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HIGHLY active a-amylase gene secreted by five raw starch-

degrading yeasts has been transferred to four S. cerevisiae strains
using CaCl, and spheroplast transformation ( PEG methods ) . Lower
percentage of transformation was obtained in response to direct
transformation using CaCl,, while transformation using PEG method
showed higher percentages. In addition, PEG method yielded the
maximum transformation percentage 4.0 %, whereas, that in CaCl,
method was reached to 2.7 %. The higher number of transformation
experiments using CaCl, was more than that produced by PEG which
may due to lower regeneration of yeast spheroplasts on spheroplast
transformation plates. Transformants were differed in their ability to
grow on soluble starch due to the genetic background of various
isolates contributing to the differential levels of a-amylase secretion
which infuence their growth rate and genetic stability of expression a-
amylase gene. All transformants were able to secrete extracellular a-
amylase and expression of a-4my gene was differed significantly in
their activity to utilize soluble starch. Furthermore, transformants
containing the AMY gene showed significant differences in halo size,
which may be due to the different levels of expression of a-amylase
gene. Recombinant isolates exerted significant differences in
hydrolysis percentage of raw potato starch. Positive relation was
achieved between ethanol production from raw potato starch and
glucose values and the expression of a-amylase genes. Also,
differences were obtained between amylolytic yeast strains and their
transformants based on molecular weight of protein bands, the
similarity degree and genetic distance.

Keywords : o-Amylase gene, Ethanol yielding, Genetic distance,
Protein bands, Starch degradation, Transformation.

The yeast Saccharomyces cerevisiae has been used extensively for the
production of many heterologous proteins, since it is safe eukaryotic
microorganism with well established fermentation technology for large-scale
production (Romanos et al., 1992). Large amounts of yeast cells can easily be
grown at lower cost than any other eukaryotic expression system. In addition, as
the yeast SacchaMpmyces cerevisiae can not produce the starch degrading
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enzymes, genetically engineered strains of Saccharomyces cerevisiae secreting
heterologus raw-starch-degrading enzymes were developed by Janse and
Pretorius (1995) . Genetically engineering strain of S. cerevisiae was useful in
production of single-cell protein, maltose syrup, baking and brewing industry
(Steyn and Pretorius, 1990).

Raw starches as unexpensive substrates, found in large amounts in
agriculture residues , could be utilized for alcoholic fermentation and yeast
biomass on an industrial scale by construction of genetically modified S.
cerevisiae strains (synthesis and secretion of two enzymes a-amylase and
glucoamylase). The use of starch as a renewable biological resource has both
social and economic advantages.

Various S. cerevisiae transformants were employed for ethanol production
which is considered one of the important role in the economy of number of
developing countries, e.g. Brazil and India (Hacking, 1987 and Rosillo-Calle et al.
1992). Also , it makes basal industry for various organic compounds including
acetic acid, vinegar, acetaldehyde, perfumes, medicine and laboratory uses. The
trends to use ethanol as a fuel to replace gasoline to overcome environmental
pollution is one of the aims for its production.

Therefore, the aim of the present study was screening yeast strains-degrading
starch and selecting the efficient ones that completely degrading starch very well.
The efficient strains (Saccharomycopsis sp.; Lipomyces sp. and Schwanniomyces sp.)
were used for isolating and transferring their a-amylase gene to Saccharomyces
cerevisiae and evaluate their transformants for the expression of a-amylase gene as,
which can be used in ethanol production from raw potato starch. Genetically
modified strains were also biochemically evaluated for secreting o-amylase- which
can degrad starch completely, in order to recycl starch resulting from some industries
in a trial to reduce its polluting effect in the environment.

: Material and Methods
I- Material

I-Microbial strains

The sources and relevant genotypes of yeast strains used in this investigation
are listed in Table 1. In addition, transformant isolates developed and used in this
work are listed in Table 2.

. 2~ Media _

(a) Yeast medium broth (YB): It contained (g / 1), yeast extract, 3 ; malt
extract, 3 ; peptone, 5 and glucose , 10 and distilled water 1000 ml according to
Agricultural Research Service Culture Collection, USA.

(b) Yeast peptone dextrose ( YPD) It c_ofntained (g %) 1 yeast extract, 2
peptone, 2 glucose (dextrose) and 2 agar. The medium was used for general
growth (Sherman et al., 1986).
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(c) Synthetic complete medium (SC): Transformants of S. cerevisiae. were
cultured and selected on synthetic complete (SC) medium containing 0.67 %
yeast nitrogén basé (YNB) without amino acids ‘and ammonium sulfate, 0.5 %
(NH,),SO,. No growth factors were added and 0.4 % soluble starch was added
as a selectable marker for starch utilization and as a carbon source instead of 2 %
glucose (Eksteen et al., 2003 a).

(d) Maintenance the amylolytic yeast strains (MAYM): The solid medium
used for maintenance of yeast strains able to secrete a-amylase enzyme has the
following composition (g/L): peptone, 1.25; yeast extract, 1.25; starch, 10 and
agar, 20 (Gogoi et al., 1987).

(e) Amylase production medium (AM): The amylase production medium has
the following composition (g /L); starch, 5.0; yeast extract, 5; K,HPO,, 0.5;
MgS0,.7H,0, 0.2; CaCl,, 0.1 (Gogoi et al., 1987).

() The fermentation medium: It was prepared using potato starch extract
(about 2% starch), 0.67 % YNB without amino acids. The pH was adjusted to
5.5 after autoclaving at 121 °C for 15 min (Eksteen ef al., 2003 b).

TABLE 1. Yeast strains used in this study.

Yeast strains Genotypes Rse (;::ec:c/e Designation
Yeast strains secretable a-amylase:
Saccharomycopsis fibuligera .
NRRL Y-2388 Wild type USDA SF
Saccharomycopsis capsularis "
NRRL Y-17639 USDA — SCA
Lipomyces kononenkoae "
NRRL Y-11553 USDA LK
Lipomyces starkeyi "
NRRL Y-11557 USDA LS
Schwanniomyces occidentalis "
NRRL Y-10 USDA 50
Saccharomyces cerevisiae strains:
S. cerevisiae NRRL Y-2043 Wild type USDA SCy
S. cerevisiae MI " France SC,
S. cerevisiae M2 " Turkey SC;
S. cerevisiae M3 " China SC,

NRRL = National Regional Research Laboratory USDA = United States Department

of Agnculture
M1 = Commercial strain isolated from France beaker yeast powder.

