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Obtaining Mutant Strain of Chlamydomonas reinhardtii and Studying Its Phenotypic
Characteristics

UV mutagenesis is a powerful tool for obtaining mutant strains of microalgae for using in biotesting of the polluted
aquatic ecosystems. UV irradiation has a strong mutagenic agent, compared with chemical mutagenesis, UV
mutagenesis offers many advantages such as less pollution, simple operation, and sterile cultivation condition. In this
study the phenotypic characteristics of the wild and mutant strains of the green microalgae Chlamydomonas reinhardtii
(CC 1021) were investigated. From the obtained results, selection of the mutant colony after irradiation time 1min. and
named CCI021Mutl strain. The mutant strain showed differences in phenotypic features such as color and size of
colonies in the solid medium and also different color in the liquid medium. The mutant cells under microscope appeared
different in size and color than the wildtype cells.

Keywords: UV mutagenesis, mutant strain Chlamydomonas reinhardtii CC 1021 Mutl, Phenotype (light green color
and small size colonies).

M.M. Canex, B.K. 3asgan, M.M. I'abamnax
Hoayyenue myTanTHbIX IITAMMOB Chlamydomonas reinchardtii n ucciienoBanue ero
(eHOTHNIHYECKUX XaPAKTEPUCTHK

Y® myrareHe3 sIBISETCS MOIIHBIM MHCTPYMEHTOM ISl TOJIyYEHUS! MyTaHTHBIX IITAMMOB MHKPOBOZOPOCIEH IS
UCIIOJIb30BaHUA B OMOTECTHPOBAHMM 3arpsi3HEHHBIX BOJHBIX OJKocHCTeM. Y®-00yueHne SsBIAETCS CHIBHBIM
MYTareHHbIM BEILLIECTBOM, [10 CPABHEHHIO C XMMUYECKUM MyTareHe3oM, Y @ MyTareHe3 UMeeT psifi IPEUMYIIECTB, TaKH1e
KaK yMEHBIIAeT 3arps3HCHUs, MPOCTOTAa B HCIIOJIB30BAHUM, M CTCPHUIBbHBIE YCJIOBHMS BBIpallMBaHWA. B nanHOM
UCCJIEJIOBAaHUM OBbLIM M3y4YeHbl (EHOTUIMYECKUE XapaKTePUCTHKH JHKUX M MYTAaHTHBIX ILITaMMOB 3€JIEHOM
mukpoBonopocinu Chlamydomonas reinhardtii (CC 1021). B pe3ynabrare ObUIM OTOOpPaHBI MYTaHTHBIC KOJOHUHU
wramma CC1021Mutl, nonydenHsle nocie 1 MuH oOnydeHus. MyTaHTHBIN IITAMM UMEET OTIIMYHbIE (PEHOTUITHYECKHE
MIPU3HAKK OT AMKOTO MITaMMa, TAKHE KaK pa3Mep M LBET KOJIOHUH Ha TBEPAOH U JKUIKOH cpenax. MUKpPOCKOITMPOBaHHE
I0Ka3aJI0, YTO MyTaHTHBIE KJIETKH OTJIMYAIOTCS 110 pa3Mepy M [IBETY OT KJIETOK JAUKOTO THIIA.

Knrwouesvle cnosa: YD-myrarene3, mytantHelii mramm Chlamydomonas reinhardtii CC 1021 Mutl, denorun
(KOJIOHMU CBETIIO 3€JICHOTO I[BETA U MAJIOTO Pa3Mepa).

M.M. Canex, b.K. 3agnan, M.M. I"'abamnax
Chlamydomonas reinchardtii-nin MyTaHTTbI IITAMAAPLIH AJIy
’koHe OHbIH eHOTHNTIK KacueTTepiH 3epTTey

YK MyTtarene3 MUKpoOangsIpIapAsIH MyTaHTTHI JaKbUIIAPEIH ajla OTBIpa JIJAaCTaHFaH Cy dKOXKyiienepin 6uoTecriiey
MYMKIHIIUTICIH OepeTiH MaHbpI3abl oficrepmain Oipi. YK- coyneciMeH CoyseneHIipy XHMHUSUIBIK MyTarcHe30eH
CaJIICTBIPFaH/Ia MaHbI3/bLIBIFE JKOFApbl MyTareHjaey opictepinin Oipi, sran YK MyrareHes jactanylsl TOMEHJETY,
KOJIZIaHy KaparnaibIMIBUIBIFBL, ©CIPYIiH 3aJ1aJIChI3 XKaF/IaiiblH KAMTaMachI3 €Ty CeKUIl OipKaTap apThIKIIBUIBIKTapFa He.
3eprreme OapeicbiHOa kadaiibl xoHe Chlamydomonas reinhardtii (CC 1021) >acbul MyTaHTTBI MHUKPOOAIIBIP
JaKbUIBIHBIH (DEHOTHMITIK CHIIATTamMaltapbl aHbIKTaIAbl. HoTmxkecinme | MuH coyneneHAipy apKbUIBI MYyTaHTTHI
CC1021Mutl naxpuibl TaHIan aNbHIBL KaTTBl kKoHE CYHBIK OpTallapllaFbl MYTaHTTHI JaKbUl jxaOalbl NaKbUIFa
KaparaHIa KOJIOHWSUTAPBIHBIH KeJIeMi, TYCl CEeKUImi JKOFaprbl (PeHOTHNTIK KepiHicke me. MHKpOCKONTay MYTaHTTHI
KIIETKAJIAP.IBIH jkKa0aibl KIIETKaIapIaH KJIeTKa KeJeMi MeH Tyci OOUBIHIIA aHBIK, €PEeKIICICHETIHIH KOPCETTI.

