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Abstract: The effect of six different doses of Helium-Neon (He-Ne) gas laser (50.96, 40.76, 30.57, 20.38

and 10.19 J/cm ) on the growth rate, production of amino acids and protein content of Pichia pastoris2

wild strain and its mutants growing on different carbon sources were studied. One hundred single colonies

for each dose were tested. At the fifth dose (20.38 J/cm ) one mutant only (Pichia pastoris PpD5-1) has2

significantly increased growth rate. This mutant was grown on methanol as a sole carbon source and the

production of amino acids and protein content was studied. Protein. Fingerprinting and statistical analysis

of the obtained data for the six laser doses Pichia pastoris wild strain and its mutants were done. 

Keywords: Pichia  pastoris  wild  strain, laser irradiation, growth rate, amino acids, protein content,

SDS-PAGE.

INTRODUCTION

3Methanol (CH OH) that has other synonyms,

namely methyl alcohol, wood alcohol, carbinol, is

produced naturally in the anaerobic metabolism of

many species of bacteria. Methanol is a common

industrial chemical that has been used as an alternative

blended liquid transportation fuel and under

consideration for wider use. Methanol is also used as

a solvent and as an antifreeze in pipelines. About 40%

of methanol is converted to formaldehyde, and from

there into products as diverse as plastics, plywood,

paints, explosives, and permanent press textiles.

Methanol is toxic, as its metabolites formic acid and

formaldehyde cause blindness and death .[7]

Since many proteins are of immense commercial

value, numerous studies have focused on finding ways

to produce them inexpensively, easily and in a fully

functional form. One eukaryotic yeast is the

methanoltrophic Pichia pastoris P. pastoris has been

developed to be an outstanding host for the production

of foreign proteins since its alcohol oxidase promoter

was isolated and cloned . Pichia does not have the[6]

endotoxin problem associated with bacteria or the viral

contamination problem of proteins produced in animal

cell culture. Furthermore, P. pastoris can utilize

methanol as a carbon source in the absence of glucose.

The P. pastoris expression system uses the methanol-

induced alcohol oxidase (AOX1) promoter, which

controls the gene that codes for the expression of

alcohol oxidase, the enzyme which catalyzes the first

step in the metabolism of methanol . Pichia pastoris[8]

is a prolific growth rate. Therefore, it would seem easy

enough to culture it in a shake flask . [8]

Pexophagy is the selective degradation of

peroxisomes by the yeast vacuole. In P. pastoris,

pexophagy occurs when cells adapt from utilizing

methanol as the sole carbon source to metabolizing

glucose. Upon glucose adaptation from methanol, the

peroxisomes are engulfed within the vacuole by an

invagination at the vacuole surface followed by the

extension of arm-like projections of the vacuole, which

sequester the peroxisomes. Once inside the vacuole the

peroxisomes are rapidly degraded by the hydrolytic

enzymes present. At least 21 genes have been

identified that are known to be essential for glucose-

induced pexophagy. A few of these genes appear to be

required for the regulation of pexophagy while many of

them  are  essential for the sequestration of

peroxisomes and others are necessary for the

degradation of peroxisomes . [24]

Yeast strains bearing mutations in the biogenesis

peroxisomes  genes  are  unable  to  grow   on

carbon  sources whose metabolism requires

peroxisomes, and these strains lack morphologically

normal peroxisomes . [13]

Interest in the biostimulating effect of low-intensity

red light, particularly of He-Ne laser irradiation, has

increased  in  the  last  few  years.  On one hand,

low-power laser therapy has been reported as being
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successful in some cases such as treating trophic

ulcers . On the other hand, up until now there has[12,3]

been little quantitative information about the stimulative

effect of light irradiation dose, wavelength, regime, and

intensity on different kinds of cells. In experiments on

mammalian cells  and bacteria , it has been shown[21] [22]

that laser bio-stimulation is photo biologically in

nature . It means that to achieve the effect, it does[18]

not matter whether the light used is coherent or not,

the effects depend on the wavelength, dose and

intensity of light used for irradiation. This question as

well  as  possible  primary  photoacceptors  is

discussed in . It is not clear which metabolic[18]

processes are responsible  for  such  final  macro

effect-like  growth stimulation. 