M?2 = Commercial strain isolated from Turkey beaker yeast powder.
M3 = Commercial strain isolated fr&n China beaker yeast powder.
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TABLE 2. Designation of transformed S. cerevisiae strains with a- amylase gene(s)
from amylolytic yeast strains using CaCl, and PEG methods.

Trans
Donor Recipient formation Designation
g methods
Saccharomycopisis S. cerevisiae M1 CaCl, T,
fibuligera NRRL- S. cerevisiae M2 CaCl, T,
Y 2388 S. cerevisiae M3 CaCl, T;
. S. cerevisiae M2 PEG T,
Saccharomycopisis S. cerevisiae NRRL-Y 1204 CaCl, Ts
capsularis NRRL- S. cerevisiae M1 CaCl, Ts
Y 17639 S. cerevisiae M2 CaCl, T,
S. cerevisiae M3 CaCl, Ts
S. cerevisiae M1 PEG Ty
S. cerevisiae M3 PEG =~ Ty
Lipomyces S. cerevisiae NRRL-Y 1204 CaCl, Ty
kononenkoae S. cerevisiae M1 CaCl; - T2
NRRL-Y 11553 S. cerevisiae M2 CaCl, Ty
S. cerevisiae M2 PEG T4
Lipomyces S. cerevisiae NRRL-Y 1204  CaCl, T s
starkeyi S. cerevisiae M1 CaCl, T 16
NRRL-Y 11557 S. cerevisiae M2 CaCl, T,
S. cerevisiae M1 PEG T s
S. cerevisiae M2 PEG T
Schwanniomyces S. cerevisiae NRRL-Y 1204 CaCl, T 5
occidentalis S. cerevisiae M1 CaCl, T,
NRRL-Y 10 S cerevisiae M2 CaCl, T,
S. cerevisiae M3 CaCl, T 53
S. cerevisiae NRRL-Y 1204 PEG T 24
S. cerevisiae M1 PEG T 55
S. cerevisiae M2 PEG T 2
S. cerevisiae M3 PEG T 59

Transformants selected for protein pattern using SDS - PAGE depending on starch
degradation presented in Table 5 .

II- Methods
1- DNA isolation -
Five milliliter of a 48 hr-old yeast strains secreting a- amylase enzyme
culture (donor) were inoculated into 50 ml of YM broth medium and incubated
at 28 °C for 48 hr. The cells were harvested and washed once with 10 ml of
distilled water and once with 10 ml sodium acetate buffer pH 5.5. DNA isolation
was carried out according to Maniatis ef al. (1982).
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2- Transformation procedures

Yeast cells were transformed using direct transformation (CaCl, method)
with some modifications and Spheroplast transformation (PEG method)
according to Maniatis et al. (1982) and Glover and Hames (1995).

3-Detection of the activity of yeast transformants secreted a-amylase

Amylase hydrolyzing activity was determined by assaying halo zone-forming
around the colonies indicated starch-degrading activity intensified by iodine
staining according to Rothstein et al. (1985) and quantification in cell free
supernatant fluid which was used as the crude enzyme source.

4- Genetic stability of different recombinant yeasts
The genetic stability of different recombinant yeasts was determined using
the following formula according to Rothstein et al. (1985):

Number of colonies on YPD
Genetic stability (%) = x 100
Number of colonies on YNBS

S-Alcoholic fermentation

Recombinant Saccharomyces cerevisiae strains were grown on fermentation
medium at 30 °C for 168 hr with agitation by orbital shaker. Samples were taken
every 24 hr for determination of : ethanol production according to Harwitz,
(1980) with some modifications, utilization starch determined by iodine colored
method according to De Mot et al. (1984), biomass dry weight (Birol et al. 1998)
and reducing sugars using Nelson (1944)-Somogyi (1952) methods. The amount
of glucose was estimated from standerd curve of glucose.

6- a-amylase assay and glucoamylase activity

The extracellular activity of a-amylase samples taken at different phases of
growth was assayed as described by Hemandez and Pirst (1975) and
glucoamylase determined according to Ribeiro dos Santos (1988).

7- SDS polyacrylamide gel electrophoresis (SDS-PAGE)

Sodium dodecyl sulphate- polyacrylamide gel electrophoresis (SDS-PAGE) was
carried out as described by Laemmli (1970). Extracted proteins of yeast cells were
resolving in electrophoresis run buffer using a small vertical electrophoresis unit with
4 % acrylamide stacking gel and 12 % acrylamide resolving gel. A constant voltage
of 100 V at 4 °C was maintained in each gel over nigh. After electrophoresis, the gel
was stained for protein with Coomassie brilliant blue R-250.

Jaccard's similarity coefficient may be used which only takes positive matches
into account (both bands are presented) according to Patwary ef al. (1993).
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Jj=Cy/(ni+ny—Cy)

Hefé;lCij is the number of positive matches between two individuals, while n; and
n; is the total number of bands in individuals i and j, respectively.

8- Statistical analysis

All experiments in this study were conduced in a completely randomized deslgn
with three replications. This design, the simplest possible, is set up by assigning
treatments at random to a previously determined set of variation in this units. There
are only two sources of variation in this design, among experimental units within a
treatment, which call experimental error and that among treatment means.

Results and Discussion

1- Yeast transformation , |

The results presented in Table 3 and Fig. 1 showed the lower number of
transformants and lower percentage of transformation obtained in response to the
direct transformation using CaCl, or PEG. This may due to strain poor
transformant recovery and high frequency of diplodization. The results also
indicated that there are three of transformation experiments did not give any
transformant colonies using CaCl, method, while there are ten experiments of
transformation did not gave any transformant colonies using PEG which may
due to lower regeneration of yeast spheroplasts on spheroplast transformation
plates (Traver et al, 1989). Transformation of PEG method showed higher
transfo_rmant percentages than that of CaCl, method. This indicated that PEG -
method was efficient than CaCl, method for inserted DNA through the cell wall
of the yeast cells. The PEG method yielded the maximum transformation
percentage 4.0%, whereas, that in CaCl, method was reached to 2.7 % . Similar
results were obtained by Hafez (2000), who reported that the _efﬁciency of
genetic transformation in S. cerevisiae using PEG gave higher transformants and
transformation percentages more than that of CaCl,. The results revealed that all
experiments of Schwanniomyces occidentalis NRRL Y-(10 transformation) used
a donor strain induced transformant colonies using CaCl, and PEG. This was due
to easily entrance of DNA across cell walls of all four industrial strains of S.
cerevisiae and mitotic stability of the transformed DNA in recombinant isolates.
Furthermore, in transformation the combined effect of alkali‘ion for generation
of membrane distortions, allow the uptake of donors DNA. The effect of PEG
method can probably be attributed to changes in membrane charges caused by
interactions among negatively charged PEG, monovalent cations, and the yeast
cell surface (Hafez , 2000).
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TABLE 3. Transformation of yeast strains using CaCl, and PEG methods. Ll e

