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Overexpression Sucrose Transporter Protein (Sut) and Sucrose
Content In Genetically Modified Product (Gmp) Sugarcane

(Saccharwm officinarum L.)
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rcane is a crop that can be grown In the tropics and sub-tropics. |hese plants are
1 C4 plants that can accumulate sucrose in the stem (Bieleski, 2000; Soninet el o, 2004
is the major product of photosynthesis produced by carbon hixation that occurs in the
wan ot al, 2000). Suctrose metabolism in leaves 15 mfluenced by
phosphate synthase (SPS), sucrose synthase (Susy). and mvertase (IN It
s 4 major enzvme in the biosynthesis of sucrose (Huber and Huber, 19 T

» conversion of fructase-6-phosphate and UDP-glucose to form sucrese-o-phosphate

e heretnafter contained in sucrose-b-phosphate s hydrolyzed by sucrose phospha
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phosphatase to produce sucrose and organic phosphate (Langenkamper et al,, 2002). The amount
0f SPS activity can increase the accumulation of sucrose and growth of sugarcane (Sugiharto et al.

Sucrose is synthesized 1n the leaves, some will be hydrolyzed to produce energy. Invertase
(INV) is an enzyme that acts to hydrolyze sucrase into glucose and fructase {Jin et al, 2000)
Sugarcane has two types of invertase, which is neutral invertase (N1} and acid invertase (AT} that
have different functions in the accumulation of suerose (Gayler and Glasziou, 1972). According
Miswar et al. (2007), NI activity in the leaves can affect to the accumulation of sucrose in the trunk

MATERIAL AND METHODS

Plant materials.

Eventsof transgenicsugareane plants 1, 2, 3, 4, 5, 18,20 and non-transgeni¢ yar, BL from the
CDAST (Center for Development Advance of Sciences Technology) Laboratory Lniversity of
[ember, The first unfolde leaves samples were used for the protein and sucrase extraction

Protein Extraction (Soluble proteins).

Eroded2grams of leaf samples by adding liquid nitrogen. Sampie delicate Jeaves that have
been given 6 m! of extraction buffer consisting of 50 mM MOPS/NaOH (pH 7.4), 10 mM MeCl12
1 mM EDTA, 25 mM DIT, 10 Im PMSF, and 10% PVP, and crushe dagain until homogeneous.
The extractwas gunmfugu data spwd of 12000 rpm, 4 "C, for 10.minutes. The supernatant was | il
teredby column chromatography SephurdehGe25 Plammen. Eluate which exitis used for the
measurement of enzyime activity of SPS and peutralin vertascand total soluble protein (TTT).

Protein Extraction (insoluble protein).

Eroded3grams of leaf samples by adding liquid nitrogen. Sample delicate leaves that have
been given 15 ml of extraction buffer on sisting of 04 M sucrse, 75 mM MOPS/ KOH, 5
mMEDTA/KOH, 5 mMEGTA/KOH, n 10 mM NaF, 5 mM [P-mercapto and 5%
PVP thencentrifugedat a speed ofS000rpm for10mind® Ctoobtaina supernatantand apellet(feaction
1). Obtained supernatant was centrifuged againat a speed of 14,000 rpm for 30 minute stonblaina
pellet (fraction 2). Pellet (fraction 2) was dissolved in 250 mlL. of solubilization buffer (100mM Ins-
HC pH 75, 2% SDS, 1 mM EDTA, and 10 mM [-mercaptoethanol) and storedat- 80 *freezerior
SUTT protein analysis by theimethod of Westemn Blot.

Measurement of Total Protein Dissolved {TPT).

Total solublle protein was determined by the Brad ford's methed (1976) Standard proteins
used Bovine Serim Afbumin (BSA) with aprotein content of 0 mg, 5 mg, 15 mg, 30 mg, 50 mg,
Brad for dreagent taken as many as 950 mL and added H-O until the velumereaches 1 ml (as
blank). Samples were taken 20 mL soluble protein, plus 30 mL of Hz0 and 950 mL Reagent
Bradford. Colors are formed from the mixture was measured with a spectrophotometerat a
wavelength of 595 nm. Samplesin soluble proteins (SUTT) were taken 10 mL to measure total
protein, then coupled with Brad for dreagentas much as 990 mL. Colors are formed from the
mixture was ‘measured with a spectrophotometerat a wavelength of 595 nm.

