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ABSTRACT Tobacco glucan endo-1,3-fi-glucosidase (13-
1,3-glucanase; 1,3-13-D-glucan glucanohydrolase; EC 3.2.1.39)
exhibits complex hormonal and developmental regulation and is
induced when plants are infected with pathogens. We deter-
mined the primary structure of this enzyme from the nucleotide
sequence of five partial cDNA clones and the amino acid
sequence of five peptides covering a total of 70 residues.
,3-1,3-Glucanase is produced as a 359-residue preproenzyme
with an N-terminal hydrophobic signal peptide of 21 residues
and a C-terminal extension of 22 residues containing a putative
N-glycosylation site. The results ofpulse-chase experiments with
tunicamycin provide evidence that the first step in processing is
loss of the signal peptide and addition ofan oligosaccharide side
chain. The glycosylated intermediate is further processed with
the loss of the oligosaccharide side chain and C-terminal
extension to give the mature enzyme. Heterogeneity in the
sequences ofcDNA clones and ofmature protein and in Southern
blot analysis of restriction endonuclease fragments indicates that
tobacco 1-1,3-glucanase is encoded by a small gene family. Two
or three members of this family appear to have their evolution-
ary origin in each of the progenitors of tobacco, Nicotiana
sylvestris and Nicotiana tomentosiformis.

Glucan endo-1,3-,B-glucosidases (,3-1,3-glucanase; 1,3-(3-D-
glucan glucanohydrolase; EC 3.2.1.39) have been implicated
in the defense reaction of plants against pathogens (1). They
are induced in response to the stress hormone ethylene (2, 3),
to infection (4-10), and to elicitors (9, 11) and have antifungal
activity in vitro (12). We have described a basic P-1,3-
glucanase of =33 kDa, which is a major component (5-10%')
of the soluble protein of cultured tobacco tissues and the
lower leaves and roots of tobacco plants (13, 14). This
/3-1,3-glucanase exhibits complex hormonal and develop-
mental regulation. It is induced in tobacco leaves treated with
ethylene (3) or infected with tobacco mosaic virus (8, 10) and
is down-regulated at the mRNA level in cultured tobacco
cells by combinations of the plant hormones auxin and
cytokinin (3, 14-16).
We have isolated and sequenced five partial cDNA clones

that together cover the entire coding region for tobacco
P-1,3-glucanase. Our results show that the primary transla-
tion product is a preproenzyme with an N-terminal hydro-
phobic signal peptide and a C-terminal extension. An N-
glycosylated proenzyme is formed as an intermediate that is
processed to the mature form with the loss of the oligosac-
charide and the C-terminal peptide.

MATERIALS AND METHODS
Plant Material and Culture Methods. Nicotiana tabacum L.

cv. Havana 425, Nicotiana sylvestris, and Nicotiana tomen-
tosiformis were grown from seed in a greenhouse. The cloned
line of Havana 425 pith tissue, 275N (17), was cultured under

conditions that induce ,B-1,3-glucanase accumulation (15).
Suspensions of leaf protoplasts were prepared from axenic
Havana 425 shoot cultures and cultured in liquid K3 medium
as described by Paszkowski et al. (18).

Construction and Screening of a cDNA Library. A cDNA
library was prepared from poly(A) + RNA isolated from 275N
tissue (15) as described (19) and inserted into the Pst I site of
plasmid pBR322 by the homopolymeric poly(dC-dG) tailing
method (20). Recombinant colonies were screened by colony
hybridization with the 32P-labeled Pst I insert of the tobacco
3-1,3-glucanase cDNA clone pGL43 (15) as a hybridization
probe.

Deoxynucleotide Sequence Analysis. Restriction fragments
were cloned into the M13 vectors mpl8 and mpl9 (21) and
sequenced in both orientations by the dideoxynucleotide
chain-termination method (22). Nucleotide sequences were
analyzed with the computer program ofQueen and Korn (23).

Southern Blot Analysis. DNA (5 ,g) prepared from leaves
by the method ofMurray and Thompson (24) was digested to
completion with the restriction endonucleases EcoRI, Hind-
III, or Xba I. The resultant fragments were separated by
electrophoresis on a 0.8% agarose gel, transferred to a
Zeta-Probe nylon membrane (Bio-Rad), and hybridized as
recommended by the manufacturer. The final wash was at
500C in 0.2 x SSC (1 x SSC is 0.15 M NaCl/15 mM sodium
citrate, pH 7)/0.1% NaDodSO4. The Pst I insert of the
tobacco ,B-1,3-glucanase cDNA clone pGL43 (15) was labeled
by using a random-primer labeling kit (Boehringer Mann-
heim).

