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Fig. 1. A grape leaf replica made from gum glue shows the topographic feature of an abaxial side

Courtesy by Kuo, K. C.)

of young grape leaf (cv. Golden Muscat)
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TEA AR A S 5T b o i BREAH
i (freeze substitution) BX f# ¥ [E &
(microwave fixation) ¥ 7l f 38 F #11° f0HHAS
BHRTFBEEKR - LS ERIVES » %
BRMRGF 7TBEN R MREEE > BB E
B M 2 B S i R B BT Y > Ak
H B S a0 £ 68 (ethane) XN
(propane) [EZE-194°C » SR1% AH A4 VIR Hk
/NP RHE A » LA B RIBRFZ S [
M #5 LU A B P9 FE A A Y Y DK A
3R o WIERIIF IR & T A E F R B BE B
AR S (R TFRVIR ST 5 &S AT &
TE PGB IE TE M 2 5 #1288 38 A AR
ERNERBIE o AR T B3R R R
ko WIS IR BEERBA c BSAELE
R BB T ARB MR E »
B AR AT RS SR B Ok & > (Rt
TYIE RSB - Bourett &k Howard (1992)
Wt e AU 2 18 A ST IR A B E S A
MALBYE B AR - o E S R A Mk LUE
FALEE 2 T LB I o ok E e Bl
& — T R F TR WO E RS % A A [ e 7%
DRFBEL B ARR BB S - a5
FEBEMERITINMIRKE > (HEEF LD
— MR AR R R B R R EREER > th
AILMS B SERI R - (B RE TR
X 1 F MY A B LA G 3 T A3 T i
¥ AR ElEaEE > £X 2 L
BRSO o TiTE TSGR M B
E L+ » &8 (colloid gold) BIIRE—HEMEEIL
JERWMITE - BA L > EBR—HEE&HE
FI &L BB (AuCL)) » ER] UK BE#IAE
ME LA/ NT R » LUEAXEREM
ke EAETHMBEEEZA
C9 o 3 A AE MM BE A OB BRvE
T~ FrEMAS R ZIEE ~ BILURTES
FRER R L ER B AR EE -

BTEEEBHZRFERAAREZM
MR8l > HHRNEREEERMN > R

1B {812 foB i H RE BV > R
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e ETOERBIARERRNEFEEE
HE NSk IR AU EE (video enhanced
microscopy) * fE#E{H & 45 1& (charge-coupled
device, CCD) K 5 5 ik ¥ £ fi7 (image
processing techniques) & {E E YA 755
T—EAR 7 o EAhIRE RS
(electric enhanced optical microscopy) %
G771 (video taping)7E 19855 HiAllen, R.
D. S AEYEREREMES - Bl
W% (digitized image) X ERBRIE (image
processing) NEEALIFEFESLEHEH
FEZCCDEE K GHHIEF (frame grabber)
e LA ~ f7F R AR E
{6 > EE 0] LIEIT R RO ERF SRR (time
lapse) * {5 A S 1 HF ] B 22 eI B RE
REFEERN TR - BE LR HE S
HIHIRRAT B A0S 159 A] LATE B SR E MR ek
REVEU T 1T RFHERVERE - thIR L6
SR EY ) B2 AIR ST A A P BE -

