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ABSTRACT 
 

Microbial biosorption is a promising alternative to replace or supplement present treatment processes for 
the phenol removal from the wastewater. Ultraviolet (UV) ray was applied for the treatment of R. toruloides to 
increase its capacity of phenol biosorption. The results demonstrated that the phenol uptake of most obtained 
mutants, grown in the presence of phenol (790 mg/L), were higher than the wild type strain which uptake 270 
(mg/L) of phenol. Increasing phenol uptake is ranged from 35.44 to 100.00% in comparison with the wild type 
strain (34.18%). The superior mutant No. 9UV-5 uptake 790 mg/L of phenol which represents threefold of the 
wild type strain. On the other hand, the application of the random amplified polymorphic DNA (RAPD) 
technique by polymerase chain reaction (PCR) on some selected excellent mutants lead to correlate the genetic 
characteristics of the excellent mutants with the results obtained from the biosorption experiments in 
comparison with the wild type. Differences in RAPD patterns confirmed the evidence of genetic variability 
induced in R. toruloides genome after UV-treatments. Therefore, cluster analysis was used to divide the studied 
genotypes into groups which could be reflect the genetic diversity of the phenol biosorption mutants. 
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Introduction 
 

Biosorption is considered an important removal mechanism in treating hydrophobic toxic organics in 
biological reactors. Microbial adsorption is a promising alternative to replace or supplement present treatment 
processes for the removal of very high concentrations of dyes and very low concentrations of phenolics and 
pesticides from the wastewater. Phenols and phenolic compounds have been declared to be hazardous 
pollutants. The removal of phenol from industrial aqueous effluents is of great practical significance for 
environmental protection. In recent years, a number of studies have focused on some microorganisms including 
bacteria, fungi and yeast which are able to biosorb phenols, chloro- and nitro-phenols (Bell  and Tsezos 1987; 
Aksu  and Yener, 1998 and Wang et al., 2000).   

Although biological treatment has shown great promise, a wide variety of pure and mixed cultures of 
microorganisms are capable of degrading phenol and phenolics under both aerobic and anaerobic conditions and 
microbial degradation of these compounds is seen as a cost effective method, the biological treatment of 
phenolics is limited by the intrinsic properties of these compounds owing to their toxicity; they are slow to 
biodegrade, and the degrading microorganism must be exposed to only low concentrations of the substrates. 
Therefore, alternative technologies have to be explored (Perrich, 1981; Kennedy et al., 1992; Callega et al., 
1993 and Abdo et al., 1997). 

Biosorbent development could be achieved by either isolating organisms with high capacity or high 
specificity to heavy metals or by tailoring genetically modified organisms abundant in high-affinity metal-
binding proteins or polypeptides (Bae et al. 2002; Pazirandeh et al., 1998; Huang et al., 2003; Yan et al., 2007 ). 
Bae et al., (2003) reported that the metalloregulatory protein, MerR, which exhibits high affinity and selectivity 
toward mercury, was exploited for the construction of microbial biosorbents specific for mercury removal.  But 
the literature survey indicated that biosorption studies of organics are very limited and only sorption of selected 
toxic organics onto a few types of bacterial, fungal and yeast biomass have been investigated. There is a need to 
develop new strains which can be provided easily as waste and/or abundant biomass or can grow in simple, 
inexpensive medium and have high production rate and possess high biosorption capacity. New yeast strains 
with improved biosorption capacity are required (Yavuz et al., 2006). With development of modern microbial 
breeding technology, construction of environmentally friendly engineered strains with target performance has 
become possible (Huang et al., 2003). Mutagenesis, a kind of simple and effective breeding strategy, was widely 
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used to select various kinds of high-production strains, while report on applying it to breeding heavy metal 
removal strains was few (Jamie et al., 2007).  

The yeast genera, such as Rodotorula, Rhodosporidium, Trichosporon, and Candida can remove high levels 
of phenol or phenolic compounds (Chang et al., 1995 and Alexievaa et al., 2004). So, the purpose of this study 
is to improve the phenol biosorption using genetically improved strains of R. toruloides as UV-mutants and 
evaluated the genetic variability of these mutant strains by RAPD analysis. 
 