The propose of this research article is the genetic

investigation of the relationship between the intensity

of methanol utilization by the yeast strain Pichia

pastoris after He-Ne laser irradiation and the activity

of some metabolic processes.

MATERIALS AND METHODS

Yeast Strain, Media and Growth Conditions: Pichia

pastoris was strain used in this study is obtained kindly

from Microbial chemistry Dept., NRC, Egypt. Yeast

strains were grown in either YPMG; 0.25 % yeast

extract, 0.1 % malt extract, 0.25 % peptone and 5 %

glucose (w/v) or YNB; 0.67 % yeast nitrogen base

(w/v) media supplemented with one of the following

carbon sources; 0.4% glucose, 0.5 % glycerol, 0.5%

ethanol, 0.5% methanol or 0.1% oleic acid. Oleic acid

medium was additionally supplemented with 0.5%

Tween 80 to solubilize oleate. To measure growth of

P. pastoris strains on oleic acid, cells were precultured

in YPD medium to an optical density at 600 nm

600(OD ) of approximately 1.0 and transferred by

centrifugation to YNB medium with Tween 80 and

600 oleate at initial OD of about 0.1. Since P. pastoris

grows to a significant extent on Tween 80 alone,

parallel cultures of each strain were incubated in YNB

medium with Tween 80 but without oleate. Oleate

growth was judged as the difference in growth between

cultures  with and without oleate. To prepare methanol-

induced cells, each strain was precultured in YPD

medium and shifted by centrifugation into YNB plus

methanol medium or methanol mineral medium

4 2 4(MMM)  consists  of (w/v); (NH ) SO , 0.3 %;

2 4 4 2KH PO ,  0.2  %; MgSO .7H O, 0.05 %; Biotin, 0.2

µg %; Thiamine HCl, 10 µg %; methanol, (1-20 %),

and pH 5.9-6.1.

Determination the Resistant Pichia Pastoris Yeast

Strains to Different Methanol Concentrations: Yeast

strains were grown in 250 ml flasks containing 100 ml

MMM medium, different concentrations of methanol

viz. 0.0, 1, ….., 20% (v/v). Flasks were inculcated with

one ml of standard inoculum. The inoculated flasks

were incubated on rotary shaker (180 rpm) for 6 days

at 28 C . Samples were taken from the cultures ando

centrifuged at 1.34 g for 10 minutes and washed three

times with distilled water, then resuspended in 10 ml

saline (0.85% NaCl) solution. The relation between

yeast biomass and methanol concentration was

measured as optical density (OD) at 600 nm of the

tested yeast strains. 

He-Ne Laser Treatment: A helium-neon (He-Ne) gas

laser “Spectra Physics” continuous wave type, 05-LHP-

991 with a power output of 12 mW at a wave length

632.8 nm was used. The beam diameter was 1.3 mm.

Five irradiations were used; 0.0, 50.96, 40.76, 30.57,

20.38 and 10.19 (J/cm ); for the six doses (D1, D2,2

D3, D4, D5 and D6, respectively). All irradiation

processes were carried out at the National Center for

Radiation Research and Technology (NCRT), Nasr

City, Cairo, Egypt.

Methanol-tolerant Mutants Induction: The methanol-

tolerant mutants were induced and isolated according to

the method of Abd-El-Aal and El-Ahdal  with slight[2]

modifications. Whereas, the yeast strain (P. pastoris)

was cultivated on YMPG slants at 28 C  for 72 hours.o

The  grown  colonies  were  exposed  to six doses

(D1, D2, D3, D4, D5 and D6) of (He-Ne) gas laser

irradiation and zero dose as control (wild type). Either

irradiated or non-irradiated (control) cells were

transferred and suspended in physiological saline

solution (0.85 % NaCl). Hemocytometer was used for

cell  counting.  Suitable  dilution  of the cell

suspension was transferred onto YNB plus methanol

(0.0, 12, 14, 16, and 20 %) medium and YNB plus

glucose 5 % medium as positive control. The growing

cells were re-harvested, re-suspended in physiological

saline solution (0.85 % NaCl), diluted and plated on

YPMG medium and incubated at 28°C for 3 days.

