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Abstract: This review article provides an updated critical literature review on the preparation, regeneration and transformation of
Aureobasidium Pullulans protoplast. Protoplast transformation and homologous chromosomal integration of Pullulan was an important path
in changing gene involved in Aureobasidium Pullulans and presented a new approach to genetic breeding.
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Introduction
Recently, polymers synthesized by microorganism have
received increasing interest for the polymers are useful
physicochemical features and uncomplicated biodegradability in the
natural environment. Pullulan as one such polymer is characterized
by its two distinctive properties structural flexibility and enhanced
solubility which have received considerable attention because of
their practical value on food and pharmaceutical industries[1,2] which
is produced by the fungi belonging to the Aureobasidium Pullulans
species[3, 4]. Aureobasidium Pullulans is a known as the “black yeast”
which was first described as a fungal species under the name of
Dematium pullulans by de Bary[4] in 1866. In 1910, Arnaud [5]
covered that Dematium pullulans and Aureobasidium vitis were
conspecific, then proposed a new taxonomic combination,
Aureobasidium Pullulans, to denote this fact. A new taxonomic
combination under A.Pullulans was proposed[5]. A. Pullulans
belonging to adelomycete lacks of sexual stage which has the certain
difficulty in its breeding. Protoplast breeding technology is expected
to improve the production rate of Pullulan and change the weak
properties such as melanin produced during the fermentation.
Therefore, the protoplast preparation, regeneration and
transformation are well worth studying and necessary.
The protoplast research started from the late 19th century,
protoplast was prepared on a large scale by enzymolysis technology
until the fifties and sixties of the 20th century. Weibull[6], employed
lysozyme disposing Bacillus megaterium cell to obtain protoplast
for the first time and the concept of protoplast was presented firstly
in 1953. The protoplast possesses some new features compared with
normal cells, First is that protoplast becomes more sensitive to
environment and more intense to the mutagenic effect of mutagen
because the cell wall has been removed by enzymic digestion;
second is that the protoplasts lose sensitivity to phage because the
receptor of cell surface and the binding site of phage were no longer
exist ; third is the most important, gene techniques about protoplast
transformation and protoplast fusion can be performed owning to

unaffected by the weather and relieving the biggest barriers of
genetic communication.
The disadvantages of traditional microbial screening and
breeding methods include heavy workload, blindness, trouble in
improving after saturation. Anything else, the effect of the
conventional methods is not obvious on some strains. In contrast,
protoplast transformation technology in microbial breeding research
has the following advantages except the above mentioned, for
example, much more genetic information and more complete genetic
material are helpful to increase the breeding speed. The main steps
of protoplast transformation are as follows, first is protoplast
preparation, then is protoplast transformation, third is protoplast
regeneration, last is colonies verification.
Protoplast Preparation and Protoplast Regeneration
Generally, protoplast preparation is the premise and foundation
of protoplast transformation technology. But protoplast regeneration
rate is very low, sometimes even to zero, that is protoplast
regeneration becomes the most critical step for protoplast
transformation. The main factors are listed below.
1. The method of remove cell wall
Protoplast preparation is the certain premise and foundation of
protoplast transformation technology, the optimal conditions of
protoplast preparation are great differences due to the composition of
cell walls which are different on microorganism. The effect of
mechanical methods such as grinding and physical methods such as
ultrasonic on the protoplast preparation was not ideal. At present, the
preparation of protoplast is mostly using enzymatic to remove cell
walls. By this method, the obtained protoplasts deserves to have the
ability to regenerate because they are capable of rebuilding the cell
walls and returning to integrity, then continue to growing and
dividing, this is essential for protoplast transformation. Malcolm A. J.
Finkelman[7] used the lytic agent Driselase as A.Pullulans cell
protoplasting agent which originally developed for plant cell
protoplasting[8]. He thinks the laminarinase activity (β1-3 glucanase)
of Driselase is probably the major cause of wall disruption leading to
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lysis. Wang Mingzi[9] also supported this view. The mixed enzyme of
snail and cellulose was were used by Ding Huasun[10] and Zhang
Hanbo[11], Wang Hui[12] and Jin Ting[13]. Ma Zaichao[14] did protoplast
preparation experiment used driselase and zymolase enzyme (Sigma
USA).