M ENZ] (nanofabrication) &% —1{BEITE
RREVIZHE EEMARE IR wEE - F]
P 4 g =X 28 - A D8R I 26 — R B B 2
(nanometer pattern generation system,
NPGS) » & F R Al LU 1 & JT (silicon
wafer) Bl %I ol A 3R B2 09 & S B B B -
1987 F HochFI| F] T #B % B %150 17 3 2R 8% 6
Z M2 2R T AR T BE ARl 1 (thigmotrophic)
i 3E1t 2855 | (chemotrophic)® » H{%HTZ
a8 T2 B b A= G W) HAAT B WO B 92 45 LATE $2 1
HI NIRRT T 81T - B HRE o (LAY 5T
BWARRIER) < SEFEXK » FIAUVEBHERZ
(UV light lithography) K ¥ ¢BURYE
(photoresist) I LAZIE H R IR T » Fot
FRAERERYE (self assembly materials,
SAM) Allsilanes K iz ER 47 & M4 RT3 1H R T
u] LS EIAN [R) 3% 0 4 v B9 0 B 2R FE i 4
YIRHEE% (recognition) B .,
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~ &t 5T (microinjection) VB - £ 48 F
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TFUNHIB R ARERIS Y » B T MR EE
71 EMEE AR ET K EBE MK
MEREYIRE - REEEITRE - iR
HEMERIRE - MAEMNRER SRR
BHESEAEER > LHEFREEY .
Webster&Davey (1984) W58 K4 ShAR B
Anguillospora longissimaX Lanulospora
curvulaBIRE M FIREFEREYE LIF > %
AHARESR Y o thiRI LS DURER M FHO0E
ERRFLBGEMS - FEEYHRRT
HITRE B E R S KFE2E (hydrophobicity)
HIERBAGR - BlA0fEBRE (Magnaporthe
grisea) AT S IKIIRE (Botrytis
cinerea)(36) ~ GRIERE (Collectotrichum
lindemuthianum)(]49) ~ RAKEY) IR B R B
(Collectotrichum graminicola) oD REBR
B (Uromyces appendiculatus) s KEE R
JEIRE (Phyllosticta ampelicida)(&t)':;‘r?lt'?lfgﬁﬁT
RARFEFESKESHEYG F8F -
Young and Kauss#{% T X JH & I F #%
& BBE ARG B 7 5% EpH - IEF
H"]WWﬁ‘Eﬁﬁ%%%—““) ° Kuo& Hoch
(1996) MR HE BERENBRFITE »
BB REARBENERE AT
BE > MBENWKEERERERTHE

AR EE I o (FHIMEIZR I T AR
EITR » BERE LG LIV R0.03F0 03 &
T o LIFAKE S - EOEEREE 28
(formaldehyde) ~ KWK E A I B AL 5
(sodium azide) REEFRFI9R G & FHY

WEATR » ATHIZATES R /ARSHEE 2
g1 o SEREI TR (T S BEDLVOMRIES
B3 0 DLV O i fx 5 45 A 2 % 1 8
(colloid) HI1TH » & DejaguinflLandau
(1941)(33)&Verway&0verbeek (1948)"V 5
FUHE HH o AR 5 2 G B 1 Ay R BT A 5 4
B ENBER N EERARESR » I T
MARBENEBFIRE - H5—ROEBEY
2 Bt M S EA RE A E & - FRAE AN BL
(adhesion) ~ B fff (absorption) ~ fff &
(attachment) Wi FFEREE R - RIBIREHG
BIRAVFIE > P 3B M7 ARG 2 FE T HE 4
ED8% » E—PREERAIMTE (attachment) K&
"B RIS (adhesion) o FH—REEREER
TEREVEENNBNSKEREER
(hydrophobic-hydrophobic interaction) 8% 1
f8EL/] (van der Waals interaction) * EZPEER
B MM 2 RBNES) > MERTFEHSZE
g IR 2 pH ~ B FIRE - BT/
TR EO ) o — R R B 1L
BUNYMESRHE - D—LIEBEEEY
MERE (gold sol) » FIEARIK (India ink) %
AT LANOLAREE » Wi & bL AT LA — 25 T AR
BT o B N A KA B B
F—EERT S > RRREE @) -
ERE B EaRFERnE
B & (Phyllosticta ampelicida)™ K $A5E
(Uromyces viceae-fabae) (25)% o fA AL E
FERR RS - R RS B AR
THE - ABRKREAEDS
BUkEBEET > EMEEEEBE &
O, AFEMAERER . SERET
M EL &K T ERER (chitinase) KAR1L
B3 (esterase)”” o B Wesselstg Hi— 45
BcysteinefJMLZKEE AR B TKE
(hydrophobins) » thA]FEEL TR Z - fRE
ER > RSt REEFMEYREERS
B o RO RT W R
B EBREES R TEREE xR
IR TERE & o BB LUR R B A i
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Fig. 2. The extracellular matrix of Collectorrichum gleosporioides exuded from the conidium

and germ tube. (Courtesy by Kuo, K. C.)
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R LR AR RS  (E BB
5 K A\ (57 580 ' 4 10 a5 A -

BHFEMER

Wl R - BIIERE -5 R
(germ tube, SUFf§ sporling or germling) * [fil
o R TR A B 0 R AL E R P b A K
M+ 8 5 Wi 1% 3 & (polarized cell
development) 3¢ %05 F % (apical growth) *
i R G Tk A i (AT % M
MAS T W% - S Atk RE PR
AR - (HEF I 2 mH AR BERY & 0l
A SR B RS0 1 mAEIYSOfE ™ - A L f

