
seemed to be integral muluples of the unitary 
mepsp, and we Interpret them as the simultaneous 
release of more than one quantum of transmtter In 
some experunents there were enough of the larger 
mepsps to form extra peaks In the amplitude hlsto- 
gram In such cases the subsidiary peaks came out as 
muluples of the first maln peak of the histogram, 
and the mean of the first peak was obtaned by 
calculaung the mean of all mepsps that had amph- 
tudes within an upper h m t  that was to be chosen to 
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allowed to elapse benveen the peneuatlon of the 
sensory neuron and the measurement of the EPSP to 
allow any possible effects of Impalement (such as 
Injurv dscharge) to dssipate Spontaneous mepsps 
were observed for a perlod of 10 to 20 mnutes All 
potenuals were measured at the resung potenual on 
the first day If the resung potenual recorded on the 
second day differed from that on the first by more 
than 5 mV, dc current was injected to move it to the 
same level 
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The Primary Structure and Heterogeneity of Tau 
Protein from Mouse Brain 

Tau protein is a family of microtubule binding proteins, heterogeneous in molecular 
weight, that are induced during neurite outgrowth and are found prominently in 
neurofibrillaty tangles in Alzheimer's disease. The predicted amino acid sequences of 
two forms of tau protein from mouse brain were determined from complementary 
DNA clones. These forms are identical in their amino-terminal sequences but differ in 
their carboxyl-terminal domains. Both proteins contain repeated sequences that may 
be tubulin binding sites. The sequence suggests that tau is an elongated molecule with 
no extensive @-helical or P-sheet domains. These complementary DNAs should enable 
the study of various bct ional  domains of tau and the study of tau expression in 
normal and pathological states. 

ICROTUBULES ARE ASSEMBLED lecular weight MAPs and tau protein. Tau 
from tubulin, which is a dimer of protein promotes microtubule assembly in 
two polypeptides that are mem- vitro and limits the growing and shrinking 

bers of distinct multigene families ( I  ) . A phases of dynamic microtubules (4). Tau co- 
high degree of conservation exists within 
these families and the various polypeptides 

localizes with microtubules in cells (5)  and is 
induced along with MAP1 during neurite 
outgrowth from rat pheochromocytoma 
cells (6). Microinjected tau protein increases 
tubulin ~olvmerization and decreases the 

I i 

rate of microtubule depolymerization, sug- 
gesting that tau protein can regulate micro- 
tubule assembly in vivo (7). 

A striking feature of tau protein is its 
extensive heterogeneity. In adult porcine 
brain, it is comprised of at least four related 
phosphoproteins, 55,000 to 62,000 daltons 
in size (8). Tau proteins were initially 
thought to be the result of artifactual prote- 
olysis of a common precursor protein; how- 
ever, translation -of messenger RNA 
(mRNA) in vitro shows that this is not the 
case (9). Other proteins reacting with tau 
antibodies have been detected in brain. neu- 
roblastoma cells, spinal ganglia, and coated 
vesicles (6, 9, 10). In addition, tau protein 

form copolymers in vivo and v i t i  (2). B S P  
I I ,  A A A A A  pTA2 Fig. 1. Schematic represen- 

Despite this similarity of tubdin polypep- tation of cDNA clones used 
tides, microtubules exhibit much diversity 8 S 

-C 
pTAPE to determine tau protein se- 

in structure and function, suggesting that quence. Heavy line indicates 
B S P  

other proteins must be present that deter- I I + 
pTA2E open reading frame regions, 

thinner line and dotted line 
mine the properties of different microtu- 

- - -  A A A A A  
pTA3 indicate noncoding regions 

bules. Among the factors thought to regu- of pTA2 and pTA3, respec- 
late microtubule structure and hnction B S P  pTA3E tively. The pTA2 and 

are the microtubule-associated proteins + pTA2E are pBR322 clones; 
(MAPs) that copurify with microtubules - 0.1 kb pTA3 is a Agtll clone, and 

pTA3E and pTA2E' are 
(3 ) .  Two major classes of have been pUc9 clones. Restriction sites are Bam H I  (B), SAa I (S), and Pst I (P). AAAAA indicates a poly(A) 
identified from vertebrate brain: high mo- stretch of 18 to 19 bases. Arrows indicate the location of specific oligonucleotide primers used to 

initiate cDNA synthesis for libraw construction. The isolation of pTA2 was as described (9 ) .  The 

G Lee, Department of Neurologv and Program in 
Neuroscience, Harvard Medical Shool, Boston, MA 
02115 .---. 