Tyitin co30ep: Y D-myrarenes, Chlamydomonas reinhardtii CC 1021 Mutl MyTaHTTBI IITaMbl, GEHOTHI (TYCI AIIBIK
YKaChLT )KOHE MOJIIIEP1 Killll KOJIOHHSIIAP).

The solar radiation is essential for life on earth. many biological processes. The major cellular
However, an increase in UV-radiation can inhibit targets of UV are different biomolecules, which
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directly absorb this radiation, or which are
indirectly affected by various UV-induced
photochemical reactions. The biological and,
ultimately, ecological consequences are numerous
[1].

It was known that UV induced some
physiological  effects such as  declining
photosynthetic rates which can be related not only
to damaged biomolecules, but also to
ultrastructural changes in organelles or membranes
[2]. Typical alterations include swollen
mitochondrial cristae, disrupted thylakoids or
detached phycobilisomes in chloroplasts, bent-
shaped dictyosomes, and damaged plasmalemma.
An intact ultrastructure of the algal cell is a
prerequisite for optimum functioning of all
physiological processes [3].

DNA represent one of the most UV-sensitive
biomolecules, and UV-induced damage occurs
directly by the absorption of UV, especially UVB,
quanta by the aromatic residues. The absorbed
energy can be dissipated by different mechanisms
involving single bases (e.g. single-strand breaks) or
interactions between adjacent bases (e.g.
dimerization) and between non-adjacent bases (i.e.
inter- or intrastrand crosslinks). Such UV-induced
DNA damage can significantly compromise the
accuracy of nucleic acid transcription and
replication, causing misreading or erroneous
replication, leading to an increasing number of
mutations. A higher mutation rate can result in
reduced gene expression and, hence, debilitation or
even increased mortality of algal cells [4]. The
major product after UV radiation treatment is
cyclobutane pyrimidine dimer (TT, TC, CC).
Pyrimidine dimers are repaired by a direct reversal
called photoreactivation or by excision of damage
in a process of nucleotide excision repair [5].

In this study the phenotypic characteristics of
the wild and mutant strains of the green microalga
Chlamydomonas reinhardtii (CC 1021) were
investigated. The genus Chlamydomonas is of
worldwide distribution and is found in a diversity
of habitats. C. reinhardtii has become the species
of choice for genetic studies, because its life cycle
was known and it would grow in the dark on an
organic carbon source. Descriptive studies in the
19" century led to comprehension of the life cycle
of Chlamydomonas and to its early recognition as
an organism with possibilities for genetic analysis
[6]. The discovery of non-Mendelian (uniparental)
inheritance of certain antibiotic resistance

mutations [7] opened the field of experimental
organelle genetics, for which Chlamydomonas has
remained one of the best model systems.

Materials and Methods

Microalgal strains and cultivation conditions.
The microalgal strain of Chlamydomonas
reinhardtii (CC 1021( mt") ) obtained from
Kazakh National university- Al-Farabi,
Biotechnology Department culture collection. This
wild type strain was grown in TAP medium in 250
ml Erlenmeyer flask at 2801C and was exposed to
continuous illumination at a light intensity of
120uE m?s™.

UV irradiation and mutagenesis. According to
Harris (1989) [8] , Sml of the liquid culture with a
density of 1x10%ml algal cells were placed in 9cm
Petri dish forming a thin layer covering the bottom.
The dish was placed on shaker with 20rpm and
exposed to UVC lamp of 254nm and 40 erg/mm’
at distance equal 15cm for 0, 1, 3, 5, 7 and 10 min
respectively. After UV irradiation the cells were
inoculated in solid TAP medium and incubated in
dark for 24h to prevent photo-reactivation. Then
after the 24h, some dishes incubated in light in
photoautotrophic condition and some incubated in
dark in heterotrophic condition for a period of
15days.

