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ABSTRACT 

This thesis examines the role of kiwifruit host resistance and, in particular, of kiwifruit 

chitinases, in preventing infection by Botrytis cinerea. The effects of various host and 

pathogen factors on disease incidence were studied in artificial inoculation trials. High 

inoculum loads and addition of yeast extract to spore suspensions significantly increased 

infection, and most rots were visible within 6-8 weeks of harvest. In contrast, the 

average time taken for symptoms to appear increased (8- 12 weeks), and total infection 

decreased when fruit were harvested later in the season or exposed to a curing treatment 

( 6-24 h at 20°C) following pedicel removal. These findings indicate that kiwifruit can 

develop postharvest resistance to B. cinerea. 

A range of chitinase assays, including four colorimetric, two fluorometric, a viscometric 

and a radiometric assay, were evaluated and adapted for use in the kiwifruit!B. cinerea 

system. Most published methods proved too insensitive to quantify the levels of chitinase 

in this system ( 1 60-6400 ng solubilized substrate/rninute/g of stem plug tissue). 

However, a radioassay resolved two-fold concentration differences and distinguished 

ng/min/g amounts of activity in plant extracts. For detection of chitinase activity in gels 

after isoelectric focusing, a highly sensitive gel overlay assay was used. This assay was 

also adapted for use in petri dishes to facilitate rapid, qualitative screening of large 

numbers of fractions generated in the process of protein purification. Exochitinase 

activity was assessed usingp-nitrophenyl-/3-D-N,N' -diacetylchitobiose as a substrate in 

a colorimetric assay. 

Differences between plant and fungal chitinases were evaluated by measuring exo- and 

endochitinase activities in healthy and diseased regions on live and autoclaved leaves. 

Endochitinase activity was associated with the plant, since it was found in both healthy 

and diseased areas on leaves, but was absent in autoclaved tissue which had been 

subsequently inoculated with the fungus. Conversely, equivalent amounts of exochitinase 

activity were present in diseased lesions on live and autoclaved leaves, but were absent 

from uninfected areas, showing that all exochitinase activity was of fungal origin. 
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Enzyme activity was measured in the stem plug (picking scar wound and the underlying 

sclerified tissue ), because this area was found to have higher chitinase and lower 

protease activity than the main body of the fruit. The initial level of endochitinase 

activity at harvest was not affected by fruit maturity, but subsequent increases in activity 

during coolstorage were most marked in later harvested, more mature fruit. Levels of 

chitinase in the stored fruit from four different harvests correlated with resistance to B. 

cinerea. Curing treatments (1-7 days at 20°C prior to cool storage ) significantly reduced 

infection and induced activity of a single constitutive basic (pi:::::9) 30 k:Da protein with 

putative chitinase activity, but did not significantly increase total chitinase activity. At 

least one basic and two acidic isoforms were present in uncured, uninoculated healthy 

tissue, and inoculation with spores of B. cinerea appeared to induce new basic and acidic 

isoforms. 

Application of chitosan was evaluated as a potential technique for controlling stem end 

rot. Solubilization of chitosan required an acidic solvent, but use of this solvent without 

pH adjustment predisposed host tissue to disease. No chitosan treatment significantly 

decreased infection below the level found in the inoculated control, hence chitosan is 

considered unlikely to have commercial application. 

Cation exchange and gel filtration chromatography were used to purify to apparent 

homogeneity a protein with associated chitinase activity from cured kiwifruit stem plugs. 

The N-terminal sequence of this protein did not resemble any known chitinases, but 

exhibited 65-72% amino acid identity with thaumatin-like (TL ) proteins in barley and 

tobacco and 66% with zeamatin in maize. This represents the first record of a TL protein 

in kiwifruit. Further analysis of the extract by Western blotting indicated that the 

previously ascribed chitinase activity was most probably due to small levels of 

contaminant chitinases. Properties of TL proteins include enzyme inhibition and 

membrane permeabilization of fungal hyphae. In addition, some thaumatins are sweet 

tasting. Further investigation is required to determine whether this compound influences 

resistance and taste in kiwifruit. 

Overall, the results from this study support the theory that chitinases are involved in 

kiwifruit resistance against B. cinerea, although the low level of induction relative to 
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other crops and slowness of the response suggest that they are not the primary defence 

mechanism. 
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as affected by A )  incubation time averaged over enzyme 
concentration, and B) enzyme concentration averaged over 
incubation time, measured in 1 994. Enzyme concentration 
is expressed as a percentage of undiluted 93/N/I/H extract. 
a,b,c represent significant differences in Duncan's Multiple 
Range test (a=0.0 5). 