N. Cowan, Department of Biochemistry, New York 
University Medical Center, New York, NY 10016. 
M. Kirschner, De artment of Biochemistry and Biophys- 
ics, University of~alifornia, San Francisco, CA 94143- 
n4.48 

pTA2E was isolated from a pBR322 prlmer extension l~brary constnicted w ~ t h  cDNA pr~med by a 22- 
base ol~gonucleot~de (5'-GACATTCTITAGGTCTGGCATG-3') (20) The pTA3 was Isolated as 
descr~bed (21), antibody employed was affinity-purified anti-tau (10) The pTA3E was Isolated from a 
pUC9 prlmer extension library (22) w ~ t h  size-selected cDNA pr~med by a 21-base ol~gonucleot~de (5'- 
TTGACTGCCCTGGGAGCCTGA-3') Two add~tional librar~es were constructed m the manner 
described for the pTA3E libran, one primed with a 21-base ol~gonucleotide from the 3' untranslated 
region of pTA2 (5'-GGCAGAGGTCCCCCAAGAGGC-3'), from wh~ch pTA2E' clones were isolated, 
and the other pruned with the 22-base ol~eonucleot~de used for the pBR322 l~bran, above In cDNA 
synthesis, priiers were preincubated w i t h - m ~ ~ ~  prior to reverse t;anscriptase reaction. The cDNAs 

*To whom correspondence should be addressed. were dC-tailed for insertion into dG-tailed plasmid vectors. 
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has been identified as a major antigenic 
determinant in the characteristic neurofibril- 
lary tangles of Alzheimer's disease (1 1).  In 
addition to the immunological cross-reactiv- 
ity detected between tau protein and the 
paired helical filaments that comprise the 
tangles, at least two peptides common to the 
filaments and human tau protein have been 
found (12). 

In this report we examine the complete 
primary sequence of two tau proteins from 
mouse for information about the structure 
of tau, the possible mode of interaction 
between tau and tubulin, and the source of 
tau heterogeneity. We also describe special 
difficulties encountered when determining 
the structures of members of a closely relat- 
ed class of mRNAs. 

Earlier s tu les  had identified two comple- 
mentary DNA (cDNA) clones for tau pro- 
tein in mouse, pTAl and pT.42. Both hy- 
bridized to a 6-kb mRNA and selected 
mRNA that gave tau protein on translation, 
but did not hybridize to each other (9). 
From the nucleotide sequence, we found 
that pTAl (1376 bp) contains a poly(A) 
tail and a polyadenylation signal, AATAAA, 
15 bp upstream of the poly(A) tail, but 
contains no open reading frame. On the 
other hand, pTA2 (1840 bp) also contains a 
poly(A) tail but no polyadenylation signal, 
and has an open reading frame of 900 bases 
at one end of the clone. We conclude that 
pTAl corresponds to the 3' end of the 
mRNA while pTA2 originated from the 
interior of the mRNA, primed from an 
internal poly(A) sequence, and encodes the 
COOH-terminal end of a protein. To com- 
plete the tau sequence, we constructed addi- 
tional libraries using a specific primer from 
the 5' end of pTA2 sequence. A 600-bp 
clone, pTA2E (Fig. l), contained 288 bases 
5' to pTA2, an ATG start codon, and an 

CCCCCGGCCTCCAGAACGCGGTT 
TCTCGGCCCCCGCGCGCTCTCAGTCTCCCCCACCCACCAGCTCCAGCACCAGCAGCAGCGCCGCCGCCACC 
GCCCACCTTCTGCCGCCGCCGCCACMCCACCTTCTCCTCCGCTGTCCTCTTCTGTCCTCGCCTTCTGTCG 