No. of transformed Transformation |

(L00T) Ly “10g T 1dA8q

No. of compé.téﬁt:.‘.
Donor Recipicnt colonies - colonics (%)
| | 1 1§ I I 1 I
. |S cerevisiae NRRL Y-2043 6500 546 0.0 0.0 0.0 0.0
Saccharomycopsis fibuligera | S. cerevisine M1 ' 6830 602 102 0.0 1.5 0.0
- :NRRL Y-2338 S. cerevisiae M2 7170 733 120 29 1.7 4.0
" o S. cerevisiae M3 6750 621 22 0.0 0.33 0.0
R S. cerevisiae NRRL Y-2043 6320 564 27 0.0 0.43 0.0
Saccharomycopsis capsularis | S. cerevisiae M1 6620. 583 168 22 2.5 3.8
NRRL Y-17639 S. cerevisiae M2 6870 672 15 0.0 0.22 0.0
j S. cerevisiae M3 6600 636 35 - 5 0.53 0.79
\ S. cerevisiae. NRRL Y-2043 6750 437 34 0.0 0.50 0.0
Lipomyces kononenkoae S. cerevisiac M1 6980 506 20 0.0 0.29 0.0
NRRL Y-11553 S. cerevisiae M2 7220 588 120 13 1.7 2.2
: S. cerevisiae M3 7280 645 0.0 0.0 0.0 0.0
‘ |'S. cerevisiae NRRL Y-2043 6480 378 30 0.0 0.46 0.0
Lipomyces starkeyi | S. cerevisiae. M1 7050 412 60 7 0.85 1740
NRRL Y-11557 S. cerevisiae M2 7150 396 88 12 12 3047
S. cerevisiae M3 6720 334 0.0 - 0.0 0.0 0.0,
S. cerevisiae NRRL Y-2043 6650 582 173 16 2.6 2.8
Schwanniomyces occidentalis | S. cerevisiae Ml 7120 568 156 11 22 1.9
NRRL Y-10 S. cerevisiae M2 6950 676 187 24 2.7 3.6
S. cerevisiae M3 7250 606 175 10 2.4 1.7

I= CaCl; method.

II= PEG method.

THVISIATYAD SHOAWNOYVHDIOVS LOMALSNOD ATTVIILLIANAD
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Fig. 1. Photographs of some transformed S. cerevisiae colonies with a- amylase gene

(s) from amylolytic yeast strains on solid SC medium by using CaCl, (above)
and PEG ( below ) methods.

2- Secretion of a-amylase and starch utilization in transformant yeasts
The results presented in Table 4 showed that S. cerevisiae transformants
acquired the ability to secrete active a-amylase for 48 hr old period and grow
well on starch medium using starch as a sole carbon source. These transformants
displayed significant differences in terms of the level of secretors expression of
a-amylase-encoding gene (a-amy), as well as, their ability to produce and secrete
the a-amy-encoded, raw starch-degrading a-amylase and to ferment starch. The
results revealed that transformants are differed in their ability to grow on soluble
starch medium. This may due to the genetic background of various yeast strains
which affect levels of growth and secretion of a-amylase. These results are in
agreement with those obtained by Moses et al. (2002), who found that specific
genetic background of the recombinant yeast strain, play a significant role in
heterologous protein production. The results also show that, these transformants
exerted significant differences in biomass production (fresh weight). This
indicated that the production of biomass is under the control of many genes with
different expression and reflects the complicated nature of the gene expression
‘and its inheritance. The results obtained herein are in harmony with those found
by Levine and Cooney (1973), who found that the maximal dry weight of the
yeast on methanol was 0.36 g/g methanol, whearas the yield on oxygen was
0.37g per g of O, . In a significant breakthrough, Birol ef al. (1998) reported the

utilization of 100 g of starch per liter with production of 44 g of ethanol per liter
and 8 g of cells per liter.
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TABLE 4. Secretion of a-amylase and starch utilization by. different S. cerevisiae
transformants. ’
Culture filtrate
No of . O.D at Fresh ‘ : 3
*Final |{ 600 nm . -
trans- H Absor- | weight _ .| Specific Residual Starch
formant | P bance g/100ml ul}:Al' P "Ot"';_‘ activity |~ starch utilization
culture m mg/m u/mg ° mg/l 1 % mgn LYA
Trans. 1 9.00 1.867 1.30 485 | 5.1l 95 0.0 0.0 | 5000 | 100
Trans.2 | 847 1.896 2.07 432 | 474 91 46 0.92 | 4954 | 99.08
Trans. 3 8.60 1.932 1.41 451 | 490 92 0.0 00 | 5000 | 100
Trans. 4 9.15 1.795 1.70 397 430 | 92 0.0 0.0 5000 | 100
Trans. 5 8.91 1.920 1.38 406 | 4.50 90 | -0.0 0.0 | 5000 | 100
Trans. 6 | 8.74 1.945 1.18 387 | 390 99 0.0 0.0 | 5000 | 100
Trans. 7 8.81 1.985 1.29 433 | 490 88 0.0 0.0 | 5000 | 100
Trans. 8 7.60 1.496 0.59 379 3.50 108 141 2.82 | 4859 | 97.18
Trans.9 | 9.06 1.789 1.80 395 | 3.80 | 104 0.0 0.0 | 5000 | 100
Trans. 10 | 7.83 1.905 1.36 428 | 4.60 93 29 0.58 | 4971 | 99.42
Trans. 11 8.53 1.832 1.73 418 440 95 0.0 0.0 5000 )" 100
Trans. 12| 978 | 1258 | 101 | 266 | 208 | 86 | 1388 | 27.76 | 3612 | 7224
Trans. 13| 9.72 1.119 1.00 251 2.09 81 1658 | 33.16 |-3342 | 66.84
Trans. 14 | 8.92 1.756 1.84 417 3.90 107 0.0 0.0 5000 100
Trans. 15| 9.62 1.285 1.03 336 | 340 99 953 | 19.06 | 4047 | 80.94
Trans. 16 { 8.78 1.845 1.74 432 | 3.80 114 0.0 0.0 | 5000 | 100
Trans. 17 | 9.06 1.742 1.60 455 | 4.10 111 0.0 0.0 | 5000 { 100
Trans. 18 | 9.28 1.378 1.34 290 | 2.70 107 536 | 10.72 | 4464 | 89.28
Trans. 19| 9.17 1.802 1.37 419 4.00 105 0.0 0.0 5000 100
Trans. 20} 9.10 11726 1.30 468 440 106 0.0 0.0 5000 100
Trans. 21 | 9.17 1.702 1.24 430 | 439 98 0.0 0.0 | 5000 | 100
Trans. 22 | 7.73 1.701 1.00 232 | 1.82 82 1835 1 36.7 | 3165 | 633
Trans. 23 9.18 1.745 1.08 420 390 108 0.0 0.0 5000 100
Trans. 24 | 941 1.663 1.29 387 | 3.80 102 278 | 5.56 | 4722 | 94.44
Trans. 25 | 9,22 1.809 | 1.08 460 | 392 117 0.00 | 0.0 | 5000 | 100
Trans 26 9130 1.R0S 1.52 415 3160 115 0.00 00 5000 100
Trans. 27 | 9.16 1.786 1.25 438 | 430 102 0.00 { 0.0 | 5000 | 100
F. test * %% ¥ * *
. 0.0 .
LSD 0.01 8 0.20 50 0.5 6
' 0.05 0.11 0.5 70 0.8 10