(0] 2 e e i R R R 2T
CERAEMSE | (steady-state hypothesis), ol F%[#
o 2 ek S P R o+ N S S B HY)
& A IERG AL U T B (chitn) K2 4 (1-3)
WL o B S ST 1 R A Ui R 4
[ERNER R LY QORI LS SP R R 4,
(cross link) * [AIFH & (polymerization) X
M 5% 1% 9F2 BB KA o -+ BEHEE R B
(1-6) B + At FLAS (] 54 {73 {8 MLk A 5% i FE2 ke
X[ Ao e Y F R TEYIE
| (dynamic-state hypothesis) it Bl 5¥
- (LA R LA ) R i o (LA {8 A
R Bz 1 A AL A | At AR R E 1) 7 e A
Flfy i MR BE A ' o A SRV 1 B
s WESE( AN el L (subapical zone) #E
PRI KA R AR R - B 0 MR
) Ky 5 1 BT O R RSE R B P = [ ] A i
1M Brunswik (1924) 481 &5 5 (4 7 f  Oii
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A—FHEWEMmMBZEHMME (Spizenkor
-per, apical body)“g) o 1% 0 GirbardtiE—
S ERARERERC" - 804
KW — (LI B R T RIS E 240
HYZEEE A Rick Howard (198 )FFfth B 3§
B RE s A M B Fusarium
acuminatum BEHHRIHIIHETI R > FERFIR
THREZSEMNIRR  VEKERIS EHEE
B/ INVE HE RCHY TR AR A 3 B B R BR B 1
BE - 2)imis S a5 M/ WERS K B IR ILREAE
U B A Y = AE AR RS SE - 3) MR A
(vesicles) & R EL{H/|\E (microtubules){$RE

4y — B ¥ R AU IR B 25 A S
(filasome) & R HRE & B VE A AT BR A 22
B AR aREmC -

19894F » Barnicki-Garcia er al. B335 AE 7]
BE R/ MILEE (vesicles) HOHLAERL® o 1992
F oo L KER Bracker R LE
Lopez-Franco®|F Ek G 2 EHIMER (video
enhanced light microscopy) ¥IREH I intd
e EEEBIEEM N0 REF

RN E A RB S o HEX m iF A
H /R SREEEER  RIBERERR -

{RETEER (vesicle theory) A] LR FEMHAEAY S
mAER - (HEEEBNEE > efMETHNA
R BUEWEEAEM T E I 2 RN
77 o WH R/ E] 53 FTE - —FE K/ NE40-
80nmZ ] 5 55— HI7£100-200nm Z i
0 o =i BB b R 25 AP T IRM B4 T
Bt - EMRK/NKEITE40-70nmZ[H
A, P aiE A TRE T Al S
ETHE - £ TEHEBNEE13MIEE K
23EHE  EH% T HEGMER (chitin
synthatase) ° ERJHR{AKIELE > AJEE
B E X BEHE M - Barnicki-Garcia (1990) 25
AN SR (zymogen) @ & EM#HE
F LU R S  FRERE
BEgE LT TR ghEE”

R R T R R A Y

LIXT$E B (Neurospora crassa) B » #5i0
EIRERE (50-500mM) % 5 X 28 @ik
'Frost' & 'Spray'Ge & [ BY £ A » T LIF5EEF
A8 PHL B B Verpamil HI R {58 BF 4 RIS AL % 43
ARG o G e 738 T BT LR A RE O AR
B4l chlorotetracyclin (CTC) 2RI % fE L #Y
§5 8 F ¥2  8(Indo-1 ~ Fura-2 ~ Fluo-3% %
I MR A B s o Bk th AT LR
P95 B — R ERREIE"Y - B
AN ERELEREEREARLETE
RECE > RTERRRER EFRR/NO -
LlSaprolegnia feraxB 1l » Jackson and
Heath (1993) 3R B H§58 2 £ PERE
RIFECTCH LIFE S HISBAN L EPIERR
BETY o FIlF patch-clampis 7 S5 I B 4k AL
Vb E A $58 @38 (calcium channel) 7%
1E - B RERMEWE » —EE RS
FIELRISTEE 7588 - el ReF FETHAR
PRI + 5 — 1 I 2 57 45 R RS Eh i £
T - BRI TS > mMA
BRI R AR « 2 HUromyces
appenculatusPf =& 23 2 X - A] Re G LB 1%
0o B HTE R R RS E L EE R
MEE B E MR um > HARE RS EME
EER L RAREZFREEERNAE
hiGEE TR RKA A > EBEEER
calmodulin, cAMP, cGMPB}‘J%Eﬁ(mJZI) o 1%
HE 2 Bl FHRIRERZENNT 1)
{RBEALENE 5 RS (G-actin) B A% H8 (F-
actin) » MEMEELN 2mBHEEET™ 2)/)
VR RO T I B W RO R- N ORAR)
(exocytosis)''*? » 4y T EIEK » 5)#
{HE2 & Saccaromyces cerevisiae FREIHHMEER
HAERMERECDC24EE LAt Z —(E
pEm RS EE .

