synthesis of PR-I and II stimulate the synthesis of the 
others; extracts of tobacco crown gall tissue which had 
been transformed by Agrobacteria tumejiiiens appear to 
contain PRs Ia, Ia’ and Ib and little if any of the slower- 
migrating proteins [22]. 

Known properties of the 13 proteins (Table 3), suggest 
that they are a diverse collection even though they contain 
at least two families of charge isomers. Members of the 
lirst family are known to have common structural [14] 
and antigenic [S, 141 properties which are absent from the 
other proteins, and certainly the other proteins that we 
have now examined by SDS-PAGE do not contain the 
subunit characteristic of PR-Is. The second family of 
charge isomers is briefly reported to include PR-II and N 
1163. although other reports, not yet presented in detail, 
suggest that PR-II contains, besides the major com- 
ponent, smaller amounts of one with an M, about 23 000 
[23]. Of the 13 proteins, only R’ has so far been found 
definitely to contain a sugar component. 

The main reasons for our previous suggestion that 
some PRs might be carbohydrate-containing lectins [lo] 
was their interaction with chititt, and their apparent 
reaction in gels with the periodatcSchiff reagent. 
Moreover &ins resembling potato lectin and with an 
affinity for N-acetylglucosamine derivatives have been 
reported to occur in tobacco leaves [ 171, and similar 
compounds in other leaves increase following infection 
[24]. However, we can now find no evidence to support 
the previous suggestion: none of the proteins is absorbed 
by lectin absorbants, and there is no detectable haemag- 
glutinating activity in crude PR-extracts or in purified 
samples of R and R’. Moreover the periodatcSchilTstain 
has since proved an uttreliable indicator of glycoproteins 
in the conditions we previously employed. Because the 
interaction of P. Q and R’ with chitin is now shown to a 
weak one, especially at neutral pHs, it seems most likely 
that it is a relatively unspeciEc interaction involving the 
secondary valency forces that are thought to bind re- 
versibly a variety of enzymes to chitin [25]. 

The demonstration of a functional role for the PR- 
proteins remains elusive. We found no evidena that 
extracts containing PR-proteins would agglutinate some 
bacterial pathogens and so were unlikely to contain 
proteins such as the glycoprotein from potato which is 
active against virulent strains of Pset&rno~ sp. [26], 
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nor the thiol-rich protein from apple which agglutinates 
Erwinia amylooora [27]. Nor could we detazt in these 
extracts arabinogalactan-proteins (AGP) of the type 
described by Akiyama and Kato [28]: a purilied sample of 
AGP isolated from tobacco leaves and kindly supplied by 
Dr. Akiyama, gave a very diffuse slow moving band on 
electrophoresis, unlike any of the proteins in Table 3. Our 
extracts of PR-proteins as well as purilied proteins were 
unable, when tested by Dr. Wieringa-Bran@ to restrict the 
spread of developing TMV-induced lesions in tobaoco (cv. 
Xanthi-nc.) leaves, a test most relevant to ideas of the 
function of these proteins [29]. Although extracts from 
TMV-infected leaves, which have some resistance to 
further virus infection, do indeed restrict the spread of 
lesions in freshly inoculated plants, the active components 
may well be carbohydrates derived from degraded all 
walls rather than induced proteins [30]: the effect of such 
carbohydrates in producing some of the physiological 
responses of plants to infection and to all-injury is well 
known 13 11. 

NOTE ADDED IN PROOF 

In a recent paper (1985: Can. J. Botany 63,9#1) Parent et al. 
show that two of the PR-proteins present in the intracellular fluid 
of TMV-infected tobacco leaves, probably corresponding to 
components of PRs 0 and P in our nomenclature, are absorbal 
onto concanavalin A and elutcd with methyl-~mannoside. They 
suggest that these PR-proteins arc glycoproteins and may also be 
paoxidases. The relationship of these proteins to the tnuas of 
proteins that we recovered from concanavalin A with borate is 
being investigated. 

