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ABSTRACT

Foreign gene transformation techniques have been applied to improve the valuable traits of farmed organism.
As the first step towards increasing of kappa (k)-carrageenan content, in this study x-carrageenase gene (xcar) from
Pseudoalteromonas was transformed into K. alvarezii mediated by Agrobacterium tumefaciens method. The
pMSH-xcar binary plasmid construct was controlled by 35S CaMV promoter and Nos terminator. DNA analysis of
transformants was conducted by polymerase chain reaction (PCR) method using two sets of primer. The result
showed that 36% transformed explants were sprouted and 100% of them were having the xcar gene. The size of
amplified DNA fragment from K. alvarezii transformants using 35S-F and tNos-R set primers was 2,000 bp, the
same size as PCR product of the positive control of pMSH-«xcar plasmid, while no amplification product in non-
transformated (negative control) was found. Furthermore, PCR analysis using 35S-F and 35S-R set primers showed
amplification product of 300 bp, the same size as 35S CaMV promoter sequence. Thus, K. alvarezii transformants

carrying pMSH-«xcar had been generated.
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INTRODUCTION
Seaweed (Kappaphycus alvarezii) includes in

red algae Rhodophyceae (Doty, 1987) group with
the primary product is hydrocolloid kappa («)-
carrageenan (Neish, 2005). The carrageenan has a
wide utilization in industry (McHugh, 2003) it
will be predicted that carrageenan requirement to
continue in the future.

The «-carrageenan of K. alvarezii is the final
form synthesized from p-carrageenan precursor
(Campo et al., 2009). The enzyme involved in the
K-carrageenan biosynthesis is sulfohydrolase «-car
rageenase (Wong et al., 1979). Molecular study of
K-carrageenase in K.alvarezii remains to be perfor-
med. However, x-carrageenase gene has been
successfully isolated from many marine organi-
sms, such as Pseudoalteromonas carrageenovora
(Michel et al., 2001), y-Proteobacterium, Pseudo-
monas elongata syn, Microbulbifer elon-gatus
comb. Nov. (Khambhaty et al., 2007), Pseudo-
alteromonas-like bacterium (Zhou et al., 2008),
marine bacterium: Alteromonadaceae, Marinimi-
crobium, and Microbulbifer (Tayco et al., 2013).
Those microorganisms can be source of gene
encoding k-carrageenase enzyme.

Transgenic technology has been applied to
modify the genome in order to improve the valuable

traits of farmed organisms. A foreign gene is inser
-ted in the genome that will appear in genetically
modified organisms (Yuwono, 2006; Lutz, 2001).
Application of transgenic technology in seaweed
(macro algae) will show a big potency in the
future (Hallmann, 2007; Walker et al., 2005) for
example: improving the resistance to an environ-
mental stress and diseases. The gene transfor-
mation in macro algae has been successful con-
ducted, including: Porphyra yezoensis (Cheney et
al., 2001) and Laminaria japonica (Li et al.,
2009) using p-glucuronidase (GUS) gene, and
Gracillaria with LacZ gene (Huddy et al., 2012).
Gene transformation in K. alvarezii has been done
successfully such as LacZ gene (Wang et al.,
2010); PaCs gene (signal of citratesyntase) (Daud
et al.,, 2013); green fluorescent protein (GFP)
gene (Rajamuddin et al., 2014); lisozyme-c gene
(Handayani et al., 2014); and Methallothionein
type Il gene (Fajriah et al., 2014).

Transgenic K. alvarezii is produced through
different methods such as particle bombardment
(Wang et al., 2010), electroporation method
(Rajamuddin et al., 2014) and mediation of
Agrobacterium tumefaciens method (Daud et al.,
2014; Handayani et al.,2014; Fajriah et al., 2014).
A. tumefaciens mediated transformation showed
more advantage as gene replacement results are
more reproducible (Hiei et al., 1997; de la Riva et
al., 1998).
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Therefore, this research was aimed to transform
the gene encoding kappa-carrageenase using A.
tumefaciens mediation towards improving the
content of kappa-carrageenan in the K. alvarezii.

MATERIALS AND METHODS

Preparation of Steril K. alvarezii Explants
Explants source of K. alvarezii seaweed was

collected from cultivaton in Pangkep coastal

waters, South Sulawesi, Indonesia (Figure 1A).