Materials and Methods 

 
Microorganism:  
 

The microorganism used in the present study was Rhodosporidium toruloides NRRL Y-1091 which 
obtained from the Agricultural Research Service Culture Collection (NRRL), Peoria, IL, USA. 
 
Media and culture conditions:  
 

The strain was maintained and cultivation on YEP medium g/L (Glucose 20, Yeast extract 10, Peptone 10  
and agar 20) and freshly sub-cultured before using in the biosorption experiments. The organism was transferred 
to a fresh medium every month. 
 
UV- irradiation:  
 

Five ml of overnight R. toruloides cells was irradiated with Philips TUV-30-W-254 nm Lamp (Philips, 
Holland) for 3, 6 and 9 min at a distance of 20 cm. The irradiated cells were kept (2 hr) in dark to avoid 
photoreactivation repair. Suspension was then diluted and spread onto the surface of YEP medium contained 
phenol (1% w/v) for selection of highly phenol resistant colonies. Plates were then incubated for 3 days at 30°C. 
The growing colonies with high growth rate were transferred on slants for further studies. Mutants with high 
growth rate were then recultured on the same  medium plates for 3 days at 30°C. 
 
Batch biosorption experiment:  
 

Phenol (790 mg /L) was added under aseptic condition after the wild strain and mutants were gown on YEP 
medium for 48 h. at 30°C with shaking (120 rpm). The flasks were incubated again under the same conditions 
for 24 h. Phenol uptake was determined for each mutant and the wild strain. 
 
Analysis of phenol by HPLC:  
 

One milliliter samples were removed and centrifuged for 3 mm in a microcentrifuge at 8000 rpm to separate 
the supematant from the yeast cells. The supematant was filtered through a Millipore 0.22 µm filter. Samples 
were transferred into a glass vial, sealed with a teflon coated rubber cap and stored at 4°C prior to analysis. 
Concentrations were determined using a high performance liquid chromatography (HPLC). Samples were 
separated on a Nora Pak Cl8 (3.9 X 150 mm) column. Detection wavelengths were set at 260 nm. The column 
was maintained at 40°C and the flow rate of the mobile phase was set at 0.8 ml/min. A solvent gradient using 
HPLC grade methanol (0-100% in 15 min) and 0.05 M sodium acetate at pH 4.7 was used. 
 
Isolation of total DNA from mutant strains:  
 

Total DNA was isolated according to Khattab (1997) with using (10 mg/ml) of Snail enzyme. The quantity 
and purity of the obtained DNA were determined according to the UV-absorbance at 260 and 280 nm using 
spectrophotometer (Shimadzu UV-VIS model UV-240) according to Sambrook et al., (1989). 

 
Molecular analysis of some superior mutants by PCR:  

 
PCR-GOLD Master-Mix Beads (BIORON, Germany, Cat. No. 10020-96) were used for PCR analysis. 

Each bead contains all of the necessary reagents, except primer and DNA template, for performing 25 μl PCR 
amplification reactions. Three different primers were used in the present study. The first primer sequence was 
5'- GGT CCC TGA C-3'. The second primer sequence was 5'- GTA GAC CCG T-3'. The third primer sequence 
was 5'- CAC ATA CTT C-3'. All primers were supplied by Operon Technologies Company, Netherlands. To 
each PCR bead, 12 ng of the used random primer and 40 ng of the purified DNA sample were added. The total 
volume of the amplification reaction was completed to 25 μl using sterile distilled water. The amplification 
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protocol was carried out as follows: Denaturation at 95oC for five min. Thirty-five cycles each consists of the 
following segments: Denaturation at 95oC for one min; primer annealing at 32 oC for two min. according to GC 
ratio of each primer and incubation at 72oC for two min. for DNA polymerization. Then, 72oC for 7 min., at the 
end, hold the PCR at 4oC till analysis. The amplified DNA products from RAPD analysis were electrophorated 
on 1.5% agarose gel and 1 X TBE buffer at consistent 100 volt for about 2 hrs. The different band sizes were 
determined against 100 bp ladder (Pharmacia Biotech.) and the separated bands were stained with0.5 μg/ml 
ethidium bromide and photographed using Gel Documentation System with UV-Transeliminator. 
 
