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ABCTRACT 
 

The present study aimed to investigate the mutagenic effect of acriflavine and some plant growth 

hormones on mitochondrial DNA of Saccharomyces cerevisiae. Two yeast isolates isolated from different 

sources were used in this work. The results of acriflavine treatments showed significant toxicity on the 

viability of yeast cells via a dose – response appeared. This means that the survival of cells was decreased 

with the increasing in acriflavine concentrations. This is a clear evidence for the toxic action of acriflavine on 

yeast cells. At the concentration of 1 ppm the parent cells of isolate – A retain the normal respiratory abilities, 

while the isolate – B was less affected. The high rate of petite mutants appeared when the cells were exposed 

to 4 ppm. Isolate – B was more sensitive to acriflavine than isolate – A regarding the decline in the viability 

of cells and respiratory deficient mutants induced. In addition, kinetin and naphthyl acetic acid showed a dose 

– response for the viability of yeast cells without respiratory deficient mutants induced. This indicated that 

both plant growth hormones enhances the division of yeast cells leading the cells to continue growing. In 

addition, plant growth hormones plays several vital roles in biochemical processes related to cell cycle of 

yeast cells. The signaling molecules regulated cell growth must received significant attention because it is 

alarm sounds for the potential of carcinogenicity.  

Keywords : Respiratory deficient mutants , Saccharomyces cerevisiae , viability , acriflavine , kinetin , 

naphthyl acetic acid. 
 

INTRODUCTION 
 

Studies on respiratory deficient mutants in yeast has 

opened a new field in microbial genetics so – called 

biochemical mutations. Respiration deficient mutants shows 

a clear – cut variation from respirationally wild type yeast 

with respect morphological, physiological and enzymatic 

traits. Respiration – deficient mutants in yeast were less 

efficient in the utilization of sugars than the wild type strains 

and is, therefore, slower in growth (Ephrussi 1953). This 

outstanding trait leading the colonies of mutants are much 

smaller than the wild type colonies when the concentration 

of the sugar was low in the nutrient medium. In contrast to 

baker
'
s yeast, most fungi cannot survive when mtDNA 

deleted function even when they are grown in the presence 

of a fermentable carbon source (Chen and Clark – Walker, 

1999).These mutants are the designatied petite colonies.  

These mutants were induced by a certain factor which 

resides in the mitochondria, as well as, by a nuclear gene 

mutation. The cytoplasmic element controls the formation of 

a series of respiratory enzymes which is autonomous in its 

replication but it was dependent on a dominant nuclear gene 

in its function (Yanagishima, 1958). 

The baker's yeast has been used to characterize a 

wide variety of chemical agents that affect mtDNA. These 

agents induce respiratory deficient mutants that induce a 

complete or partial loss of their mitochondrial DNA 

(Berlin et al., 2005). The petite mutants lacked a 

mitochondrial function which exhibited extensive deletion 

of mt DNA ( p- ) or no mt DNA ( p
0
 ) (Contamine and 

Picard, 2000). Petite – negative mutants are not able to 

form small colonies. Instead, they form micro colonies that 

are die before becoming visible to the naked eye. In 

addition, the " petite positive " mutants were defined as a 

species able to form small respiration – deficient colonies 

after mutagenic treatment (Fekete et al., 2007). 

Petite mutants in yeast are produced by the variety of 

chemicals. Most of them such as acriflavine are active only 

in dividing cells while others such as ethidium bromide are 

active in both dividing and non – dividing cells. Induction of 

respiratory deficient mutants in dividing cells was attributed 

to the inhibition of mitochondrial DNA replication, which 

results from the deletion of mitochondrial DNA in the 

progeny of cells. In addition, petite mutants induced in the 

non – dividing cells has been attributed to the degradation of 

mitochondrial DNA by DNase stimulated by the mutagenic 

agents (Iwamoto and Mifuchi, 1984). Acriflavine inhibits the 

formation of some cytochrome components of the 

respiratory system in yeast cells which are adapted to 

oxygen, this inhibition proceeds mutagenesis. 

Kinetin was first cytokinin isolated and identified in 

1955 (Miller et al., 1956). Cytokinin is the general name 

used to describe a plant-growth substance that stimulate cell 

division and It may play a role in cell differentiation. Most 

commonly, cytokinins comprise a group of N
6
-substituted 

adenine derivatives that produce division and organogenesis 

in plant cultures which affect  other physiological and 

developmental processes (Barciszewski et al., 1999).  

Kinetin affected to delay the reduction of 

chlorophyll, RNA and protein, as well as, enhances the 

formation of RNA and protein in leaf tissue of several 
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plant species. Actinomycin – D inhibit the effect of kinetin 

due to the influences on regulating DNA – dependent RNA 

synthesis (Osborne, 1965). Further, Von abrams and Pratt 

(1968). demonstrated that kinetin indirectly increases 

chlorophyll concentration as a result of directly stimulation 

RNA synthesis. Kinetin was isolated from autoclaved 

herring sperm DNA and it is an artificial DNA 

rearrangement product (Miller et al., 1956). It is dissolved 

in strong acids such as glacial acetic acid, although it is 

slightly soluble in ethanol, butanol, acetone and ether, but 

it is insoluble in distilled water (Barciszewski et al. 1999). 