EXPERIMENTAL 

Niwriana r&cum cv. Xanthi-nc. was grown in the glasshouse 
[IO] and when plants were about 3Ocm h& cxpaaded leaves 
were inoculated with a suspension of purified type-strain TMV 
(4pg/ml) and carborundum. Control leaves were ‘sham- 
inoculated’ with Hz0 or left untouched. Salicylic acid-treated 
leaves were prepared by spraying uninfected leaves to run-off 
with a soln of 2 mM salicylic acid whose pH was adjusted to 6.5. 
Leaves were harvested between 6 and 8 days &a these treat- 
ments when any virus-induazd lesions were well developed. 
Leaves were also taken from untreated, flowering plants when 
they were 90-95 cm tall and when their lower leaves were brown 
and withered [9]. 

Exmction of leaf proteins. Leaves, usually 20-8Og. were 
extracted into 2-3 times their weight ofcitrattPi buffer, pH 2.8, 
containing 0.1% (w/v) ascorbic acid and 0.1% p- 
mercaptoethanol[6]. Extracts were filtered through muslin and 
clarified by centrifugation at ISOOOrptn for ISmitt. 
Supernatants were dialysal for 16 hr against half-strength extrac- 
tion buffer, then for 8-16 hr against 0.05% fi-mercaptoethanol 
and finally for 20 hr against H1O. They were freeze-dried and 
stored at -20” until used. Protein estimations using the 
Folin-Ciocalteau reagent [32] suggested that the powders 
contained -70 y0 of their weight as protein. 

Proteolytic digestion o/protein samples. Freeze-dried extracts 
of latves were redissolved in 50 mM Tris-HCl @H 8), clarifiad if 

nazessaq, and their protein content estimated spectrophotomet- 
&ally [ZO]. They were then incubated overnight with I/50 of this 
amount of trypsin and alao of chymotrypain, in the prcaence of 
I mM CaCl, [20]. Usually it was na=sary to repeat the 
incubation in order to destroy completely the protein extracted 
from healthy, untreated leaves: proteins previously extracted 

from such leaves by a slightly different procedure were destroyed 
by a single incubation. 

Chranatof~ing of protein l xrrocts. Freae dried samplea of 
IePfextracts, usually 4&100 mg, were dissolved in 2 ml imidazole 
(0.025 M)-HCI buffer, pH 7.4, diaIysed against the same buffer. 
clarified by antrifttgation, and 2-4ml samples applied to a 
mlumtt (1 x Uan) of Polybuifer exchartgez (PBE 95; 
Phammcia) equilibrated with imidazole buffer. The columns 
were developed with Polybuffer 74 diluted eight-fold as described 
in the tech&al literature of Pham&a Fine Chemicals. 
Fractions, I-2 ml, were examined for pH and absorbance at 
280 nm and then freeze-dried. They were dissolved in 0.2-0.3 ml 
Hz0 and dialyscd against Tris-glycitte butkr. pH 8.3, and 
samples taken for ekctrophorctic examination. Proteins were 
recognized by their mobility and by migration during co- 
clectrophorcais with small amounts of original extract. 

Purificdon of pro~einsfiam leqfexwacts. PRs la, Ib. Ic and II 
were ptuilled from extracts of infected leaves by adsorption onto 
DEAE-ccllulose, clution with a salt gradient and a final chromat- 
ography on Scphadu G-50 163. PR-II was dutal from DEAE- 
ccllulosealongwith PR-Ib, but separated satisfactorily from it on 
the G-50. Preparations taken for analysis were essentially pure as 
judged by PAGE. 