2. Cell age
Microbial physiology status is one of the important factors
influence the protoplast preparation. The physiological state of the
bacteria is affected by cell age, which affects the protoplast
regeneration in return. At early period of growth, its cell nutrients
and organelles are not complete and the formed protoplasts are so
fragile that are easy to burst resulting in releasing little protoplasts[15].
At the late period of growth, the cell walls of bacteria are too
thickened to release the protoplast, let alone protoplast regeneration.
Takashi[16] reported that the more appropriate of cell age, the higher
of protoplast regeneration rate and the shorter time on regeneration.
It is necessary to provide the best conditions for protoplast
regeneration at the appropriate speed under constant suitable
temperature after the transformation.
As for A. Pullulans, some research showed that cell grew and
metabolism thrivly at the logarithmic phase and the cell walls are
sensitive to enzymolysis, so protoplast formation rate and
regeneration rate are much higher than other growth phase. The
highest yield of protoplasts was obtained from young freshly
harvested hyphae in the strain A. Pullulans[14], the resistance to
enzyme increased rapidly due to the metabolic level and the
metabolic activity of the aging cells declined at the turning interval
from the exponential phage to stationary phase, they showed a
slow response to enzyme leading to hard in protoplast preparation
and regeneration. Malcolm A.J. proposed[17] that incubation under
anaerobic conditions was required to prevent lysis of the protoplasts
during and after wall hydrolysis.
3. Enzyme concentration, the time and temperature of
enzymolysis
In view of different kinds of microorganism, enzymes, the
concentration of enzyme ， the optical time temperature of
enzymolysis are also required different when protoplast prepared and
regenerated. As is well-known, enzyme often contains peroxidase
and ribonuclease which are harmful to the protoplast. The
concentration of miscellaneous enzyme will increase with the
increment of enzyme, when it reaches a certain concentration, it will
cause bacteria aggregation accompanied by difficulty in
protoplastization. In addition, if the concentration of enzyme and the
temperature of enzymolysis both too high, the time of enzymolysis
becomestoo long to maintain the activity and yield of protoplast
because of the cell wall was removed off so thoroughly and the
stability of cell membrane was affected. These above resulted in
protoplast preparation rate and protoplast regeneration rate lowered
sharply.
Aiming at Aureobasidium Pullulans, some researchers have
explored the factors mentioned above, for instance, when mixed
enzyme of snail and cellulose were used, the concentration was
5mg/mL by the multi-factor orthogonal experiment method got[10-13].
4. Osmotic stabilizers
Osmotic stabilizers is vital for the preparation of protoplast as it
provides a favorable environment for enzyme and protoplast, The
nature, concentration and pH of the osmotic stabilizer are the main
factors in maintaining and controlling the number of protoplast.
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Appropriate osmotic stabilizers, on the one hand can maintain the
pressure of protoplast inside and outside balance which plays a part
in stabilizing and protecting the formed protoplast, on the other hand
also have certain role in promoting the activity of enzyme which
affect the yield of protoplast.
Junichi[18] reported that, as for formation rate, inorganic salts as
osmotic stabilizers were much more favorable for the protoplast
formation than sugar and sugar alcohols; as for protoplast
regeneration, the case is just opposite to the previous one. In terms of
Aureobasidium Pullulans, inorganic salts (KCl) and sugar alcohols
(D-sorbitol) both been used as the osmotic stabilizers for protoplast
preparation and regeneration.
The isotonic solutions applied in the process of protoplast
preparation and regeneration mainly consisted of buffers. Some
different types of buffers used as follow:
—0.6M KNO3 containing 0.25% snail enzyme and 0.25%
cellulose enzyme[10].
—0.6M KNO3 and 50mM CaCl2[11].
— 0.5M containing 5mg/mL snail enzyme and 5mg/mL
cellulose enzyme[12].