Seaweed was adjusted on culture condition

Figure 1
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(Figure 1B) at Genetic Laboratory of Research
Center  for  Biological ~ Resources and
Biotechnology (PPSHB), Bogor Agricultural
University. Explants were sterilized (Figure 1C)
through following method by Reddy et al.,
(2003), Rajamuddin et al., (2010) and Sulistiani et
al., (2012). Culture media used was sterile sea
water with salinity level of 30-32 g/L, enriched
with  Provasoli enriched seawater (PES)
(Provasoli, 1968).

c

Collection of Kappaphycus alvarezii as explants source (A), culture of explants adjusted to laboratory condition

(B), and sterile explants with 7-10 mm in length ready to use in transformation process (C).

Preparation of pMSH-kcar Expression Vector

k-carrageenase («xcar) gene used in this
research was obtained from Genetika Science
service (1st BASE Pte Ltd. Singapore) based on
sequence of «k-carrageenase gene that was
originated from Pseudo alteromonas (Zhou et al.,
2008) in gene bank. x-carrageenase gene was a
size of 1,300 bp and had constructed to pMSH
binary plasmid (Nara Institute of Science and
Technology (NAIST), Japan) as pMSH-xcar
vector.

k-carrageenase gene sequence was inserted
in the site Notl and Spel in location of multiple
cloning sites (MCS) in pMSH plasmid, that was
controlled by promoter 35S CaMV (size 300 bp)
and terminator Nos (tNos; size 400 bp), resulting
total size from promoter to terminator was 2,000
bp (Figure 2).

Gene construct pMSH-«xcar was transferred
in Escherichia coli DH5a. for replication followed
the methods of Sambrook et al., (1989) and
Suharsono et al., (2002).

(A) Hind 111 BamHI
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Find 111
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Figure 2 pMSH plasmid mapping (NAIST,Japan),(A):right border (RB), Nos promoter (pNos), marker selection gene:
neomycin phosphotransferase Il (NPT Il) and hygromycin phosphotransferase (HPT), Nos Terminator (T), 35S promoter
(p35S), multiple cloning site (MCS), left border (LB); (B): x-carrageenase gene (x-car) inserted on Notl and Spel site in

MCS.

Transformation of pMSH-kcar to Agrobacterium
tumefaciens: The gene construct pMSH-xcar was
transformed to A. Tumefaciens using triparental
mating (TPM) method reported by Bevan, (1984)

with some modifications Liberty et al., (2008) and
Hannum, (2012). Transformation process was
concerned with three bacteria namely Escherichia
coli DH5a as donor that carried a plasmids of
PMSH-kcar (kanamycin®, hygromycin®), bacteria
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E. coli DH1 (pRK 2013) as a helper (kanamycin®),
and A. tumefaciens LBA44 04 as recipient
(streptomycin®). The success of transformation of
PMSH-«xcar to A. tumefaciens was verified using
selective media and colony PCR analysis of A.
Tumefaciens transformants using primers 35S-F:
5-ATG GCT GGA GTA TTA GCT GGG-3’ and
tNos-R: 5’-CTC ATA AAT AAC GTC ATG
CAT TAC A-3’(designed by Hannum, 2012).

Transformation of x-Carrageenase Gene to
Kappaphycus alvarezii: Transformation was con-
ducted through following method of Cheney,
(2000) with many modifications. A total of 50
sterile explants of K. alvarezii (size 7-10 mm)
were injured by sterile needle. Explants were then
inoculated on infection media which containing A.
tumefaciens carrying pMSH-«xCar (ODggo=0.5-1.0)
and 100 uM acetosyringone for 30 minute with
shaking of 100 rpm. Explants were dryed out with
sterile tissues and moved to cocultivation media
(solid media of PES and 100 uM aceto-Syringone)
for 3 days in dark area (Handayani et al., 2014).
Explants fromcocultivationtreatment were cleaned
with cefotaxim 200mg/L, rinsed with sterile sea
water 3 times, dryed with sterile tissues and then
cultured in the recovery media (PES without aceto-
syringone) for 7 days. The putative transformed
and untransformed control explants were cultured
continuely on PES media until a new bud was
exist. Buds would be used to confirm the trans-
formed explants by PCR method.
DNA Analysis of Kappaphycus alvarezii Trans-
formants by PCR Method: Two explants of K.
alvarezii having bud were taken randomly to
analyse DNA through PCR. New bud from two
putative transformed explants were cut about 0.1 g
to extract DNA using CTAB extraction buffer
followed method of Doyle and Doyle, (1987).

