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Bootsarin Tana 2015: Study on Sucrose Accumulation and Invertase Enzyme Activity
in Sugarcane. Master of Science (Agricultural Biotechnology), Major Field: Agicultural
Biotechnology, Interdisciplinary Graduate Program. Thesis Advisor:

Ms. Nongluk Teinseree, Ph.D. 79 pages.

Sucrose content and enzyme activities of soluble acid invertase (SAI), neutral invertase
(NI) and cell wall invertase (CWI) in cultivated sugarcane (Saccharum officinarum L.), line 20-
2248 and S. spontaneum, line S98-244 at various developmental stages, six to twelve-month
after planting (MAP) stems, were monitored and the correlation among them were analysed. In
each stem, the three parts of internodes the top, middle and bottom representing relatively
immature, maturing and mature internode, respectively were collected for the experiment. The
results showed that sugarcane stems of different species revealed different patterns of sucrose
accumulation and enzyme activities. In line 20-2248, the sucrose content was increased with
increasing of the month after planting (from 6 to 12 MAP) and was highest in the bottom part
and decreased in the middle and top part, respectively. The activities of SAI, NI and CWI
decreased with increasing of month after planting (from 6 to 12 MAP) and was highest in the
top part and decreased in the middle and bottom part, respectively. There were significantly
negative correlations between sucrose content and the activities of SAIL, NI and CWI. In line
S98-244, the sucrose content peaked at § MAP and then declined toward the maturity of 12
MAP. The mid-part of stem was marked higher in the concentration of sucrose over the middle
and bottom parts. The activities of SAI and CWI increased with increasing of month after
planting (from 6 to 12 MAP) except NI, that stable in all stages. The activities of SAI, NI and
CWI was highest in the top part and decreased in the middle and bottom parts. Only the SAI
activity gave negatively significant correlation for sucrose content while the correlation
between NI and CWI activity for sucrose content showed negative correlation but was not

significant.

Student’s signature Thesis Advisor’s signature
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high performance liquid chromatography (HPLC)
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Sludu

A A AdgYe o =2 a J 1 4 9 o
nIeleN led ANy ITINanhvag 1A 191 1AT89%9eN3 (balance) 81911
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2. msfinyfSananimaglnsa Aaen504 high performance liquid chromatography

(HPLC)
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3. M3AnEINaNITINVD UK 193] soluble acid invertase (SAI) neutral invertase (NI)

iag cell wall invertase (CWI)

3.1. afaueneu lyiounesma TagdaulasnuIzued Lontom ef al. (2008)
ool vhdedaiisien T iszana 2-3 n3u ualiiumazBoadieluTasouman
TuTnsafudiEu mmuduaisazats extraction buffer I 71/52n01EIH 50 mM HEPES-NaOH
(pH 7.5), 0.05% (w/v) Triton-X, 5 mM Na-EDTA, 10 mM MgCl, 1tag 5 mM DTT 131103 8

a A

a I~ 4 1] 1 09.: [ < any d o
Haaans muwaulmduie@enululnge mmiudrearsazareldlurasaduasiasiill
y { { < 1 I~ { a I~ 1
TumIsannu39 15,000 soua N UNa1 15 W0 Ngurgll 4 eermsaied inuaula
[} a ] H ) 1 H [} Ja J a
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Y
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) 1 a { [
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a 1 Aa 1 1 o y { { <3 ]
51105 4 mvealsuasasazareaiulanld 1 Ui umisananusa 15,000 seusaeui
I { a
Wunan 15 i Nguuigil 4 seruvaibod 1310201002 NOUAIA1TAA10 extraction buffer 1T
M15znoudie 50 mM HEPES-NaOH (pH 7.5), 0. 5 mM Na-EDTA, 5 mM MgCl, 11ag 2.5 mM
A A Y Jd a o [ 9
DTT Y5103 300 Tulasans a2 ldarsazaraeu laiviia soluble dsuldlumsasivaou
Aanssuupaou 11 soluble acid invertase (SAI) 1182 neutral inertase (NI) LAz AT 12T N0