Colonies were isolated in respect of exhibiting

phenotypic  deviation  from  the  parental strain

(colony size), selected, streaked to slants and kept to

other investigations.

T ransm iss io n  E lec tro n  M icro sco pe  (T E M )

Examination: For preparation of specimens for

sectioning, 5 ml from yeast culture (three days old)

was centrifuged at 1.34 g for 10 minutes and washed

several times with distilled water until the supernatant

becomes clear with re-centrifugation. Pellets were

embedded in 2% Agar in water and cut into a small
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pieces (cubes) using a Pasteur pipette. Cubes were

stained, sectioned and finally examined with

Transmission Electron Microscope TEM West Germany

Model-E10-Zeiss, (Power = 60 kv, Res . 10A ) ato

Electron Microscope Laboratory, NRC, Cairo, Egypt..

Miscellaneous Methods: Protein extraction was carried

out according to Bollag and Edelstein . Total protein[4]

was measured by the method of Bradford with bovine

serum albumin as standard . Free amino acids of the[5]

selected yeast isolates were extracted according to

AAAOM  and estimated by the EPPENDORF[1]

Biotronik Amino Acid analyzer LC 3000. 

SDS-PAGE: Proteins taken from the selected yeast

isolates after being grown on YNB; 0.67 % yeast

nitrogen base (w/v) medium supplemented with one of

the following carbon sources; 0.4% glucose, 0.5 %

glycerol, 0.5% ethanol, 0.5% methanol or 0.1% oleic

acid were separated by SDS-PAGE according to

Laemmli . The gel was stained using Coomassie[16]

Brilliant Blue R and distained with 5% methanol and

7% acetic acid solution. Molecular weights of

polypeptide bands were calculated by Uvidoc UV gel

goaimentation (geldoc 286741, Detaly-168 x 326 pixy)

and low molecular weight marker protein (79, 76, 73,

68, 60, 48, 45, 40, 33 and 28 KD). 

RESULTS AND DISSCTIONS

Relationship Between Methanol Concentration and

P. pastoris Growth Rate: Figure 1. Showed that, the

growth rate (as OD at 600 nm) of the wild type P.

pastoris yeast strain was varied when subjected to

progressive methanol concentrations up to 20% as sole

carbon source. The increase in growth rate was parallel

with the increase in methanol concentration up to 6%.

Correlation was significant at P< 0.01 (0.995**). This

indicated that the tested wild type P. pastoris yeast

strain was tolerant to 6% methanol concentration.

While correlation was negatively significant at P< 0.01

(-0.966**) indicating that the tested wild type P.

pastoris yeast strain was sensitive to (8-14%) methanol

concentrations. Other methanol concentrations (16-20%)

did not show any effect on growth rate of the wild

type P. pastoris yeast strain.

These results are in agreement with those obtained

by Ramadan and Hazueu  who indicated that Pichia[25]

pastoris showed a relatively fast growth and

concentration of methanol greater than 2% retarded

growth of C. boidinii and P. pinus. Also, high

concentrations of methanol inhibited culture of

methanol-assimilating microorganisms. In addition,

Katakura et al.,  noted that, the specific rates of [23]

Fig. 1: t h e  r e l a t i o n s h i p  b e t w e e n  m e th a n o l

concentration and P. pastoris growth rate.

# Methanol concentration as % and growth

rate as OD at 600 nm.

# (0%) is referring to MMM medium without

any methanol concentration.

# Data obtained after incubation on rotary

shaker (180 rpm) for 6 days at 30 C.o

growth and methanol consumption decreased with

increase the methanol concentration, also they reported

that, the specific growth rate declines in proportion to

the increased biomass. 

Laser  Irradiation  Effect  on  the Growth

Behavior: To study the effect of laser irradiation on

Pichia pastoris growth behavior, one hundred of single

colonies were tested for each dose (control dose was

accepted). Three highest growth rats of Pichia pastoris

mutants of each laser dose were selected,e.g., PpD1-1,

PpD1-2  and  PpD1-3  for  the  three  Pichia

pastoris mutants resulting from control dose (D1).