Analysis of RAPD-data:  
 

Amplification profiles for the used five mutants as a result of RAPD application were compared with each 
other as well as the wild type of R. toruloides. DNA fragments were scored as a binary data, where (1) means 
presence  and (0) means absence of band. The distance coefficients were calculated by the following statistical 
equation: F= 2Nxy/ (Nx + Ny). Where, F is the distance coefficient in which Nx and Ny are the numbers of 
fragments in genotypes x and y, respectively, and Nxy is the number of fragments differed by the two genotypes 
(Lynch, 1990). The electrophoretic patterns of the reproducible banding patterns of each primer which produced 
by RAPD were chosen for analysis. Pair wise comparisons between mutants were made to calculate the Jukes-
Cantor coefficient using PAST program (PAleontological Statistics Version 1.94b) adapted by Hammer et al., 
(2001). Cluster analysis was performed to produce a denderogram using unweighted pair-group method with 
arithmetical average (UPGMA). 
 
Results and Discussion 
 
Mutation induction:  

 
The effective mutagenic agents is ultraviolet (UV) radiation. The wavelengths effective for mutagenesis are 

between 200-300 nm with an optimum at 254 nm, which is the maximum absorption wavelength of DNA. Data 
of survival and phenol resistant colonies percentages after various exposure times of R. toruloides to UV- light 
are presented in Table (1). Survival percentages decreased gradually by increasing exposure period, while data 
in this table showed an opposite trend, phenol resistant colonies percentages increased. 
 
Table 1: Effect of UV-light on R. toruloides and production of phenol resistant mutants in the presence of phenol (1% w/v). 

Exposure   time (min) Survival Phenol resistant colonies 
No.                           % No.                               % 

0 818                       100.00 0                                 0.00 
3 275                         33.25 17                                6.18 
6 86                           10.51 14                              16.28 
9 44                           5.38 10                              22.73 

 
UV mutagenesis and phenol biosorption: 

 
The phenol uptake by phenol resistant colonies and the wild type of R. toruloides was studied after 72 h  

inoculation on samples taken from each flask. Yeast cells were centrifuged and washed three times with distilled 
water. The biosorption of phenol into yeast cells are presented in Tables (2-4). The results showed the occurs a 
clear stimulation of the phenol uptake by yeast cells after UV-irradiation. 

Phenol uptake of most mutants, grown in the presence of phenol (790 mg/L), was higher than the wild type 
strain and the phenol uptake is ranged from 35.44 to 100.00% in comparison with the wild type strain (34.18%).  

The results presented in Table (2) showed that the phenol uptake in the presence of phenol (790 mg/L) of 
phenol resistant mutants obtained after 3 min UV-treatment. Results showed that yeast cells tolerate high phenol 
concentration in the growing medium and uptake percentages ranging from 35.44 to 51.90. The superior 
mutants Nos. 3UV-4 and 3UV-5 uptake 410 mg/L of phenol in comparison of the wild type  strain which uptake 
270 mg/L of phenol. On the other hand, only two mutants (3UV-2 and 3UV-2) exhibited lower phenol 
biosorption than the wild type  strain. 

Table (3) showed that the phenol uptake in the presence of phenol (790 mg/L) for the resistant mutants 
obtained after 6 min UV-treatment. Data in Table (3) clearly showed that the mutants exhibited more phenol 
uptake than the wild type parent except one mutant No. 6UV-5. Furthermore, the highest phenol uptake mutant 
6UV-3 exceeded than the wild type strain with 55.53 %. 