ATT ATC AGG CTT TGA ACC ACT ATG GCT GAC CCT CGC CAG GAG TTT GAC ACA ATG 
MET Ala Asp Pro Arg Gln Glu Phe Asp ThC MET 

10 

GAA GAC CAT GCT GGA GAT TAC ACT CTG CTC CAA GAC C M  GAA GGA GAC ATG GAC 
Glu Asp HIS Ala Gly Asp Tyr Thr Leu Leu Gln Asp Gln Glu Gly Asp MET Asp 

20 

CAT GGC TTA AAA GCC GAA GAA GCA GGC ATC GGA GAC ACC CCG M C  CAG GAG GAC 
HIS Gly Leu LYS Aka G ~ u  G ~ u  Al. Gly Ilb Gly ASP Thr PC0 ASn Gln G ~ u  Asp 
30 4 0 

C M  GCC GCT GGC CAT GTG ACT C M  GCT CGT GTG GCC AGC AM GAC AGG ACA GGA 
Gln hla Ala Gly Hie Val Thr Gln Ala Arq Val Ala Set Lyn Asp Arg Thr Gly 

5 0  6 0 

M T  GAC GAG M G  AM GCC M G  GGC GCT GAT GGC AM ACC GGG GCC M G  ATC GCC 
Asn ~ s p  Glu Lys Lya Ala Lys Gly Ala Asp Gly Lys Thr Gly Ala Lys 11.  la 

70 80 

ACA CCT CCG GGA G U  GCC TCT CCG GCC CAG M G  GGC ACG TCC M C  GCC ACC AGG 
Thr Pro Arg Gly Ala Ala Ser Pro Ala Gln Lya Gly Thr Ser Aan Ala Thr Arg 

90 100 

ATC CCG GCC M G  ACC ACG CCC AGC CCT M G  ACT CCT CCA GGG TCA GGT G M  C U  
Ile Pro Ala Lys Thr Thr Pro Ser Pro Lys Thr Pro Pro Gly Ser Gly Glu Pro 

110 

CCA AM TCC GGA G M  CGA AGC GGC TAC AGC AGC CCC GGC TCT CCC GGA ACG CCT 
Pro Lys Ser Gly Clu Arg Ser Gly Tyr ser Ser Pro Gly Ser Pro Gly Thr Pro 
120 130 

GGC ACT CGC TCG CGC ACC CCA TCC CTA CCA ACA CCG CCC ACC CGG GAG CCC M G  
Gly Sbr Arq Ser Arq Thr Pro Sac Leu Pro Thr Pro Pro Thr Arg Glu Pro Lys 

140 150 

M G  GTG GCA GTG GTC CGC ACT CCC CCT M G  TCA CCA TCA GCT AFT M G  AGC CGC 
Lys Val Ala Val Val Arg Thr Pro Pro Lys Ser Pro Ser Ala Ser Lys Ser Arg 

160 170 

CTG CAG ACT GCC CCT GTG C C Q T C J  CCA GAC CTA M G  M T  CTC ACG TCG M G  AT? 
Leu Gln Thr Ala Pro Val Pro MET Pro Asp LOU Lys A6n Val Arq 3er L a Ile 

180 1 8 ~  

GGC TCT ACT GAG AAC CTG M G  CAC CAG CCA GGX GGT CGC M G  GTG CAA ATA GTC 
C1y Ser Thr Glu Asn Leu Lys His Gin Pro Gly Cly Gly Lys Val Gin Ile Val 

2 o r -  
TAC M G  CCC GTG GAC CTG AGC MA GTG ACC TCC M C  TGT GGC TCG TTA GGG M C  
Tyr Lys Pro Val Asp Leu Ser Lyr Val Thr Sec Lys Cvs Gly Ser Leu Gly Asn 
210 220 

ATC CAT CAC M G  CCA GGA GGT GGC CAG GTG G M  GTA MA TCA GAG M G  CTG GAC 
Ile H I S  His Lvs Pro Gly Gly Gly Gln Val Glu Val Lys Ser Glu Lys Leu Asp 