SPS enzyme activity measurements.

SPS activity was measured using a test solution with a composition of 86 mM MOPS /
NaOH (pH 7.4), 26 mM MgCl 2 were taken as much as 40 mL. This solution was mixed with 10
mL of 0.1 mM fructose-6P, 10 mL of 0.1 mM Uridine Difosfo glucose (UDF), 10 mL of 0.1 mM
glucose-6P and 50 mLL sample of the enzyme. The mixture was incubated at 30 ® C for 0 minutes,
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10 minutes, and 20 minutes. The enzyme reaction was stopped by the addition of 70 mL of 1 N
NaOH at the specifiex] ime then samples were heated in boiling water for 10 minutes. After cold,
samples coupled with a 0.1% resorcinol in 95% alcohol \ 250 ml and 750 mL of 30% HCL
Furthermore, the solution was incubated at 80 ° C for 8 minutes, then after cold the color formed
were observed . The intensity of the color formed is the sucrose contenty méasured by a
spectrophotometer at a wavelength of 520 nm. Absorbance obtained divided by the length of time
of incubation to obtain the average absorbance per unit time, Furthermore, the average
absorbance values entered on the standand equation of sucrose to obtain the value of the activity
of SPS (g sucrose / min). SPS activity divided by the total soluble protein (TVT) is a specific
activity of SPS (g sucrose / min / mg protein)

Measurement of Enzyme Activity Neutral Invertase.

Measurement of neutral invertase activity carried out using a solution containing 25 mM
testers MOPS / NaOH pH 7.5 and 100 mM sucrose, This solution was taken as 450 mL and mixed
with 50 mL of enzvme samples so that the total volume of 500 mL. The mixture was incubated at

U = C for Gminutes, 15 minutes, and 30 minutes. The enzyme reaction was stopped by the
addition gf 1000 mL of dinitro salicylic acid (DNS) at the specified time, then heated in boiling
water for 10 minates, The intensity of the color formed indicates the amount of glucose formed
and measunsd with a spectropbotometer «t a wavelength of 560 nm. Absorbance obtained
divided by the length of ime of incubation to obtain the average absorbance per umt tme
Furthermare, the average absorbance values entered on glucose standard equation to pel the
value of the activity of invertase (g glucose / min), Invertase activity divided by the value of total
soluble protein (TT1) is aspeafic activity of invertase (g glucose / min / mg protein).

Western Blot Analysis,

Western blot analysis performed by the method of Towbin Deutscher (1990). Western blot
pralves performed after the proteins are separated by malecular weight by SDS-PAGE (Sodium
Doddecyt Sulphate Geol Polyacdlanude Elesktrophonssis). SDS-PAGE analysis carried out with a
total protein concentration of 40 mg, Protemn separation results by SDS-PAGE transfemred to
aitracellulose membranes through the flow of electricity at 250 mA for 2 h, 4°C, then the
membrane was washed with TBS (Tris Buffered Saline) 3 times eirch 5 minutes. After washing,
prodeins are undesirable, dosed (blocking) by soaking in TBS with 0.5% skim milk for 20 minutes,
then given primary antibody (antibody SUTT) and incubated on a shaker for one night. The next
process is the membrane was washex again with TBS, and then given a secondary antibody and
incubated for 1 hour, Before staining, the membrane was washed again with TBS and alkaline
phosphate. Staining was dene by administering 25 mL and 50 mL NBT BCIP were dissolved in 10
ml ot alkaline phosphate

Measturement of Sucrose Content of Leaves and Stems.