—0.6M Citric Acid -0.2M phosphoric acid and0.6M potassium
chloride, pH6.0[13]
—Citric acid buffer (5.3g/L) and NaHPO4 (7.1g/L), pH 5[10,
19].
—BufferⅠ: 1M sorbital, 50mM sodium citrate, pH 5.8[14]
—STC buffer：1M sorbital, 25mM CaCl2, 25mM Tris/HCl, pH
7.5[14].
—PTC buffer: 1M sorbital, 25mM CaCl2, 25mM Tris/HCl,
50%w/v PEG3350, 2μL β-mercaptoethanol[14].
Protoplast Transformation
The ultimate goal of protoplast preparation and regeneration is
protoplast transformation. The process of protoplast transformation
is extremely complicated because a lot of unknown factors affect the
transformation. Under the condition of guarantee the quality of
protoplast, whether DNA and protoplast contact fully is of greatest
importance[20]. In addition, other factors such as the concentration of
protoplast and plasmid, the treatment of forming plasmid and culture
are relevant. Treating protoplast-plasmid mixtures with PEG is the
normal approach exploited to induce DNA uptake into protoplasts.
In the whole transformation system, the number of protoplast
must be maintained within a certain range, too low or too high both
affect the transformation significantly. At the same time, the
differences on the rate of protoplast formation, regeneration and
transformation are brought by the differences of bacteria
concentration. Under the premise of the number of protoplast
transformation is constant, the more amount of DNA added, the
more colonies will be received.
The molecular weight, its mass concentration and processing
time of PEG: adding PEG to a mixture of protoplast and plasmid
DNA can improve the rate of protoplast transformation. As for
Aureobasidium Pullulans, PEG3350 was often used. In view of
Schaeffer, the processing time of PEG deserves too short as much as
possible for PEG has cytotoxicity to the protoplast. But Corinne
considered that with polymerization reaction of protoplast-DNA
occurs immediately, the enough time was required for the efficient
gene recombination. This result has also been a confirmed by
Gabor[21]. Ca2+ and Mg2+ are the contact person for the protoplast and
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DNA, which can promote the protoplast - DNA bond steadily to
promote the transformation better and they also possess the effect of
maintaining the stability of protoplast and preventing them from
cracking to improve transformation efficiency. K+ and Na+ can
reduce the transformation efficiency significantly. Atte[22] found
that in process of transformation, as for Streptococcus lactis Ca2+
over 10 times higher than Mg2+. Darrell get the opposite result on
Bacillus polymyxa. As for Aureobasidium Pullulans, Ca2+ and K+
often were used.
Conclusion
The performance of Aureobasidium Pullulans original type
strain cannot meet the production requirement generally, therefore,
genetic modification is needed. The pullulan synthetase gene (pul1)
in mutant strain NP1221 and the siderophore-producing A. Pullulans
was disrupted, then create engineering bacteria with the desired
properties by method of protoplast transformation. In the paper of
Byung-Kwan Kang[4], the objective was receiving pure β-glucan, but
for Ma Zaichao[14], the goal was obtaining less polysaccharide but
more siderophore. The process of protoplast transformation include
chemfusion and indirect electrofusion which were often used in
fungi but less in Aureobasidium Pullulans. Above two researchers
both used chemofusion. So far, still almost no one involved in this
research field of electrofusion applied in Aureobasidium Pullulans.
Future Prospects
On the one hand, about protoplast research has achieved
satisfactory results and protocols which often are used in breeding
directly. On the other hand, fundamental knowledge of the protoplast
has also enhanced during the past period, although slowly. Protoplast
transformation can be used to generate high yielding stable strain of
Aureobasidium Pullulans which can produce pure pullulan without
melanin so that the cost of the process is reduced greatly and the
process of downstream is simplified extremely. Knowledge on both
fundamental and applied aspects of protoplast research is of crucial
importance to guarantee future progress. It is clear that future
research using protoplasts will be understanding, to some degree, on
developments in fungus cell culture. Protoplast will offer an under
pinning technology for molecular developments which will be fully
realized.
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