Note: EA= Enzyme Activity.

Initial pH was 5.5.
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-The results obtained in this study indicated that S. cerevisiae transformants
were able to secrete extracellular a-amylase and the expression of the a-Amy
gene was observed in all of the transformants (Table 4) . Transformants revealed
significant differences in the activity of a-amylase activity due to the different
levels of expression leading to differences in starch utilization. Some
transformants (No. 12, 13, 22) appears to be much slower in the utilization and
degradation of starch than others. Others (No. 15, 18, 24) were relatively the
fastest in starch utilization. This was due to integration of the a-amylase gene in
these recombinant isolates.

These results agree with those of Kato et al. (2001), who found that
recombinant strains of S.cerevisiae harboring a-amylase gene were differed in
the degradation ability of soluble starch. Recombinant isolates harboring more
than one copy of a-amylase gene exhibited larger starch-digestion zones on YPS
medium and had increased levels of starch hydrolysis if compared with strains
harboring a single copy of a-amylase gene.

3- Halo zone- assay for a-amylase detection

‘The results presented in Table 5 and Fig. 2 revealed that spotting of the
transformants exreted significant differences in halo size, due to the different levels
in the expression of a-amylase gene. Some transformants produced a large halo
size, whereas, some others produced a smaller halo size. These results agree with
those reported by Kato ef al. (2001), who found that Pichia pastoris transformants
obtained by insertion of mouse salivary a-amylase gene revealed difference in
clear halo size. They suggested that the lafge halos might have been caused by
mutticopy integration of the a-amylase expression cassette in Pichia chromosome.

TABLE 5. Halo zone-forming assay for a-amylase activity of different S. cerevisiae
transformants grown on agar plates containing soluble starch.

No. of Halo zone No. of Halo zone Neo. of Halo zone
trans. - {Diameter (cm)| trans. diameter (cm) | trans. |diameter (cm)

Trans. 1 6.9 Trans. 10 72 Trans. 19 6.8
Trans. 2 6.4 Trans. 11 6.7 Trans. 20 7.1
Trans. 3 6.6 Trans. 12 33 Trans. 21 6.7
Trans. 4 62 Trans. 13 34 Trans. 22 35
Trans. 5 6.8 Trans. 14 6.8 Trans. 23 6.5
Trans. 6 6.7 Trans. 15 4.6 Trans. 24 ) 5.6
Trans. 7 6.8 Trans. 16 7.5 Trans. 25 7.1
Trans. 8 59 Trans. 17 79 Trans. 26 6.9
Trans. 9 6.8 Trans. 18 | 52 Trans. 27 6.5
F. test * * *
LS. | 005 04 04 04
D |00l 0.2 | 09 0.9
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Fig. 2. Halo zone-forming assay for a-amylase activity secrcted by some §. cerevisiae
transformants on SC medium after staining by lodine-vapour.

4- Genetic stability of different recombinant yeasts harboring a-amylase gene

Gienetic stability of recombinant isolates as shown in Table 6 was expressed
as the percentage of colonies that possessed amylolylic activity in the ivial
population versus growth generation without selection pressure by growing in
the YPD medium. Generally, transformant S. cerevisice strains carrying o-
amylase gene exhibited significant difference in the degree of genetic stability.
Data clearly show that some transformants appeared higher genetic stability after
many generations of growth under non-selective conditions (YPD medium),
while others showed drastically lower stability. As, the transformant cells were
grown on YPD medium containing glucose, there was no selective pressure to
retain c-amylase gene residing in the cell. However, since starch was the
primary carbon source. there was some selective pressure to retain the ability to
produce u-amylase. These results agree with that obtained by Kim et al. (1988),
who found that transformant S. cerevisiae containing the genes encoding mouse
salivary o-amylase were differed in their genetic stability after many generations
of growth under non-sclective conditions (YPD medium). This may be due to
various degrees of mitotic instability and multicopy integration of the w-amylase
gene (Kato ef of |, 2001) .

5-Evaluation of transformants in the utilization of potato starchy extract in
small-scale fermentations

1-Growth characterization

The ability of different transformants to utilize potato starch extract as the only
carbion source in small-scale fermentations over a period of 168 hr was studied
{Table 7). Recombinant S. cerevisiae strains showed significant differences in the
percentages of hydrolysis of raw potato starch. Most of the constructed strains
hydrolyzed raw potato starch more rapidly during the first 24 hr of fermentation.
After 72 hr, some transformants hydrolyzed raw potato starch faster than others,
and completely exhausted available potato starch in the medium reached about
100%. Some others consumed the raw potato starch completely after 96 hr.
However , some recombinants were lower in raw potato starch degradation .
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TABLE 6. Genetic stability of different recombinant yeasts harboring a-amylase gene .

