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ABSTR ACT 

The aim of th is thesis was to investigate the effects of carbon dioxide 
on ethylene-fo rming enzyme (EFE) and its regulatio n  in both Hosui and 
G ranny S mith fruit discs. 

1. From measurement of respi ration rate and ethylene production  after 
harvest and response of them to propylene treatment, it has been shown 

c.v 
that Japanese pear 1/f Hosui g rown in N ew Zealand is a noncl imacteric fruit. 
G ranny Smith apple showed different respiration and ethylene production 
patterns i n  different seasons. Because fruit produced typical cl imacteric 
respirat ion and ethylene peaks, Granny Smith apple is a cl imacteric fru it. 

2 . The rapid rise of ethyle ne production and respiration measu red at 21 oc 
showed no time lag in G ranny Smith fruit after storage for 20 days at low 
temperature (1 °± 1 °C) compared to those immediately measured after 
harvest at 2 1 °C. Ethylene production and resJ?iration  rate also i ncreased 
faster and to a greater extent i n  fruit expo� to low temperature than in 
fruit measu red immediately after harvest. This ripen i ng behavior is s imilar to 
that of Eu ropean pears and Golden Del icious apple. I n  contrast to Granny 
Smith apple, ethylene production and respi ration patterns of Hosui were not 
changed by low temperatu re storage. 

3 .  A rel iable method for testing ethylene forming enzyme (EFE) activity in 
fruit discs of Hosui and G ranny Smith was developed. 

4. At harvest time EFE activity was present in  Hosui  fruit, but not in Granny 
Smith apple. EFE development showed a simi lar pattern in both fruits , 
i ncreasing  steadily i n  fruit stored at low temperature .  

i i  

5. Carbon dioxide stimulated EFE synthesis i n  fruit discs o f  precl imacteric 
G ranny S mith, but not i n  those of Hosui. Carbon dioxide stimulated EFE .·�·e-4 
activity i n  Hosui fruit discs during the short term storage at 1 °± 1 oc, after t.g.t 
C02 lost its stimulatory effect. In contrast to Hosui ,  C02 stimulated EFE 
activity in G ranny Smith fruit discs throug�the measuri ng period tested. 

· - rut 



6 .  Carbon dioxide was not able to reverse eo++ (an EFE activity i nhibitor) 
-.14�·" 

i nh ibitory effect on  EFE activity i n� types of fruit discs. This result 
showed that C02 could di rectly stimu late EFE activity. 

i i i  

7. The sti mu latory effect of C02 on EFE activity was dependent on 
exogenous ACC. EFE activity in  both types of fru it discs was lower i n  0 .4  M 
mannitol solution than i n  0 .8 M solution ,  but EFE lost the capabi l ity to 
respond to C02 in 0 .8 M mannitol so lution. This suggests that the EFE 
located in the p lasma membrane is the main form to respond to C02 in  both 
types of fruit discs. 

8 .  Results from kinetic studies i ndicated that EFE i n  discs of both Hosui and 
G r�nny S mith fruits was not al losteric. The apparent Km values of EFE for 
ACC were 0 . 1 66 mM for Hosui ,  and 0 . 1 93 mM for G ranny Smith apple.  
Carbon dioxide i ncreased the maxim u m  reaction rate of conversion  of ACC 
to ethylene without chang ing apparent Km values of EFE for ACC in discs of 
both Hosui and G ranny Smith fruits. l t  suggests that the mechanism of the 
di rect stimulatory effect of C02 on EFE activity was due to the formation of a 
co2-EFE-ACC complex and/or EFE-ACC-C02 complex which increased 
the maximum rate of the reaction wh ich resu lted in the conversion of ACC to 
ethylene. 

9 .  S i lver ions inhibited ethylene production i n  Granny Smith fru it discs, but 
not in Hosui fruit discs which did not produce detectable ethylene. Low 
concentrations (<0.25 mM) Ag+ stimu lated, but h igh concentrations (>0 .5  
mM)  i nhibited , EFE activity i n  both types o f  fruit discs. Carbon dioxide did not 
reverse the inh ibitory effect of Ag+. Because only System I ethylene recaptor 
is thought to occur i n  Hosui ,  a noncl imacteric fruit, and the inh ibito ry effect of 
Ag+ on EFE activity in discs of both types of fru it were similar, results 
suggest that EFE activity was regu lated by the System I ethylene recaptor. 

1 0. Norbornadiene (NDE)  is a competitive ethylene action inhibitor, which • 

i nh ibits ethylene synthesis by binding to the ethylene bindi ng site of ethylen e  
receptors. At 0 .5% (v/v) ,  N DE inh ibited EFE activity in  both types of fruit 
discs, and this i nhibition was partial ly  reversed by co2 in discs from unripe 
Hosui and preclimacteric G ranny S mith fruit. These results suggest that C02 
might ind i rectly stimulate EFE activity by binding competitively to the System 
I ethylene recaptor at the ethylene binding site. When Granny Smith was at 



the cl imacteric stage C02 did not reverse the NDE inhibitory effect on  EFE 
activity. 

iv 

1 1 .  Accordi ng to the response of EFE to C02 and the mechanisms of the 
response, cel ls in  Hosui and G ranny Smith fruits were dist inguished i nto four 
different types. During ripen ing,  cells in  fru its changed their  type, thereafter 
the responsiveness of EFE to C02 changed . A model is presented to 
explain the mechanism of C02 on EFE synthesis and its activity through 
i nteractions with EFE directly and the ethylene receptors indirectly. 
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