A (turgor pressure) SRR Y=
R4 KRB » Burnett (1979) BB HRE
TR IR RN » HEIRUREE » HILE
AT LB E R s £ - B E
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BEREELIETEZER (osmometry) HY /7
ARIERL » 34 B AT LA— 1 AR S R HY R )
HasEm o BT —-RABEBEANE
FHRA » {HAchlya bisexualis BI{# 1F5¢ 2%
EAIRT TRl AR ER » WA
BMETES B BB SUBIRITT » B
%ﬁﬁ@ﬂﬁf@ﬂlﬂl«i@%%ﬁﬁam) o LASaprolegnia
ferax BPEL » MO S T8 ERE BT tetrapentyl
ammonium chloride ¥ » Efh4E R FEH
BERANR A B - BILELE IR L
EXESNEEM2E B EMN

(galvanotropism) ° B pH(go) - $REF

e  'mgmE e - EERRA
SLEHMMTE » BRBEEGEE RGN
BB AE R - ER—ERETKHER
HREIE  HAYE FBEE A e R
2 o

E=E-r 0P x

BTEIEHZEEAFTENEM - KIE
EFLFEREHEEMNHEERTRE—E
2o LEEANSRAMESE LB
LR o B Sclerotium rolfsii »
Rhizoctonia solani ~ Sclerotinia sclerotiorum
K Cristulariella moricola ' EWK—Fi €
#I12 A® (infection cushion) BXHE 5 #8 zCHt
%52 (compound appressorium)” " AR3E FI I,
—HE - BTHEREREMH AR
B bR EEREL N EEEELLF - F
B8 /Y 3 & 1] DL 2 % Armentrout and
Downer (1987)(4) ~ BiE (1988)(1)%?5% » K
G RE PRI

BN TR (sense)) EIFFEM
EIT L RAETEG iR E R, - 280
EREREREWEEANRmMAERARE K
Emmet & Parbery (1975) HIRES » MZasn]
Koy =% : [fHIZE2§ (protoappressorium) °

HEAFTESY (hyaline appressorium) KB afft
252 (dark appressorium)®” o {8 HIHE
B R R BRIRAE BAZLE (cessation of
apical growth) > B ffsUmlZ X (balloning of
cell tip) * HERFIRFZAL (septum formation) &
B #E(L (melanization) % % {E 5 BR (1
Ti) o EA L TEM SRR H SR £
RiZ ik MMERM S ERRPITRE
FRED 7 ) B AT R A R BEE W T [
0 AR BRI Y/ i A s AR
f4 J& 388 o3 A & AR HERA K (balloning) © {B
— i B R R R K MR £ 77 @ %
T HERIRA I AL - DA R 3 25 R B
o o BEMZ SR FHRFRKIELSE4 N
Rzl - BERFRTEF —BREFER
A #T L BEFE M ZE SRR
HEBTFHN—BEEET L MR
HE AR 23 (sessile appressorium) ° H
HLBYMER USSR F BT kM EeR
R > SR YT LIFE Botrytis sp.
DU NTF B R BT Y - TR
B & Cochlibolus Mt & 8§ 2 T B 3% W iR
(guttation water) HI{E#E® o BB EHI S
WYL AT {RE RIS (C. piperatum) ZMZE
B - —fEHEY S RAHE - 245
(ethylene) » E#%EAT LIFERER C.
gloeosporioides ]k C. musae H-F 35 K3
B - BAREAEE K RRA
HHEUBHEYY o BEE (Puccinia
graminis) M3 8RR R RFL T BAIIZ AL
M TR AU R A E Y o MackoHIIFS
HEZY)E Facrolein (2-propenol)(95) o —LLf
B HE S B T LUA R BE S8 (U
appendiculatus) s A
BEEENMA K~ CaBfFEUHNE - THER
EEMEEMERREAEE - Bt
4% 2 cAMP ~ c¢cGMP ~ 3-isobutyl-1-methyl
xanthie > 4-(3-butoxy)-4-methylbenyl-2-
imidazoleidionone ~ NaF - Forskolin,
adenosine ~ 2 ' -deoxyadenosine F1LEZ¥HE
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PR S B E R A R » TEFT R
REMEEMERREEMEZARER
HIRT SN 35 i 12 AR 32 28
Vo R T WHE—E BB EHE
¥ M BREMRE  AfERREE
MEESHEY FLEHEIFERE M
RUERERR IR A » WRIEE (Collectotrichum
spp.) &% - BRE (Erysiphe polygoni)
~ B® (Peronospora parasitica ) "'® ~
Endocronartium harnessi® B Phyllosticta
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An appressorium and a secondary microconidium of a germinated conidium of