Genetic Genetic Genetic

ﬁ:‘n‘g stability :-:.n(;f stability I:_(;'n(: stability
(%) (%) (%)

Trans. 1 100 Trans. 8 85.1 Trans. 19 95.8
Trans. 2 943 Trans. 9 100 Trans. 20 100
Trans. 3 100 Trans. 8 85.1 Trans. 21 91
Trans. 4 100 Trans. 9 100 Trans. 22 18.6
Trans. 5 100 Trans. 8 85.1 Trans. 23 100
Trans. 6 100 Trans. 15 69.4 Trans. 24 86.7
Trans. 7 91.7 Trans. 16 100 Trans. 25 100
Trans. 8 85.1 Trans. 17 100 Trans. 26 100
Trans. 9 100 Trans. 18 72.3 Trans. 27 96.5
F. test ** ** **
L.S. | 0.05 4.2 4.2 4.2
D | o.01 6.1 6.1 6.1

These results agreed with those of Janse and Pretorius (1995), who found that
transformant S. cerevisiae strains contained the genes encoding a bacterial o-
amylase (4MY1) were differed in their ability to hydrolyae and assimilate of
soluble starch. This may be due to integration of the different amylolytic genes
into transformant S.cerevisiae strains. On the other hand, transformants
containing two copies of a-amylase gene produced larger starch-digestion zones
on YPS medium and possessed higher levels of starch hydrolysis , compared to
transformants containing a single copy. Moses et al. (2002) found that utilization
of soluble starch by different transformants of S. cerevisiae harboring a-amylase
gene was fastered . They secreted amylolytic enzymes continuously during the
growth of yeast cells, where sugar uptake and carbohydrate content of the culture
broth at a given time will reflect the activities of the amylolytic enzymes present.
Also , Abouzied and Reddy (1986) found that incomplete utilization of potato
starch by Aspergillus species may due to lake of enough oxygen or to feedback
inhibition of amylase activity by glucose released from starch hydrolysis.

The obtained data revealed that there is a positive relation between the
percentage of -hydrolysis raw potato starch and biomass yield (Table 7) . The
data clearly demonstrated that some transformants were consumed completely
starch more rapidly, because of their increased growth rates and biomass
yielding . In contrast, some others consumed raw potato starch more slowly than
others, these achieved lower growth rates and slower biomass yielding . These
results agree aylﬂh those of Moraes et al. (1995), who found that lower growth
rates and biomass yields of transformant S. cerevisiae strains grown in com
starch may not be due to defect in sugar uptake system but in the activity of the
amylolytic domain of fusion protein and anchored this enzymes on starch
granules.
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TABLE 7. Utilization of potato raw starch and biomasses dry weight of
transformants at batch fermentation .

[ Fermentation period (h)

o 24 48 72 96 120 RE 168
S et Yield Yicld Yicld Yield Yicld Yield

i n| i ] u R RN EEEN SN

ISE PO Lo Trolro P10l ot 1oy tol10oft0{10l10]110
T T T T O O O O O YO U O o A XV AR W)
i 08 107 J 0y 10 FOS i1109 it oo]iojo0lio
09109 J08709 109 [i3109 1 12]11]12]00;121007]12
1, PO L1 13 b 1d p 12 18 13117100 17(00 15100153

PSCA 10110 FHo 10 V10 i0 (1001001010110 10
Ts 06106 [ 0967 [09 121101 t3 710 13]7006! 12]00] 11
T b4 {20 [ 12000 (12017 (1341810017100 15}001 14
Ts 0916 [ 09112 | L1 14 16| Ll {15]00] 14100112
Ty 0710 |08 ] 10 J 10} 12101210312 00]13]00]12
Ty 16160 | 15122 1325131240021 (00]19]00]17
Tho 12120 [ b3 700 (131513 118[00(18{00|16]|00]14
LK 1010 [ 10|10 [10{10y1t0[10]|10f10[1.0f10]10]10
Ty 20040 {21 140 [ 20461842115/ 17]00/]13]00] 1.4
To 18120 {1532 | 13{26{14]24 )11} 11}10]081]09]09
Ti 08105 {13110 121311 ]17}10]|08}08]07]08]07
T 24160 |23 748 122 (54]720/48100[20100]16}00]15
LS 10110 |10} 10 [10}10J10[10[10]10[10{10{10]10
Tis 36130 1617 [ 13[11109(08({09{09{08]{091]00]¢{I1.1
T 70115013297 (2716416125100 17]00]17]00]17
T 95]200 {39150 (3179|1627 ]00]19]00]17]00]1.7
Ty 26 { 1.0 | 15113 | 1311008 106]07}05/07/]04]00]08
Ty 86 [ 1401381 100}29 3561621001700} 15}00]15
SO 1010 | 10|10 {1O}10}1O{1O|1O|1O[10] 10| 1O0]10
T 12021 [t 12 (1301514 17(00{15{00{15]00]{14
Ty 10f 16 [ 11 {14 [ 12(16 (|14 [17]00]14]00]14]00]13
To 16 {00 (0301 {04/01{05(02|04|03[00]04]00]05
T 13029 (12121 (14|18 ]14[18]00]16]00]15]001]15
T 09116 0911 | 1.0]08]10[09[08]09]00}09]00]1.0
Tas 15046 [ 1326 | 1319114119100} 17100|17]001}16
Ta 12120 J 10|13 bl bra 1211410713100 1400113
Tir L2020 J 1215 (12116141 16]00]15}100]15]00]114

(i3 = Utilization starch (g/L). (I1) = Biomass dry weight (g/L).
Note = Concentration of potato starch at initial incubation was 20 g/i.

2- Ethanol production

The results in Table 8 revealed that the ability of transformants to produce
ethanol from starch (potato starch extract) in batch fermentations were differed. The
concentration of raw potato starch decreased drastically during fermentation as the
ethanol concentration increased. Some transformants produced high concentration of
ethanol yield . This might be due to the ability both of a-amylase and glucoamylase
activities to degrade the starch and release higher amount of glucose wiich could be
meorporated into biomass production and ethano! vield. In confrast, somc

) g 4 TRV SaniY
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transformants produced lower ethanol which may be due to the lower amount of
glucose librated from starch degradation, reflected the lower activities both of a-
amylase and glucoamylase enzymes. These results agree with those reported by
Fksteen e al (2003 b), who found that significant differences between recombinants
of Scerevisiae which containing a-amylase and glucoamylase genes to produce
ethanol from soluble starch in batch fermentations. It appeared that ethanol
production was depended on the hydrolysis of soluble starch by amylolytic enzymes
and release glucose which converted to ethanol by constructed yeast strains.

TABLE 8. Yield of ethanol produced by transformants of S. cerevisiae grown on
potato raw starch at batch fermentation.