Table (4) showed that the phenol uptake in the presence of phenol (790 mg/L) for the resistant mutants 
obtained after 9 min UV-treatment. Data in Table (4) showed that the mutants exhibited more phenol uptake 
than the wild type parent except three mutants (9UV-1, 9UV-7 and 9UV-8) exhibited lower phenol uptake. The 
superior mutant No. 9UV-5 uptake 790 mg/L of phenol which represents threefold of the wild type strain. The 
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following superior mutant No. 9UV-4 uptake 580 mg/L of phenol which represents about twofold of the wild 
type strain. 
 
Table 2: Evaluation of phenol uptake under initial phenol concentration 790 mg/L by different mutants obtained after 3 min UV-treatment. 

Mutant No. Phenol conc. (mg/L) Uptake 
Residual                     Uptake % to IPC* 

W.T 520                               270 34.18 
3UV-1 510                               280 35.44 
3UV-2 550                               240 30.38 
3UV-3 450                               340 43.04 
3UV-4 380                               410 51.90 
3UV-5 380                               410 51.90 
3UV-6 410                               380 48.10 
3UV-7 480                               310 39.24 
3UV-8 550                               240 30.38 
3UV-9 450                              340 43.04 

* IPC= Initial phenol concentration (790 mg/L) 
 
Table 3: Evaluation of phenol uptake under initial  phenol concentration 790 mg/L by different mutants  obtained after 6 min UV-treatment. 

Mutant No. Phenol conc. (mg/L) Uptake 
Residual                     Uptake % to IPC* 

W.T 520                               270 34.18 
6UV-1 520                               270 34.18 
6UV-2 410                               380 48.10 
6UV-3 370                               420 53.16 
6UV-4 410                               380 48.10 
6UV-5 550                               240 30.38 
6UV-6 480                               310 39.24 
6UV-7 450                               340 43.04 
6UV-8 480                               310 39.24 
6UV-9 480                               310 39.24 

6UV-10 520                               270 34.18 
* IPC= Initial phenol concentration (790 mg/L) 

 
The previous obtained results of R. toruloides exposed to different UV-exposure times, could be clearly 

concluded that the highest promising isolates for phenol biosorption counted as the follows; One  mutant  as a 
result of 3 min. exposure time, i.e., 3UV-4 which  phenol uptake 51.84 % higher than the wild type strain. Three 
mutants  as a result of 6 min. exposure time, i.e., 6UV-2, 6UV-3 and 6UV-4 which  phenol uptake 40.73, 55.53  
and 40.73%, respectively, higher than the wild type strain. Two  mutants  as a result of 9 min. exposure time, 
i.e., 9UV-5 and 9UV-4  which  phenol uptake 192.57  and 141.80 %, respectively, higher than the wild type 
strain.  

Using UV-light as a mutation-inducer has been recommended as the method of choice for increasing the 
biosorption and biodegradation (Chang et al., 1995; Ramsay and Gadd, 1997; Gharieb and Gadd, 1998 and 
2004; Hua et al., 2008 ). For many reasons, it appeared that UV-induced mutants were more stable through long 
term of generation and subculturing (Thoma, 1971). In addition, UV-light also induced tolerance to different 
environmental stresses and changes in protein synthesis (Hartke et al., 1995). 

 The obtained results were in agreement with those obtained by Chang et al., (1995). They improved phenol 
biodegradation by Candida tropicalis and isolated auxotrophic mutants and phenol-degrading defective mutants 
in a phenol-utilizing strain of Candida tropicalis M4 which was pretreated by UV light irradiation and N-
methyl-N-nitro-N-nitrosoguanidine (NTG). The mutants were then hybridized through protoplast fusion, and 
some fusants with phenol-degrading ability were obtained. It was reported that two of the fusants exhibited 
higher growth rates than the wild strain did when the cells were grown on phenol medium and that these two 
fusants possessed about 1.9- and 2.2-fold-higher phenol hydroxylase activity than the wild strain did. 

 
Table 4: Evaluation of phenol uptake under initial phenol concentration 790 mg/L by different mutants  obtained after 9 min UV-treatment. 