Number of disintegrations per minute (square root 
transformed) of uncured, inoculated, healthy kiwifruit stem 
plug extract (93/N/I/H) in the Molano et al. ( 1 977) assay, 
as affected by A) interaction between enzyme 
concentration and temperature, and B) enzyme 
concentration averaged over temperature, measured in 
1 994. Enzyme concentration is expressed as a percentage 
of undiluted 93/N/I/H. extract. LSD = least significant 
difference. 
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FIGURE 
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6-3 

6-4 

6-5 

Relationship between enzyme concentration and number of 
disintegrations per minute (raw data) of low activity, 
uncured, inoculated, healthy kiwifruit stem plug extract 
(93/N/I/H) and high activity, cured, uninoculated, healthy 
(94/C!U/H) kiwifruit stem plug extracts in the Molano et 
al. (1977) assay, measured in 1994. Enzyme concentration 
is expressed as a percentage of undiluted 93/N/I/H or 
94/CIU/H extract. 

Chitinase activity (square root transformed) m 
uninoculated, healthy kiwifruit, assessed before and after 
12 wk storage at 0 ± 0.3°C in 1993. Chitinase activity is 
expressed as ng of tritiated chitin solubilised per minute 
per ml of crude extract. LSD= least significant difference. 

Chitinase activity (square root transformed) in healthy and 
diseased kiwifruit inoculated with 5,000 spores of B. 
cinerea per stem scar before storage, assessed before and 
after 12 wk storage at 0± 0.3°C in 1993. Chitinase activity 
is expressed as ng of tritiated chitin solubilised per minute 
per ml of crude extract. LSD= least significant difference. 

Absorbance values (raw data) from ELISA tests of 
polyclonal sugar beet chitinase CH4 antibody against 
kiwifruit antigen. A) 31 July 1995, no replication, B) 2 
August 1995, mean of two replicates per treatment. 
Antigen comprised crude, healthy, cured 94/CIU/H and 
uncured 94/NIU/H kiwifruit stem plug extracts. CH4 
antibody was diluted 1000-fold in PBS-Tween. 

Percent infection (square root transformed) of fruit after 12 
wk storage at 0 ± 0.3°C in 1993, as influenced by A) 
inoculation, solvent and/or chitosan application (averaged 
over elicitation temperature), B) elicitation temperature 
(averaged over inoculation, solvent and/or chitosan 
application). LSD = least significant difference. 

Relationship between chitosan concentration and percent 
infection (raw data) of fruit, after 12 wk storage at 0 ± 
0.3°C in 1993. LSD== least significant difference. 
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7-2 

Chitinase activity (loge transformed) of fruit, as influenced 
by inoculation, solvent and/or chitosan application, and 
after 0, 1, 2 or 3 days "curing" exposure to A) 0°C or B) 
20°C. Stem plugs were extracted from the fruit 0-6 days 
after harvest. Chitinase activity is expressed as ng of 
tritiated chitin solubilised per minute per ml of crude 
extract. ! = end of curing period. 

Chitinase activity (loge transformed) of fruit, as influenced 
by inoculation, solvent and/or chitosan application, and 
after 0, 1, 2 or 3 days "curing" exposure to A) 0°C or B) 
20°C. Stem plugs were extracted from the fruit 0-42 days 
after harvest. Only data from healthy stem plug extracts are 
presented. Chitinase activity is expressed as ng of tritiated 
chitin solubilised per minute per ml of crude extract. ! = 
end of curing period. 

Percent infection (raw data) of fruit assessed after 12 wk 
storage at 0 ± 0.3°C in 1994, as influenced by A) solvent 
type (averaged over solvent pH adjustment and chitosan 
application), B) solvent pH adjustment and chitosan 
application (averaged over solvent type). a,b,c,d represent 
significant differences in Duncan' s Multiple Range test 
(a=0.05). 

Chitinase activity (raw data) m cured, uninoculated, 
healthy 94/C/U/H kiwifruit stem plug extracts as 
influenced by A) storage duration (averaged over storage 
temperature), B) storage temperature (averaged over 
storage duration), assessed in 1994/1995. Chitinase activity 
is expressed as ng of tritiated chitin solubilised per minute 
per ml of crude extract. LSD= least significant difference. 