I'he conidium first germinated to form an appressorium

whthin 9 hours and then a conidiogenous cell pertruded from the second half of the

conidium and formed a secondary conidium.

The phenomenom may be common in

nature which account for some degree of infection. (Courtesy by Kuo, K. C.)
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Fig. 4. An appressorium of Collectotrichum gleosporioides. The halo ring revealed by a
differential interference contrast microscopy in the center of an appressorium indicates
the point of infection (arrow). (Courtesy by Kuo, K. C.)
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Fig. 5. The appressorium and infection peg of Greeneria uvicola on grape berry. (Courtesy by
Kuo, K. C.)

5 ~ SPGB 2 8 B2 A » HLo i A Gk i T 4
Fig. 6. The appressorium and colonizing hyphae of Phyllosticta ampelicida. Note that the
colonizing hyphae go through anticlinal wall . (From Kuo and Hoch (1996) by permission

of Mycologia)
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ABSTRACT

Kuo, K. C. 1998. The early stages of infection behavior in plant pathogenic fungi. Plant
Prot. Bull. 40: 1-23. (Taiwan Agricultural Chemicals and Toxic Research Institute, Wufeng,
Taichung, Taiwan, R. O. C.)

Plant fungal pathogens have evolved in many ways biochemically and morphologically to
ensure their spores can penetrate into their host immediately after spore attachment. Among these
changes, one of the most crucial stage is to from a highly specified structure called 'appressorium'
that is widely seen in many plant pathogenic fungi for penetration. Appressorium is recognized
as the first step that plant fungal pathogens facilitate themselves morphologically in penetrating
into their plant hosts. Based on the current knowledge available, the detail procedures of
appressorium formation is different among different taxonomic group of fungi and, thus, to
understand the detail process and mechanism that resulted appressorium formation are necessary
for developing noble measures for plant disease control. The detail process of appressorium
formation may be divided into several steps such as spore adhesion, spore germination, apical
growth, tip swelling, nuclear division, septation and, in some fungi, melanization. The adhesion
of fungal spore and sporlings may be dominated by different kind of mechanisms. Up-to-date
information indicates that weak forces especially hydrophobic-hydrophobic interaction and
colloid theory play important roles in explaining the adhesion of fungal spores. Tip growth is
another unique feature in fungal physiology and at least two hypothesis have been proposed:
'steady-state hypothesis' and 'digest and rebuild hypothesis'. In recent years, a more detail
information collected through real time video taping has revealed a more dynamic nature of the
tip growth. A more dramatic changes occurs when the germlings 'sense' the differentiation signal
and undergoes a series of physiological changes that include reorganization of organell and
cytoskelton, balloning of cell tip, synchronous nuclear division and septation etc. Accompany
these, a more and more documented information indicated that the role of extracellular matrix
may important in terms of adhesion, differentiation and, also, triggering host defense responses.
The detail study of the mechanisms of disease initiation will help plant pathologists to discover
noble means for disease management. This review mainly focus on the cell biology in model
systems such as Magnaporthe grisea, Collectotrichum lindermuthianum, and Uromyces
appendiculatus in order to give an overview of recent progress of disease initiation and their
potential application in disease control.

(Key words: plant pathogenic fungi, apical growth, appressorium formation, disease initiation)