Mutant No. Phenol conc. (mg/L) Uptake 
Residual                     Uptake % to IPC* 

W.T 520                               270 34.18 
9UV-1 640                               150 18.99 
9UV-2 460                               330 41.77 
9UV-3 510                               280 35.44 
9UV-4 210                               580 73.42 
9UV-5 0.0                                790 100.00 
9UV-6 510                               280 35.44 
9UV-7 550                               240 30.38 
9UV-8 590                               200 25.32 
9UV-9 460                               330 41.77 

9UV-10 510                               280 35.44 
* IPC= Initial phenol concentration (790 mg/L) 
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Moreover, Alexievaa et al. (2004) treated the parent strain cells with NTG to obtain the mutants of 
Trichosporon cutaneum R57. It should be pointed out that this mutant possessed higher specific growth and 
degradation rates than those of the wild strain because of the enhancement in the activity of phenol hydroxylase. 
 
Molecular analysis of some superior R. toruloides mutants: 

 
To evaluate the genetic effect of UV-mutagenesis on the DNA nucleotide sequence of the obtained mutants 

compared to the wild type strain. Three random primers obtained from Operon Technologies were used to 
identify the genetic variability among the five superior mutants. All primers were successfully amplified specific 
fragments of the genomic DNA. The RAPD technique was used in order to test if genetic markers could be 
correlated with the biosorption of phenol.  

All three used primers were successfully generated reproducible polymorphic and scorable bands. The 
polymorphic patterns of the scorable thee RAPD primers among the five different mutants and the wild type 
strain (W.T) are shown in (Table 5 and Fig's. 1-3). The fragment patterns of RAPD fragments using these 
primers with five different mutants and W.T (Fig's. 1-3 and table 5) exhibited 44 amplified fragments varied 
among the used three primers, with an average of 14.66 fragments per primer. Out of total bands 30 were 
polymorphic. The application of primer No.1 (Fig. 1) with the genomic DNA of the wild type strain and five 
mutants clearly noticed that in the lanes 4 and 5 of the mutants (6UV-3 and 6UV-4) obtained after UV-
mutagenesis for 6 min., new distinct bands with size of 221, 418, 850 and 1572 bp were detected in both mutant. 
Moreover, a new distinct band with size of  418 bp was detected with mutant 9UV-5 (lane 7). On the other hand, 
the used of primer No.2 (Fig. 2) noticed that in the lane 4 of the mutant (6UV-3) obtained after UV-mutagenesis 
for 6 min., new distinct bands with size of 118, 137, 458, 470 and 529 bp were detected. Moreover, a new 
distinct band with size of  137 bp was detected with mutant 6UV-4 (lane 5). Finally, the used of primer No.3 
(Fig. 3) noticed that in the lanes 4, 5, 6 and 7 of the mutants (6UV-3, 6UV-4, 9UV-4 and 9UV-5), a new distinct 
band with size of 428 bp was detected. Moreover, a new distinct band in the lanes 4, 5, 6 and 7 of the mutants 
(6UV-3, 6UV-4 and 9UV-4) with size 630 bp was detected. Also,  in the lanes 4, 5, 6 and 7 of the mutants 
(6UV-3, 6UV-4, 9UV-4 and 9UV-5), a new distinct band with size of 764 bp was detected. The molecular 
weight of each band among mutants compared with control (W.T starin) were calculated using GelAnalyzer 
program (http://www.gelanalyzer.com/download.html). 

 

 
 
Fig. 1: Photograph of DNA amplified banding patterns based on RAPD for five superior mutants against wild 

type strain (lane 2) and 100 bp ladder DNA marker (lane 1) using primer No.1. Mutants sequence as 
follows: (lane 3 to 7), 3UV-4, 6UV-3, 6UV-4, 9UV-4 and 9UV-5. 
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Fig. 2: Photograph of DNA amplified banding patterns based on RAPD for five superior mutants against wild 

type strain (lane 2) and 100 bp ladder DNA marker (lane 1) using primer No.2. Mutants sequence as 
follows: (lane 3 to 7), 3UV-4, 6UV-3, 6UV-4, 9UV-4 and 9UV-5. 