230 240 

TTC M G  M C  AGA GTC CAG TCG AAG ATT GGC TCC TTG GAT M T  ATC ACC CAC GTC 
Phe Lya Asp Arg Val Gln Ser Lys Ile Gly Ser Leu Asp Asn Ile Thr His Val 

0 260 

CCT GGA GGA GGG M T  M C  AAG ATT G M  ACC CAC M G  CTG ACC TTC AGG GAG AAT 
Pro Glq Gly Gly Asn Lys Lys Ile Glu Thr His Lys Leu Thr Phe Arg Glu Asn 

270 280 

GCC MA GCC M G  ACA GAC CAT GGA GCA G M  ATT GTG TAT M G  TCA CCC GTG GTG 
Ala Lys Ala Lyr Thr Asp Xis Gly Ala Glu Ile Val Tyr Lys Ser Pro Val Val 

290 

TCT GGG GAC ACA TCT CCA CGG CAC CTC AGC AAT GTG TCT TCC ACG GGC AGC ATC 
Ser Gly Asp Thr Sar Pro Arg His Leu Ser Asn Val Ser Ser Thr Gly Sec Ile 
300 310 

GAC ATG GTG GAC TCA CCA CAG CTT GCC ACA CTA GCC GAT G M  GTG TCT GCT TCC 
ASP NET va1 ASP Ser pro Gln Leu Ala Thr Leu Ala Asp Glu Val Ser Ala Ser 

320 330 

Fig. 2. Nucleotide sequence determined from tau cDNA 
clones. Numbers at left designate nucleotide base number, 
with the first base of the initiation codon as reference point 
(base 1). The predicted amino acid sequence is numbered 
with position 1 being the NH,-terminal methionine. The 
pTA2 sequence, shown in (A), is determined from pTA2, 
pTA2E, and pTA2E' clones. The pTA3 sequence is deter- 
mined from pTA3 and pTA3E clones and is identical to 
pTA2 up through base 1020; only bases 1007 to 1101 are 
shown in (B). The 21- to 22-base oligonucleotides used to 
specifically prime cDNA library constructions are under- 
lined. The underlined 18-amino acid stretches indicate 
repeats. The pTA2 open reading frame is 364 residues with a 
calculatedp1 of 6.24; pTA3 is 341 residues with a calculated 
pI of 6.27. Nucleotide sequences were determined by di- 
deoxy chain termination (23). Problematical stretches were 
further analyzed by either the use of 7-deaza-2'dGTP (Boeh- 
ringer Mannheim) or by the substitution of AMV reverse 
transcriptase (Bio-Rad) for Klenow DNA polymerase frag- 

TTG GCC M G  CAG GGA AM GCT GCT TTA CTG ACT TCT C M  GTT TGG M C  TAC AGC 
Leu Ala Lys Gln Gly Lya Ala AlA Leu Leu Ser Ser Gln Val Trp Asn Tyr Ser 

340 350 

CAT GAT TTG GCC ACC ATT ACA GAC CTG GGA CTT TAG CGC T M  CCA GAT CTT TOT 
HIS Asp Leu Ala Thr 11s Thr Asp Leu Gly Leu . 

360 

TTG GCC M G  CAG GGT TTG TGA TCA GGC TCC CAG GGC AGT C M  T M  TCA TGG AGA 
Leu Ala Lys Gln Gly Leu . 

340 

C M C A C A G A G T G A G A G T G T G G P G  

ment h dideoxy sequencing, with appropr'late adjustmenk 
of nucleotide concentrations (24). Codng region sequences 
were confirmed by sequencing the oppo&e Grand. ' 
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Fig, 3, Three 18-amino acid repeats (1) "81 Arg S e r  Lys Ilr Gly Ser Thr Glu A s n  Leu Lys His Gln Pro Gly Gly Gly 

identified in the predicted tau protein 
seauence. R~~~~~ (1) corresoonds to ( 2 )  Val Thr Ser Lys Cys Gly S e r  Leu GLy Asn Ile His Hzs Lys Pro Gly Gly Gly 