PpD2-1, PpD2-2 and PpD2-3 for the three Pichia

pastoris mutants resulting from D2 dose and etc. for

the rest doses

Data in Table (1) referred that there are observable

differences in the growth behavior (as O.D. at 600 nm)

between Pichia pastoris wild type strain and its

mutants without and with carbon source; glucose and

different methanol concentrations (12-20%). On using

glucose as a carbon source, all the P. pastoris mutants

showed  significantly  increase  in their growth than

the wild type strain with exception of one mutant

(PpD3-2 ). At the same trend, on usage methanol as a

sole carbon source at concentration 12%, but with

exception of four mutants (PpD2-3, PpD3-1, PpD6-1

and PpD5-2) showed decrease in their growth. On the

contrary, without any carbon source, all the Pichia

pastoris mutants showed significant decrease in their

growth than the wild type strain with exception of one
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Table 1: Growth behavior of some He-Ne laser treated isolates and its parent P. pastoris on different methanol concentrations
Methanol concentration %
------------------------------------------------------------------------------------------------------------------------------------------------

P. pastoris and Glucose Control 12 14 16 20* #

He-Ne leaser treated isolates ------------------------------------------------------------------------------------------------------------------------------------------------
Growth behavior as O.D. at 600 nm

W.T. (P. pastoris) 1.750 0.716 0.245 0.286 0.155 0.176
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
PpD1-1** 2.033 0.479 0.369 0.259 0.079 0.157
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
PpD1-2** 2.051 0.189 0.255 0.270 0.095 0.080
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
PpD1-3** 2.022 0.316 0.285 0.163 0.292 0.105
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
PpD2-1** 1.909 0.245 0.249 0.239 0.209 0.216
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
D2-2** 2.057 0.669 0.286 0.212 0.135 0.233
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
PpD2-3** 2.033 0.320 0.230 0.275 0.229 0.202
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
PpD3-1** 1.922 0.423 0.164 0.162 0.110 0.177
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
PpD3-2** 1.059 0.296 0.277 0.250 0.081 0.164
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
PpD3-3** 1.950 0.496 0.306 0.263 0.261 0.120
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
PpD4-1** 1.830 0.667 0.291 0.283 0.209 0.130
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
PpD4-2** 1.892 0.484 0.344 0.140 0.098 0.112
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
PpD4-3** 1.940 0.526 0.254 0.307 0.231 0.077
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
PpD5-1** 1.900 0.222 0.296 0.265 0.196 0.244
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
PpD5-2** 1.892 0.332 0.218 0.213 0.143 0.248
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
PpD5-3** 1.946 0.408 0.256 0.231 0.195 0.107
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
PpD6-1** 1.892 0.145 0.219 0.062 0.037 0.040
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
PpD6-2** 1.917 0.420 0.249 0.291 0.204 0.193
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
PpD6-3** 1.744 0.253 0.290 0.194 0.216 0.113
* Glucose used as sole carbon source.
# MMM medium without any carbon source. 
** (D1, D2, D3, D4, D5 and D6) are referring to (He-Ne) gas laser irradiation doses.

mutant (PpD5-1). At the same trend, on usage

methanol as a sole carbon source at concentration 14%

and 20%, but with exception of two mutants (PpD4-3

& PpD6-2) and six mutants (PpD2-1, PpD2-2, PpD2-3,

PpD5-1, PpD5-2 and PpD6-2) respectively showed

increasing in their growth. On usage methanol at

concentration  16%,  nearly,  the  number of mutants

(9 mutants) showed increasing in their growth equal the

number of mutants (9 mutants) showed decreasing in

their growth than the wild type strain. These results

were in agreement with Tuner and Hode  who stated[27]

that not all cells in tissues or cellular cultures will

respond to laser irradiation in exactly the same way.

Many experiments have been performed in vitro and

the reaction seen or not seen in an in vitro experiment

reflects the effect of laser on a single isolated cell.