Polyacrylmdde gel l lcctrophresis (PAGE). Proteins were 
separated in rod gels containing IO % (w/v) polyaaylamidc cross- 
linked with 0.2% NJ-methykne-bisacrylamide (MEB) which 
were overlaid with a stacking gel (2.S0A w/v polyacrylamide; 
0.23%. w/v MEB) as described previously [IO]. They were 
stained with Coomassie Brilliant Blue G 250 in HCIO. for I hr. 
destained in 5 % (v/v) HOAc overnight and scanned at 610 nm. 
Ekctrophoresis in rod gels containing SDS (SDS-PAGE) was as 
described by Hama 1333, using standard proteins (Dalton Mark 
VI, Sigma Chemical Co.) as M, markers. Protein samples were 
dissolved in the sample buffer and hatted on a boiling water bath 
for 3 mitt immediately before electrophoreaia Proteins from the 
older leaves of flowering tobacco plants required a larger (5% 
w/v) concn of SDS in the sample b&r to ensure complete 
denaturation and abscncz of spurious bandr 

Absarprion of protetns onto chitin and o&r reogenrs. Purified 
un&lloidal chitin (Crab shells, Sigma Chemical Co.) was packed 
into the barrels of syrinm to make small (0.5-1.0 ml) columns, 
which wacquilibrated withcitrate(0.075 M)-Pi (0.15 M) bulYer 
at pH 5.3 or Tris bulTer (50 mM) at pH 7. Proteins extracted from 
infected leaves were dissolved and dialysed against the appropri- 
ate buffer, trickled through the columns, and washed through 
with the same buffer or Tris at pH 7. Fractions of the eluata were 
collected. freeze-dried, redissolval and dialysed against 
Triqlycine butTa. pH 8.3, and examined by PAGE. Columns 
(2.5 ml) of chitosan were made and used in the same way. The 
chitosan, from shrimp shells (Hercules Inc., Wilmington) was 
generously given by Drs. Stosscl and Leuba who estimatai [34] 
that 91% of the gl ucosamine residues were unacetylated. 
Columns of other materials were made and used similarly, but 
with different but&s and eluting solns. Those of Sepharosc 
6MBbound wheat germ laain (Phanna& Fine Chemicals) were 
used in Pi buITer (0.05 M; pH 7)amtainingO.t M NaCl. Columns 
(1 ml) of Scpharose-bound conatnavalin A (Con A-Sepharosq 
Pharma&) were equilibrated with Tris buffer (0.05 M. pH 7.3) 
containing 0.5 N NaCl, and protein eluted with this b&r 
followed by borate (0.1 M. pH 6.53. cOlumns (0.5 ml) of agarose 
bound-N-acetylgl UoosBminc (PM) were equilibrated and 
washed either in Pi-citrate buffer, pH 5. or Tris buffer pH 7. and 
further washed with the same btier containing either I N NaCl 
or 0.2 N N-aa-tylgl ucosamine, and finally with 0.1 N HOAc [35]. 

Protein hydrolysis and analysis. WeU dialysal protein samples 
were lyophilizcd and hydrolysed in 6 N HCl at 1 lo” for 24 hr 
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either in evacuated tubes (Table I) or, after the addition of j7- 
mcrcaptocthanol (0.1 %), under nitrogen (Table 2). Samples were 
dried, freed from HCl and analysed in a Technicon amino acid 
analyser by Mrs. Susan Smith. Some sampka were also examined. 
after dcrivitization, by GLC [Ml. 

Radioactiw eqbments. Infected kaves were detached 4 days 
after inoculation, and their pctioles immersed [IO] in 0.0.5 ml 
MES buffer (10 mhl; pH 6.2) umtaining 0. I mCi of carrier-free 
“P-phosphate (PBS II; Amersham International plc) and 
40-100 Mqol of unlabellal phosphate. Tbexc solns were usually 
absorbed, under illumination, in an hour, and were replaced by 
HIO. The leaves were kept illuminated [IO] for various times 
(6-20 hr), ground in extraction buffer and the proteins extracted, 
separated on a column of Scphadcx G-M. conal and elcc- 
trophoresal on rod gels. Gels were stainad. xannal and slioai; 
radioactivity in the slices were examined either in a Beckman, LS 
250 scintillation counter, or by autoradiography [IO]. 

Under the conditions used, radioactivity was incorporated into 
the protein fraction; it was judged that the techniques used would 
detect a few atoms of phosphorus per molecule of the major PR- 
proteins, even if the absorbed radioactivity was equilibrated with 
total leaf phosphate. 
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