Thus, the purpose of this study was to investigate the effect 

of acridine orange and Kinetin NAA on cell viability and 

respiration in the yeast Saccharomyces cerevisiae. 
  

MATERIALS AND METHODS 
 

Yeast strains : Two isolates of Saccharomyces cerevisiae 

were used in this study. They are designated A and B, 

isolate – A was isolated from a dry commercial baker
'
s 

yeast produced by Holw El Sham Company for Food 

Industries and Agriculture Investment , 6 October City , 

Cairo , Egypt . Isolate – B was isolated from a fresh 

commercial baker
'
s yeast produced by Lesaffre Egypt for 

Yeast Industry, Yeast Factory, New Nubaria City, Beheira 

Governorate, Egypt. 

Growth medium : Yeast extract peptone dextrose 

medium (YEPD) consisted of yeast extract 0.2 % , glucose 

2 % , peptone 2 % . When solid medium was required 2 % 

agar was added. Yeast extract peptone glycerol (YEPG) 

medium was used for detection of respiration deficient 

colonies, it was as similar to YEPD but 2 % glycerol was 

added instead of glucose. YEPD medium was used to 

maintain  stock cultures (Millbank and Hough, 1961).  

Sodium acetate medium : It was consisted of sodium 

acetate , 20 g  yeast extract , 2 g  peptone , 4 g  

MgSo4.7H2O , 1 g  KH2PO4 , 1 g  NaCl , 1 g  agar 20 g and 

water up to 1000 ml (Watkins et al., 1974). 

Lactic acid medium : It was the same as sodium acetate 

medium but lactic acid 10ml/L was added instead of sodium 

acetate, pH was adjusted using sodium hydroxide 1N. 

Mutagenic agents : Acridine orange was used in this 

study as a solution prepared in distilled water at the 

concentrations of 1 ppm , 2 ppm , 3 ppm and 4 ppm in 

addition to the control. The concentrations were sterilized 

by steaming for three successive days (Millbank and 

Hough, 1961). Acridine orange was a molecular formula 

C14H14 CIN3, and having a molecular weight 259.74 g.mol
-

1
. It was produced by Fluka Chemie, Buchs baked in 

Switzerland. Acriflavine was discovered by the great 

German scientist (Paul Ehrlich in 1912). Since that date, it 

was used as a fungicide and as an effective drug against 

parasitic infections. It also induced petite mutations in 

baker's yeast (Avers et al. 1965). In addition, kinetin 6 – 

furfural amino purine C10H9N5O was used for testing its 

mutagenicity. It 's a molecular weight is 215.21 g mol and 

produced by Roth Company, Germany. The appropriate 

concentrations were 00 , 2 , 4 , 6 and 8 ppm. They were 

filter sterilized and added after the media were autoclave 

sterilized. The cultures were incubated at 30
º
 C without 

shaking. Petite colonies were assessed by their lack of 

growth on YEPG agar plates (Rickwood et al., 1988). 

Meanwhile, 1 –naphthyl acetic acid 99% was used with the 

concentrations of 20 , 40 , 60 and 80 ppm.   

Estimation of viability : One ml suspension of yeast cells 

was inoculated in 100 ml YEPD medium over a period of 24 

hr at 30
º
 C with each concentration of acridine orange and 

the control. One drop of 0.1 ml of each dilution was 

transferred to solid YEPD medium in petri dishes. After 3 

days of incubation at 30
º
 C , the preparation was examined 

by counting the total number of colonies grown. The 

appropriate dilution was used for estimating survival and 

some colonies were pickedup to test for the formation of  

petite colonies. 

Detection of respiration deficient mutants : Cell 

populations were plated on YEPG medium and incubated at 

30
º
 C for three days. The colonies which were not grown 

were considered as mutants of the respiratory deficient, or 

petite type, they are smaller, less opaque and more glistening 

than the wild type colonies. Further evidence of the similarity 

to petite mutants was obtained from the inability of the 

respiratory deficient mutants to grow in media with acetate or 

lactate as a carbon sources (Millbank and Hough 1961). 

Petite frequency : The number of colonies on YEPD and 

YEPG agar plates was counted to be used for calculating 

the frequency of the petite mutants as given below 

(Anuradha et al. 2013).  

Petite frequency ( % ) =  

Statistical analysis : The data were subjected to statistical 

analysis variance using a completely randomized design. 

LSD values were calculated to compare between means if 

the F- test was significant (Snedecor and Cochran 1956).  
  

RESULTS AND DISCUSSION 
  

Acriflavine effect 

Induction of petite mutation in yeast is attributed to 

the selective inhibition of mitochondrial DNA replication, 

which resulted from the deletion of mitochondrial DNA in 

the progeny of cells. Petite induction has been attributed to 

the degradation of mitochondrial DNA by a specific DNase 

stimulated by the mutagens (Iwamoto and Mifuchi 1984). 