Analysis of Proteins. ,B-1,3-Glucanase was purified from
275N tissue through the CM-Sephadex G-50 chromatography
step for chitinase (16). Fractions containing 83-1,3-glucanase
were pooled, concentrated by ultrafiltration (immersible
CX-10 ultrafilter; Millipore), adjusted to 100 mM NaCl/10
mM Tris HCl, pH 8.4, and passed over a column containing
regenerated chitin (25) to remove traces of chitinase. The
final product was >95% pure asjudged by NaDodSO4/PAGE
with Coomassie blue R-250 staining. To prepare tryptic
peptides, ,B-1,3-glucanase (320 ,ug in 1 ml) was adjusted to 8
M urea and dialyzed against 2 M urea/0.1 M NH4HCO3.
Trypsin (7 ,ug; Worthington) was added and the mixture was
incubated for 6.5 hr at 37°C. Additional trypsin (7 ,ug) was
added and the reaction was stopped after 24 hr by adjusting
the pH value to 3 with HCl. The procedures for CNBr
cleavage, fractionation of peptides by HPLC, amino acid
analysis, and amino acid sequencing were as described (26).

Pulse-Chase Experiments. Leaf protoplasts (5 x 104 cells)
were incubated for 45 min at 26°C in the dark with shaking (50
rpm) in wells of a Falcon 24-well tissue culture plate (Becton
Dickinson) containing 500 ,ul of K3 medium without phyto-
hormones and :20 ,uCi of L-[35S]methionine (specific activ-
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ity, -z1275 Ci/nmol; 1 Ci = 37 GBq; Amei
indicated, the pulse labeling was followed by
11.75 hr with methionine (final concentration
to the wells. A replicate set of wells was supj
tunicamycin (20 u.g/ml) (Calbiochem) added
the L-[355]methionine. Protein extracts wer
adding 100 ul of a solution of 6 mM diti
(vol/vol) Triton X-100, and 200mM Tris-HCI
well, incubating for 10 min at 260C, and freezi
in liquid N2. The extracts were divided into tw
protein in one aliquot was precipitated wit
analyzed by NaDodSO4/PAGE (17). The secc
incubated with rabbit anti-tobacco 0-1,3-gluc
bound to protein A-Sepharose CL-4B (Pharn
immunoadsorbed polypeptides were analyz(
S04/PAGE (15). Urs Voegeli (Botanical In
kindly provided [355S]methionine-labeled in vi
products obtained with a rabbit reticulocyte
RNA from 275N tissues induced to produce fi
was the source ofmRNA (15). Gels were calil
molecular weight standards (Bio-Rad).

RESULTS
Deoxynucleotide Sequence of j3-1,3-Glucan

cDNA library prepared from 275N tobacco tis
produce 8-1,3-glucanase was screened witi
pGL43, a partial cDNA clone for tobacco
(15). Although A-1,3-glucanase mnRNA is an
ponent of the poly(A) + RNA used to prep~
libraries (15), only a small number of partial
could be identified in several libraries. Fiv(
positive recombinant clones with the longest
were sequenced (Fig. 1). Unexpectedly, thre,
did not include 3' regions of the mRNA.
sequence has a single uninterrupted open re~
1083 nucleotides beginning at position 1 (Fii
sensus sequence for the start of translatio
AACAALLGGC, in which the purine at p
important for efficient translation in a retic
system but is not important in a wheat germ s3
first available initiation codon in the frame i:,
which gives the sequence UCAAA.UQCG. Tr
ing with this codon generates a polypeptide 35
with a Mr 39,173 corresponding in size t
translation product of tobacco P-1,3-glucanas
sequence of four tryptic peptides and a CNBi
pure enzyme covering a total of 70 amino adi
the same as the deduced sequences providing
evidence that the cloned cDNAs were dei
mRNA for f3-1,3-glucanase (Fig. 2). Additior
were found at two positions of the polypeptid
that were not represented in the cDNA dlon(
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FIG. 1. Partial restriction map showing the lengi
of the cDNA clones of tobacco /3-1,3-glucanase that

bp, Base pair(s).