About 1 g crushed leal samples were dissolved in 5 ml of MCW (Methanol Chloroform
Waler) and incubated at 60°C for 10 minutes. Samples centrifuged. at 5000 rpm, 4°C, for 10
mmutes. Supermatant were accommodated in a falcon, this freatment was repeated until the
remaining peliets turned into white, Supematant obtained was evaporated until the methanol

chloroform evaporates, the remaining solution was used for the analysis of sucrose. Samples stem
w omuch as 3 ¢ of crushed and dissolved in 3 mi of distilled water. Sampla centrifuged at 10,000
pm, 4°C tor 10 minutes. Obtuned supernatant was measured sucrose rod

l'ests carned out using the method Seliwanoff sucrose. Sucrose samples of leaves and stems
of 30 mL was added 70 mL of T N NaOH, heated in boiling water for 10 minutes. Once cool,
couplead with a 0.1% resorcinol in 95% alcohol as much as 250 mL and 750 mL of 30% HQ and
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incubated at 80°C for 8 minutes. Color formed was measured with a spectrophotometer at a
wavelength of 520 nm, Absorbance obtained caleulated with standard formulas to obtain the

concentration of sucrose

RESULT AND DISCUSSION

SPS enzyme activity analysis results show that all gene overexpression transgenic
sugarcane plants SoSUT1 SPS activity tend torinerease compared to control plants, [he highest
SPS activity were obtained at 4 events with 1.296 g sucrose/ min / mg proteinSPS activity value.
High SPS activity was also present in the event 1 and 5 respectively 1.209 g sucrose / min / mg
protein and 1.159 g sucrose / min / mg protein. The increase of SPSactivity in other transgenic
plants events tend to be lower than the event 4, 1, and 5, itmeans that SPSactivitvincreased more
slightly than to control plants. The value of SPS activity at Event 2.3, 18, andd 20 respectively 1.116
g sucrose / min / mg protein, TOI5 g sucrose / min / mg protern, 107D g sucrose / min / mg
protein, and 1.027 g sucrase / min / mg proten,

SIS enzyme is a key enzymeinvolved in the biosynthestsof sucrase in plants. SIS gatalyzes
the conversion of fructose-6-phosphate and UDP-glucase to form sucrose-6-phesphate, phosphate
hereinafter contained in sucrose-b-phosphate is hydrolyzed by suerose phosphate phosphatase to
preduce sucrese and organic phosphate (Langenkamper et al, 2002}, According Miswar et al
(2007), the high activity of SPS will be able to produce the high sugrose,
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Figure 4.1 The value of SPSactvity (Event 1, 2, 34,5, 18, 2nd 20: ransgenic plants; K: controf plants).

Enzyme Activity Neutral Invertase (NT)
Remodel invertase hydrolysis of sucrose by reaction irreversible (irreversible) into glucose
and fructose. Invertase analyzed were neutral invertase (NI). NI activity values showed the

amount of glucose formed per unit timeé (g glucose / min / mg protein). From these results, it can
be seen that the gene averexpression transgenic sugarcane plants SaSUTIL NI tend to have the

higher activity than the control plants.

/
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Figure 4.2 The valia of Nl activity (Event 1,2,3, 4,5, 18, and 20 transgenic plants, K: control plants),

Based on Figure 4.2, the highest NI activity presented by Event 4 with a value 3,312 ug
glucose/ menit/pg protein, followed by Event 20 dan Event 18 with the value 3,060 pg
glucose/ menit/pg protein dan 29% g glucose/menit/ug protein respectively. Transgenic
plants overexpression SoSUTT gene tend to have higher activity values than the control plants. NI
activity will reduce the sucrose content in the leaves because NI will hydrolyze sucrose into
glucose and fructose. The difference between SPS and NI activity will determine the amount of
sucrose in leaves (Miswar et al,, 2007). Partially hvdrolyzed sucrose is used as an energy source in
the leaves, and some will be riansported in the form of sucrose to the storage tissue

Content of Provein SUT!

Increased protein content in plants can be done through the overexpression of genes or
DRA.SEUTT gene overexpression in sugarcane is expected to increase the protein contentSUTT,
in canjunction with increased translocation and accumulation of sucrase. SoSUTT gene expression
in the form of the protein can be detected by Western blot analysis. Western blot analysis can be
used to detect the protein content through the thickness of the profein bands appear

Figure 4.3 Western Bigt of SUT1 Prolen result (Event 1, 2. 3, 4, 5, 18, and 20. yransgenic plants, K control
plants)