 

Table 1. Effect of acriflavine on the survival of cells and respiratory deficient mutants induced in yeast isolate – A  
Acriflavine   
concentrations  (ppm) 

Total number  
of colonies × 108 

Survival  
percent 

Petite mutants induced 
Glycerol Sodium acetate Lactic acid 

0 22 1.0 0 0 0 
1 20 0.90 0 0 0 
2 13 0.61 1 0.67 0.67 
3 11 0.50 0.67 0.67 1 
4 10 0.44 1.67 1.33 1 
F-test NS * * * NS 

L.S.D 
0.05 10.28 0.31 1.03 0.92 1.06 
0.01 14.94 0.46 1.50 1.33 1.55 

NS , * : Insignificant and significant differences at 0.05 level of probability , respectively. 
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As shown from the results presented in (Table 1) 

acriflavine showed a dose – response for reducing the cell 

survival of isolate – A which was significantly reduced at 2 

ppm , 3 ppm and 4 ppm compared to the control. This 

indicated that the yeast cells exposed to acriflavine were 

sensitive to the toxic effect of this mutagen. This agreed with 

Millbank and Hough (1961), who found that acriflavine 

exerted a pronounced toxic effect. However, in the present 

study this is a clear evidence for direct genotoxic action of 

acriflavine on the yeast cells. Survival of the cells was 

decreased with increasing acriflavine concentrations. 

Respiration deficiency mutants was also produced 

from 2 , 3 and 4 ppm As it was not grown in glycerol, 

sodium acetate and lactic acid media. At the concentration 

of 1 ppm the parent cells appear not to be affected by the 

mutagen and maintain their normal respiratory abilities. It 

is evident that a high rate of petite mutants appeared when 

the cells were exposed to 4 ppm, where the viability of 

cells were declined significantly. The genotoxic actions of 

acriflavine were associated with the rates of concentration 

adsorbed and penetrated the cytoplasmic membranes. The 

results obtained herein are in harmony with Millbank and 

Hough (1961), who found that the production of 

respiratory deficient mutants was rapid in Saccharomyces 

cerevisiae exposed to acriflavine. Acriflavine inhibits the 

synthesis of some cytochrome components of the 

respiratory system in cells which are adapted to oxygen, 

the inhibition of this synthesis precedes mutagenesis 

(Slonimski, 1953).  

The results summarized in (Table 2) showed the 

same trend on isolate – B of Saccharomyces cerevisiae 

concerning the genotoxic effect of acriflavine. Isolate – B 

showed more decline in survival percent which decreased 

significantly beginning from 1 ppm – 4 ppm. The toxicity 

of acriflavine showed a dose – response. The different 

responses towards acriflavine give additional evidence that 

both isolates were genotype dependent. Thus a high 

proportion of mutants appeared in isolate – B than in 

isolate – A. Differences between both isolates of S. 

cerevisiae with regard to the toxic and mutagenic actions 

of acriflavine are associated with the rates of acriflavine 

adsorbed and the differences between both isolates in the 

rate of acriflavine penetrates the cytoplasmic membranes. 

The results obtained herein were in partial agreent with 

Millbank and Hough (1961), who found that the absorption 

of acriflavine by strains of Saccharomyces carlsbergensis 

and S. cerevisiae occurred at the same rate and was greatest 

in the range pH 4 - 5. Under alkaline conditions the some 

authors found that acriflavine exerted a pronounced toxic 

effect at pH 4 - 5, the mutant cells produced was about 50 

times greater in S. cerevisiae than in S. carlsbergensis. The 

higher sensitivity of isolate – B  than isolate – A  to 

acriflavine may be due to higher resistance of cell wall 

material of isolate – A  to acriflavine penetration to cause 

the lower proportion of petite mutants obtained from 

isolate – A, as compared to isolate – B. However, higher 

lethality was obtained in isolate B than was more sensitive 

to mutation. 
 

Table 2. Effect of acriflavine on the survival of cells and respiratory deficient mutants induced in yeast isolate – B  

Acriflavine   

concentrations  (ppm) 

Total number  

of colonies × 108 

Survival  

percent 

Petite mutants induced 

Glycerol Sodium acetate Lactic acid 

0 25 1.0 0 0 0 

1 11 0.45 0.33 0.33 0.33 

2 9 0.36 2 0.67 1 

3 7 0.27 2.33 2.33 2.33 

4 5 0.19 3.67 3.67 3.67 

F-test * ** ** ** ** 

L.S.D 
0.05 12.61 0.15 1.56 1.31 1.44 

0.01 18.31 0.21 2.27 1.90 2.09 

* , ** : Significant at 0.05 and 0.01 levels of probability , respectively. 
  

The yeast colonies of different sizes after exposure 

to different acriflavine concentrations were tested for 

respiratory deficient mutants (Table 3). The results shown 

herein indicated that petite mutants isolated from isolate – 

A were obtained from 2 , 3 and 4 ppm, however acriflavine 

showed no mutagenic effect at 1 ppm. It is evident that 

lower concentration of acriflavine do not affect 

mitochondrial DNA of yeast cells. Petite mutants can not 

ferment glycerol, sodium acetate and lactic acid. The rate 

of fermentation of different carbon sources by the treated 

cells was taken as a measure of the toxicity of acriflavine 

since it was possible to estimate the viability of cells. On 

the other hand, the grand and medium colony sizes showed 

sufficient respiratory rates, while petite mutants were 

obtained from the small colony size were largely 

unaffected by acriflavine  
 

Table 3. Respiratory deficient mutants induced in Saccharomyces cerevisiae isolate – A by acriflavine . 