Generally, most of obtained P. pastoris mutants

showed significant increase in their growth comparing

with the wild type strain. In 1996, Karu reported that

the irradiation of laser on yeasts lead to speed up the

preparation of cells for division and budding as

expressed in shortening of the average generation time

in the logarithmic phase of the culture growth. Also,

Fedoseyeva et al.,  noted that, the irradiation with[11]

He-Ne laser caused the growth rate enhancement of the

yeasts Saccharomyces ludwigii, Torulopsis, Candida

maltosa, Candida boidinii and Saccharomyces

cerevisiae. These results may be due to that the action

of visible light radiation was found to be indifferent,

i.e. there were neither simulative nor inhibitive effects
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on proliferation. Or the effect of radiation was more

pronounced in the cells in which metabolic activity,

e.g. rate of proliferation. These data gives us the

possibility to suppose that the magnitude of stimulation

effects depends on the physiological state of cells at

the moment of irradiation .[18,19]

The ability to grow on different carbon sources of

the selected mutant (PpD5-1) was tested and compared

with P. pastoris wild type strain. YNB (0.67% yeast

nitrogen base) medium supplemented with one of the

following carbon sources; 0.4% glucose, 0.5 %

glycerol, 0.5% ethanol, 0.5% methanol or 0.1% oleic

acid. Oleic acid medium was additionally supplemented

with 0.5% Tween 80 to solubilize oleate

In all cases, the mutant P. pastoris (PpD5-1) was

grown on all carbon sources media and it was showed

significant excess of the growth than the wild type

strain (Table 2). The maximum growth rate (25.43 %)

on YNB methanol medium, while the minimum growth

(5.60 %) on YNB Tween-400 + Oleic acid medium.

These results were in agreement with those of  who[9]

reported that P. pastoris is able to utilize two unusual

carbon sources, methanol ethanol and oleic acid, both

of which are dependent on peroxisomes for their

metabolism. Also, Simon et al.,  noted that the[26]

continues ability of per mutants to utilize ethanol and

other carbon sources is particularly useful in

eliminating regulatory mutants that are defective in

ability  to  derepress  alternate carbon source

utilization pathways. Such mutants fail to proliferate

peroxisomes when induced and therefore appear to be

peroxisome deficient.

E le c tr o n  M ic ro sc o p e  E xa m ina t io n :  U n d e r

Transmission Electron Microscope (TEM) examination,

on YNB Methanol medium, most sections of the wild

type strain cells contained readily observable clusters

of large microbodies (peroxisomes) and small vacuoles.

For PpD5-1 mutant, the observable clusters of

microbodies (peroxisomes) showed change in

appearance and small in size and number than it were

found in the wild type strain cells. In case of YNB

glucose medium most sections of wild type strain cells

contained readily observable large vacuoles and clusters

of small microbodies (peroxisomes) as well as small

size. No differences were found of vacuoles and

microbodies in size, number and morphology in the

mutant (Figs. 2 a and b). These results were in

agreement with that obtained by  who reported that[13]

electron microscopy on the P. pastoris pas1 cells

revealed that they lack morphologically normal

peroxisomes, and instead contain membrane-bound

structures that appear to be small, mutant peroxisomes,

or "peroxisome ghosts." These "ghosts" proliferated in

Fig. 2a: The wild type yeast strain Pichia pastures

(PpWT) (a and b grown on glucose mineral

medium and methanol mineral medium,

respectively). 

X a=16000; X b=10000. M: mitochondria,

Mb: microbody, N: nucleus, V: vacuole.

Fig. 3,4: The He-Ne laser treated isolate, D5- M1 (3

and 4 grown on glucose mineral medium and

methanol mineral medium, respectively). 

X c=16000 ; X d=10000. M: mitochondria,

Mb: microbody, N: nucleus, V: vacuole.

Fig. 3: Protein content of the wild type Pichia

pastoris strain (PpWT) and its mutant PpD5-1

when grown on methanol  and glucose as sole

carbon sources. 

* PpD5-1 is referring to P. pastoris He-Ne

leaser treated isolate

response to induction on peroxisome-requiring carbon

sources (oleic acid and methanol), and they were

distributed to daughter cells. 
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Fig. 4a,b: Amino acids content of the wild type Pichia pastoris strain (PpWT) and its mutant (PpD5-1) were

grown on glucose (Fig. 4 a) and methanol (Fig. 4 b) as sole carbon source.

* PpD5-1 is referring to P. pastoris He-Ne laser treated isolate

Protein Content: The amount of protein produced by

the mutant (PpD5-1) was significantly higher than the

wild type strain (PpWT) cells under the presence of

methanol as sole carbon source (Fig. 3). Under the

presence of glucose as a sole carbon source, mutant

PpD5-1, however, has produced protein content with

little increase. These results were in agreement with

those of  who reported that protein production was[15]

greatly affected by lower concentration of methanol.