\ ,  
an;ino acid 187 t' 204 as ( 3 )  Val Gln Ser Lys Ile Gly Ser Leu Asp Asn I1e Thr tiis i'al Pro Gly Gly Gly 
numbered in Fig. 2; repeat (2) corre- 
s ~ o n d s  to residues 218 to 235: reoeat * - " * ' * * ' - " ' - * - * * * * 
(3) corresponds to residues 250 t6 267. The asterisks indicate positions with identical residues in all 
three repeats; the pluses, conservative replacements; and the dashes, nonconservative replacements. 

upstream in-frame stop codon. The se- that the pTA2 COOH-terminus was associ- 
quence of pTA2 and pTA2E in Fig. 2A ated with another NHz-terminus whose 
predicts a size for the encoded protein of coding sequence diverged from the pTA2E 
38,204 daltons. sequence upstream of (or 5' to) the oligonu- 

To isolate additional clones for tau pro- 
tein, we screened a Agtll mouse brain li- 
brary with affinity-purified antibody to tau 
protein and obtained an irnrnunoreactive 
clone, pTA3, that contained an insert of 500 
bp. The sequence of pTA3 contained a 19- 
base-long poly(A) stretch and an open read- 
ing frame of 400 bases that was identical to 
bases 621 to 1020 of pTA2 (Fig. 1). This 
clone, therefore, provided independent con- 
firmation of pTA2 as a tau cDNA clone. 
However, the remaining sequences in pTA3 
did not correspond to pTA2 sequences. The 
encoded protein differs from pTA2 in that it 
lacks 23 amino acid residues at the COOH- 
terminus; the 3' untranslated regions also 
differ. To determine whether these differ- 
ences resulted from a cloning artifact where 
pTA2 sequences had become joined to unre- 
lated sequences and, also, whether addition- 
al regions of heterogeneity were present, an 
oligonucleotide specific for the 3' untrans- 
lated region of pTA3 (Fig. 2B) was used to 
prime a cDNA library from which addition- 
al tau clones were isolated. 

cleotide sequence used to prime p ~ ~ 2 ~ .  
The fact that the sequence of pTA3E coin- 
cided with pTA2E made it possible for the 
pTA2E clone to have been synthesized from 
pTA3-pTA3E mRNA. To resolve this issue, 
two additional primer extension libraries 
were constructed. One was specifically 
primed with an oligonucleotide copied from 
the pTA2 3' untranslated region (Fig. 2A) 
while the other was specifically primed with 
the same oligonucleotide used to construct 
the library from which pTA2E was isolated. 
From these libraries, six clones containing 
the most 5' sequences were analyzed by 
sequencing. These clones revealed no addi- 
tional heterogeneity in the NH2-terminal 
sequences. 

The complete predicted amino acid se- 
quence for the two mouse tau proteins is 
shown in Fig. 2. A distinctive feature is the 
presence of an 18-residue stretch that is 
repeated three times. The repeats are located 
in the COOH-terminal half of the molecule 
and are separated by 13- and 14-residue 
stretches (Figs. 2 and 3). The significance of 

Out of a pUC9 primer extension library the repeat is-unclear, though it-is tempting 
of approximately 1500 transformants, 54 to speculate that since tau protein induces 
colonies hybridized to pTA3. Since the the tubulin monomer to assemble, it may 
abundance of tau mRNA has been estimated 
at 0.1% (9), this argued that the 3' untrans- 
lated region in pTA3 used to prime the 
library was indeed part of tau mRNA and 
not a cloning artifact. Over half of the clones 
were longer than 1 kb and all had restriction 
maps similar to pTA2 (Fig. 1). The nucleo- 
tide sequence for the longest clone corre- 
sponded exactly to pTA2-pTA2E sequences, 
apart from the divergent COOH-terminus. 
Since this clone, pTA3E, included the start 
point of translation, the only difference in 
the two predicted tau protein sequences is 
the COOH-terminal end. The pTA3 se- 
quence is shown in Fig. 2B; the encoded 
protein has a predicted size of 35,718 dal- 
tons. 