Colony 

Size 

Number of colonies 

tested for each 

concentration 

Acriflavine concentrations (ppm) Total number of 

 colonies 

Petite 

frequency 

% 

0 1 2 3 4 

G S L G S L G S L G S L G S L Tested Petite 

Grand 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 30 0 0 

Medium 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 30 0 0 

Small 6 0 0 0 0 0 0 3 2 2 2 2 3 5 4 3 30 11 36.67 

Total 18 0 0 0 0 0 0 3 2 2 2 2 3 5 4 3 90 11 12.22 
G : Medium containing glycerol as a sole carbon source. 

S : Sodium acetate medium. 

L : Medium containing lactic acid as a sole carbon source. 
 

From the results presented in (Table 4) it is evident 

that isolate – B was more sensitive to acriflavine than isolate 

– A. This may be due to either (1) a higher rate of acriflavine 

penetration through the cytoplasmic membranes, or (2) 
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higher susceptibility of the receptor substances. The lower 

concentration of acriflavine (1 ppm) damage the respiratory 

mechanisms of the yeast cells. Thus, the populations of S. 

cerevisiae were converted into petite form. The cell wall or 

associated membrane may be responsible for the 

susceptibility of isolate – B. Petite mutants were obtained 

from the medium and small colony size but not from the 

grand size. Isolate – B produced more number of petite 

mutants than that obtained from isolate – A. This work is 

therefore concerned with the action of acriflavine on yeast 

isolated from different sources from which the wall differed 

in penetration of mutagenic agents.  

Considerable interest was shown in medium size of 

colony appeared cytoplasmically mutation which exhibit 

multiple deficiencies in mitochondrial function because of 

the lesion in mitochondrial DNA. The primary lesion in 

mitochondrial DNA was not associated with any apparent 

damage to the nuclear genome.  

The results obtained in this study agreed with Wallis 

and Whittaker (1974), who found that starvation of baker's  

yeast in 2% glycerol induced high levels of petite mutants. 

Hamada et al. (1984) reported that 50 – 100 mitochondrial 

DNA molecules was present per yeast cell, and if mt DNA 

molecules in daughter cells are totally damaged by 

acriflavine, the petite mutants in the population may exceed 

99% after six to seven generations. 

 

Table 4. Respiratory deficient mutants induced in Saccharomyces cerevisiae isolate – B by acriflavine 

Colony 

Size 

Number of colonies 

tested for each 

concentration 

Acriflavine concentrations (ppm) Total number of 

colonies 

Petite 

frequency  

% 

0 1 2 3 4 

G S L G S L G S L G S L G S L Tested Petite 

Grand 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 30 0 0 

Medium 6 0 0 0 0 0 0 3 0 0 3 3 3 6 6 6 30 12 40 

Small 6 0 0 0 1 1 1 3 2 3 4 4 4 5 5 5 30 14 46.67 

Total 18 0 0 0 1 1 1 6 2 3 7 7 7 11 11 11 90 26 28.89 
G : Medium containing glycerol as a sole carbon source. 

S : Sodium acetate medium. 

L : Medium containing lactic acid as a sole carbon sourc. 
 

Mutagenic properties of kinetin 
Kinetin promotes cell division and may play a role 

in cell differentiation. It was stimulated transcription 

initiation (Gaudino and Pikkard, 1997). As shown from the 

results presented in (Table 5), kinetin showed a dose – 

response for increasing the survival of yeast cells with a 

significant rates compared with the control. Gaudino and 

Pikkard (1997) suggested that kinetin action is not tissue 

specific. It may be the main molecular regulator of 

transcription and hence the growth in plant cells. On the 

other hand, kinetin enhances the incorporation of adenine 

into DNA and RNA, thus increases the germinating 

capacity of the seeds (Morales et al., 1987). Furthermore, 

kinetin increased cell dividsion rate leading to significant 

increase the survival percent compared to the control. 

These results agreed with Murai et al. (1977), who found a 

close relationship between DNA and RNA biosynthesis 

and the ability of cells to continue growing. In addition, 

Nudel and Bamberger (1971) reported that kinetin inhibits 

incorporation of uracil by tobacco cells suspension culture. 

Furthermore, Barciszewski et al. (1992) showed that 

radioactive kinetin was incorporated site – specifically into 

prokaryotic tRNAs. Meanwhile, Zhang et al. (1996) 

reported that cells lacking kinetin were arrested in G2 

phase. The significant survival of cells obtained in this 

study agreed partially with Zhang et al. (1996), who found 

that kinetin stimulated the removal of phosphate, activation 

of the enzyme and rapid synchronous entry into mitosis. 

This means that yeast cells can not control cell division due 

to hormonal signal leading to survival increase. On the 

other hand, kinetin, did not induce any petite mutants in 

yeast. This indicated that kinetin do not affect 

mitochondrial DNA and can affect cell division. It means 

that kinetin promotes an increased cell division without 

genotoxicity effect. Although, kinetin promotes an 

increased formation of haploid ascosporec in yeast, it may 

affect many genes and their products involved in cell cycle 

control. These include mostly adenyl cyclase and cAMP 

dependent and independent kinases (Laten, 1995).  