The amplication of extracted DNA was done
with PCR using primers 35S-F: 5’-ATG GCT
GGA GTA TTA GCT GGG-3’ and tNos-R: 5’-

Figure 3
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CTC ATA AAT AAC GTC ATG CAT TAC A-3’
(designed by Hannum, 2012). For verification of
successful transformation, PCR of promoter
region of K. alvarezii transformants was also
conducted using primers 35S-F: 5-AAA CCT
CCT CGG ATT CCA TT-3’ and 35S-R: 5’-GAA
GGG TCT TGC GAA GGA TA-3’ (designed by
Suharsono et al., 2002).

PCR program used for amplification was as
follows; pre-denaturation on 95°C for 5 minutes
during initial cycle only, followed by denaturation
on 94°C for 30 seconds, annealing on 56°C for 1
minutes and extention on 72°C for 2 minutes. The
amplification process was repeated for 30 cycles
and final extention on 72°C for 5 minutes and
cooling on 20°C for 10 minutes. About 10 pul PCR
product was separated with 100 V electrophoresis
for 30 minutes on 1% agarose in 1x TAE. DNA
amplification product were visualized by using gel
documentation system-UV transilluminator.

RESULTS AND DISCUSSION
Transformation of pMSH-kcar to Agrobacterium
tumefaciens: Plasmid pMSH-xcar was success-
fully transformed to A. tumefaciens through tri-
parental mating (TPM) method (Figure 3). It was
observed that single culture bacteria showed no
growth on selective media (kanamycin, hygro-
mycin, streptomycin) (Figure 3A), while A. tume-
faciens bacteria transformants which carried a
plas- mid pMSH-kcar as result of TPM have
capability of growth on selective media (Figure
3B).

A plasmid MSH-«car showed successfull trans-
formation to A. tumefaciens bactery. The capa-
bility of A. tumefaciens to grow in selective media
was due to successful insertion of target gene
along with marker selection gene of streptomycin,
marker selection genes kanamycin (NPTII) and
hygromycin (HPT) on pMSH- kcar construct.

A B
Transformation of pMori-kcar used tri-parental mating method. Sing.c culture of bacterial donor, helper, and

recipient didn’t grow on selective media (A) as negative control, and Agrobacterium tumefaciens colony
transformants as conjugation result can grow, arrow (insert): colony transformants (B).

Conjugation mechanism of bacterial donor
and recipient on TPM process: start from

producted a pilus which is than attached to
recipient cell. Plasmid was transferred directly
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after cutting by endonuclease enzyme become
single strand and moreover it was transferred to
recipient cell. Both of cells synthesize their
complementary strands to become double
stranded forming a plasmid thus both of cells
become a viabel donor (Clewell, 1993; Liberty et
al., 2008).

The verification of successful transformation
of pMSH-xcar to A. tumefaciens was conducted

M Al A2 A3

Figure 4 PCR Analysis
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through PCR (Figure 4). Analysis result of PCR
toward 5 colonies A. tumefaciens as result a TPM
(A1, A2, A3, A4, A5) that were grown on
selective media showed a amplificated product
with size 2,000 bp that has a similiar with size
PMSH-xcar plasmid as positive control (C+),
while a ddH,O as negative control (C-) didn’t
exist amflication product (Figure 4).

A4 A5 C- C+

from 5 colonies Agrobacterium tumefaciens transformants as result triparental mating

(A1,A2,A3,A4,A5) used a primers 35S-F and tNos-R showed a fragments 2,000bp (arrow head ), plasmid as positive
control (C+), ddH20 as negative control (C-), M=Marker gene ruler 1KB DNA ladder (BioLabs, Inc. New England).

Transformation of x-Carrageenase Gene to
Kappaphycus alvarezii: Result from K. alvarezii
explants of transformation treatment showed 36%
bud explants were survived after transformation

(Table 1). This was about 2.5 times lower than
untransformed explants (Table 1). However, buds
carrying pMSH-«xcar (100%) were only found in
transformation treatment (Table 1).