[he results of Western blot analysis of protein SUTT can be seen in Figure 4.3, Based on
these images, SUTT protems can be detected in all gene overespression transgemic sugarcane and
sugarcane SoSUTT contral. From this result, not all gene overexprossion trarsgenic sugarcan
plants SSUTT increased compared 1o control meL\. The increase of SUT] protein cantent in
overexpression transgenic sugarcane plants SoSUTT genws was obtained atEvent 2 and Event 18,
ncreased protein con can be seen tro » thackness of the protein ds appear. The thicke
incr { protein content can be seen from the thickness of the protein band r. Thet r
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the protein bands appear, the more the protein content, In the Event 2 and Event 18 showed
thicker protein bands than the control plants, which means Event 2 and Event 18 having maort
SUTT proteln content than the control plants. Overexpression SoSUT1 gene caused increassl
protein content which can increase the transcription and translation. This suggests that the protes
is integrated into the genome of sugarcane can be translated into proteins. Increased protesn
content SUTT the Event 2 and Event 18 can be connected to the sucrose content of the stem. s
relates to the function of proteins that play arolein the translocation SUTT sucrose to the storage
network (trunk),

SucroseContent ofLeaves

Sucrase content of the leaves is notonly influenced by the level of sucrose synthesis in the
leaves, but also the presence of invertase activity in the leaves that can hydrolyze sucrose. Sucross
content of the leaves was analyzed front transgenic plantsand control plants.
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Figure 4.4 The value of leaves sucrose content (Event 1, 2, 3, 4, 5, 18, and 20: transgenic plants; K, control
plants),

Leaf sucrose content value can be seen in Figure 4.4. The figure shows that the gontent of
sucrose i most SaSUT] gene overexpression transgenic plants tend to have increased compared
to control plants. The cantut of sucrosein the leaves is affectad by the SP'S and invertase activity
The highest invertase activity was found in the Event 4 at the value 1,296 g sucrose / mmn / mg
protein and 3312 g of glucose / min / mg of protein, but the sucrose content of leaves in 4 events
tend to be Jow, Bmounting to 924276 g / gam weightof the leaves. This shows that the high SPS
activity, the high invertase activity, but the accumulated sucrose in the leaves were low,

The content of sucrose trunk (Nira)

Sucrose content of the trunk fs the end result of the accumulation of sucrose. Sucrose
content of the trunk is determined by the activity of protein transport sucrose (SUTT) that
transport sucrose from the leaves toward the stem. Sucrose accumulation in sugarcane starts from
the growthstem segments towards the stopped growth stem segments.

]
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Stem Sucrose Content
(mg/g fresh weight)

1 p 3 - - 18 20 K

Events of Transgenic

Figure 4.5 The averans of sucrose funk conlent (Mg’ g fresh weight), R1- the average of sucmse oontont at
¥ beginning Ssegments; B2 the averags of sucrose content 24 the secondary § segments; R3: the average
of sucrose eentent at the end (thid) 5 segménts; (Event 1. 2,3, 4, 5, 18, and 20: vansgenic plagts: K: contrai

plants)

Ihe value of sucrose content in the trunk can be seen in figure 45. Based on these figure
showed that stem sucrose ontent increased in the older section at all events ScSUT] gene
ererexpression transgenic plants and control plants. The increase of stem sucrose content is
propartional 1o the age of stem segmentsdirectly. The okder age segments, the higher the content
O sucrase. These results are consistent with studies conducted by Zhu et al,, (1997), which states
that the sucrose content will increascof the older segmentbecause the younger segment requires
Mo encrgy for growth The energy provided by sucrase as.a garbon source, so that the content
M sucrose in the voung segment willbe lower,

i the Event 4, the sucrose content of the trunk on the first five sections tend to be higher
tian wny other event, amounting to 10413 mg / g wet weight. If connected with the process of
syathesis and hydrolysis, Event 4 has a high SPS activity in the amount of 1.166 £ sucrose / min /
g protem and invertase activity are quite high at 2745 g glucose / min / mg protein. The high
activity of invertase in leaf SPS and can reduce the amount of sucrose in the leaves Event4 has a
fawer content of sucrose leaves compared than the control, the amount of 253220 mg / g wet
weght o the sample. Viewed from the side of the expression, gene SoSUTT in events can be
detected by Western blot analysis. Protein bands thatemerged showed that SUT1 gene integrated
tnte the genome of sugarcane can be translated into proteins, and can facilitate the bansport of
sucrose to the stem. Sucrase content of the rods in the eventd tends to be high on the road is still
young (five first segment), and it increases with age stem segments. This can be caused by sucrose
accumulates in the young segment tends lot. Although partially hydrolyzed to a source of encrgy,
but the Event 4 hasia high SPS activity so that sucrose can continue to be fulfilled.