The results obtained in this study agreed with 

Schumaker and Gizinski (1993), who reported that the 

plant hormone applied to moss cells causes profuse 

premature bud formation and localized increase in Ca (II) 

from 250 to 750 nM, as well as, it takes place after addition 

of kinetin the cytokinin – induced cell division. 

 

Table 5. Effect of kinetin on the survival of yeast cells isolate – A  

Kinetin   

concentrations  (ppm) 

Total number of 

colonies × 108 

Survival  

percent 

Petite mutants induced 

Glycerol Sodium acetate Lactic acid 

0 6 1.0 0 0 0 

2 14 2.34 0 0 0 

4 21 3.44 0 0 0 

6 31 5.11 0 0 0 

8 33 5.56 0 0 0 

F-test ** **    

L.S.D 
0.05 10.09 1.60    

0.01 14.67 2.33    

** : Significant at 0.01 probability level. 
 

The results presented in (Table 6) demonstrated the 

same trend of a dose – response significant survival 

increases compared to the control. This suggested that 

kinetin functions as an anti – stress agent (Chaloupkova 
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and Smart 1994). Kinetin may stimulate other defence 

pathways such as DNA repair. In addition, kinetins do not 

induce respiratory deficient mutants in isolate – B of yeast 

cells. The cells of isolate – B were more stimulated for cell 

division than the cells of isolate – A. The survival of isolate 

– B cells treated with kinetin ranged between 2.67 – 

7.17%, meanwhile the survival of isolate – A cells was 

ranged between 2.34 – 5.56%. The results indicated that 

kinetin plays several vital roles in physiological processes 

related to cell cycle in yeast cells. This agreed with Rao et 

al. (2010), who showed that indole 3 – acetic acid is a 

signaling molecule that regulates microbial growth. 
 

Table 6. Effect of kinetin on the survival of yeast cells isolate – B  

Kinetin 

concentrations  (ppm) 

Total number of 

colonies × 108 

Survival  

percent 

Petite mutants induced 

Glycerol Sodium acetate Lactic acid 

0 4 1.0 0 0 0 

2 11 2.67 0 0 0 

4 16 3.92 0 0 0 

6 21 5.17 0 0 0 

8 29 7.17 0 0 0 

F-test ** **    

L.S.D 
0.05 4.97 1.23    

0.01 7.22 1.79    

** : Significant at 0.01 probability level.  
 

Effect of naphthyl acetic acid 
Table (7) showed that survival percent was 

significantly increased in relation to the control. Naphthyl 

acetic acid showed a dose – response for the viability of 

yeast cells without respiratory deficient mutants induced. 

The viability of cells ranged between 1.89 – 4.89%. This 

agreed with Doi et al. (1973), who reported that high 

concentrations of auxin induced callus formation. 

However, Yanagishima and Shimoda (1967) found that in 

diploid yeast auxin causes production of genetic variants 

which differed from the original strains in cell form. Auxin 

showed higher DNA content in yeast, suggesting that auxin 

– induced variation in yeast involves changes in genome 

structure (Yanagishima et al., 1968). Meanwhile, Doi et al. 

(1973) reported that auxin increased in DNA and other 

macromolecules and cell division. The fact that exogenous 

cytokinins stimulated cell division and nucleotide synthesis 

related to increase DNA. This leading to promote cell 

division and activate DNA replication, transcription and 

protein synthesis in eukaryotic cells (Farrow et al., 1976).  
 

Table 7. Effect of naphthyl acetic acid on the survival of yeast cells isolate – A  

Naphthyl acetic acid 

concentrations  (ppm) 

Total number of 

colonies × 108 

Survival  

percent 

Petite mutants induced 

Glycerol Sodium acetate Lactic acid 

0 3 1.0 0 0 0 

20 6 1.89 0 0 0 

40 9 2.89 0 0 0 

60 11 3.78 0 0 0 

80 15 4.89 0 0 0 

F-test ** **    

L.S.D 
0.05 2.08 1.02    

0.01 3.02 1.48    

** : Significant at 0.01 level of probability.  
            

The results summarized in (Table 8) showed the 

same trend for significant increase in cell survival above 

the control. The viability of cells showed a dose – 

response. It ranged between 1.33 – 3.0. % Furthermore, the 

cell survival of isolate – A was higher than that of isolate – 

B. This indicated that isolate – A was more affected by 

naphthyl acetic acid (NAA) than the isolate – B. In 

addition, no petite mutants were obtained in response to 

naphthyl acetic acid treatment. These results revealed that 

NAA stimulates the growth of yeast cells.  
 