Actinidin activity of cured 94/C/U/H kiwifruit pericarp and 
stem plug extracts with and without sodium tetrathionate 
(NaTT) protease inhibitor, as measured by percentage 
increase in absorbance at 340 nm over time, in 1994. 

Schematic diagram of corresponding chitinase activities 
(shaded areas) m the Rotofor fractions of diseased 
92/N/I/D kiwifruit stem plug extract, as detected by 
Calcofluor staining of an overlay gel with a glycol chitin 
substrate. Dashed line indicates position of applicator strip. 
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FIGURE 
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7-5 

7-6 

Schematic diagram of chitinase activity (shaded areas) in 
Rotofor fractions of healthy 92/NIU/H kiwifruit stem plug 
extract, as detected by Calcofluor staining of an overlay 
gel with glycol chitin as a substrate. Std, pi standards (1 
�-tl); 1, 2, 3 . .. 18, 19, 20, fractions collected after 
electrofocusing in the Rotofor, where fraction 1 was closest 
to the Rotofor anode, through to fraction 20 which was 
adjacent to the cathode. Rotofor fractions were applied as 
10 �-tl aliquots to each well. Dashed line indicates position 
of applicator strip. 

Elution profiles and chitinolytic activity of chromatography 
fractions of cured 94/CIU/H kiwifruit stem plug extract. A) 
Econo-Pac S cation exchange, B) SEC-S3000 gel filtration. 
Chitinase activity is expressed as ng of tritiated chitin 
solubilised per minute per ml of extract. 

Elution profiles from various stages of protein purification 
using cured 94/CIU/H kiwifruit stem plug extract. 
Fractions with chitinase activity were identified by the 
Calcofluor petri dish assay. A) Econo-Pac S cation 
exchange, B) SEC-S3000 gel filtration of "CHa", C) SEC­
S3000 gel filtration of "CHb". 

N-terminal amino acid sequence comparisons between a 
kiwifruit thaumatin-like (TL) protein and other TL 
proteins. CHb (ii), thaumatin-like protein from kiwifruit 
stem plug extract; PRRI, tobacco pathogenesis-related 
protein PRR1; PRR2, tobacco pathogenesis-related protein 
PRR2; THHR, barley pathogenesis-related protein fragment 
THHR; ZEAM, maize zeamatin fragment; AP24, tomato 
pathogenesis-related protein fragment AP24. Amino acids 
from position 1 up to a maximum position of 29 in 
CHb(ii), THHR, ZEAM and AP24 are aligned with amino 
acids in positions 26 to 54 in PRRl and PRR2. Positions 
with identical residues in all proteins are marked with 
asterisks, and conserved positions (amino acid substitutions 
that are unlikely to alter function) with + signs. 
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LIST OF PLATES 

Symptoms of Botrytis cinerea stern end rot on kiwifruit. 
External symptoms (right hand fruit) comprise a darkening 
of infected fruit tissue that starts at the stern end and 
advances with a sharply defined front towards the distal 
end. Infection has progressed about halfway through the 
fruit in the picture. Internal symptoms (left hand fruit) are 
the glassy water soaked appearance, initially green but 
changing to brown, and the mushy texture of the diseased 
tissue. 

Longitudinal section through a kiwifruit showing the stern 
plug - an area comprising the stern scar (created by pedicel 
removal), and the underlying pin of woody tissue. 

Stainless steel mortar and pestle used in preparation of 
enzyme extracts. One to three kiwifruit stern plugs were 
placed in the mortar, and the pestle was positioned on top 
then struck with a hammer to crush the tissue. 

Close-up of the Haake 001-1926 viscometer showing the 
position of a gold ball bearing ( arrowed) moving through 
liquid in an inverted syringe. The time taken for the 
bearing to descend 2 ern between the two green lights on 
the viscometer was recorded in milliseconds. 

The complete viscometer system. Temperature was 
maintained at a constant equilibrium by circulating water 
from a temperature-controlled water bath through the 
viscometer via rubber hosing. Readings from the 
viscometer were transferred directly to a computer at 30 
second intervals. 

Glycol chitin petri dish assay for endochitinase activity. 
Test samples were placed in 30 Ill wells punched into agar 
containing the glycol chitin substrate. After incubation to 
allow for enzyrnic digestion of the substrate (typically 5 h 
at 37°C), the plates were stained with Calcofluor white. 
Glycol chitin degraded areas were visible as dark circles 
against a fluorescent blue background. Dark nngs 
surrounding the two wells in the bottom left hand corner 
of the plate indicate that the samples in these wells have 
chitinase activity. 
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7-2 

Removal of the top 3-4 mm of the stern plug with a 5 mm 
diam. drill bit. 