TasAusanluaau soluble TA3TA1I5 (Lowry ef al., 1951) MNITAMITIATIZH IUAIANUIA U

PUAITAZANY extraction buffer 111 N1/5£NDUAIY 100 mM HEPES-NaOH, 0.05%
(w/v) Triton-X, 5 mM Na-EDTA, 10 mM MgCL,, 5 mM DTT tiag 1 M NaCl 1/51@5 2 iiadans
' AN Y y A Yy 9 o 1 2y A ~ ¥ oA
asludruaznoui laninmsihuiesdneduniniuiung Anguvgl 4 osrusadod G
Y o y A A < , e A 3
ud1i 1 umIsana1u59 15,000 seVdpMN (HU0a1 15 W1N BLENAZADUBDNLAZINY
1 1 a 1 H % Jd A o [
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Y 4
et al. (2008) asgo 1T fMvualsmnasmswanlulfnsemanuami 100 Tulasaas
a @ 4 o o a 4
Usznouale 50 mM asazane Tmaeudgmnsativives (Na-citrate) pH 3.5 5Un3 1A 124
a 4 : = a o J
Aanssuveen layd cell wall invertase (CWI) 50 mM ansazans Ta@endmsaiivives (Na-
o @ a A J . .

citrate) pH 5.0 MNUSUMINATIZYNINTINUDIU 193] soluble acid invertase (SAD g 50 mM

I o J . o @ a Ja 4
arsazane Inunadeunoamatviivies (K-pi) pH 7.5 d1m5umsiasizinenssuveaen lad
neutral invertase (NT) 1311015 25 luTA5803,125 mM ansazaivgy 1asa (sucrose) U51105 50

Aa ) o I ugj Aaaa o 1

TuTasaasdmsulfiluarsdadu (substrate) ¥091JA501 nazarsazaoou laidedia

151105 25 lulasans

o Aaaa ~ 9 = a o 4
amskaulnsenilszneuais 50 mM asazas laAendmniivives
[ o a Ia I’
(Na-citrate) pH 3.5 FMUSUMIUATIZVNINTTUUDIOU L3] cell wall invertase (CWI) 50 mM
= a &Y 4 . o v a Ia 4
miazmﬂhmwmmmum”l/\lai (Na-(ntrate) pH 5.0 f’fTﬁiUﬂTiflmiTg‘Viﬂ"l]ﬂﬁillGUENl@uUlclﬁJ

soluble acid invertase (SAI) itag 50 mM msazane Inunageunoanlaiinies (K-pi) pH 7.5
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) @ a Ia J . a a
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9 v
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25 luTasdns asinlfnse nniutude Tusrvhniugugurgingugil 37 ossisaided
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aaa Ia J a a a
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a < a gl aa <Y as [ .

3.3 Msanserdinanimasairaleds la lune-tuadu (Somogyi-Nelson method)

Aaaa 9 [ Aaaa Ia 4 Y 09:
nnlgasenlude 3.2 naewnnugalfaserveasu lsiounesmeaudininiiu
o a o Aa 09/ Aa & & A A a dgl Aaaa 4
W lAnsgdnlsnahaeias sullusandainaduainilgnserveuen lan]
a 4 Aa < ) a 4 an
auneoImaniimay Insadluasadu (substrate) IA8ANTIZHAIMITUDL Nelson (1944)

an a J
AUITNITAATIZH ILMARNUIN Y

=& ] a Ja 4 A a saq Y
Wilrgvenanssueu laidunesme fe Usinaveuou leinldlums

4 09; o Y a 3, Aa o 1 )=} 9 A o o dy
laTas lagihaaglnsaildinarhaaias 1 urluTuadewit meldanzisimuaasil

aaa A 9 = a o J .
aswanlnsenlszneuais 50 mM arsazare Ts@oudmsativines (Na-citrate) pH 3.5
o [ a Ja 4 .
dmsumsansizrinnssuueaeu lml cell wall invertase (CWI) 50 mM ensazais ladoy
a % o o o a A o .
Fnsaivlines (Na-citrate) pH 5.0 115DM3UAT 124NN TUV0UY |93 soluble acid
. IS o J . o o
invertase (SAI) itag 50 mM d1sazae Inunaseuoamatwives (K-pi) pH 7.5 da15uns
a Ia 4 a a
ANz TN won Ta neutral invertase (NT) J51105 25 TuTnsans 125 mM a1sazaie

a =

a a ] d‘ [ a g} aa J
“J'ﬂﬂi’d (sucrose) 151105 50 ullliﬂiﬁ@]'i UUNYUNHN 37 DIFLHALT YT Msinaimaiang

u

v F4
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oy v g ~
1:1 IﬂﬂuTﬁumﬂuﬁTiNT@ﬁjTu (MNNUINN V2)
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a 4 o Y4 1 a cy { v A
4.2 UATIEUHANRTUNUT (correlation) igﬂ’JNﬂiiﬂ‘muWHﬁ%Tﬂﬁﬁ“ﬁﬁzﬁmﬂ‘ﬂﬂzﬂﬂiiu
4 a,
GlJfN!,’ETLllUI,“])'iJ SAI NI 1tag CWI 913235n15984 Pearson (Pearson’s product moment correlation)