Table 8. Effect of naphthyl acetic acid on the survival of yeast cells isolate – B 

Naphthyl acetic acid 

concentrations  (ppm) 

Total number of 

colonies × 108 

Survival  

percent 

Petite mutants induced 

Glycerol Sodium acetate Lactic acid 

0 6 1.0 0 0 0 

20 8 1.33 0 0 0 

40 14 2.28 0 0 0 

60 16 2.61 0 0 0 

80 18 3.0 0 0 0 

F-test ** **    

L.S.D 
0.05 3.06 0.51    

0.01 4.44 0.74    

** : Significant at 0.01 level of probability. 
 

The results obtained in this study agreed with Singh 

et al. (2011), who reported that indole – 3 – acetic acid 

promote plant growth, as well as, regulates cell 

differentiation and affects gene expression in microbial 

cells. This finding supports the results obtained in this 

study about the role of NAA as a signaling molecule that 

regulates the growth of microbial cells. On the other hand, 

Yanagishima (1962) found that both IAA and NAA 

promote cell elongation in petite mutants but not so in wild 

type strains. It make the cell liable to elongation without 
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auxin addition. Yanagishima (1953) found that the addition 

of NAA increases the length of yeast cells. Furthermore, 

Yanagishima and Shimoda (1967) found that auxin 

induced genetic variants which differed from the original 

yeast strains in cell form and responsiveness to cell – 

expanding action of auxin. Most of these variants showed 

higher DNA content, suggesting that auxin – induced 

variation in yeast involving changes in genome structure. 

In addition, Doi et al. (1973) found that haploid cells of 

yeast after auxin treatment had DNA content per cell 

roughly equivalent to that of diploid strain. Auxin caused 

unbalance between increase in DNA and other 

macromolecules and cell division. It is demonstrated that 

there is a common machinery between induction of 

mutants in yeast and callus induced in higher plants (Doi et 

al., 1973). Biochemical and genetic analysis indicates that 

most variants induced by auxin in yeast involve changes in 

genome structure (Doi et al., 1973). John et al. (1993) 

reported that cytokinins are necessary for the activation of 

cell cycle specific protein kinase in tobacco tissue. 

However, Laten (1995) demonstrated that synthetic 

cytokinin promoted the increase of sporulation frequencies 

in yeast. Matsubara (1990) found that cytokinins induce 

dose – dependent responses. The present study clearly 

demonstrate that NAA showed a dose – dependent 

responses of cell division without possibly mutants of 

respiration deficient induced. 

In conclusion, differences were shown between 

isolate – A and isolate – B of yeast cells with regard to the 

mutagenic and toxic actions of acriflavine which are 

associated with the rates of adsorption and penetrates of the 

acriflavine into the cytoplasmic membranes. In contrast, 

kinetin and naphthyl acetic acid showed stimulation in cell 

division with a higher rates of significance in relation to the 

control without any effect on mitochondrial DNA. The 

observations described above indicated that the yeast cells 

affords us a promising tool for investigating the 

mutagenicity and carcinogenicity of some compounds.         
 

REFERENCES 
 

Anuradha, B. S., P. Pallavi and V. P. Kumar. 2013. 

Screening of Alcoholic Yeast Strains for Petite 

Mutation Frequency and Killer Phenotypes. Proc. 

Natl. Acad. Sci. India Sect. Biol. Sci. 83 (1) : 105 –

108 . 

Avers, C. J., C. R. Pfeffer and M. W. Rancourt. 1965. 

Acriflavine induction of different kinds of petite 

mitochondrial populations in Saccharomyces 

cerevisiae. J. Bacteriol. 90 : 481 – 494 . 

Barciszewski, J., D. Otzen, S. I. S. Rattan and B. F. C. 

Clark. 1992. Specific incorporation of kinetin into 

eukaryotic and prokaryotic transfer ribonucleic 

acids molecules. Biochem. Int. 28 : 805 – 811 . 

Barciszewski, J., S. I. S. Rattan, G. Siboska and B. F. C. 

Clark. 1999. Kinetin – 45 years on. Plant science 

148 : 37 – 45 . 

Berlin, K. R., T. D. Bonilla and T. C. Rowe. 2005. 

Induction of petite mutants in yeast Saccharomyces 

cerevisiae by the anticancer drug dequalinium. 

Mutation Research 572 : 84 – 97 . 

 

Chaloupkova, K. and C. C. Smart. 1994. The abscisic acid 

induction of a novel peroxidase is antagonised by 

cytokinin in Spirodela polyrrhiza L. Plant Physiol. 

105 : 497 – 507 . 

Chen, X. J., G. D. Clark – Walker. 1999.   The petite 

mutation in yeasts: 50 years on. Int. Rev. Cytol. 194 

: 197 – 238 .  

Contamine, V., M. Picard. 2000. Maintenance and integrity 

of the mitochondrial genome: a plethora of nuclear 

genes in the budding yeast. Microbiol. Mol. Biol. 

Rev. 64 : 281 – 315 . 

Doi, S., T. Takahashi and N. Yanagishima. 1973. Auxin-

induced cerevisiae large cell mutants in 

saccharomyces cerevisiae. I. induction and 

biochemical and genetic characters. JAPAN. J. 

GENETICS 3 : 185 – 195 . 

Ephrussi, B. 1953. Nucleo-cytoplasmic relations in micro-

organisms: their bearing on cell heredity and 

differentiation. Clarendon Press, Oxford. 

Farrow, M. G., D. F. Blaydes and K. V. Dyke. 1976. The 

effect of plant growth substances and natural 

products on RNA and DNA synthesis in 

leukocytes. Experientia 32 : 29 – 30 . 