Results and Discussion

(1) Number of colonies after UV irradiation.

After 15 days, number of colonies was counted
in the Photoautotrophic condition for C.
reinhardtii (CCI1021). Fig 1 showed that the
number of colonies decreased when the irradiation
time increased and the curve was appeared as C-
shape.

Survival rate, %

0 1 3 5 7 10
Irradiation time,min.

Figure 1 — Number of survival colonies of C.
reinhardtii(CC1021) at different irradiation time under
uv

(2) Description of the wild and mutant colonies
of C. reinhardtii (CC1021) in both solid and liquid
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media. The selected mutant colony was obtained
after irradiation time of Imin. and was named
CCI1021Mutl and subcloned as shown in Fig 2a.
After several successful times of subcloning, the
mutant cells transferred into liquid TAP medium as
shown in Fig.2b. after incubation in the
phototrophic conditions for 5 days, the color of

culture appeared with light green color than the
color of the wildtype culture that was green. Then
the wild and mutant cells were transferred to solid
TAP medium to investigate the difference between
wild and mutant colonies, the mutant colonies were
had light green color and small size than the
colonies of the wildtype as shown in Fig 3a and b.

Figure 2a — Subcloning of colonies of wildtype CC1021
and mutant CC1021Mutl

Figure 2b — Color of the liquid culture of
CC1021and mutant CC1021Mutl

Figure 3a — Color of colonies of wildtype of CC1021

(3) Microscopic examination of the wildtype
and mutant cells of C. reinhardtii. The
microscopic examination of the cells of both wild
and mutant strains was done under the light
microscope using the magnification power of 100x
(oil immersion lens) as shown in Fig 4a and b. The
examination of the fresh cells showed that, the

Figure 3b — Color of colonies of CC1021Mutl

mutant cells appeared larger in size than the
wildtype cells, most of the mutant cells are slightly
rounded while most of the wildtype cells were had
oval shape. Also there was an obvious difference
in the color of cells under the microscope in which
the mutant cells had faint and pale green color
while the wildtype cells had normal green color.

Figure 4a — Wildtype cells of CC1021 strain
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Figure 4b — Mutant cells of CC1021Mutl strain
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Discussion

Ultraviolet (UV) irradiation has strong
mutagenic biological effects on organisms, and UV
mutagenesis is an effective breeding method [9].
Compared with chemical mutagenesis, UV
mutagenesis offers many advantages such as less
pollution, simple operation, and sterile cultivation
condition [10]. Several successful cases on
microalgae strains for UV mutagenesis have been
documented. When photosynthetic organisms are
exposed to ultraviolet radiation, significant,
irreversible damage to important metabolic
processes within the cell may occur such as lesions
in DNA and inhibition of photosynthesis [11] that
is why the C. reinhardtii CC1021 unable to grow
at irradiation time 7 and 10min, but the results in
Fig.3 showed that the cells grown after irradiation
time of 1, 3 and 5 min. with a percentages 35, 15
and 5% respectively. In the current study, the most
stable colony that grown for several subclones was
obtained after irradiation time of 1min, and was
named by us as CC1021Mutl strain. On the other
hand, the other colonies that obtained after
irradiation time of 5 and 7 min didn't grow after 3
times of subclones. Generally under optimal light
conditions, there is a certain balance between the
pigment content in the algal cells which is a
charasterstic feature of the species.Under exposure
to mutagenic agent, the balance would exchange in
either direction, UV irradiation can excite the

photoelectrons cuasing a variety of chemical
reactions leading to mutations. Upon irradiation,
the cells begin to synthsise carotenoids . Quantity
of carotenoids produced depends on the intensity
of UV radiation. Concerning of UV effect on the
photosynthetic pigments of plants and algae, some
studies [12] revealed that the synthesis of
pigments is blocked, retardation of cell growth as
well as there is a strong trend towards increased
levels of carotenoid in pigments of mutants.
Also,[13] reported that in response to excess of
light, a rapid increase in carotenoids propably
reflecting the permanently increased needs for
photoprotection. In spite of some literatures
reported that response of carotenoids to UV is
varilable: decreased carotenoids level were
observed under UV but they were also stimulated
by UV [14] . So, from the phenotepic features
which appeared due to the UV irradiation, there
was an obvious change in the color of colonies in
the solid medium and color of the culture in the
liquid medium (Fig 2 and 3) between the wildtype
strain (CC1021) and the mutant strain
(CC102IMutl). As well as, the changes that
investigated microscopically as shown in (Fig. 4),
in which the mutant cells appearred slightly
rounded and larger size than the wildtype cells
with light and faint green color. The obtained
mutant strain can be used in the biotesting assays
of the polluted aquatic ecosystems and there are

electron shells, resulting in formation of many prospects in usind such mutants.
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