rsham). Where The overlapping sequences of the inserts of clones pGL28,
incubation for pGL3O, and pGL31 were identical suggesting that they

i, 1 mM) added represent the same mRNA. Comparison of the inserts of
plemented with pGL31 and pGL36, which overlap for a length of 328
20 min before nucleotides, showed two silent substitutions at positions 555

-e prepared by and 564 and two substitutions at positions 547 and 548
,iiothreitol, 6% resulting in a single amino acid substitution of threonine for
,pH 8.0) to each valine. The sequence of the pGL43 insert differed from the
ing the samples sequences of the pGL31 and pGL36 inserts at 13 positions; 12
ro aliquots. The differences occurred in the third wobble position of the codon
-h acetone and and were silent and 1 difference at position 1006 resulted in
)nd aliquot was the conservative change from leucine to isoleucine that was
.-anase IgG (27) also detected by amino acid sequencing of the mature
nacia), and the enzyme.
ed by NaDod- The composite cDNA sequence had two putative polyade-
,istitute, Basel) nylylation signals for plants, AAGAAA at position 1285 and
,itro translation ATTAAT at position 1321 (30). The overlapping sequences of
system. Total the cDNA inserts from pGL28 and pGL3O were identical up

3-1,3-glucanase to position 1310, where the poly(A) tail of pGL28 started 18
brated with low nucleotides downstream from the first polyadenylylation

signal. The poly(A) tail of pGL3O started 24 nucleotides
downstream from the second polyadenylylation signal. This
suggests that there is an alternative polyadenylylation site for

iasecN~s. A
the P-1,3-glucanase transcripts as reported for other plant

asse inDNcsd Ao genes (31).
isuhe induedt tof Southern Blot Analysis. Southern blot analysis was per-

the3 iucnserto formed with DNA isolated from tobacco (N. tabacum) and its
ab,3gucdanaseom progenitor species, N. sylvestris and N. tomentosiformis (32,

iare the cDNA 33). The restriction endonuclease fragments that hybridized
[cDNA clones to the insert of tobacco P-i1,3-glucanase cDNA clone pGL43
eofthseven are shown in Fig. 3. Each of the restriction endonucleasesofNthenseven generated four hybridizing fragments with tobacco DNA.
cDNAiserts The EcoRI and Xba I fragments corresponded in size and

,e of the clones itniyo yrdzto otofamnsgnrtdwtrhe composite iNtestfofeahybrdiztiepognitortw fragmes.Hnts generatedwt
lading frame of DAfrogmet each ofsethproeiDAtor tspeies Hndotgorespnerate
g. 2). The con-

sietthfragments geradwithN.oslvetriDNA.tai o correspon siin in plants is siztothefrbiagments genresratewith tobaccoanDNA.rAnaysesd'osition -3 is wizth crombintos ofgrestricatdionernuceaes anditnstothe hybrid-
,-'lotem (28).The ization reflect differences in homology rather than copysate positio 7,e number.
nslatpoiionstart Primary Structure of Prepro-q3-1,3-Glucanase. Using the

i9 residues long rules for protein processing of Von Heijne (34), a highly
-o the primary probable cleavage site was identified between Ala-21 and
;e (15, 29). The Gln-22 of the amino acid sequence deduced from cDNA
rpeptide of the clones. Processing at this site is consistent with our obser-
id residues was vation that the N-terminal end of mature P-1,3-glucanase is
g unambiguous blocked. N-terminal glutamines are often blocked by spon-
rived from the taneous or enzymatic conversion to a pyroglutamyl residue
ial amino acids (35). We purified an N-terminally blocked peptide obtained
le, 284 and 287, by CNBr cleavage of the mature enzyme with the composi-
es isolated. tion Gluo.6Serl10Ile10Gly20oVall11Tyrl10Hse, where Hse is

homoserine, corresponding to the N-terminal sequence Gln-
Ser-Ile-Gly-Val-Cys-Tyr-Gly-Met. These results indicate
that the primary translation product for 8-1,3-glucanase has

2 ~~~~ahydrophobic signal peptide 21 residues long and that the
< a- ~~N-terminal end of the mature enzyme is Gln-22.