Tablel Amount of explants grew bud and containing x-Carrageenase gene analyzed by PCR method in the

pPMSH-xcar transformed Kappaphycus alvarezii

Indicator variable Treatments
Transformation Control (untransformed)
a. Initial amount of explants 50 50
b. Amount of explants survived post transformation 18 46
¢. Percentage of explants having new bud (b/a* 100% = 1) 36 92
d. Amount of explant survived and grow new bud 16 40
e. Percentage of explant survived and grow new bud 88.9 87

The result showed that explants with trans-
formation treatments have high mortality during
infection process until cocultivation, while post
infection survival of explants were similar to
untransformation (control). Survived bud explants
percentage in this research resulted 36% which is
higher than reports as 27.4% (Fajriah et al., 2014),
23.6% (Handayani et al., 2014) and 7.5% (Daud
et al., 2013).

Thesurvival of bud explants is higher in our ex-
periments which can be compared with the results
of otherresearchers. This improvement may be due
to modification in transformation method where
cocultivated explants were screened on antibiotic
media so the untransformed explants did not show
impact on stress for long time. Moreover, buds that
grew from transformed explants resulted, the size
of 5-10mm during 2 months in culture (Fig. 5).

A

Figure 5

B

Initial visual morphology of Kappaphycus alvarezii explants (A), and explants at two months post-

transformation that have a new bud with size 5-10 mm (marked by red circle) (B).
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DNA Analysis of Transformants

Results of genome extraction of K. alvarezii
explants were showed in Figure 6A. It showed
that genome extractions of K. alvarezii trans-
formants and control were successful with 30-40
ng/pul DNA if compared to A (lambda) marker as
30 ng/pl (A-3) and 50 ng/ul (A-5). Moreover,
results of PCR analyses on K. alvarezii trans-
formants showed in Figure 6B and 6C. By using
primers 35S-F and tNos-R, PCR resulted an
amplified product of 2,000bp in K. alvarezii trans-
formants (T1 and T2), while non-transformants
(NT) as negative control failed to produce
amplified product (Figure 6B). The size of PCR
product is consistent with a pMSH-«xcar plasmid
(C+) as positive control. To confirm transfor-
mation, PCR was conducted to amplify promoter
region using a set primer of 35S-F and 35S-R, and
amplification results showed a DNA band with
size of 300 bp (Figure 6C). Both results of PCR
(Figure 6B and 6C) indicated that transformation
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of x-carrageenase gene was successfull to K.
alvarezii genome.

In present study, 16 explants were survived and
buded, out of which two samples (transfor-mants)
were analyzed and showed PCR positive results
with 100% transformation efficiency while other
researchers such as Handayani et al., (2014)
reported 3 from putative transformants (50%)
PCR positive, and Fajriah et al., (2014) reported
13 PCR positive from 135 putative trans-formants
(9.63%). The results of our study provides high
confidence that the other sprout explants are also
carrying the transgene.

Other researchers also reported gene
transformation in K. alvarezii; Alizadeh et al.,
(unpublish) used a similiar method and produced
20% transformants with GUS gene and 35S
promoter. While Wang et al., (2010) reported
higher percentage (33%) of transformation, but by
microparticle bombardment method on 450 psi
using LacZ gene and SV40 promoter.

M C+ NI T1 T2

0.25 e

C

Figure 6 Extraction result of DNA from Kappaphycus alvarezii (A), PCR analysis using 35S-F and tNos-R primers with the
size product of 2,000 bp (B), and PCR analysis using 35S-F and 35S-R primers with product of 300 bp (C). G: genome;
A-3 and A-5: A (lambda) marker with concentrations 30 ng/ul and 50 ng/pl (BioLabs, Inc.New England); T1 and T2: K.
alvarezii transformants; NT: K. alvarezii non-transformed (negative control); C+: pMSH-«xcar plasmid (positive control);
M: marker gene ruler 1-kb DNA ladder (BioLabs, Inc.New England); arrow head showed a target PCR product.

In this study, we analyzed two buds of explant
since those explants had achieved a size to
minimum requirements of DNA extraction sample
as 0.1 g (Doyle and Doyle, 1987). It referred on
bud percentage of positive PCR samples, where
from 2 samples and all positive PCR (transfor-
mants), it showed a more high probability positive
PCR on other buds.

In present research, only limited transformed
buds were used for PCR analysis therefore, it was
needed to culture explants continuously to get
more buds to study the gene expression level and
integration pattern as well as carregenane
contents.

CONCLUSION

The k-carrageenase gene has been successfully
transformed in seaweed (Kappaphycus alvarezii)
using Agrobacterium tumefaciens mediated
transformation method. Percentage of explants
survival and having new bud (36%) which is
higher than previous reports with 100% PCR
positive transformants.
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