Amino Acid Content: For amino acids content, the

wild type P. pastoris (PpWT) strain and its mutant

(PpD5-1) showed approximately equal in amino acids

content when grown on glucose as sole carbon source.

On  the  contrary,  when  grown  on  methanol  as

sole  carbon  source   the   mutant   (PpD5-1)

showed  significantly  increase   in   its   amino

acids  production  than  the  wild  type  strain

(PpWT)  (Figs.  4  a  and  b).  These  results  were

in  agreement   with  those  of who reported that

amino  acids  are  synthesized  by  P. pastoris as in

Table 2: Growth behavior of He-Ne (PpD5-1) leaser treated isolate
and its Pichia pastoris wild type strain (PpWT) on
different carbon source.

Strain Media No. of cells/ml

PpWT YNB + 0.4% Glucose 1600
PpD5-1 1667
PpWT YNB + 0.5% Glycerol 1559
PpD5-1 1606
PpWT YNB + 0.5% Ethanol 1553
PpD5-1 1605
PpWT YNB + 0.5% Methanol 1561
PpD5-1 1685
PpWT YNB + 0.5% Tween-400 1566
PpD5-1 1605
PpWT YNB + 0.5% Tween 1588
PpD5-1 -400 + 0.1 Oleic acid 1677

Saccharomyces cerevisiae. But the cultivation on

glucose allowed qualitative comparison with the flux

ratio profile of P. stipitis and S.cerevisiae grown on

glucose in a chemostat culture. This indicated that

regulation  of  central  carbon metabolism P.pastoris

and S.cerevisiae might be more similar to each other

than to P.stipitis.
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Fig. 5: SDS-PEG-profile of water soluble proteins for the wild type P. pastoris strain, PpWT (lanes; 1, 3, 5, 7,

9 and 11) and its mutant PpD5-1 (lanes; 2, 4, 6, 8, 10 and 12) grown on different carbon sources; the

control on the following media: YNB (lanes 1 and 2); glucose (lanes 3 and 4); glycerol (lanes 5 and 6);

methanol (lanes 7 and 8); ethanol (lanes 9 and 10); oleic acid (lanes 11 and 12). Lane M: The marker

with  molecular weight (12 to 97 KDs ). 

*(1, 3, 5, 7, 9 and 11) is referring to the wild type P. pastoris yeast strain (PpWT) grown on; control

(YNB), glucose, glycerol, ethanol, methanol and oleic acid as  carbon source, respectively. 

**(2, 4, 6, 8, 1 and 12) is referring to the to P. pastoris He-Ne leaser treated isolate (PpD5-1) grown on;

control (YNB), glucose, glycerol, ethanol, methanol and oleic acid as sole carbon source, respectively.

(PM) is referring to protein marker.

Fig. 6: Dendogram (Phylogenetics tree) of water soluble proteins for the wild type P. pastoris strain (PpD5-1)

(1, 3, 5, 7, 9 and 11) and its mutant (PpD5-1) (2, 4, 6, 8, 10 and 12) grown on different sole carbon

sources; the control on media YNB (1 and 2), on glucose (3 and 4), on glycerol (5 and 6), on methanol

(7 and 8), on ethanol (9 and 10), on oleic acid (11 and 12) and (lane M) the marker with  molecular

weigh  ( 12 to 97 KDs 

SDS-PEG Protein Fingerprinting: 

Protein Banding Patterns: SDS-PAGE, protein

electrophoretic patterns of total water-soluble protein

fractions for the wild type P. pastoris strain (PpWT)

and  its  mutant  PpD5-1.  Data  from Fig. (5)

revealed that twelve treatments resulting from using
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five carbon sources; glucose, glycerol, ethanol,

methanol and oleic acid lanes from 3 to 12 and the

control (media YNB without any carbon sources) lanes

1 and 2 for the wild type strain (PpWT) and its mutant

(PpD5-1). There are observable differences in the

protein banding pattern between the treated strains and

the control. Some differences were observed in banding

patterns between the wild type strain (PpWT) and its

mutant (PpD5-1) (lanes 7 and 8) which resulting from

growing on methanol as a sole carbon source in the

media, but variation to the same extent was also

present among the other three treatments; lane 5, 6 and

11.Some differences in banding patterns between the

wild type strain (PpWT) and its mutant (PpD5-1)

(lanes 7 and 8) which resulting from growing on

methanol as a sole carbon source in the media) were

observed. A variation to the same extent was also

present between the mutant (PpD5-1) (lane 10) and the

control on media YNB (lanes 1 and 2). 