Fermentation period (h)

) 24 48 72 96 120 144 168

rans. | yield Yield Yield Yield Yield Yield Yield
r o1 ol ol r ol ]non|1 o)1
SF 10(1o|l1of1o0]iol1ofltofltofjtolt1of{1o0]10]10]10
T, trfoof12f1s{trj13ltrlooft2]1s]121001]11]00
T, 090008 |13]07|10/|08|16]09]43]09]00]09]00
T, 1rfoofl1o{13tojo8|tol17lt1]|35]1t]00]1t1]00
T, 14100)14]18{13)20|13]07[14]00/|14]001| 14100
SCA [1toli1of1oftoltojtoltolioliolto|l1of1o0]|t1o]10
T 05100061307 }16|08|18]09]15]|10]081!10]00
T, tr]oo 1318132412113 (130t {t3]ooli13]o00
T, o8{ooj1r {171 lie6f121o09f13]|08|13]00]|15]00
Ty 07100]09 11|09 |14 1018 ]12]16|12]14]11]00
Ty 13{00(15]23(16{26|15]10[17]04]|17]00]18]00
T 10foof12012(12|1t713]06|13]06]13]00]14]00
LK 1oft1ofjt1ojtol1ol1ol1oltolto]ltoflto]lto|l10] 10
Tu 25100183218 4118|150 17]0315]00]16]00
1 1610013 (16]12{19]10]|28]10/09]08|06]|10]06
Tis 08 00|06 060913082008 11107]091]07]08
T 2710021 (3823140121 113]19]04|17]001]18]00
LS 1oftofitof1oltojtotioji1oltol10l10]10{10] 10
Tis 14 foof12(30ft12y24 12 t1 10251 11135]12100
Tu 27100]281100j27170(25(71]20]00(19]00]20]00
T,y 2810023 {11.0}24]76|2411619]07(19]001|21]00
Tu 07100107 (131071141007 ]08 181074508100
Tu 27100124 17024164 2311121 106129]1001] 187100
SO 1o l1olteltottoltoltol1oliolito]1to0!10l10] 1.0
Tu L3 a3 1o 13 (2001311014061 151501 16]00
i 07108109 | 14| 1311913012115/ 09| 160011400
Iy 0010000 01 {02]01103010510103]1210301951]04100
I trf1s g 1916220160 1s5{18 11117350 14100
Tos 07100090709 | 1350913111 {10]10{15]¢9 /|00
T 10 19 (13 25 14 t5 1411201610017 00] 17100
Tu 09100 |11 ;09 (1201413 12114109114]00]14]00
T 10003t 1517l taltiiistioriisiool 1500

(1) = Cthanol production (%). (H) = Total reducing sugar (g/L).
Note = Concentration of potato starch at initial incubation was 20 g/1.
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6- Protein analysis using gel electrophoresis technique

The results summarized in Table 9 compared between amylolytic yeast
strains and their transformants based on molecular weight of protein bands. The
data revealed the polymorphic bands are common between amylolytic yeast
strains and their transformants. There are one common band (94.5, 79.6 kD)
appeared in each protein banding pattern of Saccharomycopsis fibuiigere NRRL
Y-2388 and their transformants. Also, there are four bands (74.4; 6&.7; 55.5 and
43.9 kD) named a partial polymorphic bands. There are iwo common bands
(94.6 and 74.3) appeared in each protein banding pattern of Saccharomycopsis
capsularis NRRL Y-17963 with their transformants. Aso , there are fife partial
polymorphic bands of molecular weight 79.4, 70.4, 65.5, 60.6 and 56.8 kDa.
There are fife partial polymorphic bands of molecular weight 83.6, 81.2, 78.5,
68.2 and 44.7 kDa in Lipomyces kononenkoae NRRL Y-11553. But, there is one
common band (10.6 kDa) found in each protein pattern of Lipomyces starkeyi
NRRL Y-11557 and four partial polymorphic bands of molecular weight 68.7,
43.4, 37.8 and 22.7 kDa with their transformants. In addition, there are one
common band appeared in each protein banding pattern of SchAwanniomyces
occidentalis NRRL Y-10 and two partial polymorphic bands of molecular weight
(32.0, 21.7 kDa) with their transformants. These results are in agreement with
those of Ibrahim et al. (2000), who found that three common band appeared in
protein banding pattern of S. fibuligera and their modifying strains. Also, they
found two common protein bands appeared in each protein banding pattern
of Saccharomycopsi recipient . However, the two modified strains showed
greater similarity with the recipient being 55.6 and 51.6 % respectively.

TABLE 9. Molecular weight of protein bands in amylolytic strains and their
transformants harboring a-amylase gene .

Marker SF T| TJ T, SCA T, Ts T, T9 LK Tu T]z
92.5 94.5| 94.3| 94.5| 94.3]| 94.6| 96.4{ 973| 97.1| 96.2] 97.7] 98.0{ 84.3
78.0 90.5} 90.3] 81.3| 91.1] 919 827 829| 83.2| 83.3| 83.6] 84.5| 78.7
62.5 81.2| 88.1| 79.4| 79.4| 80.5| 80.3{ 79.61 79.6] 799| 81.2] 80.8] 67.8
45.5 79.6{ 84.6| 743 742} 74.7] 747| 752| 77.4) 75.8] 78.5] 78.6] 41.0
36.0 7447 81.0| 68.2| 704 652 719y 71.2| 733 71.8{ 75.6] 69.5{ 28.2
28.0 68.7| 79.71 54.51 65.5] 60.6f 67.5] 65.5{ 67.1| 66.3; 682| 61.7| 193
21.2 55.5| 69.4| 449| 56.8| 56.5| 61.1} 579 60.3| 59.6{ 62.4] 57.4| 15.7

16.7 439| 574 447 46.2] 534 535| 55.5| 572 434 11.2
422 41| 457 444) 447
Tu LS T Ty Ty SO T Ty Tas Tas

88.2 90.4 89.8 84.1 79.8 79.1 76.4 84.8 843 1 788
80.6 68.7 80.0 76.1 68.7 42.1 51.6 79.0 794 ¢ 633
71.2 62.8 66.7 65.7 37.0 320 225 424 : 687 ¢ 440

45.1 434 50.1 40.9 31.0 24.7 g1 1 2in aia oAt
36.2 378 44 1 324 25.4 21.7 14.3 201 T 3181 214
T:zzg 22.7 15.5 205 19.1 17.5 105 211 27.0 5.2
15.1 16.2 10.6 18.0 13.6 10.9 14.6 14.7 i1.0
11.0 10.3 15.7 10.7 10.6 10.9
11.3 i
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The results presented in Table 10 and Fig. 3 clarified the similarity and
genetic distance resulted from genetic transformation processes. The similarity
between S. fibuligera NRRL Y-2388 and their derivative transformants was 54.5,
66.7 and 60.0. On the other hand, the genetic distance ; 45.5, 33.3 and 40.0.
While the similarity degree between S. capsularis NRRL Y-17963 and their
derivative transformants was 36.4, 33.3, 23.1, and 45.5 and the genetic distance
was 63.6, 66.7, 76.9, and 54.5. The similarity degree between L. kononenkoae
NRRL Y-11553 and transformants derivative was 88.9, 21.4 and 13.3 and the
genetic distance was 11.1, 78.6 and 86.7. The similarity degree between L.
starkeyi NRRL Y-11557 and transformants derivative was 36.4, 13.3, and 23.1,
although the genetic distance was 63.6, 86.7 and 76.9. The similarity degree
between Schw. occidentalis NRRL Y-10 and transformants derivative was 30.0,
36.4, 25.0 and 40.0 and the genetic distance was 70.0, 63.6, 75.0 and 60.0. These
results are in harmony with those of Ibrahim et al. (2000 ) .