Fekete, V., M. Cierna, S. Polakova, J. Piskur and P. Sulo.  

2007. Transition of the ability to generate petites in 

the Saccharomyces / Kluyveromyces complex. 

FEMS Yeast Res. 7 : 1237 – 1247 . 

Gaudino, R. J., C.S. Pikkard. 1997. Cytokinin induction of 

RNA polymerase I transcription in Arabidopsis 

thaliana. J. Biol. Chem. 272 : 6799 – 6804 . 

Hamada, H., M. Yanagishima, M. Kojima and T. Morita. 

1984. Effect of methanol on the induction of 

respiration – deficient mutants in yeast by 

acriflavine. Chem. Pharm. Bull. 32 (2) : 623 – 627 . 

Iwamoto, Y. and I. Mifuchi. 1984. Induction of petite 

mutants of yeast Saccharomyces cerevisiae by 

photodynamic action of acriflavine. Chem. Pharm. 

Bull. 32 (7) 2759 – 2765. 

John, P. C. L., K. Zhang, C. Dong, L. Diederich and F. 

Wightman. 1993. Progress in Cell Cycle Research. 

J. Plant Physiol. 20 : 503 – 526 . 

Laten, H. M. 1995. Cytokinins affect spore formation but 

not cell division in the yeast Saccharomyces 

cerevisiae. Biochim. Biophys. Acta. 1266 : 45 – 49 

. 

Matsubara, S. 1990. Biochemistry and Molecular Biology 

of Plant Hormones. Crit. Rev. Plant Sci. 9 : 17 – 57 

. 

Millbank, J. W. and J. S. Hough. 1961. The action of 

acriflavine on brewers’ yeasts. J. gen. Microbiol.  

25 : 191 – 199. 

Miller, C.O., F. Skoog, F.S. Okumura, M. H. V. Saltza and 

F.M. Strong. 1956. Isolation structure and synthesis 

of kinetin a substrate promoting cell division. J. 

Am. Chem. Soc. 78 : 1375 – 1380. 

Morales, C., R. M. Cusido and M. Serrano. 1987. Kinetin 

and the germinating capacity of Lupinus multilupa 

seeds. Rev. Esp. Fisiol. 43 : 87 – 93 . 

Murai, N., B. J. Taller.  D. J. Amstrong and F. Skoog. 

1977. Kinetin incorporated into tobacco callus 

ribosomal RNA and transfer RNA preparations. 

Plant Physiol. 60: 197 – 202. 



J. of Agric. Chem. and Biotechn. , Mansoura Univ. Vol. 11(6), June, 2020 

171 

Nudel, U. and E. S. Bamberger. 1971. Kinetin inhibition of 

[3H] uracil and [14C]-leucine incorporation by 

tobacco cells in suspension culture. Plant Physiol. 

47: 400 – 403. 

Osborne, D. J. 1965. Interactions of hormonal substances 

in the growth and developniment of plants. J. Sci. 

Food Agr. 16 : 1 – 413. 

Rao, R. P., A. Hunter, O. Kashpur and J. Normanly. 2010. 

Aberrant synthesis of indole – 3 – acetic acid in 

Saccharomyces cerevisiae triggers morphogenic 

transition a virulence trait of pathogenic fungi. 

Genetics 185 : 211 – 220. 

Rickwood, D., B. Dujon and V. M. D. Ysmar. 1988.  Yeast 

mitochondria, in: I. Campblell, J.H. Duffus (Eds.), 

Yeast : A Practical Approach, IRL Press Ltd., 

Oxford, England, 185 – 254. 

Schumaker, K. S. and M. J. Gizinski. 1993. Cytokinin 

stimulates dihydropyridine-sensitive calcium 

uptake in moss protoplasts. Proc. Natl. Acad. Sci. 

USA 90 : 10937 – 10941. 

Singh, J. S., V. C. Pandey and D. Singh. 2011. Efficient 

soil microorganisms a new dimension for 

sustainable agriculture and environmental 

development. Agr. Ecosyst. Environ. 140 : 339 – 

353. 

Slonimski, P. P. 1953. A specific relation between enzymic 

adaptation and cytoplasmic mutation, p. 76-79. bt 

R. Davies and E. F. Gale, [ed.], Adaptation in 

micro-organisms. Symp. Soc. Gen. Microbiol., 3rd, 

London, 1953. University Press, Cambridge. 

Snedecor, G.W. and W.G. Cochran. 1956. Statistical 

methods applied to experiments in agriculture and 

biology. The Iowa State College Press, Ames. 

Vonabrams, G. J. and H. K. Pratt. 1968. Effect of the 

kinetin-naphthalene acetic acid interaction upon 

total RNA and protein in senescing detached 

leaves. Plant Physiol. 43 : 1271 – 1278. 

Wallis, O. C. and P. A. Whittaker. 1974. Induction of petite 

mutation in yeast by   starvation in glycerol. Journal 

of General Microbiology 84 : 11 – 18. 

Watkins, P. D., P. M. Brandt and D. O. Mcclary. 1974. 

Selection and characterization of acriflavine 

induced mutants of Candida albicans. Antonie van 

Leeuwenhoek 40 : 153 – 160. 