~~ ~~3 The primary translation product of f3-1,3-glucanase is :-4
kDa larger than that of the mature enzyme (15, 29). The

_________ presence of a signal peptide could only account for a
difference of -2 kDa, suggesting the protein undergoes
additional processing. Cleavage of the enzyme with CNBr
yielded a peptide that lacked homoserine indicating that it
was the -C-terminal end of the mature protein. Its- amino acid

200bp
~ composition and sequence were determined, and the results200bp ~showed it to correspond to residues 308-337 of the deduced

,ths and positions sequence (Fig. 2). Since the stop codon occurs 22 amino acid
Iwere sequenced. residues downstream of Gly-337, we conclude that a C-

terminal extension is removed during processing.
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CCTCAAATGGCTGCTATCACACTCCTAGGATTACTACTTGTTGCCAGCAGCATTGACATAGCAGGGGCTCAATCGATAGGTGTTTGCTAT
M A A I T L L G L L L V A S S I D I A G A Q S I G V C Y

100 110 120 130 140 150 160 170 180
GGAATGCTAGGCAACAACTTGCCAAATCATTGGGAAGTTATACAGCTCTACAAGTCAAGAAACATAGGAAGACTGAGGCTTTATGATCCA
G M L G N N L P N H W E V I Q L Y K S R N I G R L R L Y D P

190 200 210 220 230 240 250 260 270
C C

AATCATGGAGCTTTACAAGCATTAAAAGGCTCAAATATTGAAGTTATGTTAGGACTTCCCAATTCAGATGTGAAGCACATTGCTTCCGGA
N H G A L Q A L K G S N I E V M L G L P N S D V K H I A S G

280 290 300 310 320 330 340 350 360
A

ATGGAACATGCAAGATGGTGGGTACAGAAAAATGTTAAAGATTTCTGGCCAGATGTTAAGATTAAGTATATTGCTGTTGGGAATGAAATC
M E H A R W W V Q K N V K D F W P D V K I K Y I A V G N E I

370 380 390 400 410 420 430 440 450
A T C A

AGCCCTGTCACTGGCACATCTTACCTAACCTCATTTCTTACTCCTGCTATGGTAAATATTTACAAAGCAATTGGTGAAGCTGGTTTGGGA
S P V T G T S Y L T S F L T P AM V N I Y K A I G E A G L G

460 470 480 490 500 510 520 530 540
AACAACATCAAGGTCTCAACTTCTGTAGACATGACCTTGATTGGAAACTCTTATCCACCATCACAGGGTTCGTTTAGGAACGATGCTAGG
N N I K V S T S V D M T L I G N S Y P P S Q G S F R N D A R

550 560 570 580 590 600 610 620 630
[GTJ IC) IC) T

TGGTTTACTGATCCAATTGTTGGGTTCTTAAGGGACACACGTGCACCTTTACTCGTTAACATTTACCCCTATTTCAGCTATTCTGGTAAT
W F T/V D P I V G F L R D T R A P L L V N I Y P Y F S Y S G N

640 650 660 670 680 690 700 710 720
C G C

CCAGGGCAGATTTCTCTCCCCTATTCTCTTTTTACAGCACCAAATGTGGTAGTACAAGATGGTTCACGCCAATATAGGAACTTATTTGAT
P G Q I S L P Y S L F T A P N V V V Q D G S R Q Y R N L F D

730 740 750 760 770 780 790 800 810
GCAATGCTGGATTCTGTGTATGCTGCCCTCGAGCGATCAGGAGGGGCATCTGTAGGGATTGTTGTGTCCGAGAGTGGCTGGCCATCTGCT
A M L D S V Y A A L E R S G G A S V G I V V S E S G W P S A

820 830 840 850 860 870 880 890 900
GGTGCATTTGGAGCCACATATGACAATGCAGCAACTTACTTGAGGAACTTAATTCAACACGCTAAAGAGGGTAGCCCAAGAAAGCCTGGA
G A F G A T Y D N A A T Y L R N/Y L I Q/P H A K E G S P R K P G

910 920 930 940 950 960 970 980 990
CCTATTGAGACCTATATATTTGCCATGTTTGATGAGAACAACAAGAACCCTGAACTGGAGAAACATTTTGGATTGTTTTCCCCCAACAAG
P I E T Y I F A M F D E N N K N P E L E K H F G L F S P N K