TABLE 10. The similarity and genetic distance between amylolytic yeast strains and
their transformants based on protein patterns.

Yeast | Total no.| Genetic | Similarity| Yeast | Total no. | Genetic | Similarity
strains| of protein| distance (%) strains| of protein | distance (%)
bands (%) . bands (%)

SF 8 0.0 100 T, 8 78.6 214
T, 9 455 545 Tia 8 87.7 13.3
T 7 333 66.7 LS 8 0.0 100
T, 8 40.0 60.0 T 7 63.6 36.4
SCA 7 0.0 100 T, 9 86.7 133
Ts 8 63.6 36.4 T 8 76.9 23.1
Ts 9 66.7 333 SO 7 0.0 100
T, 9 - 76.9 23.1 - Ta 6 70.0 30.0
T 9 54.5 45.5 Ty 8 63.6 36.4
LK 9 100 100 Ts 8 75.0 25.0
T 8 1.1 88.9 Ty 7 60.0 40.0

Note Similarity was calculated between the donor strains against transformant isolates.

This result achieved different degrees of expression. Some transformants
showed the amplification in protein expression as shown in lans T, Ty, LS, T\,
T2, T2; and T,s. This may due to over expression of protein amylase enzyme
under the effect of starch as a sole source of carbon for yeast transformants.

In conclusion, S. cerevisiae transformants were able to secrete extracellular o-
amylase with different levels of expression leading to differences in starch utilization.
Some transformants showed much slower starch utilization, while others were
relatively fastest in starch utilization. This leading to recycl starch resulting from
some industries in a trial to reduce its polluting effect in the environment , especially ,
the yeast Saccharomyces cerevisiae is safe eukaryotic microorganism with well
established fermentation technology for large-scale production.
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Fig. 3. SDS-PAGE of amylolytic yeast strains and their transformants based on
protein patterns, SF: Saccharomycopsis fibuligera; T,, T;, T, transformants,
SCA: Saccharomycopsis capsularis; Ts, Tg, T4, Ty transformants and LK:
Lipomyces kononenkoae; Ty, Ty, Ty, transformants; LS: Lipomyces starkeyi;
T Ti7y Tyo transformants SO: Schwanniomyces occidentalis; Tao, Ta1, T3y
T,s are transformants.

Referrences

Abouzied, M.M. and Reddy, C.A. (1986) Direct fermentation of potato starch to ethanol
by cocultures of Aspergillus niger and Saccharomyces cerevisiae. Applied and
Environmental Microbiology, 52, 1055- 1059. '

Birol, G., Onsan, I. Kidar, B. and Oliver, S.G. (1998) Ethanol production and
fermentation characteristics of recombinant Sacharomyces cerevisiae strains grown
on starch. Enzyme Microbial Technology, 22, 672-677.

De Mot, P., Andries, K. and Verachtert, H. (1984) Comparative study of starch

degradation and amylase production by ascomycetous yeast species. Systematic and
Applied Microbiology, 5, 106-118.

Eksteen, J.M., St{eyn, A.J.C., Van Rensburg, P., Otero, R.R.C. and Pretorius, 1.S.
(2003 a) Cloning and characterization of a second a-amylase gene (LKA2) from

Lipomyces kononenkoae 1GC4052B and its expression in Saccharomyces cerevisiae.
Yeast, 20, 69-78.

Egypt. J. Bot.. 47 (2007)



116 AM.EL-ADL et al.

Eksteen, J.M., Van Rensburg, P., Otero, R.R.C. and Pretorius, I.S. (2003 b) Starch
fermentation by recombinant Saccharomyces cerevisiae strains expressing the a-
amylase and glucoamylase genes from Lipomyces kononenkoae and
Saccharomycopsis fibuligera. Biotechnol. and Bioengineer., 84, 639-646.

Glover, D.M. and Hames, B.D. (1995) "DNA Cloning” 2. Expression systems, A
practical approach, (Ed.), Oxford University Press, New York.

Gogoi, B.K., Bezbaruah, R.L., Pillai, K.R. and Baruah, J.N. (1987) Production,

purification and characterization of a a-amylase produced by Saccharomycopsis
fibuligera. J. of Appl. Bacteriol., 63, 373-379.

Hacking, A.J. (1987) Economic aspects of biotechnology. Camb Stud Biotechnology 3.

Hafez, F.M. (2000) Improved transformation efficiency of dextran gene (s) in
Saccharomyces cerevisiae using the combined effect of two different direct
transformation methods. J. of Agriculture Science Mansoura University, 25, 1797-1803.

Harwitz, W. (1980) Official Methods of Analysis. Association of Analytical Chemists.
Washington, DC.

Hemandez, E. and Pirst, S.I. (1975) Kinetics of utilization of a highly polymerized
carbon source (starch) in a chemostat culture of Klebsiella aerogense. Pullulanase and
a-amylase activity. J. of Applied Chemistry and Biotechnology, 25, 279-304.

Ibrahim, S.A., Gamal, N.F., Hassan, A.M. and Ali, H. EL-S. (2000) Construction of

genetically modified yeast strains able to produce amylase. Annals of Agricultural
Science, Sp. Issue 2, 737-749.

Janse, B.J.H. and Pretorius, I.S. (1995) One-step enzymatic hydrolysis of starch using a -
recombinant strain of Saccharomyces cerevisiae producing a-amylase, glucoamylase
and pullulanase. Applied Microbiology Biotechnology, 42, 878- 883.

Kato, S., Ishibashi, M., Tatsuda, D., Tokunaga, H. and Tokunaga, M. (2001) Efficient
expression, purification and characterization of mouse salivary a-amylase secreted
from methylotrophic yeast, Pichia pastoris. Yeast, 18, 643-655.