At this point, it was important to show 
that the pTA2 COOH-terminus was in fact 
associated with the NH2-terminal sequence 
identified by pTA2E. Because the synthesis 
of pTA2E cDNA had been specifically 
primed from the NH2-terminal half of the 
protein sequence, there was the possibility 

interact with repeating sites in the microtu- 
bule lattice. We found no significant se- 
quence homology to any other protein (13), 
although the primary structure of other 
MAPS is not available. 

The tau sequence supports the biophysical 
data suggesting an elongated shape for tau 
protein. The amino acid composition, which 
agrees well with that reported for porcine 
brain tau protein ( 4 ,  shows that tau protein 
has much higher proportions of lysine, gly- 
cine, proline, and serine and lower propor- 
tions of phenylalanine and leucine than the 
average vertebrate globular protein. This 
suggests that tau protein has less buried or 
interior volume, is more extended and hy- 
drophilic, and might maintain this shape 
because of the rigidity introduced by the 
prolines. Lastly, no extensive a-helix or P- 
sheet structures are detected by secondary 
structure prediction programs (13), which is 
consistent with circular dichroism measure- 
ments (8). Two other facts about tau protein 
are consistent with its being an extended 

molecule with a large surface to volume 
ratio: (i) the protein is heat-stable (14), 
implying that, In its native form, many of 
the residues are on the surface interacting 
with solvent, and (ii) the protein migrates in 
SDS gel electrophoresis as a much larger 
protein. [The size of tau protein as predicted 
from the cDNA clones is 35,718 and 
38,204 daltons; as determined by gel elec- 
trophoresis, mouse tau protein is 47,000 to 
50,000 daltons (9).] While it is known that 
phosphorylation affects the mobility of tau 
protein (15), it is more likely that protein 
structure and SDS binding make the larger 
contributions to the anomalous electro~ho- 
retic mobility. 

The identification of two distinct tau 
cDNA clones suggests that tau heterogene- 
ity is already present, at least in part, at the 
mRNA level; this is an expected result since 
mRNA from mouse and rat brain has been 
shown to yield multiple tau proteins by in 
vitro translation experiments (9, 16). The 
predicted amino acid sequences from the 
two clones have revealed the COOH-termi- 
nal end of the protein as a site for heteroge- 
neity in the protein; the function of this 
heterogeneity-remains unknown. It is also 
not known whether the two mRNAs are 
transcribed from the same gene, but South- 
ern hybridization with pTA2 has revealed 
only one copy of the tau gene in the mouse 
genome (9). It seems likely that the two 
mRNAs result from alternative splicing 
since the point at which pTA2 sequence 
diverges from pTA3 contains the consensus 
sequence for splicing junctions (5'CAG G) 
(1 7). Additional heterogeneity may also 
result from translation initiation at akerna- 
tive sites (18); the tau sequence hds two 
other methionines close to &e NH1-rermi- 
nal end. 

It is curious that both pTAZ and pTA3 
mRNAs should be approximately 6 kb long 
when it is clear that much of the 3' untrans- 
lated regions differ. However, an examina- 
tion of 3' untranslated sequences from actin 
cDNAs has revealed that mRNAs coding " 
for isotypic proteins can have 3' untranslat- 
ed regions of similar size, though differing 
in sequence; this may suggest functiond 
importance for 3' noncoding sequences in 
mRNA (19). Furthermore, both mRNAs 
have internal poly(A) sequences in the 3' 
untranslated region, though each is located 
at different distances downstream of the 
stop codon. 

Studies of tau protein at the primary 
sequence level could provide an explanation 
for the heterogeneity of microtubules and 
provide important probes for studying the 
function of various domains on the mole- 
cule. It will be interesting to test directly 
whether the 18-amino acid repeats are in 
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fact tubulin binding domains and whether 
there are any common structural motifs in 
microtubule-associated proteins. Studies of 
the expression and structure of tau proteins 
in Alzheimer's disease should also provide 
important clues to the etiology of the neuro- 
fibrillary tangles. 
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A Mechanism for Surface Attachment in Spores of a 
Plant Pathogenic Fungus 

Rice blast disease is caused by a fungus that attacks all above-ground parts of the rice 
plant. In a study of the means by which the fungus attaches to the hydrophobic rice leaf 
surface, it was found that spores (conidia) of the rice blast fungus Magnaportbegvisea 
have a mechanism for immediate and persistent attachment to various surfaces, 
including Teflon. This attachment occurs at the spore apex and is blocked by the 
addition of the lectin concanavalin A. Microscopy of hydrated conidia shows that a 
spore tip mucilage that binds concanavalin A is expelled specifically from the conidial 
apex before germ tube emergence. Ultrastructural analysis of dry conidia shows a large 
periplasmic deposit, presumably spore tip mucilage, at the apex. The results indicate a 
novel mechanism for the attachment of phytopathogenic fungal spores to a plant 
surface. 