1000 1010 (C) 1030 1040 1050 (N-glyc) 1070 1080
C

CAGCCCAAATATAATATCAACTTTGGGGTCTCTGGTGGAGTTTGGGACAGTTCAGTTGAAACTAATGCTACTGCTTCTCTCGTAAGTGAG
Q P K Y N I/L N F G V S G G V W D S S V E T N A T A S L V S E

1090 1100 1110 1120 1130 1140 1150 1160 1170
ATGTGAGCTGATGAGACACTTGAAATCTCTTTACATACGTATTCCTTGGATGGAAAACCTAGTAAAAACAAGAGAAATTTTTTCTTTATG
M

1180 1190 1200 1210 1220 1230 1240 1250 1260
CAAGATACTAAATAACATTGCATGTCTCTGTAAGTCCTCATGGATTGTTATCCAGTGACGATGCAACTCTGAGTGGTTTTAAATTCCTTT

1270 1280 1290 1300 1310 1320 1330 1340 1350
TCTTTGTGATATTGGTAATTTGGCAAGAAACTTTCTGTAAGTTTGTGAATTTCATGCATCATTAATTATACATCAGTTCCATGTTTGATC

pGL28... AAAAAA

1360
AAAAAAA

FIG. 2. Nucleotide sequence and deduced amino acid sequence of a composite cDNA for tobacco ,B-1,3-glucanase mRNA obtained by
combining pGL30, pGL31, and pGL36. Nucleotides unique to pGL36 (letters in brackets above the sequence) and pGL43 (letters above the
nucleotide sequence) are indicated. Putative polyadenylylation sequences are underlined. (N) and (C), N- and C-terminal amino acids of mature
,B-1,3-glucanase; (N-glyc), putative N-glycosylation site. The positions of amino acids confirmed by peptide sequencing are underlined.
Heterogeneity in amino acid sequence is depicted by a slash.

Pulse-Chase Experiments. The processing of (3-1,3- The deduced sequence of the precursor has a single
glucanase deduced from structural studies was confirmed in putative site for N-glycosylation, Asn-Xaa-Ser/Thr (36),
pulse-chase experiments. The major polypeptide labeled starting at Asn-350 in the C-terminal extension. This sug-
following pulse labeling of tobacco protoplasts with ["S]- gested that processing of 8-1,3-glucanase involves glycosyl-
methionine for 45 min was immunoadsorbed by anti-,3-1,3- ation. To test this hypothesis, replicate protoplast suspen-
glucanase antibody (Fig. 4). It had a molecular mass slightly sions used in the pulse-chase experiments were incubated
larger than the in vitro translation product included on the with tunicamycin, which inhibits the synthesis of lipid-linked
same NaDodSO4/polyacrylamide gel as a standard for the oligosaccharides and is known to block N-glycosylation of
preproenzyme. After the chase, the majority of the immu- plant polypeptides (37). Tunicamycin treatment inhibited
noreactive material co-migrated with the mature form of [35S]methionine incorporation into polypeptides by -5Oo.
3-1,3-glucanase, indicating that most ofthe precursor form of The immunoreactive polypeptide obtained after pulse label-
,3-1,3-glucanase was processed to the mature form during the ing in the presence of tunicamycin had a molecular mass "2
-12-hr chase. kDa smaller than the polypeptide obtained with untreated



Proc. Natl. Acad. Sci. USA 85 (1988)

SY TA TO SY TA TO SY TA TO
F-I 7- r-- F-- | l r-l 7 1-

84-

m6.mm4-mm

.hi$~~~~~~~~~~~~ ~ ~ A

2.3 -
.. ::
_-E

A -He-In

.: .*:: . . .: .:e ... ::::::: :: ::.: :.: : ... :.
A;.... : ... .e. . : .: . :. ............ :

I: .:

I- IL lI

Hind m EcoRI XbaI

FIG. 3. Southern blot analysis of DNA prepared from leaves of
tobacco (lanes TA), N. sylvestris (lanes SY), and N. tomentosiformis
(lanes TO) digested with the restriction endonuclease indicated and
hybridized with the insert of tobacco ,3-1,3-glucanase cDNA plasmid
pGL43. Scale at left shows the size of marker DNAs in kilobases
(kb).