Kim, K., Park, C.S. and Mattoon, J.R. (1988) High-Efficiency, one-starch utilization by
' transformed Saccharomyces cells which secrete both yeast glucoamylase and mouse
a-amylase. Applied and Environmental Microbiology, 54, 966-971.

Laemmli, U.K. (1970) Cleavage of structural proteins during the assembly of the head of
bacteriophage T,. Nature, 227, 680-685.

Levine, D. and Cooney, C.L. (1973) Isolation and characterization of a thermotolerant
methanol-utilizing yeast. Appl. Microbiol., 26, 982-990.

Maniatis, T., Fritsch, E.F. and Sambrook, J. (1982) "Molecular Cloning". A laboratory
manual. (Ed.), Cold Spring Harbor Laboratory, New York.

Moraes, L.M.P., Astolfi-filho, S. and Oliver, S.G. (1995) Development of yeast strains
for the efficient utilization of starch: Evaluation of constructs that express a-amylase

Eevpt. J. Bot., 47 (2007)



GENETICALLY CONSTRUCT SACCHAROMYCES CEREVISIAE... 117

and glucoamylase separately or as bifunctional fusion proteins. Applied Microbiology
and Biotechnology, 43, 1067-1076.

Moses, S.B.G., Otero, R.R.C., La Grange, D.C., Van Rensburg, P. and Pretorius, LS.
(2002) Different genetic backgrounds influence the secretory expression of the
LKAl-encoded Lipomyces kononenkoae a-amylase in industrial sirains of
Saccharomyces cerevisiae. Biotechnology Letters, 651, 651- 656.

Nelson, N.A. (1944) A photometric adaptation absorption of the Somogyi method for the
determination of glucose. J. of Biol. Chem., 153, 375-380.

Patwary, M.U., MacKay, RM. and Van der Meer, J.P. (1993) Revealing genetic
markers in Gelidium vagum (Rhodophyta) through the random amplified polymorphic
DNA (RAPD) technique. J. Phycol., 29, 216-222.

Ribeiro dos Santos, M.G.G. (1988) MSc Tesis, Universidade de Sdo Paulo, Brasil.

Romanos, M.A., Scorer, C.A. and Clare, J.J. (1992) Foreign gene expression in yeast:
areview. Yeast, 8, 432-488.

Rosillo-Calle, F., Hall, D.O. Arora, A.L. and Carioca, J.0.B. (1992) Bioethanol
production: economic and social considerations in failure and success, In:
"Biotechnology: Economic and Social Aspects”. De Silva, E.J.; Ratledge, C. and
Sasson, A. (Eds.), Cambridge University Press, Cambridge, London, pp. 23-54.

Rothstein, S.J., Lazarus, C.M., Smith, W.E. and Baulcombe, D.C. (1985) Secretion of
a wheat a-amylase expressed in yeast. Nature, 308, 662-665.

Sherman, F., Fink, G.R. and Hicks, J.B. (1986) "Methods in Yeast Genetics". Edited by

Cold Spring Harbor Laboratories, Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, NY.

Somogyi, M. (1952) Notes on sugar determination. J. of Biological Chemistry, 195, 19-23.

Steyn, A.J.C. and Pretorius, L.S. (1990) Expression and secretion of amylolytic enzymes
by Saccharomyces cerevisiae. Acta Varia, S, 76-126.

Traver, C.N,, Klapholz, S., Hyman, R.W. and Davis, R.W. (1989) Rapid screening of a

human genomic library in yeast artifical chromosomes for single copy sequences.
Proc. Natl. Acad. Sci., (USA) 86, 5898-5902.

( Received 2/10/2007,
accepted 30/3/2008)

Egypt. J. Bot.. 47 (2007)



118

A.M.EL-ADL et al.
el W G SLAN B paai (e S (A1 gl Syl

"ol el 48 pan ¢l gaiall 1o Aila ¢ dard) 2aaa ala
T AN Saaa dla Gpade

Slel RIS L T g and’ 5 patall Auala - Aot W A - A5 N i’
sl Laxiglh sgma - Ay Spall Lo gl yiSigall auld’ g paad (e Aadla
. orea — A8 giall — A8 giall daalas - 4 gadl L 1 43S

Saped Oe OYWMw AagyY sl Jeadl Adee oljal Caadl 1 3 S
peli€ il yiladll o YN Aunad (o Sabadd WY e JB Ga b e LAl
pasiuly oy Sy Wil S e 506y el WY w58 S e
ne pabiad wlEl & ekl o JSls ol (el g sellS K Tl
Gyl alasiuly Sl Jsadl L paliad! Je Jdas 300 55l Y gatll
S JsSila Gl (gt Ay 5l 1) gl Jgadlt L O W1 o a3y 56
LYV Caly A Sl ) g1 Bl 78 Nga ity Sun e
Jeadll Gy sk Go pasadlSH 3 51 alasinly (1)l Jgadll 43 yha & o Lai
et S gadll dae (pd JeSida Ol (oIl alasiuly Il
AN sl Jsadll Gojtad 08 colS ald Ll dlaaYl, <dad il
o) raeS Lasdiudl Schwanniomyces occidentalis NRRL Y-10
Las JsSala Ol (il 9 2 gauallSH 2y )41 (g S plaiial die Aaali julael
Ayl CAS Ly Ll s pe bl O JE) Ugen Mo
A gadll 5 y5edll & e O elal ¢ abaY) Cpad Wdall DNA dnkadl (5 gisall
SR (s Lee Wil Dy o gl o 165 piie (i Laazal y Wil Uy
ol ULAN (5 (8 A pine ClaNGA) Lyl o pelal LaS g 31 )0 S il
Somas ¥ e IS Cell ¢ bl gl sl il e e B
die pbial GIYE a0 5Y Sl jaedll e 465,08 8 LS Uy A gaall 5L
DNA o dpeniall Jhalt (o o 30 1 lld g g Ll By o o ga
halo Zone saa (o3 s yine ML} <yl LS 2Ly A yadl iYL
ol Gl e GOGER) e Jy Les Adall Wl Jlal By o e gai aie
o Lsinall clid o gall e 5,508 Wil LS il GIYE o 30y all
o Ay yine CAINGRS A5 ol Y gaiall & jekal <Al of Aden S o gau LA
gl On Lge Ao 29 | Al (pdill Gubladl Gilie 5SS g
Y e IS il padll y saill Janay (o pfill Gubilladl Calie (e J i1
U gaall jilaadl ¥ o pedal + a8 glall Sy ulial 5S5hally salal
ALl a3 (8 Ol sl )t (A A sie DGR L

¢ a0 e Y (g e A o clibualt

Egypt. J. Bot., 47 (2007)