T HE ASCOMYCETE Magnaporthegrisea 
Barr [Pyricularza sp. (1, 2 ) ]  causes 
the devastating plant disease called 

rice blast (3). Rice blast disease occurs in 
most of the major rice growing regions of 
the world, where severe epidemics result in 
substantial crop loss and lead to potential 
economic disaster. Because stably blast-re- 
sistant rice cultivars have not been devel- 
oped, the disease is primarily controlled by 
cultural practices and fungicide application 
(4). We have begun to investigate the early 
stages of the infection process to identifv 
cellular components or processes as targets 
for disease control measures. One of the 
early steps in any host-parasite interaction is 
the attachment of the parasite to the host. A 
traditional view of fungal attachment to 
plants is that the fungal spores become 
lodged or entrapped on the leaf surface, and 
that active fungal attachment does not occur 
until the formation of fungal hyphae and 
infection-specific cell types (5). We present 
evidence that the spores of a fungal patho- 
gen have a mechanism for rapid and persist- 
ent attachment to surfaces prior to germina- 
tion. 

Blast lesions that develop on an infected 
plant produce numerous conidia that are 
released in moist air and may inoculate 
neighboring plants. A conidium germinates 
with the emergence of a hypha (germ tube) 
that later forms an infection structure 
termed an appressorium (6). Early stages of 
infection-related morphogenesis can be ob- 
senled on an artificial surface (Fig. la )  (7). 
On glass, conidia produce germ tubes with- 
in 3 hours and do not form appressoria. 
Conidia germinated on Teflon-PFA film (8) 

also produce germ tubes within 3 hours. 
Continued incubation results in the forma- 
tion of appressoria. Artificial surfaces that 
are conducive to appressoriunl formation 
may have properties similar to the rice leaf 
surface (9). We have found that the rate of 
germ tube production and appressorium 
formation by M .  &sea conidia on Teflon- 
PFA film is similar to that reported for rice 
leaf surfaces (1 0). 

To determine when M. drisea first at- 
taches to a surface, we counted the number 
of germinating conidia that could be flushed 
from Teflon-PFA film by pipetting (7). Ap- 
proximately 90% of the conidia are resistant 
to removal from the surface 20 minutes after 
deposition (Fig. lb) .  From this result we 
conclude that conidia can adhere to a surface 
prior to germ tube emergence. The addition 
of concanavalin A (Con A) antagonizes this 
early adhesion (Fig. l b )  but does not inter- 
fere with germ tube emergence. 

To examine conidial adhesion directly we 
used a flow cell that permits the observation 
and video recording of conidia on a variety 
of surfaces under the influence of increasing 
hydraulic shear generated by a pump (11). 
The results of an experiment performed with 
conidia germinating on glass or Teflon-PFA 
film are shown in Fig. lc .  Conidia attached 
to Teflon-PFA film are able to resist higher 
flow rates than conidia attached to glass. 
These results demonstrate that conidial at- 
tachment occurs prior to germ tube forma- 
tion and suggest that this attachment is 
substantially stronger to Teflon-PFA film, a 
surface conducive to appressorium forma- 
tion. 

We observed the response of attached 
conidia to the flow in the chamber (Fir. Id). ~ " ,  

When the pump is off, conidia are oriented 
Central Research and Development Department, E402, randomly with their apexes tethered to the 
E. I. du Pont de h'emours and Company, Wilnlington, surface. When the pump is turned on, hy- 
DE 19898. draulic force aligns the conidia with their 
*To whom correspondence should be addressed. apexes opposing the direction of flow. 
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