I the Event 5, SUTT protein was not increased as indicated by the protein bands were
thinner than the control. These results nofate to the sucrose content of the stem, although not
nerease the protein content of SUTT, sucrose content in Event 5 terd to be high in the first five
wgments (Youngsegments), and more increase together with age segment. This suggests that the
Suese tnsport activity can occur even though there was no increase in protem content SUTT
Sasically plants alrcady have sucrose gene transporter, but the presence of overexpression
S0SUT T genes were expected can increase the SoSUT gene expression and increase the rate of

SUCrose content,
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Hased on the description above, the metabolism of sucrose in plants include the synthesis.
hydrolysis, and translocation, Sucrose synthesis that occurs in the Jeaves is catalyzed by the
enzyme Synthase Sucrose Phosphate (SPS). The lagh activity of SPS in the leaves, can increase the
sucrose content in the leaves. Sucrose which has formed will be a source of carbon to produce the
energy neaded by the plants. The process to produce energy in the form of ATP can ot directly
involve the sucrose which is still in the form of a disacchande, but it must be hydrolyzed to be
monosaccharide sucrose, fructose and glucose. This hyvdrolysis process is catalyzed by the
enzyme neutral invertase (NI} contained in the leaves. The difference between the synthesis and
hydrolysis that accurs in the leaves will determine the sucrose content in the leaves. Sucrose in the
leaves will be transported to the storage tissue, namely trunk. This translocation process mediated
by sucrose transporter proteins (SUT1),

Tissue storage in sugarcane are in the trunk, so that the suctose content of the trunk i the
end result of the'process of sucrose metabolism. The content of sucrose inthe stem ean be used as
a food reserve, High sucrase content of the trunk can be obtained if high leal SPS activity, whercas
NI activity Is low, and high protein content SUT]. Small difference between the sy nthsis and
hydrolysis of sucrose causes the sucrose content in the leaves becomes high. It also must be
supported by many SUT] protein content in plants that can facilitate the process of translocation
of Sucrose to thestorage network (trunk).

Mhe results showod that all gvents SoSUTT gene pverospression transgenic plants tend ta
increase the activity of SPS.and N1, Based on Western blat analysis; all the events showed the
expression of genes SOSUTT characterized by the appearance of pretein bands. but only event 2
and cvent 18 that incréasing the protein content SUT| because it has protein bands were thicker
than the control plants, Increased protein content SUTT not comparable with the Increase in
enzyme activity of SPS and NL This is shown in event 2 and 18 who only have SPS activity of
1,116 g sucrose / min / mg protein and 1,070 g sucrose / min / mg protein, whereas NI activity
of 2802 g glucose / min / mg of protein and glucose 2096 / min / g of protein. SPS and NI
activity is highest in the event the value of 1.296 ug 4 with sucrose / min / mg of protein and
glucose 3312 / min / mg protein, but this event is not to increase the protein content SUTI
because protein ribbon thinner than the control plants. This suggests that the overexpression of
genes in sugarcane SoSUTThas no effect to enzyme activity of SPS and NI Sucrose content of the
trunk at all events ScSUTT gene overcxpression fransgenic plants tend to have inereased
compared tacontrol plants.

CONCLUSION

The results showed that not all events gene overexpression transgenic plants SoSUT)
increased protein content SUTT, only Event 2 and 18 that increase the protein content SUT1
because it have thicker protein bands than the control plants. While the SPS‘and invertase activity
at all events SoSUT1 gene overexpression transgenic plants tend to have increased compared the
control plants. Sucrose content of the trunk at all events SoSUTI gene overexpression transgenic
plants also tend to increase with age segment. The older age segments, the higher content of
sucrose, ]
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