#287151n51 R version 2.10.1.
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cell wall invertase (CWI)
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1.1 asnd

Y
1.1.1 ’m‘iaza1m‘immcﬂmﬁmmgmmmﬁn%’u 0,2, 4,6, 8az 10 ¥aaniu

AoNaAaNT
SNl
1.1.2 Wnau 18 wnzleow
[ 1 o v A 4
1.2 MSINToNAI0INEINTVIUATITH

g’ M ) o I 4 { o

1.2.1 w3vninau 18 wng Tendwmsulfidluandounalemsiilinseslae
Tdyansoaaz IHurunsogiia Cellulose Acetate Membrance Filter Y1419 0.45 Tunsou 8o
Satorius

A o ] [ A A Y 31 M)
1.2.2 @oaNAN UTZAUANNTINNMINZANA81INGY 18 1Wwng Tow
4

VINUTUNTBIRIDINHIUAINTDIFHA Cellulose Acetate Syringe Filter ¥ 0.2 lunsou 1d

s = = 9 A
VIR vial msmﬂﬂmmnmm HPLC
a &Y (] Y d‘
1.3 MIAUATICHAIDINAIYATOIHPLC

v '

1.3.1 thasazarniiaay lnsauasgiuianududuaie uazaisazaiy
- Yy A ° Yt a 7w =
aednieion dadunses HPLC Tasdmualiiannzlumsnsgriasmswuini 1

T 1 ' v
Aaa15aza1eA108 199 1ATAUIATFIU AT HPLC 1o 1na1Ma106191a1au1asg1ugn
[y v o 4 c?/’ g’ {

aadUgluAaN (retention time) 1INHUIIRAITAZA W IAIAY IATANIATTIUNANY
Y Y y A o A Adqw Ay v J =
udua1e Wunses HPLC hinunldns i ldvesensazmohanaglasaumasgiuingu

Y 9 Y o A
ANV NUU NWﬁiNﬂi"l“V\liJ"lﬂijpu muﬁmiumwwmnw V1

v v Y 1
1.3.2 damsazagdlosnanioan linanududunmunzay Taelduiunld

] ]
= =

1 1 qﬂll 0 491 Y Y o
ﬂﬁ'ﬁ/\l@QGLUGH'JQSUﬂ\?ﬁTﬁﬁgaTﬂ"gIﬂiﬁﬁJTﬁﬁﬂWH inﬂuuu”lwu‘ﬂcl@]ﬂsﬁ/\h/lhlﬂu”lmu’mmﬂ’sm
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74

HPLC
Aq Ya L4
319N9 ANNEN FUATIZH
Mobile phase Wnau 18 wnz low
Injection volume 20 luTnsang
Column ?Jﬁl’é] BIO-RAD ’); YU Aminex HPX-87P
Detector reflective index (RID)
Column temperature 80 DA NS ALTOE
Flow rate 0.6 NaaansaouIn
18000000
as g ~=79999
16000000 | } 160)766.‘{ AS(..L.L
14000000 e
S 12000000
=
S 10000000
o
= 3000000
b
§_ 6000000
4000000
2000000
0 I

0 2 < 6 8 10 12

Sucrose (mg/ml)

MWEUINA U1 N51MNIATFIU (standard curve) YoIEITAZAN0Y IATANIATFIUAA MUY

02 4 6 8uay 10 Yaansunolanans
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2. msannzridSinanihmasfrga 3Bl aluoe-tuaay (Nelson, 1944)
=
2.1 a5l

2.1.1 Alaline copper reagent Uszneudleasaaae 11l

- Na,HPO,-12H20 71 A5U

- NaK Tartate 40 AW

- NaOH IN 100 Haaanas
- CuS04-5H,0 8 NTY

- Na,S0, 180 N3

Y v v
azaeastduaudauliniinaulsuias 700 Tadans Taesuld
) A a Y KR A o’/’ @ a Y I a
ANUTOUILDIAL CuSO4-5H,0 MnuANEIUAN Na,S0, 1niinilsuilsunas i 1 Gy
< { a ) ) 1 o
nu P lurednngungines 24-48 421 Tue udrvaihwinsesaznousennouii Iy 14

QU

Y
2.1.2 Nelson reagent Ysznoudeansaasne li

- (NH,)Mo.0,,4H,0 53.2 AN
- H,S0, (96%) 21 Haaans
- NaHASO, 7H,0 (12%) 50 NHaaans

o w g/ o 09: [ a o a

azawasaaau luthadunnmivdsulSuasgaieliiiu 1 das
o a3 { a @ o 1
hens lunu Bluanednnguugiives 24-48 47 Tue Juiwinsesnonld