Western analysis of proteins in crude, cured and uncured 
kiwifruit stern plug extracts, treated with CH4 antibody 
raised against a sugar beet basic chitinase. Lane 1, 12.5-
fold concentrate of uncured 94/N/U/H extract; lane 2, 
original uncured extract; lane 3, 12.5-fold concentrate of 
cured 94/C/U/H extract; lane 4, original cured extract; lane 
5, molecular weight standards. Each lane contained 5 !J.l of 
extract. CH4 antibody was diluted 500-fold in PBS-Tween. 

Total proteins and corresponding chitinase activities of 
cured and uncured crude kiwifruit stern plug extracts as 
detected by silver staining on a pH 3-10 isoelectrofocusing 
polyacrylamide gel (A) and Calcofluor staining of the 
associated overlay gel with a glycol chitin substrate (B). 
Lanes 1-2, pi standards; lanes 3-4, replicate uncured 
94/N!U/H extracts; lanes 5-6, replicate cured 94/C/U/H 
extracts. 

Silver stained pH 3-10 IEF gel of total proteins in Rotofor 
fractions of diseased 92/N/I/D kiwifruit stern plug extract. 
Std, pi standards (1 �-tl); C, crude unfocused 92/N/I/D 
extract; 1, 2, 4 .. . 18, 19, 20, fractions collected after 
electrofocusing in the Rotofor, where fraction 1 was closest 
to the Rotofor anode, through to fraction 20 which was 
adjacent to the cathode. Rotofor fractions were applied as 
10 �-tl aliquots to each well. 

Total protein and corresponding chitinase activities of 
cured 94/C/U/H kiwifruit stem plug extract after 
fractionation during protein purification. Proteins on a pH 
3-10 IEF polyacrylamide gel were silver stained (A) and 
chitinase activity in the glycol chitin overlay gel was 
detected by Calcofluor staining (B). Lane 1, pi standards 
(1 !J.l); lane 2, crude cured 94/C/U/H extract; lanes 3-6, 4 
�-tl samples of concentrated 94/C/U/H extract after 
separation on cation exchange and gel filtration columns; 
lane 3, unbound chitinase; lane 4, bound chitinase fraction 
CHa (ii); lane 5, bound chitinase fraction CHb (i); lane 6, 
bound chitinase fraction CHb (ii). 
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Coomassie stained SDS-PAGE of total proteins in cured 
94/C/U/H kiwifruit stem plug extract after fractionation by 
HPLC on an Econo-Pac S cation exchange column . Lane 
1, unbound chitinase (CH) eluted at 3-10 min; lane 2, 
unbound CH eluted at 11-20 min; lane 3, bound CHa 
eluted at 27-30 min; lane 4, bound CHb eluted at 31-36 
min; lane 5, molecular weight standards. 

Silver stained SDS-PAGE of total proteins in crude and 
purified cured 94/C/U/H kiwifruit stem plug extract. Lane 
1, molecular weight standards; lane 2, crude extract; lane 
3, � 5 J..lg of fraction CHb (ii) recovered from the central 
peak (14 min) of gel filtration chromatography on a SEC­
S3000 HPLC column following adsorption to an Econo­
Pac S cation exchange column. 

Western analysis of proteins in various chitinase 
preparations treated with CH2 and SP antibodies raised 
against sugar beet basic and acidic chitinase. Lanes 1 and 
6, molecular weight standards; lane 2, partially purified 
bean chitinase; lane 3, purified kiwifruit chitinase = 
fraction CHb (ii); lane 4 uncured 94/N/U/H crude extract; 
lane 5, cured 94/C/U/H crude extract. Each lane contained 
� 5 Jlg of protein. CH2 and SP antibodies were diluted 
500-fold in PBS-Tween. 
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analysis of variance 

analytical reagent 
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enzyme linked immunosorbent assay 
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RO reverse osmosis 

SA sulfosalicylic acid 

SDS sodium dodecyl sulphate 

SEM standard error of the mean 

TEMED N,N,N
' 

,N
' 
-tetrarnethyl-ethylenediarnine 

TCA trichloroacetic acid 

TL thaurnatin-like 

TMV tobacco mosaic virus 

Tris tris(hydroxymethy 1 )amino methane 

TSS total soluble solids 

UDA Urtica dioica agglutinin 

VP vine position 

WGA wheat germ agglutinin 