Yanagishima, N. 1953. Effect of Auxin and Antiauxin on 

Cell Elongation in Yeast. Plant and Cell Physiol. 4 : 

257 – 264. 

Yanagishima, N. 1958. Induction of a respiration-deficient 

variation in yeast. Microbial Genetics Bull. 16 : 32 

– 33. 

Yanagishima, N. 1962. Effect of auxin on the cell 

elongation of respiration – deficient yeast. (In 

Japanese). Proc. 27
th
 Annual Meet. Bot. Soc. Japan, 

P. 40. 

Yanagishima, N., and C. Shimoda. 1967. Production of 

yeast variants by auxin and effects of plant growth 

regulators on these variants. Plant and Cell Physiol. 

8 : 109 – 119. 

Yanagishima, N., C. Shimoda, S. Kamisaka, and T. 

Takahashi. 1968. Auxin-induced heritable variants 

in yeast with special referece to physiological and 

genetic character. Plant and Cell Physiol. 9 : 323 – 

331. 

Zhang, K., D. S. Letham and P. C. John. 1996. Cytokinin 

controls the cell cycle at mitosis by stimulating the 

tyrosine dephosphorylation and activation of 

p34cdc-2-like H1 histone kinase. Planta 200 : 2 – 

12. 

 

 

 

 

 

 طفراث نقص الخنفس المسخحذثت في خميرة الخباز كنخيجت للمعاملت بالأكريذين وهرمىناث النمى النباحيت
 سارة محمىد عبذ الحفيظ وعبذ المقصىد زايذ  دي ، خليفهميرفج إبراهيم كمال ، أشرف حسين عبذ الها

 مصر. –جامعت المنصىرة  –كليت السراعت  –قسم الىراثت 
 

خذو فً خلاٌب انخًٍشة. إعخ DNAانخأرٍش انطفشي نلأكشٌفلافٍٍ وبعط هشيىَبث انًُى عهى انًبدة انىسارٍت  حمٍٍىى حهذف هزِ انذساعت إن

عضنخٍٍ يعضونخٍٍ يٍ يصبدس يخخهفت. أوظحج انُخبئج وجىد عًٍت بذسجت يعُىٌت نلأكشٌفلافٍٍ عهى حٍىٌت انخلاٌب يٍ خلال وجىد  انبحذفً هزا 

نًغخخذيت يٍ انًبدة انًطفشة أكشٌفلافٍٍ. حعكظ هزِ انعلالت إعخجببت حٍىٌت انخلاٌب نلإَخفبض بذسجت يعُىٌت يع صٌبدة انجشعت اصٌبدة إعخجببت يع 

 خُفغٍتبطبٍعخهب ان Aإعخًشث خلاٌب انعضنت لافٍٍ. وهزا دنٍم واظح عهى طبٍعت انخأرٍش انغًً نلأكشٌفلافٍٍ عهى خلاٌب انخًٍشة. فحشكٍضاث الأكشٌ

عذل يُخفط يٍ بذسجت طفٍفت حٍذ َخج عُهب ي Bنًعبيهت بخشكٍض واحذ جضء فً انًهٍىٌ يٍ الأكشٌفلافٍٍ ، بًٍُب حأرشث خلاٌب انعضنت انًعخبدة بعذ ا

جضء فً انًهٍىٌ. عكغج انُخبئج أٌ خلاٌب   4ظهش أعهى يعذل يٍ طفشاث َمص انخُفظ عُذيب حًج يعبيهت انخلاٌب بخشكٍض طفشاث َمص انخُفظ. 

ورنك فًٍب ٌخعهك بئَخفبض حٍىٌت انخلاٌب وإعخحذاد طفشاث َمص انخُفظ. هزا  Aكبَج أكزش حغبعٍت نلأكشٌفلافٍٍ يمبسَت بخلاٌب انعضنت  Bانعضنت 

إعخجببت فً حٍىٌت انخلاٌب يع صٌبدة انجشعت انًغخخذيت فً انًعبيهت ورنك بذوٌ  اببلإظبفت إنى أٌ انكٍُخٍٍ و َفزبنٍٍ حًط انخهٍك لذ أظهش

ة يؤدٌت ببنخلاٌب إنى ٌبدة فً يعذل إَمغبو خلاٌب انخًٍشهشيىًَ انًُى لذ أدوا إنى صيٍ د أي طفشاث حُفغٍت. حعكظ هزِ انُخبئج أٌ كلا إعخحذا

م . نزا حعهب هزِ انهشيىَبث دوس جىهشي وحٍىي فً انعًهٍبث انبٍىكًٍٍبئٍت انًخعهمت بذوسة حٍبة انخهٍت فً انخًٍشة. حٍذ حعًىالإعخًشاس فً انًُ

كبٍش لأَهب حذق  إهخًبوالإشبساث انجضٌئٍت نهزِ انهشيىَبث عهى حذ انًغبساث انكًٍىحٍىٌت انًخعهمت بئَمغبو انخهٍت نزا ٌجب أٌ حُبل هزِ انهشيىَبث 

 ش فًٍب ٌخعهك بئيكبٍَت لذسحهب انغشطبٍَت.طَبلىط انخ