= 9 !

wsenensazaennsgu Iaeldasazatenladaeng Inauiasgiu
[ (] I~ ~ Y 9 1) 1 Aa aa
oas1eu 1:hiluasazaroasgiunanuaudu 0-200 lulasnsudeiiaaans (0, 40, 80,

120, 160 uaz 200 lulnsnsuasiiaaans)
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Aax a d o @ 9
22 3mauniey (@wmsuldluTasman)

2.2.1 WIeuEITazAeNIATI UL EITaza18R20019 Usuas 100 Tulasans

lunasa lulassuasiag

9 Y
2.2.2 W Alkaline copper reagent /31105 100 luTasans anurih ldduluii

A & ~ o ' o<8 & ~
@oa 1Wunal 15w wazii lualiniveu dunal 5 un

2.2.3 IAYNelson reagent U33105 100 Tulasans wanlvitnmudvy13n

a9 | =
UNHUYID Wuan 30 4N

Y v
224 wwihnau U503 500 TuTasaas manldindu udnilddanins

A A A
ﬂﬂﬂauuﬁmmmmaﬂau 520 u’]Tou@ﬁ

o 1 =) Ao 9 o = Y A 1

225 hammsganaunasiiiald lddwnaiieuiunsminasgiuingom
Y 9 v ] o ! J o
ANUTNIYRIEINAITIY Taslyvgnlaadong lnauasgiuludasidiu 1:1 Tagrimin

& =
HUaINIATTIU (MWHUIND 22)

)
n

A 520 nm

0.1

0.0

0 40 80 120 160 200 240

Fructose : Glucose (ug/ml)

MWEUING V2 N3 IMUIATFIU (standard curve) VvoId1sazarein lndaong Inaninsgiui

ANUTUTU 0 40 80 120 160 180 traz 200 luTasnsuaniianans
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3. madmnerlSunaldsiulaedtans (Lowry et al., 1951)
3.1 A5l
3.1.1 @1582810 CuSO,-SH,0 ATMAUYU 1 % $1u7u 100 Haaans

=\ = 4 Y 9 o
3.1.2 asazate lw@en ldua@Feunismsa AUuTY 2 % 314U 100

Uaanns

= J Yy 9 =
3.13 ﬁ'ﬁﬁ&ﬁ1ﬂi“ﬁmﬂhﬂﬁﬂ@mﬁ ANULUVNUYU 2 % Glummzmaimman

J Y Y J o a
lla@ﬁ@ﬂvl“]fﬂ ANVVULUU 0.1 UBTUDD ITUIU 1 aRT

3.14 wsazas A (Aaenles) wienlasldarsazarelude 3.1.1, 3.1.2

[ 1 [ o A d 1 c?/‘
uaz 3.1.3 Tudnsraiu 1:1:100 (azdouas sy lvunouii Tl 19 hasziimniv)

3.1.5 esaza1s B lagldaisazans Folin-Ciocalteu reagent ANMMITNYY

J Y g’ o @ ' A
2 weswoa aeihnauludasaiu 1:1 Taedsuag

3.1.6 esazaresauanasgu TaeldarsazarsldsAuues BSA (bovine serum
albumin) ANWTUTY 1 YaanTuasiiaaans Mo lnuaNududu 0-100 Tulasnsuse

100 TuTasans
an a 4
3.2 AMINATIZH

= = A Y 9 ! (g 1
3.2.1 mmumiazmﬂﬂmummgmmmmmmumm HAZETaea1gnIng N

151195 100 luTnsaas

a Aa Aa aa 1 Y Y o :1’ Qy YA IS4
3.2.2 QAUFITZANY A 151105 3 yaaans Lﬂlﬂﬂmﬂnﬂu @]Qﬂﬂllﬁﬂ@mﬂgllﬁﬂﬂ

Q

I =1
Wunat 10 wn
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1140

[

Y
323 nasazale B 9112 300 luTasans e lidnnu dan

a 9y <3 ~
RUNAUNDY 1 ual 30 uh

3.2.4 FAMINMIQANAUIAINANNEINAY 600 W1 THILAS

0.6

A 600 nm

0 20 40 60 80 100 120

BSA (ug/100ul)

MNEUINA 13 n3111AT91U (standard curve) Yoaa1sazae TUsAU BSA innudiudy

0 20 40 60 80 uaz 100 TuTasnsuse 1001y Tnsans
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