 

 
 
Fig. 3: Photograph of DNA amplified banding patterns based on RAPD for five superior mutants against wild 

type strain (lane 2) and 100 bp ladder DNA marker (lane 1) using primer No.3. Mutants sequence as 
follows: (lane 3 to 7), 3UV-4, 6UV-3, 6UV-4, 9UV-4 and 9UV-5. 

 
Table 5: Number and types of the amplified DNA bands as well as the total polymorphism percentage generated by three RAPD primers. 

Polymorphic percentage Polymorphic bands Monomorphic bands Total bands Primer No. 
56.25% 9 7 16 1 
88.23% 15 2 17 2 
54.54% 6 5 11 3 
- 30 14 44 Total 

 
Genetic distance and phylogenetic tree generated from the RAPD products:  

 
The distance matrices resulting from the RAPD products data were performed to generate correct 

relationships based on RAPD analysis as shown in (Table 6). The highest percentage of genetic distance was 
detected between 3UV-4 and 6UV-3 (75%) followed by (64%) between 6UV-3 and 9UV-5 and then the genetic 
distance between 3UV-4 and 6UV-4 (59%). On the other hand the lowest genetic distance matrix (9%) was 
obtained between W.T and 3UV-4 and 9UV-4 and mutant 9UV-5. 
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As shown in (Fig. 4), the dendrogram based on RAPD distance  indices separated the five different mutants 
and the wild type strain of R. toruloides into two main clusters. The first cluster was divided into two groups, 
the first group contained the mutants  9UV-4 and 9UV-5, while the second group contained W.T and 3UV-4. 
Whereas, the second cluster contained 6UV-3 and 6UV-4  which they were highly diverged than other mutants 
and the wild type strain. 
 
Table 6: Distance matrix among the five different mutants and the wild type strain of R. toruloides based on RAPD analysis. 

Strain No. W.T 3UV-4 6UV-3 6UV-4 9UV-4 9UV-5 
W.T 0.00      
3UV-4 0.09 0.00     
6UV-3 0.54 0.75 0.00    
6UV-4 0.41 0.59 0.37 0.00   
9UV-4 0.33 0.27 0.54 0.33 0.00  
9UV-5 0.33 0.27 0.64 0.41 0.09 0.00 

 
The highest percentage of genetic distance was detected between 3UV-4 and 6UV-3 (75%) followed by 

(64%) between 6UV-3 and 9UV-5 and then the genetic distance between 3UV-4 and 6UV-4 (59%). On the 
other hand the lowest genetic distance matrix (9%) was obtained between W.T and 3UV-4 and 9UV-4 and 
mutant 9UV-5. 

 
 
Fig. 4: RAPD based dendogram of the five different mutants and the wild type strain of R. toruloides  
            constructed using unweighted pair–group arithmetic average (UPGMA) and similarity matrices. 

 
Concerning genetic relationships among the five mutants of and how to find marker to phenol biosorption 

was an important question in this study. Therefore, cluster analysis was used to divide the studied genotypes 
into groups which could be reflect the genetic diversity of phenol biosorption mutants. Moreover, the 
dendogram illustrated that the genotypes (9UV-4 and 9UV-4) which assumed to be highly uptake of phenol 
were grouped together in one cluster, but the other genotypes were highly diverged and located in another 
cluster. 

The obtained results are in agreement with those reported by Schlick et al., (1994) who demonstrated that 
some differences and similarities in RAPD profile between mutants in Trichoderma harzianum obtained after 
gamma radiation. Moreover, Barcelos et al., (2011) reported that, RAPD markers were useful for detecting 
genetic variability among isolates of Colletotrichum lindemuthianum. Khattab and Abd El-Salam (2012) noticed 
some differences in mutant strains in comparison with the  original strain. These differences in RAPD profiles 
confirmed the evidence of genetic variations of mutants and parent genome after UV-mutagenesis 
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