protoplasts, as expected were tunicamycin to block the
addition of an oligosaccharide side chain. On the other hand,
the immunoreactive polypeptide obtained after the chase
treatment in the presence of tunicamycin had the same
molecular mass as mature 83-1,3-glucanase. Plant N-glycans
(37) and the N-terminal signal sequence of P-1,3-glucanase
have the same molecular mass, -2 kDa. Therefore, the
results indicate that the precursor loses the signal peptide and
gains an oligosaccharide side chain. Later, the resultant
proenzyme is deglycosylated and the C-terminal extension is
lost to give the mature enzyme. Processing to the mature
form, however, does not require glycosylation.
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FIG. 4. Autoradiogram of polypeptides from tobacco protoplasts
incubated for 45 min with [35S]methionine (pulse) and then -12 hr
with 1 mM methionine (chase). Immunoadsorption was performed
with anti-tobacco ,8-1,3-glucanase. R, products obtained by in vitro
translation of total RNA from cells induced to produce /8-1,3-
glucanase; T, protoplasts treated with tunicamycin. Scale at left
shows the molecular mass of protein standards in kDa. GLU,
position of purified 83-1,3-glucanase.

1.

DISCUSSION
Three classes of cDNA clones were isolated with similar
coding sequences. In addition, there was heterogeneity in the
amino acid sequence not represented in the mRNAs corre-
sponding to the cDNA clones isolated. Thus, cultured to-
bacco cells induced to produce ,8-1,3-glucanase have at least
four transcriptionally active P-1,3-glucanase genes. This
finding and the small number of restriction fragments de-
tected in Southern blot experiments indicate that tobacco
P-1,3-glucanase is encoded by a small gene family. Modern
tobacco arose by the hybridization of two ancestral species,
N. sylvestris and N. tomentosiformis (32, 33). Comparison of
the restriction fragments generated fromDNA oftobacco and
the ancestral species suggests that two or three members of
the tobacco ,3-1,3-glucanase family have their evolutionary
origin in each of these ancestors.
Computer searches of the European Molecular Biology

Laboratory version 14 (38) and National Biomedical Re-
search Foundation version 15 (39) data banks gave only one
protein with significant sequence similarity to tobacco /3-1,3-
glucanase. After introducing three gaps into the sequence of
the mature tobacco enzyme, the amino acid sequence of
barley endosperm (1-+3,1-->4)-P-glucanase isozyme II (40)
was identical at 47% of the positions. In addition, there are
highly conserved regions (12 of 15 positions) at the N- and
C-terminal ends of the mature proteins. The sequence of the
first 22 N-terminal amino acids of a putative /3-1,3-glucanase
purified from Nicotiana plumbaginifolia (41) is identical to
the N-terminal sequence of the tobacco enzyme except for
the N-terminal amino acid, which is glutamic acid.

Pulse-chase experiments provide evidence that prepro-,8-
1,3-glucanase is processed sequentially. First, the N-terminal
signal peptide is removed and an oligosaccharide side chain
is added, as has been reported for the seed storage proteins
phaseolin and Con A (42, 43). Later, the oligosaccharide and
the C-terminal extension are removed to give the mature
enzyme. Loss of C-terminal extensions has been reported for
the plant proteins, prothaumatin (44), proCon A (43, 45, 46),
and isolectin 3 of wheat germ agglutinin (47). No significant
sequence similarities were found between these peptides and
the C-terminal extension of the tobacco enzyme.
The distinctive feature of tobacco /3-1,3-glucanase pro-

cessing is that the proenzyme undergoes a loss of an oligo-
saccharide side chain and the C-terminal extension. Mature
P3-1,3-glucanase does not contain N-acetylglucosamine (13),
which is a constituent of plant N-glycans (37). This obser-
vation and the fact that the only putative N-glycosylation site
in the molecule is in the C-terminal extension suggest that
processing to the mature form results from the loss of an
N-glycopeptide. This mechanism has been reported for
processing of isolectin 3 of wheat germ agglutinin (47); and,
in the case of Con A, an N-glycoprotein is lost from an
interior region of the proprotein followed by polypeptide
ligation to give the mature protein (43, 45, 46, 48).

Processing is important in the intracellular transport and
secretion of plant proteins (37). The intracellular location of
tobacco /-1,3-glucanase is not known. Acidic isoforms of
,B-1,3-glucanase of apparent molecular mass of =40 kDa (49)
are localized in the intercellular spaces ofleaves infected with
tobacco mosaic virus (8). The relationships of these isoforms
and the possibility that they arise by differential processing
are areas for further study.
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