Data from Fig. (5) also revealed that the mutant

(PpD5-1) (lane 8) has three different specific

(monomorphic) bands at molecular weights; 76.90 KDs

and 49.90 and 38.72 KDs, while the wild type strain

(PpWT) has one specific (monomorphic) band at

m o lecular  weigh 56 .00  K D s. O ne  sp ec if ic

(monomorphic) bands at different molecular weights

28.0, 40.96,35.10 and 23.01 KDs for lanes 1, 3, 6 and

12, respectively. Monomorphic band was not observed

in the other treatments. These results could be used to

distinguish between these treatments especially between

the mutant (PpD5-1) growing on methanol and as a

sole carbon source and the other eleven treatments.

These  specific  3  bands  for the mutant (PpD5-1)

may  be  referring  to  the   occurred   excess   of

the amino acids and protein contents. These results

were in agreement with  those of Sulter et al., and

Pouran and William . [24]

Statistical Analysis for SDS- PAGE Data: Package

SPSS system. Significant differences were determined

at p‹0.05. Data from SDS-PAGE were pooled and

transferred into 1 and 0, their were interred into the

input of the program as shown in the dendrograms

below (Fig. 6). The statistical analysis data were

carried out with the statistical software package SPSS

11.5 system (SPSS for Windows, Rel. 11.5.1. 2002.

Chicago:  SPSS  Inc.)  Using  the  method  described

by  Iruela  et al., . The dendrogram generated by[14]

(Gel  works  1D)  analysis  confirmed  the above

pattern (Fig. 5).

As shown in dendrogram below (Fig. 6), the total

treatments were classified into ten pool-clusters. The

first cluster (A) includes one treatment only (the mutant

(PpD5-1) grown on methanol), while the other clusters

include the other remaining treatments with different

distance between them. This mutant is so far from the

other clusters with genetic with completely100%

dissimilarity (or 0.0% similarity) than the other strains.

The two treatments; 4 and 10 (wild type strain

"PpWT" grown on glucose and ethanol) have a one

group cluster (J) with very close distance between them

(90 % similarity). This result is in parallel with the

data in Figures (3 and 4) which showed that the mutant

(PpD5-1) produced protein content and amino acids

significantly higher than the wild type strain (PpWT)

cells growing condition of methanol as sole carbon

source. Two clusters; cluster (H) include treatments; 5,

6 and 11 and cluster (I) include two samples 2 and 12

(in two groups) have same similarity (70 %). At the

same trend, another two clusters E and G include

treatments; 3, 9 and 12 and 1, 4 and 10 of each have

nearly equal similarity; 40 and 42%, respectively. This

result is to confirm with the data in Figures (3 and 4)

which showed that the wild type strain (PpWT) and its

mutant (PpD5-1) nearly equal in the protein content

and amino acids production under growing media

YNB, glycerol and oleic acid as sole carbon source.

This result is in agreement with obtained data at Figs.

(4 a and b) which indicated that the wild type P.

pastoris strain (PpWT) and its mutant (PpD5-1)

showed approximately equal in amino acids content

when grown on glucose as sole carbon source, while

the mutant (PpD5-1) showed significantly increase in

their amino acids production than the wild type

(PpWT) on methanol. The specify of the SDS-PEG,

p ro te in  e lec tro p ho re t ic  was  h ig h l ig h te d  b y

distinguishing protein fingerprints for the wild type P.

pastoris  strain  (PpWT)  and  its  mutant (PpD5-1)

on  methanol.  These  results  were  in  agreement

with  those  of  Cregg  et  al., ,  Katakura  et  al.,[9] [23]

and Jahic et al.,  .[17]
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